
291 

Journal of Organometallic Chemistry, 312 (1986) 297-303 

Elsevier Sequoia S.A., Lausanne - Printed in The Netherlands 

REACTIONS OF TRIMETHYL- AND TRIETHYLALUMINIUM 
WITH 2,4,6-TRI-t-BUTYLNITBOSOBENZENE 

ZBIGNIEW FLORJAtiCZYK* and NORBERT LANGWALD 

Faculty of Chemistry, Technical University (Politechnika), ul. Koszykowa 75, 00-662 Warsaw (Poland) 

(Received April 15th, 1986) 

Me,Al and Et,Al undergo 1,2-, 1,4- and 1,6-addition to 2,4,6-tri-t-butylnitroso- 
benzene to give after hydrolysis the corresponding nitrones and oximes. In systems 
containing Et,Al the addition products partly undergo further reduction to aromatic 
amines bearing an ethyl group on the nitrogen atom or the ring. Reduction 
processes, leading to 2,4,6-tri-t-butylaniline, take place along with the addition 
reactions. 

A number of reactions are known in which the aluminium-carbon bond under- 
goes homolytic cleavage as a result of a single electron transfer to strong organic 
electron acceptors such as quinones [l-3], tetracyanoolefins [4] or aromatic ketones 
[5,6]. The radicals formed in these systems can react in a cage or dissociate to give 
reactive alkyl radicals and long living paramagnetic species which have been 
characterized by means of ESR spectroscopy. The ESR spectra have also been 
reported for the product of the reaction of alkylaluminium compounds with some 
nitroso [7,8] and nitro compounds [9]. However, the origin of these radicals is often 
uncertain, and it is possible that side processes are responsible for their formation 
[8,9]. The main reaction pathways are well understood only for some systems 
comprising a-chloronitroso compounds and aluminium trialkyls [8]. In the reactions 
of aromatic nitroso or nitro compounds with organoaluminium compounds, how- 
ever, the formation of a mixture of many reduction products was usually observed, 
which precluded studies of the mechanism of the processes. 

We describe here a study of the products of the reaction between organo- 
aluminium compounds and 2,4,6-tri-t-butylnitrosobenzene. It has been possible to 
confirm for the first time some intermediate steps of the reduction of aromatic 
nitroso compounds by organometallic reagents. 
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Results and discussion 

2,4,6-Tri-t-butylmtrosobenzene (I) reacts with MesAl at room temperature in 
toluene to give a deep brown mixture. When the reactions are carried out with an 
excess of Me,Al evolution of methane and ethane (mol ratio 94/6) is observed. 
After hydrolysis, 2,4,6-tri-t-butylaniline (II), methylene-N-2,4,6-tri-t-butylbenzene 
nitrone (III), 2,4,6-tri-t-butyl-2-methyl-2,4_cyclohexadiene oxime (IV) and 2,4,6&i- 
t-butyl-4-methyl-2,5-cyclohexadiene oxime (V) are the main products (eq. 1, Table 

I). 

N =o NH2 

tBu 

1 - (CH,),Al 

2 - H,O 

(I) (IT) 

In the reactions of I with Et ,A1 the dark-brown colour of the reaction mixture 
turns to yellow with time. The evolution of gaseous products containing mainly 
ethylene and ethane (mol ratio 70/29) and traces of n-butane and isobutene is 
observed irrespective of the mole ratio of reactants. Analogous products as in the 
reactions with Me&l are formed after hydrolysis, i.e. amine II, nitrone VI and 
oximes VII and VIII. Considerable amounts of iV-ethyl-2,4,6-tri-t-butylaniline (IX), 

TABLE 1 

YIELDS OF THE MAIN PRODUCTS OF THE REACTION OF Me,AI WITH 2,4,6-TRI-t-BUTYL- 
NITROSOBENZENE (I) OBTAINED ARER HYDROLYSIS LI 

Mol ratio 
Me,Al/I 

Yield (mol%) ’ 

II III IV V 

0.5 10 9 9 4 
2 14 20 15 I 
4 20 25 28 18 

a I l-5 g; solvent toluene lo-50 cm3; T -80 up to 25°C; time 2 h. ’ Based on eq. 1; yields determined 
by ‘H NMR spectroscopy with CH,NO, as internal standard. 
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recombination within a cage of the paramagnetic products, as e.g. in eq. 3. 

tBu 

+ R3AI - 

I 
tBu 

NOAI R2 

+ R. 1 (3) 

RNOAIR;! NOAI R 2 NOAlR2 

1,2-addition 1,4-addition 1.6-addition 

However, there is no evidence which would enable us to exclude the polar mecha- 
nism of addition (e.g. concerted 1,2-addition and further isomerization) in the 
systems studied. 

After the hydrolysis of the 1,Zaddition products, N-alkylhydroxylamines should 
be formed, but these compounds are not stable, and are known to undergo 
oxidation to nitroxide radicals. A rapid increase in the concentration of nitroxides 
was observed during the hydrolysis when the reactions were carried out in the cavity 
of an ESR spectrometer. 

The nitroxide radicals disproportionate to yield a nitrone as a stable product, and 
N-alkylhydroxylarnine, which is again oxidized [12]. 

H3CN0 * H,C=NO H3CNOH 

tB”pBu_tBuyyBu + *yB” (4) 

t CO1 

In reactions involving participation of Et ,A1 a significant proportion of the 
product of the 1,2-addition undergoes further reduction to amine IX. In systems 
with Me,Al such reduction occurs only to a small extent, and only traces of 
N-methyl-2,4,6-tri-t-butylaniline are formed after hydrolysis. 

It was found that the reaction of oxime VIII with Et,Al in toluene at room 
temperature gave amine XI and isobutene oligomers after hydrolysis (during the 
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reaction ethane and trace amounts of ethylene and n-butane were evolved). Thus, it 
is very probable that under the influence of an excess of Et ,Al the 1,4- and 
1,6-addition products undergo further reactions to give amines X and XI. This is 
indicated by a high yield of oximes in the reactions in which Et ,A1 is complexed by 
ethyl acetate, and a systematic decrease of the yield of oximes in comparison to 
those of amines X and XI with an increase in the Et,Al/I ratio (Table 2). 

The reduction reactions, of which amines II are the final products, compete with 
the addition reactions. In the reactions with Me,Al the first step of reduction to a 
hydroxylamine derivative is probably the result of diffusion from the cage of the 
radicals formed in reaction 3 and further reactions of the aniline-type radical. 

* YOAI (CH,), (CH3),AINOAI(CH3)2 
I 

du tfiu 
(5) 

I (CH312AINOAI(CH3)2 N=O 

1 disproportionation 3 tBu)$Bu + tBu*Bu 

tell t&l 

In systems with Et,Al the hydrogen transfer from the carbon of the ethyl group 
plays an essential role in the reduction, as indicated by the formation of a 
considerable excess of ethylene over ethane in the gaseous products as well as by the 
presence of signals of protons bonded to nitrogen (6 - 3.62 ppm) in ‘H NMR 
spectra of the product mixture before hydrolysis. 

The alkyl radicals which diffuse from the cage or are formed from the homolytic 
substitution (eq. 5) by reaction with I, give nitroxide radicals, the spectra of which 
have been described earlier [7]. Formation of nitroxide radicals is not observed when 
a large excess of the organoaluminium compound is used, and the alkyl radicals 
form the corresponding hydrocarbons. 

In previous studies of the reaction of aromatic nitroso and nitro compounds with 
organoaluminium compounds [9-111, only products of complete reduction were 
isolated, mainly mixtures of amines substituted at the nitrogen atom or in the ring. 
In view of the results now obtained it can be presumed that these reactions proceed 
via the corresponding hydroxylamine and oxime derivatives. Studies on the mecha- 
nism of the further reduction of these derivatives are being carried out. 

Materials 
Organoaluminium compounds (commercial grade) were purified by distillation. 

2,4,6-Tri-t-butylnitrosobenzene was obtained by a published method [13]. Toluene 
and ethyl acetate were dried and purified by distillation under nitrogen. 
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‘H NMR (Ccl,) 6 CH,(CH,) 0.71, (CH,),C 0.88, 1.06, 1.25, CH, 1.54, CH= 

5.32(d), 6.30(d), NOH 10.22 ppm. 
2,4,6-Tri-t-butyl-4-ethyl-2,Scyclohexadiene oxime (VIII). M.p. 117-118°C. Anal. 

Found: C, 78.42; H, 11.63; N, 4.53. C,,Hs,NO calcd.: C, 78.63; H, 11.54; N, 4.53%. 
‘H NMR (Ccl,) 6 C&(CH,) 0.65, (CH,),C 0.83, 1.20, 1.23, CH, 1.62, CH= 
5.62(d), 5.74(d), NOH 8.59 ppm. 

Nitrones 
Methylene-N-2,4,6-tri-t-butylbenzene nitrone (III). M.p. 193-196°C (lit. [12] 

194-195OC). Anal. Found: C, 78.87; H, 11.13; N, 4.35. C,,H,,NO calcd.: C, 78.83; 
H, 10.79; N, 4.83%. ‘H NMR (Ccl,): G(CH,),C 1.23, 1.42, CH,= 6.86, 6.80, 6.65, 

6.56, Haromatic 7.36 ppm. MS m/e 289. 
Ethylene-N-2,4,6-tri--t-butylbenzene nitrone (VI). M.p. 160-162°C. Anal. Found: 

C, 78.39; H, 10.90; N, 4.64. C,H,,NO calcd.: C, 79.15; H, 10.96; N, 4.61%. ‘H 
NMR (Ccl,) G(CH,),C 1.30, 1.39, CH,(CH=) 1.96(d), CH=N 6.88(q), Haromatic 
7.32 ppm. 

Gas samples were analyzed by means of GLC. 
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