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Abstract: Racemic 2-(6-m-methoxyphenyl-3-oxohexyl)-2,4,5-trimethylcyclopenta-1,3-dione 3
was synthesized and resolved by reduction with Schizosaccharomyces pombe (NRRL Y-164) to
give (-)-4 and (+)-5 in 42 and 36% yields, respectively. Copyright © 1996 Elsevier Science Ltd

Previously we reported the preparation of 1 and microbial reduction of the prochiral 2-(6-m-methoxyphenyl-
3-oxohexyl)-2-methylcyclopenta-1,3-dione with Schizosaccharomyces pombe (NRRL Y-164) to give (+)-2f-
methyl-2a-(6-m-methoxyphenyl-3-oxohexyl)-3B-hydroxycyclopentanone in 65% yield?.

Racemic 2,4,5-trimethylcyclopenta-1,3-dione 2 was prepared from condensation of meso-2,3-dimethyl
succinic acid and propionyl chloride in the presence of A1C133. Compound 24 is present in the enol form as
evidenced from its 1H-NMR spectrum, a methyl singlet at 3 1.55 and two methyl doublets overlapping at & 1.07
(/ =7.2 Hz). Subsequent condensation of 1 and 2 gave racemic 2-(6-m-methoxyphenyl-3-oxohexyl)-2,4,5-
trimethylcyclopenta-1,3-dione 35. When 3 was exposed to S. pombe (NRRL Y-164)%, (-)-4 and (+)-5 were
isolated in 42 and 36% yields, respectively.

Compound (-)-47, colorless oil with [a]D24= -44.0(c=1.0, CHCl), has a molecular formula C,;H3,0, as
deduced from its HREIMS m/z 346.2139 (calcd 346.2144). Its IR absorption at 3450 cm™! and a carbinoyl
proton signal at 8 3.45 (d, J =9.4 Hz) in the !H-NMR spectrum support the presence of a secondary hydroxyl
group on the five-membered ring. That compound (-)-4 is resistant to the Oppenauer oxidation but oxidizable by
Jones reagent8 to (-)-3 supported this suggestion. In addition, the 2-Me carbon signal (8 16.27) appearing more
upfield than that of 3 (§ 19.57), both identified by HETCO and HMQC spectra, respectively, suggested further
v-gauche effect by 3B-OH present in (-)-4. The enhancement of 4-Me signal (3 1.16, d) upon irradiation of H-3
(& 3.45) built up their cis relationship. This irradiation also located H-1' (8 1.76 and 1.72, each dt) and H-2'
(8 2.40, 1). These analyses and later described correlation for stereochemistry determined (-)-4 as (2R, 35, 4R,
5R )- 2-(6-m -methoxyphenyl-3-oxohexyl)-3-hydroxy-2,4,5-trimethylcyclopentanone. This assignment agrees
well with the fact that this microorganism reduced the C-3 carbonyl in 3, corresponding to C-17 in steroid
nucleus, to 17B-OH29,
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Compound (+)-§ 10, [(t]D25 = +93.0(c= 1.0, CHCl3), mp. 65-66° C, has a molecular formula C5;H;3,0, as
deduced from its HREIMS m/z 346.2142 (calcd 346.4144). Its IR absorption at 3510 and 1730 cm! suggested
hydroxyl and a ketone functions. The 13C-NMR spectrum revealed a sole carbonyl carbon (§ 220.5), a
dioxygenated carbon (8 101.6, s) and an oxygenated methine (3 69.2, d) which couples directly to a carbinoyl
proton (8 3.65), identified by a HMQC spectrum. The molecular formula of (+)-5 provides seven ring and
double bond equivalents while six of which were easily identified from the presence of an aryl ring, a carbonyl
group and the five-membered ring in the molecule. The HMBC spectrum (Figure 1) showed that the
dioxygenated carbon coupled to 6-Me singlet (5 0.93) and 9-methyl doublet (5 1.07), and the carbonyl carbon
coupled to 6-Me and 8-Me. This afforded the exact substitution pattern for the five-membered ring and the
dioxygenated carbon to be a hemiketal carbon ether-linked likely to C-3 to form a pyran ring accounting for
the seventh equivalent. This suggestion was supported by the coupling pattern of the carbinoyl proton (H-3, &
3.65, ddt, J =10.5, 1.7, 6.2 Hz) which indicated H-3 to be an axial proton coupling to the flexible C-1' protons
(3 1.38) (J =6.2 Hz), and the axial proton (§ 0.95) (/ =10.5 Hz) and equatorial proton (5 0.84) (/ =1.7Hz) of C-
4, clarified by a COSY-45 spectrum. Based on these analyses and supported by the X-ray diffraction analysis!!
(Figure 2) which also proved its essential optical purity, the structure of (+)-5 was established unequivocally as
(1S, 3R, 6R, 8S, 95 )- 1-hydroxy- 3-(3-m -methoxyphenylpropyl)-6,8,9-trimethyl-2-oxabicyclo[4,3,0]nonan-7-
one.

Figure 1. Major HMBC correlations for (+)-5 (

MeO”f \>J

The Jones oxidation of (-)-4 gave (-)-3 with [a]D24= -61.5 (c= 1.0, CHCl), while oxidation of (+)-5 gave
(+)-3 with [a]D“= +61.0 (c= 1.0, CHCl5). This chemical correlation and insignificant difference of specific
rotation for (-)- and (+)-3 provided solid support for the stereochemistry and optical purity of (-)-4 as shown.

From above result, it is shown that successful resolution of (+)-3 was achieved by reduction with S. pombe
(NRRL Y-164) with the yield of 42% for (-)-4 and 36% for (+)-5, respectively. This result also indicated that
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the microbial reduction of the carbonyl function corresponding to C-17 of steroid in (+)-3 by this
microorganism was not affected by the presence of a vicinal a-methyl group on the cyclopentane ring but was
prohibited by the presence of a vicinal B-methyl substitution. Therefore, the side chain carbonyl function in
(+)-3 was reduced and leading to the formation of hemiketal product of (+)-5.

Currently, we are working on the asymmetric cyclization of the resolved (-)-3 and (+)-3 for the synthesis of
15,16-dimethylated steroid derivatives.
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