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Among the metal-based catalysts examined for the intermo-
lecular olefin cyclopropanation reaction, those of rhodium and
copper have been preferentially employed in the past decade.1,2

Rhodium catalysts are usually derived from Rh2(OAc)4, and
complexes containing chiral ligands such as carboxylates or
carboxamidates have induced high enantioselection in this
transformation.3 Porphyrin-rhodium complexes have also shown
remarkable catalytic activity and asymmetric induction.1,3 Copper-
(I) complexes with chiral salicylaldimines, bis(oxazolines), semi-
corrines, and bipyridines have shown similar effect, and high ee’s
have been reported.1-3 In contrast to these results, there is still
one elusive goal: the diastereocontrol of the reaction. The
influence of the structure (catalyst, olefin) in diastereoselectivity
is not high, a fact that has been rationalized by assuming that the
high reactivity of the metal-carbene complex results in an early
transition state (A) in which the olefin is still a significant distance

from the metal center. Because of this, steric influences are not
important in the induction of diastereomeric excesses (de), unless
very bulky reactants (diazoacetate and olefin) are employed. The
cyclopropanation of styrene with ethyl diazoacetate (EDA) has
been studied as a model for this reaction (eq 1). Most catalysts

lead tocis:trans ratios in the range 50:50 to 25:75.1-3 Only a
few examples are known that have provided hightrans diaste-
reoselectivities. The catalyst RuCl2(pybox) gave4 a 9:91cis:trans

ratio, and the porphyrin osmium Os(TPP) (TPP) tetraphenylpor-
phyrin) moved that ratio to 1:13 (cis:trans).5 On the other hand,
few catalysts favor the formation of thecis isomer,1 the maximum
diastereoselectivity corresponding to Hossain’s iron-based catalyst,
[Cp(CO)2Fe(THF)]+,6 (84:16cis:transratio, 40% yield). The use
of copper-catalysts have not provided better results: the highest
cisselectivity has been reported by Brunner and co-workers using
a chiral, camphor-derived tetrakispyrazolylborate copper (I)
complex, (74:26,cis:trans).7 The situation with other olefins is
quite similar, and only hightransdiastereoselectivities have been
induced by means of very bulky diazoacetates. The menthyl or
the BHT derivatives have provided a noticeable amount of the
trans isomer of the corresponding cyclopropanes for 1-alkenes.8

More interesting is the cyclopropanation of 2,5-dimethyl-2,4-
hexadiene to give the chrysanthemate ester (eq 2), due to its use

in pesticide industry. Previous reports on this reaction gave
preferentiallytransdiastereoselectivity when the aforementioned
bulky diazoacetates where employed. Masamune9 reported 16:
84 cis:transformation with a copper-based catalyst and menthyl
diazoacetate. Doyle later provided a 6:94cis:trans ratio when
using rhodium acetate and BDA as the carbene source. To our
knowledge, a catalyst that generates a diastereomeric excess on
thecis isomer with EDA as the carbene source and 1-alkenes or
2,5-dimethyl-2,4-hexadiene is yet unknown.

We have recently reported10 the use of bispyrazolylborate-
copper complexes as catalysts for the olefin cyclopropanation
reaction. An earlier report showed11 that the complex Tp*Cu (1;
Tp* ) hydrotris(3,5-dimethylpyrazolyl)borate) catalyzed the
conversion of olefins into the corresponding cyclopropanes, with
a 55:45cis:transselectivity. In this contribution we present the
results of the olefin cyclopropanation reaction with a series of in
situ generated copper(I) complexes of general formula TpXCu,
in which the groups attached to the pyrazolyl rings have been
varied to probe steric effects on the catalytic reaction.

The catalyst precursors were prepared in situ upon reacting
CuI with the thalium (or potassium) salt of the corresponding
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TpX ligand,12 in a similar procedure to that reported for the
synthesis of Tp*Cu.13 These precatalysts were treated with a
mixture of ethyl diazoacetate and styrene ([Cu]:[EDA][styrene]
) 1:50:250, 0.05 mmol of Cu).14 The results are shown in Table
1. Thecis diastereomer was the major product observed in most
cases; the diastereomeric excesses strongly depended on the
pendant groups in the pyrazolyl rings. In the case of styrene, the
3-phenyl derivative induced a 60% de (80:20cis:trans), thus
improving the best result known to date with any copper catalyst,
the already mentioned Brunner’s system (52% de). Moreover,

that value moved up to 64 and 70 when introducing alkyl
substituents as R2 in the 3-Ph ligand. But the use of the mesityl

derivative (2,4,6-trimethylphenyl) provided the best result ever
achieved for this transformation: a>98:2 cis:transselectivity.
We believe that this is related to the restriction on phenyl rotation
that these methyl groups enforce in the mesityl case, restricting
the mesityl ring to an essential orthogonal orientation with respect
to the pyrazolyl plane. This geometry would provide the smallest
catalytic pocket, which may be responsible for highcisselectivity.

The results presented show a remarkable diastereoselectivity
for the TpMs-Cu(I) catalyst in the styrene cyclopropanation
reaction. This exceptional feature of the mesityl-based catalyst
is also applicable to other olefins. Table 1 shows the results of
the cyclopropanation of 1-hexene and 2,5-dimethyl-2,4-hexadiene.
The TpMsCu catalyst provides nearly identicalcis:transratios for
1-hexene (77:23) and for the trisubstituted olefin (78:22). As
mentioned above, no report on noticeable, preferentialcis
cyclopropanation has appeared to date for these olefins. In our
case, the achievement of thecis orientation is accompanied of a
quite remarkable de, since 3:1cis:trans mixtures are obtained
with these substrates.

It is also worth mentioning the similar trend observed for the
three olefins with the copper-based catalysts employed, as shown
in Figure 1. Thus, the effect of the incorporation of alkyl groups
in R2 in terms of de is identical for the three olefins. The
maximum corresponds, also in the three cases, to the mesityl
derivative. We interpret these similarities as a consequence of
the capabilities of this family of catalysts, operating in such a
way that only the olefin nature seems to influence the final
cyclopropanation results.

In conclusion, we have discovered an excellent soluble catalyst
for the cyclopropanation of olefins using ethyl diazoacetate as
the carbene source since this system exhibits moderate to high
rates and yields as well as an unprecedented level ofcis
diastereoselectivity. The modifications of these catalysts to
increase thecisdiastereoselectivity for general olefins to the levels
achieved for styrene is currently underway in our laboratory.
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Table 1. Olefin Cyclopropanationa Using the
Tris(pyrazolylX)borate-Copper(I) System

olefin ligandb yieldc,d cis:transc

styrene TpPh 80 80:20
TpPh,4-Me 86 82:18
TpPh,4-Pr 86 85:15
TpR-Nt 87 82:18
TpMs 97 >98:2

1-hexene TpPh 65 44:56
TpPh,4-Me 63 50:50
TpPh,4-Pr 63 54:46
TpR-Nt 73 49:51
TpMs 84 77:23

2,5-dimethyl, 2,4-hexadiene TpPh 99 42:58
TpPh,4-Me 99 51:49
TpPh,4-Pr 99 55:45
TpR-Nt 80 60:40
TpMs 97 78:22

a For experimental details, see ref 14.b Ligands were prepared as
described in the literature (ref 12).c Determined by GC after total
consumption of EDA.d Percentage of cyclopropanes at the end of the
reaction (diethyl fumarate and maleate accounted until 100% of EDA).

Figure 1. Trends of thecis diastereoselectivity in the olefin cyclopro-
panation reation catalyzed by TpXCu complexes.
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