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Anions of carbonyl and related compounds rarely add
to isolated olefins, and hence, no information is currently
available for basic issues such as reactivity profile and
stereochemistry.1,2 We report in this paper the first
information on the stereochemical course of olefin car-
bometalation with an R-anion of amide, ester, and
hydrazone, which is based on our new finding that these
anions bearing a zinc(II) countercation (structures un-
known and tentatively shown with structures 2 and 3)3
are reactive enough to add across the double bond of a
cyclopropene acetal 1.4 This novel carbometalation reac-
tion takes place in a cis-manner with a generally high
level of 1,2-diastereoselectivity for the newly formed C-C
bond (up to 100% ds). In the reaction of an optically
active hydrazone, asymmetric induction takes place with
a synthetically useful level of selectivity (87-98% ds) to
provide a new synthetic entry to optically active carbonyl
derivatives.
The addition of an R-anion of amides or lactams to the

cyclopropene 1 takes place smoothly when the counter-
cation is an alkylzinc cation bearing an alkyl dummy
ligand3a,5 (R in eq 1). These zinc reagents 2 and 3 were
prepared by sequential treatment of a THF solution of a
lithium enolate prepared by direct deprotonation with
LDA or mesityllithium6 (or from trimethylsilyl enol ether
and BuLi when appropriate) with 1 equiv each of ZnCl27
and BuLi at -78 °C. Thus, the reaction of 1 with 2 equiv

of the 2 derived from γ- and δ-lactams (Table 1, entries
1 and 2) took place smoothly at 0 °C to give the adduct
in 82-100% yield with 97-98% 1,2-diastereoselectivity.
Quenching the reaction of the δ-lactam with D2O or
iodine afforded an exclusively cis-substituted product 4
(E ) D and I, entries 4 and 5). This observation indicates
that the reaction took place in a cis-manner and that
there is no exchange between the carbonyl R-proton (R1

) H) and the zinc cation (E ) Zn) during the reaction.
The 1,2-diastereoselectivity did not change during the
reaction course (2-18 h) and most likely reflects the
kinetic preference of the addition reaction. When the
amount of the enolate was reduced to 1 equiv of 1, the
reaction slowed down and afforded the desired adduct
in 53-64% yield with recovery of 1. Ester and ketone
anions are not very reactive except for the zincated
(BuZn+) methyl isobutyrate (i.e., R,R-disubstituted ester),
which reacted smoothly with 1 in good yield (entry 7).
The reactions using a ClZn+ countercation were either
too slow to be useful for the γ-lactam or low yielding for
others.
While ketone enolates do not react with 1, we found

that zincated hydrazones react smoothly with the cyclo-
propene. Thus, a ketone hydrazone was lithiated with
t-BuLi, and 1 equiv each of ZnCl2 and BuLi were added
sequentially at 0 °C. The addition reaction of the
resulting zinc reagent was complete in 10 min to 2 h at
0-25 °C, and 87-100% yields were routinely obtained
by the use of 2 equiv of the reagent. With a 1:1
stoichiometry of the reactants, the consumption of 1
slowed down toward the end of the reaction period, and
yields of 58-63% resulted.3a For the cyclohexanone
hydrazone (entries 9 and 10), the reaction was 96%
diastereoselective. The sense of the selectivity was found
to be the same as that found for the cyclic lactam (entry
2). For linear substrates (entries 11-13), the diastereo-
selectivity is influenced by the nature of the lithium base
(t-BuLi vs LDA) perhaps due to change of the stereo-
chemistry of the hydrazone anion.8 The observed dias-
tereoselectivity may be interpreted with a flattened
chair5,9 six-centered transition-state model proposed for
allylzincation of cyclopropene. However, with scant
information on the structures of the reagent, it is
premature to speculate on the detailed nature of the
transition state of these reactions.10
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Finally, the reaction of optically active hydrazones
provided access to optically active ketone derivatives.11
Thus, the zincated 4-heptanone SAMP hydrazone reacted
with 100% 1,2-diastereoselectivity and 78% stereoselec-
tivity as to the chirality induction from the SAMP
hydrazone (entry 14).12 The latter selectivity improved
to 87% by the use of the ZnCl reagent at the expense of
slight decrease of reactivity and yield (entry 15). Chemi-
cal correlation established the indicated absolute stereo-
chemistry for the newly form chiral centers. The sense
of the chirality induction on the hydrazone R-chiral center
is the same as the one previously proposed for alkylation
and allylation of SAMP/RAMP hydrazone.11 The reaction

of cyclohexanone SAMP hydrazone afforded a 94:2:4
mixture of diastereomers (entry 16). The 1,2-diastereo-
selectivity was 96% as determined after removal of the
SAMP group, and therefore, the SAMP-induced stereo-
selectivity was 98%.13
The chemistry available specifically for the cyclopro-

penone acetal is also noteworthy. For instance, conver-
sion of the adduct in entry 15 of Table 1 to an optically
active functionalized γ-keto ester was achieved by the
three-stage procedure shown in eq 2, wherein the cyclo-
propenone acetal serves formally as a “reversed polarity”
Michael acceptor of an enolate anion. Both the removal
of the hydrazone moiety and the cyclopropane ring
cleavage were achieved without loss of the relative
stereochemistry for the two chiral centers in the product
as examined for each step. The mercury group in the
final ketoester product can be readily removed (cf.
Supporting Information) under reductive conditions.

In summary, the present studies elucidated for the first
time the basic stereochemical issues of olefin carbometa-
lation with metalated carbonyl derivatives, concerning
the diastereoselectivity as to the olefinic partner, the
newly formed C-C bond, and the stereochemistry rela-
tive to a neighboring chiral center. These findings
suggest new possibilities of enolate chemistry, which will
merit further studies from synthetic and mechanistic
points of view.
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Table 1. Addition of Zincated Carbonyl Compound to
Cyclopropenone Acetal 1a

a All reactions (0.2-20 mmol) were carried out at 0 °C for 0.2-
18 h, except in entries 7, 8, and 15 (at rt). Y )
-OCH2C(CH3)2CH2O-. Stereochemistry of the product was
determined by X-ray crystallographic analysis14 (entry 2), chemical
correlation shown in Supporting Information (entry 14), and
analogy based on transition state analysis (others). R is a butyl
group, except in entry 15 where it is Cl. b Zinc reagent prepara-
tion: (Method A) deprotonation with LDA, followed by sequential
treatment with 1 equiv each of ZnCl2 and BuLi; (Method B) same
as method A except for deprotonation with mesityllithium; (Method
C) same as method A with the lithium enolate prepared by BuLi
treatment of the corresponding ketene silyl acetal or ketene silyl
aminal; (Method D) same as method A except for deprotonation
with tert-BuLi; (Method E) same as method D except that the final
BuLi treatment was omitted. c The amount of zinc reagent against
1. d Based on pure isolated material. e The numbers refer to the
diastereoselectivity for the newly formed C-C bond. f Quenched
with D2O. g Quenched with I2. h The numbers refer to the diaste-
reoselectivity for the cyclopropane chirality relative to the chiral
hydrazone chirality.
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