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The intramolecular cyclization of 2 -aminochalcones derived from 2- and 4-pyridinecarboxaldehydes was
carried out in the presence of Amberlyst�-15/AcOH media. Unexpectedly, the reaction proceeded through
a 5-exo process turning into an alternative approach for the synthesis of 2-(pyridinylmethylene)indolin-
3-ones.

� 2008 Published by Elsevier Ltd.
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The dihydro-1H-indol-2- or 3-one frameworks are found in
diverse natural occurring products such as Donaxaridine1 or
Austamide,2 but also widely used as synthons in the preparation
of biologically interesting compounds such as melatonine analogs3

and d-carboline.4

Particularly, their arylidene-derivatives are structures of special
interest due to the displayed biological activities. For example,
compounds in Figure 1 have shown the following properties:
SU5416 (Semaxanib: R1 = R2 = H)5 and SU11248 (Sunitinib: R1 = F,
R2 = CONHC2H4NEt2)6 are potent KDR kinase inhibitors currently
in clinical evaluation stage; compound A432411 (Ar = 4-hydroxy-
3-methoxyphenyl) is an efficient synthetic microtubule inhibitor
against a variety of human cancer cell lines;7 the synthetic com-
pound 1 has shown potent antiamnesic activity;8 and indolin-3-
one 2a and related derivatives have been prepared as substrates
for chromogenic detection of esterase activity.9

The classical procedure to prepare indolinone arylidene-deriva-
tives, such as 2, includes both aqueous and non-aqueous base-
catalyzed condensation reaction of indolinones such as 3 with aryl
aldehydes9 (see Scheme 1); and, for example, product 2a (Ar:
4-pyridinyl) was obtained in 83% yield.10

Continuing with our studies on the synthesis and chemical
transformations of chalcones,11 we have recently reported the
use of the Amberlyst�-15 as an efficient catalyst for the intra-
molecular cyclization of a variety of 20-aminochalcones 4 as an
Elsevier Ltd.
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Scheme 2. Reagents and condition:(i) Amberlyst�-15 (10% w/w), AcOH, 80 �C.
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Figure 2. Molecular structure of indolinone 6a with methanol solvate, showing 30%
of probability ellipsoid. Hydrogen bonds between 6a at (x, y, z) and two different
molecules of methanol at (a) (x, y, 1 + z) and (b) (1�x, �y, 1�z) are indicated with
dashed lines.
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alternative approach toward the synthesis of the hydroquinolin-4-
one system 5,12,13 as shown in Scheme 2.

Compounds 5 are pale yellow solids and show fluorescence
both in solution and in solid state by irradiation with long-wave-
length UV light. Nevertheless, when chalcone 4a was submitted
to the same reaction conditions (i); a non fluorescent dark red solid
was obtained as unique product. The spectroscopic evidence
showed that typical signals for the expected structure 5a did not
appear (e.g., the absence of the ABX system in 1H NMR), but they
are consistent with the tentative indolinone structure 6a, see
Scheme 3.

To confirm the proposed structure for 6a without ambiguity,
single crystals were grown in methanol and solved by X-ray dif-
fraction analysis, which structure is displayed in Figure 2.14

According to this finding, a 5-exo cyclocondensation process
prevailed over the expected 6-endo, specifically for chalcone 4a
but not for the rest of chalcones 4 previously studied.12 In this
sense, indolinone 6a could have been formed across a mechanism
pathway such as that described in Scheme 4. In which the key step
is the formation of resonant species I, where the ipso-carbon atom
of the pyridine ring rapidly acquires a positive charge after the pro-
tonation of the basic pyridine nitrogen atom. This species I is also
stabilized via an exocyclic allylic type cation, which favors the 5-
exo attack of the amino group toward the a-position of I originat-
ing the species II which rapidly tautomerizes to structure III. A
subsequent dehydrogenation process on the intermediate III will
generate the isolated compound 6a. The feasible hydrogen accep-
tor for the oxidation of III should be the ambient oxygen involved
in the experimental conditions.

It might suggest that the possible stabilization of a radical inter-
mediate by the pyridine ring is the driving force for this latter pro-
cess. Similar argument would allow us to predict the formation of
the analogous product 6b, from the isomeric 2-pyridinyl chalcone
4b, since the formation of a cationic resonant species similar to I is
completely feasible, favoring again the 5-exo process versus the
6-endo. In the same way, this proposed sequence might discard
the formation of a product type 6 when starting from the isomeric
3-pyridinyl chalcone 4c, since this position of the nitrogen atom in
the pyridine ring does not allow the formation of a stable resonant
species like I, as depicted in Scheme 5. In this case a 6-endo process
would be favored and the quinoline 5c will be the expected
product.

In order to confirm that predicted in Scheme 5, the chalcones 4b
and 4c were subjected under the same reaction conditions (i),
Scheme 6. In the case of chalcone 4b a dark red solid was obtained
again, to which the indolinone structure 6b was assigned after the
spectroscopic analysis, whereas from chalcone 4c a fluorescent yel-
low solid was obtained corresponding to the predicted quinoline
structure 5c.12
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These results agree with proposal mechanism (Scheme 4) for
the formation of the unexpected indolinones 6, and the postulated
argument to predict formation of 5 or 6 derivatives.

Finally, in order to evaluate the general character of these find-
ings, the chalcones 7a,b were synthesized in 40% and 60% yield,
respectively,13 and submitted to the same reaction conditions (i)
to give the expected indolinones 2a and 2b (Scheme 7) as the
unique products in 65% and 68% yield, respectively.14

The somewhat better yields of 6a over 2a and 6b over 2b struc-
tures could be caused by reduction of the positive charge on the
carbonyl carbon by resonance with the para oxygen of the methyl-
enedioxy group, which also support the proposed key species I.

In summary, we are here showing an alternative route for the
synthesis of the specific 2-(2- and 4-pyridinylmethylene)indolin-
3-ones 2 and 6 in good yields. The formation of products 2 and 6
proceeded across an unexpected 5-exo cyclization process which
should involve a key resonant species type I whose formation is
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only possible for the 2- and 4-pyridinyl moieties. For the 3-pyrid-
inyl moiety the 6-endo process is the preferred one leading to the
expected quinoline framework 5. Although all the reactions were
carried out specifically in the Amberlyst�-15/AcOH media, we
think that a relatively strong acidity is needed for the protonation
of the pyridinyl moieties and so for the formation of the key spe-
cies I, because reaction was not observed when only AcOH was
used without the presence of Amberlyst�-15.
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