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SYNTHESIS OF 3-SUBSTITUTED-5-OX0-5H-[l]BENZOPYRAN0[2,3-b]PYRIDINE 

DERIVATIVES 
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Abs t rac t  - - - --  3-Cyano-, 3-alkoxycarbonyl- ,  and 3-formyl-5-0x0- 

SH-[ l ]benzopyrano[Z,3-blpyr id ine d e r i v a t i v e s  were prepared by 

reac t i ons  of2-amino-4-oxo-4H-l-benzopyran-3-carboxaldehydes 1 

w i t h  acety lene d e r i v a t i v e s  (methods A-C) o r  w i t h  r e a c t i v e  methylene 

compounds (methods 3-E) and a l s o  by c a t a l y t i c  hydrogenat ion o f  

2-chloro-5-oxo-5H-[l]benzopyrano[2,3-b]pyridine-3-carbonitriles 

12 (method F ) .  

It has been repor ted t h a t  reac t i ons  of 2-amino-4-0x0-4H-1-benzopyran-3-carboxaldehyde 12 or 

4-0x0-4H-1-benropyran-3-carbonitriles w i t h  some r e a c t i v e  methylene compounds a f f o rd  2,3-di-  

substituted-5-oxo-5H-[l]benzopyrano[2.3-b]pyidine der i va t i ves . ' " )  However, t he re  i s  no 

r e p o r t  on t h e  synthes is  o f  3-substituted-5-oxo-5H-[l]benzopyrano[2,3-blpyridines which ca r r y  

no subs t i t uen t  a t  t h e  2 - p o s ~ t i o n .  I n  t h i s  paper, t h e  synthes is  (methods A-F)  o f  3-cyano-, 

3-alkoxycarbonyl-  and 3-formyl-5-oxo-5H-[l]benzopyrano[2,3-b]pyridine d e r i v a t i v e s  i s  de- 

scr ibed.  

I React ion o f  2-amino-4-0x0-4H-1-benzopyran-3-carboxaldehydes L w i t h  acetylene d e r i v a t i v e s  - 

(methods A-C) 

~-0xo-5H-[l]henzopyrano[2,3-b]pyridine-3-carbonitriles 2 a - i  were prepared by the  fo l low-  

i ng  two methods : Method A i s  t h e  r e a c t i o n  o f  2-amino-4-0x0-4H-1-benzopyran-3-carboxaldehydes 

12-i w i t h  cyanoacetylene I n  DMF a t  100'C f o r  l h  and then a t  140°C f o r  10h.: Method B i s  the  

r e a c t i o n  o f  lc,d w i t h  d - c h l o r o a c r y l o n i t r i l e  i n  t h e  presence o f  t r i e t h y l a m i n e  i n  DMF a t  120°C 

f o r  14h. I n  the  case of method 0 ,  t h e  in termediary  adduct 3 was obtained. The adduct 3 

a f fo rded 2_c i n  65% y i e l d  on t reatment  w i t h  t r i e t h y l a n i n e  i n  DMF a t  120°C f o r  10h. 

E thy l  5-oxo-5H-[l]benzopyrano[2,3-b]pyridine-3-carboxylates 5_a-2 were prepared by the  

method C : A m ix tu re  o f  l_a,c,i, e t h y l  p r o p i o l a t e  and t r i e t h y l a m i n e  was heated i n  DMF a t  90°C 



f o r  40 min t o  a f f o r d  the  intermediate,aminoacrylates :,(a, rnp 201-203"C, 39%, b, mp 201-203' 

C,  52%. c, mp 228-230°C(dec), 29%) which on treatment w i t h  t r i e t h y l a m i n e  i n  DMF a t  130°C f o r  
* 

2.5h a f fo rded S_a,b,d. I n  some cases, t h e  compound 5 cou ld  be d i r e c t l y  obta ined from 1 w i th -  - 
o u t  i s o l a t i o n  o f  t h e  aminoacrylate 4 as exempl i f ied  by t h e  case o f  ( c h a r t  1 ) .  

CH iC-CN 

CHO DMF 
R R 

NEt3/ DMF 

C 1  

CH2=C-CN m ,C I 
1 'l, d, - N E t j ,  DMF R acN + E t  Q " $ ~ ~ ~ 2 c H y N  

0 0 
method 8 

2 - 3 - 
C :  R=Et 

d: ~ = i - ~ r  

CHZC-C02EL 

l a . c . 9 . 2  - "  - - NEt3, DMF CO2Et 

2 :  - ~ ~ 5 . 6 - <  4 - 5 - 
a :  R= 1, method C a: R= I,  

b: R= 6-Et b: R= 7 - E t  

c R= 5 . 6 - 9  C :  R= 7 - C 1  

d :  R = 6 . 7 - 6  

Chart 1 
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I 1  React ion  o f  2-amino-4-0x0-4H-1-benzopyran-3-carboxaldehydes 1 w i t h  r e a c t i v e  methylene 

compounds (methods D-E) 

When 2-amino-4-0x0-4H-1-benzopyran-3-carboxaldehydes 12-!,%were t r e a t e d  w i t h  cyano- 

a c e t y l  c h l o r i d e  o r  methyl  malonyl  c h l o r i d e  generated i n  s i t "  by t h e  r e a c t i o n  of  cyanoacet ic  

a c i d  o r  ma lon ic  a c i d  monomethyl e s t e r  w i t h  PC15in CH2CI2, i n  DMF a t  60DC f o r  3h, 5-0x0-5H- 

[l]benzopyrano[2,3-blpyridine-3-carbonitriles 2_a-d,$ o r  methyl  7-ethyl-5-0x0-5H-[llbenzo- 

pyrano[2,3-blpyridine-3-carboxylate 5 were prepared,  r e s p e c t i v e l y  ( c h a r t  2, method 0 ) .  To 

i n v e s t i g a t e  t h e  r e a c t i o n  mechanism, t h e  f o l l o w i n g  exper iments were c a r r i e d  o u t .  The r e a c t i o n  

o f  15 w i t h  cyanoacety l  c h l o r i d e  i n  CH2CI2 a t  r e f l u x  f o r  2h gave t h e  acylamino d e r i v a t i v e s  

(mp 170-175°C. 40%) which on t r ea tmen t  w i t h  p y r i d i n e  a t  80°C f o r  3h a f f o r d e d  t h e  3-cyano-2- 

hydroxy compound 8_a (mp>300"C, 55%).  Treatment o f  1s w i t h  cyanoacety l  c h l o r i d e  i n  d i e t h y l  

formamide o r  N-formylmorphol ine a t  65°C f o r  2h a l s o  gave 2_c i n  22 and 32% y i e l d ,  r e s p e c t i v e l y  

. However, when t h e  r e a c t i o n  was c a r r i e d  o u t  i n  formamide Z_c was n o t  ob ta ined.  A p l a u s i b l e  

mechanism t o  account f o r  t h e  above mentioned d isc repancy  can be dep i c t ed  as shown i n  c h a r t  3. 

< C O C l  
C02CH3 

1" -. 
DMF 

E t  
0 

method D - 6 
CH2C12 

N H ~ C H ~ C N  hCH: PY E t  - E t  

0 qp:: 0 



R = H or substituted 
1 

R2= CN or C02CH3 

0  

Chart 3 

5-0xo-5H-[l]benzopyrano[2,3-b]pyridine-3-carboxaldeh~des 9_a-c were synthesized by t h e  

method E ( c h a r t  4) : 9_a-c were y i e l d e d  by heat ing  a  m ix tu re  of l_a,c_,d and malonaldehyde b i s -  

(d imethy laceta l )  i n  boron t r i f l u o r i d e  e the ra te  con ta in ing  formic a c i d  a t  60°C f o r  2h together  

w i t h  a  small amount of t h e  deformylated compounds l$$'-f ) .  The oximes 2 (a: mp 250-252'~, 

93%, b: rnp 247-249'C. 95%) which were obta ined by t reatment of 9_b,c w i t h  hydroxylamine 

hydroch lor ide ,  were t rea ted  w i t h  POC13 i n  DMF a t  room temperature f o r  0.5h t o  g i v e  t h e  

n i t r i l e s  2 (c-, 55%. d-, 86%). 
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Cli 10CH31 

<cH (oCH3) 
R - R 

BF3.0Et2 ayAcHo + R 0 0 0 
HC02H 

1 - 9 * ',O 
a: R=H 

method E 
a: R=H a:  R=H 

C :  R=Et b: R=Et b: R=Et 

d: R = i - P r  C: R=1-Pr c: R=l-Pr 

Chart 4 

C a t a l y t i c  hydrogenat ion  of 2-chloro-5-oxo-5H-[llbenzopyrano[2,3-b]pyridine-3- 

c a r b o n i t r i l e s  (method F )  

2-~ydroxy-5-oxo-5H-[llbenzopyrano[2.3-blpyridine-3-carbonitriles 8_a,tL5) were conver ted  

t o  t h e  2-ch lo ro  compounds (a, mp 233-234"C, 76%. b, mp 242-243'C. 74%) by t h e  t r ea tmen t  

w i t h  POC13-PC15 a t  120°C f o r  2h. C a t a l y t i c  hydrogenat ion  of 1_2a,b over  5% Pd-c i n  t h e  

presence of  K2C03 i n  DMF a t  room tempera ture  gave g,$ ( c h a r t  5, method F ) .  

9 - '2 method F 2 - 
a:  R= Et a: R= Et c: R= Et 
b: B= 1-Pr b: R= i-Pr d :  R= 1-Pr 

Chart 5 



3-Substituted-5-oxo-5H-[l]benzopyrano[2,3-blpyridines which were synthesized by the 

above mentioned processes (methods A-F), are shown i n  Table I. 

Table I 

3-Subrtituted-5-oxo-5H-[l]ben2o~~3-~ubrtituted-5-oxo-~~-[l]ben2opyrano[2.dn0[2~3-b]pyr~dlne~ 

m e t h o d  

H CII 

7 -He CN 

7 - E t  CN 

7-1-Pr CN 

7 - t - a u  CN 

7.9-Me2 CN 

7-C1 CN 

7 CN 

%Me0 CN 

H C 0 2 E t  

7 - E t  C 0 2 E t  

7-C1 C 0 2 E t  

6 . 7 - 9  C02Et  

7 - i t  C02Me 

H CHO 

7 - E t  CHO 

7 - ? - P r  CHO 

EtOH 

A c O E t  

CHjCN 

EtOH 

CH3CN 

CH3CN 

OMF 

CHC13-CH3CN 

MIIF 

MeOH 

EtOH 

EtOH 

Me2C0 

MeOH 

CHjCN 

CH3CN 

, - P r 2 0  

The starting materials, 2-amino-4-0x0-4H-I-benzopyran-3-carboxaldehydes (la-j-), were 
6 )  synthesized from 4-0x0-4H-I-benzopyran-3-carbonitriles by the modified method o f  the 

reference I), i.e. in the presence o f  morpholine in DMF-HZO at 60°C  for 2h (Table 11). 
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T a b l e  1 1  

C o n v e r s i o n  o f  4-axo-4H-l-ben2opyran-3-carbon?tr1lei i n t o  2-amlna-4  

0x0-4H-I-benzapyran-3-carboxaldehydei 

1 - r e c r y ~ t n  

compd R rnp -C s o l v e n t  yield(%) 

k 0 H  

i t O H  

ACOH 

acetone 

AcOH 

AcOH 

ACOH 

ACOH 

CHCll 

CHCIJ 

Ac0H 
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