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Aim. Synthesis of a series of 2-(dichloromethyl)pyrazolo[1,5-a][1,3,5]triazines and evaluation
in vitro of their anticancer activity against a panel of 60 cell lines derived from nine cancer
types, namely leukemia, non-small cell lung cancer, colon cancer, CNS cancer, melanoma,
ovarian cancer, renal cancer, prostate cancer, breast cancer. Methods. Organic synthesis;
biological tests; spectral methods; statistical methods. Results. /n vitro screening of the an-
ticancer activity showed that 5 of 26 tested compounds can effectively inhibit the growth of
certain cancer cell lines. Conclusions. New type of N-(2,2-dichloro-1-cyanoethenyl)car-
boxamides heterocyclization with 1H-pyrazol-5-amines led to the formation of 2-(dichloro-
methyl)pyrazolo[1,5-a][1,3,5]triazines. Some of these compounds inhibit growth of certain
cancer cell lines.

Keywords: in vitro screening, anticancer activity, heterocyclization, 1 H-pyrazol-5-amines,
pyrazolo[1,5-a][1,3,5]triazines, 2-(dichloromethyl)pyrazolo[1,5-a][1,3,5]triazines.

Introduction

Organic synthesis plays a vital role in drug dent kinases inhibitors and as inducers of cell

discovery, and modern synthetic methods focus
on increasing the efficiency of preparing small
drug-like molecules which include new drugs
and drug candidates and reagents used to ex-
plore biological processes [1]. Pyrazolo[1,5-a]
[1,3,5]triazines were reported to behave as
purine bioisosteres of various cycline-depen-

death in a wide variety of human tumor cell
lines [2], as hCRF1 receptor antagonists and
effective anxiolytic drugs [3], as inhibitors of
protein kinase CK2 [4, 5], as antimicrobial
agents [6], as active inhibition agents of bron-
chial construction with very low chronotropic
effects [7], as anti-proliferative agents for
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colorectal cancer cell lines [8]. 1H-Pyrazol-5-
amines (or 5-aminopyrazoles) comprise a class
of flexible nitrogen-containing aromatic hete-
rocycles used as privileged organic tools for
the construction of diverse fused heterocyclic
scaffolds with versatile functionalities [9].
N-(2,2-Dichloro-1-cyanoethenyl)carboxamides
are versatile highly reactive electrophilic re-
agents that are increasingly used in the or-
ganic synthesis, in particular in the synthesis
of new types of heterocyclic compounds.
Pioneering work on the development of cyclo-
condensation reactions of N-(2,2-Dichloro-1-
cyanoethenyl)carboxamides with N-nucleo-
philes originated in the late 1970’s by two
research groups of Matsumura and Drach; it
was found that these cyclocondensations with
various N-nucleophiles constitute a facile
method for the synthesis of novel 5-amino-
4-cyanooxazoles [10—14], imidazole [13, 16],
pyrazolo[1,5-a]pyrimidine [17], 7,8-dihydro-
imidazo[ 1,2-c][1,3]oxazolo[4,5-e]pyrimidine
[18], 7,8-dihydroimidazo[1,2-c][1,3]thiazo-
lo[4,5-¢e]pyrimidine [19], 4,5,7,8-tetrahydro-
imidazo[1,2-c][1,3]thiazolo[4,5-¢][1,3,2]diaza-
phosphinine [20], and 1,2-dihydro-2A>-[1,3]

oxazolo[5,4-d][1,3,2]diazaphosphinine [21]
derivatives. These achievements inspired us to
develop an efficient method for the synthesis
of new compounds with pyrazolo[1,5-a][1,3,5]
triazine moiety. The current study was aimed
at the synthesis of new 2-(dichloromethyl)
pyrazolo[1,5-a][1,3,5]triazines starting from
1 H-pyrazol-5-amines with N-(2,2-dichloro-1-
cyanoethenyl)carboxamides, and in vitro eval-
uation of the obtained heterocycles’ anticancer
activity against a panel of 60 cell lines derived
from nine cancer types.

Materials and Methods

Chemistry

A series of new pyrazolo[1,5-a][1,3,5]triazine
derivatives 3 for in vitro screening for anticancer
activity was synthesized starting with N-(2,2-
dichloro-1-cyanoethenyl)carboxamides 1 with
1 H-pyrazol-5-amines 2 (Scheme 1).

All reagents and solvents used in synthetic
procedures were purchased from Aldrich and
used as received. The reaction progress was
monitored by the TLC method on Silica gel 60
F5s4 Merck. 'H (400 MHz) and 3C (100 MHz)

Cl__Cl R2 i CN chol, CHCI, | CHCl,
N
+ \ R1 HN_—\< Et3N R'] NH NN
HN N / — \« NH —_— — |
SN HNTN B
/& 2 N 0 —HCN 0 N R™ ONTY
RS0 H HN™S HN \=
1a-g 2a-c,e A N= R? B N R2 R2
- - 3
aa (50%), ab (65%), ac (72%), ae (77%),
ba (68%), bb (75%), bc (70%), be (76%), ca (70%), cb (78%), cc (70%), ce (71%),
da (80%), db (75%), dc (68%), de (75%), ea (75%), eb (78%), ec (75 %), ee (79%),
fa (74%), fb (75%), fc (67%), fe (76%), g¢ (75%), ge (72%),

R', R2= Me (a), Ph (b), 4-MeCgH, (c), 4-MeOCgH, (d), 4-FCgH, (e), 4-CICgH, (f), t-Bu (g)

Scheme 1
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NMR spectra of obtained products were record-
ed at Varian Unityplus 400 spectrometer in
DMSO-d; solution with TMS as the internal
standard. IR spectra were recorded on a Vertex
70 spectrometer from KBr pellets. Melting points
were measured on a Fisher-Johns instrument.

Chromatomass spectra were recorded on an
Agilent 1100 Series high performance liquid
chromatograph equipped with a diode matrix
with an Agilent LC/MS mass selective detector
allowing a fast switching of the positive/nega-
tive ionization modes (chemical ionization).

Elemental analyses were performed at the
Analytical Laboratory of the V.P. Kukhar
Institute of Bioorganic Chemistry and
Petrochemistry, NAS of Ukraine, their results
were found to be in good agreement (+0.4 %)
with the calculated values.

General procedures of 2-(dichloromethyl)
pyrazolo[1,5-a][1,3,5]triazines 3 synthesis.
5-aminopyrazole (0.01 mol) and Et;N (1.39 ml,
0.01 mol) were added to a solution of 2-acyl-
amino-3,3-dichloroacrylonitrile 1 (0.01 mol)
in 10 ml of THF. The mixture was stirred at
room temperature for 24 h, and then heated at
55-60 °C for 2 h. After solvent evaporation
the residue was triturated with water to give a
crude product which was dried and recrystal-
lized to obtain yellow or brownish crystals.

Physical and spectral properties of 2-dichlo-
romethyl-4,7-diphenylpyrazolo[1,5-a][1,3,5]
triazine (3bb), 2-dichloromethyl-4-phenyl-
7-(p-tolyl)pyrazolo[1,5-a][1,3,5]triazine (3bc),
2-dichloromethyl-7-methyl-4-(p-tolyl)
pyvrazolo[1,5-a][1,3,5]triazine (3ca), 2-dichlo-
romethyl-7-phenyl-4-(p-tolyl)-pyrazolo[1,5-a]
[1,3,5]triazine (3¢cb), and 2-dichloromethyl-
4,7-di(p-tolyl)pyrazolo[1,5-a][1,3,5]triazine
(3cc) see [22].

When assigning signals in the 'H and '3C
NMR spectra, the atoms of the aryl substitu-
ents at position 4 of the heterocycle are desig-
nated as H' and C’, respectively, the atoms of
the aryl substituents in position 7 are desig-
nated as H"" and C”, respectively.

2-Dichloromethyl-4,7-dimethylpyrazo-
lo[1,5-a][1,3,5]triazine (3aa). Mp 108—110 °C
(H,0). IR, v, em™!: 3101, 3021, 3003, 2929,
1681, 1603, 1526, 1358, 1254, 843, 786, 743,
667. 'THNMR, &, ppm (J, Hz): 2.49 (3H, s, Me-
7), 2.91 (3H, s, Me-4), 6.69 (1H, s, H-8), 7.26
(1H, s, CHCl,). BC NMR, 8, ppm: 14.5 (Me-7),
19.2 (Me-4), 70.9 (CHCl,), 97.6 (C-8), 147.5,
157.2, 158.0, 158.8. MS, m/z 231.1 [M+H]".

2-Dichloromethyl-4-methyl-7-phenylpyra-
zolo[1,5-a][l,3,5]triazine (3ab). Mp 194—
196 °C (MeCN). IR, v, cm™!: 3012, 1606,
1529, 1457, 1253, 836, 787, 764, 736, 688,
655. 'TH NMR, o, ppm (J, Hz): 3.01 (3H, s,
Me-4), 7.23 (1H, s, H-8 or CHCl,), 7.34 (1H,
s, H-8 or CHCl,), 7.50-7.54 (3H, m, H-3"-5"),
8.09 (2H, d, J = 5.0, H-2",6"). 3C NMR, 9,
ppm: 19.2 (Me-4), 70.9 (CHCl,), 95.0 (C-8),
126.7,129.0, 130.1, 131.3, 148.3, 157.5, 157.9,
159.4. MS, m/z 293.0 [M+H]".

2-Dichloromethyl-4-methyl-7-(p-tolyl)
pyrazolo[1,5-a][1,3,5]triazine (3ac). Mp 172—
174 °C (EtOH). IR, v, cm™!: 3001, 1600, 1523,
1449, 1255, 843, 775, 657. '"H NMR, §, ppm
(/, Hz): 2.38 (3H, s, Me-4"), 2.98 (3H, s,
Me-4), 7.34-7.35 (3H, m, H-8 or CHCl,,
H-3",5"), 7.39 (1H, s, H-8 or CHCl,), 8.00
(2H, d, J = 8.0, H-2",6"). 13C NMR, 4, ppm:
19.2 (Me-4), 21.0 (Me-4"), 70.9 (CHCl,), 94.7
(C-8), 126.6, 128.5, 129.6, 139.8, 148.3, 157.4,
158.0, 159.3. MS, m/z 307.0 [M+H]*.

2-Dichloromethyl-7-(4-fluorophenyl)-4-
metylpyrazolo[1,5-a][1,3,5]triazine (3ae). Mp
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175-177 °C (MeCN). IR, v, cm~!: 3009, 1612,
1521, 1449, 1234, 1094, 844, 779, 739, 660.
'H NMR, 6, ppm: 2.98 (3H, s, Me-4), 7.33—
7.42 (4H, m, CHCl,, H-8,3",5"), 8.13-8.17
(2H, m, H-2",6"). 13C NMR, 6, ppm (J, Hz):
19.7 (Me-4), 71.3 (CHCl,), 95.4 (C-8), 116.5
(d,J=21.9,C-3",5"),128.4 (d,J=3.0,C-1"),
129.5 (d,J=8.5,C-2",6"), 148.9, 157.4, 158.1,
159.9, 163.7 (d, J = 247.3, C-4"). MS, m/z
311.0 [M+H]".
2-Dichloromethyl-7-methyl-4-
phenylpyrazolo[1,5-a][1,3,5]triazine (3ba).
Mp 120-122 °C (EtOH). IR, v, cm!: 3008,
1600, 1528, 1485, 1236, 1183, 839, 783, 735,
686, 669, 643, 530. 'H NMR, 6, ppm (J, Hz):
2.52 (3H, s, Me-7), 6.80 (1H, s, H-8), 7.40
(1H, s, CHCl,), 7.61-7.65 (3H, m, H-3"-5"),
8.70 (2H, d, J=8.4, H-2',6"). BC NMR, &, ppm
(/, Hz): 14.6 (Me-7), 71.0 (CHCl,), 97.5 (C-8),
128.5, 129.5, 131.1, 133.5, 149.9, 153.91,
157.4, 158.7. MS, m/z 293.2 [M+H]".
2-Dichloromethyl-7-(4-fluorophenyl)-4-
phenylpyrazolo[1,5-a][1,3,5]triazine (3be).
Mp 163-165 °C (MeCN+DMF, 2:1). IR, v,
cm1: 3085, 2924, 1607, 1589, 1477, 1451,
1226, 840, 795, 781, 663. 'H NMR, o, ppm
(J, Hz): 7.30-7.44 (4H, m, CHCl,, H-8,3",5"),
7.65-7.76 (3H, m, H-3'-5"), 8.11-8.14 (2H, m,
H-2",6"), 8.78 (2H, d, J = 7.2 H-2',6'). 3C
NMR, 9§, ppm (J, Hz): 71.4 (CHCl,), 95.2
(C-8), 116.5 (d, J = 21.6, C-3",5"), 128.2 (d,
J=3.0, C-1"), 129.0, 129.5 (d, J = 8.5,
C-2",6"), 129.8, 131.7, 134.1, 151.2, 154.7,
157.9, 158.1, 163.8 (d, J = 247.5, C-4""). MS,
m/z 371.0 [M+H]".
2-Dichloromethyl-7-(4-fluorophenyl)-4-(p-
tolyl)pyrazolo[1,5-a][1,3,5]triazine (3ce). Mp
160—-162 °C (MeCN+DMF, 2:1). IR, v, cm!:
3015, 2920, 1606, 1588, 1482, 1450, 1229,
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1152, 840, 785, 742, 664. 'H NMR, o, ppm
(J/, Hz): 2.47 (3H, s, Me-4'), 7.37-7.53 (6H,
m, CHCI,, H-8,3,5",3",5"), 8.18-8.22 (2H, m,
H-2",6"), 8.76 (2H, d, J = 9.6, H-2',6'). 13C
NMR, 9, ppm (J, Hz): 21.9 (Me-4'), 71.5
(CHCL,), 95.2 (C-8), 116.5 (d, J = 21.4,
C-3",5"),127.1,128.4 (d,J=3.0,C-1"), 129.6
(d, J = 8.5, C-2",6'), 129.7, 131.8, 145.0,
151.3, 154.7,157.9, 158.2, 163.9 (d, J=247.3,
C-4"). MS, m/z 387.2 [M+H]*.
2-Dichloromethyl-4-(4-methoxyphenyl)-7-
methylpyrazolo[1,5-a][1,3,5]triazine (3da).
Mp 139-141 °C (MeCN). IR, v, cm!: 2993,
1601, 1527, 1486, 1261, 1180, 1025, 840, 781,
746,717, 667. 'H NMR, o, ppm (J, Hz): 2.53
(3H, s, Me-7), 3.91 (3H, s, MeO-4"), 6.75 (1H,
s, H-8), 7.22 (2H, d, J = 8.8, H-3',5"), 7.35 (1H,
s, CHCl,), 8.87 (2H, d, J = 9.2, H-2",6"). 13C
NMR, o, ppm: 15.1 (Me-7), 56.2 (MeO-4"),
71.5 (CHCl,), 97.7 (C-8), 114.5, 121.8, 134.0,
150.6, 153.5, 157.8, 158.8, 164.1. MS, m/z
323.0 [M+H]".
2-Dichloromethyl-4-(4-methoxyphenyl)-7-
phenylpyrazolo[1,5-a][1,3,5]triazine (3db).
Mp 138-140 °C (MeCN). IR, v, cm!: 2998,
1602, 1479, 1265, 1182, 1150, 1028, 840, 764,
689. 'TH NMR, 6, ppm (J, Hz): 3.92 (3H, s,
MeO-4"), 7.24 (2H, d, J = 9.2, H-3",5"), 7.40
(IH, s, H-8 or CHCl,), 7.45 (1H, s, H-8 or
CHCl,), 7.52-7.54 (3H, m, H-3"-5"), 8.14
(2H, d,J=6.4,H-2",6"),8.97 (2H,d, J=9.2,
H-2',6"). 3C NMR, 9, ppm: 56.2 (MeO-4),
71.6 (CHCl,), 95.0 (C-8), 114.6, 121.7, 127.2,
129.5, 130.6, 131.8, 134.2, 151.3, 153.8, 158.0,
158.6, 164.2. MS, m/z 385.0 [M+H]*.
2-Dichloromethyl-4-(4-methoxyphenyl)-7-
(p-tolyl)pyrazolo[1,5-a][1,3,5]triazine (3dc).
Mp 189-191 °C (MeCN). IR, v, cm!: 3014,
2938, 1598, 1475, 1263, 1182, 1150, 1025,
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844, 787, 746, 664. 'H NMR, o, ppm (J, Hz):
2.39 (3H, s, Me-4"), 3.94 (3H, s, MeO-4"), 7.26
(2H, d, J = 8.8, H-3",5"), 7.34-7.39 (4H, m,
H-8, CHCl,, H-3",5"), 8.01 (2H, d, J = 8.0,
H-2",6"), 8.98 (2H, d, J = 8.8, H-2",6"). 13C
NMR, &, ppm: 21.5 (Me-4"), 56.3 (MeO-4"),
71.6 (CHCl,), 94.7 (C-8), 114.7, 121.8, 127.2,
129.0, 130.1, 134.2, 140.4, 151.3, 153.8, 158.0,
158.8, 164.2. MS, m/z 399.0 [M+H]".
2-Dichloromethyl-7-(4-fluorophenyl)-4-(4-
methoxyphenyl)pyrazolo[1,5-a][1,3,5]triazine
(3de). Mp 175177 °C (MeCN+DMF, 2:1).
IR, v, cm!: 3009, 2923, 1608, 1595, 1481,
1448, 1260, 1228, 1152, 838, 796, 742, 663.
TH NMR, o, ppm (J, Hz): 3.94 (3H, s, MeO-4'),
7.26 (2H, d, J =9.0, H-3",5"), 7.38-7.42 (3H,
m, H-8 or CHCl,, H-3",5"), 7.47 (1H, s, H-8
or CHCl,), 8.20-8.22 (2H, m, H-2",6"), 8.97
(2H, d, J=9.0, H-2",6"). 13C NMR, o, ppm (J,
Hz): 56.2 (MeO-4"), 71.6 (CHCl,), 95.0 (C-8),
114.7, 116.5 (d, J = 21.4, C-3",5"), 121.7,
1284 (d, J = 3.0, C-1"), 129.6 (d, J = 8.5,
C-2",6"), 134.2, 151.4, 153.9, 157.7, 158.1,
163.7 (d, J = 247.3, C-4"), 164.3. MS, m/z
403.0 [M+H]".
2-Dichloromethyl-4-(4-fluorophenyl)-7-
methylpyrazolo[1,5-a][1,3,5]triazine (3ea). Mp
128-130 °C (MeCN). IR, v, cm!: 2996, 1604,
1529, 1488, 1233, 1156, 1015, 842, 783, 664,
530. 'TH NMR, 8, ppm: 2.51 (3H, s, Me-7), 6.78
(1H, s, H-8), 7.39 (1H, s, CHCl,), 7.47-7.51
(2H, m, H-3",5"), 8.81-8.83 (2H, m, H-2",6").
3C NMR, 9, ppm (J, Hz): 15.2 (Me-7), 71.4
(CHCl,), 98.1 (C-8), 116.3 (d, J=21.9, C-3".5"),
126.5 (d, J = 3.0, C-1"), 134.6 (d, J = 10.0,
C-2',6"), 150.5, 153.3, 157.8, 159.3, 165.7 (d,
J=1253.8, C-4"). MS, m/z 311.0 [M+H]".
2-Dichloromethyl-4-(4-fluorophenyl)-7-
phenylpyrazolo[1,5-a][l,3,5]triazine (3eb).

Mp 171-173 °C (MeCN). IR, v, cm~': 3003,
1603, 1482, 1238, 1156, 1011, 845, 767, 745,
692, 662. 'H NMR, o, ppm (J, Hz): 7.44 (1H,
s, H-8 or CHCl,), 7.48-7.58 (6H, m, H-8 or
CHCl,, H-3",5",3"-5"), 8.13 (2H, d, J = 6.8,
H-2",6"), 8.93-8.96 (2H, m, H-2",6"). 13C
NMR, 9, ppm (J, Hz): 71.4 (CHCl,), 95.4 (C-
8), 116.4 (d, J = 22.4, C-3",5"), 126.5 (d, J =
2.5, C-1), 127.4, 129.6, 130.8, 131.7, 134.8
(d,J=9.5,C-2",6"),151.3, 153.8, 158.1, 159.0,
165.8 (d, J = 253.3, C-4'). MS, m/z 373.2
[M+H]*.
2-Dichloromethyl-4-(4-fluorophenyl)-7-(p-
tolyl)pyrazolo[1,5-a][1,3,5]triazine (3ec). Mp
210-212 °C (MeCN+DMF, 2:1). IR, v, cm™!:
3012, 2920, 1603, 1481, 1449, 1223, 1150,
1013, 837, 783, 746, 661. 'H NMR, 9, ppm (J,
Hz): 2.39 (3H, s, Me-4"), 7.36-7.61 (6H, m,
CHCl,, H-8,3',5',3",5"), 8.06 (2H, d, J = 8.0,
H-2",6"), 8.95-8.98 (2H, m, H-2",6"). 13C
NMR, o, ppm (J, Hz): 21.5 (Me-4"), 71.4
(CHCl,), 95.1 (C-8), 116.3 (d, J = 22.0,
C-3'.5",126.5(d,J=2.9,C-1"), 127.3, 128.9,
130.1, 134.8 (d, J=9.5, C-2",6"), 140.5, 151.2,
153.5, 158.0, 159.1, 165.7 (d, J = 253.1, C-4").
MS, m/z 387.2 [M+H]".
2-Dichloromethyl-4,7-di(4-fluorophenyl)
pyvrazolo[1,5-a][1,3,5]triazine (3ee). Mp 179—
181 °C (MeCN+DMEF, 2:1). IR, v, cm™!: 3101,
2999, 2925, 1600, 1480, 1449, 1229, 1152,
845, 789, 742, 660, 553. 'H NMR, 9§, ppm:
7.26-7.30 (2H, m, H-3",5"), 7.39 (2H, br. s,
H-8, CHCl,), 7.45-7.48 (2H, m, H-3",5"), 8.08
(2H, br. s, H-2",6"), 8.86-8.89 (2H, m,
H-2',6").13C NMR, 6, ppm (J, Hz): 71.3
(CHCl,), 95.2 (C-8), 116.2 (d, J = 22.6,
Cc-3",5"),116.4 (d, J=22.1, C-3",5"), 126.2 (d,
J=13.0,C-1"), 128.1 (d, J = 3.0, C-1"), 129.5
(d,J=8.5,C-2",6"),134.7 (d,J=9.5, C-2",6'),
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151.2,153.4,157.9,157.9,163.7 (d, J=233.9,
C-4"), 165.6 (d, J = 239.9, C-4"). MS, m/z
391.0 [M+H]".
4-(4-Chlorophenyl)-2-dichloromethyl-7-
methylpyrazolo[1,5-a][1,3,5]triazine (3fa).
Mp 162-164 °C (MeCN). IR, v, cm!: 3000,
1599, 1528, 1480, 1235, 1093, 1014, 842, 789,
739, 664, 531. 'H NMR, o, ppm (J, Hz): 2.52
(3H, s, Me-7), 6.81 (1H, s, H-8), 7.39 (1H, s,
CHCL,), 7.74 (2H, d, J = 8.0, H-3".5"), 8.74
(2H, d, J = 8.0, H-2',6'). 13C NMR, 9, ppm:
14.7 (Me-7), 70.9 (CHCl,), 97.6 (C-8), 128.3,
128.7,132.9,138.5, 149.9, 152.8, 157.2, 158.8.
MS, m/z 329.0 [M+H]".
4-(4-Chlorophenyl)-2-dichloromethyl-7-
phenylpyrazolo[1,5-a][1,3,5]triazine (3fb).
Mp 179-181 °C (MeCN). IR, v, cm!: 3010,
1597, 1477, 1091, 1012, 839, 768, 744, 689,
662. 'H NMR, 6, ppm (J, Hz): 7.42 (1H, s, H-8
or CHCl,,), 7.51-7.56 (4H, m, H-8 or CHCl,,
H-3"-5"), 7.79 (2H, d, J = 8.4, H-3',5"), 8.14
(2H,d,J=6.8, H-2",6"), 8.87 (2H, d, /= 8.4,
H-2',6"). BC NMR, 6, ppm: 70.9 (CHCl,), 94.9
(C-8), 126.9, 128.3, 128.8, 129.0, 130.3, 131.1,
133.0, 138.6, 150.7, 153.3, 157.5, 158.5. MS,
m/z 391.0 [M+H]".
4-(4-Chlorophenyl)-2-dichloromethyl-7-(p-
tolyl)pyrazolo[1,5-a][1,3,5]triazine (3fc). Mp
197-199 °C (MeCN+DMF, 4:1). IR, v, cm™!:
3020, 2920, 1599, 1478, 1449, 1094, 1014,
840, 783, 744, 662. 'H NMR spectrum
(CDCly), 6, ppm (J, Hz): 2.42 (3H, s, Me-4"),
6.73 (1H, s, H-8), 7.01 (1H, s, CHCl,), 7.29
(2H, d, J = 7.8, H-3",5"), 7.57-7.59 (2H, m,
H-3"5"), 7.90 (2H, d, J = 7.8, H-2",6"), 8.99
(2H, d, J = 8.4, H-2',6'). 3C NMR, 9, ppm:
21.0 (Me-4"), 70.9 (CHCl,), 94.6 (C-8), 126.7,
128.3, 128.3, 129.5, 133.0, 138.6, 140.0, 150.6,
153.0, 157.4, 158.6. MS, m/z 405.2 [M+H]".
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4-(4-Chlorophenyl)-2-dichloromethyl-7-(4-
fluorophenyl)pyrazolo[1,5-a][1,3,5]triazine
(3fe). Mp 191-193 °C (MeCN+DMF, 2:1). IR,
v, cm~': 1605, 1588, 1498, 1476, 1449, 1217,
1158, 1090, 841, 786, 744, 662, 561. 'H NMR,
o, ppm (J, Hz): 7.36-7.40 (2H, m, H-3",5"),
7.45 (1H, s, H-8 or CHCl,), 7.53 (1H, s, H-8
or CHCl,), 7.79 (2H, d, J = 8.8, H-3",5"), 8.18—
8.21 (2H, m, H-2",6"), 8.84 (2H, d, J = 8.8,
H-2',6").13C NMR, 6, ppm (J, Hz): 71.3
(CHCL,), 95.3 (C-8), 116.5 (d, J = 22.1,
C-3",5"), 128.2 (d, J = 3.0, C-1"), 128.7,
129.2,129.6 (d,J=8.5, C-2",6"), 133.5, 139.1,
151.2, 153.8, 158.0, 158.0, 163.8 (d, J =248.0,
C-4"). MS, m/z 409.0 [M+H]*.

4-tert-Butyl-2-dichloromethyl-7-(4-metyl-
phenyl)pyrazolo[1,5-a][1,3,5]triazine (3gc).
Mp 139-141 °C (MeCN). IR, v, cm!: 3008,
2927, 1599, 1447, 1363, 1245, 839, 791, 748,
659. 'H NMR, &, ppm (J, Hz): 1.66 (9H, s,
Me;C-4), 2.38 (3H, s, Me-4"), 7.30-7.36 (4H,
m, CHCl,, H-8,3",5"), 7.99 (2H, d, J = 4.0,
H-2",6"). 13C NMR, &, ppm: 21.0 (Me-4"),
26.3 (Me;C-4), 38.6 (Me;C-4), 70.9 (CHCl,),
94.1 (C-8), 126.7, 128.6, 129.6, 139.9, 149.8,
157.2, 157.4, 165.6. MS, m/z 349.2 [M+H]".

4-tert-Butyl-2-dichloromethyl-7-(4-fluorophe-
nyl)pyrazolo[1,5-a][1,3,5]triazine (3ge). Mp
93-95 °C (EtOH). IR, v, cm': 3001, 2934,
1609, 1586, 1511, 1448, 1363, 1254, 1231, 1156,
845, 791, 746, 659. 'TH NMR, 3, ppm: 1.66 (9H,
s, Me;C-4), 7.35-7.40 (3H, m, H-8 or CHCl,,
H-3",5"),7.45 (1H, s, H-8 or CHCl,), 8.14-8.18
(2H, m, H-2",6"). 3C NMR, 9§, ppm (J, Hz):
26.8 (Me;C-4), 39.1 (MesC-4), 71.4 (CHCL,),
94.8 (C-8), 116.6 (d, J=21.9, C-3",5"), 128.4
(d, J=3.0, C-1"), 129.5 (d, J = 8.5, C-2",6"),
150.4, 156.6, 158.0, 162.8, 165.4 (d, J =247.3,
C-4"). MS, m/z 353.2 [M+H]".
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In Vitro Anticancer Screening
of the synthesized compounds

One Doses Full NCI 60 Cell Panel Assay. The
newly synthesized compounds were submitted
to National Cancer Institute NCI, Bethesda,
Maryland, U.S.A., under the Developmental
Therapeutic Program DTP (https://dtp.cancer.
gov/discovery development/nci-60/handling.
htm). The cell line panel engaged a total of 60
different human tumor cell lines derived from
nine cancer types. The selected compounds 3
were assigned with the NCI codes (see
Table 1), respectively Primary in vitro one dose
anticancer screening was initiated, in which
the full NCI 60 panel lines were inoculated
onto a series of standard 96-well microtiter
plates on day 0 at 5000—40,000 cells/well in
RPMI 1640 medium containing 5 % fetal bo-
vine serum and 2 mM L-glutamine, and then
preincubated in the absence of drug at 37 °C,
and 5 % CO, for 24 h. Test compounds were
then added in the same concentration of
1073 M in all 60 cell lines (drug solution pre-
paring see in [24]), and incubated for a further
48 h under the same incubation conditions.
Following this, the media were removed, the
cells were fixed in situ, washed, and dried. The
sulforhodamine B assay was used for cell den-
sity determination, based on the measurement
of cellular protein content. After an incubation
period, cell monolayers were fixed with 10 %
(wt/vol) trichloroacetic acid and stained for
30 min, after which the excess dye was re-
moved by washing repeatedly with 1 % (vol/
vol) acetic acid. The bound stain was resolu-
bilized in 10 mM Tris base solution and mea-
sured spectrophotometric ally on automated
microplate readers for OD determination at
510 nm.

Five Doses Full NCI 60 Cell Panel Assay.
All the 60 cell lines, representing nine cancer
subpanels (Fig. 1), were incubated at five dif-
ferent concentrations (0.01, 0.1, 1, 10 and
100 uM; drug solution preparing see in [23])
of the tested compounds. The outcomes were
used to create log;, concentration versus per-
centage growth inhibition curves and three
response parameters (Gls,, total growth inhibi-
tion (TGI) and LC,,) were calculated for each
cell line. The GlIs, value (growth inhibitory
activity) corresponds to the concentration of
the compound causing 50 % decrease in net
cell growth. The TGI value (cytostatic activi-
ty) is the concentration of the compound re-
sulting in total growth inhibition. The LCs,
value (cytotoxic activity) is the concentration
of the compound causing net 50 % loss of
initial cells at the end of the incubation period
of 48 h. Data calculations were made accord-
ing to the method described by the NCI
Development Therapeutics Program.

COMPARE correlations were performed as
described in [24]. Vectors of Lg Gl5, concentra-
tions for compound 3fa (NSC 811821) were cor-
related with the set of corresponding average Gl
vectors from the standard agents database or all
public NCI-60 vectors that contained at least 40
overlapping cell lines and had SD > 0.2.

Results and Discussion

Chemistry

For synthesis of pyrazolo[1,5-a][1,3,5]tri-
azines 3 we investigated different reaction con-
ditions (at room temperature, under reflux in
different solvents, with or without a base cata-
lyst) and the most promising results were
achieved when starting reagents were heated
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in tetrahydrofuran in the presence of triethyl-
amine. Thus, it has been found that the addition
of one equivalent of 1 H-pyrazol-5-amines 2 to
a stirred solution of N-(2,2-dichloro-1-
cyanoethenyl)carboxamides 1 in THF contain-
ing one equivalent of triethylamine under reflux
gave 2-(dichloromethyl)pyrazolo[1,5-a][1,3,5]
triazines 3 which were the major products of
this one-pot reaction. Apparently, the hetero-
cyclization proceeded in several stages, starting
with the addition of an NH, group to the acti-
vated C=C bond to formed intermediate A,
followed by the elimination of hydrogen cya-
nide promoted by triethylamine (and intermedi-
ate B creation) with further intramolecular
condensation into the final product 3. Recrysta-
llization of crude products easily yielded the
pure target compounds. Our method is conve-
nient due to mild reaction conditions, short time
of the key reaction, and high degree of purity
and good yields of the products.

Compounds 3 are tan solids, melting in
the range of 110-210 °C, their structure was
established with the help of IR, NMR spec-
troscopy, mass spectrometry, and X-Ray
Analysis of compound 3db (CCDC1920913,
deposit@ccdc.cam.ac.uk). 'TH NMR signal of
CHCI, and pyrazole CH group occurs in the

region 6.7-7.5 ppm. In the spectrum of 3ba,
for example, there are two distinguished one
proton singlets at 6.80 and 7.40 ppm. For
other samples, one or both of these signals
overlap with ArH multiplets.

In Vitro Screening

One Doses Assay. The initial assessment made
it possible to identify the eight most promising
structures from the collection of synthesized
compounds for the one-dose assay: substanc-
es 3aa, 3ab, 3ba, 3bb, 3ca, 3fa, 3tb, 3gc. Their
results are represented in 7able 1.

So, the average value of the effect of the
substance 3aa with two methyl substituents on
the growth of cancer cells is close to 100 %,
and the range of values is also relatively nar-
row, which indicates its low cytotoxicity. The
anticancer properties of substance 3ab with
methyl substituent in position 4 of pyrazolo[1,5-
a][1,3,5]triazine system and phenyl in 7 are
very low too; and some growth inhibition was
observed only in the case of line EKVX of
non-small cell lung cancer (Table 1). tert-
Butyl derivative 3gc also only slightly slows
the growth of cancer cells.

However, the presence of aryl substituent
(instead of alkyl) in position 4 leads to a swift

Table 1. The effect of the compounds 3aa, ab, ba, bb, ca, fa, fb, gc on cancer cells growth according to One

Doses Full NCI 60 Cell Panel Assay (C = 10-> mol/L)

Growth Percent, %

Compound NCl code mean / range the lowermost values (cell line / panel)
CHCI2 NSC 99.5/ 80.6 (SNB-75 / CNS Cancer)
811824 |80.6-117.9

N\N

Me)\N/iA

68



2-(Dichloromethyl)pyrazolo[1,5-a][1,3,5]triazines: synthesis and anticancer activity

Growth Percent, %

Compound NCI code mean / range the lowermost values (cell line / panel)
CHCI2 NSC 89.6 / 21.5 (EKVX / non-small cell lung cancer)
N \ N 811820 |21.5-111.1 51.6 (HS 578T / breast cancer)
Me)\Ni
CHCl, NSC 49.8/ -50.0 (NCI-H460 / non-small cell lung cancer)
811825 |-50.0-112.8 -20.7 (MDA-MB-468 / breast cancer)
)N|\ =N -14.1 (HL-60(TB) / leukemia)
Ph NN
N=—
3ba e
CHCl, NSC 5.0/ -82.1 (HCC-2998 / colon cancer)
)§ 811819 |-82.1-86.9 -68.0 (RXF 393 / renal cancer)
N -58.3 (NCI-H460 / non-small cell lung cancer)
Ph)\N \ -57.0 (ACHN / renal cancer)
-52.3 (MDA-MB-468 / breast cancer)
3bb h
CHCl, NSC 8.8/ -69.3 (HCC-2998 / non-small cell lung cancer)
)§ 811823 |-69.3-81.8 -66.0 (RXF 393 / renal cancer)
NI N -64.8 (NCI-H460 / non-small cell lung cancer)
p-Tol)\N N -45.0 (ACHN / renal cancer)
N=
3ca e
CHClI, NSC 2.0/ -77.0 (HCC-2998 / non-small cell lung cancer)
)§ 811821 |-77.0-67.0 -74.4 (RXF 393 / renal cancer)
N7SN -49.4 (NCI-H460 / non-small cell lung cancer)
N -47.3 (MDA-MB-468 / breast cancer)
N=
CHCI2 NSC 20.9/ -55.0 (RXF 393 / renal cancer)
\ 811822 |-55.0-89.0 -54.7 (NCI-H460 / non-small cell lung cancer)
N N -53.7 (HCC-2998 / colon cancer)
N \ -52.8 (ACHN / renal cancer)
-50.5 (NCI-H322M / non-small cell lung cancer)
CHClI, NSC 84.1/ 35.3 (HL-60(TB) / leukemia)
N JQN 811826 |35.2-117.5 44.5 (NCI-H322M / non-small cell lung cancer)
N7
-Tol
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increase in activity. Substances 3ba, 3bb, 3ca,
3fa, 3fb can effectively inhibit the growth of
certain cancer cell lines. The character of the
substituent in position 7 is not so important;
and high cytotoxicity is inherent to the sub-
stance 3fa with a 7-methyl group and diphenyl
derivative 3bb.

Five Doses Assay. According to the results
of single dose tests, the most perspective
substances 3ba, 3bb, 3ca, 3fa, 3fb were se-
lected for five doses assay to establish the
parameters Glsy, TGI and LCs,. In Table 2
the mean values of these parameters are gi-
ven, as well as their values for the cell lines
referred in Table 1.

Substances 3ba, 3bb, 3ca, 3fa, 3fb displayed
significant growth inhibition effect on cell lines
besides those given in Tables 1, 2, as genera-
lized dose response curves demonstrate

(Fig. 1).

NCI 60 Cell Panel COMPARE
Correlations

COMPARE analysis [24] was performed to
propose a mechanism of action of the investi-
gated compounds. Only for compound 3fa
(NSC 811821) the correlation, computed as
the Gls, vector, exceeded 0.5 in comparison
with Fluorouracil. This antineoplastic agent
produces active metabolites that incorporate
into RNA and DNA and inhibit their process-
ing, thereby inhibiting cell growth [25]. For
other investigated compounds (3ba, bb, ca, fb)
no analogues of anticancer mechanism were
found, therefore 4-(dichloromethyl)pyra-
zolo[1,5-a][1,3,5]triazine derivatives could
potentially be a new class of anticancer agents.

Conclusions

By starting from N-(2,2-dichloro-1-cyanoethe-
nyl)carboxamides 1 and 1H-pyrazol-5-

Table 2. The Five Doses Full NCI 60 Cell Panel Assay of the compounds 3ba, bb, ca, fa, fb
(the concentrations GI5,, TGI and LCs;, mol/L, given as lg)

Value of certain cancer cell lines’ growth inhibition
Compound / parameter xs*‘s‘;ﬁlgzﬂﬁ;;ggge/r HCC-2998 / colon | RXF 393/ renal

cancer cancer
3ba lg G5 -5.35 -5.71 -5.75 -5.64
(NSC lg TGI -4.63 -5.29 -5.46 -5.24
811825) 1g LCs, -4.12 >-4.00 -5.16 -4.65
3bb lg G5 -5.65 -6.39 -6.24 -6.27
(NSC lg TGI -4.88 -5.73 -5.69 -5.62
811819) lg LC;, -4.18 -5.10 -5.28 -5.13
3ca lg G5, -5.68 -6.29 -5.93 -6.17
(NSC lg TGI -4.68 -5.52 -5.59 -5.63
811823) lg LC;, -4.13 -4.12 -5.25 -5.20
3fa lg Gl -6.04 -6.52 -6.21 -6.29
(NSC 1g TGI -5.3 -5.97 -5.67 -5.70
811821) lg LCs, -4.25 > -4.00 -5.24 -5.27
3fb lg Gl -5.69 -6.10 -6.13 -6.09
(NSC lg TGI -4.71 -5.67 -5.85 -5.73
811822) lg LCs -4.36 >-4.30 -5.56 -5.37
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Percentage Growth

Log1g of Sample Concentration (Molar)

Cancer Cell Lines:

Leukemia

Non-Small Cell Lung Cancer
Colon Cancer

CNS Cancer

Melanoma

Ovarian Cancer

Renal Cancer

Prostate Cancer

Breast Cancer

-100

Fig. 1. Five Dose Data Graphs for compounds 3ba, bb, ca, fa, fb log,,C (C — compound concentration, mol/L) / cancer
cells percentage growth, %
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amines 2, 26 new 4(dichloromethyl)
pyrazolo[1,5-a][1,3,5]triazine derivatives with
expected biological activity were synthesized.
Compounds 3ba, 3bb, 3ca, 3fa, 3fb with an
aromatic substituent in position 4 can effec-
tively inhibit the growth of certain cancer cell
lines, whereas compounds with an alkyl sub-
stituent in the same position possess low cy-
totoxicity. Future work will be focused on the
improvement of their biophysical properties to
yield drug-like pre-clinical candidates for in
vivo animal studies. COMPARE analysis did
not reveal any known anticancer drugs with a
similar action, which warrants a more detailed
study of the anticancer action mechanism of
the obtained 4(dichloromethyl)pyrazolo[1,5-a]
[1,3,5]triazine.
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2-(Auxaopomermwi)mipasoso[1,5-a][1,3,5]
TPUA3MHU: CHHTE3 TA MPOTHPAKOBA AKTUBHICTH

E. C. Bemirina, C. T ITinso, B. C. 3s10pes,
B. C. Mocksina, O. B. lllabnukina, B. C. bpoBapeup

Mera. Cunte3 cepii 2-(auxiopomMeTrn)mipa3onol 1,5-a]
[1,3,5]tpuasuHiB Ta AOCTIHKEHHS i71 Vitro X IPOTUPAKOBOT
aKTMBHOCTI Ha naHeni 3 60 KJIITUHHUX JIiHIH, OTPUMaHUX
BiJl ICB'SITH THITIB PaKy, a caMe JICHKeMil, HeIpiOHOKITI THH-
HUH pak JIETeHiB, pak TOBCTOI KuIkH, pak [[HC, memano-
Ma, PaK S€YHUKIB, paK HUPOK, paK MPOCTATH, paK MOJIOY-
HOI 3amo3u. Meroau. OpraHiyHuii cCHHTE3; O10JIOTIvHI
TECTH; CHEKTpaJibHi METOAM; CTAaTUCTUYHI METOIIH.
Pesynwsrarn. [IpoBeneHHs in vitro CKPUHIHTY TIPOTUPAKO-
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BOI aKTHBHOCTI ITOKA3aJio, MO 5 3 26 IOCTIIKyBaHUX
CHOIYK MOXYTh €(EKTHBHO MPUTHIYYBaTH PIiCT MEBHUX
paKoOBUX KIIITHHHUX JiHil. BucHoBKH. HoBMit THTT TeTe-
pormkdizarii N-(2,2-auxaopo- 1-mianoeTrn))kapOokcaMiiiB
3 1 H-mipa3oi1-5-aMiHaMu TpUBENIa 10 OTPUMaHHS 2-(I1X-
smopomeTun)mipazono[ 1,5-a][1,3,5]rpuazunis. [eski 3
OTPHMAaHUX CIIONYK MPHUTHIYYIOTH PICT IMEBHUX PAaKOBUX
KITITHH.

Kamw4aoBi ciaoBa: in vitro CKpUHIHT, IPOTHPAKOBA
aKTUBHICTh, TeTeporuKiizais, 1H-mipa3on-5-amiamy,
mipazoio[ 1,5-a][1,3,5]tpuasunau, 2-(AUXJIOPOMETHI)
mipazono[ 1,5-a][1,3,5]|rpuazuau.

2-(Anxaopomerna)nupaszonol1,5-a][1,3,5]
TPUA3HHBbI: CHHTE3 U MPOTUBOPAKOBASI
AKTHBHOCTDH

E. C. Benmuruna, C. I. [Tunpo, B. C. 3s16pes,
B. C. Mocksuna, O. B. Illabneikuna, B. C. Bposapert

Heasn. Cunres cepun 2-(auxiopomMeTin)mupasono| 1,5-a|
[1,3,5]Tpra3uHoB M HccleqOBaHUE UX MPOTHBOPAKOBOM
aKTUBHOCTH i1 Vitro Ha mlaHeu u3 60 KJISTOYHBIX JTMHUMH,
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TTONTyYCHHBIX U3 9 THUIIOB paka, a UMCHHO JICHKeMUH, He-
MEJIKOKJIETOUHBINA PaK JIETKUX, paK TOJICTOM KHUIIKH, paKk
ITHC, menanoMa, pak SUYHUKOB, paK MOYeK, pak IpocTa-
ThI, paK MOJIOYHOH >xene3bl. Meroabl. OpraHudecKuil
CHHTE3; OMOJIOTHYECKUE TECTHI; CIEKTPAIbHBIC METO/EI,
cTaTucTU4ecKue MeTonibl. Pesynbrarsl. CKpUHUT IPOTH-
BOPAKOBOM aKTUBHOCTH ix Vifro TIOKa3all, yTo 5 u3 26 uc-
CIIEAyeMbIX COCOUHEHUH MOTYT 3(h(EeKTHBHO HHTHOUPO-
BaTh POCT OMNpPEICICHHBIX JUHUM PaKOBBIX KIJIETOK.
BoiBoab1. Hoswii T retepormkitizaimi N-(2,2-1ux1opo-
1-mmanoaTHIT)KapOokcaMuIoB U 1 H-upa3on-5-aMrHOB
TIPUBEIT K IOTyYCHUIO 2-(IUXIOpOMETHII )ITpa3ono| 1,5-a]
[1,3,5]TpuazunoB. HekoTopble U3 NOIY4YEHHBIX COEIUHE-
HUM MHTHOMPYIOT POCT ONPEENICHHBIX JIMHUN PaKOBBIX
KJIETOK.

Kuaw4deBble €J0Ba: in Vitro CKpUHUHT, IPOTHPAKOBAs
aKTUBHOCTb, TeTepoLrKIu3anus, 1H-mupa3on-S-aMuHbl,
mmpazono[ 1,5-a][1,3,5]rpuazussl, 2-(IUXI0pOMETHI)ITH-
pazomnol[1,5-a][1,3,5]Tprna3u=er.
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