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C 1EM~ICAL REDUCTION OF
2,4,6-Trinitrotoluene (TNT) - INITIAL PRODUCTS

by
Michael E. Sitzmann

ABSTRACT: Hligh purity model compounds were needed for comparison
with the products formed during the biodeg~radation of TNT. Thus, an

* . attempt to prepare twelve reduction products of TNT (amino, hydroxil-
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 4,4p,6,6?..tetra-

* nitro-2,2'-azoxytoluene and 2,41-dimethyl-3,3' ,5,-, '-tetranitro-ONN-
* IIazoxybenzene, have not previous-ly been reported in the literature.
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CHEMICAL REDUCTION OF 2,L416-TRINITROTOLUENE (TNT) -INITIAL PRODUCTS

This report desc,-ibes the- attempted eynthasis of* twelve reduction
products of' TNT f'or use as model compounds in a study ofY the biode-'

Agradation of' TNT EtIght compounds were successf'ully prepared, two
of' which have not previously been reported in the literature. ThisI work was supported by Naval Ordnance Systems Command, OFID-033.
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INTRODUCTION

In a study of the products from the biode-radation of TNT, it was
necessary to have a series of the initial reduction products of TNT
for use as model compounds. These compounds were desired in high
purity so that their presence among the biodegradation products of
TNT 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 classes was
undertaken,

RESULTS. AND DISCUSSION
(See Table I-forthe s-tctues of the
compounds described in this section)

A. .ydroxylamino, cf mpounds

The coiiipud 2,6o'-dinitro"J4-hydroxylaminotoluene (I) was prepared
according to Elvoe (1) by reduction of TNT with ammonium sulfide in
ethanol. The product contained a small amount of 1 -aj.ino2,6-dinitro-
..toluene which wa removed by nolumn chromatography (silica gel,

.-.70-230 mesh) to give I with a melting point of M1-il460, Elvoe reports135-i36-. Cohen and Dakin report 143 1l45 (2)-.

McGookin et, al. report the preparation of 4,6-dinitro-2-hydroxyl-
amnotoluene (1i) by reduction of TNT with sodium hydrogen sulfide in
b6iling water (3). Several attempts to prepare II by this method
vive unsuccessful. Mild oxidation of 2-amino-4j6-diritrotoluene (III)

] Ath Mu-chloroperoxybenzoic acid gives I1 (preaumabiy ac an intermedl-
ate) but under the reaction conditions II Is rapidly eon.,erted to the
corresponding azoxy compound.(VIII) and II cannot be isolatza (see
page 4 ). Brand and ELisenmenger (4) report the preparation of II in
vary small yield by -te electrochemiual reduction of TNT. No attempt
was made to prepare H1 by this method.

Ii11. ' : "i -- " " " " " 1 •
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B. imino compounds

McGookin et al describe the preparation of 2-amv'no-14,6-dinitro-
toluene (III) by the Hofmann degradation of' 4,6-dinitro-o-toluamide
with sodium hypochiorite (3). Several attempts to follow the exact
procedure were unaucessfui in producing a pure compound. A modifi-
cation of' the procedure gave an increased yield and a higher melting
product (mp 173-174l0 as compared to 1550 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-chloroperoxybenzoic acid inmethylene chloride, the product forms L4,4' ,6, 6 '-tetranitro-2,2-azoxy-
toluene (VIII) the structure of which was confirmed by elementCal an-
alysis and nmr. Under the same conditions, authentic J-aminco-2,6-di-
nitrotoluene (IV) gives the cvrresponding 2,2' ,6,61-tetranitro-4,4f-
azoxytoluene (VII), a known compound. The nmr spectrum (acetone-d )of the prwoduct shows singlets at 7.77, 5.75 and 2.28 ppm In a ratio ol
2:2:3. The addition of benzene resolves the peak at -7.77 ppm intu
two doublets at 7.74 and 7.64 ppm.

The 4-amino-2,6-dinitrotoluene (IV) (rnp 171-1720) for this work
was prepared by reduction ofTNT with alcohol1c ammonium sulfide.
Blrady and oo-workers report 1.710 (5) for IV..

Th rcedure of Ruggli and Zaes3.in (6) wzas uised f or the preparaon of 2,11-diamino-6..nitr'otouene (V)s mpl.41350 Rug1 d
Z aeslin report :1350.

C.Azo C!!4rlvunds

Amino rapounds-in* the pvesonce of hydroxylainino compoundi a

produce azo deri-traives .(I). The reacti.on occu.rs- by 'addition of the

N2 IMW{QR'R RNO + RNRt + I10

-N2 + RN -RNHN(OH)r ' R1 + L20
If both katiino and hydroxylamino-compour'dd are tformed'duiing the bio-
de, raditlcn of' TNT, the foritlon of azo, 'ampounds such as 2,210,6,-1

011ntr~~A~aooue~ V) f -romi I and IV Is. possible. Com-poutid
* . VI was prep)ared according to the ocdrofrn nd~e ejv

(4.The prod.tact contaithi game 20?' 6 ttatr- 42 aoy
toliene (VTI which waa remioved by column chrotatography to givt a
produbt with nip '2+66-2680. Br'and aind Ellsnmlenger report 248-2500.
Elemental, anlyUys cioniirmed the product was V1.

Al
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D. Azoxy compounds
CompundVII 22,6.,6'-tctranitro-4,4t-azoxytoluene) wsprepared

by heating 2,6-dinitro-4-hydroxylamino toluene (I) with cone. hydro-
chioric acid according to the method of Brand arid Eisenmenger (4).
The melting point (2 _1 - 2 1 6 C) was the same as reported by the au~hors.
Treatment of 1 l-amino-2 ,6-dtnitrotoluene ( IV) with m-chloroperoxybenzoic
acid in methylene chloride also gives VII,

The preparation of 4,1',6,6'-tptranitro-2,2'-azoxytoluenie (VIII)
has not previously been reported in th-e literature. Compound VIII
(mip l79-1800) was obtained by allowing a solution of 2-amino-tI,6-di-
nitrotoluene (III) and mi-chloroperoxybenzoic acid in inethylene chloride
to stand 16 hour 's at ambient temperature. The reaction presumably
proce eds via formation o3*' the tntermedtate 4,6-dinitro-2-hydroxylamino-
toluene (11) (8).

R1N H2 -.. ,RNEH-J -RNQ + 112

Two routes to the azoxy compound are possible under these conditions:
0

a)M I 4UQ + RNO R N(oH[)-N(0O3..-- R-1- + 1120-N

b) RN H12  + KN 4 I 00R PNN R
4 After 1OU hotr t a ent temprxe r e~nt Ially all thItat

saml o we re rcmrvedl j r<m theo reactilon mix ture af ter 1 ho~ur and after
h.kii. o eersjij- fit-wopulId befeast.ible tt-ioljate.-h inter-

'te hyrxlmn .Thin-la'yer iliromatorrnnhy Of the sm~~
showcdmil the fv- "y conpou: ' nVT nd -the stairttnag ai-ine (M71.
-'.'the re wan a, smal I amount of product. that had ani .rr lgty ra
thanl the rp ,f he WtOXY produ't VT1 TI ThiO, -4- probably the1( rIlt 6os

aet vv:, There:- was5 no ev tdence" by thin -laiver chotorahca-
alysi fr tin -1preselnce o-f preib amnounts of the hydr Oxylhmintc (I I)

Appl -a rk ntIy 111S lulnid)y converted to the nitroso anid a-zxy compuns
u~nder' the recincon~djtions an c-nno be oIsolated.

rosve'zoyproducts, 2.04rely-3--ernto
* .Oazox~ensen(IX) and .2' 11-diniethyl-13,5 )5-5t af~r~

azoxbeneneC)(9)., are.YOCSsiWle from the reaction Mt he4 and
2-hydrozyl amin.3cmpud (I and 1). T h in -la y er ctiromatofraphl

analysis indicattd thesoe ross-over, prtoducts were formed (pemrbly

viously tdentlfied atoxy compoundo, 711. and V111, we re also formed.
Hotwever, one of the cross-over Ild~t an formed In. muCh ireateI,
yit-lt than the other. The cross-over izoxy r5cduct forned In larger'

was Iolatd bycolumn chromatography. The compotmnd w19
*. 170'0) shows an, nt' spectrumst (DS0-d--) with roti ing protons at
* 9.07.~(ire) ;~p duIt and 8. 75 ppri (doublet). 11he

ratio otf protonn !n 2:12.. For the 4-azoxy compound (VII) the r-ind
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protons appear at 9.08 ppm (singlet) and 8.91 ppm (singlet) in a ratio
k of 1:J. The 2-azoxy compound (VIII) shows doublets at

9 .2 8, 9.1 8.96
K and 8.77 ppm for the four ring protons (1:1:1:1 ratio). For azoxy

compounds in which the substituents are identical ( R-u-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 to

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 2,2L-diam'no-6,6'-dinitro-4,
4'-azoxytUoluene (XI)

- could be expected to be formed during the biodegradation of TNT if the

initial azoxy products were further reduced. Attempts to prepare XI

by direct reduction of the 4-azoxy compound (VII) with ammonium sul-

fide gave a mixture of products which could not be separated.

4> The compound 2-amino-4 -hydroxyl ,nino- 6-nitrotoluene (XII) was.

desired so It could be converted to the azoxy derivative (XI). An

attempt to reduce III to XII failed. Reaction condltlons slir to
those used for the prepar!-tion of. I from TNT were Cirat tried. No
reaction. occurred and when more strlngent-condlttons (additional am-
monium sulfide) Were employed, rdu:tion proceeded to give the

A..dian2, ino compound 0V),

A:.empt wa made to repare X t a th t ientedI t t t X1b
oxidat ton of 2-dianino-6-riirOtolUatW (V). with .n-chic,- -- ybenz i c
acid mcthylene- chlorids.A-small amount (ca.$% of.the weight of

stnarting material) .0' red crystals -dc~p ptt2~ 'as sol
* . The red orystal, cry8tallized as $olvato.s whth ould not b e broken.

up withiout decomposing. the. compound. All 'ovtstid av tlmll4r§
result. Howeve.r the compound do -not Itave t1t poprtlen (z'" on

te hiie" hrm atogrp hy tp and the nmz' spectrum) tIhat XI would be
expeQcted to have.

4. E f -I1 .M ENTAL.

e P eparation of:

*. 1) ,-6-dinitroA2-1hydroxylainotoluee (I). ?ee page 1

,,an) ,,6dlnitro-2-hydroxy1 inotolUnelO (1., See pace !

! .. , .3) ).&-mfln- 6-ailtr OtOluefe .( III).

Twenty-fou gira s (24 C,) of ,6-iinitro-o-toluamide was ,trred
with 160 ml. of ice-cold 5.25% sodithrn hypoohlorite (chlorOx) I'or 3•
minutes. The unreacted afide was rer.oved by ftItration and ice-cold
25% sulfuric acid was quickly added to the cold filtrate. The

5
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precipitat . solid was removed by filtration, washed quickly with cold
wat:~,andthe boledwih water for two huurs. At this time the

hot mixture was filtered and the insoluble white solid obtained was
heated with boiling dilute sodium bicarbonate. The white solid rapid-
lv turned bright yellow. A f t ,r 15 minutes the mixture was cooled,
filte-'ed, and the bright yellow product crystallized from methanol tb
give 6.Og of 2-amino-4,6-di.itrotcluene, mP 173-3.740. Anal. Calcd
for C yH7N3Ob: C, 4l2.64f; H-, 358N,23± Found: C, 42.59; H, 3.1;
N, 21.16 he prooedure described auove in a modification of' the
method of McGookln et al (see page 3).

41) 4-amino-2,6-dinitrotoluene (IV). See page 3.-

5) 2,-dianino-6-r.±trotolu-ne (V). See page 3

6) 2,2',6,6 t-tetranitro-4,4'-azotoluene (VI).

4 The procedure according to Brand and Eisenmenger (4i) yielded a
mixture of VI a-:, the azoxy compound.,ll. Several crystallizations
from benzene corncentrated the azo compound VI in the moi.'he ., liquors.
The combined mother liquors were subjected to column chi-omatography
on siilca gel ("p0-230 mesh) using 50/50 benzene-hexane as the eluent.
The azo product was crystallized from acetone to give red-orange crysZ
tals, mp 266-2680. Anal. Calcd for C H 0~ 8  4,13.09; HI, 2.58;

* N, 2.53. Fund: C~T~l3;H. 2.57; N, 2.9 See also page 3

g ~ 7) 2,21,6,6 -tetranitro-l4,)4t-azoxytoluene .(VII). See page 4

8) 4,4P-6,6t-tetranitro-2,2'azoxytoluene (VIII).

To a solut~on of 1.5g (0.0076 mole) of 2-amino-14,6-dinitrotoluene
in 75 ml of methylena chloride was added 3.Og (0.0147 mole) of m-chloro-
peroyybenzoic acid (assay 85%, Aldrich Chemical Co.). After the
solution stood for 16 hours at am-bient temperattkre the white solid
that precipitated (m-chlorobenzoic acid) was removed by filtration.
The methylene chlor4 ,ie filtrate was extracted with 5% aqueous sodium
bicarbonate 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 sol~id, nip 170-1750. The solid was dissolved in hot
benzene and treated with charcoal, the solution was filtered and the
filtrate cooled to give, 0.65g of cream colored crystals, mp 179-1801.
Concentration of' the mother liquor gave a second crop (0.20g), mp 178-
1800.. The combined crops (0.859g, 55% of the theoretical) was recrys-
tallized from benzene 1;o give the analytical sample (0.65g, mp 179-1800).
Anal. Calcd for C14H1,.N60?0: C, 41-139; N, 2,118; N, 20.69. Found:
_71i 1.6J4; H, 2.45; Nl 0.82

The nmr spect.rum (DMSO-d 6 ) of VIII shows doublets at 9.28.9.15,8.96
and 8.77 ppm in addition to singlets at2.59 and 2.48 ppm.

9) 2,4t-dimethyl-3,3'5,5'-tetranitro-ONN-azoxybenzene (IX).
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To a sicolution of 0.50g (0.0025 mole) of 2-amino-14,6-dinitrotoluene
- ~ Iand 0.7,Rg (0.0038 mole)* of 4-amino-2,6-dinitrotoluene in 65 ml of'

SThe excess of 4-aiino-2,6-dinitrotoluene over the 2-amino-Li,6-
dinitrotoluene was used to diminish the amoncrt of L,LI,6,6-tetranitro-
2,2'-azoxytoluene (VIII) formed. The separation of' VIII from the cross-
over azoxy product- (IX and X) is vepy difficult.
------------------------------------------------------------------------

methylene chloride was added 2,59 (0.0123 mole) of rm-chloroperoxybenzoic
acid (assay 85%, Aldrich Chemical Co.). The reaction mixture as allow-
ed to stand 16 hours at ambient temperature and filtered to remove pre-
cipitated m-chlorobenzoic acid. Extraction of the methylene chloride
filtrate with 5% aqueous sodium bicarbonate removed the iining in-
chlorobenzoic acid. Thin-layer chromnatographic analysis of the methylene
uhloride solution indicated that both cross-over azoxy products (IX and
X) were formed along with the L-azoxy(VII) and 2-azoxy (VIII) compounds. '
However, one of the cross-over azoxy products was formed in much greater
yielid than the other. The riethylene chloride was removed under reduced

< ~ ~ t Vessure leaving a residue from which o.459 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 yield. Benzene-hexane mixtures were used as the-eluent
and severaispasses through the column were necessary to effect sufficient-'I separatlion. The cross-over azoxy product was crystallized from acetone-d hexane to yield 100 mg of yellow crystals, mp 169-1700. Anal. Calod
for C1 H 0 ~ CL13;H .8 ,2.9 on:C 41,14; N, 2.31;

NlO 20.71.9 
H .8;N 2.9 Fud

The stutr2I0a ssge o h7rssoe1.oy ouc et
Tng autur IX-l0 oas thasine of ith crsspeteu (DMo-6 whidc shows

a ingle at 69.707 ppm thands doublets at sp9eanc8.5rpm (see paehi show

-The ratio of protons is ?:1:1. Two additional singlets at-2.56 and.
2.52 ppm are also present.

10) 2' ,4-dimethYi-3,3' ,515-6etranitro-0NN-azoxybenzene (X.

Thin-layer chromatograp'aic analysis indicated X was formed in
smnall amountz during the preparation of IX as described above. No
attempt was made to isolate this compound.

11) 2,1daio66-iitio44-zxtlin (XI). See page 5

12) 2-aiino-4-hyd~oxylamino-6-nitrotoluene (XII). See page- 5
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