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SYNTHESIS BY MICROBIAL REDUCTION OF (§)—l3—HYDROXY—9§,11§—
OCTADECADIENOIC ACID, A DEFENSIVE SUBSTANCE IN RICE
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(§)—l3-Hydroxy—9E,llg—octadecadienoic acid, a defensive
substance in rice, was synthesized with high enantioselectivity

by the reduction of the corresponding ketone with yeasts.

KEYWORDS

asymmetric reduction; microbial reduction;

hydroxy octadecadienoic acid; rice blast disease; ynenone

In 1966, Tallenfl) isolated (R)-13-hydroxy-9%, 11E-octadecadienoic acid (1,
coliolic acid) and (§)—9—hydroxy—10§,l2§—octadecadienoic acid (3, dimorphecolic

acid)z) from the seed o0il of Corioria nepalensis. Isolation of 3 and (8)-13-

hydroxy-9g,llg—octadecadienoic acid (2) as defensive substances against rice
blast disease in rice (Oryza sative L.) was also reported in 1984 by Kato.3)
A recent report of the synthesis of dl-1 and 41-3 by Rao4) prompts us to
describe the total synthesis of 2 based on microbial reduction.

Our strategy for the COOCH COOH
synthesis of 2 and 3 was HO
as follows. i) The cis S—
double bond and the trans R 1 R=—OH
double bond may be introduced 2 R=-wOH 3

by catalytic hydrogenation of the triple bond and Horner Wadsworth Emmons (HWE)
reaction,s) respectively. ii) The introduction of the chiral center in 2 and 3
may be accomplished by asymmetric reduction of the ketone with yeast.

The synthetic intermediate, ynenone (7), was obtained in 30% overall yield
from propargyl alcohol (4) as shown in Chart 1. In the asymmetric reduction of
7 using the microorganisms, the first screening was carried out with forty

6)

species of yeasts. Among these, Saccharomyces acidifaciens and Shizosac-

charomyces octosporus reduced the ketone function to afford the alcohol (8,
[ot][2)7+8.8°(c=l.6, CHCl,)) in 32% and 26% yield, respectively.’) The ynone (9),
in which the double bond rather than the ketone function was preferentially

reduced, was also obtained with both yeasts. In the case of Saccharomyces
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cerevisiae (Baker'’s yeast), 9 was the major product (74%).
cerevisiae Y ]

To estimate the optical purity, 8 was converted to the ester of (-)-a-

)

methoxy-a-trifluoromethylphenylacetic acid (MTPA),8 and the optical purity

was determined by direct comparison with the lH—NMR(4OOMHZ) spectra of the (-)-
MTPA ester of dl-8. The microbial reduction of the o,B-unsaturated ketone to

allylic alcohol had been considered to be difficult,g)

10)

and only a few successful
attempts were reported. There are no precedents to the microbial reduction
of the ynenone function. It is noteworthy that the optical purity of .the
alcohol (8) was over 99% ee in both yeasts. After protection of the hydroxy
group in 8 as the benzoate (92%), the triple bond was partialy hydrogenated,
using the Lindlar catalyst in the presence of pyridine, to yield the cis,trans-
diene (10)11) ([a12°+64.1°(c=1.5, CHCl,)) in 79% yield. The Li-NMR spectrum of

3) 10 was converted into the

10 was in good agreement with the reported value.
target (2)12) 13) in 708 yield.

In the synthesis of dimorphecolic acid (3), the ynenone ester (1l4) was

via 11

synthesized in 48% overall yield from propargyl alcohol (4) as shown in Chart
2. Unlike 7, the reduction of 14, which has the same chromophore as 7, with

Saccharomyces acidifaciens and Shizosaccharomyces octosporus did not give the

target (15). Reduction of 14 with NaBH4 afforded dl-methyl helenynoclate (15)14)
in 95% yield. 15 was converted into dl-3 via 16 and 17 in 72% yield.
HC= C-CH,,OH 4 5 HOCH,~C=C—(CH,),CH,0THP —Hl>  oHC-C=C-(CH,),CO0Me
4 3 13
idi —_ iv _—
_did) 5 CH3(CH2)4W_ (cH,),coome > CH3(CH2)4W= (CH,),COOMe
Y OH
7 8
COOMe . COOMe sy
v) l vi) o vii) y
// P~ -
OCOPh 10 OH 11

CH,y (CH2)4\n/\/E—(CH2)7COOMe
°

i) LiNHz, liqg. NH3, Br(CHz)goTHP. ii) a) Aczo, pyridine; b) Jones oxd.;
C)~CH2N2; d) K2C03, MeOH; e) PDC. iii) CH3(CH2)4COCH2PO(OMe)2, DBU, LiCl.
iv) reduction with yeasts. v) a) PhCOCl, pyridine; b) Lindlar cat./HZ, pyridine.

vi) K,CO MeOH. vii) K CO3, ag. MeOH.
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Chart 1
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— o i) Cr=—r_ ii) =
HC=C CHZOH —_—— CH3(CH2)4 C=C CHZOH ———— CH3(CH2)4 C=C-CHO
[} 12 13
/”Q§yj1\ /‘Qbyzi
iii) — iv) —
— CH3(CH2)I-== (CH2)7COOMe ——— CH3(CH2)4—:=: (CH2)7COOMe
14 15
) COOMe vi) COOMe vii)
V), Bz 2, HO — di-3
16 17
i) LiNHz, liqg. NH3, CH3(CH2)4Br. ii) PCC. iii) (MeO)2POCH2CO(CH2)7COOMe, DBU,
LiCl. iv) NaBH, . v) a) PhCOCl, pyridine; b) Lindlar cat./Hz, pyridine.
vi) K2CO3, MeOH. vii) K2C03, ag. MeOH.
Chart 2
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C13—H), 5.43(1H,
lz—H), 5.97(1H, 44,

Cll—H). MS m/z: 296
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