"Instruct a wise man and he will be wiser still;
teach a righteous man and he will add to his learnings
The fear of the Lord is the beginning of wisdom,

and knowledge of the Holy One is understanding,"

Proverbs ch.,9 v,9-10
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SHORT ABSTRACT

M.D. Brown D.Phil.
St. John's College Hilary Term 1584

Synthetic Aspects of Orpganosulphur Chemistry

The thesis is concerned with approaches to substituted 2-phenyl-
1,3-oxathiolans and their cycloreversion to olefins,

2—(ahﬂethoxybenzylthio)acetophenone (1) was prepared by in situ

alkylation of the thiolate generated by aminolysis of O-ethyl-S~
phenacyldithiocarbonate with a-chlorobenzyl methyl ether., Reduction
of (1) with lithium aluminium hydride gave 2—(a»methoxybenzylthio)—i—
phenylethanol which cyclised in the presence of p-toluenesulphonic acid
to give 2,5-diphenyl-1,3-oxathiolan, a—(a'-Methoxybenzylthio)acetone
2), was prepared by a similar route to that used for (1). Compounds

1) and (2) and various other a-thiosubstituted ketones were investigated
as potential starting materials for the synthesis of substituted
B-(a—metboxybenzylthio)alcobols but the transformations attempted were
unsuccessful,

A reasonably flexible synthesis of substituted oxathiolans and
hence the corresponding olefins was developed starting from
a~(benzylthio)ketones. The olefins prepared were Z2-methyl-3-phenyl-2-
butene, 1,2-dimethylcyclohexene and the Z-(3) and.gk(é) 3y4—dimethylhex-
3-enes, Alkylation of the a—(benzylthid’ketones proceeded regio-
specifically a~ to the thio and keto groups. Subsequent reaction with
organometallic reagents gave f-benzylthioalcohols. Generally
alkyllithiums gave the best yields and higher stereoselectivities in
these additions. The benzylthio group was cleaved with sodium/
ammonia to give fB-mercaptoalcohols which were condensed with benzaldehyde
to give 2-phenyl-1,3-oxathiolans, Treatment of the oxathiolans with
lithium diisopropylamide resulted in cycloreversion to olefins in high
yields (75-100%).

Stereochemical integrity was maintained throughout the reactions
used to convert the f-benzylthioalcohols into olefins and consequently
the stereoselectivity was determined at the B-benzylthioalcohol forming
step. Thus the ratio found for (3) to (4) synthesised from a p-benzylthio-
alcohol prepared by reaction of methyllithium with 3~benzylthio-3-
me thyl-4~hexanone was 3:7, whereas when the B-Jenzylthioalcohol was
prepared from 3~benzylthio-3-methyl-2-pentarone by an ethyllithium
reaction the ratio of (3) to (4) subsequently obtained was 6:4,
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INTRODUCTION

(1) Olefin Synthesis

The presence of carbon-carbon double bonds in many compounds
of pharmaceutical and/or academic interest has led to much activity
in the area of olefin synthesis. The work contained in this thesis
is concerned with the development of a synthetic strategy applicable

to the stereoselective preparation of tri- and tetra-substituted olefins.

The synthesis of many olefins may be accomplished by the B-
elimination of HX, where X is a leaving group. The lack of regio-
specificity often associated with the elimination (e.g. Scheme 1)1,
however, means that many olefins can not easily be prepared by this

route.

85% aqg.n-butyl-
C
Ml ceollosolve 25 »K)\ + X/k
triethanolamine ‘
(81%) |

SCHEME 1 (19%)

Reactions which overcome the problem of regioselectivity often
suffer from problems associated with stereoselectivity and/or their

applicability to the formation of tri- and tetra-substituted double

bonds.

Quite high degrees of stereoselectivity have been achieved via

the Wittig reaction (e.g. Scheme 2)2 or "PO- activated olefination"3
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(ii) Olefin Synthesis via Oxathiolans

One example of an olefin synthesis from a 2-phenyl-l,3-oxathiolan
has been shown in Scheme 8. Other examples further illustrating the

diversity of olefins that may be formed from oxathiolans are shown

in Scheme 13.

Ph,__0Q . |
I >th LiN(pri )—O% Ph\
’ ~ \pn

Ph® °S

Phy, .O
I >wph LiN(pr1) <D Ph Ph
—

LiNEt, _ V H

SCHEME 13

2-Phenyl-1,3-oxathiolans may be prepared by the condensation
of a B-mercaptoalcohol with benzaldehyde28’29 (step iv, Scheme 16).
For a stereospecific olefin synthesis the oxathiolan must have stereo-
specific substitution at the 4- and 5- positions of the ring and

thus in teirms of using the above condensation as a route to such

oxathiolans the B-mercaptoalcohol needs to be one particular

diastereomer.
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In seeking for a more general approach to B-mercaptoalcohols -
and thus, hopefully, to olefins — we chose to explore the viability

of an overall plan as outlined in Scheme 16.

0 0 L s
> 1)J\/SX . 1/UW<SX it _ R
R R 2 13 1 2
RZ R R' RZ RO
111
RLL | Rl-l
b oy 2ry3 R0 ., R
R'R'C=CR“R’ _ v >_ph i,
= 2 R SH
R S ]
R R

SCHEME 16

In Scheme 16 the position alkylated in step i 1s activated by
both the carbonyl group and the thio-substituent . It may also be
noted that if, as hoped, the oxathiolan cycloreversion (step v) 1is
stereospecific and stereochemistry is retained in steps 1iii and
iv then olefin stereochemistry is determined by the nucleophilic
attack on the carbonyl group (step ii). The stereoselectivity of this
addition which would presumably have to involve an organometallic

reagent may be influenced by the thio-substituent.

] . 4 . 35 . .
In some related studies Brldges3 and Meunier investigated
some reactions of B-ketodithiocarbonates (3) and B-ketodithiocarbamates
Thus treatment of B-ketodithiocarbonates with sodium

respectively.

hydride gave B-oxo-thionesters as shown in Scheme 17. Meunier's
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DISCUSSION

CHAPTER 1

a-Thiocyanatoketones

Initial work towards a general synthetic route to 2-phenyl-
1,3-oxathiolans (as outlined in Scheme 16) involved the use of
a-thiocyanatoketones, in which X as in Scheme 16 is -C=N. It was
hoped that the thiocyanate group would be stable to conditions
that would allow alkylation of the ketones (step (i)) followed
by reaction with an organometallic reagent (step (1i)) to give

a B-hydroxythiocyanate as shown in Scheme 18.

0 HO SCN
ﬁ i I 11
2R3 Rh R2
R
iii
o
R R% R4 0 SH
& base —t PhCHO
Soh, 3 € . YwPh < 3
rRY R 5 R R
RE| S T
5 R R
R
SCHEME 18

The reduction of thiocyanates to thiols (as in step (iii))
has been accomplished by various means; examples illustrating the
diversity of reducing agents that have been employed are: Clemmensen

. . . . 37 . .
conditions, lithium aluminium hydr1de36, sodium/ammonia” , dithiothreitol,

glutathion838

a-Thiocyanatoacetophenone was chosen as a model substrate and

was made by the reaction of potassium thiocyanate with a-bromoaceto-

39
phenone in methanol ~.

In an analogous fashion benzyl thiocyanate was prepared
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as a simple non-ketonic substrate for comparative studies.

Reactions of compounds containing the thiocyanate group
with Grignard reagents and bases/nucleophiles of various kinds
have been well studied but nothing was found in the literature
concerning reactions of compounds containing a carbonyl group

as well as a thiocyanate group.

a-Thiocyanatoacetophenone was subjected to relatively
non-nucleophilic, basic conditions. The protons a to the carbonyl
and thiocyanate groups should be quite acidic owing to the influence
of the two groups, (perhaps pKa = 16 by comparison with similar
compounds4o’4l). It was hoped that the enolate ion would be
formed which could then be alkylated on carbon. The bases used
were LDA and isopropyl magnesium bromide. Reactions with the latter
might also indicate the relative electrSphilicitieé of the functional

groups. Benzyl thiocyanate was subjected to the same conditions

for comparative purposes.

Our observations are shown in Scheme 19. The products of

the reactions were identified by comparison with literature data.

In the reaction of LDA with benzyl thiocyanate we see an
example of the most common form of S-CN bond fission. The reaction
may be rationalised by a two-stage mechanism in which the relatively
"hard'42 base, LDA, acts as a nucleophile at the 'harder' carbon
centre of the thiocyanate group, forming a thiolate. The latter
is a 'softer' base and attacks at the 'softer' sulphur centre of

the thiocyanate group to give a disulphide.
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o 0 0 s
l_ SCN LDA _ S \/K + (Pr~),NC=N
> Ph)J\/ Ph 2

Ph
i

Ph” NSCN PR AR+ (Pri)neen

i
)?\/ SCN Pr Mgbr - complex mixture

Ph - comE
i AN

ph” \SCN PrVgBr . FPh S<

SCHEME 19

In the reaction of LDA with a—thiocyanatoacetophenone the
thiolate derived from initial S-CN cleavage apparently attacks the
a-carbon of the a-thiocyanatoacetophenone. Such a thiocyanate
displacement would be aided by the adjacent carbonyl group as in

the Sn2 reactions of a-haloketones.

The benzyl isopropyl sulphide produced in the reaction
of isopropyl magnesium bromide with benzyl thiocyanate appears
to result from nucleophilic attack at the sulphur atom of the
thiocyanate group. This is consistent with the Grignard reagent
being a softer base than LDA. In fact attack by Grignard reagents

- . 43 Ld
at the carbon atom of thiocyanates is also known ~. The reaction

of isopropyl magnesium bromide with a-thiocyanatoacetophenone

gave a complex mixture.
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The apparent lability of the thiocyanate group to the kind
of conditions that would be required for alkylation of an a-thiocyanato-—
ketone dissuaded us from pursuing this approach to oxathiolans

any further.
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CHAPTER 2

a—(a'-Methoxybenzylthio)ketones

2(1) General

The originally suggested route to 2-phenyl-l,3-oxathiolans
involved a deprotection of the B-hydroxythio compound (4) (as in
Schemes 16 and 18) to give a mercapto alcohol which could be
condensed with benzaldehyde to give the oxathiolan, as shown in
route 1 of Scheme 20. An alternative approach is to have an a-
substituted benzylthio substituent present which may be cyclised

to the oxathiolan directly, after formation of the alcohol; see

route 2 in Scheme 20.

OH OH 0
Toute 1 j: SN I _PhCHO I%Ph
SX “~SH
(&) S

/‘O

OH
route 2 'R-metal! RI IO
st — Ph N -HY R >‘M
e Ph ——> Ph
S”ky S{ S
Y

(5)

SCHEME 20

This chapter discusses approaches to ketones bearing an

o-methoxybenzylthio group o to the carbonyl group - e.g. (5)
where Y 1s -OMe. It was hoped that the methoxy group would not

only permit cyclisation but also influence the stereoselectivity

of the preceeding organometallic reaction.
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2(i1) O-Ethyl-S—-(a-methoxybenzyl) dithiocarbonate

One approach to o-(a'-methoxybenzylthio)ketones ( 8)
might be a displacement reaction by o-methoxybenzylthiolate ( 7)

on an o~haloketone, as shown in Scheme 21.

~ - 0
- | 0
SX | e ISy
Ph—< —> Ph—< - R OMe
OMe OMe (8)

(6) - (7)
SCHEME 27

Owing to the probable instability of the a-methoxybenzylthiolate

d %%, it was decided to attempt to form the

and 1ts conjugate aci R

thiolate and react it with an electrophile (the a-haloketone in

Scheme 21) in situ.

Compounds containing an a-(methoxy)alkylthio group (e.g. 6)
have been made by a number of.methods. These methods include
Pummerer and related reactionsas, replacement of one of the methdxy
groups of a dimethyl aceta146 and the displacement of bromide from
an a-bromosulphide47. It was decided, in the first instance,
to attempt to make a dithiocarbonate derivative ( 9) of the
a-methoxybenzyl compound (Scheme 22) and this was accomplished

by a modification of the reaction sequence used by Fife and

Anderson®8 for the preparation of monothioacetals. The conditions

used are outlined in Scheme 22.
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' N OMe L OMe
PhCH(OMe), —1-> PhcH(oMe)C1-tts L —=235pn
95% 714 Ph SOt
" (9 [ (10) SMe

+ ca 30%
recovered (9)

SCHEME 22 :1 SOClp;ii KSCS.OEt,EtZO;iii MeI,EtZO; NaOMe.

The reactions of benzaldehyde dimethyl acetal with thionyl-
chloride only gave good yields when the reactants were freshly
distilled and the apparatus used was thoroughly dried. The
dithiocarbonate ( 9) was identified by its characteristic "H
1

n.m.r. spectrum and strong bands at 1220, 1110 and 1040 cm

in the liquid film infrared spectrum due to the dithiocarbonate

groupag.

Either sodium methoxide, lithium aluminium hydride or
piperidine were used in reactions with the dithiocarbonate ( 9)
in attempts to produce the thiolate (7) (see Scheme 21).
Either a-chloroacetophenone or iodomethane were included in the
reaction mixtures as electrophiles to react with any thiolatg
formed. The crude products of the reactions were examined by
lH n.m.r., the region from § 5.0-7.0 being considered particularly
informative since a proton o to a phenyl, a methoxy and a thio

group should occur in this region.

The only promising reaction observed was that shown in
. . 45
Scheme 22 where the dimethyl monothioacetal (10) resulted.
Other than this the reactions under various conditions gave recovered
starting material and/or mixtures of compounds with little if

any of the desired products. Therefore this particular route to
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a-(a'-methoxybenzylthio)ketones was considered not worth pursuing

further.
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2(111) (o—-Methoxybenzyl) thiocyanate

In the reaction of isopropyl magnesium bromide with benzyl
thiocyanate (Scheme 19 we saw an example of an apparent displacement
at sulphur by the carbon nucleophile. If such a displacement
took place on (a-methoxybenzyl)thiocyanate (11) using an enolate
nucleophile this would be a synthesis of a~(a'-methoxybenzylthio)-

ketones ( 8 )as shown in Scheme 23.

//?- OMe -CN™ ﬁ

+ Ph > _-S._Ph
R\ R

N (1) SN (8)\(g'le

SCHEME 23

It was hoped that the (a-methoxybenzyl)thiocyanate could
be prepared by a similar reaction to that used for the preparation
of the corresponding dithiocarbonate. The reaction of (a-chloro-
benzyl)methyl ether with potassium thiocyanate ( Scheme 24),
ﬁowever,.proved much more capricious fhan that with potassium
O-ethyldithiocarbonate. The reaction was never clean and the
product, isolated by distillation, appeared to be the isothiocyanate
(12) on the basis of the broad band at 1950-2150 cm © in the
infrared spectrum (liquid film)so. Since a-chloro ethers tend
to react by-an Sn 1 mechanisms1 the formation of an isothiocyanate
is not surprising since the electrophile becomes essentially

a carbonium ion, which is a hard acid, and the 'harder' centre

of the thiocyanate is the nitrogen.
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OMe KSCN OMe
Ph ~> Ph
< THF ,reflux 2h
Cl (12) NCS
SCHEME 24

In order to investigate the viability of a reaction such as in
Scheme 23, benzylthiocyanate was added to the enolate of acetophenone
(Scheme 25). The crude products of the reactions were mixtures of

recovered acetophenone and dibenzyl disulphide.

N

o .
)K i LDA,Et»0,20°,20min !
Ph ii PhCH,SCN,20°,16h 0
| + S. _Ph
7 i NaH,THF,reflux 3h ph/k p Ns T\
-
PH™ N ii PhCH,SCN,reflux 2h

SCHEME 25

Dibenzyl disulphide was obtained earlier (p. 17) from the
reaction of LDA on benzylthiocyanate and its formation may be
rationalised in the same way. The recovery of acetophenoﬁe is
more difficult to explain. One possible explanation is that the
harder, éarbon centre of the thiocyanate is attacked by the
harder, oxygen centre of the enolate giving a vinylcyanate
(PhCH(OCN)=CH2) which under the conditions of the reaction and

work up might well decompose, giving rise to acetophenone.

Owing to the failure of the enolate to react in the way
that was hoped and the apparent difficulty in preparing G-methoxybenzyl)-

thiocyanate, it was considered not worth following this approach

further.



2(iv) S—-(2-Oxoalkyl)dithiocarbonates

The synthesis of a-(a'-methoxybenzylthio) ketones might
also be achieved by the reaction of a B-ketothiolate (14) with

(a-chlorobenzyl)methyl ether as outlined in Scheme 26.

e
0
0 Q - Ph™ ~C1 i Ph
! 1 .
/\\/SX”—"’ R/‘\/S - R/\/S\O;
(13) (14) (8) €
SCHEME 26

Initial attempts involved preparation of a-mercaptoketones
(13, X = H). These have been most frequently prepared by the
reaction of a-haloketones with sodium or potassium hydrogen sulphide
under aqueous conditionssz’SB. The products from this kind of
preparation are usually mixtures of monomers, dimers and often
higher polymers54 which are very insoluble in organic solvents.
Aqueous sodium hydroxide is normally used to generate the monomer
from these mixtures (although McIntosh55 successfully employed
pyridine). Since aqueous conditions are incompatible with

a reaction involving an a-haloether a non-aqueous preparation of

' a-mercaptoketones that could be used in situ was sought.

56
Nagata's preparation of o-mercaptoacetophenone  using

pyridine and hydrogen sulphide was a possibility but attempts
to repeat this work gave a,a'~thiobis(acetophenone) (also obtained
by Nagata) in too large a proportion to make this approach

attractive. A halide displacement by anhydrous sodium hydrogen
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sulphide57 was attempted but the reaction with a-chloroacetophenone

gave a,a'-thiobis(acetophenone)-c.f. above (see p. 17).

The B-ketothiolate ( 14 ) might also be generated from compounds

other than the parent thiol. In this connection S-(phenacyl)-0-
ethyldithiocarbonate (13 , R = Ph, X = CS.0OEt) was preparedsg.
The dithiocarbonate was stable to treatment with sodium methoxide
either in ether or in dimethylformamide. When refluxed with

sodium methoxide in THF, partial sulphur extrusion was observed5

( Scheme 27), the product was identified by comparison of its
spectra with those obtained by Bridges for O-ethyl(benzoyl)-

thioacetate58 (16).

O 0 S
Ph 1 THF Ph~ " “OEt
(15) (16)
SCHEME 27
Reaction of the dithiocarbonate ( 15) with piperidine60’61’62 and

triethylamine in dichloromethane, followed by benzyl chloride,
. . 3
however, gave a mixture of (o-benzylthio)acetophenone (17)

.y . 6
and O—-ethyl-l-piperidinecarbothioate 2 (18) (Scheme 28).

0 i ﬁ ﬁ
S CEt __— - S Ph PN
(15) s (17) (18)

SHEME 28 : i ( NH, NEtS, CH2C12, i1 PhG-IzCl.
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a-(a'~-Methoxybenzylthio)acetophenone (19 ) was subjected
to various conditions in attempts either to alkylate it or produce
a tertiary alcohol (from an organometallic reagent). From these
reactions either recovered starting material or mixtures containing

only small quantities of the desired product were obtained.

S—-(a—-Acetonyl)=-0O-ethyldithiocarbonate (22 ) was prepared
by the procedure of Bridgessg, and the corresponding 2-oxocyclohexyl-
dithiocarbonate was obtained by an analogous method. Using these
dithiocarbonates attempts were made to produce the respective
B~ketothiolate anions using piperidine and triethylamine. Todomethane
was tried as an electrophile to react with any thiolate produced.
These reactions gave only low yields of the desired materials

and often undesired products were detected as well as recovered

starting material.

Monitoring by 1H n.m.r. of the reaction between S-(o—~acetonyl)-
O-ethyldithiocarbonate (22) and piperidine in deutero-chloroform
showed that cleavage of the dithiocarbonate (22 ) was essentially
complete after 60 seconds at room temperature. Further investigation
showed that extraction of a shaken mixture of the dithiocarbonate
(22 ) and piperidine in dichioromethane with aqueous sodium
hydroxide, followed by acidification and re-extraction into

. ' . 53
“dichloromethane gave a clean sample of monomeric o—mercaptoacetone™ ",

(Scheme 30).

Addition of the dichloromethane solution of the c-mercaptoacetone

to a solution of iodomethane and triethylamine in dichloromethane
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reactions involving formation of the dithiocarbonate salt and use of

this in situ were attempted. These attempts followed the procedures

employed by Rae64 and Kanaki et a1.65. All these reactions were

carried out on both 2-chlorocyclohexanone and a-chloroacetone,

the latter as a control.

The in situ procedures gave good yields of S—(a—acetonyl)-
O-methyldithiocarbonate but in reactions with 2-chlorocyclo-
hexanone the products were mixtures containing only small amounts
of the desired dithiocarbonate ( 24). From the in situ reaction
in dimethylsulphéxide and from reactions using the isolated
dithiocarbonate salt, 0,S-dimethyldithiocarbonate ( 25) was identified
as one of the products . The use of the sodium QO-methyl-
dithiocarbonate solid in acetone gave, as well as the dithiocarbonate
(25), a yellow solid which crystallisedmfrom the crude product

(see p. 83). The identification of the solid is discussed below.

The analysis and mass spectrum of the solid (from above)
showed its empirical formula to be C8H12083. The 1H and 13C
n.m.r. spectra suggested the presence of a methoxy (6H 3.4 (s),
GC 51 (q)) and a thio carbonyl group (6C 226). The lack of any
carbonyl absorption in the infrared spectrum helped to confirm this.
The relatively high field shift of the methoxy group suggested
that it is attached to an Sp3 hybridised carbon. One possible
structure is (1RS,6RS)-I-methoxy-7,9-dithiabicyclo[4.3.0]lnonane-
8-thione (26 ) and the close similarity between the infrared spectra
and the mass losses from the molecular ion in the mass spectra

of the unknown and trans —7,9-dithiabicyclo[4.3.0]nonane-8-

thione ( 28 ) made this seem a likely candidate. Further
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this may explain the formation of 0,S-dimethyldithiocarbonate

(:25) (Scheme 31).

The formation of the trithiocarbonate ( 26) may be explained
by the mechanism shown in Scheme 31 which provides a basis for the
trans- configuration assigned. As a precedent for many of the
steps shown in Scheme 31 one may cite the formation of the tri-

thiocarbonate ( 28) from the epoxide ( 27)67 (Scheme 32). -

NaCSpO0Et TN s
S
(27) (28)
SCHEME 32

The failure of the work.described in this section to provide
a general route to a-(a'—- methoxybenzylthio)ketones ( 8) led us
to look to other systems for the preparation of (8). However, the
generation of B-ketothiolates (14) from the corresponding O-ethyl-
dithiocarbonates ( 29 ) as described in this section (p. 26 ff)has
been used by another group in this laboratory in a synthesis
of N-mono— and N- disubstituted 2-aminothiazoles68 (30) (Scheme 33).

The procedure shown proved to be a good general synthesis of the

thiazoles (30).
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2(v) S-(2-0Oxoalkyl)dithiocarbamates

In 1978, Meunier35 prepared some S—(2-oxoalkyl)dithiocarbamates
in the hope that they would be suitable precursors to 1,3-oxathiolans
(c.f. Scheme 16 and Chapter 1 where a-thiocyanatoketones were
investigated for similar reasons). Meunier's attempts to alkylate
her dithiocarbamates gave mainly a product which was considered

to be the O-alkylated compound (32) shown in Scheme 34.

0 OR'
/JL\J/S\V/BEE2 -—2;>— /l\\/s\/’NR —ééé—- ! SR
Ar I Ar” X i 2 Aar N
(31) S (32) S g
(55-96%, 111 OH
8 examples) SR!
Ar
SCHEME 34 :i NaOHaq.,CH2C12,‘E-BuhNOH,R’Hal; ii LiAlHA;

iii excess LiAlH

A

Treatment of the product of the attempted alkylation with
lithium aluminium hydride gave B-keto- and/or B-hydroxysulphides
after aqueous work up (Scheme 34). This was considered to have

occurred via a l,4-intramolecular rearrangement.

In the light of a proposed alternative interpretation for the
course of these reactions (Scheme 35 ) it was decided to look more
closely at the data of the products of the alkylation reactions

to decide which of the proposed structures ((32) or (34)) was
more likely.

If the alternative interpretation were correct then it was

hoped that non-aqueous basic conditions could be found for generation






36

O N
\—J<> | (37) R= Me
=S5 0
0 or OR (38) R=CH,Ph
NP 2
/SR

P N Ph/\/ hd »

(A) (B) *®

SCHEME 37

The spectral data from which it was concluded that these
compounds, (37) and (38), were to be represented by the structure
(A) rather than ( B) - thus supporting Scheme 35 rather than

Scheme 34 are shown in Tables land 2.

TABLE 1

N.M.R. Chemical Shifts

Compound Ar@zo— Ph_C_I_EiZS- : MeO- MeS-
a a
p~MeO C6H4-CH20H 6H 4,55 ! GH 3.8
64 b | b
ac ) 5055
|
(Ph-CH..S) §. 3.577% |
272 H ) E.
5C43
a
Ph- CH,S-Ph 8y 411 |
Ph- SMe § 5, 2.45%
]
; b
| 6C16
| g |
Ph-0-Me GH 3.87
]
b
§.55
f . ° i
g C ‘ ! .
/ﬂ\ ; 8, 2.66
N, “SMe ;
4;;> (39) ; L 8519.5

3Values taken from "The Aldrich Library of N.M.R. Spectra".
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The chemical shifts of the methyl and benzyl groups in the
n.m.r. spectra of (37) and (38) are: GH 2.4 and 4.0, 6C 17 and
38 respectively. Reference to Table 1 shows these values to be
representative of groups attached to sulphur rather than oxygen
(i.e. favouring (A ) §ver (B)). The relevant 13C n.m.r. data
(see Table 2) are: 6C 47 and 50 (-CEQ—N), 184 (C=S) for both
(37) and (38). These figures are very similar to the values found
for the monothiocarbamate (18) (Table 2) thus corroborating that

the structures of (37) and (38) are represented by (A).

It may be noted that at room temperature the rates of rotation
about the carbon-nitrogen bond in the monothiocarbamates (18,37A & 38A)
are slow enough for two signals to be seen in 13C n.m.r. for the
two methylene groups a- to nitrogen whereas in thé dithiocarbamatef
(39) only one signal is seen. On cooling the CDCR3 solution

13

of (39) to —SOOC, however, the C n.m.r. spectrum becomes:

GC 20 (q, -SMe), 49.6 and 50.6 (t, —EBZ—N), 65.5 and 66.2 (t, —EHZ—O),

198 (s, C=S).
The minimum rate of rotation about the carbon-nitrogen bond
for coalescence of the methylene signals in the 13C n.m.r. spectrum

. ) 70
to occur is given by expression (28) .

K = T Av (a)

+RCOCH SCS.ﬁ(CHZ)ZOCHZéHZ, R = Me or Ph, show similar behaviour
in théir "C n.m.r. spectra.
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kC = rate constant for interconversion at the temperature

(TC) at which coalescence occurs. Av = the difference in frequency
between the two signals.

The coalescence temperatures for the methylene signals of
(39) are Eg_lZOC and 17°C for ~CH,-N and -CH,-0 respectively.

Using these figures one obtains for (39):

173 sec-1
1

24

At 17°¢ k

R

At 12°C k_ = 107 sec

In the 13C n.m.r. spectrum of the monothiocarbamate (18),
two signals are observed for the methylene groups 8- to nitrogen,

separated by 10.3 Hz (0.46 ppm). Since the peaks are not coalesced

it follows that:
o -1
At 35°C k <23 sec

where k is the rate constant for interconversion.

Thus rotation about the carbon-nitrogen bond in the dithio-
carbamate (39) is faster (at a given temperature) and therefore
easier than analogous rotation in the monothiocarbamate (18).

It is not clear why the presence of oxygen rather than sulphur

makes rotation about the carbon-nitrogen bond more difficult.

Having shown that Meunier's observations were consistent
with the reactions shown in Scheme 35, non-aqueous basic conditions
were sought that might allow the sequence shown in Scheme 36 to

be achieved. Although Meunier's work related to S-(2-oxoaryl)
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2(vi) S-(2-0xo0alkyl)~0,0-diethylphosphorothiolates

S-(2-Alkoxycarbonyl)-0,0-diethylphosphorothiolates (44) were used

73 . .
by Tanaka et al’~ in a synthesis of aB-unsaturated esters (Scheme 40).

0
i H LDA _ O Li
(EtO)ZP—S~g—C02Et THE (EtO)ZP-S—g—COZEt
(44) (45)
Rl
0
R't
R! R
R" CO,Et

SCHEME 40

S—-(2-0xoalkyl)-0,0-diethylphosphorothiolates (46), however,
react with LDA or sodium hydride, not té give a stable anion like
(45) bﬁt apparently a thiolate (47) as shown by the products of
reactions with alkyl halides7é (Schemeld). The thiolate (47)
probably results from phosphoryl transfer via the enolate ion.
This process 1is analogous to the reactions of S-(2-oxoalkyl)-

dithiocarbonates discussed earlier (gsee p. 35).

If the thiolate (47) reacted with (a~chlorobenzyl) methyl

ether (R3 Hal in Scheme 4)) to give an (o-methoxybenzyl)thio

compound (48, R3 = PhCH(OMe)-) and the latter reacted with a

nucleophile and an alkylating agent as in Scheme 4], then a

substituted o-(o'-methoxybenzylthio)ketone (49, R3 = PhCH(OMe)-)

would result. This was the reason for our interest in the reaction.
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conditions used by Sturtz and Baboulene and gave the enol phosphate

(48), (Scheme 4}, R1 = Me, R2 = H, R3 = Me) in 65% yield.

The conditions to which the enol phosphate (48) was subjected
ig_the hope of revealing, and alkylating on carbon, the enolate
(49) are summarised in Table 3. Since none of the desired products were
detected, it was decided not to pursue further this route to

substituted g-(a'-methoxybenzylthio)ketones.

TABLE 3,

Attempted Cleavage/Alkylation of Enol Phosphate (48)

(1) Reactions from which starting material was recovered:

1) n-Bu NF2 in THF (reflux) or PhMe (reflux) or DMSO

4
(140°), for lh; 20° for 16h. 2) Mel

1) NaNH NH 30 min. 2) Mel

2° 3’
1) NaOEt, EtOH, reflux lh; 20° for 16h. 2) Mel

1) Ba(OH)z, THF, reflux 30 min. 2) MeI, reflux 16h

1) KOH, PhMe, 30° for 45 min. 2) Mel

(2) Reactions which gave complex mixtures of products not including

CO.CH(Me)SMe or CHBCO.CH SMIeb in an amount easily detected by 1H n.m.r.

CH 2

3

1) MeLi, THF, reflux 4h. 2) Mel
1) n-BuLi, THF, reflux 4h. 2) Mel

1) LiA2H4, Et20, reflux 16h. 2) MeIl (some s.M. )

1) LiAgfH,, THF, reflux 100 min. 2) Mel

4°
1) KOH, PhMe, 60°, 10 min. 2) MeI (some S.M.°)

1) KOH, PhMe, reflux lh. 2) Mel

. 81 b
aPrepared by addition of HF to n—BuANOH . See p. 29 and 83 .

“Some starting material (S.M.) was observed in the product.
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CHAPTER 3

Attempted Use of the Pummerer and Related Reactions in the Preparation

of a—-Substituted Benzylthio—Compounds

Quite early in this work the use of the benzyl group as
protection for Sulphursz, as outlined in Scheme 42 was considered
(see Chapter 4). The simple oxidative relationship between the
g—(benzylthio)alcohol (51) and the oxathiolan (52) led us to
consider alternatives to the deprotection and condensation with

benzaldehyde shown in pathway (i) (Scheme 42).

One such alternative was the introduction of benzylic
functionality at the B—(benzylthio)ketone stage (c.f. Chapter
2). Another alternative was the functionalisation of the benzylic
position in the B-(benzylthio)alcohol (51) to give an intermediate

which might either cyclise in situ or be easily converted to the

oxathiolan (pathway (ii), Scheme 42).

ﬁ S. _Ph ﬁ S. Ph RY_OH S. ,Ph
RISV —>-->~R1,>(\/ ——-;-RW\/
R® R’ r2 13 (51)
ii
X ,
b A +
RS OH SAPh Rﬂ(ﬁ&\m
1 or 1
2
RS RO RZ R
i
A ii} Y
R HO SH
1 PhCHO R‘+ \

R 0 - | /R3
2 S>hmPh ﬁg \RZ

3 2
R (52) SCHEME 42
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The functionalisation of carbon o to sulphur can be achieved

83-85 . . .

by the Pummerer rearrangement , but since this would involve

two steps (the oxidation of the sulphide to sulphoxide followed

by rearrangement), the direct functionalisation of the carbon

@ — to sulphur was more attractive. Substitution o to sulphur

in benzylthio compounds has been discussed by Wilson86 and

is quite well known for other sulphide387 such as, for example,

. . ..., 88 . 89

in compounds related to penicillins and cephalosporins . A

reagent frequently used for this type of transformation is N-

86,90-92

chlorosuccinimide (NCS) though other oxidants have been

88,89,93 .
y *> 77" 7. 1In exploratory experiments 2-(benzyl-

used successfull
thio)—-1-phenylethanol (53) was treated with NCS in toluene under
various conditions, some of which are shown in Table 4. Under
the conditions used there was no significant formation of any
desired product (on the basis of 1H n.m.r.). A solid, however,
crystallised from the crude products, this was identified as the
sulphoxide (55) on the basis of its physical'data (p. 86). The

sulphoxide was shown to represent more than 507 of the crude

product from the 1H n.m.r. spectra.

TABLE 4
Oxidation of 2—(Benzy1thio)—l—phénylethanol (53)

Conditions Ratio of diastereomers?
in product (55)

NCS, PhMe, - 78° 2:1
NCS, NEt,, PhMe, 0° 0:1
NCS, MeOH, 20° 1:1

Br,, CCL,, - 20° 1:1
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% The diastereomer having a signal at GH (CDC£3) 4.1 is (arbitrarily)

put before that having a signal at 6H 4.0.

The oxidation of (53) to (55) may be rationalised in terms
of neighbouring group participation by —OH, perhaps as outlined
in Scheme 43. This type of hydroxyl participation in the oxidation
of sulphides to sulphoxides has been observed previouslyga’95

and Glass has isolated an intermediate similar to (54) though

with a six-membered ring.

—
g
OH HO 4 N"No oﬁ
.S Ph NCS s”

S A Sl PN “Ph = N0
(53) 05—
. — , Ph/lﬁ_l Ph
0 lf,) 0—S" “Ph _—

H.0

Ph SUth 27 Ph™ (54)

(55) T
SCHEME 43

It is interesting to note the marked effect that triethylamine

has on the ratio of diastereomers formed in the oxidation of (53)

by NCS.

The B-hydroxysulphoxide (55) shows strong intramolecular
hydrogen bonding. In the infrared spectrum this is manifest in
the low frequency of the broad —OH stretch at 3350 cmfl, compared
with 3520 cm-'1 in the hydroxysulphide (53). The 1H n.m.r. spectrum

suggests a conformation as shown in(55t9, thus.iab is 9.5-10 Hz
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and J is 1.5 Hz.
—ac

a
Ph——0— ™,
S=
H =0
c “CH,Ph
b (55b)

The reaction of NCS with 1-(benzylthio)=-2-phenyl-2-propanol
was also carried out and, although the reaction was not as clean,

again the corresponding sulphoxide was formed.

Some preliminary experiments were carried out on the
B-hydroxysulphoxide (55) in the hope that the oxathiolan (21)
might be formed via a Pummerer reaction. However, treatment of

. . .. 83 ] . .
(55) with acetic anhydride = or trifluoroacetic anhydride gave

no detectable (1H n.m.r.) oxathiolan (p. 81).

In the a-(benzylthio)ketone precursors, (17) and (59), there
is no opportunity for participation by -OH in a reaction with

NCS. However, the position between the thio and the carbonyl

groups 1s now activated.

a-(Benzylthio) acetophenone (17) (see p.9%90) has 1H n.m.r.
signals at § 3.65 and 3.74 corresponding to the two methylene
groups. Reaction with NCS gave a material which could be either

the a—(a'-chlorobenzylithio)ketone (56) or the a-(benzylthio)-

a-chloroketone (57) (Scheme 44) on the basis of the 1H n.m.r.

spectrum.



49

N NCS 7 7 b
S. Ph - S« Ph S. Ph
" N"" "PnMe = ph Yo er ph/”\/ %
(17) (56) C1 Cl1(57)
SCHEME 44

The assignment of the methylene peaks in the 1H n.m.r. spectrum
of (17) and the position of chlorination were determined by fhe
reactions shown in Scheme 45. Further confirmation was obtained
by the reaction of (57) with sodium methoxide in methanol which
gave a methoxy compound with a different 1H n.m.r. spectrum

to that of a—(a'-methoxybenzylthio)acetophenone (see p. 88).

0 . 0
S\ _Ph —+ > S =SESS S. Ph
/M\V/ hd PH ~ Ph/g></ 7

(17) D D D C1

SCHEME 45 : i NaOD,D,0,dioxan; ii NCS,toluene.

On the basis of the course normally assumed for the reaction

of sulphides with NC385’80, the chlorination o- to carbonyl in
(17) may be rationalised in terms of the greater acidity of the
proton reﬁoved in step (ii) (Scheme 46).
S. Ph -2 /M\N/ S SN /1\\/ Ph
Ph/i\v/ N i Ph \_~Fh Ph Vanvd

(17) (58) \L
iii

O

ph/ﬂ\v/s\“/Ph

€L (57)
SCHEME 46
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In the o-dimethylated phenacyl compound (59) there are
no protons a- to the carbonyl group and so it was hoped that
a benzylic proton would be lost from an intermediate analogous
to (58), giving rise to chlorination in the desired benzylic
poéition. Reaction of (59) with NCS in toluene, however, gave

mostly recovered starting material and none of the desired product

was detected (by lH n.m.r.).

Thus the use of Pummerer and related reactions in approaches
to oxathiolans seemed unlikely to be useful and this approach

was not pursued further.

Ph

/“7<S\/Ph
(59)
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CHAPTER 4

Preparation of Oxathiolans from o-(Benzylthio)ketones

In peptide chemistry the use of the benzyl group as protection
for thiols - especially for cysteine - is well known82. Thus it
was thought that the use of a-(benzylthio)ketones in the preparation

of substituted 2-phenyl-1l,3-oxathiolans (52) as outlined in Scheme 47

might prove feasible.

0 O 0
! Hal i S Ph ii S Ph
R1/l\\r/ — R1/ﬂ\j// N _—S > R1/ﬂ><( N
(60) (671) o
111
Pkl kY
r! RH O/?\S HO SH HO 87 \Ph
| =& R R \
K 4 2 RLI- R2
R R (63) (51)
(52) |
SCHEME 47

The steps i-v of Scheme 47 will be dealt with, in turn,
in this chapter and the oxathiolan cycloreversion — step vi -

will be discussed in the next chapter.

Three different systems were chosen in order to investigate

the generality of this approach to the synthesis of oxathiolans
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(Table 5). The systems consisted of compounds derived from (a)
a—-chloroacetophenone, (b) 2-chlorocyclohexanone and (c) two

aliphatic o-haloketones.

4(1) a—-(Benzylthio)ketones (c.f. step (i), Scheme 47)

The a-haloketones (60) used in the preparation of the
o-(benzylthio)ketones were obtained from commercial sources except

for 2-bromo-3—pentanone97.

The introduction of the benzylthio group was accomp?ished
by nucleophilic displacement involving the o-haloketone (60)
and benzylthiolate anion. Early attempts at the displacement
using potassium hydroxide in ethanol to generate the thiolate
anion did not'proceed cleanly, whereas the use of triethylamine
in ether gave excellent yiélds of materials that
were generally pure enough to,be taken through to the next stage

of the reaction without further purification (see Table 1Q p. 89).

4(ii) a-Alkylated-o-(benzylthio)ketones (c.f. step (ii), Scheme 47)

Selective alkylation a to the carbonyl and benzylthio
groups was achieved by the use of sodium hydride (a slight excess)

in THF, followed by iodomethane or iodoethane (Table 11, p. 92).

Although it was found possible to obtain a clean sample of
mono-methylated a-(benzylthio) acetophenone (64) by careful
control of the amount of sodium hydride used, similar treatment

of the acetonyl compound (76) gave a mixture of recovered starting















58

Addition of the methyltitanium reagent (92) (10 equivalents)

to the a-(benzylthio)ketone (80) in 2,2,4-trimethylpentane at

o ) o, 115 .
-50°C was followed by slow warming to 80 C . After 40h a mixture
of products was obtained containing a small amount of the desired B-
(benzylthio)alcohols (81,82) but mostly recovered starting material.
Similar treatment of the ketone (80) in refluxing THF or of
2-benzylthio—-2 methylcyclohexanone (69) in refluxing light

petroleum (60-80°) with the titanium reagent gave starting

ketones after 20h.

The o-(benzylthio)ketones were treated with alkyllithiums
or Grignard reagents under various conditions. Some of the more
successful reactions of the non-aromatic ketones are summarized
in Table 6. Reactions of compounds in the phenacyl series

are shown in Tables 12 and 13 (p. 96 and 99).

It may be noted that reactions with the alkyllithium reagents
(entries 2, 5 and 7, Table 6) gave generally higher yields than
reactions with Grignard reagents. The latter also gave rise

to some enolisation and reduction {entries 3 and 8 and other

experiments not recorded).

The stereochemistry of the products of reactions of 2-benzylthio-
2-methylcyclohexanone ( 69 ) with organometallic reagents was
established by comparison of the 1H n.m.r. spectra with the spectrum
of the product of opening 1,6—dimethy1—7—éxabicyclo[4.1.0]heptane
with benzylthiolate ion ( Scheme 53 ). There is precedence for

trans~ opening of the tetra-substituted epoxide (94) in the

1iteraturell6’117.



TABLE 6
Reactions of ®-(Benzylthio)ketones with Organometallic Reagents

59

¢~ (benzylthio)- . crude Joverall
ketone entryl conditions products producty yield
A ] MeMi:IL  Et,0 HO (70)-75%| 9u%
reflux © /.8 FPh _o5q| crude
djsvph _ @/ ~ TR (71)-25%
(70)
(69 HO / |
p [Meli:LiBr,Et,0  [.-8_Ph| 70> 97%: 97
-78 = 20 &)Y 3% crude
(71) |
MeMgI, THF. 30% 52% &
3 o » I‘;flu}( —— OH %5 35 4 !Chroma't-
B 35% lography
L I‘/IeT/IgI,MgBI‘2 S<_-Fh (81)-40%'[ 71%
o) Et,0,reflux (81) 82 -60%| crude
I ‘
s. _Ph —
(X \/ 5 MeL.‘L;LlBr’:EtZO _ OH (81)-32% 66%
(80) ~78 > 20 B2)-68% distilled
LiMe.,Cu:MeLi /NS. Ph |@B0)-50%
6 2 ~~v ~N é81§-17;> 95%
Ets0,-65"+ O (82) @2)-33% | crude
, EtLi,CgHg,Et0 B1)-62% | 89%
s._Ph %4 20° 62 - 38% crude
o [T 08-20% oo
(78) EtMgBr,Et,0 S ®1) -36%
8 82)-19% | crude
reflux (93)] 03 -20%

2 The yield for entry 3 refers to an isolated mixture of
the alcohols (81) and (82).
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The two diastereomers, (70) and (71), formed in the reactions
of the substituted cyclohexanone (69) were separated quite easily
by chromatography. The alcohols, (8l) and (82), in the aliphatic
system, however, proved very difficult to separate+ and the

separation was not performed preparatively.

Although the reactions of the aliphatic ketones, (78)
and ( 80), with organometallic reagents did not prove very
stereoselective and did not give diastereomers that were easy to
separate, there would still seem to be some sccpe for improvement
in this quite crucial step of the oxathiolan synthesis. For example
one might modify the protecting group on sulphur in such a way
as to encourage chelation of a metal cation between the carbonyl
oxygen and the o-thio substituent. In this respect the thiol ( 95)
was prepared118 in the hope that a substituted ketone such as
( 96) would form a stable chelate with the cation of an organometallic

reagent as shown in the structure drawn for (96)

Z
| SH

"N(95)

~

+Continuous elution of (81 ) and (82 ) on a silica gel plate
(5 x 20 cm), using light petroleum: ether (19:1) as eluant,
for 7 hours gave two distinct spots at 10.1l and 10.5 cm from the

origin.
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Attempts to 1lmprove the stereoselectivity of the reactions
of a-thiosubstituted ketones in this way were not further investigated

owing to lack of time.

4(iv) B-Mercaptoalcohols (c.f. step iv, Scheme 47).

The cleavage of S-benzyl derivatives to reveal the thiol
is generally achieved by treatment with sodium in ammonia
Other conditions however, have been used for the cleavage and

they include sodium/alcohol, hydrogen fluoride/anisole and

82

electrolysis

It was found that treatment of the B-(benzylthio)alcochols (51)
with sodium in ammonia, essentially by the proceduré used by

Lowe et a1119, gave the B-mercaptoalcohols (63 ) in reasonable

yields (Table 7).

TABLE 7
Cleavage of the S-Benzyl Group in p-Benzylthioalcohols
P-benzylthioalcohol SB-mercaptoalcohol crude yield
OH OH
S\.Fh SH 88.5%
Ph;%\j7<;'\v/ Ph 57
(65) (66)
OH OH
s\_-Ph SH 81.5%
(70) + (71) (72) + (73)
"\ _OH oH
*ﬁd/\S\v/Ph SH 62%

(81) + (82) (83) + (8L4)
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The isolation of the thiols was achieved by extraction into
base, acidification and re-extraction into organic solvents. Yields
were improved by repeated extractions during the isolation procedure
and by cautious acidification of the basic aqueous solution. In
the latter respect, the use of concentrated hydrochloric acid in
the isolation of the B—mercaptoalcohoks@3#&@gave rise to the formation
of an unstable compound tentatively identified as the episulphide

(S7 ) which could have arisen as shown in Scheme 56.

& WY N
(83) + (84) Ha0¢ | \’(97) /

SCHEME 56

(CDCO (2 diastereomers) 1.08 (12H, q, J 7.5 Hz, ngCHZ—),
1. IgO (6H S, _bf_l_g‘C—S), 1.61 (6H, s, _D_I_g'C—S'), 1.76-1.99 (8H, m,
Me-CH,-); v__ . (liquid film) 2960, 1460, 1370, 1070 cm 1.
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Generally the isolated products(63) were quite pure and only
the cyclohexanol derivative (72,73, which was a solid, was purified
before condensation of the mercaptoalcohol with benzaldehyde
(step v, Schemel47), (see Table 8 ). Owing to the lability of
the B-mercaptoalcohols it was considered desirable to perform the
conversion to the oxathiolan without delay. The 1H n.m.r. spectra
of the mercaptoalcohols showed the diastereomeric ratios to be

approximately the same as in the starting B-(benzylthio) alcohols.

4(v) 2-Phenyl—1,3—dxathiolans (c.f. step v, Schemel7)

The B-mercaptoalcohols (63) were condensed with benzaldehyde
under standard conditions 21 . (See Table 15, pd05). The oxathiolans
(52 ) were formed cleanly except in the case of the substituted
cyclohexanol (73), (Table 8). Treatment of (73 ) with benzaldehyde
and p-toluenesulphonic acid gave a mixture of products containing
little if any of the desired oxathiolan (75) (based on the 1H
n.m.r. spectrum)., (73 ) was in fact unstable to the acidic conditions
used far the condensation (see p.106 ), this may be rationalised
by a process such as shown in Scheme 57 (c.f. Scheme 56). The
oxathiolan (75) would in any case be relatively difficult to form

since a trans-fusion between a six and a five membered ring is

quite strained.

i S e

SCHEME 57

e

(71) OH
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H (68) R= CH,Ph, R'=H
\\//ES 6 ' (69) R= CHzph , R'=Me"
\ (98) R= Et ,R=H

R

SCHEME 58

One possible explanation is that the benzyl group influences
the chemical shift of C-6 Hax' That this was not the case was provéd
by preparation of the ethylthio compound ( 98 ) which showed for

C-6 H S, 3.0l (J 14.5, 11.5 and 6 Hz).
ax H —

The assignment of a preferred conformation in which the thio
groups were axial was based largely on the coupling constants
exhibited for the C-2 protons of ( 68) and (98), (68, J 5.5,

5.5 and 1 Hz; 98, J 4.5, 4.5 and 1 Hz). This conformational
bias may be rationalised in terms of electronic effects such as
repulsion between the lone pairs of electrons on the oxygen
and sulphur atoms. Z—Halocyclohexanones120 and 2-alkyl- or
2~aryl- oxycyclohexanone5121 also exhibit this effect although

a conformation in which the substituent is axial is not always
predominant.

A possible explanation for the low field shifts of the

C-6 Ha in 68, 69, and 98 1is that they result from steric

X
123

interactionslzz, this has been called a van der Waals deshielding .

This phenomenon is related to the y effect of 13C n.m.r. Spectrosc:Opy122

: : 124 , 125
as has been noted by Perlin et al and Buchanan et al .

. 126 ]
In the 1H n.m.r. spectra of the amines ( 99) , the chemical

shifts of the C-6 and C-2 axial protons are consistently ca

0.5 p.p.m. further down field in the compounds with an axial















72

selectivity in the formation of the aliphatic B-(benzylthio)alcohols

and the difficulty of separation of the diastereomers are clearly
drawbacks. As proposed earlier, however, these problems may in part

be a result of the system investigated and there would still seem to

be scope for improvement in this area. Generally it may be noted

that almost all the reactions used in the preparations of the oxathiolans
gave high yields and were applicable to all the systems that were
studied. Since the subsequent oxathiolan cycloreversionswent cleanly

to form the corresponding olefins it would appear that the reactions
described in the last two chapters do constitute a useful route to

tetra-substituted olefins.
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EXPERIMENTAL

General:-

Temperatures are quoted in degrees centigrade.

Infrared spectra (i.r.) were recorded on Perkin-Elmer 257 or

297 instruments,

Proton nuclear magnetic resonance spectra (’H n.m.r.) were

recorded on Perkin-Elmer R24 or R32 instruments at 60 or 90 MHz
respectively or on a Bruker WH 300 instrument at 300 MHz., Tetra-
methylsilane (£0.0) or chloroform (§7.27) were used as internal
standards.,

Carbon-13 nuclear magnetic resonance spectra (130 n.m.r.)

were recorded on Bruker WH 90 or WH 300 instruments at 22,63 or
75.57 MHz respectively. Solvert signals or added tetramethylsilane
were used as internal standards,

Mass spectra were recorded on either Varian MAT CH?7,

VG Micromass 16F or ZAS 1F instruments under the supervision of

Dr. R.T. Aplin,

Melting points were determined on a Kofler block or a

Buchi 510 capillary melting point apparatus.

Microanalyses were carried out under the supervision of

DPr. F.B, Strauss.

Thin layer chromatography (t.l.c.) was carried out on plates

coated with unbaked Kieselgel HF 2544366 *

Solvents: Diethyl ether and benzene were dried over sodium
wire. Light petroleum (of boiling range 40-60° unless otherwise

stated) was redistilled through a 70 cm vigreux columm, Tetra-
hydrofuran (THF) was dried by refluxing with sodium wire and

benzophenone until the blue colour of the ketyl radical persisted,

and then was distilled under nitrogen.
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SECTION 1

a-Thiocyanatoacetophenone

a-Bromoacetophenone (1l.4g) was added to a solution of
potassium thiocyanate (30g) in methanol (A.R.; 300 ml) and the
mixture was stirred at 20° for 16h. After evaporation of most of
the methanol, ether and dilute hydrochloric acid were added. The
separated organic layer was washed successively with aqueous sodium
carbonate and brine. The dried (NaZSOA) solution was evaporated
to give white crystals (11.0g) which were recrystallised from
ether: light petroleum to give a~thiocyanatoacetophenone (9.0g,
897), needles m.p. 74° (1it.,13075-60); GH (CDC23) 4.65 (2H, s),

7.35-7.65 (3H, complex), 7.7-8.0 (2H, complex); 8. (CDCL,) 43 (t),

112 (s, -SCN), 128 (d), 134 (s), 135 (d), 191 (s, C=0).

Reaction of a—Thiocyanatoacetophenone with LDA

A solution of a—thiocyanatoacetophenone (0.5g) in dry ether
(10 ml) was added dropwise to a stirred solution of LDA (from
n-butyllithium (1.5 M; 2.2 ml) and diisopropylamine (0.65 ml)
in dry ether (50 ml)) at 20°. After 20 min, water (l.4 ml) was
added, followed by dilute hydrochloric acid. The separated organic
layer was washed successively with aqueous sodium carbonate and
brine and d;ied (MgSO4). Evaporation gave a dark reddish oil
(0.47g) which was shown to be a mixture of a,o'-thiobis-(acetophenone)
and diisopropylcyanamide by comparison with authentic spectra (see

p. 75and 80).
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Reaction of Benzylthiocyanate with LDA

A solution of benzylthiocyanate (0.5g) in dry ether (10 ml)
was added dropwise to a stirred solution of LDA (from n-butyllithium
(1.5 M; 2.2 ml) and diisopropylamine (0.65 ml) in dry ether (50 ml))
at 20°. After 20 min, a little water was added, followed by dilute
hydrochloric acid. The separated organic layer was washed successively
with aqueous sodium carbonate and brine. The dried (MgSO4) solution
was evaporated to give a reddish yellow oil (0.55g). Distillation
afforded diisopropylc:yanamidedr (0.3g, 70%), GH (CDC23) 1.24 (124, d,
J 6.5 Hz), 3.18 (2H, septet, J 6.5 Hz); GC'(CDCQ3) 21, 51, 115;
Voo (1iquid film) 2200 cm—l. The residue from the distillation

was recrystallised from ether: light petroleum to give dibenzyl

disulphide (0.27g, 66%), m.p. 63-66° (I it. ™7 66-9%); 8, (CDCL,)

3.49 (4H, s), 7.14 (10H, s).

Reaction of Benzylthiocyanate with Isopropyl Magnesium Bromide

A solution of benzylthiocyanate (0.5g) in dry ether (20 ml)
was added dropwise tc a stirred solution of isopropyl magnesium
bromide (made by refluxing magnesium turnings (0.5g) with 2-bromopropane
(1g) in dry ether (20 ml) for 35 min) under nitrogen. After 16h
at 20°, water (2 ml) was added cautiously followed by dilute
The separated orgénic layer was washed successively

sulphuric acid.

+Diisopropylcyanamide was compared with an authentic sample prepared
by D. Gillonb8.
HDibenzyl disulphide was compared with a commercial sample (Aldrich).



with sodium carbonate and brine. The dried (NaZSOA) solution
was evaporated to give a clear oil (0.5g). Distillation gave
2-(benzylthio)propane (0.39g, 707); &, (CDC23) 1.21 (6H, d);

2.78 (1H, sextet), 3.68 (2H, s), 7.21 (5H, bs) (lit.,131

&H((CDB)ZCO) - CH3 (1.2), -CH- (2.8), —CHZ- (3.75)).

76
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SECTION 2 (ii)

S-(a-Methoxybenzyl)~O-ethyldithiocarbonate (9)

Potassium O-ethyldithiocarbonate (6g) was added to a stirred
solution of (o-chlorobenzyl)methyl ether+ (5g) in dry ether (100 ml)
and the mixture was refluxed for 80 min. The mixture was washed
with water (x2), dried (MgSO4) and evaporated to give a yellow
oil (6.7g). Distillation afforded S~ (a-methoxybenzyl)-O-ethyldithio-
carbonate (9) (5.5g, 717) b.p. 120° at 0.03 mm Hg; GH (CC24)

1.29 (3H, t), 3.4 (3H, s), 4.51 (2H, q), 6.43 (1H, s), 7.0-7.5
(5H, complex); Voax. (l1iquid film) 3050, 3020, 1600, 1490, 1450,

1220, 1095, 1040, 960, 700, 630 em L.

(a~-(Methylthio)benzyl)methyl ether (10)

Todomethane (0.2 ml) was added dropwise to a stirred solution
of the dithiocarbonate (9) (0.5g) in dry ether (50 ml) at 15°.
After 30 min sodium methoxide (0.2g) was added. 5h later, water
was added; the separated organic layer was washed with water,
dried (MgSOA) and evaporated to give an opaque oil (0.47g) . 1y
n.m.r. showed this to be mainly starting material (ca 35%) and
(o~ (methylthio)benzyl)methyl ether (10) (ca 65%). The monothioacetal

was isolated by distillation, GH (CC24) 1.71 (3H, s), 3.4 (3H, s),

5.33 (1H, s), 7.1-7.5 (5H, complex) ; Voax (liquid f£ilm) 3060,

. 4
+(a-chlorobenzy1)methy1 ether was prepared as by Fife and Anderson 8
(see p. 21)
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3035, 1600, 1450, 1180, 1090, 950, 720, 700, 675 em -, (lit.,*’

§ 1.75, 3.37, 5.38 and aromatics; v 1085 cm ).
max.

SECTION 2 (iii)

(x~Methoxybenzyl)isothiocyanate

Carefully.dried potassium thiocyanate (0.34g) was added to
a stirred solution of (a-chlorobenzyl)methyl ether (0.5g) in dry
THF (30 ml) and the mixture was refluxed under nitrogen for 2h.
Most of the THF was evaporated and water and ether were added.
The separated organic layer was washed with water and dried
(MgSOa). Evaporation gave an oil (0.4g) which was a mixture
of benzaldehyde and (a-methoxybenzyl)isothiocyanate (ca 5:2 from
1H n.m.r.). Distillation afforded the isothiocyanate (with 10-157%
impurity of benzaldehyde), GH.(CC24) 3.5 (3H, s), 5;7 (14, s),
7.3 (5H, bs); Voo (liquid film) 3075, 3040, 2020 (-N=C=S),

1705 (aldehyde), 1450, 1200, 1095, 700 cm -.

Reaction of the Enolate of Acetophenone with Benzylthiocyanate

Two reactions were performed:

(i) A solution of acetophenone (lg) in dry ether (10 ml)
was added dropwise to a stirred solution of LDA (from n-butyllithium
(1 M; 8.3 mi) and diisopropylamine (1.63 ml) in dry ether (50 ml))
at 15°. After 20 min, benzylthiocyanate (1.05g) was added and
the mixture was stirred for 16h. Water was added, followed by

dilute hydrochloric acid. The separated organic layer was washed
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successively with aqueous sodium hydroxide and brine and dried
(MgSOa).

(i1) Sodium hydride (0.24g; 507 suspension) was added to
a stirred solution of acetophenone (0.5g) in dry THF (50 ml) and
the mixture was brought to reflux. After 30 min, benzylthio-
cyanate (0.62g) was added and reflux was maintained for 2h.
Water and ether were added and the separated organic layer was

washed with water and dried (MgSO4).

Evaporation of both products gave a clean mixture of acetophenone

and dibenzyl disulphide (by comparison with IH n.m.r. spectra of commercial

samples).

SECTION 2 (iv)

Reaction of o-Chloroacetophenone with Sodium Hydrogen Sulphide

A solution of a-chloroacetophenone (lg) in dry ether (15 ml)
was added over 10 min to a stirred suspension of anhydrous sodium
hydrogen sulphide+ (0.36g) in dry ether (25 ml) at 15°. After
25 min, a solution of benzyl chloride (0.74 ml) and triethylamine
(0.9 ml) in dry ether (10 ml) was added to the mixture from above.
After 40 min, water, followed by dilute hydrochloric acid were
added. The separated organic layer was washed successively

with aqueous sodium carbonate and brine. The dried (MgSO4) solution

+ ) 57
Prepared as by Eibeck .



was evaporated to give benzyl chloride and a solid. The latter

was recrystallised from light petroleum to give a,a'-thiobis

56

(acetophenone) (0.7g, 61%) m.p. 76-77.5° (lit.,” 77-8°); 6

H
QQDCQ3) 3.95 (4H, s), 7.4-8.1 (10H, complex); Voax. (CCQA)

—1 . -
1680 cm = (lit., > 1685 cm 1); m/e 270 (M'); 6, (cDCL,) 38,

126, 129, 134, 136, 194.

a—(a'- Methoxybenzylthio)acetophenone (19)

Piperidine (1.24 ml) and triethylamine (1.74 ml) were
added to a stirred solution of S-phenacyl-O-ethlyldithiocarbonate
(3g) in dichloromethane (130 ml) at 20° under nitrogen. After
50 min, the reaction was cooled in an acetone/dry ice bath and
(a—-chlorobenzyl)methyl ether (2g) (see ﬁ. 21) in dichloromethéne
(20 ml) was added dropwise. After 2h, the mixture having warmed
to about Oo, water was added and the separated organic layer
was further washed with water. The dried (MgSOA) solution was
evaporated to give a reddish oil (5.0g). Distillation afforded
O-ethyl-1-piperidinecarbothioate (18) (0.96g, 45%) b.p. 80° at
0.03 mm ﬁg (lit.,62 147-9° at 25 mm Hg) ; GH (CC£4) 1.3 (3H, t,

J 7 Hz, -OCHZQEB), 1.64 (6H, br), 3.5-4.2 (4H, complex, -N-QEZ-),

4.42 (2H, q, J 7 Hz, -OCH,-); 8, (CDCL,) 14 (@), 24 (t), 25 (),

25 (t), 46 (t, —N-EHZ-), 50 (t, —N—_C_Hz-), 67 (t, -0 _gHz-), 186 (s);

Voox (liquid film) 1495, 1445, 1295, 1270, 1250, 1195, 1150,
max.

1040 cm—1 and a—(o'-methoxybenzylthio)acetophenone (19) (1.7g,
502) b.p. 180° at 0.03 mm Hg; & (CCZ,) 3.3 (3H, s, ~OMe), 3.6

(2H, ABq, CO-CH,

80

-S-), 5.4 (lH, s, Ph—CH-), 7.05-7.55 (8H, complex),
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7.6-7.95 (ZH,complex); Voo (liquid film) 1685, .1600,

1575, 1450, 1275, 1090, 700, 690 cm L3 m/e 272 (M').

2-( a-Methoxybenzylthio )-l-phenyl-l-ethanol (20)

Lithium aluminium hydride (59 mg) was added to a solution

of a~(a'-methuxybenzylthio)acetophenone (19) (0.2g) in dry ether
(3 ml) and the mixture brought to reflux. After 40 min, a little
water was added followed by dilute sulphuric acid. The separated
organic layer was washed with brine and dried (MgSO4). Evaporation
gave a yellow oil (0.2g), 2-( a-methoxybenzylthio )-1-phenyl-
l-ethanol (20); Voax. (liquid film) 3420, 3065, 3040, 1600, 1495,
1450, 1290, 1270, 1245, 1190, 1090, 1060, 1030, 960, 915, 845,

725, 700, 675 cmfl.

2,5-Diphenyl-1,3-oxathiolan (21)

p-Toluenesulphonic acid (1 mg) was added to a solution of
2—(,a-methoxybenzylthio')—1-pheny1-1-ethan01‘(20) (0.1g; crude
from above) in dichloromethane (5 ml) and the mixture stirred
at 20° for 1h. The organic solution was washed successively
with aqueous sodium hydroxide and water. The dried (MgSOa)
solution was evaporated to give an oil (0.1lg) which was shown to
be 2,5-diphenyl~1,3~oxathiolan by comparison with an authentic
sample; GH (CDC23) (mixture of diastereomers) 2.9-3.6 (2H, complex),

4.8-5.4 (1H, complex), 6.12 and 6.26 (1H, s), 7.1-7.6 (10H, complex).

a~(a'-Methoxybenzylthio )acetone (23)

Piperidine (0.83 ml) was added to a solution of S-acetonyl-

O-ethyldithiocarbonate (1.6g) in dichloromethane (30 ml) in a
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separating funnel at 20° and the mixture was shaken. After

2 min, aqueous sodium hydroxide was added and the mixture was shaken
for a fﬁrther 2 min. The separated aqueous layer was acidified

with dilute hydrochloric acid and dichloromethane (20 ml) was added.
The mixture was shaken for 90 sec, and the separated organic layer
was passed through a fluted filter paper, containing MgSOa, into

a stirred mixture of (a-chlorobenzyl)methyl ether (2.8g) and
triethylamine (1.25 ml) in dichloromethane (25 ml) at -780; after
addition the mixture was kept under nitrogen. The solution was
allowed to warm to 15° over 3h and washed successively with

dilute hydrochloric acid, aqueous sodium carbonate and brine. The
dried (MgSO4) solution was evaporated to give a yellow oil (1.3g).
Chromatography (alumina (30g), eluted with light petroleum (30-40°):
ether) gave in earlier fractions benzaldehyde and its dimethyl
acetal (by comparison with authentic samples) and later a-(a'-methoxy-

benzylthio )acetone (23) (0.7g, 37%) as a yellowish oil; (Found:

C, 62.75; H, 6.7; S, 15.0. C11H14025 require; C, 62.85; H, 6.7;
S, 15.25%); &, (CDCLy) 2.15 (3H, s, CH,CO), 3.2 (2H, s), 3.4
(34, s, -OMe), 5.45 (1H, s), 7.2-7.5 (5H, complex); 5C (CDC23)
28 (q, Me CO), 39 (t, co—gﬁz—s), 56 (q, -OMe), 87 (d, Ph-CH-),
126 '(d), 128 (d), 139 (s{OL-0), 204 (s, C=0); v__  (liquid

f£ilm) 1710, 1450, 1355, 1225, 1090, 700 cm I.

Evaporation of the solution used above in addition to the
a-chloroether and triethylamine, gave a reasonably pure sample
of a-mercaptoacetone 6H (CDCQB) 1.93 (14, t, J 7.5 Hz, -SH),

2.25 (3H, s), 3.37 (24, d, J 7.5 Hz, —CH,~SH) (1it.,53 8 (CDC )

1.9 (1H, t, J 8 Hz), 2.3 (3H, s), 3.35 (2H, d, J 8 Hz)).
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Alternatively if the solution was added to a stirred mixture

of iodomethane (2 equivalents) and triethylamine (1 equivalent)
at 20° and worked up as above after lh, a-(methylthio)acetone

was obtained; SH (CDCQB) 2.06 (3H, s), 2.27 (3H, s), 3.17 (2H, s).

Reaction of a—Chlorocyclohexancne with Sodium O-methyldithiocarbonate

Finely cut sodium (9.9g) was added slowly to stirred refluxing methanol
(A.R.; 150 ml). After the sodium had dissolved, carbon disulphide
(25 ml) was added dropwise over 10 min at 20°. After 30 min, the
methanol was evaporated to give a yellow-white solid, mainly sodium

O-methyldithiocarbonate (42g, 747) GH (DZO) 3.9 (s).

A solution of 2-chlorocyclohexanone (3.95 ml) in acetone
(10 ml) was added dropwise to a stirred solution of the dithiocarbonate
(5g) in acetone (100 ml) at 0°. The solution was allowed to warm
to 20° over 2h and stirred foF 12h. After evaporation of the solvent,
water and ether were added and the separated organic layer was
washed with brine and dried (MgSOA). Evaporation gave a yellow
oil (5.7g) which had a complex y n.m.r. spectrum (indicating a
number of products) and a multi-spot t.l.c.. O0,S-Dimethyldithio-
carbonate was shown to be present by lH n.m.r. as ca 157 of total,
(aH (ccza) 2.52 (3H, s), 4.12 (3H, ;), (11:.,133 GH (0024) 2.46 (s),
4.05 (s))). A solid slowly crystallised out from the mixture and
was recrystallised from methanol to give (1RS,6RSH-methoxy-7,9-

dithiabicyclo [4.3.0]nonane-8-thione (26) as yellow needles (ca 127

of total from 1H n.m.r. of crude material), m.p. 129-30° (Found:
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C, 43.75; H, 5.4; S, 44.0, C8H12083 requires C, 43.6; H, 5.5;
S; 43.657); 6H (CDC£3) 1.4-1.75 (3H, complex), 1.85-2.0 (3H, m),
2.13 (1H, dddd, J 12, 12,12 and 4 Hz, C-5-H ax.), 2.55 (lH, dm,
J 14 Hz, C-2-H eq.), 3.4 (3H, s, -OMe), 4.55 (1H, dd, J 14 and

4 Hz, C-6-H ax.); GC (CDCQB) 20 (t), 25 (t), 25 (t), 31 (t),

51 (q, -OMe), 68 (d, c-6), 106 (s, C-1), 226 (s, C=S); Amax'
(EtOH) 216 (e 2800), 294 (e 5200) 323 (e ]?50) nmy Voo (CCQA)
2940, 1490, 1270, 1240, 119C, 1140, 110, 1100, 1065; 1040, 1000,
950, 930, 870, 660 cm '; m/e 220 ('), 144 (1007), 129 (20%),

111 (85%), 110 (75%), 103 (25%).

Reaction of (1RS,6RS)-1—Methoxy—7,9-dithiabicyc10[4.3.0]nonane—8—thione (26)

with Lithium Aluminium Hydride

(26) (0.1lg) was added to a stirred slurry of lithium aluminium
hydride (0.17g) in dry ether (10 ml) and the mixture was refluxed
for 3h. Water was added cautiously to the cooled mixture,
followed by dilute sulphuric acid, the separated organic layer
was washed with brine, dried (MgSOa) and evaporafed to give
an opaque 0il (0.06g). Flash chromatography (silica (3g), eluted
with light petroleum: ether (9:1)) gave 1,2-cyciohexanedithiol
(20 mg, 3OZ+) GH (CDC£3) 1.1-2.4 (10H, complex), 3.25 (2H, m);

v (1iquid film) 2550 cm—1 (compére 1it.,134 regarding cis

max.
dithiol, § (CDC2;) 1.86 (2H, d, J 7.5 Hz), 1.0-2.5 (8H, m),

+Most of the dithiol was in later running fractions of the column
but it was contaminated.



. , . -1
3.25 (2, m; v__ (liquid film) 2555 cm ); m/e 148 (M),

115 (207), 114 (15%), 81 (100%)

85
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SECTION 3

Reaction of 2-Benzylthio-1-phenylethanol (53)+ with N-Chlorosuccinimide

(1) A solution of the benzylthioalcohol (53) (0.4g) in toluene
(5 m1) was added dropwise to a stirred suspension of N-chloro-
succinimide (0.22g) in toluene (50 ml) at - 78°. After 30 min,
aqueous sodium hydroxide was added and the mixture allowed to warm
to 20°. The separated organic layer was washed successively
with dilute hydrochloric acid and brine. The dried (MgSO4)
solution was evaporated to give a white solid (0.5g) which was

recrystallised from methanol to give 2-benzylsulphinyl-l-phenylethanol

(55) (0.27g, 51%) m.p. 126-9° (Found: C, 69.1; H, 6.4; S, 12.2.
C15H16OZS requires C, 69.2; H, 6.2; S, 12.3%); (1H n.m.r. showed

a ca 4:1 mixture of diastereomers, signals due to the major isomer
are quoted here, see below for the minor isomer); GH (CDC23)
2.75-3.05 (2H, m, —CH(OH)-CEQ—S(O)—), 3.55 (1H, bs, diminished
with D,0), 4.1 (2H, bs, Ph CH,S(0)-), 5.15-5.4 (1H, m, Ph CH(OH)-),
7.29 (10H, bs); v___  (CHC,) 3600, 3350, 2980, 1605, 1490, 1450,

- +
1000 cm 1; m/e 260 (M ).

(1ii) A solution of the benzylthioalcohol (53) (0.4g)
and triethylamine (0.12 ml) in toluene (30 ml) was added dropwise
to a stirred solution of N—chlofosuccinimide (0.22g) in toluene
(20 ml) at 0°. After 2h, the reaction mixture was worked up as

for (i) (see above) to give a white oily solid (0.4g) which was

N
'See p. 94 for the preparation of this.
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recrystallised from methanol to give 2-benzylsulphinyl-1-phenylethanol
(0.26g, 617%), m.p. 170-170.50, (1H n.m.r. showed only one diastereomer)
GH _(CDC23) 2.78 (1H, dd, J 12 and 1.5 Hz, —CH(OH)—C_I}_a-) 3.00 (1H,
dd, J 12.5 and 10 Hz, *CH(OH)—CEb-), 3.73 (1H, brs), 4.07 and

4.15 (2H, ABq, J 12.5 Hz), 5.37 (I1H, dd, J 9.5 and 1.5 Hz, -CH(OH)-),
7.25-7.43 (10H, complex); 6C (d6~DMSO) 57 (t), 60 (t), 66 (d4d),

126 (d), 127 (d4), 128 (d), 128.5 (d), 129 (d), 130 (d), 131 (s),

144 (s); v as above.
max.

Reaction of 1-Benzylthio-2-phenyl-2-propanol (106) with N-Chlorosuccinimide

A solution of the benzylthiocalcohol (106) (0.4g) in toluene (10 ml)
was added dropwise to a stirred slurry of N-chlorosuccinimide (0.22g)
in toluene (30 ml) at -78°. After 30 min, the reaction was worked
up as in the last experiment to give a brown oil (0.45g) from which
a solid slowly crystallised. The solid was recrystallised from
ether to give l-benzylsulphinyl-2-phenyl-2-propanol (ca 507 of
crude product from 1H n.m.r.), Mm.p. 98—1010, (ca 2:1 mixture of
diastereomers); GH (CDC23): (i) - major isomer - 1.58 (3H, s),

3.03 and 3.14 (2H, ABq, J 12 Hz, -C(OH)-CH,=S), 3.95 and 4.06
(2H, ABq, J 12 Hz, PhCH,-S), 4.88 (1H, Br s, -OH), 7.22-7.5
(10H, complex). (ii) - minor isomer - 1.83 (3H, s), 2.95

(2H, m), 3.95 (2H, m), 4.64 (1H, br s), 7.22-7.5 (10H, complex);
v (CHCLy) 3420, 3080, 3000, 1600, 1500, 1215, 1050, 1010,
930, 780, 670 cm '; m/e 275 (M + 1)¥, €I), 257 (50%, CI),

242 (10%Z), 120 (65%), 105 (100%Z).
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Reaction of a-(Benzylthio)acetophenone (17) with N-Chlorosuccinimide

N-Chlorosuccinimide (0.13g) was added to a stirred solution
of (17) (0.2g) in toluene (30 ml) at 20°. After lh, the organic
solution was washgd successively with aqueous sodium hydroxide,
dilute hydrochloric acid and brine. The dried (MgSO4) solution
was evaporated to give a-benzylthio—a-chloroacetophenone (0.21g,
927 crude) as an opaque oil, 6H (CC24) 3.76 and 4.0 (2H, ABgq,

J 12 Hz), 5.95 (1H, s), 7.0-7.5 (8H, complex), 7.6-7.9 (2H,
complex); Voax. (l1iquid film) 3070, 3040, 1695, 1600, 1580,

1495, 1450, 1320, 1275, 1210, 1070, 990, 810, 700, 685 cmfl.

Reaction of a-Benzylthio-a—chloroacetophenone with Sodium Methoxide

The a~haloketone (0.2g; crude from above) was added to a .
stirred solution of sodium methoxide (0.lg) in methanol (10 ml)
at 20°. After 4h, most of thé methanol was evaporated. Water
and ether were added and the separated organic layer was washed
with water and dried (MgSO4). Evaporation gave a yellow oil
(0.13g) which was distilled to give a-benzylthio—a-methoxyacetophenone
(0.1lg, 55%), (oil bath ca 100° at 0.05 mm Hg), 8, (CC2,) 3.3
(3H, s, -0-Me), 3.35 and 3.68 (2H, ABq, J 13 Hz, PhQEZ—S) 5.25
(1H, s, PhCO-CH-S), 7.0-7.45 (10H, complex); Voax. (liquid film)

3060, 3030, 1685, 1600, 1585, 1495, 1450, 1280, 1230, 1195,

-1
1090, 1050, 750, 700, 690 cm .



SECTION 4

Preparation of a-(Benzylthio)ketones

The conditions used for , and results from, these experiments

are shown i1n Table 10.

General procedure: Benzylmercaptan was added dropwise to

a stirred solution of the a-haloketone and triethylamine in dry

ether.

acid, aqueous sodium hydroxide and brine.

The dried (MgSO4)

solution was evaporated to give the crude o-(benzylthio)ketone.

With the exception of a-(benzylthio)acetophenone, the crude

product was used directly in further reactions.

TABLE 10

Preparation of «-(Benzylthio)ketones

89

Work up involved washing successively with dilute hydrochloric

d-haloketone PhCHZSH 1 vol,
(mass) |NEt- /0 -%| Et,0| conditions product |yield
5 equiv.
,jiv/ 0 %
Cl 1 200ml| 20 ,1h s. _pn| 857
~
Ph (20g) PH/K\V?17) recry.|
0 o 0° 1h 0 o - 100%
//i\/?8 5¢) T3 350ml 20° 36h (757/ crude
0 | (a)& Pe) o 0
| e | (@) 7e06 Al (a)o”in, 20 o« o | 92
l/\( 1 (b) 0.3 350ml 16h {b)20° 20h HY Fh crude
(8.5g) (79)
Q 0° 1h 0
8L%
Cl 1 550ml o
[fi]61 ) 20° 24h crude
«OFg

a

After conditions (a) the isolated product contained some

2-bromopentan-3-one and so more thiol and base were added.
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Spectral data for the products are as follows:— a-(Benzylthio)- -
o ., 135 o
acetophenone (17): m.p. 89-90  (lit., 89-907); GH (CDC23) 3.65
(28, s, CO-CH,-), 3.74 (2H, s, PhCH,-S), 7.2-7.6 (8H, complex),

1

- 5 .
7.87-7.94 (2H, m); Voo (ccza) 1680, 1275, 684 cm 1 (1it.,3 (KBr disc)

- 1664, 750, 697 cmfl); m/e 242 (§+), 120 (60%7), 105 (100%).
a- (Benzylthio)acetone (76): SH (CDCQB) 2.17 (3H, s), 3.04
6
(24, s, CO-CH,S-), 3.62 (2H, s, PhCH,S-), 7.2 (5H, bs) (1it., 0>
6y (CDCL;) 2.19 (34, t, J 0.41 Hz), 3.1 (2H, g, J 0.41 Hz),

3.68 (2H, s)); Voax (1iquid film) 1700, 1490, 1450, 1350, 1230,

775, 700 cm L.

2-(Benzylthio)pentan—-3~one (79): b.p. 92° at 0.1 mm Hg;

8, (CDC2,) 1.03 (3H, &, J 7 Hz, Me CH,C0-), 1.36 (3H, d, J 7 Hz,

2

Me-CHS-), 2.57 (2H, m, Me CH,CO-), 3.3 (I1H, q, J 7 Hz, Me CHS-),

2
3.58 and 3.66 (2H, ABq, J 13 Hz), 7.2-7.31 (5H, complex); Yook
(liquid film) 1700, 1490, 1450, 1370, 1345, 1120, 1070, 955,
765, 700 cm °; m/e 208 (M%), 151 (10%7), 123 (202), 91 (1007);

M 208.0921. C 0S requires 208.0922.

1216
. 137
2-(Benzylthio) cyclohexanone (68): 6H (CDCRB) 1.6-2.04
(5H, complex), 2.05-2.2 (1H, m), 2.2-2.3 (1#, m), 3.0 (1H, ddd,

J 14.5, 10.5 and 5.5 Hz, C-6-H

), 3.25 (1H, ddd, J 5.5, 5.5
— ——-aXo —

and 1 Hz, C-2-Heq.), 3.85 (ZH, s, PhQﬁZS—), 7.22-7.42 (5H, complex);
Voox (liquid film) 1700, 1495, 1450, 1225, 1120, 1070, 1060,

1030, 915, 770, 700 Cm_l; m/e 220 (ﬁf), 123 (15%), 98 (35%),

97 (30%), 91 (100%).
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Alkylation of a-(Benzylthio)ketones

The conditions for these reactions are shown in Table 11.
The work up of the experiments involved addition of a little
water followed by evaporation of most of the solvent. Ether
and dilute hydrochloric acid were added and the separated organic
layer was washed successively with aqueous sodium hydroxide and
brine. The dried (MgSO4) solution was evaporated to give the crude

product, (though see footnoteb of Table lD.

Spectral data for the products are as follows:-

3-(Benzylthio)~-2-butancne (77): b.p. 23_1000 at 0.1 mm Hg,

(Found: C, 67.75; H, 7.5. C 0S requires C, 68.0; H, 7.25%);

11914
6H (CDC23) 1.36 (3H, d, J 7 Hz), 2.22 (3H, s), 3.28 (1H, q,
J 7 Hz), 3.6 and 3.67 (2H, ABq, J 13 Hz), 7,23-7,32 (5H,comp1ex);

Voo, (liquid film) 1705, 1495, 1450, 1350, 1225, 1200, 1160,

_ -1 +
1060, 1030, 770, 700 cm 3 m/e 194 (M), 151 (7%), 123 (257), 91 (100%).

3-(Benzylthio) 2-pentanone (79): GH (CDC£3) 0.92 (3H, t, J
7.5 Hz), 1.7 (2H, complex), 2.18 (3H, s), 3.6 (1H, m), 3.65

' +
(2H, s, PhCH,8-), 7.2 (5H, s); m/e 209 ((M + 1) (CI)).

3-(Benzylthio)-3-methyl—-2-pentanone (78): GH (CDC£3) 0.93

(3H, t, J 7 Hz, QE3CH2“), 1.41 (3H, s,‘yé‘C—S“), 1.75 and 1.9

(20, (ABq)d, J 14 and 7 Hz), 2.28 (3H, s, Me-CO-), 3.49 and 3.55

(2H, ABq, J 12 Hz, PhCH S-j, 7.2-7.3 (5H, complex); Voo, (11qu1d

film) 1695, 1495, 1450, 1350, 1230, 1130, 1100, 1070,‘1030, 770,
- +

700 cm 53 m/e 222 (M%), 179 (207), 91 (100%); M 222.1079.

C13H1808 requires 222.1078.






93

3-Benzylthio -3-methyl-4-hexanone (80): 8y (CDCRB) 0.98
(34, t, J 7.5 Hz,‘ES—CHZC-S-), 1.12 (34, t, J 7.5 Hz,‘§g~CH2CO),
1.49 (3H, s, Me-C-S-), 1.82 and 2.0 (2H, (ABq)d, J 14 and 7 Hz,

Me-CH,C-S-), 2.77 (2H, m, Me-CH,CO-), 3.53 and 3.59 (2H, ABq,

2
J 12 Hz, PhQEZS—), 7.26-7.38 (5H, complex); Voax (liquid film)
1690, 1490, 1450, 1370, 1090, 700 cmfl; m/e 237 ((M + n*, cn,

179 (20%), 114 (15%), 91 (100%).

2- (Benzylthio)-2-methylcyclohexanone (69): b.p. ca 100°
at 0.1 mm Hg. (Found: C, 71.55; H, 7.8; S, 13.9. C14H1808
requires C, 71.75; H, 7.75; S, 13.72);'6H (CDC£3) 1.44 (3H, s,
~Me), 1.55-1.73 (28, m), 1.75-1.9 (1H, m), 1.92-2.17 (3H, complex),
2.24 (1H, dddd, J 14.5, 14.5, 2 and 2 Hz, C-6-H eq.), 3.17 (IH,
ddd, J 14.5, 14.5 and 6 Hz, C-6=H__ ), 3.39 and 3.68 (2H ABq,
J 12 Hz, PhQEZS—), 7.22-7.31 (5H, complex); Yook (liquid film)
1695, 1490, 1445, 1370, 1275, 1230, 1120, 1080, 985, 815, 770,

700 cm T3 m/e 235 (1 + 1Y), 112 (1007), 91 (75%).

2- (Benzylthio) propiophenone (64): b.p. ca 120° at 0.02 mm Hg
(1it. 138 m.p. 62%), 6, (cCL,) 1.5 (3H, d, J 7 Hz, Me-CH-S-),
3.6 (2H, bs, PhCH,S-), 4.2 (1H, q, J 7 Hz, CO-CH-S-), 7.15 (SH,
bs, PhCHZS—), 7.1-7.5 (3H, complex), 7.65-8.0 (2H, complex); Voax.

-1 +
(cce,) 1675, 1450, 1270, 1180, 950, 695, 685 cm 3 m/e 257 ((M + 1), CI).

2-(Benzylthio)-2-methylpropiophenone (5%3): b.p. 53_1200 at

O.QZ mm Hg,-(Found: c, 75.35; H, 6.8; S, 12.1. C17H18OS requires
c, 75.5; H, 6.7; S, 11.857%); Sy (ccza) 1.5 (6H, s, ggzc-s-),
3.55 (2H, s, PhQEZS—), 7.05 (5H, bs, EECHZS—), 7.0-7.5 (3H,
complex), 7.9-8.15 (2H, complex); Voax. (liquid film) 1660, 1450,

1265, 985, 710 cm 1; m/e 271 (M + 1)7, CI), 165 (30%), 121 (207),



105 (25%), 91 (100%).

2-(Ethylthio)cyclohexanone (98)139

Ethanethiol (0.32 ml) was added to a stirred solution of
2-chlorocyclohexanone (0.5 ml) and triethylamine (0.61 ml) in
dry ether (20 ml) under nitrogen at 0°. The mixture was allowed
to warm slowly to 20°. After 50h dilute hydrochloric acid was
added and the separated organic layer was washed successively
with aqueous sodium hydroxide and water. The dried (MgSO4)
solution was evaporated to give 2-(ethylthio)cyclohexanone (0.33g,
487); 6, (CDCL,) 1.24 (3H, t, J 7.5 Hz, Me-CH,S-), 1.62-2.28
(7H, complex), 2.47 and 2.52 (2H, (ABq)q, J 12.5 and 7.5 Hz,
Me-CH,S-), 3.0l (1H, ddd, J 14.5, 11.5 and 6 Hz, C-6-H_, ),

3.36 (1H, ddd, J 4.5, 4.5 and 1 Hz, C-2-H eq.); Voax. (1iquid
film) 1705, 1450, 1420, 1335,. 1315, 1290, 1270, 1225, 1120,

920, 830 cm '3 m/e 158 (M7), 101 (45%), 98 (100%).

2—Benzy1thio—l-phenz}ethanol (53)

a—(Benzylthio)acetophenone (5g) was added to a stirred

slurry of lithium aluminium hydride (2g) in dry ether (150 ml)
and the mixture was refluxed. After 2h, water (3 ml) was added
cautiously to the cooled mixture, followed by dilute sulphuric
acid. The separated organic layer was washed éuccessively with
aqueous sodium carbonate and brine. The dried (MgSOA) solution
was evaporated to give a yellowish 0il (50g) which solidified

on standing. Recrystallisation from methanol gave 2-benzylthio—

1-phenylethanol (53) (4.82g, 96%) m.p- 46.5-47°, 8y (CDC£3)
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2.65 (24, m), 3.0 (lH, br s), 3.6 (2H, s), 4.57 (14, m), 7.2
(10H, bs) (lit.,>° m.p. 46.2-46.9%; & (CC%,) (B, of AB,), 3.16

(d), 3.63 (s), 4.5 (m), 7.19 (aromatics)); Voax (CC24) 3620,

3520 (broad) cm-l.

Reactions of a-(Benzylthio)ketones with Alkyllithium Reagents

General procedure: A solution of the alkyllithium was
added dropwise via a syringe to a stirred solution of the a-
(benzylthio)ketone under nitrogen. Most reactions (see® and® of
Table 1) were worked up by the cautious addition of a little
water followed by dilute hydrochloric acid. The separated
organic layer was washed successively with aqueous sodium hydroxide
and brine. The dried (MgSOa) solution was evaporated to give

the crude product.

The particular conditions used for, and results from, the

experiments performed are shown in Table 12.

Spectral data for the products are as follows:-

1—('a—Methoxybenzy1tbiO y-2~phenyl-2-propanol (10j: b.p.
ca 140° at 0.02 mm Hg, & (CCR,) 1.44 (3H, s, Me-C(OH)-), 2.8
(2H, m, —SC§QC(OH)—), 3.3 (4H, br s, -O-gg_and -0H), 5.15 and

5.25 (1H, s, PhQE(OMe)S—, (2 diastereomers)), 7.0-7.5 (10H,

complex, aromatics).

(IRS,2SR)~2—Benzylthio—1,Z-dimethylcyclohexanol (70): b.p. ca

100° at 0.02 mm Hg, (Found: C, 71.75; H, 8.75; S, 13.05. C, 5H,,08
requires C, 71.95; H, 8.85; S, 12.8%); GH (CDCQ3) 1.25 (3H, s, Me-

c(OH)-), 1.45 (3H, s, Me-CS-), 1.35-1.82 (7H, complex), 2.0l
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TABLE 12 -footnotes

a
Work up involved addition of D,0 followed by washing

of the organic layer with water gnd drying (MgSOh).
The product is ca 6:5 mixture of alcohol:ketone.

The sodium/ammonia reaction was performed on the crude
product.

The product was ca 1:1 mixture of starting material:
desired product.

© Using Kieselgel 60H (15g) with light petroleum/ether
as eluant, ‘



97

(14, m), 2.45 (1H, br s, -OH), 3.82 (2H, s, PhQ§25), 7.2-7.37
(5H, complex, aromatics); Voax. (l1iquid film) 3470, 1600, 1490,
1450, 1365, 1315, 1180, 1150, 1110, 1080, 1040, 1000, 950, 910,
885, 705, 695 cm '3 m/e 250 ('), 159 (20%), 125 (25%7), 91 (50%),

43 (100%) .

(3RS,4RS) and (3RS,4SR)-4-Benzylthio-3,4~-dimethyl-3-hexanol
(82) and (81): b.p. ca 100° at 0.02 mm Hg, (Found: C, 71.55;

H, 9.85; S, 12.95. C 0S requires C, 71.4; H, 9.6; S, 12.7%);

15724
GH (CDCQB): (3RS,4RS) (82) 0.97 (3H, t, J 7.5 Hz, gEjCHZ—), 1.09

(3H, t, J 7.5 Hz, Me-CH,-), 1.19 (3H, s, Me-C(OH)-), 1.26 (3H,

s, Me~CS-), 1.43-1.83 (4H, complex, Me-qu—), 2.3 (18, br s,

-0H), 3.76 and 3.81 (2H, ABq, J 12 Hz), 7.23-7.38 (5H, complex,
aromatics). (3RS,4SR) (81) 0.95and 1.09 (2X3H, t, J 7.5 Hz, E’I_e_-'Cﬁz"),
1.16 (3H, s, Me-C(OH)-), 1.29 (3H, s, Me-CS-), 1.43-1.83 (4H,

complex), 2.3 (1H, br s, —-0H), 3.75 and 3.81 (2H, ABq, J 12 Hz),
7.23-7.38 (5H, complex, aromatics); Voax. (1iquid film) 3480,

1600, 1490, 1450, 1375, 1120, 1090, 990, 910, 705, 690 em 1

m/e 235 ((u-0H)", CI), 179 (10Z), 111 (20%), 91 (100%).

3—Benzylthi0*3—methy1-2-pheny1-2-butan01 (65): b.p. ca

120° at 0.02 mm Hg, (Found: C, 75.3; H, 7.55. C18H2208 requires
C, 75.5; H, 7.75%); GH (CDC23), 1.34 (3H, s, Me-CS-), 1.43 (3H,
s, Me-CS-), 1.74 (3H, s, PhC(Me) (OH)-), 2.98 (1H, bs, -OH),
3.52 (2H, S, PhQﬂQS—), 7.15-7.7 (10H, complex, aromatics);

v (liquid film) 1665, 1455, 1265, 985, 710 em L.

max,

Reactions of o-(Benzylthio)ketones with Grignard Reagents

General procedure: The Grignard reagents were formed by



cautious addition of the alkyl halide to ca 1.5 equivalents of
magnesium turnings stirred in either dry ether or dry THF under
nitrogen. Reflux was maintained throughout the addition using

the heat evolved in the reaction and/or an external heat source.
Reflux was continued for 20-30 min after the addition of the alkyl

halide before the ketone was added.

The work up involved cautious addition of a little water
followed by dilute hydrochloric acid. The separated organic layer
was washed successively with aqueous sodium hydroxide and brine.

The dried (MgSOA) solution was evaporated to give the crude product.

The particular conditions used for, and results from,

the experiments performed are shown in Table 13.

Spectral data for the products aré as follows:-

1-Benzylthio-2-phenyl-2-propanol (106: b.p. 52.1600 at
0.02 mm Hg, GH(CDCQ3) 1.6 (3H, s, Me-), 2.83 and 3.05 (2H, ABq,
J 12.5 Hz, -C(OH)-CH,$-), 3.0 (1H, br s, -OH), 3.43 and 3.48
(24, ABq, J 13 Hz, PhQEZS-), 7.2-7.5 (10H, complex, aromatics);
v (liquid film) 3450, 1600, 1495, 1450, 1070, 765, 700 em 1

max.
w/e 275 (1 + 17 (NE,)", CI), 241 (1007).

(1RS,ZRS)—Z-BengX}thio-l,2-dimethy1cyclohexanol (71): b.p. ca

100° at 0.02 mm Hg, (Found: C, 71.9; H, 8.55. ClSHZZOS requires
c, 71.95; H, 8.85%); 6H (CDC£3) 1.35 (3H, s, Me-C(OH)-), 1.46

(34, s, Me-CS-), 1.44-1.95 (8H, complex), 3.72 (2H, s, PhCEQS-),
7.2-7.37 (5H, complex, aromatics), ? (~OH); Voax (l1iquid film)

3460, 1490, 1445, 1365, 1040, 940, 705, 690 cem L.

3—Benzy1thi0-3~methy1-2—pentanol(93): GH (CDCQB) (mixture

98
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TABLE 13 -footnotes
2 Determined by integration of the 300 VMHz

b The sodium/ammonia reaction was performed on the crude
product.

© The product is ca 1:1 mixture of alcohol:ketone (19).

d Using Kieselgel 60H (50g) with light petroleum/ether as
eluant. The crude product contained ca 30% recovered (80).
e

1H n.m.,r. spectrum.

The MgBr, was prepared in situ by the reaction of magnesium
with 1,2-d§bromoethane.

f The crude product contained ca 55% 3°alcohols, 20% 2°alcohol
and 20% recovered (78).
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of diastereomers) 1.02 and 1.04 (3H, t, J 7.5 Hz, gngHz-), 1.18
and 1.22 (3H, d, J 6. Hz, Me-CH(OH)-), 1.32 (3H, s, Me-CS-),
1.5-1.73 (2H, m, Me—qucs—), 1.6 and 1.95 (1H, br s, -OH),

3.72 and 3.73 (2H, s, PhQEQS~), 3.72 and 3.77 (1H, q, J ~ 6.5
Hz), 7.22-7.38 (5H, complex, aromatics); Viax. (1iquid film)
3460, 1600, 1490, 1450, 1375, 1280, 1065, 1010, 915, 700 cm  ;

m/e 224 (M), 179 (25%), 91 (100%).

(1RS,2RS)~-2-Benzylthio-1,2-dimethylcyclohexanol (71)

Lithium hydride (13 mg) was added to a stirred solution of
benzyl mercaptan in dimethylformamide (DMF) (15 ml) under nitrogen.
The mixture was heated at 100° for 2h. 1,6-Dimethyl~7-oxabicyclo
[4.1.0]heptane (94) (0.1 ml) was added to the mixture, and stirring
at 100° was continued for 42h. Dilute hydrochloric acid and light
petroleum were added and the separated organic layer was washed
successively with aqueous sodium hydroxide and brine. The dried
(MgSO4) solution was evaporated to give a reddish oil (230 mg).
Chromatography over Kieselgel 60H (9g) using light petroleum:
ether as eluant, gave (1RS,2RS)-2-benzylthio-1,2-dimethylcyclo-

hexanol (50 mg, 22%) which was identical with the sample isolated

from the Grignard reaction on p. 98.

Reactions of B-(Benzylthio)alcohols with Sodium in Ammonia

General procedure: Ammonia was condensed (acetone/dry ice)

under nitrogen onto a stirred solution of the 8-(benzylthio)alcohol
in a small amount of dry ether or onto the pure alcohol. Sodium

" was added to the mixture in very small pieces until a blue
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colour persisted for 20 min. A few crystals of ammonium chloride
were added until the blue colour disappeared. The ammonia was
evaporated under a flow of nitrogen. Aqueous sodium hydroxide
and ether were added and the organic layer extracted with aqueous
sodium hydroxide (x2). The combined aqueous layers were acidified
with dilute hydrochloric acid and extracted with ether (x2)

and dichloromethane. Each of the organic layers was washed with

brine and dried (Nazso Evaporation of the solvent gave the

4
crude product.
The particular conditions used for, and results from,

the experiments performed are shown in Table 14.

Spectral data for the products are as follows:-

2-Mercapto-l-phenylethanol (107): GH (CClé) 1.3 (1H, ¢t,
J 8.5 Hz, -SH), 2.5-2.9 (2H, m, CH,SH), 3.15 (lH, br s, -OH),
4.55 (1H, t, J 6 Hz, PhCH(OH)-), 7.2 (5H, bs, aromatics); Yook,
(liquid film) 3420, 2560, 1605 em L,

3-Mercapto-3-methyl-2-phenyl-2~butanol (66): 6H (CDC23)
1.31 (3H, s, Me-C-S-), 1.45 (3H, s, Me-C-S-), 1.73 (4H, bs,
Me—C(OH)~- and -SH), 2.64 (1H, s, ~OH), 7.2-7.7 (5H, complex,

aromatics); Voax (CC24).3620, 3520, 2580, 1600, 1490, 1445,

-1
1370, 1340, 1170, 1110, 1065, 1030, 900, 700 cm .

(1RS428R) and (1RS,2RS)-2-Mercapto-1,2-dimethylcyclohexanol (72)
and (73): m.p. ca 20°, (Found: C, 59.75; H, 10.2; S, 20.1. CgH OS
requires C, 59.95; H, 10.05; S, 20.07); GH (CDCQ3): (1RS,2SR)

(72) 1.24 (3H, s, Me-C(OH)-), 1.44 (3H, s, Me-C-S-),
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TABLE 14 ~Sodium/Ammonia Reactions
SB-benzylthio- solvents
alcohol (mass) (vol.) product yield @
OF OH cal5% P
o NS Ty (100m1) Ph/i\\/SH e
(53) (0.5g) (107)
OH
NH_ (50m1) OH 88.5%
S\J/Ph 3 SH
Ph Et20 (5ml) PH crude
(65) (0.18g) (66)
OH OH
\. 7s._Ph  NHy (300ml) \ 7 on 81.5%
'2/ \)/ ~ > l/ 5/ crude ©
‘\/) (70) \.\./” (72)
\\ OH/ \ OH
rijfs\/Ph (,!,SH
(2g)
OH ) OH
,S\_Pn  NH, (60ml) f_%i\(SH 62%
4 ;o crude @

(81)

OH
——&/S\ Ph
Whdhd

(82)i}(0.25g)

2 The condensation with benzaldehyde was performed on
the ¢rude material.
b The use of lithium (rather than sodium) gave the same result.
C A reaction on (70) gave only (72) and on a 3:1 mixture
£ (70):(71) gave a 3:1 mixture of (72):(73).

Reaction on different mixtures of (81) and (82) gave ratios
of (83) to (84) that were similar to the ratio of (81) to

(82) used.
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1.38-1.76 (74, complex), 1.67 (1H, s, -SH), 1.9-2.03 (1H, m),
2.17 (1H, br s, ~OH). (1RS,2RS) (73) 1.38 (3H, s, Me-C(OH)-),
'1.45 (3H, s, -SH), 1.38-2.03 (8H, complex), 1.62 (1H, s, -SH),
2.15 (1H, br s, -OH); V... (liquid film) 3475, 2540, 1450, 1365,

1315, 1180, 1145, 1090, 1045, 1000, 950, 910, 885 cm .

(3RS,4RS) and (3RS, 4SR)-4-Mercapto-3,4~-dimethyl-3-hexanol (84)
and (83): GH (CDCQB): (3RS,4RS) (82) 0.99 (3H, t, J 7.5 Hz, Me
CH,=), 1.09 (3H, t, J 7.5 Hz, Me-CH,-), 1.18 (3H, d, J 1 He,
Me-C(OH)-), 1.3 (3H, d, J 1 Hz, Me~C.S-), 1.34 (1H, bs, -SH),
1.39~1.56 (1H, m, Me—qgaHb—), 1.58-1.77 (3H, complex, Me-CE2
and Me—CHaEb), 2.17 (1H, br s, —Qg). (3RS,4SR) (81) 0.98 (3H,

t, J 7.5 Hz, ngCHz—), 1.09 34, t, J 7.5 Hz, yngHz—), 1.17 (3H,

d, J 1 Hz, Me-C(OH)-), 1.32 (3H, bs, Me-C.S-), 1.39-1.56 (1H, m,

Me—QEaHb), 1.58-1.77 (3H, complex, Me-Qﬂz and Me-CHagb), 2.17

(1H, br s, -OH), 7 (-SH); Voox (l1iquid film) 3490, 2550, 1455,

1375, 1270, 1120, 1100, 1040,.990, 915 cm L.

Formation of 2-Phenyl-1,3-oxathiolans

General procedure: p-Toluenesulphonic acid (ca 0.005
equivalents) and an excess of distilled benzaldehyde were
added to'a stirred solution of the B-mercaptoalcohol in dry
benzene. The mixture was refluxed under nitrogen. The reaction
was considered to have gone to completion when no spot corresponding
to starting material was observed on thin layer chromatography

(t.l.c.). Evaporation of the benzene and benzaldehyde gave the

crude product.

The particular conditions used for, and results from,
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the experiments performed are shown in Table 15.

Spectral data for the products are as follows:-

4,4 ,5-Trimethyl-2,5-diphenyl-1,3-oxathiolan (67): GH (CDC23)
(mixture of diastereomers, major diastereomer underlined) 1.1 and
1.13 (3H, s), 1.54 and 1.59 (3H, s), 1.9 (3H, s), 6.3 and 6.56
(1H, s, PhCH(0-)S-), 7.25-7.6 (l0H, complex, aromatics); Voax.
(liquid film) 1600, 1490, 1445, 1370, 1230, 1130, 1105, 1065,
1025, 900, 765, 700 cm '; m/e 285((M + 1), CI), 210 (407),

177 (307), 164 (1007%), 163 (50%).

(1RS,6SR,8RS) and (1RS,6SR,8SR)-1,6-Dimethyl-7-oxa~8~phenyl-9-thiabicyclo

[4.3.0]nonane (74):+ (1RS,6SR,8RS) m.p. 33_200, (Found: C, 72.3;

H, 8.1; S, 12.65. C 0S requires C, 72.55; H, 8.1; S, 12.97);

1520
GH (CDC£3): (1RS,6SR,8RS) 1.43 (3H, s, Me-), 1.44 (3H, s, Me-),
1.28-1.9 (6H, complex), 2.15-2.32 (2H, complex), 6.23 (1H, s,

PhCH(0-)S-), 7.26-7.42 (34, complex), 7.47-7.55 (2H, complex);

8}{ (ctx113) : (1RS,6SR,8SR) 1.38 (3H, s, Me-), 1.47 (3H, s, Me-),
1.28~1.9 (6H, complex), 2.0-2.32 (2H, complex), 6.15 (1H, s, PhCH(0-)S-),
7.26~7.42 (3H, complex), 7.47-7.55 (2H, complex); Voax. (l1iquid

£ilm) 1600, 1495, 1450, 1380, 1225, 1095, 1020, 990, 700 cm_l;

m/e 248 (M), 142 (70%), 109 (1007).

4,5-Diethyl—4,5~dimethyl~2-phenyl-1,3-oxathiolan (85) and

(86): b.p. 33_1100 at 0.02 mm Hg; GH (CDC23) (mixture of 4 diastereomers)
1.0-2.0 (62H, complex), 2.32 (2H, m), 5.95 (2H, s, PhCH(0O-)S-), 6.03
(2H, s, PhCH(0-)S-), 7.27-7.52 (20H, complex, aromatics); Vo

(liquid film) 1490, 1450, 1375, 1230, 1230, 1110, 1050, 1020, 700,

+The assignment of stereochemistry to the two diastereomerilc OXa—

thiolans is based on an NOE experiment.
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-1 +
695 cm “; m/e 250 (M), 178 (50%), 144 (30%Z), 111 (25%Z), 91 (40%),

+
88 (1007%Z); M 250.1391. 0S requires 250.1391.

€152
4,5-Diethy1-4,S—dimethyl-Z—(Ejnitrophenyl)-1,3-oxa—
thiolan (108): GH (CDC£3) (mix of 4 diastereomers) 0.98-2.0
(62H, complex), 2.28 (2H, m), 6.0 (2H, s, Pth(O—)S—), 6.4 (2H,
s, PhCH(0-)S-), 7.54-7.63 (8H, complex, aromatics), 8.17-8.25
(8H, complex, aromatics); Voax. (1iquid film) 1600, 1520, 1450,

1345, 1105, 910, 855, 710 cm '3 m/e 265 ((M - 30(NO))", 10%),

144 (10Z), 122 (25%), 121 (100%, 120 (30%).

Reaction of the Diasteromeric 2-Mercapto—-1-2-dimethylcyclohexanols

(72) and (73) with p-Toluenesulphonic Acid

p-Toluenesulphonic acid (ca 0.5 mg) was added to a stirred

solution of (1RS,2RS) and (1RS,2SR)mercaptoalcohols (ca 25 mg of a

ca 1:3 mixture) in dry benzene (4 ml). The mixture was refluxed

——

under nitrogen for 7h. Evaporation gave (1RS,2SR) -2-mercapto-1,
2-dimethylcyclohexanol (72) free from any of the (1RS,2RS) isomer

(73) as shown by comparison with authentic spectra.

TABLE 15 ~footnotes
& peaction with LDA was performed on the crude material,

b Reaction of the 'trans' mercaptoalcohol (73) gave no
oxathiolan., A mixture of (72) and (73) gave only the
oxathiolan (74). |

¢ Using Kieselgel 60H (5g) with light petroleum/ether as
eluant.
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SECTION 5

Reaction of 2-Phenyl-1,3-oxathiolans with LDA

The particular conditions used for, and results from, these

experiments are shown in Table 16.

General procedure: n-Butyllithium (ca 1.5 M, see Table 16.
for amount) was added dropwise under nitrogen to a stirred solution
of diisopropylamine (1.5 equivalents compared to butyllithium)
in dry ether (half of the total volume used) at 0°. The mixture
was stirred under a slow flow of nitrogen at 20° for 15 min. A
solution of the 2-phenyl-1,3-oxathiolan and the g.l.c. standard
(where used) in ether (the rest of the total volume).was added
to a stirred solution of the base at 20°. The work up involved
addition of a little water followed by aqueous sodium hydroxide.
The separated organic layer was washed successively with aqueous
sodium hydroxide (x2), dilute hydrochloric acid (x3) and brine (x3).
2—Methy1-3—pheny1-2—butene @oD and 1,2-dimethylcyclohexene (102

were isolated crude by evaporation of the dried (MgSOA) solution.

Thé g.l.c. work was performed on a Carlo Erba capillary
g.c. 2151 machine using an OV 101 capillary colummn (WCOT, 50 m).
The relevant retention times were: (104, 27 min at 350; ao03,
28 min at 350; n-octanef, 28.6 min at 350, l-methylcycloheptene,
- 39 min at 350; Q02 , 28 min (40-700, programmed); 1,2,4-trimethyl-

benzene, 38 min (40—700, programmed). These assignments are discussed

+Assumed to be an impurity in n-butyllithium. The peak area on
g.l.c. for this was 10-207 of the combined hexene pealk areas. It’
was identified by comparison of its mass spectrum with an authentic

spectrum.
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on p. 70-71.
Spectral data for the compounds were as follows:-

2-Methyl-3-phenyl-2-butene QOD: GH (CDC23),1.6 (3H, bs),
1.8 (3H, s), 1.95 (3H, bs), 7.0-7.4 (5H, complex) (lit., *°
5, (CCL,) 1.56 (3H, bs), 1.78 (3H, s), 1.92 (34, bs), 6.9-7.3

(5H)).

1,2-Dimethylcyclohexene (102 : GH (CDC£3) 1.54-1.6 (4H,
m, -ng-(C—4 and 5)), 1.6 (6H, bs, Me—C=), 1.87-1.94 (4H, m,
~cr,-c=), (Lit.,"*}s, (ccz,) 1.91 (broad peak), 1.58 (s, ~CHy)
some of the ring protons lie under this last peak); m/e 110

"), 95 (100%).

cis and trans-3,4-Dimethyl-3-hexene (103, 104): m/e (same for

—pnee

) +
both diastereomers) 112 (M ), 97 (107Z), 83 (80%), 69 (20%), 55
(100%Z). The mass spectra were identical with those of the olefins
made as on p. 110and co-injections on g.l.c. showed identical

retention times for the olefins made by either procedure.

dg2- and meso-3,4-Dimethylhexane-3,4~diol

A solution of mercury (II) chloride (12g) in acetone (100 ml)
was added, under nitrogen, to a stirred mixture of magnesium
turnings (10g) in dry benzene (150 ml) at such a rate as to maintain
reflux - initial reflux was attained by heating the mixture after
the addition of a small portion of the mercury (I1) chloride
solution. After the addition, acetone (40 ml) in dry benzene
(40 ml) was added and the mixture was refluxed for Sh. Water

was added and the mixture was stirred vigorously for 20 min
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and filtered at 53.400. Benzene (100 ml) was added to the solid
and the mixture was stirred and refluxed for 15 min, and filtered.

Evaporation of the combined filtrates gave 3,4-dimethylhexane-

3,4-diol (62g, 100%) as an oil.

A portion of the{crude 0il was distilled and addition
of light petroleum to the distillate, followed by cooling and
scratching induced crystallisation. The solid was recrystallised
from light petroleum to give g&f3,4—dimethy1hexane-3,4~diol}2%
m.p. 52-3° (lit.129m.p. 52-3°); 8 (CDCL3) 0.96 (6H, t, J
7.5 Hz, EETCHQ-)’ 1.14 (6H, bs, Me-C(OH)-), 1.41 and 1.65 (4H,
(ABq)q, J 14 and 7 Hz, Me-QEz—), 1.97 (2H, br s, -OH). The mother

liquor was a mixture of the diastereomeric alcohols and from

this was obtained for the meso-diol GH (CDC£3) 0.96.(6H, t, J

7.5 Hz), 1.12 (6H, bs), 1.35~1.48 (2H, m), 1.59-1.73 (2H, m),

2.03 (24, br s).

127
cis and trans—3,4-Dimethyl-3~hexene (103 and (09

Triethyl orthoformate (19 ml) and benzoic acid (100 mg)
were added to crude 3,4-dimethylhexane-3,4-diol (from above;
20 ml) and the mixture was heated at 125-135° for 2h, ethanol
being distilled off. The temperature was raised to 200° and,
after discarding the first few mls, the distillate was collected,
washed with water and dried (MgSOA) to give 3,4-dimethyl-3-hexene
(7.1g; 46%) as a clear oil, b.p. 98° at 760 mm Hg (lit.,lz7 b.p.

95-8°); 8y (CDCL,) (2 diastereomers) 0.9% (6H, t, J 7.5 Hz,
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Me-CH,-), 0.96 (6H, t, J 7.5 He, Me-CH,-), 1.62 (6H, s, Me-C=),
1.63 (6H, s, Me=C=), 2.01 (4H, q, J 7.5 Hz, Me-CH,~), 2.03

(48, q, J 7.5 Hz, Me-CH,-); Voox (liquid film) 1625, 1455, 1370,

1155, 1070 cm—l; m/e (same for both diastereomers) 112 (M+), 97

(10%), 83 (80%Z), 69 (20%), 55 (100%Z).
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Summary

The work discussed in this thesis concerns approaches to 2-phenyl-

1,3-oxathiolans (1) and their cycloreversion to olefins1 (Scheme 1).

R1
[4 \ O 1 2
R e R R
RO™>S N

Scheme 1

The existing examples of oxathiolan cycloreversions in olefin
. 1 . . . .
formation™ suggested that a wide variety of olefins should be accessible
via this reaction. The preparations of the oxathiolans used however,

all involved the opening of an epoxide with a sulphur nucleophile.

Our initial aim was to find a more general approach to oxathiolans
and thus, hopefully, to olefins.

Scheme 2 is an outline cf the scheme that it was originally hoped
to follow.

B-Ketothiocyanates (2, X = -C=N) were considered as possible

starting points for the synthesis. The thiocyanate group, however,

appeared too labile to the type of reaction conditions required for

elabbration of (2) as in Scheme 2 (see Scheme 3).
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On the basis of indications that the benzyl group might prove
a useful protecting group for sulphur2 (i.e. X = CHZPh, Scheme 2)
b4
the possibility of an oxathiolan Preparation not involving a 8-

mercaptoalcohol precursor was investigated. The basic idea is

shown in Scheme 4.

A
R R
e el

—_— 2.,__.1 Ph
RZ———s_ _pp R ’,\S>"’
B3 Y R>
Y
Scheme 4

Two attempts to achieve an oxathiolan synthesis following this

methodology are outlined in Scheme 5.

Formation of (3) was achieved by an in situ reaction of the
anion (4) generated from the dithiocarbonate shown. An attempt to
prepare the acetonyl compound (5) (Scheme 6) by an analogous route
failed but it was found that when the thiol (6) was isolated the

desired (5) could be formed quite cleanly. Attempts to use either

of the above procedures to prepare the cyclohexanonyl compound (7)

failed.
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An investigation of B-ketodithiocarbamates (8) and B-ketophos-

phorothiolates (9) as potential starting materials for formation of

(o= (x"-methoxybenzyl)thio)ketones according to Scheme 7, proved un-

fruitful.
O 0
S« NR' SPO(OEL
R/U\/Y 2 R AN/ SFOLCEL)
S
(8) (9)
0X

n

0 OX
| S Ph N Ph
AT RNy
R' OQOle OMe
Scheme 7

The phenacyl compound (3) was treated under various conditions

in attempts to achieve the transformations in the first two steps

of Scheme 2.

These reactions proved unpromising and this approach

to oxathiolans was abandoned.

The decision was made to revert to the plan proposed in Scheme 2

using the benzyl group as protection for sulphur.

are outlined in Schemes 8-10.

The results obtained
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&ii 0
S\/Ph iv

14) (15)

B

Scheme 9 : 1 PhCH,SH,NEt, ; 11 NaOAm® MeI ; iii NaH,EtI ;
iv EtLi 3 v Meli ; vi Na,NH3;~vii' PhCHO,p-TsOH ;
viii LDA.

o 0
B T e S

Ph -0 Ph\ -OH Ph: :OH
\“/ vi i >_.ph LV iv
A S | j:SH S\ Ph

Scheme 10 : i PhCHZSH,NE‘c3 s ii NaH,MeI ; iii Meli j

iv Na,NH3 s v PhCHO,p~TsOH ; vi LDA.

Ph
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and thio groups in the transition state of the addition, Scheme 11.
Unfortunately the diastereomers formed in the reaction had very similar
retention times on chromatography and so they were not separated.
Nevertheless the ratios of diastereomers did not change during the
reactions carried out subsequent to the ketone addition step and stereo-

chemical integrity was therefore considered to be maintained in these

subsequent steps.

R SCH Ph

Et ”j\

Scheme 11

Despite the non-isolation of pure diastereomers in the aliphatic
system (Scheme 9) and the slightly disappointing selectivity in the
organometallic additions, the relatively high yields found for the reactions
shown in Schemes 8-10 suggest that the general approach may have wide
applicability. The high yields (75~100%Z) in the olefin forming cyclo-

reversion reactions were particularly encouraging.
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