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Abstract—Methoxylated phenylethanals were treated with concentrated hydrochloric acid in 1,4-dioxane to give methoxylated
2-phenylnaphthalenes or 1,2,9,10-tetrahydro-1,9-epoxydibenzo[a,e]cyclooctenes. Yields in 2-phenylnaphthalenes were quite good and
1,2,9,10-tetrahydro-1,9-epoxydibenzo[a,e]cyclooctenes could be easily isolated. 2-Phenylnaphthalenes were obtained by a tandem aldol
condensation-intramolecular Friedel-Crafts cyclisation and 1,2,9,10-tetrahydro-1,9-epoxydibenzo[a,e]cyclooctenes by a O-condensation

followed by a double intramolecular Friedel-Crafts alkylation.
© 2005 Elsevier Ltd. All rights reserved.

1. Introduction

Acid treatment of arylethanals 1 may lead to 2-phenyl-
naphthalenes 2 or 1,2,9,10-tetrahydro-1,9-epoxydibenzo-
[a,e]cyclooctenes 3 (Kagan’s ethers). 2 are obtained by a
C-condensation of the enol form on the keto form. The
resulting aldol condensation product undergoes an intra-
molecular reaction to give, after rearomatisation, the
2-phenylnaphthalenes (Scheme 1).

Kagan’s ethers 3 are the results of an O-condensation of the
ketal derivatives on the keto forms. The resulting hemi-
acetals cyclize to give benzisopyrans, which cyclize by an
intramolecular Friedel-Crafts reaction to give Kagan’s
ethers (Scheme 1). The balance between the condensations
at O- or C-position depends on the nature of the acid and the
substitution on the aryl ring. The Kagan’s pioneer work'~
used strong Bronsted acid, that is, fluorosulfonic acid, and
other protic acids (HCI or HZSO4)3’4 in order to promote the

Scheme 1.

Keywords: 2-Phenylnaphthalenes; Epoxydibenzo[a,e]cyclooctenes; Aldol condensation; Friedel-Crafts reaction.
* Corresponding author. Tel.: 433 320337231; fax: +33 320336309; e-mail: philippe.cotelle @univ-lille1.fr

0040-4020/$ - see front matter © 2005 Elsevier Ltd. All rights reserved.
doi:10.1016/j.tet.2005.02.091



C. Maurin et al. / Tetrahedron 61 (2005) 7054-7058 7055

Ry
I R
R H
3 ‘ N HCl/ 1,4-dioxane
_— >
P 0 1h Ry
R4 R
Rs
1
Scheme 2.

aldol condensation of arylethanals. The yields in isolated
products were generally poor and could be increased using
trimethylsilyliodide® or boron tribromide.* Using these
reagents, high yields in Kagan’s ether may be obtained
and the cyclisations are regioselective. 2-Phenylnaphthalene
can be isolated in modest yield from the reaction of
phenylethanal with boron tribromide indicating that BBr3
reaction conditions are not favorable for the double Friedel—
Crafts cyclisation, which does not occur when the aromatic
ring is not electronically-rich enough. The acid-catalysed
aldol condensation of phenylacetone has previously been
reported by Cort et al.” They showed the formation of
1-benzyl-3-methylnaphthalene from phenylacetone and
70% sulfuric acid under reflux. Kagan et al.”> have also
submitted phenylacetone to fluorosulfonic acid treatment
and found only an electrophilic substitution of the aromatic
ring ortho and para by a fluorosulfonyl group. They did not
explain the contrast between phenylethanal and phenylace-
tone and simply evoked a steric effect due to the additional
substituent at the carbonyl function. In our hand, we found®
that arylacetones treated with boron tribromide give the 1,3-
dimethyl-2-phenylnaphthalenes in good yields with a
concomitant demethylation when the aromatic ring is
substituted by methoxy group(s). The mechanism is a
tandem aldol condensation—intramolecular cyclisation with
a high regioselectivity. The scope and the limitations of the
reaction of arylacetones with boron tribromide’ were clearly
defined. The cross-condensation, that is, reaction of two
different arylacetones, was carried out using 3,4-dimethox-
yphenylacetone and another variable arylacetone.'® The
objective was to obtain from only one experiment and after
repeated chromatographies at least four different molecules
tested as HIV-1 integrase inhibitors.

In continuation of our programme dealing with the
discover}y of new polyphenolic HIV-1 integrase inhibi-
tors,'”!* we needed to develop a facile and efficient
synthesis of polymethoxylated 2-phenylnaphthalenes and

Table 1. Yields and relative proportions of 2 and 3
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1,2,9,10-tetrahydro-1,9-epoxydibenzo[a,e]cyclooctenes.
The reaction of 2-(3,4-dimethoxyphenyl)ethanal with
concentrated HCIl in dioxane was reported to give
6,7-dimethoxy-2-(3,4-dimethoxP/phenyl)naphthalene in
unsatisfactory low yields (12%,'* 20%"). We, therefore,
decided to revisit this reaction with the triple goal to obtain
easily (the simpler purification process), efficiently (the two
condensation products from each reactant if possible) and
rapidly (short reaction time) the products of O- and
C-condensation. With this goal in mind, we rapidly pointed
out that the key parameters were the quality of 1,4-dioxane
and the reagent concentrations. Freshly distilled dioxane on
sodium and benzophenone (in order to avoid free radicals)
was used and the concentration of arylethanal was adjusted
to 0.2 M. Under these conditions, the yields were singularly
improved (Scheme 2).

2. Results and discussion

Arylethanals la—f were prepared according to a known
procedure'® and submitted to acidic treatment in aqueous
dioxane during 1 h at room temperature. In all cases, high
yields in crude products were obtained and after purification
2-arylnaphthalenes 2a—f were isolated in satisfactory yields
(32-87%) (Table 1). Four of the six 1,2,9,10-tetrahydro-1,9-
epoxydibenzo[a,e]cyclooctenes 3 were isolated in good
yields (comparatively to their relative proportions in the
crude product) (Table 1). The presence of at least one
methoxy group on position 3 or 5 is absolutely required for
the conversion of 1 into 2 or 3. Under the same reaction
conditions, phenylethanal, 2-methoxyphenylethanal and
4-methoxyphenylethanal gave polymers (data not shown)
indicating that the intramolecular cyclisation required the
presence of a methoxy group ortho or para to the new-
formed C—C bond (Scheme 3). It must be noted that in the
case of la, the intramolecular cyclisations after C and
O-condensation are regioselective.

R, R3 Ry R5 2 3
Relative Yield (%) Relative Yield (%)
proportion (%)* proportion (%)*
a H OMe H H 75 32 25 10
b OMe OMe H H 80 62 20 12
c H OMe OMe H 90 87 10 3
d OMe H H OMe 100 54 Not detected X
e OMe OMe OMe H 95 65 5 0
f H OMe OMe OMe 67 53 33 15

* The relative proportions in 2 and 3 were measured from the "H NMR spectra of the crude products obtained by extraction of the reaction mixture even when a

precipitate was observed.
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