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swrmlary: O-Silylated ester enolates can be alkylated, under ZnBr2_catalysis, by the PhSCl- 
adducts of mono- and di-substituted alkenes to give Y-phenylthioesters, from which sulphur can be 
removed both reductively and oxidatively. This alkene carbosulphenylation reaction is stereo- 
specific (anti) with variable Markovnikov regioselectivity. 

Addition of metal enolates to electron-defficient alkenes, the Michael reaction, is a well- 

established method for the a-alkylation of carbonyl compounds. Simple alkenes, in contrast, are 

not directly useful in enolate chemistry and need first to be suitably activated to nucleophilic 

attack. 
1 

We now report that the desired transformations (e.g. 1 -+ 2 or1 + 3 + 4) can be easily 

accomplished by using the adducts (6) of alkenes with phenylsulphenyl chloride2 as alkylating 

agents, under mild ZnBr2-catalysis, for O-silylated enolates. 3,4 This is then followed by either 

(a) simple reductive desulphurisation (7 + 2), or (b) sulphoxide formation and cycloelimination 

I.7 + 3 + 4).3 

TABLE:8 Reaction of O-silylated enolates with 6 (1 equiv., CH2C12, 20°C, 16h), catalysed by dry 
ZnBr2, followed by (a) reductive desulphurisation (Raney Ni; 
oxidation (NaI04; aq. 

Me2C0, 20°C, 3h) or (b) sulphur 

l-3h). 
MeOH, 20°C, 16h) and sulphoxide thermal cycloelimination (C12CCC12, 120°C, 

U-Silylated 
Rl R2 R3 

Yieldb of Yield of Yield of Ratio' of 
Enolate 7 (%) 2(%) 3 + 4(%) 3:4 

SU H H Me 77 95 88 50 : 50 
10 Me Me Me 70 96 93 50 : 50 
11 H Me Et 76d 

76d 
92 95 43 : 57 

12 H Et Et 
80d 

86 95 42 : 58 
13 H Ph Me 91 91 25 : 75 

a the t-butyldimethylsilyl enolate (i.e. ButMe2Si for Me 
reactions. b yields refer to isolated products throug 
d mixture of two diastereomers, both trans. 

was used for the acetate 
by 'H-NMR. 
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See-alkylation using B-chlorosulphide (6)2 was successful with a wide range of ester- 

derived’ O-silylated enolates p-13 in Table). Trans-products (7)6, JVic = 11-12 Hz, were 

obtained in each case (i.e. retention of configuration in 6). This new alkene carbosulphenyl- 

ation reaction7 presumably involves initial Lewis acid-catalysed equilibration of the S-chloro- 

sulphide (6) to the episulphonium ion (5), followed by nucleophilic trapping7 to give 7. 

Sulphenylation, however, can be a competing pathway, leading to the isolation of varying amounts 

of the simple a-phenylthioesters (8) as side-products. For mono- and di-substituted alkenes 8 

was usually a minor product (O-10%), but for tri- and tetra-substituted cases sulphenylation 

occurred almost exclusively. 

Raney nickel desulphurisation of 7 cleanly gave the saturated esters (a), while sulphur oxi- 

dation followed by sulphoxide thermal cycloelimination gave mixtures of the B,y- and y,G-unsatur- 

ated esters (8 and 4, respectively). 

We next examined the stereo- and regio-chemistry6 of the alkylation of representative O- 

silylated ester enolates (mainly 9 and 10) with a range of PhSCl-adducts of alkenes, as summaris- 

ed in diagrams (15) to (97). In each case, the addition of PhSCl (CH2C12, -78 -f 2O’C)’ was 

essentially quantitative, and the alkene adduct formed could be used directly in a ‘one pot’ 

reaction with the appropriate O-silylated enolate and ZnBr2’ (CH2C12 20°C, l-16h). 

Ethylene itself gave the least reactive B-chlorosulphide (15) examined, which gave a low 

yield of y-phenylthioester (16), even under forcing conditions. Cyclopentene carbosulphenylation 

proceeded smoothly and, in the case of 17 for Rl=R2=Me, sulphoxide thennolysis gave a mixture of 

the alkylated cyclopentenes (18 and 19), where the trisubstituted isomer (18) predominated. 

Notably , cis- and trans-but-2-ene reacted stereospecificallyo to give the diastereomeric esters 

(a0 and 31, respectively) , where overall anti addition is inferred from the truns-adducts 

obtained from cycloalkenes. In addition, oxidative sulphur removal from 20 and 2l (R=H or Me) 

gave mixtures of mono- and tri-substituted alkenes (22 + 98, or 22 + 94, respectively). 

The ratio6 of secondary (Markovnikov) to primary alkylation using terminal alkenes was 

found to be variable. Styrene gave exclusively the a-see-benzyl esters (85, R1=Ph, R2=H, R3=H or 

Me), while propene and hex-1-ene gave mixtures (highest selectivity 6:l) of 25 and 96. The more 

substituted O-silylated enolate (10) generally gave higher regioselectivity than 9 towards sec- 

alkylation. Iso-butene gave only tert-alkylated products 

PnSCl adducts 

(25, Rl=R2=Me) in reaction of its 

with both 9 and 10. Attempts to use more highly substituted alkenes, e.g. 2- 

methylbut-2-ene and 2,3-dimethylbut-2-ene, failed to give useful amounts of alkylated products; 

the a-phenylthioesters (8) were now obtained in high yield. 

In a typical alkylation reaction, a solution (1M in CH2C12) of PhSCl’ (2.0 ml, 2 mmol) was 

added dropwise to a stirred solution of alkene (2.1 mmol) in dry CH2C12 (2 ml) at -78’C under Ar. 

Alternatively, gaseous alkenes could be bubbled into the PhSCl’ solution at -78’C until the red 

colour disappeared. The colourless solution of S-chlorosulphide2 produced was warmed to room 

temperature, and the O-silylated enolate 3*4 (2 mmol) was added, which was followed directly by a 

catalytic amount of dry ZnBr2’ (ea. 20 mg). After l-16h, the reaction was evaporated in VLZCUO 

and the residue flash chromatographed on Si02 to give the a-alkylated ester directly. Reductive 

and oxidative sulphur removal were carried out as described previously, 
3 except that C12CCC12 was 

now used as solvent for the cycloeliminations. 
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(16) 
(15) 

2. 9, 10 or 
11 
ZnBr2 

R1 R2 R3 

H H Me 
Me Me Me 
H Me Et 

R&i0 g4% MecbO 
(17) (18) 

72~28 

80% 
60% 
68% 

WI 

l.PhSCl 
~n~r #Ohk+ls ~Oitfe + +e 
2.9 or 10 

2 PhS R 2 RR RR 

(20 1 (22 1 (23) 

R=H 68% R = H 91% 70 : 30 
R = Me 62% R = Me 92% 57 : 43 

l.PhSCl 

2.9 or 10 ti 

1.NaI04 
OMe ____c OMe 

2.heat G=) + 

ZnBr2 PhS R R 
# 

RR 

(21) (24) 
R=H 68% R = H 90% 80 : 20 
R = Me 68% R = Me 94% >95 : <5 

R1 R2 o 

l.PhSCl PhS 

2.9 + 
OMe + 

ZnBr2 RQRQ (25) 

R1 R2 R3 
Ratio of 
25 : 266 

Yield of 
25 + 26 (%) 

Ph 
Ph 
Me 
Me 
BU" 
Bun 
Me 
Me 

H 
H 
H 
H 
H 
H 
Me 
Me 

H 
Me 
H 
Me 
H 
Me 
H 
Me 

100 : 0 86 
100 : 0 95 
60 : 40 57 
80 : 20 52 
42 : 58 48 
86 : 14 58 
100 : 0 61 
100 : 0 71 
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Finally, both high regio- and stereo-selectivity are sometimes possible together. Adoition 

of PhSCl to 3-methylcyclohexene gave a complex mixture of B-chlorosulphides, which on reaction 

with 10 gave a single alkylation product (Z7).6'10 Confirmation of this structure @i'), as 

assigned by 'H-NMR, 
10 

was obtained by sulphoxide thermolysis,where only alkene (28) was obtained. 

The syn-elimination of PhSOH from 27 
10 

must occur exclusively with the axial hydrogen, H-l (elim- 

ination to the equatorial hydrogen, H-3, would give rise to a trans-cyclohexene). Raney nickel 

desulphurisation gave the truns-disubstituted cyclohexane (29). 

0 L* PhSCl 

2.10 

&z?- @&& 

f- 

- cmiko 

ZnBr2 

60% 
f- ok 

91% 
G? (29) OMe 
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