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ABSTRACT

Chloropestolide A (1), a highly functionalized spiroketal with an unprecedented skeleton derived from a chlorinated bicyclo-[2.2.2]-oct-2-en-
5-one ring and a 2,6-dihydroxy-4-methylbenzoic acid unit, has been isolated from the scale-up fermentation extract of Pestalotiopsis fici. The
structure of 1 was elucidated by NMR spectroscopy and X-ray crystallography. 1 could be derived from the same Diels-Alder precursors as
2 and showed significant inhibitory effects on growth of two human cancer cell lines, HeLa and HT29, with GI50 values of 0.7 and 4.2 µM,
respectively.

Chemical investigations of the plant endophytic fungi Pesta-
lotiopsis spp. have led to discovery of a variety of bioactive
natural products.1-9 Our prior work on Pestalotiopsis fici
(AS 3.9138 ) W106-1) grown in different solid-substrate

fermentation cultures afforded structurally diverse and
biologically active secondary metabolites,10-12 such as
chloropupukeananin (2), the first pupukeanane chloride with
anti-HIV-1 activity, and its biosynthetic Diels-Alder precur-
sors (3 and 4).10 To identify other minor active components

† Institute of Microbiology.
‡ North China Pharmaceutical Group Corporation.
§ Wuhan Institute of Virology.
(1) Xu, J.; Kjer, J.; Sendker, J.; Wray, V.; Guan, H.; Edrada, R.; Lin,

W.; Wu, J.; Proksch, P. J. Nat. Prod. 2009, 72, 662–665.
(2) Pulici, M.; Sugawara, F.; Koshino, H.; Uzawa, J.; Yoshida, S.;

Lobkovsky, E.; Clardy, J. J. Org. Chem. 1996, 61, 2122–2124.
(3) Lee, J. C.; Strobel, G. A.; Lobkovsky, E.; Clardy, J. J. Org. Chem.

1996, 61, 3232–3233.
(4) Pulici, M.; Sugawara, F.; Koshino, H.; Uzawa, J.; Yoshida, S. J.

Nat. Prod. 1996, 59, 47–48.
(5) Li, J. Y.; Strobel, G. A. Phytochemistry 2001, 57, 261–265.
(6) Kimura, Y.; Kouge, A.; Nakamura, K.; Koshino, H.; Uzawa, J.;

Fujioka, S.; Kawano, T. Biosci. Biotechnol. Biochem. 1998, 62, 1624–1626.

(7) Li, E.; Jiang, L.; Guo, L.; Zhang, H.; Che, Y. Bioorg. Med. Chem.
2008, 16, 7894–7899.

(8) Strobel, G.; Ford, E.; Worapong, J.; Harper, J. K.; Arif, A. M.; Grant,
D. M.; Fung, P. C. W.; Wah Chau, R. M. Phytochemistry 2002, 60, 179–
183.

(9) Li, E.; Tian, R.; Liu, S.; Chen, X.; Guo, L.; Che, Y. J. Nat. Prod.
2008, 71, 664–668.

(10) Liu, L.; Liu, S.; Jiang, L.; Chen, X.; Guo, L.; Che, Y. Org. Lett.
2008, 10, 1397–1400.

(11) Liu, L.; Tian, R.; Liu, S.; Chen, X.; Guo, L.; Che, Y. Bioorg. Med.
Chem. 2008, 16, 6021–6026.

(12) Liu, L.; Liu, S.; Chen, X.; Guo, L.; Che, Y. Bioorg. Med. Chem.
2009, 17, 606–613.

ORGANIC
LETTERS

2009
Vol. 11, No. 13

2836-2839

10.1021/ol901039m CCC: $40.75  2009 American Chemical Society
Published on Web 06/04/2009

D
ow

nl
oa

de
d 

by
 U

K
B

 C
O

N
SO

R
T

IA
 N

E
T

H
E

R
L

A
N

D
S 

on
 J

ul
y 

26
, 2

00
9

Pu
bl

is
he

d 
on

 J
un

e 
4,

 2
00

9 
on

 h
ttp

://
pu

bs
.a

cs
.o

rg
 | 

do
i: 

10
.1

02
1/

ol
90

10
39

m



and/or Diels-Alder analogues of 2, the fungus was refer-
mented in a larger scale on rice to afford a crude extract
showing inhibitory effects on growth of the human cancer
cell lines, HeLa and HT29, and replication of the HIV-1 virus
in C8166 cells. Its HPLC fingerprint revealed the presence
of metabolites which were different from those isolated
previously. Bioassay-directed fractionation of the extract led
to the isolation of a highly functionalized spiroketal chloride
with a novel skeleton named chloropestolide A (1) and
metabolites 2-4 which were also identified in our previous
work.10 Details of the isolation, structure assignment, bio-
genesis, and biological activity of 1 are reported herein.

1 was assigned the molecular formula C33H35ClO11 on the
basis of its HRESIMS (m/z 665.1753 [M + Na]+) and NMR
data (Table 1). Analysis of its 1H, 13C, and HMQC NMR
spectroscopic data revealed the presence of three exchange-
able protons, six methyls (two methoxys), three methylenes,
three oxymethines, 13 sp2 carbons (five protonated), five sp3

quaternary carbons including three heteroatom-bonded, and
three carbonyl carbons. These data accounted for all the
NMR resonances except for one chlorine atom. The 1H and
13C NMR spectra of 1 showed the signals for a 2,6-
dihydroxy-4-methylbenzoate moiety nearly identical to those
found in the spectra of 2 and 3 and a subunit similar to 4.
However, the resonances for the remaining portion of 1
differed significantly from those of 2, indicating that 1 was
related to 2 but with different structural features.

Interpretation of the 1H-1H COSY NMR data of 1
identified three isolated proton spin systems, which were
C-14-C-16 (including OH-15), C-18-OH-18, and C-19-C-
20. Analysis of the HMBC data of 1 established the 2,
3-epoxyvinylidenecyclohexan-1,4-diol moiety with an iso-
prenyl group attached to C-17, which is identical to that
present in 4. HMBC correlations from H3-12 to C-2, C-3,
C-4, and C-7, and from H2-2 to C-3, C-4, C-7, and C-12 led
to the connection of C-2, C-4, and C-12 to either C-3 or
C-7. However, the downfield 13C NMR chemical shift for
C-7 (δC 82.3) and an HMBC cross-peak observed from H-9
to C-7 precluded C-7 from being directly joined to C-2, C-4,
and C-12. Those correlations from H2-2 and H-9 to the
quaternary carbon C-1, the ketal carbon C-10, and the
carboxyl carbon C-11 indicated that C-1 was connected to

C-2, C-9, C-10, and C-11. In turn, correlations from the
olefinic proton H-9 to C-7 and C-8 located C-7 at the allylic
position of the C-8/C-9 olefin. Further HMBC correlations
from H3-24 to C-11 and from H3-25 to C-8 indicated that
C-8 and C-11 were each attached to a methoxy group. The
exchangeable proton at δH 9.80 was deduced as the phenolic
C-28-OH proton by comparison of the chemical shift values
for C-28 and C-32 in 1 (δC 161.4 and 154.4, respectively)
with those in 2 (δC 162.0 for both C-28 and C-32). An
oxygenated sp3 quaternary carbon signal (δC 97.9) was
observed in the NMR spectrum of 1 instead of a ketone
carbon (δC 196.4) in 2, indicating that the C-10 ketone
functionality was reduced to a ketal carbon. Considering the
upfield chemical shifts for C-26 (δC 163.8 in 1 vs 170.9 in
2) and C-32 (δC 154.4 in 1 vs 162.0 in 2), these two carbons
were connected to each of the C-10 oxygen atoms via an
ether and an ester linkage, respectively. In addition, the

Table 1. NMR Spectroscopic Data for 1 in Acetone-d6

pos. δH
a (J in Hz) δC

b HMBC (H f C#)

1 51.9
2a 2.28, d (14) 40.3 1, 3, 4, 7, 9, 10, 11, 12
2b 2.66, dd (14, 3.0) 1, 3, 4, 7, 9, 10, 11, 12
3 44.1
4 5.19, s 97.5 2, 5, 12, 13, 14, 18
5 202.8
6 190.0
7 82.3
8 151.0
9 5.63, s 97.8 1, 2, 7, 8, 10, 11
10 97.9
11 169.4
12 1.29, s 24.5 2, 3, 4, 7
13 105.8
14a 2.07, dd (16, 5.5) 30.7 5, 13, 15, 16, 18
14b 2.31, ddd (16, 10, 3.5) 5, 13, 15, 16, 18
15 4.05, dd (10, 5.5) 68.5
16 3.25, br s 63.4 14, 15, 17, 18, 19
17 65.9
18 4.23, d (9.0) 68.2 5, 13, 14, 16, 19
19a 1.93, dd (16, 7.0) 33.8 16, 17, 18, 20, 21
19b 2.82, dd (16, 7.0) 16, 17, 18, 20, 21
20 5.10, t (7.0) 119.2 19, 22, 23
21 135.8
22 1.65, s 18.1 20, 21, 23
23 1.71, s 26.0 20, 21, 22
24 3.79, s 53.4 11
25 3.77, s 57.2 8
26 163.8
27 97.3
28 161.4
29 6.55, s 113.0 26, 27, 28, 31, 33
30 151.8
31 6.45, s 108.2 26, 27, 29, 32, 33
32 154.4
33 2.32, s 22.3 29, 30, 31
OH-15 4.30, br s 15
OH-18 3.92, d (9.0) 17, 18
OH-28 9.80, br s

a Recorded at 400 MHz. b Recorded at 100 MHz.
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chemical shift value of C-7 (δC 82.3) and the hexacyclic
nature of 1 required that the chlorine atom be directly
attached to C-7 and the remaining ketone carbon C-6 be
connected to both C-7 and C-10 by default to complete the
bicyclo-[2.2.2]-oct-2-en-5-one ring. Collectively, these data
permitted assignment of the gross structure of 1.

The 2,3-epoxyvinylidenecyclohexan-1,4-diol unit in 1 was
assigned the same relative configuration as 4 by comparison
of its 1H-1H coupling constants and NOESY data with those
of 4. NOESY correlations (Figure 1) of H-2a with H-4 and

H-9; H3-12 with H-2b, H-4, and H-31; H-14a with H3-25;
and H-15 with H-9 and H3-25 established the relative
configurations of C-3 and C-10. Ultimately, the structure of
1 was further confirmed by X-ray crystallographic analysis
(Figure 2).13 The presence of a chlorine atom in 1 allowed

assignment of the absolute configurations of all the stereo-
genic centers (1R, 3R, 7S, 10R, 15S, 16S, 17R, and 18R).

Chloropestolide A (1) was tested for in vitro activity
against HIV-1 replication in C8166 cells,10 and it showed

an inhibitory effect with an IC50 value of 64.9 µM (the CC50

value is greater than 100 µM; the positive control indinavir
sulfate showed an IC50 value of 8.2 nM). Chloropupukea-
nanin (2) has been demonstrated to be an anti-HIV-1 agent
more potent than 1 in our previous study;10 therefore, the
anti-HIV-1 effect of the crude extract was mainly attributed
to the presence of 2. Compounds 1 and 2 were also evaluated
against human tumor cell lines, HeLa and HT29, and both
showed significant inhibitory effects on growth of the two

cell lines (Table 2). 1 is about five to ten times the potency
of the positive control 5-fluorouracil against the HeLa cells.

Natural products possessing the bicyclo-[2.2.2]-oct-2-en-
5-one moiety have mainly been isolated from plants.
Examples include 7-isopropyl-5-methyl-5-bicyclo-[2.2.2]-
octen-2-one from the root oil of Angelica archangelica L.;14

obtunone, chamaecypanone C, and obtunorlignan A from the
heartwood of Chamaecyparis obtusa var. formosana;15,16

heterotropanone from the plant Heterotropa takaoi;17 he-
lisorin and helisterculins A and B from the Indonesian
medicinal plant Helicteres isora;18 yunnaneic acids A-D
from the roots of SalVia yunnanensis;19 gnetin B from two
Gnelum species;20 and aquaticol from the medicinal plant
Veronica anagallis-aquatica.21 The only fungal metabolite
incoporating the bicyclo-[2.2.2]-oct-2-en-5-one moiety was
sorbiquinol from Trichodertna longibrczchiatum.22 In addi-
tion, some compounds with a chlorinated bicyclo-[2.2.2]-
oct-2-en-5-one core have been synthesized.23,24 Chloropes-
tolide A (1) differs significantly from the known precedents
by having a previously undescribed chlorinated spiroketal
skeleton derived from a chlorinated bicyclo-[2.2.2]-oct-2-
en-5-one ring and a 2,6-dihydroxy-4-methylbenzoic acid
moiety.
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731103). Copies of the data can be obtained, free of charge, on application
to the director, CCDC 12 Union Road, Cambridge CB2 1EZ, UK (fax:
+44 1223 336033 or email: deposit@ccdc.cam.ac.uk).
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Figure 1. Key NOESY correlations for 1.

Figure 2. Thermal ellipsoid representation of 1.

Table 2. Antitumor Effects of Compounds 1 and 2

compound HeLa (GI50, µM) HT29 (GI50, µM)

1 0.7 4.2
2 1.4 6.7
5-fluorouracil 8.0 12.0
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Biogenetically, 3 and 4 could be the biosynthetic precur-
sors for 1 and 2,10 first via an inverse-electron-demand
Diels-Alder reaction25,26 to form the key intermediates a
and b (Scheme 1) and then followed by a series of reactions
through different routes to form 1 and 2. The discovery of
1 might imply that the biosynthetic pathway initially
proposed for 2 in our previous work is more complex,
possibly with more intermediates (such as g) being involved
prior to the formation of the tricyclo-[4.3.1.03,7]-decane
skeleton.10 These results strongly suggest that further work
is warranted to maximize the metabolic potential of P. fici

to identify other “missing” building blocks for chloropu-
pukeananin (2).
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Scheme 1. Proposed Biosynthetic Pathway for 1
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