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SYNTHESIS OF 1,3,5-TR I ( N I T R O - I 5 N )  -1,3,5-HEXAHYDROTRIAZINE, RDX-  ( l5NOo2)3 
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S i l v e r  Spring, MD 20903-5000 

SUMMARY 

The synthes is  o f  1,3,S-t r i  ( n i  t ro-1SN)- l ,3 ,S-hexahydrotr i  az i  ne, RDX- ( 15 N02)3, 

by n i t  r o l y s i s  o f  1,3,5-t r i  acetyl -1,s ,5-hexahydrot r i  az i  ne i s  described. 
A method f o r  recovery o f  t he  n i t rogen-15 l a b e l l e d  n i t r i c  ac id  no t  
consumed i n  t h e  n i t r o l y s i s  i s  a l so  provided. 
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INTRODUCTION AND D I S C U S S I O N  

15 A need f o r  RDX-( N02)3, 1, prompted us t o  i n v e s t i g a t e  e x i s t i n g  

l i t e r a t u r e  methods f o r  l a b e l l e d  o r  un labe l l ed  RDX which could be adapted t o  

prov ide t h e  t a r g e t  compound. 

was one t h a t  gave t h e  f u l l y  l a b e l l e d  ma te r ia l  (15N i n  a l l  n i t r o  groups and 

r i n g  p o s i t i o n s )  as a minor product (15%) v i a  a r a t h e r  complicated procedure 

( I ) .  

However, we d i d  modify a l i t e r a t u r e  method f o r  u n l a b e l l e d  RDX ( n i t r o l y s i s  o f  

1,3,5-t r i  acetyl-1,3,5-hexahydrotr i  az i  ne w i t h  100% n i t r i c  a c i d  and phosphorus 

pentox ide)  ( 2 )  t o  prov ide exce l l en t  y i e l d s  o f  1 (Scheme I )  as w e l l  as easy 

recovery o f  t h e  l a b e l l e d  n i t r i c  a c i d  not  consumed i n  the  react ion.  A major 

m o d i f i c a t i o n  t o  t h e  l i t e r a t u r e  procedure was a subs tan t i a l  increase (over 

f o u r f o l d )  i n  t h e  r a t i o  o f  1,3,5-t r iacetyl-1,3,5-hexahydrot r i  az i  ne t o  100% 

n i t r i c  ac id  i n  order t o  ob ta in  maximum product f rom t h e  l a b e l l e d  n i t r i c  

acid. Th is  l a r g e  dev ia t i on  from t h e  publ ished procedure requ i red  some 

The only  l i t e r a t u r e  method f o r  I 5N- labe l l ed  RDX 

Therefore, no attempt was made t o  adapt t h i s  procedure t o  g ive 1. 
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m o d i f i c a t i o n  t o  t h e  amount o f  phosphorus pentoxide and other  reac t i on  

cond i t i ons  ( coo l i ng  and r e a c t i o n  t ime) .  

While determin ing t h e  optimum procedure f o r  L u s i n g  u n l a b e l l e d  100% 

n i t r i c  acid, we found t h a t  i t  i s  abso lu te l y  essen t ia l  t o  mainta in  e f f i c i e n t  

s t i r r i n g  du r ing  a shor t  p e r i o d  immediately a f t e r  t h e  a d d i t i o n  o f  t h e  

t r iace ty lhexahydrot r iaz ine  t o  t h e  n i t r i c  acid-phosphorus pentoxide mixture. 

Otherwise vigorous decomposition o f  t he  r e a c t i o n  m ix tu re  can occur. Although 

we d i d  success fu l l y  perform an experiment i n  which t h e  r a t i o  o f  t h e  

t r iace ty lhexahydrot r iaz ine  t o  100% n i t r i c  ac id  was s i x  t imes t h e  l i t e r a t u r e  

method, t h e  a b i l i t y  t o  mainta in  e f f i c i e n t  s t i r r i n g  was considered marginal.  

Therefore, t he  somewhat smal ler  r a t i o  used i n  t h e  procedure i n  t h e  

experimental sec t i on  i s  recommended. 
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EXPERIMENTAL 

The procedures described i n  t h i s  repo r t  i n v o l v e  t h e  p repara t i on  of 

energet ic  ma te r ia l s  and should be performed behind adequate sh ie ld ing .  

l S N  enriched n i t r i c  ac id  used i n  these procedures was obtained from Cambridge 

I so tope  Laborator ies (Cambridge, MA) and contained n i t rogen-15 i n  99.6% 

abundance. 

The 



Synthesis of 1,3,5-Tri(Nitro-”N)-I ,3,5-Hexahydrotriazine 1167 

100% N i t  r i  c Aci d-I5N 

To 429 (0.312 mole) o f  a 9.6 N s o l u t i o n  o f  n i t r i c  acid-l’N (47% H15N03 

W / W )  s t i r r e d  i n  an i c e  bath was s low ly  added 20.69 (0.312 mole) o f  89% 

potassium hydrox ide i n  20 ml o f  water. 

15N was removed by f i l t r a t i o n  and combined w i t h  a d d i t i o n a l  ma te r ia l  obta ined 

by removal o f  t h e  water from t h e  f i l t r a t e  on a r o t a r y  evaporator. The d r i e d  

s a l t  (32.09) was added w i t h  c o o l i n g  t o  54 m l  o f  conc. s u l f u r i c  ac id  a f t e r  

which a vacuum (water a s p i r a t o r )  was adjusted so t h a t  100% n i t r i c  

acid-15N d i s t i l l e d  a t  45OC t o  g ive 19.09 (95%) o f  product. 

began when t h e  po t  temperature approached 1UOoC but a slow increase t o  lSU°C 

was requ i red  t o  complete the  d i s t i l l a t i o n ) .  

The p r e c i p i t a t e  o f  potassium n i t r a t e -  

( D i s t i l l a t i o n  

R D X - ( ~ ~ N O ~ ) ~  Q) 

A 50 m l  three-necked f l a s k  con ta in ing  8.Ug (0.056 mole) o f  phosphorus 

pentoxide was equipped w i t h  a magnetic s t i r r e r  and a r e f l u x  condenser 

( d r i e r i t e  tube)  and immersed i n  a c o l d  (lU°C) water bath. 

1 5 ~  (17.99, 0.28 mole) was added a l l  a t  once w i t h  s t i r r i n g  and a vigorous 

exothermic reac t i on  ensued. A f t e r  t h e  r e a c t i o n  subsided, t h e  c o l d  water bath 

was replaced w i t h  a water bath a t  30OC and t h e  m ix tu re  was s t i r r e d  u n t i l  t he  

phosphorus pentox ide was evenly dispersed. The r e a c t i o n  f l a s k  was then 

q u i c k l y  imnersed i n  a c o l d  (lO°C) water bath and immediately 2.59 (0.0117 

mole) o f  1,3,5-tr iacetyl-1,3,5-hexahydrotr iazine ( 3 )  was added a l l  a t  once. 

(Caution !! E f f i c i e n t  s t i r r i n g  t o  p rov ide  good heat exchange i s  essen t ia l  a t  

t h i s  po in t .  

t o  dam up behind i t  and become charred). A f t e r  t he  vigorous exothermic 

r e a c t i o n  subsided t h e  co ld  water bath was replaced w i t h  a water bath a t  35- 

40OC. The r e a c t i o n  mixture was h e l d  a t  t h i s  temperature u n t i l  foaming 

subsided (about 1 hr.) and then was s t i r r e d  i n  an o i l  bath a t  65°C f o r  1 hr. 

lUUZ N i t r i c  ac id -  

A thermometer should not be’ i n  the  f l a s k  because s o l i d s  w i l l  tend 
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(Slow r e f l u x  a t  55OC occurs d u r i n g  t h e  l a t t e r  h e a t i n g  p e r i o d ) .  

was coo led  t o  35°C and poured on to  i c e  and t h e  s o l i d  p r e c i p i t a t e  was removed 

by f i l t r a t i o n  and washed w e l l  w i t h  wa te r  t o  g i v e  2.389 (91%) o f  L, mp 202- 

204"C (dec.) .  C r y s t a l l i z a t i o n  f r o m  acetone-water  gave 2.299, mp 2U3-204'C 

(dec.). 'H-NMR [(CU3)2C=Ol 6.3U ( t ) .  

The m i x t u r e  

Aqueous po tass ium hyd rox ide  was added w i t h  c o o l i n g  t o  the f i l t r a t e  f r o m  

wh ich  L w a s  removed u n t i l  t h e  pH reached 11. Most o f  t h e  wa te r  was t h e n  

removed on a r o t a r y  evapora to r  t o  g i v e  a v iscous  m i x t u r e  wh ich  was coo led  t o  

-5OC and f i l t e r e d  t o  g i v e  13.49 o f  po tass ium n i t ra te -15N.  

m a t e r i a l  was conver ted  t o  7.49 o f  IOU% n i t r i c  acid- l 'N wh ich  was used as above 

t o  g i v e  an a d d i t i o n a l  0.969 o f  1. 

T h i s  recovered 
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