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The biodegradation of cholesterol by the Mycobacterium mutant CCM 3528 gave rise to 22-hydro-
xy-23,24-bisnorchola-1,4-diene-3-one (I) as the main product. The identified by-products were
24-norchola-1,4-diene-3,22-dione (1X), androsta-1,4-diene-3,17-dione (XV) and their 4-un-
saturated analogues, X and X VI respectively.

We have previously described' the biodegradation of cholesterol and some other
sterols by new M ycobacterium mutants, viz. species CCM 3528 and CCM 3529,
the former producing 22-hydroxy-23,24-bisnorchola-1,4-diene-3-one (1)* as the main
product and the latter androsta-1,4-diene-3,17-dione (X V). The present paper demon-
strates the structure of the 22-hydroxy derivative I, and describes the isolation and
identification of the characteristic by-products of the biodegradation of cholesterol
by the mutant Mycobacterium sp. 3528. The main product, isolated after the bio-
transformation by crystallization of the crude extract', had the molecular formula
C,,H;,0,. The UV and 'H NMR spectra demonstrated the 1,4-diene-3-oxo group-
ing, the 'H NMR spectrum also revealed the primary hydroxyl group. These findings
are in accordance with the structure of the hydroxymethyl derivative I, i.e. the com-
pounds arising from a partial degradation of the side chain of sterols. The structure
was confirmed by comparing the physical constants with those of I first obtained
by a microbiologic procedure in the biodegradation of sterols by Mycobacterium
species NRRL B-3683 and NRRL B-3805, where it is formed as a by-product in the
preparation of androsta-1,4-diene-3,17-dione*> (XV). Thir-layer chromatography
showed that the product I was always accompanied by a small admixture of a less
polar compound, which was ascribed the structure of the 4-unsaturated 22-hydroxy
derivative II (the hRy values are given in Table 1). Hydrogenation of I in the pre-
sence of a tris(triphenylphosphin)chlororhodium catalyst®~* afferded the 4-un-
saturated derivative I1, whose hRy corresponded to the less polar admixture of I/
in the product I and whose physical constants® agreed with the assumed structure,
The mixture of I and 11 could not be resolved by crystallization or column chromato.

* The names given in the literature are 200t-hydroxymethylpregna-l.4-diene-3-one2 and

(205 )-21-hydroxy-20-methyl-1 ,4-pregnadienc-3-one' 7,
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graphy into the individual compounds. Therefore, the crude I, isolated by chromato-
graphy of the mother liquor after crystallization of the bulk of I and accompanied
by a small admixture of II, was converted into a mixture of acetates. Chromato-
graphy of this mixture, under the conditions specified in the isolation of the 22-ketones
IX and X, gave a pure acetoxy deritative of the compound II. Alkaline hydrolysis
of this acetate gave the 22-hydroxy derivative /I, identical with the product I ob-
tained by selective hydrogenation of the 1-double bond in the compound I.

Oxidation of the 22-hydroxy derivative I by the Jones agent’ gave the 1,4-unsaturat-
ed acid® 111, which was converted by methylation with methanol under acid cata-
lysis into its methyl ester® I'V. An analogous oxidation of II led to acid V, which was
converted in the same way into methyl ester'® VI. The final proof of structures of the
compounds I and I, including configuration on C,,), was obtained as follows:
stigmasta-4,22-diene-3-one (VII) was ozonized into the well-known 20-aldehyde'®
Vi1, whose oxidation by the Jones agent afforded the 4-unsaturated acid V, identical
with the product obtained from the compound II. The methyl ester VI was dehydro-
genated with 2,3-dichloro-5,6-dicyano-1,4-benzoquinone to a product, which proved
identical with the methyl ester IV obtained by the sequence I — III — IV.

CH .
CH, ’ CH; (LHJ
I CH, R CH,/\U COR:
0
(o} Z R!O X
I, R = CH,OH, A'* XI, R! = CH,CO. R* = OH
II, R = CH,OH, A* XII, R! = CH,CO, R? = CI
I, R = COOH, A"* XIII, R' = CH;CO, R? = CH
3 3
IV, R = COOCHj,, A" X1v, R = H, R? = CH,
V, R = COCH, A*
VI, R = COOCHj;, A*
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IX, R = COCH;, A'**
X, R = COCHj;, A*
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The mother liquors after separation of the bulk of I were resolved by thin-layer
chromatography into a number of components, of which three pairs of compounds
predominated. Judging by their hRy values, these pairs consisted of the less polar
4-unsaturated and the more polar 1,4-unsaturated 3-oxo derivatives, the latter
invariably prevailing. This assumption was corroborated by column chromato-
graphy. The most polar pair was found identical with the compounds I and II. The
medium-polarity pair was identified by comparison with authentic samples as
androsta-1.4-diene-3,17-dione (XV) and androst-4-ene-3,17-dione (XVI). The main
lipophilic compound IX was demonstrated by elemental analysis and mass spectro-
metry to have the molecular formula C,,H;,0, (m/z 340). The UV and 'H NMR
spectra showed the presence of a 1,4-diene-3-oxo grouping, the 'H NMR spectrum
also detected a signal at 2:10 ppm (COCH_,,). The presence of a methylketo group
was corroborated even by other values of the mass spectrum. These findings are
in keeping with the unusual structure of 24-norchola-1,4-diene-3,22-dione (IX),
which was not previously found as a biodegradation product. The minor lipophilic
component of the mother liquors is ascribed the structure of 24-norchol-4-ene-3,22-
dione (X); this assignment is based on identical chromatographic behaviour of this
compound and an authentic sample, obtained by selective hydrogenation of the
I-double bond in IX. The structures of compounds /X and X have also been proved
by synthesis. Attempts at preparation of the 22-ketone IX by reaction of the ester IV
with alkaline methylsulphinylmethide!®~'* have ended in failure. Consequently

TaBLE 1

Values of h& on thin layer of silica gel”

Compound S| S2 S3 S4

Cholesterol 56 45 54 62

VI 56 45 58 67
v 51 38 52 57
X 54 40 54 58
X 49 31 48 46
XVI 45 26 45 41
Xv 40 19 38 28
Vv 43 29 42 39
I 37 24 36 30
n 36 18 33 32
1 31 13 27 22

‘>, benzene-acetone (70 :30), S, benzene-ether (60 :40), S; benzene-dioxan-butyl acetate
{74 : 20 : 6), S, benzzne-ether (50 : 50), double elution.
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the following sequence of reactions was carried out: 3B-acetoxy-23,24-bisnorchol-
-5-ene acid (XI) was converted into chloride XII, whose reaction with dimethyl-
cadmium'® afforded 3B-acetoxy-24-norchol-5-ene-22-one'' (X111). Alkaline hydro-
lysis of X111 yielded the 3B-hydroxy derivative'! XIV; the Oppenauer oxidation
of the latter afforded the 3,22-dione''''? X, identical with the compound obtained
by selective hydrogenation of 24-norchola-1,4-diene-3,22-dione (IX).

EXPERIMENTAL

The melting points, determined on a microblock PHMK Waégetechnik Rapido, are not corrected.
The optical rotations were measured in chloroform with an accuracy of 4-3°. Thin-layer chro-
matography was carried out on Silufol UV 254 Kavalier Votice in a saturated chamber, using
systems given in Table I. The column chromatography was run on silica gel Kieselgel 60 (mesh
70—230), E. Merck, Darmstadt, containing 109, of water. The 'H NMR spectra were measured
using a spectrometer BS 487 C (80 MHz) Tesla (Czechoslovakia) in deuteriochloroform,
with tetramethylsilane as internal standard. The chemical shifts are given in ppm. The mass
spectrum was measured in an apparatus MAT 44S MCH 1320 (U.S.S.R.). The identities of the
compounds were confirmed by mixed melting points and infrared spectra. The hydrogenation
was carried out in thiophene-free benzene.

Working up of the Crude Extract Following the Biodegradation

The crude extract (3-9 g), obtained by biodegrading 2:17 g of cholesterol!, was purified with acti-
vated carbon in methanol. The carbon was filtered off, the methanol was distilled off in vacuo
and the residue was twice crystallized from ethyl acetate; yield 1-1 g of the 22-hydroxy derivative I:
m.p. 180—182°C; [x]3* +28° ¢ 0-9. UV spectrum: 4, 247 nm (log ¢ 4-19). "H NMR spectrum:
7-02 (d, 1 H, J = 10-0 Hz, 1-H); 619 (mcd, 1 H, J == 10-0, 2-0 Hz, 2-H); 6:02 (bs, 1 H, 4-H),
3-45 (m, 2 H, —CH,—OH); 212 (s, | H, OH); 1-20 (s, 3 H), 0-71 (s, 3 H) (angular CH3); 1-C0
(d, 3 H, J = 6:0 Hz, 20-CH;). Reported” m.p. 181—183:5°C, [x]p, ~+ 28°.

The mother liquors were chromatographed on a column of silica gel (80 g). Elution with ben-
zene and a mixture benzene—ethyl acetate 98 : 2 gave 0-21 g of the starting cholesterol; elution
with benzene-ethyl acetate mixtures 90 : 10 and 88 : 12 afforded the crude 22-hydroxy derivative /
(03 g), which was crystallized from ethyl acetate; yield 0-2 g of 7, m.p. 181—183°C, [0!]]2)4 +27-5%
(¢ 0-5). The total yield of I was 1-3 g (71%).

Isolation of By-products

After crystallization of the 22-hydroxy derivative I, the mother liquors left from several experi-
ments were combined and taken to dryness. The dry residue (26-4 g) was dissolved in benzene
(100 ml) and chromatographed on a column of silica gel (600 g). Elution with benzene and mix-
tures benzene-ethyl acetate 98 : 2 and 96 : 4 recovered 2:34 g of the unreacted cholesterol, elu-
tion with the same system in the ratio 98 : 10 gave 0-53 g of the 22-oxo derivative X, which was
crystallized from methanol; yield 0-36 g, m.p. 203—205°C; [ot],z)2 -+52:5% (¢ 0-5). UV spectrum:
Jmax 243 nm (log e 4-21). '"H NMR spectrum: 5:65 (bs, 1 H, 4-H); 2:10 (s, 3 H, COCH3); 1-13
(s, 3 H), 0-74 (s, 3 H) (angular CH,); 1-08 (d, 3 H, J = 60 Hz, 20-CH;). Reported!!*1? m.p.
208°C, [«]p -+ 54°.

Elution with benzene—ethyl acetate 88 : 12 gave 1-56 g of the crude /X, which was twice crystal-
lized from methanol; yield 1-21 g, m.p. 222—225°C; [«]3? —21° (c 0-8). UV spectrum: A,
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246 nm (log £ 4:17). 'H NMR spectrum: 7-02 (d, | H, J = 10-0 Hz, 1-H); 6-18 (mcd, J = 10-0,
2:0 Hz, 2-H); 6:02 (bs, 1 H, 4-H); 2-10 (s, 3 H, COCHj;); 1-23 (s, 3 H), 0-78 (s, 3 H) (angular
CHj3): 1-11 (d, 3 H, J =60 Hz, 20-CH;). Mass spectrum: m/z 340 (C,3H3,0,), 297 (C, H;40),
268 (C gH,40), 147 (CyoH O, Cy{H,j5), 122 (CgH,,0). For C,3H;,0, (340-5) calculated:
81-13% C, 9-47% H; found: 80-91% C, 9-75% H.

Flution with benzene-ethyl acetate 87 : 13 afforded 0-41 g of androsta-1,4-diene-3,17-dione
(X}'), along with some androst-4-ene-3,17-dione (XVI). Repeated crystallization from acetone-
hexane yielded 0-20 g of the diene XV, m.p. 134—138°C, [2]3> +112°C (c 0-7). Reported!”-18
m.p. 137—146°C, [a]y, + 114°. The product was identical with an authentic sample.

Elution with benzene-ethyl acetate 86 : 14 gave '5-6 g of the 22-hydroxy derivative I, with
an admixture of its analogue I/. Crystallization from ethyl acetate yielded 4-1 g of 7, m.p. 178 to
180°C, identical with the substance isolated by crystallization of the crude biodegradation ex-
tract.

22-Hydroxy-23,24-bisnorchol-4-ene-3-one (/1)

A pre-hydrogenated suspension of the tris (triphenylphosphin) chlororhodium catalyst> ~ S5 8)
in benzene (30 ml) was mixed with a solution of I (1-5 g) in benzene (50 ml). The mixture was
hydrogenated until no more hydrogen was taken up, chromatographed on a column of silica gel
(50 g) and the product (/1 was isolated by elution with benzene—-dichloromethane 1 : 1. The solvent
was distilled off in vacuo and the remaining catalyst was removed with activated carbon in hot
methanol. The methanol was distilled off and the residue (1:22 g) was twice crystallized from
ethyl acetate; yield 0-98 g (64%) of II, m.p. 135—138°C; [az]lz;.1 +94:5° (¢ 0-6). UV spectrum:
242 nm (log ¢ 4-18). Reported® m.p. 137— 147°C, [a], +96°.

% max

3-Ox0-23,24-bisnorchola-1,4-dienoic Acid (/11)

To a stirred solution of I (2 g) in acetone (150 ml), cooled to + 8°C, was added the Jones agent
until a permanent orange colouring appeared. The stirring was continued at the same tempera-
ture for 30 min, the excess of the oxidant was decomposed with methanol and the mixture was
concentrated in vacuo to a small volume. After an addition of water the product was collected
on a filter, washed with water until the filtrate was neutral, and crystallized from ethyl acetate;
yield 1-:52 g (73%) of 111, m.p. 237—239°C, [a]é2 —18° (¢ 0-4). Reported8 m.p. 234—237°C.

Methyl Ester of 3-Ox0-23,24-bisnorchola-1,4-dienoic Acid (/}V')

a) A mixture of III (1-5 g), methanol (30 ml) and concentrated hydrochloric acid (1 ml) was
boiled under a reflux condenser for 6 h, concentrated to a small volume and diluted with water.
The product was taken into ether, the ethanol extract was washed with water until neutral,
dried with magnesium sulphate, and the solvent was distilled off. The residue (1-4 g) was chromato-
graphed on a column of silica gel (70 g). Elution with benzene-ethyl acetate 94 : 6 gave 1-3 g
of the crude methyl ester IV, which was crystallized from methanol; yield 11 g (70%) of IV,
m.p. 170—173°C, [2]33 — 35" (¢ 1-6). Reported® m.p. 173 —174°C.

h) A solution of the methyl ester VI (0-5 g) and 2,3-dichloro-5,6-dicyano-1,4-benzoquinone
(0-45 g) in benzene (15 ml) was boiled for 24 h, any contact with the aerial moisture being ex-
cluded. After cooling, the mixture was filtered, the filtrate was washed with aqueous 29, potas-
sium hydroxide and water, dried with magnesium sulphate, and the solvent was distilled off
in vacuo. The residue (0-48 g) was chromatographed onssilica gel (20 g). Elution with benzene-ethyl
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acetate in the successive ratios 98 : 2, 96 : 4 and 95 : 5 afforded the product I}, which was crystal-
lized from methanol; yield 0-28 g (56%;) of IV, m.p. 169—173°C, identical with that obtained
from the acid III.

3-0Ox0-23,24-bisnorchol-4-enoic Acid (V)

a) The 22-hydroxy-derivative 17 (1 g) was oxidized with the Jones agent, dnalogously to the
preparation of the acid II7; yield 0-81 g (78%) of the acid V, m.p. 269—271°C, [oz]D +62° (c O 4)
Reported!® m.p. 268—270°C, [e]p, + 60°.

b) The aldehyde VIII (100 mg), obtained according to a described procedure'® by ozoniza-
tion of stigmasta-4,22-diene-3-one (VII), was oxidized by the Jones agent, analogously to the
preparation of the acid I1I; yield 66 mg (63%) of the acid V, m.p. 266—269°C, identical with that
obtained by procedure ).

Methyl Ester of 3-Ox0-23,24-bisnorchol-4-enoic Acid (V1)

Esterification of the acid ¥ with methanol, using acid catalysis, was analogous to the preparation
of the methyl ester IV; 1 g of V gave 0:63 g (60%) of VI, m.p. 176—179°C, [o.],%,3 +67° (¢ 0-6).
Reported'® m.p. 178—184°C, [a]p + 70°.

24-Norchol-4-ene-3,22-dione(X)

a) One g of 3B-acetoxy-23,24-bisnorchol-5-enoic acid (XI) was converted into the dione X
by a described sequence of reactions steps!!, the overall yield being 36%; m.p. 202—204°C,
[2]3! +49° (c 0-4). Reported'! m.p. 206—208°C, [x], - 54°. The product was identical with that
isolated from the mother liquors after the biodegradation.

b) One g of 24-norchola-1,4-diene-3,22-dione (1X) was selectively hydrogenated in the presence
of the tris (triphenylphosphin) chlororhodium catalyst, analogously to the preparation of the 22-
-hydroxy derivative II; yield 0-63 g (61-5)% of the 3,22-dione X, m.p. 204—207°C [az]i'%,l + 535
(c 0-7), identical with the product obtained by procedure a).

REFERENCES

. Protiva J., Schwarz V., Pihera P.: Cesk. Farm. 33, 225 (1984).

. Marsheck W. J., Kraychy S., Muir R. D.: Appl. Microbiol. 23, 72 (1972).

. Fieser L. F., Fieser M.: Reagents for Organic Synthesis, p. 1252. Wiley, New York 1967.
Fried J., Edwards J. A.: Organic Reactions in Steroids Chemistry, Vol.1,p. 131. Van Nostrand-
Reinhold, New York 1972.

. Djerassi C., Gutzwiller J.: J. Amer. Chem. Soc. 88, 4537 (1966).

Morita K.: Bull. Chem. Soc. Jap. 32, 227 (1959).

. Bowers A., Halsall T. G., Jones E. R. H., Lemin A. J.: J. Chem. Soc. 1953, 2555.

. Sih Ch. J., Wang K. C., Tai H. H.: Biochemistry 7, 796 (1968).

9. Rosenberg D., Kieslich K.: Chem. Ber. 7111, 2143 (1978).

10. Herr M. E., Heyl F. W.: J. Amer. Chem. Soc. 74, 3627 (1952).

11. Cole W., Julian P. L.: J. Amer. Chem. Soc. 67, 1369 (1945).

12. Wettstein A.: Helv. Chim. Acta 24, 311 (1941).

13. Corey E. J., Chaykovsky M.: J. Amer. Chem. Soc. 84, 866 (1962).

F NV

Collection Czechoslovak Chem. Commun. [Vol. 49] [1984]



Biodegradation of Cholesterol by a Mutant of the Mycobacterum Species 2719

14. Becher H. D., Mikol G. J., Russel G. A.: J. Amer. Chem. Soc. 85, 3410 (1963).

15. Corey E. 1., Chaykovsky M.:J. Amer. Chem. Soc. 86, 1639 (1964).

16. Blaha K.: Preparativni reakce v organické chemii. Part V1. Reakce organokovovych Cinidel,
p. 756. Published by Nakladatelstvi CSAV. Prague 1961.

17. First A., Labler L., Mcier W.: Helv. Chim. Acta 64, 1870 (1981).

18 Dodson R. M., Goldkamp A. H., Muir R. D.: J. Amer. Chem. Soc. 82, 4026 (1960).

Translated by J. Salak.

Collection Czechoslovak Chem. Commun. [Vol. 49] [1984]





