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The development of selective methods for asymmetric C-H
activation is a challenging goal in organic synthesis.1 Metal-
stabilized carbenoid intermediates have been impressively used
for intramolecular asymmetric C-H activation,2 but the inter-
molecular version of this reaction is not generally considered to
be synthetically useful.2,3 We have previously communicated that
Rh2(S-DOSP)4 (1)4-catalyzed decomposition of aryldiazoacetates
results in asymmetric C-H insertion into cyclohexane and
tetrahydrofuran.5 This was the first report of enantioselective
intermolecular C-H insertion using metal carbenoid intermedi-
ates. In this paper we describe that highly regio-, diastereo-, and
enantioselective C-H insertions of aryldiazoacetates into cyclic
N-BOC-protected amines can be achieved (eq 1).6 The catalyst
that was used in most of this study was Rh2(S-DOSP)4 (1), but in
one case, the novel Rh2(S-biDOSP)2 (2) catalyst7 was used.

The potential of this chemistry is illustrated by means of a
two-step asymmetric synthesis of a novel class ofC2-symmetric
amines (3)8 and of threo-methylphenidate (Ritalin) (4).9 C2-
Symmetric amines are especially useful in organic synthesis,8 and
the direct approach to highly elaborateC2-symmetric amines
described here is likely to be of great interest.threo-Methylpheni-
date is an important pharmaceutical agent that is used in racemic
form for the treatment of attention deficit disorders.9 Considering
that, within the last year, two fairly lengthy asymmetric syntheses
(eight and nine steps) ofthreo-methylphenidate have been
reported,10,11 the two-step asymmetric synthesis reported herein
should be of considerable value.

In the original study on asymmetric C-H insertion into
cycloalkanes and tetrahydrofuran, high levels of enantioselectivity
were achieved.5 In the current study with N-BOC-protected cyclic
amines, we discovered that high diastereoselectivity is also
feasible in intermolecular C-H insertions, although the issues
that control the diastereoselectivity in these reactions are subtle.
Rh2(S-DOSP)4-catalyzed (1% of catalyst) decomposition of5a
in the presence of N-BOC-pyrrolidine (6, 2 equiv) in hexane at
-50 °C results in the formation of the C-H insertion product7a
in 94% ee and 92% de (eq 2). The C-H insertion into N-BOC-
pyrrolidine is a general process that can be extended to a range
of aryldiazoacetates. In all cases, the diastereoselectivity and the
enantioselectivity in these reactions are greater than 90% de and
90% ee, respectively.12

The next issue that was examined was whether a second C-H
insertion was a feasible process. These reactions were carried out
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on enantiomerically pure8, which was obtained from7a that was
first recrystallized as its hydrochloride salt to obtain enantiomeri-
cally pure material and then treated with (BOC)2O. Reaction of
8 with the phenyldiazoacetate5a (4 equiv) using Rh2(S-DOSP)4
as catalyst in 2,3-dimethylbutane as solvent resulted in the
formation of3a in 93% yield (eq 3). The compound was shown
to be C2-symmetric because in the13C NMR only nine signals
were apparent, yet the compound was chiral, which rules out the
meso diastereomer. In contrast, reaction of8 with excess5ausing
Rh2(R-DOSP)4 as catalyst resulted in the formation of a mixture
of diastereomers and/or regioisomers that were not resolvable (eq
4).

Further experimentation demonstrated that theC2-symmetric
amines could be formed in a single step. Rh2(S-DOSP)4-catalyzed
decomposition of5a (1.5 equiv) at-50 °C in the presence of
N-BOC-pyrrolidine, followed by heating of the mixture under
reflux and addition of a further 4.5 equiv of5a, generated the
C2-symmetric amine3a in 78% yield and 97% ee (eq 5). Similar
bis C-H insertion reactions were possible with aryldiazoacetates
5b-e, leading to the formation of the amines3b-e. These amines
are appropriately functionalized for further conversion by ester
reduction or Grignard addition to highly functionalized and
potentially useful C2-symmetric bases. Further studies to evaluate
the synthetic utility of such C2-symmetric bases are in progress.

If a similar reaction would be feasible with N-BOC-piperidine,

a very direct asymmetric synthesis ofthreo-methylphenidate
would be achieved. Rh2(S-DOSP)4 (1)-catalyzed decomposition
of methyl phenyldiazoacetate (5a) in the presence of N-BOC-
piperidine (9, 4 equiv) in 2,3-dimethylbutane at room temperature,
followed by treatment with trifluoroacetic acid, resulted in the
formation of a mixture ofthreo-anderythro-methylphenidate,4
and10, in 49% yield.13,14 However, the threo isomer4 was the
minor diastereomer and was formed in only 34% ee. The
combined yield of4 and10 could be improved to 86% by using
N-BOC-piperidine as the limiting agent. This result is very

different from what was observed with N-BOC-pyrrolidine, which
gave bis C-H insertion when an excess of phenyldiazoacetate
was used. A major improvement in enantioselectivity and
diastereoselectivity was possible by carrying out the reaction with
the Rh2(S-biDOSP)2 (2) catalyst.7 The ratio of4:10 (73% yield)
was improved to 2.5:1, and (2R, 2′R)-threo isomer4 was formed
in 86% ee and 52% isolated yield. It is well established that Rh2-
(S-biDOSP)2 (2) results in opposite asymmetric induction to Rh2-
(S-DOSP)4,7 and in the reaction of5a and9 catalyzed by2, the
biologically active enantiomer ofthreo-methylphenidate is formed.

Access to the erythro diastereomer of methylphenidate was
achieved by carrying out the reaction with tetrahydropyridine11
as illustrated in eq 7. Rh2(S-DOSP)4-catalyzed decomposition of
5a in the presence of11 (4 equiv) in 2,3-dimethylbutane at room
temperature, followed by treatment with TFA, resulted in a 63%
yield of C-H insertion products12 and 13. Remarkably, the
erythro diastereomer13 was the major diastereomer (62% de)
and was isolated in 53% yield and 80% ee. Determination of the
relative and absolute stereochemistry of13as (2S, 2′R) was readily
achieved by conversion of13 to erythro-methylphenidate1010

by catalytic hydrogenation.

In summary, the reaction of cyclic N-BOC-protected amines
with aryldiazoacetate catalyzed by Rh2(S-DOSP)4 or Rh2(S-
biDOSP)2 is an attractive method for the asymmetric synthesis
of elaborate chiral amines. The synthetic utility of this method
was demonstrated by means of a two-step asymmetric synthesis
of a novel class ofC2-symmetric amines and ofthreo-meth-
ylphenidate. These studies demonstrate that the intermolecular
C-H insertions with aryldiazoacetates can be achieved with high
diastereoselectivity in addition to high enantioselectivity. These
studies also demonstrate that these carbenoids are especially
selective toward C-H insertions into methylene groups adjacent
to amide nitrogen functionality.15 The combination of regiose-
lectivity and stereoselectivity exhibited in these reactions would
indicate that aryldiazoacetate C-H insertions offer tremendous
opportunities in organic synthesis. Further studies to explore the
full scope of this chemistry and to determine the factors that
control the diastereoselectivity in these reactions are underway.
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