
o&wl#39192 sII.viI + .m 

I’ergmo” Press plc 

Substituent Effec.t On The Stability Of The Hydroxyl Radical 
Adduct Of a-Phengl N-tur-t-Butyl Nitrone (PBN) 

Edward I;. .Jan~m*~, Randall D. Hinton and Yashige Kotakr 

Nalional Biomedical Ccn~cr fur Spin ‘Iiqnng arid Free Radical& 
Molccula~ ‘Toxicology Research F’rogrdm 
Oklahoma Mcd~aI Research Poundahon 

82s N.E. 13th Strcer, Okluhoma City, Oklahoma 73104, USA 

Previously we have studied the substituent 

effect on the absolute rat’e constants of spin trap- 
ping bcnzoyloxyl’ and terl-buroxyl’ radicals in 

benzene by 3- and 4-substituted cr-phenyl N- 

tert-butyl nitrones (R-PEN’s). Relatively small 

suhstituent effects were found, indicating that 
the rate of addition of oxyl radicals is not strong- 

ly affected by polar influences on rhe transient 

state. 
Here we report on the first study of a sub 

stituent effect on the decay rare of a PBN spin 
adduct. The hydroxyl adduct was selected since 

the hydroxyl radical is considered to be perhaps 
the most damaging of all radicals in biologica 
systems. Also, dependable hydroxyl ra&cal 
detectors are still being sought3’4 and a 
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The tlccay kinetics of the hydroxyl adduct of PRN in aqueous phospha~c but’f’cr has been found to be 1st 
order.’ ?‘he half-life is approximately 1 minute and depends on $I.’ Since i- and 4 substituted 1%X’s are 
almost insoluble in water we have selected acetonitrile (ACN) for a study of the subatiturnr effect on the decay 

of the hydroxyl adduct of PBN. Thus brief photolysis (-1 sccontl) of hytlrqen peroxide (-1%) in ACN 
containing 0.04 M 3-ClLPHN produces the EPR spectrum shown in Figure 1 a. C‘ondirions were selected so that 
only one spin adduct is observed. Based on its hyperfine splitting constan~b i hfsc’s). the spectrum was assigned 

to the hydroxyl adduct of PBN,’ IIowcver, with many substituted PHN’s a m~xmre of two spectra was observed 

(Figure lb), assigned to the hydroxyl and hydroperoxyl adducts on the basis of their hfsc’s. ’ ‘I’he hydroperoxyl 
adducts have smaller hfsc’s than the hydroxyl adducts of PRN if recorded 111 the same solvent ’ (see Table 1). 
Both the N- and p-11 hfsc’s correlate well with Harnmett’s sigma constant ’ and this provides additional suppon 
for the assignments. The detection of 

the hydroxyl hydrogen hfsc in the H20.2 2 LHU* 
spectrum of the hydroxyl adduct is a 

more dependable basis for assign- 0 0. 

men? but this feature could not be R&C6H&I=&H!, + HO. --f R Q,H+CH(OII)-k -C4H9 

resolved for the hydroxyl adduct of 

PBN in ACN. 

HO. -I- Hz02 --f Hz0 + HOO. 

‘: 9. 
R CGH~ CH-NX~HU + HO’& + R---C6H4 JZH(OOH)-N -QIIo 

Table 1. Hypetiine Splitting Constants (in Gauss)* for Hydroxyl and Hydmperoxyl Adducts of K-PBN’s in 
Acetonitrile at Room Temperature Compared to Ilammett’s Sigma Substituent (~onsmt*~~ 

~.___-~~- __~ 

Group D aN 

4-Me0 -0.27 14.86 2.83 
4-Me -0.17 14.80 2.x1 
3-Me -0.07 14.80 2.74 

II 0 14.76 2.75 
3-Me0 0.12 14.75 2.73 

4-Br 0.23 14.74 2.63 
4-U 0.23 14.58 2.34 
3-U 0.37 13.52 2.2Y 
3-Br 0.3Y 14.68 2.43 
4-CN 0.66 14.45 2.06 
3-N& 0.71 14.58 2.04 
4-N& 11.78 14.41 2.06 

-0.025 
0.90 

2.34t 
2.31 
2.41 
2.30 
2.25 
2.09 
2.05 
1.97 
2.04 
1 .x4 
2.087 
1.79 

-0.32 
0.97 



The decay profile for the hydroxyl adduct of a suhstituted PBN is shown in Figure 2. At higher 
concentrations of spin adduct in aqueous systems decay is 2nd order indicating disproportionation’. However, 

at sufficiently low concentrations the decay is cleanly 1st order. Only first order decay was seen here. The 
half-life depends on the substituent in the meta or para position. Electron-donor groups increase the rate of 

decay while electron-withdrawing substituents decrease the rate of decay. A plot of In k/k0 (where k = first 

order rate constant for decay of substituted PBN/hydroxyl radical adduct, and kb = first order rate constant for 

0.8 



1260 

Gr0t1p c-7 

4-Me0 -0.27 
<l-Me X).17 
3-Me -0.07 

H 0 

3-Me0 0.12 
4-Br 0.23 

4-Cl 0.23 
3-Cl 0.37 
3-Br 0.39 

4-CF3 0.54 
4-CN O.66 
3-NO2 0.71 

4-N@ 0.78 

13.8X 0 7x 
7.14 0 II 

5.50 0. 15 
6.37 0 

8.07 0.25 
3.60 -0.55 

4.58 X1.3.1 

4.52 -0.34 

3.20 -#.@I 

3.58 0.58 

2.09 -1.12 

2.77 -0.84 

2.25 1 .O4 

decay of PBN/hydroxpl radical adduct) vs Hatnmett’s sigma constant, shows considerablr scatter (r = 0.90) 
but the trend is cleat (Figure 3).The slope is p = -1.36 (see Table 2). On the basis of this data WC conclude that 

the carbon-nitrogen bond is considerably weakened by the presence of a hydroxy group in the a-position of 
the aminoxyl radical and that it! the transition state substantial polarity is developed with rhe benzylic carbon 

assuming a partial positive charge: 

i 

Rc&& X,H, 
A 9 

H 
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