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Abstract

Incubation of 2a,13(R)-dihydroxystemodane (3) with Rhizopus oryzae ATCC 11145 gave 2a,7,13(R)-trihydroxystemodane (11)
while biotransformation of 13(R)-hydroxystemodan-2-one (5) yielded 60,13(R)-dihydroxystemodan-2-one (12) and 7f,13(R)-di-
hydroxystemodan-2-one (13). Bioconversion of 20,13(R)-dihydroxystemodane (7) with Rhizopus afforded 2,7,13(R)-trihydrox-
ystemodane (14). The results complement data from our previous work and provide more information about the effect of functional

groups of stemodane substrates on the site of hydroxylation.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

Rhizopus oryzae ATCC 11145 (synonyms: IMI 90340,
CBS 381.52, IFO 5780, IFO 6155, Upjohn Co. RH 176,
CECT 2339 and DSM 906), formerly known as Rhizo-
pus arrhizus, is commonly found in the soil, vegetables,
animal faeces, old bread and decaying fruits (Moore-
Landecker, 1982). The fungus is efficient and versatile in
the transformation of a wide range of xenobiotes. A few
examples include the microbial conversion of steroids
(Peterson et al., 1952; Holland et al., 1998), terpenes (El
Sayed et al., 1998; De Oliveira et al., 1999), prosta-
glandins (Holland et al., 1988, 1990), thioethers (Auret
et al., 1974), aromatic compounds (Hufford et al., 1981;
Orabi et al., 1999), esters (Cabon et al., 1992; Abalain
et al.,, 1996), octalin and hydrindenone derivatives
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(Arséniyadis et al., 1991, Ouazzani et al., 1991) amongst
others. It is widely known as the C-6f hydroxylating
fungus of A*-3-ketosteroids (Holland, 1984).

The cytochrome P450 enzyme system within Rhizopus
is believed to be responsible for these reactions. To date,
the X-ray crystal structure of this enzyme in its natural
conformation has not been determined (Holland, 1984).
This is due to the hydrophobic nature of the catalyst,
hence, formation of single crystals is difficult since the
proteins tend to aggregate (Feiters et al., 2000). By
probing the enzyme active site indirectly information
about its binding and hydroxylating sites as well as the
type of substrates which will be accepted for biocon-
version can be generated.

It is to this end that analogues of the mild antiviral and
cytotoxic diterpene stemodin (1), obtained from Stemodia
maritima (Manchand et al., 1973; Hufford et al., 1992),
wereincubated with R. oryzae (Hufford etal., 1991; Badria
and Hufford, 1991; Hanson et al.,, 1994). These
compounds include 2a,13(R)-dihydroxystemodane (3),
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2a-hydroxystemodane (4), 13(R)-hydroxystemodan-2-
one (5), stemodan-2-one (6), 2f3,13(R)-dihydroxystemo-
dane (7), 2B-hydroxystemodane (8), 13(R)-hydroxy-
stemodane (9) and stemodane (10). The results from the
fermentations show the relationship between the func-
tional groups of the stemodane substrates and their
products of bioconversion. Furthermore, this work is
part of a larger study which examines the potential of
fungi to effect transformation of bioactive terpenes
(Buchanan and Reese, 2001; Chen and Reese, 2002).

3 R;=0OH,BH,R,=R;=H
5 Rj=0,R,=R;=H

4 R;=0OH,BH, R, =H

6 R=0,R,=H
7 R;=POH, oH,Ry=R3=H 8 R;=BOH, oH,R,=H

9 Ri=HpR;=R3=H 10 R;=H,R,=H

11 R;=0OH, BH, R, =H,Ry=OH
12 R;=0,R, =OH,R3=H
13 R;=0, R,=H,Ry;=OH
14 R, =BOH, aH, R,=H,Ry=0H

2. Results and discussion

Stemodin (1), isolated from the plant S. maritima,
served as the starting material in the synthesis of eight
analogues. The solvolysis of stemodin (1) yielded 2a-hy-
droxystemod-12-ene (2) (Buchanan and Reese, 2001) and
2a,13(R)-dihydroxystemodane (3) (Martin et al., 2004).

Catalytic hydrogenation of 2a-hydroxystemod-12-
ene (2) gave 2a-hydroxystemodane (4), a new product.
HRMS(EI) data of 4 (M =290.2610) suggested a mo-
lecular formula of Co0H340. 'H NMR data affirmed the
absence of the olefin moiety with the methyl doublet for
H-17 resonating at 6 0.73. The C-17 methyl group was
assigned B stereochemistry based on the T-ROE corre-
lations for H-17 with H-15f (6 1.79), H-14a (6 1.90) and
H-13a (0 1.43). The disappearance of olefinic resonances
in the 3C NMR spectrum was also confirmed with the

emergence of new methylene (6 28.2, C-12) and methine
(0 36.6, C-13) signals.

Oxidation of 2a,13(R)-dihydroxystemodane (3) and
20-hydroxystemodane (4) under Jones conditions gave
13(R)-hydroxystemodan-2-one (5) and stemodan-2-one
(6), respectively, both previously unreported. HR
MS(EI) analysis of 5 (M* =304.2402) suggested a mo-
lecular formula of CyH3,0;. Absorption in the infrared
spectrum at 3408 and 1695 cm~! corresponded to hy-
droxyl and carbonyl stretches, respectively. A new reso-
nance at 212.2 ppm accounted for the carbonyl carbon
and accompanying o shifts were noted in the 3C NMR
data. HRMS(EI) data (M = 288.2453) for 6 supported a
molecular formula of C,0H3,0. Absorption at 1711 cm™!
in the FT-IR spectrum was indicative of a carbonyl
group. BCNMR data also confirmed the presence of the
carbonyl functionality at C-2 with a signal at 212.6 ppm.

Treatment of 13(R)-hydroxystemodan-2-one (5) and
stemodan-2-one (6) with sodium borohydride in metha-
nol afforded the novel 2,13(R)-dihydroxystemodane (7)
and 2B-hydroxystemodane (8), respectively. HRMS(EI)
data of 7 (M ™" = 306.2540) suggested a molecular formula
of CyyH340;. The FT-IR spectrum indicated the presence
of a hydroxyl stretch at 3355 cm™'. The appearance of a
new resonance at § 4.08 in the '"H NMR data was cor-
related with H-2, and a new signal at 68 ppm in the 1*C
NMR spectrum confirmed that reduction had taken
place. Compound 8 was assigned a molecular formula of
CyoH34,0 based on HRMS(EI) data (M =290.2610).
Absorption in the FT-IR spectrum at 3364 cm ™! signified
the presence of a hydroxyl moiety. In the 'H NMR data a
signal at 6 4.07 for H-2 was observed. The presence of a
hydroxyl group at C-2 was also verified in *C NMR
spectrum with a resonance at 68.1 ppm.

Reduction of 13(R)-hydroxystemodan-2-one (5) and
stemodan-2-one (6) under modified Wolff Kishner con-
ditions (Huang-Minlon, 1949) afforded 13(R)-hydrox-
ystemodane (9) (Lupi et al., 1984) and the saturated
parent hydrocarbon (10), respectively (Manchand et al.,
1973). An absorption at 3318 cm~! for 9 in the FT-IR
spectrum suggested the presence of a hydroxyl moiety.
13C NMR data confirmed the absence of the C-2 car-
bonyl functional group and the presence of a new
methylene resonance at 18.8 ppm. Analogue 10 showed
the typical C-H stretch at 2930 cm~! in the FT-IR
spectrum. The loss of the carbonyl group was verified in
the *C NMR data by the presence of a new methylene
signal at 6 18.9 for C-2.

Bioconversion of 2a,13(R)-dihydroxystemodane (3)
by R. oryzae produced only one metabolite 11 in high
yield. Evidence that monohydroxylation had occurred
was seen in the HRMS(EI) data (m/z=322.2480,
CyH3403). '"H NMR data exhibited a new resonance at
0 3.33 (H-7a). The stercochemistry of C-7 hydroxyl
group was resolved as § based on ROE couplings be-
tween H-7a and H-6a (6 1.70), H-15a (6 1.52) and H-5a
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(6 1.22). BC NMR data verified C-7 hydroxylation with
a signal at 79.4 ppm. The metabolite was therefore de-
termined to be 20,78,13(R)-trihydroxystemodane (11).

Bioconversion of 13(R)-hydroxystemodan-2-one (5)
yielded two new compounds: 6a,13(R)-dihydroxy
stemodan-2-one (12) and 7f,13(R)-dihydroxystemodan-
2-one (13). Compound 12 was shown to be a product
of monohydroxylation based on the HRMS(EI) data
(m/z =320.2348, CyH3,03). Absorptions were noted in
the FT-IR spectrum for hydroxyl and carbonyl stretches
at 3332 and 1704 cm~!. '"H NMR data revealed a new
proton resonance at ¢ 3.78 for H-6. T-ROESY data
confirmed the stereochemistry of the hydroxyl group at
C-6 as o based on ROE couplings between H-6p3 and H-
8B (0 1.90), H-11B (6 1.46), H-16B (5 1.33), H-19 (6 1.19)
and H-20 (6 1.00). The new resonance at 68.7 ppm in the
13C NMR spectrum was assigned to C-6.

The second metabolite 13 was deduced to have a
molecular formula of C;)H3;0O3 as supported by
HRMS(EI) data (M =320.2351). Carbonyl and hy-
droxyl stretches were seen in the FT-IR spectrum at
1700 and 3380 cm™!, respectively. A new signal at H-7a
was observed at § 3.42 in the '"H NMR data. The hy-
droxyl group was assigned as B due to T-ROE correla-
tions between H-7a and H-16a (6 1.89), H-5a (0 1.85)
and H-15a (6 1.60). The evidence of a new hydroxyl
group was also noted in the 3C NMR spectrum at &
78.8. The metabolite was confirmed to be 7f,13(R)-di-
hydroxystemodan-2-one (13).

Incubation of 2B,13(R)-dihydroxystemodane (7) with
R. oryzae yielded seven metabolites. Only the new
2B,78,13(R)-trihydroxystemodane (14) was present in
sufficient yield to be characterised. A molecular formula
of CyyH3403 was assigned to 14 based on the HRMS(EI)
data (m/z =322.2480). The FT-IR spectrum showed an
absorption at 3272 cm ™!, indicative of a hydroxyl moiety.
A signal at 0 3.33 (1H, m, w/2 = 12.1 Hz) was seen for
H-7 in the '"H NMR data. The stereochemistry of the
hydroxyl group at C-7 was designated as  due to the
ROE cross-peaks between H-7a and H-6a (6 1.70), H-1a
(0 1.70), H-150 (6 1.54) and H-5a (6 1.33). A new reso-
nance at 79.2 ppm in the '3C NMR spectrum supported
the fact that hydroxylation had occurred at C-7.

There was no evidence of transformation of the other
substrates, 2o-hydroxystemodane (4), stemodan-2-one

(6), 2B-hydroxystemodane (8), 13(R)-hydroxystemodane
(9) and stemodane (10), and these were recovered from
the fermentations.

2.1. Substrate properties vs. potential for biotransforma-
tion

In our previous work, we reported on the incubation
of the stemodin analogues 15-18 (S-stereochemistry at
C-13) and the olefins 2, 19-21 with R. oryzae (Martin
et al., 2004). Substrates 15-17 yielded mainly mono-
hydroxylated products while the olefins showed bio-
conversion for only compound 19. These results
compared well with our present data as similar sites of
hydroxylation were observed for xenobiotes 3, 5 and 7
(C-13 with R-stereochemistry). These metabolites,
however, were obtained in much higher yields. No
transformation was seen for substrates 4, 6, 8 and 10 in
which the functionality at C-13 was removed. The re-
sults are summarised in Table 1.

19 R{=0,R,=Ry=H

15 R,=0OH, BH,R;=R;=R,;=Rs=H
16 R;=0,R,= R3=R;=Rs=H 20 R;=pOH, aH,Ry= Ry=H
21 R;=H, R,= Ry=H

26 R;=0,R,=R;=0H

17 R;=pOH, oH,Ry= Ry=Ry=Rs=H
18 R;=HyRy= Ry=Ry=Rs=H

22 R, =0OH, BH, R, =R3 =Rs =H, Ry = OH
23 R, =0OH, BH, Ry =Rs=OH, Ry =R, =H
24 R;=0,Ry= Ry=Rs=H,R;=OH

25 R;=POH, oH, Ry=R3=Rs=H,Ry=OH

The above data confirms the necessity for the
stemodane xenobiotes to possess two docking groups
in order to effect their biotransformation. Variation of
the C-2 functional group (that is, from an alcohol to a
ketone) while keeping that at C-13 unchanged (R-ste-
reochemistry) seems to alter the orientation of the
substrate in the enzyme active site and hence the site of

Table 1
Overall results of the incubation of the stemodane substrates with R. oryzae
13-OH (S) 13-epi-OH (R) 12-ene 13-H (R)
20-OH 15— 22 7B-OH (8%) 3— 11 7B-OH (83%) NP NP
15— 23 3p,16a-diOH (4%)
2-one 16 — 24 60-OH (1%) 5—12 6a-OH (17%) 19— 26 7B,17-diOH NP
(4%)
5—13 7B-OH (13%)
2p-OH 17— 25 7B-OH (10%) 7—14 7B-OH (10%) NP NP
2-H NP NP NP NP

NP, no products.
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BS = binding site

Fig. 1. Possible three-dimensional relationship between the substrate
binding sites and the site of hydroxylation.

hydroxylation. It is possible that the same cytochrome
P450 enzyme system was responsible for the transfor-
mations since hydroxylations occurred mainly at C-6
and C-7. Likewise, lateral insertion of the activated
haem-bound oxygen along the carbon skeleton was
apparent since the hydroxylations were observed at
equatorial positions (Feiters et al., 2000). As with ste-
roids (Holland, 1982), a three-dimensional relationship
between the substrate binding sites and the position of
hydroxylation can be applied to the stemodane sub-
strates (Fig. 1).

In summary, we now report the preparation of nine
new analogues of stemodin (1) by chemical and micro-
bial means. In addition, the full spectral data of the
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known substrates 9-10 are reported for the first time.
The results from the incubation of compounds 3-10
with R. oryzae indicate the types of stemodane xenobi-
otes that will be accepted and transformed by the en-
zyme systems of the fungus. It is our hope that, in the
absence of an X-ray crystal structure of the mono-oxy-
genase of Rhizopus, a model of the enzyme active site
can be generated to assist in predicting the outcome of
these biological reactions.

3. Experimental
3.1. General experimental

Melting points were determined on a Thomas
Hoover capillary melting point apparatus and are un-
corrected. Optical rotations were performed on a Per-
kin—-Elmer 241 MC polarimeter. Infrared spectra were
recorded using KBr pellets or NaCl disks on a Perkin—
Elmer FT-IR Paragon 1000 spectrophotometer. 'H and
13C NMR data were obtained on Bruker AC200 and
Varian Unity 500 NMR spectrometers. 1D experiments
were carried out on the former while 2D experiments
were done on the latter. Deuterated methanol
(CD30D) and chloroform (CDCl;3) were used as sol-
vents with tetramethylsilane (TMS) as internal stan-
dard. 3C NMR assignments for the stemodane
terpenoids are listed in Table 2. HRMS(EI) was carried
out on a Kratos MS50 instrument at an ionising
voltage of 70 eV. Column chromatography was per-
formed on silica gel (37-63 pm diameter). Detection of

Table 2
13C NMR resonances of the stemodanes
C 1 3 42 52 (5 72 8 92 10° 11° 12° 13° 14°
1 457 45.5 45.5 51.3 51.4 42.5 42.5 36.2 36.2 45.6 51.5 51.9 42.4
2 651 65.3 65.2 212.2 212.6 68.0 68.1 18.8 18.9 64.9 214.6 214.5 67.8
3 50.6 50.8 50.6 55.8 55.9 46.6 46.5 41.8 42.0 50.6 57.2 56.1 46.5
4 346 34.9 34.7 39.1 39.1 32.6 32.6 33.2 332 34.8 39.6 39.5 33.0
5 46.6 47.0 46.8 474 47.2 45.6 45.4 47.3 47.2 44.8 52.4 45.6 439
6 220 22.0 22.4 22.5 22.5 22.3 22.3 22.2 22.4 31.3 68.7 31.9 31.5
7 36.4 36.4 36.9 36.0 36.2 36.2 36.4 36.6 36.9 79.4 45.8 78.8 79.2
8 36.9 37.2 38.5 37.5 38.5 37.1 38.1 37.6 38.6 46.8 37.2 47.3 46.7
9 50.1 50.5 50.8 50.5 50.5 51.2 51.2 50.5 50.5 52.7 50.6 52.6 53.5
10 40.1 40.0 40.3 44.5 44.8 38.1 383 38.2 384 40.1 45.7 45.1 384
11 278 29.1 31.4 29.3 31.2 29.1 31.1 29.0 31.1 29.7 29.4 30.1 29.7
12 327 33.7 28.2 33.2 27.7 339 27.9 33.8 28.1 33.6 33.3 335 33.7
13 723 72.3 36.6 72.4 36.1 72.7 36.3 72.8 36.4 72.7 72.3 72.4 72.9
14 46.1 46.7 40.9 46.7 40.2 46.7 40.2 47.0 40.6 47.2 46.9 47.1 47.0
15 38.1 35.7 34.2 35.8 34.1 35.8 34.0 35.7 34.1 34.4 36.2 34.8 34.4
16 30.1 32.8 38.0 335 38.1 32.8 37.7 32.7 37.7 34.6 334 352 34.6
17 28.0 26.2 19.6 26.2 18.7 26.2 19.6 26.1 18.9 26.0 26.0 26.1 26.1
18 34.7 34.8 349 34.5 34.4 344 344 34.6 34.6 34.7 37.5 34.5 34.5
19 236 23.7 23.8 23.9 23.9 25.2 25.2 22.8 22.8 23.9 25.1 243 254
20 19.6 19.8 19.8 19.0 19.4 223 22.1 19.1 19.7 20.4 20.0 19.6 22.7

#Determined in CDCl;.
® Determined in CD;OD.
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compounds on thin layer chromatography (TLC) was
achieved by spraying the plates with ammonium mo-
lybdate/sulfuric acid solution followed by heating until
the colour developed. Stemodin (1) was obtained from
the acetone extract of S. maritima in an overall yield of
12%. R. oryzae ATCC 11145 was obtained from the
American Type Culture Collection (ATCC), Rockuville,
MD, USA. Petrol refers to the petroleum fraction
boiling at 60-80 °C.

3.2. Culture conditions

The fungus was maintained on 4.5% malt agar slants.
The liquid medium (2.5 1) for R oryzae consisted of
dipotassium hydrogen phosphate (5 g/l), sodium chlo-
ride (5 g/l), peptone (5 g/l), yeast extract (5 g/l) and
glucose (20 g/l). The fermentation medium (2.5 1) was
distributed equally amongst twenty 500 ml Erlenmeyer
flasks and was sterilised. Spore suspensions of the fun-
gus were used to inoculate the flasks. The substrate was
fed over a period of 3 days. 24, 36, 48 and 60 h after
inoculation 10%, 20%, 30% and 40%, respectively, of the
substrate was fed (pulse feed protocol) to the growing
fungus. The total substrate concentration was 0.20-0.40
mg ml~! of the culture medium. Controls consisted of
flasks to which only solvent was fed to the growing
fungus. The medium was shaken for 5 days after the last
feeding. The fermentation beer was pooled and ex-
tracted with ethyl acetate (4 x 700 ml). The fungal cells
were homogenised and extracted in warm ethyl acetate
(400 ml). The organic extracts were dried, filtered, and
the solvent was removed in vacuo.

4. Preparation of the stemodane substrates
4.1. 13(R)-Hydroxystemodan-2-one (5)

To 2a,13(R)-dihydroxystemodane (3) (560 mg, 1.628
mmol) in acetone (60 ml) at —10 °C (ice salt) was added
Jones reagent (2.5 M, 1.0 ml, 2.5 mmol). The reaction
was stirred for 0.5 h. Ethanol (3.0 ml) was added and the
reaction mixture was neutralised with saturated aqueous
sodium hydrogen carbonate. The solvent was removed
in vacuo and the residue was diluted with water (ca. 20
ml) and extracted with ethyl acetate (2x30 ml). The
organic solution was dried, filtered, and the solvent was
evaporated to yield 13(R)-hydroxystemodan-2-one (5)
(488 mg) which crystallised from acetone as needles,
m.p. 183-184 °C; [o]¥: +21.4° (MeOH; ¢=0.98); FT-
IR: vy cm™! 3408 (OH), 1695 (CC=0); HRMS(EI): m/
z (rel. int.): 304.2402 [M]" (30.4) [Cy0H3,0; requires
304.2402], 286.2294 [M-H,O]" (18.1), 271.2062 [M-—
CH3-H,O]" (11.6), 233.1904 (100); 'H NMR (200
MHz, CDCl3): 6 0.92 (3H, s, H-19), 0.97 (3H, s, H-20),
1.09 (3H, s, H-18), 1.23 (3H, s, H-17).

4.2. 13(R)-Hydroxystemodane (9)

13(R)-Hydroxystemodane (9) was prepared from
13(R)-hydroxystemodan-2-one (5) (2.0 g, 6.579 mmol)
under Wolff Kishner conditions (Huang-Minlon,
1949). 13(R)-Hydroxystemodane (9) (1.81 g) crystal-
lised from methanol as prisms, m.p. 151-153 °C; [«]¥:
+16.7° (MeOH; ¢=0.56); FT-IR: vp. cm~' 3318
(OH); '"H NMR (200 MHz, CDCl;): 6 0.87 (3H, s, H-
18), 0.87 (3H, s, H-19), 0.94 (3H, s, H-20), 1.23 (3H,
s, H-17).

4.3. 2p,13(R)-Dihydroxystemodane (7)

To 13(R)-hydroxystemodan-2-one (5) (25 mg,
0.0822 mmol) in methanol (2 ml) at 0 °C (ice salt) was
slowly added sodium borohydride (15.6 mg, 0.412
mmol) over 3 min. The reaction was allowed to warm
to room temperature and then was stirred for 15 min.
The mixture was poured into water (20 ml) and was
neutralised with 6 M sulfuric acid (ca. 1 drop). The
white precipitate was filtered off under vacuum to
afford 2B,13(R)-dihydroxystemodane (7) (30 mg)
which crystallised from acetone as amorphous crystals,
m.p. 176-178 °C; [o]: +18.0° (MeOH; ¢=0.39); FT-
IR: vpa cm™! 3355 (OH); HRMS(EI): m/z (rel. int.):
306.2540 [M]*T (1.1) [CyoH340; requires 306.2559],
288.2450 [M-H,0]* (13.1), 273.2218 [M-H,O-CH;3]"
(18.9), 217.1949 (100); '"H NMR (200 MHz, CDCl;): §
0.91 (3H, s, H-19), 1.02 (3H, s, H-18), 1.07 (3H, s, H-
20), 1.17 (3H, s, H-17), 4.08 (1H, m, w/2 = 15.5 Hz,
H-2).

4.4. 20-Hydroxystemodane (4)

To 2o-hydroxystemod-12-ene (2) (4.0 g, 13.88 mmol)
in ethyl acetate (200 ml) was added 10% palladium on
carbon (0.4 g). The reaction mixture was hydrogenated
at 15 psi for 6 h. The mixture was filtered under vacuum
and the filtrate was concentrated in vacuo to provide 20-
hydroxystemodane (4) (3.91 g) which crystallised from
acetone as needles, m.p. 106-108 °C; [o]3: +1.46°
(MeOH; ¢=1.05); FT-IR: vp cm~! 3325 (OH);
HRMS(EI): m/z (rel. int.): 290.2610 [M]" (3.7) [C20H340
requires 290.2610], 275.2374 [M—CH;]* (7.2), 272.2496
[M-H,O]" (7.7), 257.2271 [M-CH;-H,O]" (28.0),
233.1902 (21.6), 215.1799 (100); 'H NMR (500 MHz,
CDCl3): 6 0.73 (3H, d, J = 6.3 Hz, H-17), 0.92 (3H, s,
H-19), 0.95 (3H, s, H-18), 0.97 (3H, s, H-20), 3.72 (1H,
tt, J = 11.4, 7.6 Hz, H-2).

4.5. Stemodan-2-one (6)
To 2a-hydroxystemodane (4) (3.3 g, 11.37 mmol) in

acetone (300 ml) at —18 °C (ice salt) was added Jones
reagent (4.5 ml, 11.25 mmol). The reaction was stirred
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for 1 h and ethanol (5 ml) was added. The reaction was
neutralised with saturated sodium hydrogen carbonate
(50 ml) and the acetone was removed in vacuo. The
mixture was diluted with water (100 ml) and extracted
with ethyl acetate (2x 150 ml). The organic solution was
dried, filtered, and the solvent was removed in vacuo to
provide stemodan-2-one (6) (3.2 g) which crystallised
from methanol as cubes, m.p. 68-71 °C; [o]¥: +19.9°
(CHCl3; ¢=5.7); FT-IR: vy cm™! 1711 (CC=0);
HRMS(EI): m/z (rel. int.)): 288.2453 [M]" (67.8)
[C20H3,O requires 288.2453], 273.2215 [M-CH;]*
(31.0), 231.1747 (100); '"H NMR (200 MHz, CDCl3): §
0.73 (1H, d, J = 6.3 Hz, H-17), 0.92 (3H, s, H-19), 0.95
(3H, s, H-18), 1.08 (3H, s, H-20), 2.29 (1H, bs, H-1), 2.35
(1H, d, J = 1.6 Hz, H-3).

4.6. Stemodane (10)

Stemodan-2-one (6) (1.1 g, 3.82 mmol) was reduced
under modified Wolff Kishner conditions (Huang-Min-
lon, 1949; Manchand et al., 1973) to afford stemodane
(10) (0.96 g) as a gum, [oc]2D7: +8.2° (CHCl3; ¢=3.64);
literature [«]3: +10.1 (CHCl3; ¢=1.13) (Manchand et
al., 1973); FT-IR: va cm™! 2930 (CH); '"H NMR (200
MHz, CDCl;): 6 0.72 (1H, d, J = 6.3 Hz, H-17), 0.86
(3H, s, H-19), 0.87 (3H, s, H-18), 0.92 (3H, s, H-20).

4.7. 2p-Hydroxystemodane (8)

To stemodan-2-one (6) (1.0 g, 3.47 mmol) in metha-
nol (30 ml) at —20 °C was slowly added sodium boro-
hydride (0.39 g, 10.41 mmol). The reaction was stirred
for 15 min and was poured into water (80 ml). The
mixture was extracted with dichloromethane (2 x 50 ml).
The organic solution was dried, filtered, and the solvent
was removed in vacuo to provide 2B-hydroxystemodane
(8) (1.0 g) which crystallised from methanol as cubes,
m.p. 96-97 °C; [o]¥: +11.3° (MeOH; ¢ =1.66); FT-IR:
vmax cm~! 3364 (OH); HRMS(EI): mi/z (rel. int.):
290.2610 [M]* (44.9) [CyH340 requires 290.2610],
275.2373 [M-CH;3]*" (15.2), 257.2266 [M-CH3;-H,0]"
(19.1), 233.1902 (69.1), 215.1798 (100); '"H NMR (200
MHz, CDCl;): 6 0.72 (1H, d, J = 6.3 Hz, H-17), 0.91
(3H, s, H-19), 1.06 (3H, s, H-18), 1.14 (3H, s, H-20), 4.07
(1H, ¢, J = 4.43 Hz, H-2).

5. Biotransformation of the stemodane analogues
5.1. Incubation of 20,13 ( R)-dihydroxystemodane (3)

2a,13(R)-Dihydroxystemodane (3) (500 mg) was fed
and the fermentation was harvested to yield broth (0.44
g) and mycelial (0.83 g) extracts. The transformed me-
tabolite was present only in the broth. The broth extract
was washed with a cold acetone:petrol (1:2) mixture to

afford 20,7B,13(R)-trihydroxystemodane (11) (440 mg)
which crystallised from methanol as amorphous crys-
tals, m.p. 259-261 °C; [o]¥: +8.3° (MeOH; ¢=0.02);
FT-IR: v cm™! 3328 (OH); HRMS(EI): mi/z (rel. int.):
322.2480 [M]* (0.14) [CyH340;3 requires 322.2508],
289.2161 [M-CH3;-H,O]* (5.4), 250.1928 (14.8),
233.1896 (100); '"H NMR (500 MHz, CD3;0D): § 0.96
(3H, s, H-19), 0.98 (3H, s, H-18), 1.03 (3H, s, H-20), 1.22
(3H, s, H-17), 3.33 (1H, m, w/2 = 6.63 Hz, H-7), 3.74
(1H, tt, J = 11.5, 3.8 Hz, H-2).

5.2. Incubation of 13( R)-hydroxystemodan-2-one (5)

13(R)-Hydroxystemodan-2-one (5) (500 mg) was in-
cubated with Rhizopus to produce mycelial (0.52 g) and
broth (0.63 g) extracts. The broth extract which con-
tained only the transformed metabolites was purified on
silica gel. Elution with 10% acetone in dichloromethane
provided 6a,13(R)-dihydroxystemodan-2-one (12) (64
mg) which crystallised from methanol as prisms, m.p.
140-142 °C; [o]3]: +62.1° (MeOH; ¢ = 1.2); FT-IR: vipux
cm~! 3332 (OH), 1704 CC=0); HRMS(EI): m/z (rel.
int.): 320.2348 [M]" (28.9) [Cy;0H3,0; requires
320.2351], 305.2117 [M-CH3]" (28.4), 302.2243 [M-
H,O]" (68.5), 249.1852 (100), 231.1749 (48.6); 'H NMR
(500 MHz, CDCl»): ¢ 1.00 (3H, s, H-20), 1.19 (3H, s, H-
19), 1.23 (3H, s, H-17), 1.32 (3H, s, H-18), 3.78 (1H, m,
w/2 = 18.5 Hz, H-6).

Elution with 15% acetone in dichloromethane yielded
7B,13(R)-dihydroxystemodan-2-one (13) (57 mg) which
crystallised from methanol as prisms, m.p. 189-192 °C;
[o]¥: +42.0° (MeOH; ¢=0.5); FT-IR: vpax cm™! 3380
(OH), 1700 (CC=0); HRMS(EI): m/z (rel. int.):
320.2351 [M]" (28.9) [CxH3,0;3 requires 320.2351],
305.2112 [M-CH;]t (11.0), 249.1854 (100), 231.1748
(88.8); '"H NMR (500 MHz, CDCl3): § 0.97 (3H, s, H-
19), 1.00 (3H, s, H-20), 1.14 (3H, s, H-18), 1.23 (3H, s,
H-17), 3.42 (1H, m, w/2 = 16.0 Hz, H-7).

5.3. Incubation of 2,13 ( R)-dihydroxystemodane (7)

The fermentation of 2f,13(R)-dihydroxystemodane
(7) (500 mg) with the fungus yielded mycelial (0.81 g)
and broth (0.34 g) extracts. The combined extracts were
chromatographed with 25% acetone in petrol to afford
2B,7B,13(R)-trihydroxystemodane (14) (40 mg) which
crystallised from methanol as amorphous crystals, m.p.
250-254 °C; [o]F: +56.4° (MeOH; ¢ = 0.48); FT-IR: vinax
cm~! 3272 (OH); HRMS(EI): m/z (rel. int.): 322.2480
[M] (0.4) [CooH3403 requires 322.2508], 289.2167 [M—
CH3-H,O]" (8.1), 250.1928 (17.6), 233.1903 (100); 'H
NMR (500 MHz, CD;OD): 6 0.94 (3H, s, H-18), 1.11
(3H, s, H-19), 1.19 (3H, s, H-20), 1.23 (3H, s, H-17), 3.33
(1H, m, w/2 = 12.1 Hz, H-7), 4.04 (1H, m, w/2 = 11.1
Hz, H-2).
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