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Ah&act-Radical intermediates formed in reaction of substituted nitrobenzene compounds with nucleophilic 
reagents have been trapped by 1-nitrosobutane to yield nitroxide radicals which have been characterized in situ by 
ESR. The formation of short-lived radicals originating from reagents and solvents has been shown. 

The first step in aromatiP nucleophilic substitution was 
supposed to proceed as a one-electron transfer from the 
reagent to organic compounds. 

Rx+Y-+RxA+?. (1) 

The radical mechanism of these reactions was confirmed 
by direct detection of the radical-anions of parent 
compounds by ESR’-’ and by kinetic regularities of 
formation of radical-anions under different conditions.Ls 
Important evidence of the radical mechanism in nut- 
leophilic substitution could be the detection and identifi- 
cation of short-lived free radicals originating from 
reagents. 

Recently,” the application of spin trapping as a 
diagnosis of short-lived free radicals has been observed. 
We have applied the &oxide methcd7-9 to trap short- 
lived radicals produced in reactions of substituted 
nitrobenzenes with nucleophilic reagents in diflerent 
solvents. t-Nitrosobutane (t-BuNO) has been used as 
scavenger. 

Reactions of aromatic nitro compounds with KOH and 
MeONa. Reactions of pnitrochlorobenzene, p 
nitroiodobenzene and pdinitrobenzene with hydroxide 
and methoxide are typical of nucleophilic aromatic 
substitution. Therefore they are of interest for the study 
of the radical mechanism. ESR spectra of the stable 
radical 1 and radical-anions of pnitrochlorobenzene or 
pdinitrobenzene have been obtained in reactions of these 
three nitro compounds with potassium hydroxide in 
DMSO-HZ0 (4: 1 v/v) mixture in the presence of t-BuNO. 
The radical-anion of pnitroiodobenzene is not stable.” 
For this reason further investigations have been carried 
out with pnitroiodobenzene because its radical-anion 
does not mask the lines of nitroxide radicals. 

The ESR spectrum of radical 1 exhibited a “N triplet 
(1: 1: 1) with secondary splitting from three equivalent 
protons to a quartet (1: 3 : 3 : I), aN = 16.0 g, a” = 13.2 g. 
The splitting constants are similar to those known” for 
radical 1. The ESR spectra of radical-anions of parent 
nitro compounds are identical to known spectra.” 

The stable radical 2 is formed, with DMSO-&HZ0 (4: I 
v/v) mixture used as a solvent. The 3 x 7 line spectrum 
exhibited “N triplet with secondary splitting on three 
equivalent deuterium atoms in the ratio 1: 3 : 6: 7 : 6: 3 : 1, 
a~ = 15.9 g, aD = 2.0 g, which is in agreement with the 
data.” 

In all these cases we have failed to show the formation 
of radical 3. In the reaction with methoxide in 
DMSO-MeOH (1: 10 v/v) at -7O”, we observed the 
formation of radical 1, radical-anion t-BuNV and a triplet 
(1: I: l), aN = 28 g which is specific for alcoxynitroxide 
radicals” and probably belongs to radical 4. 

GBuN-CH, &Bu-N-CD, 1-Bu-NAIH GBu-N-OCH, 

1 2 3 4 

The formation of radicals 1 and 4 can be demonstrated 
by reactions l-4: 

0 

++(CH&SO+tH,+CH, Y % (2) 

CH, + 1-BuNO+(l) (3) 

6CH, + t-BUN0 -, (4) (4) 

ir = 6H, &H,. 

The probability of such a mechanism is conlirmed by 
the data” on the formation of a Me-radical in the 
reaction of DMSO with hydroxyl-radical resulting from 
the decomposition of H202. 

It is necessary to take into account the possibility of the 
formation of radical 4 in the reaction of methoxide with 
t-BUN0 and further oxidation of amino-oxy-anion 
formed.” 

The ESR spectrum of three nitroxide radicals was 
obtained in the reaction of pnitroiodobenzene with 
hydroxide or methoxide-in DMF (Fig 1). The parameters 
of one signal, a single “N triplet an = 11.8 g is explained 
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Fig 3. ESR spectra obtained in reaction of pic~lc~o~da with 
piperidine in benzene in the presence of t-BuNO: A-(S); E&(11). 

is less than that in radicals 6 and 8. The splitting on N(2) or 
protons of methylene groups has not been observed. But 
the line width of this spectrum indicates a secondary 
Splitting. 

The spectrum of radical 10 is similar to that of radical 8, 
aN(l)= l&6& aNa)= f&9& aH" =o+g, aNCWf@9g. 

;Ihe reaction of t-BUN0 wit/t nucleophile$. t-BuNO 
reacts with hydroxide or @oxides in methanol with 
formation of radical t-BUN0 , a~ = 13-8 g. In a short time, 
a new triplet aN = 15.9 g appeared which is characteristic 
of the radical 11. Its intensity increased while that of 
t-BuNOA decreased. The addition of such solvents as 
DMF, DMSO to methanol accelerated this process. I? 
pure DMF or DMSO the formation of radical t-BUN0 
has not been observed and radical 11 appears immediately 
after the addition of a reagent, e.g. piperidine. Such 
electron acceptors as pic~lc~o~de, te~~y~ethyleoe, 
chloroanyl, pdinitrobenxene mainly hinder formation of 
radical 11. The inhibition of formation of radical 11 can be 
explained by the reactions: 

t-BuNO + Y--q t-BuNO- t i’ (121 

t-BuNO’-* t-Bu’ + NO- (13) 

t-BuNO+ t-Bu’ + t-BusNO’ (11) 04) 

t-BuNO* t RX-, t-BUN0 + &. US) 

When the concentration of t-BUN0 is sufllciently high, 
the formation of radicals from the inte~ction of Y with 
solvents takes p&e. Therefore to exclude the ~ssi~ity 
of the formation of r&oxides on account of reaction (12) 
the concentration of t-BuNO has been lo’- lo’ in all 
times less than that of substrates experiments described. 
Under these conditions in experiments without substrate 
the formation of radicals from reagents or solvents has 
not been Observed. Consequently the appearance of such 

radicals by adding substrates is comected with the 
intention of substrate and reagent (Eq 1). If the 
electron-withdrawing of the substrate is larger than that of 
t-BUN0 (in reactions with pd$it.robenxene and picryl- 
chloride) formation of t-BuNO (Eq 15) is inhibited and 
this leads to regeneration of t-BuNO. In this case the 
fo~ation of &oxides may partially proceed due to 
reaction (12). But this is of no importance because the rate 
of reastion (1) is greater both because of the greater 
concent~tion and larger electron ~th~wing of the 
substrate. 
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The t-nitrosobutane was prepared by oxidation of t-butyl- 
hy&oxyl~e” with aIkaline aqueous dolomite soins.‘” The 
t-nitrosobutane was split into the monomeric state thermally. 
Other compounds used were commercial preparations and were 
used after purification. Solvents and reagents were purified by 
standard methods. 

The radicals were prepared by dissolving the parent substance 
(0*1-0*2 M) together with the nitroso scavenger (lo-‘-IO’ M) in 
the appropriate solvent and adding the reagent (0,2-0.4 M). 

ESR snectra were measured on EPRJ “Siberia” snectrometer 
em~o~ 20 kc/s modulation at room temp. The hype&e 
splitting was measured relatively to that of Fremy’s salt 
(aN = 13*09g).” The solns used were not de&rated. 
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