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Ienu. ITpou3go0Hble KOPUUHOU KUCSOMbL OMHOCAMCSL K OONbULOMY KAACCY (PeHONbHBLX CoOedu-
HeHUll, Komopble WUPOKO PpACNPOCMpPAaHEeHbl 8 pacmumenbHocmu U 06aadarom eblCOKUM NO-
MeHYUANOM OS5t NPUMEHEHUS 8 MeOUYUHE U npombluLieHHocmu. OHU obadarom pasiutHsulimu
npakmuuecku noJle3HbIMU ceolicmeamu, Hanpumep, AHMUOKCUOAHMHBIMU, NPOMUBO80CNANU-
MesnbHbIMU, AHMUARPE2AHMHBIMU U AHMUMENAAHO02EHHbIMU ceolicmeamu. OmoenbHblil uHme-
pec npedcmagasaiom OKCUKOPUUHbLE KUCZOMbL KAK (PeHUANPONAHOUObL, A8SI0ULUECS UCXOOHbL-
MU COEOUHEHUAMU AuUHUHA. Llenvto daHHOU pabombl sensiemcest UCCiedo8aHUe 9eKMPOHHOU
cmpyKmypsbl U AHAAU3 PEAKYUOHHOU cnocobHOCmuU npocmetiuux npedcmagumeneti (peHUnpo-
naHouoos, 06pPA3YyUUXCSL 8 npoyecce buocuHmesa: KYymapoeoil (N-0KCUKOpUUHOot), KogeliHol
(3,4-0uzudporcuropuuroii), pepynosoii (3-memorcu-4-2udpoxcuxopuuHotii), cuHanosoii (3,5-0u-
MmemoKrcu-4-2udporkcuKopuuHoii) u 3,4-oumemorcuKopuuHoil Kuciom. Omu KUC10mol s18As110m-
csi buozeHemuueckumu npedulecmeeHHUKamu 6onbuuHcmea opyaux PeHoNbHbLX CoeOUHeHUl
(KymapuHos8, MenaHUHO8, JUHUHA U (Pa8OHOUO08) U 8CMPEUAOMCSl NPAKMUUEeCcKU 80 8cex
8bICUULUX PACMEHUSLX.

Memoobst. B pamkax ozpaHuueHHo20 memooda Xapmpu Porxa u memoda 2ubpudHozo hyHKuuU-
OHAIA NIOMHOCMU ONMUMUSUPOBAHBLL Uccaedyemble mMorekyanl. Bece pacuemst npogodunuce ¢
ucnonwvzoeaHuem npozpammel Firefly.

Pesynemamet. [IpogedeH cpasHUMENbHbLU KE8AHMOBO-XUMUUECKUT pAacuem 2e0MempuuecKux
napamempos8 MoaAeKYJsl OKCUKOPUUHBLX KUCAOM 08YMS memooamu, npusedeHvl 3HaueHus 3a-
psidos Ha amomax no Mannukery. IIpu egedeHuU 2uOPOKCUNTBHBIX U MEMOKCUTbHBIX 3aMecmu-
meneil 8 M- U N-NOJIOIKEHUSL OMHOCUMENIbHO KaApOOKCUNBbHO20 (hpazmeHma Npoucxooum cmeuie-
HUe 3/1IeKMPOHHOT NJIOMHOCMU 8 CMOPOHY OEH30bH020 KObUA U, KaK credcmaeue, NOHU KeHue
cummempuu monekyavl. TaxkiKe 8 uccriedyemsvlx cmpyKkmypax umeemcest T,T-conpsarxKerue Kap-
6orxcunbHo20 ppaemerma monekysol —-CH=CHCOOH c¢ apomamuuecKum KOJbUOM, Umo cyuie-
CMBEHHO CKA3bl8AeMmCes HO 280MempuUUecKoli KOHpU2Ypayuu moneKkysl. MaxcumanoHblil NOS0HKU-
menbHbLil 3apsa0 cocpedomoueH Ha amome C,, a MAKCUMATbHBLUL OMPUUAMETIbHBLIL — HA AMOMAX
KUCIOPoOA, OMHOCAULUXCS K MEMOKCUNbHbIM 3amecmumenisim U 2UOPOKCUNbHOU epynne, umo
noomeeprkoaem posib KUCIOPOOHBLX AMOMO8 8 XUMUUECKUX NPESPAULEHUSIX KUCSIOM.

Bwieodsl. B pabome 08ymsi pasiuuHbiMu memodamu Oblil PACCUUMAHbL 2eoMempuiecKue,
S/IeKMPOHHblE U 9Hepzemuueckue napamempsl, a marKxke UHOeKCbl 31eKmpo@uibHOCMU
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uccnedyemblx OKCUKOPUUHbLX KUCaom 8 2a308oli gpasze. IlonyueHHble 8eNUUUHBL CO2IACYIOMCSL 8
npedenax noepeutHocmeti ¢ 9KCNePUMEHMANTbHbIMU OAHHBbILMU, A MAKXKEe ONUCLIBAEMbIMU 8 PAH-
Hux pabomax npu pacuemax 0pyaumu mMemooamu.
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Objectives. Cinnamic acid derivatives belong to a large class of phenolic compounds, which
are widely distributed in plants and have high potential for use in the medical and industrial
fields. They have various useful practical properties, e.g., antioxidant, anti-inflammatory,
antiplatelet, and anti-melanogenic properties. Hydroxycinnamic acids are of particular interest
as phenylpropanoids, which are the starting compounds of lignin. The aim of this work was
to study the electronic structure and analyze the reactivity of the simplest representatives of
phenylpropanoids formed during the biosynthesis of the coumaric (p-hydroxycinnamic), caffeic
(3,4-dihydroxycinnamic), ferulic (3-methoxy-4-hydroxycinnamic), sinapic (3,5-dimethoxy-4-
hydroxycinnamic), and 3,4-dimethoxycinnamic acids. These acids are the biogenetic precursors
of most other phenolic compounds (coumarins, melanins, lignins, and flavonoids) and are found
in almost all higher plants.

Methods. Calculations with full optimization of the geometric parameters were performed using
the original Hartree—Fock theory and hybrid density functional method. All calculations were
performed using the Firefly program.

Results. A comparative quantum chemical calculation of the geometric parameters of hydroxycinnamic
acid molecules was conducted via two methods, and the values of the charges on atoms according to
Mulliken were determined. It was found that with the addition of hydroxyl and methoxy substituents
at the meta and para positions relative to the carboxyl fragment, the electron density shifts toward the
benzene ring, and the symmetry of the molecule decreases. Additionally, in these structures, there
is m,m-conjugation of the carboxyl fragment of the -CH=CHCOOH molecule with the aromatic ring,
which significantly affects the geometric configuration of the molecule. The maximum positive
charge is concentrated on the C, atom, while the maximum negative charge is on the oxygen
atoms belonging to the methoxy substituents and the hydroxyl group, which confirms the role of
oxygen atoms in the chemical transformations of acids.

Conclusions. Two different methods were used to calculate the geometric, electronic, and energy
parameters and electrophilicity indices of the studied hydroxycinnamic acids in the gas phase.
The obtained values were consistent (within the limits of error) with the experimental data as well
as the results described in earlier works’ calculations by other methods.

Keywords: oxy-cinnamic acids, coumaric acid, caffeic acid, sinapic acid, ferulic acid,
dimethoxycinnamic acid.
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[Tpon3BonHbBIE KOPUYHOW KHUCIOTHI (OKCUKOPHYHBIE
KHCJIOTBI) OTHOCATCSI K OONBIIOMY Kiaccy (heHOIbHBIX
COETMHEHHH, KOTOPBIE IIMPOKO PacIpOCTPaHEHHI B pac-
TUTEJBHOCTH U O00JaJar0T BBICOKMUM IMOTEHIIMAIOM ISt
NPUMCEHEHUST B MEIUIMHE W IPOMBIIDIEHHOCTH. OHHU
MOT'yT BOBJICKATHCSI B TIPOIIECCHl OMOCHHTE3a JIMTHUHA U
(h1aBOHOMIOB, BCTYIIATh BO B3aNMOICHCTBHE C caXxapaMH,
MOJIMCaXapUAaMH KIETOUHBIX CTEHOK, AlIMKIMIECKUMHU U
AMUIAKINICCKIMA KUCJIOTaMH, TEpIIeHAMH, aMIHAMHU,
aJKaJOUIaMH U HEKOTOPBIMH JIPYTUMHU BEIIECTBAMH.

H3BecTHBI pa3HOOOpa3HbIe OWOJOTMYECKHE CBOM-
CTBa OKCHKOPUYHBIX KHCIIOT. Harmpumep, kymapoBast Kuc-
70Ta 00NamaeT aHTHOKCHIAHTHBIMHE, IIPOTHBOBOCIIAIIH-
TEJIbHBIMHU, aHTUATPEraHTHBIMUA M aHTUMEJIAaHOTCHHBIMU
corictBamu [1]. Jlpyras kuciora — kodeliHas Kuciora
— MPEACTABIACT COOO0M MONSIPHOE COSAUHEHHE C CHIIbHON
XeNaTUPYIOMIel CITOCOOHOCTHIO TI0 OTHOIICHHIO K METa-
JaM, TaKke OoONajaroliee AHTUOKCUIAAHTHON AaKTHUBHO-
cTeio [2, 3].

OTaenbHBI UHTEpEC MPEACTABISIOT OKCUKOPUYHBIE
KHCJIOTHI KaK (EHIUIIPOIaHOUIBI, SBILIOMINCCS HCXOMI-
HBIMU COEIUHEHMSIMH JIMTHUHA. B mponecce 6nocunTe-
32 OHHU TIOJIBEPTAIOTCSI BOCCTAHOBJICHHIO IO OKCHKOPHY-
HBIX CITUPTOB [4], KOTOpBIE CITy>KaT HEMOCPEICTBEHHBIMHU
MPEIICCTBEHHUKAMH JINTHIHA.

W3ydeHnto cTpoeHUs! U CBOICTB MIPEIIECTBEHHUKOB
JIMTHUHA TTOCBAIICHO HeMayio paboT. Hampuwmep, B pabo-
Te [5] MeTogaMu KBaHTOBOM XUMHHU M3Y4ajMCh aHTHOK-
CHUJAHTHBIE CBOMCTBA KyMapOBOM M CHHAIIOBOM KHCIIOT.
Pacueramn B paMkax TeopuM (PyHKIHOHANA IUIOTHOCTU
B3LYP B 0Oasuce 6-311+G(2d,2p) ans coenmuHEHWH B
BaKyyMe U BOJHOMH cpejie ObUIO TMOKA3aHO, YTO 3a AHTHU-
OKCcHJIaHTHEIE cBoicTBa oTBedaeT OH-rpymma. B apyroit
pabote [6] cTpyKTypa KyMapoBOH U KOpEeHHOW KUCIOTHI
CPaBHUTEIBGHO HCCIIENOBANACh  (DH3UKO-XHMMUYCCKIMHU
METO/IaMH aHaJIM3a U KBAHTOBO-XMMHUYECKUMH pacueTa-
M. [lomydeHHBIE pe3ynbTaThl, PACCUNTAHHBIC TAKKE B
pamMkax Teopuu ¢yHKIHOHaNa wiotHoctd B3LYP B Ga-
3uce 6-311G, XopoIo COrTacoBRIBAIUCH C AKCIIEPUMEH-
TaJbHO MOTYYEHHBIMU 3HAYCHUSIMH.

OrpaHndeHHBIM MeToioM Xaptpu-Doka B Habope
6-311G(d) uccnenosanuch NpoOU3BOHBIE KOPUUHOI KHC-
JIOTBI: 0O-KyMapoBasi, M-KymMapoBas, KodeiHas, ¢pepynoBas
U XJIOPOTEHOBasi KUCIOTa (ko(heusa-3-XUHHAsi KUCIIOTA)
[7]. TIponsBoaHBIE OKCUKOPUYHOM KHCIIOTHI, B KOTOPBIX
KapOOKCHJIbHASI TPYyIMIa OTAENCHA OT apOMaTHUECKOTO
KOJIBITa BHHIJICHOBBEIM MOCTHKOM, XapaKTepu3yloTcst 60-
Jiee BBICOKOIM aHTHOKCHUAAHTHOI aKTUBHOCTBIO, UM COOT-
BETCTBYIOIIHE MPOU3BOIHBIC OCH30MHON KHCIIOTHI.

Llenpto maHHOII pabOTHI SBIAETCS HCCIIEIOBAHUE
ANIEKTPOHHOM CTPYKTYPhI M aHATTN3 PEaKIIMOHHOM CIIOc00-
HOCTH TIPOCTEHINMX MpeacTaBUTeneH (hEeHMIMPOIaHOU-
JIOB, 00pa3yIOIIMXCs B TIpoliecce OMOCUHTE3a: KyMapOBOH

(n-oxkcukopuunoit) (I), xoderinon (3,4-TUTHIPOKCHKO-
puunoit) (II), depynoBoit (3-meTOKCH-4-THAPOKCUKO-
puunoii) (III), cunamomoit (3,5-auMeToKCH-4-THIPOK-
cukopuyHoit) (IV) u 3,4-TUMETOKCUKOPUYHON KHUCIOT
(V) (cM. pUCYHOK). DTH KHCIIOTBI SIBJISIFOTCS OMOTeHe-
THYECKUMHU MPEAIICCTBCHHUKAMH OOBIINHCTBA IPYTHX
(hEHONBHBIX COeNMHEHUH (KyMapHHOB, MEITAHWHOB, JIUT-
HHUHA U (TaBOHOM/IOB) U BCTPEUAIOTCS MIPAKTUUECKU BO
BCEX BBICIIUX PACTCHHSIX.

17
R,=H(I—1V),—CH;(V)

1314
R,=—OCH;(III—V), H(I, II)

1516
R3=H(I—III, V), —OCH;(IV)

OR,
11

CTpyKTypHBIE (POPMYIIBI OKCHKOPHYHBIX KHCIIOT.
Structural formulas of hydroxycinnamic acids.

MATEPHUAJIBI U METO/IbI

PacueTsl ¢ momHON onTMMH3anMEed TreoMeTpHuye-
CKMX TapaMEeTPOB BBHINOJHSAINCH C HCIOIB30BaHUEM
opurnHanpHo# Teopun Xaprpu—®Poka RHF u rubpun-
HOTO MeTofa (yHKIHoHaa motHoctd B3LYP B 6asuce
6-311(d,p) ¢ npumenennem nporpammsl Firefly!, mpen-
cTaBisitole coboit Bepcuto mporpammbl  GAMESS
(USA) [8] c HoBbIMM anropuT™Mamu Bbruucienuii [9, 10].

PE3YJIBTATBI U UX OBCYXKJIEHUE

Pacuer reomerpuyeckux mnapameTpoB (Tabm. 1)
MTOKA3bIBACT, YTO TIPH BBEACHUH THIAPOKCHIIBHBIX U Me-
TOKCHJIbHBIX 3aMECTUTEIICH B Mema- U napa-noJioKeHNs
OTHOCHTEJIBHO KapOOKCHUIIBHOTO (parMeHTa IMpPOHCXO-
JIMT CMEIIEHHE DIIEKTPOHHOI! IJIOTHOCTH B CTOPOHY O€H-
30JIHOTO KOJIBIIA U, KaK CIICICTBHE, TIOHIKCHUIO CHM-
METPHUH MOJIEKYIIBI. Takke B UCCIEyEMbIX CTPYKTypax
HMEETCsl T, T-CONPsHKeHUE KapOOKCHILHOTO (hparMeHTa
monekynsl -CH=CHCOOH ¢ apomaTiHuecKiuM KOJIBbIOM,
YTO CYIIECTBEHHO CKAa3bIBaeTCS Ha T'€OMETPUICCKON
KOH(UTYpaLUH MOJIEKYIL.

YuuThIBasg TEOPHIO BAJEHTHBIX CBSI3€H, YIJIbI
ZCCO mexay CBA3SIMH JOJKHBI COCTAaBJISATh HpPH-
MepHo 111°. Packpweitue ZCCO (117.74°-124.96°)

! Granovsky A.A. Firefly version 7.1.G. URL: http://classic.chem.msu.su/gran/firefly/index.html (mata o6pamenus 02.03.2020)
[Granovsky A.A. Firefly version 7.1.G. URL: http://classic.chem.msu.su/gran/firefly/index.html (Accessed March 2, 2020).]

Toukue xumudeckue TexHosoruu = Fine Chemical Technologies. 2020;15(4):7-13



HccaenoBanue peamumnnoi-i criocobHOCTH IIPOH3BOAHBIX KOpH‘IHOﬁ KHCAOTBI — IIPEAIIIECTBEHHHKOB AH'HHHA

CBSI3aHO C BBEJICHHEM METOKCHJIBHBIX TPYII, W, KaK
CJIEJICTBHE, BO3HHUKHOBEHHUS CHIJIBHOTO HANpsDKEHUS W
MTOBBIIIICHHOW peaKIMOHHOM crtocooHocTH (Tad. 1). Hc-
kaxenue BanentHoro yra ZC.C.C, u ero yBenuuenue
CBSI3aHO C BIIMSHUEM KapOOKCHIILHOM TPYIIITBI.

B 1abn. 2 npuBeneHbl 3HaUE€HUS 3apsA0B HA aToOMax
o MaJTuKeHy, pacCYMTaHHbIC PA3INIHBIMH METOAMHU.
[TomyueHnbIe 3HAYEHUS TOKA3BIBAIOT, 4TO Ha aromax C u
C, KOHIEHTPHUPYIOTCS TIONOKUTENBHBIE 3HAYCHHS Y BCEX
HCCIIeyeMbIX coeuHeHui. [lonoxkurenbHble 3apsiibl
nanHbIX aromoB B uHTepBate ot 0.227 (C)) no 0.585 (C,)

YaCTUYHO CKOMIICHCHPOBAHBI c(epoil OTPHUIIATEIHHBIX
3apsA70B HA aroMax KHCIOPOAa TMIPOKCHIIBHBIX U Kap-
OokcwIbHBIX Tpym oT —0.394 no —0.461.
Pacnipenienenue ToueuHBIX 3aps/IOB HA aTOMaX TaKo-
BO, YTO MaKCHMAJIbHBIA MOJOKUTEIBHBIN 3apsij cocpe-
noroueH Ha atome C,, a MAKCUMAJIbHBINA OTPULIATENLHBINA
— Ha aToMaxX KHCIIOpPOAA, OTHOCSIIUXCS K METOKCHIIb-
upiM 3amectutensam (O, -V, O, O, ;) 1 THAPOKCUITEHOM
rpymme (O, — I-IV), 4ro moarsepxkaaeT poib KHCIIO-
POAHBIX aTOMOB B XMMUYECKUX MPEBPALICHUSIX KUCIOT.
Haubosbmiee cocpeioToueHue EKTPOHHOH IIIOTHOCTH

Taonuuna 1. 3Ha4eHus BaICHTHBIX U JH3IPATbHBIX YIIIOB MOJICKYI KHCIIOT,
paccuutanusie MmerogamMu RHF/6-311(d,p) u B3LYP/6-311(d,p)

Table 1. The values of the valence and dihedral angles of the acid molecules
as calculated by the RHF/6-311(d,p) and B3LYP/6-311(d,p) methods

Xgl';‘s I | 11 v v
Mertoa pacyera
Calculation RHF | B3LYP | RHF | B3LYP | RHF | B3LYP | RHF | B3LYP | RHF | B3LYP
method
Z0,CC, 117.744 | 117.580 | 120.141 | 120.438 | 119.909 | 120.521 | 120.205 | 120.871 | 124.959 | 124.853
ZCC,C, 123.346 | 123.277 | 122.761 | 122.761 | 122.915 | 122.500 | 122.559 | 122.528 | 122.998 | 123.012
ZCC.C, 124.675 | 125.259 | 124.802 | 125.473 | 124.678 | 125.483 | 124.786 | 125.503 | 124.520 | 125.181
£CLC0,, 117.582 | 117.471 | 117.639 | 117.542 | 117.577 | 117.539 | 117.649 | 117.571 | 117.491 | 117.410
Z0,C.C.C, —23.340 | —21.822 | —23.017 | —20.897 | —23.666 | —20.348 | —22.959 | —20.480 | —24.246 | —22.315
Taonaununa 2. 3HaueHus 3apsA10B Ha aTOMax 10 MaJsIuKeHy B MOJIEKY/Iax KHCIIOT,
paccuutannsie MmerogamMu RHF/6-311(d,p) m B3LYP/6-311(d,p)
Table 2. The values of the charges on atoms according to Mulliken in the acid molecules
as calculated by the RHF/6-311(d,p) and B3LYP/6-311(d,p) methods
X{g‘l"e's I | i v v
Mertox pacuera
Calculation RHF | B3LYP | RHF | B3LYP | RHF | B3LYP | RHF | B3LYP| RHF | B3LYP
method
C, 0.257 0.165 0.256 0.174 0.264 0.166 0.227 | 0.160 0.258 0.182
C. 0.133 - 0.141 - 0.143 - 0.110 - 0.133 -
C, —0.105 | —0.086 | —0.092 | —0.085 | —0.093 | —0.087 | 0.226 | 0.137 | —0.121 | —0.013
C, —0.060 | —0.061 | —0.075 | —0.061 | —0.065 | —0.054 | —0.090 | —0.049 | —0.075 | —0.065
C, —0.096 | —0.088 | —0.088 | —0.096 | —0.079 | —0.099 | —0.068 | —0.090 | —0.070 | —0.076
C, —0.062 | —0.047 | —0.103 | —0.052 | —0.068 | —0.071 | —0.122 | —0.068 | —0.072 | —0.032
C, -0.131 | —0.120 | 0.219 0.121 0.174 0.151 0.284 | 0.176 0.216 0.124
C, —0.016 | —0.047 | —0.013 | —0.046 | —0.016 | —0.042 | —0.016 | —0.043 | —0.021 | —0.050
C, -0.262 | —0.213 | —0.265 | —0.218 | —0.263 | —0.222 | —0.267 | —0.220 | —0.259 | —0.211
C, 0.583 0.377 0.584 0.378 0.583 0.378 0.585 | 0.379 0.582 0.377
m 0.314 - 0.321 - 0.318 - 0.308 - 0.300 -
0, -0.395 | —0.306 | —0.394 | —0.306 | —0.394 | —0.306 | —0.394 | —0.306 | —0.395 | —0.307
0, —0.443 | —0.349 | —0.450 | —0.347 | —0.450 | —0.345 | —0.458 | —0.355 | —0.461 | —0.344
0, —0.426 | —0.316 | —0.425 | —0.318 | —0.426 | —0.319 | —0.426 | —0.319 | —0.425 | —0.316
0, - - —0.495 | —0.406 | —0.520 | —0.405 | —0.523 | —0.411 | —0.485 | —0.363
O, - - - - - - —0.489 | —0.367 - -
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ormedaercs Ha arome C, (V) =—0.121 B Buay OmmxHero
PAcCIONIOKEHUSI METOKCUIIBHBIX TPYIII B 0- U M-IIOJIOXKE-
HHUAX OTHOCHTENIBHO HETO, YTO COOTBETCTBYET IIEHTPY
EKTPO(UIBHON aTaku B ApPOMAaTUIECKOM KOJIbIIE.

IIpn paccmorpennu atoma C,, cBA3aHHOTO ¢ (e-
HOJIBHBIM TUAPOKCHJIOM, 3HAUCHMS JIOKAJIBHOM 3JIek-
TPO(UIBHOCTH 711 TIOKA3bIBAIOT, YTO JIAHHBIC 3HAYCHHS
yOBIBAIOT MPU MEPEXOfie K METOKCHU-3aMEIIEHHBIM KHUC-
noram. CoemuHenus [V u V MeHee 2mekTpoGuiIbHbI, 4eM
(beHOIN1, B BULy BINSHUS METOKCHIIBHBIX 3aMECTHUTENEH,
HaXOISAIINXCS B O-TIONIOKEHUSAX K (PEHOIBHOMY THIIPOK-
cuy. CornacHo pabote [11] meron rubpuaHoro ¢pyHkK-
muoHaia iotaoctd B3LYP 3anmxkaer 3HaueHue moreH-
IIIAJIOB MOHM3aLuH, a MeToq XapTpu-Doka mpuBOAUT
3HAYEHHUSI, XOPOIIO COITIACYIONINECs C AKCIIEPUMEHTAIb-
HBIMH JIAHHBIMH.

C moMOUIbI0 TONYYEHHBIX PACYETHBIX JAAHHBIX
OBITM BBIYHMCIICHBI 3HAYCHUSI MHJEKCA AIEKTPO(PUIh-
HOCTH, NpHUBeNeHHbIEe B Ta0u. 3. Mcxond U3 paccum-
TaHHBIX JAHHBIX, O U1 peHona cocrannseT 0.244 3B
[12]. Bce nccnemyembie cCOCIMHEHUS SBISIOTCS OoJiee
3NEKTPOYUIBHBIMH, YeM (eHOoa. DTo sBIeHHE 00y-
CIIOBJICHO 3JEKTPOHOAKIENITOPHBIM BIHUSHUEM TPYIII
~CH=CHCOOH u —OCH,-rpynmn, HaxoasIuXcs B
N-TIOJIOKEHHUN K (DEHOTBHOMY THAPOKCHITY.

[Torenmman nonnsanuu (IP) onpenenser BocctaHo-
BUTEITbHYIO aKTHBHOCTH COEJMHEHHS — €r0 CIIOCOOHOCTh
JIETKO OT/AABAaTh JIEKTPOH. MuHMManbHOe 3HaueHue [P u3
paccMaTpuBaeMbIX KHUCIOT MMEET CHHAIOBas KHCIOTa,
YTO MOJATBEPKIAET €€ BHICOKHME aHTHOKCHIAHTHBIE CBOM-
ctBa [13]. Paa aHTHOKCHUIAHTHOW AKTUBHOCTU B TaKOM
cilydae CIICAYIOIINI: CHHAIoBas KUcioTa > (epysoBas
KHcIIoTa > KkodeliHas kuciora ~ 3,4-TMMEeTOKCUKOPUYHAS
KHCJIOTa > KymapoBast kuciiora. [IpuBeneHHbIe B TabiHIe
3HAUEHHsI XOPOILO COMIACYIOTCS C pacyeTaMH B JPYTHX
paborax, HarpuMep, TOTSHIMAT HOHH3AIUH KyMapOBOW
KHCIIOTHI B pabote [6] paBeH —6.4 3B, a cuHanoBoit Kuc-
noTe1 —6.1 3B.

3AK/IIOYEHUE

MeronaMu KBaHTOBOM XMMUHU MPOBEAEHA ONTHUMU-
3a11Msi MOJIEKYJT IPOU3BOIHBIX KOPUYHOM KHUCIIOTHI U pac-
CUYHMTAHBI TEOMETPUIECKHUE, DJICKTPOHHBIE U YHEPTeTHYIe-
CKHE XapaKTEPUCTUKHU UCCIIEYEMbIX MOJIEKYIL.

[Io pesynbraram JaHHBIX 3HAYEHUN BBICTPOECHBI
pAABl PEaKIMOHHOM CIOCOOHOCTH aTOMOB YyINIepoja
M KHCJIOPOJa HCCICAYEMBIX MOJIEKYJ B DIEKTPOPUIIb-
HO-HYKJICOPHUIBHBIX peakiusx. s KyMapoBOi KHCIIO-
THI TIOJIOKUTETHHBIA 3aps/l UMEIOT JIBa aToMa yIyepoa

Taoauna 3. 3Ha4eHNs] OCHOBHBIX YHEPTETHUECKUX XaPAKTEPHCTHK KUCIIOT,
paccuntanubie MerogamMu RHF/6-311(d,p) u B3LYP/6-311(d,p)*

Table 3. The values of the acids’ main energy characteristics

as calculated by the methods RHF/6-311(d,p) and B3LYP/6-311(d,p) methods*

Merton pacuera I 1I 11 v \%
Calculation
oot RHF | B3LYP | RHF B3LYP RHF B3LYP | RHF | B3LYP | RHF B3LYP
:g’ Z\B/ 8.559 6.424 8.445 6.252 8.498 6.148 8.341 6.106 8.416 6.254
:gA’ 23 —1.859 2.051 -1.752 2.081 -1.807 | 2.0122 | —1.803 2.005 —1.898 1.979
A’
2’ ZI\B] 10.418 4.373 10.197 4.171 10.305 4.136 10.144 4.101 10.314 4.275
g’ Z?f 0.096 0.229 0.098 0.240 0.097 0.242 0.099 0.244 0.097 0.234
Lo XIO:S’ °B —15.515 | —15.608 | —17.553 | —17.655 | —18.615 | —18.725 | —21.715 | —21.842 | —19.677 | —19.794
E_ . *x107, eV
: ﬁ’ Z\B/ 3.350 4.238 3.347 4.167 3.346 4.080 3.269 4.056 3.259 4.117
((:))’ 21\31 0.539 2.053 0.549 2.081 0.543 2.013 0.527 2.005 0.515 1.982
22))’ Z\B] 0.295 1.809 0.305 1.837 0.299 1.769 0.283 1.761 0.271 1.738

*IIpumeuanue: 1P — nOTEeHUMal HOHU3ALMH; £, — SHEPIUs CPOICTBA K DJIEKTPOHY; 1| — MHIEKC abCOIIOTHOH XUMMYECKOH
HKECTKOCTH; S — MHJIEKC a0CONFOTHON XMMUYECKOH MATKOCTH; £ . — MAHMMAJIbHAS SHEPIUsl COSIAMHEHUS; (L — SIEKTPOHHBIN XUMH-

YECKHUI MOTEHIUAT, ® — IOOATBHBIA HHICKC AEKTPOPHUIBHOCTH; A® = ® — ®

PhOH"

*Note: 1P — ionization potential; £, — energy of electron affinity; n — index of absolute chemical hardness; S — index of
absolute chemical softness; £, —minimum energy of matter; p — electronic chemical potential; o — global electrophilicity index;

A =0 — 0O, o
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HccaenoBanue peaxm{onnoi-i crnocobHocTH IIPOH3BOAHBIX KOpH‘!HOﬁ KHCAOTBI — IIPEAIIIECTBEHHHKOB AH'HHHA

C peaknnoHHol crnocobnoctero C, > C , B psIy aToMOB
C OTPULIATENBHBIMU 3apsJaMu peakluOHHAas CIoCo0-
HOCTH CJEAYIOmIas C8 > C6 > C4 > C2 > C3 > C7 = C5 n
0, >0,,>0,,. Hns kopelHOo! KUCIOTBI TIONOKUTEb-
HBIH 3aps UMEIOT TPH aroMa yIiepoAa ¢ PeaKIHOHHON
crocobnocteio C; > C, > C,; peakuroHHas CriocoOHOCTb
B PSITy aTOMOB C OTPHUIIATEIBHBIMH 3apsIaMH CIICTYTOLIAs:
C8>C14>C4>C2>C5>C3>C7H013>Oll>012>010'
Jl71s1 cHHAmOBOM KM CIJIOTHI TOJIOKUTENIBHBINA 3PSl UMEIOT
aToOMBI ¢ PEaKMOHHOM criocobnocteio C; > C, > C, > C,,
a OTPUIATEIbHBIH: CR > C14 > C16 > C4 > C5 > C3 > C7 u
0,>0,>0,>0,,>0,,. Hus 3,4-1MMETOKCUKOPHY-
HOU KHCIIOTHI BRICTPOCHBI CIEAYIOMINE PSABI PEaKIHOH-
HOW CITOCOOHOCTHU: MOJIOKUTENILHBIN 3apsi]i UMEIOT aTo-
MBI Cg > C1 > Cz, a aTOMBI C PEaKIIMOHHON CITIOCOOHOCTHIO
C8>C17>C14>C4>C3>VC7>C5>C2HOI3>OII >Ol2>010
HUMEIOT OTPHUIIATEIBHBIA 3aps.
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HanGonpmuii moIoXUTENbHBIHN 3apsiy] y BCEX HUCCIie-
JyEMBIX COEJUHEHUI COCPENOTOUEH Ha aTOME yIlIepona
KapOOHMILHOW TPYIIIBI, & HAWOOJIBIITHA OTPHIIATEIILHBINA
— Ha aTOMax KUCJI0POAA, OTHOCSIINXCS K METOKCUIIBHBIM
3aMECTUTEIISIM U THIPOKCUIIBHOM rpymIie.

Ioxazano, uto Gonbiue gehopMaIyi BaJIEHTHBIX

yrmos Z0,C C, u LC,C.C) npuBOAAT K BO3HUKHOBE-

HHUIO CIJIBHOTO HANpPsDKEHMS, YTO BEJET K IOBBIIICHUIO
PEaKIMOHHONH CIIOCOOHOCTH MOJEKYT OKCHKOPHYHBIX
KHCJIOT.

Ha ocnoBanum pacyera (pU3NKO-XUMUYECKHX MTapa-
METPOB COCTABJIEH PsIJl AaHTMOKCUAAHTHON aKTHBHOCTH
PacCMOTPEHHBIX COEIMHEHHH: CHHANoBas KHCIOTa >
(epynoBas kucnora > xodeitHas kuciora ~ 3,4-gumMe-
TOKCHKOPUYHAS KHCIOTa > KyMapoBast KHUCIOTa.

Aemopuwl 3aa61510m 06 omcymcemeuy KOHOAUKMa uHmepeca.
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