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Abstract—An efficient one-pot synthesis of a macrocyclic ligand, consisting of two 1,10-phenanthroline nuclei bridged by sulfur,
is described. A spectrophotometric investigation reveals the isolated compound to be the mono-trifluoroacetate salt. Symmetrical
NH- and S-bridged tetradentate ligands were also synthesized by the new method.
© 2003 Elsevier Ltd. All rights reserved.

There has been a great deal of interest in the prepara-
tion of macrocyclic ligand systems incorporating 1,10-
phenanthroline moieties.1,2 Transition metal complexes
of these ligands have been extensively investigated for
their photochemical,3 electrochemical,4 and biological
properties.5 The increasing interest in the specific DNA
binding and cleavage activity mediated by metal com-
plexes of 1,10-phenanthroline containing macrocycles
has also provided fresh impetus for the design of novel
synthetic routes leading to these desirable com-
pounds.2,6 Recently we reported an efficient one-pot
synthesis of an aza-bridged bis-1,10-phenanthroline
macrocycle which included its structural characteriza-
tion by single-crystal X-ray analysis.1h Preparation of
the thia-bridged bis-phenanthroline macrocyclic ligand
[H2DTPP (2)] has been reported by Ogawa et al.1g,2,6

via a two-step procedure involving cyclization of 9-
chloro-1,10-phenanthroline-2(1H)-thione. These work-
ers quoted a yield of 71% using their synthetic protocol.
The thermal dimerization procedure1g has been
reported to give a very low yield of the desired com-
pound with many, largely undefined, side products. We
report here a simpler, more efficient synthesis of 2 that
proceeds without the need for a metal template by
direct reaction of 2,9-dichloro-1,10-phenanthroline
[DCP (1)] with H2S. Full characterization of the result-
ing product is also included.

The synthesis of 2 is as follows: Finely powdered 1
(1.02 g; 4.10 mmol) was heated at 170°C under an
atmosphere of H2S for 1 h. During the course of
heating, the color of the solid changed from white to
yellow and finally to orange-yellow. The crude product
was washed successively with CH2Cl2 and CH3OH, and
dried in vacuum. Crystallization was effected by slow
diffusion of diethyl ether into a concentrated TFA
solution to afford an orange-yellow powder (0.89 g,
yield: �80%).7 The yield of product 2 could be
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Table 1. Reaction conditions of DCP and CP

Reagent Time (h) Temp. (°C)Substrate ProductEntry Yield (%)a

H2S 1 170DCP (1) 21 80
DCP (1)2 NH3 8 250 3 841h

Aniline 5 1503 4DCP (1) 3012

Butylamine 2 150DCP (1) 54 851h

CP (6)5 NH3 6 240 7b 63
H2S6 10CP (6) 180 8 60

a After crystallization.
b Characterized by IR, UV–vis, 1H and 13C NMR, FAB-MS.

increased by using the hydrochloride salt of 1. The
mass spectrum (FAB) shows the expected peak at
m/e=421 (100%). 1H and 13C NMR spectra show
H2DTPP to have a planar structure (C2h) in solution.
Its IR spectrum shows a very strong band at 1656 cm−1,
which is assigned to the stretching vibration of the
counter ion CF3COO−, in agreement with the cationic
form of the ligand. This is further corroborated by the
presence of a N�H stretch at 3330 cm−1 and a N�H
bending mode at 1607 cm−1. A broad absorption at
2800–3000 cm−1 is an indication of the intramolecular
N�H···N interaction as found for the aza-analogous
(Scheme 1).1

The electronic spectrum is slightly dependent on sol-
vents. The hydrogen located on the inner nitrogen has
no effect on the �-conjugation system. The pKa2 value
for 28 determined here is 4.48, smaller than the pKa

value of 4.98 for 1,10-phenanthroline. The pKa1 is too
small to be determined. The spectrophotometric titra-
tion experiment together with the infrared spectrum
indicates that crystallization of the macrocyclic ligand
from CF3COOH affords the mono-protonated salt. The
CV shows two irreversible peaks for the mono- and
di-anion.9 Similarly, 1,10-phen also shows two irre-
versible peaks at 2.12 and −2.70 V. The lone-pair
electrons on the sulfur atoms and the greater conjuga-
tion resulted in lower reduction potentials for this
macrocycle.

The reaction proceeded smoothly for H2S and NH3 to
afford the thia- and aza-bridged macrocycles (entries 1
and 2) in very good yields (see Table 1) without any
side products. However, application of the present
method to aniline and n-butylamine led to formation of
N,N �-diphenyl-1,10-phenanthroline-2,9-diamine 410 and
2,9-dibutylamino-1,10-phenanthroline 5,1h respectively
under the conditions as shown in Table 1. In order to
increase the scope and the utility of the method, we
have synthesized bis(1,10-phenanthroline-2-yl)amine
[DPA (7)]11 and 2,2�-thiobis(1,10-phenanthroline) [DPS
(8)]12 from CP with NH3 and H2S in good yields
(Scheme 2). Compound 8 directly obtained from the
reaction vessel as yellow needles was shown to have a
structure similar to that of 7. Its IR spectrum shows a
very strong band at 3330 cm−1 which was attributed to
the N�H stretching vibration in agreement with the
hydrochloride salt of DPS. The electronic spectrum
indicates that the molecule also contains the hydrogen
of cationic character similar to the spectrum obtained

Scheme 2.

by the semi-empirical method13 and that of 7 as well.
This is further supported by the presence of a broad
singlet at 12.3 ppm due to N�H proton in its 1H NMR
spectrum recorded in DMSO-d6.

On the basis of these results, other macrocycles could
be synthesized by proton-assisted template coupling of
1 with other nucleophilic agents.

In conclusion, we have developed a more efficient and
convenient one-pot method for the synthesis of macro-
cycle 2 compared to those previously reported.2
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