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AssmcT.-Incubation of methyl ( 1 3R)-mt- 16-hydroxy-8a, 1 3-epoxylabd- 14-en- 18-oate 
141 with Cuwularia lunata yielded ent-lp-hydroxy 161 and ent-6p-hydroxy 171 derivatives, and 
that of methyl (13S)-mt-16-dihydroxy-8a,l3-epoxylabd-l4-en-l8-oate [51 with the same 
organism gave ent-1 lp-hydroxy [SI, mt-6P-hydroxy E91, and mt-bp,l lpdihydroxy 1101 
derivatives. The incubation of substrates 4 and 5 with Fusarium monilifwme afforded ent-lp- 
hydroxy derivatives (6 and 14, respectively). Cunninghamella elegans produced ent-3B-hydroxy, 
mt-1 P-hydroxy and ent-1 P,3@-dihydroxy derivatives, and led to epoxidation of the double bond 
of the substrates. In addition, mt-3P,lla-dihydroxy (as the acetoxy derivative 17) and ent- 
3P,llp-dihydroxy 1121 derivatives were isolated from incubations of substrates 4 and 5, 
respectively. Compounds 7,9-11,14,16-18, and 21 werecharacterizedas new polyoxygenated 
mt-manoyl oxides. 

In recent years, agroup ofditerpenoids with an 1 1-oxo-manoyl oxide basic skeleton 
has been isolated from the medicinal plant Coleus fwskohlii Briq. (Lamiaceae) (1). The 
major product, forskolin El], shows remarkable biological activity and has emerged as 
a very attractive target for synthesis (2,3), structure-activity relationship studies (4,5) 
and biomedical research (6). An additional new antihypertensive labdane diterpenoid, 
13-epiforskolin, was also isolated from Coleus fwskohlii (7). 

Biotransformation processes with microorganisms can be used to introduce hy- 
droxyl groups at difficult positions on the substrates (8). Chemical-microbiological 
methods constitute an alternative way to obtain new polyoxygenated products from 
abundant natural products. Thus, ent-8a-hydroxylabda-13( 16),14-dien-18-oic acid 
[27, isolated from an Andalusian species of Sihi t is  (lo), was transformed to its methyl 
ester 131. Methyl (13R)-ent-l6-hydroxy-8a,l3-epoxylabd-l4-en-18-oate {47 and me- 
thyl (1 3S)-ent- 16-hydroxy-8a, 13-epoxylabd- 14-en- 18-oate {57) were then obtained 
from the methyl ester E37 (9). From substrates 4 and 5 ,  we have accomplished a series 
of biotransformations with filamentous fungi to study the influence of these microorgan- 
isms on the nature of the transformations, and to obtain new manoyl oxides oftheenantio- 
series in order to determine their biological activity. In previous papers we have 
described the biotransformation of ent- 16-hydroxymanoyl oxides with R. nigricans 
(9,11,12) and reported that the configuration at C-13 is important for the observed effect 
of the microorganism. An ent-1 1 P-hydroxy derivative isolated from the biotransforma- 
tion of substrate 5 was found to be an inhibitor of adenylate cyclase (12). To complete 
this study we have incubated substrates 4 and 5 with the fungi Cuwularia lunata, 
Fusarium monilifwm, and Cunninghamella elegans, and determined the biotransformation 
products, which are described herein. 

RESULTS AND DISCUSSION 

Incubation of substrate 4 with Curvularia lunata for 7 days gave 76% recovered 4 
together with the metabolites 6 and 7. Both metabolites showed a molecular peak at mlz 
366 in their cims (mlz 367 {M+l}+), which indicated that the microorganism had 
introduced an oxygen atom into substrate 4 in both cases. Metabolite 6 exhibited nmr 
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andcims dataidentical to thoseofmethyl(13R)-ent-l f3,lb-dihydroxy-8cy,l3-epoxylabd- 
14-en-1 8-oate, obtained in a previous biotransformation from substrate 4 with R. 
nigricans (9). The 'H-nmr spectrum of metabolite 7 showed a signal at 4.00 pprn ( lH ,  
ddd, J1=Jz=3.2 Hz, J3=2.4 Hz) due to an equatorial proton, geminal to a hydroxy 
group on C-6. Comparison of the 'H-nmr spectra of substrate 3 and metabolite 7 
indicated that the 'H-nmr spectrum of metabolite 7 showed deshielding effects of the 
protons at C-17 (8 1.49, A8 +0.34), C-19 (8 1.47, A8 +0.43) and C-20 (8 1.11, A8 
+0.43), compatible with the presence of an axial hydroxy group at C-6. Analysis of the 

C-nmr spectra of metabolite 7 and substrate 4 confirmed that this hydroxylation 
occurred at C-6. 

The biotransformation of substrate 5 with C .  Lunata for 7 days left 2 1 % of substrate 
5 unaltered and produced metabolites 8 (26%), 9 (IS%), 10 (3%), and a polar mixture 
that was acetylated to yield triacetate 11 (3%). The spectroscopic data of metabolite 8 
were nearly identical to those of the mt-1 lp-hydroxy derivative isolated in a previous 
incubation ofsubstrate 5 with R. nigricans (1 2). The cims ofmetabolite 9 had amolecular 
peak of mlz 366 (mlz 367 CM+ 11'). Its 'H-nmr spectrum showed a signal at 3.99 pprn 
( lH ,  ddd, J1=J2=3.2 Hz,J,=2.7 Hz) owing to an equatorial proton, geminal to a 
hydroxy group on C-6. Comparison of the 13C-nmr data of substrate 5 and metabolite 
9 confirmed that 9 was methyl (1 3S)-ent-6p,l6-dihydroxy-8a,l3-epoxylabd-14-en- 
18-oate. 

The cims spectrum of metabolite 10 exhibited a molecular peak at mlz 383, compatible 
with being a dihydroxylated derivative of substrate 5. Its 'H-nmr spectrum showed a signal 
at 4.5 1 ppm identical to that observed in the 'H-nmr spectrum ofmetabolite 8. This signal 
was due to an equatorial proton, geminal to a hydroxy group on C-1 1. Another signal 
appeared at 4.00 ppm owing to a proton geminal to an axial hydroxy group at C-6. The 'H- 
n m r  spectrum of 10, compared with that of substrate 5, showed deshielding of the protons 
ofthehydroxymethylenegroupatC-l6aswell~oftheprotonsat C-17 andC-20 (A8 +0.57 
and +0.58, respectively). Analysis of the I3C-nmr spectra of metabolite 10 and substrate 5 

13 
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showed variations in chemical shift similar to those observed in the 13C-nmr spectra of 
metabolites 8 and 9. Thus, metabolite 10 was assigned as methyl (13S)at-6P,llP,l6- 
trihydroxy-8a,l3-epoxylabd-14-en-l8-oate. 

Afier acetylation of the mixture ofpolar metabolites, triacetate 11 was isolated. The 
nmr and cims data for 11 were identical to those of methyl (13S)-ent-3P,llP,16- 
triacetoxy-Eia, 13-epoxylabd-14-en-18-oate obtained by acetylation from methyl (1 3s)- 
ent-3P,11 P,l6-trihydroxy-8a,l3-epoxylabd-l4-en-18-oate 1127 isolated from the in- 
cubation of substrate 5 with R. nigricans (12). 

Incubation of 5 with R. nigricans yielded the ent-3P-hydroxy derivative 113, 36%1 
(12). Incubation of this product 1131 with C. lunata for 10 days gave the trihydroxy 
derivative 112) (22%), which was also isolated from the incubation of substrate 5 with 
R. nigricans (1 2). 

When substrate 4 was incubated with Fusarium monil+rm for 14 days, metabolite 
6 was obtained. The incubation of substrate 5 with F. monilifw;tne for 14 days gave 
metabolite 14 (14%) with nmr and cims data very similar to those of metabolite 6. Its 
'H-nmr spectrum showed a signal at 6 3.45 ( l H ,  dd, J1=9.3 Hz, J2=5.6 Hz), due to an 
axial proton, geminal to the hydroxyl group on C-1. The 13C-nmr spectrum of 14, 
compared with that of substrate 5, indicated that 14 was methyl (13S)-ent-l@,16- 
dihydroxy-8a,l3-epoxylabd-l4-en- 18-oate. 

Incubation of substrate 4 with Cunninghamella elegans for five days gave metabolites 
15, 16, and a mixture of polar metabolites which was acetylated to give triacetates 17 
and 18. Spectroscopic data for metabolite 15 were identical to those of the ent-3P- 
hydroxy derivative isolated from the incubation of substrate 4 with R. nigricans (9). 
Metabolite 16 was the result of epoxidation of the vinyl moiety together with an 
equatorial hydroxylation at C-3. The structure of 16 was deduced from its n m r  and cims 
dataand fromcomparison with thespectroscopicdatafor(l3S,14R)-ent-6a,l8-diacetoxy- 
16-dihydroxy-8a,l3: 14,15-diepoxylabdane [191, described previously (1 1). Thus, 
metabolite 16 was the result of epoxidation of the double bond of metabolite 15 from 
theRe-face, togivemethyl( 13S,14R)-ent-3P,16-dihydroxy-8a,l3: 14,15-diepoxylabdan- 
18-oate. The 'H-nmr spectra of the triacetoxy derivatives 17 and 18 indicated that two 
of the acetoxy groups were at C-3 (equatorial) and C-16 in both products. The third 
acetoxy group showed an equatorial disposition at C-1 1 in product 17 (geminal proton 
at 6 5.21, ddd, J1=9.1 Hz, J2=5.5 Hz, J3=4.2 Hz) and an equatorial disposition at C- 
1 in product 18 (geminal proton at 6 4.80, dd,J,= 11.3 Hz,J2=4.7 Hz). 13C-Nmr data 
confirmed the positions of these functionalizations. Thus, products 17 and 18 were 
assigned as methyl (1 3R)-ent-3P, 1 l a ,  16-triacetoxy-8a,l3-epoxylabd-14-en-18-oate 
and methyl (1 3R)-ent-1 P,3P, 16-triacetoxy-8a,l3-epoxylabd-14-en-l8-oate, respec- 
tively. 

The incubation of substrate 5 with C. elegans for five days gave two metabolites, the 
spectroscopic data of which were identical to those 12 and 13 isolated in a previous 
incubation of substrate 5 with R. nigricans (12). Furthermore, two new metabolites 120 
and 211 were isolated. Metabolite 20 was characterized as methyl (13R,14S)-ent-3P,16- 
dihydroxy-8a,l3: 14,15-diepoxylabd-14-en-18-oate, also isolated from the incubation 
of substrate 5 with R. nigricans (12). The spectroscopic data of metabolite 21 indicated 
that the microorganism had introduced two hydroxy groups into substrate 5. Its 'H-nmr 
spectrum showed two signals for equatorial protons, geminal to a hydroxy group at C- 
1 and C-3, respectively. The l3C-nmr data were also compatible with the structure, 
methyl (1 3S)-ent-1 P,3P,l6-trihydroxy-8a,l3-epoxylabd- 14-en-18-oate 1211. 

Analysis ofthe incubations ofsubstrates 4 and 5 (epimers at C- 13) allowed one to observe 
the influence of this chiral center in the biotransformation processes of these diterpenoids 
with filamentous fungi. Thus, C. lunata biotransformed more efficiently substrate 5 than 



1698 Journal of Natural Products mol. 58, No. 11 

substrate 4. F. monilifmme biotransformed both substrates in low yields. However, C. elegam 
biotransformed substrate 5 (73%) more efficiently than substrate 4 (50%). 

ent-1 P-Hydroxy and ent-6P-hydroxy derivatives were obtained in the incubation of 
substrate 4 with C. lunata. The incubation of substrate 5 with this microorganism gave 
rise to ent- 1 1 P-hydroxylation followed by ent-6P-hydroxylation and small quantities of 
ent-bP,llP-dihydroxy and ent-3P,llP-dihydroxy derivatives. We observed that 11- 
hydroxylation is characteristic of substrates that belong to the 13s configuration (1 3- 
normah. C. lunata produced 6-hydroxy derivatives in both incubations, suggesting that 
this type of hydroxylation is characteristic of this microorganism regardless of the 
configuration at C- 13. 

The action of F. monil$me was similar in both substrates and ent-lP-hydroxy 
derivatives were obtained. The effects of C. elegans were also independent of the 
configuration at C-13 since, in both cases, ent-3P-hydroxylation and ent-lPJP- 
dihydroxylation were observed. The microorganism also led to epoxidation of the double 
bond in both substrates. The only difference in the action of C. elegans on substrates 4 
and 5 was the functionalization at C-11 of the ent-3P-hydroxy derivatives. Thus, in the 
incubation of substrate 4, the action occurred on the ent-a face to give an equatorial 
hydroxylation. However, in the incubation of substrate 5,  the reaction occurred on the 
ent-p face to give an axial hydroxylation at C-1 1. 

These incubations have provided a wide range of new polyoxygenated manoyl 
oxides. The incubation of substrate 5 with C. lunata improved the yield of an ent-1 1P- 
hydroxy derivative [8, 26%1, obtained in a previous incubation from substrate 5 with 
R. nigricans (10%) (12). Compound 8 is known to inhibit the activity of the adenylate 
cyclase enzyme (1 2). The ent-6P-hydroxy derivatives were also obtained by incubations 
of other ent-13-epi-manoyl oxides with C. lunata, and may also mediate the activity of the 
adenylate cyclase enzyme (13,14). In view of these results, it has been observed that the 
use of different microorganisms can facilitate greatly the accumulation of new diterpene 
oxides, which can then be tested for possible biological activity. 

EXPERIMENTAL 

GENERAL EXPERIMENTAL PROCEDURES-The nmr spectra (300 MHz, 'H and 75.4 MHz, "c) were 
determined in CDCI, solution (which also provided the lock signal) on a Bruker AM-300 spectrometer. 
Assignments of "C-nmr chemical shifts were made with the aid of DEFT techniques using a flip angle of 
135". Ir spectra were obtained on a Perkin-Elmer 983 G spectrometer, and cims spectra on a Hewlett- 
Packard 5988 A spectrometer in CH,. Specific rotations were measured in CHC1, (1 dm tube) with a Jasco 
DIP-370 polarimeter at 20". Cc employed Merck 60 Si gel (230-400 mesh ASTM), with CH,CI, and 
increasing amounts of Me,CO as eluent. TIC was performed using Si gel (Merck G), with visualization by 
spraying with H,SO,/HOAc/H,O followed by heating at 120". 

ISOLATION OF STARTING MATERIM AND PREPARATION OF SUBSTRATES 4,  5 ,  AND 13.-The starting 
materialusedin thisstudywasenr-8a-hydroxylabd-13(16),14-dien-18-oicacid [Z, 6-deoxyandalusoicacid] 
isolated from Sideritis varai subsp. cuatrecasassii (10). Methyl (13R)-enr-16-hydroxyy-8a,l 3-epoxylabd-14- 
en-18-oate [substrate 41 and methyl (1 3S)-ent-16-hydroxy-8a,l3-epoxylabd-l4-en-l8-oate [substrate 51 
were obtained from acid 2,  via methyl ester 3 ,  as reported previously (12). Substrate 13 [methyl (13S)-ent- 
3f3,lb-dihydroxy-8a,13-epoxylabd-l4-en-l8-oate] was obtained previously by biotransformation of sub- 
strate 5 with Rhizopus nigricans (12). 

ORGANISMS, MEDIA, AND CLTLTURE CONDITIONS.~urvularia lunata CECT 2 130, Fusarium manilijim 
CECT 2 1 52, and Cunninghamella elegans CECT 2 123 were obtained from the Colecci6n Espaiiola de Cultivos 
T i p  (CECT), Departamento de Microbiologia, Univenidad de Valencia, Spain. The bacterial culture was 
stored in YEPGA medium containing 1% yeast extract, 1% peptone, 2% glucose, and 2% agar, at pH 5. 
A medium composed ofpeptone (O.l%), yeast extract (O.l%), beefextract (O.l%), and glucose (0.5%) at 
pH 5.7 in H,O was used in all transformation experiments. Erlenmeyer flasks (250 ml) containing 80 ml 
of medium were inoculated with a suspension of R. nigricans. Incubations were maintained at 28" with 
gyratory shaking (150 rpm) for 6 days, after which the substrates 4,5,  and 13 in EcOH were added. 
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RECOVERY AND PURIFICATIONOF M E T A B O L I ' I Z S . ~ ~ ~ ~ ~ ~ ~ ~  were filtered and p l e d ,  cells were washed 
with H,O and the liquid was saturated with NaCl and extracted with CH,CI,. These extracts were mixed, 
dried over MgSO,, and evaporated at 40" in varao. Mixtures ofproducts obtained were chromatographed on 
Si gel columns. 

~ I O ~ S F O ~ T I O N O F S U B S T R A T E ~ W ~ ~ ~ .  LuNATAA.Substrate4(200mg)wasdisso1ved inEtOH 
( 5  ml) and the solution distributed among five Erlenmeyer flask cultures. These were incubated for seven 
days and the metabolites were recovered and chromatographed on a Si gel column to obtain the starting 
product 4 I153 mg, 76761, methyl (13R)-ent-l~,16-dihydroxy-8a,l3-epoxylabd-14-en-l8-~te [6,6 mg, 
3%) (9), and methyl ( 1 3 R ) - e n t - 6 ~ , 1 6 - d i h y d r o x y - 8 a , 1 3 - e p o x y l a b t e  V, 17 mg, 8%]. 

Methyl (I~R)-ent-6~,16-dihydroxy-8a,l3-epoxylabd-14-en-l8-oate [;rl.--Gum; [a]D - 10" (c= 1, 
CHC1,); ir v max 3489 (OH), 3088 (C=C), 1718,1250 (COO) cm-'; 'H nmr (CDCI,, 300 MHz) 6 5.91 
( lH ,  dd, X part ofan ABX system,J,,+J,,=28.3 Hz, H-14), 5.08 (2H, AB part ofan ABX system, H,- 
15), 4.00 ( lH ,  ddd,J,=J,=3.1 Hz,J,=2.4 Hz, H-6), 3.67 (3H, s, MeOCO-), 3.29 and 2.96 (2H, AB 
system,J= 10.8 Hz, H,-16), 1.49, 1.47 (3H each, s, Me-17, Me-19), 1.1 1 (3H, s, Me-20); 13C nmr (CDCl,, 
75.4MHz)S 179.12 (C-18), 144.11 (C-14), 113.37(C-l5),76.12(C-13),76.03(C-8),71.02(C-6),69.71 
(C-16), 59.14 (C-9), 52.74 (C-5), 52.06 (COOMe), 49.95 (C-7), 48.24 (C-4),40.72 (C-l), 38.83 (C-3), 
36.86 (C-lo), 28.47 (C-12), 25.12 (C-17), 18.79 (C-19), 17.88 (C-2), 17.35 (C-20), 15.15 (C-11); cims 
(methane) mlz 367 ((M+l]+, l l ) ,  349 ([M+l-H,O]+, loo), 331 (EM+1-2H201', 92). 

BIOTRANSFORMATIONOFSUBSTRATE 5 WIM C. LuNATA.Substrate 5 (300 mg) was dissolved in EtOH 
(10 ml) and the solution distributed among ten Erlenmeyer flask cultures. These were incubated for seven 
days and the metabolites were recovered and chromatographed on a Si gel column to obtain the starting 
product [5] (62 mg, 21%), methyl (13S)-ent-l l~,l6-dihydroxy-8a,l3-epoxylabd-l4-en-l8-oate 18, 81 
mg, 26961 (12), methyl (1~S)-ent-6~,l6-dihydroxy-8a,l3-epoxylab-l4-en-l8-oate 19, 55 mg, 18761, 
methyl(1~S)-ent-6~,11~,16-trihydroxy-8a,13-epoxylabd-14-en-18-oate [lo, 10 mg, 3%1,andamixture 
ofpolar metabolites which was acetylated with Ac,O/pyridine (1:2 ml) for 24 hat room temperature to give 
methyl (1 3S)-ent-3P,ll P,l6-triacetoxy-8a,l3-epoxylabd-l4-en-18-oate [11, 12 mg, 39.61. 

Methyl (13SJ-ent-GP,I 6-dihydroxy-8a,13-epoxyIabd-14-en-l8-oate [91.-Gum; [a]D - 11" (c=0.5, 
CHCI,); ir v max 3480 (OH), 3087 (C=C), 1715,1246 (COO) cm-'; 'H nmr (CDCI,, 300 MHz) 6 5.78 
( lH ,  dd,J,=17.4 Hz,J,=10.9 Hz, H-14), 5.20 (LH, dd,J,=17.4 Hz,J, = l .5  Hz), 5.08 (1H,JI=10.8 

3.26 (2H, AB system,J=ll.O Hz, H,-16), 1.51, 1.48 (3H each, s, Me-17, Me-19), 1.18 (3H, s, Me-20); 
I3C nmr (CDCI,, 75.4 MHz) 6 179.20 (C-18), 144.03 (C-14), 113.99 (C-15), 76.29 (C-13), 74.87 (C-8), 
70.85 (C-6), 68.50(C-16), 53.53 (C-5), 52.74 (C-9), 52.07 (COOMe), 50.74 (C-7), 48.13 (C-4), 40.37 (C- 
l ) ,  38.75 (C-3), 37.12 (C-lo), 27.27 (C-12), 26.96(C-17), 18.85 (C-19), 17.74 (C-2), 16.61 (C-20), 14.30 
(C-11); cims (methane) mlz 367 ([M+l)+, l l ) ,  349 ([M+1-H20I-, loo), 331 (EM+l-2H,Ol+, 92). 

Methyl (13S)-ent-6P,I I p.lG-trihydroxy-8a,I3-epoqlabd-I4-en-18-oate [ lOf . -Gum;  ir v max 3425 
(OH), 3080 (C=C), 1717, 1248 (COO) cm-'; 'H nmr (CDCI,, 300 MHz) 6 5.78 ( lH ,  dd,J,=17.4 Hz, 

15),4.51 (lH,ddd,J,=J,=6.8Hz,~,=4.4Hz,H-l1),4.00(lH,ddd,J,~J,~3.2Hz,J3~2.7Hz,H-6), 
3.67 (3H, s, MeOCO-), 3.54, 3.35 (2H, AB system,J=ll.l Hz, H,-16), 1.80 (3H, s, Me-17), 1.58 (3H, 
s, Me-20), 1.53 (3H, s, Me-19); "C nmr (CDCI,, 75.4 MHz) 6 179.16 (C-18), 143.57 (C-14), 114.32 (C- 
15), 75.82 (C-13), 74.99 (C-8), 70.85 (C-6), 68.62 (C-16), 64.25 (C-1 l ) ,  56.40 (C-9), 53.09 (C-5), 52.22 
(C-7), 52.12 (COOMe),48.26(C-4),40.80(C-l), 38.75 (C-3,C-12), 28.81 (C-17), 18.98,18.92 (C-19,C- 
20), 17.71 (C-2);cirns(methane)m/z383([M+l]+, 51), 365(EM+1-HzOI+, 100),347(CM+1-2Hz01-, 
62), 329 (CM+ 1 -3H,01-, 39). 

Methyl(l3S)-ent-3P,I I @, I6-triacetoxy-8a,I3-~ox~labd-l4-en-I8-oate~ll~.~um;~~]D -56'(c= 1, 
CHCI,); ir v max 3083 (C=C), 1740, 1239 (COO) cm-'; 'H nmr (CDCl,, 300 MHz) 6 5.81 ( lH ,  dd, 
J,=17.3 HzJz=10.8 Hz,H-14), 5.39(1H,dddJ1=J,=6.6HzJ,=4.5 Hz,H-11), 5.26(1H,ddJ,= 17.3 

H-3),4.16,4.00(2H,ABsystem,J=ll.l Hz,H,-16), 3.60(3H,s,MeOCO-),2.06,2.03, 1.95 (3Heach, 
s, 3XAcO), 1.52 (3H, s, Me-17), 1.15 (3H, s, Me-20), 1.03 (3H, s, Me-19); I3C nrnr (CDCI,, 75.4 MHz) 
6 176.25 (C-18), 170.82, 170.07, 170.03 (3XMeCCOO), 142.35 (C-14), 114.41 (C-15), 74.89,73.53 (C- 
8, C-13), 68.70 (C-16), 66.34 (C-11), 55.44 (C-9), 52.44 (COOMe), 51.90 (C-4), 51.72 (C-5), 43.73 (C- 
7), 36.83 (C-lo), 36.55 (C-l), 35.94 (C-12), 26.80 (C-17), 22.83,22.23 (C-2, C-6), 21.75,21.09,21.04 
(3XMeCOO), 17.07 (C-20), 11.69(C-l9);cims(merhane)m/z 509(CM+11+, 21),449(fM+l-AcOHI', 
100). 389 ([M+ 1 -2AcOH)+, 37). 

Hz,J2=1.5 Hz) (H2-15), 3.99 ( lH ,  ddd,],=J,=3.2 HZ,J3=2.7 Hz, H-6), 3.67 (3H, S, MeOCO-), 3.32, 

J2=10.8Hz,H-14), 5.21 ( lH,dd,J l=17.4H~,J2=1.3H~),  5.10(1H,dd,J1=10.8H~,J~=1.3H~)(H2- 

Hz,J2=1.3 Hz), 5.10(1H, dd,J1=10.8 Hz,J,=1.3 Hz)(H,-15), 5.11 (lH,dd,J,=11.8H~,J2=5.0 Hz, 

BIOTRANSFORMATION OF SUBSTRATE 13 WITH c. LuNArA.Substrare 13 (50 mg) was dissolved in 
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EtOH (2 ml) and the solution distributed between two Erlenmeyer flask cultures. These were incubated for 
ten days and the metabolites were recovered and chromatographed on a Si gel column to obtain the starting 
product 151 (30 mg, 60%) and methyl (13S)-ent-3~,11~,16-trihydroxy-8a,13~poxylabd-14-en-18-oate 
112, 12 mg, 22%] (12). 

ACETYLATIONOFMET~BOLITE 12.-Metabolite 12 (10 mg)wasacetylated withAc20-pyridine(0.5:1) 
for 24 h at room temperature to yield 8 mg of triacetate 11 (60 %). 

BIOTRANSFORMATIONOF SUBSTRATE 4 WITH F. MONILIFORME.AubStrate 4 (100 mg) Was dissolved in 
EtOH (2 ml) and the solution distributed between two Erlenmeyer flask cultures. These were incubated for 
14 days and the metabolites were recovered and chromatographed on a Si gel column to obtain the starting 
product 141 (59 mg, 59%) and metabolite 6 (24 mg, 23%) (9). 

BIOTRANSFORMATIONOF SUBSTRATE 5 WITH F. MONrLrFORME.AubStrate 5 (100 mg) was dissolved in 
EtOH (2 ml) and the solution distributed between two Erlenmeyer flask cultures. These were incubated for 
14 days and the metabolites were recovered and chromatographed on a Si gel column to obtain the starting 
product 151 (61 mg, 61%) and methyl ( 1 3 S ) - e n t - l ~ , l 6 d i h y d r o x y - 8 a , l 3 - e p o x y l a b t e  114, 
15  mg, 14%]: gum; [a]D -1O0(c=O.7, CHCI,); ir u max 3452 (OH), 3085 (C=C), 1725,1246 (COO) 
cm-I; 'H nmr(CDCI,, 300MHz)G 5.81 (1H,dd,J,=17.4HzJ2=10.8Hz, H-14), 5.29(1H,dd,Jl =17.4 

HzJ,= 5.6 Hz, H-1), 3.26(2H,s, H,-16), 1.25,l.  12,0.88 (3H each, s, 3 XMe); 13C nmr (CDCI,, 75.4 MHz) 
Hz,J,= 1.5 Hz), 5.13 (1HJ,= 10.8 Hz,J,= 1.5 Hz) (H2-15), 3.66 (3H, S, MeOCO-), 3.45 (1 H, dd,J1=9.3 

6 178.83 (C-la), 143.83 (C-14), 114.39 (C-15), 79.05 (C-l), 76.41 (C-8), 75.40 (C-13), 68.83 (C-16), 
52.95 (C-9), 52.15 (COOMe), 50.21 (C-5), 47.35 (C-4), 43.1 1 (C-7), 42.58 (C-lO), 34.99 (C-3), 28.40 (C- 
12), 26.73 (C-2), 26.13 (C-13), 22.65 (C-6), 17.98(C-11), 16.09(C-19), 11.49(C-20);cims(methane)m/z 
367 ([M+ l]', loo), 349 ([M+ 1 -H,O]+, 57), 331 ([M+1 -2H,Ol+, 94). 

BIOTRANSFORMATION OF SUBSTRATE 4 WITH C. ELEGANS.SUbstrate 4 (100 mg) was dissolved in 
EtOH (2 ml) and the solution distributed between two Erlenmeyer flask cultures. These were incubated for 
five days and the metabolites were recovered and chromatographed on a Si gel column to obtain the starting 
product 141 (2 mg, 2%), methyl (13R)-ent-3~,lb-dihydroxy-8a,l3-epoxylabd-l4-en-l8-oate [15,17 mg, 
15%](9), methyl (13S,14R)-ent-3~,16dihydroxy-8a,l3;14,15-diepoxylabdan-l8-oate[16,35 mg, 29%1, 
and a mixture of polar metabolites which was acetylated with Ac,O-pyridine (1:2 ml) for 24 h at rmm 
temperature to give methyl (1 3R)-ent-3 p , l l  a, 16-triacetoxy-8a, 13-epoxylabd- 14-en- 18-oate 117,12 mg, 
3%] and methyl (1~R)-ent-l~,3~,16-triacetoxy-8a,l3-epoxylabd-l4-en-l8-oate 118, 5 mg, 3%]. 

MetbyI(l3S,14R)-ent-3~,I6-dibydroxy-8a,13; 14,15-diepoxyfa6dan-I8-oateI161.--Gum; [a]D -26" 
(c=0.9, CHCI,); ir u max 3449 (OH), 1718,1246 (COO), 1051 (CO) cm-'; 'H nmr (CDCI,, 300 MHz) 6 
3.~2(1H,dd,J,=11.5Hz,J2=4.4Hz,H-3),3.64(3H,s,M~O),3.43,3.19(2H,ABsystem,~=10.9 
Hz), (H2-16), 2.86 ( lH ,  dd,J,=J2=3.O Hz), 2.77 (1H,J1=J2=4.7 Hz), 2.71 ( lH ,  dd, Jl=4.7 Hz,J,=3.0 
Hz), (H-14 and H,-15), 1.20, 1.03,0.71 (3H each, s, 3XMe), 13C nmr (CDCI,, 75.4 MHz) 6 177.76 (C- 

51.00 (C-5), 45.93 (C-15), 41.93 (C-7), 37.10 (C-l), 35.96 (C-lo), 26.28 (C-2), 24.22 (C-12), 23.43 (C- 
17), 22.13 (C-6), 16.02 (C-20), 15.95 (C-ll), 10.46 (C-19); cims (methane) m/z 383 ([M+l]+, 25), 365 
([M+l-H,OI', loo), 347 ([M+1-2H201+, 37). 

Metbyi(l3~)-ent-3p, I la, I 6-triacetoxy-8a, I 3-epoxyhbd- I 4-en- I 8-0ate[lTl.4um; [a]D - 15"(c=0.6, 
CHCI,); ir u max 3090 (C=C), 1735, 1244 (COO) cm-'; 'H nmr (CDCI,, 300 MHz) 6 5.84 (1H, dd, 
J,=17.5 Hz,],=10.9 Hz, H-14), 5.29 ( lH ,  dd,J,=17.5 Hz,],=l.l Hz), 5.10 ( lH ,  dd,J,=10.9 Hz, 

Hz,J,=4.6 Hz, H-3), 4.03,3.92 (2H, AB system,j=10.8 Hz, H,-16), 3.66 (3H, s, MeOCO-), 2.30 (W 
dd,J,=15.4 Hz,J2=5.5 Hz, H-l2a), 2.04,2.00, 1.96 (3H each, s, 3XAcO), 1.88 ( lH ,  dd,J,=15.4 Hz, 
J2=4.2Hz,H-12),1.77(1H,d,J=9.1Hz,H-9), 1.25,1.15,0.89(3Heach,s,3XMe);13Cnmr(CDCI,, 
75.4 MHz) 6 176.24 (C-la), 170.63,170.48, 170.12 (3XMeCOO1, 142.43 (C-14, 114.07 (C-15), 76.82 
(C-3), 75.53 (C-8), 73.81 (C-13), 69.58 (C-16), 66.94 (C-ll), 58.67 (C-9), 52.47 (COOMe), 52.04 (C-4), 
50.75 (C-5), 42.66 (C-7), 37.24 (C-lo), 36.85 (C-l), 34.45 (C-12), 26.51 (C-17), 22.97 (C-6), 21.99 (C- 
2), 21.72,21.14,21.06(3XMe€OO), 16.83 (C-20), 11.59(C-19);cims (methane)m/z109(IM+11+, 12), 
449 ([M+l-AcOH]+, loo), 389 ([M+1-2AcOHl', 51), 329 ([M+1-3XAcOHI , 19). 

Metbyl(l3R)-ent-l p,3 f3,16-triaretoxy-8a, 13-epoxyh6d-l4-en-I 8-oate{181.4um;  ID - 26"(c=0.5, 
CHC13);irumax3088(C=C), 1741,1246(COO)~m-~; 'Hnmr(CDCI,, 300MHz)G 5.88(1H,dd,Xpart 
ofanABXsystemJ,+JB,=29.0 Hz, H-14), 5.26 (1H, ddJ,= 12.6 HzJ2=4.7 Hz, H-3), 5.12-5.06 (2H, 
AB part of an ABX system, H,-15), 4.80 ( lH ,  dd,J,=11.3 Hz,J,=4.7 Hz, H-l) ,  3.79, 3.72 (2H, AB 
system, J=11.0 Hz, H,-16), 3.65 (3H, s, MeOCO-), 2.05, 2.01, 1.95 (3H each, S, 3xAcO), 1.21, 1.14, 
0.93 (3H each, s, 3XMe); I3C nmr (CDCI,, 75.4 MHz) 6 175.89 (C-18), 170.96, 170.01, 169.51 

18), 75.18(C-3,C-8), 73.22 (C-l3), 68.21 (C-16), 57.02 (C-9), 54.95 (C-14), 53.67 (C-4), 52.10(COOMe), 

J ,= l . l  Hz),(H2-15), 5.21 (1H,ddd,JI=9.1 Hz,J2=5.5 H~,J3=4.2 Hz,H- l l ) ,  5.13 (lH,dd,J1=11.7 
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(3XMeCOO), 143.04 (C-14), 113.97 (C-15), 78.53 (C-1), 75.77 (C-8), 74.38 (C-13), 73.10 (C-3), 70.83 
(C-16), 57.63 (C-9), 52.59 (COOMe), 51.89 ( C 4 4 8 . 5 9  (C-S), 42.00 (C-7),40.73 (C-lO), 29.78 ( C 4 ,  

(C-ZO), 11.17 (C-19); cims (methane) mlz 509 ([Mfll', 4), 449 ([M+l-AcOHI+, 16), 389 
([M+1-2AcOH)+, 26), 329 (EM+1-3AcOH1+, 52), 311 (100). 

29.40(C-12), 24.19(C-17), 21.73 (MKOO), 21.67 (C-6),21.16,20.91(2XMKOO), 17.54(C-l l ) ,  13.37 

BIOTRANSFORMATION OF SUBSTRATE 5 WITH C. ELEGms.4ubstrate 5 (100 mg) was dissolved in 
EtOH (2 ml) and the solution distributed between two Erlenmeyer flask cultures. These were incubated for 
five days and the metabolites were recovered and chromatographed on a Si gel column to obtain the starting 
product 5 (3 mg, 3%), methyl (13S)-ent-3~,11~,16-trihydroxy-8a,13-epoxylabd-14-en-18-oate [12,26 
mg, 21%] (12), methyl (13S)-ent-3~,16-dihydroxy-8a,l3-epoxylabd-14-en-18-oate [13, 32 mg, 29%1 
(12), methyl (13R,14S)-ent-3p,16-dihydroxy-t3a,l3; 14,15-diepoxylabdan-18-ote [20, 14 mg, l9%1 
(12), and methyl (13S)-ent-l~,3~,lb-trihydroxy-8a,l3-epoxylabd-14-en-l8-oate 121, 5 mg, 4%1: gum; 
[ a ] ~  - 19" (~'0.3, CHCI,); ir v max 3425 (OH), 3090 (C=C), 1722,1257 (COO) cm-'; 'H nmr (CDCI,, 
300 MHz) 6 5.80 ( lH ,  dd,J,= 17.4 Hz,J2=10.8 Hz, H-14), 5.20 ( lH ,  dd,J,= 17.4 Hz,J2= 1.5 Hz), 5.13 

M~O-),3.53(1H,dd,Jl=11.3Hz,J2=4.5Hz,H-l),3.26(2H,s,H,-16), 1.24, 1.10,0.88(3Heach, 
s,3XMe),13Cnmr(CDC13,75.4MHz)6 177.61 (C-18), 143.68(C-14), 114.55(C-15),77.34(C-1),75.90, 
75.22 (C-8, C-13), 72.67 (C-3), 68.77 (C-16), 53.71 (C-4), 52.62 (C-9), 52.47 (COOMe), 49.10 (C-5), 
42.94 (C-7), 42.24 (C-lo), 36.93 (C-2), 26.57 (C-12), 26.04 (C-17), 22.09 (C-6), 17.80 (C-ll), 11.58 (C- 
20), 10.34(C-l9);cims(methane)m/z383 ([Mi- 11', 12), 365 ([M+ 1 -H,01+, loo), 347 (EM+ 1 -2H,01', 
86), 329 ([M+1-3H203+, 56). 

(1H,J1=10.8 Hz,J,=1.5 Hz) (H,-15), 4.04 ( lH ,  dd,J,=12.3 Hz,J2=4.5 Hz, H-3), 3.72 (3H, S, 
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