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Abstract—Coordination compound [CdI,(Ampym),] is synthesized by the reaction of 2-amino-4-meth-
ylpyrimidine (Ampym, CsH;N;) with Cdl, in an acetonitrile—ethanol (20 : 1) mixture, and its crystal struc-
ture is determined. The crystals are triclinic, space group PI, a=6.241(1), b= 11.929(1), ¢ = 12.259(1) A,
o =81.78(1)°, B=78.82(1)°,y=75.82(1)°, V=863.6(2) A3, poycq = 2.248 g/cm?, Z= 2. The cadmium atom
has a tetrahedral coordination by two nitrogen atoms of crystallographically nonequivalent ligands L and two
iodine atoms (Cd(1)—N,, 2.305(6), Cd(1)—I(1) 2.7093(8), and Cd(1)—1(2) 2.7235(7) A). The angles at the
Cd atom are 100.8(2)°—124.51(3)° (the maximum value corresponds to the ICdI angle). The planar rings
N,C,4 (£0.01 A) of coordinated ligands L are arranged at an angle of 84.8° relatively to each other. The com-
plexes are joined by hydrogen bonds N—H---N into zigzag supramolecular chains.
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INTRODUCTION

Studies of the self-organization of organic and
inorganic molecules and the subsequent preparation
of solid crystalline substances became more urgent in
the recent years for the synthesis of new compounds
with a number of important physical and chemical
properties. Metal ions, counterions, and ligands are
the main factors determining the structure and dimen-
sionality of the compound. Organic compounds con-
taining two and more functional nitrogen atoms (bipy-
ridine, phenazine, pyrazine, pyrimidine, and others)
are often used as N-aromatic ligands. Pyrimidine and
its substituted analogs allow one to synthesize both
polynuclear compounds using their bridging proper-
ties and discrete monomeric complexes and are
involved in hydrogen bonding [1—9].

Ligand 2-amino-4-methylpyrimidine (Ampym)
can add to the metal ion using several modes: as a
monodentate ligand due to the amino group or one
pyrimidine nitrogen atom, as a bridging ligand
(N atoms of the amino group and pyrimidine ring, two
N atoms of the heterocycle), as a chelating ligand
(N atoms of the heterocycle and NH, group), or as a
tridentate ligand [6]. In addition, as said above,
Ampym can participate in hydrogen bonds to form
supramolecular ensembles. The syntheses of coordi-
nation compounds of AgReO,, AgCH;SO;, CoCl,,
and Cd(NO;), with Ampym are described [2, 8]. In
these compounds, the latter is coordinated by the pyri-
midine nitrogen atom through the monodentate
mode.

In this work, we obtained the coordination com-
pound [CdI,(Ampym),] (I) and determined its struc-
ture.

EXPERIMENTAL

The initial reagents were Cdl, (reagent grade) and
2-amino-4-methylpyrimidine (Aldrich) taken in a
ratioof 1 : 2.

Synthesis of compound I. A weighed sample of Cdl,
(0.4280 g, 1.17 mmol) was dissolved in an acetoni-
trile—ethanol (20 : 1) mixture (4 mL). A weighed sam-
ple of Ampym (0.2551 g, 2.34 mol) was dissolved in
6 mL of the same solvents with stirring and heating for
10 min at ~40°C. After mixing the solutions, a solid
phase immediately precipitated as nontransparent
plate-like crystals, which were recrystallized from the
same mixture of solvents. In a day, the precipitated
transparent prismatic crystals were separated from the
solution, dried in air, and examined by elemental anal-
ysis, IR spectroscopy, and X-ray diffraction analysis.

For C10H14N612Cd
anal. calcd., %:
Found, %:

C, 20.48;
C, 20.51;

N, 14.33;
N, 13.84;

H, 2.39.
H, 2.47.

IR spectra were recorded on a Nexus FT-IR spec-
trometer (Nicolet) using the attenuated total reflec-
tance (ATR) technique in a range of 550—4000 cm™".

X-ray diffraction analysis. An experimental mate-
rial for crystals I was obtained on an Enraf-Nonius
CAD-4 automated diffractometer. The structure was
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Table 1. Main crystallographic data and experimental char-

acteristics for structure I
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Parameter Value
W 584.5
Color, habitus Colorless block
Crystal size, mm 0.30 x0.23 x0.10
Crystal system, space group Triclinic, Pl
Parameter of bonds:
a, A 6.241(1)
b, A 11.929(1)
¢, A 12.259(1)
a, deg 81.78(1)
B, deg 78.82(1)
vy, deg 75.82(1)
v, A3 863.6(2)
VA 2
Pealed» &/cm’ 2.248
Ko, mm™! 4.836
F(000) 540
Temperature, K 293(2)
Radiation (&, A) MoK, (0.71073),
graphite monochromator
Scan mode o
0 Range, deg 2.33-29.97
Index ranges —8<h<4,
—16<k<16,
—17<1<L17
Total number of reflections/in- 6809/4980 (0.0398)
dependent (R;,)
Completenessto 0 = 29.97, % 99.2
Number of reflections 2991
with 1> 2c([)
Number of refined parameters 173
Goodness-of-fit for F2 0.979

Ry, wRy (I=20(1))
R, wR, (all data)

Residual electron density
(max/min), e/A>

0.0657, 0.1671
0.1135,0.1976
2.742/-2.968

solved by a direct method and refined by least squares
in the full-matrix anisotropic approximation for all
non-hydrogen atoms (SHELXL-97) [10]. Positions of
hydrogen atoms were calculated geometrically and
included into refinement in the riding model. The
main crystallographic data and experimental charac-
teristics for structure I are presented in Table 1. The
geometric parameters of hydrogen bonds are given in
Table 2.

RESULTS AND DISCUSSION

The most significant vibration frequencies of the
free Ampym molecule and coordination compound I
observed in the IR spectra are presented in Table 3. In
the IR spectrum of compound I, the bands of antisym-
metrical and symmetrical stretching vibrations of
theNH, group are not shifted to the low-frequency
range compared to similar bands in the spectrum of
the free molecule. For the coordination of primary
amine with the metal through the nitrogen atom of the
amino group, a similar shift can attain 100 cm~!. For
the earlier studied Ag(I) compounds with the dianiline
derivatives, the low-frequency shift in the spectra was
60—80 cm™! due to ligand binding through the amino
group [3, 11]. Therefore, in compound I Ampym is
coordinated only through the nitrogen atoms of the
heterocycle. It is substantial that the v{(N—H) band at
3143 cm™! in the spectrum of free Ampym is notice-
ably split in the spectrum of compound I (into two
components at 3114—3144 cm™'). The v, (N—H)
band of the free ligand at 3303 cm~! in the spectrum of
compound I is shifted to the high-frequency range and
is split into three bands at 3385, 3357, and 3318 cm™ ..
In our opinion, the latter is related to different hydro-
gen bonds in the complex that are formed by the pro-
tons of the amino group of Ampym, which is shown in
Fig. 1. Substantial changes in the v(C=N) and
v(C=C) stretching vibrations of free Ampym (1561
and 1470 cm~!, respectively) are observed in the spec-
trum of complex I. The former appear as two intense
bands at 1592 and 1554 cm~!, and the v(C=C) band is
split into two maxima at 1476 and 1462 cm~'. We
believe that these changes are related to the nonequiv-
alent character of the N atoms of the heterocycle in the

Table 2. Geometric parameters of hydrogen bonds in structure I

Bond A—H---B Distance, A Position
Angle AHB, deg of atom B
A---B A—H H---B
N(@2)—H(2A4)---1(1) 3.735(7) 0.86 2.89 169 X, ¥, 2
N(2)—H(2B)---N(3) 3.038(8) 0.86 2.18 175 —x,—y+1,—z+1
N(5)—H(5D)---N(6) 3.022(9) 0.86 2.20 161 —X, =y, =2
N(5)—H(5E)---1(2) 3.580(6) 0.86 2.72 178 X, Y,z

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY Vol. 41

No. 12 2015



SUPRAMOLECULAR ENSEMBLE OF A COORDINATION COMPOUND

complex caused by the monodentate coordination
mode of the organic ligand. Similar changes in the IR
spectra were also observed for the earlier structurally
studied complexes of Ag(I), Cd(II), and Co(Il) with
Ampym in which the latter exhibited the monodentate
properties [2, 3]. The 3(NH,) band at 1648 cm~! and
3(CH) of the heterocycle at 786 cm™! shifted to the
low-frequency range by 11 and 8 cm™!, respectively,
compared to the spectrum of Ampym can be distin-
guished among the bending vibrations observed in the
spectrum of compound I. A more significant change
for this type of vibrations is observed in the spectrum
of compound I in a range of 900—650 cm~!. For the
most part of primary amines, this change is character-
ized by the appearance of a broad band due to external
bending vibrations of the NH, group. This range is
poorly studied but interesting, because its shape and
position depend noticeably on the formation of hydro-
gen bonds. The spectrum of Ampym exhibits a broad
intense band split into three components with maxima
at 629, 617, and 599 cm~', which can be assigned to
the considered type of vibrations. In the spectrum of
compound I, this band with a less pronounced split-
ting is shifted to 691 cm™', indicating that hydrogen
bonds involving the NH, group exist in the complex.

Discrete complexes [Cd(Ampym),l,] are formed
in structure I (Fig. 2). The cadmium atom has a tetra-
hedral coordination with two nitrogen atoms of the
crystallographically nonequivalent Ampym ligands
and two iodine atoms (Cd(1)—N,, 2.305(6), Cd(1)—
I(1) 2.7093(8), and Cd(1)—1(2) 2.7235(7) A; the
angles at the Cd atom range from 100.8(2)° to
124.51(3)°, and the maximum value corresponds to
the ICdI angle). The planar rings N,C, (£0.01 A) of
coordinated ligands L are arranged at an angle of 84.8°
relatively to each other. The complexes are bound by
hydrogen bonds N—H---N into zigzag supramolecular
chains extended along the [001] direction (Fig. 1,
Table 2). Note that both the nitrogen atoms of the
adjacent heterocycle and the iodine atoms are proton
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Table 3. Vibration frequencies (cm™') in the IR spectra of
free Ampym and CdIl,(Ampym),

Frequency assignment Ampym CdI,(Ampym),
Vasym(N—H) 3303 3385, 3357, 3318
Veym(N—H) 3143 3144, 3114
v(C=N) 1561 1592, 1554
v(C=C) 1470 1475, 1462
3(NH) 1659 1645
3(CH) of heterocycle | 796 788
External bending vibra-| 629, 617, 599|691
tions of NH, group

acceptors in the hydrogen bond of each amino group
of Ampym (Fig. 3). The crystals of compound I are
isostructural to the earlier studied crystals of
[Co(Ampym),CL,] [3].

We have previously studied the structures of two sil-
ver compounds with 2-amino-4-methylpyrimidine
and weakly coordinating anions [Ag(Ampym),
(ReOy)] (II) and [Ag(Ampym),(CH;S05)] (III) [2].
In both cases, discrete cationic complexes
[Ag(Ampym),]|* with the nearly linear coordination of
the Ag* cation are formed. The complexes in com-
pound IT interact due to the hydrogen bonds N—H---N
with the formation of supramolecular zigzag chains

[Ag(Ampym),]’, joined by the hydrogen bonds N—
H---O into 2D supramolecular layers, where the

atoms of O(ReO,)~ are proton acceptors. In com-
pound III, the methanesulfonate anion participates in

Fig. 1. General view of structure I along the [010] direction: zigzag supramolecular chains [Cd(Ampym)2]+ extended along the

[001] direction.

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY Vol. 41

No. 12 2015



790 KOKUNOV et al.

Fig. 3. Fragment of the [Cd(Ampym)z]Jr chain: the cadmium complexes joined by the hydrogen bonds N—H---N.
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