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In the presence of trityl tetrafluoroborate, silyl enol
ethers react with thioacetals to give the corresponding y-
ketosulfides in good yields with high stereoselectivity. 1In a
similar manner, y-ketosulfides are obtained in good yields by
the one pot reaction directly from ketones and thioacetals via

tin(II) enolates.

y-Ketosulfides are useful intermediates in organic synthesis, and there have
been many reports on the preparation of y-ketosulfides from silyl enol ethers and
a—chlorosulfides by the promotion of Lewis acids such as TiCl,, ZnBrz.l) However,
some problems remain in the preparation of a-chlorosulfides, because the sulfides
are generally unstable. On the other hand, thioacetals are stable and readily
available from carbonyl compounds, and a few methods have been reported for the

2) However, no

synthesis of y-ketosulfides from thioacetals and silyl enol ethers.
method have been reported for the preparation of y-ketosulfides directly from
ketones and thiocacetals.

In this communication, we wish to describe the preparation of y-ketosulfides
from thiocacetals and silyl enol ethers, and the one pot synthesis of y-
ketosulfides directly from thioacetals and ketones via tin(II) enolates promoted
by trityl tetrafluoroborate.

Recently, we have reported that trityl perchlorate effectively activates
carbonyl compounds or acetals, and several new and useful synthetic reactions have
been developed.3) In our continuous investigation, we found that trityl cation
also activates thioacetals to generate thiocarbocations which in turn react with
silyl enol ethers to afford the corresponding y-ketosulfides.

First, we screened the reaction conditions by taking the reaction of 1-
trimethylsilyloxy-l-cyclohexene (1) and o, a-bis(ethylthio)toluene (2) as a model
(Scheme 1). As shown in Table 1, the reaction proceeds smoothly in CH,Cl, at -45
°C in the presence of an equimolar amount of TrBF, to give the corresponding y-
ketosulfide (3) in excellent yield. 1In contrast to the reaction of acetals with
silyl enol ethers, an equimolar amount of trityl salt was required in the present
reaction. While, the reaction could be carried out in the presence of a catalytic

amount of TrClO4 in co-existance of an equimolar amount of TrCl, a thiolate ion

scavenger.
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Table l:- The effect of the reaction conditions

Tr X Molar ratio of Solvent Temp/°C Yield of 3/%
Tr X per 2
TrClO4 4 0.2 CH2012 -78 27
4 1.0 CH,Cl, -78 88
TroTf 5 1 CHyCl, -78 80
TrBF, 6 1.0 CH,Cl, -78 92
6 1.0 CH,Cl, -45 95
6 1 THF -78 70
6 1 CH3CN -45 90
4 0.1 CH,C1, -78 742)

a) An equimolar amount of TrCl was added.

The reaction of various silyl enol ethers (7) with thioacetals (8) were
studied, and the corresponding Y -ketosulfides (9) were obtained in good yields

with high stereoselectivity as depicted in Table 2.

0TMS TrBF, 0 132 SE
R—C=C-R3 + R4RSC(SE), > R-C—C—C-RS
R2 -45° R3 R4
; 8 CH,Cl, , -45°C s
B Scheme 2.

Table 2. The reaction of silyl enol ethers with thioacetals

Entry Silyl enol ether Thioacetal Reaction Yield of Diastereomer
time/h 9/% ratio
0TMS
1 1 PhCH(SEt), 2 2 95 94 : 62)
2 1 Me,CHCH (SEt) , 13 82 75 : 25P)
3 1 Me,C(SEt), 19 80
4 1 CH(SEt) 3 76
0TMS

5 i:f:? 2 2¢) 97 82 : 189)

0TMS
6 >c:< 2 4 79
OMe
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0TMS
7 >=< 2 4 86
H
0TMS
8 Ph)\/ Me,CHCH (SEt) , 5 82 95 : 5P)
(E:Z2=3:97)

a) The diastereomer ratio was determined by 90MHz lH-NMR in the presence of
Eu(fod)3. The value of chemical shift and coupling constant of benzylic
proton was as follows. Major isomer : & 4.4 (J=7.5 Hz). Minor isomer : §
4.3 (J=9 Hz).

b) The diastereomer ratio was determined by GC.

c) The reaction was carried out at -78 °C.

d) The diastereomer ratio was determined by 90MHz lH-NMR.

Typical procedure is described for the reaction of l-trimethylsilyloxy-1-
cyclohexene (1) and o, a-bis(ethylthio)toluene (2): Under an argon atmosphere, to
a stirred suspension of TrBF, (0.31 mmol)4) in CH,Cl, (1 ml) was added a mixture
of 1 (0.31 mmol) and 2 (0.30 mmol) in CH,Cl, (3 ml) at -45 °C (dry ice - CH3CN).
Stirring was continued for 2 h, and then the reaction was quenched with a mixture
of pyridine and methanol. After the evaporation of the solvent, the residue was
purified by preparative TLC to afford the corresponding y-ketosulfide (3) (0.29
mmol, 95%).

From the synthetic point of view, it is more desirable to prepare y-
ketosulfides directly from ketones and thioacetals without isolation of the
intermediate enolates. Based on this consideration, we investigated the reaction
of thioacetals (8) with tin(II) enolates (1ll), easily formed from ketones (10) and
6) and it was found that the
reaction was also promoted by TrBF, to afford the corresponding Y-ketosulfides (9)

stannous triflate in the presence of N-ethylpiperidine,

as shown in Scheme 3.

It should be pointed out that the relative configuration of the y-ketosulfide
obtained by this reaction from cyclohexanone and 2 (entries 1,2) was reversed
compared with the sulfide obtained from l-trimethylsilyloxy-l-cyclohexene and 2.

Thus, according to the present methods mentioned above, the Y-ketosulfides
are prepared from thioacetals and silyl enol ethers with high stereoselectivity,
or directly from thioacetals and ketones via tin(II) enolates in good yields under

mild conditions.

0 H Sn(0Tt), 0SnOTS R4RSC(SEt), 8, TrBF, 0 RZ SEt
N-E-é-R3 > w—é=c—R3 > w-c—?—?—R5
! |
R2 CNEt . CHyCl, R2 CH,Cly R3 R4
I i} ]

Scheme 3.
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Table 3. The reaction of ketones with thioacetals via tin(II) enolates
Entry Ketone Thioacetal Conditions Yield of Diastereomer
Temp/ °C Time/h 9/% ratio
0
"
1 O_z PhCH(SEt), 2 -45 2 78 77 & 233)
2 12 2 -78 18 87 87 : 133)
9 b)
Ph/ﬁ\\//lé MeZCHCH(SEt)z -78 14 64 56 : 44
4 13 CH(SEt)3 -45 14 80

a) The diastereomer ratio was determined by 90MHz lg-NMR in the presence of

Eu(fod);. The value of chemical shift and coupling constant of benzylic
proton was as follows. Major isomer : § 4.3 (J=9 Hz). Minor isomer : § 4.4
(J=7.5 Hz).

b) The diastereomer ratio was determined by GC.
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