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Methyl(+)- and (~)-5-chloro-2-oxobicyclo[2.2.1Thept ane-7-anti-carboxyl-
ates, useful intermediates in prostaglandin synthesis, are prepared on a
preparative scale from the racemic compound by two routes using enant-
joselective microbial reduction as a key-step.

Substituted derivatives of bicyclo[2.2.1Jheptane-2-one are
useful intermediates in various syntheses of prostaglan-
dins' ~*, the availability of optically active compounds of
this type being of major importance. Several methods for the
microbial synthesis of chiral compounds have been devel-
oped® 8. The known reduction of bicyclic ketones using
baker’s yeast has also been applied in the field of pros-
taglandins®1°. The bicyclo[2.2.1]heptane-2-one system has
been studied with respect to stereoselective HLAD-catalyzed
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oxidoreductions'!-!? and the diamond lattice section of the
active site of HLADH has been successfuly applied'*'*'? in
these reactions.

We describe here the reduction of methyl (+)-5-chloro-2-
oxobicyclo[2.2.1]heptane-7-anti-carboxylic [(+)-1: readily
available from norbornadiene*] with baker’s yeast (Method
A) and by an optimized procedure using Cundida utilis
(Method B).

The reduction of racemic 1 with baker’s yeast under usual
laboratory conditions gave a mixture of the isomeric
hvdroxyesters 2a and 2b. These hydroxy compounds were
converted into a mixture of the diastereoisomeric benzoates
3a and 3b which could be separated by flash chroma-
tography. Cleavage of the isolated benzoates 3a and 3b was
achieved by treatment with methanolic potassium benzoate
at ambient temperature and the resultant pure hydroxy
compounds 2a and 2b were oxidized with chromium(V1)
oxide/sulfuric acid in acetone (Jones oxidation) to give the
pure compounds (-+)-1and (—)-1, respectively (Method A).
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In order to improve the somewhat laborious procedure of
Method A, we have optimized the reduction using ferment-
ation procedures under carefuly controlled conditions and
various microorganisms**. The best results were obtained
using a strain of Candida utilis (CCY 29-38-18) and stopping
the reaction at 5253 % conversion of racemic 1. Separation
of the mixture of 2 and (—)-1 thus obtained is easy. The
isolated crude compound 2 is oxidized with Jones’ reagent to
give the pure compound (+)-11in 23 % overall yield (Method
B). The *“unnatural” compound (—)-1 is isolated in 33 %
yield. Comparable results are obtained when the reaction is
performed on a 501 fermentation scale.
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The structures of compounds 2a, 2b, 3a, and 3b were
elucidated by N.M.R.-spectral data (Tables 1 and 2). A
discussion of the 'H- and '*C-N.M.R. spectra will be
published separately.

Table 1. 'H-N.M.R. (CDCl;/TMS;,) Chemical Shifts of Com-
pounds 2a, 2b, 3a, and 3b

Proton é [ppm]
2a 2b 3a 3b
1-H 283br.d 278m  294br.d 3.08 11
2-H 3.83ddt  419m  4.80ddd 5.13dddd
3-endo-H 1.87ddd 2.2t ddd 1.94ddd 2.44ddd
3-¢xo0-H 229dddd 094dd 1.85dddd 1.21dd
4-H 2.57dp 2711t 291dp 291 br.d
5-H 3.77br.dt 4.03ddd 3.95dd 4.09 ddd
6-endo-H 1.70br.dd 2.77ddd 2.08 ddd 2.75ddd
6-exo-H 1.56dddd 2.20ddt 2.43dddd 2.36 ddt
7-H 305p 2.54p 3.04p 2.68p
OCH, 3.69s 3.685 3.71s 372s
OH 1.70br.s  1.57br.d - .
0—CO—C4H; - - 7.40-7.48m 7.42-7.50 m
(2H)
7.53-7.61m 7.54-7.62m
(1H)
7.97-8.02m 7.98-8.04m

(2H)

Method A:

Mixture of Methyl (2S,5R,7S)- and (2S5,5S,7R)-5-Chloro-2-
hydroxybicyclo[2.2.1]heptane-7-carboxylates (2a + 2b):

Commercial baker's yeast (20 g) is suspended in water (200 ml),
sacharose (20 g) is added, and mixture is stirred at 30-32°C for 45
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Table 2. Coupling Constants Jy, ; of Compounds 2a. 2b, 3a, and 3b

H,. H, J[Hz]
2a 2b 3a 3b
(2 1,0 3.6 0.9 4.3
1.4 1.2 1.5 1.2 1.4
1 Oentn 1.0 0. 1.6 0.
1,6, 48 48 5.0 43
17 1.4 13 1.4 1.4
2 B nde 7.8 10.0 6.6 10.1
230 32 3.6 2.9 34
27 14 1.3 0. 1.6
Jonder oo 14.7 13.8 14.6 14.3
Jonde 4 0. 5.03 0. 5.1
Bnin 14 0. 14 0.
3 5.0 0 46 0.
B & 0. 0. 1.2 0.
45 15 1.1 1.0 1.2
46,., 12 1.0 i1 1.3
47 14 1.3 14 1.4
5 Bona 6.9 8.0 7.8 7.8
5,600, 2.5 3.4 3.2 3.6
Ounds O 14.0 14.5 14, 14.5
Oumar- 7 0. 1.6 0. 7
O 7 0. 0. 1.4 0.

min. Racemic methyl 5-chloro-2-oxobicyclof2.2.1 heptane-7-anti-
carboxylate (1; 2.0 g, 0.01 mol) is added in one portion and the
mixture is stirred at 28"C for 2-3 days. The progress of reaction is
monitored by T.L.C. (silicagel G; benzene/ethyl acetate/dioxan
90/3/7). The cells are separated by centrifugation or filtration
through Celite®, and are washed with water (100 ml). The oil left
after evaporation in vacuo is taken up in 1,2-dichloroethane (90 ml)
and this solution is dried with sodium sulfate, filtered, and
evaporated. Th crude product (2.4 g) is distilled in vacuo o give a
mixture of 2a and 2b; yield: 1.8 g, 90%); b.p. 105-7°C/31 Pa.
Coll,C105 cale. € 5282 H 6.40

(204.6) found 52.76 6.31

Methyl (2R,SR,75)-2-Benzoyloxy-5-chlorobicyclo[2.2.1]heptane-7-
carboxylate (3a) and Methyl (28,55,7R)-2-Benzoyloxy-5-
chlorobicyclo[ 2.2.1]heptane-7-carboxylate (3b):
The isomer mixture 2a+2b (3.458 g, 16.9 mmol) is dissolved in
pyridine (30 ml) and benzoyl chloride (6.0 g, 43 mmol) is added with
stirring. The reaction is monitored by T.L.C. (silica gel;
benzene/acetone 95/5). The mixture is left at ambient temperature
overnight, then diluted with ether (250 ml). This solution is washed
succesively with water (50 ml), hydrochloric acid (1/1: 2 x 50 ml),
and water (2 x 50 ml), and is dried with sodium suifate. The solvent is
cvaporated and the remaining crude oil is flash chromatographed
(silica gel Merck H; benzene/acetone 99/1) to give the individual
isomers 3a and 3b.
Ci6H,,CI0,  cale. € 5224 HS5S55
{308.8) found for 3a  52.20 5.48

found for 3b  52.31 5.49
Diastereoisomer 3a; yield: 1.88 g (36 %): m.p. 76.5-77.5°C: [«]3™:
+13.47 (¢ = 0.7, methanol).
Diastercoisomer 3b: yield: 2.30 g (44%); m.p. 107-108°C; [=]3%:
+25.37 (c = 0.4, methanol).

Methyl (28,5R,75)-5-Chloro-2-hydroxybicyclo[2.2.1Theptane-7-
carboxylate  (2a) and  Methyl  (25,55,7R)-5-Chloro-2-
hydroxybicyclo[2.2.1]heptane-7-carboxylate (2b):

The benzoate 3a or 3b(5.907 g, 18.5 mmol) is dissolved in methanol
(150 ml), dry potassium carbonate (0.1 g) is added, and the mixture
isstirred for 12 h. DOWEX 50W* (0.5 g) is then added with stirring.
The mixture is filtered, and the ion-exchange resin thoroughly
washed with methanol (2 x 50 ml). The combined organic phases are
evaporated, the crude residue is triturated with heptane (100 ml),
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and the product then crystallized from heptane (250 ml) to pure 2a
(343 g) or 2b. An additional amount of 2a (0.417 g) or 2b is
obtained by flash chromatography of the mother liquor.
CoH3C10;  cale. C 5282 H640
(204.5) found for 2a  52.71 6.31

found for 2b  52.77 6.34
Isomer 2a: yield: 3.85g (Y8%); m.p. 89-91°C; [«]p*: +6.9°
(¢ = 0.4, methanol).
Isomer 2b; yield: 3.84 g (98%); m.p. 89-91°C; [x]3: —20.9°
(¢ = 0.4, methanol).

Methyl (+)- and (—)-5-Chloro-2-oxobicyclo|2.2.1]heptane-7-anti-
carboxylate [(+)-1 or (—)-1, respectively]:

A 2.6 molar solution of chromium(V1) oxide in 8 molar sulfuric acid
(4.5 ml) is added dropwise to a stirred solution of compound 2a or
2b(2.04 g, 10 mmol) in acetone (100 ml) and stirring is continued for
15 min. Excess oxidizing agentis then destroyed by the addition of 2-
propanol (0.5 ml). The green precipitate is filiered off and washed
with acetone (50ml). The combined acetone solutions are
evaporated in vacuo to give the pure product (+)-1 or (—)-1,
respectively.

Isomer (+)-1; yield: 1.91 g (95%); m.p. 105-106°C (from water),
[2]3% +31.97 (¢ = 0.5, methanol).

Isomer (—)-1; yield: 1.89 g (95%); m.p. 105-106°C (from water);
[2]3" —34° {c = 0.4, methanol).

Method B:

Methyl (+)- and (—)-5-Chloro-2-oxobicyclo[2.2.1]heptane-7-anti-
carboxylate [(+)- 1 and (—)-1] by Partial Microbial Reduction:
Microorganism paste of Candida utilis (CCY 29-38-18; 100 g), water
(2300 mi), and standard nutrient broth (60 ml) are placed in a
5000 ml fermentor. The pH value is adjusted to 4 with aqueous
ammonia. During the fermentation, the ethanol content 1s held at
0.1% by the gradual addition of 96% ethanol. The suspension is
aerated in such a manner that an oxygen saturation of 1.1 % at 30°C
is maintained for 1 h. The racemicester (++)-1(15 g, 74 mmol) is then
added in one portion and the progress of the reaction is monitored by
G.L.C. (SE-30). After ~ 3 -4 h (consumption of 52--53% of 1), the
reaction is quenched by the addition of acetone (2000 ml). The
microorganisms arc and washed with acetone (100 ml) and the
combined filtrate is evaporated in vacuo (50°C). The remaining
crude oil (22 g) is diluted with water (10 ml), and extracted with ethyl
acetate (3 x 50 ml). The combined organic phases are evaporated in
vacuo. The residual crude oily product [containing 50.1% (—)-1
and 40.8 % 2a] is flash-chromatographed (silica gel; chloroform and
chloroform/methanol 95/5) to give the crude product (—)-1 [yield:
9g; m.p. 75-80°C; [a]3”: —23.1° (¢ = 0.82, methanol)] and the
crude product 2a [yield: 7.6 g; {o]3°: + 4.24° (¢ = 0.82, methanol)].
The crude compound 2a (7.6 g) is dissolved in acetone (80 ml) and a
2.6 molar solution of chromium(VI) oxide in 8 molar sulfuric acid
(2 ml)is added dropwise, with stirring. Excess oxidizing agent is then
destroyed by the addition of 2-propanol (3 ml). The green precipitate
is filtered off and washed with acetone (80 ml). The combined
acetone solutions are evaporated in vacuo to give the pure product
(+)-1 which is further purified by recrystallization from water
(110 ml); vield: 3.50 g [23% based on (4)-1]; m.p. 105°C; [a)3":
+ 33.0° (¢ = 0.8, methanol).

The crude product (—)-1 is purified by three recrystallizations from
water; yield: 5 g [33 %, based on (+)-1]; m.p. 105-106"C; [a]3"
—33.5" (¢ = 0.8, methanol).

We are indebted to Dr. D. Saman for 250 MHz N.M.R. specira and
their interpretation. This work was done during his stay at University
of Joesuu, Finland.
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** This part of the present work was performed in cooperation with
the Research Institute of Brewery, Prague.
! Mitra, A., The Synthesis of Prostaglandins, John Wiley & Sons,
New York, 1977, p. 97, 213; and references cited therein.

2

SYNTHESIS

Brown, E.D., Clarkson, R., Leeney, T.J., Robinson, G.E. J.
Chem. Soc. Perkin Trans. 1 1979, 150.

3 Beeley, N.R.A., Peel, R., Sutherland, J.K., Holohan, J.J.,

Mallion, K. B.. Sependa, G.J. Tetrahedron Suppl. 1981, 37, 411.
Stibor, .. Pale¢ek, J., Vesely, 1., Standk, I., Capek, K., Kubelka.
V., Mostecky, J. Synthesis 1985, 491.

5 Sih, C.J., Ching-Shih Chen Angew. Chem. 1984, 96, 556; Angew.

-

®

1C
11

12

13

15

Chem. Int. Ed. Engl. 1984, 23, 570.

Jiu, J. Adv. Biochem. Eng. 1980, 17, 36-61.

Bucciarelli, M., Forni, A., Moretti, 1., Torre, G. Svathesis 1983,
897.

Seebach, D., Zuger, M.F., Giovannini, F., Sonnleitner, B.,
Fiechter, A. Angew. Chem. 1984, 96, 155; Angew. Chem. Int. Ed.
Engl. 1984, 23, 151.

Newton, R.F, Paton, I., Reynolds, D.P., Young, S.N., Roberts,
S.M. J. Chem. Soc. Chem. Commun. 1979, 708.

Newton, R.F., Roherts, S. M. Tetrahedron 1980, 36, 2163.
Irvin, A.J., Jones, 1.B. J. Am. Chem. Soc. 1976, 98, 8476.
Nakazaki, M., Hircaki, C., Yasuyuki, S. J. Org. Chem. 1983, 48,
2506.

Prelog. V. Pure Appl. Chem. 1964, 9, 119.

Prelog. V., Helinchen, G. Helv. Chim. Acta 1972, 55, 2581,
Jones, J.B., Beck, J.F. Application of Biochemical Systems in
Organic Chemistry, Part 1, J. B. Jones, C.1. Sih, D. Perlman, eds.,
John Wiley & Sons, New York, 1976, p. 485.

Downloaded by: Glasgow University Library. Copyrighted material.



