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The generation of specific enolates via Michael addition 
of nucleophiles to a ,y9-unsaturated ketones has proven to be 
an extremely useful process for functionalization of 
enones.1'5 In this regard, we have recently reported that yli- 
des derived from enones via phosphoniosilylation serve ef­
fectively as enone -anion equivalents to give 2,3-unsatura- 
ted-l,6-dicarbonyl and fi -hydroxyalkylated compounds in 
high yields.6 On the basis of these results, it has been studied 
the possibility of p-alkoxycarbonylation and p -acylation of 
enones. Moreover, there are no general methods for the syn­
thesis of 2,3-imsaturated-l,4「dicarbonyl compounds7 which 
is important in organic synthesis.8 Therefore, we have ex­
amined the reaction of ylides (2) derived from phosphonium 
salt silyl enol ether (1) with alkyl chloroformates and acid 
halides, as shown in Scheme I.

Alkoxycarbonylation of enones at 伊position was achiev­
ed by the reaction of ylide (2) with benzyl chloroformate or 
ethyl chloroformate followed by the elimination of triphenyl­
phosphine with tetrabutylammonium fluoride to obtain 2,3- 
unsaturated-1,4'^icarbonyl compounds in good yields by 
one-pot procedure. In order to obtain ^-acylated, p-eno­
nes, acid chlorides such as benzoyl chloride and acetyl chlo­
ride were used as an electrophile but gave poor results under 
the present conditions. Thus, the reaction of ylide (2) with 
benzoyl chloride and acetyl chloride gave ^-benzoyl-and 
P-acetyl-2-cyclohexen- 1-one in 13% and 10% yield, respec­
tively along with predominantly several unidentified bypro­
ducts. However, the reaction of this Wittig reagent with ben­
zoyl fluoride instead of benzoyl chloride proceeded rapidly 
and much more cleanly, yielding fi -benzoylated 2-cyclohexe- 
ne-l-one in 65% yield. In the case of the P-benzoylation of 
carvone, the yield was improved by the use of tributylphos-

Scheme 1

phine instead of triphenylphosphine . This result is probably 
due to more reactive ylide of tributylphosphine than that of 
triphenylphosphine. Some experimental results are given in 
Table 1 and illustrate the efficiency and applicability of the 
present method. Especially, it is noteworthy that this overall 
conversions can be accomplished by one-pot procedure from 
a ^-unsaturated ketonones without any isolation of the in­
termediates.

The typical procedure for ^-benzyloxycarbonylation of 
enone으 is as follows. To a solution of triphenylphosphine (231 
mg, 0.9 mmol) in tetrahydrofuran (4 m/) were added 2-cyclo- 
hexen-l-one (85 mg, 0.9 mmol) and TBDMSOTf (244 mg, 
0.9 mmol) at -30 °C. After being stirred at room temperature 
for 30 min, the reaction mixture was cooled to -78 °(5 and 
n-butyllithium (0.6 ml, 1.0 mmol) was added dropwise to give 
a black-colored ylide solution. The reaction mixture was stir­
red for 30 min at -78 °C and benzyl chloroformate (165 mg, 
1.0 mmol) was added to the ylide solution. After being warm-
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Table 1. g • Alkoxycarbonylation and -Acylation of Enones

enone RX isolated yield, %,

2-cyclopenten-l-one PhCH^COCl 46
EtOCOCl 52
PhCOF 52

2-cyclohexen-1-one PhCH2OCOCl 73
EtOCOCl 61
PhCOF 65

carvone PhCH2OCOCl 51(64)力

PhCOF 25(47M
52^6(沪

4-hcxen-3-one PhCH2OCOCl 56
EtOCOCl 53
PhCOF 58

«Based on enones. Based on recovered starting material. fTributyl- 
phosphine was used.

ed to room temperature, TBAF (1.3 mZ, 1.3 mm이) was add­
ed and stirred at room temperature for 2 h. The extractive 
work-up and chromatographic separation gave 3-(benzylox- 
ycarbonyl)-2-cyclohexen- 1-one (143 mg, 73%).
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Recently, we have reported a novel method for direct con­
version of carboxylic acids to 1,3-dithianes by 1,3,2-dithiabo- 
rinane-dimethyl sulfide and stannous chloride.1 Since this in­
itial discovery we have examined several additional substra­
tes and the similar reagents to ascertain the generality of the 
method.2 We wish to report that direct conversion of car­
boxylic acids into synthetically important cyclic ethylene 
thioacetals (1,3-dithiolanes) can be easily carried out with 
1,3,2-dithiaborolane.

Although the preparation of 1,3,2-dithiaborolane as a 
form of trimethylamine complex3 or ethyl ether complex4

was reported, a new procedure using borane-dimethyl sulfide 
was adopted. 1,3,2-Dithiaborolane-dimethyl sulfide was pre­
pared by treatment of borane-dimethyl sulfide in tetrahydro­
furan with 1,2-ethanedithiol at room temperature for 24 h.516 
Its structure was determined by HBNMR[a doublet (Jb-h = 
160 Hz) at + 78 ppm relative to boron trifluoride etherat이，

As we reported previously,1 without the addition of an ap­
propriate Lewis acid the reaction of an acid with the reagent 
gave a significant amount of the corresponding alcohol. It 
has been found that boron trifluoride etherate is very effec­
tive for clean conversion of aliphatic acids into cyclic ethy­
lene thioacetals. After much experimentation to find out an 
optimum condition, the use of 1.5 equiv of the reagent and 
1.0 equiv of boron trifluoride etherate (Method A) has been 
found to be the best condition for maximum yields without 
overreduction products.7

Method A works well with a variety of structurally dif­
ferent aliphatic acids. Carboxylic acids containing other re­
ducible functional groups 거re cleanly converted into the cor-


