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ORGANIC PREPARATIONS AND PROCEDURES INT . 14 ( 1-2) , 21-29 ( 1982 ) 

SYNTHESES O F  FURO-, PYRROLO- AND T H I E N O [ ~ , ~ - C ] C O U M A R I N S  

* 
M. Trkovnik, R .  D jud j i e ,  I .  Tabakovi6 and M .  KuleS 

Laboratory of Organic Chemistry and Biochemistry 
Technological F a c u l t y ,  "Djuro Pucar S t a r i "  U n i v e r s i t y  

7 8 0 0 0  Banja Luka, YUGOSLAVIA 

Coumarins with a d d i t i o n a l  r i n g s  condensed a t  t h e  3 ,4-posi- 

t i o n  have been r e p o r t e d  t o  e x h i b i t  potent  b i o l o g i c a l  a c t i v i -  

t y  

ves  of t h i s  c l a s s  of compounds. 

We now r e p o r t  t h e  s y n t h e s i s  s e v e r a l  novel r e p r e s e n t a t i -  

Treatment of 4-hydroxycoumar i n  (I) with phenacyl bromide 

i n  basic medium afforded t h e  0- and C-alkylated d e r i v a t i v e s  11 

I l l  b- 

I V  

S c h e m a  1 

V a l  X = O  

b )  X -  NH 

c l  x -  s 

d l  

@ 1962 by Organic Preparations and Procedures Inc. 
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TRKOVNIK, DJUDJIC, TARAKOVIC AND KUL,ES 

and I I Ia .  The former ,  4-phenacyloxycoumarin ( 1 1 1 ,  was genera-  

t e d  i n  dimethylformamide ( D M F )  w i th  potassium c a r b o n a t e  as t h e  

base ,  wh i l e  t h e  l a t t e r ,  3-phenacyl-4-hydroxycoumari.n ( I I I a )  , 
r e s u l t e d  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  d i m e t h y l s u l f o x i -  

d e  (DMSO) wi th  t r i e t h y l a m i n e  as  t h e  base .  S i n i l a r  t r e a t m e n t  o f  

4-hydroxycoumrin  wi th  a -b rompyruv ic  a c i d  (DMSO/Et N) gave 3 
f -(4-hydroxycoumarin-3-y1) pyruvic  a c i d  ( I I b )  which was e a s i l y  

conve r t ed  t o  i t s  methyl e s t e r .  Heat ing  of I I I b  i n  polyphosopho 

r i c  a c i d  (PPA) r e s u l t e d  i n  r i n g  c l o s u r e  and gave t h e  c y c l i c  

k e t o - d i l a c t o n e  I V ,  

Al thougn t h e  s y n t h e s i s  o f  t h i e n o  [3 ,2-c]coumarin d e r i v a t i -  

ves  i s  r e p o r t e d  t o  be d i f f i c u l t 3 ,  haying  t o  be performed under  

a n  i n e r t  a r g o n  a tmosphere ,  w e  succee ind  i n  o b t a i n i n g  a d e r i v a -  

t i v e  (Vc) by s imple  t r e a t m e n t  of IIIa wi th  P2S5 i n  d ioxane  

wi th  no s p e c i a l  p r e c a u t i o n s .  S i m i l a r  p roduc t s  w i t h  o t h e r  he-  

t e r o  atoms i n  t h e  a d d i t i o n a l  r i . n g ,  namely t h e  f u r o -  and pyr ro-  

lo [3,2-c]coumarin d e r i v a t i v e s  (Va and Vb) were o b t a i n e d  from 

3-phenacyl-4-hydroxycoumarin by r i n g  c l o s u r e  i n  PPA and i n  

a c e t i c  acid/ammonium a c e t a t e ,  r e s p e c t i v e l y .  I n  a l l  cases, t h e  

y i e l d s  ranged from good t o  e x c e l l e n t  (59-824) and t h e  t i m e  

r e q u i r e d  were q u i t e  s h o r t  ( 1 - 2  h rs ) .  

The f u r o  [3,2-cJcoumarin d e r i v a t i v e s  V I I - I X  were o b t a i n e d  

by dehydrobrominat ion  of  3-a-bromopropionyl-4-hydroxycoumarin 

( V I )  w i t h  amines or by sodium borohydr ide  r e d u c t i o n  i n  te t ra-  

hydro fu ran  (THE'), The t r e a t m e n t  of  V I  w i t h  amines w a s  c a r r i e d  

o u t  under  v a r i o u s  c o n d i t i o n s  i n  t h e  hope of o b t a i n i n g  a s u b s t i  

t u t i o n  of bromine wi th  a n  amino r e s i d u e ,  b u t  t h e s e  a t t e m p t s  

f a i l e d :  t h e  r e a c t i o n  product  was a lways  2-methyl-4H-furo 
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SYNTHESES OF FURO-, PYRROLO- AND THIENO[3,?-c]COIIMARTNS 

[3  ,2-c] [ l]benzopyran 3 [2H] ,4-dione ( V I I )  , The t r ea tmen t  of V I  

with NaBH 

c y c l i z a t i o n .  Treatment of e i t h e r  V I  or V I I  r e s u l t e d  i n  t n e  r e -  

d u c t i o n  o f  t h e  ke ton ic  carbonyl  group. Take-up of t h e  d r y  PO- 

d u c t s  i n  50% a c e t i c  acid r e s u l t e d  i n  e l i m i n a t i o n  of water and 

t h e  f i n a l  product w a s  i n  both cases 2-methyl-4H-furo[3 ,2-c] [I] 

benzopyran-4-one ( V I I I )  . An i d e n t i c a l  product w a s  ob ta ined  by 

t h e  C l a i s e n  rearrangement of  4-allyloxycoumarin followed by 

dehydrogenation over  W/C4, When t h e  d r y  r e s i d u e s  a f t e r  NaBH4 

r e d u c t i o n  of V I  and V I I  were t a k e n  u p  i n t o  d i l u t e  HC1 (1:l) 

i n s t e a d  of i n t o  50% a c i d ,  t h e  f i n a l  product was 2-methyl-3- 

chloro-2 ,3-dihydro-4H-furo [3 ,2-c] [l] benzopyran-4-one (1x1. 

i n  THF r e s u l t e d  not  on ly  i n  r e d u c t i o n  b u t  a l s o  i n  4 

? - -7z t ' 3  

I X  V I  

I 
v11 

V I l l  

S c h e m e  2 

EXPERIMENTAL 

A l l  mps are uncor rec t ed .  The s p e c t r a  were recorded on t h e  f o l l  
owing in s t rumen t s  : Perkin-Elmer M-377 i n f r a r e d  spectrometer  
( K B r  p e l l e t s )  ; Perkin-Elmer B-12 nrnr spectrometer  ( s o l v e n t s  
DMSO d-6 ,  C D C 1 3 )  
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TRKOVNIK, D J U D J I C ,  TAEAKOVIC AND KULES 

4-Phenacvloxvcoumarin (11) .-4-Hydroxycoumarin ( 2  g 

l es )  a n d  potassium carbonate (1.82 g , 13.2 mmoles) were d i s s o l  

ved i n  DMF ( 1 0  m l )  and  t h e  s o l u t i o n  s t i r r e d  1 hr a t  90'. An 

equimolar  amount of phenacyl  bromide ( 2 . 6 1  g) was added and 

s t i r r i n g  a t  9 0  

t u r e  was a l l o w e d  t o  cool whereupon (15 ml) of a s a t u r a t e d  

aqueous  s o l u t i o n  of NaHC03 was added t o  p r e c i p i t a t e  t h e  p r o d u c t  

which s e p a r a t e d  i n  t h e  form of a g r a y  t a r r y  c rys t a l l i ne  mass. 

R e c r y s t a l l i s a t i o n  f rom 9 6 %  ethanol  gave  3.0 g ( 8 2 % )  of w h i t e  

woolly c r y s t a l s  , r n ~ . 1 9 2 - 1 9 4 ~ ,  

I R  ( a n - ' ) :  3 0 9 0  ( C H ,  arom.) , 1710 , 1640 ( (20) ;  NMR 

p p ) ;  6 . 0 5  ( s ,  C H 3 ) ,  5.95 ( s ,  C H 2 ) ,  7.5-8.2 (m , 4 H , a r o m . ) .  

A S .  Calcd f o r  Cl7HI2O4:  C ,  72.85,  H ,  4.28. 

C ,  7 3 . 2 1 ,  H , 4.53. 

13.2 mmo- 

0 w a s  c o n t i n u e d  f o r  one a d d i t i o n a l  h o u r ,  The mix 

6 (DMSO d - 6 ,  

Found: 

3-Phenacyl-4 -hydroxycoumarin ( IIIa .-4-Hydroxycoumarin ( 3  g , 
1 9 . 7  m m o l e s )  was d i s s o l v e d  i n  DMSO ( 5  m l )  and t h e  s o l u t i o n  

mixed w i t h  0 . 5  m l  of t r i e t h y l a m i n e  , t h e n  s t i r r e d  5 min a t  50  . 
A s o l u t i o n  of phenacyl  bromide ( 3 . 9 3  g, 1 9 . 7  m m o l e s )  i n  3 m l  

0: 3MSO was p u r e 3  and t h e  m i x t u r e  s t i r r e d  a t  50'. A f t e r  ha-  

v i n g  been  l e f t  s t a n d i n g  for 4 5  min,  t h e  r e a c t i o n  m i x t u r e  w a s  

poured i n t o  c o l d  water,  t h e  p r e c i p i t a t e d  p r o d u c t  c o l l e c t e d ,  

d r i e d  and r e c r y s t a l l i z e d  f rom 9 6 %  e t h a n o l  t o  y i e l d  3.25 g 

( 5 9 % )  of p ink  c r y s t a l s ,  mp.182-185'. 

IR ( c m - l ) :  3 3 9 0  ( O H ) ,  3 0 8 0  ( C H ,  arom.) , 1 6 6 0 ,  1640 ( ( 2 0 ) .  

A x .  Calcd fo r  C17H1204: C ,  7 2 . 8 5 ,  H ,  4 .28.  

Found: C ,  7 3 . 1 8  , f-1, 4 . 4 7 .  

0 

f -(4-Hvdroxvcoumarin-3-~1~ Dyruvic acid ( I I I b )  .-4-Hydroxycou- 

mar in  ( 2 8 ,  1 3 . 2  mmoles) was d i s s o l v e d  i n  DMSO ( 4  ml) and s o l u -  

24 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
5
9
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



S Y N T H E S E S  OF FURO-, PYRROLO- AND T H I E N 0 [ 3 , 2 - c ] C O U M A R I N S  

t i o n  mixed with 0 . 5  m l  of t r i e t h y l a m i n e  t h e n  s t i r r e d  and hea- 

t e d  a t  40-50' for 1 0  min. A s o l u t i o n  of phenacyl bromide 

(2.15 g , 1 3 . 2  mmoles) i n  3 m l  of DMSO was poured and t h e  mix- 

tu re  s t i r r e d  3 0  min.  During t h i s  period t h e  product depos i t ed  

as pa le  yellow p l a t e - l i k e  c r y s t a l s .  R e c r y s t a l l i s a t i o n  from 96% 

ethanol gave 1 .48  g (46%) o f  pure p r o d u c t ,  mp. 216-218O.  

I R  (ern-') : 3 4 2 0  (carboxyl-OH) , 3 0 0 5 ,  2 9 1 0 ,  ( C H ,  a rom. ) ,  1 7 1 7 ,  

1 6 4 0  ( C O )  , 1 6 0 0  (C=C, arom.) , 

A S .  Calcd f o r  C12H806: C ,  58.06, H ,  3 . 2 2 .  

Found: C , 5 8  . 6 3 ,  H ,  3 .44 .  

Methyl ester of 1IIb.-Compound I I I b  ( 0 . 5  e;, 2 .0  m m l e s )  w a s  

d i s so lved  i n  methanol ( 2 0  ml), t h e  s o l u t i o n  a c i d i f i e d  w i t h  

one d r o p  of concen t r a t ed  s u l f u r i c  a c i d ,  and heated 2 hr on a 

water b a t h .  On c o o l i n g  t h e  product s epa ra t ed  i n  c r y s t a l l i n e  

form. R e c r y s t a l l i s a t i o n  from 9 6 %  e thano l  gave 0 . 2 5  q ( 4 8 % )  of 

pale yellow c rys t a l s  mp.17 0-17 2'. 

I R  (cm-'): 3 3 8 5  ( O H ) ,  3 0 1 0 ,  2933 ( C H ,  a rom. ) ,  1 7 6 0 ,  1 6 4 0  (CO) , 
1 6 0 5  ( C = C ,  arom.) . 
A S .  Calcd f o r  C13H1006: C ,  5 9 . 5 4  , 13, 3 . 8 4 .  

Found : C ,  6 0 . 0 9 ,  H ,  3 .82  

2 H . 3 H Y 4 H  .5H-Ppano 13 .2-c7 [ l ] O e n z o p ~ a n - 2  ,4 ,6-trione ( I V )  .- 
Compund I I I b  ( 0 . 5  g ,  2 . 0  mmoles) was heated with FPA ( 5  ml) 

f o r  1 hr o n  a water b a t h .  The r e s u l t i n g  d a r k  mass was poured 

onto i c e  whereupor, s m a l l  yellow c rys t a l s  of t h e  ke to -d i l ac tone  

separated j t h e y  were c o l l e c t e d  and r e c r y s t a l l i s e d  from 9 6 %  

e t a n o l  y i e l d  0 . 2 9  g ( 6 3 % ) ,  mp.222-224O. 

I R  (cm- '1 :  3 1 1 5 ,  3 0 6 0  ( C H ,  a r o m . ) ,  1 7 3 5 ,  1 6 8 5  ( C o ) ,  1 5 9 0  

( C = C ,  arom.) .  
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TRKOVNIK, DJUDJIC , TAPAKOVIC AND K U W S  

A*. Calcd for C121:635: C, 6 2 . 6 0  , f 1 ,  2 . 6 0 ,  

Found: C ,  6 2 . 1 3 ,  13, 2.88, 

2-Phenacyl-4il-furo r 3  ,2-c] rll benzopyran-4-one (Val , -A m i x t u r e  

of compound I l Ia  ( 0 . 5  g ,  1.8  m m o l e )  and  PPA ( 5  ml) was h e a t e d  

1 IW 011 a water b a t h  t h e n  poured i n t o  c o l d  water t o  y i e l d  

0 .37  g ( 6 8 % ) .  R e c r y s t a l l i s a t i o n  from 9 6 %  e t h a n o l  gave a c r y s t a  

l l i n e  product  , mp.171-173'. 

IK ( c m - ' ) :  3130 ,  3030 (CH, mom.) ,  1740 ( C O ) ,  1 6 3 0  ( C = C ,  arom.) 

NMR 6 ( D M S O  d - 6 ,  p p )  : 7 .30-8 . O O  (m, 9 H ,  arom.) , 8.25  ( s ,  C H I .  

A&. Calcd for C17H1003: C , 77.86,  13 , 3.81. 

Found : c ,  7 7 . 7 1 ,  H ,  4 . 0 2 .  

2-Phenvl-4H- pyrro1.0 r 3  ,2-c 1 1'11 benzo pyra'n-4 -one (V b) . -Compourd 

SIIa (0 .5  g , 1 . 8  m o l e )  was d i s s o l v e d  i n  ace t ic  a c i d  ( 2 0  m l )  

c o n t a i n i n g  amnlonium a c e t a t e  ( 0 . 2 7  g ,  3.6 moles)  and t h e  s o l u -  

t i o n  w a s  r e f l u x e d  fo r  2 hrs. During t h i s  p e r i o d  t h e  p r o d u c t  

(0.38 g , 8 3 % )  d e p o s i t e d  as y e l l o w  c r y s t a l s  and was c o l l e c t e d  

a f t e r  c o o l i n g .  X e c r y s t a l l i s a t i o n  f r o m  9 6 %  e t h a n o l  gave t h e  p u r e  

p r o d u c t  , mp.305-307O. 

I R  ( c m - ' ) :  3295 (NH), 3060 , 3005 ( C H  , arom.)  , 1680 (CO) , 1620 

(C=C , a r o m . ) ;  NMt? O(DMS0 d - 6 ,  ppm) . 7 . 1 2  ( s  , 3-CHI , 7 .30-8.04 

( m  , 9Ii arom.) , 1 1 . 0 0  ( s  , N H ) .  

A=. Calcd f o r  C17H11N02: C ,  7 8 . 1 6 ,  H ,  4 . 2 1  , N ,  5 .26.  

Found:  C ,  78 .52 ,  H ,  4 . 4 6 ,  N ,  5.05. 

2-Phenyl-4Ii-thieno r 3  J - C ~  r l1benzopyran-4-one (Vc) .- A s o l u t i o n  

of compound IIIa ( 0 . 5  g , 1.8 mmole) i n  d i o x a n e  ( 7  m l ) ,  t o  which 

was added P2S5 ( 0 . 3  g ,  1 . 4  m o l e ) ,  w a s  r e f l u x e d  for 2 hrs. 

'I'he h o t  r e a c t i o n  m i x t u r e  was poured i n t o  c o l d  water and  t h e  

r e s u l t i n g  c o l l o i d a l  s o l u t i o n  e x t r a e t e d  w i t h  e t h e r .  Removal of 
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SYNTHESES OF FURO-, PYRROLO- AND THTEN0[3,2-c]COUMARTNS 

t h e  e t h e r  from t h e  ex t r ac t  l e f t  0 .3  g ( 7 5 % )  of y e l l o w  c r y s t a l s .  

Af t e r  r e c r y s t a l l i s a t i o n  from 96% e thanol  the  mp. w a s  173-175'. 

IR ( c m - ' ) :  3 0 4 0 ,  2910 ( C H ,  a r o m . )  , 1 7 0 0  ( C O )  , 1 6 0 5  ( C = C ,  arom.) 

A A .  Calcd for C17H1002S: C ,  7 3 . 3 8 ,  H ,  3 . 6 0 .  

F o u n d :  C ,  7 2 . 9 5 ,  I f ,  3 .42 .  

2 -Methyl -4H-furo  r3 .2-c1 r l l b e n z o p y r a n - 3  K2H1 ,4 -d ione  ( V I I )  .- A 

s o l u t i o n  of V I  ( 2  g , 6.7 m m o l e s )  and d i e t h y l a m i n e  or n - p r o p y l  

a m i n e ( 2  m l )  i n  96% e thano l  ( 5 0  m l )  w a s  r e f l u x e d  3 hrs t h e n  

concentrated t o  a s m a l l  (cca 1 0  m l )  volume. The  separated 

s o l i d  w a s  co l lec ted  and recrys ta l l i sed  from methaml t o  afford 

a n e a r l y  q u a n t i t a t i v e  y i e l d  of pure product as n e e d l e - l i k e  

c r y s t a l s ,  mp.227 , lit .6 227 .5-228 .5O. 

I R  (cm- ' ) :  3080  ( C H ,  a r o m . )  , 1 7 3 5  1 7 0 0  (CO) :  NMR & ( C D C 1 3 ,  

ppm: c o u p l i n g  cons t c s ,  H z ) :  1 . 6 6  ( d ,  3H,  J ,  7 )  , 4 . 9 9  ( 9 ,  l H ,  

J1 , J2  , 1 5  and 7 ,  r e s p . )  , 7.30-8  .10 (m , 4H,  arom.) .  

A*. C a l c d  f o r  C 1 2 H 8 0 4 :  C ,  66 .66 ,  H ,  3 . 7 3 .  

F o u n d :  C ,  6 6 , 4 2 ,  H ,  3 . 9 1 ,  

5 

0 

2-Methyl -4H-fur0  r3 ,2-c1 rl1 b e n z o p y r a n - 4 - o n e  (VIII) . 
Route A ( f r o m  V I )  .- A s o l u t i o n  of V I  ( 2 . 0  g , 6.7 rnmoles) a n d  

NaBH,, ( 0 . 1 3 3  g , 3 . 5  m m o l e s )  i n  THF ( 3 0  m l )  was s t i r r e d  3 hrs 

a t  room tempera tu re ,  a f t e r  which t h e  s o l v e n t  w a s  r e m o v e d  under 

reduced pressure. T h e  d r y  r e s i d u e  w a s  w i t h  50% acet ic  acid 

( 3 0  m l ) ,  t o  g i v e  1 . 0 5  g ( 7 8 % )  of n e e d l e - l i k e  c r y s t a l s  , mp.17h0 

a f te r  r e c r y s t a l l i s a t i o n  from methanol, lit .4 174O;  l i t .  

1 7  5-176'. 

I R  (cm-'1: 3 1 3 0  ( C H ,  arom.),  1 7 2 5  ( C O ) :  NMR 

2.46 ( s ,  3H, C H 3 )  , 6 . 5 3  ( s ,  l H ,  3-CH1, 7 .15-7 .90  ( m ,  4 H ,  arom.). 

A&. Calcd f o r  C I 2 H 8 O 3 :  

7 

6 ( C D C 1 3  , p p ) :  

C ,  7 1 . 9 9 ,  H, 4 . 0 2 .  
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TRKOVNIK, DJUDJIC, TABAKOVIC AND KULES 

Found: C ,  7 2 . 2 7 ,  H ,  3.78 

Route B(from V I I ) . - A  s o l u t i o n  of V I I  ( 0 . 5  g , 2.3 mmles) and 

NaBH4(0.04 g ,  1.1 mmoles) i n  THF (30  m l )  was r e f l u x e d  3 hrs 

a f t e r  which t h e  reac t ion  m i x t u r e  was t r e a t e d  as d e s o r i b e d  a b o -  

v e  t o  y i e l d  0.34 g ( 7 4 % ) ,  mp. 174'. 

2 -Methyl -3 - c h l o r o  - 2,s -d ihydro-4H-f uro r3 J - C ~  rll benzo Dyran- 

4-one (1x1 , -  A s o l u t i o n  of V I  ( 2 . 0  g ,  6.7 mmoles) ard NaBH4 

(0.133 g ,  3.5 mmoles) i n  THF ( 5 0  m l )  was t r e a t e d  as i n  t h e  

p r e p a r a t i o n  of compound I X  u p  t o  t h e  removal of s o l v e n t .  The 

d r y  r e s i d u e  was t h e n  worked u p  w i t h  d i l u t e  h y d r o c h l o r i c  acid 

( l : l ,  5 0  m l ) ,  which l e f t  1 . 5  g ( 9 4 % )  of c r y s t a l s ,  mp 183' 

a f ter  r e c r y s t a l l i s a t i o n  from methanol .  

I R  (cm-'1: 1782 ( C O ) ;  NMR 6 ( C D C 1 3 ,  ppm; c o u p l i n g  cOns tc s ,  Hz) :  

1 . 7 0  ( d ,  3H, CH3;  5 ~ 7 1 ,  5 .33 (9, l H ,  2-CH3; J1 , J2 , 1 3  a n d  7 

r e s p e c t i v e l y ) ,  7.30-8.40 ( m ,  5H, arom. and 3-CH). 

A&. Calcd  f o r  C12Hg03C1: C ,  60.90 H ,  3 . 8 3 ,  C 1 ,  1 5 . 0 1 .  

Found : C ,  60 .64 ,  H ,  3 . 7 5 ,  C 1 ,  15 .24 .  
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