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The microbial transformation of a steroidal alkaloid, dictyophlebine (1) with Rhizopus stolonifer (ATCC
10404) afforded three oxidized metabolites 2—4. Compound 2 was found to be a new product. These metabolites
were structurally characterized on the basis of modern spectroscopic techniques. Their inhibitory activity to-
wards acetyl- and butyrylcholinesterase has been evaluated and the new product 2 has been found to be more po-

tent than the parent compound and other metabolites.
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Fungal transformation involves the use of different fungi
to perform chemical reactions in which the starting sub-
stances and products are of comparable chemical complexity.
Microbial enzymes are capable of performing a diverse range
of reactions including the insertion of oxygen into C—H and
C—C bonds, the addition of oxygen to an alkene, the transfer
of acyl or sugar units from one substrate to another; the hy-
drolysis or formation of amides, epoxides, esters and nitriles,
hydrogenation, hydrolysis and elimination of small units,
epimerization and isomerization reactions, and formation of
C-C, C-0O, C-S, and C-N bonds. These activities have at-
tracted the attention of chemists because enzymes are effi-
cient chiral catalysts and can be used as part of a strategy for
enantiospecific syntheses.” They are characterized by high
stereoselectivity, ease of handling, low cost and environmen-
tal friendly processes.”’ Microbial transformation of proges-
terone to the important steroidal hormone cortisol opens a
new era in this field especially for the transformation of
steroidal compounds to therapeutically useful substances.”

In our ongoing study to find potent cholinesterase in-
hibitors from the plant Sarcococca hookeriana BAILL., we re-
ported a number of compounds displaying this activity.*> We
also reported the single crystal X-ray diffraction of dic-
tyophlebine (1), which was the first report of X-ray structure
of the So-pregnane type steroidal alkaloid of this genus.®
This paper presents the metabolism of dictyophlebine (1) by
Rhizopus stolonifer along with the cholinesterase inhibitory
activity of the new product 2, which has been obtained for
the first time in a microbial transformation.

Results and Discussion

Dictyophlebine (1) was isolated in a large quantity
(900.0 mg) from the alkaline fraction of the dichloromethane
extract of S. hookeriana. As no biotransformation of this
compound was reported in the literature, we subjected this
compound to the biotransformation in screening scale experi-
ment, which has shown that the Rhizopus stolonifer (ATCC
10404) is capable of converting compound 1 into three polar
metabolites. Preparative scale fermentation was thus carried
out to produce sufficient quantities of metabolites for struc-
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ture elucidation and activity evaluation. One new metabolite
2 and two known metabolites 3 and 4 were obtained after
12 d of incubation (Chart 1).

Compound 2 was obtained as a colorless solid from the
chloroform extract of the culture broth having the molecular
formula C,;H,(N,O,, as established by HR-EI-MS (m/z
430.3550) and "*C-NMR data indicating six double bond
equivalents. The IR spectrum of compound 2 shows absorp-
tions at 3645 (NH), 1660 (C=0) and 1624 (C=C) cm™'.”
The characteristic mass fragmentation pattern of 2 indicates
the presence of a pregnane-type steroidal skeleton with two
nitrogen substituents at C-3 and C-20.%” This skeleton was
further supported by the comparative 'H-NMR data of 2 with
that of parent compound 1. Furthermore, the '"H-NMR spec-
trum (Table 1) of compound 2 exhibits two overlapping mul-
tiplets integrating for two protons resonating at 6 4.07—4.14
that correspond to the diastereotopic C-2' methylene protons.
Similarly, further multiplets at § 2.99—3.05 were assigned to
the C-3’ methylene protons. A triplet resonating at ¢ 1.21
(Jy 3=7.0 Hz) was due to the propyl CH; group. A multiplet
at 0 4.10 was assigned to H-3 ¢, whereas a doublet at ¢ 5.39
(J30nu=7.4Hz) was assigned to the urethane NH. A broad
singlet at & 5.49 was due to an olefinic proton and was as-
signed to H-16. A quartet integrating for one proton at 6 2.02
(J2021=6.9Hz) was assigned to the C-20 methine proton,
which further supports the unsaturation at C-16/C-17. The
unsaturation at C-16 was also supported by EI-MS, in which
the peak at m/z 72 had a lower intensity in comparison with
the mass spectra of common steroidal alkaloids with a C-20
Me,N group, in which it is always the base peak.'” The
'H-'H COSY 45° spectrum (Fig. 1) displays cross signals
between H-2/H-3; H-3/H-4; H-2'/H-3" and H-3'/H-4'. In the
BBC-NMR spectrum (Table 1), the downfield signal at § 158.6
supported the presence of a carbamate moiety, whereas other
signals at 6 151.4 and 123.2 which were assigned to C-17
and C-16 indicated the presence of a trisubstituted C=C
bond. In the HMBC spectrum (Fig. 1), H-3/C-2, C-4, C-1';
H-16/C-17, C-15, C-20 and Me-4'/C-3', C-2' correlations
were observed. Hence, these studies on spectroscopic data of
compound 2 indicated that it is distinctly similar to that of
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Chart 1. Fungal Transformation of Dictyophlebine (1) by R. stolonifer

Table 1. 'H- (400 MHz) and C-NMR (100 MHz) Data for 3j3-(Propyl-
oxycarbonylamino)-dictyophlebin-16-ene (2) in CDCI,

No § 'H (JHz) s 1c
1 1.38,1.30, m 393

2 1.61,1.48, m 31.0

3 4.10, m 49.0

4 1.44,131, m 353

5 1.57, m 442

6 2.41,1.55;m 20.6

7 1.58,1.48, m 31.6

8 1.51,m 342

9 0.88, m 53.1
10 — 355
11 1.72,1.60, m 24.7
12 1.56, 1.49, m 34.1
13 — 41.7
14 1.77, m 55.6
15 1.72,1.65, m 33.1
16 5.49, brs 123.2
17 — 151.4
18 0.81,s 12.2
19 1.23,s 14.6
20 2.02, q, (6.4) 14.6
21 1.25,d, (6.9) 14.8
Me,N 2.12,s 39.3
Iy — 158.6

2' 4.07—4.14, m 61.0

3 2.99—3.05, m 22.6

4’ 1.21,t,(7.0) 12.1

All chemical shift assignments were done on the basis of 'H-'"H COSY, HMQC,
HMBC and DEPT NMR techniques.

parent compound 1, with differences of a propyloxycarbonyl-
amino substituent at C-3 and one unsaturation at C-16.""
These findings lead to the structure of compound 2 as 3 -
(propyloxycarbonylamino)-dictyophlebin-16-ene [(20S)-20-
(N,N-dimethylamino)-3 S-(propyloxycarbonylamino)-5 o-
pregn-16-ene]. The selective hydroxylation at C-16 and its
dehydration as well as microbial oxidation of C-3 N-methyl
by R. stolonifer might have afforded compound 2.
5,6-Dihydrosarconidine (3) and Iso-N-formylchonemor-
phine (4) were assigned as known compounds by comparison
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Fig. 1. Key COSY and HMBC Correlations in Compound 2

of their spectroscopic data with the literature values.!"'? The
selective hydroxylation at C-16 and its dehydration by S.
stolonifer might have afforded compound 3, whereas, in the
case of compound 4, the selective oxidation of C-3 N-methyl
to the aldehyde might be brought about by R. stolonifer.

The acetyl- and butyrylcholinesterase (AChE and BChE)
activities of compounds 1, 3 and 4 have already been re-
ported.'”” The ICs, value for compound 2 was found to be
2.2 um and 1.2 um for acetyl- and butyrylcholinesterase en-
zymes, respectively (ICs, value of standard galanthamine was
0.5 and 8.2 um for AChE and BChE, respectively). This data
show that the new metabolite 2 displays more potent
cholinesterase inhibitory activity than the parent compound 1
(IC5,=6.2 and 3.6 um for AChE and BChE, respectively).

Experimental

General Experimental Procedure Optical rotations were measured on
a Jasco digital polarimeter (model DIP-3600) in methanol. UV spectra were
recorded in methanol on a Hitachi UV 3200 spectrophotometer. IR spectra
were recorded in CHCI, on a Jasco A-302 IR spectrophotometer. The EI-MS
spectra were recorded on a double focusing mass spectrometer (Varian MAT
311A). HR-EI-MS were recorded on Jeol HX 110 mass spectrometer. The
'"H-NMR spectra were recorded on a Bruker AM 400 instrument at
400 MHz, while '*C-NMR spectra were recorded on a Bruker AM 400 oper-
ating at 100 MHz using CDCI, as solvent. Methyl, methylene and methine
carbons were distinguished by DEPT 90° and 135° experiments. Homonu-
clear "H-'H connectivities were determined by using the COSY 45° experi-
ment. One-bond 'H-"*C connectivities were determined by HMQC gradient
pulse factor selection. Two- and three-bond 'H-"3C connectivities were de-
termined by HMBC experiment. Proton chemical shifts are reported in &
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(ppm) relative to the residual CDCl, signal at § 7.26, and '*C-NMR spectra
are referenced to the central peak of CDCl, at 8 77.0. Coupling constants (J)
are given in Hz. Column chromatography was carried out on silica gel 60
(70—230 mesh sizes, E. Merck). Precoated silica gel TLC plates (E. Merck,
F,s,) were used to check the purity of compounds, and Dragendorff’s spray
reagent was used for the staining of compounds on TLC.

Acetylcholinesterase, butyrylcholinesterase, acetylthiocholine iodide, bu-
tyrylthiocholine chloride, 5,5'-dithiobis[2-nitrobenzoic-acid] (DTNB), and
galanthamine were purchased from Sigma (St. Louis, MO, U.S.A.). Buffer
and all other chemicals were of analytical grades.

Organism and Media Microbial culture was obtained from American
Type Culture Collection (ATCC). Cultures were maintained on Sabouraud
Dextrose Agar (SDA) and stored at 4 °C prior to use. The medium for Rhizo-
pus stolonifer (ATCC 10404) (3.01, distilled H,O) contained glucose
(60.0g), glycerol (30.0g), peptone (30.0g), yeast extract (8.0g) and
KH,PO, (15.0 g); the pH of the solution was adjusted to 5.6 by adding few
drops of 0.04 ~ NaOH.

Fermentation of Dictyophlebine (1) with Rhizopus stolonifer The fer-
mentation medium was distributed among 40 flasks of 250ml capacity
(100 ml in each) and autoclaved. The fermentation was carried out according
to a standard two-stage protocol (Betts ef al., 1974). Compound 1 (800 mg)
was dissolved in EtOH (20ml) and equally distributed into 40 flasks
(20mg/0.5ml in each flask), containing 24 h old stage II cultures and fer-
mentation was continued for further additional time (12 d) on a rotary shaker
(200rpm) at 29 °C. During the fermentation period, aliquots from flasks
were taken daily and analyzed by TLC in order to determine the degree of
substrate transformation. In all experiments, one control flask without R.
stolonifer (for checking substrate stability) and one flask without substrate
(for monitoring endogenous metabolites) were used. The culture media and
mycelium were separated by filtration and the filtrate was extracted with
CH,Cl, (3X1.51). The combined organic extract was washed with brine and
dried over anhydrous Na,SO,, evaporated under reduced pressure to afford a
brown gum (1.5 g). The crude extract was subjected to column chromatogra-
phy (silica gel). Elution with a gradient of petroleum ether and acetone with
a few drops of diethyl amine afforded metabolites 2 (10% acetone—90% pe-
troleum ether with a few drops of Et,NH), 3 (20% acetone—80% petroleum
ether with a few drops of Et,NH) and 4 (5% acetone-95% petroleum ether
with a few drops of Et,NH).

3 B-(Propyloxycarbonylamino)-dictyophlebin-16-ene  (2): White amor-
phous solid (4.4mg); Rf 0.49 (pet. ether/acetone/Et,NH, 76:30:4), [a]%
+120 (¢=0.3, CHCl,), UV (MeOH) nm (log €): A4, 220 (3.1); A,,, 361
(3.3), 209 (2.2).; IR (CHCL,) v,,,, cm™": 3645 (NH), 1660 (C=0) and 1624
(C=C); '"H-NMR (400 MHz, CDCl;) and *C-NMR (100 MHz, CDCl,): see
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Table 1; HR-EI-MS m/z: 430.3550 (Calcd for C,;H,(N,0O,, 430.3559); EI-
MS m/z (rel. int.): 430 (M*, 8), 415 (100), 72 (22), 43 (4).

In Vitro Cholinesterase Inhibition Assay and Determination of IC,,
The procedure that has been described previously was followed.*>
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