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Abstract—The microbiological hydroxylation of 8-epicedrol and relatives bearing hydroxyl groups at C-9 and C-15
by Cephalosporium aphidicola has been shown to take place predominantly at C-3.

INTRODUCTION

In studies aimed at examining the scope of biosyntheti-
cally directed biotransformations by Cephalosporium
aphidicola, we showed that the sesquiterpenoid cedrol (1)
was hydroxylated primarily at C-3 [1]. Previous studies
on the microbiological hydroxylation of cedrol by Asper-
gillus niger [2] and Beauveria sulfurescens | 3] had shown
that hydroxylation occurred predominantly at C-3, al-
though other organisms [4] were less discriminating in
their site of attack. We have now undertaken a further
study of the structural scope of the biotransformation by
C. aphidicola with some relatives of cedrol to assess the
directing role of the C-8 hydroxyl group.

RESULTS AND DISCUSSION

The compounds selected for study were 8-epicedrol (2),
cedran-9a-ol (13), cedran-8a,9x-diol (15), cedran-8x,135-
diol (20) and isocedran-15-ol (22) which have hydroxyl
groups at C-8 or on an adjacent carbon. The substrates
were prepared from «- and f-cedrene by literature
methods [5].

Incubation of 8-epicedrol (2) with C. aphidicola for 10
days gave a series of metabolites which were separated by
chromatography. The metabolites fell into two series:
those retaining the C-8x hydroxyl group and those in
which dehydration had taken place to afford the 8(9)-
alkene. The location of the additional oxygen functions
at C-3 was established from the changes in the !3C NMR
spectra (see Table 1) [6, 7]. The multiplicity of the C-3
proton resonances, when compared to previous work [1]
enabled the stereochemistry of the alcohols to be as-
signed (3a-ol: 8y 3.70, triplet (J = 10 Hz) of doublets
(J = 5.4 Hz); 3$-ol: 6, 4.32. doublet (J = 0.9 Hz) of doub-
lets (J = 5.2 Hz)). In each case the 3j3-alcohol was the
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major metabolite. A mixture of cedr-8-en-34, 15-diol (10)
and cedran-3p,8a-diol (6) was separated after acetylation
and the corresponding alcohols were recovered by hy-
drolysis. The C-2 methyl group in the 3-ketone under-
went epimerization. The epimers were distinguished by
the long-range coupling (J = 1.9 Hz) shown between the
2a-proton (dy 2.05) in 3 and the 4a-proton (éy 2.38, ddd,

= 1.9, 12.1 and 19.5 Hz). The epimer 12 (28-H, dy 2.12)
showed no long-range coupling.

In several experiments, cedran-9ua-ol (13) was poorly
transformed and most of the starting material was re-
covered. The minor metabolite was identified as cedran-
38,9a-diol (14) from the '*C NMR spectrum and the
position of the CH(OH) resonance (y 4.32, dd, J = 4.3,
8.0 Hz).

Incubation of cedran-8x9«-diol (15) gave cedran-
3p,8x,9x-triol (16) as the major metabolite accompanied
by a minor amount of cedran-8a,9a,12-triol (19). Crude
16 contained some of the 3x-isomer, as shown by its
'"HNMR spectrum. The crude triol was purified by
acetylation to give the 9x-monoacetate (18) and the
38.9x-diacetate (17). Incubation of both cedran-8a,15-
diol (20) and isocedran-15-ol (22) with the fungus also
gave the 3f-alcohols (21 and 23) as metabolites (6.7%
and 3% respectively). These were identified by their 'H
and "*C NMR spectra (see Table 1).

As noted previously [1] the organism does not hy-
droxylate cedrene (11), but requires an oxygen function.
In spite of the variations in the position of the directing
hydroxyl group, oxidation by C.aphidicola had taken
place predominantly at the C-3§ position with minor
amounts of transformation at the C-3« position and at
the C-12 methyl group. The best yields occurred with
a tertiary C-8 alcohol, although these were surprisingly
independent of the stereochemistry of the alcohol. A pos-
sible explanation, which may accomodate this flexibility,
is that the directing interaction between the hydroxyl
group in the substrate and the enzyme involves not just

1081



1082 E. GAND et al.
12 " 9 I|S ?H
OH R
Ca A
4 : " 1
1 ]
H 13 H
R
1 2 H,
R? 30
' 4 o-OH,B-H
§ o-H, B-OAc
6 o-H,B-OH
OH
1
t
o
; A
8 oOHBH H '
9 oH,BOAc OAc H '
10 o-H,B-OH OH
11 H, H 12
Hi
Q H
1
A
1
1
H
R
13 H
14 OH
OH
HO |
1
R _ CH,OH
A R
. A
1
H |
R H
15 R'=R2=R*=H R
16 R'=OH,R:=R3=H :‘l’ gH -
1 2.4 R3=
17 R'=0Ac, R°=H,R’=Ac 23 OH

18 R'=OH, R?=H, R*=Ac
19 R'=R3=H, R?=0H

a simple bonding directly to the enzyme surface but
a hydrogen bonding interaction via water molecules held
in a lattice adjacent to the peptide chain of the hy-
droxylase. This could provide the flexibility of a hy-
drophilic region rather than a more rigid hydrophilic
centre.

EXPERIMENTAL

General experimental details have been described pre-
viously [8]. Cephalosporium aphidicola (IMI 68689) was
grown in shake culture as described previously [8].

Incubation of 8-Epicedrol (2). 8-Epicedrol (2g) in
EtOH (25 ml) was evenly distributed among 50 flasks
(100 ml medium per flask) of 2-day-old cultures of
C. aphidicola and the incubation continued for a further
10 days. The metabolites were recovered in EtOAc and
separated by chromatography on silica gel. Elution with
EtOAc-petrol (3:7) gave sequentially cedr-8-en-38-ol (7)
(95 mg), cedr-8-en-3a-ol (8) (15 mg), 3-6xocedran-8a-ol
(3) (80 mg) and 3-oxo0-2-epicedran-8a-ol (12) (45 mg). Elu-
tion with EtOAc-petrol (3:2) gave a mixture followed by
cedran-3a,8a-diol (4) (31 mg). The mixture was acetylated
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Table 1. 13CNMR spectroscopic data

Carbon
atom 2 3 4 5 6 8 9 10 12 13
1 534 520 50.1 522 51.9 50.1 51.2 523 494 549
2 41.8 484 50.6 450 46.2 50.9 39.3 450 49.3 418
3 369 220.1 81.4 82.6 79.5 81.3 81.9 79.6 2219 36.7
4 25.4 33.6 333 314 337 353 30.5 334 380 257
S 56.3 528 52.5 S54.1 539 56.3 57.1 571 51.2 58.3
6 41.8 426 41.1 414 41.3 471 47.5 47.5 423 440
7 61.5 58.6 61.4 62.1 61.8 55.2 523 50.1 59.5 55.2
8 73.2 72.2 73.1 73.0 73.0 140.5 138.7 143.7 72.5 469
9 343 346 353 340 339 1184 1234 120.2 332 73.1
10 30.5 33.1 311 311 315 39.3 40.6 39.7 303 46.3
11 39.9 37.7 41.0 40.3 40.3 41.3 44.5 409 404 439
12 154 8.9 12.3 9.9 9.4 12.7 10.0 9.5 11.7 15.6
13 29.0 28.1 29.7 279 279 271 259 259 30.1 279
14 28.2 30.2 27.8 29.2 29.1 27.1 273 274 279 28.9
15 30.6 30.7 30.7 30.7 30.5 247 68.1 67.0 30.7 179
OAc 21.1 21.1, 212
170.8 170.7, 171.0
Carbon
atom 14 15 16 17 18 19 21 22 23
1 52.6 534 520 51.8 51.9 52.7 523 54.8 534
2 454 41.6 46.2 44.1 458 50.4 46.0 422 46.7
3 77.3 364 78.5 81.8 79.5 321 78.3 37.1 80.0
4 332 25.6 34.1 313 34.1 26.0 30.8 25.6 345
5 54.8 60.8 61.0 60.9 61.0 60.9 56.9 579 554
6 442 40.6 41.1 40.6 41.0 41.4 40.8 437 43.2
7 54.6 57.2 549 54.5 54.8 58.0 53.6 474 472
8 46.5 743 73.9 729 734 73.8 74.2 51.5 51.8
9 73.2 723 71.4 74.3 74.7 71.5 333 333 340
10 455 39.0 39.6 36.4 374 39.1 29.3 247 243
11 42.5 414 414 389 39.2 40.0 39.5 472 47.5
12 9.1 156 10.0 9.6 9.6 62.6 9.3 15.3 9.5
13 26.7 26.8 271 26.5 26.9 27.2 274 271 27.0
14 28.1 28.7 28.6 279 28.4 28.7 28.4 28.6 28.8
15 17.2 29.2 294 289 29.3 294 68.9 67.6 67.5
20.8, 208 21.2

170.0, 170.4 170.2

with Ac,O-pyridine and separated by chromatography
on silica gel with Me,CO-CH,Cl, (1:9) to give 35,15-
diacetoxycedr-8-ene (9) (20 mg) and 3B-acetoxycedran-
8a-ol (5) (150 mg). These were then treated with 10%
(w/v) NaOH-MeOH at room temp. overnight to afford
cedr-8-en-3f4,15-diol (10) (10 mg) and cedran-38,8a-diol
(6) (110 mg), respectively. The metabolites were charac-
terized as follows.

Cedr-8en-3a-o0l (7) was identical to material described
previously [1].

Cedr-8-en-3a-ol (8). Oil, MS m/z: 220 [M]* (C,sH,.0,
220). IR vy, cm™1: 3450, 1645. NMR &y (CDCl,): 0.96
(3H, d, J = 7 Hz, H-12), 0.99 (3H, s, H-14), 1.05 (3H, s,
H-13), 1.68 (3H, brs, H-15), 3.70 (1H, td, J = 10 and
5.4 Hz, H-3f), 5.19 (1H, br s,H-9). Oil, 3-Oxocedran-8a-ol

(3). MS m/z: 236 [M]* (C;5sH,403, 236). IR vy, cm ™%
3485, 1735. NMR 6y (CDCl3): 093 (3H, 4, J =7 Hz,
H-12), 0.92 (3H, 5, H-14), 1.19 (3H, s, H-13), 1.32 (3H, 5,
H-15), 2.05 (2H, m, H-2, H-5), 2.18 (1H, dd, J = 5.6 and
19.5 Hz, H-4p), 2.38 (1H, ddd, J = 1.9, 12.1 and 19.5 Hz,
H-4a).

3-Oxo-2-epicedran-8a-ol (12). Oil, MS m/z: 236 [M]*
(CysH2403, 236). IR vy, cm™': 3490, 1735. NMR &y
(CDCl3): 0.98 (3H, d, J = 7 Hz, H-12), 1.02 (3H, s, H-14),
1.21 (3H, s, H-13), 1.35 (3H, s, H-15), 212 (1H, g,
J =7Hz, H-28), 2.25 (1H, dd, J = 5.6, 19.5 Hz, H-4p),
236 (1H, dd, J = 12.1, 19.5 Hz, H-4a).

3B,15-Diacetoxycedr-8-ene  (9). Oil, IR vy, cm™1:
1745. NMR dy (CDCl,): 0.83 (3H, d, J = 7 Hz, H-12),
0.98 (3H, s, H-14), 1.04 (3H, s, H-13), 2.04 and 2.07 (each
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3H, s, OAc), 442 and 4.48 (each 1H, 4, J = 12 Hz, H-15),
5.23 (1H, dd, J = 4.8 and 9.8 Hz, H-3a), 5.56 (1H, brs,
H-9).

3B,15-Dihydroxycedr-8-ene (10). Mp 141°. MS myz:
236 [M]* (C;sH240,, 236). IR v, cm~*: 3300, 1650.
NMR 6,4 (CDCl;): 091 3H, d, J = 7 Hz, H-12),0.99 (3H,
s, H-14), 1.02 (3H, s, H-13), 3.96 and 4.05 (1H, 4,
J = 13.5Hz, H-15),4.35(1H, dd, J = 5 and 10 Hz, H-3a),
5.52 (1H, brs, H-9).

3B-Acetoxycedran-8a-ol (5). Oil, MS m/z: 280 [M]~
(C17H2503, 280). IR v,..cm~': 330, 1740. NMR &y
(CDCl3). 0.82 (3H, d, J = 7 Hz, H-12), 1.01 (3H, s, H-14),
1.15 (3H, s, H-13), 1.32 (3H, s, H-15), 2.02 (3H, s, OAc),
5.26 (1H, dd, J = 4 and 8.2 Hz, H-3a).

Cedran-3p,8qa-diol (6). Mp 127°. (Found: C, 75.5; H,
11.1. C;sH,¢0, requires C, 756; H, 10.9%.) IR
vmax €M~ 1 3300, NMR 46y (CDCl;): 0.89 (3H, d,
J =7 Hz, H-12), 1.02 (3H, s, H-14), 1.16 (3H, s, H-13),
1.33 3H, s, H-15), 4.28 (1H, dd, J = 4 and 8.3 Hz, H-3%).

Cedran-3a,8a-diol (4). Mp 148°. (Found: C, 754; H,
110. C;sH,60, requires C, 75.6; H, 109%. IR
Vmax CM ! 3300, NMR 6y (CDCly): 097 (3H, d,
J =7Hz, H-12), 1.04 (3H, s, H-14), 1.17 (3H, s, H-13),
1.33 (3H, 5, H-15), 3.60 (1H, td, J = 10.6 and 5 Hz, H-3f).

Incubation of cedran-9a-ol (13). The alcohol (2 g) was
incubated with C. aphidicola as above. On chromatogra-
phy the starting material (1.76 g) was recovered. Further
elution gave cedran-35,9x-diol (14) (20 mg), mp
148-150°. (Found: C, 75.4; H, 10.9. C;sH,¢0; requires C,
75.6; H, 10.9%). IR v,,, cm ™ *: 3300. NMR 6 (CDCl5):
0.95 (3H, s, H-14), 0.98 (3H, 4, J = 7 Hz, H-12), 1.16 (3H,
s, H-13), 1.23 (3H, d, J = 7Hz, H-15), 3.90 (1H, dd,
J = 6.5and 10 Hz, H-98),4.32 (1H, dd, J = 4.3 and 8 Hz,
H-3a).

Incubation of cedran-8a.9a-diol (15). The diol (2 g)
was incubated with C. aphidicola as above and the
metabolites were separated by chromatography. Elution
with EtOAc-petrol (3:2) gave crude cedran-35,8x,9a-
triol (16) (1 g and cedran-8x,9«,12-triol (19) (30 mg).
Crude 16 was acetylated with Ac,O-pyridine at room
temp. overnight and the acetates purified by chromatog-
raphy to give 3f,9a-diacetoxycedran-8a-ol (17) (250 mg)
and 9x-acetoxycedran-38,8a-diol (18) (300 mg). Hydroly-
sis (10% NaOH-MeOH, room temp., overnight) of the
monoacetate (100 mg) gave pure cedran-35,8x,9a-triol
(16) (60 mg). The metabolites were characterized as fol-
lows.

Cedran-3B,8a,9a-triol (16). Mp 150°. (Found: C, 68.1;
H, 10.6. C,sH,50;:0.5H,0 requires C, 68.4; H, 9.9%.)
IR vpcm™': 3400. NMR 6, (CDCly): 098 (3H, 4,
J =7Hz, H-12), 1.02 (3H, s, H-14), 1.15 (3H, s, H-13),
1.45 (3H, s, H-15), 3.85 (1H, dd, J = 6.5, 10.2 Hz, H-9),
435 (1H, dd, J = 4.2 and 8.5 Hz, H-3x).

3B.9a-Diacetoxycedran-8a-0l (17). Mp 120-124°
(Found: C, 67.1; H, 8.6. C;oH 3,05 requires C, 67.4; H,
8.9%.) IR v, cm ™~ 1: 3300, 1745. NMR 6y (CDCl3): 0.70
(3H, 4, J = 7Hz, H-12), 0.91 (3H, s, H-14), 1.09 (3H, s,
H-13), 1.16 (3H, s, H-15), 1.92 and 1.99 (each 3H, s, OAc),
497 (1H, dd, J = 6.4 and 10.5 Hz, H-9), 5.13 (1H, dd,
J = 3.8 and 7.8 Hz, H-3).
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9a-Acetoxycedran-3B,8a-diol (18). Mp 132-134°,
(Found: C, 68.1; H, 9.3. C,;H,50, requires C, 68.9; H,
9.5% )IR vy, cm~ 1 3340, 1745. NMR Jy (CDCl,): 0.91
(3H, d, J = 7 Hz, H-12), 1.04 (3H, s, H-14), 1.21 (3H, 5,
H-13), 1.29 (3H, s, H-15), 2.10 (3H, s, OAc), 4.29 (1H, dd,
J = 4.1, 8.2 Hz, H-3), 5.10 (1H, dd, J = 6.5 and 10.6 Hz,
H-9).

Cedran-84,9a,12-triol (19). Mp 152°. (Found: C, 69.1;
H, 10.7. C,sH,603-0.5 H,O requires C, 68.4; H, 9.9%.)
IR vy cm™ 1 3350. NMR 8y (CDCl;y—pyridine): 1.12
(3H, s, H-14), 1.24 (3H, s, H-13), 1.60 (3H, s, H-15), 3.68
(1H, dd, J = 6.1, 10.3 Hz, H-9), 3.91 and 3.95 (each 1H, d,
J = 7 Hz, H-12).

Incubation of cedran-84,15-diol (20). The diol (1.5 g)
was incubated with C. aphidicola as above. The meta-
bolites were separated by chromatography to give the
starting material and cedran-38,8x,15-triol (100 mg), mp
123-126°. (Found: C, 68.7; H, 10.2. C,5H,50;-0.5 H,O
requires C, 68.4; H, 9.9%.) IR v, cm~': 3300. NMR 6y
(CDCl5): 0.77 (3H, d, J = 7 Hz, H-12), 0.80 (3H, s, H-14),
0.94 (3H, 5, H-13), 3.45 and 3.54 (each 1H, d, J = 10.8 Hz,
H-15), 4.16 (1H, dd, J = 4 and 8.2 Hz, H-3«).

Incubation of iso cedran-15-0l (22). The alcohol (1 g)
was incubated with C. aphidicola as above. The meta-
bolites were separated by chromatographty to give ced-
ran-3f4.15-diol (23) (30 mg), mp 111-114°. (Found: C,
75.4; H, 10.9. C,sH,50; requires C, 75.6; H, 10.9%.) IR
Vmaxcm ' 3667. NMR dy (CDCly): 092 (3H, d,
J = 7 Hz, H-12), 0.96 (3H, s, H-14), 1.11 (3H, s, H-13),
3.66 (2H, d. J = 7 Hz, H-15), 429 (1H, dd, J =4 and
8 Hz, H-3a).

Acknowledgements—Part of this work was carried out
under the HEJ Institute, University of Karachi: Univer-
sity of Sussex Link Scheme funded by the British Coun-
cil. We thank Professor Atta-ur-Rahman and Dr D. R.
M. Walton for establishing this scheme. We also thank
the ERASMUS scheme for providing support for E.G.

REFERENCES

1. Hanson, J. R. and Nasir, H. (1993) Phytochemistry 33,
835.

2. Wang,K.C,,Ho, L. Y. and Cheng, V. S.(1972) J. Chin.
Biochem. Soc. 1, 53. (Chem. Abstr (1973) 79, 113975).

3. Lamare, V., Fourneron, J. D., Furstoss, R., Ehret, C.
and Corbier, B. (1987) Tetrahedron Letters 28, 6269.

4. Abraham, W.-R., Washausen, P. and Kieslich, K.
(1987) Z. Naturforsch. 42¢, 414.

5. Acharya, S. P. and Brown, H. C. (1970} J. Org. Chem.
35, 196.

6. Joseph-Nathan, P., Santillan, R. L. and Gutierrez, A.
(1984) J. Nat. Prod. 47, 924.

7. Brun, P, Casanova, I, Raju, M. S., Waegell, B., Wen-
kert, E. and Zahra, J. P.(1987) Magn. Reson. Chem. 25,
619.

8. Hanson, J. R. and Nasir, H. (1993) Phytochemistry 33,
831.



