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BAKER'S YEAST HYDROGENATION OF CARBONYL ACTIVATED DOUBLE BONDS.
ENANTIOSELECTIVE SYNTHESIS OF THE (S)-FORM OF THE DIHYDROTERPENEDIOL SECRETED BY
DANAUS CHRYSIPPUS AND OF A PHEROMONE OF CALLOSOBRUCHUS CHINENSIS L.

* *
Paola GRAMATICA, Giuseppe GIARDINA, Giovanna SPERANZA,+ and Paolo MANITTO

Dipartimento di Chimica Organica e Industriale, Universitad di Milano and Centro
per lo Studio delle Sostanze Organiche Naturali del CNR, Via Venezian 21, 20133-
Milano, Italy

1'Centro Studi Maria Branca, Via E. Porro 1, 20158-Milano, Italy

The (S)-forms of (E)-3,7-dimethyl-2-octene-1,8-diol (secreted by
male danaid butterflies) and of (E)-3,7-dimethyl-2-octene-1,8-dioic
acid (a pheromone of the azuki bean weevil) were synthesized via
stereoselective hydrogenation by baker's yeast of the carbonyl
activated double bond of achiral precursors.

(E)-3,7-Dimethyl-2-octene-1,8-diol (dihydroterpenediol, 1) was isolated by

Meinwald et al. as one of the major components of the hairpencil secretion of male

danaid butterflies (Danaus chrysippus, commonly called "the African Monarch");1)

its absolute configuration, however, remained unknown. To our knowledge, no report

has so far been published on the preparation of 1,in one enantiomerically pure
2) 1,3)

In this paper we report two independent syntheses of (S)-1, both based on the

form, although a number of syntheses have been performed giving racemic‘l.
stereoselective reduction by baker's yeast of a carbonyl activated double bond.
Previous findings that a-methyl-o,B-unsaturated aldehydes (alcohols or acetals)

are reduced by Saccharomyces cerevisiae to give the corresponding a-methyl saturat-

ed alcohols4) prompted us to utilize such a biological hydrogenation in order to
obtain enantiomerically pure (S)—JF) from 8-acetoxy-2,6-dimethylocta=2(E),6(E)-di~
enal Qﬁ). This compound was in turn prepared from geraniol Q%), an achiral and
readily available material, through the acetylation (Ac20 in dry Py) and subse-
quent oxidation of the resulting 3 with SeO2 in EtOHG) (36% overall yield from
3).7'8) The protection of the allylic hydroxyl group inlg was retained to avoid
the hydrogenation of the adjacent double bond, which occurs in the yeast catalysed
conversion of geraniol Q%) into (R)~-(+)-citronellol gg).g)
Reduction of 4 by baker's yeast (3 g educt, 1 kg yeast, 3 1 H20' 3dat r.t.),
followed by ether extraction, afforded a crude product, which was then treated
with alcoholic KOH (5%) for 4 h at 40 °C. After flash chromatography (silica gel-
AgNO3 5%; hexane:EtOAc 1:2 as eluent) (S)fljo) )

@]gs -9.1° (c 4.6, CHC13); e.e. > 97% as estimated by a comparison of its rotatory
power with that of (S)jl prepared from'Z as described below (see Scheme 1).

was isolated in 20% yield:
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Scheme 1.

Methyl- (S)~8~hydroxy-3,7-dimethyl-2(E) -octenoate (7) was obtained by baker's

12) (fermentation conditions as mentioned above; ether

yeast hydrogenation of
extraction; flash chromatography silica gel—AgNO3 10%, hexane:EtOAc 1:1 as eluent;
35% yield):' ") [a)3! -10.1° (c 2.4, cHC1); IR (liquid film): 3420, 1715, 1650

em™'; Tu-NMr (cDC1,, §, TMS): 0.9 (2H, 4, J=6 Hz, 7-CH,), 1.0-2.2 (7H, m, CH,

3'
and CH), 2.18 (3H, d, J=1 Hz, 3-CH,), 2.28 (1H, s, OH), %544 (2H, &, J=6 Hz,
CH,OH), 3.65 (3H, s, OCH), 5.65 (1H, q, J=1 Hz, =CH); '2C-NMR (CDCl,, §, TMS):

16.4 (7-CH3), 18.6 (3-CH3), 24.8 (c-5), 32.7 (c-6), 35.6 (C-7), 41.0 (C-4), 50.6
(OCH3), 68.0 (c-8), 115.1 (c-2), 159.9 (C-3), 167.0 (C-1).
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The conversion (PDC oxidation in DMF13) followed by HCl-hydrolysis of the mono-
methyl ester) of 7 into the diacid (S)-8 (65% yield, [a]2! +11.2° (c 0.66, crc1,)), ™™
whose absolute configuration and optical activity were interrelated by Mori et
gl.15) through unambiguous asymmetric synthesis and accurate estimation of the
e.e. of the product, clearly defines the (S)-configuration and the enantiomeric
excess (> 97%) of 7.

LiAlH reduction of 7 gave (S)-1 (82% yield; {a] -8.9° (¢ 1.55, CHC13)).

The dlac1d 8 is also known as callosobruchusic acid in that it is a component

16)

of the copulation release pheromone (erectin) of the azuki bean weevil (Calloso-

17)

bruchus chinensis L.). The absolute configuration of the naturally occurring

8 is still unknown. Although both enantiomers of 8 were found to be biologically
active, the potency of the (S)-form appeared higher than that of its antipode and
significantly closer to that of the natural pheromone.15)
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