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FOREWORD
The safety of Navy explosives containing 2,4,6—trinitrotoluene

(o—TNT ) and ammonium nitrate (Minol , Pamatex, Amatex) depends on the
pc~ential chemical reactions between component ingredients. One method
of value in studying this problem is to examine reactions between pure

~amp1es of individual components of the explosive mixture . Thus , trace
amounts of impurities (such as ct—TNT isomers) can be evaluated with
respect to their potential reaction with other ingredients. In the
present study the reaction between ct—TNT and its isomers with ammonia
has been examined and certain chemical reactions defined . Selected
aminodinitrotoluene reaction products derived from isomeric trinitro—
toluenes have been synthesized and their chemical stability evaluated .
It is concluded that the aminodinitrotoluenes are rather stable
compounds (more stable than ct—TNT itself) and do not represent a
potential storage hazard .

The work described was performed under NWC Indepedent Research
funds, task area number ZRO13O1 , during calendar years 1975 and 1976.

This report was reviewed for technical accuracy by T. B. Joyner
and C. D. Lind of the Naval Weapons Center and E. E. Gilbert of
Picatinny Arsenal.
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(I) - 1Thie r e a ct  i i i  o~ aJi f l t , f lj ; I  w i t h  t i l t  S l y  t S I ’—

n~e r i c  t r  m i t  ruts ! u e i l t s Il lS been  e x a m i n e d . SYnt 1 i 1 S t S

of eight am m o d  i nit rots I I I . I I C S  , inc 1 t i din g i i i  1 den ved
by .imrs’n..’ I v s  i s  S t  . - 1 Vt U f l s V f l l l l l C t  r i ca l  t rini t r o—
( t i l i c i l e - I, and redact t o n  of .—~.~~—- tr in t t r c t ’ I i i . . t c  (y b’
151 ) , a r c  d t s c r i h J .  v \ l I t  lI..S1.S S t  II.. ~D i t I C t l f  l ? ~ and
I,llIv p r e \ r i I u~-;1v i

~ Ir . .~~~~
t t ’  od :lfllflI )d 1 1i l I 1 S t  ( ‘ L u c I . .- l.S m I~ r ,

• 3— l:v in,.)— ..i, —d i l l i t r m L . I u . -l lc , !I,IS h,,,-ri ,I 1 I I . . ’ t l

Sac l .. ,i r I ‘4, 11 1. i . r . . -s :l in  .. - ‘. . . . .- t  ra S i p i r t  I ic struc—
UN. ass)  5fl111e1’It S  . I n p .  t S e n -  i t  f y i  t let- . .In i I t  l l Ip s i  —

I L a t i  t . .s~p . .  ra t u r e s  (ch~ - fr l.a l Dv d i ,  t er - i l l  ~~. Lhie rrn;~l
l . l I , ’ i i S )  ‘ ‘ e r . .  d~~t~~ t ’ ~t i i~ J 1 1 ) 1  a l l  ..‘ i ~~ h i t  , I i ” l ’ V n i l f l i t  1. ’—

t t l a eneu 1. s e t - i h . d  In th is r - j t . - r t  . Al
c - ru Itt  Oi l t C) i t  ‘~ .l I I’ .. ’ St aD . - , itt N st l~ ‘ -t —

i t s u l t  . It is con ud ed !~ , i r  L c n t ~~.l  I t i ’ :’t l t i • t
a m i n ’d  ini tr iul u.. i . - ~. Dv r ..- , i  ‘ I  I - I :  ‘I , i t ! I I I I . I I L , i  w i t h

i l - u t i r it  i c s  i n  n i l i L l  v g ra d . .  ~~~ ! t e s  a t  ( ‘ ‘ i l $ t j t  l I N T

s i t  .t ’: L I L i r d
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i De s i i  t e t  v of m i l i t a r y  i r d r t : n -e , to an u p  r t a n t  i t - g r e e  , is 1 % ’  1 .11  ~oi
to t he pot  en t l a l  c h e m i c a l  r eac t  ion s  lIl t W I - e l i  c omponen t  i n ., r e d i c n t  ~ . .  ID -
stabilit y of c e r t a i n  e x p l o s i v e s  c o n t a i n i n g  ~ , 4 ,~-’ — t r i n ! tr ’ t o I 1 I -rl - (m—TN’I )
T h u  citTlEn a l u m  n i t  r i  t o  (N Ins I , Pama t etx , Amat cx) depends on th~- ext t i t  h f
r e , i . .  tion of t l i a  I N !  w i t h  t I e  citTlillI rl i um nit rat~~’ compont at . Other questi fis
ot  importance art- the r e l a t e d  N -n -lion ot i h ’I’ u -.’ it h at ’nui n i i  u s d 1’ , t he
[d en t  i f  l e : i t ion of p r o d u c t s  foi’m,’l , and  t I e  s t a b i  l i l y  of he~~t products.
S tt r a e’,t I l ie  and t h e  s’;t! ety at  m u n i t i o n s  c o u l d  be a f f e c t e d  bi such  ream - —
t i o n s .  the  compat  i b il i t y  of e x p l o s i v e  i n g re d i e n t s  on st I . lr ag e  m u st  bt
c l l n T ; i , I e r e d  a m a t t e r  of m aj o r  i mp o r t - nt  C

The p re sen t  s t u d y  addresses an im p o r t u i a t  q u e s t i o n  conee  c i t  lag  t h e
c - ) m p a t l b i l i t v  of exp losives c o n t a i n i n g  TN ’! and ammonia d e r i v a t i v e s
T h - t t  is , what  a re  the  explosiv e propert ies of the p r i n c i p~~l ammono l y s i  s
p r oduct s of the isomeric trinitr~ coluenes —— the aminodinitrotoluenes
(d i n i t r o t o l u i d~ n e s ) ?  The answer  has been f o u n d  by e x ItttinaLio n of
se l ec t ed  i som er ic  a min o d i n i t r o to l u e n e s :  t h e s e  m at e r i a l s  o r . -  a c t u a l l y
q u i t e  s t a b l e  (more s t a b l e  than  - i — T N T  i t s el f )  - i t i l it  Is  colt liuI -d t ha t
they  do not  r epresen t  a p c t t e n t i a l  storage hazard.

Crude  TNT p repared  by the  h a t c h  p rocess  is a m i x t u r e  t o u t  l i l l i n g
p r i n c i p a l l y  a—TNT (1, 93 to 9’~Z )  and smal l  •- t m o u n t s  o f isomer - i c t r i n i t r o —
toluenes and o the r  i m p u r i t i e s  (‘[‘ab le  1) . I — . . (R e f e r e n c e s  1 tb roll-: t % 16 II c

c i t e d  in Table 1.) All six of the isomeric trinitrotoiuenc s may be
present. The principal TNT impurity is the y—isomer , 2 ,4,5—tr in itro—
toluene (3) . Minor amounts of certain din) troto lten es , t r i n i t  t’ hon: ’ . ’ h e s
t r i n i t r o-r e s o l s , and o the r  compounds may a lso be p r e s e n t .  A f t e t  c u l l  i --
c a t i on  by the Sellite process (sodium sulfite treatment) m ist t ’i t h e  un—
synune tn ica l  t r i n i t r o t o l u e n e s  a r t ’  removed as w a t e r — s o l u b l e  - . i i l f o n a t e  s a l t s .
M i l i t a r y  g rades  of i —TN !’ usua l l y f r e e z e  above 80° C and c o n t a i n  less t h a n
2i~ I,f i m p u r i t  ir’T , m a i n l y  TN ! i s o m e r s .  Crude  NT f r e e z e -s a t  c u .  75 t o 7b ° C

and pure i — t N T  f r eez e s  a t  80.75 ~O . 0 Y C .

At the  p resen t  t i n e  ‘i— I’S ’!’ is prepared  by a c o n t i n u o u s  p r o C - C -u: - - i t
t he  Army A m m u n i t i o n  P l a n t .  An a n a ly s i s  o t  t he m n i p l i r  i t  lea in  t i l t -  c rude
and f i n i s h e d  p r o d u c t s  is summarized  in T ab l e  2 .~ 

.0 The ,ltThl ’Itfl tS of

TNT Isomers p r e se n t  in crude materi al prepared by e i t h e r  h a t c h  °r
cont  in u o u s  process a re  vt -rv s i m i l a r  e o n t j - l l - l aD  i t ’ s  1 • , i i d  •‘‘t . ‘ l b
f in ishec! p r o d u c t  ( o n t  i i  na m a t e r i a l s  ab s - nt  in  t h e  c r u D - inn hiding

- 
- . .

PRECEDII~fl PAGE BLANK..NOT ?III€D ~~~~~
______ ~~~~ ~~~~~~~~~~~~~~~~~ 
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T.\hI.l I . I t  i - c  I l r m n i l r o t I c l . . ’n ( s P r - sen t  in  ( ‘ r u de
I N I I ’ t . - ‘ I r i d  ( IV  0 l ! : i  I t - i t  1~ l- l . 5 5

Cp d. St r i f t  t i r a !  nt . p .  
I g n i t i o n

n o .  tot ’: atiI - i l o t  i S ine  
& •t I ;~ 7, R e f .

( I I  
-

- 

~~~~

2 , -’. , t -  I ’ n i n i t f ’ ~~to1uel1e 8().N fl) 9 1— 9 5 I - -I

NO

CII

2 2 , !, ‘a-! r i n i t r o t o l u e n . .’ 112 302 1 . 4 — 1 . 6  1—1 0

- 2,” ,S— !i - i n i r t ’ toluettt - l)”a— N )A .S ~~~ 2 . h - ’ . 7 1 h ,
- 11 ,

5 1  - 

12

Cu -

3 , ~~~, 5-Tr in i r r t t oltiene 137. 5 3 1 3  0 .0 0 2-  1—3 ,
~~~~~ 

~-~~~~~~~~~- 0 .O f lh  5 , 1 3 ,

( II 
-

Ci  
i~( )

,~ 

2 , 3 ,5- ’! r init rlbtoluene 97.5 32 0.01— 1— 3 ,
0 , N~~~~~~N I )  () . - ‘~ i , 15

I) , N ‘--h N IP
1O~ 

- 2 , l , 6— ’ r rj nj t r o t o l u e n e  111.5- 335 0 . 1 ) —  1~~5 ,
-.‘-,

- 55) 112.5 0.4

Data  of P i  5.
Dui t , i  of R e f .  - 4. Other impurities i nc lu d e  d i n i  t r o t o l u e i i e s ,

t r i n l t r o h e n z e n a - s , d i— and t r i n i t r o c r e s o l s , t r i n i t r o b e n z o i c  a c i d s , and
t e t r a n i t r o m e t h a n e .

Re f e n t ’n , - & ’ : - i - f o r  t o  d a t a  itt t h i s  Table ;ind to p u b i  i i t i t l o i i s  Oil

. it  t h e , : i s  n iri c t  rue t i t i ’. -  i t  e l  i tt this report . 

-. - . ~~~- - -~~ — -
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2 .  impur i L i t ’. Present in TNT P r e p a r e d
by a C o n t i n u o u s  Pr u , , -ess °

A ppr lx imua t e maxim ut. u -am a)

- - l n t e l ) t r , ~t i O n  (5 ,

F u r . i s h e d

- a , - 0 . 2 5  0 .2 1
0.50 0 .50

2 , 3— [l : n i r r , L :  :, ‘n. ’ 0 .05 ( 1.05
2 , 5 — D i n i t r o t l~~ ‘ , ‘ l t C  0 .10 0. 10
1 , T.-t~~ n i t r o i .  0 . -a.’ 0.1 1) 0.10
3 , 5 — ) i a i : r ,  t o l , , - :,- 0 .01 0.0 1

- 1 - . - : . - 2 . 5 0  0 .3 0
2 , 5 , - .- - i r i a i t i ’ - - t t t i e n e  1 .75 0 2 1 u
2 , 3 , ’ — r i n i t r - r iu e n e  0.50 0 .05
2 , 3 , 5 — , r u n i L r , L , i u , ’ne 0 .05  0 .05

1 ,3—Si :i , r , ‘a. - : , ,- -,e 0 . 02  0 .02
L , 3 , 5— ~~r i n :~~r ’h , ’nz. ’ne 0.15 0. 10

.T , -. , 6— ’:’ r i n i t r o c c - u z y i  a l c o h o l  0 . 2 5  0 . 2 5
2 , 4 , tu— ~~r in 1 tr ob e n z a ; d e h v d e  0.25 0 2 5
2 . , O — i r i : i t r - , ’ , - : u -i o t c  a c i d  0 .90  0 . 0 5
,— Sit r ,Lo—2 ,4, ,— tr inht ro ~ o1uene 0 .10  0 . l O
~‘t t~ .l5 t m a,, t a rT,~ 0. 10 none

2 , 2 ’ — D i c a r h o x v —  3 ’ , 5 , t ’ — t e t r a m i i t r o —  0 .35  0 .05
azo xv b i n  z u - u ,  -

2 , 2 ’  ,-. ,‘i’ ,6,6’ — i)exaiiit roS I hua zy I none 0 .40
i — N ( e t h v l — 2 ’  , 5 , !. ’ ,6,ô ’—p ent anitr o- none 0.40

di p ( .-a’, lmeth.lh:e
3 ,3’ ,,,5’ —Te ir,nitroaznxybenz .a. norle  0.01

Data from 5131 , -rd Army Aamunition Plant , Radf ord , Virginia.
b 

C ,ncentrat ions listed are the maximum possible. Actual values will
be much lower.

2 , 2’ , 4 , 4 ’ , 6 , 6’ — h e x a n i t r ob i h E ’n z y l  l — m e t h y l — 2 ’ , 4 , 4 ’ , 6 , 6 ’ — p e n t a n i t r o dj
p h e n y l m eth a n e  and 3 ,l’ ,3 ,5’—terranitroazoxybenzene. These compounds
ar ise  f r o m  the  Sell  i t e  process. The fini shed p r o d u c t  01St) may c o n t a i n
small  a m o u n t s  St  t h e  im p u r i t i e s  fo u n d  in  t h e  c rude  ( a p p r o x i m a t e  m a x i m u m
concen tr,at ions tire l i s t  t ’d in ‘rob i~ 2 )

REACTION OF T R I N I T R O T O L U E N E S  WITH AWIO NIA AND A~~4 ON I A D E R I V A T i V E S

The r e a c t i o n  of t—TN1’ and i t s  isomers w i t h  ammonia and ammonia
derivatives has been studied by others . Although pure ammonium nitrate
shows no react ion w i t h  pure a—TNT , the presence of  bases p e r m i t s  re l  i - i s , -
of a m m o n i a  us-h u h can then  r e a c t .  ‘

~~

5
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L i n e , and Fiu . i l i - : i u ,’ K o r .  z i n s l i  i , ’’  and  C l i i i and R o g g i t i n i ’  ~ tifl t ed
t h a t  t h e  rea ct ion ot a — I ’ N F w i t h  a u h v d r e . t i s  itm~i o t i i t i  g . v t -  iii u n s t a b l e
a1i di t t n t  product ecnt .iining t w o  m o l e c u l . - s  of  ,trtt: t t.nit i. ‘[ h i ’ m at  & ‘r i u i l  wa s

as a b r t e , (t t red .‘rvst .I I I  tnt’ m a t e n i i i  wh ich d .-  - o n i on- _ e d  a t ]80
t o  _ ‘ O O ” C I i i  1 1) 1, ’ !‘ , , t  0 tttt11O ~~1 ,i . N ’  s t r u c t : t t  i l  t ’r mu l . i  w i - u  a s s i g n e d . in
Ii C’ t Si’ t t t , i  or i a l  t u r n t ’d d a r k .  5’lien t r i o  t i - t I  w i t  h war or i t  dec omposed  1.’

V i e l d  . i t n m o n j i : u  n i t r i t e  and u n i d e t i t  i 1i ~~d non~- r ’’~~t t u 1 1 j  i: e t ’ : , t t t ’ r i . i !  ( ne t
r t ’c, ’ u  .‘r ed - . — i ’ N i  - iS~ c u a n t p l e  ‘ t the h y d r . ’ l v s ; i i e  ,5i vt ’ .111 a n i l  V~ ; i s  o r r e —
spending It an , a i n j n n d  m i  t r o t o  i ’ ; ,,- ( f ou n t ! : “ iN , 2 1 . 5 1 ) ;  c - i l  i’d . I c
C - - l i - N I ) , : “N , . 1 1 .  3 2 ) 2 t ) t h . ’t n.’i t n p l . -s c, r . ’ t’ s i m i l , c r  ,i :ta!’ ,- n~ s, but E l i

ana I v  t i c t i ! “ i t  a I t s were u - - i t ’  t t b  I .  . i n  t I n -  p i & ‘to ’ i t  u t  udv t o t  ‘ ‘I l ion s I I c
solia t i t t  o t  — ( ‘ N I  ‘ ,‘ a~ , t r ,  , i t o d  n, i 1 ! i  ~~~~~~~ i ’a~, l - , l l s  i immon f . c  ~~
(90 lnj flUti’~.) to y i e l d  i dce j ’  t .  2 s o i nt  tan . Re’iov~~I ~‘t  t o .  sd - a - i t  g, av t-

a rod s o l i d , w i t i c l i  when treated with ‘.~‘_ i t  t - r  go t - a d a r k  , i!n ’ nl - ’ - ’co-. ’-. i i . ’ .
no i_ l en t i f  1,2 .

i~c- ,i t 1 SF1 of — ( ‘5!’ w j i lt lit ’ F h e x  i d e  ion  I eads to t i p  i i  I tim I ion
0 1 .1 l ’ o.5t)~~ ‘ &“ ( - ‘t~0tl 

‘‘ lIlt’l’llu ’ i  addtti ’t (7) , t e l  lcwo d Dv a s i t ,’ . i’ i

- ‘ t 
~
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In  m o re  ~- ‘ u ‘ - I t t  r a t  .‘d b a se  a r e d d i s h — c o l o r e d  d i o n i o n  ~9) is fo r m e d . 2 ’

By : t i i . i I u ’ pu’ w i t h  t l i€ ’  m et  o x i d e  t i d d i t  ion , t h e  a d d it  lOU t)1 two mo l t’—
ciii c’S c ’ f i t ’  us. ’ .c S i ’ t Dice , ammon i i  , to i — T N ’ !’ w ou ld  he t,’xpeo ’ t i’d to  v i  o l d
, i d c c i ’ L  s i l t  10 and c or r e s p o n d  t o  t I i e  red e r v s t a l l  inc materi al isolated
ht’~~ ’t’ i - t ’i o u s  w o r ke r s .  1 — 2 3  loss of an imoni i i t t i  n i t r i t e  f r o m  ~() could v i , ’!.!
on e or m or e  .im ino dinit t’otoluenes . l’lh ’ i t ’ l l  i o n  sh o u l d  b. cc i n v e s t  h ’ u t  ed
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I nod i n  i t  r o ts  I u t - i i i ’s ,,~— , i t )  i n ’ — -1, , t i — i I  in  it  i o t a  I ut ’nt ’ ( 1 5 )  and — a n :  in .’—
2 , t -’ — J j t t i t  t’o t o ltn ’t it ’ I .2’) ire I, ’rmt ’d Dv rt’duet t orn c i t  c -- I ’S !’ w i t h  am n h i ’n i u m
Pd! vsu It ’ id~’ . 2 t  ~~ ‘01 

i s  r e , i1 ’ t  i o n  h a s  bt’i’it I’ &’j nVeCt igatt’d li t t h e ’  p l e a t - l i t

-, s ’r k  cud Ilt’t.’ r , - t-n-i ) I s  o I i s i - i o s~ -d h~~l u - s ’ . P i o p er t  i . - ,s i ’ f  . i m i n o d i n i t  i ’ ’! . t J , j —

c ’ ln - ’ s i n -  s : i t n ma r t : ’ e ’ d  ill I 01) 10’ 3 .  ( ‘I ’h i s  t a b  1 ’  con tains , among  St I i , -r s
r e f .  ‘ 5— 52

[ho 1, - i t  i o n  0 )  t h e  iitisymme tri~- u t 1  t r i n i t r o t , ’ I u e F l ( ’ s  w i t h  :lmnionia
i~ ’ ~~I ‘ ‘ l i i sc ’ l t ’ i’u t s  l e ,ids to  Fl i t ’  a r n i n c’ d i n i t t ’ . ’ t u ’ I u i e t i , - s 6 ’~~’ ‘~~ ~~~~~~~

Ut teti in h it c h v i e l d .  ~ ‘~~“‘ A in in e s  r e t , , ’)  t o  \ ‘i i ’ l d N~~:uui l , - ; t j t cj t t s d
.in i nod t n t )  rot ulctt ’nes 

- ‘

- i W f l t -  t 1,1 react ions a r~’ s m u  1 or  t o  that I sod j o in t  ~su I f  i t t -  w i t  ii
- t- I’S ’!’ I c r0-cs (5. - I  i Ic- pr  ‘u t - C S)  in t i to  t a d i sp  1 aeenti ’n t c f  nt ’  c f  I I t t ’
n i t  i’o u ’r e t i p s  ,‘ , - C i i l a - t . For examp i .’, ri - - it t icrn u t  3 — ‘t N t ’ )  w i t h  sod i um

i I t e  T o i l s  t o  s o d i u m  4 , t — d i n i t r o — 2 — m e t I i ~’lbe n~~,_ ’t i1 - s t j l t o n , u t & -  ( 2 7 )  w i t h
.51 ito i lul L (di) 0) sod in n  n i t  r (I i’ . ° S i n t l  a r t y  , r i - a ct  ion  ci ‘3 w i t  Ii l imrnc ’t )  1, ,
j ._’:i ds 1 o S— ,itl : i t i~~— 2 , - ‘c — u i  in  i t  ro ’ to I tiOnt ’ ( 2 ! )  w i  t !i l oss  of atn ilten in n  n i t  t ’ i t~-

I t t ’S’ ’ react i - m s  di’ not  p r c ’c ’ &’ c’d bevot i d  t h e  f ’ r ’t :u : i t  it ’l l of t his d i n t  I r e t  O h l i u ’l ’i l ’

d t - r !v a t i V t ’S (no o l i c o t i n t a i t i t  r,’to ’luene’s tire t’,i rrtied ) . A I s , , , s o ’c h i u n :  s t i l t  i t . ,-
d. t’-s i t  re t, - F w i t h  d i n  t r o t  i’ I uene’s
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The r e a c t i o n  of amm o n i a  w i t h  t ! u c ~ u n sy m m e t r i c a l  t r i n i t r o t o l u e ne s  is
believed to involve formation o ’f t in  i n t e r m e d i a t e  -;igma complex similar
F 0 .i Mi ’ isenhie I n i-n complex. ‘~ ‘ “ ‘ ‘  “ ‘ “~~ Anunoti i~ i reacts as a nucleophile
itt ~lelu ilic ; the ring c a r b o n  - i t  om ortlus and para to ring—substituted nitro

~
,‘ ‘th’ - ; . For example , react io n  of  - —TNT ( 2 )  ~ i t I t  ammonia w i l l  r e s u l t  in

a t t , o -k  it t i c .,’ t—p o’u i t  1011 h i d i n g  to n i t r o n t i t e  sa l t  2 8.  Subsequent  loss
o f  n i t r i t e  ion I r on  C — I  p r o d u c e s  he iso l a ted  p roduc t  , 3— am ino—2 , 4—
c j i i l i t n ’ t o I I i , ’fl, ’ ( 1 7 ) . Ammonium ti i t r t ui i t .,’ salts such as 10 and 28 are
l u t i st  - i h i l o  , Son s i t I o, - u ’ c n ~;’~ ’ ’ i t ’ l 1 a , and s h o u l d  he cons idered  u n d e s i rab l e
iin~redi ents of - a c ’ i e :  0,-ii i i t ions.

‘II ( ‘1! —

~~ 

(;ll

* 

~~ 

~~~~~~~~~~~~~~~~~~~~ 

‘

~~~ 

- “ a

‘t’Ii e posit ion of ,‘lc nimon I -~ ot  t o e~ on t i~, isomer Fr m i t  rotolutnes to
v i c ’ ! ’ t  : i m i t ~ ) , I i n 3 t  r u t t c ’ i t c , - t i e s  h a s  l ’ & ’ e i u  t ’ ct : ih l~~:d ted  (ia!’l - 1) .  Attack
0, -c - i r s  pa o t . ’r ent  i i i  lv  ( w i t  i t  (‘ .5511 i t  ing e xc i i an g c  01 u i i  F rc ’ by a m i n o )  and a t
di  i i -r en t  r , l t e s  . in o r d er ’ of i’, i - i t’ of arom~1 L ic ring n i t  i o — arm t o
-i r~ : ( I )  a i t no - ‘ r t h ~ c t t  Lw ,,  ri i t r o  gr o u p s :  ( 2 )  n i t  r~ ’ c r  t i l t)  t o  ii n I t ro
rr,—:i ~-- and a :not,hv t ; uut ~i ( 3 )  n i t  ro o rtb o  and pa r a  to Ii i t ro  g roups .  N i t  ro
I I - r ’ I ~cc met ,i to -u nit rc ‘ i~rou p 0 no not at tac t ~l by ~cmmon I a t o  v i e ld a m i n o —

— d m u  trot otto-n. ,-S. Since -- ‘I’S’!’ is the  o n l y  trinitrololueno having a l l
ul Ire aroups mclii L -0 4_’ach c ” L h o ’ r , it is t h i c ’ o n ly  one w h i r l ,  do c ’i- t o t

‘ h r 0  t l y  pr ’- l c i c i ’  a din itro to lui tli n c Ii, - reac t ion with ammonia under known
c ’ c ’IIiI i t  i onc ;  ( ~ect ’ d i  0 ,21155  ion a b o v e)

A l l  of t h e  pos~~i I u i c  am inodinitrotol ,uenec- derived fr tm lsomeric-

l i m i t  t ’ ’t t c ’ T i i ’ ’ i ;e s by ,irnmc’iiu’!’,’si s It , 1 ’ ~’ , -  h i -c -n s yn t h o - s i  C, ’d in h u t  p r e sen t
s t u t , h v .  I~ c ) ’ . 1 1tt1rt ’  T a b l es  I and

L _ _ _ _ _ _ _ _ _ _  _ _ __ _ __ _ _

~~~~~~~~~~~~

.

~~~~~~~~~~~~~~~~~~~~



-- ---- - - L ~~~~
’
~~~~

NI4C TP 5933

TABLE 4. Products Derived b y Reaction of Ammonia
With Isomeric Trinitrotoluenes . 

-

Cpd . T r i n i t r o —  Reac t ion  P r i n c i p a l
no. toluene Form condition s product(s) Ref .

H
3

~ 

O
2
N~~~~~ NO

2 
‘u ?~ I

3~ 
-10°C C

7
H11N5O6~

’1 5, 21, 22

NO
2 NH3,CH2(OCH3)2, —S

OC c
7
H
7
N
3
0
4
” 21

CH

6 , 9
2- N1-13, C2 H

5
OH , 78 ° C iN

1
,_.L.-NI,12 

~~~~~ 11 , 12 , 45 , d

NO
2 

NO
2

0.

~ 
2~r~~

’.
~ y NH3,C2H5

011, 25°C 2 6,9,11,d

NO2 NO
2

02~~~~~~~N0 2 
~ NH .~, C

2
H

5
OH , 25°C 

O
2~~~~~~~

02 

23 l4,~/

NO 2 NH 2

CH Cl-i

~ 

r NH3,C2H5OH, 25°C 
O
2N
’
~~~~~ O2 

!~~ 
l~4

6 
o2~~~~~~

::
2 q ~~3,C2H50H, 78°C ~~ 8,l4,l6,,~

a 
Produc t described as an adduct of ui—TNT with 2 molecules of ammo-

nia. Ammonium polysuluide reduction yields 2—amino—4 ,6—dinltro tolu enc
and 4~-amino—2 ,6—dini ’..rotoluene.b Structure unknown (see text).

0-’ Produc t 17 formed in 90 to 95% yield (Ref. 12 ,45).
~ Pre sent investi gation .

13
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SYNTHESIS OF AM INODIN I TROTOLUENES

There are 16 aminodini trotoluenes theoretically possible (Table 3).
Fiftee n of these were known at the time this study was initiated .
Synthesis of the remaining unknown isomer , 3— amino—2 ,5—dinitroto luene
(a) , is described in this report. A total of eight aminodinitrotoluene
isomers were prepared in the present work. These included the five
ammonol ysis produ ...ts of the unsymmetr ical  tr i n i t r o t o l u e n e s  (compounds
U~ 

13, ,~j, 
21 and 23 , Tables 3 and 4 ) ,  the two derived by reduction of

i—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 stud y of exp lo sive behavior.

The pr inc ipal methods of syn thes i s  of the aminodinirrotoluenes  may
b e grouped according to reaction and reactant as follows :

1. Aminonol y s i s  of trinitrotoluenes
2 .  Ammonol ysis o f hydroxy, alkoxy or halodinitrotoluenes
3. R e d u c t i o n  of t r i n i t r o t o l u ep e s
!,~ N i t r a t i o n  of monon i t rot o lu id ines  and der iva t ives
5. Schmidt ri-action (hydrazoic acid) with dinitrotoluic acids

[k-tails of most of the synthetic methods employed by others m a y  be found
in the  r e fe rences  l i s t e d  in Table 3. Discussion of the  syntheses
employed in the present study foll ow-s .

Reaction of 
~~

— , — , -~~
— and V -— TNT (2 , 3, 4 and 6, respectively) with

excess ethano lic ammonia (at reflux or 25°C) gave -‘.iminodinitroto luenes
17 , 21, 23 and 13, respectivel y (cf. Table 4). The aminonoly sis product
of ~—TNT

’
~~2,3,5—trinitroto1uene , 5), 2—am ino—3,5—d initrotoluene (12) was

synthesized by an alternate route. The p—to luenesu lfonamide of ‘t—

to lu id lne (29) was nitrated in two steps to y ield first the mnono—nitr o
derivativ e 30 with 2~~ nitric acid , followed by nitration with 35%
nitric acid to yield the dinitro derivative 31. Hydr oly sis of 31 pro—
duced 12~~

0 (Scheme 1).

The red uction of -u—TNT wi th hydrogen su l f i d e  in dioxane solv en t
(ammon ia catalyst) leads to 4—amino—2 ,6—dinltrotoluene (25) as the
principal prod uct (99% by nuclear magnetic resonance (Nl~~) assay l
2—Ainino—4 ,6—dinitroto luene (15) is a minor product (1%) (Scheme II).

Reduc tion of u—TN T in ethanol solvent takes a different course
(Scheme It). A mixt ure of products is produced containing unreacted
TNT. The reduction products (ca. 50% yield total) are princ ipally 4—
amino—2 ,6—d ini trotoluene (25, 28% of the product) and 4—hy droxy lamino—
2,6—dini trotoluene (s,, 57% ) obtained by reduct ion of the C—4 nitro
gr oup (of. Ref. 17_ 38) . Formed in small amounts in these reductions are

14
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SCHEME I

CII. CII. CR

~ NI T 1 N H’rosy l -4  N H To syl -4

g > 
~~~~~~O :) N -~~~~~~~~~~~~~~~~~~

Cli ,  CII

N h l l ’ o s yl  -4 NH .

~ )
7 N 
0 

~N0~

2— am lno—4 , 6— d i n i t r o t o l u e n e  (15 , 5%) and 4 , 6 — d i n i t r o — 2 — h y d r o x y l a m i n o —
toluene (33 , 10%). Compound 33 has not p rev ious ly  been i d e n t i f i e d  as a
reduc t  ion p roduc t  of TNT. Its structure and assay and those of the
other components of the mixture were established by column chromatog—
rap hy, Nr~1R spec t r a , and mass spectroscopy.  A produc t , m .p .  155° C ,
obta ined  b y h ydrogen s u l f i d e  reduct ion  of - i—TNT and described as pure

~ has been shown by us to be a m i x t u r e  conta ining p r inc ipa l ly  15
and the  4— hy droxy hamino derivative , 32 . Pure 15 is d i f f i c u l t  to prepare
by reduction of TNT .

A sample of pure 2—am ino—4 ,6—d initrotoluene (15 , m.p . 175 to 176°C)
has been prepa red f rom 2—merhy l—3 ,5—dini trobenzolc acid (34) b y reaction
with hydrazoic acid (Schmidt reaction) .25 ,t t 3

CU CII.

0
2
N ((1

211 

II :sI)4 

02N 
~~~~~~~~~~ 

NH
2

15
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One a min o d i n i t r o t o l u e n e , 3 — am i n o — 2 , 5— d i n i t r o t o l u e n e  ( 18 ) ,  not
previously described was prepared by the reac t ions presented 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 , ~t—methvlisonitrosoacetaniIide (35) was pre-
pared in 69°/ yie-1d . t8 Cyclizatioiu of 35 to 7—methylisarin (36) was
conducted in concentrated sulfuric acid at bS to 75°C. W i thout isola-
tion , ~~ was nitrated directl y to  yield 7—methy l—5—n itro—i satin (37) in
8l~ overa l l  y ie ld f r o m  35. S a p o n i f i c a t i o n  and o x i d a t i o n  of 37 led  to
2—a m ino— ’I — m e t h y l — 5 — n i t r o b e n z o i c  a c id  38 in 96I~ y i e l d .  Emmons o x i d a t io n
of 38 w i t h  p e r o x y t ri f 1u o r o~ic e t i c  ac id  in t r i flu o r oa c e t i c  acid solvent

$ led to 2 , 5 — d i n i t r o — 3 — m e t h v l b e n z o i c  a c i d  (39)  in 75% yield. Treatment of
t h i s  acid w i t h  hydnazoic acid in  the  S c h m i d t  r e a c t i o n  p roduced  t h e
desired 3 — a r n i n o — 2 , 5— d i n i t r o t o lu en e  ( 18)  in 95Z y ie ld .

The r e a ct i o n  of 2 — n e t h y l — 5 — n i t r o a n u l i n e  (40) w i t h  f u m i n g  n i t r i c
ac id  (907,,) has been r e p o r t ed  by Kapil to produce 2 — a m i n o — 4 , 6 — d i n u t r u —
toluene ( I S ) ,  m . p .  l60° C.~~

0 (We have found  a u t h e n t i c  15 to  me l t  at 175
to 176 ° C ; S i tz m an ’  ~ r e p o r t s  m n . p .  173 to  174° C . )  In  our  hands , K a p i l ’ s
procedure  gave a ve ry  s e n s i t i v e  exp losive compound , m . p .  152 to 154 ° C
(wi th  r ap id  d ec o m p o s i t i o n  fo l l owed  by an exp los ion  w i t h  a flash; impact
s e n s i t i v i ty  1ess than  10 cm w i t h  a 2 . 5  kg w e i g h t ) .  Based on MMR , mass
spectra and i n f r a r e d  spect ra , the  m a t e r i a l  is t e n t a t i v e ly  i d e n t i f i e d  as
2— diazo—4 , 6 — d i n i t r o— 3 — m e t h y l p h e n o l  ( 4 2 ) .  Glowiak has prepared 4 — d i a z o —
2 , 6 — d in i t r o— 3 - -m e t hy lp h e n o l . 6

~~~
6 3  From the  stud y of Scilly and co-

workers the reaction may be described as proceeding through a nitramine
intermediate ( 4 l ) . 604 The mechanism of the ~~~ 

-
~ 42 convers ion  has not

been elucidated.

CH
3 cH CII

2 

o2N~~~~~~~~~~~
::o 2 ~~~ 

O 2 N
~~~~~~~~~~~ 2

17
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SCHEME I II .  Synthesis of 3—Anmino—2 ,5—dinitrotoluene (a) .

C1
3

CCH (OH)
2 

~~~~
:J

NHCOCH=NOH 

(1)
Aq. HCI , 95°

35 (69%)

CH H

~~~~~ 0
4 ~~~~~~~~~~~~~~~~~~~~~~~~ >=O (2)

HNO ,H ~~ 
N

Q 0

0
37 (8 1% f rom

3. HOAc 02N 
- 

~~~ C0 2 1h

38 (9 6% )

_ _  (5 )

;~~~ 
(75% )

~II

~_
---“---.. NO

NaN 2

so
4 O

2
N L9JNII2
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STRUCTURE AND NUCLEA R MAGNETI C RESONANCE
SPECTRA OF AMINODINITROTOLUENES

The st ruc ture of each of the isome r ic aminod in it ro toluenes (Table
3) has been carefully established by several methods. These include the
synthetic route , conversion to known compounds, chemical behav ior and
physical properties , including spectra. Much of the work on deter-
mination of the position of substituents is described in the papers of
Kdrner and Con tard i,h J

~~I~~~
U Brady and co_worker s,7,8,3

~ ,’
+6 ,~~R ,

53 ,5~
C iua , 11 ,2 3 ,55 Cohen 30 32 and Robinson. lO , °iS

In the present study high resolution proton NMR spectra of the
eight aminodinitrotoluenes prepared have been determined . Their NMR
parameters and those of u—TNT , 4—hydroxylamino—2,6—dinitrotoluene and 2—
hy droxy lamino—4,6—din itrotoluene 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, respec tively) and or tho hydrogens
(J = 9.11 and 8.82 Hz for compounds 13 and 17, respectively). Weak
coupling between the ring hydrogens and the methyl group is also observed
(J -~ 1 Hz); coupl ing constants are strongest for ortho and weakest for
meta hydrogens.

STABILITY OF AMINODIN ITROTOLUENES

Of the 16 pos sible aminodin itro toluenes, eight have been synthe-
sized in the presen t work , including all those derived by ammonolysis of
unsymmetrical tninitrotoluenes and reduction of u—TNT (Table 3). Physi-
cal propert ies are summarized in Table 3. All of the aminodinitrotolu—
enes are stable , crystalline solids with melting points ranging from
94°C (3—am ino—2 ,4—dinitrotoluene , ~~~) to 217—218°C (2—amino—3 ,5—d initro—
toluene , 12); the remainder have melting points between 125—200°C.

Decomposition temperatures (first exotherm) were established by
d ifferential thermal analysis (DTA) for eight aminodinitrotoluenes
(ii i 13, 15, 17 , 18, 21, 23 , and 25). These temperatures are listed
In Table 3 and the DTA curves are presented in Figures 1 through 8.
The curve for -o-TNT is included for comparison (exothermic decomposition
a t 320°C, Figure 9). With the exception of compounds 

~1 
and 23 which

exhibit initial decomposi tion tempera tures 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 (17 and 23) 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, ~~~ , ~~~, ~~~~~~ and 26) would be expected to have

19
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c l o d  I ~
- s lb  i i  i t  V I ian 17 and  2 3 and to  rosemb I e most  c I o~,t ’  I y 1 2 , 1 3 ,

1~~ , 1° , ‘I , and  2 iii their st abilit y , i.e., de co m p o se  n e ar  300 to 325° C.

~It ’.I-~i ll ~I d imp .R-t sensit iv i t ies of the e i g h t  a n i ln o d i n i t  r o t o lu en e s
12 . 1 ~, i~~ , 17 , 18 , 2 ! , 2 3 , and 25) i n d i c a te  very  h i gh s t a b i l i t y  of

I Ih-st - ~- i~mpo~iiuds .  V a l u e s  obtained (35 mg samples; 2.5 kg wei ght) were
or II~~I I  180 cm , t ho ’ l i m i t  of t he  I n st  rum I _’n t ; t h e  re I t -  ri-n i - &-  va I uc

I or — ~N I waa  75 ~m .  Uric except ion is 4—amino-- 2 , 6 — d i n  i t  r ot o  I uen l  (2 5 )

~s i i l t l i  I i i;  au  imp act s e n s it iV i t y  ~ t 169 cm .

CON Cl U SI ON S

I t I ( O f l C  l ( I d t - d  f r om t ho present study t h a t  the au I nod i 01 rot  o l  u —
ones • is a g r ou p ,  ar e  rather s t  able compounds  —— m u ch  nor  s t a h l e  to
i m p u -  t ian u — T N t  i t s e l f  . T hey  are also very 51 ab Ic t o  hea t  . Thus
a I t l i o i i gh  i5er  t a in  .im i no~I iii t ro to luenes c o u l d  cone L i  v , ih  l v  f o rm by react i o n
‘I ,i ~I flu ‘ci a w i t  Ii t r i  ~~~ a m o u n t s  of TNT iSomers  p resent  in crude 1’NT - h ece
N -id ion  p r 5 d u c t s  •~ro no t  sonsit. lvi- ex p l o s i ve s .

EXPER i MENTAL SECT I ON

I n f r a r e d  s p e c t r a  were  d e t e r m i n e d  on a Perk in  E l m e r  Mod e l  13 7 ;  1 H
N MR spec r i  were d e t e r m i n e d  on a Va r i an  X i — I  00 sp t - u - t r om et  er W~ tt i

T r an s f o r m  l e ch n o l o gv  TT—l00 pulsed  F o u r i e r  t r a n s f o r m  is -vS teun . P r o t o n
and ~C chemical s h i f t  measurement s  were d e t e r m i ned  at ‘ a .  30 ” C arid
a r t ’ r o f e r i - o c o d  to  t e t r a m e t l i v  1 si lane i n t e r n a l  s t a n d ar d . Mass sp o- - t  r i
were dot e  rm j cioil on an H i t  ac I i i  Model RM U—6E . Mel  t I rig poInts ire
c o r r e c t e d . E l e m e n t a l  a n a ly s e s  and m o l e c u l ar  wei g h t s  ( vap or  o sm o m et r y )
were d e t e r m i n e d  by C a i b r a i t h  Labo ra to r i e s , K n o x v i l l e , t 0 0 0 0 h O t( .

- r ’:- ,- ’ t  .~( u a ~~’ ‘ ‘ t I , a of a l l  samples  were d e t er m i n e d  as SlY p o s i t  lye

~- i I u i e ~ f rom 25 s h o t s  u s i n g  an impa ct  t e s t e r  (Bureau  of M in e s  d e s i g n )
1-qu i pped w i t h  a 2 .  5 k g we igh t . A n v i l s  and h ammers  wore made of K et  c’s
o i l h ar d en i n g  tool ot e e i , heat  t r eat e d  to  R o c k w e l l  C — 5 S — 6 0  h a r d n e s s .
The su r f i c e s  of t h e  tools were ground . Sample  w e i g h t  per shot  was
35 ± 2 mg .  S a m p l e s  were p laced on sandpaper , 5/ ( )  g r i t  t- ar b or u n d u m .

The hammer s u r f  ace was c leaned w i t h  ace tone  and w i p e d  d r y  a f t e r
each shot to r emov o- res idues  of p rev ious  samples .  F r e s h ly  ground
h ammers  were used after each 25 shots  t o  ensure  c o n s t an t  I - - ; t l n g
c o n d i t i o n s .

Eva l ua t i on  of t he  s h o ts  was made by v i st i a  I obsorva t ion of hammer
su r f ac e  and sample .  A shot was cons ider ed  p o s i t i v e  when black r ea c t  ion
u f ) u ) t s  were formed .

30
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A l l  sa m pl t -s , w i t h  one except ion , had measured  impac t  sen s it  l v i  t i e s
great or t t i , i r i  t ice I in c i t  of t I ce i List runnent (18(1 ciii) ; 4 — a m i n o — ?  ,6—d in  it ro-
ta 1 uon e  ( 2 5 )  had a va I Ut of 169 cm. 2 , 4 , 6 — i r  in  i t roto luenc (1) - a
reference compound , produced a val ’u e of 75 cnn in the t e s t s .

1 ;1- ~~~~ — ~
‘ 

~~~~ ~~~~~~~~~~~~~~~ it - ~ a we r e determ ined on a
l’e’rk in E l m e r M o d e l  I ) S C — 1  ~ 1 us t  r otm eil t  . Sanup los of 2 to  6 mg were used and
temperature du l V o S acid g i s evo u t  ion  c u r ’z o - s  wer e-  p l o t  ted f o r  am i n o d  m i —
tr ot o l u en e s  3 , i S , ~j , 18 , 21 , 2 3 , ~~~, and o—1NI ’ (ref erenc e compound)
Ho~~t icie ~ r a t e  was I C / m m . D a t a  are plot ted in Figures 1 t h r o u g h  9. TI r e
p lot of F i -~~ur t ’ - i wa s  ob t a in e d  on a modifi ed instrument having dif ferent
sensi tiv ity Set t i n o s  which accoittits for itc ~ differen c e- in respon se magn I —

tudo relat ive to t h e  other I igures I)ecompos it ion t emperatures are l i s t  i’d
i n Table 3 . E n d o t h e r m s  correspond close lv to  obse rved  c-ap i I tary melt ing
points. Initi al exothermic maxima (usually sh a r p ,  as with -z— 1 N I )  are
,- -~uis I tiered clecocuupos it ion teinperat ures  and are  usua l  lv  a c c o m p a n i e d  by gas
evolc ct ion at t h e  same t e m p e r a t u r e . Ne I titer gas evolution nor a sudden
c-:-o ’t l i ennc  was o b ser v e d  w i t h  4 — a m i n o — 3  , 5—dinitrotoluene (23) (Figure 7);
b e h a v i o r  of 2 — a m i n o —3 , 5—di ni trototuene (12) was s i m i l a r  ( F i g u r e  1) . An
ex o t h er u n  s L o w l y  in cr e a s  ing w i t h  t e m p o r a l  u c  o was no ted  wi t i c  these  compounds ;
deounip os i t  ion t e m p e r a t u r e s  l i s t e d  in  l ab l e  I f o r  t h e s e  m a t e r i a l s  a re
m ea s c i  red at  t h e  onset ~ f the  exothenui  h i d  are t h e r e f o r e  l owe r t h a n
v a l u es  r e p o r t e d  f o r  the othe r compounds .

- — - ~ ‘-; - 4io— ,-~, I —  ; - f r ~ ~~~~~~~~~~~~~ ( 13 )  was pre pared by t r e a t i n g  2 , 3 , 6—
trin itroto luetie (t1—TNT) with excess ethanolie ammonia and h e a t i n g  t i n d e r
r e- I l ux  ac- c o r d i n g  t o  t he  procedure of K~5rner and Contardi ; ‘~ t h e  p r o d u c t
was p u r i f i e d  by recrvsta llizat ion f r o m  e thano l , n i . p .  148 t o  151 ° C.

.-
~— - u t~~~’— 2 , 4—a7 -~~ t o i l  o ’ a- ‘oc (~ j ) was prepared i n  a m a n n e r  s i m i l a r  t o

the p r e p a r a t i o n  of ~~~~, f r o m  2 , 3 ,4 — t r i n i t r o t o l u e n e  (il—TN T ) by t h e
p r o c e d u r e  of H e pp ; ’

~ the  p roduc t  was p u r i f i e d  by r e c ry s t a l l i z a t i o n  f r o m
• o ( l u e ( u d L s  a cot  ic a c i d  (2O 7~ w a t e r )  - n . p .  92 to 93 °C.

— “~~‘t — . , -l-- ’io t i ’ : - t ~ i i a ~-r t c (~ j ) was prepared by t r e a t  ing 2 , 4 , 5—
t n i n i t r o t o lc i e n e  ( y — T N T ) w i t h  excess e t ha nol i c  ammonia at 25 ° C a cco rd i n g
to  t he’ p r oc e d u r e  of liepp ; ~ r e c r y s t a l l i z a t i o n  fr o m  ac - e L  i c a c id  gave a
p u r i t t e d  p r o d u c t , m . p .  197 to 199 °C.

— 2 , . ‘— - / : ‘o ~ - t ‘ Lu r n. - ( 2 3 )  was p r epa red  f r on c  3 t ~ • 5—t r m i t  ro —
to luene  ( -

~ 
— 1  N I  ) i n  a macin c r s im i l a r  t O) t lie preparat Ion of 21; n-cry s t  i i —

I izat i on from ethano l g a ve  a pun i eel produc t , m. p.  176 to  177 ° C.

- - ! a t  -. 
~; 

2 ,4,’ ’— !’ t ’  o 1  �‘~~~~ia ,  > . ~2 i  ;~ i!- j I p i~ l .14 / f T !t ~~0

- - 

~.r0l - ~-c’( ‘- t . i P - J I I ’ - I t  ‘0 0 ‘f - 1 — u i  ‘0~ — - , ‘~~— I ~? , t ~ ‘- - - / n - f r u -  (25).
2 • ‘~ , 6—T r i f l i t  r o t  t~ I ueiie (100 g , 0.46 mol e ’)  i n  250 ml  of d ioxane was
t r e a t e d  w 1 t i i  cof l cent  r a t  t - il ammon I urn hyd rax ide (0.  5 m l )  m d  hyd rogo ’n
sit  i f  i~lt l-nchb led t. lirough , keep log t he t empe r a t  ure he low 40 ° C tint ii no
f t c r t  he r exot he rm i c react ion was l lh se  rved . - 0 ~ U4 Sul fur was removed h~’

I I t  r a t  ion . Fl it ’ pn~~d oi t - t . was i - l o l a t e d  as i t s  h y d r o c h l o r i d e  s a l t  by
p a s s i ng d r y  h v d r i i c t - i i  c h l o r i d e  i n t o  t h e  I I l t i a t e  to v i ’~’I d  38 g ( l l f l  of

3!

1;

- -5-
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~~ hydrochloride , m .p . 169 to 171°C (literature m.p. l 7 2 ’ C ‘ ). Time
salt was converted to the free base by treatment with , aqueous s o d i u m
hyroxide; recrystallization from ethanol gave crystals (MD’ recovery)
m.p. 167 to 168° C ( l i t e r a t u r e  m . p .  l69 °C ’~~; 171 to  1 7 7 °C ’ ” ; 171° C 1 ’ ) .
Analysis of the crude 25 by prot on N~~ indicated a mixtur e of 4—amino—
2,6—d lnitrotoluene (25) (99%) and 2—amino—4 ,6—d initrotoluene (15) (1%).

~,•t -Pt - f ‘
, 1, C— [r fu t - - I 1~ -~ c ‘ f t  i !~‘~~i~’ - - ‘ :‘a f t :

:~~i/ ~~i, i t t . 2 ,4,6—Tri n jtrotoluene (100 g,  0 . 4 4  mo le ) suspended in
500 ml of absolute  e thanol  c o n t a i n i n g  0.5 ml of c o n cen t r a t e d  amnion i um
hydroxide was treated with a ra p id st ream of hydrogen sulfide gas for
1 hr , keep ing the reaction t emperature at 25 to 30°C by ice—bath cool-
ing . ~~ ~ The reaction mixture was filtered to remove sulfur and t h e
f iltrate was diluted with water (1 liter) to yield 64.8 g of product
mixture , m.p. 100 to 120°C. Assay of this mixture b y column ch ro nwm—
tography on silica (elution with benzene) revealed t h r e e  p r i n c i pal bands
(grav irnetric ana l ysis): (1) unreac ted  TNT (23 % ) ; (2)  a m i x t u r e  of 4—
amino—2 ,6—dinltroioluene (25) and 2—amino—4 ,6—dinitrotoluene (15) in a
ratio of Ca. 9:1 by NMR and gas liquid chromatography a s s ay  (28% total);
and (3) a mixture of 2—tr y droxylam ino—4 ,6—dinitrotoluene (33) and 4—
hvdroxvlamino—2 , 6—dinitrotoluene (32) (49% total). The mixtures of 25
and 15 and of and 33 Could not be separated liv t h i n  layer or column
c i c r o m a t o g r a p hv on s i l i c a  or alumina . The assay was e st ab l  i sh ed  more
acc oirat l y by prot on NMR giving the values: TNT ( 2 2 Z )  - 25  ( 2 2 1 ) ,  15
(4 ) ,  ~ ( 4 4 % )  and 33 ( 8 7 . ) ;  me asu remen t s  were  made in (CD 

~~) -CO solvent
ue-i ng both me t hy l and arvi signals for integral ion . Spectra of pure
c Ompotien ts art- summarized in Table 5.

— ‘ , ‘‘— - 
‘
o

’ - - ‘ c i t 1 1  -no (32)  . A 60. 0—g aliquo t of the
d y e-  roduic t mixtur e from reduction of i—TNT w i t h  hydrogen sulfide in

t -: - mn ’ l was fract ion ,tI l v  extracted with refluxir c g henzecie in a Soxhiet
- - t r i d  on . Al ter I our single extrac t ions of 501) m l  eacl (which removed

mo~ t o f  the 2’i and is) , lice rema ining solid was extracted cont iniuously
inst II •il I was extr acted (1.5 icr). Cooling of t h e  fina l extract deposited
11 .7 ot, ‘t crystalline produc t which assayed ‘3O~

’. ~2 by th in layer chiroma —
togr,,p hc v ; ri -cr y st a l I izat ion from benzene gave very pure 32 , m .p . 143 t o
i- ~7° (literature rn.p. 141 to 145 °C 30 ); mol . w t .  c a l c u la t e d  f o r  C - H  .N 0 ,, :
.71 1. 15; found  (mass spci’trometry) 213 (parent ph- ak).

-
. — ‘.~

_ ( -
~~

_ ‘ 
~~~~~~ c o ’° Pt~~!) ] — , - — u u i t u ’ ’t1 - i ~~~ i (30) was prepared by

n i t  ra t I on  of 85.6 g ( 0 . 3 . 7 5  mole) of 2—[N—(4—t olue nt-sulfonvl ) lt o lu e- c ce’
2Y) with 257. nitric acid by t h e procedure of P l at t and S ha rp ~~

0 t o  y i e l d
‘18 g (97~~) of JO , ra.p. 176 to 178°C after rce’rvsta 11 i t a t  ion  I m m  ethanol;
l it eraturc m . p .  174 to  175 °C ’ ~

- 
‘ -—- . -‘n t ~~ — ‘ — V— I ~• ~ - , - /~~

‘ 

~~/ ) J  - - ‘ ‘ . (31) was prepared by
n i t r i t  Ion of 49.0 g (0 .1€ ,  mole) of 2— [N— (4— teu ltienes u l feni yl )]—5— n itro—
toluene (30) with I5~ nitric mel d as described l iv  P l a t t  and Sharp ~~
to y Ield 52 g (937 - of 31 , m .p. 160 to ’ 11, 1°C a t  t e l  r e  r’,- s t c l  11 a-c t Ion
from ethanol; literature m .p . 161 to l6i°(1 ”°.

12
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- — - 7 0 —2 , ; - -~~ 

-
‘ - -  1 T 

~~ - (U) was prepared by hydrol ysis of 50 g
(0. 14.7 mole) ot 3, 5—din it r o — 2 —  [ N —  ( 4 — t o l u t e i icsu  It ony 1)] toluene (

~~~~~~) with
concentrat ed sufl furic ,hc id i t  110°C”0 t o  yield 16.6 g (57%) of 1? after
recrystallization from ethano l , m . p .  215 to 217° C ( l i t e r a t u r e  m . p .  217
t o  2 l8° C~ ; m.p. 211 t o  2l3°C~~~.

-
- —-1 ” .- — _ ‘_ ‘0~

’ 
~ i-  a- ( 15)  . 2—Mv thvl —3 , ~—dinitrobenzoic acid

(1 1 . 1 g, 0.050 mole) was converted to 2—anni inio—4 ,6—d initrotoluene by the
Sc u m i d t  r e - a c t  ion accord ing  t o  t he  p r o c e d u r e  of Z h a rsk i i  - ~1. Afte r
r e ’ c r v s t a l l i z a t i o n  I irst from ethanol arid t hen from benzene there was

~) b t m i n e d  t . 0  g (6 1 ) of c r y s t a l s , m . p .  17’, to 1 77 ° C ( l I t e r a t u r e  m . p .
173 t O  i 7- ’4~’ c; crystallized from methanol

- 
‘ - o f . ’ o - I ;~~I !  1 - : ~ ( 35) was pre pared by time procedure of

Cassc -h , i u m u  from — t o  i t m i d  m e -  (0 .50 mol t ’)  t o  v i e  Id 6 1 . 0  g (69%) of c r y st a l —
h ue ’ i” , n i .  p .  120 to 1 21 °C; Sandmc’yer r - p e r t  in.  p .  121 ° C ’ ~

~~~~ - I — ;  —
~~ 

- - c :t- ‘

~~. (37 ) was p r - -p -ired by th e procedure of Casse—
b aum ~ I r om 61 g of -j—me- thcvl isonitroiso ,u -i rj ij i l  ide  (35) to yield 56.8 g
(81%) of 

~~J 
as orange crystals , m.p. 2 - ~ t o 255°( (decomposition); lit er—

t i t u r t  m.p. 248 10 249°

f — 2 - ’ - ’~, .  ~~~~~~~~~ i— . --- . ‘ 1-i ‘~~o ; s -  - ‘ ‘d (38) was prepared from 56.8 g
of 7—methy l— 5—nitrois a t in (37) by the procedure of Cassebaum ~ to yield
51.0 g (96%) of 38 as a yellow powder , in.p. 260 to 263°C (decomposition);
literature - m.p. 265 to 268°C (crude), 268° C (crystallized from acetic
acid). -

-‘ of  
~-~~

- — . —‘--;~- t - ,~ f L - o~:: ; - :~ 2 ‘Id (39) .  To t r i f l uo roace t ic ac id
(tOO ml) in a three—necked flask , chilled in an ice bath (2°C), was
add ed, w i t h  s t i r r i n g , 3.3 ml. (0.13 mole) of hydrogen peroxide (98%
assay) . Wit h - con t inued  s t i r r i n g  was added 2 0 . 3  nil (0.144 mole) of
trifluoroacetic anhydride during 0.5 hr keep ing the temperature at 2 to
3° C. To the  resulting solution was added 6.53 g (0.033 mole) of 2—
amino—3—methy l—5—nitrobenzoic acid (38) during 5 m m .  A r e f l u x  con-
denser was a t t a ched  to the flask and the ice bath removed causing the
solution to warm spontaneousl y to 42°c within 20 m m .  The reaction
mixture was then heated under r e f l ux f or 3 i-m r. The deep—orange colored
solution was concentrated to dryness under reduced pressure and the
re sidue tritur a ted with 100 ml of water . l’he insoluble produc t was
removed by f i l t r a t i o n , washed w i t h  w a t e r  and dried to y ield 5.64 g ( 7 5~~)
of 39 , m .p. 170 to 177°C; two recrys tal lizat ion s f rom aqueous me thano l
(90% methanol) gave straw—colored prisms , m.p . 180 to 181°C (61.5%
recover y); ir (KBr) 1730 cm ’

~ (C = 0).

- I o - i 7 1c ’c. Cal culated [or C~ H N  0 :  C, 42.49; II, 2.67; N , 12.39;
mel. wt . 226.14. Found : C , 42 .~~8; H , 2 . 6 9 ;  N , 12 .37 ;  mol .  w t .  230
(vapor osmonietry, chloroform) .

33
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,~~~
- — I ’ : .  t o  - ‘ / ~~~‘ ( 1 8) .  2,5—Dini t ru m—3—methy lben zofc acid

(19 , 2 .sI g, 0.011)8 mole) was d i s s o l ved  in 2 1 . 5  g of 104% s u l f u r I c  acid
(2 O ~’ so ~~, 5O~ U s o )  . While stirring and k e e p i n g  the t emperature  at S
to  10 ° C b y  i c e — b a t h co o l  j u g , powdered sodium at~ide  (0.84 g, 0.01 3 mole’)
was added c an t  ious lv  in  po r t  ions of less t h a n  1,1 g d u r i n g  1 h r .
(CA lIT ION : If the so d i um  azide is added too r~ p Id 1~~~ n exj~tos ion rnay
result.) Stirring the- mixture was continued at 0 to 10°C for 1 hr  (gas
e’vulut Ion oc-cur~- , 10 to 30 °C f or 2 hr . and 30 to 60 °c for  3 h r .  The
clark nn I xt ur e was then poareel o n t o  200 ml of c rushed  ice - to v iel d a
veil ow—orange pr o c ft i ta te - which was removed by f i I t  r a t  ion , washed w i t h
w a t e r  and d r i e d  t o  y ield 2 . 02 g (957) of 18, mn ,p. 125 to 127°C; r e c i v a —
L a  I i ’ - l t  ion f rom 9 5% ethano l gave ’ r u s t — c o l o r e d  t lakes , m .p .  12 7  to 12 8 °C
( 7 9’- re c o v e ry ) ;  i r ( K B r )  3400 , 3250 cm ( N H )

; ‘ - ,
‘

. - . Calculat ed for C .H N 0 :  C , 4 2 . 6 4 ;  H , 3.58;  N , 2 1 .32 ;
mci i .  w t .  l~~7 . l S .  Found : it , 42.71; ii , 3.62; N , ~l. 1-3 ; mel. wt . 198
(cn-t mo ncet ry  

- c h l o r o f o r m )

— - ~~~~ 
— : , ‘_ ‘ 

— - —~~~ 1: 0 0  / ( 4 0)  . 2 — M c - t h i y l — 5 - - n l t  roan i l ine
(-. 0 , 1 . 2  g ,  0 .1 1)  mot e , m . p .  107 t e  109 ° C) was d i s s o lved ~n 120 ml  ~ f
c o n l e e -u t  r a t ed  s u l f u r i c  a c i d  w i t h  S t i r r i n g  and cool j u g  to 0 ° C . Fum i ng
n i t  n c  ce id  (90 % U N O  - d = 1.5 ;  15 ml , 0 .32  mo le )  was added d r d ’p w i se
with stirring during 15  m m while m a i n t a i n i n g  t h e  t em p er a t u r e  a t  0 °C.
lice ’ r c a e -t  ion m i x t u r e ’  was  a l l o w e d  to  warm to a m b i e n t  t e m n p e - r a t u i r e  w i t h

e c ’ c t t  inued s t i r r i n g  dur  j u g  3 icr ( p o s s i b l e  exot  h e r m i c  re-act  ion s i n c e  f i n a l
-u n p e r a  t t i r e  was 10°C 5 . It was t hen poured on to  120(1 ml of c ru~~!ue d ice

and m l  l~ wt’d to St and o v e r n i g h t .  F l u e  gummy , oi l y  p r o d u c t  was ( I  i t  o red
a rid t n  t , i r a t e - d  W I t h  e’t hi ,ino l to  y ie ld a dark—orange sol  id w h i c h  was
c i ’ .’ t a l l i : ed  f r o m l c d  h d  ac i d  to yield 2.57 g (11. 5%) o f 42 , m.p . 152 to
lS-Y~t: (vigorous deconpos it ion , fol lowed by an explosion) ; impact se-osi—
t i v i t v  t . 5  kg weight) less than 10 cm; ir (Nujol) 2200 (C N ), hh3 ()
cm~~ ; NH band s absent; NMR [ (CD .) C = 0] ~6.78(s, I , ring CH), 270(s, 3,
Chi~~), me!. wt. (mass spectrometry) 224 (parent peak); mol. wt . cal enc—
t,ited for C ,H ,N t )  : 224. 13.

.1

_
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