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Summary: Reaction of P’-lithiostyrenes with g-benzoquinone monoketals gives g-quinol ketals which 
undergo Lewis acid-catalyzed cyclization and aromatization, affording 2-methoxyphenanthrenes. 

The synthesis of phenanthrenes has been the subject of numerous investigations by organic 
chemists over the years,’ due in part to the wide variety of naturally occurring substances which possess 
the familiar tricyclic skeleton in various patterns of substitution and oxidation state2 Our interest in these 
systems was related to methoxylated phenanthrenes which might be transformed into synthetically 
exploitable derivatives through application of certain electrooxidation methods. Such methods have been 
successfully applied to other oxygenated aromatics, affording useful quinone monoketals or quinol 
ethers.3a*b Thus, we report herein a convergent approach to substituted 2-methoxyphenanthrenes via a 
iewis acid-catalyzed cyclization of alkenyl-substituted p-quinol ketals.4 

As shown below, 2’-lithiostyrene la reacts with g-benzoquinone monoketal2a, affording g-quinol 
ketal 3a as a crystalline solid, m.p. 87-88OC. While the ketal function of 3a may be readily hydrolyzed in 
dilute acetic acid/acetone to afford the corresponding p-quinol,5 we found that addition of catalytic boron 
trifluoride etherate to a methanol solution of 3a at room temperature led to rapid formation of 2- 
methoxyphenanthrene 4a in excellent yield. Though speculative, a reasonable mechanism would involve 
ketal ionization followed by carbon-carbon bond formation via trapping of the delocalized carbocationic 
intermediate by the proximate styrene double bond and aromatization to the phenanthrene via loss of 
water and a proton. 

la 2a 3a (68%) 4a (93%) 

This convergent approach to the phenanthrene ring system was examined through reaction of 
substituted 2’-lithiostyrenes with quinone monoketals. Except for 3a (above), which readily crystallized, 
the quinol ketals obtained were difficult to purify by chromatography without concurrent decomposition 
and thus were treated directly in crude form with boron trifluoride etherate in methanol without purifica- 
tion. Note that the yield of 4a from isolated 3a was high (93%), but the yield over both steps in this case 
was about 63% whether or not 3a was isolated and purified. The yields for substituted derivatives (Table) 
varied somewhat, with methoxyl substitution of the aryllithium component giving a poor yield of phenan- 
threne (compare entries 2 and 6). Methoxyl substitution of the quinone component also led to a decrease 
in yield, but an improvement in regioselectivity over a methyl substituent (compare entries 4 and 5). 
Surprisingly, alkyl substitution on the alkenyl side chain had only a modest effect (compare entries 1, 2 
and 3). A poor yield of 4b (entry 2) via such a cyclization ‘was previously reported during the attempted 
hydrolysis of the corresponding intermediate quinol ketaL6 
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Table. Phenanthrenes via Cyclization of gduinol Ketals 

Entry Product 4 R’ R* R3 R4 R5 R” Yield( m.p. (OC) 

1 4a: H H H H H H 63 96-97 
2 4b: H H H CH, H H 72 113-115 
3 4c: H H H -(-CH,-),- H 58 125126 
4 4d/4e: H/CH, H H C”3 H CHs/H 63b 105-112 
5 4f: OCH, H H CH3 H H 40 139-140 
6 49: H OCH, OCH, CHs H H 24 164-165 

aisolated yields, based on 2. bobtained as a 5050 mixture of regioisomers 

Preliminary studies showed that single cell anodic oxidation of 4b in 1% by weight KOH in methanol 
using a platinum anode and cathode3amb gave a complex mixture of products. However, reduction of the 
9,lO double bond with triethylsilane in CFsCO,H’ to give 5, followed by anodic oxidation under the above 
conditions and subsequent hydrolysis of the intermediate quinol ether ketal 6 gave dienone 7 in good 
overall yield. Further efforts will explore the chemistry of such polyfunctional phenanthrene derivatives. 
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