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Abstract—A new four-step reaction sequence leading to bicyclic fused cyclopentenone derivatives starting from cyclic ketones has
been developed. © 2002 Elsevier Science Ltd. All rights reserved.

Bicyclic fused cyclopentenone derivatives are important
structural units in natural product synthesis. Therefore,
these types of bicyclic compounds have attracted atten-
tion from synthetic organic chemists over decades and
various approaches have been developed.1 For example,
the Pauson–Khand reaction recently emerged as a pow-
erful tool to construct bicyclic cyclopentenone struc-
tures.2 In connection with research in the application of
�-diazo carbonyl compounds in organic synthesis,3 we
have developed a new method for synthesizing bicyclic
fused cyclopentenone derivatives based on an
intramolecular C�H bond insertion by Rh(II) carbene
(Scheme 1).

Thus, the nucleophilic addition to cyclic ketones 1a–d
by Ti(IV) enolates 2a–b derived from an �-diazo-�-keto
ester or a ketone is expected to give alcohols 3a–g
(Scheme 2). Although the similar aldol condensation of
an �-diazo-�-ketoester with aldehydes has been devel-
oped by Calter et al.,4 the corresponding reaction with
ketones has not been reported.5 When Calter’s reaction
conditions (TiCl4/Et3N, −78°C/CH2Cl2) were applied to
the condensation of ethyl 2-diazoacetoacetate with
cyclohexanone 1b, the reaction was found to proceed
very slowly. Obviously, the carbonyl group of a ketone
is less reactive than that of aldehydes. To improve the
reactivity, the cyclohexanone was activated with 1
equiv. of Ti(OiPr)4 before adding to the Ti(IV) enolate.
Moreover, the reaction temperature was raised to
−23°C with dry ice/CCl4. Under these conditions, the
nucleophilic addition occurred at an acceptable rate to
give the expected alcohols in reasonable yields (Table
1).6

Next, we proceeded to convert the alcohols 3a–g to
�,�-unsaturated carbonyl compounds 4a–g. However,
because of the steric hindrance, the tertiary hydroxyl
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was added dropwise TiCl4 (836 mg, 4.4 mmol) and Et3N
(444 mg, 4.4 mmol). After the resulting red-dark solution
was stirred at −23°C for 1 h, a solution of cyclohexanone
(392 mg, 4 mmol) and Ti(OiPr)4 (1136 mg, 4 mmol) in
anhydrous CH2Cl2 (4 mL) was added dropwise. The
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NaHCO3 (2×20 mL), and then dried over Na2SO4. The
product was purified by flash chromatography to yield 3b
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anhydrous CH2Cl2 (10 mL) and the solution was cooled
to −78°C. While stirring, (CF3CO)2O (420 mg, 2 mmol)
and Et3N (202 mg, 2 mmol) were added and the reaction
temperature was allowed to rise to rt within 2 h. Another
5 mL Et3N was added and the reaction mixture was
stirred at rt for 23 h. Volatile fractions were removed by
rotovap to leave a crude residue, which was purified by
silica gel column chromatography to give 4b (198 mg,
84%). IR (CCl4) 2134, 1717, 1645, 1444, 1362 cm−1; 1H
NMR (200 MHz, CDCl3) � 1.33 (t, J=7.2 Hz, 3H),
1.62–1.72 (m, 6H), 2.23–2.39 (m, 2H), 2.81–2.87 (m, 2H),
4.29 (q, J=7.2 Hz, 2H), 6.81 (s, 1H); 13C NMR (50
MHz, CDCl3) � 14.3, 26.2, 27.9, 28.8, 30.7, 38.4, 61.2,
117.8, 161.5, 163.9, 182.6; MS (FAB) m/z 237 [(M+H)+,
22], 163 (9), 135 (10), 123 (19), 95 (41), 69 (64), 43 (100).
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9. The cis configuration of the product was assigned by
comparison with the 1H NMR data of the trans isomer
reported in Ref. 1c.

10. Typical procedure for the Rh2(NHCOCH3)4-catalyzed
reaction of diazo compounds 4a–g and 5a–g. To a solu-
tion of 4b (118 mg, 0.5 mmol) in anhydrous CH2Cl2 (10
mL) was added Rh2(NHCOCH3)4 (0.5 mg, 0.025 mmol).
The solution was stirred under N2 for 48 h. The solvent
was removed under reduced pressure to give a crude
residue, which was purified by column chromatography
to yield 6b (79 mg, 76%) as an oil. IR (CCl4) 1719, 1636,
1552, 1253 cm−1; 1H NMR (200 MHz, CDCl3) � 1.18 (dq,
J=13, 3.2 Hz, 1H), 1.31 (t, J=7.1 Hz, 3H), 1.40 (tq,
J=13, 3.8 Hz, 1H), 1.54 (tq, J=13, 3.2 Hz, 1H), 1.88 (d,
J=13 Hz, 1H), 2.02–2.07 (m, 1H), 2.25–2.29 (m, 1H),
2.33 (dt, J=13, 5 Hz, 1H), 2.86 (d, J=13.9 Hz, 1H), 3.02
(s, 1H), 3.05 (d, J=3.8 Hz, 1H), 4.22 (q, J=7.1 Hz, 2H),
5.82 (s, 1H); 13C NMR (50 MHz, CDCl3) � 14.1, 25.0,
26.5, 30.8, 33.9, 45.8, 59.3, 61.4, 124.9, 169.2, 184.1,
201.3; MS (EI) m/z 208 (M+, 28), 162 (32), 134 (100), 107
(15), 106 (20), 79 (22), 53 (8), 39 (22).
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