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B pabome obcyracoaemcea cunmes u cmpykmypa KOMniaeKCHO20 cOeOuHenus Ha ochoge 3,5-
ouamuno-1H-1,2 A-mpuazona (zyanazona) c uonamu zannus, 06pa3yOUIE20Cca NPU 63aUMOOCICMEul
0e3600n020 xnopuoa zannus (111) u cyanazona e cpede ocymennozo memanona. Illocae omzonxu pac-
meopumensa noo 8axKyymom o0pa3o6asuiuiica nPpoOyKm npoMbleaau 2eKCaAHoOM, AyemoHOM, Helesoe
COeOUHeHue IKCMPAzUPoeaiu ayemoHumpuIom, U MeoleHHbIM UCRAPEHUEM NOCTe0Hez0 nPU KOM-
HamMHOU memnepamype ¢ meueHue mpex OHell oYY KPUCHANIbl 0exce6020 yeema, Komopbole
ovLu oxapaxmepu3zosansvt memodamu HK cnekmpockonuu, 31emMeHmnozo ananusa, Macc-cnekmpo-
Mempuu U OAHHLIMU PEHM2eHOCHMPYKmYpHozo ananusa. Komnnexcuwuit zannam cocmasa -
C2HgNs"/GaCls]- cymecmeyem ¢ sude 0eyx kpucmannozpaguuecku He3asucuMblx Kamuonos u 08yx
anuonos. Komniexcrnoe coedunenue Kpucmaiiu3yemcs 6 YEHmMpOCUMMEMPUUHOIL RPOCIPAHCIMEEHHOT
zpynne MoHOKUHHOU cunzonuu. Tempaxnopozannam-anuon npeocmagisem cofoil ciezKka ucKa3ceH-
HbLIl mempalop, Ymo XapaKmepHo 0asa cmpykmyp 3mozo muna. Kamuonwt 1,2,4-mpuazonusn cenex-
mueno npomonuposanst no amomam N* u N*A, oonaxo mecmom npeumyuwiecmeennoii noxkanuzayuu
nonoxcumenvhnozo sapaoa aensomca amomvt N> u N°A. Ilomumo iekmpocmamuueckozo 63aumo-
oelicmeus pasHOUMEHHO 3aAPAINCEHHBIX UOHOE GAJICHYIO POIb 6 CIAOUAUAUUU KPUCHANIUYECKOU
YRAKO6KU uzpaem pa3zeumasn cucmema 6000poOHbIX CEA3ell: NPAKMUYUECKU 8Ce AMOMbl 6000p00a U
XJ10pa 3adelicmeosansl é ee 00pazosanuu. Kaxcowtit uz kpucmannozpaghuuecku ne3agucumvlx Kamu-
0HO06 06pazyem YeHmMpPOCUMMEMPUUHDLI OUMED 3a CUEM MENCMONEKYIAPHOU 6000POOHOIL céazu N°—
H?N? u N*A-H?A-N*A. ITonnwiii nabop penmzenocmpykmypuvix 0anHwiX Oenonuposan ¢ Kem-
Opuoscckuil 6ank cmpykmypuoix oannwix coeounenuti - Cambridge Structural Database (0enonenm
CCDC 1894815) u mostcem ovimo c60600H0 nonyuen no 3anpocy Ha caiime WWWw.ccdc.cam.ac.uk/data_re-
quest/cif.

Karouessle cnoBa: 3,5-qunamuno-1H-1,2,4-tpuazomn, ryanasosn, XJIOpHI TaJuTus, KOMILUIEKCHOE COSIIHe-
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This paper discusses the synthesis and structure of a complex compound based on 3,5-
diamino-1H-1,2,4-triazole (guanazole) with gallium ions, formed by the interaction of anhydrous
gallium (I111) chloride and guanazole in dried methanol. After distilling off the solvent under vac-
uum, the resulting product was washed with hexane, acetone. The target compound was extracted
with acetonitrile, and slow evaporation of the latter at room temperature for three days resulted in
beige-colored crystals, which were characterized by IR spectroscopy, elemental analysis, mass-
spectrometry and X-ray diffraction analysis. The complex composition of gallate, C;HeNs"/GaCl.],
exists as two crystallographically independent cations and two anions. The complex compound
crystallizes in the centrosymmetric space group of the monoclinic syngony. The tetrachlorogal-
late anion is a slightly distorted tetrahedron, which is typical of structures of this type. 1,2,4-
triazolium cations are selectively protonated on the N* and N*A atoms, however, the site of the
preferential localization of the positive charge is the N? and N?A atoms. In addition to the elec-
trostatic interaction of oppositely charged ions, a developed system of hydrogen bonds plays an
important role in the stabilization of the crystal packing: almost all hydrogen and chlorine atoms
are involved in its formation. Each of the crystallographically independent cations forms a cen-
trosymmetric dimer due to the intermolecular hydrogen bond N? — H%+N? and N?A — H?A4-N°A.
A full set of X-ray data is deposited into the Cambridge Structural Database of Compounds - the
Cambridge Structural Database (Contributor CCDC 1894815) and it can be gotten from the site
www.ccdc.cam.ac.uk/data_request/cif.

Key words: 3,5-diamino-1H-1,2,4-triazole, guanazole, gallium chloride, complex compound, X-ray dif-
fraction analysis
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INTRODUCTION

For 1,2,4-triazole two tautomeric forms (1H) —
form (1) and (4H) — form (2) are known [1]:
NH,

NH—NH NH—NH

HoN \N NH  HN N NH
H
d e

An analysis of foreign and domestic literature

4 4
N\\<§ HN\\\S
oA e N,
H 1
1 2

Due to the rapid movement of the proton be-
tween N and N?, positions 3 and 5 become equivalent
in the form 1.

Measuring dipole moments has shown that the
preferred tautomeric formis 1 [1].

1,2,4-triazoles unsubstituted at the nitrogen
atom exhibit amphoteric properties and, depending on
the pH of the medium, can donate or attach a proton.
In N-unsubstituted triazoles, when interacting with
metals, substitution of both hydrogen and the formation of
complexes can occur. The latter largely depends on the
reaction conditions and the ratio of reagents. It is
known that guanazole derivatives exist in several tau-
tomeric forms (a-d), the state of which in crystalline
form often differs from that in solution.
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data [2-9] shows that guanazole contains several reac-
tion centers in its structure that can be used to introduce
additional groups (substitutes or metal ions) into the
guanazole structure, which offer the prospect of in-
creasing bioavailability, selectivity of accumulation
and increase the effectiveness of chemotherapy. In ad-
dition, guanazole, as a ligand, binds to inorganic or or-
ganic anions, forming complexes of various structures,
which leads to interesting physical properties, such as
photoluminescence and magnetic ones [9, 10].

It should be noted that among coordination
compounds, a special place is occupied by complexes
obtained on the basis of biogenic metals. This is due to
the fact that they play an important role in many bio-
chemical processes and therefore are widely used in plant
growing, animal husbandry and pharmacology [11, 12].
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On the other hand, complex compounds of
many transition elements, including gallium or manga-
nese, can have a wide range of useful properties for
which the chemistry of complex compounds is not well
understood [13, 14].

So, the author [14] considers the synthesis,
structural characteristics and antimicrobial activity of
azo dye-based complexes of triazole with Mn (1), Co
(1), Ni (I1), Cu (1) u Zn (11). Five, of the ten obtained
complexes, established biological activity against
gram-positive and gram-negative bacteria.

At present, the gallium (I11) complexes of
N-heterocycles (Fig. 1) are presented in the literature,
the structure of which was established only on the basis
of the data of IR, UV-spectroscopy and elemental anal-
ysis data [15].

cl cl
Ly Ly Lo L2
1 GaCl n S cl
Ga 4 Ga
L1/’ A LZ/‘ ™,
cl cl

I. [(L1)4GaCly] GaCly L; = pyrazole, S-methylpyrazole, 4-methylpyrazole,
indazole, 1,2,3-benzotriazole

II. [(L,)4 GaCl,] Cl, L, = imidazole, benzimidazole

III. [(L;), GaCly] GaCly, L; = 1,10-phenanthroline, 2,2-dipyridyl
IV. [(Ly), GaCly] Cl, L = 1,10-phenanthroline
Fig. 1. Possible structures of gallium (111) complexes with N-het-
erocycles [15]
Puc. 1. Bo3moxxHoe crpoerne komrmiekcoB rayums (I11) ¢ N- rere-
porwkaamu [15]

In [16], it was shown that gallium (I11) salts
have pronounced toxicity with respect to a number of
tumor cells. For gallium chloride and nitrate [17, 18],
the first and second stages of clinical trials were con-
ducted, where they in one degree or another retarded
the growth of bladder, liver, and lymphatic tumors.
Studies have shown, however, that the effectiveness of
drugs is not high enough due to the loss of toxicity due
to hydrolysis and the difficulties of transmembrane
transport inside tumor cells due to high hydrophilicity
[19]. It is obvious that the solution of the above prob-
lems can significantly enhance the antitumor activity
of gallium salts, which should have a good clinical per-
spective.

The search for new effective drugs for chemo-
therapy of tumors is extremely relevant and is con-
ducted in different directions [20-24]. In this regard,
studies aimed at the development of methods for the
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synthesis of gallium complexes with guanazole, which
itself has an antitumor effect [25] are scientifically
based. The use of such complexes will increase the sol-
ubility of guanazole due to complexation, reduce the
tendency to associate the metal complex and increase
the selectivity of its accumulation in tumor cells through
the formation of a molecular complex with polyvi-
nylpyrrolidone, by analogy with how this is achieved
with the targeted delivery of the «Fotolon» photosen-
sitizer [26].
EXPERIMENTAL PART

The synthesis of guanazole 1 was carried out
according to the method [27] by the cyclization reac-
tion of dicyandiamide and hydrazine hydrate.

IR spectra were measured using the AVATAR
360 FT-IR spectrometer. X-ray diffraction analysis
(XRD) was performed on a single-crystal Xcalibur
Ruby diffractometer with a CCD detector using the
standard procedure (MoKa-radiation, 295(2) K, o-
scanning step 1°). Absorption is taken into account em-
pirically using an algorithm SCALE3 ABSPACK [28].
Crystal syngony (C;HsNs-ClaGa, MM = 311.64) mon-
oclinic, space group P21/n, a 17.358(3), b 6.4407(11),
c 18.421(3) A, P 92.119(18)°, V 2058.1(7) A3, Z 8,
dcalk 2.012 g/cm?®; p 3.668 mm™. The structure was
deciphered using the SHELXS [29] program and re-
fined with the full-matrix MNK by F2 in the aniso-
tropic approximation for all non-hydrogen atoms using
the program SHELXL [30] with graphic interface OLEX2
[31]. Hydrogen atoms were refined independently in the
isotropic approximation with normalization of the N—
H bond lengths by soft constraints DFIX. Final refine-
ment parameters: R1 0.0376, wR2 0.0682 [for 3574 re-
flections with | > 25(1)], R1 0.0613, wR2 0.0769 (for
all 4829 independent reflections), S 1.025.

Complex compound with gallium was synthe-
sized by the method [13].

A mixture consisting of guanazole 1 (1 g,
2.52 mmol) and gallium (111) chloride (0.89 g, 2.52 mmol)
in dried methanol (30 ml) was stirred under heating to
60 °C for 2 h. The solvent was distilled off in vacuum,
the precipitate formed was washed with hexane, ace-
tone, and the target compound was extracted with ace-
tonitrile. Slow evaporation of the solvent at room tem-
perature for three days gave beige crystals, well soluble
in water, in alcohols, DMSO.

Yield = 0.58 r (74%). Trer. = 190-192 °C. IR:
v (KBr)/cm™: 3455 (NH;, vas), 3357 (NH, vs), 2920,
2853, 1691 (C=N), 1658 (NH., d), 1527, 1464, 1332,
1159. (C—N, alif), 1065, 1010, 798, 687, 632. Found, %:
C 7.68, H 198, N 2244, Cl 4548, Ga 22.34
C:HsNsGaCly. Calculated, %: C 7.71, H 1.94, N 22.47,
Ga 22.37, Cl 45.51. MM 308.86.
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RESULTS AND DISCUSSION

The single crystal obtained as a result of slow
evaporation from a solution of acetonitrile single crys-
tal represents XRD the complex compound 3 of tetra-
chlorogallate with an organic ligand 3,5-diamino-1,2,4-
triazolium cation of composition — C,HsNs"/GaCla]".

Gallium (I11) chloride, which was used in the
synthesis, is a typical molecular compound resembling
aluminum chloride in properties. It is well soluble in
organic solvents and water, while it is hydrolyzed. Gal-
lium is not a typical complexing agent, however, many
organometallic complex compounds of gallium chlo-
ride with various ligands have been obtained. Thus, the
simplest complex can be obtained by direct interaction
of chloride with ammonia [32, 33]:

GaCl; + NH3 = [GaC|3'NH3]

It is known that gallium chloride forms adducts
with other nitrogen-containing compounds: pyridine, di-
pyridyl, trimentylamine, etc. The compound [GaCl; PPhs],
which is obtained by interaction with triphenylphosphine,
similar in structure can be obtained with trimethylar-
sine [34].

Based on the literature data [32-34], it can be
assumed that the residual water in the reaction mass
contributed to the partial hydrolysis of gallium chloride
and the formation of HCI, resulting in protonation 1
with the formation of the triazolium cation, the coun-
ter-ion of which was the tetrachlorogallate anion.

GaCls + HCI — H[GaCl4]

N—NH  Gacl, MeOH

/( )\ /Z_g\ [GaCI;le

2

Scheme. Synthesis of 3,5-diamino-1,2,4-triazolium tetrachloro-gallate
Cxema. CuHTe3 TeTpaxiop-rajuiara 3,5-mmamuHo-1,2,4-tpuazomnms

According to the data of X-ray structural anal-
ysis, two crystallographically independent cations and
two anions in compound 3 crystallize in the centrosym-
metric space group of the monoclinic syngony (Fig. 2).

Clai

GalA

Cl2A

{)cu

Clz

Fig. 2. Independent element of the unit cell 3
Puc. 2. He3aBuCHMBIi 21€MEHT 3JIeMEHTapHOM stueiiku 3
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The unit cell of the crystal of compound 3 is
shown in Fig. 3 The tetrachloro-gallate anion is a
slightly distorted tetrahedron, which is typical of struc-
tures of this type.

Fig. 3. Unit cell in crystal 3
Puc. 3. DnemenTapHas sueiika B KpucTaie 3

Triazolium cations are selectively protonated
on the N* and N*A atoms, however, the site of the pre-
dominant positive charge localization is the N2 and
N2A atoms. The latter fact is confirmed by the distri-
bution of bond lengths in the triazole cycle (Table). So,
communication C'=N?, C*=N?A, C2=N?® and C?A=N3A
can only be considered partially delocalized doubles,
and C1-N* CM-N*A C2-N* and C?A-N** — single
bond. A similar distribution of bond lengths in the tria-
zole cycle was observed in other triazole salts [35, 36].

Table
Selected bond lengths for 3
Taoauya. Hexkotopsle JVIMHBI cBsA3eH 1 3
Bond length, A bond length, A
CN!? 1.330(5) CANMA 1.323(5)
C1-N? 1.290(4) CA-N?A 1.298(4)
CL-N* 1.356(4) CA_N*A 1.351(4)
C?-N3 1.293(4) C?A_NSBA 1.293(4)
C?-N* 1.361(4) C?A_N*A 1.362(4)
C?—N° 1.335(5) C?A_NSA 1.337(4)
N2-N3 1.390(3) N2A_N3A 1.388(3)

In addition to the electrostatic interaction of
oppositely charged ions, an developed system of hy-
drogen bonds plays an important role in the stabiliza-
tion of the crystal packing: almost all hydrogen and
chlorine atoms are involved in its formation. Each of
the crystallographically independent cations forms a

W3B. By30B. XumMus u xuM. TexHonorus. 2019. T. 62. Beim. 4



T.B. Kymasposa, E.A. [lanmiosa, FO.A. ITuresa, K.E. Mouanuna, M.B. JImutpues

centrosymmetric dimer due to the intermolecular hy-
drogen bond N>-H?---N® and N?A-H?A---N°A.
Crystal data were obtained using computer
programs: CrysAlis PRO [17], SHELXS97 [18, 19],
Mercury [37], pubCIF [38]. A complete set of X-ray
diffraction data has been placed in the database Cam-
bridge Structural Database (Deposit CCDC 1894815).

CONCLUSIONS

Thus, we obtained a new complex compound
with gallium — tetrachloro-gallate of 3,5-diamino-1,2,4-tri-
azolium, which is characterized by physico-chemical
methods of analysis. The obtained results of X-ray
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