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SYNTHESIS, CHARACTERIZATION AND ANTIRADIATION PROPERTIES OF THE TRYPTO-
PHANATES OF COBALT (1), MANGANESE (11), COPPER (I11) AND ZINC

Aim. In order to study the radioprotective ac-
tivity were were obtained in the tryptophanates of
cobalt (I1), manganese (II), copper (II) and zinc.
Methods. The composition and structure of the
complexes were studied by elemental, thermogra-
vimetric analyzes and IR infrared spectroscopy. To
determine the presence of the Radioprotective
Properties of the Co (11), Mn (1), Cu (Il), Zn com-
plexes with tryptophane, a test was conducted for
the 30-day survival of irradiated animals. Results.
The results of thermogravimetric studies have
shown that the final product of the thermal decom-
position of all compounds is metal oxide, respec-
tively. The method of IR spectroscopy showed that
the ligands in the composition of the metal (I1)
complexes enter the neutral form and coordinate
with the complexing agent through the nitrogen
atom. The results of experiments with complexes
showed that they have noticeable radioprotective
activity. The radioprotective activity of Co (Il)
complexes with tryptophan is 55%, Mn (Il) with
tryptophan 50%, Cu (Il) with tryptophan 40%, and
Zn 30%. They improve the survival and average
life expectancy of lethally irradiated mice, not
reaching the level of the known cystamine radio-
protector, which is 80%. Conclusions. The data
obtained by us testify to the prospects of using the
complexes of Co (1), Mn (I1), Cu (Il), Zn with
tryptophan for preventive purposes and in order to
prevent local radiation injuries.

Keywords: tryptophan-metal complexes, IR
spectroscopy, thermogravimetry, complex com-
pounds, radioprotective properties.

The chemistry of complex compounds of
transition metals with multidentate ligands, which
simultaneously contain several donor atoms, is not
only theoretical but also of practical interest, since
in addition to the unusual properties of such com-

plexes, the structure and types of binding of multi-
dentate ligands with different metals give a new
impetus to the development coordination chemistry
as a whole. Among the coordination compounds,
the complexes obtained on the basis of biomaterials
take a special place. This is due to the fact that they
play an important role in many biochemical
processes and therefore are widely used in plant
growing, animal husbandry, and pharmacology [1-
8]. In turn, the study of the properties and structure
of coordination compounds of metal ions with or-
ganic ligands containing various donor centers was
an important factor in the development of new ap-
proaches to their physico-chemical research.

On the other hand, complex compounds of
many transition elements can possess a wide range
of useful properties, for which the chemistry of
complex compounds has not yet been sufficiently
studied.

This article presents methods for producing
complexes of manganese (1), copper (lI), cobalt
(1D, zinc with a ligand - tryptophan, and also their
anti-radiation properties are studied [10].

Material and methods

Measurement methods: The composition
and structure of the complexes were studied by
elemental analysis methods (ICP-MS); IR spectros-
copy (“Specord M-80” by Carl Zeiss) and thermo-
gravimetric (NETZSCH STA 449F3 STA449FSA-
0622-M).

Experimental part

Synthesis -[CuCl,L(H,0)]

A sample of 0.85 g (0.005 mole)-CuCl,
2H,0was dissolved in a two-necked flask under
reflux in 30 ml of ethyl alcohol at a temperature of
60 ° C, and 1.02 g (0.005 mole) of ligand L-
tryptophan - (in a molar ratio of 1: 1) previously
dissolved in 20 ml of ethyl alcohol. The resulting
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mixture was heated for 2 hours, then cooled to
room temperature, filtered and put on crystalliza-
tion. The blue -colored crystals were filtered,
washed several times with the mother liquor, then
15-20 ml with acetone and dried in a desiccator
over sulfuric acid until a constant weight was estab-
lished.

SynthESiS -[ZnLg(Hzo)g] 2H,0

To a beige color solution obtained by dis-
solving 0.32 g (0.005 mole) —Zn powder in 20 ml
of ethyl alcohol, 2.04 g (0.01 mole) of ligand L-
tryptophan dissolved in 30 ml of ethyl alcohol (in a
molar ratio 1: 2). The solution was heated for 2-2.5
hours at a temperature of 60 ° C. Further, the syn-
thesis process was carried out according to the
above described procedure.

Synthesis-[MnCl,L,]2H,0

According to the above procedures, 2.04 g
(0.01 mol) of ligand L- tryptophan (molar ratio 1:
2), previously dissolved in 20 ml of ethyl alcohol,
was added to 0.85 g (0.01 mile) --MnCl, «<2H,0
dissolved in 20 ml of ethyl alcohol. The resulting
mixture was heated for 2 hours, then cooled to
room temperature, filtered, washed several times
with the mother liquor, then 10-15 ml with acetone
and dried in a desiccator over sulfuric acid until a
constant weight was established.

Synthesis-[CoCl,L,]2H,0

According to the above procedures, 2.04 g
(0.01 mol) of ligand L- tryptophan (molar ratio 1:
2), previously dissolved in 30 ml of ethyl alcohol,
was added to 1.17 g (0.01 mole) —CoCl, *6H,0 dis-
solved in 20 ml of ethyl alcohol. The resulting mix-
ture was heated for 2 hours, then cooled to room
temperature, the purple-colored crystals were fil-
tered, washed several times with the mother liquor,
then 20-25 ml with acetone and dried in a desicca-
tor over sulfuric acid until a constant weight was
established.

Results and discussion

Elemental analysis

The elemental analysis data of the metal-
ligand complexes are pointed up in table.

Differential thermal analysis

With the definition of the thermic stability
and the composition of synthesized complexes
[MnCILz(Hzo)]HQO,[CUCIZL(Hzo)],[COC|2L2]2H2
0,[ZnL3(H0),]H,O the thermographic analysis
was made. Thermogravimetric analysis of the com-
pounds has been conducted in the 25-850°C tem-
perature range under nitrogen. The derivatograms
of the complexes differ substantially in the nature
of the thermal decomposition. Results of thermo-
gravimetric studies have shown that the thermal
decomposition of complexes occurs in three stages.
The third stage of thermolysis ends with the obtain-
ing of metal oxides.

IR spectroscopy

To determine the coordination character of
the synthesized complex compounds formed be-
tween the ligand and of manganese (1), copper (I1),
cobalt (1) and zinc (II), IR spectroscopic analysis
was carried out.

In the IR spectra of complexes the strong
and broad absorption band in the range of 3600-
3000 cm-1 correspond to asymmetric and symme-
tric stretching vibrations of aqua molecules. At the
range of 3392 cm™ and 3161 cm™ bands are belong-
ing to N-H stretches of NH, group of tryptophan.
The weak bands at the range of 2936-2906 cm™ are
attributed to the CH, vibrations. In complexes, tryp-
tophan ligands are coordinated to the metal ion as
monodentate by carboxylic group. This claim about
the products is supported by FT-IR spectra results.
The (COO)asym. peaks are located at 1619 cm-1
for Co(ll), 1605 cm™ for Mn(ll), 1625 cm™ for
Cu(ll) and 1622 cm™ for Zn complexes.(COO’)sym
peaks are observed at 1459 cm™ for Co(ll), 1456
cm™ for Mn(l1), 1455 cm™ for Cu(ll) and 1456 cm™
for Zn complexes. The low-intensity bands in the
region of 600-400 cm* are attributed to M—N and
M-O vibration [9].

Table 1. Elemental analysis results of the complexes

Symbolic Molecular %Cl %H %N %Metal
formula weight
Calc. | Meas. | Calc. Meas. Calc. Meas. Calc. Meas.
[CuCl,L(H0)] 357 19.9 | 19.26 | 3.92 3.85 6.72 6.27 17.92 | 17.26
[ZnL,(H20),] 2H,0 537 5.95 5.67 10.42 | 10.16 12.10 | 12.01
[MnCl,L,]2H,0 566 1254 | 1214 | 4.94 4.33 9.89 9.34 9.71 | 9.28
[CoCl,L,] -6H,0 646 10.99 | 10.36 | 5.57 5.75 8,66 8.18 9.13 | 9.02
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The study of the anti-radiation properties
of tryptophanates

To determine the presence of the radioprotec-
tive properties of the Co (I11), Mn (1I), Cu (1), Zn
complexes with tryptophan, a test was conducted
for the 30-day survival of irradiated animals. In
experiments, mongrel mice weighing 20-25 g were
used. The animals were withdrawn in accordance
with the rules of the European Convention for the
Protection of Vertebrates used for experimental and
other scientific purposes.

Animals were irradiated with a gamma irrad-
iation unit “RUHUND-20000" with a Co60 radia-
tion source at a dose of 9.0 Gy; the dose rate is
0.439 Gy/s. The test complexes with tryptophane
were administered to the animals in an aqueous so-
lution 30 minutes prior to irradiation at 100 mg /
kg. To compare the radioprotective activity of the
complexes tryptophan studied, a radioprotector-
standard cystamine (bis (B-aminoethyl) disulphide)
was used in the optimal radioprotective dosage of
100 mg / kg, administered 30 min before irradia-
tion.

Behavior monitoring and recording of animal
deaths were conducted during the first hour and

then the death of the animals was recorded in the
next 30 days after the injection. The test results are
shown in the table.

The study of the radioprotective activity of
complexes of Co (Il), Mn (II), Cu (Il), Zn with
tryptophan showed that they have radioprotective
activity. The radioprotective activity of Co (II)
complexes with tryptophan is 55%, Mn (Il) with
tryptophan 50%, Cu (I1) with tryptophan 40%, and
Zn 35%. They improve the survival and average
life expectancy of lethally irradiated mice, not
reaching the level of the known cystamine radio-
protector, which is 80%.

Conclusions

The data obtained by us testify to the pros-
pects of using the cationic complexes of Co (II),
Mn (1), Cu (1), Zn with tryptophan for preventive
purposes and in order to prevent local radiation in-
juries.

This work was supported by the State Committee
for Science and Technology of Belarus and the National
Academy of Sciences Azerbaijan (agreement with
BRFFR No. B18AZG-002)

Table 2. Action of tryptophan complexes on the survival of irradiated animals

Options The number of mice Survival rate, % | Life expectancy, day
Control (distil.water) 20 20 30 and more
Irradiated control 0 0 432+1.21
Cystamine 16 80 18,31+ 0,31
Co (I1) complexes with 11 55 16,3+ 2,33
Tryptophane
Mn(11) complexes with 10 50 1214221
Tryptophane
Cu(ll) complexes with 8 40 1053+ 1.5
Tryptophane
Zn complexes with 7 35 841+ 12
Tryptophane

Note. P <0.001.
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BJACTHUBOCTI CUHTE3Y, XAPAKTEPU3AILIII TA AHTIPAJIALIl TPUINITO®AHATIB KOBAJIBTY
(II), MAHT'AHE3A (II), KO®EPA (II) I HUHKY

Mema. ]J{5is BUBYCHHS pajio3axMCHOT aKTUBHOCTI Oynu otpuMani Tpuntodanu kodansty (I1), mapranmto (11), miai (1)
Ta 1MHKY. Memoou. Cxnag Ta CTPYKTYpy KOMIUIEKCIB BHBYAQIM 3a  JIOIIOMOTOI0  €JIEMEHTAapHOro,
TepMorpaBiMeTpHYHOro aHanizy ta [4-inppauepBonoi cnekrpockorii. [jisi BU3HaAYEHHS HassBHOCTI pai03aXxUCHHX Bila-
cruBoctei kommmiekcis Co (11), Mn (1), Cu (lI), Zn 3 tpuntodanom 6ys0 mpoBeaeHO TecT Ha 30-IeHHY BHKHBAHICTh
OIIPOMIHEHHX TBapuH. Pe3ynsmamu. Pe3ynpTaTi TepMOTrpaBIMETPUYHIX JTOCHTIPKEHb TOKA3aJIH, 10 KIHIEBIM HIPOIYK-
TOM TEPMIYHOTO PO3MAay BCIX CIIOJYK € OKCHI MeTany BigmoBigHo. Merox [Y-criekTpockorii moka3as, IO JIraHIu y
ckmaai meraneBux (1) kommekciB BXoaATh y HEUTpaIbHY (GOpMY 1 KOOPIMHYIOTH KOMIUIEKCOYTBOPIOBAaY Yepe3 aToM
a3otry. Pe3ynbTaTH eKCIIepMMEHTIB i3 KOMIUIEKCaMH TOKa3aJld, 1[0 BOHM MAalOTh MOMITHY pPajio3aXHCHY aKTHBHICTb.
Pagionporekropua aktuBHicTh kKomiutekciB CO (1) 3 Tpunrodanom cranosuts 55%, Mn (I1) 3 tpuntodanom 50%, Cu
(1) 3 tpumrodanom 40% Tta Zn 30%. BoHM MOKpauryOTh BH)KMBAHHS Ta CEPEAHIO TPUBATICTH JKUTTS CMEPTEIHHO
OIIPOMIHEHHUX MHIIEH, HE TOCATAI0YN PiBHS BIZOMOTO PajioNpOTEKTOPa NUCTaMiHy, sk cTaHOBUTH 80%. Buchosku.
OtpuMaHi HaMH JaHi CBiTYaTh Mpo mepcrekTuBu Bukopuctanus komuekcis Co (1), Mn (1), Cu (1), Zn 3 tpunroda-
HOM y NMpOQIIaKTHYHUX IIISIX /I 3a00IraHHs MICIIEBUX PaiallifHuX TPaBM.

Knouosi  cnosa: TtpuntodaHoMeTaneBi KoMIUleKcH, [Y-CHeKTpocKomis, TepMOorpaBiMeTpis, CKJIagHi CIOJNYKH,
Pamio3aXxucHi BIACTHBOCTI.
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