Tetrahedron Letters,Vol.23,No.37,pp 3747-3750,1982 0040-4039/82/373747-04%03.00/0
Printed in Great Britain ©1982 Pergamon Press Ltd.

a~0XOKETENE DITHIOACETALS: VERSATILE SUBSTRATES FOR
1,3-CARBONYL TRANSPOSITIONS

R. Karl Dieter* and Yawares Jenkitkasemwong
Department of Chemistry, Boston University, Boston MA 02215

Abstract: A two step procedure for the conversion of a-oxoketene dithiocacetals to f-
substituted o,R-unsaturated thioesters or acids is described. The overall transformation
represents a 1,3-carbonyl transposition in which the original ketone carbonyl emerges as the
carbonyl of an acid or thioester. The resulting thioesters and acids constitute versatile
acylating reagents in accord with established procedures.

The ability to transpose a carbonyl functional group constitutes a powerful synthetic
strategy for functional group manipulations and regioselective carbon-carbon bond construct-
ion. 1,3-Enone transpositions have found wide synthetic utility and several procedures have
been developed.l_3 Recently, we described a simple one pot procedure for the synthesis of
conjugated ketene dithioacetals involving the addition of kinetically generated carbon nucleo-
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philes to carbon disulfide. a-Oxoketene dithioacetals, readily prepared by this procedure,

were viewed as potential substrates for 1,3-carbonyl transpositions.
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The method required nucleophilic addition to the carbonyl and subsequent hydrolysis of an
intermediate a-~hydroxyketene dithioacetal (%) (eq. 1). Careful choice of hydrolysis conditions
could lead to either a B-substituted o, B~-unsaturated thiocester (%%) or acid (%R). The trans-
formation (eq. 1) converts a ketone carbonyl to the carbonyl of an acid or thioester and cons-
titutes a versatile complement to vinylogous ester2 and thioester3 mediated 1,3-carbonyl trans-
positions. The o-hydroxyketene dithioacetals (%) proved highly sensitive to acid catalyzed

hydrolysis in contrast to the structurally similar y-hydroxy vinyl sulfides.3
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Table 2. Hydrolysis of a-Hydroxyketene Dithioacetals

Product(s)b
Entry Substrate Hydrolysis Conditions® (zvield)®
HO — R - R g—.
R1 R‘l R1
2 A9
1 8a R'=H; R=CH
8a [Hs ReCHy A 78 <2
2 b R'=R=H A 50 47
3 B 72 —
4 c R'=H; R= CH,=CH A 40 —
l— - e
5 d R'=CH,; R=H A 44 35
6 B 50 —
1
7 g R =R=CH, A 52 10
H —_— R - R —
—_ - S —
8 11a R=H A 58 24
9 b ReCH, A 72 <2
H R —S R
AN
_ — — _s S—
10 La R-H B 79 —
11 b ReCH, A 68 <2
H — R $—
>— 14
v
12 13a R=CH 87
A 3
13 b R=CH,CO,C(CH;), 75

8procedure A: 10% HBFA, THF, rt. Procedure B: 10% HBF,, THF, 0.50-0.75 equivalents HgO,
rt. All final products gave satisfactory C and H combustion analysis. The assigned
structures were in accord with infrared, proton nmr, and carbon nmr spectral data. €A1l
yields are based upon isolated products purified by column chromatography on silica gel.
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The feasibility of this carbonyl transposition procedure was examined with ketene
dithiocacetals % - z and methyllithium and sodium borohydride as two representative
nucleophiles. The corresponding adduct allylic alcohols, listed in Table 1, were formed in
good to excellent yield. The use of methyllithium generally resulted in recovery of some
starting ketone indicating that enolization constituted a minor problem. No attempt was

made to minimize the enolization process by judicious choice of solvent mixtures.

Table 1. oa-Hydroxyketene Dithioacetals

Nucleophilic a Nucleophilic a
substrate Reagent Alcohol™ (% yield) substrate Reagent Alcohol™ (% yield)
3 CH3Li 8a 69b 2 CH3Li 11b 82b
3 NaBH 8b 98¢ 6 NaBH 12a 96°
X 4 v b v 4 NAA b
% CH2=CHLi QE 80c Q CHBLi %%R 76
Q NaBH4 %% 98b z CH3Li %%% —

a CHBLi %% 80 Z LiCHZCOZC(CH3)3 %%R e
5 NaBH, 1ia 96°

aAssigned structures were in accord with infrared and 60 MHz proton nmr spectral data.
Yields are based upon isolated products purified by column chromatography on silica gel.
CYields are based upon crude products which were > 95% pure by nmr.

Initially, hydrolysis (10% HZSOA’ THF, 0.5 equivalent HgO, rt.) of a-hydroxyketene
dithioacetal %% afforded low yields of thioester 2% (30%) and methylsulfide %Q% (10%). The

latter product presumably arises from methanethiol trapping of allylic carbenium ion %2'

SCH, 0 o}
SCH, OH
R 16 17

Trials of a large number of Lewis and Bronsted acid/solvent couples with or without sulfur
complexing agents [e.g. HgO, Hg(OAc)z, Cu0, Cu(OAc)Z] failed to improve the yield of thioester
2%. Eventually, it was discovered that 10% HBFA in THF offered good yields of thioester 2%
(entry 1, Table 2). Hydrolysis of allylic alcohol QR under the same conditions afforded

a high yield of an equimolar mixture of thioester 2R (50%) and the undesired methyl sulfide
10b (47%) (entry 2), a result revealing the acute sensitivity of the allylic alcohols to
substrate structure and hydrolysis conditions. Addition of 0.75 equiv. of HgO (entry 3)

to the reaction medium afforded the desired thioester 2R in good yield (72%). These
reaction conditions could be extended in a general manner to the allylic alcohols shown in
Table 2. The acyclic allylic alcohols [%% (a-b)] (entries 10-11) afforded inseparable

mixtures of E and Z diastereomers. Subsequently, it was discovered that treatment of allylic
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alcohol 2% with 10% HBFA/THF in the presence of 2.0 equiv. HgO afforded acid %2 in 70% yield.
Consequently, the method provides a facile synthesis of either u,f-unsaturated thioesters or
acids depending upon the hydrolysis conditions. This provides a versatile opportunity for
additional carbon-carbon bond forming processes. Treatment of thioester 8% with lithium
dimethylcuprate afforded methyl ketone %Z in 50% yield.6 Alternatively %Z is potentially
available by conversion of %Q to the acid chloride followed by treatment with methyl-
magnesium iodide in THF at -78 OC.7 Further, allylic alcohols %% (a-b) (entries 12-13)

could not be isolated and were hydrolyzed to the dienones %é (a-b) with saturated aqueous
ammonium chloride. This result illustrates the superior resonance electron donating capacity
of an oxygen vs. sulfur substituent. Finally, ketene dithioacetal iék provides a

potential entry to 3-alkyl substituted analogs of Hagemann's ester.

In summary, a three step procedure for the conversion of ketones to the homologous
3-substituted o, B-unsaturated thiocesters or acids is available and involves an efficient
1,3-carbonyl transposition methodology. Development of conditions for the hydrolysis of
a-hydroxyketene dithioacetals should stimulate further synthetic utilization of a-oxoketene
dithioacetals. Investigations into additional synthetic applications of o-oxoketene dithio-

acetals are in progress in our laboratory.
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