Hayx. sicnux Yaceopoo. yu-my (Cep. Ximis), 2019, Ne 1 (41)

Sci. Bull. Uzhh. Univ. Ser. Chem., 2019, M 1 (41)

-81-

VIIK 547.792.1:547.56

I'puropka I'.B., ctyz.; ®izep M.M., k.X.H., no1.; Dizep 0.1, H.C.;
CaunBka M.B., x.x.H., no11.; @apuniok 10.1., x.x.H., no1.; Jlengea B.I'., 1.x.H., mpod.

CHUHTE3, CIIEKTPAJIBHE TA TEOPETUYHE JOCJIKEHHS
5-2-TTAOKCU®EHILI)-4-METAJILJ-1,2,4-TPUA30JI-3-TIOHY

JBH3 «Yaiceopoocvruii nayionanvruil yrisepcumem», 88000, Vrpaina, m. Yaiceopoo,
eyn. ITiocipna, 46; e-mail: max.fizer @uzhnu.edu.ua

JlocnipkeHHsST TayTOMEPHHUX TIePETBOPEHb
TETCPOIMKIIIB MAa€ BAXJIMBE 3HAYCHHS IS
pO3yMiHHS Ta TIPOTHO3YBaHHS  peaKIliitHOl
3maTHocTi 1mx cucrem [1-3]. Jna 1,2,4-
TPHUA30JILHOTO LUKJIY XapaKTepHi Pi3HOMaHiTHI
TayTOMEpPHI TIEPETBOPEHHS, IO OOYMOBIICHO
BBEJICHUMH 3aMiCHUKAMM Ta 1X MOJI0KeHHIM [4].
B niteparypi ommcaHi SIK €KCIEPHUMEHTAaJbHI,
TaK 1 TEOPETHYHI JOCTIIKCHHS TayToMepiii B
camomy sapi 1,2,41puasony [5, 6]. Tpuazonu 3
2-rinpokcueHITHHIM 3aMICHHAKOM, BXKeE
3HAWIIIM BUKOPUCTAHHS B MEIUIIMHI, 3aBIIKU
CBOIM X€JIaTyIOYMM BJIACTHBOCTSM [7], a TaKkoK,
TaKi MOXIiJIHI € MIKaBUMH 00’ eKTaMu AJis1 (Di3MKO-
XIMIUHUX focipkeHsb [8, 9]. Mu, B cBoto uepry,
BHPIIITIMIA ~ JOCHITUTH  MOXJIHBICTH  KETO-
CHOJIBHUX  TayTOMEPHHUX  IEPETBOPEHb
CTpyKTypHiil mapi ¢enon—1,2,4rpuazon Ha
npuknaai 4-meranin-5-(2rigpoxcudenin)-1,2,4-
Tpua3oi-3-rioHy. B maniit poOoTi My He OyaeMO
3YNHUHATUCS Ha MOKJIMBOCTI Tepediry TioH-
TIONBHOI TayToMepii, sKa JOBOJi JETaJbHO
ommcana s psany 1,2,4apuason-3-rionis [10,
11], wmaromicTe, MM BHPIIIMIA JOCITIIATH
NepeHOC NPOTOHY MK ()EHONBHUM TiAPOKCHIOM
Ta aTOMOM HITPOT€HY B IEPIIIOMY IOJIOKCHHI
TprasonsHOro nukiy (cxema 1). ITepexymoBaMu
JO Takoro pony TayToMmepii HOTpiOHO
po3rIsAgaTH KUCIOTHI BIACTUBOCTI (heHONMy Ta
OCHOBHI BJIACTHBOCTI TPHA30JIbHOTO KiNbIrst [12].

Pe3yabTaTi Ta iXx 00roBopeHHs

inzeoBy  Monekyny  4-meramin-5-(2-
rinpokcudenin)-1,2,4gpuaszon-3-riony B, Oyio
CHUHTE30BaHO 3a JIOTIOMOTO0 JIY>KHOT IUKITi3alii
BIJIITOBITHOTO 3aMIIIEHOTO TioceMikapOasumy A,
y BOAHOMY cepenoBuiii (cxema 1).

CtpykTypy aHaJIOT1YHOTO 4-amin
3aMIIEHOT0  TPHA30Jly  JTOCIHIKEHO 3a
JIOTIOMOT'OI0  PEHTTEHOCTPYKTYPHOTO aHalizy i
omucaHo B Jiteparypi [9]. Bcranosieno, mo y
KPUCTAIIYHOMY CTaHi, ()eHOJbHA TiAPOKCHIIbHA
rpyna Ta HepIIvii aTOM HITPOTE€HY TPHa30JIbHOTO
UKITY YTBOPIOIOTH MIXMOJICKYIISIPHAN
BojHeBul 3B’ 530k -O-H'N. YV Bumanmky x
pPO3BENIECHNX PO3YMHIB OYiKYBaHUM € YTBOPCHHS
BHYTPIITHBOMOJIEKYJIIPHOTO BOJTHEBOTO 3B’ SI3KY.

Hns HagiiiHOro BcTaHOBIEHHS OynoBH
tpuazony B y pozunni JJMCO, Oyno 3ammcaHo
Ta AeTalbHO MpoaHaimizoBano SIMP cmektp Ha
anpax H (puc.1). Tak, CHILHONIONBHUI CUTHAT
npu 1,47M.4. BignoBigae MeTHIBHIH Tpymi
MetanioBoro  ¢parmenry. CuHHTIETH TIpH
4,22m.4. Ta 4,62M.4. BIANOBIZAIOTh IPOTOHAM
METHJIIIEHOBOI TPyNH METAJIOBOTO 3aMiCHHUKA.
IIpoTOHM METHICHOBOI TPYNMH METaiIbHOTO
(bparMeHTy TpPOSIBIISIOTHCS Y BUIIIAI CHHIIIETY,
3 BIJIHOCHOIO iIHTEHCHUBHICTIO 2 1ipH 4,52M.4.

Cxema 1.
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Puc. 1. [IMP cnextp Tpuazony B.

Hywmepauito aromiB kapOoHy (eHIIbHOTO
¢parmenty npezacrasieHo Ha cxemi 1. CurHamu
MIPOTOHIB (DEHUTEHOTO 3aMICHUKA TPOSBIISIOTHCS
B a0t obaacTi criektpy npu 6,87—7,38v.u.
A came: Tpurmier npu 6,89 M.4., 3 KOHCTAHTOIO
cmiH-ciiHoBOi B3aemonii 7,31'm, Bianmosinae 5-H
MPOTOHY  2-TiAPOKCU(PEHUILHOTO  3aMICHHKA,
ayoner mpu 6,97 mu. (J = 8.2m) — 3H
nportony; ayomer npu 7,24 mu. (J = 7.5m)
Bignopimae 6-H mnpoToHy; Ta TpHILIET MNpHU
7,37M.4. 3 KOHCTAHTOIO CITiH-CIIIHOBOT B3a€MOii
7,7Tu — 4H mnpotoH 2-TiapoKcU(EHITBHOTO
¢parmenty. IIpoToHm mpm rerepoaTomax
MPOSABJISAIOTECA Y BUAAl cunriietis npu 10,31
(OH a6o N1-H) m.u. ta 13,87m.u4 (N2-H).

Jns TeopeTHyHOi OUIHKK QOpMH, B SAKiH
ICHye CHHTE30BaHMH HaMH TpHa30Jd, OymH
npoBeleHi po3paxyHku crektpiB [IMP Ta
e”Heprii enompHoi (opmu Bl, uBitepioHHOI
dhopmu B2 Ta il cTpyKTypHOro aHajora — KeTO
dhopmu B3.

Tak gk vy DFT  pospaxyHkax
HEPIIONOYaTKOBO aTOMaM HE IPHCBOIOIOTHCS
YaCTKOBI aTOMHI 3apsiu, TO CTpykTypu B2 Ta
B3 € omnakoBumu. Crioyatky Oyjio mpoBeIeHO
onTuMi3alio reomerpii crpykryp Bl Ta B2/3
MeTomoM (yHKImioHany ryctuan B97-D3 [13,
14] y xomOinamii 3 ayOnmb-n3eta  OasucoM
6-31G(d,p),sikuii MiCTHTh OAHY MOJSAPH3ALIHHY
¢dyHKmito it Beix aromiB [15]. Bubip mamoro
METOy OOYMOBJICHMH MO0 37aTHICTIO J00pe
MOJICJTIOBAaTH CUCTEMH, B SKHX 3HAUHHU BIUTUB
MAalOTh CJIA0Ki TUCTICPCIiHI B3a€MOIi1 Ta BOTHEBI
3B’ s3km [16, 17].

[lorpiOHO  BigMiTHTH, [0  aHaJi3
YaCTKOBUX 3apsfiB y cTpykTypi B2/3, Bkazye Ha
icHyBanHs cTpykTypu B3. Tak, 4yacTkoBi aToMHI

3apsau N1 ta N2 cknaparore —0.3% Ta —0.22,
BiAMOBiAHO. [IpOTOHM TMpH I[HMX KE AaToMax
HITPOIr'€Hy MaroTh 4yacTkoBi 3apsau +0.3%. Kpim
TOTO, YAaCTKOBHH aTOMHHM 3apsa Ha aTomi
okcureny ckiamae Bchoro —0,6k, mo e
XapaKTepHUM JIJIsi KAOPOHUIBHOT TPYIIH, a He JIs
(heHOKCH]T aHIOHY.

v HaOMKEHH1 B97-D3/6-31(d,p),
meronoM GIAO [18], Oyno po3paxoBaHO XiMiuHi
3CYBH ISl aTOMiB TifporeHy. MomemoBaHHS
XIMIYHAX  3CYBIB TNPOTOHIB, 3JaTHUX [0
JIeHTepooOMiHy, 3a3BHYail € HETOUYHUM, TaK 5K
BpaxyBaTH 3HAYHY COJbBATAIII0 PO3YMHHHKOM
JIOBOJII  CKIIQJIHO, a 3a  JIOMIOMOTOI0
KOHTHHYAJbHUX MOJICICH — B3araia HEMOXIIHBO.
Tak sk HalOIMbIIE HAac MiKaBWJa CTPYKTypa
came Timpokcu/oKco-(heHITPHOTO 3aMiCHHKA, TO
MU OUTbII JETadbHO 3YMUHUIKCS CcaMe Ha
apOMaTHYHUX MPOTOHAX.

=
S

® rigpoKcK-cpopma X X

* okco-chopma ®

PoapaxoBaH 3HaqeHHA
XiMiYHMX 3CYBIB, MY
-

[ey]

6.8 w 4
6.8 7 7.2 74
EKCnepuMeHTanEHI 3HaUYeHHA XIMIUHWX 3CYBIB, M.u.

Puc. 2. Po3paxoBaHi Ta eKCIIEPUMEHTAIbHI 3HAYCHHS
XiMiYHHX 3CYBiB 11 hopm Tpuazony Bl ta B2/3.

Ha pwuc.2. mpencraBneHo XiMidHi 3CyBU
OpOTOHIB  OEH3EHOBOrO  IMKIY, a came
PO3paxoBaHi 3HAYCHHS I Tiapokcu-popmu Bl
Ta okco-popmu B3 (abo B2). Sk BugHO 3 puc.2.,
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CHiBHaIiHHS EKCIIepUMEHTAIBHIX Ta
pO3paxoBaHWX 3HAYCHh XIMIYHHX 3CYBIB €
XOpOIIMM Yy  BHUNAAKY  TiAPOKCH-(OPMHU
(eHoNBHOTO (pparMenTy, TOAl SK XiMiyHI 3CYBH
OKCO-pOpMU  CYTTEBO  BIAPI3HAIOTHCS  BiX
CKCTIEPUMEHTAIbHUX.

Kpim Toro, Oymno po3paxoBaHO TOBHY
eHepriro ctpykryp Bl ta B2/3 Ha ocHOBI paHime
OIITHMI30BaHUX CTPYKTYp, aJI¢ 3 BUKOPHUCTaHHIM

3HA4YHO OLTBIIOTO 0a3ucHOro Habopy
6-311++G(2d,2p). Tak, mnoBHa eHepris s
crpykryp Bl ta  B2/3 ckmama —

691879, Ixkan/mons ta —691858,3 kKan/MoIh,
BignmosimHo. Tobro, y posumni JMCO,
crpykrypa Bl € ma 20,8 xkan/mons Oimbin
€HEPreTUYHO BUTIIHOIO HIX cTpyKTypa B2/3.

BucHoBku

TakuM YWHOM, 11  CHHTE30BAHOTO
4-vetanin-5-(2rinpokcudenin)-1,2,4puaszon-
3-riony B He € XapakTepHOI KeTO-€HOJIbHA
tayTomepisa. Y posundi JMCO, posrasHyTa
croiyka nepedyBae caMe y eHOJIbHIN Qopmi, sika
srinzno  metoxy — B97-D3/6-311++G(d,p)//6-
31G(d,p)e Ha 21 kkan/MoIb OIIBIIT €HEPTETHIHO
BUTIJTHOIO HIX KETO CTpPyKTypa. PozpaxoBani
3HaYeHHS XIMIYHHUX 3CYBiB TPOTOHIB MJIS
S€HOJIBHOT hopmu CITIBIIATAl0Th 3
SKCTIEPUMEHTAIbHUMH JTAaHUMHM, L0 JOAATKOBO
CBIIUYUTH TPO ICHYBaHHS JOCTIIKYBaHOTO
TPHA30Jy y TiApoKcH Gopmi.

EKCHepl/IMeHTaJIbHa YaCcTHHA

Apoinriocemikap6asux A (0,05 moss) Ta
NaOH (0,15momb) po3uuHsoTh y SOMI BOIH.
Onepxanuit po3uuH HarpiBaroTh npu
TeMIiepaTypi KumiaHS Tpotsrom 1,5 rom. Ille
rapsady peakiiiHy CcyMilnl  HEHTpali3yloTh
ouroBoto kuciororo (0,2 monp) 1 HarOTH
O0XOJIOHYTH. L{ITh0BUIT TPHA30JT KPUCTANIZYETHCS
y BUIJIA/I mpo3opux Kpucrtame. Buxin 86%. Ty,
= 144-145°C.AMP H (IMCO-d6), 5, m.u.:
1,47 (3H,c, CHg); 4,22 (1H,c, =CH,); 4,52 (2H,
¢, NCHy); 4,62 (1H,c, =CH); 6,89 (H, 1, J =
7,3Tu, 5H); 6,97 (1H,1, J = 8.2A'u, 3-H); 7,24
(1H, n, J = 7.5, 6H); 7,37 (H, 1, J = 7,1,
4-H). 3uaiineno, %: C 58.51; H 5.61; N 16.67; S
12.64. GoH14N6O-S. Po3paxosano, %: C 58.28;
H 5.30; N 16.99; S 12.97.

Teopemuuni  po3paxynku. lloyaTKoBy
reomerpiro g crnonyk Bl Ta B3 0Oymno

3MoenboBaHo mporpamoro  Avogadro [19] B
cunoomy moii MMFF94. Jlns MonenroBaHHS
BIIUBY posunHHuKa [IMCO 0yii0 BUKOPHUCTAHO
KoHTHHYanbHy Mojenb CPCM [20]. Awnanis
pO3paxoBaHUX I'ecciani TTiITBEPINB
3HaXOPKCHHSI CITPaBXHHOTO MIHIMYM Y BHUIIAJKy
000x cTpykTyp. KBaHTOBO-XiMiuHI PO3paxyHKH
npoomunu B mporpami ORCA [21], anami3
XBUILOBUX (GYHKIIH Ta po3paxyHok ECII
TPOBOAMIIN B POrpaMi
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TAUTOMERIC FORMS OF
5-(2-HYDROXYPHENYL)-4-METHYL-1,2,4-TRIAZOLE-3-THIONE:
SPECTRAL AND THEORETICAL STUDIES

HryhorkaH.V., Fizer M.M ., Fizer O.1., SlivkaM.V., Faryniuk Yu.l., Lendd V.G.

Uzhhorod National University, Pidhirna S., 46, 88000 Uzhhorod, Ukraine
e-mail: max.fizer @uzhnu.edu.ua

The investigation of tautomeric transformation$eferocyclic compounds is an important step
for understanding and predicting the reactivitysoth systems. Triazoles with a 2-hydroxyphenyl
substituent have already been used in medicineadiieir chelating properties. Also, such derivasiv
are interesting objects for numerous physico-chahstudies. We, in turn, decided to investigate the
possibility of keto-enol tautomeric transformationghe structural pair of phenol-1,2,4-triazoletba
model object — 4-methallyl-5-(2-hydroxyphenyl)-#2riazole-3-thione. The thione-thiol tautomerism
of 1,2,4-triazole-3-thiones is well described inmrous literature data. Instead, in this work, we
decided to investigate the transport of the prdtetween the phenol hydroxyl and the atom nitrogen
in the first position of the triazole cycle. As th&in prerequisites for this kind of tautomerisng w
consider the acidic properties of phenol and thecliaroperties of the triazole ring.

For reliable establishment of the structure ofttiezole model in the DMSO solution, the 1H-
NMR spectrum was recorded and analyzed in detaduAntum-chemical study was performed to
establish a stable form of target triazole in DMS@ution. Namely, the calculation of 1H-NMR
spectra of the enol and zwitterionic/keto forms wasied out. Initially, the geometry optimizatioh
the two forms (enol and keto) was performed by dgrsinctional theory method B97-D3 in
combination with a double-zeta basis set 6-31G)(dwhich contains one polarization function for all
atoms. The choice of this method is due to itsitgbib well simulate systems in which weak
dispersion interactions and hydrogen bonds areglyanfluenced. In addition, the total energy of
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two structures was calculated on the basis of pusly optimized structures, but using larger basts
6-311++G(2d,2p). The total energy for two enol dmeto-forms was —691879.1 kcal/mol and
—691858.3 kcal/mol, respectively. That is why, e tDMSO solution, the considered here triazole
exists in the enol form, which is for 20.8 kcal/Imwore preferable than keto-form.

Keywords: triazole; DFT; tautomer; NMR.
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