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Several unsuccessful attempts to affect Mels-Alder reactions with thiophenes have 

been reported in the literature.' As a consequence the statement "Thiophene does not undergo 

Diels-Alder reactions" has found Its way into virtually all textbooks.:! 

In contradiction to the above reports we have found that a variety of thiophenes react 

smoothly with dicyanoacetylene3 in a Diels-Alder manner to produce phthalonltrlles in reasonable 

yields: 

thiophenes (I) 

a. 9 7 Rk = C?, R2 = tert.C4'$, 3 = H 

~.R,=R,+=c$,~=RJ=H 

c. I$ = s= II, F$ = 3= C& 

d.R,=C%,R;!=q=Rq=H 

e.R,=F$=q=F$=H 

NC-C=C-CN ,-_ 

+ s 

conditions 

1ohr. 6o" 

12hr. loo0 

72 hr. 100' 

44hr. 8o" 

48 hr. 120° 

yield4 

51% 

4% 

1W 

Y# 

w 

m.p. phthalonitrlles (III)5 

144 -144.5O 

162.5-163' 

176.5-177' 

144.5-145.5O 

139 -140.5O 

605 
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Thus 2,$dimethylthiophene (Ib), upon heating for 12 hours in a closed tube at 100' 

with an excess of freshly prepared dicyanoacetylene 3 furnishes 3,6-dimethylphthalonitrile (IIIb) 

in 4% yield. In addition to the normal spectral and analytical support for the structure of the 

product (IIIb), hydrolysis of this dinitrile (IIIb) furnished an anhydride m.p. 143' whose 

6 
spectral properties agreed in all respects with those reported for 3,6-dimethylphthalic anhy- 

dride (lit. 
6a 

m.p. 143'). 

As was already noted by Kloetse17, 

aromatic hydrocarbon towards the Diels-Alder 

case both the yields as well as the reaction 

table). 

the presence of alkyl substituents activates an 

reaction with an appropriate dienophile. In our 

conditions are in agreement with this finding (see 

Several features make the Diels-Alder reaction of thiophenes with dicyanoacetylene of 

considerable interest. In sharp contrast to the Diels-Alder addition to furans, it is evident 

that our thiophene reaction becomes irreversible through the facile loss of a small stable 

moiety (sulfur). 
8 

In this respect the reaction resembles the Die&-Alder addition to tetra- 

phenylcyclopentadienone (-CO). 
8a 

9 A wide variety of alkylthiophenes can be prepared in good yields. The same cannot 

be said for the corresponding furans, cyclopentadienones or even butadienes. Thus the Diels- 

Alder reaction of alkylthiophenes with dicyanoacetylene will be a valuable new route to 

alkylated phthalonitriles and derivatives. 
10 

The extrusion of sulfur, possibly from a bicyclic intermediate (II) warrants further 

study and attempts are being made to isolate an appropriately substituted 7-thiabicyclo[2.2.1] 

hepta-2,$diene (II). 

react with acetylenic 

a double role in this 

bensenoid system - an 

Mechanistically it is intriguing to note that sulfur has been shown to 

dienophiles. lla Thus it is not unlikely that the dicysnoacetylene fulfils 

reaction. Finally it is worthy to note that the formation of a stable 

important driving force in this reaction - is achieved without dehydro- 

genation using an acetylenic dienophile. 

We will return to a discussion of the mechanistic aspects after more experimental 

facts are known." 
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One of the reaction products is sulfur. Michael 
lla 

isolated the tetramethylester of thiophene- 

tetracarboxylic acid from the reaction mixture of sulfur with dimethyl acetylenedicarboxylate. 

Furthermore the dehydrogenating action of sulfur on alkylaromatics is well known. 
llb 

This generates hydrogen sulfide which in turn can also react with dicyanoacetylene. 3b 

The complexity of the detailed mechanism is a challenge indeed. 


