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It has been shown that 2-aryl-[1,2,4]triazolo[1,5-c]-quinazolines under the action of nucleophilic
agents (hydrazine hydrate, sodium hydroxide, sodium methoxide, hydrochloric acid) undergo hydro-
lytic cleavage followed by formation of [2-(3-aryl-1H-1,2,4-triazol-5-yl)-phenyl]lamines. The rational
synthetic protocols for the compounds mentioned above, namely heating in the hydrochloric acid
solution at 90-95°C for 60 min, have been proposed. It has been found that substituents in position 2
of the triazoloquinazoline moiety do not significantly affect duration of the reaction and the yields of
products. Purity and the structure of the compounds synthesized have been proven by the correspond-
ing physico-chemical methods, namely: elemental analysis, LC-MS, 'H, *C NMR-spectrometry and
X-ray structural study. The azole-azole prototropic tautomery has been substantiated using physico-
chemical analytical methods. According to the data obtained in gas or DMSO medium compounds 2
exist as tautomer A or C, while in the crystal lattice the anilines mentioned exist as A-form. It has been
determined that 2-(3-aryl-1H-1,2,4-triazol-5-yl)phenyllamines (2.1, 2.8, 2.14) in the dose of 10 mg/kg
are as good as reference-drugs Metformin (in the doses of 50 and 200 mg/kg) and Gliclazide (in the
dose of 50 mg/kg) by their hypoglycemic activity when assessing specific pharmacological activities

in oral glucose tolerance test (OGTT), rapid insulin and adrenaline test models.

Recent publication describes hydrolytic cleavage of
azole and azine condensed cycles under the action of
nucleophiles [1, 3, 6,4, 9, 11, 12, 15, 17, 20, 25, 26, 28,
29]. It is known that kinetics of the reactions mentioned
depends on basic properties of nucleophilic reagents.
Strong nucleophiles (hydroxides and alkoxides of alkaline
metals, hydrazine hydrate) easily react with the given
substrates in the water or alcohol-water medium for 1 h
and form products with high yields [4, 15, 20, 25, 26,
28, 29]. Moreover, water may play the role of a nucleo-
phile in hydrolytic cleavage reactions. In this case the re-
action proceeds for 1 h and needs acidic catalysis [1, 6].
It has been noted that cleavage of the pyridine cycle of
2-aryl-[1,2,4]triazolo[1,5-c]quinazoline is insufficiently
known in spite of potentially bioactive products of this
transformation. In addition, products of the reactions
mentioned may take a worth place in the process of de-
velopment of approaches for forming new heterocyclic
systems and drug discovery [2, 8, 13, 18, 19, 23, 24].

Moreover, we found reports where the hypoglyce-
mic activity of derivatives of 1,2,4-triazole were described.
Thus, A.K.Mohammed Igbal and co-authors discussed
in their research the hypoglycemic and hypolipidemic
action of novel compounds, which molecules contained

the thiazolidone fragment attached to the triazole cycle
via phenoxyethenthiol “linker” groups [14]. 4-Methyl-3-
(R-phenyl-,1-methyl-1H-indol-4(5)-yl)-5-(R-phenyl-)-
4H-1,2 4-triazoles as selective inhibitors of 11-hydroxy-
steroid dehydrogenase 1 were described as prospective
glucose-lowering agents by Susan D. Aster and co-authors
[7], and “ELI LILLY and COMPANY” applied for patent
series of 2-R,-4-R,-5-alkaryl-(alkheteryl-, aryl-(heteryl-)
oxy-, aryl-(heteryl-)thio-, aryl-(heteryl-)amino-)-2,4-di-
hydro-3H-1,2,4-triazol-3-ones(thiones) with high affini-
ty to nuclear hormonal receptors. They may be used for
treating diabetes, cardiovascular disorders, obesity, X-
syndrome and gastrointestinal disorders [21, 22], etc.

Thus, the aims of the present research were to study
the peculiarities of the given type of the reaction, eluci-
dation of the effect of 0-, m-, p-substituted aryl moiety
in position 2 of [1,2,4]triazolo[ 1,5-c]quinazolines on the
process of the pyrimidine cycle hydrolytic cleavage, as
well as the hypoglycemic action of the compounds syn-
thesized.

Experimental Part

1. Chemistry

1.1. General method. Melting points were determined
in open capillary tubes and were uncorrected. The ele-
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mental analyses (C, H, N, S) were performed using an
ELEMENTAR vario EL Cube analyzer (USA). Analyses
were indicated by the symbols of the elements or func-
tions within +£0.3% of the theoretical values. 'H NMR
spectra (400 MHz) and *C NMR spectra (100 MHz):
were recorded on a Varian-Mercury 400 (Varian Inc.,
Palo Alto, CA, USA) spectrometer with TMS as an in-
ternal standard in DMSO-d, solution. LC-MS were re-
corded using the chromatography/mass spectrometric
system consisting of high performance liquid chroma-
tographer “Agilent 1100 Series” (Agilent, Palo Alto, CA,
USA) equipped with a diode-matrix and a mass-selec-
tive detector “Agilent LC/MSD SL” (atmospheric pres-
sure chemical ionization — APCI). Electron impact mass
spectra (EI-MS) were recorded on a Varian 1200 L in-
strument at 70 eV (Varian, USA).

Substances 1.1-1.16 were synthesized according to
the procedures reported [16]. Other starting materials
and solvents were obtained from commercially avail-
able sources and used without additional purification.

1.2. The general procedure for the synthesis of [2-(3-
aryl-1H-1,2,4-triazole-5-yl)penyl]amines (2.1-2.17). Add
1-2 ml of concentrated hydrochloric acid to 10 mmol
of 2-aryl-[1,2,4]triazole[ 1,5-c]quinazolines (1.1-1.17) in
10 ml of the water-alcohol mixture (1:1). Reflux the mix-
ture obtained for 60 min. Then dilute the mixture with wa-
ter and add 5% solution of sodium acetate to form the solu-
tion with pH 5-6. Filter the precipitates of compounds 2.1-
2.17 and dry. Crystallize the compounds from methanol.

[2-(3-Phenyl-1H-1,2 4-triazole-5-yl)phenylJamine (2.1).
EI-MC, m/z (1, %): 237(15.6), 236(M*. 100), 207(6.0),
119(9.7), 118(21.7), 105(7.0), 104(38.6), 103 (4.0), 91(17.4),
90(7.2), 78(9.0), 77(27.1),63(5.1), 51(9.1).

{2-[3-(2-Bromophenyl)-1H-1,2,4-triazole-5-yl|phe-
nyl}amine (2.4). EI-MC, m/z (1, %): 317(13.2), 316(97.7),
315(12.9), 314(M*. 100), 236(7.4), 198(8.3), 196(9.6),
133(7.2), 131(5.7), 129(8.8), 119(5.8), 118(14.1), 117(6.7),
106(5.5), 105(11.8), 104(92.1), 103(31.2), 102(17.4),
91(14.5), 90(21.8), 89(14.0), 88(7.3), 85(5.4), 79(7.1),
78(22.5), 77(38.3), 76(13.1), 75(8.0), 65(9.2), 64(7.9),
63(11.6), 62(6.1), 52(7.0), 51(15.5).

{2-[3-(2-Methoxyphenyl)-1H-1,2 4-triazole-5-yl]phe-
nyl}amine (2.6). EI-MC, m/z (1, %): 267(16.9), 266(M ™.
100), 265(8.2), 252(8.1), 248(6.3), 237(6.7), 236(9.3),
223(10.0) 146(9.3), 133(6.6), 132(5.5), 119(24.3), 118(35.9),
105(19.6), 104(48.6), 103(5.8), 102(5.1),92(5.8),91(19.1),
90(9.2), 85(9.1), 83(11.8), 79(7.4), 78(16.1), 77(38.8),
76(6.6), 65(8.6), 64(6.1), 63(6.4), 51(15.5).

{2-[3-(4-Methylphenyl)-1H-1,2,4-triazole-5-yl|phe-
nyl}amine (2.12). EI-MC, m/z (1., %): 251(16.3), 250(M*".
100), 221(7.8), 133(7.3), 132(18.8), 131(11.8), 119 (1.8),
118(7.2), 105(9.9), 104(49.6), 91(20.3), 90(5.3), 78(12.4),
77(18.5), 65(7.5), 51(7.7); EI-MC. m/z (I.,,. %) =267(18.5),
266(M*. 100), 223(7.0), 148(10.5), 133(30.5), 119(5.6),
118(5.2), 105(17.9), 104(40.5), 91(8.1), 90(5.8), 78(12.6),
77(16.3), 76(5.7), 65(5.4), 63(5.1), 51(9.4).

{2-[3-(4-Fluorophenyl)-1H-1,2,4-triazole-5-yl|phe-
nyl}amine (2.13). EI-MC, m/z (I, %) =255(15,0), 254(M*,
100), 137(9,5), 136(19,6), 109(18,4), 105(8,0), 104(36,9),
95(10,1), 78(9,3), 77(13,2), 51(6,8).

{2-[3-(4-Chlorophenyl)-1H-1,2,4-triazole-5-yl|phe-
nyl}amine (2.14). EI-MC, m/z (I, %): 272(37.9), 271(14.1),
270(M*. 100), 154(9.6), 153(9.3), 152(21.8), 129(4.4),
127(5.3), 125(15.7), 119(7.2), 118(8.3), 111(11.2), 105(12.6),
104(63.4), 103(8.6), 102(7.5), 91(10), 90(19.1), 89(7.6),
85(8.3), 83(6.3), 79(6.6), 78(17.1), 77(26.6), 76(8.3), 75(10.7),
71(5.5), 69(9.4), 65(6.2), 63(9.8), 57(8.1), 55(6.2), 52(6.2),
51(10.8).

(2-{3-[4-(Trifluoromethyl)phenyl]-1H-1,2,4-triazo-
le-5-yl]phenyl}amine (2.16). EI-MC, m/z (1, %) =
305(17.5), 304(M™. 100), 187(10.1), 186(10.7), 145(9.5),
119(8.3), 118(11.2), 105(9.0), 104(51.4), 78(13.4), 77(20.0),
65(5.2), 51(10.2).

{2-[3-(4-Methoxyphenyl)-1H-1,2 4-triazole-5-yl]phe-
nyl}amine (2.17). EI-MC, m/z (1., %): 267(18.5), 266(M™*".
100), 223(7.0), 148(10.5), 133(30.5), 119(5.6), 118(5.2),
105(17.9), 104(40.5), 91(8.1), 90(5.8), 78(12.6), 77(16.3),
76(5.7), 65(5.4), 63(5.1), 51(9.4).

1.3. X-Ray diffraction study of 2.16. The colourless
crystals of 2.16 (C,;H,,N,F,) are orthorhombic. At 293 K
a=7.745(2), b=11.435(2), c=30.528(7) A, V=2704(1) A,
Mr=304.28, Z =8, space group Pbca, d_,. = 1.495 g/cm’,
wW(MoK,) = 0.122 mm™', F(000) = 1248. Intensities of
16607 reflections (2380 independent, R, =0.194) were
measured on a “Xcalibur-3” diffractometer (graphite mono-
chromated MoK, radiation, CCD detector, m-scaning,
20max = 50°). The structure was solved by the direct
method using SHELXTL package [27]. Positions of the
hydrogen atoms were located from electron density dif-
ference maps and refined by the “riding” model with
U,, = 1.2U,, of the carrier atom. The hydrogen atoms
of the amino and NH groups were refined in isotropic
approximation. Full-matrix least-squares refinement against
F? in anisotropic approximation for non-hydrogen atoms
using 2354 reflections was converged to wR, = 0.191
(R, =0.068 for 927 reflections with F>4c(F), S = 0.869).
The final atomic coordinates and crystallographic data
for molecule 2.16 were deposited from the Cambridge
Crystallographic Data Centre, 12 Union Road, CB2 1EZ, UK
(fax: +44-1223-336033; e-mail: deposit@ccdc.cam.ac.uk).
They are available on request quoting the deposition
numbers CCDC 1029407.

2. Pharmacology

2.1. Hypoglycemia activity test. The study of the hypo-
glycemic action was conducted using 120 male Wistar
white rats (with the weight of 260-280 g., aged 3.5 months)
from nursery of PE “Biomodelservice” (Kyiv, Ukraine).
Experiments on animals were done according to bioethic
principles [10]. Selected after quarantine the animals
were divided by random sampling in groups of 6 male
rats on the assumption of the absence of the external
signs of diseases and homogeneity by weight (£15%).
Experimental animals were not fed within 12 h before
introduction of the compounds studied. The weight of
all animals was measured before the experiments. The
compounds studied were injected intragastrically using
atraumatic probe as the water solution or a finely dis-
persed suspension stabilized by Tween 80 in the dose of
10 mg/kg. Intact and control groups received equivalent
volumes of water by the same way. The hypoglycemic
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Scheme. Hydrolytic cleavage of the pyrimidine ring in 2-aryl-[1,2,4]triazolo[1,5-c]-quinazolines
and tautomeric transformation of [2-(3-aryl[1,2,4]triazol-5-yl)phenyl]lamines.

action of the compounds synthesized was evaluated by
changes in the glucose level before and after injection
of the compounds studied. Measurements of the glucose
level were carried out in 2, 4, 6 and 8 h after injection.

The primary insulin resistance was induced by a
daily intramuscular injection of glucocorticoid, namely
dexamethasone, in the dose of 0.125 mg/kg for 13 days
[5, 30]. The state of glucose homeostasis was evaluated
by values of basal glycemia and carbohydrate tolerance
determined by the oral test for glucose tolerance, rapid
insulin test and adrenaline test [5, 30]. Metformin in the
doses of 50 and 200 mg/kg and Gliclazide in the dose
of 50 mg/kg were used as reference drugs.

Statistical analysis was performed using a standard
software complex, namely “Microsoft Office Excel 2003”
and “STATISTICA® for Windows 6.0” (StatSoft Inc.,
Ne AXXR712D833214FANS). For each estimated value
in the arithmetic mean (M), and in the standard error
of the mean (+m) were determined. During verification
of statistical hypotheses, in the null hypothesis was re-
jected if in the statistical criterion p<0.05.

Results and Discussion

1. Chemistry. It was found that hydrolytic cleavage
of 2-aryl-[1,2,4]triazolo[1,5-c]-quinazolines (1.1-1.17)
occurred in the alcohol-water mixture medium in the
presence of hydrochloric acid at 90-95°C for 60 min
with the yields of 89.6-99.2% (Scheme). The synthetic
protocols proposed are optimal for preparation of target
compounds, while using hydrazine hydrate, sodium hy-
droxide and sodium methylate as reagents resulted not
only in 2.1-2.17, but in products of greater decomposi-
tion of the initial molecule. Increase of the process time
did not affect the yields of 2.1-2.17. As we considered,
protonation of Ng-atom, which caused increase of the
positive charge at C,-atom, was significant for hydro-
lytic cleavage process. An adduct formed easily added
the molecule of water (nucleophile), and it resulted in
cleavage of N(4)—C(5) bond, and followed by the nu-
cleophilic attack of another molecule of water leading
to elimination of formic acid and formation of 2.1-2.17.
We also noted that in the conditions proposed there was
no significant effect of the substituent’s nature in posi-
tion 2 of the triazoloquinazoline system on duration of
the reaction and yields of final products.

Purity and the structure of the compounds synthesi-
zed were proven by the corresponding physico-chemical
methods, namely: IR, 'H and '3C NMR, mass-spectro-
metry and X-ray structural analysis. In LC-MS spectra

of 2.1-2.17 the high-intensive signals of quasi-molecu-
lar ions [M+1] and [M+2] corresponding to the calcula-
ted molecular weight were observed and definitely pro-
ved the fact of the pyrimidine cycle cleavage of the py-
rimidine fragment in 1.1-1.17 (Tab. 1).

In '"H NMR-spectra of compounds 2.1-2.17 the sig-
nals of aromatic protons of the aniline fragment with the
proper chemical shift and multiplicity were observed,
namely: doublet H* at 8.11-7.78 ppm, triplet H* — 6.96-
6.51 ppm, triplet H> — 7.57-7.08 ppm, doublet H® — 7.16-
6.74 ppm (Table 2). Chemical shifts of the aryl frag-
ment in position 3 depended on the position and the na-
ture of substituents and were registered at 8.41-7.02 ppm.
Among the peculiarities of "H NMR-spectra for 2.1-2.17
the signals caused by the presence of NH,-group were
observed. Thus, the signals mentioned were present as
a broad singlet at 6.75-6.26 ppm (2.1-2.3, 2.6-2.9, 2.12,
2.14, 2.16) or absent (2.4, 2.5, 2.10, 2.11, 2.13, 2.15,
2.17) as the result of exchange processes caused by pro-
totropic azol-azol tautomery in 2.1-2.17 (Scheme). The
absence (2.8, 2.11,2.12,2.14, 2.15,2.17), doubling (2.1)
or broadening (2.2-2.7, 2.9, 2.10, 2.13, 2.16) of signal
caused by NH-proton of the triazole cycle may be also
explained by the abovementioned phenomenon. Thus,
[2-(3-R-[1,2,4]triazol-5-yl)phenyl]amines (2.1-2.17) in
DMSO-d° are subjected to tautomery and may exist as
2H (A), 1H (C) and 4H (B) forms (Scheme).

For additional verification of the structure of the
compounds synthesized, as well as for tautomeric pro-
cesses *C NMR-spectra were studied (Table 3). Signal
correlations were carried out using the DEPT-method.
It was found that signals caused by C* and C° atoms of
the triazole cycle in molecules 2.1-2.17 were observed
as broad singlets at 162.81-158.10 ppm and 158.86-
150.79 ppm. It proves tautomeric transitions in DMSO-d®
solutions. Besides, the signal of the atom of the aniline
fragment deshielded as a result of the electron effect of
the amino group C! proves hydrolytic cleavage of the
pyrimidine cycle.

Mass-spectra (EI) of compounds (2.1, 2.4, 2.6, 2.12,
2.13,2.14, 2.16, 2.17) were characterized by high mo-
lecular ions [M]". It is important to note that a donor
or acceptor affecting the aryl substituent in position 2
had a significant influence on the directions of fragmen-
tation. Thus, for compounds containing a donor sub-
stituent (2.1, 2.6, 2.12, 2.17) two parallel directions of
fragmentation were observed. The first one was caused
by breaking N(2)-C(3) and C(5)-N(1) bonds followed
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Table 1
The physico-chemical data of [2-(3-aryl-1H-1,2,4-triazol-5-yl)phenyl]amine (2.1-2.17)
. Calculated Molecular
o, 0, ’ 0, -
Compd. R M.p..°C Yield, % N (%) formula Found, N (%) LC-MS, m/z
2.1 H 188-190 99.2 23.71 C.HN, 23.73 237 [M+1], 238 [M+2]
22 2-F 195-197 89.6 22.04 C.H, FN, 22.07 255 [M+1], 256 [M+2]
2.3 2-Cl 156-158 92.8 20.70 C,,H,,CIN, 20.73 271 [M+1], 273 [M+3], 274 [M+4]
24 2-Br | 143-145 92.9 17.78 C,.H,BrN, 17.75 316 [M+1], 317 [M+2]
25 2-CF, | 201-203 90.7 18.41 C,;H, N, 18.38 305 [M+1], 306 [M+2]
26 | 2-OCH, | 135-136 90.6 21.04 C,.H,.N,0 21.06 267 [M+1], 268 [M+2]
2.7 3-F 215-217 938 22,04 C.H, FN, 22,01 255 [M+1], 256 [M+2]
2.8 3-Cl 196-197 955 20.70 C..H,CIN, 20.67 271 [M+1], 273 [M+3], 274 [M+4]
2.9 3-Br | 196-197 96.6 17.78 C,.H, BN, 17.81 316 [M+1], 317 [M+2]
210 | 3-CF, | 237-239 94.2 18.41 C,.H, F.N, 18.45 305 [M+1], 306 [M+2]
211 | 3-0CH, | 177-179 95.5 21.04 C,.H,.N,0 21.09 267 [M+1], 268 [M+2]
2.12 4-CH, 166-168 97.6 22.38 CsHN, 22.35 251 [M+1], 252 [M+2]
2.13 4-F 209-211 93.4 22.04 C,H,.FN, 22.01 255 [M+1], 256 [M+2]
2.14 4-Cl | 289-291 97.3 20.70 C,H,CIN, 2073 271 [M+1], 273 [M+3], 274 [M+4]
2.15 4-Br 216-218 98.4 17.78 C,,H,,BrN, 17.76 305 [M+1], 306 [M+2]
2.16 4-CF, 252-253 94.1 18.41 CsHy FN, 18.39 305 [M+1], 306 [M+2]
217 | 4-OCH, | 206-207 913 21.04 C,.H,.N,0 21.01 267 [M+1], 268 [M+2]
Table 2
'"H NMR-spectra of [2-(3-aryl-1H-1,2,4-triazole-5-yl)phenyl]amine (2.1-2.17)
'HNMR, & ,J(H
Compd. (ppm), J (Hz)
NH (bs) H-3, (d) H-5, (t) H-6, (d) [ NH,(bs) | H-4,(t) 3-Ar
2.1 14.48/14.20 7.78(7.7) 7.14(7.5) 6.83(7.7)| 6.72 |6.63(7.4)|8.09(d,7.0,2H,H-2",6"),7.49 (m, 3H, H-3'4’5")
8.11 (t,J=7.3 Hz, 1H, H-6"), 7.50 (bs, TH, H-4"),
2.2 14.36 7.87 7.15(7.2) 6.85(8.1)| 6.75 [6.65(7.3) 7.35 (m, 2H, H-3". 5')
7.33-7.22(m, 7.92(d,J=6.7Hz, 1H,H-6"),7.43 (d,/J=7.4 Hz,
23 1391 780(7.2) | S G ey |674@81)| 626 |658(7.3)| 1 LG0T 0a e I 73 Ha M, 15
24 14.40 8.07-7.69 (m, 7.14 (6.6) 6.82(8.0)| 6.76 [6.63(7.3)|7.60-7.27 (m,2H, H-3", H-4")
. . 31, H3 H3 69| 7146 82 (8. : 63(7.3)|7. : ,2H, H-3,
2.5 14.49 7.84 (m, 4H, H-3,H-3°5"6"), 7.17 (t, 1H, H-4°), 6.74 (m, 3H, H-4,5,6)
8.24(d,J=6.9 Hz, 1H, H-6"), 7.05 (m, 3H, H-3",
2.6 13.54 8.05 (7.5) 737 (7.7) 6.75(8.1)| 6.29 |[6.59(7.4) 4,5Y),3.98 (s, 3H, OCH,)
7.83 (m, 2H, H-2,6"), 7.54 (dd, J= 13.8, 7.2 Hz,
2.7 14.42 7.94(7.5) 7.14(7.2) 6.84(8.1)| 6.71 |6.62(7.2) 1H, H-5"), 7.26 (t, J = 8.0 Hz, 1H, H-4")
8.10 (s, TH, H-2"),8.06 (d, J =
28 - 7.88(7.8) 70176 [682(82)| 671 [660(74) 55> e S o s
8.24 (s, 1H,H-2)),8.08 (d, J = 7.7 Hz, TH, H-6),
29 14.15 7.75(6.2) 7.08(72) |6.79(7.8)| 626 |6.59(7.3)|7.49(d,J=6.8Hz, 1H,H-4),7.35(t J=7.5Hz,
1H, H-5")
210 [1461/1430] OVeTaPSON | 4370 les3(72)| - 661 (74|54 - 830(m 2H H-2.61,7.70 (m, 3H, H-3,
3-Ar H-4',5")
7.64(d,J=7.6 Hz, TH,H-6'), 7.59 (s, TH, H-2"),
2.11 - 7.83(5.8) 7.08 (7.5) 6.94 (8.0) - 6.59(7.4)|7.36(t,J=79Hz 1H,H-5"),6.79 (d,/=8.1 Hz,
1H, H-4"), 3.83 (s, 3H, OCH,)
Overlaps on 8.03 (m, 3H, H-3,H-2",6"),7.33 (d,/J=7.2 Hz,
2.12 - 3-Ar 7.25(6.9) 7.06(7.4)| 6.22 |6.88(6.9) 2H, H-3',5"), 2.37 (s, 3H, CH.)
8.13(t,J=6.7Hz,2H,H-2°,6"),7.34 (t, /=
2.13 14.36 7.83(7.3) 7.15(7.3) 6.85 (7.8) - 6.64 (7.0) 7.7 Hz 2H, H-3'5")
8.30(d,J=7.1Hz 2H,H-2'6"),7.85(d, 2H, J =
2.14 - 8.11(7.0) 7.57(7.0) 7.16 (7.0) 6.84-6.63 7.1 Hz, 2H, H-3'5")
7.85(d,J=8.0Hz, 2H,H-2",6"),7.66 (d, J =
2.15 - 7.62 (8.0) 7.15(7.3) 6.85 (8.0) - 6.63 (7.3) 7.9 Hz, 2H, H-3',5Y)
216 |14.60/14.23 Ove;'jfrs " | 71176 |682(75)| 673 [660(7.4) ﬁ'_z.f go\'sj =80Hz2H, H-2'6), 7.74 (m, 3H, H-3,
8.10(d,J=8.4Hz 2H,H-2,6),7.09(d, J =
217 - 8.04 (7.6) 7.29(7.5) 7.13(7.9) - 6.96 (7.0) 8.5 Hz, 2H, H-3',5"), 3.83 (s, 3H, OCH,)
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Table 3

BC NMR-spectra of [2-(3-aryl-1H-1,2,4-triazole-5-yl)phenyl]amine (2.1-2.17)

'g_ BCNMR, & (ppm), J (Hz)
IS triaz. | triaz.
S| | c1 | o5 | 3| cal| ce | C2 3-Ar
21 | 160.73 | 154.13 | 147.44 | 12920 | 126.44 | 11650 | 115.28 | 108.96 | 131.40 (C-1,3,4,5), 127.47 (C-2,6)
22 [162.81|154.66 | 146.83 | 129.72 | 124.59 | 116.02 | 115.16 | 109.26 ﬁz'gg EC 2)) 131.12(C-5),130.32 (C-4), 127.18 (C-6),
23 [161.74|156.78 | 147.02 | 131.47 | 126.83 | 116.55 | 115.81 | 100.90 | 13248 (C-2), 13064 (C-1, 3), 130.44 (C-6), 130.00 (C-4),
127.57 (C-5)
133.54 (C-3), 131.54 (C-1), 131.27 (C-5), 131.01 (C-6),
24 |159.40 15454 | 146.80 [ 130.33 | 126.99 | 116,01 | 115,11 107.95 | 15320 0 1500 )
132.27 (C-5), 132.06 (C-2), 130.81 (C-4), 130.30 (C-1),
25 | 15689 | 154,83 | 147.10| 13144 | 12654 | 11614 | 115.07 | 107.37 | 13000 2 1380 b 1 (o 276.0 o, CF)
15645 (C-2), 129.14 (C-6), 128.91 (C-4), 127.93 (C-5),
26 [160.58 | 150.79 | 14633 | 13071 12030 | 115.53 | 115.03 | 11280 | 17250 313097 3 g2 e (oen )
162.88 (C-3), 133.00 (C-5), 131,34 (C-1), 122.43 (C-6),
27 | 158.10{ 154.18 | 147.50 | 13097 | 127.65| 116,60 | 115,60 [ 109.28 | 15250 <3 13508 ()
134.01 (C-3), 132.99 (C-1), 130.61 (C-5), 129.17 (C-2),
28 | 15815 | 15765 | 147.40 | 13112 | 12586 | 11646 [ 11556 [110.02 | 15707 (2 12220
134.12 (C-1), 130,68 (C-5), 130.46 (C-2), 129.04 (C-4),
29 |159.32 15584 147.28 | 13158 [ 12733 | 116,53 | 11556 [ 108.54 | 15512 (<4 15000 )
13027 (C-1), 129.79 (C-5), 129.33 (C-6), 124.99 (C-4),
21015893 | 155.64 | 146.96| 132.10| 126.86 [ 116.06 | 115.04| 107.83 | 13552 (315502 ()
159.87 (C-3), 130.05 (C-1, 5), 118.81 (C-6), 115.69 (C-4),
217|161.50{ 15415 | 147.09 | 13042 127.79 | 116.50| 115.35| 10857 | 117'eg <) 52,43 (00H)
212157.36| 15259 [ 142.28 | 130.12 | 127.57 [ 118.37| 11339 | 110,64 | 13931 (C-4),130.12(C-1), 12932 (C-3,5), 126.03 (C-2,6),
2091 (CH,)
213 | 159.35 | 155.65 | 146.72 | 130.02 | 127.17 | 116.11 | 115.26 | 108.00 | 162.68 (C-4), 130.45 (C-1), 128.09 (C-2,6), 115.70 (C-3,5)
214 |161.94 | 157.48 | 146.98 | 130.48 | 125.65 | 116.05 | 115.00 | 108.76 | 134.10 (C-1, 4), 128.81 (C-3,5), 126.41 (C-2,6)
215 | 162.65 | 158.86 | 146.74 | 130.87 | 124.77 | 116.14 | 115.23 | 110.90 | 131.49 (C-3,5), 131.14 (C-2,6), 129.88 (C-1), 122.00 (C-4)
216 |160.38 | 155.44 | 146.81 13033 | 126.74 [ 116.08 | 114.96 | 107.78 | 13789 (C:1),128.52(C-4), 127.62 (C-3,5), 125.29 (Ph C-2,6),
124.25 (CF,)
21715856 | 157.08 | 141.31 | 130.60 | 119.67 | 114.86 | 114.73 | 110.02 | 161.05 (C-4), 128.26 (C-2,6), 121.24/120.53 (C-1), 55.74 (OCH,)

by formation of [M—N,|* fragmental ion; the second one
by breaking N(1)-N(2) and C(3)-N(4) followed by for-
mation of [M—o-NH,C,H,CN]" ion (m/z 118). At the
same time for compounds with an electron acceptor sub-
stituent (2.4, 2.13, 2.14, 2.16) only fragmentation by
N(1)-N(2) and C(3)-N(4) bonds followed by formation
of [M—o-NH,C,H,CN]™ ion (m/z 118) was typical. More-
over, all compounds studied formed [M—o-NH,C,H,-CHN]"~
ion (m/z 119). As we consider, formation of alternative
ions with m/z 119 and 118 may be explained by exis-
tence of 1,2,4-triazol in the gas phase as two tautomer
forms (A and C).

The spectral data of 10.1-10.6 presented allowed to
prove the structure of the given compounds, but for un-
deniable elucidation of the nature of the molecule for-
med, as well as for clarification of a tautomeric form
in the crystal state the X-ray structural study for com-
pound 2.15 was used.

All non-hydrogen atoms of molecule 2.15 with the
exception of fluorine atoms lie in the plane within 0.02 A
(Fig. 1). Planar conformation is stabilized by the N4-
H4NDb...N3 intramolecular hydrogen bond (H...N 2.05
A N-H...N 126°) and the H14...N1 and H10...N3 at-
tractive interactions (H...N are 2.59 A and 2.60 A, re-
spectively, compared to the van der Waals radii sum [31]

2.67 A); it may not be considered as hydrogen bonds
due to too small bond angles (99° and 101°, respecti-
vely, Fig. 1). In the crystal phase molecules 2.15 form
corrugated chains along the [0 1 0] crystallographic di-
rection due to formation of N2-H...N4’ (0.5-x, y-0.5, z)
H...N 2.01 A N-H...N 161°. The participation of the
lone pair of the N4 atom in this hydrogen bond results
in pyramidal configuration of the amino group (the sum
of bond angles centered at the N4 atom is 335°). The
neighbouring chains are bonded by the N4-H4Na...N1’
(-x, 0.5+y, 0.5-z) intermolecular hydrogen bond (H...N
2.43 AN-H...N 135°).

Thus, it was shown that 2-aryl-[1,2,4]triazolo[ 1,5-
c]quinazolines under the action of nucleophilic agents

Fig. 1. The molecular structure of compound 2.15 according
to X-ray diffraction data.
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Fig. 2. The results of studying the hypoglycemic activity
of [2-(3-phenyl-(2.1) 3-(2-R-phenyl)-(2.2-2.6)-1H-[1,2,4]triazolo-5-yl)phenyllamines.
6.5 —e— Intact
6 —— 21
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Fig. 3. The results of studying the hypoglycemic activity

of [2-(3-phenyl- (2.1) 3-(3-R-phenyl)-(2.7-2.11)-1H-[1,2,4]triazolo-5-yl)phenyl]lamines.

undergo hydrolytic cleavage followed by formation of
[2-(3-aryl-1H-1,2,4-triazol-5-yl)phenyl]amines. The pro-
totropic azole-azole tautomery has been also proven us-
ing physicochemical methods. We noted that the com-
pounds synthesized exist as A-forms in crystals and as
the equilibrium system of A and C-forms in dimethyl-
sulfoxide solutions and the gas phase.

2.2. Hypoglycemic activity

The results of the preliminary hypoglycemic activi-
ty assay are presented in Fig. 2-4. Thus, [2-(3-phenyl-
1H-[1,2,4]triazolo-5-yl)phenyl]amine (2.1) decreases the
blood glucose level of normoglycemic rats within the
whole experiment. The glucose level was also lowered
by injection of compounds 2.2, 2.3 and 2.5 containing
fluorine, chlorine and trifluormethyl substituents in po-
sition 2 of the 3-phenyl fragment (Fig. 2). At the same

time compounds containing 2-bromphenyl (2.4) and
2-methoxyphenyl (2.6) moieties in position 3 of the tri-
azole cycle increased the glucose level within the whole
experiment.

Translocation of substituents in the phenyl moiety
from o- (compounds 2.2-2.6) to m- (2.7-2.11) position
significantly changes the action of compounds (Fig. 3).
Thus, most effective glucose lowering agents were com-
pounds 2.8 and 2.9 containing chlorine and bromine. At the
same time compounds with 3-fluoro- (2.7), 3-trifluoro-
methyl (2.10) and 3-methoxyphenyl (2.11) increased the
blood glucose level.

Further modification of the compounds synthesized,
namely translocation of substituents of the phenyl moi-
ety from position 3 (2.7-2.11) to position 4 (2.12-2.17),
also led to ambiguous results. Experimental data have

6.5 —— Intact
6 \ . B 21
5.5 \.\ —A— 212
| & |

. \&*y/ o 213
4.5 N 214
4 % —@— 215
35 S ¢ —e— 216
3
25 — %4
2

Initial level 2h 4h 6h 8h

Fig. 4. The results of studying the hypoglycemic activity

of [2-(3-phenyl-(2.1) 3-(4-R-phenyl)-(2.12-2.16)-1H-[1,2,4]triazolo-5-yl)phenyllamines.



ISSN 1562-7241

NEWS OF PHARMACY 3(83)2015 15

Table 4

Results of the specific pharmacologic action evaluation of the compounds synthesized
(oral test for glucose tolerance)

Initial Glucose Glucose Glucose Glucose
Compd. glucose levelin | %increase | levelin | %increase | levelin | %increase | levelin | % increase
level 15 min 30 min 60 min 120 min
Control 5.94+0.1 7.7+0.3 30.5+4.4 8.7+£0.2 47.3+2 9.4+0.1 58.6x+4.7 6.8+0.2 15.7+2.2
Intact 5.6+0.3 7.5+0.3 35.6%6.2 7.8£0.4 39.9£7.9 6.8+0.3 23.3+7.7° 5.5+0.2 -0.03+6.4°
Metformin 200 | 5.5+0.2 6.8+0.1 22.9+2.2 7.5+0.1 37.0+2.9° 7.1+0.2 29.6+1.7° 6.7+0.3 | 22.2+1.8®
Metformin 50 5.5+0.3 6.1+£0.5 9.3+2.7° 7.4%0.5 33.0+1.5° 7.620.6 36.5+4.2° 5.9+0.4 5.9+3.0°
Gliclazide 50 5.7+0.1 7.7+0.1 34.5+4.8 7.920.1 37.3+£3.0° 7.3£0.3 27.8+3.02° 6.2+0.1 7.7£3.1
2.1 5.3%0.1 7.1£0.1 34.8+1.8 8.1+0.1 52.6+2.3 7.1£0.2 34.9+3.3° 6.1+£0.3 15.1+4.5
2.8 6.1+0.1 7.4+0.1 20.8+0.9 8.3+0.7 35.74+8.8 6.9+0.1 13.7+0.8° 6.7+0.2 9.3+2.2
2.12 5.6+0.5 8.1+0.4 46.4+8.4 8.7+£0.6 55.9+4.6 9.3+0.7 66.415.3 7.7+0.5 38.6+5.7°
2.14 5.5+0.1 7.0£0.3 27.7+3.7 7.5£0.5 36.1£6.5 7.7+0.3 39.3+3.6° 5.8+0.2 5.4+12
@ significant differences (p<0.05) compared to the control group of rats;
b significant differences (p<0.05) compared to the intact group of rats.
shown that some compounds (2.12, 2.14) significantly Table 5

decrease the level of glucose, but other 2.13, 2.15 and
2.16 have quite opposite type of action (Fig. 4).

Thus, the preliminary screening conducted showed
that among the compounds synthesized the most ac-
tive were 2.1, 2.8, 2.12, 2.14. It was found that anilines
2.8 and 2.12 in the phenyl moiety contained a chlorine
atom. At the next stage of our investigation the hypo-
glycemic action of compounds 2.1, 2.8, 2.12, 2.14 was
studied using the glucocorticoid-induced insulin resis-
tance model. Resistance to insulin was formed by the
injection of dexamethasone.

Evaluation of the specific hypoglycemic action (oral
test for glucose tolerance) in conditions of glucocorti-
coid-induced insulin resistance showed that compounds
2.1,2.8, 2.14 exhibited the hypoglycemic action, which
was comparable to the activity of the reference-drugs
“Metformin” (in the doses of 50 and 200 mg/kg) and
Gliclazide (in the dose of 50 mg/kg, Tab. 4). At the same
time compound 2.12 was inactive in the assay mentioned.

Further investigation of compounds 2.1, 2.8, 2.12,
2.14 in rats with glucocorticoid-induced insulin resis-
tance using the rapid insulin test (Tab. 5) allowed to

Results of the specific pharmacologic action evaluation
of the compounds synthesized (rapid insulin test)

-, % decrease
Initial glucose | Glucose level
Compounds . - of the glucose
level in 30 min
level

Control 5.7+0.2 4.3+0.1 -24.6+1.1°
Intact 5.7+0.1 2.3£0.1 -60.4£0.9°
Metformin 200 5.6+0.2 3.6x0.1 -34,6+3.7%
Metformin 50 5.2+0.2 3.7£0.2 -29.8+3.3°
Gliclazide 50 5.4+0.2 3.5+0.2 -34.94+2.8%®
2.1 5.4+0.2 4.0+0.1 -25.7+3.6°
2.8 5.0+£0.5 3.6£0.8 -45.4+1.3%
2.12 5.0+0.3 3.3£0.2 -27.3+2.8°
2.14 5.4+0.4 3.2+0.1 -40.4+3.7%

@ — significant differences (p<0.05) compared to the control group
of rats; ® - significant differences (p<0.05) compared to the intact
group of rats.

obtain results, which were concordant with the data of
the previous experiments and showed that compounds
2.8 and 2.14 exhibited the hypoglycemic action at the

Table 6

Results of the specific pharmacologic action evaluation of the compounds synthesized (adrenaline test)

Compounds Initial glucose level Gl'ucose Igvel % increase of the Gl'ucose Igvel % increase of the
in 30 min glucose level in 30 min glucose level
Control 5.1£0.1 12.4+£0.5 144.2+7.9° 16.7£0.2 228.9+6.1°
Intact 5.6+0.2 11.5+0.4 104.8+2.72 13.7+£0.6 144.34£5.7°
Metformin 200 6.7+£0.2 9.6+0.2 42.2+2.8%® 10.9+0.1 63.3+4.9%
Metformin 50 5.5+0.1 6.7£0.2 21.2+3.1% 10.6%0.2 92.2+4.9%
Gliclazide 50 6.0£0.1 7.7+£0.2 28.4+5.9% 10.1£0.2 66.4+4.4%
2.1 5.1+0.1 9.8+0.3 93.4+1.8% 8.8+0.7 73.5+10.3%
2.8 6.4+0.1 7.9+0.3 23.54+2.9% 9.2+0.4 43.8+2.8%
2.12 7.1£04 13.8+2.4 94.5+24.4 17.5+3.3 147.3+£33.8
2.14 6.3+0.3 9.4+0.5 50.5+12.9% 12.2+0.7 93.9+5.2%

2 - significant differences (p<0.05) compared to the control group of rats; ® - significant differences (p<0.05) compared to the intact

group of rats.
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level similar to the reference drugs. Thus, the hypogly-
cemic activity of [2-(3-chloro-1H-[1,2,4]-triazole-5-yl)
phenyl]aniline (2.8) exceeded the action of Gliclazide
by 10.5-15.6%.

We noted that [2-(3-chloro-1H-[1,2,4]-triazole-5-yl)
phenyl]amine (2.8) exhibited a high hypoglycemic ac-
tivity in rats with glucocorticoid-induced insulin resist-
ance using the adrenaline test. Thus, compound 2.8 ex-
ceeded the action of the reference drugs by 19.5-48.4%
(Tab. 6).

CONCLUSIONS

According to the data of the specific pharmacologic
action evaluation of the compounds synthesized (oral
test for glucose tolerance, rapid insulin test and adrenaline
test) the hypoglycemic action of 2-(3-aryl-H-1,2 4-tria-
zol-5-yl)phenyl]amines (2.1, 2.14) in the dose of 10 mg/kg
is not inferior to the action of the reference drugs Met-
formin (in the doses of 50 and 200 mg/kg) and Gliclazide
(in the dose of 50 mg/kg), moreover compound 2.8 ex-
ceeds the activity of the drugs mentioned above.
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rigPONITUYHE POILWEMMNEHHA NIPUMIOUHOBOIO LIUKNY

B 2-APUN-[1,2,4]TPUA30IO[1,5-c]XIHA3ONIHAX: ®ISUKO-XIMIYHI BMTACTUBOCTI

TA NNOMIKEMIYHA AKTUBHICTb CUHTE3OBAHUX CMOJTYK

C.B.XonodHsik, K.lN.lla6enbHuk, I.O.XepHosa, T.FO.Cepzeeega, B.B.Is4yk, O.F0.Bocko6OUHIK,
C.l.KoeaneHko, C.[.TpxeuyuHckul, C.I.Okoeumud, C.B.lluwkiHa

Knroyoei cnoea: 2-apun-[1,2,4Jmpuasonof1,5-c]xiHasoniHu; 2i0posimu4yHe po3uWenieHHs;
2inoanikemiyHa akmugHicmb

lNokasaHo, wo 2-apurn-[1,2,4Jmpuasono[1,5-c]xiHa3orniHu nid Gicto HyKneoginbHUX peaceHmis (2idpa3uH
eidpam, 2idpokcud abo menunam Hampito, Kucrioma xsopucmogolOHesa) niddarombcs 2i0ponimu4yHoO-
My PO3WENIEHHIO 3 yMBOPeHHsM 2-(3-apun-1H-1,2,4-mpua3on-5-in)gpeHinjamirie. 3anponoHosaHi
onmumarsibHi yMO8U CUHME3y: X/I0pucmogo0Hes8a Kucsioma, crnupmo-8o0He cepedosuwie, memrie-
pamypa 90-95°C, mpusanicmb 60 xeunuH. BcmaHogerieHo, wo 3a 3arpornoHO8aHUX yMO8 CUuHmMe3sy
He criocmepizaembCsi Cymmeego20 8riugy 3aMiCHUKa MOSIOXKEHHS 2 mpua30s1oXiHa30/1iHo8020 UUKITY
Ha mpusarnicmb peakuyii ma sauxodu KiHyesux rpodykmig. IHOugidyarnbHICMb CUHME308aHUX COMYK
nidmeepoxxeHa xpomamomac-criekmpomempieto, bydosa — enneMmeHmHumM aHanizom, 'H, *C AMP-,
mac-criekmpamMu ma PeHmaeHOCmpPYKMypHUM aHasizoM. 3a 00rnoMo2or (hi3uKo-XiMivHUX Memodie
0bz2pyHmoesaHa a3os1-a30/ibHa (MPomomporHa) maymomepis CUHMe308aHuX crosyk. [Toka3aHo, wo
8 posduHax [MCO ma ea3zoeil ¢pasi 2-(3-apun-1H-1,2,4-mpua3on-5-in)¢beHinjamiHu nepegaxHo ic-
Hytomb y guanadi A ma C-¢popm, modi Sk y KpucmaniyHit pewimuyj icHytomes y euansidi A-¢gpopmu.
BcmaHoeneHo, wo 2-(3-apun-1H-1,2,4-mpua3son-5-in)gpeninjamiHu (2.1, 2.8, 2.14) e do3i 10 ma/ke
rpu 8U3Ha4yeHHI crieyugidyHol hapmakono2iyHoT akmueHoCmi, a came opasibHOMy mecmi monepaHm-
Hocmi 0o emtoko3u (OTTT)), KopomKomy iHCYIiIHOBOMY ma a0peHarniHo80My mecmi He ocmynarmsCcs
3a einoasikeMiyHOK akmuegHicmio peghepeHc-ripenapamam «MemaopmiHy» (0o3a 50 ma 500 ma/ke)
ma «lniknasudy» (dosa 50 me/ke).

r’MAPONIMTUYECKOE PACLLUEMMNEHUE MUPUMUOUHOBOIO LIMKIA
2-APUN-[1,2,4]TPUA30NO[1,5-c]IXUHA3ONIMHOB: ®U3UKO-XUMUYECKUE CBONCTBA

WU F’MNOrMUKEMUYECKASA AKTUBHOCTb CUHTE3UPOBAHHbIX COEAUHEHUA
C.B.XonodHsik, K.lN.lLla6enbHuk, I A.)KepHoea, T.FO.Cepzeesa, B.B.Us4yk,
A.l0.BockoboliHuk, C.U.KosaneHko, C.[4.TpxeyuHckull, C.U.Okosumsiil, C.B.LuwkuHa
Knroueesbie cnoesa: 2-apun-[1,2,4Jmpuasonof1,5-c]xuHa3onuHbl; 2uGpoIumu4YecKoe pacuiernsieHue;
eurnoanukemu4yeckas akmueHOCMb

B npedcmasneHHol pabome rnoka3aHo, ymo 2-apun-[1,2,4]Jmpua3ono[1,5-c]xuHa3onuHbl nod ded-
cmeueM HyKneourbHbIX peazeHmos (2udpasuH sudpam, 2uOpOoKcUd Hampus unu Memusnam Ha-
mpusi, Kucrioma xsopucmogo0opodHasi) nodeepaaromces 2udponumuUYecKoMy pacuwienseHuro ¢ obpa-
308aHuem 2-(3-apurn-1H-1,2,4-mpua3on-5-un)peHunjamuHos. NpednoxeHbl onmumarbHble ycrioeusi
CuHme3sa: xslopucmos8odopodHasl Kucrioma, crupmo-eodHasi cpeda, memnepamypa 90-95°C, npo-
domkumernibHocmb 60 MUHYm. YcmaHOo8/1eHo, 4Ymo 8 rnpeOlriOXeHHbIX yC/108UsIX CUHMe3a He HabJio-
daemcs 3Ha4umMesIbHo20 8/1USHUS 3aMecmumerisi MoIoXeHUs 2 mpua3uHOXUHa30/1UHO8020 UUKra
Ha npodormKuUMenbHOCMb peakyuu U 8biX00bl KOHEYHbIX POOyKmMos. MHAusUdyaibHOCMb CUHMe3U-
poB8aHHbIX coeduHeHuUl nodmeepxdeHa xpomamomac-criempomempueli, cmpoeHUe — 3r1IeMeHMHbIM
aHanusom, "H, C AMP-, macc-criekmpamu U peHmaeHoCcmpyKmypHbiM aHanu3om. C ucrnonb3oea-
HUeM U3UKO-XUMUYecKux Memodo8 ob0cHo8aHa a30s1-a30/ibHasi (MPomMompornHas) maymomepus
CUHMe3upoeaHHbIx coeduHeHuU. Noka3zaHo, ymo e pacmeopax [AMCO u easzoeoli ¢hase 2-(3-apur-
1H-1,2,4-mpua3sorn-5-un)beHunjamuHbi ernagHbiM obpasom cyuecmesyrom g sude A u C-gpopm, moe-
0a Kak 8 Kpucmarudeckol pewemke e sude A-¢popmbl. YecmaHosneHo, ymo 2-(3-apun-1H-1,2,4-
mpua3son-5-un)eHurjamuHsi (2.1, 2.8, 2.14) e 0o3e 10 me/ke rpu ouyeHke auroanukemudeckol
aKkmueHocmu 8 oparibHOM mecme morsnepaHmHocmu K entokose (OTTI), KOPOMKOM UHCYTUHOB0OM U
adpeHasiuHo8OM mecme He ycmyrnarom o 2unoaaukeMu4eckol akmueHocmu peghepeHc-npenapa-
mam «MemcepopmuHy» (0o3a 50 u 500 me/ke) u «nukna3udy» (0o3a 50 ma/ke).



