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Treatment of lithium ester enolates with magnesium alkylidene carbenoids, generated from 1-chlorovi-
nyl p-tolyl sulfoxides with isopropylmagnesium chloride via the sulfoxide–magnesium exchange reac-
tion, gave b,c-unsaturated esters in moderate to good yields. When this reaction was conducted with
the lithium ester enolates of a-chlorocarboxylic acid esters, allenic esters were obtained. This procedure
provides an unprecedented way for the synthesis of b,c-unsaturated esters and allenic esters from
ketones with the construction of a carbon–carbon bond between a- and b-positions.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

Carboxylic acids, esters, amides, and their derivatives are
undoubtedly among the most important and fundamental com-
pounds in organic, synthetic organic, and bioorganic chemistry.1

Among the carboxylic acids and their derivatives, the unsaturated
ones are also quite important compounds in synthetic organic
chemistry. a,b-Unsaturated carboxylic acids and their derivatives
are recognized to be easily synthesized from saturated carboxylic
acids2 or from carbonyl compounds by the Horner–Wadsworth–
Emmons reaction;3 however, general synthetic methods for b,c-
unsaturated carboxylic acids or esters are quite limited and the
synthesis of b,c-unsaturated carboxylic acids and their derivatives
is still not so easy task.

The procedures so far reported for the synthesis of b,c-unsaturated
carboxylic acids and their derivatives are as follows. One-carbon
elongation ofa,b-unsaturated esters or aldehydes.4 Deconjugative pro-
tonation5 or photo deconjugation6 of a,b-unsaturated esters. Deconju-
gative alkylation of a,b-unsaturated esters.7 Reductive deconjugation
of a-bromo a,b-unsaturated esters.8 Modified Knoevenagel condensa-
tion,9 and others.10

From the synthetic point of view, carbon–carbon coupling be-
tween a vinyl carbon and an a-carbon of carboxylic acids or their
derivatives is the straightforward procedure for the synthesis of
ll rights reserved.

: +81 3 5261 4631.
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b,c-unsaturated carboxylic acids and their derivatives; however,
only three reports have appeared about the procedure. The first
one is a nickel-catalyzed coupling of vinyl halides with lithium es-
ter enolates.11 The second one is a carbon–carbon bond formation
of iodofluoroacetates with alkenyl iodides in the presence of cop-
per.12 The third one is a radical alkenylation of a-halo esters or
amides with alkenylindiums.13

We have also been interested in the synthesis of b,c-unsatu-
rated carboxylic acids and their derivatives by our own method
using the rearrangement of lithium carbenoids4c or magnesium
carbenoids.14 In continuation of our investigation with regard to
the development of new synthetic methods for b,c-unsaturated
carboxylic acids and their derivatives, we recently found a new
procedure for the synthesis of b,c-unsaturated carboxylic acid es-
ters and allenic esters as follows (Scheme 1). Thus, 1-chlorovinyl
p-tolyl sulfoxides 2 were synthesized from ketones 1 and chloro-
methyl p-tolyl sulfoxide.15 Vinyl sulfoxides 2 were treated with
isopropylmagnesium chloride at �78 �C to afford magnesium
alkylidene carbenoids 3.16 Magnesium alkylidene carbenoids 3
were treated with lithium ester enolates, which were generated
from esters with LDA at �78 �C, to give b,c-unsaturated carboxylic
acid esters 4 in moderate to good yields. When this reaction was
conducted with lithium enolates of a-chlorocarboxylic esters,
allenic esters 5 were obtained. It is noteworthy that in both reac-
tions, a carbon–carbon bond between an alkenyl carbon and the
a-carbon of the esters was constructed. Details and mechanism
of these reactions are reported hereinafter.
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2. Results and discussion

At first, to a solution of 1-chlorovinyl p-tolyl sulfoxide 617 in
THF at �78 �C was added t-BuMgCl (0.13 equiv) to remove a trace
of moisture in the reaction mixture. To this solution was added
i-PrMgCl (2.8 equiv) to afford magnesium alkylidene carbenoid 7.
A solution of lithium enolate of tert-butyl acetate (3 equiv), which
was generated from tert-butyl acetate with LDA at �78 �C, was
added to the solution of magnesium alkylidene carbenoid 7
through a cannula and the reaction mixture was stirred at �78 �C
for 30 min (Table 1, entry 1).

Fortunately, the desired reaction took place to afford the desired
b,c-unsaturated ester 8 in 42% yield. From this reaction, however,
about 20% of alkenyl chloride 9, which is the protonated product
of magnesium alkylidene carbenoid 7, was obtained as a by-prod-
uct. This result implied that the desired reaction had not been com-
pleted. In order to improve the yield of product 8, the optimal
conditions were investigated and the results are summarized in
Table 1.
Table 1
Generation of magnesium alkylidene carbenoid 7 from 1-chlorovinyl p-tolyl sulfoxide
6 and reaction with lithium enolate of tert-butyl acetate to give b,c-unsaturated
ester 8
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Entry Solvent Conditions Yield (%)

1 THF �78 �C, 30 min 42a

2 THF �78 � �60 �C, 30 min 57
3 THF �78 � �60 �C, 30 min, then �60 �C, 2 h 69
4 THF �78 � �40 �C, 1 h 65
5 Toluene �78 � �60 �C, 30 min 58
6 Toluene �78 � �60 �C, 30 min, then �60 �C, 2 h 63

a About 20% of vinyl chloride 9 was obtained.
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When the reaction mixture was slowly allowed to warm to
�60 �C, the yield remarkably improved to 57% (entry 2). The best
yield, 69%, was obtained when the temperature of the reaction
was �60 �C and the temperature was maintained for 2 h (entry
3).18 Higher temperature was not effective (entry 4). Toluene was
also found to be a useful solvent in this reaction (entries 5 and
6). We used the conditions given in entry 3 throughout this study.

The presumed mechanism of this reaction is shown in Scheme
2. Thus, the lithium ester enolate attacks the carbenoid carbon to
give alkenylmagnesium intermediate 10 with inversion of the con-
figuration of the carbenoid carbon.16 Quenching this intermediate
10 with water gave b,c-unsaturated ester 8. The evidence for the
presence of alkenylmagnesium intermediate 10 was obtained
when the reaction was quenched with deuterated methanol (Table
in Scheme 2). Thus, as shown in entry 1, when this reaction was
quenched after 10 min at �78 �C with CH3OD, b,c-unsaturated es-
ter 11 deuterated at the olefinic carbon (D content 61%) was ob-
tained. A trace of deuterium was incorporated at the a-carbon
(4%). The anion was found to be rearranged slowly from the olefinic
carbon to the a-carbon and after 2 h the a-carbon was deuterated
about 20% (entry 3). Finally, after the reaction mixture was stirred
at �60 �C for 2 h, the anion was dispersed between the olefinic car-
bon and the a-carbon (entry 5).

In order to know the scope and limitation of this reaction, the
reaction was carried out with 1-chlorovinyl p-tolyl sulfoxides
12a–c, prepared from cycloheptanone, cyclododecanone, and
cyclopentadecanone. The results are summarized in Scheme 3.
As shown in Scheme 3, the reaction of magnesium alkylidene
carbenoids generated from 12a–c with lithium enolates generated
from tert-butyl acetate gave the desired b,c-unsaturated esters
13a–c in up to 63% yield and the universality of this reaction
was verified.

Next, the reactions of magnesium alkylidene carbenoid 7, gen-
erated from 6, with the lithium ester enolates other than lithium
enolate of tert-butyl acetate were investigated and the results are
summarized in Table 2. Entries 1 and 2 show the reaction with
methyl acetate and phenyl acetate. The results were quite worse
compared with those of tert-butyl acetate. The results with tert-bu-
tyl propionate, tert-butyl phenylacetate, and tert-butyl 4-meth-
ylphenylacetate are summarized in entries 3–5. These reactions
gave the desired b,c-unsaturated esters bearing a substituent at
the a-position 14 in up to 57% yield. It is worthy to note that in
these reactions no double bond migration (giving a,b-unsaturated
esters) was observed. Lithium ester enolates generated from a,a-
disubstituted acetate also gave the desired product; however, the
yields were found to be low (entries 6 and 7). In these cases,
methyl esters gave better yields compared with the corresponding
tert-butyl esters.

In continuation of the aforementioned reaction, we used lith-
ium ester enolate of tert-butyl chloroacetate as the lithium enolate,
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and quite interesting results were obtained (Scheme 4). Thus,
treatment of magnesium alkylidene carbenoid 7 with lithium eno-
late of tert-butyl chloroacetate under the above-mentioned condi-
tions gave allenic ester 16. After the investigation of optimized
conditions, LHMDS was used as the base and the reaction mixture
was allowed to warm from �78 to 0 �C, the yield was improved to
54%.19 This reaction is presumed to proceed as follows. The lithium
ester enolate attacks the carbenoid carbon of 7 to give alkenylmag-
nesium intermediate 15 with inversion of the configuration of the
carbenoid carbon.16 b-Elimination of both the magnesium chloride
and the chlorine atom of intermediate 15 took place simulta-
neously to afford allenic ester 16.

Allenes are very interesting and important compounds in or-
ganic and synthetic organic chemistry.20 We investigated the gen-
erality of the synthesis of allenic esters using 1-chlorovinyl p-tolyl
sulfoxides 12a–d and the results are summarized in Scheme 5. As
shown in the scheme, the reaction starting from 12a–d gave the
desired allenic esters 17a–d; however, unfortunately, the yields
were not satisfactory (22–38%).
Finally, we studied the synthesis of fully substituted allenic es-
ters based on our method described above and the results are sum-
marized in Table 3. At first, 1-chlorovinyl p-tolyl sulfoxide 7 was
treated with lithium enolate of tert-butyl a-chloropropionate (en-
try 1). The reaction gave the desired fully substituted allenic ester
18 (R3 = CH3); however, the yield was miserable. Fortunately, the
yield was improved to 47% by using lithium enolate of methyl 2-
chloropropionate (entry 2). Entries 3–6 show the results for the
reaction of 7 with various esters of 2-chlorophenylacetic acid.
The tert-butyl, phenyl, and ethyl esters gave up to 40% yield of
the desired fully substituted allenic esters bearing a phenyl group.
Methyl ester, again, gave much better yield (entry 6).

In conclusion, we found that the reaction of magnesium alkyl-
idene carbenoids with lithium ester enolates gave b,c-unsaturated
esters and allenic esters with direct construction of a carbon–carbon
bond betweena- and b-positions. Although the yields are not always
good at the present, the method mentioned above is an unprece-
dented way and contributes to the synthesis of various b,c-unsatu-
rated esters and allenic esters, including fully substituted ones.
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Table 3
A synthesis of allenic esters 18 by the reaction of magnesium alkylidene carbenoid 7
with lithium ester enolates of a-chlorocarboxylic acid esters
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