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Abstract—The interaction of 1,1,3-trimethyl-3-(4-methylphenyl)butyl peroxide with tetrabutylammonium
bromide has been studied by means of 'H NMR spectroscopy. The complex formation between the reacting
species has been confirmed, its equilibrium constant being K = (3.01£0.09) L/mol at 294 K.
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Hydroperoxides are efficient chemical sources of
the free radicals for oxidative modification of organic
compounds. Quaternary ammonium salts are known to
catalyze radical decomposition of hydroperoxides
[1, 2], thus favoring the liquid-phase oxidation of
hydrocarbons with molecular oxygen under milder
conditions [3, 4]. The kinetic studies have revealed that
the ammonium salts catalysis of hydroperoxides
decomposition included the stage of intermediate com-
plex formation [1, 2, 4]. The possible structures of
hydroperoxide-ammonium salt complexes have been
suggested basing on the molecular modeling results
[2, 4].

This work aimed to experimentally confirm the
complex formation upon interaction of 1,1,3-trimethyl-
3-(4-methylphenyl)butyl hydroperoxide (I) with tetra-
butylammonium bromide at 294 K by 'H NMR. Under
the above-stated conditions, the rate of the hydro-
peroxide I decay was negligibly low. The rate constant
of thermolysis of I in acetonitrile solution was of
7x107"2 s [5].

In the '"H NMR spectrum of I, the signals at 0.86,
1.34, and 2.29 ppm were assigned to methyl groups
protons, the signal at 2.03 ppm corresponded to
methylene protons, the signals of benzene ring protons
were observed at 7.10 and 7.30 ppm, and the signal at
8.53 ppm was assigned to the hydroperoxide group
protons. Variation of concentration of I within the
0.01-0.05 mol/L range did not lead to any spectral
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changes. However, the addition of BuyNBr shifted the
signal of hydroperoxide group downfield without its
broadening. 'H NMR studies were performed in the
excess of the quaternary ammonium salt. Concentra-
tion of the hydroperoxide I was always constant and
equaled 0.03 mol/L, whereas the Buy;NBr concentra-
tion was varied within 0.14-0.57 mol/L. With
increasing Buy;NBr concentration, the downfield shift
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Chemical shift of hydroperoxide group proton of 1,1,3-
trimethyl-3-(4-methylphenyl)butyl hydroperoxide as function
of BusNBr concentration in direct coordinates (/) and in
the Foster—Fyfe coordinates (2) ([ROOH] = 0.03 mol/L,
294 K, in acetonitrile-d3).
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of hydroperoxide signal was enhanced. The changes of
the hydroperoxide proton signal were typical of com-
plex formation between I and BuyNBr under condi-
tions of fast proton exchange between the free and the
bonded COOH groups. Hence, in the case of the I-
BuyNBr system, the COOH chemical shift () was an
averaged signal of the free peroxide groups (droown)
and the peroxide groups bonded into complex (Scomp)-

The hydroperoxide chemical shift change (Ad =6 —
Oroon) as function of BuyNBr was not linear (see
figure). In the excess of BuyNBr, assuming the 1 : 1
complex formation, the obtained data could be
analyzed by fitting with the Foster—Fyfe equation [6].

AS/[BusNBr] = —KAS + KASyax

In the equation, K is the equilibrium constant of the
complex formation, Ad is the change of the chemical
shift in the presence of certain concentration of the
ammonium salt, [BusNBr], and Ad.x is the difference
between the chemical shifts of the free and the bonded
hydroperoxide (Admax = dcomp — OROOH)-

In the Foster—Fyfe coordinates, the experimental
data could be fitted with a linear function with K =
3.014+0.09 L/mol and the chemical shift of the bonded
hydroperoxide proton of d¢omp = 10.72+0.04 ppm.

As the signals of methyl and methylene protons of
BusNBr were not changed upon the complex
formation, the cation did not interact directly with the
peroxide. The complex formation should thus have
been due to the hydrogen bonding between bromide
anion and COOH group of the hydroperoxide.

EXPERIMENTAL

"H NMR studies of the solutions in acetonitrile-d;
were performed using Bruker Avance II 400 spectro-
meter (400 MHz, 294 K, TMS as internal standard).

1,1,3-Trimethyl-3-(4-methylphenyl)butyl hydroper-
oxide preparation method and its properties were
reported in [7]. The hydroperoxide was purified as
described in [8], its purity was of 99.8% as checked by
iodometry. Tetrabutylammonium bromide was purified
via double precipitation from its acetonitrile solution
with excess of diethyl ether. The salt purity was of
99.8% as determined by argentometry with
potentiometric fixation of the equivalence point.
BusNBr was then stored in a box drained with P,Os.
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