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Abstract - High pressurc medlated Diels-Alder reactions of 3 , 4 -  

dirnethoxyfuran with cyclohexene-1,2-dicarboxylic anhydrides and 

cyclopentene-1,l-dicarboxylic anhydride followed by catalytic 

hydrogenstlon produced ll-axatricyclo[6.2.1.02'7]undecane-endo- 

2,7dicarbaxyl ic anhydrides and lOoxatricyclo[j. 2.1.0~'~]decane 

endo-1,6-dicarboxylic anhydride albeit in lox yiclds. Reactions 

oi N-methylpyrrole and pyrrole with dichloromaleic anhydride at 

high pressure resulted in Friedel-Crafts type of acylation. 

Cantharidin is a powerful veslcant that can be isolated from dried beetles ( c a n t h a  

r i s  v e s i c a t o r l a  o r  "Spanish fly").' The first stereospecific synthesis of cantha- 

ridin was achieved in 16 steps from furan in 1953.2 A simple synthesis of cantha- 

ridin would consist o i  the cycloaddition of furan to dimethylmalcic anhydrlde 

followed by hydrogenation. Unfortunately, dimethylmaleic anhydrlde does not add 

to furan even at pressures upto 60 k b a ~ . ~  This difficulty has been overcame by 

employing 2,5-dihydrath~ophene-3,4-dliarboxylic anhydride as a dicnophile that 



serves as a dimechylmaleic anhydride equival~nt.~ An appropriate modification of 

the furan, e.g. 3,4-dimethoxyfuran5 and i~obenzofuran,~ permit use o f  dimethylma- 

lei' anhydride to construct the cantharidin framework by the Diels-Alder strategy. 

We now report the high pressure reaction of some representative n-excessive hetero- 

cycles with malcic anhydride derivatives that would lead to new kinds of canthnri- 

dln analogues. 

7 Dicls-Alder reaction of 3,4-dimethoxyfuran (L] with cyclohexenc-1,2dicarboxylic 

anhydride (Zaj at 8 kbar and room temperature far 6 days produced a propellane type - 
of the exa adduct (3aj8'9 in 18 % yield. The adduct 2 is very labile, reverting 
to the starting compounds at room temperature and normal pressure even in the solid 

phase. Hydrogenation of 3 in the presence of 5 % Pd/C at 5 bar in an cthyl ace- 

tate solution gave a single stereoisomer s'' in 80 % vield. 

8 k b a r  

6 d a y s  
0 

5 Comparison of the 'H-NMR spectra of 2 with those or the analogous compounds r e -  

veals that the initial Diels-Alder adduct has the proposed structure g and that 

hydrogenation has taken place from the e x o  lace to give 4; exclusively. 

Reaction of with 4-methylcyclohenene-1,Z-dicarboxylic anhydride ( 2 b )  and 4,s-di- 

m e t h y i c y c l o h e x e n e - 1 , Z - d i c a r b a x y l i c  anhydride (z) under similar condition fallowed 
by catalytic hydrogenation (without iselatlan of and 3c) produced 9,LO-dincth- - 
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oxy-4-methyl-11-oxatricyclo[6.2. 1.0~'~]undecane-enao-2,7-dicarboxylic anhydride 

(4Jj1' and the 4,s-dimcthyl adduct (s)'~ only in 10 % and 4 % yicld respectively. 

These products 4J and indicate, in contrast with those of 2,  a pretty complex 
1 pattern of 11 -  and 1 3 ~ - ~ ~ ~  spectra presumably because of the presence of the two 

stereoisomcrs with respect to thc methyl graup(s). The mare reduced yields in 

these cases might reflect a more steric hindrance by the methyl group(i) in thc 

transition state of the Diels-Alder reaction. 

Cyclopentenc-1,Z-dicarboxylic anhydride (2, having more strained double bond, 

underwent cycloaddition with I- st 8 kbar and room temperaturc followed by hydro- 

genation, giving a propellane type of the cantharidine ansloguc (?)I3 in 26 % yield. 

Me0 OMe 
8 k b a r  

6 d a y s ,  r . t .  
0 

P d  - C Me0 

5 6 

Dichlaramaleic anhydride (Lj must be more reactivc than dimethylmaleic anhydride 

because of the elcctran withdrawing prapcrty o f  chlorine that is almost of the same 

sizc as methyl group. Indeed, furan rcacts with (Z) at 5 kbar and 50 "C giving the 

2:1 adduct (8) ,I4 whereas 2 with 1 produces the product (9) via the 1; 1 adduct - - 
fallowed by rearrangement with elimination of hydrogen chloride. 

1 5  

Reaction o i  N-methylpyrrale (10; R=blc) with at 8 kbar and 35 "C f o r  5 days afford- 

cd a 36 % yield o f  1 : l  adduct, thc structure of which, however, immediately proved 

to be (11j16 based upon mass, 'H- and analyses, probably arising from 

Friedel-Crafts type acylation of 10 (R=Me) by 2. A completely analogous product 

was obtained from pyrrole and? in 12 % yield. This result is not unexpected since 

the extreme readiness of the pyrralc system to undergo substitution at C-2 is well 

known. 
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