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A b s t r a c t  - O x i d a t i v e  r ea r rangement  of d ihydropyranocha lcones  us ing  

t h a l l i u m ( I I 1 )  n i t r a t e - t r i m e t h y l o r t h o f o r m a t e  (TTN-ThlOF) r e a g e n t  fo l lowed 

by a c i d  c a t a l y s e d  c y c l i z a t i o n  y i e l d s  t h e  co r respond ing  dihydropyrano- 

i s o f l a v o n e s  i n  good y i e l d s .  Dehydrogenation of t h e s e  i s o f l a v o n e s  gave 

p y r a n o i s o f l a v o n e s .  Demethyla t ion of i s o f l a v o n e  (1) f o l l o w e d  by 

dehydrogena t ion  gave e r y t h r i n i n - A  (16). 

1 P y r a n o i s o f l a v o n o i d s  a r e  p l a n t  secondary  m e t a b o l i t e s  e x h i b i t i n g  i n s e c t i c i d a l  , 
3 a n t i f u n g a l 2  and a n t i b a c t e r i a l  p r o p e r t i e s .  The methods of s y n t h e s i s  f o r  pyrano- 

i s o f l a v o n e s ,  which a r e  t h e  b i o g e n e t i c  p r e c u r s o r s  of s e v e r a l  p y r a n o i s o f l a v o n o i d s ,  

i n v o l v e  ( i )  o r t h o  C-prenyla t ion of p h e n o l i c  i s o f l a v o n e s  fo l lowed  by cyclodehydro- 

4  g e n a t i o n  , ( i i )  0 - p r o p a r g y l a t i o n  f o l l o w e d  by C l a i s e n  rearrangement5  and ( i i i j  

o x i d a t i v e  r ea r rangement  o f  py ranocha lcones  u s i n g  TTN-MeOH fo l lowed  by c y c l i z a -  

6 t i o n  . '~Vhile methods ( i )  and ( i i )  s u f f e r  from t h e  f o r m a t i o n  of complex isomeric  

from which s e p a r a t i o n  of t h e  r e q u i r e d  i s o m e r  by chromatography 

becomes cumbersome, method ( i i i )  s u f f e r s  from o x i d a t i v e  r ea r rangement  o f  the 

7 chromene r i n g  a s  e n u n c i a t e d  i n  t h e  s y n t h e s i s  of c o r y l i n  r e s u l t i n g  i n  r i n g  

c o n t r a c t e d  p r o d u c t s .  

8 R e c e n t l y  , TTN-TkiOF r e a g e n t  h a s  found wide use  i n  c l e a n l y  b r i n i n g  abou t  

o x i d a t i o n s  t h a t  e i t h e r  f a i l  o r  a r e  n o t  c l e a n l y  p roceed ing  wi th  TTN-MeOH. 

However, t h e  g e n e r a l  a p p l i c a b i l i t y  of t h i s  r e a g e n t  f o r  o x i d a t i v e  rearrangement  

o f  c h a l c o n e s  h a s  h i t h e r t o  been u n t e s t e d .  

We now r e p o r t  a  c o n v e n i e n t  g e n e r a l  method f o r  t h e  s y n t h e s i s  of py rano i so f l avones  

i n  h igh  y i e l d s  s t a r t i n g  from d ihydropyranocha lcanes  us ing  TIN-TMOF r e a g e n t .  

The methodology i n v o l v e s  b u i l d i n g  up  of t h e  y-pyrone r i n g  on a  chroman nuc leus  ; 



by do ing  s o  ( i )  t h e  s p e c i f i c i t y  of t h e  pyran r i n g  i s  d e f i n e d  a t  t h e  beg inn ing  

of t h e  r e a c t i o n  s e r i e s  and ( i i )  a s  a  r e s u l t ,  t h e  fo rma t ion  of i s o m e r i c  p r o d u c t s  

does  n o t  a r i s e .  Also  c o n v e n t i o n a l  methods i n v o l v i n g  C-preny la t ion  of 7- 

h y d ~ o x y i s o f l a v o n e s  fo l lowed  by cyc lodehydrogena t ion  p redominan t ly  y i e l d  pyrano- 

i s o f l a v o n e s  w i t h  (1,2-b ; 5.6-b') f u s i o n .  The p r e s e n t  method, however, p r o v i d e s  

a c c e s s  f o r  (1.2-b ; 5.4-b') f u s e d  p y r a n o i s o f l a v o n e s  e x c l u s i v e l y  which have 

e r y t h r i n i n - A  based  n u c l e u s .  I n  c o n t r a s t ,  t h i s  method i n v o l v e s  pheny l  m i g r a t i o n  

whereas  t h e  method r e p o r t e d  i n  o u r  e a r l i e r  communication9 makes u s e  of t h e  

m i g r a t i o n  of d ihydropyranobenzoyl  moie ty .  These r e a c t i o n s  when c a r r i e d  o u t  u s i n g  

TTN-MeOH gave r e l a t i v e l y  l e s s  y i e l d s  of t h e  products i0  a s  compared t o  TTN-TMJF 

method. 

Using t h i s  method d i f f e r e n t l y  s u b s t i t u t e d  d ihydropyranocha lcones  (1-6) were 

c o n v e r t e d  t o  t h e  co r respond ing  d i h y d r o p y r a n o i s o f l a v o n e s  (7-13) u s i n g  TTN-TlKi 

r e a g e n t .  I s o f l a v o n e s  and & were dehydrogenated t o  15 ( e r y t h r i n i n - A  methyl  

e t h e r )  and 17 u s i n g  b o t h  DDQ-benzene and NBS-pyridine. Demethyla t ion of i s o -  

f l a v o n e  2 u s i n g  H B r  gave  d i h y d r o e r y t h r i n i n - A  ( 8 )  which on dehydrogena t ion  u s i n g  

DDQ-benzene gave t h e  n a t u r a l  p r o d u c t ,  e r y t h r i n i n - A  ( g ) l l .  Th i s  i s  t h e  f i r s t  

r e p o r t e d  s y n t h e s i s  of e ry th r in in -A.  
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TABLE 

Compound Rl R2 H3 H4 NMH(cDC~~/TMS~,~) of the product ms 
NO. cS m/e 

ti,+ 

1.42(6H,s,C8-gem dimethyl), 1.9(2H.t, 

C7-H,J = 7 Hz), 2.94(2H,t,C6-H,J = 7 Hz), 

3.88(3H,s,C4,-0CH3), 6.82(1H,~,C~~-H), 

7.0(2H,d,C3,-H and C5,-H,J = 8 Hz), 

7.52(2H,d,C2,-H and C6,-H,J = 8 Hz), 

7.9(1H,s,C5-H), 8.04(1H,s,C2-H). 336 

1.44(6H,s,C8-gem dimethyl), 1.94(2H,t, 

C7-H,J = 8 Hz), 2.9(2H,t,C6-H,J = 8 Hz), 

6.84(1H, s,ClO-H) , 7.0(2H,d,C3,-H and 

c~,-H,J = 8 HZ), 7.48(2H,d,C2,-H and 

C6,-H,J = 8 Hz), 7.98(1H,s,C5-H), 

8.16(1H,s,C2-H), 8.72(1H,s,C4,-OH, 

D20 exchangeable). 322 

1.42(6H,s,C8-gem dimethyl), 1.86(2H, 

t,C7-H,J = 7 Hz), 2.88(2H,t,C6-H, 

J = 7 Hz), 4.02 and 4.04 (6H,2s, 

C3,-0CH3 and C4,-CCH3), 6.78(1H,s, 

C -ti), 6.B2(1H,d,C5,-H, J = 9 Hz), 10 
7.3(1H,d,C2,-H,J = 3 Hz), 7.74(1H,dd,C6,-H, 

J = 3 and 9 Hz), 7.88(lH,s,C5-H), 

7.98(1H,s,C2-H). 366 

1.4(6H,s,C8-gem dimethyl), 1.88(2H, 

t,C7-H,3 = 7 Hz), 2.9(2H,t,C6-H, 

J = 7 Hz), 4.02(3H,s,C3,-0CH3), 5.22(2~, 

s,-0-CH2-Phi, 6.84(1H,s,C10-H), 6.9(1ti, 

d,C5,-H,J = 9 HZ), 6.96(1H,d,C2,-H, 

J = 3 Hz), 7.2-7.9(7H,m,aromatic-H), 



- 
Compound R1 R2 R3 R4 NMR(CDCl3/TMSlnt) of the product ms 

No. d M+ m/e 

0CH3 1.42(6H,s,C8-gem dimethyl), 1.88(2H, 

t.C9-H,J = 7 Hz), 2.8(2H,t,C10-H, 

J = 7 HZ), 3.88 and 3.94 (6H.25, 

C5-OCH3 and C4,-0CH3), 6.32(1~,s, 

C6-H), 6.96(2H,d,C3,-H and C5,-H. 

J = 8 Hz), 7.52(2H,d,C2,-H and C6,-H, 

J = 8 Hz), 7.84(1H,s,C2-H). 366 

0CH3 1.44(6H,s,C8-gem dimethyl), 1.94(2H, 

t,C9-H,J = 7 Hz), 2.9(2H,t C -H, ' 10 
J = 7 HZ), 3.94 and 4.02(9H,3s, 

C5-0CH3,C3,-0CH3 and C4,-CCH3), 

6.98(lH,s,C6-H), 7.02(1H,d,C2,-H, 

J = 3 Hz), 7.12(lH,d,C5,-H, J = 9 Hz), 

7.83(1H,dd,C6,-H, J = 3 and 9 Hz), 

7.92(1~,s,C~-H). 396 

- 1.46(6H,s,C2-gem dimethyl), 1.84(2H,t, 

C3-H,J = 7 Hz), 2.76(2H,t,C4-H,J = 7 Hz), 

3.86(3H,s,C4,-0CH3), 5.18(2H,s, 

-0-CH2-Ph), 6.46(1H,s,C6-H), 6.94(2H,d, 

C3,-H and C5,-H,J = 8 Hz), 7.3-7.6(7H, 

m,aromatic-H), 7.72(lfi,s,C8-H). 44 2 

- 1.28(6H,s,C2-gem dimethyl), 1.7(2H,t, 

C3-H,J = 7 Hz), 2.5(2H,t,C4-H,J = 7 Hz), 

3.68(lH,t,C9-H,J = 6 Hz), 4.52(2H,d, 

C8-H,J = 6 Hz), 6.02(1H,s,C6-H), 6.9(2H, 

d,C3,-H and C5,-H,J = 8 Hz), 6.98(2H,d, 

C2,-H and C6,-H,J = 8 Hz). 3 54 

- 1.52(6H,s,C8-gem dimethyl), 3.88(3h,s, 

C4,-0CH3), 6.12(1H,d,C7-~,~ = 10 Hz), 

6.82(lH,s,C10-H), 7.0(2H,d,C3,-H and 

C5,-H,J = 10 Hz), 7.43(1~,d,~~-H,J = 10hz), 
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-- 
Compound Rl R2 R3 R4 Nb.R(CUC13/TMSint) of the product ms 

No. 6 iik 
7.52(zH,d,c2,-H and C6,-ti, J = 10 Hz), 

7.9(1H,s,C5-H), 8.36(1H,s,C2-H). 334 

16 - OH - - - 1.42(6H,s,C8-gem dimethyl), 5.66(1~, 

d,C -H,J = 10 hz), 6.46(1H,d,C6-H, 7 

J = 10 Hz), 6.36(1H,s C -H), 6.94(2H, ' 10 
d,C3,-H and C5,-H,J = 8 Hz), 7.48(2~, 

d,C2,-H and C6,-H,J = 8 Hz), 7.84(1H, 

s,C5-H), 7.86(1H.s,C2-H). 320 

17 - 0CH3 0CH3 - - 1.6(6H,s,C8-gem dimethyl), 3.82 and 

3.92(6H,2s,C4,-0CH3 and C5-0CH3), 

6.?2(lh,s,C6-H) , 6.92(2d,d,C3, -H and 
C5,-H,J = 8 Hz), 7.1(1H,d,C9-H, 

J = 10 Hzj, 7.28(1H.d,CLO-H,J = lOHi), 

7.48(2H,d,C2, -H and C6,-H, J = 8 Hz), 

7.78(1H, 5, C2-H). 364 

a - PMR s ectral data of the precursor dihydropyranochalcones has been comuni- 
cated5. 

b - PMR spectrum was recorded using acetone-d6. 
c - PMR spectrum was recorded using DMSO-d6. 

TABLE I1 

Compound Yields Mp Lit. Mp ma x 
No. % oc oc Ynujol) 

7 - ~2~ 183-184 1 8 3 - 1 ~ 4 ~  1630 

9 - 7~~ 245-246 244-~46~ 1640 

10 69a 223-224 - - 1640 

11 76a 192-193 - - 1650 

12 71a 217-218 - - 1640 

13 66a 206-207 - - 1660 

15 62b 139-141 - - 1635 

16 - 6ab 160-161 160-16211 l640,334d( br) 



- 
Compound Y i e l d s  hqp L i t .  Mp V max 

No. % OP 0,- ( n u j o l )  

- 
a - Y i e l d s  a r e  c a l c u l a t e d  based  on conver s ion  of t h e  cha lcone  t o  t h e  

i s o f l a v o n e .  

b  - Y i e l d s  a r e  c a l c u l a t e d  based  on conver s ion  of t h e  d ihydropyrano i so f l avone  
t o  t h e  p y r a n o i s o f l a v o n e  and t h e  b e t t e r  y i e l d  of t h e  two methods of 
dehydrogenat ion c a r r i e d  o u t  i s  r e p o r t e d .  

1. General  ~ r o c e d u r e  f o r  o x i d a t i v e  rearranqement  and a c i d - c a t a l y s e d  c y c l i z a t i o n  

In a  t y p i c a l  expe r imen t  t o  a  s o l u t i o n  of cha lcone  (u.uO07 I.:) i n  a n a l y t i c a l  g r a d e  

methanol ( 1 5  m l ) ,  t h a i l i u m ( I I 1 )  n i t r a t e  t r i h y d r a t e  (0.CU08 hi) i n  t r i m e t h y l o r t h o -  

fo rma te  (0.003 h!) was aaaed i n  a l i q u o t  p o r t i o n s  and s t i r r e d  till most of t h e  

cha lcone  d i s a p p e a r e d  ( t l c ) .  Removal of s o l v e n t  yave a  s o l i d  which was d i s s o l v e d  

i n  methanol (15  ml)  and r e f l u x e d  f o r  2-3 h  w i t h  10s l i C l  (1 /20  of t h e  volume of 

methanol) .  Evapora t ion  of t h e  s o l v e n t  and c r y s t a l l i z a t i o n  of t h e  r e s i d u e  gave 

t h e  i s o f l a v o n e .  The pure  p r o d u c t  was c h a r a c t e r i z e d  by i t s  mp and super imposab le  

uv,  i r ,  pmr and mass s p e c t r a l  d a t a .  

2. Debenzyla t ion of i s o f l a v o n e  (13) 
I s o f l a v o n e  (s) (0.002 M )  i n  e t h y l  a c e t a t e  (25  ml) was s u b j e c t e d  t o  hydrogeno lys i s  

us ing  Hz ( 2 0  p s i )  i n  p resence  o f  Pd-C ( l o $ ,  1 0  mg) a s  c a t a l y s t .  F i l t r a t i o n  and 

removal o f  s o l v e n t  gave a  s o l i d  which c r y s t a l l i s e d  from methanol t o  g i v e  i s o -  

f l avanone  ( (0.002 M). 

3. Demethylation of i s o f l a v o n e  (1) 
To a  s o l u t i o n  o f  i s o f l a v o n e  (1) (0.00015 b:) i n  a c e t i c  anhydr ide  ( 5  m l ) ,  Hdr 

( 1  m l ,  48%) was added i n  d rops  and t h e  mix tu re  h e a t e d  on w a t e r  b a t h  f o r  5  h. 

Work-up gave a  p r o d u c t  which c r y s t a l l i z e d  from d i l .  methanol  a s  c o l o u r l e s s  

p l a t e s ,  mp 283-285 '~  (decamp.) (0.00012 M) 

4. Genera l  p rocedure  f o r  dehydroqena t ion  

i )  Usinq DDQ and Be= 

To a  s o l u t i o n  of d i h y d r o p y r a n o i s o f l a v o n e  (0.00015 M) i n  d r y  benzene ( 1 0  m l ) ,  

UDQ (0.C0018 M) was added and t h e  m i x t u r e  r e f l u x e d  f o r  3 0  h. Removal of t h e  

s o l v e n t  fo l lowed  by p u r i f i c a t i o n  of t h e  r e s i d u e  o v e r  a  s i l i c a  g e l  column u s i n g  

pet .e ther-benzene (90:lO) gave t h e  p y r a n o i s o f l a v o n e  
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i i )  Usinq NBS and p y r i d i n e  

To a  mix tu re  o f  d i h y d r o p y r a n o i s o f l a v o n e  (0.00015 h i ) ,  NBS (0.00018 M) and 

d ibenzoy l  p e r o x i d e  ( 1  mg), CC14 ( 1 0  ml) was added and t h e  r e a c t i o n  mix tu re  

r e f l u x e d  f o r  2.5 h. Work-up gave a  r e s i d u e  which was h e a t e d  t o  r e f l u x  w i t h  

p y r i d i n e  ( 2  ml) f o r  1 h. Removal of p y r i d i n e  u n d e r  reduced p r e s s u r e  and p u r i -  

f i c a t i o n  of t h e  r e s i d u e  by e l u t i n g  w i t h  p e t . e t h e r - e t h y l  a c e t a t e  (98:2) o v e r  

s i l i c a  g e l  column gave t h e  r e q u i r e d  pyrano i so f l avone .  

The dehydroproduc t s  were c h a r a c t e r i z e d  by i r ,  pmr and e l e m e n t a l  a n a l y s i s .  

REFERENCES 

1. A. Uddin and P. Khanna, P l a n t a  Med., 1979, 36, 181. 

2. a.  R. 5. Burden, P. M. Kogers and H. L .  Wain, &n.Appl.Biol., 1974,  78, 59. 

b. V. S. Kamat, F. Y. Chuo, I. Kubo and K. Nakan i sh i ,  H e t e r o c y c l e s ,  

1981, l5, 1163. 

3.  S. S. Gnanamanickarn and D.  A. Smith,  P h y t o ~ a t h o l o g y ,  1980, 70,  894. 

4. A. C. J a i n ,  D. K. T u l i  and H. C. t iupta,  Ind.J.Chem., 1978, 168, 611. 

5.  A. C. J a i n ,  D. K. T u l i  and R. Khazanchi,  Ind.J.Chem., 1979,  178, 123. 

6 .  5. Antus ,  L. F a r k a s ,  A. G o t t s e g e n ,  Zsuzsanna Kardos-dalogh and 

M. Nogradi ,  Chem.Ber., 1976, 109, 3811. 

7 .  S. Antus,  A. Go t t segen ,  M. Nogradi and A. Gerga ly ,  Chern.Ber., 1979,  

112,  3879. - 
8. E. C. T a y l o r ,  R. L. Robey, K.-r .  L iu ,  8. Favre ,  H .  T. Bozimo, R.  A. Conley 

and C. 5. Chiang,  J .h.Chem.Soc. ,  1976,  98, 3037. 

9 .  R. V. S u r e s h ,  2 .  5. K. I y e r  and P .  h .  I y e r ,  Ind.J.Chem., ( i n  p r e s s )  

10. R. V. S u r e s h ,  C. S. R. I y e r  and P. R .  I y e r  ( u n p u b l i s h e d  work).  

11. V. H ,  Deshpande, A. D. Pendse and R. Pendse ,  Ind.J.Chem., 1977,  158, 2.,5. 

12 .  P. P. P a t h a r e ,  1975, S t u d i e s  i n  oxygen h e t e r o c y c l i c s ,  Ph.U. t h e s i s ,  

I I T  Bombay. 

Received,  2nd  November, 1984 


