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bUniversité Libre de Bruxelles, Chimie Organique et Photochimie CP 160/08, av. F. D. Roosevelt 50, B-1050 Brussels, Belgium

Received 8 November 2001; accepted 9 November 2001

Abstract—A new heptacyclic planar molecule has been synthesized in a very efficient one-pot reaction from 5-aminophenanthro-
line. Ru(II) mono- and dinuclear complexes based on this new bridging ligand, Tpac, have been prepared. © 2002 Elsevier Science
Ltd. All rights reserved.

We have developed a chemistry based on modifications
of the acridine nucleus to design new polycyclic hetero-
cycles. In particular, the reaction of 3-aminoacridine
with formaldehyde in acidic medium was studied in
detail.1 The nature of the reaction products strongly
depends on the acid concentration, and on the stoi-
chiometry in formaldehyde. In strong acids, and in the
presence of 1.5 equiv. of formaldehyde, the heterocyclic
analogue of Tröger’s base I is produced quantitatively,

but in 6N HCl and in the presence of 0.5 equiv. of
formaldehyde, a very slow reaction leads to the thermo-
dynamic product of the reaction, the triaza-heptacycle
II (Scheme 1).

The postulated pathway for these reactions, shown in
Scheme 2, is based on that suggested by Wagner in
1954 to explain the products formed from the reaction
of aromatic amines with formaldehyde.2 In Scheme 2,

Scheme 1.
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Scheme 2.

electrophilic substitution on the aromatic amine with
formaldehyde gives 3-amino-4-hydroxymethyl com-
pound III. In the presence of a large amount of formal-
dehyde, the reaction yields the Tröger’s base I, but in the
presence of excess aromatic amine, methylene-bis(ary-
lamine) intermediate IV is produced. The formation of
the aza-heptacycle II results from cyclization and oxida-
tion of this intermediate. Considering the importance of
phenanthroline derivatives in the field of mono and

polymetallic complexes, we have applied the same
methodology to the synthesis of new phenanthroline-type
ligands. The first step was the optimization of the synthesis
of the phenanthroline type Tröger’s base analogue (BT)
2 described earlier by Yashima.3 Reacting the 5-amino-
[1,10]phenanthroline (1) with an excess of paraform-
aldehyde (1.5 equiv.) in 12N hydrochloric acid, afforded
2 in 81% yield. The corresponding bimetallic complex
[Ru(bpy)2]2BT4+ was successfully prepared (Scheme 3).4

Scheme 3.
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The interest of polyazaaromatic ligands with extended
conjugation as building blocks for multicomponent sys-
tems (including molecular wires, metallodendrimers or
luminescent DNA probes5–7) prompted us to develop
novel synthetic strategies to obtain planar heterocycles
containing the phenanthroline skeleton. In this work
we report the synthesis and characterization of a new
fully conjugated bridging ligand tetrapyrido[3,2-a :2�,3�-
c :3�,2�-h :2�,3�-j ]acridine 3 (or tpac) along with the
first Ru(II) mono- and dinuclear complexes based on
this ligand.

Following the mechanism shown in Scheme 2, tpac 3
was prepared in one-step by reacting 2 equiv. of 5-
amino[1,10]phenanthroline with formaldehyde in 6N
HCl. The reaction proceeded very slowly (8 days at
70°C); it was followed by HPLC. Different intermedi-
ates were successively observed. Compound 3 was iso-
lated as a beige solid (yield >85%, 95% purity).8

Unexpectedly as compared to other extended ligands
which display very low solubility in most organic sol-
vents, 3 was found soluble in alcohols (methanol or
ethanol) and was therefore easily purified by crystalliza-
tion in ethanol.

Syntheses of the mono- and dinuclear complexes
[Ru(phen)2(tpac)]2+[PF6

−]2 4 and [(phen)2Ru(tpac)-
Ru(phen)2]4+[PF6

−]4 5 are shown in Scheme 4. Complex
4 was prepared by reacting 1 equiv. of Ru(phen)2Cl2
with 1.2 equiv. of tpac in a mixture of EtOH/H2O
under reflux. The desired product was isolated by pre-
cipitation with NH4PF6 and purified by HPLC. The 1H
NMR spectrum9 is consistent with the structure of the
complex. The chloride salt of complex 4 was further
characterized by electrospray mass spectrometry in
H2O.9 Complex 5 was prepared by using the same
experimental procedure but reacting 2 equiv. of

Ru(phen)2Cl2 with 1 equiv. of tpac. The 1H NMR
spectrum assigned with the aid of a COSY spectrum is
in perfect agreement with the structure of the dinuclear
complex. The chloride salt of complex 5 was also
characterized by electrospray mass spectrometry.10

The absorption spectra of both complexes exhibit
intense bands in the UV region and less intense bands
in the visible. The �max are very similar (448 nm for 4
and 450 nm for 5 in CH3CN). Only the � differs from 4
to 5 (1.6×104 and 2.8×104 M−1 cm−1, respectively, at
�max in CH3CN). A monochromatic excitation at 450
nm in acetonitrile produced a luminescence for 4 and 5
at 608 and 614 nm, respectively. Interestingly, in water,
both complexes were luminescent (613 nm for 4 and
620 nm for 5). This is quite different from the data
obtained with mononuclear complexes whose extended
ligand contains a pyrazine central moiety such as in
Ru(phen)2(dppz)2+, Ru(bpy)2(tpphz)2+ or Ru(phen)2-
(phehat)2+ that do not luminesce in water.7,11 Another
striking result is the similarity of the spectroscopic
properties between 4 and 5. Compound 5 exhibits a
slight red-shift of luminescence relatively to 4 (<10 nm),
either in acetonitrile or in water, whereas the shifts for
the tpphz complexes (70 nm) are more important.11,12

The two metallic centres in 5 seem thus to behave
rather independently as the �max in absorption and
emission do not change importantly from the mononu-
clear to the dinuclear complex in contrast to the �.

This work demonstrates the efficiency of the synthesis
of the new heptacycle tpac, and the interest to use it as
ligand to gain more information on the particular
behaviours of complexes based on similar extended
planar ligands.
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