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An efficient approach to bridged-bicyclic rings via intramolecular
diazo ketone insertion
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Abstract—A regioselective intramolecular diazo ketone insertion reaction of chiral cyclohexenones is described. The methodology
shows potential utility in the syntheses of bicyclo[4.2.1]nonan-9-one, bicyclo[4.3.1]decan-10-one and cyclooctanoid rings. © 2002
Elsevier Science Ltd. All rights reserved.

Bicyclo[4.2.1]nonan-9-one and bicyclo[4.3.1]decan-10-
one are two typical bridged-bicyclic rings which consti-
tute key structural units in many natural products. Two
recent examples, CP-263,114 and CP-225,917, which
are squalene synthase and farnesyl transferase
inhibitors, have received increasing attention due to
their interesting structures and pharmacological proper-
ties.1 The bridged ketone bonds in bicyclo[4.2.1]nonan-
9-one and bicyclo[4.3.1]decan-10-one structures have
potentials of cleavage to give eight- and nine-membered
rings. These skeletons, especially eight-membered rings,
are widely presented in many cyclooctanoid natural
products, primarily among terpenoids.2 The synthetic
protocols of cyclooctanoid rings have recently been
summarized in a review article.3 Typically, eight- or
nine-membered rings can be formed from appropriate
precursors directly by cycloaddition, sigmatropic rear-
rangement, cyclization and coupling reactions or indi-
rectly through cycloaddition–fragmentation, ring
expansion, reductive and oxidative processes. Among
all these methods, the process involving diazo ketone
insertion and subsequent rearrangement shows high

efficiency and generality (Scheme 1).4 Here we describe
an efficient and regioselective method on syntheses of
various bicyclo[4.2.1]nonan-9-one, bicyclo[4.3.1]decan-
10-one and cyclootanoid rings through diazo ketone
insertion process.

Initial studies centered on the chiral cyclohexenones 6.
The preparation of the precursor 6a was shown in
Scheme 2. Birch reduction–alkylation of the benzamide
4 with 1-iodo-3-azido-propane as the alkylating agent
followed by the hydrolysis of the corresponding 1,4-
diene provided the cyclohexenone 5a in 75% yield as a
single diastereomer. Chemoselective hydrogenation of
5a using Lindlar catalysis in the presence of acetic
anhydride afforded the corresponding acetamide 6a in
91% yield.5 Analog syntheses afforded 6b, 6c, 6d and
6e.6 Treatment of the acetamide 6a with N2O4 in
CH2Cl2 gave the nitroso amide intermediate 7a. With-
out purification, 7a were converted into 8a in �30%
yield and some bridged ketone ring-opened adducts by
treatment with a catalytic amount of K2CO3 in
methanol. The methoxide apparently not only catalyzed

Scheme 1.
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the insertion and rearrangement processes, but also
catalyzed the fragmentation of the bridged ketone 8a.
Replacement of K2CO3 in MeOH with LiOH in refluxing
THF resulted in a much cleaner product 8a in 80% yield.7

In this procedure, the acetate ion generated was a much
weaker nucleophile than the methoxide so that the bridged
ketone 8a was inactive toward the reaction condition.
Table 1 summarized the results of the diazo ketone
insertion reactions on various precursors 6a–6e. In all
these reactions, only bicyclo[4.2.1]nonan-9-ones 6a, 6b,
6d and bicyclo[4.3.1]decan-10-ones 6c, 6e were obtained
without any detectable amount of bicyclo[5.2.0]nonan-2-
one or bicyclo[5.3.0]decan-2-one isomers,8 which demon-
strated that these reactions proceeded in a highly
regioselective manner. This result was also reported from
Gutsche and Srikrishna’s papers.4 In the diazonium
alkoxide (Scheme 2), electrostatic attraction between the
diazonium and the alkoxide maintains a cis orientation
of two groups. Since the axial C�C bond and the C�N
bond are anti parallel, the following rearrangement and
elimination of N2 gives the bicyclo[4.2.1]nonan-9-one 8a.

Attempts at removal of the chiral auxiliary efficiently from
8a were unsuccessful except for a few harsh conditions.
Thus, we designed and conducted a modified synthetic
route for easy removal of the chiral auxiliary (Scheme 3).
Birch reduction–alkylation of the MOM protected chiral
benzamide 9 with I(CH2)3N3, followed by acid-catalyzed
acyl migration and subsequent protection of the resulting
s-amine with chloromethylformate generated the azido
�-keto ester 10 in overall 62% yield.9 Reduction of 10 to
the diol by LiBH4 followed by selective protection of the
primary alcohol with TBSCl and re-oxidation of the
secondary alcohol afforded the cyclohexenone 11 in 64%

yield. Sequential reduction of the azide 11 with Lindlar
catalysis in the presence of acetic anhydride followed by
treatment of the resulting acetamide with N2O4 provided
the corresponding nitrosoamide. The nitrosoamide was
then treated with K2CO3 in MeOH to afford the bicy-
clo[4.2.1]non-9-one 12 in 65% yield.10 MeLi addition of
the bridged ketone 12 occurred from re face to afford the
t-alcohol 13. Subsequent deprotection of TBS ether with
TBAF and oxidation of the alkene with mCPBA fur-
nished the epoxide 14. The stereochemistry of 14 was
confirmed by X-ray diffraction analysis (Fig. 1).

Figure 1. Molecular structure of 14.

Scheme 2.
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Table 1.

Scheme 3.



O

Me

TBSO

12

1) TBAF
2) MsCl, Et3N

O

Me

MsO

15

NaOH

Me COOH

16, 71% for 3 steps

O O
bicyclo[5.3.0]decan-2-one bicyclo[5.2.0]nonan-2-one

L. Chen et al. / Tetrahedron Letters 43 (2002) 4711–47154714

Scheme 4.

With these results in hand, we carried out several
simple steps to cleave the bridged ketone bond of 12
(Scheme 4). Deprotection of the hydroxy group of 12
followed by mesylation of the resulting alcohol
afforded the mesylate 15. Grob-type fragmentation of
15 by treatment with NaOH gave eight-membered ring
acid 16 in overall 71% yield.11

In summary, we have developed a regioselective diazo
ketone insertion method to synthesize bicylo[4.2.1]-
nonan-9-one and bicyclo[4.3.1]decanan-10-one rings.
The bridged ketone bonds can be efficiently cleaved to
afford eight-membered rings. The method should be
useful for the syntheses of bridged-bicyclic rings and
cyclooctanoid natural products.
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