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Abstract

In order to determine the basis of exploiting the spin-trapping technique for quan-
titative studies of short-lived free radicals, nitroso-compounds (most commonly used
spin-trapping agents) such as nitrosobenzene, nitrosodurene, pentamethylinitrosobenzene,
2,4,6-tri-f-butylnitrosobenzene, and 2-methyl-2-nitrosopropane were stuided in several
aspects. The optical absorption spectrum, the monomer-dimer equilibrium constant,
and the ESR hyperfine coupling constants of spin-adduct radicals are collected for these
spin-trapping agents, and for phenyl-N-f-butylnitrone for comparison. The secondary
reaction between a spin-adduct radical and a short-lived free radical generally occurs
and deteriorates the kinetical analysis of spin-trapping data. A model calculation of
this effect gives the results which enables us to understand the kinetical features
involved in this technique.
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Fig. 1 Absorption spectra of the spin trapping agents in benzene solution at
room temperature. The spectra in the range of >600nm are shown

for the OD scale expanded by 100 times.

Table. | Spectroscopic data and monomer-dimer equilibrium constant of spin-trapping agents
determined in benzene at 299 K

Optical absorption? Monomer-dimer
Spin-trapping agent A max & equilibrium const.”
{(nm {(mol ' dm’ cm b K (mol 'dm*;
2-Methy1-2-nitroso- . @ e
propane {BNO» +NO 680 20 0.52
Nitrosobenzene (NB ) NO 770 53 0
Nitrosodurene (ND» (ONO 800 36 1000
Pentamethylnitroso- - .
o MNE {@}NO 790 52.6 1300
2,4, 6-Tri-{-butyl- - . .
nitrosobenzene (BNB» “i-/@ NO 70 13 0
Phenyl-N -{-butyl- CH=NC-(CH, 1, sgs@ 5 5% 10!
nitrone (PBN) @) %) 295 2.5%10 0

a) Absorption band due to the nz* transition of the —NO group of monomeric nitroso-compounds.
b)) Equilibrium constant defined as (dimer)/{monomer]}®.

¢ ) Reference 8.

d) Absorption due to the transition different from that for the nitroso-compounds.
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CH.CH;&++-CH,(CH,».CH:; » % \» 1-CH tannane in the presence of n-butyl iodide.
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Table. II Comparison of ESR parameters of spin-adduct radicals generated from three aromatic
nitroso-compounds as spin-trapping agent determined in benzene solution

PMNB, Present work ND, by Terabe et al® BNB, by Terabe et al”
Trapped radical
g-value ax a g-value ax as g-value ax ag u
- CH, 2.0058 1.38 1.23 2.0060 1.370 1.217 2.0060 1.303 1.233
+- CH.CH.CH, 2.0058 1.42 1.12 2.0060 1.339 1.783
+ CH.CH.CH.CH, 2.0060 1.37 1.13 2.0061 1.344 1.797
- CH(CH,). 2.0059 1.39 0.77 2.0061 1.372 0.692 2.0060° 1.329 2.219
- CH(CHHCH.CH;  2.0058 1.37 0.78 2.0061¢ 1.333 2.225
- C(CH, ), 2.0060 1.36 2.0060  1.360 Anilino-type
. c-C.H,, 2.0058 1.40 0.76 2.0060 1.357 0.693 Anilino-type
- CH(CH;)CH; 2.0060 1.39 0.43 2.0060 1.380 0.377 Anilino-type
- CHs 2.0057 1.00 0.28° 2.0057 1.011 0.278%  2.0057 0.988 0.286"
0.09 0.095“ 0.261¢
0.092¢
- CH(CH,)OC.H; 2.0058 1.40 0.46
+ C(CH.»O 2.0058 1.32
« C(CN)(CH3 )2 2.0063 1.30 2.0061 1.314 Anilino-type

a) Reference 9.
b) Reference 10.
¢) Anilino-type adduct is also generated.
d) Splitting constant due to ring protons.
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Table. [II Rate constant of spin-trapping reactions

Spin-trapping agent

Free radical

BNO NB ND PMNB BNB PBN
{-Butyl 3.3x10° >2.0x10° 9 x10° 9 x10° 2.3x10° <1.0x10°
26CH {26°C (26CH (26°CH (26CH (26C)
c-Hexyl 1.6x107
(26°C "
5-Hexenyl 9.0x10° 3.9x 10 4.7%10° 1.3x10°
40°C 40T 40°CH (40CH¢
Phenyl 1.2x107
(307CH°
{-Butoxycarbonyl 1.1x10°
{40°C
Methoxyl 1.6x10° 7.4x10°
(—45°C e (—40°C**e
{-Butoxyl 1.5x10° 5.5x10°
(25°C Y (25°CY
Benzyloxyl 10°-10°

40CH¥

BNO : 2-methyl-2-nitrosopropane, NB : nitrosobenzene, ND : nitrosodurene,
PMNB : Pentamethylnitrosobenzene, BNB : 2, 4, 6-tri-/~butylnitrosobenzene,
PBN : Phenyl-N-¢-butyl-nitrone.

All in benzene solution except ( * 1 in cyclohexane and (+ =) in methanol.

a) Reference 12. b) Reference 13.
¢ ) Reference 14. d) Reference 15.
e ) Reference 16. f) Reference 17.

£) Reference 18.
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