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Acyl Anion Equivalents. Synthesis of Ketones and a-( Pheny1thio)ketones 
from the Adducts of Bis( pheny1thio)carbanions and Carbonyl Com- 
pounds 

By Philip Blatcher and Stuart Warren,” University Chemical Laboratory, Lensfield Road, Cambridge CB2 1 EW 

Bis(pheny1thio)carbanions react with aldehydes and ketones to give a-hydroxybis( pheny1thio)acetals. The 
aldehyde adducts give simple ketones with trifluoroacetic acid and a- (phenylthio) ketones with toluene-p-sulphonic 
acid. The effect of these reagents on the ketone adducts is also discussed. The mechanisms and scope of al l  the 
reactions are described. The synthesis of a- (phenylthio) ketones is regiospecific and makes these compounds 
available as specific enol equivalents. 

THE limitations of carbonyl compounds as nucleophilic 
reagents in organic synthesis 233 have led to the develop- 
ment of reagents with umpolung4*5 and specific enol 
equivalents (enamine~,~ enol silanes,b etc.) . Problems 
still arise with these reagents because they often give 
mixtures of products and equilibration between regio- 
isomers can O C C U ~ . ~  Corey and Seebach’s solution to 
these problems has been to use dithioacetals,1° especially 
dithians,ll e.g. (1) and (2), to protect the carbonyl group 
against nucleophilic attack, and activate it for carbanion 
formation. This inevitably inverts the polarity 5 9 1 2  of 
the system as the anions from the dithians (1) and (2) 
are acyl anion equivalents.l3 In its simplest form 
[(l) (4)] this gives a synthesis of ketones them- 
selves1* There are problems here too: the second 
alkylation [(2) ----t (3)] does not always give good 
yields and it is sometimes difficult to  remove the dithian 
[(3) + (4)] though there are now many methods for 
doing this.l1. 1 4 9 1 5  Dithians have in general been more 

J R’ 
o=(R2 

(4) 
successful than other cyclic dithioacetals,16 bis(ary1thio)- 
ace ta l~ ,~01~7-~~ bis(alkylthio)acetals,22 or their sulph- 
oxides 23 offered as alternatives with special advantages, 
and have been used in the synthesis of molecules with 
complicated arrays of functional g r o ~ p s . l l J ~ 1 ~ ~  

We have been using phenylthio (PhS) migrations to 
synthesise allyl sulphides (6) by the acid-catalysed 
rearrangement of p-hydroxyalkyl phenyl sulphides 25 (5) 
and have therefore explored the chemistry of the a- 
hydroxybis(pheny1thio)-compounds (7).  Our aim was 
to rearrange these compounds to the bis-sulphides (8) 
which, being at  once allyl and vinyl sulphides, should 
have an interesting chemistry. The reaction [(7) + 
(S)] does indeed take place in high yield with SOC1, and 
Et,N but under the conditions we usually use for PhS 
migration [toluene-$-sulphonic acid (TsOH) in benzene 

under reflux or trifluoroacetic acid (TFA) at  various 
temperatures] other reactions occurred which allowed 
us to develop the general syntheses of ketones and a- 
(phenylthio) ketones we now report .l 

R3 R2  
H +  

OH 

( 5 )  (6) 

(7 )  (8) 

Preparation of u-Hydroxybis(pheny1thio)acetals (14) 
and (19).-Bis(pheny1thio)methane (9) (Scheme 1) is 

lF?CH* BuLi 

phs$ TFA - *=jR1 
P h S  OH 

R2 R2 
(12) ( 1 4 )  (15) 

,,,$ 0 
R2 

phs,O 
R2 
(13) (16) 

SCHEME 1 Adducts of bis(pheny1thio)carbanions and aldehydes 

readily available by displacement with benzenethiol on 
dihalogenomethanes.10926 I t  forms a yellow anion on 
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treatment with n-butyl-lithium (BuLi) in tetrahydro- 
furan (THF) which adds to aldehydes or ketones to 
give the adducts (12) or (17) in high yield (Table 2). 
Adducts of this type have been made previously.1OJ7-21 

The alkylated compounds (10) can be made by treat- 
ment of the anion of (9) with an alkyl iodide (primary 

BuLi P,,% 0 

R2 
PhS 

Phs) 

PhS R2ko- R3 

1075 
Benzaldehyde bis(pheny1thio)acetal l8 (10; R1 = Ph) 

gave a yellow anion on treatment with BuLi even in the 

TABLE 2 
Adducts (14) and (19) of bis(pheny1thio)carbanions 

with aldehydes and ketones 

Rf 
H 

Me 
BuLi 1 R'* 

'hSxR' BuLi ,5 

PhS H TMEDA 

(10) (19) 

(21) 
SCHEME 2 Adducts of bis(pheny1thio)carbanions and ketones 

only) or directly from the aldehyde (11) with benzene- 
thiol and Hc1.l'~~' The second method is better for 
branched chain compounds (R1 = sec-alkyl) and the 
only one for aromatic compounds (R1 = Ar). It also 
gives quantitative yields from simple aldehydes (Table 1). 

TABLE 1 
Synthesis of bis(pheny1thio)acetals (10) 

H A 96 
Me B 99 
Et B 96 
Prn C 99 
Pri C 100 
Bun B 96 
3-Methylbu tyl B 91 
CH,Ph C 100 
Ph C 100 

R' Method (I Yield (%) 

a A, Alkyl dihalide with PhS-, see ref. 10. B, By alkylation 
C, By RlCHO + PhSH of bis(pheny1thio)methane carbanion. + HCl. 

There are discouraging reports in the literature * on 
both the metallation of the alkylated compounds (10) 
and on the reaction of the resulting anions with carbonyl 
compounds. We have found that orange anions are 
formed by treatment with BuLi in THF in the presence 
of NNN' N'-te tramet hylethylenediamine (TMEDA) for 
15 min at 0 "C. Addition of an aldehyde or ketone 
instantly quenches the colour and gives good yields of 
adducts (14) and (19). 

* Seebach (footnote 6 in Synthesis, 1969, 18) reports only 50% 
metallation of (10; R1 = Et) with BuLi while Corey and Seebach 
originally reported (ref. 10) that  metallation of these compounds 
(10) occurred only in the presence of diazabicyclo-octane (DABCO) 
and that even then the yield of adducts (14) with carbonyl com- 
pounds was only moderate. Other workers (refs. 17-21) also 
report low yields of adducts (14) and (19). 

R2 R3 
Et H 
Pri H 
n-hexyl H 
Me $-Me-C,Hd 

Me H 
[CHZI, 

Et H 
Prn H 
P r n  D 
Ph H 
Et E t  

Et H H 
Me H 
Me D 
Et H 

Ph H 
Ph D 
Me PhCH, 

n-hex yl H 

Me 
[CH,I 6 

Prn Ph 
Pr' Ph  H 
Bun Me H 
3-methylbutyl Me Me 
PhCH, Et He 
Ph Ph  H 

Yield of 
(14) or (19) 

84 
86 
79 
86 
76 
58 
84 
70 
67 a 

57 
76 

71 
73 
77 (I 
76 
59 
89 
62 
56 
68 
80 
72 
62 
71  
64 
b 

(%I  

Made from the undeuteriated alcohol by oxidation, and 
This is the overall yield of the two steps. reduction (NaBD,). 

Made by acylation (66%) and reduction (60%). 

absence of TMEDA but the anion did not react with 
aldehydes or ketones. It did react with benzoyl chloride 
to give the ketone (22) which was reduced to the alcohol 
(14; R1= R2 = Ph) with zinc borohydride.28 Sodium 
borohydride gave only the original acetal (10; R1 I= 
Ph). 

Ph' Ph' 
(10 ; R1= Ph) ( 2 2 )  (14;R'=R2=Ph) 

Synthesis of Ketones f y o m  a-Hydroxybis(pheny1thio) 
AcetaZs (14).-When the aldehyde adducts (14) are 
dissolved in TFA at room temperature, reaction is 
instantaneous: an n.m.r. spectrum of the solution 
usually shows only diphenyl disulphide and the ketone 
(15). In some cases up to 10% of the a-(pheny1thio)- 
ketone (16) is formed. The ketones (15) can be isolated 
in reasonable to excellent yields (Table 3) by evaporation 
and preparative t.1.c. No net rearrangement has 
occurred in the reaction: the original carbonyl group of 
the aldehyde (11) reappears and the a-hydroxy-group is 
replaced by hydrogen. 

This is therefore a ketone synthesis with umpolung: 5y12 

the anion from (10) is a masked acyl anion. It is also an 
alkylative 1,2-carbonyl transposition 29 on the aldehyde 
R2CH0. The chief differences from the dithian route 
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to ketone [(l) + (4)] are that aldehydes are used usually, a-(pheny1thio)ketones with rearranged [(lS) and 
instead of alkyl halides to introduce the second alkyl (ZO)] carbon skeletons. 

~ ~ ~ ~ I - i  TFA '6 
(23 (24)  

group (RTH,) and that the products (15) are released 
from the adducts (14) under milder conditions than those 
needed for hydrolysis of dithians. 

The reaction is limited almost entirely to aldehyde 
adducts (14) of substituted (R1 # H) bis(pheny1thio)- 
acetals (Table 3). The cyclohexanone adduct (23) , alone 
among ketone adducts, gives a reasonable yield of the 
transposed ketone (24). Other ketone adducts (19) 
and adducts (12) or (17) of bis(pheny1thio)methane with 
aldehydes or ketones give low yields of ketones or, more 

TABLE 3 
Synthesis of ketones from aldehyde adducts (14) 

Yield of (15) 
(%I  
90 a 
87 
90 a 
31 
74 
92 
80 a 

Entry 
1 
2 
3 
4 
5 
6 
7 

R' 
Me 
Me 
Et 
E t  
Et 
Pr' 
Bun 

R2 
Et 
Ph 
Me 
n-hexyl 
Ph  
Ph 
Me 

a By n.m.r. : other yields are of isolated product. 

The many reasonable mechanisms for this intriguing 
reaction are summarised in Scheme 3. Protonation must 
occur initially a t  sulphur (Step A) or oxygen (Step I); 
thereafter most of the steps (C-U) are well established 
by precedent. Rearrangement (step G) of arylthio- 

R t  yOH D 
___) 

A / H +  

PhS -4 R2 OH 

(14; RtCH2= R') 

phs+/o 

. R2 

SPh 

J 
arrows 
- 

PhS 

K 

(33) 

Jp 

PhS phXIR: . .t 
P hSH 

phsJ 

R2 

T 

( 3 4 )  (35) (36) 

Iu 
(15) 

SCHEME 3 Mechanisms for the TFA reaction 

R1 
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epoxides (29) to a-(ary1thio)ketones (30) has been 
reported.30 The formation of compound (33) is our 

SPh 

"8" T F A  
__c phb 

(19; R'=H,R2R3= [CH2]$ 

SOCl,-Et,N reaction [see (7) + (S)]. Hydrolysis of 
vinyl sulphides (steps L and R) in TFA is a standard 
pro~edure.lp~~932 Attack of benzenethiol on the PhS 
group of intermediates (32, step N),  (35, step S), (27, step 
D), and (30, step H) is eminently reasonable and, since 
diphenyl disulphide is one of the products, must occur 
at some stage. Most of the other steps are additions or 
removals of protons. 

Step M, the loss of PhSOH, may look odd at  first but 
we have observed one such product, in low yield, in the 
reaction of the cyclopentanone adduct with TFA. The 
formation of PhSSPh from PhSOH and PhSH in acid 
solution would be e~pected.~3 The only intermediate we 
can definitely exclude is the bisvinyl sulphide (36) since 
entries 1 and 3 in Table 3 would both use the same inter- 
mediate (36), whereas in fact they give high yields of 
different ketones. 

We were deterred from a mechanistic investigation 
into this reaction because (a) the reaction is instantaneous 
and we have been unable to measure its rate accurately, 
(b )  in TFA diluted with other solvents (CCl,, CDC13, 
and CD3CN) or in other acidic media (HC02H, TsOH) 
other reactions occur, chiefly the formation of ct-(phenyl- 
thio)ketones, and (c) attempts to compare the reaction 
(14) (15) with the reactions of possible intermediates 
e.g. (30), with benzenethiol in TFA were thwarted by the 
low solubility of benzenethiol in TFA. 

We have, however, tested the accessible intermediates 
under the reaction conditions. The rearranged com- 
pound (33) does give the ketone (16) at  least as fast as it 
is formed from (14) itself. In addition, this is the clean- 
est of all the TFA reactions, giving only ketone (15) even 
when (14) does not (Scheme 4). The a-(pheny1thio)- 
ketones (30) did not give the ketones (15) in TFA alone 
but did so when benzenethiol was added. The reaction 
appeared to be slower than (14) + (15) but that may 
be because benzenethiol is not very soluble in TFA. The 
best evidence against (30) as an intermediate came from 
the by-products of two reactions (Scheme 4). Each was 
formed in ca. 10% yield and each would be the inter- 
mediate in the formation of the other ketone. However, 
each survived the reaction conditions and cannot be an 
intermediate in the formation of the ketones (15). 

It is certainly possible for either PhS or OH to act as 
the leaving group in TFA (steps A or I). The ketone 
adducts (17) and (18) react mostly by protonation and 
loss of PhS while the cyclic analogues (37) react by 
protonation and loss of OH under the same ~onditions.3~ 
We suggest that the evidence, such as it is, points to the 

route v ia  a PhS migration (I, J, K, P, S, R). The key 
intermediate is therefore (35) and it is reasonable that 
it should be attacked at sulphur by PhSH to give (34) 
but a t  hydrogen by Et3N to give (33). 

The amount of water present in the reaction mixture is 
obviously important. One mol is needed to form the 
ketones (15) : one mol is provided by step J. There is 
in any case enough water in commercial TFA to hydro- 
lyse a vinyl sulphide 31 or compound (33) to a ketone. 

When we added more water to the reaction mixture 
the alcohols (14) were hydrolysed to a-hydroxyketones 

PhS 'hY 
(33; R2= Rt= Me) 

( 15;R1= Et, R2= Me) 

phs{O 

(30 ; R2= Et, RL= H) 

t 
PhS 

P h s y o "  

90 Yo 

10% 7 
10 Yo / 90 % 

(14;R1=Me, R2=Et) 
SCHEME 4 

(14; R1= Et ,R&Me) 

Jc 

(30 ; R2= R4= Me) 

(15; R'=Me,R2=Et) 

(38). However, on treatment of (33) with aqueous TFA 
the a-(pheny1thio)ketone (30) did become a significant 

-1 

(37) (38) 

by-product (ca. 20%); cation (35) is being captured by 
water. Removal of water by treatment of (14) with 
TFA-TFA anhydride (1 : 1) gave (33) as a by-product. 
These results are consistent with the mechanism in 
Scheme 5. 
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Reactions of Ketone Adducts (19) with TFA.-The 

normal course of reaction is rearrangement of the carbon 

1 
PhSG' 

lk H+ 
(33) 

SCHEME 5 Proposed mechanism for the TFA reaction 

skeleton (40) after protonation and loss of PhS to give an 
w(pheny1thio)ketone (20) (Scheme 2 and Table 4). The 
reaction is unambiguous only if the ketone is symmetrical 
(entry 1, Table 4) or if one group, R2 or R3, migrates in 

TABLE 4 

Reactions of ketone adducts (19) with TFA 
Yield of 
product 

(20)," 
Entry R1 R2 R3 ( Y o )  

2 H Me p-MeC,H, 52 
3 E t  Me CH,Ph 91 

1 Me E t  Et 50 

4 Prn Me Ph 87 

R3 migrates in each case; see Scheme 2. 

preference to the other. Aryl groups (entries 2 and 4) 
or benzyl groups (entry 3) migrate in preference to 
methyl groups in this reaction. 

Cohen and his co-workers have reported21 the same 
reaction in higher yield by specific removal of PhS with 
copper (I) trifluoromethanesulphonate. They observed 
migration of hydride and ally1 groups and suggested that 

the epoxides (41) were intermediates, though they also 
reported the more reasonable rearrangement of these 
same epoxides (41) by PhS migration to the isomeric a- 
(pheny1thio)ketones (21). Since the epoxides must be 

formed from and decompose back to the same inter- 
mediates (40) and (42) on their way to (ZO), they are true 
intermediates not on this pathway but on the pathway to 

Retrosynthetic Analysis of the TFA Route to Ketones.- 
Ketones with two primary alkyl groups (43) may be 
made from four sets of starting materials (Scheme 6) 
since either disconnection (a) or (b) is acceptable. For 
ketones with one secondary alkyl group (44) discon- 
nection (a) would mean using a ketone adduct and so (b) 
must be used. In this and in two of the alternatives for 
(43), the synthesis links two aldehydes by their carbonyl 
carbon atoms (Scheme 6). 

Another approach, using in two cases similar com- 
pounds (14; R1 = Bu, R2 = n-C5Hll) and (19; R1 = 
Me, R2R3 = [CH,],) has been reported by Mukaiyama 
et al.,35 who treated the compounds with TiC1, and Et,N 
followed by reduction with zinc to give vinyl sulphides 
which could be hydrolysed to ketones. 

(21). 

R'CH2Br + CH2( SPh);l 
SPh 8 

R'CHO + R2CH2CH < SPh 
% R2CH2CH0 & dzo 

;31 SPh R'CH~CHO 
R2CH0 +R1 CH2CH' 

' SPhq R'CH2Br +CH2(SPh)2 

R2 R2 

CH(SPh12 CHO 
==3 R1-( '$0 b_ R3CHO+ R ' 3  

R3 
( 4 4 )  

SCHEME 6 Retrosynthetic analysis of the ketone synthesis 

Synthesis of a- (Phenylthio) ketones from a-Hydroxybis- 
(phenyZthio)acetaZs (14) (Table 5) .-Alcohols with one 

TABLE 5 

Synthesis of a-(pheny1thio)ketones ( 16) 

1 H Et 71 
2 Pr' 66 
3 n-hexyl 61 

4 Me Me 82 
5 Et 84 
6 Prn 81 
7 Ph 64 

Entry R' R2 Yield of (16) (yo) 

8 Et Me 80 
9 Et 72 

11 Bun Me 78 a 

10 n-hexyl 58 " 

a Yield using 0.3 equiv. TsOH; others are with 1 equiv., 
which usually gives higher yield. 

PhS 25 (5) or one diphenylphosphinoyl 36 (Ph,PO) sub- 
stituent rearrange on heating under reflux in benzene 
or toluene with TsOH catalyst. Under the same condi- 
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tions the aldehyde adducts (14) give a-(pheny1thio)- 
ketones (16) without rearrangement. In contrast to 

(16) 

the synthesis of ketone (15), the carbonyl group of 
the second aldehyde (R2CHO) is restored and that of 
the first aldehyde (RlCHO, if used) is transposed. 
Though both sulphur and, preferentially no doubt, 
oxygen are protonated in this strong acid, the extra 
sulphur atom in (14) not present in (5) means that loss of 
PhSH (45) is preferred to loss of water. When the 
sulphur atom is attacked specifically with copper(1) 
trifluoromethanesulphonate, Cohen 21 observed the same 
reaction with one aldehyde adduct (14; R1 = H, R2 = 
Et). All his other reactions, and many of ours on the 
ketone adducts (19), are alkyl shifts, and since hydride 
migrates in preference to alkyl, even with a hydroxy- 
group at  the migration origin,37 it is reasonable to write 
the second step (46) as a hydride shift. 

In fact, at  least 40% of the reaction goes by a hydride 

p h s T o  ;- (49) - TSOH 72%D ,,,),o 
benzene r e t a i n e d  
PhSH 
6 min 1 

(49 1 
shift. The deuteriated alcohol (48), prepared via the 
ketone (47), gave an 8574 yield of (49) with 38% deu- 
terium at the marked position. This was measured by 
mass spectrometry both of the molecular ion and the 
fragment PhSCD*Me+. I t  is a minimum value since a 
control experiment showed that the deuteriated product 
(49) lost ca. 300/, of its deuterium under the reaction 
conditions. The rest of the reaction probably goes by 
simple elimination of PhSH. 

Scope and Retrosynthetic AnaZysis of the a-(PhenyZthi0)- 
ketone Synthesis.-The reaction is important because it 

provides a regiospecific synthesis of a-(pheny1thio)- 
ketones. Previously, these have been made by sul- 
phenylation of the parent ketone,38 which is regio- 
selective only if one side of the ketone is blocked or 
activated. Our synthesis is regiospecific because it is 
convergent. The carbon-carbon bond between the 
carbonyl group and the a-phenylthio-substituted atom 
is made in the first step so that formation of the alter- 
native regioisomer is avoided. We can, for example, 
make both regioisomers of a-(phenylthio)hexan-3-one 
(entries 6 and 9, Table 5). The reaction works equally 
well on adducts of bis(pheny1thio)methane (entries 1-3, 
Table 5) so that we can also prepare phenylthiomethyl 
ketones and the isomeric a-(pheny1thio)alkyl ketones 
(e.g. entries 1 and 4, Table 5). 

The scope of the reaction is quite large; R1 [in (14)] 
can be H or primary alkyl, and R2 can be primary or 
secondary alkyl or aryl. R1 cannot be aryl but the pro- 
duct from the reaction would be (16; R1 = Ar) which 
can be made by selective s~lphenylat ion.~~ R2 can be 
aryl only if R1 is Me, otherwise a mixture of products is 
formed. R2 cannot be hydrogen, but this would give 
a-(pheny1thio)aldehydes which can be made from the 
corresponding nitriles 25 or esters.31 We tried one case 
with R2 = H (50); this gave 44% of the alternative a- 
(phenylthio) ketone (51). The cyclohexanone adduct 
(23) also gave this isomer (52) in 41% yield, but in 
general ketone adducts, e.g. (53) and (54) which give 
rearranged a-(phenylthio) ketones with TFA (Table 4), 
gave no recognisable products. One acetophenone 
adduct (55) gave a 57% yield of the 2-(pheny1thio)indene 

Cohen’s synthesis of an a-(pheny1thio)ketone 21 is also 
(56). 
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regiospecific and the retrosynthetic analyses of the two 
are compared in Scheme 7. Cohen's method is not 

ph',x;: 
Ref.21 v h i s  work 

PhS R' 

t- R' 
PhS-SPh PhS 

PhS 

+ + 
R*CHO 

SCHEME 7 Retrosynthetic analysis of a-(phenylthio) ketone 
synthesis 

convergent: it adds one carbon atom to another ketone 
and it requires that R1 be a better migrating group than 
R2. Our synthesis would be better for compounds such 
as entries 6 - 6 ,  and 8-11 in Table 5 but Cohen's would 
be better for compounds (21) having the PhS group on a 
tertiary carbon atom. We can also make the same com- 
pounds by the TFA reaction on ketone adducts (Table 4). 

This convergent synthesis of single isomers of a- 
(pheny1thio)ketones gives them the status of specific 
enol equivalents since they form enolate ions in base 
only on the phenylthio side. We have already used 
them in this role in synthesis of butenolides and 'y- 

phenylthio-acrylate esters.39 

EXPERIMENTAL 

General spectroscopic and chromatographic details have 
been given elsewhere.,l Silica gel (Fison) was used for 
column chromatography. T H F  refers t o  tetrahydrofuran 
distilled from LiAlH, directly into the reaction vessel. 
TMEDA refers t o  NNN'N'-tetramethylethylenediamine 
distilled from CaH,. 1, 1-Bis(pheny1thio)ethane was made 
by the method of Corey and Seebach.1° N.m.r. signals 
marked with an asterisk belong to  diastereotopic groups of 
protons. 

Synthesis of Bis(ph.enyZthio)acetuZs (10) .-1,l-Bis(phenyZ- 
thio)propane * (10; R1 = Et). To a stirred solution of 
bis(pheny1thio)methane lo (4.64 g, 20 mmol) in dry T H F  
(40 ml) a t  0 "C under nitrogen was added n-butyl-lithium 
(1.54~-solution in hexane; 15 ml, 23 mmol). After 15 min, 
ethyl iodide (1.8 ml, 23 mmol) was added and the solution 
stirred at room temperature for one hour, poured into water 
(100 ml), extracted with ether (3 x 25 ml), the extract 
washed with water (2 x 20 ml), dried (MgSO,), and eva- 
porated in vucuo to give an oil. Distillation gave the dithio- 

(lit.,40 150-155 "C a t  0.1 mmHg), G(CDC1,) 7.8-7.0 (10 H,  
m, 2 x SPh), 4.34 (1 H, t, J 6 Hz, CHCH,), 1.88 (2 H, quin- 
tet, J 6 Hz, CHCH,Me), and 1.11 (3 H, t, J 6 Hz, CH,Me). 

l,l-Bis(phenyZthio)bz&tane 42 (10; R1 = Pr"). Hydrogen 
chloride was bubbled through a stirred ice-cooled solution 
of butyraldehyde (3.6 g, 4.43 ml, 50 mmol) in benzenethiol 
(35 ml, 340 mmol) for 1 h. The mixture was stirred for a 
further 2 h as it warmed up to  room temperature. Ether 
(200 ml) was then added, the solution washed with 10% 
sodium hydroxide (3 x 50 ml), water (2 x 50 ml), dried 
(MgSO,), and evaporated in vucuo to give an oil. Distil- 
lation gave the dithioacetal (12.85 g, 99%) as an  oil, b.p. 
145-155 "C at 0.1 mmHg, v,, (liq) 1580 cm-1 (PhS), 
G(CDC1,) 7.6-7.1 (10 H, m, Ph), 4.39 [l H, t, J 6.5 Hz, 
CH,CH(SPh),], 2.0-1.4 (4 H, m, CH,CH,), and 0.86 (3 H, t, 
J 7 Hz, Me), m/e 274 (M', 46%), 197 ( M  - Ph, 65), 165 
( M  - SPh, 36), 123 (PhSCH,, loo), and 110 (PhSH, 97) 
(Found: C, 70.1; H,  6.5; S, 23.1. Cl,Hl,S2 requires C, 
70.0; H,  6.61; S, 23.4%). 

2-MethyZ-l,l-bis(phenyZthio)~ropane t (10, R1 = Pr i ) .  
Prepared as for 1,l-bis(pheny1thio)butane but using 
isobutyraldehyde (1.75 g, 2.2 ml, 24 mmol) and benzene- 
thiol (23.4 g, 214 mmol), the dithioacetal (6.9 g, 1OOyo) 
was an oil, vmX. (liq) 1585 cm-l (PhS), G(CDC1,) 7.50-7.14 
(10 H,  m, 2 SPh), 4.40 [l H, d,  J 3.5 Hz, CH(SPh),], 2.20 
(1 H, sept of d ,  J 3.5 and 6.5 Hz, CHMe,), and 1.14 (6 H, 
d, J 6.5 Hz, CHMe,), m/e 274 (M', 62%), 231 ( M  - Pr*, 6), 
165 ( M  - PhS, loo), and 110 (PhSH, 28) (Found: C, 70.2; 
H, 6.65; S,  23.6. Cl,Hl,S, requires C, 70.0; H, 6.61; S, 

l,l-Bis(phenyZthio)pentune $ (10, R1 = Bun). Prepar- 
ation as for 1,l-bis(pheny1thio)propane but using n-butyl 
iodide (3.68 g, 2.28 ml, 20 mmol) instead of ethyl iodide gave 
an  oil. Distillation gave the dithioacetal (5.5 g, 96y0), 
b.p. 150-160 "C at 0.05-0.1 mmHg, vmX (liq) 1582 cm-1 
(PhS), G(CDC1,) 7.8-7.0 (10 H, m, 2 x SPh), 4.45 (1 H, t, 
J 6 Hz, PhSCHCH,), 2.2-1.1 (6 H,  m, [CH,],), and 0.92 
(3 H, t, J 7 Hz, CH,Me), m/e 288 (M', 25o/b), 179 ( M  - 
SPh, loo), and 110 (PhSH, 47) (Found: C, 70.5; H,  7.1; 
S, 22.0. C,,H,,S, requires C, 70.8; H,  6.98; S, 22.27;). 

4-Methyl-l,l-bis(phenyZthio)fientane (10; R1 = 3-methyl- 
bzttyl) . Preparation as for 1, 1-bis(pheny1thio)propane but 
using isoamyl iodide (2.62 ml, 3.95 g, 20 mmol) instead of 
methyl iodide gave an oil (6.44 g). This was purified by 
column chromatography (50-fold excess of silica gel ; 
acetone-petroleum ether, b.p. 60-80 "C, 1 : 4) to give the 
dithioacetd (5.54 g, 91%) as an oil, RF (acetone-light 
petrol 1 : 4) 0.58, v,,,. (liq) 1574 cm-l (PhS), G(CDC1,) 
7.7-7.1 (10 H, m, 2 x SPh), 4.41 [ l  H, t, J 7 Hz, CH- 
(SPh),], 2.1-1.70 [2 H, m, (PhS),CHCH,], 1.70-1.30 (3 H, 
m, CH,CHMe,), and 0.87 (6 H, d, J 7.5 Hz,  CHMe,), 
m/e 302 (M+, 7%), 193 ( M  - SPh, loo), and 110 (PhSH, 78) 
(Found: C, 71.5; H, 7.4; S, 20.9. Cl,H2,S, requires C, 
71.5; H, 7.33; S, 21.2%). 

2-Phenyb-l,l-bis(phenyZthio)ethane (10; R1 = CH,Ph). 
Prepared as for 1,l-bis(pheny1thio) butane but using phenyl- 
acetaldehyde (2.4 g, 20 mmol) and benzenethiol (20 ml, 
180 mmol), the dithioacetal (6.5 g, 100%) was an oil, RF 
(CC1,) 0.30, vmax. (liq) 1580 cm-l (PhS), G(CDC1,) 7.5-7.0 
(15 H, m, 3 x Ph), 4.43 [l H,  t, J 7 Hz, CH,CH(SPh),], 
and 3.08 (2 H,  d, J 7 Hz,  CH,CH), m/e 322 ( M + ,  lye), 

23.4%). 

&eta1 (4.97 g, 96%)as an oil, b.p. 126-130 0C at 0.1 mmHg 

* This compound has been prepared by others 4 0 3 4 1  but full 
details have not been published. 

t This compound has been prepared by others 41 but full details 

Prepared by the same method, but not characterised, see 
have not yet appeared. 

ref. 10. 



1979 1081 

213 ( M  - PhS, 20), 123 (PhSCH,, 38), 109 (PhS, loo), 
91 (PhCH,, 28), and 77 (Ph, 34) (Found: M+, 322.085 1. 
C,,H1,S2 requires M ,  322.085 1). 

l-Phenylbis(phenyllhio)methane (10; R1 = Ph).  Pre- 
pared as for 1,l-bis(pheny1thio)butane but using benzalde- 
hyde (2.2 g, 20 mmol) and benzenethiol (20 ml, 194 mmol), 
the dithioacetal was an oil. Crystallisation from n-pentane 
gave the dithioacetal (6.2 g, 100%) as needles, m.p. 50- 
51 "C (lit.,l* 52-53 "C), vmX (liq) 1 581 cm-l (PhS), G(CDC1,) 
7.7-7.0 (15 H,  m, 3 x Ph) and 5.45 (1 H, s, PhCH). 

Synthesis of a-Hydroxy-dithioacetals (14 and 19) .-1,l- 
Bis(phenylthio)butan-2-oZ (14; R1 = H, R2 = Et). Method 
A .  n-Butyl-lithium (1.6~-solution in hexane; 2.6 ml, 
4.15 mmol) was added to a stirred solution of bis(pheny1- 
thio)methane (0.93 g, 4 mmol) in dry THF (20 ml) under 
nitrogen at 0 "C. After 10 min, the yellow anion was 
quenched by dropwise addition of propionaldehyde (0.23 g, 
0.29 ml, 4 mmol). The ice-bath was then removed and the 
solution stirred for 30 min, poured into water (50 ml), and 
extracted with ether (3 x 25 ml). The extract was washed 
with water (3 x 25 ml), dried (MgSO,), and evaporated in 
vacuo to give an oil, which was purified by preparative t.1.c. 
to give the alcohol (0.97 g, 84%) as an oil, RF (CH,Cl,) 0.38, 
vmxa (liq) 3 440br (OH), 1 580 cm-I (PhS), G(CDC1,) 7.7-7.0 
(10 H, m, 2 x SPh), 4.47 (1 H, d,  J 4 Hz,  PhSCH-CH), 
3.9-3.5 (1 H,  m, CHOH, simplified on shaking with D,O), 
2.81 (1 H ,  d, J 3 Hz, CH-OH, removed by D,O), 2.1-1.4 
(2 H,  m, CH,*Me), and 0.95 (3 H, t, J 7 Hz, CH,Me), 
m/e 290 (M+,  loyo), 231 ( M  - EtCHOH, 9.5), 181 ( M  - 
SPh, loo), and 109 (PhS, 28) (Found: C, 66.4; H, 6.25; S, 
21.8. C,,H,,OS, requires C, 66.2; H,  6.24; S, 22.1%). 

3-Methyl-l,l-bis(~henyZthio)butan-2-01 (14; R1 = H, 
R2 = Pri). n-Butyl-lithium ( 1 . 6 ~  in hexane; 2.7 ml, 
4.3 mmol), bis(pheny1thio)methane (0.93 g, 4 mmol), and 
isobutyraldehyde (0.38 ml, 4.5 mmol) (method A) gave the 
alcohol (1.04 g, 86%) as an oil, RF (CHC1,) 0.50, wmX. (liq) 
3 490br (OH) and 1 580 cm-l (PhS), G(CDC1,) 7.7-7.0 (10 H,  
m, 2 x SPh), 4.56 (1 H ,  d ,  J 4 Hz,  HOCHCHSPh), 3.44 
[l H, dt,  J 4 and 7 Hz, CHCH(OH)CH], 2.91 (1 H, d,  J 4 
Hz, CHOH, removed by D,O), 2.23 (1 H,  octet, J 7 Hz, 
Me,CHCH), and 1.00 and 0.88 (each 3 H, d, J 7 Hz, CHCH*- 
Me,), m/e 304 (M+,  2%), 194 ( M  - PhSH, 55), 123 (PhS- 
CH,, loo), and 110 (PhSH, 96) (Found: Mf, 304.095 5. 
C17H,oOS, requires M ,  304.095 5 ) .  

l,l-Bis(phenylthio)octan-2-oZ (14; Rf = H, R2 = n- 
hexyl). n-Butyl-lithium ( 1 . 6 ~  in hexane; 2.7 ml, 4.3 
mmol), bis(pheny1thio)methane (0.93 g, 4 mmol), and n- 
heptanal (0.58 ml, 4.3 mmol) (method A) gave the alcohol 
(0.74 g, 79% based on recovered starting material) as an  
oil, RF (CH,Cl,) 0.50, vmX. (liq) 3 440br (OH) and 1 580 cm-1 
(PhS), iS(CDC1,) 7.7-7.1 (10 H, m, 2 x SPh), 4.47 [ l  H,  d, J 
4 Hz,  CHCH(SPh),], 3.82 (1 H, dt,  J 4, 7 Hz, CHCHCH*,), 
2.76 (1 H, s, OH, removed by D,O), 2.1-1.1 (10 H, m, 
5 x CH,), 0.88 (3 H, distorted t, Me), m/e 346 (M+,  9%), 
337 ( M  - SPh, loo), 231 (PhSCHSPh, 20), and 110 (PhSH, 
26) (Found: M+, 346.144 6. C,,H,,OS, requires M ,  
346.142 4). 

2-(4-Methy@henyl)-l, l-bis(~henylthio)propan-2-oZ (19; 
R1 = H, R2 = Me, R3 = p-MeC,H,). n-Butyl-lithium 
( 2 . 3 7 ~  in hexane; 2.3 ml, 5.5 mmol), bis(pheny1thio)- 
methane (1.16 g, 5 mmol) and 4-methylacetophenone (0.67 g, 
0.66 ml, 5 mmol) (method A) gave the alcohol (1.57 g, 86%) 
as an oil, RF (CH,Cl,) 0.52, vnlax. (liq) 3 495br (OH) and 

* This compound has been prepared by others 21 but full details 
have not yet been published. 

1580 cm-1 (PhS), G(CDC1,) 7.46-6.96 (14 H, m, 2 X SPh 
and C,H,Me), 4.65 (1 H,  s, PhSCH), 3.16 (1 H, s, OH, 
removed by D,O), 2.29 (3 H,  s, C,H,Me), and 1.79 (3 H, 
s, MeCOH), m/e 257 ( M  - SPh, 39y0), 232 (PhSCH,SPh, 
98), 134 (60), 43 (100) [Found: M - SPh, 257.098 3. 
Cl,H170S requires 257,099 9. Found : PhSCH,SPh, 
232.038 3. C13Hl,S, requires 232.038 0. Found: M - 
(PhS),CH, 135.081 1. 

l-[Bis(phenylthio)methy~cycZopentanol * (19; R1 = H, R2- 
R3 = [CH,],). n-Butyl-lithium ( 2 . 4 ~  in hexane; 2.3 ml, 
5.5 mmol), bis(pheny1thio)methane (1.16 g, 5 mmol), and 
cyclopentanone (0.42 g, 0.45 ml, 5 mmol) (method A) gave 
an oil. Crystallisation from light petroleum (b.p. 60- 
80 "C) gave the alcohol (1.2 g, 76%), m.p. 37-38 OC, 
RF (CH,Cl,) 0.41, vmax. (CHCl,) 3 540br (OH) and 1 580 cm-1 
(PhS), G(CDC1,) 7.43-7.1 (10 H, m, 2 x SPh), 4.56 (1 H,  
s, PhSCH), 2.55 (1 H, s, OH, removed by D,O), and 1.86 
(8 H,  m, cyclopentyl), m/e 316 (M+, 9%), 232 (PhSCH,SPh, 
15), 207 ( M  - SPh, loo), and 110 (PhSH, 94) (Found: C, 
68.1; H, 6.35; S, 20.4. C2,H,,0S2 C, 68.3; H, 6.37; S, 

3,3-Bis(phenylthio)butan-2-oZ t (14, R1 = R2 = Me). 
Method B. n-Butyl-lithium (2.8M-SOlUtiOn in hexane; 
1.0 mi, 2.8 mmol) was added to  a stirred solution of 1,l- 
bis(pheny1thio)ethane (0.62 g, 2.5 mmol) in dry T H F  
(15 ml) and TMEDA (0.39 ml, 2.7 mmol) under nitrogen at 
0 "C. After 10 min, dry lithium bromide (0.5 g)  in dry 
T H F  (5 ml) was added followed by acetaldehyde to dis- 
charge the orange colour due to the anion. Further n- 
butyl-lithium (0.2 ml) was then added and the orange 
colour discharged again with acetaldehyde ; this procedure 
was repeated once more. The ice-bath was then removed 
and the solution stirred for 30 min and worked up as in 
method A to give the alcohol (0.38 g, 52%) as an oil, RF 
(CH,Cl,) 0.37, w,, (liq) 3 490br (OH) and 1580 cm-l 
(PhS), G(CDC1,) 7.8-7.0 (10 H, m, 2 x SPh), 3.77 (1 H, 
q, J 6 Hz, CHMe), 2.98 (1 H, s, OH, removed by D,O), 
1.37 (3 H, d, J 6 Hz, CHMe), and 1.19 (3 H, s, PhSCMe), 
m/e 245 ( M  - MeCHOH, 5%), 181 ( M  - PhS, 73), 137 
(PhSCHMe, 99). and 110 (PhSH, 100) (Found: C, 66.3; H,  
6.5; S, 21.9. C16H1,OSz requires C, 66.2; H, 6.24; S, 

2,2-Bis(phenylthio)pentan-3-oZ (14; R1 = Me, R2 = Et). 
Method C. n-Butyl-lithium (1.5~-solution in hexane ; 1.3 
ml, 2 mmol) was added to a stirred solution of 1,l-bis(pheny1- 
thio)ethane (460 mg, 1.86 mmol) in dry THF (15 ml) and 
TMEDA (0.3 ml, 2.1 mmol) under nitrogen at 0 "C. After 
15 min propionaldehyde was added dropwise to  discharge 
the orange colour of the anion. Further n-butyl-lithium 
(0.3 ml) was then added and the orange colour again dis- 
charged with propionaldehyde ; this procedure was repeated 
once more. The ice-bath was then removed and the solu- 
tion stirred for 30 min and worked up as in method A to 
give the alcohol (477 mg, 84%) as an oil, RF (CH,Cl,) 0.51, 
vmaX (liq) 3 475br (OH) and 1579 cm-' (PhS), G(CDC1,) 
7.8-7.0 (10 H, m, 2 x SPh), 3.47 (1 H, dd, J 3, 9 Hz, 
CH*,CHOH), 3.16 (1 H, s, OH, removed by D,O), 2.1-1.4 
(2 H, m, CH,), 1.25 (3 H, s, PhSCMe), and 1.05 (3 H, t, 
J 7 Hz, CH,Me), m/e 304 (Mf, 2%), 245 ( M  - EtCHOH, 
6), 185, (M - SPh, loo), and 110 (PhSfl, 38) (Found: C, 
66.8; H, 6.9; S, 21.2. C,,H,,OS, requires C, 67.0; H, 
6.62; S, 21.1%). 

t A total of 3 additions of n-butyl-lithium and carbonyl com- 
pound were made in the preparation of all a-hydroxydithioacetals 
(14 and 19; R1 # H) unless otherwise stated. 

C,Hl10 requires 135.080 91. 

20.3%). 

22.1 Yo). 
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2,2-Bis(phenyZthio)hexan-3-oZ (14; R1 = Me, R2 = Prn). 

1,l-Bis(pheny1thio)ethane (493 mg, 2 mmol), TMEDA 
(0.35 ml, 2.5 mmol), n-butyl-lithium (1.5~ in hexane; 1.9 
ml, 2.85 mmol), and n-butyraldehyde (method C) gave the 
alcohol (445 mg, 70%) as an oil, RF (CH,Cl,) 0.59, vmx. 
(liq) 3 470br (OH) and 1 578 cm-l (PhS), G(CDC1,) 7.7-7.1 
(10 H, m, 2 x SPh), 3.55 (1 HI dd, J 3 and 8 Hz, CH,*- 
CHOH), 3.04 (1 HI s, OH), 2.0-1.1 (4 HI m, 2 x CH,), 
1.23 (3 H, s, PhSCMe), and 0.92 (3 H I  t, J 7 Hz, CH,Me), 
m/e 209 ( M  - SPh, 52y0), 166 ( M  - Ph  - SPrn, 44), and 110 
(PhSH, 100) (Found: M - PhS, 209.099 5. Cl,H170S 
requires 209.099 9. Found: M - Ph  - SPrn, 166.045 1. 
C,H1,OS requires 166.045 2. Found: C, 68.0; H, 6.8. 
C,,H,,OS, requires C. 67.9, H, 6.92%). 

2,2-Bis(phenylthio) hexan-3-one (47). To a mixture of 
pyridinium chlorochromate 43 (280 mg, 1.4 mmol) and 
sodium acetate (18 mg, 0.23 mmol), stirred at room temper- 
ature in dry dichloromethane (1.5 ml), was added the 
alcohol (14; R1 = Me, R, = Prn) (222 mg, 0.7 mmol) in 
dichloromethane (1.5 ml). After 23 and 34 h additional 
chlorochromate (2 x 90 mg) was added and after 53 h ether 
(10 ml) was added and the solution decanted from the 
black residue. The residue was washed with more ether 
(3 x 5 ml), the ether solution filtered through Hyflosuper- 
cel, dried (MgSO,), and evaporated in vacuo to give the 
bis-(cc-phenyZthio)ketone (147 mg, 67%) as a yellow oil, Rp 
(CH,Cl,) 0.74, vmx. (liq) 1700 (GO)  and 1577 cm-l (PhS), 
S(CDC1,) 7.8-6.9 (10 H I  m, 2 x SPh), 2.96 (2 H, t, J 7 Hz,  
CH,CH,CO), 1.69 (2 H, sext, J 7 Hz, CH,CH,Me), 1.40 (3 H, 
s, MeCSPh), and 0.99 (3 H,  t, J 7 Hz, CH,Me), m/e 316 

109 (PhS, 26), and 71 (PrnCO, 13) (Found: M', 316.0960. 
Cl,H,,OS, requires 3 16.095 6). 

2,2-Bis(phenyZthi0)-[3-~H]hexan-3-0Z (48 OY 19; R1 = Me, 
R2 = Prn, R3 = 2H). Sodium borodeuteride (20 mg, 0.5 
mmol) was added to a stirred solution of 2,2-bis(phenylthio)- 
hexan-3-one (142 mg, 0.45 mmol) in ethanol (5 ml) and the 
mixture stirred a t  room temperature for 6 h. After eva- 
poration in vacuo, saturated ammonium chloride (10 ml) 
was added and the mixture extracted with chloroform 
(1 x 10 ml, 2 x 5 ml). The extract was washed with 
water (5 ml), dried (MgSO,), and evaporated to give the 
alcohol (144 mg, 1OOyo) as an oil, RF (CH,Cl,) 0.52, umx. 
(liq) 2 460br (OH) and 1577 cm-l (PhS), G(CDC1,) 7.8-7.0 
(10 H, m, 2 x SPh), 2.78 (1 HI s, OH, removed by D,O), 
2.0-1.1 (4 HI in, CH,CH,), 1.21 (3 HI s, PhSCMe), and 
0.94 (3 H, t, J 6 Hz, CH,Me), m/e 319 (M+,  0.1%), 245 
( M  - PrnCDOH, 3), 210 ( M  - SPh, 42), 167 ( M  - 
SPh - Prn, 27), and 110 (PhSH, 100) (Found: M - 
PrnCDOH, 245.045 1. C14H13S2 requires 245.045 9. Found: 
M - SPh, 210.105 6. 

l-PhenyZ-2,2-bis(phenylthio)~~o~an-l-oZ (14; R1 = Me, 
R2 = Ph). 1,l-Bis(pheny1thio)ethane (0.62 g, 2.5 mmol), 
TMEDA (0.31 g, 2.7 mmol), n-butyl-lithium (1.54~ in 
hexane; 1.9 ml, 2.9 mmol), and benzaldehyde (0.27 g, 2.5 
mmol) (method C; only one addition of butyl-lithium) gave, 
on evaporation of the extracts, a yellow solid. Recrystal- 
lisation from light petroleum (b.p. 60-80 "C) gave the 
alcohol (0.5 g, 57%), m.p. 137-138 OC, RF (CH,Cl,) 0.53, 
vmX. (CHCl,) 3 480br (OH) and 1 580 cm-l (PhS), S(CDC1,) 
7.6-7.2 (15 H I  m, 2 x PhS and Ph), 4.70 (1 HI d, J 2 Hz,  
PhCHOH, collapses to s with D,O), 3.62 (1 H, d, J 2 Hz,  
PhCHOH, removed by D,O), and 1.13 (3 H, s, Me), m/e 
352 ( M f ,  1.4%), 245 ( M  - PhCHOH, loo), 243 ( M  - 
PhS, loo), and 110 (PhSH, 100) (Found: C, 71.3; H, 5.75; 

(M', l%), 245 ( M  - PPCO, loo), 207 ( M  - SPh, 82), 

Cl,Hl,DOS requires 210.106 5). 

S, 18.4. C,,H,,,OS, requires C, 71.6; H, 5.72; S, 
18.2%). 

3-EthyZ-2,2-bis(phenyZthio)~entan-3-oZ (19 ; R1 = Me, 
R2 = R3 = Et). 1,l-Bis(pheny1thio)ethane (1.23 g, 5 
mmol), TMEDA (0.64 g, 0.78 ml, 5.4 mmol), n-butyl- 
lithium (2.8~ in hexane 2.0 ml), and pentan-3-one (method 
C) gave the alcohol (1.25 g, 76%) as an oil, RF (CH,Cl,) 0.55, 
vmx. (liq) 2 490br (OH) and 1579 cm-l (PhS), G(CDC1,) 
7.6-7.1 (10 H, m, 2 x SPh), 2.66 (1 H, s, OH, removed by 
D,O), 1.92 (4 HI q, J 8 Hz,  2 x CH,Me), 1.22 (3 H, s, 
PhSCMe), and 1.05 (6 H, t, J 8 Hz, 2 X CH,Me), m/e 222 

CH,, 84), and 110 (PhSH, 93) (Found: C, 68.2; H, 7.3; 
S, 19.3. ClgH2,0S, requires C, 68.6; HI 7.28; S, 19.3%). 

2,2-Bis(phenyZthio)butan-l-oZ (14; R' = Et, R2 = H). 
1, l-Bis(pheny1thio)propane (390 mg, 1.5 mmol), TMEDA 
(0.3 ml, 2.1 mmol), n-butyl-lithium (1.7~ in hexane; 1 ml), 
and paraformaldehyde (75 mg, added under a rapid stream 
of N,) (method C, only 1 addition of n-butyl-lithium) 
gave the alcohol (307 mg, 71%) as an oil, RF (CH,Cl,) 
0.35, vmY. (liq) 3 450br (OH) and 1 577 cm-l (PhS), G(CDC1,) 
7.8-7.1 (10 HI m, 2 x SPh), 3.50 (2 HI s, CH,OH), 2.62 
(1 H, s, OH, removed by D,O), 1.68 (2 H, q, J 7 H z ,  CH,Me), 
and 1.11 (3 H, t, J 7 Hz, CH,Me), m/e 181 ( M  - SPh, 
74y0), 151 ( M  - SPh - C,H,, 26), 110 (PhSH, loo), and 71 
( M  - SPh - PhSH, 47) (Found: C, 66.0; H, 6.45; S, 22.3. 
Cl,H180S2 requires C, 66.2; H, 6.24; S, 22.1%). 

R1 = Et, R2 = Me). 
1,l-Bis(pheny1thio)propane (1.3 g, 5 mmol), TMEDA (0.8 
ml, 5.6 mmol), n-butyl-lithium (2.5~ in hexane; 2.2 ml, 
5.5  mmol), lithium bromide (1 g), and acetaldehyde (method 
B) gave the alcohol (1.11 g, 73%) as an oil, RF (CH,Cl,) 0.40, 
vmX. (liq) 3 460br (OH) and 1580 cm-l (PhS), G(CDC1,) 
7.7-7.1 (10 H, m, 2 x SPh), 3.90 (1 HI quint, J 6 Hz, 
MeCHOH, collapses to q with D,O), 2.55 (1 H, d, J 6 Hz,  
CHOH, removed by D,O), 2.0-1.2 (2 H, m, CH,Me), 
1.40 (3 H, d, J 6 Hz, CHMe), and 1.06 (3 H,  t, J 7 Hz,  
CH,Me), m/e 304 (Mf, l%), 259 ( M  - Et, 18), 195 
( M  - SPh, LOO), and 110 (PhSH, 100) (Found: C, 67.0; 
H, 6.8; S, 20.8. C17H,,0S, requires C, 67.0; H, 6.62; 

3,3-Bis(phenylthio)pentan-2-one. Prepared in the same 
way as (47) from the alcohol (14; R1 = Et, R2 = Me) 
(150 mg), the crude product was purified by preparative 
t.1.c. (CH,Cl,) to give the bis-(a-phenyZthio)ketone (122 mg, 
82%) as an oil, RF (CH,Cl,) 0.65, vmK (liq) 1 697 (C=O) and 
1580 cm"' (PhS), G(CDC1,) 7.6-7.1 (10 H, m, 2 x SPh), 
2.42 (3 HI s, MeCO), 1.70 (2 HI q,  J 7 Hz, CH,Me), and 
0.995 (3 H, t, J 7 Hz, CH,Me), mle 302 (M+, 3%), 259 
( M  - MeCO, 41), 193 ( M  - PhS, 95), 109 (PhS, 19), and 
43 (MeCO, 100) (Found: M+, 302.078 6. Cl,Hl,OS, 
requires MI 302.079 9). 

3,3-Bis(phenyZthio)-[2-~HJpentan-2-ol (19; R1 = Et, 
R2 = Me, R3 = 2H). Prepared as before by reduction of 
3,3-bis(phenylthio)pentan-2-one (105 mg) , the alcohol (99 
mg, 94%) was an oil, RF (CH,Cl,) 0.38, vmX. (liq) 3 46Obr 
(OH) and 1579 cm-l (PhS), G(CDC1,) 7.7-7.1 (10 H I  m, 
2 x SPh), 2.44 (1 HI OH, s, removed by D20), 1.9-1.3 
(2 H, m, CH,Me), 1.35 (3 H, s, MeCDOH), 1.01 (3 H, t, 
J 7 Hz, CH,Me), m/e 305 (M', 0.4y0), 259 ( M  - MeCDOH, 
7), 196 ( M  - PhS, loo), and 110 (PhSH, 28) (Found: M+, 
305.101 1. C,,H1,DOS, requires M ,  305.101 8). 
4,4-Bis(phenyZthio)hexan-3-oZ (14; R1 = R2 = Et). 

1, l-Bis(pheny1thio)propane (1.3 g ,  5 mmol), TMEDA 
(0.64 g, 0.78 ml, 5.4 mmol), n-butyl-lithium (2.8~ in hexane; 

( M  - PhS, loo%), 193 ( M  - PhS - Et, 93), 135 (PhS-C= 

3,3-Bis(phenyZthio)~entan-2-oZ (14; 

s, 21.1%). 
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2 ml, 5.4 mmol) and propionaldehyde (method C) gave the 
alcohol (1.21 g, 76%) as an oil, RF (CH,Cl,) 0.53, vmx. (liq) 
3 485br (OH) and 1 581 cm-l (PhS), G(CDC1,) 7.8-7.0 (lOH, 
m, 2 x SPh), 3.58 (1 H, dd, J 3 and 8 Hz, CH,CHOH), 
2.42 (1 H, s, OH, removed by D,O), 2.0-1.3 (4 H, m, 
2 x CH,), and 1.0 (6 H, t, J 8 Hz, 2 x Me), m/e 318 (M+,  

(PhS, 45), and 56 (94) (Found: M', 318.111 9. ClBH2,0S, 
requires M ,  3 18.11 1 1). 

3,3-Bis(Phenylthio)decan-4-ol (14; R1 = Et, R2 -- n- 
hexyl). 1,l-Bis(pheny1thio)propane (0.65 g, 2.5 mmol), 
TMEDA (0.39 ml, 2.7 mmol), n-butyl-lithium (2.8~ in 
hexane; 1 ml), and n-heptanal (method C) gave the alcohol 
(0.55 g, 59q4,) as an oil, RF (CH,Cl,) 0.64, vmx. (liq) 3 480br 
(OH) and 1580 cm-l (PhS), G(CDC1,) 7.8-7.18 (10 H, m, 
2 x SPh), 3.78-3.58 (1 H, m, HOCHCH*,), 2.39 (1 HI s, 
OH, removed by D,O), and 2.0-0.76 (18 HI m, Et and 
[CH,],Me), nz/e 265 ( M  - PhS, 96%), 180 ( M  - PhS - 
[CH,],Me, 20), 110 (PhSH, 64) (Found: C, 70.5; H, 8.15; 
S, 16.8. C,,H,,OS, requires C, 70.5; H, 8.07; S, 
17.1 yo). 

l-Phenyl-2,2-bis(phenylthio)butan-l-ol (14; R1 = Et, 
R2 = Ph). 1,l-Bis(pheny1thio)propane (0.86 g, 3.3 mmol), 
TMEDA (0.48 g, 0.58 ml, 0.41 mmol), n-butyl-lithium 
(1.44~ in hexane; 2.7 ml, 0.39 mmol), and benzaldehyde 
(method C) gave the alcohol (1.07 g, 89%) as an oil, RF 
(CH,Cl,) 0.58, v,,,. (liq) 3 460br (OH) and 1580 cm-' 
(PhS), G(CDC1,) 7.7-7.2 (15 HI m, 2 x PhS and Ph),  
4.70 (1 H, d, J 2.5 Hz, CHOH, collapses to s with D,O), 
3.30 (1 H ,  d,  J 2.5 Hz, CHOH, removed by D,O), 1.51 (2 HI  
m, CH,Me), and 1.06 (3 H, t ,  J 7 Hz, CH,Me), m/e 259 
( M  - PhCHOH, 35%), 256 ( M  - PhS, 94), and 110 
(PhSH, 100) (Found: M - PhCHOH, 159.061 0. C15- 
H1,S2 requires 259.061 4. Found: M - PhSH, 256.092 0. 
C1,Hl,O requires 256.092 1). 
Yhenyl-2,2-bis(phenylthi0)-[l-~H]butan-l-o1 (19; R1 = Et, 

R2 = Ph, R3 = ,H). 1,l-Bis(pheny1thio)propane (781 mg, 
3 mmol), TMEDA (0.5 ml, 3.6 mmol), n-butyl-lithium (1.6~ 
in hexane; 2 ml, 3.2 mmol) and [f~rmyl-~H]benzaldehyde 44 

(method C) gave the alcohol (570 mg, 52%) as an oil, RP 
(CH,Cl,) 0.62, vmax. (liq) 3 450br (OH) and 1579 cm-l 
(PhS), G(CDC1,) 7.7-7.0 (15 H I  m, 2 x SPh and Ph). 
3.35 (1 H, s, OH, removed by D,O), 1.7-1.0 (2 H, m, 
CH,Me), 1.02 (3 H, t, J 7 Hz, CH,Me), m/e 259 ( M  - PhC- 
DOH, 72), 258 (M - PhS, 67), 109 (PhS, 72) (Found: M - 
PhCDOH, 259.062 0. C,,Hl,S2 requires 259.061 5. 
Found: M - PhS, 258.106 5. Cl,Hl,DOS requires 
258.106 5). 

2-Methyl-l-pheny1-3,3-bis(phenylthio)~entan-2-01 (19 ; 
R1 = Et, R2 = Me, R3 = PhCH,). 1,l-Bis(pheny1thio)- 
propane (1.3 g, 5 mmol), TMEDA (0.78 ml, 5.4 mmol), 
n-butyl-lithium (2.8~ in hexane; 2.0 ml, 5.6 mmol) and 
benzyl methyl ketone (method C) gave an oil. Crystallis- 
ation from light petroleum (b.p. 60-80 "C) gave the alcohol 
(1.1 g, 56y0), m.p. 84-85 "C, RF (CH,Cl,) 0.62, vmx. (liq) 
3 520br (OH) and 1580 cm-l (PhS), G(CDC1,) 7.64-7.16 
(15 H ,  m, 2 x SPh and Ph), 3.29 and 3.10 (2 H, ABq, 
J 14 Hz, PhCHAHB), 2.41 (1 H ,  s, OH, removed by D,O), 
1.78 (2 H, q, J 7 Hz, CH2Me), 1.30 (3 H ,  s, MeCOH), and 
1.20 (3 H, t, J 7 Hz, CH,Me) (Found: C, 73.3; H, 6.95; 
S, 26.0. C2,H2,0S2 requires C, 73.1; H I  6.64; S, 16.25%). 

1-[ 1,l-Bis(phenylthio)propyl]cyclohexanol (19; R1 = Et, 
R2R3 = [CH2I5). 1,l-Bis(pheny1thio)propane (0.65 g, 2.5 
mmol), 'TMEDA (0.39 ml, 2.7 mmol), n-butyl-lithium (2.44~ 
in hexane; 1.2 ml, 2.9 mmol) and cyclohexanone (method 

l%), 259 (AT - EtCHOH, 8), 209 ( M  - SPh, loo), 109 

C) gave an oil. Crystallisation from light petroleum (b.p. 
60-80 "C) gave the alcohol (0.61 g, 68%)) m.p. 60-61 "C, 
RF (CH,Cl,) 0.56, vmax. (CHCl,) 3 520br (OH) and 1581 
cm-1 (PhS), G(CDC1,) 7.6-7.1 (10 HI m, 2 x SPh), 2.26 
(1 H, s, OH, removed by D,O), 2.0-1.4 (12 H ,  m, CH,Me 
and cyclohexyl), and 1.10 (3 H, t, J 4 Hz, CH,Me), m/e 259 
[(PhS),CEt, 6%], 249 ( M  - SPh, 38) and 110 (PhSH, 100) 
(Found: C, 70.2; H, 7.25, S. 18.1. C,,H,,OS, requires 
C, 70.3; H, 7.31; S, 17.9%). 

2-Pheny1-3,3-bis(phenylthio)hexan-2-01 (19; R1 = Prn, 
R2 = Ph, R3 = Me). 1,l-Bis(pheny1thio)butane (0.69 g, 
2.5 mmol), TMEDA (0.39 ml, 2.7 mmol), n-butyl-lithium 
(1.8~ in hexane; 1.5 ml, 2.7 mmol), and acetophenone 
(method C) gave the alcohol (410 mg, 42%, SO.,/,  based on 
recovered starting material) as an oil, RF (CH,Cl,) 0.57, 
vmX. (liq) 3 470br (OH) and 1 579 cm-l (PhS), G(CDC1,) 
8.0-7.1 (15 HI m, 2 x SPh and Ph), 3.18 (1 H, s, OH), 
2.03 (3 H, s, PhCMe), 2.0-1.3 (4 H ,  m, 2 x CH,), and 0.60 
(3 H, t, J 6 Hz, CH,Me), m/e 285 ( M  - SPh, 19yo), 273 
[M - MeC(Ph)OH, 891, 175 ( M  - SPh - PhSH, 1001, 
121 [MeC(Ph)OH, 331, 110 (PhSH, 74), and 77 (Ph, 67) 
(Found: C, 73.3; H, 6.9; S, 16.0. C,,H,,OS, requires 
C, 73.1; H, 6.64; S, 16.2%). 

R1 = Pri, R2 = Ph). 1, l-Bis(pheny1thio) -2-methyl- 
propane (1.38 g, 5 mmol), TMEDA (0.83 ml, 6 mmol), 
n-butyl-lithium (1.6~ in hexane; 3.3 ml, 5.26 mmol), and 
benzaldehyde (method C) gave an oil (1.36 g, 72%). 
Crystallisation from light petroleum (b.p. 60-80 "C) gave 
the alcohol, m.p. 98-99 OC, RF (CH,Cl,) 0.62, vmx. (liq) 
3 460br (OH) and 1580 cm-l (PhS), G(CDC1,) 7.72-7.06 
(15 H, m, 2 x SPh and Ph), 4.98 (1 H, d, J 2.5 H z ,  CHOH, 
collapses to s with D,O), 3.51 (1 H I  d, J 2.5 Hz, CHOH, 
removed by D,O), 2.15 (1 H, sept, J 3.5 Hz, CHMe,), and 
1.09 (6 H ,  d,  J 3.5 Hz,  CHMe,), m/e 273 ( M  - SPh, 2%), 
271 ( M  - PhCHOH, 4), 110 (PhSH, ll), and 43 (CHMe,, 
100) (Found: C, 72.3; H,  6.25; S, 16.5; C,,HZ40S, 
requiresc, 72.6; H, 6.35; S, 16.8%). 

3,3-Bis(phenylthio)heptan-2-01 (14; R1 = Bun, R2 = Me). 
1,l-Bis(pheny1thio)pentane (1.33 g, 5 mmol) , TMEDA 
(0.78 ml, 5.4 mmol), n-butyl-lithium (2.8 M in hexane; 2 ml, 
5.6 mmol), lithium bromide (1 g), and acetaldehyde (method 
B) gave the alcohol (0.94 g, 62%) as an oil, R p  (CH,Cl,) 
0.47, v,,,~ (liq) 3 480br (OH) and 1 580 cm-l (PhS), G(CDC1,) 
7.9-7.0 (10 H I  m, SPh), 3.87 (1 H ,  q, J 6 Hz, CHMe), 
2.58 (1 H ,  s, OH, removed by D,O), 1.9-0.9 (6 H, m, 
3 x CH,), 1.36 (3 H, d,  J 6 Hz, CHMe), and 0.86 (3 H,  t, 
J 7 Hz, CH,Me), m/e 287 ( M  - Me, 6%), 223 ( M  - PhS, 
76), 110 (PhSH, 100) (Found: C, 68.3; H, 7.35; S, 19.1. 
C,,H,,OS, requires C, 68.6; H, 7.28; S, 19.3%). 

2,6-Dirnethyl-3,3-bis(phenylthio)heptan-2-01 (19; R1 = 3- 
Me-butyl, R2 = R3 = Me). 4-Methyl-l,l-bis(phenyl- 
thio)pentane (0.30 g, 1 mmol), TMEDA (0.2 ml, 1.3 mmol), 
n-butyl-lithium (2.4 M in hexane; 0.5 ml 1.2 mmol) and 
acetone (method C) gave an oil (256 mg, 71%). Crystal- 
lisation from aqueous ethanol gave the alcohol, m.p. 64- 
65 "C, R p  (CH,Cl,) 0.31, vmax. (liq) 3 480br (OH) and 1 580 
cm-l (PhS), G(CDC1,) 7.7-7.1 (10 H, m, 2 x SPh), 2.62 
(1 H I  s, OH, removed by D,O), 1.8-1.3 (5 H,  m, CH,CH,- 
CH) overlain by 1.46 (6 H, s, Me,COH), and 0.76 (6 H, d,  
J 6 Hz, CHMe,), m/e 360 (Mf, a%), 301 ( M  - Me,COH, 
18), 251 ( M  - SPh, loo), 110 (PhSH, 60) (Found: C, 69.8; 
H, 7.65; S, 17.5. C,,H2,0S, required C, 70.0; H ,  7.83; 
S, 17.8%). 

l-Phenyl-2,2-bis(phenylthio)~entan-3-01 ( 14; R1 = Ph- 

3-Methyl- 1-p henyl-2,2-bis ( phenylthio) butan- 1-01 (14; 
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CH,, R2 = Et). 2-Phenyl-l,l-bis(phenylthio)ethane (1.61 
g, 5 mmol), TMEDA (0.78 ml, 5.4 mmol), n-butyl-lithium 
( 1 . 6 ~  in hexane; 3.5 ml, 5.6 mmol), and propionaldehyde 
(method C) gave the alcohol (1.21 g, 64%) as an  oil, RF 
(CH,Cl,) 0.60, vmx. (liq) 3 480br (OH) and 1580 cm-1 
(PhS), G(CDC1,) 7.8-7.0 (15 H, m, 2 x SPh and Ph), 
3.54 (1 H, dd, J 2 and 10 Hz, CH*,CHOH), 3.16 (2 H, 
ABq, J 14 Hz, CHAHBPh), 2.35 (1 H, s, OH, removed by 
D,O), 2.2-1.3 (2 H,  m, MeCH,CHOH), and 0.90 (3 H,  t ,  
J 7 Hz, CH,Me), m/e 321 ( M  - EtCHOH, 3%), 271 (M - 

and 91 (PhCH,, 92) (Found: M - EtCHOH, 321.0787. 
C,,H17S, requires 321.077 2. Found: M - SPh, 271.114 1. 
CI7Hl,OS requires 27 1.115 7). 

1,2-Diphenyl-2,2-bis( pheny1thio)ethanone (22). n-Butyl- 
lithium ( 1 . 6 ~  in hexane; 1.5 ml, 2.4 mmol) was added to a 
stirred solution of l-phenylbis(pheny1thio)methane (61 6 
mg, 2 mmol) in dry T H F  (20 ml) under nitrogen a t  -78 "C 
to give a yellow solution. After 10 min benzoyl chloride 
(0.25 ml, 2.2 mmol) was added and the solution allowed to 
warm to room temperature over 1.5 h. The mixture was 
then poured into water (30 ml) and extracted with ether 
(3 x 20 ml), the extract washed with water (2 x 10 mlj, 
dried (MgSO,), and evaporated in vucuo to give a yellow 
oil. Crystallisation from ethanol (ca. 50 ml) gave the 
bis-(a-pheny1thio)ketone (22) (814 mg, 66%) as needles, 
m.p. 138-139 "C (1it.,l8 m.p. 138-139 "C). 

R1 = RZ = 
Ph). Zinc borohydride 45 (1N-solution in ether; 10 ml, 
10 mmol) was added to a stirred solution of 1,2-diphenyl- 
2,2-bis(phenylthio)ethanone (22) (412 mg, 1 mmol) in dry 
ether (10 ml) under nitrogen. After 46 h the reaction 
mixture was poured into saturated ammonium chloride 
(25 ml), extracted with ether (3 x 20 ml), the extract 
washed with water (2 x 10 ml), dried, and evaporated in 
vucuo to give an oil, which was purified by preparative t.1.c. 
t o  give the alcohol (246 mg, 60%) as an oil, RF (CH,Cl,) 
0.60, vmx. (liq) 3 460br (OH) and 1 580 cm-l (PhS), G(CDC1,) 
7.7-6.6 (20 H, m, 2 x SPh and 2 x Ph), 4.83 (1 H, d, 
J 2 Hz, CHOH collapses to s with D,O), and 3.80 (1 H, d,  
J 2 Hz,  CHOH, removed by D,O), m/e 307 ( M  - PhCHOH, 
45y0), 305 (M - PhS, 30), 110 (PhSH, loo), and 77 (Ph, 
90) (Found: C, 75.2; H, 5.6; S ,  15.2. C,,H,@S, requires 
C, 75.3; H, 5.35; S, 15.5%). 

Synthesis of Ketones from Aldehyde Adducts (14) .- 
Pentan-2-one. The alcohol (14; R1 = Me, R2 = Et) 
(100 mg) was dissolved in TFA (0.4 ml) in an n.m.r. tube. 
The n.m.r. spectrum of the mixture was run immediately 
and showed mainly pentan-2-one (ca. goyo), identical with 
an authentic sample, plus diphenyl disulphide, G(TFA) 
2.61 (2 H, t, J 7 Hz, COCH,CH,), 2.32 (3 H, s, COMe), 
1.69 (2 H, sext, J 7 Hz, CH,CH,Me), and 0.96 (3 H, t, J 7 
Hz, CH,Me). N.B. The other product was the a-(phenyl- 
thio)ketone (16; R1 = Me, R2 = Et) or (30; R2 = R4 = 

Me) (ca. lo%), which was unchanged in the reaction mixture 
after 15 min. 

l-Phenylpropan-2-one. The alcohol (14; R1 = Me, 
R2 = Ph) (273 mg) was dissolved in TFA (4 ml) ; diphenyl 
disulphide precipitated almost immediately. The mixture 
was stirred with cooling in ice-water for 5 min and then 
evaporated in vucuo to give an oil. Preparative t.1.c. 
(CH,Cl,) gave l-phenylpropan-2-one (90 mg, 87 yo) identical 
with an authentic sample, vmxa (liq) 1712 cm-l (GO) ,  
6(CDC1,) 7.29 (5 H, s, Ph), 3.68 (2 H ,  s, CH,Ph), and 2.12 
(3 H, s, Me). 

SPh, 48), 161 ( M  - PhSH - PhS, 65), 110 (PhSH, loo), 

1,2-DiphenyE-l,l-bis(~henyEthio)ethanol (14; 

Pentan-3-one. The alcohol (14; R1 = Et, R2 = Me) 
(90 mg) was dissolved in TFA ( 1  ml) and after stirring a t  
0 "C for a few minutes the mixture was filtered to remove 
the precipitate of diphenyl disulphide. The filtrate had an 
n.m.r. spectrum which was essentially the same as that of the 
authentic sample of pentan-3-one (ca. goyo), G(TFA) 2.70 
(4 H, q, J 8 Hz,  2 x CH,Me) and 1.20 (6 H, t, J 8 Hz, 
2 x CH,Me). N.B. The other product was the a-(phenyl- 
thio)ketone (16; R1 = Et,  R2 = Me) or (30, R2 = Et ,  
R4 = H) (ca. loyo), which was unchanged in the reaction 
mixture after 15 min. 

Decan-3-one. Prepared in a similar way to l-phenyl- 
propan-2-one but using the alcohol (14; R1 = Et, R2 = 
n-hexyl) (228 mg), decan-3-one 46 (29 mg, 31%) was an 
oil, vmx. (liq) 1714 cm-l (GO) ,  G(CDC1,) 2.65-2.20 (4 H,  
m, CH,COCH,) and 1.75-0.86 (16 H, m, Me[CHJ5 and 
COCH,Me), m/e 156 (M+,  9%), 127 ( M  - Et, 45), and 57 
(EtCO, 100). 
l-Phenylbutan-2-one.-Prepared in a similar way to 

l-phenylpropan-2-one but using the alcohol (14; R1 = Et, 
R2 = Ph) (251 mg), the ketone 47 (75 mg, 74%) was an 
oil, vmx. (liq) 1713 cm-I (GO) ,  G(CDC1,) 7.27 (5 H, s, Ph),  
3.67 (2 H, s, CN2Ph), 2.46 (2 H, q, J 7 Hz,  CH,Me), and 
1.02 (3 H, t, J 7 Hz, CH,Me). 

3-Methyl- 1-phenylbutan-2-one. Prepared in a similar 
way to 1-phenylpropan-2-one but using the alcohol (14; 
R1 = Pri,  R2 = Ph) (317 mg) the ketone4E (68 mg, 92%) 
was an oil, v,,,. (liq) 1710 cm-l ( G O ) ,  G(CDC1,) 7.4-7.06 
(5 H, m, Ph),  3.71 (2 HI s, CH,Ph), 2.69 (1 H,  sept, J 6.5 
Hz,  CHMe,), and 1.07 (6 H, d ,  J 6 Hz,  CHMe,). 

Heptan-3-one. The alcohol (14; R1 = Bun, R2 = Me) 
(76 mg) was dissolved in TFA (0.35 ml) in an n.1n.r. tube. 
The n.m.r. spectrum was run immediately and showed 
mainly heptan-3-one 46 (ca. 80%), plus diphenyl disulphide 
8(TFA) 2.9-2.4 (4 H ,  m, CH2COCH,) and 2.0-0.75 (10 H, 
m, CH,CH,Me and COCH,Me). N.B. The other product 
was the a-(pheny1thio)ketone (16; R1 = Bun, R2 = Me) 
or (30; R2 = Bun, R4 = H)  (ca. 20%). 

Experiments on the Mechanisms of the TFA Reaction.- 
2,3-Bis(phenylthio)pent-3-ene (33; R2 = R4 = Me). Thio- 
nyl chloride (0.12 ml, 1.65 mmol) was added to an ice-cooled 
solution of the alcohol (14; Rf = Et, R2 = Me) (293 mg, 
0.97 mmol) in carbon tetrachloride (12 ml) and triethylamine 
(0.8 ml, 5.7 mmol) in a foil-wrapped flask. After 1 min the 
mixture was poured into dilute hydrochloric acid (20 ml) 
and extracted with carbon tetrachloride (3 x 10 ml). The 
extract was washed with water (2 x 10 ml), dried (MgSO,), 
and evaporated in vacuo to give an oil which was purified 
by preparative t.1.c. to give the bis-sulphide (250 mg, go%), 
as an oil, RF (CH,Cl,) 0.77, vmx. (liq) 1 628 (C=C) and 1 585 
cm-l (PhS), n.m.r. showed a 1 : 1 mixture of geometric 
isomers A and B, G(CDC1,) 7.6-6.9 (10 H, m, 2 x SPh), 
6.12Aand 5.66B (1 H ,  each q, J 7 Hz, C=CHMe), 4.41B and 
3.85A (1 H,  each q, J 7 Hz, PhSCHMe), 1.74* and 1.47" (3 H, 
each d, J 7 Hz,  C=CHMe), and 1.45 (3 H, d,  PhSCHMe), 
m/e 286 (M+, 48%), 177 (M - SPh, 60), 149 ( M  - Ph- 
SCHMe, loo), and 110 (PhSH, 38) (Found: C, 71.0; H, 
6.7; S, 22.7. C17Hl,S2requiresC, 71.3; H,6.33; S,22.4%). 
After standing in sunlight for 1 or 2 days only isomer A 
remained. 

The 
bis-sulphide (33; R2 = R4 = Me) (60 mg) was dissolved in 
TFA (0.35 ml) in an n.m.r. tube. The n.m.r. spectrum of 
the mixture was run immediately and showed only pentan- 
%one (looyo), identical with an authentic sample, plus 

Reaction of 2,3-bis(phenyZthio)pent-3-ene with T F A  . 
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diphenyl disulphide, G(TFA) 2.70 (4 H, q, J 8 Hz,  2 CH,Me) 
and 1.20 (6 H, t, J 8 Hz, 2 x CH,Me). 

Reaction of 2-phenylthiopentan-3-one with TFA . The 
a-(pheny1thio)ketone (30; R2 = R4 = Me) (56 mg, 0.29 
mmol) was dissolved in TFA (0.3 ml) in an n.m.r. tube. 
After 15 min benzenethiol (33 mg, 0.3 mmol) was added and 
the mixture shaken. After a further 20 min, conversion to 
pentan-3-one was essentially complete (n.m.r.). 

Reaction of 2,3-bis(phenylthio)pent-3-ene with aqueous 
TFA. The bis-sulphide (33; R2 = R4 = M e) (60 mg) was 
dissolved in aqueous TFA (10% solution of water in TFA; 
0.35 ml) in an n.m.r. tube. The n.m.r. spectrum was run 
immediately and showed a mixture of pentan-3-one (ca. 
80%) and 2-phenylthiopentan-3-one (30; R2 = R4 = Me) 

Reaction of 3,3-bis(phenylthio)Pentan-2-01 with TFA-TFA 
anhydride. The alcohol (14; R1 = Et, R2 = Me) (70 mg) 
was dissolved in TFA-TFA anhydride (0.35 ml; 1 : 1) in 
an n.m.r. tube. The n.m.r. spectrum was run immediately 
and showed a mixture of 2,3-bis(phenylthio)pent-3-ene 
(33; R2 = R4 = Me) (ca. 40y0), pentan-3-one (ca. 20%) 
and 3-phenylthiopentan-2-ole (16; R1 = Et, R2 = Me) 
(ca. 40%). 

Reaction of ketone adducts (19) with TFA. (a) 1-Cyclo- 
hexylpropanone (24). Prepared in a similar way to 1- 
phenylpropan-2-one but using the alcohol (19; Rf = Et, 
R2R3 = [CH2I5) (299 mg) to give the ketone 4@ (75 mg, 
64%) as an oil, vmax. (liq) 1 709 cm-l (GO) ,  a(CDC1,) 2.49 
(2 H, q, J 7 Hz, CH,Me), 2.1-1.08 (11 H, m, cyclohexyl), 
and 1.05 (3 H, t, J 7 Hz, CH,Me). 

(b) (Phenylthiomethylene) cyclopentane. Trifluoroacetic 
acid (2 ml) was added to the alcohol (19; R1 = H, R2R3 = 
[CH2I4) (185 mg, 0.58 mmol) and the mixture stirred for 
15 s, poured into saturated sodium carbonate (20 ml) and 
extracted with ether (3 x 10 ml). The extract was washed 
with water (2 x 5 ml), dried (MgSO,), and evaporated in 
vacuo to give an oil. Preparative t.1.c. (CH,Cl,) gave a 
compound tentatively identified as the vinyl sulphide (38 
mg, 42% based on recovered starting material) as an  oil, 
RF (CH,Cl,) 0.82, G(CDC1,) 7.4-6.9 (5 H, m, Ph), 6.02 
(1 H, m, C=CH), and 3 . G 2 . 0  (8  H,  m, cyclopentyl), m/e 
190 ( M + ,  9%) and 110 (PhSH, 100). 

(c) 2-EthyZ-2-phenylthiopentan-3-one. (20; R1 = Me, 
R2 = R3 = Et). The alcohol (19; R1 = Me, R2 = R3 = 
Et) (120 mg) was dissolved in TFA (3 ml), and diphenyl 
disulphide precipitated almost immediately. The mixture 
was stirred with cooling in an ice-bath for 6 min, poured 
into saturated sodium carbonate (30 ml) and extracted with 
ether (3 x 10 ml). The extract was washed with water 
(2 x 5 ml), dried, and evaporated t o  give an oil which was 
purified by preparative t.1.c. to give the a-(pheny1thio)- 
Ketone (40 mg, 50%) as an oil, RF (CH2C1,) 0.66, vmax. (liq) 
1698 ern-1 ( G O ) ,  G(CDC1,) 7.28 (5 H, s, SPh), 3.1-2.4 
(2  H, m, MeCH,CO), 2.02-1.48 (2 H, m, PhSCCH,Me), 1.32 
(3 H, s, PhSCMe), 1.09 (3 H, t, J 7 Hz, COCH,Me), and 
0.90 (3 H ,  t, J 8 Hz, PhSCCH,Me), m/e 222 (M+,  8 % ) ,  

and 57 (EtCO, 7) (Found: C, 69.8; H, 7.85; S, 14.5. CI3- 
Hl,OS requires C, 70.2; H ,  8.16; S, 14.4%). 

1-Phenylthio- 1 -p-tolylpropan-2-one (20 ; R1 = H. 
R2 = Me, R3 = F-MeC,H,). The alcohol (19; R1 = H ,  

* The preparation of this compound by a different method has 
been announced in a preliminary communication. 21 

This compound has been prepared from the corresponding a- 
chloro-ketone, see ref. 50. 

(ca. 20%). 

165 ( M  - EtCO, loo), 123 ( M  - SPh, 12), 109 (PhS, ll),  

R2 = Me, R3 = p-MeC,H4) (222 mg) was dissolved in TFA 
(5 ml). Reaction and work-up as above gave the a- 
(pheny1thio)ketone (80 mg, 52%) as an oil, RF (CH,Cl,) 0.57, 
v,, (liq) 1711 ( G O )  and 1578 cm-l (PhS), G(CDC1,) 
7.4-6.9 (9 H, m, SPh and C,H4), 4.82 (1 H, s, PhSCH), 
2.32 (3 H, s, C,H4Me), and 2.08 (3 €3, s, MeCO), m/e 256 

110 (PhSH, 7), and 91 (C,H,Me, 7) (Found: M+, 256.091 3. 
C1&&@S requires M ,  256.092 2). 

3-Phenylmethyl-3-phenylthiopentan-2-one (20 ; R1 = Et, 
R2 = Me, R3 = CH,Ph) . Similarly, the alcohol (19; R1 = 
Et, R2 = Me, R3 = CH,Ph) (468 mg) and TFA (3 ml) gave 
the a-(pheny1tlzio)ketone (310 mg, 91%) as an oil, RF 
(CH,Cl,) 0.8, vmax. (liq) 1692 (GO)  and 1581 cm-l (PhS), 
G(CDC1,) 7 .G7.25  (10 H,  m, Ph  and SPh), 3.32 and 2.96 
(2 H, ABq, J 15 Hz, CH,Ph), 243 (3 H, s, MeCO), 1.61 (2 
H, q, J 7 Hz, CH,Me), and 1.00 (3 H, t, J 7 Hz, CH,Me) 
m/e 284 (&I+, 7%), 241 ( M  - MeCO, loo), and 110 (PhSH, 
80) (Found: M+, 284.123 4. C,,H,,OS requires 284.123 5). 

3-Phenyl-3-phenylthiohexan-2-one (20; R1 = Prn, R2 = 
Me, R3 = Ph). Similarly, the alcohol (19; R1 = P r n  
R2 = Me, R3 = Ph) (65 mg) and TFA (2 ml) gave the a- 
(pheny1thio)Ketone (41 mg, 87%) as an  oil, Rp (CH,Cl,) 0.8, 
vmX. (liq) 1700 (GO)  and 1580 cm-l (PhS), G(CDC1,) 7.5- 
7.1 (10 H,  m, PhS and Ph), 2.16 (3 H, s, MeCO), 1.78 (2 H, 
q, J 7 Hz,  CH,CH,Me), 1.6-1.0 (2 H, m, CH,CH,Me), and 
0.81 (3 H, t ,  J 7 Hz,  CH,Me), m/e 284 (M+,  <l%), 241 
( M  - Prn and M - MeCO, loo), and 110 (PhSH, 49) 
(Found: M+, 284.124 2, C,,H,,OS requires M ,  284.123 5). 

a-(Pheny1thio)ketones by Treatment of (14) with Ts0H.-1- 
Phenylthiobutan-2-one * (16 ; R1 = H, R2 = Et) . Toluene- 
P-sulphonic acid (132 mg, 0.7 mmol) was added to the alco- 
hol (14; R1 = H, R2 = Et) (122 mg, 0.42 mmol) heated 
under reflux in benzene (10 ml) . After 15 min, the solution 
was cooled, poured into saturated sodium carbonate (20 
ml), extracted with ether (3 x 10 ml), the extract washed 
with water (2 x 10 ml), dried (MgSO,), and evaporated to 
give an oil, which was purified by preparative t.1.c. to give 
the ketone (54 mg, 7 1%) as an oil, RF (CH,Cl,) 0.45, G(CDC1,) 

J 7.5 Hz, CH,Me), and 1.06 (3 H, t, J 7.5 Hz, CH,Me). 
3-Methyl-2-phenylthiobutan-2-one t (16; R1 = H, R2 = 

Pri). Similarly the alcohol (14; R1 = H, R2 = Pr i )  (135 
mg) gave the ketone (57 mg, 86%) as an oil, RF (CH,Cl,) 
0.6, vmx. (liq) 1705 (GO)  and 1580 cm-l (PhS), G(CDC1,) 
7.6-7.1 (5 H, m, SPh), 3.75 (2 H, s, PhSCH, 2.89 (1 H, 
sept, J 7 Hz,  CHMe,), and 1.10 (6 H, d, J 7 Hz, CHMe,). 

1-Phenylthio-octan-2-one. (16; R1 = H, R2 = n-hexyl). 
Similarly the alcohol (14; R1 = H, R2 = n-hexyl) (151 mg) 
gave the ketone (63 mg, 61%) as an oil, RF (CH,Cl,) 0.57, 
v,,,. (liq) 1 708 (GO)  and 1585 cm-l (PhS), G(CDC1,) 7.4- 
7.1 (5 H, m, SPh), 3.65 (2 H, s, CH,SPh), 2.58 (2 H, t, J 7 
Hz, CH,CH,CO), 1.8-1.1 (8 H,  m, [CH2I4 Me), and 0.87 
(3 H, distorted t, J 6 Hz,  Me), m/e 236 (M', 50%), 123 
(PhSCH,, 70), 113 ( M  - PhSCH,, loo), 110 (PhSH, 48), 
85 (Me[CH,],), and 32 (Found: M', 236.123 4. C14H,,0S 
requires M ,  236.123 4). 

3-Phenylthiobutan-%one $ (16; R1 = R2 = Me). Like- 
wise the alcohol (14; R1 = R2 = Me) (90 mg) gave the 
ketone (46 mg, 82%) as an oil, RF (CH,Cl,) 0.44, G(CDC1,) 
7.20 (5 H, s, Ph),  3.60 (1 H ,  q, J 7 Hz, CHMe), 2.18 (3 H, s, 
MeCO), and 1.36 (3 H, d, J 7 Hz, CHMe). 

(M+, 3%), 213 ( M  - MeCO, loo), 165 ( M  - SPh, 4), 

7.5-7.1 (5 H,  S, SPh), 3.68 (2 H, S, CHzSPh), 2.62 (2 H, q, 

This compound has been prepared from the corresponding a 
halo-ketone, see ref. 51. 
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2-Phenylthiopentan-3-one (16; R1 = Me, R2 = Et) .  

Likewise the alcohol (14; R1 = Me, R2 = Et) (216 mg) 
gave the ketone (115 mg, 84%) as an oil, RF (CH,Cl,) 0.59, 
vmx. (liq) 1703 (GO)  and 1579 cm-l (PhS), G(CDC1,) 7.5- 
7.1 (5 H, m, PhS), 3.78 (1 H, q, J 7.5 Hz, CHMe), 3.0-2.2 
(2 H, m, MeCH,CO), 1.40 (3 H, d,  J 7.5 Hz, CHMe), and 
1.05 (3 H, t, J 7 Hz, CH,Me), m/e 194 (M+,  50%) ,  139 ( M  - 
EtCO, loo), and 109 (PhS, 18) (Found: M+, 194.0769. 
C11H14OS requires M ,  194.076 5). 

2-Phenylthiohexan-3-one. (16; R1 = Me, R2  = Me, 
R2 = P r n ) .  R1 = Me, R2 = 
Prn) (150 mg) gave the ketone (79 mg, 81%) as an oil, RF 
(CH,Cl,) 0.60, vmx. (liq) 1 705 ( G O )  and 1580 cm-l (PhS), 
G(CDC1,) 7.5-7.1 (5 H, m, SPh), 3.78 (1 H, q, J 7 Hz, 
CHMe), 2.60 (2 H, dt, J 3 and 7 Hz, CH,CH,CO), 1.60 (2 H, 
sext, J 7 Hz, CH,CH,Me), 1.41 (3 H, d,  J 7 Hz, CHMe), and 
0.90 (3 H, t, J 7 Hz, CH,Me), m/e 208 (M+, 18%), 137 
( M  - PrnCO, loo), and 109 (PhS, 19) (Found: C, 69.2; 
H, 7.75; S, 15.1. C1,Hl,OS requires C, 69.2; H,  7.74; S, 

l-Phenyl-2-(phenylthio)p~opanone * (16 ; R1 = Me, 
R2 = Ph). I n  the same way, the alcohol (14; R1 = Me, 
R2 = Ph) (192 mg) gave the ketone (84 mg, 64%) as an oil, 
RF (CH,Cl,) 0.62 vmax. (liq) 1679 ( G O )  and 1581 cm-1 
(PhS), G(CDC1,) 8.2-7.1 (10 H,  m, SPh, and Ph), 4.63 (1 H, 
q, J 7 Hz, CHMe), and 1.51 (3 H, d ,  J 7 Hz, CHMe). 
3-Phenylthiopentan-2-one (16, R1 = Et, R2 = Me). Like- 

wise, the alcohol (14; R1 = Me, R2 = Et) (115 mg) gave 
the ketone (59 mg, 80%) as an oil, RF (CH,Cl,) 0.50, v,,,. 
(liq) 1 708 (GO)  and 1580 cm-l (PhS), G(CDC1,) 7.32 (5 H,  
m, PhS), 3.55 (1 H, t ,  J 7 Hz, CHCH,), 2.24 (3 H, s, MeCO), 
2.0-1.56 (2 H, m, CHCH,Me), and 1.04 (3 H, t, J 7 Hz,  
CH,Me), m/e 194 (M+, 40%), 151 ( M  - MeCO, go), 109 
(PhS, loo), and 43 (MeCO, 75) (Found: M+, 194.0766. 
CllH,,OS requires M ,  194.076 5). 

Similarly 
the alcohol (14; R1 = R2 = Et) (185 mg) gave the ketone 
(87 mg, 72%) as an  oil, RF (CH,Cl,) 0.59, vmx (liq) 1704 
(GO)  and 1581 cm-I (PhS), G(CDC1,) 7.7-7.0 (5 H, m, 
SPh), 3.56 (1 H,  t ,  J 8 Hz, CHCH,), 2.8-2.4 (2 H, m, 
MeCH,CO), 2.1-1.5 (2 H, m, CHCH,Me), and 1.03 and 1.00 
(6 H, each t, J 7 and 7.5 Hz, 2 x Me), m/e 208 (Mf, 34%), 
151 ( M  - EtCO, 100) and 110 (PhSH, 34) (Found: C, 
69.7; H, 7.8; S, 15.6. C12H,,0S, requires C, 69.2; H,  
7.76; S, 15.4%). 

3-Phenylthiodecan-4-one (16; R1 = Et, R2 = n-hexyl). 
In  the same way the alcohol (14; R1 = Et, R2 = n-hexyl) 
(133 mg) gave the ketone (54 mg, 58%) as an oil, RF (CH,- 
Cl,) 0.67, vmx. (liq) 1707 ( G O )  and 1580 cm-l (PhS), 
G(CDC1,) 7.5-7.1 (5 H, m, SPh), 3.55 (1 H, t, J 7 Hz, 

(10 H, m, CHCH,Me and [CH,],Me), 1.00 (3 H, t, J 7 H z ,  
CHCH,Me), and 0.86 (3 H, t, J 7 Hz, Me), m/e 264 (M", 
25%), 151 (PhSCHEt, loo), 109 (PhS, 23), and 85 (Me- 
[CH2I5, 48) (Found: C, 73.1; H, 9.3; S ,  11.7. Cl,H,40S 
requires C, 72.9; H, 9.15; S, 12.1). 

3-Phenylthioheptan-2-one (16; R' = Bun, R2 = Me). 
Similarly, the alcohol (14; R1 = Bun, R2 = Me) (173 mg) 
gave the ketone (91 mg, 78%) as an oil, RF (CH2C12) 0.62, 
vmax. (liq) 1705 (GO)  and 1581 cm-l (PhS), 6(CDC13) 7.6- 
7.0 (5 H, m, SPh), 3.49 (1 H,  t, J 7 Hz, CHCH,), 2.14 (3 H, 
s, MeCO), 2.0-1.1 (6 H,  m, 3 x CH,), and 1.04-0.74 
(3 H,  m, CH,Me), m/e 222 (M', 43%), 179 ( M  - MeCO, 

* This compound has been prepared from the corresponding a- 
halo-ketone, see ref. 57. 

Similarly, the alcohol (14; 

15.4%). 

4-Phenylthiohexan-3-one (16; R1 = R2 = Et) . 

PhSCHCH,), 2.56 (2 H, t, J 7 Hz, COCH,CH,), 2.1-1.12 

loo), and 110 (PhSH, 43) (Found: M+, 222.108 0. C13- 
H180S requires M ,  222.107 7).  

Experiments on the Mechanism of the Reaction of (14) with 
Ts0H.-Reaction of [3-2H]-2,2-bis(phenylthio) hexan-3-01 
with TsOH. ( a )  Toluene-p-sulphonic acid (45 mg, 0.24 
mmol) was added to the alcohol (48, 72 mg, 0.23 mmol) 
heated under reflux in benzene (5 ml). After 6 min, 
work-up as before gave 2-phenylthiohexan-3-one ( 16 ; R1 = 
Me, R2 = Prn) (40 mg, 85%) which mass spectrometry 
showed to be 37% deuteriated in the 2-position. (b) The 
experiment was repeated and samples taken from the 
reaction mixture after 0.5, 1, 2, 4, and 6 min and the mass 
spectra run without work-up. Mass spectra were also 
obtained after work-up, both before and after preparative 
t.1.c. The results obtained are summarised in Table 6, 

TABLE 6 
Mass spectra of deuteriated 2-phenylthiohexan-3-one 

Time/min Deuteriation (%) 
0.5 41 
1 43 
2 40 
4 38 
6 39 

Crude product 38 
Plated product 38 

WD) PhS+ 
+ 

Deuteriation (%) 
34 
34 
36 
36 
32 
30 
36 

and show that very little or no deuterium is lost after the 
first 0.5 min of the reaction. 

[2-2H]-2-phenyZthiohexan-3-one (49). To sodium hydride 
(12 mg, 0.5 mmol) was added a solution of S-phenylthio- 
hexan-3-one (16; R1 = Me, R2 = Prn) (79 mg, 0.25 mmol) 
in T H F  (5 ml) and the mixture stirred for 15 min at room 
temperature. After heating under reflux for 5 min, the 
mixture was cooled to room temperature and deuterium 
oxide (0.05 ml) added. After 30 min, saturated ammonium 
chloride (10 ml) was added, the mixture extracted with 
ether (3 x 5 ml), the extract washed with water (2 x 5 ml), 
dried (MgSO,), and evaporated to give the deuteriated 
ketone (73 mg, 92%) as an oil, RF (CH,Cl,) 0.54, vmaX. (liq) 
1700 ( G O )  and 1578 cm-l (PhS), G(CDC1,) 7.7-7.1 
(5 H, m, SPh), 2.58 (2 H, dt,  J 3 and 7 Hz, CH,CH,CO), 
1.60 (2 H ,  sext, J 7 Hz, CH,CH,Me), 1.37 (3 H, s, CDMe), 
and 0.88 (3 H ,  t, J 7 Hz, CH2Me), m/e 209 (M+,  18%), 
138 ( M  - PrnCO, loo), and 109 (PhS, 22) (Found: M+, 
209.0982. Cl,Hl,DOS requires M ,  209.098 5. Found : 
M - PrnCO, 138.048 8 .  C,H8DS requires 138.048 8.  

Reaction of the or-(phenyZthi0)ketone (49) with TsOH. 
To a solution of the ketone (49) (31 mg, 0.15 mmol) heated 
under reflux in benzene (3 ml) and benzenethiol (20 mg, 
0.18 mmol) was added toluene-p-sulphonic acid (30 mg, 
0.16 mmol). After 5 min, work-up as before gave the 
ketone (29 mg, 94%). Mass spectrometry showed 72% 
retention of deuterium at the 2-position. 

Other Reactions of Adducts (14) and (19) with Ts0H.- 
Reaction of l-~henyl-2,2-bis(phenyZthio)butan-l-ol. In a 
similar way the alcohol (14; R1 = Et, R2 = Ph) (110 mg, 
0.30 mmol) and toluene-p-sulphonic acid (60 mg, 0.32 
mmol) gave, after 5 min, an oil. This gave two components 
(RF 0.6 and 0.8) on preparative t.1.c. (CH,Cl,) which were 
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not identified. The corresponding deuteriated alcohol 
(19; RL = Et, R2 = Ph,  R3 = D) also gave unidentified 
products. 

Toluene-p-sul- 
phonic acid (132 mg, 0.7 mmol) was added t o  the  alcohol 
(14; R1 = E t ,  R2 = R3 = H) (136 mg, 0.47 mmol) heated 
under reflux in benzene (10 ml). After 11 min, the  solu- 
tion was cooled, poured into saturated sodium carbonate 
(20 ml), extracted with ether (3 x 10 ml), the  extract 
washed with water (2 x 10 ml), dried (MgSO,), and eva- 
porated to  give a n  oil, which was purified by preparative 
t.1.c. t o  give 1-phenylthiobutan-2-one (37 mg, 4404,), 
identical with tha t  prepared previously. 

1-[ l-(PhenyZthio)cycZohexyZ-jpropanone (52) .-Similarly the  
alcohol (19; R1 = E t ,  R2R3 = [CHZI5) (115 mg, 0.31 
mmol) and toluene-p-sulphonic acid (70 mg, 0.37 mmol) 
gave the a-(phenyZthio)ketone (33 mg, 41%) as an oil, RF 
(CH,Cl,) 0.8, wmaX. (liq) 1706 ( G O )  and 1580 cm-l (PhS), 
8(CDCl3) 7.5-7.0 (5  H, m, SPh), 2.9-2.2 (2 H ,  m, CH2Me), 
2.2-1.2 (10 H, m, cyclohexyl), and 1.03 (3 H ,  d t ,  J 2.5 and 
7 Hz, CH,Me), m/e 248 (M+,  65%), 191 (M - EtCO, 7), 
139 ( M  - SPh,  22), 110 (PhSH, 72), 81 (cyclohexenyl, 35), 
and 57 (EtCO, 100) (Found: M + ,  248.125 2. Cl,H,oOS 
requires M, 248.123 4). 

Reaction of Alcohols (53) and (54) with Ts0H.-Treatment 
of these alcohols in  a similar way gave only mixtures of 
unidentified products. 

l-EthyZ-3-nzethyZ-2-(phenyZthio) indene (56) .-Toluene-p- 
sulphonic acid (120 mg, 0.63 mmol) was added t o  the  alcohol 
(55 or 14, R1 = Prn, R2 = Ph,  R3 = Me) (145 mg, 0.37 
mmol) heated under reflux in  benzene (10 ml). After 10 
min, the solution was cooled, poured into saturated sodium 
carbonate (20 ml), extracted with ether (3 x 10 ml), the  
extract washed with water (2 x 10 ml), dried (MgSO,), and 
evaporated t o  give a n  oil, which was purified b y  preparative 
t.1.c. to give the  indene (56 mg, 57%) as an oil, RP (CCl,) 
0.55, wmax. (liq) 1 580 cm-l (PhS), a(CDC1,) 7.7-7.1 (9 H ,  m, 
P h  and C,H4), 3.72-3.5 (1 H, m, CHCH, *), 2.37 (3 H, d, 
J 2 Hz, C=CMe *), 2.3-1.7 (2 H ,  m,  CHCH,*Me), and 0.68 
(3 H, t ,  J 7.5 Hz, CH,Me), m/e 266 (M+, 30%), 157 (M -- 
SPh, loo), and 142 (M - SPh - Me, 53) (Found: M+, 
266.112 5. 

[8/689 Received, 12th Apri l ,  19781 

Reaction of 2,2-bis (phenylthio) butan- 1-oZ. 

C,,H1,S requires M ,  266.112 8). 

* Shows homoallylic splitting. 
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