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ABSTRACT.-Microbial transformation of ent-7a, 18-diacetoxy- 14P-hydroxybeyer- 15- 
ene (2) was carried out with Rhizopus nigricans. The fungus produced an mt- 15a, lba-epoxida- 
tion and/or mt-3P-hydroxylation. The structures of resulting products were established by 
chemical and spectroscopic methods. 

Occasionally, microbial transformations constitute an alternative for introducing 
chemical functions into inaccessible sites of molecules. Thus, a great number of micro- 
bial transformations of steroids have been performed for this purpose (1). 

Microbial transformations have been also applied to nonsteroid compounds (2, 3 ) .  
On certain occasions, the products formed by this procedure can be easily obtained by 
chemical reactions. When transformations are made on natural substrates, the intro- 
duction of functions into biogenetically favorable sites is a frequent phenomenon (4). 

As far as we know, only one paper on the microbial transformation of ent-beyerenes 
by hydroxylating fungi has been published ( 5 ) :  Aspergilh ochraceous catalyzes a reduc- 
tion at C-3 on ent-3-ketobeyer-15-en-17-oic acid to give an axial alcohol at this posi- 
tion, and Calonectria decora catalyzes hydroxylation at C-6, giving an equatorial hydro- 
xyl group. No transformation were observed using Rhizopus nigricans cultures. Incuba- 
tion of a 19-norderivative of this substrate with C. decora cultures produced an equato- 
rial hydroxylation at C-6 of this substrate. Incubation of this latter substrate with A. 
ochraceous and R. nigricans yielded no metabolites. 

As indicated above, reports on microbial transformations of ent-beyerenic systems 
are scarce, and no information is available on the transformation of 14-hydroxy- 
beyerenes. 

As a continuation of our studies on microbial transformations of tetracyclic diter- 
penes (6, 7 ) ,  we now report the action of hydroxylating fungi (R. nigricans and A. oc- 
hraceous) on ent-beyer- 15-enic substrates with an ent- 14p hydroxylation. 

MATERIAL AND METHODS 
P W S I C ~  ANALYSES.-MPS were determined in a Kofler apparatus and are uncorrected. 'H-nmr 

spectra were obtained with a Hitachi-Perkin Elmer R-20B (60 MHz) or a Bruker HX-90E (90 MHz) spec- 
tometer, using TMS as internal standard and CDCI, as solvent. I3C-nmr spectra were determined on the 
latter apparatus (25.4 MHz) or a Bruker WM-360 (90.6 MHz) spectrometer, also in CDCI, solution 
(which also provided the lock signal), with TMS added as internal reference. Assignments of I3C chemical 
shifts were made with the aid of broad-band proton decoupling and SFOR experiments, setting the de- 
coupler frequency in the middle of the proton range in the former and 2 pprn to the right of the TMS in the 
latter. Mass spectra were determined on a Hewlett-Packard 5930A instrument (70 eV, direct inlet). Ir 
spectra were recorded on a Pye Unicam SP- 1000 grating ir spectrometer. The rotatory powers were mea- 
sured on a Perkin Elmer 240 polarimeter. 

ISOLATION OF mt-7u-ACETOXY- 148, IS-DIHYDROXYBEYER- 15-ENE (7-ACETYLPUSILLATRIOL, 
l).-The 7-acetylpusillatriol used in these experiments was isolated from Sideritis pusilla spp. @vwirens 
(8). 

Acetylation of 7-aatylpu~illatriol (1).-7-Acetylpusillatriol ( 1.5 g) was acetylated in Ac,O/pyridine 
(15/50 ml) at 0' for 1 h, after which time the resulting mixture was placed on a silicagel column (7729) and 
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eluted with CHCI,. In this form, 1 g of pure ent-7a, 18-diacetoxy-14P-hydroxybeyer-15-ene (7.18- 
diacetylpusillatriol, 2) was isolated. Mp 156-158" (from hexane/CHCI,); [ a I2"~=58 .  10" (c 1, CHCI,& ir 
u max (KBr) 3450, 1735, 1640, 1250, and 740 cm-I. 'H nmr (6,60 MHz) 5.5 (2H, collap. QAB, H-15 
and H-16); 5.08(1H, m, W%=7 Hz, H-7); 3.65 (2H, collap. QAB, 2H-18); 3.15 ( l H ,  s, H-14); 2.01 
(6H, s, 2AcO); 1.05(3H, s, Megroup)and0.83(6H, s, 2Megroups). 13Cnmr(90.6MHz)SeeTable 1; 
ms m/z (95) 344 (36, M-60), 326 (39), 3 15 (93), 284 (33), 27 1 (20), 269 (5 I), 266 (30), 255 (loo), 254 
(66), 253 (67), 25 1(34), 241 (26). (Found: C, 7 1.43; H,  8.89; C24Hi605 requires: C ,  7 1.26; H,  8.97%). 

Reduction of7-aerylpusilfutriol (1).-7-Acetylpusillatriol (1) (1.1 g) was dissolved in EtOH (50 ml) 
and hydrogenated [Parr apparatus, 5 atm, 500 mg Pd/BaSO, (lo%), 5 h] to give 1.1 g ofthe 15,16-dihy- 
droderivative(6): MP 203-205' (from hexane/CHCI,); [a I2"~=50.3 '  (c 0.5 1, CHCI,); ir u max (KBr) 
3450, 1725, and 1260 cm-I. 'H nmr (6, 60 MHz) 5.15 ( l H ,  m, W%=7 Hz, H-7); 3.25 ( l H ,  bs, H- 
14); 3.25(QAB,]=11 Hz, 2H-18);2.12(3H, s, A C ~ ) ;  1.05(6H, s)and0.78(3H, s)(MegroupsatC-17, 
C-19, and C-20). (Found: C, 72.66; H,  10.01. C22H3604 requires: C, 72.49; H ,  9.95%). 

ORGANISM, MEDIA, AND CULTURE cONDITlONs.-Rhizopus nigricuns CECT-2672 and Aspergillus 
OchraeouJ CECT-2069, from Coleccion Espatiola de Cultivos Tipo were used in these studies (9). 

Medium YEPGAcontaining 1% yeast extract, 1% peptone, 2% glucose, 2% agar, pH 5 wasused for 
storage ofR. nigricuns.In all transformation experiments, a medium of the following composition was used: 
0.1% peptone, 0.1% corn steep solids, 0.1% beefextract and 0.5% glucose in H20. 

Erlenmeyer Basks (250 ml) containing 100 ml of medium were inoculated with a very dense suspen- 
sion of R .  nigricuns. Incubation was maintained at 28' with gyratory shaking (120 rpm) for 6 days after 
which substrates, in EtOH, were added. 

INCUBATION OF ENT-7a .  18-DIACETOXY- 14p-HYDROXYBEYER- 15-ENT (7.18-DIACETYLPUSILLA- 
TRIOL, 2) WITH R. NIGRICANS.-l g of substrate 2 was dissolved in EtOH (20 ml) and distributed among 
20 Erlenmeyer Bask cultures and incubated for 30 h, after which the cultures were filtered and pooled; the 
cells were washed twice with H,O. The liquid was saturated with NaCl and extracted with CH,CI,. Both 
extracts were jointly dried with MgS0, and evaporated at 40" in vacuo, giving 0.6 g. The mixtures were 
placed on silica gel columns (Merck 7729) and eluted stepwise with CHCI, containing increasing amounts 
of Me,CO. Fractions containing homogenous material (demonstrated by tlc), were pooled. These tlc plates 
(silica gel 0.25 mm, Merck G) were developed with CH,CI,-Me,CO (2: 1). Starting materials and prod- 
ucts were detected with a H,O-H,SO,-AcOH (32: 10: 160) spray, followed by heating at 120". With this 
method, 44 mg of metabolite 3 ,  30 mg of substrate 2, 20 mg of metabolite 4 ,  and 15 mg of metabolite 5 
were isolated. 

Ent-7a, 18-diaefoxy-l4~-hydroxy-I5a, 16a-epoxibeyerune (3).-Mp 128- 130' (from hexane/CHCI,); 
[a ]2"~=61.900 (c 1, CHCI,); ir (u max (KBr) 3550, 1750, 1270, 1250,880, and 870 cm-'. 'H nmr(6, 
90 MHz) 5.42 ( l H ,  m, w % = 9  Hz, H-7); 3.75 (2H, collap. G B ,  2H-18); 3.66 ( l H ,  dd,],=3,/= 1.5 
Hz)and3.33(1H,dd,],=3,I2=2 Hz)(H-15andH-16);2.98(lH, m, W'/r=6Hz, H-14);2.09and 
2.06(3Heach, 2 A d ) ;  1.21, 1.00, and0.88(3Heach, s, MegroupsatC-17,C-19andC-20). "Cnmr 
(90.6 MHz)seeTable 1. Msm/z(%) 360(23, M-60), 345 ( lo) ,  342 (30), 332 (25), 327 (7), 314(30), 300 
(26), 289 (45), 285 (43), 282 (22), 272 (35), 270 (35), 268 (5 I), 253 (1001, 244 (38), 242 (62), 240 (75), 
229 (100). (Found: C, 68.20; H,  8.83. C2,H,,O6 requires: C, 68.55; H,  8.63%). 

Ent-jP, 14P-dihydroxy-7a, 18-diaetoxy-l5a, 16a-epoxihyerene (4).-Mp 180- 182' (from hexane/ 
CHCI,); [a ]20~=88.040 (c 1, CHCI,); ir U max (KBr) 3500, 1730, 1270, 1250, 880 emf'. 'H nmr (6 
90 MHz): 5.43 ( l H ,  m, W % = 8  Hz, H-7); 4.38 and 3.59 (QAB,]=12 Hz, 2 H-18); 3.61 ( l H ,  dd, 
J1=3,j2=1.5 Hz); 3.33(1H, dd,],=3,]2=2Hz)(H-15andH-16);2.98(lH, m, WY2=6Hz, H-14); 
2.10and2.06(3Heach, 2AcO); 1.19,0.98, and0.79(3Heach, s, MegroupsatC-17, C-19andC-20). 
I3C nmr(90.6 MHz) see Table 1. Ms m / z ( % )  376 (60, M-60), 358 (70), 348 (45), 347 (55), 343 (30), 33 1 
(loo), 303 (38), 302 (60), 298 (95). 283 (60). (Found: C, 65.82; H ,  8.43. C 2 4 H i ~ 0 7  requires: C, 66.03; 
H,  8.31%). 

Ent-3 PI I4  P-dihydroxy- 7a, 18-diaetoxybeyer- 15 -ene (5).  -Mp 144- 14 5' (from hexaneICHC1 i); 
[a ]20~=88.800 (c 0.5, CHCI,); ir (u max(KBr) 3400, 3060, 1740, 1640, 1260, 740 cm-I. 'H  nmr (6, 
90 MHz) 5.57 (nearly collap. QAB, H-15 and H-16); 5.18 ( l H ,  m, W'/2=8 Hz, H-7); 4.33 and 3.60 
(QAB,]=12 Hz, 2 H-18); 3.33 ( l H ,  m, W1/2=18 Hz, H-3); 3.26 ( lH ,  s, H-14); 2.12 and 2.10 (3H 
each, s, 2 A d ) ;  1.12, 0.83, and 0.79 (3H each, s, Me groups at C-17, C-19 and C-20). liC nmr (20.15 
MHz) see Table 1. Ms m/z (8): 360 (15, M-60). 342 (9), 332 (17). 327 (11), 313 (9), 300 (6). 282 (52), 
267 (66), 253 (100). (Found: C, 68.31: H ,  8.89. C24H3606 requires: C, 68.55; H,  8.63%). 

INCUBATION OF ENT-7a .  18-DIACETOXY- 14B-HYDROXYBEYERANE (6) WITH R .  NlGR1CANS.- 
One g of substrate 6 was dissolved in EtOH (20 ml), distributed into 20 Erlenmeyer flask cultures and in- 
cubated for 96 h after which, substrate 6 was recovered unchanged. 
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TAEKE 1. I3C nrnr Chemical Shifts of ComDounds 2.3 .4 .5  and 7 

Atom 

c - 1  . . . . .  
c-2 . . . . .  
c - 3  . . . . .  
c-4 . . . . .  
c-5 . . . . .  
C-6 . . . . .  
c-7 . . . . .  
c -8  . . . . .  
c-9  . . . . .  
c-10 . . . . . 
c-11  . . . . . 
c-12 . . . . . 
C-13 . . . . . 
C-14 . . . . . 
C-15 . . . . . 
C-16 . . . . . 
C-17 . . . . . 
c-18  . . . . . 
C-19 . . . . . 
c-20 . . . . . 
Me-COO . . . 
Me-COO . . . 
Me-COO . . . 
Me-COO . . . 

2 

38,31" 
17,69 
35,53 
3 6 0 9  
41,60 
2 4 7 9  
71,25 
57,56 
48,08 
37,17 
1923  
31,lS 
49,lO 
89,88 

130,60 
135.65 

19,23 
72,44 
17,69 
15,37 
21,33 
21,05 

170,92 
170,35 

3 

38,50 
18,54 
35,36 
36,06 
41,68 
24,75 
68,96 
51,75 
51,62 
37,37 
17,63 
34,12 
43,49 
82,62 
56,67 
61,68 
16,83 
71,17 
17,68 
15,59 
21,26 
20,95 

170,85 
170,lO 

Compound 

4 

37,21 
25,80 
71,50 
42,11 
39,90 
24,39 
69,09 
51,78 
51,60 
37,37 
18,63 
34,13 
43,68 
82,59 
56,55 
61,68 
16,82 
65,88 
12,05 
15,83 
21,25 
20,96 

171,55 
169,92 

5 

37,08 
25,88 
71,80 
42,08 
39,83 
24,32 
71,39 
57,52 
48,03 
37 ,os 
19,29 
32,19 
49,10 
89,85 

130,34 
135,88 

19,21 
66,14 
12,59 
15,58 
21,28 
21,oo 

171,65 
170,31 

7 

38,94 
17,64 
35,41 
36,04 
41,66 
24,74 
75,5 1 
52,28 
51,09 
37,68 
19,28 
37,97 
43,36 
86,76 
28,39 
34,45 
21,55 
72,67 
17,64 
15,76 
21,55 
21,05 

170,98 
170,98 

'The 13C-chemical shifts are given in ppm relative to TMS 

INCUBATION WITH A ,  OCHRACEOUS (CONIDIA).-A. orbraeour (conidia) were obtained as described 
in (10). A total of 540 mg ofsubstrate 2 was dissolved in ErOH (50 ml) and distributed into 10 Erlenmeyer 
flask cultures and incubated for 96 h after which time only residual substrate 2 was recovered. 

EPOXIDATION OF 7, IS-DIACEMPUSILLATRIOL (2).--A total of 100 mg of product 2 was dissolved 
in CHCI, (10 ml) and epoxidized with m-chloroperoxybenzoic acid (MCPBA) (250 mg) for 48 h at 0". 
After column chromatography, 92 mg of ent-7a, 18-diacetoxy- 14P-hydroxy- 15a, 16u-epoxibeyerane, 
showing physical and spectroscopical properties identical to those of metabolite 3, was isolated. 

PUSILLATETROL. 5).-7,18-Diacetylpusillatetrol (5) (50 mg) isolated from a Siderztii was dissolved in 
CHCI, (5 ml) and epoxidized with MCPBA (125 mg). After column chromatography, 37 mg of ent- 
3p, 14p-dihydroxy-7a, 18-diacetoxy- 1501,lba-epoxibeyerane was obtained, which showed physical and 
spectroscopical properties identical to those described for metabolite 4. 

REDUCTION OF 7,18-DIACEMPUSILLATRIOL (2).-A total of 100 mg of product 2 was hydro- 
genated as described for product 1 to give 100 mg of the dihydroderivative (7): Mp 173- 176" (from hexane/ 
CHCI,). [ C K ) ' ~ D = ~ ~ . ~ " ( C  1, CHCl,);ir(vmax(KBr)3450, 1730, 1250cm-'. 'Hnmr(6,6OMHz)5.20 
( l H ,  m, W%=7 Hz, H-7); 3.70 (2H, collap. GB, 2 H-18); 3.20 ( l H ,  s, H-14); 2.10 (6H, s, 2 AcO); 
1.0 (6H, s, 2 Me groups) and 0.82 (3H, s, Me group). I3C nmr (25.4 MHz) see Table 1. 

EPOXIDATION OF ENT-4@, 14B-DIHYDROXY-7a, 18-DIACETOXYBEYER- 15-ENE ( 7 ,  IS-DIACETYI- 

RESULTS AND DISCUSSION 

Several incubations of 7,18-diacetylpusillatriol (2),  with A .  ochrareous (conidia) and 
R. nigrzcans, have been carried out. In the former case, only unaltered substrate 2 was 
recovered after 96 h of incubation. However, R .  nigrzcms incubation produced some 
transformation products. 

TIC evaluation of later incubation times indicates that, after 24 h, one-half of sub- 
strate 2 was consumed. After 30 h ,  the transformation did not progress. At this point, 
the incubation was stopped as indicated in the Material and Methods section. 
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FIGURE 1. Microbial transformation of product 2 by Rhizopus nigricuns and chemical correlations of 

metabolites isolated. 

The main metabolite (3) isolated from the incubation exhibited a higher mobility 
(tlc) than the substrate (2), with an estimated molecular weight of 420, in accordance 
with a molecular formula of C24H3606 (substrate 2, C24_"605). From ir and 'H nmr 
spectra of product 3, the absence of AI5 and the presence of a 15,16 epoxide group 
could be deduced. 

From analyses of 'H-nmr signals due to H-15 and H-16, an ent-l5a,l6a configu- 
ration was assigned. In addition to a vicinal coupling constant (J=3 Hz), a W type con- 
stant J =  1.5 Hz for one of the protons and J=2 Hz for the other one) can be observed. 
The W coupling between H- 14 and H- 15 and H- 16 indicates ent-p disposition of H- 15 
and H- 16 because such coupling between H- 14 and ent-a H- 15 and H- 16 is not possi- 
ble. In addition, 13C nmr experiments confirm ent-a configuration for the 15,16- 
epoxide group of product 3 (see Table 1). 

The a-effects, deduced from comparison of assigned chemical shifts of C-15 and C- 
16 of products 2 and 3, were consistent with the 15,16-epoxidation. In addition, a 
similar deshielding was observed for C-8 and C- 13. 

The y-effect observed for C-7 and C-17 was also consistent with the ent- 15a, 16a- 
epoxy group, this y-effect being very appreciable on the C- 14 chemical shift of product 
3 (6 82.62). On the other hand, the observed C-9, C-11, and C-12 chemical shifts for 
product 3 are consistent with those observed for the synthetical product 7 (ent-7a, 18- 
diacetoxy- 14-hydroxybeyerane) which has tetrahedral carbons at the 15 and 16 posi- 
tions. The chemical shift for C-20 was similar for substrate 2 and metabolite 3, which is 
in accordance with the proposed configuration for epoxide group at 3. 

We have also confirmed the structure of metabolite 3 by a semisynthesis. The epox- 
idation of substrate 2 with MCPBA gives aproduct identical to metabolite 3. As epoxi- 
dation of this type of compound involves an approach from only the eat-a side (1 l), we 
conclude that the structure of metabolite 3 is ent-7a, 18-diacetoxy- 14P-hydroxy- 
15a, 16a-epoxibeyerane. 

Another metabolite (4) isolated from this incubation presents a molecular formula 
C24H3607. From its spectroscopic data, an epoxide group and a new hydroxyl group 
may be deduced. Thus, in the 'H-nmr spectrum of this metabolite, in addition to simi- 
lar signals to those of metabolite 3, there exists a broad signal at 6 3.33 ( l H ,  WY2= 18 
Hz) partially superimposed on one of the two signals due to the protons on the epoxide 
group. The last described signal is similar to one of those observed in the 'H-nmr spec- 
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trum of a more polar metabolite (5 )  also isolated from this incubation, which still has 
AI5 group. This metabolite 5 was shown to be identical to a minoritary product iso- 
lated from a Sideritis (8), which structure was ent-3P, 14P-dihydroxy-7a, 18- 
diacetoxybeyer- 15-ene. From these data, a structure of ent-3P, 14P-dihydroxy-7a, 18- 
diacetoxy- 15a,Iba-epoxibeyerane could be assigned to metabolite 4. The epoxidation 
of product 5 with MCPBA gives a product identical to metabolite 4 .  

In order to confirm the structures of metabolites 4 and 5 ,  we have obtained I3C- 
nmr spectra of metabolites 4 and 5 (see Table l), which are consistent with an ent-3P- 
hydroxylation at C-3 of both metabolites (12). Thus, the a-effect is in accordance with 
an equatorial disposition of this hydroxyl group at C-3. In the same way, y-effects at C- 
1 and C-5 are moderate values, and y-gauche effects of both C- 18 and C- 19 confirm the 
equatorial disposition. 

We conclude that the action of R. nigricans results in oxidation at C- 15/C-16 and 
also at C-3, in a similar way to that found by us in the case ofent-kaur- 16-enes (6) using 
the same strain of microorganism. However, transformation of ent-7a-acetoxy- 
14p, 18-dihydroxybeyerane (6) was unsuccessful in contrast to that found for ent- 
kauranols studied by us (7). 

Hydroxylation on the ent-p side at C-3 of substrate 2 indicates that the enzymatic 
action occurs on the ent-/.3 side, in accordance with what was previously observed for 3- 
keto derivatives of ent-kaurenes (6) and ent-kauranes (7), although the reduction of this 
keto group on the ent-p side logically gives an axial (ent-a) alcohol group. 
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