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Anticancer activity of 3-O-acyl and
alkyl-(�)-epicatechin derivatives
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Abstract—By changing the structure or replacing the gallate group of (�)-ECG, 3-O-acyl and alkyl-(�)-epicatechin derivatives were
synthesized to be screen as anticancer agents using the MTT assay in vitro against cancer cell lines (PC3, SKOV3, U373MG). 3-O-
Acyl and alkyl-(�)-epicatechin derivatives (4–25) exhibited better anticancer activity than (�)-ECG and specially, compounds 6–8,
17–19, which were modified aliphatic chains with moderate sizes (C8–C12) showed strong anticancer activity (IC50 = 6.4–31.2lM).
The introduction of an alkyloxy group on 3-O-hydroxyl instead of an acyloxy group significantly enhanced inhibitory activity. Con-
sequently, the compound that showed the most potency as anticancer agents were 3-O-decyl-(�)-epicatechin (18) (IC50 = 8.9, 7.9,
6.4lM against PC3, SKOV3, U373MG, respectively), which modified the appropriate lipophilic group on the C-3 hydroxyl as
an alkyloxy group.
� 2004 Elsevier Ltd. All rights reserved.
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Figure 1. Chemical structures of major catechins of tea.
Recently, much attention has been paid to tea, Camellia
sinensis, for the beneficial biological activities of its com-
pounds, catechins, which have been reported to possess
antimutagenic, antibacterial, antioxidant, antitumor
and cancer preventive properties.1–4 The constituents
of the catechins of green tea are epigallocatechin-3 gal-
late (EGCG), epigallocatechin (EGC), epicatechin-3 gal-
late (ECG) (1), epicatechin (EC) (2) (Fig. 1).5 Among
catechins, (�)-EGCG and (�)-ECG exhibited better
anticancer activity than (�)-EGC and (�)-EC.1,6

Because (�)-EGCG and (�)-ECG was postulated to
prevent human cancer by inhibiting enzymes, such as
urokinase and 5a-reductase, that are crucial for cancer
growth and development, though it might be one of
many ways of cancer inhibition by green tea. 7–9 How-
ever, Hiipakka et al. discovered that (�)-EGCG and
(�)-ECG exerted potent inhibition of human 5a-reduc-
tase in cell-free but not in whole-cell assays. The lack
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of activity in whole cells may be due to an inability of
these catechins to cross the cell membrane or to enzy-
matic or nonenzymatic changes in the structure of these
catechins in assay using whole-cell culture.9
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The purpose of the present study was to synthesize 3-O-
acyl-(�)-epicatechin derivatives, which might enhance
anticancer activities on whole cell assay. By replacing
the gallate group of (�)-ECG with lipophilic group, var-
ious aromatic group and aliphatic chains, for increasing
the lipophilicity, 3-O-acyl-(�)-epicatechin derivatives
were synthesized (4–14). In order to prevent the acyloxy
group at the C-3 hydroxyl group from enzymatic or
non-enzymatic cleavage, the synthesized compounds
were modified with an alkyloxy group instead of an acyl-
oxy group (15–25).
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Scheme 1. Synthesis of 3-O-acyl epicatechins.
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For the synthesis of 3-O-acyl-(�)-epicatechin deriva-
tives, the phenolic hydroxyl group of 2 was benzylated
by treatment with benzyl bromide and K2CO3 to give
5,7,3 0,4 0-tetra-O-benzyl-(�)-epicatechin (3) in 74%
yield.10 The treatment of 3 with various acyl chloride
and triethylamine (TEA) gave the 5,7,3 0,4 0-tetra-O-
benzyl-3-O-acyl-(�)-epicatechins. The debenzylation of
5,7,3 0,4 0-tetra-O-benzyl-3-O-acyl-(�)-epicatechins was
carried out with Pd/C in presence of H2 to give com-
pounds 4–14 (Scheme 1). To obtain the 3-O-alkyl-(�)-
epicatechin derivatives, 3 was treated with cesium
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hydroxide (CsOH), tert-butyl ammonium iodide (TBAI)
and various alkyl bromide to give 5,7,3 0,4 0-tetra-O-ben-
zyl-3-O-alkyl-(�)-epicatechins, as shown in Scheme 2.
Compounds 15–25 were obtained with the deprotection
of the benzyl group in the same way as Scheme 1.

All the above compounds were tested for their in vitro
anticancer activity against PC3, SKOV3, U373MG cells
using the MTT assay, which was performed in 96-well
plates essentially as described by Mosmann.11 The
IC50 concentration represents the concentration, which
results in a 50% decrease in cell growth after 3days incu-
bation. The given values are the mean values of the three
experiments.

The pharmacological activities against the PC3,
SKOV3, U373MG cells are summarized in Table 1. In
effect, 3-O-acyl and alkyl-(�)-epicatechin derivatives
(4–25) were synthesized to support the assumption that
increasing their lipophilicity and the permeability of the
cell membrane would enhance the anticancer action of
ECG. Among the new compounds (4–25), the replace-
ment of aliphatic chains with moderate sizes (C10–
C12) (7–8, 18–19)12 exhibited great enhancement of anti-
cancer activity and too short (C4) or too long (C16)
displayed little increase of anticancer effect. These results
suggests that the presence of lipophilic substituents with
moderate sizes might be crucial for the optimal antican-
cer activity. The most significant structural change lead-
ing to enhance activity was the introduction of an alkyl
group at the C-3 hydroxyl in place of an acyloxy group.
3-O-(4-Trifluoromethoxy benzyl)-(�)-epicatechin (25)12

showed three times the activity than 3-O-(4-trifluoro-
methoxy benzoyl)-(�)-epicatechin (14).12 This modifica-
tion is likely to prevent the compounds from enzymatic
Table 1. In vitro anticancer effects against the PC3, SKOV3 and

U373MG cell lines

Compounds IC50 (lM)

PC3 SKOV3 U373MG

1 168.2 185.4 157

2 >500 >500 >500

4 95.6 103.5 107.3

5 67.2 68.2 71.2

6 24.2 31.2 29.7

7 14.6 20.8 19.2

8 23.1 22.4 24.3

9 33.7 34.7 36.7

10 43.1 48.1 42.9

11 71.9 61 59.2

12 58.7 78.2 64.5

13 51.3 50.1 57.2

14 45.2 47.3 50.3

15 98.3 78.3 77.2

16 35.6 27.8 23.4

17 14.3 15.5 12.3

18 8.9 7.9 6.4

19 9.3 8.6 7.1

20 17.5 18.2 16.9

21 29.1 30.3 22.5

22 21.8 27.2 22.3

23 33.2 41.7 25.2

24 32.5 38.2 29.8

25 14.6 19.1 11.2
or nonenzymatic cleavage, which in turn may make
them more stable in whole-cell culture. The compound
18 exerted the strongest anticancer activities with a
IC50 values of 8.9, 7.9 and 6.4lM against PC3, SKOV3
and U373MG, respectively. This result indicates that the
introduction of moderate sized aliphatic chain at the C-3
hydroxyl with an alkyloxy group can lead to increasing
of permeability and stability, which significantly im-
prove inhibitory effect of cancer cell growth.
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