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Abstract: Upon treatment with lithium dialkylamide, 2-alkoxy-2-vinylbenzocyclobutenols undergo 
two-carbon expansion to give substituted naphthalene derivatives. © 1998 Elsevier Science Ltd. All rights reserved. 

We recently developed a flexible approach to various benzocyclobutenone/-dione derivatives via [2+2] 

cycloaddition of benzyne with ketene silyl acetals, I and became interested in exploiting the reactivities of the 

derived strained molecules. 2 Along these lines, we wish to report here the base-promoted ring expansion of 

benzocyclobutenols I ,  i.e. 2-vinylbenzocyclobutenols with an alkoxy group at C(2), which are easily 

accessible via the above method (eq. 1). 3-6 
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The substrates (see Table 1) were prepared from benzocyclobutenones 1 or 8 (eqs. 2 and 3). 7,8 

Addition of 1-phenylethenyllithium to 1 followed by in-situ trapping of the resulting alkoxide with methyl 

triflate (Et20, -78 ---)25 °C) and subsequent hydrolysis of the acetal gave ketone 2 quantitatively. Reduction 

of 2 with LiBEt3H (THF, -78 °C) proceeded in completely stereoselective manner to give alcohol 3 (eq. 2). 
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The cis relation with the hydroxy and the methoxy groups was assigned by an ~(-ray analysis.8, 9 

Benzocyclobutenols 4--7 were obtained from 1 in a similar manner as a single isomer, respectively.7, 8 By 

adding l-phenylethenyllithium to ketone 8 followed by methylation and desilylation, we prepared an 

0040o4039/98/$19.00 © 1998 Elsevier Science Ltd. All rights reserved. 
PH: S0040-4039(98)00920-4 



4854 

isomeric benzocyclobutenol 10 as a single stereoisomer, though the stereochemistry was not determined (eq. 

3). 

~ i  CH2=C(Li)Ph; ~ Ph 47%HF'MeCN " ~ J ~ /  
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Screening of various basic conditions showed that lithium dialkylamides are quite effective in achieving 

the reaction mode shown in eq. 1. Upon treatment with LDA (1.2 equiv., THF, 0--~25 °C), 

benzocyclobutenol 3 was smoothly converted to alcohol 11 in 91% yield (Table 1, run 1). l0 The alcohol 11 

was much more stable than expected, allowing the isolation by silica-gel preparative TLC without 

dehydration. Alcohols 12-14 were also obtained in high yields by applying the similar reaction conditions 

to compounds 4-6 (runs 2-4). 10 

As shown in runs 3 and 4, the product composition proved different depending on the olefin geometry of 

the starting material. Benzocyclobutenol 5 gave cis alcohol 13 along with a small amount of trans alcohol 

14, whereas trans alcohol 14 was obtained as the sole product from 6. In the latter case, a small amount (ca. 

7%) of ring-opened product 17 was also obtained. These aspects gave us some insight into the mechanism. 

The process may be accounted by at least three mechanisms, although not discernible at present: (1) the 

[1,3]-sigmatropy, (2) the electrocyclic reaction via a quinodimethane, and (3) the ionic path via an allyl 

anion-aldehyde intermediate. Given the former two concerted paths, the stereochemistries of 13 in run 3 

and 14 in run 4 are opposite to what are expected from the orbital-symmetry rule. However, it is known that 

an anionic substituent often facilitates the symmetrically forbidden pericyclic reactions. 11 Particularly many 

examples have been documented for [1,3]-sigmatropic shift that proceeds in a [(~2s + ~2s] mode as shown in 

A.5,1l The ionic mechanism may account the stereochemistry, given that the anion-aldehyde intermediate 

undergoes a rapid closure with keeping the geometry as shown in B. 
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Under the same reaction conditions, benzocyclobutenols 7 and 10 gave the expected alcohols (not 

shown), which were, however, accompanied by a sizable amount of the corresponding aromatized products 

15, 16, respectively. The formal dehydration occurs 

already in the basic reaction media, which could be 

ascribed to the oxido-elimination from the alkoxides 

formed (C for run 5, D for run 6), due to the enhanced 

acidity of the methine proton adjacent to the phenyl group 

in C or the electron donation from the peri methoxy group 
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a) Isolated yield, b) The stereostructure was determined by X-ray analysis. 9 c) Combined yield of 13 and 14. 
d) Single stereoisomer was detected. 
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in D.12 As all attempts to suppress this elimination had failed, we rather sought the conditions to complete 

the elimination to obtain naphthalenes 15 and 16 as the products, which was achieved by using an excess 

amount of lithium tetramethylpiperidide (3 equiv.). 

In summary, 2-vinylbenzocyclobutenol possessing a C(2) alkoxy group undergoes two-carbon 

expansion of the cyclobutene ring promoted by lithium dialkylamide, which permits a facile synthesis of 

substituted naphthalene derivatives. Further studies are currently under way in our laboratories. 
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