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Abstract  - The synthesis of 3-benzamido-6,8-dibenzoyl-1,3,5,6,8-pentaazabicyclo[3.2.2]- 

nonane 2 and 2,7-dibenzo~l-4-benzamido-1,2,4,6,7-pentaazabicyclo~4.2.llnonane 2 pro- 

v ides the f i r s t  examples of pentaazabicyclononanes. 

Treatment of 1,3,5- t r ibenzamidohexahydro- l .3,5- t r iaz lne l as the m ~ n o h y d r a t e l . ~  w i t h  e thy l  o r tho-  

formate and a few drops of concentrated s u l f u r i c  ac id  i n  to luene a t  110'~ f o r  0.5 h gave 3-ben- 

zamido-6,8-dibenzoyl-1,3,5,6,8-pentaazabicyclo[3.2.2lnonane 2. When s u l f u r i c  ac id  was not present 

i n  the  mix ture  a d i f f e r e n t  isomer iza t ion  of the heterocycle i g a v e  2,7-dibenzoyl-4-benzamido-1,2,- 

4,6,7-pentaazabicycl0~4.2.11nonane 2, 2-phenyl-1,3,4-oxadiazo1e 4.3 and l - b e n z 0 ~ 1 - 4 - b e n z a r n i d o - ~ ~ -  

1,2 ,4- t r iazo l ine  5. Struc tures  1-3 and I, were determined by x-ray c r y s t a l l o g r a p h i c  analyses.2 

Compounds 2 and 3 introduced 1,3,5,6,8-pentaazabicyclo[3.2.2lnonane and 1,2,4,6,7-pentaazabicyclo- 

[4.2.llnonane as parent molecules of new r i n g  systems. Except f o r  compounds 2, 2, and examples 

claimed i n  a patent  t o  be 2,4,6,8,9-pentaazabicyclo[3.3.1lnonadienes 5 pentaazabicyclononanes 

remain unknown. 

An an t i c i pa ted  i n t e r a c t i o n  between the h e x a h y d r o t r i a z i n e l  and e t h y l  or thoformate t o  g ive  2.8.9- 

tribenzoyl-2,3.5,7,8,9-hexaazatricycl0[3.3.1.1~~~] decane I was pat terned a f t e r  a s i m i l a r  conver- 

s ion  of cis-cis-1,3,5-tris-benzylaminocyclohexane 8 t o  2,4,10- t r ibenzyl -2,4,10- t r iazaadamantane 

9.5 Formation o f  the  hexaazatricyclodecane 1 was not detected. - 

When e thy l  or thoformate was not inc luded i n  the  reac t i on  mix ture ,  the  hexahydro t r iaz ine i n  t o l u -  

ene conta in ing a c a t a l y t i c  amount of concentrated su l f u r i c  acid,  was recovered and gave t h e  penta- 

azablcyclo[3.2.2]nonane 2 i n  a t r ace  amount. Longer heating gave i n t r a c t a b l e  mixtures.  S i m i l a r  

t reatment i n  t h e  absence of both e thy l  or thoformate and concentrated s u l f u r i c  ac id  had n e g l i g i b l e  

e f f ec t  on the hexahydrotr iazine; again prolonged heat ing brought about degradat ion and the 

formation of many products. 
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A r a t i ona le  f o r  the  format ion o f  products 2 -I depended on the presence o f  the  hydrazone 10 de- 

:Ived frm the herahydro t r iaz ine i by depo lymer iza t ion .6~7 The hydrazone 10 af forded 1 .+diben- 

zoyl-hexahydro-1-tetrazine 12 and 1-benzoyl-4-benzamidotetrahydro-1.2.4-triazole 2 by r i ng -  

closures f r a n  the dimer E . ~  A react ion  between the reduced t e t r a l i n e  12 and the dimer ?1 then 

afforded the pentaazabicyclo[3.2.2]nonane L w i t h  the  formal e j e c t i o n  of benzhydrazide. From the 

isomeric dimer 2 a react ion  w i t h  the dimer afforded the pentaazabicyclo[4.Z.llnonane 3. A 

c r i t i c a l  r o l e  f a r  e thy l  orthoformate, beyond the known react ion  w i t h  benzhydrazide t o  form the 

oxadiazole 43 which thereby favorably s h i f t e d  the  e q u i l i b r i u n  l$ 2 (1). has not been ascer ta in-  

ed. Oehydrogenat~on o f  the t r i a z o l i d i n e  g t o  the  t r i a z o l i n e  i n a s  assumed. 
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EXPERIMENTAL 

Instruments i nc l uded  Pye-Unicam SP-200 I R ,  Var ian A-60 and 1-60 NMR Spectrometers. Elemental 

analyses were prov ided by Micro-Tech Labora tor ies ,  Inc., Skokie, I l l i n o i s .  

3-8enzamido-6,8-dibenzoyl-1,3,5,6,8-pentaazabicyclo3.2.2lnonane 2. To a  suspension of the  monohy- 

d r a t e  of 1.3.5- t r isbenzamidohexahydrotr iaz ine 11%' (0.9 g, 0.002 mal)  i n  t o l uene  (25 m l )  t r i e t h y l -  

o r tho formate  (0.30 g, 0.002 m0l) and a  drop of concentrated s u l f u r i c  a c i d  were added. The m i x t u r e  

was heated a t  IIOOC f o r  30 min. Toluene was removed and the r es i due  was separated chromatographi-  

c a l l y  ( s i l i c a  ge l ,  chloroform) t o  g i ve  a  c o l o r l e s s  s o l i d  (0.31 g, 34%), mp 238-240'~ (decomp.) 

a f t e r  r e c r y s t a l l i z a t i o n  from to luene;  i r  (KBr)  : 3200-3500 (broad,  NH) 1620-1660 cml (C  0 ) ;  nmr 

(CUC13): 6 4.5 (b road s, 4H, N-CH2-N) 5.0 (broad s, 4H, N-CH2-N), 7.2-7.8 (m, 15H, a romat ic )  and 

8.8 (broad s,  1H. NH); anal .  calcd.  f o r  CZ5Hz4N6O3: C, 65.79; H, 5.26; N, 18.42; found: C, 65.70; 

H, 5.29; N. 18.26. 

1. A suspension o f  1,3,5- t r isben- 

zamidohexahydro t r~az ine  Y s 9  (0.9 g, 0.002 mol)  i n  to luene (25  m l )  was mixed w i t h  t r i e t h y l o r t h o f o r -  

mate (0.30 g, 0.002 mol) and heated a t  1 1 0 ~ ~  f o r  30 min. Toluene was removed and t h e  r es i due  was 

separated chromatograph ica l l y  ( s i l i c a  ge l ,  ch lo ro fo rm)  t o  g i v e  2-phenyl-1,3,4-oxadiazole 9 as a  

c o l o r l e s s  l i q u i d  (0.075 g, 8%); i r  ( n e a t ) :  3110, 1605, 1550, 1480, 1100, 1060, 700, and 680 cm-l :  

nmr (CUCl3): 6 8.50 ( s ,  lH ,  H-5), 7.33-7.76 (m, 3H, phenyl), 7.83-8.26 (m, 2H, phenyl).1° F u r t h e r  

e l u t i o n  gave t h e  bicyclononane 2 (0.26 g, 28%) as a  co lo r less  s o l i d ,  mp 2 1 7 - 2 1 9 ~ ~  a f t e r  r e c r y s t a l -  

l i z a t i o n  f rwn to luene;  i r  (KBr): 3250 (NH) and 1650 cm-l (CO); nmr (CDC13): 6 3.6-5.5 (m, 8H, CH2), 

7.3-7.8 (m, 15H, a romat ic )  9.2 (5, IH, NH); anal. ca lcd .  fo r  Cz5HZ4N6o3: C, 65.79; H, 5.26; N, 

18.42; found: C,  65.74; H, 5.50; N, 18.43. The r e c r y s t a l l ~ z a t i o n  o f  p roduc t  3 f o r  x - ray  c r y s t a l l o -  

g raph ic  ana l ys i s  a l s o  gave a  few c r y s t a l s  of t h e  t r i a z o l i n e  2, a s t r u c t u r e  confirmed by x-ray c r y s -  

t a l l o g r a p h i c  ana l ys i s  but  not  charac te r ized  f u r t h e r .  
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