OU3UKATbIK XKOHE AHAJTUTUKATIBIK XUMUA
OUSNYECKAA U AHATIUTUYECKAA XUMUA
PHYSICAL AND ANALYTICAL CHEMISTRY

DOI 10.31489/2020Ch2/35-41

UDC 541.515

S.N. Nikolskiy, F.Zh. Abilkanova, A.S. Golovenko, I.A. Pustolaikina, A.S. Masalimov

E.A. Buketov Karaganda State University, Kazakhstan
(E-mail: sergeynikolsky@mail.ru)

Investigation of intermolecular proton exchange of 3,6-di-tert=butyl-2-oxyphenoxyl
with N-phenylanthranilic acid by ESR spectroscopy method

In this work we studied the intermolecular proton exchange (IPE) reaction between the spin probe of 3,6-di-
tert-butyl-2-hydroxyphenoxyl (1) and the aromatic amino acid N-phenylanthranilic acid (N-PhAA). The exper-
imental spectra of the 3,6-di-tert-butyl-2-hydroxyphenoxyl-N-phenylanthranilic acid system were recorded us-
ing dynamic EPR spectroscopy. The studies were carried out in'a non-aqueous indifferent solvent toluene in a
wide temperature range. The theoretical EPR spectra.of the radical | — N-PhAA system corresponding to
various process rates were successfully simulated using the ESR-EXHANGE program. This program is written
in the modern version of the algorithmic language Fortran 90. The general line-form equation for the four-jump
model have been derived from the modified Bloch.equations. The second-order rate constants for the intermo-
lecular proton exchange process between radical | and N-PhAA were determined by comparison of the exper-
imental and simulated EPR spectra. The.iterative least squares procedure was used for computer analysis of the
kinetic data of intermolecular proton.exchange and for obtaining activation parameters of the reaction. From
kinetic data it follows that N-phenylanthranilic acid has the lowest value of protolytic ability in comparison
with aminobenzoic acids.

Keywords: ESR-spectroscopy, spin probe, semiquinone radical, anthranilic acid, N-phenylanthranilic acid, 3,6-
di-tert.butyl-2-hydroxyphenoxyl, OH-acids, proton exchange reactions, Bloch equation.

Introduction

It is well known that.amino acids play an important role in chemical and biological processes [1]. An-
thranilic acid (AA) is anindispensable participant in various biosynthesis processes. Currently, anthranilic acid
and its derivatives including N-phenylanthranilic acid are actively studied by both experimental and quantum-
chemical methods. Such interest is caused by the widespread use of these aromatic amino acids in both phar-
maceutical and organic chemistry and serves as the starting material for the synthesis of various substances
[2-4].

The stable semiquinone radical 3,6-di-tert.butyl-2-oxyphenoxyl (1) was used as acid spin probe for inves-
tigations of protolytic ability of different acids and bases such as carbonic acids, alcohols, tertiary amines,
alkaloids, nitrogen heterocycles in organic solutions [5-8].

Thus the aim of this paper was to investigate the protolytic properties of N-phenylanthranilic acid with
3,6-di-tert.butyl-2-oxyphenoxyl spin probe by ESR spectroscopy method.

Experimental

N-phenylanthranilic acid (C1sH11NO,, T = 182-183 °C) was purified by recrystallization of the acid
from ethanol [9].
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3,6-di-tert-butyl-o-benzoquinone (C14H200>) and 3,6-di-tert-butylpyrocatechol (C14H2,07) were purified
by recrystallization from tetrahydrofuran.

3,6-di-tert-butyl-2-hydroxyphenoxyl radicals was obtained by dissolving the mixture of 3,6-di-tert-butyl-
0-benzoquinone and 3,6-di-tert-butylpyrocatechol in toluene in vacuum. Toluene was dried by standard pro-
cedures before use [9].

ESR spectra were recorded on a RE-1306 spectrometer (X-band) using a temperature block in the range
of 200400 K. The theoretical EPR spectra were calculated using the modified version ESR-EXHANGE pro-
gram [10]. The program was written in Fortran language using the Visual Studio 2019 software package.

Intermolecular proton exchange can be represented for semiquinone radicals, taking into account the in-
tramolecular processes by the following schemes:

R2
A = C
R,
R, TL R, R, 11 R, (1)
R
B e
R,

Four-jump model and the modified Bloch equation is the basis of the developed program for the simula-
tion of the ESR spectra of the radical and comparison with experimental data. ESR-spectra are calculated from
the coupling constants, the populations, the rate constants and the line widths of the all chemical configurations
of radicals. The obtained kinetic data are subjected to statistical processing by the least squares method [10].

Results and Discussion

Intermolecular proton exchange for 3,6-di-tert.butyl-2-oxyphenoxyl with N-phenylanthranilic acid taking
into account tautomeric transformations can be represented by the following scheme:

C(CHs); C(CH3)3
OH OH
* k
+ HAc ‘—2—‘ + HAc
ky
O- O-
(CHs)sA C(CHa)s
ki || ki kl“ k; (2)
C(CH3)3 C(CHa)3
O-. O
* k
+ HAc —_— * HAc
k2 *
OH OH
C(CH3)s o C(CH3); p

where A, B, C, D denote same forms of radical | differing spin of the hydrogen atom [8].

Studies were performed in a degassed, saturated solution of N-PhAA in toluene [11]. Figure 1 illustrates
the ESR spectra of the radical | with N-phenylanthranilic acid to the solution of toluene (N-PhAA concentra-
tion 0.09 mol/l) as a function of the temperature.

The ESR spectra of the 3,6-di-tert.butyl-2-hydroxyphenoxyl radical presented triplet of doublets with the
hyperfine interaction constants (hfc) of aromatic protons equal to as = 0.392 mT and with the hfc the proton
of the hydroxyl group equal to a+°" = 0.162 mT respectively. The broadening of the lines leading to a decrease
in the hydroxyl proton constant indicates the presence of intermolecular proton exchange and the transfor-
mation of the radical spectrum from a triplet of doublets to a triplet. An analogous dependence is observed in
the ESR spectra of the investigated radical and in the presence of others acids. In accord with the theory, such
broadening of the lines in the ESR spectra is accompanied by a decrease in the hyperfine interaction. As can
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be seen from Figure 1 the ESR spectrum of the radical undergoes a characteristic broadening of the lines
corresponding to the intermolecular proton exchange, broadening increases with rising temperature.

The resulting complex due to the hydrogen bond between N-PhAA and the radical is quite strong. This
effect slows down the rate of intramolecular tautomerism in the radical. This is evidenced by a decrease in the
intensity of the central components of the triplet (Fig. 1 e).

S -

U

Q

a — Kexch =3.56x108 mol'st at 397 K; b — Kexcn=2.76x108 mol-s? at 382 K; ¢ — Kexch =2.44x108 mol-'st at 374 K;
d — Kexch =1.33x108 mols?t at 351 K; @ — Kexch =3.11x107 mol-'st at 295 K.
Linewidth = 0.035 mT. Concentration of N-PhAA is 0.09 mol/Il

Figure 1. Left: Temperature-dependent ESR spectra of 3,6-di-tert-butyl-2-oxyphenoxyl + N-phenylanthranilic acid
in toluene, 290-400 K; Right: the simulated spectra

Kinetic parameters of 3,6-di-tert.butyl-2-hydroxyphenoxyl with N-phenylanthranilic acids intermolecu-
lar proton exchange were calculated using the program in the algorithmic language Fortran. The data obtained
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are presented in Table 1. The kinetic parameters of some acids are also presented in Table 1 [12-13]. The
Eyring plot gave a clear linear relationship between In kexch and 1/T with correlation coefficient r = 0.98

(Fig. 2).
8.25
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Figure 2. Eyring plot of the intermolecular rate constant (Kexch).for 3,6-di-tert-butyl-2-oxyphenoxyl +
+ N-phenylanthranilic acid obtained from simulations of the ESR spectrum

Table 1
Kinetic parameters of the fast intermolecular proton exchange reactions between radical |
andvarious OH-acids in toluene
. kexch (293K), kOEXCh; Eal

Acid limols Vimols kI/mol PKa
Benzoic (1.32+0.11)-108 6.01-10° 9.3£0.9 4.18
Salicylic (1.48+0.09)-107 8.57-10° 15.5+0.5 3.00
Anthranilic (176+0.21)- 108 9.34-10° 9.7+0.2 4.95
2-Aminobenzoic
3-Aminobenzoic (2.55+0.19)-108 7.22-10° 8.2+0.9 4.73
4-Aminobenzoic (2.93+0.15)-108 1.52-10%° 9.6+0.9 4.64
N-Phenylanthranilic a7 19
2-(Phenylamino)benzoic (3.15+0.20)-10 9.25-10 13.8+1.1 5.28

A comparison of the kinetic parameters of the proton exchange of N-phenylanthranilyc acid with similar
parameters anthranilyc acid shows that the exchange rate is slightly lower, and the activation barrier is higher
by 3 kJ/ mol, as shown in Table 1. The decrease in the reaction rate is possibly associated with the formation
of @ stronger intramolecular complex between the carboxyl group and amino group acid. A second benzene
ring conjugated to the nitrogen atom of the amino group acts on the complex being formed.

Conclusions

Comparison of the protolithic properties of N-phenylanthranilyc acid showed that the acid was the weak-
est acid submitted. The molecular structure of N-phenylanthranilyc acid presents coplanarity between the car-
boxylic group and the nitrogen atom of the aromatic ring. In turn the lone pair on the nitrogen atom is in
resonance with the aromatic rings. Perhaps that the molecular coplanarity is a consequence of the formation of
a hydrogen bond between the oxygen of the carboxyl group and the hydrogen of the amino group. The

38 BecTHuk KaparaHgmMHCKoOro yHusepcureTa



Investigation of intermolecular proton exchange ...

difference in the protolytic properties of anthranilic acid and N-phenylanthranilic acid is due to the influence
of the second aromatic ring bound to the nitrogen atom.

In addition, interpretation of the obtained experimental data requires the use of corresponding quantum
chemical calculations.

References

1 Tas M. Synthesis and characterization of Tetrakis-m-[N-phenylanthranilato] (O,00)-bis[(4-vinylpyridine copper(ll)] complex
/ M. Tas, E. Karabag, A. Titiz, M. Kaya, M. Ataseven, H. Dal // Zeitschrift fur kristallographie. — 2013. — Vol. 228. — P. 92-99.
DOI: 10.1524/zkri.2013.1583

2 Kiani F. Thermodynamic study of asparagine and glycylasparagine using computational methods / F. Kiani, H. Behzadi,
F. Koohyar // Brazilian archives of biology and technology. — 2015. — Vol. 58, No. 3. — P. 477-486. DOI: 10.1590/S1516—
8913201500424

3 Kosinska M. Response of the DFT study to the calculations of selected microdissociation constants of anthranilic acid and its
derivatives / M. Kosinska, L. Zapata, W. Zapata, E. WozZnicka // Chemical Physics Letters. — 2019. — Vol. 730. — P. 426-435. DOI:
10.1016 / j.cplett.2019.06.043

4 Zapata L. Tautomeric and microscopic protonation equilibria of anthranilic acid and its derivatives / L. Zapata, E. Woznicka,
J. Kalembkiewicz // J. Solution Chem. — 2014. — Vol. 43. — P. 1167-1183. DOI: 10.1007/s10953-014-0190-3

5 Masalimov A.S. EPR-spectroscopy of the fast proton exchange reactions in solutions / A.S. Masalimov, A.F. Kurmanova,
A.U. Ospanov, A.A. Tur, S.N. Nikolskiy // Bulletin of the Karaganda university. Chemistry. series. —2014. — No. 1(73). — P. 30—
35.

6 Masalimov A.S. Protolytic Reactions of 3,6-Di-tert-Butyl-2-Hydroxyphenoxyl with Nitrogen Bases / A.S. Masalimov,
A.A. Tur, S.N. Nikolskiy // Theoretical and Experimental Chemistry. — 2016. — Vol. 52, Iss.1. — P. 57-65. DOI: 10.1007/s11237—
016-9451-0

7 Masalimov A.S. Quantum-chemical investigations of the dual protolytic activity of several semiquinone radicals / A.S. Ma-
salimov, A.A. Tur, A.E. Tuktybayeva, S.N. Nikolskiy // Bulletin of the Karaganda university. Chemistry series. — 2015. — Vol. 1,
No. 77. — P. 51-56.

8 Nikolskiy S.N. Investigation of intermolecular proton exchange 3,6-di-tert-butyl-2-oxyphenoxyl with phenol by ESR spectros-
copy method / S.N. Nikolskiy, A.A. Tur, A.A. Yelchibekova, K.zZh. Kutzhanova // Bulletin of the Karaganda university. Chemistry
series. — 2015. — No. 1(77). — P. 47-50.

9 Armarego W.L.F. Purification of Laboratory Chemicals. Eighth Edition / W.L.F. Armarego. — 50 Hampshire Street, 5th Floor,
Cambridge, MA 02139, United States, 2017. — 366 p.

10 Hukonbckuii C.H. Cumymsinust criektpo DI1P 3,6-mu-TpeT.0yTHun-2-okcu(heHOKCHIIA B PEaKIIMU MEKMOJICKYIISIPHOTO MTPOTOH-
Horo obmena / C.H. Hukonbckwuii // Bectn. EBpaswuiick. Han. yH-Ta. Cep. xum. — 2007. — Ne 6 (60). — C. 160-167.

11 Yao G. Solubility of N-phenylanthranilic acid in nine organic solvents from T = (283.15 to 318.15) K: Determination and
modelling / G. Yao, Z. Li, Z. Xia, Q. Yao // The Journal of Chemical Thermodynamics. — 2016. — Vol. 103. — P. 218-227. DOI:
10.1016/ j.jct.2016.08.017

12 CRC Handbook of Chemistry and Physics. 96th Edition / Edited by W.M. Haynes. — New York, 2015. — 2652 p.

13 Huxonsckuii C.H. BiusHue cTrpoeHust aMUHOOEH30MHBIX KUCIIOT Ha PEAKIIMIO IPOTOHHOTO 0OMEHa ¢ CEMUXMHOHHBIM pajinKa-
nom / C.H. Hukonbckwuii, A.C. Kymiek6aesa, A.B. Bouapoa, A.C. Macanumos, // Tp. VI Mexaynap. bepeMxaHOBCKOTO ¢he3ia 1o
XHMHH ¥ XUM. TexHosoruu (2—3 okrs6pst 2008 1.). — Kaparanna: Usn-so Kapl'V, 2008. — C. 419-422.

C.H. Hukonsckuii, ®.O0K. Adomikanosa, A.C. I'oj10BeHKO,
N.A. Ilycronaiikuna, A.C. MacaiumoB

3,6-au-TpeT-0yTHII-2-0KcUeHOKCHIAIH N-peHnTaHTPAHWI KbIIIKbLIBIMEH
MoJIeKYJaapajibIK NPOToH aaMacybiH JIIP-ciekTpockonus dgicimeH 3eprrey

Maxkanana 3,6-mu-tper-Oytmin-2-runpokcudenokcnn (I) Mmen N-peHUIaHTaHpaHUT KBIIKBUIBIHBIH CIHHIIK
30H/ apachbIHIaFbl MOJIEKYJIaapajblK MPOTOH anMacyblHbIH (MIIA) peakuuscsl 3epTrenreH. [lMHaMHKaIbIK
OIIP CHeKTPOCKOMHSCHIHBIH KeMeriMeH 3,6-aAu-TpeT-0yTuin-2-runpokcuipenokcun — N-(eHuTaHTpaHmI
KbIIKbUTEL (N-DAK) sxylieciHiH TaxiprOenik cieKTpiiepi TipkenreH. 3epTTey KYMBICTaphl KeH TeMIepaTypa-
JBIK TUana3oHIarsl Cychl3 HAN(depeHTTi Tomyon epitkiminae xypriziaren. ESR-EXHANGE 6arnapnama-
CBIH KOJIZIaHa OTBIPHIT, dPTYPII TEXHOJOTHSIIBIK JKbUIIaMabIKTapFa coiikec keneTin | — N-PAK pangukammst
xKyHeciniy Teopusutslk DIIP criektpiepi cotTi Typre moaenbaenai. barmapmama Fortran 90 anropurmaik Timi-
HiH 3aMaHayH HYCKACBIHJA Ka3bUFaH. TepT cexipMeni MO/eNbIe apHalFaH ChI3BIK (JOPMACHIHEIH >KaJIIbl TEH-
neyi Mmogudunuprierrer biox teHneynepineH anbiarad. Pagukan [ sxone N-OAK apacsiHmarel Mosiekynaapa-
JIBIK ITPOTOH aJIMacy MPOLECiHIH eKiHIII PeTTi )KbIIIaMABIK TYPaKThUIBIKTaphl TKIPHOETiK KIHE MOACIbICH-
rex DIIP criekTprepid canbICThIPY apKbUIbl aHBIKTaIFaH. EH a3 KBagpaTTapblH UTEPALHSIIBIK IPOLIEAYPAChl
MOJICKYJ1aapajblK MPOTOH ajJMaCybIHbIH KMHETHKAJIBIK MOIIMETTEPiH KOMITBIOTEPIIIK Talqay )KoHE peakius-
HBIH aKTHUBTEHY MapaMeTpliepiH ay YUIiH KongaHburraH. KuHeTnkanslk MaiiMertepaeH N-(eHnIaHTpaHuI
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KBIIIKbUIBI aMHHOOCH30HM KBIIIKBIIIAPHIMEH CAJIBICTBIPFAHIA TOMEH MPOTOJUTTIK KaOUICTTUIIKKE Ne eKeHIIT1
aHBIKTaJIFaH.

Kinm ce30ep: DIIP crieKTpOCKONHACH, COHUHIIK 30H, CCMUXHHOH/BI PaIUKall, aHTPAHMII KBIIIKBLUTBI, N-(QeHu-
JAHTPaHWI KBIIIKBUTEL, 3,6-MU-TpeT-0yTii-2-okcudenokcmi, OH-KpIIKpUIIAP, MPOTOH aiMacy pPeakIuscChl,
Brox texneyi.

C.H. Hukonsckuii, ®.0K. Admikanosa, A.C. ["'omoBenko,
N.A. Ilycronaiikuna, A.C. MacainmoB

HccienoBanue Me:kM0J1€KYJIAPHOTO NPOTOHHOT0 00MeHa
3,6-n1u-TpeT-0yTHI-2-0KcU(eHOoKcHIa ¢ N-(peHNIaHTPaAHNTI0BOI KUCI0TOI
MetoaoM JIIP-cniekTpockonum

B craTpe nccnenoBana peakusi MEeKMOJICKYJISIPHOTO IpoToHHOTo o6Mena (MIIO) Mex Ty CIUHOBBIM 30HIOM
3,6-nu-Tpet-0yTHi-2-ruapokcuderokcunom (I) u apomaruueckold aMHHOKHCIOTONH N-(eHuIaHTpaHUIoBOM
kucnoroit (N-®AK). DKcnepUMEHTANbHbBIC CHEKTPBI CHCTEMBI 3,6-1H-TpeT-0yTHIl-2-PAAPOKCH(DEHOKCHIT —
N-¢pennmanTpannioBast KUCIOTa PErHCTPHPOBAIN € TIOMOIIbI0 quHamudeckoit AITP-cnextpockomun. Mccne-
JIOBaHUS IPOBOMIIUCH B HEBOAHOM MHIU((HEPEHTHOM PACTBOPHUTENIE — TOITYOJIE B MINPOKOM TEMIIEPaTypHOM
nmuana3one. Teoperuueckue ciekTpsl DIIP cucremsr pagukan | — N-DAK, coOTBeTCTBYIOMINE pa3INIHBIM
CKOPOCTSIM TIpoIiecca, ObUTH YCIIEIIHO CMOJIEMUPOBAHbI ¢ HCMoib30BanueM mporpamMbl-ESR-EXHANGE.
TIporpamMMa ObLiIa HaECaHa HA COBPEMEHHOW BEPCHHU alrOPUTMHUECKOTO si3bika @opTpan 90. Obmiee ypaBHe-
HHe (HOPMBI JIMHUM JUIS YETHIPEXIIPHDKKOBOM MOJEIH ObUIO MOJIydEeHO. M3 MOIH(UIMPOBAHHBIX ypaBHEHUH
brnoxa. KoHCTaHTBI CKOPOCTM BTOPOTO MOpsAKA AU TPOIecca MEXMOJEKYISIPHOTO NPOTOHHOTO OOMeHa
Mmexny pagukaioM 1 u N-OAK Obutn onpeneneHs! MyTeM CpaBHEHHS HKCIEPHMEHTAIBHOTO M MOJEIEHOTO
criektpoB DIIP. HtepatiBHas mpolielypa HAMMEHBIIHMX KBapaToOB ObLIA HCIIOIb30BaHA JUISI KOMIBIOTEPHOTO
aHaNN3a KHHETHYECKUX JAHHBIX MEKMOJIEKYJISIPHOTO IPOTOHHOTO 00MEHa U MOIy4eHHs aKTUBAI[HOHHBIX Ta-
pamMeTpoB peakiuy. VI3 KHHETHYECKHMX IaHHBIX clieayeT, uT0 N-(eHWIaHTpaHWIOBas KHCIOTa OOnanaet
HaMMEHBIINM 3HAaY€HHEM IPOTOIUTHUECKOH CIIOCOOHOCTH 110 CPABHEHUIO C aMHHOOEH30MHBIMU KHCIIOTAMHU.

Kurouesvie crnosa: IIP-crieKTpoCKONHsI, CIUHOBBIN 30H, CEMUXWHOHOBBIN pajiKall, aHTPAHUJIOBAsE KUCIIOTA,
N-GdeHnnanTpaHmIoBas KUCI0Ta, 3,6-0u-TpeT-0yTHia-2-okcuheHokcm, OH-KHCIOTH, peakiud MPOTOHHOTO
obOMeHa, ypaBHeHue bioxa.
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