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ABSTRACT

Dirhodium tetrakis(S-(N-dodecylbenzenesulfonyl)prolinate) (Rh2(S-DOSP)4) catalyzed decomposition of methyl aryldiazoacetates in the presence
of 2-substituted pyrrolidines results in highly diastereoselective and enantioselective C−H insertions. These reactions can proceed with impressive
levels of double stereodifferentiation and kinetic resolution, which allows for three stereocenters to be controlled during the C−H insertion
step.

In recent years there has been considerable interest in the
development of new methods for catalytic C-H activation.1

One particularly attractive method is the C-H insertion by
metal carbenoid intermediates.2 The intramolecular version
of this reaction is well established and has been elegantly
used in a number of total syntheses.2 Recently, the rhodium
carbenoids derived from aryldiazoacetates have been demon-
strated to be exceptional at intermolecular C-H insertion.3,4

A notable example is the Rh2(S-DOSP)4 catalyzed reaction
of N-BOC pyrrolidine which leads to a highly regio- and
stereoselective C-H activation (Scheme 1).3d This reaction
can be considered as a surrogate for an asymmetric Mannich
reaction.5

In this Letter we describe that impressive double stereo-
differentiation and kinetic resolution can occur during the

catalytic asymmetric C-H insertion step (Scheme 2).6 This
allows for three or even four stereocenters to be controlled
during the C-H insertion. These studies highlight the
remarkable stereoselectivity that is possible in the reactions
of aryldiazoacetates and offer considerable promise for their
utilization in organic synthesis.
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To evaluate the effect of double stereodifferentiation on
the C-H activation, the reaction of bothD and L proline
methyl ester (1) with methylp-bromophenyldiazoacetate (2)
was examined. Rh2(S-DOSP)4-catalyzed decomposition of
2 (2 equiv) in the presence ofD-1a in 2,2-dimethylbutane
as solvent at 50°C resulted in a very clean transformation
(Scheme 3). After removal of the BOC group with TFA,

the C-H insertion product3 was formed as a single
diastereomer in 68% yield. The relative configuration of3
was determined from NOE studies and distinctive chemical
shifts for the C-4 methylene proton,7 and this was confirmed
by X-ray crystallography.

In contrast to the above result, the Rh2(S-DOSP)4-catalyzed
reaction of2 with L-1agenerated a mixture of C-H insertion
products (Scheme 4). A mixture ofent-3 (31% yield) and
the second diastereomer4 (14% yield) is formed. The
structure of4 was determined on the basis of distinctive1H
NMR chemical shifts and NOE studies. It is well-established

that the Rh2(S-DOSP)4-catalyzed C-H insertions onN-BOC-
pyrrolidine generate the (S) configuration at the stereogenic
center formed at the original carbenoid site.3d Thus, the
reaction withD-1a is the matched reaction, while the reaction
with L-1a is the mismatched reaction.

A predictive model has been developed to determine the
expected relative and absolute stereochemistry of these C-H
insertions (Figure 1). The C-H insertion is considered to

be a concerted and nonsynchronous process, occurring over
the position of the ester group.3,4 Although the actual
orientation of the substrates is not known, the arrangement
shown here, in which the alkane approaches from the front
with the large group (L) pointing up and away from the
catalyst, the medium group (M) pointing forward of the
catalyst, and the small group (S) points backward toward
the catalyst, has been successful in predicting the relative
stereochemistry of these reactions (eq 1). The extension of
this model to the matched reaction of 2-substituted pyrroli-
dines is shown in eq 2. The reaction with theD-pyrrolidine
derivatives is correctly predicted to be the matched reaction
and leads to the observed stereochemistry. In the mismatched
case, the pyrrolidine substituent would interfere with the site
of C-H insertion. This leads to low-yielding reactions and
unexpected stereochemistry as was seen withL-1a, which
generatedent-3.

The matched reaction with a series of 2-substituted
pyrrolidines was then examined as summarized in Table 1.
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Figure 1. Predictive stereochemical models.
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In each case a highly diastereoselective C-H insertion was
obtained in yields ranging from 83 to 85%. In contrast, the
mismatched reactions proceeded in poor yield. In the case
of the silyl ether L-1d, no C-H insertion product was
obtained, while with thetert-butyl prolineL-1b, a mixture
of diastereomers was obtained in 22% overall yield. The
reaction with the acetyl derivativeL-1cwas most interesting
because in this case the major diastereomer was the cis-
substituted pyrrolidine6 (Scheme 5).

Having determined that the reaction with the 2-substituted
pyrrolidines displayed considerable double stereodifferen-
tiation, we then explored the possibility of kinetic resolution
in these reactions (Table 2). As the most useful aspect of
this work would be the asymmetric synthesis of the products
with three stereogenic centers rather than isolation of
enriched starting material, these reactions were carried out
with the (()-2-substituted pyrrolidines in excess (2-4 equiv).
In all instances, the C-H insertion products were produced
with moderate to high enantioselectivity (77-98% ee). The
high enantioselectivity in the formation of the C-H insertion
products5 is due to a combination of the inherent kinetic
resolution and the enantiomer product differentiation by the
catalyst. Reaction of2 with the silyl derivative1d is most
impressive as the C-H insertion product5d is formed in
85% yield, 98% ee, and>94% de.

A final example of the kinetic resolution that is possible
is seen in the reaction with (()-7 (Scheme 6). Rh2(S-DOSP)4-

catalyzed decomposition of methyl phenyldiazoacetate (8)
in the presence of (()-7 resulted in the formation of the C-H
insertion product93d in 91% ee.

In summary, these results show that impressive levels of
kinetic resolution and double stereodifferentiation can occur
in Rh2(S-DOSP)4-catalyzed intermolecular C-H insertions.
In the matched case, highly diastereoselective reactions were
obtained by generating highly functionalized products con-
taining up to four stereogenic centers. These studies further
underscore the highly chemoselective nature of rhodium
carbenoids derived from aryldiazoacetates.
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Table 1. Matched C-H Insertions of 2-Substituted
Pyrrolidines

substrate R yield, % de, %

a CO2Me 83 >94
b CO2

tBu 85 >94
c CH2OAc 85 >94
d CH2OTBDPS 85 >94

Scheme 5

Table 2. Kinetic Resolutions in C-H Insertions of
2-Substituted Pyrrolidines

R equiv of (()-1 yield, % ee, % de, %

a CO2Me 2 64 77 86
4 66 79 86

b CO2
tBu 2 58 83 >94

4 60 87 >94
c CH2OAc 2 58 88 76

4 62 94 78
d CH2OTBDPS 2 85 98 >94

Scheme 6
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