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AbstractÐNew 40,50,2,3,4-substituted 20-amino chalcones were synthesized and evaluated for cytotoxicity against a panel of human
tumor cell lines. Several compounds displayed signi®cant cytotoxicity. The most promising lead molecule (10) also had high activity
toward multi-drug resistant KB-VIN, and ovarian 1A9 cell lines. 20-Amino chalcones demonstrated signi®cantly increased anti-
tumor activity compared with the corresponding chalcones, while, the epoxide derivatives generally showed greatly reduced activity.
# 2000 Elsevier Science Ltd. All rights reserved.

Chalcones (1,3-diaryl-2-propen-1-ones, 1) display inter-
esting biological activities, including antimalarial,1 anti-
in¯ammatory,2 cytotoxic,3±5 and anticancer proper-
ties.6,7 A number of chalcones have been reported to be
active antimitotic agents inhibiting tubulin polymeriza-
tion.8 In our continuing study of antimitotic antitumor
agents, we discovered that 2-phenyl-4-quinolones (3)
and 2-phenyl-2,3-dihydro-4-quinolones (4) displayed
potent cytotoxicity against a panel of human tumor cell
lines.9±11 Furthermore, some quinolones showed in vivo
anticancer activity; in the xenograft ovarian OVCAR-3
model, treated mice demonstrated a 130% increase in
life span. Structurally, 20-amino-chalcones (2) are the
fragmented analogues of 2-phenyl-4-quinolones and
have an uncyclized B ring. However, the synthesis of
20-amino chalcones for cytotoxic and anticancer prop-
erties appears to be an unexplored ®eld. In addition, a
number of a,b-unsaturated ketones have demonstrated
preferential reactivity toward thiols.12,13 Alkylation with
a cellular thiol such as glutathione (GSH) may also
occur with chalcones, leading to adducts at the b-posi-
tion. Hence, these a,b-unsaturated ketones may be free
from the problems of mutagenicity and carcinogenicity
that are associated with many alkylating agents used in
cancer chemotherapy.14,15 The aim of the present inves-
tigation therefore was to prepare a number of such

prototypic molecules and related analogues in order to
evaluate their cytotoxic activity (Fig. 1).

As shown in Scheme 1, 20-amino chalcones (7±11) were
synthesized by a base-catalyzed condensation of appro-
priately substituted 2-amino acetophenone 5 and
aldehyde 6.16 Reacting compounds 7, 9 and 10 with
hydrogen peroxide a�orded the corresponding a,b-
epoxide derivatives 12±14.17

The substituted 20-amino chalcones and derivatives 7±14
were assayed for cytotoxicity in vitro against nine
human tumor cell lines, including epidermoid carci-
noma of the nasopharynx (KB), P-gp-expressing epi-
dermoid carcinoma of the masopharynx (KB-VIN),
ostcosarcoma (Hos), melanoma (SKMEL-2), ileocecal
carcinoma (HCT-8), breast cancer (MCF-7), lung car-
cinoma (A-549), glioblastoma (U87-MG), and ovarian
cancer (1A9) cell lines.

From the ED50 values summarized in Table 1, com-
pounds 7±11 showed signi®cant (ED50 �4.0 mg/mL)
cytotoxic activity, especially selectivity against KB, KB-
VIN and 1A9 cell lines. Compound 10, which contained
a methylenedioxy moiety at the 40, 50 positions and a
methoxy group at the 3 position, was the most active
compound in this study.

By comparing the cytoxic activities of compounds with
di�erent substitutions as well as at di�erent positions,
the following conclusions were reached: (a) Introducing
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the methylenedioxy moiety at the 40, 50 position (10) led
to enhanced cytotoxic activity compared with the A-
ring unsubstituted compound 8. (b) The methoxy group
at the 3-position was greatly bene®cial for increased
cytotoxicity. Compound 10 was about 3- and 6-times as
active as 9 and 11, respectively, and 8 with a 3-methoxy
was also more active than 7. Compounds 8 and 10 dis-
played signi®cant cytotoxic e�ects with ED50 values less
than 1 mg/mL against KB and 1A9 cell lines. (c) Con-

verting the a/b unsaturated ketones (7, 9 and 11) to the
corresponding epoxides (12, 13 and 14) dramatically
reduced the cytotoxicity. Thus, although the epoxy
group might also act as a second alkylating moiety,15

the a,b-unsaturated ketone moiety of 20-amino chal-
cones appears to play an important role in thiol/
enzyme-alkylation, preferentially via Michael addi-
tion.15 This result demonstrated that the double bond is
the essential moiety for chalcones as antitumor agents.

Scheme 1. General synthetic routes to 20-amino chalcones.

Table 1. In vitro cytotoxic activities of 40, 50, 2,3,4-substituted 20-amino chalcones18

ED50 (mg/mL)a

KBb KB-VINb HOSb SKMEL-2b HCT-8b MCF-7b A-549b U87-MG 1A9b

7 1.35 1.25 4.00 5.10 9.80 6.10 3.50 >10(34) 1.20
8 0.65 0.30 2.00 3.50 4.50 1.30 1.20 5.10 0.80
9 1.50 0.95 4.00 6.50 3.00 2.60 2.00 7.00 1.50
10 0.52 0.30 2.40 2.30 1.50 0.48 0.45 8.00 0.35
11 3.10 2.20 6.00 9.00 6.50 5.10 4.20 >10(49) 3.50
12 15.50 11.50 >20(47)c >20(45) >20(41) 19.50 17.00 >20(28) 12.50
13 15.40 2.30 4.00 9.50 4.80 2.30 3.50 9.00 1.85
14 2.00 1.30 4.50 9.80 2.10 1.10 2.00 5.00 1.20
15 18.70 14.00 >20(42) >20(42) >20(28) 19.00 18.50 >20(20) 15.00

aED50 was the concentration of compound which a�ords 50% reduction in cell number after 3 days incubation.
bHuman epidermoid carcinoma of the nasopharynx (KB), pgP-expressing human epidermoid carcinoma of the nasopharynx (KB-VIN), ostco-
sarcoma (Hos), human melanoma cancer (SKMEL-2), human ileocecal carcinoma (HCT-8), human breast cancer (MCF-7), human lung carcinoma
(A-549), and human ovarian cancer (1A9).
cInhibition <50% at the highest test concentration (percentage observed is given in brackets).

Figure 1.
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In addition, all 20-amino chalcones showed fairly good
activity against nasopharynx (KB), breast (MCF-7),
and lung (A549) cell lines as well as increased activity
against ovarian cancer (1A9). In comparing chalcones
with and without the amino group at the 20-position 9
was about 40-fold more active than the corresponding
3-methoxy-40,50-methylenedioxy chalcone (15), which
does not contain the 20-amino group. In addition, 20-
amino chalcones showed better tumor selectivity than
the corresponding 2-phenyl-4-quinolones,10,11 which are
cyclic a,b-unsaturated ketones. Additional mechanism
studies are ongoing to better understand the results.

In summary, we have discovered a novel class of 20-
amino chalcones as potential antitumor agents. The
position and the size of the substituents seem to be
important for antitumor activity in the 20-amino chal-
cones. Compound 10 with a methylenedioxy moiety at
the 40, 50 positions and methoxy group at the 3-position
is the lead compound with potent cytotoxic activity.
Evaluation against multi-drug resistance cells, as well as
further SAR studies, are continuing.
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