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A b s t r a c t  : The base-ca ta lyzed  in t ramolecu la r  Diels-Alder  react ions  of 5- 
t r imethyls i ly l -2- fur fury l  p ropargyl  e thers  l a - l f  gave compounds 2a-2f  
and  3a -3 f  in 70-90% yields  respectively,  a novel react ion involving an  
in t r amolecu la r  Diels-Alder  react ion followed by a t r ime thy l s i ly l  group 1,2- 
r e a r r a n g e m e n t  and Brook r ea r r angemen t .  Copyright © 1996 Elsevier Science Ltd 

There is considerable  cur ren t  in te res t  in the in t ramolecu la r  Diels-Alder  reaction, and  it 

has  been appl ied  to a number  of synthe t ic  objectives wi th  notable  success. 1 The vas t  major i ty  

of the  work repor ted  in th is  a rea  has  deal t  wi th  react ions  u t i l iz ing  e thylenic  and acetylenic 

dienophiles.  On the o ther  hand,  the  in t ramolecu la r  Diels-Alder  react ion of a l lene has  received 

much less a t tent ion .  2 A decade ago, K a n e m a t s u  et al. demons t r a t ed  t ha t  the  al lene unit  is a 

versa t i le  syn thon  as  a dienophi le  in the in t ramolecu la r  cycloaddit ion due to the  absence of 

unfavorable  nonbonded in te rac t ions  in the  t r ans i t ion  s ta te .  3 Afterward,  they  developed a 

furan r ing t rans fe r  reac t ion  v ia  the  in t ramolecu la r  Diels-Alder  react ion of fu ran  diene and 

al lenyl  e ther  dienophi le  and  appl ied  this  react ion to the syn thes i s  of n a t u r a l  products.  4 

Recently, we have also engaged  the inves t iga t ion  of th is  in t r amolecu la r  cycloaddition.5 In 

this  communica t ion  we repor t  here a novel react ion involving an  in t r amolecu la r  Diels-Alder  

react ion of furan  diene wi th  a l lenyl  e the r  followed by a t r ime thy l s i ly l  group 1,2- 

r e a r r a n g e m e n t  and Brook r ea r r angemen t .  

T r e a t m e n t  of 5- t r imethyls i ly l -2- fur furyl  propargyl  e the r s  l a - l f  wi th  po tass ium tert- 

butoxide in ref luxing tert.butyl alcohol (85 °C) for five hours  gave compounds 2a -2 f  and  3a-3 f  

in ra t ios  of 1 : 1 .2-2 in 70-90% yields  respectively,  Scheme 1. These products  were fully 
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charac te r ized  by the i r  spect ra l  data .  6 No detectable  amount  of the 1 ,4- rear rangement  5¢ 

products  4a -4 f  or compounds 5a-5f  was obtained.  

S c h e m e  1 

R R' 

1 

a, R = C H  3, R ' = H  

b, R = C 2 H  5, R ' = H  

c, R = C 3 H  7, R ' = H  
d, R = R' = CH 3 

e, R = C H  3, R '=C2H 5 
f, R = R ' = C 2 H  5 

t - B u O K  Me3Si R ~ ~ R 

t-BuOH Ho R' + 

85 °C N / o  
2 3 

2a-2f  : 3a -3f  = 1 : 1.2-2 

H ~ ~ @ R '  M e 3 S i ~ @  R' 

4 SiMe3 5 / 

T rea tmen t  of compounds 2 wi th  po ta s s ium tert-butoxide in ref luxing tert-butyl alcohol 

(85 °C) for six hours  r ema ined  unchanged  s t a r t i ng  compounds 2. No conversion of 2 to 3 was 

obtained.  Thus, compounds 2 and 3 were obta ined  from 1 via different  react ion routes. A 

mechanism is proposed for the  reaction. The in t ramolecu la r  Diels-Alder  react ions  of l a - l f  

gave 2a-2f  and  3a-3f  respectively,  p re sumab ly  via  the corresponding a l lenyl  e thers  6a-6f  and  

the cycloadducts  7a-7f. Under  the react ion conditions,  the cycloadducts  7a-7f  eas i ly  undergo 

r ing opening of the  br idged oxygen atom to form the zwit ter ions  8a-8f  as the  react ion 

in te rmedia tes .  Repel l ing the  t r imethy l s i ly l  group by the alkoxide ion followed by 1,2-shift of 

the t r imethy l s i ly l  group (route a) gave the r ea r r anged  in t e rmed ia t e s  9a-9f, which underwent  

a romat iza t ion  to give 2a-2f  respectively,  Scheme 2. On the other  hand,  Brook r ea r r angemen t  

of the t r ime thy l s i ly l  group of the  zwit ter ions  8a-8f  gave the r ea r r anged  in t e rmed ia t e s  10a-10f, 

which underwent  a romat i za t ion  to give the products  l l a - l l f .  Hydrolys is  of the  t r imethyls i ly l  

group of l l a - l l f b y  the base  or solvent afford the phenols 3a-3f. The ra t ios  of 2 : 3 (1 : 1.2-2) 

may  imply the p rox imate  react ion ra tes  for the  Brook r e a r r a nge me n t  and 1,2 r ea r rangement .  

In the cases of l a - l c ,  which possess  a proton on the furfurylic posi t ion (R' = H), no detectable  

amount  of the  fu ran  r ing  t rans fe r  react ion 4 products  12a-12e or 13a-13c was obtained.  These 

resul ts  may  imply  t ha t  the  react ion ra tes  of Brook r e a r r a nge me n t  and 1 ,2- rear rangement  are  

much faster  t han  t ha t  of the  fu ran  r ing t ransfe r  react ion from the zwit ter ion in te rmedia te  8. 
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Thus we found a novel reaction involving an intramolecular Diels-Alder reaction 

followed by a trimethylsilyl group 1,2- rearrangement and Brook rearrangement. 

8 e h e m e  2 

Ro 1~ ~ ~ O  1~ i,, M ~ S / - = ~ ~ I ~  Me3Si ~ Me3Si 
___./ ~..o 

6 7 1 

a M~ Si x 
M~si./----x ~ (a) ~ y - -X  ,R 

b _ ~ ~ ~  " ~ 
8 9 

~ (b) 

"~..o - - ~ o  
10 11 

Me3 Si. 

~ o  
2 

~ o  

3 

8a-8c ~ R 
/~ ~ H or HO 

12 13 
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