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AN ELEGANT SYNTHESIS O F  6H-BENZOFURO [3,2-c] [I] BENZOPYRAN-6-ONES 
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A b s t r a c t  - Ether i l i ca t ion  of 4-hydroxy-2H-l  -benzopyran-2 -ones  with 2-bromocyclo-  

h e x a n - L o n e  and cyc l i sa t i an  with P P A  followed by dehydrogenat ion with D W  affords 

6H-benzo iu ro [3 ,2 -c l  Llj benzopyran-6 -ones  in ove ra l l  good yie ld .  

6H-Benzofuro[3,  2 c ]  [I] b e n z o p y r a n - b o n e s  l coumes tans )  const i tu te  a we l l  defined g roup  of 

natural ly  occur r ing  subs tances  such  a s  c o u m e s t r o l l ,  tephroso12, c o u m e s t r i n 3  e tc .  They  a r e  of  

s t r u c t u r e  i n t e r e s t  because they a r e  re l a t ed  to subs tances  of  3 - a r y l 2 H - I - b e n z o p y r a n - 2 - o n e  type. 

6  
Many of them a r e  well known to  p o s s e s s  e s t rogen ic4 ,  an t ibac te r i a l5  and insect ic idal  act iv i t ies .  

2 
They  a r e  also r epor ted  a s  f i s h  toxic  agents .  A ve r sa t i l e  method f o r  the  syn thes i s  of propyl 

7  subst i tu ted benzofurocoumar ins  h a s  r ecen t ly  been developed i n  our  l abora to ry .  Th i s  method h a s  

now been  extended f o r  the  syn thes i s  of 6H-benzofuro [3 ,2 -c ]  111 benzopyran-6-ones  involving the 

condensation of 4-hydroxy-2H-1-benzapyran-Zones with 2 -b romocyc lohexan-1-one  followed by 

r ing c lousure  with pnlyphosphoric acid  and subsequent dehydrogenat ion with 2 ,  3 - d i c h l a r a - 5 . 6 -  

d icyano-p-benroquinone ( D W ) .  E a r l i e r ,  6H-benzofuro[3,  2-clLllbenzapyran-6-ones have  been 

p r e p a r e d  by few methods8- lo  but  they a r e  tedious and in  genera l  y i e lds  a r e  low. 

A s  a t e s t  case ,  4-hydroxy-2H-1-benzopyran-2-one when condensed with  2-brornocyclohexan- l -  

one1' in d r y  acetone in the p r e s e n c e  of anhydrous  po tass ium ca rbona te  gave a sol id  product,  

CI5Hl4O4.  The  compound responded to  DNP t e s t  indicating t h e  p r e s e n c e  of ketonic  group and in  

-1 
i t s  IR spec t rum, two  bands a t  1720 cm !C = 0) and 1630 c m - I  !C - C )  c o n f i r m e d  the presence of  

1  coumar in  moiety.  The  H NMR s p e c t r a  showed the  mul t ip le ts  a t  6 2 . 0 0 - 2 . 4 5  and 2 .62-2.87 in t -  

eg ra t ing  for  s ix  and two protons  r e spec t ive ly  f o r  four  rnethylene protons  of cyclohexanone ring 

and  a t r ip l e t  (J= 7Hz) a t  6 5.16 of one p ro ton  w a s  a s s ignab le  to  rnethineoxy group along with 

o the r  s ignals .  The  above s p e c t r a l  data  led u s  a s s i g n  the  s t r u c t u r e  of 4-(2-0x0-cyclohexanyloxy). 

ZH-1-benzopyran-2-one (la) t o  the product .  Compound L_a on hea t ing  with polyphosphoric acid 

A u t h o r  to  whom a i l  co r respondence  be  made.  



(PPA)  a t  9 5 . 1 0 0 ~ ~  f o r  2h gave a product C15H1203. It  did not  give any  DNP t e s t .  I t s  IR showed 

1  absorpt ion a t  1720, I620 c m - I  and H NMR, in  the a l iphat ic  region,  indicated huo rnultiplets a t  

6 1.75-2.05 and 2 .64-2 .86  each integrat ing f o r  four  protons  w h e r e a s  s igna l s  due t o  C  p ro ton  3 

disappeared.  T h e r e f o r e ,  i t  was  a s s igned  the  s t r u c t u r e  7.  8 ,  9 ,  10-tetrahydro-6H-benzofur0[3, 2 - 4  

[ I ]  b e n z o p y r a n - 6 o n e  (Za).  - Dehydrogenation of 2a with DDQ i n  anhydrous  benzene fu rn i shed  6H- 

b e n z o f u r o [ 3 , 2 c j ~ l ]  benzopyran-6-one (2). The s t r u c t u r e  of 2 w a s  es t ab l i shed  o n  the b a s i s  of 

1  i t s  e l ementa l  a n a l y s i s  and  H NMR s p e c t r a l  data ( T a b l e - I ) .  

S imi la r  r e s u l t s  w e r e  obta ined when the  r eac t ion  of 2 - b r o m o c y c l o h e x a n l - o n e  w a s  extended to  

other  4-hydroxy-ZH-I-henzopyran-2-ones. T h u s ,  4-hydroxy-7-methoxy-2H-1-benzopyran-2-one 

gave the e t h e r  s. Cycl isa t ion of Lb with P P A  a f fo rded  2 b  which underwent  dehydrogenat ion wi th  

DDQ to  give 2. Simi la r ly ,  4-hydroxy-7,8-dirnethoxy-ZH-benzopyran-2-one when r e a c t e d  wi th  

2 - b r o m o c y c l o h e x a n - l o n e  yielded $ which w a s  cycl ised to and 4-hydroxy-5,  7 - d i m e t h o x y 2 H - 1  

-benzopyran-2-one yie lded i d  which in t u r n  w a s  cycl ised to  Z_d. Al l  these  products  w e r e  c h a r a c t -  

1  e r i s e d  on the  b a s i s  of e l ementa l  ana lys i s ,  IR and H NMR s p e c t r a l  data .  Dehydrogenation of 2 

and 2d - with DDQ gave and  r d  respect ively .  
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c ,  H 
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E X P E R I M E N T A L  

A l l  m e l t i n g  points a r e  u n c o r r e c t e d  a n d  in d e g r e e  c e n t i g r a d e .  L i g h t  p e t r o l e u m  h a d  boi l ing  range 

6 0 . 8 0 ~ ~ ;  s i l i c a  gel  w a s  u s e d  f o r  c o l u m  c h r o m a t o g r a p h y  a n d  T L C .  IR s p e c t r a  w e r e  m e a s u r e d  

on a P e r k i n - E l m e r  I n f r a c o r d  Spec t ropho tome te r ;  'H NMR s p e c t r a  w e r e  r e c o r d e d  on a P e r k i n -  

E l m e r  R - 3 2  (90  MHz) s p e c t r o m e t e r .  T a b l e - l  s u m m a r i s e s  t h e  y i e ld ,  m p  a n d  s p e c t r a l  da t a  f o r  

a l l  the  new compounds  

4-(2-0x0-cvclahexanvloxv)-2H-1-benzopyran-2one ( ? a ) :  G e n e r a l  p r o c e d u r e  

h m i x t u r e  of 4-hydroxy-2H-1-benzopyran-2-one (Zg, 12 .3  m M ) ,  2 - h r o m o c y c l o h e x a n - 1 - o n e  
11 

( 2 . 1 8 g ,  12.3mM!, a n h y d r o u s  p o t a s s i u m  c a r b o n a t e  (5g) a n d  d r y  a c e t o n e  (60  ml! w a s  ref luxed f o r  

30h a n d  t h e  i n o r g a n i c  s a l t s  w e r e  f i l t e r e d  o f f .  Af t e r  e v a p o r a t i o n  of t h e  so lven t ,  the  r e s idue  w a s  

t r e a t e d  w i t h  c r u s h e d  i ce  t o  give a s o l i d  p roduc t  (&) which  c r y s t a l l i s e d  f r o m  e thanol  a s  c a l o u r l e s s  

n e e d l e s  (2. 54 g), rnQ 2 2 9 - 2 3 0 ~ ~ .  

7 , 8 , 9 ,  10-Tetrahydro-6H-benzofuro[3,2-c]Ll! b e n z o p y r a n - 6 - o n e  (2a1: G e n e r a l  p r o c e d u r e  

Compound la (LOg, 3 . 8 7  m M )  w a s  h e a t e d  w i th  P P A  ( 5 m l j  on  a bo i l i ng  w a t e r  ba th  ( 9 5 - 1 0 0 ~ ~ )  for 

2h .  C r u s h e d  i ce  w a s  a d d e d  t o  the  cooled  r e a c t i o n  m i x t u r e ,  t h e  so l i d  s e p a r a t e d ,  w a s  f i l t e r e d ,  

w a s h e d  wi th  aq. N a 2 C 0  (5%) a n d  w a t e r .  It was  pur i f i ed  by  c o l u m n  c h r o m a t o g r a p h y  a n d  e lu t ing  
3 

w i th  benzene -pe t ro l eum e t h e r  ( l : 9 )  gave  &. It c r y s t a l l i s e d  f r o m  b e n z e n e - p e t r o l e u m  e t h e r  a s  

c o l o u r l e s s  need l e s  (0 .65g ) .  m p  1 9 0 - 1 9 1 ' ~ .  

6 H - B e n z o f u r o [ 3 , 2 - c ]  !I] benzopyran -6 -one  (3a )  : G e n e r a l  p r o c e d u r e  

A  m i x t u r e  of  ( 0 . 2 g .  0 .82  m M )  and DDQ (0 .35g.  1 . 4 m M j  in d r y  benzene ( 2 5  ml! w a s  ref luxed 

for 36h. T h e  r e a c t i o n  m i x t u r e  w a s  f i l t e r e d ,  t h e  f i l t e r a t e  w a s h e d  s u c c e s s i v e l y  with aq. Na2C03  

(10%).  w a t e r ,  d r i e d  a n d  so lven t  d i s t i l l ed  off. T h e  r e s i d u e  w a s  sub j ec t ed  to  co lumn  c h r o m a t o -  

g r a p h y  whi le  e lu t i on  of c o l u m n  wi th  b e n z e n e - p e t r o l e u m  e t h e r  (1:4) gave  2_a. I t  c r y s t a l l i s e d  f r o m  

b e n z e n e - p e t r o l e u m  e t h e r  as  c o l o u r l e s s  need l e s  (0 .17g ) .  m p  1 8 7 - 1 8 8 ~ ~ .  



T- Compounds  p r e p a r e d  

Yield m p  IR 
(%) ~ O C I  K B r  

'! m a x  ( c m - l i  

' H  NMR (CDCI3ITMS) 

1 . 7 0 - 1 .  9 5 ( m ,  4Hl .  2 . 6 0 - 2 .  8 2 ( m .  4H1. 3 .801s .  3H) .  
3 . 9 2 ( s ,  3H) .  6 . 2 5 l d .  J=2 .  5Hz. 1 H ) .  6 . 4 3 i d .  J = 2 .  5 
Hz.  1H).  

a S a t i s f a c t o r y  m i c r o a n a l y s i s  ob t a ined  lor a l l  the  p roduc t s .  
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