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Abstract—The structure of the cadmium(II) iodide complex with 3,4-diphenyl-1-(pyridin-2-yl)-6,7-dihy-
dro-5H-cyclopenta[c]pyridine is studied and determined by X-ray diffraction analysis (СIF file CCDC
no. 1833097). The problem about the possibility of coordination of the phenyl substituents of the ligands to
the central cadmium atom is examined. The degree of participation of the π system of the phenyl substituent
of the ligand in the coordination to the central ion is analyzed using quantum chemical calculations.
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INTRODUCTION

The chemistry of coordination compounds of cad-
mium at present attracts special attention because of a
high biological toxicity of these compounds and
related environmental problems [1–4]. In addition,
the coordination polymers with promising applied
properties can be built from the cadmium complexes
[5]. The cadmium complexes based on the bipyridine
derivatives are interesting due to their photophysical
characteristics [6, 7].

Nowadays about 150 structures of the cadmium
complexes based on the 2,2'-bipyridine type ligands
are presented in the Cambridge Structural Database
[8]. In most cases, the derivatives of phenanthrolines
were used as ligands rather than those of 2,2'-bipyri-
dines (2,2-Bipy). We have previously considered the
structures of three cadmium complexes based
on (poly)aryl-substituted 2,2-Bipy (according to the
X-ray diffraction data) [9]). The Cd–N bond length
was shown to depend on the structure of the organic
ligand. In terms of this work, we studied the structure
of the complex based on 3,4-diphenyl-1-(pyridin-2-
yl)-6,7-dihydro-5H-cyclopenta[c]pyridine (L1) with
CdI2 by X-ray diffraction analysis and compared the
examined structure with a series of the earlier
described cadmium complexes.

EXPERIMENTAL
This work was carried out using the equipment of

the Center for Collective Use “Spectroscopy and
Analysis of Organic Compounds.”

1H NMR spectra were recorded on a Bruker
Avance-400 spectrometer (400 MHz) using SiMe4 as
an internal standard. Melting points were measured on
a Boёtius instrument. Mass spectra (electrospray ion-
ization) were recorded on a MicrOTOF-Q II instru-
ment (Bruker Daltonics) (Bremen, Germany). Ele-
mental analysis was conducted on a РЕ 2400 II CHN
analyzer (Perkin-Elmer). 3-(2-Pyridyl)-5,6-diphe-
nyl-1,2,4-triazine (L2) was obtained according to an
earlier described method [10].

Synthesis of L1. A mixture of L2 (345 g, 1.1 mmol)
and 1-morpholinocyclopentene (0.89 mL, 5.5 mmol)
was stirred at 200°С in an argon atmosphere for 2 h
under solvent-free conditions. Then an additional
portion of 1-morpholinocyclopentene (0.45 mL,
2.75 mmol) was added, and the mixture was stirred for
1 h under the same conditions. The product was puri-
fied by column chromatography using hexane and
then ethyl acetate as eluents. The solvent was removed
from the product-containing fractions under reduced
pressure. The residue was treated with ethanol, and
the formed precipitate was filtered off, washed with
alcohol, and dried. An analytical sample was obtained
by recrystallization from ethanol. The yield was
265 mg (0.76 mmol, 69%), mp = 172–174°С.
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1Н NMR (CDCl3), δ, ppm: 2.05–2.14 (m, 2H,
6-СН2), 2.84 (t, 2Н, 3J = 7.6 Hz, 7-СН2), 2.53 (t, 2Н,
3J = 7.6 Hz, 5-СН2), 7.13–7.22 (m, 5Н, Ph), 7.24–
7.33 (m, 3Н, Ph, H-5 (Py)), 7.38–7.44 (m, 2Н, Ph),
7.80–7.86 (ddd, 1Н, 3J = 8.0, 8.0, and 2.0 Hz, Н-4
(Py)), 8.39 (d, 1Н, 3J = 7.8 Hz, Н-3 (Py)), 8.72 (d,
1Н, 3J = 4.8 Hz, Н-6 (Py)). MS m/z (Irel, %): 349.17
[M + H]+ (100), calculated 349.17.

Synthesis of (3,4-diphenyl-1-(pyridin-2-yl)-6,7-dihy-
dro-5H-cyclopenta[c]-pyridine)diiodocadmium(II) (I) ·
2СН3СN. The crystals of complex I suitable for X-ray
diffraction analysis were obtained by the slow evapora-
tion of a solution of ligand L1 (20 mg) and CdI2 (21 mg, 1
equiv) in acetonitrile (5 mL).

X-ray diffraction analysis of complex I was con-
ducted on an Xcalibur 3 automated four-circle diffrac-
tometer with a CCD detector using a standard proce-
dure (МоКα radiation, graphite monochromator, ω
scan mode with an increment of 1° at Т = 295(2) K).
An empirical absorption correction was applied
(μ(MoKα) = 2.815 mm–1). The data were collected
and processed using the CrysAlisPro program package
[11]. The structure was solved and refined using the
OLEX [12] program and the SHELX program pack-
age [13]. Non-hydrogen atoms were refined in the

anisotropic approximation. Hydrogen atoms were
placed in the geometrically calculated positions and
included into refinement in the isotropic approxima-
tion by the riding model with the dependent isotropic
thermal parameters. The results of structure refine-
ment and selected crystallographic parameters are the
following: monoclinic crystal, a = 16.7324(9), b =
8.1348(4), c = 23.0488(11) Å, β = 107.384(6)°, V =
2994.0(3) Å3, space group P21/n, FW = 796.74, Z = 4.
The number of reflections collected in the range of
scattering angles 3.7° < 2θ < 61.58° was 16300, and
8129 of them were independent (Rint = 0.0374),
including 4939 with I > 2σ(I). The final parameters
for structure refinement are as follows: R1 = 0.0994,
wR2 = 0.1338 (all reflections); R1 = 0.0492, wR2 =
0.1004 (I > 2σ(I)), GOOF on F 2 is 1.018. The peaks of
the residual electron density are 0.93/–1.18 e Å–3.

The X-ray diffraction analysis data were deposited
with the Cambridge Crystallographic Data Centre
(CIF file CCDC no. 1833097; deposit@ccdc.cam.
ac.uk or http://www.ccdc.cam.ac.uk).

Ab initio quantum chemical calculations were per-
formed using the Orca 4.0.1 program in the def2-
TZVP basis set. No geometry optimization was carried
out, and the three-dimensional model was taken from
the X-ray diffraction data.

RESULTS AND DISCUSSION

Ligand L1 was obtained using the previously
described “1,2,4-triazine” methodology [14, 15] by
the inverse electron-demand aza-Diels–Alder reac-
tion of 1,2,4-triazine L2 (diene) [10] and 1-mor-
pholinocyclopentene (dienophile) at 200°С under sol-
vent-free conditions according to the following
scheme.

The crystals of cadmium complex I with ligand L1

were obtained by crystallization from a saturated solu-
tion in acetonitrile using slow evaporation at room
temperature. According to the X-ray diffraction data,
the mononuclear neutral complex Cd(L1)I2 (Fig. 1)
crystallizes in the centrosymmetric space group as a
solvate with two CH3CN molecules, which do not
enter into the nearest coordination sphere of the com-
plexing agent. The coordination polyhedron of the Cd

atom is a distorted tetrahedron close to a trigonal pyr-
amid. The cadmium atom deviates from the plane of
the atoms I(1)I(2)N(8) by 0.268 Å. The bond lengths
are Cd(1)–I(1) 2.7213(6), Cd(1)–I(2) 2.7148(6),
Cd(1)–N(8) 2.305(4), and Cd(1)–N(1) 2.300(5) Å,
they do not demonstrate significant deviations from
the standard values, and the lengths of two Cd–N
bonds are the same within the experimental inaccu-
racy. Ligand L1 is a typical chelating agent of the α,α-

For C25H20N2

Anal. calcd., % С, 86.17 H, 5.79 N, 8.04
Found, % С, 86.02 H, 5.88 N, 7.88
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Fig. 1. Structure of complex I (according to the X-ray diffraction data) in thermal ellipsoids of 50% probability.
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dipyridyl type, and the chelate bond angle
N(1)Cd(1)N(8) is 70.89(16)°. The cadmium atom
shifts from the plane of the atoms N(1)C(6)C(7)N(8)
by 0.441 Å. The C(6)–C(7) bond length in the metal-
lochelate cycle (1.507 Å) indicates an insignificant
conjugation effect of the π systems of the pyridyl rings.

Both phenyl substituents in a molecule of com-
pound I are unfolded by 60° to the plane of the pyri-
dine cycle. The distance for the atoms of the phenyl
substituents С(16)···С(22) is 2.95 Å, which allows one
to speak about the partial overlapping of the π systems
of the latter. Taking into account the shortened inter-
molecular contact between the phenyl substituents of
the adjacent molecules С(25)···С(25) (–x, 2 – y, 1 –
z) equal to 3.354 Å, one can assume the π-stacking
interaction in the ensembles of four phenyl rings of the
molecular crystal packing.

It is most likely that the deviation from the tetrahe-
dral configuration of cadmium cannot be explained
only by the steric influence of the bulky substituents,
especially with allowance for the fact that the van der
Waals radii of the iodine atoms and carbon atoms of
the phenyl rings in the molecule are not overlapped.
No tetracoordination was observed earlier for the CdI2
complexes with the ligands of the α,α-dipyridyl type
(the coordination number of cadmium was 4) [8], and
the structural diversity was restricted by penta- and
hexacoordinated complexes. The interatomic distance
С(27)···Сd(1) (3.188 Å) between the central ion and
RUSSIAN JOURNAL OF C
phenyl substituent assumes a considerable overlapping
of the aromatic π system with the electronic shell of
cadmium and the formation of a bond according to the
“sandwich” structure type. In this case, the central
Сd2+ ion gains fairly usual distorted trigonal bipyrami-
dal configuration, which explains the observed
arrangement of the substituents of the nearest coordi-
nation sphere. A similar type of interaction has previ-
ously been observed for the cadmium complexes with
the porphyrinoid ligands [16].

In fact, the calculation using the quantum
mechanical method showed the overlapping of the
electron density of the 121st molecular orbital with an
energy of –7.23 eV between the Cd atom and phenyl
ring for the value of the isodensity surface <0.028
(Fig. 2). No similar overlapping was revealed for other
molecular orbitals.

Thus, the interaction of the central atom with the π
system of the phenyl substituent is intermediate
between a simple van der Waals contact and the for-
mation of the full-value π complex according to the
metallocene type.

The molecular packing in the crystal is ladder-par-
quet. There are significant pores oriented along the
0b axis and filled by the solvent (CH3CN) molecules
(Fig. 3). No substantially shortened intermolecular
contacts are observed in the crystal.
OORDINATION CHEMISTRY  Vol. 45  No. 2  2019
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Fig. 2. The 121st molecular orbital of compound I (the value for the isodensity surface is 0.02).

Fig. 3. Fragment of the crystal packing of complex I according to the X-ray diffraction data.
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