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S i m p l e  E n t r y  i n t o  t h e  1 , 6 - D i a z a p h e n a l e n e  Ring Sys tem 

M u s t a f a  L. El1-, a-&. m, and James M.  u*, 
Depar tment  o f  C h e m i s t r y ,  U n i v e r s i t y  o f  Wiscons in -Mi lwaukee ,  Milwaukee,  

Wiscons in  53201 ,  U . S . A .  

A f a c i l e  s y n t h e s i s  o f  t h e  dihydro-1,6-diazaphenalene r i n g  

s y s t e m  h a s  been d e v e l o p e d  by h e a t i n g  one e q u i v a l e n t  o f  methy l -  

1,2,3,4-tetrahydro-5-oxocoumarin-4-y1 a c e t a t e  ( 5 )  w i t h  t h r e e  e q u i v a l e n t s  - 
o f  h y d r o x y l a m i n e  h y d r o c h l o r i d e  i n  aqueous  e t h a n o l ;  7 , 8 - d i h y d r o - 2 , 5 -  

dihydroxy-1,6-diazaphenalene-1,6-dioxide ( 2 )  was p roduced  i n  t h i s  
" 

manner i n  88% y i e l d .  

We have i n v e s t i g a t e d  s y n t h e t i c  r o u t e s  t o  t h e  1 , 6 - d i a z a p h e n a l e n e s  

( l a )  and ( l b )  and t h e  c o r r e s p o n d i n g  2 , 3 - d i h y d r o  d e r i v a t i v e s  f o r  t h e  - -  - -  
p a s t  s e v e r a l  months .  Impe tus  f o r  t h i s  r e s e a r c h  stemmed from t h e  

r e p o r t e d  p o t e n t  a c t i v i t y  o f  8 - a m i n o q u i n o l i n e  d e r i v a t i v e s  i n  t h e  

t r e a t m e n t  o f  m a l a r i a , '  and a l s o  from t h e  un ique  chemica l  p r o p e r t i e s  

e x p e c t e d  f o r  t h e  1 , 6 - d i a z a p h e n a l e n e  ( l a ) .  P r o t o t r o p i c .  s h i f t  o f  t h e  
-" 

N - H  p r o t o n  ( l a )  t o  t h e  p y r i d i n e  n u c l e u s  would l e a d  t o  t h e  i d e n t i c a l  --  
s t r u c t u r e  when X=H; however ,  t h e  c a s e  would be e n t i r e l y  d i f f e r e n t  

w i t h  X = N H R  ( l b ) .  F u r t h e r m o r e ,  u n l i k e  p h e n a l e n e ,  a l l  t h r e e  o f  t h e  - -  
r i n g s  i n  ( 1 )  would be e x p e c t e d  t o  d e m o n s t r a t e  a r o m a t i c  c h a r a c t e r  via - 
p r o t o t r o p i c  s h i f t s  o r  mesomeric  e f f e c t s .  

We wish  t o  r e p o r t  a  t w o - s t e p  e n t r y  i n t o  t h e  1 , 6 - d i a z a p h e n a l e n e  

r i n g  s y s t e m  ( 2 ) ,  the s t r u c t u r e  of which shows e x c e l l e n t  p r o m i s e  f o r  
w 

f u r t h e r  e l a b o r a t i o n  i n t o  d i a z a p h e n a l e n e s  ( l a  and b ) .  - -  - 



E a r l y  d u r i n g  t h e  i n v e s t i g a t i o n  o f  t h e  r e a c t i o n  o f  d i c a r b o n y l  

compounds w i t h  d i m e t h y l  6 - k e t o g l u t a r a t e ,  i t  was f o u n d  t h a t  s t i r r i n g  

a  s o l u t i o n  o f  c y c l o h e x a n e - 1 , 3 - d i o n e  ( 3 )  - i n  c i t r a t e - p h o s p h a t e  

2 b u f f e r  w i t h  d i m e t h y l  6 - k e t o g l u t a r a t e  ( 4 )  - p r o v i d e d  a  v e r y  good y i e l d  

o f  t h e  5-0x0-4-alkyl-5,6,7,8-tetrahydrocoumarin ( 5 ) .  - a s  i l l u s t r a t e d  

i n  Scheme I .  The o x o c o u m a r i n  a p p e a r e d  t o  be  an e x c e l l e n t  p r e c u r s o r  

f o r  t h e  t r i c y c l i c  s y s t e m ,  f o r  r e p l a c e m e n t  o f  t h e  1 -  and 5-0x0-  

f u n c t i o n s  w i t h  n i t r o g e n  a toms  m i g h t  w e l l  p r o v i d e  t h e  b a s i c  

s k e l e t o n  ( 1 ) .  - 
S C H E M E  I 
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C o n v e r s i o n  o f  t h e  5 - o x o c o u m a r i n  ( 5 )  t o  t h e  5 - 0 x 0 - 4 - a l k y l -  - 
5,6,7,8-tetrahydro-2-quinolone ( 6 )  was c a r r i e d  o u t  b y  p u b l i s h e d  - 

i n  90% y i e l d  ( s e e  Scheme I ) ;  b u t ,  a d d i t i o n  o f  t h e  s e c o n d  

n i t r o g e n  f u n c t i o n  was n o t  as s t r a i g h t - f o r w a r d .  The 5 - o x o q u i n o l o n e  

e s t e r  6  was r e a c t e d  w i t h  a  v a r i e t y  o f  amines i n c l u d i n g  ammonia and  - 
b e n z y l a m i n e ;  u n f o r t u n a t e l y ,  t h e s e  a t t e m p t s  ended  i n  f a i l u r e .  I n  

c o n t r a s t , h e a t i n g  t h e  5 - 0 x 0 - t e t r a h y d r o q u i n o l o l l e  a c e t i c  a c i d  d e r i v a t i v e  

( 7 )  f o r  f o u r  h o u r s  w i t h  h y d r o x y l a m i n e  h y d r o c h l o r i d e  i n  aqueous 
" 

e t h a n o l  i n  t h e  p r e s e n c e  o f  s o d i u m  a c e t a t e ,  ana logous  t o  c o n d i t i o n s  

r e p o r t e d  b y  Tamura 2. ,4 p r o v i d e d  a  96% y i e l d  (Scheme 1 1 )  o f  t h e  

d e s i r e d  ox ime ( 8 ) :  mp = 226-230";  I R  ( K B r )  3310, 2860, 1702,  1642, - 
1598, 955,  and  938  cm- l .  The p r e s e n c e  o f  t h e  c a r b o x y l  f u n c t i o n  and 

t h e  bands a t  955 and  938  ( o ~ i m e ) ~  i n  t h e  i n f r a r e d  s p e c t r u m  o f  t h e  

y e l l o w  s o l i d  s u p p o r t e d  t h e  s t r u c t u r e  o f  t h e  ox ime,  8. The NMR 
" 

s p e c t r u m  i n  D20,NaOD c o n t a i n e d  s i g n a l s  a t  6 1.82 (2H,m), 2.61 (4H,m), 

3.80 (2H,s, -CH2-) and  6 .18  ( l H , s , v i n y l  p r o t o n ) ,  w h i l e  t h e  C . I .  mass 

s p e c t r u m  (NH3) had a  p a r e n t  i o n  ( 1 % )  a t  237 ( M + l ) ;  f u r t h e r m o r e  

i n t e n s e  peaks o c c u r r e d  a t  219 [ ( ~ + + 1 ) - 1 8 , ~ ~ 0 ) 1  and 203 [ ( M + + ~ ) - H ~ O -  

16 (O)]. The o r i g i n  o f  t h e  peaks a t  219 and 203 w i l l  become c l e a r  

l a t e r  i n  t h e  d i s c u s s i o n .  I n  a d d i t i o n ,  t h e  ox ime ( 8 )  when h e a t e d  - 
above 226'C t u r n e d  f r o m  a  l i g h t  y e l l o w  s o l i d  t o  a  y e l l o w - o r a n g e  

compound whose I R  s p e c t r u m  n o  l o n g e r  r e s e m b l e d  t h a t  o f  t h e  o r i g i n a l  

ox ime ( 8 ) .  The same ox ime ( 8 )  was o b t a i n e d  when ( 7 )  and  NH20H.HC1 - - . 
were h e a t e d  i n  a  p y r i d i n e l e t h a n o l  s o l u t i o n  f o r  s e v e r a l  h o u r s  ( n o  

NaOAc added) ;  b u t ,  when t h e  5 - o x o q u i n o l o n e  e s t e r  ( 6 )  and  NH20H.HC1 - 
were h e a t e d  i n  an e t h a n o l - w a t e r  s o l u t i o n  f o r  s e v e r a l  h o u r s  t h e  m a j o r  

p r o d u c t  was n o t  t h e  ox ime ( 8 )  b u t  t h e  y e l l o w  c o l o r e d  o x i m i n o  - 



SCHEME I 1  

, H  
EtOH,Pyd,A 
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8  hou rs  7 

H 9 
6 "OH 

6  lO%HC/  9  

"&$:. NH20H.HC1 NaOAc, 6  - 

I 
EtOH/H20 

hyd roxam ic  a c i d  10 (mp > 300°C); I R  (KBr )  3100-2300 ( b r o a d  bands ) ,  - -  
1640, 1620, 1588, 1516, 1422, 1170, (955  and 980 ~ x i m e ) ~  cm- l .  The 

c a r b o x y l  f u n c t i o n  was a b s e n t  i n  t h e  spec t r um  o f  10 - -  as compared t o  

t h a t  o f  ( 8 )  w h i l e  e l e m e n t a l  a n a l y s i s  c l e a r l y  i n d i c a t e d  t h e  m o l e c u l e  - 
c o n t a i n e d  t h r e e  n i t r o g e n  atoms. A l l  a t t e m p t s  t o  o b t a i n  a  mass 

spec t r um  l e d  t o  an i o n  a t  m/e 218 w h i c h  was n o t  t h e  p a r e n t  peak ( see  

b e l o w ) .  
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nowever ,  b o t h  t h e  ox ime 8  and t h e  h y d r o x a m i c  a c i d  1 0  gave t h e  - - -  
same o r a n g e , y e l l o w - o r a n g e  s o l i d  when t r e a t e d  w i t h  h o t  10% h y d r o -  

c h l o r i c  a c i d .  F u r t h e r m o r e ,  t h e  I R  s p e c t r u m  o f  t h i s  s o l i d  was 

i d e n t i c a l  t o  t h a t  o b t a i n e d  e a r l i e r ,  when a  s m a l l  amount o f  8  was - 
h e a t e d  t o  226' i n  a  c a p i l l a r y  t u b e .  I n  a d d i t i o n ,  p r o l o n g e d  h e a t i n g  

o f  t h e  5 - o x o q u i n o l o n e  m e t h y l  e s t e r  ( 6 )  w i t h  h y d r o x y l a m i n e  h y d r o -  
" 

c h l o r i d e  i n  an e t h a n o l - p y r i d i n e  s o l u t i o n  p r o v i d e d  t h e  same y e l l o w -  

o range  p r e c i p i t a t e  ( 9 )  d i r e c t l y .  The s t r u c t u r e  o f  t h i s  y e l l o w -  
" 

o r a n g e  s o l i d  was p r o v e n ,  u n e q u i v o c a l l y ,  t o  be t h a t  r e p r e s e n t e d  b y  

s t r u c t u r e  ( 9 ) .  T h i s  h i g h  m e l t i n g  s o l i d  (mp > 350') h a d  a  m o l e c u l a r  - 
i o n  a t  218 mass u n i t s  ( E . I .  and  C . I .  s p e c t r a ) ;  f u r t h e r m o r e  t h e  base 

+ 
peak i n  t h e  C . I .  s p e c t r u m  o c c u r r e d  a t  M -16 c h a r a c t e r i s t i c  f o r  t h e  

l o s s  o f  oxygen  f r o m  N- oxide^;^ s i m i l a r  r e s u l t s  were  seen i n  t h e  

e l e c t r o n  i m p a c t  s p e c t r u m .  The I R  s p e c t r u m  c o n t a i n e d  bands a t  3400, 

3040 (OH) and 1620 ( p y r i d o n e  C=O), f u r t h e r m o r e  s t r o n g  s i g n a l s  were 

found a t  1595,  1290, and 1180 cm-' c h a r a c t e r i s t i c  o f  absorptions 

f r o m  N - o x i d e s  o b s e r v e d  i n  s i m i l a r  e n v i r o n m e n t s  A l t h o u g h  9 was - 
i n s o l u b l e  i n  m o s t  o r g a n i c  s o l v e n t s ,  NMR s p e c t r a  c o u l d  be o b t a i n e d  

b o t h  i n  t r i f l u o r o a c e t i c  a c i d  and D20 (NaOD) s o l u t i o n :  6 (CF3C02H), 

2.48 (2H,m), 3.56 ( 4 H ,  two o v e r l a p p i n g  t r i p l e t s ) ,  6.95 ( lH ,s ,  v i n y l )  

and  7.00 ( l H , s ,  v i n y l  p r o t o n ) ;  6 (D20, NaOD), 2.20 (2H,m), 2.94 

( 2 H , t ) ,  3 .20 (2H, t ) ,  6.05 ( l H , s )  and  6.20 ( l H , s ) .  When t h e  s p e c t r u m  

was r u n  i n  DMSO-d6 t h e  two v i n y l  s i g n a l s  were  f o u n d  a t  6 5.94; t h i s  

s u r p r i s i n g  r e s u l t  may be due s i m p l y  t o  s o l v e n t  s h i f t s ,  o r  i n  f a c t  

m i g h t  b r i g i n a t e  f r o m  c h e m i c a l  i n t e r a c t i o n  o f  DMSO w i t h  9. 7 - 
Some r e v i e w  o f  t h e  pa thways  t o  t h e  N - o x i d e  9  s h o u l d  be - 

p r e s e n t e d  f o r  t h e  sake  o f  c l a r i t y .  We have o b s e r v e d  t h e  c o n s i s t e n t  



c y c l i z a t i o n  o f  e i t h e r  the oxime ( 8 )  o r  h y d r b x a m i c  a c i d  10 i n  t h e  - "- 
mass s p e c t r o m e t e r  t o  p r o v i d e  a  m o l e c u l a r  i o n  ( 2 1 8 )  c o n s i s t a n t  w i t h  

s t r u c t u r e  9 .  We h a v e  a l s o  o b s e r v e d  t h i s  on h e a t i n g  8  o r  1 0  t o  - - - -  
t e m p e r a t u r e s  > 226°C. Moreover ,  t h e  oxime ( 8 )  was c o n v e r t e d  t o  t h e  - 
d i h y d r o d i a z a p h e n a l e n e - 1 - N - o x i d e  d e r i v a t i v e  ( 9 )  i n  96% y i e l d  on - 
t r e a t m e n t  w i t h  h o t  10% h y d r o c h l o r i c  a c i d .  F u r t h e r m o r e ,  when t h e  N M R  

s p e c t r u m  o f  e i t h e r  8 o r  10 was r u n  i n  t r i f l u o r o a c e t i c  a c i d ,  t h e  - - -  
s p e c t r u m  o f  t h e  c y c l i z e d  N-oxide  ( 9 )  was o b s e r v e d , i m m e d i a t e l y .  I n  - 
none o f  o u r  work h a v e  we o b s e r v e d  a  c a r b o n y l  a b s o r b t i o n  a t  1721 crn-' 

wh ich  i s  r e p o r t e d 6 c  t o  be  p r e s e n t  i n  " G o t t l i e b ' s  a n h y d r o d e r i v a t i v e ,  

12"  p r o d u c e d  by h e a t i n g  t h e  o x i m i n o  a c i d  11 a t  175 ' , a s  shown be low.  8  - .. --  

A l s o ,  t h e  s i g n a l  f o r  t h e  m e t h y l e n e  f u n c t i o n  which  wou ld  r e s u l t  f rom 

t h i s  a t t a c k  s t u d i e d  by G o t t l i e b  a n d  l a t e r  r e i n v e s t i g a t e d  by 

~ o r i c o n i ~ ~  was a b s e n t  f rom t h e  N M R  s p e c t r u m  o f  ( 9 ) .  A p p a r e n t l y  t h e  - 
p e r i  p o s i t i o n  o f  the  oxime 8  i s  p e r f e c t l y  s e t  up f o r  t h e  d e s i r e d  - 
c y c l i z a t i o n  t o  t a k e  p l a c e  i n  t h e  c a s e  o f  8  o r  1 0 .  - - - 

I t  i s  o b v i o u s  t h a t  h a r s h  c o n d i t i o n s  a r e  r e q u i r e d  t o  f o r c e  

b a s e s  6 ,  8 ,  a n d  1 0  t o  c y c l i z e  t o  t h e  N-ox ide  9 ;  h o w e v e r ,  t h e  y i e l d s  - - "" " 

a r e  q u i t e  h i g h  i n  a l l  t h e s e  c o n v e r s i o n s  ( t r a n s f o r m a t i o n  o f  7 t o  9 - - 
c a n  be c a r r i e d  o u t  i n  b e t t e r  t h a n  80% o v e r a l l  y i e l d ) .  
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A l t h o u g h  t h e  y i e l d  o f  t h e  d i a z a t r i c y c l i c  s y s t e m  ( 9 )  f r o m  7 was - - 
good, i t  was f e l t  a  s h o r t e r  r o u t e  m i g h t  be d e v e l o p e d  i f  b e t t e r  use 

was made o f  t h e  5-0x0-4-alkyl-5.6.7.8-tetrahydrocoumarin ( 5 ) .  To 

t h i s  e n d  t h e  t w o - s t e p  s y n t h e s i s  o f  t h e  k e y  t r i c y c l i c  r i n g  s y s t e m  ( 2 )  - 
has been d e v e l o p e d  as o u t l i n e d  i n  Scheme 111.  R e a c t i o n  o f  3 w i t h  4 - - 
gave ( 5 )  i n  good y i e l d , a s  d e s c r i b e d  b e f o r e .  The 5 - o x o c o u m a r i n  - 
d e r i v a t i v e  was t h e n  h e a t e d  w i t h  t h r e e  mo les  o f  h y d r o x y l a m i n e  h y d r o -  

c h l o r i d e  i n  aqueous a l c o h o l ;  p r o l o n g e d  h e a t i n g ,  w i t h  f u r t h e r  a d d i t i o n  

o f  NH20H.HCl t o  t h e  m i x t u r e ,  p r o v i d e d  an 88% y i e l d  o f  t h e  d i h y d r o - 2 , 5 -  

dihydroxyl-1,6-diazaphenalene-1,6-dioxide 2, w h i l e  h e a t i n g  t h e  same - 
SCHEME I 1 1  

3NH20H.HC1 ,NaOAc, 
EtOH/H20 

p r o l o n g e d  h e a t i n g  \ 
9 

8 

0% HCl ,A '/ 



s o l u t i o n  f o r  only 10 hours f u r n i s h e d  a mixture of 2  and ano the r  - 
compound f e l t  t o  be the  i n t e r m e d i a t e  hydroxamic a c i d  13. The mixture -" 

of 2  and 13 was conver ted  q u a n t i t a t i v e l y  t o  2  on t r e a t m e n t  with h o t  - - -  - 
10% hydroch lo r i c  a c i d .  

The physica l  and s p e c t r a l  d a t a  a r e  i n  complete agreement with 

the  s t r u c t u r e  of 2 .  The orange co lo red  s o l i d  which has a  high - 
mel t ing  p o i n t  (>300°C),  c h a r a c t e r i s t i c  of s i m i l a r  quinolones  was 

i n s o l u b l e  i n  most o r g a n i c  s o l v e n t s .  The chemical i o n i z a t i o n  mass 

spectrum (NH3) showed s u c c e s s i v e  l o s s e s  of 16 ( 0 )  a t  219 and 203 mass 

u n i t s ,  r e s p e c t i v e l y ,  conf i rming the bis-N-oxlde na tu re  of 2.5 In - 
a d d i t i o n ,  I R  (KBr) bands were found a t  3450 ( O H ) ,  3050, 1630 (C=O), 

1610, 1295 and 1185 cm-l; t he  s t r o n g  bands a t  1610, 1295, and 1185 
8 a r e  due t o  c = i - 8  and N'-0 s t r e t c h i n g  v i b r a t i o n s  c h a r a c t e r i s t i c  of 

pyr id ine  and pyridine-14- oxide^.^ The symmetrical  c h a r a c t e r  of the  

d i a z a d e r i v a t i v e  (2) was c l e a r l y  s h o w n  by i t s  N M R  spectrum 
" 

(CF3C02~)  which con ta ined  only  t h r e e  s i g n a l s :  6 2.52 ( 2 H , m ,  C-8H1s) ,  

3.62 (4H,t,J=6Hz,C-7 and C-9H), and 7.00 (2H,s,C-3 and C-4,vinyl 

p r o t o n s ) .  

The simple s y n t h e s i s  of the  d ihydrodiazaphenelene  d e r i v a t i v e s  

2 and 9  from r e a d i l y  a v a i l a b l e  s t a r t i n g  m a t e r i a l s  w i l l  c e r t a i n l y  - - 
make diazaphenalenes  such as l a  and l b  more a c c e s s i b l e .  I t  should -" - - 
now be p o s s i b l e  t o  employ s t a n d a r d  methods t o  conver t  5 i n t o  l a  o r  - "- 

l b .  Work i s  i n  progress  a t  the  p r e s e n t  time t o  e f f e c t  such convers ions .  9  
"- 
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