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Abstract Keywords:
The obtaining and investigation of various complex compounds of the biologically  Palladium;
active aromatic heterocyclic ligands with platinum and palladium are of interest due ~ Bidentate ligand;

to their potential medical applications. To that end, 4-amino pyridine containing
cyclic and exocyclic nitrogen atoms has been used. The main aim of this work is to
clarify which nitrogen atom of the ligand composes stronger and more stable bond.
As a result of IR-spectroscopic investigation of synthesized complexes, the
acquired information demonstrated that the pyridine nitrogen atom of the ligand
is protonated and composes outer sphere as monocharged cation. However,
tetraacidoanion is formed in the inner sphere. In the alkaline medium the ligand
is monodentately coordinated with palladium through nitrogen atom of pyridine.
The exocyclic nitrogen atom of the ligand does not participate in the coordination
regardless of pH of the medium and stoichiometric ratio of the taken compounds

The initial biological probes were accomplished and the correlation between their

4-aminopyridine;
Nitrogen atom of
pyridine;
Biological activity.

biological activities, composition and structures of complexes were determined.

Introduction

In recent years, coordination complexes of
platinum group metals with bioligands have been
studied thouroughly. The ligands including N-, O-,
S-donor atoms as a parts of the different functional
groups are of the special interest for research due to
the fact that above-mentioned donor atoms play an
important role in the biosystems as an organogenic
element [1, 2].In order to study transmission of
many genetic diseases, obtaining and research of
the simple models of the nitrogenous bases which
are the parts of DNA and RNA, or commonly
of coordination complexes of nitrogen-containing
aromatic ligands with palladium (II) inspire
interest [3,4].

Considering the synergetic properties of
biogenic metals, the study of changes in biological
systems as a result of penetration of the

N <S>—Nm,

as a coordination compound into an organisms
was selected as a research object and inspired
a great interest. On the other hand, the ligand
has two nitrogen donor atoms with differential

ligand 4-aminopyridine
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characteristics. Therefore, determining which of
them bonds more strongly with palladium will
have a place in future researches.

2. Experimental part
The results of physicochemical investigations

indicate that the synthesized complexes have
following structural formulas.
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Scheme 1

K,[PdCl,] + 2N 7 N — NH, — trans- [Pd(N

2.1. Synthesis of compound 1

0.29 g (0.9 mmol) of K,PdCl, was dissolved
in 10 ml of water and filtered. 0.19g (2.1 mmol)
the ligand 4-amino-pyridine was dissolved
in 7 mL of water and added at the stirring to
K,PdCl, solution. It should be paid attention that
the ligand should be taken at 15% excess. The
reaction mixture was stirred using a magnetic
stirrer at 70 °C for 2 hours and the pH was set to
10, after that, yellow crystalline product became
precipitating. The reaction mixture was kept in
a water bath at 40 °C for 3 hours, then, placed
in a refrigerator. After complete finishing the
precipitation process the mixture was filtered
with a glass filter and washed with a mixture of
ethanol and water (2: 1) and ether. The obtained
precipitate was dried in vacuum upon CaCl,
down to constant weight. Yield: 0.27 g (82%).

The general formula C,;H,,N,PdCl,

Found: Pd - 29.23, Cl1 - 19.56, N - 1541, C -
33.01, H-3.39

Calculated: Pd - 29.11, Cl — 19.40, N - 15.32,
C-32.86, H-3.28

The equation of the reaction is described by
the following scheme 1.

The stochiomeric ratio of the reactants during
the reaction is taken 1:2. The ligand forms
chemical bond by donor-acceptor mechanism
replacing two chlorine atoms from coordination
sphere of palladium.

2.2. Synthesis of compound 11

0.33 g (1.4 mmol) complex [Pd(NH,)4]C,, was
dissolved in 15 mL of water and then 0.51 g (5.4
mmol) of 4-aminopyridine was dissolved in 10
ml water added to it, the last was stirred and
filtred. The reaction mixture was stirred using
the magnetic stirrer at 80 °C for 4 hours and
the pH was gradually set to 8. After that, the
yellow crystalline compound precipitated from
transparent solution. The precipitation process
continued under the temperature = (6 °C) for 3
days. The precipitate was filtered using the glass

Scheme 2

< N NH,),Cl,] +2KCl

filter and then washed with cold water, alcohol,
ether and dried upon CaCl, up to constant
weight. Yield: 0.57g (76%).

The general formula C,,H,,N,PdCl,

Found: Pd -19.09, Cl - 12.69, N - 20.09, C -
43.56, H - 4.47

Calculated: Pd - 19.22, CI- 12.80. N - 20.23,
C -43.39, H - 4.33.

The reaction takes place in accordance with
the following scheme 2.

The stochiomeric ratio between metal and
ligand must be taken like 1:4 for coordination
of four ligands with palladium. Thereby, four
molecules of the ligand form chemical bonds by
donor-acceptor mechanism replacing completely
four molecules of ammonia from coordination
sphere of palladium.

2.3. Synthesis of compound I11

0.39 g (2.2 mmol) of PdCl, powder was mixed
with 0.41g (4.4 mmol) of 4-aminopyridine powder,
then 20 ml of water was added. Continuously
stirring with a magnetic stirrer at 80 °C for two
hours we set the pH of solution to 5.5. After that,
the obtained warm homogeneous solution was
filtered using a paper filter and transferred into
a porcelain basin, then evaporated to a small
volume at 60 °C in a water bath. The brown
needle-like crystals were precipitated cooling of
this concentrated solution. The precipitate was
filtered using a glass filter, washed with cold
ethanol, then with ether. The obtained complex
was dried in vacuum upon CaCl, up to constant
weight. The yield was 0.85 g (89%).

The general formula C,,H,,N,PdCI.

Found: Pd - 24.39; CI - 32.51, N - 12.98,
C-27.58, H-3.34

Calculated: Pd - 24.27, CI - 32.35, N - 12.77,
C-27.40, H-3.19.

The reaction takes place in accordance with
the following scheme 3.

The nitrogen atom of pyridine of ligand is
protonated in acidic medium differently from

[Pd(NHS,),]CL, + 4N @—NHZ—D [PA(N @-NH2)4]CIZ + 4NH,

Scheme 3

HCI, + H,0°

(NH < - NH,), [PACL,]
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Fig.1. IR spectra of compound II

other reaction modes and generates the outer
sphere of coordination complex. Composed
tetracido anion [PdCl,]* constitutes the inner
sphere.

4-aminopyridine has been purchased from
«Reanal» company and used without additional
purification.

K,[PdCl,] and [Pd(NH,),]Cl, salts were
synthesized by known technique [14]. Analytical
grade PdCl, was purchased and used.

The purity of the synthesized complexes was
controlled by «Commander Sample ID (Coupled
Two Theta/Theta)» WL=1.54060 marked X-ray
analyzer. The elemental analysis was carried
out using «CHNSOE Carlo ERBA» device. The
records for IR and DTA analysis were got by
«Thermo Scientific Nicolet IS 10» and «STA 449
F3 Yupiter» devices of «NETZSCH» company,
respectively.

3. Analysis of results

The regulated conditions and specified ratio of
reactants during the experiment are optimal and
itis possible to obtain pure substances with a high
yield only under these conditions. To avoid some

Some basic IR data of synthesized complexes

problems throughout the IR analysis, the bromide
analogues of some coordination complexes have
been synthesized and investigated. On the other
hand, first of all, IR spectra of the reacting ligand
and metal salts were recorded and compared
with the IR spectra of the complex and proper
results are deduced.

The observed 501 and 362 cm™ absorption
bands of compound I in the IR spectra were
assigned to the coordination bonds stretching
Vpen and vpy o, respectively. The metal-to-
nitrogen and metal-to-chlorine bonds were
observed with one absorption band in infrared
spectra of the coordination complex according to
the C,, choice rule, which shows that they locate
in trans- position relatively to each other (fig.1).
This fact is also confirmed in the literature [5-7].
If the ratio of metal:ligand is taken like 1:4, then
four metal-to- (palladium)-nitrogen bonds of the
ligand are formed in the coordination sphere of
palladium.

The existence of one strong absorption band of
470 cm™ in IR spectra of the obtained coordination
compound II confirms the results of the chemical
experiments. It means that in the flat square

Table

IR spectra (v, sm™)

Complexes
Vpd_ci VpaN VNH Onn
trans_[Pd(N</_\:—NHZ)Z]Clz] 362 501 %gié
1420
[PAN z _\ —NH,),]Cly] 470 1248
J B 1630 3588
(NH® _\ NH,),[PdCl,] 340 3514 1610 3596
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Fig.2. IR spectra of the compound II

plane of palladium, when the central atom forms
coordination complexes with ligands of equal

. Npe N . .
strength like o K tetramine, according to

the D, Choice Rule, the v,, bonding is really
characterized by one adsorption band in the
absence of any displacement [8,9]. In both IR
spectra of the coordination compounds I and II
the absorption bands at 3609 cm™, 3616 cm™ and
1422 cm? weak, 1240 cm™® medium, 1420 cm™
weak and 1245 cm” medium were observed.
They belong to the 0.y plane of pyridine ring
and proves participation of nitrogen atom of
pyridine in the coordination (fig.2, tabl.).

IR spectra of cation-anion type complex was
given in figure 3.

The stability of the exocyclic nitrogen
atom, i.e. of absorption bands reserved for
the free NH, group in fourth position such in IR
spectra of ligand shows that this group does not
take part in the coordination. Only the nitrogen
atom of pyridine behaves as monodentate

ligand due to the fact that it participates in
the coordination of a potential bidentate ligand
4-aminopyridine with palladium.
Cation-anion-type complex of palladium
with 4 aminopyridine - compound III has been
synthesized by changing the conditions of the
process. The strong observed absorption band
of 3514 cm™ within the range of 2000-3600 cm™
of the IR spectra of this complex proves that a
nitrogen atom of pyridine ligand is protonated
and converted into a cation. The nitrogen atom
of the exocyclic amine group is not changed in
an acidic medium and if we ignore the slight
displacement of m electrons of v, bond in the
pyridine ring, recorded medium 1630 cm™ and
strong 1610 cm™ absorption bands indicate the
protonation of the nitrogen atom of pyridine
[10,11]. The strong adsorption band of 340 cm™
in IR spectra of cation-anion type coordination
complex proves the formation of tetraacido
anion of palladium - [PdCl,]* [12,13]. 3588-3596
cm'broad absorption band observed in IR spectra
of the cation-anion type complex indicates the
participation of protonated amino groups in

Absorbtion

N

3600 3400 3200 3000 2800 2600 2400 1900 1600 1500 1300 1100 900 800 700 600 500 400

v, cm™

Fig.3. IR spectra of aminopyridine and its cation-anion coordination
complex with palladium - compound III
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Fig.4. Thermal behavior of the complex (NH@—NHZ)Z[PdCL;]

hydrogen bonding [12,13].

The complexation of the 4-aminopyridine
ligand with palladium (II) cations was also
studied by spectrophotometric titration.

Absorption spectra in the UV-visible region
were recorded on Varian Cary-100 and Avantes
AvaSpec-2048 spectrophotometers.

Inthe 4-aminopyridineligand, there are at most
two binding sites for palladium cations, which
should lead to a rather complex complexation
pattern. Therefore, we studied the complexation
of the ligand with palladium ions in an aqueous
solution with the following ratios M: L 1: 1.1:
2.1: 3, 1: 4, and 1:6. The initial concentration
of the ligand C = 4 - 10° M, the concentration
of potassium tetrachloropalladite varies in the
range 0 - 0.15 M.

Theadditionof potassiumtetrachloropalladite
to a solution of the ligand in an aqueous
solution leads to a hypsochromic shift of the
long-wavelength absorption bands in the UV

1.2
1.0
0.8

0.6

Absorbtion

0.4

0.2

and visible spectral regions, the value of which
reaches 31 nm (fig.4). The reason for this is
the interaction of palladium cations with the
heteroatom of the ligand nitrogen, which leads to
a significant neutralization of the electron-donor
function of the exocyclic nitrogen atom of the
amino group directly linked by the heterocycle.
As a result, the intramolecular charge transfer
upon electronic excitation of the chromophore is
hindered. The destabilization of the excited state
upon complexation leads to a hypsochromic shift
of the electronic absorption spectrum. In this
case, a complex with the composition [PdL,Cl,] is
formed at a ratio of 1: 2. The stability constant of
the complex is logK11 = 5.48 + 0.11.

When mixing a solution of potassium
tetrachloropalladite withasolution, aneightfold
excess of the ligand causes a hypsochromic
shift in the absorption spectrum of the ligand
by 27 nm (338 nm — 311 nm) (fig.5), which
indicates the direct participation of the pyridine

200 250 300

350

400 500 550

Wavelenght, nm

Fig.5. Electronic absorption spectra of a 4-aminopyridine solution
at various concentrations of potassium tetrachloropalladite
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Fig.6. Spectra of formation and changes over time for
the palladium onium complex - (HL),[PdCl,]

nitrogen atom in the complexation process, since
the introduction of a metal cation into the ligand
cavity prevents the transfer of electron density
from the exocyclic donor nitrogen atom to the
acceptor. The ligand with palladium ions forms
a complex at 1: 4 ratios of the composition -
[PAL,]CL, in which the palladium cation is
bound to four ligands at the near-nitrogen
nitrogen atom of the heterocycle. The value of
the logarithm of the constant of complexation of
the ligand with the palladium cation was found
to be logK11 = 2.13 + 0.04.

Initial concentration of ligand C=8.710°M, the
concentration of potassium tetrachloropalladite
varies in the range 0 - 0.2 M.

When three or more equivalents of H, [PdCl,]
are added, a complex is formed to a solution
of the ligand in an acidic medium, which the

Absorbtion

absorption spectrum changes with time (fig.6)
and this leads to the appearance of a broad
absorption band with a maximum at 832 nm,
which cannot be attributed to dd transition to Pd
(II) due to its so high intensity. We assigned this
band to the charge transfer band to the ligand;
apparently, here protonation of the ligand occurs
with the formation of an onium-type complex -
(HL),[PdCl,]. When studying the kinetic stability
of the resulting complex, it turned out that the
band at 832 nm disappears in about 50 minutes
at room temperature. In this case, the intensity
of the band with a maximum at 358 nm increases
with time. We attributed the disappearance of
the 832 nm band to the process of spontaneous
intramolecular deprotonation of the ligand in the
complex (fig.7).

The molar electroconductivities of

AT BN RE ITRM D G ma e

250 270 290 310
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330 350 370 390
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Fig.7. Electronic absorption spectra of a 4-aminopyridine solution
at various concentrations of potassium tetrachloropalladite

© 2021 CCC. All Rights Reserved. MON




Kh.I1.Gasanov et al. / Caspian Corrosion Control No.3 (2021) 022-030

compounds I, II, III have been studied in
10 mol/L aqueous-alcohol solution in a ratio
of 4:1 (water: alcohol) at 25 °C. It is proved
that the compound III is nonelectrolyte (42
Om'm?’mol™”), compounds I and II are tricharged
ionic electrolytes (184 Om'm?mol™). The exact
value of electrical conductivity of compound
III cannot be determined due to the fact that
the ligand is deprotonated and transferred to
the inner sphere. The molar electroconductive
values of the complexes validate the proposed
assumption about their structure.

The thermal stabilities of all three complexes
were studied. Thermal conversion of a cation-
anion type coordination complex aroused
special interest. The differential thermal
analysis (DTA) for the compound III shows that
it is heat-resistant up to 165 °C. The observed
exothermic peak on the DTA curve at 182 °C
was followed by an endothermic peak. The
remaining peaks correspond to the process of
thermal decomposition of the organic part of the
complex. The reasons for this are deprotonation
of outer ligand as a result of the solid thermal
conversion and formation nonelectrolyte type
coordination complex transferring to the inner
side [19-23] (fig.7). The other two complexes

are stable up to the 240 and 220 °C, respectively,
however, at the higher temperatures they are
decomposed without melting.

The biological activities of the complexes
in vitro were also studied. The results of
performed biological tests showed that all
three coordination complexes demonstrate the
different biological activities. For example, the
compound I has weak antitumor effect and a
strong antiviral effect.

Other  complexes have antifungal-
antimicrobial and radioprotective properties,
respectively. A short analysis of the biological
activities of the coordination complexes
indicates that the complexes with different
compositions and structures formed by the same
ligand and palladium have different biological
activities. Thus, it is obvious that the structure,
composition, coordination way of the ligand
and kind of complex play significant role.

Thus, 4-aminopyridine that is a potential
bidentate ligand is monodentally coordinated
via nitrogen atom of pyridine independently on
the reaction condition and the stoichiometric
ratio, whereas exocyclic amino group does not
participate in coordination.
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Iloaydenmne un mccaeaoBaHme KOMILA€KCOB Iaaaaausi C
4-aMMHONMPUAVIHOM

X.N.TI'acanog', I.U.Adxaroea’, III.T.Kacymos’
'HUIIN «Hedreras», SOCAR, baky, Asepbaitaxan;
*AsepOaligXaHCKUI MeAUITMHCKNUI yHUBepcuTeT, baxy, AzepOarigxan

Pedepar

HOAy‘IeHI/Ie n mnccaegoBanne padAmIHbIX KOMITAEKCHBIX COeAVHEeHU N Ouoaoruue-
CKIM aKTMBHBIX apOMaTUMYECKUX IeTepOLMKANYIECKUX ANUTAHAOB C IIaddajgueM IIpeAa-
CTaBASIOT MHTEpeC B CBA3UM C X IIOTE€HUMaAbHBIM MEAVIMHCKMM IIPpMMEHEHNEM. C
9TOI I1eAbI0 OblA MCIIOAB30BaH 4-aMMHONUPUAUH, COAEP KAIlUi HIUKAMYIECKUe U
DK30IMKAMYIECKNe aTOMBI a3oTa. OCHOBHas 1leAb 9TOI pabOTHI - BBIICHNUTH, KaKOI
aToM a3oTa AuraHga obpasyer Ooaee IMPOYHYIO U CTAaOMABHYIO CBsI3b. B pesyanrare
MK-CHQKTPOCKOHI/I‘IQCKOI‘O uccaeA0BaHVsl CMHTE3MPOBaHHBIX KOMIIA€KCOB ITOAYY€eH-
Has nHQpopMaIus IMoKasada, 4YTO aTOM a3oTa NMPUANHA IIPOTOHMPOBAH U oOpasyeT
BHENTHIOIO c¢epy B BUJAe OJAHO3aps>KeHHOro katmoHa. OgHako TeTpaalg0aHUOH
oOpasyeTcs BO BHyTpeHHell cdepe. B meaouHoi cpege aurani MOHOAEHTaTHO KOOP-
AVIHUPYETCs C HaddajueM dyepe3 aToM asora nupugauna. Heszasucumo ot pH cpeanr
" CTEXMOMETPUYIECKOIo COOTHOHIEHMSI peareHTOB DK3OILUKANYECKUIT aTOM a3oTa
AUTaHAa He y49acTByeT B KOOpAMHaLl L. boran IIpOBEA€HDI II€PpBIYIHbIC Oumoaormyeckue
nccaeA0BaHM: 1 oipejeaeHa KOppeAsanls MeXAay X O10A0TUYEeCKOI AKTUBHOCTGLIO,
COCTaBOM U CTPOEHUAM KOMIIAEKCOB.

Katoueevte crosa: maaasasuit; OMAeHTaTHBINT AUTaHJ4; 4-aMUHONMPUAMH; aTOM
asoTa MUpUANHA; OMoAoTndIecKasl aKTUBHOCTb.

Palladiumun 4-aminpiridinls komplekslarinin
alinmasi va tadqiqi

X.I.Hasanov?, G.i.Acalovuz, S.H.Qasimov?
'«Neftqazelmitadqiqatlayiho» Institutu, SOCAR, Baki, Azarbaycan;
*Azarbaycan Tibb Universiteti, Baki, Azarbaycan

Xiilasa

Palladiumun heterotsiklik bioloji fealligandlarla koordihasion birlagsmalarinin
alinib tadqiq tadqiq edilmsasi tibbi baximdan maraq kasb edir.Bu magqgsadle
heterotsiklik ve ekzotsiklik azot atomlar: olan 4-aminpiridindan istifads
edilmisdir.isde osas moaqsad hansi azot atomunun daha davamli ve stabil
rabits yaradmasini aydinlasdirmaqdan ibaratdir. IQ-spektroskopik tadgiqatin
naticalari gostarir ki,turs miihitde ligandin piridin azot atomu protonlasir
vo ligand bir yiiklii katoin kimi xarici sferani toskil edir. Qalavi miihitds ise
ligandin piridin azot atomu palladiumla rabite yaradir.Liqandin ekzotsiklik
azot atomu koordinasiyada istirak etmir. ilkin bioloji sinaglar komplekslarin
qurulus, terkib va bioloji faallig1 arasinda korrelyasiya oldugunu tesdiq edir.

Acar sozlar: palladium; bidentat ligand; 4-aminopiridin; piridin azot atomu;
bioloji faalliq.
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