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Abstract

Abstract

Third Generation of Reoxidant for Osmium: Extension and novel
Applications

CedricK. A. Callens Merton College D.Phil. Hilary 2011

This thesis describes the development of new osmn@tiated methodologies providing novel
applications through the use of a third generadioreoxidant for osmium.
Chapter 1 Theintroduction

e Summary of past and present methodologies towhadsyinthesis of the 1,2 amino alcohol
motif.

Chapter 2 Intramolecular processes

e The studies of the tethered aminohydroxylation (bA)amide and urea derivatives are
being investigated.

Chapter 3 Investigationstowardsan intermolecular process

* The transposition of the TA methodology to an imelecular process and the
requirements involved are discussed. The role efaagide is being investigated.

Chapter 4 Successful transition to an intermolecular process
* Amino acid derivatives became for the first timesgble nitrogen sources and were
efficiently employed through osmium-mediated reattio afford interesting biological
scaffolds.
Chapter 5 Experimental
« Full experimental procedures and characterisatia@ompounds are reported.
References
« A complete list of citations employed in the praxsdive chapters is provided.
Appendix

e Full documentation of X-ray crystal structures, K&WIR spectra and HPLC traces is
provided.
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Chapter 1: Introduction

1.Introduction: the 1,2-amino alcohol motif

The importance of the 1,2-amino alcohol motif isstrated by its occurrence in a vast
range of natural products, bioactive compounds ahial reagents used in stereoselective

syntheses, as depicted in Figure 1.

OH H AcO OH
HO N
\I/\©\ PhCONH O
OH N o
Ph™ Y ' H 0
OH z -
OH HO  OCoPh
fenoterol .
paclitaxel
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d} OH adrenaline

swainsonine

OH
o
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J
N
f01-1/2//0141
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HN o ¢ ( ustiloxin D
myriocin \

Figure 1 - Examples of compounds bearing the 1,2-amino alcwioiety

« Fenoterol is an asthma medication designed to aypethe airways to the lungs. It is
classed as an adrenergi€ agonist that is used as a bronchodilator analytic.!

e Myriocin is an immunosuppressor and antibiotic, athiprevents the biosynthesis of
sphingosine, a cell membrane ligid.

e Swainsonine is an indolizine alkaloid; it is a putahibitor of Golgia-mannosidase Il, an

immunomodulator and a potential chemotherapy drug.



Chapter 1: Introduction

« Paclitaxel, commonly known as Taxol, is a mitotibibitor interfering with microtubules
and is mostly used to treat patients with lungriewa breast, head and neck carfcer.

e Epiaustraline is a glycosidase inhibitor. These areolved in the degradation of
carbohydrates and the processing of glycoprotaidsghycolipids in both eukaryotic and
prokaryotic cells. These glyco-molecules are immartfor energy production, cell wall

fortification, cell recognition and other key preses.

An examination of the best selling drugs 2009 reag¢hat this pharmacore was present 27 times

out of 200 top pharmaceutical produtts.

1.1 Vicinal 1,2-amino alcohol motif

The synthesis of this moiety can be approached Beweral angles and in recent years numerous

reviews have attempted to compile an exhaustivefisuch procedures (Figure ).

Rll
0 1 ) N
R R R OR
2 8
() (©)
3) (5)
X H
RJVOP “ R)\/NR"
3 oP 0] 7
R)YNR" H NR",
H xR R
4 R 6
5
Figure 2 - Approaches for the synthesis of vicinal 1,2-amatemhol motifl
« (1) Opening of epoxidg.’ * (4) Aminohydroxylation of alkeng
* (2) Nucleophilic substitution. « (5) Aldehyde6 reductior®
* (3) Imine formation and subsequent « (6) Addition of oxygen to an enamifie.
reduction. « (7) Opening of aziriding.*°

Figure 2 summarises most of the common routes toaatcohols employed throughout the years.

However well studied this motif has been, the dioanversion of an alkene to a vicinal 1,2-amino

-10 -



Chapter 1: Introduction

alcohol, namely the aminohydroxylation (or oxyantioi) reaction, has gained particular attention
in recent years and research in this area remagidyhprolific. We have recently published a
review of novel procedures developed in the lastde using this particular approaefth metal-

promoted and metal free procedures being well sgmted:' For a more comprehensive account

on the diverse methodologies available, the re\ag\onohoeet al. should be consulted.
1.2 Osmium-mediated aminohydroxylation of an alkene

The stereospecific vicinal aminohydroxylation dkeales developed by Sharpletal. was a key
discovery and its widespread use over the yearscleasly highlighted this methodology over
others: one reason for this success being thevgttsevhich the substrates, namely alkenes, can be
accessed? The reaction outcome is the result of an additbmitrogen and oxygen across a

double bond, promoted by an osmium-based catystgme 15

NHR OH
/\/Rz cat. osmium R2 R2
RIS R! + R
nitrogen OH NHR
9 source 10 1

Scheme 1 - Regioselectivity issue

The main difference with the well-known dihydroxtjten procedure is the regioselectivity of the
reaction, with unsymmetrical substrates providing possible product¥0 and11, as illustrated in

Scheme 1.

This one-pot synthesis of vicinal 1,2-amino alcshuhs evolved considerably throughout the years
and one major breakthrough has been the introductieenantiocontrol resulting from the use of

chiral tertiary amine ligands belonging to the tioca alkaloid family (Scheme ).

-11 -
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0 4 mol% K,0s0,(0H), s\ o
O TsNCINa-31,0 T
NO& Fo T OEt
10 mol% (DHQ),AQN :
0 #-BuOH, H,0, rt 0 OH
12 13

65%, 77% ee

e
(DHQ),AQN oo
2 MeO | \/0 C \/ | OMe
N () N

Scheme 2 - Enantioselective aminohydroxylation

Submitting symmetrical fumarate to a catalytic amount of osmium and an enantiofigend

afforded amino alcoholl3 derivative in good yield and enantioselectivity. ¢eneral, this

improvement enabled access to vicinal 1,2-aminohalls in high yield and enantioselectivities

from simple alkenes. The proposed mechanism forath@ohydroxylation is analogous to the

asymmetric dihydroxylation reactio.In a similar manner, two catalytic cycles have rbee

postulated and the addition process has finallynlopicted as a [3+2] cycloaddition following

recent computational studies by Strassnat. (Scheme 3¥°

High enantioselectivity H,0

R~
R, R ']?I,O R3
)_< O:QS‘N N
RHN  OH 0 L R,
h lysi 1
20 ydrolysis 19
Oxidation state VIII
primary cycle
Cl R« L
Q., R—Ne I -
_OsV! : 0-0s
© 15 g © Cl
14 O 46 R-Ng [0x]
15
L Oxidation state VI
addition R,
R]\N/YR3
. O:((/)?S‘]:O
S~ } L = ligand 18
R R =SO,R, COOR, etc.
2

~
Ry
17
addition
secondary cycle
R,
O
R 0 R,
NGO
O N7 R,
Rj ]'2
21 1
hydrolysis H,0
R, R;
RHN O

20

Scheme 3 - Aminohydroxylation reaction mechanism

The primary cycle begins with oxidation of the'Ospeciesl4 by nitrogen sourcd5 to deliver

imidotrioxoosmium(VIII) speciesl6. A subsequent ligand-mediated cycloaddition reactio

-12 -
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Chapter 1: Introduction

alkene 17 generates azaglycolate(VI) compléd8. This reaction proceeds with enantio- and
regioselectivities enforced by the chiral liganddaaccurs in asyn stereospecific manner.
Intermediatel8 is then oxidised by the nitrogen source to afft®dnd subsequent hydrolysis ends
the primary catalytic cycle, providing vicinal aroimlcohol20 as well as the initial imidoosmium
16. As previously reported, the amount of water pmese the medium plays a crucial role in
determining the rate of hydrolysis. Indeed, if throlysis step is slow, oxidised azaglycolate
species19 can undergo an addition to a second alkeleto give bis(azaglycolate)osmium
species(VI)21 (Scheme 3). This novel specigs then enters the ligand-free secondary cycle. In
this cycle, low enantio- and regioselectivities al#ained as the ligand cannot coordinate to the
metal centre during the cycloaddition reactionwits the discovery of the prerequisite for water

that enabled access to a catalytic asymmetricorerdi the reaction.

Chioramine T The substrate scope is highly dependent on the aypetrogen source

(TsNCINa) .

2 employed, which has as a result evolved over tlasydndeed, several
0\\5’/0@ ® modifications from the original chloramine-22 nitrogen source have
RN Na

|

2C:;I taken place® These newly developed nitrogen sources are mairdy

0 . .
O @ alkali metal salt ofN-halogenated sulphonami@3, alkyl carbamate€4
RO” "N Na
a and more recently amids (Figure 3)' It is also noteworthy to mention

24
., i o o the nitrogen source derived from DNA related ansobstituted
R” N Na
Br heterocycles, which were also successfully apptigtis reactiort®
25

Figure 3 - Evolution of the nitrogen source

A typical procedure usdsbutyl hypochlorite in the presence of sodium hydlitexto generaté-

halocarbamate reoxida®t in situ, as depicted in Scheme 4.

-13 -
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o NaOH (3 eq.) 0 o @
—_—
BnO"™ 'NH, ¢-BuOCI (3 eq.) BnO Té\ll Na NHCbz OH

26 (3 eq.) 27 4 mol% K,0s0,(OH), OH . NHCbz
N
5 mol% (DHQ),PHAL
AN n-PrOH, H,0 MeO MeO
rt, 1 h 29 30
MeO

64%, 98% ee, rs 2:1

28 (1eq.)
Scheme 4 - Representative example of an aminohydroxylatiorcedare

Carbamate26 was activatedn situ to provide27. The generatedi-chlorocarbamat@7 in the
presence of catalytic osmium enabled the aminohytimton of 4-methoxystyren@8 in good
yield, with excellent enantiopurity.

As previously mentioned, the reactivity of the ogen source dictates the nature of substrates that
are compatible with the methodology. For instamtbalogenated sulphonamide sour2asvould

be mainly limited to electron poor olefins whilehalogenated carbamate$ and amide?5 have a
broader range of reactivity towards both electioh and poor alken€d.Furthermore, carbamates
as nitrogen sources became especially useful dtreetouse as orthogonal protecting groups and
relative ease of deprotection under reductive (Claidic (Boc) and nucleophilic (Teoc)

conditions (Scheme 5.

NHBoc
O z
Je o Fm 4 mol% K,0s0,(OH), FD/\/OH
.
-BuO™ N Na ON 10 mol% (DHQ),PHAL ¢
cl 2 n-PrOH, H,0 2

31 k73 0°C, 1h 33

(3 eq. made in situ) 75%, 97% ee, rs 2:1

Scheme 5 - Representative example of a Boc-proteaaamate nitrogen source

Boger et al. employed this strategy towards the synthesis péanin aglycon, using Boc-
protected carbamate nitrogen souBdeto react with 4-nitrostyrene derivatid2.” Although the
carbamate aminohydroxylation procedure develope8tmrplesst al. has contributed to turning
this reaction into a key component in the orgarhengist’'s toolbox, this process has a few
drawbacks. Firstly, the need for a large excesgdrtitan three equivalents) of nitrogen sotée
limited its value and the use of more complex cand@s (Scheme 6). Secondly, the difficulty in

predicting and achieving good levels of regios@kdgtwas hampering its widespread employment.

-14 -
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0 NaOH (3 eq) 0 o ®
BnO™ 'NH, £BuOCI (3eq) BnO TTI Na O
26 Cl 27
3eq.

4 mol% K,0sO,(OH), “/\/
Number of equivalents O “/\/
5 mol% (DHQ),PHAL
A n-PrO H H,0
i
70%, 99% ee, rs 10:1

(0]

BnOJ\NH OH
0, - z
Poor regioselectivity /©/\ 4 mol% K,0s0,(OH), OH , N\n/OBn
AcO 5 mol% (DHQ),PHAL @A/ ©/\/ 0
n-PrOH, H,0 AcO AcO

37 ,2h 38 39
35%, 82% ee, rs 1:1
Scheme 6 - Issues linked to the aminohydroxylation reaction

Indeed, the regioselectivity has been revealed thveyears to be heavily influenced by the solvent
system in which the reaction is conducted, the reatdi the ligand and finally the nature of the

nitrogen source employé&d.

1.3 Origins and development of the Tethered Aminohydroxylation
(TA)

It was with this problem in mind that Donoheteal. decided to tether the nitrogen source to the

substrate. Indeed, this substrate modificationnadlb a completely regioselective process to take

place, providing a novel and simple way of coninglithe 1,2-amino alcohol motif. Furthermore,

the oxidant for osmium being built within the subst, no excess reagent would be required

(Scheme 7).

X I

O \Yi 0" "N:/ )L

cat. Os /208 O NH
gy Py L p———
P07 NH, | 59% \_\,Ph
Ph HO
40 41 42

Scheme 7 - Representative example of the TA procedure

Submitting cinnamyl carbamat to a catalytic amount of osmium afforded exclulivigve-

membered oxazolidinor® in a good 59% yield with complete regioselectivitythe last decade,

-15 -



Chapter 1: Introduction

this procedure has been successfully applied tdicathnd homoallylic alcohols, providing the
desired cyclic carbamatd® with complete regioselectiviff.In a similar manner to the nitrogen
source employed by Sharpleasal. the nature of the tethered oxidant has inevitahlglved

during these past few years to its current thingegation level, as depicted in Scheme 8.

0 4 mol% K,050,(OH), 0 0
O)J\NHz NaOH, -BuOCI, EINi-Pr O)J\NH + OJ\N]—] Chlorination of SM
n-PrOH, H,0O, t, 12 h \_\/ s and product (22%)
Kl 59% (+15% RSM) \—Ph L}zPh O]
Ph HO Cl
4 43

AQ 4 mol% K,0s0,(OH), )OL S 5
NaOH, +-BuOCh EtNi=Pr5- eparation an
O NH purification

A
// S0 n-PrOH, H,0, rt, 8 h \—x )
H\ 71% >—Ph

F
F F
0 1 mol% K,0sO,(OH), 0 Low catalyst loading
o “NaOH, -BuOC, FiNi-Prs- )L efficient process
0" N F 3)
H 0 ¢ #-BuOH, H,0, rt, 6 h \_¥
| 86% —Ph

Ph HO

Scheme 8 - Evolution of the tethered oxidant for the intranmliar aminohydroxyation

The first generation source usetutyl hypochlorite in the presence of sodium hyatex similar

to the conditions developed by Sharplesal., to activate the substrate situ, often resulting in
the formation of side products. These stemmed tblorination of the alkene starting matedal
leading to chlorinated by-produc#8 (Scheme 8, (1)). Moreover, modest yields were galye
obtained and the reaction conversion never reacbetpletion. Consequently, this limited the
substrate scope to electron poor alkenes, whick imert towards competitive chlorination. Finally,
the general instabilities of thodéchlorocarbamate reagents preparedtu contributed to reduce
its wide applicatiod® The second generation based on a sulphonamider Wak solved most of

these initial problems and increased the reactide and overall yield (by an average of 25%) as

-16 -



Chapter 1: Introduction

illustrated in Scheme 8, (2). Its two step synthasas straightforward and its stability greatly

improved (air stable, Scheme?®).

O 0
OH CDL, Im, NH,OH-HCI OJ\N/OH MesSO,Cl, E,N O)J\N,(')S():Mcs
H H
TR! CHyCN.1t, 14h \ | toluene, DMF (4:1) K
R '_Rl
I 0°C,3h |
46 47 48

Scheme 9 - General synthesis of second generation tethex@ddant

The major improvement associated with the sulphat@dnker was the efficiency of the process
under basic catalytic reaction conditions. Indgbdre was no requirement for the addition of an

external base or chlorinating agent, one of theillshheel of the first version (Scheme 10).

Q 0
O)I\NH 4 mol% K,0s0,(OH), )J\
1t generation ( 2 NaOH, -BuOCl, EtNi-Pr, OK/T\Q
Et
’ | n-PrOH, H,0, rt -
Et 33% (+20% RSM) OH
49 50 (£)
Q 0
O)LH,()S():N1CS 4 mOl% KzOSOz(OH)4 OJJ\NH
2™ generation  ( i i Et
g #-PrOH, H,0, t K/I\/
Et 73% OH
51 50 ()

Scheme 10 - Efficiency of TA improvedvia sulphonamide linker

Oxazolidinones0 was synthesised with a 40% vyield increase wheongkegeneration reoxidabil
was employed. However, the acidity of the mediumkdd to the gradual release of the sulphonic
acid during the reaction, limited its use to a demalange of substrates. This protocol was also
impeded with challenging purification of the dediroducts0.

Finally, based on a similar substrate strategy Umetebelet al. during her prospect of rhodium
catalysed aziridination, tethering this key acydateydroxylamine structure to allylic alcohol

substrates led to the current third generatiorxafant for osmium (Figure 47.
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Figure 4 - Key acylated hydroxylamine bond

This last version combined both the stability af teoxidant built within the substrate (air stable)
and the efficient and clean osmium catalysed anyidiaixylation process. lts facile synthetic
preparation and base free conditions extendeddbygesof the tethered aminohydroxylation (TA),
providing access to a large range of stereochelyis@ll defined 1,2-amino alcohols from acyclic,
cyclic, allylic and homoallylic precursof§ These oxazolidinones were obtained with complete

regioselectivity and in good yields (Scheme 11).

0]

0}
L x jis

0" NH

H 1 mol% K,0s0,(OH), : oH
m t-BuOH, H,0, rt /@)\/\/
Br Br

3'd Generation X = OCOAr 76% dr 15:1
2 Generation X = 0SO,Mes 40%
1%t Generation X = Cl1 23%

52 53 (2)

0 oH
O)J\ﬂ _OCOAr 1 mol% K,0s0,(0H), /\)\\\\\NFO
P +-BuOH, H,0, rt g

83%

54 55 ()

iy

_OCOAr 0
0" °N 1 mol% K,0sO,(OH), P§
H 0~ "NH oy
1-BuOH, H,0, rt )\)\/\ /
T1%, dr 4:1
56 57 (¥)

Ar= 2,4,6'MC3C6H2

Scheme 11 - Representative examples of the TA procedure
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1.4 Project aim-Preliminary results

The initial aim of the project was to extend thep of this methodology to amides and ureas, thus
accessing the valuable synthetic and biologicédfads of hydroxyl lactam$8 and hydroxyl urea

moieties59 respectively, using this®3eneration of reoxidant (Scheme 12).

(0}
\/\XJ\N,OCOAr 34 Generation of reoxidant
H

‘ Osmium mediated

RN

Aim of this thesis

Scheme 12 -Initial aim of this thesis/osmium-mediated methodologies

141 Hydroxyl lactam synthesis-literature precedence

Few methodologies were available in 2007 for theegation of motifs such &8. For instance,
only two procedures were reported for the synthesimcemic compoun88, which is nowadays
sold at $364 per grafilBoth of these methodologies involved multi-stegusmces.

In 1986, Knappet al. suggested the initial synthesis of iodolactam dgnes before displacement
of iodide to afford hydroxyl lactams. The synthesi$8 started from commercially available pent-
4-enamideb9, which was further reacted with trimethylsilyl flate, followed by subsequent
iodination of intermediate60. The resulting iodo-derivativél was then treated with silver
trifluoroacetate in aqueous nitromethane to yidld tesired hydroxyl lactam moie§8 as

illustrated in Scheme 1.
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O/ S iMe:;
. X, .SiMe o
NH,  MeSiOTf R I, AgOCOCF;
—_—_—
NH
Et;N, pentane THF, 0 °C, 10 h H,0, CH;NO, o
rt, 30 min aq NaHCO; Na,SO; I rt, 1 h OH
68% i
I 60 61 58

Scheme 13 - Representative example of iodolactamisation

This halogen-mediated procedure to provide hydréagtam was improved by Coreyal. as they
found that the bromoderivative avoided the useiofethylsilyl triflate, an expensive and moisture

sensitive reagent (Scheme £%).

0 0 o
NH, (COCI); (CHyC1);70°C, 2 h NHBoc  -BuOLi NBS
£-BuOH, 40 °C, 4 h THF, -20 °C, 4 h NBoc
| 71% | 93%
Br
59 62 63

Scheme 14 - Representative example of bromolactamisation

Pent-4-enamideb9 was first reacted with oxalyl chloride to forin situ the corresponding
isocyanate which was subsequently treated witlutanol to afford Boc-protected amid.
Lithium t-butoxide mediated deprotonation in the presenceN-tiromosuccinimide afforded
derivative63 in 93% yield. Subsequent displacement of the bnerand Boc deprotection afforded
the desired produd&8. The need for stoichiometric iodine or strong bi#sbkoth cases, combined
with the multi-step procedures required to acsest motifs rendered these routes less attractive.
Another approach, developed as early as 1914, stedsof refluxing glutamic acié4 in water to
afford carboxylic acid®5. Treatment of the latter with thionyl chloriderimethanol yielded est&6

in 86% yield. Subsequent reduction with sodium hgdvide led to desired compoub8 in three

steps as illustrated in Scheme®15.

0
0
HN o H0. reflux, 63 h N NaBH,
MeOH, rt, 48 h i-PrOH, rt, 20 h NH
86% 58%
OH

64 65 58

Scheme 15 - Synthesis 068 from glutamic amino acié4
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This last methodology was inherently limited to thermation of five-membered rings.
Consequently, it was envisaged that access to thyadexyl lactam derivatives through the one

step catalytic osmium-mediated methodology woul@xtieemely beneficial.

1.4.2 Hydroxyl lactams-preliminary results

As mentioned previously, pioneering studies by Blesset al. have shown that primary amides
could be used as nitrogen sourgespreactivation with dibromoisocyanuric acid, whisha mild

brominating agent (Scheme 165!

DBI i 0
NH, N.
i e B 4 mol% K,050,(OH), OH N
O =2 0} 1.0 eq alkene H . )
67 . 68 N\/'\H/OtPr . HO\)ﬁ(OlPr
6 mol% (DHQ),PHAL D :
1.0 eq LIOH-H,0 O Ph O Ph O

Ph._~~__OiPr
£-BuOH, H,0 70
W 4°C,6h

(¢}
69 81%, 99% ee, rs 20:1

Scheme 16-Aminohydroxylation of preactivated ami@ée

The difficulty of generatingn situ N-bromoacetamide species meant that their syntheass
required in a step prior to the actual aminohydiatxyn reaction. ActiveN-bromoacetamide
species68 underwent an efficient aminohydroxylation procesading to enantiopure 1,2-amino
alcohol derivative70 in excellent yield and regioselectivity. It is patorthy that subjecting
isopropyl cinnamate to the reaction without praeting amide67 resulted in complete recovery

of both starting materi&@7 and69 (Scheme 17).

(0]
4 mol% K,0sO,(OH),

OH HN
1.0 eq alkene H
\H/NHZ * Ph\/\ﬂ/(')i[’r \H/N\)\WO:Pr . HO\)\[(OzPr
6 mol% (DHQ),PHAL : :
o Or O Ph O Ph O
70

o 0 1.0 eq LiOH-H,O
1-BuOH, H,O
67 69 4°C,6h

Scheme 17 - Activation is essential for primary amide to acnésogen source and reoxidant

Commercially available N-bromoacetamide has thus increased the applicabdit this
methodology. However, most-bromocarboxamide precursors are unstable and toeld stored

under vacuum at low temperature. Moreover, a atitaontrol of both temperature (to avoid
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decomposition) and concentration of the

reactionxtuné are essential for reliable

reproducibility*®*” Finally, the moderate to low regioselectivity dh&al was also a problem when

bulky N-bromocarboxamides were submitted to the reactowlitions (Scheme 18).

MeO

ZT
/

Br

72

CIWN\Br

74

Ph WOM

0]

69

Ph\/\n/OiPr

69

s

75

4 mol% K,0s0,(OH),
1.0 eq alkene

5 mol% (DHQ),PHAL
1.0 eq LiOH-H,0
+-BuOH, H,0
12°C,N/A h

4 mol% K,0s0,(0OH),
1.0 eq alkene

5 mol% (DHQ),PHAL
1.0 eq LiOHTL,0
-BuOH, H,0
10°C,N/A h

4 mol% K,0s0,(OH),
1.0 eq alkene

5 mol% (DHQ),PHAL
1.0 eq LiOHH,0
+-BuOH, H,0
4°C,N/Ah

g o
WN\)ﬁrOzPr
O P 0

70
38%, 77% ee, rs 2:1

MeO
¢ 4o 0
N\)ﬁ(OiPr 4 1PrO NH
; Oﬁ
73

0
. HN
HO\)ﬁrOiPr
Bh 0

OMe

-=

h O

Ph OH
42%, 43% ee, rs 2.5:1

0 Cl
1
HN)K/C 0%‘)
HO _~
76

OH
0

77%, 97% ee, rs 1.3:1

Scheme 18 - Reactivity and regioselectivity issues with hindekebromocarboxamides

Following a similar approach to the tethered amymipbxylation of allylic alcohols, we were

interested in carrying out this reaction in ananplecular fashion,e. with a substrate having a

pendant alkene in order to control the regiosalgygtiln a test experiment, pent-4-enamigewas

directly submitted to osmium catalysed conditionitheut activation (Scheme 19).

0 4 mol% K,0s0,(OH), 9
NH NH, No oxidation (OsVI
’ 6 mol% (DHQ),PHAL No cyclisqtiorg :
1.0 eq LiOH-H,0 ©
| +-BuOH, H,0
4°C,6h
59 59

Scheme 19 - Control experiment

As expected, no reaction occurred and completevesgoof starting materiab9 was observed.

Following the same procedure developed for pringanydes in the intermolecular methodology of
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Sharplesst al., 59 was then subjected to DBI in dichloromethane fordfN-bromocarboxamide

77 (Scheme 20).

0} 0}
.Br
NH, DBI(eq), CH)Cl g
———
l 0°C,2h I
59 77

Scheme 20 - Bromination of pent-4-enamids9

However, using the initial DBI conditions previoysimentioned did not provideN-
bromocarboxamid@&7 but a rather complex mixture of overoxidised pridulndeed, analysis of
the'H NMR spectrum of the crude material revealed ceteptlisappearance of the characteristic
signals of the terminal alkene, confirming this amted bromination. Lowering the temperature
and number of equivalents of DBl were counterpréistiacas mixtures of several products were

consistently produced.

Herein, the viability of performing TA reactions afmides that have been preactivated using the
third generation ofN-O reoxidant for osmium, so as to circumvent thebf@ms of alkene

bromination, was considered (Scheme 21).

- No N cat. Os' . N OH
//\W 0 | A D\
(6] = R 1

Scheme 21 - Extending the scope of the TA for amide derivatives

1.5 Diverse methodologiesfor the aminohydroxylation reaction

As mentioned previously, diverse methodologies aawailable nowadays for the
aminohydroxylation process and the review by Domobipal. should be consulted for more
detailed application§. For an overall overview, only a few examples apicted in the following

schemes.
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In 2005, Sorensed al. reported amntramolecular aminohydroxylation using a catalytic s@uof

palladium(ll) in combination with an iodine(lll) egidant (Scheme 2735.

0 0
10 mol% Pd(OAc),
0" NHTs PphI(OAc), BuNOAc 0O~ "NTs

| CH;CN, 60°C, 3 h \\'Ph
Ph 65% AcO
78 79
dr >20:1

Scheme 22 - Representative example of palladium(ll)-catalyssattion

Under the catalytic conditions outlined in Schen2e @nnamyl tosylcarbamaté8 afforded in a
good 65% vyield, five-membered oxazolidinone denxa?9. Although this procedure was highly
diastereoselective fanti stereospecific addition across alkenes, it waspeaed by the various

levels of regioselectivity for non-tethered sultstsa

A copper version of thntermolecular aminohydroxylation was reported in 20§7Ytmon et al.
The reaction is catalysed by copper(ll) and pros#&igthe addition of th&-O bond ofN-sulfonyl

oxaziridine75 onto an olefin (Scheme 2%).

Ph
2 mol% Cu(TFA), >\ .SO,Ph
O-N 502Ph+ /\©\ 10 mol% HMPA d N\
PhXH OMe CH,Cl, 1t, 6 h
84% OMe
80 28 81

cis:trans = 1.1:1

Scheme 23 - Representative example of copper(ll)-catalysedti@ac

Submitting 4-methoxystyrer8 to catalytic amounts of copper(ll) in combinatiwith oxaziridine

80 afforded (phenylsulfonyl)oxazolidine derivatid in an excellent 84% vyield with complete
regioselectivity. A broad range of alkenes werenfbuto be suitable substrates and this
methodology enabled access to diverse 1,2-amirmhalderivatives, controlling both the regio
and enantioselectivity when a chiral ligand was leygd3* However, the main limitation of this
methodology was the general lack of stereospetyifas illustrated in Scheme 23.

Finally, Wardropet al. published a successful metal friegramolecular aminohydroxylation in

2010, using trifluoroacetic acid in combinationiwiodine(lll) as a reoxidant (Scheme 22).
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(0}
N/OMG PIFA, TFA Mo(CO)s
H CHyCl, 0°C, 2 h CH;CN, H,0
then NH; MeOH reflux, 13 h
rt, 20 min 88%
93 %
82 83

Scheme 24 - Representative example of metal free proceduréhtosynthesis i34

(E)-N-Methoxyhex-4-enamide€82 underwent an efficient cyclisation and subsequeamimonia
methanolysis afforded compoui®8 in an excellent 93% yield. Wardrop’s methodologaleled

the formation of five- to eight-membered hydroxgictams in good to excellent yields. This
procedure was also highly diastereoselectiveftirstereospecific addition across alkenes, but was
hampered by the scope of its precursors affordirggiveral cases modest levels of regioselectivity.
Moreover, the need for stoichiometric loadings alybdenum hexacarbonyl in refluxing aqueous
acetonitrile-in order to remove the methoxy group aield hydroxyl lactam84-constituted

another drawback.

Therefore, a general, high yielding protocol allogve broad range of substrates to be employed is
still required. While other complementary aminohydidation reactions based on metals have
emerged, it is reasonable to highlight that none sa far match theyn stereospecificity and

functional group tolerance offered by osmium.
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Chapter 2: Intramolecular processes - Tethered amyaroxylation

2.Intramolecular processes - Tethered aminohydroxylabn

2.1 Osmium-catalysed amide series: the use of a carboether

As mentioned in the introduction, the aim of threjpct was to access valuable hydroxyl lactam

scaffolds in one step using an osmium catalysedgoire (Scheme 25).

H

t 0s™D . N OH
/W\W o - \l\;}
R!

Scheme 25 - Extending the scope of the TA for amide derivatives

To explore the feasibility of this approach, assynthetic analysis was carried out.

2.1.1 Retrosynthesis

The analysis involved three disconnections leatbngnsaturated carboxylic aciéi8 (Scheme26).

i <
Q-
K ((I) Ar o OH . R
Hi o, O. NH ONNH R!' R
ON-Ng R OH < | 3 R (I 3, RY. am 4
R (O] R RS 5 HO R
R W, R R Wn RE Mo 0O R R
R2 R2 R?
85 86 87 88

Scheme 26 - Retrosynthetic analysis

Starting with hydroxyl lactanB5, the first disconnection (I) would come from thethered
aminohydroxylation providin@6 intermediate bearing the reoxidant function ad a®la pendant
alkene. Further disconnection (II) would lead talfmxamic acid87 which in turn would come

from unsaturated carboxylic acifi8 (disconnection (lIl), whether n = 0, 1 or 2).

2.1.2 Synthesis of the hydroxamic acids - Disconnectiomil)

The carboxylic acid88 that were required were either commercially avdéar readily accessible

via common organic reactions described later on ifdhewing sections.
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Starting from a carboxylic acid, two synthetic prdares were considered in order to access
hydroxamic derivate87 depending on whether the carboxylic ac8#sbore acid or base labile

functionalities as described in Scheme 27, usimg-peenoic acid9 as a test substrate.

OH A, : CDI, Im, NH,OH-HCI, rt, 14 1
/\/\[( | m 5C 1 1 /\/\H/N\OH

0 Ay (COCI),, NH,OH-HCL 1t, 16 h o
89 90

Scheme 27 - Developed procedures for the one-pot hydroxamid sginthesis

Using the conditions outlined in Scheme 27, botbcedures started with activation of the
carboxylic acid, either with 1'Zarbodiimidazole (CDI) (4 or oxalyl chloride (A). Procedure A

was based on previous work in the group (Tablenttyel) and an optimisation using pent-4-enoic

acid89 was carried out in order to employ fewer equivederi CDI*®

~ q
M( M(N\//N . M(N\on

0 CH;CN, 1t, 14 h 0 0
89 90

OH A;:CDL Im, NH,OH-HCl

Entry CDI/Hydroxylamine/Imidazole Yield of 90

1 2:5:4 929%"
2 2:4:3 919%
3 1.5:3:2 949%"
4 1:2:1 82% + 15%89Y

isolated yield“Ratio of compounds determined from tieNMR spectrum of the crude material

Table 1 - Procedure Aoptimisation

However, the reaction proved to be capricious WhPo of pent-4-enoic aci@d recovered when an
equimolar amount of coupling reagent was used €rablkentry 4). It was then concluded that the

best yielding conditions that resulted in complaiaversion were achieved with entry 3.

Regarding procedure ,AScheme 28), the reaction started first with themftion of an acyl

chloride followed by the addition of a saturatetiion of hydroxylamine hydrochlorid&.
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H As: (COCI),, NH,OH-HCI

MO
o) CH,Cl,, H,0
89 rt, 16 h, 92%

H
(6] (6]
90

Scheme 28 - Representative example for Proceduse A

It was anticipated that since the nitrogen of hygilamine is more nucleophilic than the oxygen,
the desired hydroxamic acid structl@@ would be obtained. Indeed, all compounds syntkdsis
eithervia procedure A or A, presented a characteristic IR spectroscopy stretche carbonyl
ranging between 1645 and 1657 tmelating better to parent amides (1630-1690"cthan to
esters (1735-1750 c¢th Furthermore, an X-ray crystal structure obtairfedm subsequent
acylation of a derivative of hydroxamic ad@ as described in following Section 2.1.3 confirmed
unambiguously the correct structure of these aeidvdtives. Both procedures;Aand A were
applied to a wide range of unsaturated carboxylidsaas depicted in Scheme 37, page 33.
As previously mentioned, the unsaturated carboxgtitls employed for the synthesis of these
hydroxamic acids were either commercially availattereadily accessiblgia common organic
reactions. For instance, precursors of compo@@d308 119 and120were synthesised following
Fenton’s radical procedure employing a combina@ibiton and copper salt to afford the required
carboxylic acids (Scheme 29).

O 1,0, FesO, CusoO,

91 24% 92

Scheme 29 - Representative example of Fenton's radical praeedu

In general, the yields using this procedure weve lget sufficient to produce enough material for
the hydroxamic acid syntheses. In each case, thederistic'H NMR spectrum signals around
5.0 and 5.9 ppm of the terminal olefin protons webserved. Another example was carried out
with compoundl125 precursor, the product of a Diels-Alder cycloaidditreaction as depicted in
Scheme 30. 3,4-Dimethylcyclohex-3-ene-1-carboxghitd 95 was obtained in an excellent 84%

yield from 2,3-dimethyl-1,3-butadier@3 and acrylic aci®4.
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O

Q 4-t-butylcatechol
" OH
| OH m-xylene, 120 °C, 6 h
93 94

84%
95

Scheme 30 - Synthesis 085 via a Diels-Alder cycloaddition reaction

Regarding the synthesis of compourids3 and 126 precursors, it involved a [3,3]-sigmatropic
Johnson-Claisen rearrangement followed by subsémagonification of the resulting esters in

order to afford the desired unsaturated carboxadids (Scheme 31).

@/OH 1) o-nitrophenol, H;CC(OEt); 170 °C. 9 h, 38% O/YO
2) LiOH-H,0, THF, H,0, rt, 10 h, 79% OH

96 97

Scheme 31 - Representative example of the Johnson-Claisenamgement

Cyclohex-2-en-1-ylacetic aci@7 was then obtained in 30% vyield over two steps. @lene
protons signals at 5.8 and 5.6 ppm on tHeNMR spectrum confirmed its structure. Finallyeth
precursors of compoundsl4, 115 116 117 and 124 were all producedvia a Wittig olefination

reaction as depicted in Scheme 32.

o0 t-BuOK, MePPh;Br X
OH OH
THF, 60 °C, 16 h
(0] (o)

100%
98 929

Scheme 32 - Representative example of a Wittig olefination tiac
Out of the examples carried out, the synthesesmpoundl12and113were of interest involving
an isomerisation ofLl14 and 115 catalysed by palladium(ll). First, compoundi$4 and 115
precursors synthesis started from benzaldetbif@ia a Wittig reaction involving a non-stabilised

phosphonium ylide as described in Scheme 33.

=0 — O
0
o ® NaHMDS
*  BrPhsP S 2
d T3 \/\)J\OE‘[ THF, -78°C OFEt
16 h, 85%
100 101 102

Scheme 33 - Synthesis of ethyl (42)-5-phenylpent-4-enoaf
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In all cases, the alkene coupling constant betwile and 12.8 Hz was indicative of thes-
stereochemistry of the newly formed double bondenThfor instancel02 was submitted in
dichloromethane to a source of palladium(ll) tooedf ethyl (£)-5-phenylpent-4-enoatel (L5.9

Hz) 103in an excellent 93% vyield (Scheme 34).

— O
PACI,(CH;CN), — o
2 —_—
OEt  CH,CI, 1t, 36 h .
93% OEt
102 103

Scheme 34 - Representative example of palladium-catalysed issatton 0f102

In all cases, the alkene coupling constant betwléeid and 15.9 Hz was indicative of thrans
stereochemistry of the newly formed double bonds T$omerisation process, although not fully

understood, was reported to transpire through giiatia intermediatd 04 (Scheme 35§

CH,CN ¢l
cl -
Pd'~CH,CN

NI N\
PdCl,(CH;CN), ® A~ Pd CH;CN

=|= 0

2

OEt
102
‘ S
/‘ cl
€l {_CHiCN

PACL(CH;CN), ;1 ~~CH;CN

Cl

‘l_ o) H W H
w 0}
" OEt '
EtO®
103 105

Scheme 35 - Proposedsomerisatiormechanism with palladium(ll)

Spenceret al. suggested the formation of carbocation speti@$from the interaction ofl02
double bond with Pd@ICH;CN),.* Subsequent rotation around the carbon-carbon tzowH
regeneration of the catalyst through the nucleaplattack of chlorine iorl05 would end the
isomerisation process. Another postulated mechanisould involve trans addition of
PdCL(CH;CN), onto102 alkene bond followed by rotation asgng-elimination to regenerate the

catalyst. Both mechanisms are supported by prevstugies demonstrating that P8CIH;CN),
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forms olefin complexes resulting in the lowering tbe alkene torsional barriét.Finally, all

synthesised esters afforded the respective carisoaglds after saponification reaction (Scheme

LiOH-H,0, THF, Hy0, rt, 12 h
OFEt oH
3 97% 3

102 106

36).

Scheme 36 - Representative example of saponifaction procedure

All details regarding the procedures employed far $ynthesis of these carboxylic acids can be

found in the Experimental section, Chapter 5.
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Substrate scope

R

<

4\/\H/OH

A;: CDI, Im, NH,OH-HCI, rt, 14 h H

R_ N
A, (COCI),, NH,OH-HCL tt, 16 h //\/\[r

~

OH

.OH
N
H
AN

53%
procedure A,

procedure A

o Yields range [53— 1001% o
e} 0 0o
_OH _OH _OH
(7, N ( N ( N
H 6 H 7 H

100%
procedure A,

O
¢ _OH
N
H
94%

94%
procedure A

93%
procedure A,

107) 90) (108) (109) (110)
O O O O O
-OH .OH .OH .OH .OH
N X N N
A
1 | | |
Ph Ph Ph Ph
76% 98% 95% 96% 95%
procedure A, procedure A, procedure A, procedure A, procedure A,
(111) (112) (113) (114) (115)
O O O
.OH .OH .OH
N (0N N
H 2 H H
I
Ph
87% 88% 94%
procedure A, procedure A, procedure A,
(116) 117) (118)
0} 0} O (0} O
.OH .OH .OH _.OH Ph .OH
N ( N N N N
H 2 H H ( H H
| | | i |
97% 80% 90% 74% 93%
procedure A, procedure A, procedure A, procedure A, procedure A,
(119) (120) (121) (122) (123)
0}
9 OH ¢} 0}
N g N-OH NH N-OH
H OH H

84%
procedure A,
(124)

92%
procedure A,
(125)

76%
procedure A
(126)

98%
procedure A,
(127)

Scheme 37 - Summary of the synthesised hydroxamic acids

Whilst procedure Aproved to be useful for acid-sensitive compoupdscedure A gave superior

yield and an easier work-up. Purification of thesempounds by column chromatography proved to
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be capricious and not compulsory since they weoelyred in good purity (above 95%). Hence,

the hydroxamic acids were taken to the subsequstdteon step without further purification.

2.1.3 Acylation of the hydroxamic acids - Disconnectionl()

According to literature precedent on the study yadrbxamic acids, the reaction was conducted in

an aprotic polar solvent, in the presence of ammirgbase and at low temperature as detailed in

Scheme 38"

0 O
O EGN, ArCOCI, CH,Cl, 0°C, 30-50 min -OCOAr
RL H R H

128 129

Scheme 38 - Procedure applied for the acylation of hydroxanaid alerivates

Aprotic solvents do not favour hydrogen bonding aadying out the reaction at low temperature
should minimise any possible isomerisatibithe first deprotonation to occur would then beéhef

oxygen of hydroxamic aciti25enabling the formation of the desired acylated ponmd130,

0 0
(-OH  EGN. ArCOCL CH,CI, 0°C. 35 min ;O)LN/OW;Q/
H H
85% 0
130

125

Scheme 39 - Representative example

Consequently, conducting the reaction wi2bin dichloromethane at 0 °C, using triethylamine as
the base, yielded the desired prodi@0 in less than an hour in an excellent 85% yielchéBoe
39). The swiftness of this reaction even at low gerature was one of the advantages of this
procedure. The correct structure assignment ofymtdB0 was confirmed by thélH signal peak
on the™ NMR spectrum at 10.5 ppm, th& spectroscopy stretch of the carbonyl of the
hydroxamic derivativet1645 crit closer to amides (1630-1690 ¢nthan esters (1735-1750 ¢jn

and finally by the study of the relevant X-ray ¢afstructure (Figure 5).
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f
TZ

130

Figure5 - Correct structure assignment confirmed by X-raytalyanalysis

Regarding the rest of acylated hydroxamic acidvddiries, the correct structure assignment was
established partly with their carbonyl stretch lie iR spectroscopy ranging between 1669 and
1672 cntand the characteristicHNsignal peak on thefiH NMR spectrum ranging from 9.5 to 11
ppm. These similar spectroscopic data were in cetaphccordance with compoud@®0, which

had beerformally identified by X-ray crystal structure. Thesults of the acylation experiment are

listed in Scheme 40.
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Substrate scope

O
H Et;N, ArCOCI, CH,Cl,, 0 °C, 30-50 min RWE )J\
X “OH XN 0T CAr
/\/I( Yields range [84 — 97]1% O
Ar = Mesityl
O O O O O
-OCOAr .OCOAr _OCOAr .OCOAr .OCOA
N C N C ( N C ( N C ( N COAr
H H 2 H 6 H 7 H
A
96% (131) 97% (132) 84% (133) 92% (134) 92% (135)
O (0] (0] (0] (0]
.OCOAr _OCOAr .OCOAr _OCOAr _OCOAr
N N ™ R
A
1 | | | |
Ph Ph Ph Ph
83% (136) 90% (137) 93% (138) 90% (139) 89% (140)
O O O
.OCOAr .OCOAr .OCOAr
NC (" °N c N
H 2 H H
I
Ph
90% (141) 93% (142) 91% (143)
O O O O O
.OCOA _OCOAr p p Ph .OCOA
N r ( N C N OCOAr N OCOAr N r
H 2 H H ( H H
| | | ’ |
78% (144) 88% (145) 86% (146) 91% (147) 82% (148)
O
i OCOA i Q
N g -OCOAr NH \-OCOAr
H OCOAr H
63% (149) 85% (130) 89% (150) 74% (151)

Scheme 40 - Summary of the synthesised precursors for the reth@minohydroxylation

It is important to note that the specific use ofoaganic base in this procedure was critical. liadee
homoallylic aminel54, the product of a Lossen rearrangement, was obdemhen an inorganic
base such as lithium hydroxide was employed. Ténislered the medium too alkaline favouring a

Lossen rearrangement as depicted in Schene 41.
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Scheme 41 - Lossen rearrangement mechanism

The first step of this well described side reactiovolved deprotonation dD-acyl hydroxamate
132 at the nitrogen position. It was envisaged thkalaintermediatel 52 was unstable under the
conditions outlined and underwent a concerted aegement to afford isocyandt&3 Subsequent
hydrolysis afforded homoallylic amirfeb4. Furthermore, this side reaction was also obseaved
favoured when more electron withdrawing aryl gro(fes= C¢Fs) were used as acylating reagents.

Therefore, 2,4,6-trimethyl and 2,4,6-trichlorobendyloride were selected as reagent of chéice.

2.1.4 Tethered Aminohydroxylation (TA) of amide derivatives - Disconnection (I)

With our precursors in hand, the tethered aminabwyation was first run using 4 mol% of the

non-volatile potassium osmate®sQ,(OH), (Scheme 42).

by ©
No 4 mol% K,OsO,(OH
Y OJIEK e ST
0 -BuOH, H,0, rt, 16 h, 79% O/,OS\\O

Scheme 42 - One example of the TA procedure

Pleasingly, the TA reaction of racendibOproceeded efficiently affording59in an excellent 79%
yield. The complete disappearance of the alkentopsosignals in théH NMR spectrum as well
as the correct m/z (ESI1156 of productl59 corroborated its synthesis. Moreover, the relative
stereochemistry of 2-indol-2-one 159 was proven unambiguously by X-ray crystal structure

analysis, clearly highlighting theynstereospecific nature of the oxidation process.
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With the reoxidant tethered to the substrate (§drdxylamine bond acts as the oxidising agent),
this meant that the reaction did not require antereal additives or need to be under an inert
atmosphere.

Previous studies have classified these mono-acylatdroxamic acids as rather weak acids (pKa
~7) When potassium osmate is dissolved in water, twiecules of hydroxide ions are released
(Scheme 43). Hence, upon addition of a solutiopadhssium osmate, this catalytic amount of base
was enough to deprotonate spedig, thus enabling the oxidation of g0 Os"" and facilitating

the entry to the catalytic cycleimidotrioxoosmium(VIll) species156 then underwent a
cycloaddition reaction to generate azaglycolate@dmplex157. This reaction proceeded with

complete regioselectivity.

Osmium H,0 ® ©
(V}) —— 2K * 2HO * OsV!
catalyst
) H,O
O o)
NH (0) OsVI
g e
OH O/(?.S“N @

1%t cycle

0

150 ()

HO

Osmi \ [0x] 0

smium X

R ©/\111// 0OVl [Ox 155
catalyst \ i

0
HO)J;E)\ 150 (+)

\\ 158 (+)
H

[l

0]

N\o L0 0sV
S\
SR

157 (£)

Scheme 43 - Proposed mechanism for the tethered aminohydraatya¢action
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157 intermediate wsithen oxidised by nitrogen sou 150to afford158and subsequent hydroly:
ended the primary catalytic cy providing the desired vicinal 1,2-amirdcohol 159 as well as
initial imidoosmium156. The latte carried on the catalytic cycldhe existence of a secondi
cycle operatingn the tethered aminohydroxylatireactionas described in Section remained to
be proven. Futhermorg,was noted th. upon addition of potassium osmabethe reaction mixture

adistinctive colour change from colourless to brcwas observed (Figure .6)

Figure 6 - Colour change over addition of the first drop (se2onds

This observation was most likely the result of arapx in the osmium oxidation statfrom

osmium(VI1) to osmiun¥Ill).

To our knowledge, no azaglycolate osm157 ester derived from an amide s ever been
described in the literature. Hence, being ableap but an C”' intermediate160 (generated in a
model stoichiometric oxidation using tetramethydéthediamine (TMEDA) as a stabilizir
ligand) was significantand strongly supported thsynstereospecific proposed mechanismr
depicted in Scheme 4%he diagnostic Os=0 stretch at 842" in the IRspectroscopiispectrum

was in accordance with previously reported spectrois date*

(0] 0O

Wl : 9 hYd NH
O - OO

° & En o

150(%) 160 159(+)
Osmium(VI)

Reagents and conditioni$ K,OsG,(OH),, TMEDA, t-BuOH, H0, rt, 30 h, 43%; ii) N&50;, H,0, 40 °C, 24 h, 100%.
Scheme 44 - Isolation of 2Cyclohe-2-en-1-yIN-[(mesitylcarbonyl)oxy]acetamide6C coordinating to O

As expected160 was transformed in product159 in a separate hydrolysiexperiment with

identical spectral data tihose previously reporte(Scheme 44)Gratifyingly, 160 proved to be
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crystalline and orange crystals were grown of sidfit quality to enable analysis by X-ray

diffraction. The X-ray crystal structure df60 further confirmed that the osmium metal was

chelated by TMEDA and the newly formed hydroxyltéam (Figure 7). This result was in

accordance with synaddition most likely due to a concerted process.

Figure 7 - X-ray crystal structure df60

\65\/1/
/ll\
o O NQ

160

After performing this mechanistic investigation andan effort to render this methodology even

more applicable for large scale synthesis, invattgs to reach a more desirable 1 mol% loading

of a catalyst were carried out.

2.1.5 Optimisation of the TA procedure with lower catalys loadings study

Precursorl33obtained from hex-5-enoic aclé1was chosen for this optimisation (Table 2).

79%

(0]
W o over 2 steps \/ﬁ\mﬁ\o x mol% K,0s0,(OH),
3 3
0 (0]
133

-BuOH, H,0, 1t
time, yield
161

NH
OH

162

Conditions
Entry Catalyst K ;,0s0,(OH), t-BuOH, HO (3:1) Yield* of 162
25 mL- mmott
1 4 mol% rt, 4 h
2 1 mol% rt, 48 h 25%

Yisolated yield

Table 2 - Optimisation usind.33as a test substrate
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Although the reaction proceeded completely with dl% of potassium osmate to afford the
desired productl62 in an excellent 83% vyield (spectroscopic data waasistent with those
reported in the literature), decreasing the amaifintdatalyst to 1 mol% resulted in a low vyield,
extended reaction time and recovery of unreacteduyssorl33 (entry 2). Starting with the initial
conditions outlined in entry 1, several parametezse examined in order to increase the turnover
of this reaction when using as low as 1 mol% oblyat. These were the solvent media, the pH of
the medium, the addition of ligand, the temperaturé the osmium catalyst. The optimisation was
carried out with 1 or 2 mol% of potassium osmatkess stated otherwise. All the yields quoted in
this optimisation process were from isolated pro@dier column chromatography purification.

The first criterion that was investigated was tbklrent in which the reaction was conducted.

2151 Solvent media investigation

2.15.1.1 Concentration parameter

Hypothesis:The initial conditions, which were inefficient feow catalyst loadingrequired 25 mL
of solvent for 1 mmol of reoxidarit33 Moreover, these dilution conditions were not fleleason
large scale synthestd Thus, it was postulated that decreasing the taiklme of solvent might
have a positive impact on the process reactivith Wiw catalyst loading. The ratio between the

co-solvents was also considered in order to imptbeehydrolysis step, see Scheme 43 (Table 3).

O
u (0]
WN\O 2 mol% K,0sO,(OH), dNi/
30 t-BuOH, H,O (ratio) OH
rt, 48 h, yield
133 162
Entry Dilution t-BuOH, H,0 (3:1) t-BuOH, H,0 (1:1)
1 25 mL-mmot* 47% (25%) 45%
2 5 mL-mmof* 58% (28%) 59%

*Reaction with 1 mol% of catalyst halted after 48 parified

Table 3 - Investigation of the dilution parameter

Results:Conducting the reaction with higher concentratibsubstrate gave higher yield. However,

increasing the ratio of water did not promote hyyhis h.

-41 -



Chapter 2: Intramolecular processes - Tethered amyaroxylation

2.15.1.2 Substrate inhibition

Hypothesis:The reaction depicted in Scheme 45 was carriedt@mweerify whether the gradual
formation of productl62 (similar to an enzyme/substrate inhibition) andisthts increasing
concentration in the medium prevented further isigitnateriall 33 from reacting with the osmium
catalyst. This type of inhibition is sensitive teetsolvent and concentration in which the readgon
conducted? In the designed experiment, it was postulated isaformation of162 would occur
with full recovery of reoxidant starting materte83 This hypothesis was tested with the addition

of one equivalent 0163 during a cross-experiment to be able to distirfgtie outcome (Scheme

45).
O O O
g ©
WN\O + NH 1 mol% K,0sO,(OH), NH + NH
.\ ) 1-BuOH, H,0 (3:1) OH ,
OH s mL-mmol"! OH
1.0eq rt, 48 h

133 163 162 163

Scheme 45 - Substrate inhibition experiment

Results:This product inhibition hypothesis was discarded @2 was afforded in 29% yield (versus
28% without the addition af63) with recovery of both pyrrolidin-2-ont63 and starting material

133

2.1.5.1.3 Solvent effect

Hypothesis Regarding the solvent effect, it was envisaget the solubility of either starting
material 133 or product162 might interfere with the reactivity of the catdlyShe solvents

considered were capable of solubilising bb83 and162 but at various concentrations (Table 4).
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0
0
WE\O 2 mol% K,0s0,(OH), i‘:ﬁ/
1 Solven, H,0 (3:1) OH
5 mL-mmol!
133 i, 48 h 162

50"’(2?{;3“0 tBUOH,H,0  THF,H,0  EtO,H;0  CH CN, H;0 H0
Yield of 162 58% 45% 34% 68% (31%) No reaction

*Reaction with 1 mol% of catalyst halted after 48 parified

Table 4 - Investigation of the solvent effect

Results This screening determined that acetonitrile ghdtanol were the best yielding solvents.
Although t-butanol has been described in previous literatiuelies to increase the rate of the

catalytic cycle, acetonitrile gave a higher yietdiavas chosen for the next set of experimé&hts.

2.15.2 Influence of the pH parameter on the medium

Another parameter considered was the pH of theliogamixture. Indeed, past studies pinpointed
this factor as an important one in the aminohydiation proces$®

Hypothesis Potassium osmate when dissolved in water liberate molecules of hydroxide ions
and osmium(VI). The measured pH of the reactiontuné at the beginning was close to 8 as
expected and dropped to 5 a few hours later. This Nkely the result of the gradual release of
carboxylic acid155in the medium (Table 5). Based on this observatio buffered solution at
pH 8 and 5 were employed in the tethered aminohbydiation in order to investigate whether the

carboxylate resulting from55 interfered with the catalyst, consequently haltihg conversion

process.
0
0
WE\ 2 mol% K,0sO,(OH), é\mv
0
S CH,CN, buffer (3:1) OH
5 mL-mmol!
133 rt, 48 h 162
pH Control experiment 5 (Buffer) 8 (Buffer) 1
Yield of 162 68% (31%) 45% 47% 23%

!Reaction with 1 mol% of catalyst halted after 48 parified

Table 5 - Investigation of the pH parameter

-43 -



Chapter 2: Intramolecular processes - Tethered amyaroxylation

Results:It was concluded following these results thatisgtthe pH of the medium using a buffer
far from improving the vyield, impaired the outconmidnerefore, the moderate conversion obtained
in the control experiment was not the consequefickeocarboxylic acidl55 interfering with the

osmium catalyst.

2.15.3 Influence of ligands

Hypothesis The use of a ligand has previously, in the amydobxylation and TA reaction of

allylic alcohols, helped to improve the catalyticrtover?® By coordinating to the metal, the ligand
enhanced the reactivity of imidoosmium intermedidié prompting a faster cycloaddition reaction
(see Scheme 43). It was envisaged that if deg@dafithe catalyst was responsible for not driving
the reaction to completion, increasing the rate tlé reaction by using ligands might
counterbalance this effect (Table 6). Moreoverngsdiriethylamine or Hinig's base as ligand
would result in a faster deprotonation of startmgterial 133 improving the oxidation rate of

osmium(VI). The reaction mixture was carried outhwd mol% of the catalyst and the reaction

stopped after 48 h.

0 1 mol% K,0s0,(OH), Q
N %\ ligand NH
3 © OH
CH;CN, H,0 (3:1)

0
5 mL-mmol!
133 rt, 48 h 162
2,3 Sodium Sodium
Ligand No ligand Hunig's base  Triethylamine Tosyldiaminopropionate .
citrate
164
Yield of 162 31% 30% 26% 29% 27%

Table 6 - Ligand effect on the osmium catalysed process

Results Frustratingly, no improvement was observed witke use of ligand. These series of
experiments indicated that another means to ineréas catalyst turnover would be required if
higher conversion was to be achieved. Consequethity next factor to be considered was the

temperature at which the reaction was carried out.
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2154 Influence of the temperature parameter

HypothesisIn the first instance, optimising the outcome@im temperature was attempted as it
would have been highly beneficial for large scabplizations. However, since every procedure
modification so far failed to reach completion, tireg the reaction was considered a possibility at
this stage (Table 7). Furthermore, increasing éneperature might facilitate the oxidation step as

well as the hydrolysis df58 (see Scheme 43).

0
0
Wﬁ\o 1 mol% K,0s0,(OH), iL/NQ
'S CH,CN, H,0 (3:1) OH
5 mL-mmol”!
133 Temperature, 48 h 162
Temperature Control experiment, rt 40 °C 60 °C 110C 170 °C
Yield of 162 31% 44% 41% 31%" decomposition

*Microwave radiation were used for 30 min. Condugtine reaction for another 30 min did not imprdve yield.

Table 7 - Temperatureffect on the osmium catalysed process

Results Gratifyingly, increasing the temperature did il the yield but only to a certain extent.
As anticipated, a higher temperature decomposeddimum catalyst and consequently, the nature

of the osmium reoxidant was investigated as nevamater.

2.155 Nature of the reoxidant*

Hypothesis It was envisaged that substitution on the aryletyowith electron donating (ED) or
electron withdrawing (EW) group could promote awréase or decrease of hydroxamic acid
derivative165s pKa; and therefore could facilitate the oxidataf osmium(VI) to osmium(VIIl).
Steric hindrance (especially at tletho position) and the stability of the resulting carpate

might also have a noticeable impact on the proCessie 8).
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O
(0]
WE\O \/R 1 mol% K,0s0,(OH), NH
i P CHLCN, 1,0 (1) oH
5 mL-mmol!
165 rt, 48 h 162
EWG I = ——— EDG

E Cl Me
Precursors for the F
Tethered 6@\ %j\ /\©\
F F Cl Cl M Me OMe

Aminohydroxylation
F
(165) 166 167 133 168

Yield of 162 24% 33% 31% 18%

Average of 3 runs for each reaction

Table 8 - Nature of the aryl group on the reoxidant

Results 2,4,6-trisubstituted aryls gave the best yieldsthis series. Moreover, the trend for
moderate EDG or EWG to be more suitable as ary$tdubnt could be explained since a strong
EWG facilitated the decomposition of the reoxid@gte Section 2.1.4, Scheme 43); while a strong
EDG would slow down the deprotonation of the reaxidby increasing the pKa resulting in a

slower oxidation step.

2.15.6 Influence of the osmium catalyst source

The source of the osmium catalyst was investigaéad (Table 9).

O
O
Wﬁ\ 1 mol% K,0s0,(OH), &
3 o . OH
o CH,CN, H,0 (3:1)
5 mL-mmol!
133 rt, 48 h 162

Osmium K,0s0,(0OH), K,0s0,(OH), K,0s0,(0OH),
source 0s0O, AD-mix g OsCk Sigma-Aldrich, VWR 97% new Sigma-Aldrich
98% 2-month old bottle 98% new bottle

Yield of 162 33% 15% 29% 24% 26% 31%

Microwave radiations were used for 30 min. Conduggthe reaction for another 30 min did not imprdve yield.

Table 9 - Influence of the osmium catalyst source

Results Interestingly, the yield obtained with a frestugme of potassium osmate differed from a
two month old source. After careful experimentahipalation, the best yields were obtained when

the catalyst gave a limpid purple solution whersaliged in water (Figure 8, picture on the left).
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é,

Figure 8 - Quality of the catalyst source

The solid residue observeBigure 8, picture on the righ@fter water dissolution of an old sou
of potassium osmatgas most likely contaminaticby osmium dioxide G% which is a black soli
insoluble in water”® Its presence might stem frodisproportion of potassium osmaQs”

affording osmium dioxid®<" and osmium tetroxide &% corroborating the oderate quality of

the two-month old catalyst.

2.1.5.7 Tripartite solvent systerr

Based on the literaturand past studi, t-butanol has been described asolvent capable of
accelerating theéurnover of th reaction in osmiunmediated processes and acetonitrile has
employed to afford higher yield although in longerction time*’ It was projosed that these
effects could be explained hstter solvation of the osmium catalgkte to hydrogen bondings
the case ot-butanol and an improved solubility of reoxide133 in the case of acetonitril
Thereforeto examine the hypothesis of a possible solverérggnthe decision was taken to ua

tripartite solvent system in combination with frggitassium osme (Schemel6).

o o]
WH\O 1 mol% K,0sGy(OH), d[\t/
30 t-BuOH, CHCN, H,0 (1.2:1.2:1) OH
5 mL-mmof?!
133 rt, 48 h 162

64%
Scheme 46 - Tripartite solvent system
Pleasingly, the resudif this solvent combinatiowasan outstanding improveme in the reactivity
(from 25% to 62% compare to the conditions used at the beginning of this opganor.
Althoughthe hypothesis formulaterevealed to be judicioushis solvent cooperative effect wot

need further studies to be fully understt
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With these unique conditions in hand, all the kegutts previously obtained for each parameter

were investigated once more (Table 10).

0
o | R 1 mol% K,0sO,(OH
W\WN\O e mol% K,0s0,(OH), NH
'S | ) 1-BuOH. CH;CN, H,0 (1.2:1.2:1) OH
5 mL-mmol™!
165 rt, 48 h 162
Cl Me
Modified Scale-up R Reverse 2 mol%
parameter ;a@a Ni@m x3)  40°C 5d¥S oydition®  K,0sO,(OH).
167 133
Yield of 162" 60% 63% 60% 64% 61% 65% 78%

*Sigma-Aldrich new bottle, 5 mL- mmibl
Robustness of the reaction checked (given yieldthasverage of 3 reactions)
3Starting material 33was added over 2 h with a syringe pump to the @gsipotassium osmate solution.

Table 10 - Tripartite solvent system-Final screening

Examination of these results did not reveal anynsgrergies between the parameters investigated.

2.1.5.8 Conclusion of the optimisation process

These results ended the optimisation process @didtited the fact that the TA for this series was
efficient without additives which also had impliiats for waste and cost minimization for large

scale applications (Table 11).

(0] O
H
1 mol% K,0sO,(OH Atom economy
W N o) 2050201 NH Recycle the carboxylic acid
0 -BuOH, CH;CN, H,0 OH Stability > 3 years
rt, 48 h
133 ~60 % 162

Conditions Catalyst 1 mol% K,OsO,(OH), Conditions Yield of 162

Initial t-BUOH, HO (3:1) 25 mL-mmdi rt, 4 h 25%
optimised ~ "BUOH CHCN, IO (L2L.20) - gy 63%

Table 11 - Summary of the optimisation
The reaction was now robust and scalable. Moreaweeacted starting materiaB3 could easily
be recovered after purification, which raised theeptial of this reaction on an industrial scaléhwi

a low loading of 1 mol% of a non-volatile catalyst.
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2.1.6 Substrate scope

With precursor$6 easily available in excellent yield over a twopspgocedure, the osmium based

tethered aminohydroxylation of amide was succelgstapplied to a wide range of substrates

(Scheme 47).
R? R! 0
H H o. N wson
4 (cocly . ArCOCI . K " N R
RMOH 2 R\H/N o R\H/N O)J\Ar cat. K,050,(OH), .
R R O NILOH-HCI 16h ¢ 30-45 min 0 ,8-12h R RS
53-100% 84-97% yield R2
88 87 86 85

Scheme 47 - Overview of the methodology - 24 examples
(R equals a side chain containing an alkene)

This efficient and convenient process is capabl®mhing s-lactams (n =0), pyrrolidinones (n =1)

and piperidinones (n =2) as depicted in Schem&d8h reaction gave essentially a single product.

All products obtained had a characteristic carbdRys$tretch inherent to amide functionality in the
range of 1645 to 1664 ¢h(1729 cni for 170). Furthermore, the structures of novel compounds
170,171,172, 173and174 have been unambiguousiigtermined by X-ray crystal analysis. Hence,
the reaction was both stereospecific (X-ray crystalictures had confirmed theyn addition
process across the alkene) and regiospecific (tethéhe reoxidant to the pendant alkene defined

the final position of the nitrogen across the atken
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169 n = 0,4% cat. (60%)
163 n = 1,4% cat. (85%):1% cat. (79%)
162 n = 2,4% cat. (83%);1% cat. (60%)

N-OCOAT 01% K ,050,(OH),

<4
%

-BuOH, CH,CN, H,0

131 or 132 or 133

e
0 0 b i
( ﬁfOCOAr Xmol% Ky0s0,0H), (g X . 170 n = 0,4%cat. (53%)
n Y
Jpp— n [ ® 171 n = 1,4% cat. (78%);1% cat. (51%)
| > CH3CN, Hy Ph Jﬁgﬂv 172n = 2,4%cat. (79%);1% cat. (51%)

Ph
137 or 138

AOCOAT 101% K,050,(0H),

{-BuOH, CH,CN, H,0

:,A
N,
TZ

P
139 or 140

o}
(r SNOCOAT ¢ mol% K,050,(0H), D o P
n H ( NH o—@ ®°®
-BuOH, CH,CN, H,0 - 175 n = 1,4%cat. (86%)
oH ¥ R 176, n = 2,4% cat. (78%)
141 or 142 175 °
0 0 e
e
ﬁ,ocom x mol% K,050,(OH), N o g
- lé; J2) ‘ga‘”x &
5 oo ® J P&
| -BuOH. CHCN. H;0 o T RIS 1774%cat (75%)
oT @
Ph HO ?

143 (€3]

N-OCOAT L 01% K,050,(OH),

-BuOH, CH;CN, H,0 178 4% cat. (65%)

i23
Xt

149

Scheme 48 - Acyclic substrates and X-ray crystal structuresarhe products
This methodology also enabled the construction wteynary centrel{5 176 and 177) when
conducting the reaction with 1;4ubstituted alkene precursotdl, 142 and 143 Once more,
crystallographic analysis proved unambigously stmecl75 and177, where the nitrogen of the
newly synthesised lactam is part of the quaternangre. These examples showcased the versatility
of the TA reaction of amides, as both products @dodl further employed to access tertiary chiral

amines after subsequent carbonyl reductton.
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The scope of the methodology was also illustrated eyclic alkenesl30, 150and151 as suitable

substrates as depicted in Scheme 49; the resaligycdisplay the diastereoselective nature of the

TA reaction.
9]
0 *
O v
_OCOAr
N 4 mol% K,0s0,(OH), o —
£-BuOH, CH,CN, H,0
83% -
150 159 ()
O 0,
N,OCOAr 4 mol% K,0sO,(OH), —
H £-BuOH, CH,CN, H,0
80%
130
O 0,
OCOAr 4 mol% K,0s0,(OH), 10 —
H £-BuOH, CH,CN, H,0 @ﬁ
80% OH
151 180 (2)

Scheme 49 - Reactions of cyclic alkene substrates

Bicyclic or even spiro-cyclic compounds were acit#sghrough this highly efficient reaction. The
relative stereochemistry db9 179 and180were all confirmed unambiguously from the analysis

of their X-ray crystal structures.

Finally, to complete the study, several substrafiés various substitutions pattern on the backbone
of the unsaturated carboxylic acids were testedoider to assert the level of acyclic
diastereoselectivity achievable. A series of chiaaids were converted into the oxidation

precursors and subjected to the TA reaction (Schshe
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(0]

Q Q 181 n = 1,4% cat. (94%):1% cat. (92%)
AOCOAT  101% K,050,(OH
N x mol% K,050,(0H), NH NH 182 n = 2,4% cat. (83%)
#-BuOH, CH,CN, 1,0~ (% - (4 o

146 or 147 n=1,dr7:1 (&):n=2,dr 1:3 ()

O O
X mol% K,050,(0H), Ph NH Ph \éwn 183 4% cat. (66%)
+
-BuOH, CH;CN, H,0 (% ol (%=, or

'l

n=2,dr4.5:1()

148
O 0 0
_OCOAr - 0 0/4)1 0 0

N x mol% K,0s0,(OH), ( NH ( NH 184 n = 1,4% cat. (88%);1% cat. (83%)

n H n * n 185 n = 2,4% cat. (87%)
t+-BuOH, CH;CN, H,O “,
| ; ? OH “—OH
144 or 145 n=1dr12&):.n=2.dr1:1.3(%)
-OCOAr < — G /Q? B—a” |
N x mol% K,0s0,(OH),, o NH — Poy ‘ o 187, 4% cat. (71%)
¢ of & 0
£-BuOH, CH;CN, H,0 d_ @ ‘E 3
(o) OH o 5@

dr1.3:1 (%) ),:g?g /
Scheme 50 - Diastereoselectivity study
Early studies showed that a methyl group adjaceetiia carbonyl function gave moderate levels of
diastereoselectivity for theis-1,3-disubstituted pyrrolidinones81 and trans-piperidinones182

The correct stereochemical assignment was madROESY experiments when possible and the

rest assigned by analogy (Figure 9, see Annexe 1).

0 ¢} H

M
NOE ! NOE ' v, ~OH H, 0

\._H pOH

Lo T 7 NOE
181 182

Figure 9 - Correct assignment by NOESY experiment¥8d and182

Exchanging this methyl substituent with phenyl hre talpha position to the carbonyl group
provided a similar selectivity (see Scheme 50). Blaav, moving the stereodirecting methyl group
to an allylic position was not as successful anchpounds144 and 145 were formed with little
selectivity (Scheme 50). After examination of thesgults, it was rationalised that steric hindrance

was the main factor leading to this outcome. Initamid to the scope of this methodology, the
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reaction conducted with86 bearing a quaternary centre provided an intergsiarting point for
further studies on a highly substituted substrate.elegant approach was employed en route to

precursorl86 that underwent the tethered aminohydroxylation7i%o yield; this approach is

- - ’ O
depicted in Scheme 51. gt &%
%S@R
BEL T
o o O 0
A, I
v OH — OH
NH, Y] i
H
187 ii O o HO 2 i )J\O f
- 2 - » X
N il OH \ OH
oL
/\/Br
189 190

188
Reagents and condition§ TFAA, 80°C, 30 min, 130°C, 30 min, NaOH (aq) 288%,; ii) Allyl bromide, In, THF-HO,

30°C, 16 h, 66%,; iii) Acetyl chloride, G&l,, rt, 16 h, 75%.

Scheme 51 - Indium-catalysed allylic mediated reaction
With 187 available from L-valine (analysis 6{C NMR spectrum confirmed the presence of the
ketone signal at 198 ppm and the carboxylic agdaliat 169 ppm), an agueous indium-mediated

reaction was conducted to delive89, which underwent subsequent acetylation to affi#d in

excellent yield” Carboxylic acidl89 structure was confirmed by X-ray crystallographylgsis.

0 0
Mo Mo
s 0 i then i 9 o
OH N
o
190 186

Reagents and conditiong (COCI),, CH,Cl,, NH,OH-HCI, NaCQ;, rt, 12 h, then ii) 2,4,6-trimethylbenzoyl chloeid
Et;N, CH,CI,, 0 °C, 35 min, 68% over two steps.

Scheme 52 - Synthesis 01,86
Compound190 was then subjected to procedurg($ee Section 2.1.2nd subsequent acylation
afforded186in 68% yield over two steps (Scheme 52). The dhtarstic 10.5 ppm N signal in

the™ NMR spectrum in conjunction with the IR spectmsic stretch of the carbonyl function at

1684 cni were further evidence of its structure (see SeQid.3).

Consequently, mono-, di-, tri- and tetra-substdutékenes were viable substrates through this

methodology as well as terminal and internal alkene
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2.1.7 Application to the synthesis ohatural product cores

One noticeable advantagé this osmium based procedure svéhe complexity of some targe
produced at the very last stéprough the TA reactic. To further highlight thepotential of this
methodology in accessing natural product temg, the focus was made on tisynthesis of
stemona alkaloidsTheir roots ad leaves are being used in traditional Chineseardege and Thi
medicines to treatrespiratory disease anparasitic infestationsBesides, they also act

insecticideswith antifeedent and repellent activities and arainty used against the cott
leafworm and mosquitoes larvae providing a potérg@ution against the vectors of mali

(Figure 10y

.
\\\
\

sessilifdine A tubersémonine

\ Common precursor /
R
o N H O

(@]
191

Scheme 53 - Natural products isolated from stemona species

Therefore, sessilifoline A and tuberostemoninol evappealing targets for employing the cur
methodology andtiwas envisaged that both alkaloids could be swgked from a commc
synthetic precursorl91 (Schem 53). Indeed, this lactam-lactonE91 bicyclic system ws
accessible through the TA reaction arts synthesis has bp carried out as a teof the current

methodology (Scheme 54).
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Reagents and conditiong (COCI),, EtOH, E}O, rt, 12 h, 94%; ii) pent-4-enoic acid, GrubbsGH,Cl,, 40 °C, 12 h,
51%, E:Z ratio 8:1); iii) (COCI}, CH,CI,, NH,OH-HCI, NgCO;, rt, 12 h, 78%; iv) 2,4,6-trimethylbenzoyl chlogid
Et;N, CH,Cl,, 0 °C, 35 min, 92%:; v) 4 mol% J0sOy(OH),, t-BUOH, CHCN, H,0, rt, 14 h, 90%, vi) TFA{-BuOH,
CHsCN, H,0O, rt, 10 h, 100%.

Scheme 54 - 31% overall yield for the synthesis t91

After cross-metathesis reaction between a largessxof hex-5-enoic aci@9 and one equivalent
of ethyl pent-4-enoat&92, alkenel93was obtained in a moderate 51% yield with a géatratio

of 8 to 1 (as determined Byl NMR spectrum analysis of the crude materialithse stemona
alkaloids were picked in a lead generation stagee oould easily diversify the plausible
toxicophore through the cross-metathesis st8Bwas then converted into the oxidation precursor
195in 72% yield over two steps followed by the tedweraminohydroxylation which afforded
compoundl96in an excellent 90% vyield. IR spectroscopic arialysvealed the expected stretches
for the amide (1681 ¢ and the ester (1728 &infunctionalities. Theri96, in the presence of a
catalytic amount of trifluoroacetic acid, cycliseda 5exo-trigmanner to give the desired lactam-
lactone cord 91 quantitatively as a colourless solid. The disapgeee of the ester signal in the
NMR spectrum as well as the observed shift in Respectroscopic stretch of the ester to 1772
cm* were conclusive evidence regarding the correctsira assignment. This process was also
carried out in a pseudo one-pot approach addirtheatnd of the TA reaction step, a catalytic

amount of TFA. The overall yield in five steps tbe synthesis af91was 31%.
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An alternative approach to obtain compour#8 was through a three step sequence starting with
commercially available 1,4-dibromobutet@7 to afford compound93in 38% yield as the sole
isomer (the alkene coupling constant of 15.2 Hthis molecule was indicative of thensnature

of alkene, Scheme 55).

0 0
Br i . i
N~ —— t-BuO)M OrBu 1 _ HOMOH M 193
0 0
198 199

197
Reagents and conditiong t-BuOCOMe, LDA, THF, -78 °C, 10 180%,; ii) TFA, CHCl,, rt, 6 h, 92%; iii) (COCH,
EtOH, E$O, rt, 12 h, 53%.
Scheme 55 - Alternative approach for the synthesislof
Another example highlighting the versatility of¢ghinethodology was the

synthesis of a simplified analogue of epineoclaas@de (Figure 11), which

among other benefits, provides significant protectigainst hepatotoxicify.

Figure 11l
0 0O 0 0
OH , OJ\ . /\/O\)j\)k o /\/ﬁj\ o
1 11 111
Ph/\)\Ph g Ph/\/kPh - P "y g P " pp
200 201 202 203
j iv
HO H
207 (i

Reagents and conditiong ACZO, Eth, CH.CI,, rt, 2 h, 84%; ii) [(Pth]deCb, dppp, NaCH(COOE}) rt, 10 h, 88%;
i) H,0, DMSO, LiCl, reflux, 5 h, 67%; iv) NaOH, 60 °C, 4808%,; v) (COCI), CH,Cl,, NH,OH-HCI, NaCO;, rt, 16 h,
89%; vi) 2,4,6-trimethylbenzoyl chloride, &, CH,Cl,, 0 °C, 55 min, 71%, vii) 4 mol% JOsO,(OH),, t-BuOH,
CHLCN, H,0, 1t, 22 h, 71%.

Scheme 56 - 15% overall yield for the core structu287 of epineoclausamide

From commercially available 1,3-diphenyl allyl dhwd 200, only seven steps were required to
access the core structuP®7 of epineoclausamide (Scheme 56). The readily obthiacylated
product201 was submitted to a Tsuji-Trost reaction to affoanpound202in an excellent 88%

yield. Analysis of*H NMR spectrum confirmed the presence of the diesteiety. Subsequent
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Krapcho decarbonylation furnished compo@@3 which was then saponified to afford compound
204 (Spectroscopic data were consistent with thoserteg in the literature). Then, the current
methodology applied t804 afforded compoun@05in two steps with an overall 60% yield. The
NH signal at 9.51 ppm in addition to the IR spectopsc stretch of 1669 cihof the carbonyl

moiety were conclusive regarding its structure @eetion 2.1.3). Finally, through the TA reaction,
the desired core structure of epinoclausenan@@dé was produced in 71% vyield with high
diastereoselectivity. Finally, NOESY experiment aXday crystal structure analysis confirmed

unambiguouslythe relative stereochemistry 297 (Figure 12).

NOE correlations

207 (%) epineoclausamide

Figure 12 - X-ray crystal structure d207

It is noteworthy to mention that both enantiomdreginoclausenamide should be easily accessible

using chiral ligands during the palladium couplgtgp.

2.1.8 Conclusion and future work

The current methodology developed was limited ® slinthesis of 4, 5- and 6-membered ring
hydroxyl lactams. Indeed, the synthesis of 7, 101membered ring was yet to be successful

with only a trace of product observed (< 5%) incalées (Scheme 57).
oo i
/\/%(N\o K,0s0,(OH), (N
0O Temperature, Solvent OH

206h=3;134 n=6;135n=7

Scheme 57 - Unsuccessful attempts to synthesise medium to lémge

Moreover, the TA methodology bore one importanttkiion, which was the difficulty to render

the process enantioselective. Initially, a scregniras conducted on pent-4-enoic derivaige
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(Scheme 58): chiral ligands belonging to the cimehdamily, ligands known to block the
secondary cycle, chiral transfer agents and evealch2-amino alcohols were test&dlhanks to
a chiral HPLC using an OD column at 215 nm, thettspy and distinct separation of the two

enantiomers was achievable.
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Ligand Screening

o O
H 4 mol % OsCl,
\/HZTN\O NH
0 +-BuOH, CH;CN, H,0
rt, 48 h OH
Ph Ph
) HO, OH o)
1, 2-Diols /_< >< TiCly(OiPr),
PH  Ph 0"\ OH
Ph Ph
F;C
NH, HO  NH,
)anH / z
1. 2-Amino alcohols Ph Ph
NHTs
NH -
TsHN NHAc -2 H
. L HN__A TsHN OH
1, 2-Diamines
Ph Ph 0
209, 11% ee
N
0 N0 Y A
N T :
N' 7% gT Q\/N
—~ d
Pincer ligand
(0}
Phase transfer
agent

Secondary amines

0
cinchona family
MeO OMe

OMe

Scheme 58 - Screening of chiral ligands resulting in racemiodarct
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Disappointingly, the outcome of the screening wegative except fo209 which induced a weak
enantiomeric excess (average of three runs). Thetste 0f209 was familiar and related well to
TMEDA that was used to coordinate and trap outyadgmium intermediate (see Section 2.1.4).
With this result in hand, the design of a chirghld specific to the TA own characteristics became
evident: being an intramolecular process, the etelitjand should be strong enough to bind to the
osmium metal and weak enough to release the newithasised 1,2-amino alcohol product.

Further studies would be required to synthesish adigand.
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2.2 Osmium-catalysed urea series: the use of a nitrogeather

With the successful application of this third gextiem of reoxidant for osmium to the amide series

(see Section 2.1), it was decided to further extbadscope to the urea derivatives (Scheme 59).

1 H H
R NNTN\O \/\R cat. OsVD ?

(0) =

0 H

YN l_/OH
IW\}RI
Scheme 59 - Extending the scope of the TA for urea derivatives

Although not often present in Nature, this ureaifvabuld give access to versatile compounds and
add an extra tool for the organic chemist. To esglthe feasibility of this approach, a

retrosynthetic analysis was carried out.

2.2.1 Retrosynthesis

This retrosynthesis also involved three main diseations.

RZ
(0]
3, PGHN\(\ﬁ)\KR2
-- N
< o< Ovl\Ar d(\ OH ol
H! ' R R
O\\I/N R2 OEEX O OY];\I; R, (I /?ﬁ{?_ﬁf{ , () OR
PGN T PGN RY  —— “poN — 213
Rnl RI} X Rr{ O X RrR2
210 211 212 PGN xR’
R'n R*

Scheme 60 - Retrosynthetic analysis

Starting with hydroxyl urea210, the first disconnection (I) would come from thethiered
aminohydroxylation providin@11intermediate bearing the reoxidant function ad a®la pendant
alkene. Further disconnection (II) would lead taliA-3-hydroxyurea derivative12 It was
anticipated that two possibilities emerged for th&oduction of theN-hydroxy urea moiety
(disconnection Ill, Scheme 60) affording eithensaturated amine213 or their preactivated

specie®14.
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Allylic or homoallylic amines213 were either commercially available or readily asiele via
common organic reactions such as the Overman regmnaent, the Tsuji-Trost reaction or even by

simple nucleophilic substitutiofi.

2.2.2 Synthesis of theN-hydroxy urea moiety - Disconnection (l11)

Two potential disconnections considered (path A Bhdvould relate to the reagent equivalents

depicted in Scheme 61.

ﬁ H% path A H H path B I(?IH E
R” m@ + OH |€<<— R \n/ OH —— |y~ + ®W ~OH
(6]

Scheme 61 - Proposed synthons for the synthesi@ b2 moiety

2221 Investigation towards Route A

Initially, route A was investigated. It was antiatpd tha?13 amines would require preactivation
prior to their reaction with a hydroxylamine detiva (Scheme 61). However, it became rapidly
evident that this two-step procedure and the négdssuse reactive reagents such as triphosgene
would be difficult to improve. Moreover, these reats limited the functionalities on the amines
substrate®13 The lack of significant results directed the egsh towards route B where early

experiments were encouraging.

2222 Investigation towards Route B
Research into the introduction Mfhydroxyurea motif has been limited to a handfupoblications.

Furthermore, a literature search on a one pot proeeusing unsaturated amines resulted in one

hit.>’
H
NH O N 30°C, 16 h /\/ﬁ N
a2 \n/ OH Py , = \n/ “OH
0 77% o
214 215 216

Scheme 62 - Initial conditions

Repeating the literature procedure for the primailylic amine 214 in the presence of

phenylhydroxycarbamat215 employing pyridine as the solvent did provide agalis results
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affording 216 in a good 77% yield (Scheme 62)The spectroscopic data 216 were consistent
with those reported in the literature. Phenylhygaartbamate215 was synthesised from
commercially available phenylchloroformate and loygtamine chloride (see Experimental
section, Chapter 5 for detailed procedure). Witks throcedure available, the screening of

secondary protected amin2%7 was investigated in order to expand the scopéatfier substrates

(Table 12).
H PG
PG 0N | H
! 4 OH pyr,30°C,16h N N\OH
AN oo mmRs T
yield (0)
217 215 218
N ield of 218"
Entry ANapg Yield of 21
1 PG= N 30% @189
(2179
2 PG= L Ph Traces of desired proddct
(217b
ro- “F°
3 . No reactioA
OrBu
(2179

Yisolated yield?Recovery of starting materiall7

Table 12 - Protecting group screening

However, the reaction gave poor yields with recpwelr starting materiaR17 when secondary
amines having an allyl, benzyl or Boc protectingugr were employed. This disappointing result
was anticipated for entry 3 where the steric hindeaand electron withdrawing effect of the

carbamate would deactivate the nucleophilicityhef &amine substrail4

In an effort to improve this outcome and thus tpand the methodology substrate scope, it was
postulated that an increase of the reaction teryeréabove 30 °C) would favour the formation of
the desired\-hydroxyurea218 Initial investigations were conducted dhbenzyl allylic amine
219 as it was rationalised that tuning the electrorature of the aromatic group could influence

positively the process (Table 13).
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H o H B0
N " \n/ “OH pyr s \n/ “OH ¢+ side product
(0] temperature 0
time, yield
219 215 220 21
R
Conditions
Entry  Compounds 30°C, 16 h 60 °C, B4 Reflux, 12 h
1 219a(R = H PP (9o,
( ) traces of desired (ratio 2:1:1) (ratio 2:2:1)
2 219b(R = NGy) product desired produc220(40%)  desired produc220(30%)
3 219¢(R = Br) for R = Br, 11% side produc21 side produc21
4 219d(R = OMe) (220c) recovery 0219 recovery o219

General conditions: pyridine (1 mL-mril 1 eq. phenylhydroxycarbamaza5

Table 13 - Exploiting the temperature and substrate influence

All the reactions set in this series thus far wengnently amenable to the sole formationNof
hydroxyurea derivativ€20. However, the strategy of increasing the tempegatund tuning the
electronic nature of substrafd9 to promote the reaction was met with partial sascas the
desiredN-hydroxyurea derivative20 was obtained with concomitant side prod22i formation.
Furthermore, complete conversionMbenzyl allylic amine219 to 220 was never achieved with

partial recovery of starting material.

In an effort to better understand the process,siyations to identify this undesired side product
221 were carried out. Initially, NMR spectroscopy datare analysed. Analysis of tHel NMR
spectrum revealed the presence of {CHXCH,-) and (PhCH) residues confirmed by #d-'H
COSY experiment. Furthermore, it was suggested $ide¢ product221 had the urea motif
embedded in his structure with a distinct 164.8 mignal in the*C NMR spectrum and a 1717
cmitstretch in the IR spectroscopy spectrum. Moredver result of an HSQC experiment was in
accordance with previously reached conclusion diggrthe presence of (GAHHXCH,-) and
(PhCH>-) residues. Interestingly, the value obtained agsnspectroscopy measure m/z {E@as
206, the exact molecular weight of the expedtildydroxyurea220. Taking all this information
into account, it was rationalised that the sidedpob221 structure was of 1-benzyl-3-hydroxy-4-

methylimidazolidin-2-one as depicted in Figure 13.
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O
®/\N% NMR spectroscopy
N\OH IR spectroscopy
Mass spectroscopy

221

Figure 13 - Suggested side produ221 structure

However, this proposed structure has never beantezpin the literature and still bore uncertainty
especially regarding thi-hydroxy motif. After exhaustive efforts, a suitatdolvent system was

found and enabled the growth of crystals of sudfitiquality to perform a crystallographic analysis.
Most gratifyingly, the resulted X-ray structure wasaccordance with imidazolidinone structure

221

Interest arose from the discovery of this unexgkctampound. It was then postulated that for this
side reaction to proceed, it required the init@iniation of220. Therefore, in order to establish
whether imidazolidinone221 stemmed directly from the starting materal9 or 220, two

experiments were conducted (Scheme 63).

on 0
OY NH pyr, reflux %N’OH pyr, reflux H H
- - - N ~O NS
PG’N\/\ 16 h PG N\)\/H 3 days PG Nt Ph \ﬂ/ OH
required (0]
220 221 219 215

Complete conversion observed for both experiments
Scheme 63 - Synthetic origin 0221

Building on these results, it was concluded &t did originate from initially desired produ2f0

and a proposed mechanism depicted in Scheme 6gasadated.

I
) OH
=
O NH ] 0 ‘T_{J/—ll’/\_/ || heat @”N
W — 20 = 50
[SCERANTN : PG TN PG \/\
220 m

heat

X >\ JOH
N
| N TReeN_

221

Scheme 64 - Proposed pyridine catalysed hydroamination mechanis
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It was postulated that since heating was compul$oryside product221 to be produced, the
reaction would be driven forward when deprotonatér220 occurred at thenitrogen position.
Upon deprotonation, a subsequergXs-trig cyclisation onto the pendant alkene could then be
suggested from intermediat222 leading to imidazolidinone221 Therefore,221 might be
synthesized in what could formally be described ggyridine-catalysed hydroamination reaction.
Literature investigations on similar substrates teda unique complementary gold-catalysed

procedure®

As it became apparent that the formation of thigl&molidinone side product would be difficult to
avoid upon conducting the reaction at elevated &zatpre, it was postulated that tuning the
reactivity of phenylhydroxycarbamate reage2it5 was worth investigatinglndeed, it was
rationalised that increasing the electrophilicifyttte hydroxycarbamate carbonyl cer2d would

enable the reaction to be conducted at lower temtyper preventing any side product formation

(Scheme 65). Y o
e L0
Ol 3
\ . LGS
h o_N ?\I % O@\& 7 B %
A~ NH Y oH _pyr.d0°C P NOoH = Ogﬁéx
R O time (0} é.
219a 215R = H) after 72 h, 220a, 30% C’X
223 (R=NO, after 4 h, 220a, 83% o

Scheme 65 - Exploiting the reactivity of the-nitrohydroxycarbamat220a

Finally, using the conditions outlined in Scheme ®te introduction of th&l-hydroxyurea motif
proceeded in very good yields when aitro derivative of phenylhydroxycarbama®@3 was
employed (see Experimental section, Chapter 5tfodetailed synthesis). The correct structure
assignment of produ@20awas confirmed by the N peak on théH NMR spectrum at 7.94 ppm,
the IR spectroscopy stretch of the carbonyl of thima derivative at 1651 c¢hand finally by the
study of the relevant X-ray crystal structure slnbteworthy that even with a prolonged stirring (>
3 days), the control experiment (R = H) failed &ach total conversion with no sign of side-

product22la

This procedure was successfully applied to seadidic amines213as depicted in Scheme 66.
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Substrate scope

R2 H R2
RL___NH O NS 40°C R NN
et eyt e g LR,
0
R Yields range [30 — 83]% O
213 215 (R = H) 16 h 212
223 (R=NO,) 4-6h
Jiy i
_OH
A AL on
H H | H
77% with 215 60% with 223
(216) (224)

\/\ )J\ -OH g OH ©/\ OH
30% with 215 68% with 223 83% with 223
(218a) (225) (2202)

Scheme 66 - Summary of the synthesisédhydroxy urea derivatives
Regarding urea derivativ@4d 2, in each case the correct structure assignmenestablished partly
with their carbonyl stretch in the IR spectroscapgctrum ranging between 1660 and 1653 cm
and the characteristicHNsignal peak on theitH NMR spectrum ranging from 7.5 to 7.8 ppm.
These spectroscopic data were in complete accoedatitt compound220a which had been

identified by an X-ray crystal structure. Henceesh urea derivative812 were taken to the

subsequent acylation step.

2.2.3 Acylation of the N-hydroxy urea derivatives - Disconnection (lI)

Using the similar protocol established for the aanikries, acylation of thedé-hydroxy urea

derivatives212was efficient and excellent yields were delive{@dheme 67).
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Substrate scope

R? RZ O

R! \ H Et;N, ArCOCI, CH,Cl, 0 °C, 30-50 min R! ]'\]
//\4\/N\H/N\OH , //\4\/\[]/ \O)J\Ar
O Yields range [45 —98]% (0]
212 Ar = Mesityl 211

O O
HNJK§,OCOAr @JLN,OCOAr

( )

45% (226) 98% (227)
o@u )
e
r‘@ 4
I A 0 0 0
-5 *

o i _ _OCOA _OCOA _OCOA
i1, = Sy ' NTON ' NTON !
” H H H
P °12 | |

\}LE v‘;gn%
B B
T ) 89% (228) 92% (229) 87% (230)

Scheme 67 - Summary of the precursors synthesised for the redh@minohydroxylation

Regarding the acylated urea derivati2é&g4, the correct structure assignment was establighgty
by their carbonyl stretchin the IR spectroscopy ranging between 1673 ar@# k' and the
characteristic\H signal peakon their'H NMR spectrum ranging from 8.5 to 8.8 ppm. These

similar spectroscopic data were in complete accurelavith compound®28, which had been

identified by an X-ray crystal structure.

Figure 14 - Correct assignment of acylated N-hydroxy urea deines211

2.2.4 Tethered Aminohydroxylation (TA) of urea derivatives - Disconnection (1)

With those acylatedll-hydroxy urea derivative811in hand, the tethered aminohydroxylation was

investigated (Table 14).
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o O N ri0OH
NN 1 mol% K,0s0,(OH
R” \n/ (0) mol?% K,050,(0 j\I/ R* +  side product
O t-BuOH, CH:;CN, HzO R]' n RS
1, 8-12 h R2
211 210 231
Entry Compound R R; Conversiont Isolated yield
1 226 Allyl H No reaction
NH .
2 227 @ 100% No isolated product
3 228 Allyl Allyl 100% ~68% (1:1f(232)
4 229 ©/L Benzyl No reaction
5 230 Benzyl Allyl 85% ~49% (1:1.5§(233

The conversion was determined from tHeNMR spectrum of the crude material
2|solated mixture of two products, yield correctéridentification of by product

Table 14 - Substrate scope investigation in the tethered amyuhr@xylation

Initially, it was observed that the complete conption (entry 2, 3 and 4jia the TA reaction of
these acylatedN-hydroxy urea derivative211 was twice as fast as the amide series halving the
reaction time when employing as low as 1 mol% ofapsium osmate. It was envisaged that
oxidative specie®36 involved in the catalytic cycle was more electrich than234 and 235

facilitating the [3+2] cycloaddition onto the alle(Figure 15).

Amide series Carbamate series Urea series
(0] (0] (0]
0] PG.
N:O// O)J\N:O/é\ NJJ\N:O/é\
,S:O 7-0 ;-0
\ \ ° \
234 235 236

Increasing electron density on osmium

Figure 15 - Reactivity related to the electronic nature of tlsenium intermediate

However, examination of Table 14 revealed sevaratdtions for this series. The reactivity in this

series was hampered by the narrow window of taderatotecting group present on precur&dirs

- 69 -



Chapter 2: Intramolecular processes - Tethered amyaroxylation

Indeed, while urea precurs@P6 bearing an unprotectedHNbond (Table 14, entry 1) failed to
react under the standard TA conditions, stericeligllenging derivative29 (Table 14, entry 4)
also stalled the process with complete recoverstarting material in both cases. It was postulated
for entry 1 that the lone pair of the unprotectedosidary nitrogen a226, by coordinating to the
osmium catalyst in the key intermedi&86 would prevent a correct orbital alignment to occur
This hypothesis was partly confirmed when its prtioe afforded the desired product (Table 14,
entry 3 and 5). Furthermore, in each instance stmhesis 0232 and 233 required a difficult
silica chromatographic separation. Indeed, thejh tiydrophilicity became an inherent problem in
the purification of this series. Another problerose with the actual identification of the products
obtained. The exact yields for entry 3 and 5 caowdt be ascertained due to an unidentified side
product231, which ran closely to the desired produZ3? and233 leading to their contaminations
in a ratio determined by the analysis of fie NMR after column chromatography. The value
obtained by mass spectroscopy measure m/z*YEBdicated in each case the presence of
compound232 and233 respectively but their complete isolation provedéodifficult. In an effort

to better understand the process, investigationgldntify side produc31 were carried out.

Initially, NMR spectroscopy data were analysed (Féggl6 and 17).
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3.45-3.54 (1H, m), 3.37-3.45 (2H, m), 2.91-3.03 (i)
Figure 16 - '"H NMR spectroscopy d#32 mixture
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3¢ (100 MHz, CDCI3) 161.73, 161.68, 133.5, 133.3, 11715.4, 74.3, 73.8, 49.3, 48.8, 46.6, 46.4, 4621
Figure 17 - °C NMR spectroscopy d¥32 mixture

Upon analysis of th&H and**C NMR spectra obtained f@32in deuterated chloroform, it became
evident that structure wise, both produZsi and232were closely related. Indeed, all peaks were

doubled in both spectra. It was then suggestedrtitaimers could account for these twin sets of

-71 -



Chapter 2: Intramolecular processes - Tethered amyaroxylation

signals>® Another possibility envisaged was dimer adducssiltang from strong hydrogen bonding

between two parent molecules as depicted in Fifyafé

HAN_\@

0 T Al ot 7\/N\A11y1 o Allyl
AlIyI\N//{N/H/O ayls Ao Anyl\gé(N/H/O@
\\&OH \\Q\OH OH
15t possibility 21 possibility 3 possibility

Figure 18 - Hydrogen pairing adduct

Eventually, our last hypothesis not to be protrddte this NMR observation was the dimerisation
of the desired hydroxyl ure2z32 This would also account for a reasonable explamatgarding

the presence of these twin sets of peaks. In dodexplore these rationales, several spectroscopic
analyses includingnfra red and mass were carried out. Unfortunately jribapacity to explicitly
determine the structure of this side product thhobdMR analysis, led to a thorough column
chromatography purification cycle including seveetdrystallisations in order to finally obtain the
side product in pure form but small quantity. Perfimg an X-ray crystallographic analysis to
determine the exact structure was highly desiranid after exhaustive efforts, X-ray quality

crystals of the co-product could finally be grown.

231

Figure 19 - X-ray crystal structuref 231

Most gratifyingly, the resulting X-ray crystal stture analysis formerly identified the side product
as the dimer of232 validating one of our hypotheses (Figure 19). Heewve the ratio of
diastereomers d?31 could not be determined and remained to be falystigated. Furthermore,

full spectroscopic characterisation of compou?8P would require more material isolation.
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Building on these results, it was speculated #&t might originate from intermedia38 and a

proposed mechanism depicted in Scheme 68 was atestul

Secondary cycle Oxidative cyclization
Allyl Allyl Allyl
\ 0 \ O \
\( N\( ® N OH
O 0 H ¢ 0
\9 - N\,OI ’Z( — N9®
- =N N
o N} N-AYL | ot o N-AI ik A LOENTN -yl
O o _ a0(
~ = N>
237

Direct
hydrolysis
239 path B 238
[Ox] [Ox]
then then
hydrolysis hydrolysis
O O P @
Allyl~" SNg Allyl~" >NH \\&
\—K/o] I \_K/OH 0
232 232 231

Scheme 68 - Plausible pathway for the formation of the dii8d

It was suggested that the formation of din2&1 could be the result of an osmium oxidative
cyclisation (path A) promoted by the acidity of tb@boxylic acid released during the reaction.
Intermediate238 would then undergo hydrolysis to affo2@1 This oxidative cyclisation process
has been extensively described in recent paeMevertheless, this pathway would be in
competition either with the direct hydrolysis (paB) of 237 or with a second tethered

aminohydroxylation process leading to intermedid® (path C) before subsequent hydrolysis.

2.2.5 Conclusion and future work

A route into cyclic hydroxyl urea framework was tofqed with varying degree of success.
Although the access to acylatehydroxy urea&11, precursors for the osmium catalysed step, was
rendered possible in two steps starting with umatdd amines 213 the tethered
aminohydroxylation of these was hampered by diragéde of the desired product and its isolation.
It is important to stress that further investigaovould need to be carried out in order to favour
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the formation of232 over its dimer for the aminohydroxylation of urderivatives to become a
viable process. At this stage, the lack of contfathe TA reaction with the dimex31 formation,
as well as the difficulty to isola@32 as a single compound are critical issues.

It is noteworthy that efforts during the introdwcti of the N-hydroxy urea moiety led to the

discovery of an unprecedented side reaction thatdwgurely find applications in the near future.
2.3 Conclusion for intramolecular processes

The tethered aminohydroxylation of amide derivativeve successfully been applied to access
valuable hydroxyl lactam scaffolds in one step gsim osmium based proced{t&his process
was made possibleia the use of the third generation of reoxidant femaum based on a key
hydroxylamine bond. The latter has demonstratedititdy to promote an efficient oxidation of
osmium(V1) to osmium(VIIl) leading to valuable sf@tls from easily accessible starting material.
Furthermore, the wide range of viable alkene sabedrexpanded the potential applications of this
methodology. Nevertheless, the method suffers fitweriack of significant results when exploiting
chiral reagents for enantioselective oxidations aridre work should focus on the asymmetric

variant.

Although this procedure was not as successful enuttea series, this reaction has potential and it
was encouraging to formally identify by X-ray ddfition an unexpected dimer product, which may

have use in the future.

During the course of this study, examination okthacylated hydroxyenamides as nitrogen source
precursors revealed at least one point of expanb®ing shelf stable and easy to handle contrary
to N-bromoamides (see Introduction), they should fingpligations in the intermolecular

aminohydoxylation reaction. This is addressed nfttlowing chapter.
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3.Investigationstowards an inter molecular process

To further expand the scope of this novel typeeolrdant for osmium, an attempt to carry out the

aminohydroxylation reaction in an intermoleculast®n was investigated (Scheme 69).

u O O
R 4 mol% K,0s0,(OH
//\%N\O mol% K;0s0,(OH), NH intramolecular
aminohydroxylation
-BuOH, CH;CN, H,O

0
rt, 8-12 h R<-0H
/ \ 24 examples
R\&\ . R ﬁ\ cat. K,0s0,(OH), 9 intermolecular
¥ R \”/ OCOAr aminohydroxylation

0
Scheme 69 - Investigations towards an intermolecular process

3.1 Introduction

Exploiting the key results obtained for amide datives in the tethered aminohydroxylation (see
Section 2.1.6), the next step was to compare fisiezicy against the acetamide version used by
Sharplesset al. in 1997. In their studies, primary amides neededbd preactivated (as thé

bromoderivative) for the reaction to procé&dThis operation was achieved through the use of

dibromoisocyanuric acid (DBI) acting as a mild bioating agent in dichloromethane (Scheme

70).
H 0
NH, DBI N.
r .l B 4 mol% K,050,(OH), OH HN
O 22 0} 1.0 eq alkene H . .
. 68 N\)\H/OlPr . HO\/'\’(OIPI‘
6 mol% (DHQ),PHAL \Ior E |
Ph._~_ OiPr 1.0 eq LiOH-H,0
‘W ' t-BuOH, H,0 70
0 4°C,6h

6 81%, 99% ee, rs 20:1

Scheme 70 - N-bromoacetamide as a nitrogen source

The osmium-catalysed reaction fbromoacetamidé8 with isopropyl cinnamaté9 afforded70
as the major regioisomer in excellent yield andnénaelectivity. However, the main drawback of
this procedure, as previously mentioned, were tifficulty in purifying the N-bromoamide

reagents and the critical storage conditions reduto avoid their degradation (air and light
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sensitive). Finding an alternate solution is therefdesirable and the answer could be delivered
through our third generation of reoxidant. Indeb@se had a proven shelf-life stability of at least

three years (Figure 20).

O
i i
Alr sensitive ~ S N e A
Light sensitive W Br - - n/ (0] Shelf stability > 3 years
O O

68 240

Figure 20 - Alternates td\N-bromoacetamidé8

Additionally, the substitution tolerated on therogen source might be greatly expanded. To this

end,242 was synthesised in order to explore this ratio(aeme 71).

< A s s .
W o rCOCl, E;N, CH,Cl, \n/ o
0 °C, 40 min

94%
Scheme 71 - Synthesis 0242
Following the procedure established in Chapteramroercially availableN-hydroxyamide241
was acetylated to afford produ242 in an excellent 94% yield. The characteristic 9p&n NH

signal in the'H NMR spectrum in conjunction with the IR spectmsic stretch of the carbonyl at

1657 cni were further evidence of its structure (see SeQid.3).

3.2 Preliminary results

3.2.1 N-bromoacetamide methodology

In order to compare the reactivity of these twoigants, the decision was taken to reproduce first
the experiment using the conditions outlined inedol 70, employingN-bromoacetamidé8 as

the nitrogen source (Scheme 72).

4 mol% K,0s0,(OH), OH
E Pho OiPr 1.0 eq alkene ﬁ oiP
\W “Br o+ W \ﬂ/ _ r
o ] 6 mol% (DHQ),PHAL :
0 1.0 eq LiOH-H,0 O Ph O
68 69 -BuOH, H,O 70
4°C,6h

72%, 98% ee, rs 19:1
Scheme 72 - Attempts to reproduce thé-bromoacetamide methodology
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As expected, 1,2-amino alcohd was obtained in good yield albeit lower than the ceported. It
was understood that strict temperature control wmgzortant to achieve reproducibility. In a
subsequent experimer242 was submitted in place df-bromoacetamidé8 to determine whether
our reoxidant could act as a surrogate in the nmdézcular aminohydroxylation (Scheme 73).

u 4 mol% K,0s0,(OH),

OH
. 1.0 eq alkene H .
No Ph_~ OiPr Ndﬁ(omr
OCOAr + >
\W \/Y 6 mol% (DHQ),PHAL \n/ N
O Ph O
70

o 0 1.0 eq LiOH-H,0
242 69 +-BuOH, H,0
Ar = Mesityl 4°C,6h

Scheme 73 - Initial attempt with242

Surprisingly, this initial attempt resulted in thezovery of both starting materi@8 and242 with
only traces of70 isolated. Moreover, conducting the reaction atwrdemperature did not improve
the result. It was then envisaged to carry outrédaetion under the tethered aminohydroxylation

experimental conditions to ensure that no obvialstion was missed.

3.2.2 Tethered Aminohydroxylation experimental conditions

Employing the tripartite solvent system in conjumet with potassium osmate ligand free

conditions (see Section 2.1.5.2112 was subjected to this intramolecular process aicti in

Scheme 74.
" 4 mollO/S K20|102(0H)4 q  OH
N . .0 eq alkene :
W OCOAr . Ph\/\[(OEr N . OiPr
o) 0 t-BuOH, CH3CN, H2O lo) Ph 0
242 69 rt, 12h 70 ()

Ar = Mesityl

Scheme 74 - Attempt under the TA experimental conditions
The reaction again failed to yield any desired amahcohol 70 with recovery of69 and 242.
Whilst increasing the temperature to 40 °C did ingirove the outcome, two side products were
identified: acetamid®7 and dihydroxylated alken243 (spectroscopic data were consistent with
those reported in the literature). It was ratiosedi that their origin stemmed respectively from the
hydrolysis of imidoosmiun44 and subsequent osmium tetroxide mediated dihydatgn of

isopropyl cinnamaté9 (Scheme 75).

-78 -



Chapter 3: Investigations towards an intermolecyaocess

u 9 4 mol% K,0s0,(OH), OH
N 1.0 eq alkene NH Ph \H\H/OIPI

69 4 ~0 s + 69

\g/ /\‘:@\ -BuOH, CH;CN, H,0 \g oH 6
40°C,12h

242 67 243

) 0O VI

K o) 050, ®

244 H,0 69
Scheme 75 - Possible origin fo67 and243 formation

These series of experiments highlighted the starkrast of reactivity between the two reoxidants
68 and 242. In order to identify the causes of this reacyivia structural comparison was

established (Figure 21).

Nucleofuge difference 0
d R
WN\Br Counteranions \H/ ~0
0 O
68 Solubility (reoxidant and leaving group) 242

Figure 21 - Possible key parameters explaining different redgti

As depicted in Figure 21, the most evident diffeeewas thdeaving groupcharacteristic. Hence,
the following study aimed at identifying the reasdar this lack of reactivity and ways to overturn

this result.
3.3 Investigationstowardsa viable inter molecular process

Based on previous studies, it was rationalised thihin the intramolecular process, the
hydroxyamination of alkenes was a favoured protiessks to the tethered link. Furthermore, the
reoxidant being built within the substrate mearatt tho external additives were required and the
reaction could proceed only with a catalytic amooibase to initiate the oxidation process, key
for the catalytic cycle initiation (see Section)1 Bowever, in anntermolecular process, after this
catalytic amount of base released from potassiumates has deprotonated tNeacylated product
242, the entropy advantage of the alkene being spatiise to osmium intermediad4 is lost.
Consequently, the competition between the oxidatgattion of isopropyl cinnamate 244 and

the hydrolysis of intermedia244 would be enhanced (Scheme 76).
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NH,
0 hydrolysis W
ﬁ 4 mol% K,0s0,(OH), 0 / (0]

OH

0 #-BuOH, CHyCN, H,0 6 o T~ ﬁ\)\mo.]}
1rr

rt, 12 h [ox]
242 244 O Ph O

Intermolecular pathway 70 (%)

Scheme 76 - Absence of tethered alkene favours hydrolysig4df

If this hypothesis was confirmed, this would suggeslower oxidation process of the alkene,
the rate determining step of the reaction. Moreo¥er the next studies to be similar to the

conditions developed by Sharpletsal one equivalent of base was added

3.3.1 Investigationsinto thereoxidant reactivity

It was envisaged that the electronic nature ofthh@eofuge was an important parameter (Scheme

77).
©
HO —\v
4 0 4 mol% K,0sO,(OH), NP
o N, Y %0
5 P 1.0 eq LiOH-H,0 00

245 t-BuOH, CH5CN, H,0
It

F//E‘I\O | N TN\O)‘\@R WN\O | > 246

= O =

Scheme 77 - Mechanistic pathway of the oxidation of Hg O™

Indeed, the oxidation of osmium(VI) to osmium(VItdpuld be influenced by two factors: the pKa
of N-acylated hydroxamic aci@d45 and the stability of released carboxyl@#6. Therefore, by
increasing the electron deficiency of theomatic moietyit was postulated that deprotonation of
245 would be facilitated. Moreover, the stability dfetresulting carboxylat246 would also be
increased favouring consequently the overall oldaprocess. Hence, precurs@4/ and 248

were synthesised in order to explore this ratiofigure 22).
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O F
@ § ¢ i :
N ~0
o g
o Cl Cl F F
F
247 248

Figure 22 - Synthesis of more reactive precursors

Both compound247 and248 showcased the characteristi€iSignal peaks at 9.41 and 9.62 ppm
as well as the IR spectroscopic stretch of theararbmoiety around 1650 ¢l Moreover, an X-
ray crystal structure obtained for the 2,4,6-trchberivative247 further confirmed their correct

structure assignment.

However, it was also anticipated that increasirggelectrodeficiency of the aromatic moiety could
favour the background Lossen rearrangement reaesopreviously mentioned in Section 2.1.3

(Scheme 78).

" 4 mol% K,0s0,(OH), - OH
. 1.0 eq alkene .
N< Ph _~ OiPr NWOlPr
0OCOA
hig roo Y 1.0 eq LIOH-H,0 D
0 0 (-BuOH, CHLCN, H,0 O Ph O
247 or 248 69 rt, 12h 70 (£)

Scheme 78 - Screening with more reactive precursors

As a result, carrying out the reaction witd8 ended in complete destruction of the amide
derivative and recovery of the isopropyl cinnamé@e Although, 247 derivative gave similar
results than 2,4,6-trimethyl derivati2d2 with only traces off0 obtained, there was a noticeable
difference regarding the rate of oxidation if tlwdotir change (from 20 to 10 min) was assumed to
be a good indicator of the osmium oxidation stdaee Section 2.1.4). For that reasaff was

used as a standard in the following set of exparime

3.3.2 Investigation into theimportance of the counterion

In a control experiment, one equivalent of lithilomomide was added 247 to ensure that the
bromide ion did not have any hidden benefits and wat playing any crucial role in the

aminohydroxylation process (Scheme 79).
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4 mol% K,0sO,(OH), OH

H H
. 1.0 eq alkene :
N. Phe_~_ _OiPr . N\)\[(OIPI‘
OCOA
\Tr r + \v/A\H/ + LiBr 1.0 eq LIOH-H,0 \Tf -
0 O -BuOH, CH23CN, H,0 O Ph O
247 69 1t, 12h 70 (1)

Ar = 2.4,6-trichlorobenzyl
Scheme 79 - Possible active role played by bromine ions

As expected, this reaction failed to reach compietind only traces a0 were isolated discarding
any hidden benefits in the presence of bromineranin the catalytic cycle. Therefore, another

parameter was investigated.

3.3.3 Investigation into the external base

In their studies, Sharplegs al. have reported that the stability of an alkali rhegt of anN-

halogenated amide was intimately related to thedeal considered (Scheme 80).

Br Cl
Osmium oxidation > LiOH-H,0 < Hoffman Rearrangement
N Y N
y e .

1 \C\O

249 251

not stable enough

Scheme 80 - Reported stability oN-halogenacetamide salts

Indeed, when one equivalent of an inorganic base employed to producd-lithio, N-
bromoacetamide intermedia?d9, subsequent oxidation of osmium was possible. HowdgeN-
chloroacetamideé?51 employing the same conditions resulted in no diedaas a competitive
Hoffman rearrangement took platBased on this observation and the knowledge hestet amide
derivatives245 were prone to undergo a Lossen rearrangementrearseg to replace lithium
hydroxide with an organic base was carried outeét] rendering the medium less alkaline should
slow down the background Lossen side reactionuouaof the osmium oxidation as explained in

Section 2.1.5.5 (Figure 23).
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o
Decomposition Inorganic E\ Organic
thgwughthcl‘osscn - \n/ O Stability ‘)
carrangement
: = base 0 cl cl base
247

Figure 23 - Research into the use of an organic base

To explore this hypothesis, a screen was conduededing the basicity of the organic bases

employed as depicted in Scheme 81.

- 4 mol% K,0sO,(OH), OH

. H
N. Phe OiPr 1.0 eq alkene N\)\H/ OiPr
OCOAr + + Organic b
g Y TR DI BUOH, CHLCN, Ha0 D
0 0 O Ph O
rt, 12h
247 69 70 (1)
Ar = 2.4,6-trichlorobenzyl (pKa values are given in water)
/
W A
\ AN
/ £\N<:> N (Et)sN
N
\
pKa 12.3 pKa 12.0 pKa 11.0 pKa 10.7
8% of 70 9% of 70 7% of 70 10% of 70
N N o
(n-Bu);N ) O\_/NH \ /N
pKa 10.0 pKa 8.9 pKa8.5 pKa5.2
9% of 70 11% of 70 9% of 70 7% of 70

Scheme 81 - Screening of organic base

Upon examination of this screening result, it wagided to stop any further studies as more

appealing hypotheses were prioritised.

3.3.4 Investigation of the pH parameter

Using N-bromoacetamides8 as precursor in the methodology published by Sessget al,
bromide ions were released during the osmium oiidairocess and proofs were obtained of their
non-interference in the subsequent mechanisticsgf&gpe Section 1.4.2). However in the current
methodology, usin@47 as the nitrogen source, the gradual release bbrglic acid lowered the
pH from an 8 value to 5 or 4 measured after a fewrdrdepending of the choice of the reoxidant
used 42 or 247). It was thus proposed that the low reactivity eslied could be linked to

interferences of the resulting carboxylate with #&mium catalyst. In order to assess this
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hypothesis, one equivalent of lithium 2,4,6-trigloloenzoate?52 was added to the efficiem-

bromoacetamide protocol (Scheme 82).

cl 4 mol% K,0s0,(OH)
2050, 4 OH
ﬁ Phe oipr 0 1.0 eq alkene 8! ;
N e PN O c Ao
I I LiG 6 mol% (DHQ),PHAL 0O Ph O
al 1.0 eq LiOH-H,0O
68 69 252 FB?S% EZO e

Scheme 82 - Addition of one equivalent of carboxylate salt

Interestingly, no producfO was obtained. It was consequently envisaged tdanguaternary
ammonium anion exchange resins that should theatgtiscavenge carboxylatand release

bromine anions when employing reoxid247 (Scheme 83).

Interferences No interactions v’
/_\« N »/_\
Q NRsBr
O O\ 0 O ()\\ //O

H "V ,,\Os/ A0s
\[rN\oJ\Ar O \WN 0 |+ ®L?O)J\Ar WN 0 |+ BrLi
O (0]
247 244

® o
Q' NR; OCOAr

Scheme 83 - Possible existence of interferences

If successful, this would provide essential insigiid the catalytic cycle. Therefore, the reaction

employing247 as the nitrogen source was carried out in theepiasof such resins (Scheme 84).

4 mol% K,0s0,(OH), OH

g\ Ph_~ OiPr ® © 1.0 eq alkene ﬁ OiP
\n/ OCOAr + \/\n/ . O/\NR3 B - iPr
0 0 1.0 eq LIOH-H,0 5 o
1-BuOH, CH;CN, H,0
ol © i, 12h 70 (1)

Ar = 2,4,6-trichlorobenzyl
Scheme 84 - Addition of anion exchange resins

Unfortunately, this hypothesis did not seem to twectusive as no reaction was observed. Another

aspect of the specific reactivity of theddromoamide species was then focused on.
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3.4 Acetamide, a key parameter not to be neglected

Through the description of the sevefdibromoamide syntheses, Sharpletsal. added the
following remark in what would become a key foodbr the success of this methodology
“Unexpectedly, we found that when the non-recrjigedl N-bromoamide containing several
percents of the primary amide starting materialiged, the reaction is more reliablén recent
years, further studies have highlighted the neeat ¢dast one equivalent of acetamide for smooth
execution of the aminohydroxylation process. Thasestigations by Wuét al where carried out

to enable the suppression of diol formation anih¢eease the yield of the amino alcohol prodiict.
Furthermore, this addition of a substoichiometricoant of acetamide has also been reported in
industrial processes as a method to enhance th*Wevertheless, the exact role of acetamide is

still to be determined.

A decision was taken to try it in our system (Scha3h).

0
4 mol% K,0s0,(OH),
ﬂ Ph OiP 1.0 eq alkene H OH ) HN
\ﬂ/ SOCOAr  + \/\[r R \[rNHz WN_J\WOIPT + HO OiPr
0 o 1.0 eq LiOH-H,0 : :
0 1-BuOH, CH,CN, H,0 O Ph O O
12
w1z 86% rs 9:1
242 69 67 70 (£)

Ar = 2,4,6-trichlorobenzyl
Scheme 85 - Successful intermolecular reaction

Pleasingly, adding one equivalent of acetamiddnéostystem using47 as the reoxidant gave the
desired product0O in excellent yield and good regioselectivity (9:Bpectroscopic data were

consistent with those reported in the literature.

From this key result, three hypotheses were engisag order to understand the role of acetamide

in the aminohydroxylation reaction.

3.5 Determination of therole of acetamide

Firstly, it was postulated that the addition of taceide could enable the regeneration of the key

reoxidant imidoosmium comple44 in the same manner as the condensation descriped b
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Svendseret al. (Scheme 86, equation 1) wheeutyl amide253 was reacted with a stochiometric

amount of osmium tetroxideA similar reaction could then be envisaged wheetamide would

react with an equivalent of osmium(VIi244 (equation 2), competing then with the hydrolydis o

the imidoosmium intermedia&4 as described in equation 3.

- 050, = oV 00
(1 2 O | + HO
0 0
253 . ) 254
H;C 0 o _ ; ~
N?Qs0 | = o511 ? Qo
. 0] o) 05 .
(2) H3( NH2 244 H‘;C N \O I ]3( NH2
bl bl T
0 k, i 0 | 0
67 >
H;C 0 H.O ,‘
o 6 k, (6] y,

244
Scheme 86 - Possible condensation to regenerate the actte¢yst

described in 1994

The second hypothesis envisaged was that by cantgnto the osmium metal as a ligand,

acetamide could increase the electron density aomsmium intermediat244. This would result

in a faster addition onto the alkene, counterbatanthe decomposition of the catalyst over time

(Scheme 87).

N, 0 07N, 0
o % S\‘ / S\\
>*N=(I)ISZO * \[(NH2 — 040 | OR 040
15 O o HO, H,N
244 67 L HN i L lo} |
255 256

255 or 256 being more electron rich than 244
would promote a faster cycloaddition

Scheme 87 - Electronic nature of the catalyst species favdinigher catalytic rate

Finally, the last hypothesis formulated was tha&tamide played the role of a saturating and phase

transfer agent. Indeed, acetamide is soluble ih bqtieous and organic solvent employed in the

aminohydroxylation. The oxidation of osmium(VI) wsmium(VIIl) would then be facilitated.

Moreover, by saturating the aqueous phase, theréfecelerating the hydrolysis of imido complex
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244 (see Scheme 86, equation 3), acetarfidlesould also favour the addition of aqueous soluble

active catalyst specie¥l4 onto the alkene (Scheme 88).

Organic layer

7
I[:[I 0 AcN=§)s\O
VI + N - > 1
ACNH, Os W OCHOAr > N=0s=0 [+ ANHy  + o~ =, N\/L AcNH,
(0] 0 1 W
0

0 O
VI 1l i
AcNH,, Os N=0s=0 |, AcNH, ACN“/JS\O AcNH,
(0] (0] H,0 WN R
Aqeuous layer O

Scheme 88 - Acetamide AcNH,) as phase transfer agent

In order to assess those three hypotheses, sesgatiments were conducted on two substrates:
vinylnaphthalene34 and isopropyl cinnamat@9, both of which have been well studied in the

aminohydroxylation of alkenes.

3.5.1 Reaultsand discussion

To assess the first hypothesid;(2,4,6-trimethylbenzoyloxy)pivalamid@59 was synthesized

(Scheme 89).

0
) H . H
Cl ! N. i _
0 0 0

257 258 259

Reagents and conditiony NH,OH-HCI, CHCl,, H,O, rt, 16 h, 93%; ii) 2,4,6-trimethylbenzoyl chitbe, EtN, CH,ClI,,
0 °C, 45 min, 89%.

Scheme 89 - Synthesis and X-ray structure 259

Starting with pivaloic acyl chlorid®57, N-hydroxypivalamide258 was synthesised in nearly
guantitative manner and subsequent acylation aftb289 in an excellent 89% yield. Analysis of
the X-ray crystal structure @9 unambiguously confirmed its structure.

On the basis that regeneration of imidoosmium méstiate244 took place during the reaction,

performing a cross-over experiment should leadnoxdure of product (acetyd42 andt-butyl 259
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derivatives) in both cases (Scheme 90). As an itapbremark.t-butylamide 253 was not as

soluble as acetamide under these conditions.

le} 4 mol% K,0s0,(OH), OH
*(ﬁ )J\ NH 1.0 eq alkene >Lﬂ/§ oip
N Ph. =~ OiPr 2 \)ﬁ}/ iPr
O A + + -
' \/\[( \W 1.0 eq LiOH-H,0O :
0 ¢ 0 1-BuOH, CH;CN, H,0 O Ph O
1.0 eq Acetamide rt, 12 h 56% rs 8:1
259 69 67 260 (+)
Ar = Mesityl
- 0 4 mol% K,0sO,(OH), OH
1.0 1k H
\[(N\O)J\Ar . Pho_~_ _OiPr , *(NHZ eqatene \WNJ\WOM
0 \/\[( o 1.0 eq LiOH-H,0 o ];h S
0 -BuOH, CH,CN, H,O
1.0 eq z-Butylamide rt, 12 h 65% rs 8:1
242 69 253 70 ()
Ar = Mesityl

Scheme 90 - Cross-over experiments

The hypothesis of acetamide acting as regenertonidoosmium complex244 was discarded
when in both cases only one product originatingnfritie reoxidant was identified and isolated.
Spectroscopic data @60 were consistent with those reported in the liteetlts correct structure
assignment was established by comparison with cangp@0 data (see Experimental section,
Chapter 5 for details).

In order to assess the veracity of acetamide a@®@ ligand or saturating agent hypotheses,

several additives were screened as detailed ire T

Ph _~ OiPr

4 mol% K,0sO,(OH)
0 2050, 4 OH
H 69 O 1.0 eq alkene H
WN\O)J\Ar + OR +  Additive . \H/N\)\R
O 1.0 eq LiOH-H,O ,
X

#-BuOH, CH,CN, H,0 o Ar
242 OO rt, 12h
Ar = Mesityl 70 when Ar' = Ph, R = CO,iPr

261 when Ar' =Napht, R=H

34
Entry Substrates Additive Yield' (%) rs?
1 69 None No reaction
2 34 None No reaction
3 69 AcNH, (67) 86 (70) 9:1
4 34 AcNH, (67) 74 (261) 31
4 69 MeSQO,NH; (262) 84 (70) 8:1
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5 34 MeSONH, (262) 70 (261) 2:1
6 69 AcNHOH (241) No reaction
7 34 AcNHOH (241) No reaction

!Isolated yield “Ratio of compounds determined from theNMR spectrum of the crude material
Table 15 - Final additive screening

Gratifyingly, using acetamide (entry 3 and 4), balkenes were oxidised in good yield compared
to no reaction without (entry 1 and 2). Analysighad results obtained for the addition of acetamide
67 (entry 1) andN-hydroxyacetic aci@41 (entry 6) supported the concept of a phase trangbe
implication. IndeedN-hydroxyacetic acid®?41 although soluble in water displayed low organic
solvent solubility. Furthermore, in the likelihoofl N-hydroxyacetic acid®41 coordinating to the
osmium metal through the reaction course, this Wadtablish that only one of the previously
stated conditions is necessary but not sufficienttlie reaction to proceed. On the contrary, the
addition of sulfonamide&62, both soluble in organic and aqueous solventsy(e3it displayed
similar good results as acetamide confirming theaidf both a saturating and phase transfer type
agent. Therefore, the results obtained tendeddepa@ combination of ligand and saturating agent

hypothesis.
3.6 Solubility of reoxidant

The reported aminohydroxylation of alkenes emplgyMbromot-butylamide was described as
sluggish and only gave traces of the amino alcgnotlucts in the methodology developed by
Sharplesst al. However, by usin@59 as the reoxidant in combination with acetamidgped

yield was obtained for activated alkene (see Sch@®eand a moderate yield for non-activated

substrate (Scheme 91).

0
by © 4 mol% K,0sO,(OH), HN)H<
>I\H/N\O)J\Ar . N, \H/NHZ 1.0 eq alkene
1.0 eq LiOH-H,O OH
% O 1-BuOH, CH,CN, H,0
1.0 eq Acetamide rt, 12 h 33%, rs 3:1
259 34 67 263
Ar = Mesityl
Scheme 91 - Sterically hindered reoxidant
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The assignment of the major regioisomer was estaddivia "H-'H COSY NMR experiment and
confirmed with comparison of acetamide derivati It was this outcome that highlighted the
key difference between the use Mfbromoamides and our current methodology: theireaga

solubility.

Indeed, it was postulated thBEbromoacetamides8 being soluble in water, the oxidation of
osmium(V1) was fast but the hydrolysis of the réisglimidoosmium comple244 slow due to the
“several percents” of acetamide acting as a satgratgent (Scheme 92). The highly efficient
aminohydroxylation of imidoosmium comple3d4 onto the considered alkene could then take
place. Furthermore, since our reoxida@d® is insoluble in water, the oxidation of osmium(\i)

only facilitated by the addition of one equivalaita phase transfer agemg. acetamide (see

Section 3.3).
E Aqueous soluble NH, ¢ Aqueous soluble
\n/ Br Oxidati : since \n/
0 xidation of osmium resence of 0
facilitated presence
68 244 67
H 0}
N )J\ Non-aqueous soluble o o Competitive hydrolysis of
\n/ ~07 Ar No reaction since No additives imidoosmim complex 244
0 Oxidation of osmium
242 s 244
H O NH ¢ Aqueous soluble
N )J\ Non-aqueous soluble . \n/ 2
\n/ ~0” Ar since
0 Oxidation of osmium presence of 0
242 is 244 67
Ar = Mesityl

Scheme 92 - Solubility as key parameter in both methodologies

Therefore, this solubility factor could also explaiie poor reactivity di-bromot-butylamide264

in Sharplesset al. methodology.N-bromot-butylamide 264 being less soluble in water th&h
bromoacetamiddé8, the oxidation of osmium would be slower. Moregvebutylamide being
twelve times less soluble in water than acetantitke,“several percents” carried out through its
synthesis would not be able to act as an efficiatirating agent as in the acetamide case and
would not be able to slow down the hydrolysis2d#.” This would result in poor yield (Scheme

93).
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H Reduced aqueous
lubilit
N\Br solubility since NH;
e Competitive hydrolysis of

0 Oxidation of osmium imidoosmim complux 254
264 254
Scheme 93 - N-bromo+i-butylamide264 solub|I|ty

3.7 Conclusion

In conclusion, the use of shelf stable and converaenide derivative40 using our 3 generation

of osmium reoxidant for the intermolecular aminatoylation process has become a viable
process. Moreover, employing hindered amide devied?59 as nitrogen source was also made
possible for the first time albeit moderate regiesgvity and yield were obtained. Further
investigations would be required for their widegigraise. Nevertheless, it was by understanding
the initial unreactivity of our amide derivative42 that the key role of acetamide in the
aminohydroxylation might have been solved. Furitadies were conducted in order to extend the
scope of substrates, which when activated with35ugeneration of reoxidant would result in an
efficient aminohydroxylation reaction in an interdecular manner. This is addressed in the

following chapter.
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4. A successful transition to an intermolecular
aminohydroxylation process

Following the results obtained for acetamide deives242, where imidoosmium intermediagd4
aqueous solubility was responsible for the poorctreidy observed (see Section 3.6), it was

envisaged to investigate novel substrates forrtte¥rnolecular process (Scheme 94).

.. H
No . R cat. K,0sO,(OH), intermolecular
OCOAr 2RI aminohydroxylation

(0]

Scheme 94 - Investigations towards an intermolecular process

As discussed in Section 2.1.8, the main drawbackhef tethered aminohydroxylation (TA)
methodology was the difficulty to turn this procelsgo an enantioselective one. However,
submitting an enantiopure substratdg was synthesizeda Evans oxazolidinone chiral auxiliary,
see Experimental section; Chapter 5), no loss ah#&omeric excess at the methyl centre was

observed in hydroxyl lactadBl1 (Scheme 95).

0 O
/\)\H/E 1 mol% K,0sO,(OH) 4
= ~0 NH
0 -BuOH, CH;CN, H,0
2:2: 1) OH
146 92% 181
98% ee 98% ee, dr 7:1

Scheme 95 - Tethered aminohydroxylation of enantiopd#s

This result outlined the use of osmium under the cbaditions as mild and which do not cause
epimerisation adjacent to the carbonyl group. Tglall these information into account, it was
decided to search for a substrate, enantiopurepeafdrably readily availablé.€. from the chiral

pool) that would provide useful products in ternicore structure and biological activities when

submitted to this osmium methodology (Figure 24).
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« Enantiopure q
YR\ o)
H Qs

e Useful products .

Figure 24 - Novel substrate characteristics required

It appeared thathe ideal candidates were amino acids. Indeedptkeome of this reaction would
be adduct267 containing both an 1,2-aminodiol unit as well he torresponding amino acid

moiety (Scheme 96).

R! R! OH
R2 H . cat. K,0s0,(OH), R2. S
\N/Hf “OCOAr T P N e
R O R O
265 266 267

Scheme 96 - Amino acids as interesting substrates

It was envisaged that by screening several amiigs &65 and modifying the substitution of

alkene266 employed, this reaction would extend the scopesafium-catalysed methodology.
4.1 Amino acidsasa nitrogen source

In a preliminary control experiment, protected Liva derivatives268 and269 were subjected to
Sharplesset al.'s methodology developed for primary amides (seeti®e 3.1), using 4-
methoxystyren8 as the alkene test substrate. After brominatioansiho amide268 or 269 and

subsequent work-up procedure, the resulting intdiambe 270 was directly submitted to the

conditions depicted in Scheme 97.

4 mol% KzOSOz(OH)4
RL NH, DBI RL E\ = 1.0 eq alkene No
N CH,CI N Br 7 6 mol% (DHQ),PHAL reaction
R®0 o RZ O OMe 1.0 eq LIOH- 1,0
268 (R' = Boc, R2 = H) 270 28 #-BuOH, H,0
269 (R', R? = Phth) 4°C.6h

Scheme 97 - Amino amide preactivated with DBI as possiblgagen source

-94 -



Chapter 4: A successful transition to an intermolecular amyusbxylation process

As expected with hindered amides (see Section $18)reaction did not proceed and no product
was obtained. It was then envisaged to synthesisaoaacid derivative265 bearing this 8

generation of reoxidant for osmium.

4.1.1 Synthesisof protected L-valine precursor

Three methodologies were developed for this purposeare detailed below:
e The first procedure based on the protocol develahethg the TA of amide (see Section

2.1.2) was the most convenient and scalable prg&eseme 98).

9 OH i 9 N i 9 N
N > N “OH N “OCOAr
S S L0
(6] O (0]
271 272 273

Reagents and conditions: i) (COCI),, NH,OH-HCI, CHCI,, H,O, rt, 12 h, 90%, ii) 2,4,6-trimethylbenzoyl chidei
CH,Cl, EtN, 0 °C, 1 h, 72%.

Scheme 98 - 1° protocol for the synthesis dfvaline precurso73

Starting from easily accessible phthalimide-pradctL-valine 271, intermediate 272 was
synthesised in 90% vyield (spectroscopic data waredcordance with those reported in the
literature).*® Subsequent acylation afforded the desired prodf® which structure was

unambiguously determined by X-ray crystallogra@nalysis (Figure 24).

273

Figure 24 - X-ray crystal structure 73

This procedure took place without significant ra&tion as the enantiomeric purity of reoxidant
273 was assessed using a chiral OD HPLC column arehled to be of 94%se upon comparison

to authentic racemic standards (see Appendix HfILC traces). After recrystallisation in a co-
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mixture of hexane and ethyl acetdl@3 was obtained with an enantiomeric excess of 88%his

first protocol was only applied to phthalimide gatied amino acids.

*  The second methodology developed enabled accessrto protected L-valine derivatives.
Boc, Cbz, Fmoc derivatives were synthesised in a-di@p procedure. Firstly, commercially
available protected L-valine derivative274, 275 and 276) were reacted with ethyl-3-(3'-
dimethylaminopropyl)-carbodiimide (EDCI-HCI) couplhi reagent in the presence of
pentafluorophenol in dichloromethane. This allowid formation of the respective ester in high
yield and a facile purification of the resultingearby-product stemming from the coupling reagent.
Further reaction of the crude material in dichloedhane with an aqueous hydroxylamine solution
provided the desired hydroxamic acid derivativgag/( 278 and279) in high yield. Spectroscopic
data of compound®77, 278 and279 were consistent with those reported in the litemtihe last
step was the acylation procedure (see Section)2d &ford the corresponding mono-protected L-

valine derivative280, 281 and282 in moderate to excellent yields (Scheme 99).

j\ . 0 u . 0] H 0]
1 11
R. OH - » R No
oy R AL AN A
O H 0

0
274 (R = {-Bu) 277 (R = t-Bu) 280 (R = #-Bu)
275 (R =Bn) 278 (R =Bn) 281 (R =Bn)
276 (R =Fmoc) 279 (R =Fmoc) 282 (R =Fmoc)

Reagents and conditions: i) EDCI-HCI, CHCl,, pentafluorophenol, aq. NBH, rt, 14 h, (78%, 76%, 62% respectively);
ii) 2,4,6-trimethylbenzoyl chloride, GJ€l, E;N, 0 °C, 1 h, (91%, 89%, 71% respectively).
Scheme 99 - 2" protocol for the synthesis of L-valine precurgé®, 281 and282

In each case, the characteristid Bignal between 9.76 and 11.07 ppm in'*H&MR spectrum as
well as the signal at 6.87 ppm of the two aromatatons of the acyl moiety confirmed the correct
synthesis of mono protected L-valine precursorss plocedure being used in common amino acid
synthesis, no epimerisation was expecfetideed, examination of the enantiomeric purity of
reoxidant273 synthesised through this procedure revealed tf B&%ee.

«  Finally, the last procedure developed gave accessé step to reoxidant derivative®72

from readily available amino aci@83 in combination with amin286 (Scheme 100).
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[O

@j ) .

i >N7 N-methylmorpholine H

RL OH O Ar Me L N
N\/('( £ HCLHN Y[ + Pe Ry ~OCOAr

N™ SN CH,CI !
2 0 2Ll 2
R® 0O P RPY -10°C, 12h R® 0
283 286 MeO™ N 'OMe 287
DMTMM Ar = 2,4,6-trimethylbenzyl

or 2.4,6-trichlorobenzyl

Scheme 100 - 3¢ protocol for direct access to precur@ev

Amine 286 synthesis started with commercially availabldBoc-hydroxylamine284. Acylation

and subsequent Boc deprotection in acidic medidordgd286 in excellent yield (Scheme 101).

O . (0] "
1 >L I} -
. LO__A LO__A ,
>LO)J\§ oH O)J\ﬁ O\ﬂ/ r HCI-H,N \n/ ! Ar = 2.4,6-trimethylbenzyl
¢} 0
284 285 286

Reagents and conditions: i) 2,4,6-trimethylbenzoyl chloride, GBI, E;N, 0 °C, 1 h, 92%; ii) 4M HCI in dioxane, 0 °C,
6 h, CHCl,, 100%.
Scheme 101 - Synthesis of amin286

The structure of intermediat85 was unambiguously determined by X-ray crystallpbsa

analysis (Figure 25).

Figure 25 - X-ray crystal structure ¢85

This coupling procedure was only successful whe&8,8-dimethoxyphenyl)-4-methylmorpholin-
4-ium chloride PMTMM) coupling reagent was employdddeed, out of the screening conducted
for this procedure, DMTMM was the only coupling age¢o afford the desired product in high
yield: common reagents such as HBTU, HATU, EDCI- ld€lwell as the direct formation of the
acyl chloride in neutral conditions using 1-chlddp-N,-2-trimethyl-1-propenylamine (Ghosez
reagent) all failed to provide good yieldsThis procedure could be employed for both mono and

doubly protected amino acids but was essentiaNgldged for base and acid sensitive substrates.
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DMTMM reagent gave no racemisation in the productd,was less convenient to use on a large
scale. Upon formation of these reoxidant precur&®s the stage was set for the osmium-

mediated process.

4.2 Osmium-catalysed reaction

4.2.1 Mono-protected L-valine precursors

With our precursors in hand, the tethered aminabwyation was first run using 5 mol% of the
non-volatile potassium osmate®sQ,(OH), (Scheme 102).

5 mol% K,0s0,(OH),

1.0 eq alkene
R. )J\ \/liﬁ/ /\©\ No reaction
+-BuOH, H,0

rt, 12h

280 (R=1-Bu)
281 (R = Bn)
282 (R = Fmoc)

Scheme 102 - Aminohydroxylation of mono-protected L-valineggursors
As described in Section 2.2.4, theesence of mono-protected amic@mpletely shut down the
catalytic process. Increasing the temperature amdatldition of catalytic amount of cinchona
ligands also failed to promote the reaction. Theessity of doubly protecting this function for the
reaction to proceed as explained in the next sectopported the existence of an analogous

osmium intermediate model where the secondary astioagly coordinated to the metal (Scheme

103).
o H (0] o
R, A No R. )J\ N .
O N (0) Os [ S No reaction
H 0 rt or 40 °C O "0
alkene
280 (R =#-Bu) Imido osmium intermediate
281 (R =Bn) 288

282 (R =Fmoc) / \

o _
R, )LH N
0" N
o *io R/O\f 0

O;/O“ N HO? s N
O~ 11
O (0]
5-membered ring 7-membered ring
289 290

Scheme 103 - Possible coordination model to osmium
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It was rationalised that these adducts could phssive derived from a 5 or 7-membered ring
intermediate289 or 290 respectively.

In an effort to break these adducts, several predeamino acids were tested (Table 16).

R? I O 5 mol% K,0s0,(OH),
1 1.0 eq alkene
R \NJ\H/N\O * /\©\ 1 No reaction
H9 OMe 1-BuOH, H,0
rt, 12 h
291 28
. : Protecting
Amino acid 1
Entry Compounds derivative R grl(?)lljp Yield
1 280 iPr (L-Valine) t-Bu (Boc) No reaction
2 291a Me (L-Alanine) t-Bu (Boc) No reaction
3 281 iPr (L-Valine) Bn (Chz) No reaction
4 291b PhCH, (L-Phenyl) Bn (Cbz) No reaction

‘Conversiordetermined from théH NMR spectrum of the crude material
Table 16 - Possible use of steric hindrance for breakingiom adduct

Synthesis of compoun2Bla and291b was carried out following the pentafluorophenaqgadure
(see Section 4.1.1) and full characterisation carfiobind in the Experimental section, Chapter 5.
However, steric hindrance modulation was ineffitias no desired product was isolated with
complete recovery of reoxidant starting mate2il.

4.2.2 Doubly-protected L-valine precursors

As mentioned previously, the reaction was only sasful when phthalimide protectéevaline

derivative273 was employed. To the best of our knowledge, thihe first time that amino acids

are used as nitrogen source in the aminohydrorylagaction (Scheme 104).

OH

0 \/(WH
N
&o ? OMe

292 (major)

o 1 Q _ 5 mol% K,0s0,(OH),
N ~0 + /\©\ rs12:1 dr1.7:1
\ O OMe "-PrOH.H:0 (1:2)
0 rt, 48 h
273 28 62% O H OH
N,
N l + 269 + 294
\ 0
0

OMe
293 (minor)

Scheme 104 - Successful aminohydroxylation process uiig as reoxidant
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From this first successful reaction, both regioisosi292 and 293 were isolated. The correct
regioisomer assignmenifter isolation was determined bijl-'H COSY experiment between the
NH peak at 7.27 ppm and th€H, protons. Furthermore292 and 293 structures were

unambiguously determined by X-ray crystallogragnalysis (Figure 26).

N
PhthN
0]

292

ﬂ OH
PhthN
6]
OMe
293

Figure 26 - X-ray crystal structure d¥92 and293

H

nQ

OMe

Both regioselectivity s 12:1) and diastereoselectivitdr(1.7:1) were determined byd NMR
spectrum analysis of the crude material. Regartiiegdiastereoselectivity 92, the ratio was
established between th#hiral hydroxyl group(R) or (S) and thealkyl chainof L-amino acid
derivative 271 as depicted in Scheme 104. The diastereoselectraity within the minor
regioisomer293 was not determined. In the following result andcdssions, the product drawn

always refers to the major regio-and diastereoisamkess stated otherwise.

This unprecedented achievement was however hampgréae formation of two noticeable side
products 269 (20%) and 294 (18%). Careful isolation and characterization eedblthe
identification of amide269 and 1,2 styrenedid®94 (Figure 27). Their spectroscopic data were
consistent with those reported in the literatuee (Experimental section, Chapter 5).
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o OH
N NH, HO
\ o)
0 OM

269 294

¢

Figure 27 - Identification of side produc®69 and294

As previously discussed in Section 3.2.2, the orifi these products was closely associated with
the hydrolysis of imidoosmium intermedia288 followed by dihydroxylation of alken@8 by
osmium tetroxide(see Scheme 105, path 1). It was also envisagadthi 288

could oxidise28 resulting in the formation of 1,2-styrened®®4 as depicted in path 2.

" (6] 5 mol% K,0sO,(OH),4
N 1.0 eq alkene
PhthN ~0 PhthN + 292
0 n-PrOH, H,O (1:2)

273 rt, 48 h

path 1
PhthN
.0 050,
O ()s

288 Me
28

28 294
Scheme 105 - Possible explanation regarding side prod@68and294 formation

Based on previous studies linked to osmium redgtigee Section 3.3), it was then rationalised
that two possible factors could prevent this baslkgd reaction: the amount of water present in the

process and the type of solvent used.

4.2.3 Solvent mediainvestigation

4.2.3.1 Influence of the amount of water

Hypothesis: It was envisaged that finding the optimal rationafter ton-propanol should impact
the formation of amid@69 and 1,2-styrenedid94 based on previous work carried out in Section

2.5.1 (Table 17).
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0 OH
i _ 5 mol% K,0s0,(OH), 0o
PhthN ~0 " /\©\ PhthN v 269 + 294
OMe -PrOH, H,O (XX:XX) 5
OM.

(o)

rt,2d e
27 3 28 292
Entry  n-PrOH, H,O (Ratio) Yield of (292)* 3 dr? Yield of (269)'  Yield of (294)
1 1:1 69% 12:1 1.7:1 11% 10%
2 2:1 75% 14.5:1 1.5:1 7% 6%
3 4.1 81% 14:1 17:1 traces
4 1:3 58% 7:1 1.5:1 21% 19%
5 1:7 109% 6.5:1 1.5:1 22% 19%
6 0:1 No reactiofl

lisolated yield “Determined from théH NMR spectrum of the crude materizbolubility issue leading to recovery of
starting material73, “Complete recovery of starting mater2a3

Table 17- Influence of the amount of water

Results: Decreasing the concentration of water in the onadieduced the formation of ami@é9

and diol294 resulting from the hydrolysis of the active osmiintermediate288 (Scheme 105).
Moreover, it was observed than an increase in @itenconcentration had a negative impact on the
regioselectivity while the diastereoselectivity wastouched. A possible explanation for this
outcome could be the formation of hydrophobic ptelke the aqueous media affecting the usually

steric driven selectivity of the aminohydroxylatiprocess.

It was then concluded that the best yielding coonlst were achieved with entry 3 and this ratio

was chosen for the next set of experiments.

4.2.3.2 Influence of the co-organic solvent

Hypothesis: A screen for the best combination of solvent cépabsolvating both starting material

273 and osmium catalyst was carried out (Table 18).
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\/(WIP\II j:@\ /\@\ 5 mol% K,0s0,(OH), \/(Wﬁ oH
PhthN ~0 * PhthN
OMe Solvent, HO (4:1) 0 \/\©\
OMe
292

© rt,2d

273 28

Entry Solvent, H,0 (4:1) Yield of (292)* rs dr?
1 Dichloromethane No reactiod
2 Toluene No reactioh
3 Diethyl ether 52% 7:1 2:1
4 Acetonitrile 56% 22:1 1.7:1
5 Acetone 67% 16:1 1.8:1
6 t-Butanol, Acetonitrile 74% 16:1 1.8:1
7 n-Propanol 81% 14:1 1.7:1
8 t-Butanol 87% 14:1 1.7:1
9 Tetrahydrofuran 91% 33:1 19:1

YIsolated yield “Determined from théH NMR spectrum of the crude material
3Solubility issue leading to recovery of startingtemil 273

Table 18 - Screening of co-organic solvent

Results: It was observed that using a water miscible digaalvent improved the yields while the
diastereoselectivity remained untouched. The biesdigg conditions were achieved with entry 9

employing tetrahydrofuran as co-solvent and waecsedl for the rest of the study.

This optimisation (Table 17 and 18) led to the fation of 292 in both excellent yield and
regioselectivity. The high regioselectivity achidveould be dictated by steric interactions between
bulky imidoosmium intermediat288 and styren&8 spatial position.

Although an excellent yield and high regioseletyiwiere obtained using L-valine derivati2é3

as reoxidantthe poor diastereoselectivity remained an issuefoomplete organic synthetic use.
This is addressed in the following section.

It is noteworthy to pinpoint that a control expeeimh where 273 was subjected to 4-
methoxystyrene28 without addition of osmium catalyst was conductegfore further studies

(Scheme 106).
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rt,2d

H Q Z No metal catalyst
PhthN N\o + /\©\ No reaction
o OMe  THF,HO (4:1)
273 28

Scheme 106 - Osmium free control reaction

No reaction occurred even upon heating the reaatotiure up to 40 °C. As expected, the

presence of osmium metal catalyst is essentiaghtBomethodology to succeed.

4.3 Investigation toward improving the diaster eoselectivity
4.3.1 Screening of amino acids

In an effort to improve the diastereoselectivitiffedtent amino acid derivative296 were examined.
Indeed, it was envisaged that steric hindrance fitbeir alkyl chains might influence the
diastereoselectivity. All precursors depicted inh&oe 107 were synthesised as previously

described in Section 4.1.1 (see Experimental secGbapter 5 for more details).
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Substrate scope

) R 0] R

H
1) (COCI),, NH,OH-HCL, 1t, 16 h -
N)\[( OH )( - NH, NJ\WN OCOAr
\ 5 0 2) E;N, ArCOCI, CH,Cl,, 0°C, 1-3 h \ 5 o)

Yields range [53— 79]1%

295 8 examples 296
Ar = Mesityl
) { )i \ § X
N/\n/ ~OCOAr N ~OCOAr N ~OCOAr
\ le} \ O \ O
e} 0 e}
71% (296a) 71% (296b) 68% (273)
N “OCOAr N ~OCOAr N “OCOATr
\ ! \ o \ o
0 e} 0
71% (296¢) 72% (296d) 53% (296e, +)
< NH
§ H 5 iy
N “OCOAr N “OCOAr
\ o} \ o}
e} 0
61% (296f) 79% (296g)

Scheme 107 - Summary of the synthesised amino acid precursors

Analysis of their spectroscopic data displayed dkpectedNH signal ranging between 9.58 and
11.08 ppm in theitH NMR spectrum. Furthermore, every derivative pnése a characteristic IR
spectroscopy stretch of the carbonyl ranging betwegl1l and 1670 cf These data were in
complete accordance with substrag8 and 296d, which were formerly indentified by X-ray

crystallographic analysis (Figure 28).
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ZT

PhthN Ne)

296d

Figure 28 - X-ray crystal structure d¥96d

Assessment of the enantiomeric purity of L-alanieexidant derivative296b was also assessed
using a chiral OD HPLC column and revealed to beé&% ee upon comparison to authentic
racemic standards (see Appendix 2 for HPLC tradesjas then rationalised that compoui296c,

296d, 296f and296g would not undergo any epimerisation and no furtiests were carried out;
except fora-phenylglycine derivativ96e, which displayed complete epimerisation through th

protocol.

The results of this screening are depicted in Table

R! 0 R! OH
%\} = 5 mol% K,0sO,(OH), %\]l :
PhthN )\Tf ~0 + /\©\ PhthN )\W
0 oMe  THF HO (4:1) 0
r,2d OMe
296 28 8 examples 297
Entry  Reoxidant (296) Amino acid Yield® of (297) rs? dr?
1 296a glycine 72% @97a) 5:1 N/A
2 296b L-alanine 86%297b) 14:1 1.2:1
3 273 L-valine 91% @92) 33:1 1.9:1
4 296¢ L-leucine 83% 297¢) 12:1 2:1
5 296d L-t-butylleucine 67% @97d) 16:1 1.8:1
(6 296e L-a-phenylglycine 56%497€) 8:1 2:1)
7 296f L-phenylalanine 74% @Q97f) 23:1 1.8:1
8 2969 L-tryptophan No reactioh

!Isolated yield “Determined from théH NMR spectrum of the crude material
3Solubility issue leading to recovery of startingtemal 2969

Table 19 - Screening of amino acid precurs@gé
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All compounds synthesised presented a charactediRtispectroscopy stretch of the carbonyl
ranging between 1612 and 1684 tinherent of amides. Moreover, subsequent oxidatiothe
products as described in following Section 4.7 wasducted. Unfortunately, testing different
amino acid precursors was unsuccessful regardfette dulk of the alkyl group used. Although
the regioselectivity fluctuated slightly, the desoselectivity remained unaffected at a
disappointing low 2:1 ratio. Attempt to further inope the diastereoselectivity with entry 3 by
conducting the reaction at 5°C was ineffective aseaaction was observed with complete recovery
of reoxidant273.

Hence, it was envisaged in view of these resulis ttie addition of an external additive might be

necessary to achieve an increase in diastereasdiect

4.3.2 Screening of additives

In order to improve the diastereoselectivity of teaction, a ligand screening was conducted
(Table 20). By adding a catalytic amount of engnire ligand, it was postulated that the creation
of a chiral pocket involving imidoosmium intermeid&@88 would occur. This stereochemically
well defined pocket would then hinder one appro&zhalkene substrat@8 leading to high
diastereoselective aminohydroxylation process. &leeted ligands for this initial screening all
belonged to the cinchona family as their relevatocesmium reactivity has been proven in past

studies (see Section 1.2).
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0 Lo
Iy = 5 mol% K,0s0,(OH), g :
PhthN 0 + * 10 mol% lignd —————————  PhthN \/\©\
THE, H,0 (4:1 o
o OMe 20 (4:1) OM.

273 28 2d 292 )
Entry Ligand rst drt
1 No ligand 20:1 131
2 Quinuclidine 25:1 151
3 (DHQ),PYR 251 1:1.25
4 (DHQ),PHAL 1:1.6 1:2
5 (DHQD),PHAL 31 2.6:1
6 (DHQ),AQN 6.5:1 1:1.3
7 (DHQD),AQN 13:1 15:1

'Determined from théH NMR spectrum of the crude material

Table 20 - Screening of enantiopure ligand

As anticipated, a noticeable difference betweesdhesults prompted a more detailed analysis.
Indeed, intriguingly the diastereoselectivity difd quite drastically between PHAL and AQN
core structures (entry 5, 7 and Figure 29) withlétier giving the best result. In addition, the QH
and DHQD also played an important role suggesticgtecal spatial position of both thertiary
amine and theethyl group(entry 6, 7 and Figure 29) towards osmium catallystally, entry 2

confirmed the need for chirality to implement ampd levels of diastereoselectivity.

DHQD
dihydroquinidinyl
Core structure
S <
2
§ 7 N\ g Nao
= e T I
AQN PHAL PYR
antraquinone phthalazine diphenylpyrimidine

Figure 29 - Structural difference between the ligands emgptby
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Taken all this information into account, the foliogy osmium catalytic transition state model was

proposed.

4.4 Possibletransition state model

o |
O N"\\ S\//O
/Q/ O
o o=-N_0
Protagonists involved . OMe
MeO
Substrate Imidoosmium intermediate
28 288

For clarity, (DHQD),AQN was drawn with longer bonds

OMe (1)

O,
W\ -Q
Og \ . . . . . . B . .
N O Coordination via the tertiary amine of DHQD in conjunction with
a Wan der Vaals force nn-stacking interaction

This is not possible with PYR or PHAL core stuctures but still possible with

? >/¢ (DHQ),AQN
nr stacking
H (2)

O

\ -
,E)s 9\

"L Ub

Os <~/ ()
0

Second 7w stacking, making an overall layered adduct

The final difference with (DHQ),AQN was the approach of
the substrate hindered by the ethyl group increasing thus (3)
the selectivity of the aminohydroxylation process

Figure 30 - Possible transition state model
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Indeed, relying on previous studies (see Secti@j it.was envisaged that imidoosmium complex
288 would be coordinated by the tertiary amine of DH@mRabling aruestacking to take place
between the phthalimide group of the reoxidant tiiedanthraquinone core as depicted in Step (1)
of Figure 30. AQN contrary to the PYR or PHAL cqresuld be the best fit for a possibie-
stacking interactionConsequently, the only possibility for a ligara lind simultaneously to
osmium metal, interacting at the same time with gighalimido group of imidoosmium
intermediate288 would be by using either (DHQEBAQN or (DHQ)AQN ligand (Step (2)). In the
DHQ ligand derivative one of the two described liatdions would be weaker due to spatial
hindrance but still possible. Eventually, substraBbeing an aromatic alkene; an additional
hydrophobic effecti.e. could be involved (Step (3)). Therefore, one apphoin this
sandwich pocket is favoured for an efficient cydd#éon to occur. This approach is further
influenced by the spatial arrangement of #hyl group of DHQDresulting in this high

diastereoselectivity observed.

4.4.1 Influence of the phthalimide group on the roestacking

In order to support the catalytic model proposedrigure 30, a structural investigation on the
imidoosmium288 protecting group was carried out. The procedurpleyed for the synthesis of
compound<98a and298b as well as their full spectroscopic charactersatian be found in the

Experimental section, Chapter 5 (Table 21).
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0 o 0 0
E\ = 5 mol% K,0sO,(OH), E :
R N 0 * R N
N o OMe 10 mol% (DHQD),AQN XN\ o
_ O g OMe
298

THF, H,0 (4:1) _ o)
rt,2d
28 299

Entry Reoxidant M odification Yield of 299" rs? dr?
O
273 ©:(\<N% 89% (292) 13:1(20:1)° 15:1(1.3:1)°
(0]
g
Cl
208a ji;:iﬁ 63% Q99)  7.5:1(20:1)°  2.3:1(L9:1)°
Cl
a ©
0O
298b N% 75% @99b) 9:1(17:1)°*  3.5:1(1.4:1)°
O

Yisolated yield?Determined from théH NMR spectrum of the crude materi#Reaction carried out with no ligand

Table 21 - Investigations towards thaestacking interaction

Reported spectroscopic data of prod2@®a and299b were in accordance with compoué6d

formerly identified by X-ray crystallography analys(see Section 2.1.3). Regarding their

enantiopurity, it was rationalised that no sigrafit racemisation would occur (see Section 4.3.1).

Both structural modifications to the initial phthmaide protecting group (Table 21, entry 1) resulted

in a net decrease in diastereoselectivity as eggettdeed, tetrachloro substituted derivag98a

would disrupt anyrutinteraction with the antraguinone core of (DH@®Q)N according to our

depicted model. Furthermore, by extending the atiemaystem in 298b, difficulty to

accommodate this substrate in the the chiral poekedd lead to poor diastereoselectivity (Figure

31).

Figure 31 - Description offrestacking interference
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These experiments further supported the transitiate model proposed.

4.4.2 Amino acid modifications

In addition to these last results, it was raticei that the use of D-valine would result in a poor
diastereoselectivity due to mismatch interactionshiw the chiral pocket. If positive, this

hypothesis would further support our transitionestaodel (Table 22).

~_— o ~_— " oH
i = 5 mol% K,0sO,(OH), N
PhthN ~0 + *+ 10 mol% lignd ——————— PhthN V\©\
THF, H,0 (4:1 0
0 OMe 20 (4:1) oM
300 28

i, 2d ¢
301

Entry Compound Amino acid Ligand Yield! of 301 rs dr?
1 273 L-valine (DHQ),AQN 2% 6.5:1 1:1.3
2 273 L-valine (DHQDYAQN 89% 13:1 15:1
3 300a D-valine (DHQ),AQN 63% 12:1 1:4.8
4 300b D-valine (DHQDYAQN 55% 6:1 1.6:1
5 300c (x)-valine (DHQD),AQN 64% 9:1 1.7:1

*Isolated yield “Determined from théH NMR spectrum of the crude material
Table 22 - Influence of chirality of the amino acids
The synthesis of D-valine derivatid®0a was confirmed with spectroscopic data in accordance

with L-valine derivative273 and opposite and equiat]3’. Its enantiopurity of 95%ee was
confirmed by HPLC analysis. The low diastereoselggtobtained with either ligand confirmed
the mismatch interactions occurring (entry 3 andl#)s overall result was equally obtained when

the phthalimide protected racemic valine (entrya} tested.

These experiments further supported the transitiate model proposed.

-112 -



Chapter 4: A successful transition to an intermolecular amyusbxylation process

4.5 Biological interest

The vast majority ofx andf adrenergic agonists fall into distinctive chemicategories among
which the phenethylamine: adrenaline being the boenin the blood and noradrenaline the

neurotransmitter (Figure 32).

OH 4 oH
H,N \/'\©[0Me /N\/\©[0Me
OMe OMe
Noradrenaline- Adrenaline
neurotransmitter Hormone

Figure 32 - Phenethylamine derivatives

The relative stereochemistry of these natural nmggge matched perfectly with produ292
obtained through the osmium based methodology.€fber, employing this methodology would
lead in one step to well define enantiopure sutestravhich would greatly facilitate the finding of
antagonist or agonist binders in the very sterematally sensitive neurotransmission process for
example’® Indeed, the high regioselectivity obtained commatary to past procedures, gave
access to valuable phenethylamine derivatives winiclombination with amino acids already used
for instance in blood-brain barrier drug targetithgrapy could help identifying a new set of

biologically active compoundg® & 3
4.6  Scope of the methodology

The scope of this methodology was illustrated lydiverse substrates tolerated when treated with

L-valine derivative273. All of the substrates tested were commerciallgilable (Scheme 108).

The termrsreferred to the major regioisomer obtained andahmdr referred to the ratio between
the chiral hydroxyl group (R) or (S) and the alkpiin of the amino acid derivatigs mentioned

previously.
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4.6.1 Aromatic alkenes

The structure assignment of all products was astadal by X-ray crystallographic analysis when
possible 292, 302, 304 and 312) and by subsequent oxidation of the products asrded in
following Section 4.7.

Examining the reactivity of alkenes (Scheme 108)yvas observed that electron rich substrates
(entry 2 and 3) were prone to a more efficient anymroxylation process than unsubstituted
styrene (entry 1) leading to the desired produchigh yield and excellent diastereoselectivity.
Although a net decrease of the reactivity was olegkfor very electron poor alkenes (entry 6), the
reaction still proceeded for moderately electrorpalkenes (entry 2, 4 and 5) in moderate to
excellent diastereoselectivity. In these last eXas)pboth reoxidant and starting alkene were
recovered during the reaction work-up procedure.

Having the proposed model for the transition stat@ind (see Figure 30), entries 7, 9 and 10 were
tested. An attempt to compare steric and to ineréasrutstacking effects of the substrate using a
naphthalene derivative did not improve the diastegtectivity. Similar result was obtained with

compound309 displaying possible torsion angle within the cgtapocket.
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Substrate scope

O 1 2 H
i R AR 5 mol%K,050,0M), i R
PhthN ~0 * /\Q PhthN \/\R P
0 Z 10 mol% (DHQD),AQN o | P
THF, H,0 (4:1)
273 i, 2d

e

a) 10 mol% (DHQD),AQN
b) No ligand
¢) 10 mol% (DHQ),AQN

7
Entry (1)

= o
z
e
pdas)

o)
jan}
If
o-g°
b
oz" ‘i
> ®
&
s

Y , gﬁﬂg o &
75%, rs 15:1 dr 13:1 o P o,
80%, rs 2011 dr 1.5:1 (302) S S
68%, 1?661(//114 ©

= (0] E (E)H
Entry (2) $ N \/\@\
OAc
< & (0]
OA

78%, rs 12:1 dr 8:1
80%, rs 13:1dr 1.5:1

69%, s 6.3:1 dr 122 (303)
5‘@’6 7
o w3
Entry 3) /\©\ \/\©\ = Cﬁéo@ﬁ‘%. <éc
89%, rs 13:1 dr 15:1 @@j o
91%, rs 33:1dr 1.9:1 (304) PR 5

72%, rs 6.5:1 dr 1:1.3

L . j;r
Entry (4)
F

79%, rs 17:1 dr 6.2:1
81%, rs 15:1dr2:1
71%, rs 15:1dr 1.3:1 (305)

= 0 " OH
Entry (5) oF N N~
3
LT L
0 0 CF

Qo

50%, rs 12:1 dr 11:1
56%, rs 19:1dr 1.5:1
46%, rs4:1dr1:1.4 (306)

Scheme 108 - Substrate scope
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Entry (6)

/\@\ O
CN

(Y
N
\ (¢}
no reaction
22%, rs 16:1dr 1.4:1

no reaction

CN
(306)
(0] ﬁ (E)H
= N
Entry (7) \ 0
O

77%, rs 13:1 dr 12:1
79%, rs 18:1 dr 2:1 (307)

70%, rs 6.5:1dr 1:1.3

Me
Entry (8)

(0} ﬁ (E)H
N
\
62%*, rs 11:1 dr 2.8:1
64%, rs25:1dr2.1:1
530()

(6]
, 75 8.3:1dr 1:2

~C NS,
N H
Entry (9) O < N
79%, rs 12:1 dr 8:1

r 0
(0]
85%, rs22:1dr1.3:1
73%, rs 6:1dr 1:1.3

(309)
L
Entry (10) 0

. IN g
Ts/.J

23%, rs 10:1 dr 2:1 TsO

43% ,rs 23:1 dr 2:1 (310)

OH
Entry (11) \I/\©\
OMe
60%, rs 30:1 dr 1.3:1

311)
0]
Entry (12)

OH & T ot |
= -8 ;
N N ey
C@ 0 N
69%, rs 6:1 dr 1.7:1

. . "%‘?%
= i

0 O (I) (:g‘,@ g
(312)

Scheme 108 - Substrate scope (continued)
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Examining the substitution tolerated on the alken#;substituted substrate (entry 8) enabled the
formation of a quaternary centre in a moderatedyesicontrolled manner. Tertiary alcol86l8
albeit obtained with low diastereoselectivity rensal an attractive result in the prospect of
creating quaternary centre through this methodoltgystructure determination was carried out
through'H-'H COSY experiment analysis with thH signal only coupling with the Ghbrotons.
Furthermore, the 7.23 ppm signal of tRel amide was in the same range with all the previous
examples. The stereochemistry at the newly formerkasgenic centre is assumed to be that as
shown (.e. under control exerted by the chiral ligands). Mmer, *"H NMR spectroscopic data
were compared with a similar product present inliteeature’*

Upon comparison of entry 3 and 11, it became evidbat, although good conversion was
achieved, non-activated 1,2-substituted alkene® wet viable substrates in the styrene pattern
with low diastereoselectivity observed. As for aated 1,2-substituted alkene (entry 12), the low
regioselectivity was the main stumbling block.

Finally, in order to ensure that our transitiontestaodel (see Section 4.4) was applicable to other
substrates regardless of their electronic natuesmibhal alkenes having displayed good
diastereoselectivity employing (DHQIZQN as the chiral ligand (entry 1 to 9) were scezbwith

its (DHQRAQN counterpart. The low level of diastereoseldttiobtained was anticipated and in
accordance with the hypothesis formulated as tlee ais DHQYAQN could only overturn the

facial bias of the system to a small degree.

4.6.2 Non-aromatic alkenes

This methodology was also applicable to aliphatkees as depicted in Scheme 109. It is
important to stress out that the conditions appliedhese non-aromatic substrates were not
optimised due to time restrictions. These res@teained of particular interest as explained later

on.

-117 -



Chapter 4: A successful transition to an intermolecular amydybxylation process
Substrate scope
(0] R2 R?
E : \)\ 5 mol% K,0s0,(OH), II;II ~OH
PhthN ~0 v R s PhthN R}
0 10 mol% (DHQD),AQN 0 =R
THF H,0 (4:1)
273 rt, 2d
NS
~ N
N CN
Entry (1) N N
0
66%, rs 15:1dr 4:1
(313)
0 OH
_N R :
Entry (2) A~ N \/\
\ 0 CN
75%, rs 2.5:1 dr 7:1 0
(314)
Cl
Entry 3) /L\\\N no reaction

0 S
=
Entry (4) @)

N H
N
\ 0
8%, rs 100:0 dr 3:1

Selectivity of terminal

over internal alkene
*) 315)
0 E OH
NCI ) N \/\g/\Cl Further functionnalisation
Entry (5) Cl \ 0 Cl ossible
o p
79%, rs 17:1 dr 6.2:1 ) (316)
OAc
HO,,, ~OAc
OAc
N
Entry (6) /H/go OAc
OAc

Creation of an
0N 0
21%, rs 100:1 dr 16:1

aminoacid-sugar adduct

317)
Scheme 109 - Substrate scope for non-aromatic alkenes

The correct structure assignment for each produd established after thorough spectroscopic

analysis detailed in the Experimental section, @rap. However, the determination of the major
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diastereomer of these products remained uncertanwas assigned by analogy to the styrene

series (when (DHQDAQN was employed) lacking X-ray crystal structures.

Entry 1 displayed excellent regioselectivity anddexate diastereoselectivity. It was envisaged that
the nitrile groupTt orbitals were in conjugation with theesystem of the alkene enhancing its
reactivity towards the imidoosmium intermedi2&8. This could also result in good interactions
with the phthalimide group. Upon comparison of tli@stereoselectivity between entry 1 and 2, it
was postulated that the presence of an extra caoboke the rigidity of the former substrate
enabling a better fitting within the chiral pockddowever, this added flexibility was also
responsible for a loss in regioselectivity. The itdd of an extra electron withdrawing group
completely shut down the reactivity of 1disubstituted alkene (entry 3) compared to entrit 1
was rationalised that the benefit of the conjugategstem observed for acrylonitrile lowering the
LUMO of the alkene was lost explaining its low reéaty. Although entry 4 demonstrated
selectivity in favour of a terminal alkene overiaternal one, the poor yield stressed the need for
activated aliphatic alkene to obtain an applicgmecess. Analysis 0815 *H NMR spectrum
confirmed the presence of internal alkene protohs5.85 ppm as well as the complete

disappearance of the terminal alkene protons sgnal

In this series, two entries deserved to be highdighindeed, entry 5 showcased the facile access to
more complex structure from straightforward funcéibsation. Starting with racemic 3,4-
dichlorobut-1-ene, the aminohydroxylation employipigthalimide protected L-valine derivative
273 as nitrogen source afforded compolié in a good 79% vyield with excellent regioselectivit
and moderate diastereoselectivity. As expected; diimstereomers were observed in the NMR
spectroscopic data of the crude material and tastelieomer ratio given is betwe&iGa, 316d)

and @16b, 316c) (Figure 33).
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y OH .
N _A N
PhthN Y a PhthN J\;Aq
e} Cl o} Cl

316a 316¢
g OH g OH
PhthN \)\I/\C' PhthN ~TN
0 Cl 0 Cl
316b 316d

Figure 33 - Four diastereomers obtained

It was postulated that submitting this mixture ofmpounds to basic conditions would result in a

kinetic resolution with selective epoxide formation only 316a and316c (Scheme 110).

OH
i K,CO 09 oo 9
L0, N : N
PhthN\/lin/ N\)Va PhthN Cl + PhthN \/<l/\c| + (316b,

0 Cl i, 12h

(316a, 316b, 316¢, 316d) 1% (318a) dr6:1 (318¢)

dr 6:1 / \

Nucleophilic Opening epoxide
Substitution SN, various nucleophile
of the chlorine

Scheme 110 - Williamson epoxide synthesis 818

This hypothesis was successful affording compoBids(dr 6:1) in an excellent 41% yield after
column chromatography separation fr@6b and316d. Further functionalisation could involve

the opening of the epoxide with various nucleophilad substitution of the chlorine.

The second key example (see Scheme 109, entryoBjcalsed the conjugation of biomolecules
under aqueous conditions: amino acid-sugar adgllitas accessed in high diastereoselectivity
and complete regioselectivity albeit in low yieldwas rationalised that this outcome was mainly
due to the steric bulk of alkene substrate diaathe low reactivity but high selectivity of the
process. Its correct structure assignment wasrdeted by analysis of NMR spectrum with a key
interaction of theNH signal of the amide with the anomeric proton @25pm. Furthermore, its
76.2 ppm value in thEC NMR spectrum matched typically the range whemeaoomeric carbons

in monosaccharides are found (60 - 85 ppm).
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As depicted in Scheme 108 and 109, the scope sfntigthodology employing amino acids as

nitrogen source is broad.

4.7 Investigation towardsthe correct diastereo and regioisomer
assignment

In addition to the three X-ray structures obtairedhis series, the oxidation of several final

compounds in the non-ligand experiments was canigdsee Scheme 108, (b) experiment). Using
Dess-Martin reagent in dichloromethane proved teflieient and this process was carried out on
15 examples (Scheme 111). In all cases, this amidaesulted in the isolation of one unique

product in excellent yield. Spectroscopic data ysialof the IR stretch of the carbonyl between
1712 and 1769 crhin conjunction with one set of peak between 1%h8 192.7 ppm in th€C

NMR spectrum confirmed the structure of the resglitetone320.
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Substrate scope

X

N
Phﬂ‘NJﬁf \O CH,Cl, 1t,3-5 h
= Yields range [84—941%

E (0] ﬁ O E O
PhthN PhthN PhthN
(0} (¢} (0}
OMe F

94% 92% 84%
(321) from (302, dr 1.5:1) (322) from (292, dr 1.9:1) (323) from (304, dr 2:1)
(0]
g ¢ H u 9
N N N
PhthN PhthN PhthN
(0] o (0]
OAc CF; Ph
93% 91% 85%
(324) from (303,,, dr 1.5:1) (325) from (305, dr 1.5:1) (326) from (309, dr 1.3:1)
(0]
uo§ 0 N
PhiiN" N N PhthN
5 PhthN (0)
070 0 0
TsO
87% 89% 91%
(327) from (312, dr 1.7:1) (328) from (307, dr 2:1) (329) from (310, dr 2:1)
PhthN Jﬁ(
PhthN
91% 90%
(330) from (297b, dr 1.2:1) (331) from (297¢, dr 2:1)
PhthN
PhthN QK@\ PhthN QJ\@\ Ql\@\
93%
(*) (332) from (297e dr2:1) (333) from (297f dr1.8:1) (334) from (297d, dr 1.8:1)

90%
(335) from (299b, dr 1.5:1)

Scheme 111 - Oxidation of the aminohydroxylation reaction guat
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These results supported the fact that the compogontiged after the aminohydroxylation process
were indeed diastereome3$9 and not regioisomers. Moreover, regarding theembnregioisomer
assignment of these diastereomers, analystsl MR spectra after oxidation reaction displayed
no aldehyde signal but a very distinctive ABX tygystem in ketone derivativ@20 as depicted in

Figure 34.

69
PhthN %\@\ ABX type system
O Ha Ho OMe H,  ddJ195, 4.4

Hy ddJ19.5, 4.4

14 examples

AL

Figure 34 - Representative example of doublet of doublet oleskfor322

4.8 Investigation towardsthe phthalimide deprotection

The deprotection of the phthalimide group has baescribed in several procedures containing
fragile chiral products® It was envisaged to employ sodium borohydride @thylamine as
reagents but eventually, hydrazine monohydrate eh@sen due to the nature of the by-product
produced, facilitating subsequent purificationwés rationalised that conducting this deprotection
experiment starting with two different ratio of siareomer292, and292,, and obtaining the same
respective ratio witt292, and292,, would ensure that no epimerisation occurred whaplaying

this methodology (Scheme 112).
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\/(y(ﬁ on NH,NH,-H,0 g o

PhihN \/\©\ EtOH, 70°C,5-6h  HoN N\/\©\
0 OMe 78% (o) OMe
292, (dr 15:1) 336, (dr 15:1)

PhthN V\©\ EOH, 70°C, 5-6h 2N \/\©\
0 OMe 76% 0 OMe
292y (dr 1.9:1) 336y (dr1.9:1)

Scheme 112 - Deprotection of the phthalimide group

Refluxing starting materi#92 in ethanol with 1.5 equivalent of hydrazine monataye resulted in
complete deprotection of the phthalimide group fford the desired produ@36 in high yield.
Spectroscopic data analysis of prod886 revealed an IR stretch of 1656 trimherent to amide
moiety with a broad singlet peak at 2.5 ppm in #HHeNMR spectrum in accordance with the
presence of primary amiriéH,. Finally, complete disappearance of the phthakngdoup signals
in the NMR spectra o836 supported the correct structure assignment. Thentien of the
diastereomer ratio for both experiments ensuretinbaepimerisation occurred. Even submitting
compound292, with six equivalents of hydrazine monohydrate@f6 for a week afforded@36 in

72% with no noticeable epimerization.
4.9 Investigationstowards extending the scope to dipeptide derivatives

Following the success obtained with amino acid védgires 265, the methodology wapushed

forward aiming to extend its scope to dipeptidevdeives337 as depicted in Scheme 113.

RP® 0O R! RP 0 R OH
\ H cat. K,0s0,(OH) | [ H
N No ¢ 2 2 4
R0 e oo  F
337 338 339

Scheme 113 - Dipeptide aminohydroxylation concept

An initial attempt was conducted with 4-methoxystye28 and Boc-protected dipeptide derivative
344 as depicted in the next page. Synthesis of Botepted dipeptide derivativgd4 started first

with the coupling of commercially available Boc-lagaine 340 with L-valine methyl esteB41l
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using O-benzotriazoleN,N,N’, N'-tetramethyluroniumhexafluorophosphate (HBTU) asagent

(Scheme 114).

O o}
HBTU, Et;N
BocHN\_)J\OH . HN\J;(OMG’ oy BocHN\)J\N\JiH/OMe
- 2 z
Nl I DMF, rt, 12 h T
342

85%
340 341

Scheme 114 - Synthesis of dipeptid@42
Spectroscopic data of resulting dipept@#? obtained in 85% yield were consistent with those
reported in the literature. Subsequent saponiticadf 342 furnished quantitatively carboxylic acid
343, which was further functionalised to produce reaxit 344 in 63% vyield over two steps
(Scheme 115). Spectroscopic dateBé4 were consistent with previously synthesised anaicid

derivatives and full characterisation can be foumtthe Experimental section, Chapter 5.

Q i then ii Q H Q
BocHN\_)J\N OMe BocHN\_)J\N N\O
Me H (6] Me H O
342 344

Reagents and conditions: i) LiOH-H,O, THF, HO, rt, 10 h, 100%,; iilN-methylmorpholine,286, DMTMM, CH,Cl,,
-10 °C, 12 h, 63%.

Scheme 115 - Synthesis of dipeptide derivatidd4

The osmium-mediated aminohydroxylation of Boc-pcted dipeptide derivative44 with 4-

methoxystyren8 was then carried out (Scheme 116).

0 0 OH
H 0 =
BocHN\)J\Nj;rN\OCOAr . /\@\ 5 mol% K,0s0,(OH), BocHN\)J\N\/liH/E :
: THF, H,0 (4:1 :
Me 0 OMe 204D Me 10 \/\©\
344 28 345

Tt, 2d OMe

Ar = Mesityl
Scheme 116 - Aminohydroxylation using44 as nitrogen source

The reaction negative outcome (same result wer@rad with the addition of a catalytic amount
of ligand with the reaction being conducted at @) Wwith recovery of both starting mater8 and

344 prompted several hypotheses as to understand@udheent this unreactivity (Figure 35).
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Steric hindrance
Free nitrogen amide —\ / « Weak steric hindrance?

e Free nitrogen amide

¥ interacting with the
Free nitrogen amide

osmium metal?

Steric hindrance

Figure 35 - Investigations towards the unreactivity of dative 344

According to previous studies (see Section 2.2tecting the fre&lH amidewould be sensible
as a first option. However, it was rationalised sathesising dipeptide derivativ@46, where the
first amino acid was mono-proctected with a faaleavable group would be unpractical and

tedious if a broad substrate methodology was tdisgeovered (Figure 36).

R® O R
P nthesis ?
R4' : T[}]( \OCOAI‘ — SyntheSlS {
R”Z 7 0

346 (PG = Boc, Cbz)
Ar = Mesityl

Figure 36 - Difficult synthesis o0f346

Therefore, the two other options were first congde

49.1 Influenceof thesteric hindrance factor

In order to assess this hypothes850 and 351 were synthesised using DMTMM as coupling

reagent and previously synthesised anf#feas coupling partner (Scheme 117).
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T

. O 0
OH ! ﬁ\ iii N
BocNH —Q BocNH O HCI-H,N ~0
0 u 0
48

347 3 349

: H
349 v,
BocNIH OH | BocNH \:)J\ N

O O
347 \( 350

(¢} I (0}
4 _wv . BocNH N
BocNH OH + 349 I\ \:)J\N 0

0 A 0
274 351

Reagents and conditions: i) EDCI-HCI, CHCI,, pentafluorophenol, ag. NBH, rt, 14 h, 89%, ii) 2,4,6-trimethylbenzoyl
chloride, CHCI, EN, 0 °C, 1 h, 81%; iii) 4M HCI in dioxane, 0 °C, 6 @H,Cl, 100%; iv) N-methylmorpholine,
DMTMM, CH,Cl, 0 °C, 10 h, 70%350) and 65% 351)

Scheme 117 - Synthesis of dipeptide derivati3d0 and351
Structure identification 0f349, 350 and 351 was established through the analysis of their
spectroscopic data which were consistent with prely reported compounds (see Experimental
section, Chapter 5 for more details). It was ergesbthat the alkyl chain of L-leucine amino acid
present in350 would provide additional steric hindrance compat@®44. This bulked position

would interfere with any possible adduct whilstniation of imidoosmium intermediate and

promote the aminohydroxylation process (Scheme.118)

t,2d
350 (R = /Bu) 28 5
351 (R=Pr)
Ar = Mesityl
Scheme 118 - Aminohydroxylation usin@50 and351 as nitrogen source

Me

(0] O OH
H H
BOCHNQJ\NJg';\I\OCOAr + /\©\ 5 mol% K;050,(0H, BocHN\)J\NJf’;% ~
R 00 oMe  THE H0 (1) R 10 \/\©\0
352

Unfortunately, discouraging results were obtaindgtre no traces of produ8b2 were detected.
Heating up the reaction proved to be ineffective.
The possibility of Boc-dipeptide derivativeé350 and 351 bearing non-appropriate protecting

groups (see Figure 36 in Section 4.2.1) was theisaged and further investigated.
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4.9.2 Influence of the protecting group of the terminal amino acid

To this end, compoun853 was synthesised from corresponding phthalimidéepted L-valine
271 and L-valine methyl est&41 (Scheme 119).

O 0
HBTU, E;N
PN A HN\/liWOMe PhthN\)J\N\J;(OMe
: 2 DMF, tt, 12 h I H
0 I, PN O
353

- 82%
271 341

Scheme 119 - Synthesis of dipeptidgd53

Spectroscopic data of the resulting dipep888 obtained in 82% yield were consistent with those
reported in the literature853 was then submitted to a saponification procedB8teprisingly, the
desired carboxylic aci@43 was heavily contaminated with what revealed tdiaeid 355. Partial

hydrolysis of the phthalimide protecting group wasponsible for its formation as depicted in

Scheme 120.
o o LiOH-H,0 O o O
) ottty ) g 1 I o
N OM N OH *
\)Lg ¢ THF.H,0.1t 12h \)J\g I N
0 AL 0 0 Al 0 o” o~ N ©
353 354 355 (34%)

Scheme 120 - Unexpected hydrolysis of the phthalimide group

Compound355 structure was confirmed by mass spectroscopic dhatés sodium adducin/z
(ESI") at 387 and by the identification of two peakd@6.1 and 174.9 ppm in tH&C NMR. This
problem was circumvented by reacti®gl with L-valinet-butyl ester356. Deprotection o857 in

acidic medium afforde@54 in a quantitative manner (Scheme 121).

0 . 0 ) 0
1 11 -
PhthN\)J\OH + LN Oj< PhthN\')J\N\/(N/O\K PhthN\_)J\N\/q‘/()II
: : H : H
~ 0] PN 0] A 0]
357

PN

271 356 354

Reagents and conditions: i) HBTU, DMF, EgN, rt, 12 h, 71%, ii) TFA, CKCl,, 0 °C, 2 h, 100%.
Scheme 121 - Successful synthesis 854
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354 was then converted in 66% yield to reoxid868 demonstrating the required characteristic
spectroscopic data (see Experimental section, €@hagfior more details). In a parallel experiment,

359 was also synthesised from phthalimide protectetl 2t with 349 as depicted in Scheme 122.

S - S 5@

271
Reagents and conditions: i) (COCI), NHZOH HCI, CHCI,, H,O, rt, 12 h then ii) 2,4,6- trlmethylbenzoyl chlagid

CH,Cl, E;N, 0 °C, 1 h, 66% over two steps; ifymethylmorpholine, DMTMM, CHCI, 0 °C, 10 h, 68%.
Scheme 122 - Synthesis of dipeptide derivativ8s8 and359

Frustratingly, both attempts appeared to be coprdductive as both experiments yielded no

product but only recovery of starting material (Scte 123).

7§ u 5 mol% K,0sO,(OH) © R g Of
PhthN\.)J\NJ\WN\OCOAr . /\@\ mol% K;0sO(OH)4 PhthN\)J\N)\H/N :
I H THF, H,0 (4:1) H
A o] OMe A o) V\©\
360

rt,2d OMe

358 (R =iPr) 28
359 (R =iBu)
Ar = Mesityl

Scheme 123 - Aminohydroxylation usin@58 and359 as nitrogen source

As previously observed, heating up the reactiorvgaoto be ineffective.
However, traces of amide side produgtl were identified in this case ; \)L\/Q(NHZ
(Figure 37).

361
Figure 37 - Amide side producs61

4.10 Conclusion and futurework

To conclude, extending the methodology with dipdgptilerivative837 would most likely require
an external additive capable of breaking any addwesulting from self-coordination of the

imidoosmium intermediate (Scheme 124, optionA&jother possible solution envisaged would be
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to attempt the aminohydroxylation reaction witlaegker polypeptide chain attached, possibly in its
tertiary structure that could prevent any coordorabf the freeNH amide to the osmium metal

(Scheme 124, option B).

0 . 0 0
J 0 External additive Y/ o N _0
N H - - N\)LN N"O\§
: N 0 I H ON

O > ‘\ i 0 PN 0 External
<N 050N additive
External

additive

OPTION A

OPTION B

Scheme 124- Additional additivé’

Finally, it would be important as a proof of concép synthesise compour862 or 363 and to
submit it to the aminohydroxylation procedure tgess the actual limitation of this methodology

(Figure 38).

REC N T e

O /\Me

Figure 38 - Aminohydroxylation usin@63 and363 as nitrogen source
Another aspect worth investigating would be theegation of a new fundamental way of making
peptide bonds. Indeed, early experiments affordechising results when L-valine derivatiz&3
was reacted with methyl acrylate es8&4 providing the corresponding compouB65 in good

yield and moderate diastereoselectivity (Schemg.125
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rt, 16 h (0} OMe

365
62%, rs 6:1,dr 7:1

0
\/(Wg Q 5 mol% K,050,(OH), 1 oH o
PhthN ~0 * OMe PhthN
I ﬁ e THE, 1,0 V\(
273 364

Scheme 125 - Acrylate ester as viable substrate

Creating natural and unatural polypeptides chaasslyewith a simple agqueous procedure would

certainly be welcomed as depicted in Scheme 126.

R! 0 ]
R} N 0 Aminopc St K20S0A0M, R 1 oH )
\NJ\H/ ~0 + H)LIP\II minoAci \NJ\W \/Y
©oe R? 0 HN - AminoAcid

Natural isoserine

Scheme 126 - Polypeptide aqueous synthesis

Finally, employing the methodology described forirmmnacids as a tool in natural product

synthesis should find applications in the synthesisyclopeptide alkaloidS.
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5.EXPERIMENTAL SECTION

5.1 General Experimental

Tetrahydrofuran, dichloromethane, acetonitrileu¢ole, benzene and diethyl ether were purified
prior to use by filtration through two activatedulina columns (grade: DD-2, Alcoa — THF;
activated basic aluminium oxide, Brockmann |, staddgrade, ~ 150 mesh, 58 A, Aldrich —
dichloromethane, acetonitrile, toluene, diethyleetf’ Reagents obtained from Acros, Aldrich,
Avocado, Fluka and Lancaster fine chemicals supplieere used directly as supplied or following
purification according to procedures described riR and Armareg8: All non-aqueous
reactions were carried out under an atmospheregoinausing oven- or flame- dried glassware.
Syringes and needles, for the transfer of moistarsitive reagents, were oven-dried and cooled in

a dessicator over self-indicating silica gel.

Flash column chromatography was carried out acegrth the method of Still using silica gel 60
(0.040-0.063 mm) (Merck) using head pressure by nsieaf head bellow&. Thin layer

chromatography was performed on commercially albglgre-coated aluminium-backed plates
(0.25 mm silica gel with fluorescent indicator UMB5Compounds were visualised either by the
qguenching of UV fluorescence or by staining withpatassium permanganate, ammonium

molybdate, or vanillin solution.

'H NMR spectra were recorded on a Bruker AC200 (RMMx), Bruker AVANCE AV400 (400
MHz), Bruker DPX400 (400 MHz) or on a Bruker AVANCAY/500 (500 MHz) spectrometer in
CDCl;, (CDy),CO, GDg or (CD),SO. Signal positions were recorded in ppm with the
abbreviations s, d, dd, t, dt, td, g, quint, sxit, diddd, br and m denoting singlet, doublet, deubl
doublet, triplet, doublet of triplets, triplet obdblets, quartet, quintet, sextuplet, double ddutifie
triplet, double doublet of double doublet, broad amultiplet respectively**C NMR spectra were
recorded on a Bruker AVANCE AV400 (100 MHz) or oBeuker AVANCE AV500 (125 MHZz)
spectrometer. All NMR chemical shifts were referthdo residual solvent peaks. All coupling
constants), are quoted in Hz. Signals in both fiand™C spectra were assigned with the aid of
COSY (correlated spectroscopy), HMQC (heteronuabealtiple-quantum correlation) and HMBC

(heteronuclear multiple-bond correlation).
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Infra-red spectra were recorded on a Bruker Tensor 2R Bpectrometer. Spectra were analysed

as thin films between NaCl plates. Absorption maxire quoted in wavenumbers (Hm

Mass spectra (m/z) under the conditions of eleptagsionisation (ESI) were recorded on a Fisons
Platform 1. Accurate mass (HRMS) data were recdrdeder conditions of ESI on a Micromass
LCT (resolution = 5000 FWHM) using a lock-spray sz The lock-mass used for calibration was
tetraoctylammonium bromide in positive ion and sodidodecyl sulfate in negative ion. m/z and
HRMS data were recorded under conditions of elactngpact ionisation (ElI) on a Micromass
GCT (resolution = 7000 FWHM).

Optical rotations were recorded on a Perkin EInfr @olarimeter (using the sodium D line, 589

nm) and[a]3are given in units of Ibdeg-dm g".

Melting points were obtained using a Leica VMTG teeastage microscope or Griffin melting

point apparatus with a mercury thermometer, andiacerrected.
The result of ACD/IUPAC Name v8.05 was obtainedhgghe ACD/I-Lab service.
“Petrol” refers to the fraction boiling in the rang0-60 °C unless otherwise stated.

Crystals 0f130 159 160 170 171, 172 173 174, 175 177, 179, 180, 187, 189, 207, 228 2203
221, 247, 259, 285 292 293 296d, 302 and312 were grown by slow evaporation. Single crystal
X-ray diffraction data were collected using graphitonochromated Mo dradiation § = 0.71073
A) on an Enraf-Nonius KappaCCD diffractometer. Ttiéfractometer was equipped with a
Cryostream N open-flow cooling device, and the data were ctéigat 150(2) K2 Series ofw-
scans were performed in such a way as to coveherspf data to a maximum resolution of 0.77
A. Cell parameters and intensity data were processing the DENZO-SMN packafe The
structures of were all solved by direct metfodmd refined by full-matrix least squares on F
using the CRYSTALS suit&. Intensities were corrected for absorption effdmtsthe multi-scan
method, based on multiple scans of identical angeLequivalent reflections. All non-hydrogen

atoms were refined with anisotropic displacemenaipeters.
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Special recommendation for the osmium catalysigersg sources of potassium osmate were used,
and Sigma-Aldrich material gave the best resultsweéler if possible, the direct synthesis of
potassium osmate dihydrate is highly recommendeldtier quality results (see general procedure

section).
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5.2 General Procedures

Synthesis of Potassium Osmate dihydrate J0sO,(OH)4

Osmimurtetroxide is extremely toxic and must be handlgti wimost care. Residues containing
osmium must be viewed as potential sources ofifligerous compound. The hazard is reduced by

storage of osmium wastes in contact with alkaligeemus ethanol

In a fumehood, 1 g ampule of Osmium tetroxide @r@ol) is opened by scoring it and touching
with the molten tip of a glass rod. It is droppatbia 150 mL Erlenmeyer flask containing 10 g of
potassium hydroxide in 43 mL of water. The mixtisrstirred gently until all the osmium tetroxide
has dissolved (10-15 min). With the addition ofdD of absolute ethanol, the dark-brown solution
becomes opaque and violet in colour. The solutltbentclears as the potassium osmate salt
precipitates. After 5 min of gentle stirring, 19 mk absolute ethanol is added. The precipitate is
collected using a sintered glass filter (mediurt) find fragments of the glass vials are removed
with forceps and washed carefully with ethanoldoaver any adhering product. The yield, after
washing with ethanol and diethyl ether and air myyiis 1.28 g of KOsG(OH), (94%). The light

purple powder is stored under an argon filled atatt.
Procedure A: Formation of N-hydroxy carbamates

Procedure Al

N,N'-Carbonyl diimidazole (1.5 eq.) was added to ausoh of the carboxylic acid (1.0 eq.) in
acetonitrile (8 mLemmot) and stirred under argon at room temperature UFtC indicated
complete consumption of the carboxylic acid (typcafter 1 h 30 - 2 h). Imidazole (4.0 eq.) and
hydroxylamine hydrochloride (5.0 eq.) were sucaedgiadded and stirring continued until TLC
showed complete consumption of the adduct (gemeedter 12 h - 16 h). After halving the
reaction solvent, the residue was acidified to piith 3 M aqueous HCI. The extraction of the
aqueous phase was carried out with ethyl acetate 18 mLemmol"). The organic phase was
separated, was washed with brine (10 mLemMalried over NgSQ,, filtered and the solvent was

removed under reduced pressure to give the cruatkipr which was used directly in the next step.

Procedure A2

To a solution of the carboxylic acid (1.0 eq.) inhdoromethane (15 mLemmnid) under argon at 0
°C, was added three drops NfN'-Dimethylformamide followed by the dropwise additi of
freshly distilled oxalyl choride (2.0 eq.). Afteompletion of the addition, the reaction mixture was

stirred for 1 h. The reaction mixture was then emi@atedin vacug and redissolved in diethyl
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ether (15 mLemmol) affording a heterogenous mixture. Hydroxylamineiochloride (1.2 eq.)
and anhydrous sodium carbonate (2.4 eq.) were asldsmssively to the reaction mixture, and it
was left to stir for 15 min. Then distilled water.§ mLemmol') was added (cautious, rapid gas
evolution) followed 5 min later by the same amooftdistilled water (1.5 mLemmd). The
reaction mixture became cloudy and was stirredtffpically 16 h) until TLC indicated complete
consumption of starting material. The reaction om@twas then acidified to pH 1 with a 3 M
aqueous HCI solution and extracted with ethyl deeta x 6 mLemmot). The organic phase was
separated, washed with brine (6 mLemi)oldried over Nz50O, filtered and the solvent was
removed under reduced pressure. The residue wissoked in dichloromethane (15 mLemnipl
and reconcentrateid vacuoto afford the desired product which was used artbxt step without

further purification.
Procedure B: Mesitylation of N-hydroxy carbamates

To a suspension of substrate (1.0 mmol) in dicli@ihane (10 mLsmmd) cooled to 0 °C, was
added freshly distilled triethylamine (1.0 eq.)ldaed by dropwise addition of 2-mesityleneacyl
chloride (0.8 eq.). The reaction was maintained &€ until TLC indicated complete consumption
of starting material (typically 30-50 min). The céan mixture was concentrat@dvacuoto a few
mL and the residue was purified by flash columroofatography, eluting with dichloromethane to

give the desired product.
Procedure C: Tethered Aminohydroxylation of N-[(mesitylcarbonyl)oxy]enamide

To a stirred solution df-[(mesitylcarbonyl)oxy]enamide (1.0 eq.) in acetdld (2.3 mLemmol")
was added-butanol (2.3 mLsmmal) at room temperature. The reaction mixture wasestiuntil a
homogenous solution was obtained (use of sonicattmmmended). To the reaction mixture was
then added dropwise a solution of@60(OH), (0.04 eq. or 0.01 eq.) in water (1.75 mLemiol
The reaction was stirred at room temperature 2 4 (4 mol % catalyst) up to 48 h (1 mol %
catalyst). After TLC indicated that the reactiordh@eased, anhydrous }0; (ca. 80 mg/mg of
osmium catalyst) was added and the reaction waedtior another 30 min. The reaction mixture
was concentrated onto silicavacuoand purified by flash column chromatography (dh&mmol
scale, 5 g of Si@) elution with 50-60 mL of ethyl acetate/aceticdagi8:0.2 followed by 80 mL of
ethyl acetate/methanol 9.5:0.5) to give the degireduct.
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Procedure D: Formation of phthalimide protected amno acids

To the neat carboxylic acid (1.0 eq.) under argon,avas added phthalic anhydride (1.1 eq.).
After completion of the addition, the reaction ribg¢ was heated at 150 °C and stirred for 5 h. The
reaction mixture was then cooled down to 80 °C eyulohexane was added very cautiougly

the condenser. The reaction mixture was refluxed1fd. Upon cooling down, the solid was
collected and dried under high vacuum for 1 h fordfthe desired phthalimide protected amino

acid®’
Procedure E: Formation of N-hydroxy-alkanamide followed by subsequent acylatio

Procedure E

To a solution of the carboxylic acid (1.0 eq.) ishdloromethane (15 mL/mmol) under argon at O
°C, was added three drops NfN'-dimethylformamide followed by the dropwise additiof
freshly distilled oxalyl choride (2.0 eq.). Afteompletion of the addition, the reaction mixture was
stirred for 1 h at rt. The reaction mixture wasntfe®ncentratedn vacuoat rt, and redissolved
under argon in diethyl ether (15 mLemmplaffording a heterogenous mixture. Hydroxylamine
hydrochloride (1.2 eq.) and anhydrous sodium caat®i2.4 eq.) were added successively to the
reaction mixture, and it was left to stir for 15nmihen distilled water (1.5 mLsmmblwas added
(cautious, rapid gas evolution) followed 5 min taby the same amount of distilled water (1.5
mLemmol"). The reaction mixture became cloudy and wasesti(for typically 12 h) until TLC
indicated complete consumption of starting matefiak reaction mixture was then acidified to pH
1 with a 3 M aqueous HCI solution and extractechvéthyl acetate (2 x 6 mLemmtl The
organic phase was separated, washed with brind.¢mol™), dried over NgSQ,, filtered and the
solvent was removed under reduced pressure. Thkueewas redissolved in dichloromethane (15
mLemmol™) and reconcentratdd vacuoto afford the desired product which was used ertaxt
step without further purification. To a suspensafrsubstrate (1.0 mmol) in dichloromethane (10
mLemmol*) cooled to 0 °C, was added freshly distilled byéamine (1.0 eq.) followed by
dropwise addition of 2-mesityleneacyl chloride (B). The reaction was maintained at 0 °C until
TLC indicated complete consumption of starting mate(typically 50-90 min). The reaction
mixture was concentrateéd vacuoto a few mL and the residue was purified by flastumn

chromatography, eluting with dichloromethane/meth#h00:0 to 9:1) to give the desired product.

Procedure E

To a solution of the carboxylic acid (1.0 eq.) inhdoromethane (15 mLemmnid) under argon at 0
°C, was addedN-(3-Dimethylaminopropyl)N'-ethylcarbodiimide hydrochloride (1.0 eq.) followed
by the addition of pentafluorophenol (1.2 eq.). eAfcompletion of the addition, the reaction
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mixture was stirred for 6 h. The reaction mixturaswthen washed with a saturated solution of
ammonium chloride (3 x 1.5 mLemnit)| separated, dried over MO, and filtered. To the
resulting solution under argon was added a hydesrile solution (50 wt. % in 4@; 1.2 eq.)
dropwise. The reaction mixture became cloudy and stared (for typically 4-6 h) until TLC
indicated complete consumption of starting matefibk reaction mixture was then concentraed
vacuq and the residue triturated vigorously in lukewdrexane (3 x 15 mLsmmo) to afford the
desired product which was used in the next stepowit further purification. To a suspension of
substrate (1.0 mmol) in dichloromethane (10 mLemthaiooled to 0 °C, was added freshly
distilled triethylamine (1.0 eq.) followed by droe& addition of 2-mesityleneacyl chloride (0.8
eq.). The reaction was maintained at 0 °C until Tih@icated complete consumption of starting
material (typically 50-90 min). The reaction mix@uvas concentrateéd vacuoto a few mL and
the residue was purified by flash column chromatpby, eluting with dichloromethane/methanol
(100:0 to 9:1) to give the desired product.

Procedure F: Direct AminoAcid coupling using DMTMM as coupling agent

To a solution of the carboxylic acid (1.0 eq.) inhdoromethane (15 mLemmnid) under argon at 0
°C, was added freshly prepared 4-(3,5-dimethoxypiehmethylmorpholin-4-ium chloride
(DMTMM) (1.0 eq.)® After completion of the addition, the reaction tobe was stirred
vigorously for 10 h at 0 °C. To the reaction midurwas then addedO-(2,4,6-
trimethylbenzoyl)hydroxylammonium chloride (1.2 etpllowed by the dropwise addition &f-
methylmorpholin (1.2 eq.). The reaction mixture stiged vigorously for another 10 h letting the
reaction mixture warmed to rt. The reaction mixturas then washed with 1 N aqueous CuSO
solution (3 x 1.5 mLemma) and concentrateid vacuoat rt to a few mL. The residue was purified
by flash column chromatography, eluting with dicblmethane/methanol (100:0 to 9:1) to give the

desired product.
Procedure G: Aminohydroxylation of styrene derivative

To a stirred solution of styrene (1.0 eq.) in tey@rofuran (9.1 mLsmmd}) was addedS)-2-(1,3-
dioxoisoindolin-2-yl)-3Alkyl-N-(2,4,6-trimethylbenzoyloxyglkanamide (1.1 eq.), followed by
(DHQD),AQN (0.10 eq.) at room temperature. The reactioxtumg was stirred for 5 minutes until
a homogenous solution was obtained (use of somice¢dommended). To the reaction mixture was
then added dropwise a solution of®6Q,(OH), (0.05 eq.) in distilled water (2.2 mLemni)l The
reaction was stirred vigorously at room temperafaret8 h. After TLC indicated that the reaction
had ceased, anhydrous 8&; (ca. 80 mg/mg of osmium catalyst) was added aeddhction was

stirred for another 30 min. The reaction mixtures\weatracted with ethyl acetate
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(3 x 6 mLsmmol"), separated, dried over Mg, and filtered. It was then concentratiedvacuo
and purified by flash column chromatography (tyflican a 0.23 mmol scale, 30 g of Si@sed in
a 15 mm glass column, elution with Dichloromethdethanol 200:0 to 100:1, vaniline used as

TLC dip) to give the desired product.

Procedure H: Oxidation of the resulting aminoalcoho

To a stirred solution of the aminoalcohol (1.0 én.Jlichloromethane (1 mLsmmdl under argon
was added Dess-Martin reagent (1.05 eq.). The iomachixture was stirred at rt until TLC
indicated complete consumption of starting mate(tighically 3-5 h). The reaction mixture was
then concentratedn vacuo to a few mL and the residue was purified by flaatiumn
chromatography, eluting with dichloromethane/methafi00:0 to 100:1) to give the desired

product.
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5.3 Experimental Details
5.3.1 Chapter 2 — Characterisation Data

N-Hydroxypent-4-enamide (90)

Pent-4-enoic aci®9 (1.0 g, 10.0 mmol) was subjected to General Praeedy to give the title
compound0 (1.1 g, 9.4 mmol, 94%) as a beige solid.

m.p. 70-72 °C; vnax (thin ﬁlm)/cm'1 3211br, 3081br, 2918m, 1642s, 1538w, 1447m, 1112m,
1062m, 986m, 916mjy, (400 MHz, CDC}) 5.66-5.92 (1H, ddt) 16.9, 10.3, 6.4, C(#), 4.97-
5.17 (2H, m, C(H,), 2.39 (2H, t,J 6.3, C(2H,), 2.21-2.32 (2H, m, C(8}); éc (100 MHz,
CDCl) 171.4 C(1)0O), 136.3 C(4)H), 116.0 C(5)H,), 32.2 C(2)H,), 29.3 C(3) Hy); m/z (ESI)

114 ([M-H], 100%);HRMS (ESI) CsHgNO, requires [M-H] 114.0555, found 114.0561 (+1.99
ppm).

4-Methylhex-5-enoic acid (92)

Hydrogen peroxide (2 eq., 10 mL, 102 mmol) was dddeer 2 min at room temperature to a
stirred solution of 4-methylcyclohexanor®d (1 eq., 6.2 mL, 51 mmol) in methanol (0.22
mLemmol™). After 15 min, the reaction mixture was addedro¥emin to a stirred solution of
ferrous sulphate (1.0 eq., 14 g, 51 mmol) and cuguiphate (1.0 eq., 12;7 g, 51 mmol) in water
(100 mL) maintaining the reaction mixture at rooemperature. Upon the addition, the reaction
mixture turned dark brown. It was stirred an adaiéil hour. The aqueous phase was separated and
extracted with diethyl ether (3 x 30 mL). The onggphase and ether extracts were washed with a
saturated aqueous NaHg®olution (3 x 30 mL). The alkaline extract weradded with 3 M
aqueous HCI and extracted with diethyl ether (30xn3L). Removal of the solvent at reduced
pressure gave the title compow®®i(1.56 g, 12.2 mmol, 24%) as a yellow Bil.

64 (400 MHz, CDC}J) 11.14 (1H, br s, 8), 5.64 (1H, dddJ 17.4, 9.9, 7.8, C(5)), 4.94-5.04 (2H,

m, C(6H,), 2.26-2.44 (2H, m, C(8},), 2.10-2.22 (1H, m, C(#), 1.53-1.75 (2H, m, C(8},), 1.02
(3H, d,J 6.8, C(7Hs); dc (100 MHz, CDCJ) 180.6 C(1)O), 143.2 C(5)H), 113.9 C(6)H,), 37.4
(C(4)H), 32.0 C(2)Hy), 31.0 C(3)H,), 20.2 C(7)Hy).

Spectroscopic data were consistent with those tepan the literaturé’
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3,4-Dimethylcyclohex-3-ene-1-carboxylic acid (95)

To acrylic acid94 (1 eq., 0.34 mL, 5 mmol) was addedest-butylcatechol (0.00045 eq. ~1 mg)
and mxylene (0.4 mLsmme}) followed by the addition of 2,3-dimethyl-1,3-bdtane 93 (1.04
eg., 0.59 mL, 5.2 mmol) at room temperature. Tletien mixture was then heated at 120 °C for 2
to 4 h. The reaction mixture was cooled down anddiectly on the column chromatoghraphy
(eluting with dichloromethane/methanol 9.5:0.5)rifReation furnished the title compour@b (649
mg, 4.2 mmol, 84%) as a white solid.

84 (400 MHz, CDC}) 12.35 (1H, br s, 8), 2.49-2.60 (1H, m, C(H), 2.15-2.28 (1H, m, C(},),
2.09-2.18 (1H, m, C(8)y), 1.94-2.06 (3H, m, C(5}, C(6)H,), 1.63-1.72 (1H, mC(6)Hy), 1.62
(3H, s, C(7MH3), 1.60 (3H, s, C(8)3); 6c (100 MHz, CDC})) 182.9 C(1)0), 125.3 C(4)), 123.7
(C(3)), 40.1 C(1)H), 33.4 C(2)H,), 30.3 C(5)H,), 25.5 C(6)H,), 18.9 C(7)Hs), 18.8 C(8)Hs).

Spectroscopic data were consistent with those tegpan the literaturg

Ethyl cyclohex-2-en-1-ylacetate

3 2 1 2 y O\/Zn
5

To cyclohex-2-enob6 (1.0 eq., 995 mg, 10.1 mmol) awehitrophenol (0.03 eq., 45 mg, 0.31
mmol) was added triethylorthoacetate (2.8 eq.,n8L3 28.7 mmol) and the reaction mixture was
heated at 170 °C removing ethanol continuouslyeA® h, the reaction mixture was distilled to
give the title compound (654 mg, 3.80 mmol, 38%a @slourless oil.
64 (400 MHz, CDC}) 5.65-5.81 (1H, m, C(®)), 5.48-5.61 (1H, m, C(8)), 4.14 (2H, qJ 7.2,
C(1"H,), 2.49-2.69 (1H, m, C(H), 2.27 (2H, ddJ 7.5, 3.1, C(2H,), 1.91-2.04 (2H, m, C(&},),
1.48-1.89 (4H, m, C(5),, C(6H,), 1.26 (3H, t,J 7.2, C(2"Hs); ¢ (126 MHz, CDC}) 173.2
(C(1)0), 129.9 C(3)H), 128.4 C(2)H), 60.4 (G1")H,), 41.1 C(2)H,), 32.3 C(1)H), 29.7
(C(6)H,), 25.2 C(4)Hy), 21.5 C(5)H,), 14.2 (G2")Hy).

Spectroscopic data were consistent with those tepan the literaturé?

Cyclohex-2-en-1-ylacetic acid (97)
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To ethyl cyclohex-2-en-1-ylacetate (1.0 eq., 654, B0 mmol) dissolved in ethanol (0.45
mLemmol*) was added a 1 M aqueous LiOH (5 mLsmmolhe reaction mixture was stirred until
TLC indicated complete consumption of starting mateThe reaction mixture was extracted with
diethyl ether (3 x 20 mL). The aqueous phase wes #tidified to pH 1 with 3 M aqueous HCI
and extracted with ethyl acetate (3 x 20 mL). Thganic phase was dried over JS&,, filtered
and the solvent was removed under reduced pressgiee the title compounfl7 (422 mg, 3.01
mmol, 79%) as a colourless oil.

84 (400 MHz, CDC}) 5.70-5.78 (1H, m, C(8)), 5.57 (1H, ddJ 7.3, 1.8, C(2}), 2.60 (1H, m,
C(1)H), 2.34 (2H, m, C(2H), 1.95-2.04 (2H, m, C(#), 1.82-1.91 (1H, m, C(6),), 1.67-1.77
(1H, m, C(5H,), 1.51-1.64 (1H, m, C(6}), 1.31 (1H, m, C(Hh); &¢c (125 MHz, CDC}) 179.5
(C(1)0), 129.8 C(3)H), 128.4 C(2)H), 40.6 C(2)H.), 31.9 C(1)H), 28.7 C(6)H,), 25.0
(C(4)Hz), 20.9 C(5)Ho).

Spectroscopic data were consistent with those tepan the literaturé®

2-Vinylbenzoic acid (99)

To a solution of methylphenylphosphnium bromide 416 eq., 11 g, 31 mmol) in THF (1.44
mLemmol*) at room temperature was added dropwise a solatiguotassiuntert-butoxide (2.3
eq., 5 g, 44.6 mmol) in THF (0.5 mLemm! The reaction mixture was stirred for 90 min,dvef
dropwise addition of a solution of 2-carboxybenehlgtle98 (1.0 eq., 2.9 g, 19.4 mmol) in THF
(0.2 mLemmof"). Upon complete addition, the reaction mixture \masted at 60 °C and stirring
was continued for 16 h (beige slurry). The reactitrture was concentrateéd vacuoaffording a
beige solid. This solid was redissolved in ethy¢tate, and washed thoroughly with saturated
aqueous NaHC@solution (3 x 50 mL). The aqueous layer was thadifeed to pH 1 with 3 M
aqueous HCI and extracted with ethyl acetate (D xR). The organic phase was dried over
Na,SQ,, filtered and the solvent was removed under redipeessure to give the title compowdi
(3.0 g, 20.0 mmol, 100%) as a white solid.

o4 (400 MHz, CDC}J) 12.11 (1H, br s, 8), 8.10 (1H, ddJ 7.8, 1.3, C(&}), 7.66-7.72 (1H, m,
C(4)H), 7.61-7.65 (1H, m, C(8)), 7.51-7.58 (1H, m, C(®)), 7.33-7.42 (1H, m, C(8}), 5.71 (1H,
dd,J 17.3, 1.4, C(Hly), 5.42 (1H, dd,J 11.1, 1.4, C(H); 6c (100 MHz, CDCY) 173.2 C(7)0),
140.6 C(2)), 136.1 C(8)H), 133.2 C(4)H), 131.4 C(6)H), 130.8 C(3)H), 127.6 C(5)H), 127.5
(C(1)), 116.8 C(9)H,).

Spectroscopic data were consistent with those tegpan the literaturé’
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Ethyl (42)-5-phenylpent-4-enoate (102)

5 2 OGP

To a solution of 3-(Ethoxycarbonyl)propyltriphenisphonium bromidé01 (1.0 eq., 2.2 g, 4.8
mmol) in THF (12 mLemmot) was added dropwise NaHMDS (0.9 eq, 4.3 mL, 4.3othet -78
°C. The reaction mixture was kept at -78 °C for 3th Benzaldehyd&00 (0.8 eq, 0.4 mL, 3.8
mmol) was added dropwise at -78 °C. The reactioxturgé was stirred and allowed to warm to
room temperature for 16 h. The reaction mixture wasnched in icy water and extracted with
ethyl acetate (3 x 30 mL). The organic phase wasldwver NaSO, filtered and the solvent was
removed under reduced pressure to give a browRwaiification by flash column chromatography
(SiO,, eluting with petrol 40-60/diethyl ether 9:1) fished the title compounti02 (657 mg, 3.2
mmol, 85%) as a yellowish oil.

d4 (400 MHz, CDCY) 7.11-7.51 (5H, m, C(H, C(8H, C(9H), 6.48 (1H, dJ 11.6, C(5M), 5.64
(1H, dt,J11.6, 7.1, C(4)), 4.11 (2H, qJ 7.2, C(1'H,), 2.56-2.79 (2H, m, C(B®},), 2.32-2.53 (2H,
m, C(3H,), 1.25 (3H, tJ 7.2, C(2'Hs); éc (100 MHz, CDC})) 173.5 C(1)0), 137.1 C(6)), 131.0
(C(5)H), 128.8 C(4)H), 128.5 C(8)H), 127.3 C(9)H), 126.0 C(7)H), 60.4 (G1"H,), 33.7
(C(2)H,), 28.3 C(3)H,), 14.2 (G2')Hy).

Spectroscopic data were consistent with those tegpan the literaturé>

Ethyl (4E)-5-phenylpent-4-enoate (103)

To a solution of compount02 (1.0 eq., 500 mg, 2.45 mmol) in dichloromethan (ALsmmol")
was added bis(acetonitrile)dichloropalladium(llYatgst (0.10 eq., 64 mg, 0.245 mmol) at room
temperature. The reaction mixture was stirred ®h3then filtered through a short pad of celite.
The filtrate was dried over N&0O, and the solvent was removed under reduced pressgree an
orange oil. Purification by flash column chromatggny (SiQ, eluting with gradient petrol 40-
60/ethyl acetate 1.0 to 6:4) furnished the titlenpound103 (465 mg, 2.28 mmol, 93%) as a
yellowish oil.

84 (400 MHz, CDCY)) 7.34 (4H, m, C(Hi, C(8H), 7.20-7.26 (1H, m, C(8}), 6.46 (1H, dJ 15.9,
C(5)H), 6.24 (1H, dtJ 15.9, 6.6, C(4)l), 4.18 (2H, gJ 7.2, C(1'H,), 2.53-2.61 (2H, m, C(B),
2.47-2.53 (2H, m, C(3}), 1.29 (3H, tJ 7.2, C(2'Ha3); dc (100 MHz, CDCY) 173.3 C(1)0), 137.2
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(C(6)), 130.8 C(5)H), 128.4 C(4)H), 128.3 C(8)H), 127.0 C(9)H), 125.9 C(7)H), 60.2
(C(1)H,), 33.9 C(2)Hy), 28.2 C(3)H,), 14.1 (G2)Hy).

Spectroscopic data were consistent with those tegan the literaturé®

(42)-5-Phenylpent-4-enoic acid (106)

To compoundl02 (1.0 eq., 500 mg, 2.45 mmol) dissolved in methgfo#5 mLemmof) was
added a 2 M aqueous LiOH (5 mLemmipl The reaction mixture was stirred until TLC iratied
complete consumption of starting material. The tieaanixture was extracted with diethyl ether (3
x 30 mL). The aqueous phase was then acidifiedHtd wvith 3 M aqueous HCI and extracted with
ethyl acetate (3 x 30 mL). The organic phase wasldiver NaSQ,, filtered and the solvent was
removed under reduced pressure to give the tithepooind106 (420 mg, 2.38 mmol, 97%) as a
white solid.

o4 (400 MHz, CDCYJ) 11.12 (1H, br s, 8), 7.18-7.46 (5H, m, C(RH, C(8H, C(9H), 6.52 (1H, d,

J 11.6, C(5H), 5.67 (1H, dtJ 11.6, 7.1, C(4)), 2.71 (4H, m, C(D),, C(3H>); 8¢ (100 MHz,
CDCl) 179.3 C(1)0), 137.6 C(6)), 131.2 C(5)H), 129.0 C(4)H), 128.3 C(8)H), 127.4 C(9)H),
126.3 C(7)H), 33.8 C(2)H,), 28.1 C(3)Hy).

Spectroscopic data were consistent with those tegan the literaturé’

N-[(Mesitylcarbonyl)oxy]but-3-enamide (107)

But-3-enoic acid (507 mg, 5.89 mmol) was subjette@eneral Procedure,Ao furnish the title
compoundL07 (315 mg, 3.12 mmol, 53%) as a colourless solid.

64 (400 MHz, CROD) 6.67-6.82 (1H, m, C(8)), 5.28-5.37 (2H, m, C(#4},), 2.75 (1H, dJ 8.7,
C(2)H,); dc (100 MHz, CROD) 168.1 C(1)0O), 129.9 C(3)H), 120.1 C(4)H,), 38.6 C(2)H,).

Spectroscopic data were consistent with those tegpan the literaturé®

Hex-5-enoic acid

Hydrogen peroxide (2 eq., 10 mL, 102 mmol) was dddeer 2 min at room temperature to a

stirred solution of cyclohexanone (1 eq., 5.1 mL,mmol) in methanol (0.22 mLemmnidl After
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15 min, the reaction mixture was added over 5 mia stirred solution of ferrous sulphate (1.0 eq.,
14 g, 51 mmol) and cupric sulphate (1.0 eq., 12.51gmmol) in water (100 mL) maintaining the
reaction mixture at room temperature. Upon thetamdithe reaction mixture turned dark brown.
It was stirred for an additional hour. The aquephase was separated and extracted with diethyl
ether (3 x 50 mL). The combined organic phases weghed with 2 M aqueous NaOH (3 x 50
mL). The alkaline extract were acidified with 2 Mueous HSO, and extracted with diethyl ether
(3 x 50 mL). Removal of the solvent under reducessgure gave the title compound (7.6 g, 67
mmol, 33%) as an orange ol.

84 (400 MHz, CDC}) 5.72-5.84 (1H, ddt) 17.0, 10.2, 6.7, C(8), 4.97-5.09 (2H, m, C(6},),
2.37 (2H, tJ 7.6, C(2H,), 2.12 (2H, m, C(4),), 1.75 (2H, dqg,J 7.6, 7.4, C(H}),); éc (100 MHz,
CDCl;) 180.3 C(1)0), 137.4 C(5)H), 115.5 C(6)H,), 33.3 C(2)Hy), 32.9 C(4)H,), 23.7
(C3)Hy).

Spectroscopic data were consistent with those tegan the literaturé®

N-Hydroxyhex-5-enamide (108)

Hex-5-enoic acid (1.8 g, 15.8 mmol) was subjectedseneral Procedure;Ao give the title
compoundL08(1.9 g, 14.8 mmol, 94%) as a yellow-orange oil.

Vmax (thin film)/cm™* 3411br, 1641s, 912vé;, (400 MHz, CDC}) 10.20 (2H, br s, &, NH), 5.73-
5.87 (1H, ddtJ 16.9, 10.3, 6.8, C(B)), 4.89-5.07 (2H, m, C(6},), 2.12 (2H, t,J 7.3, C(2H,),
2.05 (2H, m, C(4)>), 1.68 (2H, quint] 7.3, C(3H,); 6c (100 MHz, CDC}) 171.0 C(1)0O), 138.8
(C(5)H), 115.3 C(6)H,), 33.6 C(4)H,), 32.4 C(2)H,), 25.3 C(3)H,); m/z (ESI) 128 ([M-HT,
100%);HRMS (ESI) CsH10NO, requires [M-H] 128.0717, found 128.0714 (+2.03 ppm).

N-Hydroxydec-9-enamide (109)

6 4 > H

'0\/8\/\/\/\[‘(1\1\0}1

9 7 5 3 )
Caproleic acid (1.70 g, 10.0 mmol) was subjectedseneral Procedure,Ao give the title
compoundL09(1.72 g, 9.3 mmol, 93%) as a beige solid.
m.p. 51-53 °C;vpax (thin film)/cm™ 3262br, 2918br, 2849br, 1643s, 1467m, 1423m 1122&,
914m, 549mpy (400 MHz, (CD)CO) 10.29 (1H, br s, N), 8.58 (1H, br s, 8), 5.68-5.91 (1H,
ddt,J 17.0, 10.3, 6.7, C(9)), 4.94-5.02 (1H, m, C(16),), 4.88-4.93 (1H, m, C(16),), 2.13 (2H, t,
J 7.5, C(2H,), 2.00-2.07 (2H, m, C(8),), 1.54-1.64 (2H, m, C(Ay), 1.34-1.43 (2H, m, C(8)},),
1.26-1.33 (6H, m, C(4)., C(5H., C(6H.); dc (100 MHz, (CD)CO) 171.8 C(1)O), 139.9
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(C(9)H), 114.9 C(10)H,), 34.6 C(8)H,), 33.4 C(2)H,), 30.1-30.0-29.9C(4)H,, C(5)H,, C(6)H,),
29.8 (C(3)Hy), 26.5 C(7)H,); m/z (ESI) 184 ([M-HT, 100%),369 ([2M-H], 80); HRMS (ESI)
Ci1oH1dNO; requires [M+Na] 208.1308, found 208.1312 (-2.08 ppm).

N-Hydroxyundec-10-enamide (110)

10 8 6 4 2 H

1 IM\/\/\E(N\OH
9 7 5 3

0]
10-Undecenoic acid (1.8 g, 10.0 mmol) was subjetve@eneral Procedure,Ao give the title
compoundL10(2.1 g, 100%) as a white solid.
o4 (400 MHz, CDC}) 9.51 (2H, br s, N, OH), 5.72-5.86 (1H, ddt) 17.1, 10.2, 6.7, C(18)),
4.86-5.03 (2H, m, C(18), 2.13 (2H, tJ 7.6, C(2H,), 2.02 (2H, m, C(H,), 1.53-1.64 (2H, m,
C(8)H2), 1.31-1.40 (2H, m, C(8},), 1.26 (8H, m, C(4)2, C(SH., C(6H2, C(7Hz); ¢ (100 MHz,
CDCl) 172.4 C(1)0O), 139.3 C(10)H), 114.4 C(11)H,), 34.0 C(2)H,), 33.2 C(9)H,), 29.62-
29.55-29.41-29.360(4)H,, C(5)H, C(6)H,, C(7)H,), 29.2 C(8)H,), 25.8 C(3)H,).

Spectroscopic data were consistent with those tegan the literaturé®

(3E)-N-Hydroxy-4-phenylbut-3-enamide (111)

(3E)-4-phenylbut-3-enoic acid (1.01 g, 6.22 mmol) wabjected to General Procedureté give
(3E)-N-hydroxy-4-phenylbut-3-enamidel1 (942 mg, 4.71 mmol, 76%) as a beige solid.

o4 (400 MHz, (CDR),CO) 10.21 (1H, br s, N), 8.89 (1H, br s, ), 7.30-7.39 (2H, m, C(8)),

7.29-7.34 (1H, m, C(BR), 7.22-7.28 (1H, m, C(8)), 6.59 (1H, dJ 15.9, C(4H), 6.32-6.38 (1H,
m, C(3H), 3.31 (2H, dJ 7.4, C(2H,); éc (100 MHz, (CDR),CO) 169.4 C(1)0O), 136.6 C(4)H),

134.9 C(5)), 128.9 C(7)H), 128.2 C(3)H), 126.4 C(6)H), 121.9 C(8)H), 37.3 C(2)H,).

Spectroscopic data were consistent with those tegan the literaturé®

(4E)-5-Phenylpent-4-enoic acid

To compoundL03 (1.0 eq., 465 mg, 2.28 mmol) dissolved in ethgfat5 mLemmol’) was added
a 2 M aqueous NaOH (5 mLemn®l The reaction mixture was stirred until TLC inatied
complete consumption of starting material (typigd@b h). The reaction mixture was extracted

with diethyl ether (3 x 20 mL). The aqueous phass then acidified to pH 1 with 3 M aqueous
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HCI and extracted with ethyl acetate (3 x 20 mLjeTorganic phase was dried over,8@;,
filtered and the solvent was removed under redpcedsure to give the title compound (392 mg,
2.22 mmol, 96%) as a beige solid.

8y (400 MHz, CDC}) 7.29-7.41 (4H, m, C(B, C(8H), 7.21-7.28 (1H, m, C(9}), 6.48 (1H, dJ
15.7, C(5H), 6.24 (1H, dt,J 15.7, 6.5, C(4Y), 2.57 (4H, m, C(H,, C(3H.); &c (100 MHz,
CDCly) 179.8 C(1)0O), 137.5 C(6)), 131.5 C(5)H), 128.8 C(4)H), 128.3 C(8)H), 127.5 C(9)H),
126.4 C(7)H), 34.1 C(2)H,), 28.2 C(3)H,).

Spectroscopic data were consistent with those tegan the literaturé®

(4E)-N-Hydroxy-5-phenylpent-4-enamide (112)

(4E)-5-Phenylpent-4-enoic acid (310 mg, 1.77 mmol) wabjected to General Procedure ta
give the title compound12 (335 mg, 1.75 mmol, 98%) as a white solid.

m.p. 98-100 °C;vpmax (thin film)/cm™ 3286br, 2800br, 1723m, 1655s, 1599m, 1423m, 1234m,
951m, 735m, 681ndy (400 MHz, (C?),CO) 10.15 (1H, br s, N), 8.70 (1H, br s, &), 7.29-7.37
(2H, m, C(7H), 7.23-7.26 (2H, m, C(8)), 7.12-7.18 (1H, m, C(®}), 6.36-6.44 (1H, m, C(H}),
6.17-6.27 (1H, m, C(4), 2.45 (2H, m, C(3).), 2.23 (2H, t,J 7.3, C(2H,); 6c (100 MHz,
(CD5),CO) 170.4 C(1)O), 138.5 C(6)), 131.5 C(5)H), 129.8 C(4)H), 129.4 C(8)H), 127.9
(C(9)H), 126.9 C(7)H), 32.6 C(2)H,), 29.0 C(3)H,); m/z (ESI) 382 ([2M-H], 100%),190 ([M-

H]", 80);HRMS (ESI") C1;H:aNO, requires [M+Na] 214.0838, found 214.0837 (+0.85 ppm).

This product has previously being synthesized bufuti characterisation was report&d.

Ethyl (5E)-6-phenylhex-5-enoate

9 AL Lot
10 O

To a solution of ethyl &)-6-phenylhex-5-enoate (1.0 eq., 1.3 g, 4 mmoljiahloromethane (2.5
mLemmol*) was added bis(acetonitrile)dichloropalladium(titalyst (0.12 eq., 120 mg, 0.46
mmol) at room temperature. The reaction mixture stased for 36 h, then filtered through a short
pad of celite. The filtrate was dried over ;88&, and the solvent was removed under reduced
pressure to give an orange oil. Purification bglilaolumn chromatography (SiCeluting with
gradient petrol 40-60/ethyl acetate 1:0 to 6:4pished the title compound (800 mg, 3.60 mmol,

91%) as a yellowish oil.
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34 (400 MHz, CDCY) 7.28-7.38 (4H, m, C(8), C(9H), 7.21 (1H, tJ 7.1, C(10M), 6.41 (1H, d,]
15.9, C(6M), 6.20 (1H, dtJ 15.9, 6.9, C(3), 4.14 (2H, qJ 7.1, C(1'H.), 2.37 (2H, tJ 7.5,
C(2)H.), 2.27 (2H, m, C(4),), 1.83 (2H, quint] 7.5, C(3H,), 1.26 (3H, tJ 7.1, C(2'Ha); 5¢ (100
MHz, CDCk) 173.3 C(1)0), 137.2 C(7)), 130.4 C(6)H), 129.2 C(5)H), 128.1 C(9)H), 126.6
(C(10)H), 125.6 C(8)H), 59.9 (C1)H,), 33.3 C(Q)H.), 32.0 C(4)H,), 24.2 C(3)H,), 13.9
(C(2)Ha).

Spectroscopic data were consistent with those tegan the literaturé®

(5E)-6-Phenylhex-5-enoic acid

To ethyl (%£)-6-phenylhex-5-enoatd.0 eq., 464 mg, 2.13 mmol) dissolved in etha@alg
mLemmol™*) was added a 2 M aqueous NaOH (5 mLemthdThe reaction mixture was stirred
until TLC indicated complete consumption of stagtmaterial (typically 25 h). The reaction
mixture was extracted with diethyl ether (3 x 20)miChe aqueous phase was then acidified to pH
1 with 3 M aqueous HCI and extracted with ethyltate(3 x 20 mL). The organic phase was dried
over NaSQ,, filtered and the solvent was removed under redlpcessure to give the title
compound (393 mg, 2.07 mmol, 97%) as a yellowish oi

o4 (400 MHz, CDC})) 7.29-7.41 (4H, m, C(8), C(9H), 7.23 (1H, tJ 7.1, C(10H), 6.44 (1H, dJ
15.9, C(6H), 6.21 (1H, dtJ 15.9, 6.9, C(H)), 2.44 (2H, tJ 7.3, C(2H,), 2.31 (2H, m, C(4).,),
1.86 (2H, quint,] 7.3, C(3H,); ¢ (100 MHz, CDC}) 179.9 C(1)0), 137.1 (7)), 130.6 C(6)H),
128.9 C(5)H), 128.1 C(9)H), 126.7 C(10)H), 125.6 C(8)H), 33.0 C(2)H,), 31.9 C(4)H,), 23.8
(C(3)H,).

Spectroscopic data were consistent with those tegan the literaturé®

(5E)-N-Hydroxy-6-phenylhex-5-enamide (113)

10 O

(5E)-6-Phenylhex-5-enoic acid (350 mg, 1.84 mmol) wabjected to General Procedure t
give the title compound13 (360 mg, 1.75 mmol, 95%) as a beige solid.

M.p. 79-81 °C;vpmax (thin film)/cm™ 3208br, 2932br, 1723m, 1633s, 1493m, 1448m, 1298,
741m, 693mpy (400 MHz, CDC)) 7.51 (1H, br s, N), 7.25-7.36 (4H, m, C(8), C(9H ), 7.20
(1H, m, C(10H), 7.19 (1H, br s, 8), 6.38 (1H, dJ 15.7, C(6M), 6.09-6.22 (1H, dt) 15.7, 6.8,
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C(5)H), 2.15-2.32 (4H, m, C(B, C(4H,), 1.77-1.85 (2H, m, C(8),); ¢ (100 MHz, CDC))

171.3 C(1)0), 137.0 C(7)), 130.6 C(6)H), 128.9 C(5)H), 128.2 C(8)H), 126.7 C(10)H), 125.6
(C(9)H), 33.0 C(2)H,), 31.8 C(4)Hy), 24.5 C(3)H,); m/z(ESI) 409.6 ([2M-H], 100%),204 ([M-

HJ", 90);HRMS (ESI') C1,H:NO, requires [M+Na] 228.0995, found 228.0992 (+1.12 ppm).

(42)-N-Hydroxy-5-phenylpent-4-enamide (144)

Compound106 (430 mg, 2.44 mmol) was subjected to General FiureeA to give the title
compoundL14 (449 mg, 2.35 mmol, 96%) as a beige solid.

M.p. 76-84 °C;vma (thin film)/cm* 3190br, 1634s, 1073w, 951m, 770w, 698x;(400 MHz,
CDCl;) 7.15-7.38 (5H, m, C(RH, C(8H, C(9H), 6.47 (1H, dJ 11.5, C(5H), 5.57 (1H, dtJ 11.5,
7.1, C(4H), 2.66 (2H, m, C(3),), 2.25 (2H, t,J 7.3, C(2H,); éc (100 MHz, CDCJ) 171.5
(C(1)0), 137.3 C(6)), 133.7 C(5)H), 130.2 C(4)H), 128.54 C(8)H), 128.48 C(9)H), 126.1
(C(7)H), 33.7 C(2)H,), 28.0 C(3)H,); m/z (ESTI’) 405 ([2M+Na], 100%),192 ([M+H]", 70), 255
(IM+CH:CN+NaJ, 50), 214 ([M+Na], 40); HRMS (ESI) Cy;H:3NO, requires [M+Na]
214.0837, found 214.0837 (+0.47 ppm).

This product has previously being synthesized bufuli characterisation was report&d.

Ethyl (52)-6-phenylhex-5-enoate

To a solution of 1-(4-Ethoxycarbonyl)butyltriphepiibsphonium bromide (1.0 eq., 4 g, 8.5 mmol)
in THF (15 mLemmot) was added dropwise NaHMDS (1.05 eq, 8.9 mL, &1%oihat -78 °C. The
reaction mixture was kept at -78 °C for 1 h 30. ddehyde (0.8 eq, 0.7 mL, 7.2 mmol) was
added dropwise at -78 °C. The reaction mixture wised and allowed to warm to room
temperature for 16 h. The reaction mixture was ghed in icy water and extracted with ethyl
acetate (3 x 50 mL). The organic phase was driezt }gSQO,, filtered and the solvent was
removed under reduced pressure to give a browRwaiification by flash column chromatography
(SiO,, eluting with petrol 40-60/diethyl ether 9:1) fished the title compound (1.3 g, 5.96 mmol,

83%) as a yellowish oil.
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8 (400 MHz, CDCY) 7.34-7.42 (2H, m, C(8), 7.28-7.34 (2H, m, C(8)), 7.23-7.28 (1H, m,
C(10H), 6.51 (1H, d,J 11.6, C(6H), 5.69 (1H, dtJ 11.6, 7.3, C(4)), 4.14 (2H, qJ 7.1,
C(1H,), 2.33-2.48 (4H, m, C(B),, C(4H,), 1.84 (2H, quint] 7.5, C(3H,), 1.29 (3H, tJ 7.1,
C(2'H2); 8¢ (100 MHz, CDC) 173.5 C(1)0), 137.5 C(7)), 131.7 C(6)H), 129.7 C(5)H), 128.5
(C(9)H), 128.2 C(LO)H), 126.6 C(8)H), 60.4 (QL)H,), 33.8 C(2H.), 27.9 C(4)H,), 25.1
(C(3)Hy), 14.2 (G2')Hy).

Spectroscopic data were consistent with those tegan the literaturé®”’

(52)-6-Phenylhex-5-enoic acid

To ethyl (%)-6-phenylhex-5-enoate (1.0 eq., 345 mg, 1.58 mmndddsolved in ethanol (0.45
mLemmol*) was added a 2 M aqueous NaOH (5 mLemthoThe reaction mixture was stirred
until TLC indicated complete consumption of stagtimaterial. The reaction mixture was extracted
with diethyl ether (3 x 20 mL). The aqueous phass then acidified to pH 1 with 3 M aqueous
HCI and extracted with ethyl acetate (3 x 20 mLjeTorganic phase was dried over,8;,
filtered and the solvent was removed under redpcedsure to give the title compound (280 mg,
1.47 mmol, 93%) as a colourless oil.

84 (400 MHz, CDC}) 7.26-7.40 (4H, m, C(8), C(9H), 7.22-7.26 (1H, m, C(18)), 6.50 (1H, dJ
11.6, C(6H), 5.66 (1H, dtJ 11.7, 7.3, C(Hl), 2.41 (4H, m, C(H,, C(4H,), 1.83 (2H, m,
C(3)Hy); dc (100 MHz, CDCJ) 179.7 €(1)0), 137.0 (7)), 131.0 C(6)H), 129.6 C(5)H), 128.4
(C(9)H), 127.8 C(8)H), 126.3 C(10)H), 33.2 C(2)H,), 27.5 C(4)H,), 24.4 C(3)H,).

Spectroscopic data were consistent with those tegan the literaturé®

(5Z)-N-Hydroxy-6-phenylhex-5-enamide (115)

10

(52)-6-Phenylhex-5-enoic acid (300 mg, 1.58 mmol) sagjected to General Procedurgtd\give
the title compound 15(310 mg, 1.51 mmol, 95%) as a beige solid.
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m.p. 72-73 °C; Vmax (thin film)/cm™ 3199br, 2925w, 1774s, 1665br s, 1540s, 1418m, 172
1021w, 917w, 651wy (400 MHz, CDCJ) 7.33 (1H, tJ 7.5, C(10H), 7.19-7.28 (4H, m, C(8),
C(9H), 7.1 (1H, br s, @), 6.44 (1H, dJ 11.4, C(6H), 5.52-5.64 (1H, m, C(H}), 2.28-2.36 (2H,
m, C(2H.,), 2.06-2.13 (2H, m, C(#),), 1.69-1.80 (2H, m, C(8},); 6c (100 MHz, CDC)) 171.7
(C(1)0), 137.6 C(7)), 131.6 C(6)H), 130.2 C(5)H), 129.0 C(9)H), 128.5 C(8)H), 127.0
(C(10)H), 32.5 C(2)H,), 28.0 C(4)H,), 25.8 C(3)H,); m/z(ESI) 409 ([2M-H], 100%),204 ([M-
H]", 90); HRMS (ESI) C;2H1sNO, requires [M-H] 204.1030, found 204.1034 (-2.13 ppm).

4-Methylpent-4-enoic acid

To a solution of methylphenylphosphnium bromide $3l2 eq., 22 g, 62 mmol) in THF (1.44
mLemmol™") at room temperature was added dropwise a solaigmotassiuntert-butoxide (4.6
eq., 10 g, 45 mmol) in THF (0.5 mLemni)l The reaction mixture was stirred for 90 min,dvef
dropwise addition of a solution of levulinic acid.§ eq., 2.0 mL, 19.5 mmol) in THF (0.2
mLemmol*). Upon complete addition, the reaction mixture wasted at 60 °C and stirring was
continued for 16 h (beige slurry). The reaction tomig was concentrated vacuoaffording a beige
solid. This solid was redissolved in ethyl ace{®@ mL), and washed thoroughly with a saturated
aqueous NaHC@solution (3 x 50 mL). The aqueous layer was thadifeed to pH 1 with 3 M
aqueous HCI and extracted with ethyl acetate (D xR). The organic phase was dried over
NaSQ,, filtered and the solvent was removed under redlymessure to give a pale yellow oil.
Purification by flash column chromatography (giluting with dichloromethane/methanol
9.5:0.5) furnished the title compound (560 mg, #Hmfol, 11%) as a colourless oil. Starting
material recovered (4 g, 35 mmol).

o4 (400 MHz, CDCJ) 11.01-11.77 (1H, m, B), 4.62-4.82 (2H, m, C(8),), 2.47-2.55 (2H, m,
C(3)Hy), 2.33 (2H, tJ 7.7, C(2H,), 1.74 (3H, s, C(6)3); 6c (100 MHz, CDC}) 180.3 C(1)0O),
143.9 C(4)), 110.7 C(5)H,), 32.7 C(3)Hy), 32.4 C(2)H,), 22.7 C(6)H5).

Spectroscopic data were consistent with those tegan the literaturé®

N-Hydroxy-4-methylpent-4-enamide (116)

4-Methylpent-4-enoic acid (560 mg, 4.9 mmol) wabjsated to General Procedurg # give the

titte compoundL16 (550 mg, 4.3 mmol, 87%) as a colourless gum.
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Vmax (thin film)/cmi* 3210br, 2916br, 1651s, 1537m, 1447m, 1077m, 1038Gi7m, 890sd, (400
MHz, (CD),CO) 10.15 (1H, br s, N), 8.75 (1H, br spH), 4.57-4.85 (2H, m, C(B),), 2.15-2.40
(4H, m, C(2H,, C(3H.), 1.74 (3H, s, C(6Ys); 8¢ (100 MHz, (CR),CO) 170.9 C(1)0O), 145.7
(C(4)), 111.0 C(B5)H,), 34.1 C(2)H,), 32.1 C(3)Hy), 22.8 C(6)Hs); m/z (ESI) 128 ([M-HJ,
100%);HRMS (ESI) CgH1NO, requires [M-H] 128.0717, found 128.0718 (-0.62 ppm).

5-Methylhex-5-enoic acid

To a solution of methylphenylphosphnium bromide $al0 eq., 19 g, 54 mmol) in THF (1.44
mLemmol*) at room temperature was added dropwise a solatiguotassiuntert-butoxide (4.3
eq., 8.1 g, 72 mmol) in THF (0.5 mLemm! The reaction mixture was stirred for 90 min,dvef
dropwise addition of a solution of 4-acetylbutyecid (1.0 eq., 2 mL, 18 mmol) in THF (0.2
mLemmol™). Upon complete addition, the reaction mixture \masted at 60 °C and stirring was
continued for 24 h (yellow slurry). Acetic acid 2. mLsmmol') was added. The reaction mixture
was filtered. Removal of the solvent at reducedsguwee gave an orange oil. This oil was
redissolved in ethyl acetate (50 mL) and washedotighly with a saturated NaHGQ@queous
solution (3 x 50 mL). The aqueous layer was thedifeed to pH 1 with 3 M aqueous HCI and
extracted with ethyl acetate (3 x 20 mL). The oiggase was dried over p&O,, filtered and the
solvent was removed under reduced pressure tcagiade yellow oil. Purification by flash column
chromatography (Si§ eluting with dichloromethane/methanol 100:1) fahed the title compound
(205 mg, 1.6 mmol, 9%) as a colourless oil. Stgrtiraterial recovered (1.7 g, 13 mmol).

o4 (400 MHz, CDCY) 11.34 (1H, br s, 8), 4.75 (1H, s, C(6).), 4.70 (1H, s, C(6)y), 2.36 (2H, t,

J 7.5, C(2H,), 2.07 (2H, tJ 7.5, C(4H>), 1.79 (2H, quint] 7.5, C(3H,), 1.72 (3H, s, C(Hs); dc
(100 MHz, CDC}) 180.8 C(1)0O), 144.8 C(5)), 111.1 C(6)H,), 37.2 C(4)H,), 33.7 C(2)Hy,),
22.7 C(3)H,), 22.4 C(7)Hy).

Spectroscopic data were consistent with those tegan the literaturé™

N-Hydroxy-5-methylhex-5-enamide (117)

5-Methylhex-5-enoic acid (205 mg, 1.60 mmol) waljsated to General Procedure tA give the
titte compoundL17 (201 mg, 1.40 mmol, 88%) as a pale yellow oil.

Vmax (thin film)/cm™ 3214br, 2937br, 1650s, 1531m, 1453s, 1375m, 108848w, 986w, 889,

(400 MHz, (CR),CO) 10.38 (1H, br s, N), 8.87 (1H, br sPH), 4.69 (1H, s, C(6).), 4.67 (1H, s,
C(6)Hy), 2.13 (2H, tJ 7.5, C(2H,), 2.01 (2H, tJ 7.6, C(4H,), 1.69-1.78 (2H, m, C(8},), 1.69
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(3H, m, C(7Hs); oc (100 MHz, (CRQ),CO) 171.7 C(1)O), 145.9 C(5)), 111.0 C(6)H,), 37.8
(C(4)Hy), 32.9 C(2)Hy), 24.0 C(3)Hy), 22.6 C(7)Hs); m/z (ESI) 142 ([M-HJ, 100%); HRMS
(ESI) C/H1aNO, requires [M+Na] 166.0838, found 166.0838 (+0.39 ppm).

2-Methyl-1-phenylprop-2-en-1-ol

To benzaldehyd&00 (1.0 eq., 1.06 g, 10 mmol) dissolved in THF (2 5mmol) at -78 °C was
added dropwise a solution of isopropenylmagnesiuomizie (1.2 eq., 24 mL, 12 mmol). The
reaction mixture was stirred at -78 °C for 1 h B0C showed complete consumption of starting
material. The reaction mixture was quenched invayer and solid NECI was added. The reaction
mixture was stirred for 15 min and extracted withyeacetate (3 x 30 mL). The organic phase was
dried over Ng&SQ,, filtered and the solvent was removed under rediyessure to give the title
compound (1.36 g, 9.3 mmol, 93%) as a colourldss oi

64 (400 MHz, CDCJ) 7.27-7.42 (5H, m, C(29, C(3'H, C(4'H), 5.22 (1H, s, C(3}.), 5.09 (1H,
d,J 2.8, C(1H), 4.97 (1H, sC(3)Hy), 3.00 (1H, dJ 2.8, H), 1.63 (3H, s, C(4)3); 6c (100 MHz,
CDCl;) 146.9 C(2)), 142.2 C(1Y), 128.4 C(3")H), 127.6 C(4)H), 126.6 C(2")H), 111.2 C(3)H,),
77.7 C(1)H), 18.3 C(4)Hs).

Spectroscopic data were consistent with those tegan the literaturé**

Ethyl (4E)-4-methyl-5-phenylpent-4-enoate

To 2-methyl-1-phenylprop-2-en-1-ol (1 eq., 1.3®4@ mmol) dissolved im-xylene (4 mLemmol

) was added triethylorthoacetate (2.0 eq., 3.4 .4 mmol), followed by the addition of
propionic acid (0.05 eq., 0.03 mL, 0.46 mmol). Tkaction mixture was heated at 140 °C until
TLC showed total consumption of starting matenieu@lly 4 h). The reaction mixture was washed
successively with a saturated aqueous Nagi&@ution (30 mL), distilled water (30 mL) and bgin
(30 mL). The organic phase was dried ovep@, filtered and the solvent was removed under
reduced pressure to give a yellowish oil. Purifamatby flash column chromatography ($jO
eluting with gradient petrol 40-60/ethyl acetat@ th 8:2) furnished the title compound (1.5 g, 6.9
mmol, 75%) as a colourless oil.

Vmax (thin fiIm)/cm‘1 3023w, 1735s, 1491w, 1444w, 1178m, 1155m, 109@&1W, 917w, 742w,
699m; 6 (400 MHz, CDC}) 7.30-7.36 (2H, m, C(8)), 7.18-7.26 (3H, m, C(H, C(9H), 6.32
(AH, s, C(5MH), 4.17 (2H, q,J 7.2, C(1'H,), 2.51-2.56 (4H, m, C(®,, C(3H,), 1.89 (3H, s,
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C(10Hs,), 1.28 (3H, tJ 7.2, C(2'Hs); éc (100 MHz, CDC}) 173.2 C(1)0O), 138.1 C(4)), 137.0
(C(6)), 128.8 C(8)H), 128.0 C(7)H), 126.0 C(9)H), 125.6 C(5)H), 60.4 C(1)H,), 35.6 C(2)H,),
33.1 C(3)H,), 17.6 C(10)Hs), 14.3 C(2)Hs); m/z (ESI) 282 ([M+H], 100%), 282
([M+Na+CH,CNJ*, 80); HRMS (ESI') C4H:40, requires [M+H] 241.1199, found 241.1197
(+0.93 ppm).

Spectroscopic data were consistent with those tegan the literaturé*?

(4E)-4-Methyl-5-phenylpent-4-enoic acid

To ethyl (£)-4-methyl-5-phenylpent-4-enoate (1.0 eq., 1.44,r6mol) dissolved in ethanol (0.45
mLemmol*) was added a 2 M aqueous NaOH (5 mLemthoThe reaction mixture was stirred
until TLC indicated complete consumption of stagtimaterial (typically 16 h). The reaction
mixture was extracted with diethyl ether (2 x 15)mChe aqueous phase was then acidified to pH
1 with 3 M aqueous HCI and extracted with ethyltatse(2 x 30 mL). The organic phase was dried
over NaSQ, filtered and the solvent was removed under rediymessure to give the title
compound (1.12 g, 5.9 mmol, 92%) as a yellowish oil

84 (400 MHz, CDC)) 7.41 (2H, tJ 7.2, C(8H), 7.27-7.35 (3H, m, C(A, C(9H), 6.41 (1H, s,
C(5)H), 2.65-2.74 (2H, m, C(®), 2.57-2.63 (2H, m, C(8)), 1.97 (3H, s, C(10)3); éc (100
MHz, CDCk) 179.9 C(1)0O), 138.1 C(4)), 136.7 C(6)), 128.9 C(8)H), 128.1 C(7)H), 126.2
(C(9)H), 125.9 C(5)H), 35.2 C(2)H,), 33.0 C(3)H.), 17.7 C(10)Hs).

Spectroscopic data were consistent with those tegan the literaturé*?

(4E)-N-Hydroxy-4-methyl-5-phenylpent-4-enamide (118)

(4E)-4-Methyl-5-phenylpent-4-enoic acid (1.10 g, 5.&al) was subjected to General Procedure
A to give the title compountil8(1.12 g, 5.46 mmol, 94%) as a white solid.

M.p. 75-76 °C;vmax (thin ﬁlm)/cm'1 3208br, 2914br, 1645s, 1491m, 1444m, 1075m, 10Z4Mn,
699s;8 (400 MHz, (CR),CO) 10.50 (1H, br s, N), 9.14 (1H, br s, ), 7.31 (2H, t,J 7.3,
C(8)H), 7.22-7.26 (2H, m, C(R), 7.18 (1H, tJ 7.2, C(9H), 6.32 (1H, s, C(H)), 2.45-2.57 (2H,
m, C(2H,), 2.34-2.44 (2H, m, C(8),), 1.85 (3H, s, C(1®}3); d6c (100 MHz, (CR),CO) 171.5
(C(1)0), 139.4 C(4)), 138.5 C(6)), 130.0 C(8)H), 129.2 C(7)H), 127.2 C(9)H), 126.7 C(5)H,),

- 155 -



Chapter 5: Experimental section

37.3 C(2)H,), 32.6 C(3)H,), 18.3 C(10)Hs); m/z (EST) 204 ([M-HT, 100%),409 ([2M-H], 50);
HRMS (ESI') C;,H1sNO; requires [M+Na] 228.0995, found 228.0995 (-0.18 ppm).

N-Hydroxy-3-methylpent-4-enamide (119)

3-Methyl-4-pentenoic acid (1.0 g, 8.8 mmol) wasjeated to General Procedure o give the
titte compoundl19(1.12 g, 8.6 mmol, 97%) as a beige solid.

M.p. 54-56 °C;vmax (thin film)/cm'1 3210br, 1645s, 1377w, 1111w, 1042m, 995m, 916B\W63,
(400 MHz, (CR).CO) 10.52 (1H, br s, N), 9.43 (1H, br s, €), 5.85 (1H, dddJ 17.3, 10.4, 6.9,
C(4)H), 4.94-5.12 (2H, m, C(8)), 2.73 (2H, m, C(H)), 2.11-2.32 (2H, m, C(B}), 1.08 (3H, dJ
6.7, C(6Hs); dc (100 MHz, (CR),CO) 170.1 C(1)0O), 143.2 C(4)H), 113.2 C(5)H,), 39.8
(C(2)H,), 34.8 C(3)H), 19.3 C(6)Hs); m/z (ESI) 128 ([M-H], 100%);HRMS (ESI) C¢H1;NO;
requires [M+Na] 152.0682, found 152.0677 (+3.53 ppm).

N-Hydroxy-4-methylhex-5-enamide (120)

Compound92 (500 mg, 3.9 mmol) was subjected to General Pureedy, to give the title
compoundL20 (446 mg, 3.1 mmol, 80%) as a pale yellowish olil.

Vmax (thin film)/cm™ 3442br, 1642s, 742né,; (400 MHz, (CR),CO) 10.56 (1H, br s, N), 8.42
(QH, br s, M), 5.65 (1H, dddJ 17.4, 10.0, 7.7, C(H), 4.88-5.00 (2H, m, C(6},), 2.07-2.16 (3H,
m, C(4H, C(2H,), 1.52-1.65 (2H, m, C(8}), 0.97 (3H, d,J 6.8, C(7Hs); dc (100 MHz,
(CDy),CO) 171.7 C(1)O), 144.3 C(5)H), 113.7 C(6)H,), 37.9 C(4)H), 32.7 C(3)H,), 31.0
(C(2)H,), 20.3 C(7)Hs); m/z (ESI) 142 ([M-H], 100%); HRMS (ESI) C;H:aNO, requires
[M+Na]" 166.0838, found 166.0837 (+1.04 ppm).

N-Hydroxy-2-methylpent-4-enamide (121)

2-Methyl-4-pentenoic acid (1.1 g, 10.0 mmol) wabjeated to General Procedurg # give the
titte compoundl21(1.15 g, 8.9 mmol, 90%) as a beige solid.

m.p. 69-70 °C;vma (thin film)/cm™ 3213br, 1643s, 1458m, 1375w, 1111w, 1021m, 994Wn9
622w; 8y (400 MHz, (CR),CO) 10.36 (1H, br s, N), 9.36 (1H, br s, 8), 5.66-5.79 (1H, m,
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C(4)H), 4.93-5.06 (2H, m, C(5)), 2.28-2.39 (2H, m, C(8}), 2.05-2.15 (1H, m, C(})), 1.08
(3H, d,J 6.6, C(6Hs); 6c (100 MHz, (CR),CO) 174.2 C(1)0), 136.6 C(4)H), 116.7 C(5)H,),
37.8 C(2)H), 38.5 C(3)H,), 17.5 C(6)Hs); m/z (ESI) 128 ([M-H], 100%); HRMS (ESI)
CeH11NO, requires [M+Na] 152.0682, found 152.0675 (+4.62 ppm).

(4S)-3-Hex-5-enoyl-4-isopropyl-1,3-oxazolidin-2-one

-

4 2 '
haeird

(0] O

To a solution of hexe-5-noic acid (1.0 eq., 0.25, @Il mmol) in THF (3 mLemmd) was added
iPrNet (1.3 eq., 0.48 mL, 2.8 mmol) and pivaloyl cider(1.1 eq., 0.29 mL, 2.3 mmol) at -78 °C.
The resulting mixture was stirred for 15 min at <18 allowed to warm up to room temperature
and stirred for 16 h. The above suspension wasdaddeanulato a solution of §-(-)-4-benzyl-2-
oxazolidinone treated previously withBuli (1.2 eq., 1.6 mL, 2.6 mmol) in THF (2.5 mLemHtip
at -78°C. After 15 min at -78 °C, the reaction mn& was warmed to room temperature for 2 h.
The reaction mixture was quenched with a saturagdeous NECI| solution (10 mL) and
extracted with ethyl acetate (2 x 20 mL). The orgguhase was removed under reduced pressure.
The residue was dissolved in 5 mL of ethyl acessig washed with a saturated aqueous NafHCO
solution (5 ml). The organic phase was dried ovaiS), filtered and the solvent removed under
reduced pressure to give the title compound (3191In4® mmol) as a colourless oil.
o4 (400 MHz, CDC}) 5.72-5.88 (1H, m, C(H), 4.92-5.08 (2H, m, C(&},), 4.42 (1H, dd,) 7.8,
3.5, C(4'H), 4.16-4.31 (2H, m, C(3}), 2.80-3.04 (2H, m, C(®)), 2.26-2.48 (1H, m, C(6Y)),
1.98-2.18 (2H, m, C(4),), 1.64-1.86 (2H, m, C(8),), 0.89-0.93 (3H, dJ} 6.8, C(7'Hs), 0.84-0.88
(3H, d,J 6.8, C(8'H3); 8¢ (100 MHz, CDC})) 173.1 C(1)0O), 154.1 C(2)0), 137.8 C(5)H), 115.3
(C(6)H,), 63.3 C(5)H,), 58.4 C(4)H), 34.8 C(2)H,), 33.0 C(4)H,), 28.4 C(6")H), 23.5 C(3)H,),
18.0 C(7")Hz), 14.6 C(8")Hs).

Spectroscopic data were consistent with those tegan the literaturé**

(4S)-4-1sopropyl-3-[(29)-2-methylhex-5-enoyl]-1,3-oxazolidin-2-one

7
6
- 4 5
4 1
3

0
N
o) O
To a solution of NaHMDS (1.4 eq., 2.0 mL, 2.0 mnial'HF (1 mLemmof") was added dropwise
a solution of (&)-3-hex-5-enoyl-4-isopropyl-1,3-oxazolidin-2-oneq%q., 319 mg, 1.42 mmol) in

THF (1 mLemmol") at -78 °C. After stirred at -78 °C for 1 h, theaction mixture was treated with

x

6

SR YNENN]

b
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iodomethane (5 eq., 0.5 mL, 7.0 mmol) and stin@dafdditional 3 h at -78°C. The reaction was
quenched with acetic acid (0.1 mL) and warmed tmrdemperature. Water (20 mL) was added
and the aqueous layer was extracted with ethybseéP x 10 mL). The combined organic layers
were washed with brine (10 mL), dried over,8@,, filtered and the solvent was removed under
reduced pressure to give a yellow oil. Purificatiynflash column chromatography (Si@luting
with petrol 40-60/ethyl acetate 9:1)) furnished tile compound (230 mg, 0.96 mmol, 68%) as a
yellowish oil.

[a]3® + 10.7 € = 1.0, dichloromethaney . (thin film)/cm® 3077m, 2966br, 2934br, 1779s,
1698s, 1461m, 1385s, 1300m, 1242m, 1201m, 10578u.9965w, 911wp, (400 MHz, CDCY))
5.70 (1H, ddtJ 17.0, 10.2, 6.8, C(H), 4.82-4.95 (2H, m, C(6},), 4.37 (1H, dddJ 8.0, 3.5, 3.5,
C(4'H), 4.11-4.22 (2H, m, C(3},), 3.61-3.72 (1H, m, C(})), 2.19-2.33 (1H, m, C(6Y), 1.94-
2.02 (2H, m, C(4),), 1.72-1.83 (1H, m, C(8},), 1.34-1.44 (1H, m, C(8),), 1.13 (3H, dJ 6.8,
C(7)Hs), 0.84 (1H, dJ 6.3, C(7'Hs), 0.79 (1H, dJ 7.1, C(8'Ha); 6c (100 MHz, CDC}) 176.8
(C(1)0), 153.5C(2Y0), 138.0 C(5)H), 114.8 C(6)H,), 63.1 C(5)H,), 58.3 C(4)H), 37.1
(C(2)H), 32.0 C(3)H,), 31.5 C(4)H,), 28.4 C(6YH), 17.86 C(7)H), 17.84 C(7)Hs), 14.6
(C(8"Hs); m/z (EST') 303 ([M+CHCN+NaJ’, 100%), 501 ([2M+N4d] 50), 262 ([M+Nal], 40), 240
(IM+H]*, 20); HRMS (ESI') Ci3H,iNO; requires [M+Na] 262.1414, found 262.1405 (+3.47
ppm).

(29)-2-Methylhex-5-enoic acid

OH

W
O N_

To a solution of (8)-4-isopropyl-3-[(&)-2-methylhex-5-enoyl]-1,3-oxazolidin-2-or{#.0 eq., 230
mg, 0.96 mmol) in THF (4 mLemmd) and water (1 mLemmd) under argon at 0 °C is added
hydrogen peroxide (4.10eq., 0.4 mL, 3.8.1&mmol) gradually over a period of 15 min. Lithium
hydroxide hydrate (1.7.10eq., 66 mg, 1.6.18nmol) in water (1 mLemméd!) is added. The
reaction mixture was stirred for 3 h after which,81@, (4.10° eq., 479 mg, 3.8.170mmol) in
water (3 mLemmot) was added slowly. The reaction mixture was slifte another 20 min. THF
was removed under reduced pressure. The aqueoss plaa then washed with dichloromethane
(2 x 5 mL) and acidified to pH 2 with 3 M aqueou€IHThe agueous phase was then extracted
with diethyl ether (3 x 10 mL). The organic phasaswiried over N&Q,, filtered and the solvent
was removed under reduced pressure to give tleectitnpound (110 mg, 0.86 mmol, 89%) as a
yellowish oil.

o4 (400 MHz, CDCJ) 11.59 (1H, br s, 8), 5.64-5.96 (1H, ddt) 17.0, 10.3, 6.7, C(H), 4.86-
5.13 (2H, m, C(&),), 2.49 (1H, sxtJ) 7.0, C(2H), 2.11 (2H, qJ 7.5, C(4H,), 1.75-1.87 (1H, m,
C(3)H,), 1.46-1.58 (1H, m, C(8)},), 1.19 (3H, d,J 7.5, C(7Hs); éc (100 MHz, CDC}) 183.1
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(C(1)0), 137.3 C(5)H), 114.9 C(6)H,), 38.4 C(2)H), 32.1 C(4)H,), 30.9 C(3)H,), 16.4
(C(7)Hy).

Spectroscopic data were consistent with those tegan the literaturé®®

(25)-N-Hydroxy-2-methylhex-5-enamide (122)

Compound (8)-2-methylhex-5-enoic acid (110 mg, 0.86 mmol) wsshjected to General
Procedure Ato give the title compount22 (91 mg, 0.64 mmol, 74%) as a beige solid.

[0]o™® + 34.5 ¢ = 1.0, dichloromethane)n.p. 78-80 °C;Vma (thin film)/cm™ 3194br, 2926br,
1631s, 1539m, 1462m, 1375m, 1038br, 954m, 918nhr68Q (400 MHz, (C03),CO) 10.27 (1H,
br s, NH), 8.07 (1H, br s, 8), 5.69-5.85 (1H, ddt) 17.0, 10.2, 6.6, C(H), 4.86-5.05 (2H, m,
C(6)H,), 2.20-2.35 (1H, m, C(®), 2.00 (1H, gJ 7.2, C(4H,), 1.63-1.75 (1H, m, C(8),), 1.35-
1.49 (1H, m, C(3H), 1.08 (1H, dJ 6.8, C(7Has); 8¢ (100 MHz, (CR),CO) 174.8 C(1)0), 139.2
(C(5)H), 115.4 C(6)H,), 37.9 C(2)H), 34.0 C(3)H.), 32.4 C(4)H,), 18.4 C(7)Hz); miz (ESI)
166 ([M+Na], 100%); HRMS (ESI) C/H13NO, requires [M+Na] 166.0839, found 166.0842
(+1.04 ppm).

Methyl 2-phenylacetate

4 2
6 O

To a solution of phenylacetic acid (1.0 eq., 5.8¢gmmol) in methanol (80 mL) under a stream of
argon at 0 °C was added dropwise thionyl chlorid& €qg., 3.0 mL, 42 mmol) After completion of
the addition, the reaction mixture was stirred voysly for 14 h at rt. The reaction mixture was
then concentrateid vacuoto give the title compoun.6 g, 37 mmol, 100%) as a colourless oil.
o4 (400 MHz, CDCY) 7.27-7.39 (5H, m, C(4), C(5H, C(6H), 3.71 (3H, s, C(Hs), 3.66 (2H, s,
C(2)H,); éc (100 MHz, CDC}) 171.9 C(1)0O), 133.9 C(3)), 129.1 C(4)H), 128.5 C(5)H), 127.0
(C(6)H), 51.9 C(2)H,), 41.1 C(7)Hs).

Spectroscopic data were consistent with those tegan the literaturé*®
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Methyl 2-phenylhex-5-enoate

To sodium hydride (1.5 eq., 400 mg, 10 mmol as &b 68uspension in oil) inN,N'-
dimethylformamide (30 mL) under argon at O °C wasleal dropwise a solution of methyl 2-
phenylacetate (1.0 eq., 1.0 g, 6.7 mmolNiiN'-dimethylformamide (2 mL). After completion of
the addition, the reaction mixture was stirred vigsly for 30 min until no more gas evolution
was observed. Then to the reaction mixture still &€ was added dropwise a solution of 4-bromo-
1-butene (1.1 eq., 0.75 mL, 7.4 mmolNN'-dimethylformamide (2 mL). After completion of the
addition, the reaction mixture was stirred vigotgutor 2 h at 0 °C. The resulting yellow
suspension was quenched with a saturated aqueousramm chloride solution (50 mL), diluted
with water (300 mL) and extracted with dichlororaatk (3 x 15 mL). The organic layer was dried
over NaSQ,, filtered and the solvent was removed under redlywessure to give an orange oil
which was purified by chromatography on silica ielgtwith a petrol:ethyl acetate gradient (90:10
to 80:20) to give the title compound (602 mg, 3i@aoh 44%) as a colourless oil.

64 (400 MHz, CDCY}) 7.28-7.43 (5H, m, C(8), C(9H, C(10H), 5.67-5.98 (1H, m, C(H)), 5.07
(1H, m, C(6H,), 5.00 (1H, m, C(&)y), 3.67 (3H, s, C(1H5), 3.57-3.70 (1H, m, C(§), 2.12-2.34
(AH, m, C(3H,), 2.05 (2H, m, C(4),), 1.81-1.98 (1H, m, C(8),); 6¢c (100 MHz, CDC}) 174.2
(C(1)0), 138.8 C(7)), 137.4 C(5)H), 128.5 C(8)H), 127.8 C(9)H), 127.1 C(10)H), 115.3
(C(6)H,), 51.8 C(11)Hs), 50.6 C(2)H), 32.9 C(4)H,), 31.4 C(3)Hy).

Spectroscopic data were consistent with those tegan the literaturé®’

2-Phenylhex-5-enoic acid

To a solution of methyl 2-phenylhex-5-enoate (1g0 833 mg, 1.63 mmol) in tetrahydrofurn (2
mL) under argon at rt was added water (20 mL) Wwdd by the dropwise addition of a 0.25 N
aqueous sodium hydroxide solution (8 mL). After ptetion of the addition, the reaction mixture

was stirred vigorously (for typically 12 h) untilLT indicated complete consumption of starting
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material. The reaction mixture was then acidifiedotd 1 with a 3 M aqueous HCI solution and
extracted with diethyl ether (3 x 50 mL). The ongaohase was separated, washed with brine (3 x
5 mL), dried over Ng50O,, filtered and the solvent was removed under redlypcessure to give the
titte compound (300 mg, 1.58 mmol, 97%) as a coémsroil.

64 (400 MHz, CDC}) 11.93 (1H, br s, 8), 7.28-7.42 (5H, m, C(8), C(9H, C(10H), 5.81 (1H,
ddt,J 16.9, 10.4, 6.6, 6.6, C(8), 5.04-5.08 (1H, m, C(€},), 5.02 (1H, s, C(4)y), 3.63 (1H, tJ

7.6, C(2H), 2.15-2.30 (1H, m, C(8}.), 2.07 (2H, dd,J 6.6, C(4H,), 1.86-1.99 (1H, m, C(8});

dc (100 MHz, CDC}) 180.5 ((1)0), 138.1 €(7)), 137.3 C(5)H), 128.7 C(8)H), 128.1 C(9)H),
127.5 C(10)H), 115.6 C(6)H,), 50.7 C(2)H), 31.9 C(3)H,), 31.3 C(4)H,).

Spectroscopic data were consistent with those tegan the literaturé'®

N-Hydroxy-2-phenylhex-5-enamide (123)

2-Phenylhex-5-enoic aci@00 mg, 1.58 mmol) was subjected to General Prgeeé; to give the
titte compoundL23(304 mg, 1.48 mmol, 93%) as a colourless solid.

mM.p. 50-51 °C;vnax (thin film)/cm'1 3224br s, 2927br m, 1735w, 1642br s, 1494m, 149461w,
1032m, 913m, 747m, 698r8;; (400 MHz, (CR),CO) 10.50 (1H, br s, N), 8.92 (1H, br s, 8),
7.16-7.46 (5H, m, C(8), C(9H, C(10H), 5.81 (1H, ddtJ 17.0, 10.3, 6.4, 6.4, CH), 4.89-5.07
(2H, m, C(6H,), 3.47 (1H, tJ 7.6, C(2H), 2.06-2.25 (1H, m, C(8)y), 1.91-2.07 (2H, m, C(#)),
1.73-1.87 (1H, m, C(8)y); 6c (100 MHz, (CR),CO) 171.7 C(1)0), 141.1 C(7)), 138.8 C(5)H),
129.2 C(8)H), 128.7 C(9)H), 127.8 C(10)H), 115.5 C(6)H,), 49.1 C(2)H), 33.4 C(3)H,), 32.3
(C(4)Hy); m/z (ESI) 204 ([M-H], 100%);HRMS (ESI) C;;H1sNO, requires [M+Na] 228.0995,
found 228.0996 (-0.52 ppm).

N-Hydroxy-2-vinylbenzamide (124)

Compoundd9 (1.0 g, 6.8 mmol) was subjected to General Praseduto give the title compound
124 (933 mg, 5.7 mmol, 84%) as a pink-beige solid.
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m.p. 113-114 °C;vnax (thin film)/cm'l 3210br, 1619s, 1530m, 1330m, 1167m, 1024w, 903w,
767w; 8,4 (400 MHz, (CR),CO) 10.50 (1H, br s, N), 8.70 (1H, br s, &), 7.71 (1H, dJ 7.8,
C(6)H), 7.45 (1H, tJ 7.5, C(5H), 7.40 (1H, m, C(4)), 7.29-7.35 (1H, m, C(8)), 7.08 (1H, dd,]
17.7, 11.1, C(M), 5.79 (1H, d,J 17.7, C(8H,), 5.27 (1H, d,J 11.1, C(8Hy); dc (100 MHz,
(CDy),CO) 167.8 C(1)0), 137.4 C(2)), 135.3 C(7)H), 134.2 C(1)), 131.4 C(4)H), 129.0
(C(5)H), 128.7 C(3)H), 126.6 C(6)H), 116.6 C(8)H,); m/z (ESI) 162 ([M-H], 100%); HRMS
(ESI") CHgNO;, requires [M+Na] 186.0525, found 186.0523 (+1.14 ppm).

N-Hydroxy-3,4-dimethylcyclohex-3-ene-1-carboxamidel5)

Compound95 (355 mg, 2.3 mmol) was subjected to General Puoeedy to give the title
compoundl25 (360 mg, 2.1 mmol, 92%) as a white solid.

m.p. 120-121 °Cyvmay (thin film)/cm™ 3251br, 2907br, 1633s, 1542w, 1441m, 1077w, 1057w,
(400 MHz, (CR),CO) 10.17 (1H, br s, N), 8.85 (1H, br s, 8), 2.29-2.41 (1H, m, C(H), 2.16-
2.29 (1H, m, C(H,), 1.98-2.11 (1H, m, C(B)), 1.85-1.98 (2H, m, C(5}), 1.72-1.82 (1H, m,
C(6)Ha), 1.62-1.69 (1H, m, C(€},), 1.61 (6H, s, C(Hs, C(8Hs); 8¢ (100 MHz, (CR).CO) 174.6
(C(1)0), 125.5 C(4)), 124.6 C(3)), 39.3 C(1)H), 34.7 C(2)H,), 31.7 C(5)H,), 27.0 C(6)H,),
18.9 C(7)Hs), 18.8 C(8)Hs); m/z(ESI') 361 ([2M+Na], 100%), 170 ([M+H], 70);HRMS (ESI")
CgH1sNO, requires [M+Na] 192.0995, found 192.0993 (+1.22 ppm).

2-Cyclohex-2-en-1-yIN-hydroxyacetamide (126)

Compound97 (421 mg, 3.0 mmol) was subjected to General Pureedy to give the title
compoundL26 (402 mg, 2.6 mmol, 76%) as a beige solid.

M.p. 46-47 °C vma (thin film)/cm* 2930br, 1627s, 1033w, 978w, 678w, 614; (400 MHz,
CDCl3) 8.20-8.41 (2H, br s, N, OH), 5.70-5.81 (1H, m, C(8)), 5.53 (1H, m, C(2)), 2.64 (1H,
m, C(1H), 2.04-2.23 (2H, m, C(2Y,), 1.99 (2H, m, C(4),), 1.83 (1H, m, C(&),), 1.48-1.76 (2H,
m, C(5H,), 1.20-1.34 (1H, m, C(6)); éc (126 MHz, CDC{) 168.5 C(1)0), 137.9 C(3)H),
128.9 C(2)H), 39.5 C(2)H,), 32.4 C(1)H), 28.7 C(5)H,), 25.0 C(6)H,), 20.9 C(4)H,); m/z
(EST) 309 ([2M-H], 100%), 154 ([M-H] 90); HRMS (ESI) CgH13NO, requires [M-H]154.0874,
found 154.0877 (-1.99 ppm).

Spectroscopic data were consistent with those tegan the literaturé®’
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2-Cyclohexenylethanol

To a solution of methyl 2-cyclohexenylacetate @0, 12.5 g, 82 mmol) in diethyl ether (100 mL)
at 0 °C was added a suspension of lithium aluminiyadride (1.0 M in THF, 44 mL) over 30 min.
The reaction mixture was stirred for 3 h and didutéth diethyl ether (80 mL). Caution addition of
water at 0 °C and subsequent extraction afforeer afte solvent was removed under reduced
pressure a dark oil. Purification by flash colunimamatography (Si¢) eluting with petrol 40-60
°Clethyl acetate 9:1) furnished 2-cyclohexenyleth#@b.1 g, 40.5 mmol, 49%) as a colourless oil.
o4 (400 MHz, CDCY) 5.53 (1H, br s, C(29), 3.44-3.87 (2H, m, C(By), 2.22 (2H, m, C(d),),
2.02 (2H, br s, C(3Y,), 1.95 (2H, br s, C(@9,), 1.41-1.79 (4H, m, C(4), C(5"H>); éc (100
MHz, CDCk) 134.0 C(1"), 124.3 C(2")H), 60.1 C(1)H,), 41.1 C(2)H,), 27.9 C(6)H,), 25.2
(C(3)H2), 22.8 C(5)H,), 22.3 C(4')Ho).

Spectroscopic data were consistent with those tegam the literaturé®

2-Cyclohexenylethyl methanesulfonate

To a solution of 2-cyclohexenylethanol (1.0 edl, &.40.5 mmol) in pyridine (52 mL) at 0 °C was
added dropwise mesyl chloride (1.2 eq., 3.8 mL6 48mol) and the resulting reaction mixture was
stirred at 5 °C for 24 h. Further dilution with dioromethane (100 mL) and after subsequent
washed with a saturated solution of aqueous NafH{€® 20 mL) and with brine (3 x 50 mL), the
organic phase was dried over.S8@)y, filtered and removed under reduced pressurefoodadin oil.
Purification by flash column chromatography (gi@uting with petrol 40-60 °C/ethyl acetate 8:2)
furnished 2-cyclohexenylethyl methanesulfonate ¢7.84.3 mmol, 85%) as a colourless oil.

o4 (400 MHz, CDCJ) 5.52 (1H, br s, C(39), 4.28 (2H, tJ 6.9, C(1H,), 3.00 (3H, s, C(3)y),
2.38 (2H, t,J 6.9, C(2H,), 1.87-2.04 (4H, m, C(4},, C(6"H,), 1.59-1.69 (2H, m, C(4},), 1.51-
1.59 (2H, m, C(5H.); &c (100 MHz, CDC}) 132.2 C(1"), 124.7 C(2")H), 68.6 C(1)H,), 37.45
(C(3)Hs), 36.9 C(2)H,), 28.3 C(6)H,), 25.2 C(3")H,), 22.7 C(5)H,), 22.1 C(4)H,).

Spectroscopic data were consistent with those tegan the literaturé®

1-(2-lodoethyl)cyclohex-1-ene
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To a solution of 2-cyclohexenylethyl methanesultend.0 eq., 7.0 g, 34.3 mmol) in acetone (100
mL) at rt, was added sodium iodide (3.0 eq., 15408 mmol). The resulting reaction mixture was
refluxed for 24 h in the dark. Subsequent dilutiath diethyl ether (80 mL) and successive washes
with a saturated solution of aqueous NaHCDx 20 mL) and with brine (3 x 50 mL), affordedtth
organic phase, which was dried over,81@, filtered and removed under reduced pressure to
afford an oil. Purification by flash column chromgtaphy (SiQ, eluting with petrol 40-60 °C)
furnished 1-(2-lodoethyl)cyclohex-1-ene (4.9 g,2Mmol, 61%) as a colourless oil that gradually
turned pink.

84 (400 MHz, CDC}) 5.48 (1H, br s, C(39), 3.22 (2H, t,J 7.7, C(1H,), 2.50 (2 H, t,J 7.7,
C(2)H,), 1.96-2.04 (2H, m, C(4%},), 1.93 (2H, br s, C(@9,), 1.59-1.68 (2H, m, C(4%},), 1.51-
1.59 (2H, m, C(5H,); oc (100 MHz, CDCJ)) 136.4 C(1), 123.8 C(2)H), 42.3 C(2)H,), 27.6
(C(6)H,), 25.4 C(3")Hy), 22.8 C(5)Hy), 22.2 C(4')H,), 5.0 C(1)H,).

Spectroscopic data were consistent with those tegan the literaturé*

3-Cyclohexenylpropanenitrile

To a solution of 1-(2-iodoethyl)cyclohex-1-ene (&4, 4.9 g, 20.9 mmol) in acetonitrile (30 mL)
at rt, was added sodium cyanide (4.0 eq., 4.1 @ B88nol). The resulting reaction mixture was
refluxed for 72 h. Subsequent dilution with dietlegher (100 mL) and successive washes with a
saturated solution of aqueous NaHJ@ x 20 mL) and with brine (3 x 50 mL), affordedeth
organic phase, which was dried over,81Q, filtered and removed under reduced pressure to
afford an oil. Purification by flash column chromgtaphy (Si@ eluting with petrol 40-60
°Clethyl acetate 7:3) furnished 3-cyclohexenylpregatrile (2.7 g, 19.8 mmol, 95%) as a
colourless oil.

oy (400 MHz, CDC)) 5.52 (1H, br s, C(8)), 2.42 (2H, t,J 7.7, C(2H,), 2.20-2.31 (2H, m,
C(3)H,), 2.00 (2H, m, C(6H,), 1.91 (2H, br s, C(3),), 1.58-1.68 (2H, m, C(3%},), 1.50-1.58
(2H, m, C(4'H>); 8¢ (100 MHz, CDC}) 133.9 C(1"), 123.8 C(2"H), 119.7 C(1)), 33.2 C(3)Hy,),
27.7 C(6")H,), 24.9 C(3)H,), 22.5 C(5H,), 22.0 C(4)H,), 15.9 C(2)Hy).

Spectroscopic data were consistent with those tegan the literaturé™

3-Cyclohexenylpropanoic acid
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To a solution of 3-cyclohexenylpropanenitrile (6., 2.6 g, 19.2 mmol) in a mixture of ethanol
(20 mL) and water (20 mL) at rt, was added potasdiydroxide (4.4 eq., 4.7 g, 84.5 mmol). The
resulting reaction mixture was heated at 85 °Cl®h. Subsequent dilution with diethyl ether (100
mL) was followed by the slow addition a 6 M aquediS| solution (75 mL). Separation and
further extraction with diethyl ether (100 mL) affied the organic phase, which was dried over
N&SQ,, filtered and removed under reduced pressurefoodaB-Cyclohexenylpropanoic acid (2.5
g, 16.3 mmol, 85%) as an orange oil which was aadhér purified.

84 (400 MHz, CDCJ) 11.73 (1H, br s, 8), 5.43 (1H, br s, C(2Y), 2.43-2.46 (2H, m, C(®y),
2.20-2.31 (2H, m, C(8),), 1.94-2.03 (2H, m, C(6%), 1.92 (2 H, br s, C(4Y,), 1.47-1.67 (4H, m,
C(4"H,, C(5"H,); 8¢ (100 MHz, CDC)) 180.3 C(1)0), 135.7 C(1"), 121.6 C(2)H), 32.6
(C(3)Hy), 32.5 C(2)H,), 28.2 C(6')H,), 25.1 C(3")Hy), 22.8 C(5)H,), 22.3 C(4")Hy).

Spectroscopic data were consistent with those tegan the literaturé*

3-(Cyclohex-1-en-1-yl)N-hydroxypropanamide (127)
0

5 § I N/OH

2 H

3,4-Dimethylcyclohex-3-ene-1-carboxylic acid (1.§8 7.66 mmol) was subjected to General
Procedure Ato give 3-(Cyclohex-1-en-1-yIN-hydroxypropanamidel27 (1.28 g, 7.57 mmol,
98%) as a beige solid.

m.p. 87-89 °C;vmax (thin fiIm)/cm‘1 3340br, 2921m, 1665s, 1442w, 1239s, 1155s, 1(@B&HN,
729m;éy (400 MHz, (CR),CO) 10.17 (1H, br s, N), 8.95 (1H, br s, 8), 5.40 (1H, br s, C(2Y}),
2.20 (4H, br s, C(B, C(3)H), 1.93 (4H, br s, C(3),, C(6'H,), 1.45-1.66 (4H, m, C(4),
C(5"Hy); éc (100 MHz, (CR),CO) 171.1 C(7)0), 137.3 C(1"), 122.0 C(2)H), 34.3 C(3)H,),
32.1 C(2H,), 28.8 C(6)H,), 25.8 C(3)H,), 23.7 C(5)H,), 23.2 C(4)H,); m/z (ESI) 192
(IM+Na]*, 100%);HRMS (ESI') CoH1sNO, requires [M+Na] 192.0995, found 192.0993 (-0.95
ppm).

N-[(Mesitylcarbonyl)oxy]-3,4-dimethylcyclohex-3-enet-carboxamide (130)
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N-Hydroxy-3,4-dimethylcyclohex-3-ene-1-carboxamids (330 mg, 1.95 mmol) was subjected to
General Procedure B to furnish the title compofi8d (520 mg, 1.65 mmol, 85%) as a colourless
solid.

m.p. 131-132 °C;vpax (thin film)/cm™ 3193br, 2915br, 2360m, 1776s, 1668s, 1611m, 1454m,
1232s, 1157m, 1041s, 851w, 7338y (400 MHz, CDC)) 9.46 (1H, br s, N), 6.86 (2H, s,
C(4'H), 2.52 (1H, m, C(1H)), 2.37 (6H, s, C(85), 2.35 (1H, m, C(),), 2.29 (3H, sC(7)Hy),
2.06-2.16 (1H, m, C(3)p), 1.92-2.05 (3H, m, C(%},, C(6HJ), 1.70-1.84 (1H, m, C(&},), 1.62
(6H, s, C(7Hs, C(8Hs); oc (100 MHz, CDCJ) 174.8 C(1)0O), 168.5 C(1")0), 141.0 C(5Y),
137.0 C(3Y)), 128.9 C(4H)H), 126.9 C(2), 125.7 C(4)), 124.0 C(3)), 39.6 C(1)H), 34.2
(C(2)Hy), 31.1 C(5)Hy), 26.4 C(6)Hy), 21.5 C(7)Hs), 20.2 C(6)Hs), 19.2 C(7)Hs), 19.1
(C(8)Hs); m/z (ESI) 631 ([2M+H], 100%), 653 ([2M+Nd] 50), 316 ([M+H], 30); HRMS
(ESI) CygH,5NOs requires [M+Na] 338.1727, found 338.1732 (-1.71 ppm).

Single Crystal X-ray Diffraction Data fdr30: C;gH,5N;Os, M, = 315.41, monoclinic (P1 21/c 1), a
=14.5795(2) A, b = 9.26180(10) A, ¢ = 13.4334(2pA 90 °C 8 = 102.8400(6) °Cy = 90 °CV
=1768.59(4) A Z = 4,1 = not measured . = 1.185, T = 150(2) K, 30743 reflections collegted
2288 independent [R(int) = 0.028]; R 0.0669, wRR= 0.0723 [I>3sigma(l)].

N-[(Mesitylcarbonyl)oxy]but-3-enamide (131)

N-Hydroxybut-3-enamidel07 (109 mg, 1.08 mmol) was subjected to General RiweeB to
furnish the title compoun#i31 (257 mg, 1.04 mmol, 96%) as a colourless solid.

m.p. 86-88 °C;vnax (thin ﬁlm)/cm‘1 2966br, 1777s, 1674s, 1427w, 1233s, 1158s, 1384,
926w, 851w;éy (400 MHz, CDC)) 9.64 (1H, br s, N), 6.87 (2H, s, C(48), 5.97 (1H, ddtJ]

17.1, 10.1, 7.0, C(8)), 5.24-5.33 (2H, m, C(#,), 3.14 (2H, d,J 7.0, C(2H,), 2.37 (6H, s,
C(6"Ha), 2.29 (3H, sC(7"Hs); 6c (100 MHz, CDC}) 169.1 C(1)0), 168.2 C(1)0O), 141.1 C(5Y),

136.9 C(3"), 129.7 C(3)H), 128.9 C(4)H), 126.7 C(2"), 120.5 C(4)H,), 38.5 C(2)H,), 21.5
(C(7")Hs), 20.2 C(6')Hs); m/z (ESI) 311 ([M+CHCN+NaJ, 100%), 517 ([2M+Nd] 80); HRMS

(ESI) C14H17NO; requires [M+Na] 270.1101, found 270.1094 (+2.31 ppm).

N-[(Mesitylcarbonyl)oxy]pent-4-enamide (132)
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N-Hydroxypent-4-enamid®0 (196 mg, 1.70 mmol) was subjected to General Prgeed® to
furnish the title compounti32 (438 mg, 1.68 mmol, 97%) as a colourless solid.

M.p. 72-73 °C;vmax (thin film)/cm™ 3190br, 2977br, 1776s, 1672br, 1611w, 1448m, 12BB58s,
1050br, 916m, 851m, 732wy (400 MHz, CDC})) 10.24 (1H, br s, N), 6.84 (2H, s, C(41),
5.66-5.93 (1H, m, C(4), 4.86-5.19 (2H, m, C(b},), 2.35-2.47 (4H, m, C(®,, C(3H,), 2.35
(6H, s, C(6'M3), 2.27 (3H, s, C(M)3); 8¢ (100 MHz, CDC}) 170.7 C(1)0), 167.7 C(1)0O), 140.5
(C(5)), 136.4 C(4)H), 136.1 C(3"), 128.4 C(4")H), 126.6 C(2"), 115.7 C(5)H,), 31.9 C(2)H,),
28.8 C(3)H), 21.0 C(7")Hs), 19.7 C(6")Hs); m/z (ESI) 521 ([2M-H], 100%),260 ([M-H], 70);
HRMS (ESTI’) C;sH1gNO; requires [M+Na] 284.1257 found 284.1254 (+1.18 ppm).

N-[(Mesitylcarbonyl)oxy]hex-5-enamide (133)

N-Hydroxyhex-5-enamidd.08 (491 mg, 3.80 mmol) was subjected to General RiraeeB to
furnish the title compounti33 (880 mg, 3.19 mmol, 84%) as a colourless solid.

M.p. 63-64 °C;vmax (thin film)/cmi* 3191br, 2956br, 1776s, 1671br, 1612w, 1456w, 12BB58m,
1040br, 851wpy (400 MHz, CDCJ) 9.11 (1H, br s, N), 6.89 (2H, s, C(49), 5.72-5.86 (1H, ddt,
J17.0, 10.3, 6.7, C(B)), 5.04 (2H, dd) 16.4, 10.4, C(6),), 2.38 (6H, s, C(@)3), 2.33 (2H, tJ
7.5, C(2H,), 2.30 (3H, s, C(M3), 2.15 (2H, m, C(4),), 1.84 (2H, quint] 7.5, C(3H,); éc (100
MHz, CDCk) 171.4 C(1)0), 167.9 €C(1)0O), 140.6 C(5"), 137.4 C(5)H), 136.5 C(3")), 128.5
(C(4HH), 126.6 C(2"), 115.5 C(6)H,), 32.8 C(2)H,), 32.0 C(4)H,), 24.0 C(3)Hy), 21.1
(C(7YHs), 19.8 C(6")Hs); m/z (ESI) 549 ([2M-H], 100%), 274 ([M-H], 50); HRMS (ESI)
Ci16H21NO3 requires [M-H] 274.1449 found 284.1444 (+1.62 ppm).

N-[(Mesitylcarbonyl)oxy]dec-9-enamide (134)

Compound109 (1.56 g, 8.4 mmol) was subjected to General Puaeed to furnish the title
compoundL34(2.30 g, 7.0 mmol, 92%) as a colourless solid.

m.p. 51 -53 °C;vmax (thin film)/cm* 3262br, 2918br, 2849br, 1643s, 1467m, 1423m 1122&v,

914m, 549mpy (400 MHz, (CD)CO) 10.70 (1H, br s, N), 6.82 (2H, s, C(41), 5.72-5.86 (1H,
m, C(9H), 4.90-5.04 (2H, m, C(16l,), 2.35 (6H, s, C(8)s), 2.26-2.31 (2H, m, C(8},), 2.25

(3H, s, C(7'M3), 1.97-2.06 (2H, m, C(8)), 1.61-1.72 (2H, m, C(AH,), 1.29-1.40 (2H, m,
C(3)H,), 1.23-1.29 (6H, m, C(#,, C(5)H,, C(6H.); ¢ (100 MHz, (CD)CO) 171.8 C(1)0),
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167.8 C(1)0), 140.4 C(5)), 139.0 C(9)H), 136.6 C(3)), 128.6 C(4)H), 127.0 C(2)), 114.3
(C(10)H,), 33.8 C(8)H,), 32.9 C(2)H,), 29.0-29.2-29.3G(4)H,, C(5)H, C(6)H,), 28.9 C(3)H,),
25.4 C(7)H,), 21.2 C(7)Hs), 19.9 C(6)Hs); m/z(EST) 661 ([2M-H], 100%),992 ([3M-H], 70),
330 ([M-HJ-, 50); HRMS (ESI') CyH»NO; requires [M+Na] 354.2040, found 354.2041 (-0.44
ppm).

N-[(Mesitylcarbonyl)oxyJundec-10-enamide (135)

10
1z 1N

Compound110 (1.7 g, 8.5 mmol) was subjected to General Praeeddi to furnish the title
compoundl35(2.4 g, 7.0 mmol, 92%) as a colourless oil.

Vimax (thin film)/cm™ 3182br, 2927br, 2855s, 1777s, 1670s, 1612m, 145988s, 1158m, 1041br,
909m, 850mpy (400 MHz, CDC}J) 10.22 (1H, br s, N), 6.83 (2H, s, C(49), 5.74-5.85 (1H, ddt,
J17.1, 10.3, 6.7, C(18l), 4.90-5.02 (2H, m, C(1Hy), 2.35 (6H, s, C(813), 2.24-2.30 (5H, m,
C(2H,, C(7'H3), 1.99-2.06 (2H, m, C(8)), 1.62-1.71 (2H, m, C(8)), 1.22-1.40 (10H, m,
C(3)H,, C(4H,, C(5H,, C(6H,, C(7H,); 6c (100 MHz, CDC}) 171.7 C(1)0), 168.0 C(1)0O),
140.7 C(5), 139.2 C(10)H), 136.7 C(3")), 128.7 C(4)H), 127.0 C(2")), 114.3 C(11)H,), 33.9
(C(2)Hy), 33.0 C(9)H,), 29.5-29.4-29.3-29.2Q(4)H,, C(5)H,, C(6)H,, C(7)H,), 29.0 C(8)H,),
25.4 C(3)H.), 21.3 C(7")Hs), 20.0 C(6")Hs); m/z (ESI) 689 ([2M-H], 100%), 344 ([M-H] 50);
HRMS (ESTI’) C,H3:NO; requires [M+Na] 368.2196, found 368.2194 (+0.49 ppm).

(3E)-N-[(Mesitylcarbonyl)oxy]-4-phenylbut-3-enamide (136)

Compound111 (747 mg, 4.22 mmol) was subjected to General FireeB to furnish the title
compoundl36(1.13 g, 3.50 mmol, 83%) as a white solid.

m.p. 118-120 °C;vna (thin film)/cm™ 3162br, 2960br, 1773s, 1669s, 1611w, 1496w, 1251s,
1158m, 1038m, 986m, 968m, 849w, 69dy;(400 MHz, CDC}) 9.22 (1H, br s, N), 7.38-7.43
(2H, m, C(6H), 7.34 (1H, tJ 7.6, C(7H), 7.24-7.30 (1H, m, C(8)), 6.89 (2H, s, C(4]), 6.63
(1H, d,J 15.8, C(4NH), 6.30-6.40 (1H, m, C(8)), 3.33 (2H, d,J 7.3, C(2H,), 2.39 (6H, s,
C(6"Ha), 2.31 (3H, s, C(3); 6c (100 MHz, CDC}) 169.2 C(1)0), 168.3 C(1)0O), 141.2 C(5"),
137.0 C(3"), 136.6 C(4)H), 135.5 C(5)), 128.9 C(7)H), 128.9 C(4)H), 128.2 C(3)H), 126.7
(C(6)H), 126.6 C(2), 120.6 C(8)H), 38.0 C(2)H,), 21.5 C(7)Hz), 20.3 C(6")H3); m/z (ESI)

- 168 -



Chapter 5: Experimental section

322 ([M-HJ, 100%);HRMS (ESI") C,0H»NO; requires [M+Na] 346.1414, found 346.1421 (-2.00
ppm).

(4E)-N-[(Mesitylcarbonyl)oxy]-5-phenylpent-4-enamide (137

(4E)-N-Hydroxy-5-phenylpent-4-enamid&l2 (318 mg, 1.66 mmol) was subjected to General
Procedure B to furnish the title compout®lZ (510 mg, 1.51 mmol, 90%) as a colourless solid.
m.p. 93-95 °C;vnax (thin fiIm)/cm‘1 3185br, 2961br, 1773s, 1669s, 1494m, 1447m, 12B1%5]s,
1047m, 744m, 6938, (400 MHz, CDC}) 9.72 (1H, br s, N), 7.34-7.38 (2H, m, C(R), 7.30-
7.42 (2H, m, C(&), 7.19-7.25 (1H, m, C(8)), 6.88 (2H, s, C(41), 6.48 (1H, dJ 15.6, C(5H),
6.25 (1H, dtJ 15.6, 7.1, C(4)), 2.65 (2H, m, C(3),), 2.50 (2H, tJ 7.1, C(2H,), 2.38 (6H, s,
C(6"Hs), 2.30 (3H, s, C(M3); 8¢ (100 MHz, CDCJ) 171.0 C(1)0), 168.3C(1)0), 141.0 C(5)),
137.4 C(6)), 136.9 C(3)), 131.6 C(5)H), 128.9 C(7)H), 128.7 C(4"H), 128.1 C(4)H), 127.4
(C(9)H), 126.8 C(2"), 126.3 C(8)H), 32.9 C(2)H,), 28.5 C(3)H,), 21.4 C(7")Hs), 20.2 C(6"Hy);
m/z (ESI) 673 ([2M-H], 100%),336 ([M-H], 50); HRMS (ESI') C»H,:NO; requires [M+Nal]
360.1570, found 360.1567 (+0.98 ppm).

(5E)-N-[(Mesitylcarbonyl)oxy]-6-phenylhex-5-enamide (138)

(5E)-N-Hydroxy-6-phenylhex-5-enamid&13 (310 mg, 1.51 mmol) was subjected to General
Procedure B to furnish the title compout®B (445 mg, 1.27 mmol, 93%) as a colourless solid.
m.p. 63-65 °C;vmax (thin film)/cm™ 3230br, 2956br, 1775s, 1678s, 1380m, 1232s, 115@BIm,
851w, 742w;d, (400 MHz, CDCY) 9.94 (1H, br s, N), 7.35 (2H, m, C(H)), 7.29-7.33 (2H, m,
C(8)H), 7.22-7.23 (1H, m, C(16)), 6.87 (2H, s, C(4H), 6.43 (1H, dJ 15.9, C(6M), 6.19 (1H, dt,
J15.9, 6.9, C(H)), 2.33-2.44 (8H, m, C(#),, C(6'Has), 2.24-2.34 (5H, m, C(B),, C(7'H»), 1.91
(2H, quint,J 7.4, C(3H,); éc (100 MHz, CDCJ) 171.2 C(1)0), 168.8 C(1)0O), 140.5 C(5"),
137.3 C(7)), 136.5 C(3), 130.7 C(5)H), 129.2 C(6)H), 128.4 C(8)H), 128.3 C(4)H), 126.8
(C(10)H), 126.6 C(2), 125.8 C(9)H), 32.01 C(2)H,), 31.92 C(4)H,), 24.4 C(3)H,), 21.0
(C(7Hs), 19.8 C(6")Hs); m/z (ESI) 701 ([2M-HJ, 100%), 350 ([M-H], 80); HRMS (ESI)
CxH2sNO; requires [M+Na] 374.1727 found 374.1725 (+0.49 ppm).
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(4Z)-N-[(Mesitylcarbonyl)oxy]-5-phenylpent-4-enamide (139

(42)-N-Hydroxy-5-phenylpent-4-enamid&14 (430 mg, 2.25 mmol) was subjected to General
Procedure B to furnish the title compout@b (681 mg, 2.02 mmol, 90%) as a colourless solid.
M.p. 74-75 °C;vmax (thin film)/cm™ 3191br, 2962br, 1775s, 1670s, 1611w, 1493m, 144233s,
1158s, 1037m, 851m, 770w, 7008y; (400 MHz, CDC}) 9.45 (1H, br s, M), 7.19-7.49 (5H, m,
C(7)H, C(8H, C(9H), 6.91 (2H, s, C(41), 6.54 (1H, dJ 11.5, C(5H), 5.69 (1H, dtJ 11.6, 7.1,
C(4)H), 2.70-2.89 (2H, m, C(8},), 2.38-2.52 (8H, m, C(2}, C(6"Hs), 2.33 (3H, s, C("H)3); oc
(100 MHz, CDC}) 170.5 C(1)0), 167.8 €(1)0), 140.6 C(5"), 136.9 C(6)), 136.5 €C(3"), 130.3
(C(5)H), 129.7 C(7)H), 128.6 C(4)H), 128.5 C(4)H), 128.1 C(9)H), 126.7 C(8)H), 126.5
(C(29), 32.7 C(2)Hy), 23.9 C(3)H), 21.1 C(7")Hs), 19.8 C(6")Hs); m/z (ESI) 673 ([2M-H],
100%),336 ([M-H], 70); HRMS (ESI') C»H23NO; requires [M+Na] 360.1570, found 360.1570
(-0.04 ppm).

(52)-N-[(Mesitylcarbonyl)oxy]-6-phenylhex-5-enamide (140)

(52)-N-Hydroxy-6-phenylhex-5-enamidé&15 (310 mg, 1.51 mmol) was subjected to General
Procedure B to furnish the title compoutD (425 mg, 1.21 mmol, 89%) as a colourless oil.
Vmax (thin ﬁlm)/cm‘1 3196br, 2955br, 1774s, 1670s, 1611w, 1494m, 12BPZS8m, 1035br, 851m,
770w, 700mpy (400 MHz, CDC}) 9.40 (1H, br s, N), 7.31-7.39 (2H, m, C(8}), 7.20-7.31 (3H,
m, C(8H, C(10H), 6.87 (2H, s, C(49), 6.43 (1H, dJ 11.6, C(6MH), 5.64 (1H, dtJ 11.6, 7.3,
C(5)H), 2.34-2.47 (8H, m, C(#),, C(6"Hs), 2.26-2.34 (5H, m, C(B, C(7"Hs), 1.87 (2H, quint)
7.3, C(3H,); d¢ (100 MHz, CDC})) 171.5 C(1)0), 168.2 C(1)0), 140.9 C(5"), 137.6 C(7)),
136.9 C(3")), 131.6 C(5)H), 130.1 C(6)H), 128.9 C(8)H), 128.8 C(4)H), 127.2 C(10)H),
126.88 C(9)H), 126.84 C(2"), 32.5 C(2)H.), 28.0 C(4)H,), 25.4 C(3)H,), 21.4 C(7")Hs), 20.2
(C(6"YHs); m/z (ESI) 701 ([2M-H], 100%),350 ([M-H], 70); HRMS (ESI") C,H,sNO; requires
[M+Na]* 374.1727 found 374.1723 (+1.11 ppm).
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N-[(Mesitylcarbonyl)oxy]-4-methylpent-4-enamide (142

Compound116 (421 mg, 3.26 mmol) was subjected to General RiureeB to furnish the title
compoundL41 (644 mg, 2.34 mmol, 90%) as a colourless solid.

M.p. 65-67 °C;vnax (thin film)/cm'1 3192br, 2969br, 1776s, 1672s, 1448br, 1233s, 11585 br,
892m, 851m, 733w, 604wy, (400 MHz, CDC}J) 10.29 (1H, br s, N), 6.83 (2H, s, C(4H), 4.69-
4.77 (2H, m, C(3),), 2.41-2.48 (2H, m, C(B),), 2.37-2.41 (2H, m, C(8}), 2.34 (6H, s, C(61)3),
2.27 (3H, s, C(7H3), 1.72 (3H, s, C(B)s); 6c (100 MHz, CDC}) 170.6 C(1)0), 167.4 C(1)0O),
143.3 C(5"), 140.1 C(4)), 136.1 C(3), 128.0 C(4)H), 126.3 C(2), 110.2 C(5)H,), 32.1
(C(2)H,), 30.7 C(3)H,), 21.9 C(6)Hs), 20.7 C(7)Hz), 19.4 C(6"Hs); m/z (ESI) 549 ([2M-H],
100%),274 ([M-HJ,50); HRMS (ESI") Ci¢H2:NOs requires [M+Na] 298.1414, found 298.1412
(+0.55 ppm).

N-[(Mesitylcarbonyl)oxy]-5-methylhex-5-enamide (142)

N-Hydroxy-5-methylhex-5-enamidkl7 (198 mg, 1.38 mmol) was subjected to General Phaee
B to furnish the title compount¥42 (295 mg, 1.02 mmol, 93%) as a colourless oil.

Vmax (thin fiIm)/cm‘1 3192br, 2965br, 1776s, 1671s, 1612m, 1453m, 1231%E8s, 1036br, 890m,
851m;dy (400 MHz, CDCJ) 9.64 (1H, br s, N), 6.86 (2H, s, C(48), 4.74 (1H, s, C(6),), 4.70
(1H, s, C(6Hy), 2.36 (6H, s, C(13), 2.25-2.33 (5H, m, C(®,, C(7'Hs), 2.07 (2H, t,J 7.5,
C(4)H,), 1.85 (2H, quintJ 7.5, C(3Hy), 1.71 (3H, s, C(H3); 6c (100 MHz, CDC}) 171.6
(C(1Y0), 168.3 C(1)0O), 144.8 C(5"), 141.0 C(5)), 136.9 C(3")), 128.8 C(4)H), 126.9 C(2"),
111.1 C(6)H,), 37.1 C(4)H,), 32.4 C(2)H,), 22.9 C(3)H,), 22.4 C(7)H3), 21.4 C(7)Hz), 20.2
(C(6"YHs); m/z (ESI) 577 ([2M-H], 100%),288 ([M-H], 70); HRMS (ESI') C;H,aNO; requires
[M+H] " 290.1751, found 290.1751 (-0.15 ppm).

(4E)-N-[(Mesitylcarbonyl)oxy]-4-methyl-5-phenylpent-4-enanide (143)
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Compound118 (460 mg, 2.24 mmol) was subjected to General RiweeB to furnish the title
compoundl43 (572 mg, 1.63 mmol, 91%) as a colourless oil. €dralkene geometry proven by
NOESY experiment.

Vmax (thin film)/cm™ 3218br, 2964br, 1773s, 1669s, 1612s, 1491m, 144@88s, 1158s, 1033br,
851m, 739m, 699ndy (400 MHz, CDC})) 10.31 (1H, br s, N), 7.30-7.42 (5H, m, C(R, C(8H,
C(9)H), 6.92 (2H, s, C(4)), 6.41 (1H, s, C(H)), 2.59-2.71 (4H, m, C(B),, C(3H,), 2.47 (6H, s,
C(6'Hs), 2.36 (3H, s, C(THs), 1.94 (3H, dJ 1.5, C(10Ms); 6c (100 MHz, CDCJ) 170.8 C(1)0),
167.8 C(1)0), 140.5 C(5"), 137.8 C(4)), 136.4 C(6)), 136.3 C(3"), 128.6 C(4)H), 128.5
(C(5)H), 127.9 C(8)H), 126.5 C(2"), 125.9 C(7)H), 125.8 C(9)H), 35.4 C(2)H,), 31.5 C(3)Hy),
21.0 C(7)Hs), 19.8 C(6')Hs), 17.4 C(10)Hs); m/z(ESI) 701 ([2M-H], 100%),350 ([M-H], 60);
HRMS (ESTI') C,,H,sNO; requires [M+Na] 374.1727, found 374.1724.1751 (+0.78 ppm).

N-[(Mesitylcarbonyl)oxy]-3-methylpent-4-enamide (149

N-Hydroxy-3-methylpent-4-enamidel9 (900 mg, 6.98 mmol) was subjected to General Pioes
B to furnish the title compounti44(1.35 g, 4.90 mmol, 78%) as a colourless solid.

M.p. 46-48 °C;vmax (thin film)/cm™ 3188br, 2965br, 1776s, 1669s, 1612m, 1457m, 1319@8s,
1158m, 1037br, 988s, 916m, 850m, 734w;(400 MHz, CDCJ) 10.53 (1H, br s, N), 6.82 (2H,
s, C(4'H), 5.75 (1H, dddJ 17.2, 10.4, 6.8, C(#), 5.03 (1H, ddJ 17.2, 1.4, C(H)s), 4.95 (1H,
dd, J 10.4, 1.4, C(H)), 2.69-2.82 (1H, m, C(8)), 2.35 (6H, s, C(a)3), 2.28-2.34 (1H, m,
C(2)HJ), 2.26 (3H, s, C(M3), 2.17-2.24 (1H, m, C(®)), 1.06 (3H, d,J 6.8, C(6Hs); &c (100
MHz, CDCk) 169.9 C(1)0), 167.5 C(1)0O), 141.9 C(4)H), 140.3 C(5)), 136.3 C(3"), 128.3
(C(49H), 126.7 C(29), 113.4 C(5)Hy), 39.5 C(2)Hy), 34.1 C(3)H), 20.9 C(7)Hs), 19.7
(C(6"YHs), 19.0 C(6)Hs); m/z (ESI) 128 ([M-H], 100%); HRMS (ESI') CieH21NO; requires
[M+Na]* 298.1414, found 298.1415 (-0.35 ppm).

N-[(Mesitylcarbonyl)oxy]-4-methylhex-5-enamide (145

Compound120 (368 mg, 2.57 mmol) was subjected to General RireeB to furnish the title
compoundL45(537 mg, 1.86 mmol, 88%) as a yellowish gum.

Vimax (thin ﬁlm)/cm‘1 3191br, 2962s, 2929s, 2867m, 1776s, 1671s, 161265m, 1378w, 1233s,
1158s, 1045s, 994m, 948w, 915w, 851w, 679w, 6@GW400 MHz, CDC}) 10.66 (1H, br s, N),
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6.80 (2H, s, C(4H), 5.60 (1H, dddJ 17.4, 9.9, 7.8, C(H), 4.88-5.01 (2H, m, C(6},), 2.34 (6H,
s, C(6'Hs), 2.24 (5H, m, C(2),, C(7'H3), 2.04-2.17 (1H, m, C(#4), 1.57-1.77 (2H, m, C(8)),
0.97 (3H, d,J 6.8, C(7Ha); 8¢ (100 MHz, CDC}) 171.7 C(1)0), 167.7 C(1)0), 143.3 C(5)H),
140.4 C(59), 136.5 C(3")), 128.5 C(4)H), 127.0 C(29), 113.7 C(6)H,), 37.4 C(4)H), 31.6
(C(3)H,), 30.7 C(2)H,), 21.1 C(7)Hs), 20.1 C(7)Hz), 19.9 C(6"Hs); m/z (ESI) 577 ([2M-H],
100%),288 ([M-HJ, 80); HRMS (ESI) C;7H,3NO; requires [M+Na] 312.1570, found 312.1572
(-0.49 ppm).

N-[(Mesitylcarbonyl)oxy]-2-methylpent-4-enamide (14%

Compound121 (960 mg, 7.44 mmol) was subjected to General FireeB to furnish the title
compoundl46(1.59 g, 5.78 mmol, 86%) as a colourless solid.

m.p. 95-96 °C;vpmax (thin film)/cm™ 3191br, 2976br, 1777s, 1671s, 1611m, 1457m, 1380@8s,
1157m, 1027br, 986m, 851m, 734f; (400 MHz, CDC}) 10.88 (1H, br s, N), 6.81 (2H, s,
C(4'H), 5.69-5.82 (1H, m, C(#), 4.99-5.11 (2H, m, C(5})), 2.50-2.56 (1H, m, C(§}), 2.42-
2.50 (1H, m, C(H},), 2.37 (6H, s, C(8Y3), 2.24 (3H, s, C(M)3), 2.15-2.22 (1H, m, C(8)), 1.19
(3H, d,J 6.8, C(6Hs); dc (100 MHz, CDC}) 174.1 C(1)0), 167.3 €(1)0), 140.1 €(5"), 136.2
(C(4)H), 134.8 C(3), 128.1 C(4)H), 126.7 C(2"), 116.8 C(5)H,), 37.7 C(2)H), 37.2 C(3)H,),
20.8 C(7)Hs), 19.5 C(6')Hs), 16.8 C(6)Hs); m/z (ESI) 549 ([2M-H], 100%), 274 ([M-H] 60);
HRMS (ESTI’) Cy¢H»1NO; requires [M+Na] 298.1414, found 298.1415 (-0.39 ppm).

(25)-N-[(Mesitylcarbonyl)oxy]-2-methylhex-5-enamide (147)

Compound122 (91.5 mg, 0.64 mmol) was subjected to General &®la@ B to give the title
compoundl47 (133 mg, 0.46 mmol, 91%) as a colourless oil.

[a]3® + 24.7 € = 1.0, dichloromethaneya, (thin film)/cm™ 3443br, 1775w, 1643 br, 1232w,
1157w, 1025wy (400 MHz, CDC}) 8.95 (1H, br s, N), 6.89 (2H, s, C(4), 5.71-5.87 (1H,
ddt,J 17.1, 10.2, 6.7, C(B)), 4.97-5.14 (2H, m, C(6}), 2.40 (7H, br s, C(3, C(6'Hs), 2.30
(3H, s, C(7'H3), 2.12-2.21 (2H, m, C(#),), 1.84-1.95 (1H, m, C(8),), 1.52-1.65 (1H, m, C(8)},),
1.27 (3H, d,J 6.8, C(7H3); éc (100 MHz, CDC}) 170.5 C(1)0), 167.9 C(1)0O), 140.5 C(5),
137.5 C(5)H), 136.4 C(3"), 128.3 C(4)H), 126.2 C(2), 115.2 C(6)H,), 37.1 C(2)H), 32.4
(C(3)H,), 31.0 C(4)H,), 20.9 C(7YHs), 19.7 C(6")Hs), 17.4 C(7)H3); m/z (ESI) 288 ([M-HT,
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100%), 577 ([2M-H] 50); HRMS (ESI) C;7H23NO; requires [M-H] 288.1605 found 288.1606 (-
0.15 ppm).

2-PhenylN-(2,4,6-trimethylbenzoyloxy)hex-5-enamid€148)

Compound123 (304 mg, 1.48 mmol) was subjected to General RiweeB to furnish the title
compoundl48(427 mg, 1.21 mmol, 82%) as a colourless oil.

Vimax (thin fiIm)/cm‘1 3198br s,2949br s, 1776s, 1670br s, 1611m, 1493%4m, 1379w, 1232s,
1157s, 1033br s, 913w, 850w, 732w, 69&m;(500 MHz, CDC}) 8.94 (1H, br s, N), 7.37 (4H,
m, C(8H, C(9H), 7.32 (1H, tdJ 8.6, 4.5, C(1®), 6.87 (2H, s, C(4),), 5.80 (1H, ddtJ 16.9,
10.2, 6.6, 6.6, C(%)), 4.99-5.10 (2H, m, C(6},), 3.56 (1H, t,J 7.3, C(2H), 2.36 (7H, br s,
C(3)Ha, C(6'Hs), 2.29 (3H, s, C(Ms), 2.09 (2H, td,J 7.3, 6.6, C(4),), 1.92-2.02 (1H, m,
C(3)Hp); 8¢ (125 MHz, CDC}J) 171.8 £(1)0), 167.9 €(1)0O), 140.8 C(7)), 138.2 C(5)H), 137.5
(C(5)), 136.8 C(3"), 129.0 C(4)H), 128.6 C(8)H), 128.1 C(9)H), 127.7 C(10)H), 126.4 C(2"),
115.7 C(6)H,), 49.2 C(2)H), 32.0 C(3)H,), 31.2 C(4)H,), 21.2 C(7)Hs), 20.0 C(6')Hz); m/z
(ESTI) 350 ([M-HJ, 100%);HRMS (ESI) CyH,sNOs requires [M-H] 350.1762, found 350.1755 (-
1.01 ppm).

N-[(Mesitylcarbonyl)oxy]-2-vinylbenzamide (149)

Compoundl124 (900 mg, 5.52 mmol) was subjected to General RiureeB to furnish the title
compoundL49(1.07 g, 3.48 mmol, 63%) as a colourless solid.

m.p. 135-137 °C;vmax (thin film)/cm® 3184br, 1767s, 1656s, 1493w, 1231m, 1158w, 1020w,
984w, 909w, 773wy (400 MHz, CDC)) 9.17 (1H, br s, N), 7.63-7.69 (2H, m, C(6), C(3H),
7.50 (1H, tJ 7.6, C(5H), 7.35 (1H, tJ 7.6, C(4H), 7.19 (1H, ddJ 17.4, 11.1, C(H), 6.92 (2H,

s, C(4'H ), 5.80 (1H, dJ 17.4, C(8H,), 5.44 (1H, dJ 11.1, C(8My), 2.44 (6H, s, C(6H3), 2.32
(3H, s, C(7'Ha3); 6c (100 MHz, CDC})) 171.1 C(1)0), 168.5C(1"0), 141.3C(5"), 137.4 C(2)),
137.2 C(39), 134.2 C(7)H), 131.7 C(4)H), 130.9 C(1)), 129.0 C(4)H), 128.5 C(5)H), 128.0
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(C(3)H), 126.8 C(6)H), 126.6 C(2), 117.9 C(8)H,), 21.6 C(7")Hs), 20.4 C(6')Hs); m/z (EST)
617 ([2M-HJ, 100%), 308 ([M-H}, 100%);HRMS (ESI') C;gH;sNOs requires [M+Na] 332.1257,
found 332.1248 (+2.75 ppm).

2-Cyclohex-2-en-1-yIN-[(mesitylcarbonyl)oxy]acetamide (150)

Compound126 (390 mg, 2.52 mmol) was subjected to General RireeB to furnish the title
compoundL50(590 mg, 1.96 mmol, 89%) as a colourless solid.

m.p. 102-104 °Cypmax (thin film)/cm™ 2927br, 1776s, 1667s, 1608w, 1237s, 1158m, 1@,
850w; dy (400 MHz, CDCJ) 9.11 (1H, br s, N), 6.88 (2H, s, C(4H), 5.73-5.81 (1H, m, C(8)),
5.62 (1H, ddJ 10.0, 1.4, C(&)}), 2.66-2.78 (1H, mC(1)H), 2.39 (6H, s, C(6Hs), 2.30 (5H, m,
C(2'H,, C(7"Hs), 1.97-2.03 (2H, m, C(#), 1.87-1.95 (1H, m, C(6},), 1.71-1.77 (1H, m,
C(5)Hy, 1.53-1.64 (1H, m, C(B)},), 1.28-1.39 (1H, m, C(6)); éc (126 MHz, CDC}) 170.5
(C(1M0), 168.2 C(1H0), 140.5 C(5"), 136.4 C(3)H), 129.4 C(3"), 128.4 C(2)H), 128.3
(C(4"H), 126.2 C(2"), 39.2 C(2)H>), 31.9 C(1)H), 28.4 C(5)H,), 24.7 C(6)H,), 20.9 C(4)H,),
20.6 C(7")Hs), 19.6 C(6")Hz); m/z (ESI) 602 ([2M-H], 100%), 300 ([M-H] 50); HRMS (ESI)
C1gH23NO;3 requires [M-H]300.1605, found 300.1604 (+0.35 ppm).

3-(Cyclohex-1-en-1-y)N-[(mesitylcarbonyl)oxy]propanamide (151)

"7

Compound127 (1.16 g, 6.86 mmol) was subjected to General RiaeeB to furnish the title
compoundl51(1.31 g, 5.08 mmol, 74%) as a white solid.

m.p. 98-100 °Cyvmax (thin fiIm)/cm‘l 3187br, 2927br, 1776s, 1668s, 1612m, 1447m, 123%8s,
1047s, 1010s, 850m, 733®); (400 MHz, CDC}) 9.95 (1H, br s, N), 6.84 (2H, s, C(4H), 5.45
(1H, br s, C(2H), 2.29-2.44 (10H, m, C(B), C(3)H2, C(6")Hs), 2.28 (3H, s, C(7H3), 1.86-2.00
(4H, m, C(3'H,, C(6'H,), 1.48-1.65 (4H, m, C(4%}, C(5'H,); 8¢ (100 MHz, CDC}) 170.9
(C(1M0), 167.5 €(1)0O), 140.2 C(5"), 136.1 €(3"), 135.4 C(1)H), 128.1 C(4")H), 126.3
(C(2M), 121.7 C(2)H), 32.5 C(3)Hy), 31.1 C(2)H.), 27.7 C(6)H), 24.7 C(3)Hy), 22.4
(C(5)H,), 21.9 C(4)H,), 20.7 C(7")Hs), 19.4 C(6")Hs); m/z (ESI) 314 ([M-HJ, 100%), 629
([2M-H]", 50); HRMS (ESI) C;gH,sNO; requires [M+NH+CH;CN]* 374.2438, found 374.2438
(+0.08 ppm).
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(3aR*, 7R*, 7a5*)-7-Hydroxyoctahydro-2H-indol-2-one (159)

Compound159 (119 mg, 0.39 mmol) was subjected to General Riree C to give the title
compoundl50(50.2 mg, 0.32 mmol, 83% with 4 mol % of the cadtilused) as a colourless solid.
M.p. 45-47 °C:vmax (thin film)/cm™ 3281br, 2934br, 1681s, 1307w, 10544;(400 MHz, CDC})
7.08 (1H, br s, M), 5.86 (1H, br s, 8), 3.86 (1H, tJ 4.5, C(9H), 3.74 (1H, dddJ 10.7, 4.0, 3.9,
C(7)H), 2.45 (1H, dd,J] 16.0, 6.7, C(H,), 2.30-2.39 (1H, m, C(8)), 2.01-2.05 (1H, m, C(8}),
1.64-1.74 (2H, m, C(%)., C(6H.), 1.54-1.62 (1H, m, C(#),), 1.41-1.52 (1H, m, C(€),), 1.12-
1.28 (2H, m, C(4, C(5Hy); 8¢ (100 MHz, CDC)) 179.8 C(2)0), 69.7 C(7)H), 58.8 C(9)H),
39.8 C(3)H.), 35.1 C(8)H), 28.6 C(6)H,), 27.2 C(4)Hy), 21.6 C(5)H,); m/z (ESI) 333
([2M+Na]" 100%), 311 ([2M+H]" 90), 488 ([3M+Na] 60), 197 ([M+H+CHCN]" 50), 219
([M+Na+CH;CN]" 45), 156 ([M+H], 50); HRMS (ESI) CgH13NO, requires [M+Na] 178.0838
found 178.0837 (+0.77 ppm).

Single Crystal X-ray Diffraction Data fat59 CgH;3NO, H,O, M, = 173.21, monoclinic (P1 21/c
1), a = 4.97490(10) A, b = 7.86990(10) A, ¢ = 228(5) A, o = 90 °Cp = 95.2915(8) °Cy = 90
°C, V = 858.16(3) R z =4, u = not measured . = 1.341, T = 150(2) K, 10581 reflections
collected, 1954 independent [R(int) = 0.025],7R0.0434, wR = 0.0966 [I>3sigmay(l)].

Osmate ester (160)

O
4 ANy |
|

/
N4
jls
~

12

TMEDA (1.0 eq., 15 pL, 0.1 mmol) was added to aisoh of compound.50 (1.0 eq., 30 mg, 0.1

mmol) in water (0.2 mL), acetonitrile (0.7 mL) atbutanol (0.7 mL). The reaction mixture was

> 7OO

stirred for 5 min then a solution of potassium oen{a.0 eq., 37 mg, 0.1 mmol) in water (0.4 mL)
was added. The reaction mixture was stirred foh3hd concentrateith vacuo Purification by
flash column chromatography (SiCeluting with dichloromethane: methanol 20:1) fahed the
titte compoundl60(21.2 mg, 0.04 mmol, 43%) as a brown solid.

m.p. (decomp.) 155-158 °Qynax (thin fiIm)/cm‘l 3366v, 2925s, 2853m, 1635s, 1459m, 1402m,
1369m, 1331w, 1312w, 1296w, 1267w, 1245w, 1128wio%) 1020w, 991w, 959w, 842s, 802m,
664m, 592m@6, (200 MHz, CDCJ) 4.09 (1H, t,J 5.2, C(9H), 3.90-4.01 (1H, m, C(R), 3.25-
3.37 (2H, m, C(14), C(15H.), 3.21 (3H, s, C(1®}s), 3.09 (3H, s, C(1Hs), 2.94 (3H, s,
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C(12H3), 2.64-2.87 (7H, m, C(8),, C(8H, C(13Hs;, C(14H,, C(15H,), 2.28 (1H, d,J 15.1,
C(3)Hy), 1.63-1.73 (3H, m, C(#,, C(5H,, C(6H.), 0.98-1.49 (3H, m, C(#,, C(5Hs, C(6H.);

dc (125 MHz, CDC}) 183.7 C(2)0), 82.8 C(7)H), 73.5 C(9)H), 64.7 C(15)H,), 63.1 C(14)H,),
53.4 C(13)Hy), 52.3 C(12)Hs), 49.5 C(10)Hs), 49.0 C(11)Hy), 42.5 C(3)H.), 34.9 C(8)H), 28.7
(C(4)H,), 27.3 C(5)H,), 21.8 C(6)H,); m/z (ESI) 494 (IM+H]", 100%), 557 ([M+CHCN+H]",
80), 985 ([2M+H], 50); HRMS (ESI") Ci4H»NsO,0s requires [M+Nd] 513.1476, 514.1481,
515.1509, 516.1509, 517.1538, found 513.1475, 888,1515.1496, 516.1504, 517.1534 (+0.95
ppm).

Single Crystal X-ray Diffraction Data fd60. C;4H,/N30,0s;, M, = 491.59, monoclinic (C 1 ¢ 1),
a=11.2229(2) A, b = 22.1408(4) A, ¢ = 7.34520(A0y) = 90 °C B = 116.1764(9) °Cy = 90 °C,

V = 1637.98(5) A Z = 4,1 = not measured . = 1.993, T = 150(2) K, 3657 reflections collected,
3599 independent [R(int) = 0.014]; R 0.0230, wR = 0.0584 [I>3sigma(l)].

Hex-5-enoic acid (161) see page 145

6-(Hydroxymethyl)piperidin-2-one (162)

O
2
3 NH

4 OH

567

Compound133 (268 mg, 0.90 mmol) was subjected to General Riwree C to give the title
compoundL62 (104 mg, 0.80 mmol, 83% with 4 mol % of the casalysed) as a white powder.
Compound133 (330 mg, 1.20 mmol) was subjected to General Riree C to give the title
compoundL62(92.6 mg, 0.72 mmol, 60% with 1 mol % of the cgddluised) as a white powder.
o4 (400 MHz, CDC}) 7.37 (1H, br s, M), 4.56 (1H, br s, 8), 3.64 (1H, ddJ 10.7, 2.6, C(Hl,),
3.45-3.54 (1H, m, C(&)), 3.42 (1H, ddJ 10.7, 2.6, C(Hl,), 2.32-2.42 (1H, m, C(8),), 2.18-2.30
(A1H, m, C(3Hy), 1.84-1.94 (1H, m, C(#,), 1.76-1.84 (1H, m, C(Hy, 1.63-1.76 (1H, m,
C(5Hp), 1.28-1.40 (1H, m, C(#)); éc (100 MHz, CDC)) 173.6 C(2)0), 66.3 C(7)H,), 55.1
(C(6)H), 31.5 C(3)H,), 24.6 C(5)H,), 19.8 C(4)H,).

Spectroscopic data were consistent with those tegan the literaturé®

5-(Hydroxymethyl)pyrrolidin-2-one (163)

4 5 OH

Compound132 (161 mg, 0.62 mmol) was subjected to General Riree C to give the title
compoundl63(60.1 mg, 0.53 mmol, 85% with 4 mol % of the cadtilused) as a colourless solid.
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Compound132 (313 mg, 1.20 mmol) was subjected to General Puwee@ to give the title
compoundL63 (109 mg, 0.94 mmol, 79% with 1 mol % of the casalysed) as a colourless solid.
64 (400 MHz, CDC)) 7.45 (1H, br s, M), 4.53 (1H, br s, 8), 3.75-3.84 (1H, m, C(H), 3.66

(1H, dd,J 11.1, C(6MH,), 3.40-3.48 (1H, m, C(6},), 2.26-2.42 (2H, m, C(8},), 2.10-2.21 (1H, m,
C(4)H,), 1.72-1.83 (1H, m, C(#h); dc (100 MHz, CDC)) 179.7 C(2)0O), 66.0 C(6)H,), 56.8

(C(5)H), 30.6 C(3)H,), 22.9 C(4)Hy).

Spectroscopic data were consistent with those tegan the literaturé®

N-[(4-Methylphenyl)sulfonyl]-3-{[(4-methylphenyl)sulfonyl]Jamino}-D-alanine (164)

O 0
5' —
_<4, >—1. ﬁ NH S 8H S
7 2> O 3% 0 4"
-3 )

0]
In a three-necked round-bottom flask equipped wathpH electrode was added D-2,3-
diaminopropionic acid monohydrochloride (1 eq.,,17d. mmol), dioxane (1.7 mLsmmYl and
distilled water (6.6 mLemmd). A dropping funnel containing a 1 M aqueous Na@#s also
fitted on the flask. The pH was adjusted to 9. é@ bath was placed under the flask and gwlid
toluenesulfonic chloride (2.2 eq., 2.98 g, 15.6 Mmweas added portionwise over 10 min with
vigorous stirring. The reaction mixture was keptpbt 9 for 6 h by titration with 1 M aqueous
NaOH. Finally morep-toluenesulfonic chloride (0.4 eq., 0.6 g, 3.2 mmweas added. Stirring was
continued with pH monitoring for 3 h and stirred i® h reaching room temperature (pH ~ 6). 1 M
aqueous NaOH was added until all unreacted sulfamiaride in the middle was suspended. The
reaction mixture was filtered. The pH of the fiteavas adjusted to 4 with 1 M aqueous HCI. The
white precipitated obtained was filtered, washethwboled distilled water (30 mL) and dried for
16 h in the oven to give the title compout®# (2.1 g, 5.07 mmol, 71%).
oy (400 MHz, (CDR),SO) 7.59 (4H, dJ 7.96, C(2H, C(2"H), 7.34 (4H, d,J 7.96, C(3'H,
C(3"H), 3.51 (1H, tJ 6.3, C(2H), 2.71-2.87 (2H, m, C(8},), 2.38 (3H, s, C(H3), 2.36 (3H, s,
C(5"Hs); 8¢ (100 MHz, (CR),SO) 171.3 €(1)0O), 143.6 C(4"), 143.5 C(4"), 138.4 C(19),
137.8 C(1"), 130.5 C(2)H), 130.3 C(2")H), 127.4 (br,C(3)H, C(3")H), 55.9 C(2)H), 45.6
(C(3)H), 21.8 (br.C(5)Hs, C(5")Hs).

Spectroscopic data were consistent with those tegan the literaturé*

N-[(Pentafluorobenzoyl)oxy]pent-4-enamide (166)
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Compound90 (196 mg, 1.70 mmol) was subjected to General ieeB to furnish the title
compoundl66 (176 mg, 0.57 mmol, 33%) as a yellowish oil.

Vmax (thin film)/cm* 3184br, 2952br, 1783s, 1680s, 1654s, 1525s, 13@22m, 1329m, 1182m,
1081s, 1003s, 909w, 795%; (400 MHz, CDC}) 9.54 (1H, br s, N), 5.76-5.93 (1H, m, C(#)),
5.02-5.13 (2H, m, C(%),), 2.45 (4H, m, C(d,, C(3H,); 6c (100 MHz, CDC}) 170.7 C(1)0O),
156.1 C(1)0), 146.2 (mC(3)F), 145.5 (mC(3")F), 144.2 (mC(5")F), 142.2 (mC(4")F), 141.9
(m, C(5"F), 138.5 (mC(4")F), 136.0 C(4)H), 116.4 C(5)H,), 32.0 C(2)H,), 28.7 C(3)H,); ¢
(377 MHz, CDC}) *35.0 (m, C(3%), 45 (m, C(5'F), '59.7 (m, C(4%); m/z(ESI) 308 ([M-H],
100%);HRMS (ESI') C;,HgFsNOs requires [M+Na] 332.0317 found 332.0310 (+2.02 ppm).

N-[(2,4,6-trichlorobenzoyl)oxy]hex-5-enamide (167)

Compound90 (247 mg, 1.91 mmol) was subjected to General BiureeB to furnish the title
compoundL67 (352 mg, 1.04 mmol, 61%) as a colourless solid.

M.p. 79-81 °C;vmax (thin ﬁlm)/cm'1 3155br, 2940br, 1792s, 1675s, 1578m, 1550m, 1372@5m,
1096m, 1036s, 822w, 807w;; (400 MHz, CDC}) 9.33 (1H, br s, N), 7.39 (2H, s, C(49), 5.65-
5.87 (1H, ddtJ 17.0, 10.2, 6.8, C(B), 4.94-5.19 (2H, m, C(6},), 2.36 (2H, t,J 7.2, C(2H,),
2.15 (2H, m, C(4},), 1.84 (2H, quint] 7.3, C(3H,); ¢ (100 MHz, CDCJ) 162.6 C(1)0O), 154.8
(C(1H0), 138.2C(2), 137.7 C(5)H), 133.9 C(3"), 128.8 C(5"), 128.6 C(4)H), 116.1 C(6)H,),
33.2 C(2)H,), 32.3 C(4)H,), 23.7 C(3)H,); m/z(ESTI") 336, 338 ([M+H], 100%);HRMS (ESI')
C1aH1.CIsNO; requires [M+Na] 357.9775, 359.9747, 361.9720 found 357.9763, 3329
361.9725 (+3.22 ppm).

N-[(4-Methoxybenzoyl)oxy]hex-5-enamide (168)

Compound90 (850 mg, 6.58 mmol) was subjected to General BiureeB to furnish the title
compoundL68 (100 mg, 0.37 mmol, 6%) as a colourless oil.

Vmax (thin fiIm)/cm‘1 3187br, 2938br, 1763s, 1673 br s, 1607s, 151E35121170s, 1028m, 915w,
846m, 761m, 693wdy (400 MHz, CDC}) 9.83 (1H, br s, N), 7.87-8.12 (2H, m, C(3)), 6.90
(2H, m, C(4'H), 5.60-5.87 (1H, ddt) 17.0, 10.3, 6.7, C(B), 4.83-5.19 (2H, m, C(€},), 3.71-
4.00 (3H, s, C(6H3), 2.25-2.37 (2H, m, C(B}), 2.09 (2H, m, C(4),), 1.70-1.83 (2H, m, C(8});
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dc (100 MHz, CDCY) 177.9 C(1)0), 164.6 C(5)), 164.3 C(1)0), 137.6 C(5)H), 132.2 C(3')H),
118.7 C(2), 115.6 C(6)H,), 114.0 C(4)H), 55.5 C(6)Hs), 32.9 C(4)H,), 32.1 C(2)H,), 23.7
(C(3)H,); m/z (ESI) 327 ([IM+CHCN+NaJ, 100), 549 ([2M+Na], 90), 286 ([M+Na], 60);
HRMS (ESI') C14H1/NO; requires [M+Na]286.1050, found 286.1048 (+0.65 ppm).

4-(Hydroxymethyl)azetidin-2-one (169)

5

HN

20
Compoundl31(201 mg, 0.81 mmol) was subjected to General Proee@ and heated at 50°C for
16 h to give the title compourib9(49.5 mg, 0.49 mmol, 60% with 4 mol % of the cggailused)
as a colourless solid.
64 (400 MHz, CDC}) 6.70 (1H, br s, N), 3.73-3.95 (2H, m, C(5})), 3.54-3.70 (1H, m, C(#),
3.33 (1H, br s, @), 2.92-3.08 (1H, m, C(8),), 2.66-2.83 (1H, m, C(8),); dc (100 MHz, CDC})
169.7 C(2)0), 64.1 C(5)H,), 49.2 C(4)H), 39.5 C(3)Hy).

Spectroscopic data were consistent with those tegan the literaturé®

(4R*)-4-[(R*)-Hydroxy(phenyl)methyllazetidin-2-one (170)
p, OH

7 H3
8 NG
4 2
9 HN e

CompoundL37 (316 mg, 0.98 mmol) was subjected to General RioeeC and heated at 40°C for
48 h to give the title compourkd¥0(92.2 mg, 0.52 mmol, 53% with 4 mol % of the cadalused)
as a colourless solid.

m.p. 110-112 °C;vmax (thin film)/cm™ 3383br, 1729s, 1453w, 1413w, 1193m, 1039w, 1025w,
701m; &y (400 MHz, CROD) 7.26-7.44 (5H, m, C(A, C(8H, C(9H), 4.60 (1H, d,J 6.8,
C(5H), 3.79 (1H, dddJ 6.8, 4.8, 2.4, C(4), 2.74-2.83 (1H, m, C(8),), 2.64-2.70 (1H, m,
C(3)Hy); 8¢ (100 MHz, CROD) 171.0 C(2)0), 142.7 C(6)), 129.6 C(8)H), 129.1 C(9)H), 127.7
(C(7H), 77.1 C(5)H), 54.1 C(4)H), 40.3 C(3)H,); m/z (ESI) 241 ([M+CH3CN+Na], 100%),
377 ([2M+Na], 30), 219 ([M+CHCN+H]", 20); HRMS (ESI) C;;H1;NO, requires [M+Nal]
200.0682, found 200.0684 (-1.25 ppm).

Single Crystal X-ray Diffraction Data fat7Q CyH;NO,, M, = 177.20, monoclinic (P1 21/c 1), a
=12.3541(2) A, b = 5.50880(10) A, ¢ = 13.1359(2)A 90 °C 8 = 100.0534(9) °Cy = 90 °CV

= 880.25(3) A Z = 4,1 = not measured . = 1.337, T = 150(2) K, 9041 reflections collected,
2003 independent [R(int) = 0],;R 0.0755, wR = 0.1150 [I>3sigma(l)].
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(5R*)-5-[(R*)-Hydroxy(phenyl)methyl]pyrrolidin-2-one (171)
OH

Compound137 (340 mg, 1.01 mmol) was subjected to General Riree C to give the title
compoundL71 (151 mg, 0.79 mmol, 78% with 4 mol % of the casalysed) as a colourless solid.
Compound137 (273 mg, 0.81 mmol) was subjected to General Riwree C to give the title
compoundL71(78.3 mg, 0.41 mmol, 51% with 1 mol % of the cgdtilused) as a colourless solid.
o4 (400 MHz, CROD) 7.33.7.43 (4H, m, C(8), C(9H), 7.27-7.33 (1H, m, C(16)), 4.50 (1H, d,

J 6.8, C(6H), 3.87-3.94 (1H, m, C(8)), 2.07-2.31 (2H, m, C(8),), 1.79-2.04 (2H, m, C(4},); éc
(100 MHz, CROD) 181.3 C(2)0), 142.3 C(7)), 129.4 C(9)H), 128.9 C(10)H), 127.9 C(8)H),
77.9 C(6)H), 61.9 C(5)H), 31.0 C(3)H.), 23.8 C(4)H,).

Spectroscopic data were consistent with those tegan the literaturé®

Single Crystal X-ray Diffraction Data fdt71 C;;H;3NO,, M, = 191.23, monoclinic (P1 21/n 1), a
= 5.60930(10) A, b = 23.6664(4) A, ¢ = 7.60370(A0x = 90 °Cp = 109.9111(8) °Cy = 90 °C,
V = 949.07(3) Rz= 4,1 = not measured f. = 1.338, T = 150(2) K, 9925 reflections collected,
2135 independent [R(int) = 0.024]; R0.0452, wR = 0.0989 [I>3sigma(l)].

(6R*)-6-[(R*)-Hydroxy(phenyl)methyl]piperidin-2-one (172)
OH

Compound138 (280 mg, 0.80 mmol) was subjected to General Puoee€ to give the title
compoundL72 (130 mg, 0.63 mmol, 79% with 4 mol % of the casalysed) as a colourless solid.
Compound138 (182 mg, 0.52 mmol) was subjected to General Riwree C to give the title
compoundL72(54.4 mg, 0.27 mmol, 51% with 1 mol % of the cadtilused) as a colourless solid.
m.p. 124-126 °C;vma (thin ﬁlm)/cm‘1 3381br, 1597s, 1436w, 1302w, 1329w, 1059w, 70&m;
(400 MHz, CDC}) 7.28-7.41 (5H, m, C(9), C(10H, C(11H), 7.07 (1H, br s, N), 4.51 (1H, br s,
OH), 4.34 (1H, dJ 8.6, C(7H), 3.43 (1H, dtJ 9.5, 4.4, C(&)l), 2.27-2.40 (1H, m, C(8}), 2.14-
2.27 (1H, m, C(Hy), 1.79 (1H, m, C(H,), 1.46-1.62 (1H, m, C(B),), 1.33-1.43 (1H, m,
C(5Hp), 1.18-1.28 (1H, m, C(#)); éc (100 MHz, CDC)) 172.4 C(2)0O), 140.5 C(8)), 128.2
(C(10)H), 128.0 C(11)H), 126.4 C(9)H), 77.6 C(7)H), 58.3 C(6)H), 30.8 C(3)H,), 24.6
(C(5)Hy), 19.3 C(4)H,); m/z (ESI) 638 ([3M+Na], 100%),433 ([2M+Na], 70), 411 ([M+H],
70); HRMS (ESI") Cy,H3sNO, requires [M+Na] 228.0995, found 228.0995 (-0.19 ppm).

Single Crystal X-ray Diffraction Data fat72 C;,H:sNO,, M, = 205.26, monoclinic (P1 21/c 1), a
=6.11250(10) A, b = 15.5663(3) A, ¢ = 11.1621(2nA 90 °Cf = 99.2961(8) °Cy =90 °C )V =
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1048.11(3) R z-= 4,1 = not measured fJ. = 1.301, T = 150(2) K, 14007 reflections collegted
2370 independent [R(int) = 0.024]; R 0.0443, wRR= 0.0924 [I>3sigma(l)].

(5R*)-5-[(S*)-Hydroxy(phenyl)methyl]pyrrolidin-2-one (173)
OH

Compound139 (300 mg, 0.89 mmol) was subjected to General PiweeC to give the title
compoundL73(153 mg, 0.80 mmol, 90% with 4 mol % of the casalysed) as a colourless solid.
Compound139 (367 mg, 1.09 mmol) was subjected to General RiweeC to give the title
compoundL73(90.0 mg, 0.47 mmol, 43% with 1 mol % of the cgdtlused) as a colourless solid.
8y (400 MHz, CDC}) 7.29-7.42 (5H, m, C(8), C(9H, C(10H), 6.38 (1H, br s, N), 4.68 (1H, d,

J 5.1, C(6H), 3.89 (1H, m, C(H), 3.48 (1H, br s, @), 1.95-2.26 (4H, m, C(8), C(4H,); &¢
(100 MHz, CDC}) 181.3 C(2)0), 142.3 C(7)), 129.4 C(9)H), 128.9 C(10)H), 127.9 C(8)H),
77.9 C(6)H), 61.9 C(5)H), 31.0 C(3)H,), 23.8 C(4)H,).

Spectroscopic data were consistent with those tegan the literaturé®

Single Crystal X-ray Diffraction Data fat73 Cy3H13NO,, M, = 191.23, monoclinic (P1 21/c 1), a
=18.0508(4) A, b = 6.27090(10) A, ¢ = 9.1222(2)A5 90 °C 8 = 100.9990(9) °Cy = 90 °CV =
1013.62(4) A Z = 4, = not measured . = 1.253, T = 150(2) K, 16667 reflections collected
2305 independent [R(int) = 0.037]; R0.0581, wR = 0.1061 [I>3sigma(l)].

(6R*)-6-[(S*)-Hydroxy(phenyl)methyl]piperidin-2-one (174)
OH

Compound140 (204 mg, 0.58 mmol) was subjected to General Puoee@€ to give the title
compoundL74(95.1 mg, 0.46 mmol, 80% with 4 mol % of the cgdtlused) as a colourless solid.
Compound140 (141 mg, 0.40 mmol) was subjected to General Puogee@€ to give the title
compoundL74(40.2 mg, 0.20 mmol, 49% with 1 mol % of the cgdtlused) as a colourless solid.
mM.p. 55-56 °C;vmax (thin fiIm)/cm‘1 3305br, 2950br, 1650s, 1451w, 1410w, 1329w, 1068w,
713m;dy (400 MHz, CDC)) 7.28-7.41 (5H, m, C(#), C(10H, C(11H), 6.31 (1H, br s, N), 4.59
(1H, d,J 5.3, C(7H), 3.76 (1H, br s, 8), 3.60 (1H, dtJ 9.5, 4.7, C(&)), 2.21-2.32 (1H, m,
C(3)HJ), 2.05-2.19 (1H, m, C(8B)), 1.72-1.88 (2H, m, C(#, C(5H.), 1.51-1.65 (1H, m,
C(5H,), 1.38-1.51 (1H, m, C(#); 6c (100 MHz, CDCJ) 173.6 C(2)0O), 140.2 C(8)), 128.9
(C(10)H), 128.5 C(11)H), 127.2 C(9)H), 76.1 C(7)H), 58.4 C(6)H), 31.6 C(3)H,), 23.7
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(C(5)H,), 19.6 C(4)H,); m/z (ESI) 638 ([3M+Na], 100%),433 ([2M+NaJ, 70), 411 ([M+H],
60); HRMS (ESI') C;,H:sNO, requires [M+Nal] 228.0995, found 228.0997 (-0.75 ppm).

Single Crystal X-ray Diffraction Data fdk74 C;,HsNO, 0.5(H,0), M, = 214.26, triclinic (P -1), a
= 6.02820(10) A, b = 12.9201(2) A, ¢ = 14.5745(2)0A= 90.8275(6) °Cp = 93.8444(6) °Cy =
100.0136(8) °CV = 1114.93(3) A Z = 4, = not measured Q. = 1.276, T = 150(2) K, 9069
reflections collected, 5054 independent [R(int).622], R = 0.0542, wR = 0.1015 [I>3sigma(l)].

5-(Hydroxymethyl)-5-methylpyrrolidin-2-one (175)

~
(=)

OH

Compound141 (385 mg, 1.40 mmol) was subjected to General RiweeC to give the title
compoundL75(155 mg, 1.20 mmol, 86%) as a colourless solid.

m.p. 82-83 °C;vmax (thin film)/cm™* 3350br, 1674s, 1672s, 1419w, 1388w, 1057m, 633W#A00
MHz, CDCk) 7.43 (1H, br s, M), 4.80 (1H, tJ 6.1, OH), 3.32-3.47 (2H, m, C(6},), 2.26-2.48
(2H, m, C(3H,), 2.04 (1H, dddJ 12.9, 9.9, 6.5, C(#H.), 1.74 (1H, ddd) 12.9, 9.9, 6.5, C(4,),
1.19 (3H, s, C(H3); &c (100 MHz, CDC)) 178.8 C(2)0O), 69.3 C(6)H,), 61.1 C(5)), 31.0
(C(3)Hy), 30.2 C(4)H,), 24.1 C(7)Hs); m/z(ESI) 128 ([M-H], 100%),257 ([2M-HJ,70); HRMS
(EST) CsH1:NO, requires [M+Na] 152.0682, found 152.0678 (+2.88 ppm).

Single Crystal X-ray Diffraction Data fd75 C¢H;;NO,, M, = 177.20, monoclinic (P1 21/c 1), a =
8.6393(2) A, b = 5.20040(10) A, ¢ = 14.3361(4)dls 90 °C,3 = 90.8101(12) °Cy = 90 °C,V =
644.03(3) &, Z = 4,1 = not measured B = 1.332, T = 150(2) K, 7135 reflections collect&d54
independent [R(int) = 0], R= 0.0485, wRR= 0.0869 [I>3sigma(l)].

6-(Hydroxymethyl)-6-methylpiperidin-2-one (176)

Compound142 (143 mg, 0.49 mmol) was subjected to General Riwree C to give the title
compoundL76(54.7 mg, 0.38 mmol, 78% with 4 mol % of the cgdtlused) as a colourless solid.
64 (400 MHz, CDCJ) 7.06 (1H, br s, N), 4.45 (1H, br s, €), 3.42 (2H, s, C(H,), 2.16-2.38
(2H, m, C(3H,), 1.74-1.84 (2H, m, C(B)), 1.63-1.72 (1H, m, C(#,), 1.46-1.55 (1H, m,
C(4)Hy), 1.20 (3H, s, C(3)s); 6c (100 MHz, CDC}) 172.9 C(2)0O), 69.8 C(7)H,), 55.8 C(6)),
30.6 C(3)H,), 29.8 C(5)H,), 24.5 C(8)Hs), 16.7 C(4)H,).

Spectroscopic data were consistent with those tegam the literaturé’’
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(5R*)-5-[(R*)-Hydroxy(phenyl)methyl]-5-methylpyrrolidin-2-one (177)
O
9 g 2 3
10© 57
;
11

Compound143 (182 mg, 0.52 mmol) was subjected to General Riwree C to give the title
compoundL77(80.1 mg, 0.39 mmol, 75% with 4 mol % of the cgglluised) as a colourless oil.
m.p. 159-161 °C;vmax (thin ﬁlm)/cm‘1 3422br, 2520m, 2097w, 1650s, 1453m, 1399m, 104Qm;
(400 MHz, CHOD) 7.38-7.44 (2H, m, C(18)), 7.25-7.36 (3H, m, C(®), C(11H), 4.55 (1H, s,
C(6)H), 2.35 (1H, dddJ 13.1, 9.7, 3.9, C(8),), 2.05-2.16 (1H, m, C(#,), 1.78-1.90 (1H, m,
C(4)Hy), 1.62-1.74 (1H, m, C(8),), 1.02 (1H, s, C(Ha3); éc (100 MHz, CHOD) 180.8 C(2)0),
142.6 C(8)), 129.2 C(9)H), 128.9728.95 C(10)H, C(11)H), 80.2 C(6)H), 65.0 C(5)), 32.3
(C(4)H,), 31.2 C(3)H,), 25.7 C(7)Hs); m/z(ESI) 204 ([M-H], 100%), 409 ([2M-H] 60); HRMS
(ESI) C1H1sNO, requires [M+H] 206.1176, found 206.1176 (-0.06 ppm).
Single Crystal X-ray Diffraction Data fot77: C;oHisNO,, M, = 205.26, trigonal (R -3), a =
22.3219(4) A, b = 22.3219(4) A, ¢ = 12.1112(3) A= 90 °C,p = 90 °C,y = 120 °C,V =
5226.13(19) Az= 18,u = not measured . = 1.174, T = 150(2) K, 2635 reflections collected,
2635 independent [R(int) = 0] ;R 0.0548, wR= 0.1077 [I>3sigma(l)].

3-(Hydroxymethyl)isoindolin-1-one (178)

Compound149 (150 mg, 0.48 mmol) was subjected to General PiweeC to give the title
compoundL78(51 mg, 0.31 mmol, 65% with 4 mol % of the catalysed) as a colourless solid.

m.p. 141-142 °C;vpay (thin film)/cm™ 3299br, 1678s, 1470w, 1069w, 745@; (400 MHz,

CD;OD) 7.77 (1H, dJ 7.6, C(9H), 7.61 (2H, m, C(H, C(8H), 7.46-7.54 (1H, m, C(&}), 4.67

(1H, t,J5.4, C(3H), 3.88 (1H, ddJ 11.2, 5.4, C(4),), 3.68 (1H, ddJ 11.2, 5.4, C(4)); &¢c (100

MHz, CD;OD) 173.7 C(1)0), 147.1 C(5)), 134.0 C(10)), 133.7 C(7)H), 130.0 C(9)H), 124.9
(C(8)H), 124.8 C(6)H), 65.4 C(4)H,), 60.9 C(3)H); m/z (ESI) 327 ([2M+H], 100%), 349
([2M+Na]", 90), 512 ([3M+Na], 70) 164 ([M+H], 50); HRMS (ESI) CyHoNO, requires
[M+Na]" 186.0525, found 186.0525 (+0.25 ppm).
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(4R*, 55*)-4-Hydroxy-4,5-dimethyl-6-azabicyclo[3.2.1]octan-bne (179)

Compound130 (220 mg, 0.70 mmol) was subjected to General Riree C to give the title
compoundl79(94.4 mg, 0.56 mmol, 80% with 4 mol % of the cadtilused) as a colourless solid.
mM.p. 150-151 °Cymax (thin film)/cm'1 3392br, 2941m, 2360m, 1683s, 1195w, 60&wW(400 MHz,
CDs;0OD) 2.28-2.24 (1H, m, C(H), 1.87-1.94 (1H, m, C(8),), 1.82-1.87 (1H, m, C(B),), 1.73-
1.80 (1H, m, C(H},), 1.66-1.73 (1H, mC(8)H,), 1.63-1.66 (1H, m, C(B®),), 1.57-1.63 (1H, m,
C(3)Hy), 1.30 (3H, s, C(H3), 1.27 (3H, s, C(18)3); 6c (100 MHz, CROD) 182.1 C(7)0), 73.9
(C(4)), 66.1 C(5)), 43.8 C(1)H), 43.0 C(8)H,), 37.4 C(3)H,), 25.1 C(2)H,), 24.1 C(9)H3), 19.5
(C(10)Hy); m/z (ESI) 530 ([3M+Na], 100%), 361 ([2M+Nd] 80), 339 ([2M+H], 70), 170
([IM+H]", 20);HRMS (ESI") CgH1sNO, requires [M+Na] 192.0995, found 192.0997 (-1.15 ppm).
Single Crystal X-ray Diffraction Data fdt79 CoH1sNO,, M, = 169.22, monoclinic (C 1 2/c 1), a=
18.3496(3) A, b = 9.3578(2) A, ¢ = 11.8645(2)dd5= 90 °C,p = 120.0222(9) °Cy = 90 °C,V =
1763.94(6) R z= 8,1 = not measured R, = 1.274, T = 150(2) K, 10482 reflections collected
2009 independent [R(int) = 0.029]; R0.0472, wR = 0.0854 [I>3sigma(l)].

(5R*, 6R*)-6-Hydroxy-1-azaspiro[4.5]decan-2-one (180)

OHH
6
8 / 2
"3
9 10 4

Compound151 (370 mg, 1.05 mmol) was subjected to General PiweeC to give the title
compoundl80(142 mg, 0.84 mmol, 80% with 4 mol % of the casalysed) as a white solid.

m.p. 131-133 °C;vpmax (thin film)/cm™ 3242br, 2935s, 2863m, 1680s, 1454m, 1416m, 1391m,
1345m, 1296m, 1256m, 1157w, 1068m, 1000m, 865an7865m, 616m$, (400 MHz, CDC})
7.94 (1H, br s, M), 4.12 (1H, br s, 8), 3.36 (1H, m, C(6)), 2.39-2.51 (1H, m, C(8),), 2.22-
2.34 (1H, m, C(4,), 2.07-2.19 (A1H, m, C(#4)), 1.61-1.79 (4H, m, C(B}, C(7H. C(8H,
C(10H,), 1.35-1.53 (4H, mC(8)Hy, C(9H,, C(10Hy), 1.20-1.33 (1H, m, C(A); é¢c (400 MHz,
CDCls) 179.1 C(2)0), 74.5 C(6)H), 63.5 C(5)), 36.4 C(10)H), 30.8 C(4)H,), 30.5 C(8)H,),
30.4 C(3)Hy), 22.7 C(7T)H,), 21.7 C(9)H,); m/z (ESI) 168 ([M-H], 100); HRMS (ESI)
CgH1sNO, requires [M+Na] 192.0995, found 192.0998 (-1.48 ppm).

Single Crystal X-ray Diffraction Data fol80 CgHisN,O,, M, = 169.22, triclinic (P -1), a =
7.51050(10) A, b = 10.56470(10) A, ¢ = 12.0602(2pA 114.0433(6) °Cp = 90.0214(6) °Cy =
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89.9751(7) °CV = 873.91(2) A Z = 4, = not measured Q. = 1.286, T = 150(2) K, 7233
reflections collected, 3752 independent [R(int)] /R = 0.0928, wRR= 0.2122 [I>3sigma(l)].

5-(Hydroxymethyl)-3-methylpyrrolidin-2-one (181)

Compound146 (325 mg, 1.18 mmol) was subjected to General PiweeC to give the title
compoundl81 (143 mg, 1.11 mmol, 94% with 4 mol % of the casalysed) as a colourless solid.
Compound146 (325 mg, 1.18 mmol) was subjected to General PiweeC to give the title
compoundl81 (141 mg, 1.09 mmol, 92% with 1 mol % of the casalysed) as a colourless solid.
64 (400 MHz, CDC)) 7.59 (1H, br s, N), 7.50 (1H, br s, M), 4.91 (1H, br s, ), 3.56-3.75
(2H, m, C(5H, C(6H.), 3.35 (1H, ddJ 11.4, 7.6, C(&)), 2.40-2.52 (1H, m, C(8)), 2.21-2.32
(1H, m, C(4H,), 1.93-2.02 (1H, m, C(4},), 1.75 (1H, dddJ 13.0, 8.1, 8.0, C(4),), 1.19-1.32
(AH, m, C(4H,), 1.11 (3H,J 7.3, C(7Hs); dc (100 MHz, CDC}) 182.1 C(2)0O), 181.4 C(2'0),

66.2 C(6)H,), 65.9 C(6)H,), 55.2 C(5)H), 54.6 C(5)H), 36.6 C(3)H), 35.9 C(3)H), 31.9
(C(4)Hp), 31.6 C(4)Hy), 16.2 C(7)Hs), 16.8 C(7')Hy).

Spectroscopic data were consistent with those tegdn the literaturé®

(3R, 6R)-6-(Hydroxymethyl)-3-methylpiperidin-2-one (182)

8 2 8 P
3 NH 3 - 'H
4 6 OH " 6 OH

5 7 5 7

Compound147 (133 mg, 0.46 mmol) was subjected to General Riwree C to give the title
compoundL82(54.3 mg, 0.38 mmol, 83% with 4 mol % of the cgdhlluised) as a colourless oil.
[a]3® + 2.1 € = 1.0, dichloromethanep . (thin film)/cm™® 3384br, 2935br, 2873br, 1644s,
1472w, 1416w, 1300w, 1056w, 644%; (400 MHz, CDC)) 6.90 (1H, br s, M), 3.68 (1H,J
10.7, 2.9, C(7H,), 3.50-3.61 (1H, mC(6"H), 3.38-3.47 (1H, m, C(H), 3.26 (1H, br s, ®),
2.22-2.35 (1H, m, C(3Y), 1.93-2.06 (1H, m, C(4},), 1.80-1.90 (1H, m, C(3%,), 1.44-1.58 (1H,
m, C(4'Hy), 1.30-1.44 (1H, m, C(3),), 1.24 (3H, dJ 7.1, C(8'Hs); ¢ (100 MHz, CDC}) 176.2
(C(2H0), 66.3 C(7)H,), 55.4 C(6Y)H), 36.1 C(3)H), 28.6 C(4)H,), 24.5 C(5)H,), 16.9
(C(8"YHs); m/z (ESI) 309 ([2M+Na], 100%), 207 ([M+CHCN+NaJ, 40), 144 ([M+H], 15);
HRMS (ESTI') C;H13NO, requires [M+Na] 166.0838, found 166.0838 (+0.57 ppm).
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(3R*,6S*)-6-(Hydroxymethyl)-3-phenylpiperidin-2-one (183

4.5:1

Compound183 (299 mg, 0.85 mmol) was subjected to General Riwree C to give the title
compoundL48(115 mg, 0.56 mmol, 66% with 4 mol % of the casalysed) as a beige solid.
m.p. 118-120 °C;vyax (thin ﬁlm)/cm'1 3284br s, 2942br m, 1648br s, 1494w, 1138w, 1052w,
753w, 700m;dy (400 MHz, CDC}) 7.54 (1H, s, M), 7.45 (1H, s, W), 7.29-7.40 (4H, m,
C(10H, C(10"H), 7.16-7.29 (6H, m, C(8), C(11H, C(9'H, C(11'H), 4.56 (2H, br s, €&, OH),
3.72 (1H, tJ 5.1, C(3'H), 3.42-3.58 (5H, m, C(8), C(6H, C(7Ha., C(6'"H, C(7'H,), 3.32 (1H, m,
C(7"Hy), 3.16-3.29 (1H, m, C(Ay), 2.03-2.25 (2H, m, C(#, C(4'H,), 1.71-1.97 (2H, m, C(8).,
C(4)Hp, C(3)H,), 1.54-1.65 (1H, m, C(3},), 1.35-1.53 (1H, m, C(8},) ; 6c (100 MHz, CDC))
173.9 C(1)0), 173.6 C(1)0), 141.0C(8)), 140.8 C(8"), 128.44 C(9)H), 128.40 C(9)H), 128.3
(C(10)H), 128.1 C(10YH), 126.7 C(11)H), 126.6 C(11)H), 65.7 C(7)H,), 65.6 C(7)H,), 55.1
(C(6)H), 54.6 C(6"H), 48.5 C(3)H), 46.8 C(3")H), 29.7 C(5)H,), 27.9 C(5)H.), 24.1 C(4)H,);
20.1 C(4) Hy); m/z (ESI) 204 ([M-H], 100%); HRMS (ESI) C,H2sNO; requires [M-H]
204.1025, found 204.1023 (+0.86 ppm).

5-(Hydroxymethyl)-4-methylpyrrolidin-2-one (184)

1:2
Compound144 (319 mg, 1.16 mmol) was subjected to General PiweeC to give the title
compoundl84 (132 mg, 1.02 mmol, 88% with 4 mol % of the caslysed) as a colourless olil.
Compound144 (300 mg, 1.09 mmol) was subjected to General PiweeC to give the title
compoundl84 (117 mg, 0.90 mmol, 83% with 1% of the catalystd)sas a colourless oil.
Vmax (thin film)/cm™ 3321br, 2965m, 2933m, 1670br, 1426m, 1314m, 1278183m, 668brpy
(400 MHz, CDC}) 7.50 (1H, br s, N), 7.47 (1H, br s, M), 4.98 (2H, br s, €, OH), 3.56-3.68
(3H, m, C(6'H,, C(6)Ha), 3.50-3.58 (1H, m, C(99), 3.40 (1H, ddJ 11.5, 6.9,C(6)Hy), 3.28 (1H,
td,J6.2, 3.0, C(5}), 2.52-2.64 (1H, m, C(4)), 2.47 (1H, ddJ 16.9, 8.6, C(3,), 2.34 (1H, ddJ
16.7, 8.7, C(3hly), 2.07-2.18 (1H, m, C(#), 2.03 (1H, ddJ 16.7, 8.7, C(3H), 1.93 (1H, m,
C(3)Hy), 1.07 (1H, dJ 6.8, C(7H3), 1.02 (1H, dJ 7.1, C(7'Hs); ¢ (100 MHz, CDC}) 179.2
(C(2)0), 178.5C(2)0), 64.6 C(6")H,), 64.0 C(6)H.), 62.4 C(5")H), 59.1 C(5)H), 38.9 C(3)H,),
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38.6 C(3)Hy), 31.5 C(4)H), 31.1 C(4)H), 19.3 C(7)H3), 14.5 C(7)H3); m/z (ESI) 281
([2M+Na]", 100%), 193 ([M+CHCN+Na]J, 70), 130 ([M+H], 65), 171 ([M+CHCN+H]", 60);
HRMS (ESI') C¢H1:NO, requires [M+Na] 152.0682, found 152.0680 (+1.41 ppm).

6-(Hydroxymethyl)-5-methylpiperidin-2-one (185)

Compound145 (367 mg, 1.27 mmol) was subjected to General Riree C to give the title
compoundl85 (157 mg, 1.10 mmol, 87% with 4 mol % of the casalysed) as a yellow oil.

Vmax (thin fiIm)/cm‘1 3387br, 2963m, 2935m, 1635br, 1478m, 1411m, 136IBA0w, 1232w,
1086w, 1060m, 1034wgy (400 MHz, CDC}) 7.31 (1H, br s, M), 7.27 (1H, br s, N), 4.83 (2H,
br s, 4, OH), 3.71 (1H, ddJ 11.2, 2.7, C(Ml,), 3.52-3.61 (1H, m, C(H),), 3.40-3.48 (2H, m,
C(6")H, C(7"Hy), 3.35 (1H, ddJ 11.2, 2.7, C(MHly), 2.97-3.04 (1H, m, C(€)), 2.14-2.34 (3H, m,
C(5H, C(3H,), 1.95-2.05 (1H, m, C(3%), 1.59-1.76 (4H, m, C(3%,, C(4'H,), 1.38-1.56 (2H, m,
C(4)H,), 0.95 (1H, dJ 6.3, C(8Hs), 1.07 (1H, dJ 7.1, C(8'Hs); &c (100 MHz, CDC}) 172.8
(C(2)0), 172.5C(2"Y0), 63.5 C(7)H,), 62.7 C(7")H,), 60.3 C(6)H), 57.1 C(6"H), 30.2 C(3)H,),
28.9 C(5)H), 28.1 C(4)H,), 27.9 C(3)H,), 27.6 C(5)H), 26.0 C(4)H.), 17.5 C(8)Hs), 13.0
(C(8"YHs); m/z (ESI) 309 ([2M+Na], 100%), 452 ([3M+Nd] 75), 287 ([2M+H], 70), 207
(IM+CH3CN+NaJ, 30), 144 ([M+HJ, 30), 185 ([M+CHCN+H]", 20); HRMS (ESI') C;H;aNO,
requires [M+Na] 166.0838, found 166.0834 (+2.61 ppm).

2-Methyl-3-(2,4,6-trimethylbenzoyloxycarbamoyl)hexs-en-3-yl acetate(186)

Compound190 (350 mg, 1.75 mmol) was subjected to General PRoeeA & B to furnish the
title compoundL86 (430 mg, 1.19 mmol, 68%) as a colourless oil.

Vmax (thin ﬁlm)/cm‘1 3279br w, 2879br w, 1780m, 1744m, 1684m, 1643mY, 706 1457br m,
1373m, 1226br s, 1141m, 1076m, 1037m, 851w, 7@G3wWA00 MHz, CDCJ) 9.66 (1H, s, M),
6.65-7.00 (2H, s, C(4Y), 5.68-5.84 (1H, m, C(#), 5.10-5.21 (2H, m, C(8},), 3.20 (1H, dd)
14.4, 7.3, C(H,), 3.09 (1H, ddJ 14.4, 7.3, C(Hl,), 2.74-2.88 (1H, m, C(})), 2.41 (6H, s,
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C(6"Hs), 2.31 (3H, s, C(M5), 2.16 (3H, s, C(285), 1.11 (3H, dJ 6.8, C(7H5), 1.08 (3H, dJ
6.8, C(8Hs); 6c (100 MHz, CDC)) 168.5 C(1)0), 167.74 C(1")0O), 167.72 ¢(1)O), 140.9
(C(5), 136.8 €(3"), 131.9 C(4)H), 128.6 C(4)H), 126.4 C(2), 119.4 C(5)H,), 91.7 C(2)),
37.4 C(3)Hy), 33.4 C(6)H), 22.1 C(2")Hs), 21.2 C(7")Hs) 20.0 C(69H3), 17.5 C(7)Hs) 17.3
(C(8)Hs); m/z (ESI) 360 ([M-HJ, 100%);HRMS (ESI') C,oH,/NOs requires [M+Na] 384.1781,
found 384.1780 (+2.0 ppm).

5-(Hydroxymethyl)-3-isopropyl-2-oxopyrrolidin-3-yl acetate(187)

Compound186 (50 mg, 0.14 mmol) was subjected to General Pureed to give the title
compoundl87 (22 mg, 0.10 mmol, 71% with 4 mol % of the catalysed) as a colourless oil.
Vmax (thin film)/cm™ 3291br m, 2934br w, 1739s, 1682s, 1561m, 1457Hr3®4m, 1259m, 1113w,
1065m, 1035m, 858w, 721ndy; (400 MHz, CDC{) 7.00 (1H, br s, N), 6.84 (1H, br s, M),
4.01-4.11 (1H, m, C(%)), 3.56-3.77 (4H, m, C(6},, C(5'"H,_.C(6"H>), 3.45 (1H, m, C(&)), 2.85
(1H, br s, ®), 2.12-2.34 (2H, m, C(#. C(4'HJ), 2.09 (8H, m, C(H, C(7)H, C(11H;,
C(11"Hs), 1.94 (2H, m, C(4),, C(4Hy), 1.06 (3H, dJ 6.6, C(8'Hs), 1.01 (3H, d,J 6.7, C(8Ha),
0.96 (3H, d,J 6.6, C(9'H5),0.89 (3H, d,J 6.7, C(9Hs); oc (100 MHz, CDC{) 175.1 C(2)0O),
174.8 C(2")0), 170.9 C(10)0O), 170.7 €(10Y0), 85.49 C(3")), 85.44 C(3)), 65.2 C(6)H,), 64.9
(C(6YH,), 53.3 C(5)H), 52.9 C(5"YH), 33.9 C(7)H), 33.4 C(7)H), 28.9 (br sC(4)H,, C(4)H,),
21.3 C(11Y)Hs), 21.1 C(11)Hy), 16.9 C(8)Hs), 16.10 C(8)Hs), 16.07 C(9)Hs), 16.0 C(9)Hy);
m/z (ESI) 214 ([M-H], 100%); HRMS (ESI) CyH:;NO, requires [M+Na] 238.1050, found
238.1055 (-2.3 ppm).

Single Crystal X-ray Diffraction Data fot87 C;gHi/N;O, M, = 215.21, triclinic (P -1), a =
6.0621(2) A, b = 7.9355(3) A, ¢ = 12.1691(6) A= 88.8233(16) °Cp = 81.5421(17) °Cy =
69.842(2) °CV = 543.28(4) A Z = 2,u = not measured R, = 1.316, T = 150(2) K, 8688
reflections collected, 2473 independent [R(int)] AR = 0.0662, wR = 0.0783 [I>3sigmay(l)].

3-Methyl-2-oxobutanoic acid
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To L-valine (1.0 eq., 10 g, 85 mmol) under argon awvas added trifluoroacetic anhydride (16
mL). After completion of the addition, the reactionxture was heated at 80 °C and stirred for 30
min. The reaction mixture was then heated at 13@3€ stirred for another 30 min. The reaction
mixture was then cooled down, vacuumed down tonarfi. and the residue diluted with diethyl
ether (50 mL). The organic phase was washed whbbaaqueous NaHCsolution (3 x 5 mL),
dried over NgSQ,, filtered and the solvent was removed under rediygpcessure to afford a yellow
oil. Purification by distillation (40 mbar, 80-9CY gave the oxazolone as a colourless oil (19.2 g)
that was stirred with a 2.2 M aqueous sodium hyidiesolution (50 mL) for 12 h at rt. The
resulting reaction mixture was acidified with a 3 adueous HCI solution and extracted with
diethyl ether (3 x 30 mL). The organic phase wasddover NaSQ,, filtered and the solvent was
removed under reduced pressure to give the tithepooind (8.7 g, 75 mmol, 88%) as colourless
oil.

d4 (400 MHz, CDC})) 10.87 (1H, br. s, 8), 3.35 (1H, dtJ 13.9, 6.9, C(3)), 1.16 (6H, dJ 6.9,
C(4)H,); ¢ (100 MHz, CDC}) 198.1 C(2)0), 169.0C(1)0), 32.6 C(3)H), 17.3 C(4)Hs>).

Spectroscopic data were consistent with those tegan the literaturé®

2-Hydroxy-2-isopropylpent-4-enoic acid(189)

To a solution of 3-methyl-2-oxobutanoic acid (1f,e.5 g, 21.8 mmol) in tetrahydrofuran (31
mL) and water (15 mL) under argon at rt was additl leromide (1.5 eq., 2.8 mL, 21.8 mmol).
After completion of the addition, the reaction ribg¢ was heated at 30 °C and stirred for 36 h. The
reaction mixture was acidified with a 3 M aqueous! Holution and extracted with diethyl ether (3
x 50 mL). The organic phase was dried oves3@, filtered and the solvent was removed under
reduced pressure to afford a yellow oil. Purifioatiby chromatography on silica eluting with
petrol:diethyl ether (80:20 + drops of acetic acgdve 189 (2.29 g, 14.4 mmol, 66%) as a
colourless oil that crashed out overnight.

84 (400 MHz, CDCY}) 5.69-5.85 (1H, m, C(4), 5.03-5.20 (2H, m, C(5}), 2.54 (1H, dd,J 13.7,
6.3, C(3H.), 2.43 (1H, ddJ 13.7, 6.3, C(¥p), 2.04 (1H, spt) 6.8, C(6H), 0.98 (3H, dJ 6.9,
C(7)Hs), 0.91 (3H, dJ 6.9, C(8H5); dc (100 MHz, CDC}) 180.6 C(1)0O), 132.2 C(4)H), 119.3
(C(5)H.), 80.2 C(2)), 41.2 C(3)Hy), 34.9 C(6)H), 17.3 C(7)H3), 15.8 C(8)Hs).

Spectroscopic data were consistent with those tegan the literaturé®

Single Crystal X-ray Diffraction Data fat89 CgH1405;, M, = 158.20, orthorhombic (P b c a), a =
14.2514(3) A, b = 11.4679(2) A, ¢ = 22.8055(6) A= 90 °C,p = 90 °C,y = 90 °C,V =
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3727.19(14) A Z = 16, = not measured . = 1.128, T = 150(2) K, 28736 reflections collected
2288 independent [R(int) = 0.033]; R 0.0564, wRR= 0.1137 [I>3sigma(l)].

2-Acetoxy-2-isopropylpent-4-enoic aci190)

To a solution 0fl89(1.0 eq., 471 mg, 3.0 mmol) in dichloromethanerf2Q under argon at rt was
added dropwise acetyl chloride (3.0 eqg., 0.64 mQ,r@mol). After completion of the addition, the
reaction mixture was stirred vigorously at rt f@& L. The reaction mixture was acidified with a 1 N
aqueous HCI solution and stirred for 10 min. Thganic layer was separated, dried oves3\@,
filtered and the solvent was removed under redpecesisure to givé90 (452 mg, 2.3 mmol, 75%)
as a colourless oil.

Vmax (thin film)/cm™ 3259br s, 2912br w, 1732s, 1716s, 1378m, 1265W91 1061m, 787m,
710m; &y (400 MHz, CDC)) 10.24 (1H, br s, 8), 5.64-5.82 (1H, m, C(#)), 5.01-5.18 (2H, m,
C(5H,), 3.12 (1H, ddJ 15.3, 7.3, C(3),), 2.78 (1H, ddJ 15.3, 7.3, C(3),), 2.25 (1H, spt) 6.9,
C(6)H), 2.08 (3H, s, C(2)3), 1.03 (3H, dJ 6.8, C(7Hs), 0.99 (3H, dJ 6.8, C(8Ha); 6c (100
MHz, CDCk) 176.1 C(1)0), 170.0 C(1)O), 132.0 C(4)H), 119.0 C(5)H,), 84.7 C(2)), 35.3
(C(3)H,), 32.9 C(6)H), 21.0 C(2"YHs), 16.9 C(7)Hs); 16.8 C(8)H3); m/z (ESI) 199 ([M-HT,
100%);HRMS (ESI) CioH160,4 requires [M-H] 199.0970, found 199.0971 (+0.74 ppm).

(5R*)-5-[(2R*)-5-Oxotetrahydrofuran-2-yl]pyrrolidin-2-one (191)

o J 05,0
)

4 3
Compoundl95 (116 mg, 0.32 mmol) was subjected to General RireeC. Before the addition of
NaOs, 70.0 L of TFA was added and the reaction mixtuas stirred for 5h. After TLC indicated
that the reaction had ceased, anhydrousS®a(ca. 80 mg/mg of osmium catalyst) was added and
the reaction was stirred for another 30 min. Treetien mixture was concentrated onto silica
vacuoand purified by flash column chromatography (dh&mmol scale, 5 g of Sielution with
50-60 mL of Ethyl acetate/Acetic acid 9.8:0.2 folkd by 80 mL of Ethyl acetate/Methanol
9.5:0.5) to give the title compouri®l1 (47.6 mg, 0.28 mmol, 88% with 4 mol % of the cgdal

used) as a colourless solid.
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Compound195 (303 mg, 0.84 mmol) was subjected to the sameepge above to give the title
compoundl91 (122 mg, 0.72 mmol, 86% with 1 mol % of the casalysed) as a colourless solid.
F NMR indicated no trace of TFA salt.

mM.p. 130-133 °Cymax (thin film)/cm™ 3369br, 2955m, 1766s, 1678s, 1133m, 1033m, 8428m8
d4 (400 MHz, CDC}) 4.48 (1H, gJ 7.2, C(2'H), 3.69-3.87 (1H, m, C(H)), 2.50-2.66 (2H, m,
C(4'H,), 2.16-2.49 (4H, m, C(8), C(3'H,), 1.80-2.10 (2H, m, C(#}); ¢ (100 MHz, CROD)
181.7 C(5)0), 179.8 €(2)0), 85.1 C(2)H), 59.5 C(5)H), 31.1 C(3)H.), 29.4 C(4)H,), 25.3
(C(3YHy), 24.2 C(HH,); miz (ESI) 361 ([2M+Na], 100%), 339 ([2M+H], 45), 233
([M+CH:CN+NaJ, 45), 211 ([M+CHCN+H]", 25), 192 ([M+Nal], 15), 170 ([M+H], 5); HRMS
(ESI") CgH1:NO; requires [M+Na] 192.0631, found 192.0630 (+0.71 ppm).

Ethyl pent-4-enoate (192)

To a solution of pent-4-enoic acid (1 eq., 10 ¢) b@mnol) in dichloromethane (50 mLemni)l
under argon at 0 °C was added 3 drops of DMF fatbvby the dropwise addition of oxalyl
chloride (2 eq., 17 mL, 200 mmol). After 1 h, tleaction mixture was concentratedvacuoand
the residue redissolved in diethyl ether (50 mLeithoEthanol (2 eq., 20 mL, 200 mmol) was
then added dropwise and the reaction mixture dtifoe 2 h (no more starting material by TLC).
The reaction mixture was concentratedsacuo(caution, b.p. of the product is 140 °C a§Pto
give the title compound92(12.1 g, 94 mmol, 94%) as a yellowish oil.

o4 (400 MHz, CDCY) 5.66-5.79 (1H, m, C(4)), 4.87-5.00 (2H, m, C(8),), 4.04 (2H, qJ 7.1,
C(1"H,), 2.24-2.34 (4H, m, C(®,, C(3H,), 1.29 (3H, tJ 7.1, C(2'Hs); 6c (100 MHz, CDC}))
172.3 C(1)0O), 136.1 C(4)H), 114.8 C(5)H,), 59.7 C(1YH,), 32.9 C(3)H,), 28.3 C(2)H,), 13.3
(C(2)H,).

Spectroscopic data were consistent with those tegan the literaturé®

(4E)-8-Ethoxy-8-oxooct-4-enoic acid (193)

To pent-4-enoic (1 eq., 0.36 mL, 3.5 mmol) was dddthyl pent-4-enoate (10.0 eq., 4.5 g, 35
mmol), Grubbs %' generation (0.05 eq., 150 mg, 0.15 mmol) and dicimhethane (2.9 mLemmol
1. Argon was bubbled through the reaction for 2@.rihe reaction mixture was reflux for 16 h
until TLC showed total consumption of the acid. Thaction mixture was then filtered through a

pad of celite and was concentraiadvacuo Purification by flash column chromatography (§iO
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eluting with gradient petrol 40-60/ethyl acetat® fio 8:2) furnished the title compoundd3 (360
mg, 1.8 mmol, 51%) as a colourless oil (ratio E/Z)6

Vmax (thin film)/cm™* 3210br, 1651s, 1447s, 1077m, 1007m, 981m, 889400 MHz, CDC}))

11.01 (1H, br s, 8), 5.44 (2H, br s, C(4, C(5H), 4.08 (2H, qJ 7.2, C(1'H,), 2.22-2.40 (8H, m,
C(2H,, C(3H2, C(6H, C(7H,), 1.21 (3H, t,J 7.2, C(2'Hs); ¢ (100 MHz, CDC)) 179.2
(C(1)0), 173.3 C(8)0), 129.6 C(4)H), 129.0 C(5)H), 60.4 C(1)H,), 34.1 C(3)H,), 33.9
(C(6)Hy), 27.8 C(7)Hy), 27.4 C(2)H,), 14.2 C(2)Hs); m/z(ESI) 199 ([M-H], 100%),399 ([2M-

H]", 90);HRMS (ESI") CyoH1¢0, requires [M+Na] 223.0941, found 223.0940 (+0.45 ppm).

Ethyl (4E)-8-(hydroxyamino)-8-oxooct-4-enoate (194)

Compoundl93 (ratio E/Z 6:1) (240 mg, 1.2 mmol) was subjecte@Gtneral Procedure,Ao give

the title compound 94 (201 mg, 0.93 mmol, 78%) as a colourless oil ¢r&tiz 7:1).

Vmax (thin film)/cm™ 3197br, 2919br, 1732br, 1651br, 1447m, 1374m, t261183m, 1096m,
1058m, 1036m, 973m, 858w, (400 MHz, (CR),CO) 10.31 (1H, br s, N), 9.09 (1H, br sPH),

5.45-5.49 (2H, br s, C(#), C(5H), 4.07 (2H, qJ 7.1, C(1'H,), 2.13-2.36 (8H, m, C(B),, C(3H,

C(6)H,, C(7H,), 1.20 (3H, t,J 7.1, C(2'Hs); dc (100 MHz, CRQ),CO) 173.2 C(8)0), 170.9
(C(1)0), 130.3 C(4)H), 130.2 C(5)H), 60.6 C(1YH.), 34.5 C(3)H,), 33.2 C(6)Hy), 29.1

(C(7)Hy), 28.5 C(2)H,), 14.6 C(2')Hs); m/z (ESI) 453 ([2M+Na], 100%),238 ([M+Na], 70),

279 ([M+Na+CHCN]", 50); HRMS (ESI) C;gH:;NO, requires [M+Na] 238.1050, found
238.1048 (+0.68 ppm).

Ethyl (4E)-8-{[(mesitylcarbonyl)oxy]amino}-8-oxooct-4-enoatg195)

Compound194 (469 mg, 2.18 mmol) was subjected to General FireeB to give the title
compoundl95 (559 mg, 1.55 mmol, 92%) as a colourless oil.

Vmax (thin film)/cm™ 3212br, 2980br, 2858br, 1775s, 1733s, 1612w, 144@Mw, 1234s, 1158s,
1046m, 852w, 732wWdy (400 MHz, CDCJ) 9.71 (1H, br s, N), 6.86 (2H, sC(4"H), 5.51 (2H, br
s, C(4H, C(5H), 4.11 (2H, 9, 7.1, C(1'H,), 2.16-2.52 (17H, m, C(B), C(3H,, C(6H,, C(7H.,
C(6"Hs, C(7"Hs), 1.23 (3H, t,J 7.1, C(2'Ha); dc (100 MHz, CDCY) 173.0 £(8)O), 170.4
(C(1M0), 167.5 €(1)O), 140.2 C(5"), 136.1 C(3"), 129.6 C(4)H), 128.8 C(5)H), 128.1
(C(4MH), 126.3 €C(2"), 60.0 C(1)H,), 33.6 C(6)H,), 32.5 C(7)Hy), 27.4 C(2)Hy), 27.3
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(C(3)Hy), 20.7 C(7")Hs), 19.4 C(6")Hs), 13.8 C(2')Hs); m/z (ESI) 721 ([2M-H], 100%), 360
(IM-H]", 60); HRMS (ESI) C,0H2/NOs requires [M+Na] 384.1781, found 384.1775 (+1.75 ppm).

Ethyl (4R*)-4-hydroxy-4-[(2S*)-5-oxopyrrolidin-2-yl]butanoate (196)
OH

O 3 4
Compoundl95 (ratio E/Z 8:1) (265 mg, 0.74 mmol) was subjece@eneral Procedure C to give
the title compoundl96 (144 mg, 0.66 mmol, 90% with 4 mol % of the casalysed) as a
colourless ail (syn:anti 8:1).
Vmax (thin fiIm)/cm‘1 3369br, 2982w, 2935w, 1728s, 1681s, 1421w, 1371&69m, 1180m, 1080w,
1028w;6y (200 MHz, CDCY)) 6.95 (1H, br s, M), 4.14 (2H, gqJ 7.1,C(1"H,), 3.49-3.62 (1H, m,
C(2"H), 3.34-3.47 (1H, m, C(#4), 2.51 (2H, tJ 7.0, C(2H,), 2.37 (2H, tJ 7.9, C(4'H,), 2.01-
2.29 (1H, m, C(3Hly), 1.74-1.94 (2H, m, C(F, C(3H.), 1.52-1.74 (1H, m, C(8},), 1.26 (3H, t,
J 7.2, C(2"Hs); 8¢ (50 MHz, CDCY}) 179.8 C(1)O), 174.4 C(5")0), 74.8 C(4)H), 61.0 C(1")Hy),
60.5 C(2)H), 31.0 C(4)H,), 30.8 C(2)H,), 28.6 C(3)H,), 24.1 C(3)H,), 14.7 C(2")Hs); m/z
(ESI) 668 ([SM+NaJ, 100%),431 ([2M+H]', 80), 453 ([2M+Na], 70), 216 ([M+H], 40), 883
([4M+Na]’, 30), 279 ([M+CHCN+NaJ, 30), 238 ([M+Na], 25); HRMS (ESI) Ci;H;:NO,
requires [M+Na] 238.1050, found 238.1050 (-0.20 ppm).

5-(5-Oxotetrahydrofuran-2-yl)pyrrolidin-2-one (191)

H
63 5' 6
3 ’ . .
A 5 8 3 f > 8
5:1

To compoundl96 (ratio E/Z 8:1) (70 mg, 0.33 mmol) trbutanol (0.9 mL), acetonitrile (0.9 mL)
and water (0.7 mL) was added 3 drops of TFA. Tlaztien mixture was stirred for 10 h. The
reaction mixture was concentratedvacuoto give the title compoundl91 (56 mg, 100%) as a
colourless solid (anti:syn 5:1%F indicated no trace of TFA salt.

m.p. 130%33 °C; vpax (thin film)/cm™ 3253w, 2939w, 1772s, 1687s, 1269w, 1189m, 1147w,
1040w, 984wy (400 MHz, CDCY) 7.63 (1H, br s, M), 7.41 (1H, br s, N), 4.40-4.45 (1H, m,
C(6"H), 4.36-4.43 (1H, m, C(6}), 3.83-3.90 (1H, m, C(3)), 3.70-3.77 (1H, m, C(H}), 2.49-
2.65 (4H, m, C(&i,, C(8'H,), 2.19-2.47 (8H, m, C(8), C(3'H,, C(7H., C(7'"Ha C(4H.
C(4)Hy), 1.92-2.04 (2H, m, C(Ay, C(7'Hy), 1.82-1.92 (2H, m, C(#),, C(4'Hy); 6c (100 MHz,
CDCl3) 179.2 C(9)0,C(9)0), 176.75C(2)0), 176.73 C(2)0), 82.8 C(6)H), 81.7 C(6)H), 57.8
(C(5)H), 56.8 C(59H), 29.9 C(3)H,), 29.8 C(3)H,), 28.6 C(8")H,), 28.4 C(8)H,), 24.3 C(7)H,),
23.8 C(7")H,), 23.0 C(4)Hy), 22.7 C(4')H,); m/z (ESI') 361 ([2M+Na], 100%),339 ([2M+HT',
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85), 530 ([3M+Nal], 65), 233 ([M+CHCN+NaJ, 63) 211 ([M+CHCN+H]*, 50), 192 ([M+Na],
45), 170 ([M+HT, 30); HRMS (ESI') CgH1;NO; requires [M+Na] 192.0631, found 192.0631 (-
0.16 ppm).

(E)-di-tert-Butyl oct-4-enedioate (198)

) 4 2 o
>LO)K/\/\3/\['(O\1"<
o
To freshly distilled diisopropylamine (2.7 eq., 3nk, 25 mmol) in tetrahydrofuran (10 mL) at -78
°C was addea-butyllithium (2.7 eq., 15.5 mL, 25 mmol) dropwik® 40 min.tert-Butyl acetate
(2.5 eq., 3.6 mL, 24 mmol) in tetrahydrofuran (1Q)mvas then added over 20 min and the
reaction mixture left to stir for another hour. The reaction at -78 °C was added 1,4-
dibromobutenel 97 (1.0 eq., 9.3 mL, 9.6 mmol) in tetrahydrofuran (8Q) over 30 min and the
reaction mixture was allowed to warm to room terapgre and stirred for 10 h. A mixture of brine
(30 mL) and water (30 mL) was carefully added dreresulting mixture was extracted with ethyl
acetate (3 x 80 mL). The organic phase was driezt 8igS0O,, filtered and the solvent was
removed under reduced pressure to give a yellawPaiification by flash column chromatography
(Si0O,, eluting with gradient petrol 40-60/ethyl acetate to 9:1) furnished the title compouth€é8
(2.2 g, 7.7 mmol, 80%) as a colourless oil.
8y (400 MHz, CDC}) 5.42 (2H, br s, C(4), 2.23 (8H, s, C(H,, C(3H,), 1.41 (18H, s, C(2}5);
8¢ (100 MHz, CDC)) 172.4 C(1)0), 129.3 C(4)H), 80.0 (1Y), 35.3 C(3)H.), 28.0 C(2)Hy),
27.9 C(2)Hy).

Spectroscopic data were consistent with those tegan the literaturé®

(E)-Oct-4-enedioic acid (199)
¢}

HO

To compoundl198 (1.0 eq., 2.1 g, 7.5 mmol) in dichloromethane (80) at 0 °C was added
carefully trifluoroacetic acid (20 mL) and the réan mixture was stirred ar rt until TLC showed
total consumption of the acid (typically 1 h). Theaction mixture was then washed with 0.1 M
aqueous HCI (50 mL) and the organic phase was dred NaSQ, filtered and was concentrated
in vacuoto furnish the title compount®9(1.2 g, 6.9 mmol, 92%) as a white solid.

64 (400 MHz, CROD) 5.52 (2H, br s, C(4)), 2.32 (4H, m, C(d),), 2.28 (4H, m, C(F),); ¢
(200 MHz, CQOD) 177.1 C(1)0O), 130.8 C(4)H), 35.0 C(3)H,), 29.0 C(2)H,).

Spectroscopic data were consistent with those tegan the literaturé®
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(2E)-1,3-Diphenylprop-2-en'-yl acetate (201)

To 1,3 diphenyl allyl alcohol (1.0 eq., 5.0 g, 28&wol) dissolved in dichloromethane was added
triethylamine under argon. The reaction mixture wasled to 0 °C and acetic anhydride (3.0 eq,
4.5 mL, 71.1 mmol) was added dropwise. The reactitxture was allowed to stir for 36 h at room
temperature. The organic layer was washed withra@d agueous NaHGGolution (50 mL),
water (50 mL) and brine (50 mL). It was dried oSOy, filtered and the solvent was removed
under reduced pressure to give an orange oil.iBatiiin by flash column chromatography (SiO
eluting with petrol 40-60/ethyl acetate 9:1) fuhréd the title compoun#é01 (5.0 g, 19.8 mmol,
84%) as a colourless oil.

oy (400 MHz, CDC)) 7.28-7.52 (10H, m, C(#), C(3'H, C(4'H, C(5H, C(6H, C(7H), 6.71
(1H, d,J 15.7, C(3N), 6.53 (1H, d,J 6.9, C(1H), 6.38-6.47 (1H, dd] 15.7, 6.9, C(&)), 2.19 (3H,

s, C(2"Hs); éc (100 MHz, CDC})) 169.9 C(10), 139.2 C(4)), 136.1 C(1")), 132.5 C(3)H)
128.53 C(6)H), 128.48 C(3)H), 128.07 C(7)H), 127.96 C(2)H), 127.4 C(4)H), 126.9 C(5)H),
126.6 C(2")H), 76.0 C(1)H), 21.2 C(2")Hs).

Spectroscopic data were consistent with those tegan the literaturé®

Diethyl [(2E)-1,3-diphenylprop-2-en-1-yljmalonate (202)

1,3-Bis(diphenylphosphino)propane (0.10 eq., 163 , mg0.396 mmol) and
dichloro(bis)triphenylpalladium (0.05 eq., 139 Mgl 98 mmol) were placed in a flask purged with
argon. Compoun@01in THF (4 mLsmmot') was added. The resulting solution was stirre@l 42

for 5 min, and a solution of sodium dimethyl maltenavas added at 0 °C. The solution of sodium
dimethyl malonate was prepared by slow additiordiofiethyl malonate (1.6 eq., 0.73 mL, 6.3
mmol) to a suspension of 60% NaH (0.9 eq., 278 mg, mmol) in mineral oil in THF (4
mLemmol™) at 0 °C. The mixture was kept stirring at roomperature for 20 h, hydrolysed with
100 mL of water and extracted with ether (4 x 80)mhe organic phase was washed with brine
(80 mL), dried over N&Q,, filtered and the solvent removed under reducedqure to give the

title compound202(1.11 g, 3.48 mmol, 88%) as a colourless oil.
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3y (400 MHz, CDCJ) 7.21-7.38 (10H, m, C(2), C(3'H, C(4'H, C(5H, C(6H, C(7H), 6.49-
6.55 (1H, d,J 15.9, C(3M), 6.33-6.42 (1H, ddJ 15.9, 8.6, C(2}), 4.31 (1H, ddJ 10.9, 8.6,
C(1H), 4.20 (2H, q,J 7.1, C(1"H,), 3.94-4.04 (3H, m, C(11), C(1""H.), 1.23 (3H, t,J 7.2,
C(2"Hs), 1.03 (3H, tJ 7.2, C(2"MHs); dc (100 MHz, CDC)) 167.4 C(2")0), 167.0 C(3")0),
139.9 C(4)), 136.4 C(1')), 131.3 C(3)H), 128.9 C(2)H), 128.24 C(6)H), 128.06 C(3)H), 127.6
(C(5)H), 127.1 C(7)H), 126.7 C(4)H), 125.9 C(2)H), 61.2 C(1™)H,), 61.0 C(1")H,), 57.4
(C(1")H), 48.8 C(1)H), 13.7 C(2")Hy), 13.4 C(2™)Hy).

Spectroscopic data were consistent with those tegan the literaturé®

Ethyl-(4E)-3,5-diphenylpent-4-enoate (203)

To a stirred solution 0202 (1.0 eq., 780 mg, 2.43 mmol) and water (0.17 mLefinin DMSO
(12 mLemmol") was added LiCl (2.2 eq., 224 mg, 5.35 mmol). Té&etion mixture was heated at
reflux for 2 h and cooled to room temperature. @déd aqueous Ni€l (67 mL) was added and
the aqueous phase was extracted with ether (3mL§7 The combined organic layers were dried
over NaSQ,, filtered and the solvent was removed under redlywessure. Purification by flash
column chromatography (SiQeluting with petrol 40-60/diethyl ether 85:15)riished the title
compound203 (458 mg, 1.64 mmol, 67%) as a yellow oil.

Vmax (thin film)/cm™® 3027m, 2980m, 2360m, 1733s, 1494m, 1452m, 137@&1rh, 1154br,
1031m, 966m, 746s, 6978;; (400 MHz, CDC})) 7.21-7.41 (10H, m, C(2), C(3'H, C(4'H,
C(7H, C(8H, C(9H), 6.49 (1H, dJ 15.9, C(5H), 6.40 (1H, ddJ 15.9, 7.1, C(4}), 4.05-4.20
(3H, m, C(3H, C(1"H,), 2.80-2.94 (2H, m, C(®y), 1.21 (3H, t,J 7.1, C(2Hs); éc (100 MHz,
CDCl) 172.0 C(1)0), 142.8 C(6)), 137.3 C(1), 132.2 C(5)H), 130.3 C(4)H), 128.9 C(8)H),
128.7 C(3)H), 127.8 C(7)H), 127.6 C(9)H), 127.0 C(4")H), 126.5 C(2")H), 60.7 C(1")H,), 45.4
(C(3)H), 41.0 C(2H,), 145 (C(2")Hs); m/z (ESI) 583 ([2M+Na], 100%), 344
(IM+CHsCN+NaJ', 60), 281 ([M+H], 55); HRMS (ESI") CyoH»0, requires [M+H] 303.1356,
found 303.1357 (-0.41 ppm).

(4E)-3,5-diphenylpent-4-enoic acid (204)
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To compound203 (1.0 eq., 458 mg, 1.64 mmol) dissolved in ethgfat5 mLemmol’) was added
a 2 M aqueous NaOH (5 mLemni)! The reaction mixture was heated at 60 °C amcestiuntil
TLC indicated complete consumption of starting mateThe reaction mixture was extracted with
diethyl ether (3 x 30 mL). The aqueous phase wes #tidified to pH 1 with 3 M aqueous HCI
and extracted with ethyl acetate (3 x 30 mL). Thganic phase was dried over JS&,, filtered
and the solvent was removed under reduced pregsgree the title compoung04 (284 mg, 1.12
mmol, 69%) as a white solid.

m.p. 120-121 °C (lit. 118 °C)py (400 MHz, CDC}) 11.02 (1H, br s, &), 7.20-7.48 (10H, m,
C(2°H, C(3'"H, C(4H, C(7H, C(8H, C(9H), 6.52 (1H, dJ 15.9, C(5M), 6.41 (1H, dd,J 15.9,
7.1, C(4H), 4.10 (1H, gJ 7.3, C(3H), 2.87-3.00 (2H, m, C(®); éc (100 MHz, CDC}) 178.2
(C(1)0), 142.2 C(6)), 136.9 C(1), 131.6 C(4)H), 130.2 C(5)H), 128.7 C(8)H), 128.4 C(3)H),
127.5 C(7)H), 127.4 C(9)H), 126.8 C(4')H), 126.2 C(2")H), 44.5 C(3)H), 40.3 C(2)H,).

Spectroscopic data were consistent with those tegan the literaturé®

(4E)-N-Hydroxy-3,5-diphenylpent-4-enamide (205)

Compound204 (284 mg, 1.13 mmol) was subjected to General BlureeA to give the title
compound205 (267 mg, 1.02 mmol, 89%) as a white solid.

M.p. 45-47 °C;vmax (thin film)/cm* 3223br, 2920br, 1651 br s, 1494m, 1452m, 12576300
1030m, 968m, 746s, 6978; (400 MHz, (CDR),CO) 10.60 (1H, br s, N), 8.91 (1H, br s, 8),
7.04-7.51 (10H, m, C(2), C(3'H, C(4'H, C(7TH, C(8H, C(9H), 6.48-6.57 (2H, m, C(#),
C(5H), 4.12-4.19 (1H, m, C(8)), 2.63-2.81 (2H, m, C(2}); oc (100 MHz, (CR),CO) 169.4
(C(1)0), 143.6 C(6)), 137.9 C(1), 132.9 C(5)H), 130.4 C(4)H), 129.1 C(3)H), 129.0 C(8)H),
128.2 C(2")H), 127.7 C(9)H), 127.1 C(4)H), 126.8 C(7)H), 45.7 C(3)H), 39.3 C(2)H,). m/z
(ESI) 266 ([M-HT, 100%), 533 ([2M-H], 65); HRMS (ESI") C;H;,NO, requires [M+Nal]
290.1151, found 290.1148 (+1.15 ppm).

(4E)-N-[(Mesitylcarbonyl)oxy]-3,5-diphenylpent-4-enamide(206)
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Compound205 (268 mg, 1.00 mmol) was subjected to General FRiwreeB to give the title
compound206 (294 mg, 0.71 mmol, 71%) as a colourless oil.

Vmax (thin film)/cm® 3186br, 3027br, 1774s, 1669s, 1611m, 1494m, 145288s, 1158s, 1048br,
986br, 910w, 851w, 744s, 698%; (400 MHz, CDC}) 9.51 (1H, br s, N), 7.20-7.40 (10H, m,
C(2'H, C(3'"H, C(4'™H, C(7H, C(8H, C(9H), 6.86 (2H, s, C(4H), 6.49 (1H, dJ 15.8, C(5N1),
6.42 (1H, ddJ 15.8, 6.9, C(4}), 4.19 (1H, qJ 6.9, C(3H), 2.74-2.89 (2H, m, C(8},), 2.34 (6H,
s, C(6"Hs), 2.30 (3H, s, C(7H3); éc (100 MHz, CDC}) 168.8 C(1")0O), 167.5 C(1)O), 141.8
(C(6)), 140.4 C(2"), 136.6 C(1"), 136.2 C(3")), 131.0 C(5)H), 130.3 C(4)H), 128.4 C(8)H),
128.2 C(4")H), 128.0 C(3")H), 127.2 C(7)H), 127.0 C(9)H), 126.6 C(4")H), 126.1 C(2")), 125.9
(C(2)H), 44.3 C(3)H), 39.2 C(2)H,), 20.8 C(7")Hs), 19.5 C(6")Hs); m/z (ESI) 825 ([2M-H],
100%),412 ([M-HJ, 98); HRMS (ESI') C,;H/NO; requires [M+Na] 436.1883, found 436.1884
(-0.25 ppm).

(4R*, 55%)-5-[(S*)-Hydroxy(phenyl)methyl]-4-phenylpyrrolidin-2-one (207)
0.2

Compound206 (269 mg, 0.65 mmol) was subjected to General Riwree C to give the title
compound207 (123 mg, 0.46 mmol, 71% with 4 mol % of the casalysed) as a white powder.
m.p. 177-178 °C;vmax (thin ﬁlm)/cm‘1 3345br, 3029br, 1678s, 1494w, 1454w, 1419m, 1379w,
1349w, 1289w, 1255w, 1079w, 1057w, 1022w, 797w e (400 MHz, CDC}) 7.09-7.36 (8H,
m, C(2'H, C(3'"H, C(8H, C(9H), 6.95-6.99 (2H, m, C(4), C(10H), 4.62 (1H, dJ 6.3, C(6H),
3.85 (1H, ddJ 6.3, 4.3, C(H), 3.37 (1H, dddJ 9.5, 5.0, 4.3, C(4)), 2.62 (1H, ddJ 17.4, 9.5,
C(3)Hy, 2.25 (1H, ddJ 17.4, 5.0, C(Hy); 6c (100 MHz, CDCJ) 179.8 C(2)0O), 145.3 C(7)),
142.0 C(19), 129.6 C(9)H), 127.3 C(3)H), 128.9 C(10)H), 128.1 C(8)H), 127.63 C(2")H),
127.58 C(4)H), 77.2 C(6)H), 69.7 C(5)H), 42.6 C(4)H), 39.8 C(3)H,); m/z(EST) 266 ([M-HT,
100%),533 ([2M-H], 55); HRMS (ESI') C;/H:,NO, requires [M+H] 268.1332, found 268.1328
(+1.64 ppm).

Single Crystal X-ray Diffraction Data f&07: C,;H1/NO,, M, = 267.33, monoclinic (C 1 2/c 1), a
= 32.8860(12) A, b = 6.0205(3) A, ¢ = 14.9007(7)oAs 90 °Cp = 109.973(2) °Cy = 90 °C )V =
2772.7(2) R z= 8,1 = not measured ). = 1.281, T = 150(2) K, 5251 reflections collectd8@27
independent [R(int) = 0.086],,R 0.0985, wRR= 0.1163 [I>3sigma(l)].
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Hept-6-enoic acid
6 4 2

!
7/5 3
(0]

Hydrogen peroxide (2 eq., 5 mL, 40 mmol) was adoest 2 min at room temperature to a stirred

OH

solution of cycloheptanone (1 eq., 2.36 mL, 20 mniolmethanol (0.22 mLsmmd). After 15
min, the reaction mixture was added over 5 min stireed solution of ferrous sulphate (1 eq., 5.56
g, 20 mmol) and cupric sulphate (1 eq., 5.0 g, 2@ofhin water (50 mL) maintaining the reaction
mixture at room temperature. Upon the addition, rissction mixture turned dark brown. It was
stirred for an additional hour. The aqueous phaae separated and extracted with diethyl ether (3
x 50 mL). The combined organic phases were wash#d2M aqueous NaOH solution (3 x 50
mL). The alkaline extract were acidified with 2 Mueous HSO, and extracted with diethyl ether
(3 x 50 mL). Removal of the solvent at reduced gues gave the title compound (600 mg, 6.2
mmol, 23%) as an orange oil.

o4 (400 MHz, CDC}) 5.68-5.93 (1H, ddt) 17.0, 10.2, 6.6, C(8}), 4.89-5.13 (2H, m, C(H),
2.38 (2H, t,J 7.3, C(2H>), 2.09 (2H, m, C(H),), 1.61-1.79 (2H, m, C(#), 1.35-1.54 (2H, m,
C(3)H,); é¢c (100 MHz, CDC}) 180.3 C(1)0O), 137.8 C(6)H), 115.1 C(7)H,), 33.8 C(2)H,), 33.1
(C(5)Hy), 28.4 C(4)H,), 23.9 C(3)Hy).

Spectroscopic data were consistent with those tegan the literaturé®’

N-[(Mesitylcarbonyl)oxy]hept-6-enamide (208)

Hept-6-enoic acid803 mg, 6.27 mmol) was subjected to General Pureed, and B to furnish
the title compoun@08(1.27 g, 4.40 mmol, 70% over 2 steps) as a caearbil.

Vmax (thin ﬁlm)/cm‘1 3543br, 2743br, 1776s, 1681s, 1584s, 1505br, ¥494198s, 1130s, 1038s,
993m, 812m, 740w, 630wy (400 MHz, CDC}) 9.28 (1H, br s, N), 7.39 (2H, s, C(49), 5.73-
5.85 (1H, m, C(&}), 4.92-5.06 (2H, m, C(Ay), 2.37 (6H, s, C(&)3), 2.30-2.35 (2H, m, C(®)),
2.29 (3H, s, C(7H53), 2.04-2.09 (2H, m, C(B}), 1.73 (2H, quint]) 7.6, C(3H,), 1.46 (2H, quint)
7.6, C(4H,); éc (100 MHz, CDC}) 171.9 C(1)0), 168.2 C(1)0), 140.8 C(5"), 138.2 C(6)H),
136.6 C(39), 128.6 C(4)H), 126.5 C(2")), 114.8 C(7)H,), 33.3 C(5)H,), 32.7 C(2)H,), 28.43
(C(4)H,), 28.41 C(3)H,), 21.2 C(6YHs), 19.9 C(7)Hs); m/z (ESI) 577 ([2M-H], 100%), 288
(IM-H]", 60);HRMS (ESI) C;7H,3NO; requires [M-H]288.1605, found 288.1604 (-0.04 ppm).

N-[(4-Methylphenyl)sulfonyl]-3-{[(4-methylphenyl)sulfonyl]amino}-D-alanine (209) see p178
compound 164
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1-Allyl-3-hydroxyurea (214)

NN
2N Yo
@)

3

To allylic amine (1 eq., 371 mg, 6.5 mmol) dissohia pyridine (1.67 mLsmmdi) was added
phenyl hydroxycarbamate (1 eq., 634 mg, 6.5 mmobljoam temperature under argon. The
reaction mixture was heated at 30 °C and stirred 2oh. The reaction mixture was concentratred
in vacuoand the residue purified by flash column chromephy (SiQ, eluting with gradient
petrol 40-60/ethyl acetate 8:2 to 2:8) to give titte compound214 (581 mg, 5.01 mmol, 77%) as
a colourless solid

é4 (400 MHz, CROD) 5.87 (1H, ddtJ 16.8, 10.9, 5.4, C(®), 5.12-5.26 (2H, m, C(8),), 3.83
(2H, d,J 5.3, C(1H,); éc (100 MHz, CROD) 164.3 C(10), 136.6 C(2)H), 115.2 C(3)H,), 47.4
(C(D)H,).

Spectroscopic data were consistent with those regan the literatur€®

Phenyl hydroxycarbamate (215)

To hydroxylamine chloride (1.25 eq., 6.9 g, 100 Mnamd solid NaHC®@ (2.2 eq., 14.8 g, 176
mmol) in water (1.1 mLemmd) cooled down to 0 °C was added dropwise a solutibp-
phenylchloroformate (1 eq., 10.4 mL, 80 mmol) inhdoromethane (0.8 mLemmid). The reaction
mixture was allowed to stir for 1 h at room tempera. The reaction mixture was then diluted with
water (0.7 mLemmat), dichloromethane (0.7 mLemmnib)land ethyl acetate (0.7 mLemridl The
organic phase was separated, washed with brinen{50 dried over Ng50Q,, filtered and the
solvent was removed under reduced pressure talggvetle compoun@15 (10 g, 65 mmol, 81%)
as a white solid.

8y (400 MHz, CDCJ) 7.53 (1H, br s, N), 7.40 (2H, tJ 7.6, C(3H), 7.28 (1H, m, C(4)), 7.12-
7.23 (2H, m, C(3)), 6.10 (1H, br s, €); éc (100 MHz, CDC})) 156.4 C(1)0), 151.6 C(1)),
129.8 C(3)H), 125.5 C(4)H), 121.8 C(2)H).

Spectroscopic data were consistent with those tegan the literaturé®

N-Benzylprop-2-en-1-amine (217b)
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To a solution of benzaldehyde (1 eq., 1.6 mL, 16ofhnn acetonitrile (1.25 mLemmd),
allylamine (3 eq., 3.6 mL, 48 mmol) was added dmel tesulting solution was stirred at room
temperature for 1 h. Sodium cyanoborohydride ($51e5 g, 24 mmol) was added followed 25
min later by acetic acid (2 eq., 1.8 mL, 32 mm®dhe resulting turbid solution was stirred at room
temperature until no more starting material by Tt¢pically 12h). To the reaction mixture was
added dichloromethane (7.5 mLemmipl It was washed with 1 M aqueous KOH (2 x 6.5
mLemmol™). The organic phases were gathered, dried oveB®lafiltered and the solvent was
removed under reduced pressure to give the titlgpooind217b (1.7 g, 11.5 mmol, 72%) as a pale
yellowish oil.

84 (400 MHz, CDCJ) 7.35 (4H, m, C(3H, C(4'H), 7.23-7.31 (1H, m, C(3Y), 5.96 (1H, ddtJ
16.9, 10.7, 6.1, C(8), 5.19 (2H, ddJ 16.9, 10.7, C(3),), 3.81 (2H, s, C(1H,), 3.30 (2H, dJ
6.1, C(1H.), 1.39 (1H, br s, N); éc (100 MHz, CDC}) 140.5 C(2), 137.1 C(2)H), 128.7
(C(3)H), 128.4 C(4YH), 127.2 C(5")H), 116.4 C(3)H,), 53.5 C(1)H,), 52.0 C(1)H,).

Spectroscopic data were consistent with those tegpan the literatur&®

tert-Butyl pent-4-en-1-ylcarbamate (217c)

7% \n/ \}2/

(0]

A flame-dried flask under argon was charged witolution of 4-pentenylamine (1 eq., 681 mg,
8.0 mmol). Ditert-butyldicarbonate (1.5 eq., 2.6 g, 12 mmol) waseadtb the solution and the
resulting mixture was stirred for 4 h. 1 M aquebia®H solution (6.3 mLemmd) was added. The
biphasic mixture was vigorously stirred for 12 heTlayers were separated. The aqueous layer was
extracted with ethyl acetate (3 x 20 mL). The camedi organic phases were dried overI&,
filtered and the solvent was removed under redyeedsure to give the title compoudi7c (1.3
g, 7.0 mmol, 88%) as a yellowish oil.
d4 (400 MHz, CDC}) 5.58-6.03 (1H, m, C(4)), 4.86-5.20 (2H, m, C(5}), 4.53 (1H, br s, N),
3.14 (2H, m, C(1Hl,), 1.94-2.24 (2H, m, C(8),), 1.55-1.67 (2H, m, C(®)), 1.45 (9H, s, C(3)3);
dc (100 MHz, CDCY) 156.2 C(1)0), 137.7 C(4)H), 115.2 C(5)H,), 80.1 C(2"), 39.8 C(3)Hy,),
30.4 C(2)H,), 29.3 C(1)H,), 28.4 C(3")Hy).

Spectroscopic data were consistent with those tegan the literaturé®*

J
2 NN
2 on
(0]

N,N-Diallyl- N'-hydroxyurea (218a)
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To N,N'-di-2-propen-1-yl-urea (1 eq., 1.0 g, 6.5 mmol)sdised in pyridine (1.67 mLemmd) was
added phenyl hydroxycarbamate (1 eq., 634 mg, &®ljmat room temperature under argon. The
reaction mixture was heated at 30 °C and stirred #oh. The reaction mixture was concentratred
in vacuoand the residue purified by flash column chrometphy (SiQ, eluting with gradient
petrol 40-60/ethyl acetate 8:2 to 2:8) to givetitte compound218a(309 mg, 1.97 mmol, 30%) as
a yellow oil

Vmax (thin film)/cm* 3256br, 1653s, 1475m, 1253m, 9243n;(400 MHz, CDC}) 7.68 (1H, br s,
NH), 7.15 (1H, br s, 8), 5.69-5.83 (2H, ddt] 16.6, 11.0, 5.4, C(84), 5.12-5.26 (4H, m, C(8},),
3.84 (4H, dJ 5.4, C(1H,); o6c (100 MHz, CDC}) 161.1 C(1)0), 132.5 C(2)H), 117.1 C(3)H,),
48.6 C(1)H,); m/z (ESI) 155 ([M-H], 100%); HRMS (ESI) C/H:,N,O, requires [M+Nal]
179.0791, found 179.0791 (-0.05 ppm).

For compound 219a see p 201, compound 217b

N-(4-Nitrobenzyl)prop-2-en-1-amine (219b)

3 2

N ot
To a solution of 4-nitrobenzaldehyde (1 eq., 1.8.6, mmol) in acetonitrile (1.25 mLemmb)l
allylamine (3 eq., 18 mL, 24 mmol) was added angl risulting solution was stirred at room
temperature for 1 h. Sodium cyanoborohydride (§.5 %4 mg, 12 mmol) was added followed 25
min later by acetic acid (2 eq., 0.92 mL, 16 mmdhe resulting turbid solution was stirred at
room temperature until no more starting materialfb (typically 12 h). To the reaction mixture
was added dichloromethane (7.5 mLemmMollt was washed with 1 M aqueous KOH (2 x 6.5
mLemmol™*). The organic phases were gathered, dried oveB®lafiltered and the solvent was
removed under reduced pressure to give the tithepooind219b (605 mg, 3.2 mmol, 40%) as a
yellow oil.
o4 (400 MHz, CDC})) 8.19 (2H, dJ 8.6, C(4'H), 7.52 (2H, dJ 8.6, C(3'H), 5.78-6.04 (1H, m,
C(2H), 5.08-5.29 (2H, m, C(8},), 3.91 (2H, s, C(1H.,), 3.29 (2H, dJ 6.0, C(1H,), 1.45 (1H, br
s, NH); 8¢ (100 MHz, CDC}) 158.3 C(2"), 148.2 C(4")H), 136.5 C(2)H), 128.8 C(3)H), 123.7
(C(5), 116.7 C(3)H,), 52.4 C(1)H,), 51.8 C(1)H,).

Spectroscopic data were consistent with those tegan the literatur&®

N-(4-Bromobenzyl)prop-2-en-1-amine (219c)

3 2

:\I_NH ) 3 4

5.



Chapter 5: Experimental section

To a solution of 4-bromobenzaldehyde (1 eq., 1,48.¢gmmol) in acetonitrile (1.25 mLemniY)
allylamine (3 eq., 18 mL, 24 mmol) was added arl risulting solution was stirred at room
temperature for 1 h. Sodium cyanoborohydride (#.5%4 mg, 12 mmol) was added followed 25
min later by acetic acid (2 eq., 0.92 mL, 16 mmdlhe resulting turbid solution was stirred at
room temperature until no more starting materiallh (typically 12 h). To the reaction mixture
was added dichloromethane (7.5 mLemmollt was washed with 1 M aqueous KOH (2 x 6.5
mLemmol™"). The organic phases were gathered, dried oveB®lafiltered and the solvent was
removed under reduced pressure to give the titepooind219c (1.06 g, 4.7 mmol, 59%) as a
colourless oil.

84 (400 MHz, CDCJ) 7.45 (2H, dJ 8.3, C(4'H), 7.21 (2H, dJ 8.3, C(3'H), 5.76-6.04 (1H, m,
C(2)H), 5.07-5.27 (2H, m, C(8}), 3.75 (2H, s, C(1H,), 3.26 (2H, dJ 5.9, C(1H,), 1.40 (1H, br

s, NH); é¢ (100 MHz, CDCJ) 139.3 C(2Y), 136.7 C(2)H), 131.1 C(4)H), 129.6 C(3)H), 120.4
(C(5)), 116.4 C(3)Hy), 52.5 C(1)H,), 51.4 C(1)Hy).

Spectroscopic data were consistent with those tegan the literatur&?®

N-(4-Methoxybenzyl)prop-2-en-1-amine (219d)

3 2

:\]—NH .3' 4

! \

6

To a solution ofp-anisaldehyde (1 eq., 0.97 mL, 8.0 mmol) in acétiv@i(1.25 mLemmot),
allylamine (3 eq., 18 mL, 24 mmol) was added anal risulting solution was stirred at room
temperature for 1 h. Sodium cyanoborohydride (§.5 %4 mg, 12 mmol) was added followed 25
min later by acetic acid (2 eq., 0.92 mL, 16 mmdhe resulting turbid solution was stirred at
room temperature until no more starting materiallb (typically 12 h). To the reaction mixture
was added dichloromethane (7.5 mLemmollt was washed with 1 M aqueous KOH (2 x 6.5
mLemmol"). The organic phases were gathered, dried oveB®lafiltered and the solvent was
removed under reduced pressure to give the tithepooind219d (430 mg, 2.4 mmol, 30%) as a
colourless oil.

o4 (400 MHz, CDC}) 7.20-7.30 (2H, m, C(3)), 6.87 (2H, dJ 8.6, C(4'H), 5.82-6.06 (1H, m,
C(2)H), 5.06-5.28 (2H, m, C(8},), 3.81 (3H, s, C(895), 3.74 (2H, s, C(1H,), 3.27 (2H, dJ 6.0,
C(1)H,), 1.39 (1H, br s, N); ¢ (100 MHz, CDC}) 159.4 C(2"), 137.3 C(2)H), 130.8 C(5"),
130.2 C(3)H), 117.0 C(4)H), 114.5 C(3)H,), 53.4 C(1)H,), 52.3 C(1)H,).

Spectroscopic data were consistent with those tegan the literatur&™
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N-Allyl-N-(4-bromobenzyl)-N'-hydroxyurea (220c)

3
Br.u 1VJ2,
O
3 N N
OH
2 5
(0)
To compound®19c¢(1 eq., 500 mg, 2.21 mmol) dissolved in pyriditegs{ mLsmmot') was added
phenyl hydroxycarbamate (1 eq., 339 mg, 2.21 mmablyoom temperature under argon The
reaction mixture was heated at 30°C and stirred.@oh. The reaction mixture was concentrated
vacuo and the residue purified by flash column chrometphy (SiQ, eluting with gradient
petrol/ethyl acetate 8:2 to 2:8) to give the titlempound220c (60 mg, 0.21 mmol, 11%) as a
yellow oil.
Vimax (thin fiIm)/cm‘1 3263br, 2918br, 1667s, 1488s, 1403s, 1250m, 10¥0%d.m, 926m, 795nd
(400 MHz, CDC}) 7.72 (1H, br s, N), 7.43 (2H, dJ 8.3, C(3H), 7.23 (1H, br s, 8), 7.12 (2H,
d,J 8.3, C(2H), 5.64-5.77 (1H, mC(2)H), 5.14-5.25 (2H, mC(3'H,), 4.44 (2H, sC(5H,), 3.77
(2H, d,J 5.3, C(1'H,); 6c (100 MHz, CDC}) 162.0 C(1")0), 136.1 C(1)), 132.6 C(2)H), 132.1
(C(3)H), 129.6 C(2)H), 121.8 C(4)), 118.2 C(3)H,), 49.9 C(5)H,), 49.0 C(1)H,); m/z (ESI)
569-571-573 ([2M+H], 100%), 285-287 ([M+H] 90); HRMS (ESI') C;;H;sBrN,O, requires
[M+Na]* 307.0053, 309.0033, found 307.0052, 309.0034 ¢+-pm).

1-Benzyl-3-hydroxy-4-methylimidazolidin-2-one (221)

5' 6
5 4 /
&
— 2 N N~
3 " \ﬂ/z OH

e}
To compound219a(1 eq., 294 mg, 2 mmol) dissolved in pyridine {lrBLsmmoi*) was added
phenyl hydroxycarbamate (1 eq., 306 mg, 2 mmotpain temperature under argon The reaction
mixture was heated at reflux for 72 h. The reacti@rture was concentratdd vacuoand the
residue purified by flash column chromatographyO¢Sieluting with gradient petrol 40-60/ethyl
acetate 8:2 to 2:8) to give the title compo@2d (235 mg, 0.82 mmol, 41%) as a white solid
m.p. 133-134 °C;vpma (thin film)/cm* 3221br, 2931br, 2360w, 1717s, 1485s, 1445s, 1358m,
1258m, 1029m, 912w, 762m, 702s, 636n;(400 MHz, CDC}) 9.32 (1H, br s, @), 7.26-7.36
(3H, m, C(4'H, C(5'H), 7.22-7.26 (2H, m, C(3Y), 4.46 (1H, dJ 14.7, C(1'Hy), 4.31 (1H, dJ
14.7, C(1'Hy), 3.54-3.66 (1H, m, C(#), 3.26 (1H, t,J 8.2, C(5H,), 2.74 (1H, tJ 9.1, C(5H,),
1.31 (3H, d,J 6.1, C(6Hs); 6c (100 MHz, CDC}) 164.8 C(2)0), 135.8 C(2), 128.6 C(4)H),
128.0 C(3)H), 127.6 C(5)H), 55.2 C(4)H), 47.9 C(1)H,), 47.6 C(5)H,), 16.6 C(6)Hz); m/z
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(ESI) 413 ([2M+HT, 100%), 641 ([3M+Nd] 90), 435 ([2M+Nal], 70), 207 ([M+H], 50);
HRMS (ESI') Ci;H14N,0, requires [M+Na] 229.0947, found 229.0947 (+0.11 ppm).

Single Crystal X-ray Diffraction Data foR21 C,HogN4O4 M, = 412.49, triclinic (P -1), a =
9.3933(3) A, b = 10.5472(3) A, ¢ = 11.1850(3) A= 89.9798(14) °Cp = 90.0100(14) °Cy =
102.5009(12) °CY = 1081.86(5) A Z = 2,1 = not measured R, = 1.266, T = 150(2) K, 8878
reflections collected, 3741 independent [R(int).881], R = 0.0916, wR= 0.1674 [I>3sigma(l)].

4-Nitrophenyl hydroxycarbamate (223)

0 N.
O,N"4 2 0
3

To hydroxylamine chloride (1.25 eq., 1.08 g, 15Malf) and solid NaHC®(2.2 eq., 2.3 g, 27.3
mmol) in water (1.1 mLemmd) cooled down to 0 °C was added dropwise a solutibp-
nitrophenylchloroformate (1 eq., 2.5 g, 12.4 mmiol)dichloromethane (0.8 mLemmYlL The
reaction mixture was allowed to stir for 1 h atmotemperature. The reaction mixture was then
diluted with water (0.7 mLemmd), dichloromethane (0.7 mLemnmdl and ethyl acetate (0.7
mLemmol%). The organic phase was separated, washed witle K80 mL) solution, dried over
N&SQ, filtered and the solvent was removed under redlywessure to give the title compound
223(1.6 g, 8.01 mmol, 65%) as a white solid.

64 (400 MHz, CDCJ) 9.76 (1H, br s, N), 8.54-9.17 (1H, br s, @), 8.23 (2H, dJ 9.1, C(3H),
7.40 (2H, d, C(H,); éc (100 MHz, CDC)) 163.9 (1)), 163.7 C(1)0), 145.2 C(4)), 126.3
(C(2)H), 116.0 C(3)H).

Spectroscopic data were consistent with those tegan the literaturé®*

N-Allyl- N-benzyl-N'-hydroxyurea (220a)

| 3
5 IHZ
5 H
4 N 1" N\
OH
3 I
0

To N-benzylprop-2-en-1-amin@219a (1 eq., 194 mg, 1;32 mmol) dissolved in pyridirie6{
mLemmol*) was added®23 (2 eq. 527 mg, 2.64 mmol) at room temperature uagdgon. The
reaction mixture was heated at 40 °C and stirreéd ThC indicated complete consumption of the
starting material (typically after 4 h). The reactimixture was concentratred vacuoand the
residue purified by flash column chromatographyO¢Sieluting with gradient petrol 40-60/ethyl
acetate 8:2 to 2:8) to give the title compo@2fa (226 mg, 1.09 mmol, 83%) as a white solid.
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m.p. 86-87 °C;vmax (thin film)/cm™ 3259br, 1651s, 1495s, 1250m, 1033v, 926m, 67M#A00
MHz, CDCk) 7.94 (1H, br s, M), 7.19-7.35 (5H, m, C(3%, C(4'H, C(5'H), 5.72 (1H, ddtJ
16.5, 10.9, 5.6, C(®), 5.12-5.23 (2H, m, C(8}), 4.48 (2H, s,C(1'H,), 3.81 (2H, d,J 5.4,
C(1)H,); dc (100 MHz, CDC)) 162.0 C(10O), 137.0 C(29), 132.8 C(2)H), 129.0 C(3)H),
127.8 C(5)H), 127.7 C(4"H), 117.9 C(3)H,), 50.1 C(1)H,), 49.0 C(1)H,); m/z (ESI") 435
([2M+Na]’, 100%), 207 ([M+H], 60); HRMS (ESI') Ci;H14/N,O, requires [M+Na] 229.0947,
found 229.0951 (-1.34 ppm).

Single Crystal X-ray Diffraction Data f&20a C,;H14N,O,, M, = 206.24, monoclinic (P21 21 21),
a = 7.79790(10) A, b = 10.1302(2) A, ¢ = 26.850646)x = 90 °C, = 90 °C,y = 90 °C,V =
2121.04(7) K Z = 8,u = not measured R, = 1.292, T = 150(2) K, 4822 reflections collected,
1842 independent [R(int) = 0.053]; R0.0750, wRR=0.1123 [I>3sigma(l)].

N-Hydroxy-3,6-dihydropyridine-1(2H)-carboxamide (224)

2

(0]
3 NJIJ'\N/OH
Cr
4 6
5
1,2,3,6-tetrahydro-pyridine (250 mg, 3.0 mmol) veabjected to General Procedure w3 to
give the title compoun#é24 (257 mg, 1.8 mmol, 60%) as a white crystallinédsol
m.p. 103'04 °C: vma (thin film)/cm® 3243br, 2918w, 1609s, 1520m, 1282w, 1263w, 1007w,
654m;dy (400 MHz, CDC)) 7.74 (1H, br s, N), 7.52 (1H, br s, &), 5.85 (1H, ddd, 8.1, 4.0,
2.0, C(4H), 5.59-5.68 (1H, m, C(8)), 3.80-3.88 (2H, m, C(®),), 3.48 (2H, t,J 5.7, C(6H.,),
2.12-2.20 (2H, m, C(%),); 6c (100 MHz, CDC}J) 161.4 C(1)0), 125.8 C(4)H), 123.4 C(3)H),
43.0 C(2Hy), 40.1 C(6)Hy), 24.9 C(B)H); m/z (ESI) 307 ([2M+Na], 100%), 206
(IM+CHsCN+NaJ', 80), 143 ([M+H], 60); HRMS (ESTI') CsH1oN,O, requires [M+Na] 165.0634,
found 165.0630 (+2.97 ppm).

N-Benzylcyclohex-2-en-1-amine

3 2
1 Ly

To benzylamine (1.2 eq., 1.3 ml, 12 mmol) in acitide (3.0 mLemmol*) was added solid 4CO;
(3.5 eq., 4.8 g, 35 mmol). The reaction mixture st@sed for 5 min followed by the addition of 3-
bromocyclohexene (1 eq., 1.15 mL, 10 mmol). Thetiea mixture gradually turned from a white
to a brown heterogenous solution. After 16 h, #ction mixture was concentratedvacuoto
afford a beige gum. A solution of 1 M aqueous Na@HnLemmol') is added, and the residue

extracted with dichloromethane (3 x 20 mL). Theamig layer was dried over B&0,, filtered and
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the solvent was removed under reduced pressureécagblack oil. Purification by flash column
chromatography (Si§) eluting with a gradient from petrol 40-60/ethytetate 10/1 to 4/1)
furnished the title compound (1.4 g, 7.3 mmol, 6% colourless oil.

o4 (400 MHz, CDCY) 7.31-7.41 (4H, m, C(3), C(4'H), 7.23-7.30 (1H, m, C(3Y), 5.73-5.84
(2H, m, C(2H, C(3H), 3.87 (2H, dd, 19.0, 5.2, C(1hl,), 3.24 (1H, m, C(H})), 2.03 (2H, tdJ
5.1, 2.8, C(4yl,) 1.89-1.97 (1H, m, C(®)y), 1.73-1.83 (1H, m, C(H},), 1.47-1.65 (2H, m, C(5,
C(6)Hp), 1.28 (1H, br s, N); 8¢ (100 MHz, CDC}) 140.8 ((2"), 130.0 C(2)H), 129.0 C(5")H),
128.4 C(3")H), 128.2 C(4)H), 126.9 C(3)H), 52.4 C(1)H), 51.1 C(1)H,), 29.6 C(6)H,), 25.4
(C(4)Hz), 20.3 C(5)Ho).

Spectroscopic data were consistent with those tegan the literatur&®

N-Benzyl-N-cyclohex-2-en-1-yIN'-hydroxyurea (225)

5 3

5 6 2

4 N
v jor OH

N-Benzylcyclohex-2-en-1-amine (500 mg, 2.67 mmolswabjected to General Procedure with
223give the title compound?25 (450 mg, 1.8 mmol, 68%) as yellow solid.

m.p. 98-99 °C;vmax (thin film)/cm™ 3246br, 2933m, 2360w, 2341w, 2360m, 2341m, 16%50s-b
1496m, 1433m, 990w, 934w, 7286 (400 MHz, CDC}) 7.92 (1H, br s, N), 7.30-7.36 (2H, m,
C(4"H), 7.23-7.29 (3H, m, C(3), C(5'H), 6.98 (1H, br s, E), 5.88-5.96 (1H, m, C(}), 5.52
(1H, m, C(3)H), 4.74-4.85 (1H, m, C(H), 4.48 (1H, d,J 16.9, C(1H,), 4.29 (1H, d,J 16.9,
C(1)Hy), 1.89-2.06 (3H, m, C(#,, C(6H,), 1.72-1.81 (1H, m, C(5},), 1.50-1.68 (2H, m, C(5},
C(6)Hp); 8¢ (100 MHz, CDC})) 162.1 C(1)0), 137.8 €(2), 133.0 C(2)H), 129.1 (br,C(3")H,
C(4YH), 127.8 C(5)H), 126.5 C(3)H), 53.5 C(1)H), 47.4 C(1H,), 27.6 C(6)H,), 24.7
(C(4)Hy), 21.5 C(5)H,); m/z (ESI) 245 ([M-HJ, 100%); HRMS (ESI) CiH1gN,O, requires
[M+Na]* 269.1260, found 269.1258 (+1.11 ppm).

N-Allyl- N'-[(mesitylcarbonyl)oxy]urea (226)

N-Allyl- N'-hydroxyurea (174 mg, 1.50 mmol) was subjected ¢aegral Procedure B to furnish the

titte compound226 (160 mg, 0.61 mmol, 45%) as a colourless solid.
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M.p. 81-82 °C;vpax (thin film)/cmi* 3304br, 2922m, 1762s, 1680s, 1539m, 1233m, 116046m,
852w; 8 (400 MHz, CDC}) 8.86 (1H, br s, M), 6.91 (2H, s, C(4H), 5.76-5.92 (1H, m, C(B)),
5.54 (1H, br s, M), 5.10-5.25 (2H, m, C(8),), 3.91 (2H, mC(1)H,), 2.33 (6H, s, C(6H3), 2.32
(3H, s, C(7"Hs); ¢ (100 MHz, CDC}) 167.9 C(1")0O), 158.3 C(1)0), 141.3 C(5"), 136.5
(C(3"), 134.1 C(2)H), 128.9 C(4"H), 127.0 C(2"), 117.0 C(3)H,), 42.6 C(1)H,), 215
(C(7"Hs), 20.1 €(6")Hs); m/z (ESI) 523 ([2M-H], 100%), 261 ([M-H] 80); HRMS (ESI)
C14H1gN,O; requires [M+Nal] 285.1210, found 285.1209 (+0.22 ppm).

N-[(Mesitylcarbonyl)oxy]-3,6-dihydropyridine-1(2H)-carboxamide (227)

Compound224 (250 mg, 1.76 mmol) was subjected to General FireeB to furnish the title
compound227 (398 mg, 1.38 mmol, 98%) as a colourless solid.

m.p. 125-127 °C;vnax (thin fiIm)/cm‘1 3216br, 2922br, 1764s, 1673s, 1502m, 1449m, 1414m,
1237s, 1160s, 1049s, 1008m, 852m, 732m, 6%¢ni400 MHz, CDC}) 8.46 (1H, br s, N), 6.89
(2H, s, C(4"M), 5.91 (1H, ddd) 8.1, 4.0, 2.1, C(#), 5.63-5.77 (1H, m, C(8)), 3.94-4.08 (2H,

m, C(2H,), 3.61 (2H, tJ 5.7, C(6H,), 2.41 (6H, s, C(6H3), 2.30 (3H, s, C(7H3), 2.20-2.27 (2H,

m, C(5H.); 8¢ (100 MHz, CDC}) 170.1 C(1")0), 157.4 C(1)0), 140.8 C(5"), 136.9 C(3"),
128.8 C(4"H), 127.3 C(2")), 125.9 C(4)H), 123.4 C(3)H), 43.5 C(2)H,), 40.6 C(6)H,), 24.9
(C(5)Hy), 21.4 C(7")Hs), 20.2 C(6")Hs); m/z (ESI) 287 ([M-HJ, 100%),575 ([2M-H], 70);
HRMS (ESI') Cy¢H20N,O; requires [M+Na] 311.1366, found 311.1369 (-0.87 ppm).

N,N-Diallyl- N'-[(mesitylcarbonyl)oxy]urea (228)

Compound218a (268 mg, 1.72 mmol) was subjected to General RitgeeB to furnish the title
compound228(465 mg, 1.53 mmol, 89%) as a colourless solid.

mM.p. 107-108 °Cymax (thin ﬁlm)/cm‘1 3208br, 1762s, 1674s, 1471m, 1235m, 1158m, 1@3%sy;
64 (400 MHz, CDC}) 8.47 (1H, br s, N), 6.88 (2H, s, C(4H), 5.81-5.92 (2H, m, C(8)), 5.26-
5.37 (4H, m, C(3),), 3.98 (4H, dJ 5.3, C(1H,), 2.41 (6H, s, C(6H3), 2.29 (3H, s, C(7H3); 8¢
(200 MHz, CDC}) 170.0 C(1")0O), 157.9 C(1)0), 140.8 C(5"), 137.0 C(3")), 133.0 C(2)H),
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128.8 C(4")H), 127.3 C(2")), 118.0 C(3)H,), 49.5 C(1)H,), 21.5 C(7")Hs), 20.3 C(6")Hs); m/z
(ESI) 301 ([M-H], 100%); HRMS (ESI) C;7H.,,N,O; requires [M+Na] 325.1523, found
325.1516 (+1.91 ppm).

Single Crystal X-ray Diffraction Data fd28 C,;;H,,N,Os;, M, = 302.37, monoclinic (P1 21/c 1), a
=9.0000(2) A, b = 20.1778(4) A, ¢ = 9.5533(2)cds 90 °C,8 = 108.3390(8) °Cy = 90 °C,V =
1646.77(6) R z-= 4,1 = not measured fJ. = 1.220, T = 150(2) K, 15902 reflections collected
3741 independent [R(int) = 0.027]; R0.0745, wR = 0.1253 [I>3sigma(l)].

N-Benzyl-N-cyclohex-2-en-1-yIN'-[(mesitylcarbonyl)oxy]urea (229)

Compound225 (262 mg, 1.06 mmol) was subjected to General RireeB to furnish the title
compound229 (346 mg, 0.88 mmol, 92%) as a colourless solid.

M.p. 65-66 °C;vnay (thin fiIm)/cm‘1 3257br, 3028m, 2931s, 1759s, 1684s, 1611m, 146336s,
1159m, 1030m, 955w, 911w, 73@%; (400 MHz, CDCJ) 8.25 (1H, br s, N), 7.36-7.44 (4H, m,
C(3"H, C(4H), 7.32 (1H, tJ 6.6, C(5'H), 6.86 (2H, s, C(4H), 5.98 (1H, dd, 9.9, 2.5, C(H),
5.63 (1H, m,C(3)H), 4.78-5.00 (1H, m, C(H), 4.64 (1H, dJ 17.1 C(1'H,), 4.46 (1H, dJ 17.1,
C(1"Hy), 2.38 (6H, s, C(6H5), 2.29 (3H, s, C(7H3), 1.95-2.08 (3H, m, C(#4), C(6H.), 1.74-
1.88 (1H, m, C(H}), 1.65 (2H, m, C(8),, C(5)Hy); 6c (100 MHz, CDCY) 169.3 C(1")0O), 157.8
(C(1"™0), 140.0 €(5"), 137.1 C(2Y), 136.3 C(3"), 132.7 C(4HH), 128.6 C(2)H), 128.1
(C(4"H), 127.2 C(5"H), 127.1 C(3)H), 126.7 C(2"), 126.0 C(3)H), 53.3 C(1)H), 47.1
(C(1YH,), 27.1 C(6)Hy), 24.2 C(4)H,), 21.0 C(5)H,), 20.8 C(7")Hs), 19.6 C(6")Hs); m/z (ESI)
393 ([M+H]", 100%), 415 ([M+Na], 50), 785 ([2M+H], 50%); HRMS (ESI) CyH2sN,03
requires [M+Na] 415.1991, found 415.1992 (+0.73 ppm).

N-Allyl- N-benzyl-N'-[(mesitylcarbonyl)oxy]urea (230)

3

5! ]Jz
s v o

0]

6" e "

Compound220a (215 mg, 1.04 mmol) was subjected to General RitgeeB to furnish the title

compound230(288 mg, 0.81 mmol, 87%) as a colourless solid.
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m.p. 113-115 °C;vmax (thin film)/cm'l 3234br, 2922w, 2360w, 1762s, 1683s-br, 1496m, 1470
1233s, 1160m, 1032m, 923w, 851w, 70@n;(400 MHz, CDC}) 8.48 (1H, br s, M), 7.23-7.50
(5H, m, C(3H, C(4'H, C(5'H), 6.89 (2H, s, C(4B), 5.78-5.92 (1H, m, C(B)), 5.28-5.41 (2H,
m, C(3)H,), 4.61 (2H, s, C(1,), 3.95 (2H, dJ 5.1, C(1H,), 2.42 (6H, s, C(6Bs), 2.30 (3H, s,
C(7"H3); 8¢ (100 MHz, CDCJ) 170.1 C(1")0), 158.2 C(1")0), 140.8 C(5"), 137.0 C(2)),
136.8 C(3"), 132.6 C(2)H), 129.1 C(4"H), 128.8 C(3)H), 128.0 C(4)H), 127.9 C(5)H),
127.22 C(2"), 118.0 C(3)H,), 50.5 C(1)H,), 49.2 C(1)H,), 21.5 C(7")Hs), 20.3 C(6")Hs): m/z
(ESIN 351 ([M-HJ, 100%); HRMS (ESI) C,H,/N,O; requires [M+Na] 375.1679, found
375.1670 (+2.55 ppm).
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5.3.2 Chapter 3 — Characterisation Data

N-(2,4,6-Trimethylbenzoyloxy)acetamide (242)

N-Hydroxyacetamide€40 (1.2 g, 16 mmol) was subjected to General Proee@uto furnish the
titte compound42(3.3 g, 15 mmol, 94%) as a white solid.

64 (400 MHz, (CDR);0) 9.29 (1H, br s, N), 6.89 (2H, s, C(49,), 2.37 (6H, s, C(M)3), 2.30 (3H,
s, C(6'Hs), 2.13 (3H, s, C(Hs); éc (100 MHz, (CRQ),0) 172.9 C(1)0), 168.0 C(1)O), 140.7
(C(5Y), 136.5 C(3"), 128.6 C(4)H), 126.5 C(3")), 21.1 C(6")H3), 19.8 C(7)Hz), 19.6 C(2)Hs).

Spectroscopic data were consistent with those tegan the literaturé®®

Isopropyl 2,3-dihydroxy-3-phenylpropanoate (243)

OH O |
GWOJK
7 OH
To a solution opotassium osmate (0.05 eq., 7.6 mg, 1.08 rhfhol) in water (0.6 mL) was added
compounds9 (1.0 eq., 78 mg, 0.41 mmol) and compo@4@ (1.1 eq., 127 mg, 0.45 mmol) at rt. in
a mixture oft-butanol (1.1 mL).and acetonitrile (1.1 mL). Aftbe reaction mixture was stirred for
15 min, it was heated at 40 °C and stirred for 12 e reaction mixture was then concentrated
onto silicain vacuoand purified by flash column chromatography (o@.2 mmol scale, 5 g of
SiO;, elution with 50-60 mL of Ethyl acetate/Acetic @®.8:0.2 followed by 80 mL of Ethyl
acetate/Methanol 9.5:0.5) to furnish the side pev@43 (21 mg, 0.09 mmol, 22%) as a colourless
solid.
o4 (400 MHz, CDCY)) 7.25-7.46 (5H, m, C(B, C(6H, C(7H), 5.09 (1H, m, C(1H), 4.98-4.92
(A4H, m, C(3H), 4.35 (1H, dJ 3.1, C(2H), 3.21 (1H, br s, &), 2.80 (1H, br s, ), 1.23-1.26
(6H, m, C(2'Hs); 8¢ (100 MHz, CDC)) 172.5 C(1)0O), 141.0 C(4)), 128.5 C(6)H), 128.2
(C(MH), 126.9 C(5)H), 75.27 C(3)H), 75.21 C(2)H), 70.5 C(1)H), 22.19 C(2")Hsy), 22.10
(C(2)Hsp).
Spectroscopic data were consistent with those tegam the literaturé®’

N-(2,4,6-Trichlorobenzoyloxy)acetamide (247)
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N-Hydroxyacetamide€40 (2.0 g, 27 mmol) was subjected to General Proee@uto furnish the
title compound47(6.2 g, 22 mmol, 82%) as a colourless solid.

m.p. 153-155 °C;vpma (thin fiIm)/cm‘l 3230br m, 2971s, 1771m, 1660s, 1612w, 1464m, 1367w
1240m, 1161w, 1033s, 964w, 7328y (400 MHz, CDCJ) 9.41 (1H, br s, N), 7.40 (2H, s,
C(4'H,), 2.16 (3H, s, C(B)s); éc (100 MHz, CDC)) 162.5 C(1)0), 162.3 C(1)0), 140.7 C(5Y),
133.6 C(3)), 128.3 C(4)H), 125.2 C(2"), 19.9 C(2)Hs); m/z (ESI) 279, 281, 283 ([M-H]
100%); HRMS (ESI) CgH¢CIsNO; requires [M+Na] 303.9305, 305.9276, 307.9247, found
303.9309, 305.9281, 307.9247 (-1.2 ppm).

Single Crystal X-ray Diffraction Data f@47. CoHgCIsNO3, M, = 282.51, monoclinic (P 1 21/n 1),
a =3.93520(10) A, b = 33.1639(6) A, ¢ = 8.312142) = 90 °C 8 = 92.2252(8) °Cy = 90 °CV
=1083.97(4) A Z = 4,1 = not measured . = 1.731, T = 150(2) K, 12943 reflections collegted
2462 independent [R(int) = 0],;R 0.0514, wR = 0.0800 [I>3sigma(l)].

N-(Perfluorobenzoyloxy)acetamide (248)

N-Hydroxyacetamid®40 (1.6 g, 21.0 mmol) was subjected to General PnaeeB to furnish the
titte compound®48(2.7 g, 10.1 mmol, 48%) as a colourless oil.

Vimax (thin film)/cm® 3224br s, 2950s, 1763s, 1658s, 1609m, 1478m, 12248s, 1038m, 1009m,
928w, 887m, 809w, 734wj, (400 MHz, CDC}) 9.62 (1H, br s, N), 2.14 (3H, s, C(2)3); é¢c
(100 MHz, CDC}) 168.6 C(1)0), 157.6 C(1)0), 147.3 C(3")F), 144.8 C(5)F), 139.2 C(4)F),
99.6 (C(2"), 19.4 C(2)Hs); m/z(ESI) 292 ([M+Na], 100%);HRMS (ESI) CoH,4FsNO;requires
[M+Na]* 292.0004, found 292.0003 (+0.3 ppm).

Isopropyl 3-acetamido-2-hydroxy-3-phenylpropanoatg70)
(0]

2 )IJ"\NH o 7
S 4 3 I

6 2 0

7 OH
To a solution ofpotassium osmate (0.05 eq., 7.6 mg, 1.08-tBnol) and lithium hydroxide
monohydrate (1.1 eq., 19 mg, 0.45 mmol) in wates (AL) was added acetamide (1.1 eq., 25 mg,
0.45 mmol). After the reaction mixture was stirfed 15 min, compoun®9 (1.0 eq., 78 mg, 0.41
mmol) and compoun@47 (1.1 eq., 127 mg, 0.45 mmol) were added at rtrimxdure oft-butanol

(1.1 mL).and acetonitrile (1.1 mL). The reactionxtare was stirred for 12 h. Work-up and
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purification were subjected to General Procedute @irnish the titte compound0 (81 mg, 0.35
mmol, 86% s 9:1) as a colourless solid.

64 (400 MHz, CDCY}) 7.02-7.62 (5H, m, C(B), C(6H, C(7H), 6.66 (1H, d,J 9.3, NH), 5.53 (1H,
dd,J9.3, 2.1, C(3}), 4.89-5.21 (1H, m, C(H}), 4.45 (1H, dJ 2.2, C(2H), 1.94 (3H, s, C(2H,),

1.26 (6H, m, C(2hHl3); 8¢ (100 MHz, CDC}) 176.9 C(1")0), 172.3 C(1)0), 139.0 C(4)), 128.6
(C(6)H), 127.7 C(7)H), 126.8 C(5)H), 73.3 C(2)H), 70.9 C(1)H), 54.0 C(3)H), 27.6 (br s,
C(2)Hy).

Spectroscopic data were consistent with those tegan the literaturé®

N-Hydroxypivalamide (258)

Pivaloic acyl chloride (1.0 g, 8.3 mmol) was sulgelcto General Procedurg £ furnish the title
compound258 (900 mg, 7.7 mmol, 93%) as a white solid.

d4 (400 MHz, (CR),0) 10.24 (1H, br s, B), 8.72 (1H, br s, N), 1.24 (9H, s, C(3)3); é¢ (100
MHz, (CDs),0) 176.9 C(1)0), 38.8 C(2)), 27.2 C(3)H5).

Spectroscopic data were consistent with those tegdn the literaturé®

N-(2,4,6-Trimethylbenzoyloxy)pivalamide (259)

Compound258 (850 mg, 7.3 mmol) was subjected to General Praee® to furnish the title
compound259(1.53 g, 5.8 mmol, 89%) as a colourless solid.

m.p. 140-141 °C;vnay (thin ﬁlm)/cm'1 3232br s, 2970s, 1776s, 1665s, 1612m, 1481br3§s]2
11565, 1043s, 1016s, 944m, 847m, 813w, 734wW400 MHz, CDC}) 9.44 (1H, s, W), 6.86 (2H,
s, C(4'H,), 2.39 (6H, s, C(M5), 2.28 (3H, s, C(8)3), 1.32 (9H, s, C(H)3); éc (100 MHz,
CDClg) 177.1 C(1)0), 168.5 C(1)0), 140.8 C(2"), 137.0 C(3")), 128.8 C(4")H), 126.9 C(5"),
38.9 C(2)), 27.5 C(3)Hs), 21.4 C(6')Hs), 20.2 C(7")Hs); m/z(EST) 262 ([M-H], 100%);HRMS
(ESI) CysH,:NOsrequires [M+Na] 286.1414, found 286.1416 (-1.1 ppm).

Single Crystal X-ray Diffraction Data fa259 C;sH»:N:Osz, M, = 263.34, monoclinic (P -1), a =
9.0141(2) A, b = 9.9620(2) A, ¢ = 17.7080(3) &= 74.1500(7) °Cp = 83.7142(7) °Cy =
83.6747(7) °CV = 1515.13(5) A Z = 4, = not measured . = 1.154, T = 150(2) K, 6892
reflections collected, 6887 independent [R(int).828], R = 0.0876, wR = 0.1380 [I>3sigma(l)].
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Isopropyl 2-hydroxy-3-phenyl-3-pivalamidopropanoate(260)

To a solution ofpotassium osmate (0.05 eq., 7.6 mg, 1.08-&nol) and lithium hydroxide
monohydrate (1.1 eq., 19 mg, 0.45 mmol) in wates (L) was added acetamide (1.1 eq., 25 mg,
0.45 mmol). After the reaction mixture was stirfed 15 min, compoun&9 (1.0 eq., 78 mg, 0.41
mmol) and compoun@59(1.1 eq., 127 mg, 0.45 mmol) were added at rtimxdure oft-butanol
(1.1 mL).and acetonitrile (1.1 mL). The reactionxtare was stirred for 12 h. Work-up and
purification were subjected to General Procedute @irnish the titte compound0 (70 mg, 0.23
mmol, 56% s 8:1) as a colourless oil.

Vmax (thin film)/cm™* 3352br s, 2965s, 1737s, 1639s, 1513br s, 136188s]14207s, 1105s, 913w,
701m;dy (400 MHz, CDCY)) 7.34 (4H, m, C(H), C(6H), 7.28 (1H, m, , C(H), 6.58 (1H, dJ
8.8, NH), 5.52 (1H, dJ 9.1, C(3'H), 4.99-5.15 (1H, m, C(1)), 4.48 (1H, br s, C(B)), 3.38 (1H,
br s, AH), 1.29 (9H, s, C(3Hs), 1.20 (6H, s, C(2Ys); éc (100 MHz, CDC}) 177.5 C(1")0),
172.5 C(1)0), 139.0 C(4)), 128.6 C(6)H), 127.6 C(7)H), 126.7 C(5)H), 73.3 C(2)H), 70.8
(C(1)H), 53.8 C(3)H), 38.8 C(2")), 29.5 C(3")Hs), 27.5 (br sC(2")Hs); m/z(ESI) 342 ([M+CI],
100%);HRMS (ESI') C;7H,sNO,requires [M+Na] 330.1676, found 330.1675 (+0.13 ppm).

Isopropyl 3-acetamido-2-hydroxy-3-(naphthalen-2-ylpropanoate (262)

To a solution ofpotassium osmate (0.05 eq., 7.6 mg, 1.08-&Bnol) and lithium hydroxide
monohydrate (1.1 eq., 19 mg, 0.45 mmol) in wates (L) was added acetamide (1.1 eq., 25 mg,
0.45 mmol). After the reaction mixture was stirfed 15 min, compoun®4 (1.0 eq., 63 mg, 0.41
mmol) and compoun@42 (1.1 eq., 127 mg, 0.45 mmol) were added at rtimxdure oft-butanol
(1.1 mL).and acetonitrile (1.1 mL). The reactionxtare was stirred for 12 h. Work-up and
purification were subjected to General Procedute ftirnish the title compoun262 (69 mg, 0.30
mmol, 74% /s 2:1) as a colourless solid.

Major Regioisomer & (400 MHz, CDC}) 7.77-7.89 (3H, m, C(%), C(7H, C(10H), 7.73 (1H, s,
C(12H), 7.44-7.53 (2H, m, C(8), C(9H), 7.38 (1H, dJ 8.3, C(4H), 6.52 (1H, dJ 6.6, NH),
5.14-5.25 (1H, m, C(8), 3.94 (2H, m, C(1),), 2.06 (3H, s, C(d)s); éc (100 MHz, CDCY)
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169.6 C(1)0), 136.3 C(3)), 133.3 C(11)), 132.9 C(6)), 128.8 C(5)H), 127.9 C(7)H), 127.7
(C(10)H), 126.5 C(12)H), 126.2 C(9)H), 125.5 C(4)H), 124.7 C(B)H), 66.3 C(2)H), 56.0
(C(1)Hy), 23.3 C(2)Hy).

OH
0 12 H

9 11 3 5 N~ 2

O
Minor Regioisomer 84 (400 MHz, CDCY)) 7.76-7.85 (4H, m, C(B, C(7H, C(10H, C(12H),
7.47 (2H, m, , C(&), C(9H), 7.43 (1H, dJ 8.6, C(4H), 6.21 (1H, br s, N), 4.92-5.01 (1H, m,
C(2H), 3.72 (1H, dddJ 13.9, 6.4, 2.9, C(H,), 3.31-3.44 (1H, m, C(Hy), 1.95 (3H, s, C(H}»);
dc (100 MHz, CDC})) 171.8 C(1)0), 139.1 C(3)), 133.2 C(11)), 133.0 €(6)), 128.3 C(5)H),
127.9 C(7)H), 127.6 C(10)H), 126.2 C(12)H), 126.0 C(9)H), 124.6 C(4)H), 123.7 C(8)H),
73.6 C(2)H), 47.5 C(1)H,), 23.0 C(2")Hy).

Spectroscopic data were consistent with those tegan the literaturé®®

Isopropyl 2-hydroxy-3-(naphthalen-2-yl)-3-pivalamidopropanoate (263)

@)
”
HN T

0 12 )H<3,
8 . 4 OH

7 5
To a solution ofpotassium osmate (0.05 eq., 7.6 mg, 1.08-&nol) and lithium hydroxide
monohydrate (1.1 eq., 19 mg, 0.45 mmol) in wates (AL) was added acetamide (1.1 eq., 25 mg,
0.45 mmol). After the reaction mixture was stirfed 15 min, compoun®4 (1.0 eq., 63 mg, 0.41
mmol) and compoun@59(1.1 eq., 119 mg, 0.45 mmol) were added at rtrimxdure oft-butanol
(1.1 mL).and acetonitrile (1.1 mL). The reactionxtare was stirred for 12 h. Work-up and
purification were subjected to General Procedute ftirnish the title compoun#63 (37 mg, 0.14
mmol, 33%/s 3:1) as a colourless solid.
64 (400 MHz, CDC}) 7.76-7.89 (3H, m, C(B), C(7H, C(10H), 7.72 (1H, s, C(18)), 7.42-7.55
(3H, m, C(4H, C(8H, C(9H), 6.51 (1H, dJ 6.1, NH), 5.18 (1H, m, C(2)), 3.87-4.02 (2H, m,
C(1)H,), 1.30 (9H, s, C(¥)3); éc (100 MHz, CDC})) 179.1 C(1)0), 136.7 €(3)), 133.3 C(11)),
132.9 C(6)), 128.8 C(5)H), 127.8 C(7)H), 127.6 C(10)H), 126.3 C(12)H), 126.1 C(9)H), 125.3
(C(4)H), 124.6 C(8)H), 66.5 C(1)H,), 55.8 C(2)H), 38.8 C(2"), 29.6 C(3")Hs); m/z(ESI) 270
(IM-H]", 100%); HRMS (ESI) C;H,:NO, requires [M+Na] 294.1465, found 294.1463 (+0.45
ppm).
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1-(Naphthalen-2-yl)ethane-1,2-diol

OH
10 12 .
OH
8 f 4
7 5

1-(Naphthalen-2-yl)ethane-1,2-diol was isolatechasde product in 24% yield during compound
263synthesis.

o4 (400 MHz, CDC)) 7.79-7.84 (4H, m, C(B), C(7H, C(10H, C(12H), 7.42-7.52 (3H, m,
C(4)H, C(8H, C(9H), 4.98-5.01 (1H, m, C(8), 3.75-3.91 (2H, m, C(8}), 2.66 (1H, dJ 3.1,
OH), 2.14 (1H, m, ®); éc (100 MHz, CDC}) 139.9 C(3)), 133.4 C(11)), 132.7 C(6)), 128.8
(C(5)H), 127.7 C(7)H), 127.6 C(10)H), 126.2 C(12)H), 126.1 C(9)H), 125.4 C(4)H), 124.5
(C(8)H), 73.7 C(2)H), 67.3 C(1)H,).

Spectroscopic data were consistent with those tegham the literaturé>’
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5.3.3 Chapter 4 — Characterisation Data

(9)-2-(1,3-Dioxoisoindolin-2-yl)-3-methylbutanamide 269)

To a solution of phthalimide-protected L-valig@l (1.0 eq., 1.0 g, 4.0 mmol) in dichloromethane
(40 mL) under argon at 0 °C, was added three dodpgN'-dimethylformamide followed by the
dropwise addition of freshly distilled oxalyl chdei (2.0 eq., 1.0 g, 8.0 mmol). After completion of
the addition, the reaction mixture was stirred forh at rt. The reaction mixture was then
concentratedn vacuoat rt, and redissolved under argon in diethyl ether 0 affording a
heteregenous mixture. Aqueous ammonia (1.3 eq.paded dropwise to the reaction mixture, and
it was left to stir for 12 h. The reaction mixtusas then extracted with ethyl acetate (2 x 60 mL).
The organic phase was separated, washed with (@enlL), dried over N&O,, filtered and the
solvent was removed under reduced pressure. Thdueesvas purified by flash column
chromatography, eluting with dichloromethane/methgh00:0 to 9:1) to give the title compound
269(768 mg, 3.1 mmol, 78%) as a white solid.

64 (400 MHz, CDCY}) 7.88 (2H, ddJ 5.3, 3.1, C(3H), 7.77 (2H, ddJ 5.4, 3.0, C(4H)), 6.92 (1H,

br s, NHy), 5.80 (1H, br s, Ny), 4.41 (1H, dJ 11.3, C(2MH), 2.76-2.92 (1H, m, C(8)), 1.14 (3H,

d, J 6.6, C(4H,), 0.87 (3H, dJ 6.5, C(5Ha); 8¢ (100 MHz, CDC}) 171.1 C(1)0O), 168.4 C(1"),
134.5 C(4YH), 131.3 C(2"), 123.7 C(3)H), 62.9 C(2)H), 27.6 C(3)H), 19.7 C(4)H3), 19.4
(C(5)Hy).

Spectroscopic data were consistent with those tegan the literaturé®

(9)-2-(1,3-Dioxoisoindolin-2-yl)-3-methylbutanoic ad (271)

L-valine (3.0 g, 14.1 mmol) was subjected to GelnBracedure D to furnish the title compound
271(3.2 g, 13.1 mmol, 93%) as a colourless solid.

é4 (400 MHz, CROD) 7.85 (2H, ddJ 5.8, 3.3, C(3H), 7.81 (2H, ddJ 5.8, 3.3, C(4Hl), 4.53
(1H, d,J 8.1, C(2H), 2.62-2.75 (1H, m, C(8)), 1.13 (3H, dJ 6.8, C(4Hs), 0.88 (3H, dJ 6.8,
C(5)H,); éc (100 MHz, CROD) 172.4 C(1)0O), 169.7 C(1H0), 136.2 C(4)H), 133.3 C(2Y),
124.9 C(3)H), 59.1 C(2)H), 30.1 C(3)H), 22.1 C(4)Hs), 20.4 C(5)Hz).

Spectroscopic data were consistent with those tegan the literaturé>?
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(9)-2-(1,3-Dioxoisoindolin-2-yl)-3-methyIN-(2,4,6-trimethylbenzoyloxy)butanamide (273)

Phthalimide-protected L-valin271(1.00 g, 4.06 mmol) was subjected to General RueeE to
furnish the title compoun#73(1.13 g, 2.76 mmol, 68%) as a colourless solidL{EBhowed 94%
ee).

Phthalimide-protected L-valing71 (1.00 g, 4.06 mmol) was subjected to General Rueek to
furnish the title compoun#73(1.11 g, 2.72 mmol, 67%) as a colourless solidL{EBhowed 95%
ee).

Phthalimide-protected L-valin271 (1.00 g, 4.06 mmol) was subjected to General RiaeeG to
furnish the title compoun#73(1.06 g, 2.60 mmol, 64%) as a colourless solidL{ERBhowed 98%
ee).

[a]35 — 15.1 ¢ = 0.6, chloroform)m.p. 129-131 °C ¥ (thin film)/cm™ 3282br, 2968m, 1778br
s, 1714br s, 1611m, 1580m, 1427br m, 1233m, 1130D69br m, 948w, 887w, 732br rd;, (400
MHz, CDCk) 10.61 (1H, s, W), 7.81 (2H, ddJ 5.4, 2.8, C(10Hl), 7.69 (2H, ddJ 5.4, 2.8,
C(11'H), 6.80 (2H, s, C(49), 4.58 (1H, dJ 11.4, C(2MH), 2.88-3.02 (1H, m, C(B)), 2.32 (6H, s,
C(7"Hs), 2.22 (3H, s, C(683), 1.19 (3H, dJ 6.6, C(4H5), 0.87 (3H, dJ 6.6, C(5H5); 8¢ (100
MHz, CDCk) 168.2 C(8)0), 167.3 C(1)0), 166.1 C(1)0), 140.4 C(5"), 136.5 C(9"), 134.4
(C(11HH), 130.9 €(31), 128.3 C(4)H), 126.4 C(2"), 123.6 C(10)H), 60.7 C(2)H), 27.5
(C(3)H), 20.9 C(6")Hs), 19.7 C(7")Hs), 19.5 C(4)Hs), 19.2 C(5)Hs); m/z (ESI) 431 ([M+Na],
70%), 839 ([2M+Na], 100); HRMS (ESI') C,3HN.Os requires [M+Na] 431.1577, found
431.1578 (-2.37 ppm).

(S)-tert-butyl-3-methyl-1-oxo-1-(2,4,6-trimethylbenzgloxyamino)butan-2-ylcarbamate (280)

Boc-protected-L-valing€1.07 g, 4.92 mmol) was subjected to General Praeel to furnish the
titte compound280(1.32 g, 3.49 mmol, 71%) as a white solid.

[a]35 — 32.3 ¢ = 0.6, chloroform)m.p. 124-125 °Cyna (thin film)/cm™ 3299br, 2975m, 1779m,
1674br s, 1520m, 1367m, 1297w, 1158m, 1016m, 993w#400 MHz, CDC}) 11.07 (1H, br ,
NH,), 6.79 (2H, s, C(4)), 5.79 (1H, d,J 9.1, NHy), 4.23 (1H, t,J 8.5, C(2H), 2.31 (6H, s,
C(7°Hs), 2.25 (3H, s, C(613), 2.10-2.22 (2H, m, C(8)), 1.33-1.47 (9H, s, C(161), 1.08 (3H, d,
J 6.6, C(4H3), 1.06 (3H, dJ 6.6, C(5Ha); 6c (100 MHz, CDC}) 169.2 C(1)0), 167.0 C(1)0),
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156.2 (C(8)0), 140.0 C(5)), 136.4 C(3)), 128.2 C(4)H), 127.0 C(2"), 80.0 C(9), 57.6
(C(2)H), 31.0 C(3)H), 28.2 C(10Hs), 21.0 C(6)Hs), 19.6 C(7)Hs), 18.9 C(4)H;), 18.3
(C(5)Hs); m/z (ESI) 377 ([M-HT, 100%), 755 ([2M-H] 40); HRMS (ESI') CysH3oN,Os requires
[M+Na]" 401.2047, found 401.2047 (+2.6 ppm).

(S)-benzyl-3-methyl-1-oxo0-1-(2,4,6-trimethylbenzoyloyamino)butan-2-ylcarbamate (281)

Cbz-protected-L-valin€1.94 g,7.74 mmol) was subjected to General Procedur® Eurnish the
titte compound281(2.04 g, 4.95 mmol, 64%) as a white solid.

[a]3° — 25.5 € = 1.6, chloroform)m.p. 160-161 °Cymax (thin film)/cm™ 3290br, 3175br, 1776m,
1692br s, 1538m, 1289m, 1248m, 1232m, 1037m, 733w400 MHz, CDCJ) 10.49 (1H, br ,
NH.), 7.33 (5H, br s, C(1H), C(12'H, C(13'H), 6.85 (2H, s, C(4)), 5.69 (1H, dJ 8.8, NHy),
5.14 (1H, dJ 11.9, C(9'H.), 5.06 (1H, dJ 11.9, C(9'My), 4.23 (1H, tJ 7.8, C(2H), 2.35 (6H, s,
C(7"Has), 2.29 (3H, s, C(3), 2.13-2.27 (1H, m, C(8)), 1.08 (3H, d,] 6.6, C(4H5), 1.05 (3H, d,
J 6.6, C(5Hs); 8¢ (100 MHz, CDC}) 169.1 C(1)0), 167.5C(2)0), 156.8 C(8")0), 140.6 C(5"),
136.6 C(3"), 135.8 C(13")H), 128.9 C(109), 128.5 C(4)H), 128.2 C(12")H), 128.0 C(11"HH),
126.7 C(2"), 67.4 C(9)H.), 58.2 C(2)H), 30.9 C(3)H), 21.2 C(6Hs), 19.8 C(7)Hs), 19.1
(C(4)Hs), 18.2 C(5)Hs); m/z (ESI) 435 ([M+Na], 70%), 847 ([2M+Nd] 95); HRMS (ESI)
Ca3H26N20s requires [M+Nal] 435.1890, found 435.1881 (+2.31 ppm).

(9)-(9H-fluoren-9-yl)methyl 3-methyl-1-ox0-1-(2,4,64imethylbenzoyloxyamino)butan-2-
ylcarbamate (282)

Fmoc-protected-L-valin€967 mg,2.85 mmol) was subjected to General Proceduyr Eurnish
the title compoun@82 (685 mg, 1.37 mmol, 44%) as a colourless solid.

[a]35 — 85.4 € = 0.4, chloroform)m.p. 156-158 °Cyma (thin film)/cm™ 3286br, 3192br, 1778w,
1673br s, 1539w, 1449w, 1294w, 1082w, 1008w(500 MHz, CDC})) 9.76 (1H, br , M,), 7.77
(2H, d,J 7.3, C(15'1), 7.59 (2H, tJ 7.3, C(12'{), 7.40 (2H, tJ 7.3, C(14'M), 7.28-7.36 (2H, nd
7.3, C(13'H), 6.87 (2H, s, C(4H), 5.42 (1H, dJ 8.2, NHy), 4.35-4.60 (2H, m, C(9}), 4.24 (1H,
dd, J 6.6, 6.0, C(10H), 4.10 (1H, m, C(3)), 2.33-2.41 (6H, s, C(Hy), 2.30 (3H, s, C(61),),
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2.16-2.27 (1H, m, C(8)), 1.06 (6H, m, C(4)s, C(5Hs); oc (125 MHz, CDC{) 169.2 C(1')0),
167.5 C(1)0), 156.7 C(8)0), 143.7 €C(11"), 141.3 C(16")), 140.8 C(5"), 136.7 C(3)), 128.6
(C(4HH), 128.4 C(2), 127.8 C(14YH), 127.1 C(13)H), 125.0 C(12")H), 120.0 C(15H), 67.4
(C(9YHy), 58.3 C(2)H), 47.1 C(10H), 30.4 C(3)H), 21.2 C(6)Hs), 20.0 C(7)Hs), 19.2
(C(4)Hy), 18.1 C(5)Hs); m/z (ESI') 523 ([M+ NaJ, 100%);HRMS (ESI) Cz0H3N,Os requires
[M+Na]" 523.2227, found 523.2214 (+2.2 ppm).

tert-Butyl 2,4,6-trimethylbenzoyloxycarbamate (285)
7
0]
3 3

H
R GOy
0 5

N-Boc hydroxylamine84 (5.0 g, 37.5 mmol) was subjected to General PuaeeB to furnish the

6

titte compound285(9.7 g, 34.6 mmol, 92%) as a colourless solid.

d4 (400 MHz, CDC}) 8.09 (1H, s, W), 6.89 (2H, s, C(4),), 2.38 (6H, s, C(H3), 2.30 (3H, s,
C(6)Hs), 1.54 (9H, s, C(3)3); ¢ (100 MHz, CDCJ) 169.3 C(1)0), 155.6 C(1)0), 140.8 C(5)),
136.7 C(3)), 128.7 C(4)H,), 126.7 C(2)), 83.3 €(2), 28.1 C(3)Hz), 21.4 C(6)Hz), 20.0
(C(7)Hy).

Spectroscopic data were consistent with those tegan the literaturé®

Single Crystal X-ray Diffraction Data fd&85 CysH»:N1O4, M, = 279.34, monoclinic (P 1 21/a 1), a
=10.06900(10) A, b = 11.07300(10) A, ¢ = 27.820¢30 = 90 °C,3 = 99.4877(5) °Cy = 90 °C,

V = 3059.34(5) A Z = 8,n = not measured Q. = 1.213, T = 150(2) K, 13103 reflections
collected, 4767 independent [R(int) = 0.022],7R0.0439, wR = 0.0917 [I>3sigma(l)].

0-(2,4,6-Trimethylbenzoyl)hydroxylamine hydrochloride salt (286)

0 7
3
HCIH NS AN 4

6

To compound285(3.0 g, 10.7 mmol) dissolved in dichloromethanen(S was added dropwise at
0 °C at solution of 4 M HCI in dioxane (6 mL) arktreaction mixture was vigorously stirred until
TLC indicatied complete consumption of the startingterial (typically 6 h). The solvent was
removed under reduced pressure to give the tithepooind286 (2.31 g, 10.7 mmol, 100%) as a
white solid.

o4 (400 MHz, CDCY}) 8.49 (2H, br s, N), 6.90 (2H, s, C(4)), 2.31 (3H, s, C(6)s), 2.30 (6H, s,
C(7)H3); éc (100 MHz, CDC}) 169.7 C(1)0O), 141.3 C(5)), 136.6 C(3)), 128.9 C(4)H,), 124.3
(C(2)), 21.2 C(6)Hs), 19.8 C(7)Hy).
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Spectroscopic data were consistent with those regan the literaturé?®

(S)-tert-Butyl 1-oxo-1-(2,4,6-trimethylbenzoyloxyamino)pro@n-2-ylcarbamate (291a)

10’

Boc-protected-L-alalin€997 mg, 4.9 mmol) was subjected to General PraeeButo furnish the
titte compound291a(1.05 g, 3.0 mmol, 61%) as a colourless oil.

[a]3° — 28.3 ¢ = 0.8, chloroform)yma, (thin film)/cm™ 3226br s, 2980s, 1777s, 1682br s, 1612m,
1517s, 1314m, 1234m, 1158m, 1095s, 981s, 912w, 8628m;dy (400 MHz, CDC}) 10.53 (1H,
brs, NH,), 6.86 (2H, s, C(49), 5.36 (1H, dJ 6.8, NH;), 4.43 (1H, br s, C(8)), 2.33-2.42 (6H, s,
C(7°Hs), 2.28 (3H, s, C(6H3), 1.47 (12H, br s, C(8)%, C(10"Hs); ¢ (100 MHz, CDC}) 170.6
(C(1)0), 167.6 C(1)0), 156.1 C(80), 140.5C(5"), 136.6 C(3"), 128.5 C(4)H), 126.7 C(2),
80.8 (C(9Y), 47.4 C(2)H), 28.3 C(10)Hs), 21.1 C(6')Hs), 19.8 C(7)Hs), 17.4 C(3)Hz); m/z
(ESI) 373 ([M+Na], 100%), 723 ([2M+N4d] 40); HRMS (ESI) CigH2eN,0s requires [M+Nal]
373.1734, found 373.1740 (+1.2 ppm).

(S)-Benzyl-1-oxo-3-phenyl-1-(2,4,6-trimethylbenzoyloyamino)propan-2-ylcarbamate (291b)

CBz-protected-L-phenylalaling42 mg,2.15 mmol) was subjected to General Procedyr¢éoE
furnish the title compoun®91b (653 mg, 1.42 mmol, 66%) as a white solid.

[a]35 — 4.7 € = 3.3, chloroform)m.p. 132-133 °Cyma (thin film)/cm™ 3299br w, 3194w, 1777m,
1674s, 1585m, 1454w, 1318w, 1262m, 1231w, 1157W2d10) 850w, 746m, 697n8, (400 MHz,
CDCl;) 10.48 (1H, br s, N,), 7.14-7.43 (10H, m, C(&) C(6H, C(7H, C(11'H, C(12H,
C(13'H), 6.85 (2H, s, C(41), 5.83 (1H, dJ 8.3, NHy), 4.96-5.17 (2H, m, C(¥), 4.75 (1H, dJ]
6.6, C(2H), 3.26 (1H, ddJ 13.5, 7.0, C(3},), 3.11 (1H, ddJ 13.5, 7.0, C(F)), 2.34 (6H, s,
C(7)Hs), 2.30 (3H, s, C(8)3); 6c (100 MHz, CDC})) 168.8 (C(1)0), 167.3 €(1)O), 156.5
(C(8)0), 140.5 C(5Y), 136.6 €(39), 135.9 €(10Y), 135.8 C(4)), 129.3 C(5)H), 128.6 C(4)H),
128.44 C(6)H), 128.41 C(12")H), 128.1 C(13")H), 127.9 C(11)H), 127.0 C(7)H), 126.6 C(2"),
67.3 C(9)H,), 53.9 C(2)H), 38.2 C(3)H,), 21.1 C(6)Hs), 19.8 C(7")Hs); m/z (ESI) 483
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([M+Na]*, 100%);HRMS (ESI) C,7H,eN,Os requires [M+Na] 483.1891, found 483.1890 (+0.3
ppm).

(9)-2-(1,3-Dioxoisoindolin-2-yl)N-((R)-2-hydroxy-2-(4-methoxyphenyl)ethyl)-3-
methylbutanamide (292)

Compound28 (31 mg, 0.23 mmol) and compou2d3 (102 mg, 0.25 mmol) were subjected to
General Procedure G to furnish the title compoR®2 (81 mg, 0.21 mmol, 89%s 13:1,dr 15:1)
as a colourless solid.

[a]3° — 23.7 ¢ = 1.7, chloroform)m.p. 110-112 °Cypax (thin film)/cm™ 3351br, 2961m, 1773m,
1708s, 1670m, 1590m, 1518s, 1459m, 1390s, 124165m,0957w, 722mdy (400 MHz, CDC))
7.84 (2H, ddJ 5.6, 3.0, C(10H), 7.76 (2H, dd,) 5.6, 3.0, C(11H), 7.27 (1H, tJ 5.6,NH), 7.22
(2H, d,J 8.6, C(4'H), 6.74 (2H, dJ 8.6, C(5'H), 4.75-4.85 (1H, m, C(Y), 4.39 (1H, dJ 11.4,
C(2H), 3.71 (3H, s, C(M)53), 3.64 (1H, ddd) 13.8, 7.1, 4.3, C(1),), 3.41 (1H, ddd) 13.8, 7.1,
4.3, C(1'Hy), 3.35 (1H, dJ 3.5, (H), 2.73-2.85 (1H, m, C(8)), 1.06 (3H, d,J 6.6, C(4Hs), 0.83
(3H, d,J 6.6, C(5H5); ¢ (100 MHz, CDC}J) 170.1 C(1)0O), 168.3 C(8")0), 159.0 C(6")), 134.4
(C(119HH), 133.7 €(39), 131.3 C(99), 126.9 C(5)H), 123.6 C(10YH), 113.7 C(4)H), 72.9
(C(2HH), 62.8 C(2)H), 55.1 C(7)Hs), 47.3 C(1)H.), 27.5 C(3)H), 19.8 C(4)Hs), 19.4 C(5)Hy);
m/z (ESI) 419 ([M+Na], 100%), 815 ([2M+Nd] 70); HRMS (ESI") C,,H2N,Os requires
[M+Na]* 419.1577, found 419.1576 (-0.7 ppm).

Single Crystal X-ray Diffraction Data fa292 CyH,/N.Os, M, = 396.43, monoclinic (R -3), a =
19.9255(6) A, b = 5.5134(2) A, ¢ = 20.1945(7)dds 90 °Cp = 115.5269(16) °Cy = 90 °C,V =
2001.95(12) A Z = 4, = not measured . = 1.315, T = 150(2) K, 3317 reflections collected,
3317 independent [R(int) = 0] R 0.0374, wRR= 0.0855 [I>3sigma(l)].

(9)-2-(1,3-Dioxoisoindolin-2-yl)N-((S)-2-hydroxy-1-(4-methoxyphenyl)ethyl)-3-
methylbutanamide (293)
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Compound28 (31 mg, 0.23 mmol) and compou2d3 (102 mg, 0.25 mmol) were subjected to
General Procedure G to furnish the title compo2®8l(8 mg, 0.02 mmol, 9%s 1:6.5,dr N/A) as

a colourless solid.

[a]35 — 20.8 € = 0.5, chloroform)m.p. 159-161 °Cyma (thin film)/cm™ 3349br, 2965m, 1777m,
1712s, 1663m, 1612w, 1585m, 1514s, 1467m, 1385632 1070m, 1034w, 721nd, (400
MHz, CDCk) 7.87 (2H, ddJ 5.3, 3.1, C(10H), 7.76 (2H, dd,) 5.3, 3.1, C(11H), 7.65 (1H, dJ
7.0, NH), 7.20 (2H, dJ 8.5, C(4'H), 6.85 (2H, dJ 8.5, C(5'H), 4.86-5.14 (1H, m, C(H}), 4.48
(1H, d,J 11.3, C(2M), 3.86 (1H, tJ 5.8, C(2'H.), 3.78 (3H, s, C(M)3), 2.78-3.02 (1H, m, C(8)),
2.47 (1H, tJ 5.8, C(2'Hy), 1.16 (3H, d,J 6.6, C(4H3), 0.88 (3H, dJ 6.6, C(5Hs); ¢ (100 MHz,
CDCl3) 169.2 (C(1)0), 168.6 €(8)0), 159.2 C(6"), 134.5 C(11"H), 131.3 C(9"), 130.7 C(3"),
127.9 C(4)H), 123.8 C(10H), 114.3 C(5)H), 66.8 C(7")Hs), 63.3 C(2)H), 55.5 C(1)H), 55.3
(C(7YH3), 27.9 C(3)H), 19.7 C(4)Hs), 19.5 C(5)Hs); m/z (ESI) 419 ([M+NaJ, 100%), 815
([2M+Na]*, 80); HRMS (ESI') CyH,:N,0s requires [M+Na] 419.1577, found 419.1573 (+1.8
ppm).

Single Crystal X-ray Diffraction Data f@293 C,,H,4N>Os, M, = 396.43, orthorombic (R -3), a =
5.3136(1) A, b = 19.4044(6) A, ¢ = 20.0409(6)cis 90 °C 8 = 90 °C,y = 90 °CV = 2066.36(10)
A3 z = 4, u = not measured Q. = 1.274, T = 150(2) K, 2878 reflections collect&B78
independent [R(int) = 0], &= 0.0384, wR= 0.0851 [I>3sigma(l)].

1-(4-Methoxyphenyl)ethane-1,2-diol (294)

HO 2 4

Compound294 was isolated in % yield during the synthesis26f in the conditions stated in
Chapter 4.

d4 (400 MHz, CDCJ) 7.31 (2H, dJ 8.3, C(5H), 6.90 (2H, dJ 8.3, C(4H), 4.73-4.75 (1H, m,
C(2)H), 3.81 (3H, s, C(Hs5), 3.62-3.74 (2H, m, C(B), 2.52 (1H, br s, 8), 2.23 (1H, br s, 8);
dc (100 MHz, CDC)) 159.2 (C(6)), 132.5 C(3)), 127.3 C(4)H), 113.8 C(5)H), 74.3 C(2)H),
68.1 C(7)Hs), 55.3 C(1)H,).

Spectroscopic data were consistent with those tegan the literaturé>*

2-(1,3-Dioxoisoindolin-2-yl)N-(2,4,6-trimethylbenzoyloxy)acetamide (296a)
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Commercially available phthalimide-protected glgi(l.25 g, 5.72 mmol) was subjected to
General Procedure;Ho furnish the title compoun@96a (1.52 g, 4.06 mmol, 71%) as a white
solid.

m.p. 189-191 °C;vmax (thin fiIm)/cm‘l 3238br, 2962m, 1775s, 1710br, 1616m, 1432m, 1285m,
1227m, 1151m, 1029w, 851s, 72%y; (400 MHz, CDC}) 9.62 (1H, br s, N), 7.91 (2H, ddJ

5.6, 3.0, C(10Hl), 7.77 (2H, ddJ 5.6, 3.0, C(11Hl), 6.88 (2H, s, C(4)), 4.55 (2H, s, C(3),),
2.37 (6H, s, C(7H3), 2.30 (3H, s, C(883); 8¢ (100 MHz, CDC}) 169.8 C(1)0), 167.6 €(8)0),
164.9 C(1)0), 141.1 C(5"), 136.9 C(39), 134.4 C(11")H), 131.9 €(9)), 128.7 C(4)H), 126.3
(C(2), 123.8 C(10")H), 38.8 C(2)H,), 21.2 C(6")Hs), 20.1 C(7")Hs); m/z (ESI) 389 ([M+Na],
100%);HRMS (ESI') C,0H1gN,Os requires [M+Na] 389.1108, found 389.1110 (+0.8 ppm).

(9)-2-(1,3-Dioxoisoindolin-2-yl)propanoic acid

L-alanine (5.0 g, 56.1 mmol) was subjected to Ga&lnerocedure D to furnish the title compound
(11.6 g, 52.7 mmol, 94%) as a white solid.

64 (400 MHz, (CR),CO) 9.08-11.14 (1H, br s,H), 7.82-7.92 (4H, m, C(3%), C(4'H), 5.01 (1H,
g,J 7.3, C(2H), 1.70 (3H, d,J 7.3, C(3Hs); dc (100 MHz, (CR).,CO) 171.3 C(1)0), 167.9
(C(1)0), 135.2C(4H), 132.7 C(2"), 123.9 C(3')H), 47.8 C(2)H), 15.3 C(3)Hs).

Spectroscopic data were consistent with those tegan the literaturé®

(9)-2-(1,3-Dioxoisoindolin-2-yl)N-(2,4,6-trimethylbenzoyloxy)propanamide (296b)

3 7

Phthalimide-protected L-alanine (1.25 g, 5.72 mnmwd}s subjected to General Procedugetd=
furnish the title compoun#96b (1.52 g, 4.06 mmol, 71%) as a colourless solid.

[a]35 + 16.0 € = 0.1, chloroform)m.p. 148-149 °Cyax (thin film)/cm™ 3241br, 2965m, 2924m,
2558s, 1777s, 1715br, 1610m, 1436m, 1385s, 129281 m, 1157s, 1033m, 855s, 7213p; (400
MHz, CDCk) 10.43 (1H, br s, N), 7.81-7.93 (2H, m, C(1®4), 7.75 (2H, ddJ 5.3, 2.9, C(11H),
6.86 (2H, s, C(4H), 5.10-5.22 (1H, m, C(8)), 2.40 (3H, s, C(8)3), 2.36 (6H, s, C(M5), 1.83
(3H, d,J 5.3, C(3Hy3); 8¢ (100 MHz, CDCJ) 168.3 C(1)0), 167.7 €C(8)0), 167.7 C(1)0O), 140.8
(C(5)), 136.8 €C(3)), 134.4 C(11)H), 131.6 C(9)), 128.6 C(4)H), 126.2 C(2)), 123.7
(C(10"H), 48.3 C(2)H), 20.2 C(6")H3), 20.0 C(7)Hs), 15.3 C(3)H3); m/z (ESI) 403 ([M+NaJ,
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96%), 783 ([2M+Na], 94%); HRMS (ESI) C,H,oN,Os requires [M+Na] 403.1264, found
403.1261 (+0.7 ppm).

(9)-2-(1,3-Dioxoisoindolin-2-yl)-4-methylpentanoic aid

L-leucine (5.0 g, 38.1 mmol) was subjected to GainBrocedure D to furnish the title compound
(9.2 g, 35.1 mmol, 92%) as a white solid.

64 (400 MHz, CROD) 7.74-7.92 (4H, m, C(39, C(4'H), 4.85-4.94 (1H, m, C(})), 2.23-2.38
(1H, m, C(3H,), 1.86-1.98 (1H, m, C(8),), 1.36-1.53 (1H, m, C(#), 0.83-0.98 (6H, m, C(5}s,
C(6)Hs); 8¢ (100 MHz, CROD) 173.1 C(1)0), 169.3 C(1)0), 135.8 C(4)H), 133.0 C(2Y),
124.5 C(3')H), 51.8 C(2)H), 38.4 C(3)H,), 26.4 C(4)H), 23.7 C(5)Hs), 21.5 C(6)Hy).

Spectroscopic data were consistent with those tegan the literaturé>

(9)-2-(1,3-Dioxoisoindolin-2-yl)-4-methyIN-(2,4,6-trimethylbenzoyloxy)pentanamide (296c¢)

Phthalimide-protected L-leucine (508 mg, 1.94 mnvad)s subjected to General Procedurede
furnish the title compoun®96c¢(582 mg, 1.38 mmol, 71%) as a colourless solid.

[a]35 + 12.9 € = 0.1, chloroform)m.p. 130-132 °Cyax (thin film)/cm™ 3264br, 2961m, 1777br
s, 1714br s, 1611m, 1469s, 1384br s, 1233m, 118040br m, 987w, 948w, 911w, 721®@y
(400 MHz, CDC}) 10.15 (1H, s, M), 7.87 (2H, dd) 5.1, 3.1, C(10H), 7.75 (2H, ddJ 5.1, 3.1,
C(11'H), 6.85 (2H, s, C(4)), 5.13 (1H, ddJ 12.6, 5.3, C(&)), 2.39-2.50 (1H, m, C(8}y), 2.35
(6H, s, C(7'Hs), 2.28 (3H, s, C(8)3), 1.99 (1H, dddJ 12.6, 9.2, 5.3, C(8)), 1.45-1.61 (1H, m,
C(4)H), 0.96 (6H, ddJ 6.4, 1.9, C(Hs, C(6)Hs); éc (100 MHz, CDC}) 169.4 C(1)0), 168.1
(C(8Y0), 167.6 C(1)O), 140.7 C(59), 136.8 C(3)), 134.5 C(11)H), 131.4 C(9"), 128.5
(C(49H), 126.3 C(2"), 123.8 C(10")H), 60.0 C(2)H), 37.5 C(3)H>), 25.0 C(4)H), 22.9 C(5)H,),
21.3 C(6)Hs), 21.1 C(6Hs), 20.0 C(7")Hs); m/z (ESI) 445 ([M+Na], 80%), 867 ([2M+Nd]
80); HRMS (ESTI") C,4H26N,Os requires [M+Na] 445.1734, found 445.1735 (-2.26 ppm).
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(9)-2-(1,3-Dioxoisoindolin-2-yl)-3,3-dimethylbutanoicacid

L-tert-butylglycine (3.5 g, 26.7 mmol) was subjected ten€ral Procedure D to furnish the title
compound (6.8 g, 26.1 mmol, 98%) as a white solid.

64 (400 MHz, (CDR),CO) 7.79-7.95 (4H, m, C(3) C(4'H), 4.63 (1H, s, C(B), 1.16 (9H, s,
C(4)H3); dc (100 MHz, (CDR),CO) 169.2 C(1)0O), 168.6 C(1)0), 135.4 C(4)H), 132.5 €(2),
124.1 C(3')H), 59.9 C(2)H), 36.0 C(3)), 28.2 C(4)Hy).

Spectroscopic data were consistent with those tegan the literaturé>

(9)-2-(1,3-Dioxoisoindolin-2-yl)-3,3-dimethyIN-(2,4,6-trimethylbenzoyloxy)butanamide
(296d)

Phthalimide-protected L-butylglycine (1.73 g, 6.61 mmol) was subjectedteneral Procedure E
to furnish the title compoun296d(2.01 g, 4.76 mmol, 72%) as a colourless solid.

[a]3° + 17.5 € = 0.2, chloroform)m.p. 151-153 °Cyma (thin film)/cmi* 3251br, 2965br, 2255w,
1776br s, 1713br s, 1611s, 1469s, 1381br, 1352433<], 1158s, 1084m, 990m, 910w, 773m;
(400 MHz, CDC}) 11.08 (1H, s, M), 7.75-7.84 (2H, m, C(1®Y), 7.68 (2H, ddJ 4.5, 3.3,
C(11"H), 6.79 (2H, s, C(4), 4.97 (1H, s, C(3), 2.33 (6H, s, C(M3), 2.22 (3H, s, C(A)3),
1.18 (9H, s, C(4)3); 6c (100 MHz, CDCY) 168.7 C(1)0), 167.1 ¢(8)0), 165.2 C(1)0O), 140.3
(C(59), 136.4 C(11)H), 134.5 C(3)), 130.7 C(99), 128.3 C(4)H), 126.4 C(2)), 123.6
(C(109H), 63.15 C(2)H), 36.3 C(3)), 27.7 C(4)Hz), 20.9 C(6")Hs), 19.7 C(7)Hs); m/z (ESI)
421 ([M-HJ, 100%), 843 ([2M-H] 60); HRMS (ESI') C,4H26N,Os requires [M+Na] 445.1734,
found 445.1742 (-1.94 ppm).

Single Crystal X-ray Diffraction Data fa296d C,sH,6N.Os, M, = 491.59, orthorhombic (P 21 21
21), a =5.8398(2) A, b = 10.8763(3) A, ¢ = 35.0828 A, = 90 °C,p = 90 °C,y = 90 °C,V =
2227.09(12) Az= 4,1 = not measured f). = 1.260, T = 150(2) K, 4956 reflections collected,
4956 independent [R(int) = 0.000]; R0.0631, wR = 0.0904 [I>3sigma(l)].
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(9)-2-(1,3-Dioxoisoindolin-2-yl)-2-phenylacetic acid

D-a-phenylglycine (5.00 g, 33.1 mmol) was subjectedstmeral Procedure D to furnish the title
compound (8.3 g, 29.4 mmol, 89%) as a white solid.

o4 (400 MHz, (CDR),CO) 7.82-7.94 (4H, m, C(31, C(4H), 7.60 (2H, m, C(4H)), 7.30-7.40 (3H,
m, C(5H, C(6H), 6.08 (1H, s, C(3); éc (100 MHz, (CR),CO) 169.7 C(1)0O), 168.2 C(1)0),
136.5 C(3)), 135.8 C(4)H), 123.9 C(2"), 130.9 C(5)H), 129.33 C(4)H), 129.27 C(6)H), 124.5
(C(3)H), 56.6 C(2)H).

Spectroscopic data were consistent with those tegan the literaturé®

(¥)-(R)-2-(1,3-Dioxoisoindolin-2-yl)-2-phenyIN-(2,4,6-trimethylbenzoyloxy)acetamide (296e)

Phthalimide-protected B-phenylglycine (440 mg,1.57 mmol) was subjected to General
Procedure Eto furnish the title compour2R6e(367 mg, 0.83 mmol, 53%) as a white solid

[a]3° has epimerisetf® m.p. 158-160 °C;vmay (thin film)/cm* 3285br, 2922w, 1772s, 1717s,
1611w, 1468m, 1383s, 1231m, 1157w, 1109w, 1048dm73, (400 MHz, CDC}) 9.58 (1H, br
s, NH), 7.78-7.93 (2H, m, C(1®), 7.64-7.78 (4H, m, C(#), C(11'H), 7.33-7.47 (3H, m, C(H),
C(6)H), 6.86 (2H, s, C(41), 6.17 (1H, s, C(d), 2.37 (6H, s, C(T3), 2.28 (3H, s, C(13); 8¢
(100 MHz, CDC}) 167.8 C(1)0), 167.4 C(8")0), 165.2 C(1)0O), 140.8 C(5"), 136.8 C(11)H),
134.3 C(3"), 133.3 C(3)), 131.5 C(9"), 129.5 C(4)H), 129.4 C(6)H), 129.3 C(4)H), 128.5
(C(5)H), 126.1 C(2"), 123.7 C(10"YH), 56.4 C(2)H), 21.1 C(6")Hs), 19.9 C(7)Hs); m/z (ESI)
441 ([M-H], 100%);HRMS (ESI) CyeH,2N,Os requires [M-H] 441.1456, found 441.1456 (-0.18
ppm).
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(9)-2-(1,3-Dioxoisoindolin-2-yl)-3-phenylpropanoic ai

L-phenylglycine (3.5 g, 21.1 mmol) was subjected@eneral Procedure D to furnish the title
compound (5.6 g, 19.1 mmol, 90%) as a white solid.

o4 (400 MHz, (CR),CO) 7.79 (4H, s, C(F), C(5H), 6.94-7.38 (5H, m, C(4), C(6H, C(7H),
5.25 (1H, m, C(&), 3.44-3.70 (2H, m, C(8}); éc (100 MHz, (CDR),CO) 174.5 C(1)0O), 167.5
(C(1H0), 136.0 C(4"HH), 134.1 C(29), 131.5 C(5)H), 128.8 C(3")H), 128.6 C(6)H), 127.0
(C(7)H), 124.1 C(3)H), 53.0 C(2)H), 34.4 C(3)H,).

Spectroscopic data were consistent with those tegan the literaturé®’

(9)-2-(1,3-Dioxoisoindolin-2-yl)-3-phenyIN-(2,4,6-trimethylbenzoyloxy)propanamide (296f)

Phthalimide-protected L-phenylalanine (696 mg, 218%o0l) was subjected to General Procedure
X to furnish the title compoun296f (652 mg, 1.43 mmol, 61%) as a white solid.

[a]35 — 69.1 € = 0.1, chloroform)m.p. 210-212 °Cyax (thin film)/cm™ 3201br, 2975w, 1779s,
1717s, 1670s, 1496w, 1377s, 1355w, 1171w, 756{n#00 MHz, CDC}) 10.14 (1H, br s, N),
7.74-7.82 (2H, m, C(1®), 7.69 (2H, ddJ 4.9, 2.9, C(11Hl), 7.08-7.24 (5H, m, C(5), C(6H,
C(7)H), 6.87 (2H, s, C(49), 5.32 (1H, ddJ 10.9, 6.1, C(&)l), 3.54-3.74 (2H, m, C(8)), 2.37
(6H, s, C(7'Hs), 2.29 (3H, s, C(8)3); ¢ (100 MHz, CDC}) 167.9 C(8)0), 167.6 C(1)0), 166.8
(C(1)0), 140.9 C(5Y), 136.9 C(3"), 135.8 C(4)), 134.4 C(11"HH), 131.1 C(9"), 128.9 C(5)H),
128.7 C(6)H), 128.6 C(4)H), 127.1 C(7)H), 126.2 C(2"), 123.7 C(10"H), 54.7 C(2)H), 34.8
(C(3)Hy), 21.2 C(6")Hs), 20.0 C(7")Hs); m/z (ESI) 479 ([M+NaJ, 90%), 935 ([2M+Na], 100);
HRMS (ESTI') C,;H,4N,Os requires [M+Na] 479.1577, found 479.1578 (-0.24 ppm).
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(9)-2-(1,3-Dioxoisoindolin-2-yl)-3-(1H-indol-2-yl)prgpanoic acid

L-tryptophan (5.1 g, 25.1 mmol) was subjected ton&al Procedure D to furnish the title
compound (8.1 g, 24.3 mmol, 97%) as a beige solid.

o4 (400 MHz, (CIR),SO) 13.37 (1H, br s, @), 10.77 (1H, br s, N), 7.75-7.83 (9H, m, C(#)),
7.52 (1H, dJ 8.0, C(4Hs), 7.28 (1H, dJ 8.0, C(4H), 7.07 (1H, dJ 2.0, C(4Hs), 6.98 (1H, tJ
8.1, C(4H,), 6.94 (1H, tJ 8.1, C(4Hs), 5.15 (1H, m, C(4)s), 3.56-3.59 (2H, m, C(#)); éc (100
MHz, (CDs),S0) 171.0C(1)0), 168.6 C(1)0), 136.4 C(11)), 135.5 C(4)), 134.0 C(4)H), 127.1
(C(29), 123.5 C(6)), 123.4 C(3)H), 121.1 C(9)H), 119.6 C(8)H), 118.0 C(7)H), 111.4
(C(10)H), 109.6 C(5)H), 52.7 C(2)H), 24.2 C(3)H,).

Spectroscopic data were consistent with those tegam the literaturé™

(9)-2-(1,3-Dioxoisoindolin-2-yl)-3-(1H-indol-2-yl)N-(2,4,6-trimethylbenzoyloxy)propanamide
(2969)

Phthalimide-protected L-tryptophan (1.0 g, 3.0 mmeas subjected to General Procedured=
furnish the title compoun#96g(1.2 g, 2.4 mmol, 79%) as a yellowish solid.

[a]35 - 22.9 € = 0.9, chloroform)m.p. 167-169 °C;vmax (thin film)/cm™ 2959w, 1775m, 1715s,
1517m, 1383s, 1233m, 1158m, 1087w, 1056w, 877wm7 g8 (400 MHz, CDC}) 10.17 (1H, br
s, NH,), 8.16 (1H, br s, Ny), 7.77 (2H, ddJ 5.4, 3.1, C(10hl), 7.66 (2H, ddJ 5.4, 3.1, C(11H),
7.63 (1H, m, C(H), 7.27 (1H, dJ 8.1, C(10MH), 7.10-7.17 (1H, m, C(8)), 7.08 (1H, dJ 2.3,
C(7)H), 6.89 (1H, s, C(H), 6.86 (2H, s, C(4)), 5.45 (1H, ddJ 9.1, 7.1, C(H), 3.73-3.90 (2H,
m, C(3H,), 2.35 (6H, s, C(Ms), 2.29 (3H, s, C(88)3); ¢ (100 MHz, CDC)) 169.9 C(1")0),
168.0 C(8)0), 167.5 C(1)O), 140.8 (€5)), 136.8 (€3), 136.2 (¢11)), 135.6 (¢4)), 134.3
(C(119HH), 131.4 (@), 128.6 ()H), 128.4 (@6)), 123.6 (L10YH), 123.1 ("), 122.3
(C(9)H), 119.7 (@)H), 118.4 (¢7)H), 111.2 (G10)H), 110.0 (¢5)H), 53.7 (qG2)H), 25.4
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(C(3)H,), 21.2 (G6")Hs), 20.0 (G7")Hs); m/z (ESI) 494 ([M-HJ, 100%); HRMS (ESI)
CagH25N30s requires [M+Na] 518.1686 found 518.1684 (+0.1 ppm).

(R)-2-(1,3-Dioxoisoindolin-2-yl)N-(2-hydroxy-2-(4-methoxyphenyl)ethyl)acetamide (2%)

Compound28 (31 mg, 0.23 mmol) and compou286a (92 mg, 0.25 mmol) were subjected to
General Procedure G to furnish the title compog8da (59 mg, 0.17 mmol, 72%s 5:1) as a
colourless solid.

[a]35 — 34.8 ¢ = 0.8, acetone)m.p. 198-202 °C;vpax (thin film)/cm™ 3330br, 2923w, 1804w,
1773br s, 1650s, 1539w, 1511m, 1417m, 1245m, 111029m, 953w, 735m$, (200 MHz,
(CD5),CO) 7.89 (4H, m, C(1@®), C(11'H), 7.59 (1H, br s, N), 7.30 (2H, dJ 8.7, C(4'H), 6.87
(2H, d,J 8.7, C(5'H), 4.72 (1H, dtJ 7.9, 4.1, C(2H), 4.57 (1H, d,J 3.9, CH), 4.36 (2H, s,
C(2)H,), 3.77 (3H, s, C(M3), 3.38-3.58 (1H, m, C(H}), 3.15-3.37 (1H, m, C(H},); éc (100
MHz, (CD;),CO) 170.4 C(1)0O), 167.9 €(8)0), 155.5 C(6"), 136.7 C(3"), 135.7 C(11)H),
133.8 C(9Y), 128.5 C(4)H), 124.4 C(10H), 114.8 C(5)H), 73.3 C(2")H), 55.9 C(7")Hs), 48.9
(C(1YH,), 41.5 C(2)H,); m/z (ESI) 353 ([M-HJ, 100%); HRMS (ESI) CioH1gN.Os requires
[M+Na]* 377.1108, found 377.1109 (-0.4 ppm).

(9)-2-(1,3-Dioxoisoindolin-2-y)N-((R)-2-hydroxy-2-(4-methoxyphenyl)ethyl)propanamide
(297b)

Compound28 (31 mg, 0.23 mmol) and compou286b (95 mg, 0.25 mmol) were subjected to
General Procedure G to furnish the title compo@db (68 mg, 0.18 mmol, 79%s 14:1,dr 6:1)

as a colourless gum.

[a]3° — 40.4 € = 0.8, chloroform)ymay (thin film)/cm™ 3384br, 1777w, 1712s, 1663br m, 1612m,
1538m, 1513s, 1387br s, 1247s, 1174m, 1031m, 8824400 MHz, CDC}) 7.89 (2H, ddJ 5.5,
2.9, C(10'H), 7.78 (2H, ddJ 5.5, 2.9, C(11Hl), 7.27-7.33 (2H, m, C(3}), 6.86 (2H, dJ 8.6,
C(4'H), 6.52 (1H, tJ 5.3, NH), 4.91-5.00 (1H, m, C(8)), 4.85 (1H, dd) 8.1, 3.3, C(2H), 3.81
(3H, s, C(7'M3), 3.73 (1H, dddJ 13.9, 7.6, 3.3, C(1),), 3.35 (1H, dddJ 13.9, 7.6, 3.3, C(1)y),
3.15 (1H, br s, @), 1.72 (3H, d,J 7.3, C(3Hs); 8¢ (100 MHz, CDCY) 169.9 C(1)O), 167.8

-231 -



Chapter 5: Experimental section

(C(8Y0), 159.2 C(6%), 134.3 C(11)HH), 133.6 C(3)), 131.8 €(9)), 127.0 C(4)H), 123.6
(C(10%H), 113.9 C(5Y)H), 72.5 C(2)H), 55.2 C(7)Hs), 49.3 C(2)H), 47.4 C(1)H,), 15.2
(C(3)Hs); m/z (ESI) 391 ([M+Na], 100%), 759 ([2M+Nd] 96); HRMS (ESI") CyH20N»0s
requires [M+Na] 391.1264, found 391.1259 (+2.2 ppm).

(9)-2-(1,3-Dioxoisoindolin-2-yl)N-((R)-2-hydroxy-2-(4-methoxyphenyl)ethyl)-4-
methylpentanamide (297c)

Compound28 (31 mg, 0.23 mmol) and compou86c (106 mg, 0.25 mmol) were subjected to
General Procedure G to furnish the title compo2@dc (77 mg, 0.19 mmol, 81%s 12:1,dr 4:1)

as a colourless oil.

[a]3° — 20.6 ¢ = 0.3, chloroform)ymay (thin film)/cm™ 3360br, 2959s, 1773s, 1713br s, 1682s,
1612m, 1513w, 1386s, 1248m, 1174w, 1073m, 912ws;822(400 MHz, CDC}) 7.87 (2H, dd,]
5.4, 3.1, C(10H), 7.76 (2H, dd) 5.4, 3.1, C(11H), 7.21-7.30 (2H, m, C(3Y), 6.82 (2H, d,] 8.6,
C(4"H), 6.57 (1H, br s, N), 4.92 (1H, dd,) 11.4, 5.1, C(&}), 4.81 (1H, dd,] 8.1, 3.3, C(2H),
3.76 (3H, br s, C(M)s), 3.62-3.73 (1H, m, C(H}), 3.25-3.39 (1H, m, C(}},), 2.27-2.39 (1H, m,
C(3)H,), 1.76-1.92 (1H, m, C(8),), 1.38-1.53 (1H, m, C(#)), 1.20-1.36 (1H, m, 8), 0.82-1.00
(6H, m, C(5Hs, C(6)Ha); 8¢ (125 MHz, CDC}) 170.3 C(1)0O), 168.2 C(8)0), 159.2 C(6"),
134.3 C(11H), 133.6 C(3)), 131.6 C(9"), 127.0 C(5)H), 123.6 C(10")H), 113.9 C(4)H), 72.8
(C(2YH), 55.2 C(7")Hs), 53.1 C(2)H), 47.5 C(1YH,), 37.5 C(3)H,), 25.2 C(4)H), 23.1 C(5)Hy),
21.3 (C(6)Hs); m/z (ESI) 433 ([M+NaJ, 55%), 843 ([2M+Na], 90); HRMS (ESI') C,5H26N,0s5
requires [M+Na] 433.1734, found 433.1727 (+1.71 ppm).

(9)-2-(1,3-dioxoisoindolin-2-yl)N-((R)-2-hydroxy-2-(4-methoxyphenyl)ethyl)-3,3-
dimethylbutanamide (297d)

Compound28 (31 mg, 0.23 mmol) and compou86d (106 mg, 0.25 mmol) were subjected to
General Procedure G to furnish the title compo2@dd (62 mg, 0.15 mmol, 64%s 9:1,dr 10:1)

as a colourless solid.
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[a]35 — 8.9 € = 1.0 chloroform)m.p. 151-153 °Cypax (thin film)/cm™ 3382br, 1773m, 1711br s,
1512m, 1382m, 1247m, 1085w, 7198a; (400 MHz, CDCJ) 7.88 (2H, dd,J 5.3, 3.1, C(108l),
7.79 (2H, ddJ 5.3, 3.1, C(11R), 7.70 (LH, br s, N), 7.25 (2H, d,J 8.6, C(S'H), 6.77 (2H, d,)
8.6, C(4'H), 4.79-4.86 (2H, m, C(8), C(2'H), 3.72 (3H, s, C(MHs), 3.57-3.66 (1H, m, C(H),
3.43-3.53 (1H, m, C(1), 3.32 (1H, dJ 3.9, CH), 1.13 (9H, s, C(4Js): 8¢ (100 MHz, CDCY)
169.5 C(8)0), 169.0 C(1)0), 159.0 C(6Y), 134.5 C(11)H), 133.8 C(3)), 131.2 C(9Y)), 126.9
(C(5)H), 123.8 C(10)H), 113.7 C(4)H), 73.5 C(2)H), 65.2 C(2)H), 55.2 C(7')Hs), 47.7
(C(1)Hy), 36.1 C(3)), 28.3 C(4)Hs): miz (ESI) 409 ([M-HJ, 100%);HRMS (EST) CosHeN>Os
requires [M-H] 409.1769, found 409.1769 (-0.44 ppm).

(9)-2-(1,3-Dioxoisoindolin-2-yl)-3,3-dimethylbutanamde

(9-2-(1,3-Dioxoisoindolin-2-yl)-3,3-dimethylbutanadd was obtained in 8% yield during the
synthesis o297d

[a]3° + 13.9 € = 0.8, chloroform)m.p. 196-201 °Cypax (thin film)/cmi* 3336br w, 1797w, 1714s,
1665m, 1382m, 1350w, 1329w, 1101w, 1086w, 897wnv,a, (400 MHz, CDCY) 7.90 (2H, dd,
J 5.3, 3.1, C(3Hl), 7.78 (2H, ddJ 5.3, 3.2, C(4H), 7.11-7.48 (1H, br s, M), 5.66 (1H, br s,
NHyp), 4.84 (1H, s, C(3)), 1.17 (9H, s, C(4)s); dc (100 MHz, CDCY) 170.1 C(1)O), 169.0
(C(1Y), 134.6 C(4"HH), 131.2 C(2"), 123.8 C(3)H), 65.2 C(2)H), 36.0 C(3)), 28.3 C(4)Hs); m/z
(ESI 259 ([M-HJ, 100%); HRMS (ESI) C;Hi¢N,O; requires [M+Na] 283.1053 found
283.1055 (+0.8 ppm).

(2)-(R)-2-(1,3-dioxoisoindolin-2-yl)N-((S)-2-hydroxy-2-(4-methoxyphenyl)ethyl)-2-

phenylacetamide (297¢)

6
5

4
. OH
0 E 4
1 (3. 5
2 2
O -
e} (0)

Compound28 (31 mg, 0.23 mmol) and compou@86e (111 mg, 0.25 mmol) were subjected to

General Procedure G (without ligand) to furnishtitte compound97e(56 mg, 0.13 mmol, 56%,

rs 8:1,dr 2:1) as a colourless oil.
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[oc]ZD3 racemisedymax (thin fiIm)/cm‘l 3470br, 1771m, 1716s, 1684s, 1612m, 1513m, 1485br
1247m, 1201w, 1176w, 1114w, 1074w, 911w, 728s5;(400 MHz, CDC)) 7.81-7.89 (2H, m,
C(10'H), 7.68-7.76 (2H, C(11Y), 7.64 (1H, dJ 7.1, NH), 7.53 (2H, dJ 5.3, C(4H), 7.32-7.44
(3H, m, C(5H, C(6H), 7.21-7.29 (2H, m, C(4Y), 6.80-6.89 (2H, m, C(31), 6.10-6.22 (1H, m,
OH), 5.91 (1H, dJ 11.6, C(2H), 4.90 (1H, ddJ 7.6, 4.3, C(2Hl), 3.72-3.85 (3H, m, C(Hy),
3.39-3.59 (1H, m, C(1Y,), 3.16 (1H, ddd) 13.6, 8.1, 4.8, C(1)y; 6c (100 MHz, CDC}) 169.3
(C(1)0), 167.8C(8)0), 159.1 C(6"), 134.5 C(3)), 134.2 C(11)H), 131.7 C(9"), 129.6 C(6)H),
129.3 C(4)H), 129.20 C(4)H), 129.15 C(5)H), 127.1 C(3"), 123.6 C(10"H), 113.8 C(5)H),
71.8 C(2)H), 57.9 C(2)H), 55.2 C(7")Hs), 47.9 C(1)H,); m/z (ESI) 453 ([M+NaJ, 55%), 883
([2M+Na]’, 90); HRMS (ESI') CsH,:N,0s requires [M+Na] 453.1421, found 453.1414 (+1.56
ppm).

(9)-2-(1,3-Dioxoisoindolin-2-y)N-((R)-2-hydroxy-2-(4-methoxyphenyl)ethyl)-3-
phenylpropanamide (297f)

Compound28 (31 mg, 0.23 mmol) and compou86f (114 mg, 0.25 mmol) were subjected to
General Procedure G to furnish the title compo2@df (71 mg, 0.16 mmol, 68%s 8:1,dr 6:1) as
a colourless solid.

[a]35 — 55.3 € = 1.0, chloroform)m.p. 121-123 °Cypax (thin film)/cm™ 3383br, 1775w, 1714s,
1661br m, 1612w, 1538br m, 1513m, 1384s, 1248s2WP®53w, 720mpy (400 MHz, CDC))
7.78 (2H, ddJ 5.4, 3.2, C(10H)), 7.71 (2H, ddJ 5.4, 3.2, C(11H), 7.25 (2H, dJ 8.5, C(5'H),
7.05-7.22 (5H, m, C(%), C(6H, C(7H), 6.82 (2H, dJ 8.5, C(4'H), 6.50 (1H, br s, N), 5.11
(1H, dd,J 10.2, 6.3, C(&}), 4.73-4.83 (1H, m, C(HY), 3.73-3.81 (3H, m, C(Hy), 3.68 (1H, ddd,
J13.8, 7.4, 3.8, C(H,), 3.44-3.63 (2H, m, C(8),), 3.66 (1H, dddJ 13.8, 7.4, 3.8, C(1)y), 2.77
(1H, d,J 3.8, (H); dc (100 MHz, CDCJ) 169.3 C(1)0), 167.9 C(8)0), 159.3 C(6")), 136.5
(C(4)), 134.3 C(11YH), 133.5 C(39), 131.4 C(9Y), 128.9 C(5)H), 128.7 C(6)H), 127.0 (br,
C(4YH, C(7)H), 123.5 C(10"YH), 113.9 C(5")H), 72.7 C(2"YH), 55.8 C(2)H), 55.2 C(7")Hs), 47.4
(C(1YH,), 34.8 C(3)H,); m/z (ESI) 467 ([M+Na], 60%), 911 ([2M+Na], 100); HRMS (ESI)
CueH24N,0s requires [M+Na] 467.1577, found 467.1566 (+2.34 ppm).
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(9)-3-Methyl-2-(4,5,6,7-tetrachloro-1,3-dioxoisoindoh-2-yl)butanoic acid

L-valine (4.4 g, 37.5 mmol) was subjected to GelnBracedure D to furnish the title compound
(4.61 g, 11.9 mmol, 32%) as a colourless solid.

64 (400 MHz, (CDR).CO) 4.64 (1H, dJ 8.0, C(2H), 2.72-2.74 (1H, m, C(®), 1.24 (3H, dJ 6.9,
C(4)H3), 0.99 (3H, dJ 6.9, C(4H,); éc (100 MHz, (CR),CO) 169.5 €(1)0), 163.9 C(1)0),
140.2 C(4"), 130.1 €(2Y), 128.9 C(3)), 58.9 C(2)H), 28.8 C(3)H), 21.2 C(4)H3), 19.6
(C(5)Hy).

Spectroscopic data were consistent with those tegpan the literaturg®

(9)-3-Methyl-2-(4,5,6,7-tetrachloro-1,3-dioxoisoindoh-2-yl)-N-(2,4,6-
trimethylbenzoyloxy)butanamide (298a)

(9-3-Methyl-2-(4,5,6,7-tetrachloro-1,3-dioxoisoindeR-yl)butanoic acid1.3 g,3.25 mmol) was
subjected to General Proceduret& furnish the title compoun208a(1.61 g, 2.96 mmolR1%) as

a yellow gum.

[a]35 — 94.3 € = 1.2, chloroform)ymax (thin film)/cm™ 3285br w, 2968w, 1780m, 1724s, 1611w,
1470w, 1386m, 1372m, 1346m, 1330w, 1299w, 1231wi3d0) 989w, 738mpy (400 MHz,
CDCl3) 10.02 (1H, br s, N), 6.85 (2H, s, C(41), 4.55 (1H, dJ 11.4, C(2N),

2.74-3.19 (1H, m, C(®), 2.35 (6H, s, C(Ms), 2.29 (3H, s, C(s), 1.22 (3H, d,J 6.5, C(4H>),
0.91 (3H, dJ 6.5, C(5H5); 6c (100 MHz, CDC}) 165.7 C(1)0), 164.0 C(1)0O), 163.6 C(8)0),
140.9 C(5"), 140.8 C(11"), 136.8 C(3"), 130.2 €C(9"), 128.6 C(4)H), 126.8 C(10"), 126.2
(C(2Y), 61.3 C(2)H), 27.3 C(3)H), 21.2 C(6")Hs), 20.0 C(7")Hs), 19.7 C(4)Hz), 19.4 C(5)Hy);
m/z (ESI') 567, 569 ([M+Nal], 100%);HRMS (ESI') CyHClsN,Os requires [M+Na] 567.0019,
568.0052, 568.9992, 570.0023, 570.9961, 571.9998 fgeaks) found 567.0018, 568.0069,
568.9982, 570.0021, 570.9971, 571.9988 (-0.1 ppm).
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(9)-2-(1,3-Dioxo-H-benzoflisoindol-2(3H)-yl)-3-methylbutanoic acid

L-valine (1.5 g, 12.8 mmol) was subjected to GelnBracedure D to furnish the title compound
(2.7 g, 9.2 mmol, 72%) as a colourless solid.

d4 (400 MHz, CDCJ) 8.38 (2H, s, C(3), 8.08 (2H, dd) 6.1, 3.3, C(5Hl), 7.70-7.75 (2H, ddJ
6.1, 3.3, C(6MH), 4.71 (2H, dJ 8.5, C(2H), 2.77-2.79 (1H, m, C(8)), 1.19 (3H, dJ 6.8, C(4H>),
0.93 (3H, dJ 6.8, C(5H53); 8¢ (100 MHz, CDCJ) 173.7.4 C(1)0), 167.4 C(1)0), 135.4 C(4")),
130.2 C(6)H), 129.3 C(5"H), 127.1 C(2), 125.2(C(3)H), 57.8 C(2)H), 28.5 C(3)H), 21.4
(C(4)Hs), 20.0 C(5)Hs).

Spectroscopic data were consistent with those tegan the literaturé®

Single Crystal X-ray Diffraction Data for(S)-2-(1,3-dioxo-1H-benzolflisoindol-2(3H)-yl)-3-
methylbutanoic acid: GH1sN;O,, M, = 297.31, monoclinic (P 1 21/c 1), a = 11.459742)b =
6.0083(2) A, ¢ = 11.6452(3) A, = 90 °C,f = 117.2212(11) °Cy = 90 °C,V = 713.01(3) & Z =
2, u = not measured . = 1.385, T = 150(2) K, 13103 reflections colle¢t8d38 independent
[R(int) = 0], R = 0.0425, wR=0.0748 [I>3sigma(l)].

(9)-3-Methyl-2-(4,5,6,7-tetrachloro-1,3-dioxoisoindoh-2-yl)-N-(2,4,6-
trimethylbenzoyloxy)butanamide (298b)

(S)-2-(1,3-Dioxo-1H-benzo[flisoindol-2(3H)-yl)-3-rtteylbutanoic acid (1.0 g3.4 mmol) was
subjected to General Procedurget& furnish the title compoun298b (1.1 g, 2.3 mmol, 68%) as a
colourless gum.

[a]3° + 16.4 € = 3.9, chloroform)yma, (thin film)/cmi* 3266 br w, 2967br s, 1769s, 1714s, 1637w,
1424m, 1372m, 1233m, 1158m, 1100m, 1046m, 989ww8366m;dy (400 MHz, CDC)) 10.74
(1H, br s, M), 8.32 (2H, s, C(1®), 7.99 (2H, ddJ 6.1, 3.3, C(12Hl), 7.68 (2H, dd,J 6.2, 3.2,
C(13'H), 6.83 (2H, s, C(49), 4.70 (1H, dJ 11.6, C(2MH), 2.92-3.09 (1H, m, C(8)), 2.38 (6H, s,
C(7"Hs), 2.26 (3H, s, C(8H3), 1.25 (3H, dJ 6.6, C(4Hs), 0.92 (3H, dJ 6.3, C(5H5); 8¢ (100
MHz, CDCk) 168.1 C(8)0), 167.6 C(1)0), 166.3 C(1)0), 140.6 C(5"), 136.7 C(3"), 135.4
(C(119), 130.3 C(139)H), 129.5 C(12)H), 128.5 C(4)H), 126.5 C(2"), 126.5 C(9"), 125.5
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(C(109H), 61.3 C(2)H), 27.8 C(3)H), 21.1 C(6)H3), 19.9 C(7)Hs), 19.7 C(4)Hs), 19.3
(C(5)Hs); m/z (ESI) 457 ([M-HT, 100%);HRMS (ESI) C,7H26N2Os requires [M+Na] 457.1769
found 457.1770 (-0.17 ppm).

(9)-N-((R)-2-Hydroxy-2-(4-methoxyphenyl)ethyl)-3-methyl-2-(45,6,7-tetrachloro-1,3-
dioxoisoindolin-2-yl)butanamide (299a)

Compound28 (31 mg, 0.23 mmol) and compou88a (137 mg, 0.25 mmol) were subjected to
General Procedure G to furnish the title compo2®@ia (77 mg, 0.14 mmol, 63%s 8:1,dr 2.6:1)
as a yellow solid.

[a]3° — 13.5 € = 0.7, chloroform)m.p. 90-91 °C;vyay (thin film)/cm™ 3373br s, 2966w, 1778w,
1720s, 1663m, 1584m, 1539s, 1513s, 1464s, 13888s12200m, 1175m, 1091m, 1034m, 910m,
832w, 738spy (400 MHz, CDC)) 7.14-7.22 (2H, m, C(4)), 6.91-6.98 (1H, m, N), 6.65-6.75
(2H, m, C(5'H), 4.81 (1H, ddJ 6.6, 3.3, C(2H), 4.34 (1H, d,J 11.1, C(2H), 3.69 (4H, m,
C(1"Ha C(7'H3), 3.62-3.74 (1H, m, C(H),), 3.34-3.48 (1H, m, B), 2.79 (1H, m, C(3)}), 1.07
(3H, d,J 6.3, C(4H,), 0.83 (3H, dJ 6.3, C(5H3); 8¢ (100 MHz, CDCY) 169.3 C(1)0), 163.5
(C(8Y0), 158.9 C(6"), 140.6 C(119), 133.4 C(3"), 129.9 C(9)), 127.0 C(10"), 126.8 C(4")H),
113.6 C(5)H), 72.7 C(2)H), 63.2 C(2)H), 55.2 C(7)Hs), 47.2 C(1)H.), 27.1 C(3)H), 19.8
(C(4)Hs), 19.4 C(5)Hs); m/z (ESI) 555, 557 ([M+Na], 100%); HRMS (ESI') C,;H,,Cl4N,O,
requires [M+Na] 555.0013, found 555.0016 peaks)(-0.8 ppm).

(9)-2-(1,3-Dioxo-H-benzolflisoindol-2(3H)-yl)-N-((R)-2-hydroxy-2-(4-methoxyphenyl)ethyl)-
3-methylbutanamide (299b)

Compound28 (31 mg, 0.23 mmol) and compou88b (115 mg, 0.25 mmol) were subjected to
General Procedure G to furnish the title compo@8b (77 mg, 0.14 mmol, 75%s 10:1,dr 4:1)

as a colourless gum.

[a]35 + 5.4 € = 1.1, chloroform)yma (thin film)/cm™ 3357br m, 2966m, 1766s, 1705s, 1667m,
1611m, 1538m, 1514s, 1464m, 1372s, 1359s, 13448s12100m, 1034m, 907w, 767s, 738s;
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(400 MHz, CDC}) 8.30 (2H, s, C(1®), 8.05 (2H, dd)J 6.0, 3.1, C(12Hl), 7.71 (2H, dd,] 6.0,

3.1, C(13H), 7.33-7.49 (1H, m, N), 7.22 (2H, d,] 8.3, C(5'H), 6.64-6.76 (2H, m, C(4Y), 4.79-
4.88 (1H, m, C(2H), 4.47 (1H, d,J 11.2, C(2H), 3.63-3.72 (1H, m, C(}).), 3.57 (3H, s,
C(7"Hs), 3.37-3.49 (1H, m, C(}},), 2.77-2.92 (1H, m, C(8), 1.02-1.14 (3H, m, C(4)s), 0.85
(3H, d,J 6.6, C(5Ha); 6c (100 MHz, CDC}) 170.2 C(1)0O), 168.0 C(8Y0), 158.9 C(6)), 135.5
(C(11Y), 133.7 €(39), 130.3 C(139)H), 129.4 C(4"HH), 126.8 C(12)H), 126.7 C(9")), 125.3
(C(10%H), 113.6 C(B"H), 72.9 C(2)H), 63.1 C(2)H), 54.9 C(7")H3), 47.4 C(1"H,), 27.5
(C(3)H), 19.8 C(4)Hs), 19.4 C(5)Hs); m/z(ESI) 445 ([M-H], 100%);HRMS (ESI") CysH26N»0s

requires [M+Na] 469.1734 found 469.1725 (+2.0 ppm).

(9)-2-(1,3-Dioxo-H-benzoflisoindol-2(3H)-yl)-3-methylbutanamide

(9-2-(1,3-Dioxo-H-benzoflisoindol-2(3H)-yl)-3-methylbutanamide was obtained in 12% yield
during the synthesis @99b

[a]35 + 10.9 € = 0.2, chloroform)m.p. 198-199 °Cymax (thin film)/cm™ 3342br w, 1799w, 1716s,
1661m, 1679m, 1329w, 1086w, 987w, 897w 875w, 726m(400 MHz, CDC}) 8.38 (2H, s,
C(3'H), 8.09 (2H, ddJ 6.1, 3.3, C(5Hl), 7.74 (2H, ddJ 6.2, 3.2, C(6MH), 7.06 (1H, br s, N,),
5.52 (1H, br s, M), 4.51 (1H, dJ 11.4, C(2MH), 2.91 (1H, dg) 18.1, 6.6, C(3}), 1.18 (3H, dJ
6.6, C(4Hs), 0.90 (3H, dJ 6.6, C(5Hs;); 6c (100 MHz, CDC}) 170.2 C(1)0O), 168.2 C(1"),
135.6 C(4"), 130.4 C(6"H), 129.6 C(5)H), 126.8 C(2"), 125.4 C(3)H), 63.3 C(2)H), 27.6
(C(3)H), 19.8 C(4)Hs), 19.4 C(5)Hs); m/z(ESI) 295 ([M-H], 100%);HRMS (ESI") C;7H16N,03
requires [M+Na] 319.1053 found 319.1056 (-1.2 ppm).

(S)-2-(1,3-Dioxoisoindolin-2-yI)N-((R)-2-hydroxy-2-phenylethyl)-3-methylbutanamide (302)

o} OH
g & 2- ¥
10" 6

Styrene (24 mg, 0.23 mmol) and compo@¥® (102 mg, 0.25 mmol) were subjected to General
Procedure G to furnish the title compous@? (63 mg, 0.17 mmol, 75%s 15:1,dr 13:1) as a

colourless foam.

[a]35 +24.5 € = 1.0, chloroform)vma (thin film)/cm* 3362br, 1771m, 1708s, 1546m, 1387m,
1218w, 1073m, 725n8, (500 MHz, CDC}) 7.85 (2H, dd,] 5.4, 3.1, C(9M), 7.77 (2H, dd)) 5.4,
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3.1, C(10'H), 7.25-7.34 (3H, m, C(4), NH), 7.20 (2H, t,J 7.6, C(5'H), 7.06-7.14 (1H] 7.6,
C(6"H), 4.82-4.92 (1H, m, C(3Y), 4.40 (1H, dJ 11.3, C(2H), 3.70 (1H, ddd) 14.0, 6.2, 3.2,
C(1"Hy), 3.38-3.49 (2H, m, C(H},, OH), 2.71-2.84 (1H, m, C(8)), 1.06 (3H, dJ 6.6, C(4H>,),
0.84 (3H, dJ 6.6, C(5H3); 6c (125 MHz, CDC)) 170.4 C(1)0), 168.3 C(7)0), 141.5 C(3"),
134.4 C(109)H), 131.3C(8"), 128.3 C(5)H), 127.6 C(6")H), 125.6 C(4)H), 123.7 C(9)H), 73.5
(C(2)H), 62.9 C(2)H), 47.5 C(1)H,), 27.6 C(3)H), 19.7 C(4)Hs), 19.4 C(5)Hs); m/z(ESI) 389
(IM+Na]*, 100%);HRMS (ESI) C,H,:N,O,4 requires [M+Na] 389.1472, found 389.1483 (+1.2
ppm).

Single Crystal X-ray Diffraction Data faB02 C,H,.N>O4, M, = 366.42, monoclinic (R -3), a =
5.4234(3) A, b = 11.1965(5) A, ¢ = 15.7831(9)cd= 90 °C,p = 96.6243(19) °Cy = 90 °C,V =
952.00(9) &, Z = 4,1 = not measured R = 1.278, T = 150(2) K, 2196 reflections collect2i96
independent [R(int) = 0], R= 0.0358, wRR= 0.0844 [I>3sigma(l)].

4-((R)-2-((S)-2-(1,3-Dioxoisoindolin-2-yl)-3-methylbutanamido)i-hydroxyethyl)phenyl
acetate (303)

4

5
3
, H OH 4
NN NIV2\3©i 0
0 g
(0] O)IJI'\U'
4-Acetoxystyrene (37 mg, 0.23 mmol) and compo#8d (102 mg, 0.25 mmol) were subjected to
General Procedure G to furnish the title compo8608 (76 mg, 0.18 mmol, 78%s 12:1,dr 8:1)

as a colourless oil.

[a]35 — 12.4 ¢ = 0.4, chloroform)ymax (thin film)/cm™ 3361br, 2965w, 1763m, 1713s, 1661m,
1539m, 1508m, 1424m, 1266br m, 1165m, 1123w, 107@@m;sé, (400 MHz, CDC}) 7.85 (2H,
dd,J 5.3, 3.0, C(9M), 7.76 (2H, ddy) 5.3, 3.0, C(101), 7.33 (3H, d,) 8.3, C(5'H, NH), 6.96 (2H,
d,J8.3, C(4'H), 4.75-4.92 (1H, m, C(2), 4.41 (1H, d]J 11.1, C(2)H), 3.64 (1H, ddd,13.8, 6.9,
4.8, C(1'Ha), 3.55 (1H, mJ 3.0, CH), 3.39 (1H, dddy 13.8, 6.9, 4.8, C(H)), 2.71-2.85 (1H, m,
C(3)H), 2.27 (3H, s, C(12s), 1.05 (3H, d,J 6.6, C(4Hs), 0.84 (3H, d,J 6.6, C(5Hs): dc (100
MHz, CDCE) 170.3 C(1)0), 169.34 C(11')0), 168.3C(7)0), 149.9 C(6"), 139.2 C(3)), 134.4
(C(10H), 131.2 C(8Y), 126.7 C(4)H), 123.7 C(O)H), 121.4 C(5)H), 72.9 C(2)H), 62.8
(C(2H), 47.5 C(1)Hy), 27.6 C(3H), 21.1 C(12')Hy), 19.8 C(4)Hs), 19.4 C(5)Hs); m/z (EST)
447 (IM+NaJ, 100%), 871 ([2M+Nd] 100); HRMS (ESI) CyH.4N,Og requires [M+Nal]
447.1527, found 447.1530 (-0.8 ppm).
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(9)-2-(1,3-Dioxoisoindolin-2-yl)N-((R)-2-(4-fluorophenyl)-2-hydroxyethyl)-3-
methylbutanamide (305)

4-Fluorostyrene (28 mg, 0.23 mmol) and compo@id (102 mg, 0.25 mmol) were subjected to
General Procedure G to furnish the title compo808 (66 mg, 0.18 mmol, 79%s 17:1,dr 6:1)

as a colourless oil.

[a]3° — 22.7 € = 0.2, chloroform)vmay (thin film)/cm™ 3362br, 2967w, 1770w, 1713s, 1662m,
1540w, 1509m, 1385m, 1222m, 1070m, 837w, 718m(400 MHz, CDC}) 7.85 (2H, ddJ 5.4,
2.9, C(9'H), 7.78 (2H, ddJ 5.4, 2.9, C(10H), 7.19-7.36 (3H, m, C(39, NH), 6.81-6.93 (2H, m,
C(4'H), 4.84-4.92 (1H, m, C(d)), 4.40 (1H, dJ 11.3, C(2H), 3.60-3.74 (1H, m, C(H},), 3.34-
3.47 (1H, m, C(1Hly), 2.70-2.85 (1H, m, C(8)), 1.03-1.11 (3H, m, C(#)), 0.84 (3H, dJ 6.6,
C(5)Hs); 8¢ (100 MHz, CDCJ) 170.6 C(1)O), 168.4 C(7)0), 137.3 €(8)), 134.6 C(10"H),
131.3 C(5)H), 127.3 C(3"), 127.2 C(6")), 123.7 C(9)H), 115.2 C(4)H), 72.9 C(2")H), 62.8
(C(2)H), 47.3 C(1)H,), 27.6 C(3)H), 19.7 C(4)Hs), 19.4 C(5)Hz); m/z (ESI) 385 ([M+HT',
70%), 407 ([M+Na], 90); HRMS (ESI) CyH»FN,O, requires [M+Na] 407.1378, found
407.1379 (-0.3 ppm).

(9)-2-(1,3-Dioxoisoindolin-2-yl)N-((R)-2-hydroxy-2-(4-(trifluoromethyl)phenyl)ethyl)-3-
methylbutanamide (306)

4-Trifluormethylstyrene (40 mg, 0.23 mmol) and campd 273 (102 mg, 0.25 mmol) were
subjected to General Procedure G to furnish the ¢cdmpound306 (52 mg, 0.12 mmol, 50%s
12:1,dr 11:1) as a colourless oil.

[a]3% — 11.2 € = 0.3, chloroform)vma (thin film)/cm™ 3383br, 2932w, 1775w, 1714s, 1661m,
1612w, 1585br m, 1384m, 1248m, 1032w, 728m{400 MHz, CDC}) 7.86 (2H, ddJ 5.5, 3.1,
C(10'H), 7.79 (2H, dd) 5.5, 3.1, C(11H), 7.40-7.48 (4H, m, C(4), C(5'H), 7.36 (1H, tJ 5.1,
NH), 4.98 (1H, m, C(2H), 4.43 (1H, dJ 11.4, C(2M1), 3.81 (1H, dJ 4.4, (H), 3.76 (1H, ddd)
14.1, 6.3, 3.1, C(1,), 3.45 (1H, dddJ 14.1, 6.3, 3.1, C(1),), 2.69-2.81 (1H, m, C(8)), 1.06
(3H, d,J 6.7, C(4Hs), 0.84 (3H, dJ 6.7, C(5H3); éc (100 MHz, CDCY) 171.1 C(1)0), 168.4
(C(8)0), 145.6 C(3"), 134.6 C(11)H), 131.1 €(9"), 129.9 C(6"), 126.0 (brC(4)H, C(5)H),
125.2 (q,J 3.8, C(7)F), 123.8 C(10)H), 73.3 C(2)H), 62.9 C(2)H), 47.6 C(1)H,), 27.7

- 240 -



Chapter 5: Experimental section

(C(3)H), 19.7 C(4)Hz), 19.4 C(5)Hs); m/z (ESI) 457 ([M+ NaJ, 80%), 891 ([2M+Na], 100);
HRMS (ESI') Cy:H21FsN,O,4 requires [M+Na] 457.1346, found 457.1340 (+1.6 ppm).

(9)-N-((R)-2-(4-Cyanophenyl)-2-hydroxyethyl)-2-(1,3-dioxoisimdolin-2-yl)-3-
methylbutanamide (306)

5

4
3
(0] OH
- H =  «
10 9 NN N3 s
I ¢
1 0]

CN ,

(0)

4-Cyanostyrene (30 mg, 0.23 mmol) and compo2n8 (115 mg, 0.25 mmol) were subjected to
General Procedure G to furnish the title compo80@(27 mg, 0.05 mmol, 22%s 16:1,dr 1.4:1)

as a colourless oil.

[a]3° - 16.0 € = 0.2, chloroform)ymax (thin film)/cm* 3339br w, 2960m, 1771w, 1762s, 1703m,
1662m, 1538m, 1567w, 1532m, 1464m, 1371m, 136139rh3 1229m, , 1034m, 989w, 952w,
731m;dy (400 MHz, CDC}) 7.85-7.92 (4H, m, C(1®), 7.78-7.84 (2H, m, C(1H)), 7.48-7.54
(2H, m, C(4'H), 7.43-7.47 (2H, m, C(3Y), 7.36 (1H, tJ 5.4, NH), 4.95-5.01 (1H, m, C(1Y),
4.41 (1H, m, C(), 3.38-3.49 (2H, m, C(1}), 2.67-2.81 (3H, m, C(8}), 1.06 (3H, m, C(4),),
0.84 (3H, m, C(H3); 6c (100 MHz, CDCJ) 170.9 C(1)0), 168.4 C(8)0), 147.1 C(3"), 134.8
(C(11HH), 132.0 C(5YH), 131.2 C(9)), 126.5 C(4)H), 123.8 C(10"H), 118.6 C(7"), 111.2
(C(8Y), 72.8 C(2"YH), 62.7 C(2)H), 47.4 C(1)H,), 27.6 C(3)H), 19.8 C(4)Hs), 19.4 C(5)Hy);
m/z (ESI') 414 ([M+Na], 100%), 805 (2[M+Nd] 80); HRMS (ESI) C,;H» N3O, requires
[M+Na]" 414.1424 found 414.1417 (+2.1 ppm).

(9)-2-(1,3-Dioxoisoindolin-2-yl)N-((R)-2-hydroxy-2-(naphthalen-2-yl)ethyl)-3-
methylbutanamide (307)

Vinylnaphtalene34 (35 mg, 0.23 mmol) and compoud3 (102 mg, 0.25 mmol) were subjected
to General Procedure G to furnish the title compgb8@7 (75 mg, 0.18 mmol, 77%s 13:1,dr
12:1) as a colourless solid.

[a]3° — 15.5 € = 2.3, chloroform)m.p. 186-188 °Cymax (thin film)/cm™ 3356br, 2964w, 1770w,
1711s, 1661m, 1540w, 1384m, 1070m, 820w, 728400 MHz, CDC)) 7.79 (1H, s, C(11M),
7.64-7.75 (7TH, m, C(4), C(6'H, C(9'H, C(15'H, C(16'H), 7.32-7.43 (3H, m, C(H), C(8'H,
C(12"H), 5.06 (1H, m, C(2H), 4.40 (1H, d,J 11.4, C(2MH), 3.71-3.89 (2H, m, C(H},, OH), 3.47-
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3.59 (1H, m, C(1Ml,), 2.66-2.81 (1H, m, C(8)), 1.03 (3H, dJ 6.6, C(4Hs), 0.80 (3H, d,J 6.6,
C(5)H,); ¢ (100 MHz, CDC}) 170.7 €(1)0), 168.3 C(13)0), 138.9 ¢(3"), 134.4 C(16")H),
133.1 C(10Y)), 132.8 C(5)) 131.1 C(14')), 128.1 C(6')H), 127.8 C(11')H), 127.5 C(9)H), 126.1
(C(7)H), 125.8 C(4')H), 124.5 C(8)H), 123.6 C(15")H), 123.6 C(12")H), 73.7 C(2')H), 63.0
(C(2)H), 47.6 C(1)H,), 27.6 C(3)H), 19.6 C(4)Hs), 19.4 C(5)Hs); m/z (ESI) 415 ([M-HTJ,
100%); HRMS (ESI') CpsH»4N,0, requires [M+CHOH+Na]' 471.1890, found 471.1890 (+1.86
ppm).

(9)-2-(1,3-Dioxoisoindolin-2-yl)N-((R)-2-hydroxy-2-phenylpropyl)-3-methylbutanamide (308

a-Methylstyrene (27 mg, 0.23 mmol) and compo@7@ (102 mg, 0.25 mmol) were subjected to
General Procedure G to furnish the title compo808 (54 mg, 0.14 mmol, 62%s 11:1,dr 3:1)
as a colourless oil.

Only the signals of the major diastereor8é8 are detailed below

[a]3% + 7.8 € = 1.5, chloroform);vma (thin film)/cm* 3359br, 2969m, 1769m, 1713s, 1659s,
1542m, 1468m, 1385s, 1071m, 912w, 725m;(400 MHz, CDC}) 7.80-7.88 (2H, m, C(@)),
7.73-7.80 (2H, m, C(104), 7.33-7.42 (2H, m, C(49), 7.17 (1H, t,J 7.6, NH), 6.90-7.14 (3H, m,
C(5'H, C(6'H), 4.22-4.37 (1H, m, C(8)), 3.63-3.75 (1H, m, C(H), 3.47-3.60 (1H, m, C(H}),
3.35 (1H, br s, @), 2.58-2.75 (1H, m, C(8)), 1.56 (3H, s, C(11s), 0.98 (3H, d,J 6.5, C(4Hs),
0.72-0.82 (3H, dJ 6.5, C(5Hs); 8¢ (100 MHz, CDCY) 170.6 C(1)O), 168.2 C(7)0), 145.3
(C(3)), 134.3 C(10)H), 131.2 C(8Y)), 127.9 C(5)H), 126.6 C(6)H), 124.8 C(4)H), 123.7
(C(9)H), 75.3 C(2)), 63.0 C(2)H), 51.6 C(1)Hy), 28.1 C3)H), 27.4 C(11)Hy), 19.5 C(4)Hy),
19.3 C(5)Hs); miz (ESI) 379 (M-HJ, 100%); HRMS (ESI) CyH2dN>0, requires [M+Nal
403.1628, found 403.1629 (-0.2 ppm).

(9)-N-((R)-2-(Biphenyl-4-yl)-2-hydroxyethyl)-2-(1,3-dioxoisindolin-2-yl)-3-
methylbutanamide (309)
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4-Vinyl-1,1'-biphenyl (41 mg, 0.23 mmol) and compd273 (102 mg, 0.25 mmol) were subjected
to General Procedure G to furnish the title compid200 (80 mg, 0.18 mmol, 79%s 12:1,dr 8:1)
as a colourless oll.

[a]35 — 14.8 € = 0.9, chloroform)vmay (thin film)/cm™ 3362br, 2929w, 1770w, 1712s, 1662m,
1537m, 1468w, 1384s, 1333w, 1070m, 72%m;(400 MHz, CDC})) 7.78 (2H, dd,J 5.5, 3.1,
C(13'H), 7.63 (2H, ddJ 5.5, 3.1, C(14Hl), 7.45-7.56 (2H, m, C(4Y), 7.29-7.46 (7H, m, C(H),
C(8"H, C(9'H, C(10'H), 4.94 (1H, dddJ 6.5, 4.1, 3.5, C(d}), 4.42 (1H, dJ 11.3, C(2H), 3.78
(1H, ddd,J 14.2, 6.5, 3.2, C(1),), 3.56 (1H, dJ 4.1, (H), 3.43-3.53 (1H, m, C(1},), 2.71-2.86
(21H, m, C(3H), 1.07 (3H, dJ 6.5, C(4Hs), 0.84 (3H, dJ 6.5, C(5Hs); 6c (100 MHz, CDC}))
170.6 C(1)0), 168.4 C(11H0), 140.57 €(3")), 140.55 C(7"), 140.3 C(6"), 134.4 C(14"HH),
131.1 €(12Y), 128.7 C(9)H) 127.3 C(10"YH), 127.0 (brC(5H, C(8")H), 126.1 C(4)H), 123.6
(C(13%H), 73.4 C(2")H), 63.0 C(2)H), 47.5 C(1)H,), 27.6 C(3)H), 19.7 C(4)Hs), 19.4 C(5)Hy);
m/z (ESI) 441 ([M-HJ, 100%); HRMS (ESI) C,H2N.O, requires [M-H] 441.1819, found
441.1820 (+0.02 ppm).

2-(4-(R)-2-((9)-2-(1,3-Dioxoisoindolin-2-yl)-3-methylbutanamido)1-
hydroxyethyl)phenoxy)ethyl 4-methylbenzenesulfonat€310)

2-(4-Vinylphenoxy)ethyl 4-methylbenzenesulfonaté (g, 0.23 mmol) and compou2d3 (102
mg, 0.25 mmol) were subjected to General Proce@urgo ligand used) to furnish the title
compound310(57 mg, 0.10 mmol, 43%s 23:1,dr 2:1) as a colourless solid.

[a]3° - 5.0 € = 0.9, chloroform)m.p. 143-144 °Cyna (thin film)/cm™ 3374br w, 2965w, 1769w,
1713s, 1664m, 1611m, 1537m, 1512s, 1384s, 13588n1,21176s, 1070m, 930m, 7328y; (400
MHz, CDCk) 7.72-7.90 (6H, m, C(1H, C(8'H, C(9'H), 7.35 (2H, dJ 7.9, C(5H), 7.29-7.33
(1H, m, NH), 7.11-7.22 (2H, m, C(18)), 6.57-6.65 (2H, m, C(#), 4.76-4.83 (1H, m, C(B),
4.38 (1H, dJ 11.3, C(2'H), 4.28-4.35 (2H, m, C(8},), 3.97-4.10 (2H, m, C(Hy), 3.56-3.70 (1H,
m, C(1Hy), 3.33-3.44 (1H, m, C(Hy), 2.71-2.84 (1H, m, C(3Y}), 2.38-2.50 (3H, s, C(1BlY),
1.00-1.11 (3H, m, C(4)s), 0.82 (3H, d,J 6.3 C(5'Hs); oc (100 MHz, CDC}) 170.3 C(1")0O),
168.4 (C(6"0), 157.3 C(6)), 145.0 C(12)), 134.6 C(9)H), 134.4 C(3)), 132.5 C(9)), 129.9
(C(AHH), 126.8 C(4)H), 123.7 C(8YH), 114.2 C(5)H), 72.9 C(2)H), 68.1 C(8)H,), 65.2
(C(7T)Hy), 62.8 C(2)H), 47.4 C(1)Hy), 27.5 C(3)H), 21.6 C(13)H;), 19.7 C(4)Hs), 19.4
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(C(5)H3); miz (ESI) 603 ([M+H]', 100%); HRMS (ESI) CsH3:N,OsS requires [M+N4]
603.1772 found 603.1772 (+0.5 ppm).

(9)-2-(1,3-Dioxoisoindolin-2-yl)N-((R)-1-hydroxy-1-(4-methoxyphenyl)propan-2-yl)-3-
methylbutanamide (311)

(E)-1-methoxy-4-(prop-1-en-1-yl)benzene (34 mg, On@®ol) and compoun@73 (102 mg, 0.25
mmol) were subjected to General Procedure G toidrthe title compoun®11 (58 mg, 0.14
mmol, 61%s 30:1,dr 1.3:1) as a colourless guidentified by COSY starting with NH signal
[a]3° - 28.6 € = 0.3, chloroform)ymay (thin film)/cm™ 3355br w, 2931w, 1771w, 1712s, 1658m,
1612w, 1585m, 1513m, 1467w, 1384s, 1248m, 1177wW0M0 1034w, 719sp, (400 MHz,
CDCly) one diastereomer.87 (2H, m, C(11H), 7.66-7.81 (2H, m, C(12), 7.24 (1H, dJ 8.6,
C(4"H), 6.81 (2H, dJ 8.6, C(5'H), 4.85 (1H, dd,) 8.2, 4.4, C(2Hl), 4.35 (1H, dJ 11.6, C(2H),
3.95-4.07 (1H, m, C(1Y), 3.75 (3H, s, C(&)3), 2.65-2.85 (1H, m, C(8)), 0.74-1.23 (9H, m,
C(4)Hs, C(5)Hs, C(7"Hs); 8¢ (100 MHz, CDCJ) 168.4 €(9)0), 167.7 €(1)0), 159.5 C(6Y)),
135.6 C(3"), 134.5 C(12)H), 131.3 C(10"), 127.9 C(4)H), 123.7 C(11)H), 114.1 C(5)H),
71.4 C(2")H), 63.4 C(2)H), 55.2 C(8)Hs), 52.0 C(1)H), 27.9 C(3)H), 19.5 C(4)Hs), 17.5
(C(5)H3), 15.6 C(7)Hs); m/z (ESI) 409 ([M-HJ, 100%); HRMS (ESI) C,3H»6N,Os requires
[M+Na]* 433.1734 found 433.1731 (+0.9 ppm).

(2S,3R)-Methyl-2-((S)-2-(1,3-dioxoisoindolin-2-yl)-3-metlylbutanamido)-3-hydroxy-3-
phenylpropanoate (312)

4
0 \j;(H oH
10 SN NN s
12 o O Om 6
| g

Methyl cinnamat€37 mg, 0.23 mmol) and compoud3 (115 mg, 0.25 mmol) were subjected to
General Procedure G to furnish the title compo8b@ (67 mg, 0.16 mmol, 69%s 6:1,dr 1.7:1)
as a colourless solid.

[a]3° - 13.5 € = 0.7, chloroform);vma, (thin film)/cm™ 3332br w, 2965w, 1718w, 1713br s,
1678m, 1546m, 1379m, 1272m, 1228m, 1076w, 989ww9¥26m;s, (400 MHz, CDC}) 7.88
(2H, dd,J 5.3, 3.1, C(11H), 7.77 (2H, ddJ 5.3, 3.1, C(12H), 7.33-7.46 (3H, m, C(3), C(6'H),
7.18-7.26 (2H, m, C(49), 7.07-7.17 (1H, m, N), 5.41 (1H, m, C(2h), 4.82 (1H, ddJ] 9.0, 2.7,
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C(1"H), 4.39 (1H, dJ 2.7, (H), 4.32 (1H, d,J 11.6, C(2H), 3.68 (3H, s, C(85), 2.62-2.80 (1H,
m, C(3H), 0.78 (3H, dJ 6.6, C(4Hs), 0.71 (3H, dJ 6.6, C(5Hs); 8¢ (100 MHz, CDC}) 170.5
(C(7H0), 169.1 €C(9H0), 168.3 C(1)0), 139.6 C(3"), 134.4 C(12")H), 131.3 C(109), 128.5
(C(4HH), 128.3 C(6YH), 127.8 C(5")H), 123.7 C(11)H), 74.7 C(2)H), 63.0 C(2)H), 58.2
(C(1YH), 52.6 C(8')Hs), 27.4 C(3)H), 19.30 C(4)Hs), 19.26 C(5)Hs); m/z (ESI) 447 ([M+Na],
100%);HRMS (ESI") C,3H24N,06 requires [M+Na] 447.1527 found 447.1522 (+1.1 ppm).
Single Crystal X-ray Diffraction Data f@12 C,3H.4N,Og, M, = 424.45, monoclinic (P 1 21 1), a
=10.6230(4) A, b = 7.4925(3) A, ¢ = 13.4324(7)os 90 °C 8 = 103.1765(18) °Cy = 90 °C )V =
1040.98(8) A Z = 2, = not measured . = 1.354, T = 150(2) K, 27855 reflections collected
2535 independent [R(int) = 0],;R 0.0753, wR = 0.1023 [I>3sigma(l)].

(S)-N-((9)-2-Cyano-2-hydroxyethyl)-2-(1,3-dioxoisoindolin-2yl)-3-methylbutanamide (313)

Acrylonitrile (13 mg, 0.23 mmol) and compour2¥3 (102 mg, 0.25 mmol) were subjected to
General Procedure G to furnish the title compo8h8 (48 mg, 0.15 mmol, 66%s 15:1,dr 4:1)

as a colourless gum.

[a]35 + 15.2 € = 0.9, chloroform)yma (thin film)/cm™ 3332br m, 2964m, 1770w, 1712s, 1659m,
1503m, 1358s, 1016m, 794@); (400 MHz, CDC}) 7.85-7.94 (2H, m, C(8Y), 7.74-7.85 (3H, m,
NH, C(7"H), 5.10 (1H, d, 7.3, (H), 4.66 (1H, br s, C(3}), 4.44-4.55 (1H, m, C(B)), 3.76-3.86
(A1H, m, C(1'Hy, 3.50 (1H, m, C(1H), 2.74-2.95 (1H, m, C(8)), 1.16 (1H, dJ 6.6, C(5H>,),
0.88 (3H, d,J 6.6, C(4H5); ¢ (100 MHz, CDC}) 172.3 C(1)0O), 68.5 C(4)0), 134.7 C(7"H),
131.1 C(5"), 123.9 C(6YH), 118.0 C(3")), 62.6 C(2)H), 62.1 C(2)H), 44.6 C(1)H,), 28.0
(C(3)H), 19.7 C(4)Hs), 19.4 C(5)Hs); m/z (ESI') 338 ([M+Na], 100%), 653 ([2M+Nd] 60);
HRMS (ESI') Cy6H1/N30,4 requires [M+Na] 338.1111 found 338.1111 (+0.0 ppm).

(9)-N-((R)-3-Cyano-2-hydroxypropyl)-2-(1,3-dioxoisoindolin-2yl)-3-methylbutanamide (314)

But-3-enenitrile (16 mg, 0.23 mmol) and compo@¥8 (102 mg, 0.25 mmol) were subjected to
General Procedure G to furnish the title compo8bd (57 mg, 0.17 mmol, 75%s 2.5:1,dr 7:1)

as a colourless gum.
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[a]35 + 4.8 € = 1.0, chloroform)yma (thin film)/cm™ 3359br m, 2967br w, 1770m, 1714s, 1662m,
1538s, 1468m, 1385s, 1071s, 889w, 7181n(400 MHz, CDC}) 7.88 (2H, ddJ 5.2, 3.0, C(7H),
7.78 (2H, ddJ) 5.2, 3.0, C(8M), 7.49 (1H, tJ 5.4, NH), 4.47 (1H, dJ 10.9, C(2H), 4.08 (1H, m,
C(2)H), 3.48-3.61 (1H, m, C(Hy), 3.29-3.45 (1H, m, C(H), 2.74-2.89 (1H, m, C(BY), 2.53
(2H, d,J 5.8, C(3H,), 1.76 (1H, s, @), 1.11 (3H, d,) 6.6, C(4H,), 0.87 (3H, d,J 6.6, C(5H2);

dc (100 MHz, CDC) 171.1 C(1)0), 168.5 C(5)0), 134.6 C(8)H), 131.2 C(6)), 123.8
(C(7H), 117.2 C(3)Hy), 67.4 C(2)H), 62.3 C(2H), 45.3 C(1)Hy), 27.8 C(3)H.), 23.5
(C(3)H), 19.9 C(4)Hy), 19.4 C(5)Hs); m/z (EST) 328 ([M-H], 100%);HRMS (ESI") CiH1oN:O%
requires [M+Na] 352.1268 found 352.1268 (-0.5 ppm).

(1)-(2S*)-N-((2R*)-2-(Cyclohex-2-enyl)-2-hydroxyethyl)-2-(1,3-diox@oindolin-2-yl)-3-
methylbutanamide (315)

4-Vinylcyclohex-1-ene (25 mg, 0.23 mmol) and compxd>L273 (102 mg, 0.25 mmol) were
subjected to General Procedure G to furnish theeddmpound15(7 mg, 0.02 mmol, 8%s 30:1,
dr 3:1) as a colourless oil.

[a]35 + 10.3 € = 0.5, chloroform)ymay (thin film)/cm™* 3356br m, .2917m, 1770w, 1715s, 1654m,
1541w, 1467w, 1383m, 1287w, 1123m, 1075m;(400 MHz, CDC}) 7.88 (2H, ddJ 5.1, 3.1,
C(11"H), 7.77 (2H, ddJ 5.1, 3.1, C(12H), 7.34 (1H, m, M), 5.65 (2H, br s, C(3J, C(6'H),
4.45 (1H, dJ 11.3, C(2H), 4.18-4.27 (1H, m, C(2), 3.55-3.65 (1H, m, C(H)), 3.24-3.35 (1H,
m, C(1'Hyp), 2.75-2.91 (1H, m, C(8)), 2.25-2.39 (1H, m, C(3%), 1.85-2.17 (4H, m, C(4,,
C(7"H,), 1.54-1.75 (2H, m, C(8%,), 0.84-0.95 (6H, m, C(#)s, C(5Hs); 6c (100 MHz, CDC}))
169.9 C(1)0O), 168.5 C(9)0), 134.5 C(12")H), 131.3 C(5)H), 130.9 C(10"), 128.8 C(6)H),
123.7 C(11H), 75.0 C(2)H), 63.0 C(2)H), 43.9 C(1)H.), 38.7 C(3)H), 27.7 C(4)H,), 24.9
(C(7YH,), 23.0 C(8)H,), 19.8 C(4)Hs), 19.5 C(5)Hs); m/z (ESI) 369 ([M-HJ, 100%); HRMS
(ESI") CyH2¢N,O,4 requires [M+Na] 393.1785 found 393.1788 (-0.4 ppm).

(£)-(S*)-N-((S*)-3,4-Dichloro-2-hydroxybutyl)-2-(1,3-dioxoisoindoin-2-yl)-3-
methylbutanamide (316)
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3,4-Dichlorobut-1-ene (29 mg, 0.23 mmol) and commub273 (102 mg, 0.25 mmol) were
subjected to General Procedure G to furnish the ¢cdmpound316 (47 mg, 0.12 mmol, 53%s
30:1,dr 8:1 between the 2 main diastereomers) as a ceksugum.

Vmax (thin film)/cm™ 3362br m, 2936w, 1712s, 1687m, 1542m, 1384m, 10B08w, 854w, 729m;
64 (400 MHz, CDCY}) 7.88 (2H, ddJ 5.4, 3.2, C(7Hl), 7.77 (2H, ddJ 5.4, 3.2, C(8H), 7.46 (1H,
t, J 5.4, NH), 4.46 (1H, dJ 11.3, C(2H), 4.15-4.26 (1H, m, C(2}), 4.05 (1H, m, C(3H), 3.91
(1H, dd,J 11.1, 8.4, C(4H.), 3.75 (1H, ddJ 11.1, 5.4, C(4H,), 3.61 (1H, dddJ 14.1, 7.1, 5.4,
C(1H.), 3.40 (1H, ddd) 14.1, 7.1, 5.4, C(1}), 2.73-2.88 (1H, m, C(8)), 1.12 (3H, dJ 6.6,
C(4)Hs), 0.87 (3H, dJ 6.6, C(5Hs); 8c (100 MHz, CDC}) 170.5 C(1)0), 168.5 C(5")0), 134.6
(C(8)H), 131.2 €(6"), 123.8 C(7)H), 69.2 C(2)H), 63.0 C(3)H), 62.8 C(2)H), 44.2 C(4")H,),
43.8 C(1)Hy), 27.8 C(3)H), 19.8 C(4)Hs), 19.5 C(5)Hz); m/z (ESI) 385 ([M-HI, 100%);
HRMS (ESI) C;7H,,CLLN,O,4 requires [M-H] 385.0727, 387.0701 found 385.0726, 387.0696
(+0.61 ppm).

(2S,3S,4S,5S5,6R)-2-(Acetoxymethyl)-6-(S)-2-(1,3-dioxoisoindolin-2-yl)-3-methylbutanamido)-
5-hydroxytetrahydro-2H-pyran-3,4-diyl diacetate (317)

(2S,3R,49)-2-(Acetoxymethyl)-3,4-dihydro-2H-pyran-3,4-diyliadetate (64 mg, 0.23 mmol) and
compound273 (102 mg, 0.25 mmol) were subjected to General é&loe G to furnish the title
compound317(47 mg, 0.05 mmol, 21%s 30:1,dr 16:1) as a colourless ail.

[a]3° + 44.2 € = 0.6, chloroform)yma, (thin film)/cm™ 3357br w, 2976m, 1749s, 1715s, 1530m,
1385s, 1369s, 1311m, 1233s, 1145m, 1069m, 103960w,9820w;sy (400 MHz, CDC}) 8.37
(AH, d,J 7.3, NH), 7.91 (2H, dd,) 5.4, 3.2, C(12H)), 7.78 (2H, dd, 5.4, 3.2, C(13Hl), 5.72 (1H,
dd,J 7.3, 5.0, C(1H), 5.18 (1H, tJ 9.0, C(3'H), 5.01 (1H, tJ 9.0, C(4'H), 4.52 (1H, dJ 11.3,
C(2H), 4.28 (1H, dd) 12.2, 5.5, C(6H.,), 4.12 (1H, dd)J 12.3, 2.5, C(6Hl), 3.88-4.03 (2H, m,
C(2"H, C(5'H), 2.78-2.95 (1H, m, C(8)), 2.74 (1H, dJ 5.7, AH), 2.11 (3H, s, C(M,), 2.09
(3H, s, C(8™Hs), 2.06 (3H, s, C(H3), 1.13 (3H, dJ 6.6, C(4Hs), 0.89 (3H, dJ 6.6, C(5H5); d¢
(100 MHz, CDC}) 171.3 C(14)0), 170.7 €(15)0), 169.9 €(160), 169.5 €(1)0O), 168.7
(C(10h0), 134.7 €(13)H), 131.2 C(11)), 124.0 C(12)H), 76.2 C(1"HH), 73.6 C(3")H), 69.0
(C(5YH), 68.8 C(4YH), 67.9 C(2")H), 63.7 C(4)H), 62.0 C(2)H), 28.2 C(3)H), 20.8 C(7)Hs3),
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20.70 C(8)Hs), 20.67 C(9')Hs), 19.39 C(4)Hs), 19.36 C(5)Hs); m/z (EST) 533 ([M-HJ, 100%);
HRMS (ESI) C,sH3oN,01; requires [M+Na] 557.1742 found 557.1740 (+1.3 ppm).

(25)-N-(((29)-3-(Chloromethyl)oxiran-2-yl)methyl)-2-(1,3-dioxosoindolin-2-yl)-3-
methylbutanamide (318)
5 3 4
0

, H
N N\I:\\\WCI

To a solution ofcompound316 (20 mg, 0.05 mmol) in dichloromethane (5 mL) undegon was
added a catalytic amount of lithium hydroxide moyuiriate. The reaction mixture was stirred until
TLC indicated complete consumption of starting mate The reaction mixture was diluted in
dichloromethane (5 ml), washed with brine (2 x 1)idried over NgSQO, and filtered. It was then
concentratedh vacuoand purified by flash column chromatography ingetie to furnish the title
compound318(7 mg, 0.02 mmol, 41%r 6:1) as a white solid.

[a]3® + 15.3 ¢ = 1.3, chloroform)m.p. 164-165 °C;vmax (thin film)/cm* 3355br m, 2926br w,
1773w, 1712s, 1662m, 1545m, 1468m, 1385s, 107 1aw.9032m, 718md, (400 MHz, CDC))
7.89 (2H, ddJ 5.4, 3.1, C(7H), 7.79 (2H, ddJ 5.4, 3.1, C(8H), 7.45-7.56 (1H, m, N), 4.51
(1H, m, C(3'H), 4.48 (1H, dJ 11.3 , C(2H), 3.87-4.00 (3H, m, C(2), C(4'H>), 3.75 (1H, m,
C(1"H,), 3.55 (1H, m, C(1Hly), 2.76-2.88 (1H, m, C(8)), 1.12 (3H, d,) 6.6, C(4H5), 0.88 (3H, d,
J 6.6, C(5H5); ¢ (100 MHz, CDC}) 172.2 C(1)0O), 168.4 C(5)0), 134.7 C(8)H), 131.2 C(6")),
123.9 C(7)H), 72.6 C(2)H), 62.5 C(2)H), 61.3 C(3)H) 46.6 C(4)H,), 44.2 C(1H,), 27.9
(C(3)H), 19.8 C(4)H3), 19.4 C(5)H3); m/z(ESI) 349 ([M-H], 80%);HRMS (ESI) C;7H:4CIN,O,4
requires [M-H] 349.0955, 351.0929 found 349.0957, 351.0943 (pfhrB).

(9)-2-(1,3-Dioxoisoindolin-2-yl)-3-methyIN-(2-oxo-2-phenylethyl)butanamide (321)

Compound302, (dr 1.5:1, 35 mg, 0.10 mmol) was subjected to Gerferatedure H to furnish the
title compound321 (33 mg, 0.09 mmol, 94%) as a colourless oil.

[a]3° — 11.1 € = 0.6, chloroform)ymay (thin film)/cm™ 2966br, 1769w, 1714br s, 1672m, 1528m,
1384m, 1357m, 1223w, 1070w, 7578y; (400 MHz, CDC}) 7.96 (2H, dJ 7.6, C(4'H), 7.91 (2H,
dd, J 5.3, 3.0, C(9Hl), 7.85 (1H, br s, N), 7.76 (2H, ddJ 5.3, 3.0, C(10Hl), 7.61 (1H, tJ 7.3,
C(6"H), 7.48 (2H, dd,) 7.6, 7.3, C(5H), 4.81 (1H, dd, 19.8, 4.4, C(1H,), 4.74 (1H, dd,) 19.8,
4.4, C(1'Hp), 4.53 (1H, dJ 11.1, C(2MH), 2.83-3.15 (1H, m, C(8}), 1.15 (3H, dJ 6.6, C(4H,),
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0.91 (3H, d,J 6.6, C(5H3); 8¢ (100 MHz, CDCY) 193.7 C(2)0), 169.0 C(1)0), 168.4 C(7°)0),
134.4 C(10YH), 134.0 C(3)), 131.4 C(6)H), 128.9 C(8)), 127.9 (br,C(4)H, C(5)H), 123.7
(C(9)H), 62.7 C(2)H), 46.6 C(1)H,), 27.6 C(3)H), 19.9 C(4)Hs), 19.5 C(5)Hs); m/z (EST) 363
(IM-H]", 100%); HRMS (ESI") CnH,oN,O, requires [M+Na] 387.1315, found 387.1307 (+2.6
ppm).

(9)-2-(1,3-Dioxoisoindolin-2-yl)N-(2-(4-methoxyphenyl)-2-oxoethyl)-3-methylbutanamid
(322)

Compound92, (dr 2:1, 35 mg, 0.09 mmol) was subjected to Genemtdtture H to furnish the
title compound322(32 mg, 0.08 mmol, 92%) as a colourless oil.

[a]3° — 15.1 € = 0.6, chloroform)yyax (thin film)/cm™ 2931w, 1714s, 1667m, 1601m, 1485w,
1384s, 1357w, 1238w, 1173w, 7238p; (500 MHz, CDC}) 7.94 (2H, dJ 8.6, C(5'H), 7.90 (2H,
dd,J 5.4, 3.0, C(10H)), 7.85 (1H, br s, N), 7.75 (2H, dd,) 5.4, 3.0, C(11H), 6.94 (2H, dJ 8.6,
C(4"H), 4.75 (1H, dd) 19.5, 4.4, C(1Hly, 4.69 (1H, ddJ 19.5, 4.4, C(1Hly), 4.52 (1H, d,JJ 11.0,
C(2H), 3.87 (3H, s, C(TH3), 2.91-3.04 (1H, m, C(8)), 1.14 (3H, dJ 6.6, C(4Hs), 0.90 (3H, d)
6.6, C(5H3); 8¢ (125 MHz, CDC})) 192.1 C(2)0), 168.9 C(1)0O), 168.3 C(8)0), 164.2 C(6"),
134.3 C(11)H), 131.4 C(9)), 130.2 C(4)H), 127.4 C(3")), 123.7 C(10"YH), 114.1 C(5)H), 62.7
(C(2)H), 55.5 C(7)Hs), 46.3 C(1)H,), 27.6 C(3)H), 20.0 C(4)Hs), 19.5 C(5)Hs); m/z(ESI) 393
(IM-H] ", 100%); HRMS (ESI') C,H,:N,Os requires [M+Na] 417.1421, found 417.1423 (-0.72
ppm).

(9)-2-(1,3-Dioxoisoindolin-2-yl)N-(2-(4-fluorophenyl)-2-oxoethyl)-3-methylbutanamide(323)

Compound304, (dr 2:1, 31 mg, 0.09 mmol) was subjected to Genermtdtture H to furnish the
titlte compound323(27 mg, 0.07 mmol, 84%) as a colourless oil.

[a]3° + 1.9 € = 1.1, chloroform);vpax (thin film)/cm™ 2967w, 1769w, 1714s, 1676s, 1598m,
1509m, 1384m, 1357m, 1230m, 1070w, 888w, 73&m(400 MHz, CDC}) 7.94-8.05 (2H, m,
C(4"H), 7.82-7.95 (3H, m, C(, NH), 7.72 (2H, ddJ 5.4, 3.0, C(10H), 7.16 (2H, t,J 8.5,
C(5"H), 4.78 (1H, dd) 19.8, 4.3, C(1hly, 4.69 (1H, ddJ 19.8, 4.3, C(1hly), 4.52 (1H, dJ 11.3,
C(2)H), 2.88-3.04 (1H, m, C(8)), 1.14 (3H, dJ 6.6, C(4Hz), 0.90 (3H, d,J 6.6, C(5H3); 6¢ (100
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MHz, CDCk) 192.2 (C(2)0), 169.1 C(1)O), 168.4 C(7)0O), 167.5 C(6)F), 134.4 C(10)H),
130.7 €(8Y), 130.6 C(4)H), 123.8 C(9)H), 116.2 C(5)H), 62.8 C(2)H), 46.5 C(1)H,), 27.6
(C(3)H), 19.9 C(4)Hs), 19.5 C(5)Ha3); m/z (ESI) 405 ([M+Nal, 90%), 787 ([2M+Na], 100);
HRMS (ESI') CyH19FN,O,4 requires [M+Na] 405.1221, found 405.1210 (+3.0 ppm).

(9)-4-(2-(2-(1,3-Dioxoisoindolin-2-yl)-3-methylbutananido)acetyl)phenyl acetate (324)

5
3
, H O "
.
0]
6] 0)111'\12'

Compound303, (dr 1.5:1, 34 mg, 0.08 mmol) was subjected to Gerferatedure H to furnish the
title compound324 (31 mg, 0.07 mmol, 93%) as a colourless oil.

[a]3® — 9.0 € = 0.9, chloroform);vmax (thin film)/cm™ 2966w, 1761w, 1714s, 1673m, 1599w,
1527w, 1384m, 1196m, 1164m, 1124w, 912w, 72&m(400 MHz, CDC}) 8.00 (2H, d,J 8.6,
C(4"H), 7.84-7.93 (3H, m, C(#), NH), 7.76 (2H, d,J 5.5, 3.1, C(10H), 7.23 (2H, d,J 8.6,
C(5"H), 4.79 (1H, dd) 19.8, 4.3, C(1hly, 4.72 (1H, ddJ 19.8, 4.3, C(1Hly), 4.52 (1H, dJ 11.3,
C(2)H), 2.88-3.04 (1H, m, C(Bl), 2.33 (3H, s, C(129s), 1.14 (3H, d,J 6.7, C(4H5), 0.90 (3H, d,
J 6.7, C(5H3); 8¢ (100 MHz, CDC)) 192.5 C(2)0), 169.4 C(11)0), 168.7 €(1)0), 168.3
(C(7H0), 155.0 C(6Y), 134.4 C(10"HH), 131.3 C(8)), 129.6 C(5")H), 127.9 C(3)), 123.7
(C(9HH), 122.1 C(4)H), 116.2 C(5)H), 62.6 C(2)H), 46.6 C(1)H,), 27.6 C(3)H), 21.1
(C(12)Hs), 19.8 C(4)Hs), 19.4 C(5)Hs); miz (ESI) 421 ([M-H], 100%); HRMS (ESI)
Ca3H2N206 requires [M+Nal] 445.1370, found 445.1359 (+2.2 ppm).

(9)-2-(1,3-Dioxoisoindolin-2-yl)-3-methyIN-(2-0x0-2-(4-
(trifluoromethyl)phenyl)ethyl)butanamide (325)

Compound305, (34 mg, 0.08 mmol) was subjected to General Pureetl to furnish the title
compound325(31 mg, 0.07 mmol, 91%) as a colourless oil.

[a]35 — 13.4 ¢ = 0.5, chloroform);vma (thin film)/cm™ 2968w, 1769w, 1715s, 1681s, 1530m,
1468m, 1384s, 1325s, 1170m, 1129s, 1067s, 989wy,828m;éy (400 MHz, CDCY) 8.07 (2H,

d, J 8.3, C(4'H), 7.91 (2H, ddJ 5.3, 3.0, C(10H), 7.87 (1H, tJ 4.2, NH), 7.74-7.80 (3H, m,
C(5'H, C(11'H), 4.83 (1H, dd) 19.8, 4.5, C(1H,), 4.76 (1H, dd, 19.8, 4.5, C(1Hl,), 4.54 (1H,

d, J 11.1, C(2H), 2.85-3.08 (1H, m, C(8)), 1.15 (3H, d,J 6.6, C(4Hs), 0.91 (3H, d,J 6.6,
C(5)Hs); 8¢ (100 MHz, CDC}) 193.1 C(2)0), 169.2 C(1)0O), 168.4 C(8")0), 134.5 C(11")H),
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133.2 C(3), 131.4 €(9Y), 129.3 C(5)H), 128.3 C(4)H), 126.0 (q,d 3.7, C(7")FR;), 123.8
(C(10H), 62.8 C(2)H), 46.9 C(1)H,), 27.7 C(3)H), 19.9 C(4)Hz), 19.5 C(5)Hs); m/z (ESI)
431 ([M-HJ, 100%);HRMS (ESI) C,sH19FsNO,4 requires [M+Na] 455.1189, found 455.1177
(+2.9 ppm).

(S)-N-(2-(Biphenyl-4-yl)-2-oxoethyl)-2-(1,3-dioxoisoindin-2-yl)-3-methylbutanamide (326)

5 4.5 5
13 12 N2
14 o
O

Compound309b (33 mg, 0.07 mmol) was subjected to General Purect to furnish the title

compound326 (28 mg, 0.06 mmol, 85%) as a colourless oil.

[a]3° — 8.2 € = 0.9, chloroform);vma (thin film)/cm™ 2966w, 1769w, 1714s, 1673s, 1604m,
1525m, 1384m, 1357m, 1229w, 1070w, 795w, 728m(500 MHz, CDC}) 7.98-8.14 (2H, m,
C(4"H), 7.84-7.97 (3H, m, C(1®), NH), 7.76 (2H, ddJ 5.5, 3.1, C(14hHl), 7.69-7.73 (2H, m,
C(5"H), 7.60-7.65 (2H, m, C(8%), 7.46-7.51 (2H, m, C(¥}), 7.38-7.44 (1H, m, C(1®Y), 4.84
(1H, dd,J 19.5, 4.4, C(1H.), 4.78 (1H, ddJ 19.5, 4.4, C(1H), 4.54 (1H, dJ 11.0, C(2H), 2.91-
3.08 (1H, m, C(3), 1.16 (3H, d,J 6.6, C(4Hs), 0.92 (3H, d,J 6.6, C(5Hs); ¢ (125 MHz,
CDCls) 193.3 (C(2)0), 169.1 C(1)O), 168.4 C(11)0), 146.7 C(6"), 139.5 C(7"), 134.4
(C(14%H), 133.1 €C(3), 131.4 C(129), 129.0 C(4YH) 128.5 C(9)H), 128.4 C(10)H), 127.5
(C(5"YH), 127.3 C(8)H), 123.8 C(13)H), 62.8 C(2)H), 46.7 C(1)H.), 27.7 C(3)H), 20.0
(C(4)Hs), 19.5 C(5)Hs); m/z (ESI) 463 ([M+NaJ, 50%), 903 ([2M+Na], 100); HRMS (ESI)
C,7H24N,0O, requires [M+Na] 463.1628, found 463.1617 (+2.8 ppm).

(S)-Methyl-2-((S)-2-(1,3-dioxoisoindolin-2-yl)-3-methylbutanamido)3-oxo-3-
phenylpropanoate (327)

Compound312, (dr 1.7:1, 42 mg, 0.1 mmol) was subjected to Genam@tdtlure H to furnish the
title compound327 (37 mg, 0.09 mmol, 87%) as a colourless oil.

[a]35 + 18.1 € = 1.3, chloroform)ymax (thin film)/cm* 3334br w, 2965w, 1712br s, 1520m, 1385s,
1282m, 1239m, 1070m, 1048w, 914w, 889w, 723m;400 MHz, CDC}) 8.00 (1H, d,J 4.9,
NH), 7.85 (2H, ddJ 5.5, 3.1, C(11H), 7.74 (2H, ddJ 5.5, 3.1, C(12H), 7.32-7.40 (5H, m,
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C(4)H, C(5'H, C(6'H), 6.22 (1H, d,J 4.9, C(1'H), 4.46 (1H, d,J 11.4, C(2H), 3.78 (3H, s,
C(8)Hs), 2.96 (1H, m, C(3), 1.13 (3H, dJ 6.6, C(4Hs), 0.87 (3H, dJ 6.6, C(5Hs); dc (100
MHz, CDCL) 188.1 C(2')0), 168.6 C(7')0O), 168.4 C(9)0), 159.9 C(1)0), 134.5 C(12)H),
132.6 C(3)), 131.2 C(10"), 129.4 C(4)H), 129.2 C(6')H), 128.6 C(5)H), 123.8 C(11)H), 62.7
(C(2)H), 59.9 C(1)H), 53.1 C(8")Hs), 27.9 C(3)H), 19.6 C(4)Hs), 19.5 C(5)Hs); m/z (EST) 421
(IM-H] ", 100%); HRMS (ESI") C,sH»:N,0s requires [M+Na] 445.1370 found 445.1358 (+2.5
ppm).

(9)-2-(1,3-Dioxoisoindolin-2-yl)-3-methyIN-(2-(naphthalen-2-yl)-2-oxoethyl)butanamide

(328)
5 4 3 5
13 | ﬁ
15 14 N2 :
16' O
O

Compound30%, (dr 2:1, 32 mg, 0.08 mmol) was subjected to Genermatdtture H to furnish the

titlte compound328(29 mg, 0.07 mmol, 89%) as a colourless oil.

[a]3° — 8.6 € = 1.1, chloroform)ypmax (thin film)/cm®* 2929w, 1769w, 1714br s, 1670s, 1597m,
1524m, 1469m, 1385s, 1359s, 1189m, 1070m, 943ws; B27(400 MHz, CDC})) 8.47 (1H, s,
C(4"H), 7.99 (1H, ddJ 8.6, 1.5, C(12H), 7.91-7.96 (2H, m, C(69, NH), 7.83-7.91 (4H, m,
C(9"H, C(11'H, C(15'H), 7.74 (2H, dd) 5.3, 3.0, C(16H), 7.51-7.64 (2H, m, C(H), C(8'H),
4.94 (1H, dd,) 19.6, 4.4, C(1H..), 4.87 (1H, dd,J 19.6, 4.4, C(1Bly), 4.56 (1H, dJ 11.4, C(2H),
2.92-3.07 (1H, m, C(®), 1.16 (3H, d,J 6.6, C(4Hs), 0.91 (3H, dJ 6.6, C(5H,); ¢ (100 MHz,
CDCl;) 193.6 C(2)0), 169.0 C(1)0), 168.3 C(13")0), 135.9 €(10"), 134.3 C(16")H), 132.3
(C(5)), 131.6 C(4)H) 131.4 C(14)), 129.9 C(6")H), 129.6 C(3)), 128.9 C(11)H), 128.7
(C(8)H), 127.8 C(9)H), 127.0 C(7")H), 123.7 C(12")H), 123.2 C(15)H), 62.7 C(2)H), 46.7
(C(1)Hy), 27.6 C(3)H), 19.9 C(4)H), 19.5 C(5)Hs); m/z (ESI) 437 ([M+NaJ, 40%), 851
([2M+Na]", 100); HRMS (ESI") CysH,N,0, requires [M+Na] 437.1472, found 437.1464 (+2.2
ppm).

(9)-2-(4-(2-(2-(1,3-Dioxoisoindolin-2-yl)-3-methylbuanamido)acetyl)phenoxy)ethyl-4-

methylbenzenesulfonate (329)
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Compound31Q, (dr 2:1, 35 mg, 0.06 mmol) was subjected to Generatdtture H to furnish the
title compound29 (32 mg, 0.05 mmol, 91%) as a colourless oil.

[a]35 — 12.5 € = 0.4, chloroform)ymay (thin film)/cm® 3373br m, 2966s, 1769s, 1711s, 1611m,
1512m, 1384m, 1248m, 1176s, 1071m, 1021m, 915/&16m ,730spy (400 MHz, CDC}) 7.69-
8.00 (9H, m, C(1@), C(11H, C(8'"H, C(9'H, NH), 7.35 (2H, dJ 8.4, C(4H), 6.83 (2H, d,J 8.4,
C(5)H), 4.71 (2H, m, C(1),), 4.52 (1H, dJ 11.2, C(2'H), 4.31-4.44 (2H, m, C(8)},), 4.16-4.28
(2H, m, C(7H,), 2.84-3.11 (1H, m, C(3Y), 2.45 (3H, s, C(13)3), 1.14 (3H, dJ 6.6, C(4'H>),
0.90 (3H, d,J 6.6, C(5'H3); 6c (100 MHz, CDC}) 192.1 C(2)0), 169.0 C(1)0), 162.4 C(6)),
145.1 C(12)), 134.4 C(9)H), 132.7 €C(3)), 131.4 C(9)), 130.2 C(5)H), 129.9 C(11)H), 128.0
(C(10)H), 123.7 C(8)H), 114.5 C(4)H), 67.6 C(8)H,), 65.6 C(7)Hy), 62.7 C(2)H), 46.3
(C(1)H,), 27.6 C(3)H), 21.7 C(13)Hs), 20.0 C(4)Hs), 19.5 C(5")Hs); m/z (ESI") 601 ([M+HT',
100%);HRMS (ESI') CsoH30N,OsS requires [M+Na&]601.1615 found 601.1118 (+1.4 ppm).

(9)-2-(1,3-Dioxoisoindolin-2-yl)N-(2-(4-methoxyphenyl)-2-oxoethyl)propanamide (330)

3
. H Q 4
6 7
O
0 o~

Compound297b (dr 1.2:1, 32 mg, 0.09 mmol) was subjected to Gerferatedure H to furnish the
title compound330(29 mg, 0.08 mmol, 91%) as a colourless oil.

[a]3° + 14.4 € = 0.7, chloroform)a, (thin film)/cm* 2926br, 1777w, 1715s, 1668m, 1601m,
1513w, 1387m, 1356m, 1235m, 1173m, 1022w, 912win/33 (400 MHz, CDC}) 7.93 (2H, dJ
8.8, C(4'H), 7.89 (2H, dd,J 5.4, 3.0, C(10Hl), 7.75 (2H, dd,] 5.4, 3.0, C(11H), 7.11 (1H, br s,
NH), 6.96 (2H, dJ 8.8, C(5'H), 5.04 (1H, qJ 7.3, C(2H), 4.73 (2H, dJ 4.0, C(1'H,), 3.88 (3H,
S, C(7'Hs), 1.79 (3H, d,J 7.3, C(3Hs); 6c (100 MHz, CDCJ) 192.1 C(2)0), 169.1 C(1)0),
167.7 C(8"0), 164.3 C(6"), 134.2 C(11"H), 131.9 C(9"), 130.3 C(4"HH), 127.2 C(3")), 123.6
(C(10%), 114.1 C(5YH), 55.5 C(7)Hs), 49.2 C(2)H), 46.3 C(1)H,), 15.3 C(3)Hz); m/z (ESI)
365 ([M-H], 100%); HRMS (ESI") C,oH:gN,Os requires [M+Na] 389.1108, found 389.1102
(+1.7 ppm).

(S)-2-(1,3-Dioxoisoindolin-2-yl)N-(2-(4-methoxyphenyl)-2-oxoethyl)-4-methylpentanandie
(331)
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Compound<297c(dr 2:1, 31 mg, 0.08 mmol) was subjected to Genemddtture H to furnish the
titte compound31 (28 mg, 0.07 mmol, 90%) as a colourless oil.

[a]35 — 19.3 € = 0.7, chloroform)vma (thin film)/cm* 2959w, 1774w, 1714s, 1667m, 1600m,
1514m, 1384m, 1261m, 1173m, 7218p; (400 MHz, CDC}) 7.85-7.99 (4H, m, C(4), C(10'H),
7.76 (2H, ddJ 5.3, 3.1, C(11Hl), 7.23 (1H, br s, N), 6.96 (2H, dJ 8.7, C(5'H), 5.02 (1H, dd,
12.8, 4.9, C(H), 4.72 (2H, dJ 3.9, C(1'H,), 3.89 (3H, s, C(Ms), 2.41-2.55 (1H, m, C(8}),
1.93 (1H, dddJ 12.8, 9.7, 4.9, C(8)), 1.42-1.56 (1H, m, C(#4)), 0.97 (6H, ddJ 5.9, 5.9, C(F;,
C(6)Hs); 8¢ (100 MHz, CDC}J) 192.1 C(2"0), 169.3C(1)0), 168.2 C(8')0), 164.3 C(6")), 134.3
(C(119HH), 131.7 €(9Y), 130.3 C(4YH), 127.2 C(3"), 123.7 C(10)H), 114.1 C(5)H), 55.5
(C(7)Hs), 52.9 C(2)H), 46.3 C(1)H,), 37.5 C(3)H,), 25.3 C(4)H), 23.2 C(5)H3), 21.2 C(6)Hy);
m/z (ESI) 407 ([M-H], 100%); HRMS (ESI") C,3H.N,Os requires [M+Na] 431.1577, found
431.1571 (+1.4 ppm).

(+)-(R)-2-(1,3-dioxoisoindolin-2-yl)N-(2-(4-methoxyphenyl)-2-oxoethyl)-2-phenylacetamide
(332)

”@

Compound297e (34 mg, 0.08 mmol) was subjected to General Puoee#l to furnish the title
compound332(31 mg, 0.07 mmol, 92%) as a colourless oil.

[oc]ZD3 racemisedymay (thin fiIm)/cm‘l 2920w, 1771w, 1716br s, 1671m, 1600m, 1513m, 1385m
1359w, 1242w, 1173m, 895w, 7218y (400 MHz, CDC}) 7.81-8.02 (4H, m, C(4), C(10'H),
7.59-7.79 (4H, m, C(4), C(11'H), 7.33-7.54 (3H, m, C(B), C(6H), 6.78-7.05 (3H, m, C(3),
NH), 6.00 (1H, s, C(3)), 4.80 (1H, ddJ 19.6, 4.1, C(1H,), 4.73 (1H, dd,J] 19.6, 4.1, C(1hi),
3.87 (3H, s, C(7Hy); é¢ (100 MHz, CDC}) 191.8 (C(2)0), 167.7 C(8')0), 167.2 C(1)O), 164.3
(C(6Y), 134.6 €C(3)), 134.1 C(11)H), 131.9 C(9)), 130.2 C(6)H), 129.7 C(4)H), 129.31
(C(4)H), 129.29 C(5)H), 127.2 C(3)), 123.6 C(10)H), 114.1 C(5)H), 57.9 C(2)H), 55.5
(C(7")Hs), 46.4 C(1)H,); m/z (ESI') 451 ([M+Na], 85%), 879 ([2M+Na], 100); HRMS (ESI")
CusH20N,Os requires [M+Na] 451.1264, found 451.1259 (+1.1 ppm).
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(S)-2-(1,3-Dioxoisoindolin-2-yl)N-(2-(4-methoxyphenyl)-2-oxoethyl)-3-phenylpropanande
(333)

Compound297f (dr 1.8:1, 32 mg, 0.07 mmol) was subjected to Gerferatedure H to furnish the
title compound333(28 mg, 0.06 mmol, 88%) as a colourless oil.

[a]3° — 79.4 ¢ = 0.8, chloroform)vma (thin film)/cm* 2932br, 1775w, 1715s, 1667m, 1600m,
1513m, 1384s, 1358m, 1239m, 1173m, 1088w, 988wmn7aQ (400 MHz, CDC})) 7.94 (2H, dJ
8.9, C(4'H), 7.81 (2H, ddJ 5.4, 3.1, C(10H), 7.70 (2H, ddJ 5.4, 3.1, C(11H), 7.06-7.23 (6H,
m, C(5H, C(6H, C(7H, NH), 6.96 (2H, dJ 8.9, C(5'H), 5.23 (1H, tJ 8.9, C(2H), 4.75 (2H, d,
J 3.9, C(1'H,), 3.89 (3H, s, C(M)s), 3.63 (2H, dJ 8.7, C(3H,); &c (125 MHz, CDCJ) 191.9
(C(2)0), 168.4 C(8Y0), 167.9 C(1)O), 164.3 C(6), 136.6 C(4)), 134.2 C(11)H), 131.4
(C(99), 130.3 C(4)H), 128.9 C(5)H), 128.6 C(6)H), 127.2 C(3)), 126.9 C(7)H), 123.6
(C(10")H), 114.2 ¢(5")H), 55.6 C(2)H), 55.5 C(7)Hs), 34.8 C(3)H,); m/z (ESI') 465 ([M+Na],
100%), 907 ([2M+N4d], 80); HRMS (ESI) CH..N,Os requires [M+Na] 465.1421, found
465.1414 (+1.6 ppm).

(9)-2-(1,3-Dioxoisoindolin-2-yl)N-(2-(4-methoxyphenyl)-2-oxoethyl)-3,3-dimethylbutaamide
(334)

Compound297d(dr 2.5:1, 35 mg, 0.09 mmol) was subjected to Gerfenatedure H to furnish the
titte compound34 (33 mg, 0.08 mmol, 93%) as a colourless oil

[a]3° + 5.5 € = 0.4, chloroform)yma (thin film)/cm* 3356br, 2961w, 1773w, 1716s, 1666br m,
1601m, 1514m, 1380br m, 1329m, 1262m, 1172m, 103@8w, 719m;6y (500 MHz, CDC}))
8.12 (1H, br s, M), 7.88-8.01 (4H, m, C(4), C(10'H), 7.77 (2H, ddJ] 5.4, 2.8, C(11H), 6.95
(2H, d,J 8.8, C(5'H), 4.91 (1H, s, C(d)), 4.82 (1H, ddJ 19.2, 4.4, C(1H,), 4.69 (1H, ddJ 19.2,
4.4, C(1'Hy), 3.88 (3H, s, C(Ms), 1.21 (9H, s, C(4)s); dc (125 MHz, CDC)) 192.1 C(2"0),
168.9 C(1)0), 168.0 C(8)0), 164.2 C(6"), 134.4 C(11)H), 131.4 C(9), 130.2 C(4)H), 127.5
(C(39), 123.8 C(10")H), 114.1 C(5H), 64.6 C(2)H), 55.5 C(7")Hs), 46.5 C(1)H,), 36.2 C(3)),
28.4 (C(4)Hs); m/z(ESI') 431 (IM+Na], 95%), 839 ([2M+Nad] 100);HRMS (ESI") CysH24N,Os
requires [M+Na] 431.1577, found 431.1577 (+0.09 ppm).
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(9)-2-(1,3-Dioxo-H-benzoflisoindol-2(3H)-yl)-N-(2-(4-methoxyphenyl)-2-oxoethyl)-3-
methylbutanamide (335)

Compound299b (dr 1.4:1,77 mg, 0.17 mmol) was subjected to Genexad@lure H to furnish the
titlte compound335(67 mg, 0.15 mmol, 90%) as a colourless oil.

[a]3° + 13.0 € = 2.7, chloroform)ymay (thin film)/cm* 3355br w, 2966w, 1766m, 1706s, 1669s,
1601m, 1515m, 1443w, 1423w, 1357br m, 1264m, 123Bri2m, 1101m, 909w, 833w, 767m,
732m;éy (400 MHz, CDC})) 8.37 (2H, s, C(1®), 8.06 (2H, ddJ 6.1, 3.2, C(12Hl), 7.99 (1H, br
s, NH), 7.93 (2H, dJ 8.9, C(4'H), 7.70 (2H, dd) 6.1, 3.2, C(13H)), 6.93 (2H, dJ 8.9, C(5'H),
4.77 (1H, dd)J 19.4, 4.4, C(1H.,), 4.70 (1H, dd,) 19.4, 4.4, C(1Hly), 4.60 (1H, dJ 11.1, C(2M),
3.85 (3H, s, C(7Hs), 2.92-3.11 (1H, m, C(8)), 1.16 (3H, dJ 6.5, C(4H,), 0.92 (3H, dJ 6.5,
C(5)H5); 8¢ (125 MHz, CDC}) 192.1 C(2)0), 169.0C(1)0), 168.1 C(8)0), 164.1 C(6"), 135.5
(C(119), 130.3 C(139)H), 130.2 C(12YH), 129.4 C(4HH), 127.4 C(3")), 126.9 C(9"), 125.3
(C(10%H), 114.0 C(5HH), 62.9 C(2)H), 55.5 C(7)Hs), 46.3 C(1)H,), 27.6 C(3)H), 20.0
(C(4)H3), 19.5 C(5)Hs); m/z (ESI) 479 ([M-HJ, 100%); HRMS (ESI) CyH.4N,Os requires
[M+Na]" 476.1577 found 476.1571 (+1.7 ppm).

(9)-2-Amino-N-((R)-2-hydroxy-2-(4-methoxyphenyl)ethyl)-3-methylbutaramide (336)

45 5
H
ﬁ O 4
1 3 !
H,N "2 3 5
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To compound92 (136 mg, 0.34 mmol) in absolute ethanol at rt uradgon was added dropwise
hydrazine monohydrate (1.5 eq.). The reaction mixiuas heated at 70 °C until TLC indicated
complete consumption of starting material (typic&i6 h). The reaction mixture was concentrated
in vacuoto a few mLat rt and the residue was purified by flash column clatmgraphy, eluting
with dichloromethane/methanol/ag. ammoniac (100dxdp to 9:1:1 drop) to furnish the title
compound336(71.4 mg, 0.27 mmol, 78%) as a colourless solid.

[a]3° — 30.8 ¢ = 0.2, methanol)m.p. 131-132 °C;vyax (thin film)/cm™ 3423br, 1656s, 1051m,
1026m, 1006m, 824m, 762ny (400 MHz, CDC)) 7.71 (1H, br s, M), 7.30 (2H, d,J 8.6,
C(5'H), 6.89 (2H, dJ 8.6, C(4'H), 4.81 (1H, ddJ 7.8, 3.2, C(2H), 3.81 (3H, s, C(™)s), 3.53-
3.63 (1H, m, C(1Hly), 3.46 (1H, dddJ 13.8, 7.8, 5.6, C(1}), 3.27 (1H, br s, C(8)), 2.07-2.45
(3H, br s, &, NH), 0.99 (3H, d,J 6.8, C(4Hs), 0.83 (3H, d,J 6.8, C(5H3); 6c (100 MHz,
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CD;0D) 177.2 C(1)0), 160.9 C(6")), 135.9 €C(3")), 128.6 C(4)H), 114.9 C(5)H), 73.4 C(2")H),
61.8 C(2)H), 55.8 C(7)Hs), 47.8 C(1)H,), 33.4 C(3)H), 19.9 C(4)H3), 17.8 C(5)Hs); m/z
(ESI) 267 ([M+H]', 95%), 533 ([2M+H], 100); HRMS (ESI') CiH2N,O; requires [M+H]
267.1703, found 267.1702 (+2.4 ppm).

(S)-Methyl 2-amino-3-methylbutanoate hydrochloride (3t1)

4 5

3
o)
HC]-HQN\/!iHT 6

o
To a solution of L-valine (1.0 eq., 5.0 g, 42.7 ntiymoe methanol (50 mL) at 0 °C under argon was
added dropwise thionyl chloride (1.0 eq., 3.4 m2,74mmol).Caution, exothermic reaction The
reaction mixture was stirred at rt for 12 h thenaantratedn vacuoto give the title compoung4l
(42.7 mmol, 100%) as a white solid
o4 (400 MHz, (CDR),SO) 8.78 (2H, s, Ny), 3.92 (1H, m, C(2)), 3.78 (3H, s, C(6]s), 1.76 (3H,
d, J 6.7, C(4Hs), 1.68 (3H, d,J 6.7, C(4Hs); dc (100 MHz, (CR),SO) 174.1 €(1)0O), 52.3
(C(2)H), 51.9 C(6)Hs), 20.0 C(4)Hs), 19.9 C(5)Hy).

Spectroscopic data were consistent with those tegan the literaturé®

(S)-Methyl 2-((S)-2-(tert-butoxycarbonylamino)propanamido)-3-methylbutanoate(342)

5

6" Hb 04 [
>5(O\zh/N\2:)IJ\H >~ (ON
o T 0

To a solution of compoun840 (1.0 eq., 189 mg, 1.0 mmol) and compod4d (1.0 eq., 167 mg,
1.0 mmol) inN,N-dimethylformamide (5 mL) under argon at rt, wasled dropwise triethylamine

(2.0 eq., 202 mg, 2.0 mmol) followed by the additaf a solution ofO-benzotriazoleN,N,N',N'-
tetramethyluroniumhexafluorophosphate (1.0 eq. 8¢9 1.0 mmol) inN,N’-dimethylformamide
(5 mL) (syringe pump 1mL-mib). After completion of the addition, the reactiorixture was
stirred vigorously for 12 h at rt. The reaction tane was then washed with brine (3 x 100 mL) and
concentratedn vacuoto a few mL. The residue was purified by flashuooh chromatography,
eluting with ethyl acetate/petrol gradient (1000070:30) to give the title compour#2 as a
colourless gum (272 mg, 0.85 mmol, 85%).

84 (400 MHz, CDC}) 6.75 (1H, br s, N,), 5.14 (1H, dJ 7.1, NH,), 4.50 (1H, ddJ 7.9, 5.1,
C(2"H), 4.19 (1H, br s, C(B), 3.71 (3H, s, C(G)3), 2.09-2.28 (1H, m, C(8), 1.42 (9H, s,
C(6"Hs), 1.33 (3H, dJ 7.9, C(3"Hs), 0.91 (3H, dJ 6.8, C(4Hs), 0.88 (3H, dJ 6.8, C(5H3); oc
(100 MHz, CDC}) 172.6 C(1M)0), 172.2 C(1)0O), 155.5 C(4")0O), 80.0 C(5"), 57.0 C(2)H),
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52.0 C(6)Hs), 49.9 C(2")H), 31.5 C(3)H), 28.2 C(6")Hs), 18.9 (br s,C(4)Hs), C(5)Hs), 17.6
(C(3")H,).

Spectroscopic data were consistent with those tegham the literaturé®®

(9)-2-((S)-2-(tert-Butoxycarbonylamino)propanamido)-3-methylbutanoicacid (343)

4 3 5
T e e
@)
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To a solution of compound42 (1.0 eq., 658 mg, 2.2 mmol) in a mixture of teyddofuran (45
mL) and water (15 mL) under argon at 0 °C was aditdleidm hydroxide monhydrate (1.1 eq., 100
mg, 2.4 mmol). The reaction mixture was stirrediluAtC indicated complete consumption of
starting material (12 h). The reaction mixture waen acidified to pH 1 with a 3 M aqueous HCI
solution and extracted with diethyl ether (3 x 50)nThe organic phase was separated, washed
with brine (20 mL), dried over N&Q, filtered and the solvent was removed under redluce
pressure to give the title compouBdi3 as a white solid (quantitative).

64 (400 MHz, CDC}) 8.48-9.43 (1H, br s, 8), 6.79-7.21 (1H, m, N,), 5.47 (1H, br s, Ny), 4.55
(1H, dd,J 7.5, 4.7, C(2'}l), 3.70-4.11 (1H, m, C(8), 2.03-2.42 (1H, m, C(8)), 1.42 (9H, s,
C(6"Hs), 1.34 (3H, dJ 7.5, C(3"Hs), 0.94 (3H, dJ 6.8, C(4Hs), 0.90 (3H, dJ 6.8, C(5H3; éc
(100 MHz, CDC}) 172.6 C(1"0), 171.2 €(1)0O), 155.4 C(4")0O), 80.1 C(5"), 57.2 C(2)H),
52.1 C(6)Hs), 49.9 C(2")H), 31.4 C(3)H), 28.3 C(6")Hs), 18.9 (br s,C(4)Hs), C(5)Hs), 17.5
(C(3")Hy).

Spectroscopic data were consistent with those tegdn the literaturé®

tert-Butyl (S)-1-((S)-3-methyl-1-oxo-1-(2,4,6-trimethylbenzoyloxyamindjutan-2-ylamino)-1-
oxopropan-2-ylcarbamate (344)

N?L

3"

Compound343 (890 mg, 2.9 mmol) was subjected to General Puree® to furnish the title
compound344 (820 mg, 1.8 mmol, 63%) as a colourless oil.

[a]35 - 3.1 € = 3.0, chloroform)yma (thin film)/cm™ 3277br m, 2975s, 1779m, 1682s, 1652br s,
1612m, 1517br m, 1454m, 1367m, 1234m, 1166s, 1082bw, 738w;d, (400 MHz, CDCJ))
10.93 (1H, br s, Ng), 7.20-7.52 (1H, m, Ny), 6.60-7.04 (2H, s, C(1Bl), 5.41 (1H, br s, No),
4.49 (1H, m, C(2'Hl), 4.29 (1H, br s, C(3), 2.36 (6H, s, C(H3), 2.28 (3H, s, C(11,), 1.43
(10H, m, C(3H, C(6"Hs), 1.38 (3H, dJ 6.9, C(3"Hs), 1.07 (3H, dJ 6.6, C(4H3), 1.03 (3H, dJ
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6.6, C(5Hs); 6c (100 MHz, CDC)) 173.4 C(1MO), 168.4 C(6)O), 167.3 C(1)0O), 155.6
(C(4M0), 140.4 C(11)), 136.6 €(8)), 128.5 C(10)H), 126.9 C(7)), 80.4 C(5"), 56.5 C(2)H),
50.4 C(2"H), 30.4 C(3)H), 28.2 C(6")Hs), 21.2 C(12)Hy), 21.1 C(4)Hs), 20.1 C(3")Hs), 19.9
(C(9)Hs), 19.1 C(5)Hs); m/z (ESI) 472 ([M+Na], 100%); HRMS (ESI) CyHssNsOg requires
[M+Na]" 472.2418, found 472. 2416 (+0.8 ppm).

(S)-tert-Butyl 1-(hydroxyamino)-4-methyl-1-oxopentan-2-ylcabamate

Boc-protected L-leucine (5.9 85.7 mmol) was subjected to General Procedyr® Eurnish(S)
tert-Butyl 1-(hydroxyamino)-4-methyl-1-oxopentandzarbamate (5.6 g, 22.9 mmol, 89%) as a
white solid.

84 (400 MHz, (CR),CO) 10.23 (1H, br s, NOH), 6.06 (1H, dJ 7.3, NH), 4.12 (1H, m, C(H),
1.50-1.88 (3H, m, C(3),, C(3)H), 1.43 (9H, s, C(3H3), 0.74-1.10 (6H, m, C(#Hs, C(5)Hs3); oc
(100 MHz, (CR).CO), 170.2 C(7)0), 160.1 C(6)0), 71.0 C(2"), 51.0 C(1)H), 41.5 C(2)H,),
28.4 (C(3")Hs), 23.1 C(3)H), 22.0 C(5)Hs), 21.9 C(6)H5).

Spectroscopic data were consistent with those tegan the literature (cas 156706-53%)

(S)-tert-Butyl 4-methyl-1-oxo-1-(2,4,6-trimethylbenzoyloxyaino)pentan-2-ylcarbamate (348)

4
10
e 1CE S
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(S)tert-Butyl 1-(hydroxyamino)-4-methyl-1-oxopentaryarbamate(4.7 g, 19.0 mmol) was
subjected to General Procedure B to furnish the ¢tmpound348 (6.0 g, 15.4 mmol, 81%) as a
white solid.

[a]35 — 39.2 ¢ = 1.6, chloroform);m.p. 117-118 °C;vna (thin film)/cm* 3212br s, 2960br s,
1779s, 1669s, 1612m, 1531s, 1455m, 1392m, 13676Y,n,11039s, 948m, 850s, 73%s; (400
MHz, CDCk) 11.08 (1H, br s, Ny, 6.78 (2H, s, C(11), 5.73 (1H, dJ 8.3, NHy), 4.22-4.67 (1H,
m, C(1H), 2.29 (6H, s, C(1®J3), 2.25 (3H, s, , C(18)s), 1.63-1.88 (3H, m, , C(B), C(3H), 1.43
(9H, s, C(3"H3), 0.97 (6H, m, C(F)s, C(6)Hs); 6c (100 MHz, CDC)) 170.4 C(7)0O), 167.2
(C(6)0), 156.2 C(1M0), 140.0 C(12)), 136.4 C(9)), 128.2 C(11)H), 127.0 C(8)), 80.2 C(2")),
50.4 C(1)H), 41.0 C(2)H,), 28.2 C(3")Hs), 24.5 C(3)H), 22.7 C(5)H3), 21.9 C(6)Hs), 21.0

- 259 -



Chapter 5: Experimental section

(C(13)Hs), 19.6 C(10)Hy); m/z (EST) 391 ([M-HJ, 100%); HRMS (ESI) C,iHa:N,0s requires
[M+Na]* 415.2202, found 415.2203 (+1.0 ppm).

(S)-2-amino-4-methylN-(2,4,6-trimethylbenzoyloxy)pentanamide hydrochlordle salt
(349)

N
HCIH,N 1Y o077

0)

To a solution of compound48 (1.0 eq., 900 mg, 2.3 mmol) in dichloromethane (20 at rt
under argon was added a solution of 4M HCI in dimx£3.0 eq., 1.7 mL, 6.9 mmol). The reaction
mixture was stirred until TLC indicated completensomption of starting material (typically 2-3
h). The solvent was removed under reduced presgureto give the title compoun@49 as a
colorless foam (100%).

[a]35 — 4.7 € = 3.3, chloroform)ymax (thin film)/cm™ 2960br s, 1779br s, 1695br s, 1612s, 1505br
s, 1370m, 1232s, 1157s, 1121m, 1045br s, 889m, 883fm, 733sH, (400 MHz, CDC}) 8.36
(1H, br s, NH), 6.38-6.93 (2H, m, C(1H), 4.49 (1 H, br s, C(B), 2.27 (6H, br s, C(18}s), 2.21
(3H, br s, C(13)3), 1.86 (3H, br s, C(8,, C(3)H), 0.89 (6H, m, C(4)s, C(5Hs); 6c (100 MHz,
CDCls) 167.0 C(7)0), 166.4 C(6)0), 140.2 C(12)), 136.3 C(9)), 128.2 C(11)H), 126.2 C(8)),
50.7 C(1)H), 40.2 C(2)H,), 23.9 C(3)H), 22.4 C(4)Hs), 21.8 C(13)Hy), 20.9 C(5)Hs); m/z(ESI

) 291 ([M-H], 100%); HRMS (ESI') Ci¢H24N,O5 requires [M+Na] 315.1679, found 315.1677
(+0.9 ppm).

tert-Butyl  (9)-4-methyl-1-((S)-4-methyl-1-oxo0-1-(2,4,6-trimethylbenzoyloxyaming)entan-2-

ylamino)-1-oxopentan-2-ylcarbamate (350)

To a solution of compoun@47 (1.0 eq., 88 mg, 0.38 mmol) in dichloromethanem(5) under
argon at 0 °C, was added freshly prepared 4-(3viettioxyphenyl)-4-methylmorpholin-4-ium
chloride (DMTMM) (1.0 eq., 92 mg, 0.38 mmth After completion of the addition, the reaction

mixture was stirred vigorously for 10 h at 0 °C. fhie reaction mixture was then added compound
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349 (1.2 eq., 150 mg, 0.46 mmol) followed by the dreggvaddition ofN-methylmorpholin (1.2

eq., 47 mg, 0.46 mmol). The reaction mixture wasest vigorously for another 10 h letting the
reaction mixture warmed to rt. The reaction mixtuwas then washed with 1M aqueous CySO
solution (3 x 1 mL) and concentratedvacuoat rt to a few mL. The residue was purified by flash
column chromatography, eluting with dichloromethamthanol (100:0 to 9:1) to give the title

compound350as a colourless oil (135 mg, 0.27 mmol, 70%).

[a]3° — 10.2 ¢ = 0.3, chloroform);vmax (thin film)/cm™ 3260br s, 2959br s, 1780m, 1682br s,
1650br s, 1523m, 1366m, 1232m, 1158m, 1044m, 103mtw, 733m;éy (400 MHz, CDC))
10.70 (1H, br s, N, 7.12 (1H, d,) 6.3, NH,), 6.84 (2H, s, C(49), 5.25 (1H, dJ 4.5, NH,), 4.66
(1H, d,J 58, C(2H), 4.20 (1H, br s, C(2H), 2.35 (6H, s, C(Ts), 2.27 (3H, s, C(8,), 1.47-
1.88 (6H, m, C(),, C(4)H, C(3")H,, C(4"H), 1.43 (9H, s, C(3H5), 0.81-1.00 (12H, m, C(Bl,
C(6)Hs, C(5"Hs, C(6")Hs); ¢ (100 MHz, CDC}) 173.5 C(1")0O), 169.4 C(1')0), 167.3 C(1)0),
156.0 C(1")0), 140.4 C(5)), 136.6 C(3)), 128.4 C(4)H), 126.9 C(2)), 80.3 C(2™), 53.2
(C(2")H), 49.4 C(2)H), 40.7 C(3")H,), 39.8 C(3)H,), 28.2 C(3")Hs), 24.6 C(4")H), 24.5
(C(4H), 22.8 C(5"Hs), 22.7 C(6"Hs), 21.9 (br s,C(5)Hs, C(6)Hs), 21.2 C(69Hs), 19.9
(C(7)Hs); m/z (ESIN 528 ([M+Na], 100%); HRMS (ESI) C,H.Ns;O¢ requires [M+Na]
528.3044, found 528.3035 (+1.8 ppm).

tert-Butyl  (S)-3-methyl-1-((S)-4-methyl-1-o0x0-1-(2,4,6-trimethylbenzoyloxyamingentan-2-

ylamino)-1-oxobutan-2-ylcarbamate (351)

3m HC O
Oum N2
n 1" 2
N
LN,

To a solution of compound74 (1.0 eq., 413 mg, 1.9 mmol) in dichloromethane fil0 under
argon at 0 °C, was added freshly prepared 4-(3viettioxyphenyl)-4-methylmorpholin-4-ium
chloride (DMTMM) (1.0 eq., 460 mg, 1.9 mmdf}. After completion of the addition, the reaction
mixture was stirred vigorously for 10 h at 0 °C. fhe reaction mixture was then added compound
349(1.2 eq., 749 mg, 2.3 mmol) followed by the dragmvaddition oN-methylmorpholin (1.2 eq.,
233 mg, 2.3 mmol). The reaction mixture was stirvégbrously for another 10 h letting the
reaction mixture warmed to rt. The reaction mixtwas then washed with 1M aqueous CySO
solution (3 x 3 mL) and concentratedvacuoat rt to a few mL. The residue was purified by flash
column chromatography, eluting with dichloromethamthanol (100:0 to 9:1) to give the title
compound351as a colourless oil (606 mg, 1.2 mmol, 65%).

[a]35 — 39.6 ¢ = 0.8, chloroform);vma (thin film)/cm™ 3257br s, 2962s, 1781s, 1683s, 1649s,
1520s, 1391m, 1367m, 1299m, 1233s, 1158s, 10428s1@78w, 733mdy (400 MHz, CDC))
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10.39 (1H, br s, N,), 6.86 (2H, s, C(4), 6.64 (1H, dJ 6.3, NHy), 5.13 (1H, dJ 7.3, NH,), 4.64
(1H, d,J 6.3, C(2"H), 3.95 (1H, tJ 6.9, C(2H), 2.36 (6H, s, C(M3), 2.29 (3H, s, C(8),), 2.18
(1H, dd,J 11.9, 6.1, C(3H), 1.80-1.91 (1H, m, C(#4}), 1.61-1.78 (2H, m, C(8),), 1.45 (9H, s,
C(3"Ha3), 0.53-1.23 (12H, m, C(Bk C(6)Hs C(4"Hs C(5"Hs); 6c (100 MHz, CDC}) 172.9
(C(1"M0), 169.3 €(1H0), 167.2 C(1)0O), 156.0 C(1™O), 140.4 ¢(59), 136.6 €C(3Y)), 128.5
(C(4HH), 126.9 C(29), 80.0 C(2™)), 60.2 C(2"H), 49.4 C(2)H), 40.1 C(3)H,), 30.7 C(3")H),
28.3 C(3")Hy), 24.6 C(4)H), 22.8 C(5)Hs), 22.7 C(6)Hs), 22.1 C(4")Hs), 21.2 C(5")Hq), 19.8
(C(7)Hs), 19.2 C(6")Hs); m/z (ESI) 514 ([M+NaJ, 100%);HRMS (ESI") C,H.1NsOg requires
[M+Na]* 514.2888, found 514.2878 (+1.8 ppm).

(S)-Methyl 2-((S)-2-(1,3-dioxoisoindolin-2-yl)-3-methylbutanamido)3-methylbutanoate (353)

3

0 3
0]
N%N o~ 0\6
z H
05"/3\4" ©

To a solution of compoun@71 (1.0 eq., 2.2 g, 8.0 mmol) and compoB#d (1.0 eq., 2.5 g, 8.9
mmol) in N,N-dimethylformamide (40 mL) under argon at rt, wasled dropwise triethylamine
(2.1 eq., 1.9 g, 18.7 mmol) followed by the additiaf a solution ofO-benzotriazoleN,N,N',N'-
tetramethyluroniumhexafluorophosphate (1.1 eq.g}.11.4 mmol) inN,N’-dimethylformamide
(40 mL) (syringe pump 1mL-mi. After completion of the addition, the reactiornixtare was
stirred vigorously for 12 h at rt. The reaction mie was then washed with brine (3 x 200 mL) and
concentratedn vacuoto a few mL. The residue was purified by flashuoah chromatography,
eluting with ethyl acetate/petrol gradient (1000070:30) to give the title compour63 as a
colourless gum (2.4 g, 6.6 mmol, 82%).

o4 (400 MHz, CDC}) 7.90 (2H, dJ 2.8, C(3"H), 7.77 (2H, dJ 2.8, C(4"H), 7.51 (1H, dJ 7.8,
NH), 4.50-4.59 (1H, m, C(®), 4.47 (1H, dJ 10.9, C(2"H), 3.65 (3H, s, C(6)3), 2.89 (1H, m,
C(3"H), 2.13-2.30 (1H, m, C(8), 1.09-1.18 (3H, m, C(4Ms), 0.92-1.03 (6H, m, C(#),
C(5)Hs), 0.88 (3H, dJ 6.3, C(5"H3); 8¢ (100 MHz, CDC}) 172.0 C(1)0O), 168.9 C(1")0), 168.5
(C(1"™0), 134.4 C(4™H), 131.4 C(2™)), 123.7 C(3"H), 63.4 C(2")H), 57.2 C(2)H), 52.0
(C(6)Hs), 30.9 C(3)H), 27.8 C(3")H), 19.8 C(4"Hs), 19.5 C(4)Hs), 19.1 C(5")Hs), 17.7
(C(5)H,).

Spectroscopic data were consistent with those tegan the literaturé®
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(9-2-((9)-2-(1,3-Dioxoisoindolin-2-yl)-3-methylbutanamido)3-methylbutanoic acid (354)

N\z)J\N\/!iﬂ/

0]

To a solution of compound57(1.0 eq., 1.2 g, 2.9 mmdl) dichloromethane (20 mL) under argon
at 0 °C was added dropwise trifluoroacetic acich(d). The reaction mixture was stirred until TLC
indicated complete consumption of starting mate(tigbically 1-2 h). The reaction mixture was
then concentrateid vacuoto give the title compoun853as a colourless gum (quantitative).

[a]35 + 49.6 € = 0.5, chloroform)ymay (thin film)/cm™ 3331br w, 2968w, 1778w, 1712s, 1660w,
1546w, 1386m, 1170m, 1070w, 7208y; (400 MHz, CDC}) 10.65 (H, br s, @), 8.09 (1H, dJ
8.6, NH), 7.89 (2H, ddJ 5.4, 3.2, C(3"Hl), 7.79 (2H, ddJ] 5.4, 3.2, C(4"H), 4.50-4.60 (2H, m,
C(2"H, C(2H), 2.77-2.92 (1H, m, C(31), 2.24-2.41 (1H, m, C(8)), 1.11 (3H, d,J 6.6,
C(4"Hs), 1.03 (6H, tJ 7.2, C(4Hs, C(5)Hs), 0.88 (3H, dJ 6.6, C(5"Hs); 8¢ (100 MHz, CDCY))
176.3 C(1)0), 171.7 €(1")0O), 168.8 C(1")0O), 134.9 C(4"H), 130.9 C(2")), 124.0 C(3")H),
62.8 C(2")H), 57.7 C(2)H), 30.5 C(3)H), 28.2 C(3")H), 19.32 C(4")Hs), 19.28 C(5")Hs), 19.0
(C(4)Hs), 17.4 C(5)Hs); m/z (ESI) 369 ([M+Na], 100%); HRMS (ESI') CigH,:N,Os requires
[M+Na]* 369.1421, found 369.1412 (+2.7 ppm).

2-((9)-1-((S)-1-Carboxy-2-methylpropylamino)-3-methyl-1-oxobutan-2-ylcarbamoyl)benzoic
acid (355)

To a solution of compoun853 (1.0 eq., 1.3 g, 3.6 mmol) in a mixture of tetrdtnfuran (66 mL)
and water (33 mL) under argon at 0 °C was addkaliit hydroxide monhydrate (1.1 eq., 167 mg,
4.0 mmol). The reaction mixture was stirred untilCTindicated complete consumption of starting
material (12 h). The reaction mixture was thenifiedi to pH 1 with a 3 M aqueous HCI solution
and extracted with diethyl ether (3 x 100 mL). Tnganic phase was separated, washed with brine
(50 mL), dried over N£5O,, filtered and the solvent was removed under redlgcessure to give
the title compoun@55as a white solid (446mg, 1.2 mmol, 34%).

[a]35 - 41.3 € = 0.5, chloroform);m.p. 195-201 °Cvpa (thin film)/cm™ 3331br s, 3322 br w,
2965w, 1779m, 1715s, 1668m, 1528w, 1392m, 1172@0W0963w, 847w, 725wj, (400 MHz,
CDCl) 9.71 (2H, br s, @, OH), 7.91 (1H, dJ 8.6, NH), 7.81-7.87 (2H, m, C(3H, C(6"H), 7.70-
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7.78 (2H, m, C(4'H, C(5"H), 4.38-4.53 (2H, m, C(2H, C(2H), 2.77-2.90 (1H, m, C(8)), 2.17-
2.32 (1H, m, C(3'H), 1.07 (3H, d,) 6.6, C(4"H5), 0.96 (6H, tJ 6.9, C(4H3 C(5Hs), 0.83 (3H, d,
J 6.6, C(5"Hs); 8¢ (100 MHz, CDC})) 175.1 C(8")0), 174.9 C(1)0O), 170.9 C(1"0O), 168.6
(C(1"0), 134.7 C(5™H), 134.6 C(4")H), 131.0 C(2™)), 130.9 C(7")), 123.8 (br sC(3")H,
C(6"H), 62.7 C(2"H), 57.6 C(2)H), 30.4 C(3)H), 27.9 C(3"H), 19.4 (C(4")Hs), 19.2
(C(5")Hs), 18.9 C(4)Hs), 17.3 C(5)Hs); m/z (ESI) 387 ([M+Na], 100%); HRMS (ESI)
C1H24N,Og requires [M+Na] 387.1527, found 387.1524 (-0.9 ppm).

(S)-tert-Butyl 2-amino-3-methylbutanoate (356)
4 3

2
EANN 075<6
0]
To a solution of L-valine (1.0 eq., 1.0 g, 8.5 mjniol tert-butyl acetate (20 mL) at 0 °C under
argon was added dropwise perchloric acid (1.5 @d.,mL, 12.8 mmol)Caution, see COSSH
assessmentThe reaction mixture was stirred at rt for 1zhart washed with water (40 mL) and a
1N aqueous HCI solution (21 mL). The resultant aggesolution was adjusted to pH 9 by addition
of a 10% aqueous KOs solution, and then extracted with dichlorometh&e< 50 mL). The
combined organic phases were dried with3@, filtered and concentratdd vacuoat rt to give
an oil. This was purified by flash chromatography silica gel, using an ethyl acetate/petrol
gradient (1:1 to 3:1) to give the title compoB®b (1.3 g, 7.7 mmol, 90%) as a colourless oil.
o4 (400 MHz, CDC}) 3.14 (1H, dJ 4.8, C(1H), 1.97 (1H, dgJ 11.9, 6.8, C(H)), 1.44 (9H, s,
C(6)H3), 1.37 (2H, s, M), 0.95 (3H, dJ 6.8, C(4H,), 0.87 (3H, d,J 6.8, C(4H5); éc (100 MHz,
CDCls) 174.8 C(1"0), 80.7 €(5)), 60.3 C(1)H), 32.1 C(2)H), 28.0 C(6)Hs3), 19.2 C(4)H3), 16.9
(C(B)Hs).

Spectroscopic data were consistent with those tegan the literaturé®’

(S)-tert-Butyl 2-((9)-2-(1,3-dioxoisoindolin-2-yl)-3-methylbutanamido)3-methylbutanoate
(357)

To a solution of compoun#71 (1.0 eq., 1.96 g, 11.3 mmol) and compo@da® (1.0 eq., 2.80 g,
11.3 mmol) in N,N-dimethylformamide (50 mL) under argon at rt, wadded dropwise
triethylamine (1.1 eq., 1.26 g, 11.4 mmol) followdy the addition of a solution oO-

benzotriazoleN,N,N',N'-tetramethyluroniumhexafluorophosphate (1.1 e@l14g, 11.4 mmol) in
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N,N-dimethylformamide (50 mL) (syringe pump 1mL-MnAfter completion of the addition, the
reaction mixture was stirred vigorously for 12 hrtafThe reaction mixture was then washed with
brine (3 x 100 mL) and concentratedvacuoto a few mL. The residue was purified by flash
column chromatography, eluting with ethyl acetsg&i gradient (100:0 to 70:30) to give the title
compound357 as a colourless gum (3.22 g, 8.0 mmol, 71%).

[a]35 + 45.8 € = 0.5, chloroform)ymax (thin film)/cm™ 3347br s, 2967s, 1778w, 1713s, 1682m,
1532m, 1468m, 1385br s, 1152s, 1070m, 909w, 8428m76, (400 MHz, CDC}) 7.89 (2H, dd,

J 5.6, 3.0, C(3"Hl), 7.76 (2H, ddJ 5.6, 3.0, C(4"H), 7.41 (1H, dJ 8.3, NH), 4.46 (1H, dJ 11.4,
C(2"H), 4.41 (1H, ddJ 8.5, 4.4, C(H}), 2.78-2.98 (1H, m, C(3H), 2.06-2.31 (1H, m, C(8}),
1.38 (9H, s, C(Hls), 1.13 (3H, dJ 6.6, C(4"Hs), 0.95 (6H, tJ 6.9, C(4Hs, C(5)H5), 0.87 (3H, d,

J 6.6, C(5"Hs); dc (100 MHz, CDC}) 170.3 C(1")0), 168.7 C(1)O), 168.4 C(1")O), 134.4
(C(4"H), 131.4 €(2")), 123.7 C(3™H), 81.7 C(6)), 63.3 C(2")H), 57.7 C(2)H), 31.2 C(3)H),
27.9 C(7)Hs), 27.8 C(3"H), 19.9 C(4")Hs), 19.6 C(5")Hs), 19.0 C(4)H3), 17.6 C(5)H3); m/z
(ESI) 425 ([M+Na], 100%); HRMS (ESI) C,,H3oN,Os requires [M+Na] 425.2047, found
425.2038 (+2.5 ppm).

(9)-2-(1,3-Dioxoisoindolin-2-yl)-3-methyIN-((S)-3-methyl-1-o0x0-1-(2,4,6-
trimethylbenzoyloxyamino)butan-2-yl)butanamide (358

JW

Compound354 (1.5 g, 4.2 mmol) was subjected to General Praeeduto furnish the title

compound358(1.4 g, 2.7 mmol, 66%) as a white solid.

[a]3° - 23.2 € = 2.0, chloroform)m.p. 86-87 °C;vmay (thin film)/cm™ 3283br w, 2966w, 1778m,
1716s, 1656s, 1537br w, 1468w, 1383s, 1233w, 1183®85m, 728mp, (400 MHz, CDC))
10.21 (1H, br s, M), 7.83 (2H, ddJ 5.2, 3.2, C(3"H), 7.70 (2H, ddJ 5.2, 3.2, C(4"D)), 7.65
(1H, d,J 8.6, NH), 6.80 (2H, s, C(1®}), 4.50 (1H, dJ 11.1, C(2"M), 4.39 (1H, tJ 8.3, C(2H),
2.81-2.97 (1H, m, C(31), 2.27-.37 (1H, m, C(B), 2.25 (9H, s, C(H5, C(12H5), 1.13 (3H, d,)
6.6, C(4"Hs), 1.06 (6H, d,J 6.8, C(4Hs, C(5)Hs), 0.88 (3H, d,J 6.6, C(5"H3); éc (100 MHz,
CDCls) 170.1 C(6)0), 168.8 C(1)0), 168.5 C(1"0O), 167.3 €(1M0), 140.4 C(11)), 136.8
(C(8)), 134.3 C(4™H), 131.3 C(2")), 128.4 C(10)H), 126.6 C(7)), 123.7 C(3™)), 62.8 C(2")H),
56.4 C(2)H), 29.4 C(3)H), 27.8 C(3")H), 21.1 C(4")Hs), 19.8 C(9)Hs), 19.7 C(5")Hs), 19.39
(C(12)Hs), 19.36 C(4)Hs), 18.3 C(5)Hs); m/z (ESI) 531 ([M+Na], 100%); HRMS (ESI)
C,aH33N3Og requires [M+Na] 531.2262, found 531. 2245 (+2.3 ppm).
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(9-2-((9)-2-(1,3-Dioxoisoindolin-2-yl)-3-methylbutanamido)4-methyl-N-(2,4,6-
trimethylbenzoyloxy)pentanamide (359)

To a solution of compound71 (1.0 eq., 470 mg, 1.9 mmol) in dichloromethane 1{il0)) under
argon at 0 °C, was added freshly prepared 4-(3vettioxyphenyl)-4-methylmorpholin-4-ium
chloride (DMTMM) (1.0 eq., 460 mg, 1.9 mmdf}. After completion of the addition, the reaction
mixture was stirred vigorously for 10 h at 0 °C. fhe reaction mixture was then added compound
349(1.2 eq., 749 mg, 2.3 mmol) followed by the dragmvaddition oN-methylmorpholin (1.2 eq.,
233 mg, 2.3 mmol). The reaction mixture was stirvégbrously for another 10 h letting the
reaction mixture warmed to rt. The reaction mixturas then washed with 1 M aqueous CySO
solution (3 x 3 mL) and concentratedvacuoat rt to a few mL. The residue was purified by flash
column chromatography, eluting with dichloromethamthanol (100:0 to 9:1) to give the title
compound359as a colourless oil (673 mg, 1.3 mmol, 68%).

[a]35 — 21.2 ¢ = 3.8, chloroform);vma (thin film)/cm™ 3214br s, 2961s, 1778s, 1718s, 1659s,
1538br m, 1468m, 1383br s, 1232m, 1157m,1069m, mQBa 2w, 850w, 719mjy (500 MHz,
CDCl) 10.19 (1H, s, M), 7.81 (2H, ddJ 5.5, 3.0, C(3"H), 7.69 (2H, ddJ 5.5, 3.0, C(4"H),
7.58 (1H, d,J 8.2, NHy), 6.77 (2H, s, C(4), 4.58-4.67 (1H, m, C(8), 4.50 (1H, d,J 11.3,
C(2"H), 2.86 (1H, dg, 18.0, 6.6, C(3H), 2.23 (3H, s, C(81)5), 2.21 (6H, s, C(3'Y), 1.78-1.91
(A1H, m, C(4H), 1.68-1.78 (2H, m, C(8)), 1.12 (3H, d,J 6.6, C(4"Hs), 0.97 (3H, d,J 6.1,
C(5)Ha), 0.92 (3H, dJ 6.1, C(6Hs), 0.87 (3H, dJ 6.6, C(5"Hs); 8¢ (125 MHz, CDC}) 170.4
(C(1H0), 169.5 C(1"M0O), 168.5 C(1™0O), 167.3 C(1)0O), 140.4 C(5Y), 136.7 C(3)), 134.3
(C(4™H), 131.3 C(2")), 128.4 C(4HH), 126.5 C(2"), 123.6 C(3")H), 62.6 C(2")H), 49.0
(C(2)H), 38.7 C(3)H,), 27.7 C(3")H), 24.7 C(4)H), 22.7 C(5)Hs), 21.9 C(6)Hs), 21.1 C(4")Hs),
19.8 C(7")Hs), 19.7 C(4")Hs), 19.3 C(6")Hs); m/z (ESI) 544 ([M+Na], 100%);HRMS (ESI)
CuoH3sN3Og requires [M+Na] 544.2424, found 544.2426 (+0.4 ppm).
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(9)-N-((S)-1-Amino-3-methyl-1-oxobutan-2-yl)-2-(1,3-dioxoismdolin-2-yl)-3-
methylbutanamide (361)

5

1 _NH,

0)
@)
= H

24

4

3

N N2
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Compound36lwas obtained as a white solid in 9% following thiethesis attempt @60

[a]35 + 8.0 € = 0.2, chloroform);m.p. 187-188 °C;vmax (thin film)/cm™ 3442br w, 3278br w,
2956br w, 1767s, 1709s, 1675s, 1651s, 1377m, 10768@m; s, (500 MHz, CDC)) 7.84-7.94
(2H, m, C(3"H), 7.77 (2H, ddJ 5.5, 3.0, C(4"Hl), 7.37 (1H, dJ 8.4, NH), 6.03 (1H, br s, N,),

5.34 (1H, br s, My), 4.47 (1H, dJ 11.0, C(2"H), 4.27 (1H, ddJ 8.4, 6.1, C(H), 2.79-2.92 (1H,
m, C(3"H), 2.23-2.30 (1H, m, C(8), 1.14 (3H, d, 6.6, C(4"Hs3), 1.00 (-H, m, C(M5, C(5Hs),

0.89 (3H, d,J 6.6, C(5"Hs); 6c (125 MHz, CDC)) 172.7 C(1)0), 169.2 C(1M0O), 168.4
(C(1"™0), 134.5 C(4™H), 131.3 C(2")), 123.8 C(3")H), 62.7 C(2")H), 58.4 C(2)H), 30.0
(C(3)H), 27.8 C(3")H), 20.0 C(4")Hs), 19.5 C(4)Hs), 19.4 C(5")Hs), 17.9 C(5)Hs); m/z (EST)

368 ([M+Na], 90%), 713 ([2M+Na] 100%); HRMS (ESI) CigH»Nz0, requires [M+Na]

368.1581, found 368.1579 (+0.5 ppm).

- 267 -



References



References

y. H. Zhao, M. H. Abraham, J. Le, A. Hersey, C.INscombe, G. Beck, B. Sherborne, I. Cooper,
Pharm Res2002 19,1446.

M. Y. Kozutsumi, Y. S. Nakamura, T. Fujita, T. Kaseki, Biochem. Biophys. Res. Commun.
1995 211, 396.

3J. C. Jr. Madureira de Freitas, B. Du Rocher D’Aagwilva, F. Waldemir, M. Wallace, E. Saul
Furquim, A. Werneck, J. A. Morgado-Diafancer Chemother. PharmacoR01Q DOI
10.1007/s00280-010-1477-8.

“a) I. Paterson, G. J. Naylor, T. Fujita, E. Guzm&nE. Wright,Chem. Commur201Q 2, 261; b)
S. YamashitaExp Oncol2011, 33, 24

*Compiled and Produced by the Njardarson Group:.DMakk, M. Brichacek, A. Plichta, J. T.
Njardarson.

®a) D. J. Ager, |. Prakash, D. R. Scha&hem. Rev1996 96, 835; b) S. C. Bergmeier,
Tetrahedror200Q 56, 2561; c) M. Yamashita, K. Yamada, K. Tomiokag. Lett.2005 7, 2369.

’a) C. Schneider, A. R. Sreekanth, E. Maigew. Chem., Int. E@004 43, 5691; b) F. Carre’e, R.
Gil, J. Collin, Org. Lett.2005 7, 1023; ¢) N. Azizi, M. R. SaidiQrg. Lett.2005 7, 3649; d) B.
Olofsson, U. Khamrai, P. Somfdi, Org. Chem2002 67, 8574.

®a) A. Bogevig, N. Kumaragurubaran, K. Juhl, W. ZigiaK. A. JorgensemAngew. Chem., Int.
Ed. 2002 41, 1790; b) N. Kumaragurubaran, K. Juhl, W. ZhuakhgBogevig, K. A. Jorgensedq,
Am. Chem. So2002 124, 6254; c) F. ListJ. Am. Chem. So2002 124, 565.

°G.B. Fisher, C. T. Goralski, L. W. Nicholson, D.Hasha, D. Zakett, B. Singarath,Org. Chem.
1995 60, 2026.

19X, E. Hu, Tetrahedror2004 60, 2701.

117, J. Donohoe, C. K. A. Callens, A. Flores, A. FRcl, A. H. RathChem. Eur. J.201Q 17, 58.

'?a) K. B. Sharpless, D. W. Patrick, L. K. Truesdae,A. Biller. J. Am. Chem. S0d.975 97,
2305; b) K. B. Sharpless, A. O. Chong, K. OshithaDrg. Chem1976 41, 177; c) E. Herranz; K.
B. Sharpless]. Org. Chem198Q 45, 2710.

33) S. G. Hentges, K. B. Sharpless, Org. Chem.198Q 45, 2257; b) S. G. Hentges, K. B.
SharplessJ. Am. Chem. S0d.98Q 102 4263; c) G. Li, H.-T. Chang, K. B. Sharplegs)gew.
Chem., Int. Ed. EnglL996 35, 451.

“R. A. Johnson, K. B. Sharple€atal. Asymmetric Syntf2" ed.)200Q 357.

®a) D. Munz, T. Strassned, Org. Chem201Q 75, 1491; b) J. Rudolph, P. C. Sennhenn, C. P.
Vlaar, K. B. Sharples#ingew. Chem., Int. Ed. Endl996 35, 2810.

'%a) D. Nilov, O. ReiserAdv. Synth. CataR002 344, 1169; b) P. O'BrienAngew. Chem1999
111, 339; c¢) C. Bolm, J. P. Hildebrand, K. Mufiz, Gatalytic Asymmetric Synthesi€ds. I.
Ojima), WILEY-VCH, New York,200Q 399.

- 269 -



References

17a) A. A. Thomas, K. B. Sharples, Org. Chem1999 64, 8379; b) G. Li, H. H. Angert, K. B.
SharplessAngew. Chem., Int. Ed. Endl996 35, 2813; c) K. L. Reddy, K. B. Sharpless,Am.
Chem. Socl998 120, 1207; d) K. L. Reddy, K. R. Dress, K. B. Sharpl@®trahedron Lett1998
39, 3667; e) M. Bruncko, G. Schlingloff, K. B. Shagps,Angew. Chem., Int. Ed. Endl997, 36,
1483; f) Z. P. Demko, M. Bartsch, K. B. Sharplé3gj. Lett.200Q 2, 2221.

18a) A. S. Pilcher, H. Yagi, D. M. Jerind, Am. Chem. So&998 120, 3520; b) K. R. Dress, L. J.
Goossen, H. Liu, D. M. Jerina, K. B. SharpleBstrahedron Lett1998 39, 7669; c) L. J. Goossen,
H. Liu, K. R. Dress, K. B. Sharplesdngew. Chem., Int. Ed. Endi999 38, 1080.

°T. W. Greene, P. G. M. WuRrotective Groups in Organic Synthestaid ed., 1991.

2D. L. Boger, S. H. Kim, S. Miyazaki, H. Strittmattd.-H. Weng, Y. Mori, O. Rogel, S. L. Castle,
J. J. McAteeJ. Am. Chem. So200Q 122, 7416.

?13)J. A. Bodkin, M. D. McLeod). Chem. Soc., Perkin Trans2@02 2733; b) O. ReisefAngew.
Chem., Int. Ed. EnglL996 35, 1308.

22T J. Donohoe, P. D. Johnson, M. Helliwell, M. KeenChem. Commur2001, 2078; b) T. J.
Donohoe, P. D. Johnson, R. J. Pye, M. Keeflag, Lett.2004 6, 2583.

e, S. Wallis, J. F. Lan®rganic Reactions (New York946, 267.

24T, J. Donohoe, M. J. Chughtai, D. J. Klauber, Diffaf A. D. Campbell,J. Am. Chem. Soc.
2006 128 2514.

?®a) H. Lebel, K. Huard, S. Lectard, Am. Chem. So2005 127, 14198; b) H. Lebel, S. Lectard,
M. ParmentierQrg. Lett.2007, 9, 4797.

?T. J. Donohoe, C. J. R. Bataille, W. Gattrell, lbééges, E. RossigndDrg. Lett.2007, 9, 1725.
#'G. Miller, Drug Discovery Todag003 8, 681.
**https://reaxys.emolecules.com/cgi-bin/rene/shovishitgi?h=104534033.

3. Knapp, A. T. Levorsd,.Org. Chem1988§ 53, 4006.

%Y.-Y. Yeung, E. J. CoreyTetrahedron Lett2007, 48, 7567.

%13) ForemanBiochem. J.1914 8, 491; b) J. Ackermann, M. Matthes, C. Tantte)v. Chim. Acta
199Q 73.

%E. J. Alexanian, C. Lee, E. J. SorenskrAm. Chem. So2005 127, 7690.

¥D. J. Michaelis, C. J. Shaffer, T. P. YodnAm. Chem. So2007, 129, 1866.

*D. J. Michaelis, K. S. Williamson, T. P. Yodhetrahedror2009 65, 511.

*D. J. Wardrop, E. G. Bowen, R. E. Forslund, A. DsSnan, S. L. Weerasekeda,Am. Chem.
Soc 201Q 132 1188.

¥D. Klauber,Development of novel olefin oxidatigm@Phil thesis2007, University of Oxford.

37a) C. SchottenChem. Ber1884 21, 2544; b) E. BaumaniGhem. Ber1886 19, 3218; b) N. O.
Vonntag,Chem. Rev1953 52, 237; ¢) J. M. Fox, O. Dimitrenko, L.-A. Liao, R. Bach,J. Org.
Chem.2004 69, 7317.

- 270 -



References

*®¥a) A. M. Zawisza, S. Bouquillon, J. MuzaBur. J. Org. Chem2007, 3901; b) J. Muzart, A.
Riahi, J. P. Pétel. Organomet. Chemi985 280, 269; c) R. K. Boeckman, S. W. Goldstein, M. A.
Walters,J. Am. Chem. Sot988 110, 8250.

%9J.-Q. Yu, M. J. Gaunt, J. B. SpencirQrg. Chem2002 67, 4627.

“%a) R. Ponec, R. Rerichd, Organomet. Chenl988 341, 549; b) C. Moberg, L. Sutin, I.
Csoregh, A. Heuman@rganometallicsL99Q 9, 974.

“a) V. L. Bauer, O. ExnerAngew. Chem1974 86, 419; b) V. D. Sen’, G. V. Shilov, V. A.
Golubev,Russ. J. Org. Cherg009 45, 1189.

“23) W. Lossenliebigs Ann. Chenil872 161, 347; b) G. Boche, J. C. W. Lohrer@hem. Rev.
2001, 101, 697.

“3T. J. Donohoe, C. J. R. Bataille, W. Gattrell, lbdéges, E. RossigndDrg. Lett.2007, 9, 1725.
“4a) H. L. Yale,Chem. Rey.1943 33, 209; b) O. Exner, W. SimorCollect. Czech. Chem.
Commun.1965 30, 4078.

/. VanRheenen, D. Y. Cha, W. M. Hartlé9rg. Synth1978 58, 43.

“°a) G. CarreaJrends Biotechnoll984 2, 102; b) A. Cornish-Bowderkundamentals of Enzyme
Kinetics, Third editior{ed. Portland press2004

“’a) H. C. Kolb, K. B. Sharpless\symmetric Aminohydroxylation, in Transition Metdis
Organic Synthesis: Building Blocks and Fine Chetsic&econd Revised and Enlarged Edition
(eds M. Beller and C. Bolm), Wiley-VCH Verlag GmbWgeinheim,2008 b) P. Dupau, R. Epple,
A. A. Thomas, V. V. Fokin, K. B. Sharplegsdv. Synth. Catal002 344, 421.

8. Nesterenko, J. T. Byers, P. J. HergenrotBeg. Lett.2003 5, 281.

“a) J. E. Greedan, D. B. Willson, T. E. Halmrg. Chem.1968 7, 2461; b) P. YenJ. Cryst.
Growth2004 262, 271.

M. A. Hayat, Principles and techniques of electron microscopialdgical applications, %
Edition, Cambridge University Press, Cambridge0Q 543.

*IA. De Meijere, V. Chaplinski, H. Winsel, M. KordeB, Stecker, V. Gazizova, A. |. Savchenko,
F. Schill, R. BoeseChem.--Eur. J201Q 16, 13862.

*%K. Pervinder, S. Palwinder, K. Subodtetrahedror2005 61, 8231.

*%3) E. Kaltenegger, B. Brem, K. Mereiter, H. Kalchser, H. Kahlig, O. Hofer, S. Vajrodaya, H.
Greger,Phytochemistry2003 63, 803; b) J. Ming, Z. Ying-Jun]. Nat. Prod.2004 67, 675; c)P.
Mungkornasawakul, S. G. Pyne, A. Jatisatienr, V&, IA. T. Ung, K. Issakul, A. Sawatwanich, D.
Supyen, C. Jatisatient, Nat. Prod2004 67, 1740.

*>a) W. Yu-qun, L. Li-de, W. Hua-ling, L. Geng-taActa Pharmacol. SirR006 27, 1024; b) M.
Yang, Y. Cao, W. Li, Y. Yang, Y. Cheng, L. Huantgoxue Xuebab987, 22, 33.

*%a) V. V. Fokin, K. B. Sharples#&ngew. Chem., Int. EQ001, 40, 3455; b) M. A. Andersson, R.
Epple, V. V. Fokin, K. B. Sharplesangew.Chem., Int. EQ2002 41, 490.

-271 -



References

56a) L. E. Overman]. Am. Chem. Sot976 98, 2901; b) Y. K. Chen, A. E. Lurain, P. J. Walsh,
Am. Chem. So®002 124, 12225; c) J. Tsuji, K. Takahashi, M. MorikawEetrahedron Lett.
1965 6, 4387; d) B. M. Trost, T. J. Dietsch, Am. Chem. So&973 95, 8200; e) S. E. Sen, S. L.
Roach,Synthesid 995 756.

*'G. Tassone, V. Rizza, PCT Int. Ag897, WO 9742177 A1 19971113.

°%C. F. Bender, R. A. Widenhoefd®rg. Lett.2006 8, 5303.

*a) A. W. Dagfinn, Magn. Reson. Chenil989 27, 246; b) K. Laihia, A. Valkonen, E.
Kolehmainen, R. Suontamo, M. Nissinen V. Nikifor&v,Selivanov). Mol. Struc2005 754, 77.
%) P. Yakovchuk, E. Protozanova, M. D. Frank-Kantekie Nucleic Acids Re2006 34, 564; b)
C. F. Matta, N. Castillo, R. J. Bay, Phys. Chem. B00g 110, 563.

®1a) T. J. Donohoe, K. M. P. Wheelhouse (née Gogby), Lindsay-Scott, G. H. Churchill, M. J.
Connolly, S. Butterworth, P. A. Glossophem. Asian J2009 4, 1237; b) T. J. Donohoe, P. J.
Lindsay-Scott, C. K. A. Callens, J. S. Parkerg. Lett.201Q 12, 106.

®2T_J. Donohoe, C. K. A. Callens, A. L. Thomps@mg. Lett.2009 11, 2305.

®*A. W. Hofmann Ber. Chem1881, 14, 2725.

®p_G. M. Wuts, A. M. Anderson, M. P. Goble, S. EaiMini, R. J. VanderRoe<Drg. Lett.2003

2, 2667.

®P. G. M. Wuts, US 6509491 BD03

®*H. Rubenstein, J. S. Svendségta Chemica Scand994 48, 439.

® Acetamide has a solubility of 2.08 mot.ln water at 25°@ompare tabutylamide, 0.8 mol.L.
Calculated using Advanced Chemistry DevelopmentA@bs) Software V11.02 (© 1994-2011
ACD/Labs).

®8A. Bogevig, |. M. Pastor, H. Adolfsso@hem. Eur. J2004 10, 294.

%) A. G. Griesbeck, H. Maudeingew. Chem1992 104, 97; b) A. G. Griesbeck, H. Mauder, 1.
Miuller, Chem. Berl1992 125, 2467.

©a) J. M. Humphrey, A. R. Chamberli@hem. Rev1997, 97, 2243; b) J. Howe, M. Quibell, T.
JohnsonTetrahedron Lett200Q 41, 3997.

"H. Bohme, H. G. VieheAdv. Org. Cheml976 9, 421.

23) R. R. Ruffolo, M. Jr. Jeffrey, M. Stadel, J. Pdieble, Medicinal Research RevieWw894 14,
229; b) R. F. C. Brown, A; C. Donohue, W. R. Jacksb. D. McCarthy,Tetrahedron 1994 50,
13739.

®3) C. Bombelli, L. Giansanti, P. Luciani, G. Marici@urr. Med. Chem2009 16, 171; b) W. M.
Pardridge,Molecular Intervention2003 3, 90; c¢) F. Pinne, I. Cacciatore, C. Cornacchia, A.
Mollica, P. Sozio, L. S. Cerasa, A. lannitelli, PFontana, C. Nasuti, A. Di StefanAmino Acids
DOl 10.1007/s00726-010-0804-d) G. Kokotos, V. Martin, V. Constantinou-KokotoW. A.
Gibbons,Amino Acidsl 996 11, 329.

-272 -



References

"E. R. Jarvo, C. A. Evans, G. T. Copeland, S. JleMil. Org. Chem2001, 66,5522.

®A. J. Pearce, M. Sollogoub, J.-M. Mallet, P. Sirayr. J. Org. Chem1999 1999 2103.

®a) J. O. Osby, M. G. Martin, B. Ganeffetrahedron Lett1984 25, 2093; b)S. E. Sen, S. L.
Roach,Synthesisl 995 756; c) O. M. S. Curley, J. E. McCormick, R. ScBhinney, T. B. H.
McMurry, ARKIVOC (Gainesville, FL, U. S2003 7, 180.

"E. Herczenik, M. F. B. G. Gebbinkhe FASEB Journ&00§ 22, 2115.

"®T. J. Donohoe, A. Flores, Unpublished results.

a) J. Zheng, H. Zhu, K. Hong, Y. Wang, P. Liu, Xaklg, X. Peng, W. Zh)rg. Lett.2009 11,
5262; b) S. P. East, F. Shao, L. Williams, M. Mulllé, Tetrahedronl998 54, 13371, ¢) T. Laib,
J. Zhu,Tetrahedron Lett1998 40, 83; d) I. Sainis, D. Fokas, K. Vareli, A. G. Teask V. Kounnis,
E. BriasoulisMar. Drugs 201Q 8, 629.

%A. B. Pangborn, M. A. Giardello, R. H. Grubbs, R. Rosen, R. J. Timmer§rganometallics
1996 15, 1518.

#\\. Chai,Purification of Laboratory Chemical&th ed.; Elsevier.

B\\. C. Still, M. Kahn, A. Mitra,J. Org. Chem1978 43, 2923.

8. Cosier, A. M. Glazed. Appl. Cryst.1986 19, 105.

847 Otwinowski, W. Minor, Processing of X-ray Diffrthon Data Collected in Oscillation Mode,
Methods Enzymol1997 276, Eds C. W. Carter, R. M. Sweet, Academic$res

8A. Altomare, G. Cascarano, G. Giacovazzo, A. Guaadii,M. C. Burla, G. Polidori, M. Camalli,
J. Appl. Cryst.[1994 27, 435.

%p_ W. Betteridge, J. R. Carruthers, R. I. CooperPout, D. J. Watkin]. Appl. Cryst2003 36,
1487.

87a) A. G. Griesbeck, H. Maudeingew. Chem1992 104 97; b) A. G. Griesbeck, H. Mauder, 1.
Mibller, Chem. Ber1992 125 2467.

%) z. J. Kamiski, P. Paneth, J. Rudski, J. Org. Chem.1998 63, 4248; b) A. Falchi, G.
Giacomelli, A. Porcheddu, M. Tadd&ynlett200Q 275.

¥N. Y. Ogibin, E. K. Starostin, A. V. Aleksandrov,. K. Pivnitsky, G. I. Nikishin,Synthesis
1994 901.

®E. K. Starostin, D. B. Furman, A. V. Ignatenko, R. Barkova, G. . NikishinRuss. Chem. B
Int. Ed.2006 55, 2016.

%P P. Pescarmona, A. F. Masters, J. C. Van der Waallaschmeyer). Mol. Catal. A: Chem.
2004 220, 37.

%2C. Aaron, B. Dahniel, K. Stephen, M. Thom@sg. Lett.2006 8, 451.

%G. B. Jones, R. S. Huber, S. Ch@iatrahedrorl 993 49, 369.

%S.T. Le Quement, T. E. Nielsen, M. Meldal,Comb. Chen2007, 9, 1060.

%M. Ciampini, P. Patrick, K. Watsofietrahedron: Asymmet8007, 18, 243.

-273 -



References

%G. Bélanger, F. Lévesque, J. Paquet, G.Batb@®rg. Chem2005 70, 291.

T. Zheng, R. S. Narayan, J. M. Schomaker, B. BarhiaAm. Chem. So2005 127,6946.

%G. Calvet, N. Blanchard, C. Kouklovskgrg. Lett.2007, 9, 1485.

N. Y. Ogibin, E. K. Starostin, A. V. Aleksandrov, K. Pivnitsky, G. I. NikishinSynthesi4994
901.

1% Juaristi, H. A. Jimbnez-Vizque, Org. Chem1991, 56, 1623.

191No reference available, commercially available GAG791-35-8].

199G, Rajendra., M. J. MillefTetrahedron Lett1987, 28, 6257.

193\, D. A. Hashem, P. Eyerstafiletrahedror984 40, 2003.

%, C. Bass, J. H. Vodalanta 1966 13, 735.

195D, Andrei, S. F. Wnuk). Org. Chem2006 71, 405.

1%, Henry-Riyad, T. T. TidwellCan. J. Chen2003 81, 697.

19%M. Masayasu, T. Ishid&ur. Pat. Appl.1993 11.

1987 D. Allen, M. F. Fenwick, H. Henry-Riyad, T. Tidwell, J. Org. Chem2001, 66, 5759.
1. C. Braddock, G. Cansell, S. A. Hermitagghem. Comm2006 23, 2483; commercially
available product CAS [1001-75-8].

1% Tanabe, A. Fujie, N. Ohmori, Y. Hiraga, S. KofinK. OhkataBull. Chem. Soc. Jpr2007,
80, 1597; commercially available product CAS [551706].

N, Marion, R. Gealageas, S. P. Nol@mg. Lett.2007, 9, 2653.

12\, Kanishi, H. R. Brahmana, T. Kumae, T. Katsuki, W¥amaguchiMemoirs of the Faculty of
Science, Series C Chemisi§79 12, 111.

3G, Frenking, L. Huelskaemper, P. Weyerst@iiem. Ber1982 115 2826.

14G. A. Molander, C. Kenny]. Am. Chem. So:989 111, 8236.

°A. K. Ghosh, G. Gongl. Am. Chem. So2004 126, 3704.

Y8V, R. R. Harker, D. R. Carbery, E. L. Carswéltg. Lett.201Q 12, 3712.

7M. Jung, B. T. Vu,J. Org. Chem1996 61, 4427.

18 Snajdr, J. Pavlik, R. Schiller, J. Kunes, M. BdDollect. Czech. Chem. Comm@207, 72,
1472.

Y% Winternitz, C. WlotzkaBull. Chem. Soc. Fr196Q 5009.

120p. C. Jackson, B. E. Goldman, B. B. SnidkerQrg. Chem1984 49, 3988.

21p Crotti, F. Badalassi, V. Di Bussolo, L. Faveyb,PineschiTetrahedror2001, 57, 8559.
1221 3. Hodgkinson, M. ShipmaBynthesi4998 1141.

1233 F. Witte, K. E. Bray, C. K. Thornburg, R. W. Me@, Bioorg. Med. Chem. Let200§ 16,
6112.

124G, J. Bridger, R. T. Skerlj, S. Padmanabhan, Dfiton,J. Org. Chem.1996,61,1519.

125), Brennan, G. Richardson, R. J. Stood@yem. Commurl98Q 2, 49.

- 274 -



References

1260, Calvez, A. Chiaroni, N. LangloiFetrahedron Lett1998 39, 9447.

IF. C. Biaggio, E. J. Barreird, Heterocyclic Chenl989 26, 725.

128R. W. Armstrong, J. A. DeMatteT,etrahedronl 997, 32, 5749.

12%) G. Graca, |. F. Duarte, B. J. Goodfellow, A.B&rros, I. M. Carreira, A. B. Couceiro, M.
Spraul, A. M. Gil,Anal. Chem2007, 79, 8367; b) Y. Endo, K. Shudo, A. Itai, M. HasegaBa].
Sakai,Tetrahedronl986 42, 5905.

¥Darzens Comptes Rendus Hebdomadaires des Seances de Mieadies Science$911, 152
445, Onlym.p. was available, but the analysis of the crystaicttre was convincing enough.
131G, Kaupp, H. Frey, G. BehmanBynthesisl985 555; commercially available product CAS
[1968-40-7].

13%p i, J. Yang, K. Zhaq]. Org. Chem1999 64, 2259.

13%. Sisido, K. Sei, H. Nozaki. Org. Chem1962 27, 2681.

¥4, D. G. Watson, A. K. Yudin]. Am. Chem. So2005 127, 17516.

13%_X. Felpin, Y. Landais]. Org. Chem2005 70, 6441.

3T, L. Davis,J. Am. Chem. Sot919 41, 1132.

134N, F. Bailey, T. T. Numi, J. J. Patricia, W. WadgAm. Chem. So&987 109, 2442.

3% J. Thomas, A. T. Axtell, J. Klosin, W. Peng, IC.Rand, T. P. Clark, C.R Landis, K. A.
Abboud,Org. Lett.2007, 9, 2665; commercially available CAS [4383-22-6].

3% Beier, J. Mindl, V.Sterb, J. Hanusékg. Biomol. Chen2004 2, 562.

1% J. Thomas, A. T. Axtell, J. Klosin, W. Peng, IC.Rand, T. P. Clark, C.R Landis, K. A.
Abboud,Org. Lett.2007, 9, 2665; commercially available CAS [4383-22-6].

YIC. Hunter, R. F. W. Jackson, H. K. RathiChem. Soc., Perkin Trans2@01, 12, 1349.

“D. F. Harvey, D. M. Sigand, Org. Chem1996 61, 2268.

3. A. Tehrani, T. NguyenVan, M. Karikomi, M. Rott& Norbert De KimpeTetrahedron.
2002 58, 7145.

144p_ Beier, J. Mind|, V.Sterb, J. Hanusékg. Biomol. Chen2004 2, 562.

1955, Merten, R. Froehlich, O. Kataeva, P. Méidy. Synth. & Cat2005 347, 754.

148 A. Carpino,J. Am. Chem. So96Q 82, 3133.

*"H. Chena, Q. F. Wanga, X. L. Suna, J. Luob, R.gialendeleev Comn201Q 20, 104.

18 GuogiangPatentCN 1523024-A.

149). E. Johnson, A. Ghafouripour, Y. K. HadgOrg. Chem1985 50, 993.

1393, C. Griffith, K. M. Jones, S. Picon, M. J. RawijrB. M. Kariuki, M. Campbell, N. C. O.
TomkinsonJ. Am. Chem. So201Q 132 14409.

*1p Skowronek, A. Katrusiak, J. Gauiski, Tetrahedror2002 58, 10463.

%G, Giacomelli, A. Porcheddu, M. Salar@®g. Lett.2003 5, 2715.

3. N. Marmer, G. Maerked. Org. Chem1972, 37, 3520.

- 275 -



References

4. C. Griffith, K. M. Jones, S. Picon, M. J. RawlirB. M. Kariuki, M. Campbell, N. C. O.
Tomkinson,J. Am. Chem. So@2p1Q 132,144009.

15°A Pintér, G. HaberhaueEur. J. Org. Chen2008 14, 2375.

%) G. Danger, R. Plasson, R. Pas@atrobiology201Q 10, 651; b) A. G. Myers, B. Zhong, M.
Movassaghi, D. W. Kung, B. A. Lanman, S. Kwdmetrahedron Lett200Q 41, 1359.

3D, M. Shendage, R. Frolhlich, G. Haufizg. Lett.2004 6, 3675.

*%1. Toumi, F. Couty, J. Marrot, G. Eva@rg. Lett.2008 10, 5027.

%% Cros, M. Planas, E. Bardaflynthesi€001, 1313.

18%) S. Kitagaki, M. Anada, O. Kataoka, K. Matsuno,Uneda, N. Watanabe, S. Hashimalo,
Am. Chem. Sod999 121, 1417; b) M. Chiuratol, S. Routier, Y. Troin, GuilBumet, Eur. J.
Org. Chem2009 3011.

1815 Laurent, F. Botteman, L. Vander Elst, R. N. MylIMAGMA 2004 16, 235.

1823\.E. Mahoney, A. Oliver, O. Einarsdoattir, J. P. Kapelski,J. Org. Chem2009 74, 8212.

183\, Sakai, T. Okuno, K. Hashimoto, H. Shirahatdaterocycle003 59, 623.

184G, Giacomelli, And. Porcheddu, M. Salai@rg. Lett.2003 5, 2715.

1657 J. Kamhski, P. Paneth, J. Rudski, J. Org. Chem1998 63, 4248.

A. Falchi, G. Giacomelli, A. Porcheddu, M. Tadd&ynlett200Q 275.

%% Skowronek, A. Katrusiak, J. Gaviski, Tetrahedror2002 58, 10463.

'"H. Chen, Y. Feng, Z. Xu, T. Y&etrahedror2005 61, 11132.

- 276 -



Appendix 1 - NMRsfor

stereochemical determination



Appendix 1 - NMRs for stereochemical determination

™~
=
=
| e —_ E
| ) [ &
—
ey
A_ﬁ_;_ 1)
e
= - | w
= %—g =
{ =
| - 4
. e 2
<\ } SLE | g
\ > ) N
\ )
w
e
L e
-
| @
~
o
8 Cw
(%
£ \
g \
«© \
n \ | w
X 2\ o
E t ~t
(= £
g % -
= )
c I Vo 3
— / (= i
|-|:l ;
4 : L -
- g —rz = L@
& A \ 4 =
@ \
+ N\
g x ) g
% Z — L2
~ / \y ~
o™~
=] l
- J = ;-:::. S
7] <
w
3 | e
ol =t
= 3}
o -
g ) = Lo
é \ / ©
& (|
2 o
<] r4l Y | w
g 3 \ %
T
- C( -}
g > T
w
£ _J
<

Figure 39 - NOESY experiment for thé geometry determination of compouisi3
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Screening for enantiopurity - see Section 2.1.8

w00 OCK3#E 1463 AFTER COLUMN uv_VIS_4
~ -mAU WVL:220 nm
35.0- 1-6.907
2-(9)-8427
30.0]
/
25.04 / @ /@/) \
| [
| \
20.0+ I / \
" \
15.04 | \
| \
] | \
10.0 \ |
3 |
5.0+ /
001 . L P
B e e e e =
6.03 65 700 750 8.00 8.50 900 950 1000
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min %
i 6.91 n.a. 35.100 16.627  49.81 n.a. BM
2 8.43 (S) 30.584 16.752  50.19 n.a. MB
Total: 65.684 33.378 100.00 0.000
Figure 43 - Racemic mixture 0162
40.0.CCK3#26 R471L5 WwViss
©mAU WVL:220 nm
35.0-
] 1-6.993
30.04
25.01
2-(S)-8.507
/N

\
f'/ \
/ﬁ
00]

500 T}
| 5% 6.50 7.00 750 800 8.50 9.00 9.50 B 10.42
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type

min mAU  mAU*min %
i 6.99 n.a. 31.590 16.655 62.49 na. BM
2 8.51 (S) 17.797 9.996 37.51 n.a. MB
Total: 49.387 26.650 100.00 0.000

Figure 44 - 11%ee obtained from the use @64
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Assessment of the methodology employed
towards possible epimerisation- see Section 4.2.2

40 0-Prolect AA #11 [modiied by TJ DGroup] Race Aida UV VIS 3
~ 4mAU WVL:231 nm|
1 1-26.233
- "/\\ ‘
35.01 ’«" \
[\ 2-33.720 ‘
/ \ N\ 3
30.01 [\ [ [
- | \ [ A |
] | \ / \
25.0- I \ f \ [
] f \ [\ :
20.07 | \ |
1 | ‘\ | \
1 \ | \ I
15.0__ ! \\\ ‘f ~\ |
1 | | \
[ \
10.0 | \ [
] \ |
1 |
e ‘ \/’i
] | /
- / e b
0.0
|
-5.0-— T T T T T T T r‘nm\
| 204 225 250 275 300 325 35.0 375 40.0 430
No. Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 26.23 n.a. 36.140 93.674  49.80 n.a. BM
2 33.72 n.a. 30.595 94.445  50.20 n.a. MB
Total: 66.735 188.119 100.00 0.000
Figure 45 - Racemic phthalimide protected L-valine reoxid2rg
o_Prolect AA #14 [modified by TJDGroup] (L) Ced UV_VIS 1
25 mr::ljc == = WVL254 nm|
2-32.640 }

20.0- |
15.04 ' \
1 [ b
1 | \
3: Jr
10.04
|
1 |
5.0 :‘
] |
1 1-28.027 |
oo}
5ol — — — : — rmin
26.0 28.0 30.0 320 34.0 36.0 38.0 40.0 424
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min %
1 28.03 n.a. 1.206 2.202 2.98 na. BMB*
2 32.64 n.a. 22.931 71.684 97.02 na._ BMB*
Total: 24.138 73.886 100.00 0.000

Figure 46 - Phthalimide protected L-valine reoxida@m3
synthesised from General Proceduie®%ee
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3 1,200 Project AA #15 [modified by TJDGroup] (L) Ced after reprecip}atio UV_VIS 4
T ImAU WVL:220 nrn‘;
2 - 28.967 }
| 1,000 | \ ‘
‘ \
[\ |
J | \
800+ ’ \ ’
4 | \\ |
| \ ‘
|
600 ; \ |
4 | A\ ‘
400 ’l ) 3
|
] f i
200+ " |
| |
1-25380 | |
0 Lo ——‘
“l ‘
1 N
-200 \[‘ T T L T e s T o T ul
22.9 26.0 28.0 30.0 32.0 340 36.0 38.0 40.0 42.0 446
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 25.38 n.a. 18.450 24.029 0.75 n.a. BMB*
2 28.97 n.a. 1044.404 3173.932  99.25 n.a. BMB*
Total: 1062.854 3197.962 100.00 0.000

Figure 47 - Phthalimide protected L-valine reoxid&@m3
synthesised from General Procedure F, $8%
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Assessment of the methodology employed
towards possible epimerisation- see Section 4.2.2

450 Project AA #25 [modified by TJDGroup] (L) Me Rac Uv_ VIS 2
| mAU WVL:211 nm
1-25.460
] A 2-30.287
| 400 \\
| ~ ».
| 350 ‘ | |
| \
e R \
] T
250 [ [
| 1 / \ / \ ‘
zoo—: [ \ ' \ ‘
|
oy
150 1 \. \
| \
|
\ # \ |
[ 1004 \ ‘ \/}
= || | |
50 /\ [
R 8 =
"5 3 X L) D ] | * T £ ) ¥ T : WG | g 'min?
| 00 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 450
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU mAU*min %
1 25.46 na. 412.965 1046.046  47.07 na. BM
2 30.29 n.a. 402.447 1176.359  52.93 n.a. MB
Total: 815.412 2222.404 100.00 0.000
Figure 48 - Racemic phthalimide protected L-alanine reoxid@sb
; 200 Project AA #23 [modified by TJDGroup] (L) Me UV VIS 2‘
_mAU 1-30587 WVL:211 nm|
f\
700
I |
. \ |
600~ \ |
_ |
500 | \
| ] ‘\
4004 \\ ;
| 0] } \\
| 200] |
‘ A \ |
| 100+ \ . | \ |
] | |
o \J J L e |
| 1001 T —p=— — T =T e
0.0 5.0 10.0 15.0 20.0 250 30.0 35.0 40.0 45.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU mAU*min Y%
1 30.59 n.a. 757.253 2549.915 100.00 n.a. BMB*
Total: 757.253 2549.915 100.00 0.000

Figure 49 - Phthalimide protected L-alanine reoxid2@6éb
synthesised from General Proceduge E00%ee
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Single-crystal X-ray diffraction report for compound 130 (Datablock: 0260109)

Crystal of130were grown and run by Callens Cédric from dichloetimane and petrol 40-60 °C. A single
crystal having dimensions approximatéhy?4 x 0.41 x 0.43 mm was mounted on a glass fibre using
perfluoropolyether oil and cooled rapidly to 150iiKa stream of cold Nusing an Oxford Cryosystems
CRYOSTREAM unit. Diffraction data were measuredngsan Enraf-Nonius KappaCCD diffractometer
(graphite-monochromated MgKadiation = 0.71073 A). Intensity data were processed uisgdENZO-
SMN packagé.

Examination of the systematic absences of the sitierdata showed the space group toFb@/c. The
structure was solved in this space group usingditect-methods program SIR$2which located all non-
hydrogen atoms. The H atoms were all located iiffardnce map, but those attached to carbon atoens w
repositioned geometrically. Subsequent full-maleist-squares refinement was carried out agamssifig
the CRYSTAL program suité.Coordinates and anisotropic thermal parametere wefined for all non-
hydrogen atoms, and the hydrogens were refined mdihg constraints. A modified statistical weigtdgi
scheme was applied. Refinement converged satisiigaio give R = 0.06690, wR = 0.0723.

Attached is a thermal ellipsoid plot (CAMERON) &9 probability. A summary of crystallographic d&a
given below, as are full lists of atomic coordirgtanisotropic thermal parameters and those bargtHe
and angles not concerning H atoms.

References
(1) Z. Otwinowski, W. MinorMethods Enzymol. 1997, 276, 307.

(2) A. Altomare, G. Cascarano, C. Giacovazzo, Aa@iardi, M. C. Burla, G. Polidori, M. Camall,
Appl. Crystallogr. 1994 27, 435.

3) P. W. Betteridge,J. R. Carruthers, R. |. CopgeProut, D. J. Watkin]. Appl. Crystallogr. 2003
36, 1487.
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Crystal identification CCK 0260109
Chemical formula C1gH25N1 05
Formula weight 31541
Temperature (K) 150
Wavelength (A) 0.71073
Crystal system Monoclinic
Space group P 2/c
a(A) 14.5795(2)
b (R) 9.26180(10)
c(R) 13.4334(2)
a(’) 90
B 102.8400(6)
° 90
Cell volume (A% 1768.59(4)
z 4
Calculated density (Mg/nt) 1.185
Absorption coefficient (mm*) 0.079
Fooc 680

Crystal size (mm)
Description of crystal
Absorption correction

Transmission coefficients (min,max)
0 range for data collection (°)
Index ranges

Reflections measured
Unique reflections
Rint
Observed reflections (I > -2(1))
Refinement method
Parameters refined
Weighting scheme
Goodness of fit

R
WR

Residual electron density (min,max) (e&)

0.24 x0.41x0.43
Colourless plate
multi-scan
0.95, 0.98
5.16<60<27.37

-18<h<18, -11< k<11, -17< 1< 17

30743
3969

0.028
2288

Full-matrix least-squares dh

203
Modified Sheldrick
1.1081
0.0669
0.0723
-0.28, 0.59

Table 1: Crystal data and refinement details

Atom X \ Z Ueﬁui\/
o) 0.40357(12 0.49862(1¢ 0.34831(14 0.049;
N(2) 0.47510(15 0.4708(2 0.2955(2 0.056
c(3) 0.52541(18) 0.5807(3) 0.2719(2) 0.0531
o4 0.51033(14 0.70614(1¢8 0.29290(1¢& 0.063¢
C(5) 0.6056(2) 0.5340(3) 0.2247(3) 0.0575
C(6) 0.60582(19) 0.6165(3) 0.1295(2) 0.0567
C(7) 0.6973(2 0.6188(3 0.0951(2 0.059
C(8) 0.77608(19) 0.5655(3) 0.1533(3) 0.0581
C(9) 0.7795(2 0.5066(4 0.2579(3 0.071¢
C(10) 0.6988(2) 0.5584(4) 0.3040(3) 0.0650
C(11) 0.8690(2) 0.5622(5) 0.1209(4) 0.0943
C(12) 0.6922(3 0.6864(5 -0.0042(3 0.098:
C(13) 0.32337(17) 0.5568(3) 0.2876(2) 0.0460
0(14) 0.31446(1¢ 0.5721(3 0.19850(1€ 0.070:s
C(15) 0.25342(16) 0.5903(3) 0.34990(19) 0.0409
C(16) 0.16115(17 0.5387(3 0.3136(2 0.044¢
C(17) 0.1354(2) 0.4407(4) 0.2223(2) 0.0623
C(18) 0.09349(18) 0.5782(3) 0.3667(2) 0.0513
C(19) 0.11372(1€ 0.6671(3 0.4519(2 0.050¢
C(20) 0.20562(18) 0.7147(3) 0.4865(2) 0.0484
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C(21) 0.27663(17) 0.6770(3) 0.43752(18) 0.0427
C(22) 0.37470(1€ 0.7329(3 0.4810(2 0.055:
C(23) 0.0376(2) 0.7133(4) 0.5053(3) 0.0696

Table 2: Atomic coordinates and equivalent isotropic thernal parameters (&) of non-hydrogen

atoms

Atom X \ z Uisc
H(51) 0.601« 0.431: 0.211° 0.072¢
H(62) 0.591¢ 0.717: 0.136: 0.065¢
H(61) 0.5584 0.5738 0.0767 0.0684
H(92) 0.8389 0.5431 0.3026 0.0886
H(91) 0.798: 0.401: 0.264¢ 0.086*
H(101) 0.7033 0.6667 0.3168 0.0835
H(102) 0.696¢ 0.506¢ 0.371: 0.082¢
H(112) 0.9001 0.4694 0.1399 0.1459
H(111) 0.9090 0.6413 0.1536 0.1457
H(113) 0.856: 0.573¢ 0.047¢ 0.145:
H(122) 0.7564 0.7133 -0.0133 0.1516
H(121) 0.652( 0.772¢ -0.011¢ 0.1511
H(123) 0.6635 0.6154 -0.0569 0.1520
H(172) 0.072: 0.403: 0.217( 0.092:
H(171) 0.1359 0.4956 0.1620 0.0926
H(173) 0.1820 0.3632 0.2262 0.0926
H(181) 0.031° 0.544: 0.344: 0.059¢
H(201) 0.2207 0.7738 0.5450 0.0570
H(223) 0.372( 0.816¢ 0.523: 0.081:
H(222) 0.4068 0.7552 0.4266 0.0802
H(221) 0.4100 0.6592 0.5234 0.0813
H(233) 0.058: 0.713¢ 0.576: 0.108:
H(232) 0.0179 0.8099 0.4854 0.1084
H(231) -0.016: 0.652¢ 0.487( 0.108(
H(21) 0.4811 0.3847 0.2749 0.0738

Table 3: Atomic coordinates and isotropic thermal parametes (A% of hydrogen atoms

Atom Uy Uy, Uzz U,
0O(1) 0.0401(10 0.0453(10 0.0701(12 0.0139(9 0.0259(9 0.0096(8
N(2) 0.0439(12) 0.0393(11) 0.0976(19) 0.0037(12) 0.0066(10)
C(3) 0.0439(14 0.0353(13 0.088(2 0.0029(13 0.0313(14 0.0021(11
0O4) 0.0618(12) 0.0342(10) 0.1095(17) -0.0043(10) 0.0001(9)
C(5) 0.0542(16 0.0342(13 0.096(2 -0.0056(14 0.0427(16 -0.0063(12
C(6) 0.0419(15) 0.0658(18) 0.0619(18) -0.0089(15) 0.0084(13)
C(7) 0.0643(19) 0.0525(16) 0.0718(19) -0.0132(14) -0.0110(14)
C(8) 0.0420(15 0.0565(16 0.083(2 -0.0125(15 0.0298(15 -0.0056(13
C(9) 0.0458(16) 0.070(2) 0.106(3) 0.0081(19) 0.0317(17) 0.0088(15)
C(10) 0.0523(17 0.072(2 0.076(2 0.0197(17 0.0257(15 0.0106(15
C(11) 0.057(2) 0.109(3) 0.130(3) -0.031(3) -8@)
C(12) 0.1166 0.1055 0.0801 0.0075 0.0102
C(13) 0.0408(14 0.0444(14 0.0562(17 0.0080(12 0.0180(12 0.0030(11
0(14) 0.0635(13) 0.1042(18) 0.0502(12) 0.0105(12) 0.0162(12)
C(15) 0.0363(13 0.0444(13 0.0454(14 0.0080(11 0.0164(11 0.0073(11
C(16) 0.0394(13) 0.0494(14) 0.0480(14) 0.0038(12) 0.0057(11)
c@av) 0.0528(17) 0.0694(19) 0.0664(19) -0.0125(16) -0.0040(15)
C(18) 0.0342(13 0.0617(16 0.0602(17 0.0024(14 0.0155(12 0.0018(12
C(19) 0.0442(15) 0.0585(16) 0.0542(16) 0.0045(13) 0.0071(12)
C(20) 0.0511(15 0.0554(16 0.0416(14 0.0016(12 0.0166(12 0.0052(12
C(21) 0.0382(13) 0.0510(14) 0.0403(13) 0.0099(11) 0.0049(11)
C(22) 0.0441(14 0.0687(18 0.0526(16 -0.0017(14 0.0104(12 -0.0043(13
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C(23) 0.0599(18) 0.082(2) 0.079(2) -0.0052(18) 0.0399(16) 0.0055(16)
Table 4: Anisotropic thermal parameters (A?)

O(1)- N2 1.409(3 C(9)- C(10 1.524(4
0O(1) - C(13) 1.378(3) C(13) - O(14) 1.183(3)
N(2) - C(3) 1.333(3) C(13) - C(15) 1.489(3)
N(2) - H(21) 0.85¢ C(15)- C(16 1.409(4
C(3) - 0(4) 1.227(3) C(15) - C(21) 1.403(4)
C(3)- C(5) 1.512(4 C(16)- C(17 1.504(4
C(5) - C(6) 1.490(4) C(16) - C(18) 1.389(4)
C(5)- C(10; 1.546(5 C(18)- C(19 1.387(4
C(6) - C(7) 1.506(4) C19) - C(20) 1.389(4)
C(7) - C(8) 1.332(4) C(19) - C(23) 1.510(4)
C(7)- C(12 1.460(5 C(20)- C(21 1.389(3
C(8) - C(9) 1.498(5) C(21) - C(22) 1.511(4)
C(8)-C(11 1.513(4 /

Table 5: Bond lengths (A)Note — C-H atoms have been excluded

N(2)- O(1)- C(13' 113.5(2 O(1)- C(13)- O(14 122.3(2
O(1) - N(2) - C(3) 119.2(2) O(1) - C(13) - C(15) a2(2)
N(2) - C(3)- 04 122.1(2 O(14)- C(13)- C(15, 127.5(2
N(2) - C(3) - C(5) 113.5(2) C(13) - C(15) - C(16) 1710(2)
0(4)- C(3)- C(5) 124.2(2 C(13)- C(15)- C(21 121.6(2
C(3) - C(5) - C(6) 111.3(2) C(16) - C(15) - C(21) 2113(2)
C(3) - C(5) - C(10) 108.2(3) C(15) - C(16) - C(17) 122.3(2)
C(6)- C(5)- C(10’ 110.3(2 C(15)- C(16)- C(18 117.7(2
C(5) - C(6) - C(7) 116.2(2) C(17) - C(16) - C(18) 120.0(2)
C(6)- C(7)- C(8) 121.4(3 C(16)- C(18)- C(19' 122.4(3
C(6) - C(7) - C(12) 114.7(3) C(18) - C(19) - C(20) 118.5(2)
C(8) - C(7) - C(12) 123.8(3) C(18) - C(19) - C(23) 121.0(3)
C(7)- C(8)- C(9) 122.0(3 C(20)- C(19)- C(23 120.5(3
C(7) - C(8) - C(11) 123.3(3) C(19) - C(20) - C(21) 121.8(3)
C(9)- C(8)- C(11) 114.7(3 C(15)- C(21)- C(20! 118.4(2
C(8) - C(9) - C(10) 113.5(3) C(15) - C(21) - C(22) 123.5(2)
C(5) - C(10) - C(9) 108.3(3) C(20) - C(21) - C(22) 118.1(2)

Table 6: Bond angles (° C)Note — H atoms have been excluded
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Single-crystal X-ray diffraction report for compound 159 (Datablock: 0040808)

H

Crystal of159 were grown and run by Callens Cédric from dichioethane and petrol 40-60 °C. A single
crystal having dimensions approximatéy28 x 0.32 x 0.40 mm was mounted on a glass fibre using
perfluoropolyether oil and cooled rapidly to 150iiKa stream of cold Nusing an Oxford Cryosystems
CRYOSTREAM unit. Diffraction data were measuredngsan Enraf-Nonius KappaCCD diffractometer
(graphite-monochromated MgKadiation = 0.71073 A). Intensity data were processed uiaddENZO-
SMN packagé.

Examination of the systematic absences of the sitiedata showed the space group taPbk21/c 1. The
structure was solved in this space group usingditect-methods program SIR$2which located all non-
hydrogen atoms. The H atoms were all located iiffardnce map, but those attached to carbon atoens w
repositioned geometrically. Subsequent full-maleist-squares refinement was carried out agamssifig
the CRYSTAL program suité.Coordinates and anisotropic thermal parametere wefined for all non-
hydrogen atoms, and the hydrogens were refined mdihg constraints. A modified statistical weigtdgi
scheme was applied. Refinement converged satisiigaio give R = 0.0389, wR = 0.0949.

Attached is a thermal ellipsoid plot (CAMERON) &9 probability. A summary of crystallographic dé&a
given below, as are full lists of atomic coordirsatanisotropic thermal parameters and those bargiHe
and angles not concerning H atoms.

Comments: A network of hydrogen bonding is the Itesfi the presence of a molecule of water per
compound.

Figure 1. Hydrogen bondings

References
(1) Z. Otwinowski, W. MinorMethods Enzymol. 1997, 276, 307.

(2) A. Altomare, G. Cascarano, C. Giacovazzo, Aa@iardi, M. C. Burla, G. Polidori, M. Camalli
Appl. Crystallogr. 1994 27, 435.

3) P. W. Betteridge,J. R. Carruthers, R. |. CopgeProut, D. J. Watkin]. Appl. Crystallogr. 2003
36, 1487.
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Crystal identification

CCK 0040808

Chemical formula
Formula weight
Temperature (K)
Wavelength (A)
Crystal system
Space group

Cg His N1 O3
173.21
150
0.71073
Monoclinic
P12l/ic1l

a(h) 4.97490(10)
b (A) 7.86990(10)
c(A) 22.0125(5)
a(®) 90
B 95.2915(8)
° 90
Cell volume (&) 858.16(3)
z 4
Calculated density (Mg/n) 1.341
Absorption coefficient (mm*) 0.102
Fooc 376

Crystal size (mm)
Description of crystal

0.28 x 0.32 x 0.40
Colourless needle

Absorption correction multi-scan
Transmission coefficients (min,max) 0.89, 0.97
0 range for data collection (°) 5.1<0<27.49
Index ranges -6<h<6,-%Xk<10,-2&1<28
Reflections measured 3783
Unigue reflections 1957
Rint 0.025
Observed reflections (1 > -&(1)) 1954
Refinement method Full-matrix least-squares dfsqd
Parameters refined 10581
Weighting scheme Modified Sheldrick
Goodness of fit 1.0088
R 0.0389
wR 0.0949
Residual electron density (min,max) (eR) -0.20, 0.30

Table 1: Crystal data and refinement details

Atom X \ 4 Ueﬁui\/
o) 0.04947(17 0.72572(11 0.50227(4 0.024¢
C(2) 0.2100(2 0.69503(1¢ 0.46360(5 0.019¢
N(3) 0.23439(19) 0.54502(12) 0.43578(4) 0.0204
C4) 0.4637(2 0.54066(14 0.39831(5 0.019:
C(5) 0.4213(2) 0.42239(14) 0.34335(5) 0.0199
0(6) 0.34467(17) 0.25635(10) 0.36212(4) 0.0254
C(8) 0.2177(2 0.48881(1€ 0.29376(6 0.023¢
C(9) 0.3033(3) 0.66514(16) 0.27398(6) 0.0258
C(10) 0.3088(2 0.78858(1¢ 0.32747(5 0.023:
C(11) 0.4959(2) 0.73147(14) 0.38288(5) 0.0206
C(12) 0.4142(2) 0.81713(15) 0.44129(5) 0.0222
0(25) 0.15842(17 0.60528(11 0.11163(4 0.027:

Table 2: Atomic coordinates and equivalent isotropic thernal parameters (&) of non-hydrogen

atoms
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Atom X y z Usc

H(7) 0.4857 0.2007 0.3702 0.0401
H(13) 0.5737 0.8297 0.4718 0.0277
H(14) 0.3321 0.9356 0.4343 0.0272
H(15) 0.6959 0.7563 0.3780 0.0264
H(16) 0.3564 0.9057 0.3146 0.0284
H(17) 0.1226 0.7999 0.3400 0.0274
H(18) 0.4800 0.6533 0.2582 0.0319
H(19) 0.1800 0.7053 0.2411 0.0318
H(20) 0.0395 0.4983 0.3101 0.0287
H(21) 0.2051 0.4147 0.2591 0.0285
H(22) 0.5981 0.4160 0.3257 0.0238
H(23) 0.6251 0.5004 0.4239 0.0239
H(24) 0.1533 0.4585 0.4443 0.0255

Table 3: Atomic coordinates and isotropic thermal parametes (A?) of hydrogen atoms

Atom U11 Uzg qu Uzd Ul’l Ulg
0(1) 0.0277(5 0.0266(5 0.0211(4 -0.0010(3 0.0078(3 0.0003(3
C(2) 0.0200(5) 0.0222(6) 0.0169(5) 0.0019(4) 0.0001(4) .0008(4)
N(3) 0.0222(5 0.0179(5 0.0218(5 0.0018(4 0.0062(4 -0.0021(4
C(4) 0.0158(5) 0.0194(5) 0.0222(6) 0.0018(4) 0.0027(4) .0004(4)
C(5) 0.0181(5) 0.0173(5) 0.0254(6) -0.0001(4) 0.0071(4) -0.0015(4)
0O(6) 0.0247(4 0.0167(4 0.0357(5 0.0024(3 0.0082(4 -0.0010(3
C(8) 0.0239(6) 0.0240(6) 0.0230(6) -0.0022(4) 0.0030(5) -0.0025(5)
C(9) 0.0322(6 0.0250(6 0.0207(6 0.0028(5 0.0053(5 0.0019(5
C(10) 0.0279(6) 0.0196(6) 0.0229(6) 0.0036(4) 0.0073(5) .0004(5)
C(11) 0.0190(5) 0.0188(5) 0.0247(6) -0.0003(4) 0.0060(4) -0.0026(4)
C(12) 0.0231(6 0.0206(6 0.0232(6 -0.0022(4 0.0033(4 -0.0030(4
0(25) 0.0263(5) 0.0288(5) 0.0265(5) 0.0013(4) 0.0035(3) .0005(4)
Table 4: Anisotropic thermal parameters (A?)

O(1)-C(2) 1.2434(14 C(5)-C(8) 1.5123(16

C(2) — N(3) 1.3406(15) O(6) — H(7) 0.832

C(2) - C(12) 1.5128(16) C(8) - C(9) 1.5268(17)

N(3)-C(4) 1.4683(14 C(9)- C(10 1.5246(17

N(3) — H(24) 0.822 C(10) — C(11) 1.5321(17)

C(4)-C(5) 1.5256(16 C(11)- C(12; 1.5392(16

C(4) - C(11) 1.5512(15) 0O(25) — H(26) 0.840

C(5)— O(6) 1.4327(13 0(25)- H(27) 0.84¢

Table 5: Bond lengths (A)Note — C-H atoms have been excluded

O(1)- C(2)- N(3) 125.08(11 0O(6)- C(5)- C(8) 110.18(9

O(1) - C(2) - C(12) 126.29(11) C(5) - C(8) - C(9) 09151(10)

N@3)-C(2)-C(12 108.62(9 C(8)- C(9)-C(10; 110.15(10

C(2) - N(3) - C(4) 112.64(9) C(9) - C(10) - C(11) 13122(10)

N(3) - C(4) - C(5) 113.71(9) C(10) - C(11) - C(4) 113.00(9)

N(3)- C4)-C(11, 101.64(9 C(10)- C(11)-Cc(12 110.40(9

C(5)-C(4)-C(11) 115.25(9) C(4) - C(11) - C(12) 101.57(9)

C(4)- C(5)- O(6) 110.41(9 C(11)- C(12)- C(2) 103.30(9

C(4) - C(5) - C(8) 113.32(9) H(26) - O(25) - H(27) 106.8

Table 6: Bond angles (° C)Note — H atoms have been excluded
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Single-crystal X-ray diffraction report for compound 160 (Datablock: 0181208)

H183 Hig2

Crystal of 160 were grown and run by Callens Cédric from dichloetimane and petrol 40-60 °C. A single
crystal having dimensions approximatédyl5 x 0.17 x 0.48 mm was mounted on a glass fibre using
perfluoropolyether oil and cooled rapidly to 150iiKa stream of cold Nusing an Oxford Cryosystems
CRYOSTREAM unit. Diffraction data were measuredngsan Enraf-Nonius KappaCCD diffractometer
(graphite-monochromated MgKadiation = 0.71073 A). Intensity data were processed uisddENZO-
SMN packagé.

Examination of the systematic absences of the éitiedata showed the space group taChe The structure
was solved in this space group using the direchous program SIR92which located all non-hydrogen
atoms. The H atoms were all located in a differentap, but those attached to carbon atoms were
repositioned geometrically. Subsequent full-maleist-squares refinement was carried out agamssifig
the CRYSTAL program suité.Coordinates and anisotropic thermal parametere wefined for all non-
hydrogen atoms, and the hydrogens were refined mdihg constraints. A modified statistical weigidi
scheme was applied. Refinement converged satisiigaio give R = 0.0230, wR = 0.0584.

Attached is a thermal ellipsoid plot (CAMERON) &9 probability. A summary of crystallographic d&a
given below, as are full lists of atomic coordirsatanisotropic thermal parameters and those bargiHe
and angles not concerning H atoms.

References
(2) Z. Otwinowski, W. MinorMethods Enzymol. 1997, 276, 307.

(2) A. Altomare, G. Cascarano, C. Giacovazzo, Aa@iardi, M. C. Burla, G. Polidori, M. Camall,
Appl. Crystallogr. 1994 27, 435.

3) P. W. Betteridge,J. R. Carruthers, R. |. CopgeProut, D. J. Watkin]. Appl. Crystallogr. 2003
36, 1487.
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Crystal identification

CCK 0181208

Chemical formula C14H27N30,0s
Formula weight 419.59
Temperature (K) 150
Wavelength (A) 0.71073
Crystal system Monoclinic
Space group Cc
a(A) 11.2229(2)
b (A) 22.1408(4)
c(R) 7.34520(10)
a(’) 90
B 116.1764(9)
y (° 90
Cell volume (A% 1637.98(5)
z 4
Calculated density (Mg/nT) 1.993
Absorption coefficient (mm*) 7.806
Fooc 960

Crystal size (mm)
Description of crystal
Absorption correction

Transmission coefficients (min,max)
0 range for data collection (°)
Index ranges

0.15 x 0.17 x 0.48
Orange block
multi-scan
0.19,0.31
5.18<60<27.56
-14<h<14,-28<k<27,-9<1<9

Reflections measured
Unique reflections
Rint

Observed reflections (1 > -&(1))

Refinement method
Parameters refined
Weighting scheme
Goodness of fit
R
WR

Residual electron density (min,max) (e&)

3657
3599
0.014
3599

Full-matrix least-squares dfsqd

201

Modified Sheldrick

0.9496

0.0230

0.0584
-1.16, 2.46

Table 1: Crystal data and refinement details

Atom X \ 4 Ueﬁui\/
Os(1, 0.11044(1C 0.621430(% 0.21615(14 0.013¢
N(2) 0.2386(4 0.6327(2 0.0997(7 0.016(
c(3) 0.3180(5) 0.5793(3) 0.1161(8) 0.0158
C(4) 0.3387(5 0.5458(2 0.3087(8 0.018:
C(5) 0.4537(5) 0.5691(2) 0.4999(8) 0.0241
C(6) 0.5784(6) 0.5773(3) 0.4686(9) 0.0279
C(7) 0.5527(6 0.6233(2 0.2990(10 0.025:
C(8) 0.4411(5) 0.6032(3) 0.0980(8) 0.0196
C(9) 0.3821(5 0.6580(2 -0.0428(8 0.020:
C(10) 0.2667(6) 0.6784(3) 0.0001(8) 0.0173
0(11) 0.2125(4) 0.72786(16) -0.0501(6) 0.0228
N(12) -0.0285(4 0.7012(2 0.1042(6 0.018¢
C(13) 0.0377(5) 0.7589(2) 0.1921(8) 0.0221
C(14) -0.1361(5 0.6893(3 0.1663(9 0.022¢
C(15) -0.0812(6) 0.6609(3) 0.3750(9) 0.0195
N(16) -0.0165(5 0.6015(3 0.3748(7 0.018:
C(17) -0.1179(6) 0.5537(3) 0.2730(10) 0.0257
C(18) 0.0633(6) 0.5826(3) 0.5879(8) 0.0278
C(19) -0.0888(5 0.7086(3 -0.1204(8 0.025¢
0(1) 0.2177(4) 0.54873(16) 0.3305(6) 0.0199
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oQ)
0(3)

0.1943(3)
-0.0138(4

0.66696(15)
0.58690(1€

0.4299(5)

0.0068(5

0.0175
0.019:

Table 2: Atomic coordinates and equivalent isotropic thernal parameters (&) of non-hydrogen

atoms

Atom X y z Uisc
H(31) 0.268: 0.553¢ 0.001¢ 0.021¢
H(41) 0.3576 0.5036 0.2914 0.0242
H(52) 0.429: 0.609: 0.533¢ 0.031«¢
H(51) 0.4711 0.5399 0.6108 0.0304
H(62) 0.6489 0.5923 0.5937 0.0322
H(61) 0.608: 0.540: 0.437: 0.032:
H(71) 0.5203 0.6607 0.3349 0.0325
H(72) 0.628: 0.632¢ 0.269: 0.030¢
H(81) 0.4737 0.5741 0.0307 0.0250
H(91) 0.4473 0.6910 -0.0098 0.0258
H(92) 0.352: 0.646¢ -0.183¢ 0.025¢
H(132) 0.1065 0.7672 0.1490 0.0374
H(131) -0.025: 0.792¢ 0.150( 0.037¢
H(133) 0.0796 0.7556 0.3411 0.0364
H(142) -0.180¢ 0.727: 0.166: 0.0297
H(141) -0.2010 0.6622 0.0663 0.0301
H(151) -0.0202 0.6874 0.4726 0.0248
H(152) -0.153¢ 0.654" 0.410¢ 0.024¢
H(172) -0.0754 0.5154 0.2793 0.0450
H(171) -0.166( 0.565: 0.132: 0.045¢
H(173) -0.1792 0.5503 0.3309 0.0460
H(182) 0.1076 0.5460 0.5849 0.0438
H(181) 0.126¢ 0.613¢ 0.659: 0.044(
H(183) 0.0046 0.5747 0.6489 0.0444
H(192) -0.125¢ 0.670¢ -0.184¢ 0.040¢
H(191) -0.1583 0.7389 -0.1620 0.0406
H(193) -0.021( 0.720¢ -0.158t¢ 0.040¢

Table 3: Atomic coordinates and isotropic thermal parametes (A?) of hydrogen atoms

Atom U11 U77 qu U7q U17
Os(1] 0.01476(1C 0.01300(1C 0.01477(1C  -0.00021(1€  0.00865(6  0.00017(1%
N(2) 0.0164(19  0.0184(19  0.018(2 0.0001(16 0.0118(16 0.0012(15
C(@3) 0.018(2) 0.016(2) 0.018(2) -0.0058(17) 0.0122(19) 0.0032(17)
C(4) 0.0209(19  0.014(2 0.025(2 0.0004(16 0.0153(17 0.0012(16
C(5) 0.027(2) 0.020(3) 0.025(2) 0.0020(19) 0.0119(18) .0609(19)
C(6) 0.022(2) 0.028(3) 0.032(3) 0.003(2) 0.@p1(
c(?) 0.014(2 0.033(3 0.028(3 0.0022(18 0.0087(1  -0.0092(18
C(8) 0.017(2) 0.018(2) 0.028(2) -0.0055(17) 0.0135(17) 0.0029(16)
C(9) 0.023(2 0.022(2 0.021(2 -0.0030(17 ~ 0.0143(18  -0.0048(17
C(10) 0.021(2) 0.018(2) 0.016(3) -0.0018(18) 0081(17)
0(11) 0.0285(19)  0.0177(16)  0.027(2) 0.0030(14) 0.016B(16 -0.0004(13)
N(12) 0.0204(19  0.0187(17  0.0193(17  0.0017(14 0.0105(15 0.0051(13
C(13) 0.023(3) 0.018(2) 0.026(3) -0.0005(18) 083(17)
C(14) 0.019(2 0.024(3 0.026(2 0.005(2 0.012(2 0.0043(18
C(15) 0.015(3) 0.021(2) 0.023(2) 0.001(2) 0.q08Yy
N(16) 0.019(2) 0.021(2)  0.0187(19)  0.0040(17) 0.0130(16) 0.0023(16)
C(17) 0.023(3 0.026(3 0.035(3 -0.001(2 0.019(2 -0.003(2
C(18) 0.026(3) 0.037(3) 0.023(2) 0.010(2) 0.0130(19) 8(ap
C(19) 0.026(3 0.030(3  0.0181(19  0.0056(19 0.0065(19 0.002(2
o(1) 0.0231(16)  0.0142(15)  0.0292(19)  0.0046(14) 0.0028(12)
0(2) 0.0162(16  0.0159(16  0.0198(15  0.0000(11 0.0074(13  -0.0006(12
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0(3) 0.0237(17) 0.0179(17) 0.0207(15) -0.0026(13) 0.012) -0.0019(12)
Table 4: Anisotropic thermal parameters (AZ)
Os(1)- N(2) 1.987(4 C(6)- C(7) 1.535(8
Os(1) - N(12) 2.258(4) C(7) - C(8) 1.521(8)
Os(1) - N(16) 2.247(5) C(8) - C(9) 1.541(8)
Os(1)- O(1) 1.963(4 C(9)- C(10 1.530(7
0Os(1) - O(2) 1.750(3) C(10) - O(11) 1.227(7)
Os(1)- O(3) 1.732(4 N(12)- C(13 1.475(7
N(2) - C(3) 1.453(7) N(12) - C(14) 1.492(7)
N(2) - C(10 1.364(7 N(12)- C(19 1.490(7
C(3) - C(4) 1.522(8) C(14) - C(15) 1.513(8)
C(3) - C(8) 1.538(7) C(15) - N(16) 1.503(8)
C(4)-C(5) 1.518(7 N(16)- C(17 1.492(8
C(4) - O(1) 1.438(6) N(16) - C(18) 1.480(7)
C(5)- C(6) 1.526(8
Table 5: Bond lengths (A)Note — C-H atoms have been excluded
N(2) - Os(1)- N(12) 105.01(18 N(2) - Os(1)- N(16) 173.27(19
N(2) - Os(1) - N(16) 173.27(19) N(12) - Os(1) - Bj1 81.30(17)
N(12)- Os(1)- N(16) 81.30(17 C(5)-C(6)- C(7) 110.2(5
N(2) - Os(1) - O(1) 82.19(18) C(6) - C(7) - C(8) 119(4)
N(12)- Os(1)- O(1) 172.79(15 C(3)-C(8)-C(7) 113.8(5
N(16) - Os(1) - O(1) 91.51(17) C(3) - C(8) - C(9) 0111(4)
N(2) - Os(1) - O(2) 96.24(19) C(7) - C(8) - C(9) 110.3(4)
N(12)- Os(1)- O(2) 83.55(16 C(8)- C(9)- C(10; 104.3(4
N(16) - Os(1) - O(2) 82.00(17) C(9) - C(10) - N(2) 107.9(5)
0O(1)- Os(1)- O(2) 95.90(16 C(9)- C(10)- 011 123.7(5
N(2) - Os(1) - O(3) 97.22(19) N(2) - C(10) - O11 128.4(5)
N(12) - Os(1) - O(3) 82.31(17) Os(1) - N(12) - (13 112.6(3)
N(16)- Os(1)- O(3) 85.83(17 Os(1)- N(12)- C(14, 105.8(3
O(1) - Os(1) - O(3) 96.86(17) C(13) - N(12) - C(14) 109.8(4)
0(2)- Os(1)- O(3) 162.57(17 Os(1)- N(12)- C(19 113.1(3
0Os(1) - N(2) - C(3) 113.3(3) C(13) - N(12) - C(19) 106.6(4)
Os(1) - N(2) - C(10) 135.0(4) C(14) - N(12) - C(19) 108.9(4)
C(3)-N(2)- C(10 111.7(4 N(12)- C(14)- C(15, 111.1(4
N(2) - C(3) - C(4) 108.1(4) C(14) - C(15) - N(16) 110.1(5)
N(2) - C(3)- C(8) 104.7(5 Os(1)- N(16)- C(15 104.2(4
C(4) -C(3)-C(8) 118.2(5) Os(1) - N(16) - C(17) 113.4(3)
C(3)-C(4)-C(5) 114.4(4 C(15)- N(16)- C(17; 111.1(4
C(3)-C(4) - 0(2) 108.5(4) Os(1) - N(16) - C(18) 112.2(3)
C(5) - C(4) - O(1) 109.9(4) C(15) - N(16) - C(18) 0813(4)
C(4)- C(5)- C(6) 111.3(5 C(17)- N(16)- C(18 107.5(5
N(2) - Os(1) - N(12) 105.01(18) C(4) - O(1) - Os(1) 114.9(3)

Table 6: Bond angles (°)Note — H atoms have been excluded
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Single-crystal X-ray diffraction report for compound 170 (Datablock: 0200109)

Crystal of 170 were grown and run by Callens Cédric from dichloetimane and petrol 40-60 °C. A single
crystal having dimensions approximatéy20 x 0.36 x 0.50 mm was mounted on a glass fibre using
perfluoropolyether oil and cooled rapidly to 150iiKa stream of cold Nusing an Oxford Cryosystems
CRYOSTREAM unit. Diffraction data were measuredngsan Enraf-Nonius KappaCCD diffractometer
(graphite-monochromated MgKadiation = 0.71073 A). Intensity data were processed uisgddENZO-
SMN packagé.

Examination of the systematic absences of the sitierdata showed the space group toFb@/c. The
structure was solved in this space group usingditect-methods program SIR$2which located all non-
hydrogen atoms. The H atoms were all located iiffardnce map, but those attached to carbon atoens w
repositioned geometrically. Subsequent full-maleist-squares refinement was carried out agamssifig
the CRYSTAL program suité.Coordinates and anisotropic thermal parametere wefined for all non-
hydrogen atoms, and the hydrogens were refined mdihg constraints. A modified statistical weigtdgi
scheme was applied. Refinement converged satisiigaio give R = 0.0460, wR = 0.1039.

Attached is a thermal ellipsoid plot (CAMERON) &9 probability. A summary of crystallographic d&a
given below, as are full lists of atomic coordirsatanisotropic thermal parameters and those bargiHe
and angles not concerning H atoms.

References
(1) Z. Otwinowski, W. MinorMethods Enzymol. 1997, 276, 307.

(2) A. Altomare, G. Cascarano, C. Giacovazzo, Aa@iardi, M. C. Burla, G. Polidori, M. Camall,
Appl. Crystallogr. 1994 27, 435.

3) P. W. Betteridge,J. R. Carruthers, R. |. CopgeProut, D. J. Watkin]. Appl. Crystallogr. 2003
36, 1487.
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Appendix 3: X-ray crystal structures

Crystal identification

CCK 0200109

Chemical formula C1H11N10,
Formula weight 177.20
Temperature (K) 150
Wavelength (A) 0.71073
Crystal system Monoclinic
Space group P 2/c
a(A) 12.3541(2)
b (A) 5.50880(10)
c(R) 13.1359(2)
a(’) 90
B 100.0534(9)
° 90
Cell volume (A% 880.25(3)
z 4
Calculated density (Mg/nT) 1.337
Absorption coefficient (mm*) 0.094
Fooc 376

Crystal size (mm)
Description of crystal
Absorption correction

Transmission coefficients (min,max)
0 range for data collection (°)
Index ranges

Reflections measured
Unique reflections
Rint
Observed reflections (I > -2(1))
Refinement method
Parameters refined
Weighting scheme
Goodness of fit
R
wR

0.20 x 0.36 x 0.50
Colourless plate
multi-scan
0.89, 0.98
5.32<06<27.48

-15<h<16,-6sk<7,-17<1<16

9041
2003
0
2002

Full-matrix least-squares dfsqd

118
Modified Sheldrick
0.9367
0.0755
0.1150

Residual electron density (min,max) (e&)

-0.46, 0.44

Table 1: Crystal data and refinement details

Atom X % z Ueauiy
0(1) 0.88962(8 0.5454(2 0.84642(8 0.027¢
C(2) 0.84111(12 0.3090(3 0.84807(11 0.024:
C(3) 0.73858(12) 0.2838(3) 0.76617(10) 0.0219
C4) 0.65579(12 0.4579(3 0.75476(11 0.026¢
C(5) 0.56126(13) 0.4310(3) 0.68057(12) 0.0323
C(6) 0.54923(14) 0.2280(4) 0.61802(12) 0.0346
C(7) 0.63066(14 0.0532(3 0.62886(12 0.033(
C(8) 0.72553(13) 0.0808(3) 0.70250(11) 0.0273
C(9) 0.81205(12 0.2774(3 0.95473(11 0.024-
N(10) 0.90574(10) 0.2415(3) 1.04018(9) 0.0288
C(11) 0.87126(12) 0.0257(3) 1.06937(11) 0.0256
C(12) 0.77288(1% 0.0219(3 0.98125(12 0.027:
0(13) 0.90619(9) -0.1109(2) 1.14135(8) 0.0330

Table 2: Atomic coordinates and equivalent isotropic thernal parameters (&) of non-hydrogen

atoms

Atom

U

H(21)

0.894¢

y
0.178¢

0.840¢

isg
0.030¢
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H(41)) 0.6660 0.5998 0.7988 0.0321
H(51) 0.504( 0.553¢ 0.673 0.040¢
H(61 0.4835 0.2098 0.5668 0.0420
H(71) 0.6231 -0.0883 0.5838 0.0398
H(81) 0.784: -0.040( 0.707: 0.033;
H(91) 0.7620 0.4119 0.9701 0.0274
H(122) 0.699’ 0.016: 1.005¢ 0.033¢
H(121) 0.7780 -0.1048 0.9314 0.0327
H(11) 0.904" 0.560: 0.782: 0.041;
H(101) 0.9627 0.3346 1.0665 0.0363

Table 3: Atomic coordinates and isotropic thermal parametes (A?) of hydrogen atoms

Atom U11 Uzg qu Uzd Ul’l Ulg
o(1) 0.0294(6 0.0315(7 0.0214(5 -0.0015(5 0.0014(4 -0.0099(5
C(2) 0.0238(8) 0.0254(9) 0.0226(7) -0.0014(6) 0.0014(6) -0.0032(7)
C(3) 0.0224(7 0.0242(8 0.0193(7 0.0020(6 0.0038(6 -0.0032(6
C(4) 0.0277(8) 0.0276(9) 0.0239(8) -0.0026(7) 0.0024(6) -0.0026(7)
C(5) 0.0240(8) 0.0399(11) 0.0315(9) 0.0032(8) 0.0009(6) 0.0004(8)
C(6) 0.0293(9  0.0473(12 0.0245(8 0.0014(8 -0.0027(6 -0.0093(8
C(7) 0.0413(10) 0.0336(10) 0.0226(8) -0.0068(7) 0.00p8(7 -0.0113(8)
C(8) 0.0310(8 0.0272(9 0.0236(7 -0.0006(7 0.0040(6 -0.0032(7
C(9) 0.0245(8) 0.0273(9) 0.0203(7) -0.0013(6) 0.0011(6) -0.0020(7)
N(10) 0.0278(7) 0.0355(9) 0.0215(6) 0.0013(6) -0.0004(5) -0.0080(6)
C(11) 0.0256(8 0.0311(9 0.0216(7 -0.0004(7 0.0084(6 0.0008(7
C(12) 0.0275(8) 0.0280(9) 0.0249(8) 0.0008(7) 0.0022(6) 0.0045(7)
0(13) 0.0357(6 0.0402(8 0.0241(6 0.0077(5 0.0077(5 0.0079(6
Table 4: Anisotropic thermal parameters (A?)
0(1)- C(2) 1.4349(18 C(6)- C(7) 1.382(2
O(1)- H(11) 0.89¢ C(7)- C(8) 1.392(2
C(2) - C(3) 1.5183(19) C(9) - N(10) 1.4783(18)
C(2) - C(9) 1.516(2) C(9) - C(12) 1.548(2)
C(3)-C(4) 1.391(2 N(10)- C(11 1.341(2
C(3)-C(8) 1.389(2) N(10) - H(101) 0.890
C(4)- C(5) 1.392(2 C(11)- c(12 1.525(2
C(5) - C(6) 1.380(2) C(11) - O(1)3 1.2261(19)
C(8) —C(9) 1.516(4) C(19) —C(20) 1.529(4)
C(9)-C(10 1.523(4 C(20 -C(21, 1.522(4
Table 5: Bond lengths (A)Note — C-H atoms have been excluded
O(1). C(2)- C(3) 111.80(12 C(7-C(8)- C(3) 120.11(15
O(1) - C(2)- C(9) 106.57(12 C(2)- C(9)- N(10) 115.91(12
C(3)-C(2)- C(9) 109.97(12 C(2)-C(9)- C(12 116.51(13
C(2)- C(3)- C(4) 121.33(13 N(10)- C(9)- C(12; 86.64(11
C(2)- C(3)- C(8) 119.68(14 C(9)- N(10)- C(11; 95.18(12
C(4)- C(3)- C(8) 118.97(13 N(10)- C(11)- C(12 92.62(12
C(3)- C(4)- C(5) 120.88(15 N(10)- C(11)- O1z 132.66(15
C(4)- C(5)- C(6) 119.54(16 C(12)- C(11)- O1: 134.71(15
C(5)- C(6)- C(7) 120.16(15 C(9)- C(12)-C(11; 85.39(11
C(6)-C(N)-C(8) 120.34(15 /

Table 6: Bond angles (°)Note — H atoms have been excluded
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Single-crystal X-ray diffraction report for compound 171 (Datablock: 0020808)

Crystal of171 were grown and run by Callens Cédric from dichloetimane and petrol 40-60 °C. A single
crystal having dimensions approximatéhy20 x 0.38 x 0.48 mm was mounted on a glass fibre using
perfluoropolyether oil and cooled rapidly to 150iiKa stream of cold Nusing an Oxford Cryosystems
CRYOSTREAM unit. Diffraction data were measuredngsan Enraf-Nonius KappaCCD diffractometer
(graphite-monochromated MgKadiation,z = 0.71073 A). Intensity data were processed usiaddENZO-
SMN packagé.

Examination of the systematic absences of the sittedata showed the space group toPbk21/a 1. The
structure was solved in this space group usingdttect-methods program SIR92yhich located all non-
hydrogen atoms. The H atoms were all located iiffardnce map, but those attached to carbon atoens w
repositioned geometrically. Subsequent full-maleist-squares refinement was carried out agamssifig
the CRYSTAL program suité.Coordinates and anisotropic thermal parametere wefined for all non-
hydrogen atoms, and the hydrogens were refined mdihg constraints. A modified statistical weigidi
scheme was applied. Refinement converged satisiigdio give R = 0.0429, wR = 0.0986.

Attached is a thermal ellipsoid plot (CAMERON) &% probability. A summary of crystallographic déa
given below, as are full lists of atomic coordirgtanisotropic thermal parameters and those bargtHe
and angles not concerning H atoms.

References
(1) Z. Otwinowski, W. MinorMethods Enzymol. 1997, 276, 307.

(2) A. Altomare, G. Cascarano, C. Giacovazzo, Aa@iardi, M. C. Burla, G. Polidori, M. Camall,
Appl. Crystallogr. 1994 27, 435.

3) P. W. Betteridge,J. R. Carruthers, R. |. CopgeProut, D. J. Watkin]. Appl. Crystallogr. 2003
36, 1487.
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Crystal identification

CCK 0020808

Chemical formula
Formula weight
Temperature (K)
Wavelength (A)
Crystal system
Space group
a(A)
b (A)
c(A)
a(’)
AC)

Cell volume (&)
z
Calculated density (Mg/n)
Absorption coefficient (mm*)
FOOC
Crystal size (mm)
Description of crystal
Absorption correction
Transmission coefficients (min,max)
0 range for data collection (°)
Index ranges
Reflections measured
Unique reflections
Rint
Observed reflections (1 > -&(1))
Refinement method
Parameters refined
Weighting scheme
Goodness of fit
R
wWR

Residual electron density (min,max) (eR)

C11 Hiz N1 O;
191.23
150
0.71073
Monoclinic
P12l/a1l
9.1222(2)
6.27090(10)
18.0508(4)
90
100.9987(9)
90
1013.62(4)
4
1.253
0.087
408
0.20 x 0.38 x 0.48
Colourless plate
multi-scan
0.89, 0.98
5.16< 60 <27.49
-11<h< 11, -& k<8, -2X1<23
16667
2487
0.037
2305
Full-matrix least-squares dfsqd
127
Modified Sheldrick
0.9369
0.0429
0.0986
-0.27,0.29

Table 1: Crystal data and refinement details

Atom X \' Z UPﬂIIi\I
o(1) 0.13651(1C 0.64814(1€ -0.02856(5 0.039¢
C(2) 0.15192(1< 0.6568(2 0.04135(7 0.029¢
N(3) 0.22189(11) 0.51108(17) 0.08878(5) 0.0285
C(4) 0.23318(12 0.55948(1¢ 0.16873(6 0.026¢
C(5) 0.14726(14) 0.3978(2) 0.20763(7) 0.0318
0(6) -0.00800(10) 0.40736(19) 0.17852(5) 0.0495
C(7) 0.17575(14 0.4386(2 0.29166(7 0.031(
C(8) 0.07478(15) 0.5472(2) 0.32659(7) 0.0362
C(9) 0.10778(17 0.5855(3 0.40392(7 0.043
C(10) 0.24111(18) 0.5175(3) 0.44654(8) 0.0479
c(11) 0.34249(18) 0.4105(3) 0.41207(8) 0.0488
C(12) 0.31005(1€ 0.3723(2 0.33527(8 0.041-
C(13) 0.17407(16) 0.7895(2) 0.16739(7) 0.0377
C(14) 0.09767(1€ 0.8315(2 0.08643(7 0.038¢

Table 2: Atomic coordinates and equivalent isotropic thernal parameters (&) of non-hydrogen

atoms
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Atom X \ z Uisc
H(41) 0.338¢ 0.553¢ 0.194° 0.032¢
H(51) 0.1860 0.2518 0.1980 0.0379
H(81) 0.018t¢ -0.591¢ 0.297: 0.043¢
H(91) 0.0349 0.6604 0.4265 0.0523
H(101) 0.264¢ 0.544" 0.500( 0.057¢
H(111) 0.4360 0.3645 0.4420 0.0568
H(121) 0.3786 0.3003 0.3115 0.0504
H(131) 0.259: 0.889: 0.181¢ 0.048¢
H(132) 0.1085 0.8071 0.2019 0.0481
H(142) 0.120¢ 0.969: 0.069: 0.048¢
H(141) -0.0136 0.8175 0.0798 0.0496
H(31) 0.262¢ 0.396¢ 0.073: 0.037¢
H(61) -0.0255 0.3905 0.1291 0.0752

Table 3: Atomic coordinates and isotropic thermal parametes (A?) of hydrogen atoms

Atom U11 Uzg qu Uzd Ul’l Ulg
o(1) 0.0389(5 0.0539(6 0.0249(5 0.0038(4 0.0040(4 -0.0119(4
C(2) 0.0227(6) 0.0384(7) 0.0287(6) 0.0033(5) 0.0056(4) 0.0071(5)
N(3) 0.0292(5 0.0322(6 0.0255(5 -0.0015(4 0.0084(4 0.0008(4
C(4) 0.0251(6) 0.0312(6) 0.0235(6) -0.0012(5) 0.0047(4) -0.0007(5)
C(5) 0.0369(7) 0.0308(7) 0.0288(6) -0.0029(5) 0.0095(5) -0.0058(5)
0(6) 0.0358(5 0.0844(8 0.0290(5 -0.0092(5 0.0082(4 -0.0241(5
C(7) 0.0384(7) 0.0280(6) 0.0276(6) 0.0015(5) 0.0090(5) 0.0653(5)
C(8) 0.0373(7 0.0415(8 0.0301(7 -0.0009(5 0.0069(5 -0.0029(6
C(9) 0.0538(9) 0.0472(9) 0.0317(7) -0.0061(6) 0.0135(6) 0.0013(7)
C(10) 0.0648(10) 0.0515(9) 0.0257(7) -0.0010(6) 0.0040(6) -0.0019(8)
C(11) 0.0527(9  0.0553(10  0.0350(7 0.0086(7 -0.0002(6 0.0073(7
C(12) 0.0476(8) 0.0423(8) 0.0353(7) 0.0055(6) 0.0108(6) .0084(6)
C(13) 0.0519(8 0.0290(7 0.0333(7 0.0003(5 0.0106(6 0.0023(6
C(14) 0.0399(7) 0.0401(8) 0.0379(7) 0.0080(6) 0.0100(5) .0087(6)
Table 4: Anisotropic thermal parameters (A?)

0O(1)-C(2) 1.2440(14 O(6)— H(61) 0.88:

C(2) — N(3) 1.3290(16) C(7) - C(8) 1.3895(19)

C(2) — C(14) 1.5040(19) C(7) - C(12) 1.3877(19)

N(3)-C(4) 1.4590(14 C(8)- C(9) 1.3917(18

C(4) — C(5) 1.5316(16) C(9) — C(10) 1.377(2)

C(4)-C(13 1.5382(18 C(10)- C(11 1.383(2

N(3) — H(31) 0.880 C(11) — C(12) 1.3822(19)

C(5) - O(6) 1.4148(16) C(13) - C(14) 1.5173(18)

C(5)-C(7) 1.5110(17

Table 5: Bond lengths (A)Note —C-H atoms have been excluded

0O(1)- C(2)- N(3) 124.82(12 C(5)- C(7)- C(8) 122.45(11

0(1)- C(2)- C(14 126.54(12 C(5)- C(7)- C(12 118.86(12

N(3) - C(2) - C(14) 108.64(10) C(8) - C(9) - C(10) 118.65(12)

C(2) - N(3) - C(4) 115.39(10) C(7) - C(8) - C(9) a129(13)

N(3)-C(4)- C(5) 111.72(10 C(9)- C(10)- Cc(11 119.61(13

N(3) - C(4) - C(13) 102.78(9) C(10) - C(11) - C(12) 120.13(14)

C(5)-C(4)- Cc(13; 114.79(10 C(7)- C(12)- C(11 120.92(13

C(4) - C(5) - O(6) 111.43(10) C(4) - C(13) - C(14) 105.86(10)

C(4) - C(5) - C(7) 110.06(10) C(13)-C(14) - C(2) 104.85(10)

0(6)- C(5)- C(7) 109.51(10

Table 6: Bond angles (° C)Note — H atoms have been exclude
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Single-crystal X-ray diffraction report for compound 172 (Datablock: 0050808)

Crystal of172 were grown and run by Callens Cédric from dichloetimane and petrol 40-60 °C. A single
crystal having dimensions approximatéy24 x 0.28 x 0.44 mm was mounted on a glass fibre using
perfluoropolyether oil and cooled rapidly to 150iiKa stream of cold Nusing an Oxford Cryosystems
CRYOSTREAM unit. Diffraction data were measuredngsan Enraf-Nonius KappaCCD diffractometer
(graphite-monochromated MgKadiation,z = 0.71073 A). Intensity data were processed usiaddENZO-
SMN packagé.

Examination of the systematic absences of the sitiedata showed the space group taPbk 21/c 1. The
structure was solved in this space group usingdttect-methods program SIR92yhich located all non-
hydrogen atoms. The H atoms were all located iiffardnce map, but those attached to carbon atoens w
repositioned geometrically. Subsequent full-maleist-squares refinement was carried out agamssifig
the CRYSTAL program suité.Coordinates and anisotropic thermal parametere wefined for all non-
hydrogen atoms, and the hydrogens were refined mdihg constraints. A modified statistical weigidi
scheme was applied. Refinement converged satisiigdio give R = 0.0392, wR = 0.0891.

Attached is a thermal ellipsoid plot (CAMERON) &% probability. A summary of crystallographic déa
given below, as are full lists of atomic coordirsatanisotropic thermal parameters and those bargiHe
and angles not concerning H atoms.

References
(1) Z. Otwinowski, W. MinorMethods Enzymol. 1997, 276, 307.

(2) A. Altomare, G. Cascarano, C. Giacovazzo, Aa@iardi, M. C. Burla, G. Polidori, M. Camalli.
Appl. Crystallogr. 1994 27, 435.

3) P. W. Betteridge,J. R. Carruthers, R. |. CopgeProut, D. J. Watkin]. Appl. Crystallogr. 2003
36, 1487.
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Crystal identification

CCK 0050808

Chemical formula

ClZ HlS Nl OZ

Formula weight 205.26
Temperature (K) 150
Wavelength (A) 0.71073
Crystal system Monoclinic
Space group P121/c1
a(h) 6.11250(10)
b (A) 15.5663(3)
c(A) 11.1621(2)
a(’) 90
B(°) 95.2915(8)
° 90
Cell volume (&%) 1048.11(3)
z 4
Calculated density (Mg/nY) 1.301
Absorption coefficient (mm™) 0.089
Fooc 440

Crystal size (mm)
Description of crystal

0.24 x0.28 x 0.44
Colourless plate

Absorption correction multi-scan
Transmission coefficients (min,max) 0.94, 0.98
0 range for data collection (°) 5.5 0<27.46
Index ranges -7<h<7,-2k<20,-1&1<14
Reflections measured 14007
Unique reflections 2442
Rin'( 0
Observed reflections (1 > -&(1)) 2370
Refinement method Full-matrix least-squares dfsqd
Parameters refined 136
Weighting scheme Modified Sheldrick
Goodness of fit 0.9619
R 0.0392
wWR 0.0891
Residual electron density (min,max) (eR) -0.20, 0.30

Table 1: Crystal data and refinement details

Atom X \ Z Upnuiv
o) 1.09782(12 0.70192(6 0.46615(8 0.037¢
c(2) 0.86564(17) 0.68963(7) 0.46365(10) 0.0284
C(3) 0.74709(17) 0.66719(7) 0.33781(9) 0.0277
C@4) 0.52919(17 0.69275(7 0.29850(1C 0.031:
c(5) 0.41970(19) 0.66918(8) 0.18405(11) 0.0363
C(6) 0.5269(2 0.62085(8 0.10725(1C 0.038¢
c(7) 0.7441(2) 0.59543(9) 0.14521(11) 0.0419
c(8) 0.85343(19) 0.61829(8) 0.25968(10) 0.0355
C(9) 0.84400(17 0.61694(7 0.55407(9 0.027(
N(10) 0.99739(16) 0.63462(6) 0.66648(8) 0.0338
C(11) 0.9686(2 0.61842(7 0.78038(1C 0.033¢
0(12) 1.11337(16) 0.63794(6) 0.86783(8) 0.0455
C(13) 0.7548(2 0.57731(8 0.80022(1C 0.037¢
C(14) 0.6107(2) 0.54332(8) 0.68577(10) 0.0354
C(15) 0.61104(18) 0.60643(7) 0.58179(9) 0.0294

Table 2: Atomic coordinates and equivalent isotropic thernal parameters (&) of non-hydrogen

atoms
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Atom X y Z Usc

H(21) 0.7999 0.7423 0.4928 0.0332
H(41) 0.4544 0.7266 0.3518 0.0383
H(51) 0.2670 0.6879 0.1579 0.0438
H(61) 0.4507 0.6051 0.0279 0.0469
H(71) 0.8180 0.5615 0.0922 0.0523
H(81) 1.0065 0.6004 0.2867 0.0429
H(91) 0.8934 0.5617 0.5190 0.0320
H(132) 0.6727 0.6214 0.8363 0.0463
H(131) 0.7898 0.5307 0.8594 0.0463
H(141) 0.4593 0.5330 0.7019 0.0427
H(142) 0.6697 0.4871 0.6625 0.0415
H(152) 0.5563 0.6638 0.6034 0.0359
H(151) 0.5134 0.5862 0.5075 0.0340

Table 3: Atomic coordinates and isotropic thermal parametes (A% of hydrogen atoms

Atom U4 U,s Uazs U= Uiz Uqo
O(1) 0.0249(4 0.0449(5 0.0415(5 0.0093(4 0.0006(3 -0.0041(3
C(2) 0.0236(5) 0.0301(5) 0.0310(5) 0.0032(4) 0.0027(4) .0005(4)
C(3) 0.0257(5 0.0303(5 0.0273(5 0.0061(4 0.0043(4 -0.0003(4
C4) 0.0272(5) 0.0320(6) 0.0349(6) 0.0081(4) 0.0058(4) .0006(4)
C(5) 0.0283(5 0.0397(6 0.0385(6 0.0156(5 -0.0016(4 -0.0029(5
C(6) 0.0432(7) 0.0452(7) 0.0258(5) 0.0097(5) -0.0007(5) -0.0079(5)
C(7) 0.0464(7) 0.0528(8) 0.0275(6) 0.0016(5) 0.0095(5) .00081(6)
C(8) 0.0295(5 0.0471(7 0.0304(6 0.0048(5 0.0064(4 0.0058(5
C(9) 0.0280(5) 0.0271(5) 0.0244(5) 0.0002(4) -0.0004(4) 0.0023(4)
N(10) 0.0294(5 0.0377(5 0.0311(5 0.0044(4 -0.0049(4 -0.0028(4
C(11) 0.0414(6) 0.0270(5) 0.0291(5) -0.0025(4) -0.0046(4) 0.0048(4)
0(12) 0.0524(5 0.0415(5 0.0351(5 -0.0064(4 -0.0160(4 0.0043(4
C(13) 0.0492(7) 0.0403(6) 0.0235(5) 0.0003(5) 0.0033(5) .0000(5)
C(14) 0.0400(6) 0.0369(6) 0.0281(5) 0.0043(5) 0.0022(4) 0.0064(5)
C(15) 0.0301(5 0.0318(5 0.0253(5 0.0004(4 0.0014(4 -0.0019(4
Table 4: Anisotropic thermal parameters (A?)
O(1)-C(2) 1.4279(12 C(7)-C(8) 1.3893(17
O(1)-H(11) 0.86¢ C(9)- N(10) 1.4660(13
C(2) - C(3) 1.5137(14) C(9) — C(15) 1.5141(15)
C(2) - C(9) 1.5361(14) N(10) - C(11) 1.3354(15)
C(3)-C(4) 1.3914(14 N(10)- H(101 0.88:
C(3) - C(8) 1.3947(16) C(11) - 0O(12) 1.2446(13)
C@#4)-C(5) 1.3923(16 C(11)-C(13 1.5036(18
C(5) — C(6) 1.3827(19) C(13) — C(14) 1.5243(15)
C(6) — C(7) 1.3842(18) C(14) — C(15) 1.5208(15)
Table 5: Bond lengths (A)Note — C-H atoms have been excluded
O(1)- C(2)- C(3) 111.98(9 C(2)- C(9)- N(10) 108.24(8
0(1) - C(2) - C(9) 106.06(8) C(2) - C(9) - C(15) 3142(8)
C(3)-C(2)-C(9) 111.13(8 N(10)- C(9)- C(15 109.75(8
C(2)-C(3)-C(4) 121.12(10) C(9) - N(10) - C(12) 127.95(10)
C(2) - C(3) - C(8) 120.30(9) N(10) - C(11) - O(12) 120.94(12)
C(4)- C(3)-C(8) 118.55(10 N(10)- C(11)- C(13 118.16(10
C(3)-C@4) -C(v) 120.51(11) 0(12) - C(11) - C(13) 120.89(11)
C(4)- C(5)- C(6) 120.43(10 C(11)- C(13)- C(14 114.99(9
C(5) - C(6) - C(7) 119.53(11) C(13) - C(14) - C(15) 110.10(9)
C(6) - C(7) - C(8) 120.22(12) C(14) - C(15) - C(9) 110.05(9)
C(3)- C(8)- C(7) 120.74(11

Table 6: Bond angles (° C)Note — H atoms have been excluded
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Appendix 3: X-ray crystal structures

Single-crystal X-ray diffraction rep ort for compound 173 (Datablock: 0030808)

Crystal of 173 were grown and run by Callens Cédric from dichloetimane and petrol 40-60 °C. A single
crystal having dimensions approximatéy26 x 0.33 x 0.45 mm was mounted on a glass fibre using
perfluoropolyether oil and cooled rapidly to 150iiKa stream of cold Nusing an Oxford Cryosystems
CRYOSTREAM unit. Diffraction data were measuredngsan Enraf-Nonius KappaCCD diffractometer
(graphite-monochromated MgKadiation = 0.71073 A). Intensity data were processed uisddENZO-
SMN packagé.

Examination of the systematic absences of the sittedata showed the space group taPhke21/n 1. The
structure was solved in this space group usingditext-methods program SIR$2wyhich located all non-
hydrogen atoms. The H atoms were all located iiffardnce map, but those attached to carbon atoens w
repositioned geometrically. Subsequent full-maleist-squares refinement was carried out agamssifig
the CRYSTAL program suité.Coordinates and anisotropic thermal parametere wefined for all non-
hydrogen atoms, and the hydrogens were refined mdihg constraints. A modified statistical weigidgi
scheme was applied. Refinement converged satisiigaio give R = 0.0416, wR = 0.0971.

Attached is a thermal ellipsoid plot (CAMERON) &9 probability. A summary of crystallographic d&a
given below, as are full lists of atomic coordirsatanisotropic thermal parameters and those bargiHe
and angles not concerning H atoms.

References
(1) Z. Otwinowski, W. MinorMethods Enzymol. 1997, 276, 307.

(2) A. Altomare, G. Cascarano, C. Giacovazzo, Aa@iardi, M. C. Burla, G. Polidori, M. Camall,
Appl. Crystallogr. 1994 27, 435.

3) P. W. Betteridge,J. R. Carruthers, R. |. CopgeProut, D. J. Watkin]. Appl. Crystallogr. 2003
36, 1487.
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Appendix 3: X-ray crystal structures

Crystal identification

CCK 0030808

Chemical formula
Formula weight
Temperature (K)
Wavelength (A)
Crystal system
Space group
a(A)
b (A)
c(®)
a(’)
BC)

Cell volume (&%)
z
Calculated density (Mg/nT)
Absorption coefficient (mm*)
I:OOC
Crystal size (mm)
Description of crystal
Absorption correction
Transmission coefficients (min,max)
0 range for data collection (°)
Index ranges
Reflections measured
Unique reflections
Rint
Observed reflections (1 > -&(1))
Refinement method
Parameters refined
Weighting scheme
Goodness of fit
R
wR
Residual electron density (min,max) (eR)

C11 Hiz N1 O;
191.23
150
0.71073
Monoclinic
P121/a1
5.60930(10)
23.6664(4)
7.60370(10)
90
109.9111(8)
90
949.07(3)
4
1.338
0.092
408
0.26 x 0.33 x 0.45
Colourless plate
multi-scan
0.88, 0.98
5.16560<27.48
-7<h<7,-3kk<29,-%1<9
9925
4060
0.024
2135

Full-matrix least-squares d¥sqd

127
Modified Sheldrick
0.9760
0.0416
0.0971
-0.20, 0.39

Table 1: Crystal data and refinement details

Atom X \ Z UPﬂIIi\I
o) -0.33123(1¢€ 0.52218(4 -0.12608(11 0.023:
C(2) -0.2822(2 0.55123(5 0.01794(1€ 0.019:
N(3) -0.06815(19) 0.54878(4) 0.16620(13) 0.0221
C(4) -0.0430(2 0.59580(5 0.29723(1€ 0.0221
C(5) -0.3195(2) 0.61381(5) 0.25453(17) 0.0241
C(6) -0.4510(2) 0.59669(5) 0.05098(16) 0.0217
C(7) 0.0918(2 0.57956(5 0.50003(1€ 0.022:
0(8) 0.32970(17) 0.55622(4) 0.51163(12) 0.0283
C(9) 0.1181(2 0.63179(5 0.62168(1¢€ 0.020¢
C(10) 0.2928(2) 0.67404(5) 0.62354(17) 0.0238
c(11) 0.3227(2) 0.72076(5) 0.74025(18) 0.0270
c(12) 0.1782(3 0.72578(5 0.85581(1¢€ 0.028:
C(13) -0.0006(2) 0.68483(6) 0.85037(17) 0.0276
C(14) -0.0314(2 0.63805(5 0.73371(17 0.023°

Table 2: Atomic coordinates and equivalent isotropic thernal parameters (&) of non-hydrogen

atoms
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Appendix 3: X-ray crystal structures

Atom X \ z Uisc
H(41) 0.061¢ 0.627¢ 0.265: 0.026:
H(51) -0.3330 0.6538 0.2759 0.0295
H(52) -0.391¢ 0.592 0.335] 0.028¢
H(61) -0.4556 0.6275 -0.0339 0.0267
H(62) -0.624: 0.582¢ 0.025¢ 0.026¢
H(71) -0.0125 0.5500 0.5368 0.0259
H(101) 0.3947 0.6702 0.5445 0.0294
H(111) 0.446: 0.748¢ 0.742: 0.032:
H(121) 0.2050 0.7569 0.9395 0.0325
H(131) -0.104° 0.688c¢ 0.926¢ 0.032¢
H(141) -0.1519 0.6097 0.7313 0.0278
H(31) 0.053¢ 0.526¢ 0.172: 0.027¢
H(81) 0.3938 0.5440 0.6219 0.0429

Table 3: Atomic coordinates and isotropic thermal parametes (A?) of hydrogen atoms

Atom U11 Uzg qu Uzd Ul’l Ulg
o(1) 0.0235(4 0.0264(4 0.0177(4 -0.0032(3 0.0040(3 0.0019(3
C(2) 0.0200(5) 0.0196(5) 0.0176(5) 0.0015(4) 0.0063(4) .0002(4)
N(3) 0.0210(5 0.0246(5 0.0181(5 -0.0025(4 0.0035(4 0.0067(4
C(4) 0.0241(6) 0.0224(6) 0.0196(6) -0.0018(4) 0.0049(5) 0.0019(4)
C(5) 0.0238(6) 0.0257(6) 0.0203(6) -0.0035(5) 0.0041(5) 0.0063(5)
C(6) 0.0213(6 0.0210(6 0.0204(6 0.0002(4 0.0038(4 0.0035(4
C(7) 0.0224(6) 0.0225(6) 0.0198(6) -0.0010(4) 0.0044(4) 0.0032(4)
0(8) 0.0255(5 0.0358(5 0.0205(4 -0.0005(4 0.0039(4 0.0113(4
C(9) 0.0194(5) 0.0217(5) 0.0162(5) 0.0005(4) 0.0006(4) .00R9(4)
C(10) 0.0230(6) 0.0278(6) 0.0197(6) 0.0020(5) 0.0060(5) .0006(5)
C(11) 0.0285(6 0.0221(6 0.0266(6 0.0026(5 0.0044(5 -0.0028(5
C(12) 0.0351(7) 0.0214(6) 0.0236(6) -0.0026(5) 0.0046(5) 0.0049(5)
C(13) 0.0279(6 0.0325(7 0.0226(6 -0.0007(5 0.0090(5 0.0054(5
C(14) 0.0213(6) 0.0264(6) 0.0214(6) 0.0012(5) 0.0046(5) 0.0604(4)
Table 4: Anisotropic thermal parameters (A?)

O(1)-C(2) 1.2420(14 C(7)-C(9) 1.5208(16

C(2) — N(3) 1.3395(15) O(8) — H(81) 0.843

C(2) — C(6) 1.5093(16) C(9) — C(10) 1.3966(17)

N(3)-C(4) 1.4681(15 C(9)- C(14 1.3916(17

N(3) — H(31) 0.851 C(10) — C(12) 1.3918(18)

C(4)-C(5) 1.5329(17 C(11)-Cc(12 1.3886(19

C4) —-C(7) 1.5176(16) C(12) — C(13) 1.3851(19)

C(5) — C(6) 1.5251(16) C(13) - C(14) 1.3920(18)

C(7)-0O(8) 1.4187(14

Table 5: Bond lengths (A)Note —C-H atoms have been excluded

0O(1)- C(2)- N(3) 125.72(11 C(4)- C(7)- C(9) 108.88(9

0O(1)- C(2)- C(6) 125.34(10 0O(8)- C(7)- C(9) 112.61(9

N(3) - C(2) - C(6) 108.91(10) C(7) - C(9) - C(10) 120.68(11)

C(2) - N(3) - C(4) 112.94(9) C(7) - C(9) - C(14) a24(11)

N(3)-C(4)- C(5) 102.14(9 C(10)- C(9)-C(@14 118.97(11

N(3) - C(4) - C(7) 113.39(10) C(9) - C(10) - C(11) 120.47(11)

C(5)-C(4)- C(7) 113.81(10 C(10)- C(11)-Cc(12 120.12(12

C(4) - C(5) - C(6) 104.23(9) C(11) - C(12) - C(13) 119.59(12)

C(5) - C(6) - C(2) 104.14(9) C(12) - C(13) - C(14) 120.46(12)

C(4)- C(7)- O(8) 107.12(9 C(13)- C(14)- C(9) 120.32(11

*Note — H atoms have been excludesthle 6: Bond angles (°)
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Appendix 3: X-ray crystal structures

Single-crystal X-ray diffraction report for compound 174 (Datablock: 0100808)

Crystal of174 were grown and run by Callens Cédric from dichloetimane and petrol 40-60 °C. A single
crystal having dimensions approximatél30 x 0.32 x 0.36 mm was mounted on a glass fibre using
perfluoropolyether oil and cooled rapidly to 150iiKa stream of cold Nusing an Oxford Cryosystems
CRYOSTREAM unit. Diffraction data were measuredngsan Enraf-Nonius KappaCCD diffractometer
(graphite-monochromated MgKadiation2 = 0.71073 A). Intensity data were processed uisddENZO-
SMN package.

Examination of the systematic absences of the sitiedata showed the space group td*bé. The structure
was solved in this space group using the direchous program SIR92which located all non-hydrogen
atoms. The H atoms were all located in a differentap, but those attached to carbon atoms were
repositioned geometrically. Subsequent full-maleist-squares refinement was carried out agamssifig
the CRYSTAL program suité.Coordinates and anisotropic thermal parametere wefined for all non-
hydrogen atoms, and the hydrogens were refined mdihg constraints. A modified statistical weigidgi
scheme was applied. Refinement converged satisiigaio give R = 0.0402, wR = 0.0962.

Attached is a thermal ellipsoid plot (CAMERON) &9 probability. A summary of crystallographic d&a
given below, as are full lists of atomic coordirgtanisotropic thermal parameters and those bargtHe
and angles not concerning H atoms.

Comments: A network of hydrogen bondings is theltesf the presence of water in the cell.

Figure 1. Hydrogen bondings

References
(1) Z. Otwinowski, W. MinorMethods Enzymol. 1997, 276, 307.

(2) A. Altomare, G. Cascarano, C. Giacovazzo, Aa@iardi, M. C. Burla, G. Polidori, M. Camall,
Appl. Crystallogr. 1994 27, 435.

3) P. W. Betteridge,J. R. Carruthers, R. |. CopgeProut, D. J. Watkin]. Appl. Crystallogr. 2003
36, 1487.
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Appendix 3: X-ray crystal structures

Crystal identification CCK 0100808
Chemical formula Ci; Hig N1 Oo
Formula weight 214.26
Temperature (K) 150
Wavelength (A) 0.71073
Crystal system Triclinic
Space group P-1
a (A) 6.02820(10)
b (A) 12.9201(2)
c (A) 14.5745(2)
a(®) 90.8275(6)
B(°) 93.8444(6)
° 100.0136(8)
Cell volume (&%) 1114.93(3)
z 4
Calculated density (Mg/nT) 1.276
Absorption coefficient (mm*) 0.086
Fooc 460

Crystal size (mm)
Description of crystal
Absorption correction

Transmission coefficients (min,max)
0 range for data collection (°)
Index ranges

Reflections measured
Unique reflections
Rint
Observed reflections (I > -&(1))
Refinement method
Parameters refined
Weighting scheme
Goodness of fit
R
wR

Residual electron density (min,max) (e&)

0.30 x0.32 x 0.36
Colourless block
multi-scan
0.97,0.97
5.2k 0<27.47

-7<h<7,-1x k<16, -1&1<18

9069
5054
0.022
4175

Full-matrix least-squares on Fsqd

281
Modified Sheldrick
0.9426
0.0402
0.0962
-0.36, 0.22

Table 1: Crystal data and refinement details

Atom X y Z Usquiv
o) 1.28284(15) 0.55713(8) 0.50911(7) 0.0286
C(2) 1.2263(2) 0.46330(11) 0.48284(10) 0.0251
N(3) 1.16359(18) 0.43981(9) 0.39408(8) 0.0259
C4) 1.0834(2) 0.33533(11) 0.35133(10) 0.0259
C(5) 0.8850(2) 0.34263(11) 0.28058(10) 0.0265
o(6) 0.69043(16) 0.36551(8) 0.32115(7) 0.0326
C(7) 0.8220(2) 0.24159(11) 0.22376(9) 0.0264
C(8) 0.6264(2) 0.16953(12) 0.23602(11) 0.0330
C(9) 0.5762(3) 0.07635(13) 0.18389(12) 0.0391

C(10) 0.7203(3) 0.05344(13) 0.12022(11) 0.0398

C(11) 0.9158(3) 0.12393(13) 0.10770(11) 0.0397

C(12) 0.9651(3) 0.21763(12) 0.15858(10) 0.0335

C(13) 1.0244(2) 0.25381(11) 0.42421(10) 0.0299

C(14) 1.2092(2) 0.26820(12) 0.50256(10) 0.0312

C(15) 1.2204(2) 0.37503(11) 0.54946(10) 0.0285

0(16) 0.76081(16) 0.47295(8) 1.06001(7) 0.0329

c@avn) 0.7011(2) 0.39433(11) 1.00696(9) 0.0266
N(18) 0.82908(18) 0.37370(9) 0.94040(8) 0.0261

C(19) 0.7821(2) 0.28221(11) 0.87675(9) 0.0252

C(20) 0.8885(2) 0.31134(11) 0.78546(10) 0.0264
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Appendix 3: X-ray crystal structures

0(21) 0.8005(2) 0.39379(8) 0.74159(7) 0.0391
C(22) 0.8588(2) 0.21489(11) 0.72185(10) 0.0250
C(23) 0.7059(3) 0.20205(12) 0.64550(11) 0.0334
C(24) 0.6772(3) 0.11212(13) 0.58998(11) 0.0390
C(25) 0.8016(3) 0.03365(13) 0.60923(11) 0.0376
C(26) 0.9559(3) 0.04579(12) 0.68491(11) 0.0355
C(27) 0.9837(2) 0.13563(12) 0.74038(10) 0.0308
C(28) 0.5302(2) 0.24105(12) 0.86546(10) 0.0288
C(29) 0.4372(2) 0.22317(12) 0.95934(10) 0.0314
C(30) 0.4775(2) 0.32423(12) 1.01693(10) 0.0315
0(31) 0.4903(3) 0.49317(13) 0.20211(9) 0.0726

Table 2: Atomic coordinates and equivalent isotropic thernal parameters (&) of non-hydrogen atoms

Atom X y z Uicc
H(41) 1.206: 0.316¢ 0.316: 0.030:"
H(51) 0.9411 0.4004 0.2377 0.0311
H(81) 0.524¢ 0.184! 0.280- 0.039:
H(91) 0.4416 0.0287 0.1925 0.0455
H(101) 0.6864 -0.0121 0.0843 0.0477
H(111) 1.016¢ 0.107: 0.065: 0.048¢
H(121) 1.0994 0.2672 0.1487 0.0403
H(131) 0.883( 0.263¢ 0.4409: 0.035¢
H(132) 1.0075 0.1826 0.3954 0.0358
H(141) 1.178: 0.212: 0.548: 0.037¢
H(142) 1.3534 0.2644 0.4772 0.0371
H(151) 1.3516 0.3926 0.5932 0.0342
H(152) 1.084( 0.372¢ 0.583: 0.035:
H(191) 0.8598 0.2260 0.9019 0.0293
H(201) 1.053¢ 0.335¢ 0.802: 0.029¢
H(231) 0.6226 0.2560 0.6319 0.0411
H(241) 0.5719 0.1045 0.5374 0.0477
H(251) 0.779: -0.030( 0.570¢ 0.045:¢
H(261) 1.0429 -0.0087 0.6991 0.0434
H(271) 1.087¢ 0.142¢ 0.792¢ 0.037:
H(281) 0.4556 0.2930 0.8321 0.0354
H(282) 0.5027 0.1742 0.8290 0.0345
H(291) 0.512¢ 0.170: 0.990¢ 0.035¢
H(292) 0.2735 0.1949 0.9527 0.0363
H(301) 0.362¢ 0.366: 0.999: 0.0371
H(302) 0.4693 0.3095 1.0822 0.0386
H(312) 0.560: 0.486¢ 0.154¢ 0.121«
H(211) 0.7107 0.4221 0.7730 0.0609
H(31) 1.1688 0.4933 0.3571 0.0314
H(61) 0.723: 0.396¢ 0.374. 0.050:
H(311) 0.5430 0.4605 0.2448 0.1213
H(181) 0.955: 0.417¢ 0.935¢ 0.031¢

Table 3: Atomic coordinates and isotropic thermal parametes (A% of hydrogen atoms

- 313 -



Appendix 3: X-ray crystal structures

Atom U11 U77 qu U71 U11 U17
o(1) 0.0238(5 0.0277(6 0.0348(6 -0.0023(4 0.0040(4 0.0053(4
C(2) 0.0162(6) 0.0278(8) 0.0321(8) -0.0004(6) 0.0037(5) 0.0058(5)
N(3) 0.0242(6 0.0248(6 0.0288(6 0.0036(5 0.0027(5 0.0043(5
C(4) 0.0244(7) 0.0243(7) 0.0295(7) -0.0015(6) 0.0013(6) 0.0060(6)
C(5) 0.0260(7 0.0265(8 0.0279(7 0.0036(6 0.0027(6 0.0068(6
0(6) 0.0283(5) 0.0386(6) 0.0329(6) -0.0040(5) -0.0007(4) 0.0132(4)
C(7) 0.0267(7) 0.0267(8) 0.0265(7) 0.0050(6) -0.0007(6) 0.0070(6)
C(8) 0.0277(8 0.0338(9 0.0374(8 0.0034(7 0.0028(6 0.0043(6
C(9) 0.0352(8) 0.0318(9) 0.0466(10) 0.0045(7) -0.0037(7) -0.0023(7)
C(10) 0.0535(10  0.0290(9 0.0355(9 -0.0016(7 -0.0058(7 0.0068(7
C(11) 0.0492(10) 0.0397(10) 0.0320(8) -0.0013(7) 0.00y4(7 0.0110(8)
C(12) 0.0335(8 0.0330(9 0.0332(8 0.0023(7 0.0062(6 0.0021(6
C(13) 0.0298(7) 0.0248(8) 0.0351(8) 0.0031(6) -0.0024(6) 0.0060(6)
C(14) 0.0302(8) 0.0293(8) 0.0350(8) 0.0054(6) -0.0012(6) 0.0086(6)
C(15) 0.0243(7 0.0325(8 0.0293(8 0.0028(6 0.0018(6 0.0063(6
0(16) 0.0300(5) 0.0359(6) 0.0310(6) -0.0065(5) 0.0059(4) 0.0000(4)
C(17) 0.0251(7 0.0287(8 0.0258(7 0.0023(6 0.0006(6 0.0047(6
N(18) 0.0208(6) 0.0264(7) 0.0291(6) -0.0028(5) 0.0027(5) -0.0019(5)
C(19) 0.0253(7) 0.0230(7) 0.0270(7) -0.0005(6) -0.0003(6) 0.0041(5)
C(20) 0.0240(7 0.0240(7 0.0312(8 0.0007(6 0.0032(6 0.0036(6
0(21) 0.0553(7) 0.0302(6) 0.0377(6) 0.0090(5) 0.0190(5) .01©5(5)
C(22) 0.0217(7 0.0246(7 0.0286(7 0.0010(6 0.0031(5 0.0028(5
C(23) 0.0328(8) 0.0318(8) 0.0366(8) -0.0010(7) -0.0059(6) 0.0118(6)
C(24) 0.0395(9  0.0399(10  0.0358(9 -0.0060(7 -0.0135(7 0.0088(7
C(25) 0.0438(9) 0.0294(8) 0.0383(9) -0.0082(7) -0.0053(7) 0.0068(7)
C(26) 0.0372(8) 0.0305(8) 0.0406(9) -0.0026(7) -0.0048(7) 0.0139(7)
C(27) 0.0271(7 0.0324(8 0.0323(8 -0.0028(6 -0.0052(6 0.0066(6
C(28) 0.0261(7) 0.0272(8) 0.0310(8) 0.0003(6) 0.0012(6) 0.0610(6)
C(29) 0.0253(7 0.0323(8 0.0344(8 0.0046(6 0.0022(6 -0.0012(6
C(30) 0.0254(7) 0.0362(9) 0.0322(8) 0.0019(7) 0.0054(6) .0007(6)
0(31) 0.0894(11) 0.1114(13) 0.0431(8) 0.0296(8) 0.0287(7) 0.0786(10)
Table 4: Anisotropic thermal parameters (A?)
O(1)-C(2) 1.2481(17 C(17)- N(18) 1.3311(18
C(2) — N(3) 1.3386(18) C(17) - C(30) 1.5045(19)
C(2)-C(15; 1.506(2 N(18)- C(19 1.4680(17
N(3) — C(4) 1.4671(17) N(18) — H(181) 0.871
N(3) — H(31) 0.880 C(19) — C(20) 1.539(2)
C(4)-C(5) 1.5426(19 C(19)- C(28 1.5163(19
C(4) — C(13) 1.522(2) C(20) — 0(21) 1.4128(17)
C(4)- H(41) 0.98¢ C(20)- C(22 1.5202(19
C(5) — O(6) 1.4218(17) 0O(21) — H(211) 0.857
C(5)- C(7) 1.513(2 C(22)- C(23 1.386(2
O(6) — H(61) 0.866 C(22) — C(27) 1.392(2)
C(7) — C(8) 1.393(2) C(23) — C(24) 1.385(2)
C(7)-C(12 1.391(2 C(24)- C(25, 1.383(2
C(8) — C(9) 1.391(2) C(25) — C(26) 1.383(2)
C(9)-C(10; 1.376(2 C(26)- C(27; 1.384(2
C(10) - C(11) 1.383(2) C(28) — C(29) 1.519(2)
C(11) — Cc(12) 1.387(2) C(29) — C(30) 1.516(2)
C(13)- C(14, 1.5265(19 O(31)- H(312 0.84¢
C(14) — C(15) 1.520(2) 0(2) — H(311) 0.833
0(16)-C(17 1.2538(17

Table 5: Bond lengths (A)Note — C-H atoms have been excluded-



Appendix 3: X-ray crystal structures

O(1)- C(2)- N(3)
O(1) - C(2) - C(15)
N(3) - C(2) - C(15)
C(2)- N(3) - C(4)
N(3) - C(4) - C(5)
N(3) - C(4)- C(13,
C(5) - C(4) - C(13)
C(4) - C(5) - O(6)
C(4)- C(5)- C(7)
0(6) - C(5) - C(7)
C(5)-C(7)- C(8)
C(5) - C(7) - C(12)
C(8)- C(7)-C(12)
C(7) - C(8) - C(9)
C(8) - C(9) - C(10)

C(9)- C(10)- C(11;

C(10) - C(11) - C(12)

C(7)- C(12)- C(11)
C(4) - C(13) - C(14)

C(13) - C(14) - C(15)

C(14)- C(15)- C(2)

119.82(13
121.44(12)
118.72(12)
127.61(12
108.49(11)
110.73(11
113.58(11)
113.42(11)
110.27(11
109.35(11)
122.02(13
119.64(13)
118.32(14
120.48(14)
120.49(15)
119.67(15
120.06(15)
120.97(14
110.11(12)
109.17(12)
113.21(12

O(16)- C(17)- N(18)
0(16) - C(17) - C(30
N(18) - C(17) - C(30)
C(17)- N(18)- C(19)
N(18) - C(19) - C(20)

N(18) - C(19)- C(28

C(20) - C(19) - C(28)
C(19) - C(20) — O(21)

C(19)- C(20)- C(22)

0(21) - C(20) - C(22)

C(20)- C(22)- C(23)

C(20) - C(22) - C[27

C(23)- C(22)- C(27

C(22) - C(23) - C(24)
C(23) - C(24) - C(25)

C(24)- C(25)- C(26)

C(25) - C(26) - C(27)

C(22)- C(27)- C(26)

C(19) - C(28) - C(29)
C(28) - C(29) 30)

C(29)- C(30)- C(17)

121.09(12
119.33(12)
119.55(12)
126.10(11
109.53(11)
110.11(11
113.61(11)
112.48(11)
110.13(11
110.70(11)
121.67(13
120.16(12)
118.16(13
120.62(14)
120.74(14)
119.22(14
119.89(14)
121.36(13
109.78(12)
111.23(12)
114.95(12

Table 6: Bond angles (° C)Note — H atoms have been excluded
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Appendix 3: X-ray crystal structures

Single-crystal X-ray diffraction report for compound 175 (Datablock: 0120808)

Crystal of175were grown and run by Callens Cédric from dichloetimane and petrol 40-60 °C. A single
crystal having dimensions approximatédyl8 x 0.20 x 0.44 mm was mounted on a glass fibre using
perfluoropolyether oil and cooled rapidly to 150iiKa stream of cold Nusing an Oxford Cryosystems
CRYOSTREAM unit. Diffraction data were measuredngsan Enraf-Nonius KappaCCD diffractometer
(graphite-monochromated MgKadiation, = 0.71073 A). Intensity data were processed usiaddENZO-
SMN packagé.

Examination of the systematic absences of the sitiedata showed the space group taPbk 21/c 1. The
structure was solved in this space group usingdttect-methods program SIR92yhich located all non-
hydrogen atoms. The H atoms were all located iiffardnce map, but those attached to carbon atoens w
repositioned geometrically. Subsequent full-maleist-squares refinement was carried out agamssifig
the CRYSTAL program suité.Coordinates and anisotropic thermal parametere wefined for all non-
hydrogen atoms, and the hydrogens were refined mdihg constraints. A modified statistical weigidi
scheme was applied. Refinement converged satisiigdio give R = 0.0377, wR = 0.0838.

Attached is a thermal ellipsoid plot (CAMERON) &% probability. A summary of crystallographic déa
given below, as are full lists of atomic coordirgtanisotropic thermal parameters and those bargtHe
and angles not concerning H atoms.

References
(1) Z. Otwinowski, W. MinorMethods Enzymol. 1997, 276, 307.

(2) A. Altomare, G. Cascarano, C. Giacovazzo, Aa@iardi, M. C. Burla, G. Polidori, M. Camall,
Appl. Crystallogr. 1994 27, 435.

3) P. W. Betteridge,J. R. Carruthers, R. |. CopgeProut, D. J. Watkin]. Appl. Crystallogr. 2003
36, 1487.
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Appendix 3: X-ray crystal structures

Crystal identification CCK 0120808
Chemical formula Cs Hi1 N1 Oy
Formula weight 129.16
Temperature (K) 150
Wavelength (A) 0.71073
Crystal system Monoclinic
Space group P121/cl
a(R) 8.6393(2)
b (A) 5.2004(1)
c(R) 14.3361(4)
a(’) 90
B 90.8101(12)
y (° 90
Cell volume (&%) 644.03(3)
z 4
Calculated density (Mg/nt) 1.332
Absorption coefficient (mm*) 0.100
Fooc 280

Crystal size (mm)
Description of crystal
Absorption correction

Transmission coefficients (min,max)
0 range for data collection (°)
Index ranges
Reflections measured
Unique reflections
Rint
Observed reflections (1 > -&(1))
Refinement method
Parameters refined
Weighting scheme
Goodness of fit
R
wR
Residual electron density (min,max) (eR)

0.18 x 0.20 x 0.44
Colourless plate
Semi-empirical from equivalent reflections
0.90, 0.98
5.4<6<27.4
-11 <h<11,&kk<6,0<1<18
7135
2766
0.026
1454
Full-matrix least-squares dfsqd
82
Modified Sheldrick
0.9792
0.0377
0.0838
-0.29, 0.30

Table 1: Crystal data and refinement details

Atom X \ 4 Ueﬁui\/
o) 0.69442(1C 1.12126(17 0.41937(6 0.026:
C(2) 0.73340(1% 0.9976(2 0.48970(8 0.018¢
N(3) 0.69518(11) 1.05329(18) 0.57752(6) 0.0193
C(4) 0.75167(12 0.8722(2 0.64879(8 0.018:
C(5) 0.61957(13) 0.7038(2) 0.68398(8) 0.0214
0(6) 0.54925(9) 0.55345(16) 0.61212(6) 0.0240
C(7) 0.82295(1¢ 1.0137(2 0.73165(8 0.025:
C(8) 0.87147(13) 0.7131(2) 0.59359(8) 0.0205
C(9) 0.83279(14 0.7585(2 0.49036(8 0.022:

Table 2: Atomic coordinates and equivalent isotropic thernal parameters (&) of non-hydrogen

atoms
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Appendix 3: X-ray crystal structures

Atom X \ z Uisc
H(51) 0.662¢ 0.582¢ 0.731¢ 0.025'
H(52) 0.540¢ 0.815¢ 0.714¢ 0.025¢
H(72) 0.8615 0.8893 0.7783 0.0370
H(71) 0.9094 1.1205 0.7115 0.0366
H(73) 0.745¢ 1.124¢ 0.761« 0.037(
H(82) 0.9748 0.7770 0.6088 0.0221
H(81) 0.864¢ 0.529¢ 0.609¢ 0.023¢
H(92) 0.9258 0.7869 0.4525 0.0266
H(91) 0.772: 0.6187 0.464( 0.027:
H(31) 0.6381 1.1818 0.5907 0.0239
H(61) 0.4735 0.6361 0.5889 0.0386

Table 3: Atomic coordinates and isotropic thermal parametes (A?) of hydrogen atoms

Atom U11 U77 qu U71 U11 U17
0(1) 0.0288(5 0.0282(5 0.0214(4 0.0053(4 0.0013(3 0.0041(4
C(2) 0.0178(5 0.0185(6 0.0204(6 0.0007(5 0.0004(4 0.0026(4
N(3) 0.0226(5) 0.0147(5) 0.0205(5) 0.0007(4) 0.0004(4) .0080(4)
C(4) 0.0204(6) 0.0151(5) 0.0187(5) 0.0009(4) 0.0007(4) .0022(4)
C(5) 0.0218(6 0.0203(6 0.0221(6 0.0003(5 0.0026(4 0.0009(5
0O(6) 0.0212(4) 0.0176(4) 0.0331(5) 0.0028(3) 0.0022(3) .0003(3)
C(7) 0.0286(6 0.0237(6 0.0229(6 0.0013(5 0.0033(5 0.0003(5
C(8) 0.0194(6) 0.0177(6) 0.0245(6) 0.0026(5) 0.0014(4) .0023(5)
C(9) 0.0234(6) 0.0206(6) 0.0225(6) 0.0013(5) 0.0026(5) .0005(5)
Table 4: Anisotropic thermal parameters (A2

0(1)-C(2) 1.2386(13 C(4)-C(5) 1.5298(16

C(2) - N(3) 1.3377(14) C(4) - C(7) 1.5203(15)

C(2)-C(9) 1.5111(16 C(4)-C(8) 1.5506(15

N(3) — C(4) 1.4681(14) C(5) — C(6) 1.4226(14)

N(3) — H(31) 0.85:¢ C(8)-C(9) 1.5308(15

Table 5: Bond lengths (A)Note C—H atoms have been excluded

O(1)- C(2)- N(3) 125.86(11 N(3) - C(4)- C(8) 101.81(8

O(1) - C(2) - C(9) 125.47(10) C(5) - C(4) - C(8) 1189(9)

N(3)- C(2)- C(9) 108.67(9 C(7)-C(4)-C(8) 113.02(9

C(2) - N(3) - C(4) 115.59(9) C(4) - C(5) - O(6) 182(9)

N(3) - C(4) - C(5) 110.77(9) C(4)-C(8)-C(9) 105.85(9)

N(3)- C(4)- C(7) 111.11(9 C(8)- C(9)- C(2) 104.42(9

C(5) - C(4) - C(7) 108.37(9)

Table 6: Bond angles (° G Note — H atoms have been excluded
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Appendix 3: X-ray crystal structures

Single-crystal X-ray diffraction report for compound 177 (Datablock: 0110808)

Crystal of 177 were grown and run by Callens Cédric from dichloetimane and petrol 40-60 °C. A single
crystal having dimensions approximatédyl6é x 0.50 x 0.50 mm was mounted on a glass fibre using
perfluoropolyether oil and cooled rapidly to 150iiKa stream of cold Nusing an Oxford Cryosystems
CRYOSTREAM unit. Diffraction data were measuredngsan Enraf-Nonius KappaCCD diffractometer
(graphite-monochromated MgKadiation,z = 0.71073 A). Intensity data were processed usiaddENZO-
SMN packagé.

Examination of the systematic absences of the sitterdata showed the space group tobe3. The
structure was solved in this space group usingditect-methods program SIR$2which located all non-
hydrogen atoms. The H atoms were all located iiffardnce map, but those attached to carbon atoens w
repositioned geometrically. Subsequent full-maleist-squares refinement was carried out agamssifig
the CRYSTAL program suité.Coordinates and anisotropic thermal parametere wefined for all non-
hydrogen atoms, and the hydrogens were refined mdihg constraints. A modified statistical weigidi
scheme was applied. Refinement converged satisiigaio give R = 0.0427, wR = 0.1033.

Attached is a thermal ellipsoid plot (CAMERON) &9 probability. A summary of crystallographic d&a
given below, as are full lists of atomic coordirsgatanisotropic thermal parameters and those bargiHe
and angles not concerning H atoms.

References
(1) Z. Otwinowski, W. MinorMethods Enzymol. 1997, 276, 307.

(2) A. Altomare, G. Cascarano, C. Giacovazzo, Aa@iardi, M. C. Burla, G. Polidori, M. Camall,
Appl. Crystallogr. 1994 27, 435.

3) P. W. Betteridge,J. R. Carruthers, R. |. CopgeProut, D. J. Watkin]. Appl. Crystallogr. 2003
36, 1487.
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Appendix 3: X-ray crystal structures

Crystal identification CCK 0110808
Chemical formula CizHiz N1 Oy
Formula weight 205.26
Temperature (K) 150
Wavelength (A) 0.71073
Crystal system Trigonal
Space group R -3
a(h) 22.3219(4)
b (A) 22.3219(4)
c(A) 12.1112(3)
a(®) 90
B() 90
° 120
Cell volume (&) 5226.13(19)
z 18
Calculated density (Mg/n) 1.174
Absorption coefficient (mm*) 0.080
Fooc 1980

Crystal size (mm)
Description of crystal
Absorption correction

Transmission coefficients (min,max)
0 range for data collection (°)
Index ranges

Reflections measured

Unique reflections

Rint

Observed reflections (1 > -&(1))
Refinement method
Parameters refined
Weighting scheme
Goodness of fit
R
wR

0.16 x 0.50 x 0.50
Colourless plate
multi-scan
0.88, 0.99
5<0<27

-28<h<28,-2& k<28, -1x1<15

13172
138
0
2635

Full-matrix least-squares dfsqd

136
Modified Sheldrick
0.9526
0.0427
0.1033
-0.25, 0.36

Residual electron density (min,max) (eR)

Table 1: Crystal data and refinement details

Atom X \ 4 Ueﬁui\/
o) 0.41696(5 0.45366(5 0.32851(8 0.039¢
C(2) 0.49033(7 0.49171(7 0.32982(11 0.031¢
c(3) 0.52205(6) 0.45427(6) 0.27074(10) 0.0288
C4) 0.48581(7 0.40605(6 0.18850(11 0.031:
C(5) 0.51647(8) 0.37481(7) 0.13045(12) 0.0391
C(6) 0.58369(9) 0.39098(8) 0.15388(14) 0.0454
C(7) 0.61976(8 0.43781(8 0.23680(14 0.045(
C(8) 0.58930(7) 0.46913(7) 0.29558(12) 0.0367
C(9) 0.51189(7 0.56359(7 0.27916(11 0.031¢
N(10) 0.58752(6) 0.60697(5) 0.28568(9) 0.0303
C(11) 0.62092(6) 0.61501(6) 0.19111(10) 0.0263
0(12) 0.68482(5 0.64689(5 0.17922(7 0.030¢
C(13) 0.56881(6) 0.57924(7) 0.10007(10) 0.0300
C(14) 0.49937(7 0.56085(7 0.15329(11 0.032¢
C(15) 0.47792(9) 0.59801(8) 0.34210(15) 0.0500

of non-hydrogen atoms
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Appendix 3: X-ray crystal structures

Atom X \ z Uisc
H(21) 0.507: 0.500: 0.407¢ 0.033¢
H(41) 0.4406 0.3951 0.1742 0.0347
H(51) 0.491¢ 0.341¢ 0.074: 0.045:¢
H(61) 0.6041 0.3691 0.1137 0.0565
H(71) 0.665¢ 0.448: 0.255¢ 0.054¢
H(81) 0.6145 0.5021 0.3533 0.0417
H(131) 0.5800 0.6099 0.0380 0.0347
H(132) 0.570¢ 0.537¢ 0.078¢ 0.034¢
H(142) 0.4871 0.5961 0.1344 0.0403
H(141) 0.461° 0.515¢ 0.128t¢ 0.040:
H(153) 0.4975 0.6458 0.3175 0.0720
H(152) 0.484! 0.596: 0.421: 0.073¢
H(151) 0.4271 0.5728 0.3259 0.0713
H(11) 0.4051 0.4195 0.3723 0.0558
H(101) 0.608¢ 0.622¢ 0.349¢ 0.034¢

Table 3: Atomic coordinates and isotropic thermal parametes (A?) of hydrogen atoms

Atom U11 U77 qu U71 U11 U17
o(1) 0.0315(5 0.0376(5 0.0414(6 0.0114(4 0.0100(4 0.0112(4
C(2) 0.0320(6) 0.0318(7) 0.0231(6) 0.0024(5) 0.0028(5) .0096(5)
C(3) 0.0293(6) 0.0250(6) 0.0242(6) 0.0066(5) -0.0004(5) 0.0077(5)
C(4) 0.0288(6 0.0272(6 0.0300(7 0.0029(5 -0.0037(5 0.0085(5
C(5) 0.0459(8) 0.0293(7) 0.0370(7) -0.0006(6) -0.0024(6) 0.0151(6)
C(6) 0.0503(9 0.0410(8 0.0507(9 0.0054(7 0.0059(7 0.0271(7
C(7) 0.0348(7) 0.0439(8) 0.0562(10) 0.0102(7) -0.0031(7) 0.0197(7)
C(8) 0.0343(7) 0.0316(7) 0.0351(7) 0.0034(6) -0.0097(6) 0.0095(6)
C(9) 0.0311(7 0.0285(6 0.0298(7 -0.0003(5 0.0054(5 0.0103(5
N(10) 0.0324(6) 0.0271(5) 0.0226(5) -0.0033(4) 0.0017(4) 0.0083(4)
C(11) 0.0318(6 0.0208(5 0.0242(6 0.0015(4 0.0009(5 0.0115(5
0(12) 0.0289(5) 0.0316(5) 0.0276(5) 0.0037(4) 0.0002(4) .0109(4)
C(13) 0.0316(6 0.0312(6 0.0219(6 0.0031(5 -0.0003(5 0.0116(5
C(14) 0.0304(6) 0.0316(6) 0.0334(7) 0.0047(5) -0.0006(5) 0.0131(5)
C(15) 0.0508(9) 0.0403(8) 0.0572(10) -0.0011(7) 0.0191(8) 0.0216(7)
Table 4: Anisotropic thermal parameters (A?)

O(1)-C(2) 1.4187(16 C(7)-C(8) 1.390(2

O(1) - H(11) 0.855 C(9) — N(10) 1.4694(17)

C(2)-C(3) 1.5179(19 C(9)-C(14 1.5456(19

C(2) - C(9) 1.5524(18) C(9) — C(15) 1.5259(19)

C(3)-C(4) 1.3907(18) N(10) — C(11) 1.3290(16)

C(3)-C(8) 1.3987(19 N(10)-H(101 0.88¢

C(4) — C(5) 1.388(2) (11) - 0(12) 1.2437(15)

C(5)- C(6) 1.386(2 C(11)- C(13 1.5092(17

C(6) — C(7) 1.381(2) C(13) — C(14) 1.5330(18)

Table 5: Bond lengths (A)Note C—H atoms have been excluded
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Appendix 3: X-ray crystal structures

O(1)- C(2)- C(3) 112.44(10 C(2)- C(9)- N(10) 108.67(11
O(1) - C(2) - C(9) 106.43(11) C(2) - C(9) - C(14) 13111(11)
C@3) - C(2) - C(9) 113.20(10) N(10) - C(9) - C(14) 101.80(10)
C(2)- C(3)- C(4) 120.86(12 C(2)- C(9)- C(15) 110.34(11
C(2) - C(3) - C(8) 120.59(12) C(14) - C(9) - C(15) 112.77(12)
C(4)- C(3)- C(8) 118.53(13 C(9)- N(10)- C(11 115.14(10
C@3) - C(4) - C(5) 120.64(13) N(10) - C(11) - O(12) 125.63(11)
C(4) - C(5) - C(6) 120.46(14) N(10) - C(11) - C(13) 109.04(10)
C(5)- C(6)- C(7) 119.44(15 0(12)- C(11)- C(13 125.33(11
C(6) - C(7) - C(8) 120.42(14) C(11) - C(13) - C(14) 104.07(10)
C(3)- C(8)- C(7) 120.48(13 C(14)- C(9)- C(15 105.40(10

Table 6: Bond angles (° C)Note — H atoms have been excluded
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Appendix 3: X-ray crystal structures

Single-crystal X-ray diffraction report for compound 179 (Datablock: 0060808)

Crystal of 179 were grown and run by Callens Cédric from dichloetimane and petrol 40-60 °C. A single
crystal having dimensions approximatédyl2 x 0.16 x 0.24 mm was mounted on a glass fibre using
perfluoropolyether oil and cooled rapidly to 150iiKa stream of cold Nusing an Oxford Cryosystems
CRYOSTREAM unit. Diffraction data were measuredngsan Enraf-Nonius KappaCCD diffractometer
(graphite-monochromated MgKadiation = 0.71073 A). Intensity data were processed uisddENZO-
SMN packagé.

Examination of the systematic absences of the sittedata showed the space group totbg 2/c 1. The
structure was solved in this space group usingditect-methods program SIR$2which located all non-
hydrogen atoms. The H atoms were all located iiffardnce map, but those attached to carbon atoens w
repositioned geometrically. Subsequent full-maleist-squares refinement was carried out agamssifig
the CRYSTAL program suité.Coordinates and anisotropic thermal parameter® wefined for all non-
hydrogen atoms, and the hydrogens were refined mdihg constraints. A modified statistical weigidi
scheme was applied. Refinement converged satisiigaio give R = 0.0364, wR = 0.0813.

Attached is a thermal ellipsoid plot (CAMERON) &9 probability. A summary of crystallographic d&a
given below, as are full lists of atomic coordirsatanisotropic thermal parameters and those bargiHe
and angles not concerning H atoms.

References
(1) Z. Otwinowski, W. MinorMethods Enzymol. 1997, 276, 307.

(2) A. Altomare, G. Cascarano, C. Giacovazzo, Aa@iardi, M. C. Burla, G. Polidori, M. Camall,
Appl. Crystallogr. 1994 27, 435.

3) P. W. Betteridge,J. R. Carruthers, R. |. CopgeProut, D. J. Watkin]. Appl. Crystallogr. 2003
36, 1487.
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Appendix 3: X-ray crystal structures

Crystal identification CCK 060808
Chemical formula Cg His N1 Oy
Formula weight 169.22
Temperature (K) 150
Wavelength (A) 0.71073
Crystal system Monoclinic
Space group Cl2lc1
a(A) 18.3496(3)
b (A) 9.3578(2)
c(A) 11.8645(2)
a () 90
B (°) 120.0222(9)
° 90
Cell volume (&) 1763.94(6)
z 8
Calculated density (Mg/n) 1.274
Absorption coefficient (mm*) 0.090
Fooc 736

Crystal size (mm)
Description of crystal
Absorption correction

Transmission coefficients (min,max)
0 range for data collection (°)
Index ranges

Reflections measured

Unique reflections

Rint

Observed reflections (1 > -&(1))
Refinement method
Parameters refined
Weighting scheme
Goodness of fit
R
wR

0.12 x0.16 x 0.24
Colourless block
multi-scan
0.95, 0.99
51X 0<27.48
-23<h<23,-12k<11,-1x1<15
10482
2009
0.029
1658
Full-matrix least-squares on Fsqd
109
Modified Sheldrick
0.9426
0.0364
0.0962
-0.36, 0.28

Residual electron density (min,max) (eR)

Table 1: Crystal data and refinement details

Atom X % z Ueauiy
0(1) 0.43989(5 0.09153(9 0.56719(8 0.026¢
C(2) 0.39416(7 0.20871(12 0.48314(1C 0.021(
C(3) 0.30328(7) 0.15978(12) 0.38818(11) 0.0234
C4) 0.25698(7 0.24861(13 0.26332(11 0.026¢
C(5) 0.31401(7) 0.27903(12) 0.20524(11) 0.0254
C(6) 0.35452(7) 0.13824(12) 0.20190(11) 0.0238
o(7) 0.32494(5 0.04929(1C 0.11262(8 0.033:
N(8) 0.42639(6) 0.12528(10) 0.31590(9) 0.0217
C(9) 0.43956(7 0.24429(12 0.40556(1C 0.021:

C(10) 0.39080(8) 0.36213(12) 0.30564(11) 0.0264

C(11) 0.53317(7) 0.27251(14) 0.49215(12) 0.0302

C(12) 0.39499(8 0.33375(14 0.56709(12 0.030¢

Table 2: Atomic coordinates and equivalent isotropic thernal parameters (&) of non-hydrogen atoms
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Atom X y Z Usc

H(31) 0.2716 0.1605 0.4342 0.0289
H(32) 0.3072 0.0590 0.3647 0.0280
H(41) 0.2388 0.3399 0.2823 0.0305
H(42) 0.2059 0.1953 0.2001 0.0309
H(51) 0.2827 0.3223 0.1186 0.0285
H(101) 0.4256 0.3977 0.2692 0.0320
H(102) 0.3757 0.4434 0.3437 0.0315
H(113) 0.5581 0.2900 0.4376 0.0449
H(112) 0.5423 0.3565 0.5462 0.0453
H(111) 0.5619 0.1902 0.5480 0.0439
H(123) 0.3563 0.4099 0.5144 0.0456
H(122) 0.4515 0.3755 0.6177 0.0462
H(121) 0.3775 0.2985 0.6277 0.0450
H(81) 0.4572 0.0495 0.3396 0.0281
H(11) 0.4069 0.0502 0.5875 0.0423

Table 3: Atomic coordinates and isotropic thermal parametes (A?) of hydrogen atom

Atom U11 U77 qu U71 U11 U17
o(1) 0.0218(4 0.0306(5 0.0272(4 0.0110(3 0.0115(4 0.0065(3
C(2) 0.0191(5) 0.0214(5) 0.0198(5) 0.0027(4) 0.0078(4) .0085(4)
C(3) 0.0178(5 0.0249(6 0.0261(6 0.0015(5 0.0100(5 0.0012(4
C(4) 0.0192(5) 0.0285(6) 0.0259(6) 0.0010(5) 0.0061(5) .0066(5)
C(5) 0.0270(6 0.0234(6 0.0202(5 0.0033(4 0.0077(5 0.0065(5
C(6) 0.0233(6) 0.0253(6) 0.0214(5) -0.0003(5) 0.0103(5) 0.0018(4)
o(7) 0.0319(5 0.0356(5 0.0257(4 -0.0095(4 0.0099(4 0.0023(4
N(8) 0.0201(5) 0.0213(5) 0.0221(5) -0.0006(4) 0.0093(4) 0.0035(4)
C(9) 0.0204(5) 0.0196(5) 0.0218(5) -0.0019(4) 0.0091(5) -0.0018(4)
C(10) 0.0321(6 0.0196(6 0.0263(6 0.0015(5 0.0137(5 -0.0003(5
C(11) 0.0214(6) 0.0344(7) 0.0313(6) -0.0044(5) 0.0106(5) -0.0074(5)
C(12) 0.0313(6 0.0342(7 0.0260(6 -0.0059(5 0.0134(5 0.0013(5
0(1) 0.0218(4) 0.0306(5) 0.0272(4) 0.0110(3) 0.0115(4) .0065(3)
C(2) 0.0191(5) 0.0214(5) 0.0198(5) 0.0027(4) 0.0078(4) .0085(4)
C(3) 0.0178(5 0.0249(6 0.0261(6 0.0015(5 0.0100(5 0.0012(4
C4) 0.0192(5) 0.0285(6) 0.0259(6) 0.0010(5) 0.0061(5) .0066(5)
C(5) 0.0270(6 0.0234(6 0.0202(5 0.0033(4 0.0077(5 0.0065(5
C(6) 0.0233(6) 0.0253(6) 0.0214(5) -0.0003(5) 0.0103(5) 0.0018(4)
o(7) 0.0319(5 0.0356(5 0.0257(4 -0.0095(4 0.0099(4 0.0023(4
N(8) 0.0201(5) 0.0213(5) 0.0221(5) -0.0006(4) 0.0093(4) 0.0035(4)
C(9) 0.0204(5) 0.0196(5) 0.0218(5) -0.0019(4) 0.0091(5) -0.0018(4)
C(10) 0.0321(6 0.0196(6 0.0263(6 0.0015(5 0.0137(5 -0.0003(5
C(11) 0.0214(6) 0.0344(7) 0.0313(6) -0.0044(5) 0.0106(5) -0.0074(5)
C(12) 0.0313(6 0.0342(7 0.0260(6 -0.0059(5 0.0134(5 0.0013(5
Table 4: Anisotropic thermal parameters (A?)

O(1)-C(2) 1.4365(13 C(5)-C(10 1.3311(18

O(1) - H(11) 0.848 C(6) — O(7) 1.5045(19)

C(2)-C(3) 1.5427(15 C(6)— N(8) 1.4680(17

C(2) - C(9) 1.5555(15) N(8) — C(9) 0.871

C(2)-C(12; 1.5318(16 N(8) — H(81) 1.539(2

C(3) - C(4) 1.5323(16) C(9) — C(10) 1.5163(19)

C(4) — C(5) 1.5403(17) C(9) -C(11) 1.4128(17)

C(5)- C(6) 1.5230(16
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0(1)- C(2)- C(3)
O(1) - C(2) - C(9)
C(3) - C(2) - C(9)
O(1)- C(2)- C(12;
C(3)-C(2) - C(12)
C(9)- C(2)-C(12)
C(2) - C(3) - C(4)
C(3) - C(4) - O(5)
C(4)- C(5)- C(6)
C(4) - C(5) - C(10)
C(6)- C(5)- C(10)

108.84(9
105.93(8)
109.55(9)
108.63(9
110.92(9)
112.78(9
114.77(9)
111.14(9)
107.55(9
108.28(9)
100.90(9

C(5)- C(6)- O(7)
C(5) - C(6) - N(8)
O(7) - C(6) - N(8)
C(6)- N(8) - C(9)
C(2) - C(9) - N(8)
C(2)- C(9)- C(10'
N(8) - C(9) - C(10)
C(2) - C(9) — C(11)
N(8) - C(9)- C(11)
C(10) - C(9) - C(11)
C(9)- C(10)- C(5)

126.36(10
188(9)
126.21(11)
112.52(9
108.81(9)
109.43(9
99.41(8)
3132(9)
109.93(9
114.95(10)
100.97(9

Table 6: Bond angles (° C)Note — H atoms have been excluded
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Single-crystal X-ray diffraction report for compound 180 (Datablock: 0191208)

Crystal of 180 were grown and run by Callens Cédric from dichloetimane and petrol 40-60 °C. A single
crystal having dimensions approximatédy48 x 0.48 x 0.48 mm was mounted on a glass fibre using
perfluoropolyether oil and cooled rapidly to 150iiKa stream of cold Nusing an Oxford Cryosystems
CRYOSTREAM unit. Diffraction data were measuredngsan Enraf-Nonius KappaCCD diffractometer
(graphite-monochromated MgKadiation2 = 0.71073 A). Intensity data were processed uisddENZO-
SMN packagé.

Examination of the systematic absences of the sitiedata showed the space group td°bé. The structure
was solved in this space group using the direchous program SIR92which located all non-hydrogen
atoms. The H atoms were all located in a differentap, but those attached to carbon atoms were
repositioned geometrically. Subsequent full-maleist-squares refinement was carried out agamssifig
the CRYSTAL program suité.Coordinates and anisotropic thermal parametere wefined for all non-
hydrogen atoms, and the hydrogens were refined mdihg constraints. A modified statistical weigtdgi
scheme was applied. Refinement converged satisiigaio give R = 0.0928, wR = 0.2122.

Attached is a thermal ellipsoid plot (CAMERON) &9 probability. A summary of crystallographic d&a
given below, as are full lists of atomic coordirsatanisotropic thermal parameters and those bargiHe
and angles not concerning H atoms.

References
(1) Z. Otwinowski, W. MinorMethods Enzymol. 1997, 276, 307.

(2) A. Altomare, G. Cascarano, C. Giacovazzo, Aa@iardi, M. C. Burla, G. Polidori, M. Camall,
Appl. Crystallogr. 1994 27, 435.

3) P. W. Betteridge,J. R. Carruthers, R. |. CopgeProut, D. J. Watkin]. Appl. Crystallogr. 2003
36, 1487.
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Crystal identification CCK 0191208
Chemical formula CoH 15N, O,
Formula weight 169.22

Temperature (K) 150
Wavelength (A) 0.71073
Crystal system Triclinic

Space group P-1

a(A)
b (A)
c(R)
a(®)
B()

Cell volume (&%)
z
Calculated density (Mg/nT)
Absorption coefficient (mm*)
I:OOC
Crystal size (mm)
Description of crystal
Absorption correction
Transmission coefficients (min,max)
0 range for data collection (°)

7.51050(10)
10.56470(10)
12.0602(2)
114.0433(6)
90.0214(6)
89.9751(7)
873.91(2)

4
1.286
0.090
368
0.48 x 0.48 x 0.48
Colourless block
multi-scan
0.96, 0.99
5.11<6<27.51

Index ranges -9<h<9,-1xX k<13, -15<1<15

Reflections measured
Unique reflections
Rint
Observed reflections (I > -2(1))
Refinement method
Parameters refined
Weighting scheme
Goodness of fit
R
wWR
Residual electron density (min,max) (eR)

7233
3955
0
3752

Full-matrix least-squares dfsqd

218
Modified Sheldrick
1.0483
0.0928
0.2122
-0.38, 1.12

Table 1: Crystal data and refinement details

Atom X % z Ueauiy
0(1) 0.2855(3 0.5961(2 1.06207(17 0.034¢
C(2) 0.2775(3 0.5860(3 0.9565(2 0.025¢
N(3) 0.3956(3) 0.5207(2) 0.87025(19) 0.0245
C4) 0.3643(3 0.5298(3 0.7529(2 0.024:
C(5) 0.5029(4) 0.6235(3) 0.7310(2) 0.0279
0O(6) 0.4783(3) 0.7595(2) 0.8211(2) 0.0444
C(7) 0.6895(3 0.5627(3 0.7228(3 0.029¢
C(8) 0.7004(4) 0.4178(3) 0.6205(3) 0.0330
C(9) 0.5578(4 0.3236(3 0.6341(3 0.032¢

C(10) 0.3730(4) 0.3876(3) 0.6476(2) 0.0298

C(11) 0.1724(4) 0.5875(4) 0.7698(3) 0.0380

C(12) 0.1358(4 0.6474(4 0.9040(3 0.038(

0(13) 0.7854(3) 0.9038(2) 0.93771(17) 0.0352

C(14) 0.7774(3 0.9139(3 1.0435(2 0.025¢
N(15) 0.8953(3) 0.9796(2) 1.12995(19) 0.0244
C(16) 0.8641(3 0.9702(3 1.2467(2 0.024¢
C(17) 1.0027(4) 0.8764(3) 1.2687(2) 0.0272

0(18) 0.9784(3) 0.7407(2) 1.1791(2) 0.0437
C(19) 1.1893(3 0.9368(3 1.2771(3 0.029:
C(20) 1.2004(4) 1.0819(3) 1.3795(3) 0.0325
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C(21) 1.0574(4) 1.1767(3) 1.3658(3) 0.0327
C(22) 0.8730(4 1.1125(3 1.3523(2 0.030:

C(23) 0.6723(4) 0.9120(4) 1.2297(3) 0.0377
C(24) 0.6354(4) 0.8525(4) 1.0957(3) 0.0380

Table 2: Atomic coordinates and equivalent isotropic thernal parameters (&) of non-hydrogen

atoms

Atom X \ z Uisc
H(51) 0.476¢ 0.624 0.651¢ 0.033¢
H(72) 0.7177 0.5597 0.8006 0.0365
H(71) 0.7728 0.6208 0.7036 0.0363
H(81) 0.817: 0.377: 0.619- 0.039:
H(82) 0.6863 0.4230 0.5418 0.0391
H(91) 0.586¢ 0.310: 0.707¢ 0.038¢
H(92) 0.5632 0.2333 0.5632 0.0381
H(101) 0.2632 0.3321 0.6592 0.0351
H(102) 0.346¢ 0.401: 0.574« 0.036(
H(111) 0.1619 0.6560 0.7376 0.0493
H(112) 0.087¢ 0.511( 0.728: 0.049:
H(122) 0.1475 0.7485 0.9364 0.0470
H(121) 0.018° 0.624( 0.922¢ 0.046¢
H(171) 0.9768 0.8768 1.3488 0.0339
H(191) 1.2727 0.8773 1.2942 0.0363
H(192) 1.215¢ 0.939¢ 1.199( 0.036:
H(202) 1.3164 1.1221 1.3789 0.0387
H(201) 1.1871 1.076¢ 1.458¢ 0.038(
H(211) 1.0618 1.2666 1.4354 0.0381
H(212) 1.0858 1.1905 1.2942 0.0383
H(222) 0.847( 1.098: 1.425: 0.036¢
H(221) 0.7637 1.1678 1.3396 0.0358
H(231) 0.589¢ 0.990¢ 1.271¢ 0.048:
H(232) 0.6618 0.8433 1.2617 0.0484
H(241) 0.518c¢ 0.874( 1.076¢ 0.046:
H(242) 0.6467 0.7523 1.0627 0.0469
H(31) 0.4859 0.4793 0.8837 0.0312
H(151) 0.985¢ 1.021¢ 1.117¢ 0.031:
H(61) 0.5758 0.7943 0.8581 0.0617
H(181) 1.067" 0.697¢ 1.192: 0.062¢

Table 3: Atomic coordinates and isotropic thermal parametes (A% of hydrogen atoms

Atom U4 U,s Uazq U= Uqa Uqo
0O(1) 0.0327(11  0.0503(13 0.0215(9 0.0146(9 0.0044(7 0.0160(9
c) 0.0221(12 0030213 0.0239(12 0.0099(10  -0.0015(9  0.0044(9
N(3) 0.0194(10) 0.0354(12) 0.0221(10)  0.0152(9)  -0.08p3( 0.0075(8)
C4) 0.0200(11 0.0338(14 0.0221(12 0.0146(11 -0.0022(9 0.0033(9
c(5) 0.0336(14) 0.0245(13) 0.0267(13)  0.0116(11)  -0.g0a8  -0.0006(10)
0(6) 0.0408(12) 0.0300(11) 0.0538(14)  0.0084(10)  -0.Q18¢  -0.0011(9)
c(7) 0.0229(12 0.0320(14 0.0326(14 = 0.0124(12  -0.0017(10  -0.0067(10
c@) 0.0291(14) 0.0405(16) 0.0267(13)  0.0111(12)  0.008p( 0.0074(11)
C(9) 0.0463(17 0.0234(13 0.0246(13 0.0052(11 -0.0037(11 0.0011(11
C(10)  0.0300(13) 0.0361(15) 0.0244(13)  0.0133(11) -0.0D8B  -0.0106(11)
C(11)  0.0235(13)  0.060(2)  0.0380(16)  0.0280(15)  -0.0029(L 0.0092(13)
C(12) 0.0299(14 0.0524(18 0.0314(15 0.0168(14 -0.0003(11 0.0186(13
O(13)  0.0321(11) 0.0511(13) 0.0227(10)  0.0154(9)  -0.00p3( -0.0161(9)
C(14) 0.0221(12 0.0292(13 0.0235(12 0.0093(10 0.0010(9 -0.0044(9
N(15)  00196(10) 0.0354(12) 0.0216(10)  0.0151(9) 0.00p4(8 -0.0075(8)
C(16) 0.0196(11 0.0355(14 0.0226(12 0.0160(11 0.0019(9 -0.0033(10
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C(17) 0.0339(14) 0.0221(12) 0.0270(13) 0.0113(10) 0.0maj( 0.0003(10)
0(18) 0.0406(12 0.0301(11 0.0514(14 0.0071(10 0.0096(10 0.0006(9
C(19) 0.0221(12) 0.0338(14) 0.0337(14) 0.0143(12) 0.000y( 0.0067(10)
C(20) 0.0284(13) 0.0397(16) 0.0270(13) 0.0113(12) -0.003p  -0.0065(11)
C(21) 0.0464(17 0.0229(13 0.0249(13 0.0057(11 0.0038(11 -0.0012(11
C(22) 0.0297(13) 0.0366(15) 0.0248(13) 0.0127(11) 0.008%(  0.0098(11)
C(23) 0.0234(13 0.059(2 0.0361(16 0.0251(15 0.0030(11 -0.0094(12
C(24) 0.0305(14) 0.0525(19) 0.0308(15) 0.0167(14) 0.000( -0.0188(13)
Table 4: Anisotropic thermal parameters (AZ)
O(1)-C(2) 1.235(3 c(11)-c@az 1.504(4
C(2) — N(3) 1.326(3) 0(13) -C(14) 1.238(3)
C(2) - C(12) 1.513(4) C(14) —N(15) 1.328(3)
N(3)-C(4) 1.476(3 C(14)-C(24 1.512(4
N(3) —H(31) 0.857 N(15) —C(16) 1.470(3)
C(4)-C(5) 1.532(4 N(15)-H(151 0.85¢
C(4) —C(10) 1.524(4) C(16) —C(17) 1.533(4)
C(4) —C(11) 1.546(4) C(16) —C(22) 1.525(4)
C(5)-0(6) 1.417(3 C(16)-C(23 1.547(4
C(5) -C(7) 1.528(4) C(17) -0(18) 1.412(3)
0O(6)-H(61) 0.85¢ C(17)-c@9 1.526(4
C(7) —C(8) 1.528(4) 0(18) —H(181) 0.862
C(8) —C(9) 1.516(4) C(19) —C(20) 1.529(4)
C(9)-C(10 1.523(4 C(20 -C(21 1.522(4
Table 5: Bond lengths (A)Note — C-H atoms have been excluded
O(1)- C(2)- N(3) 125.1(2 0O(13)- C(14)- N(15) 125.1(2
0(1)-C(2)-Cc(12 126.4(2 0(13)- C(14)- C(24 126.3(2
N(3) - C(2) - C(12) 108.5(2) N(15) - C(14) - C(24) 108.6(2)
C(2) - N(3) - C(4) 115.4(2) C(14) - N(15) - C(16) 18.3(2)
N(3) - C(4)- C(5) 110.9(2 N(15)- C(16)- C(17; 111.0(2
N(3) - C(4) - C(10) 111.4(2) N(15) - C(16) - C(22) 111.4(2)
C(5)-C(4)- Cc(10 108.3(2 C(17)- C(16)- C(22 108.2(2
N(3) - C(4) - C(11) 101.4(2) N(15) - C(16) - C(23) 101.6(2)
C(5)-C(4) -C(11) 114.2(2) C(17) - C(16) - C(23) 113.9(2)
C(10)-C(4)-Cc(11 110.6(2 C(22)- C(16)- C(23 110.8(2
C(4) - C(5) - O(6) . 107.7(2) C(16) - C(17) - O(18) 107.8(2)
C(4)- C(5)- C(7) 110.6(2 C(16)- C(17)- C(19 110.6(2
0(6) - C(5) - C(7) 115.9(2) 0(18) - C(17) - C(19) 115.9(2)
C(5)- C(7)- C(8) 111.0(2 C(17)- C(19)- C(20 111.0(2
C(7) - C(8) - C(9) 111.1(2) C(19) - C(20) - C(21) 111.1(2)
C(8) - C(9) - C(10) 111.9(2) C(20) - C(21) - C(22) 111.7(2)
C(4)- C(10)- C(9) 111.8(2 C(16)- C(22)- C(21 112.0(2
C(4) - C(11) - C(12) 106.4(2) C(16) - C(23) - C(24) 106.5(2)
C(2)- C(12)- Cc(11 104.9(2 C(14)- C(24)- C(23 104.8(2

Table 6: Bond angles (° C)Note — H atoms have been excluded
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Single-crystal X-ray diffraction report for compound 187 (Datablock: 0330509)

Crystal of187 were grown and run by Callens Cédric from dichloetimane and petrol 40-60 °C. A single
crystal having dimensions approximatéy06 x 0.20 x 0.50 mm was mounted on a glass fibre using
perfluoropolyether oil and cooled rapidly to 150iiKa stream of cold Nusing an Oxford Cryosystems
CRYOSTREAM unit. Diffraction data were measuredngsan Enraf-Nonius KappaCCD diffractometer
(graphite-monochromated MgKadiationz = 0.71073 A). Intensity data were processed uisddENZO-
SMN packagé.

Examination of the systematic absences of the sitiedata showed the space group td°bé. The structure
was solved in this space group using the direchous program SIR92which located all non-hydrogen
atoms. The H atoms were all located in a differentap, but those attached to carbon atoms were
repositioned geometrically. Subsequent full-maleist-squares refinement was carried out agamssifig
the CRYSTAL program suité.Coordinates and anisotropic thermal parametere wefined for all non-
hydrogen atoms, and the hydrogens were refined mdihg constraints. A modified statistical weigidgi
scheme was applied. Refinement converged satisiigaio give R = 0.0662, wR = 0.1053.

Attached is a thermal ellipsoid plot (CAMERON) &9 probability. A summary of crystallographic d&a
given below, as are full lists of atomic coordirsatanisotropic thermal parameters and those bargiHe
and angles not concerning H atoms.
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Crystal identification

CCK 0330509

Chemical formula
Formula weight
Temperature (K)
Wavelength (A)
Crystal system
Space group
a(A)
b (A)
c(®)
a(’)
BC)

Cell volume (&%)
z
Calculated density (Mg/nT)
Absorption coefficient (mm*)
I:OOC
Crystal size (mm)
Description of crystal
Absorption correction
Transmission coefficients (min,max)
0 range for data collection (°)
Index ranges
Reflections measured
Unique reflections
Rint
Observed reflections (1 > -&(1))
Refinement method
Parameters refined
Weighting scheme
Goodness of fit
R
wWR

Residual electron density (min,max) (e&)

CyoH17N1O4
215.25
150
0.71073
Triclinic
P-1
6.0621(2)
7.9355(3)
12.1691(6)
88.8233(16)
81.5421(17)
69.842(2)
543.28(4)
2
1.316
0.101
232
0.06 x 0.20 x 0.50
Colourless plate
multi-scan
0.91, 0.99
5.24<0<27.54

-7<h<7,-10sk< 10, -15s1 <15

8688
2473
0.000
1818

Full-matrix least-squares dfsqd

137
Modified Sheldrick
0.9496
0.0662
0.0662
-0.29, 0.33

Table 1: Crystal data and refinement details

Atom X \ z Ueauiv
o) 0.2778(2 0.17127(1€ 0.37639(11 0.026"
C(2) 0.1758(3 0.1920(3 0.27262(1¢ 0.023¢
C(3) 0.2112(3) -0.0016(3) 0.23910(16) 0.0270
C4) 0.0566(4 -0.0799(3 0.32053(1¢ 0.035:
C(5) 0.1685(4) -0.0206(3) 0.12040(17) 0.0357
C(6) -0.0808(3) 0.3245(3) 0.28407(16) 0.0267
C(7) -0.0750(3 0.4850(3 0.21161(17 0.027¢
N(8) 0.1642(3) 0.4218(2) 0.14849(13) 0.0284
C(9) 0.3126(3 0.2745(3 0.18518(1€ 0.025¢

0(10) 0.5293(2) 0.2057(2) 0.15333(11) 0.0334
C(11) -0.2650(4) 0.5464(3) 0.13623(18) 0.0326
0(12) -0.2398(2 0.41467(1¢ 0.05349(11 0.032¢
C(13) 0.3138(3) 0.3122(3) 0.42123(16) 0.0271
0(14) 0.2556(3 0.4599(2 0.38442(13 0.040"
C(15) 0.4354(4) 0.2565(3) 0.52092(17) 0.0346
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Table 2: Atomic coordinates and equivalent isotropic thernal parameters (&) of non-hydrogen

atoms

Atom X \ z Uisc
H(31) 0.379° -0.071: 0.243: 0.030¢
H(43) 0.1084 -0.2091 0.3066 0.0540
H(42) 0.0700 -0.0557 0.3973 0.0551
H(41) -0.108( -0.025: 0.309( 0.054"
H(51) 0.1967 -0.1468 0.1042 0.0532
H(52) 0.273¢ 0.018¢ 0.068( 0.053¢
H(53) 0.0046 0.0489 0.1145 0.0537
H(61) -0.1434 0.3651 0.3621 0.0315
H(62) -0.178( 0.264¢ 0.255¢ 0.032(
H(71) -0.0912 0.5877 0.2611 0.0322
H(112) -0.254: 0.655!¢ 0.096: 0.038¢
H(111) -0.4247 0.5793 0.1841 0.0382
H(153) 0.475: 0.354( 0.548: 0.0531
H(152) 0.3351 0.2258 0.5792 0.0548
H(151) 0.5765 0.1494 0.5041 0.0548
H(121) -0.308t¢ 0.347: 0.081¢ 0.052:
H(81) 0.2052 0.4788 0.0914 0.0356

Table 3: Atomic coordinates and isotropic thermal parametes (A?) of hydrogen atoms

Atom U11 U77 qu U71 U11 U17
o(1) 0.0302(8 0.0279(8 0.0267(8 0.0035(6 -0.0107(6 -0.0134(6
C(2) 0.0229(10) 0.0292(11) 0.0225(10) 0.0033(8) -0.08y9( -0.0123(8)
C(3) 0.0230(10 0.0264(11 0.0332(11 -0.0012(9 -0.0066(8 -0.0094(8
C4) 0.0403(13) 0.0300(12) 0.0423(13) 0.0060(10) -0.Q1ap  -0.0193(10)
C(5) 0.0390(13 0.0364(13 0.0350(12 -0.0030(10 -0.0093(10 -0.0155(10
C(6) 0.0250(10) 0.0284(11) 0.0287(11) 0.0013(9) -0.08p3( -0.0115(9)
C(7) 0.0249(11) 0.0268(11) 0.0332(11) 0.0015(9) -0.08%15( -0.0106(9)
N(8) 0.0283(9  0.0336(10  0.0283(9 0.0095(8 -0.0075(7 -0.0160(8
C(9) 0.0239(11) 0.0316(12) 0.0257(11) 0.0007(9) -0.08B6( -0.0142(9)
0(10) 0.0229(8 0.0416(9 0.0395(9 0.0040(7 -0.0046(6 -0.0161(7
C(11) 0.0288(11) 0.0306(12) 0.0400(13) 0.0075(10) -0.qap3  -0.0107(9)
0(12) 0.0333(8 0.0373(9 0.0340(8 0.0077(7 -0.0097(6 -0.0195(7
C(13) 0.0289(11) 0.0278(12) 0.0284(11) 0.0012(9) -0.09B0( -0.0139(9)
0(14) 0.0553(10) 0.0315(10) 0.0447(9) 0.0079(7) -0.02p5(8 -0.0211(8)
C(15) 0.0434(13  0.0344(13 0.0319(12 0.0010(10 -0.0125(10 -0.0181(10
Table 4: Anisotropic thermal parameters (A?)

0O(1)- C(2) 1.468(2 C(7n-Cc(11 1.520(3

0O(1)- C(13 1.351(2 N(8) - C(9) 1.322(3

C(2)-C(3) 1.532(3) N(8) - H(81) 0.873

C(2) - C(6) 1.536(3) C(9) - 0(10) 1.241(2)

C(2)- C(9) 1.528(3 C(11)- O(12; 1.420(3

C(3)-C@4) 1.533(3) 0(12) - H(121) 0.828

C(3)- C(5) 1.524(3 C(13)- O(14; 1.200(2

C(6) - C(7) 1.542(3) C(13) - C(15) 1.492(3)

C(7) - N(8) 1.460(2)

Table 5: Bond lengths (A)Note — C-H atoms have been excluded
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C(2)- O(1)- C(13 119.74(15 C(6)- C(7)- N(8) 103.28(15
O(1) - C(2) - C(3) 102.98(15) C(6) - C(7) - C(11) 15127(16)
O(1) - C(2) - C(6) 113.41(15) N(8) - C(7) - C(11) 111.99(16)
C(3)- C(2)- C(6) 115.68(15 C(2)- C(9)- N(8) 109.68(16
O(1) - C(2) - C(9) 110.04(14) C(2) - C(9) - O(10) 123.22(18)
C(3)- C(2)- C(9) 111.03(16 N8 - C(9)- O(10] 127.06(18
C(6) - C(2) - C(9) 103.83(16) C(7) - C(11) - 012 112.87(17)
C(2) - C(3) - C(4) 111.52(16) O(1) - C(13) - O(14) 123.82(18)
C(2)- C(3)- C(5) 112.89(17 O(1)- C(13)- C(15, 110.35(17
C(4) - C(3) - C(5) 110.39(16) O(14) - C(13) - C(15) 125.82(18)
C(2)- C(6)- C(7) 106.63(15 /

Table 6: Bond angles (° C)Note — H atoms have been excluded

-334 -



Appendix 3: X-ray crystal structures

Single-crystal X-ray diffraction report for compound 189 (Datablock: 0340609)

Crystal of189 were grown and run by Callens Cédric from dichloetimane and petrol 40-60 °C. A single
crystal having dimensions approximatédyl2 x 0.42 x 0.47 mm was mounted on a glass fibre using
perfluoropolyether oil and cooled rapidly to 150iiKa stream of cold Nusing an Oxford Cryosystems
CRYOSTREAM unit. Diffraction data were measuredngsan Enraf-Nonius KappaCCD diffractometer
(graphite-monochromated MgKadiation,z = 0.71073 A). Intensity data were processed usiaddENZO-
SMN packagé.

Examination of the systematic absences of the $itiernlata showed the space group toPbb c a. The
structure was solved in this space group usingdttect-methods program SIR$2yhich located all non-
hydrogen atoms. The H atoms were all located iiffardnce map, but those attached to carbon atoens w
repositioned geometrically. Subsequent full-maleist-squares refinement was carried out agamssifig
the CRYSTAL program suité.Coordinates and anisotropic thermal parametere wefined for all non-
hydrogen atoms, and the hydrogens were refined mdihg constraints. A modified statistical weigidi
scheme was applied. Refinement converged satisiigdio give R = 0.0564, wR = 0.1137.

Attached is a thermal ellipsoid plot (CAMERON) &% probability. A summary of crystallographic déa
given below, as are full lists of atomic coordirgtanisotropic thermal parameters and those bargtHe
and angles not concerning H atoms.

References
(1) Z. Otwinowski, W. MinorMethods Enzymol. 1997, 276, 307.

(2) A. Altomare, G. Cascarano, C. Giacovazzo, Aa@iardi, M. C. Burla, G. Polidori, M. Camall,
Appl. Crystallogr. 1994 27, 435.

3) P. W. Betteridge,J. R. Carruthers, R. |. CopgeProut, D. J. Watkin]. Appl. Crystallogr. 2003
36, 1487.
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Appendix 3: X-ray crystal structures

Crystal identification CCK 0340609
Chemical formula CgH1403
Formula weight 158.20
Temperature (K) 150
Wavelength (A) 0.71073
Crystal system Orthorhombic
Space group Pbca
a(A) 14.2514(3)
b (A) 11.4679(2)
c(R) 22.8055(6)
a(’) 90
B() 90
° 90
Cell volume (A% 3727.19(14)
z 16
Calculated density (Mg/nT) 1.128
Absorption coefficient (mm*) 0.085
Fooc 1376

Crystal size (mm)
Description of crystal
Absorption correction

Transmission coefficients (min,max)
0 range for data collection (°)
Index ranges

Reflections measured
Unique reflections
Rint
Observed reflections (1 > -8(1))
Refinement method
Parameters refined
Weighting scheme
Goodness of fit
R
wR

0.12 x 0.42 x 0.47
Colourless block
multi-scan
0.90, 0.99
5.24<0<27.47

-18<h<18, -14< k<11, -29< 1< 29

28736
4215

0.033
2288

Full-matrix least-squares dfsqd

199
Modified Sheldrick
0.9775
0.0564
0.1137
-0.21, 0.18

Residual electron density (min,max) (eR)

Table 1: Crystal data and refinement details

Atom X \ 4 Ueﬁui\/
o) 0.73056(11 0.58539(11 0.65288(6 0.043¢
C(2) 0.76842(14 0.58025(1€ 0.60577(9 0.032¢
0(3) 0.78816(11) 0.67114(11) 0.57251(6) 0.0469
C(4) 0.80060(14 0.46623(15 0.57767(8 0.030¢
o(5) 0.76810(10) 0.37255(10) 0.61298(6) 0.0391
C(6) 0.75569(15) 0.45227(18) 0.51734(8) 0.0374
C(7) 0.65220(1€ 0.46597(1¢ 0.51766(9 0.045¢
C(8) 0.59208(19) 0.3839(2) 0.50502(12) 0.0647
C(9) 0.90931(15 0.46542(1¢€ 0.57520(11 0.046¢
C(10) 0.94756(18) 0.3505(2) 0.55121(12) 0.0613
C(11) 0.95194(18) 0.4910(2) 0.63484(13) 0.0702
0(12) 0.77290(11 0.33712(12 0.73276(6 0.047:
C(13) 0.73087(15) 0.33502(17) 0.77898(9) 0.0362
0(14) 0.71109(11 0.42785(11 0.81064(6 0.044¢
C(15) 0.69472(15) 0.22247(15) 0.80612(8) 0.0362
0(16) 0.72560(11 0.12815(11 0.77007(6 0.045’
C(17) 0.73941(15) 0.20688(18) 0.86699(8) 0.0406
C(18) 0.84336(17) 0.2144(2) 0.86625(10) 0.0501
C(19) 0.8933(2 0.2935(3 0.89268(1< 0.074¢
C(20) 0.58664(16) 0.22476(19) 0.80848(11) 0.0508
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Appendix 3: X-ray crystal structures

C(21) 0.5461(2) 0.1069(2) 0.82886(15) 0.0800
C(22) 0.5436(2 0.2624(3 0.75050(12 0.078:

Table 2: Atomic coordinates and equivalent isotropic thernal parameters (&) of non-hydrogen

atoms

Atom X y z Uisc
H(62) 0.787¢ 0.510¢ 0.489: 0.044(
H(61) 0.7703 0.3739 0.5027 0.0442
H(71) 0.628! 0.539¢ 0.528: 0.0557
H(81) 0.6140 0.3053 0.4946 0.0782
H(82) 0.5248 0.4010 0.5064 0.0789
H(91) 0.925' 0.528: 0.549( 0.056:
H(102) 1.0167 0.3516 0.5496 0.0906
H(103) 0.926: 0.288( 0.578: 0.089¢
H(101) 0.9241 0.3347 0.5120 0.0912
H(111) 1.0211 0.4886 0.6313 0.1045
H(112) 0.932¢ 0.569( 0.647¢ 0.104(
H(113) 0.9306 0.4290 0.6630 0.1050
H(171) 0.713: 0.267¢ 0.893: 0.048:
H(172) 0.7208 0.1300 0.8813 0.0490
H(181) 0.875!¢ 0.157¢ 0.843¢ 0.061(
H(192) 0.9606 0.2922 0.8897 0.0902
H(191) 0.8617 0.3527 0.9150 0.0901
H(201) 0.569¢ 0.284¢ 0.837¢ 0.0591
H(212) 0.4796 0.1099 0.8303 0.1190
H(211) 0.571¢ 0.084: 0.866¢ 0.119:
H(213) 0.5641 0.0495 0.7998 0.1185
H(223) 0.4759 0.2586 0.7536 0.1165
H(222) 0.563¢ 0.342: 0.739¢ 0.117:
H(221) 0.5653 0.2088 0.7203 0.1160
H(51) 0.767( 0.388¢ 0.647: 0.059¢
H(161) 0.7426 0.1502 0.7375 0.0686
H(141) 0.731( 0.487: 0.795: 0.068:
H(31) 0.7697 0.7325 0.5889 0.0699

Table 3: Atomic coordinates and isotropic thermal parametes (A?) of hydrogen atoms

Atom U11 U22 qu U2’1 Ul’l Ulg
0(1) 0.0709(11  0.0261(8  0.0338(9  -0.0038(6  -0.0005(8 0.0035(7
c(2) 0.0448(12) 0.0222(11) 0.0316(12)  0.0002(9)  -0.0089(  0.0001(9)
o(3) 0.0743(11  0.0166(7  0.0498(9 0.0015(7 0.0093(8 0.0035(7
C(4) 0.0445(12)  0.0162(9) 0.0319(11)  0.0024(8) 0.0003(9) -0.0009(8)
o(5) 0.0681(10)  0.0199(7)  0.0292(8) 0.0007(6) 0.0004(7) -0.0036(6)
C(6) 0.0541(13 0.0262(10 0.0320(11  -0.0011(9  -0.0009(10  0.0005(9
c(7) 0.0544(14)  0.0377(13) 0.0456(13)  -0.0076(10)  -04§12)  0.0056(11)
C(8) 0.0584(16 0.0618(16 0.0740(18  0.0002(14  -0.0094(14  0.0048(13
C(9) 0.0463(13) 0.0306(11) 0.0637(15)  -0.0004(11)  -06§01)  0.0025(10)
C(10) 0.0557(15) 0.0558(15) 0.0723(18)  -0.0145(13)  -05§08)  0.0149(12)
c(11) 0.0543(16 0.0593(16  0.097(2  -0.0274(15  -0.0259(15  0.0105(13
0(12) 0.0820(12)  0.0284(8)  0.0313(9) 0.0028(6) 0.0061(8) 0.0019(7)
C(13) 0.0558(14 0.0250(11 0.0278(12  -0.0011(9  -0.0045(10  0.0049(9

0(14) 0.0707(11)  0.0207(7)  0.0432(9)  -0.0034(6) 0.0040(7) 0.0018(7)
C(15) 0.0556(13) 0.0227(11) 0.0305(11)  -0.0040(9)  0.00@9(  0.0026(9)

O(16) 0.0806(11 0.0231(8  0.0334(8  -0.0019(6 0.0121(7 0.0031(7
c(17) 0.0609(15)  0.0295(11) 0.0314(11)  0.0016(9) 0.0081L(1 0.0020(10)
C(18) 0.0641(16 0.0465(14 0.0397(13  0.0012(11  -0.0049(12  0.0069(12

C(19) 0.0731(19)  0.082(2)  0.0687(19)  -0.0051(16)  -0.008y(  0.0003(16)
C(20) 0.0520(14 0.0416(13 0.0588(15 -0.0114(11  -0.0017(12  -0.0019(10
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C(21) 0.0672(18) 0.0670(18) 0.106(2) -0.0071(17) 0.0088(1 -0.0218(15)
C(22) 0.0710(18 0.082(2 0.081(2 -0.0172(16 -0.0272(16 0.0106(16
Table 4: Anisotropic thermal parameters (AZ)
O(1)- C(2) 1.204(2 0(12)- C(13 1.213(2
C(2) - O(3) 1.319(2) C(13) - O(14) 1.317(2)
C(2)-C(4) 1.527(3 C(13)- C(15 1.521(3
O(3) - H(31 0.839 0(14) - H(141) 0.817
C(4)-O(5) 1.420(2 C(15)- O(16; 1.428(2
C(4) - C(6) 1.526(3) C(15) - C(17) 1.538(3)
C@4)-C(9) 1.550(3 C(15)- C(20 1.542(3
O(5) - H(51) 0.806 0O(16) - H(161) 0.821
C(6) - C(7) 1.483(3) C(17) - C(18) 1.484(3)
C(7)- C(8) 1.305(3 C(18)- C(19 1.301(3
C(9) - C(10) 1.527(3) C(20) - C(212) 1.541(3)
C(9)-C(11 1.518(3 C(20)- C(22 1.520(4
Table 5: Bond lengths (A)Note — C-H atoms have been excluded
O(1)- C(2)- O(3) 124.75(17 0O(12)- C(13)- O(14; 124.50(18
0O(1) - C(2) - C(4) 123.46(17) 0(12) - C(13) - C(15) 122.53(17)
0(3)-C(2)-C(4) 111.79(17 0(14)- C(13)- C(15 112.97(17
C(2) - C(4) - O(5) 108.17(15) C(13) - C(15) - O(16) 107.70(15)
C(2)- C(4)- C(6) 110.02(16 C(13)- C(15)- Cc(17 109.01(16
O(5) - C(4) - C(6) 107.17(15) 0(16) - C(15) - C(17) 107.70(16)
C(2) - C(4) - C(9) 108.70(16) C(13) - C(15) - C(20) 109.76(17)
O(5)- C(4)- C(9) 110.00(16 0O(16)- C(15)- C(20 109.93(17
C(6) - C(4) - C(9) 112.69(17) C(17) - C(15) - C(20) 112.60(17)
C(4)- C(6)- C(7) 113.68(17 C(15)- C(17)- C(18 113.35(17
C(6) - C(7) - C(8) 125.1(2) C(17) - C(18) - C19 125.6(2)
C(4) - C(9) - C(10) 112.02(18) C(15) - C(20) - 21 111.7(2)
C@4)-C(9)-C(11, 111.48(19 C(15)- C(20)- C(22 112.2(2
C(10) - C(9) - C(11) 110.16(19) C(21) - C(20) - 2)2 111.1(2)

Table 6: Bond angles (° C)Note — H atoms have been excluded
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Single-crystal X-ray diffraction report for compound 207 (Datablock: 0130808)

Crystal of207 were grown and run by Callens Cédric from dichloetimane and petrol 40-60 °C. A single
crystal having dimensions approximatédyl0 x 0.20 x 0.28 mm was mounted on a glass fibre using
perfluoropolyether oil and cooled rapidly to 150iiKa stream of cold Nusing an Oxford Cryosystems
CRYOSTREAM unit. Diffraction data were measuredngsan Enraf-Nonius KappaCCD diffractometer
(graphite-monochromated MgKadiation, = 0.71073 A). Intensity data were processed usiaddENZO-
SMN packagé.

Examination of the systematic absences of the sitierdata showed the space group toPb@/c. The
structure was solved in this space group usingdttect-methods program SIR$2yhich located all non-
hydrogen atoms. The H atoms were all located iiffardnce map, but those attached to carbon atoens w
repositioned geometrically. Subsequent full-maleist-squares refinement was carried out agamssifig
the CRYSTAL program suité.Coordinates and anisotropic thermal parametere wefined for all non-
hydrogen atoms, and the hydrogens were refined mdihg constraints. A modified statistical weigidi
scheme was applied. Refinement converged satisiigdio give R = 0.0523, wR = 0.0988.

Attached is a thermal ellipsoid plot (CAMERON) &% probability. A summary of crystallographic déa
given below, as are full lists of atomic coordirgtanisotropic thermal parameters and those bargtHe
and angles not concerning H atoms.
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(2) A. Altomare, G. Cascarano, C. Giacovazzo, Aa@iardi, M. C. Burla, G. Polidori, M. Camall,
Appl. Crystallogr. 1994 27, 435.
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Crystal identification CCK 0130808
Chemical formula Cy7 Hi7N1 O,
Formula weight 267.33
Temperature (K) 150
Wavelength (A) 0.71073
Crystal system Monoclinic
Space group P 2/c
a(h) 32.8860(12)
b (A) 6.0205(3)
c(A) 14.9007(7)
a(®) 90
B(°) 109.973(2)
° 90
Cell volume (&) 2772.7(2)
z 8
Calculated density (Mg/nY) 1.281
Absorption coefficient (mm™) 0.084
Fooc 1136

Crystal size (mm)
Description of crystal
Absorption correction

Transmission coefficients (min,max)
0 range for data collection (°)

0.10 x 0.20 x 0.28
Colourless plate
multi-scan
0.97, 0.99
5.27<0<27.41

Index ranges 42<h<42,-Kk<7,-1%1<19

Reflections measured
Unique reflections
Rin'(

Observed reflections (1 > -2(1))
Refinement method
Parameters refined
Weighting scheme

Goodness of fit
R
wWR
Residual electron density (min,max) (eR)

5251
181
0
3521

Full-matrix least-squares dfsqd

136
Modified Sheldrick
0.9021
0.0523
0.0988
-0.41, 0.40

Table 1: Crystal data and refinement details

Atom X y z Ueauiy
0O(1) 0.24158(5 1.0178(2 0.41576(1C 0.037:
C(2) 0.21616(8) 0.9635(4) 0.45742(14) 0.0331
N(3) 0.21529(6 1.0487(3 0.53938(11 0.034(
C@4) 0.17904(7) 0.9725(3) 0.56627(14) 0.0309
C(5) 0.16256(7) 0.7635(3) 0.50411(13) 0.0314
C(6) 0.18128(7 0.7928(4 0.42247(14 0.036:
C(7) 0.11437(7) 0.7289(4) 0.47006(14) 0.0321
C(8) 0.08581(8 0.8903(4 0.41730(1% 0.038:
C(9) 0.04173(8) 0.8562(4) 0.38458(16) 0.0472

C(10) 0.02456(9 0.6597(4 0.40370(17 0.050:

C(11) 0.05222(9) 0.4976(4) 0.45583(18) 0.0485

C(12) 0.09643(8) 0.5324(4) 0.48834(16) 0.0405

C(13) 0.19119(7 0.9258(3 0.67322(14 0.032¢

0O(14) 0.20959(5) 1.1268(2) 0.72176(10) 0.0402

C(15) 0.15145(7 0.8550(4 0.69493(1¢ 0.030¢

C(16) 0.14842(8) 0.6457(4) 0.73179(14) 0.0384

C(17) 0.11093(9) 0.5811(4) 0.74781(16) 0.0427

C(18) 0.07629(8 0.7207(4 0.72661(1¢ 0.043:

C(19) 0.07861(8) 0.9304(4) 0.69002(16) 0.0411

C(20) 0.11607(8 0.9958(4 0.67505(14 0.035¢
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Table 2: Atomic coordinates and equivalent isotropic thernal parameters (&) of non-hydrogen

atoms

Atom \ z Uisc
H(41) 0.157: 1.089¢ 0.548( 0.035:
H(51) 0.1777 0.6350 0.5412 0.0343
H(61) 0.192¢ 0.658¢ 0.407: 0.042:
H(62) 0.1586 0.8544 0.3661 0.0429
H(81) 0.096¢ 1.026: 0.404¢ 0.043¢
H(91) 0.0231 0.9706 0.3510 0.0540
H(101) -0.006( 0.640¢ 0.382: 0.058:
H(111) 0.0407 0.3614 0.4673 0.0602
H(121) 0.1156 0.4219 0.5229 0.0502
H(131) 0.213" 0.811¢ 0.691« 0.036:
H(161) 0.1721 0.5479 0.7451 0.0451
H(171) 0.110¢ 0.435: 0.774¢ 0.052¢
H(181) 0.0504 0.6758 0.7376 0.0521
H(191) 0.0542 1.0312 0.6745 0.0498
H(201) 0.118¢ 1.142: 0.654¢ 0.042¢
H(31) 0.2322 1.1536 0.5670 0.0379
H(141) 0.218¢ 1.096: 0.777¢ 0.057"

Table 3: Atomic coordinates and isotropic thermal parametes (A% of hydrogen atoms

Atom Uqq U,, Uz Uss U1 Uy
0(1) 0.0351(10 0.0492(10 0.0324(8 0.0006(7 0.0178(7 -0.0018(8
C(2) 0.0336(15 0.0383(14 0.0273(12 0.0018(10 0.0101(11 0.0032(11
N(3) 0.0328(12) 0.0435(12) 0.0271(10) -0.0041(8) 0.02p1(  -0.0067(9)
C(4) 0.0314(14 0.0341(13 0.0293(11 0.0005(10 0.0134(10 0.0009(11
C(5) 0.0368(15) 0.0307(13) 0.0275(12) 0.0025(10) 0.012p( 0.0032(11)
C(6) 0.0315(15 0.0440(15 0.0339(13 -0.0023(10 0.0126(11 -0.0020(11
C(7) 0.0368(16) 0.0359(14) 0.0252(11) -0.0027(10) 0.012p -0.0027(11)
C(8) 0.0328(16) 0.0424(15) 0.0372(13) 0.0037(11) 0.009)( -0.0027(12)
C(9) 0.0393(18 0.0525(17 0.0471(15 0.0032(12 0.0115(13 0.0032(13

C(10) 0.0340(17) 0.0599(19) 0.0568(16) -0.0107(14) 0.013p -0.0083(14)

C(11) 0.0507(19 0.0420(16 0.0605(16 -0.0057(13 0.0289(14 -0.0113(14

C(12) 0.0452(18) 0.0364(14) 0.0436(14) 0.0009(11) 0.0128( -0.0004(12)

C(13) 0.0309(15) 0.0386(14) 0.0277(11) 0.0005(10) 0.000p( 0.0009(11)

0(14) 0.0440(11 0.0467(10 0.0298(8 -0.0015(7 0.0123(7 -0.0086(8

C(15) 0.0353(15) 0.0358(13) 0.0219(11) -0.0006(10) 0.010p -0.0003(11)

C(16) 0.0463(17 0.0386(15 0.0343(13 0.0060(11 0.0191(12 0.0093(12

C(17) 0.0545(19) 0.0383(15) 0.0424(14) 0.0011(112) 0.023p(  -0.0032(13)

C(18) 0.0437(18 0.0522(17 0.0406(14 -0.0059(12 0.0230(13 -0.0105(13

C(19) 0.0343(15) 0.0486(16) 0.0429(13) 0.0049(12) 0.0185( 0.0072(12)

C(20) 0.0416(16) 0.0335(14) 0.0343(12) 0.0009(10) 0.017p( -0.0002(11)

Table 4: Anisotropic thermal parameters (A?)

0o(1)-C(2) 1.243(2 C(9)- C(10 1.382(3
C(2) — N(3) 1.334(2) C(10) - C(11) 1.379(3)
C(2)-C(6) 1.495(3 C(11)-c(12 1.382(3
N(3) — C(4) 1.455(3) C(13) - 0(14) 1.433(2)
N(3) — H(31) 0.848 C(13) — C(15) 1.511(3)
C(4)-C(5) 1.547(3 0(14)-H(@141 0.80:
C(4) — C(13) 1.531(3) C(15) — C(16) 1.392(3)
C(5)- C(6) 1.550(3 C(15)- C(20 1.387(3
C(5) - C(7) 1.504(3) C(16) — C(17) 1.389(3)
C(7) — C(8) 1.393(3) C(17) — C(18) 1.363(3)
C(7)-C(12 1.390(3 C(18)- C(19 1.388(3
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C(8)-C(9) 1.378(3 C(18)- C(20 1.382(3
Table 5: Bond lengths (A)Note — C-H atoms have been excluded
O(1)- C(2)- N(3) 125.8(2 C(8)- C(9)- C(10 120.6(2
0(1) - C(2) - C(6) 125.00(18) C(9) - C(10) - C(11) 119.0(3)
N(3) - C(2)- C(6) 109.23(19 C(10)- C(11)- Cc(12 120.2(2
C(2) - N(3) - C(4) 114.00(17) C(7)-C(12) - C(11) 121.8(2)
N(3)- C(4)- C(5) 104.11(16 C(4)- C(13)- 0(14 106.57(16
N(3) - C(4) - C(13) 113.41(18) C(4) - C(13) - C(15) 109.71(17)
C()-C(4)-Cc(13 112.79(16 0O(14)- C(13)- C(15 112.15(16
C(4) - C(5) - C(6) 103.04(16) C(13) - C(15) - C(16) 121.6(2)
C@4)-C(5)-C(7) 115.35(18) C(13) - C(15) - C(20) 120.3(2)
C(6)- C(5)- C(7) 113.97(17 C(16)- C(15)- C(20 118.0(2
C(5) - C(6) - C(2) 105.54(17) C(15) - C(16) - C(17) 120.6(2)
C(5)- C(7)- C(8) 121.5(2 C(16)- C(17)- C(18 120.5(2
C()-C(7)-Cc(@12) 121.4(2) C(17) - C(18) - C(19) 119.9(2)
C(8) - C(7) - C(12) 117.1(2) C(18) - C(19) - C(20) 119.6(2)
C(7)- C(8)- C(9) 121.4(2 C(15)- C(20)- C(19 121.3(2

Table 6: Bond angles (° C)Note — H atoms have been excluded
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Single-crystal X-ray diffraction report for compound 228 (Datablock: 0230109)

H132

Crystal of228 were grown and run by Callens Cédric from dichloetimane and petrol 40-60 °C. A single
crystal having dimensions approximatéhy?20 x 0.20 x 0.20 mm was mounted on a glass fibre using
perfluoropolyether oil and cooled rapidly to 150iiKa stream of cold Nusing an Oxford Cryosystems
CRYOSTREAM unit. Diffraction data were measuredngsan Enraf-Nonius KappaCCD diffractometer
(graphite-monochromated MgKadiation = 0.71073 A). Intensity data were processed uisddENZO-
SMN packagé.

Examination of the systematic absences of the sitierdata showed the space group toFb@/c. The
structure was solved in this space group usingditect-methods program SIR$2which located all non-
hydrogen atoms. The H atoms were all located iiffardnce map, but those attached to carbon atoens w
repositioned geometrically. Subsequent full-maleist-squares refinement was carried out agamssifig
the CRYSTAL program suité.Coordinates and anisotropic thermal parametere wefined for all non-
hydrogen atoms, and the hydrogens were refined mdihg constraints. A modified statistical weigtdgi
scheme was applied. Refinement converged satisiigaio give R = 0.0745, wR = 0.1253.

Attached is a thermal ellipsoid plot (CAMERON) &% probability. A summary of crystallographic déa
given below, as are full lists of atomic coordirgtanisotropic thermal parameters and those bargtHe
and angles not concerning H atoms.

References
(1) Z. Otwinowski, W. MinorMethods Enzymol. 1997, 276, 307.

(2) A. Altomare, G. Cascarano, C. Giacovazzo, Aa@iardi, M. C. Burla, G. Polidori, M. Camall,
Appl. Crystallogr. 1994 27, 435.

3) P. W. Betteridge,J. R. Carruthers, R. |. CopgeProut, D. J. Watkin]. Appl. Crystallogr. 2003
36, 1487.
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Crystal identification CCK 0230109
Chemical formula C17H2oN,04
Formula weight 302.37
Temperature (K) 150
Wavelength (A) 0.71073
Crystal system Monoclinic
Space group P 2/c
a(R) 9.0000(2)
b (A) 20.1778(4)
c(R) 9.5533(2)
a(’) 90
B 108.3390(8)
° 90
Cell volume (&%) 1646.77(6)
z 4
Calculated density (Mg/nt) 1.220
Absorption coefficient (mm*) 0.084
Fooc 648

Crystal size (mm)
Description of crystal
Absorption correction

Transmission coefficients (min,max)
0 range for data collection (°)
Index ranges

Reflections measured
Unique reflections
Rint
Observed reflections (1 > -8(1))
Refinement method
Parameters refined
Weighting scheme
Goodness of fit

R
WR

Residual electron density (min,max) (eR)

0.20 x 0.20 x 0.20
Colourless block
multi-scan
0.98, 0.99
5.18<6<27.45

-11<h<11, -26s k< 25, -12< 1 £ 12

15902
3743
0.027
3741

Full-matrix least-squares dfsqd

200
Modified Sheldrick
0.9435
0.0745
0.1253
-0.47,0.51

Table 1: Crystal data and refinement details

Atom X \ 4 Ueﬁui\/
o) 0.34352(14 0.72881(6 0.78095(12 0.027:
C(2) 0.31816(1€ 0.76392(8 0.87663(1€ 0.021:
N(3) 0.42686(15) 0.76814(6) 1.01802(14) 0.0221
0(4) 0.54216(12 0.71727(5 1.04580(12 0.023¢
C(5) 0.48770(18) 0.65602(8) 1.06934(16) 0.0225
0(6) 0.35463(13) 0.64626(6) 1.06448(14) 0.0320
C(7) 0.61675(1€ 0.60612(8 1.10366(1¢ 0.023¢
C(8) 0.71040(18) 0.59744(8) 1.25035(17) 0.0240
C(9) 0.82396(1¢ 0.54790(8 1.28012(1¢ 0.026"
C(10) 0.84394(19) 0.50712(8) 1.1700(2) 0.0291
C(11) 0.7502(2) 0.51787(8) 1.0257(2) 0.0305
C(12) 0.6359(2 0.56729(8 0.98921(1€ 0.026¢
C(13) 0.5353(2) 0.57676(10) 0.83125(19) 0.0366
C(14) 0.9604(2 0.45096(1C 1.2059(2 0.041¢
C(15) 0.6886(2) 0.63943(9) 1.37284(18) 0.0309
N(16) 0.19170(15 0.80324(7 0.85275(14 0.023
C(17) 0.08017(19) 0.80873(8) 0.70415(17) 0.0266
C(18) -0.0612(2) 0.76545(9) 0.67792(19) 0.0321
C(19) -0.0806(2 0.71877(1C 0.7666(2 0.040(
C(20) 0.1625(2) 0.84534(8) 0.96601(18) 0.0268
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0.0329
0.040¢

C(21)
C(22)

0.2359(2)
0.3105(2

0.91255(9)
0.93745(1C

0.9787(2)
0.8927(2

Table 2: Atomic coordinates and equivalent isotropic thernal parameters (&) of non-hydrogen

atoms

Atom X y z Uisc
H(91) 0.889¢ 0.540¢ 1.380¢ 0.029¢
H(111) 0.7623 0.4907 0.9485 0.0367
H(133) 0.595: 0.570¢ 0.764: 0.055¢
H(132) 0.4904 0.6199 0.8120 0.0550
H(131) 0.4510 0.5454 0.8040 0.0560
H(143) 1.004¢ 0.443¢ 1.126¢ 0.060(
H(142) 1.0430 0.4586 1.2958 0.0601
H(141) 0.910¢ 0.410¢ 1.218: 0.060:
H(151) 0.7720 0.6332 1.4649 0.0463
H(152) 0.6873 0.6858 1.3479 0.0475
H(153) 0.591° 0.629¢ 1.390( 0.047¢
H(171) 0.0461 0.8558 0.6909 0.0300
H(172) 0.132¢ 0.798: 0.630¢ 0.030¢
H(181) -0.1442 0.7732 0.5875 0.0377
H(191) -0.000: 0.710: 0.857: 0.047¢
H(192) -0.1743 0.6932 0.7408 0.0484
H(201) 0.0496 0.8509 0.9401 0.0316
H(202) 0.199¢ 0.822¢ 1.061( 0.031¢
H(211) 0.2252 0.9389 1.0564 0.0387
H(221) 0.354( 0.981: 0.910« 0.046¢
H(222) 0.3222 0.9112 0.8122 0.0461
H(31) 0.4065 0.7863 1.0861 0.0287

Table 3: Atomic coordinates and isotropic thermal parametes (A% of hydrogen atoms

Atom U4 U,s Uazs Uy- Uqa Uqo

0O(1) 0.0367(7 0.0287(6 0.0196(6 -0.0002(5 0.0115(5 0.0070(5
C(2) 0.0245(8 0.0209(7 0.0196(7 0.0022(6 0.0086(6 -0.0001(6
N(3) 0.0242(7)  0.0229(7)  0.0196(7)  -0.0004(5)  0.0076(5) 0.0060(5)
o(4) 0.0213(6)  0.0226(6)  0.0262(6)  0.0037(4) 0.0073(4) .0081(4)
C(5) 0.0253(8 0.0246(8 0.0182(7 -0.0011(6 0.0078(6 -0.0013(6
0(6) 0.0263(6)  0.0283(6)  0.0444(7)  -0.0005(5)  0.0156(5) -0.0011(5)
C() 0.0238(8 0.0216(8 0.0263(8 0.0010(6 0.0085(7 -0.0007(6
c@) 0.0242(8)  0.0232(8) 0.0251(8)  0.0006(6) 0.0085(7) 0.0045(6)
c(9) 0.0244(8  0.0235@ 002939  0.0051(7  0.0045(7  -0.0028(6
C(10) 0.0262(8)  0.0219(8) 0.0393(10)  0.0022(7) 0.0103(7) -0.0003(7)
c@1) 0.0347(9)  0.0242(8)  0.0344(9)  -0.0034(7)  0.0135(8) 0.0020(7)
C(12) 0.0280(8 0.0261(8 0.0266(8 -0.0005(7 0.0087(7 -0.0012(7
C(13)  00428(11) 0.0398(10) 0.0255(9)  -0.0016(8)  0.00B4(8 0.0076(8)
C(14) 0.0372(10 0.0326(10 0.0527(12 0.0034(9 0.0107(9 0.0088(8
C(15) 0.0311(9) 0.0350(10) 0.0255(9)  -0.0013(7)  0.0074(7) -0.0001(7)
N(16) 0.0247(7)  0.0270(7)  0.0188(6)  -0.0005(5)  0.0059(5) 0.0055(6)
c@an 0.0270(8 0.0299(9 0.0206(8 0.0023(6 0.0043(7 0.0056(7
C(18) 0.0272(9)  0.0391(10) 0.0274(9)  -0.0050(8)  0.0051(7) 0.0030(8)
C(19) 0.0401(11 0.0411(11 0.0394(11 -0.0069(8 0.0133(9 -0.0072(9
C(20) 0.0285(8)  0.0313(9)  0.0219(8)  0.0009(7) 0.0099(7) .0081(7)
c(21) 0.0345(9)  0.0310(9)  0.0290(9)  -0.0070(7)  0.0038(7) 0.0070(8)
C(22) 0.0400(11 0.0301(9 0.0469(11 -0.0003(8 0.0072(9 -0.0018(8
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Table 4: Anisotropic thermal parameters (A?)

o(1)- C(2) 1.2331(18 C(9)- C(10) 1.391(2
C(2) - N(3) 1.399(2) C(10) - C(11) 1.388(2)
C(2)- N(16) 1.347(2 C(10)- C(14) 1.508(2
N(3) - O(4) 1.4238(16) C(11) - C(12) 1.396(2)
N(3) - H(31) 0.81¢ C(12)- C(13) 1.508(2
O(4) - C(5) 1.3740(19) N(16) - C(17) 1.462(2)
C(5) - O(6) 1.2001(19) N(16) - C(20) 1.463(2)
C(5)- C(7) 1.494(2 C(17)- C(18) 1.498(2
C(7) - C(8) 1.401(2) C(18) - C(19) 1.315(3)
C(7)- C(12) 1.399(2 C(20)- C(21) 1.497(2
C(8) - C(9) 1.393(2) C(21) - C(22) 1.313(3)
C(8) - C(15) 1.507(2) /

Table 5: Bond lengths (A)Note — C-H atoms have been excluded

O(1)- C(2)-N(3) 120.95(14 C(9)- C(10)- C(11 118.40(15
O(1) - C(2) - N(16) 123.82(14) C(9) - C(10) - C(14) 121.24(16)
N(3) - C(2)- N(16) 115.13(13 C(11)- C(10)- C(14 120.32(16

C(2) - N(3) - O(4) 112.54(12) C(10) - C(11) - C(12) 121.97(16)
N(3) - O(4) - C(5) 113.73(11) C(7) - C(12) - C(11) 117.86(15)
0(4)- C(5)- O(6) 122.97(14 C(7)- C(12)- C(13) 121.89(15

0(4) - C(5) - C(7) 110.46(13) C(11) - C(12) - C(13) 120.25(15)
0(6)- C(5)- C(7) 126.55(15 C(2)- N(16)- C(17, 119.63(13

C(5) - C(7) - C(8) 119.04(14) C(2) - N(16) - C(20) 123.75(13)
C(5) - C(7) - C(12) 118.98(14) C(17) - N(16) - C(20 116.49(13)
C(8)- C(7)- C(12) 121.91(15 N(16)- C(17)- C(18) 113.93(14

C(7) - C(8) - C(9) 117.76(15) C(17) - C(18) - C19 26102(16)
C(7)- C(8)- C1E 121.50(14 N(16)- C(20)- C(21, 114.12(14

C(9) - C(8) - C15 120.74(14) C(20) - C(21) - C(22) 126.54(17)
C(8) - C(9) - C(10) 122.08(15) /

Table 6: Bond angles (° C)Note — H atoms have been excluded
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Single-crystal X-ray diffraction report for compound 220a (Datablock: 0250109)

()
H111

Crystal of220awere grown and run by Callens Cédric from dichloetimne and petrol 40-60 °C. A single
crystal having dimensions approximatédyl2 x 0.20 x 0.20 mm was mounted on a glass fibre using
perfluoropolyether oil and cooled rapidly to 150iiKa stream of cold Nusing an Oxford Cryosystems
CRYOSTREAM unit. Diffraction data were measuredngsan Enraf-Nonius KappaCCD diffractometer
(graphite-monochromated MgKadiation = 0.71073 A). Intensity data were processed uisddENZO-
SMN packagé.

Examination of the systematic absences of the sittedata showed the space group tdPH&l 21 21. The
structure was solved in this space group usingditect-methods program SIR$2which located all non-
hydrogen atoms. The H atoms were all located iiffardnce map, but those attached to carbon atoens w
repositioned geometrically. Subsequent full-maleist-squares refinement was carried out agamssifig
the CRYSTAL program suité.Coordinates and anisotropic thermal parametere wefined for all non-
hydrogen atoms, and the hydrogens were refined mdihg constraints. A modified statistical weigtdgi
scheme was applied. Refinement converged satisiigaio give R = 0.0750, wR = 0.1123.

Attached is a thermal ellipsoid plot (CAMERON) &9 probability. A summary of crystallographic d&a
given below, as are full lists of atomic coordirsatanisotropic thermal parameters and those bargiHe
and angles not concerning H atoms.

References
(1) Z. Otwinowski, W. MinorMethods Enzymol. 1997, 276, 307.

(2) A. Altomare, G. Cascarano, C. Giacovazzo, Aa@iardi, M. C. Burla, G. Polidori, M. Camall,
Appl. Crystallogr. 1994 27, 435.

3) P. W. Betteridge,J. R. Carruthers, R. |. CopgeProut, D. J. Watkin]. Appl. Crystallogr. 2003
36, 1487,
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Crystal identification CCK 0250109
Chemical formula CuH14N0,
Formula weight 206.24
Temperature (K) 150
Wavelength (A) 0.71073
Crystal system Orthorhombic
Space group Cc
a(A) 7.79790(10)
b (A) 10.1302(2)
c(A) 26.8506(6)
a(®) 90
B() 90
7 (°) 90
Cell volume (&%) 2121.04(7)
z 8
Calculated density (Mg/nT) 1.292
Absorption coefficient (mm) 0.090
Fooc 880

Crystal size (mm)
Description of crystal
Absorption correction

Transmission coefficients (min,max)
0 range for data collection (°)
Index ranges
Reflections measured

0.12 x 0.20 x 0.20
Colourless plate
multi-scan
0.98, 0.99
5.25<0<27.48

-10sh<10,-13<k<13,-34<1< 34

4822

Unique reflections
Rint

Observed reflections (I > -8(1))

Refinement method
Parameters refined
Weighting scheme
Goodness of fit
R
WR

Full-matrix least-squares dfsqd

Residual electron density (min,max) (eR)

2758
0.053
1842

271

Modified Sheldrick

0.8934

0.0750

0.1123
-1.35, 0.44

Table 1: Crystal data and refinement details

Atom X y z Ueauiy
0(119 -0.0674(7 0.3605(4 0.54320(17 0.035:
N(118) -0.1087(8) 0.2980(4) 0.4980(2) 0.0333
c(117 0.0101(9 0.3010(6 0.4620(2 0.029:
O(116) 0.1334(5) 0.3803(4) 0.46348(16) 0.0295
N(120) -0.0125(8) 0.2197(5) 0.42215(19) 0.0307
Cc(121 0.1031(9 0.2346(6 0.3792(2 0.031¢
C(122) 0.0289(10) 0.3241(5) 0.3406(2) 0.0295
c(127, 0.0471(11 0.4617(6 0.3430(2 0.035:
C(126) -0.0266(11) 0.5422(7) 0.3070(3) 0.0388
C(125 -0.1159(12 0.4898(8 0.2683(3 0.041¢
C(124) -0.1422(11) 0.3595(10) 0.2649(3) 0.0426
C(123) -0.0680(11) 0.2740(6) 0.3009(2) 0.0369
C(128; -0.1516(9 0.1214(6 0.4175(3 0.031¢
C(129) -0.0796(12) -0.0156(6) 0.4220(3) 0.0423
C(130 -0.0825(9 -0.1022(6 0.3857(3 0.043:
0(16) -0.1340(5) 0.6202(4) 0.53541(16) 0.0315
C(17) -0.0106(8) 0.7002(6) 0.5382(2) 0.0246
N(18) 0.1110(9 0.7028(4 0.5009(2 0.032¢
0(19) 0.0661(6) 0.6373(4) 0.45671(17) 0.0327
N(20) 0.0108(8 0.7803(5 0.5772(2 0.029:
C(21) -0.1008(9) 0.7667(6) 0.6210(2) 0.0332
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C(22) -0.0253(9 0.6762(5 0.6608(2 0.026¢
C(23) 0.0659(11) 0.7258(7) 0.6999(3) 0.0340
C(24) 0.1366(11 0.6452(10 0.7345(3 0.041¢
C(25) 0.1197(10) 0.5072(7) 0.7302(3) 0.0451
C(26) 0.0214(10) 0.4562(6) 0.6915(3) 0.0423
C(27) -0.0489(12 0.5406(5 0.6569(2 0.034:
C(28) 0.1441(8) 0.8800(6) 0.5822(3) 0.0383
C(29) 0.0761(12 1.0168(6 0.5793(3 0.045(
C(30) 0.0847(9) 1.1051(6) 0.6138(3) 0.0503

Table 2: Atomic coordinates and equivalent isotropic thernal parameters (&) of non-hydrogen

atoms
Atom X \ z Uisc
H(1211 0.208: 0.270( 0.391: 0.036¢
H(1212 0.118¢ 0.146: 0.364: 0.036:
H(1271) 0.1102 0.4996 0.3696 0.0417
H(1261) -0.0119 0.6334 0.3099 0.0493
H(1251; -0.163¢ 0.543: 0.244: 0.050"
H(1241) -0.2082 0.3214 0.2390 0.0576
H(1231] -0.084: 0.181¢ 0.298( 0.041¢
H(1281) -0.2364 0.1330 0.4442 0.0451
H(1282) -0.2044 0.1319 0.3842 0.0458
H(1291] -0.029: -0.040: 0.451¢ 0.056¢
H(1301) -0.0429 -0.1879 0.3920 0.0550
H(1302; -0.127¢ -0.080:¢ 0.354( 0.0541
H(211) -0.1165 0.8548 0.6355 0.0388
H(212) -0.2107 0.731¢ 0.610( 0.038:
H(231) 0.0796 0.8175 0.7033 0.0426
H(241) 0.1955 0.6797 0.7611 0.0440
H(251) 0.166¢ 0.452! 0.754( 0.053¢
H(261) 0.0065 0.3652 0.6883 0.0502
H(271) -0.113: 0.505¢ 0.630: 0.043¢
H(281) 0.2037 0.8716 0.6140 0.0365
H(282) 0.2286 0.8632 0.5563 0.0372
H(291) 0.017- 1.039¢ 0.549¢ 0.048:
H(302) 0.1358 1.0821 0.6445 0.0563
H(301) 0.039¢ 1.190¢ 0.608¢ 0.057:
H(181) 0.1853 0.7676 0.4990 0.0401
H(1191) -0.0878 0.4371 0.5361 0.0486
H(191) 0.086: 0.555¢ 0.458: 0.052¢
H(1181) -0.1664 0.2290 0.5021 0.0409

Table 3: Atomic coordinates and isotropic thermal parametes (A% of hydrogen atoms

Atom U4 U,s Uazq U= Uqa Uqo
0(119 0.042(3 0.035(2 0.029(3 -0.005(2 -0.004(3 -0.001(3
N(118 0.028(3 003133  0.041(3 0.000(3 0.002(3 -0.010(4
c(117) 0.020(4)  0.033(4)  0.034(4) 0.008(4) 0.002(4) 0.83(
0(116) 0.023(3)  0.028(2)  0.037(3) 0.001(2) 0.000(3) -0@)1
N(120 0.030(4 00393  0.024(3 10.001(3 0.005(3 -0.010(3
c(121) 0.032(4)  0.028(3)  0.035(4) 0.000(3) 0.000(4) 0.814(
c(122’ 0.022(4  0036(3  0.031(4 -0.001(3 0.008(4 -0.012(4
c(127) 0.032(4)  0.035(4)  0.039(5) -0.014(4) 0.014(4) 0@y
C(126) 0.043(5)  0.030(3)  0.043(5) 0.017(4) 0.001(5) 0.807(
C(125. 0.032(5 00636  0.030(4 0.007(5 0.003(4 0.008(6
C(124) 0.036(5)  0.047(6)  0.045(5) -0.018(5) -0.010(4) 0®)
c(123) 0.041(5  0.034(4  0.036(4 0.004(3 0.010(4 -0.007(4
C(128) 0.028(4)  0.024(4)  0.044(5) -0.004(4) 0.003(4) a@)
C(129) 0.051(6)  0.043(4)  0.033(5) 0.000(4) -0.007(4) -6(3)
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C(130 0.036(4 0.036(3 0.057(6 0.003(4 -0.008(5 0.013(5
0(16) 0.029(3) 0.028(2) 0.037(3) 0.003(2) -0.003(3) -6(3)
Cc(7) 0.030(4 0.016(3 0.028(4 0.002(3 -0.007(4 0.007(4
N(18) 0.044(4) 0.036(4) 0.018(3) -0.012(3) 0.001(3) -6@)
0(19) 0.043(3) 0.023(2) 0.032(3) 0.001(2) 0.001(3) 0.891(
N(20) 0.025(4 0.025(3 0.039(3 -0.007(3 -0.001(3 0.000(3
C(21 0.024(4) 0.045(4) 0.031(4) -0.004(4) 0.010(4) -8@®)
C(22) 0.026(4 0.031(3 0.024(4 -0.003(3 0.004(4 0.009(4
C(23) 0.022(5) 0.041(4) 0.039(5) -0.012(4) -0.007(5) Q@9
C(24) 0.032(5) 0.069(6) 0.025(4) 0.013(5) -0.001(4) 0802
C(25) 0.044(4 0.042(5 0.050(5 0.016(5 0.003(4 0.008(5
C(26) 0.051(5) 0.040(4) 0.036(3) -0.011(4) 0.020(5) -0@y
C(27) 0.041(5 0.042(4 0.020(5 0.009(4 -0.006(4 -0.008(4
C(28) 0.039(4) 0.052(4) 0.025(4) -0.006(3) 0.002(4) 0(@@p1
C(29) 0.053(6 0.029(4 0.054(5 0.017(4 -0.020(5 -0.011(5
C(30) 0.049(5) 0.025(3) 0.077(6) -0.001(4) -0.009(5) 160

Table 4: Anisotropic thermal parameters (A?)

0O(119)- N(118; 1.407(6 O(16)- C(17; 1.260(7
0(119)- H(1191 0.81¢f C(17)- N(18) 1.378(8
N(118) - C(117) 1.339(9) C(17) - N(20) 1.336(7)
N(118)- H(1181 0.83¢ N(18)- O(19 1.405(6
C(117) - O(116) 1.253(7) N(18) - H(181) 0.877
C(117) - N(120) 1.362(7) 0(19) - H(191) 0.840
N(120)- C(121 1.471(7 N(20)- C(21; 1.469(7
N(120) - C(128) 1.477(7) N(20) - C(28) 1.456(7)
C(121)- C(122 1.494(7 C(21)- C(22; 1.525(7
C(122) - C(127) 1.402(7) C(22) - C(23) 1.364(8)
C(122) - C(123) 1.403(8) C(22) - C(27) 1.390(7)
C(127)- C(126 1.390(9 C(23)- C(24, 1.354(10
C(126) - C(125) 1.360(10) C(24) - C(25) 1.408(11)
C(125)- C(124 1.339(12 C(25)- C(26; 1.391(10
C(124) - C(123) 1.420(9) C(26) - C(27) 1.376(9)
C(128)- C(129 1.502(8 C(28)- C(29; 1.486(8
C(129) - C(130) 1.310(9) C(29) - C(30) 1.289(8)

Table 5: Bond lengths (A)Note — C-H atoms have been excluded

0119- N(118)- C(117 117.0(5 0(16)- C(17)- N(20) 122.1(6
N(118)- C(117)- O11¢ 121.5(6 N(18)- C(17)- N(20) 118.1(6

N(118) - C(117) - N(120) 117.6(6) C(17) - N(18) - O(19) 115.6(6)
0116 - C(117) - N(120) 120.8(6) C(17) - N(20) - €)2 119.8(6)

C(117)- N(120)- C(121 118.3(6 C(17)- N(20) - C(28; 125.7(6

C(117) - N(120) - C(128) 124.7(6) C(21) - N(20)(28) 114.4(5)

C(121)- N(120)- C(128 117.0(5 N(20)- C(21)- C(22, 112.9(5

N(120) - C(121) - C(122) 111.6(5) C(21) - C(22)(28) 121.3(6)

C(121)- C(122)- C(127 122.1(6 C(21)- C(22)- C(27; 119.3(7

C(121) - C(122) - C(123) 121.1(5) C(23) - C(22)(2D 119.4(7)

C(127) - C(122) - C(123) 116.7(7) C(22) - C(23) - C(24) 121.2(7)

C(122)- C(127)- C(126 120.6(7 C(23)- C(24)- C(25, 120.3(9
C(127) - C(126) - C125 121.0(7) C(24) - C(25) - C(26) 118.7(8)

C(126)- C125- C12¢ 121.0(9 C(25)- C(26)- C(27 119.6(6
C125 - C124 - C(123) 119.6(9) C(22) - C(27) - C(26) 120.7(7)

N(120) - C(128) - C129 110.0(5) N(20) - C(28) - @2 112.8(5)

C(128)- C12¢- C13( 123.6(8 C(28)- C(29)- C(30; 126.2(7
0O(16) - C(17) - N(18) 119.7(6) /

Table 6: Bond angles (° C)Note — H atoms have been excluded
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Single-crystal X-ray diffraction report for compound 221 (Datablock: 0300209)

Crystal of221 were grown and run by Callens Cédric from dichloetimane and petrol 40-60 °C. A single
crystal having dimensions approximatédyl0 x 0.18 x 0.18 mm was mounted on a glass fibre using
perfluoropolyether oil and cooled rapidly to 293iiKa stream of cold Nusing an Oxford Cryosystems
CRYOSTREAM unit. Diffraction data were measuredngsan Enraf-Nonius KappaCCD diffractometer
(graphite-monochromated MgKadiation,z = 0.71073 A). Intensity data were processed usiaddENZO-
SMN packagé.

Examination of the systematic absences of the sittedata showed the space group td°bé. The structure
was solved in this space group using the direchous program SIR92which located all non-hydrogen
atoms. The H atoms were all located in a differentap, but those attached to carbon atoms were
repositioned geometrically. Subsequent full-malkeist-squares refinement was carried out agamssifig
the CRYSTAL program suité.Coordinates and anisotropic thermal parametere wefined for all non-
hydrogen atoms, and the hydrogens were refined mdihg constraints. A modified statistical weigidi
scheme was applied. Refinement converged satisiigdio give R = 0.0916, wR = 0.1674.

Attached is a thermal ellipsoid plot (CAMERON) &9 probability. A summary of crystallographic d&a
given below, as are full lists of atomic coordirsatanisotropic thermal parameters and those bargiHe
and angles not concerning H atoms.

References
(1) Z. Otwinowski, W. MinorMethods Enzymol. 1997, 276, 307.

(2) A. Altomare, G. Cascarano, C. Giacovazzo, Aa@iardi, M. C. Burla, G. Polidori, M. Camall,
Appl. Crystallogr. 1994 27, 435.

3) P. W. Betteridge,J. R. Carruthers, R. |. CopgeProut, D. J. Watkin]. Appl. Crystallogr. 2003
36, 1487.
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Crystal identification CCK 0300209
Chemical formula CoH2N4O,
Formula weight 412.49
Temperature (K) 293
Wavelength (A) 0.71073
Crystal system Triclinic
Space group P-1
a(R) 9.3933(3)
b (A) 10.5472(3)
c(R) 11.1850(3)
a(°) 89.9798(14)
B 90.0100(14)
° 102.5009(12)
Cell volume (A% 1081.86(5)
z 2
Calculated density (Mg/nt) 1.266
Absorption coefficient (mm*) 0.089
Fooc 440

Crystal size (mm)
Description of crystal
Absorption correction

Transmission coefficients (min,max)
0 range for data collection (°)
Index ranges

Reflections measured
Unique reflections
Rint
Observed reflections (1 > -8(1))
Refinement method
Parameters refined
Weighting scheme
Goodness of fit
R
wR

0.20 x 0.20 x 0.20
Colourless block
multi-scan
0.98, 0.99
5.24<6<27.52

-12<h<12,-13<k<13,-14<1< 14

8878
4916
0.051
3741

Full-matrix least-squares dfsqd

272
Modified Sheldrick
0.9946
0.0916
0.1674
-0.40, 0.52

Residual electron density (min,max) (eR)

Table 1: Crystal data and refinement details

Atom X % z Ueauiy
0(1) 0.3468(3 1.0040(2 0.43232(1¢ 0.043(
N(2) 0.4380(3 1.0295(3 0.3309(2 0.034:
C(3) 0.5394(4) 1.1470(3) 0.3378(3) 0.0333
0(4) 0.6032(3 1.1923(2 0.4304(2 0.041¢
N(5) 0.5608(3) 1.1976(3) 0.2276(2) 0.0357
C(6) 0.4743(4) 1.1110(4) 0.1403(3) 0.0425
C(7) 0.3542(4 1.0309(4 0.2196(3 0.039¢
C(8) 0.2854(5) 0.8996(4) 0.1739(3) 0.0506
C(9) 0.6837(4 1.3011(3 0.1947(3 0.040¢
C(10) 0.8137(4) 1.2536(3) 0.1472(3) 0.0365
C(11) 0.9006(4) 1.3246(4) 0.0588(3) 0.0442
C(12) 1.0224(4 1.2834(4 0.0169(3 0.051:
C(13) 1.0584(4) 1.1724(4) 0.0608(4) 0.0507
C(14) 0.9719(4 1.1015(4 0.1477(4 0.049°
C(15) 0.8508(4) 1.1423(3) 0.1904(3) 0.0404

0(16) 0.6031(3 0.6921(2 0.0698(2 0.041¢
C(17) 0.5397(4) 0.6465(3) 0.1620(3) 0.0337
N(18) 0.4381(3) 0.5300(3) 0.1694(2) 0.0331

0(19) 0.3470(3 0.5037(3 0.0677(2 0.043¢
C(20) 0.3545(4) 0.5318(4) 0.2805(3) 0.0398
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C(21) 0.4743(4) 0.6108(4) 0.3597(3) 0.0418
N(22) 0.5609(3 0.6973(3 0.2724(2 0.036(
C(23) 0.6837(4) 0.8009(3) 0.3051(3) 0.0412
C(24) 0.8137(4) 0.7535(3) 0.3527(3) 0.0362
C(25) 0.9005(4 0.8251(4 0.4413(3 0.045(
C(26) 1.0220(4) 0.7839(4) 0.4832(3) 0.0521
C(27) 1.0583(4 0.6728(4 0.4392(3 0.050¢
C(28) 0.9716(4) 0.6017(4) 0.3525(3) 0.0478
C(29) 0.8511(4 0.6423(3 0.3094(3 0.040¢
C(30) 0.2855(5) 0.3996(4) 0.3259(3) 0.0512

Table 2: Atomic coordinates and equivalent isotropic thernal parameters (&) of non-hydrogen

atoms

Atom X \ z Uisc
H(61) 0.432: 1.157: 0.078( 0.054¢
H(62) 0.5354 1.0543 0.1052 0.0540
H(71) 0.275! 1.082( 0.231¢ 0.049:
H(81) 0.2318 0.9085 0.0997 0.0755
H(82) 0.217¢ 0.853¢ 0.235! 0.075¢
H(83) 0.3626 0.8507 0.1575 0.0753
H(91) 0.715¢ 1.354: 0.268( 0.050¢
H(92) 0.6493 1.3553 0.1314 0.0508
H(111) 0.8763 1.4013 0.0275 0.0544
H(121) 1.080¢ 1.333: -0.0427 0.061¢
H(131) 1.1425 1.1451 0.0305 0.0617
H(141) 0.996¢ 1.023: 0.177: 0.062¢
H(151) 0.7901 1.0950 0.2517 0.0496
H(201) 0.2761 0.5824 0.2685 0.0489
H(212) 0.432: 0.657¢ 0.422: 0.0531
H(211) 0.5349 0.5532 0.3946 0.0529
H(231) 0.647¢ 0.855¢ 0.366¢ 0.051"
H(232) 0.7158 0.8522 0.2318 0.0518
H(251) 0.876¢ 0.902: 0.472¢ 0.055¢
H(261) 1.0811 0.8339 0.5427 0.0625
H(271) 1.1419 0.6455 0.4698 0.0606
H(281) 0.995¢ 0.523( 0.322¢ 0.059¢
H(291) 0.7905 0.5945 0.2482 0.0495
H(301) 0.234¢ 0.409¢ 0.401¢ 0.076¢
H(303) 0.3638 0.3514 0.3400 0.0765
H(302) 0.2162 0.3548 0.2650 0.0764
H(11) 0.370¢ 0.936° 0.462 0.065:
H(191) 0.3646 0.4353 0.0358 0.0661

Table 3: Atomic coordinates and isotropic thermal parametes (A% of hydrogen atoms

Atom U4 U,s Uazq U= Uqa Uqo
0O(1) 0.0381(14 0.0570(17 0.0321(13 0.0070(11 0.0079(11 0.0064(12
NE2) 0.0318(16) 0.0456(18) 0.0226(14)  0.0027(12)  0.0025( 0.0031(14)
C(3) 0.0324(19 0.038(2 0.0300(19 0.0001(15 0.0022(15 0.0093(16
o(4) 0.0469(15) 0.0463(16) 0.0297(13)  -0.0073(11)  -02102)  0.0046(12)
N(5) 0.0394(17 0.0359(17 0.0301(16 0.0006(12 0.0007(13 0.0045(13
c(6) 0.047(2)  0.046(2)  0.0326(19)  0.0038(16)  -0.0099(16)0.0056(18)
c(7) 0.039(2)  0.048(2)  0.0303(18)  0.0044(16)  -0.0061(16)0.0058(17)
c(8) 0.054(2  0.051(3  0.044(2  -0.0011(18  -0.0093(18  0.004(2
c(9) 0.048(2)  0032(2)  0.039(2)  0.0048(15)  0.0019(17) 00R4(17)
C(10) 0.037(2  0036(2  0.0303(18 -0.0016(15  -0.0012(15  -0.0037(16
c(1) 0.044(2)  0042(2)  0041(2)  0.0051(17)  -0.0018(17) 0.0832(18)
c(12) 0.041(2 00643 00402  0.0018(19  0.0055(18  -0.008(2
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C(13) 0.038(2) 0.060(3) 0.052(2) -0.008(2) 0.0014(18) 0a@)
C(14) 0.048(2 0.047(2 0.055(2 -0.0035(19 -0.0010(19 0.0098(19
C(15) 0.043(2) 0.037(2) 0.039(2) 0.0045(16) 0.0033(17) 0087(17)
0(16) 0.0473(15) 0.0446(15) 0.0302(13) 0.0058(11) 0.001%( 0.0039(12)
C(17) 0.0343(19 0.039(2 0.0298(19 0.0011(15 -0.0015(15 0.0124(16
N(18) 0.0324(16) 0.0416(18) 0.0226(14) -0.0031(12) -03702) 0.0025(13)
0(19) 0.0388(14 0.0586(17 0.0328(13 -0.0078(11 -0.0097(11 0.0077(12
C(20) 0.041(2) 0.045(2) 0.0316(18) -0.0041(16) 0.0065(16) 0.0066(17)
C(21) 0.050(2 0.044(2 0.0288(18 -0.0055(16 0.0080(16 0.0045(18
N(22) 0.0404(17) 0.0351(17) 0.0312(16) -0.0002(12) -01G03) 0.0056(13)
C(23) 0.046(2) 0.034(2) 0.041(2) -0.0050(16) -0.0007(17) 0.0034(17)
C(24) 0.040(2 0.034(2 0.0302(18 0.0031(15 0.0001(15 -0.0014(16
C(25) 0.046(2) 0.042(2) 0.041(2) -0.0049(17) 0.0011(18) 0.0036(18)
C(26) 0.042(2 0.066(3 0.040(2 -0.0031(19 -0.0059(18 -0.007(2
C(27) 0.040(2) 0.059(3) 0.050(2) 0.009(2) -0.0012(18) 0a@)
C(28) 0.044(2) 0.045(2) 0.054(2) 0.0037(19) 0.0010(19) 0002(19)
C(29) 0.040(2 0.038(2 0.042(2 -0.0029(16 -0.0024(16 0.0027(17
C(30) 0.053(2) 0.052(3) 0.045(2) 0.0015(18) 0.0084(19) 002(2)
Table 4: Anisotropic thermal parameters (A?)
O(1)- N(2) 1.412(3 0(16)- C(17. 1.236(4
O(1) - H(11) 0.858 C(17) - N(18) 1.386(4)
N(2) - C(3 1.393(4) C(17) - N(22 1.343(4)
N(2) - C(7) 1.474(4 N(18)- O(19) 1.414(3
C(3) - 0(4) 1.239(4) N(18) - C(20 1.472(4)
C(3)- N(5) 1.341(4 0(19)- H(191 0.85:
N(5) - C(6 1.458(4) C(20) - C(21) 1.530(5)
N(5) - C(9) 1.454(4 C(20)- C(30 1.493(5
C(6) - C(7) 1.536(5) C(21) - N(22) 1.458(4)
C(7) - C(8) 1.487(5) N(22) - C(23) 1.453(4)
C(9)- C(10; 1.513(5 C(23)- C(24, 1.513(5
C(10) - C(11) 1.393(5) C(24) - C(25) 1.396(5)
C(10)- C(15 1.382(5 C(24)- C(29 1.383(5
C(11) - C(12) 1.390(6) C(25) - C(26) 1.388(6)
C(12) - C(13)) 1.378(6) C(26) - C(27) 1.379(6)
C(13)- C(14 1.378(5 C(27)- C(28 1.379(5
C(14) - C(15) 1.386(5) C(28) - C(29) 1.381(5)
Table 5: Bond lengths (A)Note — C-H atoms have been excluded
O(1)- N(2)- C(3) 113.2(2 0(16)- C(17)- N(18) 125.2(3
O(1) - N(2) - C(7) 112.2(3) 0(16) - C(17) - N(22) 26L5(3)
C(3) - N(2) - C(7) 107.6(3) N(18) - C(17) - N(22) 108.3(3)
N(2) - C(3)- O(4) 124.8(3 C(17)- N(18)- O(19 113.4(2
N(2) - C(3) - N(5) 108.5(3) C(17) - N(18) - C(20) 107.8(3)
O(4)- C(3)- N(5) 126.6(3 0(19)- N(18)- C(20 112.3(3
C(3) - N(5) - C(6) 110.6(3) N(18) - C(20) - C(21) 99.4(3)
C(3) - N(5) - C(9) 123.9(3) N(18) - C(20) - C(30) 13.6(3)
C(6)- N(5) - C(9) 123.0(3 C(21)- C(20)- C(30 115.5(3
N(5) - C(6) - C(7) 101.6(3) C(20) - C(21) - N(22) 01.4(3)
C(6)- C(7)- N(2) 99.4(3 C(21)- N(22)- c(17 110.6(3
C(6) - C(7) - C(8) 115.6(3) C(21) - N(22) - C(23) 2311(3)
N(2) - C(7)- C(8) 114.0(3 C(17)- N(22)- C(23 123.8(3
N(5) - C(9) - C(10) 114.0(3) N(22) - C(23) - C(24) 113.9(3)
C(9) - C(10) - C(11) 119.5(3) C(23) - C(24) - C(25) 119.3(3)
C(9)- C(10)- C(15 121.9(3 C(23)- C(24)- C(29 121.9(3
C(11) - C(10) - C(15) 118.6(3) C(25) - C(24) - C(29) 118.8(3)
C(10)- C(11)-Cc(12 119.8(4 C(24)- C(25)- C(26 119.6(4
C(11) - C(12) - C(13) 121.0(4) C(25) - C(26) - C(27) 121.1(4)
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C(12) - C(13) - C14 119.2(4)
C(13)- C14- C(15) 120.1(4
C14 - C(15) - C(10) 121.2(3)

C(26) - C(27) - C(28) 119.2(4)
C(27)- C(28)- C(29) 120.2(4
C(24) - C(29) - C(28) 121.1(3)

* Table 6: Bond angles (° C)Note —

- 355 -

H atoms have been excluded



Appendix 3: X-ray crystal structures

Single-crystal X-ray diffraction report for compound 231 (Datablock: 0550510)

Crystal of231 were grown and run by Callens Cédric from dichloetimane and petrol 40-60 °C. A single
crystal having dimensions approximatédyl6 x 0.18 x 0.20 mm was mounted on a glass fibre using
perfluoropolyether oil and cooled rapidly to 150iiKa stream of cold Nusing an Oxford Cryosystems
CRYOSTREAM unit. Diffraction data were measuredngsan Enraf-Nonius KappaCCD diffractometer
(graphite-monochromated MgKadiation,z = 0.71073 A). Intensity data were processed usiaddENZO-
SMN packagé.

Examination of the systematic absences of the sittedata showed the space group td°bé. The structure
was solved in this space group using the direchous program SIR92which located all non-hydrogen
atoms. The H atoms were all located in a differentap, but those attached to carbon atoms were
repositioned geometrically. Subsequent full-maleist-squares refinement was carried out agamssifig
the CRYSTAL program suité.Coordinates and anisotropic thermal parametere wefined for all non-
hydrogen atoms, and the hydrogens were refined mdihg constraints. A modified statistical weigidi
scheme was applied. Refinement converged satisiigdio give R = 0.0687, wR = 0.1203.

Attached is a thermal ellipsoid plot (CAMERON) &% probability. A summary of crystallographic déa
given below, as are full lists of atomic coordirgtanisotropic thermal parameters and those bargtHe
and angles not concerning H atoms.

References
(1) Z. Otwinowski, W. MinorMethods Enzymol. 1997, 276, 307.

(2) A. Altomare, G. Cascarano, C. Giacovazzo, Aa@iardi, M. C. Burla, G. Polidori, M. Camall,
Appl. Crystallogr. 1994 27, 435.

3) P. W. Betteridge,J. R. Carruthers, R. |. CopgeProut, D. J. Watkin]. Appl. Crystallogr. 2003
36, 1487.
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Crystal identification CCK 0550510
Chemical formula C14H20N405
Formula weight 292.34
Temperature (K) 150
Wavelength (A) 0.71073
Crystal system Triclinic
Space group P-1
a(A) 8.9148(2)
b (A) 8.9148(2)
c(R) 10.8120(3)
a(°) 70.6891(12)
B 66.5632(11)
° 76.5531(15)
Cell volume (A% 755.69(4)
z 2
Calculated density (Mg/nT) 1.285
Absorption coefficient (mm*) 0.092
Fooc 312

Crystal size (mm)
Description of crystal
Absorption correction

Transmission coefficients (min,max)
0 range for data collection (°)

0.16 x 0.18 x 0.20
Colourless block
multi-scan
0.92, 0.99
5.11<6<27.48

Index ranges -11<h<10, -11ck<11,-14<1< 14

Reflections measured
Unique reflections
Rint
Observed reflections (1 > -&(1))
Refinement method
Parameters refined
Weighting scheme
Goodness of fit
R
WR

Residual electron density (min,max) (e&)

5838
3442
0.022
2440

Full-matrix least-squares dfsqd

191
Modified Sheldrick
0.9891
0.0687
0.1203
-0.44, 1.07

Table 1: Crystal data and refinement details

Atom X \ z Ueauiv
o) 0.4951(2 0.2632(2 0.86752(17 0.033:
C(2) 0.3586(3 0.2400(3 0.9949(3 0.032¢
C(3) 0.2715(3) 0.1134(3) 0.9998(3) 0.0310
N(4) 0.2057(3 0.1603(3 0.8859(2 0.032¢
C(5) 0.0399(3) 0.2068(3) 0.9342(3) 0.0290
0(6) -0.0462(2) 0.2683(2) 0.86125(19) 0.0398
N(7) -0.0143(2 0.1711(2 1.0767(2 0.031:
C(8) 0.1150(3) 0.0859(3) 1.1312(3) 0.0328
C(9) -0.1857(3 0.1813(3 1.1645(3 0.034¢
C(10) -0.2324(3) 0.2996(3) 1.2461(3) 0.0385
C(11) -0.1439(4) 0.4100(3) 1.2204(3) 0.0472
C(12) 0.5809(3 0.3885(3 0.8462(3 0.032¢
C(13) 0.7136(3) 0.4071(3) 0.7037(3) 0.0313
N(14) 0.6451(3 0.4556(3 0.5917(2 0.037¢
C(15) 0.6732(3) 0.6032(3) 0.5125(2) 0.0293
0(16) 0.6202(2 0.6781(2 0.41626(1€ 0.035¢
N(17) 0.7709(3) 0.6562(3) 0.5543(2) 0.0380
C(18) 0.8155(3) 0.5405(3) 0.6668(3) 0.0363
C(19) 0.8460(4 0.7991(3 0.4797(3 0.042(
C(20) 0.7626(5) 0.9382(4) 0.5343(4) 0.0624
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C(21) 0.6272(6) 0.9524(5) 0.6269(5) 0.0815

Table 2: Atomic coordinates and equivalent isotropic thernal parameters (&) of non-hydrogen

atoms

Atom X \ z Uisc
H(21) 0.399( 0.207: 1.074¢ 0.041:
H(22) 0.283: 0.340( 0.997- 0.040°
H(31) 0.3491 0.0140 0.9947 0.0386
H(81) 0.116: 0.131¢ 1.203: 0.040:
H(82) 0.0969 -0.0265 1.1725 0.0408
H(91) -0.2074 0.0760 1.2297 0.0420
H(92) -0.252( 0.209: 1.103° 0.043(
H(101) -0.3361 0.2913 1.3228 0.0491
H(111) -0.182¢ 0.481: 1.278¢ 0.060:
H(112) -0.0396 0.4152 1.1434 0.0594
H(121) 0.6322 0.3614 0.9197 0.0399
H(122) 0.504¢ 0.488¢ 0.848: 0.040:
H(131) 0.7874 0.3050 0.7026 0.0386
H(181) 0.787: 0.583¢ 0.747: 0.045:
H(182) 0.9362 0.5035 0.6331 0.0456
H(191) 0.958¢ 0.777( 0.483° 0.052¢
H(192) 0.8555 0.8234 0.3817 0.0524
H(201) 0.8163 1.0304 0.4979 0.0795
H(211) 0.598° 1.054° 0.645¢ 0.099:
H(212) 0.5635 0.8621 0.6717 0.0993

Table 3: Atomic coordinates and isotropic thermal parametes (A% of hydrogen atoms

Atom Uq4 U,s Uazs Uy- Uiz Uqo
0O(1) 0.0295(9 0.0403(10 0.0277(9 -0.0084(8 -0.0068(7 -0.0064(8
cE) 0.0269(13) 0.0428(15) 0.0268(13)  -0.0071(11)  -07q08)  -0.0040(11)
c@3) 0.0299(13 0.0305(13  0.0291(13  -0.0042(10  -0.0120(11  0.0003(10
N(4) 0.0340(11) 0.0356(12) 0.0301(11)  -0.0087(9)  -0.a%¥2  -0.0026(9)
c(5) 0.0344(14 0.0242(12 0.0319(13  -0.0043(10  -0.0163(11  -0.0061(10
0(6) 0.0403(11) 0.0461(11) 0.0372(11)  -0.0017(8)  -0.g2p8 -0.0096(8)
N(7) 0.0290(11) 0.0365(12) 0.0270(11)  -0.0049(9)  -0.gaP0  -0.0022(9)
c(8) 0.0314(13 0.0339(14 0.0303(14  -0.0020(11  -0.0131(11  -0.0041(11
c(9) 0.0271(13) 0.0379(14) 0.0373(14) -0.0059(11)  -03q10)  -0.0068(11)
C(10)  0.0341(14 00381(15 0.0356(15 -0.0077(12  -0.0089(12  0.0010(12
C(11)  0.0492(18) 0.0395(16) 0.0517(18) -0.0178(14) -05{15)  0.0015(13)
c(12) 0.0284(13 0.0404(14 0.0312(14  -0.0082(11  -0.0125(11  -0.0062(11

C(13) 0.0325(13) 0.0352(14) 0.0274(13)  -0.0052(10)  -09§14)  -0.0030(11)
N(14) 0.0488(14) 0.0385(12) 0.0288(12)  -0.0001(9)  -0.g2@B  -0.0095(10)

C(15) 0.0256(12 0.0354(13 0.0227(12  -0.0081(10  -0.0055(10  -0.0007(10
0(16) 0.0406(10)  0.0384(10)  0.0269(9)  -0.0031(8) -0.0852( -0.0033(8)
N(17) 0.0419(13 0.0378(12 0.0370(13  0.0008(10  -0.0210(10  -0.0122(10

C(18) 0.0367(14) 0.0420(15) 0.0304(14)  -0.0033(12)  -00F1E)  -0.0083(12)
C(19) 0.0543(18) 0.0396(15) 0.0316(15)  -0.0042(12)  -06§13)  -0.0169(13)
C(20) 0.086(3  0.0474(19 0.0427(19  -0.0025(15  -0.0242(19  0.0015(18
c(21) 0.080(3) 0.070(3) 0.087(3) -0.018(2) -0.038(3) @)

Table 4: Anisotropic thermal parameters (A?)

o(1)- C(2) 1.420(3 C(10)- C(11 1.312(4
O(1) - C(12) 1.426(3) C(12) - C(13) 1.507(3)
C(2) - C(3) 1.510(4) C(13) - N(14) 1.464(3)
C(3)- N(4) 1.467(3 C(13)- C(18 1.540(4
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C(3)-C(8) 1.542(3) N(14) - C(15) 1.353(3)
N(4) - C(5) 1.370(3 C(15)- O(16 1.242(3
C(5) - O(6) 1.231(3) C(15) - N(17) 1.360(3)
C(5) - N(7) 1.365(3) N(17) - C(18) 1.447(3)
N(7) - C(8) 1.450(3 N(17)- C(19) 1.442(3
N(7) - C(9) 1.443(3) C(19) - C(20) 1.489(4)
C(9)- C(10) 1.497(4 C(20)- C(21 1.235(5

Table 5: Bond lengths (A)Note — C-H atoms have been excluded

C(2)- O(1)- C(12) 112.79(19 O(1)- C(12) - C(13) 106.9(2
O(1) - C(2) - C(3) 107.5(2) C(12) - C(13) - N(14) 112.0(2)
C(2)- C(3)- N(4) 111.8(2 C(12) - C(13) - C(18) 112.2(2
C(2) - C(3) - C(8) 111.4(2) N(14) - C(13) - Cf18 102.8(2)
N(4) - C(3)- C(8) 102.5(2 C(13) - N(14) - C(15) 111.9(2
C(3) - N(4) - C(5) 110.5(2) N(14) - C(15) - O}16 125.9(2)
N(4) - C(5) - O(6) 125.7(2) N(14) - C(15) - N(17) 108.9(2)
N(4) - C(5)- N(7) 108.7(2 0(16)- C(15) - N(17) 125.3(2
0(6) - C(5) - N(7) 125.7(2) C(15) - N(17) - C(18) 112.3(2)
C(5)- N(7) - C(8) 111.9(2 C(15) - N(17) - C(19) 124.0(2
C(5) - N(7) - C(9) 124.1(2) C(18) - N(17) - C(19) 122.8(2)
C(8) - N(7) - C(9) 122.4(2 C(13) - C(18) - N(17) 103.3(2
C(3)- C(8) - N(7) 102.42(19) N(17) - C(19) - C(20) 116.6(3)
N(7) - C(9) - C(10) 113.3(2) C(19) - C(20) (251 128.3(4)
C(9) - C(10) - C11 125.1(3 -

Table 6: Bond angles (° C)Note — H atoms have been excluded
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Single-crystal X-ray diffraction report for compound 247 (Datablock: 0370609)

Crystal of247 were grown and run by Callens Cédric from dichloetimane and petrol 40-60 °C. A single
crystal having dimensions approximatéy08 x 0.10 x 0.14 mm was mounted on a glass fibre using
perfluoropolyether oil and cooled rapidly to 150iiKa stream of cold Nusing an Oxford Cryosystems
CRYOSTREAM unit. Diffraction data were measuredngsan Enraf-Nonius KappaCCD diffractometer
(graphite-monochromated MgKadiation,z = 0.71073 A). Intensity data were processed usiaddENZO-
SMN packagé.

Examination of the systematic absences of the sitterata showed the space group toRb@/n. The
structure was solved in this space group usingdttect-methods program SIR$2yhich located all non-
hydrogen atoms. The H atoms were all located iiffardnce map, but those attached to carbon atoens w
repositioned geometrically. Subsequent full-maleist-squares refinement was carried out agamssifig
the CRYSTAL program suité.Coordinates and anisotropic thermal parameter® wefined for all non-
hydrogen atoms, and the hydrogens were refined mdihg constraints. A modified statistical weigidi
scheme was applied. Refinement converged satisiigdio give R = 0.0514, wR = 0.0800.

Attached is a thermal ellipsoid plot (CAMERON) &% probability. A summary of crystallographic déa
given below, as are full lists of atomic coordirsatanisotropic thermal parameters and those bargiHe
and angles not concerning H atoms.

References
) Z. Otwinowski, W. MinorMethods Enzymol. 1997, 276, 307.

2) A. Altomare, G. Cascarano, C. Giacovazzo, Aa@iardi, M. C. Burla, G. Polidori, M.
Camalli,J. Appl. Crystallogr. 1994 27, 435.

3) P. W. Betteridge,J. R. Carruthers, R. . CopfeProut, D. J. Watkin]. Appl.
Crystallogr. 2003 36, 1487.
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Crystal identification

CCK 0370609

Chemical formula
Formula weight
Temperature (K)
Wavelength (A)
Crystal system
Space group
a(A)
b (A)
c(®)
a(’)
BC)

Cell volume (&%)
z
Calculated density (Mg/nT)
Absorption coefficient (mm*)
I:OOC
Crystal size (mm)
Description of crystal
Absorption correction
Transmission coefficients (min,max)
0 range for data collection (°)
Index ranges
Reflections measured
Unique reflections
Rint
Observed reflections (I > -8(1))
Refinement method
Parameters refined
Weighting scheme
Goodness of fit
R
wWR

Residual electron density (min,max) (eR)

C9H6C|3N103
282.51
150
0.71073
Monoclinic
P 2/n
3.93520(10)
33.1639(6)
8.3121(2)
90
92.2252(8)
90
1083.97(4)

4
1.731
0.833
568
0.16 x 0.18 x 0.20
Colourless plate
multi-scan
0.88,0.94
5.21<06<27.50

-5<h<5,-38<k<43,-10<1<10

12943
2462
0.030
2462

Full-matrix least-squares dfsqd

145
Modified Sheldrick
0.9749
0.0514
0.0800
-0.42,0.38

Table 1: Crystal data and refinement details

Atom X \ 4 Ueﬁui\/
Cl(1) 0.31821(1¢ 0.489957(1¢€ 0.78506(7 0.036¢
C(2) 0.1898(5 0.53859(6 0.7328(2 0.027(
c(3) 0.0682(5) 0.56367(6) 0.8502(2) 0.0277
C(4) -0.0290(5 0.60263(6 0.8062(2 0.026:
CI(5) -0.19743(15) 0.633177(16) 0.95165(6) 0.0332
C(6) -0.0038(5) 0.61686(6) 0.6489(2) 0.0242
c(7) 0.1112(5 0.58976(6 0.5340(2 0.026:
C(8) 0.2104(5) 0.55077(6) 0.5747(3) 0.0287
Cl(9) 0.13680(1¢ 0.603697(1¢ 0.33415(6 0.033¢
C(10) -0.1067(5) 0.65877(6) 0.6002(2) 0.0268
0(11) 0.0860(4) 0.68621(4) 0.68431(17) 0.0294
N(12) 0.0071(5 0.72610(5 0.6376(2 0.034:
C(13) -0.1554(5) 0.74928(6) 0.7409(2) 0.0260
0(14) -0.2502(4 0.73689(4 0.87104(1€ 0.036:
C(15) -0.2134(6) 0.79149(6) 0.6819(3) 0.0297
0(16) 0.66697(5 0.4992(2 0.042¢
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Table 2: Atomic coordinates and equivalent isotropic thernal parameters (&) of non-hydrogen

atoms

Atom X \ z Uisc
H(31) 0.043" 0.554" 0.957: 0.032¢
H(81) 0.2866 0.5334 0.4963 0.0350
H(151) -0.4445 0.7992 0.6943 0.0474
H(153) -0.076( 0.809¢ 0.743" 0.045¢
H(152) -0.1609 0.7943 0.5732 0.0463
H(121) 0.073¢ 0.734« 0.546! 0.041¢

Table 3: Atomic coordinates and isotropic thermal parametes (A?) of hydrogen atoms

Atom U11 U77 qu U71 U11 U17
CI(1) 0.0483(4 0.0248(3 0.0361(3 0.0040(2 0.0027(3 0.0055(2
C(2) 0.0302(12 0.0219(10 0.0289(11 0.0027(8 0.0004(9 -0.0012(9
C(3) 0.0334(12) 0.0257(11) 0.0240(10) 0.0026(8) 0.001L6(9 -0.0058(9)
C(4) 0.0286(11 0.0273(11 0.0225(10 -0.0030(8 0.0011(9 -0.0039(9
CI(5) 0.0454(3) 0.0300(3) 0.0246(3) -0.0041(2) 0.0069(2) 0.0014(2)
C(6) 0.0241(11) 0.0248(10) 0.0236(10) -0.0008(8) -0.@8L2  -0.0029(8)
C(7) 0.0280(11 0.0281(11 0.0224(10 -0.0003(8 -0.0007(9 -0.0048(9
C(8) 0.0331(12) 0.0255(11) 0.0275(11) -0.0032(9) 0.00p5( -0.0008(9)
Cl(9) 0.0505(4 0.0299(3 0.0216(3 0.0003(2 0.0049(2 -0.0019(2
C(10) 0.0305(12) 0.0266(11) 0.0235(10) -0.0003(8) 0.0014(  0.0000(9)
0(11) 0.0402(9 0.0189(7 0.0290(8 0.0000(6 -0.0003(7 0.0009(6
N(12) 0.0578(13) 0.0183(9) 0.0273(9) 0.0023(7) 0.0133(9) 0.0047(8)
C(13) 0.0287(11) 0.0259(11) 0.0231(10) -0.0020(8) -0.@9p6  -0.0029(9)
0(14) 0.0516(10  0.0307(9 0.0277(8 0.0021(7 0.0132(7 0.0015(7
C(15) 0.0324(12) 0.0253(11) 0.0314(11) -0.0010(9) 0.001L1(  0.0022(9)
0(16) 0.0477(10  0.0342(9  0.0454(10 0.0025(8 -0.0162(8 0.0057(8
Table 4: Anisotropic thermal parameters (A?)
Cl(1)- C(2) 1.740(2 C(7)- CI(9) 1.731(2
C(2) - C(3) 1.382(3) C(10) - O(11) 1.361(2)
C(2)- C(8) 1.380(3 C(10)- O(16; 1.188(2
C(3)-C@4) 1.392(3) O(11) - N(12) 1.409(2)
C(4)- CI(5) 1.729(2 N(12)- C(13; 1.334(3
C(4) - C(6) 1.397(3) N(12) - H(121) 0.856
C(6) - C(7) 1.399(3) C(13) - O(14) 1.229(2)
C(6)- C(10; 1.499(3 C(13)- C(15; 1.498(3
C(7) - C(8) 1.389(3) /
Table 5: Bond lengths (A)Note — C-H atoms have been excluded
Cl(1) - C(2)- C(3) 119.12(15 C(6)- C(7)- CI(9) 121.05(16
CI(1) - C(2) - C(8) 118.81(16) C(8) - C(7) - CI(9) 117.14(16)
C(3)-C(2) - C(8) 122.06(19) C(7)-C(8)-C(2) 118.57(19)
C(2)- C(3)- C(4) 118.19(18 C(6)- C(10;- O(11; 109.99(17
C(3) - C(4) - CI(5) 117.98(16) C(6) - C(10) - O(16) 125.22(19)
C(3)- C(4)- C(6) 122.02(18 0O(11 - C(10; - O(16 124.74(19
CI(5) - C(4) - C(6) 119.97(16) C(10) - O(11) - N(12) 111.95(15)
C(4) - C(6) - C(7) 117.29(18) O(11) - N(12) - C(13) 118.01(17)
C(4)-C(6)- C(10; 122.51(18 N(12)- C(13;- O(14 122.92(19
C(7) - C(6) - C(10) 120.16(17) N(12) - C(13) - C[15 113.49(18)
C(6)- C(7)- C(8) 121.80(18 0(14 - C(13 - C(15; 123.59(19

Table 6: Bond angles (° C)Note — H atoms have been excluded
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Single-crystal X-ray diffraction report for compound 259 (Datablock: 0270209)

Crystal of259 were grown and run by Callens Cédric from dichloetimane and petrol 40-60 °C. A single
crystal having dimensions approximatédyl8 x 0.22 x 0.50 mm was mounted on a glass fibre using
perfluoropolyether oil and cooled rapidly to 150iiKa stream of cold Nusing an Oxford Cryosystems
CRYOSTREAM unit. Diffraction data were measuredngsan Enraf-Nonius KappaCCD diffractometer
(graphite-monochromated MgKadiation = 0.71073 A). Intensity data were processed uisddENZO-
SMN packagé.

Examination of the systematic absences of the sitiedata showed the space group td°bé. The structure
was solved in this space group using the direchous program SIR92which located all non-hydrogen
atoms. The H atoms were all located in a differentap, but those attached to carbon atoms were
repositioned geometrically. Subsequent full-maleist-squares refinement was carried out agamssifig
the CRYSTAL program suité.Coordinates and anisotropic thermal parametere wefined for all non-
hydrogen atoms, and the hydrogens were refined mdihg constraints. A modified statistical weigidgi
scheme was applied. Refinement converged satisiigaio give R = 0.0876, wR = 0.1380.

Attached is a thermal ellipsoid plot (CAMERON) &% probability. A summary of crystallographic déa
given below, as are full lists of atomic coordirgtanisotropic thermal parameters and those bargtHe
and angles not concerning H atoms.

References
(1) Z. Otwinowski, W. MinorMethods Enzymol. 1997, 276, 307.

(2) A. Altomare, G. Cascarano, C. Giacovazzo, Aa@iardi, M. C. Burla, G. Polidori, M. Camall,
Appl. Crystallogr. 1994 27, 435.

3) P. W. Betteridge,J. R. Carruthers, R. |. CopgeProut, D. J. Watkin]. Appl. Crystallogr. 2003
36, 1487
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Appendix 3: X-ray crystal structures

Crystal identification

CCK 0270209

Chemical formula
Formula weight
Temperature (K)
Wavelength (A)
Crystal system
Space group
a(A)
b (A)
c(A)
a(’)
AC)

Cell volume (&)
z
Calculated density (Mg/n)
Absorption coefficient (mm*)
FOOC
Crystal size (mm)
Description of crystal
Absorption correction
Transmission coefficients (min,max)
0 range for data collection (°)
Index ranges
Reflections measured
Unique reflections
Rint
Observed reflections (1 > -&(1))
Refinement method
Parameters refined
Weighting scheme
Goodness of fit

R
wR

Residual electron density (min,max) (eR)

Ci5H21N1 O
263.34
150
0.71073
Triclinic
P-1
9.0141(2)
9.9620(2)
17.7080(3)
74.1500(7)
83.7142(7)
83.6747(7)
1515.13(5)
4
1.154
0.080
568
0.16 x 0.18 x 0.20
Colourless plate
multi-scan
0.97, 0.99
5.13<0<27.50

-11<h<11,-12<k<12,0<1<22

6892
6892
0.026
6887

Full-matrix least-squares dfsqd

344
Modified Sheldrick
0.9280
0.0876
0.1380
-0.46, 0.38

Table 1: Crystal data and refinement details

Atom X \ 4 Ueﬁui\/
o) 0.92139(12 0.10175(11 0.16241(6 0.031¢
N(2) 1.04410(1t 0.06272(14 0.20928(8 0.032:
c(3) 1.08081(18) 0.15817(16) 0.24362(10) 0.0304
0(4) 1.02631(14 0.27985(12 0.22466(8 0.041¢
C(5) 1.19153(19) 0.10614(17) 0.30659(10) 0.0324
C(6) 1.2679(2) -0.03987(19) 0.30830(12) 0.0454
C(7) 1.1005(2 0.1019(2 0.38550(11 0.049;
C(8) 1.3098(2) 0.2114(2) 0.29162(12) 0.0438
C(9) 0.78601(1¢ 0.09703(17 0.20759(1C 0.032¢
0(10) 0.77586(15) 0.06571(15) 0.27769(7) 0.0478
C(11) 0.66047(18) 0.13308(17) 0.15516(9) 0.0307
C(12) 0.60759(1¢ 0.27261(17 0.12495(9 0.031¢
C(13) 0.48422(19) 0.29942(18) 0.08067(10) 0.0346
C(14) 0.41417(1¢ 0.19233(1¢ 0.06621(1C 0.036:
C(15) 0.4718(2) 0.05527(19) 0.09613(10) 0.0384
C(16) 0.59356(1¢ 0.02204(17 0.14156(1C 0.034¢
C(17) 0.6495(2) -0.12790(19) 0.17794(13) 0.0465
C(18) 0.2767(2) 0.2236(2) 0.02070(12) 0.0481
C(19) 0.6778(2 0.38971(1¢ 0.14265(12 0.043¢
0(20) 1.00641(12) 0.48007(11) 0.67821(6) 0.0312
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N(21) 0.94765(16) 0.45697(14) 0.75713(8) 0.0328
C(22) 0.92718(17 0.32514(1€ 0.79873(9 0.027
0(23) 0.95509(14) 0.22647(11) 0.76892(7) 0.0361
C(24) 0.85528(19) 0.30968(17) 0.88278(10) 0.0312
C(25) 0.8974(2 0.1622(2 0.93272(11 0.047:
C(26) 0.6856(2) 0.3306(2) 0.87619(12) 0.0501
C(27) 0.9034(3 0.4166(2 0.92093(11 0.050¢
C(28) 1.16149(19) 0.46788(16) 0.67056(10) 0.0306
0(29) 1.23430(14 0.44050(14 0.72584(7 0.042¢
C(30) 1.21571(18) 0.49746(16) 0.58570(9) 0.0291
C(31) 1.18785(19) 0.40843(17) 0.54052(10) 0.0328
C(32) 1.24423(1¢ 0.43855(1€ 0.46226(1C 0.034:
C(33) 1.32531(18) 0.55406(17) 0.42750(10) 0.0326
C(34) 1.35124(1¢ 0.63987(17 0.47399(1C 0.033:
C(35) 1.29774(18) 0.61410(17) 0.55290(10) 0.0318
C(36) 1.3272(2) 0.71258(19) 0.60017(11) 0.0438
C(37) 1.3807(2 0.5870(2 0.34173(1C 0.040¢
C(38) 1.1000(2) 0.28128(19) 0.57463(11) 0.0457

Table 2: Atomic coordinates and equivalent isotropic thernal parameters (&) of non-hydrogen

atoms

Atom X \ z Uisc
H(61) 1.341( -0.062¢ 0.347: 0.067¢
H(62) 1.318¢ -0.037: 0.256¢ 0.067¢
H(63) 1.1948 -0.1096 0.3227 0.0677
H(71) 1.169¢ 0.069: 0.427¢ 0.074:
H(73) 1.0550 0.1958 0.3848 0.0738
H(72) 1.0223 0.0374 0.3932 0.0735
H(83) 1.376¢ 0.182¢ 0.334: 0.066¢
H(82) 1.3688 0.2124 0.2412 0.0674
H(81) 1.262¢ 0.303¢ 0.291: 0.066"
H(131) 0.4463 0.3950 0.0597 0.0399
H(151) 0.426¢ -0.019: 0.085¢ 0.046¢
H(173) 0.6036 -0.1913 0.1561 0.0711
H(172) 0.7587 -0.1411 0.1673 0.0708
H(171) 0.626¢ -0.152¢ 0.234¢ 0.071¢
H(182) 0.2683 0.1499 -0.0038 0.0707
H(181) 0.279: 0.309¢ -0.019¢ 0.071(
H(183) 0.1864 0.2262 0.0568 0.0712
H(191) 0.6467 0.4791 0.1067 0.0687
H(192) 0.784. 0.375: 0.139: 0.068¢
H(193) 0.6427 0.3948 0.1951 0.0686
H(251) 0.846¢ 0.149° 0.986: 0.067:
H(253) 1.0062 0.1478 0.9356 0.0686
H(252) 0.8653 0.0931 0.9090 0.0674
H(262) 0.632( 0.313¢ 0.928t¢ 0.072¢
H(261) 0.6579 0.4267 0.8469 0.0728
H(263) 0.653: 0.266¢ 0.848¢ 0.073¢
H(273) 0.8603 0.3958 0.9755 0.0785
H(271) 1.011¢ 0.410( 0.919: 0.078¢
H(272) 0.8656 0.5108 0.8927 0.0779
H(321) 1.2257 0.3782 0.4307 0.0420
H(341) 1.406¢ 0.719¢ 0.450¢ 0.038(
H(363) 1.3555 0.7987 0.5657 0.0679
H(361) 1.408¢ 0.670¢ 0.634: 0.067¢
H(362) 1.2390 0.7318 0.6332 0.0682
H(371) 1.4820 0.6169 0.3336 0.0613
H(372) 1.383% 0.504¢ 0.321: 0.061(
H(373) 1.3142 0.6606 0.3107 0.0609
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H(382) 1.1342 0.2093 0.5476 0.0721
H(383) 1.112: 0.242; 0.630: 0.071¢
H(381) 0.9928 0.3081 0.5685 0.0731
H(21) 1.0800 -0.0241 0.2205 0.0413
H(211) 0.935¢ 0.527: 0.777. 0.040:

Table 3: Atomic coordinates and isotropic thermal parametes (A% of hydrogen atoms

Atom Uq4 U,s Uazs Uy= U2 Uqo
o) 0.0310(6 0.0306(6 0.0357(6 -0.0125(5 -0.0056(5 -0.0015(5
N(2) 0.0326(7) 0.0245(7) 0.0429(8) -0.0128(6) -0.0112(6) 0.0015(6)
C(3) 0.0330(9 0.0239(8 0.0362(9 -0.0110(7 -0.0006(7 -0.0047(7
O(4) 0.0478(8) 0.0220(6) 0.0603(8) -0.0138(6) -0.0182(6) 0.0000(5)
C(5) 0.0350(9) 0.0297(9) 0.0350(9) -0.0112(7) -0.0042(7) -0.0051(7)
C(6) 0.0511(12 0.0345(10 0.0516(12 -0.0108(8 -0.0185(9 0.0051(8
C(7) 0.0512(12) 0.0601(13) 0.0384(11) -0.0140(9) 0.09p1( -0.0082(10)
C(8) 0.0424(11 0.0401(10 0.0517(11 -0.0118(9 -0.0088(9 -0.0113(8
C(9) 0.0352(9) 0.0265(8) 0.0371(10) -0.0111(7) -0.0022(7 -0.0039(7)
0(10) 0.0446(8) 0.0652(9) 0.0328(7) -0.0097(6) -0.0039(6) -0.0087(7)
C(11) 0.0302(9 0.0328(9 0.0298(8 -0.0099(7 0.0005(7 -0.0048(7
C(12) 0.0340(9) 0.0314(9) 0.0305(9) -0.0091(7) -0.0006(7) -0.0045(7)
C(13) 0.0397(10 0.0313(9 0.0307(9 -0.0056(7 -0.0009(7 -0.0025(7
C(14) 0.0346(9) 0.0401(10) 0.0330(9) -0.0068(8) -0.0045(7 -0.0050(8)
C(15) 0.0379(10) 0.0376(10) 0.0430(10) -0.0124(8) -0.gep5 -0.0101(8)
C(16) 0.0343(9 0.0313(9 0.0381(9 -0.0095(7 -0.0015(7 -0.0055(7
C(17) 0.0455(11) 0.0331(10) 0.0643(13) -0.0141(9) -0.q18p -0.0047(8)
C(18) 0.0474(11 0.0483(11 0.0473(11 -0.0039(9 -0.0166(9 -0.0083(9
C(19) 0.0523(12) 0.0322(9) 0.0505(11) -0.0126(8) -0.0218( -0.0058(8)
0(20) 0.0362(7 0.0282(6 0.0285(6 -0.0077(5 0.0025(5 -0.0041(5
N(21) 0.0443(8) 0.0250(7) 0.0300(7) -0.0118(6) 0.0084(6) -0.0071(6)
C(22) 0.0269(8) 0.0241(8) 0.0324(8) -0.0087(7) -0.0034(6) -0.0036(6)
0(23) 0.0495(7 0.0238(6 0.0375(7 -0.0133(5 0.0014(5 -0.0055(5
C(24) 0.0362(9) 0.0278(8) 0.0305(8) -0.0090(7) -0.0005(7) -0.0054(7)
C(25) 0.0641(13 0.0371(10 0.0363(10 -0.0044(8 -0.0003(9 -0.0032(9
C(26) 0.0385(11) 0.0670(14) 0.0413(11) -0.0123(10) 0.09Y0 -0.0046(10)
C(27) 0.0778(15) 0.0448(11) 0.0352(10) -0.0164(9) 0.00@p( -0.0195(10)
C(28) 0.0349(9 0.0250(8 0.0326(9 -0.0094(7 -0.0009(7 -0.0030(7
0(29) 0.0423(7) 0.0527(8) 0.0329(7) -0.0094(6) -0.0057(6) -0.0038(6)
C(30) 0.0299(8 0.0279(8 0.0294(8 -0.0079(7 -0.0026(7 -0.0008(6
C(31) 0.0350(9) 0.0312(9) 0.0326(9) -0.0096(7) -0.0010(7) -0.0040(7)
C(32) 0.0376(9 0.0352(9 0.0321(9 -0.0127(7 -0.0032(7 -0.0032(7
C(33) 0.0305(9) 0.0335(9) 0.0304(9) -0.0050(7) -0.0044(7) 0.0040(7)
C(34) 0.0327(9) 0.0295(9) 0.0340(9) -0.0021(7) -0.0031(7) -0.0029(7)
C(35) 0.0326(9 0.0277(8 0.0356(9 -0.0084(7 -0.0069(7 -0.0005(7
C(36) 0.0565(12) 0.0348(10) 0.0438(11) -0.0131(8) -0.¢9p6  -0.0119(9)
C(37) 0.0435(11 0.0428(10 0.0331(10 -0.0071(8 0.0016(8 -0.0021(8
C(38) 0.0605(13)  0.0394(10)  0.0424(11) -0.0178(8) 0.0957( -0.0190(9)
Table 4: Anisotropic thermal parameters (A?)
O(1-N2) 1.4119(17 0(20)- N(21) 1.4056(16

O(1)- C(9) 1.382(2 0(20)- C(28 1.385(2

N(2) - C(3) 1.3463(19) N(21) - C(22) 1.340(2)

N(2) - H(21) 0.861 N(21)- H(211 0.85¢

C(3)- 04 1.2273(19) C(22) - O(23) 1.2281(18)

C(3)-C(5) 1.524(2) C(22) - C(24) 1.531(2)

C(5)- C(6) 1.533(2 C(24)- C(25; 1.525(2

C(5) - C(7) 1.533(2) C(24) - C(26) 1.534(3)

C(5)- C(8) 1.529(2 C(24)- C(2T; 1.529(2

C(9) - O(10) 1.190(2) C(28) - O(29) 1.191(2)
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C(9) - C(11) 1.493(2) C(28) - C(30) 1.488(2)
C(11)- C(12) 1.396(2 C(30)- C(31, 1.404(2
C(11) - C(16) 1.403(2) C(30) - C(35) 1.400(2)
C(12) - C(13) 1.391(2) C(31) - C(32) 1.386(2)
C(12)- C(19) 1.505(2 C(31)- C(38, 1.515(2
C(13) - C(14) 1.391(2) C(32) - C(33) 1.392(2)
C(14)- C(15, 1.387(3 C(33)- C(34) 1.391(2
C(14) - C(18) 1.510(3) C(33) - C(37) 1.504(2)
C(15)- C(16 1.389(2 C(34)- C(35, 1.391(2
C(16) - C(17) 1.510(2) C(35) - C(36) 1.513(2)

Table 5: Bond lengths (A)Note — C-H atoms have been excluded

N2 - O(1)- C(9)
O(1)-N(2) - C(3)
N(2) - C(3) - O(4)
N(2) - C(3) - C(5)
O(4)- C(3)- C(5)
C(3) - C(5) - C(6)

C(3)- C(5)- C7
C(6) - C(5) - C7
C(3)-C(5)- C8
C(6) - C(5) - C8
C7-C(5)-C8
O(1)- C(9)- O(10;
O(1) - C(9) - C(11)

0(10)- C(9)- C(11,

C(9) - C(11) - C(12)

C(9) - C(11) - C(16)

C(12)- C(11)- C(16;

C(11) - C(12) - C(13)

C(11)- C(12)- C(19;

C(13) - C(12) - C(19)

C(12)- C(13)- C(14

C(13) - C(14) - C(15)

C(13) - C(14) - C(18)

C(15)- C(14)- C(18,

C(14) - C(15) - C(16)

C(11)- C(16)- C(15,

C(11) - C(16) - C(17)

C(15) - C(16) - C(17)

N(21)- O(20)- C(28,

112.00(12
116.81(13
120.88(15)

116.38(14)

122.74(14

113.07(13)

106.03(14

109.51(15)

108.45(14

109.75(15)

109.94(14)
123.33(16
109.66(14)
126.99(16
120.33(14)

117.60(15)

121.97(15

117.81(15)

121.03(15

121.11(15)

122.01(16

118.36(16)

121.07(16)
120.55(16
122.18(16)
117.65(16
120.59(16)

121.72(15)

112.54(12

0(20)- N(21)- C(22
N(21)- C(22)- O(23
N(21) - C(22) - C(24)

0(23) - C(22) - C(24)

C(22)- C(24)- C(25)

C(22) - C(24) - C(26)

C(25)- C(24)- C(26

C(22) - C(24) - C(27)

C(25)- C(24)- C(27)

C(26) - C(24) - C(27)

0(20) - C(28) - O(29)
0(20)- C(28)- C(30,
0(29) - C(28) - C(30)
C(28)- C(30)- C(31)
C(28) - C(30) - C(35)
C(31) - C(30) - 6)3
C(30)- C(31)- C(32)
C(30) - C(31) 36)
C(32)- C(31)- C(38
C(31) - C(32) 36)
C(32)- C(33)- C(34)
C(32) - C(33) 3T
C(34) - C(33) - C(37)
C(33)- C(34)- C(35)
C(30) - C(35) - C(34)
C(30)- C(35)- C(36)
C(34) - C(35) - C(36)
0(23) - C(22) 2@
/

118.27(12
121.56(14
115.02(13)
123.23(14)
108.98(14
105.95(13)
109.73(15
12171(13)
109.34(15
10105(16)
1
109.62(14
127.92(15)
120.52(14
118.27(14)
121.20(14)
118.24(15
122.25(15)
119.50(14
122.18(15)
118.09(15
121.04(15)
120.86(15)
122.07(15
118.22(14)
122.08(15
119.69(15)
123.23(14)

Table 6: Bond angles (° C)Note — H atoms have been excluded

- 367 -



Appendix 3: X-ray crystal structures

Single-crystal X-ray diffraction report for compound 285 (Datablock: 0680211)

Crystal of285were grown by Callens Cédric and run by David Bdkem dichloromethane and petrol 40-
60 °C. A single crystal having dimensions approxaha0.12 x 0.20 x 0.50 mm was mounted on a glass
fibre using perfluoropolyether oil and cooled rdpitb 150 K in a stream of cold ;Nusing an Oxford
Cryosystems CRYOSTREAM unit. Diffraction data wereasured using an Enraf-Nonius KappaCCD
diffractometer (graphite-monochromated MpKadiation,2 = 0.71073 A). Intensity data were processed
using the DENZO-SMN packade.

Examination of the systematic absences of the sitterata showed the space group toFb2l/a. The
structure was solved in this space group usingditect-methods program SIR$2wyhich located all non-
hydrogen atoms. The H atoms were all located iiffardnce map, but those attached to carbon atoens w
repositioned geometrically. Subsequent full-maleist-squares refinement was carried out agamssifig
the CRYSTAL program suité.Coordinates and anisotropic thermal parametere wefined for all non-
hydrogen atoms, and the hydrogens were refined mdihg constraints. A modified statistical weigidi
scheme was applied. Refinement converged satisiigdio give R = 0.0439, wR = 0.0917.

Attached is a thermal ellipsoid plot (CAMERON) &9 probability. A summary of crystallographic d&a
given below, as are full lists of atomic coordirsatanisotropic thermal parameters and those bargiHe
and angles not concerning H atoms.

References
(2) Z. Otwinowski, W. MinorMethods Enzymol. 1997, 276, 307.

(2) A. Altomare, G. Cascarano, C. Giacovazzo, Aa@iardi, M. C. Burla, G. Polidori, M. Camall,
Appl. Crystallogr. 1994 27, 435.

3) P. W. Betteridge,J. R. Carruthers, R. |. CopgeProut, D. J. Watkin]. Appl. Crystallogr. 2003
36, 1487.
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Crystal identification CCK 0680211
Chemical formula C15H21N1 04
Formula weight 279.34

Temperature (K) 150
Wavelength (A) 0.71073
Crystal system Monoclinic
Space group P 21/a

a(A)
b (A)
c(R)
a(®)
B()

Cell volume (&%)
z
Calculated density (Mg/nt)
Absorption coefficient (mm*)
I:OOC
Crystal size (mm)
Description of crystal
Absorption correction
Transmission coefficients (min,max)
0 range for data collection (°)
Index ranges
Reflections measured
Unique reflections
Rint
Observed reflections (1 > -&(1))
Refinement method
Parameters refined
Weighting scheme
Goodness of fit

R
WR

Residual electron density (min,max) (e&)

10.06900(10)
11.07300(10)
27.8200(3)
90
99.4877(5)
90
3059.34(5)
8
1.213
0.088
1200
0.18 x 0.20 x 0.50
Colourless prism
multi-scan
0.98, 0.99
5.20<60<27.48

-13<h<13,-14< k<14, -36<1< 36

13103
6933
0.022
4767

Full-matrix least-squares dfsqd

362
Modified Sheldrick
0.9883
0.0439
0.0917
-0.23, 0.27

Table 1: Crystal data and refinement details

Atom X \ 4 Ueﬁui\/
o) 0.89895(1C 0.22272(1C 0.73319(4 0.030:
C(2) 0.84572(14 0.23604(14 0.68636(5 0.026"
0(3) 0.73054(10) 0.26049(10) 0.66923(4) 0.0344
N(4) 0.94327(12 0.20818(12 0.65873(4 0.027:
o(5) 0.91022(10) 0.24331(9) 0.60950(3) 0.0264
C(6) 0.91825(14) 0.36671(14) 0.60253(5) 0.0266
o(7) 0.94816(12 0.43563(1C 0.63561(4 0.039:
C(8) 0.88128(14) 0.39438(13) 0.54971(5) 0.0248
C(9) 0.94812(14 0.33738(12 0.51553(5 0.025;
C(10) 0.90503(15) 0.36248(14) 0.46645(5) 0.0284
C(11) 0.79868(15) 0.44024(14) 0.45073(6) 0.0290
C(12) 0.73748(1¢ 0.49785(14 0.48560(6 0.030(
C(13) 0.77742(15) 0.47772(13) 0.53509(6) 0.0277
C(14) 0.70639(17 0.54200(1€ 0.57144(6 0.039¢
C(15) 0.75098(19) 0.46092(17) 0.39730(6) 0.0425
C(16) 1.06556(1% 0.25326(14 0.53001(6 0.030:
C(17) 0.81204(15) 0.23124(15) 0.77151(6) 0.0308
C(18) 0.70909(16) 0.13062(15) 0.76422(6) 0.0354
C(19) 0.75185(1€ 0.35707(1€ 0.77087(6 0.040;
C(20) 0.91231(17) 0.21015(18) 0.81789(6) 0.0424
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0(21) 1.33292(12) 0.57190(10) 0.85551(4) 0.0389
C(22) 1.32775(14 0.63700(14 0.88954(5 0.027:
0(23) 1.31082(10) 0.76026(9) 0.88456(3) 0.0277
N(24) 1.29958(12) 0.80209(12) 0.83622(4) 0.0281
C(25) 1.17629(1E 0.77694(14 0.80809(5 0.027(
0(26) 1.07824(10) 0.74410(11) 0.82451(4) 0.0356
0(27) 1.18511(1C 0.80294(1C 0.76204(4 0.031
C(28) 1.06422(15) 0.79730(15) 0.72336(5) 0.0302
C(29) 0.95976(1€ 0.88688(15 0.73469(6 0.033:
C(30) 1.12165(17) 0.83785(19) 0.67877(6) 0.0430
C(31) 1.01382(18) 0.66860(16) 0.71796(7) 0.0427
C(32) 1.33352(14 0.60448(12 0.94154(5 0.025¢
C(33) 1.42721(14) 0.66061(13) 0.97767(5) 0.0262
C(34) 1.53353(1E 0.74610(14 0.96557(6 0.031¢
C(35) 1.42182(15) 0.63382(14) 1.02606(5) 0.0294
C(36) 1.32691(16) 0.55527(14) 1.03947(6) 0.0306
C(37) 1.23923(1€ 0.49809(14 1.00276(6 0.031«
C(38) 1.24014(15) 0.52019(14) 0.95375(6) 0.0290
C(39) 1.14011(1€ 0.45777(17 0.91543(6 0.042:
C(40) 1.32014(19) 0.53353(17) 1.09233(6) 0.0432

Table 2: Atomic coordinates and equivalent isotropic thernal parameters (&) of non-hydrogen

atoms

Atom X \ z Uiac
H(101) 0.950: 0.324: 0.442( 0.035¢
H(121) 0.664: 0.554!¢ 0.475: 0.037¢
H(143) 0.6260 0.5802 0.5536 0.0635
H(142) 0.7656 0.6046 0.5876 0.0631
H(141) 0.684: 0.485( 0.596: 0.063(
H(153) 0.6713 0.5094 0.3918 0.0700
H(152) 0.818¢ 0.497" 0.381" 0.069"
H(151) 0.7249 0.3854 0.3817 0.0694
H(161) 1.120¢ 0.250: 0.504¢ 0.050:
H(162) 1.1190 0.2795 0.5615 0.0491
H(163) 1.0307 0.1710 0.5353 0.0496
H(183) 0.662: 0.132¢ 0.793( 0.056:
H(182) 0.7541 0.0515 0.7639 0.0559
H(181) 0.640¢ 0.143" 0.734: 0.056"
H(191) 0.7091 0.3645 0.8008 0.0621
H(192) 0.8242 0.4178 0.7726 0.0625
H(193) 0.682¢ 0.369: 0.741¢ 0.062¢
H(203) 0.8604 0.2107 0.8459 0.0672
H(202) 0.981: 0.276: 0.821: 0.066¢
H(201) 0.9573 0.1294 0.8156 0.0675
H(291) 0.8859 0.8889 0.7071 0.0543
H(293) 0.921¢ 0.860:¢ 0.764: 0.054¢
H(292) 0.9999 0.9704 0.7392 0.0542
H(302) 1.047¢ 0.837¢ 0.651: 0.067(
H(301) 1.1602 0.9194 0.6851 0.0684
H(303) 1.189( 0.779: 0.674( 0.067¢
H(313) 0.9481 0.6628 0.6871 0.0672
H(311) 0.9713 0.6436 0.7460 0.0669
H(312) 1.090¢ 0.615: 0.714¢ 0.067:
H(341) 1.6105 0.7511 0.9923 0.0523
H(342) 1.567: 0.720¢ 0.934¢ 0.051:
H(343) 1.4946 0.8284 0.9595 0.0518
H(351) 1.4867 0.6727 1.0521 0.0373
H(371) 1.174 0.439¢ 1.011¢ 0.041«
H(391) 1.0718 0.4171 0.9312 0.0685
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H(392)
H(393)
H(402)
H(403)
H(401)
H(241)
H(41)

1.1858
1.096:
1.2388
1.3985
1.313¢
1.3739
1.027¢

0.3988
0.519:
0.4869
0.4891
0.609:
0.7858
0.226¢

0.8974
0.892:
1.0955
1.1091
1.110:
0.8219
0.672(

0.0695
0.068¢
0.0701
0.0705
0.069¢
0.0372
0.037%

Table 3: Atomic coordinates and isotropic thermal parametes (A% of hydrogen atoms

Atom U4 U,s Uazs Uy- Uiz Uqo
o(1) 0.0205(5 0.0452(7 0.0248(6 0.0048(5 0.0043(4 0.0016(5
C(2) 0.0216(8) 0.0299(8) 0.0284(8) 0.0027(6) 0.0031(6) 0.0027(6)
0@3) 0.0182(6) 0.0516(7) 0.0328(6) 0.0054(5) 0.0030(4) .00R3(5)
N(4) 0.0194(6 0.0392(8 0.0226(6 0.0033(5 0.0011(5 -0.0006(5
0(5) 0.0264(5) 0.0289(6) 0.0233(5) 0.0014(4) 0.0029(4) 0.0029(4)
C(6) 0.0211(7 0.0282(9 0.0311(8 -0.0040(7 0.0057(6 -0.0019(6
o(7) 0.0487(7) 0.0356(7) 0.0318(6) -0.0086(5) 0.0028(5) -0.0060(5)
C(8) 0.0229(7) 0.0232(8) 0.0287(8) -0.0018(6) 0.0052(6) -0.0047(6)
C(9) 0.0223(7 0.0223(8 0.0312(8 -0.0019(6 0.0056(6 -0.0034(6
C(10) 0.0303(8) 0.0265(8) 0.0299(8) -0.0031(6) 0.0093(6) -0.0033(7)
C(11) 0.0297(8 0.0247(8 0.0321(8 0.0018(6 0.0041(6 -0.0053(7
C(12) 0.0248(8) 0.0239(8) 0.0410(9) 0.0033(7) 0.0048(7) .0007(6)
C(13) 0.0249(8) 0.0231(8) 0.0360(9) -0.0022(6) 0.0080(6) -0.0023(6)
C(14) 0.0400(10 0.0372(10  0.0435(10 -0.0051(8 0.0125(8 0.0081(8
C(15) 0.0468(10) 0.0452(11) 0.0337(9) 0.0044(8) 0.0017(8) 0.0007(8)
C(16) 0.0259(8 0.0298(9 0.0364(9 0.0003(7 0.0092(7 0.0032(7
C(17) 0.0263(8) 0.0397(9) 0.0279(8) 0.0035(7) 0.0095(6) .0006(7)
C(18) 0.0287(8 0.0387(10 0.0400(9 0.0087(8 0.0089(7 0.0018(7
C(19) 0.0445(10) 0.0397(10) 0.0398(10) -0.0014(8) 0.08p6( 0.0002(8)
C(20) 0.0360(9) 0.0627(12) 0.0287(9) 0.0061(8) 0.0060(7) -0.0051(9)
0(21) 0.0492(7 0.0353(7 0.0330(6 -0.0085(5 0.0092(5 0.0024(5
C(22) 0.0214(7) 0.0302(9) 0.0306(8) -0.0039(7) 0.0036(6) 0.0013(6)
0(23) 0.0301(6 0.0307(6 0.0223(5 0.0010(4 0.0042(4 0.0047(5
N(24) 0.0242(7) 0.0390(8) 0.0216(6) 0.0027(5) 0.0054(5) .00R1(6)
C(25) 0.0236(8) 0.0321(9) 0.0260(8) 0.0017(6) 0.0062(6) .00B1(6)
0(26) 0.0231(6 0.0514(7 0.0336(6 0.0083(5 0.0084(5 0.0017(5
0(27) 0.0224(5) 0.0471(7) 0.0239(6) 0.0038(5) 0.0040(4) .0006(5)
C(28) 0.0241(8 0.0407(9 0.0245(8 -0.0002(7 0.0001(6 0.0036(7
C(29) 0.0296(8) 0.0389(9) 0.0311(8) 0.0029(7) 0.0037(7) .0081(7)
C(30) 0.0354(9 0.0658(13 0.0275(9 0.0027(8 0.0045(7 0.0085(9
C(31) 0.0395(10) 0.0416(11) 0.0455(10) -0.0075(8) 0.08R7(  0.0034(8)
C(32) 0.0236(7) 0.0239(8) 0.0291(8) -0.0006(6) 0.0040(6) 0.0039(6)
C(33) 0.0231(8 0.0224(8 0.0324(8 -0.0008(6 0.0029(6 0.0034(6
C(34) 0.0254(8) 0.0315(9) 0.0376(9) 0.0003(7) 0.0027(7) 0.0639(7)
C(35) 0.0307(8 0.0253(8 0.0303(8 -0.0015(6 -0.0003(6 0.0020(7
C(36) 0.0331(8) 0.0257(8) 0.0330(9) 0.0033(7) 0.0057(7) .00B85(7)
C(37) 0.0290(8) 0.0260(8) 0.0399(9) 0.0039(7) 0.0078(7) 0.0603(7)
C(38) 0.0251(8 0.0253(8 0.0358(9 -0.0019(7 0.0032(6 0.0006(6
C(39) 0.0381(10) 0.0428(11) 0.0450(10) -0.0066(8) 0.08B6( -0.0131(8)
C(40) 0.0540(11 0.0433(11 0.0326(9 0.0070(8 0.0078(8 -0.0004(9
Table 4: Anisotropic thermal parameters (A?)

0(1)- C(2) 1.3328(18 0(21)- C(22 1.1978(18

0O(1) - C(17) 1.4895(17) C(22) - O(23) 1.3796(19)

C(2)-0O(3) 1.2096(17 C(22)- C(32 1.483(2

C(2) - N(4) 1.3783(19) 0(23) - N(24) 1.4090(15)

N(4) - O(5) 1.4098(15 N(24)- C(25, 1.3824(19

N(4) - H(41) 0.895 N(24) - H(241) 0.921
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O(5) - C(6) 1.3843(18) C(25) - O(26) 1.2101(18)
C(6)- O(7) 1.1952(18 C(25)- O(27 1.3303(18
C(6) - C(8) 1.487(2) 0(27) - C(28) 1.4871(17)
C(8) - C(9) 1.402(2) C(28) - C(29) 1.516(2)
C(8)- C(13) 1.404(2 C(28)- C(30 1.520(2
C(9) - C(10) 1.391(2) C(28) - C(31) 1.512(2)
C(9)- C(16, 1.507(2 C(32)- C(33, 1.405(2
C(10) - C(11) 1.387(2) C(32) - C(38) 1.406(2)
C(11)- C(12, 1.387(2 C(33)- C(34 1.508(2
C(11) - C(15) 1.502(2) C(33) - C(35) 1.388(2)
C(12) - C(13) 1.387(2) C(35) - C(36) 1.388(2)
C(13)- C(14 1.510(2 C(36)- C(37 1.388(2
C(17) - C(18) 1.513(2) C(36) - C(40) 1.503(2)
C(17)- C(19 1.518(2 C(37)- C(38' 1.387(2
C(17) - C(20) 1.520(2) C(38) - C(39) 1.508(2)

Table 5: Bond lengths (A)Note — C-H atoms have been excluded

C(2)-O(1)-C(17, 120.24(11 0(21)- C(22)- O(23, 122.46(14
0(1)- C(2)- O(3) 127.94(14 0(21)- C(22)- C(32] 128.70(15
O(1) - C(2) - N(4) 108.16(12) 0(23) - C(22) - C(32) 108.82(12)
0(3)- C(2)- N(4) 123.75(14 C(22)- O(23)- N(24) 114.22(11
C(2) - N(4) - O(5) 113.84(11) 0(23) - N(24) - C(25) 113.42(11)
N(4) - O(5) - C(6) 113.48(11) N(24) - C(25) - O(26) 123.99(14)
O(5)- C(6)- O(7) 122.39(14 N(24)- C(25)- O(27, 107.78(12
O(5) - C(6) - C(8) 109.32(12) 0(26) - C(25) - O(27) 128.09(14)
0(7)- C(6)- C(8) 128.28(14 C(25)- O(27)- C(28) 120.74(11
C(6) - C(8) - C(9) 120.48(13) 0(27) - C(28) - C(29) 109.59(12)
C(6) - C(8) - C(13) 118.36(13) 0(27) - C(28) - C30 101.65(12)
C(9)- C(8)- C(13 121.16(14 C(29)- C(28)- C3C 110.28(13
C(8) - C(9) - C(10) 117.96(14) 0(27) - C(28) - C31 109.44(13)
C(8)- C(9)- C1€ 122.70(13 C(29)- C(28)- C31 113.85(13
C(10) - C(9) - C16 119.32(13) C30 - C(28) - C31 111.34(14)
C(9)- C(10)- C(11 122.20(14 C(22)- C(32)- C(33) 120.29(13
C(10) - C(11) - C(12) 118.28(14) C(22) - C(32) - C(38) 118.47(13)
C(10) - C(11) - C(15) 120.70(14) C(33) - C(32) 36) 121.20(14)
C(12)- C(11)- C(15 121.02(14 C(32)- C(33)- C(34) 122.39(13
C(11) - C(12) - C(13) 122.04(14) C(32) - C(33) 36) 122.39(13)
C(8)- C(13)- C(12, 118.26(13 C(34)- C(33)- C(35 119.55(13
C(8) - C(13) - C(14) 121.90(14) C(33) - C(35) - 6)3 122.22(14)
C(12) - C(13) - C(14) 119.82(14) C(35) - C(36) - C(37) 118.09(14)
O(1)- C(17)- C(18 109.14(12 C(35)- C(36)- C(40 120.51(15
O(1) - C(17) - C(19) 109.28(12) C(37) - C(36) - C(40) 121.41(15)
C(18)- C(17)- C(19) 114.26(13 C(36)- C(37)- C(38 122.45(14
O(1) - C(17) - C(20) 102.21(12) C(32) - C(38) - C(37) 117.89(14)
C(18)- C(17)- C(20) 110.21(14 C(32)- C(38)- C(39 121.94(14
C(19) - C(17) - C(20) 111.04(14) C(37) - C(38) - C(39) 120.14(14)

Table 6: Bond angles (° C)Note — H atoms have been excluded
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Single-crystal X-ray diffraction report for compound 292 (Datablock: 0510410)

Crystal of292 were grown and run by Callens Cédric from dichloetimane and petrol 40-60 °C. A single
crystal having dimensions approximatédyl8 x 0.20 x 0.50 mm was mounted on a glass fibre using
perfluoropolyether oil and cooled rapidly to 150iiKa stream of cold Nusing an Oxford Cryosystems
CRYOSTREAM unit. Diffraction data were measuredngsan Enraf-Nonius KappaCCD diffractometer
(graphite-monochromated MgKadiation,z = 0.71073 A). Intensity data were processed usiaddENZO-
SMN packagé.

Examination of the systematic absences of the gitierdata showed the space group to®&1. The
structure was solved in this space group usingdttect-methods program SIR$2yhich located all non-
hydrogen atoms. The H atoms were all located iiffardnce map, but those attached to carbon atoens w
repositioned geometrically. Subsequent full-maleist-squares refinement was carried out agafmssifig
the CRYSTAL program suité.Coordinates and anisotropic thermal parametere wefined for all non-
hydrogen atoms, and the hydrogens were refined sdihg constraints. A modified statistical weigidi
scheme was applied. Refinement converged satisiigdio give R = 0.0517 wR = 0.0855.

Attached is a thermal ellipsoid plot (CAMERON) &% probability. A summary of crystallographic déa
given below, as are full lists of atomic coordirgtanisotropic thermal parameters and those bargtHe
and angles not concerning H atoms.

References
(1) Z. Otwinowski, W. MinorMethods Enzymol. 1997, 276, 307.

(2) A. Altomare, G. Cascarano, C. Giacovazzo, Aa@iardi, M. C. Burla, G. Polidori, M. Camall,
Appl. Crystallogr. 1994 27, 435.

3) P. W. Betteridge,J. R. Carruthers, R. |. CopgeProut, D. J. Watkin]. Appl. Crystallogr. 2003
36, 1487,
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Crystal identification

CCK 0510410

Chemical formula
Formula weight
Temperature (K)
Wavelength (A)
Crystal system
Space group
a(A)
b (A)
c(®)
a(’)
BC)

Cell volume (A%
z
Calculated density (Mg/nT)
Absorption coefficient (mm*)
I:OOC
Crystal size (mm)
Description of crystal
Absorption correction
Transmission coefficients (min,max)
0 range for data collection (°)
Index ranges
Reflections measured
Unique reflections
Rint
Observed reflections (1 > -&(1))
Refinement method
Parameters refined
Weighting scheme
Goodness of fit

R
WR

Residual electron density (min,max) (e&)

C22H24N20s5
396.44
150
0.71073
Monoclinic
cz21
19.9255(6)
5.5134(2)
20.1945(7)
90
115.5269(16)
90
2001.95(12)
4
1.315
0.094
840
0.18 x 0.20 x 0.50
Colourless prism
multi-scan
0.95, 0.99
5.11<0<27.48

-25<h<25,-5sk<7,-26<1<25

4016
4013
0.000
2350

Full-matrix least-squares dfsqd

263
Modified Sheldrick
0.9493
0.0517
0.0855
-0.25, 0.26

Table 1: Crystal data and refinement details

Atom X \ 4 Ueﬁui\/
o) 0.55989(7 -0.1136(3 0.72816(8 0.040¢
C(2) 0.58084(9 0.0422(3 0.69931(9 0.028:
N(3) 0.53799(8) 0.2361(3) 0.65937(8) 0.0287
C(4) 0.57903(1C 0.3903(4 0.63491(9 0.028¢
o(5) 0.55497(7) 0.5715(3) 0.59899(7) 0.0419
C(6) 0.65424(9) 0.2811(3) 0.66246(9) 0.0286
C(7) 0.65494(9 0.0720(4 0.70001(S 0.028¢
C(8) 0.71746(10) -0.0722(4) 0.73220(10) 0.0360
C(9) 0.78114(1C 0.0053(5 0.72593(11 0.043¢
C(10) 0.78111(11) 0.2184(4) 0.68895(12) 0.0448
C(11) 0.71767(11) 0.3599(4) 0.65644(11) 0.0391
C(12) 0.46009(9 0.2798(4 0.64487(9 0.028:
C(13) 0.45423(9) 0.2967(3) 0.71871(9) 0.0277
0(14) 0.42249(7 0.1437(3 0.73860(7 0.038:
N(15) 0.48589(8) 0.4961(3) 0.75754(8) 0.0321
C(16) 0.49188(9 0.5421(4 0.83053(9 0.033:
C(17) 0.55727(10) 0.4074(4) 0.88986(10) 0.0351
0(18) 0.55108(8) 0.4610(3) 0.95588(8) 0.0524
C(19) 0.63219(1C 0.4807(3 0.89375(9 0.029¢
C(20) 0.66558(10) 0.7019(4) 0.92500(9) 0.0315
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C(21) 0.73546(10) 0.7596(4) 0.93224(10) 0.0327
C(22) 0.77430(9 0.5995(4 0.90834(9 0.029¢
0(23) 0.84511(7) 0.6733(3) 0.92058(7) 0.0402
C(24) 0.88920(11) 0.5071(5) 0.90083(12) 0.0483
C(25) 0.74188(1C 0.3840(4 0.87533(1C 0.032:
C(26) 0.67080(10) 0.3272(3) 0.86857(10) 0.0313
C(27) 0.40525(9 0.0955(4 0.59240(1C 0.035;
C(28) 0.42332(12) 0.0369(5) 0.52798(10) 0.0453
C(29) 0.32677(11 0.2016(5 0.56490(12 0.051¢

Table 2: Atomic coordinates and equivalent isotropic thernal parameters (&) of non-hydrogen atoms

Atom X \ z Uisc
H(81) 0.716¢ -0.220: 0.758¢ 0.047:
H(91) 0.825¢ -0.089" 0.747: 0.054¢
H(101) 0.8276 0.2712 0.6876 0.0541
H(111) 0.717¢ 0.504" 0.630¢ 0.048¢
H(121) 0.4482 0.4414 0.6212 0.0356
H(161) 0.4451 0.4869 0.8338 0.0413
H162) 0.501¢ 0.716¢ 0.841¢ 0.0417
H(171) 0.5491 0.2237 0.8835 0.0446
H(201) 0.639( 0.813¢ 0.942: 0.037(
H(211) 0.7576 0.9135 0.9533 0.0416
H(242) 0.9382 0.5928 0.9146 0.0742
H(241) 0.863¢ 0.472: 0.847: 0.074:
H(243) 0.8973 0.3530 0.9310 0.0745
H(251) 0.768: 0.272¢ 0.856¢ 0.039(
H(261) 0.6480 0.1754 0.8460 0.0391
H(271) 0.409¢ -0.056¢ 0.622( 0.0431
H(282) 0.3823 -0.0609 0.4919 0.0704
H(281 0.4258 0.1955 0.5046 0.0699
H(283) 0.472: -0.050¢ 0.546¢ 0.070(
H(292) 0.2906 0.0787 0.5350 0.0770
H(291) 0.319¢ 0.242¢ 0.609: 0.077(
H(293) 0.3259 0.3451 0.5349 0.0776
H(151) 0.5134 0.5851 0.7419 0.0405
H(181) 0.578: 0.349¢ 0.988t 0.083:

Table 3: Atomic coordinates and isotropic thermal parametes (A?) of hydrogen atoms

Atom U4 U,s Uazq U= Uqa Uqo
0O(1) 0.0359(8 0.0374(8 0.0503(8 0.0130(7 0.0206(6 -0.0024(6
c) 0.0257(8) 0.0281(10)  0.0323(9)  0.0008(8) 0.0138(7) -0.0015(8)
N(3) 0.0217(7)  0.0320(9)  0.0350(8)  0.0051(7) 0.0147(6) .0006(6)
C4) 0.0301(9 0.0281(10 0.0327(9 0.0002(8 0.0183(7 -0.0022(8
o(5) 0.0422(8)  0.0368(8) 0.0536(8)  0.0156(7) 0.0273(6) .0086(7)
(6) 0.0254(9 0.0317(11 003339  -0.0057(8 = 0.0169(7  -0.0044(8
c(7) 0.0235(8) 0.0321(11) 0.0318(8)  -0.0037(8)  0.0125(7) 0.0005(8)
C8) 0.0285(10 0.0377(12 0.0393(10 -0.0057(9 0.0123(8 0.0032(8
c) 0.0231(9) 0.0562(15) 0.0489(12)  -0.0147(11)  0.08p4(  0.0031(9)
C(10)  0.0266(10) 0.0534(14) 0.0615(13) -0.0171(12)  0.0257 -0.0079(10)
C(11)  0.0341(10 0.0412(12 0.0515(12  -0.0083(10  0.0275(9  -0.0103(9
c(12 0.0198(8) 0.0328(10) 0.0335(9)  0.0044(8) 0.0132(7) 0.0025(7)
c(13) 0.0180(8 0.0308(10  0.0346(9 ~ 0.0030(7  0.0118(7  0.0008(7
014) 0.0398(8)  0.0379(8)  0.0474(8)  -0.0026(6)  0.0285(6) -0.0105(6)
N(15) 0.0276(8)  0.0359(9)  0.0353(8)  0.0012(7) 0.0159(6) 0.0068(7)
C(16) 0.0254(9 0.0383(11 0.0360(9 -0.0029(9 0.0134(7 -0.0006(8
C(17)  0.0308(10) 0.0424(12) 0.0343(10)  0.0046(9) 0.0160(8 -0.0005(9)
0(18) 0.04539 0.0750(13  0.0425(8 ~ 0.0061(8  0.0243(7  0.0035(8
C(19) 0.0268(9) 0.0314(10) 0.0271(9)  0.0048(7) 0.0091(7) -0.0002(8)
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C(20) 0.0313(10) 0.0287(10) 0.0334(10) 0.0008(8) 0.01p9(8 0.0058(8)
C(21) 0.0331(10 0.0278(10 0.0331(9 -0.0031(8 0.0102(7 -0.0037(8
C(22) 0.0258(8) 0.0329(11) 0.0300(9) 0.0025(8) 0.0115(7) -0.0018(8)
0(23) 0.0308(7) 0.0439(9) 0.0485(8) -0.0071(6) 0.0195(6) -0.0092(6)
C(24 0.0337(10 0.0590(15 0.0590(13 -0.0057(12 0.0263(10 -0.0021(10
C(25) 0.0315(10) 0.0320(11) 0.0352(10) -0.0024(8) 0.08p0( -0.0014(8)
C(26) 0.0297(9 0.0310(11 0.0307(9 -0.0029(8 0.0106(7 -0.0027(8
C(27) 0.0235(9) 0.0456(13) 0.0354(9) -0.0034(9) 0.0118(7) -0.0033(8)
C(28) 0.0403(11 0.0579(15 0.0364(10 -0.0038(10 0.0152(9 -0.0004(11
C(29) 0.0258(10) 0.0708(17) 0.0527(12) -0.0129(12) 0.0ap1 -0.0019(10)
Table 4: Anisotropic thermal parameters (AZ)
O(1)-C(2) 1.208(2 N(15)- C(16 1.449(2
C(2)- N(3) 1.389(2 N(15)- H(151 0.88¢
C(2) - C(7) 1.480(2) C(16) - C(17) 1.529(3)
N(3) - C(4) 1.408(2 C(17)- O(18 1.422(2
N(3) - C(12) 1.470(2) C(@17)-Cc(@9 1.515(2)
C(4) - O(5) 1.206(2) 0O(18) - H(181) 0.893
C(4)- C(6) 1.483(2 C(19)- C(20 1.402(3
C(6) - C(7) 1.377(3) C(19) - C(26) 1.380(2)
C(6)-C(11 1.390(2 C(20)- C(21, 1.374(2
C(7) - C(8) 1.382(3) C(21) - C(22) 1.390(3)
C(8) - C(9) 1.395(3) C(22) - 0O(23) 1.385(2)
C(9)- C(10 1.392(3 C(22)- C(25 1.379(3
C(10) - C(12) 1.386(3) 0(23) - C(24) 1.440(3)
C(12)- C(13 1.548(2 C(25)- C(26 1.399(3
C(12) - C(27 1.533(3) C(27) - C(28) 1.527(3)
C(13)- O(14 1.221(2 C(27)- C(29 1.532(3
C(13) - N(15) 1.340(2)
Table 5: Bond lengths (A)Note — C-H atoms have been excluded
O(1)- C(2)- N(3) 124.99(15 C(12)- C(13)- O(14. 122.67(17
0O(1)- C(2)- C(7) 128.68(17 C(12)- C(13)- N(15) 113.66(15
N(3) - C(2) - C(7) 106.31(15) 0O(14) - C(13) - N(15) 123.65(16)
C(2) - N(3) - C(4) 111.34(14) C(13) - N(15) - C(16) 123.39(15)
C(2)-N(3)-C(12 125.02(15 N(15)- C(16)- C(17, 112.40(15
C(4) - N(3) - C(12) 123.64(15) C(16) - C(17) - O(18 104.16(15)
N(3) - C(4)- O(5) 124.79(16 C(16)- C(17)- C(19 113.51(15
N(3) - C(4) - C(6) 105.62(15) 0(18) - C(17) - C(19) 112.17(15)
0O(5)- C(4)- C(6) 129.60(16 C(17)- C(19)- C(20 121.40(17
C(4) - C(6) - C(7) 108.37(14) C(17) - C(19) - C(26) 120.69(17)
C(4) - C(6) - C(12) 130.56(18) C(20) - C(19) - C(26) 117.88(16)
C(7)-C(6)-C(11, 121.06(17 C(19)- C(20)- C(21 120.82(17
C(2) - C(7) - C(6) 108.35(15) C(20) - C(21) - C(22) 120.41(17)
C(2)- C(7)- C(8) 129.35(18 C(21)- C(22)- O(23 115.37(16
C(6) - C(7) - C(8) 122.30(16) C(21) - C(22) - C(25) 120.00(16)
C(7) - C(8) - C(9) 116.9(2) 0(23) - C(22) - C(25) 24163(16)
C(8)- C(9)- C(10 121.13(19 C(22)- O(23)- C(24; 117.40(16
C(9) - C(10) - C(11) 121.22(18) C(22) - C(25) - 6)2 118.92(17)
C(6)- C(11)- Cc(a0 117.4(2 C(25)- C(26)- C(19 121.91(17
N(3) - C(12) - C(13) 109.23(13) C(12) - C(27) - 8)2 111.69(15)
N(3) - C(12)- C(27; 113.94(15 C(12)- C(27)- C(29 108.04(17
C(13) - C(12) - C(27) 112.24(14) C(28) - C(27) 2@) 110.53(16)

Table 6: Bond angles (° C)Note — H atoms have been excluded
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Single-crystal X-ray diffraction report for compound 293 (Datablock: 0520510)

Crystal of293 were grown and run by Callens Cédric from dichloetimane and petrol 40-60 °C. A single
crystal having dimensions approximatédyl6é x 0.20 x 0.50 mm was mounted on a glass fibre using
perfluoropolyether oil and cooled rapidly to 150iiKa stream of cold Nusing an Oxford Cryosystems
CRYOSTREAM unit. Diffraction data were measuredngsan Enraf-Nonius KappaCCD diffractometer
(graphite-monochromated MgKadiation,2 = 0.71073 A). Intensity data were processed uisddENZO-
SMN packagé.

Examination of the systematic absences of the sittedata showed the space group tdPH&l 21 21. The
structure was solved in this space group usingditect-methods program SIR$2which located all non-
hydrogen atoms. The H atoms were all located iiffardnce map, but those attached to carbon atoens w
repositioned geometrically. Subsequent full-maleist-squares refinement was carried out agamssifig
the CRYSTAL program suité.Coordinates and anisotropic thermal parametere wefined for all non-
hydrogen atoms, and the hydrogens were refined mdihg constraints. A modified statistical weigtdgi
scheme was applied. Refinement converged satisiigaio give R = 0.0516, wR = 0.0851.

Attached is a thermal ellipsoid plot (CAMERON) &9 probability. A summary of crystallographic d&a
given below, as are full lists of atomic coordirsatanisotropic thermal parameters and those bargiHe
and angles not concerning H atoms.

References
(1) Z. Otwinowski, W. MinorMethods Enzymol. 1997, 276, 307.

(2) A. Altomare, G. Cascarano, C. Giacovazzo, Aa@iardi, M. C. Burla, G. Polidori, M. Camall,
Appl. Crystallogr. 1994 27, 435.

3) P. W. Betteridge,J. R. Carruthers, R. |. CopgeProut, D. J. Watkin]. Appl. Crystallogr. 2003
36, 1487.
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Crystal identification

CCK 0520510

Chemical formula
Formula weight
Temperature (K)
Wavelength (A)
Crystal system
Space group
a(A)
b (A)
c(®)
a(’)
BC)

Cell volume (A%
z
Calculated density (Mg/nT)
Absorption coefficient (mm*)
I:OOC
Crystal size (mm)
Description of crystal
Absorption correction
Transmission coefficients (min,max)
0 range for data collection (°)
Index ranges
Reflections measured
Unique reflections
Rint
Observed reflections (1 > -&(1))
Refinement method
Parameters refined
Weighting scheme
Goodness of fit

R
WR

Residual electron density (min,max) (e&)

C22H24N20s5
396.44
150
0.71073
Orthorhombic
P212121
5.31360(10)
19.4044(6)
20.0409(6)
90
90
90
2066.36(10)
4
1.274
0.091
840
0.16 x 0.20 x 0.50
Colourless prism
multi-scan
0.94, 0.99
5.15<0<27.50

-6<h<6,-24<k< 25, -25<1< 26

4674
2679
0.000
3473

Full-matrix least-squares dfsqd

263
Modified Sheldrick
0.9845
0.0516
0.0851
-0.18, 0.23

Table 1: Crystal data and refinement details

Atom X \ 4 Ueﬁui\/
o) 0.2022(3 0.53252(8 0.80537(7 0.039¢
C(2) 0.3706(4 0.49663(1C 0.78141(1C 0.030:
N(3) 0.5479(3) 0.46566(9) 0.81721(8) 0.0359
C4) 0.5389(4 0.45631(11 0.88986(1C 0.036(
C(5) 0.8001(4) 0.46289(12) 0.91875(11) 0.0408
0(6) 0.8968(3) 0.53119(8) 0.91451(7) 0.0470
C(7) 0.4256(4 0.38696(11 0.90868(1C 0.0357
C(8) 0.2839(4) 0.37997(12) 0.96622(10) 0.0390
C(9) 0.1667(5 0.31831(12 0.98340(1C 0.041:
C(10) 0.1946(5) 0.26165(12) 0.94231(11) 0.0442
0(11) 0.0811(4) 0.19884(9) 0.95244(8) 0.0630
C(12) -0.1000(6 0.19461(1€ 1.00471(12 0.065¢
C(13) 0.3456(5) 0.26678(13) 0.88602(12) 0.0512
C(14) 0.4592(5 0.32808(12 0.86943(11 0.045¢
C(15) 0.3850(4) 0.48280(10) 0.70575(10) 0.0325
N(16) 0.3399(3 0.40878(8 0.69498(8 0.031¢
C(17) 0.4989(4) 0.36671(11) 0.65619(10) 0.0366
0(18) 0.6811(3) 0.38749(9) 0.62580(8) 0.0501
C(19) 0.3989(4 0.29594(11 0.66198(1C 0.035¢
C(20) 0.1881(4) 0.29776(11) 0.70267(10) 0.0341
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C(21) 0.1462(4) 0.37029(11) 0.72354(10) 0.0334
0(22) -0.0200(3 0.39368(8 0.75836(8 0.044¢
C23) 0.0561(5) 0.23874(12) 0.71834(12) 0.0449
C(24) 0.1398(5) 0.17710(12) 0.69102(12) 0.0505
C(25) 0.3487(5 0.17518(12 0.64950(12 0.052;
C(26) 0.4818(5) 0.23464(12) 0.63442(13) 0.0476
C(27) 0.2095(4 0.53013(11 0.66550(1C 0.038¢
C(28) 0.3173(6) 0.60323(12) 0.66653(12) 0.0508
C(29) 0.1769(6 0.50496(12 0.59383(11 0.053¢

Table 2: Atomic coordinates and equivalent isotropic thernal parameters (&) of non-hydrogen atoms

Atom X \ z Uisc
H(41) 0.432¢ 0.494¢ 0.908: 0.044¢
H(52) 0.917( 0.430: 0.896" 0.048:
H(51) 0.7856 0.4505 0.9668 0.0470
H(81) 0.266¢ 0.419: 0.994( 0.046¢
H(91) 0.0655 0.3149 1.0221 0.0512
H(121) -0.1756 0.1492 1.0032 0.0991
H(122) -0.224¢ 0.229¢ 0.999° 0.0981
H(123) -0.0124 0.2015 1.0464 0.0986
H(131) 0.370( 0.226¢ 0.859: 0.061:
H(141) 0.5612 0.3315 0.8302 0.0558
H(151) 0.5587 0.4922 0.6916 0.0391
H(231) -0.088¢ 0.241: 0.745¢ 0.054:
H(241) 0.0548 0.1359 0.7010 0.0631
H(251) 0.401¢ 0.132¢ 0.632: 0.064¢
H(261) 0.6218 0.2334 0.6067 0.0574
H(271) 0.041¢ 0.532( 0.687: 0.048:
H(282) 0.2014 0.6333 0.6439 0.0756
H(281 0.4760 0.6036 0.6443 0.0759
H(283) 0.338: 0.617¢ 0.712: 0.075¢
H(292) 0.0593 0.5366 0.5715 0.0811
H(291) 0.107: 0.458" 0.594: 0.080¢
H(293) 0.3398 0.5056 0.5709 0.0808
H(31) 0.6653 0.4435 0.7960 0.0438
H(61) 0.984: 0.534" 0.879¢ 0.070:
H(41) 0.4328 0.4945 0.9084 0.0444
H(52) 0.917( 0.430: 0.896" 0.048:

Table 3: Atomic coordinates and isotropic thermal parametes (A?) of hydrogen atoms

Atom U11 U77 qu U?’l U11 U17
0(1) 0.0460(9  0.0373(9 _ 0.0361(8 0.0008(7 0.0011(7 0.0142(8
) 0.0327(12 0.0234(10 0.0343(11  0.0015(8 0.0007(10  0.0010(10
N(3) 0.0390(10)  0.0402(10)  0.0287(9)  -0.0036(8) 0.0014(8 0.0121(9)
C(4) 0.0404(13 0.0395(13 0.0280(10  -0.0018(9  -0.0008(9  0.0110(11
C(5) 0.0442(13)  0.0430(14) 0.0353(11)  -0.0014(10)  -03§0Q)  0.0068(12)
o(6) 0.0548(10 0.0474(10  0.0389(8  -0.0021(7 0.0054(7 -0.0046(9
c(7) 0.0370(12) 0.0391(13) 0.0312(11)  0.0002(9) -0.0018( 0.0102(11)
C(8) 0.0427(13) 0.0441(15) 0.0304(11) -0.0037(10)  -01g0G)  0.0096(11)
C(9) 0.0424(14 0.0493(15 0.0316(12  0.0033(10  0.0008(10  0.0072(12
C(10) 0.0543(15) 0.0383(14) 0.0399(13)  0.0062(11)  -0.00Z¢  0.0066(12)
0(11) 0.0890(15 0.0486(11 0.0514(10  0.0029(8 0.0098(10  -0.0131(11
C(12) 0.077(2)  0.0731(19) 0.0469(15)  0.0061(13)  0.004B(15 -0.0187(17)
C(13) 0.0729(18) 0.0387(14) 0.0418(14) -0.0038(11)  0.0D8¢  0.0115(14)
C(14) 0.0579(16 0.0402(14 0.0395(13  -0.0001(10  0.0087(12  0.0125(13
C(15) 0.0366(12) 0.0277(11) 0.0333(11)  0.0017(9) 0.00@Y(1 -0.0030(9)
N(16) 0.0343(10 0.0292(10  0.0318(9  -0.0028(7 0.0033(8 -0.0005(8
C(17) 0.0351(13) 0.0408(13) 0.0338(12)  -0.0045(10)  0.0015  0.0001(11)
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0(18) 0.0488(10) 0.0510(11) 0.0505(9) -0.0106(8) 0.01p9(9 -0.0104(9)
C(19) 0.0341(12 0.0334(12 0.0386(12 -0.0055(9 -0.0004(10 0.0013(10
C(20) 0.0342(12) 0.0291(12) 0.0389(11) -0.0023(9) -0.q01p 0.0010(10)
C(21) 0.0336(12) 0.0325(12) 0.0342(11) -0.0002(9) 0.00@1( -0.0008(10)
0(22) 0.0409(9 0.0388(9 0.0535(9 -0.0050(7 0.0147(8 0.0022(8
C(23) 0.0422(14) 0.0382(13) 0.0543(14) -0.0019(11) 0.002p -0.0037(11)
C(24) 0.0505(15 0.0335(13 0.0675(16 -0.0060(11 -0.0004(14 -0.0039(12
C(25) 0.0543(16) 0.0369(14) 0.0669(16) -0.0175(12) -01403) 0.0049(13)
C(26) 0.0435(14 0.0427(14 0.0567(15 -0.0150(11 0.0036(12 0.0030(12
C(27) 0.0465(13) 0.0334(12) 0.0356(11) 0.0048(10) -0.003R  -0.0022(11)
C(28) 0.0717(17) 0.0359(13) 0.0449(13) 0.0076(10) -0.qp3p  -0.0037(13)
C(29) 0.0702(18 0.0523(16 0.0384(13 0.0076(11 -0.0126(13 -0.0083(14
Table 4: Anisotropic thermal parameters (AZ)
O(1)-C(2) 1.231(2 C(15)- N(16) 1.472(2
C(2)- N(3) 1.328(3 C(15)- C(27 1.537(3
C(2) - C(15) 1.542(3) N(16) - C(17) 1.409(3)
N(3) - C(4) 1.468(2) N(16)- C(21) 1.394(3)
N(3) - H(31) 0.86¢ C(@a7)-0o(18 1.213(3
C(4) - C(5) 1.509(3) C(17) - C(19) 1.477(3)
C(4)-C(7) 1.522(3 C(19)- C(20 1.386(3
C(5) - O(6) 1.424(3) C(19) - C(26) 1.383(3)
O(6) - H(61) 0.843 C(20) - C(22) 1.485(3)
C(7)- C(8) 1.384(3 C(20)- C(23 1.379(3
C(7) - C(@4) 1.399(3) C(21) - O(22) 1.214(3)
C(8)-C(9) 1.392(3 C(23)- C(24 1.389(3
C(9) - C(10) 1.382(3) C(24) - C(25) 1.388(4)
C(10)- O(11 1.375(3 C(25)- C26; 1.387(3
C(10) - C(13) 1.388(3) C(27) - C(28) 1.530(3)
0(11) - C(12) 1.425(3) C(27) - C(29) 1.527(3)
C(13)- C(14 1.375(3
Table 5: Bond lengths (A)Note — C-H atoms have been excluded
O(1)- C(2)- N(3) 124.10(18 C(15)- N(16)- C(17; 123.28(17
0(1) - C(2) - C(15) 121.20(18) C(15) - N(16) - C(21 125.64(17)
N(3) - C(2)- C(15 114.68(18 C(17)- N(16)- C(21; 111.01(16
C(2) - N(3) - C(4) 124.67(18) N(16) - C(17) - O(18) 124.28(19)
N(3)-C(4)- C(5) 109.89(17 N(16)- C(17)- C(19 106.25(18
N(3) - C(4) - C(7) 111.58(17) 0(18) - C(17) - C(19) 129.5(2)
C(5)-C(4)-C(7) 110.08(17 C(17)- C(19)- C(20 108.26(18
C(4)-C(5) - 06 112.81(18) C(17) - C(19) - C(26) 3018(2)
C(4) - C(7) - C(8) 120.55(19) C(20) - C(19) - C(26) 120.9(2)
C@4)-C(7)-Cc(14 122.19(19 C(19)- C(20)- C(21 108.11(18
C(8)-C(7)-C(@14) 117.3(2) C(19) - C(20) - C(23) 121.60(19)
C(7)- C(8)- C(9) 122.3(2 C(21)- C(20)- C(23 130.3(2
C(8) - C(9) - C(10) 119.2(2) C(20) - C(21) - N(16) 106.36(18)
C(9) - C(10) - O(11) 124.8(2) C(20) - C(21) - O(22) 128.7(2)
C(9)- C(10)- C(13 119.3(2 N(16)- C(21)- O(22 124.94(19
0(11) - C(10) - C(13) 115.9(2) C(20) - C(23) - C(24 117.5(2)
C(10)- O(11)-C1z 117.1(2 C(23)- C(24)- C(25 121.1(2
C(10) - C(13) - C(14) 120.8(2) C(24) - C(25) - CJ26 121.1(2)
C(7)- C(14)- C(13 121.0(2 C(25)- C(26)- C(19 117.8(2
C(2) - C(15) - N(16) 107.81(15) C(15) - C(27) - 8)2 108.65(19)
C(2) - C(15) - C(27) 112.46(17) C(15) - C(27) - C(29) 111.80(19)
N(16)- C(15)- C(27 114.03(17 C(28)- C(27)- C(29 110.59(18

Table 6: Bond angles (° C)Note — H atoms have been excluded
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Single-crystal X-ray diffraction report for compound 296d (Datablock: 0500410)

Crystal of296dwere grown and run by Callens Cédric from dichloetimne and petrol 40-60 °C. A single
crystal having dimensions approximatédyl2 x 0.18 x 0.50 mm was mounted on a glass fibre using
perfluoropolyether oil and cooled rapidly to 150iiKa stream of cold Nusing an Oxford Cryosystems
CRYOSTREAM unit. Diffraction data were measuredngsan Enraf-Nonius KappaCCD diffractometer
(graphite-monochromated MgKadiation = 0.71073 A). Intensity data were processed uiaddENZO-
SMN packagé.

Examination of the systematic absences of the sitiedata showed the space group tdPt&l 21 21. The
structure was solved in this space group usingditect-methods program SIR$2which located all non-
hydrogen atoms. The H atoms were all located iiffardnce map, but those attached to carbon atoens w
repositioned geometrically. Subsequent full-maleist-squares refinement was carried out agamssifig
the CRYSTAL program suité.Coordinates and anisotropic thermal parametere wefined for all non-
hydrogen atoms, and the hydrogens were refined mdihg constraints. A modified statistical weigtdgi
scheme was applied. Refinement converged satisiigaio give R = 0.0655, wR = 0.0886.

Attached is a thermal ellipsoid plot (CAMERON) &9 probability. A summary of crystallographic d&a
given below, as are full lists of atomic coordirsatanisotropic thermal parameters and those bargiHe
and angles not concerning H atoms.

References
(1) Z. Otwinowski, W. MinorMethods Enzymol. 1997, 276, 307.

(2) A. Altomare, G. Cascarano, C. Giacovazzo, Aa@iardi, M. C. Burla, G. Polidori, M. Camall,
Appl. Crystallogr. 1994 27, 435.

3) P. W. Betteridge,J. R. Carruthers, R. |. CopgeProut, D. J. Watkin]. Appl. Crystallogr. 2003
36, 1487
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Appendix 3: X-ray crystal structures

Crystal identification

CCK 0500410

Chemical formula
Formula weight
Temperature (K)
Wavelength (A)
Crystal system
Space group
a(A)
b (A)
c(®)
a(’)
BC)

Cell volume (A%
z
Calculated density (Mg/nT)
Absorption coefficient (mm*)
I:OOC
Crystal size (mm)
Description of crystal
Absorption correction
Transmission coefficients (min,max)
0 range for data collection (°)
Index ranges
Reflections measured
Unique reflections
Rint
Observed reflections (1 > -&(1))
Refinement method
Parameters refined
Weighting scheme
Goodness of fit
R
wWR

C24H26N20s5
422.48
150
0.71073
Orthorombic
P212121
5.8398(2)
10.8763(3)
35.0638(12)
90
90
90
2227.09(12)
4
1.260
0.089
896
0.12 x 0.18 x 0.50
Colourless prism
multi-scan
0.94, 0.99
5.12<0<27.47

-7<h<7,-13<k< 14, -45<1 <45

75157
4956
0.060
3184

Full-matrix least-squares dfsqd

Residual electron density (min,max) (e&)

281
Modified Sheldrick
0.9443
0.0655
0.0886
-0.53, 0.46

Table 1: Crystal data and refinement details

Atom X \' Z Ueﬁui\/
o(1) 0.3833(3 0.16752(1€ 0.36313(6 0.037¢
C(2) 0.2473(4 0.2481(2 0.35481(8 0.027¢
N(3) 0.0818(4) 0.2904(2) 0.37878(7) 0.0371
0(4) 0.0476(3 0.23244(1€ 0.41405(5 0.035(
C(5) -0.0503(5) 0.1168(3) 0.41135(9) 0.0360
0(6) -0.0832(4) 0.0673(2) 0.38151(6) 0.0543
C(7) -0.1064(4 0.0712(3 0.45018(8 0.0357
C(8) -0.2891(5) 0.1235(3) 0.46984(8) 0.0371
C(9) -0.4230(5 0.2301(3 0.45382(9 0.052(
C(10) -0.3467(5) 0.0745(3) 0.50509(9) 0.0469
C(11) -0.2260(6) -0.0213(3) 0.52144(9) 0.0536
C(12) -0.0430(6 -0.0703(3 0.50141(1C 0.054
C(13) 0.0193(5) -0.0265(3) 0.46588(9) 0.0444
C(14) 0.2185(6 -0.0815(3 0.44384(1C 0.059:
C(15) -0.2944(9) -0.0693(3) 0.56025(11) 0.0925
C(16) 0.2424(5 0.3213(2 0.31734(8 0.028¢
N(17) 0.3269(3) 0.44656(19) 0.32484(6) 0.0306
C(18) 0.5217(5) 0.4783(2) 0.34584(8) 0.0331
0(19) 0.6589(3 0.40610(17 0.35909(6 0.041¢
C(20) 0.5185(5) 0.6142(2) 0.34941(8) 0.0331
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Appendix 3: X-ray crystal structures

C(21) 0.3198(5) 0.6578(2) 0.33287(8) 0.0345
C(22) 0.1916(5 0.5518(3 0.31762(8 0.034¢
0(23) 0.0060(3) 0.54773(17) 0.30230(6) 0.0447
C(24) 0.2648(6) 0.7809(3) 0.33348(9) 0.0453
C(25) 0.4211(6 0.8596(3 0.35117(1C 0.053¢
C(26) 0.6206(6) 0.8161(3) 0.36729(10) 0.0533
C(27) 0.6732(5 0.6920(3 0.36691(9 0.046¢
C(28) 0.3496(4) 0.2584(3) 0.28205(8) 0.0355
C(29) 0.6103(4 0.2488(3 0.28427(9 0.047¢
C(30) 0.2435(5) 0.1304(3) 0.27816(9) 0.0442
C(31) 0.2842(5) 0.3352(3) 0.24714(9) 0.0471

Table 2: Atomic coordinates and equivalent isotropic thernal parameters (&) of non-hydrogen atoms

Atom X \ z Uisc
H(93) -0.577¢ 0.226¢ 0.463: 0.077¢
H(92) -0.424: 0.225: 0.426( 0.077:
H(91) -0.3507 0.3076 0.4620 0.0775
H(101) -0.4705 0.1078 0.5183 0.0560
H(121) 0.038¢ -0.136: 0.512: 0.066¢
H(141) 0.3132 -0.1281 0.4613 0.0892
H(143) 0.161- -0.136¢ 0.424: 0.088:
H(142) 0.3094 -0.0168 0.4321 0.0894
H(151) -0.1789 -0.1270 0.5689 0.1361
H(153) -0.439( -0.111¢ 0.557¢ 0.136(
H(152) -0.3084 -0.0029 0.5782 0.1362
H(161) 0.078¢ 0.332: 0.310¢ 0.034¢
H(241) 0.1255 0.8098 0.3223 0.0544
H(251) 0.389° 0.944: 0.352¢ 0.064:
H(261) 0.7217 0.8715 0.3787 0.0641
H(271) 0.8062 0.6625 0.3782 0.0559
H(293) 0.662¢ 0.204- 0.261¢ 0.069:
H(292) 0.6769 0.3315 0.2842 0.0699
H(291) 0.654¢ 0.205! 0.307¢ 0.069°
H(303) 0.2882 0.0935 0.2541 0.0637
H(302) 0.0777 0.1366 0.2793 0.0636
H(301) 0.298¢ 0.079¢ 0.299: 0.064:
H(313) 0.3427 0.2960 0.2244 0.0694
H(312) 0.118¢ 0.343( 0.245] 0.070(
H(311) 0.3523 0.4186 0.2497 0.0696
H(31) -0.037¢ 0.324¢ 0.368t¢ 0.044:

Table 3: Atomic coordinates and isotropic thermal parametes (A% of hydrogen atoms

Atom Uq4 U,, Uz U, Uy,
0O(1) 0.0350(11 0.0331(11 0.0444(13 0.0031(10 -0.0041(9 0.007(1
C(2) 0.0272(14 0.0253(15 0.0309(16 -0.0054(12 -0.0034(12 -0.0036(13
N(3) 0.0360(13) 0.0411(15) 0.0342(15)  0.0123(11) 0.0083(11)
O(4) 0.0403(11 0.0329(11 0.0319(11 0.0023(9 0.0013(9 0.0005(9
c(5) 0.0299(15) 0.0397(18)  0.038(2)  -0.0048(15) -0.0053(13)
0(6) 0.0641(14) 0.0623(14) 0.0366(14)  -0.0111(12) -0.0258(12)
C() 0.0354(16 0.0363(18 0.0353(18 -0.0039(14 -0.0003(13 -0.0071(14
c@) 0.0369(17) 0.0413(18) 0.0331(18)  -0.0074(14) -0.0041(14)
c(9) 0.0399(17  0.074(2  0.0424(19  -0.0076(18  -0.0052(14  0.0090(17
C(10)  00479(18) 0.051(2)  0.041(2)  -0.0138(16)  0.0075(15)-0.0084(17)
c(1) 0.080(3)  0.043(2)  0038(2)  -0.0008(16)  0.0077(19) 0.032(2)
C(12) 0.086(2 0.0304(19 0.047(2 0.0007(16 -0.0067(19 0.0045(18
c(13) 0.055(2)  0.0354(18)  0.043(2)  -0.0051(15)  -0.0045(16 -0.0047(16)
C(14) 0.066(2 00502  0.062(2  -0.0069(17  0.0000(19  0.0165(19
C(15) 0.158(4)  0.069(3)  0.051(3) 0.011(2) -0(@)9
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C(16) 0.0253(14) 0.0262(15) 0.0342(17) -0.0006(13) -00y03) -0.0037(12)
N(17) 0.0266(12 0.0269(13 0.0383(15 0.0010(11 -0.0062(10 0.0018(11
C(18) 0.0289(16) 0.0334(17) 0.0369(18) 0.0006(13) 0.002p( -0.0025(14)
0(19) 0.0329(11) 0.0379(12) 0.0547(14) -0.0016(10) -0071@) 0.0038(9)
C(20) 0.0342(17 0.0308(16 0.0345(17 -0.0025(13 0.0045(13 -0.0023(13
C(21) 0.0435(18) 0.0274(17) 0.0326(18) 0.0039(13) 0.008p( 0.0010(14)
C(22) 0.0363(17 0.0390(18 0.0292(16 0.0075(14 0.0046(13 0.0035(15
0(23) 0.0391(12) 0.0469(12) 0.0482(14) 0.0074(10) -0.Q0gy  0.0071(11)
C(24) 0.057(2 0.0360(19  0.0429(19 0.0037(15 0.0105(16 0.0049(17
C(25) 0.081(3) 0.0305(19) 0.050(2) -0.0013(16) 0.023(2) 0.0009(18)
C(26) 0.069(2) 0.037(2) 0.053(2) -0.0130(17) 0.0122(19) 0.0141(17)
C(27) 0.047(2 0.042(2 0.051(2 -0.0080(16 0.0037(16 -0.0063(15
C(28) 0.0294(15) 0.0390(18) 0.0382(18) -0.0050(14) -05702) -0.0011(14)
C(29) 0.0316(16 0.062(2 0.050(2 -0.0147(17 0.0034(14 0.0045(16
C(30) 0.0433(18) 0.0459(19) 0.043(2) -0.0125(15) -0.0052( -0.0010(16)
C(31) 0.048(2) 0.059(2) 0.0338(19) -0.0013(16) 0.0012(15) 0.0024(16)
Table 4: Anisotropic thermal parameters (A?)
0(1)- C(2) 1.218(3 C(16)- N(17) 1.473(3
C(2) - N(3) 1.361(3) C(16) - C(28) 1.546(4)
C(2)- C(16; 1.537(4 N(17)- C(18; 1.398(3
N(3) - O(4) 1.402(3) N(17) - C(22) 1.414(3)
N(3) - H(31) 0.867 C(18) - 019 1.215(3)
O(4)- C(5) 1.385(3 C(18)- C(20; 1.483(4
C(5) - O(6) 1.192(3) C(20) - C(21) 1.382(4)
C(5)- C(7) 1.486(4 C(20)- C(27 1.381(4
C(7) - C(8) 1.392(4) C(21) - C(22) 1.475(4)
C(7)- C(13, 1.404(4 C(21)- C(24, 1.376(4
C(8) - C(9) 1.507(4) C(22) - O(23) 1.211(3)
C(8) - C10 1.387(4) C(24) - C(25) 1.397(4)
C(10)- Cc(11; 1.382(4 C(25)- C(26; 1.379(5
C(11) - C(12) 1.386(5) C(26) - C(27) 1.385(4)
C(11)- C1t 1.512(5 C(28)- C(29; 1.528(4
C(12) - C(13) 1.382(4) C(28) - C(30) 1.530(4)
C(13) - C(14) 1.519(4) C(28) - C(31) 1.530(4)

Table 5: Bond lengths (A)Note — C-H atoms have been excluded

O(1)- C(2)- N(3)
O(1) - C(2) - C(16)
N(3) - C(2)- C(16
C(2) - N(3) - O(4)
N(3) - O(4) - C(5)
0(4) - C(5)- O(6)
0(4) - C(5) - C(7)
0(6)- C(5)- C(7)
C(5) - C(7) - C(8)
C(5) - C(7) - C(13)
C(8)- C(7)- C(13)
C(7) - C(8) - C(9)
C(7)- C(8)- C(10'
C(9) - C(8) - C(10)

C(8)- C(10)- C(11

C(10) - C(11) - C(12)
C(10) - C(11) - C15
C(12)- C(11)- C1-

C(11) - C(12) - C(13)

C(7)- C(13)- C(12

C(7) - C(13) - C(14)

123.9(3
126.1(2)
109.9(2
119.6(2)
114.0(2)
122.4(3
109.4(2)
128.2(3
119.1(3)
119.8(3)
121.1(3
121.9(3)
118.0(3
120.1(3)
122.4(3
118.3(3)
119.9(3)
121.8(3
121.8(3)
118.5(3
119.9(3)

C(16)- N(17)- C(18)
C(16) - N(17) - C(22)
C(18)- N(17)- C(22)
N(17) - C(18) - O(19)
N(17) - C(18) - C(20)
0(19)- C(18)- C(20’
C(18) - C(20) - C(21)
C(18)- C(20)- C(27
C(21) - C(20) - C(27)
C(20) - C(21) - C(22)
C(20)- C(21)- C(24
C(22) - C(21) - C(24)
C(21)- C(22)- N(17)
C(21) - C(22) - O(23)
N(17)- C(22)- O(23)
C(21) - C(24) - C(25
C(24) - C(25) - C(26)
C(25)- C(26)- C(27
C(26) - C(27) - C(20)
C(16)- C(28)- C(29'
C(16) - C(28) - C(30)

126.5(2
122.0(2)
110.4(2
25.3(2)
106.3(2)
128.3(3
108.5(2)
129.8(3
121.7(3)
108.0(2)
121.6(3
3013(3)
106.5(2
130.1(3)
123.4(3
116.7(3)
121.6(3)
121.2(3
117.2(3)
113.1(2
108.1(2)
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C(12) - C(13) - C(14) 121.6(3) C(29) - C(28) - C[30 110.2(3)
C(2)- C(16)- N(17) 108.7(2 C(16)- C(28)- C(31) 107.3(2
C(2) - C(16) - C(28) 116.6(2) C(29) - C(28) - C(31) 109.1(3)
N(17) - C(16) - C(28) 114.6(2) C(30) - C(28) - C(31) 108.9(2)

Table 6: Bond angles (°C)Note — H atoms have been excluded
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Single-crystal X-ray diffraction report for (S)-2-(1,3-Dioxo-H-benzoflisoindol-
2(3H)-yl)-3-methylbutanoic acid (Datablock: 0590910)

Crystal of(S)-2-(1,3-Dioxo-H-benzof]isoindol-2(3H)-yl)-3-methylbutanoic acid were grown and run by
Callens Cédric from dichloromethane and petrol 80®. A single crystal having dimensions approxighat
0.18 x 0.24 x 0.26 mm was mounted on a glass fibre using perfluoropbbetil and cooled rapidly to 293 K
in a stream of cold Nusing an Oxford Cryosystems CRYOSTREAM unit. Giffion data were measured
using an Enraf-Nonius KappaCCD diffractometer (gisgsmonochromated MoKradiation,Z = 0.71073
A). Intensity data were processed using the DENAMNS$ackage

Examination of the systematic absences of the sittemata showed the space group toFb21/n. The
structure was solved in this space group usingditext-methods program SIR$2which located all non-
hydrogen atoms. The H atoms were all located iiffardnce map, but those attached to carbon atoens w
repositioned geometrically. Subsequent full-maleist-squares refinement was carried out agamssifig
the CRYSTAL program suité.Coordinates and anisotropic thermal parametere wefined for all non-
hydrogen atoms, and the hydrogens were refined mdihg constraints. A modified statistical weigidgi
scheme was applied. Refinement converged satisiigaio give R = 0.0425, wR = 0.0748.

Attached is a thermal ellipsoid plot (CAMERON) &9 probability. A summary of crystallographic d&a
given below, as are full lists of atomic coordirsatanisotropic thermal parameters and those bargiHe
and angles not concerning H atoms.

References
(1) Z. Otwinowski, W. MinorMethods Enzymol. 1997, 276, 307.

(2) A. Altomare, G. Cascarano, C. Giacovazzo, Aa@iardi, M. C. Burla, G. Polidori, M. Camall,
Appl. Crystallogr. 1994 27, 435.

3) P. W. Betteridge,J. R. Carruthers, R. |. CopgeProut, D. J. Watkin]. Appl. Crystallogr. 2003
36, 1487.
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Crystal identification

CCK 0590910

Chemical formula
Formula weight
Temperature (K)
Wavelength (A)
Crystal system
Space group
a(A)
b (A)
c(®)
a(’)
BC)

Cell volume (&%)
z
Calculated density (Mg/nt)
Absorption coefficient (mm*)
I:OOC
Crystal size (mm)
Description of crystal
Absorption correction
Transmission coefficients (min,max)
0 range for data collection (°)
Index ranges
Reflections measured
Unique reflections
Rint
Observed reflections (I > -8(1))
Refinement method
Parameters refined
Weighting scheme
Goodness of fit

R
WR

Residual electron density (min,max) (eR)

Cy7H15N104
297.31
293
0.71073
Monoclinic
P 21/c
11.4597(2)
6.0083(2)
11.6452(3)
90
117.2212(11)
90
713.01(3)

2
1.385
0.099
312
0.18 x 0.24 x 0.26
Colourless bloc
multi-scan
0.98, 0.98
5.17<6<27.50

-14<h<14,-7<k<7,-1551<14

13103
6933
0.022
3138

Full-matrix least-squares dfsqd

200
Modified Sheldrick
0.9793
0.0425
0.0748
-0.18, 0.19

Table 1: Crystal data and refinement details

Atom X \ z Ueauiv
o) 0.04433(1C 0.0530(2 0.18621(1C 0.026:
C(2) -0.01745(14 0.1663(3 0.22741(14 0.0211
N(3) 0.02587(12) 0.3696(2) 0.28771(12) 0.0219
C4) -0.06279(1¢t 0.4660(3 0.32648(14 0.022¢
O(5) -0.04466(11) 0.6409(2) 0.38303(12) 0.0310
C(6) -0.17596(14) 0.3105(3) 0.27998(14) 0.0221
C(7) -0.14738(14 0.1269(3 0.22161(14 0.021«
C(8) -0.23550(15) -0.0404(3) 0.16528(14) 0.0232
C(9) -0.36008(14 -0.0252(3 0.16479(1% 0.022¢
C(10) -0.39018(15) 0.1645(3) 0.21990(14) 0.0231

C(11) -0.29416(15) 0.3343(3) 0.27962(15) 0.0243

C(12) -0.51672(1% 0.1826(3 0.21269(1¢ 0.027¢

C(13) -0.60780(15) 0.0182(3) 0.15632(16) 0.0327

C(14) -0.57705(1¢€ -0.1719(3 0.10452(1¢€ 0.031¢

C(15) -0.45609(15) -0.1915(3) 0.10782(15) 0.0262

C(16) 0.13596(14 0.4917(3 0.28795(14 0.023¢

C(17) 0.27240(15) 0.4062(3) 0.38488(15) 0.0269

C(18) 0.37141(17) 0.5959(3) 0.42107(18) 0.0384

C(19) 0.26899(17 0.3111(4 0.50434(1€ 0.036"

C(20) 0.11934(14) 0.5040(3) 0.15006(15) 0.0265
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0(21)
0(22)

-0.00642(10)
0.20908(11

0.5213(2)
0.5013(3

0.06263(10)
0.12375(11

0.0311
0.041(

Table 2: Atomic coordinates and equivalent isotropic thernal parameters (&) of non-hydrogen

atoms

Atom X y z Uicc
H(81) -0.215¢ -0.166¢ 0.123¢ 0.028¢
H(111) -0.3148 0.4645 0.3178 0.0273
H(121) -0.537¢ 0.318¢ 0.247: 0.034:
H(131) -0.6943 0.0327 0.1527 0.0402
H(141) -0.6421 -0.2884 0.0637 0.0378
H(151) -0.434¢ -0.321¢ 0.068¢ 0.032:
H(161) 0.1275 0.6520 0.3105 0.0286
H(171) 0.297- 0.281: 0.337¢ 0.033¢
H(183) 0.4613 0.5378 0.4802 0.0587
H(182) 0.3464 0.7136 0.4666 0.0586
H(181) 0.372 0.660: 0.340¢ 0.058(
H(193) 0.3593 0.2785 0.5712 0.0550
H(192) 0.230¢ 0.428( 0.539: 0.056:
H(191) 0.2139 0.1743 0.4824 0.0555
H(211) -0.008" 0.519¢ -0.014" 0.047¢

Table 3: Atomic coordinates and isotropic thermal parametes (A% of hydrogen atoms

Atom Uq4 U,s Uazs U= Uiz Uqo
o(1) 0.0260(5 0.0289(6 0.0255(6 -0.0026(5 0.0137(5 0.0036(5
C(2) 0.0219(7 0.0239(8 0.0188(7 0.0025(6 0.0090(6 0.0016(6
N(3) 0.0211(6) 0.0223(7) 0.0236(6) -0.0020(5) 0.0115(5) -0.0021(5)
C4) 0.0229(7 0.0238(8 0.0223(7 0.0004(6 0.0114(6 0.0015(6
O(5) 0.0315(6) 0.0261(6) 0.0373(7) -0.0088(5) 0.0175(5) -0.0032(5)
C(6) 0.0226(7) 0.0224(8) 0.0207(7) -0.0003(6) 0.0095(6) -0.0009(7)
C(7) 0.0214(7 0.0227(8 0.0196(7 0.0012(6 0.0090(6 0.0018(6
C(8) 0.0252(8) 0.0226(8) 0.0214(7) 0.0015(6) 0.0103(6) .0006(6)
C(9) 0.0223(7 0.0257(8 0.0178(7 0.0016(6 0.0079(6 -0.0004(6
C(10) 0.0223(7) 0.0270(8) 0.0199(7) 0.0007(7) 0.0096(6) 0.0012(7)
C(11) 0.0255(7) 0.0256(8) 0.0235(7) -0.0019(7) 0.0127(6) 0.0008(7)
C(12) 0.0262(8 0.0331(10 0.0271(8 -0.0015(7 0.0144(7 -0.0002(7
C(13) 0.0254(8) 0.0435(11) 0.0315(8) -0.0009(8) 0.0150(7) -0.0054(8)
C(14) 0.0296(8 0.0371(10 0.0287(8 -0.0013(8 0.0132(7 -0.0087(8
C(15) 0.0293(8) 0.0254(9) 0.0230(8) 0.0006(7) 0.0112(6) 0.0036(7)
C(16) 0.0215(7 0.0268(8 0.0245(7 0.0004(7 0.0117(6 -0.0041(7
C(17) 0.0228(8) 0.0336(9) 0.0233(8) 0.0001(7) 0.0098(6) 0.0022(7)
C(18) 0.0270(8) 0.0487(13)  0.0345(10) 0.0011(9) 0.0098(7) -0.0091(8)
C(19) 0.0301(9 0.0485(12 0.0273(9 0.0076(8 0.0094(7 -0.0017(9
C(20) 0.0236(7) 0.0293(9) 0.0266(8) 0.0023(7) 0.0115(6) 0.0035(7)
0(21) 0.0267(6 0.0425(8 0.0223(5 0.0044(6 0.0096(5 -0.0006(6
0(22) 0.0302(6) 0.0652(10) 0.0324(6) 0.0046(7) 0.0186(5) -0.0073(7)
Table 4: Anisotropic thermal parameters (A?)

0(1)- C(2) 1.2269(18 C(10)- C(11 1.426(2

C(2)- N(3) 1.383(2 C(10)- C(12 1.418(2

C(2) - C(7) 1.478(2) C(12) - C(13) 1.367(2)

N(3) - C(4) 1.4112(18 C(12)- H(121 0.98¢

N(3) - C(16) 1.4581(18) C(13) - C(14) 1.410(3)

C(4) - O(5) 1.206(2) C(14) - C(15) 1.374(2)

C(4)- C(6) 1.485(2 C(16)- C(17 1.539(2
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C(6) - C(7) 1.411(2) C(16) - C(20) 1.530(2)
C(6)- C(11) 1.360(2 C(17)- C(18, 1.525(2
C(7) - C(8) 1.362(2) C(17) - C(19) 1.521(2)
C(8) - C(9) 1.428(2) C(20) - O(21) 1.3349(18)
C(9)- C(10) 1.426(2 C(20)- O(22) 1.2000(18
C(9) - C(15) 1.407(2) 0(21) - H(211) 0.890

Table 5: Bond lengths (A)Note — C-H atoms have been excluded

O(1)- C(2)- N(3) 123.44(13 C(10)- C(9)- C(15 118.80(13
0(1) - C(2) - C(7) 129.99(15) C(9) - C(10) - C(11) 119.97(13)
N(3) - C(2) - C(7) 106.55(13) C(9) - C(10) - C(12) 119.08(14)
C(2)- N(3) - C(4) 112.41(12 C(11)- C(10)- C(12) 120.94(15
C(2) - N(3) - C(16) 123.68(12) C(10) - C(11) - C(6) 118.14(15)
C(4)- N(3) - C(16] 122.82(13 C(10)- C(12)- C(13] 120.56(16
N(3) - C(4) - O(5) 124.24(14) C(12) - C(13) - C(14) 120.37(15)
N(3) - C(4) - C(6) 105.16(13) C(13) - C(14) - C(15) 120.24(16)
O(5)- C(4)- C(6) 130.58(14 C(9)- C(15)- C(14 120.91(16
C(4) - C(6) - C(7) 108.14(12) N(3) - C(16) - C(17) 114.94(13)
C(4)- C(6)- C(11] 129.60(15 N(3) - C(16)- C(20) 109.27(12
C(7) - C(6) - C(11) 122.07(15) C(17) - C(16) - C(20 112.52(12)
C(2)- C(7)- C(6) 107.68(13 C(16)- C(17)- C(18 109.35(14
C(2) - C(7) - C(8) 130.52(15) C(16) - C(17) - C(19) 110.72(13)
C(6) - C(7) - C(8) 121.66(13) C(18) - C(17) - C(19) 110.81(14)
C(7)- C(8)- C(9) 118.32(14 C(16)- C(20)- O(21 112.14(12
C(8) - C(9) - C(10) 119.78(14) C(16) - C(20) - O(22) 123.89(13)
C(8)- C(9)- C(15) 121.40(15 0(21)- C(20)- O(22 123.96(14

Table 6: Bond angles (° C)Note — H atoms have been excluded
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Single-crystal X-ray diffraction report for compound 302 (Datablock: 0560910)

Crystal of 302 were grown and run by Callens Cédric from dichloetimane and petrol 40-60 °C. A single
crystal having dimensions approximatédyl2 x 0.40 x 0.50 mm was mounted on a glass fibre using
perfluoropolyether oil and cooled rapidly to 150iiKa stream of cold Nusing an Oxford Cryosystems
CRYOSTREAM unit. Diffraction data were measuredngsan Enraf-Nonius KappaCCD diffractometer
(graphite-monochromated MgKadiation = 0.71073 A). Intensity data were processed uisddENZO-
SMN packagé.

Examination of the systematic absences of the &itienlata showed the space group toFb&l/c. The
structure was solved in this space group usingditect-methods program SIR$2wyhich located all non-
hydrogen atoms. The H atoms were all located iiffardnce map, but those attached to carbon atoens w
repositioned geometrically. Subsequent full-maleist-squares refinement was carried out agamssifig
the CRYSTAL program suité.Coordinates and anisotropic thermal parametere wefined for all non-
hydrogen atoms, and the hydrogens were refined mdihg constraints. A modified statistical weigtdgi
scheme was applied. Refinement converged satisiigaio give R = 0.0422, wR = 0.0844.

Attached is a thermal ellipsoid plot (CAMERON) &9 probability. A summary of crystallographic d&a
given below, as are full lists of atomic coordirsatanisotropic thermal parameters and those bargiHe
and angles not concerning H atoms.

References
(1) Z. Otwinowski, W. MinorMethods Enzymol. 1997, 276, 307.

(2) A. Altomare, G. Cascarano, C. Giacovazzo, Aa@iardi, M. C. Burla, G. Polidori, M. Camall,
Appl. Crystallogr. 1994 27, 435.

3) P. W. Betteridge,J. R. Carruthers, R. I. CopieProut, D. J. Watkin,J. Appl. Crystallogr. 2003
36, 1487,
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Crystal identification

CCK 0560910

Chemical formula C,1H2,NL,0,
Formula weight 366.42
Temperature (K) 150
Wavelength (A) 0.71073
Crystal system Monoclinic
Space group P 21/c
a(A) 5.4234(3)
b (A) 11.1965(5)
c(R) 15.7831(9)
a(®) 90
B 96.6243(19)
° 90
Cell volume (&%) 2066.36(10)
z 2
Calculated density (Mg/nt) 1.278
Absorption coefficient (mm*) 0.089
Fooc 388

Crystal size (mm)
Description of crystal
Absorption correction

Transmission coefficients (min,max)
0 range for data collection (°)
Index ranges

0.12 x 0.40 x 0.50
Colourless plate
multi-scan
0.95, 0.99
5.11<6<27.45
-7<h<7,-13<k<14,-20<1<20

Reflections measured 4192
Unique reflections 2413
Rint 0.000
Observed reflections (I > -8(1)) 2413
Refinement method Full-matrix least-squares dfsqd
Parameters refined 246
Weighting scheme Modified Sheldrick
Goodness of fit 1.0118
R 0.0422
wR 0.0844
Residual electron density (min,max) (eR) -0.17, 0.14

Table 1: Crystal data and refinement details

Atom X % z Ueaniy
0(1) 1.1096(4 0.31283(1¢ 0.27272(12 0.042:
C(2) 0.9351(5 0.2971(2 0.21899(17 0.032:
N(3) 0.7377(4) 0.2197(2) 0.22798(13) 0.0301
C4) 0.5656(5 0.2195(3 0.15431(17 0.033¢
05) 0.3789(4) 0.15983(19) 0.14484(13) 0.0438
C(6) 0.6624(5) 0.3062(3) 0.09425(17) 0.0358
C(7) 0.8832(5 0.3530(2 0.13378(1€ 0.034¢
C(8) 1.0132(6) 0.4382(3) 0.0946(2) 0.0446
C(9) 0.9129(7 0.4759(3 0.0133(2 0.055:

C(10) 0.6970(6) 0.4276(3) -0.0263(2) 0.0524

C(11) 0.5664(6) 0.3408(3) 0.01338(18) 0.0453

C(12) 0.7207(5 0.1424(2 0.30198(1€ 0.030:

C(13) 0.7509(5) 0.2194(2) 0.38336(17) 0.0298

0(14) 0.9200(3 0.20688(1€ 0.44131(11 0.037¢

N(15) 0.5714(4) 0.3013(2) 0.38567(13) 0.0305

C(16) 0.5562(5 0.3816(2 0.45755(1€ 0.033¢

C(17) 0.6862(5) 0.5008(2) 0.44667(17) 0.0340

0(18) 0.6551(3) 0.56687(18) 0.52236(12) 0.0409

C(19) 0.5814(5 0.5661(2 0.36710(17 0.033¢

C(20) 0.6945(5) 0.5610(3) 0.29324(19) 0.0423
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C(21)
C(22)
C(23)
C24)
C(25)
C(26)
C(27)

0.5929(6)
0.3770(6
0.2622(6)
0.3619(5)
0.9007(5
0.8258(6)
0.9033(6

0.6181(3)

0.6824(3
0.6884(3)
0.6310(2)

0.0362(2

-0.0551(3)

-0.0207(3

0.2189(2) 0.0503
0.2195(2 0.049;
0.2923(2) 0.0462
0.36597(19) 0.0399
0.30536(17 0.033:
0.36928(19) 0.0456
0.21760(1¢ 0.048¢

Table 2: Atomic coordinates and equivalent isotropic thernal parameters (&) of non-hydrogen atoms

Atom X \ z Uisc
H(81) 1.162¢ 0.469¢ 0.121¢ 0.053:
H(91) 0.9949 0.5339 -0.0151 0.0650
H(101) 0.6368 0.4541 -0.0818 0.0649
H(111) 0.417¢ 0.308¢ -0.012¢ 0.055:
H(121) 0.5520 0.1103 0.2954 0.0347
H(161) 0.381« 0.398: 0.461« 0.039¢
H(162) 0.6328 0.3419 0.5098 0.0401
H(171) 0.8656 0.4859 0.4431 0.0399
H(201) 0.842: 0.519: 0.293¢ 0.051(
H(211) 0.6723 0.6123 0.1685 0.0611
H(221) 0.307¢ 0.721° 0.169: 0.061:
H231) 0.1098 0.7302 0.2909 0.0551
H(241) 0.2836 0.6362 0.4162 0.0483
H(251) 1.068¢ 0.066( 0.326¢ 0.039¢
H(261) 0.9582 -0.1146 0.3775 0.0673
H(262) 0.670: -0.092: 0.347( 0.066"
H(263) 0.8081 -0.0168 0.4243 0.0668
H(272) 1.021¢ -0.086¢ 0.222¢ 0.072(
H(273) 0.7377 -0.0508 0.1983 0.0716
H(271) 0.9508 0.0388 0.1770 0.0721
H(181) 0.787¢ 0.603: 0.534¢ 0.059¢
H(151) 0.4622 0.3081 0.3419 0.0384

Table 3: Atomic coordinates and isotropic thermal parametes (A?) of hydrogen atoms

Atom U11 U77 qu U?’l U11 U17
o(1) 0.0382(12 0.0454(13 0.0410(12  0.0012(10  -0.0031(10  -0.0022(10
C(2) 0.0283(16) 0.0330(16) 0.0346(17)  -0.0031(14)  -09408)  0.0072(14)
N(3) 0.0306(12 0.0290(12  0.0294(13  -0.0018(11  -0.0021(10  -0.0004(11
C(4) 0.0360(16) 0.0327(16) 0.0299(16)  -0.0046(13)  -06§02)  0.0086(15)
o(5) 0.0393(12 0.0471(12 0.0432(12 -0.0061(10  -0.0031(9  -0.0050(11
C(6) 0.0425(18) 0.0363(17) 0.0286(16)  0.0026(13)  0.0081L( 0.0076(14)
C(7) 0.0360(16) 0.0324(15) 0.0361(16)  -0.0003(13) 0.3  0.0069(14)
C(8) 0.0462(18 0.0442(19 0.0443(19  0.0033(16  0.0097(14  0.0010(16
C(9) 0.074(3) 0.046(2) 0.051(2) 0.0139(17)  0.0216(18) 0001(19)
C(10) 0.062(2 0.059(2  0.0362(18  0.0088(17  0.0031(16 0.014(2
C(11) 0.0498(19)  0.051(2)  0.0344(19)  -0.0020(15)  0.008¥(1 0.0094(16)
C(12) 0.0331(15 0.0302(16 0.0272(15  0.0014(12  0.0036(11  -0.0013(12
C(13) 0.0310(15)  0.0295(15) 0.0290(16)  0.0038(12)  0.0081L( 0.0017(13)
0(14) 0.0393(11) 0.0400(12) 0.0327(11)  -0.0014(9) -0.qep2  0.0118(9)
N(15) 0.0339(13 0.0305(12 0.0259(12  -0.0009(10  -0.0023(9  0.0046(11
C(16) 0.0324(16) 0.0347(17) 0.0341(16)  -0.0044(13)  0.0025  0.0031(12)
C(17) 0.0310(16 0.0373(17 0.0336(17  -0.0064(13  0.0037(12  -0.0014(13
0(18) 0.0372(11) 0.0424(12) 0.0425(12)  -0.0132(10)  0.¢920 -0.0053(10)
C(19) 0.0337(16) 0.0263(15) 0.0418(17)  -0.0053(13)  0.0D3B  -0.0034(13)
C(20) 0.0431(17 0.0376(17  0.048(2  -0.0040(15  0.0121(15  0.0041(14
C(21) 0.060(2)  0.0465(19)  0.046(2) 0.0050(16)  0.0143(16) 0.0056(17)
C(22) 0.062(2  0.0343(18  0.049(2 0.0071(14  -0.0005(16  0.0033(16
C(23) 0.0482(19)  0.0336(18)  0.057(2) 0.0041(15)  0.004B(16 0.0063(14)
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C(24) 0.0404(18) 0.0336(17) 0.0462(18) -0.0009(15) 0.7y 0.0008(15)
C(25) 0.0382(16 0.0292(15 0.0330(16 -0.0009(12 0.0064(12 0.0053(13
C(26) 0.062(2) 0.0329(16) 0.0430(19) 0.0064(14) 0.012p(15 0.0067(15)
C(27) 0.070(2) 0.0366(17) 0.0404(19) -0.0004(14) 0.0135(1 0.0147(16)
Table 4: Anisotropic thermal parameters (A?)
0O(1)- C(2) 1.209(3 C(13)- O(14 1.226(3
C(2) - N(3) 1.398(3) C(13) - N(15) 1.341(3)
C(2)- C(7) 1.481(4 N(15)- C(16] 1.457(3
N(3) - C(4) 1.405(3) N(15) - H(151) 0.860
N@3)-C(12 1.465(3 C(16)- C(17 1.528(4
C(4) - O(5) 1.208(3) C(17) - O(18) 1.432(3)
C(4) - C(6)) 1.494(4) C(17) - C(19) 1.507(4)
C(6)- C(7) 1.388(4 0(18)- H(181, 0.83(
C(6) - C(11) 1.377(4) C(19) - C(20) 1.380(4)
C(7)- C(8) 1.375(4 C(19)- C(24 1.393(4
C(8) - C(9) 1.400(5) C(20) - C(21) 1.393(4)
C(9) - C(10) 1.373(5) C(21) - C(22) 1.376(4)
C(10)- Cc(11; 1.394(5 C(22)- C(23 1.370(4
C(10) - H(101) 0.947 C(23) - C(24) 1.383(4)
C(11)- H(111 0.93: C(25)- C(26, 1.524(4
C(12) - C(13)) 1.540(4) C(25) - C(27) 1.526(4)
C(12) - C(25) 1.536(4)

Table 5: Bond lengths (A)Note — C-H atoms have been excluded

O(1)- C(2)- N(3)
O(1) - C(2) - C(7)
N(3) - C(2)- C(7)
C(2) - N(3) - C(4)
C(2) - N(3) - C(12)
C(4)-N(3)-C(12
N(3) - C(4) - O(5)
N(3) - C(4)- C(6)
0O(5) - C(4) - C(6)
C(4) - C(6) - C(7)
C(4)- C(6)- C(11;
C(7) - C(6) - C(11)
C(2)- C(7)- C(6)
C(2) - C(7) - C(8)
C(6)- C(7)- C(8)
C(7) - C(8) - C(9)
C(8) - C(9) - C(10)

124.5(2
128.8(3)
106.7(2
111.1(2)
124.5(2)
124.2(2
124.8(3)
106.0(2
129.2(2)
108.0(2)
130.4(3
121.7(3)
108.2(2
130.4(3)
121.4(3
117.1(3)
121.3(3)

C(9)- C(10)- C(11|
C(10) - C(11) - C(6)
N(3) - C(12)- C(13)
N(3) - C(12) - C(2)5
C(13) - C(12) - C(25)
C(12)- C(13)- O(14)
C(12) - C(13) - N(15)
O(14)- C(13)- N(15)
C(13) - N(15) - C(16)
N(15) - C(16) - C(17)
C(16)- C(17)- O(18,
C(16) - C(17) - C(19)
0(18)- C(17)- C(19,
C(17) - C(19) - C(20)
C(17)- C(19)- C(24)
C(20) - C(19) - C(24)
C(19) - C(20) - C(21)

121.4(3
711(3)
108.9(2
28(2)
113.5(2)
123.8(2
113.5(2)
122.7(2
123.3(2)
1215(2)
104.9(2
112.5(2)
112.0(2
2115(2)
120.2(2
1813(3)
121.4(3)

Table 6: Bond angles (° C)Note — H atoms have been excluded
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Single-crystal X-ray diffraction report for compound 312 (Datablock: 0620910)

Crystal of312 were grown and run by Callens Cédric from dichloetimane and petrol 40-60 °C. A single
crystal having dimensions approximatédy1l8 x 0.20 x 0.36 mm was mounted on a glass fibre using
perfluoropolyether oil and cooled rapidly to 150iiKa stream of cold Nusing an Oxford Cryosystems
CRYOSTREAM unit. Diffraction data were measuredngsan Enraf-Nonius KappaCCD diffractometer
(graphite-monochromated MgKadiation, = 0.71073 A). Intensity data were processed usiaddENZO-
SMN packagé.

Examination of the systematic absences of the sitienlata showed the space group toFb2l/c. The
structure was solved in this space group usingdttect-methods program SIR$2yhich located all non-
hydrogen atoms. The H atoms were all located iiffardnce map, but those attached to carbon atoens w
repositioned geometrically. Subsequent full-maleist-squares refinement was carried out agamssifig
the CRYSTAL program suité.Coordinates and anisotropic thermal parametere wefined for all non-
hydrogen atoms, and the hydrogens were refined mdihg constraints. A modified statistical weigidi
scheme was applied. Refinement converged satisiigdio give R = 0.0753, wR = 0.1023.

Attached is a thermal ellipsoid plot (CAMERON) &% probability. A summary of crystallographic déa
given below, as are full lists of atomic coordirgtanisotropic thermal parameters and those bargtHe
and angles not concerning H atoms.
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(2) A. Altomare, G. Cascarano, C. Giacovazzo, Aa@iardi, M. C. Burla, G. Polidori, M. Camall,
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3) P. W. Betteridge,J. R. Carruthers, R. |. CopgeProut, D. J. Watkin]. Appl. Crystallogr. 2003
36, 1487.

-394 -



Appendix 3: X-ray crystal structures

Crystal identification

CCK 0620910

Chemical formula
Formula weight
Temperature (K)
Wavelength (A)
Crystal system
Space group
a(A)
b (A)
c(®)
a(’)
BC)

Cell volume (&%)
z
Calculated density (Mg/nT)
Absorption coefficient (mm*)
I:OOC
Crystal size (mm)
Description of crystal
Absorption correction
Transmission coefficients (min,max)
0 range for data collection (°)
Index ranges
Reflections measured
Unique reflections
Rint
Observed reflections (I > -8(1))
Refinement method
Parameters refined
Weighting scheme
Goodness of fit
R
wWR

Residual electron density (min,max) (eR)

C23H24N20s
424.45
150
0.71073
Monoclinic
P 21/c
10.6230(4)
7.4925(3)
13.4324(7)
90
103.1765(18)
90
1040.98(8)

2
1.354
0.099
448

0.18 x 0.24 x 0.26
Colourless block
multi-scan
0.90, 0.98
5.20<0<27.45

-13<h<13,-9<k<8,-17<1 <17

27855
2535
0.051
2535

Full-matrix least-squares dfsqd

280
Modified Sheldrick
0.9102
0.0753
0.1023
-0.47, 0.49

Table 1: Crystal data and refinement details

Atom X \ 4 Ueﬁui\/
o) 0.7210(2 0.4443(3 0.40517(17 0.029:
0(2) 0.7517(2 0.3781(4 -0.02036(1€ 0.034¢
0(3) 0.8809(2) 0.2955(4) 0.12877(17) 0.0405
o4 0.6219(2 -0.0319(3 0.18345(17 0.033¢
o(5) 0.6632(2) 0.6089(3) 0.16692(18) 0.0312
0(6) 0.8284(2) -0.1286(3) 0.51130(18) 0.0378
N(7) 0.7567(3 0.1395(4 0.4314(2 0.026(
C(8) 0.7754(3) 0.3271(4) 0.0772(2) 0.0271
N(9) 0.6702(3 0.2579(4 0.2177(2 0.025:
C(10) 0.8759(3) 0.3299(5) 0.5536(2) 0.0267
C(11) 0.7761(3) 0.3206(5) 0.4557(2) 0.0259
C(12) 1.0064(3 0.1253(5 0.6719(3 0.033¢
C(13) 0.5783(3) 0.4940(4) 0.1003(2) 0.0251
C(14) 0.3460(3 0.4000(5 0.0513(3 0.030¢
C(15) 0.6483(3) 0.0920(5) 0.2453(2) 0.0266
C(16) 0.4455(3 0.4773(4 0.1239(2 0.025;
C(17) 0.2250(3) 0.3753(5) 0.0714(3) 0.0368
C(18) 0.9130(3) 0.1579(4) 0.5837(2) 0.0274
C(19) 0.8337(3 0.0323(5 0.5089(3 0.028¢
C(20) 0.6491(3) 0.3145(4) 0.1121(2) 0.0232
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C(21) 0.5160(3) 0.1265(5) 0.3779(2) 0.0286
C(22) 1.0188(3 0.4446(5 0.7001(3 0.035;
C(23) 1.0576(3) 0.2710(6) 0.7296(3) 0.0378
C(24) 0.4029(4) 0.0360(6) 0.3050(3) 0.0447
C(25) 0.9274(3 0.4775(5 0.6098(3 0.030¢
C(26) 0.4209(3) 0.5306(5) 0.2166(3) 0.0348
C(27) 0.5117(4 0.0951(5 0.4890(3 0.039:
C(28) 0.6468(3) 0.0628(4) 0.3571(2) 0.0258
C(29) 0.8625(3 0.3915(6 -0.0657(3 0.044:
C(261) 0.2989(3) 0.5075(6) 0.2357(3) 0.0422
C(171) 0.2019(3) 0.4276(6) 0.1643(3) 0.0430

Table 2: Atomic coordinates and equivalent isotropic thernal parameters (&) of non-hydrogen

atoms

Atom X \ z Uisc
H(121) 1.034: 0.009: 0.689¢ 0.039¢
H(131) 0.569¢ 0.533¢ 0.029¢ 0.030(
H(141) 0.3602 0.3695 -0.0135 0.0368
H171) 0.158¢ 0.320¢ 0.023¢ 0.043¢
H(201) 0.5943 0.2259 0.0706 0.0279
H(211) 0.508¢ 0.253° 0.364( 0.034¢
H(221) 1.0551 0.5401 0.7418 0.0431
H(231) 1.1194 0.2499 0.7910 0.0448
H(242) 0.403: 0.066( 0.234: 0.066¢
H(243) 0.4101 -0.0911 0.3146 0.0667
H(241) 0.322: 0.079: 0.321¢ 0.066"
H(251) 0.9045 0.5924 0.5871 0.0377
H(261) 0.4884 0.5813 0.2662 0.0424
H(272) 0.576¢ 0.168: 0.533: 0.058:
H(271) 0.5292 -0.0295 0.5066 0.0593
H(273) 0.425¢ 0.124: 0.498( 0.058:
H(281) 0.6522 -0.0659 0.3684 0.0307
H(292) 0.832¢ 0.430: -0.136¢ 0.066¢
H(293) 0.9056 0.2773 -0.0615 0.0667
H(291) 0.9207 0.4768 -0.0278 0.0671

H(91) 0.680: 0.342: 0.264¢ 0.030(
H(1711) 0.1206 0.4127 0.1769 0.0521
H(2611 0.282: 0.547¢ 0.297: 0.051¢

H(51) 0.6661 0.6782 0.2152 0.0513

Table 3: Atomic coordinates and isotropic thermal parametes (A% of hydrogen atoms

Atom Uq4 U,s Uazs Uy= U= Uqo
0O(1) 0.0363(12 0.0215(12 0.0287(12 0.0026(10 0.0042(10 0.0037(11
0(2) 0.0278(11) 0.0489(16) 0.0283(12)  0.0083(11)  0.09p6( 0.0045(11)
0O(3) 0.0273(12 0.0526(17 0.0380(13 0.0090(13 0.0001(10 0.0036(12
o(4) 0.0530(15) 0.0204(12) 0.0278(12) -0.0027(10)  O0.QDBY  -0.0032(12)
0o(5) 0.0314(12) 0.0227(12) 0.0360(13) -0.0041(11)  0.Q00y  -0.0042(11)
0(6) 0.0505(16 0.0202(14  0.0401(15 ~ 0.0065(11  0.0050(12  0.0046(11
N(7) 0.0321(14) 0.0199(15) 0.0242(14)  0.0019(12)  0.0025( 0.0033(12)
C(8) 0.0301(17 0.0218(17 0.0279(17 0.0015(15 0.0038(13 0.0015(15
N(9) 0.0317(14) 0.0204(15) 0.0225(13)  0.0003(11)  0.00By( -0.0003(12)
C(10)  0.0233(15) 0.0308(19) 0.0244(16)  0.0028(15)  0.002B( 0.0027(15)
C(11) 0.0300(16 0.0245(18 0.0233(16 -0.0011(15 0.0065(13 -0.0004(15
C(12)  00295(17) 0.037(2) 0.0330(19) 0.0066(17)  0.006p(15 0.0079(17)
C(13) 0.0278(15 0.0228(18 0.0239(16 0.0029(14 0.0043(13 -0.0025(14
C(14)  00311(17) 0.0326(19) 0.0268(17) -0.0027(15)  0.0025  0.0024(15)
C(15) 0.0300(17 0.0206(17 0.0296(17 -0.0020(14 0.0073(14 0.0025(14
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C(16) 0.0294(15) 0.0182(16) 0.0255(16) 0.0018(14) 0.0028( 0.0017(13)
c@17) 0.0273(17 0.037(2 0.042(2 -0.0016(17 0.0005(15 -0.0037(16
C(18) 0.0291(16) 0.0285(19) 0.0239(17) 0.0022(14) 0.0D48( 0.0046(15)
C(19) 0.0310(17) 0.028(2) 0.0272(17) 0.0028(15) 0.006)(14 0.0049(15)
C(20) 0.0289(15 0.0202(16  0.0196(15 0.0011(14 0.0034(12 -0.0024(14
C(21) 0.0305(16) 0.0266(17) 0.0293(17) 0.0022(15) 0.004B8( -0.0016(15)
C(22) 0.0288(17 0.041(2 0.036(2 -0.0003(17 0.0045(15 -0.0001(18
C(23) 0.0264(17) 0.055(3) 0.0295(18) 0.0055(18) 0.0018(14 0.0051(17)
C(24) 0.0372(19 0.047(2 0.050(2 -0.007(2 0.0104(18 -0.0084(19
C(25) 0.0285(16) 0.0309(19) 0.0330(19) 0.0021(16) 0.0D8)1( -0.0004(15)
C(26) 0.0332(18) 0.037(2) 0.0312(18) -0.0033(16) 0.0008(1 0.0043(16)
C(27) 0.051(2 0.034(2 0.038(2 0.0048(17 0.0198(17 -0.0028(18
C(28) 0.0356(17) 0.0174(16) 0.0235(16) 0.0006(13) 0.003p( -0.0054(14)
C(29) 0.0372(19 0.058(3 0.042(2 0.008(2 0.0180(17 0.0009(19
C(171) 0.0292(17) 0.054(3) 0.046(2) 0.002(2) 0.0106(16) 0009(19)
C(261) 0.0336(18) 0.059(3) 0.0351(19) -0.0083(19) 0.0091(1 0.0052(19)
Table 4: Anisotropic thermal parameters (A?)

O(1)- C(11 1.217(4 C(12)- C1¢ 1.383(5

0O(2) - C(8) 1.333(4) C(12) - C(23) 1.377(6)

0(2)- C(29 1.447(4 C(13)- C(16; 1.520(4

O(@3) - C(8) 1.199(4) C(13) - C(20) 1.532(4)

O(4) - C(15) 1.235(4) C(14) - C(16) 1.390(4)

0(5)- C(13 1.410(4 C(14)- Cc(17, 1.385(5

O(5) - H(51) 0.827 C(15) - C(28) 1.521(4)

0(6)- C(19 1.208(4 C(16)- C(26 1.388(5

N(7) - C(11) 1.400(4) C(17) - C(171) 1.383(5)

N(7) - C(19 1.418(4 C(18)- C(19; 1.490(5

N(7) - C(28) 1.469(4) C(21) - C(24) 1.525(5)

C(8) - C(20) 1.521(4) C(21) - C(27) 1.523(5)

N(9) - C(15; 1.333(4 C(21)- C(28; 1.554(4

N(9) - C(20) 1.448(4) C(22) - C(23) 1.395(6)

N(9) - H(91) 0.87¢ C(22)- C(25; 1.392(5

C(10) - C(11) 1.491(4) C(26) - C(261) 1.388(5)

C(10) - C18 1.381(5) C(171) - C(261) 1.375(5)

C(10)- C(25; 1.380(5

Table 5: Bond lengths (A)Note — C-H atoms have been excluded

C(8)- 0(2)- C(29
C(11)- N(7) - C(19)
C(11) - N(7) - C(28)
C(19) - N(7) - C(28)
0(2)- C(8)- O(3)
0(2) - C(8) - C(20)
0(3)- C(8)- C(20,
C(15) - N(9) - C(20)
C(11) - C(10) - C(18)
C(11)- C(10)- C(25
C(18) - C(10) - C(25)
C(10)- C(11)- N(7)
C(10) - C(11) - O(1)
N(7) - C(11)- O(1)
C(18) - C(12) - C(23)
O(5) - C(13) - C(16)
0(5)- C(13)- C(20,
C(16) - C(13) - C(20)
C(16)- C(14) - C(17)
N(9) - C(15) - O(4)

116.4(2
110.4(3
126.1(3)
120.9(3)
124.5(3
109.8(2)
125.7(3
123.2(3)
108.2(3)
129.3(3
122.4(3)
106.8(3
127.7(3)
125.6(3
117.2(4)
114.1(3)
104.0(2
111.3(2)
120.6(3
122.7(3)

C(14)- C(16)- C(26)
C(14)- C(17)- C(17)]
C(12) - C(18) - C(10)
C(12) - C(18) - C(19)
C(10)- C(18)- C(19)
C(18) - C(19) - N(7)
C(18)- C(19)- O(6)
N(7) - C(19) - O(6)
C(13) - C(20) - C(8)
C(13)- C(20)- N(9)
C(8) - C(20) - N(9)
C(24)- C(21)- C(27
C(24) - C(21) - C(28)
C(27)- C(21)- C(28)
C(23) - C(22) - C(25)
C(22) - C(23) - C(12)
C(22)- C(25)- C(10)
C(16) - C(26) - C(26
C(21)- C(28)- C(15)
C(21) - C(28) - N(7)

118.8(3
120.2(3
121.1(3)
130.6(3)
108.2(3
0613(3)
129.5(3
2412(3)
111.1(3)
108.7(3
111.7(2)
111.5(3
110.7(3)
110.9(3
121.0(4)
121.8(3)
116.5(3
120.3(3)
110.1(3
1113(2)
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N(9) - C(15) - C(28)
0(4) - C(15)- C(28)

C(13) - C(16) - C(14)
C(13) - C(16) - C(26)

116.8(3) C(15) - C(28) - N(7) 115.4(3)

120.3(3 C(17)- C(171)- C(26)] 119.6(3

118.7(3) C(26) - C(26)1 - C(171) 120.6(3)
122.5(3) -

Table 6: Bond angles (° C)Note — H atoms have been excluded
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