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PREPARATION OF 1,3,5-TRIAMINO-2fi,6-TRlNlTROBENZENE FROM 
3,5-DICHLOROANISOLE 

D .  G. O t t  and 1. M. Benziger  

Explos ives Technology Group 

Los Alamos Na t iona l  Laboratory ,  U n i v e r s i t y  o f  C a l i f o r n i a  

Los Alamos, New Mexico 87545, U.S.A. 

ABSTRACT 

N i t r a t i o n  o f  3 ,5 -d i ch lo roan iso le  under r e l a t i v e l y  m i  I d  con- 

d i t i o n s  gave 3.5-dichloro-2,4,6-trinitroanisole (DCTNA)  i n  h i g h  

y i e l d  and p u r i t y .  Amnonolysis o f  t h e  DCTNA a f f o r d e d  1 ,3 .5 - t r i a -  

mino-2 .4 .6 - t r in i t robenzene (TATB). Treatment o f  OCTNA w i t h  t h i o -  

n y l  c h l o r i d e  and dimethylformamide gave 1,3,5- t r ich loro-2,4,6-  

t r i n i t r o b e n z e n e  (TCTNB). Ammonolysis o f  TCTNB a l s o  produced 

TATB. Comparisons o f  these rou tes  w i t h  t h a t  s t a r t i n g  f rom n i -  

t r a t i o n  o f  1,3,5--tr ichlorobenzene have been made. 
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I N T R O D U C T I O N  

T r i a m i n o t r i n i t r o b e n z e n e  (TA18,  1) i s  an e x p l o s i v e  w i t h  un- 

usual  i n s e n s i t i v i t y ,  s t a b i l i t y  a t  h i g h  temperatures,  and respec t -  

a b l e  performance.' Ex tens i ve  examinat ions o f  i t s  p r o p e r t i e s  

have shown t h a t  TATB o f f e r s  a degree o f  s a f e t y  f o r  exp los i ves  ap- 

p l i c a t i o n s  t h a t  i s  un ique.  I t s  h i g h l y  hydrogen-bonded and symne- 

t r i c a l  s t r u c t u r e '  i s  undoubtedly  t h e  reason f o r  much o f  i t s  ex- 

t r a o r d i n a r y  chemical and p h y s i c a l  behavior ,  such as i t s  i n s o l u -  

b i l i t y  i n  o rgan ic  s o l v e n t s  and m e l t i n g  p o i n t  above 400°C. The 

compound was f i r s t  syn thes i zed  i n  1887 f r o m  t r i b r o m o t r i n i t r o b e n -  

~ e n e . ~  TATB has a l s o  been p repard  on a l a b o r a t o r y  s c a l e  f rom 

2 , 4 , 6 - t r i n i  t r o t 0 1  uene th rough  s e l e c t i v e  r e d u c t i o n  o f  t h e  4-n i  t r o  

group, n i t r a t i o n  t o  p e n t a n i t r o a n i l i n e ,  and then  ammonolysis. 

Numerous s t u d i e s  have l e d  t o  t h e  procedures c u r r e n t l y  used f o r  

t h e  manufacture o f  TAT8 on a l a r g e  scale '  s t a r t i n g  f rom 

1,3,5- t r ich lorobenzene (TCB, 2). N i t r a t i o n  c o n d i t i o n s  t o  g i v e  t h e  

4 

CI CI 

H2S0,/S0, 150". 2.5 hr - 02N@No2 + 3H2S0, 

CI CI CI 

2 
NO2 
3 

+ 3 NH,CI - qN@No2 H2 N NH2 

C6H5CH3 3 + 6 NH, 
(H20) 

i n t e r m e d i a t e  1 .3 ,s - t r i c  h loro-2,4,6- t  r i  n i  trobenzene (TCTNB, 3) a r e  

severe, r e q u i r i n g  h i g h  temperature,  l o n g  r e a c t i o n  t ime ,  and 

oleum, and r e s u l t  i n  f o r m a t i o n  o f  a s i g n i f i c a n t  amount o f  by-pro- 
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duct. The procedures reported here offer two alternative routes 
to TAT3 starting froin 3,5-dichloroanisole (DCA, Q)--one by direct 
airriiionolysi s of 3,5-dich loro-2,4,6-t ri ni t roani sole (DCTNA, 2) , and 

4 
NO, 
5 

another through its prior conversion to 3. The principal advan- 

SOCI,, DMF 

C,H,CH,, 9S0, 1 hr 
5 L 3 + CH,CI + SO, 

tages are the ease of nitration of 4, as compared to 2, and the 
purity of product 5, which is produced rapidly in high yield. 
Development of a continuous nitration process for production of 5 
from 4 (which is not practical for 3 from 2) appears feasible. 
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.~ DISCUSSION AND RESULTS 

The c o n d i t i o n s  necessary t o  e f f e c t  i n t r o d u c t i o n  o f  t h e  

t h i r d  n i t r o  group i n t o  t h e  t r i c h l o r o  compound 2 t o  produce 3 were 

q u i t e  s t renuous;  excess 90 o r  95% n i t r i c  a c i d  (4 .35 moles p e r  

mole o f  2) and 25 or 20% oleum (20 moles) were used a t  a r e -  

a c t i o n  temperature o f  150°C w i t h  v igorous s t i r r i n g  f o r  2.5 

hours. ’  A f t e r  t h e  r e a c t i o n  m i x t u r e  was quenched w i t h  wa te r ,  

t h e  p roduc t  was i s o l a t e d  i n  91% y i e l d  and 89% p u r i t y .  The 

by-products  were o t h e r  n i t r a t e d  chlorobenzenes. p r i m a r i  l y  

1,3,5-trichloro-2.4-dinitrobenzene (€I) (3%) and 1 ,2 ,3 ,5 - te t ra -  

chloro-4,6-dinitrobenzene (1) (8%).  The convers ion was 0.80 

mole o f  3 p e r  mole o f  2. For  subsequent ammonolysis o f  3 t o  1 i t  
was unnecessary t o  remove e i t h e r  6 o r  7 ,  because b o t h  a r e  q u i t e  

u n r e a c t i v e  toward ammonia. The t e t r a c h l o r o  compound 2 was formed 

f rom t h e  d i n i t r o  i n t e r m e d i a t e  b and c h l o r i n e  ( o r  a c h l o r i n a t i n g  

species)  t h a t  had been generated by  o x i d a t i o n  of 6 .  For  t h e  o p t i -  

CI 

3 6 + 3 p*] - 3  

NO2 
7 

mum c o n d i t i o n s  o f  t ime ,  temperature,  and concen t ra t i ons  s tud ied ,  

i t  was shown t h a t  a p o r t i o n  o f  t h e  i n t e r m e d i a t e  ( e q u i v a l e n t  t o  

app rox ima te l y  0.03 mole p e r  mole of t h e  s t a r t i n g  m a t e r i a l  1) was 

o x i d i z e d  t o  g i v e  carbon d i o x i d e  (0.18 mole) and t h e  a c t i v e  c h l o -  
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r i n e  (0.09 mole), which then  reac ted  w i t h  a d d i t i o n a l  b ( e q u i v a -  

l e n t  t o  0.09 mole o f  1) t o  g i v e  compound I (0.09 mole) .  

Because o f  t h e  a c t i v a t i n g  e f f e c t  o f  a methoxyl group on 

e l e c t r o p h i l i c  a romat i c  s u b s t i t u t i o n ,  n i t r a t i o n  o f  5 would be e x -  

pected t o  proceed more r e a d i l y  t han  n i t r a t i o n  o f  2. Th is  was i n -  

deed found t o  be so, and 5 was ob ta ined  i n  e x c e l l e n t  y i e l d  a t  

lower  temperature (100°C) w i t h o u t  t h e  n e c e s s i t y  f o r  a l a r g e  e x -  

cess o f  n i t r i c  a c i d  o r  use o f  oleum, and w i t h o u t  f o r m a t i o n  o f  a 

by-product analogous t o  1. Owing t o  t h e  r a p i d i t y  of  t h e  r e a c t i o n  

and t h e  r e l a t i v e l y  m i l d  c o n d i t i o n s ,  development o f  a cont inuous 

process appears t o  be q u i t e  f e a s i b l e .  Complete convers ions were 

obta ined even when t h e  excess o f  n i t r i c  a c i d  was o n l y  f i v e  pe r -  

cen t  over  t h e  c a l c u l a t e d  amount; t h e  r e a c t i o n  p e r i o d  was l o n g e r  

( two hours) ,  and a h i g h e r  temperature was used (125°C). b u t  such 

a procedure i s  advantageous when use o f  minimum amount o f  n i t r i c  

a c i d  i s  d e s i r a b l e ,  such as f o r  syn thes i s  o f  t h e  n i t rogen-15  l a -  

be led  analog. 

Compound 5 has been prepared by a d i f f e r e n t  r o u t e  and f o r  

another  purpose5 s t a r t i n g  w i t h  2, which was n i t r a t e d  t o  t h e  d i -  

n i t r o  compound 6. One o f  t h e  c h l o r o  groups was d i s p l a c e d  w i t h  

sodium methoxide t o  g i v e  3 .5 -d i ch lo ro  2 , 4 - d i n i t r o a n i s o l e ,  which 

was f u r t h e r  n i t r a t e d  t o  produce 5. The p roduc t  was conver ted by 

bas i c  h y d r o l y s i s  t o  t r i n i t r o p h l o r o g l u c i n o l .  

Displacements o f  b o t h  t h e  c h l o r o  and t h e  methoxyl groups o f  

- 5 by ammonia occurred r e a d i l y  t o  g i v e  1. Whether d isp lacement  o f  

a methoxyl group was f a s t e r  o r  s lower  than  a c h l o r o  group was n o t  

determined, because t h e  r a t e s  f o r  i n t r o d u c t i o n  o f  t h e  second and 

t h i r d  amino groups were much f a s t e r  t han  f o r  t h e  f i r s t .  Conse- 

quen t l y  ammonolysis r e a c t i o n s  u s i n g  l i m i t e d  amounts o f  ammonia 

g i v e  a m i x t u r e  o f  1 and s t a r t i n g  m a t e r i a l  (3 o r  5 ) .  with o n l y  

ve ry  small  amounts o f  mono- and di-amino compounds. However, 
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from reactions in which mixtures of 3 and 5. were treated with 
limited quantities o f  ammonia, it was found that 5 reacted sev- 
eral times faster than 3 (lable 1). lhus attack by ammonia proba- 
bly occurred preferentially at the carbon bearing the methoxyl 
group, which i s  consistent with the electron deshielding evident 
from the 13C-NMR chemical shift (146 ppm). 

TABLE 1 

Competitive Reactions of Dichlorotrinitroanisole ( 5 )  and Trini- 
trotrichlorobenzene ( 3 )  with Ammonia" 

Unreacted Reacted 

5 - 3 5/3 - 3 5/3 -~ 5 - 

0.0 0.50 0.50 1 .oo 0.00 0.00 - -- 
1.5 0.29 0.43 0.67 0.21 0.07 3.0 
3.0 0.13 0.31 0.42 0.37 0.19 1.9 

4.5 0.02 0.15 0.13 0.48 0.35 1.4 
5.5 0.00 0.00 --- 0.50 0.50 1.0 

* Quantities are in millimoles. Limited quantities of ammonium 
hydroxide (15 bl) were reacted with 5 and 3 (0.50 mmol each) in 
toluene (4 ml) for 2 days at room temperature. The filtered tol- 
uene solutions o f  unreacted 5 and 3 were evaporated, the residues 
were taken up in deuterochloroform. and the relative amounts of 5 
and 3 were determined by quantitative 13C-NMR spectroscopy. 
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For certain applications of 1 it is desirable that its 
median particle size be around 50 pm. To favor crystal growth o f  

such an insoluble material to this size necessitated development 
of procedures in which the rate of ammonia introduction into a 
toluene reaction mixture containing 3 was controlled and the re- 
action temperature was 150°C.1 Addition of water to the amrno- 
nolysis reaction reduces the small amount of ammonium chloride 
entrapped in the product crystals, but otherwise appears to have 
no affect on the reaction. Amnonolysis at low temperatures re- 
sults in 1 precipitating as extremely small crystals. However, 
extensive side reactions occurred when ammonolysis of 5 was car- 
ried out at elevated temperatures. Various solvents and condi- 
tions were investigated, but pure product could be obtained only 
when the ammonolysis was conducted at temperatures below about 
5OOC. The material was thus of small particle size (90% of the 
particles were less than 10 pm), which for certain purposes is 
entirely satisfactory or perhaps preferable. Recrystallization 
of 1 is impractical on a large scale. When small amounts of ma- 
terial of extremely high purity are desired, however, 1 may be 
recrystallized with essentially complete recovery from dimethyl 
sulfoxide or diphenyl ether. 

In the high temperature amnonolysis o f  5 the principal side 
reaction is displacement of the methyl group by chloride ion to 
form the ammonium salt of 3.5-dichloro-2,4,6-trinitrophenol. The 

0- 

CI- + CH3CI S 

reaction does not occur at lower temperatures because of the in- 
solubility of ammonium chloride in toluene. When better solvents 
for the chloride, such as dimethylformamide o r  dimethyl sulfox- 
ide. are used or added to the toluene. the yield of 1 is greatly 
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reduced, even a t  low temperatures.  Another  s i d e  r e a c t i o n  t h a t  

occurred i n  a c losed  system a t  e l e v a t e d  temperature was r e d u c t i o n  

of some of  t h e  n i t r o  groups by t h e  l i b e r a t e d  methanol. When t h e  

a m o n o l y s i s  r e a c t i o n s  were conducted a t  ambient  temperatures and 

i n  r e l a t i v e l y  n o n - p o l a r  so l ven ts ,  none o f  t hese  s i d e  r e a c t i o n s  

s i g n i f i c a n t l y  a f f e c t e d  t h e  p u r i t y  o f  'I. which was obta ined i n  

y i e l d s  g r e a t e r  t han  95%. 

The d i c h l o r o p i c r i c  a c i d ,  co r respond ing  t o  f3, was r e a d i l y  

conver ted t o  3 w i t h  t h i o n y l  c h l o r i d e  and a c a t a l y t i c  amount o f  

dimethylformamide. However, d i r e c t  conve rs ion  o f  2 t o  3 can be 

accomplished i n  e x c e l l e n t  y i e l d  and p u r i t y  when a s t o i c h i o m e t r i c  

amount o f  d ime thy l  formamide i s  used. W i th  c a t a l y t i c  amounts t h e  

r e a c t i o n  i s  slow, and ( j u d g i n g  f r o m  t h e  r e d  c o l o r  o f  t h e  m i x t u r e )  

t h e r e  was some r e d u c t i o n  o f  n i t r o  groups t o  azoxy. The f i r s t  

s tep  i n  t h e  d isp lacement  o f  methoxyl by  c h l o r o  i s  p robab ly  e l i m -  

i n a t i o n  o f  t h e  methy l  group as me thy l  c h l o r i d e  fo l l owed  by d i s -  

placement o f  t h e  oxygen f u n c t i o n ,  e i t h e r  th rough  t h e  c h l o r o s u l -  

f i t e  e s t e r  o r  t h e  V i l s m e i e r  complex. A l though  p roduc ing  3 f r om 5 
e n t a i l s  one a d d i t i o n a l  s t e p  ove r  i t s  p r o d u c t i o n  f rom 2, t h e  ove r -  

a l l  y i e l d  and convers ion  a r e  h i g h e r ,  t h e  p r o d u c t  i s  o f  h i g h  p u r -  

i t y  (no by-product analogous t o  l ) ,  c o n d i t i o n s  f o r  t h e  n i t r a t i o n  

of 4 a r e  m i l d e r  and o f f e r  t h e  p o s s i b i l i t y  f o r  a cont inuous p r o -  

cess, and l e s s  waste i s  generated.  

EXPERIMENTAL PART 

3 ,5 -D ich lo roan iso le  was purchased f rom t h e  A l d r i c h  Chemical 

Company. NMR spec t ra  were ob ta ined  w i t h  a JEOL FX-90-0 spec t ro -  

meter o p e r a t i n g  a t  89.6 MHz f o r  'H, 22.5 MHz f o r  13&, 6.47 

Mhz f o r  14N, and 9.08 MHz f o r  15N.  C h e m i c a l - s h i f t  r e fe rences  
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( a  = 0 ppm) were t e t r a m e t h y l s i l s n e  f o r  'H  and 13C and e x t e r -  

n a l  n i t romethane f o r  14N and 15N.  T h i n - l a y e r  chromatography 

( I L C )  employed f l u o r e s c e n t  s i l i c a  g e l  p l a t e s  (1  X 3 i n . ,  200 pm 

l a y e r  th i ckness ,  MK6F. Whatman). Spots were v i s u a l i z e d  under u l -  

t r a v i o l e t  l i g h t ;  exposure o f  t h e  developed p l a t e s  t o  amnonia va- 

p o r  o f t e n  produced spots  t h a t  were v i s i b l e  and more i n t e n s e  under 

u l t r a v i o l e t  l i g h t .  M e l t i n g  p o i n t s  were determined on a 

Fisher-Johns M e l t i n g  P o i n t  Apparatus. 

3.5-Dichloro-2.4,6-trinitroanisole (2) 
3 ,5 -D ich lo roan iso le  (35.4 g, 0.20 mol)  was added ove r  a 

p e r i o d  o f  2 min t o  a s t i r r e d  m i x t u r e  o f  n i t r i c  a c i d  (90%. 50 

ml. 1.0 mol) and s u l f u r i c  a c i d  (94%. 115 m l )  i n  a 500-ml 
three-neck round-bottom f l a s k  cooled i n  an i c e  ba th .  The temper- 

a t u r e  o f  t h e  m i x t u r e  rose t o  5OOC. A f t e r  3 min t h e  i c e  b a t h  was 

removed, and t h e  m i x t u r e  was heated f rom 35°C t o  100°C over  a 

p e r i o d  o f  8 min where i t  was h e l d  f o r  15 min. Samples f o r  ana ly -  

s i s  by TLC (hexane/acetone, 9 : l )  were taken  d u r i n g  t h e  r e a c t i o n  

p e r i o d  and showed t h e  appearance and disappearance of t h e  d i n i t r o  

i n te rmed ia te (s )  ( R f  0.12) and, f i n a l l y ,  t h e  presence o f  o n l y  

t h e  p roduc t  ( R f  0 .42) .  The m i x t u r e  was cooled t o  room temper- 

a t u r e  and poured on to  i c e .  The p roduc t  was f i l t e r e d ,  washed w i th  

water ,  and d r i e d  (61.5 g. 98.6% y i e l d ) ;  m.p. 94-95°C (95-95.5"C 

a f t e r  r e c r y s t a l l i z a t i o n  f r o m  toluene-hexane); l 3 C - N M R  (CDC13): 

= 64.6 ppm, a = 146.0 ppm, a = 122.2 ppm. a 
aMe 1 3.5 2.6 

= 82 ~ z ;  'H-NMR 
1 

143.0 ppm, a4 = 143.7 ppm, 

JC-H = 149 Hi!; "N-NMR ( CDC13) : 
1 (CDC13): a = 4.11 ppm; 

= 20.8 Hz, a = -24.9 ppm, a = -24.8 ppm, 2.6 4 

JC4-N = 19.5 Hz, 3Jc-N = 2.5 Hz; DTA: m e l t i n g  endotherm 
1 

98"C, decomp. exotherm 275°C; impact  s e n s i t i v i t y  (Type 12/Type 

128): 124cm/l31cm (crude) ,  112cm/119cm ( r e c r y s t a l l i z e d ) .  

- - 

JC2-C3, C3-C4 

1 
'C2.6 -N 
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1 ,3,5 - T r i  c h loro-2.4.6 -tr i n i  t robenzene (3) 
To a s o l u t i o n  o f  _5. (0.624 g, 0.020 mol)  i n  to luene  ( 2  m l )  

a t  50°C was added t h i o n y l  c h l o r i d e  (0.20 m l .  0.027 mol) and d i -  

methylformamide (0.15 m l ,  0.022 mo l ) .  The m a g n e t i c a l l y  s t i r r e d  

m i x t u r e  was heated t o  95°C o v e r  a p e r i o d  o f  15 min and mainta ined 

a t  t h a t  temperature f o r  ano the r  hour .  P e r i o d i c  a n a l y s i s  d u r i n g  

t h e  r e a c t i o n  p e r i o d  by TLC (heptane/dioxane, 9 : l )  showed t h e  d i s -  

appearance o f  2 (Rf 0.3) as i t  was conver ted  t o  t h e  p roduc t  
( R f  0 .4) .  The p a l e  y e l l o w  s o l u t i o n  was washed w i t h  water ,  

d r i e d  ove r  magnesium s u l f a t e ,  t r e a t e d  w i t h  a c t i v a t e d  carbon, f i l -  

t e r e d ,  and evaporated t o  g i v e  a cream-colored s o l i d  (0.600 g. 

95% y i e l d ) ;  m.p. 194-195OC (195-196OC a f t e r  r e c r y s t a l l i z a t i o n  
7 "  

C-NMR ( c o c i 3 ) :  a = 122.4 ppm, 1.3 f r om a c e t i c  a c i d ) ;  

a2.4.6 
1 ,3.j4 

= 81 Hz; N-NMR ( C D C 1 3 ) :  1 = 147.5 ppm, Jc-c ~. 
a = -26.0 ppm. 

1 ,3,5-Triamino-2.4,6-tr i  n i  trobenzene (1) 
- A .  A s o l u t i o n  o f  5 (3.12 g, 0.010 mol)  i n  t o l u e n e  (40  m l )  

i n  a 100-ml s t a i n l e s s - s t e e l  a u t o c l a v e  c o n t a i n i n g  a Tef lon-covered 

s t i r r i n g  b a r  was evacuated t o  t h e  vapor p ressu re  o f  t o l u e n e  

(30-40 mm Hg). Ammonia was a d m i t t e d  t o  t h e  m a g n e t i c a l l y  s t i r r e d  

au toc lave  f rom a 3.8-1 c y l i n d e r .  A f t e r  30 m in  t h e  pressure had 

decreased f rom 19 p s i g  t o  14 p s i g  ( co r respond ing  t o  5.5 mmol o f  

ammomia); t h e  temperature o f  t h e  vessel  r o s e  t o  about  30°C d u r i n g  

t h e  r e a c t i o n .  A f t e r  t h e  excess p ressu re  was vented t h e  au toc lave  

was opened, t h e  m i x t u r e  was f i l t e r e d ,  and t h e  b r i g h t  y e l l o w  p ro -  

duc t  was washed s e q u e n t i a l l y  w i t h  to luene ,  h o t  wa te r ,  and ace- 

tone, and d r i e d  (2.47 g. 96% y i e l d ) .  

- 6 .  Ammonia was i n t r o d u c e d  o v e r  t h e  s u r f a c e  o f  a v i g o r o u s l y  

s t i r r e d  s o l u t i o n  o f  2 (2.56 g, 8.2 mmol) i n  t o l u e n e  (40 m l )  con- 

t a i n e d  i n  a 100-ml round-bottom f l a s k .  A f t e r  abou t  7 h r  t h e  su- 

pe rna tan t  s o l u t i o n  o v e r  t h e  p a l e  y e l l o w  p r e c i p i t a t e  became c o l o r -  

l ess ,  and TLC a n a l y s i s  ( t o l u e n e )  showed t h e  absence o f  s t a r t i n g  
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mate r ia  1 ( R f  0.88) and in te rmed ia tes  ( R f  0.47, 0.35). The 

amnonia f l o w  was stopped, and t h e  p roduc t  was i s o l a t e d  as i n  4. 
above (1.99 g, 94% y i e l d ) .  

Analyses and p r o p e r t i e s  o f  t h e  products  were t y p i c a l  f o r  

- 1: "C-NMR (H2S04): 155.7, 152.7, 151.5. 114.5, 114.3, 

84.9 ppm; 'H-NHR (H2S04) :  0.51 ppm r e l a t i v e  t o  NHb = 

0 ppm; ammonium c h l o r i d e  con ten t  <0.05%; DTA exotherm onse t  

340°C; p a r t i c l e  s i z e  (% pass ing  screens): 96% <45 pm, 94% 

<20 pm, 90% < l o  urn; s u r f a c e  area: 1.82 m /g (Phote lometer) ,  
2 3.82 m /g (Ouantasorb). 

R e c r y s t a l l i z a t i o n  o f  TATB f rom e i t h e r  d i m e t h y l  s u l f o x i d e  ( 5  

g / l  a t  145°C) o r  f rom d ipheny l  e t h e r  ( 2  g / l  a t  220°C) removed 

t r a c e  i m p u r i t i e s  w i t h  e s s e n t i a l l y  complete recove ry  of  t h e  p rod -  

uc t .  

2 
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