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Abstract: Reaction of B-halogenoalkyl aryl sulfides with silyl enol ethers 
in the presence of Lewis acids produced d-(RI-arylthioalkyl) substituted 
carbonyl compounds. 

Electrophilic addition to silyl enol ethers has been developped as an 

efficient method for the regiospecific introduction of various substituents 

at ti-carbon of the parent carbonyl compounds'. Among potential carbon electro. 

philes, B-halogenoalkyl aryl sulfides merit special attention since: (i) these 

compounds are readily available from any alkenes 2; (ii) B-halogenoalkyl aryl 

sulfides could be easily converted into episulfonium ions (FsIs) which are 

known to reveal carbonium ion-like pattern of reactivity3; (iii) the net 

result of alkylation of silyl enol ethers with these reagents should corres- 

pond to the assembling of complex polyfunctional molecules from simple precur- 

sors as shown on the Scheme 1. Scheme I. 

It was shown earlier that the reaction of S-aryl-ESIs with aromatic .$- 

donors (Ar'H) proceeds as the B-arylthioalkylation of the parent aromatic sub- 
4 strate . However, this process is also accompanied by the formation of ArSAr' 

as the by-products arising from the competing attack of Ar'H at S-atom of ESI. 

To the best of our knowledge no data were available on the course of reaction 

of B-halogenoalkyl aryl sulfides or ESIs with silyl enol ethers and here we 

present our results bearing to the problem. 

For the model study we have chosen the reaction of 2-chloro-2-methyl-l- 

arylthiopropane, ‘l, 5 with enol ether 2. It was found, that the interaction of 
J_ with 2 takes place smoothly at -3O'C when the mixture of reagents was trea- 

ted with TiCQ(method A). Alternatively the reaction could be carried out via 

the formation of ES16 which is further treated with 2 (method B). Both proce- 

dures produce the same product d-(l,l-dimethyl-2-arylthio)ethylcyclohexanone, 

A7m The reaction mixture does not contain o(-arylthiohexanone in noticeable 

amounts. 
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The formation of 2 proceeds evidently as the attack of I-donor'at the more 4' 

substituted carbon atom of KSI. 

Similar regiospecificity was observed for the reaction of 2 with 3 and i5, 

as well as for the formation of adduct 2 from 1 and silyl enol ether of methyl- 

cyclopfopyl ketone. 

R 

Typical procedures: Method A. A solution of TiCl,(l mmol) in CH2C12 was 

added to the stirred mixture of 1 (1 mmol) and 2 (2 mmol) in CH2C12 at -30'. 

The mixture was kept Ih at -30°C, warmed up to room temperature, quenched with 

aq. NaHC03, extracted with CHC13; the solvent was dried, and removed at redu- 

ced pressure. The product 3 was isolated by TIC (SiO2, hexane-ether 5:l); yield 

0.23g (73%). PMR (CCl,,&%S): 0.98 (s, 3H); 1.08 (s, 3H); 1.4-2.2 (m, 9H); 

3.l(q, 2H, JAB- -12Hz); 7.18(s, 4H). Found: C 64.59, H 7*04 (C,,,H,.,Clcr;) Calc: 

C 64.74, H 7.13. Mw 296 (MS). Method B, A solution of ES1 tetrafluoroborate6 

('1 mmol) in CH2C12(5 ml) was added to the solution of 2 (2 mmol) in CH2C12 

(5 ml) at 20°, the mixture was stirred for an hour at 20°C and then treated as 

described above. Product 2 was isolated with 54% yield. 

Stereoisomeric EsIs 2 and 10 (prepared from cis- and trans-buten&) affor- 

ded upon the reaction with 11 stereochemically pure (GIG and PMR at 2.50 MHz) - 
adducts 12 and '& respectively. This reaction seems to constitute the unique 

example of the stereospecific incorporation of 3-substituted-2-butane moiety 

into the substrate molecule via AdH-process. A QSiMe,, && % A 
,ctKH Cifp4=CHCtf3 

Q, cis- 
b. trun3- !I(&); IO&ns-) f2(fhreo,~~~%-?~H~~~gfhrq~9~3~~ 
&Tethod A has some specific ad&tages in the cze of substrates%able to 1 

I 

ctyo cy ‘m 
. . 

undergo carbonium ion rearrangements. Thus, the reaction of 2 with lq7 under 

the conditions of method B yields the mixture of products containing only small 

amount of the desired 2 and 16. However, under the conditions of method A the 

unrearranged product 2 could be cleanly prepared. 
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Method A proved to be especially rewarding for the alky:ation of silyl 

enol ethers with &chloro-R-alkoxyalkyl aryl sulfides 19-21 . This reaction 

produces smoothly B-alYoxy-d-arylthioderivatives of parent carbonyl compounds 

according to the following generalized Scheme 2 (see also Table 1). 
,Scheme 2. 

:C=C-O~~~SCe~~~~-~-~-~+ >C=f-OWfes e-$-i- f-I;SAr 

OR 0 -04 
22-2~ -- 

Table 1. 

Enol silyl ether 2-a Productll Yield, %' 

2 
,CH3 

y2-yOEt 

54~ ce 20 
- 

0 ce 

0: %k2 - 

0 ofh o+ Sk 22 - 
0 OEt 

I)y Sk j3 - 
CHO 

89 

3s 

95 

90 

63 
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TIE-3 enol ethers of of 
*? 

-unsaturated carbonyl compound can also be used in 

this reaction. Thus 28 is alkylated by 12 giving l,Y-adduct. exclusively. 

2 + CH,=CHCH=CHCsiMe3(28)---+(E) - ArSCH,CH(OBu)CH,CH=CHCHO(~) (JAB=15Hz) 

These examples clearly demonstrate the scope of the reaction. Thus it is 

possible to carry out stereoselectively all four types of cross aldol conden- 

sation: aldehyde-aldehyde (1 
i) ('&+z); keto&-ketono(L+g).2 

+s); aldehy&-ketone (l7+2O); ketone-aldehyde 

The presence of arylthio group in the adducts opens 

additional possibilities for their use in the synthesis. 

Hence we have shown that the reaction of silyl enol ethers with B-haloge- 

noalkyl aryl sulfides can be used as fairly general method for the transforma- 

tion of carbonyl compounds and alkenes into polyfunctional molecules (Scheme 

I). High regio- and stereospecificity (as regards to alkene precursor) of this 

process is evidently ensured by the intermediate formation of EsIs or ESI-like 

species. 
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