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Figure 21. Chiral catalysts for the intermolecular Cu-catalyzed cyclopropanation and the diastereoselectivies and
enantiomeric excesses observed for the cyclopropanation of styrene.
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only with styrene but also with monosubstituted
alkenes, including vinyltrimethylsilane (eq 52).
Most previously described catalytic systems require
a bulky ester to maximize the trans:cis ratio. One
exception to this is the catalyst generated by mixing
the iminodiazaphospholidine ligand 153186 with a
stoichiometric amount of CuOTf. Although the scope

is limited to 1-aryl-substituted alkenes, the enantioand diastereoselectivities observed with ethyl diazoacetate are impressive (Table 25).
In general, ruthenium carbenes bearing chiral
ligands are less reactive than those derived from
copper and rhodium. Most of them will efficiently
convert aryl-substituted alkenes to their corresponding cyclopropane, but lower yields are observed with
alkyl-substituted alkenes.
The most effective ruthenium-based chiral catalysts are shown in Figure 26. The first very effective
system was reported in 1994 by Nishiyama. The
pybox-i-Pr ligand reacts with [RuCl2(p-cymene)]2 to
generate a complex that is quite effective in cyclopropanation reactions. However, it is preferable to
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A few ruthenium-based systems displayed cis
selectivity in the cyclopropanation reaction (160,194
161, 163). Among them, Mezzetti’s 161195 and Katsuki’s catalyst 163196 provide the highest cis:trans
ratios. For example, Mezzetti’s catalyst 165195 is
effective for the cyclopropanation of 2,5-dimethyl-2,4hexadiene, producing the cis isomer (eq 54).

Figure 27. Transition-state model for the Ru‚pybox cyclopropanation.
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Ruthenium salen complexes 166-168,197 in which
two of the free coordinating sites are occupied by a
pyridine ligand, were shown to give excellent enantiomeric excesses in the cyclopropanation of monoor 1,1-disubstituted alkenes (Table 26).
Cobalt complexes have been shown to be reactive
catalysts for the R-diazoester decomposition, leading
to a metal carbene that could convert alkenes to
cyclopropanes. Although the early work in this area
established that cobalt(II) complexes were catalytically active, the low level of diastereo- and enantio-
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Table 26. Nguyen’s Ruthenium(II)-Catalyzed
Cyclopropanation198

Figure 26. Ruthenium catalysts for the N2CHCOOR-mediated cyclopropanation of alkenes.
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Figure 28. Most common chiral dirhodium catalysts for inter- and intramolecular cyclopropanations.

Doyle has recently reported that the novel Lmenthyl ester-derived azetidine-ligated dirhodium
catalyst 207209 led to good cis diasteroestereocontrol
and excellent enantiocontrol in the cyclopropanation
of substituted styrenes with tert-butyl diazoacetate

(eqs 55 and 56). However, the low yield relative to
the alkene makes this method not optimal for the
cyclopropanation of complex substituted styrenes.
Very few other diazoalkanes bearing an electronwithdrawing group have been tested in the asym-

