
HETEROCYCLES, Vol. 23, No. 6, 1985 

MONO- AND DI-SUBSTITUTED 3-AZA-a-TROPOLONES' 

Yoshie Horiguchi, Takehiro Sano*ya and Yoshisuke Tsudab 

Showa College of Pharmaceutical S c i e n ~ e s , ~  5-1-3 Tsurumaki, Setagaya- 

kU, Tokyo 154, Japan and Faculty of Pharmaceutical S ~ i e n c e s , ~  Kanazawa 

University, 13-1 Takara-machi, Ranazawa 920, Japan 

Abstract - ?lew mono- and di-substituted 3-aza-a-tropolones 6 were 

synthesized by deethaxycarbonylation and subsequent DDQ oxidation o f  

dihydroazatropolones 4. In methanol, 6 undergoes a skeletal 
rearrangement to give methyl pyridine-2-carboxylates 5 suegesting 

that the reaction is characteristic of the azatropolone nucleus. 

Previously w e  reported the synthesis of a new heteroaramatic, 3-aza-a-tropolones 

1 and 2, both of which carried an ethoxycarbonyl group on the nucleus and - 
readily underwent skeletal rearrangement to afford pyridine-2-carboxylates in 

protic s o l ~ e n t s . ~  In connection with the chemical reactivity of azatrapolones, 

we are interested in removing that group from the molecule, since the 

rearrangement of a-tropolone to benzoic acid is known to be facilitated b y  the 

presence o f  an electron attractive substituent.3 In this paper we present the 

Syntheses of 4-phenyl- and 5 - e t h o x y - 4 - p h e n y 1 - 3 - a z a - ~ i - t r o p o l o n e s .  4 
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Removal of the ethoxycarbonyl group was achieved at the stage of 

dihydroazatr~polone~ 1) which were prepared by base-catalysed ring expansion of 

the photoadducts 3 o f  olefins to d i o x ~ ~ ~ r r o l i n e . ~  Dihydroazatropolones 9-5, - 
when heated with CaC12 in D M S O , ~  gave the expected deethovycarbonylated products 

5a-d7 in satisfactory yields, respectively. Similar deethoxycabonylation of 2 - 
directly afforded 2 in 31 $ yield. 
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a :  R=Ph,  b: R=OEt. C: R=OAc, d: R=H 

chart 2 

A l l  t h e  p r o d u c t s  h a d  t h e  d i k e t o  s t r u c t u r e  5 a s  p r o v e d  f r o m  t h e i r  s p e c t r a l  d a t a .  

For e x a m p l e ,  showed  t w o  c a r b o n y l  g r o u p s  a t  1725 a n d  1 6 6 5  cm-' ( w h i c h  

c o r r e s p o n d e d  t o  ' 3 ~ - M M R  p e a k s  a t  2 0 0 . 4  and  1 6 7 . 5  ppm) i n  i t s  IR s p e c t r u m  and  

f o u r  p r o t o n s  a s  m u l t i p l e t s  a t  6 3 . 0  i n  i t s  ' H - N M R  s p e c t r u m .  D e h y d r o g e n a t i o n  o f  2 
t o  3 - a z a - a - t r o p o l o n e s  6 w a s  a c h i e v e d  b y  DDO o x i d a t i o n ,  b u t  t h e  r e a c t i o n  r a t e  and  

t h e  s t a b i l i t y  o f  t h e  p r o d u c t s  were m a r k e d l y  i n f l u e n c e d  b y  t h e  n a t u r e  o f  

~ u b s t i t u e n t s  on t h e  a z a t r o p o l o n e  n u c l e u s .  O x i d a t i o n  o f  2 r a p i d l y  p r o c e e d e d  t o  

g i v e  66 i n  5 0  4 y i e l d  on r e a c t i o n  i n  CH2C12 a t  5 0 D C .  C o n v e r s i o n  o f  5 2  i n t o  

was a c h i e v e d  b y  r e a c t i o n  i n  b e n z e n e  a t  l l O n C ,  t h o u g h  t h e  y i e l d  was l o w  ( 1 0  % ) .  

A l t h o u g h  we c o u l d  n o t  i s o l a t e  @ a n d  6 2  from t h e  r e a c t i o n  m i x t u r e  i n  C H 2 C 1 2  or  

b e n z e n e ,  t h e  r e a r r a n g e d  p r o d u c t s  7 a  a n d  7 c  were p r o d u c e d  when t h e  r e a c t i o n  w a s  - - 
c a r r i e d  o u t  i n  m e t h a n o l ,  t h u s  s u g g e s t i n g  t h e  i n t e r m e d i a r y  f o r m a t i o n  o f  t h e  3- 

a z a - a - t r o p a l o n e s  6 2  a n d  62, r e s p e c t i v e l y .  T h e  p o s s i b i l i t y  t h a t  t h e  f o r m a t i o n  of 

7 2  from 5 2  w a s  d u e  t o  t h e  i n i t i a l  r i n g  c o n t r a c t i o n  o f  5 2  a n d  t h e  s u b s e q u e n t  

d e h y d r o g e n a t i o n  o f  t h e  r e s u l t i n g  d i h y d r o p y r i d i n e  may be  e l i m i n a t e d ,  s i n c e  52 was 

s t a b l e  i n  m e t h a n o l  on h e a t i n g  a t  1 0 0 ° C  f o r  24 h .  

T h e  a z a t r o p o l o n e  r e a r r a n g e d  i n t o  m e t h y l  p y r i d i n e - 2 - c a r b a x y l a t e  7 b  on - 
t r e a t m e n t  w i t h  r n e t n a n o l  u n d e r  r e f l u x .  T h i s  r e a r r a n g e m e n t  was g r e a t l y  

a c c e l e r a t e d  o n  a d d i t i o n  of s o d i u m  a c e t a t e .  A s i m i l a r  r e a r r a n g e m e n t  w a s  a l s o  

s u g g e s t e d  f o r  62 f r o m  i t s  UB s p e c t r a l  c h a n g e  a f t e r  4 8  h  i n  m e t h a n o l ,  a l t h o u g h  

a l l  a t t e m p t s  o f  i s o l a t i o n  o f  7d  were f a i l e d .  - 
T h e  p r e s e n t  i n v e s t i g a t i o n  s u g g e s t s  t h a t  t h e  r i n g  c o n t r a c t i o n  r e a c t i o n  o f  

a z a t r o p o l o n e s  b y  p r o t i c  s o l v e n t s  i s  c h a r a c t e r i s t i c  o f  a z a t r o p o l o n e  n u c l e u s ,  

a l t h o u g h  ease o f  t h e  r e a c t i o n  i s  i n f l u e n c e d  b y  t h e  n a t u r e  o f  s u b s t i t u e n t s .  
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EXPERIMENTAL 

U n l e s s  o t h e r w i s e  s t a t e d ,  t h e  f o l l o w i n g  p r o c e d u r e s  w e r e  a d o p t e d .  M e l t i n g  p a i n t s  

were t a k e n  on a Yanag imo to  m i c r o  h o t - s t a g e  mp a p p a r a t u s  and  a r e  uncorrected. I R  

s p e c t r a  were t a k e n  i n  R u j o l  m u l l s  w i t h  a H i t a c h i  260-10 s p e c t r o m e t e r  and  a r e  g i v e n  

i n  cm-l .  U V  s p e c t r a  were r e c o r d e d  i n  d i o x a n e  w i t h  a ! 3 i t a c h i  200-10 

s p e c t r o p h o t a m e t e r .  ' H - I I M R  ( 6 3  MHz and 100 MHz) s p e c t r a  were t a k e n  i n  CDC13 

s o l u t i o n  w i t h  t e t r a m e t h y l s i l a n e  (THS) a s  an i n t e r n a l  s t a n d a r d  an a H i t a c h i  P e r k i n -  

E lmer  s p e c t r o m e t e r  and a JEOL FX-100 s p e c t r o m e t e r ,  r e s p e c t i v e l y .  H igh  r e s o l u t i o n  

mass s p e c t r a  werc  t a k e n  by JIOL JMS-D 300 s p e c t r o m e t e r .  For  column c h r o m a t o g r a p h y ,  
Wakogel  C-200 ( s i l i c a  g e l )  was used. 

P r e p a r a t i o n  o f  5  by d e e t h a x y c a r b o n y l a t i o n  o f  4  

A m i x t u r e  o f  4 ( 2 0 0  rng) and c a l c i u m  c h l o r i d e  ( 4  e q . )  i n  DMSO ( 5  m l )  was h e a t e d  a t  

1 4 0 - 1 5 0 ' ~  f o r  15-60 m i n .  The  m i x t u r e  was d i l u t e d  w i t h  CH2C1,, washed w i t h  5% N C 1  

and  w a t e r  and  d r i e d  over  Na2S0,,. A f t e r  e v a p o r a t i o n  o f  t h e  s o l v e n t ,  t h e  r e s i d u e  

was c h r o m a t o g r a p h e d  i n  benzene-CH2C12 ( 1 : l )  t o  g i v e  t h e  4 ,5 -d ihyd ro -1H-azep lne -  

2 , 3 - d i o n e s  5. 
5 2 :  101 mg ( 6 4  8 ) .  P a l e  y e l l o w  n e e d l e s  f r om C H 2 C 1 2 - E t 2 0 ,  rnp 204-208°C.  I R :  1 7 2 5 ,  

1665 .  U V  A,,, n m  ( E ) :  232 ( 1 3 , 1 0 0 ) ,  286  ( 8 , 8 0 0 ) .  ' H - N M R  ( 6 0  MHz)g : 3 . 0  ( U H ,  m, 

C 4 - H ,  C5-H),  7 . 5  ( 1 0  H ,  m ,  Ar-H).  MS m/z:  M f  C a l c d  f o r  ClBHl5NO2; 277 .1102 .  

F o u n d :  277 .1117 .  

5 b :  100  rng ( 65 R ) .  C o l o r l e s s  p r i s m s  from E t 2 0 - h e x a n e ,  mp 121-126-C. IR: 1 7 3 0 ,  

1665 .  U V  A,,, n m  (E): 225 ( 9 , 5 0 0 ) ,  262 ( 9 , 4 0 0 ) .  ' H - N M R  ( 6 0  MHz)d : 1  . 1 8  (3H,  t ,  

J = 7  Hz,  0 C H 2 y 3 ) ,  2 . 9 7  (4H,  m ,  C 4 - H ,  C5-H), 3 . 7 3  2  q ,  J = 7  132, 0CH2CH3), 7 . 2  

( 5 H ,  m ,  Ar-H) .  MS m/z:  M +  Ca l cd  f o r  Cl4HI5NO3; 245 .1050 .  Found:  245 .1028 .  

5 2 :  98  mg ( 6 3  % ) .  C o l o r l e s s  p r i s m s  from CH2C12-Et20, mp 101-103'C. I R :  1760 ,  

1720 ,  1675.  U V  A,,, nm (E): 228  ( 8 , 6 0 0 ) ,  253  ( 9 , 3 0 0 ) .  ' H - N M R  ( 6 0  MHz) 6 :  2 . 00  

(3H ,  s ,  OAc) ,  7 . 85 -3 .27  (4H ,  m ,  C4-H, C5-H), 7 . 2 8  (5H ,  m ,  Ar-H).  MS m/z:  M +  C a l c d  

f a r  ClqH13N04; 259 .0845 .  F o u n d !  259 .0890 .  

5 2 :  92  m g  ( 6 3  8 ) .  C o l o r l e s s  p r i s m s  fo rm  E t 2 0 - h e x a n e ,  mp 162-164'C. I R :  1 7 2 5 ,  

1665 ,  1640.  U V  A,,, nm ( E ) :  252 ( 9 , 2 0 0 ) .  ' H - N M R  '(60 M H z ) ~  : 2.63-3 .2  ( U H ,  m ,  C q -  

, C 5 - H I ,  6 . 1 1  ( l H ,  t ,  J z 8  Hz, o l e f i n i c - H ) ,  7 . 4  ( 5H ,  m ,  Ar-H).  MS m/z :  M t  C a l c d  

f o r  C12H11N02; 201 .0790 .  Found:  201 .0805 .  

P r e p a r a t i o n  o f  5 a  f rom 3a  

A m i x t u r e  of 32 (200  m e )  a n d  c a l c i u m  c h l o r i d e  (500  mg) i n  DMSO ( 5  m l )  was h e a t e d  

a t  150°C f o r  20 m i " .  Work-up o f  t h e  m i x t u r e  a s  d e s c r i b e d  above  g a v e  2 ( 5 0  mg, 31 

$ 1  and 2 ( 5  mg, 2 . 5  % ) .  

5 - E t h o x y - 4 - p h e n y l - 3 - a z a - ~ ~ - t r o p o 1 0 n e  6 b  

A m i x t u r e  o f  5 b  ( 1 0 0  mg) and DDQ ( 100  mg) i n  d r y  CH,Cl, ( 5  m l )  w a s  h e a t e d  a t  5 0 %  - 
fo r  1-2 m i " .  A f t e r  e v a p o r a t i o n  o f  t h e  s o l v e n t ,  t h e  r e s i d u e  i n  benzene-CM2C12 was  

r a p i d l y  p a s s e d  t h r o u g h  a column t o  g i v e  6 2  a s  a y e l l o w  gum ( 5 2  me, 50  % ) .  IR 

(CH2C12):  1 6 8 0 ,  1660 .  U V  A,,, n m  ( F ) :  262  ( 5 , 6 0 0 ) ,  300 ( 5 , 8 0 0 ) ,  388  ( 7 , 0 0 0 ) .  

' H - N M R  ( 100  MHz) 6 :  1 . 00  3  t ,  J = 7  Hz ,  OCH2U-l3), 3 . 5 7  (2H,  q ,  5.7 Hz,  0 Q 2 C H 3 ) ,  

6 . 6 0  ( l H ,  d ,  5 - 1 3  Hz,  C7-HI, 7 . 1 3  ( l H ,  d ,  J = 1 3  Hz, C6-H), 7 . 4  ( 5H ,  m ,  Ar-HI. MS 

m/z:  M +  C a l c d  f o r  C13H13N03: 243 .0896 .  Found :  243 .0912 .  

4 - P h e n y l - 3 - a z a - a - t r o p o l o n e  6d 

A m i x t u r e  o f  5 2  ( 5 0  me) and D D Q  ( 5 0  mg) i n  d r y  b e n z e n e  ( 5  m l )  was h e a t e d  a t  l l O S C  

f o r  1  h .  T h e  r e a c t i o n  m i x t l l r e  was p a s s e d  t h r o u e h  a co lumn .  E l u t i o n  w i t h  b e n z e n e -  



CH2C12 ( 1 : l )  g a v e  t h e  2 - a r a - a - t r o p o l o n e  6 2  ( 5  mg, 10 % )  a s  p a l e  y e l l o w  p r i s m s  f rom 

E t 2 0 - h e x a n e ,  mp 133 -138 -C .  IR: 1 6 9 0 ,  1 6 5 0 ,  1 6 1 5 .  U V A m a ,  nm ( E ) :  235 ( 1 0 , 7 0 0 ) ,  

308  ( 4 , 8 0 0 ) ,  369 ( 9 , 6 0 0 ) .  ' H - N M R  ( 1 0 0  MHz) 6 :  6 . 2 0  ( l H ,  d ,  J = 9  Hz,  C 5 - H ) ,  6 .67  

( l H ,  d ,  5.12 Hz,  C7-!I) ,  7 . 1 2  ( l H ,  d . d ,  J = 9 ,  12 Hz,  C 6 - H ) ,  7 . 5  ( 5H ,  m ,  A r - H I .  MS 

m/z:  M t  Ca l cd  for  C12HqN02; 1 9 9 . 0 6 3 1 ,  Found:  199 .0610 .  . ~ 

M e t h y l  5-ethoxy-6-phenylpyridine-2-~1PbOYylate 7 b  

6& ( 2 0  mg) i n  MeOH ( 1 0  m l )  c o n t a i n i n g  AcONa ( 5  mg) w a s  h e a t e d  f o r  6  h. A f t e r  

e v a p o r a t i o n  o f  t h e  s o l v e n t ,  t h e  r e s i d u e  was d i s s o l v e d  i n  CH2C12, washed w i t h  

w a t e r ,  d r i e d  o v e r  Na2S04, and c o n c e n t r a t e d  t o  d r y n e s s .  C h r o m a t o g r a p h y  of t h e  

r e s i d u e  i n  b e n z e n e  g a v e  7J ( 1 3  n g ,  60  % )  a s  c o l o r l e s s  gum. IR ( C H 2 C 1 2 ) :  1720.  U V  i. 

L:2H nm ( E ) :  228  ( 1 6 , 2 0 0 ) ,  260 ( i o , o o o ) ,  298 ( 8 , 5 0 0 ) .  I H - N M R  ( 6 0  M H Z )  6 :  1 . 4 3  

(3H ,  t ,  5-7  Hz,  COOCH2CH3), 3 . 9 7  (3H,  s ,  C O O H 3 ) ,  4 . 1 5  2  q ,  J = 7  Hz, COOCH2CH3), 

7 . 2 3  ( l H ,  d ,  J = 9  Hz, C 4 - H I ,  7 . 5  (3H,  m ,  Ar-H) ,  7 . 9  (ZH, m ,  A r -H) ,  8 .00  ( l H ,  J = 9  

Hz, C 3 - H ) .  Ms m/z:  M +  Ca l cd  f o r  C15H15N0,,; 257 .1053 .  Found:  257 .1036 .  

DDQ o x i d a t i o n  o f  d i h y d r o a z a t r o p o l o n e  5 a  and  5 c  i n  MeOH 

A m i x t u r e  o f  5 3  o r  2 (100  mg) a n d  DDQ ( 1 . 5  e q . )  i n  d r y  "loll ( 5  m l )  was b e a t e d  f o r  

30 m i n .  The  m i x t u r e  was d i l u t e d  w i t h  C H 2 C 1 2 ,  washed w i t h  w a t e r ,  and dried over  

Na2SOV A f t e r  e v a p o r a t i o n  o f  t h e  s o l v e n t ,  t h e  r e s i d u e  w a s  c h r o m a t o g r a p h e d  i n  

b e n z e n e  t o  g i v e  t h e  p y r i d i n e - 2 - c a r b o x y l a t e  72 ( 3 1  mg, 30 % I  o r  7 2  ( 2 5  mg, 24%)  a s  

c o l o r l e s s  gum. 

2 IR (CH2C12): 1720.  U V A ~ " , ~ , ~  nm ( E ) :  2 4 2 s h  ( 1 4 , 0 0 0 ) ,  2 8 0 s h  ( 8 , 9 0 0 ) .  ' H - N M R ~  

( 6 0  MHz) : 4.00  (3H,  s ,  C00CH3), 7 . 2  ( lOH, rn, Ar-H) ,  7 . 7 3  ( l H ,  d ,  J -8  Hz,  C3-H), 

8 . 07  ( l H ,  d ,  J = 8  Ha, C 4 - H I .  Ms m / z :  M+ Calcd  f a r  C15H15N02; 2 8 9 . 1 1 0 1 .  Found:  

289 .1084 .  

Is I R  ( c H ~ c ~ ~ ) :  1 7 7 0 ,  1720 .  U V A ~ : : ~  nm ( E ) :  230  ( 1 1 , 5 0 0 ) ,  252  ( 1 z , o o o ) ,  282  

( 7 , 2 0 0 ) .  ' H - N M R  ( 6 0  MHz)6 : 2 .20  (3H ,  s ,  OAc) ,  4 .00  (3H ,  s ,  COOCJ3), 7 . 6  (5H,  m ,  

Ar-H),  7 . 63  ( l H ,  d ,  J = 8  Hz,  C3-H). 8 . 1 5  ( l H ,  d ,  J=B Hz ,  Cq-H). MS m/z: M+ C a l c d  

f a r  C15H13N04; 271 .0843 .  Found:  271 .0837 .  
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