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SYNTHFSI S A N D  IJNU WAL V M R  SPECTRA OF 4.4 ' - D I  N lTRO-3,3  ' -51 FURAZANYL-4,4 '-13C *' 

Wichael D. Coburn 
U n i v w s i t v  o f  C a l i f o r n i a ,  Los Alamos Nat ional  Lahoratory, 
Los Alamos, New Mexico 87545 

SUMMARY 

The svnthez i s of 4.4 -d i  n i  t r 0 - 3 ~ 3 I - h  i f urazanvl-4.4 I -13C 
was accomplished s t a r t i n q  w i t h  sodium cyanide-13C and d i -  
chloroglyoxime. The carbon-13 NMR spectrum of t he  product 
conq is t s  of d l , l , l - t r i p l e t  and the  nitrogen-14 NMR spectrum 
conta ins a sharp doublet w i t h  the same coup l i ng  constant as 
the carbon-13 t r i p l e t .  

Key Words: 3,4'-0initro-3,3'-bifuraianyl, Carbon-13, Nitrogen-14, 
NMR spectra. 

INTRODUCTION 

The synthes is  o f  4,4'-dinitro-3,3'-bifurazanyl (DNBF) was f i r s t  r epo r ted  

i n  a co rmmica t ion  from t h i s  Laboratory  i n  1968 (1). A t  t h a t  t ime, we d i d  no t  

ob ta in  a carhon-13 NMR spectrum o f  t he  compound because we had no carbon-13 

NW f a c i l i t i e s .  D i i r  r ecen t  i n t e r e s t  i n  eva lua t i ng  DNBF f o r  c e r t a i n  explosives 

app l i ca t i ons  l e d  us t o  the  present  study. 

DISCUSSION 

The n a t u r a l  abundance carbon-13 NMR spectrum of DNBF was found t o  con- 

s i s t  o f  a w l l - d e f i n e d  t r i o l e t  and a s i n g l e t  (Table I ) ,  r a t h e r  than two s in -  

q l e t s  as expected. I n  add i t i on ,  the nitrogen-14 NMR spectrum conta ined a 

sharp s i n g l e t  w i t h  a resonance ha l f -he igh t  w id th  of 17.2 Hz i n  the p o s i t i o n  

expected f o r  a n i t r o  n i t rogen.  These r e s u l t s  suggested t h a t  t he  n i t r o  n i -  

t.roaen-14, which has a sp in  o f  I, was coup l i ng  w i t h  the carbon-13 t o  g i ve  the 

t r i p l e t .  In order t o  observe s p l i t t i n g  o f  the observed magnitude, both the 

car$nn-l3 and the nitrogen-14 must 9ave very long r e l a x a t i o n  t imes ( 2 ) .  In 

addi t ion,  the nitrogen-14 must have a very symnetrical environment t o  d im in i sh  
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Synthesis of 4,4'-Dinitr0-3,3'-Rifurazanyl-4,4'-'~C 

t ho  hroadaninq o f  l i t r o o e n - l h  quadrupole co i ip l ing.  If the observed s p l i t t i n g  

o f  the carhon-13 i s  the r e s u l t  o f  coup l i ng  w i t h  nitrogen-14, then the n i -  

trooen-1.4 s i m a l  s'lnuld 're s p l i t  by  carbon-13 i n t o  a doublet  w i t 9  the same 

couol ino constant. The o n l y  way t o  con f i rm  o r  d isprove t h i s  speculat ion was 

t o  prepare DNBF enr iched w i t h  carbon-13 i n  the  4,4'-posit ions and o b t a i n  i t s  

nitrooen-14 NMR spectrum. 

Thus, d ich loroglyox ime (1) was t r e a t e d  w i t h  sodium cyanide-13C t o  g i ve  

c i i ~ y a n o - ~ ~ C ~ - ~ l y o x i ~ n e  (2). Add i t i on  o f  hydroxylamine t o  2 produced 

1,4-diamino-1,2,3,4-tetraoximinobutane-l,4- C (?), which was dehydrated t o  13 

4,4 ' -d i  amino-?, 3 ' - b i f  urazanyl-4,4 '-13C (4). Oxidat i on  o f  1 w i t h  p e r o x y t r i -  

13 f l u o r o a c e t i c  ac id  qave 4,a'-dinitro-3,3'-bifurazanyl-4,4'- C (2) (Scheme 

1). The y i e l d s  of the reac t i ons  shown i n  Scheme 1 were comparable t o  those 

repo r ted  f o r  t he  unlabeled compounds ( I ) .  

CI-C-C-CI * t ~  NE-C-C-EN .) H,N-E-c-c-~-NH, II II II II II II 
;OH :OH NOH NOH NOH NOH NOH NOH 

2 3 - - - 1 

4 5 - - 

Scheme 1 

The carbon-13 NMR spectrum o f  5 cons is t s  o f  the t r i p l e t  and conf i rms the 

chemical s h i f t  assiqnments f o r  t h e  n a t u r a l  abundance spectrum i n  Table I .  The 

nitrogen-14 tfMR spectrum o f  5 conta ins a sharp doublet  w i t h  the same coup l i ng  

constant as the  carbon-13 t r i p l e t .  These r e s u l t s  prove t h a t  the nitrogen-14 

o f  t he  n i t r o  groups i s  coupled w i t h  the  4,4'-carbon-13 of 5. This  i s  a very 

r a r e  example o f  coupl inq hetween carbon-13 and nitrogen-14 t h a t  g ives the ca l -  
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c u l a t e d  bandshapes f o r  a sp in -1  nuc leus  coup led  t o  a sp in -1 /2  nuc leus  f o r  t h e  

case where h n t h  n u c l e i  a re  r e l a x i n g  v e r y  s l o w l y  (2 ) .  N i t rogen-14 quadrupo le  

broadpnina must 9e d r a s t i c a l l y  d im in i shed  i n  o r d e r  f o r  t h i s  phenornenum t o  be 

observed. A d e t a i l e d  d i s c u s s i o n  o f  t h i s  c o u p l i n g  i s  g i v e n  i n  Reference 2. 

EXPER I MENTAL 

To a s t i r r e d  s o l u t i o n  o f  sodium 

cvanide- C (90 a t o d  I 3 C ,  941  sodium cyan ide ) (3 .0  g., 0.054 mo l )  and so- 

dium hyd rox ide  (1.86 g., 0.046 mo l )  ( t h e  t o t a l  amount of sodium hyd rox ide  was 

0.054 mol, 0.008 mol from t h e  sodium cyanide-13C) i n  wa te r  (50 m l )  was added 

d i c h l o r o q l y o x i m e  ( 3 )  (4.20 q., 0.027 mo l )  i n  sma l l  p o r t i o n s  below 1O'C.  A f t e r  

a l l  t h e  S o l i d  had d i sso l ved ,  t h e  s o l u t i o n  was a l l owed  t o  warm t o  20'C, t hen  i t  

was a c i d i f i e d  w i t h  i c e  c o o l i n g  t o  pH2 w i t h  concen t ra ted  s u l f u r i c  ac id .  The 

r e s u l t i n q  m i x t u r e  was coo led  t o  O'C and t h e  s o l i d  was c o l l e c t e d  hy f i l t r a t i o n ,  

washed w i t h  i c e  wa te r  (10  m l ) ,  and d r i e d  t o  g i v e  1.90 g (51%), mp 141'C dec. 

r l i t .  ( 4 )  mp 145'r dec. f o r  t h e  n a t u r a l  abundance compound]. 

Dicyano- 13 5 - G l y o x i m .  - 
l ?  

To a s o l u t i o n  o f  

hydroxy lamine h y d r o c h l o r i d e  (2.78 9.. 0.04 mol )  i n  wa te r  (10  m l )  was added a 

s n l u t i o n  o f  sodium hyd rox ide  (1.60 q., 0.04 mol )  i n  wa te r  (10 m l ) .  

Dicvano- C3-glyoxime (1.40 g . ,  Q.01 mol )  was added t o  t h e  r e s u l t i n g  so lu -  

t i o n  and t h e  m i x t u r e  was heated  a t  50'C f o r  1.5 hours.  A c e t i c  a c i d  (2.4 q l )  

was added and t h e  m i x t u r e  was coo led  t o  O'C. The p roduc t  was c o l l e c t e d  bv 

f i l t r a t i o n ,  washed w i t h  water,  and d r i e d  t o  y i e l d  1.47 g (714),  mp 180'C dec. 

r l i t .  1 4 ) ,  mp l N - l Q ? " C  dec. f o r  t h e  n a t u r a l  ahundance compound]. 

13 1,4-Diamino-1,2,3,4-tetraoximinohutane-l,4- C. -- 

17  

13 4,4'-Diamino-3,3'-bifurazanyl-n,4'- c. -- To a s o l u t i o n  o f  s o d i m  hy- 

d r o x i d e  (0.53 q., 0.013 mo l )  i n  wa te r  (10  m l )  was added 1,4-diamino-1,2,3,4- 

te t raox iminobutane- l ,1 -  C and t h e  s o l u t i o n  was heated  a t  165-170'C f o r  one 

hour  i n  a s t a i n l e s s  s t e e l  au toc lave .  The vesse l  was coo led  r a p i d l y  t o  O'C i n  

an i c e  ha th ,  t h e  p ressu re  re leased,  and t h e  p roduc t  was c o l l e c t e d  by f i l t r a -  

t i o n ,  washed w i th  water,  and d r i e d  t o  g i v e  0.31 g (281).  mp 304'C dec. [ l i t .  

( l ) ,  rnp 305'C dec. f o r  t h e  n a t u r a l  abundance compoundl. 

13 
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13 4,4'-Dini t ro-3,? ' -b i furazanyl-4,4 ' -  C. -- To a s l u r r y  o f  909: hydrogen 

p e r o x i d e  (0.9 m l ,  0.033 mol) i n  d ich lo romethane (20 ml) was added t r i f l u o r o -  

a c e t i c  anhvdr i r le (5.0 m l ,  9.035 mol )  w i t h  s t i r r i n g  and i c e  c o o l i n g .  A f t e r  t h e  

e x o t h w m  h a d  sirhsided, d,4'-diarnino-3,3'-bifurazanyl-4,4'- C (0.31 g., 

0.001S mo l )  was added and t h e  m i x t u r e  was heated  under r e f l u x  f o r  20 hours. 

T h p  s o l l i t i o n  was  c a u t i o u s l y  e x t r a c t e d  w i t h  s a t u r a t e d  sodium carbonate  s o l u t i o n  

u n t i l  t h e  aqueous e x t r a c t s  were b a s i c  t o  l i t m u s .  The o r g a n i c  l a y e r  was d r i e d  

o v p r  rnaqnesiiim s u l f a t e ,  t h p  s o l v e n t  was evapora ted  on t h e  r o t a r y  evapora tor ,  

and t h e  r e s i d u e  was chromatographed over  s i l i c a  g e l  w i t h  ch lo ro fo rm/hexane 

(50150)  t o  v i s l d  0.10 a (746 )  o f  p roduc t  t h a t  was pu re  acco rd ing  t o  t h i n  l a y e r  

chranat.ography. The compound m e l t s  a t  85OC [ l i t .  ( I ) ,  mp 85'C f o r  t h e  n a t u r a l  

ahundance comDound1. T h i s  compound i s  s e n s i t i v e  e x p l o s i v e  t h a t  shou ld  be 

hand led  w i t h  care .  

13 

I___-- 

NMR Spect ra .  -- The NMR s p e c t r a l  d a t a  f o r  t h e  carbon-13 l a b e l e d  com- 

pounds and t h e  co r respond ing  n a t u r a l  abundance compounds a r e  g i v e n  i n  

Tnh le  I .  The s p e c t r a  were de termined w i t h  a JEOL FX9OQ spec t rometer .  
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