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Abstract

Rhodium prolinate catalyzed reactions of diazocarbonyls with cycloheptatriene are very dependent on the
carbenoid structure and can result in either cyclopropanation, C—H insertion or a combined C—H insertion Cope
rearrangement. © 2000 Elsevier Science Ltd. All rights reserved.

Metal catalyzed decomposition of diazo compounds is a general method to prepare metal stabilized
carbenoids, which are versatile intermediates for organic synthesis. The most commonly used carbenoid
intermediates are those derived from diazoacetdt@s' (For some time we have explored the synthetic
utility of rhodium carbenoids derived from vinyldiazoacetatéb) (and aryldiazoacetatedd).? These
carbenoids, containing donor and acceptor groups, display remarkable differences in reactivity compared
to carbenoids derived from diazoacetates. Alkene cyclopropanations with either vinyldiazoacetates
or phenyldiazoacetates are highly diastereoselédtiand very sensitive to alkene geometrdn
using dirhodium tetraprolinates such as,fRDOSP), (2) as catalysts, the cyclopropanations are
also highly enantioselectifeeven though the dirhodium tetraprolinates are poor chiral catalysts for
diazoacetate cyclopropanatiochs.More recently, we have demonstrated that aryl diazoacetates are
capable of highly enantioselective and diastereoselective intermolecular C-H inséréasions that
were not considered to be of significant practical utility with carbenoids derived from diazoaletates.

In this communication we describe the reactions of rhodium-stabilized carbenoids with cycloheptatriene
(3), which illustrates the remarkable influence of carbenoid structure on the reaction outcome.
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1a: R=H Ar = p-(C11.13 Haz27)CeHa
1b: R = vinyl Rha(S-DOSP)4 3
1ic: R=aryl 2

The reaction between cycloheptatriene and ethyl diazoacefaie \fell established® Rhodium(ll)
acetate catalyzed decomposition of ethyl diazoacetate in the presence of cycloheptatriene results in the
formation of a mixture of mono-, di- and tricyclopropanated materials. When 5 equivalents of cyclohep-
tatriene is used, the monocyclopropanated pro8ugbminates. Similar reactivity is exhibited by the
carbenoid derived from a diazoketol¥. As a control experiment, the reaction of ethyl diazoacetate
catalyzed by RHSDOSP) was examined and similarly, the monocyclopropanated proBusts
formed in 49% yield as a 3:1 mixture ekdendoisomers (Scheme 1). As is typical for ethyl diazoacetate
cyclopropanations with RIS DOSP), the enantioselectivity was very low (6% ee &xG5).

49% vyield
Ny CO2Et  + @ M Q’C%Et ~3:1 e))(/o/endo
exane, r.t. 6% ee (for exo-5)

4 5

Scheme 1.

The reaction of methyl phenyldiazoaceta®a)(with cycloheptatriene resulted in an entirely different
reaction pathway compared to the ethyl diazoacetate chemistry. Less than 5% of the cyclopropanation
product was observed in the NMR of the crude reaction mixture and instead the C—H insertion product
7awas formed in 55% yield and 95% ee (Scheme 2). The absolute stereochemvsryas determined
to be of R)-configuration by catalytic hydrogenation o to the known cycloheptane derivati%&This
reaction is applicable to aryldiazoacetafdsd and the C—H insertion produc®—d were formed in
greater than 90% ee.

OsMe
A COoMe Rh2(S-DOSP)4
+ Ar
!\yu: hexane, -50 ‘C
6 7
Ar Yield, %| ee, %
a phenyl 55 95
b p-chlorophenyl- 64 95
c p-methylphenyl- 60 94
d 2-napthyl- 53 91
Scheme 2.

The reaction of vinyldiazoacteta8a with cycloheptatriene resulted in less than 5% of cyclopropana-
tion. In this case, however, only a trace of the C—H insertion prd@amtas formed and the major product
was the isomeric structuria (56% vyield, 99% ee) (Scheme 3). The formation of a product similar to
10ahas been observed in the reaction of vinyldiazoacetates with 1,3-cyclohex&iEme mechanism
of the reaction is considered to be a combined C—H insertion/Cope rearrangement rather than a two step
process because the direct C-H insertion product is the thermodynamically most favored product. A
similar behavior was seen wittDabecause on heating it underwent a Cope rearrangement back to the
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formal C—H insertion produ@a (84% conversion, 68% isolated yield, 99% ee). Similar chemistry was
possible with the bromo derivativgéb and the absolute stereochemistrydtfand 10b was determined
by X-ray crystallography to be off and R) configuration, respectiveh.

A h n MeO» X AT
MeOsCo LA 4 @ RN (SDOSP);  MeOsC. A~ AT hexane
5 hexane, r. t. reflux 24-48 h
10 9

8
Ar 10, yield, % |10, ee, % 9, yield, % 9,ee, %
a phenyl- 56 99 68 99
b p-bromophenyl- 67 99 86 >98
Scheme 3.

The reaction of vinyl- and aryldiazoacetates towards cycloheptatriene is very different from that of dia-
zoacetates and diazoketones. Two explanations are possible to rationalize this result. It is well established
that cyclopropanation with vinyldiazoacetates is much more sensitive to steric effects than cyclopropa-
nation with diazoacetafeand so, it is conceivable that cyclopropanation of cycloheptatrierGand8
is not favorable. Alternatively, the C—H insertions by vinyl- and aryldiazoacetates preferentially occur at
sites that would stabilize positive charge during the concerted but non-synchronous irf§éttidmas
also been established, at least for the cyclopropanation reaction, that considerably greater charge build-
up occurs in the transition state of reactions of vinyl- and aryldiazoacetates compared to diazo¥cetates.
Consequently, cycloheptatriene may be an exceptional substrate for C—H insertion because the positive
charge build-up in this reaction would be favorable due to homoaromatic stabilization as shown in

structurell.
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In order to explore which explanation is the most reasonable, the reaction of the three types of
carbenoids with 1,3-cycloheptadiene was examined. Both ethyl diazoacétaiad methyl phenyl-
diazoacetate6@) resulted in the predominant formation of the cyclopropanation prodigfsand13
(Scheme 4). As expected, poor stereocontrol was observed in the formatiamdfile 13'4 was formed
in >90% de and 90% ee. Less than 5% of the C—H insertion product was observed in the reaction of
cycloheptadiene witlba. Similarly, the reaction of 1,3-cycloheptatriene with the vinyldiazoacelate
gave only trace amounts<6%) of C—H insertion products. The major product that was formed was the
bicyclic systeml 414 (46% yield, 86% ee), derived from a tandem cyclopropanation Cope rearrangement.
As all three carbenoid systems initially form cyclopropanation products with 1,3-cycloheptadiene, it
would appear that the reactivity difference for the cycloheptatriene system is due to special stabilization
of the C—H insertion transition state associated with this system, as illustrated in stiicture

In summary these studies demonstrate that the structure of rhodium carbenoids has a profound
influence on the outcome of their chemistry. Furthermore, these studies underscore the effectiveness
of Rhpy(SDOSP), as a chiral catalyst for vinyl- and aryldiazoacetate reactions even though it is very poor
for diazoacetate reactions.
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Naw_ _COLEt
23/ . Rho(S-DOSP), COuE! 659% yield
H hexane, r.t. ~2: 1 exolendo
4 H
12
H
NZYCOQMG-’- @ Rho(S-DOSP &COQMG 57% yield
hexane, r.t. >90% de
Fh g ' H Ph 90% ee
6a 13
MeO, . _Ph H
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2 hexane, r.t. z Ph 86% ee
8a CO.Me
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Scheme 4.
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