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Investigation of intermolecular proton exchange 3,6-di-tert-butyl-2-hydroxyphenoxyl
with phenol by ESR spectroscopy method

The intermolecular proton exchange reactions was study between radical 3,6-di-tert-butyl-2-hydroxyphenoxyl
and melt of phenol by ESR spectroscopy method. Kinetic parameters of the intermolecular proton exchange
reactions was presented. Phenol has been weaker protolytic reactivity than of carboxylic acids and phenol as a
medium slows intermolecular proton exchange were shown.
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The stable semiquinone radical 3,6-di-tert-butyl-2-hydroxyphenoxyl (I), was used as acid spin probe
(QH) for investigations of protolytic ability of different acids and bases such as: carbonic acids, alcohols,
tertiary amines, alkaloids, nitrogen heterocycles etc in medium of organic solutions'[1].

We was investigated system radical I — phenol. The reaction of intermolecular proton exchange is rep-
resented by the following scheme:

\
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where QH — radical; PhOH — phenol; A and A, denote various forms of semiquinone radical differing spin
of the hydrogen atom.

The ESR spectra of the spin. probe — stable semiquinone radical 3,6-di-tert-butyl-2-hydroxyphenoxyl
presented triplet of doublets. Figure gives the ESR spectra of the radical I in the melt of phenol (PhOH con-
centration 10.6 mol/l) as a function of the temperature. As can be seen from figure 1, each component of the
triplet (aH = 0,39 mT)_due to interaction of the unpaired electron with the ring protons and split into a dou-
blet (aHOH = 0,162 mT) on account of the proton of the OH group, is broadened, the broadening increases
with increasing temperature. An analogous dependence is observed in the ESR spectra of the investigated
radical and in the presence 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 [2]. The ESR spectrum of the radical un-
dergoes a‘characteristic broadening of the lines corresponding to the intermolecular proton exchange, broad-
ening increases with increasing temperature.

The protolytic processes of intermolecular proton exchange in non-aqueous solutions with various pro-
ton donors, with given the radical intramolecular processes can be described by the following scheme:
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Temperature, K: a — 347; b — 396; ¢ — 448; d — 473; e — 498; concentration of PhOH — 10.6 mol/l
Figure 1. ESR spectra of 3,6-di-tert-butyl-2-hydroxyphenoxyl in the melt of phenol

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 [3—5]. System of equations de-
rived from the modified Bloch equations

0=—(G,)(o, + R +R)+(G,) R, +(G.)R, —iy H,M,P,
0=—(G,)(0, + R, +R)+(G )R +(G,)R, —iy , H M P,
0=—(G.)(ac + R, +R,)+(G,)R, +(G, ) R, — iy, H M,P.
0=—(G,) (o, + R +R,)+(Gy) R, +(G.)R, —iy HM,P,

where R, R, — rates tautomeric transfers; R;, Ry — rates intermolecular proton exchange; a, = 1/T, +
+i(@—a), ag = 1/T, + i(® — @), ac = /T, + i(® — ©¢), op = 1/T, + i(® — ®p); ®, ®a, ®p, ©Oc, ®p — angular
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frequency and angular frequences corresponding particles A, B, C, D; 7, — time relaxation, y. —
magnetogyric ratio; H; — external magnetic field; M, — bulk magnetization; P, Pg, Pc, Pp — probabilities
particles A, B, C, D.
The total complex transverse magnetization G is then given by
(0)=(,)+(Gy)+(Cc)+(Gy). @
The intensity of absorption is proportional to the imaginary part of G:
(@) o Im(G). 4)
Intermolecular proton exchange 3,6-di-tert-butyl-2-hydroxyphenoxyl with phenol taking into account

tautomeric transformations can be represented by the following scheme, where A, B, C, D denote same
forms of radical I differing spin of the hydrogen atom.

C(CHs)3 C(CHa)s .

OH OH
E;[ + HOPh ~+j—~ + HOPh
O- 0.

(CHa)s 4 C(CH3)s ¢
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C(CHa)s C(CH3);
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+ HOPh ,—:;;~ - HOPh
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C(CHy)s g C(CH3)3 p

Kinetic parameters intermolecular proton exchange 3,6-di-tert-butyl-2-hydroxyphenoxyl with phenol
were calculated using the program in the algorithmic language Fortran presented in Table.

Table
Kinetic parameters of the fast intermolecular proton exchange reactions between radical I and various OH-acids
H-acid Solvent ke"ci‘ /ggﬁ SK)’ le;:r‘;ol pK,
Formic Toluene 4,5+ 0,2)‘107 7,1+£0,3 3,75
Acetic Toluene 5,1+ 0,7)‘107 13,4+0,4 4,75
Succinic Toluene (8,4 =+ 0,5)‘106 11,1+0,6 421
Abietic Toluene (2,2+0,1)10° 7,7+0,3 —
Phénol Phenol (1,0 £ 0,5)‘106 13,1+0,9 -

EPR-spectroscopic kinetic data represented in Table show that that phenol OH-acids have weaker
protolytic reactivity than carboxylic acids.

Comparising of the kinetic data obtained for intermolecular exchange with acids, we can conclude has
weaker protolytic properties as the medium significantly reduces the reaction rate.
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3,6-In-ym.oyTui-2-ruapokcudeHokcHiIIiH eHOTMEH MOJIEKYIaapaJIbIK
npoToH aamacybiH JIIP-cniekTpockonus diciMeH 3eprrey

Maxkanana OITP-ciekTpockonus afici apKbLIbl 3,6-1U-YII-0yTHI-2-THAPOKCH(EHOKCHIIIH (DEeHOIMEH MOJIe=
KyJlaapaiblK IPOTOH ajMacy peakmusulapsl 3epTrenai. MoeKkynaapaiblK IPOTOH alIMacy peaKIUsIapbIHBIH
KUHETHKAIIBIK eJIIeMzaepi YChHbUIIEL. KapOoH KBINIKBUITApbIMEH CANBICTEIPFaHaa (eHoja opTa acepiHeH
MOJIEKyJTaapaiblK MPOTOH aaMacyAblH OasynayblHa OaiiaHBICTBI MPOTOHAAHY PEAKUHSIBIK KaOIMeTTimiri
TOMEH eKEH/IIT1 KOpCeTiIi.

C.H.Huxonbckuit, A.A.Typ, A.A.Enpun6ekoBa, K.JK.Kyrmkanosa, A.C.Macannumon

HccaenoBanne MeKMOJIEKYJISIPHOTO MIPOTOHHOI0 00MeHa 3,6-au-TpeT.0y THII-
2-ruapokcuderHokcuia ¢ penosiom meroaom IIP-cnnekTpockonuu

B craTtbe Meromom DOIIP-cnekTpockonuu M3ydeHa MEXMOJIEKYISIpHAs peakiys MPOTOHHOTO 0OMeHa MexXIy
pagukanoM 3,6-1u-TpeT-0yTHiI-2-THIPOKCU(pEHOKCHIOM U (eHoioM! IlpencraBieHsl KMHETHYECKUE Mapa-
METPBI MEKMOJIEKYJIIPHON peaKkluy MPOTOHHOTro oomeHa. Ilokasano, 4To (heHON 06nasaeT MeHbIIEH MPOTO-
JUTHYECKON PEaKIIMOHHOM CIIOCOOHOCTHIO, MO CPAaBHEHHIO ¢ KAPOOHOBBIMM KHMCIIOTaMU, M KaK cpejia 3aMefl-
JSIeT MEeXMOJIEKYJISIPHBIN IPOTOHHBIA 0OMEH.
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