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Synthesis of 4,10-Dihydro-4,10-dioxo-1H{1]}-benzopyrano[3,2-b]pyridine, 697

4,5-Dihydro-4,5-dioxo-1H-[1}-benzopyrano[2,3-b]pyridine and 1,5-Dihydro-
1,5-dioxo-4H-[1}-benzopyrano[3,4-b]pyridine Derivatives from
Aminobenzopyrones.
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3-Aminochromone and 3-aminocoumarin were condensed with diethyl ethoxymethylenemalonate and with
dimethyl acetylenedicarboxylate to give intermediates, which were thermally cyclized to give 4,10-dihydro-
4,10-dioxo-1H-{1}-benzopyrano[3,2-b]pyridinecarboxylates and 1,5-dihydro-1,5-dioxo-4H-[1]-benzopyrano-
[3,4-b]pyridinecarboxylates. 2-Aminochromone was converted to 4,5-dihydro-4,5-dioxo-1H-{1}-benzopyrano-
{2,3-b]pyridinecarboxylate via an intermediate condensation product with diethyl ethoxymethylenemalonate.
These esters were hydrolyzed to the corresponding carboxylic acids (21, 30, 36, 50, and 60). Attempts to
prepare 4,5-dihydro-4,5-dioxo-1H{1}benzopyrano[4,3-b]pyridinecarboxylates from 4-aminocoumarin were

unsuccessful.

J. Heterocyclic Chem., 18, 697 (1981).

The discovery that disodium cromoglycate possesses
prophylactic antiallergy activity (1,2) triggered an explo-
sion in the field of chromone chemistry (3-6), which spilled
over into xanthones (7-9), quinolones (10-12), and many
related systems (13). Many compounds synthesized in
these areas showed potent activity in the rat passive
cutaneous anaphylaxis test. Also many fused pyridones are
potent antibacterial agents (14).
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Thus the various dihydrodioxobenzopyranopyridinecar-
boxylic acids shown in Scheme I were of interest as poten-
tial antiallergy agents. Also, alkylation of the nitrogen
atoms in these molecules would lead to potential anti-
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tibacterial agents. All of the carboxylic acids shown are
novel compounds and when we started this work all of the
ring systems were unknown (15).

Aminobenzopyrones,
4-aminocoumarin,

such as 3-aminocoumarin,

2-aminochromone, and 3-amino-
chromone, appeared to be attractive starting materials
from which the target compounds could be synthesized by

the routes shown in Schemes III to VI. 3-aminocoumarin

© HeteroCorporation



698 D. T. Connor, P. A. Young, and M. von Strandtmann

(16), 4-aminocoumarin (17), and 2-aminochromone (18) are
available by literature procedures. 3-Aminochromones,
which had not been described in the literature when we
started this work, were synthesized by the routes shown in

Scheme II.
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6-Chloro-3-nitrochromone (3) and 6-bromo-3-nitrochro-
mone (4) were prepared by nitration (19) of the correspon-
ding 3-hydroxymethylchromones (1 and 2). Reduction of
the nitro groups with sodium dithionite gave the desired
aminochromones, 5 and 6. Nitration of 3-hydroxymethyl-
chromones to give the corresponding 3-nitrochromones
worked only when the aromatic ring was deactivated
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towards electrophilic substitution. Nitration of 3-hydroxy-
methylchromone failed to give a clean product. So a
general synthesis of 3-nitrochromones was required. A
general synthetic route to 3-nitrochromones is shown in
Scheme II (7 to 13). Nitroketone (9) was prepared by the
method of Huebner (20). While we were attempting to con-
vert 9 to 11 with triethyl orthoformate and piperidine, a
note (21) appeared describing the transformation of 9 to
11 using acetic formic anhydride. Thus nitrochromones,
11 and 12, were prepared by this method and then reduc-
ed to aminochromones 13 and 14 with sodium dithionite.

Since we initiated this work, interest in the chemistry of
3-aminochromones has flourished. Contemporary with our
initial disclosures (22-24) of the utilization of 3-amino-
chromones for the synthesis of antiallergy agents, addi-
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Table I

3-Aminochromones

Compound Mp Solvent Yield
°C %
5 184-186 acetone 90
6 171-172 methanol 62
13 117-122 [lit. 21) 70
mp 126-128)
14 159-162 ethyl acetate 80

(a) These compounds were not obtained analytically pure.

Table 11

Products from the Condensation of Amines

with Diethyl Ethoxymethylenemalonate

Analysis

Formula Calcd. Found
C H N C H N

C,H,CINO, 55.10 3.06 7.15 55.01 3.14 662
C,H,BrNO, 45.00 250 583 4486 265 573
C.H.NO, (@
C10H9N03 (a)

Analysis
Formula Calcd. Found

C H N C H N

C,,H,,NO, 6163 517 423 6164 527 4.43
C,.H,,CINO, 5582 441 3.83 5586 4.50 3.88
C,,H,,NO, 59.83 530 3.88 5981 515 3.75
C,.H,,NO, 61.63 517 4.23 61.80 517 428
C,.H,,NO, 61.63 517 4.23 6144 520 4.14
C,.H,,NO, 59.83 530 3.88 59.63 550 3.97
C,,H,,NO, 59.83 530 3.88 59.80 5.67 3.64
C,.H,,NO, 59.83 530 3.88 59.64 534 3.7
C,.H,,N

=

61.63 5.17 423 61.68 520 4.25

]

Table 111

Products from the Condensation of Amines
with Dimethyl Acetylenedicarboxylate

Compound Mp Solvent Yield
°C %

15 155-157 Ethyl acetate/Ethanol 63

16 143-145 Ethyl acetate 68

17 139-141 Ethyl acetate 34

34 138-140 Ethyl acetate 91

42 134-135 Hexane 89

43 134-136 Ethyl acetate 68

44 202-203 Ethyl acetate 36

45 193-194 Ethyl acetate 99

64 96-98 Hexane 53

Compound Mp Solvent Yield
°C %

24 155-157 Ethanol 58

25 158-160 Ethyl acetate 80

26 134-138 Ethyl acetate 38

54 150-151 Ethyl acetate 91

35 152-154 Ethyl acetate 39

56 165-167 Ethyl acetate 81

tional novel syntheses of 3-aminochromones have been
reported (25-27). Also, the chemistry of 3-aminochromones
has been investigated (28) and further examples of the use
of 3-aminochromones as synthons for the synthesis of
potential drugs have appeared (29, 30).

Having secured routes to our desired starting materials,
the synthesis of the target compounds was commenced.
3-Aminochromone (13) was heated with diethyl ethoxy-
methylenemalonate to give 15. The reaction was complete

Analysis

Formula Calced. Found

C H N C H N
C,,H,,NO, 59.40 4.32 4.62 59.21 443 4.62
C,H,,CINO 53.35 3.58 4.15 53.31 3.68 4.13
C,.H,,NO, 57.66 4.54 420 57.39 441 4.16
C,;H,,NO, 59.40 4.32 462 59.53 4.42 4.61
C,H;sNO, 57.66 4.54 420 57.32 4.55 3.96
C,H,NO, 57.66 4.54 420 57.66 4.58 4.01

in four hours at 120°. 3-Aminocoumarin (38) behaved in a
similar fashion. Both 13 and 38 reacted with dimethyl
acetylenedicarboxylate at room temperature to give 24
and 54 respectively. 2-Aminochromone (33) reacted with
diethy! ethoxymethylenemaloante to give 34. This reac-
tion was slower than the corresponding reactions with 13
and 38 requiring 16 hours at 130°. 4-Aminocoumarin (63)
failed to react with diethyl ethoxymethylenemalonate at
130° and was heated at 180° for 24 hours to obtain 64.
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Table IV

Benzopyranopyridine Esters

Analysis
Formula Calcd. Found
C H N C H N

C,.H,,NO, 63.16 3.89 491 63.09 391 494
C,.H,,CINO, 56.35 3.15 4.38 56.36 323 4.68
C,H,,NO, 60.95 4.16 4.44 60.80 434 4.34
C,.H,NO, 6199 334 516 61.73 336 5.1
¢, H,CINO, 5501 2.64 4.58 5494 274 444
C,,H,,NO, 59.80 3.68 4.65 59.65 3.73 475
C,H,,NO, 63.16 3.89 491 6311 387 4.90
C,.H, NO, 6316 3.89 491 6317 390 5.06
C,H,.NO1/2DMF 5985 4.67 582 5993 458 5.49
C,H,,NO, 60.95 4.16 444 6125 418 4.21
C,.H,,NO, 6095 416 4.44 6066 4.16 457
C,,H,NO, 6199 334 516 6206 349 5.07
C,H,,NO, 59.80 3.68 4.65 59.74 398 4.72
C,.H,,NO, 59.80 3.68 4.65 5944 3.5 4.56

Table V

Benzopyranopyridine Carboxylic Acids

Compound Mp Solvent Yield
=] C %
18 294-295 DMF 52
19 330-338 DMF 93
20 277-280 DMF 64
27 244-245 DMF 36
28 300-305 DMF 88
29 258-260 DMF 39
35 174-175 DMF 83
46 284-285 DMF 99
47 264-265 DMF 70
438 295-296 DMF 84
49 253-254 DMF 90
57 225-227 DMF 93
58 268-272 DMF 77
59 245-250 DMF 75

Compound Mp Solvent Yield
°oC %
21 > 330 (dec) DMF 94
22 325-327 DMF 87
23 318-219 DMF 82
30 > 290 (dec) DMF 72
31 290-320 (dec) DMF 81
32 253-254 DMF 42
36 335-340 DMF 93
50 295-300 (dec) DMF 59
51 330-335 (a) 97
52 300-305 (a) 94
53 320-325 DMF 90
60 265-268 DMF/Methanol 65
61 290-295 (a) 72
62 265-270 (a) 80

(a) These compounds were too insoluble for recrystallization.

Amines, 33 and 63, failed to react with dimethyl acetylene-
dicarboxylate. These results reflect the reduced basicity
and nucleophilicity of the amino groups in 33 and 63 com-
pared to those in 13 and 38. Amines, 13 and 38 behave as
normal aryl amines. The amino groups in 33 and 63 are
deactivated by conjugation with their respective carbonyl
groups and behave as vinylogous amides.

Compounds, 15, 24, 34, 42, and 54, cyclized in reflux-
ing diphenyl ether to give the desired tricyclic esters 18,
27, 35, 46, and 57. Methyl esters, 24 and 54, cyclized
faster than ethyl esters, 15 and 42, based on cessation of
methanol or ethanol evolution. The reactions were worked

Analysis
Formula Caled. Found
C H N C H N

C,,H,NO, 60.71 2.74 545 60.61 294 5.73
C,,H,CINO, 5354 207 4.80 5325 218 4.8l
¢, H,NO, 5854 3.16 4.88 5835 3.27 4.89
C,,H,NO, 60.71 274 545 60.60 3.01 5.74
C,,H,CINO, 53.54 207 4.80 5326 222 4.76
¢, H,NO, 5854 3.6 4.88 5889 3.59 5.27
C,.H,NO, 6071 274 545 6051 274 543
C,,H.NO, 60.71 274 545 6025 279 5.29
C,,H,NO, 5854 3.6 4.88 5816 3.19 4.88
C,HNO,14H,0  57.63 3.26 480 57.35 347 4.64
¢, H,NO, 5854 3.6 4.88 58.36 3.29 4.82
C,,H,NO, 6071 274 545 6031 280 5.38
¢, H,NO, 58.54 3.16 4.88 5842 3.35 4.8¢

C,.H,NO-1/4H,0 5763 3.26 480 57.89 3.16 480

up as soon as methanol or ethanol evolution stopped. If
the reactions were allowed to proceed for longer times,
some decomposition took place. Compound 64 was
recovered unchanged after 30 minutes in refluxing
diphenyl ether. Extended reaction times gave tar.

Esters, 18, 35, 46, and 57, were hydrolyzed to the cor-
responding acids, 21, 36, 50, and 60 with 5/V hydrochloric
acid at 100°. Ester, 27, was converted to acid, 30, with 1N
sodium hydroxide at room temperature.

Thus 3-aminochromones, 2-aminochromones, and
3-aminocoumarins were useful synthons for the elabora-
tion of benzopyranopyridines A, B, and C respectively,
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but 4-aminocoumarin could not be converted to com-
pounds to type D.

An account of the biological properties of these com-
pounds will be the subject of a forthcoming publication
from this laboratory.

Melting points were measured with a Thomas-Hoover capillary
melting point apparatus without correction. Nmr spectra were recorded
on a Perkin-Elmer R-12.B spectrometer at 60 MHz and a Varian EM 390
at 90 MHz with TMS as internal standard. Infrared spectra were record-
ed on a Beckman IR-18A spectrometer and a Beckman IR-9 spec-
trometer. Ultraviolet spectra were recorded on a Beckman DK-I spec-
trometer and on a Cary 118 spectrometer.

General Procedure for the Reduction of 3-Nitrochromones to 3-Amino-
chromones with Sodium Dithionite.

Sodium dithionite (0.115 mole) was added to a suspension of the
3-nitrochromone (0.037 mole) in water (80 ml) and absolute ethanol (30
ml). The reaction mixture was refluxed under nitrogen for three hours,
concentrated at reduced pressure, and filtered. The product was washed
with water. Recrystallization (Table I) gave analytically pure material.

General Procedure for the Condensation of Amines with Diethyl Ethoxy-
methylenemalonate.

A mixture of amine (0.01 mole) and diethyl ethoxymethylenemalonate
(0.016 mole) was heated at 120-180° for from four to 24 hours under
nitrogen. The reaction mixture was cooled and filtered. The product was
washed with ethyl acetate. Recrystallization (Table II) gave analytically
pure material. Compounds prepared by this method with typical spectral
data include:

Diethyl{[(4-0x0-4H-[1}-benzopyran-3-ylamino]methylene } propanedioate
15).

The compound 15 had uv (ethanol): max 284 (20,400) and 320 (27,680);
ir (nujol): 3095 (NH), 1675 and 1642 cm™ (CO); nmr (dimethylsulfoxide):
61059 (d, 1, J = 14 Hz, NH), 891 (s, 1, C;-H), 8.39 (d, 1,J = 14 Hg,
N-CH), 8.3-7.3 (m, 4, ArH), 4.19 (m, 4, CH,), and 1.27 (m, 6, CH,).

Diethyl{[(4-0ox0-4H-[1]-benzopyran-2-yl)amino]methylene} propanedioate
(34).

The compound 34 had uv (ethanol): max 248 (1,100) and 330 (41,500): ir
(nujol): 3100 (NH), 3200 (NH), 1700, 1655, and 1635 ¢cm™ (CO); nmr
(deuteriochloroform): 6 11.4(d, 1,J = 12 Hz, NH), 8.5(d, I,J = 12 He,
N-CH), 8.4-7.3 (m, 4, ArH), 5.95 (s, 1, C;-H), 4.35 (m, 4, CH,), and 1.4 (1, 6,
CH,).

Diethyl {[(2-ox0-2H-(1}-benzopyran-3-yl)amino]methylene}propanedioate
42).

The compound 42 had uv (ethanol): max 268 (5600) and 360 (39,200);
ir (nujol): 3100 (NH), 1710 and 1650 cm™ (CO); nmr (deuteriochloro-
form): 612(d, 1,J = 12 Hz, NH), 8.4 (d, 1,J = 12 Hz, N-CH), 7.7-7.2 (m,
5, ArH), 4.3 (m, 4, CH,), and 1.4 (m, 6, CH,).

Diethyl{[(2-ox0-2H-[1]-benzopyran-4-yl)amino]methylene } propanedioate
(64).

This compound 64 had uv (ethanol): max 225 (10,800) and 320
(32,800); ir (nujol): 3250 (NH), 1732, 1700, and 1670 cm™ (CO); nmr
(deuteriochloroform): 6 11.1(d, 1,J = 12 Hz, NH), 8.7 (d, 1, N-CH), 7.7
(s, 1, Cy-H), 7.9-7.2 (m, 4, ArH), 4.38 (m, 4, CH,), and 1.42 (m, 6, CH,).

General Procedure for the Condensation of Amines with Dimethyl
Acetylenedicarboxylate.

A mixture of amine (0.02 mole) and dimethyl acetylenedicarboxylate
(0.03 mole) in methanol (50 ml) was stirred at room temperature for from
24 to 48 hours. The product was filtered off and washed with methanol.
Recrystallization (Table III) gave analytically pure material. Compounds
prepared by this method with typical spectral data include:
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Dimethy-2-{(4-0x0-4H-[1}-benzopyran-3-yl)amino]-2-butenedioate (24).

The compound 24 had uv (ethanol): max 238 (16,540) and 314 (18,400);
ir (nujol): 3240 (NH), 1738, 1668, and 1643 cm™ (CO); nmr (deuterio-
chloroform): 8 9.43 (bs, 1, NH), 8.2 (d, 1, ArH), 7.94 (s, 1, C;-H), 7.7-7.2
(m, 3, ArH), 5.62 (s, 1, vinyl), and 3.75 (s, 6, CH;).

Dimethyl-2-[(2-ox0-2H-[1}-benzopyran-3-yl)amino]-2-butenedioate (34).

The compound 54 had uv (ethanol): max 350 (25,600); ir (nujol): 3200
(NH), 1725, 1710 and 1680 cm™ (CO); nmr (deuteriochloroform): 6 9.8
(bs, 1H, NH), 7.5-7.2 (m, 4, ArH), 6.95 (s, 1, C+-H), 5.62 (s, 1, vinyl), 3.82 (s,
3, CH,), and 3.75 (s, 3, CH,).

General procedure for cyclization of the esters in diphenyl ether.

A solution of substrate (3.0 g) in diphenyl ether (50 ml) was refluxed
under a Dean-Stark trap under nitrogen until the evolution of ethanol (or
methanol) ceased (10 to 90 minutes). The reaction mixture was cooled
and filtered. The product was washed with ethyl acetate and sucked dry.
Recrystallization from dimethylformamide (Table 1V) gave analytically
pure material. Compounds prepared by this method with typical spectral
include:

Ethyl 4,10-Dihydro-4,10-dioxo-1H{1]-benzopyrano[3,2-b]pyridine-3-
carboxylate (18).

The compound 18 had uv (ethanol): max 242 (22,100), 257 (22,400),
and 347 (7,400); i.r. (nujol): 3160 (NH), 1730, 1675, and 1632 cm™* (CO);
nmr (trifluoroacetic acid): 8 9.41 (s, 1, C,-H), 8.6-8.0 (m, 4, ArH), 4.80 (q,
2, CH,), and 1.62 (t, 3, CH,).

Methy! 4,10-Dihydro-4,10-dioxo-1H-[1}benzopyrano[3,2-b]pyridine-2-car-
boxylate (27).

The compound 27 had uv (ethanol): max 242 (32,000), 260 (23,500),
and 360 (7,100); i.r. (nujol): 3290 (NH), 1742, 1677, and 1638 cm™* (CO);
nmr (trifluoroacetic acid): & 8.5 (m, 1, ArH), 8.28 (s, 1, C;H), 7.96 (m, 3,
ArH), and 4.31 (s, 3, CH,).

Ethyl 4,5-Dihydro-4,5-dioxo-1H-{1]}-benzopyrano[2,3-b]pyridine-3-
carboxylate (35).

This compound 35 had uv (ethanol): max 244 (35,000) and 336 (7,000);
i.r. (nujol): 1695 and 1630 cm™ (CO); nmr (trifluoroacetic acid): 6 9.35 (s,
1, C,-H), 8.7-7.6 (m, 4, ArH), 4.75 (q, 2, CH,), and 1.62 (1, 3, CH;).

Ethyl 1,5-Dihydro-1,5-dioxo-4H-[1]-benzopyrano[3,4-b]pyridine-2-
carboxylate (46).

The compound 46 had uv (ethanol): max 274 (10,200), 350 (10,500),
and 364 (10,500); ir (nujol): 1760 and 1735 ¢cm™ (CO); nmr (trifluoro-
acetic acid): 6 9.55 (s, 1, C5-H), 9.25 (d, 1, ArH), 8.2-7.5 (m, 3, ArH), 4.87
(g, 2, Ch,), and 1.65 (t, 3, CH,).

Methyl 1,5-Dihydro-1,5-dioxo-4H{1}-benzopyrano[3,4-b]pyridine-3-
carboxylate (57).

The compound 57 had uv (ethanol): max 246 (22,500) and 334 (9,000);
ir (nujol): 3350 (NH), 1755 and 1730 cm™ (CO); nmr (trifluoroacetic
acid): 69.25(d, 1, ArH), 8.5 (s, 1, C;-H), 8.2-7.5 (m, 3, ArH), and 4.35 (s, 3,
CH,).

General Procedure for Hydrolysis of the Esters (Table IV) to give the
Acids (Table V).

A suspension of the ester (0.037 mole) in 5NV hydrochloric acid (170 ml)
was stirred at 100° for 16 hours under nitrogen. The reaction mixture
was cooled and filtered. The solid product was washed with water, with
acetone, and sucked dry. Recrystallization (Table V) gave analytically
pure material.

Procedure for Hydrolysis of Esters 27, 28, and 29 to Acids 30, 31, and
32.

A suspension of the ester (0.0034 mole) in 1N sodium hydroxide solu-
tion (20 ml) was stirred at room temperature for 24 hours. The solid was
filtered of, washed with water, with acetone, and suspended in SN hydro-
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chloric acid. The product was filtered off, washed with water, with
acetone, and sucked dry. Recrystallization (Table V) gave analytically
pure material.
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