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Abstract
C40H48Cu2N12O12, monoclinic, P21/n (no. 14), a = 10.9519(1) Å,
b = 17.4351(2) Å, c = 24.4288(3) Å, β = 102.143(1)°,
V = 4560.25(9) Å3, Z = 4, Rgt(F ) = 0.0647, wRref(F 2) = 0.1904,
T = 120 K.

CCDC no.: 2325277

The molecular structure is shown in the figure. Table 1
contains crystallographic data and Table 2 contains the list
of the atoms including atomic coordinates and displacement
parameters.

1 Source of materials

The 5-(3-amino-1H-1,2,4-triazol-1-yl)-1,3-benzenedicarboxylic
acid (H2L–NH2) and 1-methyl-2-pyrrolidinone (NMP) were
commercial purchased from Shanghai Accela ChemBio Co.,
Ltd. Other reagents were purchased from Shanghai Aladdin
Biochemical Technology Co., Ltd. In a 20mL capped vial,
CuCl2·2H2O (0.0170 g, 0.1 mmol) and H2L–NH2 (0.0248 g,

Table : Data collection and handling.

Crystal: Blue block
Size: . × . × .mm
Wavelength: Cu Kα radiation (. Å)
μ: .mm−

Diffractometer, scan mode: Bruker SMART CCD , φ and ω
θmax, completeness: .°, >%
N(hkl)measured, N(hkl)unique, Rint: ,, , .
Criterion for Iobs, N(hkl)gt: Iobs > σ(Iobs), 
N(param)refined: 

Programs: Bruker [], Olex [], SHELX [, ]
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Table : Fractional atomic coordinates and isotropic or equivalent
isotropic displacement parameters (Å).

Atom x y z Uiso*/Ueq

Cu −. () . () . () . ()
Cu . () . () . () . ()
O . () . () . () . ()
O . () . () . () . ()
O . () . () . () . ()
O . () . () . () . ()
O . () . () . () . ()
O . () . () . () . ()
O . () . () . () . ()
O . () . () . () . ()
O . () . () . () . ()
N . () . () . () . ()
N . () . () . () . ()
N . () . () . () . ()
N . () . () . () . ()
HA . . . .*
HB . . . .*
N −. () . () . () . ()
N −. () . () . () . ()
H −. . . .*
N −. () . () . () . ()
N −. () . () . () . ()
HA −. . . .*
HB −. . . .*
N . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C −. () . () . () . ()
H −. . . .*
C −. () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()

Table : (continued)

Atom x y z Uiso*/Ueq

H . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
HC . . . .*
O . () . () . () . ()
N . () . () . () . ()
C . () . () . () . ()
HA . . . .*
HB . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
C . () . () . () . ()
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0.1 mmol) were dissolved by NMP and ethyl alcohol (8mL,
V/V = 6:2). The vial was then sealed, transfered to an oven
and heated to 110 °C for 72 h and cooled to room temperature
at a rate of 15 °C/h. Blue block-like crystals of the title complex
were obtained, yielding 41% (based on the H2L–NH2 ligand).

2 Experimental details

The initial crystal structurewas solved by SHELXT program
and refined by SHELXL program. Cu-, C-, N- and O-atoms
were refined with anisotropic displacement parameters
and H-atoms were placed in idealized positions with
isotropic thermal parameters. One of the guest NMP mole-
cules was disordered and split treatment were performedwith
DFIX and SIMU command.

3 Comment

As a ligand bearing two kinds of potential coordinating
atoms (carbonyl oxygen atom and triazole nitrogen atom),
5-(1H-1,2,4-triazol-1-yl)-1,3-benzenedicarboxylic acid (H2L)
has been applied to construct complexes with a series of
metal salts [5–8]. However, up to now, the metal complexes
based on the amino functionalized H2L, i.e., 5-(3-amino-
1H-1,2,4-triazol-1-yl)-1,3-benzenedicarboxylic acid (H2L–NH2)
has never been reported. Hence, to enrich the family of

the metal complexes based on H2L–NH2, the title 3D
Cu(II)-complex was synthesized under hydrothermal
condition.

The asymmetric unit contains two copper(II) ions, two
deprotonated H2L–NH2 ligands, three free NMP molecules
and one coordinated NMP molecule. The Cu1(II) cation is
penta-coordinated, bondedwith four O-atoms (O1−3/2+x,3/2−y,−1/
2+z, O21/2−x,−1/2+y,+3/2−z, O7−1+x,y,z, O8−x,1−y,1−z) derived from four
different H2L–NH2 ligands and one N-atom (N7) from
another H2L–NH2 ligand. The Cu2(II) caion is tetra-
coordinated, bonded with three O-atoms (O3, O6, O9)
derived from two different H2L–NH2 ligands and the coor-
dinated NMP molecule, and one N-atom (N33/2−x,1/2+y,3/2−z)
derived from another H2L–NH2 ligand. The Cu–O and Cu–N
bond lengths are within the normal range of 1.893(3)–
2.069(3) Å and 2.008(3)–2.017(3) Å, respectively. The bond
lengths are comparable to the reported crystal structures
containing analogous H2L–NH2 ligand with similar coordi-
nation environments [9–10]. The dihedral angle between the
triazole heterocyclic ring and centre benzene ring of the two
crystallographic independent H2L–NH2 ligands are 26.77°
and 39.97°, respectively. The two H2L–NH2 ligands displayed
unified coordination modes, i.e., each ligand coordinated
with four copper(II) ions. The two carboxyl groups in each
H2L–NH2 ligand revealed different coordination mode.
Significantly, two Cu1(II) cations, four carboxyl groups
formed classical dinuclear [Cu2(COOR)4] paddle-wheel type
secondary building units (SBUs; see the figure). In the end,
the copper(II) ions and H2L–NH2 ligands connected with
each other and with the help of intramolecular N–H⋯O
hydrogen bonding interactions (N4–H4B⋯O53/2−x,−1/2+y,3/2−z,
N8–H8A⋯O4−1+x,y,z, N8–H8B⋯O7−1+x,y,z), resulted in the 3D
supermolecule framework of the title Cu(II)-complex.
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