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The synthesis and structural assignments of 9-chloro-1,1-phenanthroline-2(1H)-thione and 1,10-dihy-
dro-1,10-phenanthroline-2,9-dithione have been accomplished. The sulfur-bridged bis-1,10-phenanthro-
line macrocycle was readily prepared by heating the thione or equimolar amounts of the dithione and
2,9-dichloro-1,10-phenanthroline in diphenyl ether. Displacements of 2-chloro- or 2,9-dichloro-1,10-
phenanthroline with N,N-dimethylethylenediamine afforded the corresponding amine and diamino ana-
logues. An amino-substituted-2,20-bis-1,10-phenanthroline has been prepared.

� 2009 Elsevier Ltd. All rights reserved.
Our interest in the synthesis of analogues with 1,10-phenanth-
oline pharmacophores is based on their potential applications as
inhibitors of telomerase, an enzyme found in cancer cells which
controls the continuous growth of the tumor.1,2 In particular, we
wish to evaluate the ability of metal-binding ligands such as het-
eroatom-bridged macrocycles to stabilize the G-quadruplex struc-
ture of telomeric DNA and interfere with the action of telomerase.
Porphyrins (tetradentate nitrogen ligands) have been shown to act
as telomerase inhibitors,3 and a platinum-1,10-phenanthroline
complex has demonstrated telomerase inhibition.4

A mixture of 1a5 and thiourea in refluxing ethanol led to 26,7 in
reasonable yields. The formulation as 2, rather than the tautomeric
form, is based on NMR comparisons with 3, a non-tautomerizable
model. The 13C NMR for the C@S in 2 appears at 186.1 ppm (DMSO-
d6), while that for 38 is at 185.1 ppm (CDCl3). Treatment of 1a with
NaSH hydrate in DMF at 130–135 �C for 3 h followed by acidificat-
ion readily led to 4.9 A previous preparation of 4 has been reported,
and the authors proposed the thione form on one side when the 1H
NMR was run in CDCl3 and the dithiol tautomer in DMSO-d6
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The structure as 4, rather than the tautomeric forms, was estab-
lished by an NMR comparison with 5a which cannot undergo tau-
tomerism. Analogue 5a11 was prepared by treatment of 5b12 with
Lawesson’s reagent, and it exhibits a 13C NMR C@S absorption
(DMSO-d6) at 183.6 ppm, while 4 exhibits a similar absorption at
182.4 ppm. In addition, 4 and 5a exhibit similar 1H NMR
absorptions.

The metal-free macrocycle 6 has been prepared by thermolysis
of 2 in dimethyl acetamide in the presence of DBU.13 A Na+ com-
plex of 6 was prepared by heating 2 with NaOH in N,N-DMA.14

Thermolysis of 1a with H2S at 170 �C afforded 6 (presumably as a
salt).15 We have found that heating a solution of equimolar molar
amounts of 1a and 4 in diphenyl ether led to the precipitation of
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the sulfur macrocycle 6 (as the hydrochloride salt), which was
readily isolated as a lemon-yellow solid.16 The structure was
clearly established by 1H NMR and 13C NMR data obtained in
CF3COOD. The macrocycle 6 could also be prepared by thermolysis
of 2 in diphenyl ether.17
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As a model for NMR comparison, the 2,9-bis-(methylthio)-
[1,10]-phenanthroline (7)18 was prepared by treatment of 1a with

sodium thiomethoxide. A comparison of the chemical shifts in the
1H NMR spectra of 6 with those of 7 (both in CF3COOD) showed an
upfield shift for the d,s,d pattern of about 0.3 ppm for 7 of each
absorption in 6.

We then turned our attention to the preparation of nitrogen-
substituted bis-1,10-phenanthrolines. Upon refluxing 1b or 1a in
N,N-dimethylethylenediamine, the corresponding mono- and
disubstituted-1,10-phenanthrolines 8a19 or 8b20 were readily ob-
tained in high yields.
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Initial attempts to prepare 9 by thermolysis of 8a with 1b in di-
phenyl ether or in DMF in the presence of K CO at 150 �C were
2 3

unsuccessful. However, treatment of 8a with NaH in DMF followed
by addition of 1b and refluxing led to the amino-substituted bis-
2,20-1,10-phenanthroline 9.21 Attempts to prepare the amino-bis-
1,10-phenanthroline macrocycle 10 by thermolysis of 8b with 1a
in diphenyl ether or in DMF, K2CO3 have been unsuccessful. Efforts
to prepare 10 are currently being pursued.

The sulfur macrocycle (HCl salt) 6, 8a, 8b and 9 are being eval-
uated for their anti-telomerase activities, and the results will be re-
ported on completion of the assays.
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