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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   NH2        ligand  4-aminopyridine 

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 

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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A b s t r a c t 
The obtaining and investigation of various complex compounds of the biologically 
active aromatic heterocyclic ligands with platinum and palladium are of interest due 
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 
biological activities, composition and structures of complexes were determined. 

Keywords: 
Palladium;
Bidentate ligand;
4-aminopyridine;
Nitrogen atom of 
pyridine;
Biological activity.

Caspian Corrosion Control  No.3 (2021) 022-030

 

Cl NH2 

H2N 
N Pd N 

Cl 

(I) 

 

Cl2 (II) 

NH2 
N 

NH2 

H2N 
N Pd N 

H2N 
N 

 

(III) NH2 HN 

2 

Cl Cl 

Cl Cl 
Pd 

+ 



23© 2021 CCC. All Rights Reserved. MƏN

2.1. Synthesis of compound I
0.29 g (0.9 mmol) of K2PdCl4 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 
K2PdCl4 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 oC 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 oC 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 CaCl2 
down to constant weight. Yield: 0.27 g (82%).

	 The general formula C10H12N4PdCl2
Found: Pd − 29.23, Cl − 19.56, N − 15.41, 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 II
0.33 g (1.4 mmol) complex [Pd(NH3)4]Cl2 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 oC 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 oC) for 3 
days. The precipitate was filtered using the glass 

filter and then washed with cold water, alcohol, 
ether and dried upon CaCl2  up to constant 
weight. Yield: 0.57g (76%).

The general formula C20H24N8PdCl2
Found: Pd −19.09, Cl − 12.69, N − 20.09, C − 

43.56, H − 4.47
Calculated: Pd − 19.22, Cl− 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 III
0.39 g (2.2 mmol) of PdCl2 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 oC 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 oC 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 CaCl2 up to constant 
weight. The yield was 0.85 g (89%).

The general formula C10H14N4PdCl.
Found: Pd − 24.39; Cl − 32.51, N − 12.98, 

C − 27.58, H − 3.34
Calculated: Pd − 24.27, Cl − 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 
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Scheme 3

Scheme 1

Scheme 2

K2[PdCl4] + 2N                        NH2             trans- [Pd(N                         NH2)2Cl2]    + 2KCl

[Pd(NH3)4]Cl2 + 4N                       NH2            [Pd(N                         NH2)4]Cl2   +  4NH3

PdCl2 + N                            NH2                          (NH                          NH2)2  [PdCl4]
HCl, + H2O⊕     
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other reaction modes and generates the outer 
sphere of coordination complex. Composed 
tetracido anion [PdCl4]2- constitutes the inner 
sphere.

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

K2[PdCl4] and [Pd(NH3)4]Cl2 salts were 
synthesized by known technique [14]. Analytical 
grade PdCl2 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 
it is possible to obtain pure substances with a high 
yield only under these conditions. To avoid some 

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-1 absorption 
bands of compound I in the IR spectra were 
assigned to the coordination bonds stretching 
νPd–N and νPd–Cl, 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 C2v 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-1 in IR spectra of the obtained coordination 
compound II confirms the results of the chemical 
experiments. It means that in the flat square 

Table
Some basic IR data of synthesized complexes

Complexes
IR spectra (ν, sm-1)

νPd–Cl νPd–N νNH3
δN–H δC–H δN…H

NH2)2]Cl2]trans-[Pd(N 362 501 1422
1240

NH2)4]Cl2][Pd(N 470 1420
1248

NH2)2[PdCl4](NH 340 3514 1630
1610

3588
3596

Fig.1. IR spectra of compound II
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plane of palladium, when the central atom forms 
coordination complexes with ligands of equal 

strength  like 
 

N

N
Pd

N

N
 tetramine,  according  to

the D4hChoice Rule, the νPd–N  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-1, 3616 cm-1 and 
1422 cm-1 weak, 1240 cm-1 medium, 1420 cm-1 
weak and 1245 cm-1 medium were observed. 
They belong to the δCH 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 NH2 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-1 within the range of 2000-3600 cm-1 

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  π electrons of ν(C=C) bond in the 
pyridine ring,  recorded medium 1630 cm-1 and 
strong 1610 cm-1 absorption bands indicate the 
protonation  of the nitrogen atom of  pyridine 
[10,11]. The strong adsorption band of 340 cm-1 

in  IR spectra of cation-anion type coordination 
complex proves the formation of  tetraacido 
anion of palladium  − [PdCl4]2- [12,13]. 3588−3596 
cm-1 broad absorption band observed in IR spectra 
of the cation-anion type complex indicates  the 
participation of  protonated amino groups in 

Fig.2. IR spectra of the compound II

Fig.3. IR spectra of  aminopyridine  and  its cation-anion coordination
complex with palladium - compound III
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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.

In the 4-aminopyridine ligand, 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 ∙ 10-5 M, the concentration 
of potassium tetrachloropalladite varies in the 
range 0 - 0.15 M.        

     The addition of potassium tetrachloropalladite 
to a solution of the ligand in an aqueous 
solution leads to a hypsochromic shift of the 
long-wavelength absorption bands in the UV 

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 [PdL2Cl2] 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 with a solution, an eightfold 
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 

Fig.5. Electronic absorption spectra of a 4-aminopyridine solution
 at various concentrations of potassium tetrachloropalladite
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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 - 
[PdL4]Cl2, 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 = 8.7 10-5 M, the 
concentration of potassium tetrachloropalladite 
varies in the range 0 - 0.2 M.        

When three or more equivalents of H2 [PdCl4] 
are added, a complex is formed to a solution 
of the ligand in an acidic medium, which the 

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)2[PdCl4]. 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 

Fig.6. Spectra of formation and changes over time for 
the palladium onium complex - (HL)2[PdCl4]

Fig.7. Electronic absorption spectra of a 4-aminopyridine solution
 at various concentrations of potassium tetrachloropalladite
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Получение и исследование комплексов палладия с 
4-аминопиридином
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Реферат

Получение и исследование различных комплексных соединений биологиче-
ски активных ароматических гетероциклических лигандов с палладием пред-
ставляют интерес в связи с их потенциальным медицинским применением. С 
этой целью был использован 4-аминопиридин, содержащий циклические и 
экзоциклические атомы азота. Основная цель этой работы - выяснить, какой 
атом азота лиганда образует более прочную и стабильную связь. В результате 
ИК-спектроскопического исследования синтезированных комплексов получен-
ная информация показала, что атом азота пиридина протонирован и образует 
внешнюю сферу в виде однозаряженного катиона. Однако тетраацидоанион 
образуется во внутренней сфере. В щелочной среде лиганд монодентатно коор-
динируется с палладием через атом азота пиридина. Независимо от рН среды 
и стехиометрического соотношения реагентов экзоциклический атом азота 
лиганда не участвует в координации. Были проведены первичные биологические 
исследования и определена корреляция между их биологической активностью, 
составом и строениям комплексов.

Ключевые слова: палладий; бидентатный лиганд; 4-аминопиридин; атом 
азота пиридина; биологическая активность. 

Palladiumun 4-aminpiridinlə komplekslərinin
 alinmasi və tədqiqi
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Xülasə

Palladiumun heterotsiklik bioloji fəal liqandlarla koordihasion birləşmələrinin 
alınıb tədqiq tədqiq edilməsi tibbi baxımdan maraq kəsb edir.Bu məqsədlə 
heterotsiklik və ekzotsiklik azot atomları olan 4-aminpiridindən istifadə 
edilmişdir.İşdə əsas məqsəd hansı azot atomunun daha davamlı və stabil 
rabitə yaradmasını aydınlaşdırmaqdan ibarətdir. İQ-spektroskopik tədqiqatın 
nəticələri göstərir ki,turş mühitdə liqandın piridin azot atomu protonlaşır 
və liqand bir yüklü katoin kimi xarici sferanı təşkil edir. Qələvi mühitdə  isə 
liqandın piridin azot atomu  palladiumla rabitə yaradır.Liqandın ekzotsiklik 
azot atomu koordinasiyada iştirak etmir. İlkin bioloji sınaqlar  komplekslərin 
quruluş, tərkib və bioloji fəallığı arasında korrelyasiya olduğunu təsdiq edir.

Açar sözlər: palladium; bidentat liqand; 4-aminopiridin; piridin azot atomu; 
bioloji fəalliq. 
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