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Abstract: This study examined the formation of palladium (II) complex compounds with y-glutamic acid
amide in aqueous solutions and calculated the complex stability constants, also known as formation
constants. After the complexes were separated from one another, each compound's structure and
characteristics were studied individually. Based on data from NMR, IR, and UV spectroscopy it was
established, that two ligand molecules coordinate in a monodentate manner along the donor nitrogen atoms
of the amino group and in a bidentate manner along the nitrogen atoms of the amino group and oxygen. A
planar square internal coordination sphere is formed in the trans- structure, respectively, in the complexes

[PdZNamineZCI] ([PdL2C|2]), [PdZNamineZOcarb] ([Pd(HL)Z])
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Introduction

A systematic study of the composition-
structure relationship and biological activity of
palladium compounds revealed some abilities of
its complexes to stabilize the cell membrane,
which served as one of the prerequisites for
searching among palladium complexes with
radioprotective properties [1]. At the same time,
the literature also contains information about the
high antitumor activity of palladium complexes
with organic ligands [1]. Low toxicity is one of
the requirements for biologically active
compounds.  Palladium  compounds are
characterized by significantly lower toxicity
compared to platinum complexes.

Despite the huge number of known and
thoroughly characterized coordination
compounds of noble metals, the interest of
researchers in their synthesis and study does not

decrease. Recently, complexes of which ligands
are bioactive natural substances containing
amino acids and, in particular, glutamine, have
become attractive. Information regarding
glutamine's anticancer activity can be found in
Ref. [2]. It is of scientific and practical interest
that a coordination compound containing the
metal complexing agent palladium (Il) ion and
the polydentate ligand glutamine has been
formed. This combination has not been reported
in any literature and shows promise as an
anticancer medication.

The effort involved studying the
interaction between palladium (1I) and the vy-
amide of L-glutamic acid, as well as
establishing the structures of the produced
coordination compounds.

CHEMICAL PROBLEMS 2024 no. 3 (22)

www.chemprob.org



http://www.chemprob.org/

Kh.l. GASANOQOV et al.

343

Experimental part

Palladium dichloride (PdCl,), potassium
tetrachloropalladite (K;[PdCl4]) of chemically
pure grade and y - L-glutamic acid amide (L-
glutamine, QIn) of reagent grade were used as
starting compounds.

IR spectra of the complexes and the ligand
were recorded on Thermoscientifis, Nikoletis 10
and Bruker IFS-113V spectrometers in vaseline
or the suspension of fluorinated oils, as well as
in the form of tablets with KBr; and electronic
absorption spectra were taken on a Shimadzu
UV-Vis-240 Evolution-60S device. NMR
spectra were recorded on a Bruker NMR 400
MHz NMR spectrometer. Elemental analysis of
non-metals was performed on a CHNS-O EMA
502 analyzer. Palladium analysis was carried

out using our own method.

The thermal behavior of the complexes
was studied on a STA 449 F3 Jupiter
NETZSCH derivatograph at a heating rate of 10
degree/min up to 800° C.

Complex compounds were synthesized at
room temperature in an agqueous solution at a
ratio of Pd®*: L~ = 1: 2. After two days, plate-
like light yellow crystals precipitated from the
solution, which were then washed with water,
ethanol, ether and dried at 40-50° C. Since the
routes for carrying out syntheses are not so
different, it is more appropriate to describe them
briefly. The results of elemental analysis are
listed in Table 1.

Results and discussion

In amino acid amides, the molecule
composition contains three potential donor
atoms - the nitrogen of the amino and amido
groups and the oxygen of the carboxyl group.
The donor properties of nitrogen (electronic
state sp®) of the amino group are appeared in a
greater degree than of the amido groups
(electronic state sp?), since the free electron pair

of the nitrogen atom in the first case is more
mobile than in the second, where the same pair
of electrons is located in the p-orbital. This
causes it to be moved in the direction of the
carbon atom, making the nitrogen atom of the
amide group less able to make a bond through
the donor-acceptor mechanism [2].

Table 1. The result of the elemental analysis for the synthesized complex compounds

Coordination Pd N Cl C H
compounds
Found | Calc. | Found | Calc. | Found | Calc. | Found | Calc. | Found | Calc.
[PAL,CI;] 2247 | 2266 | 11.74 | 1193 | 15.32 | 15.10 | 25.41 | 2556 | 4.47 | 4.26
[PA(HL),] 26.71 | 26.56 | 14.16 | 13.98 30.15 | 29.98 | 5.66 | 5.49

To establish the purity and individuality of
the resulting complexes, their X-ray
photographs were taken. The uniqueness and
purity of the ligand are confirmed by the stark
differences in its X-ray diffraction patterns from
those of the produced complexes (Fig. 1).

Depending on the synthesis conditions,
coordination compounds with mono- (nitrogen
atom of the amino group) or bidentately
coordinated (nitrogen and oxygen atoms of the
amino and carboxyl groups) glutamine
molecules (HQIn) might be expected to occur in
the palladium (II) y -glutamine-water system.

Consequently, the internal coordination sphere
can be supplemented with both water molecules
and chlorine ions.

Individual amino acids and metal
complexes with their participation are prone to
the so-called glass transition [3], which we
observed during the synthesis process and made
it very difficult to isolate them in crystalline
form for X-ray diffraction analysis. Therefore,
the conclusion about the structure of the
complexes we synthesized was made on the
basis of NMR data, vibrations physical
spectroscopy and electronic absorption spectra.
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NMR spectra for the starting amino acid
(pH 5.65) and the synthesized complexes -
[PdL,Cl,], [Pd(HL),] (pH 6.04 and 6.71,
respectively) were recorded in deuterated water
(D20). In the spectrum of the amino acid, two
multiplets are visible, corresponding to the CH
and CH, groups; the NH, group is quickly
deuterated, and therefore it is not detected by a
separate signal. The data we obtained is as
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follows: for the a-carbon atom, the signal is
presented as a doublet of a doublet with o equal
to, ppm: 4.109; 4.082; 4.079 and 4.066, and for
the y-atom — as a multiplet with 6 equal to, ppm:
3.065; 3.056; 3.008; 2.091;2.951; 2.937; 2.929
and 2.909. The presence of a multiplet in the
signal corresponding to the CH, group can be
explained by the influence of the neighboring
amide group.
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Fig.1. X-ray diffraction patterns of the ligand-HQIn (a) and complexes [PdL,Cl;] (b), [Pd(HL).] (c)

The NMR spectrum of both synthesized
palladium(l1) complexes with glutamine shows
two broadened signals: 5.126-4.969 ppm and
3.936-3.838 ppm, corresponding to CH and
CH, groups. The absence of multiplets and the
shift of signals towards a weaker field compared
to the signals of CH and CH, groups in the
ligand is due to the formation of a palladium (11)

complex with glutamine.

In order to determine the coordination of
the ligand in the molecule of the synthesized
complexes of palladium (1I) with glutamine,
electronic absorption spectra of aqueous
solutions with a concentration of complexes
[PL,CI,], [Pd(HL),] -5 10~ mol I'* (Pd** : L
= 1 : 2) without adding a ligand and at a

CHEMICAL PROBLEMS 2024 no. 3 (22)



Kh.l. GASANOQOV et al. 345

glutamine concentration of 1 x 102 mol I'* in
an excess of ligand Pd** : L™ =1 : 4 in weakly
acidic solutions (pH 6.71 and 5.84, respectively)
were recorded. Prepared solutions of complexes
with a concentration of 10—3 M for determining

region 31120 -3140 cm™* confirming the square
planar structure of the coordination site.

The conclusion about the composition of
the ligand environment of the central atom was
made by comparing the values of the

electrical conductivity are not subject to experimentally determined frequency of the
hydrolysis. maximum  absorption band  with  those
A predominantly square planar structure theoretically calculated for various

of the coordination site is typical for
palladium(Il) complexes [4]. In the electronic
absorption spectra of palladium(ll) complexes
with a square planar structure, three spin-
allowed d-d transitions are possible, the
energies of which are close, which determines
the presence of one broadband in the absorption
spectra, the location of the latter depends on the
donor atoms of the ligand environment of the
central atom [5-8]. In the case of the
synthesized complexes, specifically such
absorption broadband was recorded in the

chromophores using the formula vmax = nj - v,
where n; is the number of donor atoms of each
type; v is the increment value for donor atoms
of each type (Table 2). Taking into account the
synthesis conditions for the theoretically most
possible chromophores, the coordination site of
palladium (I) of various compositions,
including with  mono- and bidentately
coordinated glutamine, was calculated using
known increment values vmax: Cl- 5165; Onoo—
6570; Ocarbox— 6780; Namin — 8450 [9].

Table 2.The composition of the chromophore and the value of the Lnaximum absorption band of a
number of palladium (11) complexes

Composition of the complex Chromophore Vinax calc., CM™

particles

[PAL(H20).] PdNNH20carboxOrz20 28380

[PdL,(H,0),] Pd2NnH220420 30070

[PA(HL),] PA2NnH220carbox 30450

[PdL,] Pd4Nnw2 33830

[PdL,CI;] Pd2Nny22Cl 27250

[PdL,CIH,0] Pd2NnH2ClOw20 28660

[PALCI,] PANnH2 20carbox2Cl 25570

~ *The charges of complex particles are not given.

As can be seen from Table 2’s data, the
most satisfactory experimental value for the
complex [Pd(HL),], of which vmax is equal to
31112 cm *, corresponds to the calculated value
of 30452 cm ™%, and for the [PdL,Cl,] complex,
of which vma is equal to 27165 cm?
corresponds to the calculated value 27250 for
the  chromophores  Pd2NnH220carmox ~ and
Pd2Nnw22Cl,  respectively. These data may
indicate the synthesis of a planar-square
structure of the coordination compound of
palladium (Il), in which two glutamine
molecules, in the first case, are bidentately
coordinated with the nitrogen atom of the amino
group and the oxygen atom of the carboxyl
group, and in the second case — monodentate via
the nitrogen atom of the amino group.

IR spectra were recorded in a wide range
of wave numbers from 4000 to 200 cm*. The
shape of the obtained spectra satisfactorily
coincides with the characteristic vibrational
frequencies of the spectra of amino acids given
in the literature [10-12]. There are no IR
spectroscopic data for the palladium (1)
complex with glutamine in the literature. In the
IR spectra, maxima are visible that are
responsible for the structure of the ligand. In the
high-frequency region of the amino acid
spectrum, two stretching vibrations (symmetric
vs and asymmetric vas) of free NH bonds of the
amide group, which correspond to absorption
bands of 3456 and 3410 cm™*, and of the amine
group, 3112 and 2932 cm™, are observed.
Deformation (8) vibrations of the NH bond of
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the amide group appear in the spectrum in the
region of 1638 cm ™' and 1420 cm ™. Stretching
vibrations of the carbonyl group (C=0) of the
amide were detected in the region of 1680 cm™*
The absorption maximum of 1584 cm*
observed in the spectrum of glutamine
corresponds to bending vibrations (NH*®) for
amino acids, which confirms the zwitterionic
form of glutamine [12-14].

The spectrum of palladium (I1) complexes
with glutamine [Pd(HL);], [PdL.Cl;] shows
absorption bands with maxima at 3456, 3430
and 3460, 3420 cm™, respectively, which
correspond to symmetric and asymmetric
stretching vibrations (NH) of the amide group.
The frequencies 3310.3072 and 3305.3050 cm *
correspond to the stretching vibrations (vs and
vas) Of the amine NH group. Bending vibrations

of the amide NH group are visible at 1638.1640
and 1426.1430. In the IR spectrum of the
[Pd(HL)2] complex, stretching vibrations of the
carbonyl group (C=0) are observed at 1686
cm?, and the maximum at 1650 cm ‘that
appears in the spectrum of the palladium (1)
complex with glutamine confirms the fact that
the ligand is in zwitterionic form.

We did not identify the assignment of all
absorption bands in the obtained spectra;the
characteristic bands for the starting amino acid
and the synthesized complex were only
considered (Table 2).

It is known [11, 15] that Pd-N and Pd-O
bonds correspond to band maxima in the low-
frequency region of the spectrum, which are
often difficult to recognize due to mixing with
other skeletal vibrations.
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Fig.2. IR spectra of HQIn and complexes [Pd(HL)] and [PdL,Cl;]

However, after comparing the absorption

complex in the spectra, maxima are visible at

bands of the amino acid and the palladium 470 and 449 cm*, which are absent in the
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spectrum of the starting amino acid, which we
referred to the stretching vibrations of Pd-N and
Pd-O bonds, respectively, which satisfactorily
coincides with the data for the palladium (1)
complex with amino acids [15]. One clear
absorption band at 347 cm* observed in the IR
spectrum of the complex [PdL,Cl,] was

attributed to Pd-Cl valence bonds. The presence
of one band for each Pd-N, Pd-O and Pd-Cl
bonds in the spectrum indirectly indicates the
trans-isomeric  form of the synthesized
complexes [15]. The qualitative thiocarbamide
reaction of N.S. Kurnakov was used to prove
this judgment.

Table 3. Some absorption bands of the IR spectra of glutamine and diglutamine complex of

palladium (11)
HL [PAL,ClI;] [PA(HL)2] Absorption band
assignment
3456 and 3410 3460 and 3420 3456 and 3430 vs and vasNH in the amide
group
3112and 2932 3305 and 3050 3310 and 3072 vs and vasNH in the amine
group
1680 1686 1688 v (C=0)
346 v (Pd-CI)
1638 1640 1638 d (NH)
1584 1686 1650 S(NH™) for aminoacids
containing NH; group
1420 1430 1420 d (NH)
- - 476 v (Pd-N)
- - 439 v (Pd-0O)

On the heating curve of the [PdL,Cl]
compound, endothermic effects are observed at
temperatures of 122, 197 and 342 °C, as well as
many exothermic effects. The first endothermic
effect corresponds to the removal of two ligand
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molecules and a chlorine atom. The DTA curve
of the compound [Pd(HL),] shows only two
endothermic effects at 190 and 208 °C, as well
as many exothermic effects.
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Fig. 3. Derivatograms [PdL,Cl;] (a) and [Pd(HL),] (b)
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The appearance of the first endothermic
effect is consistent with the removal of two
ligand molecules. Data from thermal analysis of
the studied compounds showed that the
complexes decompose without melting and the
final product of thermolysis is metallic

palladium.

Thus, physicochemical methods
confirmed the formation of a coordination
compound of palladium (I1) with glutamic acid
in the composition [Pd(HL),] and [PdL,Cl].

Conclusion

1. A coordination compound of palladium (1)
with glutamine with composition [Pd(HL),]
is formed, in which two ligand molecules are
coordinated bidentately with the donor
nitrogen atoms of the amino group and the
oxygen of the hydroxyl group.

2. In another obtaining complex [PdL,Cl,],

monodentate coordination of two ligand
molecules is carried out at the nitrogen atom
of the amino group.
3. In both complexes, the ligands are
coordinated in a trans-position relative to each
other.

References

1. Yefimenko LA, Filimonova M.V,
Churakova A.V., Ivanova N.A., Yerofeyeva
O.S., Samsonova A.S., Podosinnikova T.S.,
Filimonov A.S. The first polynuclear
palladium compounds [(CsH12NO)(PdCls)],
and [(C10H16NO)2(Pd2C|6)] with hlgh
antitumor and radioprotective activity //
Coord. Chemistry. 2020.46, No. 5. P. 304-
315

2. Slesarev V.I. Chemistry: Fundamentals of
living chemistry: Textbook for universities. —
St.  Petersburg: Chem.publ.house, 2005.
p.784

3. Bolotin S.N., Bukov N.N., Volynkin V.A.,
Panyushkin V.T. Coordination chemistry of
natural amino acids. — Moscow: Publishing
house LKI, 2008, p.240

4. Ajalova G.I., Gasanov Kh.I., Azizova A.N.,
Gasimov Sh.H., Badalova K.K. Synthesis
and structure of platinum (I1) complexes with
dekomposition produkt of dithiodigthylamine
B — merkaptoethylamin //  Chemical
Problems. 2023, Nel, P.21-28.

5. Livyer E. Electron spectroscopy of inorganic
compounds. — Moscow: Mir, 1987. — Part 1.
p.491

6. Belskaya O.B., Gulyayeva T.l., Arbuzov
A.B., Duplyakin V.K., Likholobov V.A.
Interaction of chloride complexes Pt(1V) and
Pd(I1) in aqueous solution on the surface of y
-Al,O3. // Kinetics and catalysis, 2010,
volume 51, no. 1, p. 114-122

7. Chiniforoshan H., Tavakol H. New mixed
ligand palladium (I1) complexes based on the
antiepileptic drug sodium valproate and
bioactive nitrogen-donor ligands: Synthesis,
structural characterization, binding
interactions with DNA and BSA, in vitro
cytotoxicity studies and DFT calculations //
SpectrochimicaActa Part A: Molecular and
Biomolecular Spectroscopy. 2015. Vol. 141.
P. 16-26.

8. Lyashenko D.Y. Study of the interaction of
a- and B-cyclodextrin with a number of
aromatic amino acids in aqueous solutions
using UV spectroscopy. // Surface. 2018.
Vol. 10(25). pp. 153-169. Spectroscopy and
DFT calculations. // Journal of Structural
Chemistry. 2016. E. 57. P. 1558-1565.

9. Bahuguna A., Khan 1., Bajpai V.K., Kang
S.C. MTT assay to evaluate the cytotoxic
potential of a drug // Bangladesh Journal of
Pharmacology, 2017, V. 12(2), p.8.

10. Panyushkin V.T. Rare-earth elements —
chemical probes // Soros Educational
Journal 2000, 9, P. 49-53

11. Prech E., Buhlmann F., Afolter K.
Determination of the structure of organic
compounds. — Moscow: Mir. 2006. p.439

12. Vasilyev A.V., Grinenko E.V., Shukin
A.O., Fedulina T.G. Infrared spectroscopy
of organic and natural compounds:
Textbook — St. Petersburg: Templan, 2007.
p.39

CHEMICAL PROBLEMS 2024 no. 3 (22)



Kh.l. GASANOQOV et al. 349

13. Chornenka N.V., Pekhno V.I., Volkov S.V. Mediated Total Synthesis of Bioactive
Synthesis and structure of the coordination Natural Products // Synthesis, 2013, Vol.
compound of palladium (P) with B-aspartic 45, No. 10. P. 1271-1299
acid amide // Reports of the National 15. Nakamoto K. IR and Raman spectra of
Academy of Sciences of Ukraine, 2010, No. inorganic and coordination compounds. —
5. P. 156-160 Moscow: Mir. 1991. p.505

14. Majumdar K.C., Sinha B. Palladium-

PALLADIUMUN (II) y -AMID QLUTAMIN TURSUSU iL® KOMPLEKS
BIRLOSMOLORI

L2%.1. Hasanov, *A.N. Ozizova, °N.M. Quliyeva, lS.Q. Qasimov

1AZarbaycan Tibb Universiteti, Elmi Arasdirmalar Markazi
’Qorbi Kaspi Universiteti
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Xiilasa: Palladiumun (1) sulu mohlullarda y — amid glutamin tursusu ilo kompleks birlasmalarinin
alinmast vo amalagalma sabiti Gyronilmisdir. Mohluldan komplekslor fordi qaydada ayrilmus,
qurulus va torkiblori dyranilmisdir.

Sintez edilmis komplekslordo NMR, iQ- vo UB- spektroskopiya todgiqatlart ilo miioyyan
edilmigdir ki, komplekslordo iki molekul ligand azot  atomlari ilo monodentatli, digor
komplekslorgo iso azot vo oksigen atomlart ilo bidentatli koordinasiya edirlor. Miivafiq olaraq
neytral tipli komplekslordo [Pd;Namin,Cl] ([PdL.Cl;]), [Pd,Namin,Okarb] ([Pd(HL).]) daxili
sferada trans-vaziyystds yasti kvadrat miistovisi formalasir.

Acar sozlar: palladium, qlutamin, ligand, dentatliliq, koordinasiya

KOMIIVIEKCHBIE COEJUHEHUSA MAJIJIAAUA (11) C vy - AMAJIOM
TJIYTAMMHOBOM KHCJIOTHI

L2xX 1. I'acanos, 'A.H. A3u3oBa, ’H.M. Kysuesa, YIL.T. FacbiMos

Y Usepbaiioocancruii meduyunckuii ynusepcumem, Hayuno-ucciedosamensckuti yenmp
23anaono-Kacnuiickutl ynugepcumem
np. I Anuesa, 12, AZ 1029, baxy, Azepbaiiodcan
email: x.gasanovb8@gmail.com

AnHoTanus: B nannoit pabore uzydeHo obpazoBaHue KOMIUIEKCHBIX coenunenuit mamiaaus (1) B
BOJHBIX PACTBOpaX C Y - aMHJOM TJYTAaMHUHOBOW KHCJIOTHI ¥ OIpPEAENIEHbl MX KOHCTaHTHI
oOpazoBanus. KOMIJIEKCHI BBIIEICHBI B MHIWBUIYyaldb- HOM BHJIE€ M W3YYCHBI UX CTPOCHUE U
CBOMCTBA.

Ilo pgamseiM  SIMP, HUK- u VY®- CHEKTpOCKONUHM YCTAaHOBJIEHO, YTO HPOUCXOAUT
MOHOJICHTaTHasI KOOPJUHAILMS ABYX MOJIEKYJI JIMTAH/a MO0 JOHOPHBIM aTOMaM a30Ta aMHUHOTPYIIIIBI
U OuaeHTaTHas - M0 aTOMaM a30Ta AMHHOTPYIIBI U Kuciaopoaa. @opMupyeTcs MmI0CKOKBaApaTHAS
BHYTPEHHSSI KOOPJHWHAIMOHHAS cdepa B TPAHC-CTPOSCHUH, COOTBETCTBEHHO B KOMIUIEKCAX
[Pd2Namuu2Cl] ([PAL,Cl;]) u [Pd2Namun2Oxkap6] ([PA(HL),]).

KuroueBble ciioBa: nauiaauid, TIIyTaMuH, JIMTAH, TEHTaTHOCTh, KOOPIUHAITUS
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