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A b s t r a c t - A  s y n t h e s i s  of 6,8-dinitro-2,4,6,8-tetraazaC3.3.l]bicyclononan-3-one f rom 

d i m e t h y l  u , u 8 - d i a m i n o g l u t a r a t e  l was b r o u g h t  abou t  i n  s i x  s t e p s .  A  s i m i l a r  c o n v e r s i o n  

o f  d i m e t h y l  o , o 8 - d i a m i n o s u c c i n a t e  & t o  a d e r i v a t i v e  o f  2,4.6,8-tetraaza13.3.0lbicyclo- 

o c t a n e  6 was u n s u c e s s f u l .  

INTRODUCTION 

I n  t h e  c o n t i n u i n g  s e a r c h  f o r  s u p e r i o r  e n e r g e t i c  m a t e r i a l s  t o  o f f e r  imp rovemen ts  i n  e x p l o s i v e s  and 

p r o p e l l a n t s  t h e  s u c c e s s f u l  u t i l i z a t i o n  of m o n o c y c l i c  o l i g o m e r i c  n i t r i m i n e s ,  e.g., CCH2N(N02)Ix where  

x = 3 (RDX) and x = 4 (HMX), has  been widespread. '  The re  has been l i m i t e d  success  i n  t h e  s y n t h e s i s  

o f  examples o f  r e l a t e d  p o l y  N - n i t r o  d e r i v a t i v e s  o f  b i -  and t r i - c y c l i c  p o l y a z a a l k a n e s  and -a l kanones  

( u r e a s ) .  The compound 2,4,6,8-tetranitro-2,4,6,8-tetraaza[3.3.0lbicyclooctan-2-one 1,' -3,7-d ione 

4 z , ~  t h e  3,3,7,7-tetratrifluoromethyl-2,4.6,8-tetranitro-2,4,6,R-tetraazabicyclooctane 2, and 2,4,- - 

10- t r i n i t ra -2 ,4 ,10 - t r i azaadamantane  5 were  o b t a i n e d  by methods t h a t  have n o t  a f f o r d e d  g e n e r a l i t y .  

An enhancement i n  t h e  e n e r g e t i c  p r o p e r t i e s  o f  p o l y  N - n i t r a m i n e s  t o  be e x p e c t e d  f r o m  condensed and 

caged r i n g  s t r u c t u r e s  i s  dependent on t h e  deve lopmen t  o f  new p r e p a r a t i v e  methods f o r  p o l y a z a c y c l o -  

a l k a n e  and - p o l y c y c l o a l k a n e  sys tems.  T h i s  r e p o r t  d e s c r i b e s  c o n v e r s i o n s  o f  cl,. '-diaminodicarboxylate 

e s t e r s  t o  d i - N - n i t r o s o d i a z a c y c l o a l k a n e  d e r i v a t i v e s  and a s y n t h e s i s  o f  a  t e t r a a r a b i c y c l o a l k a n e  sys tem 

5  d e s i g n e d  t o  c o n t a i n  n e i t h e r  N-N r i n g  bonds n o r  n i t r o g e n  atoms a t  b r i d g e h e a d  p o s i t i o n s .  

1 X  = CH2, Z = CO, Y  = NOp 
P 

4 - 5a X  = Y  = H, L = CH2 

2  X = Z  = CO, Y  = NO2 
P 

5b X  = NO, Y = H, L = CO 

3 X = Z  = C(CF3)2, Y  = NO2 - 5c X  = NO2, Y  = H, Z = CO 

6 X = Z = C H 2 . Y = H  
P - 5 d X = Y = H , Z = C O  

5e X  = Y = NO2, Z  = CO - 

RESULTS AND DISCUSSION 

Syn theses  o f  t h e  unknown 2,4,6,8-tetraazaC3.3.llbicyclononanane and 2.4.6.8-tetraara[3.3.Olbicyclo- 

o c t a n e  r i n g  sys tems & a n d  5 f r o m  d i a m i n o - g l u t a r a t e  L a n d  - s u c c i n a t e  & w e r e  i n v e s t i g a t e d .  J u s t  as 



t h e  1 , 3 - d i n i t r o s o  d e r i v a t i v e s  of hexahydropy r im id ine  and i m i d a z o l i d i n e  were ob ta ined  from t r i m e t h y l -  

enediamine and f rom ethy lenediamine by r i n g - c l o s u r e  condensat ions w i t h  formaldehyde fo l l owed  by n i -  

t r ~ s a t i o n s , ~  t h e  d imethy l  e s t e r s  9 o f  a  m i x t u r e  o f  &- and m - 1 , 3 - d i n i t r o s o h e x a h y d r o p y r i m i d i n e -  

4 .6 -d ica rboxy la tes  and d imethy l  G - 1 , 3 - d i n i t r o s o i m i d a r o l i d i n e - 4 . 5 - d i c a r b o x y l a t e  E w e r e  ob ta ined  

f rom a  m i x t u r e  of d i m e t h y l  W- and erythro- =,a ' -d iaminog lu ta ra te  l a n d  f rom d imethy l  or d i e t h y l  

meso-d iaminosuccinate 8. 
The b i c y c l i c  d i n i t r o u r e a  was ob ta ined  from t h e  m i x t u r e  9 by a  s t r a i g h t f o r w a r d  sequence o f  r e a c t -  

i ons  w i t h  ( 1 )  hyd raz ine  t o  g i v e  a  m i x t u r e  o f  &- and =-hydrazides 10 f rom which t h e  &-isomer 

was separated by f r a c t i o n a l  c r y s t a l l i z a t i o n ,  ( 2 )  n i t r o u s  a c i d  t o  conver t  t h e  e - h y d r a z i d e  10 t o  the 

corresponding f i - d i a z i d e  c, ( 3 )  t h e r m o l y s i s  t o  g i v e  an u n i s o l a t e d  &-b is isocyanate 11, ( 4 )  hyd ra -  

l y s i s  w i t h  r i n g  c l o s u r e ,  and (5) convers ion  o f  t h e  b i c y c l i c  d i n i t r o s a m i n e  2 w i t h  n i t r i c  a c i d  (100%) 

t o  t h e  d i n i t r a m i n e  z. 
An inconvenience i n  the i s o l a t i o n  of t h e  b i s i s o c y a n a t e  g w a s  r e m i n i s c e n t  o f  o t h e r  C u r t i u s  r e a c t i o n s  

on v i c i n a l  d i a z i d e s ,  t h e  tendency of a  b i s i s o c y a n a t e  t o  p o l y m e r i ~ e , ~  and t h e  p r e f e r r e d  i s o l a t i o n  o f  

e i t h e r  a c y c l i c  urea, e.g. S, when t h e  u n i s o l a t e d  b i s i s o c y a n a t e  reac ted  w i t h  water ,  o r  a  carbamate. 

A f t e r  t h e  d i a z i d e  was heated i n  benzene a t  8 0 9  and combined w i t h  e thano l  t h e  d icarbamate 1J was 

ob ta ined .  Unsuccessful a t te lnpts  t o  b r i n g  about convers ion t o  a  d e r i v a t i v e  o f  te t raazab icyc lononane  

from a  r e a c t i o n  between t h e  dicarbamate g a n d  formaldehyde o r  an e q u i v a l e n t  reagent  revea led  a  r e -  

s i s t a n c e  t o  an i n t e r m a l e c u l a r  r i n g  c l o s u r e  no t  shared w i t h  t h e  i n t r a m o l e c u l a r  c y c l i z a t i o n  t h a t  read-  

i l y  occur red  when t h e  b i s i s o c y a n a t e  z a n d  water  gave the b i c y c l i c  urea s. 
Presumably a convers ion  of t h e  d i n i t r o s a m i n e  % t o  a  d i n i t r a m i n e  &was another  example o f  t h e  r e -  

placement o f  a  n i t r o s o  group w i t h ,  r a t h e r  than o x i d a t i o n  to ,  a n i t r o  group i n  a  r e a c t i o n  w i t h  n i t r i c  

ac id.8 I n  c o n t r a s t  w i t h  N , N ' - d i n i t r a t i o n  o f  s imp le  c y c l i c  ureas by t rea tmen t  w i t h  e i t h e r  n i t r i c  

a c i d  i n  a c e t i c  anhydr ide  o r  w i t h  d i n i t r o g e n  pen tox ide9  at tempts t o  N - n i t r a t e  t h e  urea p o r t i o n  o f  t h e  

he te rocyc les  5b,c have been unsuccess fu l .  A  search f o r  a  convers ion  o f  t h e  d i n i t r a m i n e  x t o  t h e  t e -  

t r a n i t r o  compound i s  underway. 

I n  a  s i m i l a r  r e a c t i o n  n i t r i c  a c i d  (100%) conver ted  t h e  d i n i t r o s a m i n e  9 t o  t h e  e - d i n i t r a r n i n e  4 

t h a t  gave t h e  r&-dicarboxyl ic a c i d  E o n  h y d r o l y s i s .  Attempts t o  conver t  t h e  a c i d  t o  t h e  d iamine 

16 by t rea tmen t  w i t h  d iphenylphosphory l  aridei0 gave i n s t e a d  an i n t r a c t a b l e  m i x t u r e .  Unsuccessful 

a t tempts t o  o b t a i n  an a c i d  c h l o r i d e  o r  an a c i d  anhydr ide  f rom t h e  a c i d  E a n d  e t h y l  ch lo ro fo rmate ,  

o r  phosphorous p e n t a c h l o r i d e ,  o r  t h i o n y l  c h l o r i d e  p rec luded  f u r t h e r  convers ion  t o  t h e  hydraz ide  

17. In  c o n t r a s t  w i t h  t h e  p r e p a r a t i o n  of t h e  hydraz ide  g from t h e  d i e s t e r  9, hydraz ine  reac ted  w i t h  - 

t h e  d i e s t e r  g t o  g i v e  an u n s t a b l e  m i x t u r e  t h a t  d i d  n o t  c o n t a i n  t h e  d i h y d r a z i d e  2 i n  a d e t e c t a b l e  

amount. The occurrence o f  a  c o m p e t i t i v e  base c a t a l y s e d  e l i m i n a t i o n  o f  t h e  elements o f  n i t r o u s  a c i d  

t o  g i v e  p y r i m i d i n e  and hydropy r im id ine  d e r i v a t i v e s  was assumed s i n c e  a  comparable e l i m i n a t i o n  
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accoun ted  f o r  t h e  f o r m a t i o n  of i m i d a z o l e s  f r o m  1 , 3 - d i n i t r o i m i d a z o l i d i n e s  ( see  b e l o w ) .  These r e s u l t s  

sugges ted  t h a t  an e l i m i n a t i o n  o f  n i t r o u s  a c i d  from a  1 .3 -d in i t ro -1 ,3 -d iazahe te rocyc le  can o c c u r  more 

r e a d i l y  t h a n  an e l i m i n a t i o n  of n i t r o x y l  f r o m  a  1,3-dinitroso-1,3-diazaheterocycle. 

An i n t e n t i o n  t o  c o n v e r t  t h e  a - d i e s t e r  18 by  a  s i m i l a r  scheme t o  a  d e r i v a t i v e  of t e t r a a z a b i c y c l o  

o c t a n e  & w a s  t h w a r t e d  by an i n v e r s i o n  o f  c o n f i g u r a t i o n  t h a t  was i n t r o d u c e d  when t r e a t m e n t  w i t h  hy -  

d r a r i n e  p roduced  t h e  d i h y d r a z i d e g  i s o l a t e d  i n  one i s o m e r i c  f o rm .  The w - s t e r e o c h e m i s t r y  o f 2  

was a s s i g n e d  on t h e  b a s i s  of i t s  r e l a t i o n s h i p  w i t h  1,3-dinitroimidazolidine-4,5-dicarbamate 4. An 

absence of an AB q u a r t e t  nmr s i g n a l  f o r  t h e  C-2 w t h y l e n e  p r o t o n s ,  a  c h a r a c t e r i s t i c  f e a t u r e  o f  c i s -  

4 , s - d i s u b s t i t u t e d  i m i d a z o l i d i n e s , "  shown by t h e  %-d ies te r  g a n d  t h e  C - d i c a r b o x y l i c  a c i d  2, 

sugges ted  t h e  p resence  o f  3 as t h e  =-isomer. Presumably  t h e  q u a r t e t  p a t t e r n  was masked i n  t h e  

s p e c t r a  f a r  t h e  d i n i t r o s a m i n e s  19 - 22. O i e t h y l  1 , 3 - d i n i t r a i m i d a z a l i d i n e - 4 , s - d i c a r b a n a t e  S w a s  

shown t o  be t h e  %-isomer by  an X- ray  c r y s t a l l o g r a p h i c  ana l ys i s . ' '  

9 X  = NO, Y = C02CH3 - 
10 X  = NO, Y = CONHNH2 - 
11 X  = NO, Y = CON3 - 

12 X  = NO, Y = NCO - 

13 X  = NO, Y = NHC02C2H5 - 
14 X  = NO2, Y = C02CH3 - 

15 X = NO2, Y = C02H - 

16 X  = NO2, Y = NH2 - 
1 7  X = NO2, Y = CONHNH2 - 

18 X = NO, Y = Z = C02R - 

19 X = NO, Y = Z = CONHNH2 

20 X  = NO, Y = Z = CON3 

21 X  = NO, Y = Z = NCO 

22 X = NO, Y = Z = NHC02C2H5 - 

23 X  = NO2, Y = Z = C02R 

24 X = NO2, Y = L = NHC02C2H5 

28 X  = NO2, Y = C02H, Z = C02CH3 

29 X = NOZ, Y = L = C02H 

31 X = NO2, Y = C02Sn(C4H9)3, L = CON3 

32 X = NO2, Y = Z = C02Sn(C4Hg)3 - 

33 X = NO, Y = Z = CONN Z C ( C H ~ ) ~  



Th is  base c a t a l y r e d  i n v e r s i o n  was i n  agreement w i t h  an e a r l i e r  r e p o r t 1 3  t h a t  desc r ibed  an i n v e r s i o n  

t h a t  accompanied t h e  convers ion  o f  a  d i a l k y l  f i - cyc lopen tane-1 .2 -d ica rboxy la te  t o  t h e  co r respond ing  

t r a n s - d i h y d r a z i d e  i n  a  r e a c t i o n  w i t h  hyd raz ine .  A  s i m i l a r  i n v e r s i o n  o c c u r r e d  when t r e a t m e n t  w i t h  

hyd raz ine  conver ted  t h e  & -d ies te r  9, a f t e r  i s o l a t i o n  from i t s  %-isomer by f l a s h  chromatograp- 

hy, t o  a  d i h y d r a z i d e  10 as a m i x t u r e  o f  t h e  G- and e- i somers.  

I n  a s t r a i g h t f o r w a r d  manner t h e  d i a z i d e  s w a s  o b t a i n e d  f r o m  the  d i h y d r a z i d e  19 and n i t r o u s  ac id .  

Thermolys is  o f  t h e  d i a r i d e  gave a b i s i s o c y a n a t e  3 s ince  t h e  p roduc t ,  w i t h o u t  i s o l a t i o n ,  was con- 

v e r t e d  t o  a  d i ca rbamate  2 by t r e a t m e n t  w i t h  e t h a n o l .  As expected f o r  t h e  =-, b u t  n o t  t h e  e-, 
c o n f i g u r a t i o n  t h e r e  was an i n a b i l i t y  of t h e  d i ca rbamate  z t o  undergo an i n t r a r n o l e c u l a r  r i n g  c l o s u r e  

t o  a d e r i v a t i v e  of t e t r a a z a b i c y c l o a c t a n e  & i n  a r e a c t i o n  w i t h  formaldehyde o r  an e q u i v a l e n t  reagent .  

I n  f u r t h e r  i n d i r e c t  suppor t  f o r  i t s  W - c o n f i g u r a t i o n  t h e  u n i s o l a t e d  b i r i s a c y a n a t e  3 r e a c t e d  w i t h  

wa te r  t o  g i v e  an i n t r a c t a b l e  m i x t u r e  o f  u n i d e n t i f i e d  m a t e r i a l  i n  which a  c y c l i c  urea was n o t  d e t e c t -  

ed. In r e a c t i o n s  w i t h  n i t r i c  a c i d  (100%) the  d i n i t r o s a m i n e s  g a n d  22 gave t h e  d i n i t r a m i n e s  g a n d  

24. When t r e a t e d  w i t h  h y d r a z i n e  t h e  fo rmer  unexpec ted ly  underwent an e l i m i n a t i o n  o f  n i t r o u s  a c i d  t o  - 

g i v e  d ime thy l  i m i d a z o l e - 4 , 5 - d i c a r b o x y l a t e  & a n d  t h e  co r respond ing  d i h y d r a z i d e  6. A s i m i l a r  e l i m i -  

n a t i o n  a f f o r d e d  mnomethy l  imidazole-4,5-dicarboxylate z w h e n  monomethyl 2,3-dinitroimidazolidine- 

4 ,5 -d i ca rboxy la te  g w a s  t r e a t e d  w i t h  t r i e t h y l a m i n e  and d ipheny lphosphory l  az ide .  The monoester 2 

was ob ta ined  f rom t h e  d i e s t e r  25 by s t r a i g h t f o r w a r d  h y d r o l y s i s  t o  t h e  d i c a r b o x y l i c  a c i d  9 and dehy- 

d r a t i o n  t o  1,3-dinitroimidazolidine-4,5-dicarboxyli a c i d  anhydr ide  E t h a t  was t h e n  t r e a t e d  w i t h  

methanol .  A l though t r i - 5 - b u t y l t i n  az ide14  conver ted  p h t h a l i c  anhydr ide  v i a  a C u r t i u s  rearrangement 

t o  i s a t o i c  anhydr ide  t h e  s i m i l a r  t rea tmen t  o f  t h e  anhydr ide  J O g a v e  t r i - L - b u t y l t i n  & -1 .3 -d in i t ro -  

4-azidocarbonylimidazolidine-5-carboxylate  2, an u n s t a b l e  s a l t  t h a t  d i s p r o p o r t i o n a t e d  t o  the  b i s -  

t r i - n - b u t y l t i n  s a l t  x o n  t r e a t m e n t  w i t h  e i t h e r  L -bu tano l  o r  e t h a n o l .  

EXPERIMENTAL 

Cau t ion  i s  recommended i n  h a n d l i n g  az ides,  n i t r o s a m i n e s ,  and n i t r a m i n e s  s ince  t h e y  t e n d  t o  be e x p l o -  

s i v e  and c e r t a i n  n i t r o s a m i n e s  and n i t r a m i n e s  were r e p o r t e d  t o  be c a r c i n o g e n i c .  

I ns t rumen ts  i n c l u d e d  Pye-Unicam SP-200 ( i r ) ,  Va r ian  A-60 and Jae l  Fx 90 Q (nmr)  and HP 5790 (GcIMs). 

E lementa l  analyses were o b t a i n e d  from Micro-Tech.  Lab., Skok ie ,  I l l i n o i s  and Midwest M i c r o  Lab., 

I n d i a n a p o l i s ,  I nd iana .  M e l t i n g  p o i n t s  were de te rm ined  f rom a Thomas-Hoover mp apparatus and were 

uncor rec ted .  S-Dibromo-succinic a c i d  and - g l u t a r i c  a c i d  w e r e  commerc ia l l y  a v a i l a b l e .  D ime thy l  

d i a m i n o g l u t a r a t e  1 l5 and d ime thy l  E-d iaminosucc inate 8 l6 were p repared  by r e p o r t e d  procedures.  

Dimethy l  1 , 3 - d i n i t r o s o h e x a h y d r o ~ r i m i d i n e - 4 , 6 - d i c a r b o x y l a t e  9. The d iamine  ? a s  i t s  d i h y d r o c h l o r i d e  

s a l t  (7.8 g, 0.03 mo l )  was d i s s o l v e d  i n  water  (50 m l ) .  To t h e  s t i r r e d  s o l u t i o n ,  formaldehyde (37%, 

2.8 g, 0.035 m l )  was s l o w l y  added and t h e  s t i r r i n g  was c o n t i n u e d  a t  25% f o r  30 min. The m i x t u r e  
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was c o o l e d  t o  0 9 ,  a s o l u t i o n  of sod ium n i t r i t e  (4.6 g, 0.006 m o l )  i n  w a t e r  (10  m l )  was added i n  o n e  

p o r t i o n ,  s t i r r e d  f o r  10  m in  a t  0 - 5 ' ~  and e x t r a c t e d  w i t h  e t h e r .  The e x t r a c t  was d r i e d  (Na2S04) and 

t h e  e t h e r  was removed t o  l e a v e  a y e l l o w  gum. T r i t u r a t i o n  w i t h  e t h e r  gave a waxy s o l i d ,  (6.7 g ,  

88%),  mp 9 3 - 1 0 0 ' ~  [ w h i c h  showed t w o  c l o s e l y  mov ing  s p o t s  on t l c  ( s i l i c a  g e l ,  c h 1 o r o f o r m ) l .  S i l i c a  

ge l  ch roma tog raphy  ( c h l o r o f o r m )  s e p a r a t e d  two compounds. The e - d i e s t e r  Y was s l i g h t l y  p r e d o ~ n i n a n t  

mp 1 1 2 - 1 1 5 ' ~  ( d e c ) ,  I r  ( K B r ) :  1735, 1475, 1455, 1435 cm". Nrnr ( ace tone -d6 ) :  6 7.4 and 6.2 (ZH, dd,  

J = 14 and 14 Hz, NCH2N), 4.9 (2H, m, NCH), 3.7 (611, m, CH3), 2.6 (2H, m, C H 2 )  Ana l .  C a l c d  f o r  

C8H12N406: C, 36.92; 11, 4.61; ii, 21.54. Found:  C, 36.57; 11, 4.37; N, 21.30. 

O ime thy l  ~ - 1 , 3 - d i n i t r o h e x a h y d r o p y r i n i d i n e - 4 , 6 - d i c a r b o x y l a t e  14. To n i t r i c  a c i d  (100%, 15 m l )  

s t i r r e d  a t  - 4 5 ' ~  ( d r y  i c e  i n  a c e t o n i t r i l e )  t h e  e - d i n i t r o s o  compound 9 (1 .3  g, 0.005 m o l )  was 

s l o w l y  added. The d r y  i c e  b a t h  was r e p l a c e d  by  an i c e  b a t h .  The r e a c t i o n  m i x t u r e  was warmed t o  O°C 

i n  10 min and was pou red  o n t o  c rushed  i c e  t o  b r i n g  abou t  t h e  s e p a r a t i o n  o f  t h e  e - d i n i t r a d i e s t e r  g 
as a c o l o r l e s s  s o l i d  ( 1 .1  g, 78%) mp 1 0 2 - 1 0 4 9  (dec )  f r o m  a m i x t u r e  o f  e t h e r  and pen tane .  Ir (KBr ) :  

1730, 1550, 1530, 1300, 1285 cm-'. Nmr (COCI3):  6 7 .1  and 5.2 (211, dd, J = 14 and 14 Hz, NCH2N), 

5.4 (2H, t, J = 5.5 Hz, NCH), 3.8 (6H, S, CH3) 2.7 (?H, m, C H 2 )  Ana l .  C a l c d  f o r  C8H12N408: C, 

32.87; H, 4.11; N, 19.17. Found: C, 32.63; H, 4.05; N, 19.03. 

c i s -1 ,3 -O in i t rohexahydropyr im id ined icarboxy l i c  a c i d  12. The d i m e t h y l  e s t e r  2 (2.92 g, 0.01 mo l )  

was suspended i n  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  (25  m l )  and h e a t e d  a t  80.90'~ f o r  1 h. The m i x t u r e  

was c o n c e n t r a t e d  and r e s i d u a l  w a t e r  was removed a z e o t r o p i c a l l y  w i t h  benzene. The d i c a r b o x y l i c  a c i d  

( 2 . 1  g, 81%) was o b t a i n e d  as a c o l o r l e s s  s o l i d  mp 210°C (dec )  ( c h l o r o f o r m ) .  I r  ( K B r ) :  3400-2900, 

1755, 1720, 1555, 1525, 1355, 1305, 1295 cm-'. Nmr ( ace tone -d6 ) :  6 9.3 (ZH, S, OH), 7.2 ( l H ,  d, J = 

15 Hz, NCH2N), 5.3 and 5.1 (2H, dd, J = 6.5 and 6.5 Hz, NCH), 5.2 ( lH ,  d ,  J = 15 Hz, NCH2N), 2.7 

(?H, m, C H 2 )  A n a l .  C a l c d  f o r  C6HgN408: C, 27.27; H, 3.03; N, 21.21. Found: C, 27.27; H, 3.00; N, 

21.48. 

cis-l,3-Dinitrosohexahydropyrimidine-4,6-dicarboxylic a c i d  d i h y d r a z i d e  10. To a s o l u t i o n  of a m i x -  

t u r e  o f  &- and % - d i n i t r o s o  d i e s t e r  9 (2.6 g, 0.01 m o l )  i n  me thano l  ( 5 0  m l )  h y d r a l i n e  h y d r a t e  

(1.0 g ,  0.02 mol) was added and t h e  m i x t u r e  was h e a t e d  a t  65'C f o r  4 h .  On c o o l i n g  t h e  r e a c t i o n  

m i x t u r e  t h e  & - d i h y d r a z i d e  g w a s  s e p a r a t e d  as a c o l o r l e s s  s o l i d ,  (1.7 g, 64%),mp 213 -216 '~  (metha-  

n o l ) .  I r  ( K B r ) :  3250, 1680, 1460 cm-'. Nmr (OMSO-d6): 6 7.4 and 6.2 (?H, dd, J = 14 and 14 Hz, 

NCH2N), 4.3 (Ztl, m, NCH), 2.5 (2H, m, C H 2 )  Nrnr (DMSO-d6): 165.83, 62.52, 54.65, 27.34. Ana l .  

C a l c d  f o r  C6H12N804: C, 27.69; H, 4.62; N. 43.07. Found: C, 27.36; H, 4.83; N. 41.21. 

The above r e a c t i o n  when r e p e a t e d  w i t h  t h e  & -d i es te r  9 gave a m i x t u r e  o f  o f  fi- and --dihy- 

d r a z i d e  i n  a r a t i o  o f  2 : l .  

cis-l,3-Dinitrosohexahydropyrimidine-4,6-dicarbox~lic a c i d  d i a z i d e  11. To a suspens ion  o f  t h e  &- 

h y d r a z i d e  g (1.3 g, 0.005 m o l )  i n  t e t r a h y d r o f u r a n  ( 1 0  m l )  a t  - 1 5 ' ~  ( d r y  i c e  i n  c a r b o n  t e t r a c h l o r -  



i d e )  hydrogen c h l o r i d e  i n  e ther  ( -  7  M, 3.5 m1) was added fo l lowed by t - b u t y l  n i t r i t e  (1.4 ml, 0.011 

m o l ) .  The m i x t u r e  was s t i r r e d  f o r  30 min and poured onto crushed i c e  t o  i s o l a t e  the  2 - d i a z i d e  11 
as a  COlOrleSs s o l i d  (1.2 g, 88%) mp 98% (dec)  (ch lo ro fo rm) .  Elemental a n a l y s i s  was prec luded by 

i t s  i n s t a b i l i t y .  I r  (KBr ) :  2180, 1715, 1700, 1490, 1460 cm-'. NmT (CDCI3/OMSO-d6): 6 7.5 and 6.2 

(2H, dd, 5 = 13 and 13 Hr. NCHZN), 4.7 (2H, m, NCH), 2.6 (?H, m, CH2). 

O ie thy l  &-1,3-d in i t rosohexahydropyr imid ine-4,6-b iscarbamate 3. The &-diaz ide 11 (1.4 g, 0.005 

mal) i n  d ry  benzene (25 ml )  was heated a t  8 0 9  f o r  30 min. The r e a c t i o n  was moni tored ( I r )  f o r  t h e  

d i m i n u t i o n  i n  absorp t ion  by t h e  az ido  group. A f t e r  coo l ing ,  ethanol  ( 2  m l )  was added and t h e  r e -  

a c t i o n  m i x t u r e  was s t i r r e d  a t  room temperature overn igh t .  Solvents were removed t o  leave  t h e  b i s -  

carbamate i Jas  a  p a l e  y e l l o w  s o l i d  (1.1 g, 69%), mp 16Z°C (benzene). l r  (KBr ) :  3360, 1730, 1710 

cm-'. Nnr (acetone-d6): 6 5.0-7.4 (4H, m, NCH2N and NCH), 4.1 (4H, m, OCH2), 2.9 (2H, m, CH2), 1.2 

(6H, t, J = 7  HI, C H 3 )  Anal. Calcd f o r  C9H16N606: C, 35.53; H, 5.26; N, 27.63. Found: C, 35.71; 

H, 5.24; N, 27.64. 

6,8-Oinitroso-2,4,6,8-tetraaza[3.3.llbicyclononan-3-one 2. The d i a z i d e  2 (0.7 g, 2.5 mnol) was 

heated i n  d ry  benzene (10  ml )  a t  80% f o r  30 min. A f t e r  coo l ing ,  a  s o l u t i o n  o f  water  (0.5 m l )  i n  

acetone ( 2  m l )  was added as a  copious e v o l u t i o n  o f  gas was noted. The r e a c t i o n  m i x t u r e  was s t i r r e d  

a t  room temperature overn igh t .  Solvents were removed t o  leave t h e  d i n i t r o s o  compound x a s  a p a l e  

y e l l o w  s o l i d  (0.31 g, 61%), mp 175% (dec) (ace tone) ;  i r  (KBr) :  3235, 1630, 1470 cm-'. Nmr (DMSO- 

d 6 ) :  6 8.0 (2H, br, NH), 6.3 (3H, m, NCH2N and NCH), 4.3 (IH, d, J = 16 Hz, NCH2N), 2.1 (ZH, m, 

C H Z )  13c (DMSO-d6), 153.11, 152.65, 63.95, 59,79, 54.72, 53.94, 52.05, 46.33, 30.61, 28.64. Anal. 

Calcd f o r  C5H8N603: C, 30.00; H, 4.00; N, 42.00. Found: C, 30.79; H, 4.71; N.  39.96. 

6,8-Dinitro-2,4,6,8-tetraaza~3.3.11bicyclononan-3-one S. To n i t r i c  a c i d  ( loo%,  5  m l )  a t  -45OC ( d r y  

i c e  i n  a c e t o n i t r i l e )  the  d i n i t r o s o  compound 3 (0.5 g, 2.5 mrnol) was s l o w l y  added w i t h  s t i r r i n g .  

The r e a c t i o n  m i x t u r e  was warmed t o  -5°C and poured onto crushed i c e  t o  i s o l a t e  the  d i n i t r o  compound 

5c as a c o l o r l e s s  s o l i d  (0.36 g, 62%). mp 190-193% (dec)  (acetone) .  I r  (KBr ) :  3360, 1740, 1695, - 

1540, 1380, 1310 cm-'. Nmr 13c (DIISO-d6): 6 153.63, 61.61, 54.90, 26.56. Anal. Calcd f o r  C5H8N605: 

C, 25.86; H, 3.45; N, 36.20. Found: C, 25.83; H, 3.46; N. 35.92. 

O ie thy l  & -1 ,3 -d in i t roso im idazo l id ine -4 ,5 -d ica rboxy la te  18 ( R  = C2H5). The diarnino d i e s t e r  8 (R = 

C2H51 (6.1 g, 0.03 mol) i n  water (50 m l )  was t r e a t e d  w i t h  formaldehyde s o l u t i o n  (37%, 2.8 g, 0.035 

mo l ) .  The m i x t u r e  was s t i r r e d  a t  room temperature f o r  1  h, cooled t o  -5'C ( i c e - s a l t  ba th )  and 

t r e a t e d  w i t h  sodium n i t r i t e  (4.6 g, 0.066 mo l )  fo l l owed by concentrated h y d r o c h l o r i c  a c i d  (10 m l ) .  

A  y e l l o w  o i l  separated immediate ly .  A f t e r  s t i r r i n g  a t  O'C f o r  30 min the  m i x t u r e  was e x t r a c t e d  w i t h  

e t h e r .  The e x t r a c t  was washed w i t h  s a t u r a t e d  sodium b ica rbona te  s o l u t i o n  and d r i e d  (Na2S04). Evap- 

o r a t i o n  gave the  e s t e r  18 ( R  = C7H5) as a v iscous l i q u i d .  F lash  chromatography ( c h l o r o f o r m )  from 

s i l i c a  gel  gave a  l i g h t  y e l l o w  s o l i d ,  mp 5 5 - 6 2 9  ( e t h e r  and petro leum e t h e r ) .  I r  (CHCI?): 1750, 
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1470 cm-'. Nmr (CUC13): 6 7.2-5.1 (411, m, NC1l2N and NCII) 4.2 (411, a, OCl12), 1.2 (611, m, CI13). 

Anal .  Ci l lcd f o r  C9H14N406: C, 39.42; 11, 5.11; N. 20.44. Found: C, 39.40; H, 5.13; N, 20.42. The 

d imethy l  e s t e r  18 ( R  = CH3) (80%)  was prepared i n  a s i m i l a r  manner, mp 90-94% ( e t h e r ) .  Ir (KBr): 

1745, 1455, 1445 cme1. Nmr (CDC13): 6 5.0-7.1 (411, m, NCH2N and NCH) 3.9 and 3.8 (611, 22, OCI13). 

D i e t h y l  ~ - 1 , 3 - d i n i t r o i r n i d a z o 1 i d i n e - 4 , 5 - d i c a r b o x y l a t e  3 (R = C2H5). N i t r i c  a c i d  ( loo%, 25 ml) was 

coo led  t o  -45OC ( d r y  i c e  i n  a c e t o n i t r i l e )  and t r e a t e d  s l o w l y  w i t h  t h e  d i n i t r o s o  e s t e r  18 (R = C2H5) 

(2.75 g, 0.01 mo l ) .  The r e a c t i o n  m i x t u r e  was s t i r r e d  f o r  20 min and poured on to  crushed i c e .  The 

d i n i t r o  e s t e r  3 (R = C2H5) was i s o l a t e d  as a c o l o r l e s s  s o l i d  (2.4 g, 78%) and washed w i t h  i c e  

water, rnp 102-104% ( e t h e r l p e t r o l u e m  e t h e r ) .  l r  (CHC13): 1760, 1570, 1280 cm-'. Nmr (CDCI3): 6 5.8 

and 5.6 (?H, dd, J = 8 and 8 Hz, NCH2N) 5.2 (211, s, NCII), 4.3 (4H, q, J = 7 HT, OCH2), 1.3 (6H, t, J 

= 7 Hz, C H 3 )  Anal. Calcd f o r  CgHl4N4O8: C, 35.29; li, 4.58; N, 18.30. Found: C, 34.89; H, 4.63; N, 

18.30. The d imethy l  e s t e r  J (R = Cl13) (88%) was prepared s i m i l a r l y ,  mp 104-105°C ( e t h e r ) .  I r  

(CHC13): 1760, 1570, 1300; nmr (COC13): 6 5.8 and 5.6 (211, dd, J=8 and 8 Hz, NCH2N), 5.2 (2H, r ,  

NCH) 3.8 (6H, S, OCH3). 

cis-1.3-Dinitroinidazolidine-4,5-dicarboxylic a c i d  29. The d imethy l  e s t e r  3 (R = CH3) (1.4 g, 

0.005 mol)  was suspended i n  concen t ra ted  h y d r o c h l o r i c  a c i d  (15 n l )  and heated a t  80.905 f o r  2 h. 

The r e a c t i o n  m i x t u r e  was concen t ra ted  and t h e  l a s t  t r a c e s  o f  water  were removed a r e o t r o p i c a l l y  w i t h  

benzene. The d i a c i d  9 (0.8 g, 65%) was ob ta ined  as a c o l o r l e s s  s o l i d ,  mp 135OC (dec )  ( c h l o r o -  

f o r m ) .  I r  (KBr) :  3350, 1775, 1745, 1560, 1535, 1300 cm''. Nmr (acetone-d6) :  6 10.7 (ZH, S ,  O H ) ;  

5.8 and 5.5 (2H, dd, J = 7 and 7 Hz, NCH2N), 5.4 (ZH, S, NCH). Anal. Calcd f o r  C5H6N408: C. 24.01; 

H, 2.42; N, 22.40. Found: C, 23.83; H, 2.42; N, 22.14. 

Dimethy e s t e r  5 and t h e  d i h y d r a z i d e  d o f  imidazole-4,5-dicarboxylic acid.  A m i x t u r e  o f  t h e  d i e s -  

t e r  3 (R = CH3) (1.22 g, 0.005 mol)  and hydraz ine  h y d r a t e  (0.5 g, 0.01 n o l )  was heated i n  ethanol 

(10 m l )  a t  80% f o r  4 h. A c o l o r l e s s  p r e c i p i t a t e  was i s o l a t e d  and washed w i t h  c o l d  ethanol  t o  g i v e  

t h e  d i e s t e r  G, mp 205'C ( e t h a n o l )  ( l i t . 1 °  mp 208'C). When t h e  r e a c t i o n  was repeated w i t h  an 

excess of hyd raz ine  h y d r a t e  t h e  hydraz ide  &was ob ta ined ,  mp >300'% ( l i t . ' '  mp >400°C). Anal .  

Calcd fo r  C5H8N602: C, 32.60; H, 4.35; N, 45.65. Found: C, 32.41; H, 4.32; N, 45.55. 

1.3-Uinitroimidazolidine-4,5-dicarboxylic a c i d  anhydr ide  30. The d i c a r b o x y l i c  a c i d  9 (2.5 g, 0.01 

m o l )  was mixed w i t h  t h i o n y l  c h l o r i d e  (10 m l )  and a drop o f  p y r i d i n e  and heated a t  40 -50 '~  f o r  2 h. 

The anhydr ide  = w a s  ob ta ined  as a c o l o r l e s s  s o l i d  i n  almost q u a n t i t a t i v e  y i e l d  (2.2 g, 95%), mp 

143OC (dec) .  I r  (KBr ) :  1890, 1805, 1550, 1320, 1290 cm-'. Nmr (ace tone-d6) :  6 6.6 and 5.6 (?H, dd, 

J = 10 and 10 Hz, NCH2N) 6.3 (ZH, S,  NCH). The anhydr ide  g w a s  conver ted comp le te l y  t o  t h e  d i a c i d  

29 on s torage w i t h  exposure t o  atmospher ic  mo is tu re .  - 

T r i - L - b u t y l t i n  ~-1,3-dinitro-4-azidocarbonylimidazolidine-5-carbouylate 31. The anhydr ide  2 (1.2 

g, 0.05 m l )  was d i s s o l v e d  i n  d ry  d ioxan  (10 m l )  and t r i - F - b u t y l t i n  az ide  (1.7 g, 0.05 mol) was 



added. The m i x t u r e  was s t i r r e d  a t  room tempera tu re  f o r  30 min.  So lven t  was removed t o  l e a v e  t h e  t i n  

s a l t  2 as a  v i scous  l i q u i d ;  a slow decompos i t i on  on s to rage  a t  25'C p rec luded  e lemen ta l  a n a l y s i s .  

Ir (CIIC13): 1740, 1690, 1560, 1285 cm-'. Nmr (CDCI3) :  6 5.8 and 5.6 (ZH,  dd, J = 7  and 7  Hz, 

NCH2N), 5.3 and 5.1 (211, dd, J = 8  and 8  Hz, NCH), 0.7-2.0 (2711, m, b u t y l ) .  

B i s - t r i - L - b u t y l t i n  ~&-1 ,3 -d in i t ro im idazo I id ine -4 ,5 -d ica rboxy la te  2. The anhydr ide  2 (1.2 g, 0.05 

m o l )  d i s s o l v e d  i n  d r y  d ioxan  (10 m l )  was t r e a t e d  w i t h  t r i - 5 - b u t y l t i n  az ide  (1.7 g, 0.05 mo l ) .  The 

m i x t u r e  was s t i r r e d  a t  room temperature f o r  30 min.  c -Bu tano l  ( 5  m l )  was added and t h e  m i x t u r e  was 

hea ted  a t  90 -100~C f o r  2 h. So lven ts  were removed t o  l eave  t h e  s a l t  32 as a c o l o r l e s s  s o l i d  (1.8 g, 

45%), mp 75 -77O~.  I r  (CtICI3): 1690, 1555, 1290 cm-'. Nmr (CDCI3): 6 5.7 and 5.6 (ZH, dd, J = 7  and 

7  111, NC112N), 5.1 (211, S ,  NCII) 0.7-1.9 (5411, m, b u t y l ) .  A n a l .  Calcd f o r  C291158N408Sn2: C, 42.08; H, 

7.01; N, 6.77. Found: C, 42.08; H, 7.12; N. 6.72. The s a l t  g w a s  a l s o  o b t a i n e d  when compound 2 

was t r e a t e d  w i t h  e thano l  . 
cis-l,3-0initro-4-methoxy~arbonylimidarolidine-5-carboxylic a c i d  8. The anhydr ide  30 (1.15 g, 5  - 

mmol) was t r e a t e d  w i t h  methanol (10 m l )  and s t i r r e d  f o r  15 min a t  room tempera tu re .  Methanol was  

removed t o  l eave  t h e  e s t e r  8 as a  c o l o r l e s s  s o l i d  (1.32 g, l oo%) ,  rnp 125-127OC (dec )  ( c h l o r o f o r m ) .  

l r  ( K B r ) :  3500, 3200, 1760, 1735, 1555, 1320, 1295 cm-l.  Nmr (ace tone-d6 ) :  6 9.1 ( lH ,  S, OH), 5.8 

and 5.6 (2H, dd, J = 7  and 7  Hr, NCH2N), 5.5 (?H, S,  NCH), 3.8 (3H, S ,  OCH3) The e s t e r  28 was 

conver ted  t o  t h e  known d i a c i d  g a n d  d i e s t e r  4 ( R  = CH3). 

The d i h y d r a z i d e  19 o f  1 , 3 - d i n i t r o s o i m i d a z o l i d i n e - 4 , 5 - d i c a r b o x y l i c  ac id .  To a  s o l u t i o n  of t h e  &- 

d i n i t r o s o  d i e s t e r  18 (R = CH3) (1.2 g, 5.0 mmol) i n  methanol (25 m l )  h y d r a z i n e  h y d r a t e  (0.5 g, 10 

mmol) was added and t h e  m i x t u r e  was heated a t  65OC f o r  4  h. l l e thano l  was removed t o  g i v e  t h e  

d i h y d r a z i d e  19 as a  y e l l o w  gum (0.79 g, 66%),  a f t e r  t r i t u r a t i o n  w i t h  e t h e r .  Treatment  w i t h  acetone 

c o n v e r t e d  t h e  d i h y d r a z i d e  19 t o  a b ishydrazone JJ o f  acetone, mp 222% (dec)  (ace tone) .  I r  (KBr ) :  

3260, 1705, 1680, 1460 cm-'. Anal.  Ca lcd  f o r  Cl1Hl8N8O4: C. 40.49; H, 5.52; N, 34.36. Found: C, 

40.04; H, 5.61; N. 34.25. 

1 , 3 - D i n i t r o s o i r n i d a z o l i d i n e - 4 , 5 - d i c a r b o x y i c  a c i d  d i a z i d e  S. A suspension o f  t h e  d i h y d r a z i d e  2 

(1.2 g, 5  rnmol) i n  t e t r a h y d r a f u r a n  (10 m l )  was coo led  t o  -15% ( d r y  i c e  i n  carbon t e t r a c h l o r i d e ) .  

t lydrogen c h l o r i d e  i n  e t h e r  (7 M, 3.5 ml, 25 nmol)  was added f o l l o w e d  by L - b u t y l  n i t r i t e  (1.4 m l ,  11 

mmol). The m i x t u r e  was s t i r r e d  a t  -15% t o  -10% f o r  30 min and poured on to  crushed i c e .  The d i a -  

r i d e  E separated as a  c o l o r l e s s  s o l i d  (1 .1  g, 83%), rnp 90% (dec)  ( c h l o r o f o r m ) .  I t s  s low decom- 

p o s i t i o n  a t  room tempera tu re  p rec luded  e lemen ta l  a n a l y s i s .  Ir (KBr ) :  2180, 2130, 1690, 1445 cm-'. 

Nmr (CDCI3): 6 5.2-7.0 (m, X- and c- r o t a t i o n a l  i s o m e r s ) .  

D i e t h y l  1,3-dinitrosoimidazolidine-4,5-biscarbamate 22. The d i a z i d e  20 (1.35 g, 5  mmol) was suspen- 

ded i n  d ry  benzene (25 m l )  and heated a t  80°C f o r  30 min. The r e a c t i o n  was mon i to red  by t h e  d i m i n -  

u t i o n  o f  a r i d e  i r  absorp t i on .  E thano l  ( 2  m l )  was added and t h e  r e a c t i o n  m i x t u r e  was s t i r r e d  a t  room 
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t e m p e r a t u r e  o v e r n i g h t .  S o l v e n t s  were  removed t o  l e a v e  t h e  b i s c a r b a m a t e  g a s  a l i g h t  y e l l a r  s o l i d  

( 1 .1  g, 74%),  mp 158-160% (benzene) .  I r  ( K E r ) :  3270, 1690, 1460, 1450 cm-'. Nmr (ace tone -d6 ) :  6 

7.9 (211, b r ,  NH) 6.5, 5.8 and 5.1 (411, m, NCH2N and NCH), 4.0 (4H, q, J = 7 Hz, OCH2), 1 .1  (6H, t, J 

= 7 Hz, C l i3 ) ;  13c nmr ( a c e t o n e - d 6 ) :  6 156.35, 72.53, 67.06, 65.44, 62.06, 61.54, 14.58. Ana l .  C a l c d  

f o r  C9H16N606: C, 35.53; H, 5.26; N, 27.63. Found: C, 35.71; H, 5.24; N, 27.64. 

O i e t h y l  %-1 ,3 -d in i t r o im idazo l i d ine -4 ,5 -b i sca rbamate  4. The d i n i t r o s o b i s c a r b a n a t e  22 (3.04 g, 

0.01 m o l )  was s l o w l y  added t o  n i t r i c  a c i d  ( l o o % ,  25 m l ) ,  c o o l e d  t o  -45% ( d r y  i c e  and a c e t o n i t r i -  

l e ) .  The d r y  i c e  b a t h  was r e p l a c e d  by an i c e - s a l t  ba th .  The r e a c t i o n  m i x t u r e  was warmed t o  O°C i n  

15 m in ,  pou red  o n t o  c rushed  i c e  and e x t r a c t e d  w i t h  e t h y l  a c e t a t e .  The e x t r a c t  was d r i e d  (Na2S04) 

and t h e  s o l v e n t  was removed t o  l e a v e  t h e  d i n i t r o b i s c a r b a r n a t e  2 (2 .4  g, 72%),  n p  190°C ( d e c )  (ben- 

zene) .  I r  ( K B r ) :  3280, 1680, 1520, 1280 cm-'. Hmr ( ace tone -d6 ) :  6 7.5 (ZH, b r ,  NH), 5.8 ( Z H ,  m, 

NCH), 5.6 (2H, S, NCH2N), 4.0 (4H, q, J = 7 112, OCH2), 1.1 (EH, t, J = 7 Hz); 13c (DMSO-d6): 6 

156.55, 74.02, 67.78, 61.12, 14.52. A n a l .  C a l c d  f o r  C9H16N608: C, 32.14; H, 4.76; N. 25.00. Found: 

C, 31.92; H, 4.51; N, 24.98. 
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