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Abstract

Incubation of stemodin (1) with Mucor plumbeus ATCC 4740 resulted in the formation of 2a,6,13-trihydroxystemodane (2),
20,,3B,13-trihydroxystemodane (3), 2a,11,13-trihydroxystemodane (4) and 2a,13,14-trihydroxystemodane (5), while stemodinone
(7) afforded 60a,13-dihydroxystemodan-2-one (8) and 6a.,120.,13-trihydroxystemodan-2-one (9). Metabolites obtained from the bio-
conversion of stemarin (11) were 8,13,19-trihydroxystemarane (12) and 20,13,19-trihydroxystemarane (13). 19-N,N-Dimethylcar-
bamoxy-13-hydroxystemarane (14) was not transformed by the fungus. Stemodin (1) was incubated with Whetzelinia
sclerotiorum ATCC 18687 to produce 2a,7p,13-trihydroxystemodane (6) and 2a,11p,13-trihydroxystemodane (4). Stemodinone
(7) was converted to 7pB,13-dihydroxystemodan-2-one (10). Compounds 2, 4, 9, 10, 12 and 13 have not been previously reported.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

As a part of our programme to produce analogues of
biologically active natural products using fungi (Bucha-
nan and Reese, 2000; Collins et al., 2001), three diter-
penes with stemodane and stemarane skeleta and a
synthetic analogue were incubated with Mucor plumbeus
(formerly M. spinosus) ATCC 4740. The fungus has
been used previously to transform terpenes possessing
stemodane (Fraga et al., 2004), labdane (Aranda et al.,
1991; Azerad, 2000), cedrane (Fraga et al., 1996), and
aromadendrane (Guillermo et al., 1997) skeleta. Other
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terpenoids have also been transformed (Aranda et al.,
1992). Furthermore the potential of the ascomycete
Whetzelinia (formerly Sclerotinia) sclerotiorum ATCC
18687 for bioconversion was examined for the first time.

Diterpenes possessing mild antiviral and cytotoxic
properties have been isolated from Stemodia maritima
(Hufford et al., 1991). Three of these are stemodin (1),
stemodinone (7) and stemarin (11). The bioconversion
of compounds 1 and 7 (Azerad, 2000) using Cunning-
hamella echinulata (Badria and Hufford, 1991; Hufford
et al., 1991), Polyangium cellulosum (Badria and Huf-
ford, 1991), Rhizopus arrhizus (Hufford et al., 1991;
Martin et al., 2004), Cephalosporium aphidicola (Hanson
et al., 1994), Beauveria bassiana (Buchanan and Reese,
2001) and Aspergillus niger (Chen and Reese, 2002) have
been reported.
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2. Results and discussion
2.1. M. plumbeus
The incubation of 1 with this fungus afforded four

metabolites (2-5). HREIMS analysis of the diacetate
(2a) of 2 suggested a molecular formula of Cyy

1 R;=R,=R;=H 2 R;=R,=OH, Ry=H
3 R,=OH, Ry=R;=H 2a R;=R,=OAc, R;=H
4 R;=R;=H, R,=OH 6 R;=R;=OH, R,=H

5 R=R,=H, R3:OH 6a R1=R3=OAC, R2=H

7 R;=R,=R;=H 11 R;=R,=H, R;=OH
8 R]ZOH, R2:R3:H 12 R1=H, R2=R3=OH
9 R,=R,=OH, R;=H 13 R,=R;=OH, R,=H
10 R,=R,=H, R;=OH 14 R;=R,=H, R;=0C(O)N(CH3),

H130s. 3C NMR data revealed a new methine signal
at 6 81.3. The C-6u proton (§ 4.62) showed 'H-'H
COSY correlations with the C-7 protons. T-ROESY
enhancements with H-5 (6 1.32), H-7 (6 1.77), H-15a
(0 1.61) and H-16a (6 1.51) established the equatorial
orientation of H-6 in 2a. Thus 2 was shown to be
20,6B,13-trihydroxystemodane, a new compound.
Diterpene 3 (maristeminol) was isolated previously as
a natural product from S. maritima (Hufford et al.,
1992). The appearance of a new methine at 70.5 ppm
in the *C NMR spectrum suggested that 4 was a
hydroxylation product. This was supported by HRE-
IMS data which confirmed a molecular formula of
C,0H3405. It was determined that the hydroxyl group
was borne by C-11. Even though C-11 and C-12 pro-
tons exhibited HMBC correlations to the same car-
bons, H-17 showed HMBC correlations with the
carbon at 6 44.8 (C-12) and not with that at
70.5 ppm (C-11). The stereochemistry of the hydroxyl
group was assigned as [ since H-11a showed strong

NOE cross-peaks with H-20 and H-1B. The latter
coupling would not be expected with an 11 proton.
Metabolite 4 is thus the hitherto unreported 2a,
11B,13-trihydroxystemodane. Analogue 5 (20.,13,14-tri-
hydroxystemodane) has been reported from a biotrans-
formation experiment using P. cellulosum (Badria and
Hufford, 1991).

When ketone 7 was fed to the growing fungus two
metabolites 8 and 9 were isolated. Monohydroxylation
at C-6 afforded 6a,13-dihydroxystemodan-2-one (8)
(Martin et al., 2004). Two new methine signals at ¢
69.1 and 70.6 were observed in the '*C NMR spectrum
of 9. The data suggested that the metabolite was formed
by hydroxylation at both C-6 and -12. The stereochem-
istry of H-6 was deduced to be B since key NOE inter-
actions were seen with H-19, -20 and -7 (but not with
H-5). The position and stereochemistry of the C-12
hydroxyl group was determined as had been for 4, i.e.
based on HMBC and NOE data. Metabolite 9 was
therefore 6a,12a,13-trihydroxystemodan-2-one.

Incubation of stemarin (11) with the fungus yielded
two new metabolites, 12 and 13, which were more polar
than the starting material. The HRMS data for 12 indi-
cated a molecular formula of C,yH3405. Examination of
the '*C and 2D NMR spectra indicated that hydroxyl-
ation had taken place at one of the methine carbons.
This was evidenced by a new peak at ¢ 76.7, which
was assigned to a non-protonated carbon. B and vy shift
effects due to hydroxyl substitution established that
functionalisation was at C-8 (rather than C-5 or C-12).
Thus the metabolite was 8,13,19-trihydroxystemarane.
HRMS analysis of 13 showed that it possessed the same
molecular formula as 12. However, inspection of the '*C
NMR data showed the disappearance of the C-2 signal
(18.3 ppm) from 11 and the appearance of a new peak
at 65.7 ppm. H-2p showed NOE interactions with H-
1B, -3B, -18 and -20 only. 13 was deduced to be
2a,13,19-trihydroxystemarane.

In an effort to improve the docking potential of the
substrate the dimethylcarbamate derivative (14) of stem-
arin (Vigne et al., 1986, 1991) was prepared by treatment
of 11 with dimethylcarbamyl chloride (Jager et al., 1968;
Agarwal and Khorana, 1972). HREIMS analysis of 14
indicated a molecular formula of Cy3H3oNO; (M' =
377.2930). After an incubation period of two weeks 14
had not been metabolised by the fungus. This was sur-
prising since the carbamate group was expected be a bet-
ter binding group than the alcohol. It is possible that the
lack of hydroxylation may be due to steric, rather than
electronic, factors.

2.2. Whetzelinia sclerotiorum

This fungus has not been exploited previously as an
agent for biocatalysis, however, fermentation conditions
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for its growth have been reported (Bhutani and Thakur,
1991). Unfortunately, the culture medium described
(designated for our purpose as medium A) promoted
the production of a polyglucan by the organism (Ohno
et al., 1988; Keats et al., 1998) which was excreted into
the broth. Extraction of the fermentation beer by EtOAc
resulted in the formation of an emulsion separable only
by freezing out of the aqueous layer. This made recovery
of transformed metabolites extremely poor. Since the
biosynthesis of this polysaccharide should depend on
glucose availability, it was decided to replace the latter
by cellulose for the most part (medium B). The organism
has been reported to produce cellulase (Lumsden, 1969).
Happily the formation of polyglucan in this reformu-
lated medium was satisfactorily minimised.

Incubation of stemodin (1) afforded two metabolites
4 and 6. The latter (2a,7pB,13-trihydroxystemodane)
has been isolated previously (Badria and Hufford,
1991; Hanson et al., 1994). This compound was charac-
terised as its 2,7-diacetate (6a).

Incubation of stemodinone (7) yielded a new metab-
olite (10). Examination of the spectral data showed
some similarities with those of 6. Loss of the methy-
lene at § 36.4 (C-7) and the appearance of a methine
at 0 78.5 were observed. The coupling constants sug-
gested that H-7 had an axial orientation. This was
confirmed from NOE interactions of H-7a with H-
150, -5 and -60. 'H-'H COSY correlations were in
agreement with this assignment. Thus 10 was found
to be 7pB,13-dihydroxystemodan-2-one. Stemarin (11)
was not incubated with W. sclerotiorum because the
quantities of this terpene isolated from the plant were
insufficient.

In summary three substrates were fed to two fungi to
afford 10 metabolites, six of which were new. A new
growth medium, which minimised the production of
polyglucan, was formulated for W. sclerotiorum. Bio-
conversion of substrates by this fungus was observed
for the first time.

3. Experimental
3.1. General experimental

Melting points were recorded on a Thomas Hoover
melting point apparatus and are uncorrected. IR spectra
were recorded as KBr disks using a Perkin—Elmer 735B
infrared spectrophotometer. 'H and '*C NMR spectra
were recorded using Bruker AC200 and Varian Unity
500 NMR spectrometers. NMR samples were prepared
in CDCl; containing tetramethylsilane as the internal
standard. '*C NMR assignments are reported in Table 1.
Optical rotations were acquired on a Perkin—Elmer 241
MC polarimeter. HRMS (EI) was done on a Kratos
MS50 instrument at an ionising voltage of 70 eV. ESMS

Table 1
13C NMR chemical shift assignments for biotransformed metabolites
or their derivatives

Carbon  2a 4 6a 9 10 12 13

1 41.7 462 41.6 51.3 51.7 314 417

68.8  65.0 68.8 2120 2144 183  65.7
3 46.3  50.5 46.2 56.8 559 358 448
4 346 346 34.5 389 393 385 395
5 439 465 42.8 523 45.1 425 40.7
6 81.3 218 273 69.1 31.7 329 222
7
8

274 353 81.3 45.6 78.5 365 304
429 317 43.9 37.0 46.8 767 383

9 520 553 51.9 50.9 51.9 563 516
10 39.8 412 39.7 45.0 45.1 39.8 405
11 279 705 27.8 37.6 28.4 188 275
12 3277 448 32.6 70.6 325 475 481
13 722 734 72.2 72.4 720 744 739
14 46.1 448 46.0 45.2 46.1 509 395
15 357  38.0 35.6 37.5 36.6 294 295
16 315 292 31.4 29.7 32.1 277 29.6
17 28.2 28.1 28.1 24.1 27.8 243 267
18 344 349 34.4 37.3 344 200 18.8
19 235 238 21.5 25.1 24.1 72.0 709
20 19.6 222 19.5 19.7 19.2 18.0 18.0
CO 170.6 170.7
CH; 21.4 21.4
CO 171.0 171.1
CH; 21.5 23.5

analysis was performed on Agilent Technologies
1100MSD or Micromass Zabspec-0aTOF spectrome-
ters. Column chromatography utilised silica gel (230—
400 mesh) for purifications. Thin layer chromatography
plates were visualised by spraying with ammonium
molybdate—sulfuric acid spray and heating until the col-
ours developed. Stemodin (1) and stemarin (11) were ob-
tained from Stemodia maritima in overall yields of
0.07% and 0.02%, respectively. M. plumbeus ATCC
4740 and W. sclerotiorum ATCC 18687 were obtained
from the American Type Culture Collection, Rockville,
MD, USA. Petrol refers to the petroleum fraction boil-
ing at 60-80 °C.

3.2. M. plumbeus

3.2.1. General fermentation protocol

The fungus was grown on potato dextrose agar
slants. Two 14 day old slants were used to inoculate
twenty 500 ml Erlenmeyer flasks each containing
125 ml culture medium. This medium was comprised
of, per litre, glucose (30 g), corn steep solids (5 g),
NaNO; (2 g), KCI (0.5 g), MgSO, - 7H,O (0.5 g) and
FeSO4-7H,O (0.02 g). The flasks were shaken at
250 rpm. Seventy two hours after inoculation substrates,
dissolved in EtOH, were fed to the growing fungus. The
cultures were left for an additional 10 days after which
the mycelia and broth were separated, and then each
was extracted with EtOAc.
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3.2.2. Incubation of stemodin (1)

Stemodin (500 mg) dissolved in EtOH (10 ml) was fed
to the growing fungus. Extraction of the broth and
mycelia and removal of the solvent afforded a gum
(707 mg) which was chromatographed. Elution with
30% EtOAc in petrol afforded unchanged stemodin
(131 mg). Further elution yielded 20,6p,13-trihydroxy-
stemodane (2) (22 mg), characterised as the 2,6-diacetate
(2a) which resisted crystallisation, [a]p —4.3° (¢ 5.8,
CHCly); ESMS: m/z (rel. int.) 429.2612 [M + NaJ"
(100); IR: vmax cm ™' 3452, 2940, 1734, 1684; 'H
NMR: 6 0.98 (3H, s, H-18), 0.97 (3H, s, H-19), 1.09
(3H, s, H-20), 1.13 (3H, s, H-17), 2.01 (3H, s,
CH;CO,), 2.06 (3H, s, CH3CO,), 3.64 (1H, s, OH),
4.62 (1H, m, w/2=23.7Hz, H-60), 491 (1H, #,
J=23.8, 11.9 Hz, H-2B).

Further elution gave 20,3p,13-trihydroxystemodane
(3) (20 mg) which crystallised from acetone as needles,
m.p. 182-184 °C, [a]p + 17.1° (¢ 3.6, CHCI;) [lit. m.p.
180-182 °C, [a]p +17.5° (¢ 1.0, MeOH) (Hufford
et al., 1992)]; the spectral data of which was identical
to that in the literature. Further elution afforded
2a,11B,13-trihydroxystemodane (4) (23 mg) which did
not crystallise, [o]p —48.2° (¢ 1.7, CHCIl;); EIMS:
mfz 304.2402 (7) (M — H,OT"); ESMS: m/z (rel. int.)
345.2400 [M + NaJ" (100); IR: vimax cm™' 3440, 2940,
1648; '"H NMR: 6 0.94 (3H, s, H-19), 0.97 (3H, s,
H-18), 1.16 (3H, s, H-17), 1.25 (3H, s, H-20),
3.86 (1H, m, w/2=24Hz, H-2B), 421 (1H, 4,
J=10.4 Hz, H-11w).

Further elution produced 2a,13,14-trihydroxystemo-
dane (5) (9 mg) which did not crystallise, [a]p + 33.3°
(¢ 2.4, CHCI;) [lit. m.p. 190-191 °C (Badria and Huf-
ford, 1991)]; the spectral data of which was identical
to that in the literature.

3.2.3. Incubation of stemodinone (7)

Stemodinone (1.0 g) was dissolved in EtOH (20 ml)
and fed to the fungus. Work up afforded a gum
(2.8 g which was purified by chromatography. Elu-
tion with 20% EtOAc in petrol gave stemodinone
(480 mg).

Further elution yielded 6a,13-dihydroxystemodan-2-
one (8) (125 mg) which crystallised as needles from ace-
tone, m.p. 191-193 °C, [o]p + 55.6° (¢ 4.5, CHCl;), the
spectral data of which was identical to that in the liter-
ature (Martin et al., 2004).

Further elution gave 60a,120,13-trihydroxystemodan-
2-one (9) (6 mg) which did not crystallise, [a]p + 28.5°
(¢ 0.7, CHCly); ESMS: m/z (rel. int.) 359.2193
[M + NaJ]" (100); IR: vpax cm ' 3402, 2972, 2933,
1705; '"H NMR: 6 1.03 (3H, s, H-20), 1.20 (3H, s,
H-19), 1.22 (3H, s, H-17), 1.32 (3H, s, H-18), 3.50
(1H, ¢, J=6.6 Hz, H-12), 3.88 (1H, dt, J=4.7,
9.8 Hz, H-6p).

3.2.4. Incubation of stemarin (11)

Stemarin (1.0 g), dissolved in EtOH (20 ml), was fed
to the fungus. The fermentation conditions were the
same except that the broth was acidified to pH 2 using
3 M HCI before extraction. The resulting gum (1.7 g)
was chromatographed. Elution with 5% acetone in
dichloromethane afforded untransformed stemarin
(270 mg).

Further elution with 25% acetone in dichloromethane
gave 8,13,19-trihydroxystemarane (12) (11 mg) which
did not crystallise, [a]p + 10.8° (¢ 8.1, CHCIl;); EIMS:
mfz (rel. int.) 320.2529 (0.8) ((M*]), 304.2411 (67),
291.2326 (8), 273.2226 (100); IR: vy cm™ ' 3388,
2940, 2872, 2366; '"H NMR: 6 0.77 (3H, s, H-20), 1.16
(3H, s, H-18), 190 (3H, s, H-15), 3.03 (IH, d,
J=11.3 Hz, H-19), 348 (1H, d, J=11.3 Hz, H-19).

Further elution afforded 2a,13,19-trihydroxystema-
rane (13) (547 mg) which resisted crystallisation,
[a]p + 13.0° (¢ 20.5, CHCls); EIMS: m/z (rel. int.)
3222519 (2) ((M']), 291.2338 (10), 286.2310 (10),
273.2229 (100); IR: v cm™ ' 3484, 2944, 2350; 'H
NMR: 6 0.78 (3H, s, H-18), 1.00 (3H, s, H-20), 1.15
(3H, s, H-15), 3.00 (1H, d, J=11.7 Hz, H-19), 3.44
(1H, d, J=11.7Hz, H-19), 4.00 (1H, m, w/
2 =19.6 Hz, H-2p).

3.2.5. Synthesis of 19-N,N-dimethylcarbamoxy-13-
hydroxystemarane (14)

The dimethylcarbamate was prepared as reported
previously (Chen and Reese, 2002).

3.3. W. sclerotiorum

3.3.1. General fermentation protocol

The microorganism was grown on potato dextrose
agar slants at 28 °C for two weeks. Five slants were used
to inoculate twenty 500 ml Erlenmeyer flasks each con-
taining 125 ml culture medium. Medium A (Modified
Richard’s medium) was comprised of, per litre, glucose
(40 g), yeast extract (2 g), KNO;3 (10 g), MgSO, - TH,O
(1.5g), and KH,PO4 (2.5g) (Bhutani and Thakur,
1991). Medium B consisted of, per litre, glucose (0.5 g),
cellulose (20 g), yeast extract (0.5g), KNO; (10 g),
MgSO, - 7TH,0 (1.5 g) and KH,PO,4 (2.5 g). The flasks
were shaken at 230 rpm. Seventy two hours after inocula-
tion substrates, dissolved in EtOH, were fed to the grow-
ing fungus in portions of 10%, 20%, 30% and 40% at 24,
36, 48 and 60 h, respectively after inoculation. The fer-
mentation was allowed to proceed for a further 10 days
after the final feed. Extraction of the broth and mycelia
with EtOAc and removal of the solvent afforded gums.

3.3.2. Incubation of stemodin (1) (medium B)
Stemodin (1) (500 mg) in EtOH (10 ml) was fed to the

fungus. Chromatography of the resultant gum (0.46 g)

using 40% EtOAc in petrol afforded stemodin (216 mg).
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Further elution yielded 2a,7p,13-trihydroxystemo-
dane (6) (189 mg). This was characterised as the 2,7-
diacetate (6a) which resisted crystallisation, [o]p + 2.5°
(¢ 35.5, CHCl3); EIMS: m/z (rel. int.) 388.2614 (6)
(IM — H,07"), 346.2508 (20), 335.2222 (10), 328.2402
(27), 286.2297 (100); IR: v cm™' 3509, 2963, 2877,
1733; '"H NMR: § 0.97 (3H, s, H-18), 0.98 (3H, s, H-
19), 1.09 (3H, s, H-20), 1.13 (3H, s, H-17), 2.02 (3H, s,
CH;CO,), 2.06 (3H, s, CH;CO,), 4.63 (1H, ¢,
J=10.1 Hz, H-7a), 4.91 (1H, m, w/2 = 18.0 Hz, H-2p).

Further elution gave 2a,11p,13-trihydroxystemodane
(4) (26 mg) which was identified by comparison of its
spectral data with that of an authentic sample.

3.3.3. Incubation of stemodinone (7) (medium B)

Stemodinone (500 mg) in EtOH (10 ml) was fed and
the resultant gum (1.09 g), after work up, was purified
using column chromatography. Elution with 15% ace-
tone in CH,Cl, afforded stemodinone (197 mg).

Further elution gave 7f,13-dihydroxystemodan-2-
one (10) (108 mg) which crystallised as cubes from ace-
tone, m.p. 106-108 °C, [a]p + 14.8° (¢ 3.8, acetone/
MeOH); EIMS: m/z (rel. int.) 320.2343 (34) (M),
302.2242 (22) (M — H,0T"), 287.2007 (15), 284.2134
(12), 233.9105 (93); IR: vpax cm™ ' 3398, 2963, 2876,
1694, 1385; 'H NMR: 6 0.97 (3H, s, H-19), 1.00 (3H,
s, H-20), 1.12 (3H, s, H-18), 1.13 (3H, s, H-17), 3.41
(1H, m, w/2 = 13.0 Hz, H-7a).

Acknowledgements

This work was supported, in part, by funds secured
under the University of the West Indies/Interamerican
Development Bank (UWI/IDB) Programme. ARMC
and ASL thank the UWI for the granting of Postgradu-
ate Scholarships. Research by PLDR was funded by a
UWI Research Fellowship. The authors are grateful to
Professor John C. Vederas (University of Alberta) for
arranging mass spectral analyses and to the late Profes-
sor Herbert L. Holland (Brock University) for helpful
discussions. Optical rotations were measured at the Bu-
reau of Standards, Kingston. Fermentations were car-
ried out in the Biotechnology Centre, UWI.

References

Agarwal, K.L., Khorana, H.G., 1972. Studies on polynucleotides. CII.
The use of aromatic isocyanates for selective blocking of the
terminal 3’-hydroxyl group in protected deoxyribooligonucleo-
tides. J. Am. Chem. Soc. 94, 3578-3585.

Aranda, G., Kortbi, M.S., Lallemand, J., Neuman, A., Hammoumi,
A., Facon, 1., Azerad, R., 1991. Microbial transformation of
diterpenes: hydroxylation of sclareol, manool and derivatives by
Mucor plumbeus. Tetrahedron 47, 8339-8350.

Aranda, G., Facon, I., Lallemand, J., Leclaire, M., Azerad, R.,
Cortes, M., Lopez, J., Ramirez, H., 1992. Microbial hydrox-

ylation in the drimane series. Tetrahedron Lett. 33, 7845-
7848.

Azerad, R., 2000. Regio- and stereoselective microbial hydroxylation
of terpenoid compounds. In: Patel, R.N. (Ed.), Stereoselective
Biocatalysis. Marcel Dekker, New York, pp. 153-180.

Badria, F.A., Hufford, C.D., 1991. Microbial transformations of
stemodin, a Stemodia diterpene. Phytochemistry 30, 2265-
2268.

Bhutani, K.K., Thakur, R.N., 1991. The microbiological transforma-
tion of parthenin by Beauveria bassiana and Sporotrichum pulver-
ulentum. Phytochemistry 30, 3599-3600.

Buchanan, G.O., Reese, P.B., 2000. Biotransformation of cadinane
sesquiterpenes by Beauveria bassiana ATCC 7159. Phytochemistry
54, 39-45.

Buchanan, G.O., Reese, P.B., 2001. Biotransformation of diterpenes
and diterpene derivatives by Beauveria bassiana ATCC 7159.
Phytochemistry 56, 141-151.

Chen, A.R.M., Reese, P.B., 2002. Biotransformation of terpenes from
Stemodia maritima by Aspergillus niger ATCC 9142. Phytochem-
istry 59, 57-62.

Collins, D.O., Buchanan, G.O., Reynolds, W.F., Reese, P.B., 2001.
Biotransformation of squamulosone by Curvularia lunata ATCC
12017. Phytochemistry 57, 377-383.

Fraga, B.M., Guillermo, R., Hanson, J.R., Truneh, A., 1996.
Biotransformation of cedrol and related compounds by Mucor
plumbeus. Phytochemistry 42, 1583-1586.

Fraga, B.M., Guillermo, R., Hernandez, M., Chamy, M.C., Garba-
rino, J.A., 2004. Biotransformation of two stemodane diterpenes
by Mucor plumbeus. Tetrahedron 60, 7921-7932.

Guillermo, R., Hanson, J.R., Truneh, A., 1997. Hydroxylation of
aromadendrane derivatives by Mucor plumbeus. J. Chem. Res. (S),
28-29.

Hanson, J.R., Reese, P.B., Takahashi, J.A., Wilson, M.R., 1994.
Biotransformation of some stemodane diterpenoids by Cephalo-
sporium aphidicola. Phytochemistry 36, 1391-1393.

Hufford, C.D., Badria, F.A., Abou-Karram, M., Shier, W.T.,
Rogers, R.D., 1991. Preparation, characterisation, and antiviral
activity of microbial metabolites of stemodin. J. Nat. Prod. 54,
1543-1552.

Hufford, C.D., Oguntimien, B.O., Muhammad, 1., 1992. New
stemodane diterpenes from Stemodia maritima. J. Nat. Prod.
55, 48-52.

Jager, G., Geiger, R., Siedel, W., 1968. Peptidsynthesen mit O-
carbamoyl-tyrosin-derivaten. Chem. Ber. 101, 2762-2770.

Keats, S.E., Loewus, F.A., Helms, G.L., Zink, D.L., 1998. 5-O-(a-D-
Galactopyranosyl)-p-glycero-pent-2-enono-1,4-lactone: character-
isation in the oxalate-producing fungus, Sclerotinia sclerotiorum.
Phytochemistry 49, 2397-2402.

Lumsden, R.D., 1969. Sclerotinia sclerotiorum infection of bean and
the production of cellulase. Phytopathology 59, 653-657.

Martin, G.D.A., Reynolds, W.F., Reese, P.B., 2004. Investigation of
the importance of the C-2 oxygen function in the transformation of
stemodin analogues by Rhizopus oryzae ATCC 11145. Phytochem-
istry 65, 701-710.

Ohno, N., Kurachi, K., Yadomae, T., 1988. Physicochemical proper-
ties and antitumor activities of carboxymethylated derivatives of
glucan from Sclerotinia sclerotiorum. Chem. Pharm. Bull. 36, 1016—
1025.

Vigne, B., Archelas, A., Fourneron, J.D., Furstoss, R., 1986. Micro-
bial transformations. Part 4 (I). Regioselective para-hydroxylation
of aromatic rings by the fungus Beauveria sulfurescens. The
metabolism of isopropyl N-phenyl carbamate (Prophar®). Tetra-
hedron 42, 2451-2456.

Vigne, B., Archelas, A., Furstoss, R., 1991. Microbial transformations
18. Regiospecific para-hydroxylation of aromatic carbamates
mediated by the fungus Beauveria sulfurescens. Tetrahedron 47,
1447-1458.



	Stemodane and stemarane diterpenoid hydroxylation by Mucor plumbeus and Whetzelinia sclerotiorum
	Introduction
	Results and discussion
	M. plumbeus
	Whetzelinia sclerotiorum

	Experimental
	General experimental
	M. plumbeus
	General fermentation protocol
	Incubation of stemodin (1)
	Incubation of stemodinone (7)
	Incubation of stemarin (11)
	Synthesis of 19-N,N-dimethylcarbamoxy-13-hydroxystemarane (14)

	W. sclerotiorum
	General fermentation protocol
	Incubation of stemodin (1) (medium B)
	Incubation of stemodinone (7) (medium B)


	Acknowledgements
	References


