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Abstract—New complex compounds of palladium (1)
with biologically active ligand 2 - ethyl - 6 methyl - 3 -
hydroxy-pyridine - mexidol in acidic medium (pH = 5,3) of
the following composition have been synthesized

(Clez O®NJ [PdCL,] In this case, the ligand is protonated
2

and as a single-charged cation occupies an external
coordination sphere. The structure of the complex is
proved by X-ray structure analysis. It is shown that the
structure is constructed of an isolated complex anion —

— [©)
[P‘d'[:lq-]2 and cation C;H |, ON .

The square planar coordination of the palladium atom is
formed from three chlorine atoms and the formed
tetraacidoanion ligand forms a hydrogen bond. The

0
average length of Pd-CI bond is 2, 3030 A, there are no
deviations from 900 valence angles of CI-Pd-Cl. The
palladium atom is not shifted from the plane coordination
polyhedron (square) and therefore trance angles of CI-Pd-

0 0
Cl are 1800. Two different lengths -2,289 A and 2,713 A
of hydrogen bonds are related to the geometric location of
the ligand functional group.

The obtained 2 - ethyl 6 methyl 3 -
hydroxypyridinetrachloro - palladium - mexidazole was
tested for radioprotective properties. Toxicity of the
preparation is LD50 - 240 mg/kg of animal weight.
Toxicological studies of mexidazole in mice, rats and dogs
did not reveal cardiotoxic, immunotoxic, embryonic,
nephrotoxic, hematoxic and other types of side effects.
Mexidazole is removed from the body with urine 5-8 hours
after intravenous injection.

The carried out biological test showed that the
compound, along with radioprotective properties, has
some antitumor activity.
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1. INTRODUCTION

IN recent years, convincing data have been obtained
indicating that a violation of the systems of regulation of
free radical processes in the body can lead to the development
of various pathological conditions (radiation injury, malignant
growth, hypoxia, etc.).

In a living organism, free radicals are formed as a result of
natural oxygen metabolism, as well as in the processes of
redox transformations of various endogenous substrates, drugs,
xenobiotics. Primary radicals, specially produced by the body,
perform the most important functions, and secondary radicals
that have a cytotoxic effect, as a rule, cause great harm to the
body [1,2].

Due to the high reactivity of many free radicals, their action
in the body is controlled by endogenous and exogenous
antioxidants, as well as complex compounds obtained on their
basis with various metals [3-5].

The advances in the chemistry of coordination compounds
open up broad prospects for the search for new, more
advanced methods of diagnostics and treatment of various
diseases with the study of such compounds.

Complex compounds of some metals, including platinum
(IT) and palladium (II) with many bioactive ligands, as well as
heterocyclic amines, have different biological properties [6,7].
In this case, an important role is played by the structure and
functional groups that make up the biologically active ligand
itself.

In this work, 2 - ethyl - 6 methyl - 3 - hydroxy pyridine -
mexidol was taken as a complexing biologically active ligand
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Mexidol, an inhibitor of free radical processes, is a
membrane protector that also possesses antihypoxic and
antioxidant properties [8-10].

There is evidence in the literature that complexes of such
ligands have synergistic properties [11, 12].

In this regard, the search for new biologically active
substances among palladium salts with 2 - ethyl - 6 methyl - 3 -
hydroxy pyridine is of urgent importance.

There is no information in the literature on complex
compounds of Mexidol with metals. For the first time, we
synthesized a complex compound of palladium with mexidol
in the composition of (HL) 2 [PdCl4] in a wide range of pH -
medium and various ratios of reactants (M: L).

II. HTEXPERIMENTAL PART

As a ligand, the used Mexidol was subjected to additional
purification from excipients. IR spectra were recorded on
Thetmoscientific, Nicoletis 10, and Bruker IFS — 113V
spectrometers in vaseline or in a suspension of fluorinated oils,
as well as in the form of KBr tablets. The thermal behavior of
the complex was studied on a NETZSCH STA 449 F3 Jupiter
derivatograph at a heating rate of 10 deg/min. up to 8000C.
The electrical conductivity of the complex was measured on a
KEL-1M2 conductometer in aqueous solutions at 250C.

X-ray diffraction analysis was carried out on a Bruker X8
APEX four-circle automatic diffractometer equipped with a
two-axis SSD detector at 273 (2) K using molybdenum
radiation and a graphite monochromator according to the
standard technique.

Synthesis of the complex.

®
(chu ONJ [Pacl,]  (HL),[PdCL,].
2

PdCI2 with a mass of 0.33 g (1.86 mmol) with stirring and
heating to 60 ° C is dissolved in a mixture of 20 ml of water
and 5 ml of concentrated hydrochloric acid. Then the clear red
solution is filtered from the partially reduced palladium metal.
At the same temperature, 0.51 g (3.71 mmol) of mexidol
dissolved in 15 ml of water is added to the filtered solution and
stirred.

The resulting reaction mixture was stirred in a water bath
with a temperature of 500C and the pH of the solution was
adjusted to 5.3. The reaction mixture is evaporated in a water
bath at the same temperature to a small volume and cooled in
an ice (+ 20C) bath; within 40 minutes, light brown needle
crystals are precipitated from the solution. The crystals are
filtered off, washed with cold ethanol and then with ether. The
substance is dried first in air, then in vacuum to constant
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weight. Yield: 0.81g (83%).

III. RESULTS AND ITS DISCUSSION

As a result of the interaction of mexidol with a palladium
(IT) salt in an acidic medium at a metal-ligand ratio of 1: 2, a
new complex of composition was  synthesized-

@
(CXH12 ON J [PdCl4]. The results of elemental analysis
2

are shown in Table 1.
Table 1.
Elemental analysis results of the complex —

(Cngz O?VJ [PdCl,]
2

Pd N cl C

Complex Rec. Calc. Rec. Calc. Rec. Calc. Rec. Calc. Rec.

Calc.

(HL)2
[Pdcl,]

20.41 20.29 5.52 5.33 27.21 27.04 36.78 36.64 4.70

4.57

For accurate identification of the obtained IR
spectroscopic data, the IR spectra of the starting palladium
salts, the ligand and the synthesized complex were recorded,
and then a comparative corresponding assignment of the
absorption band in the IR spectra was made. Comparison of
the results of the IR spectra of the free ligand and the

synthesized complex (HL)Z[PdCh] allows you to

unambiguously determine the structure and method of the
ligand system in them.

In the IR spectrum of the free ligand molecule, an
asymmetric absorption band of the stretching vibration at 1236
cm-1 is observed, which belongs to the =~ C — O group. Upon
complexation due to hydrogen bonds, this band decreases to
1615 cm-1, which is accompanied by a decrease in the
intensity of the band. In the complex, the existence of
hydrogen bonds has also been proven by means of RS
analysis. Absorption in the range of 1235 and 1290 cm-1
refers to bending vibrations of the free OH - group [8,13].
These facts indicate that the alcoholic hydroxyl group of the
ligand does not participate in coordination with palladium.

In the IR spectrum of the uncoordinated ligand, the existing
broad absorption band at 3440-3400 cm-1 is attributed to the
C — N bond of the aromatic ring. Upon complexation in an
acidic medium, the pyridine nitrogen atom of the ligand is
protonated and occupies the outer sphere as a singly charged
ion. This is evidenced by the absorption bands at 3250 cm-1
[13, 14].

For the planar [PdCl4]2- anion with the D4h symmetry, the
selection rules require the presence of three bands in the IR
spectrum: the stretching vibration of Pd — Cl, of the Eu
symmetry class, and two bending vibrations of the Eu and A2u

as.
classes (5PdC|2 and Y¢ipgc > respectively).

The IR spectrum of the (HL)2 [PdC| 4] complex exhibits
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bands with frequencies of 338, 180, and 172 cm - 1,
as as
corresponding  to Vpd_c| ,VpdC|2 vibrations, and

Vecipdcl of the [PdCI4]2- planar anion, which is in good

agreement with the literature data [15].

Crystallographic data a = 7,5927 (2), 8= 17,3196 (5), C =

0
8,5412 (3) A, a =900, g =108, 7580 (10)0, y = 900, sp.gr.
0

..P21/n, V=1063,53 (6) A,Z=4,dcalc.=1.638 g/ cm3.
The crystal structure was solved by the standard direct
method. It was found that the synthesized phase has a

®
composition(CégH12 ONJ [PdCl4 ]
2

The final refinement was carried out in the full-matrix
approximation using 2355 independent reflections CI > 2c.
Final R-value = 0.0671. All calculations were performed using
the PC-SHELX software package. The atomic coordinates are
given in Table 2, and the main bond lengths and bond angles
are shown in Table 3.

X-ray diffraction study of crystals, carried out on a DRON-
3M diffractometer, showed that the synthesized complex is
single-phase.

Volume 8, 2021

Communication d Communication d Hydrogen d
Pd(1) - CI(1) 2,2949(19) O(1)-C(4) 1,352(10) H?;Z‘)i— 2,713
Pd(1) - CI(1)! 2,2949(19) O(1) - H(101) 0,8498 CI(1) 2,289
Pd(1) - CI(2) 2,3110(17) C(1)-C(2) 1,362(10) | H(101)—
Pd(1) - C1(2)! 2,3110(17) C(1)-C(8) 1,479(12) Cl(2)
N(1) - H(INI) 0,8997 C(2)-C(3) 1,398(12)
N(1) - C(1) 1,344(9) C(2) - H(2A) 0,9300
N(1)-C(5) 1,361(9) C(3)-C*) 1,371(12)
angle ® angle ® angle ®
CI(1)!-Pd-CI(1) 180,0 C(1)-N(1)-C(5) 126,2(6) N(1)-C(5)-C(6| 118,0(7)
CI(1)!-Pd-C1(2)! 90,64(7) | C(1)-N(1)-N(IN1) 142,5  D(1)-C(4)-C(3| 123,2(7)
CI(1)-Pd-C1(2)! 89,36(7) | C(5)-N(1)-H(IN1) 91,1 P(1)-C(4)-C(5| 116,3(7)
CI(1)!-Pd-C1(2) 89,36(7) C(4)-O(1)-N(11) 112,1  [(3)-C(4)-C(5| 120,4(8)
CI(1)-Pd-C1(2) 90,64(7) N(1)-C(1)-C(2) 116,2(7) [(4)-C(5)-C(6] 125,5(7)
Cl(2)!-Pd-C1(2) 180,0 N(1)-C(1)-C(8) 116,6(7) [(5)-C(6)-C(7| 111,5(7)

Table 2

Atomic coordinates

atom X y 4 Ueq.
Pd(1) 5000 5000 5000 40(1)
Cl(1) 7558(3) 4742(1) 4213(3) 61(1)
Cl2) 4347(3) 6083(1) 3330(3) 54(1)
N(1) 3994(8) 8575(3) 8660(8) 49(1)
o(1) 4133(12) 7627(4) 5022(7) 82(2)
c() 3903(10) 8014(4) 9718(10) 49(2)
Q) 3875(12) 7276(4) 9160(11) 57(2)
Cc@3) 3945(12) 7121(4) 7574(11) 62(2)
C(4) 4063(11) 7724(4) 6571(10) 55(2)
C(5) 4104(9) 8474(4) 7114(10) 46(2)
C(6) 4209(12) 9182(4) 6127(11) 56(2)
) 2315(14) 9407(6) 4962(13) 82(3)
C(8) 3841(15) 8264(6) 11356(12) 73(2)
Table 3.

0
Bond lengths d, A and bond

(CSH12 O?VJ [PdCl,]

2

angles @, gr. in complex

The structure of the complex is built of isolated complex
[PdCI4]2- anions and mexidol cation. The structure of the
complex is shown in Figure 1. The palladium atom coordinates
four chlorine atoms to form a tetraacidoanion. The average

E-ISSN: 2313-0555

0
length of Pd — Cl bonds is 2, 3030 A , and the C1-Pd—C1 bond
angles do not deviate from 900. The palladium atom is not
displaced from the plane of the coordination polyhedron
(square), and therefore the Cl — Pd — Cl trans angles are 1800
[16, 17].

There are also facts about a hydrogen bond between the
hydrogen atoms of the outer-sphere hydroxyl group and one of
the hydrogen atoms of the pyridine ring with the chlorine atom

0
of the formed tetraacidoanion. Two different lengths (2,289 A
0
and 2,713 4 ) of hydrogen bonds are associated with the
geometric arrangement of the functional group of the ligand
[18].
The structure of the complex is shown in Figure - 1.

-
C

o1

®
Fig. 1. complex structure (Can ONJ [PdCl4]
2

Thermal decomposition of the complex is more
complicated. Figure - 2. At the first stage, weight loss begins at
1400C.
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Bpema

2.

Derivatogram of the complex

Fig.
®
(CSHIZONJ [PdCl, ]
2

The cleavage of two ligand molecules is completed at
3150C. The decomposition of the complex and the ligand
begins at 3550 C and ends at 4100C without melting [17]. At
this temperature, dehydrohalogenation with migration into the
inner sphere of the ligand does not occur.

Thus, the results of IR spectroscopic, XRD, elemental
analysis and molar electrical conductivity (u)1-10-3M aqueous
solution of the complex (224.7 Ohm-1lcm2 mol-1) show that
the tetraacidoanion - [PdCl4]2- formed. the pyridine nitrogen
atom of mexidol in an acidic medium is protonated and as a
singly charged cation occupies the outer coordination sphere.

The resulting 2-ethyl-6-methyl-3-hydroxypyridine
tetrachloropal-di-oxy-acid-mexidazole =~ was  tested  for
radioprotective properties. The study of radioprotective
properties was carried out on white mice. The toxicity of the
drug is LD50 - 240 mg/kg of animal weight.

Extensive toxicological studies of mexidazole in mice, rats
and dogs did not reveal -cardiotoxic, immunotoxic,
embryotoxic, nephrotoxic, hematoxic and other types of side
effects. Mexidazole is excreted from the body in the urine 5 to
8 hours after intravenous administration.

It was found that, along with radioprotective properties,
mexidazole also possesses some antitumor activity, which is
very important in radiation therapy. The combination of
pronounced radioprotective properties and antitumor activity
characterizes mexidazole from the best side.

Thus, the data obtained indicate the possibility of using
mexidazole as a radioprotector, as well as in the treatment of
malignant neoplasms. Based on the foregoing, mexidazole can
be considered and recommended as a promising compound as
a chemotherapeutic agent.
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IV. CONCLUSION

The results of IR-spectroscopic, X-ray diffraction analysis,
elemental analysis and molar electrical conductivity showed
that the tetraacidoanion - [PdCl4]2- is formed and the pyridine
nitrogen atom of mexidol is protonated in an acidic medium
and as a singly charged cation occupies the outer coordination
sphere. The resulting 2-ethyl-6-methyl-3-hydroxypyridine
tetrachloro-pal-di-acid-mexidazole, along with radioprotective
properties, also has some antitumor activity.
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