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SUMMARY 

Procedures are described for the synthesis of 1,3,5-trinitro-1,3,5-triaza- 
cyclohexane (RDX) , 1,3,5,7-tetranitro-1, 3,5,7-tetraazacyclooctane (HMX) fully 
labeled with nitrogen-15. 
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INTRODUCTION 

Of the compounds which are prominent as energetic materials, the nitramines, 

1,3,5-trinitro-1,3,5-triazacyclohexane (RDX) and 1,3,5,7-tetranitro-1,3,5,7- 

tetraazacyclooctane (HMX) are especially important because of the central role they 

occupy in the field of explosives and propellants (1,2). In the course of investi- 

gations in these laboratories into the mechanism of decomposition induced by dif- 

ferent stimuli (3,4), several single and multiple labeled compounds containing 

the stable isotopes 13C, 15N, l80, and H were required. 2 This report describes in 
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d e t a i l  t h e  s y n t h e t i c  procedures  employed to prepa re  i s o t o p i c a l l y  double 15N- 

l a b e l e d  HMX and RDX by t h e  n i t r o l y s i s  of  hexamethy lene te t r amie  as o u t l i n e d  

i n  Scheme I. 

SCHEME I 
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EXPERIMENTAL 

The 15N enr iched amonium n i t r a t e  and potassium n i t r a t e  used i n  t h e s e  procedures 

were obtained from S toh le r  I s o t o p e  Chemicals and contained nitrogen-15 in  99% 

abundance. Melting p o i n t s  are uncorrected.  ’H-NMR s p e c t r a  were obtained using 

a Varian Associates  T-60 spectrometer .  

Hexamethylenetetramine-15N 

1 5  Ammonia- N gas  was generated by t h e  dropwise a d d i t i o n  of a s o l u t i o n  of 5.00 g 

(0.0658 mole) of  ammonium acetate (99% 1 5 N  enrichment) i n  5.0 mL of water t o  20 

mL of b o i l i n g  30% potassium hydroxide over  a 30-minute per iod.  The amm~nia-~’N 

w a s  bubbled i n t o  10 mL of a 31% formalin s o l u t i o n  and the mixture  w a s  allowed t o  

s t and  a t  room temperature  f o r  0.5 h. Removal of t h e  excess formaldehyde and water 

a t  reduced p res su re  followed by f u r t h e r  d ry ing  by repeated a z e o t r o p i c  d i s t i l l a t i o n  
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with benzene gave 2.26 g (99%) of white c r y s t a l l i n e  he~amethylenetetramine-l~N, 

mp 263°C decomp., cons is ten t  with t h e  l i t e r a t u r e  values  (5) .  The H-NMR spectrum 

(CDCL,) exhibi ted an unresolved mul t ip le t  (5)a t  64.72. 

N i t r o l y s i s  Mixture 

1 

15 15  The mixture of H NO 3- NH415N03 used i n  t h e  n i t r o l y s i s  s t e p  was made up on a 

vacuum l i n e .  

of K 

w a s  gradual ly  warmed t o  45°C i n  a water bath and t h e  HNO 

col lec ted  a t  l iqu id  ni t rogen temperature i n  a graduated vesse l .  In  a separa te  

sec t ion  of t h e  cacuum t r a i n  ammonia gas  condensed from a tank and subjected t o  

two freeze-thaw cycles ,  w a s  d r ied  and pur i f ied  by passing it  through KOH p e l l e t s  

and condensing it  on metallic sodium. 

was d i s t i l l e d  and t h e  appropriate  volume col lec ted .  

t h e  previously prepared 100% HN03 through a breakseal  t o  give t h e  n i t r o l y s i s  

mixture having t h e  desired composition. 

RDX/HMX-15N (I1 and 111) 

The 100% HNO w a s  prepared by the  gradual addi t ion  over 15 minutes 3 
15 NO3 (5.0 g) t o  a cooled so lu t ion  of concentrated H SO (10 mL). The mixture 2 4  

3 t h a t  d i s t i l l e d  was 

After  severa l  hours of contact  t h e  ammonia 

This was then admitted t o  

To a s t i r r e d  mixture of g l a c i a l  a c e t i c  ac id  (15 mL), acetic anhydride (0.25 mL) 

and paraformaldehyde (0.35 g) maintained a t  44°C f 1 i n  a 100 mL reac t ion  vesse l  

f i t t e d  with t h r e e  5-mL pressure-equalized bure t tes ,  t h e  following so lu t ions  were 

added simultaneously and uniformly over a 15 minute period: 

mine-15N (2.1 g) i n  a c e t i c  ac id  (3.5 mL), (b) 

a n i t r o l y s i s  mixture cons is t ing  of 1.98 g of ?8-100% n i t r i c  acid (99% 15N) and 

1.72 g of ammonium nitrate-15N (99%). 

anhydride w a s  added and a f t e r  15 minutes t h i s  w a s  followed by t h e  uniform addi t ion  

over a 15-minute period of more acetic anhydride (9.0 mL) and n i t r o l y s i s  mixture 

[ n i t r i c  acid-15N (2.98 g) - ammonium n i t r a t e -  15N (2.75 g ) ]  as before. 

(a )  hexamethylenetetra- 

acetic anhydride (5.5 mL) and (c)  

An addi t iona l  1.5 mL of a c e t i c  

The reac t ion  mixture w a s  s t i r r e d  a t  44°C f o r  an addi t iona l  hour, d i lu ted  with 

Addition of 50 g of i c e  8.0 mL of water and heated a t  r e f l u x  f o r  30 minutes. 

p rec ip i ta ted  t h e  crude product which w a s  co l lec ted ,  washed with cold water and 

allowed t o  dry t o  give 4.3 g of an 85:15 mixture of HMX/RDX. 

The f i n e l y  powdered mixture w a s  extracted with ethylene d ich lor ide  (100 mL/g 

of mixture) using a mechanical stirrer t o  d isso lve  t h e  RDX. Two r e c r y s t a l l i z a t i o n s  
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of  t h e  r e s i d u e  from ace tone  gave 2.2 g of pu re  HMX, mp 275"C, lit. (2) mp 276- 

277'C. 

t w i c e  from 50% aqueous ace tone  t o  g i v e  0.6 g of material, mp 205OC, lit. (7) mp 

205°C. 

(6) v a l u e s  (HMX 66.04 and RDX 66.09). 

The RDX, recovered from t h e  e thy lene  d i c h l o r i d e  extract, w a s  r e c r y s t a l l i z e d  

1 The H-NMR p r o p e r t i e s  of t h e s e  m a t e r i a l s  were c o n s i s t e n t  w i th  t h e  r epor t ed  
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