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New complex [Pt(Ph,bipy)Cl,] (1) is obtained from the reaction of H,PtCls-6H,O and 4,4'-
diphenyl-2,2'-bipyridine (Ph,bipy) in a mixture of methanol, chloroform, and dimethyl sulfo-
xide. Suitable crystals of 1 for the diffraction experiment are obtained by slow evaporation of
the resulted orange solution at room temperature. This complex is characterized by elemental
analysis, IR, '"H NMR, UV-Vis, and luminescence spectroscopy and its structure is studied by
the single crystal X-ray diffraction method. X-ray structure determination shows that in the
structure of this compound, the Pt(II) atom is four-coordinated in a distorted square-planar
configuration by two nitrogen atoms from a bidentate 4,4'-diphenyl-2,2'-bipyridine ligand and
two terminal chlorine atoms.

DOI: 10.15372/JSC20160826

Keywords: synthesis, crystal structure, platinum(ll) complex, 4,4'-diphenyl-2,2'-bipyri-
dine, luminescent properties.

Platinum complexes containing mono-, bi-, and tridentate N-donor ligands are important due to
their application in electronics and optical devices, [ 1—3 ] bio-imaging materials [ 4, 5 ], medicine
[6—8], and as catalysts [9, 10]. In particular, cisplatin cis-[PtCI,(NH3),] has been introduced in
oncology for the treatment of diverse classes of cancer [ 6, 11, 12 ].

The synthesis and characterization of 4,4'-diphenyl-2,2'-bipyridine (Ph,bipy; Scheme 1) compo-
und was reported by Case and Kasper in 1956 [ 13 ]. The Phybipy compound is a good bidentate
ligand, and only a few complexes have been reported with this ligand, such as those of copper [ 14 ],
tin [15], osmium [16], and ruthenium [ 17]. Also, three platinum(II) mixed-ligand complexes of
[Pt(Phubipy)(3,5-Mespy)2][PFol: [ 181, [Pt(Phsbipy)(C=CPh),] [ 19 ], and [Pt(Phybipy)(COMe),] [20],
including this ligand, have been reported. All of these complexes are fully characterized by
spectroscopic methods and their structures are studied through single crystal X-ray diffraction. In
continuation of these research works, herein, we report the synthesis, characterization and crystal
structure of a new platinum(Il) complex with chloride and 4,4'-diphenyl-2,2’'-bipyridine.

Scheme 1. 4,4'-Diphenyl-2,2'-bipyridine
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Experimental. Materials and physical methods. 4,4'-Diphenyl-2,2'-bipyridine was purchased
from Aldrich and used as received. Other materials were purchased from Merck and used without
further purification. Infrared spectra (4000—250 cm ") of solid samples were taken as 1 % dispersion
in Csl pellets using a Shimadzu-470 spectrometer. NMR was recorded on a Bruker AC-300
spectrometer for protons at 300.13 MHz in the DMSO-d; solvent. Elemental analysis was performed
using a Heraeus CHN-O Rapid analyzer. Melting point was obtained by a Kofler Heizbank Rechart
type 7841 melting point apparatus. UV-Vis spectra were recorded on a Shimadzu 2100 spectrometer
using a 1 cm path length cell in DMSO at room temperature and luminescence spectra were recorded
on a Perkin Elmer LS 45 using a 1 cm path length cell.

Synthesis of [Pt(Ph,bipy)Cl,] (1). A solution of 4,4'-diphenyl-2,2'-bipyridine (0.29 g, 0.90 mmol)
in chloroform (10 ml) was added to a solution of H,PtCls-6H,O (0.38 g, 0.90 mmol) in methanol
(10 ml) at room temperature and stirred for 5 min until a precipitate was formed. The precipitate
started to disappear gradually when DMSO (10 ml) was added to the solution and the mixture was
stirred at 50 °C for 1 h. The solution was filtered and allowed to crystallize at room temperature,
whereupon orange prismatic crystals of 1 formed after two months (yield 0.37 g, 71.6 %,
m.p. > 300 °C). IR (CsI, cm'): 3081w, 3058w, 1619s, 1544m, 1473m, 1416m, 1359s, 1244w, 1085s,
990m, 852m, 764s, 687m, 634m, 536m, 408m, 316m, 281m, 255s. "H NMR (DMSO-d;, ppm): 7.62—
7.82 (m, SH), 8.17 (d, 1H), 9.05 (s, 1H) and 9.45 (d, 1H). UV-Vis: Ay (DMSO, nm), 290, 340, 396.
Elemental analysis: Cy»HsCLN,Pt (%) (574.35); Anal. Calcd (%): C 46.00, H 2.79, N 4.88. Found:
C45.71,H2.77, N 4.84.

Single crystal X-ray diffraction analysis. The X-ray diffraction measurements were made on a
Bruker APEX II CCD area detector diffractometer at 298 K (MoK, radiation, graphite monochro-
mator, A = 0.71073 A). The structure of 1 was solved by SHELX-97 and absorption correction was
applied using the SADABS programs [ 21 ]. Data collection, cell refinement, and data reduction were
performed by APEX II, SAINT, SHELXTL, PLATON, and MERCURY [21—24]. Crystallographic
and structure refinement data for 1: C,oH;cCLL,N,Pt, M 574.35, crystal system tetragonal, space group
P42.2, a=10.7807(11)A, b=10.7807(11)A, ¢ =33.394(4) A V=3881.18)A’, Z=8, peutc=
=1.966 g/em®’, p=7.515mm", crystal size 0.35x0.32x0.31 mm, O =26.98° (completeness
99.9 %), number of measured reflections 24111, independent 4235 (R, =0.1601), R, =0.0497,
WR, =0.0907 over F?>20(F?), R, =0.1039, wR,=0.1063 over all, S=1.118, Akminmax = 1.933/
—0.681 ¢/A’. Crystal chemical information on the structure investigated was deposited with the
Cambridge Structural Database under number CCDC 1415869, from where it can be obtained free of
charge on request at the following website: www.ccdc.cam.ac.uk/products/csd/faqgs.

Results and discussion. Synthesis of [Pt(Ph,bipy)Cl,] (1). Complex 1 was obtained by the
reaction of one equivalent of H,PtCls-6H,O with one equivalent of 4,4'-diphenyl-2,2'-bipyridine in a
mixture of methanol, chloroform, and dimethyl sulfoxide. Suitable crystals of 1 for X-ray diffraction
studies were obtained by slow evaporation of the resulted orange solution at room temperature.
It should be noted that in the presence of a mixture of these solvents and starting materials, auto-
reduction of Pt(IV) to Pt(II) occurred in the title complex. Auto-reduction of Pt(IV) to Pt(Il) in a
methanol/wather mixture, which was induced by UV irradiation, has been previously reported in the
literature [ 25 ].

Spectroscopic characterization of [Pt(Ph,bipy)Cl,] (1). IR absorption of 1 is summarized in the
EXPERIMENTAL section. The IR spectrum of this complex shows two weak bands at 3081 and
3058 cm ', which are assigned to the C—H stretching vibrations of the phenyl and pyridine rings. The
bands observed in the range 1619—1359 cm ' are assigned to v(C=N) and v(C=C) vibrations. The
medium to strong vibrations in the region 1085 to 536 cm™' are assigned to 8(C=C=N) and 8(C=C=C)
bending vibrations in the phenyl and pyridine rings [ 26—30 ]. The far IR spectrum of complex 1 was
recorded between 500 and 255 cm . The Pt—Cl stretching vibrations are seen at 408 and 316 cm™
and the Pt—N stretching vibrations are seen at 281 and 255 cm™' [31, 32].

According to the electronic absorption spectra of a DMSO solution of a free Ph,bipy ligand and
complex 1, the strong broad bands at around 265 nm for the free Ph,bipy ligand and 290 nm for 1 are
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assigned to the intraligand © — ©* transitions and the two weaker bands observed at around 340 and
396 nm for 1 are assigned to metal to ligand charge transfer (MLCT) [ 19, 33 ].

The 'H NMR spectrum of complex 1 was prepared in a DMSO-d; solution at room temperature
and the results are listed in the EXPERIMENTAL section. The 'H NMR spectrum of 1 exhibited a
multiple band at around 7.7 ppm for the phenyl groups, a doublet band at 8.17 ppm for Hb, a singlet
band at 9.05 ppm for Hc, and a doublet band at 9.45 ppm for Ha (Scheme 1).

Luminescence emission spectra (Aex = 290 nm) of the free Phybipy ligand and 1 were recorded in
a DMSO solution at room temperature. The maximum emission of Phybipy at 360 nm is shifted to
368 nm in complex 1, with a red-shift after the coordination to Pt(II) (8 nm red-shifted compared to
the related emission band). Also, the luminescent emission of complex 1 is stronger than that of the
free Phybipy ligand. The shapes of the luminescence emission spectra for the free Ph,bipy ligand and
complex 1 are similar, therefore, the emission properties of this Pt(II) complex are assigned to either
ligand-centred (LC, n* — m transitions) and MLCT states [ 34—37 |.

Description of the molecular structure of [Pt(Ph,bipy)Cl;] (1). The ORTEP view with the
atom numbering scheme for this complex is shown in Fig. 1. As shown in this figure, each plati-
num(Il) cation is four-coordinated in a distorted square-planar configuration by two nitrogen atoms
from a bidentate 4,4'-diphenyl-2,2'-bipyridine ligand and two terminal chlorine atoms. The main
contribution to the distortion of the square-planar configuration is made by a short bite angle of the
coordinated Phybipy ligand (N1—Pt1—N2 = 79.1(4)°). Furthermore, the pyridine rings are slightly
distorted from planarity. The mean planes of the rings 4 (N1/C1—C3/C10/C11), B (N2/C12—
C14/C21/C22), and C (Pt1/N1/C11/C12/N2) make the following dihedral angles with each other:
A/B=3.28°, A/C=3.41°, and B/C = 5.44°. Also, the phenyl rings D (C4—C9) and E (C15—C20) are
oriented at a dihedral angle D/E =5.17°. The Pt—N bond lengths are 1.998(9) and 2.007(8) A and
Pt—CI bond lengths are 2.313(3) and 2.314(4) A. The Pt—N and Pt—Cl bond lengths and angles are
in good agreement with the corresponding values in [Pt(4,4'-dmbipy)Cl,], [Pt(5,5’-dmbipy)Cl,] [ 381,
and [Pt(bipy)Cl,] [ 39, 40 ] (4,4’ -dmbipy is 4,4'-dimethyl-2,2'-bipyridine, 5,5'-dmbipy is 5,5’ -dimethyl-
2,2'-bipyridine and bipy is 2,2'-bipyridine).

In the crystal structure of complex 1 (Fig. 2) intermolecular C—H...Cl hydrogen bonds (C9—
H9...CI1, H---A 2.72 A, DA 3.55(2) A, D—H:+-A 150°; C16—H]16...CI1 2.72 A, 3.599(17) A, 158°)
and the m— interactions between the phenyl and pyridyl rings, Cg2---Cg4’, Cg2---Cg5", Cg3---Cg4"
and Cg5---Cg5' [symmetry codes: (i) —1+y, 1+x, 2—z; (ii) y, 1+x, 2—z and (iii) —1+y, x, 2—z, where Cg2,
Cg3, Cg4 and Cg5 are the centroids of the rings 4 (N1/C1—C3/C10/C11), B (N2/C12—C14/C21/C22),

Fig. 1. The labeled diagram of 1.
Thermal ellipsoids are at 30 % probability level
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Fig. 2. Crystal packing diagram for 1.

Intermolecular C—H...Cl hydrogen bonds and n—mn contacts are shown as dashed lines

C (C4—C9), and D (C15—C20), respectively] with centroid-centroid distances of 4.505(10), 3.636(9),
3.913(10), and 3.795(10) A, respectively, are effective in the stabilization of the crystal structure and
the formation of the 3D supramolecular complex.

In this work, a new complex [Pt(Ph,bipy)Cl,] (1) have been synthesized. This complex was fully
characterized by spectroscopic methods and its structure was determined by the single crystal
diffraction analysis. In this complex, the Pt(II) atom is four-coordinated in a distorted square-planar
geometry. It is notable that in this compound, nonclassical C—H...Cl hydrogen bonds and m—n
interactions between the phenyl and pyridyl rings mostly stabilize the crystal lattice. Furthermore,
luminescence studies show differences in the luminescence behaviour of complex 1 in comparison
with the free Phybipy ligand. Luminescence emission of complex 1 was red shifted and is stronger than
that of the free Ph,bipy ligand.

We would like to thank the Islamic Azad University (Khoramabad Branch), the University of
Zabol, and Farhangian University for financial support.
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