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Highly stereoselective SmI2-promoted substitutions of
alkyl 1-chlorocyclopropanecarboxylate 1 using TMSCl or alkyl
halide proceeded to give trans adduct 2 or 3 in moderate to
high yield with excellent trans stereoselectivity (trans-add/
cis-add = >99/1) in the presence of HMPA in THF. Silylation
occurred on the �-carbon of the ester with excellent regio- and
stereoselectivity (C-silylation/O-silylation = >99/1, trans-
add/cis-add = >99/1).

Structural studies of the Reformatsky reagent derived from
�-haloesters revealed that the Zn–enolate is present in the C-
enolate form (Scheme 1).1 Hence, in SmI2-promoted Reformat-
sky-type reactions, most proposed mechanisms proceed through
an O-enolate.2 Few examples of C-enolate have been reported.3

Recently, we reported highly stereoselective SmI2-promoted
Reformatsky-type reactions of 1-chlorocyclopropanecarboxylic
ester 1 with aldehydes, ketones, and acyl chlorides.4 In that re-
port, we proposed an ambiguous mechanism via O- or C-enolate
form of ester.

On the other hand, silylation of the Li–enolate of methyl
cyclopropanecarboxylate afforded mixture of O- and C-silylated
products in moderate yield (Scheme 2, eq 1).5,6 As the literature
pointed out, in the case of ethyl cyclopropanecarboxylate, tri-
methylsilylation proceeds in moderate yield due to the self-
Claisen condensation and further reaction. In addition, cyclopro-
panation of monosubstituted or cis-disubstituted olefin with
diazo(trimethylsilyl)acetate affords a mixture of E and Z isomers
with moderate to good selectivity (Scheme 2, eq 2).7

Here we report the highly stereoselective C-trimethylsilyla-
tion and alkylation of 1-chlorocyclopropanecarboxylic ester us-
ing SmI2. Based on the regio- and stereoselectivity, a plausible
mechanism in such reactions is also disclosed.

Initially, we investigated the reaction of alkyl 1-chloro-
cyclopropanecarboxylates8 1a–1e with TMSCl or TBDMSCl.9

Table 1 lists the results of the silylation. Salient features were
as follows: every case of R1-monosubstituted- and 2,3-cis-disub-
stituted-1-chlorocyclopropanecarboxylates 1a–1e underwent the
desired trimethylsilylation to give C-trimethylsilylated products
2a–2e with excellent selectivity (C-/O-silylation = >99/1,
trans-add/cis-add = >99/1) (Entries 1 and 3–6). No O-tri-
methylsilylated compound was obtained. The structures of 2a–
2e were determined by analogy with known compounds,7a based
on spectral data. A similar reaction of 1a with TBDMSCl did not
proceed, and work up of enolate with water yielded a hydrode-
chlorinated product (Entry 2). This was caused by the stereocon-
gestion of TBDMSCl in the SN2 reaction. In the case of ethyl es-
ter 1b, the trimethylsilylation proceeded in high yield (Entry 3).
This result is not consistent with a similar reaction of ethyl cy-
clopropanecarboxylate using LDA, KH, or NaH.6 In addition,
the trimethylsilylation of esters 1d and 1e at 0 �C afforded 2d
and 2e, respectively, in moderate yield (Entries 5 and 6). Similar
reactions at �78 �C or rt decreased the yield of silylation.

Next we investigate the SmI2-promoted alkylation of alkyl
1-chlorocyclopropanecarboxylates 1a–1e with alkyl halide. As
expected, alkylation of methyl ester 1a using MeI, and allylbro-
mide proceeded smoothly (Table 2, Entries 1 and 2). Alkylation
of 1a with BnBr and EtI afforded 3c and 3d, respectively, in
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Table 1. Highly regio- and stereoselective SmI2-promoted tri-
methylsilylation of alkyl 1-chlorocyclopropanecarboxylates 1a,b

R2

R1 Cl

CO2R3

R2

R1 CO2R3

R4

1) 2 SmI2

HMPA, THF
1 22) R4Cl

trans-add /cis-add = >99/1c

C-TMS/O-TMS = >99/1

Entry Substrated R1 R2 R3 R4 Product
Yielde

/%

1 1a Ph H Me TMS 2a 94
2 1a Ph H Me TBDMS 2a0 0
3 1b Ph H Et TMS 2b 84
4 1c –(CH2)4– Me TMS 2c 92
5 1d –(CH2)4– Et TMS 2d 51
6 1e –(CH2)4– i-Pr TMS 2e 47

aReactions were carried out at �78 �C (Entries 1–4) or 0 �C
(Entries 5 and 6) under an Ar atmosphere. bTMSCl or
TBDMSCl was added after generation of Sm–enolate. cIn
this case, trans-add means trans-adduct. Ratios were deter-
mined from 1HNMR spectra. dA mixture of cis-1 and
trans-1 (cis/trans = 3/1) was used for the reactions of 1a
and 1b, whereas cis-1 was used for the reactions of 1c–1e.
eIsolated.
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moderate to low yield with many inseparable by-products (En-
tries 3 and 4). In the case of BnBr, the self-coupling of BnBr
mainly occur to give dibenzyl. Alkylation using i-PrI did not oc-
cur because of stereocongestion in the SN2 reaction (Entry 5). It
should be noted that reactions proceeded with nearly complete
trans selectivity (trans-add/cis-add = >99/1) for every case ex-
amined.10 In the case of ethyl ester 1b, the methylation proceed-
ed in good yield (Entry 6). This result is also inconsistent with
a similar reaction of ethyl cyclopropanecarboxylate using
LDA, KH, or NaH.5 Methylation of 2,3-cis-disubstituted cyclo-
propanecarboxylic ester 1c proceeded smoothly to afford 3g in
high yield (Entry 7). A similar reaction of ethyl or isopropyl
esters 1d and 1e at 0 �C afforded 3h and 3i, respectively, in mod-
erate yield (Entries 8 and 9). Similar reactions at �78 �C or rt
decreased the yield of alkylation.

Because of the excellent C-selectivity of the present tri-
methylsilylation, we proposed a plausible mechanism via O-
or C-enolate (Scheme 3). SmI2–enolate reacted with TMSCl
on only the trans-face to afford 2 due to the stereocongestion
between R1 (and/or R2) and TMSCl. Based on the fact that no
O-TMS-product was obatained,11 a SmI2–O-enolate might not
be generated or should exist as a particular intermediate12 that
can not react with TMSCl on oxygen atom. The mechanism re-
mains an open problem.

In conclusion, we developed a stereoselective synthesis of
cyclopropane derivatives utilizing a highly stereoselective SmI2-
promoted C-silylation and alkylation of 1-chlorocyclopropane-
carboxylic esters. The present method is a new avenue for the
stereoselective synthesis of highly substituted cyclopropylcar-
bonyl compounds.
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Table 2. Highly stereoselective SmI2-promoted alkylation of
alkyl 1-chlorocyclopropanecarboxylates 1a,b

R2

R1 Cl

CO2R3

R2

R1 CO2R3

R4
1 3

1) 2 SmI2

HMPA, THF

2) R4X
trans-add /cis-add = >99/1c

Entry Substrated R1 R2 R3 R4 Product
Yielde

/%

1 1a Ph H Me Me 3a 92
2 1a Ph H Me Allyl 3b 89
3 1a Ph H Me Bn 3c 40
4 1a Ph H Me Et 3d 19
5 1a Ph H Me i-Pr 3e 0
6 1b Ph H Et Me 3f 78
7 1c –(CH2)4– Me Me 3g 88
8 1d –(CH2)4– Et Me 3h 39
9 1e –(CH2)4– i-Pr Me 3i 34

aReactions were carried out at �78 �C (Entries 1–7) or 0 �C
(Entries 8 and 9) under an Ar atmosphere. bR4X was added
after generation of Sm–enolate. cIn this case, trans-add means
trans-adduct. Ratios were determined from 1HNMR spectra.
dA mixture of cis-1 and trans-1 (cis/trans = 3/1) was used
for the reactions of 1a and 1b, whereas cis-1 was used for
the reactions of 1c–1e. eIsolated.
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