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ABSTRACT

Rhodium(II)-catalyzed reactions of aryldiazoacetates with ( E)-aryl-substituted alkenes generate C −H insertion products and/or cyclopropanes.
The product distribution is influenced by the nature of the donor group on the carbenoid, the structure of the ( E)-aryl-substituted alkenes, and
the rhodium catalyst.

Donor/acceptor-substituted rhodium carbenoids are capable
of a wide range of highly selective intermolecular reactions.1

Due to the presence of the donor group, typically aryl or
vinyl, these carbenoids are more stabilized than the conven-
tional acceptor- or acceptor/acceptor-substituted carbenoids
such as the carbenoid derived from ethyl diazoacetate.1 When
the reactions of the donor/acceptor-substituted carbenoids are
catalyzed by the dirhodium tetraprolinate, Rh2(S-DOSP)4,
high enantioinduction is possible. The cyclopropanation can
be conducted on a wide range of alkenes,2 dienes,3 and
electron-rich heterocycles4 and is broadly applicable to
carbenoids derived from vinyldiazoacetates and aryldiaz-
oacetates.

A more recent development is intermolecular C-H func-
tionalization by these carbenoids through a C-H insertion
process.1,5 This reaction is especially effective at allylic C-H
bonds.6 Considering that both the intermolecular C-H
activation and the cyclopropanation have broad applications,
a question arises about which factors control the selectivity
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between these two transformations, especially in allylic
substrates. This paper will help define the boundary between
the cyclopropanation and C-H functionalization reactivity
and also illustrate the subtle controling influences that are
possible with donor/acceptor-substituted carbenoids.

Both the cyclopropanation and the C-H functionalization
proceed through a concerted nonsynchronous manner, and
sites that can stabilize buildup of positive charge during the
reactions are electronically favored.1 The donor/acceptor-
substituted carbenoids are much more sensitive to steric
influences than the conventional acceptor-only carbenoids.
With electron-neutral alkenes, cyclopropanation of 1-sub-
stituted, 1,1-disubstituted, and cis-1,2-disubstituted alkenes
are favorable, while trans-1,2-disubstituted and more highly
substituted alkenes are typically unreactive (Figure 1).2b In

contrast, rhodium-catalyzed cyclopropanation by ethyl diazo-
acetate is possible even on the tetrasubstituted alkene 2,3-
dimethyl-2-butene.7

The C-H functionalization chemistry of the donor/
acceptor carbenoids is also sensitive to steric effects. In
general, insertion into a secondary C-H bond is most favored
because a secondary site will best provide positive charge
stabilization without being too sterically crowding (Figure
1).8 A primary C-H bond can still be functionalized when
it is electronically activated,9 while certain accessible tertiary
C-H bonds, such as those in adamantane, can also be
functionalized.8a If a site is too crowded, however, the C-H
functionalization can be completely blocked, even though it
might be electronically activated.8c

With these general trends in mind, we have conducted a
study to define what structural features control the selectivity
between cyclopropanation and C-H insertion in the reaction
of donor/acceptor-substituted carbenoids. Substrate1 contains
a trans double bond in addition to a secondary allylic C-H
site. Both of these sites are electronically activated; however,
a trans double bond is generally considered to be too
sterically crowded for cyclopropanation.2b Therefore, the

Rh2(S-DOSP)4-catalyzed reaction of thep-bromophenyldi-
azoacetate2a with 1 would be expected to favor C-H
activation, and this is indeed the case (eq 1). The C-H
activation product3 is produced in 90% yield as a 1.5:1
mixture of diastereomers (94% ee for major, 81% ee for
minor).10

Predicting the reaction outcome of the next substrate,
trans-anethole (4), is less certain. It contains atrans-alkene
and primary allylic C-H bonds, neither of which would be
expected to be especially reactive toward the donor/acceptor
carbenoids, but both sites are electronically activated by the
p-methoxy group. The Rh2(S-DOSP)4-catalyzed reaction of
4 with 2a gives a mixture of the C-H activation product5a
and the cyclopropane6a (eq 2). Both are produced with good
stereocontrol as is characteristic of the Rh2(S-DOSP)4-
catalyzed reactions. Only a single diastereomer of cyclopro-
pane6a is formed. Its relative configuration was assigned
on the basis of the distinctive lack of shielding of the methyl
ester, and the absolute configuration was confirmed by X-ray
crystallography.

The other major class of donor/acceptor carbenoids are
the vinylcarbenoids derived from styryldiazoacetates such
as7. The reactivity profile of7 toward1 and4 was quite
different from the reactions of aryldiazoacetates. The reaction
of 7 with 1 gave a complex mixture of uncharacterizable
products. In contrast, the Rh2(S-DOSP)4-catalyzed reaction
of 7 with 4 produced only cyclopropane8 (eq 3). No
evidence of any C-H insertion product was observed. Thus,
the styryldiazoacetate7 has a lesser tendency to undergo
C-H insertion versus cyclopropanation compared to the
aryldiazoacetate2a.
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Figure 1. General reactivity trends of donor/acceptor carbenoids.
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As the product distribution in the reaction betweentrans-
anethole (4) and the aryldiazoacetate2aproduced a mixture
of C-H insertion and cyclopropanation products, a system-
atic study was conducted to determine what factors would

govern the product ratio. The influence of the carbenoid
donor group on the product distribution is summarized in
Table 1. In all instances, a mixture of products was formed,

but more electron-rich aryldiazoacetates favor C-H insertion
over cyclopropanation to a greater extent than electron defi-
cient aryldiazoacetates. The methoxyphenyl derivative2b
gave an 8:1 ratio favoring C-H insertion while the electron
deficient trifluorophenyl derivative2f gave only a 2:1 ratio.

Sincep-methoxyphenyl derivatives are expected to elec-
tronically activate both C-H insertion and cyclopropanation,
alterations to the substituents on the substrate dramatically
influence the product ratios (Table 2). Substrates lacking a
donating group such as9a and 9b lead to the exclusive
formation of the C-H insertion products10aand10b. The
3,4,5-trimethoxy derivative9cgave a ratio of products similar
to that of the trans-anethole (4). In contrast, the 2,4,6-
trimethoxy derivative9d resulted in formation of only the
cyclopropane11d. These results indicate that donor groups
on the substrate drive the reaction toward cyclopropanation
over C-H insertion.

Another controlling element in these reactions is the di-
rhodium catalyst. Even though some of the standard catalysts
such as Rh2(OAc)4 and Rh2(TFA)4 give nearly a 1:1 mix-
ture of products, two other catalysts display very impressive
levels of regiocontrol on this chemistry (Table 3). The
sterically crowded catalyst, Rh2(OCCPh3)4,11 strongly favors

Table 1. Reactions of Aryldiazoacetates2 with trans-Anethole
(4)

5 6
Ar (5:6) yield (%) ee (%) yield (%) ee (%)

b 4-OMeC6H4 8:1 67 79 5 82
c C6H5 6:1 53 91 8 80
d 4-MeC6H4 3:1 58 92 19 62
e 4-ClC6H4 3:1 46 92 18 85
f 4-CF3C6H4 2:1 37 80 11 72

Table 2. Reactivity of trans-Aryl Alkenes with Diazo2a and
Catalyst Rh2(S-DOSP)4

Table 3. Effect of Dirhodium Catalyst

Org. Lett., Vol. 9, No. 24, 2007 4973



C-H functionalization, while Du Bois’ bridged catalyst,
Rh2(esp)2,12 favors cyclopropanation. In the case of the more
electron-deficient aryldiazoacetates2a and 2f, the catalyst
gives full control over which product is formed.

Rh2(OCCPh3)4 and Rh2(esp)2 can also be used to control
the regioselectivity of the chemistry in challenging styrenes
(Table 4). Even though a mixture of products is obtained in

the Rh2(S-DOSP)4-catalyzed reaction of2a with (E)-1,2,3-
trimethoxy-5-(prop-1-enyl)benzene (9c), Rh2(OCCPh3)4 pro-

duced exclusively the C-H functionalization product10c,
while Rh2(esp)2 produced predominantly the cyclopropane
11c.

In conclusion, these studies demonstrate that trans-sub-
stituted alkenes are capable of intermolecular C-H insertions
as well as highly diastereoselective cyclopropanations. The
product distribution in these reactions depends not only on
the steric and electronic nature of the alkene, but also on
the electronics of the donor/acceptor carbenoid as well as
the catalyst structure. This study gives greater insight into
the subtle interplay of the controlling influences behind the
reactivity of donor/acceptor-substituted carbenoids. These
selectivity results will be useful in the implementation of
the C-H functionalization to the synthesis of elaborate
targets.
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Table 4. Effect of Dirhodium Catalyst in Reaction of Diazo2a
with (E)-1,2,3-Trimethoxy-5-(prop-1-enyl)benzene

10c 11c
Rh(II) (10c:11c) yield (%) yield (%)

Rh2(S-DOSP)4 3:1 64 20
Rh2(O2CCPh3)4 >15:1 87 0
Rh2(esp)2 1:4 12 49
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