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Synthesis of Homochiral o-Cyperone via
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Abstract: The title sesquiterpene was obtained in a five-step synthesis starting from an achiral
substrate: oxycarvone. Enantioselectivity is due to a phenylalanine-catalyzed intramolecular aldol
reaction.

a-Cyperone 1 and o-cpicyperone 2 are widely used chiral materials for the synthesis of other eudesmane
sesquiterpene derivatives.! Whereas (-)-o-cpicyperone can be very casily synthesized? from (+)-dihydro-
carvone 3, there are but a few synthetic methods yielding a-cyperone, all involving diastereoselective
transformations of chiral building blocks.3
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As already emphasized,? there is a pitfall when starting from dihydrocarvone 3, which stands as the
obvious starting point, since Robinson annelation invariably leads, through axial attack onto the enolate double
bond, almost exclusively to octalones exhibiting a frans relationship between the ring substituents, thus
providing direct access to epicyperone 2 but not to cyperone 1:
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Compared with previous reports, the five-step synthesis (cf. Scheme 1) we present here shows two original and
useful features: (i) the synthesis of cyperone begins with an achiral substrate: oxycarvone 4, (ii) chiral catalysis
is responsible for the enantioselective formation of the target-molecule.
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Oxycarvone 45 was reacted with 1-penten-3-one (50°C, HyO/MeOH 3/1,48h, 81%) and the addition
yielded both adducts § and 6 in a 60/40 relative ratio. This stereochemical course cannot be attributed to a
thermodynamical control because no exchange reaction was observed when the ethyl vinyl ketone adduct of
2-methyl-1,3-cyclohexanedione was treated with methyl vinyl ketone (5 equiv) under the same experimental

conditions as above:
[o] O
Et + HXLC=CHCOMe —ff—» <1</\'(Mo + HC=CHCOEt
o] o o] (o]

Most likely, the contrast between the reactivity of the enol forms of dihydrocarvone 3 and oxycarvone 4
should be attributed to conformational differences; for instance, the alkyl-3 ketone effectS comes into play in the
case of substrate 4 and might be responsible for the observed absence of stereoselectivity. Anyhow this
stereochemical outcome is greatly beneficial since it makes the adduct with the cis relationship between the ring
substituents now available.

We described” previously the enantioselective intramolecular aldol reaction which occurs when
triketones 5 and 6 are heated in the presence of (S)-phenylalanine® and 1N HC1O4 in acetonitrile (reflux,
6 days, 90%). Enediones 7 and 8 were separated by silica gel column chromatography (pentane/ether 80/20)
and showed enantiomeric excesses about 90-95% (!H NMR measurements with Eu(hfc)3).? Compound 7 {(mp
60°C, [a]P20 = +31.3 (c=0.7, dioxane)} was obtained in enantiomerically pure form after one crystallization
from pentane. Enedione 7 (5.6 mmol) was thus treated with sodium borohydride (2.1 mmol) (0°C, EtOH, 91%)
and yielded alcohol 9 {(mp 39°C, [¢]P20 = +78.7 (c=0.5, dioxane)}.

Deoxygenation of alcohol 9 was first attempted by reducing its tosylate derivative. To this end,
compound 9 (R = OH) was treated with p-toluenesulfonic chloride in pyridine and transformed in the
corresponding p-toluene sulfonate {(mp 121°C, [Pz = +42.5 (c=1, dioxane)}. However reduction of this
tosylate either by the Zn/Nall0 system or by LiAlH4!! was unsuccessful.

Finally alcohol 9 was conveniently deoxygenated by using the method described by Barton and
Mc Combie!2: reduction of thiocarbonylimidazole derivatives by tributyltin hydride. An attempt of deoxygenate
alcohol 9 via its S-methyldithiocarbonate was unsatisfactory because the preparation of this derivative required
very basic conditions and therefore led to formation of many isomers which are likely to result from double
bond migration and/or epimerization of the isopropenyl-bearing stereogenic center.

Alcohol 9 reacted with 1,1'-thiocarbonyldiimidazole (2 eq.) in 1,2-dichloroethane (reflux, 3h, 86%)
and afforded imidazolide 11 {(mp 88°C, [a]P2 = +80.2 (c=0.5, CHCl3)}. Reduction by tributylstannanc
proceeded smoothly to give the desired sesquiterpene.!? Thus (+)-a-cyperone 1 resulted from treatment of
imidazolide 10 by tributyltin hydride (1.5 equiv, toluene, reflux, 2h, 82%) and was obtained in an optically
pure form : [a]Pag = +87.9 (c=1.5, CHCl3) and +79.2 (c=1, dioxane), lit.: [a]P2g = +91.1 (c=0.7, CHCl3)38
and +81 (c=0.09, dioxane)14.
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Scheme 1

Owing to the good overall yield and convenience of the procedures described here, this first example of
a genuinely enantioselective synthesis of (+)-a-cyperone 1 should make this sesquiterpene a still more useful
starting chiral block for asymmetric syntheses.



10.
11,
12.
13.
14.

C. AGaMi et al.

REFERENCES AND NOTES

For representative examples, see: Murai, A.; Abiko. A.; Ono, M.; Masamune, T., Bull. Chem. Soc. Jpn.,
1982, 55, 1191; Murai, A.; Ono, M.; Abiko, A.; Masamune, T., Bull. Chem. Soc. Jpn., 1982, 55,
1195; de Broissia, H.; Levisalles, J.; Rudler, H., Bull. Soc. Chim. Fr., 1972, 4314; Klein, E.; Rojahn,
W., Tetrahedron Lett, 1970, 279; Marshall, J.A.; Pike, M.T., J. Org. Chem., 1968, 33, 435; Barett,
H.C,; Biichi, G., J. Am. Chem. Soc., 1967, 89, 5665; Cheity, G.L.; Rao, G.S.; Dev, S.; Banerjee,
D.K., Tetrahedron, 1966, 22, 2311; Hikino, H.; Susuki, N.; Takemoto, T., Chem. Pharm. Bull.,
1966, 14, 1441; Halsall, T.G.; Theobald, D.W.; Walshaw, K.B., J. Chem. Soc., 1964, 1029;
Marshall, J.A.; Fanta, W.L; Bundy, G.L., Tetrahedron Lett, 1965, 4807; Pinder, A R.; Williams, R.A.,
J. Chem. Soc., 1963, 2773.

Howe, R.; Mc Quillin, EJ., J. Chem. Soc., 1958, 2423,

(a) de Groot, A.; Jansen, BJ.M.; Haaksma, A A., Tetrahedron, 1992, 48, 3121; (b) Duhamel, P.;
Hennequin, L.; Poirier, J.M.; Tavel, G.; Vottero, C., Tetrahedron, 1986, 42, 4777; (c) Caine, D.;
Gupton, J1.J., J. Org. Chem., 1974, 39, 2654; (d) Greene, A.E.; Muller, J.C.; Ourisson, G.,
Tetrahedron Lett, 1971, 4147, (e) Piers, E.; Cheng, K.F., Can. J. Chem., 1968, 46, 377.

Heathcock, C.H.; Graham, S.L.; Pirrung, M.C.; Flavac, F.; White, C.T. in The Total Synthesis of
Natural Products; ApSimon, J.E. Ed.; Wiley: New York; Vol.5, 1983, p.129.

Huffman, J.W.; Hillenbrand, G.F., Tetrahedron, 1981, 37, 269

Eliel, E.L.; Allinger, N.L.; Angyal, S.J.; Morrison, G.A., Conformational Analysis;, Interscience: New
York. 1965, pp.113-114,

Agami, C.; Meynier, F.; Puchot, C.; Guilhem, J.; Pascard, C., Tetrahedron, 1984, 40, 1031; see also:
(a) Hajos, Z.; Parrish, D., J. Org. Chem., 1974, 39, 1615; (b) Danishefsky, S.; Cain, P., J. Am.
Chem. Soc., 1976, 98, 4975.

As regards enantioselectivity, phenylalanine is a much better catalyst than proline when the intramolecular
aldol reaction involves an ethyl ketone moicty; for an explanation based on the intermediacy of an
enamine, see p.502 in: Agami, C., Bull. Soc. Chim. Fr., 1988, 499.

Absolute configuration of enedione 7 was previously assigned on the basis of circular dichroism data.6
The present synthesis of the known (+)-a-cyperone 1 from compound 7 definitely confirm this
assignment.

Fujimoto, A.Y.; Tatsuno, T., Tetrahedron Lett., 1976, 37, 3325.

Krishnamurthy, S.; Brown, H.C,, J. Org. Chem., 1976, 41, 1615.

Barton, D.H.R.; Mc Combie, S.W., J. Chem. Soc., Perkin I, 1975, 1574,

All compounds gave satisfactory (1H and 13C NMR) spectral data and elemental analysis.

Djerassi, C.; Riniker, R; Riniker, B., J. Am. Chem. Soc., 1956, 78, 6362.



