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I n d i a  

Abs t rac t  - The Cla i sen  rearrangement of 7:propargyloxy-5- 

hydroxy-3-phenylflavone, 7-propargyloxy-5-hydroxy-3- 

methylflavone and 7-methoxy-5-propargyloxy-3-rnethylflavone i n  - . - .- - 
N,N-dimethylaniline a t  1 9 5 ' ~  r e s u l t e d  i n  t h e  formation of 

angu la r  W-f-1-7-pyranoflavones, 2,3-diphenyl-5-hydmxy-8H-4- 

oxobenro-L-1 ,2-b:5,6-kg-7dipyran, 5-hydroxy-3-methyl-2-phenyl- 

8~-4-oxobenzo-f-l,2-k:5,6-b'-7dipyran and 9-rnethoxy-%methyl- 

2-phenyl-6H-4-oxobeno-~-l,2-~: 3,4-b'-Tdipyran, r e s p e c t i v e l y  i n  

50% y i e l d s .  The s t r u c t u r e s  were determined by s p e c t r a l  

c h a r a c t e r i s t i c s .  

The C la i sen  rearrangement of a r y l  pmpargy l  e the r s ,  brought thermal ly  i n  var ious  

high b o i l i n g  s o l v e n t s ,  was found t o  g i v e  ~-f-1-7-benrop~rans'~~'~. The 

rearrangement i s  no t  r e g i o s p e c i f i c  s i n c e  m s u b s t i t u t e d  a ry lp ropargy l  e t h e r s  on 

4 rearrangement were found t o  g ive  t h e  two poss ib le  i someric  ~ -L-1-7 -benzop~rans  . 
Further  it i s  not iced t h a t  a r y l  propargyl e t h e r s  conta in ing e l e c t r o n  donat ing 

groups y i e l d  W-f-1-7-benzopyrans and those  containing e l e c t r o n  withdrawing 

groups y i e l d  2-methylbenzofurans5'6. 

The C la i sen  rearrangement of he te rocyc l i c  propargyl e t h e r s  does n o t  seem t o  have 

been Well s tud ied .  The rearrangement of 3-pyridyl propargyl  e t h e r s  gave t h e  two 

poss ib le  l inear-and angular-fused 2-methylfuro compounds as  well a s  l i n e a r  

5  
W-f-1-7-pyran suggest ing the re  i s  no r e g i o s e l e c t i v i t y  o r  product  s e l e c t i v i t y  . 
Mixtures of fused 2-methylfuro and W-f-l-7-p-pyrano compounds were a l s o  found on 

7  t h e  rearrangement of 1 ,3-dimethyl-5-(2-pmpargyloxy)uracil . On t h e  o t h e r  hand 

3-propargyl e t h e r  of k o j i c  a c i d  furnished exclus ively  fused 2-methylfur0 

8 d e r i v a t i v e  . 
I n  some i n s t a n c e s  i t  is observed t h a t  C la i sen  rearrangement of a ry lp ropargy l  

e t h e r s  i n  .the presence of mild base i n  a  high boi l ing  s o l v e n t  gave exc lus ive ly  



fused a 2-methylfuro  d e r i v a t i v e  while i n  t h e  absence of such a base,  t h e  

9 corresponding W-f-1-7-pyrano d e r i v a t i v e  was r e s u l t e d  . C l a i s e n  rearrangement of 

pmpargyloxybenzene i n  t h e  s i l v e r  b o r o f l u o r a t e  (Ag B ~ ~ ) / b e n z e n e  gave e x c l u s i v e l y  

10 a fused 2-methylfuro d e r i v a t i v e  . 
We r e p o r t  h e r e i n  t h e  C l a i s e n  rearrangement o f  7-propargyloxy-and 5-propargyloxy- 

f lavones.  Such rearrangement s t u d i e s  on propargyl e t h e r s  of f lavones  were not  

inves t iga ted  e a r l i e r .  

11 12 5,7-Dihydroxy-3-phenyl - ( I a )  and 5.7-dihydroxy-3-methylflavone ( I b )  were 

monopropargylated by r e f l u x i n g  with an equimolar amount of propargyl  bromide i n  

acetone-anhydrous potassium carbonate medium f o r  4 h t o  y i e l d  the  corresponding 

7-propargyloxy d e r i v a t i v e s  ( I I a ,  mp 174-175'~ and I I b ,  mp 130-132'~). 

Monomethylation of I b  with equimolar amount of dimethyl su lpha te  i n  acetone- 

anhydrous potassium carbonate  f o r  6 h y ie lded  5-hydroxy-7-methoxy-3-methylflavone 

( I c ,  mp 157 '~ ) ,  whose monopropargylation with propargyl bromide i n  r e f l u x i n g  

acetone-anhydrous potassium carbonate  medium f o r  80  h fu rn i shed  7-methoxy-3- 

methyl-5-propargyloxyflavone ( I I c ,  mp 128-129'~). The y i e l d  of propargyloxy- 

f lavones,  I I a , b  and c ,  from 1a.b and c ,  r e s p e c t i v e l y ,  a r e  about 85%. 

The Cla i sen  rearrangement of monopropargyloxyflavones ( I I a -c )  was c a r r i e d  o u t  i n  

N,N-dimethylaniline a t  195'~. The products  on chromatography fu rn i shed  angu la r ly  

fused W-L-1-7-pyranoflavones (IVa-c) i n  50% y ie lds .  The s t r u c t u r e s  were ass igned 

on t h e  b a s i s  of t h e  fo l lowing considera t ions :  

I n  the  IH nmr spectrum (270 MHz i n  CDC13) of t h e  product (IVa) t h e  two methylene 

protons were observed a s  double d o u b l e t s  a t  6 4.947 (J8H,9H=3.574 and J8H,10H= 

1.60Ciiz,2Hj. The C9-proton (&-proton was observed a s  two t r i p l e t s  a t  65.729 

(J9H,8H=3.574 and J9H,10H=9.00CHz,lH) and CI0 proton ( ) a s  doub le t  6 6.828 

(J1Cii,SM=9.000Hz). This d a t a  a r e  i n  agreement with the  e a r l i e r  r epor t ed  va lues  

f o r  2 H - ~ - l ~ - b e n z o ~ ~ r a n s ~ ~ .  Compounds, I V  and IVc, a l s o  e x h i b i t e d  t h e s e  

1 c h a r a c t e r i s t i c s  i n  H nmr spectrum. 

I t  was r epor t ed  i n  l i t e r a t u r e t 4  t h a t  i n  l i n e a r  chromene, 5-hydroxy-2,2-dimethyl- 

chromene (VI) on a c e t y l a t i o n ,  t h e  -proton (C4-H) S u f f e r s  an  u p f i e l d  S h i f t  

( 6  +0.280) whi le  t h e  4 -proton (C3-H) s u f f e r s  a down f i e l d  s h i f t  ( 6 -0.070). On 

the o t h e r  hand i n  t h e  angu la r  chromene, 7-hydroxy-2,2-dimethylchromene (VII)  both 

6 -and  f3 -Protons s u f f e r  a down f i e l d  s h i f t  o f  t h e  magnitude ( 6 -0.050) upon 

ace ty la t ion .  Therefore compound IVa was a c e t y l a t e d  wi th  a c e t i c  anhydride-pyridine 
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t o  g i v e  5-0-acetyl compound (IVd, mp 198-200'~). The a c e t a t e  s h i f t  observed i n  

t h e  compounds ( I v a  and ~ v d )  r e v e a l s  t h a t  b o t h &  -and -protons s u f f e r e d  dorm 

f i e l d  s h i f t  f-b-proton, 6 -0.055, &-Proton,  6 -0.104-7, suggest ing t h e  angu la r  

W-f-1-7-pyrano r i n g  i n  IVa. Fur ther  IVa d i d  not g i v e  p o s i t i v e  Gibb ' s  t e s t  

Suggesting t o  hydroxyl ( p o s i t i o n  C-8 o f  flavone) i s  subs t i tu t ed .  

I n  5 , 7 , 8 - t r i s u b s t i t u t e d  f lavones ,  Such as  v i t eu in ,  t h e  C6-proton r e s o n a t e s  a t  an  

u p f i e l d  ( 6  6.310) whi le  t h e  C8-proton of  isomeric 5 .6 .7- t r i subst i tu ted  flavone- 

saponare t in ,  a t  down f i e l d  (6 6.580). Therefore  i n  compounds IVa and I V ~  -- t h e  

l o n e  aromat ic  s i g n a l  a t  5 6.296 and 6 6.200 re spec t ive ly ,  a r e  a s s ignab le  t o  c6- 
proton of f lavone whi le  i n  IVc t h e  r e l a t i v e l y  upf i e ld  ammat ic  s i n g l e t  a t  

b 6.410 i s  a s s i g n a b l e  t o  C8-proton o f  f l avone  skele ton ( i .e .  C-10 i n  IVc). Thus 

i n  t h e  C la i sen  rearrangement of I I a  and I I b  migration of propargyl g m u p  t o  C8- 

p o s i t i o n  took place  r a t h e r  than t o  C6-position. I n  t h e  C la i sen  rearrangement of 

7-a l ly loxyf lavones  a l s o  migra t ion took p lace  t o  C8-position i n  preference  t o  C6- 
16 p o s i t i o n  and a s a t i s f a c t o r y  explanat ion was provided by Dean . 

Based on t h e  mechanism provided by va r ious  w ~ r k e r s ~ * ~ ,  t h e  i n i t i a l  s t e p  i n  t h e  

C la i sen  rearrangement of 5-hydroxy-7-propargyloxyflavones ( I I a  and I I b )  i s  the  

migra t ion of propargyl  u n i t  t o  C8-position by 3,3-sigmatropic s h i f t  t o  g i v e  

u n i s o l a b l e  5,7-dihydroxy-8-allenylflavones ( I I I a  and I I I b )  in termedia tes .  These 

in t e rmed ia te s  by 1,5-sigmatropic hydrogen s h i f t  g ive  r i s e  t o  r e a c t i v e  t r i e n e s  

which on e l e c t r o c y c l i z a t i o n  l e a d  t o  t h e  formation of W-f-1-7-pyranoderivative 

(IVa and IVb). 

On t h e  o t h e r  hand i n  some i n s t a n c e s  fused d -methy l fu ro  compounds formed 

presumably by i o n i c  mechanism. I n  these  cases  the i o n i s a t i o n  of hydroxyl g m u p  

of 0-hydroxy phenyla l lene  takes  p lace  under the i n f l u e n c e  of added bases ,  o r b y  
7 markedly a c i d i c  na tu re  of t h e  o-hydroxyphenylallene and subsequent r i n g  c l o s u r e .  

Fur the r  even i f  t h e  c e n t r a l ' a l l e n i c  carbon atom is  e l e c t r o n  d e f i c i e n t  a s  i n  t h e  

case  of N-heterocyclic u r a c i l ,  d - m e t h y l f u r o  de r iva t ives  w i l l  be formed. d - 
methylfuro d e r i v a t i v e s ,  Va and Vb were no t  formed even i n  t r a c e s ,  suggest ing 

t h a t  i o n i c  mechanism i s  not  opera t ing.  

The reason f o r  t h e  exc lus ive  formation of W-f-1-7-benzopyrano compounds may be,  

a l though C7-hydroxyl i s  expected t o  be a c i d i c  by v i r t u e  of its conjugat ion with 

C4-carbonyl, i t s  a c i d i t y  is  g r e a t l y  reduced since t h e  carbonyl  is involved i n  

c h e l a t i o n  wi th  C5-hydmxyl. Therefore by 1 .54-s igmatropic  s h i f t  and 
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e l e c t r o c y c l i c  r i n q  c l o s u r e  2~-f-1-7-pyranoflavones 2.3-diphenyl-5-hydroxy4H-4- 

oxobenzol-1.2-&:5,6-b'-7dipyran ( IVa ,  mp 249-251'~) a n d  5-hydroxy-3-methyl-2- 

p h e n y l - 8 ~ - 4 - o x o b e n z o ~  ,2-h: 5,6-h'-7dipyran ( I n )  mp 158-160') a r e  r e s u l t e d  a s  

shown i n  t h e  c h a r t .  

S i m i l a r  mechanism i s  presumably o p e r a t i n g  i n  the  f o r m a t i o n  of  IVc from I I c .  Due 

t o  d e c r e a s e d  a c i d i c  c h a r a c t e r  of C5-hydroxyl i n  I I I c  a s  a r e s u l t  of i t s  c h e l a t i o n  

w i t h  C4-carbonyl ,  i o n i c  mechanism is  n o t  o p e r a t i v e  a n d  by 1 , 5 - s i g m a t r o p i c  s h i f t  

a n d  e l e c t r o c y c l i c  r i n g  c l o s u r e  y i e l d e d  W-f-1-7-pyrano compound, 9-methoxy-3- 

methyl-2-phenyl-6H-4-oxobenzo L-1,2-&:3,4-b'-7dipyran ( I V c ,  rnp 218-220'~) .  A l l  

t h e  new compounds gave  s a t i s f a c t o r y  a n a l y t i c a l  and s p e c t r a l  d a t a .  
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