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A b s t r a c t  - C i n n a m o y l a t i o c  of chroman 1 w i t h  a c i d  4 i n  p r e s e n c e  
of  f u s e d  z i n c  c h l o r i d e  and p h o s p h o r u s  o x y c h l o r i d e  g a v e  c h a l c o n e  
8 and w i t h  a c i d s  5-1, t h e  c h a l c o n e s  2-11 and d i h y d r o c o u m a r i n s  - 
15-17 r e s p e c t i v e l y .  A s i m i l a r  r e a c t i o n  of  chroman 2 w i t h  a c i d s  - - 4 and 1 a f f o r d e d  t h e  c h a l c o n e s  12 a n d  13 and d i h y d r o c o u m a r i n s  
a n d  fi w h i l e  chroman 3 r e a c t e d  w i t h  a c i d  4 t o  y i e l d  t h e  c h a l c o n e  
1 4  a n d  f l a v a n o n e  G. - 

I n  c o n n e c t i o n  w i t h  o u r  work on a i h y d r o p y r a n o -  and p y r a n o i s o f l a ~ o n e s ~ - ~ ,  we 

r e q u r r e d  a i h y d r o p y r a n o c h a l c o n e s  a s  s y n t h o n s .  ' h h i l e  t h e  i n t r o d u c t i o n  of a  

c innamoyl  m o i e t y  i n t o  p h e n o l  f e a t u r e s  a s  one  o f  t h e  i m p o r t a n t  b i o g e n e t i c  

pa thways  l e a d i n g  t o  t h e  f o r m a t i o n  of n e o f l a v o n o i d s 4  and forms  t h e  c rux  o f  a  

b i o r e d u c t i v e  p r o c e s s ,  t h e  b i o - o x i d a t i v e  p r o c e s s  on t h e  o t h e r  hand  e n v i s i o n s  

t h e  c o u p l i n g  o f  a  p h e n o l  w i t h  a  b i o l o g i c a l  c i n n a m y l  e q u i v a l e n t  s u c h  a s  cinnamyl 
7  p y r o p h ~ s p h a t e ~ ' ~ .  It i s  a l s o  p o s t u l a t e d  t h a t  t h e  same c innamoyl  coenzyme A 

t h a t  i s  r e s p o n s i b l e  f o r  a  l a r g e  and i m p o r t a n t  b r a n c h  of  f l a v o n o i d s  by C-acy la t ion  

i s  a l s o  r e s p o n s i b l e  by a n  0 - a c y l a t i o n  s e q u e n c e  f o r  4 -phenylcoumar ins  and t h e i r  

d i h y d r o  a n a l o g u e s ,  y , y - d i p h e n y l a l l y l  compounds a n d  d a l b e r g e n o n e s .  I n  v i e w  o f  

t h i s ,  c l i p p i n g  of  p e n d e n t  c innamoyl  f r a g m e n t  t o  a  p h e n o l  is  of s i g n i f i c a n t  

i n t e r e s t  f o r  s y n t h e t i c  s t u d i e s .  

The most common method of  i n t r o d u c i n g  t h e  c i n n a m o y l  moie ty  which r e s u l t s  i n  t h e  

f o r m a t i o n  o f  c h a l c o n e s  i s  t h e  Cla i sen-Schmidt  c o n d e n s a t i o n  of  a c e t o p h e n o n e s  
8 w i t h  a r y l  a l d e h y d e s  . The r e a c t i o n  of c innamoyl  c h l o r i d e  w i t h  p h l o r o g l u c i n o l  

i n  p r e s e n c e  of a lumin ium c h l o r i d e  t o  y i e l d  t h e  f l a v a n o n e  h a s  b e e n  r e p o r t e d Y .  

The method i n v o l v i n g  c i n n a m o y l a t i o n ,  however ,  i s  much l e s s  e x p l o i t e d .  I n  o u r  

p r e s e n t  work,  we d e m o n s t r a t e  f o r  t h e  f i r s t  time a  l a b o r a t o r y  a n a l o g y  which 

l e n d s  c r e d e n c e  t o  t h e  common b i o y e n e t i c  pathway l e a d i n g  t o  b o t h  f l a v o n o i d s  

and n e o f l a v o n o i d s .  While d o i n g  s o ,  t h e  p o t e n t i a l i t y  o f  ZnC12-POC13 r e a g e n t  10 
t o  b r i n g  a b o u t  a c y l a t i o n s  h a s  been  d e m o n s t r a t e d .  



Chroman 1 on r e a c t i o n  wi th  cinnamic a c i d  4 i n  presence  of ZnC12-POC13 

y i e l d e d  chalcone 8 e x c l u s i v e l y  and i n  e x c e l l e n t  y i e l d .  The I R  spectrum of 8 
showed a b s o r p t i o n  a t  1630 cm-' ( a sp -unsa tu ra t ed  carbonyl)  and i t s  NMR spectrum 

showed a  d o u b l e t  a t  5 7.84 f o r  t h e  C proton and a s i n g l e t  a t  $ 1 2 . 8 4  f o r  t h e  B 
C2,-OH proton.  The Ca p ro ton ,  t h e  C6, Proton and t h e  aromat ic  p ro tons  appeared 

a s  a  m u l t i p l e t  a t  8 7.2-7.7. With a c i d s  2-2, however, 1 gave i n  a d d i t i o n  t o  

t h e  chalcones  9-11, t h e  dihydrocoumarins 15-11 r e s p e c t i v e l y .  The I R  spectrum of 

1 5  showed absorp t ion  a t  1765 cm-' ( 5 -1actone ca rbony l )  and t h e  NMR spectrum - 
e x h i b i t e d  a doub le t  a t  5 2.94 (J = 8  Hzi f o r  two C-3 p ro tons ,  a  t r i p l e t  a t  

5 4 . 1 8  (J = 8  Hz) f o r  a  C 4  p ro ton  and an AA'BB' p a t t e r n  a t  5 6.88 (J = 8 Hz) 

and 7 .10 (J = 8  Hz) a s  two d o u b l e t s  f o r  aromat ic  p ro tons  of t h e  4-phenyl f u n c t i o n .  

The s i te  of carbon-carbon bond format ion i n  a l l  t h e s e  c a s e s  i s  t h e  C-6 p o s i t i o n  

of 1 which i s  c l e a r l y  e v i d e n t  from t h e  appearance  of sharp  s i n g l e t s  a t  g 6 . 3 2 ,  

6.38, 6.38 and 6.26 f o r  t h e  C-3' proton Of chalcones  -11 and a t  6.56 and 6.52 

f o r  t h e  dihydrocoumarins 15 and 16, 

Chroman 2 was r e a c t e d  wi th  a c i d s  4 and 5 t o  y i e l d  i n  both  c a s e s ,  t h e  

chalcones  12 and 13 and t h e  dihydrocoumarins 18 and 19 r e s p e c t i v e l y .  Chroman 2 
on s i m i l a r  r e a c t i o n  wi th  a c i d  5 gave t h e  chalcone 14 and t h e  f lavanone 3 
r e s p e c t i v e l y .  The NIidi spectrum of t h e  f lavanone showed a  two-proton m u l t i p l e t  
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Table 1. Physical Characteristics of Products 

Compd. Yield Eluent lrlp (OC) Lit. Mp hhlolecular Elemental analysis 
NO. 5 (pet.ether- (solvent) (oc) formula calc.(Xl (found) 

ethyl ace- C H 
tate) 

8 - 83 Benzene 192-193 183-18411 c ~ ~ H ~ ~ ~ ~  77.92 6.49 
(benzene) . . (78.06) (6.38) 
147-148 
(pet.ether- 

E tOAc ) 
2U1-203 
(methanol) 
120-121 
(methanol) 
120-121 
(pet.etherj 
112-113 
(pet.ether- 
EtoAc ) 
228-229 
(pet.ether- 
EtOAc) 
145-146 
(pi:her- 

125-126 
(pet.ether- 
EMAc) 
119-121 
(pet.ether- 
E ~ ~ A c )  
145-146 
(pet.ether- 
E t0Ac) 
165-166 
(pet.ether- 
EtOAc) 
140-141 
(pet.ether- 
EtOAc) 



Table 2. Spectral bata of Products 
- 
Lompd. IH(nujo1) data I,-,,, ( CDC13/TMSint) 
NO. - ( cm-' ) - s 

1.38(s,C2,, -6H, gem-dimethyl), 1.84(t, 

3 = 7 nz, C3,,-ZH), 2.78(t, J = 7 Hz, 

C4 -2H), 6.32( s ,C3, -H) , 7.20-7.70 (m,Ca-H, 

C6,-H and aromatic as-7H), 7.84(d,J = 16 Hz, 

C, -H), 12.84(s,C2,-bH). 6 

1.38(s,C2,,-6H.gem-dimethyl), 1.84(t,J = 7 Hz, 

C3,, -2H), 2.78( t,J = 7 Hz , C4,, -2H). 3.88(s, 

C4-0CH3), 6.38(s,C3,-H), 6.95(d, J = 10 Hz, 

C3-H and C5-H), 7.52-7.68 (m, Ca-H, C6,-H, 

C2-H and C6-H), 7.86(d,J = 16 Hz, C -H), 

13.12 (s,C2,-OH). 
li 

1.4(s,C2,, -6h, gem-dimethyl), 1.86(t, 

J = 7 Hz, C3,, -2H), 2.8(t, J = 7Hz,C4,, -2H), 

6.b6(s,C3-0CH20-C4-2H), 6.38( s,C3,-H) , 
6.8-7.7(m.Ca-H,C6,-H and aromatic-5H). 7.8(d, 

J = 16 Hz, C H), 13.02 (s,C2,-OH). B- 
1.42(s,C2,, -6d,gem-dinethyl), 1.86( t, 
J =  7 Hz, C3,,-2h), 2.82 (t, J = 7  Hz, - 
C4,, -2H), 4.0(s,C3- and C4-methoxyls-bH) , 
6.26(s,C3,-H), 6.94(d, J = 9 Hz, C5-H). 

7.18(dd, J = 3 and 9 Hz, C2-H), 7.34 (d, 

J = 3 Hz, C6-Hj. 7.44(d, j = 16 Hz, Cg-HI, - 
7.64(s,C6,-H), 7.88(d,J = 16 Hz, CB-H), 

13.06(s, C2,-OH). 

1.4(s,C2,, -6H, gem-dimethyl), l.84( t, 

J = 7 Hz, C3,, -2H1, 2.68(t, 3 = 7 Hz, 
C4,, -2h), 3.4(s,L2,-methoxyl-3H), 5.4(s, 

5,-H). 7.2-8.l(m,C -h,C -H and aromatic-5H), 
a P 

14.72(s,Cg, - d n ) .  

1.4(s,C2,, -6H, gem-dimethyl), 1.82( t,J = 7 Hz, 

C3"-2H), 2.66(t,J = 8 Hz, C4,,-2H), 3.9(2s, 

C4- and C , -methoxyls-6H), 5.92(s,C3,-H), 2 
6.96(d,J = 8 Hz, C3-H and C5-H), 7.58(d, 

J = 8 tiz, C2-H and C6-H), 7.76(d,J = 16 Hz, - 
Ca-H), 7.92(d, j = 16 Hz, C-H), 14.841s. 

P 5, -OH). 
1.06(s,i2,, -6h,gem-dimethyl),l..78(t,j = 7 Hz, 

C3,, -2H),2.44(t,L = 7 Hz,C4,, -2H),5.88(sPi 3,-;i), 

6.9-7.6(m,aromatic-5H),7.96(d,J=16,Hz,Ca-n), 
8.2(d,j = 16 Hz, Cb-H). 
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Compd. Id(nujo1) data I~-N~LIR (CDC~~/TMS~,, ) 
NO. ( cm-l) s 

1.36(s,C8-6H, gem-dimethyl). 1.78(t, 

3 = 7 Hz, $-ZH), 2.66(t, J = 7 Hz, 

C6-ZH), 2.94 (d, J = 8 Hz, C3-ZH), 

3.84(s, C4,-methox~l-3)). 4.18(t, 3 = 8 Hz, 

C4-H). 6.56(s, ilu-h), 6.6(s. C5-H). 

6.88 (d, J = 8 Hz, C3,-H and C5,-H), 

7.1 (d, J = 8 Hz, C2,-H and C6,-ti). 

1.34(s,C8-613, gem-dimethyl), 1.74(t, 
3 = 7 HZ, C7-ZH), 2.68 (t, J = 7 Hz, 
C6-ZH) , 2.94(d, j = 8 Hz, C 3 -  4.22( t, 

j = 8 Hz, C4-H). 6.u2(s, C3+Ch20-C4r2Hj. 

6.52(s, ClO-h), 6.58(s,i5-HI, 6.8-7.3(m, 

aromatic-3H) 

-- 
1.4(s,C8-6H. gem-dimethyl), 1.84(t, 

J = 7 Hz, C -2n), 2.78(t, J = 7 riz, 9 
C -2H), 3.4(d, J = 5 hz, C3-2H), 10 
3.76 (s, C5-methoxyl-3h), 4.6 (t, 3 = 5 Hz, 
C4-H), 6.24(s,C6-h), 7.1-7.4(m, aromatic-5H) 

-- 
1.38(s,C8-6H, gem-dimethyl), 1.78(t, 

J = 7 hz, C7-2h). 2.64(t, J = 7 Hz. C6-2H). 

3.06(m,C3-ZH), 5.48jdd. J = 4 and 12 Hz, 
C2-H), 6.02(s, ClO-h), 7.2-7.6(m, aromatic-5n1 

and 11.78 (5, C5-OH). 



a t & 3 . 0 6  ( J  = 4  Hz) f o r  C-3 p r o t o n s ,  a  one-pro ton  d o u b l e t  o f  a  d o u b l e t  a t  

6 5 . 4 8  f o r  C-2 p r o t o n  and a  s i n g l e t  a t  6 1 1 . 7 8  f o r  d e s h i e l d e d  p h e n o l i c  

h y d r o x y l  p r o t o n .  The c h a l c o n e  14 on c y c l i s a t i o n  c a n  r e s u l t  i n  b o t h  l i n e a r  

f l a v a n o n e  20 and i t s  a n g u l a r  i s o m e r .  However, we c o u l d  o b t a i n  o n l y  one 

p r o d u c t  which  c r y s t a l l i s e d  f rom p e t r o l e u m  e t h e r - e t h y l  a c e t a t e  a s  c o l o u r l e s s  

f l u f f y  n e e d l e s ,  mp 140-141°c, w h i l e  t n e  a n g u l a r  i s o m e r  h a s  been  r e p o r t e d  t o  b e  

a n  o i112 .  Hence of t h e  two p o s s i b l e  s t r u c t u r e s ,  t h e  p r o d u c t  i s  a s s i g n e d  

s t r u c t u r e  20. A l l  t h e  c h a l c o n e s  p r e p a r e d  b y  c i n n a m o y l a t i o n  were  i d e n t i c a l  

w i t h  a u t h e n t i c  s a m p l e s  o b t a i n e d  by t h e  Cla i sen-Schmidt  c o n d e n s a t i o n  of t h e  

a p p r o p r i a t e  a c e t y l  chromans w i t h  t h e  r e s p e c t i v e  a r y l  a l d e h y d e s  (mp., mixed 

mp.. t l c ,  IR a n d  NhiR s p e c t r a ) .  The p h y s i c a l  and s p e c t r a l  p r o p e r t i e s  of t h e  

compounds s y n t h e s i s e d  a r e  g i v e n  i n  T a b l e s  I and 11. 

EXPERIMENTAL 

I n  a  t y p i c a l  e x p e r i m e n t ,  t o  a  m i x t u r e  of t h e  chroman(O.ilO6 mole1 and c i n n a m i c  

a c i d  (O.CO6 m o l e ) ,  f r e s h l y  f u s e d  z i n c  c h l o r i d e  ( 4  g l  and p h o s p h o r o u s  o x y c h l o r i d e  

( 1 5  ml)  were added  and t h e  m i x t u r e  was a l l o w e d  t o  s t a n d  o v e r n i g h t  ( 2 4  h)  a t  room 

t e r r p e r a t u r e  a f t e r  which i t  was p o u r e d  i n t o  c r u s h e d  i c e  w i t h  s t i r r i n g .  The r e s u l t -  

i n g  s o l i d  was f i l t e r e d ,  a i r - d r i e d  and e x t r a c t e d  w i t h  h o t  b e n z e n e - e t h y l  a c e t a t e .  

Removal o f  t h e  s o l v e n t  gave a  r e s i d u e  which on TLC showed o n l y  one  s p o t  i n  t h e  

c a s e  of  t h e  p r o d u c t  f rom 1 a n d  4 and two s p o t s  e a c h  i n  a l l  o t h e r  c a s e s .  P r o d u c t  
8 was p u r i f i e d  and t h e  m i x t u r e  of p r o d u c t s  i n  t h e  r e m a i n i n g  c a s e s  was s e p a r a t e d  - 
by column chromatography  o v e r  s i l i c a  g e l  a n d  e l u t i o n  w i t h  a p p r o p r i a t e  s o l v e n t s .  

Removal of s o l v e n t  a n d  c r y s t a l l i s a t i o n  of t h e  s o l i d  r e s i d u e  gave  t h e  p u r e  p r o d u c t s .  
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