Tetrahedron: Asymmetry, Vol. 7, No. 9, pp. 2607-2612, 1996
Pergamon Copyright © 1996 Published by Elsevier Science Ltd
Printed in Great Britain. All rights reserved

PIL: S0957-4166(96)00335-7 0957-4166/96 $15.00 + 0.00

An Efficient Asymmetric Route To Eudesmane Acids.
Total Synthesis Of (+)-12-Hydroxy-a-cyperone, (+)-12-Oxo-a-cyperone And
(+)-3-Oxoeudesma-4,11(13)-dien-12-oic Acid

Zhaoming Xiong, Jiong Yang and Yulin Li*

State Key Laboratory of Applicd Organic Chemistry and Institute of Organic Chemistry, Lanzhou University.
Lanzhou 730000, P.R.China

Abstract: An efficient asymmetric synthesis of (+)-3-oxoeudesma-4,11(13)-dien-12-cic acid 4, (+)-12-
hydroxy-a-cyperone 6 and (+)-12-oxo-a-cyperone 7 from (+)-dihydrocarvone 5 is described, which involves

a novel diastereoselective preparation of (+)-o.-cyperone 8. Copyright © 1996 Published by Elsevier Science Ltd

Sesquiterpenes constitute a group of natural compounds widely distributed in the plant kingdom'. These
kinds of compounds exhibit considerable biological activities such as antiinflamatory?, ichtyotoxic and
cytotoxic®, seed germination inhibitory* and molluscicidal activities** and consequently efficient syntheses of
these compounds are a synthetic challenge that has received much attention in the past decades®.

In recent years a number of eudesmane acids have been isolated from natural sources’. However the synthesis
of this particular kind of compound have received little attention. In association with our synthesis work on
eudesmane-type sesquiterpenes, we have been interested in studying the synthetic approaches to this kind of
compound, in particular the synthesis of compounds with structure as shown in 17, 27 3" and 4”", Herein, we
report the asymmetric synthesis of (+)-3-oxoeudesma-4,11(13)-dien-12-oic acid 4, which was isolated from
Mexican genus Fupatorium™ and X pungens'™, starting from (+)-dihydrocarvone 5°. (+)-12-hydroxy-a-
cyperone 6 and (+)-12-oxo-oi-cyperone 7 are two new l2-oxyfunctionized eudesmane derivatives, isolated
from Artemisia afra”™ and the roots of C. wncata Cunn. ex DC™, respectively. As a part of our work,

compounds 6 and 7 have been obtained as intermediates and their syntheses are also reported.

COOH

COOH

2607



2608 Z. XIONG et al.

Our synthetic strategy can be devided into two sections: first to construct the eudesmane skeleton with the
correct configuration at C-7 and C-10 positions [(+)-o-cyperone 8 and its derivatives are the ideal compounds]
and then to convert it to eudesmane acid by introduction of a hydroxyl group to its C-12 position and further
oxidation of the hydroxyl group. Hence, in our synthesis works on these compounds, (+)-o-cyperone 8 is
needed as a key intermediate.

In the literature, a number of synthetic routes to (+)-a-cyperone 8 have been reported®. But these methods
have shortcomings: yields of some routes are poor™; while some routes with good overall yields (20-40%) are
too long and tedious®*. In order to make our synthetic routes to eudesmane acids more efficient, we have
developed a novel diastereoselective preparation of (+)-c-cyperone starting from (+)-dihydrocarvone 5 with an

overall yield of 50% (scheme). The key step involves an asymmetric Michael addition of chiral imine 9 to ethyl
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Rceagents and conditions: a) R-(+)-a-phenylethylamine. p-TsOH. toluene. reflux. 24 h: b) i. EVK, toluene, 40°C, 24 h. ii.

50% aq. AcOH. toluene. 2 h, 77% from §: ¢} KOH. E(OH. 0°C. 3h. 65%: d) Vilsmeier reagent. 30%H0., CH.Cl -15°C

1h. 61%: €) i. Nal, acetone.r.t., 3h. ii. Cu;O. DMSO, H-0. 50-60°C. 4h. 82% from 13 f) MnO,, CH.Cl,, r.1., 6h, 96%; g)

AgNO;. KOH, EtOH, r.t.. 1h, 79%

scheme

vinyl ketone(EVK). The imine 9 was easily prepared from S and commercially available R-(+)-o-
phenylethylamine by azotropic removal of water in refluxing toluene in the presence of catalytic amount of p-
toluenesulfonic acid'®. Without isolation, the imine 9 reacted with EVK directly in toluene at 40°C"'. After
hydrolysis (AcOH-H,0), the Michael adduct 10 was obtained in 71% diastereomeric excess . The
diastereomeric excess was determined by the integration of 2-methyl protons, which appeared at 8 1.14 ppm
for 10 and & 1.01ppm" for 11 in their 'H NMR spectra, and it can also be determined by the integration of 2-
methyl carbons appeared at & 23.07 ppm for 10 and & 22.04 ppm'? for 11 in their "C NMR spectra. The

mixture of 10 and 11 cannot be separated by flash chromatography. So compound 10 (mixture of 10/11= 6/1)
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required careful cyclization and selective dehydration (KOH/EtOH, 0°C, 3h)" to give enantiomerically pure
(+)-8 and ketol 12", which were easily separated by flash chromatography.

Previously we have reported the introduction of a hydroxyl group to C-12 position of eudesma-4, 11(13)-
dien-3, 9-dione has been achived by an ene-type chlorination as a key step'’. By this method, we successfully
introduced a hydroxyl group to the C-12 position of (+)-o-cyperone 8. On treatment with hydrogen
peroxide/Vilsmeier reagent system'®, 8 was converted to allylic chloride 13 in 61% yield. Compound 13 was
transformed (Nal, acetone) to reactive iodide, which without purification was hydrolyzed (Cu,O, DMSO, H,0)
to (+)-12-hydroxy-a-cyperone 6. Oxidation of 6 with manganese dioxide in methylene dichloride generated
(+)-12-oxo0-a—cyperone 7 in 96% yield. Following the published procedure'’, allylic aldehyde 7 was oxidized
(AgNOs, KOH, EtOH) at r.t. for one hour to acid 4 in 79% yield. The spectral data of the synthetic products

™« T of natural products. Their

are fully consistent with structures 4, 6 and 7 and identical with literature data
specific rotations were first determined.

Thus, the title compounds 4, 6 and 7 were synthesized from dihydrocarvone § with overall yields of 25%,
24% and 19%, respectively. The proposed diastereoselective procedure for (+)-oi-cyperone 8 and the
employment of an ene-type chlorination as a key reaction to introduce a hydroxyl group at C-12 position of
eudesmane derivatives are the core of our efficient synthetic route and they may provide an efficient route to

other natural eudesmane acids.

The synthesis of 1, 2 and 3 from (+)-a-cyperone 8 are in progress.

Experimental

Melting point is uncorrected. For column chromatography, 200-300 mesh silica gel and 60-90°C petroleum
ether (PE) were used. Elemental analyses were performed on an Italian 1106 analyzer. IR spectra were
recorded on a Nicolet FT-170S8X as liquid films. 'H and “C NMR spectra were measured on a Bruker AM-
400 or a Varian FT-80A spectrometer (TMS, CDCl;). Mass spectra were determined on a V.G.ZAB-HS
spectrometer (EI, 70 eV).

(+)-2-Methyl-2-(3-petanonyl)-S-isopropenylhexanone 10

A mixture of (+)-dihydrocarvone 5 (0.94 g), R-(+)-o-phenylethylamine (0.9 g, 1.2 eq.) and p-toleunesulfonic
acid (10 mg) in toleune (15 mL) was heated at reflux under argon with azotropic removal of water for 24 h.
The solution was then cooled in an ice bath, ethyl vinyl ketone (0.55 g, 1.05 eq.) was added with a styringe
under argon and the mixture was stirred and heated at 40°C for 24 h. To the resulted solution, cooled in an ice
bath, a 50% aqueous acetic acid (4 mL) was added and the heterogeneous mixture was stirred at room
temperature for 2 h. The reaction mixture was poured into brine (15 mL) and extracted with ether (3x20 mL).
The organic layer was washed with 10% hydrochloric acid (2x15 mL), water (20 mL), brine (2x15 mL) and

dried (Na,SO,). After removal of the sovents, the oily residue was chromatographed on silica gel eluting with
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PE:ether (15:1) to give the mixture of 10 and 11 in the ratio 6:1 (1.12 g, 77% from 5) as a light yellow oil.
[ofp™ +56.5 (c=1.3, CHCL); IR: v(ecm™) 1708, 1457, 1377, 894; 'H NMR(400 MHz): 8(ppm) 1.05(t, 3H,
1=7.4 Hz), 1.14(s, 3H, 2-Me), 1.74(s, 3H, MeC=C), 4.72, 4.79(each brs, 2H, C=CH,); *C NMR(100 MHz)-
8(ppm) 7.79, 20.63, 23.07, 25.79, 31.60, 35.76, 36.58, 37.27, 43.20, 45.62, 46.90, 110.04, 14721, 211.34,
214.73; EIMS: m/z(%) 236(M", 22), 207(10), 179(15), 152(90), 137(15), 121(30), 109(90), 57(100).

(+)-a-Cyperone 8§

To a solution of 10 (mixture of 10 and 11, 260 mg) in ethanol (10 mL) was added 5% ethanolic KOH at
0°C, and the mixture was stirred at this temperature for 3 h. The reaction mixture was neutralized with acetic
acid. After removal of the solvent, the residue was dissolved in water (10 mL) and extracted with ether (3x20
mL). The organic layer was washed with brine (2x10 mL) and dried (Na;SQ,). The solvent was removed and
the crude products were purified by silica gel chromatography using PE ether (6:1) as eluent to afford 8 (155
mg, 65%) and ketol 12 (30 mg). 8: [aJo™ +112.5 (¢=0.8, CHCIy) [ 1it.”, {a]p"* +111.7 (c=1.2, CHCL)]; 'H
NMR (80 MHz): §(ppm) 1.23(s, 3H, 10-Me), 1.76(s, 6H, 4-Me and 11-Me); 4.79(brs, 2H, 12-H). 12: IR:
(em™) 3515, 3072, 1694; 'H NMR(80 MHz): 8(ppm) 1.02(d, 3H, J= 6.8 Hz, 4-Me), 1.23(s, 3H, 10-Me),
1.68(s, 3H, 11-Me), 4.66(brs, 2H, 12-H).

(+)-12-Chloro-a-cyperone 13

To a well stirred mixture of 8 (170 mg) and 30% H,0, (5 mL) was added dropwise the Vilsmeier reagent'®
(3 mL) in Ch,Cl, (6 mL) in 10 minutes at -15°C under argon, and the mixture was further stirred at this
temperature for 50 minutes. The two-phase reaction solution was separated and the aqueous layer was
extracted with CH,Cl; (2x20 mL). The combined organic fractions were washed with water (2x10 mL), 10%
aqueous Na; SOy (10 mL), brine (2x10 mL) and dried (MgSQO,). After removal of the solvents, the oily residue
was chromatographed on silica gel (eluent: PE:ether 6:1) to yield 13 (120 mg, 61%) as a yellow oil. [a],?
+96.0 (c=1.25, CHCly); IR: (cm™) 1663, 1611; "H NMR(400 MHz): 8(ppm) 1.24(s, 3H, 10-Me), 1.77(s, 3H,
4-Me), 4.19(brs, 2H, 12-H), 5.00, 5.13(each brs, 2H, 13-H); EIMS: m/z(%) 254(M"+2, 32), 252(M", 95),
237(40), 217(65), 195(40), 175(37), 161(35), 136(100); Anal. Calcd for CysHy OCI: C, 71.27; H, 8.37. Found:
C,7094; H, 8.14%.

(+)-12-Hydroxy-a-cyperone 6

A mixture of 13 (80 mg) in acetone (5 mL) and Nal (70 mg) was stirred at room temperature for 3 h. After
removal of the solvent, CH,Cl, (10 mL) was added to the residue and the resulted suspension was filtered. The
filtrate was evaporated to give allylic iodide as a yellow oil. Without purification, the crude iodide was dissolved

in DMSO (3 mL) and water (5 mL), and to this solution was added Cu;O (80 mg). The suspension was stirred
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and heated at 50-60°C for 4 h. After filtering, the solution was extracted with ether (3x15 mL) and the organic
phase was washed with water (2x10 mL), brine (2x10 mL) and dried (MgSO,). The crude product was
purified by silica gel chromatography using PE:ether (5:1) as eluent to afford 6 (60 mg, 82% from 13) as a
colourless oil. [o]p™ +84.0 (¢=1.1, CHCL); IR: v{cm™): 3398(OH), 1659, 1607, '"HNMR (400 MHz): 8(ppm)
1.24(s, 3H, 10-Me) 1.77(s, 3H, 4-Me), 4.19(brs, 2H, 12-H), 5.00, 5.13(each brs, 2H, 13-H); EIMS: m/z(%)
234(M’, 15), 216(83), 201(100), 187(37), 173(40), 159(68), 145(50), 105(55), 91(80).

(+)-12-Oxo-a-cyperone 7

To a solution of 6 (40 mg) in CH,Cl, (5 mL) was added MnO; (0.5 g) and the mixture was stirred at room
temperature for 6 h. After filtering, the filtrate was concentrated and oily residue was chromatographed on
silica gel eluting with PE:ether (5:1) to give 7 (38 mg, 96%) as a yellow oil. [a]p™ +109.1 (c=1.1, CHCL),
IR:v(cm™) 1691, 1662, 1610, 'HNMR (400 MHz): 8(ppm) 1.25(s, 3H, 10-Me), 1.77(s, 3H, 4-Me), 6.07, 6.35
(each brs, 2H, 13-H), 9.57(s, 1H, 12-H): EIMS: m/z(%) 232(M", 28), 217(27), 203(20), 177(100), 161(30),
135(36), 105(48), 91(68).

(+)-3-Oxoeudesma-4,11(13)-dien-12-oic acid 4

To a stirred solution of AgNO; (40 mg) in distilled water (2 mL) was added a solution of 7 (18 mg) in
ethanol (1 mL). Then 0.4 mL of aqueous KOH (2.1 g KOH dissolved in 35 mL of distilled water) was added
dropwise to the mixture, giving immediately a black suspension. After stirring at room temperature for 1 h, the
reaction mixture was filtered and the black silver precipitate was washed with water (5 mL). The filtrate was
acidified (to pH=1) with 10% chlorhydric acid and extracted with CH,Cl, (3x10 mL). The organic layer was
washed with brine (10 mL) and dried (Na,SO4). Silica gel chromatographic purification eluting with PE: ether:
HOAC (6:1:0.05) yielded 4 (15 mg, 79%) as a colourless crystal. [a]p*> +73.9 (¢=0.44, CHCl;); mp 152-153°C;
IR: v(cm™) 3066(br), 1703, 1664, 1623, 1602; "HNMR (400 MHz, C4Ds): 8(ppm) 0.77(s, 3H, 10-Me), 1.89(s,
3H, 4-Me), 5.26, 6.32(each brs, 2H, 13-H). EIMS: m/z(%) 248(M", 95), 233(100), 215(28), 191(35), 137(51),
111(40), 91(65). Anal. Calcd for CysH»0s: C, 72.55; H, 8.12. Found: C, 72.29; H, 8.02%.
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