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Hassan A. Khan and Ian Paterson* 

Department of Chemistry, University College London, 
20 Gordon Street, London WClH OA.J, England. 

Swmnary: The O-silylated enolates of ketones and esters can be phenylthioalkylated by the 
chlorides (2) and (3) under ZnBr2-catalysis; ozonolysis and subsequent sulphoxide thermolysis 
then gives the corresponding unsaturated 1,5-dicarbonyl compounds. 

U-Silylated enolates are, in many cases, useful alternatives to more electropositive 

metal enolates for the controlled cc-substitution of carbonyl compounds. 
1-3 

For instance, 

they can be regiospecifically alkylated by a-chloroalkyl phenyl sulphides (PhSCHClR, R = Hz 

or saturated alky13), in the presence of suitable Lewis acids, to give B-phenylthiocarbonyl 

compounds; reductive or oxidative sulphur-removal then leads to overall a-alkylation or c1- 

alkylidenation. 

As an extension of this work, we now report a novel method for the synthesis of various 

unsaturated 1,5-dicarbonyl compounds, useful synthetic intermediates inter alia for hetero- 

cycle construction4 and annulation. 
5 

Phenylthioalkylation of O-silylated enolates (1) with 

the unsaturated a-chloroalkyl phenyl sulphides (2 and 3), under mild ZnBr2-catalysis, gives 

the homoallylsulphides (4, R = H and R = Me). These are then transformed into the ccrrespond- 

ing unsaturated aldehydes (4 * 5, R = H) or methylketones (4 +5, R = Me) by ozonolysis with 

concomitant sulphur o&z?ation, followed by easy sulphoxide cycloelimination. The overall 

transformation is, therefore, the synthetic equivalent of enolate Michael addition to 

HCXCHO or HCXCOCH3.' 

(2) R = H 

(3) R = Me 

3. heat 

The two alkylating agents (2 and 3) were prepared by chlorination of the respective 

homoallyl phenyl sulphides (NCS, CC14, 20: Jh; >95%), each of which are readily 

accessible.6'7 They reacted satisfactorily with O-silylated enolates in the presence of a 

catalytic amount of ZnBr2* . in CH2C12 at room temperature (15min - lh), essentially identical 

conditions to those already developed for the simple phenylthioalkylation of ketones and 
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esters. 
3 

The new alkylation reactions, as summarised in diagrams 6 to a8 for ketone systems 

and 31 to 39 for ester systems, appear to be as general as phenylthiobutylation,3 although 

yields are perhaps slightly lower. 

Ozone treatment of the intermediate homoallylsulphide was best performed at -78' in 

CH2C12-MeOH (4:l) for systems derived from electrophile (3), and in Me2CO for those derived 

from 2, followed by normal Me2S reduction (-78' + 20'). Substantial elimination of benzene- 

sulphenic acid took place on warming up, and was completed by brief heating (CC14, 70°, 

15min - 2h), to give the unsaturated 1,5-dicarbonyl compound. We have successfully prepared 

a range of unsaturated 1,5-diketones, ketoesters, and aldehydoesters using this procedure. 
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For the preparation of unsaturated 1,5-aldehydoketones, however, the method is usually 

restricted to blocked systems (e.g. 8, ll, and 14; R = H); enolisable systems, when formed, 

did not survive chromatography and were best isolated by microdistillation (e.g. 17 and 18; 

R = H). 
9 

The ozonolysis of 24 and 28 for R = H gave only polymeric materials with no idcnti- 

fiable aldehyde products. 

In blocked, non-enolisable 1,5-dicarbonyl compounds (8, 11, 14, and 33; R = H, Me) the 

products had exclusively E-stereochemistry. In all the remaining enolisable systems, there 

was generally significant (>5 : 1) 11 . 
kinetic regioselectivity in sulphoxide elimination towards 

the JiSubstituted alkene isomer, while subsequent chromatographic isolation on SiO2 usually 

led to equilibration towards the more stable trisubstituted alkene regioisomer. For example, 

the ratio of 17:18 (R = Me) after elimination (70°, 30min) was ~~5:1 (lH NMR),l’ which reversed 

to 1:15 after flash chromatography. Both regioisomers had E-stereochemistry in all cases ex- 

amined. 

Me0 
R = H 84% 

mMe+R %%Meq * MeO~R 

Et0 
R = H 86% 

-,EtFR s$+&R + EtyR 
R = Me 83% 

c-1 (39) cm (41 

The O-silylated enolates 

thioalkylation procedure was 

equivalent of el ectrophile 

Typically, for the ozonolysis 

used were prepared by standard methods. 
l-3 

The ZnBr2-phenyl- 

identical to that already described,3 except that exactly one 

(2 or 3)13 was now used (c.f. 1.2 equivalents previously). 
14 

procedure, ozone (Wellsbach generator) was bubbled through a 

stirred solution of the homoallylsulphide (1 mmol) in CH2C12-MeOH (4:1, 10ml) or dry Me2C0 

(10 ml) at -i8’ until the blue colour persisted, and then for a further 3 min. The solution! 

was purged of excess O3 by bubbling Ar through, Me2.S (lml) was added, and the mixture allowed 

to warm to room temperature. 

of sulphoxides and eliminated 

flash chromatography on silica 

dicarbonyl compound. 

The solvent was evaporated in vacua to give usually a mixture 

products, w!jich was then heated in Ccl4 (3ml) for 15min -2h; 

gel (or microdistillation) then gave the unsaturated 3,5- 
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In summary, this work further demonstrates the utility of O-silylated enolate phenyl- 

thioalkylation for the a-substitution of carbonyl compounds. The compatibility of these 

alkylationswith other functionality in the a-chlorosulphide remains to be established. 

We thank the S.E.R.C. for a Postdoctoral Research Assistantship (to H.A.K.). 
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