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I INTRODUCTION AND SUMMARY 

SRI International has conducted research on the upgrading of com- 

puterized thermo-hydro code calculations and the synthesis of energetic 

materials. This project comprised four tasks, as follows. 

Task A included (1) formulating routines for inverting the P = P(T,V) 

and V = V(T,P) equations of state when isotherms exhibit a van der Waals' 

loop; (2) incorporating these routines into the TIGER code so V and T 
P 

can be used as independent variables in computing thermodynamic functions of 

of liquids exhibiting a van der Waals' loop; (3) using these routines to;, 

incorporate into TIGER the prototype equation of state for liquids for- 

.mulated at LLL by Dr. E. L. Lee; and (4) modify2ng TIGER routines to 

perform thermodynamic calculations when the concentrations of the gaseous 

species become zero: 
I 

In task B, a homopolymer of fluoro,dinitroethyl vinyl ether was 

obtained as a white, cotton-like material by bu1.k cationic polymerization. 

Work was begun on solution polymerization of fluorodinitroethyl vinyl ether. 

During Task C, studies were conducted on! the synthesfs of energetic 

compounds, especially hexanitrobenzene (HNB). The following areas were 

investigated: (1) nitration of phloroglucinol trioxime, (2) reaction of 

nitroaromatics with hydroxylamine, (3) oxidation of triaminotrinitrobenzene 

(TATB) with nitric acid, (4) oxidat.ions with trifluoroperacetic acid, 

I (5) oxidations with ozone, and (6) oxidations with chromic anhydride 

under anhydrous conditions. 

In Task D, known literature syntheses were examined and applied 

to the synthesis of new polymeric binders. An-attractive scheme for 

the synthesis and polymerization of 2,3-disubstituted oxetanes is 

reported. 



I1 DISCUSSION 

A. Task A: Thermo-Hydro Code Development 

During t h i s .  t a s k ,  we a t t empted  t o  i n c o r p o r a t e  t h e  Lawrence Livermore 

Labora to ry  (LLL) e q u a t i o n  of s ta te  f o r  wa te r  i n t o  t h e  TIGER code.  T h i s  

e q u a t i o n  of s t a t e  e x p r e s s e s  t h e  Helmholtz f r e e  energy  (A) a s  a f u n c t i o n  

of t h e  t e m p e r a t u r e  (T) and t h e  volume (V),  and i t  was fo rmula ted  by 

D r .  E. L. Lee a s  a  p r o t o t y p e  e q u a t i o n  of s t a t e  f o r  l i q u i d s .  The e q u a t i o n  

of s t a t e  is  complete  because  t h e  p r e s s u r e  (P) and t h e  e n t r o p y  (S) a r e  g iven  

by t h e  thermodynamic i d e n t i t i e s  P  = - (aA/av) and S = - (aA/aT)V. 
T  

problems w i t h  t h e  LLL e q u a t i o n  of s t a t e  a r i s e  i n  TIGER f o r  t h e  

f o l l o w i n g  r e a s o n s :  

. The r o u t i n e s  f o r  computing thermodynamic f u n c t i o n s  

of l i q u i d s  in.TIGER were fo rmula ted  w i t h  T  and P  a s  

independent  v a r i a b l e s  . 
. Thermodynamic c a l c u l a t i o n s  w i t h  t h e  LLL e q u a t i o n  of 

s ta te  i n  c e r t a i n  domains of t h e  mixed-phase r e g i o n  

a r e  d i f f i c u l t  because  t h e . i s o t h e r m s  e x h i b i t  a  van d e r  Waals'  

l o o p .  

Both of tliese problems were addressed  f i r s t  o u t s i d e  TIGER. The r o u t i n e  

EDLLEE was w r i t t e n  t o  c a l c u l a t e  p r e s s u r e  from t h e  P  = P(V,T) e q u a t i o n  of 

s t a t e .  The r o u t i n e s  EDLEEH, EDLEEL, and EDLEEB f o r  h a n d l i n g  a van d e r  Waals'  

l o o p  were w r i t t e n  and combined w i t h  EDLEE t o  form t h e  r o u t i n e  EDLEEZ f o r  

f i r s t  computing V a s  a  f u n c t i o n  of T  and P,  and t h e n  computing t h e  o t h e r  

thermodynamic f u n c t i o n s  of l i q u i d s  needed i n  TIGER as f u n c t i o n s  of T  and V .  

The r o u t i n e  EDLEEZ I u r  compucer thermodynamic f u n c t i o n s  of l i q u i d s  as 

f u n c t i o n s  of T  and V was t h e n  i n c o r p o r a t e d  i n t o  TIGER through a r o u t i n e  % 

c a l l e d  LEECON. 

I n  a d d i t i o n ,  a f u n c t i o n  of t c m p e r a t u r e  was added to  Lhe LLL e q u a t i o n  

of s t a t e  t o  o b t a i n  a  b e t t e r  d e s c r i p t i o n  of w a t e r  i n  t h e  mixed-phase r e g i o n .  



The function was constructed to obtain agreement between the calculated 

D- 
and experimental values of the chemical potential along the mixed-phase 

'line. The chemical potential was standardized along the Clausius-Clapeyron 

line to improve phase-change calculations. For this reason also, TIGER 

was modified to perform thermodynamic calculations when the gaseous 

concentrations reach zero. 

The new routines and the modified equation of state for liquid water 

were tested by performing a series of calculations using both the BKW and the 

JCZ3 equations of state to describe the gaseous phase. The first series 

of calculations showed that the new routines handle the phase-change along 

the one-atmosphere isobar. When the temperature along this isobar was 

. decreased, the gas changed first to gas-liquid, and then to liquid; this 

sequence of steps was reversed when the temperature was increased. Success- 

ful calculations were also performed in the gaseous and mixed-phase regions 

at pressures of 4.1 and 16.3 atmospheres. 

Problems encountered in the calculations', however, suggest that additional 

work is required before the new routines can be documented. The EDLEEZ 

procedure for inverting P = P(V,T) into V = V(T,P) does not converge in 

the neighborhood of the critical point, and the routine for performing 

calculations when no gas is present cannot be used with JCZ3. However, 

both of these incalculabilities are not considered to be major problems but 

rather iteration problems that can be readily solved. 

B. .Task B: Synthesis of Fluoro-Nitro Aliphatic Compounds 

The work fnr this task entailed an energelic polymer from 2,2,2- 

dinitrofluoroethyl vinyl ether for use as a binder in pressed explosives. 
I 

~do1'~hl reported the polymerization of 2,2-dinitropropyl and 

2,2,2-dinitrofluoroethyl vinyl ethers. From 2,2,2-dinitrofluoroethyl 

vinyl ether he 0btained.a viscous brown oil (MW 1500) by free radical 

initiation, and.from 2,2-dinitropropyl vinyl ether he obtained a white 

solid (MW 40UO) by cationic initiation. 

M. coburn* improved the polymerization of 2, 2-dinitropropyl vinyl 

ether (MW 20,000-100,000) by preparing the monomer by a route developed 
,f 

by Shakelford et a1. Coburn observed that the purity of monomer is 

crucial to the degree of 'polymerization obtainable. 



For o u r  s t u d y  we adopted Coburn's  p rocedure  f o r  t h e  p o l y m e r i z a t i o n  

of 2 , 2 - d i n i t r o p r o p y l  v i n y l  e t h e r .  2,2,2-Dinitrofluoroethyl v i n y l  e t h e r  

w a s  i n i t i a l l y  p repared  by t h e  method of Shacke l fo rd  e t  a 1 . 3  T h i s  i s  a 

one-s tep exchange r e a c t i o n - b e t w e e n  d i v i n y l  e t h e r  and d i n i t r o f l u o r o e t h a n o l :  

C a t a l y s t  
CH2=CHOCH=CH2 + FC.(N02) 2CH20H FC (NO2) 2CH20CH=CH2 $1) 

... 

The c r u d e . p r o d u c t  i s  p u r i f i e d  by d i s t i l l a t i o n  and pa,ssing t h e  d i s t i l l a t e  

through a lumina.  The p roduc t  i s  a  c o l o r l e s s  l i q u i d  t h a t  i s  p u r e  by gc  

a n a l y s i s .  A  number of c a t i o n i c  p o l y m e r i z a t i o n s  were conducted u s i n g  

SnC14 o r  BF3 e t h e r a t e ,  i n  s o l u t i o n  and i n  bu lk .  S o l u t i o n  p o l y m e r i z a t i o n s  

gave ye l low o i l s  of low v i s c o s i t y .  The b u l k  p o l y m e r i z a t i o n s  gave polymers 

r a n g i n g  from d a r k  v i s c o u s  o i l s  . t o  b l a c k  p u t t y - l i k e  m a t e r i a l s ' .  The d e g r e e  

of p o l y m e r i z a t i o n  was u n p r e d i c t a b l e  and v a r i e d  c o n s i d e r a b l y .  Coburn a l s o  

found t h i s  t o  b e  t h e  c a s e ' w i t h  t h e  d i n i t r o p r o p y l  v i n y l  e t h e r .  T h i s  e r r a t i c  

behav ior  might  b e  a t t r 5 b u t a b l e  t o  u n d e t e c t a b l e  i m p u r i t i e s  i n  t h e  monomer. 

T h i s  i n c o n s i s t e n c y  i n  polymer p roduc t  l e d  u s  t o  change t h e  method of monomer 

s y n t h e s i s .  

coburn4 r e p o r t e d  t h e  p r e p a r a t i o n  o f  n i t r o - c o n t a i n i n g  v i n y l  e t h e r s  

by t h e  p y r o l y s i s  of t h e  cor responding  a c e t y a l d e h y d e  a c e t a l .  T h i s  

s y n t h e s i s  d o e s  n o t  u s e  a  v o l a t i l e  a c i d  o s  a l k a l i n e  c a t a l y s t ,  which might 

con tamina te  t h e  monomer and a f f e c t  t h e  p o l y m e r i z a t i o n .  Aceta ldehyde 

bis(2,2,2-dinitrofluoroethyl)acetal was prepared  by t h e  f o l l o w i n g  r o u t e :  

The c r u d e  b i s - a c e t a l  was o b t a i n e d  i n  abou t  50% y i e l d .  The a c e t a l d e h y d e  

bis(2,2,2-dinitrofluoroethyl)acetal was..heated i n  t h e  p r e s e n c e  of anhydrous 

NaHS04 t o  150-170 '~  a t  Q1.5 mm of Hg, and 2,2,2-dinitrofluoroethyl v i n y l  

e t h e r  and d i n i t r o f l u o r o e t h a n o l  were  d i s t i l l e d  o f f  and c o l l e c t e d .  The 

two p r o d u c t s  were s e p a r a t e d  by c a r e f u l  f r a c t i o n a l  ' d i s t i l l a t i o n  and gave 

>99% 2,2,2-dinitrofluor~ethylvin~l e t h e r .  The amount of h i g h - p u r i t y  

d i n i t r o f l u o r o e t h y l v i n y l  e t h e r  was low ( ~ 3 9 % )  because  t h e  c e n t e r  c u t  

from t h e  v i n y l  e t h e r  d i s t i l l a t i o n  had t n  h e  t a k e n  t o  avo id  any con tamina t ion  



from f l u o r o d i n i t r o e t h a n o l  and low b o i l i n g  i m p u r i t i e s .  A f t e r  d i s t i l l a t i o n  

D- and immediately p reced ing  p o l y m e r i z a t i o n ,  t h e  n e a t  v i n y l  e t h e r  was passed 

th rough  n e u t r a l  a lumina t o  remove any r e s i d u a l  i m p u r i t i e s  p r e s e n t .  A 
\ 

1-g p r o t i o n  of t h e  p u r i f i e d  v i n y l  e t h e r . w a s  p laced  i n t o  a 100-ml, t h r e e -  

neck,  round-bottom f l a s k  equipped w i t h  a  mechanical  st irrer,  a n i t r o g e n  

f l u s h ,  and a n  i n j e c t o r  septum. The a p p a r a t u s  was comple te ly  f lamed o u t  

t o  remove a l l  t r a c e s  of wa te r  b e f o r e  t h e  monomer was added. The r e a c t e r  
0 

was coo led  t o  -78 C., whereupon t h e  monomer s o l i d i f i e d .  A 4-p1 p o r t i o n  
0 of f r e s h  SnC14 was added by s y r i n g e  'and t h e  r e a c t o r  was warmed t o  -15 C .  

I n  l e s s  t h a n  30 m i n u t e s ,  t h e  monomer changed t o  a  c o l o r l e s s  p l a s t i c  s o l i d .  

A f t e r  s e v e r a l  h o u r s  t h e  r e a c t o r  was warmed t o  ambient t e m p e r a t u r e  and was 

l e f t  t o  s t a n d  o v e r n i g h t ,  d u r i n g  which t ime  t h e  p roduc t  t u r n e d  l i g h t  yel low.  

The y e l l o w . m a t e r i a 1  was d i s s o l v e d  i n  5 m l  'of a c e t o n e  and p r e c i p i t a t e d  

from 200 m l  of w a t e r ,  g i v i n g  a  w h i t e  t h r e a d - l i k e  s o l i d .  T h i s  exper iment  

r e p r e s e n t s  t h e  f i r s t  t ime  t h e  monomer polymerized t o  any e x t e n t  a t  a  

t e m p e r a t u r e  below ambient ,  and i s  a l s o  t h e  f i r s t  t ime  t h a t  a  w h i t e  s o l i d  

i n s t e a d  of a . b l a c k  p u t t y  o r  o i l  h a s  been o b t a i n e d .  It i s  e v i d e n t  t h a t  

t h e  monomer..must b e  ex t remely  p u r e  f o r  i t  t o  polymerize  under  t h e s e  

c o n d i t i o n s .  

Using t h i s  new method of  monomer s y n t h e s i s ,  i t  might be  p o s s i b l e  t o  

polymerize  t h e  v i n y l  e t h e r  i n  s o l u t i o n  t o  g a i n  t h e  advan tages  of t empera tu re  

c o n t r o l  and mfxing. At t h e  t ime  of t h i s  r e p o r t ,  we were a t t e m p t i n g  t o  

d e t e r m i n e  i f  s o l u t i o n  p o l y m e r i z a t i o n  i s  p o s s i b l e .  I f  t h e  polymer can  b e  

formed i n  s o l u t i o n ,  t h e  n e x t  s t e p  would b e . t o  p r e p a r e  a t  l e a s t  5 g  f o r  

p h y s i c a l  and chemical  measurements. 

C .  Task C.: S y n t h e s i s  of P o l y n i t r o  Aromatic Compounds 

Our e f f o r t s  on t h i s  t a s k  were d i r e c t e d  toward t h e  s y n t h e s i s  of 

hexan i t robenzene  (HNB) and,  i n  p a r t ,  were a c o n t i n u a t i o n  of work begun 

undcr c a r l i c r  p r o j e c t  agreements w i t h  LLL. 

1. N i t r a t i o n  of P h l o r o g l u c i n o l  Tr ioxime 

The o n l y  r o u t e  r e p o r t e d  f o r  HNB i s  th rough  n i t r a t i o n  o f  p h l o r o g l u c i n o l  

t r i o x i m e  and subsequent  o x i d a t i o n  t o  HNB.. T h i s  r o u t e  h a s  been s t u d i e d  by 



s e v e r a l  r e s e a r c h  groups  i n  t h e  Uni ted S t a t e s ,  i n c l u d i n g  o u r s e l v e s ,  and 

i n  a l l  c a s e s  extreme decomposi t ion was no ted  d u r i n g  n i t r a t i o n .  The S o v i e t  

and German a l l u s i o n s  t o  t h i s  rou ' te  g i v e  no d a t a  on t h e  compos i t ion  of t h e  

n i t r a t i n g  medium t h a t  was u s e d ,  and hence we have s t u d i e d  a wide r a n g e  of 

n i t r a t i n g  c o n d i t i o n s .  The r e s e a r c h  was d i s c u s s e d  i n  d e t a i l  i n  p r e v i o u s  

r e p o r t s ' a n d  w i l l  o n l y  be  summarized b r i e f l y  h e r e .  

P h l o r o g l u c i n o l  t r i o x i m e  ( o r  i t s  tautomer  , 1,3,5-trihydroxylamino-2,4,6- 
t r i n i t r o b e n z e n e ,  w i t h  which i t  i s  i n  e q u i l i b r i u m )  shou ld  be  v e r y  s u s c e p t i b l e  

t o  o x i d a t i o n  and r e a c t i v e  toward n i t r a t i n g  s p e c i e s .  We have s t u d i e d  t h e  

r e a c t i o n  of p h l o r o g ~ u c i n o l  t r i o x i m e  w i t h  n i t r i c  a c i d  c o n c e n t r a t i o n s  r a n g i n g  

from 30% t o  100% w i t h  n i t r i c  a c i d - s u l f u r i c  a c i d  m i x t u r e s , ' w i t h  n i t r i c  

acid-oleum m i x t u r e s ,  and w i t h  n i t r a t e  sa l t -o leum m i x t u r e s .  ' A l l  . t h e s e  

r e a c t i o n s  a t  e i t h e r  low o r  ambient t empera tu re  were c h a r a c t e r i z e d  by t h e  

immediate appearance of a d a r k  red-brown c o l o r  upon t h e  a d d i t i o n  of t h e  

t r i o x i m e .  Work-up of t h e s e  r e a c t i o n s  r e s u l t e d  i n  red-brown t a r s  from 

which i t  was d i f f i c u l t  t o  i s o l a t e  p r o d u c t s  f o r  c h a r a c t e r i z a t i o n .  . Aromatic 

a d s o r p t i o n s  were n o t  p r e s e n t  i n  t h e  ir s p e c t r a  of t h e s e  t a r s ,  which were  

c h i e f l y  c h a r a c t e r i z e d  by c a r b o n y l  and n i t r o  ( o r  n i t r a t e )  a b s o r p t i o n .  

Elemental  a n a l y s e s  of the  t a r s  u s u a l l y  showed a c a r b o n l n i t r o g e n  r a t i o  of. . 

from 614 t o  615; t h i s  r a t i o  was n o t  a t t r i b u t e d  t o  a l a r g e r  number o f  

n i t r o g e n s  a t t a c h e d  t o  t h e  a r o m a t i c  n u c l e u s ,  Gut r a t h e r  t o  t h e  p r e s e n c e  of 

n i t r a t e d  .decomp.os.~tion p r o d u c t s .  

We do n o t  know how ( o r  whether)  t h e  German o r  S o v i e t  c h e m i s t s  p repared  

HNB, b u t  i t  is  p o s s i b l e  t h a t  i t  might have been through t h e  p h l o r o g l u c i n o l  

r o u t e .  However, i n  t h e  e x t e n s i v e  work we have c a r r i e d  o u t  t h u s  f a r ,  t h e  

n i t r a t i o n  s t e p  h a s  n o t  y i e l d e d  any p r o d u c t s  t h a t  appear  promising enough 

t o  w a r r a n t  c o n t i n u i n g  r e s e a r c h  on t h e  p h l o r o g l u c i n o l  r o u t e  t o  HNB. 

2. Reac t ion  of N i t r o a r o m a t i c s  w i t h  Hydroxylamine 

Hydroxylamine is  a n  e f f e c t i v e  r e a g e n t  f o r  p l a c i n g  a n  amino group on 

a  h i g h l y  n i t r a t e d  a r o m a t i c  n u c l e u s .  For example, t h e  r e a c t i o n  of 2.,6- 

d i n i t r o t o l u e n e  d i t h  hydroxylamine i n  b a s e  l e a d s  t o  t h e  f o r m a t i o n  of 

3-amino-2,6-dinitrotoluene i n  good y i e l d .  R e c e n t l y ,  Grudtsyn and ~ i t i c ~  



reported that either one or two hydroxylamine groups could be placed.on 

1,3,5-trinitrobenzene using hydroxylamine in Me2SO-NaOMe or MeOH-NaOMe. 

We felt that this procedure might also be a way of placing a third 

hydroxylamine group on 1,3,5-trinitrobenzene, thus arriving at 1,3,5- 

tris (hydroxy1amine)-2,4,6-trinitrobenzene, which is the desired., but 

allusive, product from the nitration of phloroglucinol trioxime. TATB 

was another possible product from the reaction of hydroxylamine with 

A brief study of this reaction showed that after acidification of 

the products from the reaction of hydroxylamine hydrochloride with 1,3,5- 

trinitrobenzene in either Me2SO-NaOMe or MeOH-NaOMe, the main product 

was picramide. Picramide yields of as high as 80% were common. Many 

unsuccessful attempts were made to place a second amino group on the 

aromatic ring, but after acidification of the reaction mixture, picramide 

was the main product. When picramide was used as a starting material, 

a stable, water-soluble, orange solid could be isolated. Upon acidification, 

picramide was precipitated with an almost quantitative recovery. 

Many researchers have studied the reactions of 1,3,5-trinitrobenzene 

with a variety of bases, and it is evident that substitutions, 1,3-additions, 

and both pi and sigma complex formations are possible. Further research 

in this area might be useful in. the synthesis of energetic compounds, but 

we.doubt that these reactions with hydroxylamine will lead to an HNB 

precursor and plan no further research in this area at thks time. 

3. Oxidation of TATB with Nitric Acid 

Although TATB appears to be a logical precursor Co HNB, its insol- 

ubility in most solvents and strong,inter- and intra-molecular hydrogen 

bonding have made it less attractive as an HNB starting material. In 

addition, there is no reason to US~'TATB as a precursor for HNB when PNA 

is available. However, in the study of the oxidation of acetylated TATB 

(described below), the question arose concerning the products from the 

o.xidatio.nof TATB with 90% HN03. A brief study on this subject showed that 

TATB reacts rapidly with 90% nitric acid at 50'~ to give a number of 

products. One of these products is trinitrophloroglucinol, which raises 



t h e  q u e s t i o n  of when d i sp lacement  of t h e  n i t r o g e n - c o n t a i n i n g  moie ty  by 

hydroxyl  o c c u r s .  I t  i s  p r o b a b l e  t h a t  under t h e  h i g h l y  o x i d i z i n g  c o n d i t i o n s ,  

a n  amino group i s  conver ted  t o  a n i t r o  group,  and t h e n ,  a i d e d  by t h e  

a c t i v a t i n g  e f f e c t  of t h e  a d j a c e n t  n i t r o  g roups ,  is  d i s p l a c e d  by hydroxyl  

i o n .  Although i t  i s  d o u b t f u l  t h a t  HNB i s  a n  i n t e r m e d i a t e  i n  t h e  convers ion  

of TATB t o  t r i n i t r o p h l o r o g l u c i n o l ,  t h i s  r e a c t i o n  i n d i c a t e s  t h e  need f o r  

a n  o x i d i z i n g  medium t h a t  i s  f r e e  of n u c l e o p h i l i c  i o n s .  

4. o x i d a t i o n  w i t h  T r i f l u o r o p e r a c e t i c  Acid (CF3COOOH) 

We p r e v i o u s l y  r e p o r t e d  a n  e x t e n s i v e  s t u d y  on t h e  a t t e m p t e d  o x i d a t i o n  

of HNB p r e c u r s o r s  t o  HNB u s i n g  C F ~ C O O O H .  Work was con t inued  i n  t h i s  a r e a  

u s i n g  s e v e r a l  s u b s t r a t e s .  

a .  -1,3,5-Triazido-2,4,6-trinitrobenzene (TAzTNB). Although no 

c o n v e r s i o n s  of a n  a z i d o  group t o , a  n i t r o  group have been r e p o r t e d ,  we f e l t  

t h a t  TAzTNB was a  l i k e l y  p r e c u r s o r  t o  HNB, and c a r r i e d  o u t  a  b r i e f  s t u d y .  

of i t s  o x i d a t i o n  w i t h  CF3COOOH. T h i s  work . i s  sumrparized i n  Tab le  1. 

TAiTNB d o e s  n o t  . r .e&ct  w i t h  CF'3COOOH a t  2 5 O ~ ,  .but .  .it w i l l  : r e a c t  

a t  r e f l u x  t e m p e r a t u r e  ( 7 4 ' ~ )  t o  g i v e  BTF and s e v e r a l  u n i d e n t i f i e d  by- 

p r o d u c t s .  The f o r m a t i o n  of BTF i s  probab ly  n o t  a f f e c t e d  by t h e  o x i d i z i n g  

medium, b u t  BTF is  t h e  expected p roduc t  from h e a t i n g  TAzTNB i n  a n  a c i d i c  

medium. S e v e r a l  o t h e r  by-products p robab ly  r e s u l t  from o x i d i z a t i o n  by 

CF3COOOH owing t o  t h e i r  s t r o n g  c a r b o n y l  a b s o r p t i o n s .  One by-product ,  which 
0 i s  s o l u b l e  i n  hexane and m e l t s  a t  106 C ,  a p p e a r s  t o  b e  a n  i n t e r m e d i a t e  

between TAzTNB and BTF. The i r  spectrum of t h i s  by-produc.t,shows t h a t  a n  

a z i d e  group is  p r e s e n t  b u t  is n o t  as s t r o n g  as i n  TAzTNB. No c a r b o n y l  is  

p r e s e n t .  

b.  1,3,5-Tris(2-hydroxyethylamino)-2,4,6-trinitrobenzene. One 

r e a c t i o n  was done on t h e  o x i d a t i o n  of 1,3,5-tris(2-hydroxyethy1amino)-2,4,6- 

t r i n i t r o b e n z e n e  w i t h  CF3COOOH. A t  ambient t e m p e r a t u r e ,  no r e a c t i o n  oc- 

c u r r e d .  T h i s  r e a c t i o n  should be  s t u d i e d  a t  e l e v a t e d  t e m p e r a t u r e s .  . 

c .  A c e t y l a t e d  T r i a m i n o t r i n i t r o b e n z e n e  (TATB). TATB was a c e t y l a t e d  

i n . o r d e r  t o  i n c r e a s e  i t s  s o l u b i l i t y  i n  t h e  CF3COOOH o x i d i z i n g  medium, f o r  



T a b l e  1 

REACTION OF TAzTNB WITH CF3COOOH 

TAzTNB TFAA 
Run No. (g, mmol) (ml> 

Time 
(min) 

6 0 
720 

Temp. 
(Oc> R e s u l t s  

2 5 BTF main p r o d u c t ;  
7 4 s e v e r a l  unknowns 

0 ' 
one w i t h  mp 106 C 

2 5 TAzTNB 

2 5 TAzTNB 

TAzTNB 

TAzTNB, BTF; 
s e v e r a l  unknowns, 

0 
one w i t h  mp '106 C 



.which C H 2 C b  o r  CHC13  i s  used a s  a s o l v e n t .  TATB is  e a s i l y  a c e t y l a t e d  w i t h  

r e f l u x i n g  a c e t i c  a n h y d r i d e  t h a t  c o n t a i n s  a  s m a l l  amount of s u l f u r i c  a c i d .  

T h i s  r e a c t i o n  was f i r s t  r u n  by M. Coburn a t  LASL, who i s o l a t e d  t h e  t r i -  

a c e t y l a t e d  p roduc t  by quenching t h e  r e a c t i o n  i n  wa te r  and c o l l e c t i n g  t h e  

product  by f i l t r a t i o n .  We found t h a t  a m i x t u r e  of t h e  hexa- and pen ta -  

a c e t y l  d e r i v a t i v e s  of TATB can  be  i s o l a t e d  by removing t h e  s o l v e n t  a f t e r  

a c e t y l a t i o n  and t h a t  t h e y  can be  s e p a r a t e d  by column chromatography. Both 

t h e  hexa- and t h e  p e n t a - a c e t y l  TATB c a n  be  conver ted  i n t o  t h e  t r i a c e t y l  

d e r i v a t i v e  i f  t h e y  a r e  s t i r r e d  w i t h  w a t e r .  

O x i d a t i o n  of t ~ i - ,  penta- ,  and hexa-ace ty l  TATB w i t h  CF3COOOH 

was done w i t h  t h e  o b j e c t i v e  of o b t a i n i n g  HNB. With t r i - a c e t y l  TATB 

e s s e n t i a l l y  no o x i d a t i o n  o c c u r r e d ,  and a l l  t h e  s t a r t i n g  m a t e r i a l  was 

i s o l a t e d .  Penta-  and hexa-ace ty l  TATB were conver ted  t o  t r i - a c e t y l  TATB 

by t h e  r e a c t i o n  medium. 

O x i d a t i o n  w i t h  Ozone 

Ozone h a s  been used e x t e n s i v e l y  f o r  t h e  o x i d a t i o n  of ca rbon  atoms 

t o  form ozon ides ,  a l c o h o l s ,  a ldehydes ,  and a c i d s .  There  a r e  no r e p o r t s  of 

ozone o x i d a t i o n  of t h e  a z i d e  o r  amino groups  t o  form n i t r o  g roups .  We have 

b r i e f l y  s t u d i e d  t h e  r e a c t i o n  of ozone w i t h  1,3,5-triamino-2,4,6-trinitro- 

benzene (TATB), and p e n t a n i t r o a n i l i n e .  These s t u d i e s  are summarized i n  

Tab le  2. 

a .  TATB and P e n t a n i t r o a n i l i n e  (PNA). I n  g e n e r a l ,  t h e s e  r e a c t i o n s  

were u n s u c c e s s f u l  and o n l y  s t a r t i n g  m a t e r i a l  o r  u n c h a r a c t e r i z e d  p r o d u c t s  of 

o x i d a t i o n  were i s o l a t e d .  However, two r e a c t i o n s  l e d  t o  r e s u l t s  t h a t  a r e  

worth  n o t i n g  i n  t h i s  summary. F i r s t ,  t r e a t m e n t  of TAzTNB w i t h  ozone gave 

smal l  q u a n t i t i e s  of BTF and p o s s i b l y  a n  i n t e r m e d i a t e  p roduc t  between 

TAzTNB and BTF. T h i s  l a t t e r  p roduc t  could  b e  of i n t e r e s t  as a CNO 

e x p l o s i v e .  These r e s u l t s  a r e  s i m i l a r  t o  t h o s e  o b t a i n e d  from t h e  

aforement ioned r e a c t i o n  of TAzTNB w i t h  90% H202 i n  Ac20/AcOH. 

Secondly,  o x i d a t i o n  of PNA w i t h  ozone i n  methylene c h l o r i d e  

gave a CClq-soluble  p roduc t  t h a t  had a n  i r  spectrum s u b s t a n t i a l l y  d i f f e r e n t  



Table 2 

OXIDATION 0: HNB PRECURSORS WITH OZONE 

ozonea Reaction Time 
(mol) Solvent (min) . Results 

Compound 
(R, moles) 

b 
TAzTNB 
(U.28, 0.83) 

Mixture of TAzTNB, BTF, and 
14 possibly an intermediate 

TAzTNB 
(0.28, 0.83) 

Mixture of TAzTNB, BTF, and 
3 0 oxidized by-products 

TAzTNB 
(0.28, 0.83) 42.0 TFAA 60 N.R. 

TAzTNB 
(0.28, 0.83) 42.0 TFAAITFA , 60 N.R. 

TAzTNB 
(0.28, 0.83) 

Mixture of TAzTNB, ' BTF, 
oxidized by-products, and 
C1CH2COOH 

TATB; CC14-soluble oxidation 
product 

TATB; CC14-soluble oxidation 
product 

TATB 
(0.4, 1.55) 

TATB N.R. 

TATB 
(0.4, 1.55) 

TATB, CC14-soluble oxidation 
product 

N.R. 

N.R. 

. . 
Mainly PNA; some oxidation 
evident , 

PNA 
(0.4, 1.22) 

Mainly PNA; highly oxidized 
by-products evident EtOAc 

Mainly PNA; trace of an 
interesting CC14-soluble 
product isolated 

N.R. 

N.R. = 

a, 4% 03 in 02 added at a rate of 2 g O3 per hr. 
b. 1,3,5-Triazido-2,4,6-trinitrobenzene. 
c. 1.3.5-Triamino-2,4,6-trinitrobenzene. 
d. Pcntanitroaniline. 
e. 1,3,5-tris(2-hydroxyethylamino)-2,4,6-trinitrobenzene. 



from PNA and c o n s i s t e n t  wi th  t h a t  expected f o r  HNB. This  m a t e r i a l  

r ep re sen t ed  only  a  smal l  percentage  of t h e  r e a c t i o n  product  and has  n o t  

been cha rac t e r i zed  f u r t h e r .  

b. P repa ra t i on  of P e n t a n i t r o a n i l i n e  (PNA). PNA is  t h e  most l i k e l y  

p recu r so r  f o r  t h e  s y n t h e s i s  of HNB. It i s  prepared i n  low t o  moderate 

y i e l d  by t h e  n i t r a t i o n  of d i n i t r o a n i l i n e  w i t h  mixed a c i d s . 6  Over s e v e r a l  

yea r s  of working wi th  PNA and from t h e  comments of o t h e r s ,  we have noted 

t h a t  r e s u l t s  i n  t h e  s y n t h e s i s  of PNA a r e  i n c o n s i s t e n t ,  w i t h  y i e l d s  ranging 

from 0% t o  40%. Our exper ience  has  shown t h a t  y i e l d s  of around 30% can 

be obtained c o n s i s t e n t l y  i f  t h e  n i t r a t i o n  r e a c t i o n  is  kept  smal l .  Yie lds  

from 1 .5  g ,  4.0 g ,  and 19  g  of s t a r t i n g  m a t e r i a l  were 45%, 30%, and 0%, 

r e s p e c t i v e l y .  I n  a d d i t i o n ,  PNA should be s t o r e d  i n  a  d ry ,  c o o l  l o c a t i o n ,  

because i t  decomposes slowly a t  ambient temperature  and i n  t h e  presence  of 

mois ture .  

3 ,5 -Din i t roan i l i ne  (3,5-DNA) can be purchased but  i t  i s  r e l a t i v e l y  

expensive and is  o f t e n  s u b j e c t  t o  backordering.  It i s  b e s t  prepared by 

t h e  method of Lathrop e t  a1 .  ,7 us ing  3 ,5-d in i t robenzoic  a c i d  a s  s t a r t i n g  

m a t e r i a l .  Because we had some 1 ,3 ,5 - t r i n i f robenzene  on hand, we used i t  

a s  s t a r t i n g  m a t e f i a l  and followed t h e  r educ t ion  procedure g iven  i n  

~ i c k e n b o  t tom8. From exper ience  , w e  have learned  t h a t  t h e  r epo r t ed  r a t i o  

of 4 . 6 : l f o r  reducing reagent  t o  s u b s t r a t e l i s  much t a o  h igh  and should be 

about 3 : l .  The r epo r t ed  r a t i o  gave l a r g e  q u a n t i t k e s  of 1,3-diamino-5- 

n i t robenzene  wh i l e  t h e  l a t t e r  gave an  e x c e l l e n t  y i e l d  of t h e  d e s i r e d  

3,5-DNA, con ta in ing  only  t r a c e  amounts of 1,3-diamino-5-nitrobenzene. 

6. Oxidat ion wi th  Chromic Anhydride (Cr03) 

Chromic anhydride is  commonly used f o r  t h e  ox ida t ion  of double  bonds, 

a l k y l  s u b s t i t u e n t s  on a romat ic  r i n g s ,  and a l c o h o l s  t o  ke tones .  Although 

Cr03 has  never been r epo r t ed  t o  o x i d i z e  amino o r  az ido  groups t o  n i t r o  

groups, we s tud i ed  i t  $or  t h i s  purpose because i t  Ps a  powerful ox id i z ing  

agent  t h a t  can be used under anhydrous cond i t i ons .  

The r e a c t i o n  of CrO3- wkbh 1,3,5-triazido-2,4,6-trinitrobenzene 

J (TAzTNB) was examined b r i e f l y  u s ing  anhydrous a c e t i c  a c i d  a s  s o l v e n t .  



TATNB d i s s o l v e d  r e a d i l y  i n  t h e  r e a c t i o n  medium, *which changed from a  d a r k  

blue-green c o l o r  t o  l i g h t  brownish-green d u r i n g  t h e  c o u r s e  of t h e  r e a c t i o n ,  

i n d i c a t i n g  t h a t  o x i d a t i o n  had o c c u r r e d .  I s o l a t i o n  of o r g a n i c  p r o d u c t s  

proved t o  be  a  problem s i n c e  we were t r y i n g  t o  work under anhydrous  c o n d i t i o n s  

The b e s t  p rocedure  we-developed was t o  p a s s  t h e  r e a c t i o n  s o l u t i o n  th rough  a  

n e u t r a l  a lumina column u s i n g  d r y  methylene c h l o r i d e  as a n  e l u a n t .  Methylene 

c h l o r i d e - s o l u b l e  o r g a n i c  p r o d u c t s  cou ld  b e  I s o l a t e d  by t h i s  p rocedure .  

TAzTNB was t h e  main c o n s t i t u e n t ,  b u t  o t h e r  p r o d u c t s  cou ld  a l s o  be  i s o l a t e d .  

They a r e  c h a r a c t e r i z e d  by s t r o n g  c a r b o n y l  a b s o r p t i o n s  and a l a c k  of a r o m a t i c  

c h a r a c t e r  i n  t h e i r  i r  s p e c t r a .  There  was no ev idence  of t h e  p r e s e n c e  of 

HNB,' p e n t a n i t r o a z i d o b e n z e n e ,  o r  1,3,4,5-tetranitro-2,6-diazidobenzene. 

Research shou ld  be  con t inued  i n  t h i s  a r e a  t o  (1)  s t u d y  t h e  o x i d a t i o n  

of p e n t a n i t r o a n i l i n e  o r  TATB, (2)  s t u d y  t h e  o x i d a t i o n  of TAzTNB under . 

n i i l d e r c o n d i t i o n s  f o r  l o n g e r  p e r i o d s  of t ime ,  and (3)  examine t h e  u s e  of 

C r O j  i n q . o t h e r  s o l v e n t s  such a s  DMF, a c e t i c  anhydr ide ,  and HMPA. 
\ 

D.  Task D :  I n v e s t i g a t i o n  of Po ly- f luoro  Binder  M a t e r i a l s  f o r  BTF A p p l i c a t i o n  

The i n v e s t i g a t i o n  of new compat ib le  b i n d e r ~ ~ m a t e r i a l s  h a s  l e d  t o  t h e  

p o s s i b i l i t y  of s y n t h e s i z i n g  t o t a l l y  new e n e r g e t i c  b i n d e r s  f o r  p r e s s e d  

e x p l o s i v e s .  T h e r e f o r e ,  i n  t h i s  t a s k  we a t t empted  t o  deve lop  p o s s i b l e  

rvuLes Tor such b i n d e r s .  

The most a t t r a c t i v e  r o u t e  i n v o l v e s  t h e  r ing-opening p o l y m e r i z a t i o n  

of o x e t a n e s .  Many 3 , 3 - d i s u b s t i t u t e d  o x e t a n e s  a r e  known, as w e l l  as polymers 

p repared  from t h e s e  oxe tanes .  However, t h e  r e s u l t i n g  polymers a r e  

a lmost  i n v a r i a b l y  h i g h  m e l t i n g ,  c r y s t a l l i n e  m a t e r i a l s .  Accord ing ly ,  we 

i n v e s t i g a t e d  p o s s i b l e  p r e p a r a t i v e  r o u t e s  f o r  2 , 3 - d i s u b s t i t u t e d  o x e t a n e s  

i n  a n  e f f o t t  t o  o b t a i n  a  c a n d i d a t e  m a t e r i a l  whose polymer would b e  a n  

amorphous material p o s s e s s i n g  a  low g l a s s  t r a n s i t i o n . t e m p e r a t u r e  (Tg).  
! 

The p r e p a r a t i v e  r o u t e s  sugges ted  are shown i n  Scheme 1. The s t a r t i n g  

m a t e r i a l  i s  t e r t i a r y  amylene, which i s  commercially a v a i l a b l e  from S h e l l ,  

and a  one-quar t  sample h a s  been o b t a i n e d .  It  can  b e  brominated w i t h  NBS, 

fol lowed by t r e a t m e n t  w i t h  d i b o r a n e  and p e r o x i d e  t o  form t h e  a l c o h o l .  

The r i n g - c l o s i n g  s t e p  w i t h  po tass ium hydrox ide  y i e l d s  t h e  2,3-bis(bromo- 

methyl o x e t a n e ) .  That m a t e r i a l  can t h e n  b e  n i t r a t e d  and f l u o r i n a t e d  t o  



f' 
form high energy 2,3-disubstituted oxetanes. The monomers are expected 

to readily polymerize cationically. 
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Figure 1. Proposed Synthesis of Energetic Oxetanes and their Polymers 
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