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REGIOSELECTIVITY IN CATALYTIC CYCLOPROPANATION REACTIONS

Michael P. Doyle*, Roberta L. Dorow, William H. Tamblyn and William E. Buhro
Department of Chemistry, Hope College, Holland, Michigan 49423

Regioselectivities of cyclopropanation reactions with ethyl diazoacetate
and monosubstituted dienes correlate linearly with the reaction catalyst and
provide definition of the "metal carbene regioselectivity index”.

Carbenoid entry into cyclopropanes through catalytic transformations of
diazo compounds with olefins is generally acknowledged as occurring by the
interaction of an electrophilic metal carbene with an olefin, but the specific
details of that interaction remain unresolved.'”® A broad selection of cata-
lysts suitable for cyclopropanation has been identified. However, the charac-
teristics of these catalysts for cyclopropanation have invariably been defined
by product yield and relative reactivity data from which mechanistic interpre-
tations have been drawn. The inherent selectivity of transition metal cata-
lyzed cyclopropanation reactions, although offering useful synthetic and
critical mechanistic information, has received only scant attention.3"10 we
have examined regioselectivity for cyclopropane formation in reactions
of ethyl diazoacetate with a broad selection of monosubstituted conjugated
dienes (eq 1) and wish to report the striking correlations that have been

identified in this investigation.
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Table I reports the product yields and regioselectivities that are ob-
tained in reactions of ethyl diazoacetate with monosubstituted conjugated
dienes in the presence of representative effective transition metal cyclopro-
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panation catalysts. Clearly ha(OAc)4 is the most suitable of the catalysts
examined for cyclopropanation under the mild reaction conditions that are
employed. More striking, however, is the observed dependence of regioselec~
tivity on the reaction catalyst and the internal consistency that is observed
for regioselectivity in these reactions. Using values obtained for ha(OAc)4
as reference points, regioselectivities observed for Rh6(CO)16 and CuCl--
P(O-z’-Pr)3 are consistently higher than those for ha(OAc)4, and the regio-
selectivities of PdClZ-ZPhCN catalyzed reactions are consistently lower.
Since the regioselectivity ratio is a direct measure of the relative rates for
reactions at the substituted and unsubstituted double bond of the reactant
diene, a plot of the regioselectivity ratios observed in these catalytic
transformations versus those of a reference catalyst, Rh2(OAc)4 in this study,
provides an index of metal carbene selectivity (Figure 1). Values for the
slope of the lines in Figure 1, which we define as the "metal carbene regio-
selectivity index?llare 1.44 for CuCl-P(O—i—Pr)3, 1.10 for Rh6(CO)16, and 0.48
for PdClz-ZPhCN. These indices provide a characteristic identity to each
catalyst and identify, for the first time, a specific correlation with which
cyclopropanation catalysts can be evaluated.

The regioselectivities observed for catalytic cyclopropanation reactions
with ethyl diazoacetate are in accord with electrophilic interaction of cata-
lytically generated metal carbenes with the reactant dienes. Variation of the
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Figure 1.

Plot of observed regioselectivities from
CuC1~P(O-1'-Pr)3 (®), Rhg(CO),. (@), and
PdClz-ZPhCN (A) catalyzed reactions of
ethyl diazoacetate with monosubstituted

dienes versus regioselectivities from
1 ha(OAc)4 catalyzed cyclopropanation
reactions. Data taken from Table I.
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metal carbene regioselectivity index is thus related to changes in the elec-
trophilicities of the reactant metal carbenes. That cyclopropane formation
occurs stereospecifically suggests that the initial interaction between the
metal carbene and the diene is that of a n-complex and that carbonium ion
intermediates are not involved in this transformation. Subsequent steps
proceeding from this initial diene-metal carbene interaction are less evident,
but clearly they do not correspond to those between a "free" carbene such as
dichlorocarbene and these dienes from which regioselectivities opposite to
those reported in Table I are obtained.12
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