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Letters
Intramolecular alkene Friedel–Crafts cyclization of 1-allyl-1-N-
(ortho-alkylphenylamino)cyclohexanes. A useful route to alkyl

substituted dihydrospiro[(1H)quinoline-2,10-cyclohexanes].
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Abstract—An unprecedented intramolecular Friedel–Crafts ipso-alkylation at the ortho-alkyl group of the N-arylamino moiety of
1-allyl-1-N-arylaminocycloalkanes to give alkyl substituted dihydrospiro[(1H) quinoline-2,10-cycloalkanes] is reported. Unexpected
results were explained in the context of intramolecular ipso-substitution of alkyl groups and their 1,2-rearrangement. A plausible
mechanism for this type of Friedel–Crafts alkylation by an alkene moiety promoted by a Br€onsted acid (H2SO4) is proposed.
� 2004 Elsevier Ltd. All rights reserved.
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Many biologically and pharmacologically active alka-
loids bear quinoline or tetrahydroquinoline fragments.
The most general method to obtain tetrahydroquino-
lines involves intramolecular cyclizations starting from
substituted aniline derivatives. Among these, intramo-
lecular Friedel–Crafts reactions1 promoted by Br€onsted
and Lewis acids are considered to be a powerful method
for the effective construction of these heterocyclic com-
pounds2 or carbocyclic compounds.3 Moreover, many
new methods for the synthesis of tetrahydroquinoline
derivatives have been developed.4;5 However, there are
very few examples that describe the construction of the
di- or tetrahydroquinoline ring spiro annulated at
position C-2 with cycloalkanes or heterocycles. Thus,
the chemistry and biological activity of this type of
spiroheterocompounds remain largely unexplored. As
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part of our research program aimed at the preparation
of bioactive nitrogen-containing heterocycles from imi-
nes, we developed a practical synthesis of the dihydro-
spiro[(1H)quinoline-2,10-cycloalkanes], which is based
on the reactivity of accessible ketimines6 (Scheme 1).
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The ketimines are transformed into the corresponding
gem-allyl-N-arylaminocycloalkanes via an addition of
the Grignard reagent––allyl magnesium bromide. These
amines, possessing a p-electron rich aromatic ring, a
basic nitrogen atom, and an allyl fragment––an elec-
trophilic C3 synthon, represent a versatile source of
synthetic material for constructing (1H)-quinolines spiro-
annulated at C-2.

Whereas the synthetic potential of intramolecular Fri-
edel–Crafts alkylation is well documented, there has
been no report of intramolecular alkene alkylation
where an ipso-attack at the carbon attached to an alkyl
group plays a pivotal role in preparing alkyl substituted
dihydrospiro[(1H) quinoline-2,10-cycloalkanes]. Herein,
we wish to report an unexpected intramolecular Friedel–
Crafts alkylation with the internal alkene group in a
series of ortho-methyl (-ethyl) substituted 1-allyl-1-N-
arylaminocyclohexanes that easily undergo ipso-substi-
tution of the alkyl groups to give some poorly accessible
heterospiranes, which can be regarded as intermediates
in drug preparation.

To obtain the alkyl substituted dihydrospiro[(1H)quin-
oline-2,10-cyclohexanes], which are useful synthons in
our investigations on marine alkaloid spiroanalogs,7 the
1-allyl-1-N-arylaminocyclohexanes 1a–d8 (Fig. 1) were
used as starting compounds. Compounds 1 were pre-
pared from the easily accessible cyclohexanone imines
and allyl magnesium bromide in yields of 75–95% (cal-
culated after distillation and purification).

The acid catalyzed cyclization (97% H2SO4/CHCl3/60–
65 �C/3–5 h) of o-methylphenylamine 1a and its ethyl
substituted analog 1b proceeded smoothly to give 8-
alkyl substituted quinolines 2a and 2b in 85% and 65%
yield, respectively (Scheme 2). GC–mass analysis of the
crude reaction product 2a (R¼Me) indicated no side
products.

However, during the cyclization of 1b (R¼Et) we iso-
lated the unexpected 5-ethyl substituted quinoline 3b in
25% yield.Compounds 2b and 3b were purified by alu-
mina column chromatography as colorless oils with
similar retention coefficients. The mass and IR spectra
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Figure 1. ortho-Methyl (-ethyl) substituted 1-allyl-1-N-arylaminocy-

clohexanes, the key substrates in the synthesis of substituted 3,4-di-

hydro-4-methylspiro[(1H)quinoline-2,10-cyclohexanes].
of the isomeric quinolines 2b and 3b were virtually the
same. The 1H and 13C NMR spectroscopic data indi-
cated the formation of the 4-methylquinoline ring. X-ray
analysis of the hydrochloride salt of 3b led to the iden-
tification of the structure as 4-methyl-5-ethyl-3,4-dihy-
drospiro[(1H)quinoline-2,10-cyclohexane] realized as
two forms A and B (Fig. 2).9

These results could be explained in the context of an
intramolecular ipso-substitution–alkylation of the ethyl
group in compound 1b. A plausible mechanism for this
type of intramolecular Friedel–Crafts alkylation pro-
moted by the Br€onsted acid is proposed in Scheme 3. In
most cases, the carbon atom of the arene that acts as the
nucleophile has an attached hydrogen.10;11 Thus, in our
case, the normal Wheland intermediates 2*a,b, appeared
as a result of electrophilic attack at the free ortho-posi-
tion, followed by loss of Hþ from the C-4a position to
afford the 8-alkyl substituted quinolines 2a,b.

However, when the carbocation attacks the aryl moiety
at the alkyl substituted carbon (ipso-attack), Wheland
Figure 2. The X-ray crystal structure of 3b (form A (solid line) and B

(dotted line)).
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intermediates are formed that could give the three-center
cationic especies 3*a,b. A 1,2-shift of the ethyl group
from C-4a to C-5 followed by loss of Hþ leads to the
5-alkyl substituted quinoline 3b.

We assume that the methyl group of the ethyl radical
can stabilize the three-center cationic species 3*b due to
both induction and hyperconjugation effects. In the case
of 1a, the cationic center of the intermediate 3*a is not
stabilized enough by the hydrogen atom (Scheme 3).

To the best of our knowledge, examples of the intra-
molecular ipso-substitution of an ortho-alkyl group in
the presence of the second free ortho0-position have not
been observed.

This interesting result stimulated us to investigate fur-
ther the intramolecular alkylation process in the case of
ortho0-dialkylsubstituted compounds 1c,d. Treatment of
the ortho,ortho0-diethyl substituted allylarylaminocyclo-
hexane 1d under the same reaction conditions furnished
the expected 5,8-diethyl substituted spirane 2d in almost
quantitative yield (Scheme 4). In this case, as both ortho-
carbon atoms attached to the ethyl group are equivalent,
ipso-attack proceeds easily followed by a 1,2-shift of an
ethyl group and loss of Hþ to produce the aromatic
derivative.
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In the case of ortho,ortho0-dimethyl substituted allyl-
arylaminocyclohexane 1c, the intramolecular alkylation
proceeds more fascinatingly. Besides the ipso-substitu-
tion product 2c, which was obtained in 65% yield, we
isolated the heterocycle 5 (25%) possessing an unprece-
dented spiro structure. The spectroscopic data (1H and
13C NMR and mass spectra) did not allow the assign-
ment of its structure, which was unambiguously estab-
lished by X-ray analysis.8;12 As indicated,8;12 the central
bicyclo[2.2.0]octane fragment is endo-fused with a
piperidine ring and exo-fused with a cyclohexene ring.

This interesting finding could also be explained in the
context of intramolecular ipso-attack at the carbon
attached to the methyl group. A plausible mechanism
for the formation of these products is proposed in
Scheme 5. The Wheland intermediate 2*c can lead both
to the 1,2-shift product 2c (the main route A) and to the
dimeric product 5 via the loss of Hþ from the resonance-
stabilized structure 4* (route B). The existence of the
precursor 4 in the reaction mixture was proved by 1H
NMR spectroscopic data, but all attempts to isolate it
by chromatography failed.

This compound has a cis-diene structure and presum-
ably rapidly dimerizes acting as a diene and as a
dienophile. It is noteworthy that this [4+2] cycloaddition
proceeds in a highly regio- and diastereoselective man-
ner affording the endo-adduct 5.

In summary, we disclose a previously unknown
electrophilic alkylation process via an intramolecular
ipso-substitution of the ortho-alkyl group in the the N-
arylamino moiety of 1-allyl-1-N-arylaminocycloalkanes.
The new method provides an attractive and alternative
route to alkyl substituted C-2-spiroannulated quino-
lines. Efforts are in progress to elucidate the mechanistic
details of this intramolecular Friedel–Crafts alkylation
and to determine its scope and limitations.
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