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Abstract: Treatment of conjugated dienone I with a strong Lewis acid at -78 *C produced a hydrophenanthrene 
with a newly created quaternary carbon. During this transformation the arene moiety becomes a dienone 
system. © 1998 Elsevier Science Ltd. All rights reserved. 

Previous work from our labs led us to believe that conjugated dienone I would cyclize via the two 

conformers shown below to give different products. 1 In particular, hydrophenanthrene 2 would result from 

conformer la, after cyclization takes place at the unsubstituted position (*) ortho to the methoxyl group (cf. 

intermediates i and ii, Scheme 1). On the other hand, cyclialkylation via conformer lb at the position para to 

the methoxyl group (*) - -  despite the presence of substitution - -  would produce intermediate iii; the loss of the 

O-methyl group from iii would form species iv. Aqueous acidic workup of iv would produce dienone 3. Note 

that in the course of this proposed transformation a new quaternary center would be created. The intriguing 

synthetic potential of this annulation process prompted us to prepare and then cyclize dienone 1. 
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The preparation of cyclization precursor I involved five steps as shown in Scheme 2. 2 In the first step 

the lithio anion derived from aryl bromide 4 3 was treated with Wender's epoxide (5) to produce the 2-aryl-2- 

cyclohexenone 6. 4 This enone was then bis-alkylated to introduce a geminal dimethyl unit (cf. 7).5 We were 

aware that 3-vinyl-2-cycloalkenones (cf. 1) can be efficiently prepared from 2-cycloalkenones in good yield by 

oxidizing the appropriate bis-allylic tertiary alcohol with pyridinium dichromate (PDC). 6 Treating enone 7 

with vinyllithium gave the 2-aryl- 1-vinyl-2-cycloalkenol (8) required for oxidation. 

Scheme 2 
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Treatment of I with boron trifluoride etherate in refluxing CCI 4 gave hydrophenanthrene 2 and an 

unexpected isomer 9 (Scheme 3). Tricycle 9, however, must result from intermediate iii, which has a 
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quaternary center at the B/C ring fusion. The subsequent 1,2- migration of the methyl group (cf. v) and 

rearomatization is consistent with the well-established acid-catalyzed dienone-phenol rearrangement.7, 8 

Nevertheless, the isolation of tricycle 9 suggested that the dienone-phenol rearrangement could be 

precluded under milder conditions. Indeed, treatment of I with TiC14 at -78 "C for 15 minutes, followed by 

aqueous workup, gave the single product (3) with its new quaternary center in 83% yield. Here the formation of 

an eight-membered ring chelate (cf. vii) restricts I to a single conformation (i.e., lb)  prior to ring closure. 
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The mechanism of the dienone-phenol rearrangement dictates that exposure of 3 to acidic catalysts 

would produce a rearranged phenol. This was verified when dienone 3 was treated with BF3-Et20 to produce 

phenol 10; methylation of 10 gave hydrophenanthrene 9 (Eq. 2). Moreover, only 9 was produced when excess 

trimethyloxonium tetrafluoroborate was used to promote the dienone-phenol rearrangement. 
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The ability to predictably annulate a new cyclohexane ring and at the same time create a quaternary 

center at the ring fusion holds considerable promise for natural product synthesis. Further applications of this 

methodology are under investigation. 
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