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ABSTRACT

u.

~

Selective reduction of trinilrotoluene in dioxane solution by H2S/NH3 yields a mixture
containing 4-amino-2,6-dinilrOtoluene, 4-hydroxylamino-2,6-dinilrotoluene
and 4,4'-dimethyl3, 3', 5,5'-tetranitroazoxybenzene.
Treatment of crude mixture with KI/HCl converts
4-hydroxylamino-2,6-dinilrOtoluene
into 4-amino-2,6-dinilrotoluene
as well as increases the
percentage of 4,4'-dimethyl-3, 3', 5, S'-tetranitroazoxybenzene.
The resulting compound
1,3,5-triamino-2,4,6-IrinilrObenzene (TATB) was isolated and characterised by IR, NMR and
elemental analysis. Its thermal decomposition as well as explosive properties have been sbldied. The
data indicate that T A TB is stable up to 294 °c and is also insensitive to impact and friction.
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The compound 1,3,5-triamino-2,4,6-trinitro
benzene (TATB) is known for several decades.
However, interest in TATB as an explosive
increased during the sixties because of its excellent
thermal stability, impact and friction insensitivity.
TA TB was first synthesised in 18871. It has also
been prepared
on laboratory
scale from
3,5-dinitrobenzoic acid 2,3 and3,4-dichloroanisole4
as starting materials. Another procedure for its
laboratory scale preparation involves selectives
reduction of trinitrotoluene (TNT)
followed by
nitration of the intermediate to pentanitroaniline,
which on ammonolysis yields TATB. The procedure
used for large scale preparation of TATB uses
1,3,5-trichlorobenzene as starting material6,
Cathodic reduction of TNT in alkaline, acidic
and neutral media was studied by Brand', et al. The
reduction of TNT in alkaline solution yielded an

unanalysable product, whereas its reduction in
acidic solution produced 2-amino-4, 6-dinitrotoluene.
On the other hand, reduction
of 1NT in
neutral
solution
resulted in the formation
of 4-hydroxylamino-2,
6-dinitrotoluene
which
formed
4,4'-dimethyl-3,3' ,5,5'-tetranitroaz(,xy
benzene on heating with concentrated HCl for
2-3 hr.
The selective reduction of TNT with H2S in
different reaction conditions was also 'studied 8-14
These selective reductions resulted in a mixture of
aminodinitrotoluenes and hydroxylaminodinitrotoluenes. On reproducing the work of Atkin14, et al.
with
some
modifications
to
obtain
4-amino-2,6-dinitrotoluene,
the formation
of
4,4'-dimethyl-3.,3' ,5,5'-tetranitroazoxybenzene along
with
4-amino-2,6-dinitrotoluene
and
4-hydroxylamino-2,6-dinitrotoluene
was observed.
During selective reduction ofTNT, the formation of
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4,4'-dimethyl-3,3' ,5,5'-tetranitroazoxybenzene
has
not been reported so far. In the present study, the
procedure described by Atkinl4, et al. was modified
for selective reduction of TNT that resulted in the
synthesis of 4-amino-2,6-dinitrotoluene
and
4,4'-dimethyl-3,3' ,5,5'-tetrani1roazoxybenzene. The
paper describes the process of reduction of TNT,
isolation, characterisation and evaluation of the
explosive and the thermal properties of DMTNAB .

EXPERIMENTAL

SETUP

2.1 Materials
Thc chcmicals used, viz., dioxane, methanol,
ether, concentrated NH 40H .and KI were of LR
grade. TNT of high purity with set point 80.8 °C
was used. H2S was generated from FeS a1ld dilute
HC/ in Kipp's apparatus, washed with aqueous
sodium hydrogen sulphide (NaBS. H2O) and dried
over CaC/2.
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TNT (20 g) was dissolved in dioxane (50 ml)
mId 4 to 5 drops of concentrated NH 3 solution were
added. Of)' and acid-free H2S was bubbled through
the mechanically-stirred solution at a moderate. rate.
After 30 min induction period, the temperature of
the reaction mixture started rising, and sulphur
started
precipitating
at about 35 °C. The
temperature of the reaction mixture was not allowed
to exceed 40 °C. Further, 4 to 5 drops of NH3
solution were added to bring down the temperature
to anIbient after about 90 min, and bubbling of H2S
continued.
In the subsequent 90 min, the
temperature of reaction mixture dropped to
ambient. At this stage, the temperature of reaction
mixture did not rise on addition qf NH3 solution,
thereby indicating the completion of the reaction.
Sulphur (6.52 g) was filtered and washed with a
mixture of dioxmIe and ether. The filtrate was
dried and weighed to give 16.1 g of product
(m.p. =115-130 °C).
Solution of KI ( 19.2 g) in methanol ( 115 ml)
and concentrated HCl (16.6 ml) were added to crude
material dissolved in methanol (167 ml) and the
mixture was allowed to reflux for 90 min. The
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2.2 Synthesis
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FTIR
spectrum
of 4, 4'- dimethyl
tetranitroazoxy benzene.

-3,3' ,5,5',

solution was then cooled and poured into ice-cold
water. The yellow precipitate thus formed was
washed with water to yield 13 9 of product
(m.p.=134-158 °C).
The suspension of this product in methanol
(240 ml) was stirred at room temperature for about
30 min and then filtered to give a white residue.
The filtrate obtained was poured into ice-cold water
to yield
a yellow
}:1recipitate of impure
4-amit;lo-2,6-dinitrotoluene,
weighing
8.5 9
(recrystallised from methanol, m.p.=168-169 OC).
The white residue was washed with methanol
(20 ml) and dried to yield 4.0 9 of 4,4'-dimethyl3,3' ,5,5'-tetranitroazoxybenzene (recrystallised from
ethyl acetate, m.p. = 215 OC).
2.3 Characterisation
The IR spectrum was recorded at room
temperature
by KBr disc method
using
Perkin-Elmer IR spectrophotometer (Model-683).
The IHNMR
spectrum was recorded with
9 BRUKER 90 MHz instrument (Model-WG-90)
using DMSO-d6 as a solvent with tetramethylsilane
as ail internal standard. The elemental analysis was
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perfonned on elemental analyser Model BA-1108,
Carlo Brber Instruments.
2.4 Explosive & Thermal Properties
Impact sensivitiylS of 4,4'-dimethyl-3,3' ,5,5'tetranitroazoxybenzene
was determined by Fall
Hammer method
using 2 kg drop weight. Its
friction sensitivity was determined on Julius Peter
apparatus.
Deflagration
temperature
was
determined by heating 0.02 9 of salnple in a glass
tube using Wood's metal bath, at a rate of5 °C/min
and the temperature at which the.sample got ignited,
was recorded. Differential thermal analysis (DTA)
was recorded on locally fabricated DTA apparatus
heating 10 mg sample at a rate of 10 °C/min, in the
presence of static air.

TWIIA,,Figure
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J,3' ,5, 5'-tetranitroazoxybenzene
.-~
sensitivity.

20 %

explosion height (cm)
Friction sensitivity (kg)
Deflagratio n ternpera tu re
(oC)

170

-
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4.4'-dimethyl-3.3'.5.5'benzene.

& DISCUSSION

For selective reduction of TNT with H 2S, NH J
acts as a catalyst and its quantity and mode of
addition
added

are important.
in

large

NH4OH solution
Atkirtl4, et al.,

quantity

When

liquor

( 1 ml

of

NH J

was

concentrated

for 25 9 TNT), as recommended by
large quantity of TNT remained

unreacted .However,
Table I. Explosive and thermal properties of 4,4'-dimethyl-

or

when NH J was added in small

quantity

and that too in small increments,

quantity

of TNT remained unreact~d,. and 4-amino-

very less

2,6 -dinitrotoluene, 4-h ydroxy lan1ino- 2, 6-dinitroto 1uene
and 4,4'-dimethyl-3,3'
,5,5'-tetranitroazoxybenzene

Insensitive up to 36

were formed.

286

formed up to an extent of 10 per cent. The treatment
of
crude
mixture
with
KIIHCl
converts

As revealed by HPLC,

-NHOH

group

2,6-dinitrotoluene
effectively

increasing

to

of

is

4-hydroxylamino-

-NH 2
.the

DMTNAB

group,

overall

yield

thus
of

4-amino-2,6-dinitrotoluene!
to approx.
65- 70
per cent. However, it is observed that there is an
increase in the percentage of azoxy compound

up to
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30 per cent after KIIHCI treatment. This is because
hydroxylamino
group may be simultaneously
oxidised in the acidic environment resulting in the

4

Otto, D.G. & Benziger, T.M. .1: Engg. Mat, 1987,
5, 343-54.

5

Atkins, R.L.; Hollins, R.R. & Wilson, W.S. J
Org. Chem., 1986,51,3261-66.

6.

Benziger, T.M. Manufacture of triaminotrinitrobenzene. Proceeding of the Annual Conference
on Chemical and Mechanical Technologies of
Propellants and Explosives, 1981, Fraunhofer
Institute, Karlsruhe, German Federal Republic.;
Benziger, T.M. Method for production of high
purity triaminotrinitrobenzene. USA Patent
4,032,377. June 1977.

7.

Brand, K. & Eisenmenger, T. J Prakt. Chem. 87,
487-507.

formation of DMTNAB.
The IR spectrum (Fig. 1) of DMTNAB shows
major bands at 3094 (Ar-B), 2914 (CHJ), 1546,
1350 (-NO2), and 1478 cm-l (azoxy). In IHNMR
spectrum (Fig. 2), the protons of -CHJ group on
phenyl ring attached to the oxidised nitrogen appear
at 2.54 ppm, whereas those on the other ring appear
at 2.50 ppm. The aromatic protons appearing at
8.98 ppm belong to the phenyl ring attached to the
oxidised nitrogen, whereas those appearing at
NO2

rN

H3(

NO2

NO2

N
~

O

Cohen, J.B. & Dakin, H.D. J Chem. Soc. 1902,

8,

81, 26-29.

CH3

~

Anschutz, R. & Zimmennann, W. Chem. Abstr.

9

1915, 9,1062

'NO2

8.8 ppm belong to the other ring. IR and NMR data
suggest the following structure:

10. Parkes, G.D. & Farthing, A.C. J Chem. Soc.
1948, 1275.

The above structure is supported b~l elemental
analysis ofDMTNAB,
(C1~loN609) C = 41.56 per
cent, H = 2.71 per cent and N = 20.77 percent. The

11. Nielson, A. T .; Henry, R.A.; Noms, w .P.; Atkins,
R.L.; Moore, D.W.; Lepie, A.H.; Coon, C.L.;
Spanggord, R.J. & Son, D.V.H. J Org. Chem.,

experimental. values are comparable with the
calculated values, C = 41.39 per cent, H = 2.48
per cent and N = 20.68 per cent. The study on
xplosive properties of DMTNAB indicates that it
is very insensitive to impact and friction. Its
deflagration temperature is 286 °C and peak
temperature for exothermic decomposition on DTA
is 294 °C (Fig. 3), thereby indicating that the
compound has good thermal stability coupled with
calculated18 velocity of detonation (VOD) of

1979,44,2499.
12

1950,72,3959.
13

14

15,

6145 m/s (Table 1).
REFERENCES
1.

Jackson, C.L.- & Wing, J.F. J. Am. Chem. SaG.,
1887,354..

2.
3.

326

Lothrop, W.C.; Handrick, G.R. & Hainer, R.M.
J. Am. Chem. SaG.1951,73,3581.
F1urscheim,B. & Holmes, E. LChem. SaG.,1928,
3041-46.

Foster, R.J. & Rosicky, F.G., J: Am. Chem. Soc.,
Brady, O.L.; Day, J.N.E. & Reynolds, C.V. J:
them. Soc., 1929, 2264.
Atkin, R.L.; Nielson, R.T. &Norris, W.P., U S A
Patent 4,248,789. February 3, 1981.
Sinclair, J.E. The effect of explosive's mixtures
on impact sensitivity .Naval Postgraduate School,
USA, 1957, Technical Report TR -16.

16. Julius Peter, K.G. B.A.M. manual, PU 12,34,41,
471, Stromstrarse 39-D-IOO, Femrut 395 12 16.

7. Fedoriff, T.B. Encyclopedia of explosives and
related items, Val. I, 1975, p. XVI.
18

Rothstein, L.P. & Petersen, R. Propellants and
Explosives, 1979, 4, 56.

PRASAD, et at: SYNlliESIS OF 4, 4'-DIMElliYL-3,3',5,5'-

TETRANI'fROAZOXYBENZENE

Contributors

Mr US Prasad received his MSc (Organic Chemistry) from the University of Poona in 1984. He
joined High Energy Materials Research Laboratory (HEMRL), Pune, in 1987 and since then, he has
been working in the field of synthesis of high energy and allied materials.

Dr Mebi Lal joined DRDO at HEMRL in 1985 and made significant contributions in the
development of plastic-bonded explosives (PBXs). He is working in the field of high energy
materials and has developed a process for the synthesis of TATB.

Dr RN Surve has been working as Scientist at HEMRL, Pune, since 1965. He has made significant
contributions in the field of initiatory explosives and high explosives. With his sincere efforts,
developed and introduced safe initiatory explosive, basic lead azide (BLA), TOT for basic lead azide
has been successfully transferred to ordnance factories. A number of detonators have been developed
using BLA, which are in production at ordnance factories. He has developed a number of processes
for various thermally-stable high explosives. He was given DRDO Cash Award (1989) with citation
for successful development of technology for BLA tubular detonators.

Dr JP Agrawal, Joint Director, HEMRAL has a background of brilliant academic career and
valuable professional experience. He obtained his PhD for his work on explosive nature of metal
picrates and picramates' from Gorakhpur University in 1971. His areas of interest are cost-effective
polymeric materials, such as unsaturated polyesters, chloropolyesters,
epoxy resins, epoxy
flexibilizers, silicons and polyurethanes which find applications as inhibitors for rocket propellants
and binders for explosives/pyrotechnics etc. At present, He is active in the field of thermally stable
explosives, high performance explosives, insensitive explosives and energetic additives for
explosives/propellants
and has contributed immensely in this area. He has made significant
contributions in the field of inhibition of rocket proellants. The development of filament winding
technology and inhibitor sleeve technology are some of his major achievements for inhibition of
composite rocket propellants. He was given DRDO Cash Award and Commendation Certificate for
his significant contributions to the integrated guided missile development programme. He also given
,DRDO Technology Award (1996) for the development of mine antipersonnal inflammable (MAPI).

327

