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Abstract: The synthesis of 3-ethenyl-4-methoxycyclobutene-1,2-dione from dimethyl- 
squarate is described. This compound wits observed to undergo facile 1,6-addition of both carbon 
and non-carbon nucleophiles to the 3-alkenyl group. Thus, it serves as a versatile starting 
material for the synthesis of a variety of substituted cyclobutenediones which are convenient 
starting materials to a variety of other ring systems. 
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Introduction 

Reported here are the synthesis of 3-ethenyC4-methoxycyclobutenedione, 10, and the use of this 

compound as a starting material for other substituted cyclobutenediones. This is of interest since cy- 

clobutenediones are proving to be useful precursors to highly functionalized aromatic compounds, quinones, 

P-alkylidene-1,3-cyclopentenediones and bicyclo[3.2.0]heptenones.i -l9 For example, 4-alkynylcy- 

clobutenones 1 rearrange to quinones 2 upon thermolysis or to 5alkylidene-2-cyclopentene-I ,&diones 3 
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when subjected to catalytic Pd*+ (Scheme-l). Analogously, thermolyses of 4-aryl(or vinyl)-4-hydroxy- 

cyclobutenones 4 (X=OH) lead to hydroquinones 5, 4-chlorocyclobutenones 4 (X = Cl) give pchlorophenols 

6, and 4-allylcyclobutenones 7 result in bicyclo[3.2.0]heptenones 8 or bicyclo[3.2.0]heptanedione 9 de- 

pending on the substitution pattern of the starting cyclobutenones (Scheme-l). 

The general synthesis of substituted cyclobutenediones outlined here involves the facile 1,6-additions 

of carbon- and noncarbon-nucleophiles to the ethenyl group of 10. This method is complimentary to others 

appearing during the last few years.f7-** Among these are improved syntheses of substituted cy- 

clobutenediones from dialkoxycyclobutenediones, cross-coupling reactions employing tri-n-butylstannyl 

substituted cyclobutenediones and cyclobutenedione monoketals, and the palladium catalyzed cross-coupling of 

halocyclobutenediones with organostannanes. 
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Results and Discussion 

3-Ethenyl-4-methoxycyclobutene-1,2-dione 10 was prepared by addition of vinyllithium to 

dimethyl squarate followed by quenching of the resulting alkoxide with trifluoroacetic anhydride.’ 8*23 

Outlined in Scheme-2 are examples involving the 1,6-addition of non-carbon nucleophiles to this reagent. 

Specifically, treatment of 10 with S-mercaptoanthracene, thiophenol or 2-mercaptopyridine in tetrahy- 

drofuran at ambient temperature resulted in the diones 11,12, and 13, respectively. For the more nucle- 

ophilic thiol, P-mercaptoethanol, acetonitrile was employed as the solvent to reduce the formation of bis-ad- 

dition thus giving 14 in 73% isolated yield. Interestingly, when 10 was treated with a nitrogen nucleophile, 

diethylamine, the product obtained was 3-ethenyl-4-(N,N-diethylamino)-3-cyclobuten-l,2-dione 16 

rather than the 1,6-addition product. 

excellent yield of the dione 15. 

Finally, treatment of 10 with gaseous hydrogen bromide resulted in an 
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Carbon nucleophiles (cuprates or zinc cuprates) also undergo 1,6-addition to 10. For example, zinc 

alkyl cuprates (generated from the alkyl iodides) add in the presence of TMSCI to give moderate yields of the 

corresponding adducts 18 (56%) and 20 (69%) (Scheme-3)24 . Similarly, the appropriate aryl cuprates 

(generated from the aryl bromides) lead to the cyclobutenediones 17 (48%) and 19 (43%). 

In conclusion, the results presented here provide a versatile entry to substituted cyclobutenediones and 

thus to highly substituted quinones and related compounds as generally outlined in Scheme-l. It is note- 

worthy that the functionalization must take place on the vinylcyclobutendione 10 and not at a vinylquinone 

stage. As an illustration, the cyclobutenone 21 was converted the the vinylquinone 22 (27% from the dione 

10) in refluxing acetonitrile and this compound gave complex mixtures when subjected to representative 

reactions outlined above (Scheme-4). 
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Scheme-4 

The structures of all of the new compounds described here are based upon characteristic spectral and 

analytical data. 
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