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Abstract - The tricyclo[2.2.2]octa-2,5-diene-4,7-carbolactones, the 

initially-formed Diels-Alder adducts from 3a,4-dihydrophthalides and acety- 

lenic dienophiles, were so strained that they underwent the retro-Diels-Alder 

reaction to afford the benzene derivatives in good yields. 

The Dieis-Alder reactions utilizing a variety of novel diene systems have provided a significant 

advance on the methodologies for the ring construction of the stereochemically interesting poly- 

cycles. Previously, we also reported that the 3a.4-dihydrophthalides 1-3, which were pre- 

pared by the intramolecular "diene-regenerable" Diels-Alder reaction of 2-pyrones, behaved as a 

novel type of the fused 1,3-cyclohexadiene system and underwent the intermolecular Diels-Alder 

reaction with olefinic dienophiles to yield tricyclo[2.2.2loct-2-ene-4,5-carboiactones stereo- 

3 seiectively. 

In the course of our study on the fused 1.3-cyclohexadiene systems, we have investigated the 

cycloaddition reaction of 1-?with acetylenic dienophiles expecting the formation of the much 

highly strained cycloadducts, tricyclo[2.2.2]octa-2,5-diene-4,7-carbolactones. We wish to 

Communicate here that the reaction of 1-l with acetylenes gives the benzene derivatives the 

cycloreversion of the primarily-formed tricyclo[2.2.2locta-2,Sdiene system. 

When 1 was allowed to react with dimethyl acetylenedicarboxylate (DMAD)(1.2 equiv.) in refluxing 

xylene under nitrogen atmosphere for 40 h, a 1:l adduct %and phthalide (I) were obtained in 45 
and 3% yields, respectively, together with polymeric products. The structure of 5 was 

deduced to be an unsymmetrical ally1 dimethyl benzene-1,2,3-tricarboxylate from the spectroscopic 



Table 1. React ion o f  3a.4-Dihydrophthalides 1 and 2 w i t h  Ace ty len i c  D ienoph i les  

I Phtha l i des  

Compds R  R~ Y ie ld /% (Y ie ld /%)  I 
4a - H C02Me C02Me 45 5 ( 3 )  

4b - H COPh COPh 46 - 5 ( t r a c e )  

4c - Ph C02Me CD2Me 62 & (23)  

C02Me H 
H 10 - 5 ( t r a c e )  

H C02Me 

p rope r t i es  and elemental ana lys is .  The r e a c t i o n  o f  1 w i t h  d ibenzoy lacety lene (DBZA) gave 

s i m i l a r l y  3-allyloxycarbonyl-2-benzoylbenzophenone (s) and 5. An unsymmetrical trans- 
cinnamyl dimethyl  benzene-l,2,3-tricarboxylate (%) and 4-phenylphthal ide (&) were obta ined from 

2 and DMAD. - 

These f i n d i n g s  i n d i c a t e d  t h a t  the  tricyclo[2.2.2]octa-2,5-diene-4,7-carbolactones A, which a re  

expected t o  form i n i t i a l l y  i n  the  reac t i on ,  a re  t o o  s t ra ined  t o  i s o l a t e  under the  cond i t i ons  and 

undergo the re t ro -D ie l s -A lde r  r e a c t i o n  t o  g i v e  t h e  benzene d e r i v a t i v e s  4. 

R1 -- R2 
1 and 2 - - - R& f! 

o+,i 
A - 

I n  order  t o  i n v e s t i g a t e  the  r e g i o s e l e c t i v i t y  of the  a d d i t i o n ,  the  r e a c t i o n  w i t h  methyl p r o p i o l a t e  

(MP) was c a r r i e d  out .  The r e a c t i o n  of 1 w i t h  an excess o f  MP under r e f l u x  i n  xylene and the 

usual working-up gave ca. 1 : l  m ix tu re  of a l l y 1  methyl i soph tha la te  (s) and ph tha la te  (4d-Z) i n  

t o t a l  y i e l d  of 10%. 

On the o the r  hand, the  r e a c t i o n  o f  4-methoxycarbonyl-3a,4-dihydrophthalide (3) w i t h  acetylenes 
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Table 2. Reaction of 4-Methoxycarbonyl-3a,&dihydrophthalide (3) with Acetylenic Dienophiles 

Compds Yield/% Yield/% 

7b COPh COPh 60 

proceeded in a slightly different manner from that of 1 or 2; e.q., firstly the formation of poly- 

meric products was scarcely observed. 

The reaction of 3 with DMAD and DBZA gave trimethyl benzene-l,2,3-tricarboxylate (3) and 3-meth- 

oxycarbonyl-2-benzoylbenzophenone (s), respectively, together with 4-methoxycarbonylphthalide 

(8).  A 1:l mixture of dimethyl isophthalate (m) and phthalate (w) was also obtained 

from 3 and MP. 
Therein, the 3a,4-dihydrophthalide 3 was converted into the 3a,7a-dihydrophthalide (x) by the 

thermally-allowed 1,5-hydrogen shift, which underwent Diels-Alder reaction with acetylenes to 

afford tricyclo[2.2.2]octa-2,5-diene-7,8-carbolactones j!. The tetracyclic adducts j! yielded 

the benzene derivatives 1 the retro-Diels-Alder reaction accompanied with the extrusion of 
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