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ABSTRACT

Microbial transformation of the new progestagen
STS 557 (17a~cyanomethyle17-hydroxy~4,9-eatradien~3~one)
by Mycobacterium smegmatis yielded predominantly ring A~
aromatized compounds: J7a=-cyanomethyl=1,3,5(10),9(11)-
egtratetraene-3,17~diol, 17o~cyanomethyle1,3,5(10)=estra=
triene-3,17-diol and the corresponding 3-methyl ethers.
The analogous compound without the 9(10) double bond,
17x=-cyanomethyl=19-nortestosterone, was transformed main-
ly to Su~hydrogenated metabolites: 17a-cyanomethyl—17-
hydroxy~5e=-estran-3~one, 17a-cyanomethyl-17-hydroxy=Su-
1-egtren-3-one, 17a-cyanomethyl-Sau-estrane-3o,17=-diol,
and 17x~cyanomethyl-5a-egtrane~38,17~diocl, From these
results, it is concluded that 4,9-dien-3-0x0 compounds
are not substrates for enzymatic Sx~hydrogenation.

IRTRODUCTION

Mycobacterium smegmatis SG 98 is known to exhibit

a variety of steroid transforming activities. Some of
these are 1- and 4-dehydrogenation, Sx~hydrogenation of
4-en-3-oxo steroids, introduction of a 9-oxygen group in

1,4-dien-3-0x0 steroids accompanied by the formation of
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9,10~seco compounds and aromatization of ring A, and
followed by a further degradation of the steroid skeleton
(1 - 6)0

This microorganism has been used for the prepara-
tion of hydrogenated metabolites of norgestrel and nor-
ethisterone (7). Recently, SaH-metabolites of progestagens
have become of interest because of their potential anti-
progestagenic activities (8). Therefore, the attempt was
made to obtain S5aH-metabolites of the new progestagen
3TS 557+) (17x-cyanomethyl=-17=-hydroxy-4 ,9-estradien~3=one)
by incubating this compound and also its analogue without

the 9(10)-double bond, 17x~-cyanomethyl-19-nortestosterone,
with M. smegmatis.

MATERIALS AND METHODS

STS 557 (I), H-STS 557 (spec. activity =4 Ci/mmole
(10), and 17e-cyanomethyl-19-nortestosterone (II) were
provided by the Department of Steroid Synthesis (Head:
Prof, Dr, K. Ponsold) of CIMET. 17x-Cyanomethyl-1,3,5(10),
9(11)~estratetraene-3,17-diol, 17x=-cyanomethyl-1,3,5(10)~
estratriene-~3,17-diol and their 3-methyl ethers as also
17ax-cyanome thyl-17-hydroxy~5x-~estran-3=-one, 17x=cyano=
methyl-5a-estrane-30,17~diol, 17x~cyanomethyl-Sax-estrane-~
38,17-diol and 170-cyanomethyl-17-hydroxy-58-~estran-3-one
were synthesized by one of the authors (M. H.); the syn-
theges are described elsewhere (11, 12).

+)S'l‘S 557 belongs to a series of steroid compounds (9)
synthesized in the Department of Steroid Synthesis of
the Central Institute of Microbiology and Experimental
Therapy (CIMET), Jena/GDR.



s'x'nnoxn- 401

Microbial transformation: Mycobacterium smegmatis

3G 98 was obtained from the Type Culture Collection of
CIMET Jena. The microorganism was cultivated in Sauton
culture medium for 4 days at 37 °C on a gyratory shaker.
The cells were harvested by centrifugation, washed once
with the original volume of 0.03 M phosphate buffer

(pH 7) and resuspsnded in the game buffer (10 g wet cells
in 100 ml buffer in each' flask).

5 mg stercid, in the case of STS 557 with addition
of 20 ;aCi of the radioactive compound, were added to each
flask and incubated at 28 © for 24 h and 72 h respective~
ly, under aerobic conditions, The culiture medium was ex-~
tracted 3x with 2 volumes of CHClB. The extract was evap=~
orated in vacuo.

For defatting, the residue was distributed betiween
n-hexane and methanol/water (9:1) according to Freudenthal
et al. (13). The methanol solution was evaporated, and
The residue subjected to thin layer chromatography.

Thin layer chromatography (TLC): Silica gel plates
GF 254 (Merck, Darmstadt), 0.25 mm, 10 x 20 cm were used.
Ascending solvent systems: benzene/ether 1:2 (= A) and
1:3 (= B); CHCly/ether 87:13 (= C) and 8:2 (= D);_ CHCl,/
Et0AC/MeOH 100:80:2 (= E); CHCl,/acetone 93:7 (= F);
benzene/EtOAc 8:2 (= G); cyclohgxane/ether 2:8 (= HS.

Subgtances on the chromatograms were localized by
radioscanning (windowless mgthane flow counter VEB Vaku-
tronik Dresden) when using “H-STS 557 as substrate, or by
their UV absorption at 254 nm and by staining of aliquot
gtrips of the chromatogram with phosphotungstic acid
(15 % in MeOH, 120 ©), TLC was repeated in different sys~
tems until uniformity of a compound was evidenced.

Isolated metabolites were characterized by UV, IR
and mass speciromeiry, by measuring the circular dichroism,
and by comparison with authentic reference compounds.

Ultraviclet specira were measured in ethanol with a Spe~
cord UV VIS (VEB Carl Zeiss Jena) and infrared spectra
(KBr) with a Perkin Elmer 325 spectirophotometer.

Mass specira were recorded with a Jeol mass spectrometer

JMS~D 100, and CD data were obtained in ethanol with a

circulardichrograph Cary Model 60, Melting points were
determined on a Boetius melting point apparatus.

Oxidation of 3-hydroxy to 3-oxo compounds was pere
formed with Or0; in acetone according to Jones (14).



402 s-x.'nnoxn-

RESULTS

Transformation of 17a-ezgnomethx}-17~derq;y-4,9-estradien-
3~one  (STS 557)
STS 557 was transformed by Mycobacterium smegmatis

predominantly (> 80 %) to compounds less polar than the
starting material in TLC (system A)., By TLC in different
golvent systema, two metabolites, III and IV, were isolated;
also, a non-uniform zone x occurred which could not be sep-
arated by TLC. The quantitative composition of the meta-
bolite mixture changed depending on the incubation time.
After 24 h, III and IV were present in nearly the same
amounts; with longer incubation time, III decreased and

zone X increased,

Motabolite III (identified as 17x~cyanomethyl-1,3,5(10),
9(11)~estratetraene=~3,17=-diol):
TLC: system A Ry 0.59 (Rp 0.18); system C 2x Ry 0.30;
system D Rp 0.23, 2x Ry 0. 36,

. -1
W: A pop 265 (273) om. IR: 2220 om ~ (CN)

MS: m/z 309.1753 (M*); calod. for CpH, N0, 309.1729

Metabolite IV (identified as 17x~cyanomethyl-1,3,5(10)-

estratriene~3,17=diol:

TLC: system A Rp 0.59; system C 2x Ry 0.22; system D
[ L -1

2x Rp 0.27. UV: A .. 280 (287) nm. IR: 2244 cm ' (CN).
MS: m/z 311.1885 (M*); caled. for CppH,oNO, 311.1885.
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The chromatographic properties, UV, IR and mass spectira
of III and IV were found to be identical with those of
authentic 17x=cyanomethyl-1,3,5(10),9(11)=estratetraene~
3,17=diol and 17a=-cyanomethyl-1,3,5(10)-estratriene~3,17~
diol, respectively (11).

Zone x had the same chromatographic properties as the
3-methyl ethers of III and IV which could not be separated
by TLC: System A Ry 0.48 (REIT 0,37); system C Ry 0.38;
system D Ry 0.32; UV: A [ op 265 (274) nm.

IR: 2242 em”! (CN).  MS: m/z 323.1916 ("), calcd. for
CpqHpgNO, (III-3-methyl ether) 323.1885; m/z 223.1095,
caled. for CycH,c0 (" - D ring - 2H) 223.1123.

In addition to the molecular ion peak of III at m/z 323,
a smaller peak at m/z 325 was present, indicating that
obviously IV~3-methyl ether has also been formed,

Separation of zone x could finally be achieved by
means of HPLC., A gelf-assembled liquid chromatograph of
Fa, Knauer (Bad Homburg/FRG) was used: Column length 25
cm, inner diameter 4,6 mm; stationary phase 10 p Lichro=-
sorb RP 18 (Merck, Darmstadt), mobile phase CHBOH-HZO
(80:20); 40 bar, 1 ml/min; Knauer spectrophotometer type
85.02. Retention times of the III~ and IV-methyl ethers
were 8,1 and 8.4 minutes, raspectivelyt On the basgis of
the peaks of UV detection (215 um) and the different

molar extinctions coefficients, a ratio of IlI~ and IV~
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methyl ether of about 9:1 was estimated following an in-

cubation time of 72 h.

Transformation of 17x~cyanomethyl-19~-nortestosterone (I1)

Like STS 557, compound II was extensively transformed
by M. smegmatig. However, ring A aromatized compounds, IV
and its 3~-methyl ether, constituted only a small part in
the metabolite mixture (< 20 %), Four other metabolites
were igolated: V, VI, VII and VIII, The masses determined
by MS indicated the introduction of 2 hydrogen atoms into
V, and of 4 hydrogen atomg into VI and VII, whereas VIII

had the same elemental composition as the parent compound IIL.

Metabolite V (identified as 17x¢-cyanomethyl-17~hydroxy-

Sx-egtran~3-one):

ILC: system C Rp 0.43 (RlI,I 0.27); system E Ry 0.38
(REX 0.30); system F 2x 0.46; system G Ry 0.22

UV: negative. IR: 2220 cm'1(CN), 1710 cao™! (3-ketone).
MS: m/z 315,2207 (M%); caled. for C,oH,gNO, 315.2198;
m/z 297.2102 (M" - H,0); caled. for C,gHp,NO 297.2093;

n/z 274.1937 (u* - CHBCN); calcd, for CygHog0s 274.1933.

CD: AEA 240 om (0); 260 nm (0.18); 280 nm (0.81);
285 nm (0.95); 290 onm (1.02); 295 nm (0.98); 300 nm
(0.83); 320 mm (0.,06); 330 nm (0).

M,P,: 178 - 180 ® (recrystall. from acetone/HzO).

V wag shown to be identical with authentic 17x-cyano=-
methyl-17-hydroxy=-5a~estran-3-one obtained by reduction
of IT with NaBH, in pyridine (12).
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Metabolite VI (identified as 17x~cyanomethyl-Sa-esirane-
3x,17-diol):

TLC: system A 2x Rp 0.49; system E 2x Ry 0.50;

UV: negative; IR: 2242 em™! (cm)

MS: m/z 317.2381 ("), caled. for Oy H, No, 317.2355;
m/z 299.2276, caled, for ChgH,gNO (M* - Hy0)  299.2249,

Metabolite VII (identified as 17w~cyanomethyl-Sx-estrane-
38,17-d10l):
TLC: system A 2x Rp 0.40; system E 2x Ry 0.43

UV: negative; E:&Mcf1wm,hmhﬂbnmw
1000 and 1100 em™ ',

MS: m/z 317.2396 (U*), caled. for C,gH; N0, 317.2355;
m/z 299.2279, caled, for ChoHyoNO (M* - Hy0) 299,2249,

The chromatographic properties, IR and mass spectra of VI
and VII were found to be identical with those of authentic
1Ta=cyanomethyl-5a~estrane~3u,17-di0l and 17x-cyanomethyl—
Sx-ggtrane-38,17=diol, respectively (12). Jones' oxidation
of VI and VII yielded the same product being identical

with V (17ax-cyanomethyl-17-hydroxy~Sx~estran=3-one},

Metabolite VIII (tentatively identified as 17x~cyano=-
methyl-17-hydroxy~Sa~i=estren~3-~one):

ILC: system C RF 0.35; system D RF 0.34;

system F 2x Ry 0.37 Uv: 230 nm

IR: 2220 em™'; 1670 cm™' (A'-3-C0).

¥S: m/z 313.2069 (M%), caled, for C,H,,NO, 313.2042.
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By incubation with Mycobacterium smegmatis, VIII was ob-

tained from V as evidenced by UV, IR and mass spectrum.

DISCUSSION

In recent time, increasing interest has been paid to
SxH-~metabolites of 4-en~3-0x0 steroids, as some of these
show interesting biological effects. For obtaining ScH-
metabolites of the new progestagen STS 557, we used Myco-

bacterium smegmatis, as this microorganism has been shown

to transform 19-nortestosterone and its 17a~alkyl deriva-
tives stereospecifically to SuH-compounds (7). The pro-
nounced hydrogenation ability of M. smegmatis was also
demonstrated by hydrogenating 4-en-3-oxo compounds with
unnatural configuration such as ent-19-nortestosterone

(4) and 98,10x~retrosteroids (7).

The transformation of 17x~cyanomethyl«19-nortesto~-
sterone proceeded as expected. Hydrogenation of the 4-
double bond and reduction of the 3-0xo group dominated,
resulting in the formation of dihydro and tetrahydro de-
rivatives of II. The 5x~configuration of metabolites V,
VI, and VII was evidenced by measuring the circular di-
chroiem of V, and transforming VI and VII into V by
Jones! oxidation. The 1~dehydrogenase activity of the
microorganism was demonstrated by the formation of the
l=en=3=0x0 compound VIII, in which a SaH~-configuration
like in V, VI, and VII can be assumed very probably, and
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of the ring A-aromatized metabolite IV, These resulis in=-
dicate that 1-dehydrogenation occurs both in ring A-satu~
rated compounds and in those with a 4~en=3=-0x0 structure,
The formation of methyl ethers in compounds with phenolic
hydroxy groups by M. smegmatis has been demonstrated al-
ready by other investigations (7, 15),

It is noteworthy that the corresponding SB8H=3=o0x0
compound of II, 17x=~cyanomethyl=17-hydroxy-~58-estran-3-one,
is transformed by M, smegmatis into the SaH-3-oxo compound
with intermediary formation of II. Thus, the 58H~configu=
ration of sterolds is obviously a less stable form for the
microorganism and is transformed via 4-dehydrogenation to

the more stable ScH-compound.

With STS 557 as substrate, formation of ring A-aro-
matized compounds dominated, whereas conversion to Sx-
hydrogenated metabolites could not be established. The ab=
sence of Sa-metabolites indicates that the 9(10)=~double
bond has an inhibiting effect on enzymatic Sx-~hydrogenation
and favours ring A eromatization. Formation of metabolite
III can be explained by introduction of a 1=-double bond,
followed by spontaneous aromatization of ring A with
shifting of the double bond from 9(10) to 9(11). The
mechanism of the conversion of STS 557 to metabolite IV
is unclear. Both compounds have the same elemental com~
position 020H25N02, and only shifting of the double bond
from 9(10) %o 1(10) would be necessary for the rearrange-

ment, but spontaneous transformation of STS 557 to IV
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has never been observed., If metabolite III would be an
intermediate for the formation of metabolite IV, subse~
quent hydrogenation of the 9(11)=double bond would be
necessary. However, when incubating III with M. smegmatis,
formation of IV could not be established. Thus, the mecha-
nism of transformation remains till now unknown. In Pig. 1,
the pathways of transformation of STS 557 and II by M.
smegmatis are summarized,

Raynaud et al. (16) investigated the in vitro meta-
bolism of another 4,9~dien-3-oxo compound, the progestagen
R 2453 (17-methyl-19-norpregna-4,9-diene=3,20-dione) by
guinea pig liver. As principal pathways of biotransforma-
tion, aromatization of ring A and hydroxylation of R 2453
have been found. No hydrogenation of the 4,9~diene system
could be established. These findings also support the as-
sumption that 4,9~dien-3-oxo compounds are not substrates

for enzymatic S5x~hydrogenation.

NOMENCLATURE

Trivial name

19-Nortestosterone = 178-Hydroxy-4-estren~3-one

Norethisterone = 17a¢=Ethynyl=-17-hydroxy-4-
estren-3=one

Norgestrel = 17x¢~Ethynyl~18-me thyl-17-

hydroxy-4-estren-3-one
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