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l-Cyano-l-methylethyl radicals attack the nitro group of nitrobenzene, m-dinitrobenzene and tetranitromethane yielding 
hydrogen cyanide, acetone, and, in the case of the first two compounds, N-phenvl- and N-(m-nitrophenv1)-0,N-his( 1- 
cyano-I-methylethy1)hydroxylamines. Nitromethane does not react with this radical. The importance of this reaction in 
the mechanism of retardation of vinyl polymerization by nitro compounds is pointed out. 

Aromatic nitro compounds are effective retarders 
or inhibitors of the free-radical polymerization of 
vinyl  compound^.'-^ Price and Durham have postu- 
lated for the retarding action of aromatic nitro 
compounds a mechanism shown in the following 
scheme, in which R. denotcs a growing polymer 
radical, 

NO, 

H R  I 

R 

I n  support of this mechanism, they found that the 
elements of nitro compounds used as retarders were 
incorporated in the polymer molecule produced. 
Further support for the mechanism is that  the 
nuclear methylation of nitro compounds occurs 
readily in the reaction with various reagents6 which 
are believed to produce methyl radicals on decom- 
position. 

An alternative mechanism involving an attack 
by a radical on the nitro group has been suggested 
by Hammond and Bartlett4 on the basis of their 
observations on the benzoyl peroxide-initiated 
polymerization of allyl acetate: 

L,0- 
Ar- S + R.  --+ ArXO + ROR 

\OR 

In connection with the retarder action of nitro 
compounds their reactions with simple aliphatic 
radicals seem to be of interest. Hammond and 
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Ravve' investigated the reaction of triphenyl- 
methyl with nitrobenzene with the result that the 
former reacted only by abstracting oxygen from the 
nitro group, whereas Gingras and WatersS reported 
that l-cyano-l-methylethyl radicals did not react 
detectably in boiling toluene solution with 1,3,5- 
trinitrobenzene and 2,4-dinitrochlorobenzene. 

We have now examined reactions of nitrobenzene, 
m-dinitrobenzene, nitromethane, and tetranitro- 
methane with l-cyano-l-methylethyl radicals, 
which are generated by thermal decomposition of 
a,a'-azobisisobutyronitrile and which could be re- 
garded as models of growing polymethacrylonitrile 
radicals. It has been found that the l-cyano-l- 
methylethyl radical can indeed react with the nitro 
group. 

The decomposition of ala'-azobisisobutyroni- 
trile in nitrobenzene a t  100" gave a small amount 
each of hydrogen cyanide, acetone, and a crystal- 
line compound, C14H17K30, m.p. 93-94', besides tet- 
ramethylsuccinonitrile and 2,3,5-tricyano-2,3,5-tri- 
methylhexane, the usual products. The crystalline 
compound was identified as N-phenyl-0,N-bis( 1- 
cyano-l-methylethyl)hydroxylamine, which was 
also obtained from nitrosobenzene and a, a'-azobis- 
isobutyronitrile in boiling toluene according to 
Gingras and Waters.8 The amount of the acetone 
isolated from the reaction mixture as the 2,4-dini- 
trophenylhydrazone corresponded to 3.4y0 of 1- 
cyano-l-methylethyl radicals to be generated from 
the azonitrile used, and that of the disubstituted 
phenylhydroxylamine to 2.8%.g 

Similarly, when a,a'-azobisisobutyronitrile and 
m-dinitrobenzene were boiled in toluene, the evolu- 
tion of hydrogen cyanide was noticed and acetone 
was produced together with a yellowish crystal- 
line compound, CI4Hl6N4O3, m.p. 159-159.5'. This 
compound was thought to  be N-(m-nitrophenyl)-O,- 
N-bis( l-cyano-l-methylethyl) hydroxylamine on 
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the basis of elemental analysis and by analogy with 
the formaidion of the corresponding product from 
the reaction in nitrobenzene. The amounts of the 
acetone and trisubstituted hydroxylamine isolated 
were, respectively, 4.G% and 2.2% of l-cyano-l- 
methylethyl radicals generated. 

When a,  a'-azobisisobutyronitrile was added to 
boiling nitromethane, neither hydrogen cyanide nor 
acetone was detected and tetramethylsuccinonitrile 
and 2,3,5-tricyano-2,3,5-trimethylhexane were ob- 
tained in yields of 77.5% and l G % ,  respectively, on 
the basis of 1-cyano-1-methylethyl radicals gener- 
ated. If the latter compound is produced by dis- 
proportionation of 1-cyano-1-methylethyl radicals 
followed b.p attack of the same radical on the re- 
sulting mexhacrylonitrile, lo the yield of l G %  corre- 
sponds to consumption of 21.5% of l-cyano-l-meth- 
ylethyl radicals; therefore, 9970 of the radical pro- 
duced is accounted for. Thus, l-cyano-l-methyl- 
ethyl radicals do not appear to attack nitrometh- 
aim 

Unlike nitromethane, tetranitromethane was 
found to react with 1-cyano-1-methylethyl radicals 
in toluene :Lt 100" affording 4% of acetone. 

It is inferred from the results mentioned above 
that 1-cyano-1-methylethyl radicals attack an 
oxygen atom of the nitro group eventually to pro- 
duce a nitroso compound and a l-cyano-l-methyl- 
ethoxy radical. The exact mechanism of the attack 
by the radical is unknown. The radical may ab- 
stract the oxygen atom directly (Equation 1) or al- 
ternatively it may add primarily to the oxygen atom 
as postulated originally by Hammond and Bart- 
lett4 to giae an intermediate radical as shown be- 
low, the latter decomposing subsequently into a 
nitroso compound and a 1-cyano-1-methylethcxy 
radical (Equation 2). 

ArNOz + (CH3)G --+- ArNO + (CH&CO. 

CN 

(1) 
I I 

C S  

+ ArNO + (CH&CO. (2) 
I 

CN 

The nitroso compound thus formcd combines with 
two 1-cyano-1-methylethyl radicals to  yield a tri- 
substituted hydroxylamine (Equation 3)  .s The 1- 
cyano-1-methylethoxy radical gives rise to  acetone 
:ind hydrogen cyanide probably either through the 
formation of acetone cyanhydrin (Equation 4) or 
through decomposition similar to  that of twt-bu- 
tosy radicsls (Equation 5). 
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CN 
Hydrogen donor 

.CY - HCN 

I n  the case of tetranitromethane, the formation 
of 1-cyano-1-methylethoxy radicals can be consid- 
ered certain, as was evidenced by the isolation of 
acetone; but the fate of an intermediate from tetra- 
nitromethane is as yet unknown. As evolution of 
some nitrogen dioxide was observed in the course of 
the reaction, it is possible that the decomposition 
took place into nitric oxide and nitrogen dioxide. 
Neither tris( 1 -cyano- 1 -methylethyl)hydroxyla- 
mines nor a-nitroisobutyronitrile, l1 both of which 
should have been formed from l-cyano-l-methyl- 
ethyl radicals and nitric oxide or nitrogen dioxide, 
respectively, could be 'detected, however. It is also 
unknown why nitromethane does not react with 
radicals whereas tetranitromethane does. 

There is a rough parallelism between the amount 
of acetone produced in the present reaction and the 
retarder efficiency of nitro compounds in the poly- 
meri~ation. '*~ One nitro group in an aromatic corn- 
pound gives a strong retardation, and the retarding 
effect is much stronger with two nitro groups. 
While tetranitromethane is a strong  retard^,^ 
nitromethane is ineffective in retarding both ther- 
mal5 and benzoyl peroxide-initiated2 polymerization 
of styrene or effective only to a limited extent, if at 
all, in the peroxide-induced short-chain polymeri- 
zation of allyl ace tat^.^ It may thus be concluded 
that the nitro compound takes part in the retarda- 
tion by reacting with groxving polymer radicals as 
shown in formulas 1, 2,  and 3.  I n  the case of aro- 
matic nitro compounds with a replaceable hydrogen 
atom in the nucleus the mechanism postulated by 
Price and Durham2 cannot be excluded. 

EXPERIMEKTA4L 

Reaction of nitrobenzene with ol,~'-azobisisobutyronilriIe. 
a,&-Azobisisobutyronitrile (5.34 g.) m s  added little by 
little during 2 hr. to 20 g. of nitrobenzene heated on a boiling 
water bath and the heating %'as continued for a further 12 
hr. Evolution of nitrogen took place, and hydrogen cyanide 
was detected by its odor and the Berlin blue reaction. Thc 
reaction mixtuIe was distilled with steam, and tetramrthvl- 
succinonitrile was separated from the distillate On arltlition 
of an alcoholic solution of 2,4dinitrophenylhydrazine to the 
aqueous distillate 0.53 g. of 2,4-dinitrophenylhydrazone of 
acetone, m.p. 12A", precipitated. The oilv reqidue of the 
fitram tlistillation w:iq chtlsctcd niih ctlirr, ihc d h c r  I ( % -  

(11) J. F. Tilney-Hassctt and W. A. Waters, C'heni. k 
I n d .  (London) ,  957 (1956). 



41 0 BENDER, FIGUERAS,  AIVD KILPATHICIC VOL. 23 

moved from the extract and the residue dissolved in petro- 
leum ether. This solution, after standing in a refrigerator, 
gave 0.45 g. of N-phenyl-0,N-bis( 1-cyano-1-methylethyl)- 
hydroxylamine, m.p. 93-94' (recrystallized from aqueous 
alcohol) with no depression on admixture with a sample pre- 
pared from nitrosobenzene according to Gingras and 
Waters.8 

Anal .  Calcd. for Ci4H17N30: N ,  17.28. Found: N,  16.947,. 
The insoluble part in petroleum ether gave, on filtration, 

70 mg. of 2,3,5-tricyano-2,3,5-trimcthylhexane, m.p. and 
mixed m.p. 81-82'. 

Reaction o j  ?n-dinilrobenzene with a,"-azobisisobutyroni- 
trile. To a solution of 6.72 g. of In-dinitrobenzene in 20 cc. 
of toluene hc3ated on a boiling water bath 6.56 g. of L Y , D I ' -  

azobisisohutyronitrile was added in small portions over 2 
hr., and the mixture was heated for a further 3 hr. to com- 
plete the reaction. Hydrogen cyanide was evolved during 
the reaction. The reaction mixture was subjected to steam 
distillation and aft'er recovery of tetramethylsuccinonitrile, 
acetone was isolated as 2,4-dinitrophenylhydrazone (0.85 g.) 
from the distillate. The residue from the steam distillation 
was extracted with ether, the ether removed and the residue 
was treated with petroleum ether. S n  insoluble part in this 
solvent was extracted with benzene and evaporation of the 
benzene gave 0.5 g. of N-( m-nitropheny1)-O,N-bis( l-cyano- 
I-methylethyl)hydroxylamine, m.p. 159-159.5' (from ben- 
zene). 

Anal. Calcd. for C,.iH,~Y:40a: C, 58.32; H, 5.59; ?;, 19.44; 

mol. wt., 288. Found: C, 58.62; €1, 5.88; 3, 19.3%; mol. wt. 
(Rast), 278. 

Reaction of nitromethane with LY,ol'-azobisisobutyronitrile. 
cu,a'-Azobisisobutyronitrile (8.2 g.) was added gradually 
during 2 hr. to nitromethane (30 g.) under reflux and the 
refluxing was continued for a total of 6 hr. No hydrogen 
cyanide was detected in the nitrogen evolved during this 
period. The reaction mixture was distilled through a Vigreux 
column and the recovered nitromethane was shown to con- 
tain no acetone. On slow sublimation at  100" of the solid 
residue from the distillation, 5.27 g. of tetramethylsuccino- 
nitrile was obtained. The residue was extracted with ether 
and evaporation of the ethereal solution gave 1.09 g. of 
2,3,5-tricyano-2,3,5-trimethyIhexane, m.p. 81-82', 

Reaction of tetranitromethane with a,a'-uzobisisobutyroni- 
trile. To a solution of 4.0 g. of tetranitromethane in 15 CC. of 
toluene heated on a boiling water bath, 5.0 g. of a,a'-azo- 
bisisobutyronitrile was added in small portions during 2 
hr. and the mixture n-as heated for a further 6 hr. Some 
nitrogen dioxide was evolved. The reaction mixture was dis- 
tilled with steam and acetone was isolated as 2,4-dinitro- 
phenylhydrazone (0.6 g.) from the distillate after separation 
of tetramethylsuccinonitrile. No tractable products could 
be isolated from the viscous residue from the st,eam distilla- 
tion. 
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The heterogeneous reactions of n-octane with white fuming nitric acid at  -So, 4', and 27' have been investigated, using 
infrared spectroscopy as the main analytical tool. The effect of added phosphorus pentoside, nitrogen pentoxide, sulfuric 
acid, and water was studied. The vigor of the rcaction is a function of both the temperature and the concentration of nitrogen 
pentoxide. It is suggested that the nitrogen pentoxide in thc whitc iuniiiig nitric acid is responsible for its higher reactivity 
compard with the reactivity of aqwous nitrir acid. 

The principal pmliicts formed from thc  OW temperaturcl icwtion inr ldo  iuiti:dl\ a11 alkyl nitrate (presumably 2-octyl 
nitrate) and suhsc~~ritntly 2-octniionc.. iZt h1ghc.r temperatures c.:trlmi-c~arlion scission occurs and a mixture of carboxylic 
acids is obtained. 

The reaction of white fuming nitric acid with 
alkanes is of interest as a model, controllable 
system for certain hypergolic (spontaneous igni- 
tion) react ions. The liquid phase heterogeneous 
reaction of n-octane nith white fuming nitric acid 
has been investigated in order to determine the 
initial attack in\dved and the course of the re- 
action. 

Previou,. \vorl< on  the liquid phase reactions bP- 
b e e n  alkanes and nitric acid has involved mainly 
aqueous solutions of nitric acid. The nitration of 
n-octane carried out by Konovalov3 at 130" 
(sealed tube) with dilute nitric acid (sp. gr. 1.075) 
produced :I fair yield of 2-nitrooctane. Worstal14 
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s. Y .  

reported the formation of primary mono- and di- 
nitrooctanes in the reaction of this hydrocarbon 
with a mixture of nitric acid (sp. gr. 1.42) and sul- 
furic acid a t  the reflux temperature. The use of 
fuming nitric acid (sp. gr. 1.52) resulted in exten- 
sive oxidation of the hydrocarbon. 

The literature yields the following generaliza- 
tions concerning the liquid phase reactions of 
dkaiieh and nitric maid. Dilute nitric acid is pref- 
erable for n i t r a t i~ i i ,~  coiicentrated nitric acid 
favors oxidation and polynitroalkane formationI3 
while fuming nitric acid leads to  both vigorous 
oxidation and po lyn i t r a t i~n .~ ,~  Tertiary carbon 
atonis are nitrated most readily.' In the light of the 
ahove data and of Hass' signal successes with 

( 5 )  N.  Levy and J. D. Rose, Quart. Reu., 1, 358 (1947). 
( 6 )  F. E. Francis and S. Young, J. Chem. SOC., 73, 928 

(7) T T .  Markovnikov, Be?., 32, 1141 (1899). 
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