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| Preparation of 3-ketodesogestrel
metabolites by microbial
transformation and chemical synthesis
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and Gerhard Hobe?}

*Institute of Pharmacy of the Friedrich-Schiller-University, Jena, Germany; and {Hans-Knéll-
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Specific microbial reactions were used for the preparation of metabolites of 3-ketodesogestrel (13-ethyl-178-
hydroxy-11-methylene-18,19-dinor-17a-pregn-4-en-20-yn-3-one, the active form of the progestagen desogestrel.
Clostridium paraputrificum transformed 3-ketodesogestrel (KDG) to the 5B-dihydro and tetrahydro metabo-
lites 13-ethyl-17B-hydroxy-11-methylene-18,19-dinor-5B,17a-pregnan-20-yn-3-one and 13-ethyl-11-methylene-
18.19-dinor-583,17a-pregnan-20-yne-3a, 173-diol, respectively. The epimeric compound 13-ethyl-11-methylene-
18,19-dinor-58, 17a-pregnan-20-yne-38, 17B-diol was obtained by chemical reduction of the 3-oxo compound.
Mycobacterium smegmatis converted KDG to metabolites of the SaH-series: 13-ethyl-17B-hydroxy-
I1-methylene-18,19-dinor-5a, 17a-pregnan-20-yn-3-one, 13-ethyl-11-methylene-18,19-dinor-5«, 17a-pregnan-
20-yne-3a,17B-diol and  13-ethyl-11-methylene-18,19-dinor-5a,17a-pregnan-20-yne-3f,173-diol. The ring
A-aromatized analog of KDG 13-ethyl-11-methylene-18,19-dinor-17a-pregna-1,3,5(10)-trien-20-yne-3,17B-diol
was obtained by microbial 1-dehydrogenation with Rhodococcus rhodochrous. Additionally, chemical syntheses
of the microbially obtained KDG metabolites listed above were carried out. These included Birch reduction,
reduction of KDG with sodium borohydride in aqueous pyridine and in methanol, reduction of KDG with
potassium selectride in tetrahydrofuran, and dehydrogenation of KDG with cupric-1l bromide in acetonitrile. The
problems encountered in chemical syntheses favor the microbial procedures. The compounds were characterized
by mass spectra (MS), IR, and circular dichroism (CD). Complete assignments of 'H and "> C chemical shifts were
made using homo- and heteronuclear 2-DN-NMR spectroscopy. Chromatographic [gas-liquid chromatography
(GLC), high-performance liquid chromatography (HPLC), thin-layer chromatography (TLC)] data of all the
prepared KDG metabolites are presented.  (Steroids 62:437-443, 1997) © 1997 by Elsevier Science Inc.
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Introduction

Metabolites of 3-ketodesogestrel (13-ethyl-178-hydroxy-11-
methylene-18,19-dinor-17a-pregn-4-en-20-yn-3-one, KDG)
the active form of the progestagen desogestrel, are of inter-
est for various reasons. The availability of metabolites will
support studies on KDG biotransformation and facilitate the
isolation of other metabolites. KDG metabolites are re-
quired for testing the crossreactions of KDG antisera, which
will be necessary when a radioimmunoassay for KDG is
established. Furthermore, there is a growing interest in
potential biologic effects of drug metabolites, including
those of KDG.
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An important pathway in the metabolism of steroid com-
pounds with a 3-oxo-4-en structure is the reduction to
saturated 3-hydroxy compounds. Synthetic progestagens of
the 17a-substituted 19-nortestosterone type, such as nor-
ethisterone and levonorgestrel, have been reported to be
preferentially reduced to metabolites of the SBH-series.’
Metabolites of KDG, like the allylic compounds 3a-OH-
and 3B-OH-desogestrel and the saturated  Sa-dihydro and
tetrahydro metabolites, have been mentioned in biotransfor-
mation studies as compounds for comparison.>-+ There is,
however, little information in the literature on the prepara-
tion of these compounds. To our knowledge, metabolites of
the 5BH-series as well as the ring A-aromatized analog of
KDG, which may be potential products of biotransforma-
tion, have not been described until now.

In previous studies, we have used specifically hydroge-
nating microorganisms such as the anaerobic intestinal bac-
terium Clostridium paraputrificum, the yeast Rhodotorula
glutinis, and the aerobic actinomycete Mycobacterium
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smegmatis for the preparation of metabolites of endogenous
steroids and those of steroid drugs.5- We have also studied
the microbial aromatization of 19-norsteroids by bacterial
flora'® and by the steroid-1-dehydrogenase of Nocardia
species.!! In the present study, we make use of the specific
steroid-converting enzymes of these microorganisms for the
preparation of KDG metabolites. With the microbially ob-
tained compounds for comparison, we also studied some
chemical reactions for the preparation of KDG metabolites.

Experimental

Substances

3-Ketodesogestrel was kindly provided by Prof. Dr. S. Schwarz,
Jenapharm GmbH. [16(n)-*H]-3-ketodesogestrel was supplied by
Wyeth Ayerst Research Laboratories, Princeton, New Jersey,
USA. The reference compounds Sa- and 58-dihydro levonorg-
estrel were obtained from the Steroid Collection of the former
Central Institute of Microbiology and Experimental Therapy
(CIMET) Jena, Germany. Solvents were of analytical grade and
were used like all chemical reagents as supplied from Merck
(Darmstadt, Germany) and Sigma-Aldrich Chemie, Deisenhofen,
Germany. The nutrient compounds and salts needed for media
preparation were obtained from Difco (Detroit, MI) and Merck.

Culture media

Medium 1. 1 L filtered infusion from 500 g trimmed fresh beef
liver, 10 g Bacto-Casitone, 5 g glucose, 5 g NaCl, pH 7.4; 5 pieces
of approximately 8 X 8 mm boiled liver were added to each 10 mL
of infusion medium.

Medium 2. 15 g Bacto-Casitone, 5 g yeast extract, 5.5 g glucose,
2.5 g NaCl, 0.5 g cysteine, 0.07 g sodium thioglycolate, and 0.75 g
agar were dissolved in 1 L of water, and the pH was adjusted to
6.6.

Medium 3. 1 volume egg yolk mixed with 1 volume of the
following solution: 4 g L-asparagine, 60 g glycerol, 2 g citric acid,
0.5 g K,HPO,, 0.5 g MgSO,, X 7 H,0, and 0.05 g ferric ammo-
nium citrate per 1 L of water, pH 7.0.

Medium 4. 10 g peptone, 10 g glucose, 1 g casamino acids, 2 g
yeast extract, and 6 g NaCl per 1 L of water, pH 7.0.

Medium 5. Medium 4 with 15 g agar per 1 L. All media were
autoclaved at 120°C for 20 min.

Microorganisms

Clostridium paraputrificum (IMET H2/10865 = DSM 46280)
stored at 4°C in medium 1, Mycobacterium smegmatis (IMET H
124/SG 98) stored at 4°C in medium 3, and Rhodococcus rhodo-
chrous (invalid name Nocardia opaca, IMET 7030)%? stored at
4°C in medium 5 were obtained from the Type Culture Collection
of the former CIMET, Jena, Germany.

General procedures

Gas-liquid chromatography (GLC) analyses were performed on a
HP 5890 Series II Plus apparatus equipped with a HP 7673
automatic injector and an Ultra 1 capillary column (50 m X 0.32
mm X 0.52 um). Column temperature 260°C, injector 230°C, FID
310°C, hydrogen flow rate 2.41 mL/min, split ratio 20:1. High-
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performance liquid chromatography (HPLC) was carried out on a
Shimadzu apparatus equipped with a Lichrosorb® RP 18 column
(250 X 4.6 mm) and a photodiode array ultraviolet-VIS detector
(205-350 nm) and using acetonitrile/water (60:40 v/v, 1 mL/min)
as the eluent. Thin-layer chromatography (TLC) was carried out on
silica gel GF,5, (Merck) and on alumina (Merck) with the solvent
systems described in Table 1. The compounds were observed
under ultraviolet light, by staining with tungstophosphoric acid,
and when using a radioactive substrate, with a radio thin-layer
scanner (Linear Analyzer Berthold, Wildbad, Germany). Column
chromatography was performed on silica gel (60—120 wm) with
cyclohexane/ethyl acetate mixtures as the eluent. Melting points
(mp) were determined on a Reichler—Kofler microscope and were
not corrected. Circular dichroism (CD) spectra were measured in
dioxane using a spectro polarimeter Jasco J-720. High-resolution
mass spectra (HRMS) were recorded on a Joel IMS-D 100 and the
IR spectra (KBr) on a Galaxy 4020 Mattson instrument. NMR
spectra ('H, '*C, distortionless enhancement by polarization trans-
fer (DEPT), correlated spectroscopy (COSY), total correlation
spectroscopy  (TOCSY), nuclear Overhauser spectroscopy
(NOESY), J-resolved spectroscopy (2-D-J), heteronuclear single
quantum coherence (HSQC), heteronuclear multiple bond correla-
tion (HMBC) were measured on a Bruker Avance DRX 500
spectrometer with sample concentrations of 0.005 mM in CDCl;.
Chemical shifts are given in ppm relative to the internal TMS
standard. TOCSY (mixing time 70 ms), NOESY (mixing time
0.7 s), and HSQC spectra were obtained in phase sensitive mode
using time proportional phase increments (TPPI). The HMBC
spectra were optimized on a long-range coupling of 7 Hz. To
determine the KDG conversion rate and the ratio of the metabolites
formed in the fermentations, representative experiments were car-
ried out with 2-5 uCi *H KDG added to the nonlabeled substrate.

Metabolites obtained by microbial transformation of
KDG by C. paraputrificuam. [3-Ethyl-173-hydroxy-
11-methylene-18,19-dinor-58,17a-pregnan-20-yn-3-
one (1) and 13-ethyl-11-methylene-18,19-dinor-

5B, 17a-pregnan-20-yne-3a,173-diol (2)

C. paraputrificum H2 was grown anaerobically under reduced
atmospheric pressure (30—40 mm Hg) in 80 mL of medium | at
37°C for 24 h and inoculated into 400 mL of medium 2. A solution
of 20 mg KDG in 4 mL of acetone was added, and fermentation
was carried out under reduced atmospheric pressure at 37°C for
24-48 h. The cultures were extracted three times with CHClj, and
the combined extracts were washed with water, dried with anhy-
drous Na,SO,, and evaporated in vacuo. Column chromatography
of the extract on silica gel with cyclohexane/ethyl acetate (4:1 v/v)
as the eluent yielded metabolite 1 with small amounts of KDG.
Compound 1 was separated using TLC in system C (see Table 1).
Yields of 60 and 20% were obtained, dependent upon the fermen-
tation time of 24 and 48 hours, respectively. Metabolite 1 was
recrystallized from acetone/cyclohexane: mp 193-198°C. HRMS:
326.2240 (M™), calc. for C,,H;,0, 326.2246. IR [v,,,.]: 3400
(R-OH), 3255 (—=C = CH), 1702 (>C = 0), 1640 (>C = CH,),
899 (>C = CH,) cm™'. CD [Ag (M~ ecm™')/A (nm)}: 0/220;
0/(250); —0.17/280; —0.31/300; —0.08/320; 0/350; (¢ = 0.67
mg/mL). 'H and 'C NMR data (see Tables 2 and 3).

During column chromatography, the KDG metabolite 2 was
eluted following 1 with cyclohexane/ethyl acetate (3:1 v/v) as the
eluent, with yields of 5 and 50%, dependent upon the fermentation
time of 24 and 48 hours, respectively. mp 177-179°C. HRMS:
328.2408 (M™), calc. for Cy,H,,0, 328.2402. IR [v,,,]: 3400
(R-OH), 3305 (~C = CH). 1642 (>C = CH,), 895 (>C = CH,)
em L. 'H and '*C NMR data (see Tables 2 and 3).



Chemical reduction of 1 to 13-ethyl-173-hydroxy-
11-methylene-18, 19-dinor-58,17a-pregnan-20-yne-
3B,17B-diol (3)

Reduction of the 3-oxo compound 1 with potassium selectride in
tetrahydrofuran according to Wiebe et al.!3 yielded the 5BH-
3B-OH tetrahydro metabolite 3 as a main product (40%), which
was separated from byproducts by TLC using systems A and D. 3:
not crystalline. HRMS: 3282398 (M™), calc. for C,,H;.0,
328.2402. 'H and '*C NMR data (see Tables 2 and 3).

Metabolites obtained by microbial transformation of
KDG with M. smegmatis: /3-Ethyl-173-hydroxy-11-
methylene-18,19-dinor-5a, 17a-pregnan-20-yn-3-one
(4), 13-ethyl-11-methylene-18,19-dinor-5c,17 -
pregnan-20-yne-3a, 173-diol (5), and 13-ethyl-11-
methylene-18,19-dinor-5a., 17 a-pregnan-20-yne-
3B,17B-diol (6)

5 mL of a M. smegmatis SG 98 culture grown in medium 4 for 3
days at 30°C were inoculated into each 50 mL of the same medium
in 500 mL flasks and incubated for 3 days at 30°C on a gyratory
shaker (200 rpm). Subsequently, the cells (about 2.5 g/50 mL)
were harvested by centrifugation and washed three times with 20
mL of 0.1 M phosphate buffer, pH 7.0. The cells were resuspended
in buffer (2 g/20 mL), and a solution of KDG in acetone (5
mg/mL) was added (10 pL/mL medium). During the fermentation
at 30°C, samples were drawn for GLC and TLC analysis every 2
hours. A complete conversion of KDG and four transformation
products 4, 5, 6, and 7 in a ratio of 1:5:2:1, respectively, were
found after 12 h incubation. After fermentation, the culture was
repeatedly extracted with ethyl acetate, and the combined extracts
were separated by TLC using systems B and C, yielding the single
compounds 4 (5%), 5 (50%). 6 (10%), and 7 (6%). To obtain a
larger amount of the dihydro metabolite 4, the tetrahydro com-
pounds 5 and 6 were oxidized with pyridinium chlorochromate.!?

4: mp 176-182°C. HRMS: 326.2251 (M"), calculated for
C,,H4,05 326.2246. IR [v,,,,]: 3400 (R-OH), 3280 (—C = CH),
1700 (>C = 0), 1645 (>C = CH,), 901 (>C = CH,)cm™'. CD
[Ae (M7 ecm™ "YA(nm)]: 0/220: 0/250; +0.25/280; +0.43/300:
+0.13/320; 0/350; (¢ = 1.03 mg/mL).

5: not crystalline. HRMS: 328.2408 (M ™). cale. for C,,H5,0,
328.2402. IR [v,,]): 3412 (R-OH), 3305 (—C = CH), 164]
(>C = CH,). 897 (>>C = CH,)em~". 'H and '*C NMR data (see
Tables 2 and 3).

6: mp 84-87°C. HRMS: 328.2406 (M™), calc. for C,,H;,0,
328.2402. IR [v,..): 3421 (R-OH), 3308 (-C = CH), 1641
(>C = CH,). 900 (>C = CH,)em . 'H and '*C NMR data (see
Tables 2 and 3).

Transformation of KDG by R. rhodochrous to 13-
Ethyl-11-methylene-18,19-dinor-17a-pregna-
1,3,5(10)-trien-20-yne-3,17B-diol (7)

10 mL of a R. rhodochrous 7030 culture grown in medium 4 at
30°C for 24 h were inoculated into 500 mL flasks each containing
100 mL of medium 4, and 1 mg KDG in | mL of acetone was
added to each flask. Fermentation proceeded for 24 h at 30°C on
a gyratory shaker (180 rpm). After centrifugation, the supernatant
was extracted three times with benzene. Column chromatography
on silica gel with cyclohexane/ethyl acetate (85:15 v/v) as the
eluent yielded 7 in about 60% yield. 7: mp 168-171°C. UV [A_..]:
279 nm. HRMS: 322.1940 (M"), calculated for C,,H,¢0,
322.1933. IR |v,,,.J: 3390 (R-OH), 3303 (—-C = CH), 1645
(>C = CH,), 1611, 1580, 1499 (aromatic ring A), 902 (>C =
CH,) cm ', 'H and '*C NMR data (see Tables 2 and 3).

3-Ketodesogestrel metabolites: Groh et al.

Following reaction with pyridine acetanhydride (1:1 v/v) for
5 h at room temperature, compound 7 was completely transformed
to two less polar compounds with a ratio of 10:1. These com-
pounds had R, values of 0.49 and 0.63, respectively (in system C),
and a A, of 269(274) nm. Taken together, these data character-
ized the two compounds as the mono and diacetates of 7, respectively.

Chemical reactions

Oxidation of 3-hydroxy metabolites to 3-oxo compounds was
conducted with pyridinium chlorochromate in dichlormethane.!'?
3-Oxo compounds were reduced to 3-hydroxy metabolites by
reaction with sodium borohydride in methanol and with potassium
selectride in tetrahydrofuran.'?

Chemical reduction of KDG to 13-ethyl-11-
methylene- 18, 19-dinor-17a-pregn-4-en-20-yne-
3a,17B-diol (8) and 13-ethyl-11-methylene-18,19-
dinor-17a-pregn-4-en-20-yne-3p,173-diol (9)

Reduction of KDG with NaBH, in methanol for 2 h on ice resulted
in complete conversion and formation of 8 and 9 at a ratio of 1:10.
With potassium selectride in tetrahydrofuran as the reducing agent,
only 40% of KDG reacted to forms 8 and 9 in a 1:1 ratio. The
isomers were separated by repeated TLC in systems B and C. 8:
mp 148-152°C. HRMS: 326.2251 (M), calc. for C,,H;,05
326.2246. IR [v,.]: 3400 (R-OH), 3282 (—-C = CH), 1641
(>C = CH,), 895 (>C = CH,) cm™~'. 9: mp 153-156°C. HRMS:
326.2250 (M™), calc. for C,,H;,0, 326.2246. IR {v,.]: 3400
(R-OH), 3302 (—C = CH), 1642 (>C = CH,), 904 (>C = CH,)
em ', 'H and '*C NMR data (see Tables 2 and 3).

Birch-reduction of KDG'™

18.9 mg (0.058 mmol) KDG dissolved in 0.5 mL of tetrahydrofu-
ran (THF) were added to a Birch solution prepared by reaction of
7.8 mg (1.1 mmol) lithium with 4.5 mL of liquid ammonia and 0.5
mL of THF at a temperature of about —50°C and under argon gas
atmosphere. After 3 min, 20 mg solid ferric nitrate were added to
destroy excess reducing agent. After evaporation of the ammonia,
water was added, and the reaction mixture was extracted with
CH,Cl,. The reaction product, containing the Sa-dihydro metab-
olite 4, and the corresponding 17a-vinyl compound in a 4:1 ratio
was separated by HPLC on Lichrosorb® Si 60 (10 um) using
acetonitrile/water (60:40 v/v) as the eluent.

Reduction of KDG with NaBH , in aqueous
pyridine’’ to 2, 3, §, and 6

A suspension of 16.7 mg (0.44 mmol) NaBH,, in 0.5 mL pyridine
was added under shaking (300 rpm) to a solution of 100 mg KDG
(0.31 mmol) in 1| mL of pyridine and 0.07 mL of water. After
shaking for 2 h at room temperature, the reaction product was
poured into a mixture of 22 mL of water and 2.5 mL of | M HCI,
left for 2 h in a refrigerator, and then extracted with CHCI,.
Separation of the complex mixture of KDG tetrahydro metabolites
was achieved by repeated TLC in system A yielding metabolites 2
(16%), 3 (2.5%), 5 (5%), and 6 (31%) in addition to 11% of the
starting material KDG.

Reaction of KDG with cupric-1l-bromide
in acetonitrile

KDG was reacted in anhydrous acetonitrile with CuBr, (molar
ratio 1:1.2 and 1:0.9) for 16 h at room temperature, according to
the procedure described by Rao et al.’® The reaction product was
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separated by TLC in system A, cyclohexane/CHCl,/ethanol (46:
46:8 v/v/v), and CHCl,/ether (87:13 v/v). Only a small amount of
7 could be obtained (<<10%) when 0.9 mol CuBr, was used. The
main product in both reactions was a mixture of compounds with
a strong ultraviolet absorption and high mol masses (399, 417, 467,
and 496).

Results and Discussion

The present study on the microbial hydrogenation and de-
hydrogenation of KDG demonstrates once more that micro-
bial procedures are useful in the preparation of steroid
metabolites because of their high specificity. When com-
pared to chemical synthesis, undesired side reactions occur
less frequently with microbial procedures, which is espe-
cially important if there are sensitive areas in the steroid
molecule. The radioactive labeling of part of the substrate
allows for convenient follow-up of the course of transfor-
mation. In Figure 1, the structural formulas of all prepared
KDG metabolites are presented. Table 1 displays chromato-
graphic data of the metabolites obtained by GL.C, TLC, and
HPLC. The complete '"H and '3C NMR assignments, as
derived from 2D experiments, are compiled in Tables 2 and
3, respectively.

5BH- Metabolites of KDG obtained by
Clostridium paraputrificum

This anaerobic strain converted KDG stereospecifically to
the 58-dihydro and tetrahydro metabolites 1 and 2, respec-
tively. After 24 h of fermentation, metabolite 1 dominated;
whereas, after 48 h, 2 was the main product, indicating the
precursor function of 1. The conversion rate of KDG to 1
and 2 was about 90% in 48 h. The SBH configuration in 1
was proved by circular dichroism. The measured negative
values at 300 nm are characteristic for a ring A/B cis-
junction'” and were also found with the reference com-
pound 58-dihydro levonorgestrel. The axial position of the
3BH in 2 was proved by the presence of a big di-axial
coupling constant (10.0 Hz) in its multiplet at 3.65 ppm.56.'¥
Additionally, the 'H and '*C NMR data demonstrate that

OH
H,C _-C=CH HC

HO

Figure 1 Structures of KDG and metabolites 1-9.
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the 11-methylene and the 17a-ethinyl group remained un-
changed in the microbial transformation.

For completion of the SBH KDG metabolites for com-
parison, the dihydro compound 1 was reduced with potas-
sium selectride in tetrahydrofuran'? yielding the 58H-38-
OH-tetrahydro metabolite 3 in addition to compound 2. The
structure of 3 was proved by MS, IR, and NMR. In contrast
to 2, the 3H proton of 3 appears at 4.11 ppm as a pentet with
a coupling constant of 2.9 Hz. Thus, no di-axial coupling
constant is present, and the position of the 3H must be
equatorial (3eH). In addition to the coupling constant, the
'H chemical shift of 3H in 2 and 3 is characteristic for a
3BH and a 3aH, respectively.'® As far as we know, 58H
metabolites of KDG have not been described until now. The
formation of these compounds as products of KDG bio-
transformation in man is conceivable, because SBH metab-
olites have been found as urinary metabolites of levonorg-
estrel and norethisterone.’

SaH-KDG metabolites obtained by
Mycobacterium smegmatis

For the microbial preparation of SaH-metabolites of KDG,
we first tried the yeast Rhodotorula glutinis, which has been
found to transform endogenous and also synthetic 4-en-3-
oxo-steroids to metabolites of the SaH series.” Although
levonorgestrel was extensively converted to predominantly
Sa-tetrahydro metabolites with time, KDG was only poorly
transformed (<<10%), even after 88 h fermentation. With M.
smegmatis, arapid and nearly complete conversion of KDG
was found after 12 h fermentation. The Sa-dihydro metab-
olite (4) and both tetrahydro metabolites (5, 6) were formed,
but 4 was produced in only small quantities. Larger amounts
of the 3-oxo compound 4 were prepared by oxidation of 5
and 6 with pyridinium chlorochromate in CH,Cl,. The 5aH
configuration in 4 was demonstrated by the positive values
of CD at 300 nm,'” as has been found with the reference
compound Sa-dihydro levonorgestrel. Metabolite 5 was the
main product of the KDG transformation with M. smegma-
tis. The '"H NMR chemical shifts and coupling constants of

OH OH
.--C=CH H,C ...C=CH
HO
H
2. 5B-H, 3a-OH
3. 5p-H, 3B-OH
5 5a-H, 30-OH
6 Sa-H, 3p-OH
OH
.--C=CH

8 3a-OH
9 3B-OH
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Table 1 TLC, GLC, and HPLC data of KDG metabolites 1-9 as compared to KDG

1 2 3 4 5 6 7 8 9
58H- Arom.

Metabolite 3-oxo 5BH-3¢:0H 5BH-380H 5aH-3-0x0  5aH-3¢0OH 5aH-380H  A-ring A4-3¢0H  A4-380H KDG
TLC?
Re in system

A 0.79 0.48 0.62 0.81 0.64 0.54 0.79 0.57 0.59 0.68

B 0.71 0.44 0.54 0.75 0.54 0.49 0.65 0.49 0.53 0.66

C 0.72 0.35 0.50 0.77 0.52 0.43 0.63 043 0.50 0.66

D 0.75 0.25 0.48 0.76 0.45 0.34 0.28 0.35 0.39 0.69
GLC?

tg (min) 12.74 11.88 12.20 12.55 11.88 12.04 16.30 12.41 12.74 16.03
HPLC?

Tg (min)  10.31 9.76 8.33 10.17 10.66 8.50 6.81 8.65 7.01 7.7

“For conditions see Experimental section.

TLC in solvent systems A, B, and C on silica gel, and in system D on alumina. Solvent systems: A: benzene/ether (1:1 v/v 2X}; B:
CHC./ethyl| acetate (85:15 v/v 2X); C: CHCly/ether 9:1 v/v 2x}; D: benzene/ethanol 98:2 v/v 2x).

Table 2 'H NMR chemical shifts of KDG metabolites 1-9 (in ppm relative to the internal standard TMS)

1 2 3 4 5 6 7 8 9
Metabolite 58H- 58H- 58H- 5aH- 5aH- 5aH- Arom.
proton 3-oxo0 3a0OH 3B0H 3-ox0 3a0H 3B0H A-ring A4-3a0H A4-380H
1 1.76 ddt 1.33m 1.76m 114 m 1.13m 0.75m 7.21d 1.00 m 0.95m
2.46 m 2.27 dt 1.97m 2.57m 2.06 dq 2.28 m 1.70 m 1.70 m
2 2.16 ddd 1.24m 147 m 2.32 dt 1.58 m 1.27m 6.63 dd 2.00 m 1.38 m
2.27 dt 1.66 m 155 m 239m 177 m 1.99m 2.24 dt 1.99 m
3 — 3.65 sep 411 p —— 412p 3.65p —_ 413 m 419 m
4 2.06 dd 1.57 m 1.38 m 2181 1.35m 1.1t m 6.57d 5.60 m 547 s
2.61dd 1.62 m 1.86 dt 2.37m 1.73m 1.93m
5 2.33m 1.89m 2.23m 1.48 m 1.48 m 1.15m —— —— ——
6 1.53 m 1.56 m 1.48 m 114 m 0.97 m 1.08 m 2.68 m 1.64 m 1.99 m
1.67 ddt 1.60 m 1.58 m 1.65m 1.51Tm 1.57 dt 2.81 dt 1.67m 2.22 dt
7 1.21 dg 1.21m 1.18 m 1.02m 1.01m 0.95m 1.33m 141 m 1.12m
1.48 m 1.38 m 142 m 1.68 dq 1.64 dq 1.64m 1.80 dg 2.08 m 230 m
8 1.30m 1.86 m 1.97 m 1.31dg 1.22 dg 1.22 dg 1.62 dg 1.36 m 1.35m
9 1.93t 1.87t 1.78t 1.39m 1.36 m 1.25m 3.04d 1.44 dt 1.33m
10 2.08 m 1.24m 1.19m 1.62 dq 1.20m 1.09 m- - 219 m 2.23m
12 2.30d 2.27d 2.27d 2.29d 2.27d 2.26d 2.46d 2.28d 2.24d
265d 2.59d 2.61d 264d 2.60d 2.60d 277d 2.63d 2.62d
14 1.86 m 1.84 ddd 1.82m 1.83 ddd 1.80 ddd 1.77 ddd 2.02 ddd 1.79 ddd 1.77 ddd
15 1.36m 1.33m 1.33m 1.37m 1.3d m 1.3d m 146 m 1.33m 1.34m
1.64m 1.63m 1.62m 1.66 m 1.62m 1.63m 173 m 1.62m 1.62m
16 2.11 ddd 2.09 ddd 2.09 ddd 2.11 ddd 2.09 ddd 2.09 ddd 2.16 ddd 2.09 ddd 2.10 ddd
2.37 ddd 2.35 ddd 2.35 ddd 2.34m 2.35 ddd 2.35 ddd 2.42 ddd 2.35 ddd 2.34 ddd
18 141 m 1.39m 1.40 m 1.41Tm 140 m 1.40 m 1.47 m 1.40m 141 m
1.45m 143 m 143 m 147 m 144 m 1.44m 1.50 m 1.43 m 144 m
18a 1.06 t 1.03t 1.04s 1.05t 1.03 1t 1.02t 1.06 t 1.04s 1.03s
21 264s 2.65s 2.63s 2.63s 262s 2.61s 2.65s 2.63s 2.60s
11-CH, 479q 4.73q 476 q 475 q 467 q 4.68 q 4.89 q 478 q 4.78 q
5.01q 4.95q 496 q 4.99 g 494 g 4.95q 5.00q 5.00.q 5.00 q

3-Hin 5 and 6 (4.12 ppm, p, J = 2.8 Hz, and 3.65 ppm, p,
J = 9.9 Hz, respectively) are in conformity with an axial
3a-OH group in § and an equatorial 33-OH-group in 6.3
MS, IR, 'H and '*C NMR data demonstrate again that in
this microbial transformation, the 11-methylene group and
the 17a-ethinyl side chain remain intact. SaH-metabolites
of KDG have been found as products of desogestrel and
KDG biotransformation in vitro.>-4

The Sa-hydrogenase of R. glutinis obviously has a higher

substrate specificity and was inhibited by the 11-methylene
group of KDG. Inhibition of this enzyme has also been
found by an additional 1- and 9-double bond and a 1183-
hydroxy group in the steroid molecule.>-¢ On the other hand,
the 5B-hydrogenase of C. paraputrificum demonstrated
only a moderate substrate specificity. KDG, with its 11-
methylene group and like other steroids with a 118-hydroxy
group or additional double bonds in the 1-, 6-, and
9-positions, was smoothly transformed to 5BH-metabo-
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Table 3 '3C NMR chemical shifts of KDG metabolites 1-9 (in ppm relative to the internal standard TMS)

1 2 3 4 5 6 7 8 9

Metabolite 58H- 58H- 58H- 5aH- 5aH- 5aH- Arom. A4- Ad4-
carbon 3-ox0 3a0H 3B80H 3-ox0 3a0H 3B0H A-ring 3a0H 380H
1 28.2 26.2 21.5 31.2 25.2 29.3 131.3 31.3 31.4
2 36.8 30.4 27.9 41.4 33.3 35.6 112.5 356.2 32.0
3 213.1 71.7 66.9 211.4 66.7 70.6 153.2 65.0 67.4
4 42.7 36.4 33.7 49.0 41.1 43.4 115.3 123.5 125.2
5 37.7 35.2 29.3 43.4 36.4 41.3 139.5 144.6 142.9
6 30.2 31.9 30.8 32.9 32.7 32.4 30.7 30.9 36.1
7 245 25.1 25.1 30.2 30.5 30.4 26.9 23.6 26.4
8 42.6 33.7 34.4 42.4 42.7 42.4 42.0 42.4 42.5
9 44.3 43.9 43.6 52.1 52.6 52.2 50.9 54.2 54.6
10 33.8 49.0 42.6 41.0 42.4 41.0 127.8 36.8 36.7
1M 147.5 147.6 147.6 147.3 147.5 147.2 147.8 147.4 147.0
12 40.9 40.8 40.9 40.5 40.6 40.3 40.4 40.6 40.6
13 50.4 50.7 50.7 50.5 50.5 50.3 50.9 50.4 50.3
14 2.8 52.7 52.9 52.4 52.7 52.4 52.0 52.3 52.3
15 21.9 21.8 21.8 21.8 21.8 21.6 21.7 21.9 21.9
16 40.0 39.9 40.0 39.8 39.9 39.7 40.0 39.8 39.8
17 81.0 81.1 81.2 81.0 81.2 80.9 81.1 81.1 81.8
18 19.9 19.9 19.9 19.9 19.9 19.6 20.0 19.0 19.8
18a 9.1 9.2 9.2 9.2 9.2 9.0 9.3 9.1 9.1
20 87.7 87.8 88.0 87.8 87.9 87.7 87.9 87.8 87.8
21 74.1 74.2 74.1 74.2 74.1 73.8 74.2 74.1 74.1
11 = CH, 109.1 108.6 108.7 108.5 108.3 108.3 109.2 108.5 108.8

lites.>-7 The Sa-hydrogenase of M. smegmatis was not in-
hibited by the 11-methylene group of KDG.

The inherent 1-dehydrogenase of this microorganism
becomes evident by the concomitant aromatization of KDG
to metabolite 7. The aromatization of ring A can constitute,
in some cases, the main reaction in the transformation of
19-norsteroids by this strain.?

Dehydrogenation of KDG with
Rhodococcus rhodochrous

For a more favorable preparation of metabolite 7, we mi-
crobially converted KDG with Rhodococcus rhodochrous,
which is known to have a potent steroid 1-dehydrogenase.'®
With this strain, a complete transformation of KDG was
achieved within 24 h. The structure of 7, consisting of an
aromatic ring A, was proved by MS, UV, IR, and NMR.
Formation of 7 in KDG biotransformation in vivo is con-
ceivable; for example, by splitting off water from a metab-
olite hydroxylated at ring A. Analogous biotransformation
reactions have been reported with other steroid drugs.?*2! To
our knowledge, metabolite 7 has not been described until now.

Preliminary studies on the chemical synthesis of KDG
metabolites

To complete the series of hydrogenated KDG metabolites
for chromatographic comparison, compounds 8 and 9,
which have a 3-OH-4-en-structure, were prepared by chem-
ical reduction of KDG with sodium borohydride and potas-
sium selectride according to Wiebe et al.'? The 3a-OH-and
the 3B3-OH-isomers were formed in a 1:1 ratio when pre-
pared with potassium selectride in tetrahydrofuran; whereas, a
1:10 ratio was found when NaBH, in MeOH was used.
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Metabolites 8 and 9 are considered to be intermediates in
the biotransformation of desogestrel to 3-ketodesogestrel, but
no complete NMR assignments have previously been made.

The availability of microbially prepared KDG metabo-
lites gave rise to some further studies of the chemical
synthesis of KDG metabolites. Birch reduction with lithium
in liquid ammonia resulted in a very rapid and complete
Sa-hydrogenation of the 4-double bond of the KDG mole-
cule. Simultaneously, however, extensive hydrogenation of
the 17a-ethinyl group to 17a-vinyl also occurred. By de-
creasing the amount of lithium and the reaction time, the
vinyl component was diminished. The 17a-ethinyl-Sa-
dihydro compound obtained with this procedure was iden-
tical to metabolite 4 prepared by microbial transformation.

Hiibner et al.' used reduction with NaBH, in aqueous
pyridine for the preparation of hydrogenated metabolites of
17a-cyanomethyl-19-nortestosterone. Analogous to his
findings, KDG was also transformed to predominantly tet-
rahydro metabolites of the SaH- and 58H-series. The reac-
tion mixture was rather complex, because the metabolites 2,
3, 5, and 6 are simultaneously formed in addition to a small
amount of a compound with a 4-en-3-OH structure. Sepa-
ration of this mixture by repeated TLC is possible, but rather
laborious. As already proposed by Hiibner, it seems more
favorable to oxidize the crude reaction product with pyri-
dinium chlorochromate to a less complex mixture of dihy-
dro metabolites and to separate the resulting SaH- and
5BH-compounds. Subsequently, reduction to the 3-hydroxy
metabolites can be carried out. There is no evidence that the
11-methylene or 17a-ethylene group is altered in this reaction.

To introduce a 1-double bond in C, and C,, steroids,
DDQ (2,3-dichloro-5,6-dicyano-p-benzoquinone) and p-
chloranil (tetrachloro-p-benzoquinone) have frequently



been used. Introduction of a Il-double bond in 19-
norsteroids should result in spontaneous aromatization. We
did not succeed in transforming KDG to 7 by refluxing with
DDQ in CH,Cl,, benzene, or dioxane. Recently, the trans-
formation of levonorgestrel to 17a-ethinylestradiol with
CuBr, in acetonitrile with a high yield has been described. !¢
It was not possible to apply this reaction to KDG. With an
excess of CuBr, and a longer reaction time, complete trans-
formation of KDG to products with strong ultraviolet ab-
sorption and with high mass numbers (>400) was found,
but 7 was not formed. Obviously, CuBr, reacts with the
1 1-methylene group. When using a submolar amount of
CuBr,, the conversion was incomplete, and only a small
amount of 7 could be obtained.

The original aim of this study was the preparation of
small amounts of KDG metabolites in conjunction with the
establishment of a KDG radioimmunoassay. Because we
found no data on the preparation of the metabolites in the
literature, we tried microbial conversions and, later on,
chemical syntheses to prepare the compounds and to eval-
uate physicochemical and chromatographic properties. The
procedures described above were not optimized and point
out possible ways for the preparation of KDG metabolites.

The data presented in Table 1 demonstrate that no single
chromatographic method on its own is capable of separating
all KDG metabolites. Some metabolite pairs withstand sep-
aration. By changing the chromatographic method, most of
the separation problems can be solved. NMR spectroscopy
data in Tables 2 and 3 show that this method can efficiently
contribute to the elucidation of the ring A/B junction and the
configuration of the 3-hydroxy group of hydrogenated ste-
roid metabolites.

The study presented here demonstrates that KDG metab-
olites can be prepared by microbial transformation and also
by chemical synthesis. Because of their high specificity,
microbial conversions have considerable benefits. The pre-
liminary studies on the chemical synthesis point to some
problems associated with these methods. The availability of
the 5BH-metabolites and of the KDG analog with an aro-
matic ring A will facilitate studies on KDG biotransforma-
tion in vivo and on the potential biologic effects of the
metabolites described in this paper.
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