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ABSTRACT 

Mcrobial transformation of the new progestagen 
:;,'?I 557 (17a-cyanomethyf~17-hydroxy-4,9-estradien-3-one) 

Mycobacterium smegmatls yielded predominantly ring A- 
aromatized compounds: 17a-cyanomethyl-1,3,5(10),9(11)- 
estratetraene-3,17-diol, 17at-cyanomethyl-1,3,5(10)-estra- 
triene-3,17-diol and the corresponding 3-methyl ethers. 
The analogous compound without the 9(10) double bond, 
17a=cyanomethyl-19-nortestosterone, was transformed main- 
ly to %-hydrogenated metabolites: 17a_cyanomethyl-170 
hydroxy-+x-e&ran-3-one, 17~~yanomet~1=17=hydroxy~~- 
I-estren-3-one, 17~-cyanomethyl-~~strane=3a,l7=diol, 
aad 17a-cyanomethyl-5a-estrane-3D,17-diol. From these 
results, it is concluded that 4,9=diea-3-oxo compounds 
are not substrates for enzymatic 5a-hydrogenation. 

INTRODUCTION 

Mycobacterium amegmatis SG 98 is known to exhibit 

a variety of ateroid transfo~ing activities, Some of 

these are l- and 4-dehydrogenatioa, fjcc-hgdrogenation of 

4-en-3-oxo steroids, introduction of a g-oxygen group in 

1,4-diet+3-oxo steroids accompanied by the formation of 



400 S TDEOXD= 

9,10-seco compounds and aromatization of ring A, and 

followed by a further degradation of the steroid skeleton 

(1 - 6). 

This microorganism has been used for the prepara- 

tion of hydrogenated metabolites of norgestrel and nor- 

ethisterone (7). Recently, %H-metabolites of progestagens 

have become of interest because of their potential anti- 

progestagenic activities (8). Therefore, the attempt was 

made to obtain %H-metabolites of the new progestagen 

STS 547 +) (17c+oyan omethyl-17-hydroxy_4,9_estradien-3-one) 

by incubating this compound and also its analogue without 

the g(lO)-double bond, 17a-cyanomethyl-19-nortestosterone, 

with & emegmatia. 

MATERIALS AND METHODS 

(IO), 
STS 557 (I), 3H-STS 557 (spec. activity *4 Ci/mmole 
and 17a-cyanomethyL190nortestosterone (II) were 

provided by the Department of Steroid Synthesis (Head: 
Prof. Dr. K. Ponsold) of CIMET. 17a=Cyanomethyl-1,3,5(10), 
9(11)-estratetraene-3,17-diol, 17a-cyanomethyl-1,3,5(10)- 
estratriene-3,170dial and their 3-methyl ethers as also 
17a-cyanomethyl-17-hydroxy-5cz_eatran-3-one, 17a-cyano- 
methyl-w-eatrane-3a,l7-diol, 17c+cyanomethyl-W-estrane- 
313,17-diol and 17a-cyanomethyl-l7-hydroxy-5D_estran-3-one 
were synthesized by one of the authors (M. H.); the syn- 
theses are described elsewhere (11, 12). 

+)STS 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. 
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Microbial traneformation: Mycobaoterium amegnratia 
SQ 98 was obtained from the Type Culture Colleotioa of 
CIMET Jena. The mioroorganiam was cultivated in SautoU 
culture medium for 4 days at 37 OC on a ggratory sihaksr. 
The oelle were harvested by centrifugation, washed onoe 
with the original volume of 0.03 M phoephate buffer 
(pH 7) and resuspended in the same buffer (10 g wet cells 
in 100 ml buffer in eaoh'ffaek). 

5 mg steroid, in the case of STS 557 with addition 
of 20mCi of the radioactive compound, were added to each 
flask and inoubated at 28 o for 24 h and 72 h reepeetive- 
ly, under aerobic oonditfons. The culture medium waa ex- 
traoted 3x with 2 volume~t of CEC13. The extraot was evap- 
orated in vaouo. 

For defatting, the reeidue was distributed between 
n-hexane and methanol/water (9:l) aooording to Freudenthal 
et & (13). The methanol aolution waB evaporated, and 
me reeidue subjected to thin layer ohromatography, 

Thin layer OhromatoRraphY (TLC): Silica gel platee 
CF 254 (Merck, Darmetadt), 0,25 mm, 10 I 20 om were used, 
Asoendin solvent systems: benzene/ether 1:2 (= A) and 
1:3 (P By* CHCl /ether 87:13 (= C) and 8:2 (= D) 
EtOAc/XeOi 100:&:2 (= S)* CHCl laoetone 93*7 (='F)* 

CHC13/ 

benzene/EtOAo 8:2 (= Q); &lohJxane/ether 2:8 (1 Hj. 

Substances on the chromatograme were 1ocalil;ed by 
radioaoanning (windowless m 
tronik Dreeden) when using 9 

thane flow counter VEB Vaku- 
H-STS 557 ae substrate, or by 

their W absorption at 254 nm and by staining of aliquot 
strips of the chromatogram with phosphotungstic aaid 
(15 % in MeOH, 120 O). TLC was repeated in different aya- 
temer until uniformity of a compound wae evidenced. 

Isolated metabolitee were characterized by W, IR 
and maes apeotrometry, by meaeuring the circular dichroiam, 
and by compariaoa with authentic referenoe compounde, 
Ultraviolet spectra were measured in ethanol with a Spe- 
cord W VIS (VEB Carl Zeiss Jeaa) and infrared spectra 
(KBr) with a Perkin Elmer 325 speotrophotometer. 
Mass speotra were recorded with a Jeol ma88 speotrometer 
JMS-D 100, and g 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 3-0~0 oompounde was per- 
form& with CrC3 in acetone according to Jones (14), 
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RESULTS 

Traneformation of 17~-oganomethgl-17~~droxy~4,9-eetradien~ 

J-one (STS 557) 

STS 557 was transformed by Mycobacterium muegmatia 

predominantly (> 80 %) to compounda leas polar than the 

starting material in TLC (system A). Ry TLC in different 

solvent eyatema, two metabolites, III and IV, were isolated; 

also, a non-uniform zone x occurred which could not be eep- 

arated by TLC. The quantitative composition of the meta- 

bolite mixture changed depending on the inoubation time. 

After 24 h, III and IV were preaent in nearly the same 

amounts; with longer incubation time, III decreased and 

zone x inoreaaed. 

Metabolite III (identified as 17a-cyanomethyl-1,3,5(10), 

9(11)-eetratetraene-3,170diol): 

TLC: system A Ry 0.59 (R$ 0.18); eyetem C 2x Rp 0.30; 

system D RF 0.23, 2x Rp 0.36. 

W' hmax 265 (273) am. g: 2220 om" (CR) 

MS: m/z 309.1753 (mbc); calod. for C2OH23RO2 309.1729 

Metabolite IV (identified ae 17a_cyaaomethyl-1,3,5(10)- 

estratriene-3,17=diol: 

TLC: system A RF 0.59; eystem C 2x RF 0.22; system D 

2x Rp 0.27. !EEXmu 280 (287) urn. g: 2244 cm -l (CR). 

MS: m/z 311.1885 (adc); calcd. for C20H25R02 311.1885. 
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The chromatographic properties, W, IR and mass spectra 

of III and IV were found to be identical with those of 

authentic 17+oyaaomethyl-1,3,5(10),9(11)-estratetraene- 

3,17=diol and 17~~ya~~et~l-l,3,5(lO}-est~trie~e~3,17- 

diol, respeotively (11). 

Zone x had the same c~omato~raph~c properties as the 

3-methyl ethers of III and IV which could not be separated 

by TLC: System A RF 0.48 (R$,'I 0.37); aystem C Rll 0.38; 

system D Rp 0,32; Etxmax 265 (274) nmr 

$& 2242 cm-' (CN), Ml: m/z 323.1916 (?@>, calcd. for 

C2,H25N02 (III-3-methyl ether) 323-1885; m/r; 223.1095, 

oalcd, for C16H150 (& - D ring - 2H) 223,1123, 

Ln addition to the molecular ion peak of III at m/z 323, 

a smaller peak at m/z 325 was present, indicatiug 

obviously IV-3-methyl ether has also been formed, 

that 

Separation of zone x could fiaally be aohieved by 

means of HPLC, A self-assembled liquid chromatograph of 

Pa, Knauer (Ead Homb~g~RG) was used: Column length 25 

am, inner diameter 4.6 mm; stationary phase 10 p Lichro- 

sorb RX? 18 (lerak, Darmatadf), mobile phase CH30H-H20 

(80:20); 40 bar, 1 mllmin; Knauer specrtrophotometer type 

85.02. Retention timee of the III- and IV-methyl ethers 

were 8,l and 8.4 minutes, respectively, On the basis of - 
the peaks of W detectiorJ (215 nm) and the different 

molar exfiactioas coeffioients, a ratio of III- and IV- 
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methyl ether of about 9:l was estimated following an in- 

cubation time of 72 h. 

Transformation of 17~cganomethyl-19-nortestosterone (II) 

Like STS 557, compound II was extensively transformed 

by g. smegmatis. 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 isolated: V, VI, VII and VIII, The masses determined 

by MS indicated the introduction of 2 hydrogen atoms into 

V, and of 4 hydrogen atoms into VI and VII, whereas VIII 

had the same elemental composition as the parent compoundIT. 

Metabolite V (identified as 17a_cyanomethyl-17-hydroxy- 

5cz-estraa-3-one): 

3 system C RF 0.43 (Ri' 0.27); system E RF 0.38 

(RI' 0 30). system F 2x 0 460 F l ’ 
. , system G RF 0.22 

W: negative. g: 2220 cm-l(CN), 1710 cm-' (3-ketone). 

MS: m/z 315.2207 (M+); calcd. for C20H2gN02 315.2198; 

m/z 297.2102 (lK+ - H20); calcd. for C20H27N0 297.2093; 

m/z 274.1937 (M+ - CH3CN); calcd. for C18H2602 274.1933. 

g: AfA 240 om (0); 260 nm (0.18); 280 nm (0.81); 

285 am (0.95); 290 urn (1.02); 295 q m (0.98); 300 nm 

(0.83); 320 tm (0.06); 330 nm (0). 

M.P.: 178 - 180 ' (recrystall. from acetone/H20). 

V was shown to be identical with authentic 17a-cyano- 

methgl-17-hydroxy-5+estran-3-one obtained by reduction 

of II with NaBH4 in pyridine (12). 



Metabolite VI (identified as l?~-cyanomethyl-5a-est~ne~ 

%,17-dial): 

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

W: negative; g: 2242 cm-1 (CN) 

Mjd: m/z 317.2381 (BP), calcd. for C2OH3lEO2 317.2355: 

m/5 299.2276, calcd, for C20H2gE0 (M+ - H20> 299.2249. 

Metsbolite VII (identified as 17c+cyanomethgl-5estrane- 

30,17-dial): 

g: system A 2x RF 0.40; system E 2x RF 0.43 

UV: .- negative; IR: 2242 cm-l (CW), triplett between 

1000 and 1100 ano1 l 

MA: m/z 317,2396 (B+), Caled, for C2OH3lHO2 317.2355; 

m/z 299.2279, calcd, for C20H2gB0 (B¶+ - H20) 299,2249, 

The ohromatographic properties, IR and mass epectre of VI 

and VII were found to be identical with those of authentic 

17c+cgaaomethyl-5cc-estrane-3ar,l7-dlol and 17a=oyanomethyl- 

Fz-estrane-3D,l7-diol, respeatively (12). Jones* oxidation 

of VI and VII yielded the same product being identical 

with V (17~:-cyanomethyl-l7~~d~xy~~~eetraa_3_ne~, 

Metsbolite VIII (tentatively identified 8s l”la-oyano- 

methyl-17-hydroxy-5-l~est~n~3~one): 

m;c: system C RF 0.35; system D RF 0.34; 

system F 2x RF 0.37 z: 230 nm 

I&: 2220 am-l; 1670 cm" (Al-3-CO). 

MA: IU/Z 313,2O69 (M+), oalcd, for ~2OH27~O2 313.2042, 
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By incubation with Wcobacterium smegmatie, VIII waa ob- 

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

DISCUSSIOlV 

In recent time, increasing interest has been paid to 

WH-metabolites of 4-en-3-oxo steroids, as some of theee 

show interesting biological effects, For obtaining 5xH- 

metabolites of the new progestagen STS 557, we used Myco- 

bacterium amegmatie, ae this microorganism has been shown 

to traneform 19-nortestosterone and its 17ol-alkyl deriva- 

tives stereospecifically to %H-compounds (7). The pro- 

nounced hydrogenation ability of Iv& smegmatis wa8 also 

demonstrated by hydrogenating 4-en-3-oxo compounds with 

unnatural configuration such as ent-1%nortestosterone 

(4) and 9B,lOc+retrosteroids (7). 

The transformation of 17c+cyanomethyl-19-nortesto- 

aterone proceeded a8 expected. Hydrogenation of the 4- 

double bond and reduction of the 3-0~0 group dominated, 

resulting in the formation of dihydro and tetrahydro de- 

rivatives of II. The 5a-configuration of metabolitea V, 

VI, and VII was evidenced by measuring the circular di- 

chroism of V, and transforming VI and VII into V by 

Jones' oxidation. The l-dehydrogenase activity of the 

microorganism was demonstrated by the formation of the 

l-en-3-oxo compound VIII, in which a %%configuration 

like in V, VI, and VII can be assumed very probably, and 



of the ring A-aromatized metabolite IV. These reaulte in- 

dicate that 1-dehydrogenation occur~l both in ring A-eatu- 

rated compounds and in thoae with a 4-en-3-oxo structure. 

The formation of methyl ethere in compound6 with pheaolic 

hydroxy groups by & emegmatie has been demonstrated al- 

ready by other investigations (7, 15). 

It is noteworthy that the correeponding 5DH-3-0~0 

compound of II, 17a-cyanomethyl-17-hydroxy-5&eetran-3-one, 

is transformed by & smegmatie into the 5&I-3-0~0 compound 

with intermediary formation of II. Thus, the 5SH=configu- 

ration of steroids ie obviouely a lees stable form for the 

microorganism and ia transformed via 4-dehydrogenation to 

the more atable 5&I=compound. 

With STS 557 as subatrate, formation of ring A-aro- 

matized compounds dominated, whereas conversion to 5a- 

hydrogenated metabolitee could not be established. The ab- 

aenoe of 5c+metabolites indicates that the 9(10)-double 

bond has an inhibiting effect on enzymatic %-hydrogenation 

and favours ring A aromatization. Formation of metabolite 

III can be explained by introduction of a l-double bond, 

followed by epontaneoua 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- 

poeition c20H*5W02, and only shifting of the double bond 

from 9(10> to l(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 IllI; emegmatis, 

formation of IV could not be established. Thus, the mecha- 

nism of transformation remains till now unknown. In Fig. 1, 

the pathways of transformation of STS 557 and II by ML 

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 syetem 

could be established. Theee findings aleo support the as- 

sumption that 4,9-dien-3-oxo compounds are not sub&rates 

for enzymatic %-hydrogenation. 

NOMENCLATURE 

Trivial name 

19-Nortestoeterone = 17D-Hydroxy-4-estren-3-one 

Norethisterone = 17cc-Ethynyl-170hydroxy-4- 
eatren-3-one 

Norgestrel = 17a-Ethynyl-18-methyl-17- 
hydroxy-4-eetren-3-one 
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