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Ethyl β-aminocrotonate (1) functioning as an enamine, may
either undergo Michael addition to the exocyclic α,β-unsatu-
rated carbonyl functionality (Scheme 1) or attack at the pyran
2-position (Scheme 2) of the condensates 2 of the title alde-
hyde. The mode of initial addition and further transformation
of the adducts depends on the nature of R1 and R2 groups of
the latter (2). The Michael adduct 3 (R2 = Me) may cyclise to
the dihydropyridine 4A,B and 3 (R1 = R2 = OEt) to 4C
(Scheme 1 – path a). Elimination of CH2(COR1)COR2 from 3
(retro Michael) (Scheme 1 – path b) leads to the imine 5 that
may tautomerise to the enamine 6. The latter two intermedi-
ates (5 and 6) can undergo intramolecular Michael addition or
electrocyclisation with concomitant opening of the pyran ring
to give the substituted pyridine 7 and benzophenone 8, respec-
tively. Transformation of 5 to the pyranopyridine 11 via 9 and
10 is also possible.

An alternative addition of the enamine 1 to the pyran 2-posi-
tion with concomitant opening of the pyran ring, gives the
intermediate 14 which by double cyclisation, forms the pyra-
nopyridine 15 (Scheme 2 – path a). If the conformation of this
intermediate is as shown in 14, its alternative cyclisation with
elimination of CH2(COR1)COR2 to 7 or/and 8 (path b) is
unlikely.

The products obtained by heating a solution of 1 and 2 in
DMF on a water bath are tabulated in Table 1. Formation of
4A, 11 and 15A from reaction of 1 with 2A involves nearly all
the plausible reaction courses as depicted in Schemes 1 and 2.
The enamine 1 does not add to the pyran 2-position of 2B and
2C (Scheme 2) thereby precluding the formation of the pyra-
nopyridines 15B and 15C, respectively. Facile cyclisation of
3A,B to 4A,B (Scheme 1 – path a) predominates over the
reaction courses (path b) leading to 7, 8 and 11. The adduct
3C, obtained from 1 and 2C, is comparatively stable as the
cyclisation involving its amino and ester group leading to 4C
(path a) is not so facile. The lower nucleofugality of malonate
anion apparently decreases its rate of conversion to 5 (path b).
In fact we were able to isolate the adduct 3C and benzophe-
none 8 in two cases and chromone linked pyridine 4C in one
case only (Table 1). A DMF solution of 3Cc on further heat-
ing at 100°C gave a mixture of 8c and 11c. Reaction of 2Ca
with 1 in 1:1.5 molar proportion yielded the dihydropyridine
4Ba in addition to 8a and 11a evidently via the intermediate
5a. In no case could the pyridine 71 be isolated. 

Diethyl 1,4-dihydro-2,6-dimethyl-3,5-dicarboxylate
(Hantzsch ester) when dissolved in chloroform is gradually

dehydrogenated at ambient temperature5, but the dihydropy-
ridines 4A and 4B like their 4-aryl analogues survived even
prolonged digestion in chloroform. 4A and 4B were dehydro-
genated to respectively to 12A and 12B by refluxing with pal-
ladised charcoal in xylene. Refluxing 12A with liquor
ammonia in ethanol afforded the diazanaphthalene 13. In 1H
NMR spectra, the ethoxymethylene protons of the pyridines 4
and 12 appear as quartets of quartets. The appearance of 3-
and 4-H of 4Cb (at δ 3.82 and 4.81) as two slightly broadened
singlets is compatible with the dihedral angle of 91.2°
between these two vicinal protons in the global energy min-
imised structure of the compound. For the dihydropyridine
4B, quaternary carbon peak at ca δ 98 is attributable to its
pyridyl 3-, 5-C and that at δ 147 to 2-, 6-C. The reverse assign-
ment of the above two peaks in isomeric diethyl 1,4-dihydro-
2,6-dimethyl-4-(4-oxo-4H-1-benzopyran-2-yl)pyridine-3,5-di
carboxylate8 is wrong.
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Table 1 Yields (%) of the products obtained from ethyl β-
aminocrotonate (1) and chromones 2 in DMF at water bath
temperature

Substrate Productsa

2 3 4 8 15

Aa — 47 — 8
Ab — 52 — 6
Ac — 37 — 18
Ba — 51 — —
Bb — 32 — —
Bc — 26 — —
Ca — — 32
Cb 15 8 — —
Cc 14 — 15 —
aEach member of the chromones 2 gave in < 3% yield the
corresponding 1-benzopyrano[4,3-b]pyridine 11 identical with
an authentic sample1. The same reaction for 2A and 2B in
refluxing ethanolic solution gave a higher yield (10–15%) of 11
but a lower yield (~ 25%) of 4.
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Scheme 1



J. CHEM. RESEARCH (S), 2002 313

Table 1: Yields of the products obtained from the enamine 1 and
chromones 2

Table 2: Analytical and 1H NMR spectral data for the pyridines 4 and
12

Table 3: 13C NMR spectral data for 4 and 12.
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