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A b s t r a c t -  Mic rowave  i r rad ia t ion  d ra s t i c a l l y  acce l e r a t ed  the  

in t ramolecular  Die ls -Alder  react ions of 5 a - c  a s  compared with 

conventional heating. The resulting carhoxylic acid (7c)  was converted 

, to the decalin unit (Za ) ,  which is a possible key intermediate for  

synthesis of compactin ( 1  ). 

Compactin ( I ) ,  lsolaled from culture broth of P e n i c i l l i u m  c i r r i n u m  and P .  b r e v i c o m p a c r u m  

in 1976 by Endo e t  a l . l a - c  and Brown e t  al . , 'd  respectively, is potent competitive inhibitor of 

3-hydroxy-3-methylglutaryl coenzyme A (HMG-Co A) reductase and acts as  an effective 

hypocholesterolemic agent in man. Numerous synthetic approaches have been r e p ~ r t e d . ~ . '  

One of the most efficient approaches to the decalin unit ( 2 a )  would seem to he synthesis 

from 3 (Figure 1). Similar approaches were proposed by Funk e t  al .38 and Hecker and 

Figure 1 
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Heathcock.3b but without success. Funk e t  al .  reported intramolecular Diels-Alder reaction of 

4 with exo cycloaddition, but the stereoselectivity was low (exo : endo  = 4 : l ) . ja  In this paper, 

we describe 'intramolecular Diels-Alder reaction of 5 ,  which has a carboxyl group instead of 

the methyl group in 3 for the activation of the dienophile 

Subs t ra tes  ( 5 a - c )  for  the Diels-Alder reaction were prepared from 3-ethoxy-2- 

c y  c l o h e x e n o n e  . 4  Addition of vinylmagnesium bromide to 3-ethoxy-2-cyclohexenone 

followed by treatment with HCI, then reduction with LiAIH4 gave 6 in 71% yield. 

Esterification of 6 was performed by using the Mitsunobu reaction5 with ethyl hydrogen 

malate and ethyl hydrogen fumarate6 to give S a  and 5 b  in 68% and 33% yields, respectively.' 

The carboxylic acid (5c)  was also prepared by acylation of 6 with BuLi and maleic anhydride 

in 83% yield.' 

lntramolecular Diels-Alder reaction of 5 a  was carried out by heating at 130 OC for 10 h in o -  

xylene (Figure 2). The desired exo  adduct ( 7 a )  was obtained with high stereoselectivity, and 

the e n d o  adduct @ a )  and another diastereomer ( S b )  were also formed.8 The formation of 8 b 

was considered to occur by isomerization from 7 a ,  and not from in the reaction of 5 b  after 

isomerization of 5 a .  The Diels-Alder reaction of 5 b  afforded the another diastereomer ( 7 b )  

as the e x o  adduct with high selectivity. Further, heating of 7 a  in o-xylene  resulted in 

isomerization to S b .  The formation of isomers other than e x o  and e n d o  adducts has been 

Results of the Intramolecular Diels-Alder Reaction 

substrate Colldltion time yield (96) products 

58 130 'C 10 h 63 7 a : 8 a : 8 b = 9 1 : 8 : 1  

5a microwave 9 min X 2 54 7 8 : 8 a : B b = 9 4 : 5 : 1  

5b 130 "C 10 h 76 7 b :  8b = 8 7 :  13'' 

5c 130 'C 10 h 51 7c : 8c : 8d = 82 : 6 : 12 

5c microwave 9 mln X 5 52 7 ~ : 8 c : B d = 8 5 : 6 : 9  

a) Another Isomer was not detected. 
Figure 2 
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reported by Jenkins et al .9a and Ziegler et in intramolecular Diels-Alder reactions of  

similar systems. The reaction of the carboxylic acid (5c )  also gave the exo adduct ( 7 c )  as the 

major product, and the ratio of 8d was increased. However the endolexo ratio was similar to 

that of the reaction of 5 a  because 8d was generated by isomerization from the exo adduct 

( 7 c ) .  Next, microwave irradiation was employed. Heating with microwave irradiation is 

known to accelerate various reactions; the temperature of  the solvents is drastically 

i nc r ea sed . I0  The malate (5a )  was irradiated with microwaves twice for 9 min each in order 

to keep the temperature below 130 OC in an open vessel by using a domestic microwave oven 

(Sharp Hi-Cooker RE-110. 2450 MHz, 500 W). The reaction was drastically accelerated. The 

carboxylic acid (5c )  was similarly irradiated five times for 9 min to give the exo adduct ( 7 c )  

as the major product. 

The resulting 7 c ,  having the required stereochemistry, was converted to 2 a  as follows 

(Figure 3). Selective reduction (DMF, oxalyl chloride. NaBH4)I1 of the carboxyl group in 7 c  

gave the alcohol Ya in 64% yield. Mesylation of the alcohol followed by treatment with Nal 

gave Yb in 48% yield. Finally, reduction of the iodide ( 9 b )  ( B q S n H ,  AIBN) gave the decalin 

unit ( 2 a ) I 2  in 86% yield. acOzH - 
7c 

Thus, an effective synthesis c ~f the 

9% X = OH 
9b:X= l  

Figure 3 

decalin unit ( 2 a )  require for an approach to compactin 

( 1 )  was accomplished by using microwave-accelerated intramolecular Diels-Alder reaction 

of 5c .  
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