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Synthesis and Magnetic Properties of Binuclear Copper(II) Complexes of 2,6-bis-

(N-2-pyridylformidolyl)<4-methylphenol
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The synthesis and magnetic characterization of
two binuclear copper(ll) complexes bridged by the
binucleating ligand 2,6-bis-(N-2-pyridylformidoyl)-4-
methylphenol (HL) and an additional ionic
exogenous ligand is reported. The complexes are
[Cu, LOH](ClO, ), and  [Cu, LCI Cl*2H, 0. The
magnetic susceptibility of these complexes was
measured over the 6—-300 K temperature region and
each of the complexes exhibits antiferromagnetic
intradimer coupling. The hydrated chloride bridged
complex shows additional weak interdimer magnetic
interaction resulting from hydrogen bonding in the
crystal lattice. The magnetic parameters are: [Cu,-
LOH](ClO, ), - - g = 216, = =160 cm™; [Cu,-
LCl]1C12-2H20 --8=209,J=-42cm™, 2] =~ 1.1
cm,

Introduction

The synthesis and investigation of structural and
magnetic properties of metal complexes derived from
macrocyclic binucleating ligands has attracted a great
deal of attention [1—6]. Metal complexes prepared
from binucleating ligands allow the experimentalist
more control over structural factors that dominate
the exchange process. The investigation of binuclear
centers that result from the coordination of copper-
(I) ions to these types of ligands has focused prima-
rily on the magnetic coupling between the two para-
magnetic (S = 1/2) cupric ions as determined by
variable temperature magnetic susceptibility or
electron spin resonance measurements. The interest
in binuclear complexes is generated in several widely
divergent areas of inorganic chemistry. For example,
the role of the magnetically coupled copper(ll) ions
in the binuclear blue copper proteins is the subject
of much speculation and chemical interest [7—10].
Several copper(Il) complexes of binucleating ligands
have been proposed as structural and chemical models
of these proteins.

The synthesis of large macrocyclic ligands permits
molecular engineering of binuclear bridging systems
and affords a more detailed and controled probe of
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the bridging geometry. Robson [3], Okawa [4],
Urbach [5], and Vigee [6] have introduced 2,6-
diformyl-4-methylphenol (dfmp) as an important
building block for macrocyclic and non-macrocylic
binucleating ligands and have reported extensively
on the spectral and magnetic properties of transi-
tion metal complexes with these types of ligands.
The non-macrocyclic binucleating ligands first report-
ed by Urbach [5] are especially interesting because
they permit bridging by an exogenous ligand that
may be systematically varied. In this paper we report
the synthesis of the binucleating ligand obtained from
2,6-diformyl-4-methylphenol and aminomethylpyri-
dine and the variable temperature magnetic suscepti-
bility from 6 to 300 K for two dicopper(Il) com-
plexes of this ligand with bridging hydroxide or chlor-
ide ligands.

Complexes with two metal ions (like or unlike)
in close proximity can result from the association of
two monomeric units vie an appropriate bridging
group or from the incorporation of two metal ions
into a single binucleating ligand. Structural correla-
tions of symmetrically bridged dimeric binuclear
complexes have been extensively studied by Hatfield,
Hodgson and others [11—14], and several empirical
observations have been noted, especially for oxygen
chlorine bridges. This study is undertaken to further
investigate the magnetic structural effects that occur
in asymmetric mixed ligand bridging of binuclear
copper(Il) complexes.

We report here on the variable temperature
magnetic susceptibility measured over the 6—300 K
temperature region for the two complexes [Cu,-
LOH](C10,), and [Cu,LCl]Cl,-2H,0, where HL =
2,6-Bis(N-2-pyridylformidoyl)-4-methylphenol.

Experimental

Synthesis

2,6-diformyl-4-methylphenol: The dialdehyde 2,6-
diformyl-4-methylphenol (hereafter referred to as
dfmp) was prepared by the method of Ullman and
Brittener [15].

© Elsevier Sequoia/Printed in Switzerland
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Fig. 1. ORTEP diagram of the binuclear coordination sphere for [Cu, LC1]Cl;2H,O.

/Cu2 LCI] C’lz'ZHz 0

2.68 g of anhydrous copper chloride was dissolv-
ed in 50 ml of absolute ethanol. A solution of dfmp
dissolved in about 20 ml of absolute ethanol was
added to the copper chloride solution and the resul-
tant solution was heated to about 70 °C in the
presence of small amount of triethylorthoformate
(TEOF). A solution of 0.54 g of aminomethylpyri-
dine (AMP) in 20 ml of absolute ethanol also warmed
to 70 °C was added to the CuCl,/dfmp solution and
allowed to stir at this temperature for about 20
minutes. A dark green powder precipitated when
the solution was allowed to cool. The powder was
dissolved in a mixture of hot ethanol and water
and the solution was allowed to stand in a covered
beaker. Well developed emerald green crystals were

obtained after two days, and these crystals were
used for susceptibility measurement.

Anal. Caled. for Cy;H gN;O,Cu,Cl3+2H,0: C,
41.14; H, 3.10; N, 9.14; O, 2.61; Cu, 20.75; ClI,
17.36%. Found: C, 41.42; H, 3.79; N, 8.95; Cu,
20.14%.

[Cuy LOH] (CIO, ),

A solution containing 0.54 g of copper perchlorate
dissolved in 100 m! of ethanol was mixed with 0.41
g of dfmp dissolved in 20 ml of ethanol and the
resulting solution was warmed to 70°C in the
presence of TEOF. To this solution 0.54 g of AMP in
20 ml of ethanol was added and allowed to stir for
a few minutes. Greyish looking powder precipitated
immediately. The powder was filtered off. Oxygen
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Fig. 2. Magnetic susceptidility (e) and effective magnetic moment (©) plotted as a function of temperature for [Cu, LC1]Cl, -

2H,0.

was bubbled through the supernatant solution for
about one hour. The solution was allowed to stand
overnight whereby a green microcrystalline product
was collected. 4nal Calcd. for Cuy Cs Hyg Ny O3 Cly ¢
C, 36.80; H, 3.73; N, 7.47; C1, 9.45; Cu, 16.94;
0, 25.60%. Found: C, 36.31; H, 3.50; N, 9.08; Cl,
9.45;Cu, 1591;0, 25.48%.

Magnetic Susceptibility

Magnetic susceptibility measurements were carried
out on an alternating force magnetometer (AFM)
[16]. The instrument was calibrated with Hg
Co(NCS) [17] and data was recorded over the 6—300
K temperature range. Measurement techniques are
described elsewhere [16, 18].

Results and Discussion

An ORTEP diagram of the molecular unit of
[Cu,LCI] Cl,°2H,0 is illustrated in Fig. 1. A single-
crystal X-ray diffraction study of C, H;oN;0O,Cu,-
Cl32H,0 has been completed and reported else-
where [19]. Each copper(ll) ion is coordinated to
two nitrogen atoms and both copper(Il) ions are
coordinated to the phenolic oxygen forming an oxy-
gen atom bridge. The copper(Il) ions are also bridg-
ed by a single chlorine atom. Both copper(Il) ions are
pentacoordinate resulting in coordination spheres
with distorted square pyramid geometries with non-
bridging chlorine atoms at the apex of the pyramid.
Attempts to prepare single crystals of [Cu,LOH]-
(C10,), suitable for crystal structure analysis have so
far been fruitless.

The magnetic data for thé two binuclear copper-
(II) complexes are listed in Table II (supplementary
material) and are shown in Figs. 2 and 3 as magnetic
susceptibility (x = M/H) and effective magnetic
moment (ueff =+/7.997xT) plotted as a function of
temperature over the 6—300 K region. Each of the
plots exhibit a maximum in the variable temperature
magnetic susceptibility. This behavior is indicative
of antiferromagnetic coupling between two copper-
(I1) ions of the binuclear unit. Both of the complexes
showed an increase in the magnetic susceptibility
at the lowest temperatures. This behavior is character-
istic of a small amount of paramagnetic (monomeric)
impurity. The data were corrected for this impurity
before a theoretical analysis was attempted.

Magnetic exchange between two paramagnetic
centers may be described by the Heisenberg-Dirac-
Van Vlek spin Hamiltonian

A=-218,-S, (1)

This spin Hamiltonian yields the Bleaney-Bowers
equation [20] for the magnetic susceptibility of
magnetically coupled spin S = % copper(Il) dimers
X

_ 2Ng?ug? ¢

2
kT 1+3e* )

X

where x = 2J/kT and 2J is energy separation between
the spin coupled singlet and triplet states.

The crystal structure of the chloride bridged com-
plex  [Cu,LCl]Cl,+2H,O  indicates  extensive
hydrogen bonding between the noncoordinated water
molecules and the coordinate chloride ions that
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Fig. 3. Magnetic susceptibility () and effective magnetic moment (o) corrected for a 1.8% paramagnetic impurity and plotted

as a function of temperature for [Cu, LOH](Cl04)5).

TABLE 1. Fitted Magnetic Parameters for the Two Complexes Using Eqn. 2 as Described in Text.

g J(em™ Y T em™ 1) Paramagnetic
impurity
[Cu, LCI]Cly - 2H, O 2.09 £ 2 -42%2 ~1.1 - 0.1 1.75%
[Cuz LOH-(C104), 216 + 2 ~160 = 5 1.8%

results in a one dimensional interaction in the crystal-
line lattice. The structural linkage of binuclear units
also affects the magnetic properties of the complex
by allowing a weak magnetic coupling of neighboring
binuclear units. Weak interactions of this type may be
accounted for by applying a molecular field correc-
tion [16] to the data as in eqn. 3.

, X
1 — (223'INg? up®)x

X 3)

where x'is the exchange influenced susceptibility
actually measured and x is the exchange corrected
susceptibility. The term zJ' gives an estimate of the

extent of the molecular field interaction between
binuclear centers and z is the number of interacting
neighbors.

A simple curve fitting routine was used to deter-
mine the magnetic parameters for the binuclear com-
pounds using eqn. 2 (and correcting with eqn. 3, if
necessary) and the best fitted parameters are listed
in Table 1. The quality of the [its is illustrated by the
theoretical curves drawn through the points in Figs.
2 and 3 using the parameters listed in Table 1.

The antiferromagnetic behavior for the complexes
reported here is attributed to a spin—spin interaction
propagated viz the direct bridging exchange pathway.
It appears that the hydroxy ligand is more efficient
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medium for the propagation of magnetic exchange.
However, an unambiguous assignment of the mecha-
nism is not possible without structural data for the
p-hydroxo complex. We are currently trying to fill
this gap as well as preparing addition complexes with
other types of exogenous bridging ligands. Studies
on related binucleating systems, however, corrobo-
rate the efficiency of the hydroxo-bridge for the
propagation of magnetic coupling [21].

These binuclear complexes may have some applica-
tions as models of the chemical and physical proper-
ties of the methemocyanin—azide complex that has
been reported as strongly antiferromagnetically
coupled and is diamagnetic at room temperature
[22]. Other ligands will be used as probes of the ex-
change dependence on bridging ligand and structure.
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