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_ ~ ABSTRACT
Matural sterols are potential raw malenials Tor the prepartion of pharmacologically active steroid
products. This paper details preparation of testosterone. one of the steroidal hormones, through
nucrobial metabolism of cholesterel Tollowed by chenueal reduction. The side chain of cholesterol

was selectively cleaved by Myecobacierium smegmatis PTCC 1307, and then selective reduction of

resulting  17-keton group of androst-d-gne-3,17-dione (AD), the mamn product of microbial
iransformation, with sodium borohvdride at -10°C gave testosterone in high veild
{90%). Assignment of structures were made by TR, NMR, Mass, and UV spectroscopic data.
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INTRODUCTION

Cholestrol, adrenocorticoids, and sex hormones
have much in common. All are streoids having a
suntlar stereochemical relationship, Sex hormones
are  mamly  biosyntheszized  from  chalesterol
Commercially, testosterone  is prepared  from
steroids.  ncluding  sarsapogenin,
diosgenin. and androgens (1), Owing o s
androgenic and anabolic activities it 15 desirable 1o
prepare ooeasily and sufficiently. Quantitatively,
natural sources are not sufficient to satisfy all
necessities. Furthermoere,  synthetic methods,
which involves  several  steps dilMcult,
expensive, and somelines impossible,

conversions  comparsd 1o svnthetic
methods are more rego- and stereo-sclective and
have been used for a long time m the production
of pharmacologically active compounds (2). The
most inportant problem i the prepartion of
stereid hormones from stercls is selective side
chain cleavage. Some microorganisms such as
Muveobacterinm,  Corvaebacterinon and  Arihro-
Aacier have shown the ability o wrilize sterols as
sole source of carbon and energy. It has been
found that sterol ring struciure and the side chain
are metabolized by different mechanisms (3,41
Marsheck reported the production of substantial
compounds  without

Vartans

are

Microbial

amounts  of  17-kelon

apprectable degradation of the sterowd nucleus by
Myeohacterium sp, NRRL B-3805 and B-3683
(3). The latter microorganism was shown in 1976
by Conner et al. to be able o convert tall ol
sterols 1w O i(0), Wovcha used
Muycobacterivm forfuitum 1o converl sitosterol 1o
androst-4-cne-3, 1 7-dione and other intermediates

steronds

(7). Microbial transformation of Polish 1all ail was
performed by Mveohacternon sp. MB 36E3 (7).
Testosterone production by Myeobocierium s,
WRRL B-3683 and isolation of a new mutant for
sterol  biotransformation  were reported by oa
research group from Cuba (9.10). Thev also
studied the effect of glucose and laciose on
steroid biotransformation by the same strain (117
In this paper, we would like to repori preparaiion
of testosterone from AD, & microbial metabolite
of cholesterol, followed by chemical redoction.

MATERIALS AND METHODS
Muaterials

Myveobacterivm  smegmatis PTCC 1307 was
obtained from  the  Persian Type  Culiore

Collection. All chemicals were purchased from
Sigma (USA) and culre media were obtained
from Oxoid (England).

For analyucal thimn layer chromatography (TLO,
250 pm thick silicagel precoated plates with 254
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nm fluorescent indicator from Sigma Chemical
Co. {USA) and for preparative TLC Kiezelgel 60
HF from Merck (German) were used. Mass,
FTIR, HNMR and "CNMR spectra of
compounds were recorded with Finnigan mat
THO-70, Mapna IR Spectrometer 330 (Nicolet)
and V-NME 400 (Vanan), respectively. Melting
pomnts were taken on a Kofler hot stage apparatus
and are not corrected. The ultra violet spectra of
solutions in CHCLy were recorded on a Shimadan
hModel Lo0-A UV spectrophotometer

Fermenlalion

The microorganisms were prown in 100 ml of a
preculture medium (nutrient broth 1.3 g, myo-
maosiial 0.1 g in shake flasks v incubation at 30
“Coand 130 (rpm). After 24 hours, this medium
was used as moculum. To 100 ml of the
production medium (contaming nutrient brath 1.3
g mye-mosiel 0.1 gatpH 7) was added 10 ml of
the inoculum, Chelesterol m concentration about
0.0% in ethanol was added to the production
medium as substrate. Alter 24 hours, | mM 2, 27-
dipvridyl was used as enzyme mhibitor. The
incubation was carried out at 30 °C and 150 rpm
for ane week.
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Fig 1. Preparation of testosterone through conversion of
cholesterol by Myeobacterium smegmatis followed by
chemeal rediction

Frrificaiion

Afler  the  incubation period the broth  was
extracted three times by chloroform. Following
complete removal of the solvent, the residue was

subsected to determine the best solvent svsiem for
separation of mixture. Separation and purilication
af the mizrobial metabohtes were perlormed on
the preparative 20x45 om sihicagel plates usmg
ethyl acetate/hexan (310 270) as mobile phase.

Tevtasterone preparallon

To a suspension of 130 myg of AD in C:H.0H at
10 *C, a solution of 7O my sodivm borobyvdnde n
ethanol {2 ml) was added over 30 mm while the
temperalure was maintained at -3 o =10 °C. The
mixture was stirred for 1 howr and after warming
to +3 “C 1t was treated with small amounts of HCI
3™ until to reach to pH of 3-7, The ethanol was
evaporated under vacuum and the residue was
dissolved in ethylacetate {about 1-2 ml), The
solulion was washed with water, and organic
phase was dried over anhydrous MNa50, and then
evaporated  under vacuum.  Testosterone  was
crystallized from  the mmure of water and
acerone as créamy-white crvstal {12

RESULTS
Muycabacterium  smegmaiis degraded cholesieral
side chain. The structure of AD (the man
metabolite isolated in the presence of 2.2-
dipyridyld and testosieron were established by
their melting pomt and speciral data.
Andrast-d-gne-3 1 F-civee (A1
MS mdz (% 286 (M. CieHawOz) (1003, 244
(7330, 200 {28537y, 148 (333, 124 (22.83).
"H-NMR (400 MHz . CDCL) & 5.73 (s, 1H. Ha).
HC-NMR (100MHA. CDClyy: & 22027 (-
9903 (T3, 17016 (Cy, 12392 (Cy), 33.60.
50061, 3492 (C,. Coo Cd, 4730, 38,44 (Ch Cis)
3556, 35449, 33.73. 32,37, 31.08, 30,534, 11,50,
2000 (Cy, Co Co G- Chr Gy Cose Crad 1715,
13.53 {Cu. Cis)
FT-IR (KBr) 1670 (C=0) 1730 (C=0) e
UV (CHCI): Amax = 251 nm. E max = 26176
MoP: 173-175°C (13).

Testosterone

MS miz (%) 288 (M7, C1oH00) (4.76), 246 (17).
147 (33.3), 124 (100), 91.2 (28.5).

'H-NMR (400 MHz | CDCE): & 53.7(s. 1H. H.,
3.6 (1,1H, Hyo).
IR (KBr) 3400 (OH), 1660 (C=0) cm '

UV (CHCL): Amax = 246 nm, Z max = L6l 76
M.F: 148-151 °C (13).
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DISCUSSION

Testozierone was isolated first by Laguer im 1933
from animal testes. Since natural sources are no
sufficient, researchers have focused on micrabial
CONVETSIONS synthetic methods  for the
preparation of  testosterons. Due to the
spectleity, considerable undesmed by -products,
and low convertion ratio, chemical reactons are
netl sutable for the preparation of testosterone
tl4y The formation of seven low molecular
wewht degradation products of progesterone by
M osmesmmany was reported m 1965 (13). In one
study the cholesterol was esterified to succinate of
Ho-hvdroxyved-cholestene-3-one and 26-hydroxy-
| A4-cholestadiens-3-one using Mosmegmains (100
M resulting  19-nortestosterone was  hydro-
cnantiomers by the same micra-
reanism (17 AL smiegmaiis 1s reporled inoa
Cierman patent for the preparation of 6-hydroxy-
Geono-Ae-steroids (180 In 1931 Atrat et al. used
mmobilized  preparations of M smegmalis to
produce  d-androstenc-3 1 7-dione from  sterols
(19, M smegmatis PTCC 1307 has degraded
cholesterol 1o androst-d-ene-3.17-done (AD).
Selective remaval of side chain, requires blocking
Sp-hvdroxvlase.  a  monoxvpenase  confaming
Ferrous don, which cleaves the ring. Specific
mlubinen ol this enevine 1s poszsible by removing
Fe' dfrom the mediom by chelation with 2.2°-
dipymdyl (220215

A0 the main microbial metabolite, 5 a suitable
precursar in the  synthesis  of
Conversion of AD 1o 1estosterone has previously
been reported (22)0 In this stody, we used
Myveobacterium seregmatis which was obtained

and
low

genated (o

tesloslerone.

from the Persian Tvpe Culture Collecuon to
cleave the side chain of cholesterol. The main
micrabial metabolite, AD. was purified and
converted 1o lestosterone by a different method
through reduction with sodium borohydride at -10
C. Different carbonv] compounds are reduced by
hvdride ion with different rates. In particular,
reduction by MaBH. in alcohols i1 a fast and
irreversible reaction which has been emploved as
a criteria for companson of the reactivity of
different carbonyl groups (233, 3-keton group of
AD is conjugated with carbon-carbon double
bond berween positions 4 and 3. The resonance
stabilization provided by the 4 3-double bond
reduces the electrophilicity of the carbonyl group.
Thercfore, nucleophilic attack by the strongly
basic hydride 1on (H) occurs on carbony] carbon
of 17-keton group. AD was selectively reduced
by MaBH. at 17-keton group. The 'H-NMR and
IR spectra were in agreement with the reduction
of 17-keton group of AD by NaBH. In the NMR
spectrum  of the product H-4 of double bond
appeared as a smnglel at 57 ppm. and H-17
appeared as a triplet at 3.6 ppm. In additon, as
expected, IR spectrum of reduced AD showed
only 3-keton group at 1660 c¢m”. Because of
conjugation of 3-keton group with double bond,
in the UV spectra of AD and testesterone, a
distingt maximum absorption (L. at 251 nm
and 246 nm were observed, respectively. Al
spectral data are in agreement with reduction of
AD with NaBHsat 1 7-keton group In conclusion,
combination  of  microbial  conversion  and
chemical reduction provided an easy and simple
method for the preparation of testosterane.
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