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A FACILE SYNTHESIS OF 7 -PHENYLPYRIW(~ ,4-d)  PYRIDAZINE-1,4( ZH ,3H) -DIONE 

C e n t r a l  H e s e a r c h  D i v i s m n ,  T a k e d a  Chemica l  I n d u s t r i e s ,  L t d . ,  

J u s o ,  Yodogawa-ku, O s a k a ,  J a p a n  

1 , 4 - C y c l o a d d i t i o n  r e a c t i o n s  o f  4 - p h e n y l o x a a o l e  ( I V ]  

w i t h  a  v a r i e t y  o f  m a l e i c  acid d e r i v a t i v e s  w e r e  u n d e r t a k e n .  

M a l e i m i d e  d e r i v a t i v e s  w e r e  p r o v e d  t o  b e  t h e  most  e f f i c i e n t  

d i e n o p h i l e s ,  a f f o r d i n g  1 , 4 - c y c l o a d d u c t ,  3-phenyl-7-oxa-  

2 - a e a b i c y c l o  (2.2.1) hept-Z-ene-5,6-dicarboximide d e r i v a t i v e s  

( X I I )  ~n good  yields. 

A c i d - c a t a l y z e d  d e h y d r a t i o n  o f  X I I ,  f o l l o w e d  by t h e  

r e a c t i o n  o f  t h e  r e s u l t i n g  X I 1 1  w i t h  h y d r a z i n e ,  g a v e  7 -  

phenylpyrido(3,k-dlpyridazine-l,4( Z H , j H l - d i o n e  ( 1 1 1 ,  which 

i s  t h e  k e y  compound f o r  t h e  synthesis o f  a  p o t e n t  d i u r e t i c ,  

DS-511 ( I ] .  S t r u c t u r e s  o f  b y - p r o d u c t s  fo rmed  in t h o s e  

r e a c t i o n s  w e r e  e l u c i d a t e d .  

7 - P h e n y l p y r i d o  (3 , 4 - d ] p y r i d a z ~ n e - l  , 4 (  2H, 3Hl - d i o n e  ( 1 1 )  which  i s  

t h e  k e y  i n t e r m e d i a t e  i n  t h e  s y n t h e s i s  o f  1,4-dimorpholino-7-phenyl- 

1 
p y r i d o ( 3 . 4 - 4 p y r i d a z i n e  ( I :  DS-5111, a p o t e n t  d i u r e t i c  , has b e e n  syn-  

t h e s i z e d  by t h e  r e a c t i o n  o f  a n h y d r i d e ,  e s t e r  o r  i m i d e  o f  6 - p h e n y l p y r i d l n e -  

9 , 4 - d l c a r b o x y l i c  a c i d  ( 1 1 1 )  w i t h  h y d r a z i n e  . A l t h o u g h  I11 h a s  b e e n  



4 5 
a v a i l a b l e  by employing H a n t z c h ' s  method o r  i t s  m o d i f i e d  p r o c e d u r e s  , 

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

s y n t h e s i s  o f  I 

A. an  a l t e r n a t ~ v e  a p p r o a c h  t o  I I I ,  we a t t e m p t e d  a 1 . 4 - c y c l o a d d i t i o n  

r e a c t i o n  o f  m a l e i c  a c i d  d e r i v a t i v e s  t o  i t - p h e n y l o x a z o l e  ( I V )  

T h e  I , & - c y c l o a d d i t i o n  o f  m a l e i c  a c i d  d e r i v a t i v e s  t o  a l k y l - s u b s t i t u t e d  

o x a a o l e s  h a s  been  r e p o r t e d  by K o n d r a t ' e v a 6 ,  ?4iki7,  E3ergen8 and some o t h e r s .  

A s  f o r  t h e  r e a c t i o n  w i t h  a ry l -  s u b s t i t u t e d  o x a a o l e s ,  however ,  o n l y  a f e w  

examples  w i t h  p o o r  y i e l d s  h a v e  h i t h e r t o  been  r e p o r t e d  
6 
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A l t h o u g h  a t t e m p t e d  r e a c t i o n s  o f  I V  w i t h  e t h y l  m a l e a t e  u n d e r  a 

v a r i e t y  o f  c o n d i t i o n s  w e r e  u n s u c c e s s f u l ,  i t  was f o u n d  t h a t  t h e  r e a c t i o n  

w i t h  m a l e i c  a c i d  o c c u r r e d  o n l y  when t h e  m i x t u r e  was f u s e d  a t  1 1 0 ° ,  a f -  

f o r d i n g  2 - p h e n y l i s o n i c o t i n i c  a c i d  (v19:  mp 268-26g0 ,  i n  65% y i e l d .  

T h i s  r e s u l t  i n d i c a t e s  t h a t  d e h y d r a t i o n  and  m o n o - d e c a r b o x y l a t i o n  o f  

t h e  a d d r t i o n  p r o d u c t  o c c u r r e d  b e s i d e s  t h e  e x p e c t e d  1 , k - c y c l o a d d l t i o n .  

However, t h e  r e a c t i o n  o f  I V  w i t h  3  e q u i v a l e n t  m a l e i c  a n h y d r i d e  a t  85-90' 

f o r  3 h  a f f o r d e d  t h e  d e s i r e d  a d d i t i o n  p r o d u c t ,  3-phenyl-7-oxa-2-azab1CyC10- 

(2.2.1) hept-Z-ene-5,6-dicarboxylic a n h y d r i d e ,  a s  a m a l e i c  a n h y d r i d e  a d d u c t  

1 0  -~ 
( V I ) ,  mp 92-94 ' ,  i n  75% y i e l d ,  a l o n g  w ~ t h  111 and  V as m i n o r  p r o d u c t s .  

R e f l u x l n g  a m e t h a n o l  s o l u t i o n  o f  V I  i n  t h e  p r e s e n c e  o f  s u l f u r i c  a c i d  g a v e  

a m i x t u r e  o f  d i m e t h y l  6-phenylpyridine-3,4-di~arb~~ylate ( V I I )  and  m e t h y l  

5-hydroxy-6-phenyln1cotinate ( V I I I ) ,  mp 212-213°. T h e  s t r u c t u r e  o f  t h e  

l a t t e r  was c o n f i r m e d  by e l e m e n t a l  a n a l y s i s  and  nmr, e s p e c i a l l y  c h e m i c a l  

s h l f t  and  c o u p l i n g  c o n s t a n t  o f  p r o t o n  a t  t h e  2 - p o s i t i o n  ( T a b l e  1 )  and  

by t h o s e  o f  t h e  c o r r e s p o n d i n g  c a r b o x y l i c  a c i d  ( 1 x 1 ,  mp 296-298",  o b t a i n e d  

by a l k a l i n e  hydrolysis o f  V I I I .  T r e a t m e n t  o f  t h e  r e s u l t i n g  m i x t u r e  o f  

V I I  and  V I I I  w ~ t h  80% h y d r a z i n e  h y d r a t e  u n d e r  r e f l u x  i n  m e t h a n o l  f o r  3  h  

g a v e  h y d r a z i n i u m  s a l t  o f  I 1  i n  24% ~ i e l d  a n d  5-methoxy-6-phenylnicotinic 

CH-CO, 
N-R L 
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F i g u r e  2  

* A l l  compounds i n  t h i s  p a p e r  g a v e  s a t i s f a c t o r y  e l e m e n t a l  a n a l y s e s .  



a c i d  h y d r a z i d e  ( X )  , mp 212-213°,  i n  25% y i e l d  i n  a d d i t i o n  t o  5-hydroxy-  

6 - p h e n y l n i = , o t i n i c  a c i d  h y d r a z i d e  ( X I ) ,  mp 275-277'.  a s  a minor  p r o d u c t .  

( F i g u r e  1 )  

T h e  c y c l o a d d i t i o n  r e a c t i o n  was found  t o  p r o c e e d  more c l e a n l y  by 

employing N-phenylmale imide  a s  t h e  d i e n o p h i l e .  T h u s ,  t h e  r e a c t ~ o n  o f  

I V  w i t h  N-phenylmale imide  u n d e r  r e f l u x  i n  b e n z e n e  g a v e  N , 3 - d i p h e n y l -  

7-oxa-2-aeabicyclo(2.2.l)hept-2-ene-5,6-dicarboxim~de ( X I I a ) ,  mp 183-  

185', i n  95.6% y i e l d .  R e f l u x i n g  a n  e t h a n o l  s o l u t i o n  o f  X I I a  i n  t h e  

p r e s e n c e  q,f a n  a c i d  e f f e c t e d  d e h y d r a t i o n  t o  g i v e  N , 6 - d i p h e n y l p y r i d i n e -  

3 , 4 - d i c a r b o x i m ~ d e  ( X I I I a ) ,  mp 238 .5-241° ,  i n  60-80% y l e l d ,  accompanied  

by a  d e h y d r o g e n a t e d  minor  p r o d u c t ,  N,6-diphenyl-5-hydroxypy1~idine-3,4- 

d i c a r b o x i m i d e  ( X I V ) ,  mp 227-229°. T h e  r a t i o  o f  XI11 a n d  XIV v a r i e d  with 

t h e  Kind  o f  a c i d s  a n d  s o l v e n t s  u s e d .  I m i d e  XI11 c o u l d  b e  d i r e c t l y  l e d  

t o  11, mp 337-338' ,  i n  96% y i e l d  by h e a t i n g  w i t h  80% h y d r a z i n e  h y d r a t e  

i n  e t h y l e n e  g l y c o l  a t  1 0 8 - l l o O  f o r  50 m i " .  T h e  c y c l o a d d i t i o n  w i t h  N -  

e t h y l m a l e i m i d e  a n d  m a l e i m i d e  s i m i l a r l y  p r o c e e d e d  t o  g i v e  X I I b ,  mp 163-  

164O, and  X I I c ,  mp 209-210°,  a f f o r d i n g  X I I I b ,  mp 163-164O, and  X I I I c ,  

mp 245-246", by  dehydrat~on,respectively. X I I I b  and  X l I I c  w e r e  a l s o  l e d  

t o  I1 i n  good  y i e l d s .  ( F i g u r e  2) 

T h e  s t e r i c  c o n f i g u r a t ~ o n  o f  V I  and  XI1 o b t a i n e d  i n  t h e  above  

r e a c t i o n  was c o n f i r m e d  t o  b e  e m  c o n f i g u r a t i o n  by nmr, respectively. 

I t  showed t h a t  t h e  s p i n - s p i n  c o u p l l n g  b e t w e e n  t h e  p r o t o n s  a t  t h e  1- and  

6 - p o s i t i o n  o r  t h e  4- and 5 - p o s i t i o n  i s  a b s e n t ,  w h i l e  t h e  p r o t o n s  o f  t h e  

5- and  6 - ~ o s i t i o n  form AB q u a r t e t  w l t h  a c o u p l i n g  c o n s t a n t  6  Hz. T h e s e  

c o r r e p o n d e d  t o  exo c o n f i g u r a t i o n  which  has n e a r l y  a r l g h t  a n g l e  i n  

d i h e d r a l  a n g l e  c o n t a i n i n g  H-C -C H o r  H-C4-C5-H b o n d s  a n d  c i s - f o r m  i n  
1 6 -  

H-C -C -H bonds.  
5 6 
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Table 1 NMH Spectrzl Data of 2-Phenylpyridine Derivitives and Relited 

Compound (60 ic j 

Compound Solvent Chemichl shifts (ppm) 

VIII d6-DMSO 

IX d6-DM30 

X d6-DMSO 

XIIa d6-~MS0 

XIIb d6-DMSO 

7.36-7.88(5H, m, hrll) 7.67(lH, s, 5-H) 8.70(1H, 

s, 2-Hj 

7.4-B.~s(~H, m, H~E) 7.72(1H, at, J 4 HZ, 5-8) 

8.21(1~, s, 3-H) 8.76(1~, dt, J 4 Hz, 6-H) 

3.2(2H, q, J 6 Hz, 5-H,6-H) 5.9(1H, s, 1-H or 4-H) 

6.4(lH, s, 1-H or 4-H) 7.08(2H, s, Lg=LHj 

7.3-7.9(5H, m, Arg) 

3-90(3~, S ,  cg3) 7.75(1~, at, J 2 HZ., 5-H) 8.7 

OH, at, J 2 HZ 2-H) 10.6(1~, S, og) 7.3-8.~1(,H, M) 

7.3-8.0(5H, m, ArE) 7.73(1H, dt, J 2 Hz 4-H) 

8.65(1~, dt, J 2 Hz, 2-H) 10.4(1H, br, 0s) 
3.88(311, S ,  cg3) 4.5(2~, S, ~ g ~ )  7.8(111, at, 

J 2 Hz, 4-H) 8.65(1~, at, J 2 Hz, 2-H) 9.95(1~, 

s, %) 7.2-~.o(>H, m ,  ~ r g )  

4.35(211, br, Nk&j 7.20-7.95(5H, m, ArH) 7-58(1H, 

dt, J 2 Hz, 4-H) 8.42(1H, dt, J 2 HZ, 2-H)9-7(1H, 

br, NH) 10.03(1HI br, OH) 

3.12(2H, q, J 6 Hz, 5-H,6-H) 6.16(1~, a ,  1-H or 

4-H) 6.30(1~, s ,  1-H or 4-H) 7.05-8.0(10H, m, Arg) 

1.0(3~, t, cg3) 2.85(2H, q ,  J 6 Hz, 5-H,6-H) 3.4 

(ZH, q ,  cX2) 6.10(1~, a ,  1-H or 4-H) 6.25(18, 6 ,  

1-H or 4-H) 7.2-7.9(5H, m, ATE) 

3.0(2H, q, J 6 Hz, 5-H96-H) 6.13(1~, S ,  1-H or 

44) 6.22(1H, 8 ,  1-H or 4-H) 7.5-8.02(58, m, Arg) 

ii.5(1~, S, NE) 



X I V  dh-DMSO 7.25-8.15(10~, m, Arg) 8 . 6 8 ( 1 ~ ,  s ,  2-H) 

T h e  above  r e s u l t s  i n d i c a t e  t h a t  m a l e i m i d e  d e r i v a t i v e s  a r e  t h e  most  

a p p r o p r i a t e  d i e n o p h l l e s  f o r  t h e  1 , 4 - c y c l o a d d i t i o n  t o  I V ,  p r o v i d i n g  a 

s i m p l e  and p r o f i t a b l e  method f o r  t h e  s y n t h e s i s  o f  1 1 .  T h e  nmr s p e c t r a l  

d a t a  o f  t h e  compounds o b t a i n e d  i n  t h e  above  r e a c t i o n s  a r e  l i s t e d  i n  T a b l e  

1. 
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