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Abstract: Annulated cyanophenols are the products derived from the thermolysis of 3,6-diaryl- 
2,5-diazido-1,4-benzoquinones in the presence of an alkyne. The transformation is envisaged to 
involve the following steps: 1) thermal fragmentation of the azidoquinones to arylcyanoketenes, 
2) cycloaddition of the ketenes to an alkyne to give 4-aryl-4-cyanocyclobutenones, 3) 
electrocyclic ring opening of the cyclobutenone to generate (2-aryl-2_cyanoethenyl)ketenes, 
and 4) ring closure of the conjugated ketenes to give the annulated cyanophenol products. 
Similarly, analogous products are obtained from the thermolysis of 4-aryl-3-azido-6-chloro-.5- 
ethoxy-1,2-benzoquinones. 

Reported here are two new synthetically useful routes to annulated cyanophenols. 

These both involve the generation of (2-aryl-2-cyanoethenyl)ketenes which undergo a 6 

electron electrocyclic ring closure followed by proton transfer to the observed products. The two 

routes described in this Letter differ in their approach to the key conjugated ketene 

intermediates. One involves the electrocyclic ring opening of 4-aryl-4cyanocyclobutenones and 

the other a fragmentation reaction of 4-aryl-3-azido-1,2-benzoquinones. The former has direct 

analogies in recent reports that 4-aryl-4-hydroxycyclobutenones give high yields of annulated 

hydroquinones when thermolyzed at 138°.1,2 The latter is more unusual but also finds precedent 

in the recent report that 3-azido-1,2-benzoquinones give the corresponding ethenylketenes upon 

thermolysis.3 Specific illustrative examples are provided here. 

Thermolysis of 3,6-diphenyl-2,5-diazido-1,4-benzoquinone 1 in refluxing carbontetrachloride 

in the presence of 2.1 equivalents of diphenylacetylene gives 2. in 41% yield.4 The product 

seen to come from an initial fragmentation of L to generate 2 equivalents of cyanophenylketene 

is 
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1.5 Cycloaddition of 1 to diphenylacetylene gives 4-phenyl-4-cyanocyclobutenone & which 

undergoes an electrocyclic ring opening to (2-phenyl-2-cyanoethenyl)ketene L. Subsequent 

electrocyclic ring closure of 5 followed by tautomerization finally affords 2 (Scheme 1). 

Changing the alkynes in the above reaction results in variation of the substituents at 

the Z- and 3-positions of the cyanophenols, the regioselectivity of which is dictated by the initial 

ketene/alkyne cycloaddition.6 For example, when 1-ethoxypropyne was utilized only the 

regioisomer h (30%) was isolated.’ Similarly, when phenylacetylene and 3-hexyne were used L 

and & were obtained in respectively 67% and 33% yields (Scheme 2). 
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Variation of the ketene allows further flexibility in the annulation sequence. This is 

particularly useful for the synthesis of heterocyclic examples. As an illustration, thermolysis of 

3,6-bis(2-furyl)-2,5-diazido-l,4-benzoquinone 2 in the presence of 2.1 equivalents of 

diphenylacetylene afforded m in 25% yield. In the same manner, thermolysis of the thiophene 
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analog, 3,6-bis(2-thienyl)-2,5-diazido-1,4-benzoquinone l.l, in the presence of diphenylacetylene 

yielded lJ. (34%) (Scheme 3). 

Analogous products were also observed in the thermolysis of 4-aryl-3-azido-6-chloro-5- 

ethoxy-1,2-benzoquinones a. Under the condition of refluxing carbontetrachloride, u 

undergoes thermal fragmentation to give nitrogen, carbon monoxide, and the conjugated ketene 

L4.8 19 Electrocyclic ring closure of Le followed by tautomerization affords the annulated 

cyanophenol fi (Scheme 4). 
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In conclusion, we note the following significant points outlined in this Letter: 1) two 

routes to (2-aryl-2-cyanoethenyl)ketenes are reported; 2) these ketenes readily undergo 

electrocyclic ring closure to annulated cyanophenols; 3) the annulation methodology is 

applicable to both carbocyclic and heterocyclic example. 
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