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2-(N-Alkenyl-N-aryl)aminochromone-3-carbaldehyde undergoes intramolecular Povarov reaction with
aromatic amines in the presence of Ph3P�HClO4 to produce chromenonaphthyridine. The effects of substi-
tuent and catalyst have been studied. The substituent on the alkenyl part of aminochromone controls the
mode of reaction as well as the stereochemistry of the product.
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[1,6]-Naphthyridine is a basic unit of many pharmaceutically
important compounds. 7-Substituted-[1,6]-naphthyridine deriva-
tives are potential tyrosine kinase inhibitors.1 A series of [1,6]-naph-
thyridines exhibited potent activity against Human Cytomega
lovirus.2 7-Carbamoyl-8-hydroxy derivatives act as novel inhibitors
of HIV-I integrase in vitro and in infected cells.3 3-Oxadiazolyl-[1,6]-
naphthyridine derivatives are useful as benzodiazedine receptor
agonist.4 Naphthyridines fused with various carbocyclic and hetero-
cyclic rings display characteristic properties in multifarious
pharmacological and chemotherapeutic activities. Some of them
exhibit antimicrobial activities.5

Intramolecular imino-Diels–Alder reaction (Povarov reaction)
has widely been studied in the last decade. Although the pioneer-
ing work of Povarov6 was accomplished using BF3�Et2O as catalyst,
other catalysts like FeCl3, DDQ, Ln(OTf)3,7 GdCl3,8 InCl3,9 SbCl3,10

KSF-clay,11 CAN,12 Yb(OTf)3,13 PPh3�HClO4 (TPP),14 and glycerol15

have also been employed. Intramolecular Povarov reaction is an
important tool for the synthesis of two rings by a single operation
and is utilised for the synthesis of tertahydroquinoline ring system
fused with carbocycles15 or different heterocycles like indolylpyr-
role,16 benzopyran.14,17

2-(N-Alkyl-/N-aryl)aminochromone-3-carbaldehyde (1) is a
building block for the synthesis of different heterocycles.18 2-(N-
Alkenyl-N-aryl)aminochromone-3-carbaldehyde (2) has been
employed for the intramolecular [3+2] cycloaddition reaction via
ll rights reserved.

Bandyopadhyay).
nitrone19 or azomethine ylide20 and intramolecular inverse elec-
tron demand [4+2] cycloaddition reaction.21 The results of the reac-
tion of compound 2 with aromatic amines 3 and the effects of
substituent and catalyst on this reaction are reported herein.

With the intention of performing intramolecular imino-Diels–
Alder (IIDA) reaction on 7 (A or B) (Scheme 2), a mixture of 2a
(0.25 mmol) and aromatic amine 3a (0.25 mmol) was stirred in
acetonitrile at room temperature. But, the reaction mixture pro-
duced a mixture of 418b and 518f along with unreacted 2a (Table
1, entry 1) (Scheme 1). Formation of 5 may be explained by consid-
ering the nucleophilic substitution of 3�-amine moiety in 2a by 3a
to form 4. It reacts with the second molecule of 3a to form the
Schiff-base, which tautomerises to 5. The mechanism demands
two equivalents of 3a to produce 5. Indeed, compound 5 was iso-
lated in good yield (80%) when 2 equiv of 3a was employed.

In order to facilitate inverse electron demand IIDA reaction, the
energy of HOMOdienophile in 7 was increased by introducing one
methyl group into the alkenyl part of 2 by the alkenylation of 1
with crotyl bromide. But the reaction of 2b with 3a in CH3CN again
produced 5 (entry 2). Interestingly, use of 2c (having one more
methyl group in the dienophile) and 3a yielded a mixture of 5
and a small amount of the desired product 6b (entry 3) (Scheme
2). These results gave us an impetus to study this IIDA reaction
more explicitly. Regarding the choice of solvent, CH3CN was found
to be the most effective solvent among MeOH, EtOH, toluene, DMF
and CH3CN. Realising the effect of increasing the energy of
HOMOdienophile in the inverse electron demand IIDA reaction, we
became interested to lower the energy of LUMOheterodiene by
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Scheme 2. Reaction between 2 and 3 in presence of catalyst.
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employing Lewis acid. With that intention a few catalysts like
FeCl3, BF3�Et2O, InCl3 and TPP were screened for the optimisation
of this reaction. FeCl3 showed some detrimental effect (entry 4),
which may be due to complexation between 2c and FeCl3. BF3�Et2O
gave poor yield of 6b (entry 5), but InCl3 gave a moderate yield
(53%) of 6b in 15 h (entry 6). Use of TPP shortens the reaction time
with a little improvement in yield of 6b22 (entry 7).

Catalyst loading of TPP was standardised based on the reaction
of 2c and 3a in acetonitrile. It was observed that use of 40 mol % of
TPP gave the best result (entries 7–10). Use of 10 mol % of TPP gave
a mixture of 5 and 6b (entry 8). A few more reactions for the
synthesis of 6 having different substituent on chromone 2 and
amine 3 were performed (entries 11–13). To check the effective-
ness of the catalyst, TPP (40 mol %) was employed into an equimo-
lar mixture of 2b and 3a in CH3CN. After stirring for 20 h, the
reaction mixture produced 5 as the major product and small
amount of 6a (5%) (entry 14). When the same reaction using 2e
and 3a was carried out, InCl3 or TPP failed to cause IIDA reaction
and compound 5 along with unreacted material 2e was isolated
(entries 15 and 16). These results clearly indicate that the individ-
ual effect of increasing the energy of HOMOdienophile or decreasing
the energy of LUMOheterodiene is not sufficient for 7 to take part in



Table 1
Results of the reaction between 2 and 3 under different conditions

Entry 2 3 Catalyst (mol %) Time (h) Product Yield (%) Mp (�C)

1 2a 3a — 20 5a 29b 214–21618f

2 2b 3a — 15 5 25b 212–214
3 2c 3a — 30 5 15c 214–216

6b 13 154–156
4 2c 3a FeCl3(20) 5 6b 06 154–156
5 2c 3a BF3�Et2O 4 6b 26 154–156
6 2c 3a InCl3 (20) 15 6b 53 154–156
7 2c 3a TPP (20) 8 6b 57 154–156
8 2c 3a TPP (10) 12 6b 45 154–156

5 05 214–216
9 2c 3a TPP (40) 6 6b 87 154–156
10 2c 3a TPP (60) 6 6b 85 154–156
11 2d 3a TPP (40) 6 6c 89 198–200
12 2c 3b TPP (40) 6 6d 90 150–154
13 2d 3b TPP (40) 6 6e 58 196–198
14 2b 3a TPP (40) 20 5 30c 214–216

6a 05 160–162
15 2e 3a InCl3(20) 15 5 25b 214–216
16 2e 3a TPP (40) 15 5 22b 214–216
17 2f 3a TPP (40) 5 8a 63 262–264
18 2g 3a TPP (40) 6 8b 65 170–172
19 2f 3b TPP (40) 5 8c 77 250–252
20 2g 3b TPP (40) 6 8d 58 218–220

Ar = p-C6H4(Me).
a Use of 2 equiv of 3a produced 80% of 5.
b 10–15% of 2 was recovered and trace amount of 4 was detected.
c Very small amount of 4 was also isolated.
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IIDA reaction but their combined effect led to the desired result.
Structure of 6 was assigned on the basis of IR, 1H NMR, 13C NMR
and mass spectral analysis.23 The cis stereochemistry of CD-ring
juncture in 6 was assigned on the basis of small coupling constant
value (J = 2.7 Hz) at d 5.13 for C14b–H.

The above methodology was then extended with 2f and 2g. An
equimolar mixture of 2f or 2g and 3a or 3b in CH3CN was stirred at
room temperature for 5–6 h in the presence of TPP (40 mol %) and
Na2SO4 to produce 8a–d in moderate yields (entries 17–20). The
noticeable thing is that the CD-ring juncture in 8 is trans in nature,
which is observed from the large coupling constant value
(J = 9.9 Hz) at d 4.6 for C14b–H.

Formation of 6 and 8 may be rationalised as follows: 2 reacts
with 3 to form the aldimine 7, which attains conformation 7A or
7B for performing [4+2] cycloaddition reaction. Endo-approach of
dienophile in 7A is favoured when R4 = Me to form 6, whereas
exo-approach in 7B led to the formation of trans-fused product 8
when R4 = Ph (Scheme 2). In the exo-approach (7B) (R4 = Ph), this
phenyl group becomes endo to the heterodiene and is supposed
to exert additional secondary bonding interaction.

In conclusion, we have reported a substituent- and catalyst-
controlled intramolecular imino-Diels–Alder reaction involving 2-
(N-alkenyl-N-aryl)aminochromone-3-carbaldehyde and aryl
amines, which led to the synthesis of hitherto unreported
chromenonaphthyridines.
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