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Abstract

A facile synthesis of an aza-bridged bis-1,10-phenanthroline macrocycle is described. X-ray crystallo-
graphic analysis of the aza-bridged bis-1,10-phenanthroline revealed that the two central hydrogen atoms
were localized on two of the opposite central nitrogen atoms similar to those of free base porphyrins.
© 2000 Elsevier Science Ltd. All rights reserved.
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1,10-Phenanthroline, a versatile ligand, is the parent of an important class of chelating
ligands. Compared to the more common 2,2%-bipyridine system, 1,10-phenanthroline can form
complexes with metal ions more rapidly. Another consequence of the planar structure of
1,10-phenanthroline is its ability to participate as an intercalating or groove-binding species with
DNA or RNA. One other important property of the 1,10-phenanthroline nucleus is its ability to
act as a triplet-state photosensitizer. Transition metal complexes of these ligands have been
extensively investigated because of their photochemical,1 electrochemical2 and biological
properties.3

Bridged bis-phenanthroline macrocyclic compounds are of interest owing to their potential
applications in the catalytic reduction of CO2 and as probes for DNA etc.4,5 Preparation of the
aza-bridged bis-phenanthroline macrocycle H2HAPP (2) was first reported by Ogawa6 et al.
Since then many studies on this ligand and its metal complexes have been carried out.7 Owing
to the low yields and the problems associated with purification caused by poor solubility of these
phenanthroline cyclophanes, little attention has been paid to them recently. In this communica-
tion, we wish to report a facile method for the preparation of H2HAPP by direct reaction of
2,9-dichloro-1,10-phenanthroline (1) with NH3, as well as the single crystal structure of this
ligand (Scheme 1).
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Scheme 1.

H2HAPP was synthesized by the following procedure: 2,9-dichloro-1,10-phenanthroline (1)
(1.1 g), prepared by a known method,3 was placed in a flask which was heated to 200°C
(oil-bath). Ammonia gas was introduced and the temperature raised to 250°C for 8 hours. The
yellow–orange mixture was washed with CH2Cl2 and CH3OH, respectively, several times and
dried in vacuo to furnish H2HAPP·2HCl (0.83 g, yield: �84%).8 We found that when the
temperature was raised to 300°C, the product was H2HAPP.9 Its 1H NMR (d-TFA) spectrum
was the same as that of H2HAPP·2HCl. We also tried to introduce butylamine to the reaction
system in a stream of N2 gas, but failed to obtain the corresponding macrocyclic compound.
Only 2,9-dibutylamino-1,10-phenanthroline (3) (yield: �85%) was obtained.

Figure 1. ORTEP drawings of 2 and 3 with the atom numbering
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Figure 2. Structure of H2HAPP

We obtained a single crystal of 2 by direct sublimation from the reaction vessel, and a single
crystal of 3 was grown in dichloromethane at 4°C. The ORTEP10 representations of 2 and 3 with
atomic numbering are given in Fig. 1.11 Macrocycle 2 is a planar structure, contrary to the
results reported by Ogawa.12 The crystal structure analysis revealed that its two central hydrogen
atoms are localized on two of the opposite central nitrogen atoms similar to those of free base
porphyrin. Although there is no significant difference for the C�N bond distances of the two
different inner nitrogen atoms,13 the C�N�C angle of the protonated N atom (124.7(4)°) is larger
than that of nonprotonated one (119.3(4)°). This angle difference is in agreement with similar
structures reported.14 The C�N�H angles (C(10)�N(2)�H(2N), 115°; C(11)�N(2)�H(2N), 120°)
around the protonated N atom are not symmetrical, which indicates hydrogen bonding between
H(2N) and N(1A). This is also supported by the short H(2N)···N(1A) distance (1.786 A, ). For
the outer nitrogen atom, the C�N bond distances are different and higher C�N bond order is
observed when it is closer to the protonated N atom.15

We calculated the C�C p-bond order of H2HAPP by use of a semi-empirical equation,16 the
results suggest H2HAPP possesses a structure as shown in Fig. 2.

In conclusion, we have developed a convenient and efficient method to prepare an aza-bridged
bis-phenanthroline macrocycle, and have verified that the two central hydrogen atoms of
H2HAPP are localized on two of the opposite central nitrogen atoms by using X-ray crystal
structure analysis.
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