
Pergamon Tetrahedron Letters, Vol. 38, No. 39, pp. 6831-6834, 1997 
© 1997 Elsevier Science Ltd 

All fights reserved. Printed in Gre~tt Britain 
PII: S0040-4039(97)01607-9 0040-zto39/97 $17.0o + o.00 

Intramolecular Carboxylatc Capture of an Intermediate in Aromatic Electrophilic 
Substitution. The 8,9,10,1 1-tetrahydro-7.1 1-methano-7H-cycloocta[delnaphthalene-9- 

endo-carboxylic acid System. 

Yaun-Shek Chen, JeffW. Kampf 1 and Richard G. Lawton* 
Department of Chemistry, The University of Michigan 

Ann Arbor, Michigan 48109 

Abstract: The ~, ~x'-annelation of the enamine of 1,3-dihydro-2-phenalenone with methyl ct-(bromomethyl)acryl- 
ate affords an aromatic bieyclie framework, methyl 8,9,10,1 l-telrahydro-7,11-methano-12-keto-TH-cycloocta(de)- 
naphthalene-9-endo-carboxylate having the ester function positioned over the aromatic ring. The 9-exo-methyl-12, 
12-dirnethoxy ketal carboxylate anion derivative reacts with excess Br2 in aqueous solution affording the bromo 
lactone epoxide derived through capture of the intermediate of electorphilic attack on the naphthalene ring, 12, 12- 
dimethoxy-2, 3-endo-epoxy-I la-endo-hydroxy-l-exo, 4-dibromo-7, 1 l-methano-9-methyl-1 la, 1, 2, 3, 4, 8, 9, 10, 
11-octahydro-7 H-eyelooeta [de] naphthalene-9-endo-carboxylic acid ~ lactone. © 1997 Elsevier Science Ltd. 

We have recently described the straightforward synthesis of methyl 8,9,10,11-tetrahydro-7,11-methano- 

12_keto.7H_cycloocta[de]naphthalene_9.endo_carboxylate 2, 3 [3] through the ct, ct'-annelation 4'S of  the enamiae 

of 1,3-dihydro-2-phenalenone 6-9 [1] with methyl ct-(bromomethyl)acrylate t° [2]. The resulting bicyclic esler 

3 was easily converted to the corresponding 12,12-dimethoxy ketal 4 with methanol and pTsOH and after 

O....CH3 O..~ CH3 

o / :  
~c_o2.._ ~ o \  I '~\~ o b I It '1 

1 2 3 4 R=CH 3, 5 R=H 6 R=CH3, 7 R=H 
formation of  the anion ~x to the ester[LDA with HMPA in THF], this was alkylated with methyl iodide. The 

ester was transformed into the acid by KOH in refluxing ethylene glycol. The methyl group was introduced to 

prevent isomerization during hydrolysis. The resulting endo-bicycl ic  acid structure [7, X-ray, see ref 2] has the 

carboxyl group lying in the face of  and within about 3 A of  the aromatic naphthalene ring. The dimetic 

hydrogen bonded acid has stacked aromatic rings and a "sandwiching" of  the dimer carboxyl groups between 

those rings. This characteristic leads to a variety of  very interesting chemistries. 

Upon treatment of  an aqueous solution of  the sodium salt of acid 7 with 1 equiv, of  bromine at room 

temperature (rt), there was obtained, almost instantly and in almost quantitative yield, the 3-substituted mo~w 

bromide 8". This was in contrast to the very slow reaction of  the corresponding ester 6 with excess bromine 

in acetic acid. After 2 days at rt only a 54% yield of  the corresponding 3-bromo ester t2 was obtained with 

recovery of  unreacted starting ester. The conspicuous rate difference between the ester and carboxylate anion 

suggested there was perhaps some assistance by the carboxylate anion in the electrophilic aromatic attack by 
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o~Cn3 

H3C~ CH 3 

OH" O~IOH~ OH" \~H H 
Br 
8 9 

bromine./3 In the course of experiments to explore and expand the observation, an excess of aqueous Br 2 was 

added to aqueous solutions of both the anions 7 and 8. In both cases there resulted the immediate precipitation 

of the same, pale yellow solid. This substance no longer contained a carboxylic acid function. After 

chromatography (hexane:ethyi acetate; 3:1), a 66-85% yield (yield depending upon starting material) of a light 

yellow crystalline compound, mp 197-198°C (dec.) was obtained. The MS [469, 421,375, 343, 313,204, 139, 

84, 49] and HRMS [found 497.9701] pointed to a formula C20H20BrOs [caled for 497.9677] and combined "with 

the ~H NMR, 13C NMR and FT IR 14 signified a remarkable transformation. There was clearly both the loss of 

the aromatic character of the naphthalene system and the formation of a 8-1actone combined with the 

introduction of another oxygen and a bromine. An X-ray crystallographic study [Figure 1] determined the 

structure as 12, 12-dimethoxy-2,3-endo-epoxy-lla-endo-hydroxy-l-exo,4-dibromo-7, ll-methano-9-methyl- 

1 la, 1, 2, 3, 4, 8, 9, 10, 11-octahydro-7H-cycloocta[de]naphthalene-9-endo-carboxylic acid 8 lactone [9]. 

One rational mechanistic scenario for formation 
m 

e9 03 94 of lactone 9 from the 3-bromo acid 8 involves 

electrophilic attack of halogen on the 4 position of the 

cs ~ naphthalene ring with capture of the allylic cation at 

c6 e~ e~ e16 ~7 position 1 la  by the neighboring carboxylate forming 
C~ Ek'2 

c7 the unstrained 8-lactone[12]. Attack of Br + o n  the 

14 resulting 1, 2 double bond from the least hindered exo e2 

face followed by the requisite trans hydration of the 

resulting bromonium ion with OH- at the 2 position 

from the endo face sets the stage[13] for 
Figure 1: Compound 9 

intramolecular displacement of the 3-halogen by the 

neighboring 2-OH group resulting in the production of the endo epoxide[9]. We believe, because of the rate 

observations, that both the bromination of the unsubstituted carboxylate 7 and the 3-bromo carboxylate 8 

anions follow much the same path involving a 8-1actone intermediate. However in the case of the 

unsubstituted naphthalene 7, the intermediate iactone decomposes through base abstraction of the 3 proton 

with fragmentation of the 6-1actone and rearomatization of the 3-bromonaphthaiene ring to give derivative 8. 
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In the conversion of 8 to 9, with a bromine substituted at the 3 position, subsequent substitution at position 4 

[11] affords intermediate 12. Elimination of the proton at 4 and fragmentation of the lactone (and return to the 

aromatic naphthalene) is inhibited in this example because of the resulting steric peri interactions between the 

two bromine atoms now at positions 3 and 4. 

Though carbocation/neighboring aromatic participation within such frameworks 4c is well established, the 

capture of the cationic intermediates in aromatic substitution by a neighboring nucleophile with loss of 

aromatic character is much less common. 
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