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CHEMICAL REDUCTION OF
L,U 6-Trinitrotoluene (TNT) - INITIAL PRODUCTS

by
Michael E, Sitzmann

‘ABSTRACT: High purlity model compounds were needed for comparison
with the products formed during the hledegradation of TNT. Thus, an
attempt to prepare twelve reduction products of TNT (amino, hydroxyl-
amino, azo and azoxy compounds) was made. Eight of these compounds
were successfully prepared., Most of the compounds were synthesized
according to literature procedures or modifications of literature
procedures; however, two of the compounds prepared. 4,4',6,6'-tetra-
nitro-2 2'-azoxytoluene and 2,4'-dimethyl-3,3"',5,9° -tetranitro—ONN-
azoxybenaene, have not previously been reported in the literature.
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"CHEMICAL REDUCTION OF 2,4,6~TRINITRQTOLUENE_(TN@) = INITIAL PRODUCTS

"This report desc.ibes the -attempted synthesis of twelve reduction
products of TNT for use as model compounds in a study of.the biode-
gradation of TNT -Elght compounds were successfully prepared, two
of which have not previously been reported in the literature. This
work was supported by Naval Crdnance Systems Command, ORD-033.

ROBERT WILLIAMSON II

/ - Captain, USN
Commander .
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INTRODUCTION

In a study of the products from the blodesradation of TNT, 1t was
necessary to have a serles of the initial reduction products of TNT
for use as model compounds. These compounds were desired in high
purlity so that thelr presence among the blodegradation products of
TINT could be determined quantitatively using such methods as thin-
layer chromatography, gas chromatography and ultraviolet spectroscopy.
It was thought that the initial biodegradation products of TNT might
include hydroxylamino, amino, azo and azoxy compounds. Thus the
preparation of representative compounds from each of these clasoes was
undertaken. ,

RESULTS AND DISCUSSION
(See Table I for che structures of the
eompounds described in this section)

A. Hydroxylamino cempounds

- The eompounu,'2,o-din1tro~4ahydroxylaminotoluene (I) was prepared
- according to Elvoe (1) by reduction of TNT with ammonium sulfide in

“’:,[ ethanol. The product contained a small amount of heamino-2,6+ dinitro-_ o

-toluene which was removed by solumn chromatograph’ (silica gel,
~70~230 mesh) to give I with a melting point of lhﬁ

 McGookin et.al-report the prepardtion of U 6~d1nitro~2~hydroxyl-

. aminotoluene (IT) by reduction of TNT with sodium hydrogen sulfide in:
 béiling water (3). - Several attempts to prepare II by this method

lﬁ6°_ Elvoe reparts"

©yope unsuccessful.” Mild oxidation of 2-amino-b,6-dinitrotoluene (III) .

-gfzgith m~chloroperoxybenzole acid gives 11- (presumably a¢ an intermedi-
--ate) but under the reaction conhditions II is rapidly conrerted to the

. .corresponding azoxy compound (VIII) and IX cannot be 1solatzd (see
page 4 ). DBrand and Elsenmenger (U) report the preparation of II in

" yery small yileld by the electrochemical reduction of INT. No: attemvt
o was made to prepare 1I by this method. ' , _ .
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B. imino compounds

McGookin et al describe the preparation of 2-amino-4,6-dinitro-
toluene (III) by the Hofmann degradation of 4,6-dinitro-o-toluamide
with sodium hypochlorite (3). Several attempts to follcw the exact
procedure were unsucessful in producing a pure compound. A modifi-
cation cf the procedure gave an increased yield and a higher melting
product (mp 173-174° as compared to 155° reported by McGookin). The
higher melting product gives an excellent elemental analysis for III.
The product is reduced with alcoholic ammonium sulfide to yield
2,4=~diamino-6-nitrotoluene. With m-chloroperoxybenzeic acid in
methylene chloride, the product forms 4,4',6,6'-tetranitro-2,2¢-azoxy-
toluene (VIII) the structure of which was confirmed by elemental an-
alysis and nmr. Under the same conditions, authentic Y-amino-2,6-di-
nitrotoluene (IV) gives the curresponding 2,2',6,6'-tetranitro-i,4'=
azoxytoiuene (VII), a known compound. The nmr spectrum (acetone-dg)
of the product shows singlets at 7.77, 5.75 and 2.28ppm in a ratlo 09
2:2:3, The addition of benzene resolves the peak at 7,77 ppm into
two doublets at 7.74 and 7.64 ppm. . - '

- The ﬂ~amino~2,6-d1nitrotgluene (IV) (mp 171-172°) for this work
-was prepared by reduction of TNT with alcoholic ammonium sulf'ide.
Brady and co-workers report 171° (5) for IV. o

The procedure of Ruggli and Zaeslin (6) was used for the prepara-

f:ft;on,cf_2,u~d1am1no-6~nitroﬁalueﬂe (V), mp 134-135°.. Ruggli and
- Zaeslin»repgrt{l35°.-__ o o ' R o

C. Azo_compounds

L ~Amino sompounds  in the presence of hydroxylamino gompounds can
- produce azo derlvatives (7).  The reaction occurs by sadition of the
amine to the nitroso eempound formed from the disproportionation of -
- the hydroxylamine: - B ' L o ~ S

2 RNHOB --~_~.’-.-‘-}_'—R§0 + R,Nfi‘g? Ha0

RNHz + RNO ©RVHN(OH)R =3 RN&KR + 1,0 -

. If both amine and hydroxylamino compounds are formed durilng the bio-

. depradation of TNT, the formation of @zo compounds such as 2,2',6,6"~
tetranttro-i, it -azotoluene (VYY) from I and IV 1s possible. Compound
VI was prepared according to the procedure of Brand and Eisenmengey -

- {8).  The product containsd some 2,2',6,6"~tetranitro-4, 4 —azoxy- -
tolueng (VII) which wag removed by column chromatography to give a
product with mp ‘256-268°, Brand and Efscnmenger report 248-2%0°,
Elemental anslysis conPirmed the product was VI. - '
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D. Azoxy compounds

Compound VII (2,2',6,6'-tetranitro-U4,Ut~azoxytoluene) was prepared
Oy heating 2,6-dinitro-id-hydroxylamino toluene (I) with conc. hydro-
chloric acid according to the method of Brand and Eilsenmenger (4).
The melting point (2 ,-216°) was the same as reported by the auchors.
Treatment of Hd-amino-2,6-d*nitrotoluene (IV) with m-chloroperoxybenzoic
acld in methylene chloride also gives VII,

The preparation of u,u ,6,6'=tetranitro-2,2'-azoxytoluene (VIII)
nas not previously been reported in the literature. Compound VIII
(mp 179-180°) was obtained by allowing & solution of 2-amino-4,6-di-~
nitrotoluene (II1) and m-chloroperoxybenzoic acid in methylene chloride
to stand 16 hours at ambient temperature. The reaction presumably
proceeds via formation of the. 4ntermed*ate 4,6-dinitro-2 -hydroxylamino—
toluene (II) (8).

- Two routﬂs to the azoxy compound are possible unde“ these conditions*

a) RNPOH + RNQ —mor———d RN(OH) N(Od)ﬁ R 4 R-W N-R + WaG
4]

) RuMp 4 RNQM-«-}RNHN(GH)RM- RNaNR__ﬁ.“.‘;ﬁ.—NvN-R -

- After 16 hours at amblent Lemuvrﬁture essentially all the tarting
_amine compound (XIT) was converted to the agexy u@vivattve Vitl.
v:wump‘a* were remeved from the reaction mixture after 1 housd and af'ter
4 hours to doterming 12 1t would -be feasible to 1gnlate the ingers
‘medirte hydroxylamine (t?i Thin-layer chromatography of the samples
showed mainly the ar vy compourd (VITT) and the starting- aﬁin& (171).
t”hvv& was a’small amount of product that had au rr slightly greatey
thap the rp of the azoxy praduct (VITI)., Thig is probably the . nitrose
- derivat Ave,  Thers was no G"‘n@rve by thin-laver chromatogyraphie an-
. alysis for the preserce of appraciable amounts of the hvd"0ty1 smine (Iil.
Apparently IT is papidly converted to the aitrese and AZOXY gompounds.
_under'the Teaztion ccrui iéﬂ* and cannet be lsolated., :
‘ Prose-ave“'azuxv p*educts, 3, ?—dimnthyxns 3 ,ﬁ,"~tetr3nitf0~k_
ONN-pzoxybenzens (IX) and 27, 5-dimethyl-3,3',5,5 ~tetranit po-UNN-
aooxybeﬁfene (¥y (o), are possihle from the "eactlon of the %- and

W

2-hydrogylaming. compounds {1 and II). Thin-layer chromatographic

‘3‘aua1 sis indlcated these arons-over p nducts were formed (presumbly

128

“through.I end II as davermediates) by the reactlon of a mixture of .
i@ and IV with m«chlorﬁﬁe"cxgbeqzoiu acid., Ao oxpected, the pre-
“vicusly tdentifled azoxy oompounds, VIil.and VIIX, were &lso Yormed,
'Hmhever; one of the crosgg-over pioducts was formed in much greagey

yiel& ﬁhan the other. The Srogs~aver aIoxy prﬁduc% formed in larges
1eld was isolated b" ‘column chromatography. The compound (mp 169-

*G“) shows an nar gpectrum {DMSO-d.) with 496ﬂ&t4c ring protons at
9.07 pom {sinprlet), s, Bsppm (doublet? and 8.75 pia (doublet) The
rat 1o of pzotﬂnn ta 2:1:1. FOor the w-azoxy compound {VII) the ring

4
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protons appear at 9.08 ppm (singlet) and8.91 ppm (singlet) in a ratlo

of 1:3. The 2-azoxy compound (VIII) shows doublets at 9.28 , 9,15 8.96

and 8,77 ppm for the four ring protons (1:1:1:1 ratio). For azoxy
compounds in which the substituents are ldentical (Ebﬁ;N-R‘, where

R = R!), Freeman has shown that the substituent attached to the

oxidized nitrogen appears at lower field (10). Thus the protons appear-
ing at 9.08 ppm in compound VII belong to the phenyl ring attached vo

the oxidized nitrogen. The mixed azoxy product melting at 169-170°
shows a singlet at 9.07 ppm and therefore was assigned the structure

IX rather than X which would be expected to have a singlet near 8.91 ppm.

E. Miscellaneous compounds.

Compounds such as 2,2'-dlaminc-6,6'~dinitro-4,U'-azoxytoluene (XI)
‘could be expected to be formed during the biodegradation of TNT if the
initial azoxy preducts were further reduced, Attempts to prepare XI
by direct reduction of the Ud-azoxy compound (VII) with ammonium sul-
fide gave a mixture of products which could not be separated.

The compound 2-amino-4 -hydroxyluzaino- f=nitrotoluene (XI1} was.
desired 50 it could be converted to the azoxy derivative (X1). an
attempt to raduce III te XII failed. Resction conditions similar to
those used for the preparntion of I from TNT were firat tried. Ne -
reaction occurred and when more stringent conditlens (additienal am-
- monium sulfide) were employed, reduction proceeded to glve the ‘
-2, k=diamino compound (V). o .

‘An sttempt was made to oyepare XU vila the intermediate XIT Ly :

~oxidation of 2, b-dlamino~-b-nitrotoluene {V) with m-chloroperaxybenieic -
acld 3n methylens chloride. A small amount (oa. §% of the welght of
starting material) of red crystals (decomp. point 234%) was isolated.

Tha red erystals erystallized as Solvates which sould net be broken _
up without decomposing the sompound. ALl rolvénts tried gave uisilay

Copesults. However, the compound dogz not have th¥ praperties {vy on
thin-layer chromatogrephy and the nmr. spectrum) that T would be

-expected to have, . P -

| EXPRRINENTAL
_Prepafatisn af': o S

-:1)'E,§-d&ﬂ1;rowﬁ»hydre&ylaminctaiéene {1). See pége_i-f._

2 %;é;din1treé§-hydrc$ylamiﬁot01uene (Iid. Seeupage 1.
3).Q;amina—h;6~dimitrot$1ueﬁe_(IEIS; | o |
Twénty~feur»gfams {24 g) of ﬁ,ﬁ—iinitra~s§t01uamiﬁe was ét£rrﬁd‘

with 160 ml of lce-cold 5.25% sodium hyvochlorite (chlorsox) Yor 30

minutes.  The unreacted amide was rewoved by filtyation and fee-vold
25% sulfuric acid was quickly added to the cold fiitrate. The

5
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precipitat.l solid was removed by flltration, washed quickly with cold
water, and then bolled with water for two hours. At thils time the

hot mixture was filtered and the insoluble white solid obtained was
heated with bolling dilute godium blcarbonate. The white so0lid rapid-
lv turned bright yellow. Aft:r 15 minutes the mixture was cooled,
filtered, and the bright yellow product crystallized from methanol to
give 6.0g of 2-amino-&,6-dinitrotcluene, mp 173-174°. Anal. Caled
for C7HZN3O : C, h2.64; H, 3.58; N, 21.31L. Pound: C, 42.89; H, 3.47;
N, 21.16. %he procedure described avove ls a modification of the
method of McGookin et al (see page 3).

4) L-amino-2,6-dinitrotoluene (IV). See page 3.
5) 2,4-diamino-6-r.itrotolu.ae (V). See page 3 .
&) 2,2',6,6'-tetranitro-4,4'-azotoluene  (VI).

The procedure according to Brand and Elsenmenger (4) yielded a
mixture of VI 23 the azoxy compound:VII. Several crystallizations
from benzene concentrated the azo compound VI in the mothew liquors.
The combined mother liquors were subjected to column chi-omatography
on silca gel (70-230 mesh) using 50/50 henzene-hexane as the sluent.
The a3zo product was crystallized from acetone to give red-orange crys-
tals, mp 266-268°. Anal. Caled for CqyH, NOg: C, 43,393 H, 2.58;

N, 21.53. PFound: C, 0§3.13; H. 2.57; N; 2&93 . See also page 3 .

7) 2,2',6,6'-tetranitro-4,4'-azoxytoluene (VII). See page 4 .
8) 4,4'-6,6"'-tetranitro-2,2'azoxytoluene (VIII).

To a solution of 1.5g (0.0076 mole) of 2-amino-4,6-dinitrotoluene
In 75 ml of methylens chloride was added 3.0g (0.01l47 mole) of m-chloro-
perorybenzolc acid (assay 85%, Aldrich Chemical Co.). After the
solution stood for 16 hours at ambient temperature the white solid
that precipltated (m-chlorobenzolc acid) was removed by filtration.
The methylene chloride filtrate was extracted with 5% aqueous sodium
blcarbonate to remove the remaining m-chlorobenzoic acid. The meth-
ylene chloride was allowed to evaporate in a current of air in the hood
leaving 1.3g of soild, mp 170-175°. The solid was dissolved in hot
benzence and treated with charcoal, the solution was flltered and the
filtrate cooled to give 0.65g of cream colored crystals, mp 179-180°.
~Concentration of the mother liquor gave a second c¢vop (0,20g)}, mp 178-
180°. The combined crops (0.85g, 55% of the theoretical) was recrys-
~tallized from benzere vo glve thﬁ analyticalugample (0665g, mp 179-180°),
Anal. Calcd for CjyyH,.NgOq: C, 41.39; N, 2,48; N, 20.69. Found: '
T, 1645 K, 2,45, N, 90%3"

' The nmr spectrum (DMSO-dg) of VIII shows doublets at 928,9.15,8.9
-and 8,77 ppm in addition to singlets at2.59 and 2.48 ppnm. :

- 9) 2,4'-dimethyl~3,3'5,5"'-tetranitro~-ONN-azoxybenzene (IX).
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To a solution of 0.50g (0.0025 mole) of 2-amino-4,6-dinitrotoluene
and 0.75g (0.0038 mole)* of L-amino-2,6-dinitrotoluene in 65 ml of
¥ The excess of U-amino-2,6-dinitrotoluene over the 2-amino-4,6-
dinitrotoluene was used %o diminish the amount of U, 4% .6, 6'-tetranitro~
2,2'-azexytoluene (VIII) formed. The separation of VIII from the cross-
over azoxy products (IX and X) is very difficuit,

methy;ene chloride was added 2,58 (0.0123 mole) of m-chloroperoxybenzoic
acid (assay 85%, Aldrich Chemical Co.). The reaction mixture 23 allow-
ed to stand 16 hours at ambient temperature and filtered to remove pre-
cipitated m-chloracbenzoic acid. Extraction of the methylene chloride
filtrate with %% aqueous sodium bicarbonate removed the .« .iining m-
chlorobenzole acid. Thin-layer chromatographlc analysis of the methylene
vhloride solution indicated that beth cross-over azoxy products (IX and
K) were formed along with the lL.azoxy(VII) and 2-azoxy (VIII} compounds.’
However, one of the cross-over azoxy products was formed in much greater
yilelid than the other. The methylene chloride was removed under reduced
gcressure leaving a residue from which 0.45g of the 4-azoxy compound (VII)
was obtained by fractional crystallization from benzene. The benzene-
mother liquor was subjected to column chromatography on silica gel
(70-230 mesh) in order to isolate the cross-over azoxy product formed
in the larger yleld. Benzene-hexane mixtures were used as the eluent
and several passes through the column were necessary to effect suffieient
- separation. The cross-over azoxy product was crystallized from acetone-
~hexane to yi=ld 100 mg of yellow crystals, mp 169-170°. Anal. Calcd
for Cq4HygN 79 C, al 39; H, 2.48; - 20.69. Found: G, 4T.14; N, 2.31;
N, 20.71.
The structure IX was assigned to the cross-over azoxy product melt-
ing at 169-170° on the basls of 1ts nmr spectrum (DMSO-dg) which shows
a singlet at 9.07 ppm and doublets at 8.99 and 8.75 ppm (see page 4 ).
-‘The ratio of protons is 2:1:1. Two additional singlets at 2.56 and
2.52 ppm are also present. : ) : : ’

10) 2',H-dimethy}~3,3?,5s5'-Getranitro-ONN%dzoxybenzene»(X).

Thin-layer chromatograpiuic analysils indicated X was formedvin»
small amounts durlng the preparatlon of IX as described above. No
. attempt was madée to 1solate this compound.

11) 2,2'-diamino-6,6'-dinitro-4,M--azoxytoluene (XI). See page 5.

12) 2-am1no-4—hydroxylamino-6—nitrbtoluene (XI11). See»page~75 .
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