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Structure and Magnetic Property of an Octadecanuclear Cu(Il) Complex
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A reaction of copper acetate with a phosphate salt of
pentadentate ligand yielded octadecanuclear complex, [Cuig-
(Hbeamp)s(PO4)3]-C3H;OH-24H,0  (Hszbeamp = 2,6-bis[/N-
(2-hydroxyethyl)aminomethyl]-4-methylphenol), in  which
Cu(Il) ions were bridged by alkoxo, phenoxo, and phosphate
groups. Magnetic susceptibility measurements revealed the
presence of antiferromagnetic interaction through bridges.

One of the main challenges in the field of molecular magnet-
ism is to prepare discrete polynuclear molecules with high-spin
ground states and tunable magnetic properties.!” To explore
synthetic routes for preparing metal complexes with higher
nuclearity, the choice of bridging ligands is important. Alkoxo
and phosphate groups bridge metal ions to form polynuclear
complexes®’ and Schiff bases have been often used to prepare
multinuclear high-spin molecules.*? It is, therefore, expected
that combination of alkoxo and phosphate bridges might give
larger multinuclear complexes. We report here structure and
magnetic property of an alkoxo and phosphate bridged octadeca-
nuclear Cu(Il) complex of [Cu;s(Hbeamp)s(POy4)g]-C3H;OH-
24H,0 (1-C3H;0H-24H,0).

A pentadentate ligand (Hsbeamp) (Scheme 1) was obtained
by the reduction of 2,6-bis[N-(2-hydroxyethyl)iminomethyl]-4-
methylphenol with NaBH,,>” and a crude product was treated
with H3PO, and purified as phosphate salt. A reaction of
Cu(OAc);-H,O with Hibeamp-H3PO, and EtzN in methanol
yielded octadecanuclear Cu(IT) complex of 1.1
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Scheme 1.

Complex 1:C3H;0H-24H,0 crystallizes in orthorhombic
space group Pnma.'' A molecular structure of 1 is shown in
Figure 1, and its illustrative view of the core structure is depicted
in Figures 2 and 3. 1 has a mirror plane and pseudotrigonal axis
along O10-P1-P1*~0O10* vector. 1 is composed of eighteen
Cu(Il) ions, six Hbeamp®~, and eight phosphate ions. Cu(II) ions
are bridged by 39 oxygen atoms from Hbeamp?~ and PO~
ions. Phosphate ions bridge Cu(II) ions with t4-(P1 and P1%),
4-(P2, P4, and P6) and 1g-(P3, PS5, and P7) modes. Hbeampzf,
acting as a pentadentate ligand with one alcohol and one alkoxo
groups, forms a dinuclear Cu(Il) unit of (Cul,Cu2), (Cu3,Cu4),
and (Cu5,Cu6) pairs and their reflections. Six dinuclear units are
related by pseudotrigonal axis. Cul—Cu6 ions have square pyra-

midal coordination geometry with CuN;O4 chromophores,
while Cu7-Cu9 ions have trigonal bipyramidal CuOs environ-
ments.

/L6—PO43‘ ions (P1 and P1*) bridge six Cu(Il) ions (Cu2,
Cu4, Cu6, Cu7, Cu8, Cu9, and their reflections, respectively),
and these Cu(Il) ions are linked to Cul-Cu6 and Cul*-Cu6*
ions through alkoxo or phenoxo groups in Hbeamp?®~. 144-PO,4>~
ions (P2, P4, and P6) bridge four Cu(Il) ions ((Cul, Cul*, Cu9,
Cu9%), (Cu7, Cu7*, Cu3, Cu3*), and (Cu8, Cu8*, Cu5, Cu5*), re-
spectively), and (g-PO,3~ ions (P3, PS5, and P7) bridge eight

PO,
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Figure 2. Ball and stick representation of 1. The polyhedra
represent phosphate ions. This figure was drawn with VENUS
developed by Dilanian and Izumi.
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Figure 3. An illustrative drawing of the core structure for 1
viewed down from a pseudotrigonal axis along O10-P1-P1*—
O10* vector.

Cu(Il) ions ((Cul, Cul*, Cu2, Cu2*, Cu7, Cu7*, Cu9, Cu9*),
(Cu3, Cu3*, Cu4, Cud*, Cu8, Cu8*, Cu7, Cu7*), and (Cu5,
Cu5*, Cu6, Cu6*, Cu9, Cu9*, Cu8, Cu8*), respectively). It
should be noted that it¢- and pg-phosphate bridges have not
been known in discrete molecules except for polyoxometallates.
In the dinuclear unit, the separations between Cu(Il) ions are
3.014-3.021 A, and Cu—O(phenoxo)-Cu angles lie between
101.55 and 101.81°. ug-, (g-, and (1,-Phosphate bridges sepa-
rate Cu(Il) ions by 3.041-3.048, 3.558-3.579, and 3.542-
3.590 A, respectively.

Magnetic susceptibility measurements for 1-C3;H;OH-
4H,0 were performed in the temperature range of 1.8-300 K
(Figure 4). The x,,T value at 300K is 4.42 emumol~! K, which
is smaller than the value expected for uncorrelated eighteen
Cu(Il) ions (6.75emumol~! K with g =2). The x,,T value
gradually decreased as the temperature was lowered, and
reached a value of 0.92 emumol~! K at 1.8 K. Curie-Weiss plots
were shown in the inset of Figure 2 (C = 5.67 emumol~! K and
6 = —87.6 K). Phenoxo bridges mediate strong antiferromag-
netic interactions (J &~ —200cm~") between Cu(lI) ions,'? and
magnetic interactions through a single oxygen atom of phos-
phate are strong, which is in contrast to weak magnetic interac-
tions through O—P-O pathways (J &~ —10cm™!).!>!4 Magnetic
susceptibility data for 1 suggests that substantial antiferromag-
netic interactions are operative through bridges.

In summary, we developed a new synthetic route for obtain-
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Figure 4. x.,T vs T plot for 1-C3H;OH-4H,0. The inset shows
Curie—Weiss plots.
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ing large polynuclear molecules by using mixed bridging ligands
of alkoxo and phosphate groups. Further synthetic approaches by
using hydrothermal technique are currently applied to prepare
larger discrete molecules.
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