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Novel dinuclear copper(II) complexes with phosphinato
bridging ligands, [Cu2(NO3)(bmp)2(5-dmbpy)2]NO3

.H2O (1),
[Cu2(bmp)2(5-dmbpy)2(MeOH)2](BF4)2 (2) (Hbmp = bis(4-
methoxyphenyl)phosphinic acid, 5-dmbpy = 5,50-dimethyl-
2,20-bipyridine), have been prepared and characterized. Crystal
structures of 1 and 2 have revealed that two copper(II) ions in
1 are linked by two syn–syn bridging phosphinates, whereas 2
has two syn–anti bridging phosphinates. Magnetic susceptibility
data for the present complexes are well represented by the
dimer equation with the 2J values of �19:1 cm�1 for 1 and
�0:7 cm�1 for 2, indicating that weak antiferromagnetic interac-
tions are operative.

In recent years, the reaction between a transition metal ion
and a phosphorus acid or ester in the phosphate metabolism sys-
tems has attracted attentions of bioinorganic chemistry and inor-
ganic chemistry.1,2 There has been a growing interest in correla-
tions between structures and magnetic properties of binuclear
complexes having bridging ligands such as alkoxo, carboxylato,
or oxo. However, the syntheses and magnetic properties of the
polynuclear complexes with phosphate were still rare.3–6 Espe-
cially, no reports on the correlation between structures and mag-
netic properties in the dinuclear copper(II) complexes with phos-
phinato (R2POO

�) bridges are known. In this paper, we report
the crystal structures and magnetic properties of [Cu2(NO3)-
(bmp)2(5-dmbpy)2]NO3

.H2O (1), which is the first example of
dinuclear copper(II) complexes with syn–syn phosphinato
bridges, and [Cu2(bmp)2(5-dmbpy)2(MeOH)2](BF4)2 (2) with
syn–anti coordination modes.

A typical synthetic procedure is as follows. Complex 1: A
solution of Hbmp (1mmol) and 5-dmbpy (1mmol) in 10 cm3

of methanol was added to a solution of Cu (NO3)2.3H2O
(1mmol) in 5 cm3 of methanol under stirring for 10 min. To
the resulting solution ca. 1mmol of Et3N was added under
stirring. The blue green solution was filtered and the filtrate
was allowed to stand for several weeks at room temperature.
The blue green crystals were collected, washed with methanol,
and dried under air (yield 0.19 g, 16.0%). Anal. Calcd for
C52H54Cu2N6O15P2: C, 52.39; H, 4.57; N, 7.05; Found: C,
52.05; H, 4.52; N, 7.00%. Complex 2: The complex was
prepared as blue green crystals in a manner similar to that of
1, except that Cu (BF4)2 45% aq was used instead of Cu
(NO3)2.3H2O (yield 0.77 g, 29.8%). Anal. Calcd for C54H60B2-
Cu2F8N4O10P2: C, 50.37; H, 4.70; N, 4.35; Found: C, 50.08; H,
4.61; N, 4.37%.

The crystal structures of 1 and 2 are shown in Figures 1 and
2, respectively.7 The complex cation of 1 consists of a dicopper
core with two phosphinates, one bridging nitrate, and two termi-
nal ligands of 5-dmbpy. The geometry of each copper(II) ion is a
distorted square-pyramidal configuration with the basal plane

comprised of two 5-dmbpy nitrogen and two bmp oxygen atoms.
According to the procedure described by Addison et al.,8 the �
value of Cu1 and Cu2 is 0.21 and 0.16, respectively. Each apical
site is occupied by an oxygen atom of an exogenous bridging ni-
trate ion. The most unusual feature of the structure in 1 is the di-
hedral angle (�) observed between the least-squares planes
through the bridging phosphinates, [Oa, P, Ob] and [Oa, Ob,
Cu]. The definition of coordination modes is based on the bridg-
ing modes of carboxylates.9 The values of � are 164.3� and
150.1� for [the O1, P1, O2 plane/the O2, O1, Cu1 plane and

Figure 1. An ORTEP drawing at 50% probability level of the
complex cation of 1. Phenyl groups of phosphinato bridges are
omitted for clarity. Selected bond distances ( �A) and angles (�):
Cu1���Cu2 3.933(8), Cu1–O1 1.941(8), Cu1–O5 1.941(8),
Cu1–O9 2.353(1), Cu1–N1 2.008(2), Cu1–N2 2.007(1), Cu2–
O2 1.937(4), Cu2–O6 1.938(9), Cu2–O9 2.322(4), Cu2–N3
1.988(2), Cu2–N4 1.999(1), O1–Cu1–O5 94.1(8), Cu1–O9–
Cu2 94.1(8), O2–Cu2–O6 95.2(5).

Figure 2. An ORTEP drawing at 50% probability level of the
complex cation of 2. Selected bond distances ( �A) and angles
(�): Cu1���Cu1A 4.811(1), Cu1–O1 1.961(2), Cu1–O2 1.915(3),
Cu1–O5 2.243(3), Cu1–N1 1.990(3), Cu1–N2 2.021(3), O2–
Cu1–N2 92.9(1), O5–Cu1–N1 87.3(1), O2–Cu1–N1 171.0(1),
Cu1–O1–P1 125.5(2), O1–P1–O2A 116.16(2).
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the O1, O2, Cu2 plane], respectively, and for the other O5–P2–
O6 bridge corresponding the � values are 168.6� and 157.0�, re-
spectively. While the � values are less than 180�, the phosphi-
nate groups can be classified into the syn-syn bridging modes.

The complex cation of 2 consists of a dicopper core with two
phosphinates, two terminal ligands of 5-dmbpy, and two metha-
nol molecules. Especially, there are major differences in the co-
ordination modes between 1 and 2. The coordination around
each copper(II) ion is a distorted trigonal-bipyrimidal geometry
(� ¼ 0:45) with the equatorial plane comprising of a 5-dmbpy
nitrogen (N2), a bmp oxygen (O1), and a methanol oxygen atom
(O5). Each axial site is occupied by a 5-dmbpy nitrogen (N1) and
a bmp oxygen atom (O2). The � values was 82.7� for [the O1, P1,
O2A plane/the O2A, O1, Cu1 plane]. On the other hands, the �
values is 158.5� for [the O1, P1, O2A plane/the O1, O2A, Cu1A
plane]. The phosphinato bridges can be assigned to syn–anti co-
ordination modes. The difference of bridging modes between 1
and 2 has affected the Cu���Cu separation lengths of 3.993(8)
and 4.811(1) �A, respectively.

The temperature dependence of the magnetic susceptibil-
ities (�A) and the effective magnetic moments (�eff) per Cu(II)
ion for 1 and 2 are shown in Figures 3 and 4. The �eff values for
1 (1.87�B) and 2 (1.82�B) at room temperature decrease to
0.28 and 1.72�B at 2K, respectively. A nonlinear least-squares
fitting procedure of the magnetic data to the Bleaney–Bowers
equation gave the following spin exchange coupling parameters:
2J ¼ �19:1 cm�1 and g = 2.19 for 1; 2J ¼ �0:7 cm�1 and g =
2.12 for 2. These results indicate that a weak antiferromagnetic
interaction is operative in the present complexes. The difference
in the strength of the antiferromagnetic interaction may be ac-
counted for by the coordination geometry. The antiferromagnet-
ic interaction in 1 and 2 can be operative primarily via the phos-
phinates directed toward the dx2�y2 for 1 and dz2 magnetic orbi-
tals for 2 with unpaired spin density on the two copper(II) ions.
The antiferromagnetic interaction for 1 could be mainly attribut-
ed to the exchange couplings between the copper ions through
phosphinates, since the oxygen atom of an exogenous bridging
nitrate ion locates in apical site of each copper(II) ion. The over-

lap of dz2 magnetic orbital is expected to be weaker than that in 1
with the dx2�y2 magnetic orbital.10 The correlation between 2J
values and coordination modes were in agreement with the 2J

values of dinuclear copper(II) complexes with syn–syn and
syn–anti bridging carboxylates.11
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Figure 3. Magnetic susceptibilities �A and effective magnetic
moments �eff for 1.

Figure 4. Magnetic susceptibilities �A and effective magnetic
moments �eff for 2.

Chemistry Letters Vol.33, No.12 (2004) 1607

Published on the web (Advance View) November 13, 2004; DOI 10.1246/cl.2004.1606


