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Abstract: The biotransformation of ribenone (enf-3-0x0-13-epi-manoyl oxide) (4) by the fungus
Gibberella fujikuroi led to compounds hydroxylated at C-1(ax), C-6(8), C-11(B) or C-12(B), in addition
to the 2,3-seco diacids 15, 17 and 19. © 1999 Elsevier Science Ltd. All rights reserved.
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The microbiological transformation of diterpenoids with fungi has been one of the aims of our studies in
recent years. The fungus Gibberella fujikuroi produces ent-13-epi-manoyl oxide (1), a labdane diterpene which
seems to be a final metabolite of a biosynthetic branch.! In a previous work we have examined the
biotransformation by this microorganism of two alcohols, ent-33-hydroxy-13-epi-manoyl oxide (ribenol) (2)
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such as a hydroxyl, may induce the fungus to transform these substrates. In relation to these works we have
now studied the microbiological transformation of ribenone (4). Other authors have carried out the
biotransformation of this diterpene with Curvuiaria Iunata® and Fusarium moniiﬁormis.4 In another work we

have also examined the biotransformation of two manoyl oxide derivatives of the normal series, jhanol and

2 M b el Py
jhanidiol, by G. fujikuroi.

The substrate utilized was the diterpene ribenone (4), which had been isolated for the first time from
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also be prepared by oxidation of ribenol ( 2).9 The incubations with G. fujikuroi were carried out in the
presence of AMO 1618, a compound that inhibits the formation of ent-kaur-16-ene by this fungus, without

disturbing post-kaurene metabolism, which facilitates the isolation of the metabolites formed.'™!! The
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he broth and mycelium extracts were combined.
Chromatography of the extract of the incubation of 4 gave the metabolites 5-9, 11-13, 185, 17 and 19.

The structure of 1a-hydroxy-ribenone (5) was given to one of the metabolites obtained on the basis of
the following considerations: The high resolution mass spectra did not show the molecular ion, but gave a
fragment at m/z 305.2106 (C19H2903) formed by loss of a methyl group. Its 'H NMR spectrum was very
1 group appearing as a double doublet

n
r
3.95. The coupling constants (J = 7.9 and 4.7 Hz) indicated that the hydroxyl group must be equatorial
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chosen considering the relative low value of the greater



alcohol must be located at C-1(c) in the cyclohexanone ring, which is a deformed chair. This assertion was
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then confirmed by the 1>C NMR spectroscopic data (t

DECtroscopic (table 1). O
permitted us to assign the H-2(a) and H-2(B) resonances at § 2.32 and 2.98. Therefore, the structure of ent-
1B-hydroxy-3-oxo0-13-epi-manoyl oxide (5) was assigned to this substance.

r\l nl ad was

§, whi
molecular ion with two units fewer and the appearance of two new vinylic protons in the 'H NMR spectrum at
8 5.86 and 7.14 (J = 10.2 Hz). The chemical shifts of these hydrogens indicated that this new double bon

introduced into the molecule must be conjugated with the oxo group, which was confirmed in its IR and UV
spectra. Thus, the structure of this substance was assigned as ent-3-oxo-1-en-13-epi-manoyl oxide (6). This

compound must be an artifact which has been formed during the extraction procedure, because it was als

[

produced when compound 5 was left, dissoived in CDCls, in a NMR tube for several days. The substances 5§
and 6 were the sole compounds previously obtained in the biotransformation of 4 with F. monilzfonnis."
Another metabolite obtained in this feeding with G. fujikuroi was 11B-hydroxy-ribenone (7). In the high

resolution MS the molecular ion appears at m/z 320.2355 indicating that the molecular formula of this

alcoholic group, because its TH NMR spectrum showed a proton geminal to a new hydroxyl group at  4.18 as
a triple doublet (J = 9.6 and 4.5 Hz). This coupling permitted us to assign the alcohol group at C-6(B) or C-
11(B). The latter position was chosen considering the assignment of the :>C NMR spectra of this alcohol (7)

and its acetate (7a) (table 1). Therefore, the structure of this metabolite was determined as ent-11a-hydroxy-3-

0x0-13-epi-manoyl oxide (7). This product was identical with one previously isolated from the resinous wood

of E. agallocherl.8

a mnlaclar facrmnla

. . . .
The following metabolites obtained in t 1 0ave & MC:CUAaT 10imua

A Erw AWiR ERAWOMAI VR W

W
ton geminal to the hydroxyl group at & 3.83 as a triple doublet with coupling constants of 11.3 and 4 4 Hz.

These couplings are characteristic of an axial hydrogen geminai to an aicoholic group at C-6(B) or C-11(j).

al
The first position was assigned considering the 3C NMR data (table 1). Thus, the structure of ent-6a-hydroxy-

4.08 as a triplet (J = 3.1 Hz). This coupling constant is typical of an equatorial proton geminal to a hydroxyl
group located at C-1(B), C-7(B) or C-12(B). The last position was chosen, considering that the resonance of

the two H-15 were affected by the presence of this hydroxyi group. Then, the position of the 12f3-hydroxyi was
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definitively assigned considering its 3¢ NMR spectrum. This fact was chemically confirmed by sodium

borol vdrtde eduction of this comnound. which led to varodiol (10), w
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varoi.! Conscquently, its structure was determined as ent-12a-hydroxy-3-oxo0-13-epi-manoyl oxide (9).

To another metabolite obtained in this biotransformation was assigned the structure of ent-11e,12at-

accordance with the molecular formula C;oH3,04 indicating that two oxygen atoms have been introduced into
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spectrum the hydrogens of the hydroxyi groups also appeared, as two doubiets at § 2.13 J =6
(J = 7.8 Hz) coupled with the H-12 and H-11, respectively, which indicated the existence of hydrogen bonds.
All these data pointed to C-6(8), C-7(f3) or C-11(B), C-12(B) for location of these two hvdroxvl erou

= T \Fs

Since the resonance of the two H-15 were different from those observed in the substrate we assigned these

alcohols at the aforementioned positions of ring C, which was confirmed by assignment of the Bc NMR

anantern A 11 and 11a ftahla 2)
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Compound 12 has the molecular formula CyoH3z403. Its 'H NMR spectrum showed resonances of
protons geminal to two alcoholic grouns at § 342 (t. 1 = 2.8 Hz) and 408 (t. J = 3.5 Hz). which indicated
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considering its molecular formula, that the 3-oxo group of ribenone (4) had been reduced into an alcohol group
during the fermentation and that a new hydroxyl had also been introduced into its molecule. The chemical

shift and couplings of the second geminal hydrogen were similar to those observed in the product 9 and were

w4 f= ot =22 ¥ =1 =2 =t A
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consequentiy assigned to C-12(f). The former hydrogen was located at C-3(B) . Thus, the structure of this

metabolite was determined as ens-3a,120-dihydroxy-13-epi-manoyl oxide (12) and then confirmed by

reduction of the 3-oxo group of ribenone (4) has also been observed in its incubation with C. lunata®
Interestingly, the microbiological reduction with both fungi, G. fujikuroi and C. lunata, produced the B-

alcohol, while the borohydride reduction (see above) afforded the a-alcohol.

A series of 2,3-seco-acids were also formed in this biotransformation. Thus, the most simple of these

formed by loss of a methyl group. Thus, its molecular formula was determined as CyoH3;0s. In its 'H NMR
spectrum the characteristic H-2 signals of the substrate 4 did not appear, which indicated that the structure of
ring A of the molecule had been altered during the incubation. This compound was converted into dimethyl

ester 14 by methylation with diazomethane. These facts, the presence in the 'H NMR spectrum of 13 of five



C 4

1 38.1
2 33.7
3 2174
4 472
5 54.5
6 20.7
7 42.0
8 75.5
9 57.5
10 36.3
11 16.3
12 347
13 73.6
14 147.2
15 109.7
i6 325
17 232
18 26.6
19 208
20 154
C 9a

1 379
2 336
3 217.2
4 473
5 54.5
6 20.7
7 41.6
8 76.2
9 49 4
10 357
11 218
12 71.2
i3 75.0
14 146.3
15 1111
16 27.1
17 233
18 26.6
19 20.8
20 15.3
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Table 1. 1*C NMR spectroscopic data of compounds 4-9

5 Sa
78.0 78.8
45.1 415
2146 2143
47.1 46.7
50.9 50.4
20.5 20.5
41.7 417
75.5 75.2
58.2 57.5
42.5 41.0
181 176
348 347
73.5 73.4
147.1 1472
109.9 109.8
326 325
233 23.1
27.5 28.2
200 19.8
111 12.0

Table 2. 1>°C NMR spectroscopic data of compounds 9a, 11-14 and 17

11 11a
39.6 398
338 336
219.6 2196
476 475
548 53.9
209 206
423 416
n.o. 76.6
56.1 53.0
376 372
67.0 68.6
72.6 71.4
n.o. 75.8
146.2 144.8
1116 112.1
259 27.2*
255 245
26.9 26.4°
20.9 208
15.9 16.5

%> These values can be interchanged.
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this metabolite was determined as ent-2,3-seco-13-epi-manoyl oxide 2,3-dioic acid (13). This structure was

confirmed by a 2D NMR study (COSY, HMQC and HMBC) of the dimethyl ester 14.
h
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WY ST aciag 12

nother

Fati A%

e incunhation which wers hudrawvulatad at
W SAANY NS wd ll]“luﬂ,luw “aL

the same positions, C-1(at), C-6(B) and C-11 (B), respectively, as the metabolites also derived from ribenone
described above. Compound 15 was obtained in the monomethyl ester form 16 by methylation of the fractions
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containing it. Its structure was determined on the basis of the following considerations: Its high resolution MS

was in accordance with the formula Cy;H140¢. The H NMR spectrum showed resonances of five methyls, a

methoxy group, a vinylic group and a proton geminal to a alcoholic group. This last signal appears as a sharp
singlet at 6 4.54, which indicated that the hydroxyl group must be situated at C-1. Its a-stereochemistry [1(R)-

OH group
The arguments used above in the assignment of the hydroxyl groups at C-6(f) and C-11(B) in
compounds 8 and 7 were the same ones utilized to locate them in substances 17 and 19, respectively, and

consequently we will not repeat them. On the other hand, the formation of the single methyl esters 16 and 18,
in the reaction of 15 and 17 with diazomethane, should be explained considering an association by hydrogen

bhridoes hetween the 3_avn
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formation of 20 occurs by the association of the 11-OH with the 2-oxo group.

Several consequences may be deduced from the results obtained in the biotransformation of 4:

1) his incubation confirmg that althot gh ent-13-epi-manoyl oxide (1) may be a final metahalite in

G. fujikuroi, the introduction of a new oxygenated function in its molecule, as occurs in 2, and also in 3 and 4,
may lead the fungus to transform these compounds. This may be due to the increase in polarity with respect

ansport across membra
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2) The oxidation at C-19, which occurs at alcohol, aldehyde and acid level, after the formation of ent-
kaur-16-ene in the biosynthetic pathway of gibberellins and kaurenolides, is not produced in the incubation of
4, or in the biotransformations of ribenol (2) and the 19-hydroxy-derivative 3. On the other hand, the
hydroxylations at C-11(B) and C-12(B) produced in this feeding were also observed in the fermentation of 2,

whilst those at C-12(f8) and C-(7a) were produced in the incubation of 3.2 The non-oxidation of C-19 and

epi-manoyl-oxide derivatives. We have shown that an oxygen atom situated on the a-face of ring D in ent-

kaurane products, for example a 15(1,16(1-3;)0)()/;13 a 15a- or a 16a-hydroxy derivative;m’15 inhibits oxidation

at C-19 and directs the hydroxylation at C-11(B) and C-7(c). Thus, the substrates in both cases, in these ent-
kaurane and ent-13-epi-manoyl oxide derivatives, possess an oxygen atom in a similar spatial region.

oint of view, in relation

AV,

3) The formation of the 2 3-seco-acids is very mferequﬂ from the hmq nthetic

p
to the specificity in the substrate of the enzymes invoived in the metabolism of G. fujikwuroi, and of the
characteristics of the receptor involved in this process. In this microorganism, seco-ring B compounds such as
fujenal (21) (or the corresponding diacid 22) and the triacid 23, are mainly formed from 783-hydroxy-kaur-16-

TS

en-19-oic acid (24), via the 63, 7B-dihydroxy derivative 25,15“1 and, in a lesser proportion, from 7B-hydroxy-

18,19

kaurenolide, via the 6a,,73-diol 26. On the other hand, it has been shown that ent-7-oxokaur-16-en-19-oic
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acid (27) was completely metabolized to the triacid 23 by a G. fujikuroi mutant.’® Thus, the formation of the

om 4 muet accur in a similar wav to the triacid
from 4 must occur i a synilar way to the tnacid

3 from 27. This 7-0x0 den'unf'\n: 27 does

2,3-seco-acid 13 23 from 27. This 7
not appear to be a natural metabolite of the fungus.

4) We have determined the low energy conformations of ribenone (4) and of enr-7-oxo-kaurenoic acid
(27) using computational methods. Then, we have compared both structures, superimposing carbons 1, 2 and 3

\

of 4 with 5k, 6k and 7k of 27 [k of kaurene] observing the superimposing and equivalence of the other carbon
atoms of ring A and B of these molecules, respectively, such as 4 (8k), 5 (9k) and 10 (10k), and also of other
carbon joined to these rings, such as 6 (11k), 9 (1k), 18 (15k), 19 (14k) and 20 (20k) (Figure 1). These facts
seem to indicate the same type of receptor, and consequently that the same enzyme(s) is (are) probably
involved in the formation of the seco-acids 13 and 23.

5) If the same enzyme(s) is (are) involved in the cleavage of ring A of 4 and ring B of 27, it is clear that
the presence of an acid group at C-19 in the latter is unnecessary for the cleavage of ring B to take place.

6) The mechanism of formation operating in the biotransformation of 27 into 23 has not been studied,
but its analogy with the biotransformation reported herein of ribenone (4) into 13 can afford some insight. It is
interesting that in both cases aldehyde intermediates were not obtained, which seems to indicate the absence of
precursors of the type 6B,7B- (25) or 6a,7B-diol (26) in the former process, or of a 2f3,3B-diol in the latter.
However, this is not conclusive proof, because a rapid oxidation of aldehydes to acids should be produced,
although fujenal 21 is a relatively stable and abundant compound of the fungus. Therefore, intermediates of the
type 6-hydroxy-7-oxo- or 2-hydroxy-3-oxo- as precursor of 23 or 13, respectively, seem more probable.

We must also consider that now in the incubation of 4 a reduction of the 3-oxo group to the 3f-alcohol

case, a bioreduction of the 7-oxo of 27 to give the gibberellin precursor 24, as a first step in the formation of

the 6p,7B-diol 25, does not occur, because gibberellins were not obtained in the biotransformation of 272
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VW€ HNK 1natl ne 101mation 01 £,3-3¢C0-dC1as 1M LS 1€CUl 1 4 WILN 1. JUjiKu, Uroi 1 Opens 4 Imeresting

issue pending resolution, the mechanism of the quantitative formation of the 6,7-seco-acid 23 in the incubation

of 7-oxo-ent-kaur-16-en-19-oic acid (27) with this ﬁmgus,20 and its relation, if any, with the natural formation

1£ 17

of fujenal (21) and the triacid 23."™"" The study of the formation of these seco-ring compounds is very

interesting for two main reasons: a) In this fungus a relationship has been suggested between the production of

gibberellins and that of the seco-acids, because from 24 a similar enzyme may form gibberellin A;; aldehyde or

19

the 68,7B-dihydroxy-derivative 25,2 ! and also the ring-cleavage of the latter. ~ b) There is another important

~

group of natural eni-kaurene derivatives with a seco-ring B skeleton, such as enmein (29), which possess
antitumoral, antibacterial, insect antifeedant and plant growth inhibitory properties. More than 50 diterpenes of

nera Isodon and Rabdosia (Labiata }_22’23
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Figure 1. Comparison of the structures of ribenone (4) and 7-oxo-eni-kaur-16-en-19-oic acid
(27) superimposing the C-1, C-2 and C-3 of the former over C-5, C-6 and C-7 of the latter.
The nnmhprma of 4 has h

een indicated. The hvdrooen atoms have been omitted for reasons
been ndicated. 1he hydr n atoms ve been omutted for reasons
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EXPERIMENTAL

Mps were determined with a Reichert Thermovar apparatus and are uncorrected. IR and UV spectra
were recorded in a Bruker IFS 55 and a Jasco V-560 spectrophotometer, respectively. 'H NMR spectra were
recorded in CDCI3 soiutions at 200.1 and 500.1 MHz, with a Bruker AC-200 or a Bruker AMX2-500
spectrometer respectively and the l3C NMR spectra were run at 50 3 MHz, with a Bruker AC-ZOO Low- and

-~

O nemblmcmentimma A matontmarzens amaeor: amd macammnmtinmm AL cdm:adiiman cermma

specirometer, lcapcuuvcny Conformations of minimum energy and uuulpaubuu of structures were determined
by computational methods employing the Hyperchem 5.1 program of Hypercube Inc. Dry column
chromatographxes were made on silica gel Merck (0.02-0.063 mm). The fungal strain was Glbberella Sfujikuroi
(IMT 58289) from the International Mycological Institute, Englefield Green, Egham, Surrey, UK.

Incubation procedure and isolation of products. The fungus G. fujikuroi inhibited with 5x10° M
AMO 1618 was grown on shake culture at 25°C for two days in 75 conical flasks (250 ml), each containing 50
ml of sterile medium.' ' The substrate 4 (220 mg) dissolved in EtOH (15 ml) was equally distributed among the
flasks and the incubation allowed to continue for a further six days. The broth was filtered and extracted with

EtOAc. The mycelium was treated with liquid nitrogen, crushed with a mortar and extracted with EtOAc.
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1 he two exiracts were comoi neq, aricd dnu concentrai€da. unrom Lugwpn OI tneé resiaue on siiica g¢Cl, cnuung
with natral BN A~ mivtirag gave ctartina matoral f4) (R mrv\ ant‘=‘|=nn 1=nvn_11_ani mannnl nvida (K
witll P VIS W\ IIIAALUIDJ’ ﬂ v olal llll5 1tiddiwiiQalr \ I \UU 113 , I ATNVILTTTVUANT R I l 11 IIU 1 VAU \\l}
(3 mg), ent-1(3-hydroxy-3-oxo-13-epi-manoyl oxide (5) (8 mg), ent-1la-hydroxy-3-oxo- 13-ep1-manoyl oxide

(7) (4 mg), ent-6a-hydroxy-3-oxo-13-¢pi-manoyl oxide (8) (9 mg), ent—lZa-hydroxy-3 -0x0-13-epi-manoyl
oxide (9) (14 mg), ent-6a-hydroxy-2,3-seco-13-epi-manoyl oxide-dioic acid (17) (3 mg), emt-1la,12a-
dihydroxy-3-oxo-13-epi-manoyl-oxide (11) (5 mg), ent-2,3-seco-13-epi-manoyl oxide-2,3-dioic acid (13) (6
mg), ent-1B-hydroxy-2,3-seco-13-epi-manoyl oxide-dioic acid (15) (2 mg), ent-11a-hydroxy-2,3-seco-13-epi-
manoyl oxide-dioic acid (19) (4 mg) and ent-3a,120-dihydroxy-13-epi-manoyl oxide (12) (5 mg). Compound
(15) was identified in 3-methyl ester form (16) by methylation with diazomethane of the fractions containing it.
ent-1B-Hydroxy-3-0x0-13-epi-manoyl oxide (5). White needles, m.p. 114-116°C (MeOH); [M-CH;3]"
at m/z 305.2106, C,9H3903 requires 305.2116; LR. (CHCI3) vmax 3350, 1695, 1400, 1370, 1100, 905 cm'l; '‘H
NMR (500 MHz) § 0.78, 1.03, 1.07, 1.14 and 1.26 (each 3H, s), 2.32 (1H, dd, J = I47and47Hz,H-2) 2.98

A Y SITT

(1H, dd, J = 14.7 and 7.9 Hz, H-2), 3.95 (iH, dd, J = 7.9 and 4.7 Hz, H-1), 4.93 (iH, d, J = 11 Hz, H-15),
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4.99 (1H, d, T = 17.9 Hz, H-15), 6.00 (m dd, J=17.9 and 11 Hz, H-14); EIMS m/z (rel. int.) 305 [M-CH3]
(is‘a) 287 (11) 278 (1), 269 (2), 264 (1), 2 ( 0), 213 (3). Acetate (Sa). [MJ at m/z 362, 2467, CaaH2404

710, 1450, 1410, 1235, 1090, 1070, 990 cm™; 'H NMR (500
H ), 2.05 (3H, 5), 271 (1H, dd, J = 156and31Hz,H-2)
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ent-3-0xo-1-en-13-epi-manoyl oxide thte needles (petroleum ether-EtOAc), m.p. 170-173°C;
fM] at m/z 302.2240, CygH390; requires 302. 2245 U. V (EtOH) Amex 228 nm (e = 6.42 x 103\ LR, {film)

LA IaA S SN

Vmax 2930, 1660, 1450, 1400, 1260, 1090, 1075, 910 em™; "H NMR (500 MHz) § 0.98, 1.07, 1.15, 1.16 and
1.30 (each 3H, s), 4.96 (1H, d, J = 10 Hz, H-15), 5.01 (IH, d, J = 18 Hz, H-15), 5.86 (IH, d,J= 10.2 Hz, H-
2), 6.03 (1H, dd, J = 18 and 11 Hz, H-14), 7.14 (1H, d, J = 10.2 Hz, H-1); EIMS m/z (rel. int.) 302 [M]" (2),
287 (100), 275 (3), 232 (5), 217 (5), 213 (9), 204 (20), 199 (5), 189 (13), 185 (6).
ent-11a-Hydroxy-3-ox0-13-epi-manoyl oxide (7). White needles, m.p 117-119°C (MeOH); M]" at
m/z 320.2355, C30H3,0; requires 320.2351; "H NMR (500 MHz) & 1.01, 1.05, 1.12, 1.25 and 1.28 (each 3H,
s), 1.38 (1H, d, J = 9.6 Hz, H-9), 2.50 (3H, complex signal, H-2 and H-12), 4.18 (1H, td, J = 9.6 and 4.5 Hz,
H-11),4.96 (1H, d, ] = 11.1 Hz, H«lS) 5.09 (IH, d, ] = 17.9 Hz, H-15), 6.01 (1H, dd, J =179 and 11.1 Hz,
H-14); EIMS m/z (rel. int.) 320 [M]" (4), 305 (100), 293 (2), 287 (45), 275 (3), 269 (16), 257 (2), 235 (13),
217 (12). Acetate (7a). White needles, m.p 141- 144°C [M] at m/z 362.2461, Cy;H3404 requires 362.2457;
ILR. (CHCI3) upax 2900, 1710, 1115, 1060, 910 cm” ; HNMR (500 MHz) 6 0.94, 1.04, 1.12, 1.25 and 1.32
(each 3H, s), 1.65 (lH =10.1 Hz, H-9), 2. 05 3H, s) 47 (3H, complex signal, H-2 and H—lZ) 5.00 (1H,
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1. OHz H-m EIMS s (rel mnszo [M] (4) 305 (100), 287 ( 1), 269 (17), 250 1
204 (13), 199 (8), 189 (6), 177 (6). Acetate (8a). [M]" at m/z 362.2463, C22H3404 requxres s 362. 2457; L
(film) Lmax 2930, 1700, 1460, 1380,1090, 915 cm™; "H NMR (500 MHz) § 0.68, 1.05, 1.14, 1.26 and 13
(each 3H, s), 205 (3H, s), 2.10 (1H, d, J = 11.3 Hz, H-5), 2.20 (1H, dd, J = 11.3 and 4.3 Hz, H-7), 2.37 and
2.74 (each 1H, m, H-2), 4.95 (3H, complex signal, H-6 and H-15), 5.98 (1H, dd, J = 18.3 and 11.1 Hz, H-14),
EIMS m/z (rel. int.) 362 [M]" (1), 347 (33), 287 (100), 269 (28), 232 (9), 217 (20), 204 (30), 199 (11).
ent-12a-Hydroxy-3-0x0-13-epi-manoyl oxide (9). Colorless oil; [M]+ at m/z 320.2357, Cy0H320;
requires 320.2351; LR. (CHCl3) vmax 3400, 2900, 1690, 1075, 905 cm™’; 'H NMR (500 MHz) & 0.81, 0.99,
1.06, 1.17 and 1.23 (each 3H, s), 2.47 (2H, m, H-11), 4.08 (1H, t, J = 3.1 Hz, H-12), 4.95 (1H, d, J = 18.1 Hz,
H-15), 4.97 (1H, d, ] = 11.4 Hz, H-15), 6.05 (1H, dd, J = 18.1 and 11.4 Hz, H-14); EIMS m/z (rel. int.) 320
M1 (2), 305 (3), 302 (2), 293 (1), 287 (2), 277 (16), 250 (7), 235 (2), 217 (2), 207 (73). Acetate (9a). [M]"
at m/z 362,2461, C32H3404 requires 362.2457; LR. (film) vnax 2930, 1380, 1730, 1700, 1170, 1080, 920 cm'i;
'H NMR (500 MHz) & 0.83, 1.03, 1.11, 1.12 and 1.29 (each 3H, s), 2.13 (3H, s), 5.03 (1H, d, ] = 11.4 Hz,
H-15), 5.08 (1H, d, J = 18.2 Hz, H-15), 5.37 (1H, t, J = 3.1 Hz, H-12), 6.05 (1H, dd, ] = 18.2 and 11.4 Hz, H-
14); EIMS m/z (rel. int.) 362 [M]" (1), 347 (3), 335 (1), 302 (5), 292 (5), 287 (7), 232 (8), 206 (100).
Keuucuon of 9 L,ompouna 9 UU mg) in MCUH (4 ml) was treatea at room temperature ana snrreu
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ent-lla,12a—D1hydroxy-3-ox0—13 epi-manoyl oxide (11). [M] at m/z 336.2313, CyoH3;04 requires
) Umax 3600, 2930, 1740, 1700, 1130, 955 cm 1 lg NMR (500 MH2) 8 1.03 1.05, 1.12,
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13
AN (IH > T (A2 % i, ART2 i),
H,d J= 18Hz H-IS) 6.0 (1H, dd, J = 18 and 11, 2 Hz, H-14): EIMS m/z (rel
int.) 336 [M] (1), 321 (_3), 318 (1), 309 (2), 293 (9), 285 (3), 279 (2), 275 (7), 266 (9), 248 (11), 235 (6), 207
(31). Diacetate (11a). []TVI_I+ at m/’z 420.2511, Cy4H3¢0¢ requires 420.2511; LR. (film) vpay 2930, 1740, 1710,
1460, 1370, 1240, 1130, 1080, 1030, 1020, 980 cm’’; 'H NMR (500 MHz) & 0.85, 1.04, 1.13, 1.14 and 1.39
(each 3H, s), 2.00 and 2.16 (each 3H, s), 2.16 (1H, d, J = 11.6 Hz, H-9), 5.11 (1H, d, J = 11.4 Hz, H-15), 5.38
(1H, d, J = 18.2 Hz, H-15), 5.53 (1H, dd, J = 11.5 and 3 Hz, H-11), 5.63 (1H, d, J = 3.0 Hz, H-12), 5.97 (14,
dd, J=182and 11.4 Hz, H-14); EIMS m/z (rel. int.) 420 [M]" (7), 405 (7), 360 (7), 350 (41), 345 (8), 335
(32), 308 (13), 303 (13), 290 (100), 285 (53), 275 (24), 248 (97), 230 (18), 215 (10), 206 (24).
ent-3a,12a-Dihydroxy-13-epi-manoyl oxide (12). White needles, m.p. 202-205°C (MeOH), [M]+ at
m/z 322.2534, CaoH3403 requires 322.2507;, LR. (CHCl3) vmax 3550, 3400, 2900, 1695, 1440, 1370, 1070,
1050, 905 cm™'; 'H NMR (500 MHz) § 0.77, 0.83, 0.96, 1.25 and 1.26 (each 3H, s), 3.42 (1H, t, J = 2.8 Hz,
H-3), 4.08 (IH, t, ] = 3.5 Hz, H-12), 498 (IH, d, J = 18.2, H-15), 499 (1H, d, J = 11.4 Hz, H-15), 6.08
(1H, dd, J = 18.2 and 11.4 Hz, H-14); EIMS m/z (rel. int.) 322 [M]" (1) 304 (9), 295 (1), 289 (2), 286 (16),
277 (6), 271 (16), 259 (6), 219 (3), 201 (3). Diacetate (12a). [M-CHg] at m/z 391.2488, C,3H350s requires

391 2484; LR. (film) vpax 2920 1730 1450 1370, 1120 960 cm™; 'H NMR (500 MHz) 6 0.75, 0.86, 0.88,
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17 9 and ll Hz, H-14), EIMS m/z (rel mt ) 380 [M] (1), 365 (100) 5 (7),
(7), 291 (35), 273 (22), 261 (14), 237 (5), 229 (11).
ent-18-Hydroxy-2,3-seco-13-epi-manoyl oxide-2,3-dioic acid 3-methyl ester (16). [M]+ at m/z
382.2373, Cy1H3406 requires 382.2355; T.R. (film) vmax 3400, 2930, 1740, 1460, 1380, 1290, 1150, 860 cm'l;
"H NMR (500 MHz) 6 1.04, 1.15, 1.23, 1.29 and 1.33 (each 3H, s), 3.77 (3H, s), 4.54 (1H, s, H-1), 4.95 (1H,
d, J=11 Hz, H-15), 4.98 (1H, d, ] = 18 Hz, H-15), 6.99 (1H, dd, J = 18 and 11 Hz, H-14); EIMS m/z (rel.
int.) 382 [M]" (1), 367 (1), 349 (62), 337 (2), 317 (14), 307 (4), 299 (2), 279 (16), 271 (6), 219 (6), 217 (2).
ent-6a-Hydroxy-2,3-seco-13-epi-manoyl oxide-2,3-dioic acid (17). [M-H20]+ at m/z 3502126,
Cy0H3005 requires 350.2093; 'H NMR (500 MHz) 5 0.95, 1.16, 1.21, 1.34 and 1.44 (each 3H, s), 2.40 (1H,
dd, J=112 and 4.0 Hz, H-7), 2.47 (1H, d, ] = 11.6 Hz, H-5), 2.48 and 2.58 (1H each, d, J = 15.9 Hz, H-1),
4.25 (1H, ddd, 1 = 11.7, 1163nd4ﬁz H-6), 4.96 (1H, d, J =11 Hz, H-iS) 5.00 (IH, d, J = 17.9 Hz, H-15),
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6.01 (1H, dd, J = 1/ 9 and 11 Hz, H-14); EIMS m/z (rel. int.) 350 [M-H,0]" (1), 335 (100), 332 (1), 317 (22),
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299 (2), 289 (3), 283 (6), 275 (31), 271 (5), 263 (6), 257 (4), 219 (17), 205 (10), 203 (4), 197 (10), 193 (12),
179 (8) Z-M(‘:thyi ester (18). [M]" at m/z 382.2374, Cy H3406 requires 382.2355; LR. (film) vmax 3600,
2920, 1770, 1730, 1460, 1290, 1150, 910 e 'H NMR (500 MHz) 6 0.93, 1.15, 1.20, 1.33 and 1.43 (each
AT N 2 2W LT Ad T =11 T and AT T\ 242 4 T =11 T H> IT &Y 242 and 2 &9 (1LY anabk 4 T
JX, 3], L.07 1K, U4, I Li.7 allu ™ 114, 1177 J, &£.734 (111, U, J 11.7 & 1~J), 4£.%J alld £.J4 (111 cauil, U, J
15.9 Hz, H-1), 4.23 (1H, ddd, J = 11.7 and 4 Hz, H-6), 4.95 (1H, d, J = 11.1 Hz, H-15), 4.99 (1H, d, J = 18
Hz, H-15), 6.00 (1H, dd, J = 18 and 11.1 Hz, H-14); EIMS m/z (rel. int.) 382 [M]" (1), 364 (2), 349 (100),
317 (23), 279 (14), 275 (3), 257 (2), 219 (5), 211 (11), 205 (6), 197 (10)
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ent-11a-Hydroxy-2,
335.1863, C19H,703 requires 335.1858,;

at mz
________ , C1oH27 ui 1 At 1

2.13 (1H, dd, J = 13 and 6.6 Hz, H-12), 2.16 (1H, d, J 08H2H9) 234(1Ht]‘13Hz H-12), 2.48
and 2.75 (each 1H, d, J = 14.3 Hz, H-1), 4.77 (1H, ddd, J 13, 10.7 and 6.6 Hz, H-11), 5.01 (1H, d, J=108
Hz, H-15), 5.16 (1H, d, J = 17.4 Hz, H-15), 6.01 (1H, dd, J=17.4 and 10.8 Hz, H-14); EIMS m/z (rel. int.)
335 [M-H,0-CH;]" (83), 317 (4), 299 (1), 289 (23), 275 (6), 271 (6), 267 (5), 221 (37), 219 (9), 203 (2),
201 (5), 179 (10). 2-Methyl ester (20). [M]" at m/z 382.2362, C;;H340¢ requires 382.2355; LR. (film) vgmax
3400, 2930, 2850, 1730, 1250, 1080, 1020, 860 cm’; lHNMR(SO() MHz) 6 1.12, 1.17, 1.20, 1.35 and 1.43
(each 3H, s), 2.13 and 2.50 (each 1H, d, J = 14.3 Hz, H-1), 3.71 (3H, s), 4.74 (1H, ddd, J = 13, 10.7 and 6.7
Hz, H-11), 5.02 (IH, d, J = 10.8 Hz, H-15), 5.15 (1H, d, ] = 17.5 Hz, H-15), 6.02 (1H, dd , J = 17.5 and 10.8
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Hz, H-14); EIMS m/z (rel. int.) 382 [M]" (1), 364 (1), 349 (11), 307 (24), 289 (4), 279 (60), 261 (9).
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