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Abstract—3’,4’,5'-Trimethoxy benzoyl-naphthalene 2-O-acetic acid (5) underwent base catalysed intramolecular condensation to
yield exclusively 1-(3',4',5'-trimethoxy) phenyl naphtho[2,1-b]furan 8. The cyclised product 8 has been characterised by spectrosco-
py. The product 8 showed significant anticancer activity against human cancer cell lines COLO320DM (colon), CaCO2 (colon) and
WRL68 (liver) at 0.7, 0.65 and 0.50 pg/ml concentrations, respectively, in the in vitro MTT assay.

© 2005 Elsevier Ltd. All rights reserved.

Furan moieties are common sub-structures in numerous
natural products.> Naphthofuran derivatives have been
isolated from various natural sources like Fusarium oxy-
sporum,® Gossypium barbadense,* etc., and are well
known for various types of biological activities like
antitumour,’ antifertility,® mutagenic,” growth inhibito-
ry® and oestrogenic.’ Thus, several approaches have also
been developed for their synthesis.!%¢

In continuation of our previous work!'! on modification
of gallic acid, while preparing the amides of compound 5
as protease inhibitors, it unexpectedly ended as com-
pound 8. While preparing the amides onto compound
5, that is, 3’,4',5'-trimethoxy benzoyl-naphthalene
2-0-acetic acid, an intramolecular condensation took
place along with elimination of CO, and H,O to yield
a cyclised product 1-(3',4',5'-trimethoxy) phenyl naph-
tho[2,1-b]furan 8, which is characterised by spectrosco-
py. It showed significant anticancer activity against
various human cancer cell lines.

Naphthofuran ring was synthesized under basic condi-
tions starting with 3,4,5-trimethoxy benzoic acid. The
synthetic scheme is given in Figure 1. The synthesis of
compound 5 from gallic acid has already been
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discussed.!! Compound 5 along with N'-(3-dimethylami-
nopropyl)-N-ethylcarbodiimide hydrochloride (EDC-
HCI), 1-hydroxy benzotriazole (HOBt), triethyl amine
and a primary amine under refluxing conditions in dichlo-
romethane yielded exclusively 8 after an intramolecular
condensation.'* The role of primary amine is not clear,
but was found to be essential for this condensation. Also,
it will be worth mentioning that irrespective of addition of
any type of primary amine (aniline, 3,4,5-trimethoxy ani-
line, n-butyl amine, etc.), product 8 was obtained in excel-
lent yields (89%). The cyclisation reaction was further
repeated using two more substrates (6 and 7) having a
similar naphthophenone moiety along with 2-O-acetic
acid chain to get the desired phenyl naphtho[2,1-b]furans
(9 and 10) in good yields (73-91%). The 2-hydroxy naph-
thophenone moieties of 6 and 7 were synthesized by stir-
ring the respective acid chlorides (p-anisoyl chloride and
benzoyl chloride) with 2-methoxy naphthalene in dry
dichloromethane at room temperature using anhydrous
aluminium chloride.'?® Rest of the steps were as such of
compound 5.

The structure proposed for compound 8 has been
confirmed by spectroscopic means'? using IR, NMR
experiments like 'H NMR, '*C NMR, Dept 135 and
2D ("H-'H and '"H-'3C) correlation experiments and
finally by electrospray mass spectrometry. The proton
spectra taken on 300 MHz FT-NMR in CDCl; showed
two signals at ¢ 3.79 and 3.89 ppm integrating each for
six and three protons which corresponds to a total of
three methoxy groups attached to an aromatic ring. A
distinct singlet, integrating for one proton resonating
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Figure 1. Schematic presentation of synthesis of naphthofurans.

at 6 7.625 ppm, apart from five naphthalenic proton
multiplets in this aromatic region, 1ndlcates it to be at-
tached on the furan moiety. The '*C NMR spectra
showed the presence of total 21 carbons in 8. '*C
NMR coupled with DEPT 135 experiments clearly indi-
cated the presence of 3 methyls (oxygenated), 9 methines
(one oxygenated) and 9 quaternary (4 oxygenated) car-
bons. Absence of both the two carbonyl and one CH,
carbon resonances in product 8 indicates the possibility
of cyclisation through intramolecular condensation
along with the elimination of H,O and CO, groups.
Further, the special presence of a downfield resonance
at 0 141.91 ppm indicates it to be CH of furan moiety
and thus confirms the above-said possible cyclisation.
Rest of all other carbon resonances are well in agree-
ment with that of the parent and thus, confirm the struc-
ture proposed to be that of compound 8. Further, C-H
("3C at 6 141.91 ppm and 'H at 6 7.625 ppm) one bond
interaction in HMQC has clearly showed a heteronucle-
ar cross-correlation for CH pair of the furan moiety.

8; R'=R?*=R*-0CH,
9; R?=0OCHj, R'=R%H
10; R'=R*=R*=H

DCM, reflux, 73-91%

Rest of the correlations are well in agreement with that
of the parent has supported further the structure pro-
posed. Final authentication for the proposed structure
has come from the Mass analysis where the compound
showed molecular ion adduct peaks at m/z 335.5
[M+H]", 357.2 [M+Na]" and 373.1 [M+K]". IR spec-
trum showed the absence of carbonyl and hydroxyl
groups in 8. All the above data indicated a possibility
of cyclisation within the compound 5.

The cyclisation might have taken place due to a conden-
sation within the molecule, starting with the abstraction
of acidic proton from methylene group of 5 by triethyl
amine and subsequent attack of the carbanion at ketonic
carbon (naphthophenone) to form a five-membered cyc-
lic system. After this cyclisation, dehydration along with
decarboxylation led to a naphthofuran ring 8. The reac-
tion failed when the free carboxylic acid of 5 was in the
ester form (4). The possible mechanistic pathway is
depicted in Figure 2.
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Figure 2. Possible mechanistic pathway of formation of aryl naphthofurans.
Table 1. Cytotoxicity of phenyl naphtho[2,1b]furans against various human cancer cell lines by MTT assay
Compound Cancer cell lines
PAL KB403 WRL68 COLO320DM CaCO2 MCF7
(pg/ml)  (pg/ml)  (pg/ml)  (ug/ml)  (pg/ml)  (pug/ml)  (ug/ml)  (ng/ml)  (ug/ml)  (ug/ml)  (pg/ml)  (ug/ml)
Taxol 0.006 0.9 0.001 0.047  0.0035 2.5 0.0045 0.01 0.007 0.065 0.005 0.85
8 3.5 4.5 8.0 10 0.7 5.0 0.65 4.0 0.50 — — —
9 4.0 8.0 — — 6.0 — 5.0 — 0.95 7.5 — —
10 — — 9.0 — — — — — — — — —

(—) means inactive.

The anticancer activity of compounds 8, 9 and 10 using
MTT assay'” is given in Table 1. Compounds were eval-
uated for in vitro cytotoxic activity against six human
cancer cell lines PA1 (ovary cancer cells), KB403 (oral
and mouth cancer cells), WRL68 (liver cancer cells),
COLO 320DM (colon cancer cells), CaCO2 (colon can-
cer cells) and MCF7 (hormone dependent breast cancer
cells). Taxol (paclitaxel) was wused as reference
compound.

Compound 8 showed significant cytotoxicity against
both colon cancer cell lines, that is, CaCO2 and CO-
LO320DM and WRL68 liver cancer cell lines having
ICsq values 0.5, 0.65 and 0.7 pg/ml, respectively. Com-
pound 9 also showed good cytotoxic activity against
CaCO2 cell lines having an ICsy value of 0.95 pg/ml.
While compound 10 did not exhibit significant activity
against any of the cancer cell lines.

Different benzoyl naphthalene 2-O-acetic acid deriva-
tives undergo an intramolecular condensation under
EDC, HOBt, TEA and p-amine in DCM system to yield
the corresponding cyclised product phenyl naph-
tho[2,1b]furans (8, 9 and 10). Among these naphthofu-
rans 8 and 9 showed significant in vitro anticancer
activity against various human cancer cell lines. This

new methodology will be useful for the synthesis of aryl
naphtho[2,1b]furans. This study suggests that gallic acid
can be modified to produce potent anticancer agents.

Acknowledgments

Authors are thankful to the Head of the Division for
valuable suggestions. The award of Research Internship
to one of the authors (V.S.) from Council of Scientific
and Industrial Research (CSIR) is duly acknowledged.
The project work was supported from Department of
Science and Technology (DST) Govt. of India under
Fast Track Scheme.

References and notes

1. CIMAP Communication No. 2005-27].;

2. (a) Keay, B. A.; Dibble, P. W. In Comprehensive Hetero-
cyclic Chemistry II; Katritzky, A. R., Rees, C. W., Scriven,
E. F. V., Eds.; Pergamon: UK, 1996; Vol. 4, pp 395-436;
(b) Murthy, K. S. V.; Rajitha, B.; Rao, M. K.; Komura-
iah, T. R.; Reddy, S. M. Heterocycl. Commun. 2002, 8,
179.

3. Stipanovic, R. D.; Bell, A. A.; Howell, C. R. Phytochem-
istry 1975, 14, 1809.



914
4.
5.

6.

10.

12.

V. Srivastava et al. | Bioorg. Med. Chem. Lett. 16 (2006) 911-914

Tatum, J. H.; Baker, R. A.; Berry, R. E. Phytochemistry
1987, 26, 2499.

Hagiwara, H.; Sato, K.; Suzuki, T.; Ando, M. Heterocy-
cles 1999, 51, 497.

Kamboj, V. P.; Chandra, H.; Setty, B. S.; Kar, A. B.
Contraception 1970, 1, 29.

Weill-Thevenet, N.; Buisson, J.-P.; Royer, R.; Hofnung,
M. Mutat. Res. Lett. 1982, 104, 1.

. Ribeiro-Rodrigues, R.; dos Santos, W. G.; Oliveira, A. B.;

Snieckus, V.; Romanha, A. J. Bioorg. Med. Chem. Lett.
1995, 5, 1509.

Mehrotra, P. K.; Karkun, J. N.; Kar, A. B. Contraception
1973, 7, 115.

For review please see: (a) Hou, X. L.; Cheung, H. Y.; Hon,
T.Y.; Kwan, P. L,; Lo, T. H.; Tong, S. Y.; Wong, H. N.
C. Tetrahedron 1998, 54, 1955; (b) Ghera, E.; Maurya, R.
Tetrahedron Lett. 1987, 28, 709; (¢) Naruta, Y.; Uno, H.;
Maruyama, K. Tetrahedron Lett. 1981, 22, 5221; (d)
Sestelo, J. P.; Real, M. D.; Mourino, A.; Sarandeses, L. A.
Tetrahedron Lett. 1999, 40, 985; (e) Park, K. K.; Jeong, J.
Tetrahedron 2005, 61, 545.

. Negi, A. S.; Darokar, M. P.; Chattopadhyay, S. K.; Garg,

A.; Bhattacharya, A. K.; Srivastava, V.; Khanuja, S. P. S.
Bioorg. Med. Chem. Lett. 2005, 15, 1243.

Selected physical data.

Compound 8: yield = 89%; mp = oil, IR = 1582, 1462,
1218, 1127, 770, 670. "H NMR (CDCls, 300 MHz) 6 3.79
(s, 6H, 3’ and 5’ OCH3), 3.89 (s, 3H, 4'-OCHs;), 6.72 (s,
2H, 2’ and 6’ CH of phenyl ring), 7.34-7.36 (distorted t,
2H, J =8.19 Hz), 7.57-7.59 (d, 1H, J = 5.79 Hz), 7.625 (s,
1H, CH of furan ring), 7.67-7.70 (d, 1H, J=9.0 Hz),
7.85-7.87(d, 1H, J = 741Hz), 7.9-8.02 (d, I1H,
J =798 Hz); '3C NMR (CDCls;, 75.47 MHz) & 153.83,
153.83, 153.55, 141.59, 131.30, 129.32, 129.06, 128.82,
126.39, 125.33, 124.87, 124.79, 123.88, 121.11, 120.62,
113.41, 109.72, 107.81, 61.37, 56.70, 56.70. Electrospray
Mass (CH;CN); m/z 335.5 [M+H]" (86.67%), 357.2
[M+Na]* (66%), 373.1 [M+K]" (48.8%), Product ions;
320.1 [M—14]*, 276, 141.1. Elemental analysis calcd for
C,1H 304 C, 75.45; H, 5.39. Found: C, 75.86; H, 5.68.
Compound 9: yield = 91 %; mp = oil, 'H NMR (CDCl;,
300 MHz) § 3.83 (s, 3H, OCH3), 6.96 (d, 2H, 2’ and 6’ CH,
J=8.68 Hz), 7.25-7.37 (m, 2H), 7.42-7.45 (d, 2H, 3’ and
5" CH, J=8.65Hz), 7.58 (d, 1H, J=5.16 Hz), 7.622 (s,
1H, CH of furan ring), 7.67 (d, 1H, J =8.97 Hz), 7.86 (d,
1H, J=7.74Hz), 7.92 (d, 1H, J=8.19 Hz); *C NMR
(CDCl3, 7547 MHz) 6 159.94, 153.54, 141.94, 131.39,
131.39, 131.26, 129.25, 128.88, 126.29, 126.19, 125.68,
124.66, 124.45, 123.74, 121.42, 114.52, 114.52, 112.99,
55.74. El-Mass (GC-MS, MeOH); 274 [M]*, Product
ions; 259, 202. Elemental analysis calcd for CgH;40,: C,
83.21; H, 5.11. Found: C, 83.44; H, 4.96

Compound 10: yield = 73%; mp = oil, 'H NMR (CDCl,,
300 MHz) 6 7.23-7.25 (d, 1H, J=17.7Hz), 7.28-7.31
(d,1H, J=8.25Hz), 7.33 (d, 2H, J=7.68 Hz), 7.37-7.38
(m, 1H), 7.44-7.47 (dd, 2H, J=9.22 and 1.6 Hz), 7.52—
7.59 (t, 2H, J=10.1 Hz), 7.62 (s, 1H, CH of furan ring),
7.76-7.79 (d, 1H, J=79Hz), 7.86-7.89 (d, IH,
J=8.2Hz); C NMR (CDCl;, 75.47 MHz) 6 153.24,
141.67, 133.20, 130.92, 129.89, 129.19, 128.91, 128.57,

13.

14.

15.

128.57, 128.43, 127.85, 125.95, 125.95, 124.52, 124.33,
123.40, 120.80, 112.80. EI-Mass (GC-MS, MeOH);244
[M]*, Product ions; 215, 106. Elemental analysis calcd for
CisH,0: C, 88.52; H, 4.92. Found: C, 88.76; H, 4.74.
Woerdenbag, H. J.; Moskal, T. A.; Pras, N.; Malingré, T.
M.; Farouk, S.; El-Feraly, H.; Kampinga, H.; Konings, A.
W. T. J. Nat. Prod. 1993, 56, 849.

General experimental procedure for the synthesis of aryl
naphtho[2,15] furans: Synthesis of 1-(3’,4’,5'-trimethoxy)
phenyl naphtho[2,1b]furan (8). In a 25ml round-bot-
tomed flask 3’,4',5'-trimethoxy benzoyl naphthalene 2-O-
acetic acid (5, 100 mg, 0.25 mmol) was taken in dry
dichloromethane (10 ml). To this 1-hydroxy benzotriaz-
ole (80 mg, 0.63 mmol), EDC-HCI (120 mg, 0.63 mmol)
and triethyl amine (0.5 ml) were added. The reaction
mixture was stirred at room temperature for 20 min.
Now to this mixture 3.4,5-trimethoxy aniline (60 mg,
0.32 mmol) was added and the reaction mixture was
refluxed for 2 h. After completion of the reaction, 20 ml
water was added to this and stirred for 10 min. It was
extracted with dichloromethane (30 ml x 3) and washed
with water. The organic layer was dried over anhydrous
sodium sulfate and distilled off to get a residue. The
residue was passed through a small column of silica gel
(60-120 mesh) and eluted with hexane—ethyl acetate. The
compound 8 was obtained in 8-10% ethyl acetate—
hexane as an oil (89%).

In vitro anticancer activity of phenyl naphtho|[2,1b]furans
using MTT assay. Cytotoxicity testing in vitro was done
by the method of Woerdenbag et al.'® 2 x 10° cells/well
were incubated in the 5% CO, incubator for 24 h to enable
them to adhere properly to the 96-well polystyrene
microplate (Grenier, Germany). Test compound dissolved
in 100% DMSO (Merck, Germany) in at least five doses
was added and left for 6 h after which the compound plus
media was replaced with fresh media and the cells were
incubated for another 48 h in the CO, incubator at 37 °C.
The concentration of DMSO used in our experiments
never exceeded 1.25%, which was found to be non-toxic to
cells. Then, 10 ul MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide; Sigma M 2128] was added,
and plates were incubated at 37 °C for 4 h. One hundred
microlitres of dimethyl sulfoxide (DMSO, Merck, Germa-
ny) was added to all wells and mixed thoroughly to
dissolve the dark blue crystals. After a few minutes at
room temperature to ensure that all crystals were dis-
solved, the plates were read on a SpectraMax 190
Microplate Elisa reader (Molecular Devices Inc. USA) at
570 nm. Plates were normally read within 1 h of adding
the DMSO. The experiment was done in triplicate and the
inhibitory concentration (IC) values were calculated as
follows:

%inhibition = [I — OD(570 nm) of sample well/OD
(570 nm) of control well] x 100.

1Cyq is the concentration pg/mL required for 90% inhibi-
tion of cell growth as compared to that of untreated
control.
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