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Azophenine (2,5-diamino-1,4-benzoquinonediimine, ap) is
a long known para-quinonoid compound, which can be
obtained in various ways from aniline.['l Although azophenine
bears a close similarity to the increasingly used bis-chelate
ligand family derived from 2,5-dihydroxy-1,4-benzoquinonel?
its coordination chemistry has hitherto remained unex-
plored.B! This is all the more surprising since metal complexes
of quinonoid compounds with O and N donor functionalities
have been much studied recently for reasons of their unusual
electronic structures (with sometimes ambiguous oxidation
state formulations),” their potential uses in molecular
biology,”! and their possible occurrence in enzymes.) In
particular, copper-dependent amine oxidases show an inter-
action between the redox-active metal center and a function-
alized “topaquinone” ligand present as a modified tyrosine
side chain."I Since this topaquinone ligand reacts with amine
substrates to form quinoneimine intermediates,®®° we set
out to treat copper compounds with the bifunctional azophe-
nine ligand.

Treatment of azophenine with [Cu(PPhs),](BF,) in acetone
(or dichloromethane) results in the spontaneous formation of
the copper (i) complex [Cu(PPh,),(ap)](BF,) (1, Scheme 1).[]
The complex is highly soluble in acetone, dichloromethane,
and alcohols, but insoluble in hydrocarbons. Any remaining
azophenine could be removed by column chromatography.
Treatment of ap with two equivalents of [Cu(PPh;),](BF,)
also yielded the mononuclear complex and not a dinuclear
compound.

Single crystals of 1 were obtained from a solution of acetone/
pentane and were analyzed by crystallography.'! They were
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Scheme 1. Synthesis of 1 from ap. The general bond pattern in 1 and
selected bond lengths [A] are shown.

found to contain three equivalents of acetone as supported by
elemental analysis and '"H NMR spectroscopy. Refinement of
the molecular structure (Figure 1) revealed two quite re-
markable structural features of 1:

Figure 1. View of the structure of 1 in the crystal. Selected bond lengths
[A] and bond angles [°]: Cul-N1 2.052(4), Cul —N2 2.054(4), Cul -P2
2.2439(13), Cul —P12.2571(13), N1 - C1 1.307(5), N2 - C2 1.300(5), N3 - C4
1.368(6), N4—-C5 1.364(6), C1-C6 1.430(6), C1-C2 1.483(6), C2-C3
1.426(6), C3-C4 1.357(6), C4—C5 1.486(6), C5-C6 1.360(6); N1-Cul-N2
79.18(14), N2-Cul-P2 115.90(11), N2-Cul-P1 104.88(11), C1-N1-Cul
114.5(3), N1-Cul-P2 111.57(11), N1-Cul-P1 114.42(11), P2-Cul-P1
122.62(5), C2-N2-Cul 114.5(3).

1) The tetracoordinate copper(l) center is bound in a
chelate fashion by two o-quinonediimine N-donor centers;
the C=N bond lengths (standard deviation <0.006 A) and the
general bond pattern within the six-membered ring are
summarized in Scheme 1. Clearly, there has been an isomer-
ization from the usually more stable para-quinonediimine
statel'?! to the higher energy ortho form to allow the formation
of a chelate complex between the & electron-rich metal and a
strongly m-acceptingl**< 3l o-quinonediimine ligand.') This
situation results in the occurrence of a metal-to-ligand charge
transfer (MLCT) absorption of the complex at 525 nm (Fig-
ure 2); the long-wavelength intraquinone transition of the free
ligand at 390 nm is slightly shifted to 395 nm in the complex.
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2) The secondary amine functionalities in the 4,5-positions
engage in N—H ---F--- H-N “chelate” hydrogen bonding!"! to
one flourine center of the tetrafluoroborate anion (Scheme 1,
Figure 1). The three remaining fluorine atoms are disordered."]
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Figure 2. UV/Vis absorption spectrum of azophenine (ap) and 1 in
dichloromethane.

Effects 1) and 2), therefore, both contribute to the
stabilization of the ortho-quinonoid over the usually lower
energy para-quinonoid form,['? thus illustrating a further
aspect to be considered in the intriguing coordination
chemistry>* 131 of quinonoid ligands.
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