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Abstract-  The Claisen Rearrangement of bis-propargyl e t h e r s  of 

naphthalenes y i e l d s  naphthodipyrans when ref luxed i n  N,N-diethyl- 

a n i l i n e  and naphthodifurans i n  HMPT i n  the  presence o f  sodium 

bicarbonate.  

Growing i n t e r e s t  i n  t h e  a rea  of Claisen rearrangement has motivated seve ra l  

s tud ies  from mechanistic a s  wel l  a s  syn the t i c  view ~ o i n t s ' * ~ * ~ .  The thermal 

rearrangement of a r y l  propargyl e t h e r s  has been recognised a s  one of t h e  
4 general  method f o r  the  syn thes i s  of (2H)-benzopyrans . 

5 I n  a preliminary cormunication we have repor ted  the  f a c i l e  double Claisen 

rearrangement of bis-propargyl e t h e r s  and I t o  y i e l d  novel benzodipyrans. 

This double Claisen rearrangement of bis-proparqyl e t h e r s  has been subse- 

quently exploi ted  by Murray e t  a l .  i n  t h e  synthes is  o f  n a t u r a l  products 

l i k e  dipetalolactone15. 

A d e t a i l e d  study of the va r ious  naphthalene bis-propargyl e t h e r s  and hydm- 

quinone bis-propargyl e t h e r s  was undertaken t o  gain information regarding 

1. The ease  and the course of the  migration 

2. The nature  of the migration - whether it is  synchronous o r  step-wise. 

3. To study the  gene ra l i ty  of the  r eac t ion ,  so a s  t o  make it a useful  

syn the t i c  route  t o  benzodipyrans, benzodimethylfurans and furopyrans. 

We here in  r e p o r t  a d e t a i l e d  study regarding t h e  gene ra l i ty  and syn the t i c  

u t i l i t y  of t h e  react ion.  

The rearrangement of 2.7-bis(2'-pro~nyloxy)naphthalene a was ca r r i ed  ou t  
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by r e f lux ing  t h e  e t h e r  i n  N,N-diethylaniline. The r eac t ion  was complete i n  

f i v e  minutes. The NMR of t h e  product obta ined showed it t o  be t h e  dipyran g. 

The rearrangement was seen t o  be r eg iospec i f i c  a s  regioisomers and a 
could no t  be de tec ted  (Scheme 1 ) .  The r e g i o s p e c i f i c  migra t ion of t h e  

propargyl groups t o  1.8 pos i t ions  c o n t r a s t s  with t h a t  repor ted  f o r  t h e  double 

F r i e s  rearrangement of 2,7-diacetoxynaphthalene to 1,bdiacetyl-2,7-dihydroxy- 
6 naphthalene . 

SCHEME - 1 

Cata ly t i c  hydrogenation of the  dipyran g using Pd-i (10%) furnished the  

tetrahydro de r iva t ive  1&. 

Other naphthalene bis-propargyl e t h e r s  2.3 and 4 and 5 rearranged on re f lux ing  

i n  N,N-diethylanil ine to y i e l d  the  r e spec t ive  dipyrans ( see  Table I). I n  

con t ra s t  t o  these  h is -e thers  l.bbis(2'-propyny1oxy)-naphthalene 2 f a i l e d  t o  

rearrange when ref luxed i n  N,N-diethylaniline. When 2 was ref luxed i n  N,N-  

d i e t h y l a n i l i n e  f o r  10 min i n  nitrogen atmosphere a viscous l i q u i d  (40% y i e l d )  

was obtained which showed presence of s t a r t i n g  ma te r i a l  a long with e i t h e r  

the  monofuro e t h e r  o r  monopyrano e ther .  The rearrangement was continued f o r  

20 min wi th  a  view t o  d r ive  t h e  r eac t ion  t o  completion. This r e su l t ed  i n  

extens ive  polymerisation and systematic work up afforded a  viscous l i q u i d  

which showed t h r e e  new s p o t s  i n  add i t ion  t o  t h a t  of the  s t a r t i n g  mater ia l .  

I n  view of i ts  complex nature  the  rearrangement of t h i s  e t h e r  was not f u r t h e r  
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i n v e s t i g a t e d .  The c o n t r a s t i n g  behaviour  of t h e  e t h e r  5 was r a t h e r  unexpected 

( s e e  Table  I ) .  

I t  was observed  t h a t  most o f  t h e  d i p y r a n s  d e t e r i o r a t e d  upon s t a n d i n g ,  whereas 

t h e  cor responding  t e t r a h y d r o  d e r i v a t i v e s  were q u i t e  s t a b l e .  The d i p y r a n  

d e r i v e d  from e t h e r  6 was e s p e c i a l l y  u n s t a b l e  and hence c o n v e r t e d  t o  t h e  more 

s t a b l e  t e t r a h y d r o  d e r i v a t i v e .  

The rear rangement  o f  i n  r e f l u x i n g  d e c a l i n  f o r  1.5 h  d i d  n o t  y i e l d  any 

rearrangement  product .  Whereas on h e a t i n g  i n  HMPT f o r  10 min !. y i e l d e d  &. 
Use of  a c i d  c a t a l y s t s  l i k e  p- toluenesulphonic a c i d  d i d  n o t  b r i n g  a b o u t  any 

change. Thus r e f l u x i n g  1 i n  N,N-d ie thy lan i l ine  i n  t h e  p r e s e n c e  of c a t a l y t i c  

amount of p- toluenesulphonic a c i d  f o r  5 min a f f o r d e d  o n l y  t h e  d ipyran  j& i n  

50% y i e l d .  

1.2-bis(2'-propyny1oxy)benzene 8 f a i l e d  t o  r e a r r a n g e  even under  l o n g e r  hours  

of r e f l u x i n g  u n l i k e  t h e  s m o t h  rearrangement  o f  2. On prolonged h e a t i n g  of 

e t h e r  Q o n l y  polymeric  m a t e r i a l  was ob ta ined .  The e t h e r  Q f a i l e d  t o  

r e a r r a n g e  even when r e f l u x e d  i n  o t h e r  s o l v e n t s  l i k e  d e c a l i n ,  o-dichloro- 

benzene a n d  n i t robenzene .  S i m i l a r l y  an  a t t e m p t e d  rear rangement  o f  1.3-his 

(21-propynyloxy)benzene 2 was a l s o  unsuccess fu l .  A n e a t  rea r rangement  i n  

t h e  absence  of  any  s o l v e n t  a l s o  f a i l e d  t o  f u r n i s h  any  c l e a n  product .  T h i s  

a g a i n  is  i n  c o n t r a s t  t o  t h e  behaviour  of s e v e r a l  of t h e  d e r i v a t i v e s  of 
7 r e s o r c i n o l  monopropargyl e t h e r s  . While no r e g i o s e l e c t i v i t y  was observed 

i n  t h e  c a s e  of  t h e  rea r rangement  of 3-wethoxy- and 3-benzyloxypropargyl 

e t h e r s ,  it was claimed by Box e t  el.' t h a t  3-benzoyloxy p r o p a r g y l  e t h e r  

underwent a r a t h e r  unexpected r e g i o s e l e c t i v e  m i g r a t i o n  t o  t h e  2-Posi t ion.  

The cause  of  t h i s  r e g i o s e l e c t i v i t y  ( t o  t h e  more h indered  p o s i t i o n )  was 

n o t  exp la ined .  C a r e f u l  r e i n v e s t i g a t i o n  i n  o u r  l a b o r a t o r y  showed t h a t  t h e  

rea r rangement  o f  3-benzoyloxy was n o t  r e g i o s e l e c t i v e .  

Hydroquinone b i s -propargyl  e t h e r  2 could  be r e a r r a n g e d  t o  a  1:l m i x t u r e  

of t h e  benzo(1,2-b;4,3-b)dipyran 2 and benzo(l.2-bi4.5-b)dipyran 16 when 

r e f l u x e d  i n  N.N-diethylani l ine f o r  3  h. D i w r a n s  a n d  & w e r e  l i g h t  

s e n s i t i v e  and were hydrogenated to t h e  more s t a b l e  t e t r a h y d r o  d e r i v a t i v e  3 
and 22. 

The rear rangement  of 1.4-bis(al ly1oxy)benzene h a s  a l s o  been r e p o r t e d  to 



TABLE - 1 

Com~d Formula Raaction time Yield 
No in min 

1 5 79 

Dipymn obtained 

No raoction product 
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y i e l d  a  mixture of the  t w o  isomeric phenols i n  a  1:l ra t io9.  

With a  view t o  ob ta in  add i t iona l  confirmatory evidence f o r  t h e  proposed 

s t r u c t u r e  of the  dipyran g, an independent syn thes i s  was at tempted on 

the  l i n e s  descr ibed by Bachman e t  al.1° (Scheme 11) 

The d i n i t r i l e  U was obtained a s  a  c r y s t a l l i n e  s o l i d  when 2,7-dihydroq- 

naphthalene was ref luxed i n  a c r y l o n i t r i l e  and i n  t h e  Presence of tr i ton-6.  

The d i n i t r i l e  however, f a i l e d  t o  y ie ld  t h e  des i r ed  pmduct  $g when t r e a t e d  

with conc. H2S04 a t  R.T. o r  PPA a t  60°c i n  c o n t r a s t  t o  the  f a c i l e  cycl isa-  

t i o n  of t h e  p-naphthyloxypropionitrile t o  naphthochromonone. 

The rearrangement of bis-propargyl e t h e r s  of naphthalenes shows considerable 

r a t e  acce le ra t ion ,  the r eac t ion  times ranging from 5 t o  10 min only, 

compared t o  the  rearrangement of 8-naphthyl propargyl e the r  which has been 

found t o  r e q u i r e  45 min f o r  completion. S imi la r  r a t e  acce le ra t ions  have 

been observed i n  the  rearrangement of b i s -a l ly1  e t h e r s  also11p12. This 

remarkable acce le ra t ion  obviously stems from t h e  e l ec t ron ic  e f f e c t  of t h e  

a d d i t i o n a l  e t h e r  l inkage present  i n  t h e  s t a r t i n g  ma te r i a l  a s  well  a s  i n  t h e  

seve ra l  in termedia tes  l ead ing  t o  t h e  b i s - p y a n s ,  whereas, it i s  known t h a t  

t h e  r a t e s  of t h e  Claisen rearrangements of a r y l  a l l y 1  ethers13 and o r  a w l  

propargyl e the r r14  a r e  not  very much a f f e c t e d  by t h e  e l e c t r o n i c  nature of 

t h e  subs t i tuen t s .  It is  unl ikely  t h a t  t h e  migration of the  two PrOpargyl 

groups proceeds synchronously s ince  the  t r a n s i t i o n  s t a t e  of such a  pathway 

w i l l  be highly unstable  due to t h e  simultaneous des t ruc t ion  of  aromat ic i ty  

of both t h e  r ings .  

The simultaneous migration of the  two propargyl groups i n  the  case  of 

hydroquinone bis-propargyl e t h e r s  a l s o  seems l e s s  f e a s i b l e  on entropy and 

d e l o c a l i s a t i o n  considerations.  Moreover, such synchronous migration of 

t h e  two propargyl groups would have t o  be r eg iose lec t ive  unl ike  i n  e t h e r  

which gives  r i s e  to two dipyrans a and 16 i n  a  1:l r a t i o .  

One of t h e  poss ib le  in termedia tes  i n  the  double Claisen rearrangement of 

e t h e r  I viz.  6-propargyloxy benzopyran 2 which would be involved i n  a  

s t ep -wise  migration process has been independently synthesised a s  shown 

i n  Scheme Ill. 



SCHEME - 2 

SCHEME - 3 

d'a 
DEA 

111 5 h 

22 21 15 16 

Rearrangement o f  t h e  monopyran e t h e r  20 was complete w i t h i n  2 h on r e f l u x i n g  

i n  N,N-d ie thy lan i l ine .  The NMR of  t h e  p r o d u c t  i n d i c a t e d  i t  t o  be a  m i x t u r e  o f  

t h e  two i s o m e r i c  d i p y r a n s  EL and I& i n  a  1:l r a t i o .  These e x p e r i m e n t a l  

f i n d i n g s  a r e  c o n s i s t e n t  w i t h  t h e  s tep-wise n a t u r e  of t h e  above  t r a n s f o m t i o n .  

I n  c o n t r a s t  t o  t h e  f a c i l e  rea r rangement  undergone by t h e  naphtha lene  b i s -  

p ropargyl  e t h e r s ,  t h e  rea r rangement  of 2,7-bis(but-2-ynyloxy)naphthaLene 23 

was found t o  be slow and complex too.  The s t a r t i n g  m a t e r i a l  d i s a p p e a r e d  
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comple te ly  a f t e r  r e f l u x i n g  a  N,N-d ie thy lan i l ine  f o r  15 min. The Nh4R spec t rum 

r e v e a l e d  t h e  p r e s e n c e  of t h e  dimethylnaphthodipyran a l o n g  w i t h  o t h e r  uncharac- 

t e r i s a b l e  m a t e r i a l .  At tempts  t o  o b t a i n  it i n  pure  s t a t e  f a i l e d .  S i m i l a r l y  

t h e  rea r rangement  of 1,4-bis(but-2-yny1oxy)benzene 2 f u r n i s h e d  a  complex 

mix ture  upon r e f l u x i n g  i n  N.N-diethylani l ine f o r  3.5 h. The NMR spectrum 

of t h e  c r u d e  p r o d u c t  i n d i c a t e d  t h e  p r e s e n c e  of mcnopyran and t h e  d ipyran .  

On prolonged h e a t i n g  e x t e n s i v e  p o l y m e r i s a t i o n  was ob ta ined .  

A few c a s e s  of rea r rangement  of o p t i c a l l y  a c t i v e  a l k y l  p m p a r g y l  e t h e r s  

l e a d i n g  t o  t h e  fo rmat ion  of o p t i c a l l y  a c t i v e  a l l e n e s  h a s  been d e s c r i b e d  i n  

1 6  l i t e r a t u r e  . a u t  t h e r e  h a s  been no s tudy  on t h e  behaviour  of  o p t i c a l l y  

a c t i v e  a r y l  p ropargyl  e t h e r s .  

I t  was t h u s  i n t e r e s t  t o  s e e  whether  o p t i c a l l y  a c t i v e  b i s -propargyl  e t h e r  

would y i e l d  naphthodipyrans  which would e x h i b i t  o p t i c a l  a c t i v i t y .  I t  was 

a l s o  of i n t e r e s t  t o  s e e  whether  t h e  rea r rangement  of d i a s t e r e o m e r i c  b i s -  

p m p a r g y l  e t h e r s  2 and a would e x h i b i t  s t e r e o s p e c i f i c i t y  o r  s t e r e o -  

s e l e c t i v i t y .  

Thus w i t h  t h i s  o b j e c t i v e  i n  view t h e  s y n t h e s i s  of 2,7-bis(2'-but-3'-ynyloxy)- 

naphtha lene  30 was a t tempted .  While 6-naphthol a s  a  model compound could  be 

e a s i l y  c o n v e r t e d  i n t o  t h e  unknown 2-but-3-ynylether, under  s i m i l a r  c o n d i t i o n s  

o r  under  b e t t e r  o - a l k y l a t i o n  c o n d i t i o n s  v iz .  sodium a n d  DMF, 2,7-dihydroxy- 

naphtha lene  f a i l e d  t o  f u r n i s h  t h e  d e s i r e d  e t h e r .  The r e a c t i o n  of  but-3-yn- 

2-yl t o s y l a t e  was t r i e d  i n  d i f f e r e n t  s o l v e n t s  l i k e  DMF, DUSO. HMPT and b a s e s  

l i k e  K2a13. KOH. NaOH a s  w e l l  a s  preformed sodium s a l t  of 2,7-dihydroxynaptha- 

l i n e  were t r i e d  w i t h o u t  any  success .  

Schmid e t  a l .  have r e p o r t e d  f o r  fo rmat ion  of 2-methylbenzofuran by t h e  C l a i s e n  



rea r rangement  of a w l  p ropargyl  e t h e r s  i n  s u l f o l a n e  i n  t h e  p r e s e n c e  a f  
17 Potassium c a r b o n a t e  . Extension o f  such  a  r e a c t i o n  t o  t h e  bis propargyloxy 

benzene and n a p h t h a l e n e s  might t h u s  p r o v i d e  a  s i m p l e  and convenien t  r o u t e  f o r  

t h e  s y n t h e s i s  o f  v a r i o u s  t y p e s  o f  known a n d  unknown condensed benzofurans.  

F u r t h e r ,  i f  t h e  rea r rangement  cou ld  be i n t e r c e p t e d  a t  t h e  monofuran s t a g e ,  one 

could e x p l o i t  such a n  i n t e r m e d i a t e  f o r  a  s i m p l e  s y n t h e s i s  of a  condensed furo-  

pyran r i n g  system a l s o .  

I n  a  p r e l i m i n a r y  conmunicat ion we have r e p o r t e d  t h e  fo rmat ion  of n a p h t h o d i f u r a n s  

from t h e  rea r rangement  of  2,7-bis(2'-~ro~ynyloxy)na~hthalene 26 and 2 , 7 6 1  

(0-ch loroa1 ly l )naphthy l  d i e t h e r  25 by r e f l u x i n g  t h e  r e s p e c t i v e  e t h e r s  i n  HMPT 

1 8  w i t h  two e q u i v a l e n t s  of sodium b i c a r b o n a t e  i n  n i t r o g e n  atmosphere . 

SCHEME - L 

HMPT 

6 Y J 
1 H3C 
I 26 CH3 

DEA 

I -- 
CH3 

27 28 
'3'3 

29 

I n t e r m e d i a t e  27 could  be i s o l a t e d  by c a r e f u l  a n a l y s i s  of t h e  r e a c t i o n  m i x t u r e  

a s  a  low m e l t i n g  s o l i d  (LO??). On r e f l u x i n g  2-J i n  N , N - d i e t h y l a n i l i n e  f o r  20 min 

under n i t r o g e n  atmosphere t h e  fu ropyran  3 was o b t a i n e d  w h i l e  t h e  furonaphtho-  

Pyran 3 was h i g h l y  u n s t a b l e  t h e  d ihydro  d e r i v a t i v e  a o b t a i n e d  on hydrogena- 

t i o n  was found t o  be s t a b l e .  

The base induced  thermal  rearrangement  when ex tended  t o  1 ,4 -b i s (2 ' -p ropynylen / )  
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benzene 1, l e d  t o  t h e  f o r m a t i o n  of both t h e  a n g u l a r  and l i n e a r  d i f u r a n s .  

Thus on r e f l u x i n g  1.4-bis(2'-propyny1oxy)benzene 1 and s o d i m  b i c a r b o n a t e  

( 2  equiv.) i n  HMPT f o r  5 h  f u r n i s h e d  a  v i s c o u s  l i q u i d  which showed two c l o s e l y  

moving s p o t s  i n  TLC. By column chromatography it was p o s s i b l e  t o  i s o l a t e  one 

of t h e  i somers  a s  a c r y s t a l l i n e  s o l i d ,  mp 109-l loOc.  

2.6-Dimethyl benzo(1.2-b;4,5-b)difuran (mp 113-114'~) was found t o  be  known 

i n  l i t e r a t u r e .  T h i s  had been r e p o r t e d l y  formed by t h e  a c i d  c a t a l y s e d  conden- 

s a t i o n  o f  e t h y l a c e t o a c e t a t e  and  quinone. Though, a n  a u t h e n t i c  sample of  t h e  

l i t e r a t u r e  compound cou ld  n o t  be o b t a i n e d  f o r  d i r e c t  comparison,  i n  view o f  t k  

c l o s e  s i m i l a r i t y  i n  t h e i r  m e l t i n g  p o i n t s ,  t h e  i s o l a t e d  p r o d u c t  f rom t h e  re-  

a r rangement  of 1,4-bis(2'-propynyloxy)benrene w i t h  mp 109- l loOc  h a s  been 

t e n t a t i v e l y  a s s i g n e d  t h e  s t r u c t u r e  a s  2.6-dimethylbenzo(1,Z-b;4,5-b)difuran. 

EXPERIMENTAL 

M e l t i n g  p o i n t s  r e p o r t e d  a r e  uncor rec ted .  NMR s p e c t r a  were t a k e n  u s i n g  a  

Var ian  A-60 ins t rument .  Mass s p e c t r a  were t aken  u s i n g  a Var ian  M a t  CA 7 

Mass Spec t romete r .  

P r e p a r a t i o n  o f  b i s - ~ r o ~ a r ~ l o x v n a p h t h a l e n e s  and  h i s - D r o D a r w l o w b e n z e n e s  

A m i x t u r e  o f  d ihydroxynaphtha lene  o r  dihydroxybenzenes ( 0 . 1  mole)  3-bromo-l- 

propyne (0.02 mole) and anhydrous  po tass ium c a r b o n a t e  (0.02 mole) i n  d r y  

a c e t o n e  ( 4 0  ml) was r e f l u x e d  f o r  a b o u t  10 t o  2 0  h. The r e a c t i o n  m i x t u r e  was 

coo led  and  d i l u t e d  w i t h  500 m l  o f  w a t e r  and  e x t r a c t e d  t h o r o u g h l y  w i t h  e t h e r .  

The e t h e r  l a y e r  was washed w i t h  10% sodium hydrox ide ,  w a t e r  and  d r i e d .  Evapo- 

r a t i o n  of t h e  e t h e r  e x t r a c t  a f f o r d e d  t h e  c o r r e s p o n d i n g  b i s p m p a r g y l o x y n a p h t h a -  

l e n e s  o r  bispropargyloxybenzenes. The c r u d e  bis-propargyloxynaphthalenes 

were p u r i f i e d  by column chromatography o v e r  s i l i c a - g e l .  

Genera l  p r o c e d u r e  f o r  t h e  r e a r r a n s e m e n t  of b i s - P r o D a r w l  e t h e r s  - A m i x t u r e  

o f  b i s - p r o p a r g y l  e t h e r s  (472 mg, 0.002 mole) a n d  N,N-d ie thy lan i l ine  ( 5  r n l )  

was r e f l u x e d  i n  n i t r o g e n  atmosphere f o r  5-10 min. The a n i l i n e  s o l u t i o n  was 

c o o l e d  and  poured i n t o  1:l h y d r o c h l o r i c  a c i d  and  e x t r a c t e d  w i t h  e t h e r .  The 

e t h e r  e x t r a c t  was washed w i t h  d i l .  h y d r o c h l o r i c  a c i d  and t h e n  w i t h  w a t e r  a n d  

d r i e d .  Evapora t ion  of t h e  e t h e r  e x t r a c t  f u r n i s h e d  i n  most c a s e s ,  a  v i s c o u s  

d a r k  l i q u i d  which was homogeneous on t l c  ( b e n z e n e : p e t . e t h e r  1:4). The c r u d e  

p r o d u c t  was p u r i f i e d  by column chromatography o v e r  s i l i c a  g e l .  



General Procedure f o r  t h e  hvdrosenation of dipyran - To a so lu t ion  of t h e  

dipyrans (0.0035 mole) i n  acetone (10 ml) was added 102 Pd-C (35 mg) and t h e  

mixture was hydrogenated a t  atmospheric pressure.  When no more hydrogen up- 

take was observed t h e  hydrogenated so lu t ion  was f i l t e r e d  and the  f i l t e r a t e  

was evaporated t o  remove t h e  solvent.  The crude product was then p u r i f i e d  

by passing through a column of s i l i c a  ge l  and e l u t i n g  wi th  pet-ether. 

Prepara t ion of 4-hydrowl-1-(2'-~ro~~nv1ox~)benzene - The procedure descr ibed 

by Perkin e t  a1.19 f o r  the  prepara t ion of 2-hydroxy-1-(2'-ally1oxy)benzene 

was extended. I n  a th ree  necked f l a s k  f i t t e d  with an e f f i c i e n t  s t i r r e r  and 

condenser, was taken a mixture of hydroquinone (22 g; 0.2 mole), anhydrous 

potassium carbonate (27 g; 0.2 mole) and acetone (103 m l )  heated and s t i r r e d  

f o r  sometime. Then 3-bromo-1-ProPyne (24 g; 0.2 mole) was added dropwise 

while the r eac t ion  mixture was s t i r r e d  and kept a t  50-60°c. The a d d i t i o n  

was c a r r i e d  o u t  ave r  a per iod of 45 min. The r eac t ion  mixture was ref luxed 

f o r  8 h. It was then poured i n t o  i c e  and ex t rac ted  with e ther .  The e t h e r e a l  

l a y e r  was thoroughly washed with 10% sodium hydroxide solut ion.  The a l k a l i n e  

washings were co l l ec ted  sepa ra te ly  and then a c i d i f i e d  wi th  d i l u t e  hydrochloric 

ac id ,  and re-extracted with chloroform. The chloroform e x t r a c t  was washed 

thoroughly with water t o  remove unreacted hydroquinone. The chloroform e x t r a c t  

was d r i ed  and then evaporated. A c l e a r  l iqr t id  was obtained. Yield: 8 g. 

bp l l o O c  (18-20 Hg m). Mass spectrum showed t h e  molecular ion a t  d z  148(39%). 

NMR ~ o c ~ ~ / T M s :  2.45 (t,  J = 2H2, 1 H), 4.55 (d ,  J = 2Hz, W ) ,  2.35 ( s ,  1H) 

exchangeable with D20), 6.75 (s .  4H). Ethereal  so lu t ion  on evaporation gave 

a low melting s o l i d  ( 6  g),mp 40°c,which was found t o  be 1,4-bis(2'-propynyl- 

oxy)benzene I. 

1.2-b)pvran - A so lu t ion  of 4-hydroxy-l-2(2'-propynyloxy)benzene (1.5 g; 

0.01 mole) i n  N,N-diethylaniline (10 cc)  was refluxed under nitrogen atmos- 

phere f o r  5 h. The a n i l i n e  so lu t ion  was then cooled and poured i n t o  d i l u t e  

hydmchlor ic  ac id  and ex t rac ted  with e ther .  The e t h e r  e x t r a c t  was washed 

with more of d i l u t e  hydrochloric ac id ,  then wi th  water and dried.  On evapo- 

r a t ion  of t h e  e t h e r  was obtained a v iscous  gum, which d i s t i l l e d  a t  1CQ0c/18-20 

Hg m to give the  monopyran a s  a c l e a r  v iscous  l i q u i d  (y ie ld :  990 mg, 662). 

Mass !,pectrum showed t h e  molecular ion a t  m/z 148 ( 6 8 ~ ) .  NMR CDC~~/TMS:  2.43 

(5 ,  1H). 4.75 (d d ) .  J = 4.5 H z ,  J a l l y l i e d . 5  ilz W ) ,  5.79(m,lH),6.59(m.4~). 
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P r e p a r a t i o n  of 6-(2'-pro~ynv1oxy)benzopvran - A m i x t u r e  o f  bhydroxybenzopyran  

(740 mg; 0.005 mole) ,  3-bromo-1-propyne (M)O mg ; 0 .W5 male )  and  anhydrous 

po tass ium c a r b o n a t e  (680 mg; 0.005 mole) i n  d r y  a c e t o n e  (30 ml)  was r e f l u x e d  

f o r  a b o u t  6  h. The r e a c t i o n  m i x t u r e  was c o o l e d ,  d i l u t e d  w i t h  50 m l  of w a t e r  

and  e x t r a c t e d  w i t h  e t h e r .  The e t h e r  l a y e r  was washed w i t h  10% sodium 

hydrox ide ,  t h e n  w i t h  w a t e r  and  d r i e d .  Evapora t ion  of t h e  e t h e r  e x t r a c t  f u r -  

n i s h e d  t h e  6-(2'-propynylo~ybenzop~ran: which d i s t i l l e d  a t  93°c(18-20 Hg mm) 

y i e l d :  650 mg, 69%. Mass spec t rum showed t h e  molecu la r  i o n  a t  1 8 6  (50%). 

NMR ( c D c ~ ~ / M s )  2.45(t ,  3 = 2.5 Hz, 1H). 4.62(d, J = 2.5 Hz, 2H), 5.79(m,lH), 

6.53 (m, 4H). A n a l .  c a l c d  f o r  C12H1002: C, 77.4; H, 5.41. Found: C. 77.26; 

H ,  6.0%. 

General  P rocedure  f o r  t h e  base -ca ta lysed  rearrancjement of b i s - D r o P a r w l  e t h e r s  

A m i x t u r e  o f  b i s - p m p a r g y l  e t h e r  (472 mg; 0.002 mole) and sodium b i c a r b o n a t e  

( 2  e q u i v . )  was r e f l u x e d  i n  MPT ( 5  ml) i n  n i t r o g e n  a tmosphere  f o r  30 t o  40  mi".  

The r e a c t i o n  p r o d u c t  was t h e n  e x t r a c t e d  w i t h  benzene. The benzene l a y e r  was 

washed w i t h  w a t e r  and t h e n  d r i e d .  Evapora t ion  o f  t h e  benzene s o l u t i o n  y i e l d e d  

a  t h i c k  v i s c o u s  gum which showed s i n g l e  s p o t  i n  t l c  (benzene: hexane 1:4) .  

The v i s c o u s  gum was p u r i f i e d  by p a s s i n g  th rough  a  column o f  s i l i c a  g e l  and  

e l u t i n g  w i t h  hexane (60-80). The d i f u r a n  was o b t a i n e d  a s  a  c r y s t a l l i n e  s o l i d  

which on r e c r y s t a l l i s a t i o n  from benzene and  h o t  hexane f u r n i s h e d  a n a l y t i c a l l y  

p u r e  sample. 

Rearrancjement o f  2-methvl-5-(2'-propvnvloxv)na~htho(2.l-b)furan i n  N.N- 

d i e t h v l a n i l i n e  - A s o l u t i o n o f  2-methyl-5-(2'-pro~nyloxy)naphtho(2,1-b)furan 

(230 mg; 0.001 mole) i n  N , N - d i e t h y l a n i l i n e  ( 5  ml) was r e f l u x e d  f o r  20 min i n  

n i t r o g e n  atmosphere. The a n i l i n e  s o l u t i o n  was coo led  and  poured  i n t o  d i l u t e  

h y d r o c h l o r i c  a c i d  and e x t r a c t e d  w i t h  e t h e r .  E t h e r  l a y e r  was washed w i t h  w a t e r  

a n d  t h e n  d r i e d .  Evapora t ion  o f  t h e  e t h e r  f u r n i s h e d  a  v i s c o u s  l i q u i d  which 

showed a  t h i c k  heavy y e l l o w  s p o t  i n  t l c  (benzene  : P e t  e t h e r  1 : 4 ) , y i e l d  90s. 

P r e p a r a t i v e  t l c  p u r i f i c a t i o n  o f  t h i s  v i s c o u s  l i q u i d  y i e l d e d  a  w h i t e  s o l i d ,  

mp 92-96Oc( y i e l d :  190 mg, 82~). UVR(CDC~~/TMS) : 2.5 ( d ,  3 = 1 H Z ,  3H1, 

3.75 ( d ,  J = 4  Hz. Jallylic = 1 .5  Hz, 2 H ) ,  5.75 (m, l H ) ,  6.8 ( u n r e s o l v e d  

s i n g l e t ,  l H ) ,  7.6 ( d ,  J = 1 0  Hz, l H ) ,  7.4 ( s ,  2 ~ ) .  Mass s p e c t r u m  showed t h e  

molecu la r  i o n  a t  d z  236 (100%). 

Hydrogenat ion o f  f u r o ( 2 ' . 3 ' :  7 . 8 ) n a p h t h o ( 2 . 1 - b ) ~ v r a n  - To a  s o l u t i o n  of fu ro-  

pyran (60 mg, 0.00025 mole )  i n  a c e t o n e  (10 ml) was added 10;C Pd-C (50  mg) 



and t h e  mixture was hydrogenated a t  atmospheric pressure.  When no more 

hydrogen uptake was observed the  hydrogeneated so lu t ion  was f i l t e r e d .  The 

f i l t r a t e  was evaporated t o  fu rn i sh  a s o l i d ,  mp 112°c(yield:  90%). Recrysta- 

l l i s a t i o n  of t h i s  s o l i d  from hexane-ether mixture r a i s e d  t h e  melt ing po in t  

to 125-126'~. Yield: M mg(83;O. W ( C D C ~ ~ ~ T I I I S )  : 2.2 (m, 2H), 2.5(d, J P lHz, 

3H), 3.2(t ,  J  = 7 Hz, 2H), 4.2 ( t ,  J = 5 Hz, 2H), 6.8 ( s i n g l e t  merging wi th  

one limb of the  doublet  a t  6.95, l H ) ,  6.95,(d, J  = 9 Hz, lH) ,  7.55 (d, J = 9 Hz, 

l ~ ) ,  7.35 ( s ,  lH) ,  7.4 (s,  1H) (AB q u a r t e t  two extreme limbs a r e  not  seen) .  

Mass spectrum showed the  molecular ion a t  m/z 238 (100%). A&. calcd f o r  

C16H1402: C, 80.64; H ,  5.92. Found: C, 80.47: H ,  6.25% 
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