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Chiral Cyclopentanoid Synthetic Intermediates via
Asymmetric Microbial Reduction of Prochiral
2,2-Disubstituted Cyclopentanediones

Summary: A prochiral distinction by microbial reduction
of 2-propyl- (1), 2-allyl- (4), and 2-propynyl-2-methyl-
1,3-cyclopentanedione (7) with bakers’ yeast provides ef-
ficient access to several chiral cyclopentanoid synthetic
intermediates. A short enantioselective synthesis of
(R)-5-methylbicyclo[3.3.0]oct-1-ene-3,6-dione (17), a pre-
cursor to coriolin (18), from 5 is described.

Sir: Microbial-mediated reactions of synthetic substrates
are useful means of preparing chiral intermediates for
synthetic studies.! The asymmetric microbial reduction
of the carbonyl functional group is a viable preparative
method because of the variety and/or relaxed specificity
of dehydrogenase enzymes available in microorganisms.
Common bakers’ yeast (Saccharomyces cerevisiae) is a
particularly versatile and easy to use microorganism for
this purpose.2  We herein describe the efficient asymmetric
reduction of one of two enantiotopic homomorphic?® car-
bonyl groups (prochiral distinction) in 2,2-disubstituted
1,3-cyclopentanediones by bakers’ yeast. In addition, the
synthetic utility of these readily available chiral interme-
diates is demonstrated by the preparation of (R)-5-
methylbicyclo[3.3.0]oct-1-ene-3,6-dione (17),* a key in-
termediate used in the total synthesis of coriolin (18) by
Trost and Curran.?

The ability of certain enzymes to make prochiral dis-
tinctions is based on the formation of a preferred en-
zyme—substrate complex, which leads to a favored catalytic
reaction for one of two enantiotopic homomorphic groups.
Several 2,2-disubstituted 1,3-diones have been subjected
to microbial reduction with a variety of microorganisms
to provide chiral intermediates.! We chose to study the
series 2-propyl- (1), 2-allyl- (4), and 2-propynyl-2-
methyl-1,3-cyclopentanedione (7) using bakers’ yeast. The
allyl dione 47 and propynyl dione 7 were prepared by al-
kylation of 2-methyl-1,3-cyclopentanedione® (excess 3-
bromopropene or 3-bromopropyne, 1 equiv of 1 N NaOH,
25°C, 64 h, 70-85%). Catalytic hydrogenation of 4 (H,,
PtO, catalyst, 1 atm, 25 °C, 2 h, 98%) gave the propyl
dione 1. The major products of the microbial reduction
of 1, 4, and 7 were the corresponding ketols (see Table I).
The reductions were carried out on a 1-20-g scale with
consistent results. A typical procedure is described as
follows: To a solution of 500 mL of pH 7 phosphate buffer,
150 g of D-glucose, and 4.0 g of yeast extract, warmed at
40 °C, was added 100 g of dry active bakers’ yeast? and
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Table I. Reduction of Prochiral 2,2-Disubstituted
1,3-Cyclopentanediones by Bakers’ Yeast and NaBH,

1, R = CH,CH,CH, 2, R = CH,CH,CH,
4, R = CH,CH=CH, 5, R = CH,CH=CH,
7, R = CH,C=CH 8, R=CH,C=CH

3, R = CH,CH,CH,
6, R = CH,CH=CH,
9, R = CH,C=CH

isolated
ketol yield? recov®
products? of ketol, dione,
entry dione rctn¢ (ratio)® % %
1 1 A 2 60 30
2 1 B 2/8 (6:1), 70 10
racemic
3 4 A 5/6 (10:1) 75 15
4 4 B 5/6 (3:1), 75 5
racemic
5 7 A 8/9 (2:1) 60 25
6 7 B 8/9 (2:1), 60 10

racemic

@ Conditions A: yeast reduction (general procedure
described in the text). Conditions B: dione, 0.1 Min
ethanol, 1.0 equiv of NaBH,, 0°C, 3 h, add 1 N HCl to
pH 2, evaporate in vacuum, aqueous workup with ether,
vacuum distill or flash chromatograg;hy (silica gel, gradient
10-30% ethyl acetate in hexane). The small amounts
of diol products (<5%) formed were not fully charac-
terized. ¢ The ratio of ketol products was determined
by 'H NMR at 470 MHz with a control experiment estab-
lishing a practical limit of detection of 1.5% of isomer.
d The yield reported is the average of three or more reac-
tions and represents percentage conversion. ¢ Longer
reaction times led to complete consumption of dione but
also greater amounts of diol products.

the mixture was stirred at 40 °C for 30 min, after which,
10 g of allyl dione 4 was added dropwise over 30 min. The
mixture was stirred at room temperature 24 h and then
continuously extracted with dichloromethane for 48 h to
provide a crude product which was analyzed by gas chro-
matography (6 ft, 10% SE-30 on 80~100-mesh Chromosorb
W) and found to consist of ketol 5 (70-80% ), unreacted
dione (4) (20-30%), and a small amount of diol'® (<5%).
The ketol 5 was readily purified by vacuum distillation [bp
75 °C (0.2 mm)]. The results of the microbial reductions
are compared with the ketol products formed by reduction
with 1 equiv of NaBH, in Table I. It is interesting to notice
the similar trend of decreased stereoselectivity in both the
microbial and NaBH, reductions in the series, propyl >
allyl > propynyl and the greater sensitivity of the microbial
system to substituent changes.

The enantiomeric composition of the chiral ketols was
determined by analysis of the *H and °F NMR spectra
of the corresponding (+)-a-(trifluoromethyl)benzeneacetic
acid (MTBA) esters.!! In all cases the microbial ketol
products were better than 98% enantiomerically pure.!
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Scheme 1. Chemical Correlation of Chiral Products

b b
0 5 — 2 =— 8

6 —~= 3 =—— 9

10

%(a) 5, 0.3 M in dichloromethane, 2.5 equiv of pyri-
dine, -78 °C, excess O, (until solution turned blue),
workup with cold 1 N HCI and dichloromethane, evapo-
rate in vacuum, add acetone, 0.3 M, 0 °C, add Jones
reagent (ref 15) dropwise, filter through Celite, evaporate
in vacuum, workup with 1 N HCI and ethyl acetate, flash
chromatography (silica gel, 40% ethyl acetate in hexane),
crystallized (ether/hexane), mp 96 °C, 70%; (b) 0.01 equiv
of PtO,, ethanol (0.5 M), H,, 25 °C, 2 h, filtered, evapo-
rate in vacuum, 98%; (¢) 5, 0.1 M in dimethylformamide,
15 equiv of KNO,, 85 °C, 36 h, evaporate in vacuum,
added aqueous saturated NaCl (0.1 M), continuously
extract with dichloromethane 24 h, evaporate in vacuum,
bulb-to-bulb distill [70 °C (0.1 mm], 70%.

The absolute configuration of the chiral ketol 5!% was es-
tablished by correlation with the known lactone 10 by
ozonolysis (excess O, pyridine, dichloromethane, ~78 °C)
followed directly by oxidation with Jones reagent!® (ace-
tone, 0 °C, 15 min) to give the lactone 10 in 70% yield.
The allyl ketol 5 was reduced (PtO, catalyst, H,, EtOH,
25 °C, 2 h, 98%), providing the ketol 2. The propynyl ketol
816 was reduced in a similar fashion to the ketol 2 for
correlation. After several trials,!? a suitable method was
found to cleanly epimerize the hydroxyl group of the allyl
ketol 5 involving treatment of the corresponding tosylate
(p-toluenesulfonyl chloride, pyridine, 25 °C, 64 h, 85%)
with potassium nitrite!® (dimethylformamide, 85 °C, 35
h, 70%) to provide the (2S,3R)-allyl ketol 6. Catalytic
hydrogenation of 6 and 9 gave the same ketol 3. An outline
of the chemical correlation is shown in Scheme I.

To exemplify the utility of these readily available chiral
intermediates in synthesis, we prepared (R)-5-methyl-
bicyclo(3.3.0]oct-1-ene-3,6-dione 17 from ketol 5 (Scheme
II). Protection of the hydroxyl group (tert-butyldi-
methylsilyl chloride, dimethylformamide, imidazole, 4-
(dimethylamino)pyridine catalyst, 60 °C, 16 h, 90%) was
followed by oxidative cleavage of the olefin 111° (KMnO,
catalyst, NalO,, 1:2 t-C;H;OH/H,0, 25 °C, 16 h, 75%) to
provide the carboxylic acid 12. The acid chloride 13 was
prepared in a routine fashion (oxalyl chloride, anhydrous
toluene, 25 °C, 6 h). Two equivalents of a salt-free solution
of methylenetriphenylphosphorane® in toluene was added
slowly to the acid chloride 13 in toluene at —78 °C and after
being stirred for 5 min the mixture was then refluxed for
6 h to accomplish an intramolecular Wittig reaction, pro-
viding, after chromatography (silica gel, 20% ethyl acetate

(12) A control experiment established a practical limit of detection of
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(14) Schwarz, S.; Carl, C.; Schick, H. Z. Chem. 1978, 18, 401.

(15) “Jones reagent” was prepared according to the procedure de-
scribed by Adams, R.; Johnson, J. R.; Wilcox, C. F., Jr. “Laboratory
Experiments in Organic Chemistry”; MacMillan: New York, 1979; p 437.

(16) The propynyl ketols 8 and 9 were separated by chromatography
(silica gel, 10% ether, dichloromethane).

(17) Procedures reported by (a) Cooper, E. L.; Yankee, E. W. J. Am.
Chem. Soc. 1974, 96, 5875 and (b) Bose, A. K.; Lal, B.; Hoffman, W. A.;
Manhas, M. S. Tetrahedron Lett. 1973, 1619 gave very low yields of 6.

(18) Raduchel, B. Synthesis 1980, 292.

(19) Lemieux, R. V.; VonRudloff, E. Can. J. Chem. 1955, 33, 1701.

(20) (a) Bestman, H. J.; Somer, N.; Staab, H. A. Angew. Chem., Int.
Ed. Engl. 1962, 1, 270. (b) Schlosser, M.; Christmann, K. F. Justus
Liebigs Ann. Chem. 1967, 1, 708.

J. Org. Chem., Vol. 47, No. 14, 1982 2821

Scheme 11 ¢

/ 0
oR' n, X,
0 a,b¢ 0, OR de

11, R' = TBDMS 12, X = OH
13, X =0l
14, X = CH = P(C,H,),
OR' 0
<) ==t
15, R' = TBDMS 17

16, R' = H

o

18 (coriolin)

%(a) 11, 0.02 M in 1:2 tert-butyl alcohol, H,O, 3 equiv
of K,CQO,, 4.0 equiv of NaIO,, 0.01 equiv of KMnO,,
25 °C, 16 h, add ethylene glycol to quench excess oxidant,
filter, evaporate in vacuum, acidify residue to pH 4 with
1 N HCI, extract with ethyl acetate, 75%; (b) 12, 0.5 M in
toluene, 2 equiv of oxalyl chloride, 25 °C, 6 h, evaporate
in vacuum,; (c) preceding material, 0.1 M in toluene, -78
°C, add 2.2 equiv of methylenetriphenylphosphorane (0.3
M in toluene) dropwise; (d) preceding solution refluxed 6
h, workup with 1 N HCI and ether, flash chromatograph
{(fc; silica gel, 20% ethyl acetate in hexane), 60%; (e) 15,
0.5 M in tetrahydrofuran, 0 °C, add 1.1 equiv of
n-Bu,N*F~ (1.0 M in tetrahydrofuran) dropwise, 30 min,
workup with aqueous saturated NH,*Cl™ and ether, 85%;
(f) 16, 0.5 M in dichloromethane, 1.5 equiv of pyridinium
chlorochromate, 25 °C, 2 h, add ether, filter, evaporate in
vacuum, fec (silica gel, 20% ethyl acetate in dichloro-
methane), 85%.

in hexane), the enone 15 in 60% yield. The silyl ether
group was cleaved (n-Bu,N*F-, THF, 0 °C, 30 min, 85%)
to provide the alcohol 16. Oxidation of 16 (pyridinium
chlorochromate, dichloromethane, 25 °C, 2 h, 85%) fol-
lowed by chromatography (silica gel, 20% ethyl acetate in
dichloromethane) gave enantiomerically pure enedione 17.
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