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ABSTRACT

Reaction of an enoate bearing an epoxysilane moiety at the r-position with lithium enolate of 2-chloroacetamide afforded highly functionalized
cyclopropane derivatives via a tandem process that involves Michael addition, ring opening of the epoxide, Brook rearrangement, and
intramolecular alkylation.

We have previously reported results of studies on anion-
induced epoxysilane rearrangement involving the formation
of aâ-siloxy allylic anion from aâ-silyl-R,â-epoxy carbanion
via Brook rearrangement.1,2 The methods we have used for
generating the carbanion in the process are a base-induced
deprotonation1a-c,e and reaction of acylsilanes with a nu-
cleophile followed by Brook rearrangement.1d,f Herein, we
report the evolution of our studies based on the generation
of a carbanion by a conjugate addition of a nucleophile to
an enoate system bearing an epoxysilane moiety at the
R-position and the resulting formation of functionalized

cyclopropane derivatives.3,4 Our initial approach involves
Michael addition5 of a carbanion2 bearing a leaving group
in theR-position to enoate1 followed by an intramolecular
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displacement of a carbanion5 generated via anion-induced
epoxysilane rearrangement (3 f 4 f 5) in the adduct3
(Scheme 1).

Although attempted synthesis of11b starting from 76

resulted in the Diels-Alder self-dimerization of10b in the
stage of palladium-catalyzed carbonylation7 of enol triflate
9b,8 introduction of a methyl group at theâ-position of an
enoate was found to suppress the dimerization to give11a
after epoxidation (Scheme 2).

To test the feasibility of the Michael addition and
subsequent epoxysilane rearrangement, we first conducted
the reaction of11a with lithium thiophenoxide, which is a
nucleophile that can function as a leaving group after addition
to the enoate moiety. Treatment of11awith PhSLi afforded
the corresponding tandem reaction product12 in 58% yield
(Scheme 3). The geometry of the C2-C3 double bond was
determined on the basis of NOESY correlation between H-3
and H-1′.

Having found the tandem sequence triggered by Michael
addition to proceed as expected, we attempted to prepare
11b by several routes without success. On the basis of our

previous experience1 with the epoxysilane rearrangement, we
next focused on a vinylogous variant13 that does not have
aâ-substituent and could be prepared by the sequence shown
in Scheme 4.

Attempted reactions of13 with a variety of nucleophiles,
including thiophenoxide, a malonate anion, and a benzyl
cyanide anion, resulted in extensive decomposition. This
failure was attributed to the existence of several electrophilic
sites in 13 and/or to decomposition of the ester enolate
generated by the epoxysilane rearrangement. The latter
possibility prompted us to trap the enolate by an electrophile.
After extensive examination using a variety of external
electrophiles such as alkyl halides and internal nucleophile-
electrophiles such as ketone enolate, we found that the
reaction with the enolate of chloroacetate gave the best
results. Treatment of13with the potassium enolate9 of ethyl
chloroacetate in THF at-80° to -60 °C afforded cyclo-
propanediolate derivatives14a and 14b with predominant
formation of a cis isomer (Table 1). The relative stereochem-
istries were assigned on the basis of the fact that a larger
difference in the chemical shift between Ha and Hb in 14a
(1.23 and 1.96 ppm) than in14b (1.56 and 1.77 ppm) was
observed10 and were finally determined by X-ray analysis
of the corresponding bis(p-bromobenzoate) after conversion
of 14a into the 1,2-bis(hydroxymethyl) derivative by LAH
reduction. Lowering of the reaction temperature to-98 °C
improved both the selectivity and the yield.

The more favorable formation of the cis isomer can be
explained as being a consequence of chelation in which the
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Scheme 1

Scheme 2. Preparation of11a

Scheme 3. Reaction of11a with PhSLi

Scheme 4. Preparation of13
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resulted in a reversal of selectivity. We considered that
stabilization of the chelation structure would enhance the
selectivity, and we focused on the use of lithium enolate of
chloroacetamides from the point of view that the higher
reactivity of the enolates and the stronger chelating ability
of the amide function and the lithium cation are sufficient
to compensate for the lower reactivity of lithium enolates
relative to potassium enolates. When13 was treated with
the lithium enolate ofN,N-diethylchloroacetamide, the cor-
responding cyclopropane derivative15a was obtained as a
single diastereomer in an excellent yield (Table 2). Similar

results were obtained with other amides. The relative
stereochemistry was assigned by analogy to14 with the
difference in the chemical shift between Ha and Hb (1.26
and 2.18 ppm for15a) and on the basis of the observed
NOESY correlations between Ha and both CH3-1 and H-1′
in 15b.

A plausible reaction pathway that accounts for the stere-
ochemical outcome of the reaction of13 is outlined in
Scheme 5. The fact that the reaction of13 with bromoac-
etamide afforded cyclopropane derivatives2111 as the major
products (Scheme 6) suggests that a concerted pathway from
13 to silicate intermediate17 that involves Michael addition

followed by ring opening of the epoxide is unlikely. The
exclusive formation of the internal (Z)-olefin in the reactions
of both ester and amide enolates can be understood by
assuming that silicate intermediate17 reacts in ans-cis diene
conformation and is faster than the change in the conforma-
tion of the diene moiety in17 to give 18. The enolate18
can undergo either or both of two reaction pathways,
intramolecular alkylation to give14aand14band formation
of the chelation structures19 and 20, depending on the
stability of the chelation structures.

In summary, we demonstrated that the generation of a
carbanion by a conjugate addition of an amide enolate to an
enoate system bearing an epoxysilane moiety at theR-posi-
tion can induce epoxysilane rearrangement to afford highly
functionalized cyclopropane derivatives.

Acknowledgment. This research was partially supported
by a Grant-in-Aid for Scientific Research (B) 15390006 and
a Grant-in-Aid for Scientific Research on Priority Areas
17035054 from the Ministry of Education, Culture, Sports,
Science and Technology (MEXT). We thank the Research
Center for Molecular Medicine, Faculty of Medicine, Hi-
roshima University, and N-BARD, Hiroshima University, for
the use of their facilities.

Supporting Information Available: Full experimental
details and spectral data. This material is available free of
charge via the Internet at http://pubs.acs.org.

OL060469K(11) The relative stereochemistry was not determined.

Table 1. Reaction of13 with the Potassium Enolate of Ethyl
Chloroacetate

conditions yield (%) (14a/14b)

-80 °C to -60 °C 75 (1.0:0.5)
-98 °C 85 (1.0:0.2)
HMPA (10%), -80 °C to -60 °C 76 (0.7:1.0)

Table 2. Reaction of13 with the Potassium Enolate of
2-Chloro-N,N-diethylacetamide

R yield (%)

a H 100
b Me 82
c n-Bu 67
d Ph 74
e Cl 86

Scheme 5. Plausible Reaction Pathway

Scheme 6. Reaction of13 with the Potassium Enolate of
Ethyl Bromoacetate
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