
Journal of Organometallic Chemistry, 25 1 (1983) l-5 

Elsevier Sequoia !%A., Lausanne - Printed in The Netherlands 

ON THE PARAMAGNETIC SPECIES FORMED IN THE REACTION 
BETWEEN 2,4,6-TRI-t-BUTYLNITROSOBENZENE AND 
~R~ANOALUM~N~M COMPOUNDS 

ZBIGNIEW FLORJANCZYK* and JADWIGA SITKOWSKA 

Institute of Organic Chemistry and Technology, Technical University (Politechnika), Koszykowa 75, Warsaw 

(Poland} 

(Received January 4th, 1983) 

Summary 

ESR spectra are reported for long-lived paramagnetic products formed when 
2,4,6-tri-t-butyhritrosobenzene reacts with (CH,),Al, (C2H,),Al, CzH,AICI, and 
t-Bu,Al. The spectra are assigned to nitroxide, N-alkoxyanilino and ethyl 2,4,6-tri- 
t-butylphenoxy~no radicals. On the basis of the results it is suggested that 
nitroxides abstract a hydrogen atom from the methylene group in (C2H,),A1, and 
undergo 1,2 rearrangement under the action of C, H, AlCl 2. 

Introduction 

2,4,6-Tri-t-butylnitrosobenzene (TBNB) is a bifunctional spin-trapping agent 
which reacts with primary alkyl radicals to give nitroxide radicals (i) but with bulky 
radicals to give N-alkoxyanilino radicals (II) [ 11. Both types of spin adducts I and II 
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of methyl, ethyl and isobutyl radicals were detected by Yatsu et al. [2-4] in 
spin-trapping experiments involving use of TBNB in a mixture of an organic 
peroxide, y-butyrolactone and a t~alkyl~u~nium compound. According to these 
authors, in the reaction with a peroxide two kinds of aIky1 radicals are formed from 
trialkyl~u~~um, one being the usual alkyl free radical and the second, a so called 
“coordinated” one, a sterically hindered species, probably involving interaction with 
the Al atom. Use of TBNB also indicated the p~ti~pation of free and coordinated 
radical propagating species in polymerization processes initiated by the above 
system (2-51. 

We have found that TBNB reacts very rapidly with organoaluminium compounds 
to produce various paramagnetic species even when no peroxide is introduced into 
the system. We describe below the ESR spectra observed in these reactions. 

Results and discussion 

The compounds (CH,),AI, (CzH,),Al and CZHsAlC12 react with TBNB in the 
presence of strong Lewis bases like y-butyrolactone, tetrahydrofuran and methyl 
acetate to give mainly nitroxide radicals III, IV provided the organoalu~nium 
compound is not present in a large excess over the TBNB. 
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In contrast t-Bu,Al reacts with TBNB to give N-t-butoxyanilino radicals V. 
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Fig. 1. ESR spectrum af the paramagnetic product formed in the system C,H,AIClz/methyl acryI?tef 
TBNB (mole ratio 1/10/l, in toluene) after vanishing of the nitroxide radical. 

The above radicals are formed immediately after mixing the reactants even at 
- 80°C and vanish slowly after the samples are heated to_ about 60% The 
formation of radical V indicates that in the reaction between TBNB and an 
org~oalu~um compound the alkyl radical is generated and subsequently trapped 
by TBNB. Nitroxides III and IV can be formed in the same manner. Another 
possibility is the scission of the Al-O bond in an aluminium derivative of the 
corresponding N-alkylhydroxylamine resulting from the 1,Zaddition to the N=O 
group. This type of rn~h~srn was proved in reactions of phenylma~esium 
bromide with nitrosobenzene 161. 

For the system ~nt~ng C,H, AICl,, careful heating and cooling operations 
gave a clear spectrum of another radical (Fig. 1). The hyperfine structure exhibits 
splitting for one nitrogen and two pairs of protons. In our opinion the spectrum can 
be assigned to the ethyl 2,4,6&i+butylphenoxyamino radical (VI). The rather small 
coupling constants of the nitrogen and methylene group protons can be explained in 
terms of a large spin delocalization on the 2,4,6-tri-t-butylphenoxy substituent. 
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The proton coupling constant of 1.3 G fits reasonably with the value expected for 
metu protons at the benzene ring in VI, i.e. it is greater than that for nitroxides (0.8 
G) [l-4] and a little smaller than that for alkoxyanilino radicals (1.7-2.3 G) [l-4]. 
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(The observed radical has spectral data differing from those for the ethoxyanilino 
radical reported by Yatsu (g = 2.003, uN = 10.6 G, a,(CH,)= aHc,,,)= 2.3 G) 
[Z-4].) The amino radical VI may be formed by the 1,Zrearrangement of the aryl 
group in ethyl 2,4,6-tri-t-butyl nitroxide (IV) or in the aluminium derivative of ethyl 
2,4,6-tri-t-butylhydroxylamine, followed by the cleavage of the O-Al bond. 

Another amino radical VII is formed when the system containing ethyl 2,4,6tri- 
t-butylnitroxide (IV) is treated with an excess of the ethylaluminium compound. The 
spectrum observed after complete disappearance of the nitroxide (Fig. 2) exhibits 
features typical of anilino radicals containing one hydrogen atom bonded to the 
carbon atom which is itself linked to the oxygen atom ]1,2f. 
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a ,.,=11.2G 10.9-11.0 G 

aH,CH)=aH(m)=1~8G 1.66-1.90 G 

It has been suggested that the nitroxide radicals can abstract a hydrogen atom 
from the methylene group in ethylaluminium compounds [7]: 

/ / 

/ ‘N-c, + CH,CH,- y -+ >N-OH + c~,-eH-y 

(VIII) 

The radical VIII trapped by TBNB might produce the spectrum observed. 
The signal of radical VII is observed together with that of the nitroxide when the 

reaction is carried out in toluene without a strong Lewis base. If a strong Lewis base 
is added to the product, the nitroxide signal predominates. 

More detailed studies on the reactions between nitroso compounds and 
organo~u~nium compounds will be described in a later paper. 

All experiments with organoaluminium compounds were carried out using dry, 
oxygen-free solvents under nitrogen. 

2,4,6Tri+butylnitrosobenzene was obtained by a published method [8]. Methyl- 
and ethyl-aluminium compounds (commercial grade) were purified by distillation. 
Tri-t-butylaluminium diethyl etherate was prepared as previously described [9]. The 
toluene solutions of organoalu~ni~ were introduced at - 80°C into a Suprasil 
silica tube containing the required amount of TBNB in the appropriate solvent, 

The ESR spectra were recorded on a Varian E 4 or JEOL JES ME-3X spectrome- 
ter. 
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