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In our search for new prototype antifungal agents, preferably
with novel mechanisms of action, from higher plants, the ethanol
extract of the whole Peruvian plant,Piper coruscansH. B. & K.
exhibited significant antifungal activity againstCandida albicans
(IC50 < 2 µg/mL). No previous phytochemical or biological studies
have been reported on this plant. A subsequent antifungal bioassay-
guided fractionation of this extract led to the identification of two
new antifungal cyclopentenedione derivatives (1, 2). In this
Communication we describe their structure elucidation and anti-
fungal activity.

Coruscanone A (1) has a molecular formula of C16H14O3 by high-
resolution ESIMS. The1H NMR spectrum of1 in benzene-d6 at
room temperature, which was better resolved than in CDCl3,
displayed a set of major peaks accompanied by correspondingly
less intense peaks with close chemical shifts in a ratio of
approximately 5:1. However, various HPLC and GC separations
of 1 failed to resolve it, suggesting that compound1 could be an
inseparable mixture of two structurally close isomers with the same
molecular weight. Structure elucidation of1 was thus primarily
based on the major peaks in its1H and 13C NMR spectra. The
presence of a styryl moiety was clearly indicated by proton signals
at δ 8.36 (d,J ) 15.8 Hz), 7.60 (d,J ) 15.8 Hz), 7.45 (m), and
7.02 (m) which were correlated with carbon signals atδ 121.1,
142.4, 128.8 (2C), and 129.3 (2C)/130.4, respectively, in its HMQC
spectrum. Two carbonyl carbons (δ 195.0 and 191.1) and a
relatively deshielded methoxy group (δH, 3.99;δC, 64.8) were also
evident. The remaining two coupled proton signals atδ 6.21 (q,J
) 1.5 Hz) and 1.64 (d,J ) 1.5 Hz) showed cross-peaks with carbon
signals at 140.9 and 10.9, respectively, in the HMQC spectrum.
The C-C connectivities were established by HMBC experiments
as follows. The proton signal atδ 6.21 correlated with the two
carbonyl carbon signals, the methyl signal, and a quaternary carbon
signal atδ 109.4, while the methyl signal atδ 1.64 displayed cross-
peaks with the carbonyl carbon signal atδ 195.0, the quaternary
carbon signal atδ 156.4, and the vinylic carbon signal atδ 140.9.
Additionally, the methoxy proton signal atδ 3.99 showed a cross-
peak with the quaternary carbon signalδ 168.5, which was
correlated with the two vinylic proton signals of the styryl moiety.
The above data suggested the structure of compound1 as 2-(1-
methoxy-3-phenyl-2-propenylidene)-4-methylcyclopent-4-ene-1,3-
dione. Such a structure explained the coexistence of two geometrical
isomers in solution, via photoisomerism, as observed for similar
compounds1 andR-methoxychalcones.2 Particular attention was then
paid to the isomerization process of1. When the NMR sample in

benzene-d6 was allowed to sit at room temperature for 24 h, two
geometric isomers (1a, 1b) reached a ratio of almost 1:1, indicating
similar energies of the two isomers in solution.

Coruscanone B (2) displayed1H and13C NMR spectra similar
to those of1. The spectra of2 differed from those of1 in that 2
possesses a hydroxyl group on the side chain instead of a methoxy
group. This was supported by its high-resolution ESIMS which gave
a molecular formula of C15H12O3. In CDCl3, two geometrical
isomers appeared in a ratio of approximately 1:1.2 after sitting in
the NMR tube at room temperature for 24 h. The slight difference
of the ratio of the two isomers resulted in a slight difference of the
intensity of the1H and 13C NMR signals. This facilitated the
identification of one set of stronger signals corresponding to the
major isomer2b from another set of weaker signals corresponding
to the minor isomer2a. Since within each isomer the carbonyl
carbon that forms a hydrogen bond with the allylic hydroxy group
should be deshielded,1b the key HMBC correlations of the methyl
protons and H-4 with carbonyl carbons enabled correlation of the
NMR data with respective isomers. This information also facilitated
the assignments of the NMR data for two isomers of compound1.
These assignments, particularly for the carbonyl carbons in1a, 1b,
2a, and 2b, are in agreement with those reported for similar
compounds which were assigned by conventional 1D NMR
experiments, including deuterium isotope effects, C-H coupling
constants, and nuclear Overhauser effects.1b

Synthesis of coruscanones A and B (1, 2) was achieved by using
a method for preparation of similar compounds3 (Scheme 1). Thus,
Wittig condensation of 2-methylmaleic anhydride (3) and cin-
namoylmethylenetriphenylphosphorane (4)3 in hot benzene afforded
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Scheme 1. Synthesis of 1 and 2
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in a regio- and stereoselective manner 4-ylidenebutenolide5.
Treatment of5 with NaOMe in MeOH resulted in rearrangement
to cylopentendione2, which was further methylated with Me2SO4/
K2CO3 in acetone to furnish1.

Coruscanones A and B (1, 2) were evaluated using our published
bioassay protocols4 for in vitro antifungal activity. Compound1
showed potent activity againstCandida albicansandCryptococcus
neoformans, two major opportunistic pathogens associated with
AIDS patients (Table 1). Of particular significance is its strong
activity against fluconazole-resistantC. albicansstrains isolated
from patients during fluconazole therapy.5 In the isolates showing
up to a 400-fold less susceptibility to fluconazole,1 retained
equivalent activity relative to the susceptible strains (Table 2). It
is important to note thatO-methylation of the enolic hydroxyl group
plays a key role in the antifungal activity of coruscanone A when
compared to coruscanone B.

Natural cyclopentenediones with structures similar to that of
coruscanone A comprise only a few compounds with limited
distributions.6 Recently, a synthetic analogue of this unique class,
2-(1-methoxy-3-phenyl-2-propenylidene)cyclopent-4-ene-1,3-
dione (6), was identified as a potent inhibitor of human chymase,
a potential drug target associated with cardiovascular diseases and
chronic inflammation following fibrosis.7 The synthesis of6 was
inspired by the natural product methyllinderone (7),6a a moderate
inhibitor of the enzyme identified from the screening of a compound
library.7 More recently, methyllucidone (8a, 8b) isolated from
Lindera erythrocarpawas reported to have moderate antifungal
activity against wheat leaf rust caused byPuccinia recondite.8

Although the cyclopent-4-ene- and cyclopentane-1,3-dione structural
moieties are present in a number of synthetic compounds with
therapeutic applications or potential,9 the 2-methoxymethylenecy-
clopent-4-ene-1,3-dione moiety that is responsible for the activity
of coruscanone A is an unexplored functional group for antifungal
activity againstC. albicansandCr. neoformans.

It is extremely rare to find a natural product like coruscanone A
that exhibits such a high antifungal potency againstC. albicans.

Coruscanone A shows similarity to some extent to 1,4-benzoquinone
compounds whose biological action is often linked to electron-
transfer rates and redox potentials.10 It is likely, however, that
coruscanone A functions through a unique antifungal mechanism.
Taking into account its antifungal potency, certain selectivity,
acceptable cytotoxicity (comparable to amphotericin B, refer to
Supporting Information), and its ready access by synthesis, corus-
canone A may serve as a template for a new class of antifungal
agents for the treatment of life-threatening disseminated candidi-
asis.11 Investigation of its mechanism of action using a genomic
profiling approach12 and preparation of a series of derivatives for
structure-activity relationship studies are underway in our labora-
tory.
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Table 1. Antifungal Activity of 1 and 2 (MICa/MFCb, µg/mL)

C. albicans
ATCC 90028

Cr. neoformans
ATCC 90113

1 0.78/1.56 6.25/6.25
2 50/NAc NA/NA
amphotericin B 2.50/5.00 2.50/2.50

a Minimum inhibitory concentration.b Minimum fungicidal concentra-
tion. c Not active.

Table 2. Antifungal Activity of 1 against Azole-Susceptible and
-Resistant C. albicans Strains [IC50/IC80/IC95 (µg/mL)]a

C. albicans 1 fluconazole

isolate 15a 0.60/1.00/1.50 1.00/1.50/2.00
isolate 25a 0.90/1.00/1.50 1.00/5.00/10.00
isolate 55a 0.40/0.60/0.70 7.50/10.00/10.00
isolate 85a 0.90/1.00/1.50 15.00/20.00/25.00
isolate 15b,c 0.45/0.60/0.75 0.10/0.20/100.00
isolate 175b,c 0.30/0.90/1.50 40.00/95.00/NAb

a Patient isolates: isolate 1, azole-susceptible strain; isolates 2, 5, 8, and
17, azole-resistant strains with increasing azole resistance. Growth inhibition
concentrations represented by IC50, IC80, and IC95 reflect a dose-effect
curve.b Not active at highest test concentration of 100µg/mL.
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