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Abstract: Interaction of 2-imino-2H-pyrano[2,3-c]pyridin-3-carboxamide with

substituted 2-aminobenzophenones proceeds via recyclization mechanism leading to

substituted 3-(4-arylquinazolyn-2-yl)-2H-pyrano[2,3-c]pyridin-2-ones. Their reaction

with acetic anhydride affords the O-acylation products.

Keywords: 2H-Pyrano[2,3-c]pyridin-2-one, quinazoline, recyclization

3-Substituted 2H-benzopyran-2-one derivatives and their bioisosteric 2-imino

analogs represent well-known pharmacophoric scaffolds with a wide portfolio

of interesting physiological activities. For example, they were reported as

potential antiasthmatic,[1] antiinflammatory,[2] antibacterial,[3] antidiabetic,[4]
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and oncolytic[5] drugs and promising therapeutic agents for alcohol

dependence.[6] These recent examples reflect the ongoing interest in new

benzopyran-2-one derivatives and have prompted us to explore a synthetic

route to their substituted and heterocycle-modified analogs, which can serve

as a fertile source of biologically active molecules.

In a series of our recent works, we demonstrated that 5-hydroxymethyl-2-

imino-8-methyl-2H-pyrano[2,3-c]pyridin-3-carboxamide (1) can readily

react with nucleophilic agents in a similar manner as 2-iminocoumarin-3-

carboxamides (Scheme 1).[7 – 12] Depending on the reaction conditions and

the nature of nucleophilic reactant, the products of substitution at 2-imino

nitrogen or the products of intermolecular recyclization, 3-heteroaryl-2H-

pyrano[2,3-c]pyridin-2-ones, can be formed. Thus, interaction of compound

(1) with aromatic amines afforded the N2-aryl substituted derivatives (2).[11]

At the same time, reaction with a series of N(4)-substituted thiosemicarbazides

led to the corresponding 5-amino substituted 3-(5-amino-[1,3,4]thiadiazol-2-

yl)-5-hydroxymethyl-8-methyl-2H-pyrano[2,3-c]pyridin-2-ones (3).[12]

Reported herein are our continuing studies of the synthesis and

characterization of novel 3-substituted and heterocycle-modified analogs of

2H-benzopyran-2-one pharmacophore. We have found that reaction of

carboxamide (1) with substituted 2-aminobenzophenones (4a–d) in glacial

acetic acid at reflux led to novel heterocyclic structures (8a–d) in good

yields (68–81%) (Scheme 2).

The reaction probably follows the same recyclization mechanism, which

was postulated for the assembly of 3-heteroaryl substituted coumarines.[9,12]

It can be suggested that, under the described conditions, the reaction

proceeds via a series of reactive intermediates (5)–(7). The first intermediate

(5) represents a product of coupling of 2-imino group of compound (1) to the

Scheme 1.
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amino group of 2-aminobenzophenone (4). Molecular ammonia formed in

this reaction reacts in situ with the keto group of (5) to give the ketimine

(6). The intermolecular nucleophilic attack of the NH group on the carbon

atom of imino group in the ketimine (6) leads to opening of the iminolactone

ring and assembly of the quinazoline ring in (7). Secondary nucleophilic

attack of hydroxyl group on carboxamide fragment in (7) restores the

lactone cycle and affords the desired compound (8). The suggested

mechanism is in agreement with the well-documented possibility for trans-

formation of 2-imino-2H-benzopyran-3-carboxamides via iminolactone ring

opening.[13] The described reactions were carried out in absolute methanol

without separation of individual intermediates, and the desired products

(8a–d) precipitated from the reaction mixture as crystalline solids. Upon

the treatment with acetic anhydride in boiling glacial acetic acid,

compounds (8a–d) were smoothly converted to the corresponding

O-acylation products (9a–d). Isolated yields of (9a–d) were generally high

and ranged from 78 to 92%.

Generally, the described reactions afforded clean crystalline colored or

colorless products. The proton and 13C NMR spectra as well as elementary

analysis of the synthesized compounds were in agreement with their

suggested structures. 1H NMR spectra of the synthesized compounds

contain several characteristic signals, which can be used for their identifi-

cation. Thus, 1H NMR spectra of compounds (8a–d) showed characteristic

signals from protons in the positions 4 (8.82–8.84 ppm) and 6 (8.36–

8.38 ppm) of the pyrano[2,3-c]pyridine heterocycle, as well as signal from

the methyl and hydroxymethyl substituents. All these spectra also contain

resonances from aromatic protons of substituted phenyl and quinazoline

Scheme 2.

Substituted 2H-Pyrano[2,3-c]pyridin-2-ones 1643

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
G

la
sg

ow
] 

at
 0

5:
36

 2
2 

D
ec

em
be

r 
20

14
 



rings in the range of d 7.50–7.86 ppm and 7.67–8.23 ppm, respectively. The

signals from H-5 of the quinazoline system are sensitive to the presence of R1

and R2 substituents. Mass spectra of all the synthesized compounds revealed

the presence of molecular ions and other large fragments, consistent with the

assigned structures. The IR spectra of pure products (8a–d) indicated the

presence of strong C55O bands (1713–1763 cm21) and weak C55N bands

(1632–1694 cm21). The latter signals were sometimes overlapped with the

strong signals from aromatic C55C bonds. The formation of compounds

(6a–d) and (7a–d) is accompanied by disappearance of nN–H bands of the

imide and amide fragments (3400–3300 cm21), and C55O bands correspond-

ing to keto group (1670–1690 cm21).

In summary, we have shown that upon the treatment with 2-aminobenzo-

phenones, carboxamide (1) can undergo intramolecular recyclization leading

to novel substituted 3-(4-arylquinazolyn-2-yl)-2H-pyrano[2,3-c]pyridin-2-

ones (8a–d). Considering the availability of initial reactants, convenient

synthesis and isolation of products, and the overall good chemical yields of

these transformations, this route provides a valuable synthetic approach to

novel heteroaryl-substituted 7-azaanalogs of biologically active 3-heteroaryl

substituted benzopyran-2-ones.

EXPERIMENTAL

Melting points were measured with a Buchi B-520 melting point apparatus

and are not corrected. Elemental analysis were within +0.4% of the theoreti-

cal value. IR spectra were recorded on Specord M80 spectrometers in KBr. 1H

NMR spectra were recorded on Varian Gemini-300 and Bruker DRX-500

spectrometers in DMSO-d6 using TMS as an internal standard. 2-Imino-5-

hydroxymethyl-8-methyl-2H-pyrano[2,3-c]pyridine-3-carboxamide (1) was

prepared from pyridoxal hydrochloride and cyanoacetamide using a pre-

viously described approach.[12]

General procedure for the preparation of substituted 5-(hydroxymethyl)-
8-methyl-3-(4-phenylquinazolin-2-yl)-2H-pyrano[2,3-c]pyridin-2-ones

(8a–d): Compound (4a–d) (2 mmol) was dissolved at 408C in glacial acetic

acid (10 mL). A solution of 0.46 g (2 mmol) of carboxamide (1) in glacial

acetic acid (10 mL) was added and the mixture was heated at reflux for

30 min. The reaction mixture was then cooled and the precipitate was

filtered out and recrystallized from appropriate solvent, such as ethanol,

dimethylformamide, or their mixture to afford the corresponding 3-(4-arylqui-

nazolin-2-yl)-2H-pyrano[2,3-c]pyridin-2-one (8a–d) as a crystalline solid.

5-(Hydroxymethyl)-8-methyl-3-(4-phenylquinazolin-2-yl)-2H-pyrano[2,3-c]

pyridin-2-one (8a): This compound was obtained in 74% yield as a white solid,

I. O. Zhuravel et al.1644
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mp 2538C; IR (cm21): 3428, 3061, 1747, 1606, 1553, 1521, 1479; 1H NMR

(500 MHz, DMSO-d6): d 2.61 (s, 3H), 4.80 (d, J ¼ 7.2 Hz, 2H), 5.54

(t, J ¼ 2.7 Hz, 1H), 7.64 (m, 3H), 7.80 (m, 1H), 7.86 (m, 2H), 8.07 (m, 1H),

8.14 (m, 2H), 8.38 (s, 1H), 8.82 (s, 1H).

Anal. calcd. for C24H17N3O3: H, 4.30; C, 72.90; N, 10.63. Found: H, 4.32;

C, 72.88; N, 10.63.

3-(6-Chloro-4-phenylquinazolin-2-yl)-5-(hydroxymethyl)-8-methyl-2H-

pyrano[2,3-c]pyridin-2-one (8b): This compound was obtained in 76% yield

as a yellowish solid, mp 289–2908C; IR (cm21): 3396, 3242, 1747, 1549,

1520, 1473, 1461; 1H NMR (500 MHz, DMSO-d6): d 2.61 (s, 3H), 4.79

(d, J ¼ 7.4 Hz, 2H), 5.54 (t, J ¼ 2.7 Hz, 1H), 7.65 (t, J ¼ 3.1 Hz, 3H), 7.86

(t, J ¼ 2.9 Hz, 2H), 8.06 (s, 1H), 8.09 (d, J ¼ 10.7 Hz, 1H), 8.20

(d, J ¼ 9.9 Hz, 1H), 8.38 (s, 1H), 8.84 (s, 1H).

Anal. calcd. for C24H16ClN3O3: H, 3.72; C, 67.09; N, 11.17. Found: H,

3.71; C, 67.10; N, 11.18.

3-[6-Chloro-4-(2-chlorophenyl)quinazolin-2-yl]-5-(hydroxymethyl)-8-methyl-

2H-pyrano[2,3-c]pyridin-2-one (8c): This compound was obtained in 81%

yield as a yellowish solid, mp 275–2768C; IR (cm21): 3406, 2357, 1743,

1674, 1600, 1553, 1460; 1H NMR (500 MHz, DMSO-d6): d 2.60 (s, 3H),

4.79 (d, J ¼ 6.1 Hz, 2H), 5.51 (t, J ¼ 5.3 Hz, 1H), 7.61 (dd, J ¼ 5.5 Hz,

2.6 Hz, 2H), 7.67 (s, 1H), 7.72 (m, 2H), 8.13 (dd, J ¼ 9.4 Hz, 2.6 Hz, 1H),

8.25 (d, J ¼ 9.4 Hz, 1H), 8.36 (s, 1H), 8.83 (s, 1H).

Anal. calcd. for C24H15Cl2N3O3: H, 3.23; C, 62.08; N, 9.05. Found: H,

3.25; C, 62.08; N, 9.02.

3-[4-(2-Fluorophenyl)-6-chloroquinazolin-2-yl]-5-(hydroxymethyl)-8-methyl-

2H-pyrano[2,3-c]pyridin-2-one (8d): This compound was obtained in 68%

yield as a yellow solid, mp . 3008C; IR (cm21): 3418, 2359, 1748, 1613,

1553, 1524, 1472; 1H NMR (500 MHz, DMSO-d6): d 2.60 (s, 3H), 4.78

(d, J ¼ 4.1 Hz, 2H), 5.54 (t, J ¼ 4.9 Hz, 1H), 7.50–7.62 (m, 2H), 7.72

(d, J ¼ 7.6 Hz, 2H), 7.79 (s, 1H), 8.13 (dd, J ¼ 8.4 Hz, 2.2 Hz, 1H), 8.23

(d, J ¼ 8.4 Hz, 1H), 8.36 (s, 1H), 8.82 (s, 1H).

Anal. calcd. for C24H15ClFN3O3: H, 3.35; C, 64.37; N, 9.38. Found: H,

3.35; C, 64.38; N, 9.40.

General procedure for the synthesis of substituted [8-methyl-2-oxo-3-

(4-phenylquinazolin-2-yl)-2H-pyrano[2,3-c]pyridin-5-yl]methyl acetates

(9a–d): Compound (8a–d) (2 mmol) was dissolved at 408C in a mixture of

glacial acetic acid (10 mL) and acetic anhydride (10 mL). The reaction

mixture was heated at reflux for 30 min and then cooled to rt. Ice-cold

water (50 mL) was added, and the formed precipitate was filtered out and

recrystallized from a mixture of ethanol and dimethylformamide to afford

the corresponding acetate (9a–d) as a crystalline solid.

Substituted 2H-Pyrano[2,3-c]pyridin-2-ones 1645
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[8-Methyl-2-oxo-3-(4-phenylquinazolin-2-yl)-2H-pyrano[2,3-c]pyridin-5-yl]

methyl acetate (9a): This compound was obtained in 89% yield as a pink

solid, mp 193–1948C; 1H NMR (500 MHz, DMSO-d6): d 2.00 (s, 3H), 2.60

(s, 3H), 5.41 (s, 2H), 7.63 (t, J ¼ 2.4 Hz, 3H), 7.76 (d, J ¼ 7.2 Hz, 1H),

7.86–8.05 (m, 2H), 8.05 (d, J ¼ 7.2 Hz, 1H), 8.12 (s, 1H), 8.14

(d, J ¼ 11.9 Hz, 1H), 8.44 (s, 1H), 8.78 (s, 1H).

Anal. calcd. for C26H19N3O4: H, 4.34; C, 71.39; N, 9.61. Found: H, 4.33;

C, 71.40; N, 9.62.

f3-(6-Chloro-4-phenylquinazolin-2-yl)-8-methyl-2-oxo-2H-pyrano[2,3-c]

pyridin-5-yl]methyl acetate (9b): This compound was obtained in 85% yield

as a cream-colored solid, mp 207–2088C; 1H NMR (500 MHz, DMSO-d6): d

2.00 (s, 3H), 2.53 (s, 3H), 5.40 (s, 2H), 7.63 (br s, 3H), 7.86 (t, J ¼ 3.4 Hz, 2H),

8.03 (s, 1H), 8.06 (d, J ¼ 6.7 Hz, 1H), 8.16 (d, J ¼ 8.3 Hz, 1H), 8.44 (s, 1H),

8.82 (s, 1H).

Anal. calcd. for C26H18ClN3O4: H, 3.81; C, 66.18; N, 8.90. Found: H,

3.80; C, 66.18; N, 8.88.

f3-[6-Chloro-4-(2-chlorophenyl)quinazolin-2-yl]-8-methyl-2-oxo-2H-pyrano
[2,3-c]pyridin-5-ylgmethyl acetate (9c): This compound was obtained in

92% yield as a cream-colored solid, mp 220–2218C; 1H NMR (500 MHz,

DMSO-d6): d 1.98 (s, 3H), 2.60 (s, 3H), 5.38 (s, 2H), 7.64 (d, J ¼ 7.3 Hz,

2H), 7.70–7.78 (m, 2H), 7.72 (s, 1H), 8.12 (d, J ¼ 8.3 Hz, 1H), 8.23

(d, J ¼ 9.1 Hz, 1H), 8.44 (s, 1H), 8.78 (s, 1H).

Anal. calcd. for C26H18Cl2N3O4: H, 3.36; C, 61.67; N, 8.30. Found: H,

3.36; C, 61.69; N, 8.32.

f3-[4-(2-Fluorophenyl)-6-chloroquinazolin-2-yl]-8-methyl-2-oxo-2H-pyrano

[2,3-c]pyridin-5-ylgmethyl acetate (9d): This compound was obtained in

78% yield as a cream-colored solid, mp 213–2148C; 1H NMR (500 MHz,

DMSO-d6): d 2.02 (s, 3H), 2.61 (s, 3H), 5.38 (s, 2H), 7.50–7.62 (m, 2H),

7.73 (d, J ¼ 8.3 Hz, 2H), 7.78 (s, 1H), 8.10 (d, J ¼ 9.2 Hz, 1H), 8.20

(d, J ¼ 9.5 Hz, 1H), 8.42 (s, 1H), 8.79 (s, 1H).

Anal. calcd. for C26H17ClFN3O4: H, 3.47; C, 63.75; N, 8.58. Found: H,

3.46; C, 63.75; N, 8.59.
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