Temamuueckuti pazoen: TlpenapaTHBHbIC UCCIICTOBAHUS. IlonHas ucciea0BaTEdbCKAA nyﬁﬂnkaunﬂ
Ymeepowcoénnas nayunas cneyuanvnocme BAK: 1.4.3. Opranndeckas xumus; 1.4.4. duzndeckas XuMus;
1.4.16. Meauuunckast xumus; 2.6.10. TeXHOIOTHS OpraHUYECKUX BEIICCTB
Hoenmugpuxamop ccoiiku na o6vexm — ROl jbc-01/26-86-6-37
Hughposoti uoenmugpuxamop oowexma — DOI: 10.37952/ROI-jbc-01/26-86-6-37
Mocrynuna B penakimro 10 urons 2026 r. YJIK 547.834.

B3aumopeiictBue S-unano-1,2,4-trpuazunos ¢ 4,5-1udrop-
AeruIpo0eH30/I0M U H3yUYeHHe MPOAYKTOB TPaHCc(phopManuu

© 3onos! Annpeii Anexccesuu, Kpunouxnn! Anexceii Ilerposuy, Ilnatonos’ Bagum
Adgexcanaposuy, Kosanes! Hrops Cepreesuy, Komuyk!? Imutpnii Cepreesuu,
3pipsinoBl>* T'puropnii Bacuibesny
L Vpanvckuii hedepanvhbiii yrusepcumem. yi. Mupa, 19. 2. Examepunbype, 620002. Ceeponosckas 061. Poccus.
Ten.: +7 (343) 375-45-01. E-mail: gvzyryanov@gmail.com
2 Uncmumym opeanuyeckozo cunmesa um. M.A. Ilocmoeckozo YpO PAH. yn. Cogpou Koeanesckoii, 22/20.
2. Examepunbype, 620137. Ceeponosckas o6n. Poccus. Ten.: +7 (343) 374-11-89. E-mail: gvzyryanov@gmail.com

*Benyimii HanpasieHue; "T1o1aepKUBAIOIIHI TEPEITHCKY
Knrouesvie crosa: 5-umano-1,2,4-tpuasus, 4,5-mudrop-1,2-neruapodenson, 2,3-muprop-10-(5-mmano-
4-penmn-1H-1,2,3-tpuazon-1-mn)oupuno| 1,2-aJungon, 5-kapookcamun-4-pennn-1H-1,2,3-rpuazon-1-
wn)nupuao| 1,2-alusmon.

AHHOTAN A

1,2,3-Tpuazonsl MpencTaBieHbl B IIUPOKOM PsIIY MOJEKYT C Pa3HOOOpa3HOH OMONOHMYECKOH aKTUBHOCTHIO,
BKJTIOYAsT TIPOTUBOMH(EKIIMOHHYIO M MPOTHBOOITYXOJeBYI0. OTIENBHBIA MHTEPEC MPEACTABISIOT KapOOKCAMUIBI
1,2,3-TpuazoIioB — B MX sy HalIeHBI COSTUHEHMS, TIPEICTABIIAIONINE HHTEPEC B KAYECTBE CEJICKTUBHBIX 00paTHBIX
aroOHMCTOB M @HTarOHKWCTOB TperHaHoBoro perentopa X (PXR) — ki1toueBoro peryisiropa Metaboi3Ma JIeKapeT-
BEHHBIX [IPENApAaTOB, a TAKKE PEryJIATOPOB KaJIbLUH-aKTHBUPYEMBIX KaJIUEBBIX KaHAIOB. Cpeiy pa3iniHbIX METOZIOB
noctpoenus 1,2,3-Tpuazon-cofepKalyx CHCTEM HHTEPEC IPEACTaBIIEeT pa3padoTaHHbIH HAMH ITOAXO01, OCHOBAHHBIH
Ha B3auMoJieiicTBun 3-(mpuamwi-2)-1,2,4-Tpua3uHoB ¢ apMHOBBIMU MHTEPMEIMATaM, U TIPUBOJISIIMHN, BCIICACTBHIE
JIOMHUHO-TpaHcdopMaimy ¢ yaactueMm 1,2,4-TpraziuHoBoro parmenTa, k oopazoBanuio 1,2,3-Tpuas3onoB, HHTErPH-
poBaHHBIX ¢ pparmenTamu mupuao| 1,2-aJunonos. [locieaHue mpeacTapisiOT KpaliHe MePCIeKTUBHBIN THIT (ap-
Mako(QOpoB, TaK KaK BCTPEUAIOTCS B OOJBILIOM YHCIIE TPUPOIHBIX COSIMHEHMH, BKIFOUYas, HAIpUMep, KaHTHH-6-
OHBI, TMOEH30NMUPPOKOIKH 1 roModackarumsut B n C. OcoOblii nHTEpeC MOTYT NpeNCTaBsTh (1onuM)pTop3ame-
mieHHble mupuo| 1,2-a]uHA0IkL, IoTydaeMble HarpsaMyto u3 1,2.4-tpra3nHoB AefictBueM (hrop-3amerieHHpix 1,2-
JeruapobeH3omoB. B pamkax HacTosiiiei paboThl HaMU ObLT HCCIIEA0BAH MOJIX0/] K PTOPUPOBAHHBIM TIPOH3BOTHBIM
5-xkapboxcamua-4-pennn-(1H-1,2,3-rpuazon-1-wm)mupuao[ 1,2-a]uHI0I0B, OCHOBAHHBINH Ha B3aMMOJIEHCTBUN
3-(mpuani-2)-5-mano-1,2,4-tprasuna ¢ 4,5-audrop-1,2-1eruapodeH30a0M U MOCIeAYIOmeH TpaHchopMaIim
MOJIyYEHHBIX IPOAYKTOB JOMUHO TpaHC(HOpMALlMKM B YCIOBHAX IIEJIOYHOrO THApOnu3a. Tarke Moka3zaHa BO3-
MOXKHOCTB JajbHEHIIeH TpaHc(hopMalyi NoIy4eHHbIX KapOOKCaMUIOB B YCIBOMSIX KHCIIOIO THAPOIM3a ¢ 00paso-
BanueM S5-H-4-dpennn-(1H-1,2,3-rpuazon-1-um)mupuao[ 1,2-aJurnonos. CTpykTypa MOIYYSHHBIX MPOIYKTOB ObLIa
JIOKa3aHa C UCTIONb30BaHueM MeTonoB SIMP H crekTpockomnmu, Macc-CIIEKTPOMETPUH U SJIEMEHTHOTO aHAIIM3A.
Tak, B Macc-CIeKTpax MoTy9eHHBIX COEMHEHNH IPUCTYTCBYIOT ITMKK MOJIEKYJIAPHBIX HoHOB. B SIMP 'H cniexrpax
TIOJIMMEPOB TIPUCYTCTBYIOT CHTHAJIBI pe30HaHca MPOTOHOB parMeHToB Mupuyio| 1,2-a]uHyioma, CUTHAIBI pe30HaHCa
NPOTOHOB apomaTtnieckoro ¢prmenra npu C4, a Takke CUTHAIBI pe30HAHCA MPOTOHOB 3amecTHTenedl mpu C5
¢parmenra 1,2,3-tpuazona. IlodydeHHsle npou3BoaHbIe MUPHIO[1,2-a]uHI0Ia MOTYT NPEACTABIATh UHTEpEC B
KauecTBe OMOAKTHBHBIX COSAMHEHHH, a TAKKEe B KAYECTBE MEPCIIEKTUBHBIX (PIryopodopoB.

BrixoaHble JaHHBIE AJI51 HIUTHPOBAHUS PYCCKOS3LITHON NEYATHOM BEPCHM CTATHH:

3onoB A.A., Kpunoukun A.I1., Ilnatonos B.A., Kosanes U.C., Komuyk JI.C., 3sipsHoB I'.B. B3aumoneiictue
5-1mano-1,2,4-tpua3uHoB ¢ 4,5-audTop-aeruapoOeH30/10M 1 H3YUSHHUE TPOLYKTOB TpaHC(hOpMaIiu. bymieposckue
coobuenus. 2026. T.86. Ne6. C.37-42. DOI: 10.37952/ROI-jbc-01/26-86-6-37

BoixoaHble JaHHBIE A IUTHPOBAHUA PYCCKOSI3bIYHOI 3JIEKTPOHHON BEPCHH CTATHH:

3on0B A.A., Kpunoukuu A.I1., [Tmatonos B.A., KosaieB U.C., Kommuyk /I.C., 3sipsiaoB I'.B. Bzaumopeiicteue
5-1mano-1,2,4-tpua3uHoB ¢ 4,5-mudTop-aeruapoOeH30J10M U H3YUSHHE IPOIYKTOB TpaHchopMaLuu. bymieposckue
coobwenus. 2026. T.13. Ne2. 1d.17. DOI: 10.37952/ROI-jbc-01/26-86-6-37/ROI-jbc-A/26-13-2-17 (Russian)

The output for citing the English online version of the article:

Andrey A. Zonov, Vadim A. Platonov, Igor S. Kovalev, Dmitry S. Kopchuk, Grigory V. Zyryanov. Reaction
of 5-cyano-1,2,4-triazines with 4,5-difluoro-dehydrobenzene and study of transformation products. Butlerov
Communications B. 2026. VVol.26. No0.13 1d.17. DOI: 10.37952/ROI-jbc-01/26-86-6-37/ROI-jbc-B/26-13-2-17

r. Kazans. Pecriybmnuka Tarapcran. Poccust. © Bymaeposckue coobuenus. 2026. T.86. Neb. 37




IMoanas uccienoBaTeIbCcKas HyﬁJII/IKaIII/IH 3onoB A.A., Kpunoukun A.Il., [Tnaronos B.A.,
Koganes U.C., Komuyk [I.C., 3bipsinos I'.B.

Jlureparypa

[1] D.Y.Alghamdi, R.A. Zailaee, Z.M. Al-Amshany, R.M. El-Shishtawy. 1,2,3-Triazole: an important scaffold in
drug design and development. Heterocycl. Commun. 2026. VVol.32. No.1. P.20250189. DOI: 10.1515/hc-
2025-0189

[2] D. Lengerli, K. Ibis, Y. Nural, E. Banoglu. The 1,2,3-triazole ‘all-in-one’ ring system in drug discovery: a
good bioisostere, a good pharmacophore, a good linker, and a versatile synthetic tool. Expert Opin. Drug
Discov. 2022. VVol.17. No.11. P.1209-1236. DOI: 10.1080/17460441.2022.2129613

[3] M. Marzi, M. Farjam, Z. Kazeminejad, A. Shiroudi, A. Kouhpayeh, E. Zarenezhad. A recent overview of
1,2,3-triazole-containing hybrids as novel antifungal agents: focusing on synthesis, mechanism of action, and
structure-activity relationship (SAR). J. Chem. 2022. No.1. P.7884316. DOI: 10.1155/2022/7884316

[4] Y.Li, W.Lin, S.C. Chai, J. Wu, K. Annu, T. Chen. Design and Optimization of 1H-1,2,3-Triazole-4-
carboxamides as Novel, Potent, and Selective Inverse Agonists and Antagonists of PXR. J. Med. Chem. 2022.
Vol.65. No.24. P.16829-16859. DOI: 10.1021/acs.jmedchem.2c01640

[5] V. Calderone, F.L. Fiamingo, G. Amato, I. Giorgi, O. Livi, A. Martelli, E. Martinotti. 1,2,3-Triazol-
carboxanilides and 1,2,3-triazol-(N-benzyl)-carboxamides as BK-potassium channel activators. Eur. J. Med.
Chem. 2008. VVol.43. No.11. P.2618-2626. DOI: 10.1016/j.ejmech.2008.02.032

[6] D.S. Kopchuk, I.L. Nikonov, A.F. Khasanov, K. Giri, S. Santra, |.S. Kovalev, E.V. Nosova, S. Gundala,

P. Venkatapuram, G.V. Zyryanov, A. Majee, O.N. Chupakhin. Studies on the interactions of 5-R-3-(2-
pyridyl)-1,2,4-triazines with arynes: inverse demand aza-Diels—Alder reaction versus aryne-mediated domino
process. Org. Biomol. Chem. 2018. VVol.16. P.5119-5135. DOI: 10.1039/c80b00847g

[71 G. Cebrian-Torrejon, S.A. Kahn, M.E. Ferreira, C. Thirant, A. Rojas de Arias, B. Figadére, A. Fournet,

H. Hneiweissand E. Poupon. Alkaloids from Rutaceae: activities of canthin-6-one alkaloids and synthetic
analogues on glioblastoma stems cells. Med. Chem. Commun. 2012. Vol.3. P.771-774. DOI:
10.1039/C2MD20047C

[8] 1.W. Elliott. Chapter 4 Dibenzopyrrocoline Alkaloids. The Alkaloids: Chemistry and Pharmacology. 1987.
P.101-116.

[9] C.lJimenez, E. Quinoa, A. Adamczeski, L.M. Hunter, P. Crews. Novel sponge-derived amino acids. 12.
Tryptophan-derived pigments and accompanying sesterterpenes from Fascaplysinopsis reticulata. J. Org.
Chem. 1991. Vol.56. No.10. P.3403-3410. DOI: 10.1021/jo00010a041

[10] D.N. Kozhevnikov, V.N. Kozhevnikov, T.V. Nikitina, V.L. Rusinov, O.N. Chupakhin, H. Neunhoeffer.
Synthesis of functionalized bipyridines by sequential nucleophilic substitution of hydrogen and
cycloaddition in 1,2,4-triazine rings. Mendeleev Commun. 2002. VVol.12. No.1. P.30-32.

DOI: 10.1070/mc2002v012n01abeh001548

[11] JTaeBckwii C.E., ABpamenko I'.B., @omuna M.A., Kopotkosa H.B. Cunte3 1 n3ydeHue OHOIOrHIecKoi
AKTUBHOCTHU 1,2,3-”IpI/IaSOJ'I-lH-I/IJ'I-HPOI/ISBO,Z[I-IbIX XaJIKOHA KaK BO3MOYKHBIX OMOJIOTMYECKHUX aHAJIOIOB
0er30[C]heHaHTPUANHOBBIX AKAIOUIOB. Bymieposckue coobwernus. 2016. T.46. Ne6. C.74-80. ROI: jbc-
01/16-46-6-74 [Sergey E. Laevsky, Grigory V. Avramenko, Maria A. Fomina, Natalia V. Korotkova. Synthesis
and biological evaluation of 1,2,3-triazol-1H-yl derivatives of chalcones as possible pharmacological analogues
of benzo[c]phenanthridine alkaloids. Butlerov Communications. 2016. VVol.46. No.6. P.74-80. ROI: jbc-01/16-
46-6-74 (Russian)]

[12] JTaeBckwii C.E., ABpamenko I'.B., @omuna M.A., Kymiaesa A.M. Cunre3 6-3ameni€usbix 1,2,3-tprazos-
IMPOU3BOJHBIX 6CH30[C](1)CHaHTpI/II[I/IHOBBIX AJIKAJIONMJI0B U U3YYCHUC UX BIIMAHNA HA AKTUBHOCTDH
JIM30COMAJTBHBIX TIPOTErHas. Bymieposckue coobwenus. 2014. T.38. Ned, C.1-9. ROI: jbc-01/14-38-4-1
[S.E. Laevsky, G.V. Avramenko, M.A. Fomina, A.M. Kudlaeva. Synthesis of 6-substituted 1,2,3-triazole
derivatives of benzo[c]p henanthridine alkaloids and study of their influence on the activity of lysosomal
proteinases. Butlerov Communications. 2014. Vol.38. No.4. P.1-9. ROI: jbc-01/14-38-4-1 (Russian)]

[13] Andrey A. Zonov, Vadim A. Platonov, Igor S. Kovalev, Dmitry S. Kopchuk, Grigory V. Zyryanov. Reaction
of 5-cyano-1,2,4-triazines with 4,5-difluoro-dehydrobenzene and study of transformation products. Butlerov
Communications B. 2026. VVol.13. No.2. 1d.17. DOI: 10.37952/ROI-jbc-01/26-86-6-37/ROI-jbc-B/26-13-2-17

[14] 3onoB A.A., Kpunoukun A.I1., ITnaronos B.A., Kosanes U.C., Komuyk J1.C., 3bipsiHos I'.B.
Bsaumopeiicteue 5-1mano-1,2,4-rpua3uHoB ¢ 4,5-mudTop-aeruapoOeH3010M U U3YUSHUE TPOTYKTOB
tpaHcopmarmn. bymaeposckue coobugernus. 2026. T.13. Ne2. 1d.17. DOI: 10.37952/ROI-jbc-01/26-86-6-
37/ROI-jbc-A/26-13-2-17 (Russian)

38 https://butlerov.com/ © Butlerov Communications A. 2026. Vol.13. No.2. 1d.17.




B3AUMOJEHCTBHE 5-IJHAHO-1,2,4-TPHA3UHOB C 4,5-JUDTOP-AETHPOBEH30JIOM 1 H3VYEHVE ... 37-42

The English version of the article has been published in the international edition of the journal

Butlerov Communications B
Advances in Chemistry & Thermophysics

The Reference Object Identifier — ROI-jbc-B/26-13-2-17
The Digital Object Identifier — DOI: 10.37952/ROI-jbc-01/26-86-6-37/ROI-jbc-B/26-13-2-17

Reaction of 5-cyano-1,2,4-triazines with 4,5-difluoro-dehydrobenzene
and study of transformation products

Andrey A. Zonov,! Vadim A. Platonov,! Igor S. Kovalev,! Dmitry S. Kopchuk,*?
Grigory V. Zyryanov,12**
! Ural Federal University. Mira St., 19. Yekaterinburg, 620002. Sverdlovsk Region. Russia.
Phone: +7 (343) 375-45-01. E-mail: gvzyryanov@gmail.com
2 1.Ya. Postovsky Institute of Organic Synthesis. Ural Branch of the Russian Academy of Sciences.
Sofia Kovalevskoy St., 22/20. Yekaterinburg, 620137. Sverdlovsk Region. Russia.
Phone: +7 (343) 374-11-89. E-mail: gvzyryanov@gmail.com

*Supervising author; *Corresponding author

Keywords: 5-cyano-1,2,4-triazine, 4,5-difluoro-1,2-dehydrobenzene, 2,3-difluoro-10-(5-cyano-4-phenyl-
1H-1,2,3-triazol-1-yl)pyrido[1,2-a]indole, 5-carboxamide-4-phenyl-1H-1,2,3-triazol-1-yl)pyrido[1,2-
ajindole.

Abstract

1,2,3-Triazoles are represented in a wide range of molecules with diverse biological activities, including anti-infective
and anti-tumor. Of particular interest are 1,2,3-triazole carboxamides — compounds have been found in this series
that are of interest as selective inverse agonists and antagonists of the pregnane X receptor (PXR), a key regulator of
drug metabolism, as well as regulators of calcium-activated potassium channels. Among the various methods for
constructing 1,2,3-triazole-containing systems, of interest is our approach based on the interaction of 3-(pyridyl-2)-
1,2 ,4-triazines with aryne intermediates, which, due to domino transformation involving the 1,2,4-triazine fragment,
leads to the formation of 1,2,3-triazoles integrated with pyrido[1,2-aJindole fragments. The latter represent an
extremely promising type of pharmacophore, since they are found in a large number of natural compounds, including,
for example, canthin-6-ones, dibenzopyrrocoline, and homophascaplysin B and C. Of particular interest may be
(poly)fluoro-substituted pyrido[1,2-a]indoles obtained directly from 1,2,4-triazines by the action of fluoro-substituted
1,2-dehydrobenzenes. In the present work, we investigated an approach to fluorinated derivatives of 5-carboxamide-
4-phenyl-(1H-1,2,3-triazol-1-yl)pyrido[1,2-a]indoles based on the interaction of 3-(pyridyl-2)-5-cyano-1,2,4-triazine
with 4,5-difluoro-1,2-dehydrobenzene and subsequent transformation of the obtained domino transformation
products under alkaline hydrolysis conditions. The possibility of further transformation of the obtained carboxamides
under acidic hydrolysis conditions with the formation of 5-H-4-phenyl-(1H-1,2,3-triazol-1-yl)pyrido[1,2-a]indoles
was also shown. The structure of the obtained products was proven using 1H NMR spectroscopy, mass spectrometry
and elemental analysis. Thus, molecular ion peaks are present in the mass spectra of the obtained compounds. The
'H NMR spectra of the polymers contain resonance signals of the protons of the pyrido[1,2-aJindole fragments,
resonance signals of the protons of the aromatic fragment at C4, and resonance signals of the protons of the
substituents at C5 of the 1,2,3-triazole fragment. The resulting pyrido[1,2-a]indole derivatives may be of interest as
bioactive compounds, as well as promising fluorophores.
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