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Reported herein is a stereocontrolled synthesis of 
3-acyl-4-alkoxy-5-aryl-l,2,4(E)-pentatrienes (conjugated 
allenes) from 2-alkynyl-4-arylcyclobutenones and their 
subsequent, thermally induced, electrocyclization to naph- 
thalenes.' This method is of synthetic and mechanistic 
importance and adds to the emerging efforts in the 
regiospecific construction of annulation precursors to 
highly substituted aromatic systems. The reaction specif- 
ically demonstrates that squaric acid derivatives are a 
valuable component in the synthetic arsenal and that this 
value stems from the circumvention of difficulties in 
convergency and regiochemistry control found in conven- 
tional electrophilic and nucleophilic substitution reac- 
t i o n ~ . ~ , ~  

The generalized reactions are envisioned to proceed 
through the following sequence (Scheme 1): (1) facial 
selective addition of a lithium reagent to 2-alkynyl-4- 
arylcyclobutenones 1 results in a lithium alkoxide 2 that 
undergoes a low temperature oxy-anion accelerated con- 
rotatory electrocyclic ring opening with outward rotation 
of the alkoxide o ~ y g e n ; ~ ? ~  (2) protonation at the alkynyl 
terminus of the resulting enolate 3 results in the isolable 
arylenylallene 4;6 (3) the E-stereochemistry of the ary- 
lalkene component allows a 6z electrocyclization to afford 
the corresponding naphthalene 5, upon mild thermolysis 
and subsequent tautomerization. Overall, the naphtha- 
lenes and/or allenes translate to a dialkylsquarate 6 and 
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the alkynyl-, alkyl-, and aryllithium reagents, respec- 
tively, 7 ,  , 8, and 9. 

The above transformations stem from 3-alkoxy-4- 
alkynylcyclobutenediones 10, which are readily accessible 
from dialkylsquarates (e.g., diisopropylsquarate) by pre- 
viously reported methods.' Regiospecific addition of 
aryllithium reagents to cyclobutendiones 10 resulted in 
4-aryl-4-hydroxycyclobutenones 11. The initial study of 
the ring opening reaction was limited to the reduced form 
of the hydroxycyclobutenones 11, which were selectively 
reduced with triethylsilane in the presence of Lewis acids 
to give the cyclobutenones 1 in good yields (67-90%) 
(Scheme 2).* Conversion to the corresponding allenes 4 
was realized upon addition of an organolithium reagent 
(RZLi, 1.1 equiv) at ca. -78 "C in THF. 

The electronically and stereochemically predisposed 
conjugated allenes 4 undergo facile electrocyclic ring 
closure to  naphthalenes 5 when heated in refluxing 
toluene or p-xylenes (Scheme 3). Stereochemical factors 
favoring cyclization have already been noted, however, 
the electronic factors merit further comment. An electron 
deficient allene component is likely required and is 
provided by the appended acyl group. Complementing 
this electron deficiency is an electron rich arylethenyl 
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1 neu CPr Ph n8uLi 4a 80 

2 n8u i-Pr Ph PhLi 4b 65 

3 CH20Me CPr Ph nBuLi 4c 62 

4 *Bu Me 3,4diWhoxy nBuLi 4d 88 

5 nBu CPr 2,4dihWhoxy M u L i  4e 84 

6 nBu Wr 2,5dimelhoxy neuu 41 80 

group whose alkoxy substituent provides electron dona- 
tion to the aryl substituent. In agreement with these 
favorable features is the observation that those cumu- 
lenes bearing electron rich aryl groups cyclize at lower 
temperatures in the same amount of time (refluxing 
toluene [111 "Cl, 10-20 min, entries 4-6) than those 
bearing an unsubstituted phenyl group (refluxing p -  
xylene [138 "Cl, 10-30 min, entries 1-3). 

In summary, an eficient method has been described 
that further demonstrates the synthetic viability of 
squaric acid derivatives as precursors to a wealth of 
highly substituted aromatic systems. The ability to 
synthesize cyclobutenones hosting a variety of functional 
groups allows for further exploitation of the ring expan- 
sions outlined here. Details of these studies are forth- 
coming. 
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