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A novel one-step synthesis of pyridoquinolines and
pyridoisoquinolines from quinoline, 6-methyl-, and
6-methoxyquinolines and isoquinoline under Friedel–
Crafts conditions is reported. The complete structures
of the pyridoquinoline and pyridoisoquinoline analogues
obtained by using 6-methylquinoline and isoquinoline as
substrates were established by single-crystal X-ray analysis.

Our recent synthesis of polyaryl compounds 1–4 as well as that
of Roberts et al.5,6 employing excess amounts of substrates and
catalyst, and sometimes elevated temperatures under Friedel–
Crafts conditions revealed the synthetic utility of the technique.
These results and our subsequent one-pot syntheses of novel
indolylquinolines 7 of biological interest 8,9 and new indole
analogues 10 from indoles have added a new dimension to
Friedel–Crafts chemistry.11–14 Our next target was using
quinolines and isoquinolines as substrates. These heterocycles
are in general resistant to Friedel–Crafts acylation.15 Surpris-
ingly, under our experimental conditions good yields of novel
functionalized pyridoquinolines and pyridoisoquinolines were
obtained in one step. This new synthetic approach to such
unique pyridoquinolines is attractive for its simplicity and
possible general applicability.

The initial study involved the use of quinoline (1), 6-methyl-,
and 6-methoxyquinolines (2,3) as substrates, dichloroacetyl
chloride as acylating agent and anhydrous aluminium chloride
as the catalyst. The use of excess amounts of the substrates and
the catalyst and application of elevated temperature were oblig-
atory for the success of the synthesis. Nitrobenzene was used
as the solvent and the ratio 1 :1 : 0.4 was maintained for the
substrate, the catalyst and the acylating agent.16 Purification by
column chromatography over silica gel yielded the compounds
(4–6) as single isolable products in good yields (66–75%). Elem-

ental analysis, UV, IR, NMR and mass spectral data 16 of the
products disclosed that these were not usual acylated products
but novel compounds generated through a unique way of form-
ation. However, the spectral data appeared to be inadequate for
unambiguous determination of the structures. Single-crystal
X-ray analysis was performed for unambiguous elucidation of
the structure of 5,17 and the compounds 4 and 6 which are
similar to 5 in their spectral characteristics, could also be
described as shown. The ORTEP 18 drawing of the molecular
structure of compound 5 is shown in Fig. 1.

 Thus the reaction producing the compounds 2,4-dichloro-

3-hydroxy-1H-pyrido[1,2-a]quinolin-1-one (4), 2,4-dichloro-
3-hydroxy-8-methyl-1H-pyrido[1,2-a]quinolin-1-one (5) and
2,4-dichloro-3-hydroxy-8-methoxy-1H-pyrido[1,2-a]quinolin-
1-one (6) seemed to be an attractive method for the synthesis
of such heterocycles.

The mechanism for the formation of pyridoquinolines and
pyridoisoquinolines is obscure. However, a mechanism for the
formation of the pyridoquinolines may be proposed as exempli-
fied for the substrate, 6–methylquinoline (2) (Scheme 1). Initial
acylation of the quinoline nitrogen produces a species 7 which
in its enolic form can undergo cycloaddition with dichloro-
ketene (generated from the acid chloride and quinoline 19) to
produce the intermediate 8. Loss of a proton and a molecule
of HCl may subsequently generate 9 which presumably loses a
Cl� ion with the assistance of AlCl3 to form an extended con-
jugation, leading after hydrolysis to 5. It may be noted that
ketenes usually undergo [2 � 2] cycloadditions; however some
examples of [4 � 2] cycloaddition are also known.20,21

To test the generality of the reaction the next substrate
selected was isoquinoline 10 with the acylating agent, the
catalyst as well as the solvent remaining the same. However,

Fig. 1 The ORTEP drawing of the molecular structure of 2,4-
dichloro-3-hydroxy-8-methyl-1H-pyrido[1,2-a]quinolin-4-one (5).
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unlike quinoline, isoquinoline has two sp2 carbon atoms
adjacent to the N-atom and as such two products, 1,3-dichloro-
2-hydroxy-4H-pyrido[2,1-a]isoquinolin-4-one (11) and 1,3-
dichloro-2-hydroxy-4H-pyrido[1,2-b]isoquinolin-4-one (12)
would be expected to be formed. However, compound 11 was
isolated as the major product (yield 66%) 22 and its structure
was elucidated unambiguously by single-crystal X-ray anal-
ysis.23 The ORTEP 18 drawing of the molecular structure of 11 is
shown in Fig. 2.

The product 12 could not be isolated in a pure form although
its formation could be inferred from the 1H NMR character-
istics of a very small impure fraction. The poor yield of 12 may
probably be attributed to its structural instability.

In conclusion, we have developed a new method for the
synthesis of functionalized pyridoquinolines from quinolines
and pyridoisoquinolines from isoquinolines with the prospect
of expanding it to other similar aromatic heterocycles as sub-
strates. Thus this annelation to quinolines and isoquinolines
provides an entirely new route for the one-step preparation of
potential pyridoquinolines and pyridoisoquinolines.

It may be mentioned that the quinolizine ring system occurs
in a number of bioactive alkaloids.24 This method should pro-
vide an easy access to these alkaloids using suitable derivatives
of quinoline and isoquinoline as substrates.

Fig. 2 The ORTEP drawing of the molecular structure of 1,3-
dichloro-2-hydroxy-4H-pyrido[2,1-a]isoquinolin-4-one (11).

Scheme 1
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