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&ALKYLATION AND a-ALKYLIDENATION OF CARBONYL COMPOUNDS: 

LEWIS ACID-PROMOTED PHENYLTHIOALKYLATION OF O-SILYLATED ENOLATES' 

Ian Paterson* and Ian Fleming 

(University Chemical Laboratory, Lensfield Road, Cambridge CB2 lEW, England) 

summary: The O-silylated enolates of ketones, aldehydes, esters, and lactones can be 
phenylthioalkylated in the presence of Lewis acids; reductive or oxidative sulphur- 
removal gives the regiospecifically a-alkylated or alkylidenated carbonyl compounds. 

The regiospecific alkylation of lithium enolates is often restricted to reactive 
7 

alkyl 

halides such as methyl iodide and allylic or benzylic halides, Alternative methods using enolate 

equivalents 
3 

are generally restricted to aldehydes and ketones and, along with quaternary ammon- 

ium enolates: are best suited for alkylation at the less-substituted side of unsymmetrical ket- 

ones. We now report that simple primary alkyl groups, including neopentyl, may be easily intro- 

duced by Lewis acid-promoted phenylthloalkylation of O-silylated enolates7 using a-chloroalkyl 

phenyl sulphides (B), followed by Raney nickel desulphurisation (e.g. 1 + 3 + 4); 
5,6 

this is an 

extension of our earlier work on phenylthiomethylation (1-c 3 + 4, R = H).* As in the earlier 

work, the sulphur may also be removed oxidatively using sodium metaperiodate (e.g. 3 + 5), to 

give, effectively, the &product (5) of a directed aldol condensation.' 

0SiMe3 

6 

0 SPh 

TiC14 or R 
+ 

(5) 
ZnBr2 

(1) 

t 
(3) 

NCS 
\ 1. NaI04 > 

R = Me 78%(TiC14) 
R = Pm 83%(TiCl ) 2. heat 

SPh 
NaSPh 

BrAR 
~ R = Pr' 66%(T1C14) 

R = But 78%(ZnBri) 

(6) (7) 

0 

CT R 

(4) R = Me 92% 
R = Pm 89% 
R = Pr' 94% 

0 R = But 95% 

CT R 
(5) R = Me 95% 

R = Pm 90% 
R = Pri 91% 
R = But 93% 

The a-chloroalkyl phenyl sulphides (2), which serve as both alkyl halide and aldehyde 

equivalents, were prepared in two steps (6 -+I+ 2) from the corresponding alkyl bromide,generally 

in better than 90% yield: the halide (6) was converted to the alkyl phenyl sulphide (7)(NaSPh, 

EtOH, 20"), which was then chlorinated (N-chlorosuccinimide, CC1 4' 20", 6 h), and the product (2) 

used directly 
10 

after filtration and evaporation of the solvent. 
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In addition to the reactions on the 0-silylated enolate (1) of cyclohexanone, we have 

also carried out the n-butylation and n-butylidenatlon sequences on the O-silylated enolates of 

a range of carbonyl compounds using cr-chloro-n-butyl phenyl sulphide (2, R = Pr") as the electro- 

phile, as summarised in diagrams 8 to 32. The phenylthloalkylation reaction was successful with 

the 0-silylated enolates of an ester (8), a lactone (la), an aldehyde (18), and a range of sym- 

metrical (1 and 27a) and unsymmetrical (20, 24, 27b, 31, and 34) ketones. 
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Titanium tetrachloride and zinc bromide are the most effective Lewis acids; but which 

is better depends upon the substrate. With the ester- and lactone-derived O-sllylated enolates 

(8 and la), ZnBr2 was clearly the best Lewis acid (CH Cl 2 2' ZOO, 15 min), as we had previously 

found for phenylthiomethylation.' For the aldehyde-derived O-sllylated enolate (18), a 1:l mix- 

ture of TiC14 and Ti(OPr1)4 was best (CH2C12, -78', 1 h), zinc bromide giving a lower yield. For 

the O-silylated enolates of ketones (1, 20, 24, 27, 31, and 35) both ZnBr2 (CH2C12, ZOO, 1 h) and 

T1C14 (CH2C12, -23", 1.5 h) were successful. ZnBr2 has the advantages of mildness, catalytic use, 

and ease of operation, 

specific alkylation.6 

but TiC14 may occasionally be superior in being more apt to give regio- 

Both Lewis acids were successful, however, in promoting regiospecific 
11 

phenylthiobutylation of the two isomeric o-sllylated enolates of 2-methylcyclohexanone (20 + 21 

and 24 + 25). In contrast, the corresponding lithium enolates are not easily n-butylated without 

competing equilibrationl' 
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Our method is particularly effective for alkylation at the more-substituted side of 

unsymmetrical ketones (34, 37b, and 35), 
334 

complementing the alternative methods; it also works 
13 

in the regiospeclfic alkylation of hindered enolates, such as those having an adjacent quater- 

nary carbon as in 35. Finally, the ease, efficiency, and high stereoselectivity 
14 

of the oxidat- 

ive removal of sulphur makes the reactions described here attractive alternatives to existing 

syntheses of o_,8-unsaturated carbonyl 
9,l.S 

compounds. 
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Typically, for the ZnBr2-phenylthioalkylation procedure, a catalytic amount (ca. 25 mg) 

of powdered anhydrous ZnBr2 was added to a solution of the a-chloroalkyl phenyl sulphide (6 mmol) 

and the o-silylated enolate (5 mmol) In dry CH2C12 (10 ml) at room temperature, and the mixture 

shaken every S-10 mm. After 15 min (esters and lactones) or 1 h (ketones), the solvent was 

simply evaporated and the residue chromatographed on silica gel to grve the a-phenylthioalkyl 
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ketone, ester, or lactone directly. 

methylation,' 

Tic14 was used in the same way as described for phenylthio- 

except in the case of aldehydes (l?), where the reactants were treated with a pre- 

formed mixture of TiCl,-Ti(OPri)4(l equivalent of each) in CH2C12 (-78', 1 h) and worked up in 

the usual way.8 

Reductive sulphur removal was carried out with W-2 Raney nickel l7 

0.5-2 h) as described previously.8 

(Me2CO-EtOH 9:1, 2D", 

In the case of the aldehyde (II), reduction to the primary 

alcohol (18) occurred under these conditions. Oxidative sulphur removal to the cc,&unsaturated 

carbonyl compound was carried out by treatment with sodium metaperiodate 
18 

followed by heating, 

as necessary. Typically, the a-phenylthioalkyl carbonyl compound (1 mmol) was stirred in the 

dark with NaI04 (1 mmol) in MeOH-H20 (9:1, 10 ml) for 16 h. The reaction mixture was poured into 

water (15 ml) and extracted repeatedly with CH2C12. The organic phase was dried and evaporated 

in vacua to give, usually, a mixture of sulphoxide and eliminated product (in the cases 3 + 5 

R = But, 9 + 11, and 36 + 38, the sulphoxide was isolated unscathed). The crude mixture was 

warmed in CC14 (1 ml) at 60' for l-48 h; chromatography on silica gel then gave the unsaturated 

carbonyl compounds. 
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