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Abstract—Natural product hedychilactone A (3) has been synthesized from (+)-sclareolide by an efficient route. Two of the synthetic
intermediates, 10 and 12, have shown strong growth inhibition effects against five cancer cell lines, human umbilical vein endothelial
cell (HUVEC) and nitric oxide (NO) production. In particular, compound 15 showed selective inhibition activity against HUVEC
growth without any cytotoxicity among tested cancer cell lines.
� 2005 Elsevier Ltd. All rights reserved.
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Zingiberaceae plant Hedychium coronarium is widely
used in India, China, and Brazil as a traditional medic-
inal plant for the treatment of inflammation and rheu-
matism. In addition, the natural products extracted
from H. coronarium have attracted much attention due
to their promising biological activities, such as antitu-
mor and antifungal activities.1

In the process of synthesizing these natural products, we
have previously discovered that coronarin A (1), isolated
from H. coronarium, 7-epi-coronarin A (2), and their
synthetic intermediates have a moderate inhibitory
activity against cancer cell lines.2 In particular, we be-
lieve that these intermediates will be also the inhibitors
against tumor angiogenesis based on the screening of
human umbilical vein endothelial cell (HUVEC) prolif-
eration and growth factor stimulated tube formation
on Matrigel.3

Hedychilactone A (3) and its related natural products
are also isolated from the rhizome of H. coronarium,
which show inhibitory activities on nitric oxide (NO)
production in LPS-activated mouse peritoneal macro-
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phages and vascular permeability induced by acetic acid
in mice.4 In addition, these compounds have an inhibito-
ry effect against the release of b-hexosaminidase induced
by dinitrophenylated bovine serum albumin (DNP-
BSA) from RBL-2H3 cells sensitized with anti-DNP
IgE,5 and inflammation6 (Fig. 1).

Interestingly, hedychilactone A (3) had been already
reported under a different name, pacovatinins A, which
was isolated from the seeds of Renealmia exaltata, a
medicinal plant, with stomachic and vermifugal effects.7

In this report, we describe an efficient synthesis of hedy-
chilactone A (3) and the investigation on the biological
activity of synthetic intermediates, including cytotoxici-
ty against cancer cell lines, antiangiogenesis activity
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against HUVEC, and nitric oxide (NO) production inhi-
bition activity.

As shown in Scheme 1, important synthetic intermedi-
ates (5 and 6) were synthesized from commercially avail-
able natural chiral building block, (+)-sclareolide (4), by
a previously described method.8 This protocol is a high-
ly efficient for each exo- and endo-methylenedecaline
system. For the introduction of a,b-unsaturated butyro-
lactone of natural target molecule (3), the olefination of
5 with diethylphosphono-2-butyrolactone ylide with
NaH as base gave an isomeric mixture of major E-
butyrolactone (7) and minor Z-butyrolactone (8) in a ra-
tio of 3:1, respectively.2 Each isomer was separated by
flash column chromatography with a three solvent elu-
ent system (chloroform/hexane/ethyl acetate = 10:1:1).
We distinguished the stereochemistry by a comparison
of the NOE effect between H-12 and H-14 in each iso-
mer. Allylic hydroxylation of E-isomer (7) with SeO2

and t-BuOOH in methylene chloride (MC) for 1 h gave
the 7-a-hydroxy isomer (9) named as 7-epi-hedychilac-
tone A as the only product in 76% yield, which result
was very similar in the synthesis of the 7-a-hydroxyl-
ation of coronarin A.3 7-b-Hydroxyl group of the target
compound (3) was obtained from 7-a-hydroxy isomer
(9) by Swern oxidation and successive reduction of
a,b-unsaturated ketone 10 with NaBH4 in MeOH with
a yield of 70% for two steps.9

In order to study the structure–activity relationship, we
have also synthesized various isomers from synthetic
intermediates. As shown in Scheme 1, it is possible to
obtain the series of Z-isomers including 7-a-hydroxy
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Scheme 1. Reagents and conditions: (a) diethoxyphosphonobutyrolactone, N

t-BuOOH, MC, rt, for 9, 76%, for 11, 82%; (c) oxalyl chloride, DMSO, MC,

for 3, 92%, for 13, 88%.
11, a,b-unsaturated ketone 12, and 7-b-hydroxy mole-
cule 13 by the same procedures. In addition, two endo-
methylene a,b-unsaturated butyrolactone analogs, 14
and 15, were synthesized from endo-methylene interme-
diate 6 by same Horner–Wadsworth–Emmons reaction
condition.10

As listed in Table 1, we have tried to test the three kinds
of screening systems for the synthetic natural product,
hedychilactone A (3), and its synthetic intermediates.
Initially, we have tested the cytotoxicity against various
cancer cell lines, including U87, U373, SiHa, sk-ov-3,
and B16.11 Unfortunately, hedychilactone A (3) and its
stereoisomers (9, 11, and 13) have weak activities, which
means the butyrolactone group did not affect the anti-
cancer activity. Two exo-a, b-unsaturated butyrolac-
tones (7 and 8) and two endo-molecules (14 and 15)
have also shown low cytotoxicity. However, the com-
pounds 10 and 12 with an a,b-unsaturated ketone skel-
eton showed strong inhibitions against various cancer
cell lines, which was comparable to the anticancer drug,
paclitaxel. In particular, the cytotoxicities of 10 and 12
against ovarian cancer are about 10 times more active
than that of paclitaxel. We can conclude that the a,b-un-
saturated ketone group acts as a Michael acceptor for
the nucleophilic addition of cancer cells and plays an
important role in enhancing the activity.

Because coronarin A (1), the active ingredient of H. cor-
onarium, and 7-epi-coronarin A (2) have shown its anti-
angiogenic activity based on the screening of HUVEC
growth inhibition and tube formation on Matrigel,3 we
expected that hedychilactone A (3) and its isomers (9,
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Table 1. Biological activity of hedychilactone A (3) and its analogs against cancer cell lines, HUVEC, and NO production

Compound Cytotoxic activity against cancer cell linesa

(IC50, lg/mL)

(IC50, lg/mL)

U87 U373 SiHa sk-ov-3 B16 HUVEC growth inhibitiona NO production inhibitiona

3 38.6 >50 >50 8.7 >50 12.6 11.0

4 >50 46.5 >50 6.8 12.4 7.4 7.2

5 4.1 7.0 14.5 3.1 4.0 2.9 >25

6 11.7 20.6 20.9 23.5 21.8 4.8 6.0

7 5.0 15.1 20.2 2.0 17.6 1.7 5.0

8 >50 40.4 >50 4.3 17.6 2.2 4.5

9 12.7 14.9 32.0 12.4 16.7 6.9 13.2

10 1.7 3.7 7.0 0.9 3.4 1.2 0.7

11 >50 >50 >50 10.1 >50 12.4 8.0

12 1.43 0.6 3.4 0.8 1.5 0.6 0.9

13 >50 15.7 31.7 5.3 >50 13.8 11.2

14 9.2 4.7 17.0 6.0 9.1 2.6 18.0

15 >50 >50 >50 >50 >50 4.3 >25

Paclitaxel 3.2 —b 1.3 8.7 <0.1 0.3 —b

a IC50 was calculated from the nonlinear regression by Graphpad Prism software.
b Not tested.
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11, and 13) could potentially have similar effect. Two
compounds, 10 and 12, demonstrated particularly
strong inhibitory activity against the growth of HUVEC
growth, which may result from the cytotoxicity as
shown in the test against cancer cell lines.11

More interestingly, compound 15, a regioisomer of 8,
showed very selective inhibition activity against HU-
VEC growth without any cytotoxicity toward all tested
cancer cell lines. This compound and its potential deriv-
atives can also be employed as targeting ligands for HU-
VEC, which can selectively deliver imaging agents such
as fluorescent tags and isotopic probes to target
angiogenesis.12

Finally, we have tested the inhibitory activity of NO
production of hedychilactone A (3), its synthetic inter-
mediates, and all structural isomers.13 Most of the tested
compounds effectively inhibited the production of NO in
the screening test. In particular, compounds 10 and 12
also showed 10 times stronger activity than the natural
product hedychilactone A (3).

In conclusion, we have synthesized the natural product,
hedychilactone A (3), and its structural isomers (9, 11,
and 13) from (+)-sclareolide by efficient synthetic path-
way. Based on the screening of inhibitory activity
against five cancer cell lines, HUVEC, and NO produc-
tion, we have discovered two molecules (10 and 12) have
strong inhibition activity. In particular, unnatural endo-
methylene a,b-unsaturated butyrolactone analog (15)
shows a highly selective inhibitory activity against HU-
VEC growth, which can be potentially utilized as lead
compounds to develop small molecular ligands to target
HUVEC.
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