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(S)-(+)-1-(2-NIPOMIJUHIIMETHJI) TIPOJIIAAH -
EGEKTUBHUI OPTAHOKATAJII3ATOP ACHMETPUYHOTO
CUHTE3Y

B.M.Tkauyk, B.M.lllo6a, B.A.Cykay, M.B.BoBk

[HCcTUTYT OopranivyHoi xiMii HAH Ykpainu
02660, M. KuiB, Bys1. MypMaHchKa, 5. E-mail: mvovk@ioch.kiev.ua

Karouosi caoea : acumempuyuHuii opeaHoxkamadniz; 2-(S)-(+)-1-(2-nipoaiduniamemus)niponiouH;
a1b001bHA KOHOeHcayis; peakyii Mixaeass ma MaHHixa

Briepwe cucmemamusogaHi ma y3aeasibHeHi nimepamypHi Oxepena, siki 8i0HOCsIMbcsi 00 cghepu 3acmocy8aHHs
2-(S)-(+)-1-(2-niponiduHinmemur)niponiduHy sk echeKmueHo20 opaaHoKamarisamopa acuMempuyHUX peakuyid.
Bu3sHadyeHa posb 3anuwKy mpemuHHO20 aMiHy 8 cmpykmypi OaHo20 Kamariisamopa, sika rofisi2zae y CmMeoPeHHI
acuMempu4HO20 OMOYEHHS 8 NepexiOHOMy cmaHi Kito4oeoi cmadii hopmMysaHHSI HO8020 XipaslbHO20 UEHMPY.
BidsHaueHa saxrnusicmeb kucnom bpeHcmeda sik npomomopig (006a8ok), siKi IPOMOHY0Mb OCHOBHUL amom Him-
poeeHy, nepemaeoprotoyu lio2o Ha O0HOPHY cucmemy. [lemarnbsHo po3arnsHyma kamarizogaHa 2-(S)-(+)-1-(2-ni-
poniduHinmemun)niponiduHom anb0osibHa KOHOeHcauisi, sika o rnpasy € 00HUM i3 HaleaX/ugiluux iHCmpyMeH-
mig y cuUHmMe3i PisHOMaHimHuUX murie orMu4YHO aKmuBHUX opaaHiYHuUX crionyk. [IpodemMoHCmMpPo8aHO NomyxHut
Kkamanimuy4Hul nomenuian (S)-(+)-1-(2-niponiduxinmemun)niponiouHy 8 acumempudyHili eepcii peakuii Mixaens,
fiIKka He minbKu 0o3eorssie ymeoprogamu oOuHapHi C — C 38’a3Ku, ane U 2eHepysamu HO8i acuMempuyHi UeHmpu 8
opaaHiYHUX MoneKynax. 3HayHa yeaea 6 02n1s0i 3ocepedxeHa Ha sukopucmaHnHi (S)-(+)-1-(2-niponiduxinmemunn)
niponiduHy 8 peanizauji acumempu4Ho20 eapiaHmy peakuii MaHHixa sk 3py4H020 Memody CUHME3y OnMmu4YHO
aKkmueHux 3-aMiHOKemMOHie ma ecmepis, sIKi € nornepedHUKamu psidy 8aXX/1UBUX HiMPO2EHOBMICHUX MPUPOOHUX
CIOMyK.

(S)-(+)-1-(2-PYRROLIDINYLMETHYL)PYRROLIDINE — AN EFFECTIVE CATALYST OF ASYMMETRIC SYN-
THESIS

V.M.Tkachuk, V.M.Shoba, V.A.Sukach, M.V.Vovk

Key words: asymmetric organocatalyst; (S)-(+)-1-(pyrrolidinylmethyl)-pyrrolidine; aldol condensation; Michael
reaction, Mannich reaction

The literature sources concerning application of 1-(pyrrolidin-2-ylmethyl)pyrrolidine as an effective organocata-
lyst of asymmetric reactions have been reviewed and systematized. The role of the tertiary amine fragment in the
structure of the catalyst has been emphasized; it makes an asymmetric arrangement in the transition state of the
key step during the new C-C bond formation. The importance of Bronsted acid as a promoter (additive), which
protonates the basic nitrogen atom transforming it to the N-H-donor system, has been noted. Aldol condensation
catalyzed by 1-(pyrrolidinyl-2-ylmethyl)pyrrolidine that can be undoubtedly considered as one the most valuable
tools in asymmetric synthesis and construction of various optically active organic frameworks has been reviewed
in details. A powerful catalytic activity of 1-(pyrrolidinyl-2-ylmethyl)pyrrolidine in the Mannich reaction leading to
a new C-C bond and chiral centre creation has been demonstrated. A significant attention in the review is de-
voted to application of 1-(pyrrolidin-2-ylmethyl)pyrrolidine in the asymmetric version of the Mannich reaction as a
convenient approach for the synthesis of chiral B-aminoketones and 3-aminoesters being well known as useful
building blocks and precursors for important nitrogen-containing natural products and heterocycles.

(S)-(+)-1-(2-NMUPPOJIUANHNIIMETUI) TUPPONTIMANH — SOGEKTUBHbLIA KATAJIU3ATOP ACUMMETPU-
YECKOIO CUHTE3A

B.H.Tka4yk, B.M.LLlo6a, B.A.Cyka4, M.B.Boek

Knroyeeble cnoea: acummempuyeckuli opeaHokamarnus; 2-(S)-(+)-1-(2-nupponuduHunmemusi)nupponinuduH; arb-
donbHasi KoHOeHcayus; peakyuu Muxaans u MaHHuxa

Briepsbie cucmemamu3uposaHbl U 0606uUeHbI TumepamypHbIe UCMOYHUKU, KOMOpPbie OMHOCSMCS K cghepe
npumeHeHusi 2-(S)-(+)-1-(2-nupponuduHunmemurt)-nupponuduHa Kak 3gh¢heKkmueHo20 opeaHoKamanusamopa
acummempuyeckux peakyul. OnpedernieHa posib ocmamka mpemu4yHo20 aMuHa 8 cmpykmype daHHO20 Kama-
Jiusamopa, Komopasi cocmoum 8 co30aHuu acuMMeMmpPUYECKO20 OKPY)XEHUS 8 MEPEXOOHOM COCMOSIHUU KIIt0-
yeeoll cmaduu hopMuposaHUsi HOB8020 XUpasbHO20 UeHmpa. OmmedeHa 8axHocms Kuciom bpeHcmeda kak
rnpomomopoes (006aeok), KOmopbie MPOMOHUPYOM O0CHOBHOU amomM a3oma, rpespaw,as e2o 8 N-H-doHOpPHY0
cucmewmy. odpobHo paccmompeHa kamasnusuposaHHas 2-(S)-(+)-1-(2-nupponuduHunmemurn) nUpPoIUGUHOM
anb0osbHasi KOHOeHcayusi, Komopasi o rpasy s1en1s1emcst 00HUM U3 Haubonee 8aXHbIX UHCMPYMEHMO8 8 CUHMEe3e
pa3HoobpasHbIX MUMNo8 OrMUYeCcKU aKmueHbIX opaaHu4yeckux coeduHeHul. lpodemoHcmpuposaH MOWHbIU Ka-
manumuyeckul nomeHyuan 2-(S)-(+)-1-(2-nupponuduHunmemusi)nupponuduHa 8 acuMmMempu4eckol sepcuu
peakuyuu Muxaans, Komopasi He mosbKo no3eosisiem obpasosbieams 00uHapHbie C-C cesi3u, HO U eeHepupo-
8amb HOB8blE acUMMEMPUYECKUE UEHMPbI 8 OP2aHUYECKUX MOreKynax. 3HadyumesnbHoe 8HUMaHue cocpedomo-
YeHo Ha ucrnonb3o8aHuu 2-(S)-(+)-1-(2-nupponuduHunmemur)nupponuduHa 6 peanu3dayuu acuMMempu4yecKo-
20 sapuaHma peakyuu MarHuxa kak ydobHo20 Memoda cuHme3a OnMuUYeCcKU akmueHbIX 3-aMUHOKEMOHO8 U
aghupos, KOmMopbie A671910MCS NpeduiecmeeHHUKaMU 8aXHbIX azomcodepxaljux MpuUpPoOHbIX cOeOUHEHULU.
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AcMeTpUYHHMI OpraHOKaTaJli3 — HOBUM NepcliekK-
TUBHUHN HapAMOK TOHKOT'O OPTraHiYHOTO CUHTE3Y,
MOB’sI3aHUM i3 BUKOPUCTAHHSAM [iJ1s1 IPUCKOPEHHS
nepeo6iry acMMeTpUYHUX XiMiYHUX peakliid HU3bKO-
MOJIEKYJIIPHUX OPTraHiYHHUX CIOIYK, Ki He MiCTATb
y CBOEMY CKJIa/ii eJieMeHTIiB MeTaJiB. CuCTeMHi J0-
CJIi/I’>KeHHS OpraHoKaTaJiTUUHUX peakllii po3noya-
JINChb TPUO6JIM3HO 15 pOoKiB TOMY, a caM TepMiH «op-
raHokaTaJi3» 6yB 3anponoHoBaHuil MakMissiaHoM
y 2000 p. [1]. 3 Toro yacy npegMeTOM BUBUYEHHS CTa-
Jio moHa/, 150 pisHOMaHITHUX TUIIB peakliil, ki edpek-
TUBHO KaTaJi3yITbhCA y IPUCYTHOCTI HU3bKOMOJIe-
KYJIAPHUX XipaJIbHUX OpTaHiYHUX CNIOJIYK i J03BO-
JISIIOTh PO3PO6J/ISATU HOBI METOAUKU CUHTE3Y eHaHTio-
MEpPHO YUCTUX NPOoAYKTiB. [lepeBara opraHokaraJi-
3y HaJ, KJJaCUYHUM €HaHTioCeJIeKTUBHUM MeTaJlo-
OpraHiYHUM KaTaJli30M O4eBHUHA: BiH € OUIbII 3py4-
HUM, EKOHOMIYHO BUTi/[HUM Ta eKOJIOTi4HO 6e3mey-
HillIUM MeToA0M. Pa3oM 3 TUM, OJHUM i3 HeJ0JIiKiB
opraHokaTaJisy € noTpeba y Bi/lHOCHO BEJIUKIN KiJb-
KOCTI KaTasizaTopa (5-20%) Ta 4y T/IMBIiCTb J10 CTPYK-
TypH CyO6CTpaTiB.

®dyHKLioHa/NbHA POJib OpraHoKaTaJji3aTopa 1o-
JISITAE SIK B aKTUBAIlil eJleKTpodisibHOTO a60 HyKJIeo-

o

1
Cxema 1
2B .
R : R
dM 3R
)
\
D\/Q
+
N X
1 —R
R
R ‘R
Cxema 2

disibHOrO CYy6CTpaTy, TaK i y CTBOpeHHI acUMeTpHY-
HOTI'0 Cepe/0BUILA, BiANOBIZa/IbHOTO 32 HaJaHHA Xi-
PaJIbHOCTI LIIJIbOBMM MTPOAYKTaM. 3a XapaKTepOM B3a€-
MO/l i3 cy6CTpaTOM OpraHoKaTa/li3aTopH Kaacudi-
KYyIOTh Ha KOBaJIEHTHI Ta HEKOBaJIEHTHI. B nepmomy
BUIIAJIKY CIIOCTePIra€ETbCcd yTBOPEHHA KOBAJIEHTHO-
ro 3B’A3Ky MiX KaTaJ/i3aTOpoM Ta Cy6CcTpaToM, a B
JpyroMy aKTHBalisl CybCcTpaTy BifOyBaeThbCA Yepes
dopMyBaHHS BOJIHEBUX 260 i0HHUX 3B’a3KiB. Tuno-
BHUMU NIpe/iICTABHUKAMU KOBaJIEeHTHUX KaTaJi3aTo-
piB € aMiHOCNOJIYKU Ta Kap6eHU, a HEKOBaJIEHTHUX
- Tioce4oBHHH, opraHoPpochOpHi KUCJIOTHU Ta LIUH-
XOHOBI aJIKaJI0IIH.

Cepepn HalBifOMIINX KOBAJIEHTHUX XipaJlbHUX
OpraHOKaTaIi3aTopiB Ge3rmepeyHruM JIiIepoM 3a CIIeKT-
POM 3aCTOCYBaHHA € aMiHOKHCJIOTA MPOJIiH Ta 11 1o-
xigHi. KataniTuyHi peakuil 3a 1X y4acTIO CTaIv Ipej-
MEeTOM A0CJIiIKeHHS 3HAa4YHOI KiJIbKOCTI OpUTiHa/b-
HUX Npalb, IeKIJIbKOX BaXK/JIMBUX OTJISZJOBUX CTaTeN
[2-8] Ta moHOTpadii [9].

Pa3oM 3 TUM BapTO 3a3HA4YUTH, L0 33 OCTAHHI
5 poKiB 3Ha4HO 3pPOCJI0 3aCTOCYBAaHHSA SIK OPraHoO-
KaTaJi3aTopiB ONTUYHO aKTUBHUX NOXiAHUX Mipo-
aiguny. Jlig nofaablioro iHTEHCUBHOTO PO3BUTKY
1iel o6s1acTi opraHokaTasizy BUHUKJIA 06’ €KTHUBHA
notrpeba B y3arajJbHeHHIi Ta cCUCTeMAaTH3allil 3Hau-
HOI KIJIBKOCTI HAABHUX JIITEPATYPHHUX JPKEpPeJL.

Came TOMy npejMeTOM NOJAHOT0 OISy € aHa-
JIi3 aCHMeTPUYHUX OpPraHOKaTaJliTUYHUX IlepeTBo-
peHb IIiJ1 Jielo HallepeKTUBHIIIOTO KaTaJsli3aTopa i3
pALy 2-reTeprUaAMeTUIIIposIiAnHIB — 2-(S)-(+)-1-(2-mi-
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posiguHinMeTu)-nipoaiguny [(S)-PMP] 1. Bin Bnep-
e 6yB cuHTe30BaHUi y 1973 p. [10] i Ha Tenepiwi-
Hil Yyac € KOMepLilHO JOCTYIHUM NPOAYKTOM.
3arasbHa cxeMa 2 IeMOHCTPYE KaTaJIiITUIHAN LMK
3a y4actio (S)-PMP, kirodoBoto cTafieto skoro € Gpop-
MyBaHHS EHaMiHHOro0 iHTepMeAiaTy. PyHKIIis 3a/U1l-
Ky TPETUHHOTO aMiHy B CTPYKTypi AiaMiHy 1 noJsid-
ra€ y CTBOpeHHi aCMHMeTpHUYHOI'0 OTOYEHH B Ilepe-
XiTHOMY CTaHi KJII040BOI CTaZii yTBOPEHHA HOBOTO
xipasbHoro neHTpy. [Ipu 1boMy 0C06/1MBO BaXKJIU-
BOIO € poJib KucJ10TH bpeHcTea sik npomoTopa (0-
6aBKHU), IKa MPOTOHYE OCHOBHUM aTOM HIiTpOTeHY,
[epeTBOPIOIOYM MOro Ha JOHOP BOJAHEBOTO 3B SI3KY.

1. AnbaonbHa KOHAEHCALiA

AnbJloNIbHA KOHJIEHCALlisd — Lie IpoLec B3aEMO-
Jii IBOX KapOOHIIBHUX CIOJIYK 3 YTBOPEHHSAM [3-Ke-
TOCIUPTIB, AKI MOXKYTb NiAaBaTUCh Aerigpartanil i
yTBOPIOBATH «,[3-HeHacH4eHi KapOOHIIbHI CHOJIYKH.
MO>XJ/IMBICTb YTBOPEHHS aCUMETPHUYHOI0 LIEHTPY BU-
JJISIE TaKy KOHJEHCAllil0 SIK OZJMH 3 HaWBaXKJIUBILIIUX
IHCTPYMEHTIB Y CUHTE3i pi3HOMaHITHUX TUIIIB ONTHY-
HO aKTUBHUX OPraHiYHUX CIIOJNYK.

1.1. AL 0/1bHa KOHJAEH calis atidpaTUIHUX Ke-
TOHIB 3 apOMaTUYHUMHU aJibAerijamMmu

Brnepue y 2001-2002 pp. ANOHCBKUMHU AOCHI[-
Hukamu [11, 12] 6yna BUBUeHa KaTa/liTUMHA aKTUB-
HiCTb HU3KH XipaJIbHUX JliaMiHiB y KOMOiHaIii 3 pi3-
HUMU NIPOTOHHHUMH KUCJA0TAaMHU B aCUMETPUUYHOMY
BapiaHTi aJibJI0JIbHOI KOHJeH callii n-HiTpobeH3a/lb-
Jlerigy 2a 3 alleToHOM, sika IPUBOJUTD [0 YyTBOPEH-
He -KeTocnupTy 3a Ta He3HAYHOI AOMIlIKH o, [3-He-
HacuveHoi Kapb6oHinbHOI criosyku 4a (cxema 3).

Cepes anpo60BaHUX CIIOJYK HAUBULIY KaTaliTH4-
HY 3/IaTHICTb NPOsABU/IM AiaMinu 1, 5-7 (cxeMma 4).

Bysi0 nokasaHo, 1110 HalKpallli pe3y/1IbTaTh OTpHU-
MYIOTbhCSl IPU CNiBBiJHOLLEHH] KUC/I0Ta : AiaMiH 1:1,
a HallepeKTHUBHILIO i3 Pi3HOMaHITHUX KUCIOTHUX
Jn06aBok 8-13 € 2,4-1uHITP06EH30JICyIbOOKHUCIIO-
Tta 11 (Buxiz 3a = 63 %, ee=83 %) (Tabs. 1).

3 MeTO10 NOPIBHAHHA aKTUBHOCTI KaTaJiTUYHUX
cucteM 1(5,6,7): 11 =1: 1 Takox 6y/i1 NpoBeJieHi
a/bJl0JIbHI KOHJeHcalil alleToOHY 3 6eH3a/bAerioM
2b Ta nukJorekcuakapbanbaerizom 2c. OTpumani
pe3ysabTatu (TabJ. 2) cBigyats, mo (S)-PMP € gocutb
edeKTUBHUM KaTa/li3aTOpOM y BUIA/IKY N-HITPOOEH3-

Ta6bnuua 1
Cncnora TsOH-2H,0 Tf,CH-2H,0 @—cooH
8 9
10
Buxin 3a,% 28 27 6
ee 3a,% 72 84 18
°2N\©i"‘02 - © 2H,0 SO,0H
Kucnora SO,0H : SO,0H o)
1 12
13
Buxig 3a,% 63 31 23
ee 3a,% 83 61 61

Ts = 4-MeC(H,S0,, Tf = CF,SO,
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Ta6bnuua 2
O‘ 0 o)
H H H
KaTtanitnuHa
cuctema O,N
2a 2b 2c
Buxig 3a, % ee 3a,% Buxig 3b, % ee 3b, % Buxig 3¢, % | ee 3¢,%
1:11=1:1 61 83 6 80
5:11=1:1 72 93 13 91 Tinbkn 4¢
6:11=1:1 50 84 7 76
7:11=1:1 81 81 58 74 64 80
0 0]
)H/ . H)K©\(S)-PMP-TFAA (TFA)
H " H
DMSO
R X
14 15
Cxema 5

anbjieriay 2a, HaToMicTh Buxig npoaykTis 3b ta 3¢
y peakiisix 3a KOro y4acTIO 3Ha4YHO MeHIIUH, a Haul-
Kpallly KaTaJiTU4YHY 3/JaTHICTb NOKa3aB JliaMiH 7.

Pe3ysibTaTOM MOAA/IBIINX JOCTiKeHb [12] cTa-
Jla po3po6Ka HOBOI KaTasiThu4iHoi cucteMHu (S)-PMP-
TfOH, sixa cupusie fiacTepeocesleKTUBHIN albJ0J1b-
HiM KOHAEeHC calii n-HiTpo6eH3a bAeriay 2a 3 AieTH-
KETOHOM, LIUKJIOT€eKCAHOHOM Ta IJMKJIOIEHTaHOHOM
3 BUCOKUMH €HaHTiOMEpPHUMH HaJJIUIIKaMH (ee=84-
96%). B Toli »xe yac kaTanizoBaHna (S)-PMP anpposnb-
Ha KOH/leHcallisl 6eH3albJeri/liB 3 KeTOHaMHU Y BOJI-
HOoMY cepefoBuli [13, 14] xapakTepu3yeThCs BiJl-
CYTHICTIO fiiacTepeoceIeKTUBHOCTI.

1.2. AnbA0/IbHA KOHAEH cALiA alipaTUIHUX Ta
apoMaTU4YHUX ajibJAerijiB

BcTaHoBJIEHO, 1110 a/bJ0JIbHA KOHJEeH callisg aJi-
daTuuyHux anpierifis 14 3 napa-3aMileHUMU 6eH3-
anbgeriamMu 15 edpextuBHo KaTasnisyeTbes (S)-PMP
B IIPUCYTHOCTI 106aBOK TPHUPTOPOOIITOBOTO aHTiAPH-
ny (TFAA) [15] a6o TpudTopoouToroi kucaotu (TFA)
[16, 17]. HaBeneHi y Ta6J. 3 [15] Buxijg Ta eHaHTiO-
MepHUH HaAJUIIOK NPOAYKTIB peakiiii 16 nmokasy-

I0TB, 1110 IPOCTOPOBI 3aMiCHUKHU y CTPYKTYPi anbje-
riay 14 cyTTeBO NiABUILYIOTh AiacTepeo- Ta eHaH-
TioceJIeKTUBHICTh peakuii (cxema 5).

1.3. BHyTpillIHLOMOJIEKY/IAPHA a/1b/J0/IbHA KOH-
AeHcanisa

Y 2000 p. 6ys10 onucaHo KatajnizoBane (S)-PMP
acMMeTpHUYHE aHeJI0BaHHS 32 POGiHCOM TPUKETOHY
17 3 yTBOpeHHAM AuKeTOHY Binanga-Micwepa 18
[18]. HemomaBHO sAimoHCHKI XiMiky mokasasu [19],
1110 HasiBHICTb KHUCJIOTHOI J0OAaBKY CYyTTEBO BIJIMBAE
Ha pe3y/bTarT Lji€el peakuil. 30kpeMa, B IPUCYTHOCTI
TFAA 3 ocTaTHHO BUCOKMM BUXOJ,0M Ta €eHaHTioce-
JIEKTUBHICTIO yTBOPIOETHCS R-eHaHTioMep 18 (Bu-
xin=53%, ee=81%), HaTOMIicTb 3a BificyTHOCTI KuC-
JIOTH i3 He3HAaYHUM €HaHTIOMEepHUM HaJJIMLIKOM Ile-
peBaxac S-izomep 18 (cxema 6).

1.4. ToMmoa/ibA0/IbHA KOHAEHCallisl

[lepuia cnpo6aaBTopiB [20] 34ilcHUTH OpraHo-
KaTaJiTUYHY TOMOaJbJ0JbHY KOH/leHCaL[il0 eTHJI-
nipyBaty 19 y npucyTHOCTI L-nipoJsiiHy 3aKiHYH/1aCh
HeBJavelo: cyoCcTpaT pearyBaB 3 KaTaJli3aTOpoOM 3
YTBOPEHHSM BiINOBiIAHOTO0 a30METHH- /iy, IKUH,

Ta6bnuua 3
R X Buxin 16, % | ee 16, % R X Buxig 16, % | cuH:aHmu | ee 16™, %

Me NO, 93 35 Et NO, 96 38:62 75/91
Me NO, 94 95 Pr NO, 92 34:66 66/89

O
Me CN 95 92 /\C[ > NO, 91 23:77 53/90

(0]
Me OMe 40 93 W NO, 91 16:84 74/95
Me H 32 96 % NO, 97 15:85 53/90

* — peakuis 6e3 n06aBku TFAA; ** — eHaHTIOMEPHWUIA HAANWLLIOK CuH- Ta aHmu-i30MepiB.
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o)
18-(S)

0 0
(S)-PMP (1 eks.) %
DMSO 0]
17

(S)-PMP ( 1 exs.)
TFAA (1,5 ekB.)

o DMSO o
18-(R)
HU3bKi 3HaYEeHHs ee Buxin =53 % ee=81%
Cxema 6
0] .
/lS(OEt 1.(S)-PMP-TFA EtO2(\)><i<V/O TBDMSICI EtOz(;SQV/O
2. AmGeprict 15 — —
o P OH OSITBDM
19 20 21
ee=86 %
Cxema 7
0] Ar O Ar
)H/Rg . I (S)-PMP /\%NOZ
R? R?
R2 NO, R2 R?
22 23 24 a-m
Cxema 8

y CBOIO Yepry, BCTyNaB y peakiiito 1,3-AUN0JAIpHOTO
IUKJIONPUENHAHHA 31 1Llle O HIEI0 MOJIEKYJIOO Mipy-
BaTy. O/lHa4Ye MPH BUKOPHUCTaHHI cucteMHu (S)-PMP-
TFA 3 HacTynHO0 06p06KOI0 peakLiiHoi cyMmii nmo-
JliMepHOI0 cy1bGOKUCI0TO0 AMOGepicT 15 Ta mpem-
oytunaumetuacuaiixopugom (TBDMSICI) y npucyT-
HOCTI iMiZ1a30J1y 1K OCHOBM BJjaJIOCh OTPUMATH 3 BU-
COKHUM €HaHTiOMePHUM HaJIJIMIIKOM NMPOAYKT CaMo-
KOH/JleHcalii eTunnipyBaTy — O-cUiibOBaHy i30TET-
poHOBY KucoTy 21 (cxema 7).

2. Peakuis Mixaens

AcrMmeTpHyYHMU BapiaHT peaknii Mixaesd € Bax-
JIMBUM iHCTPYMEHTOM TOHKOI'O OPTaHiYHOTO CUHTe-
3y, AKUM J03BOJISIE He TiJIbKU yTBOPIOBATH HOBIi 01U-
HapHi C-C 3B’A3KM MIJIAIXOM IPUEAHAHHS ByTJ/eLe-
BUX HYKJIe0}iJiB 10 aKTUBOBaHUX NMoaABiHHUX C=C
3B’s13KiB, aJie i reHepyBaTH HOBi aCUMeTpPUYHi IeH-
TPU B OpTaHiYHUX MOJIEKy/aX. BOpooBx ocTaHHIX
pPOKiB ony6/1ikoBaHa 3HauUHa KiJIbKiCTh Mpalb i3 BU-
kopucTtaHHs (S)-PMP 1 B poui kaTtanizaTopa acuMeT-
puyHoi peakui Mixaesis, siki npokiacudikoBaHi HaMH
y BiZIOBiTHOCTI A0 TUIY Cy6CTpaTYy.

2.1. Peakuis MixaeJis1 3a y4yacTio HiTpoosedi-
HiB Ta HiTpOAi€HIB

HiTporpyna foCTaTHBO CUJIBHO aKTUBYE NOABIN-
HUM 3B’130K, 1110 B G1/IBIIOCTI BUMA/IKIB I03BOJISIE TPO-
BECTH OpraHOKaTaJiTUYHYy peakuilo Mixaesns 3a y4a-
CTI0 HITpOAJIKEHIB 3 JOCUTh BUCOKMM BHUXOJOM Ha-
BiTh 6€3 106aBKH KUCJIOTH [21-26]. OnHave, y pa3i
o,0-AiaskisianbpaerifiiB 22 peaklisi nepe6irae Tijib-
kU B npucyTHocTi 20 Mmosb % TFA (Ta6.1. 4, yMoBa 8)
[22]. 3aranom, moaudikalis apoMaTUYHOrO Apa B
akuentopi Mixaesis 23 c1abKo BIJIMBA€ HA BUXiJ] Ta

ee=71%

Cxema 9

eHaHTiOMepHUI HAaAJUIIOK NPOAYKTY 24 (Tab.1. 4,
24d, 24e, 24k-m). Haiikpaiii pe3y1bTaTH BJja10Ch
OTPUMATH y BUNAJIKY a-KeTocyabdaMiay (Tab.. 4,
24m, ee = 97 %), 1m0, 04eBUAHO, 06YMOBJIEHO MiJI-
BUIIIEHOI0 KUCJOTHICTIO 0-aToMa Bo/iHIO (cxeMa 8).

BesibMU 11iKaBUM Y CHHTETUYHOMY aCIIEKTi € Ka-
TasnizoBaHa (S)-PMP BHyTpillHbOMOJIEKY/ISIPHA TaH-
JeMHa peakuia Mixaesa-I'eHpi Mix fianeTusnoM ta
HiTpocTHposioM 23, IKa NPUBOAUTH J10 eHAHTiOMep-
HO36aradyeHoro 2-TiApoKcHu-3-HiTPOIMKJIONEHTaHO-
Hy 25 [27] (cxema 9).

[HIIMM BaKJIMBUM THUIIOM aKLenTopiB Mixaens
€ HiTpoaieH 26 Ta HiTpoeHiH 27. [Ipu gocaimxeH-
Hi peakuii anpgerigy 14 i3 BKazaHUMHU aKLeNTopa-
MU B nipucyTHocTi (S)-PMP aBTopam [24] BAasioch
oZep:KaTU NPOAYKTHU NpueaHaHHa 28 ta 29 i3 go-
CUTb BUCOKUM 3HaUYeHHsM ee (cxema 10).

2.2. Peaknisa Mixaess a,3-HeHacu4eHHX Kap-
GOHIIBHUX CHOJIYK

Bapb6ac i3 cniBp. [21, 28] npu BUBYeHHI peakuii
alleTOHY Ta IUKJIiYHUX KeToHiB 30 i3 6eH3a/bMaJ10-
Hatamu 31 y npucytHocTi (S)-PMP npu KiMHaTHi#i
TeMIlepaTypi BCTAaHOBUJIY, 1110 HallBU1lja eHaHTioce-
JIEKTHUBHICTb CIIOCTepiraeTbces B pasi o-CF,-6eH3ab-
MaJioHaTy (A1 NpoAyKTy npuegHaHHsA 32¢ ee=70%).

7



ISSN 2308-8303

Journal of Organic and Pharmaceutical Chemistry. — 2014. — Vol. 12, Iss. 1 (45)

Ta6bnuua 4
Cnonyka R R? R3 Ar YmoBu Buxig 24, % | cuH:aHmu ee, %
24a ! Me H H Ph a 81 - 35
24D 21 ~(CH,), - H Ph a 78 4:1 78:71*
24¢ 1211 —(CH,), - H Ph a 21 98:2 73
24d ©" ~(CH,), - H 2-CF,-CH, 6 84 98:2 70
24e 2V ~(CH,), - H 4-MeO-C H, 6 60 98:2 88
24f 21 H (CH,),CH H Ph a 80 4:1 75
24g H Me Me Ph B 87 - 80
24h 2 H Et Me Ph B 94 3:1 81:75*
24i 22 H Pr Me Ph B 95 3:1 86:67*
24j H 4-(i-Pr)Bn Me Ph B 75 1:1 65:65*
24k & Me NHTSs H Ph r 80 85:15 90
24| = Me NHTs H 4-Me-CH, r 85 86:14 93
24m) Me NHTs H 3,4-(CH,0), CH, r 86 83:17 97

a) 20 monb % 1, THF, 20 °C

6) 20 monb % 1,THF/ H,0 (9:1), 4 °C,

B) 30 Monb % 1, 20 monb% TFA, i-PrOH, 4 °C, 1-4 pobu

r) 15 monb % 1, CHCl;, 20°C, 14-36 roa

* — EHaHTIOMEPHUIA HAZUMLLIOK Y BUMAAKY CUH- Ta aHMuU-NpPOAyKTY.

3HIKEHHS TeMIlepaTypHu A0 -25°C nifiBuIllye eHaH-
TioOMepHUHN HAaAJIUIIOK A0 91%, X04a | 3HUKYE BUXiJ]
50 14% (cxema 11).

CkpHHIHT KaTasi3aTopiB, aHasoris (S)-PMP, y pe-
akuil Mixaesst [21, 28] mokasas, 1[0 HAUBUIIUNA eHaH-
TioOMepHUH HAAJIUIIOK NIPU NIPUEAHAHHI alleTOHY SIK
Jlo 6eH3a/IbMaJIOHATIB, TakK i /10 HiTpooJsiediHiB J10-
CATa€eThCs NMPU BUKOPUCTAHHI AiaminiB 33, 341 35,
npyUyoMy KaTajizaTtop 35 Halikpalle NiAX0oAUThb JJis
NpUEAHAHHA anb/eriaiB (cxema 12).

AgTopu [29, 30] feTa/ibHO AOCAIANAN IPUEAHAH-
HSl aleTOHY J0 3-CUliIMeTH/IeHMaloHaTy 36 y npu-
cytHocti (S)-PMP i nokasasny, 1o B yMoBax, 3amnpo-
noHoBaHux bap6acom Ta cniBp. [21, 28], (28°C, THF)

st TpoAYyKTY 37 BAETHCS JOCATTH Jidille 66% ee
pU Ayxe HU3bKoMy BUXOAI — 10%. 3amina THF Ha
N-meTunniposizon (NMP) npuBesa fo nigBuieHn-
Hf1 BUXOly crioiyku 36 0 61% i3 ofHOYaCHHUM 3HU-
JKeHHSIM eHaHTioMepHOT0 HaJJIHIIKY A0 55%. [Ipo-
1ec 6yB ONTHUMi30BaHUH i3 BUKOPUCTAHHSM Pi3HHUX
KHCJIOTHUX 1006aBOK, @ HAWKpalli pe3yJbTaTH 6yau
oTpuMaHi B ymMoBax gocuiay VI (Ta6u. 5, cxema 13).
Baxk/IMBHMM NPUKJIJIOM aCHMETPUYHOI peakiii Mi-
XaeJis € OpraHokaTaJiTUYHUU cuHTe3 1,4-aurigpo-
nipugasuHiB 40 npueJHaHHAM apUjaleTalbJeriJliB
39 po 1,2-piaza-1,3-pieHiB 38 3 mogaiblIO0 BHYT-
pilllHbOMOJIEKY/ISPHOIO IMKJIi3alieto [31]. B Ta6.1. 6
HaBe/ieHi NOPiBHAJILHI pe3yJbTaTH NPOoLecy 3 BU-

Ph
26 H NO,
28
0 CuH : aHmu = 86 :14, ee =80 %
(S)-PMP, 20 %
H Ph
X _NO
14 Ph™ SN2 0 I
27 H NO,
29

Cxema 10

8
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0 O CH(COOR),
HH ROLCOR " 20 Mons % (S)-PMP
+ \E RS
RT R? RS THF, kimMH. t R' R2
30 31 32
O ph
R O  CH(COOR), O  CH(COOR), O  CH(COOR),
N CO,Et
'EtO,C Ph CeHCFy-0 CoHyiH
32a 32b 32c 32d
61 %, 9:1,ee=53 % 47 %,ee =59 % 46 %,ee =70 % 16 %,ee =24 %
=-250C,5%,ee=72% T=-25°C, 14 %, ee =91 %
Cxema 11
t-Bu, O (IZwH21 (\O
; N- )
O\/N N CioHa D\/N
N N
H H H
33 34 35
Cxema 12
SiMe Ph ;
2 + /U\ : CO,Et
CO,Et CO,Et
36 37
Cxema 13

KopucTtaHHsM L-nposiny Ta (S)-PMP y posi kaTasi-
3arTopiB (cxema 14).

2.3. Peaknis MixaeJist 3a y4acTI0 MeTUJIieH-
2em-6idpocdoHaTiB

Peakuia Mixae/isl ieCTUY/I€eHHUX LUKJIIYHUX Ke-
TOHiB 41 3 MeTWIiAeH-2eM-6icdochoHaToM 42 Gyia
YCHILIHO BUKOPUCTaHa B CUHTE3i XipaJIbHUX Y-KEeTO-

6idpocdonari 43 (cxema 15). [lokasaHo [32, 33], wo
HaMKpalMy yMoBaMH il nepebiry € kaTtais (S)-PMP
3 106aBKOI0 6€H30MHOI KUCJIOTH B XJIOPUCTOMY Me-
TUJeHi (Ta6J1. 7). BapTo 3a3HaYUTH, [0 allUKJIi4Hi
KeTOHM B TaKUX YMOBaX B3arajli He pearyorTh, a Lju-
KJIOTIeHTaHOH, HaBNaKH, BUABUBCA Jly>Ke peaKIiii-
HO3/IaTHUM i IPUBOAUTH /10 YTBOPEHHS NPAKTUYHO

Ta6bnuuya 5
Hocnig, N KaTanizatop i go6aBka YmoBu Buxin 37, % ee37, %
| 20 monb % 1 THF, T=28°C, 6 gi6 10 66
Il 20 Mmonb % 1 NMP, T=28°C, 3,50061 61 55
I 1+ 10 monb % AcOH NMP, T=4°C, 5 pi6 72 84
v 1+ 10 monb % AcOH NMP, T=-10°C, 7 ni6 5 88
Vv 1+ 10 monb % PNBA NMP, T=4°C, 5 ni6 79 80
VI 1+ 10 monb % TFAA NMP, T=-10°C, 7 ni6 76 90
Vil 1+ 10 monb % TFAA Tonyon, T=-10°C, 7 pi6 88 82
PNBA — r-HiTpo6eH30/iHa KucioTa
COR Ar COR
~ _Me 1)L-Pro, 20 Monb % Ar Me a) R=Et, Ar=Ph
+ S(H 2) (S)-PMP, 20 Monb % N b) R=Me, Ar=p-BrC¢H,
N ~ _NH c) R=Me, Ar=p-EtOGH
N O THF,20 °C N Y
| ’ = =
CONH, d) R=Me, Ar=m-NO,C;H,
38 39 40

Cxema 14
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Tabnuua 6
Kataniszatop L-Pro Katanizatop (S)-PMP-TFAA
MpopykT - X .
yac (gHi) BuUXxig, % ee, % yac (gHi) BuUXig, % ee, %
40a 4 35 39 4 40 75
406 5 23 62 5 32 72
408 10 18 66 10 15 28
40r 7 87 78 4 62 65
) 0 0]
ﬁﬁ P(OEt), (S-PMP-TFAA L . PO(OEY),
+ :<
R O R
41 42 43
Cxema 15
0 Q 0
P(OEt),
+ (S)}-PMP-TFAA (Eto),0p—~" )" PO(OEY),
P(OEt
(O, CH,Cl, PO(OEY), PO(OE),
42 44
58 %, yuc:mpaHc = 1:99, ee = 99 %
Cxema 16

€HaHTIOMEepPHO YUCTOI0 JMU3aMIilleHOI 0 IPOAYKTY 44
(cxema 16).

2.4. KoHaeHcanisa aabao-Mixaes

3 ypaxyBaHHaAM Toro, 1o (S)-PMP akTuBHO Ka-
Tasi3ye 9K peaklito Mixaess, Tak i aJib10JbHY KOH-
JeHcalilo, BeJCbKi JOCAIJHUKU 3aCTOCYBaId KOM-
GiHalif0 IIUX MPOILECIB AJIs €eHAaHTiIOCEJeKTUBHOIO

CHUHTe3y TeTparigpoTiokcaHTeHOHY 47 [34] Ta TeT-
pariapokcanTeHoHy 49 [35] (cxemu 17, 18).

3. Peakuiss MaHHixa

AcvMeTpUyHUH BapiaHT peaklii MaHHixa € 3pyy-
HUM METO/IOM CUHTE3Y ONTUYHO aKTUBHUX [3-aMiHO-
KETOHIB Ta ecTepiB - NONepeJHUKIB HU3KU BaXKJIU-

Ta6bnuua 7
43 X=C, R=H X=C, R=Ph X=C,R=Me X=C,R=t-Bu X=N,R=Me
Buxia, % 61 78 86 92 58
yuc:mpaHc - 8:92 18:82 88:78 -
ee, % 61 62:76 8371 30:70 90
0 0
H (S)-PMP, 20 Mornb °©\A/© Buxia = 74 %
—_ 0,
SH ee=62 %
45 46
Cxema 17
o (S)-PMP,20 Monb %
@) 0-HITpOBEeH30IMHa
_ kucnota
H + Buxig = 52 %
© MecN ee =89 %
OH
48 46 49

Cxema 18

10
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)

/U\ +

e
RN

kaT 52-54

ne
O HN

DMSO, 24-48 rog R
50 51
Cxema 19
D\ S*i SO. D\\
3 N +
N~ ~COH QN CoH o H NH
H H
52 53 54
Cxema 20
Ta6bnuya 8
R Katanizatop | Buxig 51, % | ee, % R Katanizatop | Buxig 51, % | ee, %
@ 53 45 16 53 48 60
AcNH—< :F
54 43 2 54 50 67
52 50 40 52 42 86
om@ 53 48 80 53 56 88
54 40 55 54 32 25

BUX HITPOT€HOBMICHUX NPUPOAHUX cIOAYK. [lepuri
BigoMocTi npo 3actocyBanHs (S)-PMP gus kaTaJi-
3y peakuii MaHHixa 6ysi1 ony6./1ikoBaHi bap6acoM i
criBp. [36], gKi focaiANIU NPpUEAHAHHSA alleTOHY J10
anbaiMiHiB 50 (cxeMa 19). CKpUHIHT JeKiIbKOX TH-
niB amiHOoKaTasi3aTopiB nokasas, 1o L-nposin 52
Ta Tia3o/1i/iluHKap6OHOBA KUCA0Ta 53 BUSABU/IU Kpa-
i pesyabTraTy, Hixk cinb (S)-PMP 54. Ak BugHO 3
TabJ1. 8,y 0CTaHHBbOMY BUIA/IKY i3 MOMipHUM eHaHTio-
MEpHHUM HaJJIUIIKOM (ee=67%) OTPpUMYETHCH TiJb-
KM criosiyka 51 i3 n-agetunamiHodeHiibHUM 3aMic-
HUKOM (cxema 20).

Jelno ni3Hinle 3’ AIBUJIMCb HOBI eKCIIepUMEHTaJIb-
Hi JJaHi cTOCOBHO BUKOpUcTaHHA (S)-PMP y peakuii
Mannixa. 3okpeMma, Moprenceny Ta crisp. [37] Bja-
JIOCh IPUELHATH psif, anbJerifiiB 56 10 popMaibHO
IUKJIIYHUX KeTiMiHiB 55 y npucyTHocTi (S)-PMP 6e3
BUKOPHUCTAHHSA KUCJIOTHUX J,06aBOK i OTpUMATH CIIO-
JIyKU 57 i3 BUCOKUM eHaHTiOMepHUM HaJIJIHUIIKOM
(Tabs. 9, cxema 21).

Jis

0" N o

R! ! (S)-PMP, 5 Monb %
COJE , ’
09C, 20 rog

R2 R4

R3

55 56

Cxema 21

ba3yrouuchk Ha JOCBiZi yCHIIIHOTO BUKOPUCTAH-
Hs (S)-PMP y nonepeHii peakiiii, KHTalcbKi AOCJiI-
HUKU NepeBipU/IN 0ro BIJIMB Ha IPUEJHAHHSA Ke-
TOHIB 60 /10 4-TpUPTOPOMETUNAUTIAPOXiHAZOIIIHIB
59[38] i BcTaHOBW.IY, 1110 CEpeJL AOCIiIKEHUX KaTa-
aizaTtopiB [(S)-PMP, L-nposin 52 Ta ix aHasioru 62-
65] came (S)-PMP nokasaB Halikpallli pe3yJibTaTH
(ee = 51%). [Ipu uboMy BUXiJi NPOAYKTY NpPHUEAHAH-
Hs1 61 cTaHOBUB TizibKU 38 % i Mioro BJja/ioch 3Ha4-
HO HiABUIUTH 0/IaBAaHHAM KUCJIOTHU (cxeMu 22, 23).

[lin6ip KUCIOTHUX I0GABOK i iX BIUIUB Ha BUXIi/
npoaykty 61 (R'=H) Ta eHaHTiOCEJIEKTUBHICTD pe-
aKmii HaBeJleHO y Ta6J1. 10.

Ha 3HayHil KiJbKOCTi NpuKIaiiB 6yJI0 OKa3a-
HO, L]0 HallepEeKTUBHIIIO KaTaJiTUYHOI0 CUCTEMOIO €
(S)-PMP i3 no6aBKoO10 A6EH30i1 L-TapTpaTHOI KHC-
JIOTH, a TAKOX JOCJIipKeH] Mexi peakLii B yMoBax il
BUKOpPHUCTaHHA (Tabu. 11).

[lepekpucTasnisalli€to i3 eTaHoJ/y eHaHTio36ara-
YyeHUX NpoAyKTiB 61 6ynu BUAineHi AuMepHi pale-

NHco,Et
CHO

57

58

11
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Ta6bnuua 9
R! R? R3 R* Po3unHHMK Buxia, % 57 :58 ee57,%
H H H i-Pr Et,0 99 20:1 91
H H Me i-Pr Et,0 98 6:1 89
H H OMe i-Pr Et,0 95 9:1 86
H H F i-Pr Et,O 97 19:1 83
H OMe H i-Pr Et,O 20 20:1 87
-CH,- H i-Pr Et,O 93 20:1 84

H H H Me CH,dl, 72 5:1 95
H H H Allyl CH,dl, 82 4:1 98

CF

cl X 0 cl
NN + /IH kaT, 30 Monb %
/l% DMSO
N0 R!
R
59 60 61
R = n-metokcubeHsun (PMB), 2,4,6-TpumetunteHsun (TMB)
Cxema 22
D‘\‘\CHQ’ & \j \ D\/ N
Ph Z "N
H COOH N COOH N)< N i
H H HCl LR
62 63 64 65
TBS =mpem-6yTnnanmeTuncunin
Cxema 23

MaTHI KpUcCTa/au 66, NpU IbOMY MAaTOYHUHN PO3YHUH
36arauyBaBCsl OAHUM i3 eHaHTioMepiB. TakuM 4u-
HOM, Y pe3yJIbTaTi aCUMeTPUYHOI'0 BapiaHTy peak-
nii ManHixa Ta HacTynHoOI nepeKpuUcTaJsisanii Baa-
JIOChb OZlep>KaTHh NPaKTUYHO YUCTi eHaHTioMepu 61
(>99,9%) (cxema 24).

3pyYHUMH LUKJIIYHUMU MoAe MU N-anuiiiMiH-
HOTO THUILY AJid LOCJiPKEHHA aCHMeTPUYHOI opra-
HOKaTaJiTU4YHOI peaknii MaHHixa € NipUMiAUHOHYU
i3 F;C-rpynoto B moJyioxeHHi 4, 1Ka CHpUYNHSE 3Ha4-
He 30i/IbllIeHHS eJIeKTPOPiJIbHOCTI MipUMigUHOBO-
IO LIMKJIy i TUM CAMKM M0JIeTIIY€e HyKJ1eodinbHY aTa-
Ky 10 M0JIOXKeHHAX 4- abo 6 [39]. [lepuii ekcnepu-

Cxema 24
12

MEHTH M0 B3aEMO/ il NipUMiAWH-2-0HIB 67 i3 aleTo-
HOM VY [IPUCYTHOCTI Pi3HOMaHITHUX KaTaji3aTopiB Ta
peakuiiiHUX YMOB IOKa3aJiy, 1[0 TaKUH Mpolec KaTa-
Ji3yeThbcs sk L-nposiHoM, Tak i (S)-PMP, xo4ya eHan-
TioceJIeKTUBHICTB y pasi L-mpoJiny 6ysia HU3bKOIO,
B ToM yac sk (S)-PMP 3a6e3neuyyBaB eHaHTioMepHU

Ta6bnuuya 10
(S)-PMP + kucnota | Yac, rop | Buxin 61,% | ee 61, %

be3 pobaBku K1Ucnotn 120 38 51
TFAA 12 91 18
HCl B pgiokcaHi 24 64 55
p-TsOH 48 76 17
L-TapTpaTHa KucnoTa 72 88 47
D-tapTpaTHa Kucnora 72 89 49
InbeH3oin 12 95 54
L-TapTpaTHa Kncnota

[nbeHsoin 12 89 49
D-TapTpaTHa Kucnora

InbeHsoin § 24 9 71
L-TapTpaTHa Kucnorta

* Y cyberpati 59 R=TMB, y BCix iHWMX BUNagkax R=PMB.



XKypHan opraHidyHoi Ta bapmaueBTUYHOI Ximii. — 2014, — T. 12, Bun. 1 (45)

ISSN 2308-8303

Ta6nuua 11
Ry 59 Ry 60 Yac, rog, Buxin 61, % ee 61, % ee* 61, %
PMB yukno-C;H; 72 94 57 99.3
TMB yukno-C;H, 96 95 75 >99.9
PMB Et 48 95 69 99.1
TMB Et 72 94 78 99.6
PMB Pr 72 91 74
PMB i-Bu 120 75 76 99.5
TMB i-Bu 192 51 66
PMB H-Tekcun 72 92 78 >99.9
TMB H-Tekcun 96 87 79
* nicns nepekpucTanisauii 3 eraHony
HaJIULIOK Yy 42%. Bysio 3HaleHO, 1110 ONTUYHY YU- Ta6nuya 12
CTOTY IPOAYKTIB IpU€ELHAHHA 68 MOXKHa 3HAYHO 110-
JUNIIKTH J0/JaBaHHSAM KaTaliTHIHUX KUIbKOCTeH Kuc- | “No/yKa R Kncnora ee, %
Joty BpeHcrena (Tab.. 12, cxema 25) [40]. 68a Ph MeCOOH 50
(S)-PMP-kaTanizoBaHe NpUESHAHHS aLlETOHY 0 68a Ph PhCOOH 56
He3aMillleHUX M0 MOJIOXKEHHIO 6 NipUMIiAUH-2-0HIB 68a Ph p-TsOH 56
69 He3asiexKHO Bif yacy, TEMINepPaTypH Ta KUCIOTHHUX 68a Ph L-BnHna 50
Jl06aBOK NPUBOJAUTH [0 NpOoAyKTiB MaHHixa 70a-c
i3 3HAYHO BMILIOI0 eHaHTioce/IeKTUBHIicTI0. HaToMicTh 68a Ph D-BuHHa 50
IpH poBejieHHi L-mpoJtiH-KaTastisoBaHoi peakiiii npu 68a Ph AvbeHsoinsnHHa 56
HU3bKill TeMIlepaTypi BIPOAOBXK KOPOTKOTO NPO- 68b 4-BrC,H, PhCOOH 56
MDXKY 4acy YTBOPIOIOTbHCS NPOAYKTH NPUESHAHHS 68c 3-MeOCH, PhCOOH 60
3a Mixaesiem 71a-c y pauemivyniin ¢opmi (a6 13, 68d 4-O,NCH, PhCOOH 62

cxeMma 26).

O (S)-PMP + kucriota (30 Monb %) EtO.C

DMSO

68 a-d

71 a-c

R = p-MeOCH,CH, (a), 2,4,6-(MeO),C,H,CH, (b), p-MeOCH, (c)

CF,
EtO,C._\y
| +
o hll)% o PN
67

Cxema 25

MeQ, Cf\

_Karasisatop |
/K /lk DMSO

69

Cxema 26

13
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Tabnuua 13
- Yac, roa CniBBigHOLWEHHA .

Cnonyka KaTtanisatop (temnepatypa) 70:71 Buxig, % ee, %
a L-Pro 12 (11°C) 11:89 71 (61) pauemar
a L-Pro 60 98:2 70 (82) pauemar
a (S)-PMP+PhCOOH 12 (11°C) 95:5 70(72) 30
a (S)-PMP+PhCOOH 12 (11°C) 90:10 70 (68) 52
a (S)-PMP+PhCOOH 48 98:2 70 (69) 46
b (S)-PMP+PhCOOH 48 98:2 70(73) 66
C L-Pro 8(11°C) 10:90 71 (80) pauemar
C (S)-PMP+PhCOOH 72 98:2 70 (77) 54

CF3
CF,
A/lt V\/©/ SPn 2 o 2 i
O NS M
eOH =
Ph Ph
OH
72 73
Buxig =75 %, ee =60 %
Cxema 27

4. IHwWi TMNH peakuin

4.1. lleperpynyBaHHA BiTTira

ABTopu [41] npu BUBYeHHi [2,3]-curMaTponHo-
ro neperpynysaHHs BiTTira B IpUcyTHOCTI BTOPUH-
HUX aMiHiB BcTaHOBUJIY, 110 (S)-PMP kaTasizye me-
perpynyBaHHS KeTOHY 72 110 &-TiJpOKCUKeTOHY 73
3 BUCOKMM BUXOZ,0M Ta NOMiIpHUM €HaHTIOMEpPHUM
HagumkKoM (cxema 27).

4.2. Peaknis [Jinbca-Anbgepa

Bap6ac i cniBp. [39] npu gocnimpkenHi (S)-PMP-ka-
TasizoBaHoi peakuil Jliibca-Anbaepa o,-HeHacCuueHUX
KeTOHIB 75 3 JlieHodinaMu 74 oTpUMaIu HU3KY Xi-
paJIbHUX LIUKJIOTeKCaHOHIB 76a i 76b i3 BUcokuM Jjia-
CTepeoMepHUM HaJ/TUIIKOM (TabJ1. 14, cxeMa 28) [42].

Y cBo10 Uepry, BUKOPUCTAaHHS B NOAIOHIN peak-
Uil HiTpocTHUpoJiiB 23 Ta UUKJIIYHUX HEHACUYEHUX
KeTOHIB 77 i kaTaniTuuHoi cuctemu (S)-PMP-2,4-nu-
HiTpo6eH30J1cynbdoKHCI0Ta 78 NPUBOAUTD 10 LIU-
KJI0aZyKTIiB 79 i3 ee = 77-86 % [43] (cxema 29).

4.3.TigporenyBaHHs

KartasnituuHa cucrema (S)-PMP-xyopHa kuciora
6ys1a ycmilHo 3aCTOCOBaHA AJIs1 CTEPE0CeEKTUBHO-

R i
NO, .

74 75
Cxema 28

14

(S)-PMP

Ta6bnuuya 14
Rl R2 CnisBigHOLWEHHA
76a:76b
Ph 2-TieHin 8.0:1
p-MeOC(H, 2-TieHin 39:1
a-HadpTmn 2-TieHin 36:1
o-CF,C,H, Ph 40:1
p-MeOCH, Ph 2.0:1
Ph 2-dypun 40:1

ro rijporeHyBaHHd pAay KeToHiB Binenga-Mimepa,
Xanoma-Ilepima Ta ix aHasoriB 80 gurigponipumi-
JvHaMmu 81 (ectepu 'aH4a), pe3y/IbTAaTOM SIKOTO CTaB
CUHTe3 3aMillleHuX XipaibHuX 6inukio[4.4.0]nekan-
1,6-mioniB 82 [44] (cxema 30).

4.4. PO3KpUTTA €eNOKCUAHUX LMKJIiB

He Bci peakuii, siki kaTasisytorbcs (S)-PMP, pea-
JII3YIOThCA 3a KaTaJiTUYHOW cxeMolo 2. BinoMmo fe-
KiJIbKa npukaaziB Bukoprctanus N-Li amigy (S)-PMP
JlJ1s1 aCUMETPUYHOI0 JIleNPOTOHYBAaHHS, [10 IKUX CJIiJ,
BiIHECTH Je[IPOTYBaHHS Ta PO3KPUTTH elOKCHHO-

0 0
+
1 : R2 1 l R2
R" No R" No,

2

76a 76b
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NO,
O
Ar (S)-PMP -O,N SOH
78
< 0 NO,
NO.
, o Ar
77 23 79
Ar = Ph (ee =77 %); 3-CIC4H, (ee = 80 %); 2-cbypun (ee = 86 %)
Cxema 29
R. O R. O R. O
EtO,C CO,Et (S)-PMP - HCIO,
0 N MeCN o) 0] B
H 85-90°C H H
80 81 82a 82b
R 82a: 82b
H 99.5: 0.5
Me 4:1
H,C=CH 91: 9
Cxema 30
Dﬁ R= t-BuMe,Si
o) NN OH Tonyon 84 %, ee = 84 %
Li"”@ rekcaH 91 %, ee= 88 %
85 6eH3on 92 %, ee = 90 %
R= tetparigponipaH
OR OR 6eHson 77 %, ee = 89 %
83 84
Cxema 31
O)O a) 1.5 ek 85+ 1.65 DBU, 12 rog, KiMH. t@ a) Buxia = 80 %, ee= 81 %
b) 0.2 exs 85+ 1eks LDA + 6 exs DBU 0: b) Buxia =71 %, ee=75 %
86 87
Cxema 32
r0 [[UKJIY Y CIIOJIyKax TUIy 83 3 yTBopeHHsM a,3-He- BUCHOBKM

HaCU4YeHUX COUpPTiB 84 3 BUCOKMM €eHaHTIOMEepPHUM
HaAJUIIKoM [45, 46]. Citij 3a3HaYUTH, 0 CYTTEBUM
HeJl0J1iIKOM TaKoro nepeTBOPEHHS € BUKOPHUCTAaHHS
Haaauuky (~1.5 ekB) amiay (S)-PMP 85 (cxema 31).

Je1o nmi3Hille 6y/10 MOKa3aHO, 1110 KibKICTb aMily
85 MoXxHa 3MeHUIUTH 10 KaTauiThuyHoi (20 Mok %) 3a
PaxyHOK Jj0/laBaHHA A0 peakyinHoi cymimi DBU Ta LDA
[46,47]. TakuM YUHOM, BJAJIOCh CHHTE3YBATH CIIUPT
87 3 eHaHTiOMepHUM HaJIUIIKOM 75% (cxema 32).
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uye, o 2-(S)-(+)-1-(2-nipoaiguuinmMeTun)nipoaiuH
[(S)-PMP] € ogHuM i3 HaillepeKTUBHIIINX OpraHoKa-
Ta/i3aTOPIiB aCUMETPUYHUX pPeaKLii aibJ0JIbHOI KOH-
JAeHcanil, Mixaensi, ManHixa, Jliibca-Anbaepa, nepe-
rpynyBaHHs BitTira Towo. Caiz ouikyBaTy, 1o cde-
pa M0ro NpakTUYHOT0 BUKOPUCTAHHA NMOCTIMHO po3-
IIMPIOBAaTUMEThCH.
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UDC 615.281.8:[615.31:547.856].057

SYNTHESIS AND ANTIVIRAL ACTIVITY OF [(9-R'-10-R?-3-R-
2-0X0-2H-[1,2,4]-TRIAZINO[2,3-c] QUINAZOLIN-6-YL)THIO]
ACETAMIDES DERIVATIVES WITH THE FRAGMENTS

OF CARCASS AMINES

.S.Nosulenko, 0.Yu.Voskoboynik, G.G.Berest, S.L.Safronyuk*, S.I.LKovalenko, A.V.Katsev*,
R.S.Sinyak, V.0.Palchikov**

Zaporizhzhia State Medical University,

26, Mayakovsky ave., 69035, Zaporizhzhia, Ukraine

* Crimean State Medical University

** Dnipropetrovsk National University named after Oles Honchar

Key words: 2-[(9-R-10-R?-3-R-2-[(3-R-2-0x0-2H-[1,2,4]triazino[2,3-c]quinazoline-6-yl)thio]acetamides;
carcass amines; viruses Flu A&B strain; antiviral activity

Alkylation of potassium 9-R'-10-R?-3-R-2-oxo-2H-[1,2,4]triazino[2,3-c]quinazolin-6-thiolates by N-cycloalkyl-(cyc-
loalkylaryl-)-2-chloracetamides and interaction of [(9-R’-10-R?-3-R-2-ox0-2H-[1,2,4]triazino[2, 3-c]Jquinazolin-6-yl)
thiojacetic acids imidazolides and chloranhydrides with carcass amines yielded the corresponding amides. The
structures of the compounds synthesized have been confirmed by 'H, *C NMR, LC-MS and EI-MS analysis.
The features of 'H, *C NMR, LC-MS and EI-MS spectra have been described, and characteristic signals have
been identified. The compounds synthesized have been studied for their antiviral activity. The results of the an-
tiviral assay have shown that some compounds exhibit a moderate and high activity against the strains studied.
The correlation between the structure and the antiviral action has been also discussed. According to the data
obtained the conclusion can be made that the combination of carcass amine moieties with the fragment of little
known [(9-R-10-R?-3-R-2-oxo0-2H-[1,2,4]-triazino[2,3-c]quinazolin-6-yl)thio]acetic acid results in compounds with a
high antiviral activity. High indicators of the antiviral activity of compounds 3.2 and 3.14 against Influenza Type
A H3N2 allow to suppose the expediency of further chemical modification of [1,2,4]triazino[2,3-c]quinazoline
directed to obtaining new antiviral agents.

CUHTE3 TA AHTUBIPYCHA AKTUBHICTb OXIQHUX [(9-R'-10-R?-3-R-2-OKCO-2H-[1,2,4]-TPUA3NHO[2,3-c]
XIHA3OIJ1IH-6-1/T) TIOJALUETAMIOIB 3 ®PATMEHTAMU KAPKACHUX AMIHIB

I.C.HocyneHko, O.FO0.BockoboliHik, I.I.Bepecm, C.Jl.CagpoHok, C.l.KoeaneHko, A.M.Kaues, P.C.CuHsiK,
B.O.lManb4yukoe

Knroyoei cnoea: 2-[(9-R'-10-R?-3-R-2-[(3-R-2-okco-2H-[1,2,4]Jmpua3uHo[2, 3-c]xiHa3oriH-6-ir)) mioJauemamidu;
KapkacHi amiHu; sipyc wmamy Flu A&B; aHmusipycHa akmugHicmb

AnkinysaHHs Kaniti 9-R'-10-R?-3-R-2-okco-2H-[1,2,4]Jmpua3uHo[2,3-c]xiHa3oniH-6-mionamig N-yuknoankin-(4uk-
noarnkinapun-)-2-xnopayemamioamu ma e3aemoOisi imidazonidie ma xnopaHaiopudis [(9-R’-10-R?-3-R-2-okco-2H-
[1,2,4Jmpua3suHo[2, 3-c]xiHa3orniH-6-ir)mioJoymosux Kuciom 3 KapKkacHUMU aMmiHamu rpu3sesiu 0 ymeopeHHs
8i0rnogidHuUx amiois. Cmpykmypy ma 4ucmomy CUHME308aHUX CIO/yK 8CMaHOBIEHO 3@ OOMMOMO20K KOMIIIEK-
cy opisuko-ximidHux memodis, 3okpema 'H, *C-NMR, LC—MS ma EI-MS aHanizom. Ocobnueocmi 'H, *C NMR,
LC-MS ma EI-MS criekmpig 6ynu ob2o8opeHi, makox 6yrnu ideHmucbikosaHi xapakmepucmuyHi cueHanu. CuHme-
3086aHi crionyku 6ynu OocnioxXeHi Ha HasieHiCMb aHMUBIPYCHOI akmueHocmi. BcmaHosneHo, wo okpemi rnpeo-
CMasHUKU CUHMEe308aHUX CI1OyK 8USABIISOMb MOMIPHY ma 8UCOKY aHmueipyCHy akmueHicmb Mo 8iOHOWEHHIO
0o wmawmie, wo docnidxysanucb. Kopensuis e3aemoss’sa3kie «bydoea-0is» byna obzosopeHa. BidnogioHo 0o
odepxaHux 0aHuUX MU 3pobusu 8UCHOBOK, W0 KOMbBIHayis 3anuwWKy KapKkacHUX aMiHie 3 goppaemeHmamu Masio-
gidomux [(9-R-10-R?-3-R-2-okco-2H-[1,2,4]-mpua3uHo[2, 3-c]xiHa3oniH-6-ir1)mioJoymosux Kucsiom 0o38osisie 00ep-
)Kamu criofiyKu 3i 3Ha4HOK aHmueipyCHOK akmueHicmio. Bucoki inHOukamopu aHmusipycHoOi' akmugHocmi no
gi0HoweHHto 0o wmamy Influenza Type A H3N2 crionyk 3.2 ma 3.14 doseonsiroms nepedbaqyumu nepcrekmus-
Hicmb nodanbwoi ximiyHoi Mmodudpikauii [1,2,4]mpua3suHo[2,3-c]xiHa3oniHy 3 Memoro fMowyKy HO8UX aHMusipyc-
HUX azeHmig.

CUHTE3 UTTPOTUBOBUPYCHASI AKTUBHOCTb INMPOU3BOAHbIX [(9-R'-10-R?-3-R-2-OKCO-2H-[1,2,4] TPU-
A3UHO[2,3-c]XUHA3O0JINH-6-UIT) TUOJAUETAMULOB C ®PATMEHTAMU KAPKACHbBIX AMUHOB
WN.C.HocyneHko, A.FO.BockoboliHuk, .. Bepecm, C.Jl.CaghpoHtok, C.U.KoeaneHko, A.M.Kauee, P.C.CuHsiK,
B.A.lManb4ukos

Knroueenle cnoea: 2-[(9-R'-10-R?-3-R-2-[(3-R-2-okco-2H-[1,2,4]JmpuasuHo|2, 3-c[xuHa3onuH-6-um)muojauemamudbl;
KapkacHble aMuHbl; supyc wmamma Flu A&B; npomugosupycHasi akmueHOCMb

Ankunuposarue kanutl 9-R'-10-R?-3-R-2-okco-2H-[1,2,4]mpua3uHo[2, 3-c]xuHa3onuH-6-muosiamoe N-yukrioankusi-
(uuknoankunapun-)-2-xmnopayemamudamu u 83aumodelicmsue umudasonudos u xnopaHaudpudos [(9-R’-10-R?-
3-R-2-okco-2H-[1,2,4]Jmpua3uHo(2, 3-c]xuHa3onuH-6-u)muo]yKcyCHbIX KUCITOM C KapKacHbIMU aMuHamu eedem
K obpasosaHuro amudos. Cmpykmypy U 4UCmomy CUHME3UPOBaHHbLIX COeOUHEeHUU yCMaHOB8IEHO KOMIT/IEKCOM
gusuko-xumudeckux memodos, 8 yacmHocmu, 'H-, PC-NMR, LC-MS u EI-MS aHanusom. Takxe 6binu onuca-
Hbl ocobeHHocmu 'H-, SC-NMR, LC-MS u EI-MS cnekmpoe u udeHmughuyuposaHbl xapakmepucmu4yecKkue
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cueHarnbl. CuHme3uposaHHble coedUuHeHUs bbinu uccnedosaHbl Ha Hanu4ue rpomugo8upPyCHOU aKmueHOCMU.
YcemaHoeneHo, Ymo omoernbHble npedcmasumernu Knacca CUHMe3upo8aHHbIX coeQUHeHUU nposiensirom yme-
PEHHYI0 UIU 8bICOKYIO IPOMUBO8UPYCHYH aKmueHOCMb M0 OMHOWEHUIO K udydaembim wmammam. ObcyxoeHa
Koppensyus «cmpykmypa-0eticmeue». CoanacHo rnonyYeHHbIM 0aHHbIM MOXHO coenamp 8b1800, Ymo KoMbu-
Hauyusi cmpyKkmypbl KapKacHbIX aMUHO8 ¢ ghpacMeHmoM ManoudsecmHbix [(9-R'-10-R?-3-R-2-okco-2H-[1,2,4]-
mpua3uHo[2, 3-c]xuHa3onuH-6-urm)muojyKcyCHbIX KUCIIOM [0380/5em Mnofly4yums eeuwjecmsa ¢ 8bICOKOU rpomu-
808UPYCHOU aKmMueHOCMbI0. Bbicokue uHOUKamopb! MPomueo8uUpPyCcHOU aKmu8HOCMU M0 OMHOWEHUI0 K Wumam-
my Influenza Type A H3N2 coedureHuli 3.2 u 3.14 darom 803MOXHOCMb PO2HO3UPO8aMb MePCreKmu8HOCMb
OanbHeliwel xumudeckol modugbukayuu [1,2,4Jmpua3uHo[2,3-c]xuHa3onuHa, HanpaeneHHoU Ha rnonyYyeHue

HO8bIX NpoMmMue0o8UPYCHbIX a2eHImaos.

Despite the fact of the centuries-old contact of
mankind with influenza and significant breakthrough
in studying and treating it and the similar (parain-
fluenza and rhinovirus) diseases during last decades
there are a lot of unresolved problems in this field.
So, according to statistical data, upper respiratory
tract infections take a first place among infectious
diseases by the level of morbidity. Virus infections in
a season epidemic period strike about 20% of the po-
pulation and more than five hundred thousand people
die, as a result of complications. For prevention and
treatment of infectious diseases caused by viruses dif-
ferent classes of compounds are used. Among antivi-
ral drugs it should be mentioned vaccines, interferon,
inductors of interferon, abnormal nucleosides, ada-
mantine thiosemicarbasones derivatives and viru-
cidal agents [1, 2]. At the same time, appearance of
new high pathogenic strains, problems in antiepide-
mic control and decrease of the immunodefence level
cause the necessity of searching new highly effective
antiviral agents, which can affect both the cause and
pathogenesis of the disease.

Recent publication describe the strategies of an-
tiviral drug creation based on chemical modification
of aliphatic polycyclic systems (adamantane, norbo-
rane, bicyclo[2.2.0]hexane, bicyclo[2.2.1]heptane, pen-
tacycloundecane, etc.) by introduction of pharmaco-
phore groups or their combinations with cyclic, aro-
matic or heterocyclic fragments [2-7]. Following the
strategy mentioned we decided to combine the car-
cass amine fragment with the planar [1,2,4]-riazino
[2,3-c]quinazoline system, and it, in our opinion, yielded
the compounds with a high antiviral activity. Our ex-
pectations also encouraged by the proved anticancer

. j@@YSQk N

N
Y Method A 3.1-3.11
O
1.1-1.12
O I:Q/\(S\)I\
3.12-3.19

Scheme. Synthesis of N-(1-adamantyl-)-,
2H-[1,2,4]-triazino[2,3-c]quinazolin-6-yl)thiolacetamides (3.1-3.19).
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activity among substituted [1,2,4]-triazino[2,3-c]quin-
azolines [8, 9, 10].

So, our work was aimed at the synthesis of [9-R*-
10-R?-3-R-2-0x0-2H-[1,2,4]-triazino[2,3-c]quinazolin-
6-yl)thio]acetamides with the fragments of carcass ami-
nes and evaluation of their antivirus activity against
viruses Flu A&B.

Results and Discussion

1. Chemistry

Synthesis of amides 3.1-3.18 was conducted by
alkylation of potassium 9-R!-10-R?-3-R-2-ox0-2H-[1,2,4]
triazino-[2,3-c]-quinazolin-6-thiolates (1.1-1.11) by
the corresponding chloracetamides in propanol-2 or
propanol-2 - water mixture (Method A). The corres-
ponded amides 3.1-3.10 were also synthesized by
aminolysis of chloranhydrides (Method B) or imidazo-
lides (Method C) of acids 2.1-2.11. Our experiments
showed that the reactivity of chloranhydrides and
imidazolides generated in situ were enough for com-
plete conversion of initial compounds into the cor-
responding amides. As specificity of methods B and
Citis worth mentioning the necessity of using anhy-
drous solvents.

Purity of the compounds synthesized was deter-
mined by LC-MS (APCI) method, the structure was
confirmed by elemental analysis, IR-, *H, 1*C and mass-
spectra.

LC-MS-spectra (APCI) of compounds 3.1-3.19 are
characterized by positive ions [M+1] and [M+3], the
last one shows the “isotope profile” of sulfur [11].
Mass-spectra (EI) of compound 3.9 and 3.12 are cha-
racterized by the absence of molecular ions as a re-
sult of their low stability. The primary fragmentation

o
Method B,C R NYS\)I\OH
N.
R; N
2127 N\H)\R
0

Method A: propanol-2 or propanol-2 - water, CICH,C(O)NHR 4
Method B: SOCI,, dioxane, NH,XAd

Method C: CDI, dioxane, NH, R4

R,=H,F, Br; R,=H, Cl, Br, I; X=0, 1,4-phenylene

N-(4-(1-adamantyl)phenyl-)-, N-(3-ethylbicyclo[2.2.1]heptan-2-yl-)-2-[(9-R'-10-R?-3-R-2-oxo0-



XKypHan opraHidyHoi Ta bapmaueBTUYHOI Ximii. — 2014, — T. 12, Bun. 1 (45)

ISSN 2308-8303

Table 1
Physicochemical properties of the compounds synthesized
Comp. R R, | R, M.p, °C Yields, % Formula
A B C

3.1 CH, H H 160-162 89.2 | 483 | 643 C,5H,sN,0,5
3.2 CH, H H 214-216 913 | 563 | 774 C,6H,N0,5
33 4-CH,C,H, H H 218-220 9242 | 726 C,oH,oN.0,5
3.4 4-FCH, H H 257-259 78.5 80.2 C,sHFN.O,S
35 CH, F H 245-247 80.4 76.5 C,sH,FN.O,S
3.6 4-FCH, F H 282-284 324 73.9 C,sH,sF,N.0,S
3.7 4-FCH, H cl 294-296 673 | 64.8 C,sH,.CIFN,0,S
38 CH, H H 225-227 973 | 720 | 812 C,oH,oN,0,5
3.9 C,H. H H 314-318 945 | 784 C.,H;,N,0,5
3.10 4-CH,CH, H H 266-268 99.9 84.3 C,H,;sN.0,5
3.11 4-CH,OCH, H H 259-262 932 | 647 C,H,;N.0,S
3.12 CH, H H 217-219 846 | 369 | 813 C,,H,.N.0,5
3,13 4-CH,CH, H H 248-250 873 | 673 C,eH,oN,0,5
3.14 4-CH,0CH, H H 230-233 89.6 73.8 C,sH,,N0,5
3.15 4-CH,0CH, F H 272-274 88.24 | 73.2 C,sHpsFN,0.S
3.16 4-FCH, F H 264-266 4272 68.2 C,,H,sF,N,0,S
3.17 4-FCH, Br H 284-286 7879 | 739 C,,H,,BrFN,0,5
3.18 4-FCH, H Br 264-266 66.67 73.5 C,,H,,BrFN,0,5S
3.19 4-FCH, H [ 272-274 80.41 84.2 C,,H,FIN,0,S

of amolecular ion is caused by cleavage of the amide
bond (m/z=347 and 285) and degradation of as-tri-
azinoquinazoline system on C(2) - C(3) and N(4) -
N(5) (F; m/z=244) bonds, which have the highest in-
tensity in spectra. Hereafter F,eliminates parts of CO,
SCH,, CNO, which is typical for this class of hetero-
cyclic compounds [11]. Fragment ions caused by the
presence of the adamantane moiety are also observed
in mass-spectra of compound 3.9 [12].

Two proton singlet of -SCH, group, which chemi-
cal shift depends on the electronodonor effect of the
cycloalkyl fragment, is characteristic for amides 3.1-
3.19. Thus, for amides 3.1-3.7 and 3.12-3.19 this
signal is observed at 4.00-3.93 ppm, whereas for ami-
de 3.8-3.11 it is located at low field (4.25-4.21 ppm);
this fact may be explained by introduction of the phe-
nyl fragment between the amide group and the ada-
mantine moiety. The chemical shift of a singlet sig-
nal caused by - C(O)NH-group also depends on the
nature of a substituent. Thus, for amides with the
adamantine fragment 3.1-3.7 the signal is observed
at 7.88-7.68 ppm, for amides with 3-ethylbicyclohep-
tyle fragment 3.12-3.19 it is at 8.18-8.05 ppm. At the
same time in 'H NMR - spectra of compounds, which
contain 4-(1-adamantyl)phenyl fragment the signal
of amide proton is observed at 10.40-10.36 ppm, it
is characteristic for anilides [13]. In 'H NMR-spectra
of amides 3.1-3.11 in the high field two six-proton
signals caused by protons at secondary carbon atoms

are observed at 1.73-1.62 ppm (H-4", 6”, 10") and
1.98-1.84 ppm (H-2’, 8’, 9). Three proton singlet
at 2.05-2.01 ppm (H-3°, 5%, 7°) characterize protons
located at tertiary carbon atoms of the adamantine
fragment [13]. More intricate multiplicity is observed
in 'H NMR-spectra of amides 3.12-3.19. Axial and
equatorial protons of these compounds are caused
the appearance of signal series at 1.51-0.92 ppm,
2.16-2.09 ppm, 2.67-2.60 ppm and 3.55-3.39 ppm
[12]. All signals of the triazinoquinazoline system are
also present in 'H NMR-spectra of the compounds
synthesized. The location and multiplicity of these
signals are caused by the nature of the substituent in
position 9 and 10.

13C NMR-spectra of amides 3.1, 3.3, 3.12 corres-
pond to the structure proposed and confirm S-regio-
selectivity of the reaction. The carbon atom of -SCH,
group is observed at 36.79-35.78 ppm, signals of the
secondary carbon atoms are at 36.49 ppm (4', 6", 10)
and 41.43 ppm (2, 8", 9), signals of the tertiary ones
(3,5, 7) - at 29,30-29.23 ppm [12]. Signals of ali-
phatic carbons of 3-ethylbicyclo[2.2.1]heptane moiety
(3.12) are located in the high field and correspond
to the structure of the compounds synthesized. Sig-
nals caused by deshielded carbons in position 2, 6
and amide carbon are also present in the low field of
13C NMR-spectra of compounds 3.1, 3.3, 3.12. The
signals mentioned are observed at 155.20-155.16,
161.02-160.13 and 166.39-166.17 ppm, respectively.
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Table 2
Results of the antiviral activity (Flu A H3N2) for the compounds studied

Comp. | Conc.Range (ug/mL) Assay Virus EC,, EC,, CC,, Sls, Slg,
31 0.1-100 PV Flu A H3N2 32 - 32 1 -
' 0.1-100 PNR Flu A H3N2 3.0 - 3.6 1.2 -
0.1-100 PV Flu A H3N2 3.2 - >100 >31 -
0.1-100 PNR Flu A H3N2 4.1 - >100 >24 -
0.032-100 SV Flu A H3N2 6.5 - >100 >15 -
32 0.032-100 SNR Flu A H3N2 12 - >100 >8.3 -
0.032-100 TNR Flu A H3N2 12 - >100 >8.3 -

0.032-100 TVYR/NR Flu A H3N2 - 45 >100 - >2.2
0.1-100 PV Flu A H3N2 32 - >100 >3.1 -
33 0.1-100 PNR Flu A H3N2 27 - >100 >3.7 -
0.1-100 PV Flu A H3N2 15 - 28 1.9 -
38 0.1-100 PNR Flu AH3N2 25 - 33 1.3 -
0.1-100 PV Flu A H3N2 32 - 32 1 -
39 0.1-100 PNR Flu A H3N2 31 - >100 >3.2 -
3.10 0.1-100 PV Flu A H3N2 60 - >100 >1.7 -
0.1-100 PNR Flu A H3N2 65 - >100 >1.5 -
311 0.1-100 PV Flu AH3N2 >19 - 19 0 -
0.1-100 PNR Flu A H3N2 31 - 78 2.5 -
312 0.1-100 PV Flu A H3N2 32 - 32 1 -
0.1-100 PNR Flu A H3N2 33 - >100 >3 -
313 0.1-100 PV Flu A H3N2 32 - >100 >3.1 -
0.1-100 PNR Flu A H3N2 33 - 85 2.6 -
0.1-100 PV Flu A H3N2 4.2 - >100 >24 -
314 0.1-100 PNR Flu A H3N2 3.1 - 43 14 -
0.032-100 SV Flu A H3N2 18 - 52 29 -
0.032-100 SNR Flu A H3N2 25 - 88 35 -
0.1-100 PV Flu A H3N2 12 - >100 >8.3 -
0.1-100 PNR Flu A H3N2 11 - >100 >9.1 -
Ribavirin 0.032-100 SV Flu A H3N2 55 - >100 >18 -
0.032-100 SNR Flu A H3N2 7.1 - >100 >14 -
0.032-100 TNR Flu A H3N2 7.1 - >100 >14 -

0.032-100 TVYR/NR Flu A H3N2 - 23 >100 - >43

* The table presents the results of the antiviral activity compounds against strains for which the selectivity index SI, > 1.

2. Evaluation of the antiviral activity

The antiviral activity of substances 3.1-3.19 was
determined against respiratory viruses using stan-
dard AACF screening assay protocols [16-17]. The
research was conducted on the most virulent and
pathogenic strains for human Flu A HIN1, Flu A H5N1,
Flu A H3N2 and less genetically various strain Flu B.

The results of preliminary tests for PV (inhibi-
tion of the viral cytopathic effect) and PNR (increase
in NR dye uptake) showed that amides 3.1-3.7 with
the adamantine moiety were effective against Influ-
enza Type A H3NZ (Tab. 2). Thus, N-(1-adamantyl-)-
2-[(3-methyl-2-o0x0-2H-[1,2,4]-triazino| 2,3-c]quinazo-
lin-6-yl)thio]Jacetamide (3.1) in these tests exhibited
20

a moderate antiviral activity (EC;, 32 and 3 pg/ml,
respectively) and was inferior comparing to Ribavi-
rin (EC,, 12 and 11 pg/ml, respectively). The chemi-
cal modification of a molecule by introduction of the
phenyl fragment in position 3 of 1,2,4-triazino|[2,3-c]
quinazoline system (compound 3.2) led to increase of
the antiviral activity. Thus, compound 3.2 possessed
the lowest virus-inhibiting concentration (EC,,=3.1
and 4.2 pg/ml, respectively) in the tests mentioned
and the high selectivity index (SI;,>31). Substitution
of the phenyl fragment by 4-methylphenyl (3.3), 4-
fluorophenyl (3.4) moieties and introduction of fluo-
rine in position 9 (3.6) or chlorine (3.7) in position
10 did not lead to increase of the activity (SI;,>1).
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Table 3
Results of the antiviral activity (Flu A H5N1) for the compounds studied

Comp. Conc. Range (ng/mL) Assay Virus EC,, EC,, CC,, Slg, Slgo
0.1-100 PV Flu A H5N1 3.6 - >100 >18 -
0.1-100 PNR Flu A H5N1 33 - >100 >30 -
0.032-100 PV Flu A H5N1 43 - >100 >47 -
0.032-100 PNR Flu A H5N1 9.7 - >100 >21 -
32 0.064-200 Y Flu A H5N1 4.1 - >100 >49 -
0.064-200 SNR Flu A H5N1 55 - >100 >36 -
0.064-200 TNR Flu A H5N1 55 - >100 >36 -

0.064-200 TVYR/NR Flu A H5N1 - 18 >100 - >11
0.1-100 PV Flu A H5N1 3.2 - >100 >31 -
0.1-100 PNR Flu A H5N1 3.2 - >100 >31 -
0.032-100 PV Flu A H5N1 6.5 - >100 >15 -
. 0.032-100 PNR Flu A H5N1 5.7 - >100 >18 -

Ribavirin

0.064-200 SV Flu A H5N1 0.68 - >100 >150 -
0.064-200 SNR Flu A H5N1 1.7 - >100 >59 -
0.064-200 TNR Flu A H5N1 1.7 - >100 >59 -

0.064-200 TVYR/NR Flu A H5N1 - 2.8 >100 - >36

Additional tests (SV, SNR and TNR) and VYR-test (de-
crease in the virus yield assay) for compound 3.2 show-
ed that Ribavirin in this case was more effective anti-
cancer agent. Thus, EC,, for Ribavirin was 2.3 ng/ml
(SI,,>43), while ECy,level for most active compound
3.2 was 45 pg/ml (SI>2.2, Tab. 2). In the given tests
compound 3.14 (SI;,>2.9-3.5) was also less effective
comparing to Ribavirin (SI;,>18).

Aimed to intensify the antiviral activity among
the compounds synthesized we also introduced a
phenyl “spacer” between the amide group and ada-
mantine (compounds 3.8-3.11). Unfortunately, this
optimization disappointed us; N-[4-(1-adamantyl)
phenyl]-2-[3-methyl-2-0x0-2H-[1,2,4]triazino[2,3-c]
quinazolin-6-yl)thio]acetamides (3.8-3.11) showed
only a moderate antiviral action (SI;, > 1-3.7, Tab. 2).
Replacing adamantane (3.1-3.7) and 4-(1-adaman-
tyl)phenyl (3.8-3.11) moieties with 3-ethylbicyclo
[2.2.1]heptane fragment (3.12-3.19) allowed to pre-
pare highly effective compounds (Tab. 2). So, com-
pound 3.14 in PV and PNR-tests exhibited a high an-
tiviral action (EC,, 4.2 and 3.1 pg/ml, respectively,
and SI;,>24). The following SV and SNR-test showed
that compound 3.14 exceeded by EC;, level (EC;, =
18-25 pg/ml, SI;,=3.5) was inferior to the activity of
Ribavirin (EC,, = 5.5-7.1 ug/ml, SI;,>18).

Compound 3.2 was also assayed for its activity
on other strains of Flu A viruses. The preliminary
screening conducted (PV) on Flu A HN, strain showed
that compound 3.2 possessed the virus inhibitory
concentration (EC;, 3.6 pg/ml) at the same level as
Ribavirin (EC;, 3.2 pg/ml, Tab. 3). The additional
VYR-test confirmed a high antiviral activity of com-
pound 3.2 (EC,, 18 pg/ml; SI;,>11), but according to

EC,, value, the virus inhibitory activity of the com-
pound mentioned was lower comparing to Ribavirin
(ECqp 2.8 ug/ml; SI,>36).

The similar results were observed in the process
of assay for the virus inhibitory activity of compound
3.2 against Flu A H1N1 strain (Tab. 4). Thus, compound
3.2 in VYR-test demonstrated the virus inhibitory ef-
fective concentration (EC,,) of 18 ug/ml (Sl,,>2.6),
while the concentration of Ribavirin was 4.9 pg/ml
(SIy>36).

The preliminary screening (PV- and PNR-test) con-
ducted for 3.1-3.19 against Flu B showed that the
moderate antiviral activity were observed for com-
pound 3.1 (SI;,>1.2), 3.11 (SL;,>1.3) and 3.13 (SI;,>1.3).
Chemical modification did not lead to increase of the
antiviral action, all other compounds were inactive
(SI;,>1) against Flu B and substantially inferior to
Ribavirin (SI;,>34).

So, the conclusion has been made that combina-
tion of carcass amine moieties with fragments of in-
sufficiently known [9-R!'-10-R?-3-R-2-0x0-2H-[1,2,4]-
triazino[2,3-c]quinazolin-6-yl)thio]acetic acid results
in the compound with a significant antiviral action.
High indicators of the antiviral action of 3.2 and 3.14
against Influenza Type A H3NZ allow to suppose the
expediency of further chemical modification of [1,2,4]
triazino[2,3-c]quinazoline aimed at the rational search
of antiviral agents.

Experimental Part

1. Chemistry

Melting points were determined in open capil-
lary tubes and were uncorrected. Elemental analy-
ses (C, H, N) performed at the ELEMENTAR vario EL
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Table 4
Results of the antiviral activity (Flu A HIN1) for the compounds studied

Comp. | Conc.Range (ug/mL) Assay Virus EC,, ECq, CC,, Sl Slg,
0.1-100 PV Flu AHTN1 3.2 - >100 >31 -
0.1-100 PNR Flu AHTN1 3 - >100 >33 -
0.032-100 PV Flu AHTN1 25 - >100 >4 -
35 0.032-100 PNR Flu AHTN1 6.8 - 32 4.7 -
' 0.064-200 SV Flu AHTN1 8.5 - >100 >24 -
0.064-200 SNR Flu AHTN1 5.7 - >200 >35 -
0.064-200 TNR Flu AHTN1 5.7 - >200 >35 -

0.064-200 TVYR/NR Flu AHTN1 - 77 >200 - >2.6
0.1-100 PV Flu AHTN1 3.2 - >100 >31 -
0.1-100 PNR Flu AHTN1 49 - >100 >20 -
0.032-100 PV Flu AHTN1 5.7 - >100 >18 -
0 0.032-100 PNR Flu AHTN1 5.9 - >100 >17 -

Ribavirin

0.064-200 SV Flu AHTN1 6.2 - >100 >16 -
0.064-200 SNR Flu AHTN1 6.2 - >100 >16 -
0.064-200 TNR Flu AHTN1 6.2 - >100 >16 -

0.064-200 TVYR/NR Flu AHTN1 - 49 >100 - >20

Cube analyzer (USA) were within + 0.3% from the
theoretical values. IR spectra (4000-600 cm™) were
recorded on a Bruker ALPHA FT-IR spectrometer
(Bruker Bioscience, Germany) using a module for
measuring attenuated total reflection (ATR). 'H NMR
spectra (400 MHz) and 3C NMR spectra (100 MHz):
were recorded on a Varian-Mercury 400 (Varian Inc,,
Palo Alto, CA, USA) spectrometer with TMS as an in-
ternal standard in DMSO-d, solution. LC-MS were re-
corded using the chromatography / mass spectromet-

ric system consisting of an “Agilent 1100 Series” high
performance liquid chromatograph (Agilent, Palo Alto,
CA, USA) equipped with a diode-matrix and “Agilent
LC/MSD SL” mass-selective detector (atmospheric
pressure chemical ionization - APCI). Electron im-
pact mass spectra (EI-MS) were recorded on a Varian
1200 L instrument at 70 eV (Varian Inc., Palo Alto,
CA, USA).

Substances 1.1-1.12 and 2.1-2.7 were synthe-
sized according to the reported procedures [16, 17].

Table 5
Results of the antiviral activity (Flu B) for the compounds studied
Comp. | Conc. Range (ug/mL) Assay Virus EC,, EC,, CcC,, Slg,
0.1-100 PV Flu B 3.2 - 3.2 1
31 0.1-100 PNR FluB 3 - 3.7 1.2
3.9 0.1-100 PV FluB 32 - 32 1
311 0.1-100 PV Flu B >24 - 24 0
0.1-100 PNR FluB 28 - 35 1.3
0.1-100 PV FluB >18 - 18 0
3.12 0.1-100 PNR FluB 17 - 17 1
0.1-100 PNR FluB >33 - 33 0
0.1-100 PV Flu B 32 - 32 1
313 0.1-100 PNR FluB 23 - 27 13
314 0.1-100 PV FluB 32 - 32 1
0.1-100 PNR FluB 30 - 34 1.1
Ribavirin 0.32-320 PV Flu B 10 - >320 >32
0.32-320 PNR FluB 9.3 - >320 >34

* The table presents the results of the antiviral activity of compounds against strains for which the selectivity index SI>1
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Other starting materials and solvents were obtained
from commercially available sources and used with-
out additional purification.

General procedure for synthesis of N-(1-adamantyl-)-,
N-(4-(1-adamantyl)phenyl-), (3-ethylbicyclo[2.2.1]hep-
tan-2-yl-)-2-[(9-R*-10-R?-3-R-2-0x0-2H-[1,2,4]-tri-
azino[2,3-c]quinazolin-6-yl)thio]acetamides (3.1-3.18)

Method A. N-cycloalkyl-(cycloaralkyl-)-2-chloro-
acetamides (0.011 mol) were added to the suspen-
sion of potassium salt of 9-R!-10-R?-3-R-6-thio-6,7-
dihydro-2H-[1,2,4]triazino[2,3-c]quinazolin-2-ones
(1.1-1.11) (0.01 mol) in 20 ml of propanol-2, water-
propanol-2 (1:2) and refluxed for 60-90 min. The mix-
ture was cooled and poured in water. The precipitate
was filtered, dried and recrystallized from dioxane-
water (1:1).

Method B. Thionyl chloride (1.2 g, 0.011 mol) was
added to the solution of proper acid (2.1-2.5) (0.01 mol)
in 10 mL of anhydrous dioxane with subsequent add-
ing of 2-3 drops of DMF. The mixture was heated on
the water bath at 60-80°C till complete elimination
of hydrochloric acid. Then proper amine (0.01 mol)
was added to the resulting mixture with stirring and
refluxing for 2-3 h. The mixture was poured into wa-
ter, neutralized to pH 6-7 by acetic acid. The precipi-
tate was filtered, dried and recrystallized from dioxa-
ne-water (1:1).

Method C. N,N’-carbonyldiimidazole (1.95 g,
0.011 mol) was added to the solution of proper acid
(2.1-2.4, 2.6, 2.9) (0.01 mol) in 10 mL of anhydrous
dioxane or DMF and heated on the water bath at 60-
80°C for 1 h with a calcium chloride tube. The prop-
er amine (0.01 mol) was added with stirring to the
resulting mixture and refluxed for 5-6 h. The mix-
ture was poured in water, neutralized to pH 6-7 by
acetic acid. The precipitate was filtered, dried and
recrystallized from dioxane-water (1:1).

N-(Adamantyl-1)-2-[(3-methyl-2-ox0-2H-[1,2,4]
triazino[2,3-c]quinazolin-6-yl)thio]acetamides (3.1).
IR (cm™): 3516, 3358, 3259, 3077, 2907, 2849, 1676,
1663, 1585, 1558, 1505, 1470, 1425, 1388, 1360,
1344, 1306, 1286, 1265, 1210, 1165, 1139, 1103,
1045, 998, 956, 885, 862,813,773, 687, 633, 608;
'H-NMR (400 MHz) &: 1.62 (s, 6H, H-4, 6", 10" Ad),
1.96 (s, 6H, H-2', 8%, 9" Ad), 2.01 (s, 3H, H-3", 5", 7°
Ad), 2.39 (s, 3H, 3-CH,), 3.94 (s, 2H, -S-CH,-), 7.67
(t, 1H,J = 7.7 Hz, H-10), 7.74 (d, 1H, ] = 7.9 Hz, H-8),
7.84 (s, 1H,-NH), 7.98 (t, 1H,J = 7.7 Hz, H-9), 8.46 (d,
1H, J = 7.9 Hz, H-11); *C-NMR (100 MHz) &: 18.18
(CH,), 29.23 (3,5, 7" Ad), 36.49 (4°,67,10" Ad), 36.68
(-SCH,), 41.43 (2,87, 9" Ad), 51.72 (1" Ad), 118.55
(11a), 126.05 (8), 126.65 (10), 127.88 (11), 136.03
(9),144.24 (11b), 151.94 (3), 154.94 (7a), 155.16 (6),
161.02 (2), 166.17 (CONH); LC-MS, m/z = 436 [M+1],
438 [M+3]; Anal. calcd. for C,;H,:N.0,S: C, 63.43; H,
5.79; N, 16.08; S, 7.36; Found: C, 63.42; H, 5.79; N,
16.08; S, 7.34.

N-(Adamantyl-1)-2-[(3-phenyl-2-ox0-2H-[1,2,4]
triazino[2,3-c]quinazolin-6-yl)thio]acetamides (3.2).
IR (cm™): 3287, 3067, 2904, 2848, 1674, 1644, 1590,
1555, 1509, 1487, 1469, 1455, 1359, 1337, 1310,
1286, 1269, 1242, 1183, 1161, 1136, 1102, 1020,
988, 939, 878, 844, 811, 782, 773, 753, 688, 668,
653, 615; 'H-NMR (400 MHz) &: 1.63 (s, 6H, H-4",
6, 10" Ad), 1.97 (s, 6H, H-27, 8°, 9" Ad), 2.01 (s, 3H,
H-3°, 5%, 7" Ad), 3.99 (s, 2H, -S-CH,-), 7.64-7.57 (m,
3H, H-3", 4%, 5" 3-Ph), 7.69 (t, 1H, ] = 7.7 Hz, H-10),
7.76 (d, 1H, ] = 7.8 Hz, H-8), 7.88 (s, 1H, -NH), 8.01
(t, 1H,J = 7.7 Hz, H-9), 8.28 (d, 2H, J = 8.1 Hz, H-2’,
6" 3-Ph), 8.49 (d, 1H,J = 7.9 Hz, H-11); LC-MS, m/z =
498 [M+1], 500 [M+3]; Anal. calcd. for C,;H,,N.0,S:
C,67.58; H, 5.47; N, 14.07; S, 6,44; Found: C, 67.58;
H, 5.47; N, 14.09; S, 6.46.

N-(Adamantyl-1)-2-[(3-(4-methylphenyl)-2-oxo-
2H-[1,2,4]triazino[2,3-c]quinazolin-6-yl)thio]acetami-
des (3.3). IR (cm™): 3318, 3065, 3037, 2972, 2905,
2849, 1682, 1658, 1588, 1562, 1538, 1496, 1470,
1453, 1399, 1377, 1359, 1339, 1321, 1304, 1285,
1269, 1240, 1182, 1164, 1154, 1139, 1119, 1089,
1045, 989,939, 876, 831, 810, 784, 770, 710, 701,
685, 653, 641, 625; 'H-NMR (400 MHz) &: 1.63 (s,
6H, H-4", 6%, 10" Ad), 1.98 (s, 6H, H-2", 8%, 9" Ad), 2.01
(s,3H,H-3%,5%, 7" Ad), 2.42 (s, 3H, 3-(4-CH,Ph)), 3.99
(s, 2H, -S-CH,-), 7.39 (d, 2H, H-3’, 5" 3-(4-CH,Ph)),
7.68 (t, 1H, J = 7.7 Hz, H-10), 7.82-7.74 (m, 2H, H-8,
-NH), 7.98 (t, 1H, J = 7.7 Hz, H-9), 8.24 (d, 2H, H-2,
6" 3-(4-CH,Ph)), 8.48 (d, 1H, J = 7.9 Hz, H-11); 3C-
NMR (100 MHz): 6: 21.66 (CH,), 29.30 (3,5, 7" Ad),
36.49 (4', 67, 10" Ad), 36.79 (-SCH,), 41.43 (2°, 8", 9’
Ad), 51.74 (1" Ad), 118.25 (11a), 126.09 (8), 126.73
(10),127.93 (11), 129.32 (1” Ph), 129.53 (27, 6" Ph),
129.78 (3,5 Ph), 135.99 (9), 142.20 (4" Ph), 144.20
(3), 149.29 (11b), 150.80 (7a), 155.20 (6), 160.13
(2), 166.17 (CONH); LC-MS, m/z =512 [M +1], 514
[M +3]; Anal. calcd. for C,,H,,N:0,S: C, 68.08; H, 5.71;
N, 13.69; S, 6.27; Found: C, 69.00; H, 5.71; N, 13.70;
S, 6.27.

N-(Adamantyl-1)-2-{[3-(4-fluorophenyl)-2-oxo-
2H-[1,2,4]triazino[2,3-c]quinazolin-6-yl]thio}acetami-
des (3.4). IR (cm™): 3358, 2905, 2888, 2846, 1745,
1675, 1660, 1587, 1562, 1547, 1511, 1492, 1465,
1408, 1357, 1338, 1317, 1297, 1267, 1230, 1183,
1171, 1157, 1135, 1099, 1072, 1015, 992, 940, 894,
840, 813, 803, 769, 714, 704, 694, 676, 669, 637,
619; 'H NMR 6: 1.67 (brs., 6H, H-4, 4%, 6, 6, 10, 10°
Ad), 1.99 (brs., 6H, H-2,2%, 8,8, 9,9" Ad), 2.06 (brs,,
3H, H-3, 5,7 Ad), 3.94 (s, 2H, S-CH,-), 7.32 (t, ] = 7.7
Hz, 2H, 3-Ph H-3',5"), 7.67 (m, 2H, -NH, H-10), 7.76
(d,] = 7.8 Hz, 1H, H-8), 7.94 (t, ] = 7.8 Hz, 1H, H-9),
8.53(d,J=5.5Hz, 2H, 3-Ph H-2,67),8.53 (d,/=7.8
Hz, 1H, H-11); LC-MS, m/z =516 [M +1], 518 [M +3];
Anal. calcd. for C,;H,,FN.0,S: C, 65.22; H, 5.08; F, 3.68;
N, 13.58; S, 6.22; Found: C, 65.20; H, 5.08; F, 3.68; N,
13.55; S, 6.25.
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N-(Adamantyl-1)-2-[(9-fluoro-2-oxo-3-phenyl-
2H-[1,2,4]triazino[2,3-c]quinazolin-6-yl)thio]acetami-
des (3.5). IR (cm™): 3309, 3080, 2905, 2850, 1673,
1649, 1591, 1566, 1556, 1512, 1479, 1443, 1346,
1317, 1283, 1259, 1213, 1193, 1165, 1129, 1102,
988, 971, 927, 881, 860, 841, 811, 753, 704, 686,
653, 625; 'H NMR &: 1.67 (brs., 6H, H-4, 4", 6, 6', 10,
10°Ad); 1.98 (brs., 6H, H-2, 27, 8, 8%, 9, 9" Ad), 2.06
(brs., 3H, H-3, 5, 7 Ad), 3.93 (s, 2H, S-CH,-), 7.82-7.21
(m, 6H, H-8, 10, 3-Ph H-3%,4°,5%,-NH),8.33 (d,/=7.1
Hz, 2H, 3-Ph H-2", 67), 8.61 (dd, / = 7.7, 5.9 Hz, 1H,
H-11); LC-MS, m/z =516 [M +1], 518 [M +3]; Anal.
calcd. for C,4,H,,FN.0,S: C, 65.22; H, 5.08; F, 3.68; N,
13.58; S, 6.22; Found: C, 65.23; H, 5.08; F, 3.68; N,
13.59; S, 6.20

N-(Adamantyl-1)-2-{[9-fluoro-3-(4-fluorophenyl)-
2-0x0-2H-[1,2,4]triazino[2,3-c]quinazolin-6-yl]thio}
acetamides (3.6). IR (cm™): 3271, 3069, 2903, 2850,
1673, 1657, 1620, 1598., 1585, 1570, 1555, 1510,
1501, 1483, 1471, 1445, 1413, 1368, 1344, 1324,
1298, 1279, 1262, 1242, 1227, 1175, 1159, 1128,
1100, 1093, 1070, 10456, 1015, 994, 973, 960, 930,
909, 869, 859, 822, 799, 761, 730, 714, 696, 678,
655, 637, 620; 'H NMR 6: 1.67 (brs., 6H, H-4, 4°, 6,
6°,10,10" Ad), 1.98 (brs., 6H, H-2, 27, 8,8, 9,9 Ad),
2.06 (brs., 3H,H-3, 5,7 Ad), 3.94 (s, 2H, S-CH,-), 7.34
(t,J=8.0 Hz, 2H, 3-Ph H-3",5), 7.56-7.41 (m, 2H, H-8,
H-10), 7.69 (brs, 1H, -NH), 8.51-8.32 (m, 2H, 3-Ph
H-2%, 67, 8.65-8.52 (m, 1H, H-11); LC-MS, m/z =534
[M +1], 536 [M +3]; Anal. calcd. for C,;H,.F,N.0,S:
C, 63.03; H,4.72; F 7.12; N, 13.12; S, 6.01; Found: C,
63.06; H,4.72; F 7.12; N, 13.11; S, 6.00.

N-(Adamantyl-1)-2-{[10-chloro-3-(4-fluorophenyl)-
2-o0x0-2H-[1,2,4]triazino[2,3-c]quinazolin-6-yl]thio}
acetamides (3.7). IR (cm™1): 3271, 3052, 2902, 2849,
16734, 1657, 1585, 1550, 1539, 1509, 1497, 1467,
1411, 1368, 1360, 1336, 1324, 1310, 1281, 1256,
1232,1213, 1164, 1136, 1120, 1104, 1089, 1046,
1013, 990, 954, 908, 894, 857, 830, 821, 800, 769,
744,731,708, 691, 671, 638, 623; 'H NMR 6: 1.67
(brs., 6H, H-4, 4%, 6, 6, 10, 10" Ad), 1.98 (brs., 6H,
H-2,2,8,8,9,9" Ad), 2.03 (brs,, 3H, H-3, 5, 7 Ad),
3.93 (s, 2H, S-CH,-), 7.33 (t, /] = 8.4 Hz, 2H, 3-Ph
H-3',5%), 7.68 (s, 1H, -NH), 7.77 (d, ] = 8.6 Hz, 1H,
H-9),7.92 (d,] = 8.3 Hz, 1H, H-8), 8.45 (m, 3H, H-11,
3-Ph H-2%, 67); LC-MS, m/z =551 [M +1], 553 [M +3];
Anal. calcd. for C,4H,.CIFN.0,S: C, 61.14; H, 4.58; C],
6.45; F, 3.45; N, 12.73; S, 5.83; Found: C, 61.17; H,
4.58; Cl, 6.45; F, 3.45; N, 12.72; S, 5.81.

N-[4-(1-Adamantyl)phenyl]-2-[(3-methyl-2-oxo-2H-
[1,2,4]triazino[2,3-c]quinazolin-6-yl)thio]acetamides
(3.8). IR (cm™): 3251, 3184, 2897, 2845, 1655, 1583,
1558, 1503, 1466, 1449, 1433, 1405, 1393, 1361,
1332, 1315, 1286, 1259, 1220, 1206, 1190, 1163,
1131, 1101, 1046, 1016, 969, 955, 832, 807, 772,
715, 699, 685, 630, 607; 'H-NMR (400 MHz) &: 1.73
(s, 6H, H-4', 6", 10" Ad), 1.84 (s, 6H, H-2", 8%, 9" Ad),
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2.05 (s, 3H, H-3%, 5%, 7" Ad), 2.39 (s, 3H, 3-CH;-),
4.21 (s, 2H, -S-CH,-), 7.30 (d, 2H, /= 8.5 Hz, H-3", 5°
-NHC.H,-Ad), 7.55 (d, 2H,] = 8.5 Hz, H-2’, 6" -NHCH,-
Ad), 7.66 (t, 1H,] = 7.7 Hz, H-10),7.70 (d, 1H, /= 7.9
Hz, H-8), 7.95 (t, 1H, J = 7.7 Hz, H-9), 8.45 (d, 1H,
J=7.9 Hz, H-11), 10.36 (s, 1H, -NH); LC-MS, m/z =
512 [M+1], 514 [M+3]; Anal. calcd. for C,,H,,N.0,S:
C, 68.08; H, 5.71; N, 13.69; S, 6.27; Found: C, 68.10;
H,5.71; N, 13.70; S, 6.29.
N-[4-(1-Adamantyl)phenyl]-2-[(3-phenyl-2-oxo-2H-
[1,2,4]triazino[2,3-c]quinazolin-6-yl)thio]acetamides
(3.9). IR (cm™): 3349, 3047, 2982, 2899, 2849, 1678,
1657, 1596, 1587, 1564, 1546, 1519, 1498, 1486,
1470, 1444, 1407, 1380, 1341, 1331, 1311, 1287,
1263, 1246, 1237,1187,1171, 1138, 1100, 1076,
1033,1017,1002, 988,963,941, 895,877, 848, 836,
810, 779,768,751, 706, 687, 665, 654, 636; 'H-NMR
(400 MHz) 6: 1.73 (s, 6H, H-4", 6", 10" Ad), 1.84 (s, 6H,
H-27, 8%, 9" Ad), 2.05 (s, 3H, H-3", 5", 7" Ad), 4.25 (s,
2H,-S-CH,-),7.31(d, 2H, J=8.5Hz H-3",5"-NHC H,-
Ad), 7.56 (d, 2H, J = 8.5 Hz, H-2", 6" -NHC,H,-Ad),
7.77-7.59 (m, 5H, H-3", 4, 5" 3-Ph, H-8, 10), 7.98 (t,
1H,J/=7.7 Hz,H-9),8.30 (d, 2H,/ = 7.3, H-2", 6" 3-Ph),
8.49 (d, 1H,J = 7.9 Hz, H-11), 10.40 (s, 1H, -NH); EI-
MS, m/z (1., %) = 396 (6.3), 395 (5.7), 348 (16.9),
347 (73.5), 346 (49.1), 345 (16.1), 339 (7.2), 316
(5.4), 307 (8.7), 302 (15.9), 301 (64.8), 269 (16.0),
268 (5.2),258(5.1), 254 (13.8), 253 (57.9), 252 (10.8),
246 (7.0),245 (16.1),244 (99.9), 243 (26.4), 240 (5.4),
228(5.8),227 (49.5),226 (8.0), 218 (25.8), 217 (29.8),
216 (58.8), 213 (8.9), 212 (7.1), 211 (7.0), 210 (16.6),
197 (9.5), 196 (55.8), 195 (5.6), 189 (5.4), 188 (9.0),
186 (7.2),185(20.9),184 (11.2),183 (7.0), 182 (8.6),
180 (6.1),179(8.3),178 (43.2),170 (42.5), 161 (5.0),
160 (5.6),159 (17.8), 158 (9.6), 157 (9.0), 156 (20.0),
155 (8.7),154 (9.4),153 (12.0), 152 (9.6), 148 (21.9),
145 (8.0), 144 (7.8),143 (16.9), 142 (7.5), 141 (6.0),
135(22.4),134 (8.4),133 (24.1),132 (32.9),131 (12.6),
130 (16.0),129 (22.9),128 (18.2),127 (12.5),119 (10.4),
118(21.9),117 (22.4),116 (18.3),115 (12.5),106 (5.3),
105 (7.2), 104 (14.4), 103 (80.9), 101 (12.8), 95 (7.0),
94 (27.6), 93 (34.4), 92 (12.9), 90 (12.7), 89 (10.5),
86 (13.8), 79 (26.3), 77 (10.2), 75 (5.4), 67 (16.5),
66 (7.4),65 (21.6),64 (14.3),63 (15.4),56 (14.9), 55
(19.1),53 (6.1),47 (9.2), 43 (15.2), 41 (21.1)LC-MS,
m/z =574 [M+1],575 [M+2], 576 [M+3]; Anal. calcd.
for C,,H;,N.0,S: C, 71.18; H, 5.45; N, 12.21; S, 5.59;
Found: C, 71.19; H, 5.45; N, 12.23; S, 5.61.
N-[4-(1-Adamantyl)phenyl]-2-[(3-(4-methylphe-
nyl)-2-oxo-2H-[1,2,4]triazino[2,3-c]quinazolin-6-yl)
thioJacetamides (3.10). IR (cm™): 3344, 2982, 2915,
2898, 2882, 2849, 1675, 1655, 1584, 1562, 1542,
1517, 1490, 1469, 1451, 1406, 1368, 1340, 1329,
1308, 1285, 1264, 1237, 1189, 1139, 1125, 1106,
1071,1036,1017,989,961,942, 893, 875, 834, 807,
779,768,708, 686, 665, 643, 624; '"H-NMR (400 MHz)
d: 1.73 (s, 6H, H-4', 6, 10" Ad), 1.84 (s, 6H, H-2", 8/,
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9" Ad), 2.05 (s, 3H, H-3", 5%, 7" Ad), 2.42 (s, 3H, 3-
(4-CH,Ph)), 4.25 (s, 2H, -S-CH,-), 7.31 (d, 2H,] = 8.5,
H-3’, 5" -NHCH,-Ad), 7.41 (d, 2H, J= 7.9 Hz, H-3’,
5" 3-(4-CH,Ph)), 7.56 (d, 2H, J = 8.5 Hz, H-2', 6’
-NHCH,-Ad), 7.68 (t, 1H, J = 7.7 Hz, H-10), 7.74 (d,
1H,/=7.8 Hz, H-8), 7.99 (t, 1H, ] = 7.7 Hz, H-9), 8.25
(d, 2H,J = 7.9 Hz, H-2’, 6" 3-(4-CH,Ph)), 8.49 (d, 1H,
J=7.9 Hz, H-11), 10.39 (s, 1H, -NH); LC-MS, m/z =
588 [M+1], 590 [M+3]; Anal. calcd. for C;;H;;N.O,S:
C, 71.53; H, 5.66; N, 11.92; S, 5.46; Found: C, 71.53;
H, 5.66; N, 11.92; S, 5.44.
N-[4-(1-Adamantyl)phenyl]-2-[(3-(4-methoxyphe-
nyl)-2-oxo-2H-[1,2,4]triazino[2,3-c]quinazolin-6-yl)
thioJacetamides (3.11). IR (cm™): 3346, 2982, 2898,
2849, 1678, 1654, 1597, 1563, 1538, 1518, 1504,
1490, 1469, 1452, 1406, 1370, 1341, 1315, 1304,
1255, 1244,1177,1140, 1117, 1050, 1036, 1016,
989,942, 879,843,808, 780,769, 722,701, 687, 665,
643, 621; '"H-NMR (400 MHz) 6: 1.73 (s, 6H, H-4', 6’,
10" Ad), 1.84 (s, 6H, H-2", 8%, 9" Ad), 2.05 (s, 3H, H-3,
5, 7" Ad), 3.88 (s, 3H, 3-(4-CH,0Ph)), 4.25 (s, 2H,
-S-CH,-), 7.17 (d, 2H, ] = 8.3, H-3", 5" 3-(4-CH,0Ph)),
7.31 (d, 2H, ] = 8.5 Hz, H-3", 5" -NHC/H,-Ad), 7.56
(d, 2H,] = 8.5 Hz, H-2’, 6" -NHC H,-Ad), 7.68 (t, 1H,
] = 7.7 Hz, H-10), 7.74 (d, 1H, ] = 7.8 Hz, H-8), 7.97
(t, 1H,] = 7.7 Hz, H-9), 8.39 (d, 2H, ] = 8.3, H-2", 6
3-(4-CH,0Ph)), 8.49 (d, 1H, ] = 7.9 Hz, H-11), 10.40
(s, 1H, -NH); LC-MS, m/z = 604 [M+1], 607 [M+3];
Anal. calcd. for C;H,,N.0,S: C, 69.63; H, 5.51; N, 11.60;
S, 5,31; Found: C, 69.64; H, 5.51; N, 11.61; S, 5.32.
N-(3-Ethylbicyclo[2.2.1]hept-2-yl)-2-[(3-methyl-2-
oxo-2H-[1,2,4]triazino[2,3-c]quinazolin-6-yl)thio]acet-
amides (3.12). IR (cm™): 3287, 2944, 2866, 1667,
1636, 1584, 1558, 1538, 1509, 1469, 1454, 1418,
1386, 1360, 1337, 1287, 1261, 1208, 1173, 1133,
1102, 1045, 955, 880, 856, 768, 698, 685, 630, 607;
'H-NMR (400 MHz) &: 1.48-0.94 (m, 11H, 3-CH,CH,-,
3-CH,CH,-, 5,5, 6,6, 7, 7" bicyclo[2.2.1]heptyl), 2.16-
2.09 (m, 2H, H-3, 4 bicyclo[2.2.1]heptyl), 2.38 (s, 3H,
3-CH,), 2.66 (m, 1H, H-1 bicyclo[2.2.1]heptyl), 3.50-
3.39 (m, 1H, H-2 bicyclo[2.2.1]heptyl), 3.96 (s., 2H,
-S-CH,-), 7.66 (t,1H,] = 7.7 Hz, H-10), 7.73 (d, 1H, ] =
7.9 Hz, H-8), 7.97 (t, 1H,] = 7.7 Hz, H-9), 8.05 (d, 1H,
J =8.5 Hz, -NHC(0)-), 8.46 (d, 1H, J = 7.9 Hz, H-11);
13C-NMR (100 MHz): 6: 18.17 (CH;), 18.79 (CH,CH,),
20.70 (67), 28.87 (CH,CH,), 30.33 (5), 35.78 (-SCH,),
36.33 (77),36.85 (1), 38.95 (47), 48.51 (37), 49.37
(29, 118.50 (11a), 125.99 (8), 126.70 (10), 127.90
(11),135.91 (9), 144.21 (3), 151.92 (11b), 154.74
(7a), 155.16 (6), 160.98 (2), 166.39 (CONH); EI-MS,
m/z (1, %) =303 (7.2), 302 (45.1), 285 (31.8), 246
(7.9), 245 (24.1), 244 (100.0), 143 (16.3), 218 (5.6),
217 (17.7),216 (51.5), 188 (4.9),179 (6.3),170 (7.9),
148 (12.6),143 (7.7),129 (7.0), 123 (5.9), 122 (9.0),
95 (24.4), 93 (14.0),91 (5.3),90 (8.6), 81 (11.8), 67
(20.2), 57 (8.7), 56 (9.4), 55 (12.9); LC-MS, m/z =
424 [M+1], 426 [M+3]; Anal. calcd. for C,,H,N.0,S:

C, 62.39; H, 5.95; N, 16.54; S, 7.57; Found: C, 62.40;
H, 5.95; N, 16.54; S, 7.58.
N-(3-Ethylbicyclo[2.2.1]hept-2-yl)-2-[(3-(4-methyl-
phenyl)-2-oxo-2H-[1,2,4]triazino[2,3-c]quinazolin-6-yl)
thioJacetamides (3.13). IR (cm™): 3285, 3078, 2950,
2868, 1668, 1633, 1589, 1562, 1549, 1501, 1468,
1454, 1391, 1372, 1335, 1308, 1270, 1239, 1183,
1135, 1104, 1019, 991, 939, 830, 782, 770, 712,
699, 684, 641, 626; '"H-NMR (400 MHz) 6: 1.51-0.94
(m, 11H, 3-CH,CH,-, 3-CH,CH,-, 5,5, 6, 6", 7, 7" bi-
cyclo[2.2.1]hepty], 2.16-2.09 (m, 2H, H-3, 4 bicyclo
[2.2.1]heptyl), 2.42 (s, 3H, 3-(4-CH;Ph), 2.67 (m, 1H,
H-1 bicyclo[2.2.1]heptyl), 3.60-3.41 (m, 1H, H-2 bi-
cyclo[2.2.1]heptyl), 4.00 (s., 2H, -S-CH,-), 7.41 (d, 2H,
] = 7.5 Hz, H-3, H-5 4-CH,Ph), 7.68 (t, 1H, /] = 7.7 Hz,
H-10),7.76 (d, 1H,/=7.9 Hz, H-8),7.98 (t, 1H,] = 7.7
Hz, H-9),8.07 (d, 1H,J = 8.5 Hz, -NHC(0)-), 8.24 (d, 2H,
J=7.5Hz, H-2, H-6 4-CH,Ph), 8.48 (d, 1H, /= 7.9 Hz,
H-11); LC-MS, m/z = 500 [M+1], 502 [M+3]; Anal.
calcd. for C,;H,4N:0,S: C, 67.31; H, 5.85; N, 14.02; S,
6.42; Found: C, 67.31; H, 5.85; N, 14.02; S, 6.42.
N-(3-Ethylbicyclo[2.2.1]hept-2-yl)-2-{[3-(4-methoxy-
phenyl)-2-oxo-2H-[1,2,4]triazino[2,3-c]quinazolin-6-yl)
thioJacetamides (3.14). IR (cm™): 3274, 3067, 2945,
2866, 1668, 1643, 1590, 1563, 1545, 1500, 1469,
1454, 1421, 1372, 1340, 1317, 1306, 1288, 1272,
1259,1238,1174,1137,1105, 1049, 1016, 989, 965,
940, 878, 840, 810, 766, 723, 700, 684, 641, 622;
'H-NMR (400 MHz) 6: 1.47-0.92 (m, 11H, 3-CH,CH,-,
3-CH,CH,-, 5,5, 6,6°,7,7 bicyclo[2.2.1]heptyl), 2.16-
2.11 (m, 2H, H-3, 4 bicyclo[2.2.1]heptyl), 2.60 (m, 1H,
H-1 bicyclo[2.2.1]heptyl), 3.55-3.43 (m, 1H, H-2" bi-
cyclo[2.2.1]heptyl), 3.87 (s, 3H, 3-(4-CH,0Ph), 4.00
(s, 2H, -S-CH,-), 7.16 (d, 2H, J = 7.9 Hz, H-3, H-5
4-CH,0Ph), 7.68 (t, 1H,J = 7.7 Hz, H-10), 7.76 (d, 1H,
J =79 Hz, H-8), 7.98 (t, 1H, ] = 7.7 Hz, H-9), 8.08
(d, 1H, ] = 8.5 Hz, -NHC(0)-), 8.37 (d, 2H, ] = 7.9 Hz,
H-2, H-6 4-CH,0Ph), 8.48 (d, 1H, J = 7.9 Hz, H-11);
LC-MS, m/z =516 [M+1], 518 [M+3]; Anal. calcd. for
C,gH,N:0.S: C, 65.22; H, 5.67; N, 13.58; §, 6.22; Found:
C, 65.24; H, 5.67; N, 13.56; S, 6.20.
N-(3-Ethylbicyclo[2.2.1]heptan-2-yl)-2-[(9-fluoro-3-
(4-methoxyphenyl)-2-oxo-2H-[1,2,4]triazino[2,3-c]
quinazolin-6-yl)thioJacetamides (3.15). IR (cm™): 3289,
3072, 2954, 2869, 1667, 1634, 1591, 1564, 1546,
1502, 1477, 1455, 1443, 1422, 1392, 1350, 1323,
1285, 1259, 1217, 1176, 1164, 1131, 1104, 1071,
1023,992,974,926, 872,841, 808,779, 766, 723,
694, 681, 641, 619; 'H NMR §: 1.74-0.64 (m, 11H,
3-CH,CH,-, 3-CH,CH,-, 5,5, 6, 6, 7, 7" bicyclo[2.2.1]
heptyl), 2.12 (m, 1H, H-3 bicyclo[2.2.1]heptyl), 2.18
(m, 1H, H-4 bicyclo[2.2.1]heptyl), 2.69 (m, 1H, H-1
bicyclo [2.2.1] heptyl), 3.46 (s, 1H, H-2 bicyclo[2.2.1]
heptyl), 3.91 (s, 3H, 0-CH,), 3.94 (s, 2H, S-CH,-), 7.08
(d,J=8.4 Hz, 2H, 3-Ph H-3%, 5°), 7.51-7.42 (m, 1H,
H-10), 8.17 (s, 1H, H-8), 8.41 (d,] = 8.2 Hz, 2H, 3-Ph
H-27, 67, 8.66-8.52 (m, 1H, H-11); LC-MS, m/z =534
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[M +1], 536 [M +3]; Anal. calcd. for C,;H,,FN.0,S: C,
63.02; H, 5.29; F, 3.56; N, 13.12; S, 6.01; Found: C,
63.05; H, 5.29; F 3.56; N, 13.10; S, 6.03.
N-(3-Ethylbicyclo[2.2.1]hept-2-yl)-2-{[9-fluoro-
3-(4-fluorophenyl)-2-oxo-2H-[1,2,4]triazino[2,3-c]
quinazolin-6-yl]thio}acetamides (3.16). IR (cm™): 3270,
3073, 2954, 2871, 1672, 1644, 1586, 1555, 1510,
1498, 1483, 1445, 1412, 1375, 1347, 1321, 1297,
1279,1262,1229,1159, 1132, 1101, 1070, 1015,
995, 973, 929, 869, 858, 847, 823, 761, 715, 696,
679, 657, 637,621; 'H NMR 6: 1.66-0.64 (m, 14H,
3-CH,CH,-, 3-CH,CH,-, H-1, 3,4,5,5', 6,6, 7, 7" bi-
cyclo[2.2.1]heptyl), 3.67-3.40 (m, 1H, H-2 bicyclo
[2.2.1]heptyl), 3.95 (s, 2H, S-CH,-), 7.33 (t,/ = 8.9 Hz,
2H, 3-Ph H-3',57), 7.57-7.42 (m, 2H, H-8,10), 8.18 (s,
1H, NH), 8.52-8.39 (m, 2H, 3-Ph H-2", 67), 8.61 (dd, J
=10.6, 5.4 Hz, 1H, H-11); LC-MS, m/z =522 [M +1],
524 [M +3]; Anal. calcd. for C,,H,.F,N.0,S: C, 62.17;
H, 4.83; F 7.28; N, 13.43; S, 6.15; Found: C, 62.19; H,
4.83; F, 7.28; N, 13.45; S, 6.14.
N-(3-Ethylbicyclo[2.2.1]heptan-2-yl)-2-[(9-bro-
mo-3-(4-fluorophenyl)-2-oxo-2H-[1,2,4]triazino[2,3-c]
quinazolin-6-yl)thio]acetamides (3.17). IR (cm™): 3275,
3072, 2949, 2868, 1670, 1639, 1583, 1556, 1498,
1458, 1424, 1411, 1392, 1373, 1339, 1312, 1296,
1270,1237,1179, 1161, 1149, 1103, 1075, 1060,
991, 968, 939, 895, 845, 820, 765, 715, 681, 647, 615;
'H NMR 6: 1.66-0.78 (m, 12H, 3-CH,CH,-, 3-CH,CH,-,
H-3,5,57, 6,6, 7, 7" bicyclo[2.2.1]heptyl), 2.25-2.03
(m, 2H, H-1, 4 bicyclo[2.2.1]heptyl), 3.61-3.42 (m, 1H,
H-2 bicyclo [2.2.1]heptyl), 4.04-3.81 (m, 2H, S-CH,-),
7.32 (t,J 7.6 Hz, 2H, 3-Ph H-3",5"),7.77 (d,] = 7.6 Hz,
1H, H-10), 8.07-7.82 (m, 2H, H-8, NH), 8.53-8.34 (m,
3H, H-11, 3-Ph H-2", 67); LC-MS, m/z =582 [M +0],
586 [M +4]; Anal. calcd. for C,,H,BrFN.0,S: C, 55.67;
H, 4.33; Br, 13.72; F, 3.26; N, 12.02; S, 5.50; Found:
C,55.69; H, 4.33; Br, 13.72; F, 3.26; N, 12.00; S, 5.53.
N-(3-Ethylbicyclo[2.2.1]heptan-2-yl)-2-(10-bro-
mo-3-(4-fluorophenyl)-2-oxo-2H-[1,2,4]triazino[2,3-c]
quinazolin-6-yl)thio]acetamides (3.18). IR (cm™): 3278,
2952, 2868, 1668, 1644, 1588, 1556, 1496, 1466,
1412, 1377, 1336, 1283, 1261, 1236, 1218, 1175,
1161,1139,1121,1103,1077, 1064, 1015, 991, 952,
896, 845, 773,730,717, 691, 669, 656, 635, 624; 'H
NMR 6:1.67-0.59 (m, 12H, 3-CH,CH,-, 3-CH,CH,-, H-3,
5,5%,6,6%, 7, 7" bicyclo[2.2.1]heptyl), 2.29-1.98 (m,
2H, H-1, 4 bicyclo[2.2.1]heptyl), 3.61-3.32 (m, 1H,
H-2 bicyclo[2.2.1]Theptyl), 3.96 (s, 2H, S-CH,-), 7.34
(t,J=8.5Hz, 2H, 3-Ph H-3',5%),7.70 (d,/ = 6.4 Hz, 1H,
H-9), 8.11-7.96 (m, 2H, H-8, NH), 8.43 (d, ] = 6.5 Hz,
2H, 3-Ph H-2", 67), 8.58 (s, 1H, H-11); LC-MS, m/z =582
[M +0], 586 [M +4]; Anal. calcd. for C,,H,;BrFN.0,S:
C,55.67; H, 4.33; Br; 13.72; F 3.26; N, 12.02; S, 5.50;
Found: C, 55.69; H, 4.33; Br, 13.72; E, 3.26; N, 12.00;
S, 5.51.
N-(3-Ethylbicyclo[2.2.1]hept-2-yl)-2-{[10-iodo-3-(4-
fluorophenyl)-2-oxo-2H-[1,2,4]triazino[2,3-c]quinazo-
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lin-6-yl]thio}acetamides (3.19). IR (cm™): 3274, 3080,
2946, 2866, 1667, 1641, 1585, 1555, 1495, 1462,
1410, 1374, 1331, 1280, 1261, 1234, 1216, 1158,
1138,1101, 1074, 1013, 988, 946, 843, 771, 717,
688, 646, 633, 622; 'H NMR 6: 1.58-0.82 (m, 12H,
3-CH,CH,-, 3-CH,CH,-, H-3, 5,5, 6, 6, 7, 7" bicyclo
[2.2.1]heptyl), 2.28-2.00 (m, 2H,H-1, 4 bicyclo[2.2.1]
heptyl), 3.63-3.33 (m, 1H, H-2 bicyclo [2.2.1]hep-
tyl), 3.95 (s, 2H, S-CH,-), 7.33 (t,/ = 8.1 Hz, 2H, 3-Ph
H-3',5%), 7.55 (dd, / = 8.3, 1.8 Hz, 1H, H-8), 8.08 (m, 1H,
NH), 8.18 (d,/ = 8.2 Hz, 1H, H-9),8.46 (t,/ = 5.6 Hz, 2H,
3-Ph H-2', 67), 8.79 (s, 1H, H-11); LC-MS, m/z =630
[M +1], 632 [M +3]; Anal. calcd. for C,,H,.FIN.O,S:
C,51.52; H, 4.00; E 3.02; [, 20.16; N, 11.13; S, 5.09;
Found: C, 51.55; H, 4.00; F, 3.02; [, 20.16; N, 11.10;
S, 5.08.

2. Methods for assay of the antiviral activity

A. Rapid Screening Assay

The primary antiviral assay was performed at a
respiratory viruses panel (Flu A H1N1/California/07/
2009/MDCK, Flu A H3N2/Perth/16/2009/MDCK, Flu
A H5N1/Vietnam/1203/2004H/MDCK, Flu B/Flori-
da/4/2006/MDCK) with the protocol of the NIAID’s
Antimicrobial Acquisition and Coordination [27-29].
This drug was ribavirin for Flu A HIN1, Flu A H3N2,
Flu A H5N1, Flu B.

Results for each compound tested were report-
ed as the virus-inhibitory concentration, 50% end-
point (EC;, pg/ml), or 90% effective concentration
(ECy, ng/ml) and the cell-inhibitory concentration,
50% endpoint (CC;, ug/ml) were determined. The
total selectivity index (SI;,) was calculated as a ra-
tio of (EC;,)/(CC,,). The SI;, of 3 or greater indicates
that confirmatory testing is needed.

2.1. Inhibition of the Viral Cytopathic Effect (CPE)

This test, run in 96 well flat-bottomed micropla-
tes, was used for the initial antiviral evaluation of com-
pounds. In this CPE inhibition test, four log,, dilutions
of each test compound (e.g. 1000, 100, 10, 1 Eg/ml)
were added to 3 cups containing the cell monolayer;
within 5 min. At the next step the virus was added
and the plate was sealed and incubated at 37 °C. The
CPE read microscopically when untreated infected
controls developed a 3 to 4+ CPE (approximately 72
to 120 h). The known positive control drug was eval-
uated in parallel with test drugs in each test.

2.2. Increase in Neutral Red (NR) Dye Uptake

This test was run to validate the CPE inhibition
seen in the initial test, and utilized the same 96-well
microplates after the CPE had been read. When neu-
tral red was added to the medium, cells that were not
damaged by virus took up a greater amount of dye
displayed on a computerized microplate autoreader.
The EC;, was determined from this dye uptake.

2.3. Decrease in the Virus Yield Assay (VYR-test)

Compounds considered active by CPE inhibition
and by NR dye uptake were re-tested on reduction
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of the virus yield by assaying frozen and thawed elu-
ates from each cup for a virus titer by serial dilution
onto monolayers of susceptible cells. Development
of CPE in these cells is indication of the presence of
an infectious virus. Similarly as in the initial tests, a
known active drug were run in parallel as a positive
control. The 90% effective concentration (EC,,), be-
ing the drug concentration inhibiting the virus yield
by 1 log,,, was determined from these data.

2.4. Methods for assay of cytotoxicity

In the CPE inhibition tests, two wells of uninfec-
ted cells treated with each concentration of the test
compounds was run in parallel with the infected, treat-
ed wells. At the time CPE was determined microscopi-
cally. The toxicity control cells were also examined mic-
roscopically for any changes in cell appearance com-
pared to normal control cells run in the same plate.
These changes may be enlargement, granularity, cells
with ragged edges, filmy appearance, rounding, detach-
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AOCJTIAKEHHA 3AJTIEAKHOCTI «XIMIYHA CTPYKTYPA -
AHTUTIIIOKCHUYHA AI4» B PAAY NOXIAHUX IHAOJIY TA
2-OKCIHA0J1Y, AKI MICTATb ETUJIAMIHOBUHU ®PA'MEHT
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deckpunmopu; KiAbKiCHUll 38’130k cmpyKmypa-e/1dcmueocmi; pezpeciiiHuti aHania
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Cmammsi npucesiyeHa O0CiOKeHHK aHMU2INOKCUYHOT Oii paHiuie CUHMe308aHUX HaMu CriosyK, MOXiOHUX iHAoy
ma 2-okciHOony, sKi Micmsams gpapMakogopMHUl emunamiHoguli chpazcmeHm, xapakmepHuUU Orisi MenamoHiHy,
ma 8UBYEHHIO 3alleXXHOCMI 38’3KYy «XiMiYHa cmpykmypa — aHmueairnokcuyHa 0isi» 3a 0aHumu in vivo ma in silico.
CKpuHiHz208i docnidxeHHs1 6ynu nposedeHi Ha MOJesisiX 20Cmpoi HOpMObapu4YHOI ma 2eMidyHOT 2ifokKcii y 6inux
muwedu-camuyie. [ocnidxeHi cybecmanuii egodunu y do3i 0,50 ma/ke, aHanoeiyHil npenapamy nopieHsIHHSA Me-
namoHiHy. [pyaull npenapam rnopieHSHHS 3a aHMU2iroKCUYHUM egbekmom mekcudosn 88o0unu y 003i 42 ma/ke.
MakcumanbHy aHmueinokcuyHy Qito YuHuna crosyka R-77 — 4,3’-cnipo[(2-amiHo-3-Himpur-4,5-0ueidponipaHo
[3,2-c]xpomeH-5-0H)-5-memun-2’-okciHdon] (101% Ha moderni eemidHOI einokcii ma 176% Ha modeni Hopmoba-
pu4Hoi). 3a senuyuHoro eghekmy Hoea crioslyka 00CMOBIPHO nepesepulysarna rpernapam MoPIBHSHHS Menamo-
HIH (aHmueinokcuyHa akmusHicmb 67,6% ma 109% eidnoeidHo) ma dewo nepesaxana Mekcudos (aHmMueinok-
cu4yHa akmuesHicmb 94,3% ma 161%). [nsa koxHoi i3 30 cronyk obpaxoeaHo Habip 8axnugux MOMeKynsapHUX
deckpunmopise (miLogP, TPSA, MV). Halibinbw akmusHUMU 3a NPOsSI8OM aHMU2iMOKCUYHOI akmueHocmi € 0o-
cnidxeHi cromyku, siki Matome po3paxyHKoaul MokasHuk sinoginsHocmi (miLogP) npubnu3s+Ho 8id 1,2 do 2,5,
obpaxosaHuli mornosnoziyHuli 0eckpunmop rnaowi nonsgpHux noeepxoHs momnekyn (TPSA) eid 85 do 125 ma
onmumarnsHul monekynspHut o6’em (MV) gid 250 do 320. BcmaHoerneHo noedHaHHS mpbox ¢hapmakoghopis, a
came 2-0KciHOosy, duzidponipaHo[3,2-c]xpoMeHy ma HimpurbHOI epyrnu sik 6ioisocmepa KapboKCcunbHOI (byHKUT
3 00HOYacHUM yg8edeHHAM MemuribHOT epynu y 5-rnonoxeHHi 6a308020 s10pa monekynu R-77. Ompumani pesyrb-
mamu ceid4amp npo ouyinbHicmb nodanbuo2o noanubneHoeo hapMakosioeiyHo20 8UBYEHHS CriPOUUKITIYHUX
OKCIHOOMbHUX MOXIOHUX 3 MEMOO MowyKy 8UCOKOEEKMUBHUX PEYOBUH 3 aHMUINOKCUYHO Dieto.

THE INVESTIGATION OF THE “CHEMICAL STRUCTURE — ANTIHYPOXIC ACTION” DEPENDENCE IN A
SERIES OF INDOLE AND 2-OXINDOLE DERIVATIVES CONTAINING THE ETHYLAMINE FRAGMENT
R.Gr.Redkin, V.P.Chernykh, L. A.Shemchuk, N.A.Tsubanova, S.Yu.Shtrygol

Key words: 2-oxindole; spirocyclic system antihypoxants; melatonin; molecular descriptors; “structure-property”
quantitative relationship; regression analysis

The article describes the study of the antihypoxic action of the compounds previously synthesized, namely in-
dole and 2-oxindole derivatives, containing an ethylamine fragment being characteristic of melatonin, and the
“chemical structure — antihypoxic action” dependence based on in vivo and in silico data. The screening has
been conducted on the models of acute normobaric and hemic hypoxia in white male mice. The substances
under research were administered in the dose of 0.50 mg/kg that was similar to the reference drug melatonin.
The second antihypoxic reference drug mexidol was administered in the dose of 42 mg / kg. The compound
R-77 (4,3-spiro[(2-amino-3-cyano-4,5-dihydro-pyrano[3, 2-cjchromen-5-on)-5-methyl-2’-oxindole]) caused a ma-
ximum effect (of about 101% on the hemic hypoxia model, and 176% on the normobaric hypoxia model). By its
effect size the new compound is significantly superior to the reference drug melatonin (the antihypoxic activity
is 67.6% and 109%) and somewhat dominates mexidol (the antihypoxic activity is 94.3 % and 161%). A set of
essential molecular descriptors (miLogP, TPSA, MV) has been calculated for each of the 30 compounds. The
compounds having lipophilicity (miLogP) estimated approximately from 1.2 to 2.5, the calculated topological de-
scriptor of the polar surface molecules area (TPSA) from 85 to 125 and the optimal molecular volume (MV) 250
to 320 have shown the highest antihypoxic activity. The results obtained demonstrate the expediency of a further
detailed pharmacological study of spirocyclic oxindole derivatives for the purpose of searching for highly efficient
substances with the antihypoxic action.

UCCJIEqQOBAHUE 3ABUCUMOCTU «XUMNYECKAST CTPYKTYPA — AHTUIMITOKCUYECKOE JEACTBUE»
B Psijy MPOU3BOAHLIX MHOOJIA U 2-OKCHUHLOJIA, COQEPXALUNX STUITAMUHOBbLIA ®PArMEHT
P.I.PedbkuH, B.I1.YepHbix, J1.A.Llem4yk, H.A.Lly6aHoea, C.FO.LlImpbizonb

Knrouyeenlie cnoga: 2-0KCUHOOSbI; CUPOYUUKIUYHBIE CUCMEMbI; aHMURUMOKCaHMbI; MEIamoHUH; MOJIEKYISIPHbIE
OdecKpunmopsbl; KOru4ecmeeHHasi ces3b CmpyKkmypa — ceolicmea; pe2pecCUOHHbIU aHanu3

Cmambsi nocesiujeHa uccriedosaHur aHmuaurnoKkcu4deckoeo Oelicmeusi paHee CUHME3UPO8aHHbIX Hamu coedu-
HeHul, npou3eodHbix uHdona u 2-okcuHoorna, codepxkawux hapmMakogOpPMHbIU 3muiaMuHo8bIl hpazmeHm,
xapakmepHbll Orisi MeiamoHUHa, U U3y4eHUI0 3a8UCUMOCMU C853U «XUMUYeCKasi CmpyKmypa — aHmuauroKkcu-
yeckoe delicmeue» no 0aHHbIM in vivo u in silico. CKpuHuHao8ble uccrnedosaHusi bbiru nposedeHbl Ha MOOessIX
ocmpou HopmobapudeckoU u eeMudeckol aurnokcuu y benbix Mblwel-camyos. Miccnedyemsie cybcmaHyuu 860-
Ounu e dose 0,50 me / ke, aHanoauyHoU rpernapamy cpasHeHUs MernamoHUHY. Bmopol npenapam cpasHeHus
10 aHmMuaunokcuyeckomy acghgpekmy mekcudosn esodunu 8 0ose 42 me/ke. MakcumanbHoe aHmMuU2urnoKCU4ecKoe
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Oelicmsue okasarno coeduHeHue R-77 — 4,3’-cnupo[(2-amuHo-3-yuaHo-4,5-0uaudpo-nupaHo[3, 2-c]xpomMeH-5-0H)-
5-memun-2’-okcundon] (101 % Ha modenu eemuyeckol aunokcuu u 176% Ha modenu Hopmobapuyeckol au-
rnokcuu). Mo senu4uHe sghgpekma Hogoe coeduHeHUe B0CMOBEPHO NMPesocxodum npenapam cpasHeHUss Me-
nlamoHUH (aHmueuriokcuveckasi akmueHocme 67,6% u 109%) u HeckonbKo npeeabiwaem mekcudon (aHmuau-
rokcuyeckasi akmugHocmb 94,3% u 161%). [nsa kaxdoeo u3 30 coeduHeHul paccdumaH Habop 8aXHbIX MO-
neKynsapHbix deckpunmopos (LogP, TPSA, MV). Haubonee 8biCOKyt0 aHmMuU2unoKCU4eCKyto akmusHoOCMb rpo-
A8unu coeOUHeHUs, UMerouue pacdemHbil nokasamerns nunogpunsHocmu (miLogP) npumepHo om 1,2 do 2,5,
pacyemHbIl mornonoeudeckuli deckpunmop raowadu rnonspHeIx nosepxHocmeti monekyn (TPSA) om 85 do
125 u onmumarbHbIl MoneKynspHell obbem (MV) — om 250 do 320. MonyyeHHble pe3yrbsmamsi caudemeris-
cmeyrom o yenecoobpasHocmu OarnbHeliwezo yerybrieHHO20 hapMaKo/I02u4eCKoa0 U3y4YeHUs CrUupoUUKIUY-
HbIX OKCUHOO/bHbIX MPOU3BOOHbLIX C UErbI0 MOUCKa 8bICOKOIG(EKMUBHbLIX 8EWECME8 C aHMU2UMNOKCUYECKUM

delicmesuem.

HocnimxkeHHs1 6io/0TiYHOI aKTHUBHOCTI OpraHiy-
HUX CIOJIYK € OJHUM 3 Halbi/Jbll aKTyaJlbHUX Ha-
npsMiB cydacHoi 6iosoriyHoi, ¢papMalleBTUYHOI, Me-
JUYHOI Ta KOMIT'I0TepHoi Ximil [1].

[IpoTe BUBUYEHHS TaKUX KOMIIJIEKCHUX BJIACTHU-
BOCTeH MOB’sI3aHe 3 HU3KOI0 Mpo6JjeM, BUPillleHHS
AKHUX 3aJI€KUTH BiJl IHTEHCUBHUX TEOPETUYHUX Ta
eKCIepUMeHTaJTbHUX POOIT B 06s1acTi 6ioximii, Mo-
JIEKyJIIpHOI 6ioJioril, reHOMiKH, KOMIT' IOTEPHOTO MO-
JleJIIOBaHHS1, OPraHiuHOr0 CUHTE3Y, MeJULIMHU Ta dap-
Makoviorii [2]. Haibisibile mMpakTU4YHe 3HaYeHHS TaKi
JOCJTi/PKEHHS MAIOTh /151 PO3PO6KH HOBUX JIiKapCh-
KUX CyOCTaHIiH, sKi IepeBaKHO € CHHTETUYHHUMU MO-
Jekynamu [3].

MeTa gaHoi po60TH NoJisirasia y AoCaiXKeHH] aH-
TUTIMOKCUYHOI il 29 paHille CMHTE30BaHMUX HAMU
CHOJIYK MOXiAHUX iHgoay [4, 5] Ta 2-okciHpoay [6,
7, 8], aki MicTaTh papmMakoPopHUl eTUIaMiHOBUI
dparMeHT, XapaKTepHUH [JIJis1 MeJIaTOHiHY, Ta y BU-
3Ha4YeHHI 3a J0IOMOTOI0 perpeciiHOro aHali3y Kijb-
KicHOTO0 3B’sI3KYy «XiMi4Ha CTPYKTypa — aHTUTINOK-
CHU4YHa Jif» 3a JaHWMH In vivo Ta BEJIMYUH MOJIEKY-
JIIPHUX JIECKPUIITOPIB, OTpUMaHUX in silico.

Jlo cTpykTypHUX aHasoriB MesiaToHiny (MT) Big-
HOCATbCS CIOJYKH, OTPUMaHi 6e3nocepeHbOI0 MO-
Audikaniero mosekynu MT, Ta 6e3iHf0/bHI aHasIO0-
ru MT, asne Bci 1i criosiykyd 060B’I3KOBO MiCTAATh TaK
3BaHUH iHAOMIN-anKiIaMiHOBUH dapmakodop. Came
3a IIUM KpUTepieM o6paHi Hamu 30 croyyK-06’€KTiB

CO,Me

@—(-l-fN OHNJi

\

P
H X

R-64 - R-66
TN
Ro AQ NH,
N“oR
Ry

R-2-R-5 R-10-R- 25, R-76 - R-90

JlOCJIiP>KeHb MOXKHA BiJTHECTH A0 CTPYKTYPHUX aHa-

JjoriB MT (puc. 1) [9].

CnipouukJidHi cUCTEMH, AKi MicTATH 3,3-iH/0-
JIiHOBe f/IpO, JieXKaThb B OCHOBI 6y/10BH BEJIUKOTO
NJIACTY NPUPOAHUX 6i0JOTIUHO aKTUBHUX CIIOJYK.
2-OkciHfion1bHI cucTeMH, ciipo3’eiHaHi 3 KapHOIUK-
JIIYHUMU, TETEPOLUKJIIYHUMHY, IAKTOHHUMH nipu C3
a6o C2 aToMmi 2-okciHJ01iHOBOTO 13, € Nepcnek-
TUBHHUMH 06'€EKTAMHU [/ CHHTE3Y Ta CIIPSIMOBAHOTO
MOIIYKY HOBUX 6i0JIOTIYHO aKTUBHUX coJyK [10].

Jlo BUGIpKU CIIOJIYK MOTPANUIIN HACTYIIHI CTPYK-
TypH:

» KoHfeHcoBaHi 4,3'-ciipo[(2-amiHo-3-R-4H-mipa-
HO)-2'-OKCiHJI0/IH] 3 sAApaMHU Mipa3oJ1y Ta AMTif-
pomnipaHo[3,2-c]xpoMeH-5-0Hy (cnoayku R-2 -
R-5,R-10 - R- 25, R-76 - R-90);

e 4-(inpos-3-in) noxiaHi 2-amiHo-4H-nipaHy Ta 2-ami-
HO0-4,6,7,8-TeTpariapo-1H-xiHoMiH-5-0HY, 1110 Mi-
CTATb CTPYKTYPHO 3aKpillJIEeHUN aMiHOAJIKIJIb-
HuH papmakodop (crnosyku R-6, R-7);

e noxigHi L-tpuntodany ta 2-[2-(1H-ingon-3-i1)-
2-0KcoalleTHIaMiHO|-6eH30MHOI KMCJIOTH, 1110 Mi-
CTATH 3aJIMLIKY aHTPaHIJIOBOI Ta 111aBJIeBO] KUC-
JioT (criosiyku R-64 - R-66).

O6pani HaMH AJ1S aHAJi3y po3paxyHKOBI mapa-
MeTpU MoJIEKY (AeCKPUNITOPU) BiTHOCATBCA A0 KJla-
cuyHUX B 06J1acTi K3CB (kisibKicHUM 3B’I30K CTPYK-
Typa-BJIACTUBOCTI)-aHaJli3y Ta BXOJSAThb /10 Habopy
TaK 3BaHUX HalBaXKJIUBIMIUX J€CKPUNITOPiB, BU3HA-

Puc. 1. CTpykTypHUMI 3B’A30K Mk Monekynoto MT Ta monekynamun AOCHiAXeHUX CoMyK ()XMPHUM BUAINEHO iHAONIN-eTUNamMiHOBUIA

hapmakodop).

29
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Tnb,%

Puc. 2. Baaemo3s’a3ok mix ninogineHicTio (LogP) i aHTUrinokcnyHow
BUOIpKV AOCHIAXEHNX CMONYyK.

yeHux 3 500 meTogom Al'K (aHas1izy ro10BHUX KOM-
NIOHEHT, IKUI B aHIJIOMOBHIH JliTepaTypi no3Hava-
eTbce 5K Principal component analysis, PCA) [1, 11].
BoHU 110B’s13aHi 3 TAKUMU BaXKJIMBUMU BJIaCTUBOCTSI-
MU MOJIEKYJIH, IK PO3Mip, JinodisbHicTh, KOHbOP-
MaliliHa PyXJIMBICTb, 34aTHICTb [10 YTBOPEHHS BOJ-
HeBUX 3B’3KiB. 3a3HauyeHi a60 noAi6HI 3 HUMU apa-
METpPHU LUUPOKO BUKOPUCTOBYIOTHCA /J11 PiI3HOMaHIT-
Hux K3CB Mogeneil, Hanpuksaj, /s paHHbOI OI1iH-
K1 ¢papMaKo/JIOTiYHUX BJIACTUBOCTEH CIOJIYK, a Ta-
KO /151 Tepe/j6ayeHHsI CX0XKOCTi 3 JikapCbKUMH pe-
YyoBUHaMHU abo crenudiyHoi akTuBHOCTI [12]. Bax-
JINBUMH IlepeBaraMy TaKoro MiZixoAy € NpocToTa i
BHMCOKA LUBUJKICTD X 00YHCJIEHHS], @ TAKOX JOCTYII-
HICTb porpam JJist pO3paxyHKY.

fAx BUAHO 3 JAaHUX AJIS AOCTIJKEHUX CIIOJIYK Y
TabJsui, BCi A0CAiI)KYBaHi CIOJIYKU BiiNOBiIal0Th
npasBuJiaM JIiniHCbKOTO AJi1S1 NOTEHLiHHUX JIIKOIO-
JIOHUX MOJIEKY/IL.

30KkpeMa, MOJIeKy/sipHa Maca NMPaKTU4YHO BCiX
CTPYKTYp He nepeBuinye 500 a.e.M., HOKa3HUK JIiNO-
¢inbHOCTI (LogP), o xapakTepusye po3noAia cmo-
JIYKH B CUCTeMi OKTaHOJI-BO/a, PO3pax0BaHMUH 3a J10-
IIOMOTO10 TporpaMHoOro KoMiaekcy Molinspiration,
JocTtynHoro on-line [13], i 3HaxoAUTbCA AJ1d HaBe-
JIeHUX CIIOJIYK B IPUUHATHOMY Aiana3oHi. KpiM Toro,
3a JJ0IIOMOTOI0 TOTO X NPOAYKTY BU3HadeHO TPSA
(3arasibHy IJIOILY MOJIIPHUX MIOBEPXOHb MOJIEKYJIN),
sIKa pO3PaX0OBYETHCS HA OCHOBI METOAMKH, ONyOJTi-
koBaHoi Ertl et al. [14] y Burnsji cymu BHecKiB aTo-
MiB O- Ta N- T. iH., y cksaZi QyHKLiOHA/JbHUX rPyI
noJsipHUX ¢parmeHTiB. Bysio nokasaHo, o TPSA €

! R?— BeNiMuMHa AOCTOBIPHOCTI anpokcuMalii

30

w F----d4----a

miLogP

aktusHicTio (T, %) Ha ogeni HopmoGapuyHOI rinokcii Ana gaHol

Jyxe epeKTUBHUM [IeCKPUIITOPOM, IKUH J03BOJISIE
nepef6ayuTy abcopob1ito JiKapCHKOTo 3aco6y, y TOMY
yuciai y KT, 6iogocTynHiCTh i TPOHUKHICTh Kpi3b
remaToeHuedaniyuuii 6apep (FEB) [15].

Y po6ori Spadoni et al. [16] 6ys10 noka3aHo 3BO-
POTHY KOpeJIsAIito MixX JIiModi/IbHICTIO Ta aHTHOKCH-
JQHTHOIO aKTUBHICTIO B pALy 2-aJIKIIHA0JIbHUX aHa-
JIOTiB MeJIaTOHiHY, TOMY MU JIOCJIiIU/IN MOAiOHY 3a-
JIEXKHICTB, IKy IpeJcTaByeHo Ha rpadikax (puc. 2, 3).
B pe3ysibTaTi 3acTOCYBaHHS HeJliHIHHOTO perpecii-
HOTO aHaJ1i3y BCTAHOBJIEHO, 10 3aJIEKHICTb MIX JIi-
nodinpHicTio (miLogP) Ta aHTUTiNOKCUYHOIO aKTHB-
HICTIO AJIf1 JaHUX CNOJIYK MOXKHA ONMCATH AK M0JIi-
HOMiaJIbHy perpecito OCTOro CTyNneHs:

T, % =0,1777miLogP® - 3,9283miLogP° +
+33,304miLogP* - 131,32miLogP3 +
+ 235,36miLogP? - 159,41miLogP+82,788,
R?=0,1111" (na mozesi HOpMo6apU4yHOI rinokcii);
Ty e % = 0,4736 miLogP® - 7,1226 miLogP® +
+42,507miLogP* - 125,94 miLogP? +
+ 182,34 miLogP? - 99,766 miLogP + 37,202,
R? = 0,124 (nHa Moesi reMiuHOi rimokcii)

TakuM YHHOM, 3B’I30K MiX J1inodisIbHICTIO Ta aH-
TUTIMOKCUYHOI0 aKTUBHICTIO AJ151 JaHOI BUOIPKH cIlo-
JIYK € JIOCUTb CKJIQIHUM Ta NOJeKy4U HeOJHO3HAU-
HUM. OueBU/HO, L0 IPU NOAAJbLIOMY Bifi60pi cro-
JIYK-KaHJU/IaTiB AJ11 CKPUHIHTY in Vivo J01iJIbHO 06U-
paTH CIOJIyKH JaHOTO KJIAcy 3 J1iNo(iIbHICTIO B 61/1bLI
BY3bKOMY iHTepBasli 3Ha4eHb 6/1M3bKO 1,5-2,7, amxe
Ha 10 06J1aCTh NPUNAAAKTh MKOBI 3HAaYEeHHS aH-
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Tabnuua

AKTMBHICTb fOCNiAXKYBaHNX CMONYK Ha MoZensax HopmobapnyHOI Ta remiuHoI rinokcii in vivo
Ta feAKi oTpuMaHi in silico monekynapHi geckpuntopu

Cnonyka, wudp Mm T % Them % miLogP TPSA MV
1 2 3 4 5 6 7
Mekcnpon 255,269 161 94,3 1,495 33,120 137,829
MenaTtoHiH 232,278 109 67,6 1,446 54,123 220,117
349,393 104 42,7 2,095 105,218 310,148
335,366 27 13,4 1,67 105,218 293,587
353,381 18,8 11,6 0,617 124,520 306,999
469,589 50,5 259 4,565 88,428 438,584
422,535 353 20,3 4112 85915 394,113
307,312 54,2 31,9 1,017 105,218 260,763
354,366 29,4 12,4 1,47 107,731 305,234
321,339 49,7 27,6 1,442 105,218 277,324
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lpodosxxeHHA mabauyi
1 2 3 4 5 6 7
293,287 50,7 19,1 0,506 116,830 243,598
295,300 47,7 18,9 0,861 105,218 254,321
382,420 30,8 20,6 2,124 107,731 338,058
325,327 89,8 41,6 -0,036 124,520 274,176
349,393 774 33,2 1,915 96,429 310,529
321,339 57,2 26,1 1,262 96,429 277,705
307,314 84,6 39,2 0,751 108,041 260,540
o)
NH, NH
H y 337,382 102 55,7 2,37 97,217 305,263
N\ (0]
o
N
H
R-64
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lMpodosxxeHHA mabauyi
1 2 3 4 5 6 7
o I: l 6]
/\OJ%/NH NH
o . 437,456 70,5 48,4 2,303 126,597 386,691
N U°
N
H
R-65
0 : l (0]
\/\ﬁ#NH NH
o) P 450,499 81,6 48,9 2,05 129,390 406,910
357,32 93,7 52,9 1,784 118,358 290,751
371,350 176 101 2,208 118,358 307,312
371,350 15,2 17,6 2,029 109,569 307,693
447,44 30 25,9 3,427 109,569 379,343
402,32 48,8 254 1,719 164,182 314,085
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lpodosxeHHa mabauyi
1 2 3 4 5 6 7
404,37 214 24,3 2,237 120,871 335,222
494,49 47,2 30,6 3,88 112,082 423,814
449,37 47,2 31,9 2,172 166,695 358,556
483,27 46,4 339 3,022 120,871 353,108
380,350 54,5 32,2 1,207 151,042 323,150

MpumiTkn: Mm — MonekynsipHa maca; T,, — TPMBaNiCTb XUTTA TBapuH Y % BiAHOCHO KOHTPOJIO (IHTaKTy) Ha Mogeni HopMobapWnyHOI FiNoKCii;

Them — TPMBANICTb XWTTS TBAPWH Y Y% BiAHOCHO KOHTPOSMIO (iHTaKTy) Ha MOAENi reMiyHoi rinoKcii; miLogP — NokasHWK KOHCTaHTV po3noginy
OKTaHO/1-BOAA, PO3paxoBaHuii 3a MeTogoM Molinspiration (miLogP2.2 — November 2005); TPSA — TononoriyHuit AECKPUMTOP MAOLL MOMSPHUX

noBepxoHb Monekyn; MV (Molecular Volume) — MonekynsipHuii 06'em.

TUTINOKCUYHOI aKTUBHOCTI JaHOI BUGIPKHU CHOJYK.
O4eBHUHO, 110 SIK IPU 3MEHIIEHHI, TaK i pH 36i/b-
IIeHHi JIinoGiIbHOCTI MOJIEKYJ JAHOTO KJ1acy BHXKHU-
BaHICTb TBApUH MOXKe BapilOBaTH.

B3aeM03B’s130K MiX JIeCKPUIITOPOM IJIOIIi MO-
JIIpHUX NOBepXxoHb MoJsieKy (TPSA) Ta anTuUrinok-
CUYHOI0 aKTUBHICTIO [IJ151 JAaHUX CIIOJIYK HAN GBI
TOYHO MOXHa ONUCATH, K MOJIIHOMiaJIbHY perpe-
cito TpeTboro crynens (puc. 4, 5):

T.,, % = -0,0002TPSA? + 0,0796 TPSA? -
- 8,9401TPSA + 383,26, R? = 0,2903
T,..,.% = -0,0002TPSA? + 0,0569 TPSA? -
- 6,2607TPSA + 251,41, R? = 0,3693

34

B3aeM03B’s130K Mik MOJIEKYJIIPHUM 06’€MOM MO-
JIEKYJI Ta aHTUTINOKCUYHOK aKTUBHICTIO Y BUNIAAKY
000X MoJiesIed BUIVIAAAE JOCUTD MO/i6HO i HaMb6iabII
TOYHO MOT'0 MOXKHA OTMCATH SIK MOJIIHOMiaJIbHY pe-
rpecito Jpyroro crymness (puc. 6):

Tnb, % = 0,0019MV? - 1,4286MV + 315,56,

R?=0,2731
Tgem,% = 0,0013MV? - 0,906MV + 187,56,
R?=0,2582

OnTUMaJIbHUMHU [iJ151 IPOsIBY HaNGi/NbIIMX 3HA-
YeHb aHTUTINTOKCUYHOI aKTUBHOCTI € MOJIeKy/r 3 MV
B iHTepBasi 3Ha4yeHb Bijg 250 no 320. [Ipuyomy B iH-
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Puc. 3. BaaemosB’sa3ok Mix ninodpineHicTio (LogP) i aHTUriNoKCMYHO akTUBHICTIO (T, %) Ha Moaeni reMivHoi rinoKcii Ans AaHoi BUBIpKK

LOCHigKEHNX CNOMyK.

TepBasi 250-350 criocTepira€Tbcs 3BOPOTHO-TIPOTIOP-
I[iAHUH 3B’S130K MiXK BU>KMBaHICTIO TBapUH Ha MO-
JeJisix HopMob6apuyHoi Ta reMivyHol rinokcii.

TakuM, YUHOM HaMOI/bII AKTUBHUMHU 32 TPOSIBOM
AHTUTINOKCUYHOI aKTUBHOCTI € JOCaipKeHi crnoJiy-
KH, SIKi MaloTh PO3paXyHKOBUM MOKAa3HUK Jinodiib-
HocTi npu6u3Ho Bifg 1,2 fo 2,5, po3paxoBaHUH TO-
NOJIOTIYHUH JeCKPUIITOP MJIOIL NOJSIPHUX NIOBEp-
xoHb MoJsiekya (TPSA) Big 85 go 125 Ta onTuMasb-
HUN MoJieKy/IsipHUE 06'eM (MV) Big 250 o 320. Came

200

B I[UX iHTepBaJiaX JOCTi>KeHi CIIOIYKH HaMGibII
BiporigHo nposBJsAIOTh HAUBUILY aHTUTIOKCUYHY
AKTUBHICTb.

[Ipu aHasi3i B3a€EMO3B’I3Ky MK CTPYKTYpOIO 3a-
3HAYeHUX CIOJYK Ta IX aKTUBHICTIO CJIiJ, 3aCTOCYy-
BaTH KOMILJIEKCHHUH NIiAXiJ Ta 3BaXkaTH SK Ha JIilo-
¢inbHicTh cnonyk, TPSA Ta MV, Tak i Ha 0cO6JIUBOCTI
6yZ10BU MoJIeKyJ1. Tak, Ha IpUKJIaZi AeKiJIbKOX CTPYK-
Typ (puc. 7) mokasaHi CTPyKTYpHi BiAMiHHOCTI Ta ix
BILJIMB Ha MPOSB aKTUBHOCTI, 30KpeMa, 5-MeTHUJIb-

180

160

140

120 A

100 A

Tnb,%

80 1

60 1

40 A

20

0
0,000

20,000

40,000 60,000 80,000

100,000 120,000 140,000 160,000 180,000

TPSA

Puc. 4. B3aemo3B’A30K MixX NNOLLE NOMsSipHMX NOBEPXOHb Morekyn (TPSA) i aHTUrinoKCUYHOK akTUBHICTIO Ha Mogeni HopMobapuyHoi

rinokcii (T, %) ANa fAaHoi BUBIPKKM JOCNIAKEHUX CMOMYK.

35



ISSN 2308-8303

Journal of Organic and Pharmaceutical Chemistry. — 2014. — Vol. 12, Iss. 1 (45)

120

T T T T T T T T
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
1004 ------ O Lo Lo [P 101 _ _ __ _ Lo _ .
1 1
1 -
1
1
1
1
80+ ------ T------- Al e R B- — — — = = 5= = = = = = = = = — S I T Rl
1 1
1 1
1 1
1 1
X | |
€ 604+------ S | PENPERN W IR . — = — = ol = = = = = = [L = — _}y NNy [y -
§ 60 | :
= 1 1
1 1
1 1
1 1
1 1
0+------ T--=-=-=-- == ——mm PN~ ==~ - —-———"--¥AJy - - —=F=c S —-——q-—-—--~—
1 1 1 1
1 1 1 ) 1
1 I I 6"31 2 1 *319
! ! ! ! +25928,1 ’276 ! ! !
1 1 1 1 g v 2(?569 ® 243 1 | *254
_______ U [ S R R L
20 1 1 1 OLoE 1 _‘1%;9176’19,1 1 1
1 1 1 1 1 o 1 1
' | ! | L *%s L ene ' I
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
0 T T T T T T T T
0,000 20,000 40,000 60,000 80,000 100,000 120,000 140,000 160,000 180,000
TPSA

Puc. 5. B3aemo3B’a30k Mix nnoLueto nonspHux nosepxoHb monekyn (TPSA) i aHTUrinoKCMYHO akTUBHICTIO Ha Mogeni reMiuHoT rinokcii

(Thems %) ANSA AAHOT BUBIPKM AOCAIMKEHNX CMONYK.

Ha Ta ecTepHa rpyna po6/iiTb BAroMHUi BHECOK y JIi-
nodinbHicTh coayk (R-2, R-77. R-25), Toai sk mi-
Pa30JIbHE KiJiblle 3HUXKYE JiMo}iabHICTh Ta aHTUTI-
MOKCUYHY aKTUBHIicTb (R-29).

3MiHa noJs10’keHHS 5-MeTU/bHOI rpynu Ha N-Me-
TWJIBHY BUABWJIACH Jy>Ke Yy TJIMBUM YNHHHUKOM L10/0
NPOSIBY aHTUTINOKCUYHOI aKTUBHOCTI (HanpuKJazi,
Mapu CTPYKTypHUX i3oMepiB R-2 Ta R-27, R-77 Ta
R-78), 1m0, BOYeBU/Ib, Bi/JoOpa3nI0Ca Ha AKTUBHOCTI
CIOJIYK Ha MoJiesisAX rinokcii. To6To, B nijlomy Me-
TWJIBHUU paJiuKaJl y 5 [I0JI0YKEHHI apOMaTUYHOTr O A/ipa

200

YHUHUTb NO3UTHUBHHUI BIJIUB Ha MPOSIB aHTUTINOKCHUY-
HOI akTUBHOCTI. EcTepHa rpyna xo4da i Npu3BOJUTb
Jlo miBULIeHHS JiN0QiIbHOCTI, HAIPUKJIaJ, CIIOJIY-
ka R-25, o/iHaK 1151 pe4oBHHa MTOKa3aJia I0CUTh HU3b-
KY aKTUBHICTb, 1110 OSICHIOEThCS IBU/KOIO 6i0TpaHC-
¢dopmarniero (rigposizom) kapbeToKci rpynu go no-
JISIpHOI KApOOKCUIIbHOI (04EBU/HO, B3KE PU BCMOK-
tyBaHHi B lIKT Ta 6ioTpaHcdopmarieto Bxke npu
«TEepIIOMY MPOXOPKEHHI») 1 3aKOHOMiIPHUM 3HMKEH-
HSM Jino®iJIbHOCTI HOTO NMOTEHIiaJIbHOTO MeTabo-
JIiTy, IPOHUKHOCTI Kpi3b 'EB Ta aHTHUTiIMOKCUYHOI
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Puc. 6. Baaemo3B’a3ok mixk MonekynspHumM o6’emom (MV) i aHTurinokcuyHor aktuBHicTio (T, (T,.m),%) Ha Mofeni HopmobapuyHoi

Ta remiyHoI rinoKcii Anst 4aHoi BMOIpKM JOCNIOKEHUX CMOnyK.
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CH3

CHg
R-2 R-27 R-29
Mm 349 39 Mm 349,39 Mm 307.31
miLogP =2,095 miLogP = 1,915 miLogP =0,751
Top=104% T =774% ————> T,,=846%

Them =427 %

Them = 332 %

Them =392 %

R-25 R-77

R-78
Mm 382,41 Mm 371,35 Mm 371,35
miLogP=2,124 miLogP = 2,208 miLogP = 2,029
Tho =308 %

Them = 20,6 %

Tp=176% ————> Tw=152%

Them =101%

Them= 17,6 %

Puc. 7. AHani3 B3aeM03B’A3Ky MiX CTPYKTYPOI Ta BMACTUBOCTAMM AESKUX 3 AOCHIAKYBaHUX CMOMyK.

AKTHMBHOCTI. AHa/I0TiYHa 3aKOHOMIipHICThb ciocTepi-
raetbcs s ectepiB R-84 - R-87, gki MmaroTh Buco-
Ky JiN0Qi/IbHICTD, ajie BUSIBUJIN HU3bKY aHTHUTINOK-
CUYHY aKTUBHIcTb (puc. 8).

TakyrM 4MHOM, X04a ecTepHa QYHKLisA 1 NiBU-
ye Jino¢diJibHICTh, OJJHAK TaKi CIIOJYKU He NPOSABU-
JIM O4iKyBaHOI BUCOKOI aHTUTINIOKCUYHOI aKTUBHO-
CTi, LIJ0 MOKHA MOSICHUTHU LIBUAKOW GioTpaHcdop-
Malli€lo ecTepPHOI rPyIHu [0 KapOOKCHUIbHOT GyHKLT
Ta 3HWKEHHAM NPpOHUKHOCTI Kpi3b 'ED.

ExcnepuMeHTasibHa YaCTUHA

Bci 30 mocaimkyBaHUX CONYK OYJIU OTPpUMaHi
HaMU 34 paHille OMMCAaHUMHU MeTOAUKaMU [2-4].

JlocaidaceHHs Ha meapuHax. JlociaKeHHS OyIu
MPOBEJIEHI HA TBAPMHAX, OTPUMaHUX 3 BiBapito LIH/JI
H®ay (3aB. npod. JI.B.SkoBIEBA), SIKi yTpUMYyBaJIHCh
Ha 3BUYallHOMY XapyO0BOMY Ta BOAHOMY palioHi. Jlo-
caiay 3aicHIOBaMU 3rifgHo 3 «[IpaBuyaMu npoBe-
JIEeHHsI pO6iT 3 BUKOPHUCTAHHSIM eKCllepuMeHTalb-

o invivo

—_—
,,,,,, / NH2
R 0
0 \__cH,

HUX TBapuH» (CTpacbypr,18.03.86). Y poboTi BUKO-
PUCTOBYBAJIY BiZJOMi eKCcllep¥MeHTaJbHI MojeJli Ti-
NOoKcii - HopMabapuyHy Ta reMmiuny [17].

[ocTpy HOpMOGAPUUHY TiMOKCiI0 BUKJIUKAIU IPU
BMillleHHi TBapHH /|0 repMEeTUYHOI KaMepu 06’€eMOM
200 ma [17]. locniay mpoBOAWIIM HAa MUIIIAX CAMISX
Macoro 18-22 r. [IpenapaT nopiBHAHHS MEKCU/0J1 BU-
po6HunTBa 3AT «Mup-dapm», Pociss BBoguau mMu-
I1aM y LIJIYHOK OZJHOPa30BO B yMOBHO-TepaneBTHY-
HiM 1031 42 Mr /KT, [0 BiZinOBiZjae cepeIHbO1060BI I
n103i 500 Mr MeKkcu 01y U1 JTIOAMHU. OCKIJIbKY CHH-
Te30BaHi 610JI0TIYHO aKTHUBHI CITOJIYKH € CTPYKTYPHHU-
MU aHaJIoraMU MeJIaTOHiHY, iHIIKUM pedepeHc-Tipe-
napaToM o6paHo BiTa-MeslaTOHIH BUpoOHUIITBA 3AT
«KuiBcbKkui BiTaMiHHUM 3aBoJ», YKkpaiHa. BiTa-me-
JIATOHIH BBOAWJIK TBAPUHAM y LIJIYHOK OJJTHOPAa30BO
B yMOBHO-TepamneBTUYHiH 1031 0,50 mr/Kr, 110 Biamno-
Biflae cepeIHbO1060BIH 1031 6 MI MeJIaTOHIHY AJis
goaunu. JlocaimkyBaHi cyo6cTaHii BBOAWIN y [4,03i
0,50 mr/kr. KOHTpo/IbHI TBapUHU O€PKYBaIH €K-

Puc. 8. BioTpaHcdopmaList ninoginbHUX ecTepiB Ta YTBOPEHHS FNINOTETUYHUX MOMNSIPHUX NETKOPO34YUHHUX METABOMITIB,

SKi, 04EBUAOHO, HE NPOHUKatOTb Kpi3b MEB.
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BiBaJIeHTHY KiJIbKiCTb BoAu. [lepepaxyHoK f03 A4
MHUILEeN 3p06JieHO 3 ypaxyBaHHAM 6ios1oridyHOI KOH-
ctadTH 10. I1. Pubosiosnesa.

['ocTpy remiyHy rinokciro BUKJIMKaIW NiALKIPHUM
BBEJIEHHSIM MUIIIAM HITPUTY HATPiI0 y 1031 225 Mr/Kr
[17]. JocaimkyBaHni cy6cTraHnii Ta pedepeHT-pena-
paTu MeKCH/10.1 i BiTa-MeIaTOHIH BBOAWIM IEPOpasib-
HO ofHOpa30Bo 3a 30 XB 10 BBeJleHHS HITPUTY HaAT-
pito y f03aX, ki 6y/11 po3paxoBaHi /1Jisl onepeaHbol
Mo/ieJli TocTpoi HopMo6apuuHoi rimokcii. OTpumaHi
eKCcllepUMeHTaJ/IbHi laHi 06po6JIsad CTATUCTUYHO
3 BUKOPUCTAHHSAM t-KpuTepito CThIo/leHTa.

PospaxyHkoea naamgopma. Bci o6urcieHHs Mo-
JIEKYJISIPHUX JeCKPUIITOPiB 6y/iK 3p06JieHi 3a Aomo-
MOTOI0 porpamMHoro komiiekcy Molinspiration Chem-
informatics, 2013 (YuiBepcurteTt BpaTucsaasu, Cio-
Bay4MHa), BiJIbHO JOCTymHOTO on-line http://www.
molinspiration.com [18]. BukopucToByBaJu CTaH-
naptHy IBM PC-cymicHy nepcoHa/ibHYy po60o4y CTaH-
iito (JITY PIV 3 TakTOBOO yactoTtoto 1,4 I'Tu, 512 M6
ornepaTHUBHOI MaM’sATi) Ha naTdopMi onepariiiHoi
cuctemd Windows 2000 Ta nakeT Microsoft (MS)
Office 2003.

BUCHOBKM

1. 151 BUGipKu MoJieKy.1 3 29 opUriHaJbHUX OIMU-
CaHUX HaMMU paHillie CIIOJIYK PO3paxoBaHO Habip Bax-
JIMBUX MOJIEKYIsApHUX JleckpuntopiB (LogP, TPSA,

JlitepaTtypa

MV) in silico Ta B eKCIEpUMEHTI in Vivo BUSHAYEHO
AHTUTINOKCUYHY aKTUBHICTb Ha BOX €KCIIepUMEH-
TaJIbHUX MOJEeJIsIX.

2.Y pe3yabTaTi HeJIiHIHHOTO perpeciiHoOro aHa-
JIi3y BCTAHOBJIEHO 3aJIEKHICTh MiXK pO3paxyHKOBU-
MM [TapaMeTpaMM MOJIEKYJI Ta aHTUTIIIOKCUYHOIO aK-
THBHICTIO, 1110 /J03BOJIMJIO 060paTH HAaWaKTUBHILLY 3
JOCJIDKeHUX CHOJYK (1abopaTopHuid wndp R-77)
Ta OL{iIHUTH BIJIUB lesIKUX 3aMICHUKIB Ha IPOAB aH-
TUTIMOKCUYHOI [iii, 1110 B OJAJbIIOMY 6y/le BUKOPU-
CTaHO JJisl YAOCKOHAJIeHHSA CTPYKTYP 2-OKCiHA0Jb-
HOI CHHTEeTUYHOI 1aTHOPMHU.

3. BcTaHOBJIEHO, 1110 TOEHAHHSA TPhOX papma-
kodopiB, a caMe 2-0KciHA0Jy, fUTiAponipaHo[3,2-c]
XPOMeHY Ta HITPUJIBHOI Irpymu sk 6ioizocTepy Kap-
60KCcUJIbHOI PYHKLII 3 0AHOYACHUM YBEJEHHSIM Me-
TUJIBHOI IPYNH ¥ 5-10JI0KeHH] 6a30BOro sfiApa Mo-
Jekysau R-77.

4. BusHaueHo, 1110 Hal6/Ib1Il aKTUBHUMU 3a MIPO-
SIBOM aHTHUTINOKCHUYHOI aKTMBHOCTI € JOCJigKeHi
CIOJIYKH, SIKi MalOTh PO3PAaXyHKOBHU MOKAa3HUK JIi-
nodinbHOCTI Mpub6aKU3HO BiA 1,2 10 2,5, TonoJsioriy-
HUU JeCKPUIITOP IJIOLLI NOJSIPHUX NOBEPXOHb MO-
snekys (TPSA) Bix 85 1o 125 Ta onTUMaibHUN MO-
JekyasgspHui o6’em (MV) Big 250 g0 320. Came B 1iux
iHTepBaJsax JOC/iAKeH] COYKHY 3 Hal6i/Ib1I0IO Bi-
POTIJHICTIO NPOABJAKTL AHTUTINOKCUYHY aKTHUB-
HICTb.
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Calix[4]arene are known to be a promising scaffold for designing inhibitors of protein tyrosine phosphatases.
In this work calix[4]Jarene mono- and bis-a-hydroxymethylphosphonic acids have been tested in vitro for the
inhibitory activity against some therapeutically important protein tyrosine phosphatases. The results obtained
have shown that these macrocyclic compounds can inhibit CD45, PTP1B, and SHP2 with IC,, values in the
micromolar range. At the same time the inhibitors have demonstrated lower activity toward other protein tyro-
sine phosphatases such as TC-PTP and PTPg. It has been found that mono-substituted calix[4]arene is more
potent inhibitor of CD45 than the bis-substituted one and shows about 2-15 fold selectivity over TC-PTP, PTPg,
SHP2 and PTP1B. Model 4-hydroxyphenyl-a-hydroxymethylphosphonate displays at least one order lower ac-
tivity than the phosphonate derivatives of calix[4]Jarene. Thus, the combination of a macrocyclic platform and
a-hydroxymethylphosphonate group is essential for the inhibition activities of these compounds. Computer-si-
mulated docking studies have been performed using AutoDock 4.2 programme by the example of PTP1B. The
data obtained indicate that the inhibitors can bind in the active site of the enzyme. To clarify the inhibition mecha-
nism the possible enzyme-inhibitor complexes have been considered using several crystal structures of PTP1B

and all stereoisomeric forms of the inhibitors.

KAJIIKC[4]APEH a-I'APOKCU®OCOOHOBI KNCIIOTU SIK MOTEHLIAHI IHBITOPH MPOTEIHTUPO3NH-

POCPATA3
B.B.Tpyw, B.FO.TaH4yk, C.0.4epeHok, B.l. KanbyeHko, A.l.Boek
Knrovoei cnoea: npomeiHmupo3uHghocghamasu; iHeibimopu; KanikcapeHu; OOKiHe

Bidomo, wo kanikc[4]apeHu € nepcrnekmusHoro nnamagopmoro 05151 po3pobKu iH2ibimopie npomeiHmupo3uHgpoc-
gamas. Y uil pobomi karnikc[4]apeH MoHO- ma bic-a-2i0pokcumemurghocghoHosi Kucriomu bynu eunpobyeaHi sk
iH2ibimopu desikux meparnesmu4YHO 8aXXIUBUX rMpomeiHmupo3uHgocghamas. OmpumaHi pesynibmamu ceidyuiu
po me, WO Ui MaKpOUUKITIYHI Crionyku MoXymb iHeibysamu PTP1B, CD45 ma SHP2 3i s3HadeHHsamu IC, 8 Mikpomonsip-
HoMy Oiana3oHi. Pazom 3 mum, iHeibimopu 0eMoHcmpysanu MeHwWwy akmueHicmb 8iOHOCHO iHWUX MpomeiHmupo-
3uHgocghamas, makux sik TC-PTP i PTPB. Byno ecmaHoerneHo, wo MOHO-3aMiueHull Kasikc[4]apeH € Kpawum
iHeibimopom CD45, Hix bic-3amileHul Makpouuks i gusienisie npubnusHo 2-15-kpamHy cenekmueHicmb 8rnusy
8ioHocHo TC-PTP, PTPB, SHP2 ma PTP1B. ModensHa crionyka 4-2i0pokcugbeHin-a-2idpokcumemurgpocghoHam
Xapakmepu3yembCs WoHaliMeHuwe Ha rnopsidoK 2ipuWot akmusHIiCmio, Hixk (poccboHamHi NoxiOHi Kanikc[4]apeHy.
Takum YuHOM, MOEOHaHHS MakpOUUKiYHOI nnamgopmu ma a-2idpokcumemurghocghoHamHoi epynu gidiepae
saxxnusy porib 0ns iHeibytoyoi 30amHocmi yux crionyk. MonekynsapHuli dokiHe 6yno npogedeHo 3 8UKOPUCMaH-
Hs1 npoepamu AutoDock 4.2 Ha npuknadi PTP1B. OmpumaHi pe3ynbmamu rokasasnu, wo iH2ibimopu Moxymb
38’s13ygamucs 8 akmueHOMY ueHmpi pepmeHmy. [ns 3’acyeaHHs mexaHismy iHeibysaHHs1 Oynu po3ansaHymi
Moxriusi chepmeHm-cybcmpamHi KoMIekcu, cghopMo8aHi 3 BUKOPUCMAaHHSAM Pi3HUX KpucmaridyHux cmpykmyp

PTP1B ma ecix cmepeoizomepHUX ¢hopm iHeibimopie.

KAJIMKC[4]APEH a-r'JPOKCU®OCPOHOBbLIE KUCII0Tbl KAK NMOTEHLNAJIbHBIE UHTMBUTOPbI PO-

TEUHTUPO3NHDPOCDATA3
B.B.Tpyw, B.FO.TaH4yk, C.0.YepeHok, B.U.Kans4yeHko, A.U.Boek
Knrovesnbie cnosa: npomeuHmupo3uHghocghamasbl;, UH2UBUMOpPBI; KanuKkcapeHbl, OOKUH2

U3eecmHo, ymo kanukc[4]apeHbl Mmocym 6bimb nepcrekmusHol nnamgopmol 05151 KOHCMPYUPO8aHUsl UHaU-
bumopoes npomeuHmupo3uHgocgamas. B amotli pabome kanukc[4]JapeH MOHO- u buc-a-sudpokcumemurighoc-
¢oHo8bIe KUCIombi 6binu UCMbIMaHbl Kak UH2ubumopbl HEKOMOPbIX MmeparesmuyecKu 8aXXHbIX NPOMeuHmu-
po3uHgocghamas. NonyqeHHble pesynbmamsi caudemesibcmeosasiu 0 MmoM, Ymo 3mMu MakpoUUKIUYecKUe coe-
OuHeHus1 mogym uHaubuposams PTP1B, CD45 u SHP2 co 3HadyeHusamu IC,, 8 MUKpomorigpHoMm duarna3oHe.
Bmecme ¢ mem, uHeubumopbl eMOHCmMpPUPOBanu MEeHbLWYH aKmu8HOCMb OMHOCUMEbHO Opyaux MpomeuH-
mupo3suHgpocghamas, makux kak TC-PTP u PTPR. Bbino HalideHO, Ymo MOHO-3aMeu,eHHbIU Kalukc[4]apeH
Aengemcs nydwum uHeubumopom CD45 yem buc-3ameuw,eHHbIl MakpoOUUKI u rposiensem rnpubnuaumernbHo
2-15-kpamHyo cenekmugHOCMb Mo cpasHeHUro ¢ uHaubuposaHuem TC-PTP, PTPB, SHP2 u PTP1B. ModenbHoe
coeduHeHue 4-2udpokcucheHun-a-2udpokcumemurghocghoHam xapakmepuayemcs 1o MeHbwel Mepe Ha ro-
psA00K MeHbWel akmugHOCMIo, Yem ¢hocghoHamHbIe MPou3B80o0HbIe Kanukc[4]apeHa. Takum o6pa3om, Makpouu-
Knuyeckasi nnamepopma u a-2udpokcumemurichocghoHamHasi epynna uzpaem 8axHyto posb 051 obecrnedeHus
uHeubupyrowel criocobHocmu coeduHeHul. MonekynsapHbili QoKUHe bbin MpoeedeH ¢ UCMNonb308aHUEM MPO-
epammbl AutoDock 4.2 Ha npumepe PTP1B. lNony4YeHHbie pe3yribmamel nokasasu, 4mo uHeubumopsi Moaym
ces3bigambCsl 8 aKmusHOM UueHmpe ¢chepmeHma. [ns ebissiCHeHUs MexaHu3mMa uHaubuposaHusi bbinu paccmo-
MmpeHbl 803MOXHbIE hepMeHM-cybecmpamHbie KOMIIEKChl, CGhOPMUPOBAHHbIE C UCMOb308aHUEM Pa3IUYHbIX

Kpucmannudeckux cmpykmyp PTP1B u ecex cmepeou3omepHbix ¢hopm UH2ubUmopos.
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A number of bioorganic studies have been fo-
cused on searching for inhibitors of protein tyrosine
phosphatases (PTPs) [1]. The PTPs superfamily con-
sists of 107 members that can be divided into differ-
ent classes, which include the classical receptor and
non-receptor PTPs [2]. Because of their involvement
in various cellular processes, such as growth and
proliferation, differentiation and survival or apopto-
sis [3], these enzymes are considered to be promis-
ing targets for new drug discovery today. Increase
in activity or expression of PTPs may promote de-
velopment of cancer, diabetes, obesity, Alzheimer’s
disease, Noonan syndrome, and other diseases [1].
For example, one of the non-receptor enzymes, pro-
tein tyrosine phosphatase 1B (PTP1B) was found to
be a negative regulator of insulin, as well as leptin
signaling pathways [4]. The experimental data with
PTP1B knockout mice have shown that hyperactivity
of this enzyme may lead to type 2 diabetes and obesi-
ty [5, 6]. The activity of protein tyrosine phosphatase
SHP2 is associated with Noonan syndrome and the
negative effect on several oncogene signaling path-
ways [7, 8]. It has been shown that SHP2 can be in-
volved in pathogenicity of oncogenic bacterium Heli-
cobacter pylori that is associated with stomach can-
cer [9]. One more protein tyrosine phosphatase CD45
belongs to the receptor-like PTPs and plays an es-
sential role in signaling by T- and B-lymphocytes [10,
11]. This enzyme controls the immune response by
dephosphorylating Src family kinases [12, 13]. There-
fore, inhibitors of CD45 may be attractive as drugs
for treatment of the tissue transplant rejection or
autoimmune pathologies [14]. Thus, an opportunity
to control the activity of at least several PTPs could
lower risk of developing Type 2 diabetes and other
diseases.

Calixarenes represent macrocyclic molecules that
can be easily functionalized at either the upper or
lower rim. Because of their unique three-dimensional
structure they have used as important tools for in-
vestigations in bioorganic chemistry and medicine
[15-18]. The calixarenes were found to exhibit an-

(0}
||/OH

OH

X=0H, Y=0OPr

Fig. 1. Chemical structures of PTP inhibitors used in this work.
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tibacterial activity against gram-positive and gram-
negative bacterial strains [19-21], antiviral [22, 23]
and anticancer properties [24]. Finely, calixarenes
can be used for biochemical recognition and sepa-
ration of bioactive molecules such as amino acids,
proteins, nucleotides, saccharides and steroids [25].
Experiments on mice have shown that some of calix-
arene derivatives have low or no toxicity [26].

Based on understanding that the active site of PTP
accommodates a phosphorylated tyrosine residue, it
is likely that compounds with a non-cleavable phos-
phonate group, which mimic the phosphorylated ty-
rosine fragment, may be suitable for investigation as
possible enzyme inhibitors. Recent studies have iden-
tified PTPs as targets for new bioactive phosphonate
compounds [27, 28]. It has been shown also that pre-
organizing phosphonic or methylenebisphosphonic
acids into calix[4]arene derivatives provides a pro-
mising approach to design effective inhibitors of al-
kaline phosphatase [29-31], Yersinia protein tyrosine
phosphatase [32], and PTP1B [33].

Derivatives of 1-hydroxyphosphonic acid are shown
to have a wide variety of the biological activity. They
can be used as antihypertensive [34] and antiviral
agents [35], antibiotics [36] and pesticides [37]. Se-
ries of the compounds featuring aryl or heteroaryl
1-hydroxyphosphonate derivatives were investigat-
ed as inhibitors of CD45 [38]. We have already de-
termined that calix[4]arenes bearing hydroxymeth-
ylphosphonic acid fragments at the wide rim of the
macrocycle are able to inhibit alkaline phosphatase
and glutathione-S-transferase [39]. The present re-
search was undertaken to evaluate the inhibitory ac-
tivity of 1-hydroxymethylphosphonate derivatives of
calix[4]arene toward some of protein tyrosine phos-
phatases.

Calix[4]arene a-hydroxyphosphonic acid 1 in the
racemic form and compound 2 as a (RS)-stereoiso-
mer (Fig. 1) were synthesized according to the pro-
tocols previously developed [39]. At physiological
pH the phosphonic acid derivatives 1-3 can exist in
phosphonate monoanionic and partially phosphona-
te dianionic forms. The compounds synthesized were
evaluated in vitro for their inhibitory activity against
commercially available PTP1B, TC-PTP, CD45, SHP2,
and PTP. The activities of protein tyrosine phospha-
tases were determined by following the changes in
the concentration of p-nitrophenol released during
hydrolysis of p-nitrophenylphosphate used as a sub-
strate. The values of IC,, were calculated from a dose-
dependent curve as the concentration of the inhibi-
tor, which decreased the enzyme activity by 50% in
5 min of incubation of the reaction mixture.

The results obtained are summarized in Table 1
macrocyclic compound 1 It has been found that mac-
rocyclic compound is a potent inhibitor of CD45 (IC;,
= 0.64 uM) and PTP1B (IC;, = 1.6 pM). This macro-
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Table 1

The values of IC,, (uM) of calix[4]arene
a-hydroxymethylphosphonic acids 1 and 2
as inhibitors of protein tyrosine phosphatases?

Table 2

Docking results (AutoDock 4.2) of stereoisomers
of calix[4]arene-a-hydroxymethyl-phosphonates 1
and 2 in the active site of PTP1B

Inhibitor | PTP1B | TC-PTP | SHP2 PTPB CD45 AG,, (kcal/mol)
Compounds
1 1.6 11 35 45 0.64 2CM8 | 2CNF | 1Q6M | 1PHO | TNL9
2 84 59 17 45 7.6 1(R) -7.39 | -884 | -6.39 | 492 | -5.80
3 >10 >10 >10 N/D N/D 1(5) -7.38 | -886 | -435 | -5.10 | -5.91
2(RR) -7.19 | -5.66 | -7.21 -6.14 | -5.92
2 IC,, values determined with p-nitrophenylphosphate (in the

concentrations equal to K, values of enzymes) are the mean values 2(RS) -6.00 | -8.24 | -6.05 | -449 | -4.64
of three assays with standard deviations within 25%. 2(SS) -6.80 752 -3.72 347 535
1 hibit lectivity to CDAS TC-PTP and 3(R) -7.54 | -7.25 | -8.13 | -5.71 -5.90

Cycle exn1bits selectivity to over - an i} i} N i} i}
shows a modest selectivity over PTP1B, PTPf3 and 36) 836 | 790 | -8.22 >63 >-95

SHP2. Compound 2 seems to be less potent inhibi-
tor of PTPs than inhibitor 1. Bis-substituted inhibi-
tor 2 showed approximately the same values of IC,,
in case of inhibiting CD45 and PTP1B and was less
potent inhibitor against TC-PTP, PTP(3, and SHP2. The
data obtained indicate that calix[4]arene inhibitors 1
and 2 are more effective in comparison with a mo-
del compound, 4-hydroxyphenyl-a-hydroxymethyl-
phosphonate 3 (with IC.,values for PTP1B, TC-PTP,
and SHP2 which were greater than 10 pM). The acti-
vity of calix[4]arene a-hydroxymethylphosphonates
compared to the model compound can be explained
by effects of both the phosphonate fragment and the
molecular scaffold of the macrocyclic inhibitors.

To elucidate stereoselective effects of calix[4]are-
ne-a-hydroxymethylphosphonates 1 and 2 on the ac-
tivity of PTPs the inhibitors were docked into the
active site of PTP1B. This enzyme selected for com-
puter-simulation docking studies is represented by
more than one hundred PDB files. It is known that
PTPs catalyze the hydrolysis of phosphate monoes-
ters by two-step mechanism [40]. In case of PTP1B,
an important role in this action belongs to residues of
Cys215, Arg221 (active pocket) and Asp181 (WPD-
loop) [41]. All available X-ray crystal structures of
PTP1B have the main difference, which can be attri-
buted to open or closed conformation of WPD-loop
[42]. As shown, the structures belonging to these two
groups are also different and can be divided into sub-
classes [43]. To analyze the binding mode of the phos-
phonate inhibitors in the active site of PTP1B we
applied the previously reported approach of divid-
ing all PDB crystal structures into classes based on
similarity of the binding profile. This was achieved
by clustering all available conformations of PTP1B
in the RSCB Protein Data Bank. Five centroids repre-
senting the enzyme structures with open WPD-loop
(1NL9, 1PHO) and with closed WPD-loop (2CNE, 1Q6M,
2CM8) were used for docking of stereoisomeric forms
of compounds 1 and 2. According to the results ob-
tained all stereoisomeric forms of a-hydroxyphos-

phonates are able to bind to the active site of PTP1B.
The weak correlation between the experimental ac-
tivity of the inhibitors and predicted free energies
AG,,. is observed only for 2CNF. The values of bind-
ing free energies indicate that (RS)-isomer of 2 exhi-
bits stronger binding affinity than its (RR)- or (SS)-
analogues. Enantiomeric compounds (S)-1 and (R)-1
bind to the enzyme with the same affinity (Table 2).

Docking results have shown that the binding mode
of calix[4]arene derivative 1 is similar to that of in-
hibitor 2. The phosphonate residues of macrocycles
1 and 2 form a hydrogen bond with catalytic Cys215,
and with other amino acid residues from the active
pocket, such as Arg221, Ser216, and Ala217. Due to
the closed conformation of WPD-loop, Phe182 is clo-
se to the upper rim of the macrocycle. In addition,

. Phe182 /7

/ 7
{ /

Arg47

Ala217 Asp48

Fig. 2. The possible binding modes of (S)-calix[4]arene-mono-
a-hydroxyphosphonate (top) and (R)-calix[4]arene-bis-a-
hydroxyphosphonate (bottom) at the active site of PTP1B.
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hydrophobic interactions are observed between the
narrow rim of the macrocyclic platform and Tyr46,
Arg47, and Asp48. According to the data (Tab. 1) ex-
perimentally obtained the second a-hydroxymethyl-
phosphonate group of bis-substituted compound 2
does not interact with the enzyme surface (Fig. 2).

Experimental Part

The enzymatic reaction was carried out at 37°C
(PTP1B) and 30°C (TC-PTP, SHP2, CD45, or PTPB).
The assay solution contained 50 mM Bis-Tris (pH 7.2),
1 vol. % of dimethyl sulfoxide, 100 mM NaCl, 1 mM
DTT, 3 mM EDTA, 2 mM p-nitrophenyl phosphate
(for PTP1B), and the inhibitor. The final volume was
0.5 ml. The mixture was preincubated for 5 min and
the reaction was initiated by addition of the enzyme
(6nM in the reaction mixture). The p-nitrophenol re-
leased was determined by measuring the absorban-
ceat410 nm (e = 18.000 M'cm™).
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Synthesis of the series of new 4-(1H-pyrrol-1-yl)-5-cyclohexyl-1,2,4-triazole(4H)-3-yl thioacetanilides from 4-ami-
no-5-cyclohexyl-1,2,4-triazole(4H)-3-yl thioacetanilides previously synthesized is described. The target products
3a-z have been obtained by Paal-Knorre pyrrole condensation of the initial aminocompounds 1 with 2,5-dimeth-
oxytetrahydrofuran (2) in the acetic acid medium. The structure of the substances synthesized has been proven
by elemental analysis and NMR spectra data. All compounds synthesized contain signals of the cyclohexane
system protons as two multiplets in their NMR spectra at 2.39-2.33 ppm (methyne proton) and 1.76-1.13 ppm
(cyclohexyl methylene groups protons). Unlike the starting compounds (1) the end products (3a-z) have no
signal of 4-aminogroup proton as a singlet in the spectra at 5.87-5.92 ppm. Instead of it, signals of the pyrrole
ring are present as two triplets at 7-20-7.17 and 6.32-6.29 ppm. Among activities being more probable for the
substances synthesized due to preliminary PASS-prognosis were inhibition of MAO and some enzymes (Pa =
0.554-0.729). Compound (3w) was selected by the National Cancer Institute (NCI) for in vitro screening on dif-
ferent tumour cell lines. As result of this investigation we have noted that, unfortunately, substance 3w is not an
effective inhibitor of tumour cells in the dose studied, in particular the growth percent for leukemia cells for more
sensitive lines is 68.48 (RPMI-8226); 69.30 (HL-60(TB)); for non-small cell lung cancer — 63.06 (HOP-92); for
melanoma — 47.82 (SK-MEL-5); 67.37 (UACC-62); for renal cancer — 56.66 (UO-31). Sensitivity of all cancer cell
lines for the colon, CNS, ovarian, prostate and breast cancer was approximately at the control level.

LINECMPSIMOBAHWUA CUHTE3 MOTEHUINHNX NMPOTUNYXITUHHUX CYBCTAHLIA B PSIQY NMOXIQHUX
3-MEPKAINTO-4-(1H-IMIPOJI-1-111)-5-UUKITOEKCWI1-1,2,4-TPUA30J1Y (4H)

H.Bb.Caidoe, B.A.leopeiaHy, A.M.JemyeHKO

Knrovoei cnoea: 3-mepkanmo-1,2,4-mpua3os; nipos; noxidHi; CuHmes; npomurnyxniuHHa 0is

OnucaHo cuHmes cepii Hogux 4-(1H-nipon-1-in)-5-yuknoeexcun-1,2,4-mpuason(4H)-3-inmioauemarinidie 3 o0ep-
JKaHUX paHiwe 4-amiHo-5-yuknozekcur-1,2,4-mpua3sorn(4H)-3-inioauemaninioie. Llinboei pedosuHuU 3a-z ompumaHi
niponbHor KoHOeHcaujiero lNaans-KHoppa 3 suxiOHUx amiHocrionyk 1 ma 2,5-OumemoxkcumempagzidpogpypaHry (2)
8 cepedosuuyi oymosoi kuciomu. Cmpykmypa cuHme3o8aHux pe4osuH dogedeHa 3a AOrIOMO20t0 efleMeHm-
Hoeo aHani3y i daHux crniekmpie SAMP "H. Bci cuHme3oeaHi crionyku micmsame y cniekmpax SIMP 'H cueHanu cu-
CmMeMU YUKIT02eKCaHO8UX MPOMOoHi8 y auansidi 8ox myrnbmurnnemis rpu 2,39-2,33 m.4. (MemuHo8i npomoHu) ma
1,76-1,13 mM.4. (MpomoHU MemuneHo8uUXx 2pyr yuknozaekcuny). Ha eidmiHy 8id euxidHux crionyk (1) kiHuesi rpo-
Oykmu (3a-z) He Maromb y criekmpax cuaHasy npomoHa 4 — amiHozpynu y euansdi cuHanemy npu 5,87-5,92 m.u.
Bamicmb yb020 npucymHi cueHasnu rnPoMmMoHi8 niposibHO20 Kinbys y euansadi deox mpurnnemis npu 7-20-7.17 i
6.32-6.29 m.4. Ceped sudis akmugHocmi, sKi 6ynu Halbinbw UMOosIipHI 0515 CUHMe308aHUX Peyo8uH 8idrnosiGHO
0o nonepedHboeo PASS-npoeHo3y, bynu iHe2ibysaHHss MAO i desikux cpepmerHmig (Pa = 0,554-0,729). Crionyky
(8w) byno obpaHo HauioHanbHUM iHcmumymom paky (NCI) 0ns ckpuHiHay in vitro Ha pi3HUX TiHisSX pakosux
KrimuH. Y pesynbsmami yb020 00CIOXeHHs1 MU 8i03HaJunu, Wo pedyosuHa 3w, Ha xarb, He € eqheKmuUBHUM iH-
2ibimopom pocmy nyxXmuUHHUX KTimuH y docnioxysaHit 003i. 3okpema, 8idcomok pocmy nelKo3HUX KTimuH Ons
Haubinbw yymueux niHiti 6ys: 68,48 (RPMI-8226); 69,30 (HL-60 (TB)); dnsi HeOpibHOKMIIMUHHO20 paky rieceHie
— 63,06 (HOP-92); 0nsi menaHomu — 47,82 (SK-MEL-5); 67,37 (UACC-62); dnsi paky Hupku — 56,66 (UO-31).
Yymnusicmb ycix niHil pakogux KnimuH moscmoi kuwku, L{HC, se4Hukie, mpocmamu ma MOro4HOI 3ario3u 6ye
npubnu3HoO Ha pieHi KOHMPOIIH.

LIENIEHATPABJIEHHbBIA CUHTE3 NMMOTEHLUAJIbHBIX TPOTUBOOIYXOJIEBbIX CYECTAHLNA B PSIQY
NMPOU3BOAHbIX 3-MEPKAINTO-4-(1H-MMUPPOIJI-1-UT)-5-LUUKIIOTEKCUII-1,2,4-TPUA3OJIA(4H)
H.b.Caudos, B.A.leopausiHy, A.M.JemyeHko

Knrovesnbie crioea: 3-mepkanmo-1,2,4-mpua3on; nuppor; npousso0HbIe; CUHME3; Mpomueooryxonesoe delicmeue
OnucaH cuHme3s cepuu Hoebix 4-(1H-nuppon-1-un)-5-yuknoeekcun-1,2,4-mpuasona(4H)-3-unmuoauemaHunudos
U3 rosly4eHHbIX paHee 4-aMuHoO-5-yuknoaekcus-1,2,4-mpua3son(4H)-3-unuoayemaHunudos. Llenesnie sewe-
cmea 3a-z nony4yeHb! NUpPosibHoU KoHOeHcayuel lNans-KHoppa u3 ucxo0HbIx amuHocoeduHeHul 1 u 2,5-0u-
mMemokcumempaeaudpoghypaHa (2) 8 cpede ykcycHou kucromsl. Cmpykmypa CUHMe3uposaHHbIX 8eujecms 00-
Ka3aHa ¢ noMouwbto arieMeHmHo20 aHanu3a u 0aHHbix criekmpos SMP 1H. Bce cuHme3upogaHHblie cOeOUHEeHUs
codepxxam & criekmpax SIMP 'H cueHarnbi cucmeMbl YUKII02eKCaHO8bIX MPOMOHO08 8 8ude 08yX My/bMUriemos
npu 2,39-2,33 m.0. (memuHosebie npomoHsi) u 1,76-1,13 M.0 (MpomoHsbl MemuneHo8bIx epynn yuknozekcuna). B
omru4ue om UcX00HbIX coeduHeHul (1) koHeuYHble npodykmel (3a-z) He umerom 8 criekmpax cuaHara rnpPomoHa
4-amuHoepynnsi 8 sude cuHanema npu 5,87-5,92 m.0. BMecmo amoeo npucymcmeyom cuzgHarsibi IPoOMmMoHO8
ruppoIbHO20 Korbua 6 sude d8yx mpurisiemos npu 7-20-7.17 u 6.32-6.29 m.d. Cpedu s8udoe akmueHOCMuU, KO-
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mopsie bbinu Haubonee 8eposimHbI 0718 CUHMe3Upo8aHHbIX 8eWECME 8 coomeemcmeauu ¢ npedsapumesibHbIM
PASS-nipoeHo3om, 6bin10 uHeubuposarHue MAO u Hekomopbix ¢hepmeHmos (Pa = 0,554-0,729). CoeOuHeHue
(3w) 6bin0 ebibparHo HauuoHansHbiM uHcmumymom paka (NCI) dns ckpuHuHea in vitro Ha pasnu4HbIX TUHUSX
pakoebIx Knemok. B peaynbmame amozo uccriedogaHusi Mbi OmMemusiu, 4mo 8eu,ecmaso 3w, K CoxXaneHuro,
He sensemcs aghheKkmueHbIM UH2UOUMOPOM pocma OfyxosiesbIX KIemok 8 usyyaemoul 0o3e. B yacmHocmu,
rpouyeHm pocma elKo3HbIX Knemok 0ns Haubornee YyyscmeumerbHbiX uHull 6bin: 68,48 (RPMI-8226),; 69,30

(HL-60 (TB)); 0ns HeMesKokremo4Ho20 paka reakoeo — 63,06 (HOP-92); dns menaHombl —

47,82 (SK-MEL-5);

67,37(UACC-62); dns paka noyku — 56,66 (UO-31). HyscmeumernbHOCMb 8cex JIUHUL paKo8bIX KIIEMOK moJi-
cmou kuwku, LUHC, au4Hukos, npocmambsi U MOSI0YHOU xeresbl bbiria NpUMEepPHO Ha ypOo8HE KOHMPOIIs.

In our present investigation a large group of al-
kylation products of 3-mercapto-4-amino-1,2,4-tri-
azole(4H) has been synthesized [1]. Due to the pres-
ence of the aminogroup in their structure these sub-
stances possess a high hydrophility and have not a
wide spectrum of the possible pharmacological ac-
tivity. The main way for decreasing hydrophility for
chemical substances is their chemical modification.
We planned such modification of the aminogroup in
compounds 1 basing on the literature data about the
possible reactivity and products with the pharma-
cological activity. Thus, large series of compounds
with a modified aminogroup are acylated [2], aryli-
dene [3-6], thiosemicarbazide [7, 8] derivatives and
products of their cyclization [8, 9]. Mainly the sub-
stances synthesized have the antimicrobial activity.

For our investigation we planned to obtain che-
mical compounds with another structure. We have
taken into account that combination in one mole-
cule of both 1,2,4-triazole and pyrrole fragments is
promissing for obtaining highly active substances
with different kinds of the pharmacological activity
[10-12]. 1t has been also noted that these substances
possess the antitumour activity.

The abovementioned facts were prerequisites for
planning modification of compounds 1 previously
synthesized into the corresponding pyrrole deriva-
tives 3 (Scheme).

For carrying out this synthesis we considered dif-
ferent possible methods of transformation of the ami-
nogroup into the pyrrole cycle. The simplest way, in
our opinion, is to use Paal-Knorr pyrrole condensa-
tion of 2,5-dimethoxytetrahydrofuran with amines,
which usually allows to synthesize N-substituted pyr-
roles under very mild reaction conditions in good to
excellent yields [13].

So, the end products 3a-y (Table 1) have been ob-
tained by Paal-Knorre pyrrole condensation of the ini-
tial aminocompounds 1 with 2,5-dimethoxytetrahy-
drofuran 2 in the acetic acid medium. These condi-
tions allow us to obtain substances 3 a-z with good
yields and purity.

The structure of the substances synthesized has
been proven by elemental analysis and NMR spectra
data (Table 2).

All compounds synthesized contain signals of the
cyclohexane system protons as two multiplets in their
NMR spectra at 2.39-2.33 ppm (methyne protone)
and 1.76-1.13 ppm (cyclohexyl methylene groups pro-
tones). Unlike the starting compounds (1) the end
products (3a-z) have no signal of 4-aminogroup pro-
ton as a singlet in the spectra at 5.87-5.92 ppm [1].
Instead of it, signals of the pyrrole ring are present
as two triplets at 7-20-7.17 and 6.32-6.29 ppm due
to the presence of two pairs of magnet equivalent to
methyne protons in the pyrrole structure. In some
cases these signals overlap with aromatic protons of
substituents signals interpreted in the correspondence
with their intensity and multiplicity (Table 2). All
spectra also contain singlets at 9.54-10.70 ppm due
to presence of amide NH-protons.

Traditionally the preliminary prediction of the pos-
sible pharmacological activity by computer progno-
sis (PASS programme) [14] was used as the next step
of our investigation for optimizing of the pharmaco-
logical screening.

Among activities, which are more probable for the
substances synthesized, there is inhibition of MAO
and some enzymes (Pa = 0.554-0.729). It should be
noted that there is not enough information about
structures like these ones.

Due to the prognosis and logical analysis data
the substances synthesized have been examined as
possible anticancer agents in vitro.

Of the compounds synthesized only one (3w)
was selected by the National Cancer Institute (NCI)
within the Developmental Therapeutic Programme
(www.dtp.nci.nih.gov) for in vitro cell line screening.
Anticancer assays were performed according to US
NCI protocol [15]. The compound was evaluated in
one dose in the primary anticancer assay towards
approximately 60 cell lines (the concentration was
10> M). The human tumour cell lines represent all
forms of cancer (such as non-small cell lung cancer,

SRR O
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Table 1

Yields, melting points for the substances synthesized
with the general formula of

R1

NN N g
O/<N)\S/\Y(

N © R?

)

colon cancer, breast cancer, ovarian cancer, leuke-
mia, renal cancer, melanoma, prostate cancer). In the
screening protocol, each cell line was inoculated and
pre-incubated for 24-48 h on a microtiter plate. Test
agents were then added at the single concentration
and the culture was incubated for additional 48 h. The
end point determinations were made with a protein
binding dye, sulforhodamine B (SRB). The results for
each test agent were reported as the percent growth

Comp. R R R | Yield | Melting point °C of the treated cells compared to the untreated con-
3a 3-Me H H | 734 114-6 trol cells.
3b 2t H H 772 130-2 As result of this investigation we have noted that,
3c 4-Et H H 81.1 1346 unfortunately, substance 3w is not an effective inhi-
3d 4-i-Pr H H 74.4 138-40 bitor of tumour cells in the dose studied, in particu-
3e -OMe H H 76.5 118-20 lar the growth percent for leukemia cells for more sen-
3f 3-C| H H 70.8 125-7 sitive lines is 68.48 (RPMI'8226), 69.30 (HL'60(TB)),
3g 4l H H 76.4 1924 for non-small cell lung cancer - 63.06 (HOP-92); for
3 4F H H | 805 158-60 renal cancer - 56.66 (UO-31). Sensitivity of all cancer
3 3-CF, H H | 729 1279 cell lines for the colon, CNS, ovarian, prostate and
3K 4-OFt H H | 733 2035 breast cancer was approximately at the control level.
3 |4cooMe| H H 757 218-20 The next step for investigation of these compounds
3m | 2-COOEt H H 776 1357 will be the research of the CNS activity.
3n | 4-COOEt H H 77.5 84-6 Experimental Part
30 4-COMe H H 721 203-5 . . .
3 P Me sMe | H 204 1646 Melting points were determined by the open ca-
3p Mo Me | H 77'8 158-60 pillary tube. NMR 'H spectra were recorded on a Bru-
3? > Me e | H 74'3 1602 ker WM spectrometer (300 MHz); solvents - CDCl,
3 3 Mo sMe | H 75'5 1568 or DMSO-d,; chemical shifts were in ppm, TMS was
3t T Me =] m 76'2 1335 used as an internal standard. The purity of the com-
34 3 Me pry m 73'1 1602 pounds synthesized was monitored by TLC.
3v Me 1| aMe |e-Me 83'3 1668 The elemental analysis data correspond to the
3w | 20Me |4OMe| H | 776 1168 calculated ones.
™ 3oMe |20Mel H 38 16870 N-Phenyl-2-(5-cyclohexyl-4-(1H-1-pyrrolyl)-4H-
3y >l ol m 17 2202 1,2,4-triazole-3-ylthio)acetanilides (3a-y, Table 1)
: (ageneral procedure). To the solution of 0.005 mole
Table 2
Chemical shifts (6, ppm) at NMR "H spectra of the substances synthesized
Comp. N:_' |:|S’ Ar-H ng rr2cI>_I|et 3Pzrgcl)_l|et SS_CZ?’ 1ﬁHr’n 5xCH, (cyclohex), 10H, m Other
1 2 3 4 5 6 7 8 9
7.40,2H,m, 7.19,3H, m, 2.36,4H i ]
3a 10.26 6.90, 1H, d 6.31 410 (+CH,) 1.76-1.16
] 2.57,2H, k8, CH,CH,,
3b 9.69 7.35,1H,d,7.18,5H, m 6.31 413 2.36 1.76-1.16 1.11,3H, ¢, CH,
3c 10.27 7.48,2H,d,7.19,4H, m 6.31 4.10 2.35 1.75-1.15,13H, m (CH,) 2.51,2H,¢c,CH,
3d 10.26 7.45,2H,d,7.17,4H, m 6.31 4.09 2.36 1.75-1.16, 16H, m (+2x CH,) 2.84,1H,c,CH
se |96z | 7IRATOG MM G50 | 631 | 414 | 235 1.76-1.16 3.32,3H, s, OCH,
3f 10.62 | 7.09;7.38-7.54, m, 4H 7.18 6.30 411 2.39 1.72-1.17
3g | 1041 | 86%1Hd ;ggg;‘ r‘j{ 763 MG | 635 | 411 | 234 1.73-1.17,13H (+CH,) | 4.31,2H, q, CH,CH,
7.57,1H,d,7.36, 2H, m, i ]
3h 10.56 6.91, TH.t 7.20 6.32 413 2.36 1.75-1.15
3i | 1041 7.59,2H,m, 7.19, 4H, m 6.31 410 | 236 1.73-1.14 -
3j 10.71 8.06-7.44,4H, m 7.20 6.32 4.14 2.34 1.71-1.15 -
3k 10.18 7.45;6.87,dd, 4H 7.18 6.30 4.07 2.34 1.74-1.15, 13H (+CH,) 3.96, 2H, q, OCH,
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Table 2 continued
1 2 3 4 5 6 7 8 9
3l 10.67 | 7.93,2H,d,7.70, 2H, d 717 6.29 414 235 1.74-1.16 3.81,'s, 3H (OCH,)
3m | 11.20 | 7.50,2H,m, 7.35, 1H, m 7.19 6.31 4.10 235 1.73-1.15 2.31,3H, s, CH,
3n | 1064 | 7.93,2H.d,7.70,2H,d 717 6.30 413 235 1.74-1.16, 13H (+CH,) 4.28, 2H, g, CH,CH,
30 1069 | 7.94,2H,n,7.72,2H, 1 7.19 6.31 4.16 2.35 1.76-1.15 2.51,3H, ¢, CH,
2.25,3H, ¢,
3p | 974 | 7.14,1H,d,6.04,2H, m 7.20 6.32 4.11 236 1.75-1.17 207,30, 5, 2xCH,
3q 961 7.05, m, 3H 7.18 6.31 4.11 235 1.75-1.16 2.49, 6H, s, 2xCH,
7.23,1H,c, 7.08, TH, d, ) 249, 3H, c,
3r 9.64 6.80, 1H. d 7.18 6.30 4,09 235 1.75-1.15 2.13,3H, 5, 2xCH,
3s | 1017 7.17,4H, m, 6.72,1H,c 6.29 408 235 1.76-1.16 2.18, ¢, 6H, CH,
3t 9.72 7.59,1H,s,7.19,4H, m 6.31 4.12 2.35 1.73-1.16 2.20,3H, s, CH,
3u | 1041 | 7.50,2H,m, 7.35, 1TH, m 7.19 6.31 4.10 235 1.73-1.15 2.31,3H,s, CH,
2.21,3H, ¢,
3v 9.53 6.86, 2H,s 7.18 6.31 4.09 236 1.73-1.15 2.06,3H, 5, 2xCH,
7.76,1H,d, 6.61, H,s, ] 3.81,3H,c,
3w | 951 641,11 d 7.19 6.31 4,09 233 1.73-1.13 374 3,5, 2%CH,
3x | 10.20 7.28-7.19,5H, m 6.32 408 235 1.76-1.16 2.71,6H, ¢, 2xOCH,
3y [1028]| 7.54,d;2H,735t,1H | 7.7 6.30 416 234 1.73-1.15 -

of N-phenyl-2-(4-amino-5-cyclohexyl-4H-1,2,4-triazol-
3-ylthio)acetanilide 2 [1] in 40 ml acetic acid add
0.005 mole of 2,5-dimethoxytetrahydrofurane. Reflux
the reaction mixture for about 1 h, cool and place
into 200 ml water. Collect and dry the precipitate re-
crystallizing it from ethanol.

Conclusions

1. Series of new N-Phenyl-2-(5-cyclohexyl-4-(1H-
1-pyrrolyl)-4H-1,2,4-triazole-3-ylthio)acetanilides has
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CUHTE3 7-APWJI-6,7-AUT1IPOTETPA30JI0[1,5-a][IIPUMIIVH-
5(4H)-OHIB

H.B.CBiTiinuHa, B.B.bopoaina, B.B.Jlincon*/**, B..MycaToB**

AY «lHcTuTyT npo6saeM eHjokpuHHOI nartosorii imM. B.fl.lanunescbkoro HAMH Ykpainu»
61002, m. Xapkis, Bys1. ApteMa, 10. E-mail: lipson@ukr.net

* XapkiBcbKuiM HanjioHa/nbHUM yHiBepcuTeT iM. B.H.Kapazina

** IHY «<HTK «IlHcTuTyT MOHOKpHUcTaniB» HAH Ykpainu

Karouosi caoea: 1H-mempaszon-5-amin; 1,3-kap6oHinbHi 6iesekmpodiau; MemuayuHamMamu;
apuamemu1ideHMa10H08i Kuciomu; apuiamemunioeHnoxioHi 2,2-dumemua-1,3-diokcam-4,6-0ioHy;
Kucaoma Meavdpyma; 6,7-duzidpo-7-apuamempasoof1,5-aJnipumioun-5(4H)-onu; cunmes;
dapmakoioziuHa akmueHicmb

L{uknokoHdeHcauii 1H-mempa3son-5-amiHy 3 memunuyuHamMamamu, apusiMemusiiOeHManoHo8UMU Kucomamu
ma apunmemusideHnoxiOHumu 2,2-0umemuri-1,3-0iokcaH-4,6-0ioHy (kucriomu Menbdpyma) 8idbysarombcs pe-
eiocenekmusHo ma rnpusodsimb 00 ymeopeHHs 7-apun-6,7-0uzidpomempasosnof1,5-ajnipumiouH-5(4H)-oHis.
HanpaeneHicmb ghopmysaHHs nipumiOuHOB020 Kinbysi 8idrnosidae 83aemolii amoma KapbOoHyY y B-NMonoxeHHi He-
Hacu4eHoi KapOOHINbHOI cronyku 3 eHOOUUKIIYHUM amoMOM HImpo_2eHy, a KapbOoHIirbHOI 2pyrnu — 3 aMiHO2pynoto
8 mosekyrni amiHoasony. Crionyk isomepHoi 6ydosu 8 X0OHOMY 3 eKcriepuMeHmig He susierieHo. Cknad ma b6ydo-
8y ernepuwe cuHme3osaHux mempasoso[1,5-ajnipumiouH-5(4H)-oHie doeedeHo 3a AOMOMO20K erleMEeHMHO20
aHanisy, iHgppayepeoHoi cnekmpockornii (I4), sdepHo20 MaeHimHO20 pe3oHaHcy Ha npomoHax (IMP 'H) ma
Mmac-criekmpomempii. BipmyanbHul ckpuHiHe 7-apurn-6,7-0usidpomempa3sono[1,5-ajnipumiouH-5(4H)-onis, rnpo-
8edeHull i3 sukopucmaHHsim rpoepamu PASS 3a 780 sudamu ghapmakorozidHoi Jii, 3aceidqus, Wo yi cromyku
douinbHO mecmyesamu 3a rokasHuKkamMu aHan2emuyHoi akmugHOCMI, a MaKoX K MomeHUuitHi 3acobu 0515 niKy-
8aHHs1 cepuesoi HedocmamHocmi.

SYNTHESIS OF 7-ARYL-6,7-DIHYDROTETRAZOLO[1,5-a]PYRIMIDIN-5(4H)-ONES

N.V.Svitlichna, V.V.Borodina, V.V.Lipson, V.. Musatov

Key words: 1H-tetrazol-5-amine; 1,3-carbonyl bielectrophiles; methylcinnamates; arylmethylidenmalonic acids;
arylmethyliden derivatives of 2,2-dimethyl-1,3-dioxane-4,6-dione; Meldrum's acid; 6,7-dihydro-7-aryltetrazolo
[1,5-a]pyrimidin-5(4H)-ones; synthesis; pharmacological activity

Cyclocondensations of 1H-tetrazol-5-amine with methylcinnamates, arylmethyliden malonic acids and arylmeth-
yliden derivatives of 2,2-dimethyl-1,3-dioxane-4,6-dione (Meldrum's acid) proceed regioselectively and lead to
formation of 7-aryl-6,7-dyhidrotetrazolo[1,5-aJpyrimidin-5(4H)-ones. The direction of cyclization corresponds to
the interaction of the carbon atom in B-position of the unsaturated carbonyl compounds with the endocyclic
nitrogen atom and the carbonyl group with amino group in the aminoazole molecule. Compounds of the iso-
meric structure in any of the experiments have been not identified. The structures and composition of the newly
synthesized tetrazolo[1,5-a]pyrimidin-5(4H)-ones have been confirmed by elemental analysis, infrared spec-
troscopy (IR), nuclear magnetic resonance on protones ('"H NMR) and mass spectra data. Virtual screening of
7-aryl-6, 7-dihydrotetrazolo[1,5-aJpyrimidin-5(4H)-ones carried out using the PASS programme for 780 types of
the pharmacological action has demonstrated that it is expedient to test these compounds by their analgesic and
anti-inflammatory activity, as well as as potential agents for the treatment of heart failure.

CUHTE3 7-APWUI-6,7-ANTMOQPOTETPA30J10[1,5-a][TMPUMUANH-5(4H)-OHOB

H.B.Ceemsnuy4Hasi, B.B.6opoduHa, B.B.JluncoH, B.U.Mycamoe

Knrouyeenle cnoea: 1H-mempa3zon-5-amun; 1,3-kapboHurnbHbie 6uanekmpogusibl; MemunyuHHamamel; apur-
mMemuiudeHMasloHo8bIe KUCIOMbI; apuiiMemusudeHnpou3eodHsie 2,2-0umemurn-1,3-0uokcaH-4,6-0uoHa; Kuc-
rnoma Menbdpyma; 6,7-0uaudpo-7-apunmempa3sorno[1,5-ajnupumuduH-5(4H)-oHbl; cuHme3s; hapmakonoauyeckasi
aKkmueHocmb

LluknokoHdeHcauyuu 1H-mempa3sorn-5-amuHa ¢ MemunyuHHamMmamamu, apusiMmemusuéeHManoHO8bIMU KUCIIO-
mamu u apunmemunudeHnpou3eodHbiMu 2,2-0umemuri-1,3-0uokcaH-4,6-0uoHa (kucriomsi Menbdpyma) npo-
ucxo0sim peauocenekmugHo U rnpugodssm Kk obpasosaHuto 7-apun-6,7-dusudpomempasono[1,5-ajnupumuduH-
5(4H)-oHos. HanpasneHHocmb ghopmMuposaHus MUPUMUOUHOB020 KOrbUa coomeemcemayem 83aumooelicmeuro
amoma yernepoda, Haxo05u,e20cs 8 B-NonoxeHuUU HeHachIWeHHO020 KapbOoHUIbHO20 COeOUHEHUS, C SHOOUUKIIU-
4YeckUM amoMoM a3oma, a KapboHUbHOU epynrbl — ¢ aMuHoepynnoli 8 Mornekyne amuHoasona. CoeOuHeHUs
U30MEPHO20 CMPOEHUSsI HU 8 OOHOM U3 3KCrIepUMEHMO8 He 8bisisrieHbl. Cocmas u cmpoeHue 8repsble CUH-
me3auposaHHbIX mempasorno[1,5-ajnupumuduH-5(4H)-oHoe doka3aHb! npu MOMoWU 3reMeHmHo20 aHanusa,
uHebpakpacHoul cnekmpockonuu (MK), s0epHo2o MazHUMHO20 pe3oHaHca Ha npomoHax (SIMP 'H) u macc-
criekmpomempuu. BupmyarnbHbIl CKPpUHUHE Mosy4YeHHbIX 7-apun-6,7-0uaudpomempasosno[1,5-ajnupumudur-
5(4H)-oHos, nposedeHHnili ¢ ucrnonb3ogaHuem rpoepammel PASS no 780 eudam ¢hapmakonoaudeckozo 0el-
cmeusi, nokasari, 4mo amu coeOuHeHUs uenecoobpasHo mecmuposams 0 rokasamessiM aHallb2emu4yeckol
U npomueoegocnanumernbHolU akmueHOCMU, @ Makxe Kak rnomeHyuasbHbie cpedcmea O7isi nedeHusi cepOedyHol
HedocmamoyHocmu.
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TeTpa3osibHUI LUK € i30CcTEepOM KapbOOKCUIIb-
HOI IpyNH, IKUH IIMPOKO BUKOPUCTOBYETHCS Y CUH-
Te3i 610JI0TIYHO AKTUBHUX CIIOJIYK i BXOJUTD 10 CKJIa-
Jly Cy9acHUX BUCOKOe(EeKTUBHUX aHTHUTiEPTEH3UB-
HHX 32C00iB — aHTAroHiCTiB pelenToOpiB aHTiOTEH-
3uny Il - capTaHiB. CepeJ; KOHAEHCOBAHUX MOXiIHUX
TeTpa3oJly, 30KpeMa TeTpasoso[1,5-a|nipumiguHis
TAaKOX BiJOMi aHTaroHiCTHU 3a3Ha4€HUX peLenTopiB
[1], iHriGiTOPH KCAHTUHOKCH/IA3H, 1110 MepelKomKa-
I0Th YTBOPEHHIO CEYOBHUX KOHKPEMEHTIB Ta HaKoO-
MUYEHHIO CEYOBOI KMCJIOTH Y CUPOBATIi Ta HUPKaX
[2], inri6iTopu NO-cuHTeTa3u - COJYKH 3 IPOTU3a-
NaJIbHUMHU | aHAJITeTUMHMMHU BJIACTUBOCTAMH, 31aT-
Hi 3araJibMyBaTH PO3BUTOK CENITUYHOTO LIOKY a60
3axBOprOBaHb ayToiMyHHOI npupoau [3]. Tomy mo-
LYK JOCTYIHUX, pErioCKepOBaHHUX METO/IB O6YA0BU
BKa3aHHUX CUCTeM MaE€ NeBHe NPaKTU4YHe 3Ha4eHHS.

Ha cboroziHi € ABa OCHOBHI NMiAX0AU 10 CUHTE3Y
TeTPa30JIONipUMiIMHIB 3 apUJIbHUMHU 3aMiCHUKaMHU
B a3MHOBOMY LUKJII. [lepminii noB’sizaHuit 3 1,06y-
JI0BOI0 TETPA30JIbHOTO LIUKJIY [10 BXKE iCHYI04YO0ro Ii-
pumiguHoBorO [4, 5]. AJle loro He/l0/1iKOM € BUKO-
pUCTaHHA BaXKKOLOCTYIIHUX aMiHO- i rijpa3suHoIIi-
puMiauHiB. /Ipyruii rpyHTYETHCA Ha peaklisx 5-ami-
HOTeTpa3o0J1y 3 Kap6oHiibHUMU 1,3-6ies1eKTpodiib-
HUMHU CIIOJIyKaMU ab0 IX CHHTETUYHUMHU Nonepes-
HUKaMHU [6-8]. BTimM npu 3acTocyBaHHI HeCHMeTpHY-
HUX GiesiekTpodiniB MIMOBipHE YTBOpEHHS CyMiLleit
i30MepHHUX TeTPa30JI0MiPpUMIJUHIB, TOMY BaXKJIMBO
BUSIBUTH TaKi C-3 CUHTOHH, sIKi 6 3a6e3MeuyBaiu pe-
rioceJleKTUBHICTb Yy GOpMyBaHHI MipuMiJMHOBOTO
UKJIy. MeTa aHOTr0 AOCAiAKEHHS MOJISATA€E ¥ BCTa-
HOBJIEHHI HallpaBJIeHOCTi B3aeMo/ii 5-amiHoTeTpa-
30J1y 3 eCTepaMH 3aMillleHUX KOPUIHUX KUCJIOT, apUJI-
MeTWJTiIeHMaJIOHOBUMH KUCJIOTaMU Ta aHAJIOTiYHU-

2 DMF

MM NOXiAHUMM 2,2-AumMeTun-1,3-1iokcaH-4,6-ai0Hy
(kucnotu Menbgpyma) y pisHUX yMOBax.

[Ipu TpuBasioMy (BIPOAOBXK 2-2,5 ros) KUII'ATiH-
Hi eKBiMOJIBHUX KijibKOcTeW 1H-TeTpa3os-5-aminy 1
3 apWIMEeTHJ/IIeHMaJIOHOBUMHU KUC/I0TaMu 2a-d, me-
TUIMHaMaTaMu 3a,b, apuiMeTUIiIeHIOXiTHUMHU
KucjaoTu Menbgpyma 4c¢,d, a TakoX 3 CHHTETUYHU-
MM NoNepeJHUKaMU OCTaHHIX — 6eH3a/lbAerifaMu
5a,c,d i fiokcaHzioHOM 6 y JMeTHIPOpMaMijii yTBO-
pIOIOThCS 7-apui-6,7-avriipoteTpasosol1,5-alnipu-
MifguH-5(4H)-ouu 7a-d [9]. Cosyk i3oMepHoOI 6y-
JIOBU 8 B )KO/JHOMY 3 €KCIIepUMEHTIB He BUSIBJIEHO
(cxema).

Opep:kaTu TeTpasoonipuMiuHU 7 y M'AKUX
YMOBax - IPU KUI'AATiHHI aMiHy 1 3 Kap6OHIIBHUMU
GiesiekTpodisiamu y cnupToBoMy cepegoBuii (MeOH,
EtOH, i-PrOH) He Baasiocs. B ycix Bunaakax 3 peak-
HilHOI cyMillli BUIiJIeHi BUXiAHI pedoBUHMU a60 iX cy-
Mili 3 BiAINOBIJHUMH KOPUUHUMHU KUCJIOTAMH — IIPO-
JyKTaMU JeKapO0KCUIYBaHHA COJYK 2 abo peTpo-
po3najy isileHOBUX NOXiAHUX 4.

Cku1az Ta 6y/10BY BIleplile CHHTE30BaHUX TETPA30-
JionipuMiivHOHIB 7a-d 10BeieHO 3a I0NOMOTr010 eJie-
MeHTHoOro aHaJsizy, [Y-, AMP 'H Ta Mac-cnekTpasib-
HUMU MeToJaMu. Bubip mix 5- 7 Ta 7-okcoizomepa-
MU 8 3aiicHeHO nLIgxoM nopiBHaHHA Y 1 AMP 'H
CIEKTPIB 3 BiAMOBIAHUMUY JAHUMH J1J14 IX HAM OJIK-
YUX CTPYKTYPHUX aHaJIOTiB — NOXiAHUX AUTiApoO-1,
2,4-tpuasouo[1,5-a]nipumiguH-5- Ta -7-0HiB, oMHK-
canux paimre [10, 11]. HaaBHictb y [Y-cnekTpax crio-
JyK 7a-d cMyr noriuHaHHA npu 3492-2784 (NH-3B'4-
3aHa), 1696-1712 («amiz I»), 1520-1542 cm? («amiz 11»)
CBiYMTH Ha KOPUCTB JIAKTAMHOI'0 XapaKTepy 4acT-
KOBO BiIHOBJIEHOTO ipUMiJMHOHOBOTIO Kisibld. [l
1,2,4-Tpra30/IbHUX aHAJIOTIB CIOJIYK a/IbTepPHATUB-

A

Ar
r
N//N j\j\)l )Nl\)t\l\
N~ I
N N fe} N3 H 0o
H

7a-d

9

N Ar
H

10 1"

2-5,7: a Ar= C(H,, b Ar= C;H,-4-Me, ¢ Ar= C,H,-4-OMe, d Ar= C,H,-4-NO,

Cxema
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Ta6bnuua
Mepenb6auyBaHa 6ionoriyHa akTMBHICTb cnonyk 7a-d 3a nporpamoto PASS

Cnonyka, N@ Cnonyka P, P, AKTUBHICTb

0,943 0,003 Heart failure treatment

7a ,/N\% 0,854 0,004 Analgesic, non-opioid
o 0,839 0,005 Analgesic

§ 0,918 0,003 Heart failure treatment

7b N\% 0,819 0,005 Analgesic, non-opioid
ek 0,806 0,005 Analgesic

I 0,893 0,003 Heart failure treatment

7c N\% 0,765 0,005 Analgesic, non-opioid
e o 0,758 0,006 Analgesic

& 0,901 0,003 Heart failure treatment

7d o 0,725 0,005 Analgesic, non-opioid
e "o 0,708 0,009 Analgesic

P, — BipOrigHIiCTb HasIBHOCTi aKTUBHOCTI; P, — BiporiAHiCTb BiACYTHOCTI aKTUBHOCTI

HOi 6y/10BY 8 3 KapOOHINIbHOO IPYNOI0 Y 7-MY MOJIO-
»KeHHi GIIMKJIIYHOI CMCTeMH BaJIeHTHI KOJIMBaHHS
C=0 BUABJAOTHCA B 06J1aCTi 3Ha4HO GiJIbIINX XBU-
JboBUX yuces 1724-1760 cm! [10-12]. BigcyTHicTh
nposiBy KoJiMBaHb N;-dparmenTa mpu 2120-2166 cm™
CIPOCTOBYE iCHYBaHHA TeTPa30JIbHOT'O LIUKJIY B a3/~
Hil dopmMi 9 [13].

Y cnektpax SIMP 'H TeTpa3zosonipuMiguHOHIB 7
xiMiyHu# 3cyB npoToHy NH-rpynu 3apeecTpoBaHo B
inTepBayi 11.14-12.32 M.4., 1[0 TUIIOBO AJ151 5-0KCO-
NOXiTHUX. Y BUINIaJKY 7-0Kcoi3oMepiB OynoBu 8 pe-
30HAHC I[i€i I'PYIH CJIi O9iKyBaTH y GiJIbII CUJIBHO-
My noJji npu 8.44-9.00 m.u. [10-12]. Okpim uporo, y
cnekTtpax SIMP 'H npucyTHi curHasu ycix npoToHo-
BMICHUX Ipyl (AUB. eKClIepMMeHTa/JlbHY YaCTUHY ).
HasBHicTb curHaniB ¢parmenTa C°H,-C’H, ski yTBo-
protoTb ABX cucteMy, 0HO3HAYHO NiATBEP/KYE Ya-
CTKOBO TiiporeHi30BaHUN XapaKTep a3UHOBOrO LUK-
Jly i cnpocToBye cTpykTypu 10,11.

[lo3aekcneprMeHTaJbHUM CKPUHIHT 7-apui-6,7-
aurigporeTtpasosio[1,5-a]nipumigus-5(4H)-oniB 7a-d,
IPOBe/IeHHH i3 BUKOpHUCTaHHAM nporpamu PASS [14],
3aCBiIYMB, L0 L CIIOJIYKHU JOLiJIbHO BUBYATH 3a MO-
Ka3HHWKaMU [IPOTHU3aNajJbHOI Ta aHAJTeTUYHO]I aK-
TUBHOCTI, @ TAKOX SIK OTEHLi}Hi 3ac06H JiKyBaHHA
cepueBoi HefocTaTHOCTI (Tabauus). Lli pesynbraTu
NOBHICTI0 36iratoThCsl 3 JAHUMHU JIiTepPaTYPHOTO I0-
1IyKY, HAaBeIeHUMHU y BCTYIII.

ExcnepuMeHTasibHa YyaCTUHA

[Y-cnekTpu 3apeecTpoBaHO Ha CIEKTpOMeETpi Spe-
cord M-82 nss1 Tabsietok KBr, IMP 'H cniekTpu - Ha
cnekTpoMeTpi Varian-200 guis1 po3uuniB y DMSO-d,,

BHYTpilHiN ctanaapt — TMC. Mac-cnekTpu BUMips-
Hi Ha XpoMaTo-Mac-cnekTpomeTpi Varian 1200 L npu
NIpAMOMY BBeJleHHI 3pa3Ka B i0HHe JKepeJio, i0Hi-
3ytoya Hanpyra - 70 eV. EneMeHTHUU aHa/1i3 BUKO-
HaHo Ha npuJaai Euro AE-3000. TemnepaTypu nJias-
JIeHHS1 BU3HaueHi Ha 6Jioui Koduepa.

IukiaokoHAeHcanii 1H-TeTpa3oJi-5-aminy 13
Kap6oHiibHUMM 1,3-6ies1iekTpodisamu (3arasib-
Hi METOAUKH).

A. Cymiwm 2 mmouib (0,17 r) amiHOoTeTpazosy 1 ta
2 MMOJIb apWJIMETHJIIZIEHMAJIOHOBOI KUC/I0TH 2 ¥ 1 M
JIM®A kun’aTaTh BOPOJOBXK 2 T'0JI, 0XOJOIKYIOTb,
J0JAaI0Th 5 MJI 2-IPONAHO0JIy, 0Caj, TeTPpa30JIoNnipu-
MiIUHOHY 7 BiAQiIbTPOBYIOTh.

B. Cymimt 2 mMouib (0,17 r) amiHoTeTpazoay 1 i
2 MMoJIb ecTepy KopuuHoi kucaoTy 3 B 1 ma IMOPA
KUIT'ATATh BOPOAOBX 2,5 ro/i, 0X0JIO/XKYIOTh, 10Ja-
I0Th 5 MJI 2-NIPOMAHOJY, 0Ca/] CIOJIYKHU 7 BiadinbTpo-
BYIOTb Ta BUCYLIYIOTb.

C. Cymim 1 mmoun (0,09 r) aminoteTpasosy 1 3
1 MMOJ1b apUJIMETHUIIAEHIIOXiHOI KUCJA0TU MeJib-
Apyma 4y 1 ma JM®A kun’aTATb BOPOAOBXK 2 rOj,
OXOJIO/PKYIOTb, I0AAI0Th 5 MJI 2-IPONaHoJ1y, 0caj, CIIo-
JIYKU 7 BiIQiJbTPOBYIOTh, KPUCTAJi3yIOTh 3 2-IIPO-
NIaHOJIy.

D. Cymim 1 mmoab (0,09 r) amiHoTeTpaszoay 1,
1 MMouib anbgeriny 5 ta 1 mmoub (0,14 1) kucaoTH
Menbapyma 6 y 1 ma IM®PA kun’aTaTh BIPOJOBXK
2 roji, OXOJOKYIOTh, 10/IAal0Th 5 MJI 2-IponaHoJIy,
oca/ croyiyky 7 BidiIbTPOBYIOTH Ta BUCYIIYIOTh.

6,7-Aurigpo-7-geninrerpasosio[1,5-alnipumi-
JAuH-5(4H)-oH 7a. Buxiz - 63% (A), 68% (B), 74% (D),
T, - 240-242°C. [Y-cnekTp, v, cmM': 3492-2960 (NH,
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H-3B’313.), 1700 (C=0-«amiz, I»), 1540 (CN, NH-«amiz, II»).
Cnektp SIMP 'H, §, Mm.u.: 3.09, 3.29 n.1 (2H, C°H,, ] ;s =
6.8,]px=7.2,],5=-16.2Tn), 6.04 T (1H, C’H), 7.27-7.39
M (5H, H,,,,), 11.89 p.c (1H, NH). Mac-cnektp, m/z
(L (%)): 215[M]*(24), 186(28), 149(27), 104(75),
77(50). 3Haigeno, %: C 55,88; H 4,17; N 32,60.
C,,HoN:O. Po3paxoBano, %: C 55,81; H 4,19; N 32,56.
6,7-Auriapo-7-(4-metuadenia)rerpasosno
[1,5-a]nipumigun-5(4H)-on 7b. Buxig - 72% (A),
56% (B), .. - 206-208°C. I4-cnekTp, v, cMm!: 3448-
2840 (NH, H-38’s13.), 1712 (C=0-«amiz I»), 1540 (CN,
NH-«awmig I1»). Cnexktp AMP H, §, m.u.: 2.85 ¢ (3H,
CH,), 3.07,3.25 n.1 (2H, C°H,, J;x = 7.4, J5x = 6.6, ] 15 =
-16.4T1),5.99 T (1H, C’H), 7.20 a1 (4H, H, 0w ] =82T),
11.14 p.c (1H, NH). Mac-cnektp, m/z (l,,, (%)):
229[M]*(30), 200(38), 163(29), 118(85), 91(49).
3naigeno, %: C 57,62; H 4,82; N 30,58. C;,H,;N;O.
PospaxoBano, %: C 57,64; H 4,80; N 30,57.
6,7-Aurigpo-7-(4-meTokcudeHis)TeTpa3osio
[1,5-a]nipumigun-5(4H)-0oH 7c. Buxin - 63% (A),
65% (C), 65% (D), Tt - 202-204°C. [Y-cniekTp, v, cM™:
3468-2840 (NH, H-38’13.), 1706 (C=0-«amif I»), 1542
(CN, NH-«amig 1I»). Cnektp AMP 'H, §, m.u.: 3.16,
3.41 p.p (2H, C°H,, J,x = 7.4, Jgx = 6.8, ] ,5 = -16.2 T'ny),
3.74 ¢ (3H, OCH,), 5.96 T (1H, C’H), 7.00-7.74 n.1 (4H,
H, 0. ] =8.8T1), 12.04 p.c (1H, NH). Mac-cniexktp, m/z
(I (%)): 245[M]*(33), 216(25), 179(31), 134(78),
107(53). 3uaitaeno, %: C 53,90; H 4,47; N 28,54.
C,,H;;N;0,. PospaxoBano, %: C 53,88; H 4,49; N 28,57.
6,7-Aurigpo-7-(4-HiTpodeHis)TeTpasoio
[1,5-a]nipumignn-5(4H)-on 7d. Buxig - 65% (A),

JlitepaTtypa

75% (C), 78% (D), T.rur. - 260-264°C. I4-cniexTp, v, cMm:
3484-2784 (NH, H-38's13.), 1696 (C=0-«amiz I»), 1520
(CN, NH-«amip I1»), 1348 (NO,). Cnextp AMP 'H, §,
m.4.: 3.16, 3.41 .4 (2H, C°H,, J,x = 8.0, Jpx = 6.6, J 5 =
-16.4 T), 6.19 T (1H, C’H), 7.58-8.29 a1 (4H, H,,.,
J=8Twn),12.32 p.c (1H, NH). Mac-cnextp, m/z (1, (%)):
260[M]"(34), 231(38), 194(31), 149(77), 122(56).
3uaitaeHo, %: C 46,13; H 3,10; N 32,30. C,,H,N,O..
PospaxoBaHno, %: C 46,15; H 3,08; N 32,31.

BUCHOBKM

1. luxknokonAeHcanii 1H-TeTpa3on-5-amMiHy 3 apui-
MEeTUJIiJeHMaJIOHOBUMHU KUCJIOTaMH, eCTepaMHu 3a-
MillleHUX KOPUYHHUX KUCJIOT, apUIMeTUITIJEeHII0Xi/L-
HUMMU KUCI0TU MesibZipyMa Ta IX CHHTETUYHHUMHU 110-
repefHUKaMU — apOMaTUYHUMU aJIbJerilaMHU Ta i30-
NPONiJIiAeHMa/IOHATOM € perioceJIeKTUBHUMU | 3a-
BEepLIYIOTHCH YTBOPEHHAM 7-apuJi3aMillileHuX JUTij-
poTteTpazoJo[1,5-a]mipuminun-5(4H)-oHiB.

2. HanpaBsieHicTh yTBOpEeHHSA NipUMiJHHOBOTIO
KiJIbIIA Bi/ITOBiga€ B3aeMozii aToMa Kap6oHy y B-11o-
JIOXKeHHI HeHacu4eHOol KapOOoHI/IbHOI CIIOJIYKH 3 €H-
JIOLIMKJIYHUM aTOMOM HIiTpOTeHY, a KapbOoHiJbHOI
IpyIU — 3 aMiHOTPYIIOI0 B MOJIEKYJli aMiHOA30J1y.

3. BipTyasnibHU# CKpUHIHT 7-apui-6,7-aurigpo-
TeTpasoso[1,5-aJnipumiaun-5(4H)-oHiB, npoBee-
HUU i3 BUKOpUCTaHHAM nporpamu PASS, 3acBifuus,
10 i CIIOJIYKH JOLIJIbBHO BUBYATH 3a IOKAa3HUKAMU
NpOTHU3aNaJbHOI Ta aHA/IreTUYHOI aKTUBHOCTI, a Ta-
KOXX IK IOTEHI[ilHI 3aco6u /s JIiKyBaHHS cepiie-
BOI HEJ,OCTATHOCTI.
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YAK 615.212:542.951.1:547.831.7:547.831.9

N-BEH3WJI-4-TUAPOKCH-2-0KCO-1-(2-TUAHOITHUII)-
1,2-JUT'NAPOXUHOJIUMH-3-KAPBOKCAMMWU/I bl
KAK IIEPCIIEKTUBHbIE AHAJIBTETUKHA

N.B.Ykpaunen, 0.B.I'opoxoBa, K.B.AHgpeeBa, A.A.[laBuieHKO*

HanuonanbHbIN dapMalleBTUYECKHUM YHUBEPCUTET
61002, r. XapbkoB, ya. [lymkunackas, 53. E-mail: uiv-2@mail.ru
* BUHHUIIKUI HallUOHAIbHBIM MeJUIIMHCKUN YHUBepcuTeT uM. H.W.Iluporosa

Katouesble cnosa: 6eH3usamudsl; cemapuanponaHossle KUCA0mbl;
4-2udpokcu-2-okco-1,2-0u2udpoxuHoAUuHbl; CUHME3; aHA/Ab2emuveckasl akmugHoCmMb

B3sie 3a 0CHOBY 3aKOHOMEPHOCMU C8513U «CMpyKmMypa — aHallbeemudeckasi akmueHOCMbY, 8blsi8NIEHHbIE pa-
Hee rpu usy4deHuu buonoaudeckux ceolicme MHo2o4YucieHHbIx N-3ameueHHbIx amudos 1-R-4-2udpokcu-6,7-
Aumemokcu-2-okco-1,2-0uaudpoXUuHOIUH-3-kapbOHOBbIX KUCIIOM, Mbl MPOSENU YesieHanpasneHHy XUMUYECKYHO
Modugbukayuro cmpykmypHo bnuskux N-ankurn-4-audpokcu-2-okco-1-(2-yuaHoamur)-1, 2-0uaudpoxuHonuH-3-kapb-
okcamudos. OcyuwiecmerneHHble USMEHEHUST KOCHYIUCh UCKITHYUMebHO aMudHo20 hpaemeHma amux coedu-
HeHul u ghakmudecku npedcmassstom cobol 3ameHy 00HO020 U3 amomos 8odopoda MemusibHOU epynnbl 8
N-memur-4-eudpokcu-2-okco-1-(2-yuaHosamuri)-1,2-0ucudpoxuHonuUH-3-kapbokcamude apomMamu4ecKum si0pOoM.
lNokasaHo, Ymo 8 cuHme3se yeneabix COeOUHEHUU MOXHO UCMOb308amb pasfiuyHble eapuaHmMbl aMudupos8aHusi
3murnogoeo agupa 4-2udpokcu-2-okco-1-(2-yuaHoamur)-1,2-0uaudpoxuHonuH-3-kapboHosol Kucrnomel 6eH3u-
naMuHamu; mepmMornu3 agupa u amuHa 6e3 pacmeopumerns npu memnepamype 140°C unu xe e3aumodel-
cmeue aghupa ¢ u3bbimkom amuHa 8 Kunsuwiem criupme. Nepugpepudeckuli KOMIOHEHM 8 MexaHU3Me aHarslb-
eemuyeckux ceolicme N-6eH3ur-4-audpokcu-2-okco-1-(2-yuaHoamuri)-1,2-0ueudpoxuHonuH-3-kapbokcamudos
usyyeH Ha 6enbix Mbluax Ha Kraccuyeckol MOOesnU «yKCYCHOKUC/IbIX KopyYell» rnaparnnefibHo U 8 CpasHeHUU C
OukogheHakoM. YcmaHOo8MeHo, Ymo HEKOMOPbIe U3 CUHME3UpPO8aHHbIX 8eU4ECMS8 MpU nepopasibHOM 88e0eHuUU
8 0o3e 5 ma/kz2 3amemHO rpesocxodsim o obesbornusarowemy achghekmy npenapam cpasHeHUs u Mo2ym 6bimb
pekomeHO08aHbI Oris1 6onee enyb6oKoeo uccriedosaHusi, Kak MomeHyuasnbHble aHanbeemuku.

N-BENZYL-1-(2-CYANOETHYL)-4-HYDROXY-2-OX0-1,2-DIHYDRO-3-QUINOLINECARBOXAMIDES AS PRO-
MISING ANALGESICS

I.V.Ukrainets, O.V.Gorokhova, X.V.Andreeva, A.A.Davidenko

Key words: benzyl amides; hetarylpropanoic acids; 4-hydroxy-2-oxo-1,2-dihydroquinolines; synthesis; analgesic activity
Based on the regularities of the “structure — analgesic activity” relationship revealed earlier in the complex study
of the biological properties of numerous N-substituted amides of 1-R-4-hydroxy-6, 7-dimethoxy-2-oxo-1,2-dihyd-
roquinoline-3-carboxylic acids the target chemical modification of the structurally related N-alkyl-1-(2-cyanoethyl)-
4-hydroxy-2-oxo-1,2-dihydroquinoline-3-carboxamides has been conducted. These changes concerned only the ami-
de fragment of the given compounds, and they are actually the replacement of one of the hydrogen atoms of the
methyl group in N-methyl-1-(2-cyanoethyl)-4-hydroxy-2-oxo-1,2-dihydroquinoline-3-carboxamide by the aromatic ring.
It has been shown that in the synthesis of the target compounds various variants of amidation of 4-hydroxy-2-oxo-
1-(2-cyanoethyl)-1,2-dihydroquinoline-3-carboxylic acid ethyl ester with the benzyl amines can be successfully used:
by thermolysis of the ester and amine without a solvent at 140°C or by interaction of the ester with the excess of
amine in boiling alcohol. The peripheral component in the mechanism of analgesic properties of N-benzyl-1-(2-
cyanoethyl)-4-hydroxy-2-oxo-1,2-dihydroquinoline-3-carboxamides has been studied on the standard model of “acetic
acid-induced writhing” in white mice concomitantly and in comparison with diclofenac. It has been found that some
of the substances synthesized exceed notably the reference drug as for the analgesic effect when administered
orally in the dose of 5 mg/kg, and they can be recommended for more profound research as potential analgesics.

N-BEH3WUI-4-IJPOKCU-2-OKCO-1-(2-LJIAHOETWI)-1,2-ANTOPOXIHOJIIH-3-KAPEOKCAMIOU 51K NMEPCIIEK-
TUBHI AHAJITETUKN

I.B.Ykpaineub, O.B.lopoxoea, K.B.AHOpeeega, O.0.[JasudeHko

Knroqoei cnoea: 6eH3unamiou; eemapusrponaHosi Kucrinomu, 4-2i0pokci-2-okco-1,2-0u2idpoxiHomniHu; cuHmes;
aHarnzemuyHa akmueHicmb

B3ssiswiu 3a 0CHO8Y 3aKOHOMIPHOCMI 38’513KY «CMpyKMypa — aHareemuyHa akmueHicmby», ujo byru eusigneHi paHiwe
ni0 Yac eus4eHHs1 bionoeaiyHux enacmusocmel dyucneHHux N-3amiweHux amidie 1-R-4-2idpokcu-6,7-0umemokcu-2-
OKCO-1,2-0u2iOpoxiHomniH-3-kapbOHOBUX KUCIIOM, MU MPOSESTU UirlecrpsiMosaHy XiMidHy MoAuikauyito cmpyKmypHO
6rusbkux N-arkin-4-2idpokcu-2-okco-1-(2-yiaHoemurn)-1,2-0ueiopoxiHorniH-3-kapbokcamidie. 30itCHEHI 3MIHU MOPKHY-
JIUCSI BUKITIOYHO aMiOHO20 ¢hpaameHmy Lux criosnyK i gtpakmuyHo npedcmasnsitoms coboto 3amiHy 00HO20 3 amomis 2io-
poeceHy MemurbHOI epyru 8 N-memuri-4-2idpokcu-2-okco-1-(2-uiaHoemunn)-1, 2-0ueiopoxiHosiH-3-kapbokcamioi apo-
Mamuy4HUM sid0pom. [Noka3aHo, Wo 8 CUHME3I Uirbo8UX CrOMyK MOXHa 8UKopUCMOo8y8amu pi3Hi eapiaHmu amidysaH-
HS1 emurnosozo ecmepy 4-2i0pokcu-2-okco-1-(2-yiaHoemuri)-1,2-0ueidpoxiHoriH-3-kapboHoeoi kucriomu beH3unamiHa-
MU: mepMori3 ecmepy ma amiHy 6e3 po3qyuHHUKa ripu memnepamypi 140°C abo x e3aemodito ecmepy 3 HabrUWKOM
amiy y kunns4qomy criupmi. [NepughepudHuli KOMIOHEHM y MexaHi3mi aHareemuyHux enacmusocmeti N-6eH3urn-4-
ei0pokcu-2-okco-1-(2-uiaHoemurn)-1,2-0uzidpoxiHoniH-3-kapbokcamidie susHeHo Ha bifiux MuLuax Ha KracuyHit moderi
«OUMOBOKUCIIUX KOpYie» napasiesisHo ma y ropieHsiHHI 3 OuknogheHakoMm. BecmaHoerneHo, wo Oesiki i3 cuHme3oea-
HUX peqO8UH rpu repopanbHOMy 88e0eHHI y 003i 5 ma/ke MoMImHO repesuuyytoms 3a 3Heb0sIIoYUM eheKmom rpe-
rapam ropieHsIHHS | MOXymb 6ymu pekomeHO08aHi 00 binbui 2r1ub0Ko20 OOCHIOKEHHS, K MOMEeHUIUHI aHanz2emuku.
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[lesieHanpaB/IeHHBIA CHHTE3 6UOJOTUYECKHU aAK-
TUBHBIX CyGCTAaHLUH C 3apaHee 3aJaHHbIMU CBOMCT-
BaMH 6a3upyeTCs, KaK U3BECTHO, HAa U3HAYAJIbHOM
BBISIBJIEHUM BIIOJTHE KOHKPETHBIX 3aKOHOMEPHOCTEN
CBfI3U XUMUYECKOT0 CTPOEHHUS BelleCTB C OKa3blBa-
eMOU UMM aKTUBHOCTHIO. /lasiee C/ieAyIOT UX aHAIN3
1 060011[eHYE, yCTaHOBJIEHE Hanb0J1ee BAXKHBIX CTPYK-
TYPHBIX GparMeHTOB, ONpeAesLUHUX ciequduyde-
ckuit papmakosioruieckuit a¢pdekT, U, HaKOHell, pe-
KOMEH/Ialluh OTHOCUTEbHO BO3MOXKHBIX HallpaBJie-
HUl MoaudUKauu 6a30BoM MosieKy/bl. Takoi moa-
X0/l BeCbMa NPOAYKTHUBEH U IIUPOKO UCIOJIb3YeTCs
MHOTHUMHU HCCJIe/I0BAaTETbCKUMU KOJIJIEKTHBAMH, 3a-
HSTBIMH CO3/JaHUEM HOBBIX JIEKapCTB [1-6].

B npouecce novcka noTeHnMa bHbIX aHAJIbre-
THKOB HaMH paHee OblIa U3y4eHa 60JIbIIasi TpyIna
N-ankui-, apuianKui-, apui- U reTapuisaMelieH-
HbIX 1-R-4-ruapokcu-6,7-4UMeTOKCHU-2-0KCo-1,2-11-
THAPOXUHOJINH-3-Kap6okcaMuzoB. [Ipy aToM yaanock
006HAPYXUTh, YTO HaJIM4YKeE B 3-Kapb6aMUIHOM dpar-
MEHTE apUuJIaJKUJIbHbIX U 0COOEHHO 6€H3UTbHbIX
3aMecTuTesell Ha 06e360/1MBalOLIMX CBOMCTBAX OT-
paxkaeTcst BecbMa 6JsiaronpusiTHo [7, 8]. OTciofa u
BO3HUKJIA U/iesl UCII0Jb30BaTh JJAHHYIO0 3aKOHOMED-
HOCTb JIJIsI XUMHAY€eCKOU MOAMPUKAIIUU CTPYKTYPHO
6/IM3KUX 4-TUAPOKCHU-2-0KCo-1-(2-11muanoatui)-1,2-
JUTHIPOXUHOJIMH-3-KapOOKCaMHU/I0B, TeM 00JIee, 4TO
QIKUJIbHbIE TPOU3BOAHbBIE 3TOTO PsiJla B Ka4eCTBe
MepopaJbHbIX aHAJbIeTUKOB yKe I0Ka3aJau 04eHb
BbICOKHE pe3ysbTaThl [9, 10].

CuHTe3 06bEKTOB UCCIEe[0BaHMS, T. €. N-OeH3HUJI-
3aMelleHHbIX 4-THAPOKCU-2-0KCO-1-(2-11MaHO3THI)-
1,2-auruapoxXvHOMMH-3-Kap6boKcaMU 0B 2a-j, oCy-
IIeCTBJIEH peakijiel aTuaoBoro a¢upa 1 v cooTBeT-
CTBYIOIIMX O€H3UIaMUHOB. [I[pyHUMast BO BHUMaHue
TOT $aKT, YTO 6eH3UTaMHUHbI, KaK TPaBUJI0, UMEIOT
JIOCTAaTOYHO BbICOKHE TeMIEPATYPhl KUTTEHUS, aMU-
JIUpOBaHK e MOXKHO NMPOBOAUTH MyTEM TEPMOJIH3a K-
BUMOJISIPHBIX KOJIMYECTB 3¢Hpa M aMHHA 6e3 pacTBo-
putesiss npu Temneparype 140°C (Meroz A). [Ipogoat-
YKUTEJIbHOCTb PEaKIUK [P 3TOM COCTaBJISIET He 60-
Jiee 5 MUHYT, BbIX0/1bl KOHEYHBIX MPOJAYKTOB BbICO-
kue. CiefyeT, 04HAKO, UMETb B BU/Y, UTO aJIKWUJI-4-
TUJIPOKCU-2-0KCO-1,2-AUTMPOXHUHOJINH-3-KapOOKCH-
JaThl (B TOM yucjae u 3dup 1), a TakKe UX MHOTO-

OH O

' e
~N OEt

YUCJeHHbIEe aHAJIOTU PU BBICOKUX TEMIIEpATypax
Ype3BbIYAaHHO YYBCTBUTEJILHEI K BO/JIE U B C/Iy4ae ee
MPHUCYTCTBUSA B PEAKLIMOHHOM CMECH CEPbE3HYI0 KOH-
KYPEHLIMI0 aMUANPOBAaHMIO HAYMHAET COCTABJISITD TH/I-
poJsin3 [11]. Bo n36exxaHue 3TOT0 MOGOYHOTO MPO-
1ecca nepeji NpoBeieHUEM CHHTe3a UCXOJHbIE pe-
areHTbl - 3¢up 1 ¥ aMUH J0KHBI ObITh TIIATEb-
HO 00€3BOXKeHbI MOJX0AAIMM crioco6oM. Eciu xe
3TO 110 KAKUM-JIN60 IPUYUHAM C/IEJATh HE yIaeTcs,
TO CUHTE3 JIDOOT0 U3 aMU/I0B 2a-j MOXKHO ocyllie-
CTBUTh U OOBIYHBIM aMUiMpOBaHueM adpupa 1 He-
GOJIBIINM U30bITKOM COOTBETCTBYIOIIETO aMUHA B KU-
nsiuieM 3taHosie (MeTof b). 3To, KOHEYHO Ke, cpasy
BJIeYeT 3a CO60M cyllecTBEHHOe yBeJnUueHue Npo-
JIOJDKUTEJIbHOCTH peakuuu ([0 2-3 4acoB) U JI0M0JI-
HUTEJIbHbIE PACXO/bl HA PACTBOPUTEJIb U BCIIOMOTa-
TeJIbHbIE peareHThl. 3aTO B TAKUX YCA0BUAX 3¢up 1
JIOCTAaTOYHO YCTOWYUB K THJPOJIU3Y U JeCTPyKIUs
ero cJ0’kHo3¢UupHOro ¢pparMeHTa He HabGJIIOAAETCS.

OTMeTHUM ellle OZJHY YepPTy MPAKTHUIECKOTO BhI-
NoJIHeHUS cuHTe3a N-6eH3U-4-TUAPOKCU-2-0KCO-
1-(2-yuaHo3atuu)-1,2- AUTUAPOXUHOJUH-3-KapO-
OKCaMH/I0B 2a-j, Tpe6YOIIy0 BHUMAaHUS CO CTOPO-
Hbl XUMHUKA-CUHTETHKA, 0COOGEHHO NP paboTe ¢ Ma-
JIEHbKHMHU KOJINYeCTBAMU. B oT/iM4yre OT 6OJIBIINH-
CTBa APYTUX aMUHOB G€H3UJIAMUHbBI — 0COOEHHO Me-
TUJI3aMellleHHbIe WU MUIEPOHUIAMUH Ka/JHO TO0-
[JIOLWAIT YIJIEKUCIOTY U3 BO3/yXa, O4eHb ObICTPO
MpeBpaIlasiCb B UHEPTHbIE KAPOOHATHI. Ty 0COOEH-
HOCTb CJIeJlyeT YYUThIBAaTh IPU OTMEPUBAHUH U 3a-
rpy3Ke B PEaKTOP TAKUX PEareHTOB, YTOObI U36€XaTh
WX HEOTIPaBJAHHOTO Mepepacxo/ia. OueHb yA06HbBI B
3TOM OTHOIIIEHUH Crel[MaJbHble MJIaCTUKOBbIE GOK-
Chl, Ipe/IBAPUTEJLHO 3aN0JHEHHbIE CYXUM UHEPT-
HbIM ra30M, HallpuMep, aproHoM.

HezaBucuMO OT TOTO, KAKUM CIIOCOGOM OHH I10-
JIy4eHbl, BCe OeH3UIaMU/Ibl 2a-j TPeJICTABJISIOT CO-
60l GesIbIe C KeJITOBAThIM OTTEHKOM KPUCTAJLTUYEC-
KHe BellecTBa C Y3KUMU HHTEePBaJaMHU TeMIIepaTyp
nJiaBJieHus (Tabu. 1). [Ipy KOMHAaTHON TeMnepary-
pe oHu Xopouio pacTBopruMbl B IMCO u JIM®A, npu
HarpeBaHUHU - B CIUPTAaX, IPAaKTUYECKH HePaCTBO-
pHMBI B BO/I€.

Bce cozieprkatiiyie mpoToHbI PYHKIMOHAIBHbBIE MPYTI-
bl GEH3WJIAMU/IOB 2a-j JIETKO MO/ITBEPK/IAK0TCS CIIEKT-

OH C|)
N N
H R
N 0]
\\N
2a-j

2.aR=H;bR=2-F;cR=4-F;dR=2-Cl; e R=4-Cl; f R = 2-Me;
g R =3-Me; h R =4-Me; i R = 2-OMe; j R = 3-O-CH,-0O-4

Cxema
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Ta6bnuua 1
XapaKTepuCTnKn 6eH3nnaMmmnaoB 2a-j
Hangeno, % 5
CoefnHeHune BbpyTtTo-dpopmyna BbiuncneHo, % T.nn., °C MZ:(:;yn;)

C H N '

69.22 5.02 12.21 ) A:94

2 CooHiN;0; 69.15 493 12.10 153-155 B: 90
65.84 4.34 11.43

2b C,oHsFN,O, 65.75 2. 1150 159-161 b: 83
65.86 4.32 11.41

* CaolhieFN;0; 65.75 4.41 1150 164-166 b: 91

2d CaHi CINO, 6291 e Hor | 16163 | B

2e CoohsCINO, =r 227 e 156-158 B: 96
69.88 542 11.70

x CaPhoN:Os 69.79 530 1163 165-167 b:85
69.85 5.39 11.56

29 C,,H,sN;O, 6979 530 1163 150-152 B: 90
69.69 5.28 11.57

2h CaHioN;0; 69.79 530 11.63 172174 b:94
. 66.74 4.98 11.02

> PO, 66.83 5.07 1113 199-201 b: 83
. 64.53 4.46 10.66

2 CHiN:Os 64.45 438 10.74 191193 b: 91

pamu AMP 'H (Ta6.. 2). Kak y»xe oTMe4as10Ch HaMU
paHee [12], cusibHast MarHUTHasi aHU30TPOIIHSI CO CTO-
ponbl rpynnbl C=N oka3blBaeT HACTOJIbKO clieludu-
YyecKoe BJIMSIHHEe Ha CUTHaJIbl HAXOASILIIMXCS B 10J10-
>KeHUH 7 1 8 apoMaTH4YeCKUX TPOTOHOB XHHOJIOHO-
BOro s/ipa (B OTJIMYME OT COOTBETCTBYIOLIUX XUHO-
JINMHUJI-TIPONIAHAaMHU/I0B U IPOIIAHOBBIX KUCJIOT, OHU
IIPOABJATCSA OAHUM OOLIUM Y3KUM MYJbTHUILJIETOM
C MHTerpaJbHOM HHTEHCUBHOCTBIO 2H), 4To y>Ke 1o
XapakKTepy CleKTpa B JJAHHOW 06J1aCTU MOKHO Cy-
JUTb O IPUCYTCTBUU LIMAHITUJIBHOTO $parMeHTa B
MoJieKysie. OjHaKo B JII060M CJlyyae 3TO BCEro JIMLIb
KOCBeHHOe noaTBepxaeHue. [loaromy rpynna C=N
uJeHTUGUIMPOBaHa HAMU BO BceX 6eH3UIaMu/iax 2a-j
y>Ke 0JJHO3HAYHO C NOMOlbi0 60Jiee UHPOpPMaATHB-
HOH B JjaHHOM ciy4yae UK-cniekTpockonuu (TabJr. 2).

AHa/IbreTHYeCcKy10 aKTUBHOCTb G€H3UJIaMHU/0B
2a-j usy4yasiv Ha 6eJibIX HeJIMHEMHBIX MbIIIIaX BECOM
18-23 r (mo 10 >KUBOTHBIX Ha KaXKJ0€ TeCTUPyEMOe
BellleCTBO — YPOBEeHb 3HAYMMOCTH [JOBEPUTEJIbHO-
ro uHtepBaJja p < 0,05) Ha Kjaccuyeckod MoJiesu
«YKCYCHOKHUCJIBIX Kopyeii» [13], ucrosib3yeMon A
MCC/Iel0BaHUA MeXaHU3MOB IlepudepryecKoil aHa/Ib-
re3uu. «Kopun», B 0CHOBe KOTOPBIX JIEXKUT XUMUUEC-
Koe 60JieBO€e pa3/pakeHUe, BOCTIPOU3BOJUIN BHYT-
pubpromnHHbIM BBegeHueM 0,6% pacTBopa yKcyc-
HOU Kuc0Thl U3 pacyeTta 0,1 My Ha 10 r Macchl Ku-
BOTHOr0 4epe3 1 yac nocJie nepopajabHOro BBeje-
HUS HcCelyeMoro o6pa3ua 6eH3uIaMu0B 2a-j U

JvkaodeHaka B jo3e 5 MI/KI, cooTBeTcTBYo1el E/l.,
JukjgodeHaka aJisd faHHOU Mozenu [14]. 3a :kuBoT-
HBbIMU HabutoAau 20 MUH, NOACYUTHIBAsA KOJIUYECT-
BO «KOp4Yei». AHa/IbreTUYECKOE JelCTBUE OL€HU-
BaJIM 110 CIOCOOHOCTH BeleCTB YMEHbLIATb KOJIU-
YeCTBO «KOpYEN» B UCCIEAyeMbIX IPyMIax 1o cpaBs-
HEHHIO C KOHTPOJIEM Y BbIPQKaJ/IHU B IPOLIEHTAaX.
AHaJn3 noJly4eHHBIX 3KCTIEPUMEHTAJIbHBIX JJaH-
HbIX (Ta6J1. 3) MoKa3bIBaeT, YTO 3aMeHa B N-MeTHJI-
4-TUpOKCU-2-0KCO-1-(2-11MaH03THI)-1,2-Auruapo-
XUHOJUH-3-Kapbokcamuzie [9] oaHOr0 U3 aTOMOB BO-
Jopoja N-MeTHUJIbHOM IpylIbl apOMaTUYECKUM £/
poM Ha 06e360/IMBAIOIUX CBOMCTBAX MOJy4YaeMbIX
6eH3UJIaMU/I0B OTpaXkaeTcsl 0-pa3HoMY. B ogHuX
cnyvasx - amu/bl 2f, 2i - oHa ocTaeTcsl npakTUyec-
KM Ha MCXOJHOM yPOBHE, B APYTrUX — aMuzpbl 2d, 2e,
2g, 2h v 2j - 3ameTHO cHIKaeTcs. TeM He MeHee, eCTb
Y MOJIOXKUTEbHbIE TPHUMEPDI YKa3aHHON MogUU-
KallM|, HallpuMep, ec/1¥ He3aMellleHHbIN 6eH3U/IaMu/,
2a 1o aHajbretTnyeckoMy 3¢ppeKTy TOJIbKO CpPAaBHUM
c aAukaodeHakoM, To 4-pTopbeH3nnaMus, 2¢ yxe 3a-
MeTHO aKTHBHee pedepeHc-ipenapaTa B TOH e J103e.
WHTepecHas 3aKOHOMEPHOCTb MPOC/IeXKHUBAETCS
Y B 4aCTH 3aBUCUMOCTH aHaJIbreTHUYeCKUX CBOMCTB
M3y4aeMbIX COeJMUHEHUH OT N0JIOKEeHUs 3aMeCTHU-
TeJlell B apoMaTHYeCKOM KoJiblie 6eH3U/IbHOTO0 gpar-
MeHTa. Kak npaBuJ/io0, opmo-3aMell,eHHbIA U30Mep aK-
THUBHEE CBOEro Mema-aHaJjiora, a TOT, B CBOIO o4e-
peab, ropas3zio aKTUBHEE hapd-NpoOU3BOAHOTO. ITa
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Ta6bnuua 2
K- n AMP 'H cnekTpbl 6eH3mMnammaos 2a-j
MK AMP "H: Xumnueckue casury, 8, m. a. (J, M)
Coean- H Ar xuHonoHa 1-NCH,CH,
40H | NHR .
HeHwe | v H.o| (H1 | H5 [H7+H8] H-6 | NCH, [NCHH, BeH3unbHbI pparmeHT
' "l OHE | @Hm | (IHT) | @H, 1) | (2H, 7
1055 | 8.12 _TcmBn| 455 | 286 |7.39-7.23 (6H, m, H-6+ Ph);
2a 22501 17.28 | 56| =79 ""7772 | pparm. | U=6.9)| U=6.9) |461 (2H, &, J = 5.9, NCH,Ph)
1058 | 8.14 [ cmBn| 457 | 289 |7.46-7.12(5H, m, H6 + Ar);
2b 1225211714 1) “5 ey 1= 8.0)| 781776 | gparm. | (U= 7.0)| U=7.0) |4.68 (2H, g, J = 5.8, NCH,Af)
743 (2H,np, J=7.6 n5.6,H-2,6");
2c [2249|17.26 (]9'268) (JETSSO) 780776 | 1743666) U‘E5679) ( JZ_'8699) 710 (2H, 1, J = 8.8, H-3,5);
=>8)|U=8. =66)|/=69)1U=69)| 461 (2H, g, J = 6.0, NCH,An)
1066 | 8.15 ] 737 | 459 | 290 |7.48-7.42 (2H,m H-3!4);7.34-7.30 (2H,
2d 1225311709 1 () 5 5y 1= 8.0)| 782777 |(1Z67)|U=69)| U= 6.9) |m H-5, 6Y; 471 (2H, 1, J = 6.2, NCH,AN)
1058 | 8.15 ] 737 | 458 | 289 |7.41(2H,p =85, H2,6),7.32 (2H, a,
2e | 2250\ 17211 () _5.5)| y=8.0)| 789777 | y=6.6) | U=7.0)| =7.0) | J=85,H-3,5);462 (2H, 7, J =61, NCH,A)
731 (1H, 1, J = 6.5, H-3); 7.22-7.16 (3H,
1049 | 815 738 | 457 | 289
o |2248] 1720 | 1O 315 1781775, 7 - 289 |\ H-45!6); 461 (2H, , J = 5.7, NCH,A);
U=56)|(=80) U=66)|U=68)|U=68) |5 5 O
724 (1H,7,J= 7.4, H-5),7.19 (1H, ¢, H-3;
1054 | 8.15 ] 737 | 457 | 289 |7.15(1H,p J=7.5, H-4); 7.08 (1H, A,
29 225111733 1) _6.0)[u=8.0)| 777770 |U=6.6)|U=69)| U=69) | )= 7.4, H6); 460 (2H, 1, = 6.1,
NCH,A"); 2.37 (3H, ¢, Me)
726 (2H, 1, J=8.0, H-2,6);7.15 (2H, A,
2h  [2253] 17.31 (]9'2%) (ﬁ1749) 779775 | 17_'3665) U‘E5668) (12_'8688) J=80,H-3,5): 458 (2H, 3, J = 5.8,
=23)|U=7. =65)1U=68)1U=68) I\\ch Ap); 2.35 (3H, ¢, Me)
7.31-7.24 (2H, m, H-3, 4; 6.99 (1H, 1,
. 1054 | 8.14 ] 736 | 457 | 289 |J=84 H-6);6.92(1H,TJ= 7.7, H5)
21225011742\ 591 y=8.0)| 77777 |U=66)|U=7.0)| U=7.0) | 459 (2H, &, J = 6.1, NCH,Ar); 3.93 (3H,
¢, OMe)
6.89 (1H, ¢, H2);6.84 (1H, 1, J = 7.9,
2j |2251]17.23 (]9';‘78) (1551739) 778774 J7_'3657) (J‘E5751) ( JZ_'8761) H-5'): 6.78 (TH, 1, J = 7.9, H-6'); 5.97 (2H,
=>8)|U=7. =67 U=701U=711¢ 0CH,0); 449 (2H, 8, J = 5.8, NCH,AN)

3aKOHOMEPHOCTH COBJIFIAETCS Y MOHOXJIOP-, MOHO-
METHJI- U MOHOMETOKCUOEH3UIaMHUOB (JaHHbIE 10
4-MeTOKCcUNIpou3BoAHOMY cM. [15]). U TosibKo B city-
4yae $pTOPHPOBAHHBIX MPOAYKTOB OHA MEHSETCS Ha
IPOTHUBOIOJIOXKHYIO, B pe3y/ibTaTe yero N-(4-prop-
6eH3u)-4-TUAPOKCHU-2-0KCO-1-(2-11naHo3THI)-1,2-
JUTUAPOXUHOJINH-3-Kap6okcamMu/ (2¢) oka3biBaeT-
€Sl CAMbIM MOII[HBIM aHAJIbIeTUKOM He TOJIBKO Cpe-
1 GTOPNPOU3BO/IHBIX, HO U BO BCEU I'pyIine CUHTe-
3UPOBAHHbIX 6EH3UJIAMUJ0B U MOXKET ObITh PEKO-
MEH/IOBaH JJ1s1 Ja/bHEHNIIero u3yuyeHus Kak CTpyK-
Typa-Jaujiep.

dKcnepuMeHTaNbHas 4acTb

CnekTpsl IMP 'H cuHTe3UpOBaHHBIX COe/IMHE-
HUH 3anuMcaHbl HA mpubope Varian Mercury-400 (pa-
6o4ast yactora 400 MI'y) B pactBope JMCO-d,, BHYT-
penHu# ctavaapt TMC. UK-criekTpel nosy4eHbl Ha
Oypbe-cnekTpoMeTpe Bruker Tensor 27 B juckax c
KBr. [lepes perucrpanuei crieKTpoB 06pasIibl TOH-
KO M3MeJIb4a/id U BbICYUIMBAIU N0, BAaKYyMOM Ha/,
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Ta6bnuua 3

AHanbretTnyeckaa akTMBHOCTb 6EH3VIJ'IaMVIJJ,OB 2a-j
Ha Mmoenn «yKCyCHOKUCIbIX Kopqe|7|»

AHanbreTuyeckas akTUBHOCTb
Coean- R cpeaHee KONMUYecTBO
HeHne «Kkopuen», M £ m %
2a H 19,3+1,1 54,4
2b 2-F 33,7£1,5 20,3
2c 4-F 13,9+1,0 67,1
2d 2-Cl 353+14 16,5
2e 4-Cl 40,1+1,7 52
2f 2-Me 25,7%1,3 39,2
29 3-Me 34,7+1,5 18,0
2h 4-Me 41,3+1,6 2,4
2i 2-OMe 26,2+1,2 38,1
2j 3-0-CH,-0-4 42,0+1,4 1,0
OnknodeHak 19,5£1,1 53,9
KoHTponb 42,3+1,7 -
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CUJIMKareJsieM. JJIeMeHTHbIM aHa/IM3 BBINOJIHEH Ha
MukpoaHasusatope EuroVector EA-3000. Temnepa-
TYpbI IJIaBJIEHHSI ONpe/ie/ieHbl B KanuJuisipe Ha ud-
POBOM aHa/IM3aTOpe TOYKH M1aBaeHuda SMP10 Stuart.
ITUNI-4-TUAPOKCU-2-0KCO-1-(2-11naHoaTH)-1,2-11-
TUJIPOXUHOJINH-3-Kap6okcuiart (1) cMHTe3upoBaH
1o U3BeCTHOM MeToAuKe [11].
N-BeH3U1-4-TUAPOKCU-2-0KCO-1-(2-naHo-
3TWI)-1,2-AUruApOoXUHOINH-3-KapooKcaMuj (2a).
MeTog A. B k0s16y 3arpyxatot 2,86 r (0,01 Mousib)
3TUJ0BOTO 3dUpa 4-ruipoKcu-2-okco-1-(2-nuaHo-
3TuJ)-1,2-IUTUIPOXUHOJNH-3-KapbOHOBOM KUCJIO-
Thl (1), moc/ie yero B Te4eHUE HECKOJbKUX MUHYT
IPONYCKAIT CyXOM aproH AJisi BbITECHEHUS BO3AY-
xa. 3ateM npubassasT 1,10 ma (0,01 Mosb) GeH-
3WJIaMHHA U BbIJEPKUBAIOT Ha META/LIIMYECKON 6a-
He npu 140°C B TeueHue 3-5 muH. K elie ropsiuest pe-
aKLMOHHOM Macce pu6aBJisA0T 10 M1 BOJHOI0 3TaHO-
J1a (OCTOpPOXKHO, BO3MOKHO BCKUIIaHUe!), TLiaTeNb-
HO PAacTUPAIOT U OCTABJIAIT Ha HECKOJIBKO YacoB /1A
OCTbIBaHMA [0 KOMHATHOM TeMIepaTyphl. Brigenns-
HIKiCcA aMu/, 2a 0TOUIBTPOBBIBAIOT, IPOMBIBAIOT Ha
¢unbtpe nogkucienHor HCl Bopo#, 3aTem unctoi
BOJIOU U BBICYIIUBAIOT. KpUCTaNIM3YIOT U3 3TAaHOJIA.
Mertog, B. B k0s16y, cogeparyto pactBop 2,86 T
(0,01 Mouib) aTunoBoro a¢pupa 4-ruZipoKcu-2-oKco-
1-(2-uyuaHoaTua)-1,2- AUruAPOXUHOINH-3-Kap6OHO-
BOW KUCAOTHI (1) B 15 Ms1 3TU/IOBOTO CIIUPTA B Te-
YeHHe HeCKOJIbKUX MUHYT NPONYCKaKT CyX0oHu ap-

JiutepaTtypa

NS LR N

pharmaceutical chemistry, 2012, Vol. 10, 2(38), pp.50-53.

SN

TOH /JIJ1s1 BbITECHEHUS BO3/yXa. 3aTeM NpHUGaBJISIOT
1,20 m1 (0,011 Mouib) 6eH3UIaMHUHA U KUTISTAT C 06-
PaTHBIM XOJOAUJBHUKOM 3 4, IPOA0JIKad MPOMyc-
KaTb Me/JIJIEeHHbIU TOK aproHa. PeakliluoHHYy10 cMeCb
OXJIXK/JAI0T, pa36asaoT 100 MJ1 X0J10JHOM BOABI U
noakucasitor HCl 1o pH 4. BeigenuBmuiics ocaiok
aMu/Jia 2a oTQUIbTPOBBIBAIOT, IPOMBIBAIOT XOJIO[-
HOH BOJIOH, BBICYIIUBAIOT. KpucTaniusyoT us ata-
HoJs1a. CMemaHHasA npoba ¢ 06pa3noM aMuja 2a, no-
JIydeHHBIM IO CIIOCcO6Y A, He JjaeT Jlepeccuu TeM-
nepatypsl iaBjaeHud. Cnektpsl IMP 'H aTux co-
e/JMHEeHUH UJeHTUYHBI.

BbiBOAbI

1. PaccMoTpeHb!l JBa BapyuaHTa MOJYYEHHUS U B
KauecTBe [0TeHLUa/IbHbIX aHAJIbI€THUKOB OCYI1LeCT-
BJIEH LieJleHaNpaBJeHHbIH CUHTE3 CEPUU HOBBIX N-
6eH3UJI-4-TUPOKCH-2-0KC0-1-(2-iuaHoaTr)-1,2-11-
U POXHUHOJINH-3-Kap6oKCaMu/[0B.

2. U3y4eHre aHaIbreTUYECKUX CBOMCTB CUHTE-
3MpPOBAHHBIX BellleCTB [10Ka3aJlo, YTO BBeJleHHe apo-
MaTHUYecKoro si/jpa B MeTUIaMUAHbIM pparMeHT Mo-
KET CJIYKUTb MOJIOKUTENbHBIM (aKTOPOM U CIIOCOO-
CTBOBAaTb 3aMETHOMY yCUJIEHHIO 06e360J11BatoL el
aKTUBHOCTHU. [lo pe3ysibTaTaM NpoBe/leHHbIX UCIIbI-
TaHUU JJis JaJbHeH1lero uccjaeloBaHUs B KayecT-
Be CTPYKTYypbI-IHUJiepa pekoMeHaoBaH N-(4-dTop-
6eH3uJ1)-4-TUJIPOKCU-2-0KCO-1-(2-ntuanoaTmi)-1,2-
JUTHIPOXUHOJINH-3-KapboKcaMu/I.
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B3AMMOJENCTBUE 1-®EHHWJI-5-X/IOP-1H-IIUPA30.1-
4-KAPBOKCAMUJA U 1-OEHUJI-N-®POPMMUJI-5-XJIOP-
1H-IIMPA30J/1-4-KAPBOKCAMU/JA CTUAPASUHTUAPATOM

A.O0.I'ypenko, b.M.XyToBa, C.B.Kirouko, A.H.Bacunenko, B.C.bposaper

UHcTUTYT GUoopraHnyeckor xuMuu U Heptexumur HAH YkpauHbl
02660, r. Kues, yi. Mypmanckas, 1. E-mail: brovarets@bpci.kiev.ua

Kawuesvle caoea: nupasos; nupason-4-kapbokcamud; nupaszon-4-kapb6ozudpasud; 2udpasuraudpam
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Hacmosiwas paboma nocssiuieHa uccriedosaHuro 83aumoodelicmeusi 1-gpeHun-5-xmnop-1H-nupason-4-kapbokcamu-
Oa u 1-gpeHun-N-gpopmus-5-xnop-1H-nupason-4-kapbokcamuda ¢ audpasuHaudpamom ¢ Uesnbio fosy4YeHust rnpo-
U3800HbIX rUpa3osna Kak rnomeHyuarbHbIx buoakmueHbIx seuwjecms. Hamu HallOeHo, Ymo rpu HerpoOoMKUMETbHOM
(~40 muH) kunsiseHuu 1-gpeHurn-5-xnop-1H-nupa3son-4-kapbokcamuda ¢ 2udpaszuHaudpamom obpasyemcsi C 8bl-
xo0om 50% HeussecmHbIU paHee 5-audpasuHur-1-¢peHurn-1H-nupason-4-kapbozudpasud. JansHedwee (~15 4)
KursiyeHue nosy4eHHo20 npodykma ¢ audpal3uHaudpamom HeoxudaHHO rnpusodum K 1-cpeHurn-1H-nupason-4-
Kkapbozudpasudy. PaccmMompeH 8eposimHbIl MexaHUu3M €20 MosyYeHUs], Komopbil eKkrodaem & cebsi dumepu-
3ayuro obpasyrouesocsi NPomMompOonHO20 udomepa ¢ 0OHOBPEMEHHbIM OmMuiensieHUeM MOeKysbl 2udpa3uHa u
rocnedyrowum 3rUMUHUPo8aHuUeM Mornekynbsl azoma. 1-®eHusn-N-gpopmur-5-xnop-1H-nupa3orn-4-kapbokcamud
¢ 2udpasuHaudpamom npu Kuns4eHuUU 8 medeHue 3 4 0aém 5-amuHo-1-gpeHun-1H-nupa3son-4-kapboeudpasud.
CHayana, o4yegudHo, obpasyemcs N-[(5-audpasuHun-1-¢eHun-1H-nupa3son-4-un)kapboHunjghopmamud, Komo-
pbIl yuknudyemcs 8 nupa3sorno|3,4-dj[1,2,3]mpua3uH-4-oH. lMocnedHul npu HazpesaHUU 3UMUHUPYEM MOJeKy-
Jly asoma ¢ obpasosaHUeM peakUUuOHHOCNOCObH020 4-kapboHur-1-¢peHur-4,5-0ueudpo-1H-nupa3son-5-umuHa,
rnpucoeOuUHeHUe K HeMmy a2udpa3uHa npueodum K 5-amuHo-1-¢peHun-1H-nupa3son-4-kapboeudpasudy. Cocmas
8Ccex CUHMe3UpoBaHHbIX sewecms 0oKasaH 3/1eMEHMHbLIM aHau3oM, a CmpoeHue nodmeep>x0eHo npu rnomo-
wu criekmparsnbHbIX Memooos.

INTERACTION OF 5-CHLORO-1-PHENYL-1H-PYRAZOLE-4-CARBOXAMIDE AND 5-CHLORO-N-FORMYL-
1-PHENYL-1H-PYRAZOLE-4-CARBOXAMIDE WITH HYDRAZINE HYDRATE

A.O.Gurenko, B.M.Khytova, S.V.Klyuchko, O.M.Vasilenko, V.S.Brovarets

Key words: pyrazole; pyrazole-4-carboxamide; pyrazole-4-carbohydrazide; hydrazine hydrate

This article represents the research of the interaction of 1-phenyl-5-chloro-1H-pyrazole-4-carboxamide and
1-phenyl-N-formyl-5-chloro-1H-pyrazole-4-carboxamide with hydrazine hydrate in order to get pyrazole deriva-
tives as potential bioactive substances. It has been found that during the short (~40 min) boiling of 1-phenyi-
5-chloro-1H-pyrazole-4-carboxamide with hydrazine hydrate a previously unknown 5-hydrazino-1-phenyl-1H-
pyrazole-4-carbohydrazide with the yield of 50% is formed. The further boiling (~15 h) of the product obtained
with hydrazine hydrate leads unexpectedly to 1-phenyl-1H-pyrazole-4-carbohydrazide. The probable mechanism
of its obtaining, which includes dimerization of the prototropic isomer formed while cleaving the hydrazine mole-
cule and the further elimination of the nitrogen molecule, has been considered. When boiling with hydrazine hydra-
te for 3 hours 1-Phenyl-N-formyl-5-chloro-1H-pyrazole-4-carboxamide gives 5-amino-1-phenyl-1H-pyrazole-4-car-
bohydrazide. At first, obviously, N-[(5-hydrazino-1-phenyl-1H-pyrazol-4-yl) carbonyljformamide is formed with
further cyclization into pyrazole[3,4-d][1,2,3]triazin-4-one. The latter eliminates the nitrogen molecule when heat-
ing with the formation of the reactive 4-carbonyl-1-phenyl-4,5-dihydro-1H-pyrazole-5-imine. Addition of hydra-
zine to it leads to 5-amino-1-phenyl-1H-pyrazole-4-carbohydrazide. The composition of all compounds synthe-
sized has been proven by elemental analysis and the structure has been confirmed by spectroscopic methods.

B3A€EMOAIA 1-PEHII-5-XJIOPO-1H-MIPA30J1-4-KAPEOKCAMIAY | 1-®EHII-N-®OPMIJI1-5-XJ/IOPO-1H-T1I-
PA30J1-4-KAPEOKCAMIAY 3 IQPA3UHIIQPATOM

A.O.l'ypeHko, 5.M.Xymoea, C.B.Knto4ko, O.M.BacuneHko, B.C.Bpoeapeub

Knrovoei cnoea: nipa3son; nipason-4-kapbokcamio; nipason-4-kapboeiopasud; 2idpasuHaiopam

Poboma nipucesidyeHa docnidxeHHto 83aemodii 1-gpeHin-5-xmnopo-1H-nipason-4-kapbokcamidy ma 1-¢peHin-N-gpop-
min-5-xmnopo-1H-nipa3on-4-kapbokcamidy 3 2idpa3uHaiopamom 3 Memor 00epxxaHHs MoXiOHUX ripa3osy sK Mo-
meHUyitiHUx 6ioakmugHuUX pe4yo8uH. Hamu 3HalideHo, wo npu Hempusasiomy (~40 x8) Kun’amiHHi 1-¢gbeHin-5-xm10-
po-1H-nipa3on-4-kapbokcamidy 3 2i@pas3uHzidpamom ymeoptoembcsi 3 sauxodom 50% Hesidomuli paHiwe 5-2i0-
pa3suHin-1-¢perin-1H-nipason-4-kapboeiopasud. lNodansbwe (~15 200) Kun’amiHHS ompumMaHozo Mpodykmy 3 2io-
pasuHziOpamom HecriodieaHo npu3eodums 00 1-¢peHin-1H-nipason-4-kapbozidpasudy. Po3zansHymo (mosipHUl
MexaHi3Mm (1020 ompuMaHHs, KUl ekrrodae 8 cebe dumepu3sauito MPOMOMPONHO20 i30Mepa, WO ymeopHoemb-
CSl, 3 00HOYacHUM 8iOwiensieHHSIM MOMeKynu 2idpa3uHy i HacmyrnHUM eniMiHysaHHsM Monekynu azomy. 1-Oe-
Hin-N-gbopwmin-5-xnopo-1H-nipason-4-kapbokcamiod 3 eidpazuHeiOpamom npu Kun’amiHHi npomsizom 3 200 0ae
5-amiHo-1-gpeHin-1H-nipason-4-kapbozidpasud. Crnoyamky, o4esudHo, ymeoproembcs N-[(5-2i0pa3uHin-1-gpeHin-
1H-nipa3sorn-4-in)kapboHinjgpopmamio, skuli yuknidyemscs 8 nipasonol3,4-dj[1,2,3]mpua3uH-4-oH. OcmaHHil npu
HaepieaHHi eniMiHye MOJeKyy asomy 3 ymeOPeHHsIM peakyiliHo3damHoeao 4-kapboHin-1-¢peHin-4,5-duziopo-
1H-nipason-5-imiHy, npuedHaHHs1 00 Hbo20 2idpa3uHy rpu3sodums o 5-amiHo-1-gpeHin-1H-nipa3on-4-kapbo-
eidpa3udy. Cknad ycix cuHmMe308aHuUX pe4os8uH 008e0eHULl erleMeHMHUM aHani3om, a 6ydosa nidmeepoxeHa 3a
doriomoeoro criekmparnbHux memodis.
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HepaBHo [1] HaMu HailJleHO, YTO NMPHU B3aHUMO-
neiictBum 7-dbenun-3H,4H,7 H-nupaszoo-[3,4-d][1,2,3]
TpUasuH-4-0Ha 1 ¢ THOHUJIXJIOPUAOM B IPUCYTCT-
BUU JuMeTuIdopMamuia obpasyerca 1-denna-N-
dbopmui-5-xao0p-1H-nupaso-4-kapbokcaMu/ 2, Ko-
TOPBIH B pe3ysibTaTe r'MAposun3a 6bl IpeBpalléH B
1-dbenunn-5-xnop-1H-nupasosi-4-kapbokcamuy, 3 (cxe-
Ma 1).

Hacrosiuias pa6oTa nocssiljeHa uccjae;0BaHUI0
B3aUMOIEHUCTBUSA 5-X710pNHUpa3o0/ioB 2 U 3 ¢ ruapa-
3WUHTU/PATOM C LieJIbIO [T0JIy4YeHH HOBBIX IPOU3-
BOJHBIX [TMPa30J1a KaK NOTeHIMaJlbHbIX OMOAKTHUB-
HbIX BelecTB [2-12].

Hamu ycTaHOBJIEHO, YTO IPU HENPOJ0JKUTE I b-
HOM (~40 MUH) kunsg4eHuu 1-peHun-5-xaop-1H-nu-
pasoJi-4-kap6okcamu/ia 3 c TMAPa3UHTUAPATOM 06-
pasyeTcs ¢ BbixooM 50% HeusBecTHbIN paHee 5-TH/-
pasuHuI-1-penunu-1H-nrupaso-4-kapborugpasug 4
(cxema 2). CocTaB U CTpOEHHE ero NOATBEPXKAEHO
pe3y/abTaTaMU 3JIeMEHTHOrO aHa/Iu3a, CIeEKTPaMHU
SAMP 'H u UK. B yactHocTy, cnektp SIMP 'H xapakTe-
pHU3yeTCsl CUHIVIETHBIM CUTHa/IoM npoToHa C-3 nu-
pasoJibHOTO pparmeHTa Mpu 7,92 M. [1., a TAKXKe YIIH-
peHHBIM curHajiom AByx NH, rpynn npu 4,30 m. g,
Curnas npotoHa ¢parmMenTa C(O)NHNH, HaxoauTt-
ca npu 9,54 m. 1., a NHNH, nonazjaet B 06s1acTh cur-
HaJIOB MPOTOHOB peHUIbHOrO0 Kosibla. B UK-cniekT-
pe noJsioca npu 1658 cM! cooTBeTCTBYeT BaJieHT-
HbIM KoJieb6aHusiM C=0 rpymisbl, a noJiockl npy 3164-
3370 cm* - iBym NHNH, pparmenTam.

JanbHelmee (~15 4) kunsyeHue npoaykTa 4 ¢
IU/IPa3suHIUPAaTOM HEOXKU/IAaHHO MPUBOJUT K 5-He-
3aMeleHHOMY nupasosy 5. 06pasoBanue 1-beHu-
1H-nupa3sos-4-kap6orupasnuzia 5 MoXKHO NIpeAcTa-

(0]

NH
¥ socl
Ny ~nN OWF
|
Ph

i i
NHCHO HCI,H,0 NH
I Rl = 2
\'T' Cl \ >
Ph

BUTb Yepe3 NPOTOTPONHBINA U30Mep A, ero AUMepHu-
3anuio 2A—B c oTiensieHMeM rujipa3vuHa U J1ajb-
Helilllee 3JIMMUHUpPOBaHUe MOJIEKYJIbl a30Ta, IpU-
Bo/Jisillee K nupazoy 5 (cxema 3). [logo6Hoe passio-
»KeHHUe rM/Ipa30HOB apoOMaTHUYeCKUX CTPYKTYP NOJ,
JelcTBUEM rUJpasuHrujpaTa onucaHo B JUTepa-
Type [13].

1-®enun-1H-nupaso-4-kapboruapasuzs 5 ymo-
MUHaeTcs B pabortax [14, 15] kak npeKypcop B CUH-
Te3e 6MO0JIOrMYecKH aKTUBHBIX coeJUHeHUH. OjHa-
KO MeTOJ, ero CHHTe3a M KOHCTaHTHI B JIUTepaType
He onucaHsbl. [loaToOMy /11 04HO3HAYHOIO J0Ka3a-
TeJbCTBa CTPOEHUS COeJUHEHHNA 5 NpOBeJieH KOMII-
snekcHbll AMP ananus (NOESY, COSY, HSQC, HMBC).
PesynbTaThl oTHeceHus curHanos H u 1*C npe/cras-
JieHbl Ha PUCYHKe, a IOJIHbIN IepeyeHb HalJeHHbIX
Koppessauui B Tabuaune Hanudue Kpocc-mUKOB B
cnektpax NOESY 8,86<>7,82, COSY 8,86<>8,07, a
Takke B cnektpax HMBC 8,07—118,97; 8,86—118,97;
8,86—139,77 u 7,49—139,77 noATBepKAAOT NpeJ-
JIOXKEHHYI0 CTPYKTYPY COeIMHEHUS 5.

C/eyrolMM 3TanoM Halled paboThl ObLIO UC-
cJefjoBaHUe B3auMojencTBusa 1-¢penunn-N-popmu-
5-xsop-1H-nupasoi-4-kapbokcamuia 2 ¢ ruApas3vuH-
rugpaToM. Okasanoch, YTO IPU KUNIAYEHUH YKa3aH-
HbIX peareHTOB B Te4yeHHe 3 Y OCHOBHBIM NPOJYyK-
TOM peaKLUU sBJseTcsa 5-aMuHo-1-penun-1H-nu-
pasoJi-4-kap6orupasus 6, mosiyueHHbI paHee Apy-
rumu cnocobamu [16-18]. Ha cxeme 4 npejcTraBieH
BEpPOSITHBIM MexaHU3M 006pa30BaHUs CoeJMHEeHU 6.
BsauMogelicTBue 5-xJ1opirpasoia 2 ¢ TuApasuHI U] -
paToM npuBOAUT cHavyasa K N-[(5-ruapasunui-1-ge-
HUJI-1-H-ntmpaszos-4-un)kap6oHui|popmamuny C, Ko-
TOPBIN IUKJIU3YeTCs B Upasoso-[3,4-d][1,2,3]tpu-

l\‘l Cl
Ph
1 2 3
Cxema 1
i i
NHNH NHNH
HNNH,-HO [ | 2 HNNH-HO | 2
3 ——— > N, — = > N
A, 40 MUH "“ NHNH, A 154 ’T‘
Ph 4 Ph 5
Cxema 2
OH NHNH,  NHNH,
P =
[H,NNH. H,0] Nq NHNH, o ! OH HO™S—
N —= N_ NS — _N
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Ta6bnuuya

lNepeyeHb KoppenALunn, HangeHHbIX B CNeKTpax
COSY, NOESY, HSQC, HMBC coepunHeHus 5*

s 'H, & 13C,
' Cosy NOESY HSQC HMBC
9,69 - - - -
118,97,
8,86 8,07 7,82 128,69 139,77
8,07 8,86 - 140,48 118,97
126,94,
7,82 7,49 7,49, 8,86 119,08 119,08
129,69,
749 782,732 | 7,82,732 129,69 139,77
7,32 7,49 7,49 126,94 119,08

* OTHEeCEeHWs! CUrHaNoB CM. Ha puC.

asuH-4-oH 1. [locnegHui Npyu HarpeBaHUU 3JIUMHU-
HUPYeT MOJIEKYJIy a30Ta C MOJIy4YeHUEM peaKI[HOH-
HOCIIOCOOHOrO0 4-Kap6oHuI-1-benun-4,5,-nurugpo-
1H-nupa3zoJ-5-uMmuHa D, npucoeJuHAIOIETO MOJIe-
KyJly TUAPA3HHA, YTO NIPUBOAUT K COeJUHEHUIO 6
(cxema 4). Bo3M0O»XHOCTb 06pa30BaHUs NIPOMEXKY-
To4YHOro npozaykrta D onvcana Hamu panee [19].
CoefiHeHMe 6 TaKKe ObLIO TOJy4YeHO HAMU C BbI-
x0Z1oM 56% HarpeBaHueM 7-¢enun-3H,4H,7 H-nvupaso-
J10[3,4-d][1,2,3] TpuasuH-4-oHa 1 c TUIpasUHTHAPATOM.

3Kcnepu MEHTaJibHaA 4acCTb

HUK-crieKTpbl 3aperucTpupoBaHbl Ha ClIEKTPOMeT-
pe Vertex 70 B Tabsetkax KBr. CnekTpbl AMP 'H u
13C 3anucanbl Ha npu6ope Bruker Avance DRX-500
(500 1 125 MI'y cooTBeTCcTBEHHO) B pacTBope JJMCO-d,,
crtanaapt TMC. dsieMeHTHBIM aHA/IU3 IPOBEZEH B aHa-
JIUTUYECKOH JabopaTopuu MHCTUTYyTa GUOOPTaHU-
yeckod xumuu U Heprexumuu HAH Ykpaunsl. Tem-
nepaTypsl [J1aBJeHUs onpeeseHbl Ha npubope Fi-
sher-Johns. KoHTpoJib 3a X0,0M peaKLMi ¥ YUCTO-
TOU CUHTE3UPOBaHHbIX COEJUHEHUU OCYIECTBJIEH
MeTozoM TCX Ha mutactuHax Silufol UV-254 B cucre-
me CHCl,-MeOH, 10:2.

CnekTpa/ibHbIE XapaKTEPUCTUKHU COeJUHEHUS 6
COOTBETCTBYIOT JINTepaTypHbIM [17].

5-T'napasuami-1-¢penmn-1H-nupa3oa-4-kap6o-
ruapasuj (4). Cmecb 5 MMoJIb coeiMHEHUS 3 KU-
naTuau ¢ 50 Mmousb 98% ruapasuHruapara B Te-
yeHUue 40 MUH, cMecb 0CTaBJIsLIU Ha 12 4 pu 20°C,
BbINABIIMH 0CaZlOK OTPUJIBTPOBLIBAIN U OYHLIAIU
nepeKpUCTa/JIN3aL el U3 aleTOHUTpHUIIa. Beixos -
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Ph p

N—n
161 88/
N
118,97 \
H 969

H 886
N > 128,69
H 139,77 4_/H
7,82
119,08
H H
7,49
129,69
H
7,32 —> HMBC
126,94 ~—7 NOESY

Puc. OcHoBHbIe KOppensALUmMn N OTHECEHNS CUrHanNoB (M.4.)
B cnektpax 'H n *C coeauHeHus 5.

50%. T. ma. - 148-150°C. UK-cnekTp, v, cMml: 3370,
3277,3164 (NHNH,); 1658 (C=0); 1572, 1493, 1283,
925. Cnektp AMP 'H, §, M. 1.: 4,30 1. ¢ (4H, 2 NHNH,);
7,34-7,55 M (6H, 5H Ph, 1H NHNH,); 7,92 ¢ (1H, H-3);
9,54 c (1H, C(O)NHNH,). Haitineno, %: C 51,98; H 5,26;
N 36,03. C,,H,,N.O. Beruucneno, %: C 51,71; H 5,21;
N 36,19.
1-®enna-1H-nupasoa-4-kapéorugpasuf, (5).
CMechb 5 MMoJIb coefMHEHUS 4 KUIATUIU ¢ 50 MMoJIb
98% ruapasuHryipara B TeueHue 15 4, cMechb ocTas-
Js4 Ha 12 4 npu 20°C, BbinaBUIM#M 0cafioK OTOUJIb-
TpOBbIBaJIY, NpoMbiBaiu 10 mu1 H,0, BeicymivMBa/iy B
BaKyyM-3KCHUKaTOpe Ha/Jl MeHTaokcuaoM dpocdopa u
OYHIl[a/IY [lepeKpUcTaLIn3anuel u3 6eHsoJa. Boi-
xo1 - 30%. T. 1. - 175-178°C. Cnektp AMP 'H, §, m. f1.:
4,23 1. ¢ (2H, NHNH,); 7,32-7,82 m (5H, Ph); 8,07 ¢
(1H, H-3); 8,86 c (1H, H-5); 9,69 c (1H, NHNH,). CnexTp
AMP 13C, §, M. 1.: 118.97 (C-4 mupason); 119,08, 126,94,
129,69, 139,77 (C Ph); 128,69 (C-5 nupasoun); 140,48
(C-3 mupasou); 161,88 (C=0). Haitgeno, %: C 59,66;
H 5,03; N 27,40. C,,H,,N,O. Beruucsneno, %: C 59,38;
H 4,99; N 27,43.
5-AMuHO-1-¢penwi-1H-nupa30/1-4-Kapooruza-
pa3uz (6). CMecb 5 MMOJIb COeTUHEHUS 2 KUTISTUIN
¢ 50 mmosb 98% ruapasuHryApaTa B TeueHue 3 4,
cMecCb 0CTaBJIs/IM Ha 12 4 npu 20°C, BhinaBIMi oca-
Jok duabTpoBasy, npoMbiBaiu 10 ma H,0, cymunan
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B BaKyyM-3KCHKaTOpe HaJi TeHTaokcuaoM pocdopa
Y OYMIN/IM IEPEKPUCTALIIM3ALMEN U3 alleTOHUTPU-
Ja. Beixog - 62%. T. ma. - 185-186°C (T. na. - 186-
187°C [16], 183°C [17], 183-184°C [18]). 3T0 ke co-
eJIMHEHHUeE C BbIXOZ0M 56% OBLJIO MOJYYEHO KUIIS-
YyeHHeM 5 MMoJIb UpasoJsioTpruasruHa 1 ¢ 5 mi 98%
rUJpa3uHry/ipara B TedeHue 30 MuH.

JlutepaTtypa
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HccnenoBaHo B3auMogeicTBue 1-beHu-5-xop-
1H-nupasosn-4-kapbokcamuza u ero N-popMuibHOro
aHaJIora ¢ rujipasuHruzparoM. [Ipu aToM 06pasyroT-
csa 1-¢enunsn-1H-nupaszon-4-kapboruipasuj, U 5-aMmu-
Ho-1-peHusn-1H-nupazo-4-kapboruapasui COOTBET-
CTBEHHO.
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MOJE/IIOBAHHA 3D PAPMAKO®OPIB Y MOJIEKYJIAX ITOXIZIHUX
5,7- AUMETWU/I-6-®EHIVIA30-3H-TIA30/10[4,5-b]ITIPUAUH-2-OHY

0.B.KseniHa, T.I.YHa6an, B.B.Orypuos, [.I'Ya6an, .A.T'osnoc

JIbBIBCbKMI HalliOHaJIbHUU MeJUYHUU yHiBepcuTeT iM. [laHnaa [anunbpKkoro
79010, m. JIbBiB, By [lekapcbka, 69. E-mail: olena_klenina@yahoo.com

Karouosi caoea: miazono[4,5-bjnipudun-2-onu; papmarkogopu; eipmyasbHull cKkpuHine; doKiHe;
dokiHeo8i «8id6UMKU na1byie»

lMposedeHi OokiH208i OOCNIOXKEHHST 3 MEIMOK 8CMAaHOBIEHHST MOXIIUBOCMI iH2iby8aHHS1 noxiOHUMU 5, 7-Oumemur-
6-gpeHinazo-3H-miasonof4,5-bjnipuduH-2-oHy akmusHocmi chepmeHmig, 3adisiHUX y pi3HUX cmadisix YUKITOOKCU-
2eHasHoe20 wnsxy memaboriaMy apaxiOoHO8oiI Kucriomu: 08ox i3oghopm yuknookcueeHasu (COX-1 i COX-2) ma
MiKpOCOMHOI npocmaxnaHouH E cuimasu-1 (mPGES-1). byno nposedeHo modentosaHHs1 3D ¢hapmakoghopis y
mornekynax 0ocnidxysaHUX CrOMyK i3 aUKopucmaHHAM memodonoeii «8idbumekie nanbyie» e3aemolit MixX peuer-
mopom ma niezaHOom (Protein-Ligand Interaction Fingerprints — PLIF). Bcma+oeneHi munu i nokarnisauis e3aemo0iti
Y KOMIIeKcax CUHMe308aHUX CriofyK i3 3a3Ha4eHuMu peyenmopamu 0o38ounu nobydysamu mpu- ma 080UEH-
mposi 3D modeni hapmakoghopis y MoneKynax yux pedo8uH, siKi MOEOHYOMb CMepPUYHi ma efieKmpoHHI ernacmu-
e8ocmi ix cmpykmyp, HeobxiOHi Onisi 3abe3rneqyeHHs1 orMuMaribHO20 38’s3y8aHHs 3 bionoaidHUMU MilueHsAMU. AHari3
odepxxaHux ¢hapmakoghopHUx Modenell ekadye Ha (byHKUiOHasbHICMb KOHOEHCO8aHO20 BIiLUKITIYHO20 mia30s1ori-
puduHoeozo ckaghonda, sika 3abesneqyyemscsi cCmepuYHUM PO3MILLEHHSIM amomig xodya 6 00HO20 3 Uux eemepo-
UUKrig y 8i0nosioHuUx chapmakogopHuUx ueHmpax. KoHOeHcoeaHy mia3omomnipuduHO8y 2emepoyUKIIiyHy cucmemy
MOXHa po3arisidamu siK nepcriekmusHull ckaghosid 0511 CmeopeHHsT KoMbiHamopHux bibriiomek nomeHuitiHux 6io-
JI02iY4HO aKmuBHUX PeYO8UH, WO MidmeepdXXyembCs pe3yrismamamu rnposedeHux rnpouedyp 8ipmyanbHO20 CKpU-
HiH2y ma mMo0erto8aHHs (hapMaKkoghOPHUX UEHMPI8 y MOJIeKyiax noxioHux mia3onof4,5-bjnipuduH-2-oHy.

3D PHARMACOPHORE MODELING IN THE MOLECULES OF 5,7-DIMETHYL-6-PHENYLAZO-3H-THIAZO-
LO[4,5-b]PYRIDINE-2-ONE DERIVATIVES

O.V.Klenina, T.I.Chaban, V.V.Ogurtsov, I.G.Chaban, I.Ya.Golos

Key words: thiazolo[4,5-b]pyridines; pharmacophores; virtual screening; docking; protein-ligand interaction fingerprints
Flexible molecular docking studies for 5,7-dimethyl-6-phenylazo-3H-thiazolo[4,5-b]pyridin-2-ones have been performed
with the purpose to reveal their potency as enzymes involved in the arachidonic acid (AA) cascade inhibitors: both cyclo-
oxygenase isoforms (COX-1 and COX-2), and microsomal prostaglandin E synthase-1 (nPGES-1). The protein-ligand
interaction fingerprint (PLIF) tool implemented in MOE software has been used for summarizing the interactions between
ligands and the abovementioned enzymes. Receptor interaction fingerprints have been generated from the docked
poses of the virtual screening hits with COX-1,2 and mPGES-1 active sites coordinates. 3D pharmacophore models
containing two and three points queries as the combination of their structures steric and electronic parameters have been
generated and it provides the affinity and inhibitory activity of the novel compounds towards multiply receptors. The anal-
ysis of the pharmacophore models obtained indicates the functionality of fused bicyclic thiazolopyridine scaffold which
provides the steric placement of at least one of these heterocycles atoms in the respective pharmacophore centres. The
fused thiazolo[4,5-b]pyridine-2-one system may be considered as a promosing scaffold for creating diverse combinato-
rial libraries of potential biologically active substances. The final conclusion has been confirmed by the results of the
virtual screening procedures and pharmacophore centres modeling in molecules of novel thiazolo [4,5-b]pyridine-2-one.

MOLEJIMPOBAHUE 3D »PAPMAKO®OPOB B MOJIEKYIJIAX TPOU3BOAHbIX 5,7-AUMETUII-6-OEHUITIA30-
3H-TUA30J10[4,5-b][TUPUANH-2-OHA

E.B.KneHuHa, T.U.Ya6aH, B.B.Oz2ypuos, WU.I.Yab6aH, U.51.onoc

Knrodeenie cnoea: muasonof4,5-bJnupuduH-2-oHbl; hapmakogopbl; supmyarbHbIU CKPUHUHE; OOKUHE; OOKUH-
208ble «omrneYyamku nanbyes»

lpoeedeHbi AoKuHe08bIe UCCIed08aHUsT, UeNbio KOmopbix 6bl0 YyCmMaHo8UMb 803MOXHOCMb UH2UBUPOBaHUS
rpou3sodHbIMU 5, 7-0umemun-6-gpeHuna3o-3H-mua3sono[4,5-bjnupuduH-2-oHa akmugHocmu ¢hepMeHmMos, Komo-
pble 516190MCcs1 Kamanu3amopamu pa3Hbix cmadull UUKI00KCU2eHa3Ho20 rnymu memabornu3ma apaxudoHo8oU
Kucriomsl: 0beux uzoghopm yuknookcuzeHasbl (COX-1, COX-2) u MukpocomHoU npocmaHnaHOuH E cuHmasbi-1
(mMPGES-1). OcywecmeneHo modenuposaHue 3D chapmakogopos 8 mornekynax uccriedyembix coeduHeHul ¢
ucrionb308aHUeM Memodosio2uU «0mIeYamKos nasnbyes» g3aumodelicmsuli Mexdy peuernmopom U nuzaHoom
(Protein-Ligand Interaction Fingerprints — PLIF). BbisierneHHble muribi U JloKanu3ayusi 83aumodelicmeuli 8 KOMIIIEK-
cax CUHMe308aHHbIX COEOUHEHULU C yKasaHHbIMU peuernmopamu 10360/1uUsuU Mocmpoums mpex- u 08yxueHmposabie
3D modenu ¢hapmakoghopos 8 MosieKyrnax amux 8eu,ecms, KOmopble 06bLEOUHSIFOM CMEPUYECKUE U 3IIEKMPOHHbIE
ceoticmea ux cmpykmyp, Heobxodumble Or1s1 pearnu3auyuu ornmuMarnbHO20 Ces3bI8aHUSsI C BUOT02UYECKUMU MULLIEHST-
Mu. AHanu3 nosy4yeHHbIX ghapmakoghopHbIX Modenel yKa3bleaem Ha (OyHKUUOHarbHOCMb KOHOeHCUpo8aHHo20 bu-
UuKIu4eckoeo ckaghornda, komopasi obecriequgaemcsi Cmepu4ecKUM pPacrionoXeHUeM amomMos o MeHbLWel Mepe
00HO20 U3 yKa3aHHbIX 2eMepPOLUUKII08 8 COOMeemcmeyrujux chapmakoghopHbix ueHmpax. KoHOeHcuposaHHYyo
mua3sosnonupulOuUHOBYH 2eMEePOYUUKITUYECKYIO CUCMEMY MOXHO paccMampueamb KaK rnepcrnekmusHsili ckaghond
0nis1 co30aHusi KoMbUHamopHbIx bubnuomek nomeHyuanbHbIX 6UOI02UYECKU aKMUBHbIX 8ewecms, nodmeepx-
OeHueM yeMy S18rsIiomcsi pesyibmamsl npoeedeHHbIX npouedyp eupmyasbHO20 CKPUHUH2a U MOOenuposaHusi
ghapmMaKoghopHbIX UEHMPOB 8 MOsIEeKyrax rnpou3eo0HbIX mua3osof4,5-bJnupuduH-2-oHy.
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Cy4acHi MeToJ1 KOMII'FOTEPHOT'0 MOJIEKYJ/ISIPHO-
ro MO/IeJIIOBaHHS € HEBiZ'€EMHOI0 YacTHHOIO QyHA-
MeHTaJIbHUX JO0CJIi/KeHb, CIPAMOBAaHUX Ha BUBYEH-
HsI MOJIEKYJIIPHUX MeXaHi3MiB pyHKI[iOHyBaHHs 6io-
JIOTIYHMX HAHOCHUCTEM, IPUKJIaJIHUM aClIEKTOM SAKHUX
€ BUKOPUCTaHHS BCTAaHOBJIEHUX 3aKOHOMIpHOCTeN
y palioHaJIbHOMY AM3alHi HOBUX JIiIKapCbKHX 3aC0-
6iB. OCHOBHMMM HaMpsIMKaMU in silico focaigxeHb,
sIKi Ha TenepillHil Yac MUPOKO BUKOPUCTOBYIOThCS
y Apar-Au3aiidi, € onTuMisallisi CTPYKTYPH «CIOJY-
KU-Jliiepa», BipTyaJlbHUW CKPUHIHT, SKUH J03BOJISIE
BU3HAUYUTH adiHITET COJIYK /10 TeBHOI GioJsiorigyHoi
MilleHi Ta 34iACHUTH BiAbip CONYK, A5 IKUX CIIO-
CTepiraTHMeThCs IEBHUM BUJ, 6i0/I0riYHOI aKTUBHO-
CTi, MOZie/IIOBaHHS 3B’sI3yBaHHs JliraH/j-MillleHb, TpU
SIKOMY BpPaxoOBY€eTbCS creljuiuHiCTb B3aEMO/Iil HU3b-
KOMOJIEKYJISIPHOI XiMIYHOI CIIOJIYKH i3 BiATOBiZHOIO
MimeHHmo [1, 2].

KoH/ieHCOBaHI reTepolMKJIiYHi CUCTEMH Ta iX MO-
XiJ{HI € IEPCIeKTUBHUMH «CTPYKTYPHUMH GJIOKAMU»
B KOMOiHATOPHOMY CHHTE3i HOBUX 6i0JIOTi4YHO aKTHB-
HUX peyoBHH. 30KpeMa, Tiazoso[4,5-b|nipuguHu gk
6ioizocTepu NypUHY € BAXKJIUBUM TUIIOM reTePOIUK-
JIIYHUX CUCTEM, IHTEHCUBHE JOCIiPKeHHA AKUX 3Y-
MOBJIEHE K IIUPOKUM JlianazoHoM ix GiosioriuHoi
aKTUBHOCTI [3-12], TaKk i CHHTETUYHUMH MOKJIUBO-
cTaAMHU AJ1d GyHKIioHasi3aril moxijHUX 3a pi3HUMU
MOJIO’KEHHSIMU 6a30BOTO [IUKJTY.

06'ekTaMu OC/TiPKEHD Y AaHik po6oTi 6ys10 36 1mo-
XigHUX 5,7-numMeTun-6-¢deHinazo-3H-Tiazoso[4,5-b]
nipuauny [3, 7, 13], MoaudikoBaHuX 3a TPeTiM MoO-
JIOXKeHHSAM Tia30/1iJUHOBOTO UKAY (pHc. 1).

3rifiHo 3 pe3y/nbTaTaMu GpapMaKoJIOTiYHOTO CKPU-
HIHTYy aHTUEKCY/JaTUBHOI aKTUBHOCTI CHHTE30BaHUX
pedoBUH [14] AJisg 3HAUHOI YACTUHU CHOJIYK 3a3Ha-
YyeHUU eeKT € eKBiBaJIeHTHUM edeKTy eTaIOHHUX
JIIKapCbKUX 3aC006iB — BOJIbTapeHy, 6y TalioHy Ta iby-
npodeHy. 30kpeMa 6yJs10 BCTAHOBJIEHO, 1[0 TOKa3HUK
NpUTHiYeHHd 3anaJabHOI peakuii cnosykamu 4-7, 21,
25, 26, 32-34 kosuBaeThcsAd B Mexkax 40-50%. [po-
TH3ala/ibHa aKTUBHICTb pAZly CHHTE30BaHUX CIIO-
JIYK € HWKYOIO0 MTOPIBHAHO 3 €TaJIOHHUMU Npemnapa-
TaMU 3 NIOKa3HUKAaMU NPUTHIYeHHd 3alaJbHOiI pe-
akuii B Mexax 12-39%. [IpoTe aHTHEKCYLATUBHA aK-
THUBHICTb HU3KHU pe40BUH (cnoayku 1-3,29, 35-37)
nepesuiye 50% (puc. 2).

HC /R N-Ar
Ne [ N
Hng N = S)ko
HyC H,C o
19 0-18

R =H, K, CH,CHCN, C3Hs,
C3Hj, i-C3H,, CsHyy, i-CsHyy, CoH,Cl

Puc. 1. CTpykTypu noxigHux Tiasono[4,5-b]nipnanHy.

Ar = C(Hs, 2-NO,-C4H,, 3-NO,-C4H,, R = OC,Hs, NHNH,
4-NO,-C H,, 4-CH-CiH,,
2-OH-C,H,, 3-OH-C/H,
3-NH,-C;H,, 4-C,H,-CH

MeToro faHol po60TH 6YyJI0 TOCTIPKEHHS MeXa-
Hi3MiB Ail CUHTe30BaHUX PEYOBHUH HA KJIITUHHOMY
Ta CyOKIITUHHOMY PiBHSAX i3 BUKOPUCTAHHSIM Me-
TOZIB BipTYaJIbHOT'O CKPUHIHTY 3 NOJaJIbILIMM BUSB-
JleHHSIM ¢papMakoPOpPHHUX LEHTPIB ¥ ix MoIeKyIax
Ta no6yzaosa 3D Mojiesielt papmakodopiB, 1110 3a6e3-
NeYyoThb 3B’1I3yBaHHs JIiran/iB i3 6io/IoriYHUMU Mi-
LIEHSMU.

1. NlokiHroBi gocnig>xeHHsA

BcTaHOBJIEHHA MOXJIMBOCTI IPUTHIYEHHS CHUH-
Te3y NpoCcTarylaH/MHIB OXiJHUMHU 5,7-AUMeTUI-6-
¢deninazo-3H-tiazos10[4,5-b]|nipuAnH-2-0Hy LIJISXOM
iHri6yBaHHS HUMU aKTUBHOCTI GepMeHTIB, 3a/liTHHUX
y PI3HUX CTafiAX NUKJIOOKCUTEHA3HOI0 LJIAXY Me-
TaboJsizMy apaxigonoBoi kuciaotu: COX-1, COX-2 i
mPGES-1 [15-20] 6ysi0 3/1iliCHEHO 3 BUKOPUCTAHHAM
nporpamMHoro nakety Molecular Operating Environ-
ment (MOE) [21]. 151 BOKIHTOBUX AOCTi>KEHb OY/IH
BUKOPHUCTaHi KpuctajorpadiyHi CTpyKTypHi Mojeni
3 BUCOKOI0 PO3/TbHOI0 3/1aTHICTIO 3 Protein Data Bank:
COX-1 y koMILIEKCI 3 A-MeTUI-4-audeHinaleTaTHO0
kuciaotow (pdb code 1Q4G) [22], COX-2, ciBKpHC-
TaJlizoBaHoi 3 HanpokceHoM (pdb code 3NT1) [23]
Ta mPGES-1 y kommiekci 3 riytaTtionoM (pdb code
4AL0) [24].

[lepen moyaTKkoM NpoBe/ieHHs NPOLEeAYyPH OKiH-
ry /i1 36 CHHTEe30BaHHUX CIOJYK 6YJI0 CTBOPEHO 6a-
3y KOoH$OpMeDIB 3a JONOMOT0r CUCTEMATUYHOT'0 KOH-
dbopmaniiiHOro NoumyKy, SKUi 4,03B0JISIE BCTAHOBJIIO-
BaTH KOOPAMHATH aTOMiB IPAaKTUYHO B YCiX JIOKaJIb-
HUX MiHIMyMax Ha [I0BEpPXHi IOTeHLiaJIbHOI eHepril
MOJIeKYJI. 3aCTOCYBaHHs NPOLelypy CUCTEMaTUYHO-
ro KoH$OpPMaLilHOTro NOIIYKY TaK0X € BUIIpaB/a-
HOIO0 3 OTVISIAY Ha Te, 1110 6a30Ba reTepoOLUKJIiYHA CH-
CTeMa CUHTEe30BaHUX CIOJIYK € XKOPCTKOIO, a KiJib-
KICTb JUTiApaibHI KyTH, BeJIUYMHU AKUX MOXKYTb 3Mi-
HIOBATHUCS], 3a/1€2KUTh BUKJIIOYHO BiJ IPUPOJH 3aMic-
HUKIB B 3-My N0JIO;KEHHI Tia30J10NipUAMHOBOrO Apa.
Minimizanis eHeprii Bcix oTpuMaHux kKoH$OpPMEpPIB
3JiiCHIOBaIach 3 BUKOPUCTAHHAM CUJIOBOTO MOJIA
MMFF94x i 3ynuHAaca Npy JOCATHEHHI KOpeHeM
cepesHbOKBaApaTu4yHoOro rpagienTta (RMS gradient)
3HaueHHs, MeH11oro Big 0,01 npy BCTaHOBJIEHIH KiJb-
KOCTi MpoBeIeHuX iTepanii He 6isbiie 200. Kondop-
MEepH, 3HAYEeHHS eHepril AKUX NepeBULLyBaJo MiHi-

R

H,C NH—N=
N /_< 3 N /N j
NN O HCGNG I YN o Arl
__~o = S)QO
B, S H,C 21-37
19-20

Arl =4-NO,-C¢H,, 3-NO,-CH,, 4-Br-CH,,
3-OMe-4-OH-C(H,, 4-F-C(H,, 2-OH-5-CI-C H,,
4-(CH,),N-C¢H,, 3,4-(OMe),-CH,, 4-CI-C H,,
3-OEt-4-OH-C H,, 2-COOH-C(H,, 2-CI-C H,
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Puc. 2. Pe3ynbstaTv BUBYEHHSI aHTUEKCYAATUBHOI aKTUBHOCTI CUHTE30BaHMX COmyK.

MaJsibHe 3Hal/ieHe 3HaueHHs eHepril [iJi AaHoi cro-
JIyKH Oi/ibllle, HiXK HA 7 KKaJ1/MOJib, BUKJIIOUAJIHCS 3
6a3u siK eHepreTUYHO HeBUTiAHI. TaKUM YMHOM 6yJ10
cbopmoBaHo 6a3y 3 2545 koHdopmepiB AJs 36 Ao-
CJIIIPKyBaHUX CIIOJYK.

[lonepesHs onTUMi3alisi CTPYKTypH peLenTopiB
BKJIIOYaJ1a 06YHC/IeHHs YaCcTKOBHUX 3apsi/iiB Ha aTo-
Max Ta npoueaypy 3D npotoHyBaHHA npu pH=74,
MEeTOI0 IKOi € BCTaHOBJIEHHA Ta BUIIPaBJIEHHS CTa-
Hy ioHi3anii KUCJIOTHUX i OCHOBHHUX PpYHKILiIOHAb-
HUX TPyl y CKJIaJi 3aJIMIIKIB IEBHUX aMiHOKHUCJIOT,
a TaKOX MOJIOXKEHHA aToMiB ['iAporeny y cTpykTypi
MaKpoMoJieKyid nentuay. Ilicas yboro 6yso npose-
JeHO OCTaTOYHY rpaZliEHTHY MiHiMi3allito eHeprii i3
HakJaJlaHHAM cuyioBoro noJssgs AMBER99 no gocsr-
HeHHs RMS rpagienTom 3HadeHHs 0,01.

Bys10 npoBeneHo npoLeypy THy4KOro MOJIEKY-
JIIPHOTO JOKIHTY oJlep:kaHoi 6a3u KoHPOpMeDiB Jii-
raH/iB [10 3a3HaYeHUX PelleNTOPiB, siKa epesbayae
MOXX/IUBICTb KOHQIpMaLitHUX 3MiH ¥ CTPyKTypax aMi-
HOKHCJIOTHUX 3aJIMILIKIB B aKTHBHUX LIEHTPaXx peLen-
TOpiB. 3a pe3y/ibTaTaMHu IPOBEJLEHOT0 MOJIEKYJISP-
HOT'O ZIOKIHTY 6yJ11 064K C/IeHi BEIMYUHUA YOTUPbOX

COoX-1

Diclofenac

Cnonyka

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37

ckopuHroBux ¢yHkuiit (Affinity dG, Alpha HB, Lon-
don dG GBVI/WSA dG), Be1MYHHU SIKUX [J03BOJISIOTh
OI[iHIOBATH CTiMKICTh KOMILJIIEKCIB, yTBOPEHUX MiXK
JiraHZjaMu Ta BiAIOBIAHUMU peLienITopaMy, i npo-
FHO3yBaTH 34aTHICTb CHHTE30BaHUX PEYOBUH iHTi-
OyBaTH KaTaJiTUUHY aKTUBHICTb pepMeHTIB.

3HavyeHHsI po3paxOBaHUX CKOPUHTOBUX QyHKIIN
JLJ11 KOMILJIEKCIB, yTBOPEHHUX MOJIEKY/IAMHU CUHTE30-
BaHUX pe4yoBUH Ta pernentopamu COX-1 i COX-2, cBig-
YaThb PO MOXKJIUBICTb NPOSABY CHHTE30BaHUMHU pe-
YOBHWHAMH iHTiGITOPHOI aKTHUBHOCTI BiTHOCHO 060X
i30popM LMKI00KCHUTeHa3H, KA IPOSABJISETHCS He-
cesieKTUBHO. CJIiJ| 3a3HaYUTH, 1110 BeJIMYUHU CKOPUH-
rosoi ¢pyHkiii London dG (puc. 3), j0 BU3HAYaOTh
BiJIbHY eHeprilo 3B’s1I3yBaHHs, MalOTh 3arajioM BHIIL
abCoJII0THI 3HaYeHHS Y BUNIA/IKYy KOMILJIEKCIB A,0CTi-
JKyBaHUX pedyoBUH 3 COX-2, 1m0 CBiAYMTH PO BULLY
TEepMOJMHaMiYHy HMOBIpHiCTh NTpPOABY iHTi6GiTOPHOI
AKTHUBHOCTI JOC/IIPKYBaHUX PEYOBUH 110 BiIHOLIEH-
HIO caMe Jio 1jiei isopopmu COX.

CniBcTaB/IeHHS BEJIMYMH CKOPUHTOBOI QyHKIII
London dG Ta aHTHEKCYJaTHUBHOI aKTUBHOCTI CHH-
Te30BaHUX CIOJIYK J03BOJINJIO BCTAHOBUTH, 110 JJ14

COX-2
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Puc. 3. BenuumHu ckopurHrosoi dpyHkuii London dG ans komnnekcis, yTBOpEeHNX MoneKynamm cuHTesoBaHux peqosuH 3 COX-1 i COX-2.
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Puc. 4. Cynepnosuuisi 2-(1,1’-audeHin-4-in)nponioHoBoi kucnoTu (3eneHa) Ta cnonyku 7 (by3koBa) B akTuBHOMY LieHTpi COX-1 (a);
Cynepnosuuisi HanNpoKceHy (3eneHuit) Ta cnonyku 7 (byskosa) B akTuBHOMY LieHTpi COX-2 (6).

BUCOKOAaKTUBHHUX PEYOBUH, IOKAa3HUKU NPUTHIYEH-
Hsl 3aMajibHOI peakuii A1 AKUX nepeBUILy0Tb 50%,
CIIOCTepIiraeThCA KopeJdllig MK eKCllepUMeHTallb-
HOIO Ta PO3PaxOBaHO aKTHUBHICTIO i3 3Ha4E€HHAMU
koedinienTiB napHoi kopessii 0,70 i 0,59 g COX-1
i COX-2, BigmoBigHO.

AHai3 reoMeTpUYHOI O pO3TalllyBaHHA MOJIEKY/I
CHHTE30BaHUX PEYOBHH B aKTUBHHUX LleHTpax COX-1
i COX-2, TumiB 3B’13yBaHHA Ta 3a/JMILIKIiB aMiHOKUC-
JIOT GiYHUX JIaHLIIOTiB MaKpOMOJIeKYJ NEeNTUAIB, AKi
yTBOPIOIOTH 3B’AA3KH 3 JliraHAaMH, 103B0OJIsI€E BCTAHO-
BUTH, 1[0 MOJIEKYJIN BCiX 4OCIP)KYBaHUX PEYOBUH
YTBOPIOKTh KOMILJIEKCH 3 060Ma i3odopmamu COX
3a paxyHOK OZJHOTO ab0 JleKiJIbKOX BOJJHEBUX 3B’s13-
kiB Mik Arg120 i Tyr355 Ta aToMaMu MoJieKy1 Jii-
rasfis, o € H-aknentopamu (ZoHOpaMu eJIeKTPOH-
HOI mapu), IpUYOMYy y iepeBaKHil 6i1bII0CTi BUNIAL-
KiB OJHUM i3 Takux aTOMiB € aToM HiTporeHny nipu-
JAUHOBOTO TeTepOoLMKILY, X04a AJid AeKiJIbKOX CIo-
JIyK YTBOPEHHS TaKOIo 3B’A3KY BiZj0yBa€ThCcA 3a pa-
xyHOK aToMiB HiTporeny ¢eninazorpynu a6o ato-
MiB OKcUreHy Tia30J1iJMHOBOr0 reTepOLUKIIY i alleT-
amigHoro ¢parmeHTa (puc. 4). Y koMiiekcax, yTBo-
pEeHUX MOJIeKyJIaMH CUHTe30BaHUX pe4oBUH 3 COX-2,
crocTtepiraetbcs 36i/blIEeHHS KiJIbKOCTI B3aEMOAiH

pi3HUX TUIIB, 30KpeMa YTBOPEHHA m-KaTiOHHOI B3a-
emozii Arg120 3 Tia30/1iJMUHOBUM reTepPOLUKJIOM.

TakuM 4MHOM, pe3yabTaTH NPOBEJEeHOr0 THy4-
KOTr'0 MOJIEKYJIAPHOIO JOKIHIY MOXiAHUX Tia30JI01Ii-
puauny fo COX-1iCOX-2 cBigyaTh Npo MOXKJIUBICTh
YTBOPEHHS M)k HUMHU CTiHKUX KOMILJIEKCIB, ¥ IKUX
pO3MillleHHS JliraH/ZiB B aKTUBHOMY LIEHTPI peLen-
TOpa Ta 3/IMIIKU aMiHOKHCI0T GiYHUX JIAHIJIOTIB, 110
6epyThb y4acTb B YTBOPEHHI HEKOBaJIEHTHUX 3B’f13-
KiB, € aHaJIOTIYHUMMU 10 TeoMeTpil Ta TUMAaX 3B’A3y-
BaHHS KJACUYHUX HECTEePOiAHUX MPOTU3aNaJbHUX
3acobiB.

BennunHU CKOPUHTOBUX QYHKIIiHM, 064YHCIeHI B
pe3y/IbTaTi IpoBeJileHHA MOJIEKY/IAPHOIO JOKIHTY I10-
xigHux TiazosnonipuauHy no mPGES-1 (puc. 5a), Ta-
KOX CBiZj4aTh NP0 TepMOAUHAMIYHYy HMOBIpHICTh Ta
eHepreTUYHY CIPUATIAUBICTL yTBOPEHHSA KOMILJIEK-
CiB MK MOJIEKYJIaMHM JOCJIiJKyBaHUX PEYOBUH Ta 3a-
3HAaUYEHUM PeLienTOPOM.

[Ipu aHai3i TUMIB 3B’s1I3yBaHHS Ta 3aJIUIIKIB ami-
HOKHUCJIOT akTUBHOro ueHTpy mPGES-1, aki yTBO-
PIOIOTh 3B’SI3KH 3 JliraHJaMH, 0C06JIMBY yBary 6yJio
npupineno Argl26 i Ser127, ski, iMoBipHO, 6epyTb
y4acThb y MexaHi3Mi KaTaliTu4yHol isomepusanii PGH2
Jio PGE2. [lepeBakHa 6iJbIICTh CHHTE30BaHUX CIIO-

M mPGES-1 E
12 45 6 7 8 910 11 121314 1516 1718 19 20 21 2223 24 25 26 27 28 29 30 31 32 33 34 3536 37 gg
L
I
i
Ll
-8,000
-10,000
-12,000
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Puc. 5. BennumHu ckopuHrosoi dpyHkuii London dG ans komnnekcis, yTBOPEHNX MOMEKynaMmm CMHTe30BaHUX pe4oBuH 3 mMPGES-1 (a);
Cynepnosuuis rmyTaTioHy (3eneHuin) Ta cnonyku 7 (6yskosa) B akTuBHoMy LieHTpi MPGES-1 (6).
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Puc. 6. «lUTpux-kogn» BioOWTKIB NanbLiB, N06ya0BaHiI A1 KOMMMEKCIB EHEPreTUYHO CNPUATIIMBUX KOHPOPMALIHUX NONOXEHb

AocnigpKyBaHMx peyqoBuH 3 peuentopamm COX-1 (a) i COX-2 (6).

JIYK yTBOPIOE BO/HEBI 3B’A3KU 3 peLleITOPOM 3a pa-
XYHOK H-akuenTopHux BjiacTUBOCTEN aTOMiB OKcu-
reHy Tia30JIiJUHOBOTO reTePOLUKJIY, alleTaMi/IHO-
ro ¢pparmMeHTy a6o atoMiB OKCUreHy HIiTpPOrpynH i3
3anumkaMu Argl26 i Ser127 a6o iHmux aMiHOKHC-
JIOT aKTUBHOTO LeHTpy penenTtopa (Tyr130, Arg73,
Tyr117) (puc. 56). BoagHeBi 3B’13KHU 3 BiAinoBiAHU-
MU aMiHOKHUCJIOTHUMU 3a/IMIIKAMU MOJIEKYJI JliraH-
JiB MOXKYTb yTBOPHOBATUCh TAKOX 3a y4acTi aTOMiB
HitporeHy aueramigHoro ¢parmMeHTa abo rigpasu-
Hoi rpynu. [Ipy LbOMy HaBiTb fIKIL0 aTOMHU 6a30BO-
ro ckadoJsija He 6epyThb y4acTi B yTBOPeHHI BoJiHe-
BUX 3B’sI3KiB, KOMIIJIEKCH CTabiIi3y0ThCA 3a paxy-
HOK 7-H B3aeMoii Mix TiazoniguHoBUM abo mipu-
JUHOBUM IMKJaamu i Ser127 a6o Tyr130.

TakuM 4MHOM, pe3yJIbTaTH IPOBeLEeHOr0 FHY4YKO-
r'o MOJIEKYJIIPHOTO JIOKiHTY MOXi/IHUX Tia30J10[4,5-b]
nipuAuH-2-oHy 10 mPGES-1 BKa3yoTb Ha MOXJIU-
BiCTb YTBOPEHHS MiXK HUMU CTIMKUX KOMILJIEKCIB, Y
SIKUX /151 IlepeBaKHOI OGL/IBLIOCTI CHHTE30BaHUX CIIO-
JIYK 3B’sI3yBaHHSA Mix JliraHZjoM i perjenTopoM Bij-
OyBa€ETHCS 32 y4acTi aTOMiB 6a30BOr0 reTEPOLUKIY.
2. MopentoBaHHsa 3D ¢papmakodopis

Yy MoJsieKynax noxigHux
Tiazono[4,5-bInipnanH-2-oHy

TepMin «dpapmakodop» 6ysi0 Briepiie 3aCTOCOBaA-
Ho [1.Epsixom y 1909 p. [25]. Bisibii TouHe BU3HAYEH-
H{ 1IbOT0 TEPMiHY 3TifiHO 3 popmysnroBaHHAM [UPAC
xapakTepusye papMakodop K NOELHAHHSA CTEPUY-
HUX Ta eJIEKTPOHHUX BJIACTUBOCTEHN, HEOOXiAHUX A1
3abe3neyeHHs ONTUMaJIbHOI MiXXMOJIEKY/ISIPHOI He-
KOBaJIEHTHOI B3aEMO/Iii CITOJIYKH i3 crienudivyHor0 6io-
JIOTIYHOI0 MillleHHI0, IKa IPU3BOJUTD 10 iHTi6yBaH-
Hs a60 6JI0KyBaHHH ii 6iosiorivHuX GYyHKIIHN [26].

Y naHiil po6oTi MU poBeJid MoZe/toBaHHS 3D
dapmakodopiB y MosieKysaxX 36 CHHTE30BaHHUX CIIO-
JIYK 13 BUKOPHUCTAHHSM METO/0JIOTii «BiZIOGUTKIB MaJib-
1[iB» B3aEMO/ill Mix pelienTopoM Ta jiranaom (Pro-
tein-Ligand Interaction Fingerprints - PLIF) [27] 3a
Jonomoror nporpamMHoro nakety MOE. g meTozo-
JIOTisl € IHCTPYMEHTOM /IS y3arajbHeHHs iHpopma-
Lii PO TUIM B3aEMOZIN MixK JIiraHA,0M i IPOTEIHOM.
Y nporpamHomy naketi MOE BpaxoByIOTbCs 6 TUIIIB
TaKHX B3aEMOJiH: BOAHEBI 3B’I3KH1 Mi>K aMiHOKHCJIOT-
HUM 3aJIMLIKOM GIYHOrO JIaHI[Iora Ta akLienTopoM abo
64

JIOHOPOM MPOTOHY JIiraHy; BOJHEBI 3B’A3KH, YTBO-
peHi aToMaMy OCHOBHOTIO JIAaHLIOTA MeNTUAY Ta aK-
L[eMTopoM abo JOHOPOM MPOTOHY JliraH/ia; ioHHi B3ae-
MoZii; KoHTakTHIi (moBepxHeBi) B3aemogii. Lli Tunu
B3aEMO/Ii rPyNyIOThCs 3a/1€KHO BiJj TUIY aMiHOKHC-
JIOTHOTO 3aJIMLIKY, 1110 IX yTBOPIOE («BiOMTKA Masib-
1s1»). TakMUM YUHOM, cCxeMa «BiIOGUTKIB MaJbLiB» €
¢dopmoro 1D npeacraBneHHs 3D CTPYKTYp KOMILJIEK-
CiB MiXK JIiFaH/I0OM i pellenTOpOM, BCTAHOBJIEHUX B pe-
3yJIbTATi IPOBeEHOI IPoLelypH BipTyaJIbHOTO CKpU-
HIHTY Ta BUsIBJIeHHs adiHiTeTy JOoCIiKyBaHUX CIIO-
JIYK J10 BiATIOBiAHOTO pEepMEHTY.

BcTaHOBJIEHHSI aMiHOKUCJIOTHUX 3a/IMLIKIB 6i4-
HUX JIAHIIIOTIB MPOTEiHIB, 3 AKUMU HAlb6i/bIIA Kib-
KiCTb eHepreTUYHO CIPUATIAUBUX KOHPOPMALiTHHX
[I0JIO’KEHb MOJIEKYJI OCJIi>KYBaHUX PEYOBHH YTBO-
PIOIOTb B3a€EMO/|I pi3HUX THUIIIB, 6YJ10 3AiMCHEHO 1LLJISI-
XOM N06YI0BU «IITPUX-KOLiB» («Barcodes») Big6uT-
KiB NaJIbLiB JJi1 KOMILJIEKCIB JOCTIP)KYBAaHUX pedo-
BUH 3 BifjnoBigHUM penienTopoM. Kputepiem eHep-
FeTUYHO CIPUAT/IMBOrO PO3TalllyBaHHSA 1EBHOI KOH-
dopmauii iraH/ia B akTUBHOMY LleHTpi pepmeHTa
6y/10 BUOGpPAHO BEJTMYHMHY CKOPUHTOBOI PpyHKIii Af-
finity dG < - 4. «llITpux-KoJ» € MaTPUYHUM 306pa-
>KeHHSM BiJIOUTKIB NaJbliB, y SKOMY KOXXEH CTOBII-
YUK BiANIOBila€ yTBOPEHIM B3aEMO/il IEBHOTO TUILY
(bit) i3 BiMOBiIHUM 3aJIMIIKOM aMiHOKHC/IOTH, KOIAH
aMiHOKHMCJIOTHUX 3aJIMLIKIB [T03Ha4YeHi Ha oci x. Ko-
YKEH PAJIOK Y «IITPUX-KO/i» MO3HAYAE aKTUBHE KOH-
dbopmMariifiHe noI0>KeHHS JiraH/1y, 1110 YTBOPIOE B3a€E-
MOJIil0 3 BiANOBiJHUM aMiHOKMCJAOTHHUM 3aJIUIIKOM.

Haii6inbina KibKicTb KOMIIEKCIB Mi2K MOJIEKY-
JIaMU JI0CJTi/IPDKyBaHUX PEYOBUH Ta JiBoMa i3odpopma-
MU COX yTBOpeHa 3a y4acTi 3aJIMIIKIB aMiHOKUCJIOT
Arg83, 11e89, Arg120, Tyr355 i Ser530 6i4yHUX JaHILO-
riB COX-1 (puc. 6a) Ta Lys83, Tyr115, Arg120, Tyr355
i Ser530 6iuHux sanuorie COX-2 (puc. 66). Bci ami-
HOKHCJIOTHI 3a/IMILKH MOXYTb 6PaTH y4acThb B yTBO-
pPEeHHIi AeKiJbKOX TUIIB B3aEMO/iil (YTBOpEHHS BOJ-
HEeBOTO 3B’s13KY 3 H-ak1jenTopoM, KOHTaKTHa B3aEMO-
Jis1, Hal4acriwe rizpodo6Ha), 3a BUHATKOM [1€89.

BcTaHOBJIEHI HAa OCHOBI «IITPUX-KOAiB» BiIOUT-
KiB NaJsbLiB TUMY i JloKaJi3alil B3aEMoOAiN y KOMII-
JieKcaX CHHTEe30BaHUX CII0JIYK 3 /IBoMa i3odopMamu
COX mosBoanau nobyaysatu 3D mogeni papmako-
dopiB y MoJieKysiax AOCi[>KYBaHUX pe4oBUH. [106y-
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Puc. 7. TpuueHTposi 3D chapmakodopHi mogeni 4na monekyn noxigHux Tiazono[4,5-b]-nipnamH-2-oHy

y komnnekcax 3 COX-1 (a) i COX-2 (6).

JnoBaHi ¢papmakodopHi 3D Mogeni (puc. 7) ckaaaa-
I0ThCs 3 3-X papmMakoPOpPHUX I[eHTPIB: BOX 06.J1ac-
TeH, Yy SIKUX PO3TallOBYIOTbCA TifpodobHi aToMU
nirangis (HydA) 3 pagiycamu 2,922 812,952 A (g1a
COX-1)Ta 2,480 Ai2,953 A (na1s1 COX-2), a Takox 061a-
cti po3ramyBaHHs H-aknenTopa (goHopa eneKkTpoH-
HOI [MapH) TPy yTBOPEeHHI BOAHEBUX 3B’s13KiB (Acc) 3
paziycom 2,579 A (COX-1) a6o 2,860 A (COX-2). Bia-
ctaHi Mix rigpopobHuMU papMakobOpHUMU 1eH-
TpaMu CTAaHOBJATH 4,11 Ai 6,73 10\, a BigcTaHi Mix
H-akuenTopHUM i IBOMA riApoPOOHUMHU LeHTPaMU
craHoBasATh 2,57 A 16,05 ATa2,324i5,75 A IS
COX-11i COX-2, BixmoBigHoO.

Jis 6inbioCTi ocaimkyBaHux ciosyk H-akuen-
TOpPHUM LIeHTp papMakodopa HaKJIaJAETbCA HA aTo-
MU HiTporeHy nipyuiHHOBOIr0o reTepoLUK.Iy abo rij-
pasuiHoi rpynu a6o atoM OKCUTeHy alleTaMiTHOTO
¢parmenTa (puc. 8). TigpodobHNMH LIEHTpaMu Yy MO-
JIeKyJlaX CHHTe30BaHUX PeYOBHUH MOXYTb BUCTYIa-
TH aToMH Kap6oHy MeTUJIBHUX TPy ¥ 5-My a60 7-My
N0JIOXKEHHSAX MipUIMHOBOI0 reTEPOLUKJIY, aToMu Kap-
60Hy a6o Cyabdypy y ckajli KOHAEHCOBAaHOIO re-
TepouukJaiyHoro ckadosaa ta atoM Kapoony, 3'ea-
HaHui# 3 HiTporeHom y 3-My noJioxkeHHi Tiazonigu-
HOBOTO [[UKJIY.

[IpoTe oTpumaHi TpuleHTPOBI papMakodopHi Mo-
JleJli KOpeKTHO ONMUCYIOTh aKTHUBHI MOJIOXKEeHHSI JIU-
me 16 crnosyk (absolute hits) (44,44%) 3 36 mocai-
JPKYBAaHUX 0€3 10/IaTKOBUX CTEPUYHHUX MoAudikKa-
i iX cTpykTypHu a6o 174 kondpopmauii (48,74%) 3
357, oneprkaHux 3a pe3ysbTaTaMu JOKiHTy 3 COX-1, i
139 koHdopmariit (33,74%) 3 412, ogepkaHux 3a pe-
3yabTraTaMu AoKiHTy 3 COX-2. Y3rompkeHHS MOJIEKYT

a

BCiX pe4oBUH i3 papMakoPOPHUMHU MOJEIIMHU MOXK-
JIKBe JIUIIIEe 332 YMOBH, 1110 06epTaHHs aTOMIB IOBKOJIa
OJIMHApHUX 3B’sI3KiB 6y/ie j03BoJieHO (relative hits).

BisibIl KOPEKTHUH ONUC aKTUBHHUX MOJIOKEHDb MO-
JIEKYJI CHHTE€30BaHUX PEYOBUH Yy KoMIiekcax 3 COX-1
i COX-2 MOXJ/JIUBUM i3 BUKOPUCTAHHAM JIBOLLEHTPO-
BUX papMakodopHux 3D Mogesielt (puc. 9), mo ckia-
Jlal0ThCs 3 oHOTO GapMakoPOPHOTO LEHTPY, AKUM
BUKOHYE TIIbKU 0HY QYHKIIiI0 y 3a6e3neyeHHi 3B'd-
3yBaHHA Mix JliraHZamu i nporeinom: H-akuenrtop-
HUU 1eHTp 3 pajiycom 1,855 A nnst COX-1 i riapo-
$oGHMIT LeHTp 3 pagiycom 2,986 A ana COX-2. Jlpy-
ruit papmakopopHUll LIEHTP B OJiEP>KAHUX MOEJISX
MOXKe BUKOHYBATH NMO/BIHHY QYHKIiI0: 1le JIiJITHKa
3 pagiycom 1,968 A (COX-1) a6o 2,259 A (COX-2), o
Mictuth H-aknentop a6o rigpodobHUE aToM
(Acc&HydA). Bigcrani mixk ¢papmakodopHUMHU 1eH-
TpaMu cTaHOBAATH 2,81 A y Mmogeni gna COX-1 Ta
6,28 A y Mogeui g COX-2.

JlBonieHTpOBi papmakodopHi 3D Mozes1i KOpeKT-
HO OMMCYIOTb aKTHUBHI nmoJioxkeHHs 33 croayk (ab-
solute hits) (91,67%) a6o 310 koHdopmariii (86,83%)
3357, oiep:kaHuX 3a pe3y/ibTaTaMu JokiHry 3 COX-1,
23 cnosyxku (63,89%) abo 219 kondopmauiii (53,16%)
3412, opepxxaHuX 3a pe3yabTaTaMu JOKiHTy 3 COX-2
JiJ1s1 BUGIpKHU 3 36 JOCaiPKyBaHUX CHIOJIYK 6e3 J0-
JlaTKOBUX CTepUYHUX MoAuiKaLill iX CTPYKTYpH.

AHaJorivyHo TPULIEHTPOBUM MOJEJ/ISIM y ABOLIEHT-
poBux 3D ¢papmaxodopax H-akienTopHuit HeHTp A06-
pe Y3ro/Ky€eThCs i3 CTepUYHUM PO3MillleHHSM aTo-
MiB HiTporeHny nipuiHHOBOr0 reTePOLMKILY YHM Tifl-
pasujHoi rpynu a6o atoMmoM OKCcUreHy aneTamif-
Horo ¢parmenTa (puc. 10). 'igpodo6bHUMH LIeHTpa-

Puc. 8. Cynepnosuuisi TpuueHTpoBux dapmakodopHux 3D Moaenen Ta HanbinbLw cnpuaTnnBMX
KOHdopMmaLinHMX nonoxeHb crnonyk 36 (cipa) i 37 (by3kosa) y komnnekcax 3 COX-1 (a) i COX-2 (6).
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Pwuc. 9. iBoueHTposi 3D dapmakodopHi Mogeni Ans MOonekyn noxiaHux Tiazono[4,5-b]-nipuanH-2-oHy y Komnnekcax

3 COX-1 (a) i COX-2 (6).

Puc. 10. Cynepno3auuis aBoueHTpoBux dpapmakodopHunx 3D mogenen Ta HanbinbLL CIPUSTIIMBUX KOH(OPMALHNX NOMOXEHb

crnonyk 7 (6y3koea) i 1 (cipa) y komnnekcax 3 COX-1 (a) Ta COX-2 (6).

MU y MOJIeKyJIaX CUHTEe30BaHUX PEYOBUH MOXYTh
BUCTynaTH aToM CysibGypy Tia30/iIUHOBOTO IUKJTY,
atoMm Kap6ony, 3'’egHanuii 3 Hirporenom y 3-my mno-
JIOXKeHHI Tia3oJ1iuHOBOTO UKy, abo aTtomu Kap-
OGOHY aJIKIJILHOTO 3aMiCHUKA Y 3-My MOJIOXKEHHI Tia-
30JIiJUHOBOTO LIUKJLY.

[Tpouenypy mogentoBanus 3D ¢papmakodopiB st
AKTHBHUX KOH$OpMaLiiHUX 0JI0)KeHb CHHTE30Ba-
HUX CHOJIYK B akTUBHOMY LieHTpi mPGES-1 6ysi0 npo-
BeJIEHO 3a aHAJIOTIYHOI0 CXEMOIO.

Haii6isbia KiIbKiCTb KOMILJIEKCIB MiXK aKTUBHHU-
MM KOHGOPMAIiISIMU MOJIEKYJT IOCTiIPKyBaHUX Pevo-
BUMH Ta mPGES-1 yTBopeHa 3a y4acTi 3a/1M1IKiB aMi-
HokucaoT Arg73, His113, Tyr117, Arg126, Ser127,
Tyr130i Thr131 6iunux JiaHItOriB penenTtopa (puc. 11).
AHauni3 fiarpamMu 3acesieHocTel BiJOUTKIB nasbliiB
CBIJYUTD, 1110 MPAKTUYHO BCi KOMILJIEKCH YTBOPEHi
3a paxyHOK BOJJHEBOT'O 3B’SI3KYy MiK JliraHZoM i Arg126.
Y 3Ha4yHiN YaCTUHI KOMIUIEKCIB Mk JliraHzioM i Arg126
YTBOPKETHCS 10 /iBa BOJIHEBUX 3B’I3KU Ta KOHTAK-
THa B3aeMo/id. Takox ciif Bij3Ha4uTy, L0 y 3HA4-
Hill YaCTHHI KOMILJIEKCIB YTBOPIOIOTHCS BOAHEBI 3B's13-

kH 3a y4acrti Ser127, Tyr130i Thr131, g ABOX ocTaH-
HiX aMiHOKHMCJIOTHUX 3aJIMILIKIB CYTTEBOIO € TAKOX
KOHTaKTHa B3a€EMO/isi Mi>K HUMH Ta OiJIbIIOI0 YacTH-
HOI0 aKTHUBHUX [10JI02KEHB JIITaH/iB.

[To6ynoBani papmakodopHi 3D Mmozeni (puc. 12a)
CKJIaAatoThes 3 3-X dapMakodOpHUX IIEHTPIB: Ji/IsH-
KU po3TalllyBaHHs H-akuienTopa (JoHOpa eJleKTPOH-
HOI mapu) Mpu YTBOPeHHI BOJHEBUX 3B’sI3KiB (Acc)
3 pagiycom 2,915 A Ta gBox o61acTei, y AKHX pos3-
TAUIOBYOThCS rizpodo6Hi aTomu yiranzis (HydA)
3 pagiycamu 2,768 A i 2,893 A. Biacrani mixx H-ak-
eI TOPHUM i IBOMA IiAPpoPOGHUMH IEHTPAMHU CTa-
HOBJATb 6,18 A i 4,01 A, a BiscTanb Mix rigpodo6-
HUMHU dpapMaKopOPHUMH LieHTpaMH - 6,79 A.

TpuuenTpoBa 3D Moje/ib KOPEKTHO OMMUCYE aK-
THUBHI noJioxkeHHd 21 cnosiyky, wo ckiaagae 60,0%
JocaiaxyBaHol BUbipky, a6o 43,29% akTUBHUX KOH-
dopMaritHuX M0J0XKeHb MOJIEKYJI JIiFaH/liB ¥ KOMII-
JIEKCax 3 pelenTopoM 6e3 10/I1aTKOBUX CTEPUYHUX
Moaudikalii iX CTpyKTypH.

BisbIl KOPpEKTHHUH ONKC CTEPUYHHUX Ta €JIEKTPO-
CTAaTUYHUX BJACTUBOCTEN CTPYKTYPU CHHTE30BAHUX

786 (22, 856)

® B F

6

Puc. 11. «LWtpux-kogu» BiaGuTKiB Nnanbuis (a) Ta giarpama 3aceneHocTi (6), NobygoBaHi ANs KOMNNEKCIB AOCHiAXYBaHWUX

peyoBuH 3 mMPGES-1.
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Puc. 12. TpuueHnTposa (a) i ABoueHTpoBa (6) 3D chapmakodopHi MoAeni ANs Monekyn noxiaHux Tiazono[4,5-b]nipuanH-2-oHy,
Lo 3abe3nevytoThb iX 30aTHICTb YyTBOPIOBaTM KOMMNeKeH 3 peuentopom mPGES-1.

Puc. 13. Cynepno3auuis TpuueHTpoBOi (a) i ABoUeHTpoBOi (6) dapmakodopHux 3D mogenen Ta HanbinbL CAPUSTANBUX
KOHdopMaLinHMX NonoXeHb crnonyk 7 (6y3kosa) i 1 (cipa) y komnnekcax 3 mPGES-1.

peYoBUH 3a0€3MeyyeThCs ABOIEHTPOBOK papMako-
dopHoto Mmozesnnwo (puc. 126), Aka CKJIaJaEThCA 3
H-akyentopHoro i rifzpodobHOro 1eHTpiB, pajiycu
SIKUX CTaHOBJATD 2,880 A12,678 4, BiZIOBiAHO, PO3-
TallOBaHUMU Ha BizcTaHi 4,76 A JIBo1ieHTpOBI dap-
Mako¢dopHi 3D MozeJli KOpeKTHO ONKCYITh aKTHBHI
nosioxkeHHs 20 cnoayk (57,14%) a6o 55,49% koH-
dopMaliii aKTUBHUX MOJIOXKEHb MOJIEKYJI JIiraH/iB
y koMmIiekcax 3 mPGES-1 6e3 foAaTKoOBUX cTepUy-
HUX Moaudikaliil X CTPyKTypH.

[Ipu cniBcTaB/ieHH] ofiepkaHUX papMaKOPOPHUX
3D Mojeniel Ta aKTUBHUX KOHQOpPMaLiHUX MOJIO-
*KeHb J0CHiKyBaHUX cnoayk (puc. 13) 6yso BcTa-
HOBJIEHO, 1110 H-aKLenTOpHUI LIeHTp J06pe Y3romKy-
€ThCA i3 CTEpUYHUM pO3MillleHHAM aToMa HiTpore-
Hy NipUAMHOBOIO LMKJYy a60 aToMa OKCUreHy aLeT-
amigHoro ¢pparmenTa. ['ifpodpo6HUMU e HTPaAMH Y
MOJIeKyJ/Iax CHUHTe30BaHUX PEYOBHUH MOXKYTb BUCTY-
natu atoM Cynbdypy Tia3oJ1iIMHOBOTO IMKJIY, aTO-
My Kap6oHy 0lHOT0 3 [IUKJIiB KOH/IEHCOBAHOI Tre-
TEPOLUKJIYHOI CUCTEMH, a TAaKOXK aTOMU Kap6oHy
deHiNIbHOTO KiJbIlsl, 3'€IHAHOTO 3 a30rpyNolo abo y
CKJIaJli 3aMicHUKA B 3-My I0J103KeHHI 6a30BOr0 cKa-
donay (A8 TpULEHTPOBOI Mojiei).

Anaunis ycix onepxanux ¢apMmakopopHUX MoJie-
Jiel BKa3ye Ha GYHKI[IOHAJbHICTh KOHJ€HCOBAaHOTO

GinukJiyHOrO Tia3osomipuarHOBOTO cKadoJ1/1a, KA
3206e3MeYyeThCS CTEPUUHUM PO3MIllleHHSM aTOMiB
x04a 6 0HOTO 3 LUX FeTEPOLUKIIB Yy BiANOBiAHUX
dbapmakopopHUX IIeHTpaX.

TakuM YMHOM, KOHZIEHCOBAHY Tia30JI0NipUAUHO-
BY IreTepOLMKJ/IIYHY CUCTEMY MOKHA PO3IVIALATH AK
nepcrneKTUBHUM ckad o1/ /i1 CTBOPEHHSI KOMbGiHa-
TOPHUX 6i6/1i0TEK NOTEHI[IMHUX 6i0JOTiYHO aKTUB-
HUX pe4OBUH. Take TBepA:KeHHS 6a3yEThCS Ha MeB-
HUX BJIACTUBOCTAX Lii€l CUCTEMH, AKi IpUTaMaHHI Ta-
KOX NMpUBiJielloBaHUM cTpyKTypaM. [lo-nepiue, no-
€/JHAHHS IBOX reTEePOLUKJIIB 3 YTBOPEHHAM OillUK-
JIIYHOT KOH/ZIEHCOBAHOI CUCTEMH, KA € 6A30BOI0 ¥
CTPYKTYpPi MOJIEKYJI, 3a6e3Ie4ye HEBEJIUKY KibKiCTh
06epToBuX 3B’s13KiB. [l0-ApyTe, BCTaHOBJIEHUH 32 pe-
3y/IbTaTaMy MOJIEKYJISIPHOTO JOKiHTY adiHITET CUH-
TE30BaHUX CIHOJIYK [0 JIeKIJIbKOX peLienTopiB 3a6e3-
[1e4YEThCA KOMIIIMEHTAPHICTIO €JIeKTPOCTATUYHOI
i CTepUYHO] NIOBEPXOHb PELIENTOPIB i MOJIEKYJI JIiraH-
JiB y 11iloMy i 6a30BOTr0 reTepolMKIIa 30KpeMa, 1110
NiATBEePAXKY€EThCS 3JaTHICTIO IEBHUX KOTO aTOMIB
YTBOPIOBAaTH €HEPreTUYHO CIPUAT/IVMBI HEKOBaJIEHT-
Hi B3aeMOJII 3 IUMU pelenTopaMHu. [, no-Tpere, ic-
Hy04i MOXJIUBOCTI A5 yHKIioHaMi3anil Tiazosio-
NipUAMHOBOrO S/1pa, 30KpeMa 3a 3-M i 6-M N0JI0KEH-
HSIMHU, [I03BOJISIIOTH MiJIBUILYBATH CEJIEKTUBHICTD Ta
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cnenrdivyHiCTh 3B’I3yBaHHA MOXiAHMX, @ TAKOXK Ix adi-
HITeT A0 BiANOBIZHOIO pelenTopa WIaXoM BBeJeH-
HA BiANIOBIAHUX 3aMiCHUKIB y CTPYKTYPY MOJIEKYJIU.

BUCHOBKM

1. [IpoBeaeHi fOKIHTOBI foCAiAKeHHS AJiS BCTa-
HOBJIeHHd adiHiTeTy noxigHux 5,7-numeTnn-6-de-
Hisla3o0-3H-Tiazos10[4,5-b]nipugun-2-oHy 10 bepmeH-
TiB, 3a[iTHUX Y Pi3HUX CTAAiAX [UKJIOOKCUTEHA3HO-
ro 1LIXy MeTaboi3My apaxiloHoBoi kucioTu: COX-1,
COX-2 i mPGES-1. OnepxaHi pe3ysbTaTH CBil4aTh
PO MOXKJ/IMBICTb YTBOPEHHS CTIMKHUX KOMILJIEKCIB MO-
JIeKyJ1 CHHTe30BaHuX peyoBUH 3 COX-1 i COX-2. Ilo-
xigHi Tiazono[4,5-b|nipuAMH-2-0Hy MOXXHaA TaKOX
pO3MIsAAaTH SIK NOTeHIikHi iHribiTopu mPGES-1.

2. /lnsa nepeBakHOI GIJIBIIOCTI JOCTiIKYBaHUX
CTOJIVK 3B’sI3yBaHHS MiX JIiIraH/A0M i 3a3HaYEeHUMU
pelnenTopamMu BiIOyBa€ThCA 32 y4acTi aTOMiB 6a30-
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THE REACTIVITY OF N-PHENYLANTHRANILIC ACIDS
DERIVATIVES. XXV.* KINETIC PARAMETERS OF ACTIVATION
AND ISOPARAMETRICITY OF THE REACTION OF THE ALKALINE
HYDROLYSIS OF METHYL ESTERS OF SUBSTITUTED
4,5-DIMETHOXY-N-PHENYLANTHRANILIC ACIDS IN THE BINARY
DIOXANE-WATER SOLVENT
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Kinetics of the alkaline hydrolysis reaction of methyl esters of substituted 4,5-dimethoxy-N-phenylanthranilic
acids has been studied in the binary solvent of dioxane-water at 55, 75, 85°C. It has been found that at each
experimental temperatures Igk; dependence on the nature and position of substitutes in a non-anthranilic frag-
ment of the molecule is described by the Hammett equation. It has been demonstrated that introduction of
electrodonor substituents in the molecule of ester assists increasing of the activation energy and free activation
energy. The activation entropy for all substances is significant and high according to the absolute value, which
indicates the B,.2 mechanism of the reaction with formation of high-symmetrical intermediates. The analysis of
the numerous kinetic and activation parameters has shown isokinetics of the reaction with the enthalpy type of
control. It has been experimentally found that the compounds synthesized show the anti-inflammatory, analgesic,
diuretic, bacteriostatic activities.

PEAKLIIMHA 30ATHICTb NMOXIQHUX N-®EHITAHTPAHIIIOBUX KUCJIOT. XXV. KIHETUYHI TAPAMETPY AK-
TUBALITI TA I3OMAPAMETPUYHICTb PEAKLII TY)XXHOIO rgPOJI3Y METUIIOBUX ECTEPIB 3AMILYEHUX 4,5-OU-
METOKCU-N-®EHITTAHTPAHIIIOBUX KUCJIOT Y BIHAPHOMY PO3YUHHUKY [IOKCAH-BOJA

C.licaees, O.M.CeecyHikoea, A.O.[JeesimkiHa, T.A.KocmiHa

Knrovoei cnoea: N-¢beHinaHmpaHinosa Kucrioma; Memursiosi ecmepu,; peakuiliHa 30amHicmbs; mepMoOUHaMIYHI
napamempu akmusauii; i3ornapamempuyHicme peakuii; eHmanbnitiHut KOHMPOorsib

JocnidxeHo KiHemuky peakuil nyxHoeao 2i0ponizy memusosux ecmepig 3amiweHux 4,5-0umemokcu-N-gbeHin-
aHmpaHinosux kucrom y 6iHapHOMy PO34UHHUKY OiokcaH — eoda rpu memnepamypax 55, 75, 85°C. BcmaHoe-
JIeHO, WO rpu 8cix 0ocnidxeHUX memnepamypax 3anexHicms Igk; 8i0 npupodu i NONOXeHHs1 3acCmyrnHuUKie y
HeaHmpaHinoeomy ghpaeMeHmi MoneKynu onucyemscs pisHIHHAM amema. [Noka3aHo, ujo 88e0eHHS e/1eKmMpPo-
HOOOHOPHUX 3aMIiCHUKI8 y MOMeKyrly ecmepy Cripusie nid8UWeHHIo eHepeii akmusauii i 8inibHOI eHepail akmu-
eaujii. EHmponisi akmusauii 0151 8cix pe4osuH 8id’emMHa ma gesiuka 3a abConMmMHUM 3Ha4YEeHHSIM, WO 8Ka3ye Ha
B,c2 mexaHi3m peaKuii 3 ymeopeHHIM 8UCOKOCUMEMPUYHUX iHmMepmediaHmie. AHari3 YUCIeHHUX KiHemu4yHUX
i akmueauiliHux napamempig rnokasas i30KiHemuy4Hicmb peakuii 3 eHmarnbniiHUM muromM KoHmpos. Ekcre-
PUMeHMarnbHO 8CMaHOBITEHO, WO CUHME308aHi PEYOBUHU 8USIBIAIOMb rpomu3sanarbHy, aHansemuyHy, Oiype-
muyHy, 6akmepiocmamuy4Hy akmugHicmeb.

PEAKLINOHHAS CITOCOBHOCTb NMPOU3BOAHbIX N-®EHUITAHTPAHUITIOBbLIX KACJIOT. XXV. KNHETHU-
YECKUE NMAPAMETPbI AKTUBALIUU U U3OTNAPAMETPUYHOCTb PEAKLUUU LLIETTOYHOIO rgPOJIN3A METUJIO-
BbIX 30UPOB 3AMELLEHHbIX 4,5-AUMETOKCH-N-OEHNIIAHTPAHNIIOBbIX KUCJIOT

C.lUcaes, E.H.Cee4Hukoea, A.A.[leesmkuHa, T.A.KocmuHa

Knroyeenie cnoea: N-hbeHunaHmpaHunosas Kucioma, Memuiiossil 3ghup; peakyuoHHasi criocobHocmb; mep-
MoOuHamMu4ecKue napamempbl akmuseayuu; u3onapamMempuyHOCmMb peakyuu, SHmManbnulHbIl KOHMPOsb
UccnedosaHa KuHemuKka peakyuu Werno4yHo2o audponu3da Memuriossix 3¢hupos 3ameueHHbIX 4,5-0umemokcu-
N-gbeHunaHmpaHunosbix Kuciom e 6uHapHOM pacmeopumere duokcaH-8o0a rpu memnepamypax 55, 75, 85°C.
YcmanoeneHo, Ymo npu ecex uccredosaHHbIX memrepamypax 3asucumMocms Igk, om npupoldbl U MOMOXEHUSsT
3amecmumernel 8 HeaHMpPaHUI080M hpacMeHme MOMEKy bl onucbisaemcs ypasHeHuem lamema. [Nloka3aHo,
4Ymo esedeHue 3rIeKMpPOHOOOHOPHbIX 3amecmumerieli 8 MOsieKyy aghupa criocobecmayem MoebIEHU0 3HEP-
euu akmusayuu u ceob00HOU sHepauu akmueayuu. SHMponus akmusayuu 0715 8CEX 8ew,ecmes ompuyamerbHa
U 8eruka rno abcorntomHbiM 3Ha4eHUsIM, Ymo yKaabigaem Ha B,.2 MexaHuU3M peakyuu ¢ obpa3osaHueM 8bICOKO-
cuMMempu4YHo20 uHmepmeduaHma. AHanu3 MHO204UCIIEHHbIX KUHEMUYECKUX U akmueayUOHHbIX Mapamempos
rokasars U30KUHEMUYHOCMb peakyuu ¢ 3HManbnuliHbIM MUMoM KOHMPOs. QKCcrnepuMeHmarbHO ycmaHoere-
HO, YMO CUHMe3UpoB8aHHbIe 8euwjecmaa fposIeIAoMm MPOMUEOBOCHaNUMErbHYI, aHalb2emu4ecKyto, ouype-
muyeckyto, bakmepuocmamu4ecKyto aKmueHOCb.

* Report XXIV see [15]
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The long-time investigations in the range of N-phe-
nylanthranilic acids (N-PAA) and their derivatives by
researchers of the Institute of Organic Chemistry of
the National Academy of Sciences of Ukraine, Insti-
tute of Pharmacology and Toxicology of the Ukrai-
nian Academy of Medical Sciences and the National
University of Pharmacy led to creation of effective me-
dicines (mefenamic acid and its sodium salt, difluorant,
antral) widely used in medical practice as anti-inflam-
matory, antipsoriatic and hepatoprotective medicines
[5, 6]. Data of scientific research of domestic and fo-
reign scientists indicate that derivatives of N-PAA have
a wide synthetic and pharmacological potential [1-3,
6,10, 14, 16, 17]. These circumstances caused the ne-
cessity of synthesis of methyl esters 4,5-dimetoxy-
N-PAA and study their reactivity. It should be noted
that the reaction of alkaline hydrolysis of N-PAA es-
ters is one of the possible ways of their metabolism in
the organism and is of a great scientific and practical
interest for researchers in the field of organic syn-
thesis and pharmacological research. Esters of N-PAA
are also initial substances for obtaining the corre-
sponding alkyl-, aryl-, heterylamides, hydrazides and
their derivatives. To continue the study of kinetics of
the alkaline hydrolysis reaction [15] of biologically
active methylic esters of 4,5-dimethoxy-N-phenylan-
thranilic acids in the binary solvent of dioxane-wa-
ter (60 vol.% of dioxane) by the equation according
to the scheme 1, the constants of the reaction rate
have been determined at the temperatures of 55, 75
and 85°C (Scheme 1).

Analysis of the results obtained proves that at all
experimental temperatures the influence of the na-
ture and position of substituents in a non-anthrani-
lic fragment of the molecule is similar: acceptor sub-
stituents accelerate the reaction due to delocalization
of the charge in relation to the anion, and donor sub-
stituents causes the opposite effect; it allows to as-
sume the course of the alkaline hydrolysis reaction
of methyl esters of 4,5-dimethoxy-N-phenylanthra-
nilic acids (1-9) by B,.2 mechanism.

According to the Hammett's equation the quan-
titative estimation of the influence of the nature and

position of substituents upon the constants of the re-
action rate at 55, 75, 85°C has been performed.

lgk,,s = (-4.801+0.007) + (0.996+0.029)c (1)
n=9 r=0.997 $=4.7-102

lgk,,; = (-4.317+£0.005) + (0.883+£0.029)c (2)
n=9 r=0.998 §=3.7-102

gk, = (-4.062£0.004) + (0.844+£0.015)0 (3)
n=9 r=0.998 S=2.5-102

The correlative equations obtained have convin-
cing statistical characteristics. The little values of the
reaction parameter (p) at all experimental tempera-
tures testify its slight sensitivity to the influence of
substituents, it reduces with increase of the reaction
temperature. It is interesting that the values of the re-
action parameter practically coincide (within the ex-
perimental error) with p of 3-dialkylaminethyl esters
of 4-nitro-, 4-nitro-5-chloro- and 4-sulfamoil-N-PAA
[7, 11-13]. The positive values of p testify of B,.2 me-
chanism of the reaction (Scheme 2).

Table 1

The constants (k) of the alkaline hydrolysis
reaction rate of methyl esters of substituted
4,5-dimethoxy-N-phenylanthranilic acids
at various temperatures

k-10%/-mol’-s'atT, k
Compound
328 348 358
1 1.63+0.03 4.46+0.03 8.69+0.05
2 1.10£0.04 3.44+0.02 6.16+0.04
3 1.03+0.03 3.44+0.03 6.02+0.04
4 0.94+0.03 2.99+0.03 5.54+0.03
5 0.88+0.02 2.81+0.04 5.15+0.04
6 0.83+0.04 2.67+0.03 5.02+0.02
7 0.71+0.03 2.54+0.04 4.68+0.02
8 2.62+0.02 7.80£0.05 13.24+0.07
9 2.67+0.02 7.85+0.05 13.95+0.06

H,CO COOCH,; _
Mg + NaOH — »
H

—_—

H5CO COON
3 a P |
— R + CH3OH
H

where: R = H (1), 2-CH, (2), 4-CH, (3), 3',4'-(CH,), (4), 4-OCH, (5),
4-OC,H, (6), 4-OC,H, (7), 4'-Cl (8), 4'-Br (9)

Scheme 1
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Scheme 2

The temperature dependence of constants of the
reaction rates can be explained by the Arrenius equa-
tion:

E,

Ink = RT

InA4 % (4).

The values of the activation energy (E,) and the
logarithm of the predexaponential factor (InA) cal-
culated according to equation (4) are presented in
Table 2. These data show that addition of electrodo-
nor substituents to the molecule of ester naturally
leads to increase of the energy barrier and value E,,
respectively. The acceptor substituents cause the op-
posite effect. Correlation of E, and In4 with Hammet
o-constants is statistically unreliable.

According to the Eiring’s equation [9] enthalpy
(AH?) and enthropy (AS?) of activation have been cal-
culated:

»
lnk-ﬁzAS L AH”, (5)
T K R RT
where: h - is the Plank’s constant; K - is the Bolth-
man’s constant; R - is the universal gas constant; T -
is the absolute temperature.

Free energy of activation (AG*) has been calcu-
lated according to the second principle of thermody-
namics. The data obtained are presented in Table 3.

Table 2

Kinetic parameters of activation (E, and In A)
of the alkaline hydrolysis reaction of methyl esters
of 4,5-dimethoxy-N-phenylanthranilic acids

Compound K -Er/;ol" In A r s
1 49.4+0.3 |7.142£0.10| 0.994 0.175
2 52.0+0.2 |7.69+0.10| 0.995 0.170
3 50.4+0.4 |7.15+£0.13| 0.991 0.224
4 53.3+0.3 |8.03+0.09| 0.996 0.156
5 53.4+0.3 |7.98+0.09| 0.997 0.148
6 54,0+0.3 |8.15+0.10| 0.996 0.158
7 549+0.3 |8.41+0.11| 0.994 0.193
8 47.7+0.3 |7.03+0.10| 0.995 0.159
9 48.0+£0.3 |7.16+£0.12| 0.993 0.190

The activation entropy for all compounds is insepa-
rable, and it additionally proves the reaction B,.2 me-
chanism. High absolute values of AS*indicate a high
symmetric structure of the intermediate to be for-
med. Addition of acceptor substituents to the mole-
cule causes increase of the absolute value of AS*and
decrease of AH*. The AH* values are small. This fact
testifies coincidence of the reaction series. Correla-

Table 3
Thermodynamic parameters of activation (AH*, AS*, AG*) of the alkaline hydrolysis reaction
of methyl esters of 4,5-dimethoxy-N-phenylanthranilic acids

Com- AG*, kG - mol” AH?, AS*, T AS* kG - mol
pound | 318K | 328K | 338K | 348K | 358K | kG-mol" | kG-mol" ' ® 318K [ 328K | 338K | 348K | 358K
1 1086 (110.5|1125(1144|116.4 | 46.6+£0.3 | -194.9+89 | 0.994 |0.173| -62.0 | -63.9 | -65.9 | -67.8 | -69.8
2 109.7 ({111.6|113.5[ 1154|1173 | 49.2£0.3 | -190.3+8.6 | 0.995 |0.168| -60.5 | -62.4 | -64.3 | -66.2 | -68-1
3 109.5(111.5|1194 (1154|1173 | 47.6£04 |-194.8+11.4 | 0.990 |0.222| -619 | -63.9 | -65.8 | -67.8 | -69.7
4 110.111120({113.9|115.7|117.6 | 50.5£0.3 | -187.5£7.9 | 0.996 |0.486| -59.6 | -61.5 | -63.4 | -65.2 | -67.1
5 1104 (1122|1141 [116.0| 1179 | 50.6+0.3 | -187.9+7.5 | 0.996 |0.462| -59.8 | -61.6 | -63.5 | -65.4 | -67.3
6 110511123 114.2(116.1 | 1179 | 51.2£0.3 | -186.4+8.0 | 0.996 |0.157| -59.3 | -61.1 | -63.0 | -64.9 | -66.7
7 110.7 (11251144 (116.2| 118.1| 52.1£0.3 | -184.3£8.0 | 0.994 |0.192| -58.6 | -60.4 | -62.3 | -64.1 | -66.0
8 107.21109.1 {111.1|113.0|111.1 | 44.9+0.3 | -195.848.0 | 0.995 |0.157 | -62.3 | -64.2 | -66.2 | -68.1 | -70.1
9 107.1(109.1|111.0[113.0|1149| 45.2+0.3 | -194.7£9.5 | 0.993 |0.185| -61.9 | -63.9 | -65.8 | -67.8 | -69.7
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Determination of isokinetic temperature. The correlation parameters of equation y =a + bx

Table 4

of dependence of kinetic and activation parameters of the alkaline hydrolysis reaction of methyl esters
of 4,5-dimethoxy-N-phenylanthranilic acids and isokinetics of temperatures 3

X y a b r s B, K
[o] AH* (12.6%1.2)- 103 (-9.1+£0.5) - 103 0.964 190 615
19K, s AH? (13.2+1.4)- 10° (-9.1+0.7) - 10° 0.952 230 625
[o] AH* (14.6+1.6) - 10° (-10.1+0.8) - 10° 0.942 425 608
19K, s AH? (14.9+1.7) - 103 (-10.1+0.8) - 10° 0.944 249 629
[o] AH* (16.6+£1.8) - 103 (-9.2+0.8) - 10? 0.943 252 610

AS* AH* (383+28) - 10? 585+31 0.963 49 585

/T p -0.890+0.08 618+26 0.997 1.27 - 107 618

tions of AH* and AS* with Hammet o-constants are Table 5

statistically insignificant. It is interesting to note that
enthalpy and entropy contributions to AG* are similar.

For control of isokinetic correlation existence in
the experimental reaction series the following corre-
lations were examined: AH* - Igk,, AH* - AS*, p-1/T
(Table 4). All of them appeared to be statistically sig-
nificant. The values of isokinetic temperature 3 cal-
culated from these dependencies are close to values
B calculated independently (Table 5) according to the
equation below:

Ig kT2 =const +y g K (6).

The value (3 is higher than the interval of the tem-
perature under study, and it testifies the enthalpy
type of control of the alkaline hydrolysis reaction of
methyl esters of 4,5-dimethoxy-N-phenylanthranilic
acids.

Based on the PASS programme the computer pro-
gnosis of possible types of biological activity of 9 me-
thyl esters of 4,5-dimethoxy-N-phenylanthranilic acids
synthesized for the first time has been conducted. It
has been found experimentally that the substances
synthesized reveal the anti-inflammatory, analgetic,
diuretic, bacteriostatic and fungistatic activity. Ac-
cording to the classification of Sidorov K.K. the com-
pounds synthesized when introduced intragastrical-
ly belong to low toxic reagents (DL;,=1500-2000 mg/kg).
A number of regularities of the “structure-activity-
toxicity” relationship have been determined.

Experimental Part

The synthesis of methyl esters of 4,5-dimethoxy-
N-phenylanthranilic acid (1-9) was carried out by Fi-
sher esterification in the medium of absolute metha-
nol in the presence of concentrated sulfuric acid [8,
10]. The compounds (1-9) obtained were three times
recrystallized from methanol and dried at 105°C up to
the constant weight. The structure of the compounds
synthesized was confirmed by elemental analysis, IR-
and NMP-spectroscopy. The purity was controlled by
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Determination of isokinetic temperature 3.
The correlation parameters of equation
lg K7, = const + x Ig K;, of the alkaline hydrolysis
reaction of methyl esters
of 4,5-dimethoxy-N-phenylanthranilic acids

Temperature, K X ; S B K
T1 T2
318 328 | 09359 | 0994 | 6.87-102| 607
318 338 | 0.8759 | 0.996 | 5.16-102| 608
318 348 | 0.8318 | 0.997 | 4.37-102 575
318 358 | 0.7926 | 0.996 |4.72-10%| 622
328 338 | 09249 | 0991 | 7.77-102 575
328 348 | 0.8798 | 0.923 | 6.30:-1072 541
328 358 | 0.8201 | 0.997 |3.78-102| 628
338 348 | 09206 | 0.995 |524-10%| 613
338 358 | 0.8614 | 0.996 | 4.08-1072 566
348 358 | 0.9503 | 0970 | 4.40-102| 610

the method of thin-layer chromatography in the me-
thanol - hexane mixture (1:3).

Kinetic measurements were conducted by the screen-
ing methods [7]. The sodium hydroxide concentration
in the solution was determined by potentiometric tit-
ration on an EV-74 ionomer using the standard aqueous
solution of HCI. The kinetics of the reaction was stu-
died at 55, 75 and 85°C. Experiments were repeated
three times, including 6-8 measurements of each (the
depth of reproduction being at least 80%). The accu-
racy of the results obtained was assessed by means
of the methods of mathematical statistics for small
sets (at 0.95% confidence interval) [4].

Conclusions

1. Kinetics of the alkaline hydrolysis reaction of
methyl esters of substituted 4,5-dimethoxy-N-phe-
nylanthranilic acids has been studied in the binary
solvent of dioxane-water at the temperatures of 55,
75 and 85°C.
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2. The influence of the nature and position of sub- 3. Numerous tests have proven isokinetics of the

stituents in a non-anthranylic fragment of the mole- alkaline hydrolysis reaction of methyl esters of 4,5-
cule upon the numerous kinetic (Igks,q, 1gKs;,q 18Ks3,,  dimethoxy-N-phenylanthranilic acids with the enthal-
lgk,,q 1gk,c,) and activation (AH? AS*, AG#, InA) pa- py type of control, and its B,.2 mechanism has been
rameters of the alkaline hydrolysis reaction has been confirmed with formation of a high symmetrical in-
analyzed. termediate.
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AOCJTIAKEHHA 3MIH CTPYKTYPHU AIMJIbOBAHUX ITOXIZIHUX
TAHIAIB Y IPOLECI CAHTE3Y 3 BAKOPUCTAHHAM
AUPEPEHIINHOI Y®-CIIEKTPOCKOIIII

MycTtada Anbxycceiin, A.B.MapTuHOoB

JepxaBHa ycTaHoBa «IHcTUTYT Mikpob6ioJiorii Ta imyHoutorii iM. [.I.MeynukoBa HanjioHanbHoi akagemii
MeJUYHUX HayK YKpaiHu»
61057, m. Xapkis, ByJ1. [IymikiHcbka, 14. E-mail: imiamn@ukr.net

Katouosi caoea: 2a10maHiH; e1a20maHi; CyKYyuHibosaHmi ma MmaJeiinvoeaHi noxidHi; dugeperyiiina
€/1eKMpPOHHA CNeKMPOCKONIis

CuHme308aHo psi0 ayubo8aHUX MoXiOHUX 2ariomaHiHy nPOMUCI08020 Ma eflacomaHiHy 3 WUWOK 8iflbXu Cipoi
3 Pi3HUM cmyrnieHeM 3amiueHHs1 gheHonbHUX 2idpokcurie. CuHmes nepedbadyas ompumaHHs Cymiwli MoxiOHUX 3
PiBHUMU MicusMu 3amilleHHs] beHONbHUX 2i0pOoKcUsie ma pi3HO Kinbkicmio 3amiwieHb. CUHmMe3 ayunbo8aHux
MOXiOHUX MPoBooUsIU 8 yMO8ax KUM'SMIiHHS, repekpucmarnisayiio ompumMaHux rnoxioHux rnpoeoousnu 3 600HO-ema-
HOMbHOI cymilwi. 5k moducgbikamopu sukopucmosyeanu bypwmu+Hosuli ma maneiHosuli aHeidpud. [ocnidxysanu
K NepeuUHHUU eneKmpoHHUl crekmp roauHaHHs, mak i nepwy ma Opyay rnoxioHi criekmpig — oughepeHUy,tHi
eJ/IEKMPOHHI criekmpu. B pe3ynbmami eus4eHHs1 el1eKMpPOHHUX CIIEKMpIie noaiuHaHHs marioie 3 pisHUM cmyrie-
Hem modugpikauii 6yrno ecmaHOBMeHO, W0 3HaYHi 3MIHU Criekmpa i3 3Cy8oM CMyau roa/iuHaHHs apoMamuyHUX
epyn (250-270 HMm) criocmepizatombcs minbku 05151 ayuiboeaHux 2anomadidie, a cmyniHb Mooudbikauyii koperntoe
3i cmyrneHeMm 3cy8y OCHOBHOI CMyau rnoeiuHaHHs, Wo 0ae 3Moey suKkopucmamu 8Ka3aHy peakuyito 0nsi ideHmu-
ikayii KombiHamopHoO20 MoxXiOHO20 2anomaHxiHy. EnekmpoHHi criekmpu noanuHaHHs pi3HUX auunbo8aHux Mo-
XiOHUX erlazomaHiHie ¢hakmu4yHO He 8i0pi3HsANUCS, Wo ceid4yums npo b6inbw cmabinbHy efekmpoHHY ma rnpo-
cmopoegy cmpykmypy du2anosoi Kucsiomu, Wo He 00380J/I5IE BUKOPUCMO8Y8amu Criekmpockornito 8 YP-obnacmi
Ons ideHmudpikauii okpemux noxiOHUx enazomariHie. BEPX-crnekmp ayunbosaHux maHidie micmums dodamkosi
CMyeu, 8 MOMY YUCITi 8 HU3LKOMOIEKY ISipHIl obrnacmi criekmpa, Wo ceid4yums rpo rosisy HO8UX MOXIOHUX Y KOM-
6iHamopHit cymiwi maridie. BEPX — cniekmp ayunbogaHux matidie micmums dofamkoeai CMyau, 30Kpema 8 HU3b-
KomoneKynspHiti obrniacmi ciekmpa, wo c8idyums fpo rosigy HO8UX MOXIOHUX y KOMOIHamopHit cymiwi maHidie.

INVESTIGATION OF THE STRUCTURE CHANGES OF TANNIDES ACYLATED DERIVATIVES IN THE PRO-
CESS OF SYNTHESIS USING DIFFERENTIATING ELECTRONIC ABSORPTION SPECTROSCOPY
Mustafa Alhussein, A.Martynov

Key words: gallotannins; ellagotannins; succinylated and maleylated derivatives; differential electronic spectroscopy
A number of acylated derivatives of industrial gallotannin and ellagitannin from alder cones with different substi-
tution degrees of phenolic hydroxyls has been synthesized. The synthesis involved the preparation of a mixture
of derivatives with different substitution places of phenolic hydroxyls and different number of substitutions. The
synthesis of acylated derivatives was carried out under reflux with the mixture of the modifier with tannides
in glacial acetic acid, and recrystallization of the derivatives obtained was performed from the water-ethanol
mixture. Succinic and maleic anhydrides were used as modifiers. The primary electronic absorption spectrum
and its first and second derivatives — differential electronic absorption spectra were studied. As the result of the
study of the electronic absorption spectra of tannides with varying degrees of modification it has been found that
significant changes in the spectrum shift of the absorption band of aromatic groups (250-270 nm) is observed
only for the acylated gallotannins. Thus, it has been shown that the degree of modification correlates with the
degree of the shift of the absorption band, and it allows to use this reaction for identification of the combinatorial
derivative of gallotannin. The electronic absorption spectra of various acylated ellagitannins derivatives did not
actually differ. It indicates a more stable and rigid electronic and spatial structure of digallic acid, which prevents
the use of spectroscopy in the UV region to identify individual combinatorial derivatives of ellagitannins. In HPLC
the spectrunm of acylated tannins contains additional bands, including the low molecular weight region of the
spectrum. It indicates the appearance of new acylated derivatives in the combinatorial mixture of tannides.

UCCIIEQOBAHUE U3MEHEHUW CTPYKTYPbI AUMITMPOBAHHbIX MPON3BOAHbIX TAHHUOB B IPO-
LIECCE CUHTE3A C UCI10J1Ib30BAHUEM QU®PEPEHLNATIBHOWU Y&-CITIEKTPOCKOMUN

Mycmadba AnbxycceliH, A.B.MapmbiHog

Knroyeenlie crioea: 2aniomaHuH; 3151a20maHUuH, CyKUUHUIUPOBaHHbIE U ManeunuposaHHble npou3eodHble; Ough-
pepeHyuanbHas 31eKMpPOHHasi CrIeKMPOCKONUs

CuHme3suposaH psd ayunnupos8aHHbIX NPOU3BOOHbIX 2ariomaHUHa MPOMbLIWIEHHO20 U 3/11a2omaHuHa u3 wu-
weK onbxu cepoli ¢ pa3Holi CmerneHbto 3aMeweHUsT heHObHLIX 2udpokcurios. CuHmes rpedycmampusar nosyde-
HUe cMmecu npPou3800HbIX C pa3HbIMU MECMaMU 3aMeweHUs1 (heHOsbHBIX 2UOPOKCUIIO8 U Pa3HbIM KOMUYecmeom
3ameweHul. CuUHMe3 ayunuposaHHbIX MPoU3eoOHbIX MPOBOOUSIU 8 YCIO8USIX KUMSHYEHUsSI cMecu Modughukamo-
pa ¢ maHHuUGamu 8 nedsiHoU yKCycHOU Kucriome, a rnepekpucmariudayuto rnoyYeHHbIX MPoU3B800HbIX MpPOo8o-
Ounu u3 800HO-amMaHoIbHOU cMecu. B kauecmee MoOughuKkamopos UCronb308anu SHMapHbIlU U ManeuHo8bIl
aHaudpuodsl. Uccriedosanu Kak nepsudHbIl 31eKmpOoHHbIU criekmp Mo2oweHUs, maK U nepsyro U 8mopyr eco
Mpou3eodHble — OughghepeHyuanbHble 3MIEKMPOHHbIE CreKMPbI Mo2IoWeHUs. B pe3yribmame u3y4eHus 31eK-
MPOHHBIX CAIEKMPO8 Mo2/10WEeHUS maHHUO08 C pasfuyHoU cmeneHbio Modugbukayuu 66110 ycmaHo8eHo, 4mo
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3HaYUMeribHbIe U3MEHEHUSI CreKmpa co CMeWeHUEeM rnosochl Mo2ioueHUs: apomMamuyeckux epyn (250-270 Hm)
Habrrod0atomcesi moribKo Or1s aUUIUPO8aHHbIX 2a5lI0MaHUHo8; b0 MoKa3aHo, Ymo cmeneHb ux Modughukayuu npu
3Mom Koppesupyem cO CmeneHb0 CMeW,eHUs1 OCHO8HOU 10/10ChI MO2TOWEHUS, YmMO M0360J15iem UCo1b308amb
yKasaHHyIo peakyuto 05si udeHmugbukayuu KOMOUHamMOPHO20 MPOU3BOOHOZ0 2asiiomaHuHa. OIeKMPOHHbIEe
crekmpbl M02r10WEeHUsT PasnuYHbIX ayunupoBaHHbIX MPOU3BOOHLIX 3/1/laeo0maHUHO8 (hakmuyecku He omiu4a-
nuck, 4mo ceudemernbcmeayem o 6ornee cmaburibHOU 31eKmMpPOHHOU U pocmpaHcmeeHHoU cmpykmype dueario-
80l KUC/I0MbI U He 10380J1siem UCMoIb308amb CriEKmMpockonuto 8 Y®-obrnacmu 0515 udeHmugukayuu omoers-
HbIX MPOU3B00HbIX 311azomaHuHos. BXKX-cnekmp ayunuposaHHbix maHHUO08 codepxum OONOMHUMEbHbIE
10710Cbl, 8 MOM YUC/Ie 8 HU3KOMOIEKYNspHOU obracmu crnekmpa, 4Ymo ceudemerbcmayem O rosi8lIeHUU HOBbIX

rpou3800HbIX 8 KOMbUHamMopHoU cMecu maHHUAO08.

JocnipkeHHA CTPYKTYPU NOXiAHUX BUCOKOMOJIe-
KYJIIPHUX PEYOBUH, 1[0 POSIBJISIIOTh BJIACTUBOCTI KBa-
3>KHBHUX CUCTEM, € BeJIbMH aKTyaJIbHOIO ITPOGJIEMOIO
CTaHJapTU3alil JiKapCbKUX NpenapariB Li€l rpynu
[1]. o ui€il rpynu pedyoBUH MOXHA BilTHECTU MpaK-
THUYHO BCi HeperyJsipHi MyJIbTUaKLeITOPHI pe40BU-
HU MPUPOJIHOTO NOXOKEHHS: e30KCHUPUOOHYKJIei-
HOBI KHUCJIOTH, pUGOHYKJIEIHOBI KUCIOTH, BIJIKH, T10-
JlicaxapyUHy, TaHiJu.

MeToto HamUX AOCHI/P)KEHb OYJI0O CUHTE3YBaTH
Ta AOCJHiIUTH JUHAMIKY 3MiH «AudepeHninaui Y O-
CIEKTpP/CTPYKTYpa» B Py 3aMillleHUX MOXiJHUX
aUUJIbOBAHUX TAHIZIB Ta JOCHAIAUTHA JUHAMIKY CUH-
Te3y BKa3aHUX NOXiAHUX 3 BUKOpUCTaHHAMU BEPX.
Y pocaigKeHHI BUKOPUCTAJIM NMOXiAHI rajJloTaHiHy
MIPOMMCJIOBOTO Ta eJIarOTaHiHy 3 WHWIIOK BiJIbXH Ci-
poi (Alnus glutinosa L.).

Bifpi3HAIOTBCA e/laroTaHiHyU BiJi raJIOTaHIHIB He
TiJIBKY THM, 1110 Mi>K MOHOMepaMU (eJIaroBOI0 KHC-
JIOTOI0) y CTPYKTYpi nmosiiMmepa icHye C-C 3B’A30K, a
¥ TUM, 1[0 KO>KEH 3aJIMIIOK I'aJIoBOi KUC/IOTH MOB’s3a-
HUH 3 IVII0OKO3010 eCTEPHUM 3B’s13KoM [2]. OkpiM Toro,
rajioTaHiHU € Ay»e HeCTIMKUMU J10 CBiT/Ia Ta OKHUCHIO-
BayiB pe4OBUHAaMH, TOAI K eJlalOTaHIHU BXe € IIpo-
JIyKTaM{ OKHCHEHHS i € CTIMKuUMU 0 Al 1IuX 30BHilI-
HiX ¢pakTopiB [3]. Pa3oM 3 TUM eslaroTaHiHU 3 [JIIOKO-
3010 YTBOPIOIOTh Gi/IbLI pi3HOMaHITHI NOXi/Hi, 30Kpe-
Ma eCcTepHi BHyTPIlIHbOMOJIEKY/ISIPHI CTPYKTYpH [4].

®akTuyHo rasnoTtaHiH (VI) Ta enaroranis (1) € cy-
MilllaMU NPOAYKTIB rifpoJi3y NOBHOI MOJIEKY/IU Ta-
Higy (puc. 1, 2). BignosijHo py po3paxyHKax MoJie-
KYJISIPHOL MacH Ta 3apsiiy MoBa 6y/ie HTH PO peyo-
BUHHU 3 HANOGIJbIIMMH MOJIEKYJIIPHUMH MacaMH, a
He NPOo JIOMIIIKH — NPOAYKTH TifpoJii3y.

Puc. 1. Cxema cuHTe3y cykuuHinsoBaHoro enarotariHy (lll) Ta maneinsoBaHoro enarotaHiHy (V).
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Puc. 2. Cxema cnHTe3y CyKUMHINMbOBaHMX Ta ManeiHinboBaHunx noxigHux ranotaniny (VII, VIII).

BkasaHa 0co6JIMBICTb A0CHIAKEHD [IBOTO KJacy
pPEe4YOBUH CIIOHYKaJla Hac IPOBECTHU JOCJIi>KEHHS B
JUHaMilli CUHTe3y 3 BUKOPUCTAHHAM ArdepeHLin-
Hoi YO®-cnekTpockonii Ta BEPX 3 MeTot0 BcTaHOB-
JIeHH{ Bi/I3HaK BIJINBY allMJ/IIOI0OYMX areHTiB Ha ra-
JIOBE Ta eJjlaroBe fpo TaHijiB.

Ha puc. 1 Ta 2 npefcTaBieHi CxeMU CUHTe3Y aljy-
JIbOBAaHUX MOXiAHUX TaHiAiB. Pi3HOro cTynens ayu-
JIIOBaHHA JOCATAJH Pi3HUM CHIBBiJHOILEHHAM Ta-
Hi/IiB Ta BiANOBIZHUX aHTiAPHUZIB.

Ak BKe MM KasaJiv paHille, peaklilo alju/0BaH-
HsI IPOBECTH KiJIbKiCHO Iy>Ke BaXKKO Y 3B’SI3KY 3 HEUiT-
KICTIO CTPYKTYPH [IepBUHHOTO TaHiAy. Takox npak-
TUYHO HEMOXKJIMBO NIPOBECTH NpoLeAypy Baaijarii
MeTOJUK KIJIbKICHOT0 aHali3y O Hiel pe4OBUHU B
CKJIaJi cyMillli y 3B’I3Ky 3 pi3HUM KOMIIOHEHTHUM

76

CKJIaZloM epBUHHOI CUPOBUHU. BupaxyBaHi ¢pizu-
KO-xiMi4Hi BJIaCTUBOCTI TaHi/ZiB mpuB’s3aHi J1o pe-
YOBHUHU 3 MAKCUMAJIbHOI0 MOJIEKYJIIPHOIO Macolo, a
caMe Ji0 IOBHOT'O TaHiAy. Y 3B’I3Ky 3 THUM, 11l0 came
CyMill NoxiJHUX peYOBUH HaJla€ HOBUX 6GioJjoriu-
HUX BJIACTUBOCTEN CTPYKTYypaM aljU/ATaHifiB, HAMU
6yB IpoBeJileHUI CUHTE3 HEMOBHICTI0O MoAuiKoBa-
HUX TaHiZiB 3 pi3HUM cTyneHeM MoAudikauii 3a criB-
BigHOmeHHSAM MoudikaHTa Ta MoAgrdikaTopa.

JlJ1s1 KOXKHOTO MOXiAHOTO BUMiptoBa/iu Y O-CrieKT-
PH B AMHaMIlli CHHTe3y, po3pax0ByBaJIH ixX JudepeH-
LilHI moxi/iHi nepiioro Ta Apyroro nNopsiAKy.

B pe3sysnbTraTi aHas1i3y IepBUHHOTO CIIEKTpa I10-
IJIMHAaHHSA paKTUYHO HEMOXJIMBO 3pOOUTH 3p03Y-
MiJli BUCHOBKM NP0 CTPYKTYPY PEHOBUHHU y 3B’A3KY
3 BiZjCyTHICTIO YiTKO BUJIJIEHUX CMYT MOIJIMHAHHA,
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Puc. 3. OndepeHuiiHnii YO-cnekTp noxigHux cykuuHinranotaninis VII (a-c) — gpyra noxigHa (cmyra npu 259 Hm 3MmiwyeTbest Ao 260,5 HM npu

36inblUeHHi cTyneHs moaudikauii).

X04a AMHaMiKa 36i/bllIeHHs apOMaTHU4YHOI CMYTH B
3aJIeXKHOCTI BiJl cTyneHs Moaudikauii ABHO npocij-
KOBYETbCH.

J1s GisiblI AeTaJbHOTO aHali3y HaMU 6yJu mo-
6ynoBaHi fudepeHIliliHi cneKTpH (Mepiua Ta apyra
noxi/iHi) Ta okpecJieHi OCHOBHi CMyTy NOTJIMHAHHSL.

Bisibi 4iTKi 3MiHU B 3aMiCHUKax apOMaTHU4HO-
ro s/ipa rajloBoi KMCJOTH Y CKJIaZi raJIoTaHiHiB IpU
3aMilleHHI ABHO NIPOC/IiAKOBYIOTHCS Ha CIIEKTPi Apy-
roi moxiiHoi KOMNO3UTHOTO CIEKTpPA, IKUHU Npej-
CTaBJIEHO Ha pHC. 3.

Ax BUAHO 3 puc. 3, NPOCAIAKOBYETbCA YiTKa 3a-
KOHOMIpHICTb MiXK CTyneHeM 3aMillleHHs peHOJTiB Y
CTPYKTYpIi raJloTaHiHy Ta 3pyLUeHHA CMYTH [1OTJIU-
HaHHS apOMaTUYHOTO S/Ipa, K i 6yJI0 MoKa3aHo AJis
nonepeanboro rpadika. [Ipu bomy ob1acTb NOIU-
HaHHA 70 258 HM 3aUIIa€ThCS HE3MIHHOIO, 110 CBijI-
YUTb NP0 BiJICYTHICTb BIJIMBY allMJIIOBAHHS Ha [JIIO-
KOIipaHO3HUU 3a/IMLIOK Ta Ha KapOOKCUJIbHI rpynu
rajioBoi KUC/I0TH. MaKkcUMyM NOIIMHAHHS py 258,9 HM
OCTYINOBO 3MilyBaBcs 0 259,3 HM [J/151 OXiAHO-
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ro Vlla Ta no 259,9 um g4 noxiguoro VIIb i Bigmno-
BigHO A0 260,1 HM gu1g noxigHoro Vllc. Hai6inabm
1ikaBoto 6ysaa iHdopMallis Ipo 3MiHU MOTJIMHAHHS
apoOMaTU4HUX f/iep IPU IOBHOMY alJIFOBaHHI CTPYK-
Typu (ocTaHHs cMyra). CMyra NoIMHAHHS TOBHICTIO
MoindiKoBaHOr0 MOXiTHOTO 3MillfyBasiacsd /10 261 HM,
1110 CBiJYMTb PO 3HAaYHY KOHPOpMaLiliHy o6Mexe-
HICTb CTPYKTYPH Ta NiATBEPIPKYE rinoTe3y npo mno-
BHY MojudikaLio 3a BciMa peHONbHUMHU TiJIpOKCH-
JlJaMH CTPYKTYpPH rajioBoi KUCJOTH B raJioTaHiHaX.

[TouyaTkoBi Y®-cnekTpu 1K MoANGiKOBAaHOTO, TaK
i HeMoTMdiKOBaHOIO MOXiTHUX eJlaroTaHiHiB Va,b ¢pak-
TUYHO He BiJIpI3HAIOTHCS, 2 CMyT'H [IOIJIMHAHHSA He 3py-
IIYIOTHCS B 3aJIEXKHOCTI Bij cTyneHs Mogudikanii.

Ckopiie 3a Bce, 1le TOB’S13aHO 3 AY>Ke }KOPCTKOIO
CTPYKTYPOIO e1aroBOI KUCJIOTH Ta BiACYTHICTIO BILIK-
BY 30BHIIIHIX 3aMiCHUKIB [103a apOMaTUYHUM AIpOM
Ha caMy CTPYKTYPY eJ1aroBOil KUCJIOTH.

Jis GisibI AeTaNbHOTO MiTBEPAKEHHS IIi€l ri-
noTe3u 6Yy/IM OTPUMaHI eplla Ta Apyra noxiJiHi Bij
cnekTpa (puc. 4).

JIoBKHHA XBHIII, HM

L e B S Sy e
220

LA S S Es S B O N S B S B
300 340 360

Puc. 4. HaknageHi Y®-cnekTpu nornnHaHHA (gpyra noxigHa) enaroTaHiHie Va,b 3 pisHMMuM cTyneHsMu mogmaikauii
Ta HemoaudikoBaHui | (NoxigHi HakNagaTbCst O4Ha Ha OAHY Ta NPaKTUYHO He BiApPi3HATHCS, L0 CBIAYUTb Npo GinbLuy

CTabinbHICTb apOMaTUYHKX Kinewlb AMranoBoi KUCNOTH).
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Ax BuaHO 3 puc. 4, Moaudikalisa CTpyKTypH eJa-
TOTAaHIHIB HE YUHUTH TAKOTO BIJIMBY HA PYXOMICTh
apOMaTUYHOTO A/pa, AK /s raJIoTaHiHiB.

BignosiiHO, MOKHA 3pOGHUTH BUCHOBKH IPO OiJIbIII
YKOPCTKY CTPYKTYPY €/1aroTaHiHy Ta KOro Gi/IbIIy KOH-
dopmManifiHy CTiHKiCTB, 1110 KOPEJIIOE 3 MPAKTUIHOI0
HEPO3YMHHICTIO YUCTOI TaJIoBOI KUCJIOTH aHi y BOJj,
aHi y HelloJIIpHUX pO34YUHHUKaX. L4 Big3HaKa esa-
roTaHiHIB Bif] rajioTaHiHiB MOXe 6yTH BUKOPUCTa-
Ha B MeTOJIMKaX ileHTUiKallil OCHOBHUX Ail0YUX
pPEeYOBUH NPU Po3po6Ili METO/[iB KOHTPOJIIO IKOCTI
eJlaroTaHiHIB Ta 3allpONIOHOBAaHAa HAMU [Ji BIpPO-
Ba/keHHs Ha [1AT «bopiariBcebkuit ximiko-dpapma-
LeBTUYHUU 3aBOJ» JJis1 KOHTPOJIIO SIKOCTIi aJIbTaHy
Ta aJbTabopy.

ExcnepuMeHTasibHa YaCTUHa

AunnroBanss Tadiny (VI) ta enaroraniny (1) mpo-
BO/IWJIM 3 BUKOPHUCTAaHHAM OYPIITHHOBOTO aHTiIpH-
Ay (11) 3 yrBopeHHsM cykuuHinTaniny (I1la-c) Ta cyk-
nuHisenarotadiny (VII) Ta MmaneiHoBoro aHrigpuay
(IV) [5] 3 yTBOpeHHsIM MaJjieiHinTaHiny (Va-c) Ta Ma-
Jeininenaroraniny (VIlla-c) (puc. 1 Ta 2).

Y®-cnekTpu OTpUMYBaJ/IM Ha MOBHICTIO aBTOMa-
THU30BaHOMY criekTpodoToMeTpi Jlomo CP-56 [6].
JoBxuHa wisinHu 1 MM, KtoBeTH - 10 MM, cieKTp
3HiMa/u B 0,5% po3uyrHi peyoBUH B i30NponaHoIi.

CHvHTe3 NOBHICTI0O CYKIIMHIJIbOBAaHOTI'O eJiaro-
TaHiny (111a)

10* Mosb (0,1885 r) enaroraniny (I) po3unHs-
Jin y 10 MJ1 KOHLIEHTPOBAHOI OLITOBOI KMCJIOTH y KPYT-
JIOA,OHHIN K0J161 31 3BOPOTHUM X0JIOAUJIBHUKOM, J10-
nasasu 3,0:10* Mouib (0,3000 r) 11, akuit nonepen-
HbO PO3TUPAJIM [0 MIJIKOTO NOpouKy B cTynii. Cy-
Milll HarpiBaJsiv 3i 3BOPOTHUM XOJIOAUJIbHUKOM IPO-
TAromM 60 xB. BifraHa/1yu KOHLLEHTPOBAaHY OLTOBY
KucaoTy. Kprcrany, 10 yTBOpUIKCS, 3i CTIHOK KOJI-
6y 3MuBasy 10 MJ1 X010AHOI IUCTUILOBAHOI BOJIU
Ta 3a/IMIIAJM Y BUMIapOBaJIbHIN yallli 0 TOBHOTO
BUcuxaHHs. Ogep:xany pedyoBuny lll nepekpucraii-
30BYBaJIM 3 BOAHO-MeTaHO/bHOI cyMimi (1:1).

CHvHTe3 NOBHICTIO MaJIei/IbOBAHOIO eJjlaroTa-
HiHy (Va)

10* Mosb (0,1885 r) enaroraniny (I) po3unHs-
Jny 10 MJ1 KOHLIEHTPOBAHOI OLITOBOI KUCJIOTU Y KPYT-
JIOJIOHHiH K0J16i 31 3BBOPOTHUM X0JIOAUJIbHUKOM, J10-
JaBanu 1,7-10* Mo (0,6935 1) IV. Cymim rpinu 3i
3BOPOTHUM X0JIOAUJBbHUKOM npoTsArom 20 xB. Bia-
raHsJId KOHLEHTPOBaHY OLITOBY KuCa0TY. Kpucrany,
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110 YTBOPUJIMCS Ha CTiHKaX K0JI0H, 3MUBaau 10 mu
€TaHoJIy Ta 3aJIMLIAJH Y BUNTapIOBa/IbHIN Yali 10
MMOBHOTO BUCYIlIyBaHHS. Oep:kaHy pe4oBUHY V mepe-
KpPUCTa1i30BYBaJIM 3 BOAHO-ETAHOJIbHOI cymimii (1:1).

CHHTe3 NOBHICTIO CYKIIUHIJIbOBAHOI'0 rajaoTa-
Hiny (VIIa)

10* Mouib (0,1549 r) ranoraniny (VI) po3unHs-
i1y 10 MJ1 KOHLIEHTPOBAHOI OLITOBOI KUCJIOTH Y KPYT-
JIOJIOHHI! K0J16i i3 3BOPOTHUM XOJO0AUTbHUKOM, [0-
Jasanu 1,7-10* Mous (0,1700 r) 11, axkuii nonepeiHbO
pPO3THUPAJIX 40 MIJIKOTO IOPOLIKY B cTynyi. Cymim Ha-
rpiBajiv 3i 3BOPOTHUM XOJIOAUJIBHUKOM NIPOTATOM
60 xBWJIKH. BiiraHS/IU KOHLIEHTPOBaHY OLITOBY KHC-
Joty. Kprcrany, o yTBopu/anca Ha CTIHKax KoJ-
6u, 3MuBaK 10 MJI X0/I0AHOI AUCTUIBLOBAHOI BOJIH
Ta 3aJIMLIAJH Y BUIIapIOBaJIbHIN Yalllli 0 HOBHOTO
BucuxaHHs. Ogepxany pedoBuny VII nepekpucra-
JII30BYBaJ/IM 3 BOAHO-MeTaHOJAbHOI cymimii (1:1).

CHvHTe3 NOBHICTI0O MaJIeIHI/IbOBAHOI'0 raj0Ta-
Hiny (VIlIa)

10* Mousib (0,1549 r) enaroTtaniny (VI) po3uuHs-
a1y 10 MJ1 KOHLIEHTPOBAaHOI OLITOBOI KUCJIOTH Y KPYT-
JIOJOHHIH K0J16i 31 3BOPOTHUM XOJIOJUJIbHUKOM, J0-
nJaBasiu 1,7-10* Mok (0,3930 r) IV. Cyminn HarpiBa-
JIU 31 3BOPOTHUM XOJIOAUJIBHUKOM NpoTArom 20 xs.
Bigransaau KOHIeHTPOBaHY OLTOBY KUCAOTY. Kpu-
CTaJIy, 110 YTBOPUJIKCS Ha CTiHKaX KOJIGHU, 3MUBa-
v 10 MJ1 eTaHOJIY Ta 3a/IMLIAJIMU Y BUNIAPIOBaJIbHIN
Yyaumni o NOBHOI'0O BUCylLlyBaHHA. OZiep>KaHy peydo-
BuHy (VIIla) nepekpucranizoByBav 3 BOJAHO-€Ta-
HOJIbHOI cyMimi (1:1).

BUCHOBKM

1. Y pe3ysibTaTi BUBYEHHS €JIEKTPOHHUX CIIEKT-
piB [IOIVIMHAHHSA TaHIiZIB 3 PI3HUM CTyIlEHEM MOJHU-
dikanii 6ys10 BCTAaHOBJIEHO, L]0 3HAYHI 3MiHU CIIEKT-
pa 3i 3CyBOM CMyTr'd NOIJIMHAHHA apOMaTUYHUX Ki-
Jietb (250-270 HM) criocTepiraloTbCcsl TiIbKU /IS aly-
JIbOBAaHUX raJIOTaHiHIB, CTYMiHb ix Moaudikalii mo-
B’13aHUH 3i CTyNeHeM 3MillleHHSI OCHOBHOI CMYTH I10-
[JIMHAaHHSA, 110 JJa€ 3MOI'Y BUKOPUCTATH BKa3aHy pe-
aKuiro asd izeHTUdiKamil MoxiAHOro rajioTaHiHy.

2. EneKTpoHHI ClIeKTPY NMOTJIMHaHHA NOXiAHUX
eJIar0TaHiHiB 3 pi3HUM CTyNEeHeM alUIOBaHHSA dak-
THUYHO He BiJIpi3HAINCS, 0 CBiYUTH PO Oi/bII CTa-
61/IbHY Ta »KOPCTKY €JIEKTPOHHY Ta MIPOCTOPOBY CTPYK-
Typy AUTaJOBOI KUCJOTH, 110 HE J03BOJISIE BUKOPU-
CTOBYBaTH clieKTpockomnito B YP-o6.1acTi A igeH-
TUdikalii oOKpeMUX MOXiITHUX eJaroTaHiHiB.

Martynov A., Farber B, Farber S. Curr. Med. Chem., 2011, Vol. 18, No.22, pp.3431-3436.

Shemchuk L. A., Chernykh V. P,, Martynov A. V. Zhurnal organichnoi khimii - Journal of Organic Chemistry, 1997, Vol. 33, No.8, pp.1257-1258.
Masoud M. S., Hagagg S. S., Ali A. E., Nasr N. M. Spectrochim. Acta A Mol. Biomol. Spectrosc., 2012, Vol. 94, pp.256-264.
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BIIJIUB HOBUX HO_TEHHIﬁHHX OYHI'ICTATUYHUX ATEHTIB
HA AEAKI ®YHKIII KJIITUH KPOBI JIIOAUHH

JI.E.KanawmHikoBa, [.LM.KonepHuk, [.B.Cementora, JL.I1.Tonox, I.M.I'onvHa, J1.0.MeTenunga

[HcTUTYT GioopraniuHoi ximil Ta HadToxiMii HAH Ykpainu
02660, M. KuiB, Bys1. MypMaHchKa, 1. E-mail: metelitsa@bpci.kiev.ua

Karouosi caoea: in vitro ckpuHine; okcazoau; azomoemicHi 6icgpocdhonamu; gyHkyioHaabHI 6ioceHcopu

[ns in vitro ckpuHiHey Hogux 6i0r102iYHO akmuBHUX (hyHKUIOHaIbHO 3aMilieHUX OKca3orlie ma a3omoeMicHUX bic-
¢ocghoHamis 3 8idoMOK hyHaicmamuyHO akmuBHICMI0 8UKOpuUcmosysanu siKk 6ioceHcopu epumpoyumu ma
nelikoyumu Kposi mroduHU. BcmaHoeneHo, wo xXodHa 3 00CioxysaHUX CIofyK He susisuria 2eMortimu4Hoi Oii' y
peakuii ocMomu4Ho20 2eMorii3y epumpouyumie Kpoei. Bci crionyku 0ocmosipHO 3MiHK8asu WeudKicmb 0CiOaHHS
epumpouumig Kposi — QyHKUiOHanbHO 3aMiujeHi 0Kca3onu 3HUXysarnu peakuito npubnudHo Ha 70%, a asomo-
smicHi bicchocchboHamu 36inbwysanu npubnusHo Ha 30%. BcmaHoeneHa peakmugHicmb Moxe cgid4umu rnpo
8UCOKY mporiHicmb docnidxysaHux crionlyk o adpeHopeuernmopie MembpaHu KinimuH. [JaHa akmugHicmb MoXe
bymu sukopucmaHa 05151 xapakmepucmuKu ma rpogHo3ye8aHHs psdy iHWUX MOmMeHUitHUX eghekmig CriosnyK-aH-
mumikomucis, wo sus4yanucs. Pesynomamu HCT-mecmy cgid4amb, Wo ¢byHKYioHanbHO 3aMilleHi okca3onu €
akmueamopamu aHmMUMIKpobHO20 nomeHuiany HelmpoinbHUX JielKkoyumie Kposi i MoXymb posensidamucs
SIK MTOMeHUitHi cmumynssmopu peakyitiHoi 30amHocmi HecrieyughbiyHoeo imyHimemy moduHu. OmpumaHi ekc-
nepumeHmarnsHi daHi cymmeso po3wuptoroms criekmp 6ionozidHux eghekmie CUHMe308aHUX CriomyK-ghyHaic-
mamukie i Nidmeepoxxytomb epcrekmugHiCmb ix ModarnbWoa0 8UBYEHHST SIK MOMeHYialbHUX aHMUMIKOMUYHUX
3acobie. CKpuHiHe in vitro 3 sukopucmaHHsM 5K BioceHcopi8 KNimuH Kpoesi JIIOUHU € 8aX/1UBOK YaCcmUHOK
0docnidKeHHs ToMeHUitiIHUX rikapcbKux 3acobig i moxe 6ymu pekomeHAosaHull Onsi mecmysaHHs1 Hosux 6ioro-
2i4YHO aKmuBHUX criosyK 3 8i0OMOK0 6i0102iYHOK aKMUBHICMI.

THE EFFECT OF NEW POTENTIAL FUNGISTATIC AGENTS ON SOME HUMAN BLOOD CELLS FUNCTIONS
L.E.Kalashnikova, I.M.Kopernyk, I.V.Semenyuta, L.P.Golod, D.M.Hodyna, L.O.Metelytsya

Key words: in vitro screening; oxazoles; nitrogen-containing bisphosphonates; functional biosensors
Erythrocytes and neutrophilic leukocytes of human blood have been used as biosensors for in vitro screen-
ing of new biologically active functionally substituted oxazoles and nitrogen-containing bisphosphonates with
the known fungistatic activity. It has been found that none of the compounds under research do not reveal the
hemolytic action in the reaction of osmotic hemolysis of human red blood cells. For all compounds tested the
erythrocyte sedimentation rate is changed. The functionally substituted oxazoles decreased the reaction rate ap-
proximately by 70%, and nitrogen-containing bisphosphonates increased it approximately by 30%. The reactivity
found can indicate high affinity of the compounds studied to erythrocyte membranes adrenoreceptors. It can be
used for characteristics and prediction of a number of other potential effects of the antimycotical compounds test-
ed. According to the NBT-test the functionally substituted oxazoles are activators of the antimicrobial potential of
neutrophilic leukocytes and can be considered as potential stimulators of nonspecific human immunity reactivity.
The experimental data obtained significantly expand the range of biological effects of the fungistatic compounds
synthesized and confirm perspectiveness of their further study as antimycotic agents. In vitro screening with
the use of human blood cells as biosensors is an important part of potential drugs research and can be recom-
mended for testing new biologically active compounds with the known biological activity.

BJIMSIHUE HOBbIX NMOTEHLUUNAJIbHBIX ®YHTUCTATUYECKUX ATEHTOB HA HEKOTOPBIE ®YHKLNA
KJIIETOK KPOBU YEJIOBEKA

J1.E.KanawHukoea, U.H.KonepHuk, N.B.CemeHtoma, J1.M.MNonod, [.H.MNoduHa, J1.A.Memenuuya

Knrouesble crioea: in Vitro CKpuHUHe; 0Kcasorbi; asomcodepalyue 6ucghocchoHamb!; GhyHKUUOHaIbHBIE BUOCEHCOPb!
Ansa in vitro ckpuHuHea HOBbIX BUOTI02UYECKU aKmMUBHLIX (hyHKUUOHAIbHO 3aMeueHHbIX 0KCa3os08 U a3omco-
depxawux bucghocghoHamoes ¢ uzeecmHol hyHaucmamu4eckol akmueHOCMbIO UCMOb308asiu Kak 6UOCeHCco-
Pbl 3pUMpPOYUMBbI U f1elikoyumsl KpO8U HYesloeeka. YCmaHo8neHo, 4Ymo HU 00HO U3 cOeOUHEeHUL He rposisusio
eemonumuyeckozo Oelicmeusi 8 peakyuu OCMOMUYECKO20 eeMosu3a spumpoyumos kposu. Bce uccrnedosaH-
Hble coeQuHeHUs1 G0CMOBEPHO U3MEHS/TU CKOPOCMb 0cedaHUs1 3pumpouumos — QyHKUUOHabHO 3aMeU,eHHbIEe
0KCas0/1bl CHUXalu CKopocmb peakuyuu npubnusumensHo Ha 70%, a asomcodepxaujue bucgpocchoHamsl yee-
nuqusanu — npubnuaumensHo Ha 30%. YcmaroeneHHasi peakmueHOCMb Moxem ceudemesibcmeosams O 8bi-
cokol mpornHocmu uccriedyembix coeOuHeHUl K aBpeHopeyenmopam MembpaHb! Kriemok. [aHHass akmueHocmb
Moxkem 6bImb UCMOob308aHa 0715 Xapakmepucmuku U po2Ho3uposaHusi psida Opyaux nomeHyuanbHbiX a¢hghek-
moe u3syyeHHbIx coeduHeHul-aHmumukomukos. Pe3ynbmamsl HCT-mecma ceudemernibcmsyom 0 mMmoM, 4mo
ByHKUUOHaIbHO 3aMeuUeHHbIE 0KCa30/bl S18/1S0MCsi akmusamopamu aHmuMuKpobHO20 nomeHyuasa Helimpo-
unIbHbIX Nelikoyumos Kposu U Mo2ym paccMampueamscsi Kak nomeHyuasnbHble CmUuMynsimopbl peakyuoH-
Holi criocobHocmU Hecrieyughuyecko2o UuMMyHUmema 4esnoeeka. lonyqyeHHble sKcrnepuMeHmarnbHble 0aHHbIe
Cyuw,ecmeeHHo pacwupsitom criekmp buonoaudeckux aghghekmos CUHMe3Uupo8aHHbIX cOeOUHEHUl-ghyHaucma-
mukos u nodmeepxdatom fepcrnekmusHocmb Ux OanbHeliwe20 UsydeHUs Kak momeHyuanbHbIX aHmuMuKkomu-
yeckux cpedcme. CKpuHUHe in Vitro ¢ ucrnonb3o0e8aHUeM Kak 6UOCEHCOPO8 KITEemOK KpOo8U Yeroeeka sierissiemcsi
8axkHOU Yyacmbio uccriedosaHUsl MomMeHyuasibHbIX 1eKkapCmeeHHbIX cpedcmes u Moxem bbimb pekoMeHOo8aH
0nsi uccnedosaHusi HoBbIX 6UOI02UYECKU aKMUBHbIX COEOUHEHUL ¢ u3gecmHoU buono2uYeckoli akmueHOCMbIO.
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PaHille HaMu 6y/10 CUHTE30BaHO Psifi HOBUX QyHK-
I[ioHaJIbHO 3aMillleHuX okcazoJiB (P30) i azoToBMic-
Hux 6icdpocdonariB (ABP) Ta BcTaHOBJIEHO X BUCO-
Ky QyHricTaTU4YHY aKTUBHICTb. B 0cHOBi MexaHi3My
Ji1 CHHTe30BaHUX CIIOJIYK JIEXKUTb [IPUTHIYEHH aK-
THUBHOCTi pepMeHTiB 6i0CHHTE3Y eprocTepoJy rpu-
6a Candida albicans - C14-a-neMeTnaasu Ta ¢apHe-
sungudocharcunTasu [1-3, 25].

fAx noTeHNiliHI aHTUMIKOTHUYHI 3aCOOU AOCTIIKY-
BaHi ®30 Ta AB® npu noTpanJisiHHi A0 opraHiamy
MOXYTb 3MiHIOBATH, NiIBUILYI0YH a60 3HMKYIOUH,
MOKa3HUKU MOPPOPYHKIIOHATBLHOTO CTAHY KJIITUH
KpOBI JIIOJWHHY, 1110 He0OXiJHO BPaxoByBaTH NPH iX
BUKOPUCTAHHI.

s cKpUHIHTY in vitro BUlle3a3HaYeHUX 6i0s10-
riYHO aKTUBHUX CHOJYK OYJIM BUKOPUCTAHI 5K 6io-
CEHCOPH EPUTPOLIUTH Ta JIEHKOLIUTH KPOBI JIIOJHUHH,
3J1aTHi in vitro GyHKIiOHaJBHO pearyBaTHy Ha OyJb-
SIKUU AocaiKyBaHUM dakTop. Biomo, 110 KAITHHA
KPOBI IIMPOKO BUKOPHCTOBYIOTBCS He JIMILIE [ QYHK-
I[iOHAJIbHOT'0 CKPUHIHTY 6i0JI0TIYHO aKTUBHUX PEY0-
BUH, ajie 1 /151 IPOTHOCTUYHOI'0 CKPUHIHTY 3 MEeTO10
CIpsIMOBAHOT0 CUHTE3y Ta BU3HA4YeHH Aii 6ioJo-
ri4YHO aKTHUBHOI PEYOBUHH, a TAKOXX IPOTHO3yBaH-
H4 il TOKCHUYHOCTi 6€3 MpOBe/IeHHS TECTIB Ha J1abo-
paTopHUX TBapUHax [4-6].

Bisblre Toro, Metab6oJiiYyHa akKTUBHICTb KJIITHH
KpOBi — epUTPOLHUTIB Ta JIEUKOLHUTIB TiCHO NMOB’s13a-
Ha Mi>X c06010. 3MiHM $i3UKO-XiMiYHUX, MOPPODYHK-
[[ioHa/JIbHUX 260 arperaniiHUX BJACTHBOCTEN MeM-
OpaHu epUTPOLUTIB BiIoGpaXKalOTh piBEHb OKHUCHIO-
BaJIbHO-BiJHOBHOI'0 MOTEHIialy JEUKOLUTIB, 10, ¥
CBOIO 4Yepry, € NIOKa3HUKOM IMyHOTOKCUYHOCTI J10-
CJIi/PKyBaHOI pe4oBUHH [4, 7-9].

MeTo10 po60TH € CKPUHIHT in vitro HOBUX 6ioJio-
riYHO aKTUBHUX CIIOJIYK — TOTEeHI[iHHUX QyHTicTaTH-
KiB Ha MoJieJli KJIiTUH-6i0CceHCcOpiB KPOBi JIIOAUHMU.

Marepianu Ta meTogm

KiHLleBa KOHLIEHTpaLisl BCIX JOC/IIKYBaHUX CIIO-
JyK cknagana 110 M.

s peectparii 3MiH nMokasHUKIB ¢pi3uko-ximiy-
HHX Ta arperamiiHuX BJaCTUBOCTEH MeMOpPaHU epH-
TPOLMUTIB Ta OKUCHIOBAJIbHO-BiJJHOBHOTO MTOTEHI]ia-
JIy JIEHKOITUTIB KPOBi B pOOOTI BUKOPHUCTOBYBAJIU pe-
aKIlilo OCMOTUYHOTO remMoJii3y eputpouuTiB (OT'E)
[10-12], mBuaKicTb ocimanHa epuTpouuTis (ILIOE)
[13-16] Ta TecT BiiHOBJIEHHSI HITPOCUHBLOT'O TeTpa-
3oJ1it0 (HCT-TecT) HelTpodiIbHUMU JIeHKOIUTAMU
KpoBi JitoguHu [17-19].

Peakuito OT'E kpoBi jitofvHU NPOBOAUIA MOJHU-
dikoBanum mMetogom JLL Inenscona [10]. MeTon no-
JIATAE Y KUIbKICHIM OLiHL[i CTyNeHs reMoJi3y KJIITHH
y rinoToHiYHMX po34yrHax xjaopuay Hatpiwo (NaCl).
[Tics iHKy6anii KJiTHH 3 TOC/TiIKyBaHOIO CIIOJTYKOIO
Ta ueHTpudyryBaHHs cpopMoBaHy HaZ0CAJKOBY pi-
JUHY GOTOeNeKTPOKOJOPUMETPYBAIH IPH AOBKH-
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Hi xBWJ1i 500-560 HM NPOTU KOHTPOJIBHOI Tpo6u. [Ipo-
LIEHT reMoJ1i3y epUTPOLUTIB BU3HAYAJIH, IOPiIBHIO-
04U BEJIMYUHU €eKCTUHLI] HaZ0CaAKOBOI PiJUHU Y
KO>KHOMY 3pa3Ky 3 eKCTHHIi€r0, mpuitHATOo0 32 100%
(koHTpOJIB) 3a GOPMYIIOIO:

% remostizy =E, - 100 / E,, (D)

Je: E; - ekcTUHLIFA HaZ0CaAKOBOI piIMHU Y 3pa3Ky 3
0,1% po3uunoM NaCl;
E, - eKCTHHILIIA HaZl0CaJKOBOI PIJUHHU Y 3pa3Ky;
100 - % remoutisy y 3pa3ky 3 0,1% po3yunom NaCl.

BB gocnigkyBaHux crioJiyk Ha peakuito HIOE
oniHtoBaau 3a MetozoM T.II.ITaHueHkoBa [13]. s
I[bOT0 ¥ KaMiJISAP i3 KPOB 10 3 BUCOTO0 CTOBMYMKA 100 MM
JOZaBaJiv BiZIIIOBIAHY CIIOJIYKY, 3pa3Ku BCTAHOBJIIOBA-
Jii B amapart [laHyeHKOBa i mic/ist iHKy6alii Bu3Hava-
JIM BUCOTY CTOBITYMKA IJ1a3MH, CGOPMOBAHOTO MPH OCi-
JlaHHI epUTPOLUTIB. Pe3ysbTaT QiKCcyBau y MM/T0/
Ta BUpaKaJ/Iu y BiJICOTKAaX I10 BiJHOIIEHHIO 10 KOHTPO-
JI10 — 3pa3Ka 6e3 JjoJjaBaHHs JOC/i>KyBaHOI CITOTYKH.

OULiHKY OKMCHIOBAJIbHO-BiJHOBHOTO MTOTEHLialy
nepudepUIHUX HEUTPODiIiB KPOBIi JIIOAUHU TPOBO-
auau 3a nonomoroto HCT-Ttecty (TecTy BijHOBJIeH-
HS HITPOCHMHBOrO TeTpasoJii) [17]. B ocHoBI TecTy
JIEXKUTB NpoLec NiHOLUTO3Y, HAKONIMYEHHS Ta BiJ-
HOBJIEHHS i3 IepeTBOPEHHSIM PO3YMHHOI0 6e36apB-
HOT'0 HITPOCMHBOTO TETPA30JIif0 Y HEPO3YMHHUH TEM-
HO-CHHIN ¢popMasaH, 10 BidyaJbHO iIeHTUPIKYETDb-
¢y HeHTpodinax — paronurax.

Jnda nporo 3pasku kposiy 0,2% BogHOMY po34u-
Hi HCT inky6yBasiu 3 BiANIOBiAHO0 A0CTIAKYBaHOIO
CIIOJIYKOIO, a ITOTIM i3 OTpUMaHOI CyMillli rOTyBaIx
Ma3KH, siKi papOyBasiv po3UMHOM HEUTPATBLHOTO Yep-
BOHOI'0 Ta MiKpPOCKOIyBaJIU. Y Ma3Kax MipaxoByBa-
JIX KiJIbKicTh popMa3aHaKTUBOBAHUX KJIITUH (¢aro-
yuTiB) Ha 100 nigpaxoBaHux HekTpodinis (JAH -
YacTKa akTUBOBaHUX HeHTpodiaiB). 3a KiJbKiCcTIO
dopmMazaHy y KJiTUHAX OI[iHIOBAJIM iX aKTUBHICTh B
YMOBHUX OJMHUIAX i MiIPax0OByBaJv iHAEKC aKTHU-
Balii HeHTpoodiniB (IAH) 3a dpopmyioro:

IAH=(0-H,+1-H,+2-H,+3H)) /100, (2)

ne: Hy, H,, H,, H; (%) - kinbkicTb HeliTpodiniB 3 ak-
TUBHIcTIO 0, 1, 2, 3 Ta 4 6aJ1M BiAIIOBiAHO.

Bci oTpuMaHi ekcriepuMeHTabHI pe3yJIbTaTU J10-
CJIi/[PKeHb OYJIU CTaTUCTUYHO 06po6JieHi MeToJaMu
BapiauiiHoro aHauizsy [20].

PesynbTaTth Ta ix 06roBopeHHs

Ha pucyHky HaBeJieHi CTpyKTYpHi GopMysu cro-
JIYK - HOTeHIiHHUX QYHTricTaTUKIB, fKi 6y JocJi-
JKeHi y po6oTi.

Y Tab6J. 1 npeacTaB/ieHi pe3ysbTaTy JOCTiIKeH-
H4 BIIMBY HOBUX @30 Ta AB® Ha noKa3HUKHU peak-
uint OTE Ta IOE.
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Puc. CTpykTypHi dhopmynu gocnigXyBaHUX Cronyk.

Jawni Ta6J. 1 cBiguaTh, 110 K0/[HA i3 AOC/Ti/HKYyBa-
HUX CIIOJIYK He BUSIBWJIA AOCTOBIPHOrO BIJIMBY Ha
peakuito OTE. [Ipu ubomy Bci gocaigxeni @30 ta
AB® noctoBipHo 3miHoBasnu LIOE - AB® y cepen-
HbOMY Ha 35% npuckopoBaay, a @30 y cepeiHbO-
My Ha 70% npUrHidyBaiu peaklilo.

Y Tab.1. 2 npeAcTaBJieHi pe3yabTaTH BILIUBY [10-
CJIiIPKyBaHUX cronyk Ha nokasHuku HCT-tecty. 3a
JIaHUMHU TabJ1. 2 MOXKHA 3pOOUTH BUCHOBOK, 1110 ABO
He NPOSABUJIU LJOCTOBIPHOIO BILJIMBY aHI Ha MOKa3-
Huku JJAH, ani [AH, To6TO j01aBaHHA y 3pa3Ku KPoO-
Bi O0C/IIPKYBaHUX CIIOJIYK He BUKJIMKAJI0 aKTUBALLil
HEUTPOODIILHUX JIEUKOIUTIB.

Bci pocaigkyBani @30 BUABWIM AOCTOBIpHUU
BIIMB Ha 06u/Ba nokasHuku HCT-TecTy - gogaBaH-
HA Y 3pa3Ky KPOBi BKa3aHUX CIOJYK BUKJIUKA/IO0 HEe
TIJIbKH 30i/IbLIIEHHS KiJIbKOCTi aKTUBOBAHUX KJIITHH,

o} //N
N 0SS,
@ONO " OH
o

(P30 2)
CH,
O  —cCH
o=/ ’
=p—o0
(o]
: .
N/\( N
| H 0
(0}
H,C
(P30 4)
Na
\
0 Na
O\\P/—O/
N
0" 0" o
(P30 6)
o\\P/OH
HSC/\/\Hﬁ/ \OH
—P
O~ “oH
H
(AB® 2)

aJie ¥ CyTTEBO MiABUILYBAJIO CTYNiHb IX aKTUBaLil -
y cepeguboMy Ha 30%.

TakuM YMHOM, Ha OCHOBI BH1[e3a3HaYeHUX DaK-
TiB HAMH BCTAHOBJIEHO, 1110 BCi CIIOJIYKHU — 1ie IIOTEH-
LiMHi aHTUMIKOTHKH, IKi He Mal0Th FeMOJIITUYHOI Jil.

OTpuMaHi HaMU JjaHi Mpo AOCTOBIpHUH, ajie Ipo-
TUnexxHuM BB AB® ta @30 Ha peaknito IIOE €
Ba)XJIMBUMHU Y KOMILJIEKCHOMY in Vitro CKpUHIHTY CII0-
JIYK, OCKIJIbKU JAKTh MOXJ/IUBICTb 3 BUCOKOK WMO-
BIpHICTIO CIPOTHO3YBATH iX A0 in vivo. BpaxoByouun
TO# dakT, 1o B ocHoBi peakuii IIOE nexxuTthb 31aT-
HICTb EpUTPOLUTIB KPOBI [0 arperatiii, 1{o KOHTPO-
JIIDETHCS aJIpeHOPeLeNTOPaMU MEMOPAHH KJIITUHHY,
MOXKHa CTBEP/KYBaTH, 1110 TPOMHICTh AOCHIIKEHUX
CIIOJIYK 10 aip€HOPEeLLeITOPHOr0 anapaTy € OLHIi€l0
3 BaXJIMBUX XapaKTEPHUCTHK iX MOTEHLiMHUX 6ioJi0-
rivaux edpekTiB [21, 22].
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Ta6bnuua 1

Brnnue gocnigxysaHux @30 T1a ABD Ha peakuii

Ta6bnuua 2

Brnnue ®30 1a AB® Ha nokasHukn HCT-TecTy,

OrlE 1a WWOE, % po kKoHTponto, M+m, (n=6)

% Ao KoHTpont, M+m, (n=6)

Wndp OrE, LLIOE, Wndp OAH, IAH,
CronyKkn % 0O KOHTpOIo % 00 KOHTPOJo Cronykun % 00 KOHTPOJO % [0 KOHTpOnto (n=6)

0301 97,4+2,2 26,3+2,0% 0301 134,3+5,5% 126,6+7,1*
®302 94,2+3,1 34,0+1,7% ®302 128,7+6,8* 116,3+6,4*
0303 96,5+2,7 24,7+1,5% 0303 141,1£3,2*% 132,2+5,7*%
0304 95,1£2,4 31,0£2,1% 0304 130,614,2* 126,1+7,0%
®305 98,6+2,6 27,1+1,3% ®305 126,0+8,1* 131,4+4,9%
®306 95,7+4,3 28,4+1,4% ®306 136,2+4,3* 124,5+6,6*
ABOD 1 98,8+3,3 136,2+8,0* ABO 1 102,2+0,3 104,4+0,2
ABO 2 96,3£3,8 134,4+6,6* ABO 2 111,8+0,1 103,7+0,5

MpuMiTKa: * — 3Ha4YEHHS AOCTOBIPHO BiAPI3HSETLCS Bif KOHTPOSO
(p<0,05).

Ha ocHOBI ekcriepuMeHTa/IbHUX JaHUX NP0 BILJIUB
BUBYEHUX CMOJYK Ha nokasHuku HCT-tecty - ABD
He BrinBasy, a @30 Ha 30% 36i/ibLIyBaINd aKTUB-
HicTb HEUTPOPisiB KpPOBi — MOXKHA 3pOGUTU BUCHO-
BOK, 110 @30 € akTUBaTOpaMU KMCHEBO-3aJIEKHUX
BHYTPILIHBOKJIITHHHUX MIKPOGILIUAHMX CUCTEM HEHTPO-
¢inie-paronuTis, siki koHTpostotThCsE HAJID-H-okcu-
JAasoro. [Ipu upomy BiZloMoO, 110 MOSABA y KJIITHHI aK-
TUBHUX GOPM KHCHIO MOXKe IPUBOAUTH He TIJIbKU [0

NiTtepatypa

MpuMiTka: * — 3HaUYeHHs1 AOCTOBIPHO BIAPI3HSATLCS Bif, KOHTPOSIO
(p<0,05).

306i/bIIeHHS 1l aHTUMIKpPOOHOTO0 MOTEeH1liany, ajie i 10
aKTHBallil TKAHUHHOTO MeTab0J1i3My Ta peakliiiHoi
3aTHOCTI HecnieldiyHOro iMyHITETY JitoAuHU [23, 24].

OTpumaHi y pobOTi ekcliepuMeHTa/bHi JiaHi CyT-
TEBO PO3ILMPIOIOTH BiZIOMUM crieKTp 6ios1oriyHUX edek-
TiB HOBUX AB® Ta ®30, 110 MarTh BUCOKY QYHTi-
CTaTUYHY aKTUBHICTh, a TAKOXK MiATBEPKYIOTb I1epC-
MEKTUBHICTb IX MOAAJIBIIOr0 BUBYEHHS K IOTEHLIiH-
HUX aHTUMiKOTHUYHUX JIiIKapCbKHUX 3aC00iB.
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