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Reaction between Cu(II) perchlorate and 3-(2-pyridyl)-5,6-diphenyl-1,2,4-triazine (PDPT)
ligand in ethanol produced [Cu(PDPT)2(ClO4)2]. This compound has been characterized
by UV/VIS, IR and CHN analysis. The structure of [Cu(PDPT)2(ClO4)2] has been solved by
X-ray crystallography. The coordination environment around the Cu(II) may be described as
distorted octahedral in which two ClO�4 anions in the complex are coordinated, occupying
trans positions.
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1. Introduction

Research on coordination chemistry of triazine-derived ligands has progressed
very rapidly over the last two decades [1–14]. The 1,2,4-triazine compounds are
well-known in natural materials and show interesting biological, pharmacological
and medicinal properties. The 3,5,6-trisubstituted-1,2,4-triazines are a principal class
of N-donor heterocyclic ligands. Some can be active as blood platelet aggregation
inhibitors and others exhibit antiviral inhibitory activity, significant activity towards
leukaemia and ovarian cancer, and anti-HIV activity [1–4]. In this work, we describe
the synthesis and characterization of a new Cu(II) complex with 3-(2-pyridyl)-
5,6-diphenyl-1,2,4-triazine ligand and the X-ray crystal structure analysis of
[Cu(PDPT)2(ClO4)2]. The general structure of the ligand can be found as PDPT in
figure 1. This ligand is also interesting because of the different coordination modes.
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The presence of a triazine nitrogen adjacent to the pyridyl group helps the PDPT
ligand bind to a metal ion in a bidentate fashion forming one five-membered
chelate ring either through N1-bonding (figure 1a) or through N3-bonding (figure 1b).

2. Experimental

2.1. Physical measurements

IR spectra were recorded as Nujol mulls using Perkin-Elmer 597 and Nicolet 510P
spectrophotometers. Microanalyses were carried out using a Heraeus CHN-O- RAPID.

2.2. Preparation of [Cu(PDPT)2(ClO4)2]

A blue solution of Cu(ClO4)2 � 6H2O (148mg, 0.40mmol) in EtOH (10ml) was added
dropwise to a refluxing yellow solution of 3-(2-pyridyl)-5,6-diphenyl-1,2,4-triazine
(PDPT) (248mg, 0.80mmol) in EtOH (40ml). Halfway through the addition, a solid
started to precipitate from the reaction mixture. After complete addition, the
resulting blue–green suspension was refluxed for another hour and then allowed to
cool to room temperature. The precipitate was filtered off and washed with EtOH.
Drying in vacuo gave 335mg (95%) of complex 1 as a turquoise microcrystalline
solid. m.p.>3458C dec. Anal. Calcd for C40H28Cl2CuN8O8: C 54.36, H 3.17,
N 12.68. Found: C 54.40, H 3.28, N 12.86%. IR (KBr): m/cm�1¼ 3116, 1603, 1527,
1380, 1307, 1100, 1064, 783, 694, 624. UV/VIS/NIR (MeCN): �max/nm
("/Lmol�1 cm�1)¼ 310(33485), 240(24100), 669(100). Crystals of complex 1 suitable
for single crystal X-ray structure analysis were obtained by addition of four parts
of MeOH to a solution of complex in one part MeCN followed by slow evaporation.
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Figure 1. The general structure of the PDPT ligand and its modes of coordination.
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2.3. Crystallography

Crystallographic measurements were made at 193(2)K using a STOE IPDS II
diffractometer equipped with an Oxford Cryostream low temperature unit. The
intensity data were collected (STOE X-Area program package) within the range
1.44� �� 25.738 using graphite monochromataed Mo–K� radiation. Intensities of
3553 unique reflections were obtained, from which 3213 with I>2� (I) were observed.
The structure was solved by direct methods and refined by full-matrix least-squares
techniques on F 2. Structure solution and refinement were accomplished using SIR97,
SHELXL97 and WinGX [15, 16]. A numerical absorption correction was applied.
Molecular plots were prepared using ORTEP III [17].

Crystal data and structure refinement are given in table 1. Selected bond lengths and
angles are given in table 2. Anisotropic thermal parameters, observed and calculated
structure factors, full lists of bond distances, bond angles and torsion angles are
given in the supplementary material. ORTEP diagrams and a perspective view of the
packing in the unit cells are shown in figures 2 and 3.

3. Discussion

3.1. Synthesis

Reaction between PDPT and copper(II) perchlorate produced [Cu(PDPT)2(ClO4)2].
The IR spectrum shows absorption bands resulting from the skeletal vibrations
of aromatic rings in the 1400–1600 cm�1 range and �(ClO4) at ca. 1066–1100 cm�1.
UV-Vis spectrum of [Cu(PDPT)2(ClO4)2], recorded from solution in MeCN,

Table 1. Crystal data and structure refinement for the [Cu(DPT)2(ClO4)2] complex.

Empirical formula C20H14ClCu0.50N4O4

Formula weight 441.57
Temperature 193(2)K
Wavelength 0.71073 Å
Crystal system Triclinic
Space group P�11

Unit cell dimensions a¼ 8.181(2) Å; �¼ 80.97(2)8
b¼ 8.786(2) Å; �¼ 88.34(2)8
c¼ 14.332(2) Å; � ¼ 68.400(10)8

Volume 945.5(3)Å3

Z 2
Density (calculated) 1.551Mgm�3

Absorption coefficient 0.786mm�1

F(000) 451
Crystal size 0.2� 0.2� 0.1mm3

Theta range for data collection 1.44 to 25.738
Index ranges �9� h� 9, �10� k� 10, �17� l� 17
Reflections collected 12493
Independent reflections 3553
Refinement method Full-matrix least-squares on F 2

Data/restraints/parameters 3553/0/324
Goodness-of-fit on F2 1.047
Final R indices [for 3213 rfl. with I>2�(I )] R1¼ 0.0307, wR2¼ 0.0807
R indices (all data) R1¼ 0.0346, wR2¼ 0.0824
Largest diff. Peak and hole 0.366 and �0.321 e Å�3
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exhibits three main transitions. A single d–d band is centered at 669 nm
(1000 Lmol�1 cm�1). The two next bands observed at 310 nm (33,485Lmol�1 cm�1)
and 240 nm (24,100Lmol�1 cm�1) are due to ligand to metal charge transfer
transitions. The results did not allow us to infer the geometry of the metal center
in solution [18–21].

The structure of [Cu(PDPT)2(ClO4)2] was confirmed by X-ray crystallography.

3.2. Crystal structure of [Cu(PDPT)2(ClO4)2]

Single X-ray crystal analysis reveals that [Cu(PDPT)2(ClO4)2] crystallizes in
triclinic space group P�11. The molecular structure of the complex (figure 1)
consists of separate [Cu(PDPT)2(ClO4)2] molecules. In the complex, the metal atom
is coordinated to two 3-(2-pyridyl)-5,6-diphenyl-1,2,4-triazines (PDPT) via one
triazine nitrogen and one pyridine nitrogen, and to two oxygen atoms of perchlorate.

Figure 2. ORTEP plot of the molecule showing the atom-numbering of [Cu(PDPT)2(ClO4)2].

Table 2. Selected bond lengths (Å) and angles (8) for the [Cu(DPT)2(ClO4)2] complex.

N4–Cu1 2.0683(16) Cu1–N4i 2.0095(14)
N1–Cu1 2.0095(14) Cu1–N1i 2.0683(16)
O1–Cu1 2.3816(16) Cu1–O1i 2.3816(16)
N1–Cu1–N1i 180.0 N4–Cu1–N4i 180.0
N1–Cu1–N4 79.27(6) N1i–Cu1–N4i 79.27(6)
N1i–Cu1–N4 100.73(6) N1–Cu1–N4i 100.73(6)
N1i–Cu1–O1 83.80(6) N1–Cu1–O1i 83.80(6)
N1–Cu1–O1 96.20(6) N1i–Cu1–O1i 96.20(6)
N4i–Cu1–O1 85.29(6) N4–Cu1–O1i 85.29(6)
N4–Cu1–O1 94.71(6) N4i–Cu1–O1i 94.71(6)
O1–Cu1–O1i 180.0

Symmetry operations: (i) �x, �y, �z.
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The PDPT is a bidentate ligand and, using only two donor nitrogen atoms, forms a five-
membered metalocycle. In this complex, the triazine group of PDPT uses the nitrogen
atom from position 1 and is coordinated as form a in figure 1, due to the steric effect of
the phenyl group close to the nitrogen atom in position 4. The coordination number in
this copper(II) complex is six with a CuN4O2 chromophore and the coordination
around Cu is a distorted octahedron. The N1, N1i, N4, N4i atoms of the PDPT
ligands define the best equatorial tetragonal plane, while the O1 and O1i atoms of
perchlorate anions occupy the axial positions [O1–Cu1–O1i¼ 180.08]. The large
distortion of the coordination polyhedron may be a consequence of the small
bite angle [79.27(6)8] of the PDPT ligand. The Cu–Npy bond distances are 2.0683(16)
and the two Cu–Ntz are 2.0095(14) Å. The two Cu–Operchlorate distances are
2.3816(16) Å.

Figure 3. Unit cell and a view of [010] layer showing intermolecular �–� stacking of the phenyl groups in the
[Cu(PDPT)2(ClO4)2] molecules.
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There are �–� stacking [22, 23] interactions between two phenyl rings belonging
to adjacent chains in this complex, as shown in figure 3. The phenyl groups are
almost parallel and separated by a distance of about 3.5 Å; close to that of the
layers in graphite. Parallel arrays of the planes of the aromatic moieties indicate
that these interactions are of the �-stacking type, rather than edge-to-face or
vertex-to-face types [24–27]. Projection of the structure perpendicular to the ring
plane shows the overall form of ‘slipped’ stacking [27, 28], which can be rationalized
qualitatively in terms of optimizing the attraction between atoms of opposite
charges [29].

Supplementary material

Crystallographic data for the structure reported in the article have been deposited
with the Cambridge Crystallographic Data Centre as supplementary publication
no. CCDC-257057. Copies of the data can be obtained on application to
CCDC, 12 Union Road, Cambridge CB2 1EZ, UK (fax: þ44 1223 336033; email:
deposit@ccdc.cam.ac.uk).
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