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Of the few reported conjugated organic ligands
capable of chelating more than one metal ion, those
which exhibit a high degree of thermal stability
usually exhibit low solubilities, thus severely limiting
purification and investigations of solution chemistry
[1-3]. Reported here is the synthesis of a series of
substituted bis-chelating (dinucleating) ligands, and
some representative bimetal chelate complexes, which
incorporate high thermal stability and moderate
solubility in organic solvents. The synthesis allows
selected changes in certain properties (e.g. solubility)
of the ligand by controlled modification of the mole-
cular structure.

Each end of the new planar bis-chelating ligand is
equivalent to a bis-1,3-(arylimino)isoindoline ligand
[4, 5], 1 and accordingly may function as a uni-
negative tridentate ligand to occupy three co-planar
sites of a square planar, trigonal bipyramidal, or
octahedral coordination sphere [4, 6]. Due to the
tridentate nature of the chelating ends of 2, the
ligand represents a potential building block for the
synthesis of a new class of conjugated polymetal-
organometallics.
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TABLE I. New Bis-Chelating Ligands: Yield and Solubility Data.
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Synthesis and Characterization of the Ligand

The 1,3,5,7-tetra(2-pyridylimino)benzodipyrrole
ligands 2 were obtained by two methods developed
earlier for ligand 1 {5, 7]. Yields of purified ligands
obtained viz (eq. 1) are summarized in Table I.
Products identical in all respects were obtained
via (eq. 2).
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The new ligands are high melting, yellow crystal-
line solids and except for 2d and 2e, which appear
to be somewhat hygroscopic, have long shelf-lives.
Parent ligand 2a is very sparingly soluble, but the
solubility is markedly increased by the introduction
of alkyl groups in the 4-position of the pyridyl rings
as shown in Table 1. The ligands were characterized
structurally by ir and nmr spectral data, elemental
analyses, and coordination chemistry.

Synthesis and Characterization of Bimetal Complexes

To determine the chelating behavior of ligand
2 toward selected divalent transition metal ions,
Job’s Plots [8] were made for certain Cu(Il) and
Ni(IT) salts. A new band appears in the visible
spectrum at cg. 480 nm (presumably the M-L
charge transfer) upon coordination of 2 with metal
ions as shown in Fig. 1. Using the ca. 480 nm absor-
bance recorded 1-2 hr after mixing (DMF, 25 °C),
Job’s Plots for the complexation of 2¢ with
Cu(0OAc),, Ni(OAc),, and NiCl, exhibited maxima
corresponding to metal:ligand stoichiometries of 2:1,

Compound No. Ligand Derived from:

2a 2-aminopyridine

2b 2-amino-4-methylpyridine
2c 2-amino-4-ethylpyridine
2d 2-amino-4-propylpyridine
2e 2-amino-4-t-butylpyridine
2f 2-amino-4-s-butylpyridine
2g 2-amino-4-n-amylpyridine

Mpt. °C Yield Solubility®
3246 90 1.64
340-1 59 0.64
353-5 45 46

357-9 58 33

435-7 44 1.1
369-71 83 67

317-8 49 7.3

29olubility X 10% M in benzene at 23 °C.
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Fig. 1. Electronic spectra of bischelating ligand 2¢ (- - - - - ),
and of its copper(Il) acetate complex CuL'Cu (——) in DMF
at3.5x 1075 M.

2:1 and 1:1 respectively. The ratios are consistent
with bimetal complex formation (eq. 3) in the first
two cases and with metal-ligand polymer formation
(eq. 4) with NiCl,. The alternate explanation for the
1:1 stoichiometry, ie., formation of a monomeric
1:1 complex, appears unlikely because the optical
density observed (478 nm) for a 1:1 mixture of
NiCl, and ligand 2c is consistent with the optical
density calculated for the case where all the ligand
ends are chelated, and is approximately double the
value calculated for half of the ends uncomplexed.
It should also be noted that monochelating ligand 1
readily forms NiL, with NiCl, under similar condi-
tions.

MX; + )—( —> X-M)—(M-X+2HX (3)
2 3
MX, + )2—( — X=[M)—(]M)—( 4)

Treatment of bis-chelating ligand 2f with an excess
of Cu(OAc),, Ni(OAc);, or PA(NCC4Hs),Cl, on a
preparative scale allowed the isolation of the corres-
ponding bimetal chelate complexes, 3, in high yield
according to (eq. 3). The bimetal complexes are high
melting, air- and heat-stable, highly colored crystal-
line solids. As with the parent ligands, the solubilities
of the bimetal complexes in organic solvents are very
much dependent upon (alkyl) substituents on the
periphery of the ligand; introduction of s-butyl
groups increases the solubility of the CuL'Cu com-
plex in benzene by more than two orders of magni-
tude to 1.4 X10™ M. Spectral and analytical data for
the CuL'Cu, NiL'Ni and PdL'Pd complexes were
consistent with structure 3.

A unique feature of bis-chelating ligand 2 is that
each chelating end is only tridentate, thus the ends of
two different ligand molecules may coordinate to the
same octahedral metal center. Therefore, with equi-
molar amounts of 2 and NiCl; a metal-ligand
polymer might be expected (re: Job’s plot). As a
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model for such chemistry (eq. 4) an attempt was
made to cap the metal ions of the NiL'Ni complex 4
with mono-chelating ligand 1 to prepare what might
be considered a molecular dumbbell with a Ni(Il)
ion embedded in the organic sphere at each end.

Treatment of complex 4 with two equivalents of
mono-chelating ligand 1 in a non-coordinating solvent
(CHCl,, 25 °C) yielded a new highly soluble, rust
color crystalline solid which exhibited spectra (ir,
visible) and analytical data consistent with structure 5
as expected from (eq. 5);

AcO—Ni)—(Ni—OAc + 2 (——>
4 1
(Ni)—(Ni) + 2HOAc  (5)

5

)—( +2 (Ni-OAc —— § + 2HOAc (6)
2f 6

the molecular weight (by osmometry) was 1699
(calcd 1680). The structure of complex 5 received
additional support by its independent synthesis from
free bis-chelating ligand 2f and the nickel acetate
complex 6 of the mono-chelating ligand 1 (eq. 6).
The materials obtained from (eq. 5) and (eq. 6) were
spectroscopically identical.

The reactions of these new bis-chelating ligands to
form mixed-metal complexes and to form organo-
metallic polymers are under investigation as are
various physical and chemical properties of the new
complexes.
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