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Abstract

Extraction of Petalostigma pubescens heartwood followed by chromatographic purifications and crystallizations afforded five tricyclic
diterpenes: 5,9-syn-rosanes petalostigmones A and B (1 and 2), the erythroxylane petalostigmone C (3), the norditerpene lactone pub-
escenone (4), and the known ent-cleistanthane diterpene (—)-sonderianol (5). The structures and relative stereochemistry were elucidated
by means of spectroscopic methods, chemical correlations, and, in the cases of 1 and 4, by X-ray crystallographic analyses. The new
isolates 1-4 are assumed to belong to the same absolute configurational family (9aCH3) of ent-pimarane-derived diterpenes as the known
co-occurring (—)-5 (10aCH3). Biogenetic schemes originating from a common ent-copalyl diphosphate intermediate are presented to
rationalize the structures of these natural products. A novel ring contraction-ring expansion mechanism is suggested to account for
the 7-membered B ring of pubescenone. Compounds 1-5 were evaluated for their cytotoxicity; sonderianol (5) showed the highest activity
against mouse leukemia cell lines L1210, P388 and mouse liver cancer cells HEPAlclc7.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction known ent-cleistanthane diterpene (—)-5 from the heart-
wood of Petalostigma pubescens (Fig. 1).!
Species of the family Euphorbiaceae are known as a
source of several structural classes of diterpenes, many of
which exhibit antitumor, cytotoxicity, tumor-promoting, 2. Results and discussion
or antimicrobial activity (Evans and Taylor, 1983; Adolf
and Hecker, 1977). Petalostigma is an Australian genus  2.1. Isolation and structure elucidations
of the Euphorbiaceae which has not been investigated
chemically. We now report the isolation and structure elu- Toluene and chloroform extracts prepared from the
cidations of 5,9-syn rosadienones (1) and (2), the ent-ery-  powdered heartwood of Petalostigma pubescens were frac-
throxydienone (3), ent-norditerpene lactone (4), and the

' The systematic names for the ent-rosane and ent-erythroxylane

diterpenes are as follows: ent-120-hydroxy-5BH-rosa-1(10),15-dien-2-one

(1), ent-5pH-rosa-1(10),15-dien-2,12-dione (2), and ent-120-hydrox-

yerythroxy-1(10),3,15-trien-2-one (3) (Rigaudy and Klesney, 1979; Con-

nolly and Hill, 1991). A systematic name for pubescenone (4) was derived

from that given to fischeria A (Pei et al., 1999) by Chemical Abstracts: (6-
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Fig. 1. Structures of the diterpene ketones (1-5) isolated from Petalo-
stigma pubescens.

tionated by silica gel column chromatography to yield four
new diterpenoids: petalostigmones A, B, and C, and pub-
escenone (1-4), and in addition the known cleistanthane,
sonderianol (5) (Fig. 1).

Petalostigmone A (1), obtained as a white crystalline solid
(m.p. 196-197 °C), was shown to have the molecular formula
C,oH300, according to the HRESIMS molecular ion peak

observed at m/z 303.2329 [M + 1], and from analysis of its
'H and '*C NMR spectroscopic data. The IR spectrum of
1 displayed strong absorptions at 1659 and 3430 cm ' indi-
cating the presence of an o,B-unsaturated ketone and a
hydroxyl group. The '"H NMR spectra (Table 1) exhibited
three singlets that integrated for four methyl groups (o
1.02, 0.93 and 1.11 ppm), and the characteristic pattern for
a vinyl group [0 5.84 dd (J=17.6, 10.9 Hz), 5.12 dd
(J=17.6,0.9 Hz), 5.10 dd (J = 10.9, 1.0 Hz)], attached to a
quaternary carbon which is usually present in pimaranes
and related diterpenes. The signal for the vinyl hydrogen of
the o, -enone moiety appears as a singlet at 6 5.87, and no
correlations to this signal were observed in the COSY spec-
trum. The appearance of nine signals for both methyls and
methines, and eleven signals for both methylene and quater-
nary carbons in the '?*C NMR (Table 2) and APT spectra add
further support for a pimarane diterpene skeleton.

Acetylation of 1 (Ac,0, pyr, 25 °C) afforded a crystalline
acetate derivative, confirming the presence of an unhin-
dered hydroxyl group. The location of the hydroxyl group
(12 OH) and the complete assignments of the 'H and '*C
NMR resonances were deduced from HMQC and HMBC
experiments, together with comparisons of the NMR data
with those for some related diterpenes found in the litera-
ture (Geis and Becker, 2000; Mdee et al., 1998). The struc-
ture and relative stereochemistry were confirmed by an
X-ray crystallographic analysis (Fig. 2).

Reduction of the enone in 1 (iBu,AlH, toluene,
—78 °C) (Wilson et al., 1970) provided a 38:62 mixture of
chromatographically separable diols 6 and 7 (Scheme 1).

Table 1

"H NMR spectroscopic data oy m (J in Hz) for diterpenes 1-4 (CDCls, 500 MHz)

H 1 2 3 4

1 5.87 s 5.72 s 6.20 s 5.94, d (1.7)

2 _ _ _ _

3o 2.11 d (15.5) 2.28 d (16.1) -

3B 2.26 d (15.5) 2.12 d (15.6) 6.05 s -

4 - - - 5.01, d (1.7)

5 2.34 dd (12.1, 4.5) 2.23 dd (12.7, 3.8) - -

60 2.01-2.04 m 2.09-2.13 m 1.40 m 1.39, dt (15.4, 4.0)
6P 1.35 ¢d (12.2, 4.5) 1.48 ¢d (12.8, 3.8) 1.20 m 1.57-1.73 m

Tou 1.49-1.55m 1.43 ¢d (12.8, 3.8) 1.50 m 1.57-1.73 m

7B 1.40 ¢d (12.2, 3.2) 1.70-1.74 m 1.65m 1.57-1.73 m

8 1.47 m 1.99 7 (12.2, 3.5) 1.49 m 2.20 ddd (13.3, 9.0, 3.5)
9 _ _ _ _

10 - - - -

1lo 1.76, app dd (12.1, 4.0) 2.31d(13.5) 2.03 dd (12.5, 4.6) 2.25,d (14.1)

118 1.63, app ¢ (11.8) 2.76 d (13.5) 1.51 ¢ (12.0) 2.80, dd (14.2, 0.9)
12 3.80, app dd (11.6, 3.4) - 3.83 dd (11.6, 4.5) -

13 - - - -

140 1.22 dd (13.3, 2.5) 1.80 7 (13.5) 1.49 m 1.92 ¢ (13.7)

148 1.46 ¢ (13.0) 1.59 dd (14.0, 3.6) 1.50 m 1.61 dd (14.0, 3.9)
15 5.84 dd (17.6, 10.9) 6.20 dd (17.6, 10.9) 5.86 dd (17.3, 10.7) 6.16, dd (17.8, 11.2)
16E 5.10 dd (10.9, 1.0) 5.15 dd (10.9, 0.9) 5.11 dd (10.7, 1.0) 5.18 dd (11.0, 0.7)
16Z 5.12 dd (17.6, 0.9) 5.06 dd (17.8, 0.8) 5.12 dd (17.3, 1.0) 5.08 dd (17.8, 0.7)
17 1.02 s 1.31s 098 s 1.36 s

18 093 s 0.99 s 1.98 s 1.24 s

19 1.02 s 1.00 s 1.37 s 0.70 s

20 1.1ls 1.01 s 1.23 s 1.21 4 (0.9)
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Table 2
13C NMR spectroscopic data (& in ppm) for diterpenes 1-4 (125 MHz,
CDCly)

Carbon 1 2 3 4
1 119.8 119.6 123.3 118.4
2 200.8 200.3 187.0 179.8
3 49.6 48.6 125.9 -
4 34.6 344 167.3 89.7
5 44.5 449 43.4 43.2
6 28.6 28.8 39.3 429
7 28.7 28.2 24.5 344
8 41.3 42.1 39.9 40.0
9 42.8 449 41.7 39.2
10 172.1 170.6 173.6 172.6
11 39.7 48.6 41.3 53.8
12 72.0 213.1 71.9 210.6
13 42.3 50.6 4.3 50.2
14 394 40.3 35.8 42.6
15 147.5 142.3 147.3 141.6
16 113.3 113.0 112.9 113.5
17 15.0 17.8 14.9 18.8
18 253 26.2 19.2 20.1
19 27.8 28.5 27.6 30.1
20 18.4 23.6 19.4 23.5

Fig. 2. The ORTEP drawing of 1.

The major and more polar isomer was obtained in crystal-
line form and tentatively assigned as the 2,12f3-diol (7).
The C-12 hydroxyl group of 1 was removed by tin hydride
reduction (Tormo and Fu, 2002) of the phenyl thionocar-
bonate derivative 8 to give dienone 9, albeit in only 11%
yield. Isomeric diols 6 and 7, and the parent dienone 9,
are plausible biosynthetic precursors to petalostigmones
A and B.

Petalostigmone B (2) was isolated as a white crystalline
solid (m.p. 110-114°C). The HREIMS showed m/z
300.2089 corresponding to C,oH»30,. Its IR spectrum dis-
played two carbonyl peaks at 1656 and 1615 cm ™' and no
absorption in the hydroxyl region. The "H NMR spectrum
was very similar to that of 1, except for the lack of signals
around  3-5 ppm indicating the absence of the methine

(Bu;3Sn),O

PMHS

Scheme 1. Reactions of petalostigmone A.

Table 3
NOE enhancements in the 500 MHz 'H NMR spectrum of petalostigmone
B (2) in CDCl; after irradiation at 1.99, 2.76, and 5.72 ppm

Irradiation at
5.72 ppm (H1)

Irradiation at
2.76 ppm (H11B)

Irradiation at
1.99 ppm (H8P)

Shift NOE  Shift NOE  Shift NOE
(ppm) (%) (ppm) (%) (ppm) (%)
1.31 (H17) 5.3 1.31 (H17) 5.0 231(Hllo) 7.0
1.48 (H6p) 2.9 1.99 (H8p) 6.2 276(H1IB) 7.6
1.59 (H14p) 44 231 (Hllo)  29.1

1.72 (H7B) 2.3 5.72 (H1) 15.7

276 (H11B) 3.8

proton at C-12. Also the *C NMR spectrum indicated
the absence of signals for CHOH, instead showing two
downfield carbonyl carbons at ¢ 200.3 and 213.1 ppm.
The stereochemical assignments at C-3, C-6, C-7, C-8
and C-11 were made with the aid of NOE experiments
(Table 3). Upon irradiation of the C-8 proton, H-6f, H-
7B, H-11B, H-14p and H-17 showed NOE enhancements.
Additionally, H-I, H-8B, and H-17 exhibited positive
NOE responses upon irradiation of H-11f. The structure
of petalostigmone B (2) was confirmed by oxidation of 1
with pyridinium chlorochromate in dichoromethane (Her-
scovici and Antonakis, 1980) which gave the corresponding
2,12-dione (80%) that was identical to 2 by mp, mixed mp,
and NMR spectral comparisons.

Petalostigmone C (3) was obtained as colorless needles
(m.p. 180-184 °C). The molecular formula was CyyH»30;
based on the HREIMS (m/z 300.2084) and the 20 signals
observed in the '>*C NMR spectrum (Table 2). The IR spec-
trum showed absorptions at 1656 and 3418 cm ! similar to
those in the spectrum of petalostigmone A, indicating that
the oxygens are again present as o, B-enone and hydroxyl
functionalities. The 'H NMR spectrum displayed two
downfield singlets at é 6.20 and 6.05 ppm, suggesting the
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Table 4

NOE enhancements in the 500 MHz "H NMR spectrum of petalostigmone C (3) in CDCl5 after irradiation at 1.00, 1.23, 3.83, and 6.20 ppm

Irradiation at 1.00 ppm (H17) Irradiation at 1.23 ppm (H20)

Irradiation at 3.83 ppm (H12a) Irradiation at 6.20 ppm (H1)

Shift (ppm) NOE (%) Shift (ppm) NOE (%) Shift (ppm) NOE (%) Shift (ppm) NOE (%)
1.49 (H8) 1.37 (H19) 1.4 1.23 (H20) 10.5 1.51 (H11B) 4.7

1.50 (H14B) 1.49 (H14a) 3.2 1.49 (H14a) 2.7 2.03 (H1l1la) 10.0

1.51 (H11B) 1.50 (H7) 2.9 2.03 (Hlla) 4.6

5.12 (H16Z) 2.7 2.03 (H11a) 0.6 5.12 (H16Z) 0.6

5.86 (H15) 0.8 3.83 (H12a0) 3.7 5.86 (H15) 8.1

presence of two isolated vinyl protons attached to positions
1 and 3 of a dienone moiety. The spectrum also displayed
three quaternary methyls, a vinyl methyl, an oxygenated
methine proton, and a vinyl group. The '*C NMR spec-
trum showed the presence of six C=C carbons at J.
123.3, 125.9, 167.3, 173.6, 147.3, 112.9 ppm for C-1, C-3,
C-4, C-10, C-15 and C-16, respectively, and in addition
the ketone carbonyl carbon at 187.0 ppm. The assignments
for H-6, H-7 and H-14 were established by COSY and
HMQC correlations.

The spatial relationships within the molecule were
deduced from NOE experiments (Table 4). In particular,
irradiation of the CHOH proton at C-12, produced NOE
enhancements at H-11a, H-14a, H-15 and H-20, indicating
that these protons are all on the same face of the molecule
(o face). Positive NOE responses were observed at H-8, H-
14, and H-11B, upon irradiation of the C-17 methyl pro-
ton signal, proving those protons are on the other side of
the molecule (B face). The stereochemistry at C-5 was
determined to be 50CH; based on the positive NOE
response (1.4%) of the C-19 methyl protons upon irradia-
tion of C-20 methyl proton signal. From these structural
elements, we conclude that petalostigmone C has structure
3 and is a diterpenoid belonging to the erythroxylane (13-
epi-dolabrane) group (Kijjoa et al., 1995, 1994; Nagashima
et al., 1991; Nagahama and Tajima, 1996; Abdel-Kader
et al., 1993).

Pubescenone (4) was obtained in crystalline form as nee-
dles (m.p. 145-148 °C). The molecular formula was
assigned as C,9H»403 from its HREIMS (m/z 302.1886).
The IR spectrum shows two peaks at 1754 and 1705
cm ! for two carbonyl groups, the former for an o, B-unsat-
urated y-lactone, and no absorption was observed in the
hydroxyl region. The '*C NMR and APT spectra (Table
2) reveal the presence of four unsaturated carbons at
118.4, 172.6, 141.6, 113.5 ppm for C-1, C-10, C-15 and
C-16, respectively, two carbonyl carbons at . 210.6 and
179.8 ppm and in addition one oxygenated methine carbon
at o, 89.7 ppm.> The '"H NMR spectrum (Table 1) dis-
played the characteristic peaks for a vinyl group (J 6.16,
5.18 and 5.08 ppm), one olefinic methine (5.94 ppm), an
oxygenated methine proton (5.01 ppm) and four quater-

2 The positional numbering adopted for 4 follows the same pattern as
those of 1-3, for ease of data comparisons. This numbering scheme differs
from that in the systematic name' for 4.

Fig. 3. The ORTEP drawing of 4.

nary methyl groups (0.70, 1.21, 1.24, 1.36 ppm). The over-
all structure and relative configuration of pubescenone
were confirmed by X-ray analysis (Fig. 3), and by compar-
isons with the spectroscopic data for the related 12-deoxy
derivative fischeria A previously isolated from FEuphorbia
fischeriana (Pei et al., 1999).

Sonderianol (5) was obtained as a pure colorless oil with
an optical rotation of [a]; —9.4°. The NMR and mass
spectroscopic data were in agreement with those of the
known ent-cleistanthane diterpene, (—)-sonderianol iso-
lated from Croton sonderianus (Carveiro and Silveira,
1982). However, since the optical rotation and the physical
form of the isolated compound did not agree with those
reported previously for (—)-sonderianol (Carveiro and Sil-
veira, 1982), we prepared the known crystalline O-methyl
derivative (—)-10 (Tan et al., 2002) (Scheme 2).

The m.p. (97-99 °C), optical rotation ([OL]%S — 63.5°),
and proton NMR spectroscopic data for 10 are in good
agreement with the reported data for the methyl ether

OH OMe

Me,SO,
o ~ H K,CO3 ° ~H
(-)-5 (-)-10

Scheme 2. Methylation of (—)-sonderianol.
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derivative  of  (—)-sonderianol (m.p. 106-107 °C,
[oc]zD5 — 68°) (Denton et al.,, 2001; Gunasekera et al.,
1979). This derivatization serves not only to establish the
identity of sonderianol isolated in this work but also proves
that the compound is an ent-diterpene as shown in struc-
ture 5. In the absence of any further evidence, we have pro-
visionally assigned the same absolute configuration to all
five co-occurring diterpenes on the assumption that all
are biosynthesized from ent-copalyl diphosphate (11a).

2.2. Biogenetic relationships of petalostigma pubescens
diterpenes

The similar tricyclic hydrophenanthrene nucleus of
diterpenes 1-3 and 5, and especially the highly characteris-
tic geminal, or in the case of the ent-cleistanthane (—)-5 vic-
inal, methyl and vinyl substituents on ring C of all five
compounds strongly suggest their biogenetic origin from
a common ent-pimaren-8-yl™ ion intermediate 12 generated
by Sy cyclization of ent-copalyl diphosphate (CPP, 11a) as
shown in Schemes 3 and 4 (Dev and Mitra, 1985; MacMil-
lan and Beale, 1999). Hydroxy dienone 1 and its diketone
congener 2 are clearly ent-rosane diterpenes, likely biosyn-
thesized by oxidative transformations of an ent-rosa-5,15-
diene or ent-rosa-1(10),15-diene (14 or 15) precursor that
is formed by successive 9 — 8 hydride and 10 — 9 methyl
shifts to rosen-10-yl" ion 13, followed by proton elimina-
tion (Scheme 3).

What is unusual, and unprecedented to our knowledge,
is the syn relationship of 5o H and 9o CH3 in rosane deriv-
atives 1 and 2. If the 5o hydrogen was actually derived
intact from its bicyclic progenitor, the ent-CPP precursor
must have had a cis AB ring fusion, i.e. (11b). Although
a step-wise cyclization of (FE, E, E)-geranylgeranyl PP to
an AB cis ent-CPP (11b) seems to be mechanistically feasi-

11a, 5BH
(11b, 50H)

Scheme 3. Biogenesis of petalostigmones A, B, and C (1-3).

Scheme 4. Proposed biogenesis of pubescenone by a ring expansion-ring
contraction mechanism and oxidative modifications of ring A.

ble, none of the numerous known natural labdane diter-
penes (Dev and Mitra, 1985; Connolly and Hill, 1991;
Hanson, 2004) have been proven to have that anomalous
stereochemistry. More likely alternatives are illustrated in
Scheme 3, i.e., elimination of H5p, either in an initial cycli-
zation to 15 or in the following oxidative processes, and
later reincorporation of a proton at C-5 with the opposite
Sa configuration during the conversion of the ent-rosadiene
intermediate to 1 and 2.

ent-Rosa-1(10), 15-diene (14) with 5,9-anti stereochemis-
try probably exists in a rather strained half-chair/boat/
chair conformation of the A-B-C fused rings. The corre-
sponding anti epimers of 1 and 2 with the 5BH configura-
tion would also adopt similar strained conformations.
This raises the possibility that these unstable isomers were
originally present in the heartwood, and that they under-
went enone/dienol isomerization and epimerization at C5
to petalostigmones 1 and 2 during the extractions and puri-
fications. However, a very similar diterpene, 3p-hydroxy-
rosa-1(10), 15-dien-2-one (hugorosenone), having 5oH/
9BCH; anti stereochemistry was isolated by apparently
similar extractions and chromatographies (Mdee et al.,
1998). Hence, the origin of the anomalous 5,9-syn stereo-
chemistry of these ent-rosane diterpenes is uncertain at this
time.

Dienone 3, an erythroxylane diterpene,' is probably bio-
synthesized from ent-13-epi-dolabradiene (17), (Nagahama
and Tajima, 1996; Ohgaku et al., 1984), or its endocyclic
A*15 isomer, by oxidations on the A and C rings. The
aromatic ring C of the ent-cleistanthane diterpene (—)-5 is
presumably formed by oxidation and aromatization of an
ent-cassadiene intermediate (Yajima et al.,, 2004; Cho
et al., 2004) formed by 14 — 8 hydride shift and 13 — 14
vinyl rearrangement of the same ent-pimaren-8-yl™ ion 12.

The presence of the 5,5,9-trimethylcycloheptane B ring
in keto butenolide 4 obviously signals the occurrence of
an unusual rearrangement and the loss of one carbon dur-
ing the biosynthesis of this novel tricyclic ring system. We
propose that the ent-rosa-15-en-5-yl" ion precursor (18) to
ent-epi-dolabradiene undergoes first ring contraction of
the A ring to hydrindanylcarbinyl™ cation (19) and then
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expansion of the B ring to the hydroazulenyl™ ion (20)
after which proton elimination would give one of the iso-
meric dienes (21), or alternatively the corresponding ter-
tiary alcohol by water capture (Scheme 4).

The 5-7-6 ring system together with the distinctive pat-
tern of gem dimethyl, angular methyl, and geminal methyl
and vinyl substituents on 21 would be a new structural type
for the diterpene family of natural products. Although
numerous diterpenes having either the same 5-7-6 nucleus
(dolastanes, sphaeroanes, rahmnopholanes, and daphn-
anes) or a tetracyclic ring system with an imbedded 5-6-
7 partial structure (grayanotoxanes and tiglianes) are
known (Connolly and Hill, 1991), none have the geminal
methyl and vinyl groups characteristic of pimarane-derived
structures. One exception is parryin, the 6-7-5 structure of
which is presumably derived by a pinacolic-type rearrange-
ment of the B and C rings of a pimarene precursor (Touche
et al., 1997). Precedent for the proposed ring contraction
18 — 19 is available in the biogenesis of the fungal metab-
olite pleuromutilin (Arigoni, 1968; Hasler, 1979). The two
energy barriers in the rearrangement sequence
18 — 19 — 20 should be readily surmounted since all three
carbocation intermediates are tertiary. Oxidative modifica-
tions of the A ring of 21 could plausibly lead to loss of one
ring carbon and formation of the butenolide residue in nor
diterpene 4.

Although formation of the 7-membered ring in 4 by the
rearrangements shown in Scheme 4 affords an attractive
rationale for the novel structure of this diterpene, the alter-
native possibility of an unusual skeletal mutation occurring
during oxidative metabolism of an ent-rosadiene precursor
should be kept in mind. For example, oxidative ring con-
traction of 7B-hydroxykaurenoic acid leads to the 5-mem-
bered B ring on the biosynthetic pathway to the
gibberellins, and a D-ring bridge rearrangement of gibber-
ellin GAy to antheridic acid has been postulated (MacMil-
lan and Beale, 1999; MacMillan, 1997; Mander, 2003).
Furthermore, numerous diterpenes are known which have
oxidatively modified structures not readily derivable by
precedented biogenetic cyclizations and rearrangements
(Dev and Mitra, 1985; Connolly and Hill, 1991; Hanson,
2004).

The four isolated compounds showed mild cytotoxic
activity against both mouse leukemia cell lines (L1210 &
P388). (—)-Sonderianol displayed 100% growth inhibition
at a concentration of 50 pg/mL and also exhibited moder-
ate toxicity against mouse liver cancer cells HEPAlclc7
with I1Cs 0.403 mM.

3. Experimental
3.1. Plant material
Petalostigma pubescens heartwood was kindly supplied

and identified by Dr. Eugene Dimitriadis, Xyloaustralis,
44 Hamono RD., Neerim, Vic. 3831, Australia, in 2003.

A vouchered plant sample from a second collection was
submitted to the Brisbane Herbarium, AQ 751251 (collec-
tor number PB-1). Extraction of the milled heartwood of
the voucher sample and fractionation by chromatography
were carried out as described in detail below. The presence
and identity of the same five diterpenes 1-5 were estab-
lished by crystallization of the major components (1 and
3), and by comparisons of TLC behavior and 'H NMR
spectra with those of the previously isolated compounds.

3.2. Extraction and isolation

The dried milled heartwood (475 g) was extracted at
room temp. by soaking over night, first with toluene
(3x2L), and then with chloroform (2x2L). Filtration
and evaporation of the solvents using a rotary evaporator
(40 °C) gave yellow oily residues (9.2 and 9.6 g, respec-
tively). The toluene extract (8.5 g) was loaded onto a silica
gel column (50 x 3.5 cm), eluting first with hexane and then
with increasing amounts of EtOAc (2-50%) in hexane,
while collecting 25 x 200-mL fractions. Similar fractions
according to TLC analyses were combined, immediately
evaporated to dryness, and kept in the freezer for further
fractionation.

Petalostigmone A (1) (450 mg) was directly crystallized
from fractions 16-20 (elution with 25% EtOAc in hexane)
by concentrating and allowing the solution to stand over-
night at room temp. Petalostigmone C (3) (30 mg) was sim-
ilarly obtained from fractions 23-25 (elution with 30%
EtOAc in hexane). Fractions 10 and 11 (3.5 g) were further
purified by repeated chromatography on silica gel column
using hexane with increasing proportions of EtOAc as elu-
ents. Sub-fractions eluted with 10% EtOAc in hexane were
repeatedly column chromatographed to obtain the major
component, petalostigmone B (2) (196 mg), in pure crystal-
line form and somewhat impure sonderianol (5, est.
45.8 mg, 85% purity by NMR analysis).

Further purification by repeated preparative TLC pro-
vided pure sonderianol (5) for spectral analyses and optical
rotation measurement. The rest of the fraction was used for
preparation of the methyl ether derivative (10). Pubesce-
none (4, 12.8 mg) was isolated by repeated column chroma-
tography of the fraction eluted with 14% EtOAc in hexane.
The chloroform extract (8.9 g) was fractionated by column
chromatography in the same way as the toluene extract to
give petalostigmone A (1) (550 mg) and petalostigmone C
(3) (185 mg).

3.3. Petalostigmone A (1)

White crystals; m.p. 196-197 °C; [oc]f)5 —86.2° (¢ 1.0,
CHCl3); UV (CH;O0H) Amax (log ) 238 (1.4) nm; IR vpax
(CHCI3) 3430, 2925, 2870, 1659, 1216 cm™'; 'H and '*C
NMR: see Tables 1 and 2; HRESIMS m/z 303.2329 (calcd.
for CooH3,0, 303.2324) [M + 1]; EIMS m/z (rel. int.): 302
(68) [M]", 287 (19), 258 (14), 246 (20), 216 (55), 194 (37),
152 (32), 133 (37), 121 (36), 107 (100), 91 (67), 79 (59);
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Crystal data: Monoclinic crystals, C,oH300,, mol.
wt = 302.44, crystal size 0.50 x 0.44 x 0.26 mm’, space
group P21.

3.4. Acetate derivative of petalostigmone A

Acetylation of compound 1 (6.6 mg, 0.7 mmol) with
Ac,O/pyridine (1:1, 0.5 mL; 20 h, room temp.), precipita-
tion with ice cold-water and filtration gave 6.0 mg (80%)
of the acetate derivative as a crystalline solid: m.p. 126-
128 °C; [oc]g5 — 121° (¢ 0.4, CHCl3); '"H NMR (500 MHz,
CDCl;) o 5.80 (s, H-1), 5.76 (dd, J=18, 11 Hz, H-15),
4.98 (dd, J=18, 1.1 Hz, H-16Z), 4.96 (dd, J =8, 1.4 Hz,
H-16E), 2.01 (s, CH5CO,), 1.16, 1.07, 1.01, 0.95 (4 s,
4CH3); HRESIMS m/z 345.2492 for C,,H330; (caled.
345.2430) (M + 1].

3.5. Characterization data for diols 6 and 7 from
petalostigmone A

See Supporting Material for the experimental proce-
dure. Data for minor diol 6: '"H NMR (500 MHz, CDCls)
0 5.82 (dd, J=17.4, 10.6 Hz, H-15), 5.44 (bs, H-1), 5.11
(dd, J=17.4, 1.0 Hz, H-16Z), 5.09 (dd, J=10.6, 1.4 Hz,
H-16E), 4.23 (m, H-3), 3.75 (dd, J=11.7, 4.5 Hz, H-12),
1.01, 0.99, 0.89 and 0.80 (s, 4CHj3); Data for major diol
7: m.p. 166-169 °C; [u]2D5 —68.8° (¢ 0.6, CHCly); 'H
NMR (500 MHz, CDCl;) ¢ 5.82 (dd, J=17.6, 10.9 Hz,
H-15), 5.38 (s, H-1), 5.11 (dd, J=17.6, 1.1 Hz, H-16Z),
5.08 (dd, J=10.8, 1.3 Hz, H-16E), 4.23 (m, H-3), 3.80
(dd, J=10.5, 5.8 Hz, H-12), 1.01, 0.99, 0.89 and 0.86 (s,
4 CHs); ®C NMR (125 MHz, CDCly) 6 150.8, 148.0,
118.8, 113.1, 72.5, 67.0, 43.1, 42.9, 41.9, 41.5, 41.1, 40.2,
39.9, 32.5, 30.4, 28.8, 28.6, 28.1, 17.7, 15.1; EIMS m/z
(rel. int.): 304 (65) [M]", 286 (78), 271 (35), 204 (76), 133
(75), 121 (100), 105 (68).

3.6. Petalostigmone B (2)

White crystals; m.p. 110-114°C; [o]3; — 71.6° (¢ 1.0,
CHCls); UV (CH3OH) Amax (log &) 243 (0.89) nm; IR vpnax
(CHCl3) 2930, 1704, 1673, 1291 cm™'; 'H and '*C NMR
(see Tables 1 and 2); HREIMS m/z 300.2089 for
CyoH»530, (caled. 300.2089); EIMS m/z (rel. int.): 300
[MT" (35), 285 (20), 232 (100), 217 (16), 205 (29), 189
(41), 166 (34), 148 (53), 107 (98), 91 (67).

3.7. Petalostigmone C (3)

Needle crystals; m.p. 180184 °C; [o]3; + 12.0° (¢ 1.0,
CHCls); UV (CH30H) Apax (log ¢) 241 (1.3) nm; IR vyax
(CHCl3) 3417, 3014, 2936, 2869, 1656, 1615, 1385, 1215
cm™ ! 'H and '3C NMR: see Tables 1 and 2; HREIMS
m/z 300.2084 for C,oH»30, (caled. 300.2089); EIMS m/z
(rel. int.): 300 [M]" (46), 285 (11), 272 (21), 257 (37), 232
(21), 217 (13), 199 (19), 145 (39), 135 (100), 121 (38), 107
(38), 91 (63).

3.8. Pubescenone (4)

Colorless needles; m.p. 145-148 °C; [o] + 73.6° (¢ 1.1,
CHCly); UV (CH30H) Apax (log &) 242 (0.78), 230 (0.34)
nm; IR vpax (CHCl3) 2968, 2932, 1754, 1705 cm™'; 'H
and 'C NMR (see Tables 1 and 2); HREIMS m/z
302.1886 for C oH,605 (calcd. 302.1882); EIMS mi/z (rel.
int.): 302 [M]" (40), 287 (17), 257 (13), 205 (25), 192 (28),
149 (38), 134 (65), 107 (100), 95 (65); Crystal data: Ortho-
rhombic crystals, C;9H»505, mol. wt. = 302.40, crystal size
0.54 % 0.07 x 0.06 mm?>, space group P212121.

3.9. In vitro L1210 mouse leukemia assay

The experimental samples were made up in MeOH solu-
tion, and the measured amounts were dried down in 18 wells
of 24-well plates, the other six wells being reserved as nega-
tive controls. Generally amounts sufficient to make final con-
centrations of 50, 25, 10, 5.0, 2.5 and 1.0 ug/mL of each
sample were added to the experimental wells. After the sol-
vent had evaporated, one thousand L1210 cells, taken from
aflask in exponential growth were added to each wellin 1 mL
of minimal essential medium supplemented with 10% bovine
serum. The plates were incubated at 37 °C with 5% CO, (for
about 72 h) until there were 8000 cells in the control wells, at
which time the numbers of cells in the experimental wells was
estimated by visual observation under an inverted optics,
phase-contrast microscope, and inhibition, the difference
between 8000 and the numbers present in the experimental
wells, was expressed as a percent of 8000.

3.10. In vitro HEPAlclc7 murine liver bioassay

The assay was done as described previously (Schmidt
et al., 2004).

Crystallographic data for the structures reported in this
paper (1 and 4) have been deposited with the Cambridge
Crystallographic Data Center as supplementary publica-
tion CCDC 269094 and 269095. Copies of the data can
be obtained, free of charge, on application to CCDC, 12
Union Road, Cambridge CB2 1EZ, UK [Fax: (+44) 1223
336 033; or email: deposit@ccdc.cam.ac.uk].
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preparative procedures for diols 6 and 7, PCC oxidation of
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