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FACILE SYNTHESIS OF 5~-[1]BENZOPYRAN0[2,3-~]-1,2,3,4-TETRAHYDROPYRlDIN-5-ONES 

Franco M. Pasutto*, Syed Abuzar, and Sr in ivasamurthy Satyamurthy 

Facu l t y  o f  Pharmacy and Pharmaceutical Sciences, U n i v e r s i t y  o f  A lber ta ,  
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Abs t rac t  - A f a c i l e  synthes is  of 7-substituted-5fl-[l]benzopyrano[2,3-~] - 
1,2,3,4-tetrahydropyridin-5-ones i s  descr ibed. C a t a l y t i c  hydrogenat ion of 

7 - s u b s t i t u t e d  5~-[l]benzopyrano[2,3-~]pyridin-5-ones a f f o r d s  the  t i t l e  com- 

1 pounds i n  g rea te r  than 90% y i e l d s .  F a c i l e ,  h i gh  y i e l d ,  N - a c e t y l a t i o n  i s  

achieved by r e a c t i o n  w i t h  a c e t i c  anhydride. 

The reduced p y r i d i n e  moie ty  cont inues t o  be o f  i n t e r e s t  as a  component o f  pharmaco log ica l ly  a c t i v e  

agentsl .2 as w e l l  as i n  n a t u r a l  product chemistry f o r  the  synthes is  o f  a l k a l o i d s 3  . We a re  p a r t i c -  

u l a r l y  i n t e r e s t e d  i n  the  development of agents i n h i b i t o r y  towards enzymes, such as cyclooxygenase 

and l ipoxygenase, i nvo l ved  i n  the  metabolism of a rach idon ic  acid.  I n h i b i t i o n  of these enzymes 

provides a  means o f  c o n t r o l l i n g  pros tag land in-assoc ia ted in f lammat ion and leukot r iene-assoc ia ted 

immediate h y p e r s e n s i t i v i t y  . During the course o f  these studies,  we r e q u i r e d  quant i -  

t i e s  o f  t e t r ahyd ropy r id in -5 -ones  2 s u f f i c i e n t  f o r  pharmacological  eva lua t i on  and f u r t h e r  chemical 

mod i f i ca t i on .  Benzopyranopyridin-5-ones 1, the immediate precursors ,  are prepared i n  genera l ly  

good y i e l d s  by r e a c t i o n  of 2 - c h l o r o n i c o t i n i c  ac id  w i t h  an app rop r i a te l y  s u b s t i t u t e d  phenol ' . 
A  repor ted procedure f o r  the  synthes is  o f  from 3 i nvo l ved  hydrogenat ion over Raney-nickel 

c a t a l y s t  a t  a  pressure o f  735 p s i  ( 5 0  atm), temperature o f  70-80aC, w i t h  a  y i e l d  of 50%. 

We descr ibe  here an improved synthes is  o f  Z i n  e x c e l l e n t  y i e l d  us ing 5% pal ladium-charcoal  as the  

hydrogenat ion c a t a l y s t .  A  catalyst/compound r a t i o  o f  1/10 (w/w) was used except f o r  the reduct ion  

o f  E. Reduct ion o f  1 takes p lace a t  the  s i g n i f i c a n t l y  lower pressure of 50 p s i  ( 3 . 4  atm), a t  room 

temperature and r e a c t i o n  t ime o f  2.5-5 h. The choice of r e a c t i o n  so lvent  d i d  no t  s i g n i f i c a n t l y  

a f f ec t  p roduct  y i e l d  and e thano l ,  methanol, o r  a c e t i c  ac id  gave s a t i s f a c t o r y  r e s u l t s .  S i m i l a r l y ,  

10% pal ladium-charcoal  o r  p la t i num ox ide  were e q u a l l y  e f f e c t i v e  i n  a f f o r d i n g  compounds 2. 

Reduction of compounds &.h gave 3-h r e s p e c t i v e l y .  The r e a c t i o n  appears t o  be general  insofar  

as the  nature  o f  the  R-subst i tuent ,  whether e lec t ron-wi thdrawing or donating, does not a f fec t  the  

course of the  r e a c t i o n  a t  the  p y r i d i n e  r i n g .  The n i t r o  subs t i t uen t  of 2, however, was reduced 
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w i t h  the  p y r i d i n e  r i n g  t o  g i v e  &. I n t e r e s t i n g l y ,  r educ t i on  o f  11 under cond i t i ons  s i m i l a r  t o  

those descr ibed above, af forded i n  91% y i e l d ;  compound c was apparent ly  no t  detected ' . We 

prepared & from by reduc t i on  w i t h  f e r rous  sulfate-ammonia. The v e r s a t i l i t y  o f  the  reduc t i on  

procedure i s  hampered by concomitant hydrogeno lys is  of C-7  halogen subs t i t uen ts .  Thus, c a t a l y t i c  

reduc t i on  o f  ij d i d  not a f f o r d  t h e  corresponding brominated compound 2; under these r e a c t i o n  con- 

d i t i o n s ,  ij undergoes hydrogeno lys is  and i s  obta ined as the  hydrobromide s a l t  of 3 (90% y i e l d ,  

mP 280°C from n-propano l ) .  B a s i f i c a t i o n  of t h i s  s a l t  gave a  compound i d e n t i c a l  t o  au then t i c  3. 

Analys is  of t h e  hydrobromide s a l t  by chemical i o n i z a t i o n  mass spectrometry (ammonia as reac tan t  

gas) gave an M + l  fragment of mle 202, corresponding t o  a; t h e  2M+1 fragment (mle 403) was a l so  

observed. Compound behaves s i m i l a r l y .  

Compounds 2 are r e s i s t a n t  t o  f u r t h e r  reduc t i on  even w i t h  r e a c t i o n  t imes of 20 h.  I t  has been r e -  

po r ted  t h a t  the  6-aminoacryl  grouping i n  reduced 3 -acy lpy r i d i nes  i s  s tab le  under pa l lad ium-cat -  

a lyzed hydrogenat ion cond i t i ons  

Compound undergoes N - a l k y l a t i o n  w i t h  d ia l ky lam inoa l ky l  c h l o r i d e s  and benzyl c h l o r i d e s  i n  t h e  

presence o f  sodium ethox ide . The N-acetyl  d e r i v a t i v e s  &, 3, and & were prepared i n  e x c e l l e n t  

y i e l d s  by r e a c t i o n  w i t h  a c e t i c  anhyd r i de lace t i c  ac id  1 / 1 0  v l v ) .  They may a l so  be obta ined i n  

comparable y i e l d s  by  overn ight  r e f l u x  i n  a  to luene s o l u t i o n  c o n t a i n i n g  ace ty l  c h l o r i d e  and t r i -  

ethylamine (one equ i va len t ) .  
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Tab le  1 .  Y i e l d s ,  mp, IR and ' H  NMR S p e c t r a l  Da ta  o f  2 and 3 

Compd. Y i e l d  mp I R ( K 3 r  1 H NMR 
~ [PP~I  

1.94(qu in t ,2H,CH~CCH2NH,J=6 .2  Hz);2.70(t,ZH,CH$H2CH NH, 
J=6.2 Hz);3.46(m,2H,CH~CH2C~NH);6.56(br.s,l~,~~,exch.f;7.26 
(dd,lH,9-H,J=8.1,1.1 Hz);7.34(m,lH,7-H):7.54(ddd,lH,B-H,J= 
8.1,7.0,1.6 Hz);8.20(dd,lH,6-H,J=8.1,1.6 Hz) 

1.80(quint,ZH,CH2C&CH2NH,J=6.3 Hz ) ;2 .43 (~ ,3H ,C&) ;2 .66 ( t ,  
ZH,CH$H~CHZNH,J=~.~ Hz) ;3 .44(br .m,ZH,CH2CH2CkNH);6 .84(br .  
s,lH,Nl,exch.);7.14(d,lH,9-H,J=10.8 Hz);7.30(dd,lH,8-H,J= 
10.8,3.6 Hz);7.94(d,lH,6-H,J=3.6 Hz) 

3435,1687,1614, 
b r o a d  2200-3600 

1.90(quint,2H,CH2C~CH2NH,J=6 Hz) ;2.66( t ,ZH,ChCH CH2NH, J =  
6 H Z ) ; ~ . ~ ~ ( ~ , ~ H , C H ~ C H ~ C ~ N H ) ; ~ . ~ O ( ~ , ~ H , O C H ~ ) ; ~ . O ~ ~ ~ ~ , ~ H ,  
&H,J=g, 3 Hz) ;7.18(br .s ,  1H,NH,exch.);7.2 (d,lH,9-H,J=9 
Hz);7.57(d,lH,6-H.J-3 Hz) 

1.82(m,2H.CH2CH CH2NH);2 08(s ,3H.COCH3) ;2 .54( t ,2H,CbCH2-  
CH2NH,J=6.1 H Z $ ~ . ~ ~ ( ~ ~ . ~ , Z H , C H ~ C H ~ C ~ N H ) ; ~ . ~ ~ ( ~ , ~ H , ~ - H , J =  
8 . 8  Hz);7.80(br.m,lH,NH,exch.);7.94(dd,lH,8-H,J=8.8,2.6 Hz);  
8,13(d,lH,6-H,J=2.6 Hz~;10.10(s,lH,N~0CH3,exch.) 

(d,lH,6-H,J=2.2 Hz) 

1.78(quint.2H,CH2CH$H2NH,J=6.2 H Z ) ; Z . ~ D ( ~ , ~ H , C H $ H ~ C H ~ N H ,  
5 ~ 6 . 2  Hz);3.36(m,2H,CH2CH2CH NH),7 47(d,lH,9-H,J=8.6 Hz); 
8.13(dd,lH,8-H,J=8.6.2.1 Hz$8.l;(br.s,l~,~~,exch.);8.53(d, 
1H.6-H,J=2.1 Hz) ; l3 .07(b r .s , lH ,CUU~)  

1.94(m,2H,CH2CH CH2N);2.56(s,3H,C0CH );2 6 2 ( t  2H CH CH CH2- 
N,J=6.8 H ~ ) ; ~ . ~ ( ~ , ~ H , c H ~ c H  ~ ~ N ) ; 7 . i 7 ( m : 1 ~ , 7 : ~ ) 1 7 3 5 ( i d .  
1H,9-H,J=8.3, 1.2 Hz) ;7.75(  dd,lH,8-H,J=8.3,7.2,1.7 Hz); 
8.13(dd,lH,6-H.J.8, 1.7 Hz) 

i 
1.96(quint,2H,CH2CH$H2N,J=6.7 Hz);2.58(~,3H,COC_H3);2.74 
(t,ZH,CH$H2CH2N,J=6.7 Hz);3.96(t,ZH,CH2CH2C&N,J=6.7 Hz); 
7,28(dd,IH,8-H,J=9.1. 3 Hz);7,37(d,lH,9-H,J=9.1 Hz);7.65 
(d,lH,6-H,J=3 Hz)  

Compounds 2a-d and g were r e c r y s t a l l i z e d  from e t h a n o l ;  &,a,& and & f r o m  methanol ;  h f rom 
d ioxane-methano l ;  f from acetone.  
Due t o  p o o r  sample s o l u b i l i t y ,  a s o l v e n t  m i x t u r e  o f  CDC13lDMSO-d6 was used f o r  compounds a- 
q; compounds h,& and g.3 were d i s s o l v e d  i n  DMSO-d6 and CDCl3 r e s p e c t i v e l y .  
Y i e l d  o f  2a f r o m  l j  and 1k was 90% and 87% r e s p e c t i v e l y .  
Y i e l d  o f  f rom fl was %% 



Compd. Formul a  MS Microanalyses (Calcd.) 
NO. M+ m/e(%) C (%I H (%I N ( % I  

EXPERIMENTAL 

Me l t i ng  p o i n t s  were obta ined on a  Thomas Hoover c a p i l l a r y  apparatus and are uncor rec ted.  The I R  

spect ra  (KBr p e l l e t )  were recorded on a N i c o i e t  5DX f o u r i e r  t ransform spectrometer.  H Nmr spect ra  

were measured on a  Bruker AM 300 f o u r i e r  t rans form spectrometer us ing Me4Si as t h e  i n t e r n a l  stand- 

ard. Mass spect ra  were obtained on a  Hewle t t  Packard 5980A spectrometer equipped w i t h  a  5934A 

data system. Elemental analyses were c a r r i e d  out  on a  Perk in  Elmer 2408 analyzer.  

General Procedure f o r  the  p repa ra t i on  o f  2  and 3  

A suspension of 5H-[llbenzopyrano[2,3-bIpyridin-5-one - (2, 3.9 g, 20 mmol) i n  ethanol  (100 m l )  - 
was shaken i n  a  Par r  hydrogenator w i t h  a  hydrogen pressure o f  50 p s i  i n  the  presence o f  5% Pd- 

C (0 .4  9) f o r  4 h. The c a t a l y s t  was c o i l e c t e d  on a  f i l t e r  and washed w i t h  hot e thano l .  The f i l -  

t r a t e  was evaporated i n  vacuo and the res idue  r e c r y s t a l l i z e d  from ethanol  t o  g i v e  t h e  product  

2a as c o l o r l e s s  c r y s t a l s .  A s o l u t i o n  of 2 (0.98 g, 4.9 mmol) i n  g l a c i a l  a c e t i c  ac id  (20 ml )  and - 

acet i c  anhydr ide ( 2  ml )  was then re f l uxed  f o r  4-5 h. The r e a c t i o n  m ix tu re  was cooled and poured 

i n t o  c o l d  water (100 m l ) .  The p r e c i p i t a t e d  s o l i d  was f i l t e r e d ,  washed w i t h  water severa l  t imes, 

dr ied ,  and r e c r y s t a l l i z e d  from methanol t o  g i v e  t h e  p r o d u c t 2  as c o l o r l e s s  c r y s t a l s .  
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