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Abstract,

This thesis describes the synthesis of some novel carbohydrate lactones and their uses
as starting materials in (a) the syntheses of various polyfunctionalised cyclopentanes,
via intramolecular aldol condensations, (b) the synthesis of 1-epihydantocidin, in
which the crucial synthetic step involves a novel transformation induced by tetra-n-
propylammonium perruthenate, and (c) the syntheses of various tetrahydrofurans and
tetrahydropyrans.

The syntheses of 3,4-O-isopropylidene and cyclohexylidene altrono and allono-1,5-
lactones via Kiliani ascension of protected forms of D-ribose are described. The
stereochemistry of the major reaction product, which was identified as 2,3-O-
isopropylidene-D-altrono-1,5-lactone was confirmed by X-ray diffraction.
Introduction of azide and iodide at C-2 is achieved via silyl protection of C-6 and
formation of the 2-O-triflates. Nucleophilic displacement with azide or iodide
produces mixtures of C-2 epimers. Desilylation is readily achieved by treatment with
acetic acid to yield azido and iodo alcohols. Attempted oxidation of C-6 to an
aldehyde functionality, in an attempt to effect cyclopentane formation via
intramolecular aldol condensation of C-2 onto C-6 failed. Treatment of altrono and
allono azido alcohols with tetrapropylammonium perruthenate unexpectedly results in
the formation of a [2.2.2.] bicyclic hemiaminal, whose structure was confirmed by X-
ray diffraction. Conversion of the amine functionality to a urea is effected by
treatment with potassium cyanate. Cyclisation of the urea functionality onto the
lactone carbonyl and subsequent deprotection effects the synthesis of 1-
epihydantocidin. Investigations into acid catalysed epimerisation of the spiro centre in
both hydantocidin and 1-epihydantocidin are described. Potassium carbonate induced
ring contraction of 6-O-silyl altrono- and allono- 1,5-lactone-2-O-triflates yields
tetrahydrofurans, the stereochemistry of which is confirmed by conversion to
symmetric materials. Intramolecular Mitsunobu cyclisation of OH-2 onto C-6 of
altrono-1,5-lactones effects tetrahydropyran formation.

Inversion of C-5 of the known 3,4:5,6-di-O-ispropylidene-D-glycero-D-galacto-
heptono-1,5-lactone is described. Confirmation of product stereochemistry is
achieved by conversion to 2,3-O-isopropylidene-L-altrono-1,5-lactone. Introduction
of iodide and azide at C-2 is achieved via the formation of the 2-O-triflate. Selective
deprotection of the 5,6 isopropylidene and subsequent periodate cleavage yields
aldehydo lactones which undergo potassium fluoride induced intramolecular aldol
cyclisation, to yield bicyclic [2.2.1.] azido and 10do carbocycles.

Sodium azide induced intramolecular aldol cyclisation of 5-azido-5-deoxy-3,4-O-
isopropylidene-L-galacturono-2,6-lactone, which produces two [2.2.1.] bicyclic azido
carbocycles, is described. The second azido carbocycle, which is found to be the
major reaction product, readily undergoes a retro aldol reaction, resulting in the
formation of a third azido carbocycle, the structure of which was confirmed by X-ray
diffraction. Investigations into the equilibration of these three bicyclic [2.2.1.] azido
carbocycles under the reaction conditions employed to effect their formation are
described. Various ring opening reactions of the second and third materials, and their
uses in the syntheses of a novel amino pentol, two novel tetrahydroxy cyclopentane
spirohydantoins and two novel cyclopentane amino acids are described. The structure
of the asymmetric amino acid was confirmed by X-ray diffraction. Under basic
reaction conditions retro aldol equilibration is seen to compete effectively with ring
opening.
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ABBREVIATIONS

The following abbreviations are used in this thesis:-

Ac

Bn

br

But

Cbz
CMAW
18-crown-6
CSA

d

dd
DEAD
DMAP
DMF
DMSO
Et

iPr

IR

Me

NMO
nmr
nPr
n.O.e.
PCC
PDC

acetyl

benzyl

broad

tert-butyl

benzyloxycarbonyl

chloroform : methanol : acetic acid : water
1,4,7,10,13,16-hexaoxacyclooctadecane
camphorsulphonic acid

doublet

double doublet

diethyl azodicarboxylate
4-(N,N-dimethylamino)-pyridine
N,N-dimethylformamide
dimethyl sulphoxide

ethyl

isopropyl

infrared

multiplet

methyl

N-bromosuccinimide
N-methylmorpholine-N-oxide
nuclear magnetic resonance
n-propyl

nuclear Overhauser effect
pyridinium chlorochromate

pyridinium dichromate



Ph
Phth
PMB

Py

TBAF
TBDMS
TFA
Tf
THF
THP
tl.c.
TMS
TPAP
Ts
triflate

phenyl

phthalimide
para-methoxybenzyl

pyridine

quartet

singlet

triplet

tetra-n-butylammonium fluoride
tert-butyldimethylsilyl
trifluoroacetic acid
trifluoromethanesulphonyl
tetrahydrofuran

tetrahydropyran

thin layer chromatography
trimethylsilyl
tetra-n-propylammonium perruthenate
para-toluenesulphonyl

trifluoromethanesulphonate

il
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N ncerning nomencl

Spectroscopic data are assigned according to the numbering systems shown for the

examples below.
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2-O-tert-Butyldimethylsilyl-3,4:6,7-di-  2,6-Anhydro-3,4-O-cyclohexylidene-D-
O-isopropylidene-D-glycero-D-galacto- altritol
heptono-1,5-lactone

3
2 oj\
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o O NH,
5-Azido-5-deoxy-3,4-O-isopropylidene- (1S5,4R,7R,8S)-1-Amino-7,8-0-
L-galacturono-2,6-lactone cyclohexylidene-7,8-dihydroxy-2,5-

dioxa-bicyclo[2.2.2.]octan-6-one
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(1S,4S,5R,6R,7R)-4-Azido-5,6-O- (2R,3S,4R,5R)-2-Acetoxymethyl-6- N-

isopropylidene-2-oxa-5,6,7-trihydroxy-  acetyl-6,8-diaza-3,4-dihydroxy-1-oxa-
bicyclo[2.2.1.]heptan-3-one spiro[4.4.]nonane-7,9-dione



(5S,6R,7R,8S,9R)-1,3-Diaza-6,7,8,9-
tetrahydroxy-spiro[4.4.]nonane-2 4-

dione

v

HO//, \\\OH
4:. .~‘3
HO -2"III OH
oog‘ NH,*

(1S,2R,3R,4S,5R)-1-Amino-2,3,4,5-
tetrahydroxy-cyclopentane carboxylic

acid



Chapter 1-General Introduction

CHAPTER 1

General Introduction.

During recent years sugars have been used as starting materials for the synthesis of a
wide range of natural products and biologically active analogues.!In particular, sugar
lactones have been used in the syntheses of a large number of biologically interesting
compounds. These include polyhydroxylated nitrogen heterocycles; e.g. pyrrolidines
such as o-homoDIM (1.1),2 piperidines such as deoxymannojirimicin (1.2),3
pyrrolizidines such as the alexine (1.3)* and indolizidines such as 6-
epicastanospermine (1.4),5 oxetanes such as norepioxetanocin (1.5)® and

polyfunctionalised tetrahydrofurans such as (+)-muscarine (1.6).”

HO OH OH HO OH
HO OH
» R H
JOH '
HOH,C - HOH,C w OH
CH,OH N~ YCH,OH
(1.1) (1.2) (1.3)
OH
0
HOHZC—?— Ad
od Me,NH,CY o7 M
OH
(1.4) (1.5) (1.6)

Major attractions in the use of carbohydrate lactones as starting materials are the
absence of anomeric substituents and the ease of protection / deprotection of free
hydroxyl groups. Novel carbohydrate lactones are readily synthesised via the Kiliani
ascension of suitably protected sugar precursors. The products of these reactions can

contain up to seven adjacent functional groups and five contiguous chiral centres and
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have been demonstrated to be extremely versatile chirons for the synthesis of a
variety of complex targets.
The two main objectives of the work detailed in this thesis were as follows:-

(1) The synthesis of some novel carbohydrate lactones, from either protected
aldoses via Kiliani ascension, or other readily available lactones via selective
inversion of hydroxyl groups.

(2) Use of these materials in the syntheses of several potentially biologically
active compounds.

These synthetic targets can be divided up into two broad classes:

(A)  Polyfunctionalised Cyclopentanes

(B)  Polyhydroxylated Spirohydantoins.

Each of these classes will now be discussed in turn, with reference to:-

(a) Potential biological activity

(b) Previous synthetic approaches.

(A) Polyhydroxylated Cyclopentanes,

(a) Biological Activity.

The importance of chitin as one of the main components of insect cuticles® and fungal
cell walls? generated an interest in the isolation and synthesis of compounds that may
obstruct its biosynthesis. A screen for chitinase inhibitors resulted in the isolation of

the novel pseudotrisaccharide allosamidin (1.7) in 1986.10

OH
CH,OH
HOH.C, \%c 2 )
O HO N=
R =\
OH

Ac  CH,OH NMe,

Allosamidin (1.7)
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It was found to be a potent inhibitor of silkworm larvae chitinasel! and also a potent
inhibitor of the fungus Candida albicans.!? Its structure was found to consist of two
N-acetyl-allosamine units and the novel aminohydroxysubstituted cyclopentane

allosamizoline (1.8).13
O NMe,

» w/

-atl N

HO

W

HO

OH

Allosamizoline (1.8)
This initial report opened the way to the recognition that aminohydroxy substituted
cyclopentanes can have specific and powerful inhibitory activity against glycosidases

that normally accept pyranoside substrates.

SMe Me = O
Mannostatin A (1.9) Mannostatin B (1.10)

In 1989 mannostatin A (1.9) and B (1.10) were isolated from the microorganism
Streptoverticillium verticulus var quintum ME3-AG3.14 They are highly specific
competitive inhibitors of jack bean, mung bean and rat liver lysosomal o.-
mannosidases and also of the glycoprotein processing enzyme mannosidase I1.15 The
structure and absolute stereochemistry were determined via crystalographic analysis
of mannostatin B tetraacetate.10 To date they represent the only naturally occurring
examples of carbocyclic mannosidase inhibitors.

Another example of an aminohydroxycyclopentane that has been found to act as a

potent o.-mannosidase inhibitor is provided by the synthetic carbocyclic amine (1.11).

This was first reported in 1990 by Farr and coworkers!? and was synthesised as a
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result of molecular modelling studies during the course of a search for potential

mannosidase inhibitors.

CH,OH
HO".. il NHMC
HO OH

Merrel Dow cyclopentylamine (1.11)

The final example of a naturally occurring carbocyclic glycosidase inhibitor is
provided by the pseudodisaccharide trehazolin / trehalostatin (1.12). These were
isolated independently by two research groups during the course of screening for
inhibitors of trehalase from the culture broths of Micromonospora SANK 62390'8 and

Amycolatopsis trehalostatica respectively.19

OH
HOH,C OH

\)
o"

W

HO

N
Glu-oc/

Trehazolin / trehalostatin (1.12)

Initially the two research groups assigned slightly different structures to their
compounds but they have recently been shown to possess the same structure, the
absolute configuration of which has been confirmed by total synthesis and chemical
correlation with L-aspartic acid.?? It was found to be a potent specific inhibitor of

blowfly, silkworm and porcine trehalases. 19
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Much interest has been focused on the potential uses of glycosidase inhibitors; such
as in the study of diabetes?!, cancer??, and as antiviral agents.?3

In particular mannosidase inhibitors have been promulgated as potential anti-HIV
agents.24 Inhibition of viral infection is thought to arise from disruption of
oligosaccharide processing of viral coat glycoproteins such as glycoprotein 120 (gp
120). Incomplete glycoprotein processing results in loss of recognition for the CD-4
receptor of the target white blood cell with consequential reduction in virus infectivity
and inhibition of viral replication. Inhibitors of chitinases have potential uses as insect
growth regulators? or as anti-fungal agents and inhibitors of trehalases as insecticides
or insect antifeedants.26

The four aminohydroxycyclopentanes detailed above are the most potent and specific
known inhibitors of their respective enzymes; the superiority of these five membered
inhibitors over six membered analogues (which more closely resemble the enzymatic

substrates) is notable.

(b) Previous Synthetic Approaches.

These can be divided into three broad categories:-
(1) Previous syntheses from non-carbohydrate starting materials.
(i1) Previous syntheses from carbohydrates.

(ii1) A novel intramolecular aldol approach to cyclopentanes from sugar lactones.

(1) Previous syntheses from non-carbohydrate starting materials,

The high density and juxtaposition of functionality of the amino
hydroxycyclopentanes described above poses a difficult synthetic challenge to the
chemist. Syntheses from non-carbohydrate starting materials require the

stereoselective introduction of up to five adjacent functional groups.
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Trost and co-workers have recently published a synthesis of racemic allosamizoline?’
starting from the known cyclopentenediol (1.13)28 which can be derived in one
operation from cyclopentadiene. The general strategy adopted involved application of
palladium (0) catalysis to the formation of the oxazolidinone (1.14). Conversion of
this material to the oxazolidene (1.15) and subsequent epoxidation / hydrolysis
provided access to allosamizoline (1.8) (Scheme 1.1) as well as the diastereomeric
trans-3,4-diol. The intermediate oxazolidene (1.15) was also used as a divergent
intermediate for the synthesis of the cis-3,4-epimers of allosamizoline via cis

dihydroxylation with osmium tetroxide.

OBn O O
OBn 9 OBn O
HO"'O. ol OH '. .“\ NTS '. .0\\NH
) (1),(ii) (iii)
— e
(1.13) (1.14)

HO o—( NMe,
Fo\ OBn Q—\(

N (vi),(vii),(viii) N
3 o
HO OH
(+ )Allosamizoline (1.8) (1.15)

(1) 2 eq. TsNCO (ii) 1.5 mol% Pd[(OiPr);P], (iii) Na, naphthalene
(iv) MeOTf (v) MeNH, (vi) 5.4M CF;CO;H, TFA, 0°C (vii) 10%
aq TFA, 40°C (viii) H,, Pd

Scheme 1.1

Coupling of racemic 6-O-benzylallosamizoline (1.16), synthesised by the above

route, with the disaccharide (1.17) occurred with chemoselective glycosylation at the
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4-0 position to give a mixture of pseudotrisaccharides (1.18) and (1.19). Separation,
deprotection and acetylation of the correct isomer (1.19) provided the first total

synthesis of allosamidin (1.7)% (Scheme 1.2).

Bn O NMe
NPhth NH BnO R 2
Ph/vo 0 W/
CC13 N
NPhth
BnO OBn OH
TMSOTf
(1.17) CH,Cl,, sieves (1) (116)
B0 \Phth
" ﬂ>
NPhth NMe,
BnO
(1.18)
Bn
NPhth CH20Bn
Ph/vo o)
NPhth NMe,
BnO OBn
(1.19)
H
H OHZC NHAc CH,0H O
NHAc CH20H NMe,
Allosamidin (1.7)

Scheme 1.2

A similar strategy was adopted for the synthesis of mannostatin A30 (1.9) starting
from the cyclopentenediol (1.20),3! again derived from cyclopentadiene. Treatment

with tosyl isocyanate under palladium (0) catalysis yielded the oxazolidinone (1.21).
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Allylic oxidation followed by stereoselective reduction yielded the allylic alcohol
(1.22) which was converted to the acetonide (1.23). Stereoselective epoxidation

followed by regioselective opening by treatment with lithium thiomethoxide and

deprotection yielded racemic mannostatin A (1.9).

HO,,, . OH @""0 _
O Y . (O3,
— N —_— o

| [@)
aw

1 .'l'

Ts I.\I
(1.20) (1.21) (1.22), Ts

(iv),(v)

HO,,, WOH 0 o0
(vii)-(ix) O\;:.O (vi) @

o,

(]
MeS NH, NH NH

.-"lo

(£ )Mannostatin A (1.9) (1.23)

(i) 2 eq. TsNCO then 1.8 mol% Pd[(OiPr);P], (ii) SeO, then Dess-Martin
periodinane (iii) NaBH,, CeCl; (iv) K,CO5 in MeOH / water (v) acetone,
2,2-dimethoxypropane, CSA (vi) CF3CO;H, Na,HPO,, CH,Cl, (vii) MeSLi,
THEF (viii) Na, NH; (ix) 60% aq TFA.

Scheme 1.3

Conversion of both of these syntheses into asymmetric ones has been recently
achieved via the use of chiral Pd(0) complexes.32

Another synthesis of mannostatin A, published by Ganem,33 is outlined in Scheme
1.4. Again the starting material is cyclopentadiene but this time the key synthetic step
involves the asymmetric cycloaddition of methylthiocyclopentadiene (1.24) with the
chiral acyl-nitroso compound derived in situ from the periodate oxidation of (R)-

mandelohydroxamic acid (1.25). Reductive cleavage of the N-O bond followed by
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diastereoselective cis dihydroxylation, achieved stoichiometrically with osmium

tetroxide, furnished mannostatin A (1.9) in good yield.

(1.24) (1.25)
(i1),(iii)
OH HN -
HO, AN_wOH  AcOm., — AO H
(v |:>_ Mo < )
2 AcO™ T, %
MeS NH, OAc OAc

Mannostatin A (1.9)

(i) BuyNIO,4, MeOH (i) Al(Hg) (iii) Ac,0, py, DMAP (iv) OsOy, py
(v) Ac,0, py, DMAP (vi) HCl, MeOH

Scheme 1.4

(i1) Previous syntheses from carbohydrate starting materials.

Carbohydrates seem obvious precursors for the synthesis of polyhydroxylated
aminocyclopentanes. The chirality and dense functionality of the starting material
should facilitate stereoselective synthesis of such demanding synthetic targets.
Several different strategies for the formation of a cyclopentane ring from a
carbohydrate precursor are available including intramolecular radical cyclisations,34
intramolecular cycloadditions,!7-35 intramolecular Wittig3% and aldoB3” reactions and
nitro anion condensations.38

Ogawa and co-workers have recently published the first total synthesis of trehazolin /

trehalostatin.2® The aminocyclitol portion was first synthesised3? as its pentaacetate
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(1.26) in a racemic form as shown in Scheme 1.5. The starting material for this
sequence was the aminocyclopentane (1.27) which was derived from the minor
product (5-10% yield) obtained from the base catalysed reaction of nitromethane with
the dialdehyde derived from 1,2-O-cyclohexylidene-myo-inositol#® The major
product from this reaction is epimeric at the position of the nitrogen substituent and
was used as the starting material for a racemic synthesis of mannostatin A by the

same research group.4!

NHAC #_ X ﬂ_ A
AcO OAc O ): ,0H O CH,

0L O ()i O .0 (iii)-(v) 5. ©

1.27 1.31

( ) ( ) l (vi)-(viii)
NHAC NHACc

AcO CH,0Ac AcO CH, AcO CH,
“MoH  (x),(viii) (ix)
$ ~ $ — 3 N
AcOg OAc AcO OAc AcO OMs

(* X1.26)

(i) NaOMe, MeOH (ii) 2,2-dimethoxypropane, TsOH, DMF (iii) PCC, CH,Cl,
(iv) CH,N,, DMSO / Et,0 (v) P(OMe); (vi) 80% aq. AcOH (vii) MsCl, py
(viii) Ac,0, py (ix) NaOAc, DMF (x) OsO4, NMO, 80% aq. acetone

Scheme 1.5

Coupling of the racemic aminocylclitol (1.28) to a-glucose through an oxazoline ring

produced a mixture of diastereomers that were separated as their pentaacetates (1.29)

10



Chapter 1-General Introduction

and (1.30). Deprotection of one of these yielded trehazolin (1.12) as shown in Scheme

1.6.

OBn
O CH,OH
BnO )
BnO + OH
OBn
NCS
(+) (1.28)
(1)-(iii)
OBn

(1.29)

(iii) Ac,O, py, DMAP (iv) Na, NH;

ylv (V.V) (i) DME / MeOH (ii) HgO, Et,0
(v) NaOMe, MeOH

Trehazolin (1.12)

Scheme 1.6

The absolute configuration of the product was determined by optical resolution of the
intermediate alcohol (1.31) (see Scheme 1.5) as its O-acetylmandelate and assignment
of stereochemistry by chemical correlation with L-aspartic acid.?0 Trehazolin could
be synthesised by coupling of optically active (1.28), derived from the correct
enantiomer of the intermediate alcohol (1.31), thus establishing the absolute

configuration of the natural product.

11
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in lecul 1 approach lopentanes from rl n

Aldol reactions have been relatively rarely used in the syntheses of cyclopentanes
from carbohydrates. The Ferrier cyclisation,42 a widely used aldol reaction for the
synthesis of 3-hydroxycyclohexanes from carbohydrates, cannot be used for the
synthesis of cyclopentane counterparts.43 These observations are consistent with
Baldwin’s rules of ring closure.44

During the course of investigations into the displacement of a-triflates of
carbohydrate lactones it was discovered that treatment of either the a-triflates or a-

iodides of the 8-lactones (1.32) and (1.33) with lithium iodide trihydrate produced

high yields of the corresponding reduced compound (1.34) (Scheme 1.7).45

THF

X=TIor OTf

Scheme 1.7

The proposed mechanism for this reaction involves initial SN2 displacement of the
triflate by iodide and subsequent abstraction of iodine via further attack by iodide to

produce a lithium enolate which is then protonated by water (Scheme 1.8).

12
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I
I OTf I H,0
>
(CH,); (CH,); ) (CHz) (CHy)n
O —» I\ - — I\ O-Li —»
O
I, + LiOH
Scheme 1.8

This reaction has been shown to be quite general and has been used in the synthesis of
a large number of 2-deoxy carbohydrate lactones.40

Conversion of C-6 of suitable d-lactone into an electrophilic centre, in this case an
aldehyde, provided a plausible means of capturing the intermediate enolate ion via an
intramolecular aldol reaction and thus a possible synthetic route to a
polyhydroxylated cyclopentane. Indeed treatment of the iodo aldehyde (1.35) with
anhydrous lithium iodide induced the expected reductive aldol reaction to afford the

bicyclic carbocycle (1.36) in 55% yield as shown in Scheme 1.9.47

OH
OA(

(1.35) (1.36)
Scheme 1.9

During the course of this work, it became clear that the proton a-to the carbonyl
group in both a-iodo?6 and a-azido*® lactones was relatively acidic and could be
removed and trapped again by protons without significant fragmentation of the [-
oxygen substituent. Removal of this proton by treatment with a suitable base and

cyclisation via a ‘straight’ aldol reaction onto an aldehyde derived from C-6 of a
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lactone precursor would provide a simple synthetic route to a number of heteroatom
substituted polyhydroxylated cyclopentanes.

It was found that treatment of the iodo lactone (1.37) with potassium fluoride in
acetonitrile produced a mixture of three products. All result from deprotonation o to
the lactone and intramolecular cyclisation onto the aldehyde functionality (Scheme
1.10).4% The structure of the major product (1.38) was confirmed by X-ray
crystallographic analysis.4” Reduction of the bridgehead iodide with tributyl tin
hydride yielded the reduced carbocycle (1.36) (see Scheme 1.9), formed from the
reductive aldol reaction detailed above, and thus confirmed the structure of this

material.

o\

O

O CHO
(1.37)

KF, 18-crown-6
MeCN, 0 °C

OH OH
> ‘QL&O O& :
7 Yo t 0 \Oo oo \Oo
(1.38) )\ )\

81% 14% trace

HO

Scheme 1.10

The minor products formed during this reaction result from initial epimerisation o to
the aldehyde which is then followed by intramolecular aldol cyclisation (Scheme

1.11).

14
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A A

I O 0
plmerlsatlon
0" "0 CHO " CHO
(1.37)
aldol
cyclisation
HO
O
o . " O O
\ — I
O I O
Qo
)\ OH
Scheme 1.11

Treatment of the azido lactone (1.39) with potassium fluoride in acetonitrile was
found to induce a similar intramolecular aldol reaction,’? yielding a mixture of two

carbocyclic products (Scheme 1.12). Again the major product arises from

deprotonation o to the lactone and cyclisation onto the aldehyde; the minor product

arising from initial epimerisation o to the aldehyde.

OH OH
O

N3 O KF, 18-crown-6 >r0 0 o~
- +
MeCN N O
o7 ~ 0”7 YcHO 0 I N, 03<
(1.39) 55% 25%
Scheme 1.12

The high yields observed for these reactions prompted extensive investigations>! into

the generality and applicability of such an intramolecular aldol approach towards the
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synthesis of a variety of highly substituted cyclopentanes. Further investigations into

this area constitute the main bulk of the work contained within this thesis.

B) Polvhydroxyl irohydantoin

Biological Activi

During the course of a screening program for novel herbicides, hydantocidin (1.40)
was isolated from the fermentation broth of Streptomyces hygroscopicus SANK 63584
and was found to possess potent herbicidal and plant growth regulatory activity, with

no toxicity to micro-organisms or animals.>2

Hydantocidin (1.40)

Its novel structure, which was initially elucidated3 by a combination of mass, IR and
1H and 13C nmr spectrometry and then confirmed by synthesis, consists of a
spirohydantoin ring at the anomeric position of D-ribose. As yet, no mode of action
for the observed herbicidal activity has been proposed. However, biological testing of
the synthetic deoxyhydantocidins (1.41), (1.42), (1.43) and (1.44) revealed little or no
herbicidal activity in all cases,>* indicating that all the hydroxyl groups of

hydantocidin are essential for biological activity.

16
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s
H OH

e
H OH

(1.43) (1.44)

b) Previous synthetic approaches.

The potent herbicidal activity of hydantocidin has generated considerable interest in
its synthesis. Mio and co-workers have published several syntheses using two
different strategies.

The first approachd5 involved condensation of the epoxide (1.45) with the lithium
enolate of the protected hydantoin (1.46) to yield a mixture of diastereomeric adducts
(1.47). Treatment of the crude mixture with lithium bis(trimethylsilyl)amide induced
cyclisation to yield a mixture of the two spirohydantoins (1.48) and (1.49) (Scheme
1.13). The stereochemistry of the spiro centre was determined by X-ray analysis of

the ‘unnatural’ epimer (1.49).

17
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OLi

TBDMSN NPMB

L AN
PMB
(1.46) }—

HN, 0
L 0 g G +
0 OTBDMS
O
O PMBN
H OBn 9) "“\NH
0 (1.47) I
OBn (1) THF, -78°C, 20 min

(1.49)
Scheme 1.13

Dihydroxylation of these intermediates followed by deprotection provided a simple
synthetic route to hydantocidin and its 3-, 4-, 5- epimers.36 The synthetic route to
hydantocidin is shown in Scheme 1.14. The intermediate (1.48) was also used in the

syntheses>4 of the deoxyhydantocidins (1.41), (1.42), (1.43) and (1.44).

Hydantocidin (1.40)

(i) benzylchloroformate, Bu'OK, THF

(i1) OsO4, NMO, acetone / water

(iil) ceric ammonium nitrate, MeCN / water
(iv) H,, Pd, MeOH

Scheme 1.14

18
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The other general synthetic approach’ involved construction of a spirohydantoin ring
at the anomeric position of D-ribofuranose. The starting material used was the
psicofuranose (1.50) derived from D-fructose according to a literature procedure.>8
Lewis acid catalysed ring opening of the primary ketal and introduction of azide
yielded the desired B-azide (1.51) as the major product. Conversion of the primary
hydroxyl to an amide (1.52) allowed elaboration to a spirohydantoin. This was best
achieved through the formation of an iminophosphoran (1.53) via an aza Wittig
reaction, followed by the introduction of COp, to yield protected hydantocidin.
Deprotection of the ketal protecting group without significant epimerisation at the
spiro centre required initial N-acetylation of the hydantoin ring. Deacetylation via
treatment with hydrazine and debenzylation yielded hydantocidin (1.40) from D-

fructose in 12 steps (19% overall yield) (Scheme 1.15).

HO BnO . BnO
Hydantocidin (1.40) (1.53)

() TMSN;, TMSOTI, MeCN, then aq NH,CI (ii) (COCl),, DMSO, Et;N, CH,Cl,
(iii) NaClO,, NaH,PO,.2H, 0, 2-methylbutene, Bu'OH / H,0 (iv) CICO,Et, E;N,
THF then NH; gas (v) PBu;, CO, gas, MeCN then Ac,0, py, DMAP (vi) Dowex
50W(H"), MeOH / water (vii) NH,NH,.H,0, MeOH (viii) H,, Pd, MeOH

Scheme 1.15

19
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Several other polyhydroxylated spirohydantoins have been synthesised from sugars
by use of the Bucherer reaction. Reaction of protected aldehydo sugars having an
isopropylidene protecting group in the o position often results in competing
elimination processes.®¢ However some keto derivatives have been found to give
good yields of the corresponding hydantoins. For example treatment of the 3-
pentosulose derivative (1.54) with aqueous potassium cyanide and ammonium
carbonate under CO2 resulted in the formation of the spirohydantoin (1.55) (Scheme

1.16).61

BzO
@)

.-IIIO KCN, (NH4)2CO3

-
; o o water / EtOH

50 kgem™ CO,, \Il/
(1.54) O (155

Scheme 1.16

Similarly the hexofuranulose (1.56) reacted smoothly under the normal Bucherer
conditions to produce a 1 : 3 mixture of the amide (1.57) and the hydantoin (1.58),
which was subsequently deprotected to give the free sugar derivatives? (1.59)
(Scheme 1.17).

At the time of writing no biological activity has been reported for these compounds. It
was thought that the structural features of such materials, namely the nitrogen
substituted polyhydroxylated framework, may result in either specific or generalised

glycosidase inhibition.

20
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(1.56)

(i) NaCN, (NH,),CO;, EtOH / water
(i) TFA / water.

Scheme 1.17
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CHAPTER 2.

Synthesis and Investigations of Altrono-1.5-lactones.

In ion

The Kiliani reaction! of certain suitably protected sugars provides a simple synthetic
route to sugar lactones that are not readily obtainable by other methods. In particular the
formation of y-hydroxy-8-lactones, which are prone to isomerise to their
thermodynamically more stable 5-ring counterparts,? can be achieved by the Kiliani
ascension of substrates in which the C-3 hydroxyl group is protected. This approach
has been used in the synthesis of several 6-ring heptonolactones3 which have proved to
be useful intermediates for the synthesis of a wide range of biologically interesting
compounds.

The principal aims of this project were the syntheses of polyhydroxylated
cyclopentanes via intramolecular aldol cyclisations of sugar lactone starting materials. A

retrosynthetic analysis of a generalised cyclopentane is shown in Scheme 2.1.

(0) Q) )
©) OH (0) ¢ o X ©)
—— —
MeO,Chi © X 0] O 0] CHO
X (8))
(2.1) (2.2)
X= TorN; d-lactone
Scheme 2.1

The first step involves linking one of the free hydroxyl groups with a methy! ester to

form a bicyclic lactone (2.1). This can then be disconnected by breaking bond q, via a
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retro aldol condensation, to produce a 8-lactone precursor (2.2). An electron

withdrawing substituent at C-24 of the lactone precursor would facilitate proton
removal for such an aldol reaction and initial investigations have concentrated on o.-
iodo or a-azido lactones.

The hydroxyl groups at C-3 and C-4 of the &-lactone precursor (2.2) can be
conveniently protected via an appropriate ketal thus necessitating cis-3,4-hydroxyl
stereochemistry. The stereochemistry of the C-2 substituent depends on the
stereoselectivity of both the Kiliani reaction by which the lactone is synthesised and
also the stereochemical course of the subsequent nucleophilic displacement reactions
used to introduce the substituent X.

This leaves only the cases where the formyl substituent at C-5 and the hydroxyl group
at C-4 are either cis or trans to each other. Preliminary work by other workers> focused
on the case where these substituents were cis to each other using substrates derived
from the Kiliani reaction of diacetone-D-mannose.® Further work that has been carried
out using azido aldehydes derived from this system is detailed in Chapter 4.

This Chapter and Chapter 3 detail investigations into the synthesis of carbocycles via
intramolecular aldol condensations of aldehydo lactones in which the C-5 formyl
substituent and the C-4 hydroxyl group are trans to each other.

A retrosynthetic analysis of such an aldehydo lactone (2.3) is shown in Scheme 2.2.

27
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Periodate

Cleavage

f Kiliani
H =
O’OOT O>< Reaction
(2.4)

Diacetone-D-allose

Scheme 2.2

The aldehyde functionality at C-6 may be synthesised by periodate cleavage of an
exposed diol unit of a seven carbon sugar lactone, which itself may be synthesised via a
Kiliani reaction of a protected hexose precursor, in this case diacetone-D-allose (2.4).

This Kiliani reaction has been found to proceed in modest yield to produce a mixture of
D-glycero-D-altrono (2.5) and D-glycero-D-allono (2.6) heptono-1,5-lactones’ as

shown in Scheme 2.3.

Scheme 2.3
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However D-allose is not readily available8 and the starting material for this reaction
must be synthesised from diacetone-D-glucose in 3 steps, via inversion of
configuration at C-3 and migration of the acetonide protecting group.? The modest yield
observed for the Kiliani ascension combined with the protracted reaction sequence
required for the synthesis of diacetone allose disfavour this reaction sequence as a
practical approach to the precursors required for cyclopentane formation.

Alternative retrosynthetic analysis of the required aldehydo lactone (2.3) envisages
formation of the aldehyde functionality via oxidation of a primary alcohol at C-6 of a
hexose rather than periodate cleavage of a diol unit of a seven carbon sugar

(Scheme 2.4).

X &0 o
* Oxidation
0™ "0” “cHo
(2.3)
QXQ
R Kiliani
HO = .
0 Reaction
28 OH
Scheme 2.4

Subsequent analysis of the lactone (2.7) indicates simple disconnection to a protected
pentose, in this case 2,3-O-isopropylidene-D-ribose (2.8), which is a readily available
starting material. !0 The Kiliani ascension of protected forms of D-ribose would provide

simple access to such novel lactones. These would be expected to be useful synthetic

29
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intermediates for the synthesis of a wide range of potentially biologically interesting
compounds, most notably highly functionalised cyclopentanes formed via

intramolecular aldol cyclisation of C-2 onto C-6.

The work can be divided into the following four sections:-

(i) Synthesis of altrono-1,5-lactones via Kiliani reactions of protected forms of D-
ribose.

(ii) Attempted synthesis of carbocycles via intramolecular aldol reactions.

(iii) Synthesis of 1-epihydantocidin.

(iv) Investigations into tetrahydropyran and tetrahydrofuran ring formation.

Each of these will now be discussed in turn.

(i) Synthesis of altrono-1.5-lactones via Kiliani reactions of protected forms of D-

ribose.

Initial investigations focused on the Kiliani reaction of 2,3-O-isopropylidene-D-ribose
(2.8). This was synthesised by stirring D-ribose (2.9), together with acidic ion
exchange resin as a catalyst, in dry acetone in the presence of molecular sieves. This
reaction produced a mixture of products, the major component being the 2,3-acetonide
(2.8) along with other contaminants!! including some 1,2-acetonide (2.10) (Scheme

2.5). These were subjected to the Kiliani reaction as a crude mixture.
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OH OH OH
(2.9) (2.8) (2.10)

(i) acetone, Dowex 50X (H"), molecular sieves, 3 h, RT

Scheme 2.5

Stirring of this crude mixture with sodium cyanide in water overnight effected
cyanohydrin formation. Cyanohydrin hydrolysis was achieved by heating to 60 °C
with aeration until the production of ammonia ceased, as recommended by Isbell and
co-workers.!2 Unreacted starting material and 1,2-acetonide were then removed by
extraction with ethyl acetate, and lactonisation of the hydroxy acid achieved by removal
of water and treatment with acetic acid to yield 3,4-O-isopropylidene-D-altrono-1,5-

lactone (2.11) as the sole product in 10% yield (Scheme 2.6).

HO (i) NaCN, H,0 (ii) AcOH

OH

(2.8)
Scheme 2.6

The stereochemistry of the C-2 hydroxyl group was determined by single crystal X-ray
diffraction. The crystal structure of 3,4-O-isopropylidene-D-altrono-1,5-lactone (2.11),

which is seen to adopt a boat conformation, is shown in Figure 2.1.
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Figure 2.1.

A literature study!? of the Kiliani reaction of a variety of unprotected sugars found that
alternative mechanisms operated at varying pH’s. Furthermore, a study!4 of the
Bucherer reaction of some aldoses with isopropylidene protecting groups o to the
aldehyde functionality proposed that the low yields obtained from these reactions were
due to facile elimination of the protecting group from the intermediate cyanohydrin, via

deprotonation of the acidic proton o to the nitrile functionality (Scheme 2.7).

OH

-' base induced - __/__\R
HOM@) R

fragmentation CN

Scheme 2.7
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For these reasons a variety of reaction conditions were investigated. These included the
use of buffers, in order to control the reaction pH and reduce basic elimination of the
acetonide protecting group, and also varying conditions for cyanohydrin hydrolysis.
However, the use of buffers did not seem to increase the reaction yield and the use of
more vigorous hydrolysis conditions simply caused deterioration of the product.

Due to the extremely poor yields observed for the Kiliani reaction of the 2,3-acetonide
(2.8), the cyclohexylidene protecting group was chosen as an alternative. 2,3-O-
Cyclohexylidene-D-ribose (2.12) was synthesised following a literature procedurel®
and purified by chromatography. Treatment with sodium cyanide in water at room
temperature overnight, followed by cyanohydrin hydrolysis at 70 °C and lactonisation
of the resultant hydroxy acids by treatment with acetic acid, resulted in the formation of
2,3-0-cyclohexylidene-D-altrono-1,5-lactone (2.13) in 20% yield, together with a
small amount of 2,3-O-cyclohexylidene-D-allono-1,5-lactone (2.14) as shown in

Scheme (2.8).

O O

(i) NaCN, H,O
>

H ii) AcOH
o~ (i) o
OH
(2.12) (2.13) (2.14)
20% 1%
Scheme 2.8

ii) Attempted svnthesis of carbocycles via intramolecular aldol reactions.

Synthetic efforts in this area concentrated on the use of 2,3-O-cyclohexylidene-D-

altrono-1,5-lactone (2.13) as the starting material. The required reaction sequences
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involve introduction of either azide or iodide at C-2 followed by oxidation of the
primary hydroxyl group at C-6 to an aldehyde. Cyclisation of C-2 onto C-6 via a base
induced aldol reaction would provide a synthetic route to highly functionalised

cyclopentanes. Work in this area can be divided into two sections:-

(a) Synthesis of azido and iodo alcohol precursors.

(b) Attempted oxidations.

(a) Synthesis of azido and iodo alcohol precursors.

Introduction of a substituent at C-2 required initial protection of the primary hydroxyl
group at C-6. This was achieved via a selective silylation using TBDMS chloride which
produced mainly the required monosilylated compound (2.15) in 92% yield, together
with a small amount of disilylated material. The hydroxyl group at C-2 was then
converted to its triflate ester by treatment with triflic anhydride in dichloromethane, in

the presence of an excess of pyridine, to yield the triflate (2.16) in quantitative yield

(Scheme 2.9).

. t .
(2, 15) OSlMelBu (2 16) OSlN[@ZBLIt
92% quantitative
(i) TBDMSC], imidazole, DMF, -20 °C (i) Tf,0, py, CH,Cl,, -20 °C

Scheme 2.9
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Introduction of azide was achieved by treatment of the triflate (2.16) with sodium azide

in DMF to produce a mixture of altrono (2.17) and allono (2.18) azides (Scheme 2.10).

Scheme 2.10

These were separated by chromatography and the stereochemistry of the azido
substituent assigned by n.O.e. experiments. Irradiation of H-5 caused enhancement of
the signal from H-2, and vice versa, only for the altrono azide (2.17). The probable
preferred boat conformation5-16 of the altrono azide has both H-2 and H-5 in the

flagpole position resulting in the observed n.O.e. enhancements (Figure 2.2).

12%

H-5 H-2

Bu'Me,SiO

Figure 2.2
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Deprotection of the C-6 hydroxyl group then yielded the required azido alcohols. Initial
attempts to remove the silyl protecting group by treatment with tetra-n-butylammonium
fluoride caused complete decomposition. Desilylation was achieved by treatment with
80% aqueous acetic acid to yield the altrono (2.19) and allono (2.20) azido aclohols.
However in both cases some degree of epimerisation of the azido substituent was

observed (Scheme 2.11).

0
N, 3 ,\\‘O
()
0™ "o
: t
(2.17) OSiMe,Bu

76% 3%

OSiMe,Bu OH
2.18) oot (2.19) (2.20)

28% 47%
(i) 80% aqueous AcOH, 60 °C, 5 h (ii) 80% aqueous AcOH, 60 °C, 15 h

Scheme 2.11

Introduction of iodide was achieved by treatment of the triflate (2.16) with tetra-n-
butylammonium iodide in THF to yield a mixture of altrono (2.21) and allono (2.22)
jodides, in a ratio of 2.2 : 1 as adjudged by IH nmr. These were found to be

inseparable by chromatography and were used as a mixture in the subsequent
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desilylation step. Small amounts of the altrono isomer (2.21) were crystallised out of a
mixture of both epimers, thus facilitating product characterisation. The stereochemistry
of the iodo substituent was assigned on the basis of coupling constants observed
between H-2 and H-3. Desilylation of the mixture was again achieved by treatment with
80% aqueous acetic acid to yield an inseparable mixture of iodo alcohols which were
used in subsequent attempted oxidations without further purification or characterisation.

These reactions are summarised in Scheme (2.12).

(i) tetra-n-butylammonium iodide, THF,
reflux, 1 h, 95%
(ii) 80% aqueous AcOH, RT, 16 h, 71%

Scheme 2.12

(b) Attempted oxidations.

Unfortunately oxidation of the primary alcohol at C-6 to an aldehyde, in the cases of

both of the azides and of the mixture of iodides, was unsuccessful (Scheme 2.13).
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O
X &0
O O
OH X=1or N;
Scheme 2.13

A large number of different oxidants were tried including PCC, PDC, Jones, CrO3 /
dimethylpyrazole, Swern, Pfitzner-Moffatt, and the Dess-Martin periodinane!” but in
all cases attempted oxidation resulted in either decomposition or recovery of starting
material. No aldehyde products were obtained.

Attempted oxidation of either of the azido alcohols (2.19) or (2.20) with a catalytic
amount of TPAP!8 in the presence of N-methylmorpholine-N-oxide resulted in the
unexpected formation of the bicyclic amine (2.23) in approximately 60% yield in both

cases (Scheme 2.14).

o:l\
O 0

R -Pr4N* RuO4 :
N3 S n-rr4 uly o 0 NH, ‘0
N-methylmorpholine-N-oxide
o 0 MeCN, RT, 30 min
OH
(2.19) or (2.20) (2.23)
Scheme 2.14 60%

The structure of the bicyclic amine (2.23) was confirmed by crystallography and its X-

ray structure is shown in Figure 2.3. A plausible mechanism for its formation involves
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(2.19) (2.24) (2.23)
33% 65%

(i) H,, Pd black, EtOH, RT, 24 h (ii) NBS, NaOAc, THF, RT, 5 min

Scheme 2.15

Due to the difficulties experienced with the crucial oxidation step an alternative strategy
for the synthesis of the iodo and azido aldehyde precursors was required. This strategy

and the observed results are discussed in Chapter 3.

(iii) Synthesis of 1-epiHydantocidin.!?

The bicyclic amine (2.23), produced by the attempted TPAP oxidation described above,
was thought to be a useful synthetic intermediate. In particular, construction of a
hydantoin ring linking the amine functionality with the carbonyl carbon of the lactone
would produce a pyranose analogue of the natural product hydantocidin (1.40).

The synthesis of a spirohydantoin from the bicyclic amine (2.23) was undertaken as
follows.

Treatment of the amine (2.23) with potassium cyanate in acetic acid resulted in the
formation of the urea (2.25). Cyclisation of the urea to the spirohydantoin (2.26) was
achieved by treatment with potassium tert-butoxide in DMF . Deprotection of (2.26)
with 40% aqueous trifluoroacetic acid, or methanol and acidic ion exchange resin,

yielded 1-epihydantocidin (2.27) as the sole product, with identical !H and !3C nmr
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spectra to those of an authentic sample20 of this material (Scheme 2.16). 1H nmr

spectra of both authentic and synthetic materials are shown in Appendix 1.

O l O I
e -
OO'NHz 0 0 06HN 0

— O
NH,
(2.23) (2.25) | (i)

)

O OH
(2.27) (2.26)

(i) KCNO, AcOH, 60 °C, 1.5 h (ii) KOBu', DMF, RT, 10 min,
61% over 2 steps (iii) 40% aqueous TFA, RT, 2 h, 98%
(iv) MeOH, Dowex 50W-X8(H™), 40 °C, 16 h, 87%

Scheme 2.16

It is unclear as to whether the observed pyranose to furanose ring rearrangement occurs
during the acidic urea formation or the subsequent base induced cyclisation. Attempts to
grow crystals of the intermediate urea (2.25) suitable for X-ray analysis, in order to
confirm the structure of this material, proved unsuccessful.

The stereochemistry of the protected spirohydantoin (2.26) was confirmed as follows.

Treatment of 1-epihydantocidin (2.27) with cyclohexanone and sulphuric acid resulted

in reformation of the protected spirohydantoin (2.26) (Scheme 2.17).
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O OH

2.27) (2.26)
(1) cyclohexanone, c. H,SO,, RT, 1 h, 94%

Scheme 2.17

During a literature synthesis of hydantocidin,?! acidic hydrolysis of ketal protecting
groups was found to cause some degree of epimerisation at the spiro centre. This
problem was overcome by initial acetylation of the hydantoin ring and subsequent
removal of the acetyl group with hydrazine. In order to avoid any possible
epimerisation at the spiro position this strategy was also adopted for the deprotection of
the protected spirohydantoin (2.26)

Treatment of the spirohydantoin (2.26) with acetic anhydride in pyridine in the presence
of a catalytic amount of DMAP resulted in the formation of the cyclohexylidene
diacetate (2.28). Removal of the cyclohexylidene protecting group was achieved by
treatment with 40% aqueous trifluoroacetic acid to yield the diacetate (2.29). Treatment
of this material with hydrazine in methanol resulted in the formation of 1-

epihydantocidin (2.27) as the sole product (Scheme 2.18).
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(2.27) (2.29)

(i) Ac,0, py, DMAP, RT, 10 min, 72%
(i1) 40% aqueous TFA, RT, 20 min, 94%
(iii) NH,NH,.H,0, MeOH, RT, 2 h, 70%
Scheme 2.18
1-epiHydantocidin (2.27) was further characterised as its tetraacetate (2.30) which was

formed simply by treatment of (2.27) with acetic anhydride and pyridine in the presence

of a catalytic amount of DMAP (Scheme 2.19).

(2.27) (2.30)
(i) Ac,0, py, DMAP, RT, 1 h, 70%

Scheme 2.19
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Due to the lack of epimerisation observed during the deprotection of cyclohexylidene-1-
epihydantocidin (2.26), and the literature precedent for the epimerisation of
hydantocidin under similar conditions, a brief 1H nmr study of the interconversion of
hydantocidin (1.40)20 and 1-epihydantocidin (2.27) under the acidic conditions used
for protecting group hydrolysis was undertaken. The two materials have readily
discernible 500 MHz 1H nmr spectra. Integration of the peaks corresponding to each,
derived from mixtures obtained from acidic treatment of either of the pure starting

materials, gave approximate ratios of materials. These results are summarised in Table

2.1.

Ratios of products observed

Starting Material Hydantocidin 1-epiHydantocidin

(a) 1 ; 2.2
Hydantocidin (1.40)

(b) 1 : 4

() 1 : 10
1-epiHydantocidin (2.27)

(b) 1 : 4.5

(a) 40% aqueous TFA ,RT, 16 h
(b) 40% aqueous TFA ,RT, 32 h
Table 2.1
Both materials are seen to equilibrate under the reaction conditions, though on a time
scale longer than that required for the hydrolysis of cyclohexylidene-1-epihydantocidin
(2.26) as described above. The equilibrium mixture appears to be 1-epihydantocidin :

hydantocidin, in a ratio of approximately 4 : 1.

iv) Investigations into tetrahvdrofuran and tetrahydropyran ring formation.

Over recent years there has been much interest in the synthesis of a variety of

tetrahydrofurans and tetrahydropyrans. In particular, there has been considerable
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interest in the synthesis of both furanose and pyranose C-glycosides.22 Other synthetic
interest has arisen as 2,5-disubstituted tetrahydrofurans and substituted
tetrahydropyrans constitute the main structural features of a large number of natural
products commonly known as the polyether antibiotics.23 Many synthetic routes to
THF and THP ring formation are available.24

It was envisaged that the novel altrono and allono lactones, synthesised from the Kiliani
reaction of protected forms of D-ribose, would be suitable precursors for investigations
into THF and THP ring formation. Work in this area is divided into two sections, each

of which will be discussed in turn:-

(a) Tetrahydrofuran ring formation via base induced ring contractions.

(b) Tetrahydropyran formation via Mitsunobu cyclisations.

(a) Tetrahydrofuran ring formation via base induced ring contractions.

The ring contraction of d-lactones with leaving group o-substituents provides a strategy
for the synthesis of 2,5-disubstituted highly functionalised homochiral
tetrahydrofurans.?> Ring contraction of §-lactone o-triflates can be effected by
treatment of a methanolic solution of the triflate with potassium carbonate. Whereas
treatment of d-lactone o-triflates with sodium azide induces nucleophilic displacement
of the leaving group, methoxide causes ring contraction by nucleophilic addition to the
carbonyl group and ring opening; subsequent ring closure of the original ring oxygen
onto C-2 with inversion of configuration results in formation of a tetrahydrofuran

methyl ester (Scheme 2.20).
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N5
OR OR
N, OR TfO OR
-
OR OR
MeO-
MeO-
RO OR OR
Tf(;\ OR
-
MeO L "0 MeOzC‘>
OR
OR
Scheme 2.20

Treatment of the cyclohexylidene altrono silyl triflate (2.16) with potassium carbonate
in methanol yielded the cyclohexylidene allo silyl tetrahydrofuran (2.31) as the major
product, resulting from inversion of configuration at C-2 of the starting material,

together with a small amount of the epimeric altro material (2.32) (Scheme 2.21).

O 9 0

Ij\——-» " "
MeO,C MeOzc\\ D\
(2.16) OSiMe,Bu' (2 31) OSiMe,Bu' (2.32) OSiMe,Bu'
68% 4%

(i) K,CO3, MeOH, RT, 10 min

Scheme 2.21
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A similar reaction sequence was performed on the isopropylidene altrono system
derived from the Kiliani ascension of 2,3-O-isopropylidene ribose. Treatment of the
altrono acetonide (2.11) with TBDMS chloride and imidazole in DMF yielded the silyl
acetonide (2.33). The free hydroxyl at C-2 was converted to its triflate ester via
treatment with triflic anhydride and pyridine in dichloromethane to yield the acetonide
triflate (2.34). Ring contraction of this material was achieved by treatment with
potassium carbonate in methanol to yield the allo tetrahydrofuran acetonide (2.35). This

reaction sequence is summarised in Scheme 2.22.

HO, &0 HO S0
(i)
—_—
0”0 0™ 70
(2.11) OH 2.33) OSiMe,Bu’
j(ii)
QX o O’J(
T §f (iii) TiOy, A a0
B
MeOch[?j 0 o
. t
235 OSiMeBu (2.34)  OSiMe,Bu'

(i) TBDMSC], imidazole, DMF, RT, 30 min, 83%
(ii) Tf,O, py, CH,Cl,, -20 °C, 10 min, quantitative
(iii) K,CO;3, MeOH, RT, 10 min, 58%

Scheme 2.22

The stereochemistry of the cyclohexylidene ring contracted product (2.31) was
confirmed by conversion to the symmetric disilyl THF (2.36) via a two step reaction
sequence. Reduction of the methyl ester (2.31) to the alcohol (2.37) by treatment with

lithium aluminium hydride followed by silylation with TBDMS chloride yielded the
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symmetric disilylated THF (2.36) which possessed a zero optical rotation and a
characteristic 13C nmr spectrum which contained only one carbohydrate CHz and two

carbohydrate CH signals (Scheme 2.23).

2 9 2 @ 2 @
= F Q) z 5 (iD) z 5
oy AN S
OSiMe,Bu' OH OSiMe,Bu' (OSiMe,But OSiMe,Bu'
(2.31) (2.37) (2.36)

(i) LiAlH,, THF, RT, 5 min, 94% (ii) TBDMSCI, imidazole, DMF, RT, 1 h, 88%
Scheme 2.23

The ring contraction of the cyclohexylidene allono a-triflate (2.39) derived from the
minor product of the Kiliani reaction was also investigated. Treatment of 3,4-0-
cyclohexylidene-allono-1,5-lactone (2.14) with TBDMS triflate in pyridine produced
the 6-0-silyl allono lactone (2.38). This could also be obtained by SN2 nucleophilic

displacement of the altrono silyl triflate (2.16) with sodium trifluoroacetate in DMF

(Scheme 2.24).

= O
HO,, . ,\\O , _TfO, Z \\\O

(1) (i1)
e B
O 0O o o
. . .
(2.14) OH (2.38) OSiMe,Bu (2.16) OSiMe,Bu'

(i) TBDMSOTT, py, THF, -20 °C, 30 min, 81%
(ii) CECO,Na, DMF, 70 °C, 2 h, then MeOH, 40%

Scheme 2.24
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Treatment of the 6-O-silyl allono lactone (2.38) with triflic anhydride yielded the
desired allo triflate (2.39). Ring contraction of the allo triflate (2.39) with potassium
carbonate in methanol yielded the two ring contracted products observed previously,
however this time the major product was found to be the altro tetrahydrofuran (2.32)

again resulting from an inversion of configuration at C-2 (Scheme 2.25).

O
TiOy, A o0
(1)
-
0™ ~o
(2.38) OSiMe,Bu' (2.39) OSiMe,Bu*
Qg 0 Q 9
(i1) I = ¥
MeO,CY (3\ MeOZC&
(2.39)  OSiMe,Bu' (232) OSiMe,Bu'  (2.31) OSiMe,Bu’
69% 16%

(i) Tf,0, py, CH,Cl,, -20 °C, 10 min, 73%
(ii) K,CO5, MeOH, RT, 10 min

Scheme 2.25

Ring rearrangement of &-lactones with a free hydroxyl group at C-6 and a leaving
group at C-2, induced by similar reaction conditions, would provide a strategy for the
synthesis of highly functionalised tetrahydropyrans. In order to investigate this
possibility, desilylation of the silyl altrono triflate (2.16) was attempted. Initial efforts
using tetra-n-butylammonium fluoride caused complete decomposition. Desilylation

was achieved by treatment with 80% aqueous acetic acid to yield the alcohol (2.40).
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Treatment of the alcohol (2.40) with potassium carbonate in methanol resulted in the
formation of the ring contracted methyl ester (2.41) as the sole product. This material
was synthesised unambiguously via desilyation of the ring contracted methyl ester

(2.31) by treatment with 80% aqueous acetic acid. These reactions are summarised in

Scheme 2.26.

O
TfO TfO 3 0
-
0™ ~o
OH
(2.40)
(i1)
Q 9 g
z F Gii) = 5
—_—
Meozc’[;}\ Me0,C¥ 0
OSiMe,Bu' OH
(2.31) (2.41)

(i) 80% aqueous AcOH, RT, 13 h, 70%
(ii) K,CO;3, MeOH, RT, 10 min, 94%
(iii) 80% aqueous AcOH, RT, 24 h, 60%

Scheme 2.26

The formation of this material as the sole reaction product shows that there is effectively
no competition for the formation of a tetrahyropyran over a tetrahydrofuran in this

system.
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T ropyran formation via Mitsunobu cvyclisation

Due to the effective competition of THF over THP formation observed above, an
alternative strategy for the synthesis of tetrahydropyrans was required. In particular,
any attempts at formation of a tetrahydropyran ring from the altrono-1,5-lactone system
must involve reaction conditions that leave the lactone ring intact.

The first strategy attempted involved treatment of the triflate alcohol (2.40) with sodium
acetate in DMF in an attempt to induce base catalysed cyclisation of C-6 onto C-2
without opening of the lactone ring. A mixture of bicyclic products was obtained as

shown in Scheme 2.27.

(2.42) (2.43)
46% 26%
Scheme 2.27

The major product was identified as the bicyclic furan (2.42). Treatment of this material
with potassium carbonate in methanol induced opening of the lactone to produce the
furan methy! ester (2.41), identical with the material described earlier (Scheme 2.28).

The minor product was later identified as the bicyclic pyran (2.43).
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=O

/4\0 e
K,CO;, MeOH D\
.
RT, 30 min MeO,C O
(2.42)

(2.41) OH

Scheme 2.28 63%

Cyclisation of C-6 onto C-2 in the altrono system requires epimerisation of the leaving
group at C-2 before nucleophilic displacement can take place. An alternative strategy
consisting of cyclisation of C-2 onto C-6, which also results in tetrahydropyran
formation, was therefore adopted.

Simple treatment of the 3,4-O-cyclohexylidene-altrono-1,5-lactone (2.13) with
triphenylphosphine and DEAD in THF?26 resulted in formation of the bicyclic pyran
(2.43) as the sole reaction product in 69% yield. Similar treatment of the isopropylidene

lactone (2.11) resulted in formation of the isopropylidene bicyclic pyran (2.44)

oj\
3 /Ll\«/ 7
7 0
: 1)
0P~ 69% é
(2.13) OH (2.43)

(1)

60% ){

2.11) OH (2.44)
(i) PhyP, DEAD, THF, RT, 1 h

Scheme 2.29

(Scheme 2.29).
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The identity of the bicyclic cyclohexylidene pyran (2.43) was confirmed by elaboration
to 2,6-anhydro-D-altritol (2.45).27 Reduction of the lactone with lithium borohydride
produced the alcohol (2.46). Removal of the cyclohexylidene protecting group yielded
2,6-anhydro-D-altritol (2.45), with physical and spectral data in close agreement with
literature values. Treatment of the tetrol (2.45) with acetic anhydride and pyridine in the

presence of DMAP yielded the tetraacetate (2.47) which also possessed data in close

agreement with literature values (Scheme 2.30).

({1\\
0]
I
o0 0O O’//, " : .“\\\OH
@) o .
\

al o

I O
(2.43) OH (2.46)
(ii)
OAc OH
ACO/,, . s .‘\\\\O Ac H()/,," B o OH
O (iij) .O .‘
-
I\\\\\" O \\\\\" o
Ac
(2.47) OH (2.45)

(i) LiBH,, THF, 0 °C, 4 h, 93%
(i1) 40% aqueous TFA, RT, 12 h, 89%
(iii) Ac,0, py, DMAP, RT, 30 min, 50%

Scheme 2.30

The above reactions demonstrate that tetrahydropyran formation can be achieved simply
by treatment of altrono-1,5-lactones under Mitsunobu type conditions. If such a

methodology could be extended to seven carbon §-lactones, which may be derived
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from the Kiliani reaction of suitably protected hexoses, this would provide an efficient
synthetic route to C-pyranosides.

In order to test the generality of this reaction, and in particular if Mitsunobu type
conditions could lead to competitive THP formation in cases where THF formation was
also possible, L-gulono-1,4-lactone (2.48) was subjected to similar reaction conditions.
Again cyclisation to a bicyclic system occurred. However the sole reaction product was
found to be the bicyclic furan (2.49),28 resulting from cyclisation of C-3 onto C-6

(Scheme 2.31).

OH
HO
HO O .o ., oo
Ph,P, DEAD
:
THF, 60 °C, 3 h o)
HO OH OH
(2.48) (2.49)
40%
Scheme 2.31

Again cyclisation to a furan is seen to compete effectively with the alternative
cyclisation to a pyran and in this case also with possible epoxide formation. Such
effective competition limits the applicability of such a strategy for the synthesis of

polyhydroxylated tetrahydropyrans.
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General Experimental Procedures.

Melting points were recorded on a Kofler hot block and are uncorrected. 1H nuclear
magnetic resonance (8y) spectra were recorded on Bruker WH 300 (300 MHz) or
Bruker AM 500 (500 MHz) spectrometers. 13C Nuclear magnetic resonance (8¢)
spectra were recorded on a Varian Gemini 200 (50.3 MHz) spectrometer and
multiplicities were assigned using DEPT sequence. 13C spectra run in D20 were
referenced to methanol (8¢ 49.6 ppm) as an internal standard. All chemical shifts are
quoted on the &-scale. Infra-red spectra were recorded on a Perkin-Elmer 1750 FT
spectrophotometer. Mass spectra were recorded on VG Micromass 30F, ZAB 1F,
Masslab 20-250 or Trio-1 GCMS (DB-5 column) spectrometers using desorption
chemical ionisation (NH3, DCI), chemical ionisation (NH3, CI), electrospray, or
electron impact (EI), as stated. Optical rotations were measured on a Perkin-Elmer 241
polarimeter with a path length of 1 dm. Concentrations are given in g/100 ml
Microanalyses were performed by the microanalysis service of the Dyson-Perrins
laboratory. Thin layer chromatography (t.l.c.) was carried out on aluminium sheets
coated with 60F,s4 silica or glass plates coated with silica Blend 41. Plates were
developed using a spray of 0.2% w/v cerium (IV) sulphate and 5% w/v ammonium
molybdate in 2M sulphuric acid, or 0.5% w/v ninhydrin in methanol. All solvents were
removed in vaccuo. Flash chromatography was carried out using Sorbsil C60 40/60
silica. CMAW (chloroform / methanol / acetic acid / water) used as an eluant was
prepared in the following ratio (CHCl3 : MeOH : AcOH : H7O, 60 : 30 : 3 : 5). Ion
exchange columns were packed with ‘Dowex’ 50W-X8 in the H* form. Solvents and
commercially available reagents were dried and purified before use according to
standard procedures; dichloromethane was refluxed over and distilled from calcium
hydride; methanol was distilled from magnesium methoxide; pyridine was distilled
from, and stored over, potassium hydroxide; tetrahydrofuran was distilled, under
nitrogen, from a solution dried with sodium in the presence of benzophenone. Hexane

was distilled at 68 °C before use to remove involatile fractions.
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Xperimen

2.3-0Q-Isopropylidene-D-ri 2 ><

D-Ribose (2.9) (3.07 g, 20 mmol), Dowex 50W-X8 [H*] ion exchange resin (1.5 g)
and dried 3A molecular sieves (1.5 g, bead form) were stirred vigorously at room
temperature in acetone (50 ml, dried over magnesium sulphate). After 3 h, t.1.c. (ethyl
acetate) indicated complete consumption of starting material (R¢ 0.1), and the formation
of a major product (Rf 0.6), together with other minor products (Rf 0.8 and Rf 0.3).
The suspension was then filtered, the solvent removed and the residue co-evaporated
with acetonitrile (2 x 10 ml), to remove traces of acetone, to yield a crude syrup (2.1 g,

55%) which was used directly without further purification or characterisation.

3.4-O-Isopropylidene-D-altrono-1.5-lactone (2.11). O‘P
HO, 3 \\\O
Q) O
OH

The crude syrup of (2.8) prepared above (2.1 g) was stirred with sodium cyanide (0.7
g, 14 mmol) in water (40 ml) at room temperature overnight. The mixture was then
refluxed for 6 h. T.Lc. (ethyl acetate) indicated a major product at the baseline, together
with some unreacted starting material (R¢ 0.3). The solution was cooled and extracted
with ethyl acetate (3 x 50 ml) to remove unreacted starting material. The aqueous extract
was then adjusted to pH 4 by careful addition of concentrated sulphuric acid and the
solvent then removed. The residue was co-evaporated with toluene (2 x 10 ml),

dissolved in acetic acid (50 ml), and stirred at room temperature overnight. T.L.c. (ethyl
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acetate) indicated the formation of a product (R¢ 0.5) together with a large amount of
baseline material. The solvent was removed, the residue co-evaporated with toluene (2
x 10 ml), and then dissolved in ethyl acetate by heating at reflux for several hours. The
solution was cooled, filtered through a silica plug topped with Celite and the solvent
removed to yield a residue that was purified by repeated flash chromatography (hexane
: ethyl acetate, 1 : 1) to yield 3.4-Q-isopropylidene-D-altrono-1,5-lactone (2.11) (223
mg, 10% based on crude isopropylidene ribose), as a white crystalline solid, m.p. 130-
132 oC (ethyl acetate / hexane); [o]p20 +101.3 (¢, 0.9 in EtOH); vmax (KBr) 3400 (br,
OH), 1768 (C=0) cm-1; 8y (CD30D) 1.37, 1.50 (6H, 2 x s, MezC), 3.72 (1H, dd, H-
6, J5.6 5.0 Hz, Jg ¢ 12.8 Hz), 3.89 (1H, dd, H-6', J5 ¢ 2.1 Hz), 4.24 (1H, ddd, H-5,
J4,5 9.5 Hz), 4.29 (1H, dd, H-3, J2,3 7.4 Hz, J3 4 8.0 Hz), 4.38 (1H, dd, H-4), 4.51
(1H, d, H-2); 8¢ (CD30D) 24.2, 26.5 (2 x q, Me2C), 61.2 (t, C-6), 71.2, 71.4, 78.5,
79.0 (4 x d, C-2, C-3, C-4, C-5), 112.6 (s, CMe2), 173.7 (s, C-1); m/z (NH3, DCI)
236 (MNHg4*, 100%), 219 (MH). (Found: C, 49.20; H, 6.41; CoH140¢ requires: C,
49.54; H, 6.47%).

2.3-0-Cyclohexylidene-D-ribose (2.12).

HO

OH
A mixture of D-ribose (2.9) (30.0 g, 0.2 mol) and p-toluenesulphonic acid (0.7 g, 3.7

mmol) was stirred in freshly distilled cyclohexanone (200 ml) under nitrogen. After 12
h, t.l.c. (ethyl acetate) indicated complete consumption of starting material (R¢ 0.1), and
the formation of a major product (R¢ 0.7). Ethyl acetate (500 ml) was added and the
mixture washed with sodium bicarbonate solution (300 ml), and water (300 ml). The
organic extracts were dried (magnesium sulphate), filtered, the solvent removed and the

residue purified by dry flash chromatography (chloroform : methanol, 20 : 1) to yield
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-O-cyclohexylidene-D-ri 2.12) (44.5 g, 97%) as a colourless oil; [a]p20 -20.0
(¢, 1.1 in CHCl3), [Lit -20.8 (¢, 1.01 in CHC13)]15; Oy (CDCl3) 1.40-1.86 (10H, m,

cyclohexylidene), 3.70-3.79 (2H, m, H-5, H-5'), 4.42 (1H, s, H-4), 4.58 (1H, dd,
H-2, J» 3 5.9 Hz), 4.83 (1H, d, H-3), 5.43 (1H, d, H-1, J1 2 5.5 Hz); 6c (CDCl3)
23.5, 23.8, 24.8, 34.0, 35.7 (5 x t, cyclohexylidene), 63.4 (t, C-5), 81.2, 86.3, 87.8
(3 xd, C-2,C-3,C-4), 102.1 (d, C-1), 113.0 (s, cyclohexylidene).

3.4-0-Cyclohexylidene-D-altrono-1.5-lactone (2.1

and 3.4-0O-cyclohexylidene-D-allono-1,5-lactone (2.14).

(2.14)

2,3-0-Cyclohexylidene-D-ribose (2.12) (44.5 g, 0.19 mol) and sodium cyanide (8.53
g, 0.17 mol) were stirred together in water (500 ml) at room temperature overnight.
The temperature of the reaction mixture was then raised to 70 °C and nitrogen was
bubbled through the solution until evolution of ammonia had ceased (approx 6 h). At
this point a test for cyanide was found to be negative and t.1.c. (ethyl acetate) indicated
some starting material (Rf 0.7) together with a major product at the baseline. The
mixture was allowed to cool to room temperature and then washed with ethyl acetate (4
x 400 ml) to remove unreacted starting material, which was reclaimed. The aqueous
extract was adjusted to pH 7 by the addition of acetic acid, the solvent removed under

reduced pressure and the residue co-evaporated with toluene (3 x 50 ml). Acetic acid
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(200 ml) was added and the mixture heated at 70 ©C. After 1.5 h, t.l.c. (ethyl acetate)
indicated the formation of a major product (R¢ 0.7) and a minor product (R 0.5). The
solvent was removed and the residue co-evaporated with toluene (2 x 30 ml). The
residue was then shaken with ethyl acetate (300 ml) and water (300 ml) and the
aqueous layer further extracted with ethyl acetate (2 x 200 ml). The combined organic
extracts were dried (magnesium sulphate), filtered, and the solvent removed to produce
a residue which was purified by repeated flash chromatography (hexane : ethyl acetate,
1 : 1) to yield 3.4-Q-cyclohexylidene-D-altrono-1.5-lactone (2.13) (7.92 g, 20% based
on recovered starting material, Rg 0.7) as a white crystalline solid, m.p. 119-120 °C
(ethyl acetate / methanol); [0:]p20 +80.4 (c, 1.02 in EtOH); vipax (KBr) 3500-3200 (br,
OH), 1773 (C=0) cm-! ; 8y (dg acetone) 1.40-1.70 (10H, m, cyclohexylidene), 3.72
(1H, dd, H-6, J56 4.9 Hz, J¢ ¢ 12.6 Hz), 3.90 (1H, dd, H-6', J5 ¢ 2.1 Hz), 4.27
(1H, ddd, H-5, J4 5 9.4 Hz), 434 (1H, m, H-3, J2 3 6.9 Hz, J3 4 7.8 Hz), 4.42 (1H,
dd, H-4), 4.55 (1H, d, H-2); dc (dg acetone) 24.2, 24.6, 25.6, 34.7, 37.4 (5 x t,
cyclohexylidene), 61.5 (t, C-6), 71.0, 71.7, 78.3, 79.1 (4 x d, C-2, C-3, C-4, C-5),
112.9 (s, cyclohexylidene), 173.4 (s, C-1); m/z (NH3, DCI) 276 (MNH4*, 100%),
259 (MH*). (Found: C, 55.70; H, 7.26; C12H180¢ requires: C, 55.81; H, 7.02%);
and 3.4-0O-cyclohexylidene-D-allono-1.5-lactone (2.14) (389 mg, 1% based on
recovered starting material, Rg 0.5) as a white crystalline solid, m.p. 128-130 °C (ethyl
acetate / hexane); [a]p20 -68.1 (¢, 1.03 in EtOH); vnax (KBr) 3400 (br, OH), 1751
(C=0) cm-1; 8y (de acetone) 1.38-1.63 (10H, m, cyclohexylidene), 2.97 (2H, s,
OH), 3.87-3.90 (2H, m, H-6, H-6'), 4.47 (1H, br t, H-5), 4.70-4.86 (3H, m, H-2,
H-3, H-4); dc (dg acetone) 24.2, 24.5, 25.6, 34.5, 36.8 (5 x t, cyclohexylidene), 63.0
(t, C-6), 68.0, 74.3, 76.7, 84.0 (4 x d, C-2, C-3, C-4, C-5), 111.0 (s,
cyclohexylidene), 172.5 (s, C-1); m/z (NH3, DCI) 276 (MNH4%), 259 (MH*, 100%).
(Found: C, 55.58; H, 6.94; C12H180¢ requires: C, 55.81; H, 7.02%).
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=Q-tert-Butyldimethylsilyl-3.4-O-cyclohexylidene-D-
no-1.5-lactone (2.1

:"IO

HO ' .‘\\\O

OSiMe,Bu'
3,4-Cyclohexylidene-D-altrono-1,5-lactone (2.13) (4.72 g, 18.3 mmol) and imidazole
(2.61 g, 38.4 mmol) were stirred under nitrogen in dry DMF (100 ml) at -20 °C. tert-
Butyldimethylsilylchloride (2.90 g, 19.2 mmol) was added and the mixture stirred for
2.5 h when t.lc. (hexane : ethyl acetate, 1 : 1) showed complete consumption of
starting material (Rf 0.2) and the formation of a major product (R¢ 0.8), together with a
minor product (R¢ 0.9). The solvent was removed and dichloromethane (75 ml) was
added. The mixture was shaken with water (75 ml), which was further extracted with
dichloromethane (2 x 50 ml). The combined organic extracts were then dried
(magnesium sulphate), filtered, the solvent removed, and the residue purified by flash

chromatography (hexane : ethyl acetate, 3 : 1) to yield 6-O-tert-butyldimethylsilyl-3.4-

O-cyclohexylidene-D-altrono-1.5-lactone (2.15) (6.28 g, 92%) as a white crystalline

solid, m.p. 74-75 °C (methanol / water); [a]p20 +71.3 (¢, 1.02 in CHCI3); Vipax (KBr)
3400 (br, OH), 1767 (C=0) cm! ; 8y (CDCl3) 0.11 (6H, s, Me;Si), 0.92 (9H, s,
But), 1.40-1.76 (10H, m, cyclohexylidene), 3.36 (1H, d, OH, J; ox 3.2 Hz), 3.88
(1H, dd, H-6, Js 6 4.5 Hz, J6,6 12.0 Hz), 4.04 (1H, dd, H-6', J5 ¢ 2.0 Hz), 4.15
(1H, ddd, H-5, J4,5 9.0 Hz), 4.27-4.32 (1H, m, H-3), 4.36 (1H, dd, H-4, J3 4 7.8
Hz), 4.42 (1H, dd, H-2, J2 3 6.7 Hz); 8¢ (CDCl3) -5.6 (q, Me;Si), 18.2 (s, Me3CSi),
23.2, 23.7, 25.3 (3 x t, cyclohexylidene), 25.7 (q, Me3C), 33.9, 36.6 (2 x t,
cyclohexylidene), 61.8 (t, C-6), 69.7, 70.9, 77.1, 78.7 (4 x d, C-2, C-3, C-4, C-5),
113.0 (s, cyclohexylidene), 173.1 (s, C-1); m/z (NH3, DCI) 390 (MNH4*, 100%),
373 (MH*). (Found: C, 58.26; H, 8.90; C18H320¢Si requires: C, 58.03; H, 8.66%);

and a small amount of disilylated material (0.414 g, 5%) as a colourless oil; 3y

(CDCl3) 0.09 (6H, s, Me3Si), 0.14, 0.18 (6H, 2 x s, Me;Si), 0.90, 0.95 (18H, 2 x s,
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2 x Bu'), 1.40-1.75 (10H, m, cyclohexylidene), 3.83 (1H, dd, H-6, Is ¢ 4.5 Hz, Jg ¢'
11.8 Hz), 3.99 (1H, dd, H-6', J5 ¢ 1.1 Hz), 4.08 (1H, m, H-5), 4.23-4.38 (3H, m);
m/z (NH3, DCI) 504 (MNHg4t), 487 (MH*).

-O-tert-Butyldim Isilyl-3.4-O-cyclohexvlidene-

-O-trifluorom Iphonyl-D-altrono-1.5- O
0
lactone (2.1 TH0, S
0™ ™o

OSiMe,Bu'
6-O-tert-Butyldimethylsilyl-3,4-O-cyclohexylidene-D-altrono-1,5-lactone (2.15) (1.53
g, 4.11 mmol) and dry pyridine (0.84 ml, 10.3 mmol) were stirred under nitrogen in
dry dichloromethane (50 ml) at -20 °C. Trifluoromethanesulphonic anhydride (1.04 ml,
6.17 mmol) was added. After 10 min, t.1.c. (hexane : ethyl acetate, 3 : 1) indicated
complete product formation (R¢ 0.6) and further dichloromethane (20 ml) was added.
The reaction mixture was shaken with water (30 ml, containing a few drops of 1M
HC) and then washed with water (30 ml) and brine (30 ml). The organic extracts were
then dried (magnesium sulphate), filtered, the solvent removed and the residue purified

by flash chromatography (hexane : ethyl acetate, 7 : 1) to yield 6-O-tert-

butyldimethylsilyl-3.4-O-cyclohexylidene-2-O-trifluoromethanesulphonyl-D-altrono-
1.5-lactone (2.16) (2.06 g, quantitative) as a white crystalline solid, m.p. 76-78 °C
(methanol / water); [at]p20 +19.1 (¢, 1.1 in CHCl3); Vppax (film) 1785 (C=0) cm-1; 8y
(CDCl3) 0.11 (6H, s, Me3Si), 092 (9H, s, But), 1.41-1.77 (10H, m,
cyclohexylidene), 3.90 (1H, dd, H-6, J5 6 4.0 Hz, Jg ¢ 11.9 Hz), 4.04 (1H, dd, H-6',
J56' 2.2 Hz), 4.25 (1H, m, H-5), 4.51-4.56 (2H, m, H-3, H-4), 5.22 (1H, d, H-2,
J2.3 7.0 Hz); 8¢ (CDCl3) -5.7 (q, Me3Si), 18.2 (s, Me3CSi), 23.3, 23.6, 24.7 B x t,
cyclohexylidene), 25.6 (q, Me3C), 34.1, 36.6 (2 x t, cyclohexylidene), 61.7 (t, C-6),
70.2, 73.9, 79.0, 82.0 (4 x d, C-2, C-3, C-4, C-5), 114.1 (s, cyclohexylidene), 164.3
(s, C-1); m/z (NH3, DCI) 522 (MNH4*, 100%), 505 (MH*). (Found: C, 45.19; H,
6.42; C19H310gF3SSi requires: C, 45.23; H, 6.19%).
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cyclohexylidene-2-deoxy-D-altrono-1.5-lactone (2.17) O
and N A
0” >0

: t
(2 17) OSlMezBu

2-a71d0-6-O-tert-butvldimethyvlsilyl-3.4-O-
lohexylidene-2-deoxy-D-allono-1,5-lactone (2.18).

-,"lo

N3 /,I'.

N\
R

(2.18)  OSiMe,Bu'

6-O-tert-Butyldimethylsilyl-3,4-O-cyclohexylidene-2-O-trifluoromethanesul phonyl-D-

altrono-1,5-lactone (2.16) (850 mg, 1.69 mmol) and sodium azide (329 mg, 5.06
mmol) were stirred at room temperature in DMF (10 ml). After 10 min t.1.c. (hexane :
ethyl acetate, 5 : 1) indicated complete consumption of starting material (Rf 0.7), and
the formation of two products (Rf 0.6 and R¢ 0.5). The solvent was removed and ethyl
acetate (50 ml) added. The mixture was then washed with water (50 ml), brine (50 ml),
dried (magnesium sulphate), filtered, the solvent removed and the residue purified by
flash chromatography (hexane : ethyl acetate, 7 : 1) to yield 2-azido-6-O-tert-
butyldimethylsilyl-3.4-O-cyclohexylidene-2-deoxy-D-altrono-1.5-lactone (2.17) (340
mg, 50%, R 0.6) as a white crystalline solid, m.p. 67-68 °C (methanol / water);
[0]p20 +18.2 (¢, 1.06 in CHCI3); Vmax (KBr) 2125 (N3), 1757 (C=0) cm-! ; 8y

(CDCl3) 0.11, 0.12 (6H, 2 x s, Me2Si), 0.92 (9H, s, But), 1.41-1.74 (10H, m,
cyclohexylidene), 3.89 (1H, dd, H-6, Js,6 4.4 Hz, Js ¢ 11.9 Hz), 4.03 (1H, dd, H-6,
Js.¢ 2.1 Hz), 4.15 (1H, ddd, H-5, J4.5 9.2 H2), 4.27-4.30 (2H, m, H-2, H-3), 4.37
(1H, m, H-4); 8¢ (CDCl3) -5.6, -5.5 (2 x g, Me2Si), 18.3 (s, Me3CSi), 23.3, 23.7,

24.8 (3 x t, cyclohexylidene), 25.7 (q, Me3C), 33.9, 36.7 (2 x t, cyclohexylidene),
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61.9 (t, C-6), 62.4 (d, C-2), 70.0, 75.2, 79.0 3 x d, C-3, C-4, C-5), 113.4 (s,
cyclohexylidene), 167.4 (s, C-1); m/z (NH3, DCI) 415 (MNH4*, 100%), 398 (MH"),
370 (MH*-N2, 100%). (Found: C, 54.60; H, 7.97; N, 10.56; C1gH3105SiN3
requires: C, 54.38; H, 7.86; N, 10.57%).

n.O.e. Data. Irradiate 8 4.15 (H-5) ; enhancements : 3.89 (H-6, 3.4%), 4.03 (H-6’,
3.4%), 4.28 (H-2, H-3, 14%).
Irradiate § 4.28 (H-2, H-3) ; enhancements : 4.15 (H-5, 12%), 4.37
(H-4, 7.9%).

lactone (2.18) (160 mg, 25%, R¢ 0.5) as a white crystalline solid, m.p. 160-162 °C
(ether / hexane); [o]p20 -77.2 (¢, 1.08 in CHCI3); Vmax (KBr) 2115 (N3), 1743 (C=0)

cm-1 ; 8y (dg benzene) -0.20, -0.19 (6H, 2 x s, Me3Si), 0.75 (9H, s, But), 1.41-1.75
(10H, m, cyclohexylidene), 3.07 (1H, dd, H-6, J5 ¢ 3.2 Hz, Jg ¢ 11.9 Hz), 3.34 (1H,
dd, H-6’, Js ¢ 3.3 Hz), 4.14 (1H, dd, H-4, J3 4 7.3 Hz, J45 1.9 Hz), 4.23 (1H, dt,
H-5), 4.44 (1H, d, H-2, J» 3 4.0 Hz), 4.51 (1H, dd, H-3); 8¢ (CDCl3) -5.9 (q,
Me»Si), 18.0 (s, Me3CSi), 23.5, 23.7, 24.8 (3 x t, cyclohexylidene), 25.7 (q, Me3C),
33.9, 36.0 (2 x t, cyclohexylidene), 58.4 (d, C-2), 64.9 (1, C-6), 73.7, 76.2, 82.8 (3 x
d, C-3, C-4, C-5), 111.6 (s, cyclohexylidene), 167.4 (s, C-1); m/z (NH3, DCI) 415
(MNHg4*, 100%), 398 (MH*), 370 (MH*-N3, 100%). (Found: C, 54.37; H, 7.93; N,
10.52; C18H3105SiN3 requires: C, 54.38; H, 7.86; N, 10.57%).

n.O.e. Data. Irradiate d 4.24 (H-5) ; enhancements : 3.07 (H-6, 7.8%), 3.34 (H-6’,
6.7%). No enhancement seen to H-2.

Irradiate & 4.44 (H-2) ; enhancements : 4.51 (H-3). No enhancement

seen to H-5.

Irradiate & 4.51 (H-3) ; enhancements : 4.44 (H-2, 7.2%).
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lactone (2.1 O
N; . .a\‘o
O o)
OH

2-Azido-6-O-tert-butyldimethylsilyl-3,4-O-cyclohexylidene-2-deoxy-D-altrono- 1,5-

lactone (2.17) (210 mg, 0.53 mmol) was stirred in acetic acid : water, 4 : 1 (10 ml) at
60 °C. After 5 h, t.L.c. (hexane : ethyl acetate, 1 : 1) indicated complete consumption of
starting material and the formation of two products (Rf 0.5 and 0.3). The solvent was
removed and the residue co-evaporated with toluene (2 x 5 ml). Ethyl acetate (10 ml)
was added, the mixture preabsorbed onto silica and then purified by flash

chromatography (hexane : ethyl acetate, 3 : 2) to yield 2-azido-3.4-O-cyclohexylidene-

2-deoxy-D-altrono-1.5-lactone (2.19) (114 mg, 76%, R¢ 0.5) as a white crystalline
solid, m.p. 97-99 °C (ether / hexane); [a]p2Y +28.9 (¢, 1.01 in CHCI3); Vmax (KBr)

3472 (OH), 2119 (N3), 1762 (C=0) cm-l; 8y (CDCl3) 1.43-1.78 (10H, m,
cyclohexylidene), 3.87 (1H, dd, H-6, J5 6 4.6 Hz, Jg ¢ 12.8 Hz), 4.06 (1H, dd, H-6/,
Js¢ 2.6 Hz), 4.21 (1H, ddd, H-5, J4 5 9.4 Hz), 4.30-4.32 (2H, m, H-2, H-3), 4.42
(1H, m, H-4); 8¢ (CDCl3) 23.3, 23.7, 24.7, 33.9, 36.6 (5 x t, cyclohexylidene), 61.3
(t, C-6), 62.3 (d, C-2), 69.9, 75.2, 78.8 (3 x d, C-3, C-4, C-5), 113.8 (s,
cyclohexylidene), 167.5 (s, C-1); m/z (NH3, DCI) 301 (MNH4*, 100%), 284 (MH*),
256 (MH*-N», 100%);

and 2-azido-3,4-O-cyclohexylidene-2-deoxy-D-allono-1,5-1actone (2.20) (4 mg, 3%,

R¢ 0.3) identical in all respects to the material described below.
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2- Azido-6-O-tert-butyldimethylsilyl-3,4-O-cyclohexylidene-2-deoxy-D-allono-1,5-

lactone (2.18) (160 mg, 0.4 mmol) was stirred in acetic acid : water, 4 : 1 (10 ml) at 60
oC. After 15 h, t.l.c. (hexane : ethyl acetate, 1 : 1) indicated complete consumption of
starting material and the formation of two products (R¢ 0.5 and 0.3). The solvent was
removed, the residue co-evaporated with toluene (2 x 5 ml) and then purified by flash

chromatography (hexane : ethyl acetate, 2 : 1) to yield 2-azido-3.4-O-cyclohexylidene-

2-deoxy-D-allono-1.5-lactone (2.20) (55 mg, 47%, Rt 0.3) as a white crystalline solid,
m.p. 110-112 °C (ether / hexane); [0]p20 -68.8 (c, 1.03 in EtOH); vpax (KBr) 3438

(OH), 2116 (N3), 1757 (C=0) cm-! ; 8y (d¢-acetone) 1.40-1.77 (10H, m,
cyclohexylidene), 3.94 (2H, br, d, H-6, H-6’, J 4.0 Hz), 4.58 (1H, t, H-5, J 4.1 Hz),
4.67 (1H, d, H-2, Jp 3 4.1 Hz), 4.79 (1H, d, H-4, J3 4 7.3 Hz), 4.97 (1H, dd, H-3);
3¢ (de-acetone) 23.3, 23.6, 24.6, 33.4, 35.9 (5 x t, cyclohexylidene), 58.3 (d, C-2),
62.3 (t, C-6), 73.5, 76.1, 82.8 (3 x d, C-3, C-4, C-5), 110.4 (s, cyclohexylidene),
167.2 (s, C-1); m/z (NH3, DCI) 301 (MNH4%, 100%), 284 (MH?), 256 (MH*-N2,
100%). (Found: C, 51.00; H, 5.99; N, 14.70; C12H1705N3 requires: C, 50.88; H,
6.05; N, 14.83%);

and 2-azido-3,4-O-cyclohexylidene-2-deoxy-D-altrono-1,5-lactone (2.19) (32 mg,

28%, R¢ 0.5) identical in all respects to the material described previously.
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-Q-tert-Butyldimethylsilyl-3.4-O-cyclohexylidene-2-
Xxy-2-i0do-D-altrono-1,5-lactone (2.21) an O

(2.21) OSiMe,Bu'
-Q-tert-butyldimethylsilyl-3.4-O-cvclohexylidene-2-
xy-2-i0do-D-allono-1.5-lactone (2.22

(2.22) OSiMe,Bu'
6-O-tert-Butyldimethylsilyl-3,4-O-cyclohexylidene-2-O-trifluoromethanesulphonyl-D-
altrono-1,5-lactone (2.16) (125 mg, 0.25 mmol) and tetra-n-butylammonium iodide
(275 mg, 0.74 mmol) were stirred in dry THF (5 ml) in the dark. The reaction mixture
was then heated to reflux and after 1 h, t.1.c. (hexane : ethyl acetate, 5 : 1) indicated the
formation of two products (Rf 0.6 and R¢ 0.5). The reaction mixture was cooled to
room temperature, the solvent removed, the residue dissolved in dichloromethane (5

ml) and flushed through a short silica plug (eluant ether) to yield a mixture of 6-O-tert-

lactone (2.22) as an oil (113 mg, 95%, in a ratio of 2.2 : 1 as indicated by 1H nmr).

Recrystallisation from hexane yielded pure 6-O-tert-butyldimethylsilyl-3.4-0-

cyclohexylidene-2-deoxy-2-iodo-D-allono-1.5-lactone (2.22) (Rs 0.5) as a white
crystalline solid, m.p. 123-125 °C (hexane); [a]p20 -28.5 (c, 0.63 in CHCI3); Viax

(KBr) 1752 (C=0) cm-1; 8y (CDCl3) 0.10, 0.11 (6H, 2 x s, Me3Si), 0.91 (9H, s,
But), 1.42-1.83 (10H, m, cyclohexylidene), 3.90 (1H, dd, H-6, J5 ¢ 3.3 Hz, J6.6'
12.0 Hz), 4.04 (1H, dd, H-6', J5 ¢ 2.3 Hz), 4.35 (1H, dd, J 4.9 Hz, ’ 7.5 Hz), 4.54
(1H, dd, J 49 Hz, J’ 7.7 Hz), 471 (1H, m, H-5), 5.30 (1H, d, H-2, J, 3 5.0 Hz); §¢
(CDCl3) -5.8, -5.7 (2 x g, Me3Si), 18.1 (s, Me3CSi), 20.6 (d, C-2), 23.4, 23.7, 24.8
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(3 x t, cyclohexylidene), 25.7 (g, Me3C), 34.3, 35.8 (2 x t, cyclohexylidene), 63.7 (t,
C-6), 71.5, 74.0, 81.2 (3 x d, C-3, C-4, C-5), 112.0 (s, cyclohexylidene), 166.7 (s,
C-1); m/z (NH3, DCI) 500 (MNHg4*, 100%), 483 (MH*). (Found: C, 44.93; H, 6.46;

C18H31051Si requires: C, 44.81; H, 6.48%);

lactone (2.21) (R¢ 0.6) as a colourless oil (still contaminated with a small amount of
epimeric material); Viax (film) 1764 (C=0) cm1; 8y (CDCl3) 0.08, 0.11 (6H, 2 x s,
Me»Si), 0.92 (9H, s, But), 1.41-1.75 (10H, m, cyclohexylidene), 3.92 (1H, dd, H-6,
J56 4.4 Hz, Jg ¢ 11.8 Hz), 4.05 (1H, dd, H-6', J5 ¢' 2.8 Hz), 4.22 (1H, ddd, H-5,
J45 8.4 Hz), 4.38 (1H, dd, H-4, J3 4 7.4 Hz), 4.65 (1H, dd, H-3, J2 3 8.3 Hz), 4.78
(1H, d, H-2); 8¢ (CDCl3) -5.6, -5.5 (2 x g, Me3Si), 18.2 (s, Me3CSi), 23.0 (d, C-2),
23.3, 23.7, 24.8 (3 x t, cyclohexylidene), 25.7 (g, Me3C), 34.0, 36.7 (2 x t,
cyclohexylidene), 61.9 (t, C-6), 70.9, 79.8, 80.0 (3 x d, C-3, C-4, C-5), 112.5 (s,
cyclohexylidene), 165.9 (s, C-1); m/z (NH3, DCI) 500 (MNHg*, 100%), 483 (MH™).

2-Amino-3.4-0-cyclohexylidene-2-deoxy-D-altrono-1.5-
lactone (2.24).

2-Azido-3,4-0-cyclohexylidene-2-deoxy-D-altrono-1,5-lactone (2.19) (110 mg, 0.39
mmol) and palladium black (4 mg, 0.04 mmol) were in stirred ethanol (5 ml) at room
temperature. The solution was degassed and then stirred under an atmosphere of
hydrogen for 24 h after which time tl.c. (chloroform : methanol, 10 : 1) indicated
complete consumption of starting material (R¢ 0.8) and the formation of three products
(Rf 0.5, 0.3 and 0.1). The reaction mixture was filtered through a Celite plug (washing
with methanol, 5 ml), the solvent removed and the residue purified by flash
chromatography (chloroform : methanol, 10 : 1) to yield 2-amino-3.4-0-

cyclohexylidene-2-deoxy-D-altrono-1.5-lactone (2.24) (R¢ 0.5, 33 mg, 33%) as a
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white crystalline solid, m.p. 127-129 oC (ethyl acetate / hexane); [x]p2Y -58.5 (c, 0.2
in CHCI3); vmax (KBr) 3400 (br, OH), 3357, 3305 (NH), 1785 (C=0) cm-1 ; oy
(CDCl3) 1.40-1.76 (10H, m, cyclohexylidene), 3.79 (1H, d, H-2, J2 3 7.8 Hz), 3.85
(1H, dd, H-6, J5 6 4.8 Hz, J¢ ¢ 12.7 Hz), 4.03 (1H, dd, H-6', J5 ¢ 2.6 Hz), 4.18
(1H, t, H-3, J3 4 7.8 Hz), 4.21 (1H, ddd, H-5, J4 5 9,4 Hz), 4.36 (1H, dd, H-4); 6¢
(CD30D) 23.1, 23.5, 24.7, 33.6, 36.4 (5 x t, cyclohexylidene), 54.6 (d, C-2), 60.4
(t, C-6), 70.2, 77.4, 78.6 (3 x d, C-3, C-4, C-5), 112.3 (s, cyclohexylidene), 173.2
(s, C-1); m/z (NH3, DCI) 258 (MH*, 100%). (Found: C, 56.10; H, 7.32; N, 5.35;
C12H1905N requires: C, 56.02; H, 7.44; N, 5.44%);

together with a material identified as 2-amino-3,4-O-cyclohexylidene-2-deoxy-D-

allono-1,5-lactone (R¢ 0.3, 15 mg, 15%) and some baseline material (30 mg, 30%).

1S.4R 7R 8S)-1-Amino-7.8-O-cyclohexylidene-7.8- oj\
dihydroxy-2.5-dioxa-bicyclo[2.2.2. Joctan-6-one (2.23 O

i
o ONH; O

Method 1. é

2-Azido-3,4-0-cyclohexylidene-2-deoxy-D-altrono-1,5-lactone (2.19) (1.04 g, 3.67

mmol) and N-methylmorpholine-N-oxide (646 mg, 5.51 mmol) were stirred in dry
acetonitrile (20 ml) at room temperature under nitrogen. Tetra-n-propylammonium
perruthenate (65 mg, 0.18 mmol, 5%) was added and after 20 min t.1.c. (hexane : ethyl
acetate, 1 : 1) indicated complete consumption of starting material (R¢ 0.5) and the
formation of a major product (R¢ 0.1). The solvent was removed, the residue dissolved

in a small volume of dichloromethane and purified by flash chromatography (ethyl
acetate : hexane, 2 : 1) to yield (1S.4R.7R.85)-1-amino-7.8-O-cyclohexylidene-7.8-
dihydroxy-2.5-dioxa-bicyclo[2.2.2. Joctan-6-one (2.23) (593 mg, 63%) as a white

crystalline solid, m.p. 161-163 °C (ethyl acetate / hexane); [a]p20 -54.2 (c, 1.1 in
CHCI3); Vmax (KBr) 3428, 3346 (NH), 1767 (C=0) cm-! ; 8y (CDCl3) 1.36-1.67
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(10H, m, cyclohexylidene), 3.89 (1H, d, H-3, J3 3> 10.6 Hz), 4.09 (1H, dd, H-3’,
J34 2.8 Hz), 4.38 (1H, d, H-7, J7 8 7.6 Hz), 4.49 (1H, dd, H-8, J4 8 2.1 Hz), 4.82
(1H, t, H-4); 8¢ (CDCl3) 23.4, 23.6, 24.8, 34.0, 35.3 (5 x t, cyclohexylidene), 63.7
(t, C-3), 73.2, 74.2, 77.1 (3 x d, C-4, C-7, C-8), 83.7 (s, C-1), 112.1 (s,
cyclohexylidene), 169.2 (s, C-6); m/z (NH3, DCI) 273 (MNH4*), 256 (MH*, 100%).
(Found: C, 56.78; H, 6.40; N, 5.33; C12H1705N requires: C, 56.46; H, 6.71; N,
5.49%).

Method 2.

2-Azido-3,4-O-cyclohexylidene-2-deoxy-D-allono-1,5-1actone (2.20) (648 mg, 2.29
mmol) and N-methylmorpholine-N-oxide (402 mg, 5.51 mmol) were stirred in dry
acetonitrile (20 ml) at room temperature under nitrogen. Tetra-n-propylammonium
perruthenate (40 mg, 0.11 mmol, 5%) was added and after 1 h t.1.c. (hexane : ethyl
acetate, 1 :1) indicated complete consumption of starting material (R 0.4) and the
formation of a major product (Rg 0.1). The solvent was removed, the residue dissolved

in a small volume of dichloromethane and purified by flash chromatography (ethyl
acetate : hexane, 2 : 1) to yield (1S.4R.7R.85)-1-amino-7.8-O-cyclohexylidene-7.8-
dihydroxy-2.5-dioxa-bicyclo[2.2.2 Joctan-6-one (2.23) (355 mg, 61%), identical in all

respects to the material described above.

Method 3.

2-Amino-3,4-0-cyclohexylidene-2-deoxy-D-altrono-1,5-lactone (2.24) (25 mg, 0.1
mmol) and sodium acetate (24 mg, 0.3 mmol) were stirred in dry THF (3 ml) at room
temperature under nitrogen. N-Bromosuccinimide (23 mg, 0.13 mmol) was added and
after 5 min t.l.c. (ethyl acetate) indicated the formation of a single product (R¢ 0.6).
Ethanol (3 ml) was then added and the reaction mixture stirred for 5 min. The solvent

was removed and the residue purified by flash chromatography (ethyl acetate : hexane,

2 : 1) to yield (1S.4R.7R.8S)-1-amino-7.8-0-cyclohexylidene-7.8-dihydroxy-2.5-
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ioxa-bicyclo[2.2.2 n-6-one (2.23) (16 mg, 65%) identical to the material

described above.

1S.4R.7R 8S)-7.8-0-Cyclohexylidene-7.8-dihydroxy- Oj\
2.5-dioxa- 1-ureido-bicyclof2.2.2.]octan-6-ong (2.2 /LL\<O

(]
OOHN O

&

(1S,4R,7R,8S)-1-Amino-7,8-0-cyclohexylidene-7,8-dihydroxy-2,5-dioxa-

bicyclo[2.2.2.]Joctan-6-one (2.23) (160 mg, 0.63 mmol) and potassium cyanate (152
mg, 1.88 mmol) were stirred in acetic acid (10 ml) at 60 °C. After 1.5 h, t.1.c. (ethyl
acetate) indicated complete consumption of starting material (R¢ 0.5) and the formation
of a major product (R¢ 0.3). The solvent was removed, the residue co-evaporated with

toluene (2 x 5 ml) and purified by flash chromatography (THF) to yield

bicyclo[2.2.2.]octan-6-one (2.25) (142 mg, 76%) as a white crystalline solid, m.p.
258-262 °C (decomp, methanol); [0]p20 -46.9 (c, 0.7 in MeOH); Vmax (KBr) 3439,

3390, 3347 (NH), 1780 (C=0), 1658 (urea) cm-1; 8y (dg-DMSO) 1.26-1.61 (10H,
m, cyclohexylidene), 3.92 (2H, m), 4.65 (1H, dd, J 2.1 Hz, J' 7.7 Hz), 5.01 (1H, d,
J 1.9 Hz), 5.56 (1H, d, J 7.7 Hz), 6.03 (2H, br s, NHp), 6.92 (1H, s, NH); d¢ (de-
DMSO) 23.5, 23.8, 24.7, 35.8, 36.4 (5 x t, cyclohexylidene), 63.0 (t, C-3), 72.6,
73.3, 74.2 (3 x d, C-4, C-7, C-8), 82.5 (s, C-1), 110.7 (s, cyclohexylidene), 157.3
(s, urea), 168.3 (s, C-6); m/z (NH3, DCI) 299 (MH*, 100%), 256 (MNH4*-
H,NCONH)3). (Found: C, 52.03; H, 5.82; N, 9.19; C13H1806N> requires: C, 52.35;
H, 6.08; N, 9.39%). In later experiments this material was used directly without

isolation.
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R.3R,4R.5R)-3.4-0- lohexylidene-6.8-diaza-
4-dihydroxy-2-(hydroxym 1)-1-oxa-
spirof4.4 . Inonane-7.9-dione (2.26),

(1S,4R,7R,8S)-1-Amino-7,8-0-cyclohexylidene-7,8-dihydroxy-2,5-dioxa-

bicyclo[2.2.2.]octan-6-one (2.23) (340 mg, 1.3 mmol) and potassium cyanate (324
mg, 4.2 mmol) were stirred in acetic acid (20 ml) at 60 °C. After 1.5 h, t.l.c. (ethyl
acetate) indicated complete consumption of starting material (R¢ 0.5) and the formation
of a major product (Rf 0.3). The solvent was removed, the residue co-evaporated with
toluene (2 x 5 ml) and flushed through a short silica plug (eluant THF). The solvent
was then removed, the residue dissolved in dry DMF (10 ml) and stirred at room
temperature under nitrogen. Potassium zert-butoxide (346 mg, 3.1 mmol) was added
and after 10 min t.l.c. (ethyl acetate) indicated complete consumption of starting
material (Rf 0.3) and the formation of a single product (R¢ 0.8). Acetic acid (5 ml) was
added, the solvent removed, the residue co-evaporated with toluene (2 x 5 ml),
preabsorbed onto silica and purified by flash chromatography (ethyl acetate : hexane,
1:1) to yield (2R.3R.4R.5R)-3.4-O-cyclohexylidene-6.8-diaza-3.4-dihydroxy-2-
(hydroxymethyl)-1-oxa-spiro[4.4.]Jnonane-7,9-dione (2.26) (243 mg, 61% over two

steps) as a white foam; [a]p20 -59.4 (¢, 1.18 in CHCIl3); Viax (film) 3370 (br, OH,
NH), 1791, 1735 (hydantoin) cm-l; 8y (CDCl3) 1.41-1.78 (10H, m,
cyclohexylidene), 3.67 (1H, dd, H-1, J1* 2 2.8 Hz, J1' 1~ 13.0 Hz), 3.87 (1H, dd, H-
1", J1» 2 1.6 Hz), 4.50 (1H, br s), 490 (1H, d, J 5.9 Hz), 5.02 (1H, d, J 5.9 Hz),
5.92 (1H, br s, NH), 8.14 (1H, br s, NH); 6c (CDCl3) 23.4, 23.8, 24.7, 33.5, 35.9
(5 x t, cyclohexylidene), 63.7 (t, C-1°), 80.7, 81.9, 85.2 3 x d, C-2, C-3, C-4), 94.3
(s, C-5), 115.0 (s, cyclohexylidene), 155.4, 175.4 (2 x s, C-7, C-9); m/z (NH3, DCI)
316 (MNH4*, 100%), 299 (MH*). (Found: C, 52.53; H, 6.39; N, 9.18; C13H1806N2
requires: C, 52.35; H, 6.08; N, 9.39%).
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2R 3R .4R.5R)-2-(Acetoxymethyl)-6-N- 1-3.4-0-
lohexylidene-6.8-diaza-3.4-dihvdroxy-1-oxa-

spiro[4.4.1nonane-7.9-dione (2.28).

(2R,3R,4R,5R)-3,4-0-Cyclohexylidene-6,8-diaza-3,4-dihydroxy-2-(hydroxymethyl)-

1-oxa-spiro[4.4.]nonane-7,9-dione (2.26) (80 mg, 0.27 mmol) was stirred in a mixture
of dry pyridine (2 ml) and acetic anhydride (2 ml) at room temperature under nitrogen.
DMAP (2 mg) was added and after 10 min t.l.c. (hexane : ethyl acetate, 1 : 1) indicated
complete consumption of starting material (Rf 0.2) and the formation of a single
product (Rf 0.5). The solvent was removed and ethyl acetate (15 ml) added. The
mixture was then washed sequentially with 1M HCl (10 ml), water (10 ml) and brine
(10 ml). The organic extracts were then dried (magnesium sulphate), filtered, the
solvent removed, and the residue purified by flash chromatography (hexane : ethyl

acetate, 2 : 1) to yield (2R.3R.4R.5R)-2-(acetoxymethyl)-6-N-acetyl-3.4-0-

(74 mg, 72%), as a white crystalline solid, m.p. 135-136 °C (ether / hexane); [o]p20

+36.8 (c, 0.53 in CHCIl3); Vpax (film) 3226 (br, NH), 1807 (hydantoin), 1762 (br,
C=0) cm-! ; 8y (CDCI3) 1.38-1.78 (10H, m, cyclohexylidene), 2.14, 2.56 (6H, 2 x s,
2 x Ac) 4.09 (1H, dd, B-1’, J1' 2 4.8 Hz, J1’ 1 12.2 Hz), 4.60 (1H, dd, H-1’, J1' 2
3.4 Hz), 4.88-4.91 (2H, m, H-3, H-4), 499 (1H, m, H-2), 7.63 (1H, br s, NH); §¢
(CDCl3) 20.8, 26.1 (2 x q, 2 x Ac), 23.3, 23.7, 24.7, 33.6, 342 (5 x t,
cyclohexylidene), 63.6 (t, C-1°), 81.8, 82.9, 85.7 (3 x d, C-2, C-3, C-4), 96.0 (s, C-
5), 118.3 (s, cyclohexylidene), 152.7 (s, hydantoin), 169.1, 170.1, 171.6 (3 x s,
hydantoin, 2 x Ac); m/z (NH3, DCI) 400 (MNH4*, 100%), 383 (MH*). (Found: C,
53.43; H, 5.76; N, 7.08; C17H2208N? requires: C, 53.40; H, 5.80; N, 7.33%).



Chapter 2-Experimental 73

2R.3S.4R.5R)-2-(A xymethyl)-6-N- 1-6,8-
1aza-3.4-dihydroxy-1-oxa-spiro[4.4.1nonane-

dione (2.29),

(2R,3R 4R ,5R)-2-(Acetoxymethyl)-6-N-acetyl-3,4-O-cyclohexylidene-6,8-diaza-3,4-

dihydroxy-1-oxa-spiro[4.4.]Jnonane-7,9-dione (2.28) (71 mg, 0.19 mmol) was stirred
in a mixture of trifluoroacetic acid and water, (2 : 3, 5 ml) at room temperature. After
20 min, t.l.c. (hexane : ethyl acetate, 1 : 1) indicated complete conversion to a single
product (Rf 0.1). The solvent was removed, the residue co-evaporated with toluene (2

x 2 ml) and purified by flash chromatography (ethyl acetate) to yield (2R.3S.4R.5R)-2-

dione (2.29) (53 mg, 94%) as a colourless hydroscopic 0il; Vmax (film) 3270 (br, OH,
NH), 1793 (hydantoin), 1762 (br, C=0) cm1; 8y (CD30D) 2.08, 2.15 (6H, 2 x s, 2
x Ac), 4.07 (1H, dd, H-1’, J1> 2 9.7 Hz, J’,1» 12.0 Hz), 4.22 (1H, m, H-2), 4.39
(1H, dd, H-1>, J1» 2 3.6 Hz), 4.45 (1H, m, H-3, J3 4 5.0 Hz), 5.19 (1H, d, H-4); 8¢
(CD30D) 18.9, 19.2 (2 x g, 2 x Ac), 63.1 (t, C-1°), 70.7, 73.5, 81.4 (3 x d, C-2, C-
3, C-4), 91.7 (s, C-5), 157.0 (s, hydantoin), 170.5, 171.4, 173.0 (3 x s, hydantoin, 2
x Ac); m/z (NH3, DCI) 320 (MNH4*, 100%), 303 (MH*).

(2R.3S.4R.5R)-6.8-Diaza-3.4-dihydroxy-2-

(hydroxymethyl)-1-oxa-spiro[4.4.Inonane-7.9-dione

(2.27),

Method 1.

(2R,3R,4R,5R)-3,4—O-Cyclohexylidene-6,8-diaza-3,4-dihydroxy-2-(hydroxymethyl)-
1-oxa-spiro[4.4.]Jnonane-7,9-dione (2.26) (61 mg, 0.2 mmol) was stirred in a mixture
of trifluoroacetic acid and water (2 : 3, 5 ml) at room temperature. After 2 h, t.l.c.
(ethyl acetate) indicated complete product formation (R¢ 0.1). The solvent was

removed, the residue co-evaporated with toluene (2 x 1 ml) and purified by flash
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chromatography (dichloromethane : methanol, 6 : 1) to yield (2R.3S.4R,5R)-6.8-diaza-
4-dihydroxy-2-(hvdroxymethyl)-1-oxa-spiro[4.4.Jnonane-7.9-dione (2.27) (44 mg,

98%) as a white amorphous solid; [a]p20 -7.0 (¢, 0.52 in MeOH)[Lit -11.0 (c, 0.31in
MeOH)29]; viax (film) 3333 (br, OH, NH), 1783, 1736 (hydantoin) cm'! ; 8H
(CD30D) 3.59 (1H, dd, H-1°, J1» 2 5.2 Hz, J» 1 12.1 Hz), 3.66 (1H, dd, H-1"",
J172 4.3 Hz), 4.09 (1H, ddd, H-2, J» 3 3.2 Hz), 4.17 (1H, dd, H-3, J34 4.9 Hz),
4.25 (1H, d, H-4); 8¢ (CD30D) 63.6 (t, C-1), 73.1, 74.3, 87.1 3 x d, C-2, C-3, C-
4), 94.4 (s, C-5), 158.2, 175.7 (2 x s, C-7, C-9); m/z (NH3, DCI) 236 (MNH4%,
100%), 219 (MH*). (Found: C, 38.56; H, 4.63; N, 12.47; C7H19O¢N2 requires: C,
38.54; H, 4.62; N, 12.84%).

Method 2.

(2R,3R,4R,5R)-3,4-0-Cyclohexylidene-6,8-diaza-3,4-dihydroxy-2-(hydroxymethyl)-
1-oxa-spiro[4.4.]Jnonane-7,9-dione (2.26) and Dowex SOW-X8(H*) ion exchange
resin (30 mg) were stirred in methanol (3 ml) at 40 °C. After 16 h, t.l.c.
(dichloromethane : methanol, 4 : 1) indicated the formation of a major product (R¢ 0.3).
The reaction mixture was filtered, the solvent removed and the residue purified by flash

chromatography (dichloromethane : methanol, 4 : 1) to yield (2R.3S 4R.5R)-6.8-diaza-

66%, 87% based on recovered starting material, R¢ 0.3) identical to the material

described previously, together with unreacted staring material (8 mg, 24 %, R¢ 0.8).

Method 3.
(2R,3S,4R,5R)-2-(Acetoxymethyl)-6-N-acetyl-6,8-diaza-3,4-dihydroxy-1-oxa-
spiro[4.4.]nonane-7,9-dione (2.29) (44 mg, 0.15 mmol) was stirred at room
temperature in methanol (2 ml). Hydrazine monohydrate (18 pl, 0.36 mmol) was added
and the reaction mixture stirred for 2 h after which time t.1.c. (ethyl acetate) indicated
complete consumption of starting material (Rf 0.5) and formation of a single product

(Rf 0.1). The solvent was removed and the residue purified by flash chromatography

74
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(dichloromethane : methanol, 6 : 1) to yield (2R,3S.4R.5R)-6.8-diaza-3.4-dihydroxy-

-(hydroxym 1)-1-oxa-spiro[4.4.]nonane-7.9-dione (2.27) (22 mg, 70 %) identical

to the material described previously.

4R -2-(A Xym 1)-6-N- 1-3.4-
i xy-6.8-diaza-1-oxa-spiro[4.4 Inonane-7.9-
ione (2

(2R,3S,4R,5R)-6,8-Diaza-3,4-dihydroxy-2-(hydroxymethyl)-1-oxa-spiro[4.4.]nonane
-7,9-dione (2.27) (30 mg, 0.14 mmol) was stirred in a mixture of dry pyridine (2 ml)
and acetic anhydride (2 ml) at room temperature under nitrogen. DMAP (2 mg) was
added and after 1 h t.l.c. (hexane : ethyl acetate, 1 : 1) indicated the formation of a
single product (R¢ 0.4). The solvent was removed and ethyl acetate (10 ml) was added.
The mixture was then washed sequentially with 1M HC1 (10 ml), water (5 ml) and
brine (5 ml). The organic extracts were then dried (magnesium sulphate), filtered, the
solvent removed and the residue purified by flash chromatography (hexane : ethyl

acetate, 1 : 1) to yield (2R.3R.4R,5R)-2-(acetoxymethyl)-6-N-acetyl-3.4-diacetoxy-

6.8-diaza-1-oxa-spiro[4.4.1nonane-7.9-dione (2.30) (37 mg, 70%) as a colourless oil;
[a]p20 +96.2 (c, 0.6 in CHCl3); Vimax (film) 3228 (br, NH), 1810 (hydantoin), 1752

(br, C=0) cm-!; 8y (CDCl3) 2.06, 2.15, 2.16, 2.54 (12H, 4 x 5, 4 x Ac) 4.05 (1H,
dd, H-1°, J1» 2 4.2 Hz, J1» 1~ 12.5 Hz), 4.69 (1H, dd, H-1"", J1~ 3 2.6 Hz), 4.95 (1H,
ddd, H-2, J2,3 6.6 Hz), 5.34 (1H, dd, H-3, J3 4 8.7 Hz), 5.43 (1H, d, H-4), 8.78
(1H, br s, NH); 8¢ (CDCl3) 19.9, 20.3, 20.7, 25.7 (4 x q, 4 x Ac), 62.4 (t, C-1°),
70.8, 72.8, 83.7 (3 x d, C-2, C-3, C-4), 94.9 (s, C-5), 152.3 (s, hydantoin), 168.5,
169.0, 170.4, 170.6, 171.3 (5 x s, hydantoin, 4 x Ac); m/z (NH3, DCI) 404 (MNH4*,
100%), 387 (MH*). (Found: C, 46.38; H, 4.39; N, 6.96; C15H180109N? requires: C,
46.64; H, 4.70; N, 7.25%).
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12,5-anhydro-6-0O-tert-butyldimethylsilyl
-3.4-0O-cyclohexylidene-D-allon 2.31).

MeOzC((;%

OSiMe,Bu'
6-O-tert-Butyldimethylsilyl-3,4-O-cyclohexylidene-2-O-trifluoromethanesulphonyl-D-
altrono-1,5-lactone (2.16) (2.06 g, 4.1 mmol) was dissolved in methanol (80 ml).
Potassium carbonate (566 mg, 4.1 mmol) was added and the resultant mixture stirred at
room temperature. After 10 min, t.1.c. (hexane : ethyl acetate, 3 : 1) indicated complete
consumption of starting material (R¢ 0.7) and the formation of a major product (R¢ 0.6),
together with a small amount of more polar material (R¢ 0.5). The solvent was removed
and the residue shaken with dichloromethane (75 ml). The resultant suspension was
filtered, the solvent removed and the residue purified by flash chromatography (hexane

: ethyl acetate, 7 : 1) to yield methyl 2.5-anhydro-6-O-tert-butyldimethylsilyl-3.4-O-

cyclohexylidene-D-allonate (2.31) (1.07 g, 68%, R¢ 0.6) as a colourless oil; [o]p20
-36.7 (c, 1.2 in CHCl3); Vmax (film) 1761, 1741 (C=0) cm-1; 6y (CDCl3) 0.05, 0.07

(6H, 2 x s, Me3Si), 0.89 (9H, s, But), 1.39-1.79 (10H, m, cyclohexylidene), 3.73
(2H, d, H-6, H-6', J 3.9 Hz), 3.77 (3H, s, Me), 4.30 (1H, m, H-5), 4.50 (1H, d, H-
2, J2.3 3.3 Hz), 4.69 (1H, dd, H-4, J3 4 6.1 Hz, J4 5 1.2 Hz), 4.96 (1H, dd, H-3); 8¢
(CDCl3) -5.8, -5.7 (2 x q, MepSi), 18.2 (s, Me3CSi), 23.5, 23.8, 24.8 3 x t,
cyclohexylidene), 25.7 (g, Me3C), 34.6, 36.8 (2 x t, cyclohexylidene), 52.1 (q, MeO),
61.4 (1, C-6), 82.2, 83.3, 84.8, 86.2 (4 x d, C-2, C-3, C-4, C-5), 114.1 (s,
cyclohexylidene), 171.2 (s, C-1); m/z (NH3, DCI) 404 (MNH4*), 387 (MH*, 100%).
(Found: C, 59.24; H, 8.98; C19H3406Si requires: C, 59.04; H, 8.87%);

together with methyl 2,5-anhydro-6-O-tert-butyldimethylsilyl-3,4-O-cyclohexylidene-
D-altronate (2.32) (68 mg, 4%, R¢ 0.5) identical to the material described later.
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OSiBu'Me,

3,4-O-Isopropylidene-D-altrono-1,5-lactone (2.11) (300 mg, 1.4 mmol) and imidazole
(247 mg, 3.6 mmol) were stirred under nitrogen in dry DMF (15 ml) at O °C. tert-
Butyldimethylsilylchloride (300 mg, 2.0 mmol) was added and the mixture allowed to
warm to room temperature. After 30 min, t.l.c. (hexane : ethyl acetate, 1 : 1) showed
complete consumption of starting material (Rf 0.3) and the formation of a single
product (R¢ 0.7). The solvent was removed and ether (20 ml) added. The mixture was
shaken with water (20 ml), which was then further extracted with ether (2 x 20 ml).
The combined organic extracts were then dried (magnesium sulphate), filtered, the
solvent removed and the residue purified by flash chromatography (hexane : ethyl
acetate, 3 : 1) to yield 6-O-tert-butyldimethylsilyl-3.4-O-isopropylidene-D-altrono-1,5-
lactone (2.33) (378 mg, 83%), as a white crystalline solid, m.p. 140-143 °oC (ether /
hexane); [a]p2Y +78.2 (¢, 1.04 in CHCl3); Vimax (CHCI3) 3500 (br, OH), 1760 (C=0)

cm-1; 8y (CDCl3) 0.11 (6H, s, Me3Si), 0.92 (9H, s, Bul), 1.39, 1.54 (6H, 2 x s,
Me,C), 3.35 (1H, br, OH), 3.88 (1H, dd, H-6, J5 6 4.5 Hz, Jg ¢ 12.0 Hz), 4.03 (1H,
dd, H-6', J5 ¢ 2.0 Hz), 4.16 (1H, m, H-5), 4.28-4.30 (2H, m, H-3, H-4), 4.42 (1H,
d, H-2, J2.3 7.7 Hz); 8¢ (CDCl3) -5.6 (q, Me2Si), 18.2 (s, SiCMe3), 24.3, 26.6 (2 x
q, MerC), 25.7 (g, Me3C), 61.8 (t, C-6), 70.0, 70.8, 77.4, 78.5 (4 x d, C-2, C-3, C-
4, C-5), 112.2 (s, CMeyp), 172.9 (s, C-1); m/z (NH3, DCI) 350 (MNH4+, 100%), 333
(MHH+). (Found: C, 54.37; H, 8.72; C15H280651 requires: C, 54.19; H, 8.49%).
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-trifluorom Iphonyl-D-altrono-1.5-lacton TfO. RS
(2.34).
0™ o
OSiMe,Bu'

6-O-tert-Butyldimethylsilyl-3,4-O-isopropylidene-altrono-1,5-lactone (2.33) (303 mg,
0.9 mmol) and dry pryidine (0.180 ml, 2.3 mmol) were stirred under nitrogen in dry
dichloromethane (2ml) at -20 ©C. Trifluoromethanesulphonic anhydride (0.23 ml, 1.4
mmol) was added. After 10 min, t.Lc. (hexane : ethyl acetate, 3 : 1) indicated complete
product formation (R¢ 0.7) and further dichloromethane (5 ml) was added. The reaction
mixture was then shaken with water (5 ml containing a few drops of 1M HCI). The
aqueous layer was then futher extracted with dichloromethane (2 x 5 ml). The
combined organic extracts were then dried (magnesium sulphate), filtered, the solvent
removed, and the residue purified by flash chromatography (hexane : ethyl acetate, 4 :
1) to yield 6-O-tert-
sulphonyl-altrono-1,5-lactone (2.34) (420 mg, quantitative) as a colourless o0il; Viax
(film) 1784 (C=0) cm-1; 8y (CDCl3) 0.11 (6H, s, Me,Si), 0.92 (9H, s, But), 1.41,

1.55 (6H, 2 x s, MeyC), 3.89 (1H, dd, H-6, J56 4 Hz, Jg ¢ 12.0 Hz), 4.03 (1H, dd,
H-6', Js ¢ 2.2 Hz), 4.25 (1H, m, H-5), 4.51-4.56 (2H, m, H-3, H-4), 5.23 (1H, d,
H-2, I3 7.0 Hz); 8¢ (CDCIl3) -5.7 (g, Me2Si), 18.2 (s, Me3CSi), 24.5, 26.5 (2 x q,
Me,C), 25.6 (g, Me3C), 61.7 (t, C-6), 70.4, 74.2, 78.8, 81.7 (4 x d, C-2, C-3, C-4,
C-5), 113.2 (s, CMeyp), 164.2 (s, C-1); m/z (NH3, DCI) 482 (MNH4+, 100%).
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Methyl 2.5-anhydro-6-O-ters-butyldimethylsilyl- ><

4-Q-isopropvlidenevlidene-D-allon 2

6-O-tert-Butyldimethylsilyl-3,4-O-isopropylidene-2-O-trifluoromethanesulphonyl-D-

altrono-1,5-lactone (2.34) (119 mg, 0.26 mmol) and potassium carbonate (36 mg, 0.26
mmol) were stirred in dry methanol (10 ml) at room temperature under nitrogen. After
10 min the solvent was removed and the residue purified by flash chromatography
(hexane : ether, 3 : 1) to yield methyl 2.5-anhydro-6-O-tert-butyldimethylsilyl-3.4-O-
isopropylidene-D-altronate (2.35) (51 mg, 58%, R¢ 0.6) as a white crystalline solid,
m.p. 33-34 °C (ether / hexane); [a]p20 -32.8 (¢, 1.0 in CHCI3); Vmax (film) 1762,
1740 (C=0) cm-1; 8y (CDCl3) 0.06, 0.07 (6H, 2 x s, Me3Si), 0.89 (9H, s, Bub),

1.38, 1.56 (6H, 2 x s, MepC), 3.70-3.76 (2H, m, H-6, H-6"), 3.77 (3H, s, Me), 4.29
(1H, dt, H-5, J4 5 1.7 Hz, J5 6 4.0 Hz, J5 6* 4.0 Hz), 4.51 (1H, d, H-2, J2 3 3.4 Hz),
4.71 (1H, dd, H-4, J3 4 6.1 Hz), 4.96 (1H, dd, H-3); 6c (CDCl3) -5.9, -5.7 (2 x q,
Me»Si), 18.2 (s, Me3CSi), 25.1, 27.0 (2 x q, Me20), 25.7 (g, Me30), 52.2 (g, MeO),
64.1 (t, C-6), 82.6, 82.7, 84.6, 86.2 (4 x d, C-2, C-3, C-4, C-5), 113.4 (s, CMe)),
171.1 (s, C-1); m/z (NH3, DCI) 364 (MNH4*), 347 (MH*, 100%). (Found: C, 55.24;
H, 8.84; C16H3006Si requires: C, 55.46; H, 8.73%).

2 5. Anhvdro-1-0-tert-butyldimethylsilyl-3.4-O-

cyclohexylidene-L-allitol (2.37).

OH OSiMe,Bu'
Methyl 2,5-anhydro-6-0-tert—butyldimethylsilyl-3,4-0-cyclohexy1idene—D-allonate

(2.31) (112 mg, 0.29 mmol) was stirred in THF (3 ml) at room temperature under
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nitrogen. Lithium aluminium hydride (12 mg, 0.29 mmol) was added and after 5 min
t.l.c. (hexane : ethyl acetate, 3 : 1) indicated complete consumption of starting material
(Rf 0.6) and formation of a single product (R¢ 0.4). The reaction was quenched by
addition of ethyl acetate (1 ml), the resulting solution filtered through a silica plug
(eluant hexane : ethyl acetate, 3 : 1) and the solvent removed to yield 2.5-anhydro-1-O-
tert-butyldimethylsilyl-3.4-O-cyclohexylidene-L-allitol (2.37) (98 mg, 94%) as a
colourless oil; [a]p20 +13.6 (¢, 1.04 in CHCI3); Vmax (film) 3435 (br, OH) cm-1; 8y
(CDCl3) 0.11 (6H, 2 x s, Me3Si), 0.93 (9H, s, But), 1.40-1.77 (10H, m,
cyclohexylidene), 3.00 (1H, br, OH), 3.62 (1H, br m, H-6), 3.79-3.84 (2H, m, H-6/,
H-1'), 3.90 (1H, dd, H-1, J1 2 2.7 Hz, J1 1" 11.2 Hz), 4.08 (1H, m, H-2), 4.23 (1H,
dd, H-5, J4 5 2.6 Hz), 4.70 (1H, dd, H-4, J3 4 6.1 Hz), 474 (1H, dd, H-3, J2 3 4.2
Hz); 8¢ (CDCIl3) -5.8 (q, Me»Si), 18.3 (s, Me3CSi), 23.5, 23.9, 248 (3 x ¢,
cyclohexylidene), 25.7 (q, Me3C), 34.8, 37.3 (2 x t, cyclohexylidene), 63.9 (t, C-1,
C-6), 80.6, 82.3, 85.0, 85.8 (4 x d, C-2, C-3, C-4, C-5), 113.8 (s, cyclohexylidene);
m/z (NH3, DCI) 376 (MNH4*), 359 (MH*, 100%). (Found: C, 60.28; H, 9.74;
C18H3405Si requires: C, 60.30; H, 9.56%).

2.5-Anhvdro-3.4-0-cyclohexylidene-1.6-di-O-tert-
butyldimethylsilyl-allitol (2.36).

OSiMe,Bu' OSiMe,Bu'
2,5-Anhydr0-1-O-tert-butyldimethylsilyl-3,4-0—cyclohexylidene—L-allitol (2.37) (56
mg, 0.16 mmol) and imidazole (43 mg, 0.63 mmol) were stirred under nitrogen in dry
DMF (3 ml) at 0 °C. tert-Butyldimethylsilylchloride (47 mg, 0.31 mmol) was added
and the reaction mixture was allowed to warm to room temperature. After 1 h, t.l.c.
(hexane : ethyl acetate, 3 : 1) indicated complete consumption of starting material (R¢
0.4) and formation of a single product (R¢ 0.8). The solvent was removed and ether (10

m]l) was added. The mixture was shaken with water (10 ml) and the aqueous layer

80
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further extracted with ether (10 ml). The combined organic extracts were dried
(magnesium sulphate), filtered, the solvent removed and the residue purifed by flash
chromatography (hexane : ether, 4 : 1) to yield 2.5-anhydro-3.4-O-cyclohexyli
1,6-di-O-tert-butyldimethylsilyl-allitol (2.36) (65 mg, 88%) as a colourless oil; [a]p2?
+0.0 (¢, 1.98 in CHCl3); 8 (CDCl3) 0.07 (12H, s, 2 x Me3Si), 0.91 (18H, s, 2 x
But'), 1.38-1.77 (10H, m, cyclohexylidene), 3.68 (4H, m, H-1, H-1', H-6, H-6"),
4.05 (2H, m, H-2, H-5), 4.54 (2H, d, H-3, H-4, J» 3 2.2 Hz); 8c (CDCl3) -5.6 (q,
Me>Si), 18.2 (s, MesCSi), 23.5, 23.9, 24.9 (3 x t, cyclohexylidene), 25.8 (q, Me3C),
35.0, 37.2 (2 x t, cyclohexylidene), 64.1 (t, C-1, C-6), 81.7, 85.3 (2 x d, C-2, C-3,
C-4, C-5), 114.0 (s, cyclohexylidene); m/z (NH3, DCI) 490 (MNH4*%), 473 (MH*,
100%). (Found: C, 60.86; H, 10.15; C24H4805Si7 requires: C, 60.97; H, 10.23%).

-Q-tert-Butyldimethyvlsilyl-3.4-O-cyclohexylidene-

D-allono-1.5-lactone (2.38).

OSiMe,Bu'

Method 1.

3,4-Cyclohexylidene-D-allono-1,5-lactone (2.14) (57 mg, 0.22 mmol) and pyridine
(37 ul, 0.46 mmol) were stirred under nitrogen in dry THF (2ml) at -70 °©C. tert-
Butyldimethylsilyltrifluoromethanesulphonate (56 pl, 0.24 mmol) was added and the
mixture was allowed to warm to -20 °C. After 0.5 h t.l.c. (hexane : ethyl acetate, 1 : 1)
indicated the formation of a major product (Rf 0.7), together with some starting material
(Rf 0.1) and a small amount of less polar material (R¢ 0.9). Methanol (1 ml) was added
and the mixture allowed to warm to room temperature. The solvent was removed and
the residue purified by flash chromatography (hexane : ethyl acetate, 2 : 1) to yield 6-O-
tert-butyldimethylsilyl-3.4-O-cyclohexylidene-D-allono-1.5-lactone (2.38) (47 mg,

57%:; 81% based on unrecovered starting material) as a white crystalline solid, m.p.

101-103 °C (ether / hexane); [a]p20 -50.1 (¢, 0.58 in CHCl3); vinax (KBr) 3460 (br,

81
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OH), 1747 (C=0) cm-1; 8y (CDCl3) 0.09, 0.10 (6H, 2 x s, Me3Si), 0.91 (9H, s,
But), 1.40-1.66 (10H, m, cyclohexylidene), 3.10 (1H, d, OH, J2.0H 6.7 Hz), 3.91
(1H, dd, H-6, J5,6 3.2 Hz, J6 ¢ 12.0 Hz), 3.97 (1H, dd, H-6', J5 ¢' 3.1 Hz), 4.58-
4.63 (2H, m, H-4, H-5), 4.80 (1H, dd, H-3, J2.3 4.2 Hz, J3 4 7.1 Hz), 4.91 (1H, dd,
H-2); 6c (CDC13) -5.9 (q, Me3Si), 18.0 (s, Me3CSi), 23.4, 23.7, 24.8 (3 x t,
cyclohexylidene), 25.7 (q, Me3C), 33.9, 36.0 (2 x t, cyclohexylidene), 64.5 (t, C-6),
67.1, 73.5, 75.3, 83.1 (4 x d, C-2, C-3, C-4, C-5), 111.2 (s, cyclohexylidene), 172.4
(s, C-1); m/z (NH3, DCI) 390 (MNH4*), 373 (MH*, 100%). (Found: C, 58.10; H,
8.63; C18H3206Si requires: C, 58.03; H, 8.66%).

Method 2.
6-O-tert-Butyldimethylsilyl-3,4-O-cyclohexylidene-2-O-trifluoromethanesulphonyl-D-
altrono-1,5-lactone (2.16) (286 mg, 0.57 mmol) and sodium trifluoroacetate (232 mg,
1.70 mmol) were stirred together in DMF (10 ml) at 70 °C. After 2 h, t.l.c. (hexane :
ethyl acetate, 3 : 1) indicated the formation of a major product (R¢ 0.3). The solvent
was removed and the residue co-evaporated with toluene (2 x 3 ml). Methanol (10 ml)

was added and the mixture was preabsorbed onto silica. Purification by flash
chromatography (hexane : ethyl acetate, 3 : 1) yielded 6-O-tert-butyldimethylsilyl-3.4-
O-cyclohexylidene-D-allono-1.5-lactone (2.38) (83 mg, 40%), identical in all respects

to the material prepared above.

-QO-tert-Butyldi Isilyl-3.4-O-cyclohexylidene-

2-O-trifluoromethanesulphonyl-D-allono-1.5-lactone O
TfO,, AL &0
(2.39). m, :

OSiMe,Bu'
6-O-tert-Butyldimethylsilyl-3,4-O-cyclohexylidene-D-allono-1,5-lactone (2.38) (81
mg, 0.22 mmol) and dry pryidine (44 pl, 0.54 mmol) were stirred under nitrogen in

dry dichloromethane (5 ml) at -20 °C. Trifluoromethanesulphonic anhydride (55 pl,
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0.33 mmol) was then added. After 10 min t.Lc. (hexane : ethyl acetate, 3 : 1) indicated
complete product formation (Rf 0.6) and further dichloromethane (10 ml) was added.
The reaction mixture was then shaken with water (10 ml, containing a few drops of 1M
HCI) and then washed with water (10 ml) and brine (10 ml). The organic extracts were
then dried (magnesium sulphate) and filtered. The solvent was removed and the residue

purified by flash chromatography (hexane : ethyl acetate, 5 : 1) to yield 6-O-tert-

1.5-lactone (2.39) (80 mg, 73%) as a white crystalline solid, m.p. 157-159 °C (ether /
hexane); [a]p20 -32.3 (¢, 0.9 in CHCI3); Vinax (KBr) 1766 (C=0) cm-1; 8y (CDCl3)
0.13, 0.14 (6H, 2 x s, Me»Si), 0.92 (9H, s, But), 1.40-1.69 (10H, m,
cyclohexylidene), 3.92 (1H, dd, H-6, Js ¢ 2.4 Hz, Jg ¢ 12.0 Hz), 4.09 (1H, dd, H-6/,
J5,6 2.0 Hz), 4.64-4.67 (2H, m, H-4, H-5), 4.88 (1H, dd, H-3, J» 3 4.3 Hz, J3 4 6.9
Hz), 6.03 (1H, d, H-2); 8¢ (CDCl3) -5.6, -5.9 (2 x q, Me3Si), 18.4 (s, Me3CSi),
23.4, 23.6, 24.7 (3 x t, cyclohexylidene), 25.8 (q, Me3C), 34.1, 359 (2 x t,
cyclohexylidene), 65.4 (t, C-6), 74.0, 74.2, 78.0, 83.1 (4 x d, C-2, C-3, C-4, C-5),
112.4 (s, cyclohexylidene), 163.8 (s, C-1); m/z (NH3, DCI) 522 (MNH4*, 100%),
505 (MH*). (Found: C, 45.19, H, 6.31; C19H3108F3SSi requires: C, 45.23; H,
6.19%).

Methyl 2.5-anhydro-6-O-tert-butyldimethylsilyl-

4-0-cvyclohexylidene-D-altronate (2.32).

0SiMe,Bu"

6-O-tert-Butyldimethylsilyl-3,4-O-cyclohexylidene-2-O-trifluoromethanesulphonyl-D-
allono-1,5-lactone (2.39) (40 mg, 0.08 mmol) was dissolved in methanol (3 ml).

Potassium carbonate (11 mg, 0.08 mmol) was added and the resultant mixture stirred at

83
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room temperature for 10 min at which point t.l.c. (hexane : ethyl acetate, 3 : 1)
indicated the formation of a major product (R¢ 0.5) together with a small amount of less
polar material (R¢ 0.6). Camphorsulphonic acid (5 mg) was added and the solvent
removed. Ethyl acetate (5 ml) was added and the mixture shaken with water (5 ml). The
organic extracts were dried (magnesium sulphate), filtered, the solvent removed and the

residue purified by flash chromatography (hexane : ethyl acetate, 7 : 1) to yield methyl

mg, 69%, R¢ 0.5) as a white crystalline solid, m.p. 80-81 °C (pentane); [a]p20 -31.3

(c, 0.8 in CHCI3); Vmax (KBr) 1765 (C=0) cm-1; 8y (CDCl3) 0.06, 0.07 (6H, 2 x s,
Me;Si), 0.90 (9H, s, BuY), 1.35-1.71 (10H, m, cyclohexylidene), 3.73 (1H, dd, H-6,
Js.6 2.4 Hz, Jg ¢ 11.0 Hz), 3.80 (3H, s, Me), 3.82 (1H, dd, H-6', J 5,6 2.6 Hz),
4.36 (1H, m, H-5), 4.81-4.84 (2H, m), 5.00 (1H, t, J 5.5 Hz); dc (CDCl3) -6.0, -5.9
(2 x q, Me3Si), 17.9 (s, Me3CSi), 23.6, 23.8, 24.9 (3 x t, cyclohexylidene), 25.7 (q,
Mes3C), 34.6, 35.6 (2 x t, cyclohexylidene), 51.9 (g, MeO), 65.6 (t, C-6), 82.2, 82.3,
82.9, 85.4 (4 x d, C-2, C-3, C-4, C-5), 113.7 (s, cyclohexylidene), 169.3 (s, C-1);
m/z (NH3, DCI) 404 (MNHg4%), 387 (MH*, 100%). (Found: C, 59.33; H, 9.07;
C19H3406Si requires: C, 59.04; H, 8.87%);

and methyl 2,5-anhydro-6-O-tert-butyldimethylsilyl-3,4-O-cyclohexylidene-D-allonate
(2.31) (5 mg, 16%, Ry 0.6) identical in all respects to the material described previously.

3.4-0-Cvclohexylidene-2-O-trifluoromethanesulphonyl-D-

altrono-1.5-lactone (2.40) 9
TfOy. _A~_ o0
0™ ~o

6-O-tert-Butyldimethylsilyl-3,4-O-cyclohexylidene-2-O-trifluoromethanesulphonyl-D-
altrono-1,5-lactone (2.16) (492 mg, 0.98 mmol) was stirred in a mixture of acetic acid
(8 ml) and water (2 ml) at room temperature. After 13 h, t.l.c. (hexane : ethyl acetate,

3 : 1) indicated the formation of a single product (Rf 0.2). The solvent was removed,



Chapter 2-Experimental

the residue co-evaporated with toluene (2 x 5 ml) and purifed by flash chromatography

(hexane : ethyl acetate, 2 : 1) to yield 3.4-Q-cyclohexylidene-2-0-

trifluoromethanesulphonyl-D-altrono-1.5-lactone (2.40) (267 mg, 70%) as a white
crystalline solid, m.p. 109-111 °C (ether / hexane); [a]p20 +29.0 (¢, 0.9 in CHCl3);

vmax (KBr) 3614 (OH), 1786 (C=0) cm'l; 8y (CDCl3) 1.39-1.76 (10H, m,
cyclohexylidene), 2.93 (1H, br, OH), 3.85 (1H, br d, H-6, Jg ¢ 12.3 Hz), 4.09 (1H,
br d, H-6"), 4.27-4.32 (1H, m, H-5), 4.54-4.63 (2H, m, H-3, H-4), 5.26 (1H, d, H-
2, J2.3 7.2 Hz); 8¢ (CDCl3) 23.3, 23.6, 24.6, 34.0, 36.5 (5 x t, cyclohexylidene),
61.0 (t, C-6), 69.9, 73.8, 79.1, 81.9 (4 x d, C-2, C-3, C-4, C-5), 114.5 (s,
cyclohexylidene), 165.0 (s, C-1); m/z (NH3, DCI) 408 (MNH4+, 100%), 390
(MNH4*-H70). (Found: C, 40.09; H, 4.43; C13H1708F3S requires: C, 40.00; H,
4.39%).

Methvl 2.5-anhydro-3.4-O-cyclohexylidene-D-allonate

(2.41)
o O
Method 1. MeOzC’Qj

Methyl 2,5-anhydro-6-O-tert-butyldimethylsilyl-3,4-O-cyclohexylidene-D-allonate
(2.31) (90 mg, 0.23 mmol) was stirred in a mixture of acetic acid (4 ml) and water
(1 ml) at room temperature. After 24 h, t.l.c. (hexane : ethyl acetate, 1 : 1) indicated the
formation of a single product (R¢ 0.4). The solvent was removed, the residue co-
evaporated with toluene (2 x 5 ml) and purifed by flash chromatography (hexane : ethyl

acetate, 1 : 1) to yield methyl 2.5-anhydro-3.4-O-cyclohexylidene-D-allonate (2.41) (36

mg, 60%) as a colourless oil; [0]p20 -58.3 (c, 0.47 in CHCI3); Vimax (film) 3400-3200
(br, OH) 1741 (C=0) cm-1; 8y (CDCl3) 1.39-1.79 (10H, m, cyclohexylidene), 3.55
(1H, dd, H-6, J5 6 3.7 Hz, Js,6 12.6 Hz), 3.82 (3H, s, Me), 3.85 (1H, dd, H-6’,
Ise 2.7 Hz), 4.40-4.43 (1H, m, H-5), 4.61 (1H, d, H-2, J5 3 3.1 Hz), 4.75 (1H, dd,
H-4, J3 4 6.0 Hz, J4 5 1.6 Hz), 4.86 (1H, dd, H-3); 8¢ (CDCl3) 23.5, 23.8, 24.8,

85



Chapter 2-Experimental

34.5, 36.7 (5 x t, cyclohexylidene), 52.7 (q, MeO), 63.1 (t, C-6), 82.0, 84.3, 84.4,
87.6 (4 x d, C-2, C-3, C-4, C-5), 114.4 (s, cyclohexylidene), 173.9 (s, C-1); m/z
(NH3, DCI) 290 (MNH4*%), 273 (MH*). (Found: C, 57.30; H, 7.47; C13H200¢
requires: C, 57.34; H, 7.40%)

Method 2.

3,4-0-Cyclohexylidene-2-O-trifluoromethanesulphonyl-D-altrono-1,5-lactone (2.40)
(82 mg, 0.21 mmol) and potassium carbonate (29 mg, 0.21 mmol) were stirred in dry
methanol (4 ml) at room temperature under nitrogen. After 10 min, t.l.c. (hexane : ethyl
acetate, 1 : 1) indicated complete consumption of starting material (R¢ 0.5) and the
formation of a single product (Rf 0.4). Acetic acid (0.5 ml) was added, the solvent
removed and the residue purified by flash chromatography (hexane : ethyl acetate, 2 : 1)

to yield methyl 2.5-anhydro-3.4-O-cyclohexylidene-D-allonate (2.41) (52 mg, 94%) as

a colourless oil, identical to the material described above.

Method 3.

2,5-Anhydro-3,4-O-cyclohexylidene-D-allono-1,6-lactone (2.42) (19 mg, 0.08 mmol)
and potassium carbonate (11.5 mg, 0.08 mmol) were stirred together in dry methanol
(2 ml). After 30 min, acetic acid (0.1 ml) was added, the solvent removed and the
residue purified by flash chromatography (hexane : ethyl acetate, 2 : 1) to yield methyl
2.5-anhydro-3.4-0O-cyclohexylidene-D-allonate (2.41) (13 mg, 63%) as a colourless

oil, identical to the material described above.

0
2.5- Anhydro-3.4-O-cyclohexylidene-D-allono-1.6-lactone \|
o)
(2.42). /£ 3
I @)
00

3,4-O-Cyclohexylidene-2-O-trifluoromethanesulphonyl-D-

altrono-1,5-lactone (2.40) (50 mg, 0.13 mmol) and sodium
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acetate (53 mg, 0.64 mmol) were stirred in dry DMF (3 ml) at room temperature under
nitrogen. After 3 h, t.1.c. (hexane : ethyl acetate, 2 : 1) indicated the formation of two
products (Rf 0.5 and Rf 0.4). The solvent was removed and the residue purified by
flash chromatography (hexane : ethyl acetate, 3 : 1) to yield 2.5-anhydro-3.4-
cyclohexylidene-D-allono-1.6-lactone (2.42) (14 mg, 46%, R¢ 0.5) as a white
crystalline solid, m.p. 76-80 °C (ethyl acetate / hexane); [0 ]p20 +40.9 (c, 0.64 in
CHCI13); vmax (KBr) 1751 (C=0) cm'l; 8y (CDCl3) 1.40-1.78 (10H, m,
cyclohexylidene), 4.22 (1H, d, H-6, Jg ¢ 11.5 Hz), 4.44 (1H, d, J 4.1 Hz), 4.56 (1H,
dd, H-6’, Js 6 4.2 Hz), 4.65 (1H, s), 4.80-4.87 (2H, m); 6c (CDCl3) 23.5, 23.8,
24.6, 34.3, 35.5 (5 x t, cyclohexylidene), 69.7 (t, C-6), 77.6, 81.0, 81.9, 82.9 (4 x d,
C-2, C-3, C-4, C-5), 115.0 (s, cyclohexylidene), 165.8 (s, C-1); m/z (NH3, DCI) 258
(MNH4%, 100%), 240 (MH*-H20);

together with 2,6-anhydro-3,4-O-cyclohexylidene-D-altrono-1,5-lactone (2.43) (8 mg,
Rf 0.4, 26%) identical to the material described below.

2.6-Anhvdro-3.4-0O-cyclohexvlidene-D-altrono-1.5-lactone O:]\
(2.43). O

3,4-0-Cyclohexylidene-D-altrono-1,5-lactone (2.13) (1.26 g, 4.8 mmol) and
triphenylphosphine (1.92 g, 7.3 mmol) were stirred in dry THF (40 ml) at room
temperature under nitrogen. Diethyl azodicarboxylate (3.5 ml, 38% soln in toluene)
was added and after 1 h t.l.c. (hexane : ethyl acetate, 1 : 1) indicated the consumption
of starting material and the formation of a major product (R¢ 0.6). The solvent was
removed and the residue purified by flash chromatography (hexane : ethyl acetate, 2 : 1)

to yield 2 .6-anhydro-3.4-0-cyclohexylidene-D-altrono-1.5-lactone (2.43) (813 mg,

69%) as a white crystalline solid, m.p. 204-205 °C (ethyl acetate / hexane); [o1]p20
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-43.8 (¢, 1.1 in CHC13); Vipax (KBr) 1765 (C=0) cm-! ; 8y (CDCl3) 1.39-1.74 (10H,
m, cyclohexylidene), 3.78 (1H, d, H-6, Jg ¢ 10.5 Hz), 4.03 (1H, dd, H-6', J5 ¢ 2.5
Hz), 4.36 (1H, dd, H-4, J3 4 7.4 Hz, J4 5 2.3 Hz), 4.44 (1H, d, H-2, J 3 4.4 Hz),
4.59 (1H, dd, H-3), 4.85 (1H, m, H-5); §c (CDCl3) 23.5, 23.7, 24.8, 33.9, 35.2 (5
x t, cyclohexylidene), 62.8 (t, C-6), 70.6, 72.4, 73.5, 73.6 (4 x d, C-2, C-3, C-4, C-
5), 112.1 (s, cyclohexylidene), 168.0 (s, C-1); m/z (NH3, DCI) 258 (MNH4*, 100%),
241 (MHY). (Found: C, 59.88; H, 6.67; C12H1605 requires: C, 59.99; H, 6.71%).

2.6-Anhydro-3.4-0O-isopropylidene-D-altrono-1.5-lactone 0:]\
o)

(2.44).

3,4-O-Isopropylidene-D-altrono-1,5-lactone (2.11) (80 mg, 0.37 mmol) and
triphenylphosphine (144 mg, 0.55 mmol) were stirred in dry THF (4 ml) at room
temperature under nitrogen. Diethyl azodicarboxylate (0.26 ml, 38% soln in toluene)
was added and after 1 h, t.1.c. (hexane : ethyl acetate, 1 : 1) indicated the disappearance
of starting material and the formation of a major product (R¢ 0.5). The solvent was
removed and the residue purified by flash chromatography (hexane : ethyl acetate, 2 : 1)
to yield 2,6-anhydro-3.4-O-isopropylidene-D-altrono-1.5-lactone (2.44) (44 mg, 60%)
as a white crystalline solid, m.p. 190-192 °C (ethyl acetate / hexane); [a]p20 -46.0 (c,
0.88 in CHCI3); Vmax (KBr) 1772 (C=0) cm-1; 8y (CDCl3) 1.37, 1.48 (6H, 2 x s,
Me;C), 3.81 (1H, d, H-6, Jg ¢ 10.5 Hz), 4.03 (1H, dd, H-6', J5 ¢ 2.8 Hz), 4.37
(1H, dd, H-4, J3 4 7.4 Hz, J4 5 2.2 Hz), 4.44 (1H, d, H-2, J; 3 4.4 Hz), 4.61 (1H,
dd, H-3), 4.85 (1H, t, H-5); d¢c (CD3CN) 23.4, 23.6 (2 x q, MesC), 62.5 (t, C-6),
70.3, 72.5, 73.7, 73.8 (4 x d, C-2, C-3, C-4, C-5), 110.5 (s, CMe»), 168.6 (s, C-1);
m/z (NH3, DCI) 218 (MNH4*, 100%). (Found: C, 54.06; H, 6.01; CoH1705 requires:
C, 54.00; H, 6.04%).
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2.6-Anhydro-3.4-O-cyclohexylidene-D-altritol (2.46

Q
0, O WOH
~ o
OH

2,6-Anhydro-3,4-O-cyclohexylidene-D-altrono-1,5-lactone (2.43) (111 mg, 0.46
mmol) was dissolved in dry THF (10 ml) and stirred at O °C under nitrogen. Lithium
borohydride (0.46 ml, 2.0 M solution in THF) was added and the mixture allowed to
warm to room temperature. After 4 h, t.l.c. (ethyl acetate) indicated complete
consumption of starting material (R¢ 0.8) and the formation of a single product (R¢
0.2). Ammonium chloride (50 mg) was added carefully, followed by methanol (10 ml)
and the mixture stirred for 10 min. The solvent was removed, the residue co-evaporated
with methanol (2 x 10 ml), preabsorbed onto silica and purified by flash

chromatography (ethyl acetate) to yield 2,6-anhydro-3.4-O-cyclohexylidene-D-altritol
(2.46) (105 mg, 93%) as a colourless oil; []p20 +21.9 (c, 1.13 in CHC13); Vinax

(film) 3600-3200 (br, OH) cm-1; 8y (CDCl3) 1.38-1.89 (10H, m, cyclohexylidene),
3.50 (1H, dd, H-6, J56 2.0 Hz, J¢ ¢ 10.5 Hz), 3.74 (1H, m, H-2), 3.79 (2H, m, H-
1, H-5), 3.98 (1H, dd, H-1’, J1,1* 11.8 Hz, J1* 2 7.4 Hz), 4.07 (1H, dd, H-6’, J5 ¢’
3.9 Hz), 4.20 (1H, dd, H-3, Jp 3 2.6 Hz, J3 4 6.3 Hz), 4.28 (1H, dd, H-4, J4 5 5.1
Hz); 8¢ (CDCl3) 23.6, 23.9, 24.9, 34.3, 35.3 (5 x t, cyclohexylidene), 62.8, 68.0 (2
x t, C-1, C-6), 64.1, 71.7, 72.4, 75.9 (4 x d, C-2, C-3, C-4, C-5), 110.7 (s,
cyclohexylidene); m/z (NH3, DCI) 262 (MNH4*, 100%), 245 (MH*). (Found: C,
59.28: H, 8.53; C12Hp005 requires: C, 59.00; H, 8.25%).
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2.6-Anh D-altritol (2.4 2
-AnN 10-1)- I'l HO/I’:,(?j \\\\OH
I\\\"‘. 0]
OH

2,6-Anhydro-3,4-O-cyclohexylidene-D-altritol (2.46) (105 mg, 0.43 mmol) was stirred
in a mixture of trifluoroacetic acid (4 ml) and water (6 ml) at room temperature. After
12 h, t.l.c. (ethyl acetate) indicated complete consumption of starting material (R¢ 0.2)
and the formation of a single product (R¢ 0.0). The solvent was removed, the residue
co-evaporated with toluene (2 x 5 ml) and then purified by flash chromatography (ethyl
acetate : methanol, 9 : 1) to yield 2.6-anhydro-D-altritol (2.45) (63 mg, 89%) as a
viscous gum; [a]p20 -7.5 (c, 0.72 in HyO)[Lit -11.5 (c, 4.85 in H20)]27; Viax (film)
3600-3200 (br, OH) cm-1; 8y (D20) 3.46 (1H, ddd, J 1.0 Hz, J' 4.0 Hz, J" 8.0 Hz),
3.56 (1H, dd, J 1.2 Hz, J' 12.7 Hz), 3.62 (1H, dd, J 4.0 Hz, J' 11.8 Hz), 3.69 (1H,
d, J 3.4 Hz), 3.71 (1H, dd, ] 8.0 Hz, J' 11.8 Hz), 3.80 (1H, m), 3.85 (1H, m), 3.94
(1H, dd, J 2.2 Hz, J' 12.7 Hz); d¢c (CD30D) 61.6, 70.9 (2 x t, C-1, C-6), 68.8, 69.8,
70.1, 79.9 (4 x d, C-2, C-3, C-4, C-5); m/z (NH3,CI) 182 (MNH4*), 165 (MH*,

100%).
ito] (2.4 3
2.6-Anhydro-1.3.4.5-tetra-O-acetyl-D-altritol (2.47 AcQ,, (’j‘\\\\OAC
W

2,6-Anhydro-D-altritol (2.45) (31 mg, 0.19 mmol) and DMAP (2 mg) were stirred in a
mixture of dry pyridine (2 ml) and acetic anhydride (2 ml) at room temperature under
nitrogen. After 30 min, t.l.c. (ethyl acetate : hexane, 1 : 1) indicated the formation of a
single product (R 0.4). The solvent was removed and ethyl acetate (10 ml) was added.
The crude mixture was then washed sequentially with 1M HCl (5 ml), water (5 ml) and

brine (5 ml), dried (magnesium sulphate), filtered, the solvent removed and the residue
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purified by flash chromatography (ethyl acetate : hexane, 1 : 1) to yield 2.6-anhydro-
1,3.4 5-tetra-O-acetyl-D-altritol (2.47) (30 mg, 50%) as a white crystalline solid, m.p.
108 °C (ether / hexane) [Lit 108 °C)27; [a]p2Y -18.1 (¢, 0.31 in CHCI3) [Lit -16.2 (c,
5.0 in CHCI3)]27; 8y (CDCl3) 2.02, 2.07 (6H, 2 x s, 2 x Ac), 2.16 (6H, s, 2 x Ac),
3.74 (1H, dd, J 1.8 Hz, J’ 13.3 Hz), 3.86 (1H, dt, J 1.6 Hz, J’ 5.9 Hz), 4.16 (1H,
dd, J 2.2 Hz, J’ 13.3 Hz), 4.18-4.23 (2H, m), 5.12 (1H, t, J 3.5 Hz), 5.18 (1H, m),
5.33 (1H, m); &¢ (CDCl3) 20.5, 20.6, 209 (3 x q, 4 x Ac), 62.2,75.1 2 x t, C-1, C-
6), 66.1, 66.6, 67.8, 75.1, (4 x d, C-2, C-3, C-4, C-5), 170.0, 170.5, 170.6, 170.9
(4 x s, 4 x Ac); m/z (NH3, DCI) 182 (MNH4*), 165 (MHY, 100%).

3.6-Anhydro-L-gulono-1,5-lactone (2.49). HO,, O

O OH
L-Gulono-1,5-lactone (2.48) (197 mg, 1.1 mmol) and triphenylphosphine (435 mg,
1.66 mmol) were stirred in dry THF (10 ml) at room temperature under nitrogen.
Diethyl azodicarboxylate (0.80 ml, 38% soln in toluene) was added and the reaction
mixture heated at 60 °C. After 3 h, tl.c. (ethyl acetate) indicated the formation of a

major product (Rf 0.4). The solvent was removed and the residue purified by flash

chromatography (ethyl acetate) to yield 3.6-anhydro-I.-gulono-1.5-lactone (2.49) (71

mg, 40%) as a white crystalline solid, m.p. 137-138 ©C (ethyl acetate / hexane) [Lit
137-138 °C]28; [a]p20 +64.7 (c, 0.66 in acetone)[Lit +64.6 (c, 2.0 in acetone)]?8;
vmax (KBr) 3400-3200 (br, OH) 1778 (C=0) cm-!; 8y (CD3CN) 3.51 (1H, d, OH, J
4.2 Hz), 3.64 (1H, dd, J 1.0 Hz, J’ 9.0 Hz), 3.82 (1H, dd, J 1.0 Hz, J 10.2 Hz),
3.95 (1H, dd, J 3.8 Hz, I’ 10.2 Hz), 4.40-4.43 (2H, m), 4.66 (1H, dd, J 3.5 Hz, J°
5.1 Hz), 4.76 (1H, d, OH, J 3.6 Hz); dc (CD30D) 69.3, 74.0, 77.9, 84.6 (4 x d, C-

2, C-3, C-4, C-5), 74.5 (t, C-6), 176.3 (s, C-1); m/z (NH3, DCI) 178 (MNH4*,
100%), 160 (MNH4*-H20). (Found: C, 45.19; H, 5.17; C¢HgOs5 requires: C, 45.01;

H, 5.04%).
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CHAPTER 3

Synthesis and Investigations of D-glycero-L-altro-heptono-1.5-lactones.

In 10n

The crucial synthetic step in the attempted cyclopentane synthesis detailed in Chapter
2 involved oxidation of the alcohols (3.1) to the aldehydes (3.2) (Scheme 3.1). It was
envisaged that the aldehydes (3.2) would be useful synthetic intermediates which
could provide access to polyhydroxylated cyclopentanes via intramolecular aldol
cyclisation. The difficulties experienced in effecting the synthesis of these materials
via the oxidation route attempted in Chapter 2 necessitated an alternative synthetic

strategy.

(3.2)
X=Tor N

Scheme 3.1

As detailed in Chapter 2, alternative retrosynthesis of the aldehydes (3.2) via
periodate cleavage, rather than oxidation, leads to the Kiliani product derived from
diacetone-D-allose (2.4) (Scheme 2.2). Due to the low yield of the allose Kiliani
reaction, and the protracted reaction sequence required for the synthesis of the starting
material, this was not considered to be a viable synthetic route.

However retrosynthetic analysis of the enantiomeric aldehyde (3.3), via periodate

cleavage, leads to the lactone (3.4) (Scheme 3.2). Further analysis of this material
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indicates that it could be readily synthesised from the products of the Kiliani reaction

of diacetone-D-mannose (3.5) simply by an inversion of configuration at C-5.

o o

X O X 0]
Periodate
o) 0 “u CHO Cleavage 0 0 "y, o\ OH
(3.3) L

OH

L g

HO 0 Lactone inversion HO O
at C-5.
0) O i\ O>< O O .""l/‘i‘\\ %<
O (3.4) O
Diacetone mannose
Kiliani Products
Scheme 3.2

Diacetone-D-mannose (3.5) is a cheap and readily available starting material. The
Kiliani ascension, which has been performed on a multikilogram scale,! proceeds in

moderate yield to produce a readily separable mixture of epimeric lactones (3.6) and

(3.7) (Scheme 3.3).
>< O’P
S HO O
NaCN
HO O .\\\O HZO O O W\ O
3.5) 9) (3.6)
28%

Scheme 3.3
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The inversion of several carbohydrate lactones at the stereocentre to which the
oxygen of the lactone ring is attached has been achieved by a two step reaction
process.2 Scheme 3.4 details the inversion of the diacetonide of D-mannono-1,4-
lactone (3.8) at C-4, which proceeds in good yield, to produce the diacetonide of D-
talono-1,4-lactone (3.9).

(i) BzNH,, THF, RT, 22 h, 98% (ii) Tf,0, py.
CH,Cl,, -10 °C, then aqueous work-up, 73%.

Scheme 3.4

The strategy adopted involved initial opening of the lactone ring by treatment with a
suitable amine, in this case benzylamine, to produce the amide (3.10). Treatment of
this amide with a threefold excess of triflic anhydride induced relactonisation with a
corresponding inversion of configuration at the carbon atom bearing the lactone ring
oxygen. This step precludes the use of substrates possessing free hydroxyl groups,
which must be initially protected. The precise mechanism of the relactonisation step
is not entirely clear. It seems certain that triflation of the free hydroxyl derived from
the lactone ring is crucial to obtaining inverted products, though this does not appear
to be the site of initial triflation as the use of only 1 equivalent of triflic anhydride
results in the formation of lactone products in which the configuration at the carbon
atom bearing the lactone ring oxygen has been retained.?

Application of such a synthetic transformation to the heptonolactones (3.6) and (3.7)
would allow access to the azido (3.11) and iodo (3.12) aldehydes. Except for the
replacement of a cyclohexylidene protecting group with an acetonide, these materials

are enantiomeric with the crucial intermediates which could not be synthesised via the
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oxidation of the a-azido and a-iodo-D-altrono-1,5-lactones detailed in Chapter 2
(Scheme 2.13). Deprotonation o to the lactone followed by intramolecular aldol

cyclisation would then result in cyclopentane formation.

N%:[i%]rp
0" > 0" "cno

(3.11)
0

N, O

0" "o CHO 0" "0 CHO
(1.39) (1.37)

Cyclisation of the azido (1.39) and iodo (1.37) aldehydes was found to produce a
mixture of carbocyles in both cases as detailed in Chapter 1 (Schemes 1.10 and 1.12).
The minor products formed during these reactions were found to result from initial
epimerisation o to the aldehyde functionality before intramolecular aldol cyclisation
occurred (Scheme 1.11).

Cyclisation of the azido and iodo aldehdyes (3.11) and (3.12), which are epimeric o
to the aldehyde functionality as compared to (1.39) and 1.37), would provide further
insight into the stereochemical course of these cyclisation reactions. In particular
cyclisation of (3.11) and (3.12) would be expected to yield some, or all, of the same

set of carbocyclic products that were obtained from (1.39) and (1.37).
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Resul Di ion

Work in this chapter is divided into four areas:-

(1) Investigations into the inversion at C-5 of D-glycero-D-galacto-heptono-1,5-
lactones.

(i) Confirmation of the stereochemical identity of the inverted lactone product.

(iii) Synthesis of iodo carbocycles.

(iv) Synthesis of azido carbocycles.

lactones.

Synthetic efforts concentrated upon the attempted C-5 inversion of the diacetonide of
D-glycero-D-galacto-heptono-1,5-lactone (3.7), which is the minor product of the
Kiliani reaction of diacetone-D-mannose (3.5), but once inverted at C-5 is
enantiomeric with the major product (2.5) obtained from the Kiliani reaction of
diacetone-D-allose (2.4) (Chapter 2, Scheme 2.3).

The synthetic route employed was directly analogous to the reaction sequence used
for the inversion of C-4 of the diacetonide of D-mannono-1,4-lactone (Scheme 3.4).
The reaction conditions employed for the relactonisation step necessitated protection
of the free C-2 hydroxyl of the starting material. This was achieved simply by
treatment of (3.7) with TBDMS triflate and pyridine in dichloromethane to yield the
completely protected lactone (3.13). Treatment of this material with a methanolic

solution of methylamine in THF produced the open chain amide (3.14) in 90% yield

(Scheme 3.5).
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HO,
)
0] ) O><
(3.7) o)

(i) Bu‘MeZSiOTf, py. CH,Cl,, RT, 16 h, 90%
(ii) MeNH, in MeOH, THF, RT, 30 min, 90%

Scheme 3.5 MeNH

Relactonisation of the amide (3.14) was achieved by treatment with 3 equivalents of
triflic anhydride and an excess of pyridine in dichloromethane. Following aqueous
work up, three reaction products were isolated. These were identified as the required
lactone (3.15), which had undergone an inversion of configuration at C-5, unreacted

amide (3.14), and the initial silyl lactone (3.13), which had relactonised with retention

of configuration at C-5 (Scheme 3.6).
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Recovered
starting material

(3.14)
28%

Bu'Me,SiOy,

(1) 3 equiv. Tf,0, py, CH,Cl,,
-10°Ct00°C, 1.5h O

Scheme 3.6

Investigations into the synthetic transformation of (3.13) into (3.15), via other
intermediate amides and by employing various reaction conditions, have been carried
out by other co-workers.3 The best yield obtained for the C-5 inverted product (3.15)
was in the region of 50%, based on recovered starting material.

Initial attempts to desilylate the inverted lactone (3.15) with TBAF caused a large
degree of product decompositon, probably via base induced elimination of the
secondary acetonide protecting group. Attempts to remove the silyl group with acid
proved unsuccessful as reaction conditions forcing enough to induce desilylation
caused hydrolysis of both the primary and secondary acetonides, resulting in
isomerisation to the thermodynamically more stable y-lactone.4

Successful desilylation was achieved in two ways, either by treatment with TBAF in
THF in the presence of an excess of acetic acid, or by treatment with HF / pyridine

complex.5 Both produced good yields of the diacetonide of D-glycero-L-altro

heptono-1,5-lactone (3.16) (Scheme 3.7).
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Bu'Me,SiO,, 0 HO,,
‘ (i) or (ii) )

O O .nl/,I |i\\\ O>< O O -,III//L\\\ %<

(3.15) o) (3.16) 0O

(i) TBAF, AcOH, THF, 50 °C, 6.5 h, 87%
(ii)) HF / py, THF, RT, 16 h, 77%

Scheme 3.7

The above reaction sequence, though successful, is rather long. Since subsequent
manipulations of the D-glycero-L-altro-heptono-lactone (3.16) would involve
introduction of iodide or azide at C-2 a shorter synthetic route can be envisaged. The
two additional steps of silylation and desilylation, which are necessitated by the
presence of the free hydroxyl group at C-2, could be avoided if a similar inversion of
C-5 could be performed on a substrate in which the C-2 hydroxyl has already been

substituted by either azide or iodide.

Efforts in this area concentrated on the attempted C-5 inversion of the a-iodo lactone
(3.17),6 which is readily available from the iodide displacement of the 2-O-triflate
derived from the major product (3.6) of the Kiliani reaction of diacetone-D-mannose.

Treatment of this iodo lactone with benzylamine in THF for protracted reaction times
resulted in the formation of the ring contracted amide (3.18). The identity of this
material was confirmed by treatment of the known methyl ester (3.19)7 with an excess

of benzylamine in methanol, which also resulted in the formation of (3.18) (Scheme

3.8).
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O O
(i)
g
BzHNOCY Yo o O><
(3.18) 0
(ii)
(i) BzNH,, THF, RT, 16 h, 89%
(11) BzZNH,, MeOH, RT, 16 h, 91%
O O
Scheme 3.8 MeO 2C\“" O o\ O><
(3.19) @)

Treatment of the iodo lactone (3.17) with benzylamine or methylamine for short
periods of time resulted in the formation of the open-chain benzylamide (3.20) and

methylamide (3.21) respectively (Scheme 3.9).

(i) R=Bz (3.20) O
(i1) R=Me (3.21)

(i) BzZNH,, THF, RT, 30 min, 64%
(ii) MeNH, in MeOH, THF, RT, 5 min, quant. crude

Scheme 3.9



Chapter 3-Results and Discussion

The presence of the a-iodo substituent was confirmed both by mass spectrometry and
by the characteristic 13C signal for the C-2 CH at around 20 ppm. However all
attempts to induce either material to relactonise with inversion of configuration at C-

5, using the methodology adopted above, proved unsuccessful.

11 nfirmation of hemical identity of the inverted lactone produ

In order to be entirely certain of the stereochemical integrity of the C-5 inverted
lactone product, it was decided to chemically correlate the D-glycero-L-altro heptono-
lactone (3.16) with a compound of known structure. Degradation of the carbon side
chain of the lactone (3.16) by one unit would produce the L-altrono lactone (3.22) as

shown in Scheme 3.10.

.,",,/

322) OH 2.11) OH

Scheme 3.10

This material is enantiomeric with the D-altrono-lactone (2.11) which was
synthesised from the Kiliani reaction of the 2,3-acetonide of D-ribose (2.8) as detailed
in Chapter 2 (Scheme 2.6) and whose structure was confirmed by X-ray
crystallography.

The synthetic strategy adopted involved use of the silyl D-glycero-L-altro-heptono-
lactone (3.15) as starting material. Selective removal of the primary acetonide was
achieved by treatment with 80% aqueous acetic acid to produce the silyl diol (3.23).

Periodate cleavage followed by reduction with sodium borohydride at low
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temperature produced a moderate yield of the degraded silyl L-altrono-lactone (3.24).
Removal of the silyl protecting group with TBAF in the presence of acetic acid
produced the L-altrono lactone (3.22) which possessed a melting point and 1H and
13C nmr spectra identical with those of the enantiomeric lactone (2.11). The measured
optical rotation (-96.2 ¢, 0.53 in EtOH) was also in close agreement with the value
obtained for its enantiomer (+101.3 ¢, 0.9 in EtOH). This reaction sequence is

summarised in Scheme 3.11.

ButMezsiO/,h O BUtMCZSiO,,,". O
(i) _
O O .ol’/// “\\\\O O O "'I/, 7 .‘“\\ OH
(3.15) |\O>< (3.23) Ol
(ii),(iii)
Y
O’P o%
HOy, O Bu'Me,Si0),, 0
(iv)
-
O O .o'll ,/l O O ‘e 7) ,/l
(3.22) OH (3.24) OH

(i) 80% aqueous AcOH, RT, 20 h, 82%

(ii) HsIO4, THF, RT, 10 min, 66%

(iii) NaBH,, EtOH / H,0, -10 °C, 10 min, 40%
(iv) TBAF, AcOH, THF, 50 °C, 2 h, 74%

Scheme 3.11
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iii isof i I 1

The general synthetic strategy adopted for the formation of iodo carbocycles followed
the pathway indicated by the retrosynthetic analysis outlined in Scheme 3.2.
Introduction of iodine at C-2, followed by removal of the side chain acetonide and
periodate cleavage, would produce iodo aldehydes which could then be cyclised via
an intramolecular aldol condensation.

Introduction of iodine at C-2 of the D-glycero-L-altro-heptono lactone (3.16) was

achieved via formation of the triflate (3.25) (Scheme 3.12).

.ul,, / "“\\ O

X<

O O ..'I/// o\ O>< O O
(3.16) L (3.25) G

(i) Tf,0, py, CH,Cl,, -20 °C, 30 min, 76%

Scheme 3.12

An initial attempt to introduce iodine at C-2 involved treatment of triflate (3.25) with
sodium iodide in acetone. T.lc. indicated the formation of a mixture of products.
Washing with aqueous thiosulphate solution resulted in the conversion of these
materials to a single product (as seen by t.1.c.) which was identified as the reduced

material (3.26) in 80% yield (Scheme 3.13).
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- e

TfOI/,,‘ O O
(1)
0 " Uy W 0] O 0O ."’/I/ R\ O><
(3.25) ‘\ >< (3.26) I\

O O

(i) Nal, acetone, 40 °C, 2 h, then aq. Na,S,0;

Scheme 3.13

Subsequent attempts to introduce iodine involved treatment of the triflate (3.25) with
tetra-n-butylammonium iodide in THF, and avoided an aqueous thiosulphate wash.
These reactions produced an inseparable mixture of epimeric iodides (3.27) and
(3.28) (Scheme 3.14). These materials were characterised as a mixture and used as

such for the next synthetic step.

TfOy, O _ I Y
' (1)
—_—
0) 0) Wy W\ O>< O ""I// o O><
28 L
(3.25) o (3.28) 0

(i) tetra-n-butylammonium iodide, THF, RT, 1.5 h, 71%

Scheme 3.14

Removal of the primary acetonide was achieved by treatment with 80% aqueous
acetic acid to produce a mixture of epimeric iodo diols (3.29) and (3.30) (in a ratio of
7 : 5, as adjudged by 14 nmr, Scheme 3.15). These materials were again found to be

inseparable by chromatography and again were used as a mixture for the next
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synthetic step. Small amounts of the minor D-glycero-L-allo isomer (3.30) could be

crystallised out of a solution of the mixture, thus facilitating characterisation.

e L

I O I /I/,' O O
(i)
— +
0% >o” “m L“ O>< 0% > o~ “u.~OH 0% > o~ “m.OH
Ratio 7 : 5

(i) 80% aqueous AcOH, RT, 20 h, 67%
Scheme 3.15

Periodate cleavage of the mixture of iodo diols (3.29) and (3.30) produced a mixture
of aldehydes which were used without isolation or characterisation. Treatment of
these aldehydes with potassium fluoride and 18-crown-6 in dry acetonitrile produced
the i0do carbocycle (3.31) as the sole reaction product (Scheme 3.16). This material
was identical to an authentic sample which had been isolated® as one of the minor
carbocyclic products from the aldol cyclisation of the iodo aldehyde (1.37) detailed in

Chapter 1 (Scheme 1.10).

L oAg on

I O I

1) (i1) o
—_— —
. . \
) oW\ OH ‘0, O 1
Y ’ 0" 0" ™CcHO 30\
OH
(3.29) and (3.30) (3.31)

(i) HsIO, THF, RT, 10 min
(ii) KF, 18-crown-6, MeCN, 0 °C, 30 min, 30% over 2 steps

Scheme 3.16
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1 nthesis of azi 1

The synthesis of azido carbocycles, using the D-glycero-L-altro-heptono-1,5-lactone
(3.16) as a starting material, followed a route directly analogous to the one described
above for the iodo carbocyle synthesis.

Introduction of azide at C-2 was achieved via treatment of the triflate (3.25) with
sodium azide in DMF. This produced a separable mixture of D-glycero-L-altro (3.32)

and D-glycero-L-allo (3.33) azides (Scheme 3.17).

o o

o) N, 0
+

O ../I// R\ O>< O -.///, R\ O><
(3.32) L (3.33) L

O O
55% 19%

(1) NaN;, DMF, RT, 10 min

Scheme 3.17

The stereochemistry of the azide substituent was assigned via n.O.e. experiments in a
manner directly analogous to that described for the D-altrono (2.17) and D-allono
(2.18) azides detailed in Chapter 2. Enhancements between H-2 and H-5 were only
observed for the major altro epimer in which both occupy flagpole positions in the
preferred boat conformation (see Chapter 2, Fig 2.2).

Removal of the primary acetonide was achieved in both cases via treatment with 80%
aqueous acetic acid to produce the two azido diols (3.34) and (3.35) (Scheme 3.18).

No significant epimerisation of the azido substituent was observed during this

deprotection step.
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(1)
-
O O .u'l// A\ O><
(3.32) o)
O’P
0]
N (i)
T
0 0 .o'l,,/ |:\\%< 0 0 -u,,,/ a OH
(3.33) o) (3.35) L OH

(1) 80% aqueous AcOH, RT, 20 h, 92%
(i) 80% aqueous AcOH, 50 °C, 2 h, 69%

Scheme 3.18

Treatment of the D-glycero-L-altro azido diol (3.34) with periodic acid produced an
azido aldehyde which was used directly without characterisation. Treatment of this
material with potassium fluoride and 18-crown-6 in dry acetonitrile yielded the azido

carbocycle (3.36) as the sole reaction product (Scheme 3.19).

OH

(i) HsIO4, THF, RT, 5 min
(ii) KF, 18-crown-6, MeCN, 0 °C, 20 min, 52% over 2 steps

Scheme 3.19
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This material was identical with an authentic sample which was isolated8 as the minor

product of the cyclisation of the azido aldehyde (1.39) detailed in Chapter 1 (Scheme
1.12).

Similar treatment of the D-glycero-L-allo azido diol (3.35) again produced the azido

carbocycle (3.36) as the sole reaction product (Scheme 3.20).

L A\ on

N O . .
3 i Ni (ii) 0
— —_—
.0' - \
O O "' -‘\‘ OH O O ."'CHO O N3 O O
(3.35) OH (3.36) )\

(i) HsIOg4, THF, RT, 5 min
(ii) KF, 18-crown-6, MeCN, 0 °C, 20 min, 48% over 2 steps

Scheme 3.20

The formation of the azido (3.36) and iodo (3.31) carbocycles as the sole reaction
product in each case indicates that potassium fluoride induced deprotonation at C-2
and subsequent cyclisation occurs rapidly. In the D-glycero-D-talo derived aldehydes
(Schemes 1.10 and 1.12), competitive epimerisation ¢, to the aldehyde functionality
occurs, resulting in the formation of a mixture of products. However, cyclisation of
the D-glycero-L-allo and D-glycero-L-altro derived aldehydes, detailed in this
Chapter, is seen to compete effectively with epimerisation o to the aldehyde
functionality, resulting in the formation of a single product in all cases. The
equilibration experiments detailed in Chapter 4 (Table 4.1) indicate that this is
probably a kinetic rather than thermodynamic effect. Further investigations into the
formation of azido carbocycles and their uses for the syntheses of a variety of

potentially biologically active polyhydroxylated cyclopentanes are detailed in

Chapter 4.
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Experimental,

-QO-tert-Butyldimethylsilyl-3.4:6.7-di-O-
isopropylidene-D-glycero-D-galacto- O%
heptono-1,5-lactone (3.1 Bu'Me,Si0,,

3,4:6,7-Di-O-isopropylidene-D-glycero-D-galacto-heptono-1,5-lactone (3.7) (14.79 g,
51.3 mmol) and pyridine (10.3 ml, 0.13 mol) were stirred in dry dichloromethane (250
ml) at 0 °C under nitrogen. tert-Butyldimethylsilyl trifluoromethanesulphonate (11.8
ml, 77.0 mmol) was added and the reaction mixture allowed to warm to room
temperature. After 16 h, t.l.c. (hexane : ethyl acetate, 2 : 1) indicated the complete
consumption of starting material (Rf(.2) and formation of a single product (Rf 0.6).
Dichloromethane (200 ml) was added and the mixture washed with dilute aqueous
hydrochloric acid (2 M, 200 ml), water (200 ml), and brine (200 ml). The organic
extracts were dried (magnesium sulphate), filtered, the solvent removed and the residue

purified by flash chromatography (hexane : ethyl acetate, 4 : 1) to yield 2-O-tert-

lactone (3.13) (18.5 g, 90%) as white crystalline solid, m.p. 64-65 °C (ether / hexane)
[Lit 51-52 °C13; [a]p20 +63.5 (c, 1.0 in CHCI3) [Lit +63.8 (¢, 1.0 in CHCI3)13; 8y
(CgDg) -0.02, 0.06 (6H, 2 x s, Me2Si), 0.83 (9H, s, BuY), 1.15, 1.38 (12H, 2 x 5, 2 x
Me;C), 3.92 (1H, dd, H-7, J¢,7 6.1 Hz, J7,77 9.0 Hz), 4.10 (1H, dd, H-7', Js 7 4.4
Hz), 4.28 (1H, dd, H-3, J2,3 2.6 Hz, J3 4 7.5 Hz), 4.46 (1H, d, H-2), 4.48 (1H, ddd,
H-6, Js 6 8.6 Hz), 4.57 (1H, dd, H-4, J45 1.6 Hz), 4.89 (1H, dd, H-5).
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MeNH

2-O-tert-Butyldimethylsilyl-3,4:6,7-di-O-isopropylidene-D-glycero-D-galacto-heptono-
1,5-lactone (3.13) (17.0 g, 42.2 mmol) was stirred in a mixture of methylamine (0.78
g / ml in methylated spirit, 100 m1) and THF (100 ml) at room temperature under
nitrogen. After 0.5 h, tl.c. (hexane : ethyl acetate, 2 : 1) indicated complete
consumption of starting material (R¢0.6) and formation of a single product (Rg 0.3).

The solvent was removed and the residue recrystallised from hot hexane to yield N-

heptonamide (3.14) (16.4 g, 90%) as a white crystalline solid, m.p. 122-123 °C
(hexane); [a]p20 -25.0 (¢, 0.66 in CHCl3) ; vmax (KBr) 3491, 3274 (OH, NH), 1655

(amide) cm-1; 8y (CDCl3) 0.15, 0.16 (6H, 2 x s, Me2Si), 0.94 (9H, s, BuY), 1.35,
1.36, 1.48, 1.52 (12H, 4 x s, 2 x MeC), 2.25 (1H, d, D20 exch, OH, J5 on 7.7 Hz),
2.85 (3H, d, MeN, J 5.0 Hz), 4.02-4.09 (3H, m), 4.19-4.26 (2H, m), 4.43 (1H, dd,
J 1.0, I' 6.8 Hz), 4.73 (1H, d, H-2, J 3 8.5 Hz), 6.76 (1H, br t, NH); 8¢ (CDCl3)
5.4, -4.5 (2 x q, Me»Si), 18.2 (s, CMe3), 24.4, 25.3, 25.5, 26.2, 26.6 (5 x q, 2 x
Me,C and MeNH), 25.8 (q, Me3C), 66.7 (i, C-7), 70.1, 72.2, 76.3, 78.0 (4 x d, C-2,
C-3, C-4, C-5, C-6), 108.1, 109.2 (2 x 5, 2 x CMey), 172.5 (s, C-1); m/z (DCI, NH3)
434 (MH*, 100%). (Found: C, 55.32; H, 9.39; N, 3.31; CpoH39NO7Si requires: C,
55.40; H, 9.07; N, 3.23%).
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2-O-terr-Butyldimethylsilyl-3.4:6.7-di-O-
isopropylidene-D-glycero-L-altro- O’P
heptono-1.5-lactone (3.1 Bu'Me,Si0y,

O O u'[/, 1y IL\\\ O><

0]

N-Methyl-2-O-tert-butyldimethylsilyl-3,4:6,7-di- O-isopropylidene-D-glycero-D-

galacto-heptonamide (3.14) (10.53 g, 24.3 mmol) and dry pyridine (11.7 ml, 0.15
mol) were stirred in dry dichloromethane (100 ml) under nitrogen at 0 °C.
Trifluoromethanesulphonic anhydride (12.4 ml, 73 mmol) was added slowly over a
period of 10 min. After 1.5 h, t.1.c. (hexane : ethyl acetate, 2 : 1) indicated the partial
conversion of the starting material (R¢ 0.3) to a major product (Rf 0.55) and a minor
product (R¢ 0.6). The reaction was quenched by addition of saturated aqueous sodium
bicarbonate solution (40 ml) at 0 °C and stirred for 1 min. The reaction mixture was
diluted with dichloromethane (100 ml), dilute aqueous hydrochloric acid (2 M, 100 ml)
added cautiously, and the resulting mixture shaken. The organic extracts were separated
and washed with saturated sodium bicarbonate solution (100 ml), and brine (50 ml),
dried (magnesium sulphate), filtered, and the solvent removed to yield a yellow syrup
which was purified by flash chromatography (hexane : ethyl acetate, 4 : 1) to afford 2-

lycero-L-altro-heptono-1.5-

lactone (3.15) (3.25 g, 33%, 46% based on recovered starting material) as a white
crystalline solid, m.p. 99-100 °C (methanol / water); [a]D20 -26.5 (c, 1.0 in CHCl3);
vmax (KBr) 1773 (C=0) cm"1; 8y (CeDe¢) 0.20, 0.31 (6H, 2 x s, Me3Si), 0.95, 1.27,
1.33, 1.49 (12H, 4 x s, 2 x MepC), 1.10 (9H, s, Bu'), 3.58 (1H, dd, H-7, Jg 7 3.7
Hz, J7,7 9.4 Hz), 3.74 (1H, dd, J 6.8, I' 8.4 Hz), 3.84-3.90 (2H, m), 4.01 (1H, dd,
H-7', Jg.7 8.0 Hz), 4.09-4.12 (1H, m), 4.25 (1H, d, H-2, J3,37.2 Hz); 6c (CDCl3)
-5.6, -5.1 (2 x q, Me2Si), 18.3 (s, CMe3), 24.5, 26.0, 26.7 3 x q, 2 x Men(C), 25.5
(g, Me3C), 65.0 (t, C-7), 71.5, 72.0, 74.6, 76.1, 78.3 (5§ x d, C-2, C-3, C-4, C-5, C-
6), 110.2, 112.0 (2 x s, 2 x CMe2), 170.2 (C-1); m/z (Cl, NH3) 420 (MNH4*, 25%),
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403 (MH*, 65%). (Found: C, 56.74; H, 8.49; C19H3407Si requires: C, 56.69; H,
8.51%),
together with 2-O-tert-butyldimethylsilyl-3,4:6,7-di-O-isopropylidene-D-glycero-D-
galacto-heptono-1,5-lactone (3.13) (2.41 g, 25%, 34% based on recovered starting
material);
and N-methyl-2-O-tert-butyldimethylsilyl-3,4:6,7-di-O-isopropylidene-D-glycero-D-

galacto-heptonamide (3.14) (2.97 g, 28%, unreacted starting material).

heptono-1.5-lactone (3.16).

O O ""’I/ RO\ 0)
Method 1. l\ O><

2-O-tert-Butyldimethylsilyl-3,4:6,7-di-O-isopropylidene-D-glycero-L-altro-heptono-

1,5-lactone (3.15) (760 mg, 1.89 mmol) and acetic acid (1.1 ml, 18.9 mmol) were
stirred in THF (20 ml) at room temperature under nitrogen. Tetra-n-butylammonium
fluoride (4.7 ml, 1.0 M soln in THF) was added and the reaction mixture warmed to
50 oC. After 6.5 h, t.l.c. (hexane : ethyl acetate, 2 : 1) indicated complete consumption
of starting material (R¢ 0.7) and the formation of a single product (R¢ 0.1). The residue
was preabsorbed onto silica and purified by flash chromatography (hexane : ethyl
acetate, 1 : 1) to yield 3.4:6.7-di-O-isopropylidene-D-glycero-L-altro-heptono-1.5-
lactone (3.16) (476 mg, 87%), m.p. 167-168 °C (ether / hexane); [a]p20 -93.5 (c,
0.95 in CHCI3); Vmax (KBr) 3435 (OH), 1773 (C=0) cm-!; 8y (CDCl3) 1.39, 1.41,

1.46, 1.54 (12H, 2 x Me,C), 3.40 (1H, d, OH, I on 3.2 Hz), 4.01 (1H, dd, H-7,
J6.7 6.8, J7.7 8.6 Hz), 4.09 (1H, dd, H-5, J459.4, 56 3.9 Hz), 4.13 (1H, dd, H-
7, J6.7 6.8 Hz), 432 (1H, t, 1 7.7 Hz), 4.38 (1H, dt, H-6), 4.40-4.44 (2H, m); 8¢
(CDCl3) 24.4, 25.4, 260, 26.6 (4 x g, 2 x MexC), 65.0 (1, C-7), 70.7, 71.3, 74.2,
76.8. 71.5. (5 x d, C-2, C-3, C-4, C-5, C-6), 1104, 112.6 (2 x 5, 2 x CMey), 171.5
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(s, C-1); m/z (NH3, DCI) 306 (MNH41), 289 (MH*). (Found: C, 54.12; H, 6.96;
C13Hp90O7 requires: C, 54.16; H, 6.99%).

Method 2.
2-O-tert-Butyldimethylsilyl-3,4:6,7-di-O-isopropylidene-D-glycero-L-altro-heptono-
1,5-1actone (3.15) (109 mg, 0.27 mmol) was stirred in THF (3 ml) at 0 °C under
nitrogen. Pyridine / HF complex (0.4 ml) was added and the mixture allowed to warm
to room temperature. After 16 h, t.1.c. (hexane : ethyl acetate, 2 : 1) indicated complete
consumption of starting material (R¢ 0.7) and the formation of a single product (R
0.1). The reaction mixture was cooled in an ice bath and ethyl acetate (10 ml) added.
Saturated aqueous sodium bicarbonate solution was added dropwise until effervescence
ceased. The organic extracts were separated, washed with brine (5 ml), dried
(magnesium sulphate), filtered, the solvent removed and the residue purified by flash
chromatography (hexane : ethyl acetate, 1 : 1) to yield 3.4:6.7-di-O-isopropylidene-D-

glycero-L-altro-heptono-1.5-lactone (3.16) (60 mg, 77%) identical to the material

described above.

N-Benzyl-2.5-anhydro-3.4:6.7-di-O- ><
isopropylidene-D-glycero-D-talo-heptonamide Q O
(3.18)

Method 1. o
2-Deoxy-3,4:6,7-di-0—isopropylidene—2-iodo-D- glycero-D-galacto-heptono-1,5-lactone
(3.17) (1.11 g, 12.8 mmol) and benzylamine (1.8 ml, 16.7 mmol) were stirred in dry
THF (10 ml) at room temperature in the dark. After 16 h, t.1.c. (hexane : ethyl acetate,
1 : 1) indicated the formation of a major product (Rg 0.4). The solvent was removed
and ethyl acetate (30 ml) added. The resulting solution was washed with 1M HCI (30
ml), brine (40 ml), dried (magnesium sulphate), filtered, the solvent removed and the

residue purified by flash chromatography (hexane : ethyl acetate, 2 : 1) to yield N-
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(934 mg, 89%) as a colourless oil; []p20 -16.8 (¢, 1.02 in CHCI3) ; Vinax (film) 3327

(NH), 1667 (amide) cm-1; 8y (CDCls) 1.35, 1.38, 1.41, 1.50 (12H, 4 x s, 2 x Me;C),
3.81 (1H, dd, J 3.7 Hz, J’ 6.2 Hz), 4.03 (1H, dd, H-7, J¢ 7 5.0 Hz, J7 7 8.8 Hz),
4.10 (1H, dd, H-7’, Jg,7° 6.4 Hz), 4.41-4.51 (3H, m), 4.52 (1H, s), 4.74 (1H, dd, J
3.7 Hz, I’ 6.2 Hz), 5.27 (1H, dd, J 1.0 Hz, J’ 6.2 Hz), 6.79 (1H, br t, NH), 7.25-
7.37 (5H, m, Ph); 6¢c (CDCl3) 24.4, 24.9, 25.8, 26.5 (4 x q, 2 x Me2C), 42.6 (t,
CH>Ph), 66.2 (t, C-7), 73.0, 80.2, 82.3, 83.3, 89.0 (5§ x d, C-2, C-3, C-4, C-5, C-
6), 108.9, 112.7 (2 x s, 2 x CMeyp), 127.4, 128.7 (2 x d, Ph), 138.4 (s, Ph), 169.5 (s,
C-1); m/z (NH3, DCI) 378 (MH*, 100%). (Found: C, 63.75; H, 6.68; N, 3.47;
C20H27NOg requires: C, 63.64; H, 7.21; N, 3.71%).

Method 2.

Methyl 2,5-anhydro-3,4:6,7-di-O-isopropylidene-D-glycero-D-talo-heptonate (3.19)
(50 mg, 0.17 mmol) and benzylamine (0.11 ml, 0.99 mmol) were stirred in dry
methanol (2 ml) at room temperature under nitrogen. After 16 h, the solvent was
removed and ethyl acetate (10 ml) added. The resulting solution was washed with 1M
HCI (10 ml), water (10 ml), brine (10 ml), dried (magnesium sulphate), filtered, the
solvent removed and the residue purified by flash chromatography (hexane : ethyl
acetate, 2 : 1) to yield N-benzyl-2.5-anhydro-3.4:6.7-di- O-isopropylidene-D-glycero-
D-talo-heptonamide (3.18) (57 mg, 91%) as a colourless oil, identical to the material

described above.

N-Benzyl-2-deoxy-3.4:6.7-di-O-
isoprogylidene-}iogo-D-glycero—D-talo-
heptonamide (3.20).

2-Deoxy-3,4:6,7-di-O-isopropylidene-2-

iodo-D-glycero-D-galacto-heptono-1,5-
lactone (3.17) (2.0 g, 5.0 mmol) and
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benzylamine (11 ml, .10 mol) were stirred in dry THF (20 ml) at room temperature
under nitrogen. After 0.5 h, t.l.c (hexane : ethyl acetate, 1 : 1) indicated complete
consumption of starting material (R¢ 0.8) and formation of a major product (Rf 0.7).
The reaction mixture was diluted with ether (100 ml) and washed with 1M HCl (2 x 50
ml) and water (50 ml). The organic extracts were dried (magnesium sulphate), the
solvent removed and the residue purified by flash chromatography (hexane : ethyl
acetate, 2 : 1) to give N-

glycero-D-talo-heptonamide (3.20) (1.63 g, 64%) as a colourless oil; [a]p20 +30.4 (c,
1.0 in CHCl13); vipax (film) 3300 (OH, NH) 1651 (amide) cm-1; 8y (CDCl3) 1.34,

1.39, 1.43, 1.51 (4 x s, 2 x MepC), 3.47 (1H, m), 3.87-4.11 (3H, m), 4.48 (3H, m),
4.81-4.96 (2H, m), 6.28 (1H, br t, NH, J 5.9 Hz), 7.24-7.40 (5H, m, Ph); d¢C
(CDCl3) 23.2 (d, C-2), 24.2, 25.2, 26.5, 26.8 (4 x q, 2 x Me»C), 43.6 (1, CH2Ph),
66.4 (t, C-7), 69.6, 75.0, 76.3, 78.4 (4 x d, C-3, C-4, C-5, C-6), 107.6, 109.4 (2 x
s, 2 x CMe»p), 127.8, 127.9, 128.9 (3 x d, Ph) 137.8 (s, Ph), 170.0 (s, C-1); m/z
(NH3, DCI) 506 (MH*). (Found: C, 47.31; H, 5.54; N, 2.66; C20H28NOgl requires:
C, 47.54; H,.5.58; N, 2.77%).

N-Methyl-2-deoxy-3.4:6.7-di-O-

isopropvlidene-2-iodo-D-glycero-D-galacto-

heptonamide (3.21).

2-Deoxy-3,4:6,7-di-O-isopropylidene-2-iodo-D-glycero-D-galacto-heptono-1,5-lactone
(3.17) (490 mg, 1.26 mmol) was stirred in dry THF (3 ml) at room temperature in the
dark. Methylamine (3 ml, 33% solution in methanol) was added and the mixture stirred
for 5 min, after which time the solvent was removed to yield N-methyl-2-deoxy-
3.4:6.7-di-QO-isopropylidene-2-iodo-D-glycero-D-galacto-heptonamide (3.21) (532 mg,

crude, quantitative) as a white crystalline solid, which was purified by recrystallisation

(ether / hexane), m.p. 130-132 ©C (ether / hexane); [ap20 +50.3 (c, 0.6 in CHCl3);
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Vmax (KBr) 3400-3300 (br, OH, NH), 1666 (amide) cm-l; 8y (CDCl3) 1.34, 1.39,
1.43, 1.52 (12H, 4 x s, 2 x Mep(C), 2.86 (3H, d, MeN, J 4.9 Hz), 3.43 (1H, dd, J 7.2
Hz, J’ 9.5 Hz), 3.94-4.04 (3H, m), 4.50 (1H, d, J 6.7 Hz), 4.82 (1H, dd, J 6.7 Hz,
J’ 10.1 Hz), 4.87 (1H, d, J 10.1 Hz), 5.78 (1H, m, NH); ¢ (CDCl3) 22.3 (d, C-2),
24.1, 25.2, 26.4, 28.8 (4 x q, 2 x Me>C and MeNH), 66.3 (t, C-7), 68.5, 74.9, 76.3,
78.3 (4 x d, C-3, C-4, C-5, C-6), 107.8, 109.4 (2 x s, 2 x CMe»), 170.5 (s, C-1); m/z
(NH3, DCI) 430 (MH*, 100%), 302 (MH*-HI). (Found: C, 39.41; H, 5.76; N, 3.23;
C14H24NOgl requires: C, 39.17; H, 5.64; N, 3.26%).

2-O-tert-Butyldimethylsilyl-3.4-O- ’P
O
isopropylidene-D-glycero-L-altro-heptono- 0
Bu'Me,SiOy,
1.5-lacton 2 |

.ul/, 1y "‘“\ OH

OH
2-0-tert-Butyldimethylsilyl-3,4:6,7-di- O-isopropylidene-D-glycero-L-altro-heptono-
1,5-lactone (3.15) (645 mg, 1.6 mmol) was stirred in a mixture of water (5 ml) and
acetic acid (20 ml) at room temperature. After 16 h, t.1.c. (hexane : ethyl acetate, 2 : 1)
indicated the complete consumption of starting material (R¢ 0.6) and the formation of a
major product (Rf 0.1). The solvent was removed, the residue co-evaporated with

toluene (2 x 5 ml) and purified by flash chromatography (hexane : ethyl acetate, 1 : 1)

to yield
1.5-lactone (3.23) (308 mg, 53%) as a white foam; [a]p20 -34.5 (¢, 1.05 in CHCl3);
Vmax (film) 3400-3200 (br, OH), 1767 (C=0) cm-l; 8y (CDCl3) 0.14, 0.18 (6H, 2 x
s, MesSi), 0.96 (9H, s, But), 1.38, 1.52 (6H, 2 x s, Me2C), 3.80 (1H, dd, H-7, Jg 7
5.1 Hz, J7,77 11.6 Hz), 3.85 (1H, dd, H-7', J¢,77 5.6 Hz), 3.91 (1H, m, H-6), 4.16
(1H, dd, H-5, J4,5 9.3 Hz, J56 3.9 Hz), 4.32 (1H, t, H-3), 4.40 (1H, d, H-2, 12,3
7.2 Hz), 4.46 (1H, dd, H-4, J3 4 7.9 Hz); dc (CDCl3) -5.5, -5.1 (2 x q, Me»Si), 18.2

(s, CMe3), 24.5, 26.7 (2 x g, Me2C), 25.5 (g, Me3C), 63.0 (t, C-7), 70.3, 70.5,
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72.1, 77.0, 78.1 (5 x d, C-2, C-3, C-4, C-5, C-6), 111.9 (s, CMe»p), 171.4 (s, C-1);
m/z (NH3, DCI) 380 (MNH4%), 363 (MH*+, 100%). (Found: C, 52.74; H, 8.49;
Ci16H3007S1 requires: C, 53.01; H, 8.34%).

2-O-tert-Butyldimethylsilyl-3,4-O-isopropylidene-D-glycero-L-altro-heptono-1,5-

lactone (3.23) (223 mg, 0.62 mmol) and periodic acid (169 mg, 0.74 mmol) were
stirred together in THF (10 ml) at room temperature. After 10 min, t.1.c. (hexane : ethyl
acetate, 1 : 1) indicated complete consumption of starting material (Rf 0.5) and the
formation of a single product (R¢ 0.7). The crude reaction mixture was preabsorbed
onto silica and purified by flash chromatography (hexane : ethyl acetate, 1 : 1) to yield
the aldehyde (135 mg, 66%) which was used in next step directly, without further
purification or characterisation.

The aldehyde (135 mg, 0.41 mmol) was dissolved in a mixture of water (4 ml) and
ethanol (4 ml) and stirred at -10 °C. Sodium borohydride (5.1 mg, 0.12 mmol) was
then added. After 10 min, acetic acid (1 ml) and ethyl acetate (20 ml) were added and
the mixture allowed to warm to room temperature. The reaction mixture was then
washed with brine (20 ml), which was further extracted with ethyl acetate (2 x 10 ml).
The organic extracts were combined, dried (magnesium sulphate), filtered, the solvent
removed and the residue purified by flash chromatography (hexane : ethyl acetate, 1: 1)

butvldimethylsilyl-3.4-O-1sopropylidene-L.-altrono-1,5-lactone (3.24

to yield 2-O-tert-
(53 mg, 40%, R¢ 0.6) as a white crystalline solid, m.p. 94-95 © C (pentane); [a]p20

-43.2 (c, 1.05 in CHCl3); Vmax (film) 3400-3200 (br, OH), 1771 (C=0) cm!; éy
(CDCl3) 0.14, 0.19 (6H, 2 x s, MezSi), 0.97 (9H, s, BuY), 1.37, 1.52 (6H, 2 x s,
Me,C), 3.82 (1H, dd, H-6, J5,6 4.8 Hz, J¢ ¢ 12.6 Hz), 3.99 (1H, dd, H-6', Js.g 2.5
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Hz), 4.18 (1H, ddd, H-5, J4,5 8.6 Hz), 4.30-4.36 (2H, m, H-3, H-4), 4.40 (1H, d,
H-2, J2.3 6.5 Hz); 8¢ (CDCl3) -5.5, -5.1 (2 x q, MeSi), 18.3 (s, CMe3), 24.5, 26.7
(2 x q, Me2C), 25.5 (q, Me3C), 61.6 (t, C-6), 70.5, 72.2, 77.7, 78.2 (4 x d, C-2, C-
3, C-4, C-5), 112.0 (s, CMey), 171.0 (s, C-1); m/z (NH3, DCI) 333 (MH*, 100%).
(Found: C, 53.95; H, 8.63; C15H80¢Si requires: C, 54.19; H, 8.49%).

4-0-Isopropvlidene-L.-altrono-1.5-lacton 22
O

oZ No """/|
OH

2-O-tert-Butyldimethylsilyl-3,4-O-isopropylidene-L-altrono-1,5-lactone (3.24) (37 mg,
0.11 mmol) and acetic acid (64 pl, 1.1 mmol) were stirred in THF (5 ml) at room
temperature under nitrogen. Tetra-n-butylammonium fluoride (0.28 ml, 1.0 M soln in
THF) was added and the reaction mixture warmed to 50 °C. After 2 h, t.l.c. (hexane :
ethyl acetate, 1 : 1) indicated complete consumption of starting material (R¢ 0.6) and the
formation of a single product (R¢ 0.1). The solvent was then removed and the residue
purified by flash chromatography (hexane : ethyl acetate, 1 : 2) to yield 3.4-O-

isopropylidene-L-altrono-1.5-lactone (3.22) (18 mg, 74%) as a white crystalline solid,
m.p. 131-133 © C (ethy! acetate / hexane)[Enantiomer 130-132 °C)]; [at]p20 -96.2 (c,

0.53 in EtOH)[Enantiomer +101.3 (c, 0.9 in EtOH)]; all spectral data identical with that

of the enantiomeric compound (2.11), described in Chapter 2.
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h -1.5-lacton 2

3,4:6,7-Di-O-isopropylidene-D-glycero-L-altro-heptono-1,5-lactone (3.16) (907 mg,
3.15 mmol) and dry pyridine (0.63 ml, 7.88 mmol) were stirred at -20 °C in
dichloromethane (50 ml) under nitrogen. Trifluoromethanesulphonic anhydride (0.80
ml, 4.72 mmol) was added and the reaction mixture stirred at -20 °C. After 30 min,
t.1.c. (hexane : ethyl acetate, 3 : 1) indicated the formation of a single product (Rf 0.5).
Further dichloromethane (20 ml) was added and the mixture allowed to warm to room
temperature. The crude mixture was then shaken successively with 1M HCI (20 ml),
water (20 ml) and brine (20 ml). The organic extracts were then dried (magnesium

sulphate), filtered, the solvent removed and the residue purified by flash

chromatography (hexane : ethyl acetate, 3 : 1) to yield 3.4:6.7-di-O-isopropylidene-2-

O-trifluoromethanesulphonyl-D-glycero-I-altro-heptono-1.5-lactone (3.25) (1.01 g,
76%) as a white crystalline solid, m.p. 100-102 °C (ether / hexane); [a]p20 -15.5 (c,

1.01 in CHC13); Vmax (KBr) 1785 (C=0) cm-1; 8y (CDCl3) 1.41, 1.42, 1.47, 1.56
(12H, 4 x s, 2 x MezC), 4.04 (1H, dd, H-7, J¢7 6.7 , J7 7 8.6 Hz), 4.14 (1H, dd, B-
7, J6,77 6.8 Hz), 4.19 (1H, dd, H-5, J4 5 8.3 Hz, J5,6 3.5 Hz), 4.38 (1H, dt, H-6),
4.55-4.62 (2H, m, H-3, H-4), 5.23 (1H, d, H-2, J 3 7.4 Hz); 6c (CDCl3) 24.5,
25.3, 25.8, 26.5 (4 x q, 2 x Mex(), 64.8 (t, C-7), 71.6, 73.9, 74.3, 77.1, 81.6, (5 x
d, C-2, C-3, C-4, C-5, C-6), 110.6, 113.6 (2 x s, 2 x CMey), 164.0 (s, C-1); m/z
(NH3, DCI) 438 (MNH4*, 100%), 421 (MH*). (Found: C, 40.26; H, 4.30;
C14H1900SF3 requires: C, 40.00; H, 4.56%).
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O O ..l/,,/ I;\\ O><

O
3,4:6,7-Di-O-isopropylidene-2-O-trifluoromethanesulphonyl-D-glycero-L-altro-
heptono-1,5-lactone (3.25) (62 mg, 0.15 mmol) and sodium iodide (110 mg, 0.74
mmol) were stirred together in dry acetone (5 ml) at 40 °C. After 2 h, t.l.c. (hexane :
ethyl acetate, 2 : 1) indicated complete consumption of starting material (R¢ 0.6) and the
formation of a mixture of products (Rf0.5 and R¢ 0.4). At this point the solvent was
removed and the residue dissolved in ethyl acetate (20 ml). The crude mixture was then
washed with aqueous sodium thiosulphate solution (1.0 M, 20 ml), which resulted in
decolourisation of the organic layer. T.l.c. (hexane : ethyl acetate, 2 : 1) at this point
revealed the formation of a single product (Rf 0.3). The organic extracts were then
washed with water (10 ml), brine (10 ml), dried (magnesium sulphate), filtered, the
solvent removed and the residue purified by flash chromatography (hexane : ethyl

acetate, 3 : 1) to yield 2-deoxy-3.4:6.7-di-O-isopropylidene-D-talo-heptono-1.5-lactone

(3.26) (32 mg, 80%), as a white crystalline solid, m.p. 138-140 °C (ether / hexane);
[0]p20 -45.3 (¢, 0.6 in CHCl3); Vmax (CHCl3) 1755 (C=0) cm-1; 8y (CDCI3) 1.37,
1.39, 1.42, 1.49 (12H, 4 x s, 2 x Me2C), 2.69 (1H, dd, H-2, J»»* 16.0 Hz, J2 3 5.7
Hz), 3.13 (1H, dd, H-2’, J»’ 3 6.0 Hz), 4.02 (1H, t, H-7), 4.11 (1H, dd, H-7', Jg 7'
6.6 Hz, J777 8.4 Hz), 4.22 (1H, dd, H-5, J4,5 5.8 Hz, J56 3.0 Hz), 4.34 (1H, ddd,
H-6, Jg 7 7.6 Hz), 4.39 (1H, dd, H-4, J34 7.3 Hz), 4.63 (1H, dt, H-3); 6c (CDCl3)
24.5, 25.5, 25.8, 26.7 (4 x q, 2 x Me2C), 34.7 (t, C-2), 65.1 (t, C-7), 70.7, 72.4,
75.3, 78.0, (4 x d, C-3, C-4, C-5, C-6), 110.4, 110.7 (2 x s, 2 x CMey), 169.4 (s, C-
1); m/z (NH3, DCI) 290 (MNH4%), 273 (MH*, 100%). (Found: C, 57.57; H, 7.41;
C13H200¢ requires: C, 57.34; H, 7.40%).
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I O
O O .ul//lli\\ %<
(3.28) o)
O’P

O O .ul/,/ "‘\\ %<
(3.27) l\

O

3,4:6,7-Di-O-isopropylidene-2- O-trifluoromethanesulphonyl-D- glycero- L-altro-

heptono-1,5-lactone (3.25) (270 mg, 0.64 mmol) and tetra-n-butylammonium iodide
(240 mg, 0.64 mmol) were stirred together in dry THF (70 ml) at room temperature in
the dark. After 1.5 h, t.l.c. (hexane : ethyl acetate, 2 : 1) indicated complete
consumption of starting material (Rg 0.6) and the formation of a mixture of products (R

0.5 and R¢ 0.4). At this point the solvent was removed and the residue purified by flash
chromatography (hexane : ether, 1 : 1) to yield 2-deoxy-3.4:6.7-di-O-isopropylidene-2-

iodo-D-glycero-L-allo-heptono-1.5-lactone (3.28) and 2-deoxy-3.4:6.7-di-O-
(182 mg, 71%),

as an inseparable mixture of epimers (2D t.Lc. indicating interconversion on silica); a
colourless 0il; Vmax (film) 1752 (br, C=0) cm-l; 8y (CDCl3) 1.38 (15H, brs, 5 x Me),
1.43, 1.52, 1.57 (9H, 3 x s, 3 x Me), 3.74-3.77 (m), 3.96-4.17 (m), 4.27-4.42 (m),
4.49-4.81 (m), 5.21-5.25 (1H, m), 5.27 (1H, d, J 4.8 Hz); 6c (CDCl3) 19.5, 23.1 (2
x d, 2 x C-2), 24.5, 249, 25.4, 25.8, 26.0, 26.5, 26.8, 30.9 (8 x q, 4 x Me,C),
64.9, 65.2 (2 x t, 2 x C-7), 72.5, 72.7, 74.0, 74.2, 75.6, 78.0, 78.8, 80.3 (8 x d, 2 x
C-3, 2 x C-4, 2 x C-5, 2 x C-6), 110.4, 110.7, 111.7, 112.1 (4 x s, 4 x CMeyp),
165.5, 166.4 (2 x s, 2 x C-1); m/z (NH3, DCI) 416 (MNH4*), 399 (MH+). (Found:
C, 39.41; H, 4.55; C13H190¢l requires: C, 39.21; H, 4.81%).
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"','I/ U\ OH

(3.29)

OH
2-Deoxy-3,4:6,7-di-O-isopropylidene-2-iodo-D-glycero-L-allo-heptono-1,5-lactone
(3.28) and 2-deoxy-3,4:6,7-di-O-isopropylidene-2-iodo-D-glycero-L-altro-heptono-
1,5-lactone (3.27) (130 mg, 0.33 mmol, mixture of epimers as described above) were
stirred in a mixture of acetic acid (8 ml) and water (2 ml) at room temperature in the
dark. After 20 h, t.1.c. (ethyl acetate) indicated the formation of a mixture of products
(R 0.6 and R¢ 0.55). The solvent was removed, the residue co-evaporated with toluene

(2 x 3 ml) and then purified by flash chromatography (ethyl acetate : hexane, 2 : 1) to

yield a mixture of 2-deoxy-2-iodo-3.4-0O-isopropylidene-D-glycero-L-allo-heptono-

1,5-lactone (3.30) and 2-deoxy-2-iodo-3.4-O-isopropylidene-D-glycero-L-altro-

heptono-1,5-lactone (3.29) (78 mg, 67%, ratio of 5 : 7 indicated by 1H nmr), as a

colourless oil. These materials were found to be inseparable by chromatography (2D
t.l.c. again indicating interconversion on silica). Recrystallisation from ethyl acetate /

hexane yielded pure 2-deoxy-2-iodo-3.4-O-isopropylidene-D-glycero-L-allo-heptono-

1.5-lactone (3.30) as a white crystalline solid, m.p. 144-146 °C (ethyl acetate /
hexane); [0]p20 -17.2 (¢, 0.93 in EtOH); vmax (KBr) 3400-3200 (br, OH), 1728

(C=0) cm"1; 8y (CD3CN) 1.36, 1.48 (6H, 2 x 5, MeC), 3.03 (1H, br t, J 5.9 Hz),
3.12 (1H, br t, J 5.7 Hz), 3.50-3.59 (1H, m), 3.68 (1H, d, J 5.3 Hz), 4.51-4.55 (2H,
m), 5.47 (1H, d, H-2, Jp 3 4.7 Hz); 8¢ (CD3CN) 22.4 (d, C-2), 25.1, 26.6 (2 x g,
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MesO), 62.9 (t, C-7), 72.7, 73.6, 76.1, 81.8 (4 x d, C-3, C-4, C-5, C-6), 111.1 (s,
CMe»y), 166.8 (s, C-1); m/z (NH3, DCI) 376 (MNH4%). (Found: C, 33.35; H, 4.15;
C10H1506l requires: C, 33.54; H, 4.22%);

(3.29) as a colourless oil (still contaminated with a small amount of epimeric material);

Vmax (film) 3400-3200 (br, OH), 1752 (C=0) cm-1; 8 (CD3CN) 1.36, 1.48 (6H, 2 x

s, Me2(C), 3.40 (1H, d, J 6.7 Hz), 3.50-3.59 (3H, m), 3.76 (1H, dq, J 2.3 Hz, J’ 6.6
Hz), 3.85 (1H, dq, J 3.0 Hz, J’ 6.4 Hz), 4.30 (1H, dd, J 2.3 Hz, J’ 9.3 Hz), 4.62
(1H, dd, J 4.1 Hz, J’ 7.5 Hz), 5.03 (1H, d, H-2, J2 3 9.0 Hz); 8¢ (CD3CN) 24.6 (d,
C-2), 23.8, 26.0 (2 x q, MeyC), 61.8 (t, C-7), 69.6, 71.4, 77.8, 80.2 (4 x d, C-3, C-
4, C-5, C-6), 111.4 (s, CMey), 166.3 (s, C-1); m/z (NH3, DCI) 376 (MNH4*).

OH
(1S.4S.5S.6R.7S)-4-TIodo-5.6-0O-isopropylidene-2-oxa-
5.6.7-trihydroxy-bicyclo[2.2.1.]heptan-3-one (3.31) o
o 1Y%

A mixture of 2-deoxy-2-iodo-3,4-O-isopropylidene-D-glycero-L-allo-heptono-1,5-
lactone (3.30) and 2-deoxy-2-iodo-3,4-0-isopropylidene-D-glycero-L-altro-heptono-
1,5-lactone (3.29) (65 mg, 0.18 mmol, mixture of epimers as prepared above) and
periodic acid (50 mg, 0.22 mmol) were stirred in THF at room temperature. After 10
min, t.l.c. (ethyl acetate) indicated complete consumption of starting materials. The
crude mixture was preabsored onto silica and flushed through a short silica plug (eluant
ethyl acetate). The solvent was then removed to yield a mixture of aldehydes (47 mg,
80%) which was used directly without further purification or characterisation

The mixture prepared above and 18-crown-6 (10 mg, 0.04 mmol) were dissolved in
dry acetonitrile (3 ml) and stirred at 0 °C under nitrogen. Potassium fluoride (21 mg,
0.36 mmol) was added and the mixture stirred for 30 min. At this point t.1.c. (hexane :
ethyl acetate, 1 : 1) indicated the formation of a product (Rt 0.2), together with some

baseline material. Ethyl acetate (20 ml) and semi-saturated brine (20 ml) were added
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and the mixture stirred at O °C for a further 5 min. The organic layer was removed and
the aqueous layer further extracted with ethyl acetate (2 x 10 ml). The organic extracts

were then combined, dried (magnesium sulphate), filtered, the solvent removed and the

30% over two steps) identical to an authentic sample of this material;8 viax (film)

3400-3200 (br, OH), 1791 (C=0) cm-! ; 8y (CDCl3) 1.38, 1.52 (6H, 2 x s, Me2C),
4.63 (1H, d, J 2.5 Hz), 4.75 (1H, dd, J 2.2 Hz, J’ 3.8 Hz), 5.08 (2H, m); m/z (NH3,

DCI) 344 (MNH4*, 100%), 327 (MH*).

0% >0 %<
(3.32) I\ o)
2-azido-2-deoxy-3.4:6.7-di-O-isopropylidene-D- ’P
glycero-L-allo-heptono-1.5-lactone (3.33). N, y 0
0% > o7 "up %<
(3.33) L o

3,4:6,7-Di-O-isopropylidene-2- O-trifluoromethanesulphonyl-D-glycero-L-altro-

heptono-1,5-lactone (3.25) (390 mg, 0.92 mmol) and sodium azide (181 mg, 2.78
mmol) were stirred in dry DMF (10 ml) at room temperature. After 10 min, t.l.c.
(hexane : ethyl acetate, 2 : 1) indicated the formation of two products (R¢0.5 and Ry
0.3). The solvent was removed and ethyl acetate (50 ml) and water (50 ml) were added.
The crude mixture was shaken and the organic extracts were washed with brine (50

ml), dried (magnesium sulphate), filtered, the solvent removed and the residue purified

by flash chromatography (hexane : ethyl acetate, 3 : 1) to yield 2-azido-2-deoxy-

3.4:6.7-di-O-isopropylidene-D-glycero-L-altro-heptono-1.5-lactone (3.32) (160 mg,
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55%, R¢ 0.5), as a white crystalline solid, m.p. 111-112 °C (ether / hexane); [a]p20
-18.7 (¢, 0.99 in CHCl3); Vimax (CHCl3) 2121 (N3), 1772 (C=0) cm-1; 8y (CD3CN)
1.35 (6H, s, Me,C), 1.40, 1.50 (6H, 2 x s, Me2C), 3.95 (1H, dd, H-7, Js7 6.1 Hz,
J7,77 8.6 Hz), 4.10 (1H, dd, H-7’, Jg 70 6.9 Hz), 4.18 (1H, dd, H-5, J4,5 9.3 Hz, J56
4.2 Hz), 4.31-4.34 (2H, m, H-3, H-6), 4.39 (1H, dd, H-4, J34 7.7 Hz), 4.48 (1H,
d, H-2, J2 3 8.1 Hz); d¢ (CDCl3) 24.4, 25.4, 26.0, 26.7 (4 x q, 2 x Me»C), 62.0 (d,
C-2), 649 (1, C-7), 71.4, 74.0, 75.5, 77.0, (4 x d, C-3, C-4, C-5, C-6), 110.4,
112.8 2 x s, 2 x CMe)p), 166.8 (s, C-1); m/z (NH3, DCI) 331 (MNH4%), 314 (MH*),
303 (MNH4*-N»j), 286 (MH*-N3, 100%). (Found: C, 49.93; H, 6.09; N, 13.59;
C13H1906N3 requires: C, 49.84; H, 6.11; N, 13.41%);

n.O.e. Data. Irradiate 8 4.18 (H-5) ; enhancements : 3.95 (H-7, 2.5%), 4.3 (H-6,

3.6%), 4.48 (H-2, 11.2%)
Irradiate 6 4.48 (H-2) ; enhancements : 4.18 (H-5, 9%)

and 2-azido-2-deoxy-3.4:6.7-di-QO-isopropylidene-D-glycero-L-allo-heptono-1.3-
lactone (3.33) (54 mg, 19%, R¢ 0.3), as a white crystalline solid, m.p. 132-134 °C
(ether / hexane); [a]p20 +87.6 (c, 0.98 in CHCI3); vmax (CHCI3) 2118 (N3), 1764

(C=0) cm-L; 8y (CDCl3) 1.36, 1.37, 1.39, 1.50 (12H, 4 x s, 2 x Me;C), 4.01 (1H, t,
H-7, J 8.3 Hz), 4.11 (1H, dd, H-7, Jg.7 6.6 Hz, J7,7° 8.5 Hz), 4.27 (1H, m, H-6,
Js.6 1.6 Hz), 4.51 (1H, m, H-5), 4.62 (1H, dd, H-4, J34 7.2 Hz, J4 5 0.6 Hz), 4.74
(1H, d, H-2, Jp 3 4.0 Hz), 4.87 (1H, dd, H-3); 8¢ (CDCl3) 24.4, 25.3, 25.5, 26.2 (4
x g, 2 x MesC), 58.2 (d, C-2), 65.5 (t, C-7), 74.6, 76.0, 76.4, 79.8, (4 x d, C-3, C-
4. C-5, C-6), 111.1 (s, 2 x CMe), 167.0 (s, C-1); m/z (NH3, DCI) 331 (MNH4*),
314 (MH"Y), 303 (MNH4+-N2), 286 (MH*-N3, 100%). (Found: C, 50.04; H, 6.11;

N, 13.52; C13H190gN3 requires: C, 49.84; H, 6.11; N, 13.41%).

n.0.e. Data. Irradiate 8 4.50 (H-5) ; enhancements : 4.01 (H-7, 2.4%), 4.27 (H-6,

5.2%), 4.62 (H-4, 2%). No enhancement seen to H-2.
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Irradiate 8 4.74 (H-2) ; enhancements : 4.87 (H-3, 3%). No

enhancement seen to H-5.

Irradiate 6 4.87 (H-3) ; enhancements : 4.74 (H-2, 5.7%).

O 0) ""/// o\ OH

OH
2-Azido-2-deoxy-3,4:6,7-di-O-isopropylidene-D-glycero-L-altro-heptono-1,5-lactone
(3.32) (92 mg, 0.3 mmol) was stirred at room temperature in a mixture of acetic acid
(4 ml) and water (1 ml). After 20 h, t.1.c. (hexane : ethyl acetate, 2 : 1) indicated
complete consumption of starting material (R¢ 0.6) and the formation of a major product
(Rf 0.1). The solvent was removed, the residue co-evaporated with toluene (2 x 5 ml)

and then purified by flash chromatography (ethyl acetate) to yield 2-azido-2-deoxy-3.4-

Q-isopropylidene-D-glycero-L-altro-heptono-1.5-lactone (3.34) (74 mg, 92%), as
colourless oil; [@]p20 -25.9 (c, 1.04 in CHCI3); vimax (film) 3400 (br, OH) 2120 (N3),

1765 (C=0) cm-!; 8y (CD30D) 1.41, 1.56 (6H, 2 x s, Me2C), 3.79 (1H, dd, H-7,
J6.7 5.2 Hz, J7,77 11.5 Hz), 3.86 (1H, dd, B-T7", J6,7> 6.0 Hz), 3.96 (1H, dt, J 3.4
Hz, J’ 5.5 Hz), 4.23 (1H, dd, J 3.4 Hz, J’ 9.3 Hz), 4.31-4.35 (2H, m), 4.56 (1H,
ddd, J 1.4 Hz, I’ 6.0 Hz, J”’ 9.3 Hz); 8¢ (CD30D) 24.4, 26.6 (2 x q, Me2C), 62.1
(d, C-2), 62.8 (t, C-7), 70.1, 70.5, 75.4, 78.0, (4 x d, C-3, C-4, C-5, C-6), 112.8 (s,
CMe>), 168.3 (s, C-1); m/z (NH3, DCI) 291 (MNH4*, 100%), 274 (MH*), 263
(MNH4*-N3), 246 (MH*-N2). (Found: C, 44.32; H, 5.51; N, 15.03; C19H1506N3
requires: C, 43.96; H, 5.53; N, 15.38%).
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O 0 “oy, w OH

OH
2-Azido-2-deoxy-3,4:6,7-di-O-isopropylidene-D-glycero-L-allo-heptono-1,5-lactone
(3.33) (80 mg, 0.26 mmol) was stirred at 50 °C in a mixture of acetic acid (4 ml) and
water (1 ml). After 2 h, t.l.c. (hexane : ethyl acetate, 1 : 1) indicated complete
consumption of starting material (Rg 0.6) and the formation of a major product (R¢ 0.1).
The solvent was removed, the residue co-evaporated with toluene (2 x 2 ml) and then

purified by flash chromatography (ethyl acetate) to yield 2-azido-2-deoxy-3.4-0-

isopropylidene-D-glycero-L-allo-heptono-1.5-lactone (3.35) (48 mg, 69%), as a white
crystalline solid, m.p. 138-140 °C (decomp, ethyl acetate / hexane); [a]p20 -6.1 (c,

0.53 in EtOH); vmax (KBr) 3369 (br, OH), 2119 (N3), 1737 (C=0) cm-1; 8y (CD30D)
1.38, 1.43 (6H, 2 x s, Me2C), 3.53-3.61 (2H, m, H-7, H-7°), 3.88 (1H, dt, J 2.7 Hz,
I’ 6.7 Hz), 4.68-4.73 (2H, m), 4.83-4.94 (2H, m); 8¢ (CD30D) 23.0, 25.1 (2 x q,
Me»C), 58.3 (d, C-2), 61.8 (t, C-7), 72.5, 74.7, 76.6, 82.2, (4 x d, C-3, C-4, C-5,
C-6), 109.9 (s, CMe»), 168.8 (s, C-1); m/z (NH3, DCI) 291 (MNH4*), 274 (MH?),
263 (MNH4+-Nj), 246 (MH*-N3, 100%). (Found: C, 43.63; H, 5.49; N, 15.21;
C10H150¢N3 requires: C, 43.96; H, 5.53; N, 15.38%).

OH
(1S.4S.5R.6R.7R)-4-Azido-5,6-0-isopropylidene-2-oxa-
5.6.7-trihydroxy-bicyclo] 2.2.1.1heptan-3-one (3.36). 0
\
O N
Method 1.

2—Azido-2-deoxy-3,4-0—isopropylidene-D- glycero-L-altro-heptono-1,5-lactone (3.34)
(50 mg, 0.18 mmol) and periodic acid (50 mg, 0.22 mmol) were stirred in THF (2 ml)

at room temperature. After 5 min, a white precipitate was formed and tl.c. (ethyl

129



Chapter 3-Experimental

acetate) indicated complete consumption of starting material (R¢ 0.6). The mixture was
preabsorbed onto silica and flushed through a short silica plug (eluant ethyl acetate).
The solvent was then removed and the residue stirred with 18-crown-6 (10 mg, 0.03
mmol) in dry acetonitrile (2 ml) at 0 °C under nitrogen. Potassium fluoride (20 mg,
0.33 mmol) was added and after 20 min t.Lc. (hexane : ethyl acetate, 1 : 1) indicated
the formation of a product (R¢ 0.3), together with some baseline material. Ethyl acetate
(15 ml) and semi-saturated brine (10 ml) were added and the mixture stirred at 0 °C for
a further 5 min. The organic layer was then removed and the aqueous layer washed
with ethyl acetate (2 x 10 ml). The organic extracts were then combined, dried

(magnesium sulphate), filtered, the solvent removed and the residue purified by flash

chromatography (hexane : ethyl acetate, 1 : 1) to yield (1S.4S.5R.6R.7R)-4-azido-5.6-

52% over two steps) as an oil which crystallised on standing, m.p. 116-117 °C (on
standing); [a]p20 +167.8 (c, 1.0 in CHCI3); viax (film) 3600 (br, OH), 2124 (N3),
1800 (C=0) cm! ; 8y (CDCl3) 1.39, 1.51 (6H, 2 x s, Me>C), 3.62 (1H, br s, D20
exch, OH), 4.62 (1H, d, J 2.5 Hz), 4.70 (1H, d, J 1.3 Hz), 5.07 (1H, dd, J 1.3 Hz,
J’ 7.4 Hz), 5.14 (1H, dd, J 2.5 Hz, J’ 7.4 Hz); 6c (CDCl3) 25.1, 25.5 (2 x g, Me,C),
75.2 (s, C-4), 76.6, 79.4, 80.1, 82.2 (4 x d, C-1, C-5, C-6, C-7), 117.9 (s, CMe»),
169.0 (s, C-3); m/z (NH3, DCI) 259 (MNH4%, 100%), 214 (MH*-N3). (Found: C,
45.09; H, 4.52; N, 17.30; C9H1105N3 requires: C, 44.82; H, 4.60; N, 17.42%)

Method 2.

2-Azido-2-deoxy-3,4-0O-isopropylidene-D-glycero-L-allo-heptono-1,5-lactone (3.35)
(38 mg, 0.14 mmol) and periodic acid (38 mg, 0.17 mmol) were stirred in THF (2 ml)
at room temperature. After 5 min, a white precipitate was formed and t.1.c. (ethyl
acetate) indicated complete consumption of starting material (Rf 0.4). The mixture was
preabsorbed onto silica and flushed through a short silica plug (eluant ethyl acetate).
The solvent was removed and the residue stirred with 18-crown-6 (8 mg, 0.03 mmol)

in dry acetonitrile (2 ml) at 0 °C under nitrogen. Potassium fluoride (17 mg, 0.3 mmol)
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was added and after 20 min t.1.c. (hexane : ethyl acetate, 1 : 1) indicated the formation
of a product (Rf 0.3), together with some baseline material. Ethyl acetate (15 ml) and
semi-saturated brine (10 ml) were added and the mixture stirred at O °C for a further 5
min. The organic layer was then removed and the aqueous layer washed with ethyl

acetate (2 x 10 ml). The organic extracts were then combined, dried (magnesium

sulphate), filtered, the solvent removed and the residue purified by flash

chromatography (hexane : ethyl acetate, 1 : 1) to yield (1S.4S.5R.6R.7R)-4-azido-5.6-

48% over two steps) identical to the material described above.
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CHAPTER 4

Further Investigations of the Bicyclic Azido Carbocycles derived from D-

glycero-D-talo- and D-glycero-D-galacto-heptono-1.5-lactones.

Introduction.

Cyclisation of the azido aldehyde (1.39), with potassium fluoride in acetonitrile,
yielded a mixture of two carbocylic products (4.1) and (3.36) as described previously

(Scheme 1.12), and shown again in Scheme 4.1.

OJ(
N, O  KEF, 18-crown-6 >r()
> o) 0~
MeCN, 0 °C, 20 min +
N3 O O N3 (O)¥

0™ "o CHO

(1.39) 4.1) (3.36)
55% 25%

Scheme 4.1

Previous work! in this area has concentrated on the use of the major azido carbocyclic
product (4.1) as the starting material for the synthesis of a variety of
polyhydroxylated cyclopentanes. Further investigations into the synthetic uses of this
material are currently in progress.

The azido aldehyde (1.39), used as the starting material for this cyclisation, is derived
in four steps from the products of the Kiliani reaction of diacetone-D-mannose.! The
azide functionality is introduced via displacement of either the D-glycero-D-talo (4.2)

or D-glycero-D-galacto (4.3) triflates (Scheme 4.2).
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(i) 3 equiv. NaN;, DMF, RT, 16 h

Scheme 4.2

Sodium azide can act as a base during the course of these reactions and deprotonation
o to the lactone occurs readily. Performing the reaction under conditions of
thermodynamic control leads to formation of the thermodynamically more stable D-
glycero-D-talo azide (4.4) as the sole reaction product.?2 The high yields observed for
these reactions indicate that proton removal at C-2 occurs without causing significant
fragmentation of the B-oxygen substituent.

The D-glycero-D-galacto azide (4.5) can be isolated from the azide displacement of
the D-glycero-D-talo triflate (4.2) if the reaction is not allowed to reach
equilibrium.2.3 Selective removal of the primary acetonide, followed by periodate
cleavage, would produce the azido aldehyde (4.6). Intramolecular aldol cyclisation of

this material would also lead to cyclopentane formation (Scheme 4.3).

Cyclopentane
Formation.

Scheme 4.3
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Further investigations into the cyclisation of the azido aldehyde (1.39) found that
treatment with sodium azide in acetonitrile resulted in the formation of the same two
carbocyclic products obtained from the potassium fluoride induced cyclisation, but in
opposite ratios (Scheme 4.4). The major product of the sodium azide induced
cyclisation is the second azido carbocycle (3.36).! This material is the sole product
from the cyclisation reactions of the azido aldehydes described in Chapter 3 (Schemes
3.19 and 3.20).

Thus the use of sodium azide as a base to induce cyclisation of the readily available
azido aldehyde (1.39) provides an efficient synthetic route to the second azido

carbocycle (3.36).

Nj O NaN3, 18- -crown- -6 XLZ&
MeCN, RT, 50h

0) O CHO

(1.39) 4.1) (3.36)
17% 53%

Scheme 4.4

Results and Discussion,

This chapter details investigations into ring opening reactions of the second
carbocycle (3.36), and its use in the synthesis of a variety of novel polyhydroxylated
cyclopentane products. It was envisaged that some of these compounds may shown
activity as glycosidase inhibitors. Also detailed are the synthesis and cyclisations of
the azido aldehyde (4.6), derived from the D-glycero-D-galacto azido lactone (4.5).
The work is divided into five sections:-

(i) Synthesis and cyclisation of the azido aldehyde (4.6).

(ii) Equilibration experiments of azido carbocycles.
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(iii) Synthesis of a cyclopentane amino pentol.
(iv) Syntheses of polyhydroxylated cyclopentane spirohydantoins.

(v) Syntheses of polyhydroxylated cyclopentane amino acids.

Each of these will now be discussed in turn.

i) Synthesi lisation of the azido aldeh 4

The starting material used for this synthetic route was the D-glycero-D-galacto azide
(4.5),%2 which is readily available from the kinetically controlled azide displacement of
the D-glycero-D-talo triflate (4.2), itself derived from the major product of the Kiliani
ascension of diacetone-D-mannose. Treatment of the D-glycero-D-talo triflate (4.2)
with 0.9 equivalents of sodium azide, in DMF at room temperature for 3 h, produced
a mixture of compounds, the major component of which was found to be the D-
glycero-D-galacto azide (4.5).3

Conversion of this material to the azido aldehyde (4.6) was achieved via a synthetic
route directly analogous to that described for the synthesis of the azido aldehydes
described in Chapter 3. Selective removal of the primary acetonide group was
achieved by treatment with 80% aqueous acetic acid to produce the diol (4.7).
Treatment of this material with periodic acid in THF at room temperature produced

the required azido aldehyde (4.6) (Scheme 4.5).

(i) 80% aqueous AcOH, RT, 21 h, 80%
(ii) Hs1O4, THF, RT, 5 min, 84%

Scheme 4.5
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Cyclisation of this material was attempted under two sets of reaction conditions.
Treatment with potassium fluoride and 18-crown-6 at 0 °C in dry acetonitrile

produced a poor yield of the two carbocylic products (4.1) and (3.36) (Scheme 4.6).

OH OH
O
N3/,,,. O KF, 18-crown-6 >ﬁ0 0 -
> /0
MeCN, 0 °C, 20 min N o5 0
0 N, 5<
0

o 0 CHO
(4.6) 4.1) (3.36)

5% 15%
Scheme 4.6

Alternatively, cyclisation induced by treatment with sodium azide and 18-crown-6 in
acetonitrile at room temperature produced a mixture of the two carbocylic products,

but in good yield (Scheme 4.7).

OH OH
0

N, In, O NaN 3 18-crow16 O o o~
MeCN, RT, 18h * O +
N, 0) o7 N O
(4.6) 4.1) (3.36)
17% 60%
Scheme 4.7

The major product was found to be the second azido carbocycle (3.36), resulting from

initial epimerisation of the starting material & to the aldehyde functionality, directly
analogous to the sodium azide induced cyclisation of the azido aldehyde (1.39)

detailed in Scheme 4.4.
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i1 ilibration experiments on the azi ]

During investigations into the ring opening of the second azido carbocycle (3.36), it
was found that treamtent of this material with liquid ammonia caused epimerisation

of the free hydroxyl group and production of a third azido carbocyle (4.8), instead of

ring opening (Scheme 4.8).

OH HO
0~ ) %
= O + recovered
9) N; §§< O N3 OS< starting material

(3.36) 4.8) 23%
63%

(i) lig. NH3, -45 °C to RT over 30 min
Scheme 4.8

Epimerisation of the hydroxyl group occurs via a facile base catalysed retro aldol
reaction. This is then followed by re-condensation of the enolate ion onto the opposite

face of the aldehyde (Scheme 4.9).

H OH u O
O r‘etro ald(i ﬁ
O O
O N3 O>< O N3 OS<

(3.36)
rotation
HO—— 1 0Q_H
08 condensation O
o, 5 0
o N3 O>< N3 OS<
(4.8)

Scheme 4.9
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The structure of this material was confirmed by single crystal X-ray analysis and its

crystal structure is shown in Figure 4.1.

Fig 4.1.

Due to the facile interconversion observed between the two carbocycles (3.36) and
(4.8) under basic conditions, it was decided to investigate whether any or all of the
carbocyclic products were equilibrated by the basic reaction conditions used to induce
their formation. A brief study of the interconversions of all three carbocycles under
both sets of reaction conditions, namely potassium fluoride or sodium azide in
acetonitrile, was carried out. The results obtained are summarised in Table 4.1. The
left hand column denotes the pure starting material used and the percentages refer to

the precentage yields of each of the three carbocycles obtained after exposure to the

reaction conditions described.
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Ist 2nd 3rd
Products OH OH HO
Starting k?;&o ?&\O Raon
3
Material N3 'O O N3 g o)
OH (a) No epimerisation —_— _
st O 0O
Q) . . . —
N, (b) No epimerisation
OH
(@) 8% 17% 54%
2nd "
0 Ny N | ) 4% 2% 50%
HO @ 6% 19% 44%
3rd PAD
O Ny o | — 22% 78%

Reaction conditions:- (a) KF, 18-crown-6, MeCN, RT, 24 h
(b) NaNj3, 18-crown-6, MeCN, RT, 48 h

Table 4.1.

As can be seen, the first carbocyle (4.1) is not equilibrated, i.e. it does not undergo a
retro aldol reaction under either set of reaction conditions. Both of the other two
carbocycles (3.36) and (4.8) are converted into a mixture of carbocyles by retro aldol
reactions induced by either set of basic reaction conditions. The fact that the third
carbocycle (4.8) was not isolated from any of the cyclisation reactions may be
explained by the observation that this material is chromatographically inseparable
from the starting aldehdyes (1.39) and (4.6); in all of the cyclisation reactions some
starting aldehyde persisted thus obscuring production and isolation of trace amounts
of (4.8). It may be that (3.36) is formed kinetically, but that (4.8) is

thermodynamically more stable.
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iii is of lopen ino pentol

The second and third azido carbocyles (3.36) and (4.8) are ideal precursors for the
synthesis of a wide range of nitrogen substituted polyhydroxylated cyclopentane
targets. In particular, reductive opening of the lactone ring followed by removal of the
acetonide protecting group and reduction of the azide functionality would provide

access to analogues of the cyclopentane moiety of the trehalase inhibitor trehazolin

(1.28) (Scheme 4.10).

OH HQ OH
O/
----- > HO wil OH
N N
O 3 (&< HOH,C NH,
(1.28)
Cyclopentane moiety
Scheme 4.10 of trehazolin

Attempts to reductively open the two carbocycles (3.36) and (4.8) with sodium
borohydride lead to the formation of the same azido triol (4.9) in high yield in both

cases (Scheme 4.11).

OH

(3.36) (4.9) (4.3)

(i) NaBH,, EtOH, RT, 16 h, 83%
(ii) NaBH,, EtOH, RT, 12 h, 89%

Scheme 4.11
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A plausible explanation for the formation of the same product in both cases i$ that
again the two carbocycles are equilibrated under the basic reaction conditions.
Interconversion via retro aldol reactions occurs more rapidly than reduction. The third
carbocycle (4.8) must be reduced preferentially leading to displacement of the
equilibrium and the formation of a single product (4.9). No material corresponding to
reduction of the monocyclic aldehyde via which the two carbocycles equilibrate was
isolated.

Confirmation of the stereochemistry of the azido triol (4.9) was achieved simply by
removal of the acetonide group with 40% aqueous TFA to produce the symmetrical
azido pentol (4.10), which possessed a zero optical rotation and characteristic 'H and
13C nmr spectra. Reduction of the azide functionality was achieved by hydrogenation
in the presence of palladium black to produce the amino pentol (4.11) which was
further characterised as its hydrochloride salt (4.12) (Scheme 4.12). This material was

tested for potential glycosidase inhibition but showed little activity against a range of

enzymes.
HO,, .‘\\\o% s\OH HQ, §OH
HOIws- -l (i) ~QH (1) HOW- -l OH
HOH,C Nj HOH,C N, HOH,C NH,
4.9 4.10) (4.11)
(iii)
(i) 40% aqueous TFA, RT, 1.5 h, 84% HQ, OH
(ii) H,, Pd black, MeOH, RT, 16 h, 92% = F
(iii) 1M aq HC1
HO - -ull QOH
Scheme 4.12 HOH,C NH;*CI

(4.12)
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iV nth f polyhydroxyl lopentan irohydantoin

Non-reductive ring opening of the bicyclic azido carbocycles followed by
construction of a hydantoin ring between the nitrogen and carbonyl functionalities
would provide access to novel polyhydroxylated cyclopentane spirohydantoins
(Scheme 4.13). Such materials can be considered to be carbocyclic analogues of the
potent herbicide hydantocidin (1.40), and may display herbicidal activity.

Construction of a hydantoin ring may be achieved via many different synthetic
routes.> Two alternative synthetic strategies for the conversion of the bicyclic azido
carbocycles (3.36) and (4.8) into spirohydantoins were attempted, and each will now

be discussed in turn.

OH HO

Ring . ,.~\\07<
opening

O\ N  -------- » HO -

Construction of
hydantoin ring and

deprotection
CH,O0H HQ ~ OH
HO -« OH
O§\\\‘“‘. NH
N
H "o

Hydantocidin (1.40)

Scheme 4.13

(a) Strategy 1.

The first synthetic strategy adopted involved opening of the lactone ring to produce

an azido amide. Reduction of the azide functionality would then produce an amino
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amide and treatment of this material with a phosgene equivalent would result in the
formation of a spirohydantoin ring.

Initial attempts to open the second carbocycle (3.36) with liquid ammonia resulted
only in equilibration to the third carbocycle (4.8) as described previously and shown
in Scheme 4.8.

Successful ring opening of both carbocycles (3.36) and (4.8) was achieved by
treatment with a saturated solution of ammonia in methanol. In both cases the same
azido amide (4.13) was obtained as the sole reaction product, in moderate yield
(Scheme 4.14). Formation of this material results from retro aldol equilibration and
preferential ring opening of the third carbocycle (4.8), directly analogous to the

reductive ring opening outlined in Scheme 4.11.

OH
HO,,, \\\
Q- ——»(l) HO - Q o) (u)
o N & H,NOC N,
(3.36) (4.13) (4.8)

(i) NH; in MeOH, RT, 30 min, 31%
(ii) NH; in MeOH, RT, 30 min, 48%

Scheme 4.14

The stereochemistry of the azido amide (4.13) was confirmed by conversion to the
symmetric diacetonide (4.14), which possessed a zero optical rotation and
characteristic !'H and 13C nmr spectra, by treatment with acetone and 2,2-
dimethoxypropane in the presence of a catalytic amount of camphorsulphonic acid.
Reduction of the azide functionality by hydrogenation in the presence of palladium
black yielded the amino amide (4.15) as a precursor for the formation of a

spirohydantoin (Scheme 4.15).
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HO,, .-\\O>< >( O, .\\\O% >( O, ..«\Ové

HOwm.. e’ (1) Ol -0 (11) Olne- Q)
o —_— ——— A

H,NOC N, H,NOC N, H,NOC NH,
@4.13) (4.14) 4.15)

..

(i) acetone, 2,2-dimethoxypropane, CSA, 40 °C, 3.5 h, 80%
(i1) H,, Pd black, EtOH, RT, 19 h, quantitative

Scheme 4.15

Unfortunately treatment of the amino amide (4.15) with carbonyl diimidazole in
refluxing toluene produced only trace amounts of the required spirohydantoin. The
poor yield observed for this reaction, combined with the low yields observed during
the ring opening step detailed above, and the fact that this route would only allow
access to one of the two possible epimeric hydantoin targets, necessitated an

alternative synthetic strategy.

(b) Strategy 2.

The second synthetic strategy adopted was analogous to that used for the synthesis of
1-epihydantocidin (2.27) described in Chapter 2. Reduction of the bridgehead azide
functionality would produce an amine which could be converted to a urea by
treatment with potassium cyanate. Cyclisation of the urea onto the carbonyl group of
the lactone would then result in the formation of a spirohydantoin.

Smooth reduction of the bridgehead azide functionality of the two carbocycles (3.36)
and (4.8) was achieved by hydrogenation in the presence of palladium black to yield
the two epimeric carbocyclic amines (4.16) and (4.17) respectively. No epimerisation
of the free hydroxyl was observed during these reactions. Conversion of these amines
into their corresponding ureas (4.18) and (4.19) was achieved by treatment with
potassium cyanate in acetic acid to yield the two epimeric precursors required for

spirohydantoin formation. These reactions are summarised in Scheme 4.16.
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OH
0
NH, 3<
o HN. O
>=0
H,N

(3.36) (4.16) (4.18)
NH, o
(4.8) (4.17) (4.19)

(1) Hy, Pd black, EtOH / water, RT, 2 h, 97%
(i1) KCNO, AcOH, RT, 1 h, 2%

(iii) H,, Pd black, EtOH / water, RT, 3 h, 76%
(iv) KCNO, AcOH, RT, 20 min, 78%

Scheme 4.16

Initial attempts to induce cyclisation of these materials involved treatment with
potassium tert-butoxide in DMF in a manner analogous to that used for the synthesis
of 1-epihydantocidin (2.27) as described in Chapter 2, but these proved unsuccessful.
At temperatures above 0 °C complete decomposition occurred in both cases, and at
lower temperatures either of the pure ureas, (4.18) or (4.19), was simply converted
into a mixture of both epimers via retro aldol reactions.

Silylation of the free hydroxyl group of the urea (4.18), derived from the second
carbocycle (3.36), was achieved by treatment with TBDMS triflate in pyridine to
produce the silyl urea (4.20) (Scheme 4.17). T.l.c. analysis of the reaction mixture did
not indicate the formation of any of the epimeric urea (4.19), and hence it was

assumed that no epimerisation of the hydroxyl substituent had occurred during this

reaction.
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OH OSiMe,Bu'
0~ (1) 0~
x ot
0) 0]
o’ NH 05< of NH 05<
¥=0 =0
H,N H,N
(4.18) (4.20)
(i) TBDMSOTH, py, 0 °C, 10 min, 58%
Scheme 4.17

Treatment of this material with potassium tert-butoxide did not induce retro aldol
reactions but neither did it induce cyclisation to a spirohydantoin; only starting
material was recovered in all cases.

Due to these difficulties, an alternative acid catalysed cyclisation approach was
applied to the ureas (4.18) and (4.19). This approach was not attempted initially since
it would necessarily induce removal of the acetonide protecting group and
purification of any reaction products by conventional chromatography would be
difficult.

Successful cyclisation and deprotection was achieved in both cases by refluxing the
urea in a solution of methanolic HCl, produced by the addition of acetyl chloride to
dry methanol. Good yields of the two tetrahydroxy spirohydantoins (4.21) and (4.22)
were obtained (Scheme 4.18).

The symmetric hydantoin (4.22), derived from the third carbocycle (4.8) was found to
possess a zero optical rotation and characteristic 'H and 13C nmr spectra as expected.

These materials will be tested against a range of glycosidases and for potential

herbicidal activity.
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o HQ  OH
(1) HO Wil OH
4> )
O gnN (?ﬁ< Oj\\\\ NH
>=O N
H,N H O
(4.18) 4.21)
HO H% §OH
0 (i1) HO!m wil OH
> \
O HN (;X< Oj\‘\\ NH
>=O N
H2N H O
(4.19) (4.22)

(1) MeOH / HC, reflux, 32 h, 90%
(i1) MeOH / HC], reflux, 72 h, 81%

Scheme 4.18

v) Syntheses of polvhvdroxylated cyclopentane amino acids.

It was envisaged that conversion of the two azido carbocycles (3.36) and (4.8) into
their corresponding cyclopentane ai-amino acids could be achieved by a short reaction
sequence. The general synthetic strategy initially adopted involved removal of the
acetonide protecting group followed by reduction of the azide functionality and ring
opening of the resultant amino lactone to produce the corresponding amino acid.

Treatment of the two azido carbocycles (3.36) and (4.8) with 40% aqueous TFA
resulted in the formation of the corresponding triols (4.23) and (4.24). Reduction of
the bridgehead azide functionality was then achieved in both cases to yield two

epimeric amino triols (4.25) and (4.26) (Scheme 4.19). These materials were found to

be extremely hydroscopic.



Chapter 4-Results and Discussion 149

S fm

O NH, OH
(3.36) (4.23) (4.25)
m (111) h (IV) h
OH
O NH, OH
(4.8) (4.24) (4.26)

(1) 40% aqueous TFA, RT, 3 h, 94%

(i1) H,, Pd black, EtOH, RT, 4 h, quantitative
(iii) 40% aqueous TFA, RT, 6 h, 81%

(iv) H,, Pd black, EtOH, RT, 3 h, quantitative

Scheme 4.19

Several ring opening reactions were attempted on both amino triols (4.25) and (4.26).
It was found that ring opening could be achieved by treatment with aqueous sodium
hydroxide or aqueous triethylamine. In all cases a mixture of either two or three
amino acid products was obtained, presumably as a result of base catalysed retro aldol
epimerisation. In all cases the major product was found to be the amino acid (4.27)

(Scheme 4.20).
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,/, \\\\OH
OH
HO a1 OH
Q or @ o NH,*
OH
427
O NH, OH ( ) NH, OH
+ small amounts of other
(4.25) amino acid contaminants (.26)

(1) 0.4 M aqueous NaOH, RT, 10 min
(i1) 10 equiv. E;N in water, RT, 2 h

Scheme 4.20

The ratio of this material to the side products was in excess of 5 : 1, as adjudged by
1H nmr. Separation of the mixtures of amino acids by ion exchange chromatography
proved extremely difficult. Pure samples of the amino acid (4.27) were obtained by
recystallisation from an aqueous solution of the mixtures of amino acids. The low
optical activity of this material makes it unclear as to whether either any, partial or
complete racemisation occurs during the final ring opening step. The relative
configuration of (4.27) was confirmed by single crystal X-ray analysis; the crystal

structure is shown in Fig 4.2.
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During the later stages of this work it became clear that removal of the acetonide
protecting group from any of the azido carbocycles (4.1),° (3.36) or (4.8), before ring
opening of these materials was attempted, resulted in the formation of a mixture of
products during the ring opening step. These products presumably arise from facile
retro aldol reactions, which are unexpectedly found to occur even after the bridgehead
azide functionality has been reduced, allowing in these cases epimerisation of both
OH-7 and OH-5.7 Therefore an alternative synthetic route to cyclopentane amino
acids was attempted in which ring opening was achieved before the removal of the
acetonide protecting group.

Treatment of the second azido carbocycle (3.36) with aqueous potassium carbonate
caused ring opening to give a single azido carboxylate (as seen by crude !'H nmr).
T.l.c. analysis of the reaction mixture indicated equilibration of the starting material
(3.36) with the third azido carbocycle (4.8). The crude reaction material was then
reduced with hydrogen in the presence of palladium black to produce a single amino
acid (again as seen by 'H nmr) and treament with 40% aqueous TFA caused removal
of the acetonide protecting group to yield the symmetric amino acid (4.28) as the sole

reaction product (Scheme 4.21).

OH
HQ OH
P (-Gt HO e w1 OH
N R ]
O 05< 00C NH,*
(3.36) (4.28)
79% over 3 steps

(i) K,CO;3, water, RT, 16 h
(ii) H,, Pd black, water, RT, 4 h
(iii) 40% aqueous TFA, RT, 16 h

Scheme 4.21

The third carbocycle (4.8) was subjected to an identical three step reaction sequence,

and again the symmetric amino acid (4.28) was isolated as the sole reaction product

(Scheme 4.22).
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HO " "
0~ 1)-(
(i)-(iii) HOmm -l OH
O N N ‘
3 03< OOC NH;"
48 (4.28)

52% over 3 steps

(i) K,CO4, water, RT, 16 h
(i1) H,, Pd black, water, RT, 4 h
(ii1) 40% aqueous TFA, RT, 16 h

Scheme 4.22

The amino acid (4.28) was purified simply by ion exchange chromatography and
possessed a zero optical rotation and characteristic 1H and 13C nmr spectra as
expected. Comparison of its 1H nmr spectra with those obtained from the mixtures of
amino acids produced by the previous synthetic route confirmed this material to be
one of the two minor contaminants. The formation of this material as the sole product
from both the second (3.36) and third (4.8) azido carbocycles is consistent with the
ring opening reactions described earlier (Schemes 4.11 and 4.14). Both of the amino

acids (4.27) and (4.28) will be tested for potential biological activity.
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Experimental,

galacto-heptono-1.5-lactone (4.7).

2-Azido-2-deoxy-3,4:5,6-di- O-isopropylidene-D-glycero-D-galacto-heptono-1,5-

lactone (4.5) (1.74 g, 5.6 mmol) was stirred in a mixture of acetic acid (32 ml) and
water (8 ml) at room temperature overnight. After 21 h, t.l.c. (hexane : ethyl acetate, 1
: 1) indicated complete consumption of starting material (R¢ 0.9) and the formation of
a single product (Rf 0.2). The solvent was removed, the residue co-evaporated with
toluene (2 x 10 ml) and purified by flash chromatography (hexane : ethyl acetate, 1 :

1) to yield 2-azido-2-deoxy-3

lactone (4.7) (1.20 g, 80%), as a white crystalline solid, m.p. 81-82 °C (ethyl acetate /
hexane); [a]p20 +184.0 (c, 1.05 in CHCI3); vipax (KBr) 3430 (OH), 2114 (N3), 1752
(C=0) cm-! ; 8y (CDCl3) 1.37, 1.43 (6H, 2 x s, MeC), 3.85 (1H, dd, H-7, Jg 7 4.5
Hz, J7 7 11.4 Hz), 3.94 (1H, dd, H-7’, J¢ 7 3.1 Hz), 4.04 (1H, ddd, H-6, J5 ¢ 8.6 Hz),
4.35 (1H, d, H-2, J» 3 2.2 Hz), 4.55 (1H, dd, H-3, J3 4 7.4 Hz), 4.66 (1H, dd, H-5, J4 5
1.8 Hz), 4.72 (1H, dd, H-4); ¢ (CDCl3) 24.0, 25.7 (2 x q, MexC), 60.4 (d, C-2), 62.7
(t, C-7), 69.1, 70.5, 74.1, 75.5 (4 x d, C-3, C-4, C-5, C-6), 110.7 (s, CMey), 165.9 (s,
C-1); m/z (NH3, DCI) 291 (MNH4*, 100%), 274 (MH*), 246 (MH*-N>3). (Found: C,
44.20; H, 5.41; N, 15.00; C10H1506N3 requires: C, 43.96; H, 5.53; N, 15.38%)
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Oo” O CHO
2-Azido-2-deoxy-3,4-O-isopropylidene-D-glycero-D-galacto-heptono-1,5-lactone
(4.7) (492 mg, 1.80 mmol) and periodic acid (493 mg, 2.16 mmol) were stirred at
room temperature in THF (30 ml). After 5 min a white precipitate had formed. The
mixture was then preabsorbed onto silica and flushed through a short silica plug

(eluant hexane : ethyl acetate, 1 : 1) to yield 5-azido-5-deoxy-3.4-Q-isopropylidene-

L-galacturono-2.6-lactone (4.6) (366 mg, 84%) as a white foam. This material was

used in subsequent cyclisations without further purification or characterisation.

H
(1R.4R.5R.6R.7R)-4-Azido-5.6-O-isopropylidene-2-oxa- O
6.7-trihyvdroxvy-bicyclo[2.2.1.lTheptan-3-one (4.1) and >(O o
N3 O

OH
1S.4S.5R.6R.7R)-4-azido-5.6-0-isopropyvlidene-2-oxa-

5.6.7-trihydroxy-bicyclo[2.2.1.]heptan-3-one (3.36). o~

0" N 05<
3
Method 1. O

5-Azido-5-deoxy-3,4-O-isopropylidene-L-galacturono-2,6-lactone (4.6) (90 mg, 0.37

mmol), 18-crown-6 (20 mg, 0.07 mmol) and sodium azide (49 mg, 0.74 mmol) were
stirred at room temperature in dry acetonitrile (5 ml) under nitrogen. After 18 h, t.l.c.
(hexane : ethyl acetate, 1 : 1) indicated the formation of two products (Rf 0.6 and
Rt 0.5). Ethyl acetate (20 ml) and brine (20 ml) were added and the mixture stirred for
a further 5 min. The organic layer was removed and the aqueous layer washed with
further ethyl acetate (2 x 40 ml). The organic extracts were combined, dried

(magnesium sulphate), filtered, the solvent removed and the residue purified by flash
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chromatography (hexane : ethyl acetate, 3 : 1) to yield (1R.4R.5R.6R,7R)-4-azido-

mg, 17%, R¢ 0.6) as an oil which crystallised on standing, m.p. 72 °C (on standing);
[@]p20 +29.6 (¢, 1.0 in CHCI3); Vmax (film) 3600 (br, OH), 2126 (N3), 1800 (C=0)
cm-1; 8y (CDCl3) 1.37, 1.55 (6H, 2 x s, MexC), 3.20 (1H, br s, D20 exch, OH), 4.51,
4.60 (2H, 2 x d, H-5, H-6, J5 6 6.3 Hz), 4.72, 4.79 (2H, 2 x s, H-1, H-7); 8¢ (CDCl3)
23.9,25.0 (2 x q, MexC), 71.6 (s, C-4),75.7, 76.0, 76.4,79.5 (4 x d, C-1, C-5, C-6, C-
7), 115.8 (s, CMey), 170.4 (s, C-3); m/z (NH3, DCI) 259 (MNH4*, 100%), 214 (MH*-
N>7). (Found: C, 45.00; H, 4.87; N, 16.99; CoH1105N3 requires: C, 44.82; H, 4.60; N,
17.42%);

[2.2.1.]heptan-3-one (3.36) (54 mg, 60%, Rt 0.5) identical in all respects to the

material described in Chapter 3.

Method 2.

5-Azido-5-deoxy-3,4-O-isopropylidene-L-galacturono-2,6-lactone (4.6) (102 mg,
0.42 mmol) and 18-crown-6 (22 mg, 0.08 mmol) were stirred in dry acetonitrile
(5 ml) at 0 °C under nitrogen. Potassium fluoride (50 mg, 0.84 mmol) was added and
after 20 min t.l.c. (hexane : ethyl acetate, 1 : 1) indicated the formation of two
products (Rf 0.6 and Ry 0.5), together with some baseline material. Ethyl acetate
(15 ml) and semi-saturated brine (10 ml) were added and the mixture stirred at 0 °C
for a further 5 min. The organic layer was removed and the aqueous layer washed
with ethyl acetate (2 x 10 ml). The organic extracts were then combined, dried

(magnesium sulphate), filtered, the solvent removed and the residue purified by flash

chromatography (hexane : ethyl acetate, 1 : 1) to yield (IR.4R.SR 6R,7R)-4-azido-
5.6-0-isopropylidene-2-o0xa-5,6.7-trihydroxy-bicyclo[2.2.1.]heptan-3-one (4.1) (5

mg, 5%, R¢ 0.6);
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[2.2.1.]heptan-3-one (3.36) (17 mg, 17%, R¢ 0.5), both identical to the materials

described above.

Method 3.

5-Azido-5-deoxy-3,4-O-isopropylidene-D-alturono-2,6-lactone (1.39) (438 mg,
1.8 mmol), 18-crown-6 (50 mg, 0.19 mmol) and sodium azide (240 mg, 3.6 mmol)
were stirred at room temperature in dry acetonitrile (20 ml) under nitrogen. After 50
h, t.L.c. (hexane : ethyl acetate, 1 : 1) indicated the formation of two products (Rg 0.6
and Rf 0.5) together with some starting material (R¢ 0.1). Ethyl acetate (50 ml) and
brine (30 ml) were added and the mixture stirred for a further 5 min. The organic
layer was removed and the aqueous layer washed with further ethyl acetate (2 x 40
ml). The organic extracts were combined, dried (magnesium sulphate), filtered, the
solvent removed and purified by flash chromatography (hexane : ethyl acetate, 3 : 1)

1R4R.5R.6R.7R)-4-azido-5.6-0O-isopropyvlidene-2-0xa-5.6.7-trihydroxy-

to yield
bicyclo[2.2.1.]heptan-3-one (4.1) (75 mg, 17%, R¢ 0.6);

and (1S.4S.5R.6R.7R)-4-azido-5.6-0-isopropylidene-2-oxa-5.6.7-trihydroxy-bicyclo
[2.2.1.]1heptan-3-one (3.36) (230 mg, 53%, R¢ 0.5), both identical to the materials

described above.

1S.4S.5R.6R.7S)-4- Azido-5.6-0-isopropylidene-2-oxa-
5.6.7-trihydroxy-bicyclo[2.2.1.]heptan-3-one (4.8). 0~

(1S,4S,5R,6R,7R)-4-Azido-5,6-O-isopropylidene-2-oxa-5,6,7-trihydroxy-

bicyclo[2.2.1.]heptan-3-one (3.36) (700 mg, 2.9 mmol) was stirred in liquid ammonia
(20 ml) at -45 °C in a sealed Fischer-Porter Bottle. The reaction mixture was allowed
to warm to room temperature, under pressure, over a period of 30 min. The reaction

vessel was then carefully vented and any remaining ammonia allowed to evaporate
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over a further period of 30 min. Ethyl acetate (30 ml) was added and the mixture
transferred to a round bottomed flask. At this point t.1.c. (hexane : ethyl acetate, 1 : 1)
indicated the formation of a major product (R¢ 0.15) together with some remaining
starting material (R¢ 0.5). The solvent was then removed and the residue purified by
flash chromatography to yield (1S.4S,.5R.6R.7S)-4-azido-5.6-O-isopropylidene-2-
0xa-5.6.7-trihydroxy-bicyclo[2.2.1.Jheptan-3-one (4.8) (443 mg, 63%, 82% based on

recovered starting material, Rf 0.15) as a white crystalline solid, m.p. 127-128 °C

(ethyl acetate / hexane); [a]p20 +44.8 (c, 0.92 in EtOH); Vmax (KBr) 3519 (br, OH),
2143 (N3), 1790 (C=0) cm1 ; 8y (CD3CN) 1.29, 1.40 (6H, 2 x s, MepC), 4.31 (1H,
d, H-7, J7.01 4.2 Hz), 4.55 (1H, d, D20 exch, OH), 4.60 (1H, dd, H-5, J1 5 1.5 Hz,
Js6 7.6 Hz), 4.68 (1H, m, H-1), 4.71 (1H, dd, H-6, J1 ¢ 2.3 Hz); 6c (CD3CN) 24.2,
24.7 (2 x q, MexC), 74.7, 77.0, 78.6, 80.4 (4 x d, C-1, C-5, C-6, C-7), 75.8 (s, C-4),
114.9 (s, CMey), 170.2 (s, C-3); m/z (NH3, DCI) 259 (MNHg4%), 231 (MNH4*-N3),
214 (MH*-N», 100%). (Found: C, 44.86; H, 4.57; N, 17.56; C9H1105N3 requires: C,
44.82; H, 4.60; N, 17.42%);,

together with some recovered starting material (3.36) (160 mg, 23%).

(1S.2R.35.4S8.58)-1-Azido-1-(hydroxymethyl)-2.3-O- HOy,, .\“\074
isopropvlidene-2.3.4.5-tetrahydroxy-cyclopentane HO 1w Te)
(4.9). s

HOH,C N,
Method 1.

(1S,4S,5R,6R,7R)-4-Azido-5,6- O-isopropylidene-2-oxa-5,6,7-trihydroxy-

bicyclo[2.2.1.]heptan-3-one (3.36) (51 mg, 0.21 mmol) and sodium borohydride
(16 mg, 0.42 mmol) were stirred together in ethanol (4 ml) at room temperature. After
16 h, ammonium chloride (30 mg) and then methanol (5 ml) were added. The reaction
mixture was stirred for a further 10 min and then co-evaporated with methanol (2 x 5
ml). At this point t.1c. (hexane : ethyl acetate, 1 : 2) indicated the formation of a

single product (R 0.5). The residue was then preabsorbed onto silica and purified by

flash chromatography (hexane : ethyl acetate, 1 : 2) to yield (1S.2R,3S5.4S.5S)-1-
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azido-1-( hydroxymethyl)-2.3-QO-isopropylidene-2.3.4.5-tetrahydroxy-cyclopentane
(4.9) (43 mg, 83%) as a colourless oil; [a]p20 -7.0 (¢, 0.63 in CHCI3); Vmax (film)

3392 (br, OH), 2104 (N3) cm™! ; 8y (CDCl3) 1.33, 1.51 (6H, 2 x s, MexC), 3.96 (1H,
d, J 4.7 Hz), 4.15 (1H, d, H-6, Jg ¢ 12.2 Hz), 4.22 (1H, m), 4.25 (1H, d, H-6"), 4.40
(1H, dd, J 1.3 Hz, J' 5.8 Hz), 4.70 (1H, t, J 5.7 Hz); 8¢ (CDCl3) 23.8, 25.9 (2 x q,
Me)C), 62.1 (t, C-6), 71.5,76.2, 79.4, 82.6 (4 x d, C-2, C-3, C-4, C-5), 71.6 (s, C-1),
112.5 (s, CMep); m/z (NH3, DCI) 263 (MNH4*), 246 (MH*), 218 (MH*-N3, 100%).
(Found: C, 44.22; H, 6.37; N, 16.89; CgH1505N3 requires: C, 44.08; H, 6.17; N,
17.13%).

Method 2.

(1S,4S,5R,6R,7S)-4-Azido-5,6-O-isopropylidene-2-oxa-5,6,7-trihydroxy-
bicyclo[2.2.1.]heptan-3-one (4.8) (41 mg, 0.17 mmol) and sodium borohydride
(13 mg, 0.34 mmol) were stirred together in ethanol (5 ml) at room temperature. After
12 h, ammonium chloride (30 mg) and then methanol (5 ml) were added. The reaction
mixture was stirred for a further 10 min and then co-evaporated with methanol (2 x
5 ml). At this point t.1.c. (hexane : ethyl acetate, 1 : 2) indicated the formation of a
single product (Rf 0.5). The residue was then preabsorbed onto silica and purified by

flash chromatography (hexane : ethyl acetate, 1 : 2) to yield (1S.2R,35.4S.5S)-1-

azido-1-(hydroxymethyl)-2.3-O-isopropylidene-2.3.4.5-tetrahydroxy-cyclopentane

(4.9) (37 mg, 89%) as a colourless oil, identical to the material described above.

13-Azido-la-(hydroxymethyl )-20, 3040050
tetrahydroxy-cyclopentane 4.10).

(1S,2R,3S,4S,5S)-1-Azido- 1-(hydroxymethyl)-2,3-O-isopropylidene-2,3,4,5-
tetrahydroxy-cyclopentane (4.9) (106 mg, 0.43 mmol) was stirred in a mixture of
trifluoroacetic acid (2 ml) and water (3 ml) at room temperature. After 1.5 h, t.l.c.

(chloroform : methanol, 4 : 1) indicated complete consumption of starting material
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(Rf 0.8) and the formation of a single product (R¢ 0.3). The solvent was removed, the
residue co-evaporated with toluene and purified by flash chromatography (chloroform
: methanol, 4 : 1) to yield 1B-azido-1a-(hydroxymethyl)-20.30,.40.5a-tetrahydroxy-
cyclopentane (4.10Q) (75 mg, 84%) as a colourless oil; []p20 +0.0 (¢, 1.0 in MeOH);
Vmax (film) 3369 (br, OH), 2101 (N3) cm-! ; 8y (CD3OD) 3.88 (2H, dd, J 2.1 Hz, J'
3.8 Hz), 4.05 (2H, dd, J 2.1 Hz, J' 3.8 Hz), 4.06 (2H, s, H-6, H-6"); 8¢ (CD30D) 61.9
(t, C-6), 71.4,76.1 (2 x d, C-2, C-3, C-4, C-5), 73.0 (s, C-1); m/z (NH3, DCI) 223
(MNH4t, 100%), 206 (MH*), 178 (MH*-N»). (Found: C, 35.38; H, 5.48; N, 20.25;
CeH1105N3 requires: C, 35.12; H, 5.40; N, 20.48%).

13-Amino-la-(hydroxymethyl)-2a. 30400, 501- HO’//,,, .“\\\OH

tetrahydroxy-cyclopentane (4.11). HO 1w -t OH

HOHZCS NH,
1B-Azido-10a-(hydroxymethyl)-2a, 30,40, 50-tetrahydroxy-cyclopentane (4.10) (45
mg, 0.22 mmol) and palladium black (2 mg) were stirred at room temperature in
methanol (3 ml). The solution was degassed and stirred under an atmosphere of
hydrogen for 16 h. After this time t.l.c. (chloroform : methanol, 4 : 1) indicated
complete consumption of starting material (Rf 0.3) and formation of a product at the
baseline. The reaction mixture was filtered through Celite, the solvent removed and

the residue purified by ion exchange chromatography (Dowex SO0W-X8[H*], eluant

1.0 M aqueous ammonia) to yield 1B-amino-1a-(hydroxymethyl)-2a.301.401.501-

tetrahydroxy-cyclopentane (4.11) (36 mg, 92%) as a very hydroscopic amorphous
solid; Vax (KBr) 3400 (br, OH) cm-! ; 8y (D20) 3.71 (2H, s, H-6, H-6"), 3.74 (2H,

dd, J 2.1 Hz, J' 3.8 Hz), 4.09 (2H, dd, J 2.1 Hz, J' 3.8 Hz); o¢c (D20) 63.7 (t, C-6),
64.5 (s, C-1), 72.3, 78.7 2 x 4, C-2, C-3, C-4, C-5); m/z (NH3, DCI) 180 (MH*,
100%). A small portion of this material was then converted to the hydrochloride salt
(4.12) as follows: 1M aqueous HCI (1ml) was added and the mixture shaken. The
solvent was removed and the residue freeze-dried to yield the hydrochloride salt

(4.12), as a hydroscopic colourless solid; oH (D20) 3.91 (2H, s, H-6, H-6"), 4.02 (2H,

159



Chapter 4-Experimental 160

dd, J 2.1 Hz, J' 4.2 Hz), 4.05 (2H, dd, J 2.1 Hz, J' 4.2 Hz); &¢ (D20) 60.4 (t, C-6),
67.7 (s, C-1), 71.7, 75.3 (2 x d, C-2, C-3, C-4, C-5). (Found: C, 33.76; H, 6.68; N,
6.13; CgH1405NCl requires: C, 33.42; H, 6.54; N, 6.50%).

1S.2R.3S.4S.55)-1-Azido-2.3-O-isopropylidene- HO,,, .»\\O%
2.3.4.5-tetrahydroxy-cyclopentane carboxamide HOum- -1
(4.13). $

H,NOC N,
Method 1,

(1S,4S,5R,6R,7R)-4-Azido-5,6-O-isopropylidene-2-oxa-5,6,7-trihydroxy-bicyclo

[2.2.1.] heptan-3-one (3.36) (108 mg, 0.45 mmol) was added to methanol (10 ml),
that had been saturated with ammonia, and stirred at room temperature under
nitrogen. After 30 min, t.l.c. (ethyl acetate) indicated complete consumption of
starting material (R¢ 0.8), and the formation of a major product (R¢ 0.7). The crude
reaction mixture was preabsorbed onto silica and purified by flash chromatography

(hexane : ethyl acetate, 1 : 2) to yield (1S.2R.38.48.5S)-1-azido-2.3-O-

isopropylidene-2.3.4.5-tetrahydroxy-cyclopentane carboxamide (4.13) (36 mg, 31%)

as a white crystalline solid, m.p. 147-148 °C (ethyl acetate / hexane); [a]p20 +0.4 (c,
1.02 in MeOH); Vmax (KBr) 3430-3200 (br, OH, NH), 2109 (N3), 1676 (amide) cm!
- 8y (CD3CN) 1.31, 1.46 (6H, 2 x s, Me2C), 3.46 (1H, d, OH, J 10.0 Hz), 3.78 (1H, d,
OH, J 5.3 Hz), 3.96 (1H, br t, J 4.9 Hz), 4.15 (1H, m), 4.52 (1H, dd, J 1.5 Hz, J' 5.9
Hz), 4.68 (1H, dd, J 0.5 Hz, J' 5.9 Hz); 8¢ (CD30D) 22.9, 24.5 (2 x q, Me2C), 71.1 (s,
C-1), 71.5, 76.4, 79.1, 83.0 (4 x d, C-2, C-3, C-4, C-5), 112.6 (s, CMey), 172.0 (s, C-
6); m/z (NH3, DCI) 259 (MH*, 100%). (Found: C, 41.97; H, 5.49; N, 21.66;
CoH1405N4 requires: C, 41.86; H, 5.46; N, 21.70%).

Method 2.
(1S,4S,5R,6R,7 S)-4-Azido-5,6-O-isopropylidene-2-oxa-5,6,7-trihydroxy-

bicyc10[2_2.1.]heptan-3-one (4.8) (110 mg, 0.45 mmol) was added to a solution of
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methanol (10 ml), that had been saturated with ammonia, and stirred at room
temperature under nitrogen. After 30 min, t.1.c. (ethyl acetate) indicated the formation
of a major product (R 0.7). The crude reaction mixture was preabsorbed onto silica
and purified by flash chromatography (hexane : ethyl acetate, 1 : 1) to yield

1S.2R.35.4S.55)-1-azido-2.3-O-isopropylidene-2.3.4.5-tetrahydroxy-cyclopentane

carboxamide (4.13) (57 mg, 48%), identical in all respects to the material described

above.
. . o, 0
18.20.30,40.50)- 1-Azido-2,3:4.5-4i-0- >( R 74
isopropylidene-2.3.4.5-tetrahydroxy-cyclopentane On- O
carboxamide (4.14). H,NOC N,

(1S,2R,3S,4S,5S)-1-Azido-2,3-O-isopropylidene-2,3,4,5-tetrahydroxy-cyclopentane

carboxamide (4.13) (109 mg, 0.42 mmol) and camphorsulphonic acid (10 mg, 0.04
mmol) were stirred in dry acetone (20 ml) at 40 °C under nitrogen. 2,2-
Dimethoxypropane (0.26 ml, 2.1 mmol) was added and the mixture stirred for 3.5 h.
After this time, t.1.c. (hexane : ethyl acetate, 1 : 1) indicated complete consumption of
starting material (R¢ 0.1) and the formation of a single product (R¢ 0.6). Triethylamine
(1 ml) was added, the solvent removed and the residue purified by flash
chromatography (hexane : ethyl acetate, 2 : 1) to yield (1B3.2a.30.40.500)-1-azido-

2 3:4.5-di-O-isopropylidene-2.3.4.5-tetrahydroxy-cyclopentane carboxamide (4.14)

(101 mg, 80%) as a white crystalline solid, m.p. 218-220 °C (decomp, chloroform /
hexane); [0]p20 +0.0 (¢, 0.93 in CHCI3); vmax (KBr) 3438, 3321 (NH3), 2105 (N3),
1694 (amide) cm-! ; 8y (CDCl3) 1.45, 1.63 (12H, 2 x s, 2 x MexC), 4.55 (2H, dd, J
1.9 Hz, J' 3.8 Hz), 4.67 (2H, dd, J 1.9 Hz, J' 3.8 Hz), 6.42 (1H, br, NH), 7.16 (1H, br,
NH); 8¢ (CDCl3) 24.2, 25.3 (2 x q, 2 x MeC), 69.4 (s, C-1), 79.1, 85.3 (2 x d, C-2,
C-3, C-4, C-5), 1139 (s, 2 x CMey), 169.6 (s, C-6); m/z (NH3, DCI) 316 (MNH4*),
299 (MH*, 100%). (Found: C, 48.56; H, 5.99; N, 18.87; C12H1805N4 requires: C,
48.32; H, 6.08; N, 18.78%).
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(15.2 40.,50)-1-Amino-2.3:4.5-di-O- >(Ofa.. .‘\\0%

isopropylidene-2a.3a. 40,50 -tetrahydroxy- Ol e
1 i _ §
cyclopentane carboxamide (4.15) H,NOC NH,

(1B,201,30.,401,501)-1-Azido-2,3:4,5-di-O-isopropylidene-2,3,4,5-tetrahydroxy-

cyclopentane carboxamide (4.14) (96 mg, 0.32 mmol) and palladium black (3 mg)
were stirred in ethanol (10 ml) at room temperature. The solution was degassed and
then stirred under hydrogen for 19 h. After this time, t.1.c. (ethyl acetate) indicated the
formation of a single product at the baseline. The reaction mixture was filtered

through Celite and the solvent removed to yield (18.20.30..40.50)-1-amino-2.3:4.5-

di-O-isopropvlidene-2.3.4.5-tetrahydroxy-cyclopentane carboxamide (4.15) (87 mg,

crude, quantitative) as a hydroscopic white solid, m.p. >236 °C (decomp, methanol /
ether); [0t]p20 +0.0 (¢, 0.65 in MeOH); Viax (KBr) 3378 (NH), 1681 (amide) cm-1;
Sy (CD30D) 1.34, 1.58 (12H, 2 x s, 2 x Me2C), 4.45 (2H, dd, J 1.9 Hz, J' 3.8 Hz),
4.69 (2H, dd, J 1.9 Hz, J' 3.8 Hz); 8¢ (CD30D) 23.0, 24.5 (2 x q, 2 x MeyC), 62.8 (s,
C-1),79.3,87.2 (2 x d, C-2,C-3,C-4,C-5), 113.0 (s, 2 x CMey), 174.3 (s, C-6); m/z
(NHj3, DCI) 273 (MH*, 100%).

OH
(1S.4S.5R.6R,7R)-4-Amino-5,6-0-isopropylidene-2-oxa-

5.6.7-trihydroxy-bicyclo[2.2.1.]heptan-3-one (4.16). o~

O
O NH, O§<

(1S,4S,5R,6R,7R)—4-Azido—5,6—O-isopropylidene-2-oxa-5,6,7-trihydroxy-

bicyclo[2.2.1.]heptan-3-one (3.36) (490 mg, 2.0 mmol) and palladium black (11 mg)
were stirred in a mixture of ethanol (10 ml) and water (2 ml) at room temperature.
The solution was degassed and then stirred under hydrogen for 2 h. After this time,
tLc. (chloroform : methanol, 7 : 1) indicated the formation of a single product (R
0.4). The reaction mixture was filtered through Celite, preabsorbed onto silica, and

purified by flash chromatography (chloroform : methanol, 7 : 1) to yield
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icyclo[2.2.1.]heptan-3-one (4.16) (426 mg, 97%) as a white crystalline solid, m.p.

185-186 °C (methanol / ether); [a]p20 +113.5 (¢, 0.55 in MeOH); Vimax (KBr) 3330-
3200 (br, OH, NH), 1793 (C=0) cm-! ; 8y (dg-DMSO) 1.27, 1.31 (6H, 2 x s, MeC),
2.10 (2H, br s, NHp), 4.12 (1H, m, H-7), 4.55 (1H, m, H-1), 4.64 (1H, dd, H-5, J1 5
1.2 Hz, J5 6 7.4 Hz), 491 (1H, dd, H-6, J1 ¢ 2.4 Hz), 6.32 (1H, d, OH, J7,0H 3.6 Hz);
oC (dg-DMSO) 24.5, 25.1 (2 x g, MerC), 70.4 (s, C-4), 75.5, 78.6, 81.5, 82.4 (4 x d,
C-1, C-5, C-6, C-7), 114.4 (s, CMep), 172.7 (s, C-3); m/z (NH3, CI) 233 (MNH4*,
100%), 216 (MH*). (Found: C, 50.04; H, 6.09; N, 6.51; CgH1305N requires: C,
50.23; H, 6.09; N, 6.51%).

1R.4S.5R.6R.7S)-4-Amino-5.6-O-isopropylidene-2-oxa- HO

O/

0]
O NH, ()§<

(1S,4S,5R,6R,7S)-4- Azido-5,6-O-isopropylidene-2-oxa-35,6,7-trihydroxy-

6.7-trihydroxy-bicyclo[2.2.1. Jheptan-3-one (4.17).

bicyclo[2.2.1.]heptan-3-one (4.8) (178 mg, 0.74 mmol) and palladium black (4 mg)
were stirred in a mixture of ethanol (10 ml) and water (2 ml) at room temperature.
The solution was degassed and then stirred under hydrogen for 3 h. After this time,
t.1.c. (ethyl acetate) indicated complete consumption of starting material (R¢ 0.7) and
the formation of a single product (Rf 0.1). The reaction mixture was filtered through
Celite, preabsorbed onto silica, and purified by flash chromatography (ethyl acetate :
methanol, 9 : 1) to yield (1R.4S.5R.6R.7S)-4-amino-5.6-0O-isopropylidene-2-oxa-

5.6.7-trihydroxy-bicyclo[2.2.1.]heptan-3-one (4.17) (120 mg, 76%) as a white
crystalline solid, m.p. 188-190 °C (methanol / ethyl acetate); [a]p20 +82.7 (c, 0.66 in

MeOH): Viax (KBr) 3470-3270 (br, OH, NH), 1791 (C=0) cm"! ; 8} (CD30D) 1.29,
1.39 (6H, 2 x s, MezC), 4.05 (1H, s, H-7), 4.55 (1H, dd, H-5, Iy 5 1.2 Hz, 5,6 7.5 Hz),
4.56 (1H, dd, H-1, J; ¢ 2.2 Hz), 4.72 (1H, dd, H-6); 8¢ (CD30D) 23.8, 24.4 (2 x q,
MeyC), 71.5 (s, C-4), 75.2, 78.2, 79.1, 80.0 (4 x d, C-1, C-5, C-6, C-7), 114.3 (s,
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CMey), 175.7 (s, C-3); m/z (NH3, DCI) 233 (MNH4*, 100%), 216 (MH*). (Found: C,
50.16; H, 6.01; N, 6.71; CoH;305N requires: C, 50.23; H, 6.09; N, 6.51%).

OH
1S.4S.5R.6R.7R)-5.6-O-Isopropylidene-2-o0xa-5.6.7-

trihydroxy-4-ureido-bicyclo[2.2.1.1heptan-3-one (4,18). O~
Q)
O HN 03<
>0
H,N

(1S,4S5,5R,6R,7R)-4-Amino-5,6-O-isopropylidene-2-oxa-5,6,7-trihydroxy-
bicyclo[2.2.1.]heptan-3-one (4.16) (426 mg, 2.0 mmol) and potassium cyanate (554
mg, 6.8 mmol) were stirred in acetic acid (20 ml) at room temperature under nitrogen.
After 1 h, tl.c. (ethyl acetate) indicated complete consumption of starting material (R¢
(0.2) and the formation of a single product (R¢ 0.4). The crude reaction mixture was
preabsorbed onto silica and the residue purified by flash chromatography (ethyl
acetate : hexane, 2 : 1) to yield (1S.4S.5R.6R.7R)-5.6-O-isopropylidene-2-oxa-5.6.7-

trihydroxy-4-ureido-bicyclo[2.2.1.]heptan-3-one (4.18) (370 mg, 72%) as a white
crystalline solid, m.p. 208-212 °C (decomp, methanol / ether); [a]p20 +100.3 (¢, 0.39

in MeOH); Vinax (KBr) 3450-3200 (br, OH, NH), 1791 (C=0), 1655 (urea) cm! ; 8y
(CD3CN) 1.34, 1.39 (6H, 2 x s, MepC), 4.59 (1H, d, H-7, J1 7 2.6 Hz), 4.70 (1H, dt,
H-1,J15 1.3 Hz, J16 2.5Hz), 5.11 (1H, dd, H-5, J5 6 7.4 Hz), 5.17 (1H, dd, H-6), 5.23
(2H, br, NHp), 6.14 (1H, br s, OH), 6.65 (1H, br s, NH); 8¢ (d-DMSO) 25.4, 26.0 (2
x q, MexC), 71.2 (s, C-4), 76.7, 79.1, 80.1, 80.6 (4 x d, C-1, C-5, C-6, C-7), 116.1 (s,
CMe»), 159.0 (s, urea), 170.8 (s, C-3); m/z (NH3, CI) 276 (MNH4*), 259 (MH*,
100%). (Found: C, 46.69; H, 5.22; N, 10.84; C10H1406N7 requires: C, 46.51; H,
5.46; N, 10.85%).
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HO
15.4S.5R.6R.7S)-5.6-0O-Isopropylidene-2-0xa-5,6.7-
O/

rihydroxy-4-ureido-bicyclo[2.2.1.1heptan-3-one (4.19

@)
O HN 05<
>0
H,N
(1S,4S,5R,6R,7S)-4- Amino-5,6-O-isopropylidene-2-oxa-5,6,7-trihydroxy-
bicyclo[2.2.1.]heptan-3-one (4.17) (120 mg, 0.56 mmol) and potassium cyanate (136
mg, 1.7 mmol) were stirred in acetic acid (10 ml) at room temperature under nitrogen.
After 20 min, t.1.c. (ethyl acetate) indicated complete consumption of starting material

(Rf 0.15) and the formation of a single product (R¢ 0.35). The crude reaction mixture

was preabsorbed onto silica and the residue purified by flash chromatography (ethyl

acetate : methanol, 20 : 1) to yield (1S.4S.5R.6R.7S)-5.6-0O-isopropylidene-2-oxa-
5.6.7-trihydroxy-4-ureido-bicyclo[2.2.1.]heptan-3-one (4.19) (112 mg, 78%) as a

white crystalline solid, m.p. >230 °C (decomp, methanol / ether); [a]p20 +69.1 (c,
0.47 in DMSO); Vinax (KBr) 3448-3378 (br, OH, NH), 1790 (C=0), 1683 (urea) cm-!
; OH (de-DMSO) 1.22, 1.30 (6H, 2 x s, Me2C), 4.56 (1H, d, H-7, J7,0H 4.3 Hz), 4.61
(1H, br m, H-1), 4.73 (1H, dd, H-6, J1 6 2.3 Hz, J56 7.7 Hz), 5.07 (1H, dd, H-5, J1 5
1.1 Hz), 5.94 (2H, s, NH>3), 6.33 (1H, d, OH, D70 exch), 6.48 (1H, br s, NH); d¢ (dg-
DMSO) 25.3, 25.8 2 x q, MexC), 72.2 (s, C-4), 74.3,75.3, 76.7, 80.8 (4 x d, C-1, C-
5, C-6, C-7), 113.5 (s, CMey), 158.5 (s, urea), 173.3 (s, C-3); m/z (NH3, CI) 276
(MNH4t), 259 (MH*, 100%). (Found: C, 46.66; H, 5.59; N, 10.83; C1oH140¢N>
requires: C, 46.51; H, 5.46; N, 10.85%).
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OSiMe,Bu'
(IR4R.5R.6R TR)-7-O-tert-Butyldimethylsilyl-5.6-O- ?
isopropylidene-2-0xa-5.6.7-trihydroxy-4-ureido- O~
bicyclo[2.2.1]heptan-3-one (4.20).
o) NH (?3<
.
H,N

(1S,4S8,5R,6R,7R)-5,6-O-Isopropylidene-2-oxa-5,6,7-trihydroxy-4-ureido-

bicyclo[2.2.1.]heptan-3-one (4.18) (78 mg, 0.3 mmol) was stirred in dry pyridine (4
ml) at 0 °C under nitrogen. tert-Butyldimethylsilyltrifluoromethanesulphonate (76 L,
0.33 mmol) was added and the reaction mixture allowed to warm to room
temperature. After 10 min, t.l.c. (hexane : ethyl acetate, 1 : 1) indicated complete
consumption of starting material (Rf 0.1) and the formation of a major product (R¢
(0.3). The solvent was removed and the residue dissolved in ethyl acetate (10 ml). This
was then washed sequentially with 1M HCI (10 ml), water (10 ml), brine (10 ml),

dried (magnesium sulphate), filtered, the solvent removed and the residue purified by

flash chromatography (hexane : ethyl acetate, 1 : 1) to yield (1R, 4R.5R.6R.7R)-7-O-

bicyclo[2.2.1]heptan-3-one (4.20) (65 mg, 58%) as a white crystalline solid, m.p.
125-130 °C (chloroform / hexane); [a]p20 +69.7 (¢, 0.74 in CHCL); Vimax (KBr)

3386-3200 (br, NH), 1804 (C=0), 1672 (urea) cm-! ; &y (dg-DMSO) 0.05, 0.07 (6H,
2 x s, Me»Si), 0.85 (9H, s, Bub), 1.31, 1.33 (6H, 2 x s, MeC), 4.69 (1H, m, H-1), 4.77
(1H, dd, H-5, J1 5 1.0 Hz, J56 7.4 Hz), 491 (1H, dd, H-6, J1 6 2.5 Hz), 5.09 (1H, d, H-
7, J1.7 2.5 Hz), 5.63 (2H, br, NH»), 7.06 (1H, br s, NH); 3¢ (CDCl3) -5.7, -5.2 (2 x q,
Me»Si), 17.6 (s, Me3CSi), 25.1, 25.6 (2 x q, MexC), 25.4 (q, Me3C), 71.4 (s, C-4),
77.0, 79.4, 80.4, 80.9 (4 x d, C-1, C-5, C-6, C-7), 117.4 (s, CMey), 158.3 (s, urea),
171.7 (s, C-3); m/z (NH3, DCI) 373 (MH*, 100%). (Found: C, 51.84; H, 7.37; N,
7.52: C16H280¢N?7 requires: C, 51.59; H, 7.58; N, 7.52%).
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(3S.6R.7TR.8S.9R)-1 3-Diaza-6.7.8.9-tetrahydroxy-
spiro[4.4.1nonane-2.4-dione (4.21).

HO -l QOH
Oj\\\\w NH
N
H "o

(1S,48,5R,6R,7R)-5,6-O-Isopropylidene-2-oxa-5,6,7-trihydroxy-4-ureido-

bicyclo[2.2.1.]heptan-3-one (4.18) (109 mg, 0.4 mmol) was stirred at room
temperature in dry methanol (5 ml). To this was added a methanolic solution of HCI
(5 ml) formed by the careful addition of acetyl chloride (0.1 ml) to dry methanol (5
ml). The reaction mixture was then heated at 65 °C for 8 h. After this time t.lc.
(CMAW) indicated the formation of a major product (Rf 0.2). The reaction mixture

was cooled to room temperature, the solvent removed and the residue purified by

flash chromatography (CMAW) to yield (5S.6R.7R.8S9R)-1,3-diaza-6.7.8.9-

tetrahydroxy-spiro[4.4.lnonane-2.4-dione (4.21) as a hydroscopic white foam; [ot]p20
+33.0 (c, 0.93 in MeOH); viax (KBr) 3400-3200 (br, OH), 1769, 1719 (hydantoin)

cm-1; 6y (D20) 3.78 (1H, dd, J 4.3 Hz, I’ 9.2 Hz), 3.93 (1H, t, ] 4.4 Hz), 4.16 (1H, d,
J14.1 Hz), 4.24 (1H, d, J 9.1 Hz); ¢ (D20) 73.0 (s, C-5), 70.9, 75.8, 76.0, 77.5 (4 x d,
C-6, C-7, C-8, C-9), 159.9, 177.7 (2 x s, C-2, C-4); m/z (EI) 263 ([MNap-H]*), 241
(MNat).

(5B.6a.70.8a.9a)-1.3-Diaza-6.7.8.9-tetrahydroxy-
spiro[4.4.Inonane-2 4-dione (4.22).

(1S,4S,5R,6R,7 S)-5,6-0-isopropylidene-2-oxa-5,6,7-trihydroxy-4-ureido-
bicyclo[2.2.1.]heptan-3-one (4.19) (119 mg, 0.4 mmol) was stirred at room
temperature in dry methanol (5 ml). To this was added a methanolic solution of HCl

(5 ml) formed by the careful addition of acetyl chloride (0.25 ml) to dry methanol (§
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ml). The reaction mixture was then heated at 65 °C for 72 h. After this time, t.l.c.
(CMAW) indicated the formation of a major product (R¢ 0.15). The reaction mixture
was cooled to room temperature, the solvent removed and the residue purified by

flash chromatography (CMAW) to yield ( 5B.60..70..80..901)-1.3-diaza-6.7.8.9-

tetrahvdroxy-spiro(4.4.1nonane-2 4-dione (4.22) as a white powder; [a]p20 +0.0 (c,
0.54 in H20); vpax (KBr) 3400-3200 (br, OH, NH), 1765, 1719 (hydantoin) cm-l ; &y

(D70) 4.05 (2H, dd, ] 2.2 Hz, I’ 4.7 Hz), 4.10 (2H, dd, J 2.2 Hz, J’ 4.7 Hz); oc (D20)
70.9, 74.3 (2 x d, C-6, C-7, C-8, C-9), 78.0 (s, C-5), 160.1, 176.6 (2 x s, C-2, C-4);
m/z (EI) 263 ((MNaz-H]+, 100%), 241 (MNat).

(1S.4R.5R.6R.7R)-4-Azido-2-0xa-5.6.7-trihydroxy- OH
bicyclof[2.2.1.]heptan-3-one (4.23). 0~
OH
O N; OH

(1S,4S,5R ,6R,7R)-4-Azido-5,6-O-isopropylidene-2-oxa-5,6,7-trihydroxy-

bicyclo[2.2.1.]heptan-3-one (3.36) (212 mg, 0.88 mmol) was stirred in a mixture of
water (3 ml) and trifluoroacetic acid (2 ml) at room temperature. After 3 h, tl.c.
(hexane : ethyl acetate, 1 : 1) indicated complete consumption of starting material (Rg
0.6) and the formation of a single product (Rf 0.2). The solvent was removed, the
residue co-evaporated with toluene (2 x 5 ml), and purified by flash chromatography

(hexane : ethyl acetate, 1 : 1) to yield ( 1S.4R.SR.6R.7R)-4-azido-2-0xa-5.6.7-

trihydroxy-bicyclo[2.2.1.]heptan-3-one (4.23) (166 mg, 94%) as a pale red solid, m.p.
102-104 °C (on standing); [0p20 +186.7 (¢, 1.05 in MeOH); Vmax (KBr) 3400-3200

(br, OH), 2131 (N3), 1790 (C=0) cm°1 ; 8y (CD3CN) 3.50 (1H, d, OH-6, J6,011 7.5
Hz. DO exch), 3.88 (1H, d, OH-5, J5,0H 5.4 Hz, D20 exch), 4.29 (1H, dd, H-7, 11,7

2.6 Hz, J7,0u 4.5 Hz), 4.30 (1H, d, OH-7), 4.46 (1H, dt, H-6,J 162.3 Hz, J56 7.7
Hz), 4.55 (1H, ddd, H-5, J1 ;5 0.9 Hz), 4.61 (1H, dt, H-1); 8¢ (CD30D) 68.3, 70.2,

75.1, 80.7 (4 x d, C-1, C-5, C-6, C-7), 75.4 (s, C-4), 170.6 (s, C-3); m/z (NH3, DCI)
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219 (MNH4*, 100%), 191 (MNH4*-N,) (Found: C, 35.88: H, 3.24: N, 20.70:
CeH705N3 requires: C, 35.83; H, 3.51; N, 20.89%).

LIS.4R.5R.6R,7S)—4-Azid0—2-0xa—5.6.7-trihydroxk HO
bicyclo[2.2.1.]heptan-3-one (4.24). %
OH
O N3 OH

(1S,4S,5R,6R,7S)—4-Azid0-5,6—0—isopr0pylidene-2-oxa—5,6,7—trihydr0xy-

bicyclo[2.2.1.]heptan-3-one (4.8) (138 mg, 0.57 mmol) was stirred in a mixture of
water (3 ml) and trifluoroacetic acid (2 ml) at room temperature. After 6 h, t.l.c. (ethyl
acetate) indicated complete consumption of starting material (Rf 0.7) and the
formation of a single product (Rf 0.3). The solvent was removed, the residue co-

evaporated with toluene (2 x 5 ml), and purified by flash chromatography (hexane :

ethyl acetate, 1 : 3) to yield ( 1S.4R.5R.6R.75)-4-azido-2-0xa-5.6.7-trihydroxy-

bicyclo[2.2.1.]heptan-3-one (4.24) (93 mg, 81%) as a white crystalline solid, m.p.

>170 °C (decomp methanol / ether); [op20 +61.3 (c, 1.05 in MeOH); Vipax (KBr)

3400-3200 (br, OH), 2136 (N3), 1795 (C=0) cm"! ; 8§y (CD30D) 4.13 (1H, s, H-7),
4.17 (1H, dd, H-5, J; 5 1.1 Hz, J5 6 8.2 Hz), 4.20 (1H, dd, H-6, J1,6 1.9 Hz), 4.56 (1H,
H-1, m); &c (CD30D) 66.0, 69.2, 74.9, 84.1 (4 x d, C-1, C-5, C-6, C-7), 76.5 (s, C-4),
171.7 (s, C-3); m/z (NH3, DCI) 219 (MNH4*, 100%). (Found: C, 35.86; H, 3.22: N,
21.03; CgH705N3 requires: C, 35.83; H, 3.51; N, 20.89%).

OH
(1S.4R.5R.6R.7R)-4-Amino-2-0xa-5.6.7-trihydroxy-
bicyclof2.2.1.]heptan-3-one (4.25). 0~
OH
O NH, OH

(1S,4R,5R,6R,7R)-4-Azido-2-0xa-5,6,7-trihydroxy-bicyclo[2.2.1.]heptan-3-one
(4.23) (84 mg, 0.42 mmol) and palladium black (3 mg) were stirred in ethanol (8 mi)
at room temperature. The solution was degassed and then stirred under hydrogen for

4 h. After this time, t.1.c. (ethyl acetate) indicated complete consumption of starting
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material (R¢ 0.5) and the formation of a single product (R¢ 0.0). The reaction mixture

was filtered through Celite and the solvent removed to yield ( 1S.4R.5R.6R.7R)-4-

amino-2-0xa-5.6.7-trihydroxy-bicyclo[2.2.1.1heptan-3-one (4.25) (73 mg, crude,

quant) as a hydroscopic pale yellow solid; Viax (KBr) 3400-3200 (br, OH, NH), 1805
(C=0) cm-! ; &y (CD30D) 4.01 (1H, d, H-7,J1.7 2.8 Hz), 4.24 (1H, br d, H-5, J5,6 8.0
Hz), 4.44 (1H, dd, H-6, J1 6 2.3 Hz), 4.52 (1H, m, H-1, J1,5 0.9 Hz); dc (D20) 69.0,
72.0, 76.3, 81.8 (4 x 4, C-1, C-5, C-6, C-7), 71.2 (s, C-4), 177.1 (s, C-3); m/z (NH3,
CI) 193 (MNH4%), 176 (MH™).

1S.4R.5R.6R.7S)-4-Amino-2-0xa-5.6.7-trihydroxy- HO
bicyclo[2.2.1.]heptan-3-one (4.26). Q
OH
O NH, OH

(1S,4R,5R,6R,7S)-4-Azido-2-0xa-5 ,6,7-trihydroxy-bicyclo[2.2.1 .Jheptan-3-one (4.24)
(115 mg, 0.57 mmol) and palladium black (5 mg) were stirred in a mixture of ethanol
(8 ml) and water (2 ml) at room temperature. The solution was degassed and stirred
under hydrogen for 3 h. After this time, t.l.c. (ethyl acetate) indicated the formation of
a single product (R 0.0). The reaction mixture was filtered through Celite and the

solvent removed to yield (1S.4R.5R.6R.7S)-4-amino-2-0xa-5.6.7-trihydroxy-

bicyclo[2.2.1.]heptan-3-one (4.26) (100 mg, crude, quant) as a white hydroscopic
amorphous solid; vmax (KBr) 3400-3200 (br, OH, NH), 1786 (C=0) cml 5 8y

(CD30D) 3.95 (1H, br s, H-7), 4.08 (1H, dd, H-5, J15 0.8 Hz, J5 6 8.2 Hz), 4.21 (1H,
dd, H-6, J1 6 2.0 Hz), 4.49-4.50 (1H, m, H-1); 8¢ (CD30D) 66.3, 69.6, 74.2, 84.2 (4 x

d, C-1, C-5,C-6,C-7), 71.5 (s, C-4), 175.4 (s, C-3); m/z (NH3, CI) 193 (MNHg*), 176

(MH*, 100%).
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HO, +OH
1S.2R.3R.4S.5R)-1-Amino-2.3.4.5-tetrahydroxy- “, S

cyclopentane carboxylic acid (4.27). HO -1 OH

‘00C NH,*
Method 1.

(1S,4R,5R,6R,7R)-4- Amino-2-oxa-5,6,7-trihydroxy-bicyclo[2.2.1.]heptan-3-one

(4.25) (106 mg, 0.61 mmol) was dissolved in water (5 ml). Triethylamine (0.8 ml, 6.0
mmol) was added and the resulting mixture stirred at room temperature. After 2 h,
t.1.c. (CMAW) indicated complete consumption of starting material (R¢ 0.5) and the
formation of a single product at the baseline. The solvent was removed and the
residue purified by ion exchange chromatography (Dowex S0W-X8[H*], eluant 2M
aqueous pyridine) and then recrystallised from water to yield (1S.2R.,3R.4S.5R)-1-

amino-2.3.4 S-tetrahydroxy-cyclopentane carboxylic acid (4.27), contaminated with

small amounts of other amino acids, (70 mg, 60%). Repeated recrystallisation from
water furnished pure material as a colourless crystalline solid, m.p. >230 °C (decomp,
water); [@]p20 +3.9 (¢, 0.23 in Hp0); vipax (KBr) 3400-3300 (br, OH, NH) cm-! ; 8y
(D20) 3.85 (1H, dd, J 4.0 Hz, J’ 8.6 Hz), 3.89 (1H, m), 4.21 (1H, d, J 4.5 Hz), 4.41
(1H, d, J' 8.6 Hz); &c (D20) 69.0 (s, C-1), 72.1, 73.4,76.4,77.3 (4 x d, C-2, C-3, C-4,
C-5), 173.8 (s, C-6); m/z (electrospray) 194 (MH*, 100%). (Found: C, 37.31; H, 5.62;
N, 7.15; CeH1106N requires: C, 37.31; H, 5.74; N, 7.25%).

Method 2.
(1S,4R,5R,6R,7S)-4-Amino-2-0xa-5,6,7-trthydroxy-bicyclo[2.2.1.]heptan-3-one
(4.26) (40 mg, 0.23 mmol) was dissolved in 0.4 M sodium hydroxide solution (3 ml)
and stirred at room temperature. After 10 min, tl.c. (CMAW) indicated complete
consumption of starting material (Rf 0.2) and the formation of a product at the
baseline. The reaction mixture was adjusted to pH 7 by careful addition of 1M

aqueous HCL. The solvent was then removed and the residue purified by ion exchange

chromatography (Dowex 50W-X8[H*], eluant 2M aqueous pyridine) to yield
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1S.2R.3R.4S.5R)-1-amino-2.3.4.5-tetrahydroxy-cyclopentane carboxylic acid (4.27

(22 mg, 50%), identical to the material described above, together with small amounts

of inseparable epimeric amino acids.

13,2 4 -1-Aming-2.3.4,5-tetrahydroxy-
cyclopentane carboxylic acid (4.28).

Method 1.
(1S,4S,5R,6R,7R)-4-Azido-5,6- O-isopropylidene-2-oxa-5,6,7-trihydroxy-

bicyclo[2.2.1.]heptan-3-one (3.36) (67 mg, 0.28 mmol) and potassium carbonate (37
mg, 0.27 mmol) were stirred in water (3 ml) at room temperature. After 16 h, t.lL.c.
(ethyl acetate) indicated complete consumption of starting material (Rr 0.8) and the
formation of a single product at the baseline. Palladium black (3 mg) was added, the
solution degassed and the resulting mixture stirred under hydrogen for 5 h. At this
point 'H nmr (D20) indicated conversion to a single product. The mixture was
filtered through Celite and the solvent removed. The crude residue was dissolved in a
mixture of water (3 ml) and trifluoroacetic acid (2 ml) and stirred at room temperature
overnight. After 12 h, crude 1H nmr (D,0) again indicated conversion to a single
product. The solvent was removed, the residue co-evaporated with toluene (2 x 1 ml)
and then purified by ion exchange chromatography (Dowex SOW-X8[H*], eluant 2M
aqueous pyridine) and recrystallised from water to yield (1B.20.30.40.501)-1-amino-
&4.5-tetrahvdroxv-cxfwm&l (42 mg, 79%) as a

colourless crystalline solid; m.p. >225 °C (decomp, water); [a]p20 +0.0 (¢, 0.45 in

H70); Vmax (KBr) 3500-3200 (br, OH, NH) cm-l ; & (D20) 4.10 (2H, dd, J 2.2 Hz,
J’ 5.0 Hz), 4.15 (2H, dd, J 2.2 Hz, )’ 5.0 Hz); dc (D20, with TFA at pH 1) 74.5 (s, C-
1), 71.8, 74.7 2 x d, C-2, C-3, C-4, C-5), 169.2 (s, C-6); m/z (electrospray) 194
(MH*, 100%). (Found: C, 37.60:; H, 5.56; N, 7.41; CgH1106N requires: C, 37.31; H,
5.74; N, 7.25%).
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Method 2.

(1S,4S,5R,6R,7S)-4-Azido-5,6-O-isopropylidene-2-oxa-5,6,7-trihydroxy-
bicyclo[2.2.1.]heptan-3-one (4.8) (239 mg, 0.99 mmol) and potassium carbonate (137
mg, 0.99 mmol) were stirred in water (10 ml) at room temperature. After 24 h, t.l.c.
(ethyl acetate) indicated complete consumption of starting material (Rf 0.5) and the
formation of a single product at the baseline. Palladium black (5 mg) was added, the
solution degassed and the resulting mixture stirred under hydrogen for 12 h. The
mixture was then filtered through Celite and the solvent removed. The crude residue
was dissolved in a mixture of water (6 ml) and trifluoroacetic acid (4 ml) and stirred
at room temperature for 12 h. The solvent was then removed, the residue co-
evaporated with toluene (2 x 5 ml) and purified by ion exchange chromatography
(Dowex SOW-X8[H*], eluant 2M aqueous pyridine) and recrystallised from water to
yield (1B.2¢.30..40.501)-1-amino-2.3.4.5-tetrahydroxy-cyclopentane carboxylic acid
(4.28) (99 mg, 52%) identical to the material described above.
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APPENDIX 1

IH Nmr spectra of synthetic and authentic 1-epihydantocidin (2.27)
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APPENDIX 2

Crystal Structure Data for

3,4-O-Isopropylidene-D-altrono-1,5-lactone (2.11).
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General X-Ray Crystal Structure Analyses.

Structures were established by single crystal X-ray analysis. Cell dimensions and
intensity data were measured with an Enraf-Nonius CAD4-F diffractometer up to 6 =
759 (Cu-Ko radiation). The data were corrected for absorption, Lorentz and
polarisation effects. All calculations were carried out on a Microvax 3800 computer
using SHELXS-861 for direct methods and CRYSTALS? for all other calculations.
Atomic scattering factors were taken from International Tables.3Atomic coordinates for
both compounds have been deposited at the Cambridge Crystallographic Data Centre.
The coordinates of all non-hydrogen atoms were given by SHELXS-86. The hydrogen
atoms were placed geometrically except for the hydroxyl hydrogens which were found
by Fourier difference maps. The structures were refined by full-matrix least-squares
with isotropic temperature factors for the hydrogen atoms and anisotropic temperature
factors for all other atoms using data with merged Friedel pairs. Corrections for
secondary extinction were applied,? and the models refined almost to convergence. The

data were refined using Chebyshev® weighting schemes.
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I Data for 3.4-O-isopropylidene-D-altrono-1.5-lactone (2.11).

Molecular formula CoH140¢ Formula weight 218.206
Crystal data:

Crystal system  orthorhombic

a/A 7.004(4) /o 90

b/A  8.954(6) B/° 90

c/A 16.738(3) ¥° 90

space group P 212121 D¢/g cm-3 1.385

linear absorption coeff. /cm-1 9.65

Crystal size /mm 0.1x0.2x0.6

Data collection:

X-radiation A =1.5418 A Cu-Ko

0 min., max. /0 0,75

-scan parameters: A,B (°®) (A+Btanf) A=0 B=0

Horizontal aperture parameters: A, B (mm) (A+Btan8) A= 06 B= 0.15
Scan speed/° min-! 1.1 (min.) to 1.7 (max.)

Total data 1823 Total unique data 1211

Observed data 838, for [I>nc(I)] where n =

Absorption correction, Psi scan: min 1.00, max 1.12 Sheldrick Merging R 3.36%
Refinement: Solved by SHELXS-86

Weighting Scheme type Chebyshev 4 coefficients, 2.00, -1.35, 1.25, -0.859
Extinction parameter 47(4)

Maximum residual electron density/ eA-3 1.4

Final R  3.62% Ry 4.13%
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Fractional atomic coordinates and equivalent isotropic temperature factors U(equ) with standard deviations in
parentheses for 3,4-di-O-isopropylidene-D-altrono-1,5-lactone (9).

Atom x/a y/b z/c U(iso)
o) 0.0062(4) -0.2930(3) -0.2993(1) 0.0422
C(2) -0.0056(6) -0.1379(4) -0.3163(2) 0.0412
C(3) 0.1331(5) -0.1002(3) -0.3818(2) 0.0347
O4) 0.0656(4) -0.1753(3) -0.4535(1) 0.0402
C(5 0.1542(5) -0.1433(4) -0.5233(2) 0.0381
O(6) 0.1029(4) -0.2077(3) -0.5829(1) 0.0497
C 0.3166(5) -0.0327(4) -0.5194(2) 0.0364
O®) 0.3712(4) 0.0144(3) -0.5963(1) 0.046
C%) 0.2670(5) 0.1043(3) -0.4699(2) 0.0340
O(10) 0.4371(4) 0.1576(3) -0.4328(1) 0.0448
c(amn 0.3880(5) 0.2246(4) -0.3590(2) 0.0431
C(12) 0.3339(7) 0.3870(4) -0.3692(3) 0.0597
c(13) 0.5476(8) 0.2012(8) -0.3004(3) 0.0834
0(14) 0.2215(4) 0.1418(3) -0.3326(1) 0.0452
C(15) 0.1367(5) 0.0672(4) -0.3989(2) 0.0366

Final anisotropic temperature factors with standard deviations in parentheses for 3,4-di-O-isopropylidene-D-

altrono-1,5-lactone (9).
Atom
O(1)
C(2)
C(3)
O4)
C(5)
0O(6)

U(ll)
0.065(2)
0.060(2)
0.045(2)
0.058(1)
0.049(2)
0.069(2)

U(22)
0.038(1)
0.038(2)
0.035(2)
0.041(1)
0.034(2)
0.053(1)

U(33) U(23)

U(13) U(12)

0.033(1) 0.002(1) 0.010(1) -0.010(1)
0.034(2) -0.003(1) 0.014(2) -0.006(2)
0.028(1) -0.005(1) 0.006(1) -0.002(2)

0.031(1) -0.0052(9)

0.007(1) -0.015(1)

0.033(2) -0.001(1) 0.004(1) 0.001(2)

0.036(1) -0.008(1)

0.002(1) -0.010(1)

C()
O(8)
C9)
0O(10)
C(11)
C(12)
C(13)
0(14)
C(15)

0.047(2)
0.078(2)
0.043(2)
0.044(1)
0.051(2)
0.077(3)
0.083(3)
0.074(2)
0.042(2)

0.036(2)
0.042(1)
0.032(1)
0.053(1)
0.044(2)
0.039(2)

0.030(2) -0.001(1)
0.038(1) -0.001(1)
0.030(1) 0.001(1)
0.044(1) -0.013(1)
0.037(2) -0.006(1)
0.084(3) -0.009(2)
0.128(5) 0.063(3) -0.009(4) -0.026(3) 0.009(4)
0.049(1) 0.038(1) -0.015(1) 0.021(1) -0.024(2)
0.034(2) 0.036(2) -0.002(1) 0.009(2) 0.002(2)

0.009(1) -0.001(2)
0.024(1) -0.003(1)
0.004(1) -0.000(2)
0.010(1) -0.007(1)
0.005(2) -0.003(2)
0.028(3) -0.011(2)

Bond lengths (in A) for the non-hydrogen atoms with standard deviations in parentheses for 3,4-di-O-
isopropylidene-D-altrono-1,5-lactone (9).

o(1) -C(2) 1.418(4) C2) -C(3) 1.503(4)
C@3) - 04) 1.452(3) C@3) -C(15) 1.524(5)
0@4) - C(5) 1.353(4) C(5) - O(6) 1.206(4)
C(5) -C) 1.508(5) C(7) - O(8) 1.407(4)
C() -C9) 1.518(4) C) - O(10) 1.424(4)
C©) - C(15) 1.533(4) O(10) - C(11) 1.415(4)
c(an - C(12) 1.510(5) C(11) - C(13) 1.501(6)
C(11) - 0(14) 1.449(4) O(14) - C(15) 1.423(4)

Bond angles (in degrees) for the non-hydrogen atoms with standard deviations in parentheses for 3,4-di-O-
isopropylidene-D-altrono-1,5-lactone (9).

C(3) -C(2) -O(1) 109.1(3) 0@4) -C(3) - C(2) 106.7(3)
C(15) - C(3) - C(2) 111.6(3) C(15) - C(3) - O(4) 107.8(3)
C(5) - 04) -C(3) 117.7(2) 0(6) - C(5) - O(4) 118.4(3)
C(7) -C(5) -O4) 116.5(3) C(7) - C(5) - O(6) 125.0(3)
0O(8) - C(7) - C(5) 111.2(3) C%) -C(7) - C(5) 112.4(3)
C(9) -C(7) -O(8) 108.6(3) 0O(10) - C(9) - C(7) 108.4(3)
C(15) - C(9) - C(7) 112.6(3) C(15) - C(9) - 0(10) 103.5(2)
C(11) - O(10) - C(9) 108.6(3) C(12) - C(11) - O(10) 111.7(3)
C(13) - C(11) - O(10) 109.3(3) C(13) - C(11) - C(12) 113.3(4)
O(14) - C(11) - O(10) 104.1(3) O(14) - C(11) - C(12) 108.9(3)
0(14) - C(11) - C(13) 109.2(3) C(15) - O(14) - C(11) 109.7(2)
C(9) - C(15) - C(3) 111.5(3) O(14) - C(15) - C(3) 108.7(3)
0O(14) - C(15) - C(9) 104.7(3)
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APPENDIX 3

Crystal Structure Data for
(1S,4R,7R,8S)-1-Amino-7,8-O-cyclohexylidene-7,8-dihydroxy-2,5-
dioxa-bicyclo[2.2.2.]octan-6-one (2.23).
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dioxa-bicyclo[2.2.2 Joctan-6-one (2.23)

Crystal Data

Chemical formula C,H,,O,N M, 255.27
Cell dimensions:

a (A) 5.9642 a (%) 90
b (A) 21.1527 B ()90

c (A) 9.6350 v () 90

Volume (A’) 1215.5

Density (g cm™) 1.3945

Crystal system: Orthorhombic
Spacegroup: P 2, 2, 2,

Z=4

Crystal colour: Colourless
Crystal size (mm) 1.0 x 0.2 x 0.2

Data Collection
Diffractometer type: Enraf Nonius CAD4-F

Collection method ®/2¢ D mims Pmax ) 0,75
X-radiation Cu - Ko A (A) = 1.5418 Temperature (K) 300
No. of reflections for lattice parameters: 25

No. and interval for standard reflections: 3, 60 minutes
Variation of standards: None

No. of measured reflections: 3125 P oinsPmax =6, 6

No. of unique reflections : 2128 KinsKmax =15 21

No. of observed reflections: 2694 inslmax -1, 10

Condition for observed reflections: I 2 nc(I) where n=3
Merging R 4.65%

Absorption correction type: Spherical

Absorption correction (T, Tra) 1.00, 1.06

Refinement

Solution software: SHELXS-86

Refinement software: CRYSTALS/TURBOEX

Atomic scattering factors taken from Intemnational Tables, Volume 4

No. of parameters refined 170 Refinement of F
Hydrogen atom placing: Calculated using CRYSTALS, except amine placed by
difference fourier.

Extinction parameter 39.617

Weighting scheme, type: Chebychev polynomial, 3 parameters

Weighting coefficients: 4.80, -0.631, 3.93

Final R 4.32% _ Ry 5.29%
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Atom

0 (1)
0(2)
0(3)
0 (4)
0(5)
C(6)
C(7)
N(8)
C(9)
C(10)
C(1l1l)
C(12)
C(13)
C(14)

- C(15)
C(16)
C(17)
Cc(18)

Atom

H(71)

H(72)

H(91)

H(111)
H(121)
H(122)
H(131)
H(132)
H(141)
H(161)
H(162)
H(171)
H(172)
H(181)
H(182)
H(81)

H(82)

x/a

.0827 (4)
.1070 (3)
.3167 (4)
.0698 (4)
.2875(5)
.0172(5)
.2158 (6)
.1713(7)
.0070(5)
.0530 (6)
.1308 (5)
.1441 (6)
.1451 (6)
.1830(6)
.1957(6)
.0116 (7)
.2106 (7)
.0690(7)

x/a

.3094
.3062
.0794
.2960
.2813
.0697
.0663
.2810
.2864
.0681
.0703
.3006
.3022
.0266
.1832
.104 (6)
.284(7)

y/b

.8484 (1)
.9000 (1)
.9455(1)
.0007(1)
.8850 (2)
.8432(2)
.8376(2)
.90359(2)
.9488 (2)
L9317 (2)
.9140(2)
.7883(2)
.8305(2)
.9868 (2)
.9170(2)
V7742(2)
.7801 (2)
.0341 (2)

y/b

.8766
.7999
L9771
.9216
.7966
.7488
.8698
.8237
.0074
L7734
. 7345
.8176
.7409
.0628
.0595
.882(2)
.891(2)

z/c

.4670(3)
.6351(3)
.3908 (3)
.2891 (3)
.2046(3)
.6084(3)
.7047 (4)
.1883(4)
.5536 (4)
.3010(4)
.4455 (4)
.6251 (4)
.8548 (4)
.4787 (4)
.2912(4)
.8722 (4)
.7762(5)
.3863(4)

z/c ‘

.6956
L6771
.6178
.4554
.5692
.5921
.8852
.9133
.5471
.9707
.8519
.8047
.7842
.4441
.3355
.126 (4)
.207 (5)

QO OO OOCOOODOOOOOOOO

U(iso)

.0395
.0386
.0449
.0489
.0607
.0339
.0426
.0585
.0361
.0425
.0366
.0442
.0468
.0443
.0444
.0499
.0483
.0540

QOO T O OO OOOOODOOOOOO

U(iso)

.0430
.0430
.0366
.0385
.0447
.0447
.0477
.0477
.0442
.0529
.0529
.0491
.0491
.0545
.0545
.0500
.0500

v
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Atom U(1l) U(22) U(33) U(23) U(13)
o(1) 0.043(1) 0.040 (1) 0.036(1) 0.001(1) =0.003(1)
0(2) 0.042(1) 0.035(1) 0.043(1) 0.004(1) =0.009(1)
0(3) 0.029(1) 0.055(2) 0.057(2) =0.001¢(2) 0.003(1)
0 (4) 0.053(2) 0.049(1) 0.054(2) 0.015(1) =0.005(1)
0 (5) 0.067(2) 0.070(2) 0.060(2) =0.009(2) 0.023(2)
C(6) 0.034(2) 0.035(2) 0.033(2) =-0.002(2) =0.002(1)
C(7) 0.038(2) 0.047(2) 0.044(2) =-0.002(2) =0.002(2)
N(8) 0.061(3) 0.092(3) 0.039(2) =-0.003(2) =0.009(2)
C(9) 0.038(2) 0.037(2) 0.034(2) =-0.000(2) =0.001(2)
C(10) 0.042(2) 0.049(2) 0.039(2) 0.004(2) =0.004(2)
C(11l) 0.025(2) 0.048(2) 0.047(2) 0.006(2) =0.003(2)
C(12) 0.044(2) 0.038(2) 0.055(2) 0.002(2) 0.007(2)
C(13) 0.053(2) 0.056(3) 0.037(2) 0.003(2) 0.010(2)
C(14) 0.051(2) 0.043(2) 0.040(2) 0.000(2) =0.004(2)
C(15) 0.051(2) 0.049(2) 0.038(2) 0.007(2) 0.009(2)
C(16) 0.057(2) 0.052(2) 0.050(2) 0.019(2) 0.001(2)
C(17) 0.047(2) 0.042(2) 0.063(3) 0.012(2) =0.005(2)
C(18) 0.070(2) 0.039(2) 0.059(3) 0.005(2) 0.006(2)
C(ll) - O(l) = C(6) 105.6(3)

C(9) = 0(2) = C(6) 106.9(2)

C(15) = 0(3) = C(l4) 113.0¢(3)

C(18) - O0(4) = C(10) 113.5(3) 0(1) = C(6)

0(2) = C(6) = 0O(1) 104.4(3) O(l) = C(11)

C(7) - C(6) = 0(1) 112.3(3) 0(2) = C(6)

C(7) = C(6) = 0(2) 111.1(3) 0(2) = C(9)

C(l2) - C(6) = 0O(1) 109.6(3) 0(3) = C(14)

C(l2) - C(6) = 0(2) 107.1(2) 0(3) = C(15)

C(l2) = C(6) = C(7) 111.9(3) 0(4) = C(10)

C(13) - C(7) = C(6) 112.1(3) 0(4) = C(18)

C(1l) - C(9) = 0(2) 104.7(3) 0(5) = C(15)

C(l14) - C(9) = 0(2) 111.0(3) C(6) = C(7)

C(l4) - C(9) - C(1l1) 107.9(3) C(6) - C(12)

N(8) - C(10) - O(4) 107.0(3) C(7) = C(13)

C(11) - C(10) - O(4) 107.2(3) N(8) - C(10)

C(1l) - C(10) - N(8) 117.4(3) C(9) = C(11)

C(15) - C(10) - O(4) 105.5(3) C(9) - C(14)

C(15) - C(10) - N(8) 111.3(4) C(10) - C(11)

C(15) = C(10) = C(11) 107.8(3) C(10) = C(15)

C(9) = C(11) - O(1) 105.2(3) C(12) = C(17)

C(10) - C(11) = O(1) 108.1(3) C(13) - C(16)

C(10) - C(11) = C(9) 110.2¢(3) C(1l4) - C(18)

C(17) - C(12) - C(6) 110.8(3) C(l6) - C(17)

C(16) - C(13) = C(7) 110.7(3)

C(9) = C(14) - 0(3) 109.9(3)

C(18) - C(14) = 0(3) 107.6(3)

C(18) - C(14) - C(9) 108.9(3)

0(5) = C(15) - 0(3) 120.1(3)

C(10) - C(15) = 0(3) 112.9(3)

C(10) - C(15) - 0O(5) 127.0(4)

C(17) - C(l16) - C(13) 110.6(3)

C(l6) - C(17) - C(1l2) 113.0(3)

C(l14) - C(18) - 0O(4) 108.7(3)

R el R N S S e e =
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APPENDIX 4

Crystal Structure Data for
(1S,4S,5R,6R,7S)-4-Azido-5,6-O-isopropylidene-2-oxa-5,6,7-
trihydroxy-bicyclo[2.2.1.]heptan-3-one (4.8).
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Crystal Data for (1S.4S.5R.6R.7S)-4-Azido-5.6-O-isopropylidene-2-0xa-5.6.7-
trihydroxy-bicyelo[2.2.1.]heptan-3-one (4.8),

Molecular formula
Crystal system
a(A) 11.090(6)
b(A) 5.836(1)
c(A) 32.509(3)

v (A3) 2105.4
Z=8

Reflections for lattice parameters
Linear absorption coeff. i (cm1)

q range for lattice parameters (©)

Crystal size (mm)

Data _collection

hmin 0
Kmin 0
Imin -1

Abs? correction type  Psi scan

Total data collected 2393
Total observed data
Merged Friedel pairs 1535
Unmerged Friedel pairs

Refinement
No. of parameters
Ratio of data : parameters

Weighting scheme

W = weight x [1-(dF/6sF)2]
(Dr)min (€A~3) -0.221
Final Reactor 0.36

Flack enantiopole parameter

C9 H11N3 O5
Orthorhombic

Formula weight

Space group

a/0 90
b/O 90
g/0 90
Dc/g cm™3 1.52

25

10.37

16.13 - 24.10
0.05x 0.25 x 0.30

hmax
kmax
lmax
Abs? corr® (Timin, Tmax)

Criterion for observed

Merging Rfactor
Merging Reactor

169
7.1
Tukey & Prince

(Dr)max (CA'3)
Final Ry
0.02(35)

241.2
C2221

13

7

32
1.00-1.12
I>3s

2.27%
2.20%

+0.23
0.043
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Interatomic distances ( A ) with es.d.'s in parentheses

N(18)  N(19) 1.238(3)

N(19) N(20) 1.117(3)

010y C(S) 1.472(3)

0(12) Cé4 1.414(3)

o(13) C(©6) 1.409(3)

O(14) C(7) 1.428(3)

C2 CQ) 1.558(3)

C3 C@ 1.538(3)

C5  C©) 1.517(4)

C(7) CO) 1.512(5)

Interatomic  angles (°) with es.d.'s

C(2) N(18) N(19) 114.0(2)

C(5) o10) Ca) 106.9(2)

C() 014) C@G) 108.5(2)

C(2) C1) 010 106.6(2)

C(D C(2) N@18) 110.0(2)

C@3) C2 CI) 104.3(2)

ce C2 CO) 99.8(2)

C(2) C3 014 111.0(2)

C@4) C@3) C(2) 102.7(2)

C(5) C4) 012) 114.5(2)

C4) Co) 010 108.1(2)

C(6) Ccs) C4) 100.7(2)

C(5) Ce 013) 115.0(2)

0o(14) CO) 0(12) 105.6(2)

C® CT 014 108.5(2)

C) C() 0(14) 109.8(2)
Fractional atomic co-ordinates and equivalent
temperature factors, U(equ),

(with e.s.d's in parentheses)

Atom x/a y/b
N(18) -0.0734(2) -0.2968(4)
N(19) -0.1550(2) -0.3626(4)
N(20) -0.2242(3) -0.4019(5)
0(10) 0.0984(2) -0.5871(3)
Oo(11) 0.1412(2) -0.2514(4)
0(12) -0.0775(2) -0.5601(3)
O(13) 0.0330(2) -0.77844)
0(14) -0.0970(2) -0.2393(3)
C(1) 0.0737(2) -0.4081(4)
C(2) -0.0517(2) -0.44794)
C@3) -0.1359(2) -0.42094)
C4) -0.1086(2) -0.6384(4)
C(5) -0.0054(2) -0.7440(4)
C(6) -0.0491(2) -0.7104(5)
C() -0.0963(3) -0.31774)
C(®) 0.0101(4) -0.2132(6)
C©) -0.2157(4) -0.2630(7)

in

N(18) C(2)

Oo(10) C1)

o(11) Ca)

012y CM

o144 COB)

C1 CQ2

C2  C6)

Céd CO

cm  C®)
parentheses

N(20) N(19) N(18)

C( 012 C@

oan  Ca O(10)

C(2) C(D) O(11)

C(3) C®2) N(18)

C(6) C®2) N(18)

ce)y C2 CQ3)

C@) C@3) 0O(14)

C@3) Cc@4) 0O(12)

C(5) C@) C@3)

C(6) C(5) 0(10)

C2 C®6) 0(13)

C(5) C(6) CQ)

C(8) C( 0(12)

C©) C( 0(12)

coO Ccm CE

isotropic
z/c

-0.29540(6)
-0.27223(6)
-0.24826(9)
-0.37200(6)
-0.34173(6)
-0.43323(5)
-0.29512(7)
-0.39384(4)
-0.34718(7)
-0.33031(7)
-0.36838(7)
-0.39345(7)
-0.36963(8)
-0.32585(8)
-0.43547(7)
-0.4571(1)
-0.4556(1)

1.457(3)
1.348(3)
1.195(3)
1.432(3)
1.412(3)
1.512(3)
1.539(3)
1.513(4)
1.502(4)

171.7(3)
109.3(2)
123.6(2)
129.8(2)
117.3(2)
122.1(2)
100.7(2)
104.4(2)
105.4(2)
102.3(2)
102.6(2)
111.0(2)

92.6(2)
108.1(3)
111.0(3)
113.6(3)

Ulequ)

0.0528
0.0473
0.0671
0.0506
0.0570
0.0558
0.0679
0.0430
0.0427
0.0396
0.0390
0.0437
0.0472
0.0476
0.0506
0.0730
0.0794

v
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Fractional

factors, U(iso)

Final

(with standard deviations in parentheses)

Atom

N(18)
N(19)
N(20)
O(10)
o1
0(12)
0(13)
0(14)
C()
CQ)
CQ3)
C@)
CGo)
C(6)
C(7)
C®)
C©O)

U@l

0.067(1)
0.057(1)
0.080(2)
0.0413(9)
0.048(1)
0.089(2)
0.075(1)
0.0582(9)
0.038(1)
0.041(1)
0.038(1)
0.055(1)
0.050(1)
0.049(1)
0.071(2)
0.12(3)
0.098(3)

U(22)

0.055(1)
0.044(1)
0.066(2)
0.045(1)
0.058(1)
0.0428(9)
0.065(1)
0.0326(8)
0.040(1)
0.038(1)
0.034(1)
0.032(1)
0.031(1)
0.042(1)
0.044(1)
0.070(2)
0.091(3)

U@33)

0.044(1)
0.043(1)
0.064(1)
0.076(1)
0.079(1)
0.0481(9)
0.078(1)
0.0428(8)
0.054(1)
0.041(1)
0.046(1)
0.050(1)
0.070(2)
0.058(1)
0.042(1)
0.062(2)
0.068(2)

U(23)

-0.006(1)
0.0025(9)
0.001(1)
0.0023(9)
0.008(1)
0.0039(8)
0.026(1)
0.0029(7)
0.010(1)
0.002(1)
-0.001(1)
-0.005(1)
0.002(1)
0.015(1)
0.001(1)
0.010(2)
0.011(2)

atomic co-ordinates and isotropic temperature
(With e.s.d.'s in parentheses)

Atom x/a z/c  U(iso)

H(131) -0.024(7) -0.96(1) -0.294(2) 0.21(3)
H@31) -0.2214 -0.3851 -0.3612 0.070(9)

H(41) -0.1732 -0.7537 -0.3991 0.065(9)

H(D) 0.0174 -0.9008 -0.3790 0.069(9)

H(61) -0.1203 -0.8021 -0.3158 0.09(1)

H(81) -0.0011 -0.0434 -0.4590 0.11(1)

H(82) 0.0169 -0.2790 -0.4854 0.09(1)

H(83) 0.0854 -0.2471 -0.4413 0.12(2)

HO1) -0.2266 -0.0928 -0.4569 0.10(1)

H(O92) -0.2168 -0.3270 -0.4842 0.09(1)

H(93) -0.2827 -0.3322 -0.4392 0.08(1)

anisotropic temperature factors

U(13)

0.009(1)
0.005(1)
0.024(1)
0.0149(8)
-0.0037(9)
0.0132(9)
-0.016(1)
-0.0005(7)
0.002(1)
0.0028(9)
0.0048(9)
0.005(1)
0.009(1)
-0.001(1)
-0.004(1)
0.026(2)
-0.031(2)

U(12)

-0.014(1)
0.0024(9)
-0.000(1)
0.0021(8)
-0.020(1)
-0.003(1)
0.001(1)
0.0054(8)
-0.004(1)
-0.006(1)
-0.0021(9)
-0.006(1)
-0.002(1)
-0.005(1)
-0.001(1)
-0.020(2)
0.017(2)






