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a b s t r a c t

Tilorone is an interferon inducer with anticancer activity. Twenty-two novel tilorone analogs were
synthesized by improvements of fluorenone skeleton, side chains and amino groups to screen new
anticancer agents. In vitro evaluation showed that ten new compounds had better anticancer activities
than tilorone. Among them, 2c (IC50 < 7 mM against cancer cell lines and IC50 > 35 mM against non-cancer
cell lines) and 5d (IC50 < 10 mM against cancer cell lines and IC50 > 53 mM against non-cancer cell lines)
exhibited the best anticancer activities and selectivities. Pharmacophore modeling of highly active
compounds was carried out by Molecular Operating Environment (MOE) to generate a visualized model
for compound design in future study.

� 2013 Elsevier Masson SAS. All rights reserved.

1. Introduction

Tilorone (or 2,7-bis[2-diethylaminoethoxy]fluoren-9-one, Fig.1)
is the first synthetic, small molecular weight interferon inducer in
possession of a broad range of therapeutical functions, such as
resistance to systemic candidiasis, antiviral effect and anticancer
activity [1e6]. These activities are mainly achieved by DNA strand
intercalation that alters DNA chemobiological properties and
further activates interferon expression [7e9].

Many previous studies showed that the modification of tilor-
one’s fluorenone skeleton and side chain (Fig. 1) enhanced anti-
cancer activity [10e16]. In general, the fluorenone skeleton was
optimized by substitution with differently rigid planar rings
[9,13,17e20], while the modification of the side chain was mostly
derived from length extension, addition of carbonyl group and shift
of linkage site [10,11,14,16] as well as change of N-alkyl groups [10e
20]. It is thus of considerable interest to investigate the necessities
of rigid skeleton and tertiary amino groups as well as the influence
of extra hydroxyl groups.

On the basis of these considerations, twenty-two novel tilor-
one analogs containing rotational isoflavone skeleton with anti-
cancer activity [21e24], hydroxyl side chains and non-tertiary
amino groups have been designed, synthesized and assayed for
cytotoxicity and anticancer activity. After in vitro activity evalu-
ation, the highly active compounds were implemented pharma-
cophore modeling by Molecular Operating Environment (MOE)
[25].

2. Chemistry

The compounds 1d (Scheme 1) and 6cem (Scheme 2) were
synthesized via a three-step procedure starting from daidzein (D)
and 2,7-dihydroxy-9-fluorenone (F), respectively. This procedure
included hydroxyethylation of phenolic hydroxyls by ethylene
chlorohydrin, further chlorination of alcoholic hydroxyls by thionyl
chloride and final nucleophilic substitution of chlorides by corre-
sponding amines [26]. Note that in the first step, ethylene chloro-
hydrin in excess needed to be used due to its hydrolyzation during
the reaction. The compounds 4c and 4d (Scheme 2) were produced
via a similar procedure to 6cem, where the only difference was
ethylation on one of the two phenolic hydroxyls by diethylsulfate
prior to the three-step procedure. The synthesis of the compounds
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2bed (Scheme 1) and 5bee (Scheme 2) involved epoxypropylation
of starting compounds (D and F) by epichlorohydrin followed by
ring-opening reaction of epoxide using appropriate amines.
The compounds 3b and 3c (Scheme 1) were obtained by bromo-
propylation and nucleophilic substitution. Bromopropylation was

performedwith an excess of 1,3-dibromopropane (five equivalents)
in order to reduce by-products. Our attempts indicated that direct
bromoethylation by 1,2-dibromoethane could not be used to pre-
pare 1d and 6cem, resulted in a large amount of polymolecular by-
products.

Fig. 1. Structures of tilorone and its active derivatives.

Scheme 1. Synthesis of compounds 1d, 2bed, 3b and 3c. Reagents and conditions: (1) NaOH/ethylene chlorohydrin/DMSO, 70 �C; (2) thionyl chloride, 60 �C; (3) potassium
carbonate/diethylamine/CHCl3, reflux; (4) epichlorohydrin/NaOH/DMSO, 70 �C; (5) potassium carbonate/amines/CHCl3, reflux; (6) NaOH/1,3-dibromopropane/DMSO, 70 �C; (7)
potassium carbonate/amines/DMF, 70 �C.

Scheme 2. Synthesis of compounds 4c, 4d, 5bee and 6cem. Reagents and conditions: (1) NaOH/diethylsulfate/water, R.T.; (2) NaOH/ethylene chlorohydrin/DMSO, 70 �C; (3) thionyl
chloride, 60 �C; (4) potassium carbonate/amines/DMF, 70 �C; (5) epichlorohydrin/NaOH/DMSO, 70 �C; (6) potassium carbonate/amines/DMF, 70 �C; (7) NaOH/ethylene chloro-
hydrin/DMSO, 70 �C; (8) thionyl chloride, 60 �C; (9) potassium carbonate/amines/DMF, 70 �C.
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