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Hasycmpiy VIII HayioHaavHoMy 3'i3dy papmayesmis Ykpainu

VIII HALIIOHAJIbHUM 3'i3/] ®PAPMALIEBTIB YKPATHU
13-16 BepecHsa 2016 poky, M. XapkiB

[HO®OPMALIMHE [MOBIJJOMJIEHHA

OpezaHizamopu 3°i30y:

e MiHicTepcTBO 0XOpOHU 3/10pOB’sl YKpaiHy;

e MiHicTepcTBO OCBITH i HAyKH YKpaiHy;

e HauionanbHa akazeMia HayK YKpaiHu;

e HauioHasbHa akazeMid MeJUYHUX HAyK YKpaiHy;

e ['pomajchka opranisanis «BceykpaiHcbka ¢papManeBTUYHA ajaTa;
e XapkiBcbKa obJiacHa Jiep:kaBHa aJiMiHicTpanis;

e XapkiBcbKa obJiacHa paja;

e XapkiBcbKa MiCbKa paja;

e ['pomajicbka oprani3arist «XapKiBcbKa o6J1acHa acoljianist papMaleBTUYHUX Mpal[iBHUKIB»;
e Jlep:kaBHa cayk0a YKpaiHHM 3 JIiKapCbKHUX 3ac06iB;

e HanjoHanbHUM PpapMaleBTUUHHUHN YHIBEPCUTET

IlaHoeHI Kosez2u!

Opranizaniiinuii komiteT 3anpouiye Bac B3saTu yyactb y po6oTi VIII HanjionanbHoro 3'i3ay dapmaries-
TiB YkpaiHy, skuil Bifbysetrbcs 13-16 BepecHs 2016 poky y M. XapkoBi Ha 6a3i HanjionasbHoro papma-
LeBTUYHOTO yHiBepcuTeTy (nocBigueHHs YKpIHTEI Ne 113 Big 21.04.2015 p.).

Y pamkax npoBeZieHHs 3'{3/1y Bii0y/eTbCsl HAYKOBO-IPpaKTU4YHA KOHpepeHnia «Papmanisa XXI cro-
JIITTA: TEHJeHIii Ta NepCneKTUBU».

Merta 3’i34y: ni/iBe/IeHHS MiICYMKiB, 0OTOBOPEHHS Ta 3aTBEP/?KeHHsI KOHIIEMNIIil pO3BUTKY papmaleB-
TUYHOTO CEKTOPA raay3i 0XopoHH 310poB’st Ykpainu Ha 2016-2021 pp.

Po6ou4i MoBH 3’i34y: yKpaiHCbKa, aHTJIIHCbKa, pOCiHChbKa.

JeneraTu 3’1371y 06MpalOThCs Ha perioHaIbHUX KOHPepeHIisx 3rigHo 3 [loso’keHHSAM i KBOTaMu, 3a-
TBep/P)KeHUMH MiHicTepCcTBOM OXOPOHHM 3/10pOB’s YKpaiHu Ta PapMalneBTUUHOIO acoliialiero YKpaiHu.
Kondepenuii mo10 BU60py AesieratiB NpoBOAAThHCSA perioHabHUMU acoljialissMu papMalieBTUUHHUX Npa-
LiBHUKIB 10 1 yepBHA 2016 poky.

OPIEHTOBHA INPOT'PAMA 3’1311y

13 BepecHsa 2016 poKy - peecTpallis Jie/ieraTiB Ta y4acHHUKIB 3'i3/1y, CHOHCOPiB, MapTHEPIB.

14 BepecHs 2016 poky - ypouucre BijkpuTTsa VIII HanionanbHoro 3'i3y papmareBTiB Ykpainy, mJie-
HapHi 3acifiaHHsA, 06roBOpeHHs KOHIIEMNIii po3BUTKY dapMaleBTUYHOTO CEKTOpA raiy3i 0XOPOHU 3/10POB’s
Ykpainu Ha 2016-2021 pp.

15-16 BepecHs 2016 poKy - HayKoBO-IpakTH4YHa KoHepeHLisa «Papmanisa XXI cToniTTa: TeHeHL il
Ta NepCreKTUBU»: HAYKOBI CUMIIO31yMH, JIeKLii MalCcTep-K/aacy, KpyrJi CTOJIH, BOPKLIONH, JUCKYCIl.

OpranizaniiiHuii BHECOK /1S OAHOTO JeJierata/y4yacHuKa ckiaagae 995 rpu (6e3 I[1/1B).

OpranizaniiHUl{ BHECOK He Iepeadavya€ OIJIaTH 3a MPOXKUBAHHSA, ajie OpraHisamidHUM KoMmiTeT
3060B’A3YETHCS PO3CEJUTH YYAaCHUKIB 3'13/1y, AKINO y peecTpaniiiHiii popmi Bamu 6ye 3pobieHa 3asiBKa.
[HdOopMallis 110/10 MPOXKUBAHHS y TOTEJISAX Po3MillleHa Ha CTOPiHI 3’131y Ha caiTi HDaV.

Ocobu, aKi He € AeseraTaMu 3’131y, MOXKyTb B35ITH y4acTb y Horo po6oTi (6e3 mpaBa rojiocyBaHHs1) 3a
YMOBHU CILJIaTH OpraHi3aliiHOro BHecKy. IM rapaHTyeTbCA y4acTh y BCiX 3aX0/aX i OTpMMaHHA MaTepiasis
HapiBHi 3 flesieraTamMu 3'i3/y.
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OpranisaniiiHuii BHECOK rapaHTYE:

*  y4yacTh Y [IJIEHAapPHUX 3aCiZlaHHAX | HAYKOBO-NPAaKTUYHIN KOH)epeHI;

e oJep)kaHHs iHGOpMaLiMHUX i po60YHX MaTepiasiB 3'i31y;

e OJlep)KaHHS JleJIeraTCbKOro KeKncy;

e OJ/lepKaHHSI eKCKJI3UBHUX BU/AAHb, NifiroToBaeHux Ao VIII HanioHanbHoro 3’31y ¢papmaleBTiB

Ykpainuy;
e NPHUCYTHICTb Ha KOHLIEPTHIN Nporpami;
e yyacTb y QypuieTax mij yac poboTu 3'i3/y;
e oJepKaHHS cepTUdiKaTy y4acHUKa 3'i3/y;
*  y4acTb B €KCKYPCiHHiN nporpami;
e TpPaHCIOPTHI NOC/IYTH.
Jlss ydacTi TiIbKY Y HAYKOBO-NIPAaKTUYHIM KoHPepeHnii «®apmania XXI crostiTra: TeHAeHLil Ta nep-
CIIeKTUBU» OpraHisaniiHuil BHECOK /ISl OAHOTO JeseraTa ckiaaga€e 400 rpH (6e3 [1/IB), o rapaHTye
oziepxkaHHs iHpopmaliiHux MaTepiasniB VIII HajionasnbHoro 3'i3ay dapmaleBTiB YkpaiHy, y4acTb Y po6OTi
CeKIiHUX 3aciflaHb, HAYKOBUX CUMII03iyMiB, KPYTJIMX CTOJIiB, JIEKIlisIX MallcTep-KJacy, BOPKILIOINAX, a Ta-
KOX MyO6JIiKaliito Te3 fonoBizel, ofep:kaHHs cepTUdiKaTy yyaCHHMKAa HAyKOBO-MPAKTUYHOI KOHpepeHIjl.
CuMMno3iyMu HayKOBO-NMPAKTUYHOI KOHepeHnii
¢ KoHcTpyloBaHHS, cUHTe3 i MoudiKallisgd 6i0J10Ti4YHO aKTUBHUX CIOJIYK Ta CTBOPEHHS Ha iX OCHOBI
JIIKapCbKUX CyOCTaHLiM.

e (CyyacHi niaxoau 10 CTBOPEHHS HOBHUX JIIKAPCHKUX Ta KOCMETUYHUX 3aC06iB, JIETUYHUX 106aBOK
[IPUPOLHOIO MOXOAKEHHH.

e (CyyacHu# papmalleBTUUHHU aHaJTi3 Ta CTaHAapTHU3allis JiKiB.

e AKTyaJsibHi IPOGJIEMU Cy4acHOI TeXHOJIOTI JIiKiB, eKCTeMIOPaIbHOI peleNTypH, TaKyBaHHS Ta Map-
KyBaHHs JIIKapCbKUX IIpenaparis.

¢ (CyuacHi acieKTy po3po6KH Ta MPOMHUCIOBOr0 BUPOOHUITBA papManeBTUIHUX IpenapaTiB. bioTex-
HoJiorii Ta HaHOTexHoJ10Til y papmarrii.

e MexaHi3aMU MaTOJIOTIYHUX MPOIleCiB Ta iX dpapMaKoJioriyHa KOpeKIlis.

e KuiniyHa ¢apmariis: Bii eKcCliepuMeHTaJIbHOI pO3POOKH JIiIKAPChKUX 3aCO6iB 10 CTaHAapTH3allil

dbapManeBTUYHOI JOMOMOTH.

e CoujasbHa dpapmalisi: cTaH, Ipo6JeMH Ta EPCHEKTHUBHY.

e @apmMaleBTHYHA OCBiTa B YKpaiHi.

o (dapwmanis moJsioaa.

Ily6aikania maTepiasiB

MaTepiasu HayKoBO-IpaKTU4YHOI KOH$epeHLii 6yayTh ony6aikoBaHi y 36ipHuKky MaTepiazis VIII Ha-
1ioHa/bHOTO 3’134y dapMalleBTiB YkpaiHu.

TekcT moBioMyieHHs (0HA MOBHA ab0 ABi MOBHI CTOPIHKM) APYKYEThCS HA apKyuli ¢opmaty A4 (mu-
pYHa [0JIiB: JliBe, IpPaBe, BEPXHE — N0 2 cM, HKHE — 3 cM); wipudT Times New Roman, posmip mpudry - 12,
iHTepBaJs - 1,1. [I[poxaHHs1 JOTPUMYBaTUCA HaBeZleHOI CTPYKTYPHU:

3Bepxy N0 LleHTPy 6e3 BiACTyIy MepIIoro psAKa:

HA3BA [IOBIIOMJIEHHA BEJIUKUMU JIITEPAMU (>xupHuM mpudrom);

Mpi3BUIlle Ta iHil[iasu aBTOPIB; K10 aBTOp abo OJiUH i3 ciBaBTOpPIiB MOBiAOMJIEHHS MJIAHYE BUCTYIHU-
TU Ha KoHdepeH1lii 3 A0N0BiA10, HOro Npi3Bulle CJIijg NiJKPeCcauTH;

Ha3Ba opraxisalii/HayKoBoi yCTaHOBH.

Yepes psAAOK APYKYETHCS OCHOBHUN TEKCT MOBifjoMieHHs (a63anHuit Bigctyn - 1,25 ¢cM; BUpiBHIOBaH-
Hsl 110 LUMPUHI, aBBTOMAaTHU4YHe PO3CTaBJ/IIHHA N1ePeHOCIB).

Yci maTepianu nofarThbCA Y 2-X NPUMIpHUKAX i CympoBOKYIOTbCA HalpaBJeHHAM BiJ| opraHisarii, B
SIKili BUKOHAHO PO6OTY, EKCIIEPTHUM BHCHOBKOM, 1110 JI03BOJISIE BIAKPUTY My0JIiKallito, Ta KOMi€ KBUTAaH-
uii mpo omusaty ny6Jikauii MmaTepianiB (a6o yyacTs y 3'i34i uu koHPepeHLii). Jipyruil npuMipHUK mignu-
cyeTbcsd BciMa aBTopamu. /lo PYKOBAHOTO BapiaHTy MaTepialiB 04a€ThbCS eJeKTPOHHA KoTis — daii,
BUKOHaHUM y penakTopi MS Word 3 posmupenHsm RTF. KoxkHe noBigomieHHsT 0QOPMISETHCSA Y BUIVIAAI
okpeMoro ¢alisy, Ha3BaHOTO 3a IIpi3BHUIIeM N1epIIOro aBTopa (AKIL0 aBTOp Nojae€ 6inblie ofHIEl poboTH,
Jl0 Mpi3BUIIA JOAAETHCSA I NOPAAKOBUK HOMep). Paliu cif HaACUIaTH pa3oM 3 MANepoOBUM BapiaHTOM
a60 eJIEKTPOHHOIO MOIITO J0AaHUM daiiioM, 060B’I3KOBO BKa3yH4H y TeMi nmoBijoMaeHHs «Te3u».

OnuiaTta 3a nyb6Jikalito ofgHiel cropinku MaTepianiB ckiagae 100 rpu (6e3 [1/1B).
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Oco6uy, sKi crJ1aTU/IM opraHisaniiHUN BHECOK 3a y4acTb Yy 3'13/1i a6o HaykoBill kKoHdepeHLii, 3BiJIbHS-
I0ThCS BiJl OIJIaTH 3a ny6Jiikalito MaTepiasis.

MaTepiasv MaroTh 6yTH HajicaaHi He misHime 1 simnHA 2016 poKy Ha ajipecy:

61002, M. XapkiB, Bys1. [lymikiHceka, 53, HaykoBui Bigain HOay, kontaktHuit TenedoH/dakc: (057) 706-30-71,
E-mail: conference_nauka@nuph.edu.ua (0608’s3x080 ekasyeamu y memi nogidomaeHHs «Te3u»).

Ao ysazu yuacHukis!

BaHKIBCBKI peKBi3UTHU A1 OIJIATH:

OTpumyBau:

['pomajicbka opraHizalis «XapkiBcbka obJiacHa acolialliss gapMalleBTUUHUX NMPal[iBHUKIB»

['0 «XOA®II», 61013, M. XapkiB, ByJ1. YestockiH1ies, 3.

inenTudikauirinuit kog €JPIOY 33481466

XAPKIB. T'PY ITAT Kb»[IPUBATEAHK», M. XAPKIB

p/p 26003060383169, M®O 351533

[Ipyu3HaYeHHA JIaTEXY:

e CmulaTa opranizauniiiHoro BHecky 3a y4actb y VIII HauionanenoMy 3'i34i papmaneBTiB Ykpainu Bif
(npi3BuiLe, iHinianu) 3rigHo 3 iHpopManiiHUM noBigoMaeHHAM, 995 rpH (6e3 [1/1B).

e CnutaTa opraHisaliliHOT0 BHECKY 3a y4acTh Y HAaYKOBO-IIPAaKTUYHIK KoH}epeH1ii Big (mpi3Buiie,
iniriasnu) srigHo 3 iHpopMaliiHum noBigomaeHHsM, 400 rpH (6e3 [1/]B).

e CnuiaTa 3a nyo6uiikaliro Te3 AoNoBiAel Bij (npi3Bulle, iHilliaan) 3rigHo 3 iHpOpMaIiHHUM MOBiz0-
MiieHHSM (6e3 [1/1B);

e buaronifiHuil BHecoK 3rijiHo 3 iHGopMal[iiHUM MOBiAOMJIEHHSIM.

IH®OPMALIA A CIIOHCOPIB

3 nuTaHb HaJlaHHS 6J1aro/[iiHOT JOMTOMOTH 3BepTaTHCs A0 BiAnoBigasbHoro cekperaps VIII Hariio-
HasIbHOTO 3’13y dapMaleBTiB YkpaiHu.
[IpedepeHiiii cnoHcopawm:
e  MOXJIMBICTb PO3MOBCIO/P)KEHHS peKJaMHOI npoaykiii ¢ipMu pasom 3 iHpopMaliitHUMHU Ta PpO6OYU-
MU MaTepiasiaMmu 3'137y;
e pO3MillleHHs JIOTOTUIY CIIOHCOpa Ha 6aHepax Ta B ycix BugaHHax VIII HaionanbHoro 3’31y dap-
MalLleBTiB YKpaiHy;
*  MOXJIUBICTb Oprasisaii caTe/JiTHUX CUMII03iyMiB Ta OCBITHIX 3aXO0/iB; y4acThb y BCiX 3axo/ax i oTpu-
MaHHsI MaTepiasiB 3'i34y.
PeecTpauis generaTiB/y4yacHUKIB NIPOBOAUTHCA TAaKOXK i B on-line pexxumi Ha caiiti H®ay: nuph.edu.ua
B po3aini «Hasyctpiu VIII HanionansHoMy 3'131y papmaneBTiB YKpaiHU».

OPTKOMITET VIII HALIIOHAJIBHOTO 3131y ®PAPMAIIEBTIB YKPATHU

61002, m. Xapkis, ByJ1. [lymkinceka, 53, Hauionanpuuii papmaneBTUUHUN yHIBEPCUTET, BiANOBiAa/b-
HUU cekpeTap oprkomiteTy npo¢. 3aiiuenko 'aHHa BostoguMupiBHa.
Ten.: +38 (057) 706-22-69. Ten./daxkc: +38 (057) 706-30-98. E-mail: pharm_congress@nuph.edu.ua.
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XXIV YKPAIHCbKA KOH®EPEHIIIA 3 OPTAHIYHOI XIMII

IllanoeHi Kos1ezu!

19-23 BepecHsa 2016 poky B M. [losrtaBi Ha 6a3i [losTaBCbKOro Hal[iOHAJBHOTO MEAAroTiYHOTO YHi-
BepcuTeTy iMeHi B.[.Koposienka Binb6yneTbcs XXIV YkpaiHcbka koHepeHLis 3 opraHigHoi XiMil.

HaykoBi HanpsiIMKHM KOHpepeHuii:

1. AkmyaavHi npo61emu cuHme3sy, cmpykKmypu ma peakyitiHoi 30amHocmi op2aHiYHUX ma ese-
MEHMOOp2aHIYHUX CNOAYK

2. CyuacHi meHdeHYii cmeopeHHA 6i0aKMuU8HUX OP2aHIYHUX MA e/1eMEeHIMO00P2aHIYHUX PeY08UH

OdoiuiitHi MoBY KOHepeHIIil - yKpaiHCbKa, pocilicbKa, aHIJliicbKa. Y nporpami KoHpepeH1il - miaeHap-
Hi jsekuii (go 40 xB), ycHi gonoBiai (zo 20 xB), kopoTki nmoBigomyaeHHs (go 10 xB), CTeHA0BI BUCTYIIH.
Te3u momnoBiael ykpaiHCbKO0 MOBOM (YCHI Ta cCTeH/10Bi) 06csiroM He 6Gisiblile 1 ApyKOBaHOI CTOPiHKY HEO6-
xizHo 1o 1 yepBHs 2016 p. HagicaaTH g0 OprKkoMiTeTy KOHGepeHIIil eJIeKTPOHHOIO MOIITOK Ha aZpecy:
ukr.org.conference@gmail.com a6o po3MicTUTH Ha caiiTi koHepeHii http://24orgchem.pnpu.edu.ua

TexkcTt Mae 6yTu Habpauuii B pefakTopi Word XP (#s11 Windows XP Professional) mpudTtom Times New
Roman, po3mMip 12 nyHKTiB 3 MixpsjKOBUM iHTepBaJsioM 1,5 i mosssmMu no 2,5 cM 3 ycix 60kiB. [Ipu nigro-
TOBILi Te3 6aXaHO He BUKOPUCTOBYBATH HifIKUX IHIINUX CTUJIB, KPIM «3BUYaWHUU». CXeMU peakLii ciif
HabupaTH B OJJHOMY 3 ZIBOX peJlakTopiB: “IsisDraw” a6o “ChemDraw”. Y pucyHkax Ta cxemax 6a»KaHo He BU-
KOPUCTOBYBATH CUMBOJIM KUPUAULI. CHMeTPUYHO PO3TalllOBAHUM 3aroJIOBOK Ma€ CKJIaJaTUCA 3 HAa3BU
JlonoBizi (Besukumu JiTepamu mipudTom 14), npizBull Ta iHiniasiB aBTopiB, Ha3BU Ta afipecu opraHisa-
Liif, le BUKOHYyBaJlachb po60Ta, iX MOIITOBA Ta eJIeKTPOHHA ajJipeca (kypcusoM wwpudTom 12). [IpisBue
JIOTIOBiZlaya HEOOXiAHO MiAKPECTUTH.

3asiBKa aBTOpa (aBTOPIB), 1110 H6aKa€ B3ATH y4acTb y po60Ti KOHPepeHLii, TOBUHHA MICTUTH: Mpi3BHULLE,
iM’s1, Mo 6aTPKOBI , HAYKOBUH CTYIIiHb, [10CA/Ly, MicLle pOo6OTH, aJipecy, eJeKTPOHHY MOLITY, KOHTAKTHUN TeJle-
¢$oH, HAa3By Ta BUJ JIONOBIA] (MJIeHApHA, YCHA, KOPOTKe ab0 CTEH/I0BE MOBiIOM/IeHH: ). 3asBKU HEOOXi/HO Ha-
npaBJisiTy B OprkomiTeT KoHepeHLil eJIeKTPOHHOIO MOIITO0 Ha ajipecy: ukr.org.conference@gmail.com a6o
po3MicTUTH Ha calTi koHepeHii: http://24orgchem.pnpu.edu.ua.

Jlo 1 yepBHs 2016 poKy y4acHHMKaM KOHpepeHIil Heo6XiTHO CIJIATUTH PEeECTPAI[iiHUN BHECOK Y CyMi
400 rpH (aJa acnipaHTiB Ta 3106yBaviB 250 I'pH), KM Nepeab6adae y4acTb y poo0Ti KOHPepeHIlii, OTpu-
MaHHA iHQopMaliliHuX Ta pobounx MaTepianiB, KaBy-6peiik, QyplueT, ekcKypcii. ¥ pasi 3ao4Hoi y4acTi B
po6oTi koHepeHIlii opraHizaliiHUi BHECOK cTaHOBUTH 120 rpH (3a ny6.ikalito Te3 gonosizeii).

Pekeizumu 015 nepeka3y peecmpayiliHux 8HecKie ma cnoHCoOpcbKoi donomozu:

[ ¢izuyHuX 0ci6 JJ1 OpUAUYHMX 0Ci6
HapacuiaTu nomtoBUM nepeka3oM 3a agpecoto:  PaxyHok 31255370105954
Kynenko OsieHi AHaTo1i1BHI, koJ mocayru 25020100
kadepa ximii Ta METOAUKY BUKJIAJaHHSA XiMil Kom EJIPI1 31035253
[TosITaBCHKOT0O HAI[iOHAJIBHOTO MEeAarorivHoro M®O0 820172
yHiBepcuTeTy iMeHi B.I.LKoposieHka, BaHk omepkyBaua: JlepkaBHa KazHayeHcbKa Cay»K6a
ByJI. OcTporpajicbkoro, 2, M. [lontaBa, 36003 Ykpainu, M. Kuis

[InaTexi mepepaxoByBaTH i3 MO3HAYKOI0 «3a y4acTh ¥ po6oTi (my6Jsikanito Te3) XXIV koHbepeHLii 3
OpTaHivYHOI XiMii».

BignoBiganbHUM cekpeTap, K.X.H, Ao1,. YopHoyc B.O.

Ten.: +380990462877, E-mail: ukr.org.conference@gmail.com

Opekomimem KoHgepeHYii
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INOJIDUK/IIYHI CUCTEMHU 3 NIPUAOIIPUMIZINHOBUMH
TA IITEPUAUNHOBHUMU AAPAMHU

[.B./Iauyenko, P.I1.BacbkeBruy, M.B.BoBK

[HCTUTYT OpraniyHoi xiMii HAH Ykpainu

02660, M. KuiB, Bys1. MypmaHchKa, 5. E-mail: mvovk@ioch.kiev.ua

Karouosi caoea: nipudonipumiouHu; nmepuduHu; NOATYUKAIYHI cucmemu; 6HyMpIiuHb0MO1eKyAsIpHA
YUKaI3ayisl; aHe08aHHS; 6101021YHA AKMUBHICMb

CucmemamusoeaHi ma npoaHarizogaHi imepamypHi 0xxepena, siKki cmocytombscsi Memodie 00epKaHHS rori-
UUKIIYHUX crionyK i3 nipudonipumiouHogsumu ma nmepuduHosumMu cyb600UHUUSMU. Po3Kpumo cuHmemuyHul
rnomeHujan 080x 0CHOBHUX ridxodie Ao rnpouecie chopMysaHHsT makux murie cmpykmyp: 1) aHenroeaHHs1 00 ri-
puduHosux abo diasuHosuX 0ep KOHOeHCO8aHUX MiPUMIOUHOBUX YUKITI8, 2) YuKri3auii Ha OCHO8I chyHKUioHarb-
HUX MoxiOHUX KoHOeHcosaHuX rnipumiouHis. [Moka3zaHo, W0 KIYo8UMU cmpyKmypamu 0715 pearizauii nepuwo-
20 nidxody 3a3euyali sucmyrnarome aMiHO(i30)HIKOMUHO8I KUC/Iomu, 2emepoapoMamuYHi 2aro2eHoKUCIomu,
i3omioyiaHamo-nipuduHkapbokcunamu, 1H-nipudo[2,3-d][1,3]okca3uH-2,4-0ioHuU ma 2-amiHOMOXiOHi MipuduHig
abo Oia3uHis. BucgimneHi maki 3py4Hi iHcmpymeHmu 05151 (popMy8aHHS KOHOEHC08aH020 MiPUMIOUHOB020 UUKITY SIK
peakujii Kpoc-criony4YeHHs1 Yyepes aMiHye8aHHs1 2arioeeHapeHie 3a byxeanb0om-XapmeizoMm, padukasbHa Kackao-
Ha yuknizauyis N-ayunyiaHamidis, a makox eHympiuwHbLOMONEKynspHa peakuyis asa-Bimmiza. [Npu po3kpummi
Opyeaoeo nidxody OemarizosaHi MPouecU YUK/I0ymeBOPEHHSI 3a y4Yacmio 2idpa3uHonipumMiouHis, 2-amiHonipudori-
PUMIOUHOHI8 ma 2-miokconipudonipumiOUHOHI8. s cripssmMosaHo20 CuHme3sy nomiyuKIiYHUX CUCMeM Ha OCHO-
8i anKkeHingyHKyioHanizoeaHux nipudonipumiouHie ma nmepuduHie 8id3HadyeHa porib peakuii enekmpoginbHOT
8HYMPIWHbLOMOIEKYSAPHOI YuKisayii nid dieto 2anozeHis, apurxanbKoeeHinxnopudie ma MiHeparbHUX KUCTOM.
B oensdi 3HayHa yeaza npudineHa cmpykmypam, siKi 8id3Ha4arombCsi sUpaxeHoto 6ioroaiyHor diero.

POLYCYCLIC SYSTEMS WITH THE PYRIDOPYRIMIDINE AND PTERIDINE NUCLEI

I.V.Dyachenko, R.l.Vaskevich, M.V.Vovk

Key words: pyridopyrimidines; pteridines; polycyclic systems; intramolecular cyclization; annelation; biological activity
The literary sources relating to the methods for obtaining polycyclic compounds with pyridopyrimidine and pteri-
dine subunits have been systematized and analyzed. The synthetic potential of two main approaches to the
processes of formation of these types of structures has been revealed: 1) annelation of the fused pyrimidine rings
to the pyridine or diazine nuclei; 2) cyclization based on functional derivatives of fused pyrimidines. It has been
shown that the core structures for implementation of the first approach are usually amino(iso)nicotinic acids,
heteroaromatic halogen acids, isotiocyanatopyridine carboxylates, 1H-pyrido[2,3-d][1,3]oxazine-2,4-diones and
2-amino derivatives of pyridines or diazines. The convenient tools for formation of a fused pyrimidine ring such
as the cross-coupling reaction by Buchwald-Hartwig through amination of haloarenes, the radical cascade cy-
clization of N-acylcyanamides and the inframolecular reaction of aza-Wittig have been described. The second
approach focuses on the cycle formation processes involving hydrazinopyrimidines, 2-aminopyridopyrimidines
and 2-thioxopyridopyrimidones. It has been noted that the electrophilic intramolecular cyclization under the ac-
tion of halogenarylchalcogenides and mineral acids is an important factor for the directed synthesis of polycyclic
systems based on alkenyl fused pyridopyrimidones or pteridones. In this review a considerable attention is paid
to structures that exhibit pronounced biological effects.

MOJIMUNKITUYECKUE CUCTEMbI C NMUPULOOMUPUMULONHOBBLIMU U NMTEPUANHOBBLIMU S40PAMU
n.B.[layeHko, P.U.Bacbkesuy, M.B.Boek

Knroveenie cnoea: nupudonupumuduHbl; MmepuduUHbI; MOIUYUKIUYECKUE CUCMEMbI; 8HYMPUMOEKYsipHas
uuknu3ayus,; aHHenuposaHue,; buonoauyeckas akKmueHOCMb

Cucmemamu3uposaHbl U rpoaHanu3uposaHbl iumepamypHbie UCIMOYHUKU, KOmOopble Kacaromcsi Memodoos rosy-
YeHUs MoAUYUKIUYecKux coeduHeHuUl ¢ nupudonupumMuduUHO8bIMU U MMepuduHo8biMU cybbeduHuyamu. Packpbim
cuHmemuyeckul nomeHyuan d8yx OCHOBHbIX M0OX0008 K rpoyeccam ¢hopMupo8aHUs maKkux muroe cmpykK-
myp: 1) aHHenuposaHue K nuUpuOUHOBbIM UU OUA3UHO8bIM I0pam KOHOEHCUPOBAaHHbIX MUPUMUOUHO8bIX Yu-
Ko, 2) yuknu3sayuu Ha oCHoge (hyHKUUOHasbHbIX MPOU38O0HbIX KOHOEHCUPOBaHHbIX nupuMuduHos. [loka3aHo,
Ymo KrrYesbiMU cmpykmypamu O peanu3ayuu nepeo2o mnodxoda 0bbIHHO 8biCMynarm aMuHO(U30)HUKO-
MUHO8bIEe KUCIOMbI, 2emepoapoMamuyecKue 2aro2eHKUCI0mal, u3omuoyuaHamo-nupuduHkapbokcunamsi,
1H-nupudo[2,3-d][1,3]okcasuH-2,4-OUOHbI U 2-aMUHOMPOU3800HbIE NUPUAUHO8 unu Oua3uHos. [Moka3aHbl ma-
Kue y00bHble uHCmpyMeHmbl Onsi hopMUpPO8aHUS KOHOEHCUPOBAaHHO20 NMUPUMUOUHOB020 YUKIa Kak peakyuu
KpOCC-codyemaHusi Yepes aMuHUpo8aHue 2ario2eHapeHos o byxeanbly-Xapmeuey, padukarbHas KackadHasi UUKITU-
3ayus N-ayunyuaHamudos, a makxe eHympuMOeKynsapHas peakuyus asa-Bummuea. lNpu packpbsimuu emo-
poe2o nodxoda Oemanu3uposaHbl NPOYEecChl YUKIoobpasosaHusi ¢ yyacmuem 2udpasuHonupuMuoOuUHo8, 2-aMu-
HonupudonupuMuduHO8 U 2-muokconupudonupumudoHos. s HanpaeneHHo20 CUHmMe3a MoauyUKIUYecKUx
cucmeM Ha OCHO8E arKeHUYHKUUOHaNU3upo8aHHbIX nupudonupuMudoHO8 U NmepudoHO8 OmMedeHa porib
peakyuu 351eKkmpogubHOU 8HYMPUMOEKYapHOU yuknudayuu nod delicmeuem 2aioeeHo8, apurixaabKoee-
HUNxnopudos U MuHeparsbHbIX Kucriom. B 063ope 3HadumernbHoe 8HUMaHuUe yderieHo cmpyKmypam, KOmopbie
omrnu4yaromcs 8blpaxeHHbIM buonoaudyeckum delicmauem.
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B ocTaHHI fecATUIITTA ciocTepiraeTbecs iHTEH-
CUBHUH PO3BUTOK JIOC/Ii/PKEHb CHHTETUYHOTO Ta 6io-
JIOTIYHOT 0 NOTEeHLia/ly KOH/IeHCOBAaHUX NOJIILIUKIIIY-
HUX CUCTEM, 110 MIiCTATh NipUAONIPUMIJIUHOBI Ta ITe-
puanHOBI dparmMeHTH. BioMmeguyuHa posib TaKUX TH-
MiB CIOJIyK 06YMOBJI€HA IIHPOKUM CIIEKTPOM IX IPOTH-
nyxJUHHOI akTUBHOCTI [1, 2]. Cepe HUX 3HaHIeHO
HU3KY ePeKTUBHUX aHTUIIPOJliPpepaTUBHUX areHTiB
[3, 4], inri6iTOpiB pocTy JTeMKO3HUX KJIITUH LITAMY
P388 [5], kiiTuH paky MoJsiouHoi 3an03u MCF-7 Ta
renaTolLe/osIpHOoI KapiiuHoMu HepG2 [6], pakoBux
KJITHHHUX JiHii A-549 Tta PC-3 [7], KBcomaTuuHoi
kapurHoMmy, CNE2 kapuunomu Hocoriotku, MGC-803
kapuuHoMmu nuiyHka, GLC-82 paky sierenb Ta MDA-
MB-453 [8].

B psazly Ha3BaHMX KOH/IEHCOBAaHMX a3UHOBUX CTPYK-
TYp TAKOX BiZJOMI CIIOJIYKH 3 IOTY>KHUM apCeHa/I0M
ceJIeKTUBHOI 6ioJioriyHoi Jiil. 30kpeMa, BUSIBJIEHO BU-
COKY aHTUMIKpOOHY aKTUBHICTb MO BiIHOLIEHHIO J10
Aspergillus fumigatus, Penicillium italicum, Syncepha-
lastrum racemosum, Candida albicans, Staphylococcus
aureus, Bacilluss ubtilis, Escherichia coli [9-12], 3adik-
COBaHO 3HAYHYy NpoTUMaNAPinHY [9, 13, 14], npoTu-
Ty6epKy/1b03HY [15], aHTHOKCHAaHTHY [16, 17], 6ak-
TepuuuHy Ta GyHringuaHy [18, 19] akTuBHicTb. 3Hau-
Ha KiJIbKICTb IPeICTABHUKIB IaHOTO TUITY CIOJIYK Xa-
paKTepH3YEThCS BUPAKEHOIO MPOTU3ANaIbHOIO JIi€l0,
NposiBJIsi€e 3aXUCHUM edeKT Bij nomkopkeHb JHK
[17] Ta € HEMPSIMUMMU PETYJASATOPAMHU PiBHS Ta KOH-
IeHTpallii 40/I0BiYMX TOPMOHIB y TKkaHuHaxX [20].

BpaxoByr04U aKTyaJIbHICTb JOC/Ii/KEHD MOJIILIUK-
JIIMHUX CUCTEM Ha OCHOBI NipUAONIPUMIIUHIB Ta IITe-
PUAMHIB, a TAKOX [NO3UTUBHY TEH/EHII{I0 IX oA 1b-

LIOr'0 PO3BUTKY, BUABAJIOCh NOLIJIbHUM CUCTEeMaTHU-
3yBaTH Ta y3araJbHUTH JITEepaTypPHI JpKepeJia 1040
METO/IiB CHHTE3Y Ta JIesKUX aCIeKTiB iX 610/10TidHOI Aji.

1. AHeNIOBaHHA KOHAEGHCOBAHUX NMipUMiANHOBUX
UMKniB

1.1. luknokoHaeHcanii nipuaua(1,2-aiasunin)
aMiHOKapG6OHOBUX KUCJIOT Ta iX NOXiJHUX

Juida opepKaHHA NOJNINUKIIIYHUX a3UHONIIpUMI-
JIMHOBUX CUCTEM IIMPOKE BUKOPUCTAHHS 3HAUILIU
amiHo(i3o)HikoTHHOBI Ta 1,2-1ia3nHOaMiHOKap6O-
HOBI KHCJIOTH, iX ecTepu Ta aMiau [9, 15, 21-24]. Tak,
MDXXMOJIEKYJISIpHAa KOHAeH callid 2-aMiHONMipUguH-3-
KapOoHOBUX KUCJIOT 1 i3 iMmigazosianHuTioHoM 2 3a
ydacTio 1,8-miaza6inukiao[5.4.0lyuaen-7-eny (ABY)
B 3aJIE?KHOCTI BiJi CIIiBBiZHOLLIEHHS BUXiJJHUX peareH-
TiB IPUBOJAUTD J10 NOJTINUK/IIYHUX crIoNyK 3 Ta 4, AKi
Bi/]I3HaYaOThCS BUCOKOIO0 aHTUMiIKPOOHOI0 aKTHUBHICTIO
10 BiHOIIEHH!I0 J10 Staphylococcus aureus, Staphylo-
coccus epitermidis, Bacilluss ubtilis, Escherichia coli,
Candida albicans [9] (cxema 1).

Ak 1,2-ck1a10BI B KOHZEHCallifIX i3 reTepoapoMa-
TUYHUMU OPMO-aMiHOKHCJIOTAMU IOCUTh YacCTO 3a-
CTOCOBYIOTbCS pisHOMaHITHi i3aTunu [15, 24]. [loka-
3aHO, 1[0 pe3yJIbTaTOM B3aEMO/ii 3-aMiHOI30HIKOTHU-
HOBOI KMCJIOTHU 5 i3 i3aTHHOM 6 € yTBOpeHHS 3-a3a-
aHaJiora TPUITAHTPUHY 7, IKUH B JAHUM Yac BIIPO-
Ba/DKYETHCA Y GapMaKOJIOTiYHY MPAKTUKY JJIs1 60-
poTb6u 3 Mycobacterium tuberculosis [15] (cxema 2).

CJ1iJ1 3a3HAYUTH, 1110 aHAJIOTH CIIOJIYKH 7 — OEH3-
nipoJioa3uHONipUMiguHY 8 Ta 9 NPOSABJIAIOTH BUCO-
KUH NPOTUMAJISAPIKHUN Ta aHTUMIKpOOHUN epeKT
[13, 14] (cxema 3).
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BuKOpUCTaHHSA YaCTKOBO IiJpOBaHUX MOXIJHUX
reTepoLMKJIIYHUX KUCJIOT, HallpUKJIaZ, aMiHoecTepy
10 103BOJISIE OTPUMYBATH MPU MOTO B3aEMO/|I i3 2-
XJIOpOMipUMiZIHHOM abo 2-MeTuiTionipazuHamu 11
BignoBigHI npoaykTu 12 i3 BUCOKOOCHOBHUM aToO-
MoM HiTporeny [25] (cxema 4).

BapiroBaHHs KIbKOCTI Ta os1o:keHHs1 aToMiB HiTpo-
reHy y BUXIJIHUX KMCJI0Tax CTBOPIOE YMOBH /11 OTPH-
MaHHS 0P i3 NipUAONIpUMIAUHOBUMHU ITEPUAU-
HOBIi cucTeMHu. 3rifHO i3 JaHUMU aBTOPIB [26] yTBO-
peHHs1 nTepuuHOHIB 14 Ta 15 BigbyBaeThcs yepes
CTa/jilo reTepU/IIOBaHHA aMiHOTpyny aMiHoecTepy 13
[27] 3 moganbIIo0 BHYTPILIHEOMOJIEKY/IIPHOIO KOH-
JleHcalli€lo 3a y4acTio Kap60oKCUJIbHOTO ¢pparMeHTa
3 imiHHUM aToMoM HiTporeny (cxema 5).

EdekTHBHOIO peakli€lo A/ CHHTe3y TPUIIUKJIIU-
HUX CUCTeM MipUONIpUMIJMHOBOIO PAAY € TAHAEMHa
B3aeMofiis 3-amiHoaminy 16 i3 gianbaerizamu 17 [28].
B yMoBax KUCJIOr0 cepe/l0OBUILLA peasli3yeThbCA Nep-
BUHHA MDXKMOJIEKY/ISIPHA aMiHOKap6OOHiibHA KOH/IeH-
cauid, dKa 4yepes CTaAilo NPOMIXHOIO Nipuonipu-
MifinHy 18 npuBoAUTb 10 6eH30aHEeTbOBAaHUX Mipo-
JgonipuMmuiuHiB 19 (cxema 6).

1.2. CuHTe31 Ha OCHOBI raJIoreHOBMiCHUX ipUAu-
HO(Aia3UHO0)-Kap6GOHOBUX KUCJIOT Ta iX MOXiJHUX

Peaknjig Kpoc-crnosiydyeHHs, AKa BKJIOYa€E aMiHy-

BaHHA rajioreHapeHis 3a byxBaiboM-XapTBirom i

N
LTS

[N\ NN N
N7 N4L\N(N)

14

(X
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X=8,NH;Y =SMe,ClI

Cxema 5

COOMe Mes

KaTaJidyeTbcs cronykamu Pd [29, 30], HanexxuTs 1,0
CEeJIEKTUBHHUX METO/IiB CHHTE3Y 6i0JIOrYHO aKTHBHUX
MOJIILMKJ/IIYHUX KOHAEHCOBaHUX MiPUAONIPUMIIUHIB
3 JIiHIMHUM po3TallyBaHHSM reteposizep [18, 19].

Hogwuii 38’130k C-N y 1isiboBi# criosy1i 23 yTBO-
PIOETHCA 3@ PaXYHOK BHYTPIIIHBOMOJIEKY/ISIPHOI LIMK-
Jizanil 3a ydacTio atoMa HiTporeny nipuauHoBoro
UKy amiHonipuguny 20 i3 kap6okcunatom 21 ye-
pes inTepmesiaT 22 (cxeMa 7).

OTpuMaHi CIIOJIYKHY BUSBJISIIOTh BUCOKY GaKTepHU-
HUAHY Aito oo Pseudomonas aeroginosa ta GyH-
rinuaHy no BifiHoweHHO A0 Fusarium i Candida, sika
MO>Ke Oy TH MOPiBHSHA i3 aKTUBHICTIO BiZJOMOIr'0 aHTH-
6ioTuka nunpodJiokcaiHy Ta npenapary HiCTaTUHY
[18, 19].

BaxJInBUM MOMEHTOM Yy IIpOLeCi CTBOPEHHH CII0-
JIYK-JliJiepiB [iJ11 MEJMYHUX IIpenapariB € CTpore BCTa-
HOBJIeHHs ix 6ynoBu [31]. Bizo6paxkeHuit y po6oTi
[1] maTepias cTOCOBHO LIMPOKOrO CHEKTpa NPOTHU-
NyXJIMHHOI aKTUBHOCTI CIToJIyKu 27 6YB CIPOCTOBA-
HUU aBTOpaMU JOCaimKeHH [2], sIKi 3a 4OIIOMOT 010
Cy4acHUX Qi3MKO-XiMiYHHUX MeTO/iB, 30KpeMa, i3 BU-
KOPUCTAHHSIM PEHTTEHOCTPYKTYPHOTO aHasli3y BU-
SIBUJIM IOMUWJIKY Y BCTaHOBJIEHHI TOUHOI OYJ0BU CIIO-
JIYKM IIoNepesHIMU AOCAIJHUKAaMU Ta NiATBepAUIN
JIIACHY CTPYKTYpY $apMaKoJIOTiYHO NepCHeKTUBHOTO
o6’exta 31. [Ipu BiagTBOpEHHI AoCaAifHUKaMHU [2] 6io-
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JIOTIYHHUX eKCIIepUMEHTIB [1] BCTaHOBJIEHO, 1110 CUH-
Te30BaHa i3 [3-rasioreHo3amiieHol KUcJaoTu 24 y BiJi-
noBiHOCTI 0 cxeMu 8 JiHiKHA TPULIMKJIIYHA CITO-
Jiyka 27 HacnpaB/ii He € akTUBHOMO (cxeMa 8).

HaToMicTb, 3KOHCTPYHOBaHUH LIJISIXOM KOH/IEH-
canily BignoBigHoCTI o cxeMU 9 il aHTy/IIpHUH i30-
Mep 31 BignoBifaEe BCIM ONKUCAHUM €KCIepUMeH-
TaJIbHUM J@HUM 11010 IPOTUIYXJIMHHOI aKTUBHOCTI
(cxema 9).

['asoreHonoxigHi HITpUJIIB reTepoapoMaTUYHUX
KUCJI0T 32 Bi'0Mi SIK lepCleKTHUBHI NoNepeHUKU
JUISI CHHTE3y MOJIUKJIIYHUX CIOJIYK i3 KapOOHiJb-
HOI0 IpyMoo. 3TiIHO i3 pe3ysbTaTaMu AOCTiKEHHS

aBTopiB [32] npu ix B3aEMozii 3 a-aMiHOTpUAUHOM
BinoOyBaeThcs Pd-kaTasizoBaHa peakiis ByxBaibaa-
XapTBira 3 yTBOpeHHAM aayKTy 34, HITpUJIbHA rpy-
na sikoro miz aieto nosipochopHoi kuciaotu ([1PK)
OKHCHIOETHCA 3 OJHOYACHOK LUKJIOKOH/EeH Calli€lo,
1110 TPUBOJUTH 10 GOpMyBaHHSA NiPpUMiIMHOBOI CUC-
TeMHu crnoayku 35 (cxema 10).

XnopoaHriapuu B-rajoreHoBMiCHUX reTepuJ-
KapObOHOBUX KUCJIOT € 3pyYHUMU CUHTE3-610KaMU
JJId Oflep>KaHHA KOHLeHCOBAaHUX NOJIIreTepoLUKIIiB
3 NipUAONipUMIIMHOBUM Ta ITEPUAUHOBUM fALPaAMHU.
OCHOBHUMM MifgX04aMHU 10 OTPUMaHHSA Ha iX OCHOBI
KOH/IEeHCOBaHUX NMPOAYKTIB € peakLil 3i cnoJiykaMy,
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PPN |
N “OH a AN 6 NT Ny g s
| I\‘l o )B NN
Z ¢l e 2)r
24 25 27
26
N2 8y H, PtO,

N
8) SOCIy; Et;N, CH,Cl, [ Y—SMe 6)K;PO, IMAA ©f
N
H

r) PhCHO, Na(OAc);BH, AcOH, CH,Cl,

Cxema 8

10



>KypHan opraHivHoi Ta chapmaueBTuyHOI Ximii. — 2016. — T. 14, Bun. 2 (54)

ISSN 2308-8303

SMe SMe O

28 29 30

O
HN
N N
J e IFe o L e oo
\_J J \_J AT NN

31

0
a) CICOOMe; Et;N, CH,Cl, 6) MeOH/AcOH @fNHZ B) gwo * HCI
0

R CN
Pd(OAc), YT N NoK
— | —
N NN
H

34

r) NaOMe/MeOH
Cxema 9
T T CN X
N S w
NTONT el H,N~ N
32 33
0]
T N~
"N” °N N
35
Cxema 10

1110 MiCTSTh I'yaHiZJMHOBUM pparMeHT. Y poboTax [3,
4,33-35] BigzHaveHo, 1110 Mpu B3aEMOii 3-rajioreHo-
3aMmileHoro xyopaHriapuay 36 i3 2-amino6eH3imi-
JaszosioM 37 criocTepiraeTbca yTBOpeHHs N-aluibo-
BaHoi nmoxigHoi 38 3 mozasbUIUM GOPMyBaHHAM
iMigasonipuguHoBOro HUkKJay. CepeJi CHHTE30BaHUX
npoaykTiB 39 [3] Ta 40 [4] BusiBeHi ebeKTUBHI aHTH-
npoJsiipepaTuBHi arenTH (cxema 11).

Ak 1,3-6iHyK/e0diNbHI peareHTH B CUHTE3] re-
TepoaHeJIbOBaHUX MipUAONIPUMIIMHOHIB Ta NTEPU-

0]

36

R1

R
\ R
> ‘ + H2N4<\ Q/ —_—>
N- X N
37

JVHOHIB y KOHJIeH caligax i3 BiAIOBiJHUMU rajioreH-
aHTiApUAAMU YaCTO BUCTYNAIOTh 2-aMiHOGeH30Tia-
30414 [36, 37], iMmia30.1-2-TioHU Ta i30TioCEYOBHUHU
[38,39]. ABTOpaMu JiesiKUX Npalb y poJii 3-3aMicHU-
KiB y XJIOpaHTipUaxX KUCJIOT BUKOPUCTOBYBAJIUCh
atomu ¢pTopy abo HiTpOrpyIma, 1o A03BOJINJI0 3MiHH-
TH HallPAMOK LIMKJIi3aLil i OTpUMyBaTH CIOJIYKHU 3 JIi-
HiliHUM po3TautyBaHHsAM s7ep 43 [39, 40] (cxema 12).

B fedaKux BUNafKax BHYTPIIIHbOMOJIEKY/ISIpHA
IIUKJIOKOH/IEHCAllis MPOMDKHUX KapOOoKCcaMizliB MoxKe

R
0 ¥ ”
N7 UNH Q/
‘ P N —
N™ X
38

o)

39,40

1.39: i =K,CO3,Cu, KI/ AM®A; X = ClI, Br; R=H, (CH5)3N(CHy),,
(CHR),N(CH3CHg)s, (CHy)sN(CH,CHg)p; R = H
1.40: A = nipnamH; X =Cl; R=H; R"=CN, NO,, C(NH,"CINHCH(CHj),

Cxema 11
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0 O
N X
‘ A Cl HZN{/ ﬁ NaHCO3/OIM®A | ) J\l\
& + N Y"ONTN
Y X H H H
41 42 43
Y =CH,N; X=F, Cl
Cxema 12
O NS o) [likaBoro Bapialli€lo pO3MJIAHYTHX BULLE TIEPETBO-
N J/\ S IM®A, A N\ N pPEeHHb BUSIBUJIACH peaKilis i3oTiorjiaHaTy 52 i3 amiHo-
= N ’ cnuptoM 53 [48]. [Ipu ix B3aemozii B cyxomy TeTpa-
| H |
N> Cl N” >N /K S riapodypaHi yTBOPHOETHCA TioceuoBHHA 54, siKa y KHC-
(. JIOMyY CepeJloBUIILI 32 KIMHATHOI TeMIlepaTypHu Mij-
44 45 JIAETbCA BHYTPIIHbOMOJIEKYJISIPHIN UKJIi3aLii 10
Cxema 13 JIiHIMHOT0 32 [OJIOXKEHHSIM s1iep Tiazosnonipu o[ 2,3-d]

peasi3yBaTHUCh i IPU BiACYTHOCTI OCHOBU. Hanpuk-
JiaJl, CHHTe30BaHH1U 3a yMoB peakliii llloTTeHa-bay-
MaHa [41] i3 BiAmOBiIHOTO XJIOPOAHTIAPUIY Ta aMiHy
3-raysoreHoKkap6okcamij 44 npuy HarpiBanHi y JIM®A
NepeTBOPIOEThLCS HA Tia3osionTepuauH 45 [42-44]
(cxema 13).
1.3. luksokoHAeHcalii i3oTioniaHaTONipUuAUHO
KapO6oKcHIaTiB

31aTHICTh BUCOKOEJIEKTPOINIbHOI reTEPOKyMY-
JieHoBoi NCS-rpynu o peakuiil KoHJieHcauil 6ysia yc-
MIITHO BUKOPUCTAHA AJI CUHTe3y MOJILUKIIYHUX
cucTeM nipuzonipuMizuHoBoi cTpykTypH [45]. AB-
TopH [46, 47] mokazasiy, 110 NMPH MECTUTOJUHHOMY
HarpiBaHHi 3-i30TioliaHaTOMiIPUAUHO-2-KapOOKCHU-
Jaty 46 i3 1,2-giaminamu a6o 1,2-aminoTiosiamu 48
Ta 49 y abCOIIOTHOMY €TaHOJIi CIIOCTEPIraeThbCs yT-
BOpPEHHS BiJINOBI/JHUX reTepOoaHeIbOBAHUX MOJIILHK-
jiB 50 Ta 51. HaliBiporigninie, 110 Taka peakiiisi ne-
pebirae yepes cTafjito HyKJ1eodiIbHOT0 NPUESHAHHSA
MOJIEKYJIU CIUPTY A0 esiekTpodinibHoro atoMma Kap-
60HY, a BXKe eTOKCHKapOoHiibHa noxiaHa 47 nigaa-
€TbCS HYKJIe0DiIbHOMY 3aMillleHHIO 3 [0JaJIbIIO00
BHYTPILIHBOMOJIEKYJIIPHOIO LIMKJIOKOHeCaLli€lo 10
crnoayk 50 Ta 51 (cxema 14).

nipuMiguHy 55 (cxema 15).

ApTopu [49] mokazasiy, 1110 MPHU B3aEMOII i30Tio-
1iaHaTiB 56 i3 asKiHiJlaMiHamMu 57 BHaCJIiA0K HYK-
JsieodinbHOI aTaku atoMoM Cynbdypy no C=C 3B’a3-
Ky YTBOPIOIOThCS MPOAYKTH NPU€EAHAHHA 58, sKi 3a
THUM L[UKJIi3YI0ThCSA [0 HOBUX Tiaz0J10- 59 Ta Tia3uHo-
60 aHe/IbOBAHUX TPULUKIIUHUX CUCTEM (cxeMa 16).
1.4. BHyTpilIHbOMOJIEKYJIIPHE KPOC-CIIOJIyYeHHS

®opmyBaHHs mipuao[3,2-d|nipumianHoBoro ¢par-
MeHTa TeTPALMKJIIYHOI CIOJIYyKH 63 peastisyeTbcd Mpy
HarpiBaHHI 2-TeTpariApoi3oxiHoiHIINiKoMIHAMIALY
61 y TpudTopeTaHo.Ii B MPUCYTHOCTI ipu/1ieBOro Ka-
TaJizaTopa 62, 1eroBaHOT0 2-TiJpOKCUITIPUUHOM.
Ha nymky aBTopiB [50] Taki yMOBU aKuenTOpHOTO
BHYTPILIHbOMOJIEKY/IIPHOTO KPOC-CIIOJY4YEHHS Tpe-
TUHHOI'0 aMiHy Ta aMiZly CHpUSAIOTH JleTiporeHis3arnii
3a paxXyHOK NPOTOTPOINHOI TayTOMepii B KOMIJIEKC-
HHUX MeTaJIOPraHivYHUX iIHTepMe/iiaTax i MpUBOAATH /10 YT-
BOpeHHs HOBoro no/BiitHoro C=N 3B’sa3ky (cxema 17).

Y po6oti [51] onrcaHo cuHTe3 MipuonipuMigu-
HiB, IKUH Nepei6adyae BUKOPUCTAHHS K KaTaJli3a-
Topa Cul. MexaHi3M Takol peakuii, Ha BiiMiHy Bij no-
nepeHbOrO MPUKJIA/LY, Tepe/idadac J0IaTKOBUM eTarl
JlesapoMaTu3aliii nipuuHoBoro ¢pparMeHTa CIoJy-
KU 64 32 paxyHOK KoopAuHaLiitHoro 38’13y N—Cul

H, N\/\XH
Q\)L”

COOEt
N_ COOEt
EI EtOH ‘ A OEt
—_— 1
= NCS = H/&S NH,
46 47 i
“— (L
4>
A Ax
X=NH, S

Cxema 14
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Cxema 15
R' R?
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R =Et, Me; R'=R?=Me; R'-R?=-(CH,)s-
Cxema16

B iHTepMesiaTi 65 Ta nogasbiie esiMiHyBanHsa HI mif
zieto Cs,CO,. [Tlicasa uboro Bxe BiiOyBa€TbHCS KpOC-
LUKJi3alis yepe3 MeTaJOpPraHiuyHUN iHTepMeaiaT
67 3 yTBOpEeHHAM NOXiJHUX NipU/0XiHA30JI0HIB 68
(cxema 18).
1.5. PagukanbHa KacKaJHa quKJisanisa N-nmipu-
JAVHOLILiaHaMiAIB

[lig giero paguKaa-iHiLilOIYMX peareHTiB rigpu/
TPUOYTUJICTAHYMYy ab60 IHUHITPUIY a30i30MacasiHOL
kucaotu ([JAK)] asugorpyna xipaJbHOro GyHKIIi0O-
HaJIi30BaHOrOo NipuAvHY 69 cxyibHA A0 LUKJi3anii
3 yTBOpPeHHSM pajukany A. OctaHHii TpaHChOpMYy-
€TbCS B TPULMKIIYHUHN pajguKai B, cTabinizaltis skoro
3aBepINYEThCSA yTBOpPeHHAM cnoayku 70 [52, 53].
XapakTepHo, 1[0 TaKU# mpoliec nepebirae 6e3 3mi-

»

N” > OH (5mon%)

HU KOHQirypalii cTepeoreHHOro eHTpy B iMifjazo-
nipumiguHoBoMy pparMmeHTi (cxema 19).
[Ipo6s1eMa apoMaTUYHOTO TOMOJIITUYHOTO 3aMi-
LIeHHA Ta UUKJ/Ii3auii amia-IMIHIIBHUX paJUKasliB IPyH-
TOBHO pPO3KpUTa B po60Ti [54]. HasiBHICTb 1BOX MOXJTH-
BHX MeXaHi3MiB Iepebiry peakuji [4epes TPULMUKIIYHUN
KOH/IEHCOBaHWH pagukas 74 (uuisx A) abo yepes cripo-
pazavkain 74 (wissxu B ta B)] mpuBoAUTb 10 yTBOPEHHS
cyMiuii i3oMmepHUX NpoAyKTiB 75 Ta 76 (cxema 20).
3a aHaJsioriyHO10 cxeMolo y pasi N-nipuguHoin-
3aMILEHOr0 pajMKasly 77 yTBOPIOKTbLCA CyMillli TPbOX
npoAykKTiB 76, 78 Ta 79 (cxema 21).
1.6. KonaeHcanii Ha OCHOBI 2-aMiHONIipUAVHIB
OpHuM i3 ebeKTUBHUX METO/IiB MipUAUHOAHEJIO-
BaHH{ NipUA0NipUMIAHMHIB MOXKHA BBaKaTH Pd-kaTa-

0 0
N [CPIrClol, (25mon%)
M T

h{;@ CF.CH,OH, A N

61 63

Cxemal7
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Cxema 24 Cxema 25

Jli3oBaHe KapOOHIIOBaHHS Ui pUAUIaMiHy 3a Ha-
siBHOCTI 1,3-6ic(aiizo6yTradocdino)nponany (JIEPIT)
gk jiranay [55, 56].

[Iponec unk/I0KapOOHiNIOBaHHS aMiHy 82, oTpuU-
MaHOTO apuJIIOBaHHSM aMiHy 81 nubpomonipuau-
HoM 80, 3a3Bu4aii npoBoAATh y po3uuHi TI'® npu 5 atm
Ta 100°C. B pe3ysibTaTi oTpUMYIOTH GicmipuoaHesib-
oBaHu# nipumiguu 83 (cxema 22).

[onidocdopna kucora ([1PK) sik M’sike MPOTOHO-
JIOHOpHE cepe/loBULe CIPUsIE epebiry LUKI0KOH-
JeHcauii 2-amiHonipuauHiB 84 i3 keToecTepoM mine-
puavHy 85, sika IPpUBOAUTS /10 TeTparipoAunipuzio-
nipuMiauHOHIB 86, apomaTu3auieto sskux Ha Pd-ka-
TajizaTopi oTpuMaHi nipugonipumiguHonu 87 [57]
(cxema 23).

Bigomo, 1o asnikanoigu pyTakapiiH, HaykjaediH
Ta IX a3a-aHaJIOr'M BiJ|3HAYal0ThCA IUMPOKUM CIIEKT-

poM 6GiosioriyHOi aKTUBHOCTI, 30KpeMa, rinepTeH3uB-
HOIO, ZIlypeTHYHOI0 Ta yTePOTOHIYHO Aieto [58]. Jla-
60paTOpPHUM MeTO/ IX 0/lep>KaHHs 6a3y€EThCsS Ha pe-
akuii nipugonipuMiguHie 87 i3 consimMu peHinaiazo-
Hil0 3 MoJa/JbIIMM iHJOJIBHUM CUHTe30M 3a Pimre-
poM [57]. Ciosiyka 87 Takox € morepeJHUKOM J1Jisl
OTPUMaHHS aHaJIOTIB aJKaJ0ify KaMITOTALUHY B
yMoBax peakuii ®pigaengepa [59, 60].

2-[(IlipumiguH-4-in)aMmiHo|6eH30lHa KHUcaoTa 88
3a3Ha€ TepMIiYHOI BHYTPILIHbOMOJIEKYJIAPHOI LIUK-
Jizanii, ika NpuBOAUTb J0 nipuao[4,3-d|xinazoo-
Hy 89 [61] (cxema 24).

3HalJeHo, 1110 peJACTaBHUKU caMe TaKOoro TU-
ny nipuzno[4,3-d|nipuMiHHOBUX CUCTEM, 30KpEMa,
cnoayky 90 npu Manux KoHueHTpayisx (1.0 Mkm)
iHri6y0Th picT JTEeMKO3HUX KJIITUH 1ITamy P388 [5]
(cxema 25).
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HoN—¢ H

91
Cxema 26

Jurerepuiamid 91 TakoX NiIJAETHCA BHYTPILLHBO-
MOJIEKYJISIpHil 1uKJi3anii npy 15-rofuHHOMY KUII'SI-
TiHHi B cyxomy [IM®A B aTMocdepi a30Ty 3 yTBOpeH-
HAM N2-(2-MeTuaguriapoasnisifen)ryaniny 92, akuu
Jiero akTuBoBaHoro MnO, 6yB niepeBe/ieHU! B apo-
MaTU4Hy cucteMmy 93 [62] (cxema 26).

1.7. BHyTpilllHbOMOJIEKY/IAPHA pPeakKlis a3a-BitTira

[IoTy>KHHUU CUHTETUYHUN NOTEHLia/ peakiiii aza-
BitTira [63] 3HalI110B BUKOPHUCTaHHS i /1T OTpUMaH-
HA a3UHONIPUMIZUHOBUX cucTeM. Tak, N-aijuatoBaH-
HA aMiZiiB 94 X/1I0pOaHTiAPHUAO0M TETPa30JI0NipUIUH-
KapboHOBOI KUCJIOTH 95 3a HAsIBHOCTI 4-AUMETUI-
amiHonipuauny (/IMAII) sk kaTanizaTopa NpUBOAUTH
J0 iMifiB 96, 1u1g AKUX XapaKTepHa TayToMepis i3
asMHONoXigAHUMU 97. B3aeMogi€r ocTaHHIX i3 Tpu-
deHindochinom cunTeszoBaHi imMiHopochopanu 98,
[oJaJiblla BHyTPILUHbOMOJIEKYJIApHA LUKJIi3aLlif AKUX
Jlae kapboaHeboBaHi mipugomipumiuau 99 [64, 65]
(cxema 27).

1.8. llukizanii 3a yyactio 1H-nipugo[2,3-d][1,3]
OKCa3WuH-2,4-1i0oHy

3-AzaizaToBui aHrigpuj Ta iioro N-ajkianoxigHi
100 peary1oTb i3 S-MeTui30TIOCeuoBMHamMu 101 npu
KHUIT ATiHHI B cyMili lioKcaH-AUT/IiM 3a HasiBHOCTI
HaJJIMIIKY JIYTY i3 YTBOPEHHSAM IMi/la30aHeIbOBaHUX
nipuzno[2,3-d|nipumiauuis 102 [66]. Bsaemoist aH-
rizpuay 104 i3 asnkiniiaminamu 103 fga€e HIKOTHUH-

@)

o)
N N N
DS WA I g s
— N~ N Hcl ‘N/k\N N HCI SNOSN N
N N N

92 93

amizg 104, nukaisauis skoro nif giero TpudocreHy B
NipUAMHI TPUBOAUTD J10 TPULUKIITUHUX cucTeM 105
[49, 67] (cxema 28).

2. Uuknisauii pyHKULiOHabHUX NOXiAHUX
KOHAEHCOBaHUX NipUMMIAUHIB

2.1. IuK/IoOKOHZeHcaLis 2-TioKconipuaonipumi-
JAMHOHIB i3 riApa3oHoijirajioreHigamMmm

HapoulyBaHHs 1,0jaTKOBOI0O TPUA30JIbHOI0 260
TeTPa30/IbHOTO fA/ipa Ha a3UHOIIPUMIJUHOBUH Kap-
Kac 3a y4acTIo TiZipa30HOoLIraJIoreHiZiB € NOIKMPEeHUM
MeTO/I0M OZiepKaHHA KOH/ZIeHCOBAaHUX TPHUa30J10- Ta
TeTPa3suHOBMICHUX NIpUAONIPUMIANHIB Ta ITEPU/HHIB.

Y uu3ui po6ir [6, 7, 10, 11, 16, 20, 47, 68-76] 3a-
MIPONOHOBAHA 3arajibHa cxeMa B3aEMO/Iil 2-Tiokcoasa-
MipUMIJAWHOHIB i3 rijpa3oHolIraJoreHiiaMy, 1o Ie-
peAbadae aHeJII0BaHHS HOBOT'O TPUA30J1bHOTO dpar-
MeHTa /10 6a30BOI CTPYKTYPH.

Bzaemopia nipugonipumigunTtiony 106 i3 N-3a-
MillleHUM Tifipa3oHoinrasoredizom 107 nepeb6irae
NIpY HarpiBaHHiI B 1,4-/1i0KcaHi 32 HAABHOCTI TPUETHUII-
aMiHy 4yepes cTafito S-iMiHOALU/IFOBaHHSA 3 YTBOPEH-
HsM iHTepMeiaTy 108. OcTaHHil 3a3Ha€ BHYTPILITHBO-
MOJIEKYJIIPHOTI'0 aHIOHOTPOIIHOIO [TleperpynyBaHHA
CmMmaitsica [76-78], 0 cTBOpIO€ HOBY KOMOiHallito re-
TepoaTOMiB y MOJIEKYJIi Ta reHepaliito iHTepMeaiaTy
110 i npuBOAUTH [0 TPUA30JI0aHETBOBAHHUX CIIOJYK 112.

0
N- ] N
N EttN | NN 0 o N 0 ,
" R T OONTIN CH,Cl Iy J§
= N<N o O”"N""R? 0" "N""R?
R R
94 95 e T 97
Phape i
3y R.
PPh;110°C 7 0  -P(O)PPhs NN
— M I A,
N 0”7 "N” "R? N™ "N~ "R?
R1 ,'l
99
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oa: (=0 [ 1 Q
H H No©

Cxema 27
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\ R=H
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R = H, Me, Et, unknonponinmetun, CH,Ph, CH,CgH,-F-4, CH,C=CH; R'=

Cxema 28

3aBepluasbHa CTalis epebiry Takoro npouecy Xapak-
TEPU3YEThCA eJIiIMIHyBaHHAM MOJIEKYJIA CIPKOBOZHIO
Ta GOpPMyBaHHSAM TPHA30/10a3aMipUANHOHY 3 JIiHiK-
HOIO KOMOGiHalli€l0 reTeposiiep, 1[0 J0BeJeHO METO-
JIOM PEHTTEHOCTPYKTYpPHOTro aHati3y [72] (cxema 29).

[lofi6HUM YHHOM 6Y/I0 OTPUMaHO Habip KOH/IEH-
COBAHUX CUCTEM, L0 MICTATH pi3Hi a3anipumiguHo-
Bi f1ipa, HaNpUKJaj, nipyuao[2,3-d|nipumiguHonH [5,
6, 10, 60, 61, 68-70], nTepuauHoHU [72] Ta nipujo
[3,2-d|nipuminuHonu [47]. [loTeH1iliHY 6io10TiUHY
aKTUBHICTh TaKUX PEYOBUH OyJI0 MepeBipeHo HU3-
KOI0 eKCIIePUMEHTIB Ta BCTAHOBJIEHO, 1[0 TiGpUAHI
cnosiyky 113 BUABASAIOTb aKTUBHICTD 100 KJAITHH
paky moJiouHoi 3as103u MCF-7 Ta renatoueJtoJisip-
Hol kapuuHoMu HepG2 [6]. B cBoto yepry, nipugo-
TpuasoJonipumiguHonu 114 ta 115 Bigomi cBoim
IIMPOKHUM CIIEKTPOM aHTUMIKPOOGHOI aKTUBHOCTI, 30K-
peMa, 1o BifHo1eHH0 A0 Aspergillus fumigatus, Pe-
nicillium italicum, Syncephalastrum racemosum, Can-
dida albicans, Staphylococcus aureus, Bacilluss ubtilis,
Escherichia coli [10, 11] (cxema 30).

[Ipu HasiBHOCTI amiHOTrpynu 6isis atoma N3 mipu-
MIiZIMHOBOTO LIUKJY B crioayli 116 ctae pealbHUM

X N., .R!
T N 0
R
ON -l O
N S :
H 1,4-niokcaH

106 108

o)
o FE(SH
NH N N
— @ H — N—H —> N
N/)\N_NWR N)\N\ -H,S N/)\'\f
S H 1

R1
110

\ CO(OCCly)

nipuanH 0°C

O R1 R1
(-
N~ N/)\O
105

H, Me; R'-R'=-(CH,)5-

OTPUMaHHS TETPA3UHOKOH/IEHCOBAHHUX MiPUMIiJIUHIB
3a aHAJIOTIYHOIO CXEMOI iMiHOAIIMJ/IIOBAaHHS aTOMa
CipKHU rigpasoHoiaraioredigamMuy 117 i3 nogaibmnm
neperpynyBaHHaM CMaiiica Ta GOpMyBaHHSIM a30TO-
BMicHOI cucteMu [72]. TakUM YMHOM, OYJIM CUHTE-
3oBaHi nipasoJsionoxizHi 118 Ta no/i6Hi reTepoIyK-
JiyHi cnosyku (cxema 31).
2.2. A30J10- Ta a3MHOAHEJ/IIOBAHHA TiApPa3sUuHOIIi-
puUMiavHIB

YyTyiuBa f0 Aii pisHOMaHITHUX peareHTiB rigpa-
3UHO-TpyINa B OJIOKEHHI 2 MIPUMIiZUHOBOTO LIUKJLY
BiIKpUBa€ LUUPOKI MOKJIMBOCTI [Jis1 TIepeTBOPEHD,
CIIPAMOBAHUX Ha OJlep>KaHHA HOBUX MOJIILUKIIIYHUX
HiTporeHoBMicHUX cnoayk [7, 11, 16, 74-78, 80].

[ToximHa 119, oTprMaHa KOHAEHCAIi €0 CyIbda-
HIJIMETUJINOXIZHOI NipUAONIPUMIAUHY 3 TiApa3nuH-
ripaToM y ZiioKcaHi, Moxke 6y TH epeTBOpPeHa Ha MOoJTi-
reTepOLUKJIN JeKIJIbKOMa MeTOZaMu. 30KpeMa, IIpU
B3a€MO/Iii 3 aslipaTUYHUMU KMCI0TaMU abo IX aHTi-
JPpHUJilaMH YTBOPIOIOTHCA BiZOBiAHI TpHUa3o0mipuI0-
nipumigunu 120 [7, 11, 16, 74, 75, 81].

B cBol0 yepry, npu peakliii 3 TioljiaHaTOM KaJlilo B
OLITOBIM KMCJIOTI BiI0yBa€ThCS reTepoaHe T l0BaHHS

)

NH
N
H Ny

R’
109
0 R

R1
111 112

R'=Ar; R=COOEt, COMe, CONHPh; X = Br, Cl

Cxema 29

17
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113

115

R= Ph, COCH3, COOEt, CONHPh, Ar= Ph, 4'CH3C6H4,4-C|CGH4, 4-NOZCGH4

Cxema 30
(0] (0] H
(0]
; N,NHZ EtsN ; N'NYCOR
N° )\ + R /N\N'Ph - > | )\ ‘N
N”>N" SR x H N NN
Ph Ph }‘:’h
116 117 118
Cxema 31

aMiHo-1,2,4-Tpua30/JbHOr0 LUKJY [0 NipuAoIipUMi-
JuHOBoro kapkacy 121 [74] (cxema 32).

BukopuctaHHA y poJi eseKTpodibHUX peareH-
TiB CipKOBYIVIEL[}0 a60 HITPUTHOI KUCJIOTH BUSIBUJIOCH
epeKTUBHUM /11 CHHTe3y Tpua3oso- 122 ta TeTpa-
30J10- 123 aHesIbOBaHUX MOXiAHUX [16, 74] (cxema 33).

He MeHIll epeKTUBHUM IIUKJIi3yIOUUM peareHToM
s 1,2,4-TprasosioaHestoBaHHS BUCTYTIae 6poM [20, 74].
Tak, 6poMyBaHHS, oTpuMaHe 3 riipasuny 119, riapa-
30Hy 124, 6y/10 B/1a/10 3aCTOCOBAHO [1J11 OJlep>KaHHS
cnonyk 125 [11, 74] (cxema 34).

XsopoaneToH abo ¢peHanunbpomig 126 sk 1,2-6i-
esieKTpodisibHI peareHTU NMpPU B3aEMO/i 3 rigpasu-

Ar O R2 R2COOH

R A RA Rﬁ”“ _kson F {
N 2 KSCN X N
N < Reox A DR
N

A\
R H R2=H, Me, OEt R'

120

HOM 119 y cyxoMy KCUJIeHI yTBOPIOKTb TPUA3UHO-
noxinnui 127 [7,11, 16, 74, 75, 79, 81] (cxema 35).
CuHTEe30BaHi ONKMCaHUM BUILE METO/IOM IOJIIKOH-
JleHCOoBaHi cnosiyku 128 € akTHBHUMMU NIPOTH PaKo-
BUX KJITUHHUX JiHil A-549 Ta PC-3 [7], ix aHa/i0TH
129-131 npogBaAIOTb aHTUOKCULAHTHY aKTUBHICTh
[16], a cnosryku 132 iHri6yIOTH 50-peAyKTasy, 110
BIJINBAE Ha PiBeHb Ta KOHIEHTpPALlil0 TOPMOHIB TeCTO-
CTEpPOHY Ta IUTiPOTECTOCTEPOHY B TKaHUHaX [20].
PeuoBrHM 133 Ta HM3Ka iX TPpHUa30J10- i TETPA30JI0-
NOXiIHUX BiJI3HAYalOThCs BUCOKOIO GAaKTEPULIUHOIO
nieto crocoBHO Bacilluss ubtilis, Streptococcus lactis,
Escherichia coli, Pseudomonasaeuroginos Ta noMipHoo

o Ar (0] NH2

N7 NHNH, ACOH i

119 121

Ar=-4-CIC¢H4,R=CN, R"=NH,; R--R" = ;X =ClI,Br

Cxema 32
r
fﬁf R
)\ KOH/EtOH R
122
Ar =-4-CICgH4, R-R" =
Ar” H

Cxema 33

18

119

? R =H, R' = -2-tiocbeHin, Ar = Ph
\

O

NHNH2
123
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Ar O Ar
R R
SYTONH O ArCHO B
‘ = = —>1 z
R "N” "N” "NHNH, RO NN
119 124

R A
Bry/AcOH TN
NH N =CHAr BRIACOT N

1
H R™ 'N” °N H

R"=-4-BrCgH,, Ar =-4-FCgHy; Ar = -4-CICgH,, R-R' =

Cxema 34
Ar O
R ‘ X NH 126
RN N/)\NHNHz
119
Cxema 35

GYHTIIM/IHOIO AKTHUBHICTIO 10 BiIHOIIEHHIO /10 TO-
IMpeHux BUAiB rpubiB Candida [82] (cxema 36).

Jeio iHIMHK miaxia o oTpYMaHHS aMiHoiMiza30-
ntepuaMHoHy 135 3 iHIHHKMM po3TallyBaHHSM re-
TeposiJiep 3alpolnoHOBaHO aBTOpamMu npati [26]. Bin
nepeji6ayac in situ reHepyBaHHs Tifijpa3uny 136, akuit
UKJi3Y€EThCS 32 paXyHOK MOAAJIbIIOr0 reTepoaHe-
JIFOBaHHS 3 eTOKCUKApPOOHIJIbHO rpyIoto (cxema 37).

Hukuizauis rigpasuHonoxigHoi 137 i3 nuHamo-
HiTpuiaMmu 138 B nipuauHi 34i1MCHIOETHCSA 3a CXEMOIO
aHeJII0BaHHA iAPOBaHOro TPUA30JIbHOTO LUKy 139
[81] (cxema 38).

HaTtowmicTb, Ipu B3aeEMoJII rifpasuHonipumigu-
HOHY 137 3 eTOKCMMeTHJIeHMaOHOHITpUJI0OM 140
Bif6yBaeThcsa GopMyBaHHS TpHUa3eNiHOKapOOHIT-
pusnbHoro ¢parmenTa crnoayk 141 [81] (cxema 39).

131

4>
X =Cl, Br RN

132

ka Ar O

R R
N

P N/)\N,N

H
127

HukyaokoHgeHcanida riapasuny 142i 3 oproeTe-
pamu 143 B o1TOBi# KHUCJIOTI 6y/1a BUKOPUCTAHA IS
no6yI0BY KOHAEHCOBAHOI TeTPa3nHOBOI cucTteMu 144
[78, 83] (cxema 40).

BBeneHHs 0 aMmifgHOro atoMa HiTporeHy askijib-
HOI'0 3aMiCHMKA CyTTEBO BIVIMBAE HA HANIPSAMOK LIUK-
Jlizanii Ta NPUBOAUTH 10 GOPMyBaHHS CUCTEM 3 aHTY-
JIIPHOIO KoMGiHarlieto reteposep [12]. Tak, B3aeMo-
nis ringpasuHonoxiaHoi 145 i3 popmiaTamu 143 B eTa-
HOJII IPU HAsIBHOCTI KaTaJITUYHOI KIJIbKOCTI OLITOBOL
KHCJIOTH IPUBOJUTH 10 YTBOpeHHs 1,2,4-TpuasoJio-
BMicHOro npoaykty 146. Takoro TuIly nepeTBOpeHHs
CTBOPIOE MOXJIMBICTD /I CHHTE3y pe4yOBUH i3 aHTHU-
MiKpOGHOI0 Zi€t0. 30KpeMa, peakli€to rifpa3uny 145
i3 rasioreHokeToHaMu 126 6y oTpUMaHi 6ioJ10rivyHO
aKkTuBHI ciosiyku 147 [12] (cxema 41).

130
o Ar O
N
| | /)\\ R
N NN
H \
NH,
133

R =H, NH,,CH;, COCH3 COOEt; R' = H, Ph, 4-CH4CgH,,4-CICgH,, 4-FCgHy, 4-SO,NH,CgHy;

X=0,S
Cxema 36
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o)
COOEt “>COOEt
C l)i NHNHH | (] l)L — [ ] fi¥0
NN NHNH,
NH,
134 136 135
X = SMe, CI
Cxema 37
e Ar O ArCH C(CN)2 e
H2N )\NHNHZ *
137
Cxema 38
¢}
e Ar EtOCH=C(CN), Ar OHN oy
= /L 140 _ ‘ N
/
HN NHNH, HoNT SN N//kN/N
H
137 141
Cxema 39
1 O 1 (e
R2C(OEt) R H Re
NH, 3 N
R N 143 Y Ny
‘ /)\ R ‘ /)\ N
ST N7 TNHNH, SN N
142 144
R = Ph-N=N-, CHs; R' = Ph, CH3; R?=H, CHg3, Ph
Cxewma 40
Ph O oh o Ph O
/ NT™> 426 ~
NN\ \/g < N 143 N ‘/NK
NTONTONTSN - AMoA )\NHNH EIOH N~y
Ph R&NH AcOH H 2 AcOH  py Ho oy
147 145 146
R=CH,, Ph
Cxema 41
Ph O
—_————— >
Ph
148
Cxema 42

20



>KypHan opraHivHoi Ta chapmaueBTuyHOI Ximii. — 2016. — T. 14, Bun. 2 (54)

ISSN 2308-8303

Cxema 43

152
Cxema 44

Peakuito cnonyku 145 i3 CS,, NaNO, Ta a-riapo-
KCMKEeTOHAaMH 33 aHAJIOTIYHUMHU CXeMaMHU OJiepKaHi
a30J10- Ta a3MHONOXiAHI aHTY/ISIpHOI OY/I0BU i3 pi3-
HUM IO€AHaHHAM aToMiB HiTporeny.

i piasuHoasKiIloBaHHA JioHy 148 Biasior Bu-
ABUWJIaCh KOHJeHcallid i3 riipa3suH-rifpaToM y Bij-
HOCHO M’SIKHX yMOBaX, 1110 /J03BOJIMJIO CUHTE3yBaTH
TPULUKJIIYHY criosiyKy 149 i3 BUCOKUM BUX0/I0M [84]
(cxema 42).

2.3. lluky10oKOoHgeHcalii 2-amiHOnipUAONipUMi-
JAUHOHIB

Ha BigMinHy Bif 3-aMiHO-2-Tifjpa3suHOTi€EHONIpHU-
MiZuHIB 142 B3aeMofia 3-aMiHO-2-apuIaMiHONipHU-
no[4,3-d|nipuminun-4(3H)-ony 150 Ta fioro 6eH3a-

BrCH,COOH
AcOH

156

CH(OEt),
_—

XCH,COOH
AcOH

153

HeJIbOBAaHUX MOXiJHUX i3 TpueTUa0pTOdPOpPMiaTOM
CYNPOBOJXKYETHCS aHEJIBaHHAM Juriapo-1,2,4-
TPHA30JIbLHOTO s1/[pa 3 YTBOpeHHM croiyk 151 [8]
(cxema 43).

TpuazosonipuMigoxiHosiHOHU 151 BUSBJISIOTH
Gios1OoTiUHY Aif0 CTOCOBHO 6 JIiHIM paKOBHUX KJIITHH,
30kpeMa, KB-comaTtuuHol kapipHomu, CNE2 kapuu-
HOMHU HocornoTku, MGC-803 kapHOMHU LIJIYHKA,
GLC-82 paky sierenb, MDA-MB-453 Ta MCF-7 paky
MOJIOYHOI 3a1034 [8].

OmnucaHa B po60Ti [17] BHYTpilIHbOMOJIEKY/ISTPHA
[MKJIi3alid crnosykd 152 peasnisyeTbcs mpy 06po6Iti
Cip4aHOI0 KUC/I0TOXO B OLTOBOKHCJIOMY CEepPeLOBHILI i
MPUBO/IUTH JI0 MOJIUKIIIYHOI ToxiiHOT 153 (cxema 44).

O
Et.
N

157

OMe

Ar = 4-MeCgHg, 2-tienin; X = Cl, Br; Ar' = Ph, 4-CICgH4, @OMG

Cxema 45

21
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Ar
R BrCH(CN),
‘\ NH 159
R"VONONTSs
H
158

Ar=Ph,4-CICgH,; R=CN;R' =

Cxema 46

2.4. Tia3zos10aHe/IOBaHHS MipUAONIPUMIAAHTIOHIB

[Ipu B3aemofii TiokconipugonipumianHony 154
3 6poMo- ab0 XJIOPOOLITOBOIO KUCJIOTO 32 HAasiBHO-
CTi alleTaTy HaTPil0 B JIbOJASHINA OLTOBIN KUC/IOTI Bif-
OGyBa€TbhCS BHYTPIiIIHbOMOJIEKY/ISIPHA T'E€TEPOIUKIII-
3aLlig NpOMIKHOI0 NPOAYKTY S-aJIKiIJIIOBaHHA 3 yTBO-
peHHsM Tia3o/10aHeboBaHoi cucteMu 155. [Ipu of-
HOYAaCHOMY J10/laTKOBOMY BBEJIEHHI B peaKILilHy Cy-
MilI OLTOBOTrO aHTipUAY Ta apOMaTUYHOTO ajb/Je-
rizy 156 ofpasy  yTBOpIO€ETbCS noxigHa 157, aky
TaKO>X MOXXHA OTpUMATH 3i ciosiyku 154 y aBi mo-
caiyioBHi cTaaii [11, 76, 85, 86] (cxema 45).

ABTOpU po6iT [17, 76, 87] mokasasu, 1110 KOHIEeH-
canis tiokconipuaonipuMignHony 158 i3 6pomoma-
JoHOAUHITpUIOM 159 y po3uuHi eTUnaTy HaTpilo
TaKOoX Nepebirae sk S-ankit0oBaHHS 3 M0O/a/bILIO0
reTepouUKJIi3aLi€ro, o NPUBOAUTD L0 MMOJIILUKIIIY-
HUX TiazosioaMiHOHITpUIIB 160 (cxema 46).

Cnosiyku 160 i3 TeTpariapoxiHazoioHOBHUM dpar-
MEHTOM MPOSABJASIOTh aHTUOKCU/JAHTHY, TPOTHU3a-
naJbHYy Jil0 Ta BUCOKMU 3aXxMCHUH edeKT Biz nou-
kopkeHb IHK, ski iHAyKytoTbhCA 61eoMinuHoM [17].

Peakuijis He3aMiueHoro 2-TiostoMasuny 161 3
a,B- Ta o, y-qubpomoasikaHamMu 162 B izonponaHoti
B MPUCYTHOCTI HATpit rizpokapboHaTy nepebirae
yepes cTaflilo S-alKiiboBaHOTO iHTepMeaiaTy 163 i

@]
R N/ N/g
H

161 -

Br

1

(CHy)n
Br’

162

— I l)i%

164
n=1,2;,R=H, Me, Ph
Cxewma 47
22

NH,

e

160

NH,; R--R'=

Ar

NPUBOJUTD [0 CeJIEKTUBHOI'O YTBOPEHHS JHUTiAPO-
TiazoJ10- a6o AUTiApOTia3uHONTEPUAMHOHIB 164 i3
JIiHiHHOI0 KOoHOIirypamieto reteposiep [42, 88]. Ha-
TOMICTB, IPU BBeJIEHHI aJIKiIbHOTO a60 apUJIbHOTO
3aMiCcHUKA B ITEPUAMHOBUN pparMeHT cyb6CcTpaTy
161 Ak MiHOpHUH NPOJYKT YTBOPIOETLCA aHTYJIAP-
Ha i3oMepHa crosiyka 165 (cxeMa 47).

Bzaemogisa TiokconipumiguHiB 166 i3 2,4-1UHIT-
poxJsiopo6ensosioM y IM®DA 3a kiMHaTHOI TeMnepa-
TypH Aae S-apuinoxiHy 168, sika npu nofaabuiomy
HarpiBaHHi 3a3Ha€ reTepoaHe/Il0BAaHHA 3 YTBOPEHHAM
noJinukiay 169, sKkui nposiB/sie BUCOKY aKTUBHICTb
npoTu Staphylococcus aureus [12] (cxema 48).

2.5. [lipupo- Ta Aia3anHOaHe/IIOBaHHA KOH/EHCO-
BaHUX aMiHO-NIipMMiAVUHOHIB

KonpgeHncanis xpomony 170 Ta reTepoaHesiboBa-
HUX NMipuMiZiMHiB 171 3rifHo i3 pe3ysnbTaTaMu npari
[69] nepebirae yepes crazito azomMmeTuHiB 172, Hac-
TyIHa CHHXPOHHA [UKJi3alisl AKMX B YMOBax aBToO-
OKUCHEHHS JIa€ XPOMOHOMIpPU/I0reTepoasoJibHi CIo-
ayku 173 (cxema 49).

ABTOopaMu po60oTHu [68] Ik MeToA, CHHTE3Y MOJIi-
UKJIIYHUX NipUIUHOBUX CIOJIYK 3allPpONOHOBaHA
KOHJleHcallisl TpuasoJjonipuauHisiaminy 174 3 eHa-
MiHOHaMu 175, sika NpUBOAUTH 10 GOPMYBaHHS HO-
BOTO [ipUMIJJUHOBOTO s1pa i yTBOpeHHS crioJiyk 176.

o)
N~ N/J\

163 -

0
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|
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L (CH

165
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,D.MCDA JJ,I\/IACDA
169
Cxema 48
o]
Crr
O ~0
ﬁ g
n|r||pV|,cw|HA
AcOH, L _
171 172 173
R (CHy)n
E/QN R = Ph, COMe, COOEt, CONHPh, COPh; Ar = Ph, 4-MeCgH, o ) n=1,2
N Ar
Ar
Ny Ar=Ph, 4-CICgH,, 4-BrCgH,
S
Cxema 49

AnbTepHaTUBHUM METOZOM iX OJlepKaHHA € peak- 2.6. Pypookca3os10(okca3HO)aHe/II0BaHHA NITe-

nis popmamiguny 177 3 eTusiaHoaletatoM abo PpUAUHIB

MaJIOHOHITPUJIOM y KUIJAYIN OUTOBIA KHUCJOTI BigkpuTa B 60-Ti pOKM MUHYJIOT'O CTOJIITTS peak-

(cxema 50). 1isg MinyHo6y - pyHKuioHa i3alig ripoKcuabHOi
B aHasoriyHux ymoBax ¢popmaminuH 178 pearye  rpynu cnupriB y npucyTHocTi TpudeHindocdiny Ta

3 aLeTopeHOHOM, IEPETBOPIOIOYMCh HAa TPUA30J10-  JIieTHUJI0BOro eTepy a3okap6oHoBoi kucaoTu (JEA/)

nipuauHonipumiaun 179 [68] (cxema 51). 3HaMILL/Ia 3aCTOCYBaHHS NP OJiePKaHHI MOJILUKIIYHUX
\
Ni
O  ph = Y o pp O ph
KLN N 175 X~ NEY CNCH,x N KLN
A | il N
H,N" >N N SNTONT TN
Ph Ph Ph
174 176 177
OMOIMA T

X =COOEt,CN; Y =NH,
Cxema 50
23
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Cxema 51
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I OH TonyeH I )\ iPf iPr
180 181
Cxema 52

OKCa30J/IbHUX CIIOJIYK Ha OCHOBI NipugonipuMiguHo-
Boro ckeJsiety [89, 90]. B Takvx yMoBax noxijHa nre-
puauHy 80 niggaeTbcs LUMKIOKOHAEH ALl 3 Aerij-
paTari€ro, y pe3y/bTaTi 4oro BiJi0yBa€EThCS yTBOPEH-
Hs1 pypookcazosibHOI moxigHoi 181 [91] (cxema 52).

B cBolo 4yepry, 3a JaHUMH aBTOPiB [92-96] HYK-
JIeO3U/IY JIIOMa3uHOBOT 0 pAay 182 cxuibHi 10 IIMK-
Jizanii npu 06po6ui J|BY B cyxoMy XJI0pUCTOMY METH-
JIeHi 3 yTBOPeHHSAM BiZilIOBIJHUX TPULIUKJIIYHUX Je-
rigponyksieo3uziiB 183 (cxema 53).
2.7. BHyTpillIHbOMOJIEKYJIAPHA UMKJ/Ti3aLia ajaKia
(ankeHin,asKiHiI)-QyHKIiOHA/TiI30BaHUX NIPUAO-
MipUMiJVMHOHIB Ta NTEePUAUHOHIB

BcTaHOBJIEHO, 1[0 BHYTPIIIHBOMOJIEKY/ISPHA LIUK-
Jizanis 2-S-(kap6omeTua)nipugonipumigrnis 184

o)
SN NKO
\:01 _CH,OR
X

182

i Aiero cipyaHoi [76] a6o nosidochopHOi Kuca0TH
[97] mpuBOAUTE 10 aHEIFOBAHHSA Tia30bHOTO ITUKJTY
i yrBopeHHs noxigHux 185 (cxema 54).

Ca1if 3a3HAYMTH, 10 XapaKTep MiHepaJbHOI KHUC-
JIOTH CYTTEBO BILJIMBAE HA PerioxiMilo BHYTPIIIHbO-
MOJIEKY/JIApHOI LUKJIi3anil. Tak, npyu HarpiBaHHi Ii-
pugonipumiauHiB 186 B [IOK BigoyBaeThCs reTepo-
aHeJIIDBaHHA a3UHOBOI'0 LIMKJIY 3 YTBOPEHHSAM CIIO-
JIyK JiiHiiHOI 187 a6o aHrysnspHoi 188 cTpykTypu
[98, 99], yoro He BJAETHCSA JOCATTH NpHU Jii cipya-
Hol KUC0TH (cxeMa 55).

ABTopu npaui [100] 3anponoHyBasu aabTepHa-
TUBHY CXeMy CUHTe3y a30TOBMiCHUX MOJIILIUKIIYHUX
CTPYKTYp. Tak, oTprMaHU# B pe3y/bTaTi peakilii ami-
Ho-nlipuanHKap6okcuaaty 21 3 N-apungutiokapba-

CH Cl, I]\)L

\: \‘ _CH,OR

183

X =Ms, OMMTr, OCF3;SO,, OMeSO,; R=MeOTr, 4-MeCgH,CO, MMTr

Cxema 53
Ph
R ‘ N
R’ )\SCH ,COR?
184
R=H,CN;R'=
Cxema 54

24

H,SO,
abo
I'ICDK

ord

185

H, NH,; R? = Ph, 4-MeOC4zH,, NHC4H;
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188

186

ok ‘\)iﬁ

187

N =N’ N2 X =NH, S; R= CH,CH=CH,, CH,C=CH, CH,CH=CHPh; R'= Ph

Cxema 55
R1
S
- SXN
O H
| AN o~ 189
N” > NH, OM®A, A
21 190
R'=H, Me
Cxema 56

MaTtoM 189, TiokconipugonipumigrHoH 190 npu B3ae-
MO/l 3 KOHIJEHTPOBAHOIO CipYaHOK KUCJIOTOO MiJi-
JIA€ETbCSI BHYTPILIHbOMOJIEKYJISIPHIN LMKi3anii 10
TeTpauukJaiyHoi cnoayku 191 (cxema 56).

[Ipu B3aemogii 2-aninnrepuaunony 192 i3 Hag-
aunikoM Hoay B TI'® Ta mofaiblioio Moc/iIoBHO
06po6KOI0 peakLiiHOI cyMiLli ripokap6oHaTOM Ta
cy/ibGiTOM HaTpi0 OTPHUMaHi aHTYJISIPHI TPULUKIIIY-
Hi noJiiHiTporeHoBMicHi cuctemu 194 [101]. Mexa-
Hi3M Takoi B3aEMO/Iii mepes6avyae yTBOPEeHHs HO/10-
HieBOro kaTioHy 193 Ta HacTynHy BHYTpPIilIHbOMO-
JIEKYJIAPHY LIMKJIi3alli10 3a y4acTI0 NipUMiJMUHOBOTO
atoMma Hitporeny (cxema 57).

(@)
Ar
Y

0
A
08
N” >N NH

]
O R e}
A N /@/R1
H,SO N N
LA A . [/ijiﬂti\

191

Y Bunaaky 3-anisintepuguHoHiB 195 y nmogioHii
peakil yTBOPIOIOTBCA CIIOJIYKH a/lbTepHATUBHOI i30-
MepHOI 6y/10BY 3 YIIOPSAAKOBAaHUM JIIHIHHUM po3Ta-
1myBaHHAM HUKJIIB [102]. 30kpeMa, B3aeMoiis 3 Ho/ioM
crosiyku 195 3a aHa/I0TiYHOO CXEMOIO IPUBOJHUTD /10
imizazonoxignux 197 (cxema 58).

HasBHicTb AB0OX N-HYK/1€0iIbHUX LIEHTPIB B as1is-
reTepo-QyHKI[iOHA/II30BaHUX MipuonipuMiuHax 186
CTBOPIOE YMOBH JI/Is1 OJHOYACHOTI'0 NIepebiry ABOX KOH-
KypyH4MX peakLii [UK/Ii3aLil 3 yTBOPeHHSM i30Mep-
HUX NPOAYKTIB i3 aHrynapHuM 198 ta siHiitnuM 199
po3TallyBaHHSIM a30JbHUX Azaep [98, 99]. [lnsa cyo6-
cTpaTiB i3 06’eMHUMU 0JiePpiHOBUMU PpparMeHTaAMHU

0
A
[:NinJ\N// r
—_—
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192 |
193 194
Ar=Ph, 4-CICqH,, 4-MeOC4xH,
Cxema 57
O RG (@) 2R1
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~ | — | _ J/<H
NHPh N~ N~ "NHPh \
195 - 196 - 197
R'=H, Me; R2=H, Me
Cxema 58
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N =N’ N2 X =NH, S; R = CH,CH=CH,, CH,C CH, CH,= CH=CHPh; R'= Ph

Cxema 59
(0] 0] SePh
I el T
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Cxema 60

CIOCTePIraEThCs perioce/IeKTUBHE FreTEPOAHENIOBAaHHSI ~ HOCTi BOJHOI TpUPTOpPOMeTaHCy/1bGOHOBOI KUCIO0TH

a3WHOBOT0 IIUKJY 3 yTBOpeHHSM crioyk 200 (cxeMa 59). miaAaeTbes cesleKTUBHIN BHYTPIIIHbOMOJIEKYISAPHIN
AninbHuMl dparmenT 6eH3onTepuauHy 201 mix  yukiisanii go iMizazostidiieHsontepuanHoHyY 202 i3

Jlieto deHice/IeHITXIOPUAY B alleTOHITPWII 3a HasAB-  JIiHIHHUM po3MileHHsaM HukJiB [103] (cxema 60).
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SAr
205
N =N’ N2 X =NH, S; R=CH,CH=CH,,CH,C=CH, CH,CH=CHPh; R'= Ph;
Ar = Ph, 4-Me-C,Hy,4-NO,-C,H,

Cxema 61
o) o Cl 0
4 ArSCI SAr
3 NH 203 @ NH }'SAr AcONa @ )N\ﬁ/
186 206 207
N =N' N2; X =NH, S; Ar = Ph, 4-Me-C4H,4, 4-NO5-C4H,
Cxema 62
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Peaknia nipugonipumignHoHiB 186 i3 apuJ-
cynbdeHinxmopugamMmu 203 B CUIBHONOJSAPHOMY
HiTpOMeTaHi i3 nepx/ji0paToM JIiTil0 AK JOMNIHI-10-
6aBkoio [104] mpuBoaAUTH 10 a3o.1iB 204 Ta a3uHIB
205 3 a"ry/NIApHOI KOMGiHalliero reTeposiep [105]
(cxema 61).

[lisiIboBe KOHCTPYIOBAaHHS JiiHilHOI cucTemu 207
MOXKHa 3/1iHCHUTH Yyepe3 aayKT 206 i3 iioro nogasb-
11010 IUKJIi3alli€to nif Aiero aneTraTy HaTpito [105]
(cxema 62).

BUCHOBKM

1. Y3arasibHeHi Ta CUCTeMAaTHU30BaHi OpUTiHAJb-
Hi palli, IKi CTOCYI0TbhCsI METO/IB OJlep>KaHHs Ta 6io0-
JIOTIYHOI [l MOJIILUKIIIYHUX CIIOJNYK i3 NipuAonipu-
MIiZIMHOBUM Ta ITEPULUHOBUM fA/JpaMHU.

2. AHasli3 BUKJIQZIeHOT0 MaTepiasy 0Ka3ye Bax-
JIUBICTB Ta peasibHy MepCrIeKTUBY M0AaJIbLIOr0 pPO3-
BUTKY LIbOTO CErMEHTY XiMil a30TOBMiCHUX reTepo-
LUKJIYHUX CIIOIYK.
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THE USE OF ALIPHATIC ALDEHYDES IN THE SYNTHESIS OF NEW
PYRAN ANNULATED DERIVATIVES OF 1H-2,1-BENZOTHIAZIN-
4-ONE 2,2-DIOXIDE VIA DOMINO-TYPE INTERACTIONS.

THE ANTIMICROBIAL ACTIVITY OF THE COMPOUNDS SYNTHESIZED

D.A.Lega, N.I.Filimonova, 0.G.Geyderikh, V.P.Chernykh, L.A.Shemchuk

National University of Pharmacy
53, Pushkinska str., Kharkiv, 61002, Ukraine. E-mail: leonid.shemchuk@gmail.com

Key words: 2,1-benzothiazine 2,2-dioxide; aliphatic aldehydes; malononitrile; pyran, domino reaction;
antimicrobial activity

Domino-type Knoevenagel-Michael-hetero-Thorpe-Ziegler and Knoevenagel-hetero-Diels-Alder interactions using
1-ethyl-1H-2,1-benzothiazin-4(3H)-one 2,2-dioxide and aliphatic aldehydes as initial compounds have been
studied. These reactions have led to 2-amino-3-cyano-4H-pyran and 2H-3,4-dihydropyran derivatives, respec-
tively. It has been shown that the three-component one-pot interaction of 1-ethyl-1H-2,1-benzothiazin-4(3H)-
one 2,2-dioxide with saturated aliphatic aldehydes and malononitrile proceeds under rather mild conditions and
results in formation of 2-amino-6-ethyl-4-alkyl-4,6-dihydropyrano[3,2-c][2, 1]benzothiazin-3-carbonitrile 5,5-dioxides
with moderate and high yields. At the same time, the yields of target products decrease with the increase of
the length of the aliphatic aldehyde carbon chain. In this regard, the use of citronellal allowed us to obtain the
product of the three-component interaction with a low yield. To date, there is no information in the literature
about the possible application of aliphatic dialdehydes in such three-component interactions. It has been found
that the use of glutaric aldehyde results in the synthesis of a new class of bis-derivatives of 2-amino-4H-pyran,
in which two fragments are linked by the polymethylene bridge. The use of a,B-unsaturated aldehydes in the
three-component interaction with 1-ethyl-1H-2,1-benzothiazin-4(3H)-one 2,2-dioxide and malononitrile was ac-
companied by decrease in the process efficiency compared to saturated aliphatic aldehydes. The target fused
2-amino-3-cyano-4H-pyran was obtained only when a-methylcinnamic aldehyde was used in the reaction.
A two-component interaction of 1-ethyl-1H-2, 1-benzothiazin-4(3H)-one 2,2-dioxide with citronellal has been also
studied. It has been shown that this reaction is stereospecific. It proceeds through domino Knoevenagel-hetero-
Diels-Alder sequence resulting in a new heterocyclic system — 2,2a,3,4,5,6,6a,8-octahydroisochromeno[4,3-c]
[2,1]benzothiazine 7,7-dioxide. The study of the antimicrobial activity of the compounds synthesized has allowed
finding compounds with a moderate activity against P. aeruginosa i C. albicans.

BUKOPUCTAHHA ATTIOATUYHNX AJTbAEAOIB Y CUHTE3I HOBUX 1H-2,1-6EH30TIA3UH-4-OH 2,2-[]JIOKCUAIB,
KOHOEHCOBAHMX 3 MIPAHOBUM 5IQPOM 3A [JOIMOMOI OO [JOMIHO-B3AEMOLIA. AHTUMIKPOBHA
AKTUBHICTb CUHTE3OBAHUX CIIOJTYK

A.0.Jleza, H.l.®inimoHoea, O.I.Ielidepix, B.M.YepHux, JI.A.LLlem4yk

Knrovoei cnoea: 2,1-6eH3omiasuHy 2,2-0iokcud; anighamuydHi anb0e2iou; MaroHOOUHIMpUIT; nipaH, OOMiHO-pe-
aKuii; aHmumikpobHa akmueHicmb

BusyueHi domiHo-83aemodii KHboseHazens-Mixaensi-eemepo-Topna-Lliznepa ma KHbogeHazensi-ecemepo-Linsbca-
AnbOepa 3a yyacmio 1-emus-1H-2, 1-6eH3omiasuH-4(3H)-oHy 2,2-0iokcudy ma anighamuyHux ansdeeidis, wo npu-
8005imb 00 YMBOPEHHSI 8i0NM08iOHO MoXiOHUX 2-aMiHo-3-uiaHo-4H-nipaHy ma 2H-3,4-0uzioponipaHy. [loka3aHo,
wWo mpukomMnoHeHmMHa odOHocmadiliHa 83aemodis 1-emun-1H-2,1-6eH3omia3uH-4(3H)-oHy 2,2-diokcudy 3 Ha-
cu4yeHUMU anichamuyHumu anbdezidamu i MaroHOOUHIMpuUiom repebicae y Oyxe M’sKUX yMosax i npusodums
00 ymeopeHHsi 2-amiHo-6-emuri-4-ankin-4,6-0ueioponipaHo[3, 2-c][2, 1]6eH3omia3uH-3-kapboHimpun 5,5-0iokcudie 3
8UCOKUMU ma roMipHUMU suxolamu. ¥ mol xe 4ac 36inbueHHs1 O08XUHU 8yarieyeg80oe0 faHyroea anichamuy-
Hoeo anbdezidy npusodumes 00 3MEeHWEHHST 8UX00y Uinbosux npodykmis. Tak, npu 8UKOPUCMaHHI UUMmMpOoHe-
nanto npodykm mpuKoMrnoHeHmMHOI 83aemo0ii edanocsi o0epxKamu MifbKu 3 He8UCOKUM 8UX000M. AnicbamuyHi
Oianbdeeidu He bynu paHiwe sukopucmaHi y 0aHux 83aemModisix; nokazaHo, W0 8UKOPUCMAaHHS 2/1ymapo8o20
anb0eeidy 0o3gonisie ompumamu Hosul Knac bic-rnoxioHux 2-amiHo-4H-nipaHy, 8 sikomy ¢hpaemeHmu 3’e€0HaHi
ronimemurneHoguM MicmkoMm. BukopucmarHs a,3-HeHacuyeHux anbdeeidie y MPUKOMIOHEHMHIU 83aEMo-
0ii 3 1-emun-1H-2,1-6eH3omia3uH-4(3H)-oHy 2,2-0iokcudom i MaroHOOUHIMPUIIOM Cyrnpo8o0Xye8asniocsi 3MeH-
WEeHHAM egheKmugHOCMI rnpouecy 8 ropieHsIHHI 3 Hacu4eHUMU anichamuyHumu anbiezidamu. Llinbosul npo-
Oykm 83aemo0ii KoHOeHcosaHul 2-amiHo-3-uiaHo-4H-nipaH 6ys ompumaHul minbKu y 8unadKy 3acmocy8aHHS
a-MemursikopuyHo2o anb0ezidy. BusueHa 83aemodis mix 1-emur-1H-2,1-6eH3omia3uH-4(3H)-oHy 2,2-0iokcudom
i yumpoHenarneM; nokasaHo, Wo maka peakuis nepebicae 8UHSAIMKOBO SIK cmepeocneyugiyHa OOMiIHO-83aEMO-
0isi KHboseHazens-eemepo-Linbca-Anbdepa i npusodumpe A0 ymeOopeHHsT HOB80I eemepOoUUKITiYHOI cucmemu —
2,2a,3,4,5,6,6a,8-okmaziopoizoxpomeHo[4,3-c][2,1]6eH30mia3uH 7,7-0iokcudy. Bue4yeHHs aHmMumikpobHOI aK-
mueHoCmi CUHMe308aHUX CrosyK 00380/1UITO 8USBUMU MOXIOHI, WO MPOSSASMb MOMIPHY akmueHicmbs npomu
P. aeruginosa i C. albicans.
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UCIOJIb30OBAHUNE AJTMOATUYECKNX AJIbOEr4OB B CUHTE3E HOBbIX 1H-2,1-BEH30TUA3UH-4-OH
2,2-[JMOKCUOOB, KOHOEHCUPOBAHHbIX C MUPAHOBbLIM 5i4POM C MOMOLLYbIO JOMUHO-PEAKLIUA.
AHTUMUKPOBHASI AKTUBHOCTb CUHTE3UPOBAHHbIX COEAQUHEHUNA

A.A.Jleza, H.U.®unumoHosa, O.I".elidepux, B.l1.YepHbix, J1.A.LLlemyyk

Knroveenle cnoesa: 2,1-6eH3omua3suH 2,2-0uokcud; anughamuyeckue anb0eaudbl; MaroHOOUHUMPUIT, MupaH;

OOMUHO-peaKyuu; aHmMuMuKpobHas akmugHOCMb

U3y4yeHbl domuHo-83aumodelicmeusi KHeseHazens-Muxaansi-eemepo-Topna-L{ueznepa u KHeseHazesnsi-eemepo-
HAunbca-Anbdepa ¢ yyacmuem 1-asmun-2,1-6eH3omua3suH-4(3H)-oH 2,2-Ouokcuda u anughamuyeckux arsib-
Oeaudos, MpueodsAWUX COOMBEMCMBEHHO K 06pa308aHurd MPOU3BOOHbIX 2-aMUHO-3-yuaHo-4H-nupaHa u
2H-3,4-0uzudponupaHa. MokaszaHO, Ymo MpexXKoMNoHeHmMHoe oOHocmaduliHoe esaumodelicmeue 1-amuiri-
2,1-6eH3omuasuH-4(3H)-oH 2,2-0uokcuda ¢ HacbiUWeHHbIMU anugpamuyeckumu anb0esudamu U Marso-
HOOUHUMPUIOM fpomeKaem 8 O4YeHb MS2KUX yCroeusix U rnpugsodum K obpa3osaHur 2-aMuHO-6-asmusi-4-
ankun-4,6-0ueudponupaHol3,2-c][2, 1]6eH3omua3uH-3-kapboHumpun 5,5-0uUoKcudo8 ¢ 8bICOKUMU U YMEPEHHBIMU
8bixodamu. B mo xe epemsi yeenudeHue OnuHbl yarepoOHoU uenu anugamudeckux anb0eaudos npusodum K
YMeHbUWEHUIO 8bIx00a ueresbix npodykmos. Tak, rpu ucronb308aHUU YUUMPOHesiiasns rnpodyKm mpexKOMIOHEHMHO20
83aumodelicmeusi y0anock rosy4umb MOJIbKO C HE8bICOKUM 8bixodoM. Anuchamuyeckue Ouanb0eauldbl He bbinu
paHee ucrosnb308aHbl 8 0aHHbIX 83aUMOOeliCMBUSsIX; MOKa3aHo, YImo MpUMeHeHUe 2/Tymapoeo2o anb0eauda npusooum
K HOBOMY Krniaccy 6uc-rnpou3sodHbIX 2-aMuHo-4H-nupaHa, 8 KOMopom ppacMeHmbl COEOUHEHbI NMOoNUMemusieHo-
8bIM MOCMUKOM. Vcrionb3o08aHue a,3-HeHachbiUeHHbIX arnb0eaudos 8 MPexKoMNOHEeHMHOM 83aumodelicmauu ¢
1-amun-2, 1-6eH3omua3uH-4(3H)-oH 2,2-0uokcudom u MarroHOOUHUMPUIIOM COMPOBOXOanoch YMeHbWEHUEM 3¢b-
hekmusHocmu rpoyecca fno cpasHeHUIo C HacblUeHHbIMU anugamuyeckumu anb0eaudamu. Llenesoli npodykm
83aumodelicmeusi KOHOEHCUPOBaHHbIU 2-aMuHo-3-yuaHo-4H-nupaH 6kl nomyYeH mMosbKo 8 criydae rnpumMeHe-
HUST a-MemursikopuyHoz20 anbdeauda. M3ydeHo esaumodelicmaue mexdy 1-amun-2,1-6eH3omuasuH-4(3H)-oH
2,2-0uokcudom U yumpoHerianem; rnokasaHo, Ymo 0aHHasi peakyusi npomeKaem UCK/I0YUMErIbHO Kak cmepeo-
crieyuguyHoe domuHo-g83aumodeticmsue KHeseHazens-ezemepo-Aunsca-Ansdepa u npusodum K o6pa3osaHuro
HoeoUl eemepoyuknuveckol cucmembl — 2,2a,3,4,5,6,6a,8-okmazudpousoxpomeHof4,3-cj[2,1]6eH3omuasuH 7,7-0u-
oKkcuda. M3ydyeHue aHmMUMUKpOoBOHOU akmu8HOCMU CUHMEe3UpO8aHHbIX COeOUHeHUU Mo0380/1Un0 0bHapyxumb
rpou3800HbIe, NPOSBIIAWUE YMEPEHHY akmusHocmb npomus P. aeruginosa u C. albicans.

Until recently the common approach for construc-
tion of an organic compound was consistent forma-
tion of an individual bond using a “step-by-step” for-
mat. Unlike this, “domino-reactions” represent one-
pot processes allowing to construct two or more bonds
in a one step and to obtain a complex compound wi-
thout isolation of intermediates. So, it is not surpri-
sing that such type of reactions becomes more popu-
lar among the synthetic community. The main advan-
tages of a domino reaction are a bond-forming effi-
ciency - formation of a number of bonds in one se-
quence, the structure economy, increase in the struc-
tural complexity, and their suitability for general ap-
plication [1]. Domino-reactions have been success-
fully applied for the synthesis of a skeleton of many
natural compounds in one step based on more sim-
ple precursors, e.g. progesterone [2], daphnilactone
A [3], sophoradiol [4], some alkaloids etc. [5].

CH3 CH3
P H
Hyc ™ SN CHa HO
O
(6]
(6] OH O.
CHj

Laccaridione A — antiprolifirative [12]

0
CO,CH,

A OH
MO

HO CO2CH3

Rubioncolin B — anticancer [15]

Fig. 1. Some of the natural and synthetic bioactive pyrans.
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Ophioglonin — antihepatitis B virus [13]

Anti-rheumatic [16]

Pyrans are ubiquitous in many important natural-
ly occurring and synthetically available compounds;
they have shown a wide range of biological and phar-
macological activities that include anticancer [6], cyto-
toxic [7], anti-HIV [8], anti-inflammatory [9], antima-
larial [10], antimicrobial [11] and others. Some of the
natural and synthetic bioactive pyrans exhibiting a
diverse kind of pharmaceutical properties are pre-
sented in Fig. 1.

In our previous works we reported on the syn-
thesis of 2-amino-4H-pyrans via the three-component
interaction of 1H-2,1-benzothiazin-4(3H)-one 2,2-di-
oxide with active methylene nitriles and carbonyl com-
pounds (isatins [17], arylcarbaldehydes [18], heteryl-
carbaldehydes [19]) proceeding as a domino Knoevena-
gel/Michael/hetero-Thorpe-Ziegler sequence (Scheme 1).

Such straightforward domino approach turned out
to be a powerful method for the synthesis of new

Et0,C.__CO,Et

Br CN

0" NH,

Ophioglonin — antihepatitis B virus [14]

Cordypyridone D — antimalarial [10]
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Scheme 1. The mechanism of 2-amino-4H-pyrans formation via the three-component format.
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Scheme 2.

4,6-dihydropyrano[3,2-c][2,1]benzothiazine 5,5-dioxi-
des in a single operation using simple experimental
procedures. In its turn, in recent years derivatives of
1H-2,1-benzothiazin-4(3H)-one 2,2-dioxide have be-
come important due to their reported biological ac-
tivities such as a potent antibacterial effect [20] and
their bioisosteric relationships with 2,3-dihydro-4H-
1,2-benzothiazin-4-one 1,1-dioxide core, which is a
structural motif of the well-known analgesic and an-
ti-inflammatory drugs (Piroxicam®, Droxicam® and
Meloxicam®) [21]. The incorporation of two structu-
ral features (2,1-benzothiazine and 4H-pyran) into
the interesting motif may also have some significan-
ce to the design of new therapeutic agents.
Encouraged by our previous successful efforts for
obtaining the 4,6-dihydropyrano[3,2-c][2,1]benzothia-
zine 5,5-dioxide heterocyclic system and aimed to de-
monstrate the efficiency and generality of the three-
component domino approach for their synthesis, here
we report the use of aliphatic aldehydes in the synthe-
sis of 2-amino-4-alkyl-3-cyano-4H-pyrans fused with
the 1H-2,1-benzothiazine 2,2-dioxide core. This study
becomes important since such reactions involving ali-
phatic aldehydes have been studied poorly and rarely
occurred in the literature [22-24]. The one-pot mul-
ticomponent format is a cornerstone for the inter-
action because of inability to apply a stepwise app-
roach [25] in this case. Such limitation is caused by
the reported instability and easy cyclodimerization
of intermediate Knoevenagel products - alkylidene-

malononitriles with formation of 2-aminoisophtha-
lonitrile (Scheme 2A) [26]. We also failed in our at-
tempts to obtain another potentional Knoevenagel in-
termediate in the synthesis of the target fused 2-amino-
4H-pyrans (Scheme 2).

Therefore, previously we aimed to find out the most
suitable reaction conditions for a model three-com-
ponent interaction of 1-ethyl-1H-2,1-benzothiazin-4
(3H)-one 2,2-dioxide (1) with malononitrile (2) and
propionaldehyde (3c) (Tab. 1). In general, such three-
component interactions of enolnucleophiles with ac-
tive methylene nitriles and aldehydes are easily con-
ducted when heating in ethanol with basic catalysts
(among which triethylamine, piperidine and morpho-
line are the most common) and result in formation of
2-amino-4H-pyrans in good to excellent yields. The
model reaction was carried out for 1 h using diffe-
rent solvents, as well as the temperature modes in the
presence or in the absence of triethylamine as a cata-
lyst. As one can see (Tab. 1), the reaction proceeded
in different conditions and, interestingly enough, that
product 4c was also formed in the catalyst-free ap-
proach. At the same time the best result was achieved
using ethanol as a solvent with the catalytic amount
of Et;N at room temperature. Therefore, the following
reaction conditions were used as common in our ex-
periments.

To demonstrate the general applicability of the
above-mentioned conditions we introduced other ali-
phatic aldehydes into the reaction studied. As it was
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Table 1

Optimization steps for the model interaction

NH,
CN

o [
@ + CN + H:«xC/\7o — = o
N,so2 CN 1h N’SOZ
1 kCHg 2 3c 4c kCHa
Yield of
Solvent Et;N Temp. mode 4c, %
. not
ethanol equimolar reflux isolated
lyti
ethanol catalytic reflux 60
amount
ethanol catalytic room 75
amount temperature
ethanol none reflux 31
acetonitrile | equimolar room not
temperature isolated
ethanol catalytic 35-40°C 73
amount
ethanol none room traces
temperature

found, the three-component interaction of 1-ethyl-1H-
2,1-benzothiazin-4(3H)-one 2,2-dioxide (1) with ma-
lononitrile (2) and aldehydes 3b-g led to the desired
2-amino-3-cyano-4-alkyl-4 H-pyrans with moderate
to high yields (Scheme 3) when aldehydes with nor-
mal or branched saturated carbon chain were used.
Application of formaldehyde 3a in this interaction al-
lowed us to obtain 4-unsubstituted 4H-pyran deriva-
tive 4a with the yield of 83%. Itis also known from the
literature that only terephthalic aldehyde was used
as representative of dialdehydes in the synthesis of
2-amino-4H-pyrans while other classes of dialdehy-
des were not applied in the interaction studied. In this
regard, glutaric aldehyde (3h) as a new representative
of dialdehydes was used in the current study. When
it was used (0.5 equiv) in the reaction with 1-ethyl-

1H-2,1-benzothiazin-4(3H)-one 2,2-dioxide (1) and
malononitrile (2), the interaction resulted in forma-
tion of bis-derivative 4h. In general, for the reactions
described the yields slightly decrease when the car-
bon chain length in the aldehyde molecule increases.
The simple performance and high yields of the re-
actions given above encouraged us to introduce a,3-
unsaturated aliphatic aldehydes in the interaction stu-
died. To the best of our knowledge, only cinnamic al-
dehyde was successfully applied in the synthesis of
2-amino-4H-pyrans using the multicomponent for-
mat [27]. Thus, we had the opportunity to expand the
data about these interactions. As it was found when
o,-unsaturated aldehydes were reacted under the
conditions mentioned above, a significant decrease
in the process efficiency was observed as compared
with saturated aldehydes. The target 2-amino-4H-py-
ran 4i was obtained only in the case of a-methylcin-
namaldehyde (3i) with the yield of 79%, whereas when
cinnamic (3j) and crotonic (3k) aldehydes were used,
we failed in our attempts to obtain the desired deri-
vatives 4 despite of different conditions applied in the
reaction (Scheme 4). This fact may indicate the cru-
cial role of a-substituent in the initial unsaturated al-
dehyde for the synthesis of 2-amino-4H-pyrans based
on 1-ethyl-1H-2,1-benzothiazin-4(3H)-one 2,2-dioxide (1).
The same decrease in the process efficiency was ob-
served when citronellal ((R)-3,7-dimethyloct-6-enal)
(31) was introduced in the three-component interac-
tion studied (Scheme 5). We succeeded to synthesize
41 in the yield of 23% by heating of the reaction mix-
ture at 30-35°C in BuOH in the presence of the cata-
lyticamount of Et;N for 20 h with the subsequent re-
crystallisation of the crude product from n-hexane.
Another domino-type interaction toward conden-
sed pyrans, which allows to construct 3,4-dihydro-
2H-pyran core, is domino Knoevenagel-hetero-Diels-
Alder reaction. It can be performed as a two-compo-
nent reaction putting together 1,3-dicarbonyl com-
pound I and aldehyde containing the dienophile moiety
II (Scheme 6) [1, 28]. The first stage of such interac-

NH»
0 o CN Cmp R Yield,
0
@ v N LR _ NOR 4a H 83
NS0 CN EtOH, rt N-SO2 4b Me 85
|\ EtsN (cat. amount)
1 Me 2 3a-h 4a-h “Me 4c Et 75
4d n-Pr 73
4e n-Bu 50
R&o - OA(Q\AO 4f i-Pr 73
2 €q 4g i-Bu 59
3h
EtOH, rt 4h 61
EtzN (cat. amount)
Me Me
4h

Scheme 3. The use of aliphatic saturated aldehydes in the three-component reaction.
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Scheme 4. The use of aliphatic a,B-unsaturated aldehydes in the three-component reaction.

O
@Oz

1

Scheme 5. The use of citronellal in the three-component reaction.

L 0=

Scheme 6. The mechanism of 3,4-dihydro-2H-pyrans formation.

1-oxa-1,3-butadiene
motety

Knoevenagel
condensation

tion is formation of a,-unsaturated carbonyl com-
pound III, which comprises the 1-oxa-1,3-butadiene
moiety as diene and a double bond as dienophile. The
subsequent intramolecular hetero-Diels-Alder inter-
action with an inverse electron demand leads to fu-
sed 3,4-dihydro-2H-pyran IV.

Different carbocyclic and heterocyclic 1,3-dicar-
bonyl compounds (1,3-cyclohexanediones, indandio-
nes, dimethylbarbituric acid), as well as acyclic 1,3-
dicarbonyl compounds (acetylacetone, acetoacetic es-
ter) were introduced in this interaction. [1, 28, 29].
The common aldehydes applied in such interactions
were O-substituted salicylic aldehydes and aliphatic
aldehydes containing a double bond in the side chain.
The domino Knoevenagel-hetero-Diels-Alder reaction
was used for the synthesis of natural products com-
prising the 3,4-dihydro-2H-pyran core, e.g. tetrahyd-
rocannabinol, secologanin, deoxyloganin, strictosidi-
ne, etc. [30]. Selected representatives of naturally oc-
curring bioactive fused 3,4-dihydro-2H-pyrans are
present in Fig. 2.

CHO “30.35°%C. 20 C, 20h

Et;N (cat. amount), Nk
3i:R= C6H5; X= CH3 CH3
4i,79%
NH»
07X CN
_ X =~ "R
.80, X
Nk 2
4k CH
NH»

_BUOH, EGN_

4l; 23%

Dienophife

R4
(0]
x

R2

Hetero-Diels-Alder
reaction

0]

Since 1-ethyl-1H-2,1-benzothiazin-4(3H)-one 2,2-
dioxide (1) was similar to 1,3-dicarbonyl compound,
and (R)-3,7-dimethyloct-6-enal (31) represented al-
dehyde containing the dienophile moiety, their inter-
action was also studied to obtain a new condensed
heterocyclic system combining 3,4-dihydro-2H-pyran
and 1H-2,1-benzothiazine 2,2-dioxide cores. The lite-
rature data indicate that this interaction can lead to
three different products, which are the result of three
different domino reactions (Scheme 7).

The reaction conditions studied were AcOH/rt/24h,
AcOH/Et,N(equimolar)/rt/24h and DMF/100°C/15h.
In first two cases only the starting benzothiazinone 1
was recovered after the reaction, whereas when the
initial compounds were heated in DMF at 100°C for
15 h, another product was isolated as a light yellow
crystalline powder. The 'H NMR-spectrum of the lat-
ter did not comprise any signals in the region common
for protons bonded to aliphatic sp?-carbon (Fig. 3),
therefore, the structure 7 was desirable for the pro-
duct isolated (Scheme 7).
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(+)-Calanolide A — anti-HIV [8]

Amarogentln — antileishmanial [7]

Lapachone — anticancer,
anti-inflammatory, antibiotic [9]

OH
} l OH
HO OH
HO

Hyperxanthone — anti-tumor [32]

Arisugacin A — anti-Alzheimer's [31]

)
OCHj3

Leporin A — insecticide,
antibacterial [33]

Fig. 2. Some of the naturally occurring bioactive compounds bearing 3,4-dihydro-2H-pyran annulated scaffolds.
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HO
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Domino Knoevenagel-ene
carbonyl-ene

Scheme 7.

Two stereogenic centres were introduced into the
molecule of 7 (Fig. 4A) during the course of the two-
component interaction. It is known that the similar
domino Knoevenagel-hetero-Diels-Alder reaction in
the case of aromatic o,3-unsaturated aldehydes, either
exclusively or with high preference, leads to cis-cyclo-

34

adducts, whereas in the case of aliphatic aldehydes
the reaction provides trans-products with a high se-
lectivity [1, 30]. Previously, the interaction of 1,3-cyclo-
hexanedione with R-citronellal was reported to form
diastereo pure derivative of benzo[c]chromen-1-one
with the translinkage of the rings A and B (Fig. 4) [34].
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Fig. 3. The '"H NMR-spectrum (solvent — CDCl,) of 7.

Fig. 4.

In this connection, we inspired to determine the con-
figuration of the chiral carbons in this tetracyclic de-
rivative 7.

Based on 1D and 2D (COSY) 'H NMR (solvent -
CDClL,), as well as the literature 'H NMR data for simi-
lar citronellal derived products [34] we postulated
the hydrogen shifts of 7 (Fig. 5).

To confirm the postulated shifts and to determi-
ne the configuration of the chiral carbons in 7 the 'H
NMR NOE experiments were carried out via irradia-
tion of protons, being the characteristic for our task
and located at 0.97, 1.48, 1.59, 2.49, 2.73 ppm. Addi-
tionally, these experiments may also help to distin-
guish two CH,-groups bonded to 2-carbon.

Primarily, the protons with 0.97 and 1.59 ppm
clearly corresponding to 5-CH, group and 5-H, res-
pectively, were studied (Fig. 6, 7). The results indi-
cated that proton 6a with the shift of 2.49 ppm was
below the plane of the cyclohexane ring because of
its response, while proton with 1.59 ppm was irra-
diated, and there was the absence of the response,
while proton with 0.97 ppm was irradiated.

When proton 6a was irradiated at 2.49 ppm (Fig. 8),
there was no any response of protons with 1.48 and

A
a5
1.05-1.20
1.6, 0.%8, 0.01
1.84,1.11, 0,02 1_4’5.".12.001 10 1.14
4,1.24, 0.03 1 .
Fﬂ 144 |142153H  H 1,79-1.88
274, 1.1, 001 H 3
\.) A 5 115,149, 0.01 g H

2.5, 148,001

1.48 248 0

1.3, 251, 0.01 i‘.

I 096, 1.58. 0.0

,,,,,

F1 Chernical Shift (ppm)

"

:—_:)%
=

119,274,003 = 111,274,002
L] o
4.06-4.39
CHg4
o 1,27
] 40
128,398,003
PP TP TP T PP T T T e e
40 35 30 25 20 15 10 05

F2 Chemical Shift (ppm)

Fig. 5. Two-dimensional '"H NMR (COSY, CDCIl, showed only aliphatic region) and estimated 'H chemical shifts for 7.
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Chemical Shift (ppm)

Chemical Shift (ppm)

Fig. 8. The '"H NMR NOE experiment — 2.49 ppm.

1.44 ppm. This clearly proves the trans-configuration
of protons 6a and 2a and together with abovemen-
tioned experiments indicates that 2-CH, with the shift
of 1.14 ppm is below of the pyran ring, and 2-CH, with
the shift of 1.44 ppm is up of the pyran ring.

Our attempt to confirm the conclusion about con-
figuration of 2a and 6a by irradiation of 2a proton
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(1.48 ppm) did not succeed. The results of the NOE
experiment in this case were complicated (Fig. 9) due
to associated resonation of 2a (1.48 ppm), 2-CH,
(1.44 ppm) and 5-H (1.57-1.67 ppm) protons under
irradiation impulse. Nevertheless, owing to this expe-
riment we were able to explain the significant diffe-
rence in chemical shifts of 2-(CH,), methyl groups.
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Fig. 11. The confirmed structure of 7.

This is most probably due to the unshielded influence
of the benzene ring toward the equatorial bonded
2-CH, group (the NOE effect of 2-CH, with 13-H).

Finally, the NOE experiment by irradiation of pro-
ton with 2.73 ppm was carried out (Fig. 10). It con-
firmed the results previously obtained and proved at-
tachment of the irradiated proton to 6-H. Thus, this
proton is below the cyclohexane ring. Significant down-
field shifting of this proton can be explained by a short
contact with the oxygen atom of the SO,-group.

Therefore, we can assert that the hetero-Diels-Al-
der interaction studied represents a stereospecific pro-
cess allowing to obtain diastereo pure 2H-3,4-dihydro-
pyran 7 with the trans-linked pyran and cyclohexane
cores in a nearly quantitative yield (Fig. 11). All NOE
experiments are well correlated with the postulated
chemical shifts for hydrogen of 7.

Considering the high antimicrobial activity of py-
ran-annulated compounds previously reported (Fig. 1, 2)
in this work the antibacterial activity of compounds
4a-i,] and 7 against Gram positive (S. aureus ATCC
6538 and B. subtilis ATCC 6633) and Gram negative

(E. coli ATCC 8739 and P, aeruginosa ATCC 9027) bac-
terial strains, as well as the antifungal activity against
the fungal strain of C. albicans (ATCC 10231) were
studied in vitro by the double serial dilution method
in the liquid growth medium [35]. Stock solutions of
the test compounds were prepared using dimethyl-
sulphoxide (DMSO0) as a solvent. Since DMSO posses-
sed a moderate antimicrobial activity [36], it was used
as a reference antimicrobial drug. The minimum con-
centration, at which no growth was observed, was ta-
ken as the minimum inhibitory concentration (MIC)
value. The comparison of the MICs (ug/mL) of the
compounds under research and the reference drug
against the strains tested are presented in Tab. 2.

The results showed that most of the compounds
tested did not reveal any antimicrobial activity or pos-
sess a slight antimicrobial effect. However, formalde-
hyde, pentanal and isobutyraldehyde derived pro-
ducts showed the antimicrobial activity against the
strains of P. aeruginosa and C. albicans. We have re-
ceived an interesting result for a-methylcinnamic al-
dehyde 4i and citronellal derived products 41, 7. These
compounds have been proven to be promoters of the
microbial growth and can be used as modifiers of the
culture medium to improve its properties.

Experimental Part

Starting aldehydes and active methylene nitriles
were commercially supplied and used without fur-
ther purification. Starting 1-ethyl-1H-2,1-benzothia-
zin-4(3H)-one 2,2-dioxide was obtained according
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Table 2

The data of the antimicrobial activity for compounds
4a-i,l and 7 under research

5 MIC (ug/mL)
€ 59 S | 89 =538
S | B | “B| 4B | 5E|S°¢
< < < S|V
4a 250 125 250 62.5 125
4b 125 125 125 125 125
4c 250 250 125 250 250
4d 250 125 250 250 125
4e 250 125 125 62.5 62.5
4f 250 250 125 125 62.5
49 500 500 500 500 500
4h 250 125 125 250 125
4i growth | growth | growth | growth | growth
4] 500 500 500 growth | growth
7 growth | growth | growth 500 | growth
DMSO* 275 137.5 137.5 275 550

* — Concentration for DMSO was calculated based on its density
value 1.1 mg/mL.

to the procedure previously described [17]. Dry DMF
was prepared in accordance with the standard me-
thod. Melting points were determined on a Gallen-
kamp melting pointapparatus, Model MFB-595 in open
capillary tubes. 'H NMR-spectra were recorded on a
Varian Mercury MR-400 instrument using DMSO-d,
(for 4a-i) or CDCI, (for 41, 7) as solvents and TMS as
an internal standard. The *C NMR experiment for 7
was performed using a Varian Mercury MR-400. Ele-
mental analyses were carried out using a Carlo Erba
CHNS-0O EA 1108 analyzer.

The general procedure for the synthesis of 2-
amino-6-ethyl-4-R-4,6-dihydropyrano|3,2-c][2,1]
benzothiazine-3-carbonitrile 5,5-dioxides 4a-i

To the solution of 1-ethyl-1H-2,1-benzothiazin-4
(3H)-one 2,2-dioxide 1 (0.225 g, 0.001 Mol), malono-
nitrile 2 (0.066g, 0.001 Mol) and appropriate alipha-
tic aldehyde 3a-g,i (0.001 Mol) or 3h (0.0005 Mol)
in ethanol (5-10 mL) add the catalytic amount of tri-
ethylamine. Allow the mixture to stand at room tem-
perature for 1 h until the precipitate of the target 2-
amino-4H-pyran derivative is gradually formed. Fil-
ter the resulting precipitates 4a-i, wash with cooled
ethanol, then dry in the air and recrystallize from
ethanol.

Aldehyde 3a is used as 40% aqueous solution
(0.075 g of the solution contains 0.001 Mol of alde-
hyde), and aldehyde 3i is used as 50% aqueous so-
lution (0.11 g of the solution contains 0.0005 Mol of
aldehyde).
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2-Amino-6-ethyl-4,6-dihydropyrano[3,2-c][2,1]
benzothiazine-3-carbonitrile 5,5-dioxide (4a). Yield -
0.25 g (83%), a light yellow fine crystalline powder.
M. p.-231-233°C (EtOH). 'H NMR-spectrum (400 MHz,
DMSO0-d,), 3, ppm (J, Hz): 1.18 (3H, t,/ = 7.02, NCH,CH,);
3.28 (2H, s, CH pyran); 3.98 (2H, q,/ = 7.02, NCH,CH,);
7.23 (2H,s,NH,); 7.33 (1H,t,/=7.63,H-9); 7.49 - 7.55
(1H, m, H-7); 7.58-7.65 (1H, m, H-8); 7.81 (1H, d,
J =7.32, H-10). Found, %: C 55.58; H 4.67; N 14.02;
S 10.81. C,,H,5N,0,S. Calculated, %: C 55.43; H 4.32;
N 13.85; S 10.57.
2-Amino-6-ethyl-4-methyl-4,6-dihydropyrano
[3,2-c][2,1]benzothiazine-3-carbonitrile 5,5-dioxi-
de (4b). Yield - 0.27 g (85%), white needles. M. p. -
205-207°C (EtOH). 'H NMR-spectrum (400 MHz,
DMSO0-d,), 3, ppm (/, Hz): 1.15 (3H, t,/ = 7.02, NCH,CH.);
1.36 (3H,d,/=6.71, CHCH,); 3.53 (1H, g,/ = 6.61, CH
pyran); 3.98 (2H, g,/ = 7.02, NCH,CH,); 7.21 (2H, br.s,,
NH,); 7.31-7.37 (1H, m, H-9); 7.51-7.56 (1H, m, H-7);
7.59-7.64 (1H, m, H-8); 7.83 (1H, dd, J = 8.09, 1.37,
H-10). Found, %: C 57.03; H 5.07; N 13.41; S 10.33.
C,sHN;0,S. Calculated, %: C 56.77; H 4.76; N 13.24;
S, 10.10.
2-Amino-4,6-diethyl-4,6-dihydropyrano[3,2-c]
[2,1]benzothiazine-3-carbonitrile 5,5-dioxide (4c).
Yield - 0.25 g (75%), colourless prisms. M. p. - 193-195°C
(EtOH). 'H NMR-spectrum (400 MHz, DMSO-d,), 9,
ppm (J, Hz): 0.80 (3H, t,] = 7.4, CHCH,CH,); 1.15 (3H,
t,/ = 7.0, NCH,CH,); 1.59-1.82 (2H, m, CHCH,CH,);
3.62 (1H, t,J = 3.9, CH pyran); 3.99 (2H, q,J = 7.0,
NCH,CH,); 7.24 (2H,s,NH,); 7.33 (1H,t,/ = 7.6, H-9);
7.53 (1H,d,J=8.3,H-7); 7.58-7.65 (1H, m, H-8); 7.83
(1H, d,J = 7.9, H-10). Found, %: C 57.73; H 4.95; N
12.89; S 9.35. C,,H,,N,0.S. Calculated, %: C 57.99; H
5.17; N 12.68; S 9.68.
2-Amino-6-ethyl-4-propyl-4,6-dihydropyrano
[3,2-c][2,1]benzothiazine-3-carbonitrile 5,5-dioxi-
de (4d). Yield - 0.25 g (73%), colourless prisms.
M. p.-190-192°C (EtOH).'H NMR-spectrum (400 MHz,
DMSO0-d,), 6, ppm (J,Hz): 0.84 (3H,t,/=7.21, CH,CH,CH,);
1.15 (3H,t,/=6.97, NCH,CH,); 1.28 (2H, sxt, ] = 7.5,
CH,CH,CH,); 1.56-1.75 (2H, m, CH,CH,CH,); 3.59 (1H,
t,/=4.16, CH pyran); 3.99 (2H, q,/ = 6.68, NCH,CH,);
7.24(2H,br.s, NH,); 7.33 (1H,t,/ = 7.58, H-9); 7.50-7.57
(1H, m, H-7); 7.58-7.66 (1H, m, H-8); 7.83 (1H, d,
J=7.83,H-10). Found, %: C 59.32; H5.81; N 12.38; S
9.03. C,;H,4,N,0,S. Calculated, %: C 59.11; H 5.54; N
12.17; S, 9.28.
2-Amino-6-ethyl-4-butyl-4,6-dihydropyrano
[3,2-c][2,1]benzothiazine-3-carbonitrile 5,5-dioxi-
de (4e). Yield - 0.18 g (50%), colourless prisms.
M. p.-178-180°C (EtOH). 'H NMR-spectrum (400 MHz,
DMSO0-d,), 8, ppm (J, Hz): 0.80 (3H,t,/=6.71, CH,CH,
CH,CH,); 1.14 (3H, t, / = 7.02, NCH,CH,); 1.18-1.33
(4H, m, CH,CH,CH,CH,); 1.57-1.78 (2H, m, CH,CH,CH,
CH,); 3.60 (1H, t, ] = 4.43, CH pyran); 3.99 (2H, q,
J=7.02,NCH,CH,); 7.24 (2H,s,NH,) 7.33 (1H,t,/ = 7.63,
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H-9); 7.50-7.57 (1H, m, H-7); 7.58-7.65 (1H, m, H-8);
7.83 (1H, dd, J=7.93, 1.22, H-10). Found, %: C 59.97;
H5.72; N 11.40; S9.07. C,4H,,N,0,S. Calculated, %: C
60.15; H 5.89; N 11.69; S, 8.92.
2-amino-6-ethyl-4-(propan-2-yl)-4,6-dihydro-
pyrano[3,2-c][2,1]benzothiazine-3-carbonitrile 5,5-
dioxide (4f). Yield - 0.25 g (73%), colourless prisms.
M. p.-213-215°C (EtOH). 'H NMR-spectrum (400 MHz,
DMSO0-d,), 5, ppm (/, Hz): 0.72 (3H, d,] = 6.59, CH(CH,),);
1.01 (3H, d,J = 6.86, CH(CH,),); 1.15 (3H,t,/ = 7.00,
NCH,CH,); 2.11 (1H, dtd, ] = 13.52, 6.70, 6.70, 2.74,
CH(CH,),); 3.46 (1H,d,] = 2.47, CH pyran); 4.01 (2H,
q,J = 7.14, NCH,CH,); 7.29-7.39 (3H, m, NH,, H-9);
7.52-7.59 (1H, m, H-7); 7.59-7.67 (1H, m, H-8); 7.86
(1H, d, J = 7.68, H-10). Found, %: C 59.11; H 5.54; N
12.17; S9.28. C;,H,,N,0.S. Calculated, %: C 59.43; H
5.77; N 11.81; S, 9.03.
2-Amino-6-ethyl-4-(2-methylpropyl)-4,6-di-
hydropyrano[3,2-c][2,1]benzothiazine-3-carbo-
nitrile 5,5-dioxide (4g). Yield - 0.10 g (59%), colour-
less prisms. M. p. - 172-174°C (EtOH). 'H NMR-spect-
rum (400 MHz, DMSO-d,), 5, ppm (/, Hz): 0.83 (3H, d,
J=6.85,CH,CH(CH,),); 0.92 (3H, d,/ = 6.60, CH,CH(CH,),);
1.16 (3H, t, J = 7.09, NCH,CH,); 1.46-1.61 (2H, m,
CH,CH(CH,),); 1.80-1.92 (1H, m, CH,CH(CH,),); 3.51
(1H,dd,J=7.95,4.03, CH pyran); 3.99 (2H, q,/ = 6.93,
NCH,CH;); 7.29 (2H,s,NH,); 7.33 (1H,t,] = 7.70, H-9);
7.50-7.55 (1H, m, H-7); 7.58-7.65 (1H, m, H-8); 7.86
(1H, dd, J = 7.95, 1.34, H-10). Found, %: C 60.03; H
5.98; N 11.45; S 8.63. C;4H,,N,0,S. Calculated, %: C
60.15; H 5.89; N 11.69; S, 8.92.
1,3-bis(2-amino-6-ethyl-4,6-dihydropyrano
[3,2-c][2,1]benzothiazine-3-carbonitrile-4-yl 5,5-
dioxide)propan (4h). Yield - 0.21 g (61%), a light
yellow powder. M. p. > 250°C (EtOH). *H NMR-spect-
rum (400 MHz, DMSO-d,), 9, ppm (/, Hz): 1.13 (6H, t,
J=6.59, 2xNCH,CH,); 1.30-1.42 (2H, m, CH,CH,CH,);
1.58-1.70 (2H, m, CH,CH,CH,) 1.72-1.83 (2H, m, CH,
CH,CH,); 3.57 (2H, t,] = 4.10, 2xCH pyran); 3.94 (4H,
q,/ = 7.14, 2xNCH,CH,); 7.21 (4H, s, 2xNH,); 7.33
(2H,t,J = 7.55,H-9, H-9"); 7.52 (2H, d, ] = 8.51, H-7,
H-7); 7.59-7.65 (2H, m, H-8, H-8'); 7.81 (2H, d, ] = 7.96,
H-10, H-10’). Found, %: C 57.72; H 4.39; N 13.25; S
10.14. C,,H,;,N,O.S,. Calculated, %: C 57.57; H 4.68;
N 12.99; S,9.92.
2-Amino-6-ethyl-4-(1-phenylprop-1-en-2-yl)-4,6-
dihydropyrano([3,2-c][2,1]benzothiazine-3-carbo-
nitrile 5,5-dioxide (4i). Yield - 0.33 g (79%), white
needles. M. p. - 198-200°C (EtOH). '"H NMR-spect-
rum (400 MHz, DMSO-d,), 9, ppm (J, Hz): 1.15 (3H,
t,J=6.86, NCH,CH,); 1.74 (3H, s, =C-CH,); 3.92-4.01
(2H, m, NCH,CH,); 4.26 (1H, s, CH pyran); 6.50 (1H,
s, =CH-C,H.); 7.17-7.39 (8H, m, H-9, NH,, C,H.); 7.53
(1H, d, J = 8.23, H-7); 7.59-7.66 (1H, m, H-8); 7.87

(1H, d, J = 7.68, H-10). Found, %: C 65.71; H 5.18; N
10.29; S 7.52. C,,H,,N,0.S. Calculated, %: C 65.85; H
5.05; N 10.02; S 7.64.

The procedure for the synthesis of 2-amino-
6-ethyl-4-[(2R)-2,6-dimethylhept-5-en-1-yl]-4,6-
dihydropyrano[3,2-c][2,1]benzothiazine-3-car-
bonitrile 5,5-dioxide (41)

To the solution of 1-ethyl-1H-2,1-benzothiazin-4
(3H)-one 2,2-dioxide 1 (0.225 g, 0.001 Mol), malono-
nitrile 2 (0.066 g, 0.001 Mol) and citronellal ((R)-3,7-
dimethyloct-6-enal) 31 (0.154 g, 0.001 Mol) in n-bu-
tanol (10 mL) add the catalytic amount of triethyl-
amine. Heat the mixture at 30-35°C for 20 h. Dilute
the resulting mixture with 50 mL of n-hexane, and
wash the oily product formed with 30 mL of n-hexane.
The white solid precipitate of 4j is formed under in-
tensive friction of the oily product in n-hexane. Rec-
rystallize the precipitate from n-hexane, then filter,
wash with n-hexane and dry in the air to yield the
pure product 41.

Yield - 0.10 g (23%), a white powder. M. p. -
137-139°C. 'H NMR-spectrum (400 MHz, CDCL,), 9,
ppm (J, Hz): 0.87-1.12 (3H, m); 1.13-1.46 (5H, m);
1.47-1.79 (8H, m); 1.81-2.03 (3H, m); 3.70-3.81 (1H,
m, CH pyran); 3.97-4.13 (2H, m, NCH,CH,); 4.71 (1H,
s, NH,)*; 4.98-5.17 (1H, m, HC=C(CH,),); 7.17-7.28
(2H, m, Ar); 7.47-7.57 (1H, m, Ar); 7.72 (1H, d, ] = 6.60,
H-10). Found, %: C 64.61; H 6.84; N 9.83; S 7.50.
C,;H,4N,0,S. Calculated, %: C 65.01; H 7.12; N 9.55;
S7.22.

The procedure for the synthesis of (2aR, 5R,
6aR)-8-ethyl-2,2,5-trimethyl-2,2a,3,4,5,6,6a,8-
octahydroisochromeno[4,3-c][2,1]benzothia-
zine 7,7-dioxide (7)

Heat the solution of 1-ethyl-1H-2,1-benzothiazin-4
(3H)-one 2,2-dioxide 1 (0.225 g, 0.001 Mol) and citro-
nellal ((R)-3,7-dimethyloct-6-enal) 31 (0.154 g, 0.001 Mol)
in DMF at 100°C for 15 h and dilute with water. To the
resulting oily dark precipitate add methanol (10 mL),
and boil the mixture until dissolution of the precipi-
tate. Allow to stand the solution obtained at room tem-
perature. Filter the crystalline precipitate formed,
wash with methanol and dry in the air.

Yield - 0.35 g (97%), a light yellow crystalline pow-
der. M. p. - 133-135°C (MeOH). *H NMR-spectrum
(400 MHz, CDCL,), §, ppm (/, Hz): 0.97 (3H, d, ] = 6.60,
CHCH,); 1.05-1.20 (6H, m, C(CH,),, H-3, H-4, H-6); 1.27
(3H,t,J = 6.95, NCH,CH,); 1.42-1.53 (4H, m, C(CH,),,
H-2a); 1.57-1.67 (1H, m, H-5); 1.79-1.88 (2H, m, H-3,
H-4); 2.49 (1H,td,J = 11.07, 2.81, H-6a); 2.73 (1H, d,
J=12.72, H-6); 3.89-4.06 (2H, m, NCH,CH,); 7.11-7.20
(2H, m, H-9, H-11); 7.36-7.43 (1H, m, H-10); 7.76 (1H,
d,J =7.83, H-12). 3C NMR-spectrum (100 MHz, CDCL,):
o (ppm) 13.92,19.73, 22.25, 27.24, 32.29, 34.65, 34.95,

*When CDCl, was used instead of DMSO-d, in *H NMR experiments involving 4l, the signal of 2-NH, group shifts upfield significantly.
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38.69, 42.05, 47.37, 80.16, 114.02, 117.92, 121.21,
122.89,124.76,130.34, 137.50, 149.76.

The general method for the study of the anti-
microbial activity (double serial dilution method in
the liquid growth medium)

Into the six test-tubes add 1 mL of the broth. Af-
ter that add 1mL of the compound studied in DMSO
solution in the concentration of 1000 ug/mL into the
first test-tube and mix thoroughly the solution obtai-
ned. Transfer 1 mL of the solution from the first test-
tube into the second one. Thoroughly mix the solu-
tion in the second test-tube, transfer 1 mL of the re-
sulting solution into the third test-tube and so on up
to the sixth test-tube. Pour 1 mL of the solution from
the sixth test-tube to have the equal volume in all of
the test-tubes. Thus, the concentrations of the com-
pounds studied are 500, 250, 125, 62.5, 31.25, 15.62
ug/mL in the test-tubes from the first to the sixth one.
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The Host-Guest complexation of octakis-(diphenoxyphosphoryloxy)tetramethylcalix[4]resorcinarene (CR) and
5,17-bis-(N-tolyliminomethyl)-25,27-dipropoxycalix[4]arene (CA) with 6 diterpenoid (resin) acids has been studied
by the reversed phase high-performance liquid chromatography (RP HPLC). The chromatographic characteris-
tics (retention time t, and retention factor k’) of resin acids have been determined. The lipophilicity values log P
of the acids, binding constants K, (395-682 M- for CR and 844-1268 M for CA), as well as Gibbs free energies
AG (-14.79 — -16.14 kJ/mol for CR and -16.70 — -17.67 kJ/mol for CA) of the complexes with resin acids have
been calculated. Molecular modelling of CA complexes has revealed the presence of hydrogen bonds between
carboxylic groups of acids and nitrogen atoms of imino groups at the upper rim or oxygen atoms of the hydroxyl
groups at the lower rim of the CA macrocycle. Molecular modelling of CR complexes has shown the presence
of hydrogen bonds between carboxylic groups of acids and oxygen atoms of diphenoxyphosphoryloxy groups at
the upper rim of the CR macrocycle. The effect of log P values on K, values of the CR/CA complexes has been
assessed. The linear dependence of the binding constants on the acid lipophilicity indicates a significant role of
solvophobic interactions on the complexation. The relationship between supramolecular (K,) and physicochemi-
cal (log P, pKa) characteristics of acids has been determined.

HAOCNIAXEHHA KOMIMIIEKCOYTBOPEHHS KAJIIKC[4]APEHY TA KAJTIKC[4]PE3OPLIMHAPEHY 13 CMO-
JIAHUMU KUCJIOTAMU METO4OM O® BEPX. BUBHAYEHHS KOHCTAHT 3B’5AI3YBAHHS

O.l.Kanb4eHko, C.0.YepeHok, A.B.Conoetlios, B.B.lop6ayyk, C.FO.Cylikoe, B.l.Kanb4yeHko

Knrovoei cnoea: kanikc[4JapeHu; cmonsHi kucriomu; o6epHeHo-ghasHa 8ucokoeghekmueHa piduUHHa Xpomamo-
epacisi; KOMIIIEKCU 8KITIOYEHHS; KOHCMaHMU 38 ’13y8aHHsI;, MOMIeKynsipHe MOOento8aHHs

KomnnexkcoymeoperHsi muny icmb-locriodap okmakic-(OugeHokcugocghopunokcu)-mempamemurikanikc[4]pe-
3opuuHapeHy (CR) ma 5,17-6ic-(N-moninimiHomemuri)-25,27-0unpornokcukarikc[4japeHy (CA) 3 6 OumeprieHoiOHUMU
(ecmonsHumu) kucriomamu 6yno docnidxeHo memodom 0bepHeEHO-hasHOI UCOKOEEKMUBHOI piOUHHOI Xpoma-
moepacahii (O® BEPX). BusHa4eHi xpomamozpadbiyHi xapakmepucmuKu (Yac ympumaHHs t, ma ¢hakmop ympu-
MaHHS K’) cMonsiHUx Kucriom. Po3paxoeaHo 3Ha4eHHs JlinoghiribHocmi log P CMOMSIHUX KUC/IOM ma KOHCmaHm
38’s13ysaHHs1 K, komrinekcie (395-682 M 0nsi CR ma 844-1268 M- 0nsi CA), @ makox 3Ha4YeHHS 8inbHUX eHepeill
li66ca AG (-14.79 — -16.14 kx/monb 0nss CR ma -16.70 — -17.67 k/[x/mMonb dna CA) i3 cMonsiHUMU Kucriomamu.
MonekynspHe moderntosaHHs1 komrinekcie CA ekasaro Ha rpucymHicms 600HE8UX 38 513Ki8 MidK KapbOoKCUIbHUMU
epynamu Kucrom ma amomamu a3omy iMiHO-epyrn 8epxHboe2o 8iHusi CA makpouyurny abo amomamu KucHio OH
epyn Uo2o HUXHbo20 8iHUs. MonekynspHe modentosaHHs1 Komnnekcie CR ekasarno Ha npucymHicme 800HE8UX
38’A3Kie MiXkK KapOOKCUIbHUMU 2pyramMu KUC/I0m ma amomMamu KUCHIO OUGheHOKCUGOCOPUTOKCU-2PYT 8€PXHbO-
20 8iHUsa makpouyukiy CR. 3dilicHeHo ouiHKy ennusy log P Ha koHcmaHmu 38’si3ysaHHs1 K, komrinekcie CR/CA.
JliHitiHa 3anexHicmb K, 8i0 log P Kucriom eka3ye Ha porib corib80¢hObHUX 83aEMOQIll Ha KOMIT/IEKCOYMBOPEHHS.
BcmaHoeneHo 83aemo38’s30K Mix cynpamonekynsapHumu (K,) ma ¢pizuko-ximivHumu (log P, pKa) xapakmepuc-
mukamu Kucriom.

UCCIIEQOBAHUE KOMIMTIIEKCOOBPA30OBAHUS KAJIMKC[4]JAPEHA U KAJIMKC[4]PE3OPLIMHAPEHA
CO CMOJISIHbIMU KUCJIOTAMU METO4QOM O® B3)XXX. ONMPEOEJNIEHUE KOHCTAHT CB513bIBAHUS
O.U.KanbyeHko, C.A.YepeHok, A.B.Conostlios, B.B.lop6auyyk, C.FO.Cylikoe, B.U.KanbyeHko

Knrouesnble cnioea: kanukc[4]apeHbi; CMOJIsIHbIE KUCTOMbI; 0bpauieHHO-gha3Hasi 8bICOKO3IhghekmueHasi Xudkocm-
Hasi Xpomamoepacghusi; KOMI/IEKChI 8KITOYEHUS; KOHCMaHMbI C8513bI8aHUSI;, MOEKYISIPHOE ModesuposaHue
KomnnekcoobpasosaHue muna [ocmb-Xo35uH okmakuc-(0ugheHoKcughocgopusiokcu)-mempasmurikanukc[4]pe-
3opyuHapeHa (CR) u 5,17-buc-(N-monunumuHomemun)-25, 27-0unporokcukanukcf4]apeHa (CA) ¢ 6 dumeprneHo-
UOHbIMU ( cMOMIsIHbIMU) Kucriomamu 6b1r10 uccriedosaHo Memodom 0bpauieHHO-ha3HOU 8bICOKO3hheKkmuUsHoU
JKudkocmHoU xpomamoepachuu (O® BIXKX). OnpedeneHbl xpomamoepaghuyecKkue xapakmepucmuku (epemsi
yodepxxusaHus tx u ghakmop ydepxxueaHus k') cMonsiHbIX Kucriom. Paccyumanbi 3HaqyeHus: nunogunsHocmu log P
CMOJISIHBIX KUC/IOM U KOHCMaHm cesidbieaHusi K, ux komrnekcos (395-682 M dns CR u 844-1268 M 0nsa CA),
a maroke 3Ha4eHUs1 ce0b00HbIX aHepaull lubbca AG (-14.79 — -16.14 kx/morb ons CR u -16.70 — -17.67 k[Dk/morb Onsi
CAL) co cmonsiHeimu Kucriomamu. MonekynspHoe modenuposaHue kommnnekcoe CA nokasano Hanu4yue 800o-
POOHBIX cea3ell Mex0y KapOOKCUMbHLIMU 2pyrnnaMu KUC/Iom U amomamu asoma UMUHO-epyrn eepxHeeo 0b6oda
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makpouyukna CA unu amomamu Kucsiopoda auOpOKCUIIbHbIX 2Py e20 HUXHea20 oboda. MonekynsapHoe moode-
nuposaHue komrnekcoe CR riokasano Hanudue 8000PO0HbIX ces3ell Mexdy KapbOoKCUbHbIMU 2pyrnamu Kuc-
s0m u amomamu Kucropoda OugheHoKcughocghopuiokcu-2pynn eepxHeao oboda makpouyukna CR. OyeHeHo
enusiHue log P Ha koHcmaHmbI cesasbieaHusi K, komrnnekcoe CR/CA. JluHeliHas 3agucumocms K, om log P kuc-
nom ceudemernbcmayem O 8IUSHUU CObBOOOHbIX 83aumodelicmeuli Ha MPoUecc KoMinekcoobpal3oeaHusl.
YemaHoerneHa 83aumocssisb mexdy cyrpamornekynspHeimu (K,) u cousuko-xumudeckumu (log P, pKa) xapakme-

pucmukamu Kucriom.

Naturally occurring di- and triterpenoid acids are
isolated from different plant sources [1], have a wide
variety of biological activities [2-9], and generate con-
siderable interest in the pharmacological community.
These compounds play an important role in searching
new drugs for the treatment of different diseases. It
is well known that abietic acid and abietane diterpe-
noids have the anti-inflammatory [10], phytoalexin-
like [11], and anticonvulsant activities [12]. In the work
[13] the antiviral activity against HHV-1 and HHV-2
for abietic and dehydroabietic acid was evaluated in
vitro. Methyl abietate, abietinal, abietadienoic acid,
methyl abietadienoate, abietadienol and dehydroabi-
etinol acetate showed a significant anti-herpetic ac-
tivity. Maleopimaric acid and its imide revealed the bac-
terial, fungicidal and nematocidal properties [14]. In
the work [15] the antiulcer activity of quinopimaric
acid was described.

Pentacyclic triterpenes - betulin, betulinic, olea-
nolic and ursolic acids possess the anticancer, anti-in-
flammatory and antiviral activity. Unfortunately, the
biological activity of these compounds is reduced by
their poor solubility or bioavailability. To improve these
properties the supramolecular Host-Guest complexes
of betulinic acid, ursolic acid (K, 140 M™!) or oleanolic
acid (K, 145 M) with cyclodextrins were prepared
and studied [16-18].

Along with cyclodextrins, calixarenes [19] are one
of the most important categories of the supramole-

R = P(O)(OPh),

CR

‘cooH

1 2 3

cular Hosts for application in pharmacology [20-22].
Compared to cyclodextrins, calixarenes exhibit a high
degree of chemical functionalization, which leads to
obtaining compounds with interesting physicochemi-
cal and binding properties. There are many confor-
mational isomers of calixarenes, and a large number
of cavities of different sizes and shapes, which can be
involved in molecular recognition and binding processes.

Formerly it was shown that octakis(diphenoxy-
phosphoryloxy)calix[4]resorcinarene (CR) and bis-
iminocalix[4]arene (CA) appeared to be effective comp-
lexing agents for aromatic hydrocarbons [23], benze-
ne carboxylic acids [24, 25], pyridine carboxylic acids
[26] and 2,4-dichlorophenoxyacetic acid [27].

In this work for the first time the complexation CR and
CA with 6 diterpenoid resin acids — pimaric 1, maleo-
pimaric 2, palustric 3, dehydroabietic 4, abietic 5 and
neoabietic 6 (Guest molecules) (Fig. 1) in watercontai-
ning solutions was studied, and stability constants of
their supramolecular Host-Guest complexes were de-
termined by the RP HPLC method. To the best of our
knowledge, no complexation of any calixarenes with di-
and triterpenoid acids was described in literature.

We believe that the study of the complexation of
CA and CR with resin acids may be useful for under-
standing of the process of recognition and binding of
diterpenoids in the aqueous medium. The results ob-
tained can be used for developing drug delivery sys-
tems for these biologically active acids.

TolN=CH

0
e Soru

CH=NTol

CA

kdf?

COOH “CcooH

I

‘COOH

4 5 6

Fig. 1. Structural formulas of calix[4]resorcinarene CR, calix[4]arene CA (Hosts) and pimaric 1, maleopimaric 2, palustric 3,

dehydroabietic 4, abietic 5, neoabietic 6 acids (Guest).

42



>KypHan opraHivHoi Ta chapmaueBTuyHOI Ximii. — 2016. — T. 14, Bun. 2 (54) ISSN 2308-8303

Absorbance (mAU)
A n

--------------------------------------------------------

-------------------------------------------------------------

a

4.687 5.5623 6.360 7.197 4.018 4.902 5.785

b

Fig. 2. Chromatograms of resin acids before (a) and after (b) CR addition to the mobile phase. Resin acids: 1 — pimaric;

2 — maleopimaric; 3 — palustric; 4 — dehydroabietic; 5 — abietic.

Results and Discussion

The CR/CA were registered on the chromatograms
by sharp peaks with retention factors k’ 8.65 (CR)
and 0.89 (CA). Chromatograms of the resin acids ob-
tained before and after CR and CA addition in the mo-
bile phase are presented in Fig. 2, 3.

Absorbance (mAU)
A

_____________________

A comparative estimation of the chromatograms
presented in Fig. 2, 3 shows that CR and CA addition
to the mobile phase decreases the retention times and
changes the elution order of acids. It should be noted
CA addition allows separating abietic 5 and neoabi-
etic 6 acids (Fig. 3). Formation of the Host-Guest in-
clusion complexes weakens the interaction of these

8.253 12.598  16.943

a

21.288 7.242 10:805 14.368 17.932
b

Fig. 3. Chromatograms of resin acids before (a) and after (b) CA addition to the mobile phase. Resin acids: 1 — pimaric;

3 — palustric; 4 — dehydroabietic; 5 — abietic; 6 — neoabietic.
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Table 1

Retention factors k' of resin acids 1-6 determined
before and after CR/CA addition

Table 2

The values of K, (M) and AG (kJ/mol) of the
calixarene complexes with resin acids 1-6

acids with the stationary phase in the RP HPLC con-
ditions. The linear character of 1/k’vs plots on the ca-
lixarene concentration (r = 0.99) indicates formation
of the Host-Guest supramolecular complexes with 1:1
stoichiometry. The retention factors k’ of acids 1-6
obtained before and after addition of CR and CA to
the mobile phase are presented in Tab. 1.

The binding constants K, and free Gibbs energies
AG (AG =-RTIn K,) of the Host-Guest calixarene comp-
lexes with the acid molecules were calculated by the
method described in and are presented in Tab. 2.

As shown in Tab. 2, the binding constants K, of
resin acids 1-6 are in the range of 395-682 M! for CR
complexes and 844-1268 M for CA complexes. The
complexes of resin acids can be stabilized by diffe-
rent supramolecular interactions (hydrogen bonds, van
der Waals, solvophobic interaction, etc.). Therefore, the

@59*@5*

Retention factor, k' (RSD = 3-5%) CR CA
Resinacid  |Before CA| After CA Beégre After CR Resin acid
addition | addition addition addition K,(Ats) | AG K, (A+s) AG
Pimaric 10.17 7.38 3.80 3.17 Pimaric 395171 | -14.79 | 1268+228 | -17.67
Maleopimaric 12.21 8.91 4.66 4.0 Maleopimaric 548+80 |-15.60 | 1102+176| -17.33
Palustric 12.29 8.67 4.71 3.76 Palustric 464+66 |-15.19 (1121x157 | -17.37
Dehydroabietic | 13.38 9.79 5.17 3.41 Dehydroabietic | 640+95 |-15.98 | 1158+174| -17.45
Abietic 17.22 12.67 6.83 5.26 Abietic 557+82 |-15.64 | 862+121 | -16.72
Neoabietic 19.18 14.40 7.66 5.63 Neoabietic 682+102 | -16.14 | 844135 | -16.70

role of hydrophobic interactions for the complexes is
confirmed by the binding constants correlation with
log P of resin acids (Fig. 4, 5).

Increase of the log P values of acids increases the
K, values of their complexes with CR (Fig. 4), but de-
creases K, values for the complexes with CA (Fig. 5).

To clarify the nature of supramolecular interac-
tions the molecular modelling of CA and CR comp-
lexes with resin acids were carried out. The Host-Guest
complexation with CA is presented in Fig. 6.

As shown in Fig. 6A-6F, all resin acids are included
into the macrocyclic cavity of CA. The inclusion of Host-
Guest complexes is stabilized by different supramo-
lecular interactions, first of all, hydrogen bonds. In the
complexes shown in Fig. 6A, 6C and 6D the hydroxyl
group of pimaric, abietic and neoabietic acids, respec-
tively, form hydrogen bonds with a basic nitrogen atom

et e
*~ COOH
S
2.8 " COOH A
<
o) ' " COOH
264 a
2.5 T T T T T
4.4 4.9 54 5.9 6.4 6.9

log P

Fig. 4. The plot of log K, vs log P for CR complexes with pimaric 1, maleopimaric 2, palustric 3, dehydroabietic 4, abietic 5,
neoabietic 6 acids (the relationship described this correlation is: y = 0.0835x + 2.2658; r = 0.83).
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Fig. 5. The plot of log K, vs log P for CA complexes with pimaric 1, maleopimaric 2, palustric 3, dehydroabietic 4, abietic 5,
neoabietic 6 acids (the relationship described this correlation is: y = -0.1307x + 3.7964; r = 0.96).

of the upper rim imino group. The carboxylic groups
of dehydroabietic, palustric and maleopimaric acids
form hydrogen bonds with oxygen atoms on the CA
lower rim (Fig. 6B, 6E, 6F).

Experimental Part

The methanol and acetonitrile were obtained from
Acros Organics (Thermo Fisher Scientific, New Jer-
sey - USA), and resin acids were obtained from Sig-

ma-Aldrich (Sigma-Aldrich Corporation, Sigma-Aldrich
Box 14508, St. Louis Missouri, 63178, USA). CR was
synthesized by the method [28] and CA - by the me-
thod [29].

RP HPLC analysis

The chromatographic experiment was performed
on a Hitachi liquid chromatographic system (Hitachi,
Ltd., Tokyo, Japan) with an UV detector (A = 254 nm).
The column (250x4.6 mm i.d.) was LiChrosorb RP 18

Fig. 6. Energy minimized structures of CA complexes with pimaric (A), dehydroabietic (B), abietic (C), neoabietic (D),

palustric (E) and maleopimaric (F) acids.
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(Merck, Germany). The mobile phases based on CR
and CA (C = 0.01 mM) were prepared by dissolving
calixarenes in MeOH/H,0/formic acid (75/25/0.01, v/v)
(phase A for CR) and MeCN/H,0/formic acid (86/14/
0.01, v/v) (phase B for CA), respectively. The sample
injected was 20 pL. All chromatograms were obtai-
ned at 22°C. All measurements were performed in trip-
licate. The phases A and B were used as blank ones
for CR and CA analysis, respectively.

The binding constants of CR and CA complexes
with acids 1-6 were calculated by the RP HPLC me-
thod described in [30] by changing of the retention
factor k’values for acids during complexation.

Determination of the log P values of resin acids
and molecular modelling

The values of log P of acids 1-6 were calculated
from the equation: log P=7.746 - (log k') where coef-
ficient 7.746 was the ratio of the experimental value
of log P of abietic acid 6.46 [31] to log k‘value of abi-
etic acid 0.834 determined by the RP HPLC method
in this work.
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5,6-DIHYDRO-[1,2,4] TRIAZOLO[1,5-c|QUINAZOLINES.
MESSAGE 3. SYNTHESIS OF 2-ARYL-5-TRICHLOROMETHYL-
5,6-DIHYDRO[1,2,4]TRIAZOLO|[1,5-c]QUINAZOLINES AND THEIR
REACTIVITY TOWARDS N-NUCLEOPHILES
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Key words: 2-aryl-5-trichloromethyl-5,6-dihydro[1,2,4]triazolo[1,5-c]quinazolines; [5+1]-cyclocondensation;

N-nucleophiles; elimination

Features of 5-trichloromethyl-2-aryl-5,6-dihydro-[1,2,4]triazolo[1,5-c]quinazolines formation as result of [6+1]-cyclo-
condensation of the corresponding [2-(3-aryl-1H-1,2,4-triazole-5-yl)phenyllamines with chloral hydrate are described
in the article. It has been shown that this transformation is regioselective, occurs by refluxing of the initial compounds
in acetic acid with formation of 2-aryl-5-trichloromethyl-5,6-dihydro-[1,2,4]triazolo[1,5-c]quinazolines. The possible
mechanism of 5,6-dihydro-[1,2,4]triazolo[1,5-c]quinazolines has been proposed and substantiated. It has been shown
that the reaction proceeds as step-by-step transformation that includes AE and A, processes. The 2-phenyl-5-trichlo-
romethyl-5,6-dihydro-[1,2,4]triazolo[1,5-c]quinazoline obtained was studied in reactions with N-nucleophiles. It has
been found that regardless of the nature of nucleophile the reaction mentioned above leads to formation of 2-phenyl-
5-(dichloromethyl)-[1,2,4]triazolo[1,5-c]qinazoline. The mechanism of the transformation mentioned above is given; it
is B-elimination on the E, -mechanism followed by isomerisation. The structure of the compounds synthesized has
been confirmed by the complex of physicochemical methods, including 'H-, "*C-NMR-spectrometry, chromato-mass-
spectrometry, mass-spectrometry and X-ray structural study. A detailed analysis of 'H and *C-NMR spectral data of
the compounds synthesized has been conducted. It has been found that the signals of the carbon atom in position 5 at
79.25-77.95 ppm were characteristic for 2-aryl-5-trichloromethyl-5,6-dihydro-[1,2,4]triazolo[1,5-c]quinazolines, where-
as aromatization of the molecule leads to significant deshielding of this carbon atom (163.41 ppm). The prospects of
further chemical modification of 2-aryl-5-(dichloromethyl)-[1,2,4]triazolo[1,5-c]quinazolines has been discussed.

5,6-OUrIOPO-[1,2,4]TPUA30J10[1,5-c]XIHA3OJIIHN. NMOBIJOMIJIEHHS 3. CUHTE3 5-TPUXJIOPOMETWUJI-
2-APWI1-5,6-OUIOPO-[1,2,4]TPUA30JIO[1,5-CIXIHA3OJIIHIB | [X PEAKLIMHA 30ATHICTb 10 BIHOLIEHHIO
AO N-HYKITIEO®I/1IB

C.B.XonodHsik, O.K0.BockoboliHik, C.l.KoeaneHko, T.FO.Cepzeeea, C.I.Okoeumut, C.B.lluwkiHa
Krnrovoei cnoea: 2-apur-5-mpuxnopomemurn-5,6-0uziopo-[1,2,4Jmpuasorno[1,5-c]xiHasoniHu; [5+1]-4ukrnokoHdeHcauis;
N-Hykneogbinu; enimiHayis

Y npedcmaerneHili pobomi onucaHo ¢hopmysaHHs 5-mpuxiopomemun-2-apun-5,6-0ueiopo-[1,2,4Jmpuasono[1,5-c]
XiHa3o0r1iHIi8 K pe3ynbmam [5+1]yuknokoHdeHcauii 8idrnogidHux [2-(3-apun-1H-1,2,4-mpua3on-5-in)cberinjamirie 3
xrnopaneidpamom. [lokazaHo, W0 3a3Ha4eHe MepemeopeHHsi € peaiocernekKmusHUM ma rie2ko eidbysaembcsi npu
Kum’ssmiHHi 8UXiOHUX crionyK y oymosit Kucromi abo nponaHori-2 ernpodoex 6 200UH 3 yMEOPEHHAM 2-apuil-
5-mpuxnopomemun-5,6-0ueidpo-[1,2,4]Jmpua3ono[1,5-c]xiHa3oniHie. 3arnpornoHosaHO ma 0brpyHmMo8aHo UMOSIpHUU
mexaHi3m chopmyeaHHs1 5,6-0ueiopo-[1,2,4]Jmpuasornof1,5-c]xiHa3oniHie, skull siernse coboro maHOeMHe nepemeopeH-
Hs1, wo ekmoYae AE ma A, npouecu. OdepxaHuli 2-¢hbeHin-5-mpuxnopomemuri-5,6-0uziopo-[1,2,4]Jmpua3onof1,5-c]
XiHa3oniH 6ye docnidxeHul y peakuyisix 3 N-Hykneoginamu. [Noka3aHo, Wo 3a3HaqyeHa peaku,isi He3arexHo 8i0 rnpupo-
Ou Hykreogirny sede 00 ymeopeHHs 2-gheHirn-5-(0uxnopomemur)-[1,2,4Jmpuasonof1,5-c]xiHa3oniHy. [NpedcmasneHo
MexaHi3M 3a3Ha4eHo20 suUe repemeopeHHs, KUl erse coboro MnocnidosHicms B-enimiHysaHHs 3a E ., MexaHisMoM
ma izomepusauii. Cmpykmypa cuHme3o8aHux criosiyk dosedeHa 3a O0MOMO20H KOMIIIEKCY (hi3UKO-XIMIHHUX Memo-
Oig aHanisy, 3okpema "H-, *C-SMP criekmpomempii, xpomamo-mac-criekmpomempil, Mac-criekmpomempii ma peHm-
2eHocmpyKmypHoeo 0ocrioxeHHs. [lposedeHo OemarnbHull aHania daHux 'H- ma "*C-5IMP crnekmpomempig cuH-
mesoeaHux crionyk. [okazaHo, wo Onsi 2-apurn-5-mpuxmnopomemurt-5,6-dueidpo-[1,2,4]mpuasono[1,5-c]xiHa3oniHie
Xapakmepucmu4yHUMU € cugHau amoma KapboHy ronoxeHHs1 5 npu 79.25-77.95 m.4., modi sik apomamus3auisi cuc-
memu s8ede 00 lioeo OesekpaHysaHHs (163.41 m.4.). [lokasaHa nepcrnekmusHicmb nodarnbswoi XiMidHoi Modudbikauil
2-apus-5-(0uxnopomemur)-[1,2,4]Jmpuasornof1,5-c]xiHa3oniHie.

5,6-OUrnaPO-[1,2,4]TPUA30J10[1,5-c]XUHA30JINHbI. COOBLLYEHUE 3. CUHTE3 5-TPUXJIOPOMETWUIJI-
2-APWUII-5,6-OUrNAQPO-[1,2,4]TPUA30J10[1,5-CIXMHA3OJTIMHOB U UX PEAKLINOHHAS C[TOCOBHOCTb
10 OTHOLLUEHUIO K N-HYKITEO®UITIAM

C.B.XonodHsik, A.FO.BockoboliHuk, C.h.KoeaneHko, T.FO.Cepzeesa, C.hM.Okoeumsiil, C.B.lLLluwkuHa
Knrodesnie cnosa: 2-apun-5-mpuxnopomemurn-5,6-dueudpo-[1,2,4Jmpuasonof1,5-c]xuHasonuHsbl; [5+1]-yukmio-
KoHOeHcauyuu; N-Hykneogusbl; 3numMuHayus

B npedcmasneHHol pabome orucaHo ¢hopmuposaHue 5-mpuxmnopomemuri-2-apun-5,6-ouaudpo-[1,2,4Jmpuasorno
[1,5-c]xuHa3onuHos 8 pe3ynbmame [5+1]yuknokoHOeHcayuu coomeememesytouwux [2-(3-apun-1H-1,2,4-mpua3son-
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5-un)gpeHunjamuHos c xnopanzudpamom. [lokazaHo, 4mo daHHoe rpespauieHue Sesemcs peauocenekKmueHbIM
U fie2ko fpoucxodum rpu KUrssHeHUU UCXOOHbIX cOeOUHEeHUU 8 yKCYyCHOU Kucriome urnu rpornaHosne-2 ¢ obpaso-
g8aHueM 2-apun-5-mpuxnopmemur-5,6-0ueudpo-[1,2,4Jmpuasonof1,5-c]xuHa3onuHos. lNpednoxeH u obocHo8aH
B803MOXKHbIU MexaHU3M ghopmuposaHusi 5,6-0uaudpo-[1,2,4Jmpuasornof1,5-c]xuHa3onuHos, Komopblit npedcmaarnsem
coboli maHOeMHoe npespaweHue, komopoe ekmrdaem AE u A, npoueccsl. [NonyyeHHbIl 2-¢peHun-5-
mpuxriopomemuri-5,6-0ueudpo-[1,2,4]mpuasono[1,5-c]xuHasonuH bbi1 uccredosaH 8 peakyusix ¢ N-Hykrneogunamu.
lNoka3aHo, Ymo yroMsiHymasi 8bluie peakyusi 8He 3agUCUMOCMU om rpupodbl Hykieoghuna rnpusooum K obpa3osa-
Hur 2-¢beHurn-5-(duxnopmemun)-[1,2,4]Jmpuasonof1,5-cjxuHa3onuHa. [NpedcmasneH MexaHU3M YrIoOMsIHYymMo20
rpespauwieHusi, Komopall npedcmasnssem cobol nocrnedosameribHOCMb B-3UMUHUPO8aHUS o E, , MexaHu3my
uzomepusayuu. Cmpykmypa CUHMEe3upo8aHHbIX COeOUHEHUU nodmeepxxoeHa c MoMouwlbio KoOMreKca (hu3uko-
XUMUYECKUX Memo0doe8 aHarnusa, 8 YacmHocmu "H-, *C-SIMP criekmpomempuu, XxpoMamo-macc-criekmpomMmempuu,
macc-criekmpomMempuu U peHmaeHocmpykmypHoeao uccredogaHusi. [IpoeedeH demarnbHbIl aHanu3 0aHHbIX
TH- u BC-AMP cnekmpoe cuHme3uposaHHbIx coeduHeHul. lMokazaHo, Yymo 05 2-apuni-5-mpuxnopmemuri-5,6-
Oueaudpo-[1,2,4Jmpuasono[1,5-c]xuHa3onuHo8 xapakmepucmu4yecKuMuU s18ISIFOMCSI CU2Hallbl amoma yernepoda
rionoxeHusi 5 npu 79.25-77.95 m.0., 8 Mo epemsi Kak apomamu3ayusi sedem K e2o 0e3akpaHuposaHuto (163.41 m.0.).
lNokasaHa repcriekmusHocmp darnbHeliwel xumudeckol Modugbukayuu 2-apur-5-(Ouxmnopmemun)-[1,2,4]Jmpua3ono

[1,5-c]xuHasonuHos.

Characteristics of chemical transformations of com-
pounds with the trichloromethyl moiety in hetero-
cyclic fragments were widely discussed in recent pub-
lication. The authors described the features of their
interaction with N-, O-nucleophiles by S,,,- or tele-
S,-mechanisms and formation of the corresponding
N-, O-substituted heterocyclic fragments [1-3]. In or-
der to expand the synthetic potential of the reaction
mentioned above it would be interesting to study the
interaction of non-aromatic heterocyclic compounds
with trichloromethyl substituent at sp® hybridized
carbon atom.

The aim of the work is to study the features of the
reaction between [2-(3-aryl-1H-1,2,4-triazol-5-yl)phe-
nyl]amines with chloralhydrate and transformations
of the non-aromatic heterocyclic compounds obtai-
ned with the trichlormethyl moiety at sp*-hybridized
carbon atom under the action of N-nucleophiles.

The reactions were carried out by refluxing equi-
molar amounts of diamines 1a-g and chloral hydrate
in acetic acid or methanol with an acidic catalyst
(Scheme 1). It is worth noting that 1a-g normally exist
in two tautomeric forms, which may invoke parallel
formation of isomeric [1,2,4]triazolo[1,5-c]- and -[4,3-c]
quinazolines. Nevertheless, our experiments have de-
monstrated that the reaction proceeds regioselecti-
vity through an azomethine intermediate A with the
subsequent intramolecular nucleophilic cyclization
into tricyles 2a-g (Scheme 1). We attribute such se-
lectivity to a +M-effect (a-effect) of the neighbouring
nitrogen atom.

NH> N

(HO),CHCCly
_ >
tag '\\l/\N i, i, i, 6 h A

ZT

Purity of the compounds synthesized was confir-
med by LC-MS (APCI) analysis; the structure was de-
termined using 'H and *C NMR, IR spectroscopic and
MS (EI) spectrometric methods. In '"H NMR-spectra,
6-NH and H5 protons were observed as broad sing-
lets or doublets at 8.41-8.26 ppm (J = 3.3-4.0 Hz) and
6.96-6.69 ppm (] = 3.7-4.1 Hz), respectively. Other pro-
tons of the heterocyclic fragment were registered as
sequentially located doublets of H10 (7.96-7.78 ppm)
and H7 (7.06-7.04 ppm), as well as triplets of H8
(7.33-7.27 ppm) and H-9 (6.88-6.86 ppm). The 13C
NMR-spectral data for compounds 2a, 2e and 2g ad-
ditionally substantiated our structural conclusions.
The low field signals of Csp? atoms were observed at
163.6-157.7 ppm (C2), 150.8-150.7 ppm (C6a) and
145.2-141.1 ppm (C10b). Characteristic Csp® signals were
located at 117.6-102.6 ppm (CCl,) and 79.25-77.95 ppm
(C5).

The crystals of compound 2a were also studied
by X-ray diffraction (Fig. 1). The compound crystal-
lized in a non-centrosymmetric space group, which
indicated the presence of only one enantiomer in the
crystal phase. Configuration of the chiral C8 atom was
unambiguously determined using the Flack parame-
ter (-0.04(8)). The dihydropirimidine ring was in an
intermediate conformation between a twist-boat and
sofa (puckering parameters [4] were: S =0.41,0 =53.1°,
Y = 28.3°). Deviations of N3 and C8 from the mean
plane of other atoms were 0.20 A and 0.49 A, respec-
tively. The N2 atom had a pyramidal configuration with
a small degree of pyramidality (the sum of centred

Cl Cl

Cl H Cl
~ Cl Cl

W — N,

/ 2a-g \ /N

7\ 7\
— R —\R

i= i-Pr, H2SQy, ii=i-Pr, HCI, iii=CH3COOH; R=H, 0-OCH3, m-CH3, m-CF3, m-F, m-OCHgs, p-OCH3

Scheme 1. The synthesis of 5-trichloromethyl-2-aryl-5,6-dihydro[1,2,4]triazolo[1,5-c]quinazolines.
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Fig. 1. The molecular structure of compound 2a according to the
data of the X-ray diffraction study.

bond angles was 357°). The trichloromethyl substi-
tuent was located in the axial position and turned in
such a way that the C16-CI2 bond was antiperiplanar
to the N3-C8 bond (the C1-N3-C8-C16 and N3-C8-C16-CI2
torsion angles were 100.6(3)° and 179.6(2)°, respec-
tively). We also observed shortened intramolecular
C13...N4 and H(N2)...CI2 bonds (3.18 A and 2.77 A vs.
the sums of van der Waals radii as 3.40 A and 3.06 A [5],
respectively). Despite the presence of H11...N4 and
H15...N1 attractive interactions (the H...N distance
for both was 2.62 A) the phenyl substituent was slightly
out of the triazole ring plane (the N4-C9-C10-C11 tor-
sion angle was -15.6(5)°). In the crystal phase the in-
termolecular hydrogen bonds between the molecules
of 2a were observed: N-H(N2)...C3’ (p) (1-x, -0.5+y,
0.5-z) H...C 2.78 AN-H...C 135° and (C6)H...N-1’ (1-x,
-0.5+y, 0.5-z) H..N 2.64 A C-H...N 143°.

The experiments have shown that the reaction of
2a with different N-nucleophiles ((2,2-dimethoxyethyl)
amine, benzylamine, morpholine, piperidine and tri-
ethylamine) results in the same product, namely di-
chloromethylated aromatic heterocycle 3a (Scheme 2).
Most likely the reaction proceeds via the step-by-step
mechanism with E, , b-elimination followed by iso-

merization of the resulting enamine (intermediate B).
[t starts with elimination of the acidic hydrogen in
position 5 in the presence of a base giving a carba-
nion (intermediate A). Next the negative charge is disp-
laced towards the electron withdrawing trichlorome-
thyl group causing elimination of a chloride anion. At
the final stage isomerization into a heterocyclic aro-
matic system takes place (Scheme 2).

The structure of 3a was confirmed using NMR-
spectroscopy. In 'H NMR-spectrum the NH-proton sig-
nal in position 5 vanished; instead a new one appea-
red at 7.80 ppm indicating the presence of the CHCI,
group. Most importantly, we observed a significant
paramagnetic shift of protons in the annelated ben-
zene fragment (H-7 (8.60 ppm), H-10 (8.17 ppm), H-9
(7.98 ppm) and H-8 (7.89 ppm)), which demonstrated
formation of the aromatic triazinoquinazoline system
(Fig. 2).

Additionally, characteristic Csp? signals in the *C
NMR-spectrum: 163.41 ppm (C-5), 152.01 ppm (C-2),
143.43 ppm (C-6a), 141.55 ppm (C-7) were observed.
The resonance of Csp® in CHCl, was noted at 65.24 ppm

(Fig. 3).
Experimental Part

Melting points were determined in open capilla-
ry tubes in a Thiele apparatus and were given uncor-
rected. The elemental analysis (C, H, N, S) was per-
formed using an ELEMENTAR vario EL cube analyzer
(Elementar Analysensysteme GmbH, Hanau, Germa-
ny). IR-spectra (4000-600 cm™) were recorded on a
Bruker ALPHA FT-IR spectrometer (Bruker Bioscien-
ce, Germany) using an ATR eco ZnSe module. *H NMR-
spectra (400 MHz) were recorded on a Varian-Mer-
cury 400 spectrometer (Varian, Palo Alto, CA) in DMSO-d,
with SiMe, as an internal standard. LC-MS were re-
corded using the chromatography/mass spectromet-
ric system consisting of an “Agilent 1100 Series” (Agi-
lent, Palo Alto, CA) HPLC chromatograph equipped
with an “Agilent LC/MSD SL’ diode-matrix and mass-
selective detector (atmospheric pressure chemical ioni-
zation - APCI). Electron impact mass spectra (EI-MS)
were measured on a Varian 1200 L instrument (Varian,
USA) at 70 eV.

Compounds 1a-g were obtained according to the
protocols described [6, 7]. All other reactants and sol-

N
N
Z >l ﬁ)\CI
N —
\ \N N\N
B\ \
N

Scheme 2. The reactivity of 5-trichloromethyl-2-aryl-5,6-dihydro[1,2,4]triazolo[1,5-c]quinazolines towards N-nucleophiles.

49



ISSN 2308-8303

Journal of Organic and Pharmaceutical Chemistry. — 2016. — Vol. 14, Iss. 2 (54)

689421108 88 L85
00| @66 B WD ah I~ o N 2.1
N e N7 \Fm——" 20
: E
( I ' 1.7
| T S IoSS9— [l 16
1) i I ! ' 18
: N 14
al .
1!\%\17 1.3
1U—19 12
ICANE) VZ4 I b
L 8350 1 R ‘\ / .
3@ aml1 1 V1 g=——17 1.0
) 8.7 [ 7.89 | [ Alsa” | 0.9
20 (5) 08
0.7
0.6
' 0.5
(I l 0s
0.3
P I | 02
JAUAW IRV 71\ I\ 0.1
N A o\ w o NN \'\n-....,.w-/ M) 0.0
TR & ke o 01
23— 02
8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25
1 (ma)
Fig. 2. The '"H NMR spectra of compound 3a.
bpk7335. C13 ) el £Zz It Em = g
58 5 298| SY8TIFSIGRY 33 N
38 ™ LE B9 oRTRARRER == r 700
N 5 7 ) WV < < 650
2
N = 600
1= S 51710 Yo Tl
i } I 21 550
2~ /4‘\7/’;3‘\M 500
N\ | /13
N2 450
14—19 200
1( B
617 350
300
250
200
150
. 100
I | Il 50
0
| | | | | | | | | | | I | il | | | | | M | 1T -50
165 160 155 150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60
1 (ma)

Fig. 3. The *C NMR-spectra of compound 3a.

vents were purchased commercially and used without
additional purification.

The general method for the synthesis of 2-aryl-
5-(trichloromethyl)-5,6-dihydro[1,2,4]triazolo
[1,5-c]quinazolines (2a-g). Reflux the mixture of
10 mmol of the corresponding {2-[3-aryl-1H-1,2,4-
triazol-5-yl]phenyl}amine (1a-g) and 1.65 g (10 mmol)
of chloral hydrate in 10 ml of acetic acid (or isopro-
panol with 2 drops of sulphuric acid) for 6 h. Upon
completion pour the mixture into 10 ml of 1% so-
dium acetate solution. Filter the precipitate, dry and
recrystallize from methanol.

2-Phenyl-5-(trichloromethyl)-5,6-dihydro
[1,2,4]-triazolo[1,5-c]quinazoline (2a). Yield - 93.4%;
white crystals. M. p. - 166-168°C; IR, v, cm: 3414,
1625,1596,1553,1520,1503,1475,1463,1443,1414,
1346,1315,1280,1258,1239,1175,1160,1124,1112,
1086,1073,1022,963,947, 928,861, 830, 814, 790,
750,723,693,641,619,608; 'H NMR, 6, ppm (J, Hz):
8.26 (d,/=3.3,1H,NH),8.13 (d,/= 7.1, 2H, H-2,6 Ph),
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7.82(d,/=7.5,1H, H-10),7.51-7.36 (m, 3H, H-3,4,5 Ph),
7.27 (t,J=7.5,1H,H-8),7.04 (d,/=8.1, 1H, H-7), 6.86
(t,J=7.4,1H,H-9),6.69 (d,/ = 3.7, 1H, H-5); ®CNMR,
S, ppm: 163.62 (C-2),150.85 (C-6a), 142.48 (C-10Db),
139.11,132.38,130.78,129.86,129.16,128.62,127.11,
123.52,123.44 (C-10a), 117.64 (CCl,), 79.25 (C-5);
MS (EI): m/z = 369 (1.2), 367 (3.8), 365 (4.9. M),
330 (5.3),329(8.2),296 (7.4), 295 (6.8), 294 (14.9),
293 (5.0),237 (9.4), 236 (44.7),172 (5.5),171 (34.3),
145 (6.2), 144 (51.0), 143 (28.0),119 (50.8), 118 (38.8),
117 (100.0), 116 (37.8), 115 (16.9), 114 (18.8), 103
(23.3), 102 (8.6), 90 (24.3), 89 (12.7), 88 (9.2), 87
(9.4), 86 (20.3), 85 (15.0), 84 (56.0), 83 (18.8), 82
(33.3),77 (67.8), 76 (34.3), 75 (12.8), 52 (19.6), 51
(65.0),50 (27.0); LC-MS, m/z =366 [M+1], 368 [M+3],
371 [M+6]; Found: %: C, 52.58; H, 3.06; N, 15.35; Cal-
culated for C, H,,C;N,, %: C,52.56; H, 3.03; N, 15.32.

2-(3-Methylphenyl)-5-(trichloromethyl)-5,6-
dihydro[1,2,4]triazolo[1,5-c]quinazoline (2b).
Yield - 53.9%; white crystals. M. p. - 175-176°C; IR,
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v, cm™: 3411, 3067, 3023, 2936, 1622, 1594, 1552,
1532,1501, 1474, 1455, 1413,1338,1313,1277,1257,
1237,1178,1157,1120,1109, 1086, 1036, 1019, 962,
945,919, 866, 827,815,749, 740,707, 690, 647, 636,
611; 'HNMR, §, ppm (J, Hz): 8.39 (d,]/ = 4.0 Hz, 1H, NH),
7.96 (d, J = 8.0 Hz, 2H, H-2,6 Ar), 7.78 (d, / = 7.7 Hz,
1H, H-10), 7.38-7.27 (m, 3H, H-4,5 Ar, H-8), 7.06 (d,
J=8.2Hz 1H, 7),6.93 (d,] = 4.0 Hz, 1H, H-5), 6.87 (t,
J =7.5 Hz, 1H, H-9), 2.34 (s, 3H, CH,); Found: %: C,
53.75; H, 3.40; N, 14.75; Calculated for C,,H,,CL;N,, %:
C,53.78; H, 3.45; N, 14.76.
5-(Trichloromethyl)-2-(3-(trifluoromethyl)-
phenyl)-5,6-dihydro-[1,2,4]triazolo[1,5-c]quina-
zoline (2c). Yield - 99.9%; white crystals. M. p. - 96-98°C;
IR,v,cm™: 3442,2932,1624,1597,1553,1536, 1515,
1502,1479,1452,1434,1414,1348,1315,1282, 1258,
1240,1188,1166,1155,1124,1114,1089,1066,1021,
983,960, 940,917,904, 829,807,757, 742,723, 691,
668, 654, 638,606; 'HNMR, §, ppm (J, Hz): 8.44-8.35
(m, 2H, H-2,6 Ar), 8.32 (bs, 1H, NH), 7.86 (d, / = 7.4,
1H, H-10), 7.76-7.65 (m, 2H, H-4,5 Ar), 7.30 (t,/ = 7.6,
1H, H-8), 7.06 (d,/ = 8.0, 1H, H-7), 6.87 (t,/ = 7.1, 1H,
H-9), 6.72 (d, ] = 3.7 Hz, 1H, H-5); LC-MS, m/z = 435
[M+2], 437 [M+4], 439 [M+6]; Found: %: C, 47.05; H,
2.28;N, 12.95; C,,H,,CL;F;N,; Calculated, %: C, 47.09;
H, 2.32; N, 12.92.
5-(Trichloromethyl)-2-(3-flourophenyl)-5,6-
dihydro-[1,2,4]triazolo[1,5-c]quinazoline (2d).
Yield - 99.9%; white crystals. M. p. - 144-146°C; IR,
v, cm™: 3416, 1621, 1587, 1548, 1518, 1498, 1446,
1337,1321,1283,1258,1239,1216,1187,1160,1112,
1101, 1089, 1070, 1049, 1020, 987, 969, 947, 919,
885, 875, 838,816, 796, 750, 741, 713, 697, 680, 642,
609; 'H NMR, §, ppm (J, Hz): 8.30 (bs, 1H, NH), 7.96
(d,J=7.4Hz 1H, H-10),7.83 (d,/=8.0 Hz, 2H, H-2,6 Ar),
7.48 (dd,J=13.6,6.4 Hz, 1H, H-5 Ar), 7.29 (t,/ = 7.6 Hz,
1H, H-8), 7.16 (t, ] = 7.2 Hz, 1H, H-4 Ar), 7.05 (d,
J=8.0 Hz, 1H, H-7), 6.87 (t,] = 7.1 Hz, 1H, H-9), 6.70
(d, 1H, H-5); LC-MS, m/z = 385 [M+3], 387 [M+5], 389
[M+7]; Found: %: C, 50.05; H, 2.60; N, 14.58; Calcu-
lated for C, H,,Cl,FN,;, %: C, 50.09; H, 2.63; N, 14.60.
2-(2-Methoxyphenyl)-5-(trichloromethyl)-
5,6-dehydro-[1,2,4]triazolo[1,5-c]quinazoline (2e).
Yield - 56.9%; white crystals. M. p. - 201-202°C; IR,
v, cm™: 3196, 3015, 2965, 2934, 2836, 1618, 1603,
1586,1547,1513,1475,1462,1436,1342,1310, 1268,
1244,1174,1164,1153,1134,1117,1099, 1052, 1041,
1023,979,965, 946, 855,832,813, 760, 746, 721, 694,
651, 615; 'H NMR, §, ppm (J, Hz): 8.37 (d, / = 4.0 Hz,
1H, NH), 7.82-7.69 (m, 2H, H-10, H-3 Ar), 7.43 (t, 1H,
H-4 Ar), 7.31 (t, 1H, 7.6 Hz, 1H, H-8), 7.14 (d, ] = 8.4 Hz,
1H, H-3 Ar), 7.09-7.00 (m, 2H, H-5 Ar, H-7), 6.93 (dd,
] = 4.1, 1.6 Hz, 1H, H-5), 6.86 (t, ] = 7.5 Hz, 1H, H-9),
3.79 (c, 3H, CH,0-); *C NMR, §, ppm: 157.76 (C-2),
151.85 (C-2¢), 150.63 (C-6a), 145.17 (C-10b), 139.87,
135.09,132.18,131.20,130.93,125.01, 120.74, 120.46,
114.00, 113.96, 112.04, 112.00 (CCly), 78.84 (C-5),

56.47 (CH,0-); Found: %: C, 51.63; H, 3.30; N, 14.15;
C; Calculated for ,,H,;C1,N,0, %: C, 51.60; H, 3.31; N,
14.16.
2-(3-Methoxyphenyl)-5-trichloromethyl)-
5,6-dihydro-[1,2,4]triazolo[1,5-c]quinazolin (2f).
Yield - 72.6%; white crystals. M. p. - 72-74°C; IR, v,
cm™: 3256,3236,3213,3111, 3040, 2962, 2933, 2829,
1624,1606,1590,1517,1482,1463,1438,1427,1409,
1349,1317,1284,1273,1236,1193,1154,1112,1078,
1026, 990, 953, 862, 848, 829, 808, 792, 771, 757,
741,710, 688, 639,613; '"H NMR, §, ppm (J, Hz): 8.41
(d,J =3.6 Hz, 1H, NH), 7.80 (d, ] = 7.6 Hz, 1H, H-10),
7.67 (d,]J = 7.5 Hz, 1H, H-6 Ar), 7.59 (s, 1H, H-2 Ar),
7.41 (t,] = 7.9 Hz, 1H, H-5 Ar), 7.33 (t,] = 7.7 Hz, 1H,
H-8),7.10-7.00 (m, 2H, H-4 Ar, H-7), 6.96 (d,/ = 4.0 Hz,
1H, H-5),6.88 (t,/=7.5 Hz, 1H, H-9), 3.81 (s, 3H, CH,0-);
Found: %: C, 51.62; H, 3.34; N, 14.17; Calculated for
C,,H;;CL,N,0, %: C, 51.60; H, 3.31; N, 14.16.
2-(4-Methoxyphenyl)-5-(trichloromethyl)-
5,6-dihydro[1,2,4]triazolo[1,5-c]quinazolin (2g).
Yield - 70.9%; white crystals. M. p. - 168-170°C; IR,
v, cm™: 3402, 3060, 3001, 2958, 2934, 2885, 2834,
1611,1594, 1553,1503, 1474, 1456, 1423, 1339, 1305,
1289,1279,1252,1181,1170,1156,1123,1109, 1084,
1034,1018,956,945,842,813,751,707, 689, 648, 630,
613,604; 'HNMR, §, ppm (J, Hz): 8.38 (d, /= 4.0 Hz, 1H,
NH), 8.01 (d,J = 8.8 Hz, 2H, H-2,6 Ar), 7.78 (d,] = 7.7 Hz,
1H, H-10), 7.31 (t,/ = 7.8 Hz, 1H, H-8), 7.08-7.02 (m,
3H, H-3,5 Ar, H-7), 6.91 (d, / = 4.0 Hz, 1H, H-5), 6.87
(t,J=7.5Hz, 1H, H-9), 3.79 (s, 3H, CH,0-); 1*C NMR,
S, ppm: 161.32 (C-2), 160.42 (C-4¢), 150.75 (C-6a),
141.11 (C-10b), 132.34,127.67,123.84, 123.02,118.92,
114.58,114.22,109.92,102.61 (CCL), 77.95 (C-5),55.41
(CH,0-); Found: %: C, 51.60; H, 3.29; N, 14.13; Calcu-
lated for C,,H,,CL,N,O, %: C, 51.60; H, 3.31; N, 14.16.
The reaction of 2-phenyl-5-(trichloromethyl)-
5,6-dihydro[1,2,4]triazolo[1,5-c]quinazoline (2a)
with N-nucleophiles. To a solution of 3.65 g (10 mmol)
of 2-phenyl-5-(trichloromethyl)-5,6-dihydro[1,2,4]tria-
zolo-[1,5-c]quinazoline (2a) in 10 ml of isopropanol
add 11 mmol of the corresponding nucleophile ((2,2-
dimethoxymethyl)amine, benzylamine, morpholine,
pipiridine, triethylamine). Then reflux the mixture for
1-1.5 h. While cooling to room temperature filter the
precipitate and dry in the air.
2-Phenyl-5-(dichloromethyl)-[1,2,4]triazolo-
[1,5-c]quinazoline (3a). Yield - 39-75%; white crys-
tals. M. p. - 240-242°C; IR, v, cm™: 3072, 3010, 2958,
2920,2852,1624,1608,1556,1521,1476,1443,1397,
1348,1319,1298,1279,1265,1215,1176,1134,1113,
1072, 1024, 964, 928, 894, 874, 806, 791, 780, 745,
722,690, 669, 660, 629; 'H NMR, §, ppm (J, Hz): 8.60
(d,J=7.6,1H, H-7),8.35 (d, ] = 7.0, 2H, H-2,6 Ph),
8.17 (d,J = 8.0, 1H, H-10), 7.98 (t, ] = 7.6, 1H, H-9),
7.89 (t,/=7.3, 1H, H-8), 7.80 (s, 1H, -CHCl,), 7.54 (m,
3H, H-3,4,5 Ph); 3C NMR, §, ppm: 163.41 (C-5), 152.01
(C-2), 143.43 (C-6a), 141.55 (C-7), 133.05, 131.15,
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130.26,129.44,129.24,128.97,127.43,123.76,117.56
(C-10a), 65.24 (CHCL,); LC-MS, m/z = 329 [M+1], 330
[M+2],331 [M+3]; Found, %: C, 58.38; H, 3.09; N, 17.05;
Calculated for C, H,,Cl,N,, %: C,58.38; H, 3.06; N, 17.02.

X-ray study

The colourless crystals of 2a (C,,H,;N,Cl,) were
rhombic. At 293 K, a = 6.1949(4), b = 10.9669(5),
c=23.453(2) A, V=1593.4(2) A3, M, = 365.64,Z = 4,
space group P2,2,2,,d_,= 1.524 g/cm3, p(MoK) =
0.578 mm, F(000) = 744. Intensities of 8685 reflec-
tions (4625 independent, R,,,=0.072) were measured
on a “Xcalibur-3” diffractometer (graphite-monochro-
mated MoK, radiation, a CCD detector, w-scaning,
20, = 60°). The structure was solved using a SHELXTL
package [8]. Positions of the hydrogen atoms were
located on electron density difference maps and re-
fined by “riding” the model with U, = 1.2U,, of the
carrier atom. A hydrogen atom of the amino group
was refined using isotropic approximation. Full-mat-
rix least-squares refinement against F? in anisotropic
approximation for non-hydrogen atoms using 4582

reflections was converged to wR, =0.124 (R, = 0.060
for 2645 reflections with F>4c6(F), S = 0.940). The fi-
nal atomic coordinates and crystallographic data for
molecule 2a were deposited to the Cambridge Crys-
tallographic Data Centre, 12 Union Road, CB2 1EZ,
UK (fax: +44-1223-336033; E-mail: deposit@ccdc.
cam.ac.uk). They are available on request quoting the
deposition number CCDC 1408958).

Conclusions

It has been shown that [5+1] cyclocondensation
of [2-(3-aryl-1H-1,2,4-triazole-5-yl)phenyl]amines
with chloral hydrate leads to 5-trichloromethyl-2-
aryl-5,6-dihydro-[1,2,4]triazolo[1,5-c]quinazoli-
nes, and it has allowed to expand their combinato-
rial library. When treating with N-nucleophiles the
products eliminate hydrogen chloride to yield 2-
phenyl-5-(dichloromethyl)-[1,2,4]triazolo[1,5-c]
quinazolines. This happens irrespective of the na-
ture of N-nucleophile used. The mechanism of this
reaction has been discussed.
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4-Hydroxy-/4-oxo tautomerism in the series of 3-substituted 2-methyl-quinolin-4(1H)-ones has been studied
by *C NMR-spectroscopy and quantum-chemical methods in various approximations (restricted Hartree-Fock
method, DFT and MP2) for the isolated molecules and for solutions using empirical correction of effects for sol-
vents (PCM COSMO procedure). Substituents that are different in their nature have no significant influence on
the value of the chemical shift of carbon in position C4 of the quinolone cycle. The only exception is the carbon
shielding associated with the bromine atom in the molecule of 3-bromo-2-methyl-1,4-dihydroquinoline-4-one.
Significant deshielding detected in all cases in *C NMR-spectra of the carbon nuclei in position 4 of the ring is
in favour of the existence of all derivatives studied as 4-oxo forms in DMSO-d, solution. The experimental and
calculated values for the chemical shift of carbon in position C4 of 4-oxo and 4-hydroxy isomers differ consider-
ably and can be used as a criterion for assigning quinolin-4 (1H)-ones to a particular tautomeric form.

EKCIMEPUMEHTAJIbHI TA TEOPETUYHI JOCIII)KEHHS TAYTOMEPII CEPEL 3-3AMILLEHMX 2-METAJIXIHOJTIH-
4(1H)-OHIB

B.0.3y6koe, O.b.PoxeHko, H.I.Pywak, I.C.IpuyeHko

Knroyoei crnoea: xiHoniH-4(1H)-oHu; maymomepis; *C SIMP criekmpockonis; KeaHmMo8o-XiMidHi po3paxyHKU

3a doromozoro SIMP *C criekmpockonii | KeaHMOo8o-XiMiYHUMU MemodaMu 8 Pi3HUX HabuUXeHHsIX (0bmexeHul
memo0 Xapmpi-®oka, DFT i MP2) 0ns i30rb08aHuX MOMEKYs i PO3HUHIE 3 BUKOPUCMAaHHAM eMipuYHOI KopeKyir
echbekmie po3quHHuUKig (npouedypa PCM COSMO) docnidxeHa 4-2i0pokcu oKkco-maymomepisi 8 psdy rnoxioHux
3-3amiweHux 2-memurnxiHoniH-4(1H)-oHie. Pi3Hi 3a ceoiM xapakmepom 3aMiCHUKU HE YUHSIMb iCMOMmHOoe20 eriu-
8y Ha 3Ha4YeHHs XiMIYHO20 3cysy 8yaneyto 8 nonoxeHHi C4 XiHOMOHOB020 UuKy. BUHAMOK cmaHosums nuwe
eKpaHyB8aHHs 8yarieyto, Mnos’s3aHo2o 3 amomMom 6pomy 8 monekysi 3-6pomo-2-memuri-1,4-0u2i0poxiHoriH-4-0Hy.
3HayHe de3ekpaHysaHHs1 susieieHe y 8cix sunadkax y criekmpax SIMP °C 0nsi ssi0ep 8yaneuto 8 4-My rosioKeHHi
Kinbysi 8Ka3ye Ha KOpuCmb iCHy8aHHs 8Cix 00CniOXeHUX NoxiOHUX y po34uHi 8 DMSO-d, y suansdi 4-okco-gpopm.
EkcrnepumeHmarnbsHi ma po3paxyHKosi 3Ha4eHHS XiMiYHO20 3cy8y Orisi 8yaneyto 8 rnosoxeHHi C4 0nsi 4-okco- i
4-2i0poKcu-izomepie NoMimHO 8i0pi3HIIOMbCS | MOXYymb Bymu euKkopucmaHi 8 Skocmi Kpumepito 05is1 8iOHECEH-
Hs1 XiHoniH-4 (1H)-oHie do mieil yu iHwoi maymomepHOi ghopmu.

SKCINMEPUMEHTAJIbHbIE U TEOPETUYECKUE UCCJIEQOBAHUSI TAYTOMEPUU CPEAQN 3-3AMELLEH-
HbIX 2-METWUJIXUMHOJINH-4(1H)-OHOB

B.A.3y6kose, A.b.PoxeHko, H.U.Pywak, U.C.IpuyeHko

Knroueenlie croea: xuHonuH-4(1H)-oHb1; maymomepusi; SIMP °C criekmpocKornusi; KBaHmMOo80-XUMUYECKUE pacyems|
C nomouwbro SIMP °C criekmpocKonuu U K8aHMOBO-XUMUYECKUMU MemodamMu 8 pasiudHbIX npubnuxeHusix (oepa-
Hu4yeHHbIlU Mmemod Xapmpu-®oka, DFT u MP2) dnsi usonupogaHHbIX MOMEKY/ U pacmeopos C UCrob308aHUEM
aMrupuyvyeckol Koppekuuu aghghekmoes pacmeopumernel (npouyedypa PCM COSMQO) uccrnedosaHa 4-eudpokcu
4-okco-maymomepusi 8 psily rPoU3800OHbIX 3-3aMeLeHHbIX 2-MemurnxuHonuH-4(1H)-oHos. Pasnuy4Hbie no ceo-
eMy xapakmepy 3aMecmumeru He 0Ka3bl8arm CyueCm8eHHO20 8/IUSIHUS Ha 3Ha4YeHuUe XUMUYEeCcKoao cosuaa
yenepoda 8 ronoxeHuu C4 XUHOTOHOB020 UUKa. VICKoYeHUe cocmaesrsiem nulib 3KpaHuposaHue yenepooa,
ces13aHHO20 ¢ amoMoMm 6poma 8 mornekyne 3-6pomo-2-memuri-1,4-0ucudpoxuHonuH-4-oHa. S3HadumesnbHoe
0e3akpaHuposaHue, obHapyxeHHOe 80 8cex crydasx 8 cnekmpax SMP °C dns a0ep yenepoda 8 4-oM ronoxe-
HUU Kofbya, 2080pUM 8 10/1b3y CyUecmeos8aHUsi 8Cex UCC1edo8aHHbIX NMPOuU38o0HbIX 8 pacmeope 8 DMSO-d,
8 gude 4-okco-chopmM. kcriepuMeHmarbHble U pacdemHble 3Ha4yeHUs1 XuMu4yeckoeo coguza 0n1s yanepoda 8
rnonoxeHuu C4 dnsi 4-okco- u 4-2udpOoKcU-U30MePO8 3aMemHO omiu4Yaromes U Mo2ym 6bimb UCONb308aHb!
8 Kkayecmee Kpumepus 07151 OMHeCeHUs XUHonuH-4(1H)-oHoe k mod unu uHot maymomepHoU ¢hopmMe.

Quinoline-4-ones are a well known class of he-
terocyclic compounds, which have been intensively
studied for several decades. First of all, the interest
of researchers to various derivatives of quinoline-
4-ones is based by diverse biological activity of these
compounds, its study led to creation of new groups
of highly effective drugs [1-4]. The structural fea-

tures of quinoline-4-ones related to the possibility
of the existence of prototropic tautomerism in the
heterocycle are also interesting. Currently, in most
publications, quinolin-4-ones are represented in the
4-oxo-form of tautomers 1.

There are a number of works, in which tauto-
merism was purposively studied for the particular
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Fig. 1. Tautomeric forms of quinolin-4-ones.

series of quinoline-4-ones by NMR spectroscopy and
X-ray analysis [5-7]. According to the data given in
them the signal of C-4 carbon in the 4-oxo form 1 in
the 33C NMR-spectrum should have a chemical shift
of more than 170 ppm. However, at the same time in
literature some authors refer the C-4 carbon signal
to 4-hydroxy or 4-oxo tautomeric form of quinolo-
nes, which may be illustrated by the structures of
compounds 3 [8] and 4 [9] (Fig. 1).

The attempt to identify uniquely criterion for deter-
mining tautomeric forms of quinolin-4-ones in solu-
tions was made using the method of NMR *3C spec-
troscopy in combination with the quantum chemical
calculations for a series of 3-substituted-2-methyl-
quinoline-4(1H)-ones presented in Fig. 2. The 3C
NMR-spectra of 4(1H)-quinolin-4-one 5a was taken
from the Spectral Database for Organic Compounds
(SDBS); the spectrum of 2-methyl-1H-quinolin-4-one
5b was from the Sigma-Aldrich database.

O O
COOMe o o H COOMe MeONa
—_— _—
@ + M @ /o |
NH, ” H
7 8 5k

Quinolin-4-ones 5c-g, k-m were synthesized by
the methods previously proposed [10, 11]. 3-Acetyl-
2-methyl-1H-qginolin-4-one 5k was prepared by the
reaction of methyl anthranilate 6 with acetylacetone 7
followed by the intramolecular cyclization of enami-
ne 8 (Scheme 1).

A special attention in the experiment was paid
to quinoline-4-ones having carbonyl-containing groups
in position 3. Such compounds can form an intramo-
lecular hydrogen bond (IMHB), which presence can
play a key role in the molecular stabilization in the
form of 4-oxo or 4-hydroxy isomer.

In our study there were three types of quinolone-
4-ones with the carbonyl group in position C-3: acid
5m, aldehyde 5g and acetylquinoline 5k. According
to the calculations carried out by the method of mole-
cular mechanics with automatic optimization geo-
metry in the case of acid 5m both isomers are equal-
ly likely to form an intramolecular hydrogen bond
with approximately the same length of 1.6 A (Fig. 3).

Formation of IMHB for 2-methyl-4-oxo-1,4-dihyd-
roquinoline-3-carbaldehyde 5gis more likely in the case
of 4-hydroxy isomer 5’g than in the quinolone struc-
ture since its calculated length is less by 0.7 A. And in
the case of 3-acetyl-2-methyl-1H-4-quinolin-4-one
5k IMHB is only possible for the 4-hydroxy form of
5’K, and it is almost impossible in 4-oxo form of 5k.
Therefore, we expected to see any changes in the
values of the chemical shifts in the 3C NMR-spectra
at least in one case in this series of quinolones.

Undoubtedly, for clear interpretation of the ex-
perimental data of NMR spectroscopy it is necessary
to carry out a comparative analysis of the C-4 chemi-

vollive'y @r@w@

5a, b 5c d
5a R=H; 5¢ Ri=CHjs;
5b R=CH; 5d R4=CH,-CH=CH,

59 R3
5k R3-CH3

5eg

5e Ry=H;
5f R2=8'CH3
59 R2=6-OCH3

COOEt

O o}
WOH

N

H

5m

Fig. 2. The structures of quinolin-4-ones involved in studies of tautomerism using '*C NMR-spectroscopy.
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Fig. 3. The lengths of the hydrogen bonds in the tautomeric forms of compounds 5m, 5g, 5k calculated by the algorithm of the gradient
descent in a MMFF94 force field.
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Scheme 2

cal shift values of the compounds studied with the
values of the well-known structures of 4-hydroxy
and 4-oxoquinolines. As model compounds 2,8-di-
methyl-4-(2-oxo-2-piperidin-1-yl-ethoxy)quinoline
5n (Scheme 1) and 2-(2,6-dimethyl-4-oxo-quinoline-
1-yl)acetic acid 50 were obtained (Scheme 2).

The synthesis of 4-alkoxyquinoline 5n was car-
ried out by alkylation of 2,8-dimethyl-quinolin-
4(1H)-one 9 with 2-chloro-1-(piperidin-1-yl)ethan-
1-one 10 in DMSO in the presence of K,CO, accord-
ing to the known method [12]. To obtain ethyl ester
of 2-(2,6-dimethyl-4-oxo-quinoline-1-yl) acetic acid
50 the condensation between ethyl 3-ethoxycro-
tonate 12 and ethyl N-(p-methylphenyl)glycine 13
with the subsequent high temperature cyclization of
the intermediate was performed (Scheme 3).

For analytical criterion that would allow us to
claim the existence of the compounds under research in
4-hydroxy or 4-oxo- tautomeric forms the chemical

(0] (@] HC(OEt)3 OEt O
M AN
OEt H* OEt
11 12

Scheme 3

shift of the carbon atom in position C-4 was selected.
In the 3C NMR-spectra of the model compounds this
signal is significantly different, it appears for 2,8-di-
methyl-4-(2-oxo0-2-piperidin-1-yl-ethoxy)quinoline
5n at 160.65 ppm, and for ethyl 2-(2,6-dimethyl-
4-oxo-quinoline-1-yl) acetic acid 50 at 177.87 ppm,
respectively.

According to the results of NMR-spectroscopy
the spectra of all compounds studied contain the
carbon nucleus signal C-4 at 175-177 ppm (Tab. 1).
The spectrum of 3-bromo derivative 5i, in which this
signal is at 170.96 ppm, is out of the general picture.
Such chemical shift to the strong field is obviously
associated with the specific effect of the bromine
atom in position 3. Another set of signals of the 4-hyd-
roxy form was not observed in any spectra. This fact
indicates the complete absence or rather small num-
ber of tautomeric 4-hydroxyquinolines that is not
registered. When heating the solutions of the com-

O
+
NH N
Oﬁ) 13 OY 50
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Table 1

Chemical shifts of *C NMR (ppm) for the quinolone ring atoms of compounds 5a-m in DMSO-d,

Compound Q a3 c4 c4' (@) cé c7 c8 cs’

5a 139.43 108.66 177.04 125.71 123.08 124.91 131.60 118.22 139.99
5b 149.46 108.26 176.57 124.40 124.66 122.51 131.24 117.61 140.02
5c 145.59 114.13 175.90 123.15 125.07 122.00 130.57 117.32 139.19
5d 146.42 116.03 175.04 123.25 124.92 12211 130.70 117.23 139.03
5e 149.17 115.52 175.71 123.96 125.34 122.33 130.80 117.47 139.36
5f 150.11 115.61 175.75 123.97 125.80 122.29 131.93 123.26 138.14
59 149.76 110.50 175.46 124.72 105.28 155.75 121.65 119.88 134.41
5h 149.02 115.77 175.42 123.69 125.02 122.43 130.98 117.31 139.08
5i 148.61 105.88 170.96 122.69 123.61 125.22 131.83 117.80 138.54
5g 156.15 114.05 177.59 126.17 124.93 124.89 132.98 118.52 139.02
5k 151.54 117.92 175.25 123.94 125.39 125.08 132.27 120.10 138.71
51 147.21 114.08 175.70 122.64 124.76 123.20 131.25 117.51 139.15
5m 145.62 117.29 175.47 122.41 124.88 123.29 131.03 117.45 139.10

O OH the basis of analysis of the total energies of struc-

Y Y tures 5 and 5’. For additional confirmation of the

‘ _— ~ correctness of our conclusions the chemical shifts of

_ 13C NMR were calculated by the GIAO method [14]

H X N X and using different approximations. The calculation

5a-c,g,i 5'a-c,g,i results of shielding constants of 3C nuclei in diffe-

Scheme 4 rent approximations (Tab. 3) are consistent with the

pounds studied up to approximately 100°C the na-
ture of spectra does not change, and it indicates sta-
bility of 4-oxo tautomers.

To interpret experimental results, including the
shift of the carbon C-4 signal for 3-bromo-2-me-
thyl-1H-quinoline-4-one 5i we performed ab initio
quantum chemical calculations for compounds 5a-c,
g, 1in various approximations (Scheme 4).

Calculations conducted show that the relative ener-
gy is highly dependent on the method used. In the
approximation of DFT (RI-BP86) for isolated mole-
cules the relative stability of oxo-form 5 in all cases
(except one) is significantly higher than that obtained
for hydroxy tautomers 5’ (Tab. 2). The only excep-
tion is compound 5’g, which is much more stable
than isomer 5g within the approximation used in
the gas phase. Considering the effects of DMSO sol-
vent and using the COSMO empirical procedure [13]
the oxo-form is more preferred in all cases (however,
A E value is the least in the case of 5g). When using
a more rigorous approximation MP2 for an isolated
molecule structures 5’b, 5’i and 5’g are characteri-
sed by a lower energy than the corresponding iso-
meric forms 5. Moreover, in this case consideration
of the solvent effects makes isomers 5 more favour-
able. Thus, the assumption concerning 4-oxo isomers
in DMSO solution based on the data for *C NMR-
spectra is confirmed by the conclusions drawn on

56

conclusions that the compounds studied exist in so-
lution predominantly in the oxo form.

Consideration of the solvent effects is very im-
portant in order to achieve the quantitative agree-
ment between the calculated values 6C with the
experimental values. In the series of 3-substituted-
2-methyl-quinolin-4 (1H)-ones considered the satis-
factory agreement with the experiment is achieved
already in the DFT approximation (B3LYP) when
using the COSMO procedure. At the same time, the
effect of transition to a more strict MP2 approxima-
tion is less significant. The experimental values of
13C NMR chemical shifts are in good agreement with
the calculated values 36C for oxo-forms 5. The only
exception is the carbon shielding associated with a
bromine atom. However, this is consistent with the
literature data, in which the similar effect for bromo
heterocycles is observed.

Summarizing the results of *C NMR-spectrosco-
py and quantum chemical calculations it should be
noted that the chemical shift value for carbon C4
calculated for the compounds in the form of 5 or 5’
differ significantly, and therefore, can be used as a
criterion for assigning quinolin-4(1H) ones to 4-oxo
or 4-hydroxy-forms.

Experimental Part

Melting points were determined by the open ca-
pillary method, and they were not corrected. 'H NMR
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spectra were recorded on Varian VXR-300 (300 MHz),
and Bruker Avance-400 (400 MHz) devices in DMSO-d,
solution, the internal standard was TMS. *C NMR-
spectra were recorded on a Bruker Avance-400
(100 MHz) device in DMSO-D, solution, the internal
standard was TMS. The methods of synthesis and
characteristics of compounds 5c-g, k-n were given
in the studies [10-12].

3 Acetyl-2-methyl-1H-quinolin-4-one 5Kk. Boil
0.02 Mol of methylanthranilate, 0.02 Mol of acetyl-
acetone and 0.1 g of n-toluenesulfonic acid in 100 ml
of benzene in a Din-Stark apparatus for 6 h to com-
plete separation of water. Distill benzene under va-
cuum, then to the residue add sodium methylate so-
lution prepared from 0.02 mol of metallic sodium
and 200 ml of absolute methanol. Boil the reaction
mixture for 30 min. Cool the flask contents and di-
lute with 200 ml of water. Filter the precipitate ob-
tained and crystallize from ethanol. Yield - 65%.

'H NMR (400 MHz, DMSO-d,) 6§ 11.90 (s, 1H),
8.10(dd,/=8.1,1.5Hz 1H), 7.66 (ddt,/=8.4,6.9,1.1
Hz, 1H), 7.52 (dd, J = 8.3, 0.9 Hz, 1H), 7.34 (ddt, J =
8.0, 6.9, 0.9 Hz, 1H), 2.49 (s, 2H), 2.42 (s, 2H).

2-(2,6-Dimethyl-4-oxoquinolin-1-yl)acetic
acid 50. Add 12.7 ml (0.1 Mol) of ethyl acetoacetate
to 18.3 ml (0.11 Mol) of triethyl orthoformate with
0.1 ml of the concentrated sulphuric acid, stir the
reaction mixture and allow to stand overnight. Dilute
the reaction mixture with 100 ml of water and neu-
tralize with K,CO, solution. Extract the ether layer
separated with chloroform, dry over anhydrous CaCl,,
filter, and distill chloroform. To the resulting ethyl-
trans-3-ethoxycrotonate add 19.33 g (0.1 Mol) of N-
(p-methylphenyl)glycine ethyl ester and 100 ml of
o-xylene. Heat the mixture to boiling with parallel
distillation of ethanol released during the reaction.

References

Remove o-xylene under vacuum. To the residue add
100 g of polyphosphoric acid, and heat the mixture
at the temperature of 140°C with vigorous stirring
for 2 h. After cooling dilute the reaction mixture with
water and neutralize to pH = 7. Filter the precipi-
tate formed, dry and crystallize from ethanol. M. p.
-130-132°C. Yield - 31%.

'H NMR (300 MHz, DMSO-d,) 6 7.95 (s, 1H), 7.51
(dd,J=8.8,2.0 Hz, 1H), 7.46 (d, ] = 8.8 Hz, 1H), 6.06
(s, 1H), 5.16 (s, 2H), 4.19 (q, ] = 7.0 Hz, 2H), 2.40 (s,
3H), 2.38 (s, 3H), 1.22 (t,/ = 7.1 Hz, 3H).

Conclusions

To assess the possibility of tautomeric transfor-
mations among 3-substituted-2-methylquinoline-
4(1H)-ones some compounds with substituents that
are different in their nature in position 3 of the qui-
nolone cycle and model compounds - 2,8-dimethyl-
4-(2-oxo-2-piperidin-1-yl-ethoxy)-quinoline and 2-
(2,6-dimethyl-4-oxo-quinoline-1-yl)acetic acid have
been synthesized. By using 3C NMR-spectroscopy
4-hydroxy-/4-oxo-tautomerism has been studied in
the series of derivatives of 3-substituted-2-methyl-
quinoline-4(1H)-ones.

Significant deshielding observed in all cases in
13C NMR-spectra of the carbon nuclei in position 4
of the ring indicates the existence of all derivatives
studied as 4-oxo forms in DMSO-d, solution.

The data of quantum-chemical calculations in vari-
ous approximations (restricted Hartree-Fock method,
DFT and MP2) are in good agreement with the expe-
rimental results of *C NMR. The chemical shift values
for C4 carbon in the 4-oxo form (175-177 ppm) and
4-hydroxy form (160 ppm) significantly differ, and
therefore, they can be used as a criterion for assigning
quinolin-4 (1H)-ones to a particular tautomeric form.
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CUHTE3 TA AHTUMIKPOGHA AKTUBHICTD ITPOAYKTIB
AHIOHAPW/IIOBAHHA 3 CYIb®AHIJIAMIIHUM ®PAI'MEHTOM

3.1.4niB, P.B.Cumuak, O.B.Ilokpuiuko*, .M. Tynauaan, B.C.bapaHoBcbKUH,
*C.L.LKnumuwok, B.J.T'puniyk

TepHONiINILCbKUN HALliOHA/IbHUU N1ejarorivyHui yHiBepcuTeT iM. Bosogumupa 'HaTioKa
46027, M. Tepnomnisb, Bysa. M. KpuBoHoca, 2. E-mail: baranovskyj@chem-bio.com.ua
*TepHONIbCHKUH Jlep>KaBHUN MeJUUYHUHN YHIBEpCUTET

Knaruosi cnosa: cyavgpaninamio; mempagayopobopam 4-cynavgpamioogenindiasoHiro; 2a,102eHo-
i mioyianamoapusaweaHHs; aHmubakmepiaibHi ma hpomuzpubkosi es1acmueocmi

Peakujiero aHioHapuneaHHs1 CUHMe308aHi MPodyKmMu, Wo Micmsame cyrbgbaHinamioHut gppaemeHm. Baaemodiero me-
mpacbriyopobopamy 4-cyribghamidogheHindiasoHio i3 akpuramioom, CMUPEHOM i GhyMapOBOHD KUCITIOMOIO 8 yMO8ax KyrpoKa-
marnidy odepxaHi 3-(4-cynbghamioogpenin)-2-mioyiaHamo(bpomo)nponaHamiou, 4-(2-miouyiaHamo(6pomo,xopo)-
2-gbeHinemuri)beH3eHcybghoHamiou, 2-(4-cyrbghamioogheHin)gpymaposa i 2-6pomo-3-(4-cyribghamioogheHin)bymarHdiosa
Kucromu 3 suxo0amu 36-82%. KOHKypyroHUM rpoyecom peakuii aHioHapuImto8aHHS € ymeopeHHs rnpodykmie pe-
akuii 3aHomeliepa — 4-(iso)miouiaHamo(xmopo, 6pomo)beH3eHcynbpoHamidig. Y sunadKy mioyiaHamoapurio-
8aHHS1 (hyMapoeoi KUCSTIOMU CENeKMUBHO ymeopoembCsl MPOOYKM apusiro8aHHs1 — 2-(4-cynbgamioogheHin)gpyma-
posa kucroma. Cmpykmypa cuHme308aHuX criofnyk rniomeepdxeHa 0aHumu 14- ma SIMP "H-cnekmpis. [ocnidxeHo
aHmMuMmikpobHy 0ito yux croryk 8iOHOCHO My3eUHUX wimamig cmacbirloKOKI8, KUWKO8UX nanu4yoK, aepobHux ba-
yun, ncesdomoHad ma Opixoxosux epubie. BcmaHoeneHo, wo cynbghaHinamioHi noxioHi xapakmepu3yrmbcs
aHmubakmepianbHOK ma MPomuepubKo8O akmusHICMI0, sika Halbinbw supaxeHa Onsl apunarnkibHUX mio-
uiaHamie Ha ocHosi akpunamidy. [NposedeHi docridxeHHs1 nidmeepousiu NO3UMuUHUU 8rsUu8 88e0eHHS Cyrlb-
¢baHinamiOHo20 ¢hpaaMeHmy 8 cmpykmypy npodykmie aHioHapuio8aHHs HEHacUu4yeHUX CromnyK Ha po3WUPEeHHS
criekmpa aHmMuMIiKpObOHOI akmueHOCMI | 3MEeHWEeHHSI 3Ha4eHb MiHiMaIbHUX iH2ibyrYux KOHUeHmpauid.

THE SYNTHESIS AND THE ANTIMICROBIAL ACTIVITY OF ANIONARYLATION PRODUCTS CONTAINING
THE SULFONAMIDE FRAGMENT

Z.1.Yaniv, R.V.Symchak, O.V.Pokryshko, H.M.Tulaydan, V.S.Baranovskyy, S.I.Klymnyuk, B.D.Grishchuk
Key words: sulfonamides; 4-sulphonamidophenyldiazonium tetrafluoroborate; halogeno- and thiocyanatoarylation;
antibacterial and antifungal properties

Products containing the sulfonamide fragment have been synthesized by anionarylation reaction. 3-(4-Sulfonamidophenyl)-
2-thiocyanato(bromo)propanamides,  4-(2-thiocyanato(bromo, chloro)-2-phenylethyl)benzenesulfonamides,
2-(4-sulfonamidophenyl)fumaric and 2-bromo-3-(4-sulfonamidophenyl)butanedioic acids have been obtained by the
copper-catalyst reaction of 4-sulfonamidophenyldiazonium tetrafluoroborate with acrylamide, styrene and fumar-
ic acid with the yields of 36-82%. The anionarylation competing process is formation of 4-(iso)thiocyanato(chloro,
bromo)benzenesulfonamides as Sandmeyer reaction products. In case of thiocyanatoarylation of fumaric acid
2-(4-sulfonamidophenyl)fumaric acid is selectively formed as an arylation product. The structure of the com-
pounds synthesized has been confirmed by IR- and 'H NMR-spectra. The antimicrobial activity of these com-
pounds in relation to the museum strains of staphylococcus, E.coli, aerobic bacillus and yeasts fungi has been
studied. It has been found that sulfonamide derivatives are characterized by a high antibacterial and antifungal
activity, which is the most pronounced for arylalkyl thiocyanates based on acrylamide. The research conducted
has confirmed the positive impact of the sulfonamide fragment introduction in the structure of anionarylation
products of unsaturated compounds to expand the range of the antimicrobial activity and decrease of the mini-
mum inhibitory concentration.

CUHTE3 N ITPOTUBOMUKPOBHAS AKTUBHOCTb ITPOYKTOB AHUOHAPUITMPOBAHWS, COQEPXALLNX
CYIIb®AHUITTAMUOHBIN ®PAMEHT

3.U.5lHue, P.B.Cumuyak, E.B.lMokpbiwko, I.H.TynatlidaH, B.C.bapaHoeckul, C.U.KnumHrok, b.[.Mpuwyk
Knroveenlie cnoea: cynbghaHunamud; mempaghmopbopam 4-cyrnbhamudogheHUnIOUa3oHUSs; 2aro2eH- U muoyu-
aHamoapursnuposaHue; aHmubakmepuasbHbie U Mpomueoepubkosbie ceolicmaea

Peakyuel aHUOHapunupoeaHusi CUHmMe3upos8aHbi rMpodyKmbl, codepxxawjue cyrnbghaHunamudHbIl hpazmeHm.
Bsaumodeticmsuem mempaghmopobopama 4-cynbghamudogheHunduazoHusi ¢ akpuinamudoM, Cmuporiom u gy-
MaposoU Kucromoul 8 kKamasumu4ecKux yCcrio8usix rnosyqeHsl 3-(4-cynbgamudogpeHun)-2-muoyuaHamo(bpom)
nponaHamudsl, 4-(2-muoyuaHamo(bpom, xrop)-2-gpeHunamuii)beH3omncynsgoHamudsbl, 2-(4-cynbghamudogeHurn)
ymaposas u 2-6pom-3-(4-cynbhamudopeHurn)bymaHduosas Kucriomel ¢ 8bixo0amu 36-82%. KoHKypupyrowum
MPOUECCOM peakyuu aHUOHapuIuposaHus sierisiemcsi obpasosaHue npodykmos peakyuu 3aHomeliepa — 4 (u30)
muoyuaHamo(xnop, 6pom)beH3orncynbghamudos. B cnydyae muoyuaHamoapunuposaHusi pymaposol KUCriomel
ceriekmueHo obpadyemcsi Ipodykm apusuposaHusi — 2-(4-cynbghamudogheHur)chymaposast kucroma. Cmpykmypa
CUHME3UpPOo8aHHbIX coeduHeHull nodmeepxoeHa daHHbiMu UK- u AMP 'H-cnekmpos. ViccriedosaHo npomuso-
MUKpPOBHoe Oelicmeue amux coeQUHeHUlU OMHOCUMEerIbHO My3eUHbIX WmaMMo8 CcmaghUIOKOKKO8, KUUWEYHbIX
rasioqek, aspobHbix bayusnn u Opoxikesbix epubos. YcmaHoeneHo, Ymo cyrnbhamMudHble Mpou3B8o0HbIe XxapakK-
mepu3yromcsi MPOMUBOMUKPOBOHOU akmu8HOCMbIO, Komopasi Hauboriee 8bipaxeHa Oisi apunasnkusibHUX muoyuaHa-
moe Ha ocHosge akpunamuda. [NposedeHHble uccriedosaHusi MOOMeepdusIu MooKUMesIbHoOe 8usiHUe 88edeHUs
cynbghaHunamuoOHo20 hpazmeHma 8 CmpyKmypy rnpodyKmos aHUOHapuIUupo8aHusi HerpeoerbHbIX coeOUHeHUU
Ha pacwupeHue criekmpa ux npomusoMUKPOOHOU aKmu8HOCMU U YMEeHbWeEHUE 3Ha4eHUl MUHUMAarbHbIX UH2U-
bupyrouux KoHUeHmpauyud.
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CynpdaHisaMifiHi IpenapaTH XapaKTepU3yTh-
csl JOCUTh IIMPOKUM CIIEKTPOM aHTHMIiKpOOHOI aK-
TUBHOCTI. BoHU € epeKTUBHHMM 10 Bi/[HOLIEHHIO 0
IPaMIO3UTUBHUX Ta IPaMHEraTHBHUX KOKIB, KMIIKO-
BOI MMAJIMYKH, X0JIEPHOTO BiGPioHY, KJIOCTpHUAii, 30y-
HUKIB MauIsipii, THEBMOIIMCTIB, XJ1aMi/Iil, 30yAHUKIB CH-
6ipku, AUdTEPii, 9yMH, TATOreHHUX rpy6iB TOIIO [1, 2].

MexaHi3M XiMioTeparneBTHYHOI il cybdaHiaMiz-
HUX NIpernapaTiB I'PYHTYETHCS Ha IX CHiJIbHIN CTPYK-
Typi i n-amino6eH30iiHil kucnoTi (I[IABK), 3aBgsaku
4YOMY, KOHKYPYIO4H 3 HEl0, BOHU 3a/1y4al0ThCA [0 Me-
Tabos1iaMy 6akTepii. llasaxom koukypeHuii 3 [IABK
cynbdaHisaMiziv MepelKoAKatoTh Il BUKOPHUCTAaHHIO
MiKpoopraHizaMaMH /iJisi CAHTe3Y JUriipodotieBoi Krc-
JIOTH, fIKa 32 y4aCTH0 pelyKTa3u NepeTBOPIETHCS Ha
MeTaboJ/1iuYHO aKTUBHUH KOpepMeHT — TeTpariZpo-
doJtieBy KMCI0TY, 3alHATY y Npolecax CUHTe3y Ii-
pumiguHoBux ocHoB JJHK Ta PHK [3].

Ha#inpocTimmii i Hal6iibIn BifoMui cysbdaHii-
aMmiiHuH npenapar - 61K CTpenTony/| Ma€ J0CTaTHbO
BUPaXKEHY 6AaKTEPIOCTATUYHY [it0, IPOTE CYyTTEBO IO-
CTYMAETbCS CYYaCHUM aHTUGIOTUKAM. 30KpeMa, LITa-
MU eHTEPOKOKIB, CHHbOTHIHHOI NAJIMYKH Ta aHAepPO6-
HUX 6aluJI € iHAnpepPeHTHUMHU [0 cTpenTouuay. Tomy
NepCreKTUBHUM HallpsAMKOM MeJW4HOI XiMil BUza-
€TbCS CTPYKTYpHA MoAudikallis n-aMiHo6eH3eHCYIbd-
aMiZly 3 MeTO010 KOHCTPYIOBaHHSI HOBUX cyJsbdaHi-
aMiJHUX MOXiTHUX — OTEeHLIiIHHUX 6i0J1I0TYHO aKTHB-
HUX pEeYOBUH [4-6].

HasiBHicTb amiHOTpyTIH B hapa-ToJioxKeHHi /10 Cybd-
aMmifiHoro pparmMeHTy [103BOJIsSIE BUKOPUCTOBYBATHU
CTPeNnTOLU/ K apOMaTUYHUI aMiH, 1ia30TyBaHHAM
SIKOT'0 MOXKHA OJiepKaTu coti 4-cynbdaminodeHnis-

Jlia30HiI0 — epEeKTHUBHUX apUJIIOI0YHX PeareHTiB, 10
MicTATb papMakoPopHUM 3aMicHUK [7].

Peaxuist anioHapu/toBaHHA [8, 9] BUsIBUIaCh 3py4-
HUM METO/IOM o/iep>KaHHsA 6i0JIoriYHO aKTUBHUX pe-
YOBHUH, 5IKi BUSIBJISIIOTh BUCOKY aHTUMIKPOOHY, TPOTH-
BipyCHY, IPOTUTYO6EPKY/IbO3HY Ta NPOTUNYXJIUHHY
aKTHUBHICTb. BBe/leHHS TaKkuXx coJiel B peaklLii aHiOH-
ApU/IIOBAaHHSI HEHACUYEHUX CIOJYK CYyTTEBO PO3IIU-
pro€ Ii CHHTeTUYHI MOXJ/IMBOCTI B IJIaHI CTBOPEHHA
HOBUX 6i0oakTUBHUX cynbdamizis [10].

CuHTe30BaHi paHille NPOAYKTH raJoreHo- Ta Tio-
L[iaHaTOapU/IIOBAHHS MOXiAHUX O, -HEHaCUYEHUX KUC-
Ji0T [11] BUsIBUIIKCS 1OCTaTHBO ePEKTUBHUMU B ILJIa-
Hi aHTH6aKTepiaJbHOI Ta aHTUTPHUOKOBOI aKTUBHOC-
Ti [12]. 30kpema, 3-apuJi-(2-MeTuJ1)-2-TiolliaHaTOIpo-
naHaMiZii XapaKTepU3yIThCS ICKPaBO BUPAXKEHOI0
AHTHUKaHAUJ03HOIO €10, MPUTHIYYIOYH PICT IITAMIB
C. albicans npu KoHUeHTpauii 3,9-7,8 Mkr/ma [13].

3 MeTOl0 CUHTE3Y NPO/YKTIB aHiOHAPUJIIOBaHHS,
1110 MicTATH cysbdaHiIaMiAHUN GparMeHT, HAMHU BU-
KOpHUCTaHi peakuii TeTpadiyopobopaty 4-cyiabd-
aMmiziodeHis1ia30HiI0 3 aKpUIaMiJIoM, CTUpeHOM Ta QY-
MapoBOI0 KHUCJOTO Y MPUCYTHOCTI TiolliaHaT-, 6po-
MiJ- Ta XJIOpUZ-aHIOHIB.

BcTaHOBJIEHO, 1110 TaKi TepeTBOPEHHA CYNIPOBOJ-
KYIOTbCA eJIIMIHYBaHHAM a30Ty Aia30Trpynu i yTBo-
PEHHSM NpPOJYKTIB NPUEAHAHHSA cybdamifodeHinb-
Horo ¢parMeHTy i aHiOHA Z10 KpaTHUX KapOOH-Kap-
GOHOBUX 3B’SI3KiB JOCTiP)KEHUX HEHACUYEHUX CIO-
JIyK (cxema).

Peak1iii mpoBoiM/IM Y BOAHO-alleTOHOBOMY (1:4)
cepegoBuili npu -20+-5°C (TioniaHaToapu/IrOBaHHs )
i 15-20°C (6poMoapuJ/itoBaHH:) B YMOBaX KyNpoKa-

/YN
o NH»
H2N028 1a, b
N,*BF,
ZCeHs
+An- - >
Nz, -BF H,NO,S gai!
SO,NH, COOH
An=SCN
—»
COOH COOH
Ho0C™ M2NO2S COOH
An
An=Br
COOH
H,NO,

1-3: An=SCN (a), Br

Cxema

(b), Cl(c)
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Ta6bnuua 1

Brixoau, TeMnepaTtypu NNaBeHHA Ta JaHi eNEMEHTHOIO aHani3y CMHTE30BaHUX Cronyk 1-3

o =)
£ it ) T BupaxyBsaHo, %
8 = | T.nn,°C ®opmyna
S a C H Br(Cl) N C H Br(Cl) N S
1a | 82 |205-207 [41.88| 3.99 | - [1497|2260| C,H,;N,0,S, 4209|389 | - |14.73 2247
1b | 70 | 160-163 |35.03 | 3.54 | 2574 | 931 [1059| C,H,BrN,0,S |[35.19| 3.61 |26.01| 9.12 | 10.44
2a | 55 | 140-142 |56.44 | 429 | - | 873 [2032| C.H,N,0S, |[5658| 443 | - | 880 |20.14
2b 49 169-171 | 49.26 | 4.01 | 23.71 | 4.26 | 9.33 C,,H.,BrNO,S [4942 | 415 |23.48 | 4.12 | 942
2c 36 | 210-212 | 56.69 | 4.73 | 12.18 | 4.62 | 10.96 C,,H,,CINO,S 56.85| 477 |11.99| 474 | 10.84
3a | 62 |185-186 |4446| 350 | - | 528 |11.95| CHNOS [4428| 334 | - | 516 [11.82
3b 53 190-192 | 3433 | 299 | 2251 | 412 | 9.19 C,oH,,BrNO,S 3411 | 2.86 |22.69| 398 | 9.11
Ta6bnuya 2
[Y- Ta AMP "H-cnekTtpu cnonyk 1-3

¥ ¥ 7 3
X -CMeKTp, Hynon, v, M
5 Cnektp AMP H, §, m.u.
5 SO, NH, | SCN
1a 11364 1156| . 336% | 5155|7:81¢ 7:49 C(2H,NH,); 7.78 5, 7.60 A (4H, CH, J8 T, 84 T); 7.34 ¢

' 3272, 3200 (2H, SO,NH,); 4.28 T (1H, CH(SCN), J 7.2 Twy); 3.35 an, 3.18 aa (2H, C,H,CH,, J 6.8 T)
16 1360 1152|3356 _|7.80¢,7.49 ¢ (2H,NH,); 7.74 1, 7.57 1 (4H, CH, J 8 Ty, 8.8 Tw); 7.31 ¢ (2H, SO,NH,);

! 3276,3196 4.28 1 (1H, CH(Br), J 7.6 Tu); 3.41 nA, 3.20 ap (2H, CH,CH,, J 7.6 Tu)
22 |1368, 1156| 3284 3204 | 2156 | 772 B 7:59 A (4H, CH, J 84Ty, 7.6 T); 7.43-7.26 M (7H, SO,NH,, CH); 5.15 7

(1H, CH(Br), J 7.2 Tw); 3.40 g, 3.26  (2H, C,H,CH,, J 7.2 Ty)

2b [1368,1152(3280,3208| -

7.70 8, 7.53 g (4H, CH, J 8 T, 7.2 T); 7.39-7.24 m (7H, SO,NH,, CH.); 5.62 T
(1H, CH(Br), J 7.6 Tu); 3.62 1, 3.46 i (2H, C,H,CH,, J 7.6 Ty)

2c [1372,1156|3280,3204| -

7.78 0,7.60 o (4H, CH, J 8 T, 7.6 Tu); 7.41-7.21 m (7H, SO,NH,, CH.); 5.70 T
(1H, CH(Br), J 7.2 Tu); 3.66 g, 3.52 a (2H, C;H,CH,,J 7.2 Tu)

3a |1376,1160(3268,3200| -

13.12 w.c. (2H, COOH); 7.86 1, 7.61 A (4H, C;H, J 8.4 Tu, 8.4 Tu); 7.48
(2H, SO,NH,); 6.19 ¢ (1H, CH=)

3b [1372,1164|3272,3208| -

13.05 w.c. (2H, COOH); 7.78 p, 7.74 1 (4H, CH, J 8.8 T, 8.4 Tiy); 7.45 ¢
(2H, SO,NH,); (1H, CH(Br), J 11.6 Tw); 4.14 a (1H, C;H,CH, J 11.2 Twy)

Tasizy. HaliBu1li Buxoau LijiboBUX npoaykris 1-3 no-
CAralThCs 32 YMOB BBeJleHHs 1.2-KpaTHUX HaJJIU1I-
KiB Cc0J1i [ia30HiI0 i aHIOHOIZLHOTr' O pearexHTy.
AHIOHapHJ/IIOBaHHSA TaKOX CYTIPOBO/KYETHCS KOH-
KYpYIOUUM NpOLecoM HYKJ/1eopibHOT0 3aMilljeHHS
Jliazorpynu Ha aHioH 3 yTBopeHHsM 4-Tio(i3oTio)wi-
aHarto(XJs10po, 6poMo)6eH3eHCyIbdoHaMiAIB (10 35%).
Co1iz 3a3HaYMTH, 1110 B YMOBAax peakliii XJiopoapu-
JIDBaHHS aKpuUJIaMizy i pymMapoBoi KHUCJIOTHU CIIOCTe-
piraeTbcs IOMiHy104e yTBOPEHHS 4-XJI0pOOEeH3eHCY TbO-
aMiJty, a iJIboBi MpoayKTH 3a AaHuMu SIMP 'H-criekT-
piB 3adikcoBaHi MILe B CIZOBUX KibKOCTAX. HMoO-
BipHOI0 IPUYHHOIO [JbOTO € Te, 1110 NPOLIeCH HYKJIeo-
disibHOTO 3aMillleHHS /[ia30TPyNH i XJ0poapUII0BaH-
Hs BiZiOyBalOThCs GaKTUYHO B OZJHAKOBOMY TeMIlepa-
TYpHOMY iHTepBaJli 32 YMOB HasABHOCTI €JIEKTPOHO-
AKLIEIITOPHUX IPYIl B apOMAaTUYHOMY AApi Aia30CoJIi.
YTBOpeHHA NPOAYKTIB apU/IIOBAHHA Yy BUNIAJKY
TionjaHaToapuOBaHHS GpyMapoBOi KUCJOTH MOXKHA
MOSICHUTH HACTyMHUM YMHOM. Ha Haw norsigg, intep-

62

Me/liaTOM peaklii € HeCTINKHUM NPOAYKT TiolliaHATO-
apuJiloBaHHs, cTabijizallis SKOro NpoxXoAUTh B pe-
3yJbTaTi eJiMiHyBaHHA IiAporeHTioniaHary.

BuxoJu, KOHCTaHTH, JjJaHi eJIEMEHTHOI0 aHaJli3y
Ta SIMP 'H-cniekTpiB ciHTe30BaHMX crioyk 1-3 npe/c-
TaBJieHi B Ta6u1. 11 2.

CTpyKTypa CMHTe30BaHUX cnojayk 1-3 migTBepa-
*KyeTbcs faHuMHu [9- ta SIMP 'H cniekTpockonii. 30kpe-
Ma, B ix [Y-cnekTpax cocTepiratoThCd XapaKTepHUCTUYHI
CMYTH NOTJIMHAHHS aMiHo- (3284-3268,3208-3196 cm™?)
Ta cyabdorpymnu (1376-1364, 1164-1152 cm?) cynbod-
amigHoro ¢parmenty. Cnektpu cnoayk la-3a go-
JAaTKOBO MICTATb CMYT'd NOTJIMHAHHA TioliaHATHOI
(2156-2152 cm1), a cnontyk 1a,b, 3a,b - kapGoHiIb-
HUX IPyN y cKIazi amigHoro (1676-1672 cm?) i kap6-
okcusbHOro (1736-1724 cm') pparmenTiB. CriekT-
pu FIMP 'H xapakTepusyloTbCsl CUTHAJIaMH TPOTOHIB
apoMaTH4YHUX s7ep (7.86-7.49 m.u.), amiHOrpyTI Cysibg-
amigHoro ¢parmenTy (7,48-7,31 M.4.) Ta NIpOTOHIB
MeTHUJIEHOBHUX I'PYI, 3B’A3aHUX i3 apOMaTUYHUMHU
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Tabnuuya 3

AHTMMIKpOOHa aKTUBHICTb cnonyk 1-3

TecT-KynbTypu MiKpoOOpraHiamis

g S. aureus E. coli C. albicans B. subtilis P.aeruginosa
5 6538 25992 885-653 6633 9027

5 KoHLeHTpaLlis npenapaTtis (MKr/mn)

MBcK MBuK MBcK MBuK MBcK MBuK MBcK MBuK MBcK MBuK

1a 250 500 125 250 39 7.8 7.8 15.6 3.9 7.8
1b 250 500 125 250 250 500 62.5 125 62.5 62.5
2a 31.2 62.5 31.2 62.5 62.5 125 31.2 62.5 125 250
2b 31.2 62.5 31.2 62.5 62.5 125 62.5 125 125 250
2c 125 125 125 250 125 250 125 250 62.5 125
3a 250 500 125 250 62.5 125 62.5 62.5 62.5 125
3b 125 250 7.8 15.6 62.5 125 125 250 125 125

saapami (3,66-3,18 M.4.). [HIIi curHaiu Bigmosiga-
I0Th IPOTOHAM pparMeHTiB BUXiZJHUX HEHACUUEHUX
cnoayk (ta6J. 2).

Hamu gocnimkeHo aHTUMIKpOOHY Aito criosyk 1-3
BilTHOCHO My3elHUX WITaMiB 6akTepill (S. aureus
ATCC 6538, B. subtilis ATCC 6633, E. coli ATCC 25922,
P. aeruginosa ATCC 9027) Ta npixmxoBux rpub6is (C. al-
bicans ATCC 885-653).

BcTaHoBJIeHO, 1110 BUNIPOOYBaHi 06'EKTH 3arajioMm
IPOSIBJISIIOTh aHTUMIKPOOHY aKTUBHICTb CEpelHbOI0
CTyIeHd L0/I0 3alPONIOHOBAHUX TECT-MIKpPOOpraHis-
MiB, TpoTe cnoJiyky 1a i 3a MaroTh 9CKpaBO BUpa-
YKEHY CeJIeKTUBHY GaKTepULUAHY Aito (TabJ. 3).

HaiiBuiiy 4y T/IMBICTh KyJIbTypa rPpaMIIO3UTHBHUX
KOKiB BHsIBWJIA J10 cioyyK 2a i 2b (MBcK cTraHoBu-
ja 31,2 mkr/mi). Cosiyka 2¢ fisisia 6akTepUIuIHO
Ha KyJbTYpy S. aureus B po3BejieHHi 125 MKr/mi, a
iHIII peYOBUHHU XapaKTepU3yBaIUCs CJaOKOI0 6ak-
TepioCTaTUYHOIO Ji€l0.

YyTnusicTb KyabTypH E. coli ;0 CMHTe30BaHUX
CMOJIYK KoJInBasacs B Mexxax 31,2-125 mkr/mi. Buk-
JIIOUEHHS CTaHOBWJIA criosiyKa 3b, sika edpekTUBHO Npu-
rHiYyBaJia PiCT KyJIbTYPU KULIKOBOI IaJIMYKHU B PO3-
BeJleHHi 7,8 MKr/MJI. 3 Jlell[0 MEHILO0 CUJIOK CUH-
Te30BaHi peYOBUHU Ji/I1 HAa TPAaMHETaTUBHY TeCT-
KyaAbTypy P. aeruginosa. Cnonyku 1b, 2¢ i 3a 6ysu
epeKTUBHUMHU NPOTHU CUHbOTHIMHUX NaJIM40K Y pO3-
BeJleHHi 62,5 MKr/MJ1. 3 gociikeHux pedoBrH 1-3
HaWo6iIbLI BUPa)KeHiI aHTUMIKPOOHI BJIaCTUBOCTI Ma€
TioniaHaToaMiz 1a, aKTUBHICTh IKOTO CTOCOBHO IIITa-
miB C. albicans, P. aeruginosa i B. subtilis BusiBuiach
Ha piBHi 3,9-7,8 MKr/MJ1.

[TopiBHSAHHSI aHTUMIKPOOHOI il 3-apuJi-2-Tionia-
HaToaMiZiB, onvcaHux B po6oTax [11, 12], i3 cuHTe-
30BaHUMHU clloJlyKaMu 1a, b cBifuUTh Npo NO3UTHUB-
HUU BIUIUB cy/ibdaHiIaMifiHOro pparMeHTy B iX CTPYK-
Typi Ha pO3LIUPEHHS ClIeKTpa aKTUBHOCTI i 3MeHILeH-
HsI 3HaUYeHHS MiHiMa/IbHUX iHTOYy04YMX KOHLIEHTpaIlii.

TakuM YHHOM, pe3y/IbTaTH MiKpPOG6ioJIOTiYHHX J10-
CJ1i/PKEHD 103BOJISTIOTh TOBOPUTH PO ePEKTHUBHICTD
crnosiyk 1-3 B IJ1aHi MPOTUTPHUOKOBOI, @ B OKPEMUX BU-
najikax i aHTu6aKTepiaJbHOI aKTUBHOCTI, 1110 PO3K-
PUBAE NepCreKTUBU IX BUKOPUCTAHHA IK CHHTEeTHUY-
HUX OJIOKIB [1J151 KOHCTPYIOBaHHSI HOBUX MpenapaTiB
CceJIeKTUBHOI Ail.

ExcnepuMeHTasibHa YaCTUHa

[Y-cnekTpu cnonyk 1-3 3anucaHi y Ba3eJsiiHOBIN
oJii Ha ciekTpodoTomMeTpi Specord MB0 B nianmazo-
Hi 4000,400 cm. Ciextpu SIMP 'H otpumasni B IMCO-d,
Ha npuiazax Varian Mercury (400 MI'n) i Bruker Avan-
ce DRX-500 (500 MI'n), BHyTpiuHi# ctangapT - TMC.
[HAVBIAYaNBHICTD CHUHTE30BaHUX CIIOJIYK BCTAHOB-
jgoBanu MetogoM THIX Ha mitactuHax Silufol UV-254
[eqroeHTH TekcaH — 6eH30J1 — aneToH (2:1:1), rek-
caH - MeTtaHoJ (3:1)].

3-(4-Cyabpamiznodenin)-2-rionianaronpo-
naHamij (1a). o 1,3 r (28 mmouib) akpunamizy, 0,7 r
(19 mmonb) TeTpadayopobopaty kynpymy (11), 2,151
(31 Mmoub) TionianaTy kaJjito B 75 Ms1 BoJiHO-a1e-
ToHOBOI (1:4) cymimi gogaBanu npu -15+-8°C Bnpo-
JoBx 45 xB 6 T (20 MMouib) TeTpadayopobopaty 4-
cynbdamifodeningiazonito. [licas 3akiHUeHHS BUI-
JieHHs asoty (~1,5 rog) fo peakuiiiHoi cyMmiwi goga-
Basiv 20 MJ1 BoJY i ekcTparyBasu 50 MJ1 fieTHi0BoOro
eTepy. BUTSXKKM TPOMUBA/IM BOJOI0, CYLIUJIH XJIOPU-
JIOM KauibLiito. [lic/ig yriaproBaHHA eTepy 3a/IULLIOK KPUC-
TaJidyBasiu 3 MeTaHo.1y. Onepxanu 4,5 r (83%) cro-
JykH (1) y BUursai 6e36apBHUX KPUCTAIB i3 TeMIle-
paTypoto miaBsaeHHsa 205-207°C (3 meTaHoy).

AHastoriuHo ofiepkyBasu criosiyku 1b, 2a-c, 3a, b.

Mikpo6ionoriuHe gocnigxeHHs

AHTHUMIKPOOGHY aKTUBHICTb CHHTE30BaHUX Peyo-
BMH BU3HA4YaJIu 3a I0IIOMOT'0I0 METOAY CepiliHUX po3-
BeJleHb Y piJIkoMy noxuBHOMY cepegoBuili (MIIB).
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CnovaTKy roryBasiv 1% MaTO4YHI pO34YWHU pedo-
BUH y JIM®A. BesnocepeHbo mepe/ 10C/iI0M iX po3-
Boausu B MIIB Bif 1:20 fo 1:640. Y koxxHy npo6ipKy
BHOCHJIY 110 0,2 MJ1 6aKTepiasbHOI cycneHsil Jociz-
»KYBaHUX KYJIbTYP 3 KOHIIEHTPALi€I0 MIKPOOHHUX Tin
10° B 1 mu1. ITociBu inky6yBaau npu 37°C npoTsarom
18-24 rog, micsig 4oro BisyaJlbHO BpaXOBYBaJIU HasiB-
HICTb YU BIJICYTHICTb pOCTY MiKpOOpraHi3MiB. 3a Mi-
HiMaJsIbHYy 6aKTepiocTaTU4YHY KoHLeHTpalio (MBcK)
NpHUIMaay Ty HallMeHIy KiJIbKiCTb PeYOBUHY, B IIPU-
CYTHOCTI SIKOI Bi/]0yBa/IOCh MPUTHIYEHHS POCTY KYJlb-
TypH. [i BUpa)<a1 YU C/I0BUM 3HAYEHHAM PO3BE/ICHHS
aKTUBHOr0 cyb6cTpaTy. BuciBatoun BMicT npo6ipok 3
BiJICYTHICTIO O3HAK POCTY Ha M’SICO-TIEITOHHUH arap y
yaiukax [leTpi, BU3Haya/Iu MiHiMa/IbHY GaKTepULIUAHY
koHIleHTpalito (MBiK). KouTposiem ciayryBanu mpo-
6ipKH, sIKi MiCTH/IM eKBiBa/IeHTHY KisbKicTb [IM®A.
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