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An efficient and novel stereoselective protocol for the
construction of syn-facially bridged norbornane frameworks
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Abstract—An efficient protocol for the synthesis of syn-facially bridged norbornane frameworks has been developed via tandem
cyclization–cycloaddition reactions of rhodium carbenoids generated from �-diazo ketones. Using this new methodology, various
functionalized syn-facially bridged norbornane frameworks have been synthesized in a stereoselective manner. © 2002 Elsevier
Science Ltd. All rights reserved.

Diels–Alder or 1,3-dipolar cycloaddition reactions offer
a convenient route for the stereoselective construction
of complex molecular structures. Block-coupling
methodologies based on Diels–Alder or 1,3-dipolar
cycloaddition reactions have gained substantial atten-
tion in the synthesis of ribbon molecules.1,2 Recently,
the development of block coupling methodology using
1,3-dipolar cycloaddition for the construction of
[n ]polynorbornane scaffolds has been well docu-
mented.2 Generally, thermal ring-opening of ester-acti-
vated cyclobutane epoxides or aziridines were utilized
to generate 1,3-dipoles in the above described method-
ologies.2 Interestingly, the synthesis of syn-facially
bridged [n ]polynorbornane frameworks has also been
achieved using Diels–Alder or 1,3-dipolar cycloaddition
reactions.3 In continuation of our interest4 to develop
the reactivity profile of diazo ketones, we herein report
an efficient new stereoselective approach for the synthe-
sis of syn-facially bridged norbornane skeletons using
rhodium(II)-generated transient carbonyl ylide
methodology.5,6

We envisaged that the substituted norbornene deriva-
tives could serve as one building block and carbonyl
ylides derived from �-diazo ketones could act as the
other. The new construction tactic lends itself to the
assembly of complex molecular frameworks with inbuilt
functional groups. It was of interest to us to consider
the possible pathways (exo, endo, syn, anti ) with
respect to the norbornene derivative 1 by which car-

bonyl ylides 2 derived from �-diazo ketones could
undergo 1,3-dipolar cycloadditions to afford products
(Scheme 1). The following illustration shows the many
possibilities for the approach of unsymmetrical dipole 2
to dipolarophile 1. In order to understand the reactivity
profile of carbonyl ylides with dipolarophiles like 1, we
carried out reactions involving various norbornene sys-
tems as dipolarophiles.

The required starting materials, �-diazo ketones7 and
norbornene dipolarophiles were assembled according to
literature methods.8 Initially, we investigated the rhodi-
um(II)-catalyzed reaction of �-diazo carbonyl com-
pound 3a and dipolarophile 4 with 0.5 mol% of
rhodium(II) acetate dimer as catalyst. The reaction was
monitored by TLC until the disappearance of �-diazo
carbonyl compound 3a. Column chromatographic
purification of the crude reaction mixture provided the
cycloadduct 5a in 81% yield (Scheme 2). FT-IR, 1H, 13C
NMR and DEPT-135 spectra of the cycloadduct 5a
clearly revealed the formation of an interesting oxa-
bicyclo[2.2.1]heptane fused norbornane system via the
cycloaddition of carbonyl ylide with bicyclic alkene 4 in
a stereoselective manner. The stereochemical assign-
ment and exo-addition of carbonyl ylide 2a to norbor-
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nene 4 was made by inspection of the 1H NMR spec-
trum. The exo and endo stereochemistry of the cycload-
duct 5a can easily be distinguished by the coupling
constant of Ha and Hb in the 1H NMR spectrum. The
dihedral angle between Ha and Hb in the exo cycload-
duct 5a is close to 90°, meaning that the coupling
constant would be very small (J�0–2 Hz). The forma-
tion of exo cycloadduct 5a was confirmed based on a
characteristic singlet resonance signal for the bridge-
head (Ha) proton. We have not isolated any other
isomeric products from the reaction mixture. In a simi-
lar manner, product 5b was obtained in 78% yield using
�-diazo ketone 3b and the alkene 4.

Next, we performed a similar reaction in the presence
of substituted norbornene 6.8a We hoped that the car-
bonyl ylide 2 would undergo cycloaddition to both C�C
bonds present in dipolarophile 6. Treatment of diazo
ketones 3a or 3b with endo-tricyclo[6.2.1.02,7]undeca-
4,9-diene-3,6-dione 6 in the presence of rhodium(II)
acetate dimer (Scheme 3) furnished interesting cycload-
ducts 7a9 (85%) and 7b (81%), with complete stereose-
lectivity. Carbonyl ylide 2 underwent cycloaddition
only with the electron deficient C�C bond of the qui-
none moiety. The formation of other expected products
8a,b (C�C addition) was not observed. We did not
observe10 any products as a result of cycloaddition of
carbonyl ylide 2 to the C�O groups of the quinone
moiety.

Encouraged by these results, we next investigated the
reactions of carbonyl ylides with 7-oxanorbornene
derivative 98b to obtain syn-facially bridged polyoxa-
norbornane systems. Thus, treatment of �-diazo
ketones 3a,b and 11 with dipolarophile 9 in the pres-
ence of Rh2(OAc)4 furnished the novel cycloadducts
10a,b and 1211 in 82, 79 and 82% yields, respectively
(Scheme 4). The structures of cycloadducts 10a,b/12
were established based on their interrelated spectral
data. Moreover, the stereochemistry and exo-cycloaddi-
tion of carbonyl ylides with 7-oxanorbornene systems
were unequivocally corroborated based on the single-
crystal X-ray analysis12 of the cycloadduct 10a.

In order to increase the complexity in the norbornene
dipolarophiles, we synthesized8c norbornene derivatives
13a–d starting from fulvenes. Treatment of �-diazo
ketone 3a with 13a in the presence of Rh2(OAc)4 pro-
vided the cycloadduct 14a in 79% yield. Similarly,
reactions of �-diazo ketone 3a with 13b–d were carried
out to afford the corresponding products 14b–d in good
yields (Scheme 5, Table 1).

Scheme 5.
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Table 1. Reaction of �-diazo carbonyl compound 3a with
norbornene derivatives 13a–d

R2 Time (h)Entry Yieldsa ofR1

14/%

4-CH3C6H4a 4H 79
b H 4-CH3C6H4 3.5 82

4-ClC6H4 4 79c H
3.5 84-CH2-CH2-CH2-CH2-d

a Yields (unoptimized) refer to isolated pure compounds 14a–d.
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Finally, we carried out a similar reaction using diazo
ketone 11 with norbornene derivative 13a in the pres-
ence of rhodium(II) acetate dimer, which also afforded
a cycloadduct, 15, in 78% yield stereoselectively
(Scheme 6). These reactions also revealed that the car-
bonyl ylide underwent the preferred cycloaddition with
norbornene derivatives 13a–d in a chemoselective man-
ner. The rhodium(II)-generated transient carbonyl
ylides did not react with the exocyclic olefin functional
group present in norbornene derivatives 13a–d. The
exo-cycloaddition of carbonyl ylide to 13a–d and the
proposed structures of products 14a–d, and 15 were
established based on similarities with the spectral data
of other products described herein.

In all these reactions, the exclusive products were exo-
cycloadducts of complex oxygen-containing syn-facially
bridged norbornane frameworks. Moreover, cycloaddi-
tion reactions were found to be highly stereoselective
and afforded functionalized syn-facially bridged [2.2.1]-
ring systems in good yields via tandem cycloaddition–
cyclization reactions. Starting from relatively simple
precursors, these reactions resulted in the formation of
four chiral centers and two new C�C bonds in a
stereoselective manner.

In summary, an efficient stereoselective method to syn-
thesize syn-facially bridged norbornane frameworks has
been developed using a tandem cyclization–cycloaddi-
tion process in the presence of Rh2(OAc)4 catalyst.
Moreover, these cyclic systems are suitable for further
diverse transformations to obtain complex carbocyclic
molecules. Further elaborate studies on facial selectivity
of the reactions of carbonyl ylides including theoretical
aspects are currently in progress.

Scheme 6.
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(CH), 31.0 (CH2), 26.2 (CH2), 22.2 (CH2), 20.2 (CH2),
17.0 (CH3); MS (FD+): m/z 326 (M+). Anal. calcd for
C20H22O4: C, 73.60; H, 6.79. Found: C, 73.73; H, 6.76%.
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0.99 (s, 3H, CH3); 13C NMR (50.3 MHz, CDCl3): � 13.1
(CH3), 19.3 (CH3), 20.8 (CH3), 47.6 (CH), 49.8 (CH),
51.9 (CH), 52.1 (CH), 52.3 (OCH3), 79.2 (OCH), 81.9
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12. The X-ray crystal structure analysis of compound 10a
will be reported elsewhere.
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