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LXXXVI1.-The hTitration of Bend. 3 : 5 : 3' : 5'- 
T etranitrobenxil. 

By FREDERICK DANIEL CHATTAWAY and EDWARD A m y  COULSON. 

IT has recently been shown (Chattaway and Coulson, J., 1926, 
1070) that when benzil is nitrated, a mixture of three isomeric 
dinitrobenzils is obtained, whether the nitration is effected by 
fuming nitric acid or by a mixture of potassium nitrate and sulphuric 
acid. The crude product, although consisting largely of 3 : 3'-dinitro- 
bend  (I), contains considerable amounts of the 2 : 3'- (11) and 
2 : 2'-dinitrobemil (111). 

co-co CO---cO 

co-----co co co 

Barnett and Kay, who regarded this crude mixture as pure 
3 : 3'-dinitrobenzil, were unable to nitrate it further (Chem. News, 
1922, 125, 57), whilst Christie and Kenner (J., 1926, 470) found no 
difficulty in doing this, and obtained a tetranitro-derivative (m. p. 
168") which must have been a mixture of isomerides. 

3 : 3'-Dinitrobenzil having been isolated in a pure state, the 
further action of nitric acid upon it has been studied. 

On nitration by a mixture of fuming nitric acid and sulphuric 
acid it yields 3 : 5 : 3' : 5'-tetranitrobenxil (IV), m. p. 179". 

The only other substance produced in any recognisable quantity 
in the nitration is 3 : 5-dinitrobenzoic acid, which is formed in 
considerable amount, as a by-product. That the entering nitro- 
groups take up the vacant meta-positions is shown by the production 
of an approximately theoretical amount of 3 : 5-dinitrobenzoic acid 
when the tetranitrobenzil is oxidised by chromic acid. 

E X P E R I M E N T A L .  

iTSolai5m of 3 : S'-Dinitrobenxil (I).-3 : 3'-Dinitrobenzil is most 
readily isolated from the product of the direct nitration of b e n d  
(which melts a t  about lo!,") by cooling rapidly a saturated acetone 
solution. A pulpy mass of crystals, melting not very sharply 
near 122", separates, and a further crop of the 3 : 3'-isomeride, 
somewhat less pure, is obtained by distilling off part of the acetone 
from the mother-liquor. The process can be repeated several times 
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until the 2 : 3'- and 2 : 2'-isomerides are seen among the crystals 
separating. 

The various crops of crystals are then mixed and the process is 
repeated five or six times, until the melting point has been raised to 
about 129". The final purification is best effected by recrystallising 
the material from acetic acid until the crystals melt sharply at 132". 

~0,~C6H4~C(~~~~Ph)*CODC,H,~N02, 
separates as a pulpy mass of yellow crystals when an alcoholic 
solution of 3 : 3'-dinitrobenzil (1 mol.) and phenylhydrazine (1 mol.) 
is boiled for about an hour. It crystallises from boiling acetic acid, 
in which it is easily soluble, in very slender, yellow prisms, m. p. 171" 
(Found : N, 14.7. 

3 : S'-Dinitrobenzil monophenylhydraxe, 

C20H1405N4 requires N, 14.4%). 
3 : 3'-Dinitrobenxil osazone, 

NO,*C,H,*C(N=NHPh)*C (N*NRPh) *C,H,*NO,, 
although formed only in very small amount when an alcoholic or 
acetic acid solution of 3 : 3'-dinitrobenzil or its monophenyl- 
hydrazone is boiled with a great excess of phenylhydrazine, separates 
in considerable amount when phosphorus pentoxide is added to 
the reaction mixture. 

1.5 G .  of 3 : 3'-dinitrobenzil (1 mol.) was boiled with 1-5 g. of 
phenylhydrazine (3 mols.) and 2 g. of phosphorus pentoxide in 
acetic acid for an hour. On cooling, the osazone separated free from 
the monohydrazone. It crystallises from boiling acetic acid, in 
which it is only slightly soluble, in long, slender, bright yellow prisms, 
which, after drying on the water-bath, contain 1 mol. of acetic 
acid. This is lost when the compound is heated to 130-lM", the 
crystals becoming opaque and lighter in colour (Found : loss after 
heating a t  140", 10.9, C,,H,,O,N,,CH,*CO,H requires loss, 11.1 %). 
The osazone melts at  269" (Found : N, 17.2. C,,H,O,N, requires 
N, 17.5%). 

2 : 3-Di(3'-nitrophenyE)quinoxaline separates when a solution of 
equivalent amounts of o-phenylenediamine and 3 : 3'-dinitrobenzil 
in acetic acid is heated. It dissolves sparingly in boiling acetic 
acid and separates in very pale yellow, rhombic plates, m. p. 213" 
(Found : N, 15.0. C2,H1,0,N, requires N, 15.1%). 

3 : 5 : 3' : 5'-Tetranitrobenzil (IV).-3 : 3'-Dinitrobenzil is so easily 
nitrated that the action, unless carefully controlled, may become 
very violent. 

A solution of 10 g. of 3 : 3'-dinitrobenzil in 72 g. of concentrated 
sulphuric acid was heated to 100" and 60 g. of nitric acid (d 1.5) 
were slowly added, the temperature being kept between 100" and 
110". The mixture was then heated on a water-bath for a few 
hours, cooled, and poured over crushed ice. The yellow, viscid 



THE NITRATION OF BENZIL. 3 : 5 : 3' : 5'-TETRANITROBENZIL. 579 

mass that separated was boiled repeatedly with water to extract 
the considerable amount of 3 : 5-dinitrobenzoic acid which it con- 
tained. The brittle, yellow, crystalline maas melting a t  about 174" 
thus obtained was practically pure 3 : 5 : 3' : 5'-tetrunitrobenxiZ, 
the amount being about one-third of the weight of 3 : 3'-dinitroro- 
benzil used. The aqueous extracts on condensation yielded 
3:5-dinitrobenzoic acid, m. p. 205", identical with the dinitro- 
benzoic acid obtained by nitrating m-nitrobenzoic acid (2. Chern., 
1870, 641) and giving no depression of melting point when mixed 
with it. 

3 : 5 : 3' : 5'-Tetranitrobenzil is sparingly soluble in boiling 
alcohol and benzene, moderately easily soluble in boiling acetic acid, 
and separates from these solvents in bright yellow, six-sided, 
rhombic prisms, m. p. 179" (Found : C, 42.8; H, 1-7; N, 14-4. 
c14H601,N4 requires c, 43.1 ; H, 1.5 ; N, 14.4%). 

Oxidation of 3 : 5 : 3' : 5'-Tetranitrobenxil.-A solution of 1 g. of 
3 : 5 : 3' : 5'-tetranitrobenzil in 50 C.C. of boiling acetic acid was 
gradually treated with 0-5 g. of chromium trioxide and boiled gently 
for a few minutes ; the excess of chromic acid was then reduced with 
alcohol, and the whole eraporated to small bulk. Addition of hot 
dilute caustic soda solution in slight excess, filtration, and acidi- 
fication of the filtrate gave 0.85 g. of 3 : 5-dinitrobenzoic acid, 
m. p. 205"; a further 0.12 g .  was obtained from the mother-liquor 
(total yield, 87% of the theoretical). 

3 : 5 : 3' : 5'-Tetranitrobenzil mmphenylhydrazone, 
CGH,(N0,),=C(:N*NHPh)*CO*C6H,(N02),, 

is produced when equivalent amounts of the tetranitrobemil and 
phenylhydrazine are heated together in alcohol. It is very sparingly 
soluble in boiling alcohol and benzene, but more soluble in boiling 
acetic acid, from which it separates in small, yellow, rhombic crystals, 
m. p. 236" (Found : N, 17.4. 

Boiling the tetranitrobemil for a long time with an excess of 
phenylhydrazine, either alone or in alcohol or acetic acid, or in 
acetic acid with phosphorus pentoxide, does not produce an osazone. 

2 : 3-Di(3' : 5'-dinitro~henyl)quinoxaline separates when equivalent 
amounts of 0-phenylenediamine and 3 : 5 : 3' : 5'-tetranitrobenziL 
are heated together in acetic acid solution. It is slightly soluble 
in boiling acetic acid and separates in short, irregular, colourless 
prisms which contain 1 rnol. of acetic acid. This is lost by drying 
on the water-bath (Found : loss a t  110", 11.3. Calc. : loss, 11.5%), 
and the crystals become opaque and melt at  286" (Found : N, 18.5. 
C,,HloO,N, requires N, 18*2y0). 

THE QVEEN'S COLLEGE, OXFORD. 

C20H120$?6 requires N, 17.5%). 

[Received, December 29th) 1926.1 


