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Abstract—The first total synthesis of a unique flavone natural product, desmosdumotin B (1), was accomplished. Furthermore, three
novel flavonoids, 6–8, and a novel chalcone, 9, were synthesized. The new compounds were evaluated as in vitro inhibitors of human
cancer cell growth. The synthetic 1 showed significant cytotoxic activity against a multi-drug resistant cell line (KB-VIN) with an
ED50 value of 2.0 lg/mL compared to >40 lg/mL against the parental KB cell line. Flavone 7 displayed selective activity against
1A9 ovarian carcinoma with an ED50 value of 0.7 lg/mL. Selected 1-analogs and synthetic intermediates were also screened for anti-
tumor-promoting effects as inhibitors of EBV-EA activation. Among them, trihydroxyacetophenone derivatives 11 and 14 showed
good activity.
� 2005 Elsevier Ltd. All rights reserved.
Figure 1. Structures of desmosdumotins B (1) and C (2).
Desmos (Annonaceae) spp. are used in China as folk
medicines because of their antimalarial, insecticidal,
antirheumatic, antispasmodic, and analgesic properties.1

Several interesting flavonoids including chalcones with
an oxygen function (OH or OMe) at the C-5 position
(flavonoid numbering) and a highly substituted A-ring
have been isolated from these species.2 In particular des-
mosdumotin B (1)3 was isolated and characterized as a
unique flavonoid with an unusual A-ring structure. Des-
mosdumotin C (2)4 is the possible biosynthetic precursor
of 1. Both compounds were isolated from the root bark
of Desmos dumosus in 2001 and 2002, respectively.3,4

Flavone 1, also isolated from the stems and leaves of
Dasymaschalon trichophorum and named dasytrichone
by Liu et al. in 1992,5 inhibited the metabolism of the
carcinogen benzo[a]pyrene in hamster embryo cell cul-
ture, and thus was regarded as a potential cancer chemo-
preventive agent (see Fig. 1).
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We previously reported the total synthesis of desmos-
dumotin C (2) from trihydroxyacetophenone (4)6 and
biological evaluation of several derivatives with different
terminal aromatic rings.7 These promising results led us
to synthesize desmosdumotin B (1). Intramolecular
cyclization of 2 could give flavone 1 as well as other fla-
vonoid compounds. Accordingly, herein, we report the
syntheses of 1, 6, (±)-8, and 9 from 2, as well as the novel
flavone 7 from ceroptene (3)7,8 and their cytotoxic activ-
ity data. We also describe the antitumor-promoting ef-
fects of selected compounds.

Treatment of 2 with catalytic iodine and concd H2SO4 in
DMSO afforded desmosdumotin B (1) in 33% yield
along with its 7-methoxy derivative 6 in 55% yield.9,10

The resulting 6 was also converted to 1 in 68% yield
by treatment with BBr3 along with 18% of recovered
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Scheme 1. Synthesis of 1 and its analogs 6–9.
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starting material.11 The synthetic desmosdumotin B (1)
has spectroscopic data identical with those of the natu-
ral product.3 Flavone 7 was also obtained from cerop-
tene (3) in the same manner as described above.
Unfortunately, demethylation of 7 to give 5 was unsuc-
cessful using several methods. On the other hand, an
intramolecular Michael reaction of 2 would provide fla-
vanone 8 and/or the 7-methoxy derivative 10. Although
using a well-known procedure employing NaOAc gave
only recovered starting material, (±)-8 was obtained in
13% yield together with the uncyclized chalcone 9 in
40% yield by refluxing a MeOH–acetone solution of 2
with concentrated HCl (see Scheme 1).12

The compounds obtained were evaluated in vitro
against human tumor cell replication in the following
cell lines: lung carcinoma A549, ovarian carcinoma
1A9, breast cancer MCF-7, nasopharyngeal carcinoma
KB, and KB-VIN, a multi-drug resistant (MDR) vari-
ant (Table 1). Synthesized desmosdumotin B (1) showed
interesting and significant activity against the Pgp-multi-
drug resistant (KB-VIN) cell line with an ED50 value of
2.0 lg/mL, although it was inactive (ED50 > 40 lg/mL)
against the KB cell line. Interestingly, the other two flav-
ones, 6 and 7, with a methoxy group at the C-7 position
Table 1. Activities of 1-analogs against human tumor cell replication

Compound ED

A549 1A9

1 28.0 36.0

2c 3.5 3.5

3c >5 (48) 3.63

6 33.5 38.0

7 2.0 0.7

8 13.5 8.0

9 9.0 8.0

a Cytotoxicity as ED50 values for each cell line, the concentration of comp

untreated cells using the sulforhodamine B assay. If inhibition was observed

inhibition is the values in parentheses. The values are averages from two in

greater than 5% of any value.
b Human lung carcinoma (A549), human ovarian carcinoma (1A9), breast can

and multi-drug resistant expressing P-glycoprotein (KB-VIN).
c See Ref. 7.
displayed no difference in KB and KB-VIN cell lines.
Novel flavone 7 showed quite strong and selective in vi-
tro cytotoxic activity against 1A9 ovarian carcinoma
with an ED50 value of 0.7 lg/mL, although flavone 6
with a methyl group on the C-6 position was less active
against all cell lines.

Selected synthetic 1-analogs, 6, 8, 9, and 16,7 and tri-
hydroxyacetophenone derivatives, 11–15,6,7 which may
be biosynthetic intermediates of the desmosdumotins,
were examined in an in vitro assay for inhibition of
EBV-EA (Epstein–Barr virus early antigen) activation
in Raji cells (see Fig. 2). As shown in Table 2, all five
hydroxyacetophenones showed greater activity than
the desmosdumotins. Particularly, compounds 11 and
14, which bear two acetoxy groups on the ring, exhibited
significant inhibitory effects (94–95% inhibition of acti-
vation at 1 · 103 mol ratio/TPA, 61–62% inhibition at
500 mol ratio/TPA, and 29–31% inhibition of activation
even at 100 mol ratio/TPA). Therefore, these com-
pounds might be potential antitumor promoters, be-
cause inhibitory effect on EBV-EA activation generally
correlates well with antitumor-promoting activity in
vivo.13 In vivo evaluation of 11 and further structural
modifications are in progress.
50 (lg/mL)a versus cell lineb

MCF-7 KB KB-VIN

>5 (21) >40 (33) 2.0

3.8 3.9 3.2

>5 (47) 4.1 2.9

>5 (25) 38.5 23.0

NA 1.8 1.8

>5 (44) 10.5 7.5

>5 (25) 10.5 6.5

ound that caused 50% reduction in absorbance at 562 nm relative to

at the highest test concentration but was less than 50%, the percentage

dependent determinations and variation between the replicates was not

cer (MCF-7), human epidermoid carcinoma of the nasopharynx (KB),



Table 2. Relative ratioa of EBV-EA activation with respect to positive

control (100%)b

Compound % of control (% viability)c versus concentration

(mol ratio/TPA)d

1000d 500d 100d 10d

1e 21.6 (70)c ± 1.1 52.8 ± 1.9 85.0 ± 2.9 100 ± 0.2

2e 10.1 (70) ± 0.5 41.6 ± 1.6 75.0 ± 2.1 100 ± 0.4

6 13.7 (70) ± 0.6 45.0 ± 1.7 79.1 ± 2.7 100 ± 0.3

8 15.9 (70) ± 1.0 47.6 ± 1.7 82.0 ± 2.9 100 ± 0.1

9 10.1 (70) ± 0.5 49.3 ± 1.8 76.7 ± 2.2 100 ± 0.3

11 4.0 (60) ± 0.3 38.1 ± 1.1 69.3 ± 1.9 90.6 ± 0.5

12 8.5 (60) ± 0.3 41.3 ± 1.3 72.6 ± 2.3 96.3 ± 0.4

13 7.3 (60) ± 0.8 40.5 ± 1.4 70.9 ± 2.0 95.1 ± 0.5

14 5.3 (60) ± 0.6 39.1 ± 1.3 71.4 ± 2.1 93.2 ± 0.4

15 9.0 (60) ± 0.5 44.7 ± 1.5 72.1 ± 2.2 98.3 ± 0.3

16 13.4 (70) ± 1.4 51.4 ± 1.8 77.2 ± 2.2 100 ± 0.1

a Values represent relative percentage to positive control value (100%).

Data are expressed as means.
b For experimental details, see Ref. 15.
c Values in parentheses are viability percentages of Raji cells.
d TPA concentration is 20 ng/mL (32 pmol/mL).
e See Ref. 14.

Figure 2. Structures of 11–16.
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