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The spin traps 1-methyl-4-nitroso-3,5-diphenylpyrazole (1)
and sodium 3-(4-nitroso-3,5-diphenyl-1-pyrazolyl)propane-
1-sulfonate, introduced by Kaur and Perkins,! scavenge
reactive radicals to give nitroxide radicals the ESR spectra
of which may be readily interpreted. These spin traps have
the advantage of being monomers and are relatively in-
sensitive to irradiation by light.
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In connection with some experiments performed in this
laboratory, the 4-nitrosopyrazole derivatives 1, 3 and 4
[P—NO, eqn. (1)] were used as spin traps for -CH,OH and
-CH, radicals (R-) formed in the reaction between pho-
tochemically generated -OH radicals in the cleavage of
H,0, and methanol or dimethyl sulfoxide (DMSO). The
ESR spectra of the resulting nitroxide radicals exhibited a
number of narrow splittings in addition to those due to the
interaction with magnetic nuclei of the trapped radical and
the "N nucleus of the nitroxide group.

P-NO + R- - P-N(O)-R. 1)

The narrow splittings might be due to an interaction of the
unpaired electron with magnetic nuclei of the pyrazole unit
and/or substituents on the ring. However, it is also possible
that the splittings originated from an interaction with hy-
drogen atoms of the solvent bound in a charge-transfer
complex between the =N—O group of the nitroxide radical
and methanol or DMSO. Recently, splittings due to such a
charge-transfer complex have been observed in the ESR
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spectra of the nitroxide radicals formed in the trapping of
H- radicals when using 1(2),3-dimethyl-4-nitrosopyra-
zole-5-0l (2). In addition to the hyperfine splittings orig-
inating from the trapped radical H-, the spectra obtained in
DMSO exhibited a number of narrow splittings, ca. 0.3 G,
that could not be detected when the reaction was per-
formed DMSO-d. The very special trapping reactions ob-
served with 2 and the narrow splittings due to charge-
transfer have been described in detail earlier.? The aim of
this note is to establish the origin of the narrow splittings
observed with the 4-nitroxopyrazole derivatives 1, 3 and 4.

Nitroxide radicals formed with 1(2),3-dimethyl-4-nitroso-5-
phenylpyrazole (3). The ESR spectrum of the nitroxide
radicals formed in the trapping of -CH,OH radicals is ex-
pected to give rise to 3x3 (1:2:1) lines due to the interac-
tion with one N nucleus and two equivalent hydrogen
atoms. However, the actual spectrum obtained in CH,OH
exhibited seven groups of lines due to partial overlaps. Fig.
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Fig. 1. ESR spectrum of the nitroxide radicals formed in the
trapping of -CH,OH radicals using the spin trap 1(2),3-
dimethyl-4-nitroso-5-phenylpyrazole (3) dissolved in CH,OH.
The -CH,OH radicals were formed by abstraction of a hydrogen
atom from methanol by photochemically generated -OH radicals
in the cleavage of H,0,. The three low-field groups of lines of a
total of seven groups are shown. ay=13.1 G, a4, =6.0 G,
a,(CH,) =1.3G, ay3=ca.03G.
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part of the ESR spectrum, viz. the three low-field groups of
lines of the seven groups. Each of the main lines of the
primary splittings is split into a quartet (1:3:3:1) due to
interaction with the hydrogen atoms of the methyl groups
in position 3 of the pyrazole ring. Each of the quartet lines
is further split into five narrow lines (ca. 0.3 G).

When the reaction was performed in CH;OD, the five
narrow lines were replaced by three incompletely resolved
lines, Fig. 2. Evidently, the narrow splittings are due, at
least in part, to an interaction with the hydrogen atom of
the hydroxy group of methanol. However, it could not be
determined from these experiments whether the interac-
tion was connected with the hydrogen atom of the hydroxy
group of the trapped radical, i.e. -CH,OH, or of a metha-
nol molecule bound to the nitroxide radical in a charge-
transfer complex. The incomplete resolution did not allow
a complete assignment of the narrow splittings that might
involve other magnetic nuclei, in addition to the hydrogen
atom of the hydroxy group of methanol, such as those of
the phenyl group in position 5 on the pyrazole ring.

Nitroxide radicals formed with 1-methyl-4-nitroso-3,5-di-
phenylpyrazole (1) and 4-nitroso-3,5-diphenylpyrazole (4).
The ESR spectra of the nitroxide radicals formed in the
trapping of -CH,OH or -CH; radicals with 1 and 4 were
almost identical. This indicates that the methyl group at-
tached to one of the nitrogen atoms of the pyrazole unit has
no significant influence on the spectra.

The primary splittings, i.e. the 3x4 (1:3:3:1) lines, ob-
served in the spectra obtained in the trapping of -CH,
radicals with 1, exhibited similar narrow splittings. Fig. 3
shows the three low-field lines of the 12 primary splittings.
Each of the three lines is incompletely split into at least
four narrow lines.

When the reaction was performed in DMSO-d,, the
spectrum exhibited 3X7 lines from the interaction with one
“N nucleus and three equivalent deuterium atoms of the
trapped -CD; radical (cf. Ref. 3). Fig. 4 shows the low-field
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Fig. 2. ESR spectrum of the nitroxide radicals formed in the
trapping of -CH,OD radicals using spin trap 3 dissolved in
CH,0D. The splittings a,,; of Fig. 1 are replaced by an
incompletely resolved three-line structure.
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Fig. 3. ESR spectrum of the nitroxide radicals formed in the
trapping of -CH, radicals using the spin trap 1-methyl-4-
nitroso-3,5-diphenylpyrazole (1) dissolved in DMSO. The -CH,
radicals were formed in the photochemical reaction between
H,O, and DMSO. The three low-field lines of a total of 12 main
lines are shown. ay=12.9 G, a,,(CH;) =11.9G, a,,=ca.0.3 G.
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Fig. 4. ESR spectrum of the nitroxide radicals formed in the
trapping of -CD, radicals using the spin trap 1 dissolved in
DMSO-d,. The -CD, radicals were formed in the photochemical
reaction between H,0, and DMSO-D;. The low-field septet is
shown. ay=12.9 G, a,(CD,) =1.7 G, a,,=ca.0.3 G.

septet of the three septets. Each of the septet lines was
further incompletely split into at least four narrow lines (ca.
0.3 G). The experiments indicate that the narrow splittings
observed with DMSO are not connected with a charge-
transfer between the nitroxide radical and DMSO, since in
this case the splittings should not have been present in
DMSO-d,.

One may therefore conclude that the narrow splittings
observed in the ESR spectra of the nitroxide radicals
formed in the trapping of -CHj radicals by the spin traps 1
and 4 originate from an interaction between the unpaired
electron with hydrogen atoms of the phenyl groups in posi-
tions 3 and 5 of the pyrazole ring and/or the nitrogen atoms
of the pyrazole unit. Even if a detailed assignment is un-
certain, it seems to be more likely that the narrow splittings
are due to an interaction with hydrogen atoms of the



phenyl groups than with the nitrogen atoms of the pyrazole
unit.

1(2),3-Dimethyl-4-nitroso-5-phenylpyrazole 3).
2-Oximino-1-phenyl-1,3-butanedione® (2.88 g) was dis-
solved in 25 ml of ethanol and cooled to about —2°C.
Methylhydrazine (1.45 g) was added with stirring over 15
min. Stirring and cooling were continued for 1/2 h. The
green mixture was poured into 1 M HCI (200 ml), and the
product was extracted with CH,Cl, (2x50 ml). The extract
was washed with H,O (50 ml). The dried (Na,SO,) extract
was evaporated under reduced pressure, to leave an oil
(1.72 g) that solidified on cooling to room temperature.
Crystallization from petroleum ether (b.p. 60-80°C) gave
small needles, m.p. 77-79°C. Mass spectroscopy (Trio 2,
Quadrupole) showed a molecular peak at 201, consistent
with the formula C,;;H;;N;O. Found (Mikro Kemi AB):
C 66.7; H 5.5; N 21.3. Calc. for C;;H;;N;0: C 65.7; H 5.5;
N 20.9.

1-Methyl-4-nitroso-3,5-diphenylpyrazole (1) was prepared
as described by Boyd and Norris,® and 4-nitroso-3,5-diphe-
nylpyrazole (4) according to Hiittel et al.®

Preparation of radicals. The 4-nitrosopyrazole derivatives
were dissolved in methanol or dimethyl sulfoxide (DMSO)
to a concentration between 10 and 20 mmol. Hydrogen
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peroxide 25-50 ul, 30 % in H,O was added to 0.5 ml of a
solution of the 4-nitrosopyrazole. The samples, contained
in a flat cell, were irradiated with UV light from a mercury
lamp (Osram HBO-200) in situ in the ESR cavity.

Electron spin resonance measurements. The ESR spectra
were recorded using a Varian E-9 spectrometer at 20°C
with a microwave power of 0.5-1 mW and 100 kHz mod-
ulation amplitude of 0.05-0.1 G. Hyperfine splitting con-
stants were measured by comparison with the splittings of
Fremy’s radical (ay = 13.0 G).
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