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Novel pyridazino[4,5-b][1,4]oxazine-3,5-diones were synthesized from N-[2-(3,4-dimethoxyphenyl)-
ethyl]-2-chloroacetamide (or 2-chloropropanamide) and 1-alkyl-5-halo-4-hydroxypyridazin-6-ones in

good yield.
J. Heterocyclic Chem., 35, 601 (1998).

In our previous publications [1], we described the syn-
thesis of some azeto[2,1-al]isoquinolin-2-ones and the
pharmacological characterization of 1-(4'-methoxyben-
zyl)-6,7-dihydroxy-3,4-dihydroisoquinoline. In connec-
tion with our research program for the pharmacological
characterization of novel isoquinoline derivatives, we
attempted to synthesize some 4-[2-(3,4-dimethoxy- M
phenyl)ethyllpyridazino[4,5-b][1,4]oxazine-3,5-diones.

In this paper, we would like to report the results of the
title reactions.

Compounds 4 (except for 4g), 5 and 7 as the starting
materials were prepared by Yoon's methods [1b,2].
Compound 4g was synthesized from 4,5-dichloropyri-
dazin-6-one via three steps according to Yoon's method [2]
(Scheme I). The structure of 4g was established by infrared
and 'H nmr spectra. The proton magnetic resonance spec-
trum of 4g showed the proton signals of the hydroxy group
as two broad singlet at § 3.34 ppm for the free OH group
and § 12.21 ppm for hydrogen-bonded OH group. The area
ratio of two signals is one to one, and the total integration
also is for one proton.
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i) Benzyl chloride, K;CO3, DMSO, 50-60°C.
ii) MeONa, MeOH, room temperature.
iii) 1) KOH in H;0. 2) conc-HCL

According to Konecny and his coworkers [3], the
intramolecular hydrogen bond between the NH at the
5-position and the chlorine at the 4 position on the ring is
influenced mainly by the character of the substituent at the
N-1 position. Thus it may be considered that the intramol-
ecular hydrogen bond of compound 4g is similar to that of
Konecny's type.

Reaction of 5 with 4 in the presence of potassium car-
bonate gave pyridazino[4,5-b}[1,4]oxazine-3,5-diones 6

instead of the comresponding ethers or tertiary amines in
good yields. The structures of compounds 6 were estab-
lished by ir, nmr and elemental analyses.
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The infrared spectra of 6 showed the absorption peaks of
two carbonyl bonds. However, we did not detect the
absorption peaks of the NH and the OH groups. The proton
nuclear magnetic resonance spectra of 6 showed proton
signals for one CH, at the C-2 position of the oxazine ring
in the 8 4.75-4.88 region as a singlet and one aromatic pro-
ton on the pyridazinone ring in the § 7.58-8.15 region.
Also we detected other proton signals such as two OCHj,
three aromatic protons, two CH, at C-1' and C-2' and an
alkyl at the C-6 position.

The 13C nmr spectra of 6 showed carbon signals for two
carbonyls (3 154.2-156.2 for C-3, 8 162.2-162.7 for C-5),
one methylene for C-2 (8 66.8-68.2) and three aromatic
carbons (8 126.8-128.4 for C-4a, § 129.9-130.2 for C-8, §
136.5-137.7 for C-8a) on the pyridazinooxazine ring
involving the carbon signals of 3,4-dimethoxypheny! ethyl
and alkyl groups at the N-6 position.

On the other hand, cyclization of 7 with 4 afforded the
corresponding 2-methylpyridazino[4,5-b][1,4]oxazine-
3,5-diones 8 in good yield.

The infrared spectra of 8 showed the absorption peaks of
two amide carbonyls in the 1690-1702 cm! range and in
the 1641-1661 cm! range. The proton nuclear magnetic
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resonance spectra of 8 showed proton signals of one CH at
the C-2 position of the oxazine ring in the 8 4.77-4.87
region as quartet, CH; at the C-2 position in the & 1.42-
1.63 range and one aromatic proton on the pyridazinone
ring in the § 7.54-8.08 region. We detected other proton
signals such as two OCH3, three aromatic protons, two
CH, at C-1' and C-2' and an alkyl at C-6 position. The 13C
nmr spectra of 8 showed carbon signals of two carbonyls
(8 153.8-156.0 for C-3, 3 162.8-165.1 for C-5), one
methyne for C-2 (8 73.2-109.8) and three aromatic carbons
(6 126.8-128.1 for C-4a, § 129.9-134.1 for C-8, & 134.9-
137.0 for C-8a) on the pyridazinooxazine ring involving
the carbon signals for 3,4-dimethoxyphenyl ethyl and alkyl
groups at the N-6 position.

Et Pr i-Pr Allyl Bu

Et Pr i-Pr Allyl Bu

CH,Ph

e f g
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on a Hitachi 270-50 spectrophotometer. Elemental analyses were
performed with a Perkin Elmer 240C. Open-bed column chromatog-
raphy was carried out silica gel 60 (70-230 mesh, Merck) using grav-
ity flow. The column was packed as slurries with the elution solvent.

1-Benzyl-4,5-dichloropyridazin-6-one (2).

A mixture of 4,5-dichloropyridazin-6-one (1, 61 mmoles, 10 g),
benzyl chloride (62 mmoles, 7.8 g), potassium carbonate (66
mmoles, 9 g) and dimethyl sulfoxide (50 ml) was stirred for 7 hours
at 50-60°. After cooling, the reaction mixture was filtered and
washed with chloroform (100 ml). Adding chloroform (100 ml) and
water (200 ml) to the combined filtrate, the solution was stirred for
10 minutes at room temperature. The organic layer was separated
with a separatory funnel and evaporated under reduced pressure. The
residue was applied to the top of an open-bed silica gel column (10 x
3 cm). The column was eluted with chloroform. Fractions containing
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Finally, a-chloroacetamide (for 5 and 7) and haloenol
(for 4) moieties are good synthons for the formation of 1,4-
oxazinones. The reaction mechanism is proposed in
Scheme IV. Compounds 6 and 8 may be useful precursors
for the synthesis of novel [6:6:6:6]-fused nitrogen hetero-
cycles containing one pyridazine moiety.

Further work including the pharmacological characteriza-
tion and other chemical transformation of pyridazino[4,5-b]-
[1,4] oxazine-3,5-diones are under way in our laboratory.

EXPERIMENTAL

Melting points were determined with a Thomas-Hoover capillary
apparatus and are uncorrected. Magnetic resonance spectra were
obtained on a Varian Unity Plus 300 spectrometer with chemical
shift values reported in 8 units (part per million) relative to an inter-
nal standard (tetramethylsilane). Infrared spectral data were obtained

the product were combined and evaporated under reduced pressure.
The resulting powder was recrystallized from n-hexane/diethy! ether
(2:1, v/v) to give compound 2 in 92% (14 g) yield.

1-Benzyl-5-chloro-4-methoxypyridazin-6-one (3).

A solution of 2 (41.5 mmoles, 10 g), sodium methoxide (46.3
mmoles, 2.5 g) and dry methanol (80 ml) was stirred for 10 hours at
room temperature. The reaction mixture was filtered and then
washed with chloroform (50 ml x 2). The combined filtrate was
evaporated under reduced pressure. The resulting residue was
applied to the top of an open-bed silica gel column (3.5 x 8 cm). The
column was eluted with chloroform. Fractions containing the prod-
uct were combined and evaporated under reduced pressure. The
crude product was recrystallized from n-hexane/diethyl ether (1:1,
v/v) to give compound 3 as white crystal in 94% (9.8 g) yield.

1-Benzyl-5-chloro-4-hydroxypyridazin-6-one (4g).

A mixture of compound 3 (40 mmoles, 10 g), potassium
hydroxide (48 mmoles, 2.7 g) and water (70 ml) was refluxed for
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Compound  Isolated
No. Yield (%)
2 92
3 94
4 96
6a 77
6b 70
6¢ 87
6d 72
Ge 84
6f 77
6g 89
8a 72
8b 79
8c 89
8d 84
8e 81
8f 80
8g 83

Synthesis of Novel Pyridazino[4,5-b][1,4]oxazine-3,5-diones 603

Table 1

Yields, Melting Points and Infrared Spectral Data of Compounds 2, 3, 4g, 6 and 8

mp (°C)

(itmp ) [a]

88-89

(87-89) [4]

99-100
241-242
150-151

126-127
147-148
162-163
118-119
104-105

161-163
134-136
114-115
104-105
117-118
90-91
100-101
135-137

ir (KBr, cm*!)

3050, 3082, 2997, 1646, 1577, 1418, 1495, 1286, 1222, 1120, 969

3004, 2956, 1650, 1600, 1458, 1405, 1315, 1205, 1171, 1097, 942, 873, 736, 699, 650, 517
3450, 3050, 2960, 2890, 2655, 1646, 1580, 1390, 1177, 1080, 871, 745, 697, 518

3126, 3050, 2984, 2874, 1722, 1660, 1626, 1534, 1444, 1340, 1280, 1248, 1198, 1176, 1158,
1038, 904, 820, 776

3082, 3026, 2964, 2848, 1710, 1650, 1620, 1522, 1428, 1384, 1342, 1262, 1238, 1174, 1140,
1024, 906, 852, 820, 760

3078, 2962, 2958, 2870, 1712, 1650, 1620, 1522, 1424, 1384, 1340, 1264, 1238, 1176, 1140,
1024, 940, 852, 820, 800, 762

3082, 3022, 2952, 2850, 1718, 1658, 1624, 1524, 1438, 1394, 1360, 1274, 1244, 1178, 1148,
1080, 1058, 1034, 938, 858, 826

3082, 3004, 2954, 2872, 1714, 1650, 1624, 1520, 1464, 1624, 1384, 1340, 1262, 1238, 1158,
1140, 1050, 1022, 850, 820, 804

3102, 3028, 2962, 2852, 1708, 1660, 1626, 1524, 1440, 1350, 1278, 1244, 1190, 1148, 1040,
1004, 950, 860

3084, 2999, 2935, 1694, 1643, 1617, 1512, 1422, 1386, 1340, 1235, 1139, 1026, 756, 700
2942, 1694, 1661, 1622, 1517, 1463, 1426, 1399, 1371, 1319, 1262, 1237, 1145, 1022, 803
2937, 1693, 1660, 1613, 1515, 1422, 1379, 1262, 1028

3100, 2980, 2900, 1715, 1640, 1535, 1435, 1400, 1280, 1255, 1040, 820

2986, 2935, 1702, 1641, 1613, 1515, 1426, 1379, 1308, 1262, 1181, 1030

2999, 2938, 2832, 1696, 1644, 1617, 1514, 1424, 1378, 1306, 1262, 1238, 1183, 1158, 1030, 803
3077, 2936, 2861, 1694, 1651, 1618, 1519, 1418, 1384, 1315, 1241, 1160, 1029, 805

2996, 2938, 2833, 1690, 1642, 1619, 1514, 1422, 1380, 1310, 1263, 1236, 1178, 1143, 1102,
1028, 755, 705

[a] Recrystallization solvents: Diethyl ether/n-hexane (1:1, v/v) for 3 and 6a, diethyl ether/n-hexane (2:1, v/v) for 2, methanol for 4g; diethyl ether/chlo-
roform (5:1, v/v) for 6b, 6¢ and 6d and ethyl acetate for 6e; Diethyl ether/ethyl acetate (3:1, v/v) for 6f, ethyl acetate for 6g, diethyl ether for 8a and 8d,
diethyl ether/ethyl acetate (10:1, v/v) for 8b and 8e, chloroform/n-hexane (1:3, v/v) for 8¢, diethyl ether/ethyl acetate (20:1, v/v) for 8g and diethyl
ether/n-hexane (1:1, v/v) for 8f.

Compound
No.

Solvent

[b]
C

C
D
C
D
D
C
D
C
D
D
C
C

e
CH®

4.06
4.15
4.08
4.07
4.18
4.07
4.08
4.08
4.09

4.04

Y
CH ®

2.89
2.84
2.87
2.90
2.87
2.90
2.78
271
291

2.90

Table 2
'H NMR Spectral Data of Compounds 2, 3, 4g, 6 and 8
TH nmr (ppm) (a]
56 478 2 6 8 Others
OMe(s) Ar-H(m) CH,(s) CH;(s) Ar-H(s)

_ _ - 534 (s) 7.79 7.04 (m, Ar. 5SH)

_ _ _ 5.36(s) 7.82 4.05 (s, OCH3y), 7.33 (m, Ar. 5H)

- ____ _ 5.23(s) 7.83 3.34 (bs, 1/2 OH), 7.29 (m,

Ar. 5H), 12.21 (bs, 172 OH)

3.86 6.76 4.75 3.79 (s) 7.58
3.87

3.79 6.88 4.86 4.16 (q) 8.15 1.32 (t, CHy)

3.81
3.78 6.87 487  418()  8.13 0.94 (t, CHs), 1.77 (m, CH,)
3.81
3.85 6.76 4.76 5.33 (m) 7.66 1.34 (d, CH,, J = 6.6)
3.87
3.78 6.88 4.88 4.73 (m) 8.13 4.94 (m, =CH,), 5.99 (m, CH)
3.81
3.86 6.78 4.76 4.16 (t) 7.58 0.96 (t, CHj), 1.37 (m, CHp),
3.87 1.77 (m, CHyp)
3.67 6.80 4.79 523 (s) 8.09 7.30 (m, Ar. 5H)
3.70
3.70 6.76 4.86 3.63 (s) 8.03 1.42 (d, CH;, J = 6.6)
3.73
3.87 6.77 480  421()) 758 138 (t, CHy), 1.63 (d, CH,
3.88 J=6.8)
3.86 6.74 4.80 4.13 (m) 7.56 0.96 (t, CHs), 1.63 (d, CH,,

3.87 J=6.8), 1.82 (m, CH)
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Table 2 (continued)
TH nmr (ppm) [a]
Compound Solvent I 2’ 576 4'7'8 2 [ 8 Others
No. (bl CHy® CH,(t) OMe(s) ArH(m) CHy(s) CHy(s) Ar-H(s)
8d D 4.07 2.7 3.68 6.77 485 5.11(m) 8.08 1.24 (d, 2CH,, J = 6.6),
3.71 1.43 (d, CH3, 1 = 6.6)
8e D 4.09 2.78 3.69 6.76 487 464(m) 8.05 1.44 (4, CH4, J = 6.9),
3.72 5.18 (m, CH,), 5.90 (m, CH)
8f C 4.07 291 3.87 6.77 480 417(q) 7.57 0.97 (t, CHs), 1.38 (m, 2H), 1.63
3.88 (d, CH,, J = 6.8), 1.78 (m, CH,)
8g C 4.05 2.88 3.85 6.76 478  532() 7159 1.62 (d, CH,, 1 =6.2),
3.85 (s) 7.37 (m, Ar. 5H)

{a] Abbreviations used: Ar = Aromatic, bs = broad singlet, s = singlet, d = doublet, m = multiplet, g = quartet, J = Hz unit. The proton signals of OH were
exchangeable with deuterium oxide. Assignments of two CH; at C-1' and N-6 positions were proved by cosy specira. [b] C = Deuteriochloroform, D =
dimethyl-dg sulfoxide. [a] Abbreviations used: Ar= Aromatic, bs=broad singlet, s=singlet, d=doublet, t=triplet, g=quartet and m=multiplet. Assignments

of two CHj at C-1' and N-6 positions were proved by cosy spectra. J = Hz unit. [b] C=Deuteriochloroform, D = dimethyl-dg sulfoxide.

Table 3
13C Nmr Spectral Data of Compound 6

Compound

No. 6a 6b 6c 6d Ge 6f 6g

Solvent [a] C D D C D C D
C2 68.1 669 669 68.1 669 682 668
C3(C=0) 1562 1542 1545 1557 1543 1559 1545
C5(C=0) 1624 1624 1624 1627 1624 1625 1622
cr 435 459 521 502 529 524 5338
c2' 40.7 419 419 435 419 435 418
Ccs' 149.8 148.6 148.6 1498 1486 1496 1487
Ceé' 148.8 1475 1475 1488 1475 1487 1476
5'OMe 565 554 554 566 554 569 554
6' OMe 566 555 554 566 554 569 556
Cda [b] 127.0 1282 1280 127.0 1284 1268 1274
C8a [b] 137.6 1365 1364 1373 1365 1377 1365
C8 [b] 1299 130.1 130.1 1300 1301 1301 1302
C3'[b] 1259 1255 1254 1253 1255 1256 1254
C4' [b] 1125 1128 112.8 1125 1128 1127 113.6
C7'b] 1121 111.7 1117 1120 1117 1120 1122
C8' [b] 121.5 1209 1209 1212 1209 1214 1209
C-N6 343 330 330 344 330 344 328
Others 134 213 216 1325 31.1 1277
10.9 117.5 20.5 128.2
144 1283
136.5

fa] D = dimethyl-dg sulfoxide, C = Deuteriochloroform. [b] Assignments
may be interchanged.

3 hours. After cooling to room temperature, concentrated hydro-
chloric acid (10 ml) was added slowly to the reaction mixture
with stirring. The product was filtered, washed with water (100
ml) and dried in air to give compound 4g. The crude product was
recrystallized from methanol to afford 4g as white crystal in
96% (9 g) yield.

6- Alkyl-4-[2-(3,4-dimethoxyphenyl)ethyl]-2H-pyridazino[4,5-b}-
[1,4]oxazine-3,5-diones 6.
General Procedure.

A mixture of § (19.4 mmoles), 4 (20 mmoles), anhydrous
potassium carbonate (22 mmoles) and acetonitrile (80 ml) was

refluxed for 40 hours (72 hours for 4g). After evaporating the
solvent, the residue was dissolved in chloroform (50 ml). The

Table 4
13C Nmr Spectral Data of Compound 8

Compound
No. - 8a 8b 8c 8d 8e 8f 8¢
Solvent [a] D C C D C C C
CH,-C2 16.1 17.1 17.1 161 160 171 150
2 73.3 74.9 74.8 732 733 748 109.8
C3 (C=0) 1548 1558 1560 1541 1543 1560 153.8
C5(C=0) 1644 1651 1651 1645 1644 1651 162.8
cr 422 474 537 484 527 519 727
c2 346 437 436 422 422 436 415
Ccs' 148.7 1497 1496 1487 1487 149.6 1475
C6' 147.6 1487 148.6 1476 1476 1486 146.5
5' OMe 556 564 56.3 555 556 563 542
6 OMe 554 564 56.3 554 554 563 532
Cda [b] 1277 127.0 1268 127.7 1281 1267 1277
C8a [b] 1357 137.0 1368 1353 1357 1368 1349
C8 [b] 1302 130.0 1299 1301 130.1 1299 134.1
C3'[b} 125.8 1258 1257 1253 1258 1257 125.1
C4' [b] 113.1 1124 1124 1131 1131 1124 119.1
C7'[b] 1122 1119 1119 1121 1121 1119 1102
C8' [b] 1209 1213 1213 1209 1209 1213 123.7
C-N6 328 342 342 329 328 342 320
Others 13.9 114 205 1174 141
22.1 1323 222
30.8

{a] C = Deuteriochloroform. D = dimethyl-dg sulfoxide. [b] Assignments
may be interchanged.

solution was filtered and evaporated under reduced pressure.
The resulting residue was applied to the top of an open-bed silica
gel column (12 x 3 cm). The column was eluted with diethyl
ether/chloroform (5:1, v/v). Fractions involving the product
were combined and evaporated under reduced pressure. The
crude product was recrystallized to give 6 as white crystals in
good yield.
6-Alkyl-2-methyl-4-[2-(3,4-dimethoxyphenyl)ethyl]-2H-pyrida-
zino{4,5-b][1,4Joxazine-3,5-diones (8).

General Procedure.

A mixture of 7 (11 mmoles), 4 (11.1 mmoles), anhydrous potas-
sium carbonate (23.9 mmoles) and acetonitrile (50 ml, dimethyl sul-
foxide for 4g) was refluxed for 60-70 hours (8 hours for 4g). After



May-Jun 1998 Synthesis of Novel Pyridazino[4,5-b][1,4]oxazine-3,5-diones 605

Table 5 Table 5 (continued)
Elemental Analytical Data of Compounds 2, 3, 4g, 6 and 8 Compound Molecular Analysis(%)
Compound Molecular Analysis(%) No. Formula Caled/Found
No. Formula Calcd/Found c H N
.= H o 8 CyHy7N;05 6283 6.8 10.47
: SRR a0 6l 5B 965
) ’ ) 66.26 6.04 9.60
3 C1H N,0,CL 57.50 4.42 11.17
57.80 4.65 11.35
4 CiHpN,0,Cl 55.83 3.83 11.84 cooling to room temperature, the mixture was filtered, washed with
55.98 3.97 11.90 chloroform (30 ml x 2) and evaporated under reduced pressure. The
6a Ci7H19N305 gg;g g;: i%g resulting residue was applied to the top of an open-bed silica gel
6b Cy5H,;N;05 60.16 589 11.69 column (8 x 2.5 c¢m). The column was eluted with ethyl
60.10 6.00 11.95 acetate/chloroform (1:1, v/v for 8a, 8c, 8d and 8e; 1:2, v/v for 8b) or
6¢c C19H33N;04 61.12 6.21 11.25 ethyl acetate (for 8f and 8g). Fractions involving the product were
61.44 6.34 11.53 combined and evaporated under reduced pressure. The crude prod-
6d C19H23N;05 61.12 6.21 11.25 uct was recrystallized to give 8 as white crystal in good yield.
61.36 6.40 11.32
Ge Cl 9H2| N305 61.45 5.70 11.31 Acknowledgment.
61.46 5.82 11.43 . . .
6f CyoHy5N305 62.00 6.50 10.85 This work was supported by Korean Ministry of Education
61.98 6.55 10.98 through Research Fund, 1997 (BSRI-97-3441).
6g Cy3Hy3N;305 6555 550 9.97
65.77 5.67 10.05
8a Cy3H,1 N304 60.16  5.89 11.69 GIASI AN G VN2
60.04 6.03 11.47
8b C,9H,3N404 61.12 6.21 11.25 [1a] K. C. Chang, H. J. Ko, S. D. Cho, Y. J. Yoon and J. H. Kim,
61.13 6.57 11.47 Eur. J. Pharmacol., 236, 51 (1993); [b] S. D. Cho, S. K. Kim and Y. J.
8¢ C,oH,5N505 62.00 6.50 10.85 Yoon, J. Heterocyclic Chem., 34, 77 (1998).
61.99 6.66 11.10 [2] S.D.Cho, W. Y. Choi and Y. J. Yoon, J. Heterocyclic Chem.,
84 CyoHpsN305 6200 650 10.85 33,1579 (1996).
61.89 6.75 11.03 [3] V.Konecny, S. Kovac and S. Varkonda, Collect. Czech.Chem.
8e CyoH,3N;05 6233 601 1090  Commun., 50, 492 (1985).

62.37 6.21 10.89 [4] K. Dury, Angew. Chem., Int. Ed. Engl., 4, 292 (1965).



