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A series of novel 3b, 7a, 11a-trihydroxy-pregn-21-benzylidene-5-en-20-one derivatives were synthe-
sized and characterized by NMR, HRMS. The pregnenolone (1) was first biotransformed by Mucor circi-
nelloides var lusitanicus to 3b, 7a, 11a-trihydroxy-pregn-5-en-20-one (3), then 3 was treated with
various benzaldehydes to produce 3b, 7a, 11a-trihydroxy-pregn-21-benzylidene-5-en-20-one deriva-
tives. These derivatives showed remarkable activity against EC109 cells. The absolute configuration of
3 was also confirmed by signal-crystal X-ray analysis.

� 2009 Elsevier Ltd. All rights reserved.
It is well known that a variety of steroids are widely used as
anti-inflammatory, diuretic, anabolic, contraceptive, antiandrogen-
ic, progestational, anticancer agents as well as in other applica-
tions.1 The distinct structural steroids have aroused great
interest, and extensive research have been carried out to develop
the methods to synthesize and characterize steroids.2 Since Peter-
son and Murray reported the 11a-hydroxylation of progesterone
by Rhizopus arrhizus in 1952,3 microbial reactions for the transfor-
mation of steroids have proliferated, and specific microbial trans-
formation steps have been incorporated into numerous partial
syntheses of new steroids for evaluation as drugs and hormones.4,5

Pregnenolone (1) is a major hormone mainly present in human
nerve tissues,6 and its therapeutic role in repairing neurons has
been well documented.7 Recent studies indicated that 7a-hydrox-
ylated metabolite of 1 has many profound activities, such as aug-
menting immune response in mouse,8 possessing antiglucorticoid
potencies,9 improving spatial memory,10 and acting as a neuronal
activator to stimulate locomotor activity.11 Compound 1 was also
biotransformed to its 7a-hydroxylated, 11a-hydroxylated or 7a,
11a-dihydroxylated derivatives with low yield,12–15 and these
metabolites are not commercially available. This hinders further
studies on their structure modification and activities evaluation.16

Although introduction of new steroids into market is now limited,
ll rights reserved.

9.
our interests focus on the improvement of the yields for important
metabolites as well as preparation of new steroids that are difficult
to synthesize by chemical approaches.

The fungus, Mucor circinelloides var lusitanicus, was isolated from
local soil and identified by Microbial ID (Newark, USA). The family
Mucor are widely distributed in nature. Mucor circinelloides was used
to hydrolyze carboxymethyl cellulose, insoluble cellulose substrates
to produce valuable soluble cellodextrins.17–20 But no report on
using it to biotransform steroids was previously reported.

Our studies showed that Mucor circinelloides var lusitanicus can
transform various 5-en-3b-ol steroids to their 7a-hydroxy deriva-
tives. We were interested in the biotransformation of compound 1
(Scheme 1), mainly because compound 3 could be easily crystallized
from the mixture with high yield (46.38%). This made it possible to
synthesize 3b, 7a, 11a-trihydroxy-pregn-21-benzylidene-5-en-20-
one derivatives 5a–k (Table 1) from 3 in large quantities through Cla-
isen–Schimidt reaction. In the current studies, the cytotoxic effects
of 3 and 5a–k on EC109 cells were evaluated.

In order to obtain compound 3, the fermentation media was
optimized,21 which resulting in an improvement of the transfor-
mation efficiency of 1 from 70% to 94%. Furthermore, the recovery
yield of 3 reached 46.38% by crystallizing from the extract mixture
directly with methanol and chloroform (1:3). The recovery yield of
3 was higher than that of the reported yield 19.6%22 and 35.0%.23

Product 2 was purified by silica gel chromatography with a yield
of 24.38%. The optimization process showed that the concentration
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Scheme 1. Biotransformation of pregnenolone 1 to compound 2 and 3 by Mucor circinelloides var lusitanicus.

Table 1
Structures of compound 5a–k and the yields

Entry R Reaction time (h) Product Yield (%)

1 H 8 5a 87
2 3-NO2 8 5b 88
3 3-Cl 8 5c 85
4 4-Cl 8 5d 85
5 4-F 8 5e 89
6 4-OCH3 12 5f 74
7 2-OCH3 12 5g 68
8 4-OH 24 5h 63
9 4-NH2 24 5i 58

10 4-N(CH3)2 24 5j 51
11 2,4,6-(OCH3)3 24 5k 50
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of Mg2+ and the initial pH (pH 6.0) in the fermentation media were
critical for the transformation of 1 to 3.

The 1H NMR spectrum24 of 3 showed three hydroxyl-bearing
methine proton signals at d 3.80 (m, 1H), 3.57 (m, 1H), 3.34 (m,
1H). These values corresponded to the chemical shift of proton at-
tached to a carbon atom bearing a hydroxyl group. Also the 1H
NMR spectrum showed a downfield shift of the C-19 methyl pro-
tons (d 1.12) when compared to the spectrum of the substrate 1
(d 1.00). This is due to the presence of a hydroxyl group at the
11a-position. So d 3.80 was attributed to 11b proton. The down-
field shift (d 5.44) and split (J = 5.3 Hz) of 6 proton implied a hydro-
xyl group at 7a-position and assignment of multiple d 3.57 to 7b
proton. Finally, d 3.34 was attributed to the 3a proton. Based on
the NMR, HRMS results, together with the literature data,23 com-
pound 3 was assigned the structure of 7a, 11a-dihydroxy-pregn-
5-en-20-one. The absolute configuration of 3 was established by
X-ray crystallographic analysis (Fig. 1), which confirmed the hy-
droxyl group at 7 and 11 position was in the axial (a) orientation.
Figure 1. The X-ray diffraction analysis diagram of compound 3.
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Scheme 2. Synthesis of compound 5a–k. Universal rea
Introduction of aromatic group into steroids have led to new
physiological activity.25 Hydroximino derivatives of 16E-arylide-
nosteroids showed good antineoplastic activity,26 and 16-(4-
substituted benzylidene) derivatives of androst-5-ene also had
antiproliferative activity against cancer cells.27 So we introduced
benzylidene groups into 3 and evaluated their cytotoxic activity.
Through the Claisen–Schimidt condensation reaction, compound
3 was reacted with benzaldehyde 4a–k and compounds 5a–k were
produced (Scheme 2). Compared to Na2CO3, K2CO3 and 1 mol/L of
NaOH solution, solid NaOH catalyzed the reaction more efficiently.
The effect of solvents in the reaction was also investigated. Only in
strong polar protolytic solvent, such as methanol and ethanol, was
the reaction performed successfully. When ethanol (95%) was used
as the reaction solvent, the reaction was completed under room
temperature in short period. The structures of compounds 5a–k
and the reaction conditions are presented in Table 1. The reaction
time and yield revealed that the electron-withdrawing group on
the benzene ring was favorable to the reaction. Taking 5a as an
example to illustrate how the structures of 5a–k were determined:
From the 1H NMR spectrum,28 the signal of 21-methyl (d 2.07) of 3
disappeared, instead of that, two proton signals at d 6.92 (d), 7.54
(d) were found, and the two relevant protons shared a same J con-
stant (16.07 Hz). Thus they were assigned to the 21 and 22 proton,
respectively. Through the J Constant, we concluded that the substi-
tutes on the C21 and C22 were E-type. The chemical shifts at d
130.5 and 141.1 in 13C NMR spectrum of 5a confirmed that the de-
sired carbonyl group C@C had been formed. The HRMS spectrum of
5a also confirmed the formula of 5a was C28H36O4. Together with
other signals in the 1H, 13C NMR spectrum, 5a was defined as 3b,
7a, 11a-trihydroxy-pregn-21-benzylidene-5-en-20-one. To our
knowledge, this is the first report of the synthesis of compounds
5a–k.

The in vitro cytotoxicity29 of this novel series of compounds
against the human esophageal cancer cell line, EC109, was evalu-
ated. Table 2 shows the inhibitory effects on cell proliferation. Ori-
donin, an efficacious component of antitumour extracted from
Chinese herb Rabdisia rubeseas (hemsl) Hara, was used to treat tu-
mor of digestive tract on clinical.30 We selected oridonin as the po-
sitive contral. From the results, we can find that compound 1 only
show faintish activity to EC109. Compared to 1, both compound 3
and 5a–k show stronger inhibition activity. This indicated that the
7a- and 11a-hydroxyl group and the structure of benzylidene are
essential for the cytotoxic activity we examined. Moreover, the
majority of 5a–k produced a stronger suppressive activity than
their parent compound (3), and the cytotoxicity response was sen-
HO
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O
R
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gent and conditions: solid NaOH, 95% ethanol, rt.



Table 2
Inhibitory effects of compounds against EC109 cells at concentration of 50 lg/mL

Compd EC109

1 13.6
3 21.72
5a 59.79
5b 72.37
5c 76.43
5d 80.25
5e 76.82
5f 55.29
5g 47.42
5h 45.66
5i 50.21
5j 38.97
5k 35.26
Oridonin 94.65
NCa 7.5E-5

a Negative control.
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sitive to a variety of functional groups and positions on the ben-
zene ring. Furthermore, the results indicate that when there was
an electron-withdrawing group on the benzene ring, cytotoxic
activity was much higher than when compared to the presence
of an electron-donating group on the benzene ring.

In conclusion, we have synthesized a series of new 3b, 7a, 11a-tri-
hydroxy-pregn-21-benzylidene-5-en-20-one derivatives through
biotransformation and chemical synthesis, and evaluated their cyto-
toxicity against EC109 cells. The synthesis procedure was simple
and efficient, and the results indicated that Mucor circinelloides var
lusitanicus can be used to biotransform other steroids to produce no-
vel active steroids. Additionally, other activities of these compounds
and further structure modification to improve the bioactivity are
under investigation.
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