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Lithium Perchlorate/Diethylether Catalyzed Aza-Diels-Alder Reaction:
An Expeditious Synthesis of Pyrano, Indeno Quinolines and Phenanthridines#
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Abstract: Lithium perchlorate in diethylether (LPDE) is found to
catalyze imino-Diels-Alder reactions of N-aryl aldimines with 3,4-
dihydro-2H-pyran (DHP), indene, and cyclohexenone to afford the
corresponding pyrano, indeno quinolines and phenanthridinone de-
rivatives in high yields.
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Aza-Diels-Alder is one of the most powerful synthetic
routes for constructing nitrogen containing six-membered
heterocycles.1 Pyrano quinoline derivatives are found to
possess a wide spectrum of biological activities2 such as
psychotropic, antiallergic, anti-inflammatory and estro-
genic activity. Indeno quinolines are also known to exhib-
it a vast range of pharmacological activities3 such as 5HT-
receptor binding, anti-inflammatory and anti-tumor. The
imino-Diels-Alder provides an easy access to pyrano, in-
deno quinolines and phenanthridine derivatives. Imines
derived from aromatic amines act as heterodienes and un-
dergo imino-Diels-Alder reaction with various dieno-
philes. Lewis acids4-6 are known to catalyze these
reactions. Also, lanthanide triflates7 are found to be effec-
tive. However, many Lewis acids are deactivated or some-
times decomposed by nitrogen containing reactants; even
when the desired reactions proceed, more than stoichio-
metric amounts of the Lewis acids are required because
the acids are trapped by nitrogen.1 Lithium perchlorate in
diethylether (5M LPDE) is found to retain its activity even
in the presence of amines8. Although, aza-Diels-Alder re-
action is an important synthetic route for the construction
of a variety of heterocycles, the usage of expensive
reagents7, strongly acidic conditions9 and stoichiometric
amounts of the acids1 always demands newer and efficient
reagents which can effect the transformation under mild
and neutral reaction conditions.

In recent years, lithium perchlorate in diethyl ether has re-
ceived considerable attention as a powerful reaction me-
dium for effecting various organic transformations10 such
as cycloaddition reactions, sigmatropic rearrangements,
ring opening reactions of epoxides, glycoside synthesis,
selective carbonyl protection as dithioacetals, Michael ad-
dition and aldol condensation reactions. The lithium ion
acts as a mild Lewis acid in diethylether and shows en-
hanced rates and selectivity in cycloaddition reactions. In
addition, LPDE medium offers a convenient procedure to
carry out the reactions under essentially neutral reaction
and work-up conditions. These special properties inherent

to LPDE medium prompted us to disclose a mild and effi-
cient procedure for the synthesis of pyrano, indeno quino-
lines and phenanthridine derivatives.

In this communication, we wish to report the 5M ethereal
LiClO4 catalyzed imino-Diels-Alder reaction of aldimines
with various olefins like 3,4-dihydro-2H-pyran, indene,
and cyclohexenone to afford corresponding quinoline de-
rivatives. The reactions proceeded smoothly at ambient
temperature to give the products in high yields in a short
reaction time with high diastereoselectivity. The en-
hanced reaction rates and selectivity was observed in imi-
no-Diels-Alder reaction in 5M LPDE medium. The mild
Lewis acidity of the lithium ion in diethylether activates
the imines (Schiff’s bases) to behave as heterodienes in
this reaction. Several aldimines (formed in situ from aro-
matic aldehydes and anilines in the presence of sodium
sulphate in diethylether) were treated with 3,4-dihydro-
2H-pyran in 5M LPDE medium to afford corresponding
pyrano [3,2-c] quinolines in 80-95% yield. The products
were obtained as a mixture of cis- and trans- isomers,
which were separated by column chromatography on sili-
ca gel. The product ratio was determined by 1H NMR
spectrum of crude product.

Scheme 1

Similarly, N-benzylidineanilines were treated with cyclo-
hexenone in 5M LPDE medium at ambient temperature to
afford corresponding phenanthridinone derivatives in
good yields. 2-Cyclohexenone is a dienophile of low reac-
tivity. The coordination of the carbonyl function of the cy-
clohexenone with LPDE increases the reactivity of
dienophile and enhances the yield. The reaction of cyclo-
hexenone with Schiff’s base gave the product as a mixture
of cis- and trans- isomers, which were separated by col-
umn chromatography. 
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Scheme 2

The reaction of indene with aldimines gave only a single
isomer, which was confirmed by 1H NMR spectra and is
also in agreement with earlier observation.5b 

Scheme 3

The reaction of aldimines with indene and cyclohexenone
took longer reaction time to afford corresponding indeno
quinolines and phenanthridinone derivatives in compara-
ble yields with pyrano quinolines. Similarly various ald-
imines were treated with different dienophiles in 5M
LPDE medium to give the corresponding quinoline deriv-
atives and the results are presented in the Table.

In conclusion, we have described 5M LPDE to be an ex-
cellent medium for the synthesis of pyrano, indeno quino-
lines and phenanthridinone derivatives through imino-
Diels-Alder reaction of aldimines with 3,4-dihydro-2H-
pyran, indene and cyclohexenone, respectively. The pro-
cedure offers several advantages like mild/neutral reac-
tion conditions, high yields of products, low cost of the
reagents, enhanced rates & selectivity, operational sim-
plicity and ease of isolation of the products which makes
it a useful procedure for the synthesis of these compounds.
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