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A NOVEL PYRIDINE CYCLIZATION REACTION VIA E N ~ I N E  INTERMEDIATES' 

Isao ~ayakawa* and Yoshiaki Tanaka 
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Abstract-Thiarolo[4,5-b]- and thienoC3,Z-blpyridine-6-carboxylic ac id  

de r i va t i ves  were synthesized by formation o f  the t h iazo le  o r  the thiophene 

r i n g  bear ing o-amino-6-ketoester moiety, fol lowed by a novel p y r i d i n e  c y c l i z a -  

t i o n  reac t i on  w i th  OMF-dimethylacetal . 

2 3 I n  reac t i on  o f  e t h y l  4-haloacetoacetate w i t h  cyanamide ( l a )  o r  ma lonon i t r i l e  de r i va t i ves  ( l b )  , 
4 we found t h a t  spontaneous c y c l i z a t i o n  took p lace t o  a f f o rd  t h i azo le  2a 173.2%. mp 92"C, NMR 

(CDC13) S : 1.27 (3H, t, 5-7.5 Hz, es te r  CH3), 2.67 (3H, s, SCH3), 3.59 (ZH, s, COCH2C02), 4.24 (2H, 

5 q, 5.7.5 Hz, e s t e r  CH2), 6.87 (ZH, bs, NH2, disappeared by D20)] o r  thiophene 2b [73.2%, mp 152- 

153'CI bear ing 0-amino-B-ketoester moiety, respect ive ly .  Attempts t o  c y c l i z e  2a by t h e  convent ional  

method6 w i t h  t r i e t h y l  orthoformate were unsuccessful and the des i red th ia ro lo [4 ,5-b lpyr id ine  (4a) 

was n o t  p r a c t i c a l l y  obtained, probably because of weak bas i c i t y  o f  the  amino group o f  2a. Conse- 

quently, the p y r i d i n e  c y c l i z a t i o n  react ion  was s tud ied using more a c t i v e  DMF-dimethylacetal (DMFDA). 

Compound 2a was converted t o  the enamine d e r i v a t i v e  (3a) [C15H22N403S2, ". 100%, mp 169-170'C. NMR 

(CDC13) 8 :  0.99 (3H, t, 5=7.0 Hz, es te r  CH3), 2.54 (3H, s, SCH3), 2.79 and 2.93 (each 6H, s, 

N(CH3)2), 3.86 (ZH, q, J=7.0 Hz, es te r  CH2), 7.32 ( l H ,  s, N=CH-N ), 8.30 ( lH, s, C-CH-N ) I ,  which 

was then t rea ted  w i t h  g lc .  ace t i c  ac id  a t  room temperature t o  a f f o rd  the  desired cyc l i zed  product 

(4.3) 1mp 198-19g°C, NMR ( C D C ~ ~  t C F ~ C ~ ~ H  ( 2  drops))  s : 1.42 (3H, t, 5-7.5 Hz, es te r  CH3), 2.91 (3H, 

s, SCH3), 4.53 (ZH, q, 5-7.5 Hz, es ter  CH2). 8.99 ( lH ,  s, C5-H)], almost q u a n t i t a t i v e l y .  This syn- 

t h e t i c  rou te  was achieved i n  one-pot system i n  good y i e l d .  Moreover, t h i s  c y c l i z a t i o n  r e a c t i o n  

unexpectedly occurred i n  app ly ing  3a t o  s i l i c a  gel column chromatography us ing chloroform as an 

e luent  t o  g i ve  n o t  on l y  4a bu t  DMF simultaneously. The mechanism o f  the  p y r i d i n e  c y c l i z a t i o n  

reac t i on  was then considered. As shown i n  Scheme 11, we postulate t h a t  t h i s  p y r i d i n e  c y c l i z a t i o n  

i s  a new reac t i on  i n  the p o i n t  t h a t  C1-unit o f  the 2-posi t ion of py r i d i ne  r i n g  i s  der ived from the 

enamino-carbon at tached t o  the a c t i v e  methylene of 6-ketoester moiety.  
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This pos tu la t i on  was f u r t h e r  confirmed by the  facts t h a t  the enamine in termedia te  (3a) was n o t  con- 

ver ted t o  4a under basic cond i t ions  adopted by modified method of Camps' qu ino l i ne  synthesis7 and 

that,  on the cont rary ,  the formamide d e r i v a t i v e  (5) [73.0%, 100-102°C. IR v k:: cm-' : 3370, 1720, 

1700, 1610. NMR (C0Cl3) 6 : 1.30 (3H, t, 5-7.0 Hz, e s t e r  CH3), 2.78 (3H, s, SCH3), 3.70 (ZH, s, 

COCH2C02). 4.27 (2H, q, J=7.0 Hz, es ter  CH2), 9.55 ( l H ,  d, J.10.5 Hz, CHO, change i n t o  s by D20), 

10.20 (lH, bd, J=10.5 Hz, NH, disappeared by D20)], obtained by f o rmy la t i on  o f  2a w i t h  ace t i c  formic 

anhydride, was cyc l i zed  t o  g i v e  4a on l y  under the  same basic cond i t i on  and no t  i n  g l c .  ace t i c  ac id .  

I n  add i t ion ,  thieno[3,2-blpyridine (4b) [*loo% from 2b, mp 243-244T. NMR (CDC13 + CF3C02H 

(2  drops))  6 : 1.47 (3H, t, 5 ~ 7 . 5  Hz, es te r  CH3), 2.92 (3H, s, SCH3), 4.57 (2H, q, 5 ~ 7 . 5  Hz, es te r  

CH2), 9.09 (lH, s, C5-H)] was e a s i l y  obtained i n  exce l l en t  y i e l d  from l b  through the same synthet ic  

rou te  as f o r  4a. Compound 4d [64.5%, 253-256'C. NMR (CDC13 t CF3C02H (2 drops))  6 : 1.46 (3H, t, 

J=7.5 Hz, es te r  CH3), 2.91 (3H, s, SCH3), 4.56 (2H. q, 5.7.5 Hz, e s t e r  CH2), 7.42 ( lH, s, C3-H), 

9.03 (lH, s. C5-H)]. corresponding t o  the  carba-analogue of 4a. was prepared according t o  t h e  

synthet ic  method as shown i n  Scheme 111. 
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By t r e a t i n g  4b w i t h  conc. s u l f u r i c  a c i d  a t  room temperature t o  hydrate the  cyano group t o  the  amide 

and then by adding sodium n i t r i t e 8  i n  conc. s u l f u r i c  a c i d  a t  40-60PC t o  hydrolyze s e l e c t i v e l y  the 

amido group, the ca rboxy l i c  ac id  (7) 163.0%. mp 279-280°C. NMR (CDC13 + CF3C02H (2  drops))  6 : 1.47 

(ZH, t, 5-7.5 Hz, es te r  CH3), 3.09 (3H, s, SCH3), 4.21 (2H, q ,  5-7.5 Hz, es te r  CH2), 7.3-8.0 (2H, 

bs, CONH2), 9.21 ( lH,  s, C5-H)] was obtained. This carboxyl ic a c i d  (7) y i e l d e d  compound 4d by de- 

carboxy la t ion  i n  r e f l u x i n g  Dowthen. Compound 4c [83% from 2c, mp 197-198'C. NMR (COC13 t CF3C02H 

(1  drop))  6 : 1.46 (3H, t, 5-7.5 Hz, es te r  tH3), 2.81 (3H, s, SCH3), 4.56 (2H, q, 5.7.5 Hz, es te r  



CHZ), 9.03 ( In ,  s, C5-H)], obtained by a s i m i l a r  manner as shown i n  Scheme I using t e r t - b u t y l  cyano- 

acetate ins tead of ma lonon i t r i l e  as a s t a r t i n g  mater ia l ,  was l e d  t o  7 almost q u a n t i t a t i v e l y  by 

select ive hydro lys is  i n  trifl uoroacet ic ac id  a t  room temperature o r  i n  r e f l u x i n g  g l c .  a c e t i c  ac id .  
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