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ABSTRACT

The enantioselectivity of Rh2(S-DOSP)4 catalyzed C−H insertion of aryldiazoacetates is very dependent on the site of the C−H insertion. The
highest enantioselectivity is obtained for insertion into methine C−H bonds.

Recently, it has been shown that the intermolecular C-H
insertion of aryldiazoacetates is a very effective method for
asymmetric C-H activation.1,2 For example, the reaction of
methyl phenyldiazoacetate (2) with N-BOC pyrrolidine,
catalyzed by Rh2(S-DOSP)4 (1a), generates the C-H inser-
tion product3 in 92% de and 94% ee (eq 1).1d Excellent
regio-, diastereo-, and enantiocontrol are possible in this
chemistry.

Considering the efficiency of rhodium prolinate catalyzed
intermolecular C-H insertions of aryldiazoacetates, we were

intrigued with the very low enantioselectivity that Sulikowski
reported3 for Rh2(S-TBSP)4 (1b) catalyzed intramolecular
C-H insertion of aryldiazoacetate4 to form the C-H
insertion products5a-d that were ultimately converted to
the fused indole6 (Scheme 1). Rh2(S-TBSP)4 (1b) usually
performs very well as a chiral catalyst when aryldiazoacetates
are used as substrates,4 but the results in Scheme 1 are far
inferior to the intermolecular example shown in eq 1.
Prompted by the apparent dichotomy between the inter- and
intramolecular C-H insertions of aryl diazoacetates,5 we
decided to carry out a systematic study on intramolecular
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C-H insertions in order to reconcile the differences between
the two modes of reaction.

A complicating feature associated with Sulikowski’s
system is that four diastereomeric products,5a-d, are
formed in the C-H insertion step. These compounds were
not individually analyzed. Instead, pairs of diastereomers
were oxidized to the indole6. Thus, the overall enantio-
selectivity that was reported is not directly related to the
carbenoid face selectivity during the reaction. Furthermore,
the reaction conditions that were used (CH2Cl2, reflux) are
far from the ideal conditions established for asymmetric
catalysis by rhodium prolinates (hydrocarbon solvent,
temperatures as low as-78 °C).6 Consequently, we decided
to study the intramolecular C-H insertions of aryldiazo-
acetates by using a simpler system,7 (eq 2). This system

would enable the differences in asymmetric induction
between inter- and intramolecular C-H insertions of aryl-
diazoacetates to be determined. The results of these studies
using Rh2(S-DOSP)4 (1a) and the second generation bridged

prolinate catalysts Rh2(S-biTISP)2 (8)7 and98 are described
in this paper.

Our intermolecular studies have established that the
carbenoid from aryldiazoacetates displays subtle chemo-
selectivity for insertion at secondary or tertiary sites.
Electronically, attack at a tertiary site is preferred, but this
is balanced by steric factors that favor attack at a secondary
site. On the basis of this reactivity pattern, the intramolecular
substrates7 that were used were chosen to explore the effect
of substitution at the C-H insertion site on the outcome of
the reaction. The aryldiazoacetates were readily prepared by
a diazotransfer reaction usingp-acetamidobenzenesulfonyl
azide (p-ABSA) and DBU as base (eq 3).9

The first system that was examined,7a, would only be
able to undergo a C-H insertion into a methyl group
(Scheme 2). So far, no effective C-H insertion into a methyl

group has been reported for the intermolecular reactions. Rh2-
(S-DOSP)4 catalyzed decomposition of7a at -50 °C failed
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to generate any C-H insertion product. Carbene dimer was
the major product. In contrast, repeating the reaction at room
temperature resulted in a 98% yield of C-H insertion product
10a. The enantioselectivity, however, for the formation of
10awas very low (<5% ee). As a result of the rigid nature
of the bridged catalysts8 and 9, CH2Cl2 can be used as
solvent with these catalysts without a detrimental effect on
asymmetric induction.7,8 Decomposition of7aat-50°C with
either8 or 9 generated10a in 43% and 68% ee, respectively.

The next substrates that were examined,7b and7c, would
be expected to undergo C-H insertion into a methylene
group. Rh2(S-DOSP)4 (1a) catalyzed decomposition of7b
at -50 °C resulted in the formation of the dihydrobenzo-
furans11b and12b in 85% yield as a 4:1 mixture of cis and
trans isomers (Scheme 3).10 Furthermore, the major cis

isomer was formed in 60% ee. An even more highly
diastereoselective reaction occurred with7c, in which the
size of the methylene substituent was increased from methyl
to cyclohexyl. Thecis-dihydrobenzofuran11c was formed
in 95% de and 63% ee. The reaction of7b with the bridged
prolinate catalysts8 and9 occurred with enantioselectivity
similar but opposite to that of the reaction catalyzed by
Rh2(S-DOSP)4. Opposite asymmetric induction between
Rh2(S-DOSP)4 and the bridged prolinate catalysts has been
observed previously in cyclopropanation reactions.7,8 The
reaction of7c catalyzed by either8 and9 was considerably
less diastereoselective and enantioselective than the reaction
catalyzed by Rh2(S-DOSP)4.

The final substrates,7d-f, would be expected to undergo
insertion into a methine position. Rh2(S-DOSP)4 (1a) cata-

lyzed decomposition of the isopropyl derivative7d at -50
°C resulted in a very efficient transformation (Scheme 4).

The C-H insertion product13d was formed in 98% yield
and 94% ee. The reaction of7d catalyzed by either8 and9
was considerably less enantioselective than the reaction
catalyzed by Rh2(S-DOSP)4. The Rh2(S-DOSP)4 catalyzed
reaction with the cyclopentyl derivative7e generated the
C-H insertion product13e in 93% yield and 90% ee.
Reaction of the cyclohexyl derivative13f, however, resulted
in a very low yield of the C-H insertion product. Carbene
dimer formation predominates in this case. This may be an
indication that an axial C-H bond in cyclohexane does not
react well in these C-H insertions of carebenoids derived
from aryldiazoacetates.

These studies demonstrate that effective asymmetric intra-
molecular C-H insertion is possible with aryldiazoacetate
derivatives but the extent of asymmetric induction is very
dependent on the site of C-H insertion and the catalyst. With
the bridged prolinate catalysts,8 and9, the highest enantio-
selectivity is obtained for insertion into a methyl group. The
highest enantioselectivity using Rh2(S-DOSP)4 is obtained
for insertion into methine C-H bonds. This trend is different
from that observed in the intermolecular C-H insertions,
where reasonably high enantioselectivity generally occurs
for insertion into methylene C-H bonds.2
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