
Introduction

Since the observation that RhII carboxylates are superior
catalysts for the generation of transient electrophilic metal
carbenoids from a-diazocarbonyl compounds, intramolecular
carbenoid insertion reactions have assumed strategic impor-
tance for C ± C bond construction in organic synthesis.[1]

Rhodium(ii) compounds catalyse the remote functionalization
of carbon ± hydrogen bonds to form carbon ± carbon bonds
with good yield and selectivity. These reactions have been
particularly useful in the intramolecular sense to
produce preferentially five-membered rings. We
summarize here the applications of this method for
ring construction in natural product synthesis.

Discussion

Although most of the work with Rh-mediated
intramolecular C ± H insertion has focused on five-
membered ring construction, the first application

to natural product synthesis, by Cane and Thomas, involved
establishment of a six-membered ring. Thus, on exposure to
[Rh2(OAc)4], diazoketone 2 was cyclized to the tricyclic
lactone 3.[2] This product had previously been transformed by
Paquette et al. into pentalenolactone E (4, Scheme 1).[3]

The utility of this approach to five-membered heterocycles
is illustrated by the synthesis of bullatenone (7) by Adams et
al. (Scheme 2). Rhodium-acetate-mediated insertion is espe-
cially preferred adjacent to ether oxygen, as illustrated by the
cyclization of 5 to 6.[4] Oxidation of furanone 6 with SeO2

according to the procedure of Smith and Jerris provided
bullatenone (7).[5]

Rh-mediated C ± H insertion is also useful for carbocyclic
construction, as illustrated by the new asymmetric route to
(�)-morphine (11) recently reported by White et al.
(Scheme 3).[6] Cyclopentane formation is used to fashion a
pentacyclic skeleton (10) from which the piperidine ring of 11
evolves at a later stage.

Intramolecular C ± H insertion is, essentially, a method for
the specific remote functionalization of hydrocarbons. An
important implication of this for synthetic strategy is that the
C ± H insertion process can destroy symmetry, thus leading
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Scheme 1. Formation of a six-membered ring by Rh-mediated intramolecular C ± H
insertion.
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Scheme 2. Formation of a five-membered heterocycle in Adams� synthesis of bullatenone.



990 ± 992

Chem. Eur. J. 1998, 4, No. 6 � WILEY-VCH Verlag GmbH, D-69451 Weinheim, 1998 0947-6539/98/0406-0991 $ 17.50+.25/0 991

from a simple precursor to a much more
complex product. An alternative route to
pentalenolactone E (4 or 15) takes advantage
of this idea.[7] In the key step b-ketoester 13,
which has a single stereogenic center, is trans-
formed into the tricycle 14, which has four
stereogenic centers (Scheme 4).

A simple route to the dendrobatid alkaloid
251F (19, Scheme 5) nicely illustrates the
synthetic utility of Rh-mediated C ± H inser-
tion.[8] The excellent diastereoselectivity ob-
served in the cyclization of 16 to 17 was in fact
predicted computationally.[9]

A key feature of intramolecular C ± H in-
sertion is the inherent ability to transform an
acyclic tertiary stereogenic center into a cyclic
quaternary stereogenic center, with retention
of absolute configuration.[10] This was first
demonstrated in the course of the rhodium-
mediated cyclization of 20 to 21 shown in
Scheme 6, which led to (�)-a-cuparenone
(22).[11]

The synthesis of (�)-estrone methyl ether (27) illustrates
the enantioselective construction of a polycyclic target using
chiral auxiliary control to establish the first cyclic stereogenic
center.[12] The specific design of the naphthyl diazoester 23
directs Rh-mediated intramolecular C ± H insertion selec-
tively toward one of the two diastereotopic C ± H bonds on
the target methylene. The new ternary center so created then
directs the formation of the adjacent quaternary center in the
course of the alkylation. The chiral skew in the product
cyclopentanone 24 directs the relative and absolute course of
the intramolecular cycloaddition, to give the steroid (�)-
estrone methyl ether (27).

The high point in the development to date of Rh-mediated
C ± H insertion has been the design by Doyle et al. of
enantiomerically pure RhII complexes that direct the abso-
lute sense of the C ± H insertion reactions. The application of
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Scheme 3. Carbocycle construction by Rh-mediated C ± H insertion to give
(�)-morphine.
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stereogenic center with retention of absolute configuration illustrated by the synthesis of (�)-a-
cuparenone.
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such cyclizations in natural product synthesis was demon-
strated by Doyle with the construction of chiral lignan
lactones such as (ÿ)-hinokinin (31, Scheme 8).[13]

The a-diazocarbonyl derivatives used in these studies are
easily prepared, and the rhodium-mediated cyclizations
proceed rapidly, with high catalyst turnover. As the factors
governing regio-, chemo-, diastereo- and enantioselectivity
come to be better understood, the Rh-mediated cyclization of
an a-diazocarbonyl derivative will come to be a powerful tool
for natural product synthesis.
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Scheme 8. Direction of the absolute sense of C ± H insertion by enantiomerically pure RhII

complexes, illustrated by the construction of (ÿ)-hinokinin.


