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The Reaction of Nitromethane with Benzene at 500" 
By ELLIS K. FIELDS* 

(Research and Development Department, Amoco Chemicals Corporation, Whiting, Indiana, 46394) 

and SEYMOUR MEYERSON 
(Research and Development Department, American Oil Company, Whiting, Indiana)  

THERMAL decomposition of nitromethane at  
5-400mm.,1 as well as a t  12-40 atmospheres,2 
has been thoroughly investigated, and the first- 
order kinetics have been derived by analysis of the 
gaseous products. The initial step in the decom- 
position is postulated as 

CH,NO, + CH,* + NO, 

We have found that the C6H,-N0, bond in 
nitrobenzene breaks above 400' to give a phenyl 
radical and NO,., In the presence of benzene, the 
major products arise by arylation of benzene by the 
phenyl radicals derived from nitrobenzene, as well 
as by those formed from benzene via hydrogen- 
abstraction by NO,, as shown by the products of 
reaction of nitrobenzene with perde~terobenzene.~ 

To find if nitromethane behaves similarly, a 
solution of 0.05 mole of nitromethane in 0-25 mole 
of benzene was passed through a Vycor tube 
filled with Vycor beads at  500" in a stream of dry 
nitrogen, flowing at  50 c.c./min., and the liquid 
products were condensed in a bulb chilled at  -20". 
Distillation gave 0.194 mole of benzene, 0-0046 
mole of nitromethane, 0.0018 mole of methanol, 
and 1.9g. of products boiling above 100". These 
were analyzed by mass spectrometry and gas 
chromatography and are listed in the Table. 

TABLE 

Relative 
Product concentration 8 

Toluene . . .. . .  . .  1 
Aniline . .  . .  . .  . .  5 
Phenol . .  . .  . .  . .  6 
N-Methyleneaniline . . . .  . .  16 

Nitrobenzene . .  .. . .  0.4 
N-Methylaniline . . . .  . .  21 

Biphenyl . . . .  . .  . .  100 
Aminobiphenyl . . . .  . .  10 
N-Benzylideneaniline . . .. 3 

a Relative intensities in the low-voltage (7.5 v, 
uncorrected) mass spectrum, normalized to biphenyl 
= 100. 

Under identical conditions, benzene alone (0.25 
mole) gave 0.024 g. of product, of which 92% was 
biphenyl and 8% terphenyl. 

With the exception of toluene, N-methylaniline, 
N-methyleneaniline, and N-ben,zylideneaniline, 

the products in the Table also resulted from the 
reaction of nitrobenzene with benzene, although 
not in the identical  ratio^.^ This would suggest 
the formation of nitrobenzene or other common 
intermediates in the reaction of nitromethane with 
benzene. 

Although nitrobenzene was among the products, 
the small concentration and the large amount of 
biphenyl suggest that phenyl radicals are formed 
directly : 

The fate of HNO, a t  high temperatures has been 
described.6 A concerted reaction of benzene with 
nitromethane to produce phenyl radicals is at  best 

only minor; nitromethane with C6D6 gave CH, 
and CH,D in approximately a 6 : 1 ratio. 

The major portion of phenyl radical adds to the 
aromatic system and gives biphenyl. By con- 
trast, the major portion of methyl radicals from 
nitromethane gave carbon monoxide and methane ; 
very little toluene was formed. Methyl radicals 
generated in a variety of ways add to benzene and 
other aromatic compounds in about 10% yields ;6 
methyl-radical affinities of benzene derivatives 
roughly parallel the relative rates of attack on the 
same compounds by phenyl radicals.' Methyla- 
tions are not as clear-cut as arylations, because the 
primary products contain benzylic hydrogens 
which are readily abstracted by free radicals.* 
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Nonetheless, if formed, an appreciable amount of 
toluene and dibenzyl should have survived. 

Methanol was formed in a small amount, 
probably by rearrangement of nitromethane 
similar to that of nitrobenzene, both under 
electron impact in the mass spectrometer to give 
the C,H,O+ ion@ and at  high temperatures to give 
phenol 5 4  

C,H,-XO, --t C,H,-OKO -+ C,H,O. + NO 

CH3-NO, -+ CH,-ON0 += CH30. + NO 

Either the nitro-nitrite rearrangement is not as 
extensive for nitromethane as for nitrobenzene, 
or the methoxy-radical prefers to lose a hydrogen 
to some abstracting species such as NO or NO, 
and go to formaldehyde:? 

CH30* + X -+CH,O + HX 

CH,O -+ H, + CO 

Traces of formaldehyde were found, as well as 
considerable amounts of hydrogen and carbon 
monoxide, much of which could have come froin 
decomposition of formaldehyde. 

Three products listed in the Table apparently 
arose by retention of the carbon-nitrogen bond in 
nitromethane : methylaniline, methyleneaniline, 
and benzylideneaniline.: From the diversity of 
products formed in its reaction with benzene, 
nitromethane evidently decomposes at  elevated 
temperatures according to a scheme far more 
complex than hitherto described. To elucidate 
the mechanism of this decomposition, we are 
presently studying in detail the reactions of nitro- 
methane at  500”, alone and with C,D, as well as 
with other aromatic and heterocyclic compounds. 

(Received, March 8th., 1967; Corn. 224.) 
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