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Abstract: Complex compounds of iron (I11) chloride with representatives of aliphatic, aromatic and
heterocyclic amino acids were synthesized. Structures of the obtained compounds were presented on
the basis of IR-, UV-spectroscopy and by chemical analysis method. The Fe™® complex with glycine
was tested as a catalyst in the model reaction of aerobic oxidation of isopropylbenzene (cumene) in
the presence of hydrogen peroxide. As a result, it found that this complex exhibits strong catalytic
activity in the aerobic oxidation of oil hydrocarbons with hydrogen peroxide. The synthesized
complex compounds were also studied for biological activity in living organisms, and it was
establishedthat they have antibacterial, antiviral properties, as well as psychotropic, sedative and

antidepressant effects.
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Introduction

Biosynthesis of some organic substances
like ferments, vitamins and pigments occurs
with the participation of ions of 3-d metals, such
as copper, iron, cobalt, nickel, manganese,
chromium, vanadium, the mechanism of
formation and action of which has not been
sufficiently  studied. For more detailed
understanding of mechanisms of biochemical
reactions, it is of great interest to study possible
reactions of 3d metals with amino acids as the
simplest models of the formation of metal
complexes with proteins [1-4].

The structure of a-amino acids allows
forming different forms of complex compounds
with metal ions [5-8]. The carboxyl group can

give nine forms of binding an amino acid
molecule to a metal ion, and the presence of an
amino group makes it possible to form chelate
complexes, and in the presence of other
additional donor groups in the side chain, the
number of forms increases. lons of 3d-metals
have an optimal ionic radius, and the spatial
arrangement of 3d-orbitals allows the formation
of a covalent bond with oxygen of COOH-
group and with nitrogen of the NH,-group.

Investigations show that amino acids in
aqueous solutions can exist in the form of a
bipolar ion which is often called the internal
salt, and in the solid state they exist in a
molecular form:

NH,—R—COOH < H3"N-R-COO"
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An intermediate cyclic structure with an
intramolecular hydrogen bond is also possible.
Amino acids have optical activity, i.e. they are
able to rotate the plane of polarized light and
can exist in the form of two optical isomers- L
(left-handed) and D (right-handed). Almost all
natural alpha amino acids have an L-
configuration. Exceptions may be D-isomers of
glutamic acid, alanine, valine, phenylalanine,
leucine and a number of other amino acids.

Amino acids of the D- conformation are
included in the composition of some peptide
antibiotics, alkaloids, etc., while L-amino acids
are included in protein compositions.

The selective oxidation of hydrocarbons
with molecular oxygen and hydrogen peroxide

as oxidizing agents into target products is
currently one of the top-priority areas of
catalysis and supposes using metal-complex
catalysts. By varying ligand environment at the
metallic center of the complex and using
different activating agents we can influence the
yield of target products of oxidation and thereby
control selectivity of the reaction [9-11]. Issues
of hydrocarbon oxidation with molecular
oxygen and hydrogen peroxide during catalysis
with models of biological systems that are
capable of implementing the selective
introduction of oxygen atoms by C-H bonds of
organic molecules is of scientific and practical
importance.

Experimental part

We used o-amino acids - L-glycine
(analytical grade), L-tryptophan (analytical
grade), L-histidine  (analytical ~ grade),
FeCl36H,0 crystalline hydrate (pure), reactive
cumene of 98% purity ("Sigma-Aldrich™), 30%
hydrogen peroxide.

The IR spectra of the samples were
recorded on spectrometer «Nicolet 1IS10» from
Thermo Scientific (USA) while the UV
spectroscopy of synthesized complexes was
recorded on spectrophotometer «UV-1800»
from Shimadzu (Japan). Elemental analysis was
performed on an analyzer from Carlo Erba, iron
was determined photometrically, chlorine was
determined potentiometrically.

On the basis of experimental data and
literature sources, the optimal conditions for the
reactions of formation of complex compounds
of ferric chloride (FeCls) with a-amino acids
(glycine, tryptophan and histidine) are
established. Their structure was established
using IR, UV spectroscopy and chemical
analysis. The complex FeCls-6H,O salt with

tryptophan was obtained in an aqueous
methanol medium at a ratio of initial
components of 1: 3 for 5 hours and a
temperature of 35-40°C. The resulting solution
was evaporated; the precipitated crystals filtered
off on a Hirsch funnel, washed with methanol,
acetone and dried to a constant weight at a
temperature of 40°C. The reaction product yield
was 72.0%. Precipitated crystals of the complex
of ferric chloride (FeCls3) with tryptophan were
black-violet. Similarly, complexes of ferric
chloride with glycine and histidine with the
yields of 73% and 78%, respectively, were
synthesized. Precipitated crystals of the
complex of ferric chloride with glycine were
dark yellow, and with histidine a brown color.
All synthesized complexes of ferric with the
indicated proteins are not soluble in alcohols,
benzene, toluene, and acetone, but are well
soluble in water at a room temperature. The
resulting complexes are sufficiently stable
against light and air.

Results and discussion

The compositions and structures of the obtained
complexes were established on the basis of IR-,
UV-spectroscopy and chemical analysis. The

structure of the complex Fe*™ based on glycine
is presented below:
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O, 0 NH2_ H,
¥ ™~ Fe3+/ jéo
H,C—NH; /7 \\0/

In the normal state the glycine molecule is in the
form of zwitter-ion (NH;*—CH,—~COO™ ) and
therefore, adsorption bands of NHs;* and COO
ions are observed in the IR-spectrum of glycine
D vnma+ = 3099 cm™; onwse = 1633 cm™ and
1574 cm™. During complexation under the
impact of the fields of central ions, the form of
the glycine zwitter-ion proceeds into the amino
acid form and glycine enters the internal sphere
of the complex as an adduct that is proved by

__ 0
FeCly 6H,O+ ) | 3+ ’
RN oH— fe’ (TRi),C1 '3 (H,0)
NH,
NH

the absorption bands of carboxyl and amino
groups. In the IR-spectra the wide absorption
band in the range of 2500-3200 cm™ refers to
amino acid form voucoon), and the absorption
band related to valence vibrations of carbonyl
Iragment is observed at 1751 cm™ and 1761 cm’

The reaction of obtaining the complex
FeCl36H,O salt with tryptophan can be
presented by the following scheme:

Fig. 1 shows IR-spectrum of the complex FeCl36H,0 salt with tryptophan.
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Fig. 1. IR spectrum of the complex FeCl36H,0 salt with tryptophan

The structure of the obtained tryptophan
complex of ferric chloride was confirmed by IR,

UV spectroscopy and chemical analysis. On the
IR spectrum in the region of 3381.87 cm™, an
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elongated absorption band is observed which
confirmed the presence of a water molecule in
the complex. This is related to a water molecule
included into coordination.

According to the UV spectra, the
absorption bands of 196.5 nm, 218.5 nm and
278.5 nm correspond to the absorption bands of
the benzene ring of the tryptophan molecule.
The absorption bands at 311 nm, 320 nm and
342 nm are characterized by an electronic
ligand-metal transition. Note that d-d transitions

are not observed in the visible region of UV
spectroscopy. This result coincides with the data
obtained from IR-spectroscopy. Thus, based on
the data of IR spectroscopy, it was proved that
in the internal sphere of synthesized complex
tryptophan molecules are absorbed as adduct-
ligands.

The structure of the obtained complex
of ferric chloride with tryptophan is shown
below:

The reaction of obtaining the complex salt FeCl36H,0 with histidine can be described by

the following scheme:

(@]
N—C—CHZ—CH—C</
2 || | | OH
HC-CH NH,
NH .
N-C-CH,-
(L8
—_— -
\V4
NH

The intensity of the absorption bands of
coordinated water molecules of crystalline
hydrate in the IR spectrum of the obtained
histidine complex of ferric chloride with von =
3405.56 cm™, oon = 2007.57 cm™ corresponds
to two water molecules that were proven
thermogravimetrically. The absorption bands of
the deformation vibrations of the H,0
molecules entering the complex are observed at

+ FeCly 6H,0 "

Ccl”

1633.53 cm !, and vyy = 3157.62 cm ~ ! and
3072.71 cm ~ * belong to NH3 * ions. And also
absorption bands of CI” ions are observed at
630.58 cm-1 and absorption bands of COO™ at
1633.53 cm™ and 1309 cm™. Absorption bands
at vc-o = 1700-1760 cm * related to the
carboxyl group (COOH) are absent.

The structure of the obtained complex of
ferric chloride with histidine is presented below:
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Results of chemical analysis confirmed the complex compounds (table 1).
individuality and composition of the obtained

Table 1. Results of chemical analysis of Fe *® complexes
Calculated / Found, %

Complex Fe N Cl H.O
20.13 | 15.09 — —
Fe(NH,CH,0CO); 20.36 | 14.88
X 9.51 9.51 18.08 | 3.05
[Fe(C11H12N202),Cl3-H,0] 9.73 9.34 18.24 |3.21
15.83 |11.88 |30.11 |10.18
[Fe(CsHyN302)2-2Cl1 -2H,0]CI 1597 |11.70 |30.21 |10.32

* Intra-sphere chlorine is not determined argentometrically

The obtained complexes were tested as catalysts  Fig. 2 shows the Kinetic dependence of oxygen

in the model reaction of aerobic oxidation of absorption during the oxidation of cumene in
+ 3

isopropylbenzene (cumene) in the presence of the presence of the complex Fe salt with
hydrogen peroxide. glycine.
9,5 cumene+0,5 ml H202 (30%)
25 +10mg compl.
2 without
S 2 y = 0,0513x + 0,0353 additions
§§ of a
O A5 complex
cQ
S g 4 e
g x m2
8 05 y = 0,005x + 3E-17
0
0 20 40 60
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Fig.2. Kinetic dependence of oxygen absorption during aerobic oxidation of
cumene in the presence of hydrogen peroxide and complex Fe*? salt
with glycine (Fe* 3@ (NH,CH,OCO)s). The volume of the reaction
mixture is 10 cm®, the temperature is 373K, PO, = 20 kPa.
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Currently available information about the
relationship between the chemical structure of a
substance and the pharmacological action
allows purposefully synthesis of medicines.

The synthesized complex compounds of
FeCl36H,0O salts with the examined amino
acids were tested for biological activity in
laboratory mice and rats (Table 2).

Table 2. Results of initial tests of complex compounds of FeCl36H,0 salts
with glycine, tryptophan and histidine

Ne | Name of complex Biological activity
Antiviral Antibacterial Psychotropic

1. | FeCl36H,0 Mild effect

with glycine Not against Not detected
Fe(NH,CH,0CO); detected golden

staphylococcus

(100 mcg / ml)

2. | FeCl36H,0 Activity Antidepressant
with tryptophan against Not detected sedative effect
[FE(C11H12N202)2C|3'H20] rotavirus (15-20 mg /

ko)

3. | FeCl36H,0 Weak Mild Sedative effect
with histidine activity effect against at a dose of
[Fe(CsHgN30, ),2Cl against golden 15-20 mg / kg
-2H,0]CI rotavirus staphylococcus

(100 mcg / ml)

As can be seen from Table 2, the obtained
complex compounds exhibit antiviral and

antibacterial properties, as well as sedative and
antidepressant effects (psychotropic activity).

Conclusions

. The complex compounds of FeCl36H,0 salts
with glycine, tryptophan and histidine were
synthesized. Based on IR, UV spectroscopy
and chemical analysis, the structures of the
obtained compounds were presented.

. It revealed that the CI- ion in the FeCl36H,0
complex with glycine and histidine is in the
external sphere while in the FeCl36H,0
complex with tryptophan it is bound to the

Fe*? ion in the internal sphere.

. The Fe"*@(NH,CH,0CO); complex exhibits

strong catalytic activity during aerobic
oxidation of cumene in the presence of H,O,

. The synthesized complex compounds of

FeCl36H,0 salts with glycine, tryptophan
and histidine possess biologically active
properties.
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DOMIR (11I) XLORIDIN AMINTURSULARLA REAKSIYALARI
OSASINDA KOMPLEKS BIRLOSMOLORIN SINTEZI VO TODQIQi

S.B. Zeynalov, S.K. Sarifova, E.R .Hiiseynov, F.9. Abdullayeva,
M.Q. Abbasov, A.K. Sarifova
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Alifatik, aromatik va heterosiklik amintursularimin niimayandalari ilo domir (1) xloridin kompleks
birlasmoalari sintez edilmisdir. IQ-, UB- va kKimyavi analiz iisulu ilo alinan kompleks birlasmalarin strukturlar:
tagdim olunmusdur. Glisin ilo Fe** kompleksi hidrogen peroksidinin istirak: ila izopropilbenzolun (kumolun)
model reaksiyasinda aerobik oksidlasmasinda katalizator kimi sinagdan kegirilmisdir, naticada bu kompleks
hidrogen peroksidla neft karbohidrogenlarinin aerob oksidlagmasi zaman giiclii katalitik aktiviiyini niimayis
etdirdiyi miiayyan edilmisdir. FeCl36H,0 duzlaruimn yuxarida geyd olunan alifatik, aromatik va heterosiklik
amintursulart ilo sintez olunmus kompleks birlagsmalorinin canli organizmlara bioloji aktivliyinin tasiri
oyranilmisdir va onlarin antibakterial, antivirus xiisusiyyatlarina, habela psixotrop, sedativ va antidepressiv
effekto malik olmasi miiayyan edilmisdir.

Acar sozlor: kompleks birlagmoalori, FeCls6H,0 kristalhidrat, glisin, triptofan, histidin, amintursulari,
katalizatorlar, bioloji aktiv maddalar.
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CHHTE3 H HCCIIEJOBAHHUE KOMIIJIEKCHBIX COEJHHEHHUH HA
OCHOBE PEAKITHH X/TOPH/IA JKEJTE3A(11) C AMHHOKHCIOTAMH

C.b. 3eiunanos, C.K. lllapugoea, 3.P. I'yceitnos, @.A. Ad6oynnaesa,
M.T'. Ab6bacos, A.K. Illlapughosa

Hnemumym Kamanuza u Heopeanuueckou xumuu Hayuonanonoti AH Azepbatiosxcana
AZ 1143, baky, np. I /]ncasuda, 113; e-mail: chem@science.az
*Azepoaiioxcancrkuii I'ocyoapcmeennviti Meduyunckuii Ynusepcumem
AZ1022, Baxy, yr. Baxuxanosa, 23 ; e-mail: aidakamilgizi@gmail.com

Cunmesuposanvl KOMIIEKCHble coedunenus coau xaopuoa owceneza (1) c npeocmasumensmu
anupAmuuecKux, apoMamuieckux u 2emepoyuxiuveckux amunokuciom. Ha ocnose HK-, Y-
CNEeKMPOCKONUU U MEMOOOM XUMUYECKO20 AHATU3A NPeOCmABIeHbl CIMPYKMYPbl NOLYYEHHbIX KOMNIEKCHbIX
coedunenuii. Kovnnexe Fe** ¢ anuyunom 6oin ucnoiman 6 kauvecmee kamanuzamopa 8 MoOeIbHOU peaKyuu
a3poOHO20 OKUCTICHUS U30NPONUNLOEH30a (KYMOA) 8 NPUCYMCMEUU NepoKCcUod 6000pooa, 8 pesyibmame
4e20 OblLI0 YCMAHOBIEHO, YMO OAHHbIU KOMNLEKC NPOAGAAen CUIbHYI0O KAMAIUMUYEecKyio aKkmugHoCmy npu
A3POOHOM OKUCTEHUU Yelle8000P0008 Hedmu nepokcudom 6000pooa. CuHmesuposanHvle KOMNIEKCHbLE
coeOuHeHUsi ObLIU UCCIe008aAHbl MAKJHCe HA OUONOSUYECKYI0 AKMUBHOCMb HA HCUBBIX OpP2aHUSMAX U
VYCMAHOBIEHO, YMO OHU 001a0arom aHMUubAKMepUAIbHbIMU, AHMUBUPYCHBIMU CEOUCMBAMU, A MAKdiCe
NCUXOMPONHBIM, CEOAMUBHBIM U AHMUOENPECCUBHBIM I exmon.

Knrouesvle cnosa: rxomnnexcuvie coedunenus, kpucmaniocuopam FeCly6H,0, aauyun, mpunmoghan,
SUCMUOUH, AMUHOKUCTOMb, KAMAIUZAMOPbL, OUOIOSUYECKU AKTNUGHbLE BEUECEA.
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