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3anopizvkuil deporcaghuil MeOuuHUL yHisepcumen

2-IIUKJIOAJIKLI-(TETAPHJI-)-[1,2,4] TPHA30JIO[1,5-C|XITHA3OJIIHU: CUHTE3,
®PI3UKO-XIMIYHI BMJACTUBOCTI TA AHTUBAKTEPIAJIBHA AKTUBHICTb
KuarouoBi ciioBa: cunTe3, 2-nuKioankin-(rerapmi-)-[ 1,2,4]tpuazono| 1,5-c|xinazomninu,
CHEKTPabHI AaHi, i3UKO-XiMIUHI BIACTHBOCTI, MPOTHMIKpOOHA Ta IPOTUTPHOKOBA AKTHBHICTh

In spite of the achievements in the chemistry of triazoloquinazolines, the synthetic
possibilities of this class of compounds are not exhausted, some problems remain unre-
solved and require further study.2-R-[1,2,4]triazolo[1,5-c]quinazolines are among them
due to insufficiently explored but at the same time interesting in both chemical and biologi-
cal aspects. This class of compounds is actively studied for hepatoprotective, antihypoxic,
antioxidant, anti-inflammatory, antitumor, antibacterial, antifungal, growth regulatory and
other activities [1-4].Undoubtedly «pharmacophore» has the crucial role in the response
of a biological action. It is contained in this heterocycle namely the substitute position
2.Moreover most previous studies of the authors were devoted to the insertion of alkyl, ar-
alkyl, aryl in some cases getaryl substituents to the triazoloquinazoline cycle and to the dis-
cussion of their impact on biological activity.In fact we carried out a test of the modification
of [1,2,4]triazolo[1,5-c]quinazolines by insertion of the methyl group or halogens (fluorine,
chlorine, bromine) to the benzene moiety and by insertion of the molecule of cycloalkyl or
heterocyclic substituents to the a triazole moiety.In our opinion «simple» chemical modi-
fication of the heterocycle will enhance existing types of pharmacological activity, lead to
new types of biological action, improve the bioavailability of compounds by increasing the
lipophilicity of molecules (in the case of cycloalkyl substituents).

Therefore the aim of the work is to develop simple and affordable methods for the
synthesis of new ones 2-cycloalkyl-(hetaryl-)-[1,2,4]triazolo[1,5-c]quinazolines, study of
their physical and chemical properties and primary screening for antibacterial activity.

Materials and methods

The experimental chemical part. Melting points were determined in open capillary
tubes and were uncorrected. The elemental analyses (C, H, N, S) were performed using
the ELEMENTAR vario EL Cube analyzer (USA). Analyses were indicated by the sym-
bols of the elements or functions within = 0.3% of the theoretical values. The 1H NMR
spectra (400 MHz) were recorded on a Varian-Mercury 400 (Varian Inc., Palo Alto, CA,
USA) spectrometer with TMS as the internal standard in DMSO-d6 solution. The LC-MS
were recorded using a chromato-mass spectrometric system which consisted of a high-
© Konexrus aBropis, 2020
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performance liquid chromatograph «Agilent 1100 Series» (Agilent, Palo Alto, CA, USA)
equipped with a diode-matrix and mass-selective detector «Agilent LC/MSD SL» (atmo-
spheric pressure chemical ionization — APCI). The purity of all obtained compounds was
checked by '"H-NMR and LC-MS.

(3H-Quinazolin-4-yliden)hydrazides of carboxylic acids (1.1-1.36)and4-hydrazino-
quinazolines (2.1-2.5) synthesized by well-known methods [1, 3, 5].

General methods of synthesis of 2-cycloalkyl-(hetaril-)-[1,2,4]triazolo[1,5-c]
quinazolines (3.1-3.36)

Method A. To 10 mmol (3H-quinazolin-4-yliden)hydrazides of cycloalkyl-(hetaril-)car-
boxylic acids (1.1-1.36) add 10 ml of glacial acetic acid and boil for 1-6 hours, the last
60 minutes distilling water from the reaction mass by the Dean-Stark nozzle. The solvent
is evaporated and the residue is triturated with aqueous methanol. The residue formed is
filtered off and dried.

Method B. To the 10 mmol solution of corresponding cycloalkylcarboxylic acide of 25
ml anhydrous dioxane add 1,78 g (11 mmol) N,N'-carbonyldiimidazole and heat in a water
bath at 60—80 °C for 1 hour, protecting from the air moisture, using tube filled by calcium
chloride. After that add 10 mmol the corresponding substituted 4-chloroquinazoline (2.1-
2.5)to the reaction mixture with stirring and boil for 2—6 hours. The last 30-60 minutes
with a Dean-Stark nozzle. The isotropic dioxane-water mixture is distilled off from the re-
action mass to a volume of 10 ml. The residual solvent is distilled off under vacuum and the
precipitate is triturated with water or a water-alcohol mixture. The residue of compounds
3.1-3.13 are filtered off and dried.

Compounds 3.1-3.13 obtained by methods A and B had similar physical and chemical
properties and did not give a melting point depression.

2-Cyclopropyl-7-methyl-[1,2,4]triazolo[1,5-c]quinazoline (3.1). Yield: 90.9% (Method
A), 81.3% (Method B), mp 103-105 °C; '"H NMR: § 1.13-1.05 (m, 4H, cyclopropyl H-2_.
3ep 2o 3> 220 (tt, 7.0, 6.2 Hz, 1H, cyclopropy 1H-1), 2.73 (s, 3H, -CH,), 7.58 (t, ] = 7.6
Hz, 1H, H-9), 7.66 (d, J = 7.3 Hz, 1H, H-8), 8.20 (d, ] = 7.9 Hz, 1H, H-10), 9.26 (s, 1H,
H-5); LC-MS, m/z = 225 [M+1]; Anal. Calcd for C ;H N,: C, 69.62; H, 5.39; N, 24.98;
Found: C, 69.60; H, 5.40; N, 24.99.

2-Cyclopropyl-8-fluoro-[1,2,4]triazolo[ 1,5-c]quinazoline (3.2). Yield: 89.9% (Method
A), 52.6% (Method B), mp 155-157 °C; '"H NMR: 6 1.21-1.00 (m, 4H, cyclopropyl H-2 .
3. 2o 3> 218 (tt, 7.1, 6.0 Hz, 1H, cyclopropyl H-1), 7.56 (t, ] = 8.5 Hz, 1H, H-9), 7.68
(d, J=8.7 Hz, 1H, H-7), 8.43 (dd, ] = 8.7, 5.7 Hz, 1H, H-10), 9.33 (s, 1H, H-5); LC-MS,
m/z =229 [M+1]; Anal. Calcd for C ,H/FN,: C, 63.15; H, 3.97; N, 24.55; Found: C, 63.14;
H, 5.40; N, 24.56.

9-Chloro-2-cyclopropyl-[1,2,4]triazolo[1,5-c]quinazoline (3.3). Yield: 94.5% (Method
A), 87.1% (Method B), mp 149-151 °C; '"H NMR: 6 1.17-1.02 (m, 4H, cyclopropyl H-2 .
3ep 2o 30> 2.17 (1t, 7.4, 6.1 Hz, 1H, cyclopropyl H-1), 7.79 (d, J = 8.8 Hz, 1H, H-8), 7.99
(d, J=8.7 Hz, 1H, H-7), 8.33 (d, ] = 2.5 Hz, 1H, H-10), 9.31 (s, 1H, H-5); LC-MS, m/z =
245 [M+1]; Anal. Calcd for C ,H,CIN,: C, 58.91; H, 3.71; N, 22.90; Found: C, 58.90; H,
3.72; N, 22.92.

2-Cyclobutyl-[1,2,4]triazolo[ 1,5-c]quinazoline (3.4). Yield: 79.9% (Method A), 77.3%
(Method B), mp 82-84 °C; '"H NMR: § 2.18-1.99 (m, 2H, cyclobutyl H-3_, 3 ), 2.63-2.32
(m, 4H, cyclobutyl H-4 ,2 ,2 .4 ),3.86-3.72 (m, 1H, cyclobutyl H-1), 7.74 (t, ] = 7.7
Hz, 1H, H-9), 7.84 (t, J=7.9 Hz, 1H, H-8), 8.00 (d, ] = 8.2 Hz, 1H, H-7), 8.44 (d,J =7.9
Hz, 1H, H-10), 9.31 (s, 1H, H-5); LC-MS, m/z = 225 [M+1]; Anal. Calcd for C ;H N,: C,
69.62; H, 5.39; N, 24.98; Found: C, 69.60; H, 5.40; N, 24.98.

2-Cyclobutyl-7-methyl-[1,2,4]triazolo[1,5-c] quinazoline (3.5). Yield: 99.2% (Method
A), 89.4% (Method B), mp 127-128 °C; 'H NMR: 6 2.23-1.94 (m, 2H, cyclobutylH-3_,
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3,),2.56-2.38 (m, 4H, cyclobutyl H-4_,2 ,2 ,4 ),2.75 (s, 3H, CH,), 3.84-3.74 (m, 1H,
cyclobutyl H-1), 7.61 (t, ] = 7.7 Hz, 1H, H-9), 7. 68 (d,J=7.4Hz, 1H H-8), 8.27 (d,J =
7.9 Hz, 1H-10), 9.32 (s, 1H, H-5); LC-MS, m/z = 239 [M+1]; Anal. Calcd for C H N,: C,
70.57; H, 5.92; N, 23.51; Found: C, 70.56; H, 5.94; N, 23.52.
2-Cyclobutyl-8-fluoro-[1,2,4]triazolo[1,5-c]quinazoline (3.6). Yield: 99.2% (Method
A), 90.5% (Method B), mp 136-138 °C; '"H NMR: 6 2.22-1.96 (m, 2H, cyclobutyl H-3 ,
3,), 2.58-2.34 (m, 4H, cyclobutyl H-4 ,2 ,2 ,4 ), 3.83-3.73 (m, 1H, cyclobutyl H-1),
7.58 (td, J=8.7,2.7 Hz, 1H, H-9), 7.70 (dd, ] =9.7, 2.6 Hz, 1H, H-7), 8.49 (dd, J =8.9,5.8
Hz, 1H, H-10), 9.38 (s, 1H, H-5); LC-MS, m/z = 243 [M+1]; Anal. Calcd for C, \H, FN,: C,
64.45; H, 4.58; N, 23.13; Found: C, 64.44; H, 4.60; N, 23.14.
2-Cyclopentyl-[1,2,4]triazolo[1,5-c]quinazoline (3.7). Yield: 98.3% (Method A),
92 8% (Method B), mp 92-94 °C; 'H NMR: 6 2.22-1.62 (m, 8H, cyclopentyl H- Seq Zeq?
5,062,030 4 3..4.),339(p,J =8.1 Hz, 1H, cyclopentyl H-1), 7.74 (t, ] = 7.6 Hz lH
H-9), 7.84(t,J 77Hz 1H, H-8), 8.00 (d, ] = 8.2 Hz, 1H, H-7), 8.43 (d, J = 7.9 Hz, 1H,
H-10), 9.30 (s, 1H, H-5); LC—MS, m/z =239 [M+1]; Anal. Caled for C H N,: C,70.57; H,
5.92; N, 23.51; Found: C, 70.57; H, 5.94; N, 23.50.
2-Cyclopentyl-7-methyl-[1,2,4]triazolo[1,5-c]quinazoline (3.8). Yield: 95.5% (Method
A), 94.6% (Method B), mp 116118 °C; '"H NMR: 6 2.24-1.59 (m, 8H, cyclopentyl H-5_,
26q, 5,02, 3eq, 4.3,..4.),2.75(s,3H, -CH,), 3.38 (p, ] = 7.70 Hz, 1H,cyclopentyl H- l)
7.75—7.48(m,2H H 8, H- 9),8.26(t,J= 62Hz 1H, H-10), 9.31 (d, ] =4.8 Hz, 1H, H-5);
LC-MS, m/z = 253 [M+1]; Anal. Calcd for C H, N,: C, 71.40; H, 6.39; N, 22.21; Found:
C,71.38; H, 6.40; N, 22.22.
2-Cyclopentyl-8-fluoro-[1,2,4]triazolo[1,5-c]quinazoline (3.9). Yield: 95.2% (Method
A), 59.3% (Method B), mp 137-139 °C; '"H NMR: 6 2.20-1.64 (m, 8H, cyclopentyl H-5 o’
2.0 500 200 3epp Aoy 340 40> 3.38 (p, J = 8.1 Hz, 1H, cyclopentyl H-1), 7.57 (td, J = 8.6, 2.7
Hz 1H, H-9), 770(dd J=9.7,2.6 Hz, 1H, H-7),8.48 (dd, ] = 8.9, 5.8 Hz, 1H, H-10), 9.37
(s, 1H, H-5); LC-MS, m/z = 257 [M+1]; Anal. Calcd for C, ,H FN,: C, 65.61; H, 5.11; N,
21.86; Found: C, 65.49; H, 5.12; N, 21.87.
9-Chloro-2-cyclopentyl-[1,2,4]triazolo[1,5-c]quinazoline ~ (3.10).  Yield: 99.2%
(Method A), 83.3% (Method B) mp 105-106 °C; '"HNMR: 6 2.22—1.64 (m, 8H, cyclopen-
tylH-5,2 5 5,0 200 3o 4egp 3aw 4> 3-39 (p, 1 = 8.0 Hz, 1H, cyclopentyl H-1), 7.82 (dd, J
= 8.8, 2.5 Hz, 1H, H—8),8.01 (d, J=8.8 Hz, 1H, H-7), 8.40 (d, ] = 2.5 Hz, 1H, H-10),9.36
(s, 1H, H-5); LC-MS, m/z = 273 [M+1]; Anal. Calcd for C, ,H CIN,: C, 61.65; H, 4.80; N,
20.54; Found: C, 61.66; H, 4.82; N, 21.85.
2-Cyclohexyl-[1,2,4]triazolo[1,5-c]quinazoline (3.11). Yield: 99.8% (Method A),
61.4% (Method B), mp 110-112 °C; '"H NMR: 6 1.42-1.39 (m, 3H, cyclohexyl H-3 .4,
SSq), 1.81-1.60 (m, 3H, cyclohexyl H-3_,4 ,5 ), 1.97-1.81 (m, 2H, cyclohexyl H-2€q, 6eq),
2.09 (m, 2H, cyclohexyl H-2 , 6_), 2.94-2.89 (m, 1H, cyclohexyl H-1), 7.74 (t, ] = 7.6
Hz, 1H, H-9), 7.83 (t,J=7.8 Hz, 1H, H-8), 7.99 (d, ] = 8.2 Hz, 1H, H-7),8.42 (d,J =7.9
Hz, 1H, H-10), 9.31 (s, 1H, H-5); LC-MS, m/z = 253 [M+1]; Anal. Calcd for C ;H \N,: C,
71.40; H, 6.39; N, 22.21; Found: C, 71.41; H, 6.40; N, 22.21.
2-Cyclohexyl-7-methyl-[1,2,4]triazolo[1,5-c]quinazoline (3.12). Yield: 99.6% (Method
A), 96.3% (Method B),mp 101-103 °C; '"H NMR: & 1.81-1.28 (m, 6H, cyclohexyl H-3 oo’
4> Sepda duo 5.), 1.95-1.81 (m, 2H, cyclohexyl H-2 e © q) 2.11-2.05 (m, 2H, cyclohexyl
H-2 ,6 ),2.74 (s, 3H, -CH,), 2.99-2.87 (m, 1H, cyclohexyl H-1), 7.60 (t, ] = 7.7 Hz , 1H,
H-9), 7.67 (d, J = 7.3 Hz, 1H, H-8), 8.26 (d, ] = 7.9 Hz, 1H, H-10), 9.32 (s, 1H, H-5); LC-
MS, m/z = 267 [M+1]; Anal. Calcd for C, H N,: C, 72.15; H, 6.81; N, 21.04; Found: C,
72.13; H, 6.82; N, 21.05.
2-Cyclohexyl-8-fluoro-[1,2,4]triazolo[ 1,5-c]quinazoline (3.13). Yield: 97.9% (Method
A), 93.1% (Method B), mp 169—-171 °C; '"H NMR: & 1.81-1.28 (m, 6H, cyclohexyl H-3 .
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4.0 SeBaw o 30 1.86-1.82 (m, 2H, cyclohexyl H-2_, 6, ), 2.09-2.02 (m, 2H, cyclohexyl
H2ﬂ1 6, ), 2.92-2.87 (m, 1H, cyclohexyl H-1), 757(t J—88Hz 1H, H-9), 7.70 (d, J
=9.7 Hz, 2H, H-7), 8.47 (t, ] = 7.5 Hz, 1H, H-10), 9.38 (s, 1H, H- 5) LC-MS, m/z =271
[M+1]; Anal. Caled for C H FN,: C, 66.65; H, 5.59; N, 20.73; Found: C, 66.63; H, 5.60;
N, 20.74.
2-(Adamantan-1-yl)-[1,2,4]triazolo[1,5-c]quinazoline (3.14) Yield: 78.8% (Method
A), mp 203-205 °C; '"H NMR: 6 1.83 (s, 6H, adamantyl-4 e Ocgp 10, 4, 6, 10,), 2.03
(s, 6H, adamantyl- 2q 8 o 9, de’ o 2.0, 2.12 (s, 3H, adamantyl-3, 5 7), 7.74 (t J=17.6
Hz, 1H, H-9), 7.84 (t,] = 77Hz 1H, H-8), 8.00 (d, J = 8.2 Hz, 1H, H-7), 8.45 (d,J=7.9
Hz, 1H, H-10), 9.34 (s, 1H, H-5); LC-MS, m/z = 305 [M+1]; Anal. Calcd for C ;H, N,: C,
74.97; H, 6.62; N, 18.41; Found: C, 74.96; H, 6.64; N, 18.43.
2-(Adamantan-1-yl)-7-methyl-[1,2,4]triazolo[1,5-c]quinazoline (3.15). Yield: 98.8%
(Method A), mp 245-247 °C; '"H NMR: 6 1.83 (s, 6H, adamantyl- 4 6 , 10, 4ax, 6 .
10,), 2.00 (s, 6H, adamantyl—zeq, SSq, Qeq, 2.,8.,9.),2.12 (s, 3H, adamantyl 3, 5 7),2.74
(s,3H,-CH,), 7.60 (t, ] = 7.6 Hz , 1H, H-9), 7.67 (d J=7.3 Hgz, 1H, H-8), 8.28 (d,J=7.9
Hz, 1H, H-10), 9.32 (s, 1H, H-5); LC-MS, m/z = 319 [M+1]; Anal. Calcd for C, H,N,: C,
75.44; H, 6.96; N, 17.60; Found: C, 75.43; H, 6.96; N, 18.44.
2-(Adamantan-1-yl)-8-fluoro-[1,2,4]triazolo[1,5-c]quinazoline (3.16). Yield: 85.7%
(Method A), mp 253-255 °C; '"H NMR: 6 1.82 (s, 6H, adamantyl- 4 6 , 10, 4ax, 6 .
10,), 2.05 (s, 6H, adamantyl—zeq, SSq, Qeq, 2.,8.,9.),2.19 (s, 3H, adamantyl 3, 5 7),7.58
(t,J=8.6 Hz, 1H, H-9), 7.70 (d, ] = 9.5 Hz, 1H, H- 7),8.50 (t, ] = 7.6 Hz, 1H, H-10), 9.38
(s, 1H, H-5); LC-MS, m/z = 323 [M+1]; Anal. Calcd for C ;H JFN,: C, 70.79; H, 5.94; N,
17.38; Found: C, 70.77; H, 5.95; N, 17.37.
2-(Adamantan-1-yl)-9-chloro-[1,2,4]triazolo[1,5-c]quinazoline (3.17). Yield: 92.2%
(Method A), mp 209-211 °C; 'H NMR: & 1.82 (s, 6H, adamantyl-4 o 6 eo? 10, 4ax, 6 .
10,), 2.00 (s, 6H, adamantyl- 2q 8 , 9, 2“, o 2.5 2.09 (s, 3H, adamantyl-3, 5 7), 7.80
(d, e 8.8 Hz, 1H, H-8),8.00 (d, ] = 86Hz 1H, H-7), 8.42 (s, 1H, H-10), 9.37 (s, 1H, H-5);
LC-MS, m/z =339 [M+1]; Anal. Caled for C jH /CIN,: C, 67.35; H, 5.65; N, 16.54; Found:
C, 67.37; H, 5.66; N, 16.55.
2-(Adamantan-1-yl)-9-bromo-[1,2,4]triazolo[1,5-c]quinazoline (3.18). Yield: 83.0%
(Method A), mp 188-190 °C; 'THNMR: 5 1.81 (s, 6H, adamanty]l- 4 ,6 e? 10, 4ax, 6..10),
2.04 (s, 6H, adamantyl-2_ ,8 .9 .2 .8 .9 ), 2.18 (s, 9H, adamantyl 3,5, 7) 7.94 (s, 2H
H-7,8), 8.58 (s, 1H, H-10), 9.39 (s 1H, H- 5) LC-MS, m/z = 384 [M+1]; Anal. Calcd for
C H,BrN,: C, 59.54; H, 5.00; N, 14.62; Found: C, 59.55; H, 5.63; N, 14.64.
2-(Furan-2-yl)-[1,2,4]triazolo[ 1,5-c]quinazoline (3.19). Yield: 93.0% (Method A), mp
182-184 °C; 'THNMR: 6 6.77 (d, T=8.0 Hz, 1H, furan-2-yl H-3), 7.33 (t, J= 3.1 Hz, 1H, furan-
2-yl H-4), 7.85 (t, ] = 7.5 Hz, 1H, H-9), 8.02-7.93 (m, 2H, H-8, furan-2-yl H-5), 8.09 (d, ] =
8.1 Hz, 1H, H-7), 8.50 (d, J=7.8 Hz, 1H, H-10), 9.64 (s, 1H, H-5); LC-MS, m/z =237 [M+1];
Anal. Calcd for C . HN,O: C, 66.10; H, 3.41; N, 23.72; Found: C, 66.08; H, 3.43; N, 23.73.
2-(Furan-3-yl)-7-methyl-[1,2,4]triazolo[1,5-c]quinazoline ~ (3.20). Yield: 99.0%
(Method A), mp 213-215 °C; 'H NMR: 6 2.77 (s, 3H, -CH,), 7.02 (d, ] = 7.4 Hz, 1H,
furan-3-yl H-4), 7.76-7.68 (m, 3H, H-8, H-9, furan-3-yl H-5), 8.32 (s, 2H, H-10, furan-3-yl
H-2), 9.43 (s, 1H, H-5); LC-MS, m/z = 251 [M+1]; Anal. Calcd for C, ,H, N,O: C, 67.19;
H, 4.03; N, 22.39; Found: C, 67.18; H, 4.05; N, 22.41.
8-Fluoro-2-(furan-3-yl)-[1,2,4]triazolo[1,5-c]quinazoline ~ (3.21).  Yield: 95.9%
(Method A), mp 239-241 °C; '"HNMR: 6 7.02 (d, J = 7.8 Hz, 1H, furan-3-yl H-4), 7.64 (d,
J=10.2 Hz, 1H, H-9), 7.70 (s, 1H, H-7), 7.76 (d, ] = 7.6 Hz, 1H, furan-3-yl H-5), 8.31 (s,
1H, furan-3-yl H-2), 8.56 (dd, J = 8.8, 5.7 Hz, 1H, H-10), 9.49 (s, 1H, H-5); LC-MS, m/z
=255 [M+1]; Anal. Calcd for C ,H FN,O: C, 61.42; H, 2.78; N, 22.04; Found: C, 61.405;
H, 2.80; N, 22.04.
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9-Chloro-2-(furan-3-yl)-[1,2,4]triazolo[1,5-c]quinazoline ~ (3.22). Yield: 99.6%
(Method A), mp 207-209 °C; '"H NMR: 6 7.01 (d, J = 7.6 Hz, 1H, furan-3-yl H-4), 7.71
(d, J=3.6 Hz, 1H, furan-3-yl H-5), 7.85 (d, J = 8.8 Hz, 1H, H-8), 8.05 (d, J = 8.3 Hz, 1H,
H-7), 8.30 (s, 1H, furan-3-yl H-2), 8.45 (d, J = 3.4 Hz, 1H, H-10), 9.47 (s, 1H, H-5); LC-
MS, m/z = 271 [M+1]; Anal. Caled for C H,CIN,O: C, 57.69; H, 2.61; N, 20.70; Found:
C, 57.67; H,2.62; N, 20.71.

9-Bromo-2-(furan-3-yl)-[1,2,4]triazolo[1,5-c]quinazoline ~ (3.23). Yield: 92.9%
(Method A), mp 210-212 °C; 'H NMR: 67.01 (d, J = 7.4 Hz 1H, furan-3-yl H-4), 7.70 (d, J
= 6.8 Hz 1H, furan-3-yl H-5), 7.98 (s, 2H, H-7, H-8), 8.29 (s, 1H, furan-3-yl H-2), 8.62 (s,
1H, H-10), 9.48 (s, 1H, H-5); LC-MS, m/z = 271 [M+1]; Anal. Calcd for C ,H,BrN,O: C,
49.55; H, 2.24; N, 17.78; Found: C, 49.54; H, 2.25; N, 17.78.

2-(Thiophen-2-yl)-[1,2,4]triazolo[1,5-c[quinazoline (3.24). Yield: 86.4% (Method A),
mp 190-192 °C; '"H NMR: § 7.30 (t, J = 4.8 Hz, 1H, thiophen-2-yl, H-4), 7.90-7.82 (m,
2H, H-9, thiophen-2-yl, H-5), 8.02-7.94 (m, 2H, H-8, thiophen-2-yl, H-3), 8.10 (d, ] = 8.2
Hz, 1H, H-7), 8.52 (d, ] = 8.0 Hz, 1H, H-10), 9.64 (s, 1H, H-5); LC-MS, m/z = 253 [M+1];
Anal. Caled for C JHN,S: C, 61.89; H, 3.20; N, 22.21; S, 12.71; Found: C, 61.88; H, 3.21;
N, 22.20; S, 12.70.

8-Fluoro-2-(thiophen-2-yl)-[1,2,4]triazolo[1,5-c]quinazoline (3.25). Yield: 91.3%
(Method A), mp 227-228 °C; 'HNMR: & 7.20 (t, J = 4.5 Hz, 1H, thiophen-2-yl, H-4), 7.63
(q, J=17.1, 6.6 Hz, 2H, H-9, thiophen-2-yl, H-5), 7.75 (d, J = 9.5 Hz, 1H, thiophen-2-yl,
H-3),7.90 (d,J =3.7 Hz, 1H, H-7), 8.59 (dd, J = 9.0, 5.8 Hz, 1H, H-10), 9.50 (s, 1H, H-5);
LC-MS, m/z = 271 [M+1]; Anal. Calcd for C H.FN,S: C, 57.77; H, 2.61; N, 20.73; S,
11.86; Found: C, 57.77; H, 2.60; N, 20.74; S, 11.87.

7-Methyl-2-(thiophen-3-yl)-[1,2,4]triazolo[1,5-c]quinazoline (3.26). Yield: 98.8%
(Method A), mp 211-213 °C; '"H NMR: 6 2.77 (s, 1H, -CH,), 7.56 (d, J = 3.1 Hz, 1H,
thiophen-3-yl, H-4), 7.65 (t, J = 7.5 Hz, 1H, H-9), 7.71 (d, J = 7.0 Hz, 1H, thiophen-3-yl,
H-5), 7.78 (d, J = 5.1 Hz, 1H, H-8), 8.23 (s, 1H, thiophen-3-yl, H-2), 8.35 (d, J = 7.9 Hz,
1H, H-10), 9.43 (s, 1H, H-5), LC-MS, m/z = 267 [M+1]; Anal. Caled for C H N,S: C,
63.14; H, 3.78; N, 21.04; S, 12.04; Found: C, 63.12; H, 3.79; N, 21.02; S, 12.05.

8-Fluoro-2-(thiophen-3-yl)-[1,2,4]triazolo[1,5-c]quinazoline (3.27). Yield: 99.0%
(Method A), mp 229-231 °C; '"H NMR: 6 7.57 (d, J = 4.6 Hz, 1H, thiophen-3-yl, H-4),
7.70 (d, ] =4.6 Hz, 1H, thiophen-3-yl, H-5), 7.76 (t,J = 9.2 Hz, 2H, H-7, H-9), 8.24 (s, 1H,
thiophen-3-yl, H-2), 8.59 (t, ] = 7.4 Hz, 1H, H-10), 9.50 (s, 1H, H-5); LC-MS, m/z = 271
[M+1]; Anal. Calcd for C ,H.FN S: C, 57.77; H, 2.61; N, 20.73; S, 11.86; Found: C, 57.75;
H, 2.60; N, 20.75; S, 11.85.

9-Chloro-2-(thiophen-3-yl)-[1,2,4]triazolo[1,5-c]quinazoline (3.28). Yield: 71.6%
(Method A), mp 198-200 °C; 'H NMR: 6 7.58 (d, J = 7.7 Hz, 1H, thiophen-3-yl, H-4),
7.77 (d, J = 5.1 Hz, 1H, thiophen-3-yl, H-5), 7.85 (d, J = 8.9 Hz, 1H, H-8), 8.05 (d, J = 8.8
Hz, 1H, H-7), 8.23 (s, 1H, thiophen-3-yl, H-2), 8.48 (s, 1H, H-10), 9.48 (s, 1H, H-5); LC-
MS, m/z =287 [M+1]; Anal. Caled for C ;H,CIN S: C, 54.46; H, 2.46; N, 19.54; S, 11.18;
Found: C, 54.44; H, 2.48; N, 19.53; S, 11.19.

9-Bromo-2-(thiophen-3-yl)-[1,2,4]triazolo[1,5-c]quinazoline (3.29). Yield: 99.8%
(Method A), mp 189-191 °C; '"H NMR: 6 7.56 (d, J = 5.1 Hz, 1H, thiophen-3-yl, H-4),
7.77 (d, J = 5.1 Hz, 1H, thiophen-3-yl, H-5), 7.98 (s, 2H, H-7, H-8), 8.23 (s, 1H thiophen-
3-yl, H-2), 8.64 (s, 1H, H-10),9.49 (s, 1H, H-5); LC-MS, m/z = 332 [M+1]; Anal. Calcd
for C,HBrNS: C, 47.15; H, 2.13; N, 16.92; §, 9.68; Found: C, 47.13; H, 2.15; N, 16.93;
S, 9.67.

2-(Benzofuran-2-yl)-[1,2,4]triazolo[1,5-c]quinazoline (3.30). Yield: 97.4% (Method
A), mp 288-290 °C; LC-MS, m/z = 332 [M+1]; Anal. Calcd for C ,H.BrN S: C, 47.15; H,

13777

2.13; N, 16.92; S, 9.68; Found: C, 47.13; H, 2.15; N, 16.93; S, 9.67.
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2-(Benzofuran-2-yl)-7-methyl-[1,2,4]triazolo[ 1,5-c]quinazoline(3.31). Yield: 99.2%
(Method A), mp 259-261 °C; '"H NMR: 6 2.78 (s, 3H, -CH,), 7.35 (dt, J=41.4, 7.5 Hz, 1H,
benzofuran-2-yl H-4), 7.86 - 7.55 (m, 4H, H-8, H-9, benzofuran-2-yl H-5, H-6), 8.04 (d ,
J=8.8 Hz, 2H, benzofuran-2-yl H-7), 8.22 (d, J = 3.0 Hz, 1H, benzofuran-2-yl H-3), 8.47
(d, J =2.5 Hz, 1H, H-10),9.50 (s, 1H, H-5); LC-MS, m/z = 301 [M+1]; Anal. Calcd for
C,H,N,0C, 71.99; H, 4.03; N, 18.66; Found: C, 71.97; H, 4.05; N, 18.65.

2-Benzofuran-2-yl)-8-fluoro-[1,2,4]triazolo[1,5-c]quinazoline (3.32). Yield: 99.0%
(Method A), mp 305-307 °C; 'H NMR: 6 7.81-7.32 (m, 7H, H-7, H-9, benzofuran-2-yl
H-3, H-4, H-5, H-6, H-7), 8.63 (s, 1H, H-10), 9.61 (s, 1H, H-5); LC-MS, m/z =305 [M+1];
Anal. Calcd for C,,HJFN,O: C, 67.10; H, 2.98; N, 18.41; Found: C, 67.08; H, 2.99; N,
18.42.

2-(Benzofuran-2-yl)-9-bromo-[1,2,4]triazolo[1,5-c]quinazoline (3.33). Yield: 92.4%
(Method A), mp 265-267 °C; 'H NMR: 6 7.42-7.28 (s, 2H, benzofuran-2-yl H-5, H-6),
7.77-7.66 (s, 3H, benzofuran-2-yl H-3, H-4, H-7), 8.03 (s, 2H, H-7, H-8), 8.69 (s, 1H,
H-10), 9.61 (s, 1H, H-5); LC-MS, m/z = 366 [M+1]; Anal. Calcd for C,_HBrN,O: C,
55.91; H, 2.48; N, 15.34; Found: C, 55.90; H, 2.49; N, 15.34.

2-(1H-Indol-2-yl)-[1,2,4]triazolo[1,5-c]quinazoline (3.34). Yield: 96.2% (Method A),
mp 278-280 °C; 'H NMR: 8 7.08 (t, J = 7.2 Hz, 1H, 1H-indol-2-yl, H-5), 7.21 (t,J = 7.4
Hz, 1H, 1H-indol-2-yl, H-6), 7.29 (s, 1H, 1H-indol-2-y1, H-3), 7.53 (d, J = 8.0 Hz, 1H, 1H-
indol-2-yl, H-4), 7.67 (d, ] = 7.8 Hz, 1H, 1H-indol-2-yl, H-7), 7.87 (t, ] = 7.4 Hz, 1H, H-8),
7.97 (t,J=7.5 Hz, 1H, H-9), 8.11 (d, ] = 8.0 Hz, 1H, H-7), 8.53 (d, J = 7.8 Hz, 1H, H-10),
9.65 (s, 1H, H-5), 12.09 (s, 1H, NH); LC-MS, m/z = 286 [M+1]; Anal. Calcd for C _H N.:
C, 71.57; H, 3.89; N, 24.55; Found: C, 71.55; H, 3.91; N, 24.54.

2-(Pyridin-3-yl)-[1,2,4]triazolo[1,5-c]quinazoline (3.35). Yield: 75.7% (Method A),
mp 214-216 °C; '"H NMR: & 7.53 (s, 1H, pyridin-3-yl H-5), 7.84 (t, J = 8.0 Hz, 1H, H-9),
7.92 (t,J=7.6 Hz, 1H, H-8), 8.08 (d, ] = 8.3 Hz, 1H, H-7), 8.56 (d, ] = 8.5 Hz, 2H, H-10,
pyridin-3-yl H-4), 8.68 (s, 1H, pyridin-3-yl H-6), 9.44 (s, 1H, pyridin-3-yl H-2), 9.52 (s,
1H, H-5); LC-MS, m/z = 248 [M+1]; Anal. Caled for C H)N.: C, 68.01; H, 3.67; N, 28.32;
Found: C, 68.00; H, 3.69; N, 28.31.

2-(Pyridin-4-yl)-[1,2,4]triazolo[1,5-c]quinazoline (3.36). Yield: 97.3% (Method A),
mp 225-226 °C; '"H NMR: 6 7.84 (t, ] = 6.7 Hz, 1H, H-9), 7.92 (t, ] = 8.7 Hz, 1H, H-8),
8.08 (d, J=8.0 Hz, 1H, H-7), 8.17 (s, 2H, pyridin-4-yl, H-3, H-5), 8.56 (d, ] = 7.8 Hz, 1H,
H-10), 8.75 (s, 2H, pyridin-4-yl H-2, H-6), 9.54 (s, 1H, H-5); LC-MS, m/z = 249 [M+1];
Anal. Calcd for C HN.: C, 68.01; H, 3.67; N, 28.32; Found: C, 68.01; H, 3.70; N, 28.30.

Synthesized compounds (3.1-3.36) are white (3.1-3.17, 3.19-3.28, 3.34, 3.35), yel-
low (3.18, 3.29-3.33, 3.36) crystalline substances, insoluble in water, sparingly soluble or
soluble in alcohols, soluble dioxanes, DMF. For analysis the purified by recrystallization
compounds from propanol-2 (3.1-3.17), a mixture of dioxane and water (1:1) (3.18-3.29,
3.34, 3.35), DMF-water (1:1) (3.30-3.33, 3.36) were taken.

The experimental biological part

The sensitivity of the microorganisms to the synthesized compounds was evaluated ac-
cording the described methods [6]. The assay was conducted on Mueller—Hinton medium by
two-fold serial dilution of the compound in 1 ml, after that 0.1 ml of microbial seeding (106
cells/ml) was added. The minimal inhibitory concentration of the compound was determined
by the absence of visual growth in the test tube with a minimal concentration of the substance,
and then the minimal bactericide/fungicide concentration was determined by the absence
of growth on agar after inoculation of the microorganism from the transparent test tubes.
Dimethylsulfoxide was used as a solvent, with an initial solution concentration of 1 mg/ml.
Preliminary screening was performed on Staphylococcus aureus ATCC 25923, Escherichia
coli ATCC 25922, Pseudomonas aeruginosa ATCC 27853, and Candida albicans ATCC
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885-653 standard test cultures. 25—-100 pg/ml Nitrofural (Ltd. «Leda») and 25-100 pg/ml
Ketoconazole («Hau Giang United Pharmaceutical Factory-HG Farm») were used as the ref-
erence compounds with proven antibacterial/antifungal activity. Additional quality control of
the culture medium and solvents was conducted by commonly used methods. [7, 8].

Results and discussion

Well-known and most convenient way to obtain 2-R-[1,2,4]triazolo[ 1,5-c]quinazoline
sis cyclocondensation corresponding (3H-quinazolin-4-yliden)hydrazides of carboxylic ac-
ids [9]. This transformation is carried out in various ways namely by thermolysis of the starting
compounds, heating in glacial acetic acid, a mixture of glacial acetic acid—acetic anhydride,
xylene—glacial acetic acid, phosphoryl trichloride etc [10]. We found that the optimal method
for the synthesis of target compounds 3.1-3.36 is cyclocondensation of hydrazides 1.1-1.36
in acetic acid. The reaction products are chromatographically pure with yields of 78-99%.
One of the features we observed upon receipt of (3H-quinazolin-4-yliden)hydrazides of cy-
cloalkylcarboxylic acids (1.1-1.13) is their heterocyclization in the «carbonyldiimidazole»
method of synthesis into the corresponding triazoloquinazoline systems [2]. Given the
abovewe have developed «one-pot» synthesis of compounds 3.1-3.13heterocyclization
4-hydrazinoquinazolines (1.1-1.13) with cycloalkylcarboxylic acids under these conditions.
In our opinion the possibility and ease of such heterocyclization is associated with the
presence of a donor substituent (cycloalkyl moiety) near the hydrazide group. Unfortunately
it was not possible to obtain individual compounds 3.14-3.18 by this method. It is probably
due to steric complications (volumetric and conformational rigid adamantane cycle).

N N

% N \ﬁ
R = \ﬁ R,COOH,CDI R
NH —— |R7— | — NH
| CH;3COOH, = N R dioxane, reflux |
1
N reflux \ }I 21-25 N
1.1-1.36 “NH N—N NH,

N

R N
N,
| N
3.1-3.36 N—(
Ry

3.1 R = 7-CH3, Ry = cyclopropyl, 3.2 R = 8-F, Ry = cyclopropyl;, 3.3 R = 9-CI, Ry = cyclopropyl;
34 R = H, Ry = cyclobutyl;, 3.5 R = 7-CH;, Ry = cyclobutyl, 3.6 R = 8-F, Ry = cyclobutyl,
3.7 R = H, Ry = cyclopentyl; 3.8 R = 7-CHs, R = cyclopentyl; 3.9 R = F, Ry = cyclopentyl;
3.10 R = 9-Cl, Ry = cyclopentyl; 3.11 R = H, Ry = cyclohexyl, 3.12 R = 9-Cl, Ry = cyclohexyl;
3.13 R = 8-F, R4 = cyclohexyl; 3.14 R = H, R4 = adamantan-1-yl; 3.15 R = 7-CH3, R1 = adamantan-1-
yl; 3.16 R = 8-F, Ry = adamantan-1-yl: 3.17 R = 9-Cl, Ry = adamantan-1-yl: 3.18 R = 9-Br,
R4 = adamantan-1-yl; 3.19 R = H, R4 = furan-2-yl; 3.20 R = 7-CH;3, R4 = furan-3-yl; 3.21 R = 8-F,
R4 = furan-3-yl; 3.22 R = 9-Cl, Ry = furan-3-yl; 3.23 R = 9-Br, Ry = furan-3-yl; 3.24 R = H,
Rq = thiophen-2-yl; 3.26 R = 8-F, Ry = thiophen-2-yl; 3.26 R = 7-CHj3, Ry = thiophen-3-yl;
3.27 R = 8-F, Ry = thiophen-3-yl; 3.28 R = 9-Cl, R4 = thiophen-3-yl; 3.29 R = 9-Br, R = thiophen-3-yI;
3.30 R = H, Ry = benzofuran-2-yl;, 3.31 R = 7-CHs3, Ry = benzofuran-2-yl, 3.32 R = 8-F,
R1 = benzofuran-2-yl; 3.33 R = 9-Br, Rq = benzofuran-2-yl; 3.34 R = H, R1 = 1H-indol-2-yl; 3.35 R = H,
R1 = pyridin-3-yl; 3.36 R=H, R4 = pyridin-4-yl

Scheme. Synthesis of the 2-cycloalkyl-(hetaryl-)-[1,2,4]|triazolo[1,5-c]quinazolines
The heterocyclization reaction proceeds through the formation of intermediate [1,2,4]
triazolo[4,3-c]quinazolines, which undergo recycling isomerization by the type of Dimrot
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rearrangement under acid catalysis with the formation of 2-R-[1,2,4]triazolo[1,5-c]quinazo-
lines (3.1-3.36) [1, 11]. In favor of the formation of this heterocycle indicate the data of 'H
NMR spectra of compounds 3.1-3.36, namely a significant paramagnetic shift of benzene
protons and the characteristic weak-field single-proton singlet of proton position 5 at 9.65—
9.26 ppm.

In addition the chemical shift of the proton signal of position 5 is directly related to the
donor-acceptor properties of the substituent. In the case of donor substituents (compounds
3.1-3.18), this singlet resonates at 9.38-9.26 ppm, while acceptor substituents (compounds
3.19-3.36) shift it to a weaker part of the spectrum [12].

Aromatic protons of the triazolo[1,5-c]quinazoline system (compounds 3.4, 3.7, 3.11,
3.14, 3.19, 3.24, 3.30, 3.34-3.36) recorded as an ABCD system in the form of sequentially
arranged doublets H-10 (8.56-8.43 ppm) and H-7 (8.11-7.99 ppm), and alsotriplets H-9
(7.85-7.74 ppm) and H-8 (7.74-7.85 ppm). Moreoverfor compounds 3.1-3.3, 3.5, 3.6, 3.8—
3.10, 3.12, 3.13, 3.15-3.18, 3.20-3.23, 3.25-3.29, 3.31-3.36 that have substituents in the
aromatic part of the triazolo[ 1,5-c]quinazoline system is characterized by the corresponding
multiplicity and chemical shifts of the signals of aromatic and protons of the functional
position substituents 2 [13].

The 'H NMR spectra of compounds 3.1-3.18 are characterized by signals of protons of
the aliphatic residue that were recorded in a strong field. The equatorial and axial protons
of position 2 and 3, as well as the proton of position 1 of the cyclopropyl residue reso-
nate as multiplets at 1.21-1.0 ppm and 2.26-2.13 ppm respectivelyin compounds 3.1-3.3.
A similar situation was observed in the 'H NMR spectra of compounds 3.4-3.6, namely
the resonance of equatorial and axial protons at positions 3, 2, 4 and 1 of the cyclobutyl
residue in the broad multiplets form at 2.23—1.94 ppm, 2.63-2.32 ppm and 3.86-3.72 ppm
respectively. Aliphatic axial and equatorial protons, protons of cyclopentyl and cyclohexyl
residues also appear in strong fields with corresponding multiplicity. The proton signals
of the cyclopentane cycle (3.7-3.10) in the '"H NMR spectrum were recorded as a pen-
tet or multiplet H-1 and a wide multiplet H—Seq, 2eq, 5.0 2.0 3eq, 4eq, 3,4, at3.38-3.39
ppm and at 2.24-1.59 ppm respectively. The proton H-1 of the cyclohexane substituent
of compounds 3.11-3.13 resonates as a multiplet at 2.99-2.87 ppm, equatorial and axial
protons of positions H-3, H-4 and H-5 appear by a wide multiplet at 1.81-1.28 ppm. The
resonance of equatorial and axial protons H-2 and H-6 occurs by two multiplets at 1.97—1.81
ppm and 2.11-2.09 ppm respectively. The paramagnetic shift of methylene (H-1) protons
in cyclobutane, cyclopentane and cyclohexane compared to cyclopropane can be explained
by the non-planar structure of the cycle and as a result by the perpendicular orientation of
the cycle structure relative to the direction of the magnetic field. It leads to a difference
between chemical shifts of 1.2—1.0 ppm [14, 15].

An interesting cleavage is characteristic for the protons of the adamantane residue in
compounds 3.14-3.18. They resonate with two six-proton singlets of «bridge» protons at
1.83-1.81 ppm (H-4.4, H-6.6, H-10.10) and 2.05-2.0 ppm (H-2.2, H-8.8, H-9.9). The triproton
singlet at 2.19-2.09 ppm is characteristic of for protons of «nodal» carbon atoms [16, 17]. A
three-proton singlet of the methyl group of position 7 of quinazoline is observed at 2.78-2.73
ppm in the '"H NMR spectra of compounds 3.1, 3.5, 3.8, 3.12, 3.15, 3.20, 3.26, 3.31.

Signals of positional getaryl substituents are observed in the strong-field part of the
spectrum of compounds 3.19-3.36. They have typical multiplicity and chemical shift.
For example, the furan ring (compounds 3.20-3.23) in the '"H NMR spectrum resonates
with a single-proton singlet H-2 at 8.35-8.290 ppm and two single-proton doublets H-5 at
7.74-7.70 ppm (SCC 6.8-7.5 Hz) and H-4 at 7.02—7.01 ppm (SCC 7.4-7.8 Hz). A similar
situation in the spectrum is characteristic for the protons of the thiophene cycle (com-
pounds 3.26-3.29) which resonate as single-proton doublets of H-5 at 7.77-7.70 ppm (SCC
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5.1-7.0 Hz), H-4 at 7.59-7.56 ppm (SCC 3.1-4.9 Hz) and a single-proton singlet H-2 at
8.24-8.23 ppm. It should be noted that it is not possible to explain the multiplicity and
typical chemical shifts of aromatic protons for both the quinazoline residue and the hetero-
cyclic component of compounds 3.31, 3.32 due to their form of multiplets.

The '"H NMR-spectrum of compound 3.34 allowed to describe both aromatic and het-
erocyclic protons. he indole substituent protons appear as single-proton doublets H-4 and
H-7 at 7.53 ppm (SCC 8.0 Hz) and 7.67 ppm (SCC 7.8 Hz) respectively, H-5 and H-6 —
triplets at 7.08 ppm (SCC 7.2 Hz) and 7.21 ppm (SCC 7.4 Hz) respectively, singlet H-3 at
7.29 ppm [13].

In the LC-MS spectra (APCI) of the compounds 3.1-3.36, the signals of positive ions
[M—+1] were recorded which confirms the expected molecular weight of the synthesized
compounds. For compounds 3.24-3.29, the signals of positive ions [M+3] were addition-
ally recorded, which characterizes the «isotopic profile» of sulfur [18].

As we expected (Table), the results of microbiological screening demonstrated a little
antimicrobial and fungicidal action in the synthesized compounds. The activity of most
compounds against the main strains was observed in the concentration range of 100-200
ug/ml. However, it is necessary to distinguish compounds 3.8 and 3.14, which inhibit the
growth of St. aureus in MIC 25 pg/ml. A number of compounds 3.2, 3.5, 3.8, 3.10, 3.12 and
3.14 are active against Ps. aeruginosa (MIC — 50 pg/ml and MBC — 100 pg/ml).

In addition, compounds 3.2, 3.5, 3.8, 3.10, 3.12 and 3.14 show a high fungicidal ef-
fect inhibiting the growth of C. albicans in the concentration range of 25-100 pg/ml, ap-
proaching the strength of the effect to the reference drug «Ketonazole». Analysis of the
correlationof «structure-antimicrobial activity» demonstrated that the introduction of the
triazolo[ 1,5-c]quinazoline cycle, cyclopentyl (3.8) or adamantyl (3.14) substituents to po-
sition 2 is positive for the antibacterial action to St. aureus. The antifungal activity is de-
termined by the cyclopentyl (3.8) and cyclohexyl (3.12) substituent of position 2 of the
heterocycle, as well as the additional introduction of a methyl group in position 7.

Table
Antimicrobial and antifungal activity of synthesized compounds
Investigated strains
Compound* E. coli St. aureus Ps. aeruginosa C. albicans
MIC pg/ | MBC |MICpg/| MBC |MICpg/| MBC | MICpg/| MFC
mL pg/mL mL pg/mL mL pg/mL mL pg/mL
31 100 200 100 100 100 100 50 100
3.2 100 200 100 200 50 100 100 100
35 100 200 100 >200 50 100 50 100
3.8 100 200 25 200 50 100 25 50
3.10 100 200 100 200 50 100 50 100
3.12 100 200 50 >200 50 100 25 50
3.14 200 200 25 25 50 100 100 100
Nitrofural 1,5 - 6,25 - 6,25 - 25,0 -
Ketoconazole - - - - — — 25,0 _

N o t e: * the antimicrobial and antifungal activity of other synthesized compounds is MIC — 100—
200 pg/ml, MBC — 100-200 pg/ml, MFC — 100-200 pg/ml.

Thus, microbiological studies in a number of 2-cycloalkyl-(hetaryl-)-[1,2,4]
triazolo[ 1,5-c]quinazolineshave revealed a number of promising antimicrobial and
antifungal agents that require further research on a wider range of strains and resistant
strains of bacteria and fungi.
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Prospects for further research — the next stages of the study are related to the subsequent
chemical modification of the heterocycle and the study of their effect on biological
parameters in other experimental pathologies (convulsions, edema, «acetic» cramps, etc.).

Conclusions

1. The optimal method of synthesis of 2-cycloalkyl-(hetaryl-)-[1,2,4]triazolo[1,5-¢]
quinazolines, which represent value as chemical reagents for further transformations and
study of biological activity is substantiated and developed. The possibility of «one-pot»
synthesis of the target compounds with 4-hydrazinoquinazolinesandcycloalkylcarboxylicac
idsunder conditions of activation of the carboxyl group N, N'-carbonyldiimidazole is shown.

2. Structure and individuality of synthesized compounds wereconfirmed by elemen-
tal analysis, physical and chemical methods (‘H NMR spectroscopy, chromatomass
spektrometry).

3. Conducted microbiological screening of 2-cycloalkyl-(hetaryl-)-[1,2,4]
triazolo[ 1,5-c]quinazolines revealed a number of promising compounds that inhibit the
growth of St. aureus (MIC 25-50 ug/ml) and C. albicans (25-50 ug/ml).
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2-CYCLOALKYL-(HETARYL-)-[1,2,4]TRIAZOLO[1,5-c]QUINAZOLINES: SYNTHESIS, PHYSICAL
AND CHEMICAL PROPERTIES AND ANTIBACTERIAL ACTIVITY
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ABSTRACT

In spite of the achievements in the chemistry of triazoloquinazolines, the synthetic possibilities of this
class of compounds are not exhausted, some problems remain unresolved and require further study. 2-R-[1,2,4]
triazolo[ 1,5-c]quinazolines are among them due to insufficiently explored but at the same time interesting in
both chemical and biological aspects.

Undoubtedly «pharmacophore» has the crucial role in the response of a biological action. It is contained in
this heterocycle namely the substitute position 2.

In view of the above, we attempted to modify triazolo[1,5-c]quinazoline by introducing a methyl group or
halogens (fluorine, chlorine, bromine) into a benzene moiety and a triazole moiety of a cycloalkyl or heterocy-
clic substituent molecule.

The aim of this work is to develop simple and affordable methods of the synthesis of new 2-cycloalkyl-
(hetaryl-)-[1,2,4]triazolo[ 1,5-c]quinazolines, quinazolines, to study their physical and chemical properties and
to conduct primary screening for antibacterial activity
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The antimicrobial activity of the synthesized chemical compounds was performed by the method of two-
fold serial dilutions in Mueller—Hinton broth (for strains of Staphylococcus aureus ATCC 25923, Escherichia
coli ATCC 25922, Pseudomonas aeruginosa ATCC 27853) and in Saburo broth (for Candida albicans ATCC
885-653). MIC (minimum inhibitory concentration), MBcC and MFcC (minimum bactericidal and fungicidal
concentrations respectively) was determined.

The optimal method of synthesis of 2-cycloalkyl-(hetaryl-)-[1,2,4]triazolo[1,5-c]quinazolines, which rep-
resent value as chemical reagents for further transformations and study of biological activity is substantiated
and developed. The possibility of «one-pot» synthesis of the target compounds with 4-hydrazinoquinazolines
and cycloalkylcarboxylic acids under conditions of activation of the carboxyl group N,N'-carbonyldiimidazole
is shown. Conducted microbiological screening of 2-cycloalkyl-(hetaryl-)-[1,2,4]triazolo[1,5-c]quinazolines
revealed a number of promising compounds that inhibit the growth of St. aureus (MIC 25-50 pg/ml) and
C. albicans (25-50 pg/ml).

The optimal method of synthesis of 2-cycloalkyl-(hetaryl-)-[1,2,4]triazolo[1,5-c]quinazolin by
cyclocondensation  (3H-quinazoline-4-ylidene)hydrazides ~ withcycloalkyl-(hetaryl)carboxylic  acidsis
substantiated and developed. The structure and individuality of the synthesized compounds were confirmed
by elemental analysis, physicochemical methods ("H NMR-spectroscopy, HPLC/MS). The peculiarity of the
"H NMR spectra of this heterocycle is discussed, namely the significant paramagnetic shift of benzene protons
and the characteristic weak-field single-proton singlet of the proton of position 5 of the heterocycle, which
is a confirmation of recycling isomerization by Dimrot rearrangement. The structure-activity relationship is
discussed and the study of the most active compounds for a wider range of strains and resistant strains of
bacteria and fungi is recommended.

K. I1. Ia6ensnuk (https://orcid.org/0000-0003-2008-8380),

C. B. Xonoxmsx (https://orcid.org/0000-0002-4993-9583),

H. M. TTomimyx (https://orcid.org/0000-0002-9791-5818),

C. I. Kosanenko (https://orcid.org/0000-0001-8017-9108)

3anopizvruil Oeporcasnuii meouunull ynigepcumen

2-ITUKJIOAJIKIUI-(TETAPWJI-)-[1,2,4] TPUA30JIO[ 1,5-c]XIHA3OJITHW: CUHTE3, ®I3UKO-XIMIYHI
BJIACTUBOCTI TA AHTUBAKTEPIAJIbBHA AKTUBHICTb

KonrodoBi ciioBa: cunres, 2-nukinoankin-(rerapmi-)-[1,2,4]rpuaszono[ 1,5-c]xina3oniny, cnekTpanbHi gaHi,
(hi3uKo-XiMiUHI BIACTUBOCTI, IPOTUMIKPOOHA Ta MPOTUTPHOKOBA AKTUBHICTH

AHOTALNIA

He3Baxaroun Ha JOCATHYTI YCHIXH B XiMil TPHA30JI0XiHA30IHIB, CHHTETHYHI MOIIMBOCTI IILOTO KIIacy
CHOJIYK HE BUYepnaHi. Jlo MalIOBUBYEHUX 1 BOAHOYAC WIKABUX 5K Y XIMIYHOMY, Tak 1 610JIOTIYHOMY acIleKTi
Hanexartb 2-R-[1,2,4]tpuazono[1,5-c]xiHa3ominy, sKi BUABIAIOTH Pi3HOOIYHY (apMakoJIOridyHy aKTHUBHICTB.
BeznepeuHo, o BUpimIansHa KITIOY0BA POJIb y IPOsBi Tiel un iHIIoi 6iomoridnoi aii HanexuTs «papmakodopy»,
SIKMA MICTUTBCS y JaHOMY T'€TepOLMKI, a caMe 3aMiCHHKY y TOJIOKeHHi 2. BpaxoByroun 3a3HaueHe, HAMU
3aificHeHo cnpoby momudikanii [1,2,4]rpuasono[1,5-c]xiHazoniHy IUISIXOM BBEIEHHs 10 OeH3eHOBOroO (hpar-
MEHTa METHIIFHOI TrpymnH abo rajoreHiB (¢uyop, Xiop, Opom) Ta J0 TPHUA30JIBHOTO (hparMeHTa MOJEKYIH
LUKJIOATKITEHUX a00 TeTepOLUKITIYHUX 3aMiCHHKIB.

Meroro poOOTH € pO3pOOJIEHHS MNPOCTHX 1 JOCTYNHHX METOAIB CHHTE3y HOBHX 2-IIMKJIOQIKINI-
(rerapmn)-[1,2,4]rprazomno[ 1,5-c|xiHa30MiHIB, BUBUCHHS iXHIX (I3UKO-XIMIYHUX BIACTHBOCTEH Ta BUKOHAHHS
MIEPBUHHOTO CKPUHIHTY Ha aHTHOAKTEpiadbHy aKTHBHICTb.

[MpoTuMikpoOHY aKTHBHICTH CHHTE30BAaHUX XIMIYHHX CHOJYK BUBYAIM METOJOM JBOPA30BHX CEpPiHHUX
po3BenieHs y OynbitoHi Miomnepa—Xinrona (it mramiB Staphylococcus aureus ATCC 25923, Escherichia
coli ATCC 25922, Pseudomonas aeruginosa ATCC 27853) i B 6ynbitoni Cabypo (s Candida albicans ATCC
885-653). Buznayanu MIK (minimaneHa inridyroua konnentpanis), MBuK i MOuK (minimansHa GakrepHuiui-
Ha 1 QyHTIOUIHA KOHIICHTPALT BiIMOBITHO).

OOrpyHTOBaHO Ta pO3pOOJICHO ONTHUMAJIBHUN METOX CHHTE3y 2-IMKIOoalKija-(retapui-)-[1,2,4]
Tpuaszouno[1,5-c]xiHa30iiHiB, sKi NPEACTAaBISIOTh LIHHICTh SK XIMIYHI peareHTH Uil MOAAJbLINX IEePEeTBO-
peHb Ta BHBYCHHS 0i0JOTiYHOI akTHBHOCTI. [loKazaHa MOXIHBICTB «one-pot» CHHTE3Y IUIBOBUX CIOIYK
i3 4-Tigpa3uHOXIHA30MIHIB Ta IHMKIOAJKIIKAPOOHOBHX KHCIOT 32 yMOB aKTHBalil KapOOKCHJIBHOI Tpynu
N,N'-kap6oHinaiiMinazonoM. BukonaHmii MiKpoOiOJIOTiYHUIT CKPUHIHT 2-IHKIOAIKiII-(TeTapmi-)-[1,2,4]
Tpuazono[ 1,5-c|xiHa30MiHIB ]aB 3MOTY BUSBHTHU Psi/I IEPCIIEKTUBHUX CIONYK, SKi 1HTIOYIOTH picT St. aureus
(MIK 25-50 mxr/mn) Ta C. albicans (MIK 25-50 mMkr/min).

OOrpyHTOBaHO Ta pO3pOOJICHO  ONTHMAIBHHHA METON CHHTE3Y 2-IMKIOaNKij-(retapui-)-[1,2,4]
TpHuasono[ 1,5-c|xiHa30MiHIB  IHKIOKOHAeHcauiero (3H-XiHa30miH-4-UTiACH)riApasuIiB i3  IUKIOAIKiI-
(rerapui-)kapOoHoBuMH  kucinotamu. CTPYKTYpy Ta IHIMBIAyaJbHICTh CHHTE30BAaHHX CIOIYK OyJ0
MITBEP/DKEHO €JIEMEHTHUM aHaiizoM, (isuko-ximiynumu meromamu (‘H SIMP-cnekrpockorisi, Xxpomaro-
Mac-criekrpometpist). O6roBopena ocobiuBicts 'H SIMP-crieKTpiB 1bOrO TeTEpOIMKIY, a caMe 3HAYHHI
MapaMarHiTHUH 3CyB OCH3EHOBUX MPOTOHIB Ta XapAKTEPUCTHYHUHN CIa0OMOIBHUI OJHOMPOTOHHUI CHHIJIET
IPOTOHY IOJIOXKEHHSI 5 TEeTePOLUKITY, IO € IMiATBEPHKCHHSIM MPOTIKAaHHS PelUKIIi3aliiHol i30MepH3alii 3a
THIIOM TieperpymyBaHHs [liMpora. OOGroBOpeHO B3a€MO3B’SI30K «CTPYKTYPa—aKTHBHICTE» Ta PEKOMEHIOBAHO
JIOCITI/DKEHHST HaWaKTUBHIIIMX CHOJYK MIOJO0 OLTBIN MIMPOKOi KUTBKOCTI INTaMiB Ta PE3UCTEHTHOCTIHKUX
mTamiB Oaktepiit Ta rpubiB.
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3anopoorcckuii 2ocyoapcmeeniviti MeOUYUHCKUIL YHUSEpCumem
2-ITUKJIOAJIKUJI-(TETAPUII-)-[1,2,4]TPUA30JIO[1,5-c]XUHA3OJIMHBI: CUHTE3, ®U3UKO-
XUMUYECKUE CBOMCTBA 1 AHTUBAKTEPUAJIBHASI AKTUBHOCTh

KuoueBrble ciioBa: cunTe3, 2-IUKI0ANKUI-(retapui-)-[ 1,2,4]rpuaszono[ 1,5-c]XuHa301uHbI, CIEKTPaJIbHBIC
JTaHHbIE, PU3NKO-XIMHUUECKUE CBOICTBA, IIPOTUBOMHUKPOOHASI H IPOTHTPHOKOBAst aKTUBHOCTh
AHHOTALNA

HecMOTpst Ha JOCTUTHYTBIE YCIIEXU B XUMHH TPHA30JI0XHUHA30IMHOB, CHHTETUUECKHE BOBMOKHOCTH TOTO
KJIacca COeIMHEeHHH He ncuepnanbl. K Maon3y4eHHBIM H OTHOBPEMEHHO HHTEPECHBIM KaK B XHMHIECKOM, TaK
1 OMOJIOTHYECKOM acrekTe mpuHaiexatr 2-R-[1,2,4]rpuazono[ 1,5-c|xnuHa301MHBL, KOTOPBIE MPOSBISAIOT pa3-
HOCTOPOHHIOIO (papMaKOJIOrHYeCKyI0 aKTHBHOCTB. beccropHo, 4To peraromnias KIIoueBast pojib B POSBICHUN
TOTO MJIM MHOTO OHOJIOTHMYECKOro NeHCTBUS MPUHAISKUT «(apmakohopy», KOTOPBIH COISPIKUTCS B JTAHHOM
TeTePOIMKIIE, 3 UMEHHO 3aMECTHTENIO B MOJOKEHUH 2. YUHUTHIBas yKa3aHHOE, HAMH OCYIIECTBIEHA MOMbITKA
Momudukanuu [1,2,4]rpuazono|1,5-c]xuHa3onnHa MyTeM BBEICHHS B OCH3OJBHBIH (parMeHT METHIBLHOMN
TPYHITBl WM TanoreHoB ((hrop, ximop, 6poM) U B TPHA30IBHBEINH (PparMEHT MOJIEKYIIb! UKJIOANKIIIBHBIX MIIH
TeTePOLMKINIECKUX 3aMECTUTENEH.

Llenbio paboTsl siBIsieTcss pa3paboTKa MPOCTHIX M AOCTYMHBIX METOJOB CHHTE3a HOBBIX 2-IIMKJIOAIKMII-
(retapmin)-[1,2,4]Tprazomno[ 1,5-c|XuHA30IMHOB, U3y4eHHE HX (PU3MKO-XUMUYECKHX CBOUCTB M INPOBEACHHE
MEPBUYHOTO CKPUHHUHTA HA aHTHOAKTEPUAIIbHYIO AKTUBHOCTb.

[TpoTHBOMUKPOOHYIO AKTHBHOCTh CHHTE3MPOBAHHBIX XUMHYECKHX COCJMHEHUH M3ydaad MeETOJIOM
JIBYKPaTHBIX CEpPUIHBIX pa3BeJeHUi B OyiapoHe Mromiepa—XuHTOH (Juisi mramMMoB Staphylococcus aureus
ATCC 25923, Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCC 27853) u B Oyabone Cabypo
(us Candida albicans ATCC 885-653). Onpenensiin MUK (MUHUMabHas HHTHOMPYIOIIAs KOHIICHTPALNS),
MbuK 1 MOuK (MuHUManbHas OaKTepUIAHAS H QYHTUIHIHAS KOHIIEHTPAIIMUA COOTBETCTBEHHO).

O0GocHOBaH u  pa3pabOTaH ONTUMAIbHBIA METOX  CHHTE3a 2-IUKJIOAJKHI-(reTapui-)-[1,2,4]
Tpuraszono[ 1,5-c]XMHA30IMHOB, KOTOPBIE MPEICTABISIOT [IEHHOCTh KaK XMMHUYECKHE PeareHThbl Ui JaJIbHeil-
KX MPeoOpa3oBaHMi U M3ydeHUs] OMOIIOTHIECKOl akTUBHOCTH. [Toka3zaHa BOZMOXKHOCTE «one-pot» CHHTE3a
LENEBBIX COSANHEHHH U3 4-THIPa3HHOXUHA30IMHOB U LUKJIOAIKUIKaPOOHOBUX KUCIIOT B YCIOBHAX aKTHBAIIUU
KapOOKcuiIbHOU rpymmbl N, N'-kapOOHWITUMMHUIa3070M. [IpOBEICHHBI MHUKPOOUOIOTMYCCKUN CKPUHUHT
2-muknoankmi-(rerapmi-)| 1,2,4]tpuazono| 1,5-¢c|XiHa30IMHOB TIO3BOJHI BBISIBUTH PsIJl MEPCIIEKTUBHBIX CO-
€IMHEHNH, KOTOpble MHruoupytoT poct St. aureus (MUK 25-50 mxr/mn) u C. albicans (MUK 25-50 mMkr/m).

O060cHOBaH U pa3paboTaH ONTUMAIIBHBIN METO CHHTE3a 2-IUKII0aIKII-(TeTapui-)[ 1,2,4]tpuasono| 1,5-¢]
XUHA30JIMHOB UKJIOKOHBAEHcanuer (3 H-XxuHA30IMH-4-WIHACH)THAPA3HI0B C  IHKIOAIKII-(TETapuiI-)
KapOOHOBBIMH  kucrnoTaMu. CTPYKTypa ¥ WHIUBHAYadbHOCTh CHHTE3UPOBAHHBIX COEIUHEHMH OBLIN
MOJATBEP)KACHBI DJIEMCHTHBIM aHain3oM, ¢us3uko-xumuueckumu Mmerogamu ('H  SIMP-cniekrpockonusi,
XpomaTo-macc-criekrpomerpust). Obcyxnena ocobennocts 'H SIMP-crieKTpOB [IaHHOrO TIeTepoLHKIa, a
MMEHHO 3HAUNTENbHBIH TapaMarHUTHBIN CIBUT O€H30JIbHBIX IPOTOHOB 1 XapaKTEPUCTUUECKUI CTa00IOIBHBII
OJTHOTIPOTOHHHUH CHHIJIET IPOTOHA MOJOKEHHUS 5 TeTePOLMKIIA, YTO SBJISICTCS MOATBEPIKACHUEM IIPOTEKAHHUS
PELUKIM3AHOHHON HM30MEpU3alliy 110 THUITy meperpynnupoBkd Jumporta. OOCYKAEHBI B3auMOCBS3b
«CTPYKTYPa—aKTHBHOCTB» M PEKOMEHI0BAHO MCCIIEI0BAHNE AKTHBHBIX COSTHMHEHUIT Ha OONBIIEM KOJTHIECTBE
IITAMMOB U PE3UCTEHTHOYCTOHYMBBIX IITAMMOB OaKTepHid U TpUOOB.

Enexmponna adpeca ons nucmyeanus 3 asmopamu:kshabelnik(@gmail.com
(ITa6empruk K. I1.)
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