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Abstract—The microbiological

transformation of ent-38-hydroxykaur-6,16-diene

nto  ent-6a,7oa-epoxy-3 -

hydroxykaur-16-ene has been carried out The substrate incubated was synthesized from the diterpene hnearol.

INTRODUCTION

In the past few years we have studied the microbiological
transformation of ent-kaurene diterpenes by Gibberella
Jujikuroi [1-6]. The purpose of these works was to obtain
gibberellin analogues and to define the substrate require-
ments of the enzymes that participate in various bio-
synthetic steps 1n the gibberellin and kaurenolide path-
way 1 this fungus. Continuing these studies we present
here the results obtained in the chemuical preparation and
microbiological incubation of ent-38-hydroxykaur-6,16-
diene (1) with G fujikuro

RESULTS AND DISCUSSION

The substrate 1 was prepared in the following way
Partial acetylation of hinearol (2) [7] gave the triacetate 3
and the diacetates 4 and 5. The 3a,18-diacetate 4 was
treated with tosyl chlonde in pyndine to afford the
corresponding tosylate 6 Treatment of this derivative
under reflux with collidine formed compound 7, which
was then hydrolysed to give ent-38,18-dihydroxykaur-
6,16-diene (8) [S]. Partial acetylation of this diene affo-
rded the two monoacetates, 9 and 10, and the diacetate 7.
Addrtional quantities of compound 9 were obtained by
transacetylatton of 10 Treatment of the 3a-monoacetate
9 with triphenylphosphine-carbon tetrachlonde gave the
chlornde derivative 11, reduction of which with tri-n-butyl
tin hydride and subsequent hydrolysis of the acetate 12
formed, yielded ent-3f-hydroxykaur-6,16-diene (1).

When compound 1 was incubated with the fungus G
Swjikuroi, 1n the presence of AMO-1618, which blocks the
formation of endogenous ent-kaur-16-ene [8, 9], ent-35-
hydroxy-6a,7x-epoxykaur-16-ene (13) was obtained by
epoxidation of the 6,7 double bond However, we were
unable to detect any kaurenolide or gibberellin The
structure of the epoxide 1 followed from 1ts '"H NMR
spectrum, 1in which the geminal hydrogens to the oxirane
ring appear at 6 291 (d, J =4 Hz) and 3.08 (dd, J=2 5 and
4Hz) The '3C NMR spectrum of 13 also confirmed 1ts
structure; the spectrum 1s summarized 1n Table 1 together
with that of the parent compound 14. The H-5, H-6
coupling of 25 Hz 1s in accordance with a f-epoxide
[5, 10] The result of the incubation confirms that a 3a-
hydroxyl group in the kaur-16-ene dertvatives inhibats
their hydroxylation at C-19 by G. fuptkuro: [3]

It has been suggested that the microbiological epoxi-
dation of an alkene 1s sometimes equivalent to the
hydroxylation of the corresponding alkane [11, (2]
Thus, in a previous work we have shown that ent-35,18-
dihydroxykaur-6,16-diene (8) 1s transformed into the
epoxide 14 [4, 5], and ent-3f,18-dihydroxykaur-16-ene
(15) 1s converted nto the corresponding triol 16 [3]. On
the other hand, in a previous work we have also shown
that ent-3f-hydroxykaur-16-ene (17) is not transformed

rRo™

I Ri= R2=H 2 R'= R*= H

_7 R!= A¢, R? = OAc 3 R!'= R?= A(

8 R'= H R*= OH 4 R'= Ac, RZ=H
9 R'= Ac, R*= OH 5 R'= H, R*= Ac
10 R'= H, R?= OAc 6 R'= Ac, R?= |,
11 R'= Ac, R* = (Il

12 R'= Ac R*=H

13 R'= OH R?= H 1§ R
= R*= OH 16 R
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Table 1 *3C NMR spectral data of compounds 13 4nd

14 (50 MHz)
13 14 C 13 14
1 3950 3950 11 1651 1651
2 2740 2673 12 3324 3312
3 7895 7641 13 4230 4224
4 3871 4188 14 3634 3587
5 5589 5108 1S 4593 4585
6 5370 5323 16 15469 15456
7 6081 6075 17 10478 10488
8 4295 4283 18 2800 7113
9 5094 5069 19 1628 1173
10 3791 3764 20 1959 1988

by the fungus into the 7f-hydroxy analogue 18 [3] In
contrast we now report that the corresponding dehydro-
dervative, ent-3f-hydroxykaur-6,16-diene (1), 1s trans-
formed into the 6f,78-epoxide 13 Therefore, 1t appears
unlikely that the same enzymes are involved in 7§3-
hydroxylation and 6f.7f-epoxidation of ent-3f-
hydroxykaur-16-ene analogues However, there s still
msufficient evidence to exclude this possibility in the
gibberellin and kaurenolide biosynthetic pathways

EXPERIMENTAL

Mps uncorr, IR CHCl;, NMR CDCl;, MS 70¢V (probe)
CC was performed on silica gel 0063-0 2 mm Substances were
crystallized from petrol-EtOAc except where otherwise 1ndi-
cated

Partial acetylation of hnearol (ent-18-ucetoxy-38,7a-dihy-
droxykaur-16-ene) Compound 2 [7] (11 g) in pyridine (15 ml)
was treated with Ac,O at 0° for 4 hr Usual work-up and
chromatography of the residue, eluting with petrol-EtOAc (4 1),
afforded the tniacetate of foliol (3) (60 mg), the diacetates 4 and 5,
800 and 150 mg, respectively, and starting material (130 mg) ent-
3p,18-Diacetoxy-7a-hydroxykaur-16-ene (4) Mp 210-213°,
"H NMR (90 MHz) §0.81 and 1 07 {each 3H, s), 201 and 203
{each 3H, s), 358 (1H, br s, H-7), 352 and 405 (each 1H, d, J
=12 Hz, H-18), 4 82 (3H, br, H-3 and H-17), EIMS m/z (rel nt)
404 [M] ™ (1), 386 (1), 344 (1), 326 (20), 298 (1), 284 (6), 266 (34).
253 (21), 251 (22) ent-Ta,18-Diacetoxy-3f-hydroxykaur-16-ene
(5) Mp 169-171-, 'H NMR (90 MHz) § 076 and 1 09 (each 3H,
s), 207 and 209 (each 3H, s), 368 (1H, br s, H-3), 3 58 and 4 38
(each 1H, d, J =12 Hz, H-18),4 85(3H, br, H-7 and H-17), EIMS
m/z (rel nt) 344 [M—EtOAc]™ (1), 326 (12), 248 (8), 266 (16),
253 (14), 251 (7), 225 (6), 199 (7}, 197 (5), 185 (12), 171 (6), 157 (6),
149 (17)

Tosylation of 4. ent-3f,18-Diacetoxy-7x-hydroxykaur-16-ene
(4) (800 mg) 1in dry pyndine (10 ml) was treated with tosyl
chlonde (2 5 g) at room temp for 5 days Usual work-up afforded
6, mp 164-165, "H NMR (60 MHz) §080 and 1 07 (each 3H, s),
200 and 2 14 (each 3H, s), 245 (each 3H, ), 348 and 3 88 (each
[H,d, J=12 Hz, H-18).4 75 (1H, br s, H-7), 4 80 (3H. br, H-3 and
H-17), 735 and 7 80 (each 2H, d, J =9 Hz), EIMS m 'z (rel int)
386 [M —TsOHJ™ (2), 326 (6), 266 (72). 251 (37). 238 (15), 223
(14), 209 (7), 195 (7). 172(34), 169 (9), 157 (12), 155(8), 143(11),131
©)

ent-3f,18-Diacetoxykaur-6,16-dtene (7) The tosylate 6, ob-
tained above, 1n collidine (10 ml) was refluxed for 30 min Usual
work-up gave 7 (710 mg), "H NMR (60 MHz} 5 088 and 101
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{each 3H, s), 204 (6H, s), 3 85 (2H, 5, H-18), 4 88 (3H, br, H-3 and
H-17), 555 (2H, s, H-6 and H-7), EIMS m/z (rel int) 326 [M
—HOACc]™ (1), 311 (1), 284 (2), 266 (64), 251 (100), 223 (16), 195
(11)

Hydrolysis of 7 The diacetate 7 (700 mg) in MeOH was
treated with MeOH-KOH (5%) (15 ml) at room temp for 24 hr
Usual work-up gave 8, mp 140-142, [M]" at m/z 3022253
C,oH;00, requires 3022245, '"H NMR (90 MHz) $090 and
099 (each 3H, s5), 340and 3 72 (each 1H,d, J = 11 Hz, H-18), 3 60
(tH, br, H-3), 4 80 (2H. br s, H-17). 545 (1H. 5, H-6 and H-7),
EIMS m/z (rel mt) 302 [M]" (5). 284 (26), 269 {100). 2606 (10),
251 (16), 241 (10), 223 (25), 211 {38), 209 (8), 199 (15)

Partial acetylation of 8 Compound 8 (2 g) in pynidine (15 ml)
was treated with Ac,0 at 0’ for 25hr Usual work-up and
chromatography of the residue, eluting with petrol-EtOAc,
afforded 7 (650 mg) Further elution gave ent-3f-acetoxy-18-
hydroxykaur-6.16-drene (9) (200 mg), mp 108-110", [M —~HOAc
—Me]*] at 269 1853 C,,H,:O requires 269 1905, 'H NMR
(90 MHz) 6 073 and 103 {each 3H s).202 (3H, 5), 301 and 3 48
(each 1H. d, J =12 Hz, H-18), 4 90 (2H, br. H-17), 4 98 (1H. t. H-
3), 557 (2H, s, H-6 and H-7), EIMS m/z (rel nt) 284 [M
—HOACc]™ (13), 269 (64), 266 (40), 251 (72),223(17), 211 (24). 199
(30), 195 (11), 183 (19) Further elution gave ent-3f-hydroxy-18-
acetoxykaur-6,16-diene (10) (1 2 g), mp 131-133°, [M —HOAc
—~Me]* at 2691904 C,H,s0 requires 269 1905. 'H NMR
(90 MHz) 6093 and 1 00 (each 3H, 5). 2 11 (3H, s). 348 (IH, br,
H-3), 381 and 4 29 (each 1H,d. J = 12 Hz, H-18),4 48 (2H, br, H-
17), 555 (2H, s. H-6 and H-7). EIMS m/z (rel int) 284 [M
—~HOAC]" (8). 269 (30), 266 (21), 251 (11), 223 (10}, 211 (13), 199
(16), 195 (9), 183 (12)

Transacetylation of 10 Compound 10 (1 2 g) in CHCl; {20 ml)
was treated with conced HCI (two drops) at room temp for § hr
Neutrahzation with NaHCO,, extraction with EtOAc¢ and chro-
matography of the residue, eluting with petrol-EtOAc (5 1),
gave 10 (450 mg), a mixture of 9 and 10 (300 mg) and 9 (280 mg)

ent-38-Acetoxy-18-c hlorokaur-6,16-diene (11) To the mono-
acetate 9 (450 mg) 1n dry pyndme (7 ml) and CCl, (15ml)
triphenylphosphme (1 g) was added and the mixt refluxed for
2 hr Extraction with EtOAc n the usual way and chromato-
graphy of the residue. eluting with petrol-EtOAc, afforded
compound 11 (460 mg), mp 117-119°, [M]' at 3621995
C,,H;,0,Cl requires 362 2013, 'H NMR (60 MHz) 4093 and
101 (each 3H,5).202(3H, ), 342 (2H, br s, H-18),4 85 (2H, br, H-
17), 503 (1H, r. H-3), 549 (2H, br 5, H-6 and H-7), EIMS m/: (rcl
mt) 362 [M]* (18), 347 (5), 319 (22). 302 (7). 291 (21). 287 (92),
267 (34), 253 (28), 225 (11), 211 (16). 199 (100}

Reduction of 11 Compound (11) (460 mg) in dry toluene (8 ml)
was added dropwise to a refluxing soln of tri-n-butyl tin hydnide
(0.5 ml) and azobisisobutyronitrile (trace) in dry toluene (5 mi)
The mixt was allowed to 1eflux for a further 18 hr when the
solvent was evapd and the residue dissolved in Et,0, An ag soln
of KF was added and the ppt sepd by filtration The ether
fraction was dried (Na,SO,) and the solvent evapd Chromato-
graphy of the residue, eluting with petrol-EtOAc (9 1) afforded
ent-3f-acetoxykaur-6.16-diene (12) (320 mg), mp 124126 .
[M]" at 3282397 C,,H;,0, requires 3282402, 'H NMR
(60 MHz) 0 088 (6H, ). 097(3H, s}, 203 (3H, 5. 4 52 (1H, m, H-
31L4.82(2H, br, H-17), 5 53 (2H. br <. H-6 and H-7), EIMS miz (rel
mt ) 328 [M]*(20), 269 (34), 268 (22). 253 (100), 225(46), 211 (13)
199 (100)

Hydrolysis of 12 The monoacetate 12 was treated as described
above for 7 giving ent-3f-hydroxykaur-6,16-diene (1), mp
171-173 " (from MeOH-EtOAc). [M]" at 2862321 C,,H,,0
requires 2862297, 'H NMR (200 MHz) 4073, 096 and 10!
(each 3H, ), 325 (1H, m, H-3), 4 83 (2H. b1 s, H-17), 543 (1H, dd.
J=3and 11 Hz, H-6), 563(1H.d. /=11 Hz, H-T). EIMS m.z (rel
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nt) 286 [M]* (27), 271 (8), 253 (80), 225 (24), 215 (13), 199 (68),
197 (14), 185 (25), 183 (13)

Incubation expt G fuytkurot (ACC 917), mhibited with 5
x 107> AMO 1618, was grown i shake cultures at 257 for | day
i 75 conical flasks {250 ml), each contaiming sterile medium
(SOml) ent-38-Hydroxykaur-6,16-diene (1) (200 mg) tn EtOH
(30 ml) was distributed equally among the flasks and the incu-
bation allowed to continue for 4 further 5 days The broth was
then filtered, adjusted to pH 2 with dit HC| and extracted with
EtOAc The mycelium was treated with hiquid N, crushed with a
mortar and extracted with EtOAc The two extracts were
combmed and sepd into aadic and ncutral frachions with
NaHCO, The neutral fraction was chromatographed on sthica
gel. Flution with petrol-FtOAc gave starting material (50 mg)
and ent-6a,70-epoxy-3f-hydroxykaur-16-ene (13) (27 mg), mp
181-183°, [M]* at 3022245 C,,H,,0,requires 3022244,
"H NMR (200 MHz) §0.92,098 and 1 13 (cach 3H, 5), 291 (1H,
d,J =4 Hz H-7),3.08 (1H,dd, J =2 5 and 4 Hz, H-6), 324 (1H, 1,
H-3), 4 84 (2H, br 5, H-17), EIMS m/z (rel nt.) 302 [M]* (3), 287
(6), 284 (5), 269 (13), 243 (7);241 (10), 236 (9), 227 (8), 199 (8), 189
(15
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