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a b s t r a c t

The reaction of the lithium enolates of a-aryl carbonyl compounds with cyclopropylmagnesium carbe-
noids, derived from 1-chlorocyclopropyl p-tolyl sulfoxides with i-PrMgCl at low temperature, resulted
in the formation of b-aryl carbonyl compounds bearing a cyclopropane ring at the a-position with
one-carbon homologation in variable yields. The reaction was found to be highly stereospecific with
respect to the stereochemistry of the cyclopropylmagnesium carbenoids. Mechanism and origin of the
stereospecificity of the reaction are also discussed. This is the first example for the insertion of cyclopro-
panes in between a carbonyl carbon and an a-carbon of carbonyl compounds.

� 2011 Elsevier Ltd. All rights reserved.
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Introduction

Homologation of carbonyl compounds from lower carbonyl
compounds by carbon–carbon coupling is a very useful procedure
for obtaining the desired carbonyl compounds and innumerable
procedures have already been reported.1 If the homologation reac-
tions would be applied to cyclic carbonyl compounds, ring-ex-
panded carbonyl compounds could be obtained.2 We have also
long been interested in the homologation of carbonyl compounds
based on our original chemistry; the chemistry of magnesium
carbenoids or lithium carbenoids generated from a-chloroalkyl
aryl sulfoxides with Grignard reagents or alkyllithiums,
respectively.3

For the homologation of carbonyl compounds, as shown in
Scheme 1, one-carbon homologation of carbonyl compounds 1 to
carbonyl compounds 2 is quite general and a variety of methods
have been reported.1–3 On the other hand, homologation of 1 to
cyclopropyl carbonyl compounds 4 is very unusual and, to the best
of our knowledge, no report has appeared yet. We have recently
studied the chemistry and uses of cyclopropylmagnesium carbe-
noids 3 and a variety of unprecedented reactions have appeared.4

In continuation of our interest in the homologation of carbonyl
compounds and in the chemistry of cyclopropylmagnesium carbe-
noids in organic synthesis, we found that the reaction of the lith-
ium enolates of a-aryl carbonyl compounds (1, R1 = Ar) with
cyclopropylmagnesium carbenoids 3 resulted in the formation of
ll rights reserved.

: +81 3 5261 4631.
.

cyclopropyl carbonyl compounds 4 in variable yields. In this Letter,
details of this procedure and the stereochemistry of the reactions
are described.

Results and discussion

In our previous studies, we reported the reactions of cyclopro-
pylmagnesium carbenoids 3 with phenolates4e and N-lithio aryl-
amines.4h Based on the experiences of these studies, we first
treated cyclopropylmagnesium carbenoid 6, generated from 1-
chloro-2,2-dimethylcyclopropyl p-tolyl sulfoxide 54h with i-PrMgCl
in THF at �78 �C, with 3 equiv of the lithium enolate of a-tetralone
7, generated from a-tetralone with LDA in THF at �78 �C
(Scheme 2). The temperature of the reaction mixture was slowly
4

Scheme 1.
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allowed to warm to �20 �C. The reaction, however, gave none of
the promising products but a complex mixture.

Next, the same reaction was conducted with the lithium enolate
of b-tetralone 8. We obtained a product from the reaction mixture
and, very interestingly, the product was proved to be one-carbon
homologated cycloheptanone derivative bearing dimethylcyclo-
propyl group at the a-position of the carbonyl carbon 9 in 38%
yield (the yield was calculated based on the starting material 5).
We recognized that this is an unprecedented one-carbon homolo-
gation of a ketone to a ketone bearing a cyclopropane ring at the a-
position. Next, the investigation to find the best conditions for this
reaction was carried out and the results are summarized in Table 1.

The result shown in entry 1 has already been mentioned above.
When the amount of enolate 8 was increased to 5 equiv and the
temperature of the reaction mixture was allowed to warm to
�20 �C, the yield of 9 was improved to 68% (entry 2). Further
increasing the amount of enolate 8 did not give a better yield (en-
try 3). When the reaction was carried out with 5 equiv of 8 and the
temperature of the reaction mixture was allowed to warm to room
temperature, the yield of 9 was increased up to 78% (entries 4 and
5).5 Addition of HMPA as an additive (entry 6) or using toluene as
the solvent gave much worse results (entries 6 and 7). We decided
that the conditions described in entry 5 were the conditions of
choice for this reaction and we used them throughout in this study.
Table 1
Study for the conditions of the reaction of cyclopropylmagnesium carbenoid 6 with
lithium enolate of b-tetralone 8

MgCl

Cl

OLi

O

9
6

8

Conditions

( Equivalent )

Entry Conditions 9

Solvent Equiv of 8 Temp/�C Yield/%

1 THF 3 �78 to �20 38
2 THF 5 �78 to �20 68
3 THF 7 �78 to �20 61
4 THF 5 �78 to 0 76
5 THF 5 �78 to rt 78
6 THF/HMPAa 5 �78 to �20 7
7 Toluene 5 �78 to �20 11

a HMPA (5 equiv) was added as an additive.
It is very important to understand the reason why the reaction
of cyclopropylmagnesium carbenoid 6 with lithium enolate of b-
tetralone gave one-carbon homologated cyclopropyl ketone 9,
however, the lithium enolate of a-tetralone did not. The plausible
rationalization for the differences of the reactivity is shown in
Scheme 3. Thus, lithium enolate of a-tetralone 7 reacts with mag-
nesium carbenoid 6 to afford cyclopropylmagnesium chloride
intermediate A. Intramolecular nucleophilic addition of the cyclo-
propylmagnesium chloride to the carbonyl carbon gave highly
strained intermediate B, from which intermediate C is generated
with C–C bond cleavage. However, the generated carbanion of
intermediate C is not stabilized at all. As a result, the reaction of
7 and 6 did not give C but a complex mixture.

On the contrary, lithium enolate of b-tetralone 8 reacts with 6
to give highly strained intermediate D, from which intermediate
E is generated with C–C bond cleavage. The generated carbanion
of intermediate E is stabilized by the benzene ring and this reaction
did indeed occur. In fact, quenching of this reaction with CH3OD,
deuterated product 9 (D) was obtained with about 70% D-content.

Next, generality of this reaction was investigated with cyclopro-
pylmagnesium carbenoid 6 and a variety of carbonyl compounds,
and the results are summarized in Table 2. The reaction of 6 with
7-methoxy b-tetralone gave a high yield of the desired product
(entry 1). Seven-membered ketones gave the desired eight-mem-
bered a-cyclopropyl ketones; however, the yields were not satis-
factory (entries 2 and 3). Dipropyl ketone gave only complex
mixture as anticipated (entry 4). On the contrary, dibenzyl ketone
gave good yield of the desired product as expected (entry 5).
Although the yields were not satisfactory, a-aryl ketones gave
the desired homologated a-cyclopropyl ketones (entries 6–8). Even
phenylacetaldehyde gave the desired one-carbon homologated
a-cyclopropyl aldehyde in 36% yield (entry 9).

The reaction was studied by using other cyclopropylmagnesium
carbenoids 12 derived from 1-chlorocyclopropyl aryl sulfoxides 11
with lithium enolate of b-tetralone 8 and the results are shown in
Scheme 4. Thus, cyclopropylmagnesium carbenoid without any
substituent on the cyclopropane ring 12a reacted with 8 to give
83% yield of 13a. In a similar manner, cyclopropylmagnesium carb-
enoid bearing a methyl substituent on the cyclopropane ring 12b
reacted with 8 to give 83% yield of 13b. Even the cyclopropylmag-
nesium carbenoid bearing both a methyl and 2-trityloxymethyl
substituents on the cyclopropane ring 12c reacted with 8 to give
good yield (71%) of the desired product 13c.

In this reaction, quite interesting stereospecificity was ob-
served. Thus, as shown in Scheme 5, reaction of lithium enolate
of b-tetralone 8 with cyclopropylmagnesium carbenoid 15, derived
from 1-chlorocyclopropyl p-tolyl sulfoxide 14, gave the desired
product 16 in 81% yield as a single product. In the same manner,
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Scheme 3. A plausible rationalization for the reason why lithium enolate of b-tetralone gave one-carbon homologated a-cyclopropyl ketone 9 but lithium enolate of a-
tetralone did not.

Table 2
One-carbon homologation of carbonyl compounds to cyclopropyl carbonyl compounds 10 with cyclopropylmagnesium carbenoid 6
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the reaction of 8 with cyclopropylmagnesium carbenoid 18, de-
rived from 17, gave the desired product 19 in 82% yield, again as
a single product. The products 16 and 19 were found to be diaste-
reomers to each other. Stereochemistry of both products was
determined by NOESY spectra as shown in Scheme 5.
The rational explanation of the stereospecificity is as follows
(Scheme 6). As the sulfoxide-magnesium exchange reaction6 is
proved to proceed with retention of the configuration of the carbon
bearing the sulfoxide group,7 sulfoxide 14 gave cyclopropylmagne-
sium carbenoid 15. Nucleophilic substitution of the cyclopropyl-
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magnesium carbenoids with carbanions was proved to take place
with inversion of the carbenoid carbon.4g Thus, the reaction of
carbenoid 15 with lithium enolate 8 afforded the cyclopropylmag-
nesium chloride intermediate F. Intramolecular nucleophilic addi-
tion of the carbanion to the carbonyl carbon gave intermediate G,
which afforded the product 16 with C–C bond cleavage. In the
same manner, the reaction of 18, derived from 17, with enolate 8
gave product 19 with high stereospecificity.

In conclusion, we found that the reaction of the lithium enolates
of a-aryl carbonyl compounds with cyclopropylmagnesium carbe-
noids resulted in the formation of b-aryl carbonyl compounds
bearing a cyclopropane ring at the a-position with one-carbon
homologation. The reaction was found to be highly stereospecific
with respect to the stereochemistry of the cyclopropylmagnesium
carbenoids. This is the first example for the insertion of cyclopro-
panes in between a carbonyl carbon and an a-carbon of carbonyl
compounds. Further investigation of this reaction, including asym-
metric synthesis, is underway in our laboratory.
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