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The centrosymmetric title complex, [Cu2(C7H5N4)4-

(C10H8N2)2], comprises two Cu atoms, four 5-phenyl-

tetrazolate ligands and two 2,20-bipyridine ligands. The ®ve-

coordinated Cu atom adopts a distorted tetragonal±pyramidal

geometry.

Comment

Owing to their fascinating properties, tetrazolate and substi-

tuted tetrazolate complexes have been extensively studied

(Butler, 1996; Xiong et al., 2002). The tetrazolate anion is not

only isoelectronic with the cyclopentadienyl anion but is a

potentially tetradentate ligand. Indeed, several coordination

modes for tetrazolate exist in its coordination complexes

(Moore & Robinson, 1988). Thus, research has shown that the

tetrazolate anion can use different N atoms to bridge or

chelate metal atoms (Carlucci et al., 1999; YeÂ lamos et al., 2001;

Zhou et al., 1998). Although Cu complexes with neutral

tetrazole and tetrazolate ligands have been well studied, only

one Cu complex with tetrazolate has been structurally char-

acterized until now. In that case, the Cu ion was univalent and

the tetrazolate anion was monodentate (Gaughan et al., 1972).

To better understand the structural characteristics of

copper(II) tetrazolate complexes, in this paper we report the

crystal structure of a new 5-phenyltetrazolate copper(II)

complex, namely [Cu2(bipy)2(N4CPh)4], (I).

Complex (I) has a centrosymmetric dinuclear structure in

which two Cu atoms are bridged by two 5-phenyltetrazolate

ligands (Fig. 1). Each CuII ion is ®ve-coordinated by ®ve N

atoms, derived from three different 5-phenyltetrazolate

ligands and one bipy (bipy is 2,20-bipyridine) ligand, to give a

distorted tetragonal-pyramidal geometry. The basal plane is

formed by atom N3 from a bridging 5-phenyltetrazolate, atom

N7 (in the 2-position) of the monodentate 5-phenyltetrazolate,

and two N atoms of the chelating bipyridine ligand. The apical

site is occupied by the N2i atom derived from the symmetry-

related bridging 5-phenyltetrazolate [symmetry code: (i)
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1 ÿ x, 1 ÿ y, ÿz]. The lengths of the four CuÐN bonds in the

basal plane are almost equal and are considerably shorter than

the apical CuÐN bond length (Table 1). In the basal plane, the

cis-NÐCuÐN angles lie in the range 80.07 (13)±94.35 (13)�

and the NapicalÐCuÐNbasal angles are in the range 89.59 (13)±

103.66 (12)�. The deviations of these angles from the ideal

value of 90� indicate that the geometry about the Cu atom is

distorted tetragonal pyramidal. The Cu atom is 0.241 (4) AÊ

above the basal plane. The distortion of the tetragonal

pyramid can be described by the parameter �, where values of

0 and 1 are indicative of ideal square pyramidal and trigonal

bipyramidal geometries, respectively (Addison et al., 1984;

Nagle et al., 1990). In (I), the calculated value is 0.3. The

distance between the two Cu atoms is 3.987 (4) AÊ .

The two independent tetrazolate rings in the dimeric unit

are planar within experimental error and there is substantial

delocalization of �-electron density in the tetrazolate ring as

evidenced by the approximately equal bond lengths within the

ring (John et al., 1989; Palazzi et al., 2003). For the mono-

dentate 5-phenyltetrazolate ligands, the dihedral angle

between the phenyl ring and the tetrazolate ring is 4.1 (2)�

(YeÂ lamos et al., 2001; Kreutzer et al., 1972); the equivalent

angle in the bridging 5-phenyltetrazolate ligand is 15.6 (2)�.
The small dihedral angles may result from conjugation

between the two rings. The short bond distances for C18ÐC19

[1.460 (5) AÊ ] and C11ÐC12 [1.469 (6) AÊ ] are consistent with

this (Guilard et al., 1991). The dihedral angle formed between

the tetrazolate rings of the monodentate and bridging tetra-

zolates is 78.1 (1)�.
The bipyridine ligand is planar, with the largest deviation of

any atom from the mean plane being 0.085 (1) AÊ . The bi-

pyridine is almost perpendicular to planes through the brid-

ging tetrazolate planes [the mean angle is 85.4 (1)�], and are

inclined at 59.9 (1)� to the planes through the monodentate

tetrazolate ligands.

Experimental

An ethanol (4 ml) solution of 2.20-bipyridine (0.30 mmol, 46.9 mg)

and an aqueous solution (4 ml) of copper acetate (0.30 mmol,

60.0 mg) were mixed and the resulting solution was stirred for 5 min;

the mixed solution was deep blue. To the mixture was added an

ethanol solution (2 ml) of 5-phenyl-1H-tetrazole (0.60 mmol,

87.6 mg). After another 5 min of stirring, the solution was ®ltered and

the ®ltrate was slowly evaporated in air. After a month, green±blue

plate-like crystals of (I) were isolated in 20% yield.

Crystal data

[Cu2(C7H5N4)4(C10H8N2)2]
Mr = 1020.05
Triclinic, P1
a = 10.196 (3) AÊ

b = 10.410 (4) AÊ

c = 13.308 (5) AÊ

� = 79.460 (5)�

� = 68.928 (4)�

 = 61.010 (4)�

V = 1152.8 (7) AÊ 3

Z = 1
Dx = 1.469 Mg mÿ3

Mo K� radiation
Cell parameters from 785

re¯ections
� = 2.2±25.9�

� = 0.98 mmÿ1

T = 293 (2) K
Plate, green±blue
0.10 � 0.05 � 0.02 mm

Data collection

Bruker SMART APEX CCD area-
detector diffractometer

! scans
Absorption correction: multi-scan

(SADABS; Sheldrick, 1996)
Tmin = 0.908, Tmax = 0.981

4870 measured re¯ections

4003 independent re¯ections
3091 re¯ections with I > 2�(I)
Rint = 0.024
�max = 25.0�

h = ÿ10! 12
k = ÿ12! 12
l = ÿ14! 15

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.052
wR(F 2) = 0.118
S = 1.04
4003 re¯ections
316 parameters
H-atom parameters constrained

w = 1/[�2(Fo
2) + (0.0521P)2

+ 0.823P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max < 0.001
��max = 0.57 e AÊ ÿ3

��min = ÿ0.29 e AÊ ÿ3

Table 1
Selected geometric parameters (AÊ , �).

CuÐN7 1.971 (3)
CuÐN9 2.008 (3)
CuÐN3 2.010 (3)
CuÐN10 2.029 (3)
CuÐN2i 2.196 (3)
N1ÐN2 1.331 (4)
N1ÐC18 1.343 (5)
N2ÐN3 1.324 (4)
N3ÐN4 1.331 (4)

N4ÐC18 1.331 (5)
N5ÐC11 1.325 (5)
N5ÐN6 1.342 (5)
N6ÐN7 1.314 (5)
N7ÐN8 1.335 (4)
N8ÐC11 1.331 (5)
C11ÐC12 1.469 (6)
C18ÐC19 1.460 (5)

N7ÐCuÐN9 173.25 (13)
N7ÐCuÐN3 90.60 (13)
N9ÐCuÐN3 94.35 (13)
N7ÐCuÐN10 93.53 (13)
N9ÐCuÐN10 80.07 (13)
N3ÐCuÐN10 155.32 (13)
N7ÐCuÐN2i 94.04 (13)
N9ÐCuÐN2i 89.59 (13)
N3ÐCuÐN2i 100.30 (12)
N10ÐCuÐN2i 103.66 (12)

N2ÐN1ÐC18 105.0 (3)
N3ÐN2ÐN1 108.6 (3)
N2ÐN3ÐN4 110.5 (3)
N3ÐN4ÐC18 104.2 (3)
C11ÐN5ÐN6 106.0 (3)
N7ÐN6ÐN5 107.2 (3)
N6ÐN7ÐN8 111.4 (3)
C11ÐN8ÐN7 103.6 (3)
N5ÐC11ÐN8 111.7 (4)
N4ÐC18ÐN1 111.8 (3)

Symmetry code: (i) 1ÿ x; 1ÿ y;ÿz.

Figure 1
View of (I) showing the atom-labelling scheme. Displacement ellipsoids
are drawn at the 30% probability level and H atoms have been omitted
for clarity.



H atoms were included in their idealized positions, with CÐH

distances of 0.93 AÊ , and re®ned using a riding model with Uiso(H) =

1.2Ueq(C) for all H atoms.

Data collection: SMART (Bruker, 2000); cell re®nement: SAINT

(Bruker, 2000); data reduction: SAINT; program(s) used to solve

structure: SHELXS97 (Sheldrick, 1997); program(s) used to re®ne

structure: SHELXL97 (Sheldrick, 1997); molecular graphics:

SHELXTL (Sheldrick, 2000); software used to prepare material for

publication: SHELXTL.
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