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It is found that N-(2,2-dichloro-1-cyanoethenyl)carboxamides react with 1H-pyrazol-5-amines in the presence of
triethylamine to give 2- (dichloromethyl)pyrazolo[1,5-a[[1,3,5 [triazines. Apparently, this cyclocondensation consists of
the following steps: a) the addition of an NH, group to the activated C=C bond to form the first amide intermediate,
b) the elimination of HCN promoted by triethylamine to give the second amide intermediate, c) the intramolecular cy-
clization of the latter into the final product with H,O elimination. 2 (Dichloromethyl)-4,7-diphenylpyrazolo[1,5-a]
[1,3,5 Jtriazine was stable to boiling MeONa/MeOH, AcONa/AcOH, and Na,S/H,0/EtOH solutions, but cleaved
with hydrochloric or sulfuric acid.

Five 2-(dichloromethyl)pyrazolo[1,5-a][1,3,5 Jtriazines are tested against i) Dengue virus 2 (strain New Guinea
C, cell line Huh?), i) Tacaribe virus (strain TRVL 11573, cell line Vero), iii) Zika virus (strain MR766, cell line Vero
76), iv) Human cytomegalovirus (strain AD169, cell line HFF), v) Herpes simplex virus 1 (strain E-377, cell line
HFF), vi) Varicella-Zoster virus (strain Ellen, cell line HFF). The viral-induced cytopathic effect inhibition, as well
as the compound toxicity in host cells, is evaluated. In primary assays (i-iii), the compounds have no sufficient an-
tiviral activity that would exceed their cytotoxicity level at concentrations within 0.1-100 ug/mL, but assays (iv-vi)
gave acceptable results. All compounds showed rather a low activity with the exception of 2-(dichloromethyl)-4,7-
diphenylpyrazolo[1,5-a][1,3,5 Jtriazine, which, however, had a comparatively high toxicity. In terms of selectivity,
the interaction 2-(dichloromethyl)-4,7-bis(4-methylphenyl)pyrazolo[1,5-a ][1,3,5 Jtriazine—AD169—HFF (assay iv)
with SI50 > 6 is noteworthy.
Keywords: N-(2,2-dichloro-1-cyanoethenyl)carboxamide, 1H-pyrazol-5-amine, pyrazolo[1,5-a][1,3,5 Jtriazine,
antiviral activity.

N-(2,2-Dichloro-1-cyanoethenyl)carboxamides 1 are known to be highly reactive electrophilic
reagents suitable for the synthesis of heterocyclic compounds. Two research groups headed by K.
Matsumura and B. Drach began independently in the 1970s studying the cyclocondensation of
these reagents with N-nucleophiles. It was found that the reaction of 1 with ammonia, high basi-
city amines, and hydrazine leads to the oxazole ring formation that has become a common method
for the production of 5-amino-4-cyanooxazoles 2 (Scheme 1) [1—3]. A quite unusual cycload-
dition of benzamidine to compounds 1 reported by Drach and co-workers was featured by the
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Scheme 2. The new heterocyclization pathway resulting in pyrazolo[1,5-a][1,3,5]triazine derivatives 7

participation of a cyano group to provide imidazole derivatives 3 [4]. Surprisingly, both an acy-
lamino and a dichloromethylene group do not react herein.

It would be of interest to examine other amidine-like species for such a cyclization. Aminoazoles
seemed to be quite suitable for this purpose. Among all these, we chose aminopyrazoles, which are
frequently used as building blocks for the syntheses of fused ring systems, especially in bioorganic
and medicinal chemistry. They can be readily prepared by the condensation of 1,3-difunctional
nitrile compounds with hydrazines [5-7].

The aim of this work was to study the interaction of N-(2,2-dichloro-1-cyanoethenyl)car-
boxamides 1 with some 1H-pyrazol-5-amines 4 under various conditions. The most interesting
result was achieved, when these reagents were heated in tetrahydrofuran in the presence of tri-
ethylamine (Scheme 2). New pyrazolo[1,5-a][1,3,5]triazine derivatives 7 were unexpectedly ob-
tained therewith in good yield.

Apparently, cyclocondensation 1 — 7 consists of the following steps: i) the addition of an
NH, group to the activated C=C bond to form intermediates 5; ii) the elimination of hydrogen
cyanide promoted by triethylamine to give 6; iii) the intramolecular condensation of the latter
into the final products 7.

Compounds 7 are tan solids, melting in the interval 150-190 °C. Their structure was estab-
lished with the help of IR, NMR spectroscopy, and mass spectrometry. 'H NMR of CHCI, and
pyrazole CH group occurs in the region 6.7-7.8 ppm. In the spectrum of 7e, for example, there are
two distinguished one-proton singlets at 6.75 and 7.33 ppm. For other samples, one or both of
these signals are overlapped with those of ArH multiplets. X-ray crystal analysis of 7b was also
performed to exclude the isomeric 4-(dichloromethyl)pyrazolo[1,5-a][1,3,5]triazine structure,
which can be realized because of the initial pyrazole endocyclic NH addition to the C=C bond.

To judge the possibility of converting a CHCI, group into a CHO, product 7a was acted by
boiling MeONa/MeOH, AcONa/AcOH, and Na,S/H,O0/EtOH solutions. But, in all cases, only
the starting material was quantitatively recovered. On the other hand, the heating of 7a with
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hydrochloric or sulfuric acid leads to the 1,3,5-triazine ring cleavage to yield a salt of 3-phenyl-1-
H-pyrazol-5-amine 4a.

General preparation procedure for pyrazolo[1,5-a][1,3,5]triazines 7. To a solution of
amide 1a [8] or 1b [9] (0.01 mol) in THF (10 mL), one of pyrazolamines 4a [10], 4b [11], 4c [12]
(0.01 mol) followed by triethylamine (0.01 mol) were added. The mixture was stirred at room
temperature during 24 h and then heated at 55—60 °C for 2 h. After evaporating the solvent in
vacuum, the residue was triturated with water to give a crude product, which was separated and
recrystallized for the analysis.

2-(Dichloromethyl)-4,7-diphenylpyrazolo[1,5-a][1,3,5]triazine (7a). Yield 2.66 g (75 %),
light yellow solid, mp 154—156 °C (EtOH+MeCN, 2:1). '"H NMR spectrum (400 MHz,
DMSO-d,), 8, ppm (J, Hz): 7.47 (1H, s), 7.52—7.59 (4H, m), 7.72—7.82 (3H, m), 8.16 (2H, d,
J=172),884 (2H, d, J = 7.2). >C NMR spectrum (101 MHz, DMSO-d,), 8, ppm: 71.5, 95.4,
127.4, 129.1, 129.6, 130.0, 130.7, 131.7, 134.2, 151.2, 154.9, 157.0, 158.1, 158.9. Mass spectrum,
m/z: 355 [M+H]+. Found, %: C 60.83; H 3.39; Cl 20.04; N 15.82. C,;H,,CI,N,. Calculated, %:
C 60.86; H 3.41; C1 19.96; N 15.77.

2-(Dichloromethyl)-7-(4-methyl-  Antiviral activity and cytotoxicity of compounds 7a-e
phenyl)-4-phenylpyrazolo[1,5-a][1,3,5]

triazine (7b). Yield 2.58 g (70 %), dark yel- Compd ECs ECy, CCs | Sl5 | Sly
low solid, mp 190~ 192°C (MeCCI;I). 'HNMR Assay iv (Human cytomegalovirus)
spectrum (400 MHz, DMSO-d,), 8, ppm:
240 (3H (s) 739-752 (4H m)6)7.76?7p.81 fa | 2120 >1.20 1 386 1) <3 <3
o ’ " 13 7b >6.00 | >6.00 19.48 <3 <3
(3H,m), 8.07 (2H, s), 8.85 (2H, s). "CNMR 7e ~6.00 | >6.00 | 1469 | <2 | <9
spectrum (101 MHz, DMSO-dy), &, ppm: 7d | 2432 |>150.00(>150.00| >6 | 1
215, 715, 95.1, 127.2, 128.9, 129.1, 130.0, e | >3000 | >30.00 | 70.63 | <2 | <o

130.1,131.7,134.1, 140.5, 151.2, 154.7, 1581, | Ganciclovir| 4.65 15.80 |>100.00| >21 | >6
159.0. Mass spectrum, m/z: 369 [M+H]".

Assay v (Herpes simplex virus 1)

Found, %: C 61.78; H 3.80; C1 19.11; N 15.10. 7a >120 | >1.20 | 404 | <3 | <3
C,oH,,CLN,. Calculated, %: C 61.80; H 3.82; 7b >30.00 | >30.00 | 3137 | <1 | <1
Cl119.20; N 15.17. 7c >6.00 | >6.00 | 1570 | <3 | <3
2-(Dichloromethyl)-4-(4-methyl- 7d >150.00 | >150.00 | >150.00| 1 1
phenyl)-7-phenylpyrazolo[1,5-a][1,3,5] 7e >6.00 | >6.00 | 2218 | <4 | <4
triazine (7c). Yield 2.87 g (78 %), dark yel- | Acyclovir | 078 | 13.55 [>150.00]>192] >11
low solid, mp 163—165 °C (MeCN). "H NMR Assay vi (Varicella-Zoster virus)
spectrum (400 MHz, DMSO-d,), 8, ppm 7a >120 | >1.20 | 415 | <3 | <3
(J, Hz): 2.46 (3H, s), 7.43 (1H, s), 7.43-7.56 7b >6.00 | >6.00 | 1719 | <3 | <3
(6H, m), 8.13 (2H, d, J = 8.0), 8.77 (2H, d, ic >6.00 | >6.00 |\ 1588 | <3 | <3
7 = 8.4). BC NMR spectrum (101 MHz, 7d >150.00 | >150.00 | >150.00| 1 1
Te >6.00 | >6.00 | 1924 | <3 | <3

DMSO-d,), 8, ppm: 21.9, 71.5, 95.2, 127.1,
127.3,129.5,129.7,130.7,131.7,131.8, 144.9,
151.2, 154.6, 158.1, 158.8. Mass spectrum, Note. EC5 and ECyy — compound concentration (uM)
m/z: 369 [M+H]+. Found. %: C 61.75: H 3.80: that reduces the viral replication by 50 % and 90 %;

CC,, — compound concentration (uM) that reduces

Cl 19.06; N 15.22. C,4H,,CL,N,. Calcula-  the cell viability by 50 %; SL, = CCy)/ECsy; Sly, =
ted, %: C 61.80; H 3.82; C119.20; N 15.17. = CCyy/ECq,.
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2-(Dichloromethyl)-4,7-bis(4-methylphenyl)pyrazolo[1,5-a][1,3,5]triazine (7d). Yield
2.59 g (70 %), yellow solid, mp 188—190 °C (MeCN). 'H NMR spectrum (302 MHz, DMSO-d,),
8, ppm (J, Hz): 2.38 (3H, 5), 2.46 (3H, 5), 7.34 (2H, d, = 8.0), 7.43 (1H, 5), 7.45 (1H, 5), 7.51 (2H,
d,J=82),8.02 (2H, d,J=8.0),8.77 (2H, d,J = 8.3). "’C NMR spectrum (101 MHz, DMSO-d,),
S, ppm: 21.0, 21.4,71.0,94.4,126.6 , 126.7 , 128.5, 129.2, 129.6, 131.3, 139.9, 144.4, 150.7, 154.0,
157.6, 158.4. Mass spectrum, m,/z: 383 [M+H]+. Found, %: C 62.64; H 4.19; Cl 18.41; N 14.54.
C,oH,(CLN,. Calculated, %: C 62.68; H 4.21; C1 18.50; N 14.62.

2-(Dichloromethyl)-7-methyl-4-(4-methylphenyl)pyrazolo[1,5-a][1,3,5]triazine (7e).
Yield 2.14 g (70 %), dark yellow solid, mp 155—157 °C (MeCN). '"H NMR spectrum (400 MHz,
DMSO-d,), 8, ppm (J, Hz): 2.43 (3H, s), 2.52 (3H, s), 6.75 (1H, s), 7.33 (1H, s), 7.44 (2H, d,
J=17.8),867 (2H,d,J=7.9). ®C NMR spectrum (101 MHz, DMSO-d,), 8, ppm: 14.6, 21.4, 71.0,
97.4 ,126.6, 129.0, 131.2, 144.3, 150.0, 153.7, 157.4, 158.6. Mass spectrum, m/z: 307 [M+H]+.
Found, %: C 54.71; H 3.93; Cl 23.16; N 18.16. C,,H,,CI,N,. Calculated, %: C 54.74; H 3.94;
Cl123.08; N 18.24.

Being isosteres of purine, pyrazolo[1,5-a][1,3,5]triazines attract much attention of chemists
and biologists, and their synthesis and bioactivity have been thoroughly reviewed [13, 14]. In
this contribution, we would like to report the in vitro antiviral activity of compounds 7a-e, which
were tested against: i) Dengue virus 2 (strain New Guinea C, cell line Huh7); ii) Tacaribe virus
(strain TRVL 11573, cell line Vero); iii) Zika virus (strain MR766, cell line Vero 76) at Institute
for Antiviral Research, Utah State University; iv) Human cytomegalovirus (strain AD169, cell
line HFF); v) Herpes simplex virus 1 (strain E-377, cell line HFF); vi) Varicella-Zoster virus
(strain Ellen, cell line HFF) at University of Alabama at Birmingham.

The viral-induced cytopathic effect inhibition, as well as compound toxicity in host cells, was
evaluated. In primary assays i-iii, compounds 7 did not have a sufficient antiviral activity that
exceeded their cytotoxicity level at concentrations within 0.1-100 ug/mL, but assays iv-vi gave
acceptable results presented in the Table. As can be seen from it, the compounds activities are
rather low with the exception of 7a, which, however, has comparatively high toxicity. In terms of
selectivity, the interaction 7d — AD169 — HFF (assay iv) with SI., > 6 is noteworthy.

It should be noted in conclusion that the N-(2,2-dichloro-1-cyanoethenyl)carboxamides 1
with N-nucleophiles reaction mode is dictated by not only the nucleophile nature, but some other
critical factors that will be considered in a further publication.

The authors are grateful to the Enamine company (Kiev) for the technical support of the chemi-
cal experiment. Antiviral research was funded from the Virology Branch, DMID, NIAID, NIH (USA)
by contract HHSN2722011000191.
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CUHTE3 I ITIPOTUBIPYCHI BJACTUBOCTI
2-(IUXJIOPOMETMJI)ITIPA3OJIO[1,5-a][1,3,5] TPUA3VHIB

3uaiizeno, mo N-(2,2-auxmopo- 1-miaHoeteHinr)kapbokcamian pearyiots 3 1 H-mipa3os-5-aMiHaMy B TPUCYTHOCTI
TPUETUJIAMIHY 3 yTBOpeHHsIM 2-(amxsiopomerun)mipasosno|1,5-a][1,3,5]rpuasunis. [ukiokonmeHcalis ckia-
MaeThes 3 TAaKMX HMOBIpHUX cTafiil: a) npueananna rpynu NH, mo aktusosanoro 38’asky C=C, mo 3ymMoBioe
nepuuii amigauii iHTepmesiar; 6) eximinysanus HCN min giero TpreTraaMily 3 yTBOPEHHSIM IPYTOTO aMiZIHOTO
iHTepMeziaTy; B) BHYTPINIHBOMOJIEKY/ISIDHA IIMKJTi3allisl OCTaHHBOTO B KiHIEBUI TpomyKT 3 Bigmeniennam H,O.
2-([luxiopomerui)-4,7-mudenimipasosno| 1,5-a][1,3,5 | Tpuasut BUSABUBCS I[JIKOM CTIHKUM IOA0 KUILISTYUX
posunnie MeONa/MeOH, AcONa/AcOH, a Takox Na,S/H,O/EtOH, onnak posmernioBaBcs M Ai€io co-
JITHOT ab0 cipYaHoi KUCJIOT.

IT’sith cuHTe30BaHUX 2-(MuxmopoMeTi)mipasoo| 1,5-a][1,3,5 | rpuasunis Gymu mpoTectoBani mpot: i) Den-
gue virus 2 (mram New Guinea C, kaitunna jinis Huh?7); ii) Tacaribe virus (mram TRVL 11573, kaitunna
ninist Vero); iii) Zika virus (mrram MR766, kiaitTunna sinist Vero 76); iv) Human cytomegalovirus (mmram AD169,
kuitunana ainis HFF); v) Herpes simplex virus 1 (urram E-377, kaitunna ainis HFF); vi) Varicella-Zoster virus
(mrram Ellen, xmitunna minis HFF). BusnaueHo crymidb iHMOYBaHHS TUTOTATHYHOTO eEKTY, CIPUIMHEHOTO
BipycaMmH, a TAKOK TOKCHYHICTD CIIOJIYK y KJIITHHAX Xa3siHa. Y NmepBUHHUX BUIPoOyBaHHsX (i—iii) croyku He
MaJi JOCTaTHBOI MPOTUBIPYCHOI aKTUBHOCTI, sIKA MEPEBHUINyBaia 6 IX PiBEHD MUTOTOKCUYHOCTI TIPU KOH-
nenTpaitii B Mexax 0,1—100 MKr/mi1, ajie BUNIpoOyBaHHsI iv—Vi fanu IPUAHATHI pesysbratu. Bei cronyku mo-
KasaJii JOCUTh HU3bKY aKTHUBHICTH, 32 BUHITKOM 2-(auxjopomeru)-4,7-nudeniamipasoio|1,5-a][1,3,5]tpua-
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3UHY, IKUH, O/lHAK, MaB MOPiBHSHO BUCOKY TOKCUYHICTD. 1110 cTOCYETBCS CENIEKTUBHOCTI, TO 3aC/IyTOBYE Ha yBary
2-(muxstopomeru )-4,7-6ic(4-meTundenin)mipasono| 1,5-a][1,3,5 | tpuasun—AD169—HFF (BunpoGyBanHs iv)
3 SI;, > 6.

Knouosi cnosa: N-(2,2-0uxnopo-1-yianoemenin)kapboxcamio, 1H-nipason-5-amin, nipasono[1,5-aj[1,3,5 mpu-
a3um, NPOMUBIPYCHA AKMUBHICTNb.

E.C. Bequeuna, C.I'. [Tunvo,
B.C. 3a6pes, B.C. Bposapey,

Wucrturyt 6uooprannyeckoii xumun 1 Hegrexumun um. B.I1. Kyxaps HAH Ykpauwsi, Kues
E-mail: brovarets@bpci.kiev.ua

CUHTE3 1 IPOTUBOBMPYCHBIE CBOVICTBA
2-(INXJTOPMETUNITNPA30JIO[1,5-a][1,3,5] TPUASIHOB

Haiineno, uto N-(2,2-muxmop-1-1maHoaTeHuT )kapboKcaMuabl pearupyor ¢ 1 H-nupasos-5-aMuHaMu B TIPUCYT-
CTBHMH TPUITUJIAMIHA ¢ 00pasoBatneM 2-(auxmopMern )nupaszoo| 1,5-a][1,3,5] rpuasunos. IukIoKoHAEHCAIHS
COCTOMT U3 CJIeyI0UX BEPOATHBIX CTaAMIl: a) npucoearHenue rpymisl NH, k akTusuposannoii cesasu C=C, uto
[PUBOJKT K IEPBOMY aMUIHOMY UHTepMenuary; 6) anumunuposane HCN noa geiictBueM TpustuiamMuta ¢ 06-
pasoBaHMEM BTOPOTO aMUJHOTO MHTEPMEINATA; B) BHYTPUMOJIEKYJISIPHAS [TUKIU3AIMS TIOCTEIHET0 B KOHEUHBIIA
npoaykt ¢ otmemnenuem H,O. 2-(Jluxnopmern)-4,7-mudennnmupasomno| 1,5-a][1,3,5] rpuasun okasascs BIoJ-
He yCTOIYMBBIM 110 OTHOIIEHHIO K KunsamuM pactsopam MeONa/MeOH, AcONa/AcOH, a takxe Na,S/H,0/
EtOH, ograko pactiensics npu 1efiCTBUN COJNSTHON UIN CEPHOM KUCTOT.

[TsaTh CMHTE3MPOBAHHBIX 2-(AuXIopMeTHI)paszoo| 1,5-a][1,3,5]TpruasuHoB Gl TPOTECTUPOBAHBI TIPO-
tuB: 1) Dengue virus 2 (mramm New Guinea C, kmerounast muaust Huh7); ii) Tacaribe virus (mmramm TRVL
11573, krerounast muHus Vero); iii) Zika virus (1nramm MR766, kinerounas aunust Vero 76); iv) Human cyto-
megalovirus (mmrramm AD169, krerounas murust HFF); v) Herpes simplex virus 1 (mmramm E-377, xnetounas
muanst HFF); vi) Varicella-Zoster virus (mramm Ellen, knerounas munust HFF). Onpenenena cremnesb WHIM-
OGUPOBAHUS [UTONATUYECKOTO 3(h(HEKTa, BBI3BBAHHOTO BUPYCAMHU, & TAKIKE TOKCUYHOCTH COENMHEHUIT B KIETKAX
X03s1MHa. B nepBUYHBIX UCTbITAaHUAX (1—iii) coeZIMHEHNsT He TPOSBUJIN JOCTATOYHON TPOTUBOBUPYCHOM aKTUB-
HOCTH, KOTOpasi TIPEBbITIaa Obl X YPOBEHD IIMTOTOKCUYHOCTH TIPH KOHIIeHTparin B mpeaenax 0,1—100 Mxr/mo,
HO HMCITBITAHUS iV—Vi IaJIu TpreMJieMble Pe3yJIbTaThl. Bece coeiiHeHUst TTOKa3aIu JOBOJIbHO HU3KYIO AaKTHBHOCTb,
3a UCKJIOUeHreM 2-(AuxjopMmeTii)-4,7-nmudenuanupasonol1,5-a][1,3,5]rpuasuna, KOTOPbI, OJHAKO, UMeJ
CPAaBHUTEIHHO BBICOKYIO TOKCUYHOCTH. UTO KacaeTcsl CeJIEKTUBHOCTH, TO 3aCIAYKUBAET BHUMAHUS 2-(AUXJIOP-
meTnn)-4,7-6uc(4-mernndennn)mmpasonol 1,5-a][1,3,5] rpuasun—AD169—HEF (ucnbitanue iv) ¢ Sl > 6.

Knroueeswvie cnosa: N-(2,2-0uxnop-1-yuanosmenun)xapboxcamuo, 1H-nupason-5-amun, nupasono[1,5-aj[1,3,5 |-
MPUAsUH, NPOMUBOBUPYCHASL AKMUBHOCTID.
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