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A suitable and effective scheme for the synthesis of 3,7-disubstituted [1,2,4]triazolo[4,3-a]pyrazin-8(7H)-ones
has been suggested and tested. It can provide a wide chemical diversity of the final products containing practi-
cally any substituent in position 3. The scheme previously developed starts from esters of oxalamic acid follow-
ing with the cyclization of intermediate 3-hydrazinopyrazin-2-ones with carbonyl-containing compounds (ortho-
esters or alkylcarbonic acid anhydrides). To introduce aryl or heteryl substituents in position 3 of the heterocyclic
system we propose to use the reaction of 3-hydrazinopyrazin-2-ones with the corresponding carbonic acids
preliminary activated by carbonyldiimidazole (CDI). The further cyclization is carried out by reflux for 24 hours
in anhydrous DMFA. The structure of the compounds obtained has been proven by elemental analysis and 'H
NMR spectroscopy data. Formation of [1,2,4]triazolo[4,3-a]pyrazin-8(7H)-one condensed system is in good cor-
relation with spectral data, and is confirmed by the presence of signals of H-5 and H-6 protons of the pyrazinone
fragment as doublets at & 7.15-7.28 ppm and & 7.50-7.59 ppm, respectively. The compounds synthesized are of
particular interest as potential pharmacological objects with the cytotoxic, membrane-stabilizing, cerebroprotec-
tive, cardioprotective activity.

PO3LUNPEHHS BA3U MNOXIQHUX 3,7-OU3AMILEHUX 7H-[1,2,4]TPUA30J10[4,3-a]l1IPA3UH-8-OHIB 51K
TEPCIEKTUBHUX ®APMALEBTUYHUX AIEHTIB
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Knrovoei cnoea: 3-2idpasuHonipa3uH-2-oH; [1,2,4]mpua3sono[4,3-ajnipa3uH; yuknisauis

BanponoHosaHo i anpobosaHo 3pyYyHy ma echekmueHy cxemy cuHmesy 3,7-0usamiujeHux 7H-[1,2,4Jmpua3osno
[4,3-ajnipa3uH-8-oHis, w0 30amHa 3abesneqyumu eenuke XiMidHe pisHoMaimms KiHuesux npodyKmie, sKi MOXymb
Mamu rpakmu4yHo 6yOb-sikuli 3amicHUK y 3 rnonoxeHHi. [NonepedHbo0 po3pobrieHa Hamu cxema 8uxoOumsb 3 ec-
mepie oKkcanamosux Kucsiom 3 nodasbWor YuKizauier npoMikHUX 3-2i0pa3uHonipasuH-2-0Hie 3 KapboHino-
8MiCHUMU crioflykamu (opmoecmepamu i aHeidpudamu arnkinkapboHosux kucriom). [ris1 686e0eHHs 8 MOIOXEHHS
3 eemepoyukniyHOI cucmemu apuribHUX ma 2emepuribHUX 3aMiCHUKI8 MU MPOMNOHYEMO 8UKOpUCMO8y8amu pe-
aKuyito 3-ei0pasuHonipa3uH-2-oHie 3 8idnogiOHUMU KapbOHOBUMU Kuciomamu, siKi mornepedHbLO akmusysarsu
kapbonindiimidazonom (KAI). MNodanbwy yuknisayito 30iticHrosanu rnpu kun’amiHHi 8 M®A enpodosx 24 eo-
OuH. Cmpykmypa ompumaHux crioslyk dosedeHa 3a 00NOMO20K efnleMeHmMHo20 aHasizy ma OaHux 'H SMP-
criekmpockoriii. YmeopeHHs1 KoHOeHcogaHoi cucmemu [1,2,4]Jmpua3sonof4,3-ajnipa3uH-8-oHy dobpe y3200Xy-
embcs 3i criekmpansHuMu daHUMU ma rnidmeepoXyembCs Hasi8HiCmMIo cugHarie npomorie H-5 ma H-6 nipa3u-
HOHOB8020 hpazMeHmy, sKi Nposiensgtombscs sk OybnemHi cugHanu rpu & 7.15-7.28 m.4. ma & 7.50-7.59 m.u., 8io-
rnogidHo. CuHme3osaHi crosnyku rnpedcmaesrnsiome NeeHUl iHMepec sk MomeHUuilHi ghapmakosnoeiyHi 06’°ekmu 3
UUMOMOKCUYHO, MemMbpaHocmabinisyr4oro, uepebpornpomeKmopHO, KapdiornpomeKMmMOpPHO aKmMuUu8HOCMIO.

PACLUNPEHUE BA3bI NMPONU3BOAHbIX 3,7-ON3AMELYEHHbIX 7H-[1,2,4]TPUA30J10[4,3-a][TUPA3UNH-8-
OHOB KAK NEPCIIEKTUBHbIX ®PAPMALEBTUYECKUX AFEHTOB
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Knroveesnle cnoea: 3-audpasuHonupasuH-2-oH; [1,2,4]mpua3orno[4,3-ajnupa3uH; yuknusayusi

lpednoxeHa u anpobuposaHa y0obHas u sghghekmusHasi cxema cuHmesa 3,7-0usameweHHbIx 7TH-[1,2,4]mpu-
asorno[4,3-aJnupa3uH-8-oHos, komopasi criocobHa obecre4ump 60/bUWOE XUMUYECKOe pa3Hoobpasue KOHEYHbIX
npodykmos, codepxxawux npakmuyecku nobol 3amecmumerns 6 3 rnonoxeHuu. NpedsapumernbHo pa3pabo-
maHHasi HaMu cxema ucxooum u3 3ghupo8 oKcanamosbix Kucsom ¢ nocnedyrowel yuknudayuel rnpomexy-
MmoYHbIX 3-2u0pa3uHonupasuH-2-oHo8 ¢ KapboHucodepxauumu coeOUHeHUsIMU (opmoacghupamu U aHaudpu-
Oamu ankunkapboHosbix Kucriom). [ns eeedeHust 8 nonoxeHue 3 eemepoyuknu4deckoli cucmembl apusibHbIX
u eemepurbHbIX 3amecmumerell Mbl ipedna2aemM Ucnosib308amb peakyuro 3-2udpas3uHonupasuH-2-0Ho8 ¢ Co-
omsemcmayuwuMu KapboHOBbIMU KUCITIOMaMU, Komophbie npedsapumerbHO akmueuposanu KapboHunouumu-
Oazonom (KAN). OdanbHelwyo yuknusayuro ocywecmsnsnu npu kunsdyeHuu 8 [M®A e meyeHue 24 yacos.
Cmpykmypa norny4yeHHbIXx coeOuHeHUl 0oka3aHa ¢ MOMOWbI0 371eMEHMHO20 aHanu3a u 0aHHbix 'H SIMP-cnekm-
pockonuu. ObpaszosaHue KOHOeHcuposaHHoU cucmemsi [1,2,4Jmpua3ono[4,3-ajnupasuH-8-oHa xopowo coarna-
cyemcsi co criekmparibHbIMU 0aHHbIMU U nodmeepxxdaemcsi npucymcmeuem cueHanos npomoHos H-5 ma H-6
nupas3uHOHOB020 hpazcMeHma, Komopsbie npossnsomcs kak 0ybrnemsi rnpu & 7.15-7.28 m.0. u & 7.50-7.59 m.0.
CuHmMe3uposaHHbIe coedUHeHUsI Mpedcmassisitom ornpedeneHHbIU UHMepec Kak nomeHyuarnbHble hapMaKkorio-
audeckue 0bbeKkmbl ¢ YUMomOoKcu4yHoU, MembpaHocmabunusupyrowed, uepebpornpomeKkmopHoU, Kapouornpo-
MEeKMOpPHOU aKmu8HOCMbHO.
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Modern research in the therapy of oncological
diseases testify an essential role of glutamic acid de-
rivatives in cancer pathogenesis. Substances compe-
titively inhibiting glutamate in the interaction with
AMPA- and NMDA-receptors will be most likely very
useful in oncopathology treatment [1, 2]. Therefore,
a promising area of pharmaceutical science is fur-
ther study of [1,2,4]triazolo[4,3-a]pyrazines, which
exhibit the pharmacological effects mentioned above,
as well as creation of medicines on their basis.

With the help of the computer programme PASS
(Prediction of Activity Spectra for Substances) [3],
which enable to estimate the pharmacological effect,
the mechanism of action and specific toxicity of a sub-
stance, we carried out the investigation of the base
of N7-aryl-[1,2,4]triazolo[4,3-a]pyrazines derivatives
with alkyl substituents in position 3 previously syn-
thesized [4]. Computational results indicate a high
potential of cytotoxic, membrane-stabilizing, cerebro-
protective, cardioprotective activity of the compounds
obtained.

Variation of substituents in molecules with the
same heterocyclic structure can affect the ligand-re-
ceptor interaction; it can be relevant in therapy of not
only oncopathologies, but many diseases associated
with the protein-receptor competitive antagonism.

On the basis of analysis of the chemical potential
of [1,2,4]triazolo[4,3-a]pyrazine structure, which is
bioisosteric analogue of nucleic acids, the most pro-
mising randomization points of this basic structure

X=0,8
X'=Alk, Het, Ph, O, S

Fig. The basic structure of the focused combinatorial library based
on [1,2,4]triazolo[4,3-a]pyrazine.

have been determined and the synthetic transfor-
mation schemes that are suitable for focused combi-
natorial libraries construction have been developed.

The scheme of [1,2,4]triazolo[4,3-a]pyrazines syn-
thesis that is used in organic synthesis the most fre-
quently starts from 2,3-dichloropyrazine and con-
sists in cyclization of 2-chloro-3-hydrazinopyrazine
obtained under the action of acid halides of carbonic
acid with hydrolysis of intermediate 8-chloro[1,2,4]
triazolo[4,3-a]pyrazine and subsequent N-alkylation
[5]. The principal lack of this method is a limited set
of substituents in position 7 of the cyclization pro-
duct. In our previous work approaches to N’-substi-
tuted [1,2,4]triazolo[4,3-a]pyrazines with alkyl and
aryl substituents in position 7 were discussed. The
aim of the present paper is the use of a wide range
of carbonyl reagents for modification of position 3 in
the target [1,2,4]triazolo[4,3-a]pyrazines by various
substituents.

Results and Discussion

Earlier we reported that we had developed the
scheme of the synthesis of the target N”-aryl[1,2,4]
triazolo[4,3-a]pyrazines starting from esters of oxa-
lic acid monoamides via stages of formation of N'-aryl-
pyrazin-2,3-diones, N’-aryl-3-chloropyrazin-2-ones
and N'-aryl-3-hydrazinopyrazin-2-ones [4]. In further
cyclization we used ortho-esters and anhydrides of
carbonic acids. By this method 3-alkyl-N7-aryl-[1,2,4]
triazolo[4,3-a]pyrazin-8(7H)-ones were synthesized.

The aim of our next work was enhancement of the
series of N’-substituted [1,2,4]triazolo[4,3-a]pyrazin-
8(7H)-ones previously synthesized by means of aryl
or heteryl substituents introduction in position 3 of
the cycle.

For this purpose the scheme of interaction of N’-
aryl/benzyl-3-hydrazinopyrazin-2-ones 4{1-4} with
the corresponding carbonic acids 1{1-4} has been
suggested. However, low electrophility of the carb-
oxylic group hinders the effective course of the reac-
tion. Hence, for the carboxylic group activation we
suggest to use carbonyldiimidazole (CDI) 2 in anhy-
drous DMFA in the molar ratio of 1:1 (Scheme).

o]
H
R1\N)H/ N\NH o)
7 "N 2

0 @ R24<o &lN RIS | N
R2—/< + 0 o N HEg & //\N
OH N O DMFA, to SN
1{1-4} 3(1-4) 5{1-16}

R1 = Ph; 4-FPh; 3,4-diFPh; 4-CIPhCH,

R2 = 3-CIPh; 3,4-diOMePh; 3,4-diOEtPh; 3-Pyr.

Scheme
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Table

3-Aryl/heteryl-N"-aryl/benzyl[1,2,4]triazolo[4,3-alpyrazin-8(7H)-ones

Compound Molecular Yield N, %
cc?de R formula, o "| Calc/ "H NMR spectral data 6, ppm
m.m. ° | found
B 722(d,J= 48, 1H, H-5); 7.38-7.54 (m, 5H, H-2,3/4,5,6');
5(1} ro g | GO | 79 | 17381757 (d,J=48, 1H,H-6); 771 (d, J=8.0, 2H, H-3%5");
= : 391792 (d,J = 8.0, 2H, H-2"6")
. 7.18(d,J= 4.9, 1H, H-5); 7.37 (t, J = 8.2, 2H, H-3,5";
502} Rizioh |Gl go | 164471751750 (m, 3H, H-6, 2/6); 7.71 (d, J= 8.0, 2H, H-3'5"),
= : 411792 (d,J = 8.0, 2H, H-2"6")
. 3.81 (s, 3H, OCH,); 7.08-7.17 (m, 3H, H-5, 3,5");
5(3) RizaoMePh | CallsCINO: | 77 1128871738 754 (m, 3H, H-6, 2,6 7.70 (d, J = 8.0, 2H, H-315");
= : 921792 (d, J = 8.0, 2H, H-2"6")
. 5.11 (s, 2H, NCH,); 7.28 (d, J = 4.9, TH, H-5);
54) Ris TelhcH | CallaCLILO | 75 1130971738743 (m, 4H, H-2,3:516); 7.59 (d, J = 4.9, 1H, H-6);
= : 121760 (d, J = 8.0, 2H, H-3"5"); 7.89 (d, J = 8.0, 2H, H-2"6")
55 R1 = Ph CHNO, | 5o | 1509/ (387 (s 6H, 20CH,); 7.14-7.23 (m, 2H, H-5, 5");
R2=3,4-diOMePh | 34836 15.12 | 7.34-7.64 (m, 8H, H-6, 23,456, 2"6")
56 RI=4FPh | CHFNO, | (o |15.29/|387 (5, 6H, 20CH,); 7.14-7.23 (m, 2H, H'5, 5")
R2=3,4-diOMePh |  366.35 15.27 | 7.34-7.46 (m, 4H, H-3,5, 2°6"): 7.55-7.64 (m, 3H, H-6, 2'6')
. 3.81 (s, 3H, #-OCH,); 3.87 (s, 6H, 3'4" OCH,);
577 | s i-ggfnpehph Coftllide | 69 | 1481/17.06-7.14 (m, 30, H:3,5! 57);7.22 (d, /= 48, 1H, H-5);
=3 : 81 17.38-7.44 (m, 4H, H-26! 2"6"): 7.58 (d, J = 4.8, TH, H-6)
. 3.84 (s, 6H, 20CH,); 5.1 (s, 2H, NCH,); 7.17 (d, J= 7.8,
56 | ph gt | Gl OO | 7y |12 5,704 (d, 1= 4.9, TH, H-5), 7.34-7.43 (m, 6H,
=3 : 16 |11 2131576/ 276"): 7.59 (d, J = 4.9, TH, H-6)
135 (t, J= 7.6, 6H, 2CH.); 4.08 (qr, J = 7.6, 4H, 20CH,);
59 R1 = Ph CHNO, | oo |1435/(433 (s, 2H,CH) 6.7 (d,J= 7.8, TH, H-5"); 688 (d, J =
R2 = 3,4diOEtPhCH, |  390.45 14.32 | 7.8, 1H, H-6"); 6.95 (5, TH, H-2"): 7.15 (d, J = 4.8, TH, H-5);
7.38-7.54 (m, 6H, H-6, 2,3/4,5/6")
135 (t, J= 7.6, 6H, 2CH.); 4.08 (qr, J = 7.6, 4H, 20CH,);
510 R1=4FPh | CH,FNO, | o, |13.72/|437 (5, 2H, CH); 677 (d,J=7.8, TH, H-5"); 6,88 (d, J =
R2 = 3,4diOEtPhCH, |  408.44 13.75 | 7.8, TH, H-6"); 6.98 (5, TH, H-2"): 7.18 (d, J = 4.9, TH, H-5);
737 (t, ) = 8.2, 2H, H-3,5"); 7.51-7.59 (m, 3H, H-6, 2:6)
135 (t, J= 7.6, 6H, 2CH,); 3.81 (s, 3H, OCH,); 4.08 (qr,
L J=7.6,4H, 20CH.); 4.35 (s, 2H, CH,); 6.77 (d, ) = 7.8, 1H,
501 |y 3‘4‘&8&‘:;2'4 Callullide | 73 1133311157 6,88 (d,J = 7.8, TH, H-6"); 6.98 (5, TH, H-2");7.08
=3 2 : 3114, )= 7.8, 2H, H-3/5); 7.20 (d, J = 4.8, TH, H-5); 7.33 (d,
J=7.8,2H, H-2/6); 7.50 (d, J = 4.8, 1H, H-6)
135 (t, J= 7.6, 6H, 2CH.); 4.08 (qr, J = 7.6, 4H, 20CH,);
L 4.33 (s, 2H, CH,); 5.07 (s, 2H, NCH.); 6.77 (d, J = 7.8, 1H,
502 |y s a d%';?gﬁéH C23Z'§38C'9’\;403 65 | |57% | H-5"); 688 (d, J= 7.8, TH, H-6");6.95 (5, TH, H-2"); 7.22
=3 2 : 79| (d,J= 4.9, 1H, H-5): 7.33-7.40 (m, 4H, H-2/3,5'6'); 7.55 (d,
J= 49, TH, H-6)
B 722(d,J= 48, 1H, H-5); 7.40-7.54 (m, 5H, H-2,3/4,5/6");
5(13} R O | g1 | 242117.58-7.73 (m, 2H, H-6, 6;830 (d, J= 6.0, TH, H-5"),
=3Py : 22 1880 (d, J = 5.6, TH, H-4"); 9.07 (s, 1H, H-2")
. 717 (d,J= 49, 1H, H-5); 7.37 (t, ] = 8.2, 2H, H-3/5'); 7.45-
5(14) RIZTEN | CiaPO | gy | 227871755 (m, 2H, H-2:6; 7.58-7.70 (m, 2H, H-6,6"); 830 (d,
=3Py : 78 | 1260, TH, H-5"; 880 (d, J = 5.6, 1H, H-4"); 9.07 (5, TH, H-2")
3.81 (s, 3H, OCH,); 7.08 (d, J = 7.8, 2H, H-3/5); 7.17 (d,
5015 R1=4-OMePh | C,HN,O, | o |21.93/(J=48, TH, H-5),7.39 (d,J= 7.8, 2H, H-2/6); 7.58-7.70
R2 = 3-Pyr 319.33 21.94 |(m, 2H, H-6, 6"); 8.30 (d, J = 6.0, 1H, H-5"); 8.80 (d, J =
5.6, 1H, H-4"); 9.07 (s, 1H, H-2")
5.11 (s, 2H, NCH,); 7.22 (d, J = 4.9, 1H, H-5); 7.33-7.40 (m,
R1 =4'CIPhCH2 C17H12CINSO 20.73/ B 1-U~T-UN 2 B . m. _
5(16) e3Py a0 1 83 | 2073/ 14k, H-2:3:506); 7.53-7.65 (m, 2H, H-6,6'); 830 (d, J= 6.,

1H, H-5"); 8.80 (d, J= 5.6, 1H, H-4"); 9.07 (s, TH, H-2")
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Thus, imidazolide of the corresponding acid 3{1-4}
is formed; it is very suitable reagent for the synthe-
sis of intermediate hydrazides, which with further
heating form the target products that precipitate.
Possible impurities (starting acid or its imidazolide)
are more soluble than the final product and stay in
solution when precipitating.

The use of acid chlorides is less appropriate for
the target products synthesis because of the presence
of the thionyl chloride excess, and it can lead to for-
mation of by-products impurities.

It should be mentioned that attempts to conduct the
synthesis of compounds 5 by interaction of 3-chloropy-
razin-2-ones and the corresponding acid hydrazides have
failed since starting chlorides are easily hydrolyzed by
traces of water in solvents or even by air moisture.

The structures of 3-substituted [1,2,4]triazolo[4,3-d]
pyrazin-8(7H)-ones 5{1-16} obtained have been con-
firmed by 'H NMR spectroscopy data (Table). Forma-
tion of [1,2,4]triazolo[4,3-a]pyrazin-8(7H)-one con-
densed system is in good correlation with spectral
data. Thus, in addition to the signals of substituents
in positions 3 and 7 of the heterocycle in TH NMR
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spectra, only signals of H-5 and H-6 protons of the
pyrazinone fragment are present as doublets at 6
7.15-7.28 ppm and & 7.50-7.59 ppm, respectively.

Experimental Part

General procedure for the synthesis of 3-aryl/
heteryl-N’-aryl/benzyl[1,2,4]triazolo[4,3-a]py-
razin-8(7H)-ones 5{1-16}. Dissolve the mixture of
15 mmol of the corresponding acid 1{1-4} and 2.43 g
of (15 mmol) of carbonyldiimidazole 2 in 10 ml of an-
hydrous DMFA. Heat the solution at 100°C for 1 hour,
then add 10 mmol of N'-aryl/benzyl-3-hydrazinopy-
razin-2-one 4{1-4}. Reflux the reaction mixture for
24 hours. After cooling dilute it with 100 ml of wa-
ter. Next day filter the precipitate formed, wash with
200 ml of i-propanol and recrystallize from the mix-
ture with 10 ml of DMFA and 20 ml of i-propanol.

Conclusions

The method suggested allows to obtain a great
variety of target products - 3-substituted [1,2,4]tri-
azolo[4,3-a]pyrazin-8(7H)-ones using practically any
acid for transformation.
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