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Abstract

Incubation of a communic acid-derived synthon with Cunninghamella elegans quantitatively affords 1B-, 3B- and 7B-
monohydroxylated derivatives. © 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

The so-called communic acids (1), an isomeric mix-
ture of labdane diterpenes abundantly present in the
berries of Juniperus sabina (Cupressaceae) (de Pascual
Teresa et al., 1973) and other Juniperus species (Bar-
rero et al., 1987), constitute valuable starting materials
for various efficient hemisyntheses of active terpenoid
molecules (Barrero et al., 1993a,b). They have been
used recently in the synthesis of several members of
the podolactone family (Barrero et al., 1995; Barrero
et al., 1999), isolated from plants (Podocarpus nagi) or
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microorganisms (Acrostalagmus species), and present-
ing a number of interesting biological properties,
including insect toxicity (Singh et al., 1973), antitumor
(Hayashi et al., 1975) and antibiotic activity (Ellestad
et al., 1970), plant growth inhibition (Galbraith et al.,
1972), etc. Some of these podolactones, known, re-
spectively as nagilactone F derivatives (2, Hayashi et
al., 1978; 3, Hayashi et al., unpublished results), podo-
lide (4) (Arora et al., 1976), or wentilactone B (5)
(Dorner et al., 1980) have been isolated as minor com-
pounds, and are characterized by specific 18- or 3B-hy-
droxylated positions, or 2-3 unsaturation, and thus,
could be possibly obtained from simple microbial hy-
droxylation reactions of communic acid derived syn-
thons, as previously demonstrated with a number of
terpenoid compounds (Aranda et al., 1991, 1992, 1994,
1997, 1998; Azerad, 1999; Maurs et al., 1999).
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2. Results and discussion

We have thus undertaken a study of the microbial
hydroxylation of communic acids 1, or their derivatives
6-8 (Barrero et al., 1999), using various fungal microor-
ganisms (Absidia cylindrospora LCP 57-1569, Aspergil-
lus niger ATCC 9142, Cunninghamella elegans ATCC
36112, Mucor plumbeus CBS 110-16, Rhizopus arrhizus
ATCC 11145). Communic acids 1 which, as usual for
acid compounds, are poorly metabolized, and esters 6—
8 which are rapidly hydrolyzed, were not suitable for
these reactions. On the contrary, incubation of diol 9,
easily derived in 40% yield from the oxidative splitting
of communic acid (Barrero et al., 1989; Barrero et al.,
1993a,b, 1999), followed by LiAIH4 reduction (Barrero
et al., 1993a,b), gave acceptable results, which were
only hampered by the difficult separation of the variety
of hydroxylated products formed. From screening ex-
periments, C. elegans was selected as the best yielding
microorganism and incubations of diol 9 with this
microorganism (168 h, 27°C, 0.5 g 17') showed com-
plete conversion, affording after extraction a small
amount (5-10%) of 8,13-epoxides and epoxide deriv-
ing products, together with three monohydroxylated
metabolites (about 80%), identified by mass spec-
trometry (M © at m/z 268), separated with difficulty by
silicagel chromatography, and insoluble after purifi-
cation in most usual solvents except methanol.

The major metabolic product (about 40% of the

crude triol fraction, 25% yield after separation) was
identified as a 3B-hydroxylated derivative 10 by 'H-
and BC-NMR spectroscopy (Table 1). 'H-NMR
showed the presence of unchanged vinylic hydrogens
at 4.56 and 4.84 ppm (partly obscured by HDO reson-
ance), primary alcohol groups as two doublets at 4.10
and 3.34 ppm (CH,OH-16) and two multiplets at 3.62
and 3.39 ppm (CH,OH-12), and methyl groups as
singlets at 0.68 (CH3-14) and 1.21 ppm (CHj3-15). Inte-
gration indicated the presence of an additional CHOH
group ('H resonance at about 3.35 ppm and *C at
81.1 ppm), but the signal was obscured by overlapping
signals. '"H-2D DQF COSY and 'H-'3C heteronuclear
correlations (HMQC) confirmed the presence of only
eight remaining CH, groups and allowed to differen-
tiate three couples of CH, groups, two of them invol-
ving the unchanged C6—C7 couple and C11-C12 side
chain. (J) 'H-13C correlations (HMBC) showed a
clear coupling of the CHOH hydrogen with CH;-15
and CH,OH-16, establishing the hydroxylation pos-
ition at C-3 and allowing attribution of all 'H and '*C
resonances. The assignment of a B-(equatorial) pos-
ition to the 3-OH group resulted from the significant
NOE enhancement of (o) H-5 and CH3-15 upon ir-
radiation of H-3. Moreover, the B-stereochemistry of
the 3-OH group was confirmed by the observed down-
field shift (0.4 ppm) of one of the CH,OH-16 protons
(at 4.10 ppm) and the absence of 1,3-diaxial inter-
action of the hydroxyl group with H-5 (unchanged
chemical shift at 1.27 ppm).

Table 1

BC-NMR chemical shifts of diol 9 and metabolites 10-12 (125.77
MHz, solvent: MeOH-d,). The data in parentheses indicate the num-
ber of hydrogens attached to each carbon atom, determined by dis-
torsionless enhancement by polarization transfer (DEPT) using a flip
angle of 135°

Carbon atoms numbers 9 10 11 12

C-1 40.0 (2) 38.0(2) 78.7(1) 40.1(2)
C-2 1982 29.1(2) 30.6(2) 20.0(2)
C-3 36.4(2) 81.1(1) 343(Q2) 367(Q)
C-4 40.0 (0) 43.7(0) 39.7(0) 39.4 (0)
C-5 574 (1)  56.6(1) 56.6(1) 49.5(1)
C-6 253(2) 254(2) 255() 32.1(2
C-7 394(2) 39412 3952 74.6(1)
C-8 149.7 (0) 149.3 (0) 149.9 (0) 150.8 (0)
C-9 53.9 (1)  53.7(1) 548(1) 482(1)
C-10 402 (0) 39.8(0) 46.0 (0) 40.4 (0)
C-11 279 (2) 283(2) 30.6(Q2) 27.7(2)
C-12 62.1(2) 6222 627(2) 62.0(2)
C-13 106.8 (2) 107.2(2) 107.4(2) 109.8 (2)
C-14 157(3) 157(3) 113(3) 149(3)
C-15 27.6 (3) 234(3) 274(3) 27.6(3)
C-16 64.7(2) 650(2) 644(2) 65.0(2)
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A second product (about 35% of the crude triol
fraction, 30% after separation) was shown to be a 1pB-
hydroxylated derivative 11, as demonstrated by 'H-
and "C-NMR (Table 1). The newly introduced
CHOH group (dd at 3.51 ppm; '°C at 78.7 ppm) was
only coupled to CH, protons at 1.6 ppm and (°J) 'H-
BC correlations (HMBC) indicated a coupling with
CH;-14, C-2, C-3, C-9 and C-10. All other assignments
fit correctly with the proposed structure. The B-(equa-
torial) position of the 1-OH group was deduced from
the coupling data of H-1 with H-2 protons (Jux-eq =
5.0 and Jux-ax = 10.5 Hz), the absence of 1,3-diaxial in-
teraction of the hydroxyl group with H-5 (unchanged
chemical shift at 1.30 ppm), and the characteristic
strong deshielding of one of the CH,-11 protons (at
2.65 ppm). Moreover, significant nuclear Overhauser
effects between H-1 and H-3a (at 1.08 ppm), (a)H-5,
H-9, and H-11 confirmed the 1B-OH structure.

The third triol (about 25% of the crude triol frac-
tion, 20% after separation) was a 7a-hydroxy deriva-
tive 12 as demonstrated again by 'H- and '3C-NMR
spectroscopy (Table 1). The newly introduced CHOH
group was observed at 4.29 ppm ('3C at 74.6 ppm), in-
dicating an allylic position, as a broad unresolved tri-
plet with small coupling constants resulting from its
equatorial position. '"H-2D DQF COSY and 'H-'3C
heteronuclear correlations (HMQC) showed the coup-
ling of the CHOH hydrogen with only two hydrogens
at 1.93 and 1.60 ppm (H-6eq and H-6ax). (*J) 'H-'3C
correlations (HMBC) indicated a coupling of H-7 with
C-5, C-8 and C-13. All other assignments fit correctly
with the proposed structure. The a-(axial) position of
the 7-OH group was deduced from the small coupling
constants of H-7, the strong downfield shift of H-5 (at
1.80 ppm), and was confirmed by a significant nuclear
Overhauser effect between H-7, both H-6, and one of
the vinylic protons on C-13, together with the absence
of significant nuclear Overhauser effects between H-7
and ()H-5 or H-9.

In conclusion, the 3B- and 1B-hydroxylated deriva-
tives of the diol 9, obtained in fair yields by hydroxyl-
ation with C. elegans, constitute particularly attractive

synthons for the hemisynthesis of the correspondingly
hydroxylated podolactones, described as minor natural
products, whose biological activities are unknown.
Work is in progress to implement such hemisyntheses
from the microbial hydroxylation products.

3. Experimental
3.1. General

'"H-NMR spectra were acquired in MeOH-dy sol-
ution at 200 and 500 MHz. *C-NMR spectra were
determined at 125 MHz. Silicagel for column chroma-
tography was Merck H60 (5-40 um). Optical rotation
measurements were performed on a Perkin—Elmer 241
spectropolarimeter. Incubation course was monitored
by GC-MS on a Hewlett-Packard 5989 instrument,
using a 25 m x 0.2 mm Ultra 2 capillary column (tem-
perature programmed from 110 to 270°C at 8°C
min~'). TLC analysis was performed on precoated
Merck silicagel F254 plates.

3.2. Starting materials

Diol 9 (Barrero et al., 1993a,b), m.p. 132—-133.5°C,
[«]Z +26.3 (c 1.7, MeOH). CI-HRMS (NH3): calcu-
lated for Ci;gHxO, [M+H]" 253.2168, found
253.2169. 'H-NMR (MeOH-d,): & 0.69 (3H, s, 14-
CH;), 0.94 (1H, dr, J = 4, 13.5 Hz, H-3B), 0.96 (3H, s,
15-CHs), 1.13 (1H, dr, J =4, 13 Hz, H-1o), 1.30 (1H,
br.d, J =13 Hz, H-5), 1.36 (1H, dt, J =4, 13 Hz, H-
6B), 1.49 (1H, dt, J = 14, 4 Hz, H-20), 1.57 (1H, dt,
J=13.5, 3.5 Hz, H-11), 1.61 (1H, m, H-2B), 1.78 (2H,
m, H-9 and H-11), 1.80 (1H, m, H-1), 1.83 (1H, m, H-
60), 1.86 (1H, m, H-30), 1.97 (1H, m, H-7%), 2.39 (1H,
dm, J =13 Hz, H-7p), 3.28 and 3.72 (2H, 2d, J =11
Hz, H-16), 3.39 (2H, dr, J = 10.5, 7.5 Hz, H-12), 3.62
(1H, ddd, J =4, 8, 11 Hz, H-12), 4.55 and 4.82 (2H,
2s, H-13). 3C-NMR, see Table 1.

3.3. Microorganisms, culture and incubation conditions

Absidia cylindrospora LCP 57-1569, Aspergillus niger
ATCC 9142, C. elegans ATCC 36112, Mucor plumbeus
CBS 110-16 and Rhizopus arrhizus ATCC 11145 were
grown at 27°C in orbitally shaken 250 ml-conical
flasks containing 100 ml of liquid medium. One litre of
medium contained: corn steep liquor (Solulys L,
Roquette, France) 10 g, glucose 30 g, KH,PO, 1 g,
K,HPO, 2 g, NaNO; 2 g, KCI 0.5 g, MgSO,4-7H,0 0.5
g, FeSO47H,0 0.02 g. After 65 h-growth, the sub-
strate (250 mg) in EtOH (5 ml) was evenly distributed
between five flasks and incubation was continued in
the same conditions. Samples (1 ml) were aseptically
withdrawn every day, saturated with sodium chloride
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and extracted with EtOAc for TLC and GC-MS analy-
sis. Most transformations were continued until no
further increase of metabolites was observed (usually
4-7 days).

3.4. Isolation of metabolites

The crude incubation broth (relative to 100 mg of
diol 9 incubated with C. elegans for seven days) was
extracted by shaking with CH,Cl, (3 x 300 ml) for two
days, then continuously extracted with EtOAc (200 ml,
two days). Organic layers were pooled and dried over
K,COj. After removal of the solvents under vacuum,
the oily yellow residue was chromatographed on silica-
gel with increasing amounts of EtOAc (50-100%) in
cyclohexane. The first eluted fraction (17 mg) corre-
sponded to a mixture of epoxide derivatives. The sec-
ond crystalline fraction (26 mg) was identified as the
3B,12,19-trihydroxy-13,14,15,16-tetranorlabd-8(17)-ene
(10), m.p. 209-211°C (after crystallization in MeOH-
EtOAc), [a]F +238 (¢ 0.51, MeOH). CI-HRMS
(NH;): calculated for C;¢H»0O5 [M+H]" 269.2117,
found 269.2111. 'H-NMR (MeOH-d,): 6 0.68 (3H, s,
14-CH3), 1.21 (3H, s, 15-CH3), 1.25 (1H, dd, J =13, 2
Hz, H-5), 1.29 (1H, m, H-1), 1.35 (1H, dt, J =4.5, 13
Hz, H-6B), 1.63 (1H, m, H-11), 1.70-1.85 (6H, m, H-1,
H-2, H-6a, H-9, H-11), 1.97 (1H, dt, J=4.5, 13 Hz,
H-7a), 2.40 (1H, df, J =13, 3 Hz, H-7B), 3.34 and
4.10 (2H, 2d, J =11 Hz, H-16), 3.39 (3H, m, H-3, H-
12), 3.62 (1H, ddd, J = 4.5, 8, 11 Hz, H-12), 4.56 and
4.84 (2H, 2s, H-13). 3C-NMR, see Table 1. The next
crystalline fraction (31 mg) was identified as the
7o,12,19-trihydroxy-13,14,15,16-tetranorlabd-8(17)-ene
(12), m.p. 200-203°C (after crystallization in MeOH-
EtOAc), [«]F —25.7 (c 145, MeOH). CI-HRMS
(NH;): calculated for C;H»005 [M+H]" 269.2117,
found 269.2105. '"H-NMR (MeOH-d,): 6 0.65 (3H, s,
14-CH3), 0.95 (3H, s, 15-CH3), 0.98 (1H, dt, J =4,
13.5 Hz, H-3B), 1.15 (1H, dt, J=3.5, 13 Hz, H-1a),
1.53 (2H, m, H-2), 1.60 (2H, m, H-6p and H-11), 1.78
(2H, m, H-1B, H-11), 1.80 (1H, dd, J = 14, 2 Hz, H-5),
1.87 (1H, br.d, J=13.5 Hz, H-3a), 1.93 (1H, br.d,
J =14, H-60), 2.24 (1H, d, J =11 Hz, H-9), 3.29 and
3.71 (2H, 2d, J = 11 Hz, H-16), 3.42 (1H, dt, J = 10.5,
7.5 Hz, H-12), 3.62 (1H, ddd, J =4, 10, 11 Hz, H-12),
4.29 (1H, br.t, wi;p =7 Hz, H-7B), 4.68 and 5.03 (2H,
25, H-13). 3C-NMR, see Table 1. Further elution
afforded the 1p,12,19-trihydroxy-13,14,15,16-tetranor-
labd-8(17)-ene (11), as a colorless oil (21 mg, contain-
ing about 10% of 12) which was chromatographed
again to give an analytical sample, [oc]2D2 +11.2 (¢ 0.91,
MeOH). CI-HRMS (NHj): calculated for C;¢H,905
[M+H]" 2692117, found 269.2115. 'H-NMR
(MeOH-d,): 6 0.73 (3H, s, 14-CHs), 0.94 (3H, s, 15-
CHj), 1.08 (1H, dt, J =4, 13.5 Hz, H-3a), 1.30 (1H,
m, H-5), 1.44 (1H, ddt, J = 4.5, 13, 13 Hz, H-6), 1.60—

1.70 (3H, m, H-2a, H-2B and H-11), 1.80-1.90 (2H, m,
H-6f and H-3p), 1.92 (1H, m, H-7), 1.96 (1H, br.d,
J=11.5 Hz, H-9), 2.37 (1H, ddd, J=2.5, 4, 13 Hz,
H-7), 2.64 (1H, ddt, J = 2.5, 14, 9 Hz, H-11), 3.26 and
3.69 (2H, 2d, J = 11 Hz, H-16), 3.43 (1H, dt, J = 14, 8
Hz, H-12), 3.51 (1H, dd, J=5, 10.5 Hz, H-1), 4.55
and 4.82 (2H, 2s, H-13). 3C-NMR, see Table 1.
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