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FOREWORD

The safety of Navy explosives containing 2,4,6-trinitrotoluene
(0o-TNT) and ammonium nitrate (Minol, Pamatex, Amatex) depends on the
pctential chemical reactions between component ingredients. One method
of value in studying this problem is to examine reactions between pure
gsamples of individual components of the explosive mixture. Thus, trace
amounts of impurities (such as o-TNT isomers) can be evaluated with
respect to their potential reaction with other ingredients. 1In the
present study the reaction between a-TNT and its isomers with ammconia
has been examined and certain chemical reactions defined. Selected |
aminodinitrotoluene reaction products derived from isomeric trinitro- 1
toluenes have been synthesized and their chemical stability evaluated.
It is concluded that the aminodinitrotoluenes are rather stable
compounds (more stable than a-TNT itself) and do not represent a
potential storage hazard.
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real Stabtlity of the Aminodinitrotoluenes, by Arnold
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(U)¥The reaction of ammonia with the six iso-

meric trinitrotoluenes has been examined. Syntheses

of eight aminodinitrotoluenes, including all derived

by ammonolysis of the tive unsymmetrical trinitro- Ie
toluenes, and reduction of 244gb-trinitrotoluene (a-
TNT), are described. Synthesis of the sixteenth, and
only previously unreported aminodinitrotoluene isomer,
J-amino-2,5-dinitrotoluene, has been achieved.

Nuclear magnetic resonance spectra support the struc-
ture assignments. Impact sensitivities and decomposi-
tion temperatures (determined by differential thermal
analysis) were determined for all eight aminodinitro-
toluenes described in this report. All compounds

L,.'-.,rc found to be quite stable, more stable than a-

INT itself. It is concluded that potential formation
of aminodinitrotoluenes by reaction of ammonia with
impurities in military grade TNT does not constitute
a safety hazard.
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INTRODUCTION

The safety of military ordnance, to an important degree, is related
to the potential chemical reactions between component ingredients. The
stability of certain explosives containing 2,4,6-trinitrotoluene (a-TNT)
and ammonium nitrate (Minol, Pamatex, Amatex) depends on the extent of
reaction of the TNT with the ammonium nitrate component. Other questions
of importance are the related reaction of INT with ammonia itself, the
identification of products formed, and the stability of these products.
Storage life and the safety of munitions could be affected by such reac-
tions. The compatibility of explosive ingredients on storage must be
considered a matter of major importance.

The present study addresses an important question concerning the
compatibility of explosives containing TNT and ammonia derivatives.
That is, what are the explosive properties of the principal ammonolysis
products of the isomeric trinitrotoluenes -- the aminodinitrotoluenes
(dinitrotoluidines)? The answer has been found by examination of
selected isomeric aminodinitrotoluenes: these materials are actually
quite stable (more stable than a-TNT itself) and it is concluded that
they do not represent a potential storage hazard.

Crude TNT prepared by the batch process is a mixture containing
principally o-TNT (1, 93 to 95%) and small amounts of isomeric trinitro-
toluenes and other impurities (Table 1).17% (References 1 through 16 are
cited in Table 1.) All six of the isomeric trinitrotoluenes may be
present. The principal TNT impurity is the Y-isomer, 2,4,5-trinitro-
toluene (3). Minor amounts of certain dinitrotoluenes, trinitrobenzenes,
trinitroo?bsols, and other compounds may also be pres‘ent.x After purifi-
cation by the Sellite process (sodium sulfite treatment) most of the un-
symmetrical trinitrotoluenes are removed as water-soluble sulfonate salts.
Military grades of a-TNT usually freeze above 80°C and contain less than
2% of impurities, mainly TNT isomers. Crude TNT freezes at ca. 75 to 76°C
and pure a-TNT freezes at 80.75 +0.05°C.

At the present time a-TNT is prepared by a continuous process at
the Army Ammunition Plant. An analysis of the impurities in the crude
and finished products is summarized in Table 2.17=20 The amounts of
TNT isomers present in crude material prepared by either batch or
continuous process are very similar (compare Tables 1 and 2). The
finished product contains materials absent in the crude including

-
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TABLE 1.

Cpd. Structural
no. formula Form Name

CH

2,4,6-Trinitrotoluene

! -
@)
~

r

NO.,
CH.
3
'NO,
2 o I 2,3,4-Trinitrotoluene
iy NO .,
NU2 '
' %H‘
0,1 »{\1
3 . (w" { v 2,4,5-Trinitrotoluene
\.'/ NO
NO 5
2
CH.
f) :
4 (3, },4,5-Trinitrotoluene
0N NO,,
NO i
CH ;
L.No,
- > & ” R . .
5 » <- 2,3,5-Trinitrotoluene
()2N NO‘!
H
PR
0,N_~ ,N(),)
< & - - " . :
6 () o 2,3,6-Trinitrotoluene
NO2

m.p.
i temp,
C oY
G
80.8 290
112 302
104-104.5 291

L3115~ S8h
1l )

Ig6f{hﬁ;—

[someric Trinitrotoluenes Present in Crude
TNT Prepared by a Batch Process.

B

853=-95

1.4-1.6

2.6-2.7

0.002-
0.006

0.01-
0.04

0.15-

Ref

1-6

1-10

Lo

!
= W
(TS
-

£

1-3,

j Data of Ref. 5.
Data of Ref. 2-4.

tetranitromethane.

Other impurities include dinitrotoluenes,
trinitrobenzenes, di- and trinitrocresols,

trinitrobenzoic acids,

and

" References refer to data in this Table and to publications on
synthesis and structure cited in this report.
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TABLE 2. Impurities Present in TNT Prepared
by a Continuous Process.4
Approximate maximum npgminal
concentration (%)?

Compound

Crude Finished
" 2,6-Dinitrotolucne 0.25 0.25 i

2,4-Dinitrotoluene 0.50 0.50

2,3-Dinitrotoluene 0..05 0.05

2,5-Dinitrotoluene 0.10 0.10

3,4-Dinitrotoluene 0.10 0.10 ]
3,5-Dinitrotoluene 00 0.01 ;
2,4,5-Trinitrotoluene 250 0.30 |
2,3,4-Trinitrotoluene 175 0.20

2,3,6- 0.50 0.05

2,3,5-Trinitrotoluene 0.05 0.05

1,3-Dinitrobenzene 0.02 0.02

1,3,5-Trinitrobenzene 0.15 0.1

2,4,6-Trinitrobenzyl alcohol 025 0.25

2,4 ,6-Trinitrobenzaldehyde 0.25 025

2,4,6-Trinitrobenzoic acid 0.50 0.05
(=Nitrato-2,4,6-trinitrotoluene 0.10 0.10

Tetranitromethane 0.10 none
2,2'-Dicarboxy-3,3",5,5"'-tetranitro- 0.35 0.05

azoxybenzene
2,2',4,4',6,6"-Hexanitrobibenzyl none 0.40
3-Methyl-2',4,4",6,6'-pentanitro- none 0.40
diphenylmethane
3,3',5,5"'-Tetranitroazoxybenzene none 0.01

2 pata from Radford Army Ammunition Plant, Radford, Virginia.

Concentrations listed are the maximum possible. Actual values will
be much lower.

2,2',4,4'.6,6'—hexanitrobihenzyl, 3-methyl-2',4,4" 6,6"-pentanitrodi-
phenylmethane and 3,3',5,5'-tetranitroazoxybenzene. These compounds
arise from the Sellite process. The finished product also may contain
small amounts of the impurities found in the crude (approximate maximum
concentrations are listed in Table 2).

REACTION OF TRINITROTOLUENES WITH AMMONIA AND AMMONIA DERIVATIVES

The reaction of a-TNT and its isomers with ammonia and ammonia
derivatives has been studied by others. Although pure ammonium nitrate
shows no reaction with pure a-TNT, the presence of bases permits release
of ammonia which can then react. 2!
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Lang and Builcau,21 Korczinski,zk and Giua and chgiuni;é noted

that the reaction of a=TNT with anhydrous ammonia gave an unstable
addition product containing two molecules of ammonia. The material was
described as a bright red crystalline material which decomposed at 180
to 200°C to liberate ammonia. No structural formula was assigned. In
air the material turned dark. When treated with water it decomposed to
yvield ammonium nitrite and unidentified noncrystalline material (not
recovered a=-TNT). One sample of the hydrolysate gave an analysis corre-
sponding to an aminodinitrotoluene (found: %N, 21.50; caled. for
C;H7N30, ¢ %N, 21. 32).” Other samples gave similar analyses, but the
analytical results were variable. In the present study an ethanolic
solution of a-TNT was treated with excess gaseous ammonia at 25-40°C
(90 minutes) to yield a deep red solution. Removal of the solvent gave
a red solid, which when treated with water gave a dark amorphous solid,
unidentified.

The reaction of a-TNT with methoxide ion leads to rapid formation

of a brown-colored enheimer adduct (7), followed by a slower forma-
tion of purple « y Sass
- + ST
CH,K CH, K
| 3
O.N - a,N NO 0O,N NO
LN ) \///)\\\7/ 2 N e b Mt
|
i 3 | ] OCH
/l ¥ 1
e \\\~ N
| I
‘ e
NO NO,, K
2 2 P
7 3 )

. . ’ . 24
In more concentrated base a reddish-colored dianion (9) is formed.*

By analogyv with the methoxide addition, the addition of two mole-
cules of the weaker base, ammonia, to a~TNT would be expected to vyield
adduct salt 10 and correspond to the red crystalline material isolated
by previous workers.< 1723 Loss of ammonium nitrite from 10 could yield

-
one or more aminodinitrotoluenes. The reaction should be reinvestigated.

- CH ¢ : -
i : Hy CH
0N AN, 0N AN, 0N 2 _NO, o
\’ b R s N, € NH, 4
et R AN H N H
'
| Noj- 02 NOJ ]
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Aminodinitrotoluenes 2-amino-4,6-dinitrotoluene (15) and 4-amino-
2,6-dinitrotoluene (gj) are formed by reduction of «~TNT with ammonium
pnl_vsulfide.‘)f_3q This reaction has been reinvestigated in the present
work and new results discussed below. Properties of aminodinitrotolu-
enes are summarized in Table 3. (This table contains, among others,
ref, 25-52. )

The reaction of the unsymmetrical trinitrotoluenes with ammonia
in alcohol solvents leads to the aminodinitrotoluenes®,8,%,11-16,45
often in high yield.lf“““ Amines react to vield N-substituted
aminodinitrotoluenes. 23759

These ammonia reactions are similar to that of sodium sulfite with
«-TNT isomers (Sellite process) in that a displacement of one of the
nitro groups occurs. For example, reaction of 3 (y-TNT) with sodium
sulfite leads to sodium 4,b—dinitrn—3-methy1bonEcnusu1funatv (27) with
elimination of sodium nitrite.® Similarly, reaction of o) with ammonia
leads to S5-amino-2,4-dinitrotoluene (gl) with loss of ammonium nitrite.
These reactions do not proceed beyond the formation of the dinitrotoluene
derivatives (no diaminonitrotoluenes are formed). Also, sodium sulfite
does not react with dinitrotoluenes.

CH
O,N
Na03 2
';ﬁaNOq e
) SO. N(l+
3
NO,,
o il
3 -
C 3
2NH 0,N -
IN1 ? 2 3
—
~NH, No
Ly NH.,
0, b
21
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The reaction of ammonia with the unsymmetrical trinitrotoluenes is
believed to involve formation of an intermediate sigma complex similar
to a Meisenheimer complex.’»''s»%0357  Apmonia reacts as a nucleophile
attacking the ring carbon atom ortho and para to ring-substituted nitro
groups. For example, reaction of B-TNT (g) with ammonia will result in
attack at the 3-position leading to nitronate salt 28. Subsequent loss
of nitrite ion from C-3 produces the isolated produEF; 3-amino-2,4-
dinitrotoluene (17). Ammonium nitronate salts such as 10 and 28 are
unstable, sensitive compounds, and should be considered undesirable
ingredients of stored munitions.

CH 4 r CHy 1 CH 4
//L\\\_an ! ///E\\ _ NO, | S an
£ < v, | C“| -NH,NO, 7
L | 5 l 1 S e =
Nt e ‘ PasS NH
\/ ¥ ; ' 2 | 2
. , o ¥ NO,
?ﬂ\? { NUJ N”A | 2
2 R~TNT 28 17

The position of ammonia attack on the isomeric trinitrotoluenes to
yield aminodinitrotoluenes has been established (Table 3). Attack
occurs preferentially (with resulting exchange of nitro by amino) and at
ditterent rates. In order of ease of aromatic ring nitro-amino exchange
are: (1) nitro ortho to two nitro groups; (2) nitro ortho to a nitro
group and a methyl; and (3) nitro ortho and para to nitro groups. Nitro
groups meta to a nitro group are not attacked by ammonia to yield amino-
dinitrotoluenes. Since «~TNT is the only trinitrotoluene having all
nitro groups meta to each other, it is the only one which does not
directly produce a dinitrotoluidine by reaction with ammonia under known
conditions (see discussion above).

All of the possible aminodinitrotoluenes derived from isomeric
trinitrotoluenes by ammonolysis have been synthesized in the present
study. Conpare Tables 3 and 4.
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TABLE 4. Products Derived by Reaction of Ammonia
With Isomeric Trinitrotoluenes.

Cpd. Trinitro- Reaction Principal
no. toluene Form conditions product (s) Ref.

a,b

1 @ N, -10°C CH N0, 5,21, 22
. : e b
NH,, CH, (0CH,) 5, =5°C  C/H,N,0, 21
CH
3
N, 6,9
2 g NH,,C.H_OH, 78°C 172 41,12,45,d
2 325285 w,
No,
0 &,
3 y NH.,C.H_OH, 25°C 2 5 ST L T
3 32 Collg S~
No,,
g
4 § NH,,C H_OH, 25°C 23 14,d
4 32 Callg 2 o, R
2 2
NH,
i,
H,
5 ¢ NH.,C.H_OH, 25°C 12 14
~ 3° 25 o G
2 2
CH
O,N s »
6 W NH.,,C.H.OH, 78°C 13 8,14,16.d
3 3*“3%g o0 =
2

= Product described as an adduct of a~TNT with 2 molecules of ammo-
nia. Ammonium polysulfide reduction yields 2-amino-4,6-dinitrotoluene
and 4-amino-2,6-dini.rotoluene.
Structure unknown (see text).
€ Product 17 formed in 90 to 95% yield (Ref. 12,45).
Present investigation.

13
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SYNTHESIS OF AMINODINITROTOLUENES

There are 16 aminodinitrotoluenes theoretically possible (Table 3).
Fifteen of these were known at the time this study was initiated.
Synthesis of the remaining unknown isomer, 3-amino-2,5-dinitrotoluene
(18), is described in this report. A total of eight aminodinitrotoluene
isomers were prepared in the present work. These included the five
ammonolysis products of the unsymmetrical trinitrotoluenes (compounds
12, 13, 17, 21 and 23, Tables 3 and 4), the two derived by reduction of
=TNT (15 and 25) and 18. These materials were considered to be the
isomers of major significance because of their relationship to the
trinitrotoluenes. They were also selected as representative of the
entire group for study of explosive behavior.

The principal methods of synthesis of the aminodinitrotoluenes may
be grouped according to reaction and reactant as follows:

. Ammonolysis of trinitrotoluenes

Ammonolysis of hydroxy, alkoxy or halodinitrotoluenes
Reduction of trinitrotoluenes

Nitration of mononitrotoluidines and derivatives

Schmidt reaction (hydrazoic acid) with dinitrotoluic acids

(CARPC R OCIN S

Details of most of the synthetic methods employed by others may be found
in the references listed in Table 3. Discussion of the syntheses
employed in the present study follows.

Reaction of -, y-, &- and n-TNT (2 3, 4 and 6, respectively) with
excess ethanolic ammonia (at reflux or 25° 6) gave aminodinitrotoluenes
17, 21, 23 and 13, respectively (cf. Table 4). The ammonolysis product
o1 ‘-TNT\TQ 3,5- trinxtrotoluene, 5), 2-amino-3,5-dinitrotoluene (12) was
synthesized by an alternate route. The p-toluenesulfonamide of o-
toluidine (29) was nitrated in two steps to yield first the mono-nitro
derivative 30 with 257 nitric acid, followed by nitration with 357%
nitric acid to yield the dinitro derivative 31. Hydrolysis of 31 pro-
ducedlzl‘0 (Scheme 1).

The reduction of a-TNT with hydrogen sulfide in dioxane solvent
(ammonia catalyst) leads to 4~amino-2,6-dinitrotoluene (gé) as the
principal product (997 by nuclear magnetic resonance (NMR) assay)
2-Amino-4,6-dinitrotoluene (13) is a minor product (1%) (Scheme II).

Reduction of o~TNT in ethanol solvent takes a different course
(Scheme II). A mixture of products is produced containing unreacted
TNT. The reduction products (ca. 507% yield total) are principally 4-
amino-2,6~dinitrotoluene (22, 28% of the product) and 4-hydroxylamino-
2,6-dinitrotoluene (32, 57%) obtained by reduction of the C-4 nitro
group (cf. Ref. 27-38). Formed in small amounts in these reductions are
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SCHEME I

CH3 LH} (,H3
5 NH2 NHTosyl-4 _NHTosyl-4
ey \!
O 4=Tosy1Cly el 8 Q
g, 0,N"
29 ¥
LIL; (,H3
_NHTosyl-4 NH,
35% H, SO o=
30 i ,”ﬂil} Q LN
0,N \Noz 0N 0,
il 12

2-amino-4,6-dinitrotoluene (15, 5%) and 4,6-dinitro-2-hydroxylamino-
toluene (11, 10%). Compound 33 has not previously been identified as a
reduction product of TNT. Its structure and assay and those of the
other components of the mixture were established by column chromatog-
raphy, NMR spectra, and mass spectroscopy. A product, m.p. 155°C,
obtained by hydrogen sulfide reduction of «-TNT and described as pure
L2,33’35 has been shown by us to be a mixture containing principally 15
and the 4-hydroxylamino derivative, 32. Pure 15 is difficult to prepare
by reduction of TNT.

A sample of pure 2-amino-4,6-dinitrotoluene (15, m.p. 175 to 176°C)
has been prepared from 2-methyl-3,5-dinitrobenzoic Tacid (34) by reaction
with hydrazoic acid (Schmidt reaction).25,43

CH3 CH3
02N /L\\1/ COZH NuN3 UzN NH2
@/ B o
2 4
NO2 02
o 15
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One aminodinitrotoluene, 3-amino-2,5-dinitrotoluene (18), not
previously described was prepared by the reactions presentgg in Scheme
III. Most of the usual methods of synthesis of aminodinitrotoluenes,
outlined above, are not applicable to preparation of this isomer.
Starting with o-toluidine, o-methylisonitrosoacetanilide (35) was pre-
pared in 697 yiold.58 Cyclization of 35 to 7-methylisatin (36) was
conducted in concentrated sulfuric acid at 65 to 75°C. Without isola-
tion, 36 was nitrated directly to yield 7-methyl-5-nitro-isatin (37) in
817 overall yield from 35. Saponification and oxidation of 37 led to
2-amino-3-methyl-5-nitrobenzoic acid 38 in 967 yield. Emmons oxidation”
of 38 wlth peroxytrifluoroacetic acid “in trifluoroacetic acid solvent
led to 2,5-dinitro-3-methylbenzoic acid (22) in 757 yield. Treatment of
this acid w1th hydrazoic acid in the Schmidt reaction produced the
desired 3-amino-2,5-dinitrotoluene (18) in 95% yield.

9

The reaction of 2-methyl-5-nitroaniline (ig) with fuming nitric
acid (90%) has been reported by Kapil to produce 2-amino-4,6-dinitro-
toluene (15), m.p. 160 ¢.50 (We have found authentic 15 to melt at 175
to 176°C; Sitzman?® reports m.p. 173 to 174°C.) In our hands, Kapil's
procedure gave a very sensitive explosive compound, m.p. 152 to 154°C
(with rapid decomposition followed by an explosion with a flash; impact
sensitivity less than 10 cm with a 2.5 kg weight). Based on NMR, mass
spectra and infrared spectra, the material is tentatively identified as
2-diazo-4,6-dinitro-3- methylphenol (42). Glowiak has prepared 4-diazo-
2,6-dinitro- 3—methylphenol =63 From the study of Scilly and co-
workers the reaction may be described as proceeding through a nitramine
intermediate (41). 6% The mechanism of the 41 > 42 conversion has not
been eluc1dated

CH
5 cH, cii,
NH o HNO . +
g N0, 2 2 ~HNO | 93 Ny
,__.._.—’ PR, _
Uy
0 NO
0 0 NO 2
40 41 42
17
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Synthesis of 3-Amino-2,5-dinitrotoluene (18).

Cl3CCH(OH)2
NH, OH,
Aq. HC1l, 95°

H2804

65—75"‘_>

HNO

321,80,
20 ~—)

1. NaOH
2. Hy02
3. HOAc

CF3C03g
LFBCOZH
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STRUCTURE AND NUCLEAR MAGNETIC RESONANCE
SPECTRA OF AMINODINITROTOLUENES

The structure of each of the isomeric aminodinitrotoluenes (Table
3) has been carefully established by several methods. These include the
synthetic route, conversion to known compounds, chemical behavior and
physical properties, including spectra. Much of the work on deter-
mination of the position of substituents is described in the papers of
Korner and Contardi,!?s!°s!® Brady and co-workers,’»8, 34,46,48,53,5u
Giua,“’“’:’5 Cohen3%-3? and Robinson.!0»45

In the present study high resolution proton NMR spectra of the
eight aminodinitrotoluenes prepared have been determined. Their NMR
parameters and those of a-TNT, 4-hydroxylamino-2,6-dinitrotoluene and 2-
hydroxylamino-4,6-dinitrotoluene are given in Table 5. The spectra are
in agreement with the structural assignments. For example, expected
ring proton coupling values are observed for meta hydrogens (J = 2.84
and 2.48 Hz for compounds 12 and 18, respectively) and ortho hydrogens
(J = 9.11 and 8.82 Hz for compounds 13 and 17, respectively). Weak
coupling between the ring hydrogens and the~aéthyl group is also observed
(J < 1 Hz); coupling constants are strongest for ortho and weakest for
meta hydrogens.

STABILITY OF AMINODINITROTOLUENES

Of the 16 possible aminodinitrotoluenes, eight have been synthe-
sized in the present work, including all those derived by ammonolysis of
unsymmetrical trinitrotoluenes and reduction of a-TNT (Table 3). Physi-
cal properties are summarized in Table 3. All of the aminodinitrotolu-
enes are stable, crystalline solids with melting points ranging from
94°C (3-amino-2,4-dinitrotoluene, 17) to 217-218°C (2-amino-3,5-dinitro-
toluene, 12); the remainder have melting points between 125-200°C.

Decomposition temperatures (first exotherm) were established by
differential thermal analysis (DTA) for eight aminodinitrotoluenes
(12, 13, 15, 17, 18, 21, 23, and 23). These temperatures are listed
in Table 3 and the DTA curves are presented in Figures 1 through 8.
The curve for «-TNT is included for comparison (exothermic decomposition
at 320°C, Figure 9). With the exception of compounds 17 and 23 which
exhibit initial decomposition temperatures of 280 and 250°C, respectively,
the aminodinitrotoluenes examined reveal initial exothermic decomposition
between 300 to 325°C. All may be considered quite stable to heat.

Those having the lowest stability (11 and 22) have an amino group

between two nitro groups. Since these isomers are the only ones showing
this structural feature, the eight isomers not examined in the present
work (11, 14, 16, 19, 20, 22, 24, and 26) would be expected to have

19
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greater stability than Ll and Zi and to resemble most closely 12, 19,

15. 19, 21, and 25 in their stabilityv, i.e., decompose near 300 to 325°C.
Measured impact sensitivities of the eight aminodinitrotoluenes

(12, 13, 15, 17, 18, 21, 23, and 25) indicate very high stability of

these compounds.  Values obtained (35 mg samples; 2.5 kg weight) were

creater than 180 c¢m, the limit of the instrument; the reference value

tor a=TNT was 75 ¢m. One exception is 4-amino-2,6-dinitrotoluene (25)

which has an impact sensitivity of 169 cm. i

CONCLUSTIONS

It is concluded from the present study that the aminodinitrotolu-
enes, as a group, are rather stable compounds -- much more stable to
impact than o-TNT itself. They are also very stable to heat. Thus,
although certain aminodinitrotoluenes could conceivably form by reaction
of ammonia with trace amounts of TNT isomers present in crude TNT, these
reaction products are not sensitive explosives.

EXPERIMENTAL SECTION

Infrared spectra were determined on a Perkin Elmer Model 137; !H
NMR spectra were determined on a Varian XL-100 spectrometer with
Transform Technologv TT-100 pulsed Fourier transform system. Proton
and '°C chemical shift measurements were determined at ca. 30°C and
are referenced to tetramethvlsilane internal standard. Mass spectra
were determined on an Hitachi Model RMU-6E. Melting points are
corrected. Elemental analyses and molecular weights (vapor osmometry)
were determined by Galbraith Laboratories, Knoxville, Tennessee.

Impact sensitivities of all samples were determined as 507 positive
values from 25 shots using an impact tester (Bureau of Mines design)
equipped with a 2.5 kg weight. Anvils and hammers were made of Ketos
oil hardening tool steel, heat treated to Rockwell C-55-60 hardness.

The surfaces of the tools were ground. Sample weight per shot was
35 + 2 mg. Samples were placed on sandpaper, 5/0 grit carborundum.

The hammer surface was cleaned with acetone and wiped dry after
cach shot to remove residues of previous samples. Freshly ground
hammers were used after each 25 shots to ensure constant testing
conditions.

Evaluation of the shots was made by visual observation of hammer

surface and sample. A shot was considered positive when black reaction
spots were formed.
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All samples, with one exception, had measured impact sensitivities
greater than the limit of the instrument (180 cm); 4-amino-2,6-dinitro-
toluene (23) had a value of 169 cm. 2,4,6-Trinitrotoluene (1), a
reference compound, produced a value of 75 ¢m in the tests.

Differential thermal analysts measurements were determined on a
Perkin Elmer Model DSC-18 instrument. Samples of 2 to 6 mg were used and
temperature curves and gas evolution curves were plotted for aminodini-
trotoluenes 12, 13, 15, 17, 18, 21, 23, 25, and a-TNT (reference compound).
Heating rate was 10°C/min. Data are plotted in Figures 1 through 9. The
plot of Figure 5 was obtained on a modified instrument having different
sensitivity settings which accounts for the difference in response magni-
tude relative to the other tigures. Decomposition temperatures are listed
in Table 3. Endotherms correspond closely to observed capillary melting
points. Initial exothermic maxima (usually sharp, as with a-TNT) are
considered decomposition temperatures and are usually accompanied by gas
evolution at the same temperature. Neither gas evolution nor a sudden
exotherm was observed with 4-amino-3,5-dinitrotoluene (23) (Figure 7);
behavior of 2-amino-3,5-dinitrotoluene (12) was similar (Figure 1). An
exotherm slowly increasing with temperature was noted with these compounds;
decomposition temperatures listed in Table 3 tfor these materials are
measured at the onset ot the exotherm and are therefore lower than
values reported for the other compounds.

U=Amino-3,6-dinitrotoluene (13) was prepared by treating 2,3,6-
trinitrotoluene (rn-TNT) with excess ethanolic ammonia and heating under
ret lux according to the procedure of Kdrner and Contardi;!® the product
was purified by recrvstallization from ethanol, m.p. 148 to 151°C.

3-Amino-2,4-dinitrotoluene (17) was prepared in a manner similar to
the preparation of 13 from 2,3,4-trinitrotoluene (B-TNT) by the
procedure of Hepp;q the product was purified by recrystallization from
aqueous acetic acid (20% water), m.p. 92 to 93°C.

b=Amino=U,4-dinitrotoluene (21) was prepared by treating 2,4,5-
trinitrotoluene (y-TNT) with excess ethanolic ammonia at 25°C according
to the procedure of Hepp;9 recrystallization from acetic acid gave a
puritied product, m.p. 197 to 199°C.

4-Amino=-3,6=dinitrotoluene (23) was prepared from 3,4,5-trinitro-
toluene (8-1NT) in a manner similar to the preparation of 21; recrvstal-
lization from ethanol gave a purified product, m.p. 176 to 177°C.

Reduction of 2,4,6-Trinitrotoluene With Hydrogen Sulfide in
Dioxane Solvent. Preparation of d-amino-2,6-dinitrotoluene (25).
2,4,6=Trinitrotoluene (100 g, 0.44 mole) in 250 ml of dioxane was
treated with concentrated ammonium hydroxide (0.5 ml) and hydrogen
sulfide bubbled through, keeping the temperature below 40°C until no
further exothermic reaction was observed. ®+"" Sulfur was removed bv
filtration. The product was isolated as its hydrochloride salt by
passing dry hydrogen chloride into the filtrate to vield 38 g (37%) of

il
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25 hydrochloride, m.p. 169 to 171°C (literature m.p. 172°C""). The
salt was converted to the free base by treatment with aqueous sodium
hyroxide; recrystallization from ethanol gave crystals (807 recovery)
m.p. 167 to 168°C (literature m.p. 169°C““; 171 to 172°C-“; 171°C’).
Analysis of the crude 25 by proton NMR indicated a mixture of 4-amino-
2,6-dinitrotoluene (25) (99%) and 2-amino-4,6-dinitrotoluene (15) (1%).

Reduetion of 2,4,6-Trinitrotoluene with Hydrogen Sulfide in
Ethanol Solvent. _,4 6-Trinitrotoluene (100 g, 0.44 mole) suspended in
500 ml of absolute ethanol containing 0.5 ml of concentrated ammonium
hydroxide was treated with a rapid stream of hydrogen sulfide gas for
1 hr, keeping the reaction temperature at 25 to 30°C by ice-bath cool-
ing.]3 »33  The reaction mixture was filtered to remove sulfur and the
filtrate was diluted with water (1 liter) to yield 64.8 g of product
mixture, m.p. 100 to 120°C. Assay of this mixture by column chroma-
tography on silica (elution with benzene) revealed three principal bands
(gravimetric analysis): (1) unreacted TNT (23%); (2) a mixture of 4-
amino-2,6-dinitrotoluene (22) and 2-amino-4,6-dinitrotoluene (12) in a
ratio of ca. 9:1 by NMR and gas liquid chromatography assayv (28% total);
and (3) a mixture of 2-hydroxylamino-4,6-dinitrotoluene (33) and 4-
hydroxylamino-2,6-dinitrotoluene (32) (49% total). The mixtures of 25
and 15 and of 32 and 33 could not be separated by thin layer or column
chromatography on silica or alumina. The assay was established more
accurately by proton NMR giving the values: TNT (22%), 25 (22%), 15
(47), 32 (44%) and 33 (8%); measurements were made in (tD ) €O solvent
using both methyl and aryl signals for integration. Spectra of pure
components are summarized in Table 5.

4=-Hudrozylamino-2, 6-dinitrotoluene (32). A 60.0-g aliquot of the
above product mixture from reduction of - ZTNT with hydrogen sulfide in
ethanol was fractionally extracted with refluxing benzene in a Soxhlet
extractor. After four single extractions of 500 ml each (which removed
most ol the 25 and l)) the remaining solid was extracted continuously
until all was extracted (1.5 hr). Cooling of the final extract deposited
11.7 & ot crystalline product which assayed 90% 32 by thin layer chroma-
tography; recrystallization from benzene gave very pure 32, m.p. 143 to
147°C (literature m.p. 143 to 145°C3%); mol. wt. calculated for C.H,N 0
213.15; found (mass spectrometry) 213 (parent peak).

S=N=(d-toluencsul fonyl) )-b-nitrotolucne (30) was prepared by
nitration of 85.6 g (0. 3_8 mole) of 2-[N-(4- lU]ULﬂtHUllO“Vl)]tOlULnO
(29) with 25% nitric acid by the proceduxo of Platt and Shdrp“n to yield
98 g (97%) of 30, m.p. 176 to 178°C after recrystallization from ethanol;
Jiterature m.p. » 17% to 175%™

3y 6=Dint tro=-L-|N=-(d=-tolucnesulfonyl ) toluere (31) was prepared by
nitration of 49.0 g (0.16 mole) of 2-[N-(4- tolucneculfunvl)]-; nitro—
toluene (30Q) with 35% nitric acid as described by Platt and Sharp“?
to yield 52 g (93%) of 31, m.p. 160 to 163°C after recrystallization
from ethanol; literature m.p. 161 to 163°c"".

12




NWC TP 5933

1

S-Amino=d, S=a i trotoluene (12) was prepared by hydrolysis of 50 g
(0.142 mole) of 3,5-dinitro-2-[N- ?N—toluungsullonyl)]to]uene (Jl) with
concentrated sulfuric acid at 110°C"*% to yield 16.6 g (57%) of 1’ after
recrystallization from ethanol, m.p. 215 to 217°C (literature m.p. 217
to 218°C!; m.p. 211 to 213°c“Y.

S-dAmino-d-o-dinirotoluene (15). 2-Methyl-3,5-dinitrobenzoic acid
(11.3 g, 0.050 mole) was converted to 2-amino-4,6-dinitrotoluene by the
Schmidt reaction according to the procedure of Zbarskii ¢ «/.“°® After

recryvstallization tirst from ethanol and then from benzene there was
obtained 6.0 g (61%) of crystals, m.p. 175 to 177°C (literature m.p.
173 to 174°C; crystallized from methanol ).

=Methyliconitrosoaeetanilide (35) was prepared by the procedure of
Cassebaum from -toluidine (0.50 molt) to vield 61.0 g (69%) of crystal-
Line 35, m.p. 120 to 121°C; Sandmeyer reports m.p. 121°C"°,

=Mothpl=bd=nitrolsat in (37) was prepared by the procedure of Casse-
baum = trom 61 g of o-methylisonitrosodcetanilide (35) to yield 56.8 g
(81%) of 37 as orange crystals, m.p. 250 to 255°C (decomposition); liter-

ature m.p. 248 to 249°°%,

2=Amino-d-methyl-o-nitrobenszoic Aeid (38) was prepared from 56.8 g
of 7-methyl-5-nitroisatin (37) by the procedure of Cassebaum ¢ to yield
51.0 g (967%) of 38 as a ygllow powder, m.p. 260 to 263°C (decomposition);
literature®® m.p. 7265 to 268°C (crude), 268°C (crystallized from acetic
acid). y

2y §=Dint tro-s-methylbenzoic Acid (39) To trifluoroacetic acid
(100 ml) in a three- necked flask, chilled in an ice bath (2°C), was
added, with stirring, 3.3 ml (0.13 mole) of hydrogen peroxide (98%
assay). Witk continued stirring was added 20.3 ml (0.144 mole) of
trifluoroacetic anhydride during 0.5 hr keeping the temperature at 2 to
3°C. To the resulting solution was added 6.53 g (0.033 mole) of 2-
amino-3-methyl-5-nitrobenzoic acid (38) during 5 min. A reflux con-
denser was attached to the flask and the ice bath removed causing the
solution to warm spontaneously to 42°C within 20 min. The reaction
mixture was then heated under reflux for 3 hr. The deep-orange colored
solution was concentrated to dryness under reduced pressure and the
residue triturated with i00 ml of water. The insoluble product was
removed by filtration, washed with water and dried to yield 5.64 g (75%)
of 39, m.p. 170 to 177°C; two recrystallizations from aqueous methanol
(907% 7 methanol) gave straw-colored prisms, m.p. 180 to 181°C (61.5%
recovery); ir (KBr) 1730 cm™! (¢ = 0).

Analysie. Calculated for C H N O Cy 42,495 H, 2.673 N, 12.39;

mol. wt. 226.14. Found: C, 42. 88 H, 2 69; N, 12.37; mol. wt. 230
(vapor osmometry, chloroform).
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d=Amino=",5=dinitroto/uene (18). 2,5-Dinitro-3-methylbenzoic acid
(39, 2.43 g, 0.0108 mole) was dissolved in 21.5 g of 104% sulfuric acid
(20% S0, 80% H SO ). While stirring and keeping the temperature at 5
to 10°C by ice-bath cooling, powdered sodium azide (0.84 g, 0.013 mole)
was added cautiously in portions of less than 0.1 g during 1 hr.
(CAUTION: If the sodium azide is added too rapidly an explosion may
result.) Stirring the mixture was continued at 0 to 10°C for 1 hr (gas
evolution occurs), 10 to 30°C for 2 hr, and 30 to 60°C for 3 hr. The
dark mixture was then poured onto 200 ml of crushed ice to yield a
vellow-orange precipitate which was removed by filtration, washed with
water and dried to yield 2.02 g (95%) of 18, m.p. 125 to 127°C; recrys-
tallization from 957 ethanol gave rust-colored filakes, m.p« 127 to 128°C
(79% recovery); ir (KBr) 3400, 3250 cm™' (NH).

\nalysis. Calculated for C.H.N.O : C, 42.64; H, 3.58; N, 21.32;
mol. weE. 197.15. Found: €, 42.70; H, 3.627 N, 21.83: mol. wt. 198
(osmometry, chloroform).

P=Diqzo-4, 6-dinitro-3-methylphenol (40). 2-Methyl-5-nitroaniline
(40, 15.2 g, 0.10 mole, m.p. 107 tec 109°C)\Qns dissolved in 120 ml of
concentrated sulfuric acid with stirring and cooling to 0°C. Fuming
nitric acid (90% HNO , d = 1.5; 15 ml, 0.32 mole) was added dropwise
with stirring during 15 min while maintaining the temperature at 0°C.
The reaction mixture was allowed to warm to ambient temperature with
continued stirring during 3 hr (possible exothermic reaction since final
temperature was 30°C). 1t was then poured onto 1200 ml of crushed ice
and allowed to stand overnight. The gummy, oily product was tiltered
and triturated with ethanol to yield a dark-orange solid which was
crystallized from acetic acid to yield 2.57 g (11.5%) of 42, m.p. 152 to
154°C (vigorous decomposition, tollowed by an explosion); impact sensi-
tivity :..5 kg weight) less than 10 cm; ir (Nujol) 2200 (C = N ), 1630
cm™'; NH bands absent; NMR [(CD,).C = 0] 66.78(s, 1, ring CH), 270(s, 3,
CH,), mol. wt. (mass spectrometry) 224 (parent peak); mol. wt. calcu-
lated for C,H N,O.: 224.13.
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