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CHRPTER 1
Introduction



1.1 ASYMMETRIC SYNTHESIS
Asyrnmetric reactions have proven to be of great synthetic value to 

the organic chemist, asynmetric carbon-carbon bond forming reactions, in 
particular, being important in the synthesis of a wide range of 
optically active compounds.^ An asymmetric synthesis is one in vhich an 
achiral unit is converted into a chiral unit so that the stereomeric 
products are formed in unequal amounts; usually from a synthetic point 
of view, the more unequal the ratio of products formed, then the more 
useful is the reaction. Such asymmetric reactions can normally be 
rationalized in terms of steric and electronic interactions which 
stereochemically control the course of the reaction. The work detailed 
in the following chapters concentrates on the applications of chiral 
heteroatomic stabilized carbanions, in which the carbanionic centre is 
derived from an sp^ hybridized carbon atom, to carbon-carbon bond 
formation in potential asymmetric syntheses.

1.2 g-HETEROATCKrC STABILIZED CARBANIONS^
The stability of a carbanion is directly related to the strength of 

its conjugate acid; the weaker the acid, the greater the base strength 
and the lower the stability of the carbanion. For simple hydrocarbons, 
acetylenic protons are more acidic than vinylic protons which, in turn, 
are more acidic than alkyl protons; this is a result of the carbanion 
stability.

0 o  ©
R C sC  >  R,C = C H >  R ^C -CHg

Stability of carbanions

The higher the s-character at the carbanionic centre (spi^p^^p^), 
the closer are the electrons to the nucleus resulting in a lowering of 
their energy and hence greater stabilization of the carbanion. But
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acetylenes, alkenes and alkanes are all relatively weak acids with pKa 
values of ça. 25, 44 and 50 respectively (cf. RCOOH, pKa 4-5). However, 
the relative kinetic and thermodynamic acidities of a compound can be 
enhanced by the introduction of a heteroatom « to the respective proton. 
This enhancement is due to an increase in the stability of the resulting 
carbanion by the inductive effect and, in the case of sulphur and 
phosphorus, an effect disputedly caused by pm-dTr bonding or by the 
polarizibility of the atom.

An illustration of the effect of different heteroatoms on the 
kinetic acidity of «-protons is shown in Table 1, where f is the ratio 
of the deuterium exchange rate for a given C-D bond in the conpound 
compared with that for the C-D bond in benzene (i.e. the rate of 
dedeuteration of the compound with a deuterium atom previously 
introduced was determined).®

The ease of formation of the «-heterostabilized carbanion depends on 
the actual nature of the heteroatom moiety and the position the hetero­
atom occupies in a row and column of the Periodic Table. The formation 
is usually easier when the heteroatom is further to the right of a row 
and when the atom is in the third rather than second or fourth rows.

f r̂el
CsHsSŒa 1 x1 0 ® 2 x1 0 ®
CgHgSëCHg 1 x1 0 ® 2 x1 0 ^
CgHgOCHa 0 . 2 2 4x10̂
CgHgPfCHg): 140 3x10̂
C6HsN( 0 1 3 ) 2 0.005 1

TABLE 1

Modifications of the heteroatom leading to stabilization of the 
resulting carbanion include: the attachment of an electron-withdrawing 
group to the heteroatom; the presence of a charge-dipole interaction.
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Fig. 1 (I); the ability to delocalize the negative charge, Fig. 1 (II); 
the heteroatom being a partially or fully charged heterocentre, e.g. 
phosphonyl, sulphinyl. Fig. 1 (III).

R i' . L  L j
R

( I )  ( I I )

X = S ,P . . . . e k  R" ^

( I I I )

Fig.1

The presence of alkyl groups attached to the carbanionic centre 
lowers the stabilization whilst the attachment of electron-withdrawing 
groups or the presence of a second heteroatom enhances the stabilization 
of the carbanion.

The relative inductive stabilizing effect of heteroatoms on 
carbanions is not in doubt, but the controversy between the pTT-dtr 
orbital theory and the polarization theory to explain the difference in 
carbanion stabilization by heteroatoms lying in the same column of the 
Periodic Table has not been resolved. The "d-orbital" theory explains 
the higher acidity of compounds bearing heteroatoms possessing 3d or 4d 
unoccupied orbitals by the stabilization of the carbanion by delocaliza­
tion of the charge in the relatively low-lying orbitals. This allows 
carbanion Zpn-heteroatom dn overlap which should be better with 3d than 
4d orbitals, Fig. 2.

le e /  ^ ^ 9- x - c  —
Fig. 2
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The "polarization theory" is mainly related to the results of 
theoretical calculations which stress the unimportance of dn-pn overlap 
to explain the higher stabilization of carbanions bearing a heteroatom 
belonging to the second or third row of the Periodic Table. All 
theoretical results are explained in terms of the polarizibility of the 
heteroatom, a property related to the electronegativity and refractive 
index which measures the degree of diffusion of the carbanionic lone 
pair into the carbon framework. Analogous to the dTr-pn orbital theory, 
the polarization theory also explains the greater acidity of compounds 
in \Aich the heteroatom belongs to the third row of the Periodic Table.

— 4 —



CHAPTER Z
Chiral (x-AlkoxyaUenyl Carbanions



2.1 INTRODUCTION
The importance of functionalizing aldehydes and ketones has led to 

the development of a range of synthetically equivalent reagents that 
enable the carbonyl group to be derivatized or elaborated at positions 
where the normal reactivity (polarity) is reversed (umpolung) The use 
that a-lithio-«-methoxyallene (1 ) has seen in this respect, as an 
acrolein (R = H) or crotonaldehyde (R = C H3 ) carbanion equivalent (2), 
led to considerations that development of an analogous reagent 
containing a chiral alkoxy group would lead to the preparation of 
optically active «-hydroxy-vinylketones.

MeO^^Li

( 1 ) ( 2 )

2.2 METHOXYVINYLLIIHIUM AND ITS ANALOGUES
The use of methoxyvinyllithium (3) as a synthetic equivalent of the 

acyl carbanion (4)®* was reported by Baldwin et al.,®*> in 1974. Reaction 
of (3) with electrophiles and subsequent acid hydrolysis of the product 
gave the corresponding carbonyl compounds in high yield, Scheme 1.

„ . J .  -  „ . Â ,

( 4 ) ( 3 )
Scheme 1

The reaction of (3) with aldehydes and ketones gave a-ketols (5) 
after hydrolysis.

OH
MeO.. ^ L i

Tr  ;RCHO ^
1 H,0 ® 0

( 3 ) 1 5 )
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The analogous thio- (6 ) and selenoethers (7) behave in a similar 
manner as masked acyl anion equivalents.®

1. T H F /H M P T   ̂ ?I

II +  ̂ HgCl/CHaCN

( 6 )

0
^ L i  1 TH F/H M PT It
II * 2. H , S 0 . /H ,0igOU^^/HgU CH3

( 7 )

Recently a chiral silicon analogue (8 ) (where Si* = chiral silicon 
centre and R3 represents three different groups) of (3) was prepared by 
Torres et ^.® and reacted with a range of aldehydes. Although the 
resulting diastereoisomers could be separated and the silicon moiety 
removed by protiodesilylation, the selectivity of the additicxi was poor, 
ça. 1:1, Scheme 2.

R,sr R̂ Si* R.Si* R,sr
2t-BuLi  ̂ \   RCHO  ̂ ^

/ — \  bf,  R ^ r - \  R
CH. Li CH3 1 . CH, 1, LR

(8 ) ÔH OH

1:1 diastereomeric mixture

I TBAF/DMSO 
I  25® C

CH
OH ■ OH

Scheme 2

2.3 MEmOXÏAT.T.FNE AND ITS USE IN SYNTHESIS
The preparation of methoxyallene (9) and the generation of its a-lithio-
derivative (10) was first reported by Hoff et al.^* in 1968.

OMe OMe
H C îC C H jO M e  ,  / * ------------ /

2 70® C —  • -----  -----

Li
( 9 ) ( 10 )
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In the following period the reactions of (9) and (10) were 
investigated and subsequently (1 0 ) has played a vital role in the 
synthesis of a number of natural products. (1 0 ) can be alkylated,^ 
reacted with aldehydes and ketones® and further synthetically useful 
reactions of (10) are detailed in Scheme 3. Acid hydrolysis is the 
final step in many examples leading to the formation of the carbonyl 
conpound; clearly in such cases (1 0 ) behaves as the carbanion equivalent 
(2 ).

Addition of Grignard reagents to methoxyallene in the presence of 
copper(I) halides yields the 1 -alkyne^® as the 1 ,3-substitution product
(1 1 ) whilst the addition of organocopper reagents gives vinylic ethers
(12).1®

OMe ^
9% ► RCHjCiCH

------------- CuCl

( 9 1  ( 11 1

OMe
/  [RCu(Br or R)] MgX R — CHg— C =CH —OMe 

Cu(Br or R)

MgX — E /Z  R-CH^CHcCH-OMe 

( 12 )

( 9 ) also participates in a Wittig-type reaction to yield either 
1 -methoxy-l,3-butadienes or on hydrolysis a,/3-unsaturated aldehydes.®®* 
An additional synthesis of butadienes was reported®which involved iso­
merization of the alkylated methoxyallene to the conjugated diene using 
pyridinium p-toluenesulphonate in dichloromethane.

The participation of (10) in the synthesis of spirohydrofuran-3 ( 2H) - 
ones, present in the muscarine alkaloids, was reported by Magnus.®^ The 
reaction of cyclohex-2 -enone with (1 0 ) followed by cyclization and 
hydrolysis gave the spirohydrofuran-3(2H)-one (13) in 40% overall yield, 
Scheme 4.

-7-



8 , i' MeO\___^ R ’
OMe

[RCu0r]MgXL

Ph^ 1  '-i/NH,
 ̂ PhCO,

OH ' 1 " / ^

I KOH 
17 /  2. KOBu-l

M eS O C IV O

KOBu-t

MeO>. ĈHR

1 H.O

R R CO

aCHROEl

I  n-BuLi r' 2. R'X 11 IKNH, -- __J
II 1 H.0

,CHR

OMe

MeÔ ŜiMe. 
, PhCHO I J ClSiMej^ IJ I  n-BuLi 

IR X

C,H,X 
[Pd]

MeO^ /Ph
Y

1 3 /R ,B  1 .t -B u U /,4
1  n-CjH,CHO

0

A Ph

II R,B^^OMe MeÔ ŜiMe,

AcOM 

R v  xOMe

n-C,H,^O^SiMe,

MeÔ ŜiMe,

J
1. Bu,N F '  

2. H ,0 ®
CFjCÔ

Scheme 3
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M e O ^  M
OMe

KH
THF

dicyclohexyl 
-18-crown - 6

OMe H3O® 0

10 13
Scheme 4

This strategy was extended to the synthesis of helixanes (polyoxa- 
p o l y s p i r o a l k a n o n e s ) 2 2  and was also used successfully in the synthetic 
approach to Bruceantin.^^ The use of (10) in the stereocontrolled 
synthesis of the allopumiliotoxin A alkaloids (14) was fundamental in 
the construction of the bicyclic ring system, Scheme 5.

OMe OMe
OH

Scheme 5 OH
14

The addition of (10) to a carbonyl group was used in the synthesis
of a highly functionalized cyclopentenone via a cyclopentannelation, a
reaction considered important in the synthesis of the methylenomycin
series of compounds,Scheme 6 .

0 MeO

I ^  .  I

Scheme 6

^ ^ C H O T M S  ^ Lewis
acid

OH
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Furthermore, the key intermediate in the synthetic approach to 
quassimarin via an intramolecular Diels-Alder reaction, reported by 
Shishido et al. was formed from the addition of (10) to an oc,̂ - 
dialkoxy ketone.

2.4 nrmRR AT.T.rami ETHERS
Based on the precedent set by the reactions of methoxyallene, other

related allenyl ethers have been used as synthetic tools.
Reich et al.^^ used the ethoxyethyl allenyl ether (15) to prepare a

variety of vinyl, ethynyl and acyl silyl ketones,Scheme 7.
0

•SiMe^R

HjO

i r —  ' M
0.  ,0

SiMe.R

( 15 ) (16
R = Me, B u -f

1. n-BuLi

3. Mel

Me,RSi
"Y  ^  1.m-CPBA ^

MeSè 

Scheme 7

The preferred use of (15) aided isolation and purification, it being 
less volatile and less prone to polymerization than (9). The silylated 
allenyl ethers (16) could be stored for long pericxis at freezer tempera­
tures under nitrogen provided a trace amount of radical inhibitor was 
present. Metallation and reaction of (16) with electrophiles gave a 1 : 1  

mixture of diastereoisomers (chiral centre in ethoxyethyl group).

— 10 ~



Me,RSi

Y T 1 I n -  BuLi

( 16 )
1:1 diastereomeric mixture

y-Lithiated ( 16 ) also reacted with carbonyl compounds but gave 
adducts that were unstable and not easily convertible to silyl enones. 
The acetylenic silyl ketones (17) were subsequently converted to silyl 
allenyl ethers (1 8 ),2 ?b scheme 8.

1'®0 ‘-I R OSiMe^R

^  ) = . = (

R’ ^  ^ R ' R'^ \R :
( 17 ) ( 1 8  )

11
OSiMe-R

0  L i®

Scheme 8

The ethoxyethyl allenyl ether (15) was also utilized by Stork in the 
total synthesis of cytochalasins^® and the analogous use of an alkoxy 
allene in an intramolecular cycloaddition was employed by Kanematsu ^  

al.2^ in the total synthesis of a carbolactone system (19), Scheme 9.
Alexakis et prepared a number of optically active alkoxy

aliénés, derived from chiral acetylenic acetals, by the diastereoselec- 
tive /S-elimination reaction of the transient organometallic species, 
Scheme 10.

— 1 1 —



t-BuOK
t-BuOH

Scheme 9

CuBr, 2P(0Et);

MeMgBr

(R.R)

w

Scheme 10

(R)
100% de 78 %

2.5 RESULTS AND DISCUSSION
Cornplementary to the work of Braun et who reported the highly

stereoselective addition of a crotonaldehyde synthon (2 0 ) to benzalde- 
hyde, Scheme 11, the proposed use of a chiral a-lithiated a-alkoxyallene 
as an analogous synthon vrould provide the potential for similar 
methodology, Scheme 12.

The initial cd)jective was to use the method of Brandsma et al.^' to 
prepare a chiral alkoxyallene by isomerization of the corresponding pro- 
pargyl ether. It was recognised that a chiral alcohol would provide 
access to the propargyl ether and (-)-menthol had all the prerequisites 
to be an ideal R* group (chiral auxiliary). Scheme 13.

— X 2 —



H CH.

EfO^C OH

1. MEM
2. DIBAL-h '

H CH,

OHC OMEM

OMEM
NaH

CH,S

HgCl.

Scheme 11

1.n-BuLi
2 .P h C H 0

MeCN(aq)

OMEM

9 2 %  de.

1. n-BuLi 
 ►
2. RCHO

diastereoselective
addition

R* -  chiral group Scheme 12

(-)-menthoi

\ /

( 21 1

Cl

Scheme 13

\ /

( 22 ) ( 23 )

Dry hydrogen chloride gas vias passed over a mixture of (-)-menthol 
and paraformaldehyde at 0°C for eight hours to give crude cdiloro- 
menthoxymethane (21) as a colourless liquid in 61% yield. Although the 

n.m.r. spectrum and t.l.c. indicated the presence of menthol, the 
chloroether (2 1 ) was used crude in the next stage.

-13-



\ /

HCHO
HCl

( 21 )

o°c

The chloromethylene protons were shown to be diastereotopic by the 
300 MHz n.m.r. spectrum, the signal for each proton being a doublet 
(J  = 12.5 Hz) at S5.57 and S5.59.

The attempted reaction of (21) with ethynyl magnesium chloride^^ 
failed to give the required product (2 2 ) with only the recovery of 
menthol.

\/ \/

( 21 )

HC =  CMgBr

( 22 )

The addition of sodium acetylide to (21) in a 1:1 DMF/xylene mixture 
gave a white solid whose t.l.c. showed a major component with a trace of 
a second product. After subjecting the crude sample to 5 irmHg pressure 
to remove volatile impurities, the presence of the minor product was no 
longer apparent by t.l.c. Initial thoughts that the white solid was the 
required product (22) were dispelled; although the 90 MHz ^H n.m.r. 
spectrum was consistent with the solid being (2 2 ) with a singlet at 
S4.85 for the acetylenic methylene protons, the integration for these 
protons was inccaasistent with that of the rest of the spectrum. The 
fact that the integration was erroneous for the product being (2 2 ), that 
the ' apparent ' acetylenic methylene protons were non-diastereotopic by 
300 MHz ^H n.m.r., that no signal for the terminal actylenic proton was 
seen (although it was possibly masked by the menthol ring protons) and 
that the mass spectrum gave a molecular ion (M̂ ) 324, suggested that

-14-



the white solid was a dimeric species.
Repeating the sodium acetylide addition but not subjecting the crude 

sample to 5 mmHg pressure, gave a solid whose 90 MHz ^H n.m.r. spectrum 
was identical to before but with additional signals at S4.2 (doublet) 
and at S2.3 (triplet). The white solid was distilled to give a colour­
less oil in 1 2 % yield whose spectral characteristics were consistent 
with it being (2 2 ) and a white distillation residue which after 
recrystallization from ethanol had the spectral characteristics of the 
dimer (24).

NaCîCH____________________________________________ " \ ___-------- ► I I '--  =
DMF/xyLene

Major product Minor product

( 21 ) ( 24 ) ( 22 )

In agreement with the literature,the dioxymethylene protons of 
(24) appeared as a sharp singlet at S4.81 in the ^H n.m.r. spectrum, 
whilst the analogous methylene protons of (2 2 ) appeared as two identi­
fiable doublet of doublets with J = 15.8 Hz and 2.4 Hz at S4.14 and 
S4.22. The terminal acetylenic proton was seen as a triplet at S2.37 
with J = 2.4 Hz.

Coupling of the chloroether (21) with (-)-menthol (present as the 
contaminant in the crude starting material) to give the dimer (24) was 
obviously assisted by the presence of the acetylide anion in deproton- 
ating the alcohol. In fact, refluxing molar equivalents of (-)-menthol 
and (21) in THF overnight, gave the dimer (24) in 6 6 % yield with 
spectral characteristics consistent with those obtained previously. 
Acid hydrolysis of (24) gave menthol as the expected product. Scheme 14.

The unsatisfactorily low yield of (22) from the described method

-15-



Cl THF
reflux

H-,0©

( 21 ) 24
Scheme 14

above, prompted the search for a more efficient synthesis of the 
propargyl ether (22). Maptation of a method used by Wilson and Cram^^ 
involving the addition of propargyl bromide to a solution of sodium 
menthoxide in DMF gave the required propargyl ether (22) in 47% yield 
after flash chromatography, with spectral data identical to that 
recorded for the ether prepared previously. [The oil obtained after
purification by chromatography could be further purified by Kugelrohr 
distillation.]

1. NaH

Br

22
The isomerization of (22) to the allene (23) was achieved by heating 

a solution of the propargyl ether (2 2 ) in tert-butyl alcohol with a 
slight excess of freshly sublimed potassium tert-butoxide at 83°C for 
six hours; the allene was obtained in 74% yield. The 90 MHz n.m.r. 
spectrum showed the terminal allenyl protons as a doublet at S5.35 (J = 
6 Hz) and the allenyl proton adjacent to the menthoxy group as a triplet 
at S6.55 (J = 6  Hz).

\ / \y
t-BuOK 

t -  BuOH 
83°C

22 23

— 16 ~



However, the crude allene could neither be purified by distillation 
nor silica gel flash chromatography, the latter technique causing 
significant decomposition of the product. In fact the allene (23) 
proved to be very unstable even at temperatures of -30°C overnight, when 
again decomposition was observed. Consequently the attempted lithiation 
and reaction of the lithiated derivative of (23) with electrophiles 
proved too difficult to control and monitor due to the instability of 
the menthoxyallene. In an attempt to improve the stability of the 
allene, it was decided to change the nature of the chiral group by using 
an alternative chiral alcohol. The primary alcohol (-)-trans-myrtanol 
was chosen as a suitable replacement although the ultimate generation of 
the new chiral centre vrould see it form one carbon more distant from the 
existing one in comparison with (-)-menthol, (1,5- of. 1,4-asymmetric 
induction).

Alkylation, adopting the same procedure used for the alkylation of 
( - ) -menthol by the addition of propargyl bromide to a solution of sodium 
myrtoxide in DMF, gave the corresponding propargyl ether (25) in 38% 
yield after distillation and flash chromatography.

CH^OH

I.NaH

(-)-trans-fTTyrtanol ( 25 )

Isomerization of (25) to the allene (26) using potassium tert- 
butoxide in tert-butyl alcohol at 83°C gave the product in 83% yield.

CH,Ox CH,0 '

( 25 ) ( 26  )

— 17 —



However, the frustratingly low stability of (26) to chromatographic 
purification techniques and distillation coupled with its high 
instability to storage made the attempts at lithiation using n-butyl- 
lithium in THF and DME and quenching with benzaldehyde and D2 O somewhat 
frivolous, decomposition products being the end result.

Without pursuing this apparent "lost case" any further a third 
chiral alcohol was alkylated via addition of propargyl bromide to its 
alkoxy anion in DMF. Hence racemic 1,2-0-isopropylidene-l,2,3-tri- 
hydroxypropane gave the corresponding propargyl ether (27) as a colour­
less oil in 45% yield, after distillation of the crude brown reaction 
mixture.

I  NaH 0 0

Br
1,2-0-isopropyfidin*

1,2,3 -  trihydroxypropane
27

Isomerization to the allene (28) was achieved using the standard 
method of heating a solution of (27) in tert-butyl alcohol containing an 
excess of potassium tert-butoxide at 83°C until t.l.c. had indicated the 
complete disappearance of starting material. The allene was obtained in 
56% yield as an oil.

V /  5 /
0 ^ 0  '-BuOKr 0 ^ 0

t -BuOH 
\---=  83°C

( 27 ) ( 28)
(28) proved to be of a higher stability than (23) or (26) prepared 
previously and was subjected to Kugelrohr distillation and flash 
chromatography with only a small amount of decomposition resulting.

— 18 —



Addition of n-butyllithium to a solution of (28) in THF at -78°C, 
gave a yellow solution which after ninety minutes at this temperature 
was quenched with a solution of D2 O in THF. The 90 MHz ^H n.m.r. 
spectrum of the crude reaction mixture indicated that (28) had been 
successfully lithiated and deuterated giving (29); the doublet at S5.45 
and the triplet at S6.75 were replaced by a singlet at S5.45 with an 
integration for t w  protons.

X. 1. n -BuLi
0 '  '0  -78®C 0 '  ^0
W

{ 28 ) ( 29 )

The stability of the a-lithioallene could be attributed to the 
chelating ability of one of the ring oxygen atoms giving rise to a 
stable chair-like structure, Fig. 3.

H

Fig. 3

Generation of the anion and quenching with benzaldehyde gave a 
reaction mixture whose t.l.c. indicated the presence of a trace of 
starting material but also a major product. Work-up afforded a crude 
reaction mixture vdiich was purified by flash chromatography to give a 
mixture of the required diastereoisomers (30a) and (30b) in 72% overall 
yield. The pair of isomers was one spot by t.l.c. and consequently not 
separable. [A small amount of decomposition occurred during chromato­
graphic purification and the mixture would not distil. ]

The crude reaction mixture had to be analysed inrnediately to
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Il
T. n-Buü  ̂ ^ ^
2. PhCHO  ̂ \ /  Q H Ph .0

OHOH

{ 28 1 (30a) (30b)
determine the diastereomeric ratio as decomposition of the products was
dramatic even at -30°C overnight. By n.m.r., the diastereomeric
ratio was measured at ça. 1:1; to confirm this measurement, a g.l.c. of
the crude product was obtained but similar to the t.l.c., no separation
of the isomers could be achieved.

The limited success of using (28) as an asymmetric precursor 
prompted the use of a similar oxygenated (-)-(S)-ethyl lactate derived 
alkoxyallene (31) prepared in the same manner as (28), Scheme 15.

Ph

H L  ^  Ph H Ph H
I I I I I

HO-y\co,Ef '-P^NEt ^ 0 ' ^ 0 ’'jScH,0H
H j: HjC H,C

( 32 1 1 33 1
1. NaH

a-

Ph H Ph

•  83®C V

(31 ) '• (34)
Scheme 15

Yields of 65%, 77%, 47% and 80% were obtained for (32), (33), (34) 
and (31) respectively. The allene (31) again proved to be of reasonable 
stability although a small amount of decomposition occurred on the flash 
column during purification. Analogous to the oxygen chelated lithio-
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structure, Fig. 3, a similar stabilized lithiospecies was postulated for 
a-lithio (31), Fig. 4.

Me

;
Fig. 4

However, lithiation of (31) and quenching of the anion with 
benzaldehyde proved to be very frustrating with no evidence of dia­
stereomeric products being obtained, only the isolation of decomposition 
products. In fact, attempted lithiation and reaction with methyl iodide 
failed to give the methylated product and it appeared that the 
formation/stability of the lithiated cillene was the limiting factor.
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CHAPTER 3
Chiral a -S u lp h in y lv in y l Carbanions



3.1 INTRODUCTION
The synthetic utility of the chiral sulphoxide group (35a) in 

asymmetric reactions has received much attention over the last twD 
decades.

</
R'*V
(35a)

The chirality at the tri-coordinate sulphur atom arises, because the 
sulphur lone pair of electrons give it, its tetrahedral shape. The 
sulphinyl group is peculiar, with respect to other chiral groups, 
because of the very different stereoelectronic nature of the attached 
ligands; twD alkyl/aryl groups, the oxygen atom and the lone pair of 
electrons.

The properties of the sulphoxide group are well documented.^®
At room temperature, the group does not undergo pyramidal inversion and 
it is because of this fact that enantiomeric sulphoxides exist, e.g. 
(35a) and (35b).

V

G Sal

A-
(35b)

Only at temperatures above 200°C does the optical stability waver. 
Diaryl and aryl methyl sulphoxides racemize at this temperature (in 
solvent) via a pyramidal inversion mechanism, Scheme 16.

Ar'V|®_:
A /

Ar̂  .Ar̂
-•41
Oe

Scheme 16

0®
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Benzylic sulphoxides racemize at temperatures of 130-150°C via a 
hemolytic mechanism whilst allylic sulphoxides are prone to racemization 
relatively easily at 50-70°C via a [2,3] sigmatropic rearrangement,^® 
Scheme 17.

0 - ^ .  0®
d

p -T o l p -To l T o l-p

Scheme 17
This allylic sulphoxide-sulphenate ester rearrangement tends to 

dominate much of the chemistry of the allylic sulphoxides.
In some instances, however, an elimination can occur at or below the 

racemization temperature. Alkyl sulphoxides containing a ^-hydrogen 
atom usually undergo pyrolysis by a cis-elimination to give olefins, 
e.g. (36) to (37).3®

Ph H Ph Me
Dioxan

Ph
( 3 6 )  ( 37 )

Racemization at sulphur can also be propagated by acid c a t a l y s i s , ^ 3

Scheme 18.

© 0  H® © X® * I ®
S — 0 V  S — OH ■ X — S — OH  ̂ X — S — OHj

2 /  -H® 2 /  -X® I -H© J
R R R: R'

I X©
X—S— X tà=  x - s ^

Scheme 18

Use is made of this acid catalysed racemization in the preparation
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of certain diastereomerically pure sulphinate esters (see p.28). Basic 
conditions do not racemize sulphoxides but care must be taken when using 
certain organolithium reagents as group exchange can o c c u r . 3^/44 photo­
chemical racemization is also possible but is not usually a problem 
under normal conditions.3s

3.2 PREPARATION OF OPTICALLY ACTIVE SULPHOXIDES
3.2.1 The Oxidation of Sulphides

There are numerous methods for the oxidation of sulphides to 
sulphoxides."^® In general, many of the classical methods give racemic 
sulphoxides and it is only recently that developments in the field of 
asymmetric oxidation have occurred.

Hydrogen peroxide, either alone or associated with various solvents 
or catalysts, is the commonest of the classical methods, although over­
oxidation to the sulphone is not uncommon, e.g.

f
Ph-'^^CHjCN Ph-^|\CH,CN

 ̂ MeOH ^  ^

(95%)“
Other common oxidants include tert-butyl hydroperoxide, m-chloro- 

perbenzoic acid (m-CPBA), sodium metaperiodate and a variety of other 
halogen containing oxidants including hypochlorites and bromites, e.g.

A©

CH m -C P B A /C H A  CH -  C ® 
' ' S  — CH3 - 5°C ^

47( 85%)
Asymmetric oxidations can be achieved by chemical or microbiological 

methods. The first example of a synthesis of an optically active
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sulphoxide was reported by Balenovic et al."*® in 1960, using (+)-(S)- 
percairphoric acid as the oxidant.

ft, ( * ) - ( 5 ) - per camphoric 
'-^3 acid__________ ^

Et,0/0°C

© CH

(74 % )

A variety of other chiral peracids were developed and used success­
fully, e.g. monoperglutaric acids, (+)-a-cyclohexyl perpropionic acid.*® 

Oxidation by tert-butyl hydroperoxide activated by a catalyst in a 
chiral solvent yields a mixture of chiral sulphoxides but the ee of the 
favoured sulphoxide is always small.*® The induction is improved if the 
tert-butyl hydroperoxide is associated with titanium tetraisopropoxide 
in an aqueous solution of (R,R)-diethyl tartrate,®® Scheme 19.

\ > -  

W - ( R ) e e  4 7 % “

V
( + ) - ( R)  ee 93 %

C K io  (95%rScheme 19

Other chemical methods include the use of 1-chlorobenzotriazole in 
(-)-menthol,*® sodium metapericxiate on an alumina support or in the 
presence of bovine serum albumin*® and of chiral derivatives of 2- 
sulphonyl and 2-sulphamyloxaziridines, ®̂  vhen the enantioselectivity is
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dependent on the chiral oxaziridine used and the sulp^de being 
oxidized, e.g.

A  Ar

Ph H

i - P r ' T o l-p Bz V
Tol-p 

ee 65%
(9 0 % 51

The use of microbiological oxidants produces the respective 
sulphoxides in a state of higher optical purity. Numerous strains of 
fungi have been developed and extensively used to perform a variety of 
sulphoxidations. For example, the (R) and (S)-isaners of methyl 
p-tolyl sulphoxide can be isolated in 100% optical purity after micro­
biological oxidation using different f u n g i , scheme 20.

p-ToT

Helminthes porium

- ) - ( S ) e e 1 0 0 %

(5 0 % )

CH 3

Mortierella p-Tol^s'^CH, 
( ♦ ) - (  R ) ee 100%

Isabellina

(6 0 % )
Scheme 20

More recently the use of Corynebacterium equi. as an oxidant has 
been reported.

^  Ï.R
Corynebact equi . / / - n\

—  R - ( 0 > - k 0®■R‘  \ Z _ /

( ♦ ) - ( R )  ee 87-100%  

(7 -1 0 0 % )
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[For a more extensive sumrary of sulphide to sulphoxide oxidations, see 
Ref. 45.]

3.2.2 Nucleophilic Substitution at Sulphur
Nucleophilic substitution at sulphur, involving organometallic 

addition to optically pure tri-coordinate sulphur conpounds, affords the 
most accessible route to optically active sulphoxides. The commonest
sulphinyl containing precursors are the sulphinate esters, the first 
example of an optically active ester being reported by Phillips in 
1 9 2 5 , ( - ) -menthyl (S)-p-toluenesulphinate, (38).

0
II
Sv.

/  0 - Menthyl
p-Tol

( - ) - (  S )  -  138)

îfowever, it was not for thirty-six years that an optically active 
sulphinate ester was treated with a Grignard reagent to afford an 
optically active sulj^xide. Andersen®® prepared (+)-(R)-ethyl p-tolyl 
sulphoxide (39) from the sulphinate ester (38) and ethyl Grignard.

®0
V

( - ) - ( S ) - ( 3 8 )  ♦ E tM gl — ♦  p - T o l ^ ® ^ E f

(+) - t  R ) - ( 3 9 )

The Andersen synthesis was subsequently used fairly generally and 
underwent various adaptations to produce a variety of optically active 
sulphoxides. The stereochemical course of the addition was also 
firmly established, there being an inversion of configuration at the 
sulphur atom.®®

The sulphinate esters are usually the menthyl ones of arenesulphinic 
acids (particularly p-tolylsul#iinic acid). The (S)-isomer is usually
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crystalline and can be obtained in good to moderate yield from the 
reaction of the arenesulphinyl chloride and the appropriate alcohol 
followed by recrystallization from solvent containing a few drops of 
conc. hydrochloric acid. Because only the (S)-isomer is crystalline, 
this can be removed by filtration. Racemization at sulphur (the 
reaction shows no particular diastereoselectivity) is propagated by acid 
catalysis and hence redissolving the residue in acidic solvent causes 
more of the required isomer to crystallise out. In this way, a high 
yield of the (S)-isomer can be obtained. Scheme 21.

a
. I

S — 0 Menthyl 
p -T o l I 

Cl

^  Menthyl 
0 0

( - ) - ( S ) - ( 3 8 )  ( » ) - ( R )
Scheme 21

A stumbling block of the Andersen synthesis is the inability to 
produce dialkyl sulphoxides from menthyl sulphinate esters because the 
diastereomeric menthyl alkanesulphinates are obtained as inseparable 
mixtures of oils. [Ridley and Smal®^ encountered similar problems when 
preparing sugar based sulphinate esters.] However, Andersen ^  al.®® 
prepared a cholesteryl methane-equivalent of (38) where both isomers 
were crystalline and easily separable. Treatment with an alkyl Grignard 
gave the corresponding alkylmethyl sulphoxide of high optical purity. 
Dialkyl sulphoxides can also be prepared by the reaction of optically 
active aryl alkyl sulphoxides with alkyllithiums but this procedure can 
result in group exchange and/or racemization.**^
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More recently the preparation of a variety of menthyl sulphinate 
esters from sulphonyl chlorides®® and the enantioselective synthesis of 
alkyl tert-butylsulphinates from sulphites®® have been described; both 
methods complementing the existing procedures but also opening routes to 
more varied optically active sulphoxides.

The classical Andersen synthesis used ether or THF as the solvent 
for the Grignard addition but Harpp et found that under these
conditions unacceptable amounts of the corresponding sulphides were 
formed. The alternative use of organocopper lithium reagents gave 
sulphoxides of high optical purity in moderate to good yields, e.g. the 
preparation of phenyl p-tolyl sulphoxide (40) from (38).

( - ) - { $ ) - ( 3 8 )  + PhgCuLi — p - T o l " ^ ® ' ^ P h

( + ) - (  R ) - ( 4 0 )  100%  ee

(5 9 % )* '

However, it was reported that the yields for the normal Andersen 
synthesis could be increased if the solvent for the addition was changed 
to benzene®2 [yield of (+)-(R) methyl p-tolyl sulphoxide (89.5% ee) 
increased from 55%®i to 82%®%].

Providing the sulphoxide with extra functionality has been achieved 
in a number of ways but all encompass nucleophilic substitution at 
sulphur. Hence addition of a mixture of tert-butyl acetate and 
(-)-(S)-(38) to a IHF/ether solution of diisopropylamide magnesium 
bromide gave (+)-(R)-tert-butyl-p-toluenesulphinylacetate (41) in 90% 
yield.®® The synthetic utility of (+)-(R)-(41) will be discussed later.

(+) -  { R ) - ( 4 1  )
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The nucleophilic addition to (-)-(S)-(38) by reagents other than 
Grignards has resulted in the formation of a variety of optically active 
sulphoxides with added functionality, Scheme 22.

( -  ) - {  S ) - {

PhSCH,Li

(R) o r ( S )  

.C H ,

( S )

Y
'P(OMe).

( + ) - ( S ) - ( 4 2 ) 63

p -T o l ©

+ ) - ( S ) - ( 4 3 )

SOj Ar
p -T o r  ®

( + ) - ( S ) - (  44  )

(>) - (S,S)  o t M - ( S . R ) - { 4 5  )

®0
V  K

p - T o t / -  CH.
67

Scheme 22

Optically active sulphinamides (47) can be prepared by the reaction 
of (38) with the appropriate Grignard (48) and hence permits the 
preparation of enantiomeric sulphoxides (49) by subsequent reaction with 
methyllithium.®® Although the sulphinamide (47) can be prepared 
optically pure, the sulphoxide obtained on reaction of (47) with 
methyllithium may not be so, due to possible racemization, Scheme 23.
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- ) - ( S ) - ( 3 8 )  p - T oK I ' ^ N R '

( + ) - ( S ) - ( 4 7  ) 

MeLij ĵweU

\ X
p -T o r ^ 3 ^ Me p -T o l ® Me

( + ) - (  R) -(49 a ) ( - ) -  { S ) - ( 4 9 b )

Scheme 23

An extension of this method was developed whicdi used the chiral 
1,2,3-oxathiazolidin-2-oxide (5 0 ),so Scheme 24.

Phx- ^GH
SOCl,

X r
Me

DC
0

(50a ( 50b)

72 28

-4-

HCl/pyridine

p-Tol Li
( 50a"V

p-ToX®^Me
(+) -  ( R ) -  (49a)

100%  ee
(2 5 % )  Scheme 24

Many of the methods used to prepare optic:ally active diaryl, aryl/ 
alkyl and dialkyl sulphoxides can similarly be used to prepare alkenyl 
sulphoxides.

One of the early syntheses of a 1-alkenyl sulphoxide was by 
Stirling^° vAo used the Andersen method of adding the appropriate vinyl 
Grignard to a solution of (-)-(S)-(38). Further examples were provided
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by Stirling et a few years later, using similar methods. The
stereocontrolled synthesis of (E)-1-alkenyl sulphoxides reported by 
Posner and Tang^^ provided these compounds in good yield, with neglig­
ible sulphide formation, and of high optical purity. Scheme 25.

C , H „ C i C H  I  - C,H,32. Br;

C,6

“ A
Br MgSr

- )  -  { S ) - ( 3 8 )

(+) - ( R )

Scheme 25

Posner et also reported the synthesis of (+)-(S)-2-(p-tolyl-
sulphinyl )-2-cyclopentenone (51), a key compound in the chiral synthesis 
of natural products.

1. HOCHgCHgOH
2. n -BuLi

3. (-) -(S ) - (3 8  )
4.

p-Tol S

(5 1  )

A different approach, by Mikolajczyk et al.,®^ utilized the compound 
(42) in the îfomer-Wittig reaction. Scheme 26.

However, the reaction often gives mixtures of (E) and (Z)-isomers 
and sometimes results in the formation of unwanted allylic sulphoxides 
as by-products.
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S "p-Tol-^®^
:+)-( s)-

1. n -  BuLi

2. H ,C =0

PCOMe)^

1. n - BuLi

2. PhCH =0
p -Toi'

Qr

p-Tol ©

•Ph

Scheme 26 { - ) - ( R ) - {  Z ) - { 5 3 a )  ( + ) - { R ) - (  E )-(5 3 b )

Because of the difficulty in obtaining pure halovinyl compounds for 
use in the Andersen synthesis and because of the problems in controlling 
the (E)/(Z) isomer ratio in the Homer-Wittig reaction, Kosugi et al.^^ 
prepared (E)-1-alkenyl p-tolyl sulphoxides from the stereoselective 
hydro-alumination of 1-alkynyl p-tolyl sulphoxides. Scheme 27.

( - ) - ( S ) - ( 3 8 )  + R - C = C - M g B r — ► R — C = C
© \

T o l-p

I i-BugAlH 
2. HjO

Scheme 27

Furthermore, Kosugi et have extended the idea to produce both
(E) and (Z)-isomers by selective reduction using different reagents, 
Scdieme 28.
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Scheme 28

? © S //»..

Tol-p

3.3 OPTICALLY ACTIVE a-SULPHINYL CARBANIONS IN ASYM@TFRIC SYNTHESES
3.3.1 Introducticai

The formation of oc-sulphinyl carbanions and their reaction with pro- 
chiral reagents can give rise to product(s) rich in one diastereoisomer. 
Because they can cause asynmetric induction in C-C bond formation and 
because the sulphinyl function is subsequently easily removed, 
oc-sulphinyl carbanions have become versatile reagents for the asymmetric 
synthesis of many naturally occurring products.

The stereochemical course by which an electrophile becomes attached 
to the a-carbon atom of a-lithiosulphinyl carbanions depends in a 
complex way on the choice of solvent, nature and origin of the initial 
lithiating agent, the presence of added lithium salts and of complexing 
agents and the nature of the quenching reaction. Despite this complex 
situation, the trapping of oc-sulphinyl carbanions in a stereochemiccil 
manner is often very useful synthetically.

Although the carbanions retain their chirality, the conformation 
of the oc-lithio species has been subject to debate - whether they are 
pyramidal (54) or planar (55). the unsvrnmetrical nature of the carbanion 
is not in doubt.
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(54)

3.3.2 Stereochemistry of oc-Sulphinvl Carbanions
The chiral sulphinyl function attached directly to the carbanionic 

centre gives a-sulphinyl carbanions their diastereomeric character, a 

property highlighted by the different relative rate of H/D exchange of 

the tvro methylene protons of benzyl methyl sulphoxide with D2 0 /NaŒî.^^ 

The relative ease of H/D exchange of these methylene protons is influ­

enced markedly by the nature of the base and the solvent and because of 

the theoretical interest this topic has aroused, there have been a large 

number of studies on the stereochemistry of a-sulphinyl carbanions.^®

Table 2 shows the reaction of four different a- lithiosulphoxides 

with a range of electrophiles. Although the stereochemistry is depend-

Lithiosulphoxide Electrophile
Yield
(%)

Diastereomeric
ratio

PhCH(Li)S(0)Œ3 D2O 85 15:1
Acetone 75 15:1

Cyclohexanone 72 15:1
Methyl iodide 76 15:1

PhCH(Li)S(0)Bu-t D2O 90 99:1
Acetone 77 99:1

Methyl iodide 95 99:1
PhCH(Li)S(0)Ph D2O 80 1.5:1

Cyclohexanone 85 1.5:1
Methyl iodide 79 1.5:1

Œ3CH(Li)S(0)Ph Acetone 81 13:1
Benzophenone 73 12:2

TABLE 2
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ent on the substituent at the sulphinyl function, the diastereomeric 
ratio remains the same regardless of the electrophile used for quenching 
each carbanion.

However, it was concluded that the absolute configuration at the 
carbon atom of the major diastereoisomer changed with the electrophile; 
retention of configuration when carbonylated or deuteriated but 
inversion of configuration on méthylation.^^ But more recently I taka et 
al. found, using neutron diffraction crystallography, that the 
absolute configuration of monodeuteriated benzyl tert-butyl sulphoxide 
had been erroneously assigned in the earlier work and further confirma­
tion by Ohno et pointed to the fact that the stereochemical
pathways for deuteriation and méthylation of the tert-butyl sulphoxide 
are the same. However, there remains no convincing rationale for the 
origin of the stereoselectivity or for the difference between the methyl 
and tert-butyl series. Scheme 29.

®0 , 
•vA

I S I

Ph

Mel

f-0U' ©

R) Mel

Me
Scheme 29
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3.3.3 Alkylation
a-Sulphinyl carbanions are readily alkylated by a variety of 

electrophiles.
An interesting application was reported by Marquet et al.^® in the 

total synthesis of (±)-biotin (56). The carbanion was alkylated with
tert-butyl w-iodovalerate to give a single isomer (57). It was found
that the choice of base and solvent was crucial for the alkylation 
yield.

0 0 0 
5

RN. NR
 L-H '■ ^/ \ 2. t-BuC02(CHj),I

MDre recently a high degree of diastereoselection (90%) was achieved 
when quenching (+)-(R)-ethyl p-tolyl sulphoxide (39) with lithium 
oc-bromomethyl acrylate (58) using lithium tetramethylpiperidine (LTMP) 
as the base,^® Scheme 30.

( 57)

HN

(CHJCOOH

( 5 6 )

®0 . 0
II Me H

(3 9 ) ( 58 )  ® 0  0I i i
0

Scheme 30

In contrast to the highly stereospecific behaviour of the methylene
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protons of benzyl methyl sulphoxide, the reactivity of the analogous 
protons in arylsulphinyl acetates was found to be comparable. Solladie 
et al.®° reported that the alkylation of ( + )-(R)-tert-butyl-p-toluene- 
sulphiny 1 acetate ( 41 ) with methyl iodide, ethyl iodide or benzyl 
bromide using n- or t-butyllithium as base proceeded with poor 
diastereoselectivity (best diastereomeric ratio, 3:2 for quenching with 
ethyl iodide ).

, X/
( 4 1 )  Et

3 : 2 ratio

3.3.4 Addition to Carbonyl Compounds
oc-Sulphinyl carbanions undergo an aldol-type condensation with 

carbonyl compounds affording iS-hydroxyalkyl sulphoxides. The first 
reports of asymmetric reactions were not impressive; Johnson and 
Schroek®^ reported the addition of carbanionic (+)-(S) methyl n-butyl 
sulphoxide to benzaldehyde and fractional crystallization of the 
major isomer, but no indication of diastereoselectivity was given. 
Tsuchihashi et ^.®^® reported that the additions proceeded with poor 
stereoselectivity, a result confirmed by Kunieda et Kingsbury®®
quenched anionic racemic benzyl phenyl sulphoxide with benzaldehyde and 
obtained the four diastereomeric products in 40% overall yield and in a 
ratio of 41:19:8:32 as measured from the relative yields. Despite the 
low selectivity of the additions, the condensation of optically active 
alkyl tert-butyl sulphoxides with aldehydes, which gave the major pair 
of diastereoisomers in a ratio of 3:2, was used in the stereospecific 
synthesis of optically active oxiranes, among them the sex-attractant
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( + )-disparlure (59),s* Scheme 31.
. 0

.«III 1- n -  BuLi
. „ / ®  CHjR I R ’ CHO ^ f -B u  ^

2

R = (CH3)jCH(CH,). 
R’ = CH,(CH.'2'9

H

( 5 9 )

Scheme 31

The number of asymmetric syntheses of this type, ho\^ver, has 
increased somewhat over the last few years, resulting in the formation 
of synthetically useful intermediates.

(+)-(R)-tert-Butyl-p-toluenesulphinyl acetate (41), in the presence 
of base, reacts with prochiral carbonyls with varying degrees of 
asymmetric induction depending on the nature of the substituents at the 
carbonyl group,®® Scheme 32.

OH
t-BuMgBr

f '  tj2

1. Al /Hg

m r
© 4

OH
I •COjMe

41 )
p-Tol 

( 60 ) ( 61 )

R' R' Yield ( 6 0 ) ee(% )

H Ph 85 91

Me Ph 75 68

Ph CF3 75 20

H n-C^H^j 80 86

Me cyclohexyl 88 95

Scheme 32
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This method of introducing chirality has been applied successfully 
to the synthesis of optically active lactones,®®* in the total synthesis 
of maytansine®®** and in the synthesis of chiral oc-hydroxyalkyl acryl­
ates.®®c

The acidity of the methylene protons a to the sulphinyl group is 
increased by the presence of a second sulphur substituent P to the 
original sulphur containing moiety. The reaction of carbanionic 
( + )-{S)-p-tolyl p-tolylthiomethyl sulfoxide (62) with benzaldehyde and 
phenylacetaldehyde gave (after méthylation, reduction and hydrolysis) 
the corresponding oc-methoxy aldehydes (63) in 70 and 46% ee respec­
tively,®? Scheme 33.

H

P '  ® \ o l - p 2 . « C H O  R - " y '^ C H O

t + ) - ( S ) - ( 6 2 )  P - f ° ‘
s©  MeO

( 6 3

'III, . .

k''

R =P h , PhCHg

Scheme 33

The reaction of the lithium enolate of ( + ) - ( R ) -p-tolylsulphinyl-N, N- 
dimethylacetamide (64) with aldehydes gave the corresponding iS-hydroxy- 
acetamides (65) in moderate optical yields (R = Me, ee 47%), after 
reductive desulphurization,®® Scheme 34.

P® n 0® 0
S ^ J L   ̂ c; J1 Na / Hg H

2. r c h o  p - T o ( - " 'y ® V ^ N M e  ^

R " ^ O H
( 4  -  ( R ) - (  6 4 )  ( 65 )

Scheme 34

However, the use of n-butyl magnesium bromide as base resulted in
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the formation of (65) in a much higher optically pure state (R = Me, ee
>99%), via the chelated transition state. Fig. 5.

Br

0
P-Tol

Fig. 5

Williams et al.®^ reported the reaction of aldehydes with the a- 
sulf^iinyl carbanion generated from y-hydroxyalkyl sulphoxides, having 
three chiral centres provided useful methodology for the generation of 
1,2- and 1,3-asyirmetry. Deprotonation of (66) with LDA and reaction 
with benzaldehyde gave a 91:9 diastereomeric mixture of isomers.

Me Me HO H Me h OH

1.LDA + " = ^ ^ . . K p h

OH _ ' nu I

Me

2. PhCHO OH @ s ilhu *

? (  V  p'n '^0®
( 66 1 91 9

The stereogenic atom P to the sulphoxide group and the potential co­
ordination of the heteroatom affect the carbanionic configuration. The 
same reaction with the compound diastereomeric at sulphur gave a mixture 
of four stereoisomers in a 67:17:13:3 ratio, indicating the carbanion 
configuration was dependent on the asymmetry at the jS-position as well 
as the chirality at sulphur. The results were explained in terms of a 
model assuming a tetrahedral carbanion with intramolecular co-ordination 
of the lithium atom and so the possibility of diastereomeric carbanions 
(67a) and (67b).
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(67a ) (67b)

Although sterically, (67b) may be more stable than (67a), both faces 
of the carbanion are hindered and so (67a), having one face with only a 
proton and the sulphur lone pair should be more reactive towards 
aldehydes. This model can be used to explain the selectivity with 
variations in R.®®

1-Alkenyl aryl sulphoxides can be effectively a-lithiated by LDA at 
low temperatures and reacted with a range of electrophiles to give 
1-substituted 1-alkenyl sulphoxides in high yield.®® There have been 
limited studies on the reactions of a-lithio-l-alkenyl sulphoxides with 
carbonyl compounds. Okamura et ^.®®* reacted a small number of 
a-lithio-vinyl-sulphinyl carbanions with benzaldehyde and methyl phenyl 
ketone but reported no diastereoselectivity. Posner et ^.®^ reported 
20-25% asymmetric induction for a similar system, including studies on 
variations in solvent, base, reaction temperature, aldehyde structure 
and metal salt additives. The only successful application to synthesis 
was described by Solladie and Moine® ̂ in the enantiospecific formation 
of the chroman ring of a-tocopherol by the addition of the vinyllithio- 
sulphinyl reagent (68) to the aldehyde (69), to afford the allylic 
alcohol (70) in 75% yield as a single diastereoisomer. Scheme 35.

The addition of benzaldehyde to the anion generated from aryl allyl 
sulphoxides gives a mixture of products resulting from oc- and y-attack 
as described by Antonjuk ^  al.®® «-Attack yields all four possible 
diastereoisomers whilst y-attack yields the products having the (E)-con­
figuration in a greater than 2:1 diastereomeric mixture.
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® V+
MeO

OMe
(68

—SkOMe

'S ^ '-T o l-p

a- tocopherol "4—

Scheme 35

3.3.5 Aminoalkvlation
(+)-(R)-Methyl p-tolyl sulphoxide (49a) reacts with benzylidene 

aniline, in the presence of base, to give the corresponding /3-anilino- 
sulphoxide (71) with high asymnetric induction. Reductive desulphuriza­
tion leads to the enantiomerically pure amine (72).*** The same 
carbanion reacts with nitrones to give optically active hydroxylamines 
(73) with varying degrees of induction^^^ (100:0 diastereomeric ratio 
when R = t-Bu), Scheme 36.

PhCHzNPh ,  ,
----------------- ► p -T o r  ©

%\ >• H NHPh

Ph

( R ) - ( R ) -  ( 71  )

H NHPh

C HJ^Ph
Ni ^

( S ) - ( 7 2  )

p-Td'^o'^CHg 

( + ) - (  R ) - ( 4 9 a )

LDA

PhCH=N^

•0
s

p-Tol^©
(73

Scheme 36

Ph
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3.3.6 Micfaael Mditicais
The enolate generated from ( + )-(R)-tert-butyl-p-toluenesulphinyl 

acetate (41) adds to a,/3-unsaturated esters to give, after reductive 
desulphurization, the corresponding diesters (74) in 12% (R = H) and 24% 
(R = COzEt) ee,®® Schone 37.

Me RW p-Tot'^©'
(4 1

C 0,8u-i-
p-Tol

Raney Ni

Me H

f-BuOjC
Scheme 37

The addition of (+)-(S)-p-tolyl p-tolylthiomethyl sulphoxide (62) to 
the substituted cyclopentenone (75), in the presence of n-BuLi-HMPT, 
gave a mixture of four diastereoisomers with the side chains having the 
thermodynamically more stable trans arrangement and with high /?- and 
/-induction (92%) but poor oc-stereoselection (52:48).®® Reduction and 
hydrolysis leads to the important prostaglandin precursor (76) in an 
optically active form, Scheme 38.
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(7 7  )

^7 Cg

(CH:),CO,Me
n - BuLi 

HMPT

vH.(CHJ.COjMe
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Scheme 38

hfcare recently, Binns et reported that the conjugate addition
of the carbanions from (E) and (Z)-l-phenylsulphinyl-2-octene (78a) and 
(78b) to 4-tert-butoxycyclopent-2-en-l-one (79) proceeded stereoselec- 
tively forming (E)-vinylic sulphoxides as single isomers.

>0 0

(78a)

1. LDA

Ph

t-BuO 79

1. LDA

(7 8 b
t-BuO’

( 79 )

Û
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Similar work by Hua et on the regie and stereochemical aspects
of the reaction of carbanionic (+)-(R)-allyl p-tolyl sulphoxide with a 
variety of cyclic enanes has proved important in the asymmetric 
synthesis of (+)-hirsutene.

3.4 REACTICNS OF OPTICALLY ACTIVE VINYL SULPHOXIDES
3.4.1 Electrophilic Addition

Halogens add to a,/2-unsaturated sulphoxides to give a,;S-dihalogeno- 
sulphoxides.^^ Similarly NBS reacts with ( + )-(R)-(E)-^-styryl p-tolyl 
sulphoxide in water or methanol to give diastereomeric mixtures of 
a-bromo-/3-hydroxy (or methoxy) sulphoxides in a high diastereomeric 
ratio.9*

3.4.2 Nucleophilic Addition
Mines add to vinyl sulphoxides to give ^aminosulphoxides. The 

addition of piperidine to (-)-(R)-(Z)-propenyl p-tolyl suljhoxide (80) 
gave a quantitative mixture of the diastereomeric adduct with 74% 
asymmetric induction.

V 0 V
p - T o l H  ̂ p -T o l '^ ® ^

" o
Major diastereoisomer

80

Tsuchihashi ^  al.^^ reported the Michael addition of diethyl 
malonate and et±yl acetoacetate to p-tolyl vinyl sulphoxides in the 
presence of base. (+)-(R)-(E)-/3-Styryl p-tolyl sulphoxide was found to 
afford (R)-(R)-(81a) and (R)-(S)-(81b) in a 80:20 ratio of diastereo­
isomers when treated with diethyl malonate. The stereoselectivity is
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dependent on the relative stability of the carbanionic species formed 
after addition of the malonate anion.

Ph H H H H
p -T o t .  0   ----- /  CH,(CCX)EO, p-ToL p-TotL.._- .s; X.. + A A

V " - -  V  CH '"  H CH(COOEt),
(COOEM;

( 8 1 a )  ( 8 1 b )

Posner has published a large number of papers based on the
nucleophilic addition of organometallic reagents to a,/3-unsaturated
sulphoxides. 3  ̂ , i oo Dialkyl cuprates add to vinyl sulphoxides giving the
1,4-addition product. For example, the (E)-l-octenyl sulphoxide (82)
reacted with dimethylcopperlithium to give the acid (83) in 65% optical
yield after reduction and saponification.

V  Ph 

® S -O ®

H-'I. Ai- Mg
2. NaOH

n -C H .3 COOMen-(^eH,3 COOMe n-CgHi3 COOMe ' n-CgH,3 COOH

(82 ) (83 )
The addition of méthylmagnésium iodide to enantiomerically pure 

( + ) - ( S ) -2- ( p-tolylsulphinyl ) cyclopentenone (84), in the presence of zinc 
bromide, gave (+) - ( R ) -3-methylcyclopentanone (85) in 72% ee after 
reductive desulphurization. The addition in the absence of the metal 
bromide gave the cyclopentenone (8 6 ) with the opposite configuration at 
C-3,37 Scheme 39.

This was rationalized in terms of chelated and non-chelated 
structures [Fig. 6  (I) and (II)]. In the presence of metal ions the 
sulphoxide assumes a chelated structure and alkylation occurs from the 
side of the non-bonding electron pair. In the absence of metal ions, 
the dipoles of the sulphinyl and carbonyl functions would be in opposite
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1. ZnBrj

p-Tol

I 8 4  )

2. MeMgJ
3. H®
4. Al-Hg

1. MeMgl
2.H®
3. Al-Hg 

Scheme 39

directions as would the electron lone pair and so attack from the 
opposite face would ocxair.

R - X

( I

o
R -X

( I I )
Fig. 6

3.4.3 Diels-Alder Cvcloadditions
Enantiomerically pure, doubly activated a,/3-olefinic sulphoxides 

undergo highly diastereoselective cycloadditions with cyclopentadiene 
and other selected dienes.^®^ Olefins singly activated by only a 
sulphinyl group do not usually act as effective parties in the cyclo- 
additions. The use of butadienyl phenyl sulphoxide as a diene^®^ and an 
example of an inverse electron demand (2+4) cycloaddition involving a 
pyrone sulphoxide^®^ have also been reported.
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3.4.4 1.3-Dipolar Cvcloadditions
The cycloaddition of nitrile oxides to vinyl sulphoxides usually 

produces a mixture of regio- and diastereoisomers. The ratios are 
dependent on the nitrile oxide used and the configuration of the 
olefinic sulphoxide double bond.

High asymnetric induction was reported by Koizumi et in the
1,3-dipolar cycloaddition of ( + )-(R)-p-tolyl vinyl sulphoxide (87) with 
acyclic nitrones.

® 0  0 ® ® ^Ph

p-Tol^©•1 ' p A
87

N — Ph
p-Tol^

°e
ee >  90%

3.5 RESULTS AND DISCUSSION
Previous reports^®*»®^ on the diastereoselectivity in the reaction 

between optically pure lithiated vinyl sulphoxides and aldehydes have 
been limited and the observed selectivity low. We initially set out to 
prepare a variety of optically pure vinyl sulphoxide anions and to study 
their reaction with aldehydes paying particular attention to diastereo­
selectivity. Our proposed route to the vinyl sulphoxides was via the 
Andersen synthesis by adaptations of the work of Stirling^ ̂ and 
Posner.

Initicil attempts to prepare diastereomerically pure menthyl benzene- 
sulphinate from benzenesulp^iinyl chloride and (-)-menthol were not 
successful. Despite the literature p r e c e d e n t f o j -  the reaction, the 
required (S)-isomer proved very difficult to crystallize at room 
temperature - only at temperatures of ça. -40°C was the crystalline 
diastereoisomer stable in petroleum ether. Consequently, the yield of
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(-)-menthyl (-)-(S)-benzenesulphinate as a crystcilline solid was neglig­
ible.

However, the preparation of (-)-menthyl (-)-(S)-p-toluenesulphinate
(38) was straightforward in accordance with the literature,and the
sulphinate ester was obtained as a white crystalline solid with
acceptable melting point and optical rotation, Scheme 40.

0 0
II II

p -T o l^  \ Q  4. (_) _ menthol p - T o K ^ '^ 0Menthyl

(S) , (R)  mixture

reoysta llize  
acetone/H  Cl

Scheme 40

S
p -T o l"^  ^OMenthyl

( - ) - (  S ) - ( 3 8 )  

crystalline

The yield of (-)-(S)-(38) was optimized by recrystallizing the crude 
mixture from acetone containing a few drops of concentrated hydrochloric 
acid to effect epimerization at sulphur (Scheme 21, p.28).

As previously mentioned, one of the problems of preparing vinyl 
sulphoxides using the Andersen synthesis, is the unavailability of pure 
(E) or (Z)-vinyl halides. Most commercially available vinyl halides are 
mixtures of the two geometrical isomers; the (E)-isomer being the major 
component. Cheaply available /3-bromostyrene was shown to be a ça. 11:1, 
(E)/(Z) mixture of isomers as measured by g.l.c. Before preparing the 
corresponding Grignard reagent from this halide mixture, it was 
considered worthwhile preparing ( - ) -2- [ ( R ) -p-tolylsulphinyl ] -propene 
(8 8 ) from 2-propenyl magnesium bromide and (-)-(S)-(38) to become 
familiarised with the reaction conditions. Hence (8 8 ) was prepared in
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47% yield (lit.^z 75%) as an oil.

Il — ► p-Tol^©^|^

(88)
Consequently, the Grignard reagent of /2-bromostyrene was prepared in 

THF, using iodine as a reaction initiator, and added dropwise to a 
solution of (-)-(S)-(38) in benzene. T.l.c. of the crude reaction 
mixture showed there to be two major products ^Aich were easily separ­
able by flash chromatography. These were the (E) and (Z)-isomers (53b) 
and (53a) vrtiich had Sjj data and optical rotations consistent with the 
literature,®^ Scheme 41.

\  /  %  /
PhCH = CHBr ^  PhCH = CHMgBr » - ( S ) - ( 3 8 ) ^  S

THF benzene p-Tol ® |j p-Tol ©
(E )/(Z )m ix tu 3  V p h  P h / '

(53b) (53a)
Scheme 41

The yields of (53b) and (53a) were 49% and 14.5% respectively 
indicating that the formation of the Grignard reagent was not conpletely 
stereospecific. Yoshino et al.io® had reported that the formation of 
Grignard reagents from (E) and (Z)-/s-bromostyrenes in THF, proceeded 
with a high degree of retention of double bond configuration, especially 
in the presence of ethyl bromide. However, the use of iodine as a 
reaction initiator tended to give greater degrees of isomerization. The 
result was therefore in agreement with this report.

The generation of a-lithio-l-alkenyl sulphoxides can be achieved by 
using a slight excess of LDA at -78*̂ C.®° Accordingly, (+)-(E)-2-phenyl- 
1- [ ( R ) -p-tolylsulp^inyl ] -ethylene (53b) was a-lithiated with LDA and the 
anion quenched with methyl iodide to give the methylated product (89) in
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56% yield as a vdiite solid.
©

p-Tol'^©'^ —----^ p-Tol*^©^
I 2. Mel I
^Ph

(53b) ( 8 9 )
Ph

Having successfully lithiated and methylated (53b), an attennpt was 
made to quench the a-lithiosulphoxide with the prochiral carbonyl 
compound benzaldehyde. After deprotonation of (53b) and the addition of 
benzaldehyde, the t.l.c. of the reaction mixture showed the formation of 
two products with a small ARf. Separation by flash chromatography gave 
tWD major fractions ; an upper fraction consisting of one probable 
diastereomeric product and an impurity in a 1 : 1  mixture and a lower 
fraction, the n.m.r. suggesting it to be the other diastereoisomer. 
However, neither fraction could be further purified and because analysis 
by h.p.l.c. showed the probable diasterecmeric ratio to be ça. 1 :1 , it 
was decided to change the nature of the aldehyde in order to obtain a 
higher selectivity and a more satisfactory result. The lithiated (E)- 
sulphoxide (53b) was consequently quenched with acetaldehyde (MeŒO), 
isobutyraldéhyde (hfe2 CHCH0 ) and trimethylacetaldehyde (MegCCHO), each 
reaction resulting in the formation of a pair of diastereomeric alcohols 
(90a) and (90b).

1. LDA
p-Tol ^ ®

Ph

p-Tol

( 90a)

+

(90b)

2. RCHO
'^Ph

(53 b)

R=Me,  Me^CH, Me^C

Unlike the reaction products resulting from the benzaldehyde quench, 
the diastereomeric pciir could be easily separated by use of a ' chromato-
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tron' and no difficulty with impurity contamination was encountered. 
The diastereomeric ratio was determined from the crude reaction mixture 
using h.p.l.c., the diastereoselectivity increasing with an increase in 
the bulk of R, Table 3.

Aldehyde
Diasterecmeric ratio 

(90b) : (90a)
Yield (%) 

(90b) (90a)
Coc]o(°)
(90b)

Œ C I 3

(90a)

MeŒO 45 : 55 18 34 + 1 0 1 +11.5
M6 2 Œ Œ 0 34 : 6 6 16 44 +35 +24
Me^CŒO 15 : 85 5 9 a -52 +142

^ Total yield of both isomers.

TABLE 3

The assignment of that particular diastereoisomer to that particular 
set of experimental data is an arbitrary one, except in the case of the 
trimethylacetaldehyde product, where significant asymmetric induction 
was observed (ça. 6:1 diastereoselectivity). The major isomer was 
purified and an X-ray crystal structure determination performed to 
establish the configuration at the new chiral centre. Fig. 7 [see also 
Appendix 1] shows the result of this determination, indicating the major 
isomer has the (S)-configuration at the new asymnetric centre.

A third product, with a greater polarity than (90a) or (90b) was 
also obtained in 2%, 4% and negligible yield, for R = Me, MB2 CH and Me^C 
respectively. The vhite solid had spectroscopic properties (̂ H, 
n.m.r., mass spec.) which showed it to be the dimeric species (91), 
presumably formed by the 'Michael-type' addition of the a-lithiosul- 
phinyl carbanion to the starting material.
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Figure 7
X-ray Crystal Structure of (+)-(S)-(E)-4,4-Dimethyl-2- 
[(S)-p-tolylsulphinyl]-l-penten-3-ol (94a).
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.s' /
p -T o l /

©

0 . *\Ph

p-Tol̂ l''|<̂ P̂h
Ph

Ph ( 9 1 )

In accordance with the work of Okamura et al.®°* and Posner et 
al.,®°^ the same pair of diastereoisomers was obtained from the 
(-)-(R)-(Z)-isomer (53a) as from the (+)-(R)-(E)-isomer (53b).

Vp-Tol^© 1. L D A

2. RCHO

( 9 0 a )

+

( 9 0 b)

Ph 

(53a)

R =Me, MegCH, Me^C

The diastereomeric products had identical spectral properties to 
those prepared previously from (53b). Usually vinyl anions exhibit a 
high degree of configurational stabilityalthough the stability can 
depend on the degree of substitution at the double bond as well as the 
nature of the substituents.io7 b^ioe The (Z) to (E) isomerization 
described above can be considered to be caused by the steric repulsion 
between the p-tolylsuljdiinyl group and the phenyl substituent on C-2, 
and the fact that the p-tolylsulphinyl group may lower the energy 
barrier for isomerization,®®* Scheme 42.
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The degree of diastereoselectivity for the reaction was almost iden- 
ticzal and the yields comparable with those obtained previously, Table 4.

Aldehyde
Diasterecmeric ratio 

(90b) : (90a)
Yield (%) 
(90b) (90a)

[<x]o(®)
(90b)

CHCI3

(90a)

MeCHO 47 : 53 18 25 + 1 0 0 +9
Me^CHCHO 41 : 59 25 35 + 35 +23
MB3 CŒO 14 : 8 6 7ia - -

Total yield of both isomers.

TABLE 4

Because of the (Z) to (E)-isomerization, it was possible that a 
degree of racemization was occurring.®^** Howsver, fears were dismissed 
when deprotonation followed by reprotonation of (53a) gave (53b) of the 
same optical purity as an original sample. Scheme 43.

This was reinforced by the facrt that the diastereomeric pairs 
obtained from (Z)-(53a) had, within estimated experimental error, the
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1. LDA

(53a

^ P h  2. H®
1. LDA

(53b
Scheme 43

Vp-Tot^aN

(53b)

LPh

same respective optical rotations as those obtained from (E)-(53b). 
[Compare [«Iq, Table 4 with [<x]q, Table 3]. Additionally, as before, a
sample of the dimer (91) was also isolated in 5%, 7% and negligible
yield, for R = Me, MegCH and Me^C respectively.

The X-ray crystal structure (Fig. 7) shows the new carbon-carbon
bond and the sulphur-oxygen bond of the sulphoxide moiety to be in an 
anti arrangement. However, it would be reasonable to assume the anion 
to exist mainly in conformation (92), where the sulphur lone electron 
pair can overlap with the double bond and the sulphoxide oxygen is close 
enough to interact with the lithium species.

p-Tol 0

Ph

( 92

Bearing in mind the direction of approach of a nucleophile to a 
carbonyl group, we initially proposed the transition state (93) to 
explain the diastereoselectivity of the addition.
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.B u -f B u -t

0
( 9 3 )

In this model; the plane of the alkene atoms and the plane of the 
carbonyl atoms approach each other at the tetrahedral angle, the 
approach of the aldehyde to the anion occurring so that the bulky 
tert-butyl group is on the less hindered side away from the phenyl ring.

The highly hindered 1-adamantyl methyl ketone failed to react with 
the (X-lithiated vinyl sulphoxide (53b) and so provided no further 
evidence as to the nature of the stereoselectivity.

The next objective was to reduce the diastereomerically pure 
( + )-(S,S)- (94a) and hence provide a route to an enantiomericcilly pure 
allylic alcohol (S)-(95) vÆiose optical purity could be confirmed by its 
reaction with Mosher's acid. Scheme 44, and the comparison of the 
n.m.r. of the resulting diastereomerically pure ester (96) with that of 
a racemic mixture (97) prepared by an alternative route, Scheme 45.

0

H OH

p - T o r  e
OMe

Mosher'sReduction
acid

(96)

Ph

( + ) - ( S , S  ) - ( 9 4 a )

Scheme 44

The methods available in the literature for reductive desulphurisa- 
tion are numerous.(+)-(S,S)-(94a) was subjected to reductive 
conditions using sodium amalgam, but the reaction mixture yielded only
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PhCH = CHMgBr 
E/Z mixture

t - BuCHO

Ph

Mosher's
acid

I MeO CF3 

^ P h
(97)

Scheme 45

starting material and décomposition products. Similarly, the addition 
of activated zinc to a solution of ( + )-(S,S)-(94a) in THF gave only 
starting material as the recovered yield. The use of Raney Nickel 
(freshly prepared or conmercially available reagent) caused severe 
decomposition of (+)-(S,S)-(94a), t.l.c. showing a number of products, 
none of which could be easily isolated. Aluminium amalgam added to a 
THF/H2 O solution of ( + )-(S,S)-(94a) did reduce the sulphoxide moiety, 
but only to the sulphide (98).

p-To l Al/Hg p-To l
THF/ HjO

s

(9 8  )

Despite the continued addition of amalgam and extension of the 
reaction time, the sulphide (98) could not be reduced further. 
Analogously, the (-»-)-(H)-(E)-sulphoxide (53b) was subjected to aluminium 
amalgam reduction and it too was reduced only to the sulphide (99).

S.Xp-Tol^®^ Al/Hg
THF/ HgO

p-Tol^

Ph Ph
(53b)  ( 9 9 )

The formation of the sulphides from their respective sulpdioxides
could be followed easily by t.l.c; the reaction was very clean and ARf
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large [Rf (ether) (94a) 0.39, (98) 0.68]. Confirmation that the sulphide 
was being formed was provided by low resolution ammonia chemical 
ionization mass spectroscopy [for (99)].

Because of the apparent inertness of (+)-(S,S)-(94a) to the 
attempted methods of reductive desulphurization, it was decided to 
return to this problem later and instead concentrate on the proposed 
transition state for the aldehyde addition to a-lithiovinyl sulphoxides. 
To improve diastereoselectivity and also to validate the transition 
state, it was decided to change the nature of the groups R and R̂  , Fig. 
8  (originally R = p-tolyl and R̂  = phenyl).

-, k .
B u-f

6

Fig. 8

To maximise steric influences it was decided to introduce R and R^ = 
t-butyl in separate schemes and observe the effect on the diastereo­
selectivity.

Posner and Tang^^ had described the preparation of the diastereo­
merically pure (-)-menthyl ( - ) - ( S ) -tert-butylsulphinate (100) in an 
analogous method to the preparation of (-)-(S)-(38), Schone 46.

0
II

t-BuSH t-BuSO.OH ^ ' - ‘v t - B u S O . ' ^ O M e n t h y l

(101) ( - ) -  ( S ) -  (100 )

Scheme 46

The estérification step, however, caused some concern. Unlike (-)- 
(S)-(38) which is crystalline and separable from the liquid (+)-(R)-
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isomer by recrystallization (see p.28), (-)-(S)-(100) was described as a 
liquid and no indication was given of how the ester was obtained 
diastereomerically pure. The estérification shows no particular 
diastereoselectivity and because no separation of isomers was described, 
there were doubts over the reported optical purity of (-)-(S)-(1 0 0 ). 
Suspicions were confirmed when tert-butylsulphinyl chloride (101) was 
reacted with (-)-menthol; the estérification product was purified by 
flash chromatography and analysed. Although appearing as one spot by 
t.l.c., n.m.r. and g.l.c. showed the liquid product to be a mixture 
of diastereomers. [A ratio of 1.6:1 as measured by g.l.c.]

The need for an optically pure diastereomeric centre at sulphur was 
imperative. Because the tert-butylsulphinate ester route, using (-)- 
menthol as the chiral auxiliary, did not fulfill this need, the strategy 
was altered to enable separable tert-butylsulphinyl compounds to be 
obtained using a different chiral auxiliary. The use of the chiral 2- 
oxazolidinone (1 0 2 ) as an auxiliary in asynmetric syntheses had been 
reported by Evans et al.^^° and was hence prepared in good yield (62%) 
from the ephedrine free base of ( + )-norephedrine hydrochloride (103) and 
diethyl carbonate, as a white crystalline solid after recrystallization 
(m.p. and [a]g consistent with the literature^^°).

He .. X.
( E t O ) , C O  h - N ' ^ ^ O

w
Me Ph

NH„ HCl

( 1 0 3 )  ( 102)

The strategy was to attach the sulphur containing moiety to the 
oxazolidinone nitrogen atom and utilize the asymmetry of the ring to 
prepare diastereomeric sulphur compounds. However, initial attempts to
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attach an appropriate sulphur-containing groLç? failed. 2 -Msthyl-2 [{(2 - 
methyIpropy 1 ) sulphinyl} thio ] propane (104) was prepared in 71% yield as a 
colourless liquid by the oxidation of di-tert-butyl disulphide (105) 
using hydrogen peroxide according to the method of Field and Khim.^^^ 
A solution of (104) in IHF was added dropwise to the lithium enolate^ 
of (1 0 2 ) but work-up gave the recovery of starting materials only. 
Similarly, the attempted reaction of di-tert-butyl disulphide (105) with 
lithiated (1 0 2 ) also resulted in the recovery of starting materials, 
Scheme 47.

® 0

S Bu-t2 .

( 1 0 4 )

H - N

Bu-t
2.(1 0 2)

0
S X^ — ► NBu-^ 0w

Me Ph

( 1 0 5  )

Scheme 47

Analogous to the preparation of other aliphatic suljdienyl 
h a l i d e s , o n e  mole of chlorine was added to an equivalent of di- 
tert-butyl disulphide (105) in carbon tetrachloride, at -40°C, to give a 
product in moderate yield. Not expecting any complications, the product 
was assumed to be the tert-butylsulphenyl chloride (106).

Clj f  N B u .  2f - B u S - C l
^ B u - t  -40'C

( 1 0 5 )  (1 0 6  )

A solution of the 2-oxazolidinone (102) and triethylamine was added 
to the suspected (106) to give a single product in good yield. All 
spectral data of the white solid suggested that it was the required 
3-( tert-butylthio ) -2-oxazolidincxie ( 107 ).
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0 0 
iï s  A

H-N 0 + f-BuS-Cl ► f-Bu/ 0W w
Me Ph Me Ph
(102 ) ( 106)  (107 )

Oxidation of (107) with m-CPBA in chloroform, at 0°C, gave a white 
crystalline product in good yield, which was one spot by t.l.c. but 
which and n.m.r. showed to be a ça. 1 : 1  mixture of diastereo­
isomers . From this evidence it was reasonable to assume that we had a 
1 : 1  unseparated mixture of the diastereoisomers of ( 108 ).

i f X
W w
Me Ph Me Ph

( 1 0 7 )  ( 108 )

However, initial frustrations proved to be unfounded. Subsequent
preparation of the two diastereoisomers of (108) (see p.6 6 ) by an 
alternative route showed them to be distinguishable, separable compounds 
by t.l.c. Additionally, analytical data on (107) and (108) was erron­
eous by a much greater factor than would normally be expected, even for 
an impure sample. A literature search clarified the problem. It had 
been reported^that at temperatures above -30°F (ça. -35°C), the 
chlorination of the disulphide ( 105 ) gave the sulphenyl chloride ( 106 ). 
However, at temperatures below this, the major product was the tert- 
butyl thiosulphenyl chloride (109) not (106) as believed.

(105  ) ( 109 )

Hence reaction of (109) with the 2-oxazolidinone (102) in the
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presence of triethylamine gave the tert-butylsulphenylthio compound 
(110).

0

Me Ph \— {
Me Ph

( 1 0 2 )  ( 1 0 9 )  ( 110)
Subsequent oxidation of (110) by m-CPBA gave the 1:1 diastereomeric

mixture of (1 1 1 ) where presumably the oxygen becomes attached to the
more nucleophilic sulphur atom.

0 0
A .  m -C P B A  N B u .  0  S .  A .

0  — r;:-- ► 0

w  w
Me Ph Me Ph

(110) (111)
1:1 diastereomeric mixture

The analytical data calculated for (110) and (111) then proved to be 
correct.

An alternative approach was considered d̂iich would involve the 
direct reaction between the 2 -oxazolidinone (1 0 2 ) and tert-butylsul­
phinyl chloride (101). To test the suitability of this method, an 
initial run using p-tolyl-sulphinyl chloride was performed. [The main 
reason for this was the difficulty in preparing tert-butylsulphinyl 
chloride. The reaction conditions for the preparation described by Youn 
and Herrman^^® proved difficult to control and the method described 
earlier by Posner and Tang^^ was problematic and involved the use of 
tert-butyl mercaptan.]

p-Tolylsulphinyl chloride was added dropwise to lithiated (102) at 
-78°C to give, after work-up, the required 3-(p-tolylsulphinyl)-2-
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oxazolidinone (112) as a white solid and a 4:1 mixture of diastere- 
oiscmers.

0 f  9.
3 s JL

W  I w
Me Ph p-Tol"^ ^C l Me Ph
(1 0 2) (1121

4 :1 diastereomeric mixture

The major isomer was obtained by recrystallization of the \diite 
solid from a 2:1 ethyl acetate-petroleum ether mixture. [The mixture 
could not be separated by chromatography.] Two recrystallizations gave 
(1 1 2 ) diastereomerically pure by n.m.r.

The displacement of the chiral auxiliary by the Grignard reagent 
addition of (E)/(Z)-styryl magnesium bromide resulted in the formation 
of the isomeric (+)-(R)-(E)-(53b) and (-)-(R)-(Z)-(53a), prepared 
previously from (-)-(S)-(38), in 6 6 % and 20% yields respectively.

1 i V  s'(E)/( Z) PhCHrCHMqBr

^ -78°c  ̂ L

Me Ph
( 112)  ( 5 3b)  (53a)

Diastereomerically pure

A sample of the crude (E)-isomer (53b) was recrystallized from 
petroleum ether to constant rotation ([«Iq = +160°) indicating that the 
configuration^ at the sul#iur atom was (R). Assuming that the addition 
of the Grignard reagent to (112) proceeds with inversion of configura­
tion (a precedent set by other sulphinic acid derivatives), then the 
major isomer of (112) must also have the (R) configuration at sulphur.

Having established a working route to enantiomerically pure p-tolyl 
sulphoxides via the 2 -oxazolidinone (1 0 2 ) and the respective sulphinyl
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chloride, the analogous preparation of the required tert-butyl sulphox­
ides was attempted.

Tert-butylsulphinyl chloride prepared according to the method of 
Posner and Tang, was added dropwise to lithiated (102) at -78°C. 
T.l.c. of the crude reaction mixture showed the presence of two products 
\diich were separated by flash chromatography. Spectral data showed them 
to be the required 3-(tert-butylsulphinyl)-2-oxazolidinone diastereo- 
isomers (113a) and (113b), obtained in 41% and 24% yield respectively.

A  V  A  V° A
W L ^ W
Me Ph t -B u ^  a  Me Ph Me Ph

(1021 (113 a) (113b)

The assignment of the configuration at sulphur in each isomer as 
shown is arbitrary.

(E)/(Z)-Styryl magnesium bromide was added drqpwise to a stirred 
solution of the major isomer of (113) at -78°C and consistent with the 
products yielded from the p-tolyl derivative (1 1 2 ), purification by 
'chromatotron' gave the (E) and (Z)-isomers (114a) and (114b) as a white 
solid and yellow oil in 61% and 8 % yield respectively.

0® 0 0® 0®I N  I I
f - B u - ^ A N  0 (E)/(Z)PhCH=CHMgBr^ t -B u ^ © N , + t - B u - ^ A ,

W  Ip. pji
Me Ph

(113 ) (114a) (114b)

No comment on the sulphur configuration in (114a) and (114b) can be
made because the configuration at sulphur in the major isomer of (113)
is not known.

The (E)-isomer (114a) was lithiated in the standard way followed by
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trimethylacetaldehyde quenching as before. The diastereomeric ratio as 
determined by h.p.l.c. -was measured at 1:4.6 from the crude reaction 
mixture. Subsequent purification of the mixture by a 'chromatotron' 
gave the respective sulphinyl allylic alcohols (115a) and (115b) as 
white solids in 48% and 7% yield.

L Ph

1. LDA

(115a) (115b)(114a)

[Again, the assignment of the new chiral centre is an arbitrary 
one. ]

The diastereomeric ratio obtained is consistent with the proposed 
transition state, bearing in mind the ratio obtained using the p-tolyl 
sulphoxide (53b). The nature of the group R vould not be considered to 
be having any great influence on the way in which the anion approaches 
the carbonyl group, Fig. 9. Hence the comparable ratios when R = p-tol 
and t-Bu.

n

H \a S.
V _ 7  "'0'
IPh B u -f

, J V
109

0
Fig. 9

Having studied the effect of changing the aldehyde and of replacing 
the p-tolyl group with the bulkier tert-butyl group on the sulphinyl 
moiety, it was tentatively concluded that the nature of the group 
attached at the /S-vinyl position was most influential in determining the 
ratio of diastereomeric alcohols formed. The next objective was to

— 07“



design and synthesise a molecule to test this hypothesis. The aim was 
to replace the phenyl group in the vinyl sulphoxide with a larger 
substituent, for example a tert-butyl group. The synthesis of this 
molecule is now described.

( E ) -l-Bromo-3,3-dimethyl-l-butene (116) was prepared using the 
method of Zweifel and Whitney^ by the successive addition of DIBAL-H 
and bromine to the butyne precursor (117).

^Bu-i

s s *  "h
t - B u /  f - Bu

( 117 ) ( 116 )

The preparation of the Grignard reagent from ( 116 ) proved more
difficult than the preparation of the corresponding styryl equivalent.
The bromide (116) was refluxed for several hours with magnesium in THF
until sufficient magnesium had been consumed. The cooled Grignard
reagent was then added dropwise to (-)-(S)-(38) to give the (E) and
(Z)-isomers (118a) and (118b) as a v^te solid and yellow oil in 17% and
15% yield respectively after flash chromatography.

t - B u  \ /  \ /

\  T H F  

Br

t-BuCH=CHMgSr ► ^ p-Tol-̂ ©N|

( 1 1 6 )  ( E) / (  2 ) mixture (TlBs) ( H 8 b )

The low yields reflect the difficulty experienced in forming the 
Grignard reagent. Although the (E)-vinyl bromide (116) was isomerically 
pure, the formation of the Grignard reagent is thought to proceed via a 
radical mechanism in a non-stereospecific manner with the degree of 
retention of configuration dependent on the substituents. ̂ ̂ ̂ Méchin and 
Naulet^^^ reported that for the (E)-vinyl bromide (116), the degree of
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retention of configuration was 60-62%. In the presence of iodine (of. 
styryl magnesium bromide) the degree of retention could be even lower.

The (E)-isomer (118a) was lithiated (the anion left to form over Ih) 
with LDA at -78°C and quenched with trimethylacetaldehyde. Using 
h.p.l.c. the diastereomeric ratio was measured at 1 :1 . 2  from the crude 
reaction mixture and purification subsequently gave the sulphinyl 
allylic alcohols (119a) and (119b) as white solids in 45% and 37% yield 
respectively.

B u-f

(ri8a )

1. LDA

B u-f

p-Tol ©+
B u -f

(119 b )

[The assignment of the new chiral centre is an arbitrary one.]
The diastereomeric peiir (119a) and (119b) exhibited a great differ­

ence in polarity, a fact which helped in their separation (hR̂  = 0.25) 
and emphasised by their very different solubilities in a range of 
solvents.

Analogous deprotonation and quenching of the (Z)-isomer (118b), gave 
the same pair of diastereoisomers (119a) and (119b) and in the same 
ratio.

p-Tol^©^
N B u ^
(118b) (119b)

1. IDA

B u-f

/  HO

p-Tol^©

B u-f

Ttiis was consistent with previous results and confirmation of the 
cis to trans isomerization of the a-lithiosulphoxide was obtained by 
deprotonation and reprotonation of the (Z)-(118b) and (E)-(118a) 
isomers, Scheme 48.
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t-Bu^ 
(118 b)

>p-ToC^®

( n s a :

1. LDA

(118a )

Bu-f

Scheme 48

The rather poor diastereoselectivity observed in the formation of 
(119a) and (119b) was very disappointing and not in accord with 
previously obtained results explained by the transition state, Fig. 8 .

Until now, the reaction of the vinyl anion with trimethylacetalde- 
hyde has been treated in a rather simplistic way, but one which fulfills 
requirements, i.e. the lithiated vinyl sulphoxide has been treated as a 
monomeric carbanionic species. This oversimplified picture seems to 
break down when trying to rationalize the formation of (119a) and (119b) 
as a 1 : 1  diastereomeric mixture and in reality, the lithiated anion's 
behaviour depends to a great extent on its actual structure, the degree 
of aggregation and the extent and nature of solvation.

The crystal structure of ethyl lithium in the solid phase is tetra- 
meric.^^® The lithium atoms form a tetrahedron with each face of the 
tetrahedron having a carbcxi atom of the ethyl group sitting above it. 
Fig. 10.
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F ig .10

n-Butyllithium in a non-polar hydrocarbon solvent exists as the 
hexamer, but Ogle et a l . have demonstrated an equilibration between 
tetrameric and dimeric n-butyllithium in a co-ordinating solvent such as 
THF.

(BuLi)4 .4 'IHF + 4THF ^  2 (BuLi)2 .4THF 
Ogle et al.*-̂ ®*> demonstrated the relative rates of reaction of the 

two species with benzaldehyde, the dimeric species being ça. lOx more 
reactive. Although their work gave no confirmation of the existence of 
a monomeric species, its presence could not be totally dismissed and the 
existence of other analogous monomeric lithio species is not improbable. 
Conversely, the existence of higher oligomeric species cannot be ruled 
out.

(RLi)jj.Solvent ^  (RLi)4 .Solvent ^  (RLi)2 .Solvent ^  KLi.Solvent 
Seebach et al.^^° reported that lithium enolates can exist as tetra­

meric cubic structures in the solid state and also postulated that the 
tetrameric structures were the reactive species in solution, Scheme 49.
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0 -- 1

Li

0
X

THF

: > = 0

\
Li

z : b c :
XR

/niiiiR \
Li

''0 Y ~ U  ̂
/ I  / /

..R

S = THF, solvent 
E = C R = R R

Scheme 49

Initially one of the four coiplexing solvent molecules is displaced 
by the electrophile and reaction follows. The environment met by an 
incoming substrate, however, suggests that the stereochemical course of 
the reaction is not a sinple 1 : 1  relationship between enolate and 
electrophile but depends on the influence of all three adjacent 
enolates. This suggests a rather complex situation.

These ideas can be extrapolated to explain the different stereo­
selectivity in the reaction of (53b), (114a) and (118a) with trimethyl­
acetaldehyde. Hybridization of these models leads to a structure for 
the lithiovinyl sulphoxide anion in a "RiF solution, v^ere the anion sits 
above each face of a tetrahedron of lithium atoms. Fig. 11.

Only two of the four anionic species (R) are shown in full for 
simplicity. Replaconent of the appropriate solvent molecule by tri-
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0
p-Tol . 0  

\  ^
®s f

Bu-I"

Bu-f

S

S

•  = Li
S = so lvent THF 

R = sulphinyl anion

Fig. 11

methylacetaldehyde makes it possible for the anion to attack either face 
of the aldehyde in a non-stereoselective manner, leading to a 1 : 1  

diastereomeric mixture, Fig. 12. This model involving the tetrameric 
anionic species vrorks well for the vinyl sulphoxide (118a) and helps to 
e^^lain the non-stereoselectivity of the addition. The earlier model 
utilizes the idea of monomeric anionic species for the vinyl sulphoxides 
(53b) and (114a) in their addition to trimethylacetaldehyde.

00 B u -f
\  /
©s -

Bu-t

 ̂ Bu-1" 

Fig. 12

Reduction of (119a) and (119b) to the corresponding enantiomeric 
sulphides, analogous to the reduction of (94a) using aluminium amalgam, 
vüuld confirm the diastereomeric relationship between (119a) and (119b).
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However, the attempted reduction of (119a) and (119b), using the same 
method as for the reduction of (94a), with prolonged reaction time, gave 
only the recovery of starting material in either case.

H OH

p-Tol^@
H OH

,  p-Tol/

(H 9a)

/ H O  H

P

(TI9b)

Bu-t" 
S ) -  (120a)

HO H
Al -  Hg

I R ) -  (120b)

However, oxidation of (94a) using m-CPBA in dichloromethane, 
allowing the solution to waim from -78°C to room temperature, gave the 
corresponding sulphone (121) in good yield (64%) as white crystals.

P m-CPBA

( 121 )

Accordingly, adopting the same procedure, the more polar diastereo- 
isomer (119b) [arbi"txarily assigned] was oxidized to the sulphone (122b) 
in 61% yield as a white solid and had an optical rotation measured at 
+21.3° (2.1 in CHCls).

I/HO H
p-Tol̂ 0 m-CPBA 

-15®C - R t .
p-Tol

B u -f

9. O h o  h

B u - t
(119b) (122 b

Similarly, the less polar diastereoisomer (119a) was oxidized to the 
sulphone (122a) in 46% yield, the portion of m-CPBA being added at a
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temperature of -15°C and the reaction mixture allowed to warm slowly to 
room temperature. [At temperatures below -15°C, the solid precipitated 
out of solution.]

Bu-I*
(119a)

m-CPBA 
-78°C -R.r

p-Tol'

B u -t
(122a)

The optical rotation was measured at -20.8 ° (2.0 in CHCI3 ) confirm­
ing that (1 2 2 a) and (1 2 2 b) were enantiomeric and that the diastereomeric 
sulphinyl allylic alcohols (119a) and (119b) had opposite configurations 
at the chiral carbon atom.
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CHAPTER 4
Chiral Vinyl Phosphorus Reagents



4.1 INTRODUCTION
The chemistry of carbanions generated a to a phosphorus moiety is 

dominated by the Wittig reaction and modifications of This
chapter concentrates on the generation and reaction of chiral Wittig­
like carbanions of five valent four co-ordinate phosphinic acid 
derivatives. The stability of phosphorus ylids has already been 
discussed (see p.2 ) and the existence of compounds having a chiral 
phosphorus centre is well known, e.g. the enantiomeric phosphine oxides 
(123a) and (123b).

Me ^Me

P r ^ /  =  °  °  =
Ph Ph

( - ) - (  S )-(123a) ( + ) - (  R )-(1 2 3 b )

4.2 ALKYLATION AND ACYLATICK OF PHOSPHINIC ACID DERIVATIVES
0,0*-Dialkyl alkylphosphonate esters can be readily alkylated and 

acylated at the carbon centre a to phosphorus,Scheme 50.

1. n-BuLi , r»i I n - BuLi_____  . «.i
2. Cu( I ) halideI R ’ X

1. n -  BuLi

► iR O ^ P iO l.C H .R ’ — —  — ► (RO ^PlO C H fC ujR

,R̂ CO.Cl

(RO),PIO)CH,— < (R 0 ) jP ( 0 ) C H (R ' ) C O R ^

lRO)jPtO)CH,COR -^!^|RO|,P(OICH.CO.R 
'  Na®

Scheme 50

For pathway (i), the use of normal alkyl halides (R̂ X) gives better 
results vAien X = I rather than vdien X = Br whilst for more reactive 
halides (e.g. allylic), bromides prove more satisfactory than chlorides. 
Because they are more stable in a basic medium, diethyl esters (R = Et)
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are used in preference to dimethyl esters.
For pathway (ii), R^X must be a reactive halide (e.g. allylic, 

acetylenic ) as normal alkyl halides fail to react with the sodium 
enolate although the use of the more reactive potassium enolate can give 
satisfactory results when = Me and Et.

4.3 THE WITTIG REACTICN^ ŝ
The synthetic importance of converting an aldehyde or ketone into an 

alkene where the position of the olefinic double bond is unambiguous is 
obvious. The alkene double bond is formed by the reaction of the 
aldehyde or ketone with a phosphorus ylid (phosphorane), Fig. 13.

ylid form phosphorane form

Fig. 13

Usually, the ylid is formed by the deprotonation of a phosphonium 
salt prepared from a triaryl (or triailkyl) phosphine and an alkyl 
halide. Scheme 51 shows the complete reaction sequence.

r!p + R'R'CHBr -►r ’ P®CHR^R^Br® Rj P ® -C R 'R ^
ylid (phosphorane)

/f
R̂ R̂ CO

R , P =0 + r V c = C R  R"^
R3P — c r " r  

I I 
0— c r V

oxaphosphetan

Scheme 51

R3 P®
C R V
cr“r “

betaine

The reactivity of the ylid and the rate determining step are 
governed by the nature of R^, R^ and R̂ . Alkylidene trialkylphosphor-
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anes (R^, R^ and R^ are alkyl groups) are more reactive than alkylidene 
triphenylphosphoranes (R̂  = Ph) in the formation of the betaine because 
the positive charge on phosphorus is lessened by the inductive effect of 
the alkyl groups (R̂ ). However, for similar reasons the decomposition 
of the betciine becomes more difficult. If R^ and R^ are electron with­
drawing groups, the negative charge on the ylid is stabilized and the 
reactivity towards the carbonyl group decreases. For these reagents the 
rate determining step is therefore the formation of the betaine. 
[Evidence for the formation of the betaine has been provided by the 
isolation of compounds of this type via trapping by protonation or 
complex formation with lithium salts. ] The more electrophilic the 
carbonyl group, the more readily does the reaction proceed. If R^ and 
R^ are alkyl groups then the ylids are markedly nucleophilic and react 
readily with carbonyl groups making the decomposition of the betaine the 
rate determining step. Because the polarity of the carbonyl group is of 
little consequence in the step, these reagents react well with both 
aldehydes and ketones.

Resonance stabilized ylids react with aldehydes to give the (E)- 
alkene as the predominant product whilst non-stabilized ylids usually 
give more of the (Z)-alkene. With stabilized ylids the formation of the 
intermediate betaines is reversible allowing interconversion to the more 
stable threo form which collapses to the (E)-alkene (thermodynamic 
product). Scheme 52. With the non-stabilized ylid, the betaine forma­
tion is irreversible and conversion into the alkene proceeds mainly from 
the kinetically favoured erythro betaine.
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o = c H

R3 P
© H.m2

H
3R

erythro

.H

® n ^ ‘ R
H

threo

Scheme 52

♦ R3 P = 0

+ r ; p = o

4 , 4  NPnTFTPD WITTIG REACTICNS 2̂ 1 , 1 2 3

Modifications using carbanions derived from phosphine oxides (124) 
and phosphonate esters (125) were developed to compensate for limita­
tions of the normal Wittig reaction.

base O 1 R_R_CO^ r V c  = CHR'MPhI.PO ®( P h j / I O I C H ^ R   ► ( P h l ^ R O )  CHR

( 1 2 4  )
-  akyt, akoxycarbonyl etc.

|R0)jP(0)CHjR' -—■*•(RO),P(ofcHR’ r^r^c =CHR’ * (RO),PO®
(125)

2 ' 

(127)
R -  alkyl, phenyl, R -  resonance stabilizing group

Reaction of phosphine oxide derived carbanions ( 126 ) with an 
aldehyde leads to diastereomeric adducts \diich can be trapped by 
protonation or treated with a strong base to give the alkene and the 
phosphinate anion, Scheme 53.

The phos#]onate carbanions (127) are more nucleophilic than 
phos#ionium ylids and react with greater ease and under milder condi­
tions with carbonyls. This enhanced reacrtivity allows alkylation of the
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Ph),P(0)CHPh + PhCHO 

(126)

(Ph)X %

P h ‘

Ph

Ph H

H Ph

+

Strong base

Ph Ph
v _ y

H H

trapped by 

protonation

(Phl^PO"
Scheme 53

of t±e carbon oc to phosphorus unlike the phosphonium ylids of the normal 
Wittig reaction. Additionally, the water soluble phosp^te ions allow 
much easier separation from the olefin and the ready availability of 
phosphonates from the Arbuzov reaction makes it advantageous to use 
phosphonate esters.

ether variations have included tlie use of the a-lithium derivatives 
of phosphonic acid bisamides ( 128 ). The initially formed /s-hydroxy 
phosphonamide (129) can be isolated and purified and subsequent thermal 
decomposition leads to the olefin. Because the pure diastereomeric 
phosphonamides (129) can be isolated and separated, control of the 
olefin geometry is achieved, Scheme 54.

R"
/.R*

Me,N),P(0)CHR R' o '  n-BuLi^ (M . Ml D (n \? D 'o 'i  i ® -5 _ 5 l^ * .(M e jN ) jP (0 |C R ’ R^— C '^»  (M ejN ),P (0)C R  R Li 

(1 2 8  )
^ O 0

IMejNljPO^H .  R ’ r "C =  CR R ' -V ^ lM e jN l jP tO IC R 'R  — C
OH

Scheme 54 (129

The use of the jS-hydroxy phosphonamides for olefin synthesis was
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extended to diene synthesis by Corey, using an allyl diazaphosphol- 
idine species (130), Scheme 55.

Me

Me
130

1. n-BuLi
2. R̂ CO >>

Scheme 55

X

4.5 CHIRAL PHOSPHORUS CARBANIONS
The use of an optically active phosphorus ylid to obtain partial 

asyirmetric synthesis in the preparation of a number of chiral cyclo- 
hexanes containing an exocyclic double bond was demonstrated by 
Lienert.^2® The optically active ylid (R)-(lSl) prepared from ( + )-(S)- 
benzylmethylphenylprcçylphosphonium bromide reacted with 4-methylcyclo- 
hexanone to give (+) - ( S ) -benzylidene-4-methylcyclohexanone (132) in 43% 
optical yield.

PhPh

+ 0

H3C
"Ph

( R ) - ( 1 3 1 )

CH.

( + ) - (  S j -  ( 1 3 2 )

More recently, Johnson^described a method for the alkylidenation 
of ketones and selected aldehydes using a chiral P- ( <x-lithioalkyl ) -phos- 
phinothioic amide ( 133 ), Scheme 56.

The anion (133) could be smoothly alkylated using methyl iodide, 
n-butyl bromide and benzyl bromide. Deprotonation of the racemic 
methylated adduct (134) and reaction with a prochiral carbonyl substrate 
(RCHO) gave a diastereomeric mixture of four components, Scheme 57.
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Ph

n-BuLi
1. >0

NMe,
Ph 2. H *

NMe,
( 133 )

OH
I

Ph
NMe,

Mel
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Pĥ  l^SMe
NMe,

SMe . 0 1

Scheme 56

pff'VcH.CH
-^NMe

1. n-BuL
2. RCHO

Z ) -  (136a)

Scheme 57

(135b)

1
R HW

H CH.

{ E )-(136b)

The relative Rf's of the diastereoisomers were more sensitive to the 
relative configuration at carbon than at phosphorus and so the 
diastereomeric pair (135a) was easily separated from the other pair 
(135b). Treatment with methyl iodide and pyridine gave the corres­
ponding (Z)-(136a) and (E)-(136b) alkenes.

Hanessian et al.^^? reported the formation of optically active 
olefins from achiral ketones by use of the enantiomeric bicyclic jAios- 
phonamides (137) and (138).
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Me Me

rY\/^ n \ ^
k ^ ' v N / ^ 0  L A / ^ 0

I I
Me Me

( R , R ) - ( 1 3 7 )  ( S , S ) -  ( 1 3 8 )

Deprotonation of (137)/(138) and quenching with a substituted 
cyclohexanone gave a mixture of diastereoisomers with optical purity 
ranging from 69-90%.

Me

(137 ) / ( 1 3 8  )
1. KDA

R

For example, quenching carbanionic (R,R)-(137) with 4-tert-butyl- 
cyclohexanone gave the corresponding ( R ) - ( 4-tert-butylcyclohexylidene ) - 
ethane (139) in 82% yield and 90% optical purity.

Me

( R , R )  - ( 1 3 7  )
l.KDA >■
2

95 5

Nucleophilic attack occurs from the more accessible face of the 
anion, the high degree of asyirmetric olefination in the example above 
being attributed to attack from the equatorial side of the carbonyl 
group by the pro-R face of the anion.

Reaction of carbanionic (137)/(138) with cilkyl halides gave 80% of 
one diastereoisomer because easier access by the bulky base to the pro-R 
hydrogen in the (R,R)-(137) reagent leads to a carbanioii that shows high
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diastereofacial bias.
To complement the work of Haynes^vdio reported the formation of a 

single product from the reaction of allyl diphenyl phosphine oxide with 
cyclopentenones and analogous to the chiral cyclic phosphorus carbanion 
used by Hanessian, Hua ^  reported the use of the chiral allyl
phosphorus species (141)-(144) to obtain good enantioselectivity in the 
1,4-addition of the anion to cyclic enones.

Me i-P r  

1 4 2 )  (143

Me
( 1 4 4 )

The use of (141) and (142) gave products of 70-74% ee but the use of 
(143) gave excellent optical yields. The presence of i-Pr at nitrogen 
prevents chelation of the lithium ion with the 0=P-N side of the mole­
cule. Hence, carbanionic (143) reacts with cyclo-pentenone, -hexenone 
and -heptenone to give the 1,4-adduct in 98, 8 8  and 95% ee.

Ph
01. n-BuLi

Me i-P r

n=l.2.3
( 143  I
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4.6 RESULTS AND DISCUSSION
Hanessian's use of the enantiomeric bicyclic phosphonamides (137) 

and (138) in asyirmetric alkylation^ suggested that related chiral 
cyclic phosphorus compounds might behave similarly. The objective was 
to synthesise such related compounds and study their reaction with 
electrophiles in the presence of base. A small amount of work had 
already been performed in this department (Dr. M. R. Selim, Ph.D. 
Thesis, 'Studies on Asymmetric Induction', 1987) and reproduction and 
extension of this experimentation was the initial aim.

Based on the work of Inch et al. the chiral 1,3,2-oxazaphos- 
pholidin-2-ones (145a) and (145b) were prepared from ( - )-ej^edrine 
hydrochloride (146) and ethylphosphonic dichloride (147) in benzene 
containing triethylamine. [ ( 147 ) was prepared by the addition of
phosphorus pentachloride to diethyl ethanephosphonate.]

NH'HC

Ph

(14 6) (145a) (145b)

The two isomers were easily separable by flash chromatography and 
were obtained as white solids, (145a) in 32% yield and (145b) in 28% 
yield. Full spectral data and analyses on both isomers were recorded. 
[The previous work^^^ had given 90 MHz ^H Sy and 24 MHz Sp for (145a) 
and 300 MHz ^H 75 MHz Sg, 24 MHz Sp and ̂ /z for (145b).] The 
assignment of the configuration at phosphorus was based on the compara­
tive downfield shift of H-5 in each isomer in the ^H n.m.r. spectra. 
For (145a) the H-5 proton has a 1,3-cis-relationship with the P=0 group 
and is deshielded relative to H-5 in (145b).
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Deprotonation of (145a) and (145b) proved difficult and no direct 
evidence for the formation of an a-phospholidinocarbanion was obtained. 
Attempted deprotonation with LDA and n-butyllithium at temperatures 
ranging from -78°C to room temperature and over periods ranging from Ih 
to 2 0 h failed to give the ethylated or deuterated products on quenching 
with ethyl iodide and DjO respectively. In all cases, only the recovery 
of starting material and isolation of decomposition products resulted. 
[This was contradictory to ref. (131) where the deprotonation of (145a) 
and (145b) with n-butyllithium and éthylation gave diastereomeric 
products in ratios of 19:1 and 1:1.2 respectively. Unfortunately, no 
experimental data was provided!]

However, the continuing interest in a-heteroatomic vinylic compounds 
led to the preparation of the vinyl 1,3,2-oxazaphospholidin-2-ones 
(148a) and (148b) from styrylphosphonic dichloride (149). (149) was
prepared by the procedure of Schmutzler*-®^ from the addition of a 
styrene solution in benzene to phosphorus pentachloride and decomposi­
tion of the resulting salt with sulphur dioxide. Scheme 58.

PhCHzCH; ■ PhCHcCHPCl^PClg PhCHrCHPIOjCU

( 1 4 9  )
Scheme 58

Analogous to the preparation of (145a) and (145b), the addition of 
(-)-ephedrine hydrochloride (146) to a solution of (149) in benzene 
containing triethylamine gave the vinyl 1,3,2-oxazaphospholidin-2-ones 
(148a) and (148b) as crystalline vÆiite solids in 41% and 39% yields 
respectively after flash chromatography. Both isomers gave 300 MHz ^H 
and 24 MHz Sp values consistent with the literature.

As before, the configuration at phosphorus of each isomer was deter­
mined by the relative downfield shift of the H-5 proton in the n.m.r.
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Ph Ph Ph Ph

P hC H  = C H P ( 0 ) C l , ( U 9 )  \  f=  ̂  %  ^ 0
^ — MHHCl ---------------------------------- *■ « ^ N ^ P .  +  I ^ N " - P \

Me °  Me^
Ph

1146) (148 al (148b)
spectra.

The removal of the more acidic vinylic proton on the carbon centre oc 
to phosphorus was achieved using LDA as the base. [The addition of 
methyllithium to (148a) at -78°C resulted in the opening of the oxaza- 
phospholidinone ring by cleavage of the P-0 bond to form the ring opened 
product (150).]

Ph Ph Ph Ph

(148a) ( 1 5 0 )

Hence, a solution of (148a) in THF was added to an LDA solution at
-78°C and after 15 min. quenched with methyl iodide. The n.m.r.
spectrum of the crude product showed a single peak [proton decoupled
spectrum) at Sp 35.09 [Sp 30.25 for (148a)], whilst the 90 MHz ^H n.m.r.
indicated that the product was the methylated compound (151); the signal
for the new methyl group appeared as a doublet of doublets at Sy 2 . 1  with
Jp ça. 15 Hz and a further smaller coupling due to the proton in the
allylic position.

Ph Ph

Mg" °

1. LDA

2. M e l

(148a) ( 151
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Purification of (151), however, proved difficult; it vould not 
distil and flash chromatography failed to yield a purer sample. 
Furthermore, the reaction of lithiated (148a) with benzaldehyde proved 
as frustrating. The vinyl carbanion was generated as before with LDA 
and subsequently quenched with benzaldehyde. The n.m.r. spectrum of 
the crude reaction mixture showed the presence of four products as well 
as starting material (148a) in a ratio of 1 (starting material): 
2.97:1.01:1.88:2.51. Separation by flash chromatography gave three 
major fractions; the first fraction consisted of a mixture of decomposi­
tion products vdiilst the other two fractions were assigned the 
structures (152a) and (152b), from the n.m.r. spectra, diastereo­
meric at the new chiral centre.

Ph

Ph Ph

Me

(148a) (152a) and (152b)

However, the reaction was not deemed a success because the 
diastereomeric ratio was measured at 1:1.18, with a total yield of 
(152a) and (152b) of only 35% and separation by flash chromatography on 
a silica gel column resulting in partial decomposition of the products.

The use of lithiated (148a) in the attorpted Michael addition to 
3-trimethylsilyl-3-buten-2-one at -78°C and temperatures up to room 
temperature also failed to give a satisfactory result with only the 
isolation of recovered starting material.

The use of (148a) as a dienophile in the Diels-Alder reaction was 
also investigated. The thermal reaction of (148a) and l-methoxy-3-(tri- 
methylsiloxy)-1,3-butadiene^^(Danishefsky's diene) (153) in toluene at

—  8  8  —
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2. PhCHO



Ph
Me >----- --  / —  , I QA

----------------------- ► No addition product

^  0 2.Me,SiMe

(148a )
150°C gave only starting material as indicated by t.l.c. Similarly, the
Lewis acid (BF^ .OEtg) catalysed Diels-Alder reaction in dichloromethane
at -78°C gave only the recovery of starting material.

toluene
Ph Ph 150*C

le 1— 0 /=J

Ç - ' C No Diels-Alder adduct

(148a)

Bf̂ OEta 
CH2CI2 
-78® C

Despite the lack of positive results in the use of the described 
chiral oxazaphospholidinones, it is felt t±at their use in asymmetric 
reactions warrants further investigation.
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EXPERIMENTAL
All 90 MHz n.m.r. spectra were recorded on a Varian EM-390 

spectrometer and all n.m.r. (24 MHz) on a Jeol JNM-FX-60 spectro­
meter. High-field ^H n.m.r. (300 MHz) and n.m.r. (75 MHz) spectra 
were recorded on a Bruker AM-300 spectrometer at the University of 
Leicester. ^H n.m.r.. (400 MHz) and n.m.r. (100 MEiz) spectra were
recorded using the high-field n.m.r. service at the University of 
Warwick.

Accurate mass measurements were made at the SERC mass spectrometry 
centre, University College of Swansea and standard mass spectra were 
recorded on a Micromass 16B spectrometer. Elemental analysis was carried 
out by C.H.N. Analysis, Wigston, Leicester or ButterwDith Laboratories, 
Teddington, Middlesex. Optical rotations were recorded on a Perkin-Elmer 
141 polarimeter and infra-red spectra on a Perkin-Elmer 298 spectrometer. 
Melting points were determined on a Kofler hot-stage and are uncorrected.

Flash chromatography was carried out according to the method of Still 
et al.f using silica gel manufactured by Merck & Co., Kiesel 60, 230-400 
mesh (ASTM). Purifications by chromatotron were performed using model 
7924T and Merck & Co. Kieselgel 60 PF 254 silica plates. T.l.c. was 
conducted on precoated aluminium sheets (60F-254) with a 0.2 im layer 
thickness, manufactured by Merck & Co. Preparative layer chromatography 
was ccxiducted on precoated glass plates (60F-254), also manufactured by 
Merck & Co.

G.l.c. was carried out on a Pye Unicam PU 4500 capillary 
chromatograph and h.p.l.c. on a Shimadzu LC-4A liquid chromatograph.

The concentration of the n-butyllithium was determined by back titra-

W. C. Still, M. Kahn and A. Mitra, J. Qrcr. Chem.. 1978, 43, 2923.
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tion with 0.5M hydrochloric acid from solutions in dibromoethane and 
water using phenolphthalein as an indicator.

Petroleum ether refers to the 40-60°C fraction and all petroleum 
ether, petroleum ether 60-80°C and ethyl acetate was distilled prior to 
use. THF, toluene and benzene were distilled from sodium metal in the 
presence of benzophenone. Ether refers to diethyl ether and was 
distilled from lithium aluminium hydride. Dichloromethane, triethylamine 
and pyridine were distilled from powdered calcium hydride. Methanol and 
ethanol were distilled from magnesium and iodine. Purification of less 
frequently used solvents will be described as the text requires.

Superscripts in the experimental text refer to notes at the end of 
the experiment and to the main references.
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Preparation of Chloromenthoxymethane (21)^

(2 1 )

(-)-Menthol (15.6g, 0.10 mol) and paraformaldehyde (9.0g, 0.10 mol) 
were mixed together and poured into the reaction flask. A stream of dry 
hydrogen chloride gas^ was passed over the stirred mixture, at 0°C, and 
after a short time the solids fused into a thick liquid. After 8 h, the 
viscous liquid was extracted into ether and the small volume of water 
separated. The solution was dried (anhydrous CaCl2 ) and the solvent and 
any excess hydrogen chloride gas removed in vacuo to give chloromenthoxy­
methane (2 1 ) as a colourless liquid^ (1 2 .5g, 61%).

(300 MHz; C D C I3 )  0.68-1.49 (17H, m) /  1.60-1.71 (2H, m), 2.07-2.20 
(2H, m), 3.53 (IH, td, J = 10.7, 4.4 Hz, H-1'), 5.57 (IH, d, J = 12.5 Hz, 
H-1), 5.59 (IH, d, J = 12.5 Hz, H-1);

Sc (75 MHz; C D C I3 )  15.96(g), 21.04(q), 22.24(q), 23.04(t), 25.15(d), 
31.42(d), 34.20(t), 39.93(t), 47.84(d), 78.80(d), 81.19(t).

Notes
1. Known compound see Ref. 135. Literature procedure see Ref. 7(a).
2. Hydrogen chloride gas dried by passing through concentrated sulphuric 

acid.
3. The liquid was not distilled but used crude in the next stage.
4. Should be 14H (probable menthol contamination).
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Preparation of Methvlenedioxvbis-(2-isopropvl-5-met±ivl-cyclohexane) (24)^

,0H
+

21 (24)

(-)-Menthol (0.78g, 5 nmol) and chloromenthoxymethane (21) (1.02g, 
5 nmol) were dissolved in THF (10 ml) and refluxed, overnight, under 
nitrogen. The reaction mixture was poured into water (30 ml), the
aqueous solution extracted with ether (2 x 50 ml), the combined extracts 
washed with water (50 ml) and dried ()̂ rSÔ ). Removal of the solvent in 
vacuo follov^ by flash chromatography (9:1 petroleum ether-ether) gave 
methylenedioxybis- ( 2-isopropyl-5-methyl-cyclohexane ) (24) as a white
solid (1.07g, 6 6 %), m.p. 52-55°C (m.p. recorded after recrystallisation 
from ethanol ).

Rf 0.52 (9:1 petroleum ether-ether);
Sh (300 MHz; CDCI3 ) 0.75-1.66 (32H, m), 2.13-2.23 (4H, m), 3.26 (2H,

td, J = 10.5, 4.3 Hz, H-1'), 4.81 (2H, s, H-1);
Sç (75 MHz; CDCI3 ) 16.12, 21.22, 22.31, 23.17, 25.34, 31.67, 34.43, 

42.46, 48.64, 79.11, 95.27;
C2 1 H4 0 O2 requires 324.3028 

found 324.3021.2

Notes
1. Known compound see Ref. 33.
2. Ammonia chemical ionization conditions used which showed (MfNH4 +) 

molecular ion.
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Hydrolysis of Methylenedioxybis-(2-isopropyl-5-methvl-cvclohexane) (24)

A solution of methylenedioxybis-(2-isopropyl-5-methyl-cyclohexane) 
(24) (65 mg, 0.2 nmol) in THF (4 ml) and hydrochloric acid (0.5M) (2 ml) 
was refluxed oyemight. T.l.c. showed the conplete disappearance of 
starting material. The reaction mixture was diluted with ether (10 ml), 
extracted, and the aqueous solution re-extracted with a further yolume of 
ether (2 x 10 ml). The combined ether extracts were washed with satur­
ated aqueous sodium hydrogen carbonate solution (30 ml), water (30 ml) 
and dried (MgSO^ ). Removal of the solvent in vacuo afforded a white 
solid in quantitative yield vAiich t.l.c. and ^H n.m.r. showed to be 
menthol.
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Preparation of 3-MenthoxvproPvne (22)^

(22 )
(-)-Msnthol (6.0g, 38 irmol) was added to a suspension of sodium

hydride^ (1.14g, 38 nmol) in DMF^ (15 ml), under nitrogen. The mixture 
was stirred until the evolution of hydrogen had ceased and was then 
warmed to 50°C over Ih, followed by stirring for a further 2h at this 
temperature. After this time, propargyl bromide (3.9 ml, 35 mmol) in DMF 
( 6 ml) was added dropwise, when an immediate brown colouration was 
observed. The reaction mixture was stirred for 5h at 50°C, then poured 
into water (100 ml) and acidified. The aqueous solution was extracted 
with ether (3 x 100 ml), the combined ether extracts were filtered,
washed successively with water ( 300 ml ), sodium thiosulphate solution 
(300 ml), brine (300 ml), water (300 ml) and dried {1^0^). The solvent
was removed in vacuo and after flash chromatography (7:3 petroleum ether-
ether), 3-menthoxvpropvne (22) was obtained as an oil (3.48g, 47%). 
[Further purification by Kugelrohr distillation (110°C at 5 nmHg) yielded 
a colourless oil.]

Rf 0.59 (7:3 petroleum ether-ether);
C1 3 H2 2 O requires C 80.35%, H 11.41%, N 0.00%,

found C 80.26%, H 11.35%, N 0.00%.
Sh (300 MHz; C D C I3 )  0.73-1.68 (16H, m), 2.08-2.28 (2H, m), 2.37 (IH, 

t, J = 2.4 Hz, H-1),^ 3.27 (IH, td, J = 10.5, 4.2 Hz, H-1'), 4.14 (IH,
dd, J = 15.8, 2.4 Hz, H-3), 4.22 (IH, dd, J = 15.8, 2.4 Hz, H-3);

Sg (75 MHz; CDCI3 ) 16.24, 21.00, 22.33, 23.34, 25.43, 31.50, 34.50,
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39.85, 48.23, 55.24, 73.46, 78.06.
M/Z 194 138(52), 123(27), 109(100).

Notes
1. Adapted literature procedure see Ref. 34.
2. The sodium hydride was washed free of oil using petroleum ether

60-80°C.
3. Distilled at reduced pressure, prior to use.
4. Decoupling at S2.37 caused the signals at S4.14 and S4.22 to collapse

to doublets.
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Preparation of Menthoxv-1.2-propadiene (23)^

(22) (23)

Freshly sublimed potassium tert-butoxide (0.90g, 8  nmol) was added to 
a solution of 3-menthoxypropyne (22) (1.38g, 7.1 nmol) in tert-butyl
alcohol2 (20 ml), under nitrogen, and the mixture stirred at 83°C, for 
6 h, after which time t.l.c. showed the complete disappearance of starting 
material. The mixture was poured into water (50 ml) and the aqueous 
solution extracted with ether (4 x 40 ml). The combined ether extracts 
were dried (MgSO^), and the solvent removed in vacuo to give menthoxv- 
1,2-propadiene (23) as a yellow oil (1.02g, 74%).^

Rf 0.69 (7:3 petroleum ether-ether);
(90 MHz; CDCI3) 0.55-2.35 (21H, m),< 3.45 (IH, td, J = 10.5, 4.5 

Hz, H-1'), 5.35 (2H, d, J = 6 Hz, H-3), 6.55 (IH, t, J = 6 Hz, H-1);

Notes
1. See Ref. 29.
2. Distilled from magnesium and iodine prior to use.
3. The crude yield is quoted as the allene could not be distilled and 

decomposed on a silica gel flash chromatography column. It proved to 
be very unstable, even at a tenperature of -30°C, overnight.

4. Should be 18H.
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Preparation of 3-Mvrtoxvpropvne (25)

(25)

Using the same procedure as for the preparation of (22),  ̂ (-)-trans- 
myrtanol (2.07 ml, 13 mmol) was added to sodium hydride (0.39g, 13 mmol) 
in DMF (15 ml) and quenched with propargyl bromide (1.3 ml, 11 mmol) in 
DMF (3 ml). Work-up afforded a brown viscous oil which after distilla­
tion (170°C at 0.4 mmHg) and flash chromatography (19:1 petroleum ether- 
ether) gave 3-mvrtoxvpropvne (25) as a colourless oil (0.94g, 38%).

Rf 0.65 (7:3 petroleum ether-ether);
Sh (90 MHz; CDCls) 0.85 (3H, s, CH3 ), 1.00-2.35 (16H, m),2 2.4 (IH, 

t, J ca. 2 Hz, H-1), 3.3 (2H, d, J ca. 7.5 Hz, H-1'), 4.05 (2H, d, J ca. 
2 Hz, H-3).

Notes
1. See p.95.
2. Should be 13H.
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Preparation of Mvrtoxv-1,2-propadiene (26)

(25) (2 6 )

Using the same procedure as for the preparation of (23),i freshly 
sublimed potassium tert-butoxide (0.60g, 5.4 nmol) was added to a solu­
tion of 3-myrtoxypropyne (25) (0.94g, 4.9 nmol) in tert-butyl alcohol (15 
ml). After stirring, at 83°C, under nitrogen, until t.l.c. indicated the 
disappearance of starting material, the reaction mixture was subjected to 
work-up to give mvrtoxv-1 ,2-propadiene (26) as an oil (0.78g, 83%).%

Rf 0.76 (7:3 petroleum ether-ether);
(90 MHz; CDCI3) 0.85 (3H, s, CH3), 1.15-2.6 (17H, m),^ 3.35 (2H,

d, J ca. 7.5 Hz, H-1'), 5.35 (2H, d, J ca. 6 Hz, H-3), 6.65 (IH, t, J ca. 
6  Hz, H-1).

Notes
1. See p.97.
2. The allene was unstable to purification techniques - it decomposed on 

a silica gel flash chromatography column and on distillation.
3. Should be 13H.
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Preparation of 1,2-0-Isopropvlidene-l, 2-dihvdroxv-3- ( 2-propvnvl-l-oxv ) -
propane (27)

(27)

Using the same procedure as for the preparation of (22),  ̂ 1,2-0-iso- 
propylidene-1,2,3-trihydroxy-propane^ (lOg, 76 mmol) in DMF (15 ml) was 
added to sodium hydride (2.28g, 76 mmol) in DMF (20 ml)^ and quenched
with propargyl bromide (8.4 ml, 76 mmol) in DMF (10 ml). Work-up
afforded a brown oil which after Kugelrohr distillation (ca. 16 mmHg)
gave 1,2-Q-isopropvlidene-l, 2-dihvdroxv-3- ( 2-propvnyl-l-oxv) -propane ( 27 ) 
as a colourless liquid (5.8g, 45%).

Rf 0.63 (ether);
S„ (300 MHz; CDCI3 ) 1.36 (3H, d, J = 0.6 Hz, Œ3), 1.43 (3H, d, J =

0.5.Hz, CH3), 2.46 (IH, t, J = 2.4 Hz, H-3'), 3.57 (IH, dd, J = 9.7, 5.4 
Hz), 3.61 (IH, dd, J = 9.7, 5.7 Hz), 3.75 (IH, dd, J = 8.3, 6.3 Hz), 4.07 
(IH, dd, J = 8.3, 6.4 Hz), 4.19 (IH, dd, J = 15.8, 2,4 Hz, H-1'), 4.24 
(IH, dd, J = 15.8, 2.4 Hz, H-1'), 4.30 (IH, m, H-2);

Sg (75 MHz; CDCI3) 25.4(q), 26.7(q), 58.6(t), 6 6 .6 (t), 70.7(t),
74.4(s), 74.7(d), 79.3(d), 109.4(s);

M/Z 171 (M^ +1, 4), 155(81), 117(25), 101(100).

Notes
1. See p.95.
2. The alcohol is racemic. Prepared by Dr. M. R. Selim who kindly left 

this compound after completing his work, see Ref. 136.
3. Procedure altered in that the reaction mixture was heated to 70°C 

rather than 50°C.
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Preparation of 1.2-0-IsoproPvlidene-l,2-dihvdroxy-3-(1.2-propadienvl-l-
oxy)-propane (28)

0 ^ 0  0  ̂'0

5
(27) (28)

Using the same procedure as for the preparation of (23),i freshly 
sublimed potassium tert-butoxide (1.51g, 13.5 mmol) was added to a solu­
tion of 1 ,2 -0 -isopropylidene-l, 2 -dihydroxy-3- ( 2 -propynyl-l-oxy ) -propane
(27) in tert-butyl alcohol (20 ml). After stirring, at 83°C, under 
nitrogen, until t.l.c. indicated the disappearance of starting material, 
the reaction mixture was subjected to work-up to give the crude allene. 
Kugelrohr distillation (125°C at 15 mmHg) afforded a pale yellow liquid 
(1.70g, 85%) vAiich after further purification by flash chromatography 
(1:1 petroleum ether-ether) gave 1.2-0-isopropvlidene-l,2-dihvdroxv-3- 
( 1 ,2 -propadienvl-l-oxv ) -propane ( 28 ) as a colourless liquid (1 .1 2 g, 
56%).2

Rf 0.75 (ether);
S„ (90 MHz; CDCI3) 1.35 (3H, s, Œ3), 1.45 (3H, s, CH3), 3.5-4.5 (5H, 

m), 5.45 (2H, d, J ca. 6  Hz, H-3'), 6.75 (IH, t, J ca. 6  Hz, H-1').

Notes
1. See p.97.
2. The allene proved to be more stable than (23) and (26) prepared 

previously, although distillation and flash chromatography did not 
completely purify it.
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Deutération of 1,2-0-Isopropvlidene-l, 2-dihvdroxy-3- ( 1.2-propadienvl-l-
oxv)-propane (28)

( 2 8  ) ( 2 9 )

n-Butyllithium^ (190 ul, 0.5 mmol) was added dropwise to a solution 
of 1,2-0-isopropylidene-l, 2-dihydroxy-3- ( 2-propynyl-l-oxy ) -propane ( 28 ) 
(56 mg, 0.3 mmol) in THF (1 ml), under nitrogen, at -78°C. The yellow 
solution was left stirring at this temperature for 1 ^  h and then 
quenched with a 1:1 D2O/THF mixture. After allowing to warm to room
temperature over Ih, the solution was poured into water and the aqueous 
solution extracted with ether (2 x 10 ml). The combined ether extracts 
were dried (MgSO^) and the solvent removed in vacuo to leave the crude 
deuterated product. 2  

Rf 0.73 (ether);
(90 MHz; CDCI3) 1.35 (3H, s, CH3), 1.45 (3H, s, CH3), 3.5-4.5 (5H, 

m), 5.45 (2H, s, H-3').

Notes
1. n-Butyllithium was 2.6M by titration.
2. No purification was attempted.
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Preparation of Diastereoiscxners (30a) and (30b)^

.0

(28 ) (30a) (30b)

n-Butyllithium^ (1.13 ml, 29 mnol) was added dropwise to a solution 
of 1,2-0-isopropylidene-l, 2-dihydroxy-3- ( 1,2-propadienyl-l-oxy ) -propane
(28) (500 mg, 29 mmol) in THF (2^ ml), under nitrogen, at -78°C. After 
stirring for 1 ^  h at this temperature, benzaldehyde (0.3 ml, 29 mnol)^ 
in THF (^ ml) was added and the mixture slowly allowed to warm to room 
temperature. After Ih, the reaction mixture was quenched with water, the 
aqueous solution extracted with ether (2 x 15 ml), the combined ether 
extracts dried (MgSO^) and the solvent removed in vacuo. The crude 
product was purified by flash chromatograjdiy (1 : 1  petroleum ether-ether) 
to give the diastereoisomers (30a) and (30b) as an oil (583 mg, 72%) and 
a (1 :1 ) mixture.

Rf 0.26 (1 : 1  petroleum ether-ether);
Sh (300 MHz; CDCI3 ) 1.30 (6H, s, CH3 ),® 1.34 (6H, s, Œ 3 ),® 3.20 (IH, 

brd, J ça. 5 Hz, OH), 3.25 (IH, brd, J ça. 5.5 Hz, OH), 3.52 (IH, dd, J = 
5.8, 3.1 Hz), 3.55 (IH, dd, J = 5.8, 3.0 Hz), 3.59-3.66 (4H, m),® 3.90 
(IH, dd, J = 8.3, 6 . 6  Hz), 3.91 (IH, dd, J = 8.4, 6.5 Hz), 4.23 (2H, 
br.quin, J ça. 5.8 Hz, H-2),® 5.22 (2H, brs),® 5.49 (4H, 2d, J ça. 2 Hz), 
7.21-7.40 (lOH, m, CgHg);®

Sc (75 MHz; CDCI3) 25.22(q),® 26.61(q),® 66.46(t),® 69.41(t),®
72.75(d), 72.91(d), 73.61(d),® 92.76(t), 93.03(t), 109.43(s),®
126.54(d),® 127.64(d),® 127.98(d),® 134.75(s), 135.00(s), 140.94(s),®
196.86(s), 196.98(s).
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Notes
1. The diastereoisomers are arbitrarily assigned (30a) and (30b).
2. n-Butyllithium was 2.6M by titration.
3. Washed with aqueous sodium hydrogen carbonate, dried (^^SO^ ), then 

distilled prior to use.
4. The ratio of diastereoisomers in the crude reaction mixture was 1:1 as 

measured from the n.m.r. spectrum.
5. Some decomposition occurred on the silica gel flash column.
6 . Signals common to both diastereoisomers.
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Preparation of ( - ) - ( S ) -Ethvl-2- [ ( phenvlmethoxy )methoxvl -propanoate ( 32 ) ̂

Ph

HO
H,C CO,Et

H,C

( 32

Chloromethyl benzyl ether (26.5g, 0.17 mol) was added to a stirred 
solution of (-)-(S)-ethyl lactate (lOg, 85 mmol) and N,N-diisopropyl 
ethylamine (43.7g, 0.34 mol) in dichloromethane (70 ml), under nitrogen. 
After 20h at room temperature, the mixture was poured into ice cold molar 
hydrochloric acid and the organic layer separated. The aqueous layer was 
washed with dichloromethane (3 x 70 ml), and the combined extracts washed 
successively with sodium hydrogen carbonate solution (150 ml), brine (150 
ml) and dried (MgSO^). Removal of the solvent in vacuo afforded a 
colourless oil vAiich after flash chromatography (9:1 petroleum ether- 
ether) gave ( - ) - ( S ) -ethyl-2- [ ( phenylmethoxy )methoxy] -propanoate (32) as a 
colourless oil (13.Ig, 65%).

Rf 0.23 (9:1 petroleum ether-ether);
Sy (90 MHz; CDCI3) 1.25 (3H, t, J ca. 6 Hz, CO^CH?CH^), 1.40 (3H, d,

J ca. 7 Hz, CH3), 4.15 (2H, q, J ca. 7 Hz, CO2Œ2CH3), 4.25 (IH, q, J ca.
7 Hz, H-2), 4.6 (2H, s, 0 |2 Ph), 4.8 (2H, s, Œ 2 0 CH2 Ph), 7.25 (5H, s,
CgHs).

Notes
1. Known compound and literature procedure see Ref. 137.

-105-



Preparation of fS)-2-f(phenvlmethoxv^inethoxvl-propan-l-ol (331^

Ph H Ph H

H,C H,C
(32 ) (33)

A solution of ( - ) - ( S ) -ethyl-2- [ ( phenylinethoxy )methoxy ] -propanoate 
(32) (8.7g, 36 mmol) in ether was added to a stirred suspension of
lithium aluminium hydride (1.37g, 36 nmol) in ether (40 ml), under 
nitrogen, so as to maintain a gentle reflux. After a further Ih of
refluxing, the reaction mixture was cooled and a saturated aqueous 
solution of sodium carbonate was added until the effervescence ceased. 
The dense, white solid was filtered and after careful washing with ether 
(60 ml), it gave a colourless solution which was washed successively with 
cold hydrochloric acid (80 ml), sodium hydrogen carbonate solution (80 
ml), brine (80 ml) and dried (MgSO^). The solvent was removed in vacuo 
to give an oil, which after flash chromatography (1 : 1  petroleum ether- 
ether), gave ( S ) -2-[ (phenylmethoxy)methoxy]-propan-l-ol (33) as a colour­
less oil (5.5g, 77%).

Rf 0.38 (1:1 petroleum ether-ether);
Sy (90 MHz; CDCls) 1.15 (3H, d, J ca. 6  Hz, CHg), 2.50 (IH, brs, CH), 

3.5 (2H, brd, J ca. 6 Hz, CH^CH), 3.65-3.90 (IH, m, H-2), 4.6 (2H, s, 
PhŒz)/ 4.8 (2H, s, ŒsOŒjPh), 7.3 (5H, s, CgHg).

Notes
1. Known compound and literature procedure see Ref. 137.
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Preparation of 3- f 2- F ( Phenvlmethoxy )methoxv 1 propoxv 1 -propvne f 34 )

Ph H Ph H

H3C H,C

(33) 1341

Using the same procedure as for the preparation of (22) , 1 (S)-2- 
[(phenylmethoxy)methoxy]-propan-l-ol (33) (V.llg, 36 nmol) in DMF (10 ml) 
was added to sodium hydride (1.05g, 35 mmol) in DMF (15 ml) and quenched 
with propargyl bromide (3.9 ml, 35 mmol) in DMF (10 ml). Work-up 
afforded the crude product which after purification by flash chromato­
graphy (3:2 petroleum ether-ether) and Kugelrohr distillation (160°C at
0.4 mmHg) gave 3-F2-F(phenvlmethoxy)methoxv 1 propoxv 1 -propvne (34) as a 
colourless liquid (4.Olg, 47%).

Rf 0.48 (3:2 petroleum ether-ether);
Sy (300 MHz; CDCI3) 1.22 (3H, d, J = 6.4 Hz, Œ3), 2.42 (IH, t, J =

2.4 Hz, H-1), 3.54 (2H, d, J = 5.1 Hz, H-1'), 3.99 (IH, m, H-2'), 4.17 
(IH, dd, J = 15.5, 2.4 Hz, H-3), 4.22 (IH, dd, J = 15.5, 2.4 Hz, H-3), 
4.61 (IH, d, J = 11.7 Hz, PhO^), 4.66 (IH, d, J = 11.7 Hz, PhCH? ), 4.84 
(2H, s, ŒgOCHzPh), 7.28-7.36 (5H, m, CgHg);

Sc (75 MHz; CDCI3 ) 17.35(q), 58.61(t), 69.34(t), 71.87(d), 73.72(t), 
74.45(d), 79.66(s), 93.36(t), 127.59(d), 127.87(d), 128.35(d), 137.93(s).

Notes
1. See p.95.

-107-



Preparation of l-r2-r(Phenvlmethoxv)methoxv1proDoxv1-1.2-propadiene (31)

Ph H Ph H

^ 0 ^ 0 '  
H.C H,C

0
I
II

13 4 1 131)

Using the same procedure as for the preparation of (23),i freshly 
sublimed potassium tert-butoxide (1.08g, 9.6 mmol) was added to a
solution of 3-[2-[(phenylmethoxy)methoxy]propoxy]-propyne (34) (2g, 8.5 
nmol) in tert-butyl alcohol (15 ml). After stirring, at 83°C, under 
nitrogen, until t.l.c. had indicated the disappearance of starting 
material, the reaction mixture was subjected to work-up. The crude 
product was purified by flash chromatography (3:2 petroleum ether-ether) 
to give 1 -F2 -f (phenvlmethoxy)-methoxv 1propoxv1 -l,2 -propadiene (31) as a 
colourless liquid (1 .6 g, 80%).^

Rf 0.54 (3:2 petroleum ether-ether);
Sy (90 MHz; CDCI3) 1.2 (3H, d, J ca. 6 Hz, Œ3), 3.55 (2H, d, J ca. 

6 Hz, H-1'), 4.05 (IH, m, H-2'), 4.55 (2H, s, PhCH?), 4.8 (2H, s, 
ŒsOCHsPh), 5.4 (2H, d, J ca. 6  Hz, H-3), 6.85 (IH, t, J ca. 6 Hz, H-1), 
7.25 (5H, s, CgHs).

Notes
1. See p.97.
2. Seme decomposition occurred whilst on the silica gel flash column.
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Preparation of Benzenesulphinvl chloride^
The sodium salt of benzenesulphinic acid (21.9g, 0.13 mol) was added 

portionwise to thionyl chloride^ (73 ml, 1 mol), with the exclusion of 
moisture at room temperature. The resulting yellow, viscous oil was 
stirred for 2h and the excess thionyl chloride removed in vacuo. After 
the addition of ether (30 ml) and the filtration of the inorganic 
material under a 'nitrogen blanket' the solvent was removed in vacuo to 
give benzenesulphinyl chloride as a peile yellow oil^ (1 2 .5g, 60%).

Notes
1. Known compound and literature procedure see Ref. 72.
2. Freshly distilled from linseed oil.
3. Used crude in the next stage.

Attempted Preparation of (-)-Menthvl (-)-(S)-benzenesult^iinate^
Pyridine (12.7 ml, 157 nmol) and a solution of (-)-menthol (12.Olg, 

77 mmol) in ether (125 ml) was added to a solution of benzenesulphinyl 
chloride (12.5g, 78 mmol) in ether (125 ml) and the mixture stirred at 
room temperature overnight. The pyridinium hydrochloride was filtered 
and washed with ether and the filtrate washed consecutively with water 
(4 X 50 ml), 10% hydrochloric acid (4 x 50 ml), water (2 x 50 ml) and 
dried (b̂ rSÔ ). The solvent was removed in vacuo to give a colourless 
oil. The oil, however, proved almost impossible to crystallize using a 
variety of techniques, and only a small yield of (-)-menthyl (-)-(S)- 
benzenesulphinate was obtained in the crystalline form.

Notes
1. Known compound and literature procedure, see Ref. 72.
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Preparation of p-Tolvlsulphinvl chloride^
Thionyl chloride^ (104 ml, 1.43 mol) was dissolved in an equal volume 

of ether and the sodium salt of p-toluenesulphinic acid (40g, 0.19 mol) 
added portionwise, under a nitrogen atmosphere. After the addition was 
complete, the reaction mixture was warmed gently over a period of 2 h, 
with stirring, after which time the evolution of gases had stopped. The 
excess thionyl chloride and solvent were removed in vacuo and the residue 
redissolved in petroleum ether then filtered to remove any inorganic 
solids. The solvent was removed in vacuo to give p-tolylsulphinyl 
chloride as a yellow oil* (25.8g, 78%).

Notes
1. Known compound and adapted literature procedure, see Ref. 138.
2. Freshly distilled from linseed oil.
3. Used crude for next stage.
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Preparation of (-)-Menthvl f-)-fS)-p-toluenesuli^iinate (38)^
A solution of p-tolylsulphinyl chloride (30g, 172 mmol) in ether (75 

ml) was added dropwise to a stirred solution of (-)-menthol (22.6g, 145 
mmol) and pyridine (21 ml, 260 mmol) in ether (150 ml), at 0°C, under 
nitrogen. Once the addition was complete, the mixture was cdlowed to 
warm to room temperature and left stirring overnight. After decomposi­
tion with water ( 1 0 0  ml), the organic layer was separated, washed with 
20% aqueous hydrochloric acid (3 x 50 ml), water ( 100 ml) and dried 
(l̂ fS0 4 ). Removal of the solvent in vacuo gave a solid which was 
recrystallized from hot acetone as colourless crystals. The mother
liquor was concentrated and redissolved in hot acetone with 3-4 drops of 
concentrated hydrochloric acid and again cooled to afford additional 
crystals. This process was repeated twice and the combined crystals were 
recrystallized from 15% aqueous acetone to give (-)-menthyl (-)-(S)-p- 
toluenesulphinate (38) as colourless needles (17.8g, 41.8%) m.p.
106-107°C (lit.72 108°C);

[a]|) -198* (2.0 in acetone) (lit.72 -200*).

Notes
1. Known compound and adapted literature procedure, see Refs. 35 and 72.
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Preparation of (-)-2-f f R)-p-Tolvlsulphinvl1-propene (88)^

®0 .V
(8 8 )

Magnesium turnings (67 mg, 2.8 nmol) and a crystal of iodine were 
covered with the minimum of THF, under nitrogen. 2-Bromopropene (240 ul,
2.7 nmol) was added so as to maintain a steady reflux, followed by a 
further volume of THF (10 ml) and the reaction mixture refluxed for Ih. 
(-)-Menthyl (-)-(S)-p-toluenesulphinate (38) (600 mg, 2.04 mmol) in THF 
( 8 ml) was added to the formed Grignard reagent and the mixture left to 
stir at room temperature for 20h, followed by a reflux for llh. The 
reaction mixture was then quenched with saturated aqueous ammonium 
chloride solution, the aqueous solution extracted with ether (2 x 40 ml), 
and the combined extracts dried (K2 CO3 ). Removal of the solvent in vacuo 
followed by purification by flash chromatography (7:3 ether-petroleum 
ether) gave (-)-2-[ (R)-p-tolylsulphinyl]-propene (8 8 ) as an oil (171 mg, 
47%) (lit.72 75%).

Rf 0.25 (7:3 ether-petroleum ether);
Sy2 (90 MHz; CDCI3 ) 1.7 (3H, s, CH3 ), 2.35 (3H, s, CH3 ), 5.5 (IH, s 

with fine coupling, H-1), 5.9 (IH, s, H-1), 7.15-7.5 (4H, q, C&H,).

Notes
1. Known compound and literature procedure, see Ref. 72.
2. Values consistent with literature, see Ref. 72.
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Preparation of (-f-)-(E) and (-)-(Z)-2-Phenvl-l-r (R)-P-tolvlsulphinvn- 
ethylene (53b)^ and (53a)^ respectively^

®0 . ®0

■Ph P h '
(53b) (53al

Magnesium turnings (0.46g, 19 nmol) and a crystal of iodine were 
covered by the minimum of THF, under nitrogen. ^-Bromostyrene^ (0.6 ml,
4.7 nmol) was added dropwise, and an immediate reaction was evident. The 
remainder of the halide (1.7 ml, 13.3 mmol) was added in THF (10 ml) so 
as to maintain a gentle reflux, after vhich time a further volume of IHF 
(10 ml) was added. The mixture was stirred under reflux for a further 
3h. After allowing to cool, the formed Grignard reagent was added drop- 
wise to a solution of (-)-menthyl (-)-(S)-p-toluenesulphinate (38) (4.2g, 
14 mmol) in benzene (25 ml). After stirring at room tenperature, for 2h, 
the reaction mixture was quenched with saturated aqueous amnonium 
chloride solution, the solution extracted with chloroform (3 x 75 ml), 
the combined chloroform extracts dried (MgSO^) and the solvent removed in 
vacuo to give a crude solid. Flash chromatography (4:1 ether-petroleum 
ether) and recrystallization'^ (both isomers from petroleum ether), gave 
(+) - ( E ) -2-phenyl-l- [ (R) -p-tolylsulphinyl ] -ethylene (53b) as a white solid 
(1.66g, 49%) m.p. 78-79°C (lit.®^ 82°C) and (-)-(Z)-2-phenyl-l-[(R)-p- 
tolylsulphinyl]-ethylene (53a) as yellow needles (0.49g, 14.5%) m.p. 
48-51°C (lit.®3 52-52.5^0.

(53b)
[a]o = +162.5° (2.1 in CHCI3 ); (lit.®° +166°);
Rf 0.36 (4:1 ether-petroleum ether);
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^max (CH2 CI2 ) 3030W, 2970w, 2860w, 1610w, 1595w, 1575w, 1490m, 1445m, 
1255m, 1175w, 1085s, 1045brs (S=0), 1015m, 965s, 895w, 870m, 810s, 790m, 
690brs, 620w;

Sh (300 MHz; CDCI3) 2.40 (3H, s, CH3), 6.81 (IH, d, Ĵ rans = 15.5 Hz, 
H-1), 7.25-7.59 (lOH, m);

Sg (75 MHz; CDCI3) 21.39(g), 124.84(d), 127.67(d), 128.81(d),
129.67(d), 130.08(d), 133.04(d), 133.75(s), 135.89(d), 140.66(s),
141.67(s);

M/Z 242 (M*-), 226(100), 211(45), 194(31), 179(21), 178(34), 166(12), 
135(22), 121(22), 103(16).

(53a)
[a]o = -700° (2.06 in CHCI3); (lit.®® -736°);
Rf 0.26 (4:1 ether-petroleum ether);
Vjnax (CH2 CI2 ) 3020m, 2970m, 2860w, 1605s, 1595s, 1575m, 1490s, 1445m, 

1395m, 1300W, 1205m, 1175m, 1085s, 1045brs (S=0), 1015s, 920m, 810s, 
720brs;

S„ (300 MHz; CDCI3) 2.39 (3H, s, Œ3), 6.43 (IH, d, Jds = 10.6 Hz, 
CH=CH), 7.08 (IH, d, J^s = 10.6 Hz, CH=CH), 7.26-7.58 (9H, m);

Sc (75 MHz; CDCI3) 21.34(g), 124.32(d), 128.60(d), 129.41(d),
129.73(d), 130.04(d), 133.83(s), 137.09(d), 138.34(d), 141.34(s),
141.48(s);

M/Z 242 (M̂ -), 226(100), 211(46), 194(35), 179(23), 178(35), 166(13), 
135(25), 121(24), 103(20).

Notes
1. Known compounds, see Ref. 63 (^H n.m.r., m.p. and [«]q consistent with 

the literature.
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2. Adapted procedure, see Ref. 71.
3- Obtained from Aldrich as a (11:1) mixture of (E):(Z) isomers as 

measured by g.l.c.
4. An initicil recrystallization from isopropyl ether (passed through an 

alumina column) was sometimes necessary.

General Procedure for the Generation of LDA^
Diisopropylamine^ (210 ul, 1.5 mmol) was added to a flask containing 

THF (7 ml) under a nitrogen atmosphere, at 0-5°C. n-Butyllithium° (600
1.5 mmol) was added dropwise to the solution, with stirring. The LDA 

solution was left stirring for 20 mins at 0-5°C before use.^

Notes
1. Literature procedure, see Ref. 139.
2. Distilled from sodium hydroxide pellets, prior to use.
3. n-Butyllithium was 2.5M by titration.
4. Unless stated otherwise, the LDA solution was cooled to -78°C and the 

reagent to be deprotonated added dropwise to it.
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Preparation of ( E ) -l-Phenvl-2-f ( R ) -p-tolvlsulphinvl 1 -propene ( 89 )

®0 ®0 .
^Mep-Tol̂ ®'S|  ^ p-Tol̂ ®"̂

^Ph ^Ph
(53b) ( 8 9 )

( + ) - ( E ) -2-Phenyl-l- [ ( R ) -p-tolylsulphinyl ] -ethylene (53b) (200 mg,
0.83 mmol) in THE (5 ml) was acMed dropwise to a preformed solution of 
LDA^ (1.0 mmol) in THF (5 ml), under nitrogen, at -78°C. An immediate 
brown colouration was observed and after only a few minutes methyl iodide 
(260 ul, 4.2 imol) in IHF (1 ml) was added. The reaction was stirred for
a further 2h at -78°C, quenched with saturated aqueous ammonium chloride
solution, extracted with chloroform (3 x 25 ml), and the combined chloro­
form extracts dried (MgSO^). The solvent was removed in vacuo and after 
flash chromatography (ether) and recrystallization^ (petroleum ether), 
( E ) -l-phenvl-2- r ( R ) -p-tolvlsulphinvl 1 -propene ( 89 ) was obtained as a 
white solid (118 mg, 56%), m.p. 74-76°C.

Rf 0.39 (4:1 ether-petroleum ether);
CieHieOS requires C 74.96%, H 6.29%, N 0.00%,

found C 75.00%, H 6.02%, N 0.20%.
VjT̂ ax (CH2 CI2 ) 3050s, 2980s, 1595m, 1490s, 1445s, 1420s, 1265brs, 

1210m, 1180m, 1100m, 1080s, 1055s (S=0), 1015s, 960m, 925m> 895s, 810s, 
735brs;

Sh (300 MHz; CDCI3) 1.89 (3H, d, J = 1.4 Hz, Œ3), 2.39 (3H, s, CH3), 
7.26-7.56 (lOH, m);

Sg (75 MHz; CDCI3) 10.47(g), 21.24(g), 125.10(d), 128.24(d),
128.40(d), 129.14(d), 129.70(d), 131.64(d), 134.62(s), 139.52(s),
141.27(s), 142.11(s);
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M/Z 256 (M+), 240(72), 225(25), 208(27), 181(29), 140(20), 124(15), 
117(45), 115(100).

Notes
1. See p.115.
2. An initial recrystallization from isopropyl ether may be necessary.
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Preparation of ( + )-(S)-(E) and (+)-(R)-(E)-4-Phenvl-3-r (S)-p-tolvl-
sulphinvll-3-buten-2-ol (153a) and (153b)^ from (53b)

\  / •  /  y  H ..HO H

p-Tol'̂ î l p-Tol'̂ ©̂  p-Tol̂ ®'̂
^ P h  ^ P h  ^Ph

(53b) (153a) (153b)

Using the same procedure as for the preparation of (89)^ ( + )-(E)-2- 
phenyl-l-[(R)-p-tolylsulphinyl]-ethylene (53b) (200 mg, 0.83 mmol) was 
deprotonated with LDA (1.0 nmol) and quenched with acetaldehyde® (280 
5.0 mmol). After standard work-up, the crude reaction mixture^ was
purified by use of a ' chromatotron ' (1 : 1  ethyl acetate-petroleum ether)
to give ( + )-(S)-(E) and ( + )-(R)-(E)-4-phenvl-3-[ (S)-p-tolvlsulphinvl 1 -3- 
buten-2-ol (153a) and (153b) as colourless oils (80 mg, 34%) and (43 mg, 
18%)® respectively.

(153a)
[a]o = +11.5° (1.6 in CHCI3 );
Rf 0.31 (ether);
^max (CH2 CI2 ) 3320brm (CH), 3020w, 2970m, 2920m, 1595m, 1490m, 1445m, 

1370m, 1110m, 1080s, 1030brs (S=0), 1010s, 925m, 880m, 810s, 620m;
S„ (300 MHz; CDCI3) 0.91 (3H, d, J = 6.7 Hz, Œ3), 2.39 (3H, s, CH3 ), 

3.42 (IH, brs, OH), 5.07 (IH, brm, H-3), 7.25-7.72 (lOH, m) ;
Sc (75 MHz; CDCI3) 21.46(g), 22.16(g), 65.46(d), 126.15(d),

128.58(d),® 129.69(d), 129.90(d), 131.25(d), 134.06(s), 140.54(s),
141.89(s), 148.90(s);

H.p.l.c. ; Rf (Partisil PXS 10/25, 7:3 petroleum ether-ethyl acetate, 
3 cm° min“ )̂ 8.3 mins;
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CiyHieOzS requires 286.1027
found 286.1029.7

(153b)
[a]p = +101 (1.9 in CHCI3 );
Rf 0.33 (ether);
^max (CH2 CI2 ) 3360brw (OH), 2970w, 2920w, 1595w, 1490m, 1450w, 1375w, 

1250m, 1110m, 1075s, 1035brs (S=0), 1010s, 880w, 810s, 690brs;
(300 mz; CDCI3 ) 1.36 (3H, d, J = 6.7 Hz, CH3 ), 2.37 (3H, s, CH3 ),

2.60 (IH, brs, OH), 5.02 (IH, brm, H-3), 7.20-7.64 (lOH, m);
Sc (75 MHz; CDCI3) 21.42(g), 22.42(g), 65.86(d), 125.61(d),

128.61(d), 128.78(d), 129.55(d), 130.00(d), 132.57(d), 133.91(s),
141.09(s), 141.72(s), 147.58(s);

H.p.l.c. ; Rf (Partisil PXS 10/25, 7:3 petroleum ether-ethyl acetate, 
3 cm° min"'̂ ) 6.4 mins;

C1 7 H 1 8 O2 S requires 286.1027
found 286.1014.7

Notes
1. The assignment of the diastereoisomer shown to that particular set of 

experimental data is arbitrary.

2. See p. 116.
3. Fractionally distilled under nitrogen prior to use.
4. The diastereomeric ratio as measured from the crude reaction mixture 

by h.p.l.c. was (153b):(153a), 1:1.2.
5. ( 8  mg, 2%) of the dimer (91) were also isolated as a white solid.
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p - T o I - t ^

p

(91)

•Ph

Rf 0.17 (ether);
Vniax (CH2 CI2 ) 3030W, 2950m, 2920m, 2870w, 1720m, 1595w, 1490m, 1445w, 
1395W, 1380W, 1270bnn, 1120brw, 1085s, 1045s (S=0), 1015m, 810s;

(300 MHz; CDCI3) 2.33 (3H, s, CH3), 2.38 (3H, s, CH3), 3.16 (IH, 
dd, J = 13.1, 4.7 Hz), 3.43 (IH, dd, J = 13.1, 10.8 Hz), 4.82 (IH, dd, 
J = 10.7, 4.7 Hz), 7.05-7.54 (19H, m);
Sg (75 MHz; CDCI3) 21.34(q), 21.40(q), 39.03(d), 60.99(t), 124.30, 
125.64, 127.41, 128.50, 128.62, 128.65, 128.71, 129.04, 129.72,
129.85, 132.99, 134.15, 136.83, 140.08, 140.88, 141.57, 141.63,
147.22.

6 . Very intense signal. On comparison with n.m.r. spectra of 
analogous compounds, it is probable that two peaks are coincidental.

7. Detected as the (MfH)+ species. The observation of these (M+H)+ 
species is due to an effect vÆiich is sometimes observed in the ion 
source of the spectrometer.
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Preparation of ( + )-(S)-(E) and ( + )-(R)~(E)-4-Methvl-l-phenvl-2-r(S)-p-
tolvlsulphinvn-l-penten-3-ol (154a) and (154b)^ from (53b)

y
p-Tol"^©

(53b)
Ph

P

(154a)

p -To l ©

(154b)

Using the same procedure as for the preparation of {S9) (+)-(E)-2-
phenyl-1-[(R)-p-tolylsulphinyl]-ethylene (53b) (200 mg, 0.83 irmol) was 
deprotonated with LDA (1.0 mmol) and quenched with isobutyraldéhyde^ (113
Ail, 1.2 mmol ). After standard work-up the crude reaction mixture^ was
purified by use of a 'chromatotron' (1 : 1  ethyl acetate-petroleum ether) 
to give (+)-(S)-(E) and ( + ) - ( R ) - ( E ) -4-methvl-l-phenvl-2- F ( S ) -p-tolvl­
sulphinvl 1 -l-penten-3-ol (154a) and (154b) as white solids (114 mg, 44%) 
m.p. 106-108°C and (42 mg, 16%) m.p. 133-135°C respectively.® (Both 
isomers were recrystallized from isopropyl ether.)

(154a)
[a]p = +24° (2.1 in CHCI3 );
Rf 0.32 (ether);
C1 9H2 2 O2 S requires C 72.58%, H 7.05%, N 0.00%,

found C 72.68%, H 7.13%, N 0.00%.
^max (CH2 CI2 ) 3360brm (04), 3020m, 2960s, 2920m, 2870m, 1595m, 1490m, 

1465m, 1445m, 1380m, 1300m, 1205m, 1175m, 1115m, 1080s, 1030brs (S=0), 
930m, 910m, 810s, 620m;

S„ (400 MHz; CDCI3 ) 0.56 (3H, d, J = 6.7 Hz, CH3), 0.91 (3H, d, J =
6,5 Hz, CH3 ), 2.02 (IH, m, H-4), 2.39 (3H, s, CH3 ), 2.95 (IH, d, J = 5.8 
Hz, OH), 4.12 (IH, dd, J = 9.3, 5.8 Hz, H-3), 7.20 (IH, s, H-1), 
7.25-7.65 (9H, m);
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Sç (100 MHz; CDCI3) 18.98(q), 19.06(q), 21.32(q), 31.52(d), 75.46(d), 
126.10(d), 128.32(d), 128.43(d), 129.46(d), 129.96(d), 133.12(d),
134.22(s), 139.94(s), 142.06(s), 147.13(s);

H.p.l.c.; Rf (Partisil PXS 10/25, 7:3 petroleum ether-ethyl acetate, 
3 cm^ min“ )̂ 4.5 mins;

M/Z 314 (M̂ -), 298(16), 271(100), 255(19), 213(40), 175(16), 157(73), 
140(54), 139(66), 131(37), 129(44), 115(43).

(154b)
[a]p = + 3 5 0  (2.0 in CHCI3 );
Rf 0.37 (ether);
C1 9 H2 2 O2 S requires C 72.58%, H 7.05%, N 0.00%, 

found C 72.36%, H 7.18%, N 0.02%.
^max (CH2CI2 ) 3380brw (OH), 3020w, 2960m, 2920m, 2870m, 1595w, 1490m, 

1465m, 1375W, 1365w, 1080s, 1040brs (3=0), 1015s, 810s;
(400 MHz; CDCI3 ) 0.72 (3H, d, J = 6.7 Hz, CH3 ), 0.96 (3H, d, J =

6.5 Hz, CH3 ), 1.70 (IH, d, J = 6.1 Hz, OH), 2.07 (IH, m, H-4), 2.39 (3H, 
s, CH3), 4.41 (IH, dd, J = 9.2, 6.1 Hz, H-3), 7.25 (IH, s, H-1), 
7.28-7.66 (9H, m) ;

Sç (100 MHz; CDCI3) 18.71(q), 19.10(q), 21.31(q), 32.17(d), 74.53(d), 
125.63(d), 128.50(d), 128.55(d), 129.30(d), 129.99(d), 133.29(d),
134.25(s), 141.56(s), 141.78(s), 147.20(s);

H.p.l.c.; Rf (Partisil PXS 10/25, 7:3 petroleum ether-ethyl acetate, 
3 cm^ min~^) 3.4 mins;

M/Z 314 (M*-), 298(15), 296(21), 271(100), 255(19), 225(36), 213(43), 
157(75), 140(55), 139(67), 131(36), 129(44), 115(38).
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Notes
1. The assignment of the diastereoisomer shown to that particular set of 

experimental data is arbitrary.
2. See p.116.
3. Distilled prior to use.
4. The diastereomeric ratio as measured from the crude reaction mixture 

by h.p.l.c. was (154b):(154a), 1:1.93.
5. (17 mg, 4%) of the dimer (91) (see p.119) were also isolated.
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Preparation of (+)-(S)-(E) and (-)-(R)-(E)-4,4-Dimethvl-l-phenyl-2-r(S)-
p-tolvlsulphinvll-l-penten-3-ol (94a) and (94b) respectively from (53b)

p -T o l - ^ 0

(94a) (94b)

V
p-Tol^© '^j

^Ph
63b)

Using the same procedure as for the preparation of (89),̂  (+)-(E)-2- 
pheny 1-1-[(R)-p-tolylsulphinyl]-ethylene (53b) (200 mg, 0.83 mmol) was 
deprotonated with LDA (1.0 mmol) and quenched with trimethylacetcildehyde^ 
( 220 ul, 2 mmol ). After standard work-up the crude reaction mixture^ was 
purified by use of a 'chromatotron' (1 : 1  ethyl acetate-petroleum ether) 
to give ( + )-(S)-(E) and (-)-(R)-(E)-4,4-dimethvl-l-phenvl-2-r(S)-p-tolvl- 
sulphinvl 1 -l-penten-3-ol (94a) and (94b) as white solids (130 mg, 48%) 
m.p. 145-147°C and (31 mg, 11%) m.p. 189-192°C respectively.'* (Both 
isomers were recrystallized from isopropyl ether to give white crystals. )

(94a)
[oc]p = +142° (2.0 in CHCla);
Rf 0.39 (ether);
C2 0 H2 4 O2 S requires C 73.13%, H 7.36%, N 0.00%,

found C 73.10%, H 7.52%, N <0.2%.
^max (CH2 CI2 ) 3360brm (Oi), 3020m, 2950s, 2870m, 1595m, 1490m, 1475s, 

1445m, 1395m, 1365m, 1210m, 1180m, 1080s, 1050brs (S=0), 1015s, 810s, 
620m;

Sy (300 MHz; CDCI3 ) 0.91 (9H, s, 0 (0 3 1 3)3 ), 2.39 (3H, s, Œ 3 ), 3.51
(IH, brs, OH), 4.32 (IH, brs, H-3), 7.15 (IH, s, H-1), 7.23-7.63 (9H, m);

«C (75 MHz; CDCI3 ) 21.43(q), 26.99(q), 38.21(s), 79.06(d), 126.43(d), 
128.25(d), 128.32(d), 129.70(d), 130.05(d), 132.92(d), 134.96(s),
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140.40(s), 142.07(s), 146.39(s);
H.p.l.c.; Rf (Partisil PXS 10/25, 6:1 petroleum ether-ethyl acetate,

3 cm^ min"^) 10.4 min.;
M/Z 328 (M̂ -), 272(20), 271(100), 255(31), 225(17), 140(36), 139(36), 

135(24), 131(27), 115(20).

(94b)
[a]o = -52° (2.2 in Œ C I 3 );
Rf 0.44 (ether);
C2 0 H2 4 O2 S requires C 73.13%, H 7.36%, N 0.00%, 

found C 72.98%, H 7.38%, N 0.00%.
^max (CH2 CI2 ) 3360brw (OH), 2950m, 2860m, 1595w, 1490m, 1475m, 1365w, 

1175W, 1075s, 1040brs (3=0), 1010s, 810s, 620w;
Sy (300 MHz; CDCI3 ) 0.92 (9H, s, € (^ 3 )3 ), 1.57 (IH, brs, OH), 2.39 

(3H, s, CH3 ), 4.91 (IH, brs, H-3), 7.20-7.79 (lOH, m);
H.p.l.c. ; Rf (Partisil PXS 10/25, 6:1 petroleum ether-ethyl acetate,

3 cm° rnin” )̂ 9.1 min. ;
M/Z 328 (M̂ ), 272(20), 271(100), 255(50), 238(30), 225(42), 210(20), 

140(47), 139(41), 135(39), 131(47), 115(47).

Notes
1. See p.116.
2. Distilled prior to use.
3. The diastereomeric ratio as measured from the crude reaction mixture 

by h.p.l.c. was (94b):(94a), 1:6.04.
4. A negligible amount of the dimer (91) was isolated.
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Preparation of (-h)-(S)-(E) and (+)-(R)-(E)-4-Phenyl-3-F(S)-D-tolvl-
sulphinvll-3-buten-2-ol (153a) and (153b)^ from (53a)

© r

p-Tol'^©'^

Ph^
(53a)

p -T o l

(153a)

+

(153b)

Using the same procedure as for the preparation of (89),  ̂ (-)-(Z)-2- 
phenyl-l-[(R)-p-tolylsulphinyl]-ethylene (53a) (100 mg, 0.42 mmol) was 
deprotonated with LDA (0.5 irnol) and quenched with acetaldehyde^ (100 ul, 
1.8 mmol). After standard work-up, the crude reaction mixture^ was 
purified by use of a 'chromatotron' (1 : 1  ethyl acetate-petroleum ether) 
to give (+)-(S)-(E) and (+)-(R)-(E)-4-phenvl-3-[(S)-p-tolvlsulphinvl1-3- 
buten-2-ol (153a) and (153b) as colourless oils (30 mg, 25%) and (21 mg, 
18%) respectively.® The two diastereoisomers had identical physical and 
spectral properties as (153a) and (153b) prepared previously from (53b).

Notes
1. See note 1, p.119.
2. See p.116.
3. Fractionally distilled under nitrogen prior to use.
4. The diastereomeric ratio of (153b) to (153a) was consistent with that 

as measured previously, see p. 123.
5. (10 mg, 5%) of the dimer (91) were also isolated.
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/
p -T o l p -T o l+

(154b)

Preparation of (-i-)-(S)-(E) and ( + )-(R)-(E)-4-Methvl-l-phenvl-2-r (S)-n-
tolvlsiilphinvl 1 -l-penten-3-ol (154a) and (154b)^ from (53a)

®0

P-Tol'̂ s 
Pĥ

(53a) (154a)

Using the same procedure as for the preparation of (8 9 ),̂  (-)-(z)-2- 

phenyl-1-[(R)-p-tolylsulphinyl]-ethylene (53a) (100 mg, 0.42 nmol) was 
deprotonated with LDA (0.5 mmol) and quenched with isobutyrcddehyde^ (70

0.74 nmol). After standard work-up the crude reaction mixture^ was 
purified by use of a 'chromatotron' (1:1 ethyl acetate-petroleum ether) 
to give (+)-(S)-(E) and (+)-(R)-(E)-4-methvl-l-phenvl-2-F(S)-p-tolvl- 
sulphinvl 1 -l-penten-3-ol (154a) and (154b) as white solids (46 mg, 35%) 
and (29 mg, 22%) respectively.® The two diastereoisomers had identical 
physical and spectral properties as (154a) and (154b) prepared previously 
from (53b).

Notes
1. See note 1, p.123.
2. See p.116.
3. Distilled prior to use.
4. See note 4, p.125.
5. (13 mg, 7%) of the dimer (91) ware also isolated.
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p -T o l

(94a)

p -T o l
+

(94b)

Preparation of ( + )-(S)-(E) and (-)-(R)-(E)-4,4-Dimethvl-l-phenvl-2-rfS)
p-tolvlsulphinvl 1 -l-penten-3-ol (94a) and (94b) respectively from (53a)

©0
>

p -T o l

Ph-̂
(53a)

Using the same procedure as for the preparation of (89),̂  (-)-(Z)-2- 
phenyl-1-[(R)-p-tolylsulphinyl]-ethylene (53a) (70 mg, 0.29 nmol) was
deprotonated with LDA (0.36 mmol) and quenched with trimethylacetalde- 
hyde^ (80 ul, 0.74 nmol). After standard vork-up the crude reaction 
mixture^ was purified by use of a ' chromatotron ' (1 : 1  ethyl acetate-
petroleum ether) to give a mixture** of ( + )-(S)-(E) and (-)-(R)-(E)-4,4- 
dimethvl-l-phenvl-2- [ ( S ) -p-tolvlsulphinvl 1 -l-penten-3-ol (94a) and (94b) 
as a white solid (70 mg, 74%). The mixture was recrystallized from iso­
propyl ether to yield the major diastereoisomer (94a) which had identical 
physiccd and spectral properties as (94a) prepared previously from (53b).

Notes
1. See p.116.
2. Distilled prior to use.
3. See note 4, p.125.
4. It proved difficult to separate the diastereoisomers. A negligible 

yield <1% of the dimer (91) was also isolated.
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The Deprotonation and Reprotonation of (+)-(E)-2-Phenvl-l-r (R)-p-tolvl­
sulphinvl 1-ethylene (53b)

® 0  

\ /■
p -T o i

L,•Ph 

(53b)

Using the same procedure as for the preparation of (89),̂  (+)-(E)-2- 
phenyl-1-[(R)-p-tolylsulphinyl]-ethylene (53b) (200 mg, 0.83 nmol) was 
deprotonated with LDA (1.0 nmol) and then quenched with a 1:1 water/THF 
mixture. The brown colouration of the anionic solution dispersed to 
leave a yellow precipitate in solution. After 30 min. the reaction
mixture was worked-up^ and purified by recrystallization (petroleum 
ether ) to give (+) - ( E ) -2-phenyl-l- [ ( R ) -p-tolylsulphinyl ] -ethylene ( 53b ) 
as a white solid (172 mg, 8 6 %) with identical spectral characteristics 
and optical rotation ([oc]q = +165°) as the original sample. ̂

Notes
1. See p.116.
2. See p.113.
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The Isomerization of (-)-(Z)-(53a) to ( + )-(E)-2-Phenvl-l-[(R)-p-tolvl-
sulphinvll-ethylene (53b)

©0 ©,

Ph^

(53a)

p-Tol^©

(53b)
Ph

Using the same procedure as for the preparation of (89),^ (-)-(Z)-2- 
phenyl-1-[(R)-p-tolylsulphinyl]-ethylene (53a) (100 mg, 0.42 mmol) was 
deprotonated with LDA (0.5 mmol) and then quenched with a 1:1 water/THF 
mixture. T.l.c. showed the complete disappearance of the (Z)-starting 
material and after work-up and recrystallization (petroleum ether), 
(+)-(E)-2-phenyl-l-[(R)-p-tolylsulphinyl]-ethylene (53b) was obtained as 
a white solid (74 mg, 74%) m.p. 78-79°C; [ocIq = +162°.

Notes
1. See p.116.
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Attempted Reaction of (+) - ( E ) -l-Lithio-2-phenvl-l- f ( R ) -p-tolvlsulphinvl 1 -
ethylene (531) and 1-Adamantvl methyl ketone

p -T o l ©

(53b) (531

Li

Ph

no addition 
product

Using t±e same procedure as for the preparation of (89),̂  ( + )-(E)-2- 
phenyl-1-[ (R)-p-tolylsulphinyl]-ethylene (53b) (200 mg, 0.83 mmol) was 
deprotonated with LDA (1.0 mmol) and 1-adamantyl methyl ketone (162 mg,
0.91 mmol) in THF (2 ml) added. After 2h stirring at -78°C, the reaction 
mixture was allowed to warm to room temperature and t±en subjected to 
vork-up. Purification of the crude reaction mixture by use of a 
' chromatotüTon ' (1 : 1  etdiyl acetate-petroleum ether ) resulted in the
recovery of 1-adamantyl ketone (153 mg, 95% recovery), ( + )-(E)-2-phenyl-
1- [ ( R ) -p-tolylsulphinyl ] -ethylene (53b) (34 mg, 17% recovery), the
isolation of the dimer (91) (69 mg, 17%), and decomposition products.

Notes
1. See p.116.
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Attempted Reduction of (+)-(S)“(E)-4,4-Dim9thvl-l-phenvl-2-r(S)-p-tolvl-
sulphinvl 1 -l-penten-3-ol (94a) using Sodiijm Amalgam^

( + )- (S)-(E)-4,4-Dimethyl-l-phenyl-2-[ ( S ) -p-tolylsulphinyl ] -1-penten- 
3-ol (94a) (70 mg, 0.21 mmol) in methanol (10 ml) was cooled to -20°C 
under a nitrogen atmosphere. Anhydrous sodium dihydrogen phosphate (151 
mg, 1.1 nmol) and freshly ground 5% sodium amalgam (490 mg, 1.1 mmol) 
were then added with stirring. T.l.c. after 2h showed mostly starting 
material and so a further 3 equivalents of sodium dihydrogen phosphate 
and sodium amalgam were added. After 6 h the reaction mixture was 
quenched with saturated aqueous amnonium chloride solution and the 
aqueous solution extracted with dichloromethane (3 x 30 ml). The 
combined extracts were dried (MgSO^) and the solvent removed in vacuo. 
Purification by 'chromatotron' (1:1 ether-petroleum ether) yielded 
recovered starting material (30 mg, 43% recovery) and decomposition 
products.

Notes
1. See Ref. 140.
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Attempted Reduction of ( + ) - ( S ) - ( E ) -4,4-Dimethvl-l-phenvl-2-f ( S ) -p-tolvl-
sulphinvl T -l-penten-3-ol (94a) using Activated Zinc^

/

Activated zinc (0.57g, 8.7 mmol) was added to a solution of ( + )-(S)- 
( E ) -4,4-dimethyl-l-phenyl-2-[ ( S ) -p-tolylsulphinyl ] -l-penten-3-ol ( 94a )
(50 mg, 0.15 mmol) in THF (2 ml) under nitrogen. Aqueous saturated 
ammonium chloride solution ( 2 ml) was added and the reaction mixture 
stirred for 24h. T.l.c. after this time showed cxily the presence of 
starting material. The reacticxi mixture was diluted with dichloromethane 
( 1 0  ml) and the organic layer washed successively with sodium bicarbonate 
solution (10 ml), water (10 ml) and dried (MgSO^). The solvent was 
removed in vacuo to give recovered starting material (37 mg, 74% 
recovery).

Notes
1. See Ref. 109.
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Attempted Reduction of (-h)-(S)-(E)-4,4-Diniethvl-l-phenvl-2-r(S)-p-tolvl-
sulphinvl1-l-penten-3-ol (94a) using Raney Nickel^

Raney Nickel^ (720 mg, 6.1 mmol) was placed in a sealed flask under 
nitrogen. The water was drawn off and the nickel washed with absolute 
ethanol (2x) vAiich was also removed. Ethanol (3 ml) was then added to 
the flask, followed by a solution of (+)-(S)-(E)-4,4-dimethyl-l-phenyl-2- 
[(S)-p-tolylsulphinyl]-l-penten-3-ol (94a) (50 mg, 0.15 nnmol) in ethanol 
(1 ml). T.l.c. of the reaction mixture after Ih at room temperature, 
showed heavy streaking and several spots. After 20h the t.l.c. showed 
numerous spots due to decomposition products and the reaction was 
abandoned.

Notes
1. See Ref. 141.
2. Supplied by Aldrich as a 50% slurry in water.
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Reduction of ( + ) - ( S ) - ( E) -4,4-Dimet±ivl-l-phenvl-2- F ( S ) -p-tolvlsulphinvl 1 •
l-penten-3-ol (94a) to (S)-(E)-4,4~Dimethvl-l-phenvl-2-(p--tolvlthio)-l- 
penten-3-ol (98) using Aluminium Amalgam^

p - T o l ^  ©

(94a)

p -T o l

(98)

( + )- (S)-(E)-4,4-Dimethyl-l-phenyl-2-[(S)-p-tolylsulphinyl]-1- penten- 
3-ol (94a) (70 mg, 0.21 nmol) was dissolved in a 9:1 THF/H2 O mixture (4 
ml) and stirred under nitrogen at 0°C. Aluminium amalgam^ (75 mg, 2.8 
mmol)^ was added and the reaction monitored by t.l.c."* After 6 h the 
reaction mixture was quenched with water, the aqueous solution extracted 
with dichloromethane (2 x 30 ml), the extracts combined and dried 
(ĥ rSÔ ). The solvent was removed in vacuo and after purification by a 
' chromatotron ' (4:1 petroleum ether-ether ), ( S ) - ( E ) -4,4-dimethvl-l-
phenvl-2- ( p-tolvlthio ) -l-penten-3-ol ( 98 ) was obtained as a white solid 
(54 mg, 82%).

Rf 0 . 6 8  (ether);
^max (CH2 CI2 ) 3520brw (CH), 3020m, 2950s, 2860s, 1600m, 1490s, 1475s, 

1390s, 1365s, 1230m, 1210m, 1180m, 1070s, 1035s, 1015s, 920m, 810s;
(300 MHz; CDCI3) 0.93 (9H, s, 0 (0 3 1 3)3 ), 2.34 (3H, s, Œ3), 2.57 

(IH, brd, Oi), 4.78 (IH, brd, H-3), 6.57 (IH, s, H-1), 7.15-7.50 (9H, m);
Sc (75 MHz; CDCI3) 21.09(q), 26.70(q), 36.72(s), 76.45(s), 126.86(d), 

128.26(d), 128.34(d), 130.10(d), 131.84(s), 132.64(d), 134.17(d),
137.42(s), 137.70(s), 142.36(s).

Notes
1. See Ref. 85.
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2. See Ref. 142.
3. Based on the weight of aluminium used.
4. Further amounts of aluminium amalgam can be added if necessary.
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Reduction of (+) - ( E ) -2-Phenvl-l- f ( R ) -p-tolvlsulphinvl 1 -ethylene (53b) to 
(E)-2-phenvl-l-rp-tolvlthio)-ethylene (99) using Aluminium Amalgam

® 0

p -T o l'^©^1 p - T o l ^

'Ph ^Ph
(53b) (99 )

Using the same procedure as for the reduction of (94a)^ (+)-(E)-2- 
phenyl-1-[(R)-p-tolylsulphinyl]-ethylene (53b) (108 mg, 0.45 mmol) was 
reduced by aluminium amalgam (120 mg, 4.4 mmol) in 4h. After vrork-up and 
removal of solvent in vacuo, the crude white solid was purified by
'chromatotron' (petroleum ether) to give (E)-2 -phenyl-l-(p-tolylthio)- 
ethylene (99) as a white solid (85 mg, 84%).

Rf 0.77 (1:1 ether-petroleum ether);
Vmax (CH2 CI2 ) 3040m, 3020m, 2980s, 2920m, 1590m, 1485m, 1090m, 1010m, 

940s, 805s;
S„ (300 MHz; C D C I3 )  2.33 (3H, s, Œ 3 ) ,  6.63 (IH, d, Jf̂ ans = 15.5 Hz, 

CH=CH), 6.84 (IH, d, Jfrans = 15.5 Hz, CH=CH), 7.11-7.53 (9H, m);
Sc (75 MHz; C D C I3 )  21.05(g), 124.42(d), 125.86(d), 127.30(d),

128.58(d), 129.90(d), 130.45(d), 130.56(d), 131.12(s), 136.62(s),
137.18(s);

Low resolution ammonia chemical ionization mass spectrum; ̂
244(68) (Hi-NH4 ) + , 227(100 (MfH) + , 226(38).

Notes
1. See p.135.
2. Under the same conditions (53b) showed 260(48) (MfNH^)^, 243(100) 

(MfH)+, 227(21).
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Preparation of tert-Butvlsiilphinvl chloride^ (101)
tert-Butyl mercaptan (6.36g, 71 nmol) was dissolved in dichloro-

methane (30 ml) and cooled to -40°C under nitrogen. A pre-cooled (-78°C) 
suspension of m-chloroperbenzoic acid (30.2g, 175 nmol) in dichloro- 
methane (300 ml) was added in 30 ml portions every ^ 2 h with vigorous 
stirring. Once the addition was complete, the resulting white suspension 
was stirred overnight at -30°C. After cooling back to -12PC, the suspen­
sion was rapidly filtered and then the filtrate refiltered to remove all 
traces of m-chloroperbenzoic acid. The solvent was removed in vacuo and 
after drying in an evacuated desiccator (containing P2 O5 ), tert-butyl- 
sulphinic acid remained as a white solid (4.3g, 50%), [^H n.m.r. showed
SI.2 (9H, s, 0 (0 1 3 )3 ) and S10.6 (IH, s, COOH)].

To the tert-butylsulphinic acid (4g, 32.8 mmol), prepared above, was 
added thionyl chloride^ (15 ml, 206 mmol) under nitrogen at -40°C with 
stirring. After the addition was complete, the mixture was allowed to 
warm to room temperature and stirred for a further 2 h at this tempera­
ture. The excess thionyl chloride was removed in vacuo to leave the 
crude tert-butylsulphinyl chloride (101) as a yellow oil (4.3g, 93%).

Notes
1. Known compound and literature procedure, see Ref. 72.
2. Freshly distilled from linseed oil.
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Preparation of Menthvl tert-butvlsulphinate^

0
0  H

^BuSCl + ( - ) - Menthol — ► ^ O M e n th y l

( 101)

A solution of tert-butylsulphinyl chloride (101) (4g, 28.5 mmol) in 
dry ether (50 ml) was added dropwise to a stirred solution of (-)-menthol 
(4.5g, 29 mmol) in dry pyridine (15 ml) at -78°C. After 3h at this
temperature, the reaction mixture was stirred in an ice bath overnight.
A solution of 5% sodium hydrogen carbonate (50 ml) was added and the 
aqueous solution extracted with ether (75 ml); the ether extract was 
washed successively with 5% cold hydrochloric acid (100 ml), 5% sodium 
hydrogen carbonate solution ( 1 0 0  ml), brine ( 1 0 0  ml) and dried (K2 CO3 ). 
The solvent was removed in vacuo and after flash chromatography (4:1
petroleum ether-ether), menthyl tert-butylsulphinate was obtained as a 
colourless oil (4.48g, 57%) and a (1.6:1)^ inixture of diastereoisomers.

Rf 0.35 (4:1 petroleum ether-ether);
Sh (300 MHz; CDCI3) 0.76-0.94 (lOH, m), 1.18 and 1.19 (9H, s,

0 (0 1 3 )3 ), 1.24-2.30 (8 H, m), 3.93-4.00 (IH, m);
Sc (75 MHz; CDCI3) 15.3, 15.6, 20.7, 20.9, 21.8 ,̂  21.9, 22.0, 22.8, 

23.2, 25.1, 25.4, 31.4, 31.7, 33.9, 34.0, 41.9, 43.3, 48.0, 48.4, 56.6, 
57.4, 79.2, 81.8;

G.I.C.; Rt (3% 0V17, 225°C) 9.25 and 9.43 min.

Notes
1. See Ref. 72 and p.60.
2. Ratio as measured by g.l.c.
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3. Signal common to both diastereoisomers (methyl carbons of tert-butyl 
groups).
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Preparation of (+)-(4R.5S)-4-Methvl-5-phenvl-2-oxazoliciinone (102)^

OH

N H ,H C l

H -N

0
A .w

Me Ph

(103) (102)
( + )-( IS, 2R)-Norephedrine hydrochloride (103) (9g, 48 mmol) was

dissolved in 2M hydrochloric acid (50 ml) and the acidic solution 
rendered basic by the slow addition of 2M potassium hydroxide solution. 
The aqueous solution was extracted with chloroform (2 x 50 ml) and the 
combined extracts dried (MgSO^). After removal of the solvent in vacuo, 
the ephedrine free base was left as a viscous yellow liquid. To the 
flask containing the ephedrine free base was added anhydrous potassium 
carbonate (6.8g, 49 mmol) and diethyl carbonate (25 ml, 207 mmol), the 
flask fitted with a Vigreux column (10 cm) and set up for distillation. 
The flask was lowered into a preheated oil bath at ~145®C; within a few 
minutes ethanol began to distil, and the reaction mixture was stirred for 
2 V2 h at this temperature, vAiilst the distillation continued. After 
cooling to room tenperature, the distillation residue was diluted with 
dichloromethane (75 ml), washed with water (100 ml) and dried ).
The solvent was removed in vacuo to give a solid which after recrystall­
ization (2:1 ethyl acetate-petroleum ether) gave ( + )-(4R,5S)-4-methyl-5- 
phenyl-2-oxazolidinone (102) as vAiite crystals (5.3g, 62%) m.p. 120-121°C
(lit. 1 1 0  121-122^0).

[cxlo = + 1 7 4 0  (2.0 in Œ C I 3 ), (lit. 1 1 0  +177.2°C);
Sh (90 MHz; CDCI3 ) 0.8 (3H, d, J ca. 6 Hz, CH3 ), 4.2 (IH, m, H-4), 

5.65 (IH, d, J ca. 7 Hz, H-5), 6.15 (IH, brs, NH), 7.15-7.4 (5H, m, 
CgHs).
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Notes
1. Known compound, see Ref. 110 and adapted procedure,
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Preparation of 2-Methvl-2-r((2-methvlpropvl)sulphinvl>thio1-propane^
(104)

0®

(1 0 4 )

To a stirred solution of di-tert-butyl disulphide (105) (9.09g, 52 
mmol) in glacial acetic acid (50 ml) was added hydrogen peroxide^ (7.7 
ml, 6 8  mmol) in glacial acetic acid (50 ml), at room temperature. After 
stirring overnight, the solvent was removed in vacuo to leave a colour­
less liquid which after distillation (85°C at 0.5 rrmHg) ( l i t . b . p .  
55°C at 0.05 mmHg) gave 2-methyl-2-[{(2-methylpropyl)sulphinyl}thio]- 
propane (104) as a colourless liquid (7.2g, 71%).

^max (neat) 2910s, 1430s, 1340s, 1140s, 1060s (S=0), 890m, 710s;
Sh (90 MHz; C D C I3 ) 1.4 (9H, s, 0 (0 1 3 )3 ), 1.6 (9H, s, 0 (0 1 3 )3 ).

Notes
1. Known compound, see Ref. 143. For procedure, see Ref. 111.
2. 100 vol. (30%) hydrogen peroxide.
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Attempted Reaction of N-Lithiated (-t-)-(4R,5S)-4-methvl-5-phenvl-2-oxazol-
idinone and 2-Methvl-2-r((2-methvlpropyl)sulphinvl>thio1-propane (104)

0 0 

H-nA  U-N^ow w
Me Ph Me Ph

(102) and (104)

(1 0 2 )

n-Butyllithium^ (516 ul, 1.24 mmol) was added dropwise to a solution 
of ( + ) - ( 4R, 5S ) -4-methyl-5-phenyl-2-oxazolidinone (102) (200 mg, 1.13
nmol) in THF (2 ^ 2  ml) at -78°C, under nitrogen. After stirring for 10 
min at this temperature, a solution of 2 -methyl-2 -[{(2 -methylpropyl)- 
sulphiny 1}thio]-propane (104) (240 mg, 1.24 mmol) in THF (2 ml) was
added. Left stirring for Ih at -78°C, the solution was then allowed to 
warm slowly to room temperature and left for a further Ih. The solution 
was quenched with aqueous saturated ammonium chloride solution and the 
aqueous solution extracted with dichloromethane (2 x 20 ml). The com­
bined dichloromethane extracts were dried (ĥ fSÔ ) and removal of the 
solvent in vacuo gave a yellow oil which t.l.c. and ^H n.m.r. showed to 
be starting materials (1 0 2 ) and (104).

Notes
1. n-Butyllithium was 2.4M by titration.

-144-



Attempted Reaction of N-Lithiated (+)-(4R,5S)-4-M8thvl-5-phenvl-2-
oxazolidinone and Di-tert-butvl disulphide (105)

A ..... A (105) Recovery of
H -N ^  ^0 — ► L i - N ^  0  ► (102) and (105)

Me Ph Me Ph

(1 0 2 )
Using the same procedure as p. 144, ( + )-(4R,5S)-4-methyl-5-phenyl-2- 

oxazolidinone (102) (200 mg, 1.13 nmol) was deprotonated and di-tert- 
butyl disulphide (105) (220 mg, 1.24 mmol) added in THF (2 ml). After 
wcrk-up and removal of solvent in vacuo, a yellow oil remained which 
t.l.c. and n.m.r. showed to be the starting materials (102) and (105).
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Preparation of 2-tert-Butvl-l-chlorodisulphane (109)^

f  -  Bu -  Sg-Cl

(109)

Chlorine gas (5g, 70 mmol) in dry carbon tetrachloride^ (70 ml) was 
added dropwise to a solution of di-tert-butyl disulphide (12.7g, 71 mmol) 
in dry carbon tetrachloride (70 ml) at -40°C under a nitrogen atmosphere. 
After the addition was complete (Ih), the reaction mixture was stirred 
for a further Ih. The solvent was removed in vacuo to leave a foul 
smelling, yellow oil. Kugelrohr distillation (200°C at 15 mmHg) gave 
2-tert-butyl-l-chlorodisulphane (109) as an oil (10.9g, 49%).

Sy (90 MHz; CDCI3) 1.45(s) (cf. S1.30(s) for the disulphide starting 
material).

Notes
1. See Ref. 114.
2. See Ref. 144.
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Preparation of (-)-(4R,5S)-3-(2-tert-Butvldithio)-4-methvl-5-phenvl-2-
oxazolidinone (110)

X X
H - N  0  — ► t - B u - S , - N  0

w  w
Me Ph Me Ph

(102) (HO )

A mixture of ( + )-(4R,5S)-4-methyl-5-phenyl-2-oxazolidinone (102) (2g,
11.3 mmol) and triethylamine (6.2 ml, 44.6 mmol) in THF (25 ml) was added 
dropwise to a solution of 2-tert-butyl-l-chlorodisulphane (109) ( 2. 5g, 
16 irmol) in THF (25 ml) under nitrogen at 0°C. After 2h at this tempera­
ture, the reaction mixture was allowed to warm to room temperature and 
stirred for a further 30 min. After quenching with water, the aqueous 
solution was extracted with dichloromethane (2 x 50 ml) and the combined 
extracts dried (MgSO^). Removal of the solvent in vacuo gave the crude 
product which after flash chromatography (4:1 petroleum ether-ethyl 
acetate) and recrystallization^ (6 : 1  petroleum ether-ethyl acetate) 
gave (-) - ( 4R, 5S ) -3- ( 2-tert-butvldithio ) -4-methvl-5-phenvl-2-oxazolidinone 
(110) as a vhite solid (2.1g, 62%) m.p. 109-111°C.

« 0  = -172° (2.0 in CHCI3 );
Rf 0.38 (4:1 petroleum ether-ethyl acetate);
C1 4 H 1 9 O2NS requires C 56.54%, H 6.44%, N 4.71%,

found C 56.41%, H 6.39%, N 4.72%.
^max (CH2 CI2 ) 2960W, 1760s (C=0), 1450w, 1365m, 1340m, 1200brm,

1145m, 1050W, 970w, 910w;
S„ (300 MHz; CDCI3) 0.90 (3H, d, J = 6 . 6  Hz, CH3), 1.45 (9H, s, 

0 (0 1 3 )3 ), 4.30 (IH, dq, J = 8.1, 6 . 6  Hz, H-4), 5.58 (IH, d, J = 8.2 Hz, 
H-5), 7.21-7.40 (5H, m, CgHg);
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Sf (75 MHz; CDCla) 15.20(q), 30.26(q), 48.82(s), 57.37(d), 79.25(d), 
126.03(d), 128.47(d), 128.66(d), 134.65(s), 157.67(s);

M/Z 297 (K*-), 241(75), 177(100), 176(16), 133(19), 132(42), 118(44), 
117(38), 107(39), 105(36).

Notes
1. Subsequently recrystallized from petroleum ether only.
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Oxidation of ( - ) - ( 4R. 5S ) -3- ( 2-tert-Butvldithio ) -4-methvl-5-phenvl-2-
oxazolidinone (110)

0 0A  A
t ' - B u - S , - N ' ' ^ 0  — ► t -B u  ® ^ S _ N  0

H  i: H
Me Ph ^ Me Ph

(110) (111)

m-Oiloroperbenzoic acid (1.48g, 6.9 nmol) in chloroform (25 ml) was 
added dropwise over 20 min to a solution of (-)-(4R, 5S)-3-( 2-tert-butyl- 
dithio ) -4-methyl-5-phenyl-2-oxazolidinone (110) (1.12g, 3.8 nmol) in
chloroform (20 ml) at 0°C. After stirring for 45 min at this tempera­
ture, aqueous saturated sodium hydrogen carbonate solution was added.
The chloroform layer was removed and the aqueous layer re-extracted 
with chloroform (30 ml), the combined extracts were washed with water 
(50 ml) and dried (MgSO<̂ ). Removal of the solvent in vacuo afforded a 
solid which after purification by flash chromatography (3:2 petroleum 
ether-ethyl acetate) and recrystallization (1 : 1  petroleum ether-ethyl 
acetate) gave (4R,5S)-3-f(tert-butvlsulnhinvl)thiol-4-methvl-5-phenvl-
2 -oxazolidinone as a white solid consisting of a (1 :1 ) mixture of 
diastereoisomers of (111) (0.84g, 71%) m.p. 96.5-100.5°C.

Rf 0.36^ (7:3 petroleum ether-ethyl acetate);
C1 4 H 1 9 NO3 S2 requires C 56.65%, H 6.11%, N 4.47%, 

found C 56.68%, H 6.08%, N 4.47%.
^max (CH2 CI2 ) 2960w, 1765brs (C=0), 1450w, 1365m, 1340s, 1185s,

1145m, 1115m, 1075s (S=0), lOlOw, 970w;
Sh (300 MHz; CDCI3 ) 0.92 (3H, d, J = 6 . 6  Hz, CH3 ), 1.04 (3H, d, J = 

6.7 Hz, CH3 ), 1.47 (9H, s, 1.48 (9H, s, C{Oi^)^), 4.23 (IH, dq,
J = 7.8, 6.7 Hz, H-4), 4.50 (IH, dq, J = 8.0, 6 . 6  Hz, H-4), 5.76 (IH, d,
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J = 7.8 Hz, H-5), 5.78 (IH, d, J = 7.9 Hz, H-5), 7.24-7.44 (lOH, m, 
CeHs);^

Sg (75 MHz; CDCI3) 15.13(g), 16.10(q), 24.03(q), 24.10(q), 60.85(d), 
60.94(d), 79.59(d),3 125.93(d),° 125.97(d),° 128.63(d),° 128.86(d),° 
134.15(8),° 157.20(8);°

M/Z 177(21), 107(100), 105(19).

Notes
1. Obtained from Aldrich, 80-85% pure.
2. Pair of diastereoisomers appear as 1 spot by t.l.c.
3. Signals common to both diastereoisomers.
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Preparation of (-)-(4R,5S)-4-methvl-5-phenvl-3-fp-tolvlsulphinvl)-2-
oxazolidinone (112)

Â f XH-N 0    p -ToI ^ q ' ^ N ' ^ 0

r~ l W
Me Ph Me Ph
(102) (112)

n-Butyllithium^ (11 ml, 17.5 nmol) was added dropwise under nitrogen 
to a solution of ( + )-(4R,5S)-4-methyl-5-phenyl-2-oxazolidinone (102) 
(3g, 17 niTol) in THF (75 ml) at -78°C. After stirring for 15 min at 
this tenperature, p-tolylsulphinyl chloride^ (3.26g, 18.7 nmol) in THF 
(75 ml) was added dropwise. Once the addition was conplete, the reaction 
mixture was stirred for a further 2h at -78°C and quenched with water. 
The aqueous solution was extracted with dichloromethane ( 3 x 100 ml ), 
the combined extracts were dried (l^O^) and the solvent removed in
vacuo. After purification by flash chromatography (7:3 petroleum 
ether-ethyl acetate), ( - ) - ( 4R, 5S ) -4-methvl-5-phenvl-3-(p-tolvlsulphinvl ) -
2-oxazolidinone ( 112) was obtained as a vhite solid, a (4:1) mixture of 
diastereoisomers as measured by 90 MHz, ^H n.m.r. After recrystalliza­
tion (x 2 ) (2 : 1  ethyl acetate-petroleum ether), the major isomer was 
obtained pure as a white solid (1.22g, 23%) m.p. 105-106°C.

Ca]o = -220° (1.7 in Œ C I 3 );
Rf 0.31 (7:3 petroleum ether-ethyl acetate);
Cl7H 1 7NO3 S requires C 64.74%, H 5.43%, N 4.44%, 

found C 64.51%, H 5.39%, N 4.42%.
^max (CH2 CI2 ) 1760s (C=0), 1325m, 1190s, 1140m, 1115s, 1105m, 1070m, 

1 0 1 0 m, 810m;
Sy (300 MHz; CDCI3 ) 0.90 (3H, d, J = 6.7 Hz, CH3 ), 2.47 (3H, s, CH3 ),
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3.83 (IH, quin, J ca. 6 . 8  Hz, H-4), 5.49 (IH, d, J = 7.4 Hz, H-5), 
7.17-7.68 (9H, m);

Sj (75 MHz; CDCI3 ) 17.28(q), 21.51(q), 56.01(d), 80.25(d), 125.03(d), 
125.82(d), 128.56(d), 128.82(d), 130.40(d), 133.02(s), 137.53(s),
143.00(s), 155.74(s);

M/Z 315 (M*-), 177(12), 140(12), 139(50), 118(15), 108(12), 107(100).

Notes
1. n-Butyllithium was 1.6M by titration.
2. See p. 110.
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Preparation of (+)-(E) and (-)-(Z)-2-Phenvl-l-C (Rl-p-tolvlsulphinvll- 
ethylene (53b) and (53a) from (-)-(4R,5S)-4-Methvl-5-phenvl-3-(p-tolvl- 
sult^invl ) -2 -oxazolidinone ( 1 1 2  )

L . . x \  , , V

•Ph Ph'

p—Tol'^Q^N Xq — ► p-Tol-'̂ 0'A, p-Tol'̂ ©'̂
H  I '
Me Ph

(112 ) (53b) (53a)

Styryl magnesium bromide^ (2.2 nmol) in THF (5 ml) was added dropwise 
to a solution of ( - ) - ( 4R, 5S ) -4-methyl-5-phenyl-3- ( p-tolylsulphinyl ) -2- 
oxazolidinone (112) (500 mg, 1.6 mmol) in THF ( 8 ml) at -78°C under 
nitrogen. After 2h at this temperature, the reaction mixture was 
quenched with saturated aqueous ammonium chloride solution, the aqueous 
solution was extracted with chloroform (3 x 25 ml), the combined extracts 
ware washed successively with water (50 ml), brine (50 ml) and dried 
(ĥ rSÔ ). The solvent was removed in vacuo and after purification by 
flash chromatography (4:1 ether-petroleum ether), ( + )-(E) and (-)-(Z)- 
2-phenyl-l-[(R)-p-tolylsulphinyl]-ethylene (53b) and (53a) were obtained 
as a white solid (254 mg, 6 6 %) and a yellow oil (77 mg, 20%) respec­
tively. A sample of the (E)-isomer was recrystallized° (petroleum ether) 
to constant rotation ([a]o = +160° (2.0 in CHCI3)) showing it to have the 
same configuration at S as the isomer prepared previously. ° [All 
spectral properties of the two isomers were identical with those of the 
isomers prepared previously.°]

Notes
1. See p.113.
2. Frequently the (E) and ( Z ) -isomers became contaminated with the 

free oxazolidinone (102). To remove the oxazolidinone, the 'crude'
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columned isomer was dissolved in hot, excess isopropyl ether and 
allowed to cool. The oxazolidinone crystallized out and could 
be removed by filtration. The filtrate was concentrated and 
recrystallized as before from petroleum ether.

3. See p.113.
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Preparation of ( 4R. 5S ) -3-f ( S ) -tert-Butvlsulphinvl 1 and ( 4R. 5S ) -3- T ( R ) 
tert-butvlsulphinvl 1 -4-methvl-5-phenvl-2-oxazolidinone (113a) and (113b)

08 %/' 8 '" '- f 8
H - N  9 — ^  0 + 0
W W W
Me Ph Me Ph Me Ph
(102) (113a) (113 b)

n-Butyllithium^ (9.7 ml, 15.5 irmol) was added dropwise to a solution 
of ( + )-(4R,5S)-4-methyl-5-phenyl-2-oxazolidinone (102) (2.6g, 14.7 mmol) 
in THF (50 ml) under nitrogen at -78°C. After stirring for 15 min at 
this temperature, a solution of tert-butylsulphinyl chloride^ (2.3g, 16.4 
mmol) in THF (50 ml) was added dropwise. Once the addition was complete,
the reaction mixture was stirred for a further 2h at -78°C and quenched
with water. The aqueous solution was extracted with dichloromethane
(3 X 100 ml), the combined extracts were dried (MgSO^), the solvent was 
removed in vacuo and after flash chromatography^ (3:2 petroleum ether- 
ethyl acetate) and recrystallization (4:1 petroleum ether-ethyl acetate) 
(both isomers), (4R,5S)-3 -C(S)-tert-butvlsulphinvl 1 and (4R,5S)-3-[(R)- 
tert-butvlsulphinvl 1 -4-methvl-5-rdienvl-2-oxazolidinone (113a) and (113b) 
were obtained as vAiite solids, the major isomer (1.70g, 41%) m.p. 82-84°C 
and the minor isomer (0.98g, 24%) m.p. 98-99°C.

Major isomer
Rf 0.48 (1:1 ethyl acetate-petroleum ether);
Ci^HigNOgS requires C 59.76%, H 6.81%, N 4.98%,

found C 59.79%, H 6.78%, N 5.01%.
Vmax (CH2CI2 ) 2960W, 1755s (C=0), 1450m, 1365m, 1330s, 1190s, 1125s, 

1115s, 1095s, 1060m, 1045m, 1010m;
Sy (300 MHz; CDCI3) 0.95 (3H, d, J = 6.7 Hz, CH3), 1.32 (9H, s,
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C ( Œ 3 )3 ), 4.50 (IH, dq, J = 7.8, 6.7 Hz, H-4), 5.68 (IH, d, J = 7.8 Hz, 
H-5), 7.25-7.44 (5H, m, CgHg);

Sc (75 MHz; CDCI3) 17.73(q), 22.67(q), 51.63(d), 59.10(s), 82.07(d), 
126.06(d), 128.63(d), 128.83(d), 134.31(s), 157.80(s);

M/Z 177(13), 107(100), 105(26).

Minor isomer
Rf 0.40 (1:1 ethyl acetate-petroleum ether);
C1 4 H 1 9 NO3 S requires C 59.76%, H 6.81%, N 4.98%,

found C 59.68%, H 6.81%, N 4.965%.
Vmax (CH2CI2 ) 2960w , 1760s (C=0), 1450w , 1365m, 1330m, 1210w, 1185m, 

1135m, 1095s, 1065w, lOlOw, 965w;
Sy (300 MHz; CDCI3) 1.01 (3H, d, J = 6.5 Hz, CH3), 1.37 (9H, s,

0 (0 1 3 )3 ), 4.54 (IH, quin, J = 6 . 6  Hz, H-4), 5.70 (IH, d, J = 6.7 Hz,
H-5), 7.29-7.43 (5H, m, CgHs);

Sc (75 MHz; CDCI3) 16.12(q), 22.55(q), 57.06(d), 66.30(s), 80.41(d), 
125.63(d), 128.43(d), 128.56(d), 132.86(s), 155.27(s);

M/Z 225(58), 177(57), 118(100), 117(15), 107(26), 105(11).

Notes
1. n-Butyllithium was 1.6M by titration.
2. See p.138.
3. Crude ^H n.m.r. showed an approximate (2:1) mixture of diastereo­

isomers .
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Preparation of (E) and (Z)-l-(tert-Butvlsulphinvl)-2-phenvlethvlene
(114a) and (114b)

©0 0 f f
1 3 I ^

f— 0 — ^  f  — B u ^ 0 ^ I  t-B u '^ ® '^

\ /  ^ P h  Ph
(113) Me Ph |H4a) 1114b)

Styryl magnesium bromide^ (4.0 mmol) in THF ( 8 ml) was added dropwise 
to a solution of ( 4R, 5S ) -3- ( t-butylsulphinyl ) -4-methyl-5-phenyl-2- 
oxazolidinone^ (113) (700 mg, 2.5 mmol) in THF (10 ml) at -78°C under 
nitrogen. After 2h at this temperature, the reaction mixture was 
quenched with saturated aqueous ammonium chloride solution. The aqueous 
solution was extracted with chloroform (3 x 25 ml), the combined extracts 
were washed successively with water (50 ml), brine (50 ml) and dried 
(1̂ 0 4 ). The solvent was removed in vacuo and after purification by use 
of a 'chromatotron' (3:2 petroleum ether-ethyl acetate) and recrystall­
ization (petroleum ether) [only (114a)], (E)-1-(tert-butvlsulphinvl)-2- 
phenvlethvlene ( 114a) was obtained as a white solid (316 mg, 61%) m.p. 
89-91°C and (Z)-l- (tert-butvlsulphinvl)-2-phenvlethvlene ( 114b) as a
yellow oil (39 mg, 8 %).

(114a)
Rf 0.35 (ether);
CisHisOS requires C 69.19%, H 7.74%, N 0.00%,

found C 69.53%, H 7.70%, N 0.05%.
Vjnax (CH2CI2 ) 2960m, 1605w, 1490m, 1470m, 1455m, 1440m, 1360m, 1170m, 

1045brs (S=0), 965s, 855m.
Sy (300 MHz; CDClg) 1.28 (9H, s, €(0 1 3 )3 ), 6 .80  (IH, d, Jf̂ ans = 15.5 

Hz, CH=CH), 7.22 (IH, d, Jf̂ ans = 15.5 Hz, Œ=Œ), 7.31-7.48 (5H, m.
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CsHs);
Sc (75 MHz; CDCI3) 22.98(q), 55.53(s), 126.64(d), 127.44(d),

128.70(d), 128.80(d), 129.39(d), 134.03(s), 138.03(d);
M/Z 208 (K+-), 153(11), 152(100), 136(28), 135(36), 134(14), 104(28).

(114b)
Rf 0.18 (ether);
Vmax (CH2 CI2 ) 2960m, 1600w, 1490m, 1455m, 1440m, 1360m, 1170m,

1025brs (S=0), 905m;
Sy (90 MHz; CDCI3 ) 1.3 (9H, s, €(0 1 3 )3 ), 6.2 (IH, d, J^s ca. 12 Hz, 

H-1), 7.0-7.55 (6H, m);
C1 2 H 1 6 OS requires 208.0922 

found 208.0926.°

Notes
1. See p.113.

2. The major isomer of (113a) and (113b).
3. Detected as the (M+H)+ ion.
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Preparation of (S)-(E) and (R)-(E)-2-(tert-Butvlsulphinvl)-4,4-dimethvl-
l-phenvl-l-penten-3-ol (115a) and (115b)

t*- Bu^

Ph
(115 a)

HO

+
^ P h

(115b)(114a)

Using the same procedure as for the preparation of (89),^ (E)-l- 
(tert-butylsulphinyl)-2-phenylethylene (114a) (100 mg, 0.48 nmol) in THF 
(2 V2 ml) was deprotonated with LDA (0.58 mmol) and quenched with 
trimethylacetaldehyde^ ( 6 8  ul, 0.62 nmol). After work-up, the crude 
reaction mixture^ was purified by use of a 'chromatotron' (1 : 1  ether- 
petroleum ether) to give the major isomer of (E)-2 -(tert-butvlsulxtoiyl)- 
4.4-dimethyl-l-phenvl-l-penten-3-ol ( 115) as a white solid ( 6 8  mg, 48%) 
m.p. 172-174*̂ 0 (recrystallized from ethyl acetate) and the minor isomer 
also as a white solid^ (10 mg, 7%).

Major isomer
Rf 0.50 (ether);
C1 7 H2 6 O2 S requires C 69.34%, H 8.90%, N 0.00%,

found C 69.31%, H 8.84%, N 0.03%.
(300 MHz; CDCI3) 0.86 (9H, s, C(CH3)3), 1.36 (9H, s, C(CH3)3),

3.83 (IH, brs, CH), 4.47 (IH, brd, J = 7.3 Hz, H-3), 7.00 (IH, s, H-1), 
7.26-7.58 (5H, m, CgHs);

Sc (75 MHz; CDCI3) 23.90(q), 26.81(q), 39.74(s), 59.38(s), 81.20(d),
128.29(d), 128.47(d), 129.77(d), 133.50(d), 135.47(s), 141.07(s);

H.p.l.c. ; Rf (Partisil PXS 10/25, ether, 2 cm^ min“ )̂ 3.3 min;
M/Z 202(82), 187(70), 172(85), 162(79), 157(45), 116(95), 115(100).
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Minor isomer
Rf 0.34 (ether);

(300 MHz; C D C I3 )  0.89 (9H, s, 0 (0 1 3 )3 ), 132 (9H, s, 0 (0 1 3 )3 ),
4.80 (IH, s, H-3), 7.30-7.45 (6H, m);

H.p.l.c.; Rf (Partisil PXS 10/25, ether, 2 cm^ min“ )̂ 5.1 min; 
O1 7 H2 6 O2 S requires 294.1653

found 294.1662.5

Notes
1. See p.116.
2. Distilled prior to use.
3. The diastereomeric ratio, as measured from the crude reaction mixture 

by h.p.l.c., was 1:4.6.
4. The minor isomer was contaminated with starting material which could 

be removed by recrystallizing the sample obtained from the chromato­
tron using ethyl acetate - the starting material (114a) remained in 
solution.

5. Detected as the (MfH)+ species.
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Preparation of (E)-l-Bromo-3,3-dimethyl-l-butene (116)^

Br 
(116)

Diisobutylalundnium hydride (DIBAL-H)^ (61 ml, 61 mmol) was added to 
a solution of 3,3-dimethyl-but-l-yne (5g, 61 mmol) in n-heptane^ at 0°C. 
After the addition, the reaction mixture was warmed to 50°C and stirred 
for 2h followed by removal of the solvent by use of a vacuum pump. The 
white residue was redissolved in IHF (30 ml) and a solution of bromine 
(3.2 ml, 61 mmol) in dichloromethane (25 ml) was added at -50°C.

After allowing the reaction mixture to warm to room temperature, 
sulphuric acid (2 0 % aqueous solution) was added dropwise whilst keeping 
the reaction mixture cold. Once the evolution of gas had stopped, the 
mixture was poured into an ice/2 0 % sulphuric acid mixture and the vinyl 
bromide extracted with dichloromethane (2 x 50 ml). The combined 
extracts were washed successively with sodium thiosulphate solution ( 1 0 0  

ml), sodium hydrogen carbonate solution (100 ml) and dried (^^SO^ ). The 
solvent was removed in vacuo and after Kugelrohr distillation, (E)-l- 
bromo-3,3-dimethyl-l-butene (116) was obtained as a colourless liquid 
(4.4g, 44%) b.p. 134-136°C (lit.^^® 4 3 0 ^ at 50 mmHg).

CgHiiBr requires C 44.20%, H 6.80%, N 0.00%, 
found C 44.57%, H 6.87%, N 0.06%.

Vjnax (CH2 CI2 ) 2940s, 2890s, 2860s, 1610m, 1460s, 1360s, 1225m, 1195w, 
1165m, 1110m, 1020m, 945s, 905m;

(90 MHz; C D C I3 )  1.05 (9H, s, €(0 (3 )3 ), 5.9 (IH, d, Jfrans ca. 15 Hz, 
CH=CH), 6.2 (IH, d, Jfrans ca. 15 Hz, CH=CH);

M/Z 164, 162 (Mi-), 149(14), 147(16), 121(10), 119(11).
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Notes
1. Known compound see Ref. 145. Literature procedure see Ref. 116.
2. Œptained from Aldrich as a l.OM solution in heptane.
3. n-Heptane was purified by shaking with small portions of conc. 

sulphuric acid and then washed with water, aqueous 1 0 % sodium 
carbonate solution and water (x 2 ), dried and distilled from sodium 
wire.
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Preparation of (E) and (Z)~3.3-Dimethvl-l-r(R)-P-tolvlsulphinyn-l-butene
(118a) and (118b)

S Sp-Tol-̂  0^1 p-Tol'̂ ©'̂

(118a) (118b)

Magnesium turnings (0.33g, 13.5 mmol) and a crystal of iodine were 
covered by the minimum of THF (2 ml) under nitrogen. l-Bromo-3,3- 
dimethyl-l-butene (116) (2g, 12.03 mmol) was added dropwise and once the 
reaction had started, ̂ a further volume of THF ( 6 ml) was added slowly so 
as to maintain the reflux. The reaction mixture was refluxed for severed 
hours until the majority of the turnings had been consumed. A further 
volume of IHF (10 ml)^ was added and the mixture allowed to cool to room 
temperature. The Grignard reagent was added dropwise to (-)-menthyl 
(-)-(S)-p-toluenesulphinate (3.62g, 12.3 mmol) in benzene (20 ml) at room 
temperature and after 2 h the reaction mixture was quenched with saturated 
aqueous ammonium chloride solution. The aqueous solution was extracted 
with chloroform (3 x 40 ml), the combined extracts washed successively 
with water (100 ml), brine (100 ml) and dried (ĥ fSÔ ). The solvent was 
removed in vacuo and after purification by flash chromatography (ether),
( E ) and ( Z ) -3.3-dimethvl-l- f ( R ) -p-tolvlsulphinvl 1 -1-butene ( 118a ) and 
(118b) were obtained as a vdiite solid (457 mg, 17%) and a yellow oil (408 
mg, 15%) respectively.

(118a)
Rf 0.46 (ether);
^max (CH2 CI2 ) 2950s, 2860m, 1590w, 1490m, 1460m, 1390w, 1360m, 1080s, 

1040s (S=0), 1010s, 965s, 910m, 805s;
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Sy (300 MHz; CDCI3) 1.08 (9H, s, 0 (0 1 3 )3 ), 2.40 (3H, s, Œ3), 6.11 
(IH, d, Jtrans = 15.4 Hz, CH=CH), 6.59 (IH, d, Jjrans = 15.4 Hz, CH=Œ), 
7.30 (2H, m, aranatic), 7.49 (2H, m, aromatic);

Sc (75 MHz; CDCI3) 21.36(g), 28.74(g), 34.14(s), 124.58(d),
129.93(d), 131.09(d), 141.15(g), 141.21(s), 150.53(d);

C 1 3 H 1 QOS requires 222.1078 
found 222.1059.

(118b)
Rf 0.31 (ether);
^max (CH2 CI2 ) 2960s, 2860m, 1595w, 1490m, 1470m, 1360m, 1205m, 1080s, 

1030s (S=0), 1010s, 810m, 790m;
S„ (300 hHz; C D C I3 )  1.31 (9H, s, 0 (0 1 3 )3 ), 2.39 (3H, s, Œ 3 ) ,  6.02

(IH, d, Jcis = 10.9 Hz, CH=Œ), 6.11 (IH, d, Ĵ js = 10.9 Hz, Œ=Œ), 7.30
(2H, m, aromatic), 7.53 (2H, m, aromatic);

Sg (75 MHz; 0 x1 1 3 ) 21.31(g), 31.33(g), 35.35(g), 124.26(d),
129.92(d), 134.51(d), 141.01(g), 141.73(s), 150.07(d);

C1 3 H 1 8 OS requires 222.1078 
found 222.1074.

Notes
1. The use of dibromoethane was employed if the reaction initiation was 

slow.
2. Further volume added to prevent the Grignard reagent crystallizing out 

on cooling.
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Preparation of (S)-(E) and (R)-(E)-2,2,6,6-Tetramethvl-4-C(S)-p-tolvl-
sulphinvn-4-hepten-3-ol (119a) and (119b)

(118a)

H OH

(119b)(119a)

Using the same procedure as for the preparation of (89),^ (E)-3,3-di- 
methyl-1-[(R)-p-tolylsulphinyl]-1-butene (118a) (100 mg, 0.45 mmol) was 
deprotonated with LDA (0.54 mmol) and stirred at -78°C for Ih. Quenching 
with trimethylacetaldehyde^ (60 ul, 0.54 mmol) followed by standard work­
up gave the solid crude reaction mixture.^ This was dissolved in the 
minimum amount of hot ethyl acetate and allowed to cool to give white
crystals (62 mg, 45%) m.p. 212-214^C of the less polar diastereoisomer
of (E)-2,2,6,6-tetramethvl-4-T (S)-p-tolvlsulphinvl 1 -4-hepten-3-ol ( 119). 
The filtrate was concentrated and purified by use of a 'chromatotron' 
(1:1 ethyl acetate-petroleum ether) to give white crystals (51 mg, 37%) 
of the other (more polar) diastereoisomer of (119).

Diastereoisomer 1 F the less polar diastereoisomer of (119)]
[a]p = +179.6° (1.4 in CHCI3 );
Rf 0.49 (ether);
CiqHjqOjS requires C 70.09%, H 9.15%, N 0.00%,

found C 69.81%, H 8.97%, N 0.05%.
S„ (300 MHz; CDCI3) 1.09 (9H, s, 0 (0 1 3 )3 ), 1.12 (9H, s, 0 (0 1 3 )3 ), 

2.36 (3H, s, OI3), 4.88 (IH, s, H-3), 6.82 (IH, s, H-5), 7.23 (2H, m, 
aromatic), 7.56 (2H, m, aromatic);

Sç (75 MHz; O D O I3 ) 21.41(g), 27.49(g), 30.83(g), 34.68(s), 36.21(s), 
75.28(d), 125.77(d), 129.72(d), 141.37(s), 141.91(d), 143.02(s),
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144.36(s);
H.p.I.e.; Rf (Partisil PXS 10/25, ether, 5 cm° min"^) 1.26 min;
M/Z 308 251(37), 235(21), 169(32), 151(51), 140(100), 139(47),

124(49), 111(71), 109(40).

Diastereoisomer 2 [the more polar diastereoisomer of (119)1 
Rf 0.24 (ether);
Vmax (CH2 CI2 ) 3340brm (OÎ), 2950s, 2860s, 1590w, 1470m, 1390m, 1360m, 

1195m, 1175m, 1075s, 1045s, 1010s, 805s;
S„ (300 MHz; CDCI3) 1.10 (9H, s, C(Œ3)3), 1.12 (9H, s, C(CH3)3), 

2.41 (3H, s, Œ3), 4.88 (IH, s, H-3), 5.64 (IH, d, J = 0.6 Hz, H-5), 7.31 
(2H, m, aromatic), 7.55 (2H, m, aromatic);

Sc (75 MHz; CDCI3) 21.43(g), 27.72(g), 30.66(g), 34.88(s), 36.29(s), 
77.84(d), 126.41(d), 129.77(d), 141.02(s), 141.61(s), 145.32(s),
146.93(d);

H.p.l.c. ; Rf (Partisil PXS 10/25, ether, 5 cm° min~^) 4.11 min; 
CigHzeOzS requires 308.1810 

found 308.1797.

Notes
1. See p.116.
2. Distilled prior to use.
3. The diastereomeric ratio, as measured from the crude reaction mixture 

by h.p.l.c., was 1 :1 . 2  (less polar dias:more polar dias).
4. Detected as (MfH)'*' under ammonia chemical ionization conditions.
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Preparation of (S)-(E) and (R)-(E)-2.2,6.6-Tetramethvl~4-r(S)-p-tolvl-
sulphinvn-4-hepten-3-ol (119a) and (119b) from (118b)

p-Tol'̂ 0
/

(H 9a)

+

(119b)(118b)

Using the same procedure as for the preparation of (119a) and (119b) 
from ( 118a ), ̂ ( Z ) -3,3-dimethyl-l- [ ( R ) -p-tolylsulphinyl ] -1-butene ( 118b )
(100 mg, 0.45 mmol) was deprotonated with LDA (0.63 mmol) and quenched 
with trimethylacetaldehyde^ (195 ul, 1.8 nmol). After standard work-up, 
a crude white solid remained. This was dissolved in the ndninium of hot 
ethyl acetate and allowed to cool to yield vÆiite crystals (38 mg, 27%)^ 
of the less polar diastereoisomer of (119). The filtrate was concen­
trated and purified by use of a 'chromatotron' (2 % methanol in chloro­
form) to give the other (more polar) diastereoisomer of (119) as a white 
solid (62 mg, 45%). The diastereomeric ratio was the same as measured 
previously for the preparation of (119a) and (119b) from (118a)^ with 
each isomer having identical spectral properties to (119a) and (119b) 
prepared from (118a).'*

Notes
1. See p. 165.
2. Distilled prior to use.
3. Yield after 2 recrystallizations.
4. See p.165.
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The Deprotonation and Reprotonation of (E)-3,3-Dimethvl-l-r (Rl-p-tolvl-
sulphinvll-l-butene (118a)

S
p-Tol'^ ©

(118a)

Using the same procedure as for the isomerization of (53a),^ (E)-3,3- 
dimethyl-1-[(R)-p-tolylsulphinyl]-1-butene (118a) (100 mg, 0.45 mmol) was 
deprotonated with LDA (0.63 mmol). After quenching and vrork-up, followed 
by purification by ' chromatotron ' ( ether ), ( E ) -3,3-dimethyl-l- [ ( R) -p-
tolylsulj^iinyl]-1 -butene (118a) was recovered as a white solid (82 mg, 
82% recovery) with the spectrcil characteristics of the original sample.^

Notes
1. See p.130.
2. See p.163.
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The Isomerization of ( Z ) -3.3-Dimethvl-l-f ( R ) -p-tolvlsulphinvl 1 -1-butene
(118b)

Or

p -T o l p-Tol'^ ®

(118b) (118a)

Using the same procedure as for the deprotonation of (53a),̂  (Z)-3,3- 
dimethyl-1-[(R)-p-tolylsulphinyl]-1-butene (118b) (100 mg, 0.45 mmol) was 
deprotonated with LDA (0.63 mmol) and after Ih quenched with a 1:1 water/ 
IHF mixture. T.l.c. showed the complete disappearance of the (Z)- 
starting materiad and after werk-up and purification by ' chromatotron ' 
( ether ), ( E ) -3,3-dimethyl-l- [ ( R ) -p-tolylsulphinyl ] -1-butene ( 118a ) was 
obtained as a white solid^ (70 mg, 70%).

Notes
1. See p.130.
2. All spectra data consistent with that of the original sample, see 

p.163.
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Attempted Reduction of ( S ) - ( E ) -2,2.6.6-Tetramethvl-4- T ( S ) -p-tolvl-
sulphinvn-4-hepten-3-ol (119a)^ (the less polar diastereoisomer)
usiner Aluminium Amalgam

(119a)

Using the same procedure as for the reduction of (9 4 a ) , 2 (s)-(E)~ 
2,2,6;6-tetramethyl-4-[ (S)-p-tolylsulphinyl]-4-hepten-3-ol (119a) (62 mg,
0.20.mmol) was dissolved in a THF/H2 O (9:1) mixture (7̂ /̂  ml) under 
nitrogen at 0°C. Aluminium amalgam (110 mg, 4.0 mmol) was added and the 
reaction monitored by t.l.c. After 20h, t.l.c. indicated no product 
formation, only a spot indicative of the starting material. After 
standard work-up (119a) was recovered in 100% yield.

Notes
1. For convenience, we have arbitrarily assigned this diastereoisomer as 

the less polar of the two.
2. See p.135.
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Attempted Reduction of (R)-(E)-2.2.6,6-Tetramethyl-4-C(S)-p-tolvl-
sulphinvl 1 -4-hepten-3-ol (119b) ̂ (the more polar diastereoisomer)
using Aluminium Amalgam

0

Toi

(TI9b)

Using the same procedure as for the reduction of (94a),^ (R)-(E)-
2,2,6,6-tetramethyl-4-[ (S)-p-tolylsulphinyl]-4-hepten-3-ol (119b) (96 mg,
0.31.nmol) was dissolved in a THF/H2 O (9:1) mixture (10 ml) under 
nitrogen at 0°C. Aluminium amalgam (167 mg, 6.2 irmol) was added and the 
reaction monitored by t.l.c. After 22h, t.l.c. showed no product forma­
tion, only a spot indicative of the starting material. After standard 
work-up the starting material was recovered in 1 0 0 % yield.

Notes
1. Again for convenience, we have arbitrarilv assigned this diastereo­

isomer as the more polar of the two.
2. See p.135.
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Oxidation of (+) - ( S ) - ( E ) -4,4-Dimethvl-l-phenvl-2- T ( S ) -p-tolvlsulphinvl 1 -
l-penten-3-ol (94a) using m-Chloroperbenzoic acid^

H OH

p-Tol'^©'^

(94 a)

p-Tol

(121 )

A solution of ( + )- (S)-(E)-4,4-dimethyl-l-phenyl-2-[ (S)-p-tolylsulph­
inyl ]-l-penten-3-ol (94a) (65 mg, 0.2 nmol) in dichloromethane (4^ ml) 
was cooled to -78°C and m-chloroperbenzoic acid (41 mg, 0.24 nmol) added 
with stirring. The reaction was left for several hours at -78°C and then 
left to warm up slowly overnight. T.l.c. showed the complete disappear­
ance of starting material. A further volume of dichloromethane (10 ml) 
was added, the solution washed with saturated aqueous sodium hydrogen 
carbonate solution (15 ml), brine (15 ml) and dried (MgSO^). Removal of 
the solvent in vacuo followed by recrystallization (petroleum ether 
6080°C) gave ( + )- (S)-(E)-4,4-dimethvl-l-nhenvl-2-C p-tolvlsulphonvl 1-1-
penten-3-ol (121) as a white solid (44 mg, 64%) m.p. 119- 120°C.

[oc]o = +159.4° (1.65 in CHCI3);
Rf 0 . 6  (ether);
C2 0 H2 4 O3 S requires C 69.74%, H 7.02%, N 0.00%,

found C 69.75%, H 7.09%, N 0.00%.
Vmax (CH2 CI2 ) 3510W (CB), 2950m, 1590w, 1290m, 1270m, 1130 (0=S=0), 

1080s, 1040s, 1010s, 800s;
(300 MHz; CDCI3) 0.89 (9H, s, ((^3)3), 2.42 (3H, s, Œ3), 3.74

(IH, brs, cm), 4.85 (IH, s, H-3), 7.26-7.89 (lOH, m);
Sc (75 MHz; CDCI3) 21.57(q), 26.97(q), 37.88(s), 77.25(d), 127.78(d), 

128.68(d), 128.96(d), 129.77(d), 134.15(s), 139.09(s), 143.36(d),
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144.19(s), 144.99(g);
M/Z 344 289(22), 288(84), 287(58), 213(17), 195(19), 158(16),

157(54), 156(44), 149(50), 141(24), 140(100), 139(68), 132(39), 131(80), 
115(28), 111(25), 103(73).

Notes
1. See Refs. 146 and 147.
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Oxidation of (S)-(E)-2.2.6,6-Tetramethvl-4-C(S)-p-tolvlsulphinvl 1 -4-
henten-3-ol (119a)^ using m-Chloronerbenzoic acid

p-To l

•HO H

(122a)(119a)

Using the same procedure as for the oxidation of (94a) (S)-(E)-
2.2.6.6-tetramethyl-4-[ (S)-p-tolylsulphinyl]-4-hepten-3-ol ( 119a) (65 mg,
0.21 rrmol) was dissolved in dichloromethane ( 8 ml) and cooled to -15°C. 
m-Chloroperbenzoic acid (46 mg, 0.27 mmol) was added and the reaction 
stirred overnight. After standard worJc-up a crude white solid remained 
\diich, after recrystallization (petroleum ether 60-80°) gave (-)-(S)-(E)-
2.2.6.6-tetramethvl-4- F p-tolvlsulphonvl 1 -4-hepten-3-ol (122a) as a \diite 
solid (31 mg, 46%) m.p. 126-128°C.

[a]p = -20.8° (2.0 in CHCI3 );
Rf 0.63 (ether);
C1 9 H2 8 O3 S requires C 66.63%, H 8.70%, N 0.00%, 

found C 66.20%, H 8.50%, N 0.10%.
Vmax (CH2 CI2 ) 3510m (OÎ), 2950s, 1590w, 1360m, 1280m, 1250m, 1125 

(0=S=0), 1080s, 1040m, 1015m, 810m;
(300 MHz; CDCI3) 1.096 (9H, s, 0 (0 1 3 )3 ), 1.101 (9H, s, 0 (0 1 3 )3 ), 

2.44 (3H, s, OH3), 4.14 (IH, brs, Oi), 4.87 (IH, s, H-3), 6.17 (IH, s, 
H-5), 7.32 (2H, m, aromatic), 7.78 (2H, m, aromatic);

Sc (75 MHz; ODOI3) 21.58(g), 27.63(g), 30.39(g), 35.24(s), 36.14(s), 
76.57(d), 127.65(d), 129.51(d), 139.30(s), 141.98(s), 143.95(s),
154.77(d);

M/Z 268(33), 267(57), 157(100), 140(69), 139(61), 111(69).
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Notes
1. Again, the assignment of the diastereoisomer is arbitrary. See note 

1, p.170.
2. See p.172.
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Oxidation of (R)-(E)-2,2,6,6-Tetramethvl-4-T(S)-p-tolvlsulphinvl1-4-
hepten-3-ol f119b)^ using m-Chloroperbenzoic acid

■4 / ■  1  *0 H

" 1
p-Tol

.:P M OH

1
(122b)

Using the same procedure as for the oxidation of (94a),^ (R)-(E)- 
2,2,6,6-tetramethyl-4- [ ( S ) -p-tolylsulphinyl ] -4-hepten-3-ol ( 119b ) (165
mg, 0.54 irmol) was dissolved in dichloromethane (12 ml) and cooled to 
-78°C. m-Chloroperbenzoic acid (115 mg, 0.67 nmol) was added and the 
reaction stirred overnight. After standard vrork-up a crude vAite solid 
remained which, after recrystallization (petroleum ether 60-80°), gave 
( + )- (R)-(E)-2,2,6.6-tetramethvl-4- F p-tolvlsulphonvl 1 -4-heoten-3-ol ( 122b ) 
as a \4iite solid (106 mg, 61%) m.p. 125-127°C.

[a]o = +21.3° (2.1 in CHCI3 );
Rf 0.71 (ether);
C1 8 H2 8 O3 S requires C 66.63%, H 8.70%, N 0.00%, 

found C 66.50%, H 8.69%, N 0.00%.
^max (CH2 CI2 ) 3510m (CH), 2950s, 1590w, 1390m, 1360m, 1280m, 1250s, 

1185m, 1125s (0=S=0), 1080s, 1040s, 1015s, 810m;
S„ (300 MHz; CDCI3 ) 1.10 (18H, s, 2 x C(CH3 ) 3 ), 2.43 (3H, s, CH3 ), 

4.12 (IH, d, J = 11.4 Hz, OH), 4.86 (IH, d, J = 11.4 Hz, H-3), 6.18 (IH, 
s, H-5), 7.31 (2H, m, aromatic), 7.77 (2H, m, aromatic);

Sç (75 MHz; CDCI3 ) 21.56(g), 27.61(g), 30.38(g), 35.21(s), 36.11(s), 
76.52(d), 127.61(d), 129.49(d), 139.28(s), 141.98(s), 143.93(s),
154.72(d);

M/Z 268(48), 267(78), 194(26), 157(100), 141(22), 140(95), 139(89),
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135(36), 127(29), 124(32), 123(34), 111(96).

Notes
1. Again, the assignment of the diastereoisomer is arbitrary. See note 

1, p.170.
2. See p.172.

-177-



Preparation of Ethvlphosphonic dichloride (147)^

0II
E t P. CI2 

(147)

Phosphorus pentachloride (64g, 306 irmol) was added portionwise to 
diethyl ethanephosphonate (24.9g, 150 irmol) under nitrogen at room
temperature. Once the addition was complete, the reaction mixture was 
refluxed for 4h,^ after which time it was distilled at atmospheric 
pressure using a Vigreux column to remove the more volatile impurities 
(ethyl chloride and phosphorus oxychloride). It was redistilled to give 
ethylphosphonic dichloride (147) as a colourless liquid (17.6g, 84%) b.p. 
72-76°C at 20 iimHg (lit.^^® 60-61°C at 10 irmHg).

Sp (24 MHz; neat) 53.6(s) (lit.^^® 53).

Notes
1. Known compound see Ref. 148 and 149.
2. At this stage a sanple of the crude reaction mixture can be removed 

and the composition determined by °^P n.m.r. The presence of starting 
material or monohalogenated product can be removed by continuing the 
reflux.

-178-



Preparation of (2S.4S,5R) and (2R,4S,5R)-2-Ethvl-3,4-dimethvl-5-phenvl-
1,3,2-oxazaphospholidin-2-one^ (145a) and (145b) respectively

Ph Ph Ph

Me Me

(14 6) (145a) (145b)

To a solution of ethylphosphonic dichloride (146) (15g, 102 nmol) and 
triethylamine (70 ml, 510 nmol) in dry benzene (350 ml) was added (-)- 
ephedrine hydrochloride (146) (20.6g, 102 nmol) in one portion at 0°C. 
After allowing to warm to room temperature, the reaction mixture was 
stirred under nitrogen for 48h. The white solid ( triethylamine hydro­
chloride) was removed by filtration, washed with benzene (2 x 50 ml) and 
the solvent removed in vacuo to leave a crude yellow product. Flash 
chromatography (2 :2 : 1  benzene-acetone-ether ) and recrystallization 
(petroleum ether 60-80°C, both isomers)^ gave (2S,4S,5R) and (2R,4S,5R)-
2-ethyl-3,4-dimethyl-5-phenyl-l, 3,2-oxazaphospholidin-2-one ( 145a ) and
(145b) as white crystalline solids (7.8g, 32%) m.p. 62-66°C and (6.9g, 
28%) m.p. 69-71°C respectively.

(145a)
Rf 0.31 (acetone);
Ci2 HieN0 2 P requires C 60.24%, H 7.58%, N 5.85%, 

found C 59.77%, H 7.52%, N 5.63%.
Vmax (CH2 CI2 ) 3030m, 2970m, 2940m, 2910m, 1495w, 1450m, 1380m, 1325s, 

1225s, 1210s, 1185s, 1110m, 1080m, 1060s, 1030m, 1005m, 975s, 955s, 880s, 
850s, 810m;

(300 MHz; CDCI3 ) 0.69 (3H, d, J = 6 . 6  Hz, 4 - Œ 3 ), 1.28 (3H, dt, Jp 
= 20.1, J = 7.6 Hz, 2 ’- Œ 3 ), 1.98 (2H, m, CH2 ), 2.80 (3H, d, Jp = 9 Hz,
3 - Œ 3 ), 3.67 (IH, m, H-4), 5.75 (IH, d, J = 6.1 Hz, H-5), 7.25-7.41 (5H,
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m, CgHs);
Sc (75 MHz; CDCI3) 7.26, 7.35(2 xq),^ 14.00(q), 19.95, 21.65

(2 X  t ) , 3  29.47, 29.55(2 xq), 3 60.41, 60.52(2 xd),^ 79.40(d),
125.15(d), 127.56(d), 127.92(d), 135.71, 135.83(2 x s) ;̂

Sp (24 MHz; CDCI3) 45.58(s);
M/Z 239 (M+,21), 224(14), 133(40), 104(100).

(145b)
Rf 0.44 (acetone);
C1 2 H 1 QNO2 P requires C 60.24%, H 7.58%, N 5.85%,

found C 59.99%, H 7.61%, N 5.73%.
Vmax (CH2 CI2 ) 3030W, 2970m, 2940m, 2910m, 1450m, 1380m, 1320m, 1225s, 

1210s, 1175s, 1080m, 1060s, 1005m, 975s, 950m, 880s, 850s;
(300 MHz; CDCI3) 0.82 (3H, d, J = 6.5 Hz, 4 - Œ 3 ), 1.22 (3H, dt, Jp

= 20.0, J = 7.6 Hz, 2 '-Œ 3 ), 1.99 (2H, m, CH2 ), 2.70 (3H, d, Jp = 9.8 Hz,
3 -CH3 ), 3.64 (IH, m, H-4), 5.44 (IH, dd, J = 6.2, 4.1 Hz, H-5), 7.27-7.41 
(5H, m, CgHg ) ;

Sc (75 hfîz; CDCI3) 6.93, 7.02(2 x q),^ 13.87(q), 18.81, 20.48 
(2 X t),3 28.23, 28.31(2 xq),3 58.56, 58.68(2 x d),^ 82.04, 82.06 
(2 x d),3 125.81(d), 127.75(d), 127.99(d), 136.06, 136.13(2 x s)^;

Sp (24 MHz; CDCI3) 47.70(s);
M/Z 239 (M̂ -,18), 224(12), 133(38), 104(100).

Notes
1. Prepared previously by M. R. Selim. See Ph.D. Thesis "Studies on 

Asymmetric Induction", July 1987, Leicester University.
2. Subsequently, after the initial recrystallization, (145a) was 

recrystallized with difficulty from petroleum ether.
3. Due to phosphorus coupling.
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Preparation of Stvrvlphosphonic dichloride (149)^

0II
PhCH =CH P Clg 

(149)

Styrene (13g, 0.13 mol) in dry benzene (25 ml) was added dropwise 
over, 15 min, to phosphorus pentachloride (52g, 0.25 mol) in dry benzene 
(175 ml) under nitrogen at 0°C. After the addition, the reaction mixture 
(containing a dense white solid) was stirred for 30 min. Sulphur dioxide 
was bubbled through the stirred reaction mixture with occasional cooling 
until the vÆiite precipitate had dissolved and the solvent was removed 
in vacuo. Distillation using a Vigreux column gave styrylphosphonic 
dichloride (149) as a colourless liquid (23.4g, 85%) b.p. 114-117°C at
0.2 mnHg ( l i t . 89-94%, 107-110°C at 0.2 itinHg) which on cooling and 
standing solidified to a crystalline solid.

Sp (24 MHz; CDCI3) 33.3(s);

Notes
1. Known compound and literature procedure see Ref. 132.

-181-



Preparation of (2S.4S,5R) and (2R.4S,5R)-3,4-Dimethvl-5-phenyl-2-r(E)-
2-phenvlvinvl 1-1,3,2-oxazaphospholidin-2-one (148a) and (148b)^ respec­
tively

Ph
Ph Ph  /  Ph

Me L DH Me I n /—  Me J n. ^ 0

Me Me Me

(146) (148a ) (148b)
'Ph

To a solution of styrylphosphonic dichloride (149) (5.25g, 23.8 mmol) 
and triethylamine (17 ml, 119 mmol) in dry benzene (60 ml) was added (-)- 
ephedrine hydrochloride (146) (4.8g, 23.8 mmol) under nitrogen at 0°C. 
After Ih at this tenperature, the reaction mixture was allowed to reach 
room temperature and stirred for a further 48h. The white solid was 
removed by filtration and washed with benzene (2 x 25 ml). Removal of 
the solvent in vacuo left a crude 1 : 1  mixture of products \diich after 
purification by flash chromatography (2 :1 :1 , benzene-acetone-ether) and 
recrystallization [(148a) isopropyl ether, (148b) ethyl acetate] gave 
(2S,4S,5R) and ( 2R, 4S, 5R ) -3,4-dimethyl-5-phenyl-2-[ ( E ) -2-phenylvinyl ] -
1,3,2-oxazaphospholidin-2-one (148a) and (148b) as Wiite crystalline 
solids, (2.89g, 41%) (lit.^^a 4 1 %) m.p. 138-139°C and (2.78g, 39%)
( l i t . 40%) m.p. 149-151°C (lit.144.5-146®C) respectively.

(148a)
Rf 0.22 (2:1:1 benzene-ether-acetone);
C1 QH2 0 NO2 P requires C 69.00%, H 6.43%, N 4.47%,

found C 68.67%, H 6.52%, N 4.26%.
Vmax (CH2CI2 ) 3020W, 2960m, 2910m, 1610m, 1490w, 1445m, 1325m, 1230s, 

1210s, 1180s, 1080W, 1055s, 975s, 950s, 880s, 855s, 825m;

S|| (300 MHz; CDClg) 0.79 (3H, d, J = 6 . 6  Hz, 4 -CH3 ), 2.77 (3H, dt, Jp
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= 9.4 Hz, 3 - Œ 3 ), 3.77 (IH, m, H-4), 5.81 (IH, d, J = 5.8 Hz, H-5), 6.18 
(IH, dd, Jp = 19.7, Jfrans = 17.1 Hz, Œ=CH), 7.28-7.57 (lOH, m), 7.69 (IH, 
dd, Jp = 22.8, Jtrans = 17.1 Hz, CH=CH) ;

Sç (75 MHz; CDCI3 ) 14.18(q), 29.04, 29.14(2 xq), 2 60.41, 60.53
(2 X d),2 80.37(d), 114.81, 117.14(2 x d ) , 2 125.68(d), 127.74(d),
128.05(d), 128.38(d), 128.80(d), 130.14(d), 134.91, 135.21(2 x s) , 2
136.11, 136.23(2 x s),2 150.35, 150.43(2 x d)2;

Sp (24 mz; CDCI3 ) 30.25(8) (lit.^^s 27.18(s));
M/Z 313 (M+,19), 298(11), 207(19), 194(20), 193(100), 160(11),

149(16), 104(28).

(148b)
Rf 0.39 (2:1:1 benzene-ether-acetone);
C1 QH2 0 NO2 P requires C 69.00%, H 6.43%, N 4.47%,

found C 68.80%, H 6.54%, N 4.25%.
^max (CH2 CI2 ) 3020W, 2960w, 2900w, 1605m, 1590w, 1445w, 1320m, 1235m, 

1205s, 1175m, 1080m, 1060m, 985s, 975s, 950m, 885s, 855s, 815m;
S„ (300 MHz; CDCI3 ) 0.87 (3H, d, J = 6.5 Hz, 4 -CH3 ), 2.68 (3H, dt, 

Jp = 19.7 Hz, 3 -CH3 ), 3.68 (IH, dq, J = 20.8, 6.4 Hz, H-4), 5.54 (IH, dd, 
J = 6.0, 4.5 Hz, H-5), 6.33 (IH, dd, Jp = 19.3, Jf̂ ans = 17.2 Hz, CH=CH), 
7.27-7.52 (lOH, m), 7.57 (IH, dd, Jp = 22.5, Jf̂ ans = 17.2 Hz, CH=CH);

Sg (75 mz; CDCI3 ) 14.35, 14.38(2 x q),2 28.43, 28.51(2 x q),^ 58.73,
58.86(2 x d ),2 81.84(d), 113.98, 116.28(2 x d) ,2 126.17(d), 127.68(d), 
128.10(d), 128.30(d), 128.77(d), 130.04(d), 134.88, 135.17(2 x s),2

136.19, 136.27(2 x s),2 148.95, 149.02(2 x d)2;
Sp (24 MHz; CDCI3 ) 32.67(s) (lit.^^^ 29.72(s));
M/Z 313 (M^,27), 298(13), 207(21), 194(21), 193(100), 160(10),

149(14), 115(15), 104(29).
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Notes
1. Known conpounds see Ref. 133. Data reported m.p. [(148b) only], Ŝ , 

Sp values and analyses (no figures).
2. Due to phosphorus coupling.
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Reaction of (2S.4S,5R)-3.4-Dimethvl-5-phenvl-2-[(E)-2-phenvlvinvl 1-1,3,2- 
oxazaphospholidin-2-one (148a) and Methvllithium to give the Ring Opened 
Product (150)

Ph
' OH

Me Me

1148a) (150)

Methyllithium (236 iXL, 0.35 irmol) was added dropwise to (2S,4S,5R)- 
3,4-dimethyl-5-phenyl-2-[(E) -2-phenylvinyl ] -1,3,2-oxazaphospholidin-2-one 
(148a) (100 mg, 0.32 irmol) in THF (3 ml) at -78°C under nitrogen. After 
stirring for 2h, the reaction mixture was quenched with water and the 
aqueous solution extracted with dichloromethane (3 x 15 ml). The com­
bined extracts were dried (MgSO^) and the solvent removed in vacuo to 
leave a solid which after recrystallization (toluene) gave (150) as a 
white solid (80 mg, 76%).

Rf 0.15 (2:1:1 benzene-ether-acetone);
^max (CHgClg) 3270brm (OH), 3020m, 2960m, 1615m, 1490w, 1445m, 1295m, 

1175brs, lOOObrm, 940m, 9002;
(300 MHz; C D C I3 )  1.29 (3H, d, J = 6 . 8  Hz, C H 3 ) ,  1.36 (3H, d, Jp = 

13.6 Hz, C H 3 ) ,  2.52 (3H, d, Jp = 10.8 Hz, Œ 3 ) ,  3.66 (IH, septet, J ca. 
6.4 Hz), 4.22 (IH, brs, OH), 4.70 (IH, d, J = 5.9 Hz), 5.80 (IH, dd, Jp = 
19.6, Jfrans = 17.5 Hz, C H = C H ), 7.16-7.39 (IIH, m);

Sp (24 MHz; C D C I3 )  36.71(s);
C 1 9H2 4 NO2 P requires 329.1545, 

found 329.1553.1

Notes
1. Detected as the (Mi-H)+ ion by anmonia chemical ionization conditions.
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Preparation of ( 2S, 4S. 5R ) -3,4-Dimethvl-5-phenvl-2-F ( E) -l-tnethvl-2-phenvl-
vinvl 1-1,3.2-oxcizaphospholidin-2-one (151)

M, 0
N/

Me Me

(14 8 a )  (151)

A solution of (2 S,4 S,5R)-3 ,4 -dim0 thyl-5 -phenyl-2 -[(E)-2-phenylvinyl]-
1,3,2-oxazaphos#iolidin-2-one (148a) (100 mg, 0.32 irmol) in IHF (3 ml) 
was added dropwise to a solution of LDA (0.35 mmol) under nitrogen at 
-78°C. After 15 min, the orange anionic solution was quenched with 
methyl iodide (100 ul, 1.6 nmol) in THF (1 ml), stirred for 2h, and then 
quenched with water. The aqueous solution was extracted with dichloro­
methane (3 X 20 ml) and the extracts combined and dried (MgSO^). Removal 
of the solvent in vacuo gave the crude (2S,4S,5R)-3,4-dimethyl-5-phenyl- 
2- [ ( E ) -l-methyl-2-phenylvinyl ] -1,3,2-oxazaphospholidin-2-one (151) as an 
oil (80 mg, 77%).^

Rf 0 . 2 1  (2 :1 : 1  benzene-ether-acetone);
(90 MHz; C D C I3 )  0.75 (3H, d, J ca. 7 Hz, 4 -CH3 ), 2.1 (3H, dd, Jp 

ca. 15 Hz and further small allylic coupling, 1 '- Œ 3 ), 2.75 (3H, d, Jp 
ca. 9 Hz, 3 -CH3 ), 3.7 (IH, m, H-4), 5.85 (IH, d, J ca. 7 Hz, H-5), 7.05- 
7.45 (lOH, m), 7.6 (IH, brd, J ca. 24 Hz, H-2');

Sp (24 MHz; C D C I3 )  35.09(s).

Notes
1. The crude product was cleanly one peak by n.m.r. and reasonably 

clean by ^H n.m.r. It proved difficult to purify by chromatographic 
methods and wculd not distil.
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Deprotonation of ( 2S, 4S. 5R) -3,4-Dimethvl-5-phenvl-2- P ( E ) -2-phenvlvinvl 1 -
1,3,2-oxazaphospholidin-2-one (148a) and Reaction with Benzaldehvde

HO Ph

Ph

(152a) and (152b)(14 8a )

Using the same procedure as for the preparation of (151),^ (2S,4S,- 
5R)-3,4-dimethyl-5-phenyl-2-[(E)-2-phenylvinyl] 1,3,2 oxazaphospholidin-
2-one (148a) (100 mg, 0.32 mmol) was deprotonated with LDA (0.35 nmol) 
and quenched with benzaldehyde (40 ul, 0.38 nmol). After work-up, the 

n.m.r. of the crude product showed 5 peaks; Sp (30.25 (starting 
material), 33.07, 35.29, 36.71, 37.71) in a ratio (1:2.97:1.01:1.88:2.51) 
respectively. The crude material was 'purified' by flash chromatography 
(2:1:1, benzene-ether-acetone) to give 3 major fractions, all of which 
showed traces of decomposition vÆiilst on the silica gel flash column.

Fraction 1
Decomposition material (25 mg);
Sp (24 MHz; CDClg) 35.29(s), 36.71(s).

Fraction 2 (152a)
(18 mg, 13%);
S„2 (90 mz; CDCI3 ) 0.75 (3H, d, J ca. 7 Hz, 4 -CH3 ), 1.95 (3H, d, Jp 

ca. 9 Hz, 3 -CH3 ), 3.4-3.85 (IH, m, H-4), 5.25 (IH, t, J is unmeasurable), 
5.75 (IH, d, J ca. 6 Hz, H-5), 6.2 (IH, brd, J ca. 9 Hz), 7.15-7.45 (15H, 
m), 7.6 (IH, d, J ca. 24 Hz, H-2');

Sp (24 MHz; CDCI3 ) 33.07(s).
Fraction 3 (152b)

(27 mg, 20%);

-187-



(90 MHz; CDCI3 ) 0.80 (3H, d, J ca. 7 Hz, 4 -CH3 ), 2.85 (3H, d, Jp 
ca. 9 Hz, 3 -CH3 ), 3.55-3.95 (IH, m, H-4), 5.25 (IH, t, J is
unmeasurable), 5.7 (IH, d, J ca. 6 Hz, H-5), 6.2 (IH, brd, J ca. 9 Hz), 
6.95-7.6 (16H, m);

Sp (24 MHz; C D C I3 )  37.71(s).

Notes
1. See p.186.
2. The ^H n.m.r. data is of a partially decomposed product and hence 

values quoted are only an approximation.
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Attempted Diels-Mder reaction of (2S.4S,5R)-3.4-Diinethvl-5-phenvl-2- 
r(E)-2-phenvlvinvl1-1,3,2-oxazaphospholidin-2-one (148a) and 1-Methoxv-
3- ( trimethvlsilvloxv) -1,3-butadiene (Danishefsky ' s diene ) ̂

Ph Me,SiO

^ ^  — ► No adduct-

(148a)

l-Methoxy-3-(trimethylsilyloxy)-1,3-butadiene (70 /j1, 0.32 mmol) was 
added to a stirred solution of ( 2S, 4S, 5R ) -3,4-dimethyl-5-phenyl-2- [(E) -2- 
î^enylvinyl]-l,3,2-oxazaphospholidin-2-one (148a) (100 mg, 0.32 nmol) in 
toluene (2 ml) in a reactivial under nitrogen. The reactants were heated 
to 150°C^ and over a period of 6 days further volumes of the diene added 
as the reaction was followed by t.l.c. This, however, showed only 
starting material and streaking due to decomposition products.

Notes
1. See Ref. 134.
2. The reaction was repeated using a Lewis acid, BFg.OEtg in dichloro- 

methane at -78°C. T.l.c. showed only starting material.
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Attempted Reaction of Lithiated (2S,4S,5R)-3,4-Dimethvl~5~phenvl-2-r(E)~
2-phenvlvinvl 1-1,3,2-oxazaphospholidin-2-one and 3-Trimethvlsilvl-3-but-
en-2-one^

(148a)

► No product

Using the same procedure as for the preparation of ( 151 ), ̂ 
(2S,4S,5R)-3,4 dimethyl-5-phenyl-2-[(E) 2 phenylvinyl] 1,3,2-oxazaphos- 
pholidin-2-one (148a) (100 mg, 0.32 irmol) was deprotonated with IDA (0.35 
mmol) and 3-trimet±ylsilyl-3-buten-2-one (55 mg, 0.38 nmol) in THF (V2 
ml) added under nitrogen at -78°C. After Ih the reaction mixture was 
allowed to warm to room temperature. T.l.c., however, showed only 
starting material and décomposition products.

Notes
1. Prepared by Dr. R. V. Bonnert vAio kindly left this compound after 

completing his work, see Ref. 150.
2. See p.186.
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APPEMDIX
X-RAY CRYSTAL STRUCTURE DATA FOR (94a)
Crystal Data C2 0 H2 4 O2 S, M = 328.47, Qrthorhombic, Space Group P2i2i2i, a 
= 11.026(30), b = 9.9198(10), ç = 18.065(13) Â, U = 1832.1 À^, Z = 4, u 
= 1.45 cm-i, X(Mq-Koc) = 0.7107 À, F(OOO) = 704.0, = 1.191g cm-^.

The unit cell parameters were determined from an oscillation photo­
graph for the rotation axis a and from the optimized counter angles for
b and c. The intensities of 1699 unique reflections with 2e < 52° and
(+h ± k + 1) were measured on a Stoe STADI-2 Weissenberg diffractometer, 
with graphite monochromated Mg-Ka radiation using an omega-scan tech­
nique. The data were corrected for Lorentz and polarization effects to 
yield 1180 reflections with I  ̂3o(l).

The structure was solved using the TREF option of SHELXS 84.* All 
subsequent calculations were carried out using the computer program 
SHELX.** Most hydrogen atoms were included in calculated positions (C-H 
= 1.08 À) with group thermal parameters. The hydrogen atoms of the 
tolyl methyl group appeared disordered and were thus omitted. The 
hydrogen atom of the hydroxyl group was located and, therefore, refined 
as a normal atom. All non-hydrogen atoms were refined as anisotropic.

Final cycles of refinement employed a weighting parameter g(-00051) 
{w=1/[o2(f) + g(F)^]} and gave the final residual indices R{=E|(|F(,|- 
IFJ 1/ E|F„|} 0.060 and R,(=[E,(IF,|-|FJ 0.065. The final
difference Fourier map was featureless and an analysis of the weighing 
scheme over iFgl and sin e/> was satisfactory.

* G. M. Sheldrick SHELXS 84. Private communication.
** G. M. Sheldrick SHELX 76. Program for crystal structure determina­

tion. University of Cambridge, 1976.
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The geometry of the molecule is shown in Fig. 7. Selected bond 
distances and angles are in Tables 5 and 6 . Final atomic positional and 
thermal parameters and lists of IFgl and |Fg| values have been deposited 
as supplementary material with the editor from whom copies are available 
on request.

Acknowledgements - Leicester University Computer Laboratory who provided 
support and facilities for X-ray single crystal work and G. M. Sheldrick 
for the use of SHELXS.
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Fiq. 7
X-ray Crystal Structure of (+)-(S)-(E)-4,4-Dimethyl-2- 
[(S)-p-tolylsulphinyl]-l-penten-3-ol (94a).
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TABLE 5
Bond Distances (À) for (94a) C20H25O2S

0 l)-S(l) I .498 5) C 2) -S(l) 1.816(6)
c 14)-S(1) 1.775 4) H 2) -0(2) 0.78(13)
c 3)-0(2) 1.440 8) H 1) -C(l) 1.080(0)
c 2)-C(1) 1.340 10) C 3) -C( 1) 1.477(9)
c 3)-C(2) 1.518 10) H 3) -0(3) 1.080(0)
c 4)-C(3) 1.560 9) C 5) -C( 4) 1.536(10)
c 6)-C(4) 1.524 11) C 7) -C( 4 ) 1 .5 4 2 ( 1 1 )
H 51)-C(5) 1.080 0) H 52 )-C(5) 1.080(0)
H 53)-C(5) 1.080 0) H 61 )-C(6) 1.080(0)
H 62)-C(6) 1.080 0) H 63 )-C(6) 1.080(0)
H 71)-C(7) 1.080 0) H 72 )-C(7) 1.080(0)
H 73)-C(7) 1.080 0) C 9) -0(8) 1.395(0)
C 13)-C(8) 1.395 0) C 10 )-0(9) 1.395(0)
H 9)-C(9) 1. 080 0) C 11 )-O(10) 1.395(0)
H 1 0 )-C(10 ) 1.080 0) C 12 )-0(ll) 1.395(0)
H ll)-C(ll) 1. 080 0) C 13 )-0(12) 1.395(0)
H 12)-C(12) 1 .080 0) H 13 )-0(13) 1.080(0)
C 15)-C(14) 1.395 0) C 19 )-0(14) 1.395(0)
C 16)-C(15) 1.395 0) H 15 )-0(15) 1.080(0)
C 17)-C(16) 1.395 0) H 16 )-0(16) 1.080(0)
C ia)-C(L7) 1.395 0) C 20 )-0(17) 1.546(11)
C 19)-C(18) 1.395 0) H 18 )-0(18) 1 .080 ( 0 )
H 19)-C(19) 1.080 0)
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TABLE 6
Bond Angles (°) for (94a) C20H2SO2S

C 2)- S ( 1 )-0(1 ) 107 .7 3 ) C 14 )-S(l)-0(1) 106 .9 3 )
c 14 )- S ( 1 ) - C ( 2) 100 . 6 3 ) C 3 )- 0(2)-H(2) 116(9
c 2 ) -C ( 1 )-H ( 1 ) 112 . 0 4 ) c 8 )- C(1)-H(1) 112.0 3 )
c 8 )- C ( 1 )-C ( 2 ) 136 . 0 6 ) c 1 )- C(2)-S(1) 113 .9 5 )
c 3 )- C(2)-S(l) 111 . 0 5) c 3 )- C(2)-C(l) 134.9 6 )
c 2)- C( 3 )-0 ( 2 ) 112 .2 6 ) H 3 )- C(3)-0(2) 111 .7 4 )
H 3 )- C(3)-C(2) 101 . 8 4 ) C 4 )- C(3)-0{2) 107 .5 5 )
C 4 )- C(3)-C(2) 116 .3 6 ) C 4 )- C(3)-H(3) 107 .2 4 )
C 5 )- C ( 4 )-C ( 3 ) 106 . 8 6 ) C 6 )- C ( 4 )-C(3 ) 112.5 6 )
C 6 )- C(4)-C(5) 110 . 0 6 ) C 7 )- C(4)-C(3) 109 . 5 6 )
c 7 )- C(4)-C{5) 109 . 3 7 ) C 7 )- C(4)-C(6 ) 108.7 7 )
H 51 - C ( 5 ) - C ( 4) 109 . 5 4 ) H 52) -C(5)-C(4) 109 .5 5)
H 52 -C(5)-H(51) 109 . 5 0 ) H 53 )-C(5)-C(4) 109 .5 4 )
H 53 - C ( 5 ) -H(51) 109 . 5 0 ) H 53) -C(5)-H(52) 109 . 5 0 )
H 61 - C ( 6 ) -C(4 ) 109 . 5 4 ) H 62 )-C(6)-C(4) 109.5 4 )
H 62 - C ( 6 )-H(61) 109 . 5 0 ) H 63 )-C(6)-C(4) 109.5 4 )
H 63 - C ( 6 )-H(61 ) 109 . 5 0 ) H 63 )-C(6)-H(62) 109.5 0 )
H 71 - C ( 7 )-C(4 ) 109 . 5 5) H 1 2 ) -C(7)-C(4) 109 . 5 5 )
H 72 -C(7)-H(71) 109 . 5 0 ) H 73 )-C(7)-C(4) 109 .5 4 )
H 73 -C(7)-H(71) 109 . 5 0 ) H 73 )-C(7)-H(72) 109 . 5 0 )
C 9)- C(8)-C(l) 124 . 4 3 ) C 13 )-C(8)-C(1) 115.6 3 )
C 13 - C ( 8 )-C(9 ) 120 .0 0 ) C 10 )-C(9)-C(8) 120 .0 0 )
H 9)-•C( 9 )-C( 8 ) 120 . 0 0 ) H 9)- C(9)-C(10) 120 .0 0 )
C 11 -C(10)-C(9) 120 . 0 0 ) H 10 )-C(10)-C(9) 120 . 0 0 )
H 10 - C ( 1 0 )-C(11) 120.0 0 ) C 12 )-C(ll)-C(10) 120 .0 0 )
H 11 - C ( l l )- C ( 10) 120 . 0 0 ) H 11 )-C(1 1 )-C(12) 120 . 0 0 )
C 13 - C ( 1 2 ) - C ( 11) 120 .0 0 ) H 12 )-C(12)-C(ll) 120 .0 0 )
H 12 -C(12)-C(13) 120 . 0 0 ) C 12 )-C(13)-C(8) 120.0 0 )
H 13 -C(13)-C(8) 120 . 0 0 ) H 13 )-C(13)-C(12) 120.0 0 )
C 15 -C(14)-S(l) 123 . 5 2 ) C 19 )-C(14)-S(l) 116 .3 2 )
C 19 - C ( 1 4 ) - C ( 15) 120 .0 0 ) C 16) -C(15)-C(14) 120 .0 0 )
H 15 -C(15)-C(14) 120 . 0 0 ) H 15) -C(15)-C(16) 120 . 0 0 )
C 17 -C(16)-C(15) 120 . 0 0 ) H 16 )-C(16)-C(15) 120 . 0 0 )
H 16 -C(16)-C(17) 120 . 0 0 ) C 18) -C(17)-C(16) 120 .0 0)
C 20 -C(17)-C(16) 119 . 4 5) C 20) -C(17)-C(18) 120.6 5)
C 19 -C(18)-C(17) 120 .0 0) H 18) -C(18)-C(17) 120 .0 0 )
H 18 -C(18)-C(19) 120 . 0 0 ) C 18 )-C(19)-C(14) 120 . 0 0 )
H 19 - C ( 1 9 ) - C { 14) 120 . 0 0 ) H 19) -C(19)-C(18) 120 .0 0 )

-195-



REFEREHCES



REFERENCES
1. For excellent reading on all aspects of asymmetric reactions see;

(a) J. D. Morrison and H. S. Mosher, "Asymmetric Organic 
Reactions", Prentice Hall, New Jersey, 1971;

(b) "Asymmetric Synthesis", ed. J. D. Morrison (and J. W. Scott, 
Vol. 4), Academic Press, New York, 1983-1984, Vols. 1-4.

2. A. Krief, Tetrahedron, 1980, 2531 and references therein.
3. A. I. Shatenshtein and H. A. Gvozdeva, ibid, 1969, 2749.
4. D. Seebach, Angew. Chem., Int. Ed. Engl., 1979, 18, 239.
5. (a) W. Carruthers, "Some modem methods of organic synthesis",

Cambridge University Press, 1986, p.41;
(b) J. E. Baldwin, G. A. Hof le and 0. W. Lever, Jr., J. Am. Chem. 

Soc., 1974, 96, 7125.
6 . E. Torres, G. L. Larson and G. J. McGarvey, Tetrahedron Lett., 1988, 

1355.
7. (a) S. Hoff, L. Brandsma and J. F. Arens, Reel. Trav. Chim. Pavs-

Bas, 1968, 87, 916;
(b) Y. Leroux and C. Roman, Tetrahedron Lett., 1973, 2585.

8 . (a) S. Hoff, L. Brandsma and J. F. Arens, Reel. Trav. Chim. Pavs-
Bas, 1968, 1179;

(b) S. Hoff, L. Brandsma and J. F. Arens, ibid, 1969, 609.
9. S. Hoff, B. H. Steenstra, L. Brandsma and J. F. Arens, ibid, 1969, 

8 8 , 1284.
10. H. Kleijn, H. Westmijze and P. Vermeer, Tetrahedron Lett., 1978, 

1133.
11. J. C. Clinet and G. Linstrumelle, ibid, 1978, 1137.
12. J. C. Clinet and G. Linstrumelle, ibid, 1980, 3987.
13. N. Miyaura, T. Yashinari, M. Itoh and A. Suzuki, ibid, 1980, 537.
14. P. Pappalardo, E. Ehlinger and P. Magnus, ibid, 1982, 309.
15. T. J-Luong and G. Linstrumelle, Synthesis, 1982, 738.
16. F. J. Weiberth and S. S. Hall, J. Qrg. Chem., 1985, 5308.
17. P. H. M. Schreurs, J. Meijer, P. Vermeer and L. Brandsma, Tetra­

hedron Lett., 1976, 2387.
18. J. Meijer and P. Vermeer, Reel. Trav. Chim. Pavs-Bas, 1974, 183.
19. H. Klein, H. Eijsinga, H. Vfestmijze, J. Meijer and P. Vermeer,

Tetrahedron Lett., 1976, 947.
20. (a) S. F. Martin and P. J. Garrison, ibid, 1977, 3875;

(b) A. Kucerovy, K. Neuenschwander and S. M. Weinreb, Svnth.
Commun., 1983, 13, 875.

21. D. Gange and P. Magnus, J. Am. Chem. Soc., 1978, 100, 7746.
22. D. Gange, P. Magnus, L. Bass, E. V. Arnold and J. Clordy, J. Am. 

Chem. Soc.. 1980, 102, 2134.

-196-



23. K. Shishido, T. Saitoh, K. Fukumoto and T. Kametani, J. Chem. Soc.. 
Perkin Trans. I, 1984, 2139.

24. L. E. Overman and S. W. Goldstein, J. Am. Chem. Soc., 1984, 106, 
5360.

25. M. A. Tius and D. P. Astrab, Tetrahedron Lett., 1984, 1539.
26. K. Shishido, K. Takahashi, Y. Oshio, K. Fukumoto, T. Kanetani and

T. Honda, ibid, 1986, 1339.
27. (a) H. J. Reich, M. J. Kelly, R. E. Olson and R. C. Holton,

Tetrahedron. 1983, 949;
(b) H. J. Reich, E. K. Eisenhart, R. E. Olson and M. J. Kelly,

J. Am. Chem. Soc., 1986, 108, 7791.
28. G. Stork and E. Nakamura, J. Am. Chem. Soc. , 1983, 105, 5510.
29. K. Hayakawa, F. Nagatsugi and K. Kanenatsu, J. Org. Chem., 1988,

860.

30. A. Alexakis, P. Mangeney and J. F. Normant, Tetrahedron Lett., 1985, 
4197.

31. M. Braun and W. Hild, Angew. Chen. , Int. Ed. Engl., 1984, 23, 723.
32. L. Skattebol, E. R. H. Jones and M. C. Whiting, Org. Svnth., 1963, 

Coll. Vol. 4 . 792.
33. T. Sato, Y. Saito, M. Kainosho and K. Hata, Bull. Chem. Soc. Jpn, 

1967, 40, 391.
34. J. M. Wilson and D. J. Cram, J. Org. Chem. , 1984, 4930.
35. G. Solladié, Synthesis, 1981, 185 and references therein.
36. M. R. Barbachyn and C. R. Johnson in "Asymmetric Synthesis", ed.

J. D. Morrison and J. W. Scott, Academic Press, New York, 1984,
Vol. 4, p.227.

37. (a) G. H. Posner, Chem. Scr., 1985, 25, 157;
(b) G. H. Posner in "Asymmetric Synthesis", ed. J. D. Morrison, 

Academic Press, New York, 1983, Vol. 2, p.225.
38. M. Cinquini, Phosphorus Sulphur, 1985, 24, 39.
39. G. Solladié in "Asymmetric Synthesis", ed. J. D. Morrison, Academic 

Press, New York, 1983, Vol. 2, p.184.
40. M. Mikolajczyk and J. Drabowicz in "Topics in Stereochemistry", eds. 

N. L. Allinger, E. L. Eliel and S. H. Wilen, Wiley (Interscience), 
New York, 1982, Vol. 13, p.333.

41. T. Durst in "Comprehensive Organic Chemistry", ed. D. N. Jones, 
Pergamon Press, 1979, Vol. 3, p.121.

42. S. Oae, "Organic Chemistry of Sulphur", Plenum Press, New York,
1977, p.383.

43. K. Mislow, T. Simmons, J. T. Melillo and A. L. Temay, J. Am. Chem 
Soc., 1964, 8 6 / 1452.

44. (a) J. P. Lockard, C. W. Schroeck and C. R. Johnson, Synthesis,
1973, 485;

(b) T. Durst, M. J. LeBelle, R. Van Den Elzen and K. C. Tin, Can. J. 
Chem., 1974, W, 761.

-197-



45. M. Madesclaire, Tetrahedron, 1986, 42, 5459 and references therein.
46. Y. Watanabe, T. Numata and S. Oae, Synthesis, 1981, 204.
47. R. Kaya and N. R. Seller, J. Org. Chem. , 1981, 196.
48. K. Balenovic, N. Bregant and D. Francetic, Tetrahedron Lett., 1960, 

6, 20.
49. F. Di Fiura, G. Modena and R. Curci, ibid, 1976, 4637.
50. P. Pitchen and H. B. Kagan, ibid, 1984, 1049.
51. F. A. Davis, J. P. McCauley, Jr. and M. E. Harakal, J. Org. Chem. ,

1984, 49, 1465.
52. E. Abushanab, D. Reed, F. Suzuki and C. J. Sih, Tetrahedron Lett., 

1978, 3415.
53. H. Ohta, Y. Okamoto and G. Tsuchihashi, Chen. Lett. . 1984, 205.
54. H. Phillips, J. Chem. Soc., 1925, 127, 2552.
55. K. K. Andersen, Tetrahedron Lett., 1962, 93.
56. (a) M. Axelrod, P. Bickart, J. Jacobus, M. M. Green and K. Mislow,

J. Am. Chem. Soc. , 1968, 4835;
(b) H. Hope, U. de la Camp, G. D. Homer, A. W. Messing and L. H.

Sommer, Angew. Chem. , Int. Ed. Engl. . 1969, 8 , 612.
57. D. D. Ridley and M. A. Smal, Aust. J. Chem.. 1982, 35, 495.
58. K. K. Andersen, B. Bujnicki, J. Drabowicz, M. Mikola jczyk and J. B.

O ’Brien, J. Org. Chem., 1984, 49, 4070.
59. J. M. Klunder and K. B. Sharpless, J. Org. Chem. , 1987, 2598.
60. J. Drabowicz, S. Legedz and M. Mikola jczyk, J. Chem. Soc., Chem. 

Commun. , 1985, 1670.
61. D. N. Harpp, S. M. Vines, J. P. Mcntillier and T. H. Chan, J. Org. 

Chem., 1976, 41, 3987.
62. J. Drabowicz, B. Bujnicki and M. Mikola jczyk, J. Org. Chem.. 1982, 

47, 3325.
63. M. Mikola jczyk, W. Midura, S. Grzejszczak, A. Zatorski and A.

Chefzynska, J. Org. Chem., 1978, 43, 473.
64. L. Colombo, C. Gennari and E. Narisano, Tetrahedron Lett., 1978,

3861.
65. R. Annunziata, M. Cinquini and F. Cozzi, Synthesis, 1979, 535.
6 6 . N. Kunieda, J. Nokami and M. Kinoshita, Bull. Chem. Soc. Jpn, 1976,

49, 256.
67. R. Annunziata and M. Cinquini, Synthesis, 1982, 767.
6 8 . S. Colonna, R. Giovini and F. Montanari, J. Chem. Soc., Chem.

Commun., 1968, 865.
69. F. Wudl and T. B. K. Lee, J. Am. Chem. Soc. , 1973, 6349.
70. D. J. Abbott, S. Colonna and C. J. M. Stirling, J. Chem. Soc., Chem. 

Commun., 1971, 471.

-198-



71. D. J. Abbott, S. Colonna and C. J. M. Stirling, J. Chem. Soc., 
Perkin Trans. I, 1976, 492.

72. G. H. Posner and P. W. Tang, J. Org. Chem. , 1978, 43, 4131.
73. M. Hulce, J. P. Mallamo, L. L. Frye, T. P. Kogan and G. H. Posner, 

Org. Svnth., 1986, 196.
74. H. Kosugi, M. Kitaoka, K. Tagami and H. Uda, Chem. Lett., 1985, 805.
75. H. Kosugi, M. Kitaoka, K. Tagami, A. Takahashi and H. Uda, J. Org. 

Chem. . 1987, 1078.
76. Y. Itaka, A. Itai, N. Tomioka, Y. Kodama, K. Ichikawa, K. Nishihata, 

M. Nishio, M. Izumi and K. Doi, Bull. Chem. Soc. Jpn. 1986, 59,
2801.

77. K. Nakamura, M. Higaki, S. Adachi, S. Oka and A. Ohno, J. Org.
Chem. . 1987, 1414.

78. S. Lavielle, S. Bory, B. Mareau, M. J. Luche and A. Marquet, J. Am. 
Chem. Soc., 1978, 100, 1558.

79. P. Bravo, G. Resnati and F. Viani, Tetrahedron Lett.. 1985, 2913.
80. G. Solladié, F. Matloubi-Moghadam, C. Luttmann and C. Mioskowski, 

Helv. Chim. Acta, 1982, 1602.
81. C. R. Johnson and C. W. Schroek, J. Am. Chem. Soc., 1971, 5303.
82. (a) G. Tsuchihashi, S. Iriuchijima and M. Ishibashi, Tetrahedron

Lett.. 1972, 4605;
(b) N. Kunieda, M. Kinoshita and J. Nokami, Chem. Lett.. 1977, 289.

83. C. A. Kingsbury, J. Org. Chem., 1972, 102.
84. D. G. Famum, T. Veysoglu, A. M. Cardé, B. D-Einswiler, T. A. 

Pancoast, T. J. Reitz and R. T. Cardé, Tetrahedron Lett., 1977,
4009.

85. C. Mioskowski and G. Solladié, J. Chem. Soc., Chem. Commun.. 1977, 
162.

8 6 . (a) G. Solladié and F. Matloubi-Moghadam, J. Org. Chem., 1982, £7,
91;

(b) E. J. Corey, L. 0. Weigel, A. R. Chamberlin, H. Cho and D. H. 
Hua, J. Am. Chem. Soc., 1980, 102, 6613;

(c) C. Papageorgiou and C. Benezra, Tetrahedron Lett., 1984, 1303.
87. L. Colombo, C. Gennari, C. Scolastico, G. Guanti and E. Narisano,

J. Chem. Soc., Perkin Trans. I, 1981, 1278.
8 8 . R. Annunziata, M. Cinquini, F. Cozzi, F. Montanari and A. Restelli, 

Tetrahedron, 1984, 3815.
89. D. R. Williams, J. G. Phillips, F. H. White and J. C. Huffmann, 

ibid. 1986, 3003.
90. (a) H. Okamura, Y. Mitsuhira, M. Miura and H. Takei, Chem. Lett. ,

1978, 517;
(b) G. H. Posner, P. W. Tang and J. P. Mallamo, Tetrahedron Lett.. 

1978, 3995.
91. G. H. Posner, J. P. Mallamo, K. Miura and M. Hulce, Pure AppI.

Chem.. 1981, 2307.

-199-



92. G. Solladié and G. Moine, J. Am. Chem. Soc., 1984, 106. 6097.
93. D. J. Antonjuk, D. D. Ridley and M. A. Smal, Aust. J. Chem., 1980,

M ,  2635.
94. (a) G. Tsuchihashi, S. Iriuchijima and K. Maniwa, Tetrahedron

Lett.. 1973, 3389;
(b) R. Annunziata and M. Cinquini, Synthesis. 1982, 929.

95. F. Matloubi and G. Solladié, Tetrahedron Lett.. 1979, 2141.
96. L. Colombo, C. Gennari, G. Resnati and C. Scolastico, J. Chem.

Soc.. Perkin Trans. I, 1981, 1284.
97. (a) M. R. Binns, R. K. Haynes, A. A. Katsifis, P. A. Schober and

S. C. Vonwiller, Tetrahedron Lett.. 1985, 1565;
(b) D. H. Hua, S. Venkataraman, R. A. Ostrander, G. Z. Sinai, P. J.

MoCann, M. J. Coulter and M. R. Xu, J. Org. Chem., 1988, 53.
507.

98. G. Tsuchihashi, S. Mitaraura and K. Ogura, Tetrahedron Lett.. 1974, 
455.

99. G. Tsuchihashi, S. Mitamura, S. Inoue and K. Ogura, ibid. 1973,
323.

100. (a) G. H. Posner, J. P. Mallamo and K. Miura, J. Am. Chem. Soc. ,
1981, 103, 2886;

(b) G. H. Posner, Acc. Chem. Res., 1987, 20, 72.
101. (a) 0. De Lucchi, V. Lucchini, C. Marchioro, G. Valle and

G. MDdena, J. Org. Chem., 1986, 1457;
(b) Y. Arai, S. Kuwayama, Y. Takeuchi and T. Koizumi, Svnth.

Commun.. 1986, 16, 233.
102. D. A. Evans, C. A. Bryan and C. L. Sims, J. Am. Chem. Soc. , 1972, 

94/ 2891.
103. G. H. Posner and W. Harrison, J. Chem. Soc., Chem. Commun.. 1985, 

1786.
104. P. Caramella, E. Albini, T. Bandiera, A. Corsico Coda, P. Grunanger

and F. M. Albini, Tetrahedron, 1983, 689.
105. T. Koizumi, H. Hirai and E. Yoshii, J. Org. Chem., 1982, £7, 4004.
106. T. Yoshino, Y. Manabe and Y. Kikuchi, J. Am. Chem. Soc., 1964, 86, 

4670.
107. (a) H. M. Walborsky and L. M. Turner, ibid, 1972, M, 2273;

(b) D. Y. Curtin and J. W. Crump, ibid, 1958, 80, 1922.
108. (a) R. Knorr and T. von Roman, Angew. Chem., Int. Ed. Engl., 1984,

23, 366;
(b) B. A. Feit, U. Melamed, H. Speer and R. R. Schmidt, J. Chem.

Soc., Perkin Trans. I, 1984, 775.
109. R. A. Holton, D. J. Crouse, A. D. Williams and R. M. Kennedy,

J. Org. Chem., 1987, 2317 and references therein.
110. D. A. Evans, D. J. Mathre and W. L. Scott, ibid, 1985, 1830 and

references therein.
111. L. Field and Y. H. Khim, ibid. 1972, 2710.

— 2 0 0 —



112. D. A. Evans, J. Bartroli and T. L. Shih, J. Am. Chem. Soc., 1981, 
103, 2127.

113. E. Kühle, Synthesis, 1970, 501.
114. Chemical Abstracts. 1960, M/  20876hi.
115. J. H. Youn and R. Herrmann, Tetrahedron Lett., 1986, 1493.
116. G. Zweifel and C. C. Whitney, J. Am. Chem. Soc. . 1967, 89, 2753.
117. B. Méchin and N. Naulet, J. Qrgancmet. Chem., 1972, 229.
118. B. J. Whkefield, "The Chemistry of Qrganolithium Compounds", 

Pergamon Press, Oxford, 1974, Part I, p.5-6.
119. (a) J. F. McGarrity and C. A. Ogle, J. Am. Chem. Soc., 1985, 107,

1805;
(b) J. F. McGarrity, C. A. Ogle, Z. Brich and H. R. Loosli, ibid, 

1985, 107, 1810.
120. D. Seebach, R. Amstutz and J. D. Dunitz, Helv. Chim. Acta, 1981,

M/  2622.
121. J. Boutagy and R. Thomas, Chem. Rev., 1974, 74, 87 and references 

therein.
122. (a) R. D. Clark, L. G. Kozar and C. H. Heathcock, Synthesis, 1975,

635;
(b) F. Mathey and P. Savignac, ibid, 1976, 766.

123. (a) D. J. H. Snith in "Comprehensive Organic Chemistry", ed. I. 0.
Sutherland, Pergamon Press, 1979, Vol. 2, p. 1316 and references 
therein;

(b) W. Carruthers, "Some Modem Methods of Organic Synthesis", 
Cambridge University Press, 1986, p.125.

124. E. J. Corey and D. E. Cane, J. Org. Chem. . 1969, 3053.
125. H. J. Bestmann and J. Lienert, Angew. Chem., Int. Ed. Engl., 1969, 

8 , 763.
126. C. R. Johnson and R. C. Elliott, J. Am. Chem. Soc. , 1982, 104,

7041.
127. S. Hanessian, D. Delorme, S. Beaudoin and Y. Leblanc, ibid, 1984, 

106, 5754.
128. R. K. Haynes and S. C. Vonwiller, J. Chem. Soc., Chem. Comnun.. 

1987, 92 and references therein.
129. D. H. Hua, R. Chan-Yu-King, J. A. McKie and L. Myer, J. Am. Chem. 

Soc., 1987, 109, 5026.
130. D. B. Cooper, C. R. Hall, J. M. Harrison and T. D. Inch, J. Chem.

Soc., Perkin Trans. I, 1977, 1969.
131. M. R. Selim, Ph.D. Thesis, "Studies on Asymmetric Induction", July 

1987, Leicester University.
132. R. Schmutzler, Org. Svnth., 1973, Coll. Vol. 5. 1005.
133. K. C. Calvo, J. Am. Chem. Soc., 1985, 107, 3690.
134. S. Danishefsky, Acc. Chem. Res.. 1981, 14, 400.

— 2 01 —



135. K. A. Andrianov, A. A. Mamedov, L. M. Volkova and E. I. 
Klabunowskii, Bull. Acad. Soi. USSR. Div. Chem. Soi., 1969, 10. 
2154.

136. M. L. Lewbart and J. J. Schneider, J. Org. Chem., 1969, M, 3505.
137. G. Stork and A. F. Kreft III, J. Am. Chem. Soc.. 1977, 3851.
138. F. Kurzer, Org. Svnth., 1963, Coll. Vol. 4, 937.
139. C. Ainsworth and Y. N. Kuo, J. Organomet. Chem., 1972, 46/ 73.
140. R. Annunziata, S. Cardani, C. Gennari and G. Poli, Synthesis, 1984, 

702.
141. M. S. Newnan and H. M. Walborsky, J. Am. Chem. Soc. , 1950, 72,

4296.
142. G. E. Keck, S. Fleming, D. Nickell and P. Weider, Synth. Commun., 

1979, 9, 281.
143. D. Barnard, L. Bateman, M. E. Cain, T. Colclough and J. I. Cuneen, 

J. Chem. Soc., 1961, 5339.
144. Chemical Abstracts, 1984, 101, 230142f.
145. H. C. Brown and V. Somayaji, Synthesis. 1984, 919.
146. D. H. Hua, S. Venkataraman, M. J. Coulter and G. Sinai-Zingde,

J. Org. Chem., 1987, 719.
147. R. Annunziata, M. Cinquini, F. Cozzi, L. Raimondi and S.

Stefanelli, Tetrahedron, 1986, 5443.
148. L. Maier, Helv. Chim. Acta, 1973, M/ 492.
149. A. M. Kinnear and E. A. Perren, J. Chem. Soc., 1952, 3437.
150. R. K. Boeckman, D. M. Blum, B. Ganem and N. Halvey, Qrg. Synth., 

1978, M ,  152.

-202-


