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ARTICLE INFO ABSTRACT

Keywords: Biotransformation of an orally active contraceptive drug, drospirenone (1), by Cunninghamella elegans ATCC
Biotransformation 36114 yielded four new metabolites, 68,7f3,158,168-dimethylene-3-oxo-14a-hydroxy-17a-pregn-4-ene-21,17-
Cunninghamella elegans carbolactone @, 68,78,15B,16B-dimethylene-3,11-dioxo-17a-pregn-4-ene-21,17-carbolactone 3),
Drospirenone

6f,7B,153,16p3-dimethylene-3,12-dioxo-17a-pregn-4-ene-21,17-carbolactone (4), and 6p3,7f3,158,168-dimethy-
lene-3-0x0-11f,14a-dihydroxy-17a-pregn-4-ene-21,17-carbolactone (5), along with a known metabolite,
6f,7B,15p3,16p3-dimethylene-3-oxo-11a-dihydroxy-17a-pregn-4-ene-21,17-carbolactone (6). This study provides
not only new analogues of orally active contraceptive drug, drospirenone, but also help in understanding the

Contraceptive drug

metabolism of this important drug.

1. Introduction

Steroids are among the most important classes of natural products,
because of their anti-inflammatory, anti-cancer, anabolic, contra-
ceptive, and androgenic properties. The inert hydrocarbon skeleton of
steroids was always a major challenge for the introduction of functional
groups by using conventional chemical methods. Steroidal transfor-
mation often requires the use of expensive and hazardous catalysts and
reagents. On the other hand, whole cell biocatalysis is an efficient ap-
proach for the introduction of functional groups in steroidal skeleton, as
well as for the study of drug metabolism. Biocatalysis by using fungi is
an important approach for stereo-, and regio-selective hydroxylation of
steroids, due to the presence of cytochrome P450 monooxygenase
system in them [1-8]. Biotransformation technique has many applica-
tions in agriculture, pharmaceutical, and polymer industry, as well as in
drug discovery and development program [9].

Drospirenone (6f,7f,158,168-dimethylene-3-oxo0-17a-pregn-4-ene-
21,17-carbolactone) (1) is an orally active contraceptive steroidal drug,
marketed as DRSP/EE (3 mg drospirenone with 30 ug ethinylestradiol)
under the brand name of Yasmin by Schering AG, Berlin, Germany. This
combined oral contraceptive drug, is successfully used to prevent
pregnancies along with the potential to reduce body weight and blood
pressure. Unlike many progestogens that are derived from 19-

nortestosterone, drospirenone (1) is derived from 17a-spironolactone.
It resembles with natural progesterone, and possesses anti-androgenic
and anti-mineralocorticoid effects [10-13].

In continuation of our studies on biotransformation of steroids and
steroidal drugs [14-19], we incubated drospirenone (1) with C. elegans.
This yielded four new transformed products 2-5, along with a known
metabolite 6 (Fig. 1).

2. Experimental
2.1. General experimental conditions

Drospirenone (1) was purchased from Haihang Industry Co., Ltd.
(China). Media ingredients and SDA (sabouraud dextrose agar) were
purchased from Oxoid Ltd. (England), Daejung Chemicals and Metals
Co., Ltd. (Korea), Sigma-Aldrich (Germany) and Merck KGaA
(Germany). Saturated plates of TLCs (thin layer chromatography)
(PFys54, Merck KGaA) were used for the analysis of transformations and
purity of compounds. Column chromatography (Silica gel, 70-230
mesh, E. Merck) was used for fractionations. Final purification of
fractions were carried out by using RP-HPLC (LC-908), equipped with
YMC M-80 (4-5 pm, 20-250 mm i.d.). Optical rotations of all isolated
compounds were measured on JASCO P-2000 polarimeter while
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Fig. 1. Biotransformation of drospirenone (1)
with Cunninghamella elegans.

melting points were determined on Buchi M-560 device. 'H- (400 and
500 MHz), and '3C-NMR (100 and 125 MHz), along with two-dimen-
sional NMR spectra were recorded in CD30D on Bruker Avance-NMR.
EI- and HREI-MS of all metabolites were recorded on Jeol JMS-600H
mass spectrometer. IR absorbances were measured on a Bruker Vector
22 spectrophotometer, while UV absorbances were recorded by
Evolution 300 UV-visible spectrophotometer. All the solvents used in
this research were of analytical grade.

2.2. Fungal cell culture and media preparation

The fungal cell culture of Cunninghamella elegans ATCC 36114 was
acquired from American Type Culture Collection (ATCC), and was
grown on Sabouraud dextrose agar (SDA) slant, and kept at 4 °C. The
media for the maximum growth of C. elegans was prepared by mixing
10 g glucose, 5 g peptone, 5 g NaCl, 5 g KH,PO,, and 10.0 mL glycerol
in distilled water (1 L).

2.3. Fermentation and extraction protocol of drospirenone (1) with C.
elegans

Based on small scale results, 4 L fungal culture media for C. elegans
was prepared by mixing above-mentioned media ingredients in 4L
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distilled water and distributed into each 40 Erlenmeyer flasks of
250 mL (100 mL in each). These cotton plugged flasks were autoclaved
at 121 °C, and cooled at room temperature, followed by inoculation
with C. elegans cell culture under sterilized condition. All these flasks
were kept for four days on a shaker (121 rpm) at 25 °C. After maximum
growth of C. elegans in each flask, 1 g of drospirenone (1) (C24H3003)
was dissolved in the 20 mL of methanol, distributed 0.5 mL in each
flask, and again kept at 25 °C for fourteen days on a shaker (121 rpm).

After fourteen days, the reaction was stopped by addition of di-
chloromethane in each flasks. The fungal mass was separated by fil-
trating each flask, followed by addition of dichloromethane. The or-
ganic phase was separated from aqueous phase by extracting with 12 L
dichloromethane. This organic layer was dried by adding anhydrous
Na,SO4 and filtered, followed by concentrating under high vacuum
rotary. This yielded a yellowish gummy crude (1.6 g). This gummy
crude was fractionated by column chromatography with a mobile phase
of hexanes-acetone. The polarity of mobile phase was increased by in-
creasing 5-100% gradients of acetone. As a result, five main fractions
(1 —5) were obtained and analyzed by thin layer chromatography. All
these fractions were subjected to RPHPLC for final purifications.
Compounds 2 (methanol-water; 7/3, Rt = 40 min), 3 (methanol-water;
6/4, Rr = 68 min), 4 (methanol-water; 6/4, Rt = 64 min), 5 (me-
thanol-water; 6/4, Ry = 50min), and 6 (methanol-water; 6/4,
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Table 1

13C-NMR chemical shift data of compounds 1-6 (§ ppm).

Positions 1 2 3 4 5 6

1 34.7 34.6 34.3 34.6 34.5 34.9
2 38.1 38.5 36.6 36.6 38.9 39.7
3 200.8 200.8 201.1 201.1 201.0 201.3
4 125.9 125.6 126.3 126.6 124.8 126.8
5 176.1 175.6 174.3 174.4 177.5 176.2
6 20.2 21.0 20.6 20.5 21.8 19.7
6a 19.7 19.6 19.3 19.4 18.4 20.1
7 21.4 21.3 17.5 17.9 28.2 17.7
8 35.5 43.9 36.5 36.7 36.7 35.1
9 53.0 49.5 62.3 63.1 52.2 57.5
10 38.8 38.3 38.5 38.6 38.1 40.5
11 22.0 21.5 209.2 54.7 66.3 68.1
12 38.1 33.7 56.1 210.4 41.7 49.7
13 42.7 60.2 46.1 46.6 60.2 42.8
14 52.9 85.1 51.8 54.5 85.7 52.2
15 17.5 28.5 20.3 21.2 28.4 21.7
15a 10.3 14.4 10.3 10.2 13.4 10.0
16 25.2 28.3 25.7 25.5 21.9 25.4
17 98.2 99.1 96.5 98.2 99.2 97.6
18 20.2 12.7 19.7 19.6 15.5 20.5
19 17.8 18.2 18.7 18.6 21.3 18.6
20 30.2 29.6 29.6 27.7 29.6 30.1
21 31.5 30.3 31.7 30.1 30.0 31.4
22 179.5 179.5 178.9 178.9 179.9 179.4

Table 2

TH-NMR chemical shift data (J in Hz) of compounds 1-6 (6§ ppm).
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Ry = 56 min) were purified from fractions 1-5, respectively, by using
RP-HPLC.

2.3.1. 68,7B,150,16B-Dimethylene-3-oxo-14a-hydroxy-17a-pregn-4-ene-
21,17-carbolactone (2)

White solid; m. p. 246-248 °C; [a]5 = —52.5° (c 0.0012, MeOH); IR
(CH3CD): vy (cm ™ 1) 3534 (OH), 1648, 1594 (a,B-unsaturated ketone);
UV Amax 261 nm (CH50H, log & 6.8); HREI-MS m/z 382.2151 [M*]
(C24H3004, caled. 382.2144); EI-MS m/z (%): 382.2 [M*] (67), 351.2
(75), 187.1 (70), 145.1 (84), 105.0 (68); 1>*C-NMR (CD50D, 125 MHz);
Table 1, 'H-NMR (CD30D, 400 MHz); Table 2.

2.3.2. 6B,7B,15B,16B-Dimethylene-3,11-dioxo-17a-pregn-4-ene-21,17-
carbolactone (3)

White solid; m. p. 239-241 °C; [«]¥ = —216.3° (¢ 0.001, MeOH); IR
(CHCl3): vmax (cm™1) 1704 (C=0), 1654, 1593 (a,B-unsaturated ke-
tone); UV Apax: 261 nm (CH30H, log e 9.7); HREI-MS m/z 380.2045
[M*] (Cp4Hag04, caled. 380.1988); EI-MS m/z (%): 380.0 [M*] (34),
269.0 (36), 242.0 (52), 174.0 (19), 111.0 (100); *C-NMR (CD3OD,
125 MHz); Table 1, '"H-NMR (CD50D, 500 MHz); Table 2.

2.3.3. 6B,7B,15B,16B-Dimethylene-3,12-dioxo-17a-pregn-4-ene-21,17-
carbolactone (4)

White solid; m. p. 241-242 °C; [a]¥ = —29.2° (¢ 0.001, MeOH); IR
(CHCl3): vmax (cm™1) 1706 (C=0), 1657, 1599 (a,B-unsaturated ke-
tone); UV Apax 261 nm (CH30H, log & 9.1); HREI-MS m/z 380.2041
[M™*] (Ca4H2g04, caled. 380.1988); EI-MS m/z (%): 380.3 [M "] (100),
365.3 (37), 282.2 (38), 175.1 (28), 111.0 (78); °C-NMR (CD30D,
125 MHz); Table 1, "H-NMR (CDs0OD, 500 MHz); Table 2.

Carbon

1

2

3

10
11

12

13
14
15
15a

2.33, ddd (J; = 18.0,

Jy = 15.6, J3 = 0.8); 2.61, m

1.68, m; 1.93, ddd
J; = 16.0, J, = 8.0,

J3 = 2.0)

6.00, s

1.71, m

0.95, m; 1.23,d (J = 4.0)

1.63, m

1.84,td (J; = 14.4,

Jy = 3.2)

1.16, dd (J; = 11.4, J, = 4.4)

2.35,d (J = 16.8);

2.65, m

1.75, m; 2.05, m

6.00, s

0.89, m

0.90, m;1.23, m;

1.60, m

1.85,d (J = 4.0)

1.34, m

1.31, m; 1.62, m

1.43, m, 1.54, m

1.67, m
0.52, m; 1.27, m

0.98, s
1.13,s
2.54, m; 2.65, m

2.16, m; 2.52, m

1.61, m; 1.67, m

1.66, m; 1.55, m

1.76, m
1.57, m; 1.82, m

1.93, m

0.88, s

1.12, s

2.65, m, 2.46, dd
J; = 9.0, J> = 3.0)
2.16, m, 2.21, m

2.27, m; 2.63, m

1.60, m;

2.12,t(J = 12.0)

6.00, s
1.82, m
0.95, q

(J; = 10.0,
J> = 5.0)
1.84, m
2.77, m

2.30, m

2.67, m; 2.01, d

= 15.0)
2.79, m
1.76, m

1.27, m, 1.36, m

1.61, m

0.86, s
1.31, s

2.65, m; 2.70, m

2.49, m, 2.53, m

4 5 6
2.61, m; 2.64, m 2.33,d (J = 17.6); 2.29, m;

2.65, m 2.65,t(J = 7.0)
2.12,dt (J; = 11.6, 2.14, m; 1.72, m;2.05, dt
Jy = 3.2); 229, m 2.23, m (J, = 14.0,

Jz = 4.5)
6.00, s 5.94, s 6.00, s
- - 1.72, m
0.96, m 0.92, m 1.22, m; 1.19, m 0.89, m
- 1.94, m 1.69, m
2.75, m 2.52,dd (J; = 12.3, 1.82, m

Jy = 2)

2.30, m 1.39,d (J = 2.0) 1.24, m

3.00, dd (J; = 16.0,
J, = 4.0); 2.67, m

1.92,d (J = 11.2)
1.80, m
1.21, m; 1.40, m

1.70, m

0.78, s

1.31, s

2.55, m; 6.65, m

1.28, m; 2.54, dddd (J; = 9.2,
Jy =3.2,J3 =28,J4 =9.2)

4.23,d (J = 2.0)

1.72,d (J = 6.7);
1.82, m

1.52, m; 1.56, dd
(J1 = 8.4,
Jo = 4.0)

1.09, s

1.34,s

2.42,d (J = 6.8),
2.63m

2.15, m; 2.23, m

3.80, td (J; = 10,
Jy = 5.5)
1.48, m; 1.78, m

1.61, m
0.52, m; 1.28, m

1.51, m

0.96, s
1.23,s
2.52, m, 2.69, m

2.19, m; 2.49, m
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2.3.4. 6p,7B,15B,16B-Dimethylene-3-oxo-11p,14a-dihydroxy-17a-pregn-
4-ene-21,17-carbolactone (5)

White solid; m. p. 283-285 °C; [a]¥ = —104.7° (c 0.001, MeOH); IR
(CHCl3): max (em™1) 3584 (OH), 3492 (OH), 1657, 1592 (a,B-un-
saturated ketone); UV Ay, 261 nm (CH30H, log € 9.8); HREI-MS m/z
398.2173 [M]* (Cy4H300s, caled. 398.2093); EI-MS m/z (%): 398.1
[M™*] (100), 269.1 (15), 173.0 (28), 145.0 (21), 123.0 (10); **C-NMR
(CD50D, 125 MHz) Table 1, 'H-NMR (CDs0D, 400 MHz); Table 2.

2.3.5. 6f,7B,150,16B-Dimethylene-3-oxo-11a-dihydroxy-17a-pregn-4-ene-
21,17-carbolactone (6)

White solid; m. p. 195-196 °C; [a]% = —55.1° (c 0.001, MeOH), IR
(CHCl3): vmax 3389 (OH), 1657, 1592 (a,B-unsaturated ketone); EI-MS
m/z (%): 382.2 [M*] (25), 349.2 (36), 271.2 (67), 173.1 (30); "*C-NMR
(CD30D, 125 MHz); Table 1, 'H-NMR (CD30D, 500 MHz); Table 2.

2.4. Results and discussion

Fermentation of drospirenone (1), (Co4H3003, m/z 366.4) with
Cunninghamella elegans ATCC 36114 yielded four new metabolites 2-5,
and a known product 6.

Compound 2 displayed the [M*] in HREI-MS at m/z 382.2151
(caled. 382.2144, Cy4H300,4), suggesting the addition of an oxygen
atom in compound 1. The IR absorbances at 3534, 1648, and
1594 cm ™! were due to the presence of hydroxyl and a,f-unsaturated
ketone, respectively. The >C-NMR spectrum showed a signal for new
quaternary carbon at § 85.1, indicating addition of a hydroxyl group
(Table 1). A signal for H-14 methine proton was also found missing in
the 'H-NMR spectrum (Table 2). The OH group was placed at C-14 (8
85.1) based on key HMBC correlations of H-18 (§ 0.88, s), H-8 (5 1.85,
d; J = 4.0 Hz), H-15 (6 1.76, m), and H,,-15 (§ 1.82, m; 1.57, m) with
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Fig. 2. Key HMBC (= ===~ »), and COSY
() correlations in new metabolites 2-5.
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C-14 (6 85.1) (Fig. 2). Thus the structure of new metabolite 2 was de-
duced as 6p,7f3,1583,16B-dimethylene-3-o0xo-14a-hydroxy-17a-pregn-4-
ene-21,17-carbolactone.

The HREI-MS of compound 3 showed the [M*] at m/z 380.2045
(Ca4H2504, caled. 380.1988), indicating addition of an oxygen atom as
a carbonyl group in substrate 1. The IR absorbances at 1704, 1654, and
1593 cm ™! were due to the presence of C=0, and a,f-unsaturated
ketone groups, respectively. The '>C-NMR spectrum showed a signal for
new quaternary carbon at § 209.2, indicating the presence of ketonic
carbonyl carbon (Table 1). The signals for H-11 methylene protons
were also found missing in the 'H NMR spectrum (Table 2). The posi-
tion of carbonyl carbon was assigned at C-11 (§ 209.2), based on HMBC
correlations of H-9 (§ 2.30) and H»-12 (6 2.67 m; 2.01, d; J = 15.0 Hz)
with C-11 (§ 209.2) (Fig. 2). Thus the structure of a metabolite 3 was
deduced as 6f,7f3,158,168-dimethylene-3,11-dioxo-17a-pregn-4-ene-
21,17-carbolactone.

Compound 4 showed the [M*] in HREI-MS at m/z 380.2041
(C24H5g04, calcd. 380.1988), suggesting addition of an oxygen atom in
substrate 1. The IR absorbances at 1706, 1657, and 1599 cm ™! were
due to the presence of C=0, and a,B-unsaturated ketone groups, re-
spectively. The '>*C-NMR spectrum showed a signal for new quaternary
carbon at § 210.4, indicating the presence of carbonyl group in sub-
strate 1 (Table 1). The signals for Ho-12 methylene protons were also
found missing in the 'H-NMR spectrum (Table 2). The position of car-
bonyl group was assigned at C-12 (6 210.4) based on HMBC correla-
tions of H-11 (§ 2.67, m), H-9 (§ 2.30, m) and H-14 (5§ 1.92, d;
J = 11.2 Hz) with C-12 (§ 210.4) (Fig. 2). Thus the structure of a new
compound 4 was elucidated as 6f3,7,158,16f-dimethylene-3,12-dioxo-
17a-pregn-4-ene-21,17-carbolactone.

Compound 5 was isolated as a white solid. The HREI-MS showed the
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[M™*] at m/z 398.2173 (Cp4H300s, caled. 398.2093) due to addition of
two oxygen atoms in substrate 1. The IR spectrum showed the absor-
bances for hydroxyl at 3584, 3492 cm ™ ?, and a,B-unsaturated ketone at
1657, 1592 cm™'. The 'H-NMR spectrum showed a new signal for
methine proton at § 4.23 (d J = 2.0 Hz) which suggested hydroxylation
of compound 1 (Table 2). Signals for new downfield methine carbon at
8 66.3, and quaternary carbon at § 85.7 in '3C-NMR spectrum also
indicated the hydroxylation of substrate 1 (Table 1). The position of
hydroxyl group was assigned at C-11 (6 66.3) based on key HMBC
correlations of H-11 (§ 4.23 d) with C-13 (5 60.2) and C-8 (8 36.7). The
second hydroxyl group was placed at C-14 (§ 85.7) based on the key
HMBC correlations of H-9 (6 1.39, d), H-18 (6§ 1.09, s) and H-12 (6 1.72,
d; J = 6.7 Hz) with C-14 (§ 85.7) (Fig. 2). The OH at C-11 was deduced
to be B-oriented, based on NOESY correlations of a-oriented H-9 (§
1.39, d) with H-11 (§ 4.23 d). Thus the structure for compound 5 was
identified as 6p,7f3,158,163-dimethylene-3-ox0-118,14a-dihydroxy-
17a-pregn-4-ene-21,17-carbolactone.

Compound 6 was identified as 6f3,78,1583,163-dimethylene-3-oxo-
11a-dihydroxy-17a-pregn-4-ene-21,17-carbolactone by comparing its
spectral data with previously reported data. Compound 6 was pre-
viously reported by Quintana et al. via biotransformation technique
[20].

2.5. Conclusion

In conclusion, Cunninghamella elegans-mediated biotransformation
of drospirenone (1), afforded four new metabolites 2-5, along with a
known compound 6. Addition of keto group along with stereo-selective
hydroxylation at inactive hydrocarbon skeleton of drospirenone (1) was
identified as an efficient and cost effective approach for the oxidation of
steroidal skeleton. Resulting metabolites may exhibit improved con-
traceptive activity, and lesser toxicity in comparison to parent drug.
The results also provide better insight into the metabolism of compound
1.
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