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Brief Communications

Formation of triphenylmethyl radicals upon alkaline hydrolysis
of diphenyl sulfophthalide
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Triphenylmethyl radicals (TPMR) with an o-positioned sulfonate group are generated by
alkaline hydrolysis of dipheny! suifophthalide in DMSO. Electronic and ESR spectra of these
radicals are characterized. It is suggested that the radicals result from one-clectron transfer
reactions. Triarylmethyl radicals are also formed in alkaline hydrolysis of poly-

arylenesulfophthalides.
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Nucleophilic opening of the suithone and sulthine
cycles is considered to be a heterolytic process,!~3 and
the appearance of radicals in these reactions was not
reported. However, it is assumed that many heterolytic
reactions occur through a one-electron transfer stage?
or compete with one-electron transfer.> The study of
alkaline hydrolysis of compound 1 showed the appear-
ance of paramagnetic species (PMS), with spectral
properties attributable to triphenylmethyl radicals
(TPMR).
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Argon was bubbled through nine parts of a solution
of 1in DMSO (C= 0.3 mmol L ) and | partofa 1 M
solution of LiOH in a DMSO+H,0 (5 : 1) mixture.
Then the electronic spectrum and ESR spectrum of the
mixture exhibit an absorption band (AB) with Ay, =
339 nm and a multicomponent ESR signal (45—351 lines)
with a splitting of ~0.7—1 Oe, g = 2.0026£0.0003, and
overall extension of ~26 Oe (Fig. 1). Three groups (each
containing 15—17 lines) with a splitting between the
groups of ~7 Qe can.be_distinguished in the ESR spec-
trum. Similarly ill-defined ESR spectra were observed
for radicals obtained from some triphenylmethane dyes.§
The presence of splitting of ~7 Oe, which is unusually
high for TPMR, is probably due to the effect of the
negative charge of the sulfonate group at the o-position
of the radical.

A weak AB of a forbidden transition of the radical is
also detected at 518 nm in the optical spectrum.
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Fig. 1. ESR spectrum of the paramagnetic product of alkaline
hydrolysis of compound 1 in DMSO 40 min after mixing the
reagents (a planar quartz tube, argon bubbling).

Based on the published data.”-8 the AB and ESR
signal observed can be assigned to TPMR with, most
likely, structure 2.

The highest concentration of the radicals (~0.2
mmol L7 is achieved approximately 40 min after pour-
ing together the reagents. This implies that more than
60% of compound 1 is transformed into the radical
form. The presence of air oxygen in the system retards
increase in the concentration of the radicals and some-
what decreases their highest yield.

It is known that TPMR are formed through
carbocations under combined treatment with alkalies and
oxidants.? In our case, no AB of carboanions and
carbocations are observed, and it is not clear vet at which
step of the reaction of 1 with LiOH that TPMR are
formed. 1n addition to the direct cleavage of C—O during
the electron transfer from the hydroxide ion to a molecule
of 1.5 the stage of formation of zwitterions cannot be
ruled out,1! for example, by analogy with the mechanism
of opening of the sulfophthalide cycle accepted for
sulfophthalein dyes.!! Then an electron can be transferred
from the hydroxide ion to carbocationic centers, whose
stationary concentration is lower than the sensitivity of
the spectrophotometric method of analysis. The electron
transfer can be facilitated by an increase in the donating
ability of the hydroxide ion in aprotic soivents. 10

Relatively stable hydrocarbon radicals appear during
alkaline  hydrolysis in  DMSO of several
polyarvienesuifophthalides, the structure of its mono-
meric units being similar to that of compound 1. For
example, the formation of radicals of the triarylmethyl
type {(TAMTR) was detected in alkaline hydrolysis of
polydiphenvlenesulfophthalide 3. These radicals give AB
at 410 nm in the electronic spectrum and a poorly re-
solved ESR signal with AH = 10 Oe and g = 2.0028.

in addition to TAMTR, hydrolysis of 3 also gives
blue centers of coloring (CC) with two AB at 345 and

566 nm in the electronic spectrum. Taking into account
the polymer structure and based on the published
data,!2:13 we preliminarily ascribed these CC to quinoid
structures of the Chichibabin hydrocarbon, which can
appear due to the interaction of two lone electrons
localized at adjacent quaternary carbon atoms.

Alkaline hydrolvsis of polyterphenyl sulfophthalide
generates TAMTR that have AB of the allowed transi-
tion in the region of 410 nm and a poorly resolved ESR
signal with AH = 10 Oe.

As a whole, PMS and CC formed due to alkaline
hydrolysis of polyarylenesutfophthalides are similar to
species that appear upon dissolution of these polymers in
aniline—cyclohexanone mixtures. !4

Thus, the appearance of TPMR and TAMTR during
alkaline hydrolysis of compounds containing the
sulfophthalide cycle indicates a possibility of one-elec-
tron transfer during opening of this cycle, although it
cannot be ruled out that these radicals resuit from
secondary reactions. Secondary reactions are favored by
the excess of alkali used in our experiments.

Experimental

Diphenyl sulfophthalide was synthesized by the known
procedure! from orrho-sulfobenzoic acid dichloride. Product 1
recrystallized from ethanol is a white crystalline powder with
m.p. 162 °C. Synthesis of polyarylenesulfophthalides bas been
described previousty. 14 DMSO and LiOH (reagent grade) were
used without additional purification. Oxygen was removed from
solutions by 20-min bubbling of argon. Deionized water was
used for the preparation of aikaline solutions. ESR spectra were
recorded on a Radiopan SE/X-2544 ESR spectrometer in thin
glass tubes and in a planar quartz tube for polar solvents.
Electronic spectra were obtained on a Specord spectrophotom-
eter in 2- and 5-mm quartz cells. When solutions were bubbled
with argon, cells were closed with sealed caps. All spectra were
recorded at room temperature. The concentration of
triphenytmethyi radicals was estimated from the intensity of an
ESR signal determined for a solution of the stable imidazole
radical in DMSO with a known concentration.
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IR spectroscopic investigation of structural hydroxyl groups
in W—Si heteropolycompound supported on Al,0;
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Structural hydroxyl and deuteroxyl groups within the K4{SiW;04,]1/Al,05 and
KelSiW,PdO;41/A1-04 systems were studied by diffuse-reflectance FTIR spectroscopy in a
spectral range of fundamental stretching vibrations. first overtones, and combination bands of
streiching and bending vibrations. For hydroxyi groups, the region of combination vibrations
is the most informative. The calculated frequencies of bending vibrations of hydroxyl groups

(865 and 730 cm™!) are characteristic of acidic OH groups.

Key words: diffuse-reflectance

FTIR spectroscopy.

hvdroxyl groups, W-—Si

heteropolycompound. combination vibrations, bending vibrations of OH groups.

Heteropotycompounds (HPC) are widely used as
catalysts.1-Z Activity of these systems is usually explained
by the presence of Bronsted acid sites, OH groups
associated with oxide polyhedra that form Keggin struc-
ture.3

IR spectroscopy remains the most informative method
for studying structural OH groups in heterogeneous cata-
lysts. In studies of the acidic properties of oxide systems,
IR spectra are usually recorded in the region of funda-
mental stretching vibrations of the O—H bond. IR spec-
tra_ of supported HPC and other catalysts with strong
acid properties? are, as a rule, a superposition of broad
lines, and the problem of differentiation of sites of
different nature and strength is often difficult. Measure-
ments of IR spectra in the region of combination bands
of stretching and bending vibrations of structural OH
groups (4000—5000 cm™!) or overtones of stretching
vibrations of the O—H bond (6500—7500 cm™!) were
found to be more efficient.5 This approach is especially

applicable for heterogeneous catalysts that are character-
ized by broad unresolved IR spectra in the region of
fundamental stretching vibrations of OH groups.

This method has previously been successfully used
for studying structural OH groups of laminated clays
pillared by Al,O3 and SiO» columus® and some unstable
forms of zeolites.” [n this work, a similar approach was
extended to tungsten-silicon HPC: K4[SiW;3044} and
K¢[SiW|PdO3g} supperted on aluminum oxide.

Experimental

Tungsten-silicon HPC were used for the preparation of
samples: Ko[SiW,,049] (reagent grade, Krasnyi Khimik Co.,
St. Petersburg) and Kg[SiW,;PdO;q] synthesized by the known
procedure.8 Chemical analysis of potassium palladium-11-
tungstosilicate was performed by atomic-absorption spectro-
photometry. Found (%): WOs, 78.95; SiO,, 1.74; PdO, 3.7;
K,0. 8.61: H;0, 7.0. Calculated (%): WO;, 79.36: SiO,, 1.87:
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