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Abstract

A short and efficient synthesis of the title compounds is described. (S)-(−)-b-Cuparenone was prepared
in 31% yield from p-tolualdehyde and mesityl oxide in eight steps. Absolute stereochemistry was
established by means of a diastereoselective cyclopropanation using (R,R)-hydrobenzoin as a recoverable
auxiliary. © 2001 Elsevier Science Ltd. All rights reserved.

1. Introduction

In 1958, Erdtman et al. isolated (+)-cuparene, (+)-1, and determined its relative structure.1 In
1964 Chetty and Dev isolated and characterized (+)-a-cuparenone, (+)-2, and (+)-b-cuparenone,
(+)-3.2 Benesová reported the isolation of (−)-a-cuparenone in 1976,3a and Matsuo et al.
reported the isolation of (−)-cuparene in 1985.3b These sesquiterpenes, which possess adjacent
quaternary centers in a cyclopentane ring, have frequently been targets for synthesis.4–7

Substituted bicyclo[m.1.0]alkan-2-ones 4 and related compounds are available in either
enantiomeric form via diastereoselective cyclopropanation of certain 2-cycloalken-1-one ketals.8

We have employed such bicycles in natural product synthesis9 and for establishment of

* Corresponding author. Tel: (520) 621-6321; fax: (520) 621-8407; e-mail: emash@u.arizona.edu

0957-4166/00/$ - see front matter © 2001 Elsevier Science Ltd. All rights reserved.
PII: S0957 -4166 (00 )00457 -2



B. R. Aa6ula et al. / Tetrahedron: Asymmetry 11 (2000) 4681–46864682

stereogenic quaternary centers.10 Herein we describe an efficient synthesis of S-(−)-b-
cuparenone, (−)-3,11 and S-(−)-cuparene, (−)-1 (Scheme 1).

Scheme 1. Synthesis of (S)-(−)-b-cuparenone

2. Results and discussion

Ketalization of cyclopentenone 56d using (R,R)-hydrobenzoin12 (pyridinium p-toluenesul-
fonate, C6H6, reflux, 36 h) gave ketal 6 in 83% yield. Cyclopropanation of 6 using Denmark’s
protocol13 (Et2Zn, CH2I2, CH2Cl2, 0°C, 2 h) gave an inseparable 14:1 mixture of cyclopropane
ketals 7a and 7b in 91% yield.14 Hydrolysis of this mixture (10% aqueous HCl, methanol, room
temperature, 1.5 h) gave enantiomerically enriched cyclopropyl ketone 8 in 79% yield.15

(R,R)-Hydrobenzoin was also recovered (83%). Assignment of the absolute stereochemistry to
the predominant enantiomer of ketone 8 was in keeping with all previous examples.8,9 Treatment
of 8 with lithium in refluxing liquid ammonia6d,6h for 15 min afforded S-(−)-b-cuparenone, (−)-3,
in 85% yield, [a ]25

D=−42.1 (c 2.8, CHCl3), lit.7b [a ]29
D −42 (c 0.7, CHCl3).16 Finally, the

Huang–Minlon modified Wolf–Kishner reduction4e of (−)-3 gave S-(−)-cuparene, (−)-1, [a ]25
D=

−58.3 (c 0.3, CHCl3), lit.3b [a ]D=−63 (c 1.6, CHCl3), lit.5b [a ]20
D=−59.6 (c 1.9, CHCl3), in 76%

yield.17

This synthesis of the title compounds is among the most versatile and efficient reported.
Both enantiomers of b-cuparenone and cuparene are available from enone 518 and the appro-
priate hydrobenzoin enantiomer.12,19 The method can be adapted for the synthesis of the
enantiomers of a-cuparenone and for syntheses of other natural products with related struc-
tures.
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3. Experimental

All reactions were performed in flame-dried glassware under argon. Reaction mixtures were
stirred magnetically. Hygroscopic liquids were transferred via syringe. Ketone 5 was prepared by
a literature procedure.6d Other reagents were purchased from Aldrich Chemical Company.
Tetrahydrofuran (THF) was distilled from sodium/benzophenone. Dichloromethane was dis-
tilled from CaH2. Analytical thin-layer chromatography was performed on Merck glass-backed
pre-coated plates (0.25 mm, silica gel 60, F-254). Visualization of spots was effected by
treatment of the plate with a 2.5% solution of anisaldehyde in ethanol containing 6% H2SO4 and
2% acetic acid followed by charring on a hot plate. Flash column chromatography was
performed on Merck silica gel 60 (230–400 mesh). Solutions were concentrated using a rotary
evaporator at 30–150 mm Hg. Melting points are uncorrected. NMR spectra were recorded in
CDCl3 solution. Proton NMR spectra were recorded at 300 MHz using residual CHCl3 (7.24
ppm) as an internal standard. 13C NMR spectra were recorded at 75.0 MHz using the center line
of the CDCl3 triplet (77.0 ppm) as an internal standard. All products were judged to be greater
than 95% pure on the basis of 1H and 13C NMR analysis. Diastereomer ratios were determined
by GC/MS and confirmed by 1H and 13C NMR analyses.14 Mass spectra were obtained from the
Mass Spectrometry Lab in the Department of Chemistry at The University of Arizona, Tucson,
AZ. Elemental analyses were carried out by Desert Analytics, Tucson, AZ.

3.1. (2R,3R)-8,8-Dimethyl-2,3-diphenyl-7-p-tolyl-1,4-dioxaspiro[4.4]non-6-ene 6

To a well stirred solution of 4,4-dimethyl-3-p-tolylcyclopent-2-enone 56d (341 mg, 1.70 mmol)
in dry benzene (30 mL) were added (R,R)-hydrobenzoin12 (548 mg, 2.56 mmol) and pyridinium
p-toluenesulfonate (43 mg, 0.17 mmol). The mixture was heated to reflux under argon and water
was removed azeotropically by means of a Dean–Stark trap. Progress of the reaction was
monitored by TLC. After 36 h the reaction mixture was cooled, diluted with ether (50 mL),
washed with sat. aq. NaHCO3 solution (20 mL), sat. aq. NaCl solution (20 mL), dried (MgSO4),
and filtered. Volatiles were removed in vacuo and the residue was chromatographed on silica gel
eluted with 4% EtOAc/hexanes, affording 6 (563 mg, 1.42 mmol, 83%) as a colorless oil
homogeneous by TLC, Rf 0.80 (10% EtOAc/hexanes); [a ]25

D=11.9 (c 1.5, CHCl3); 1H NMR d

7.36–7.26 (m, 12H), 7.18 (d, J=7.8 Hz, 2H), 5.94 (s, 1H), 4.78 (dd, J=6.9, 9.6 Hz, 2H), 2.46
(dd, J=11.1, 24.6 Hz, 2H), 2.38 (s, 3H), 1.4 (s, 3H), 1.34 (s, 3H); 13C NMR d 158.1, 137.4,
137.0, 136.9, 133.3, 128.7, 128.4, 128.4, 128.2, 127.8, 126.7, 126.7, 126.6, 117.7, 85.6, 85.4, 54.0,
44.9, 28.9, 28.2, 21.2; HRMS (FAB+) calcd for C28H29O2 (M+H+) 397.2168, found: 397.2167.

3.2. (1S,5S,4 %R,5 %R)-2,2-Dimethyl-1-p-tolyl-4 %,5 %-diphenylspiro[bicyclo[3.1.0]hexane-4,2 %-[1,3]-
dioxolane] (7a) and (1R,5R,4 %R,5 %R)-2,2-dimethyl-1-p-tolyl-4 %,5 %-diphenylspiro[bicyclo-
[3.1.0]hexane-4,2 %-[1,3]dioxolane] 7b

To a well-stirred solution of 6 (500 mg, 1.26 mmol) in CH2Cl2 (10 mL) at 0°C was added
Et2Zn (2.5 mL of a 1 M solution in hexanes, 2.5 mmol) via syringe. After 15 min CH2I2 (305
mL, 1.01 g, 3.79 mmol) was added and the reaction mixture was stirred at 0°C for 2 h. Saturated
aq. NaHCO3 solution (5 mL) was then added slowly and the mixture diluted with CH2Cl2 (20
mL). The organic layer was separated, washed with sat. aq. NaCl solution (10 mL), dried
(MgSO4), and filtered. Volatiles were removed in vacuo and the residue was chromatographed
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on silica gel eluted with 4% EtOAc/hexanes, affording a mixture of 7a and 7b (471 mg, 1.15
mmol, 91%) as a colorless oil homogeneous by TLC, Rf 0.81 (10% EtOAc/hexanes); [a ]25

D=−9.96
(c 2.3, CHCl3); 1H NMR d 7.39–7.30 (m, 10H), 7.26–7.22 (m, 2H), 7.14 (d, J=7.8 Hz, 2H), 4.77
(dd, J=8.7, 14.4 Hz, 2H), 2.36 (s, 3H), 2.08 (dd, J=3.0, 11.7 Hz, 1H), 1.94 (dd, J=14.1, 19.2
Hz, 2H), 1.78 (dd, J=3.6, 5.1 Hz, 1H), 1.16 (s, 3H), 1.01 (s, 3H), 0.89 (dd, J=5.4, 8.4 Hz, 1H);
13C NMR d 137.6, 137.1, 137.1, 136.2, 130.7, 128.4, 128.4, 128.4, 128.2, 128.2, 126.8, 126.7,
118.1, 85.1, 85.0, 48.2, 41.7, 40.0, 31.4, 27.4, 25.1, 21.1, 14.2; HRMS (FAB+) calcd for C29H31O2

(M+H+) 411.2324, found: 411.2314.

3.3. (1S,5S)-4,4-Dimethyl-5-p-tolylbicyclo[3.1.0]hexan-2-one 8

To a solution of 7a/7b (400 mg, 0.98 mmol) in methanol (20 mL) at room temperature was
added 10% aqueous HCl (2 mL). Progress of the reaction was monitored by TLC. After 90 min
the mixture was poured into sat. aq. NaHCO3 solution (20 mL) and extracted with ether (3×50
mL). The combined extracts were dried (MgSO4), and filtered. Volatiles were removed in vacuo
and the residue was chromatographed on silica gel eluted with 18% EtOAc/hexanes, affording
8 (165 mg, 0.77 mmol, 79%) as a cream-colored solid, mp 56–57°C, homogeneous by TLC, Rf

0.42 (20% EtOAc/hexanes); [a ]25
D=−16.1 (c 2.6, CHCl3); IR (KBr) 1717 cm−1; 1H NMR d 7.18

(d, J=8.1 Hz, 2H), 7.11 (d, J=8.1 Hz, 2H), 2.33 (s, 3H), 2.20 (d, J=17.4 Hz, 1H), 2.10 (d,
J=9.0 Hz, 1H), 1.88 (d, J=18.0 Hz, 1H), 1.57 (dd, J=3.0, 4.8 Hz, 1H), 1.39–1.34 (m, 1H), 1.21
(s, 3H), 0.91 (s, 3H); 13C NMR 213.0, 137.1, 135.0, 130.3, 128.7, 48.0, 47.0, 38.8, 35.1, 28.3, 24.1,
21.0, 20.6. Anal. calcd for C15H18O: C, 84.07; H, 8.47. Found: C, 84.13; H, 8.54.

3.4. S-(−)-b-Cuparenone (−)-36d

Lithium metal (56 mg, 8.0 mmol) was placed in a flame-dried 50 mL round-bottomed flask
under argon. Ammonia (about 20 mL) was condensed into the flask and a solution of
cyclopropane 8 (170 mg, 0.79 mmol) and t-BuOH (0.5 mL) in dry ether (10 mL) was added via
syringe. The mixture was allowed to reflux for 15 min and then solid NH4Cl (1 g) was added.
The ammonia was allowed to evaporate and the remaining solution was diluted with ether (40
mL) and filtered. Volatiles were removed in vacuo and the residue was chromatographed on
silica gel eluted with 8% EtOAc/hexanes, affording (−)-3 (146 mg, 0.68 mmol, 85%) as a
colorless oil homogeneous by TLC, Rf 0.43 (20% EtOAc/hexanes); [a ]25

D=−42.1 (c 2.8, CHCl3),
lit.7b [a ]29

D=−42 (c 0.7, CHCl3); 1H NMR d 7.20 (d, J=8.4 Hz, 2H), 7.13 (d, J=8.4 Hz, 2H),
3.13 (d, J=18.3 Hz, 1H), 2.37–2.26 (m, 3H), 2.33 (s, 3H), 1.42 (s, 3H), 1.22 (s, 3H), 0.72 (s, 3H);
13C NMR d 218.1, 141.2, 135.7, 28.6, 126.4, 52.4, 50.6, 47.7, 41.7, 26.2, 24.4, 24.0, 20.7.

3.5. S-(−)-Cuparene (−)-1

To a solution of 8 (100 mg, 0.47 mmol) in diethyleneglycol (2 mL) and ethylene glycol (0.5
mL) was added anhydrous hydrazine (98%, 146 mL). The mixture was heated to 185°C for 2 h,
cooled to 70–80°C, and sodium (86 mg, 3.8 mmol) in diethyleneglycol (0.5 mL) was added. After
refluxing for 4 h the reaction mixture was poured into ice water (20 mL) and extracted with
ether (2×25 mL). The combined extracts were washed with sat. aq. NaCl solution (10 mL), dried
(MgSO4), and filtered. Volatiles were removed in vacuo and the residue was chromatographed
on silica gel 60 (230–400 mesh) eluted with hexanes, affording pure (−)-1 (71 mg, 0.36 mmol,
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76%) as a colorless oil homogeneous by TLC, Rf 0.72 (hexanes); [a ]25
D −58.3 (c 0.3, CHCl3), lit.3b

[a ]D −63 (c 1.6, CHCl3), lit.5b [a ]20
D −59.6 (c 1.9, CHCl3); 1H NMR (CDCl3) d 7.24 (d, J=7.8 Hz,

2H), 7.09 (d, J=7.8 Hz, 2H), 2.54–2.44 (m, 1H), 2.32 (s, 3H), 1.84–1.63 (m, 4H), 1.59–1.50 (m,
1H), 1.26 (s, 3H), 1.06 (s, 3H), 0.56 (s, 3H); 13C NMR (CDCl3) d 144.5, 134.7, 128.2, 126.9, 50.2,
44.2, 39.7, 36.8, 26.4, 24.4, 24.3, 20.8, 19.8.
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