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The functionalization of 4,5-dihalopyridazin-6-ones
using 1-hydroxymethyl-4,5-dihalopyridazin-6-ones as the
1-0O, 3-N, 5-O ene-adduct via a retro-ene reaction has
reported [1]. The retro-ene reaction of a 1-O, 3-N, 5-O
ene-adduct is promoted by heat and/or a base [2]. For that
reason, the synthesis and storage of 1-hydroxymethyl-4,5-
dihalopyridazin-6-ones are difficult. Thus, we attempted to
develop a novel 1-O, 3-N, 5-O ene-adduct for the function-
alization of 4,5-dihalopyridazin-6-ones.

In a previous paper [3], we also reported the transformation
of l-acetyloxymethyl-5-chloro-4-phenoxypyridazin-6-one to
5-chloro-4-phenoxypyridazin-6-one by aqueous potassium
carbonate solution. This transformation occurs easily via the
retro-ene fragmentation. The retro-ene reaction of 1-acetyl-
oxymethylpyridazinone is slower than it of 1-hydroxymethyl-
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i) MeOH, K,;COj; (2 equivalents), reflux for 2a and 2b.

ii) NaNj; (2 equivalents), MeOH, reflux for 2¢ and 2d.

iii) EtNH,.HCI (4 equivalents), K,COj5 (4 equivalents), CH;CN,
reflux for 2e and 2f.
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pyridazinone. Therefore, we investigated the functionaliza-
tion of 4,5-dihalopyridazin-6-ones using 1-acetyloxymethyl-
pyridazinone as the 1-O, 3-N, 5-O ene-adduct.

In this paper, we reported the results for the title reaction.

Methoxylation [4] of 1 with potassium carbonate
(2 equivalents) and methanol gave regioselectively the cor-
responding 4-methoxy-5-halopyridazin-6-ones 2a or 2b in
excellent yields. Azidation of 1 with sodium azide (2 equiv-
alents) in methanol also afforded the corresponding 4-azido-
5-halo derivatives 2¢ or 2d in good yields. Reaction of 1
with ethylamine hydrochloride (4 equivalents) in the pres-
ence of potassium carbonate (4 equivalents) in acetonitrile
yielded the corresponding 4-ethylamino-5-halo derivatives
2e (77%) or 2f (78%). The structures of 2a-2f were estab-
lished by ir, nmr and elemental analyses.

Compound 1 was allowed to react with 2-mercapto-
pyrimidine (2 equivalents) in the presence of potassium car-
bonate in acetonitrile at room temperature to give 3 (35%)
and 4 (58%) (Method A). Whereas, reaction of 1la with
2-mercaptopyrimidine (1 equivalent) and potassium carbon-
ate (1 equivalent) in acetonitrile at room temperature
afforded compound 4 (8%) and Sa (76%) (Method B).
Treatment of 1b with 2-mercaptopyrimidine (1 equivalent)
and potassium carbonate (1 equivalent) in acetonitrile at
room temperature also yielded only 5b in 91% yield
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i) Method A: 2-Mercaptopyrimidine (2 equivalents), K;CO; (2 equivalents), CH1CN, room
temperature. ii) Method B: 2-Mercaptopyrimidine (1 equivalent), K,CO; (1 equivalent),
CH3CN, room temperature. iii) Method C: K,CO5 (2 equivalents), H,O, reflux.
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(Method B). Treatment of compounds 4 or § with aqueous
potassium carbonate (2 equivalents) gave the corresponding
3 (74%) or 6 (50% for 6a or 84% for 6b) (Method C). The
structures of 3-6 were also established by ir, nmr and ele-
mental analyses.

On the other hand, reaction of 1 with phenol (1 equiva-
lent) and potassium carbonate (1 equivalent) in acetonitrile
and then with aqueous potassium carbonate furnished
regioselectively 7 in excellent yield (Method D). Whereas,
treatment of 1 with phenol (2 equivalents) and potassium
carbonate (2 equivalents) in acetonitrile gave 7 as main
product and 8 in low yield (Method E). The formation of 8
in this system is similar the Chung's results for 1-hydroxy-
methyl-4,5-dihalopyridazin-6-ones [1].
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In order to establish the synthetic mechanism for 8, we
attempted to react 9 with phenol under the different condi-
tions. Compound 9 was prepared from 1 and phenol
(1 equivalent) in the presence of potassium carbonate in
acetonitrile. Decomposition of 9 with aqueous potassium
carbonate (2 equivalents) afforded the corresponding 7
(Method F). Whereas, treatment of 9 with phenol (2 equiv-
alents) and potassium carbonate (2 equivalents) furnished
7 as main product and 8. The synthesis of 8 occurs via two
steps; i.e, i) the substitution of nucleophile at C-4 position
on the ring occurs in the first step, ii) the Mannich conden-
sation of 9 with phenol via the immonium intermediate to
give 8 progress in the second step [1]. This reaction
process was also observed by tlc during the reaction. The

Table 1
Yields, Melting Points and IR Spectral Data for 2-8

Compound Method Yield mp(°C)
No. (%) (lit. mp)
2a 90 230-231
(232-233) [1)
(233-235) [5}
2b 89 213-214
(213-214) (1]
(212-213) (5]
2¢ 81 172-173
(172-173) [1)
(170-172) [5]
2d 81 173-175
(173-175) [1]
(174-175) [5]
2e 77 203-204
(203-204) [1]
(198-200) (6]
2f 78 197-198
(197-198) [1]
3 A 35 [a) 174-175
C 74 [b] (174-175) [1]
4 A 58 [a] 102-103
B 8 [c]
A 96 [c]
Sa B 76 121-122
5b B 91 141-142
6a C 50 222 dec
(222 dec) [1]
6b C 84 236 dec
7a D 89 178-179
E 43 (178-179)
F 62 {1,5]
G 53
7b D 91 194-196
E 32 (195-196) [1]
F 67 (197) [5]
G 44
8a E 20 140-142
G 12 (140-142) [1]
8b E 23 157-158
G 9 (157-158) [1]

{a] From 1a. [b] From 4. [c] From 1b. [d] m = multiplet.

IR (potassium bromide)
(cm-1) [d]

3300-2950 (m), 1660, 1600, 1470, 1410, 1280,
1120, 950, 900

3300-2900 (m), 1650, 1610, 1400, 1280, 1100,
960, 890

3300-2900 (m), 2200, 2150, 1665, 1620, 1410,
1350, 1310, 1100

3300-2900 (m), 2200, 2150, 1660, 1610, 1410,
1340, 1300, 1070

3350, 3150-2950 (m), 1680, 1660, 1620, 1460,
1350, 1320, 1030

3350, 3000-2900, 1660, 1620, 1450, 1340,

1300, 1020, 560

3200-2900 (m), 1640, 1570, 1400, 1180

3000, 1760, 1680, 1560, 1380, 1200, 1180, 760

3000-2900 (m), 1760, 1680, 1565, 1400, 1260, 1040
3100-2900 (m), 1760, 1680, 1580, 1400, 1260

3200-2900 (m), 1680, 1580, 1400, 1180, 1080

3200-2850 (m), 1660, 1560, 1400, 1170, 1140, 1060, 810, 730

3250-2900 (m), 1680, 1620, 1600, 1500, 1400,
1280, 1100, 780

3200-2900 (m) , 1660, 1600, 1500, 1410, 1280

3150-3050 (m), 1640, 1620, 1600, 1580, 1500,
1400, 1220, 1160, 760

3200-3000 (m), 1640, 1600, 1500, 1220, 760
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Table 2

Yields, Melting Points and IR Spectral Data for 9, 11 and 12

Compound Method Yield mp (°C)
No. (%) (lit mp)
9a 78 125
(124-125) [3]
9b 54 139-141
11a H 84 146-147
11b H 78 154-155
11c H 96 147-148
11d H 33 152-153
12a 1 64 248-249
(249-250) [5]
12b 1 94 276-277
(275-276) [5]
12¢ I 72 217-218
(218-220) [5]
12d H 37 245-246
(247-248) [5]
12e H 60 162-164
(163-164) [5]
12f H 72 172-173
(173-174) [5]
12g H 45 205-207
(206-207) [5]
12h H 71 249-250

(249-251) [5]

IR (potassium bromide)
(em!) [a]

3100, 1780, 1760, 1690, 1610, 1510, 1410,

1340, 1300, 1230, 1150, 840, 770

3100-2900 (m), 1780, 1760, 1690, 1610, 1500, 1400, 1290, 1220, 1050, 760
3100-3000 (m), 1780, 1700, 1680, 1630, 1600, 1540, 1500,

1400, 1370, 1290, 1220, 1040

3100-3000 (m), 1780, 1680, 1600, 1540, 1500, 1360, 1280, 1040, 870, 760
3100, 2250, 1760, 1680, 1600, 1520, 1300, 1220, 1040

3100-3000 (m), 2250, 1770, 1680, 1600, 1520, 1400, 1220, 1040, 880
3400, 3100-2900 (m), 1660, 1630, 1600, 1540,

1500, 1360, 1280, 880

3150-2850 (m), 1680, 1630, 1600, 1540, 1500,

1360, 1280, 880, 760

3350-2900 (m), 2250, 1700, 1670, 1640, 1620,

1520, 1400, 1260, 1100, 860

3150-2900 (m), 2250, 1680, 1600, 1510, 1400,

1260, 860

3300-3000 (m), 1660, 1640, 1520, 1260, 1220, 1040

3300-2900 (m),-1660, 1620, 1600, 1520, 1410,
1280, 1200, 1040, 860

3150-2900 (m), 1680, 1640, 1600, 1500, 1400,
1280, 1100, 850, 780

3150-2850 (m), 1680, 1640, 1600, 1500, 1400,
1260, 1200, 850, 780
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[a] m = multiplet.

retro-ene reaction for 9 is more favorable than the Mannich
condensation under our reaction condition.

Because of our interest in the effect of the substituents
on the phenyl ring, we attempted to synthesize 12 from 1
and 10. Reaction of 1 with 10a (2 equivalents) and potas-
sium carbonate (2 equivalents) in acetonitrile gave regio-
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i) Method D: (1) Phenol (1 equivalent), K»CO3 (1 equivalent), CH3CN, reflux (2)

K5CO3, Hy0, reflux. ii) Method E: Phenol (2 equivalents), K;COj3 (2 equivalents),
CH;CN, reflux. iii) Phenol (1 equivalent), KoCOj3 (1 equivalent), CH3CN, reflux.

iv) Method F: K,COj (2 equivalents), H,O, reflux. v) Method G: Phenol

(2 equivalents), K,CO; (2 equivalents), CH3CN, reflux.

selectively 11a (84%) or 11b (78%) (Method H).
Decomposition of 11a and 11b with aqueous potassium
carbonate (2 equivalents) yielded 12a (64%) and 12b
(94%) (Method I). Treatment of 1a with 10b (2 equiva-
lents) and potassium carbonate (2 equivalents) in acetoni-
trile afforded 11c in excellent yield (Method H).
Fragmentation of 11¢ with aqueous potassium carbonate (2
equivalents) gave 12¢ in 72% yield (Method I). Compound
1b was also reacted with 10b in the presence of potassium
carbonate in acetonitrile to give 11d (33%) and 12d (37%)
(Method H). Whereas, reaction of 1 with 10c (2 equiva-
lents) and potassium carbonate (2 equivalents) in acetoni-
trile afforded only 12e (60%) or 12f (72%) (Method H).
Treatment of 1 with 10d (2 equivalents) and potassium
carbonate (2 equivalents) yielded only 12g (45%) or 12h
(71%) (Method H). The structures of 11 and 12 were estab-
lished by ir, nmr and elemental analyses.

According to our observations, the p-substituents on the
phenyl ring affect the retro-ene fragmentation of the ene-
adduct. The reaction of 1 with 10a and 10b gave the corre-
sponding compound 11, whereas the reaction of 1 with 10c
and 10d furnished the corresponding 12. Retro-ene frag-
mentation of 11e-11h containing electron donating groups
such as methoxy and chloro groups is faster than that of
11a-11d containing electron withdrawing groups such as
nitro and cyano groups. This was easily observed by tlc
during the reaction. These results are different from our
previous results [5] about the reaction of 1-(1,1-dibromo-
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Table 3
'H NMR Spectral Data for 2 -9, 11 and 12
Compound Solvent 1H nmr (3 ppm) [b]
No. [a] N-1 . C-3 Others
IH 1H
(bs) O]
2a D 13.26 8.10 4.06 (s, 3H)
2b D 13.24 8.10 4.07 (s, 3H)
2¢ D 13.26 8.08 -
2d D 13.32 8.04 -
2e C 12.42 7.63 1.32 (¢, 3H), 3.41 (quin, 2H), 5.19 (bs, NH)
2f C 12.42 7.42 1.12 (t, 2H), 3.21 (quin, 2H), 4.98 (bs, NH)
3 D 13.40 8.16 8.60 (d, 2H, J = 8), 8.70 (d, 2H, ] = 8.2)
4 C - 8.10 2.12 (s, 3H), 6.06 (s, 2H), 7.06 (t, 1H), 7.17 (t, 1H),
8.49(d,2H,J=4.3),8.59(d, 2H, I =5.1)
Sa C - 8.03 2.13 (s, 3H), 6.09 (s, 2H), 7.17 (t, 1H), 8.59 (d, 2H, J = 3)
5b C - 7.99 2.16 (s, 3H), 6.11 (s, 2H), 7.21 (t, 1H), 8.63 (d, 2H,J = 5.4)
6a D 13.59 8.14 7.42 (t, 1H), 8.74 (d, 2H, ] = 4.5)
6b D 13.48 8.06 7.42 (t, 1H), 8.74 (d, 2H, ] = 4.5)
7a C No detection 7.54 7.26-7.48 (m, Ar, SH)
7b D 13.43 7.53 7.23-7.51 (m, Ar, 5H)

[a] D = dimethyl-dg sulfoxide-dg, C = Deuteriochloroform. [b] Abbreviations used: bs = broad singlet, s = singlet, d = doublet, t = triplet, quin = quintet,
m = multiplet and Ar = aromatic. J = Hz unit. The proton signals of all NH were exchangeable with deuterium oxide.

Compound Solvent 1H nmr (8 ppm) [b]
No. [a] N-1 C-3 N1-

1H 1H CH,0 Others

(bs) ® (®
8a C - 7.55 5.32 6.85-7.55 (m, Ar, 9H), 9.07 (bs, OH)
8b C - 7.45 5.33 6.83-7.48 (m, Ar, 9H), 9.14 (bs, OH)
9a C - 8.10 6.04 2.12 (s, 3H), 7.05 (¢, 1H), 7.16 (t, 2H),

8.49(d,1H,J=4.8),8.59(d, 1H,J =4.8)

9b C - 7.47 6.08 2.11 (s, 3H), 7.13-7.49 (m, Ar, SH)
11a C - 7.65 6.10 2.13 (s, 3H), 7.18 (d, 2H, J = 9.0), 8.34 (d, 2H, ] = 9.0)
11b C - 7.55 6.11 2.14 (s, 3H), 7.18 (d, 2H, J = 9.0), 8.36 (d, 2H, ] = 9.0)
1lc C - 7.63 6.10 2.14 (s, 3H), 7.18 (d, 2H, J = 9.0), 7.76 (d, 2H, ] = 9.0)
11d C - 7.51 6.10 2.13 (s, 3H), 7.20(d, 2H,J = 8.1), 7.77 (d, 2H, ] = 8.4)
12a D 13.64 7.96 - 7.47 (d, 2H,J = 15.5), 8.32 (d, 2H, J = 15.5)
12b D 13.51 7.86 - 7.43 (d, 2H,J = 16.0), 8.31 (d, 2H, ] = 16.0)
12¢ D 13.60 7.90 - 7.43 (d,2H,J =8.7), 795 (d, 2H, ] = 8.7)
12d D 13.49 7.79 - 7.41(d,2H,J=8.7),7.94 (d, 2H, ] = 8.7)
12e¢ D 13.42 7.53 - 3.78 (s, 3H), 7.02 (d, 2H, J = 7.8), 7.22(d, 2H, ] = 7.8)
12f D 13.34 7.43 - 3.78 (s, 3H), 7.02 (d, 2H, J = 9.0), 7.20 (d, 2H, J = 9.0)
12¢g C 12.64 7.52 - 7.23(d, 2H,J =9.0), 7.45 (d, 2H, J = 9.0)
12h D 13.42 7.63 - 7.28(d, 2H,J =8.9), 7.52 (d, 2H, ] = 8.8)

[a] D = dimethyl-dg sulfoxide, C = Deuteriochloroform. [b] Abbreviations used: bs = broad singlet, s = singlet, d = doublet, t = triplet, quin = quintet,
m = multiplet and Ar = aromatic. J = Hz unit. The proton signals of all NH were exchangeable with deuterium oxide.
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Table 4
13C Nmr Spectral Data of 2 -9, 11 and 12
Compound Solvent 13C nmr (8 ppm)
No [a)
2a D 58.2,106.0, 127.9, 157.5, 159.4
2b D 58.0, 105.4, 128.2, 157.8, 159.7
2¢ D 119.2, 131.6, 141.1, 157.8
2d D 111.1, 131.0, 143.4, 158.1
2e C 14.8,37.4, 105.8, 126.2, 144.2, 158.5
2f C 14.5,37.2,97.3, 125.4, 145.6, 158.1
3 D 118.6, 119.4, 135.9, 138.8, 142.7, 142.8, 158.0, 158.1, 158.2, 158.7, 167.5, 168.1
4 C 20.6, 43.1, 73.6, 117.9, 118.6, 136.7, 138.8, 143.4, 157.6, 157.9, 168.4, 168.8, 169.6, 174.2
5a C 13.0, 20.6, 27.7, 73.6, 118.8, 136.6, 138.7, 158.2, 169.6, 206.8
5b C 20.7, 23.9, 38.2, 73.8, 99.8, 118.9, 130.5, 138.3, 158.2, 167.5, 194.2
6a D 119.4, 135.6, 137.9, 139.3, 156.6, 158.8, 167.0
6b D 119.4,131.8, 138.7, 139.1, 157.0, 158.8, 167.0
7a C 119.7, 126.2, 130.5, 131.1, 153.8, 154.6, 160.5
7b D 111.6, 119.1, 125.6, 130.4, 130.5, 153.8, 155.7, 159.5
8a C 53.7, 118.6, 119.7, 120.1, 120.5, 121.3, 126.6, 130.8, 131.1, 131.9, 153.5, 154.6, 156.2, 160.1, 194.2
8b C 53.7,98.6, 118.5, 119.9, 120.3, 121.1, 126.5, 130.2, 130.6, 130.9, 131.7, 137.3, 147.3, 147.7, 156.0, 178.1, 185.3
9a C 20.6, 53.2, 63.0, 73.4, 119.7, 121.0, 126.2, 130.5, 130.7, 153.7, 158.5, 169.5
9b C 20.7,39.9, 73.6, 98.2, 99.4, 118.9, 131.0, 138.2, 158.2
11a C 20.6,73.4, 118.5, 126.4, 131.6, 151.8, 158.0, 158.4, 169.5
11b C 21.0,73.9, 115.8, 119.1, 126.8, 131.6, 131.7, 145.3, 154.6, 158.7, 158.8, 170.0
11c c 20.6,70.9, 73.4, 109.5, 117.7, 119.1, 131.5, 134.7, 151.9, 157.0, 158.2, 163.2, 169.5, 191.1
11d C 21.0,73.9,109.9, 115.3, 118.1, 119.7, 131.5, 134.9, 135.2, 154.7, 157.3, 158.8, 169.9
12a D 118.9, 123.0, 126.6, 132.6, 144.3, 152.3, 159.3, 159.4
12b D 116.7, 120.0, 127.7, 133.4, 145.3, 155.5, 160.5, 160.9
12¢ D 30.0, 104.9, 109.8, 118.0, 119.4, 132.2, 135.0, 157.4, 159.9
12d D 107.4, 114.8, 118.3, 119.0, 131.7, 134.9, 154.1, 157.5 159.4
12e D 55.7,115.4,121.2, 129.3, 130.3, 146.7, 154.9, 155.2, 157.7
12f D 55.5, 115.3, 120.9, 129.5, 146.9, 156.1, 156.9, 159.4
12g C 120.7, 130.4, 130.5, 131.3, 152.1, 153.9, 1589, 172.9
12h D 112.2, 120.8, 129.4, 130.2, 130.6, 152.6, 155.2, 159.4

[a] D = Dimethyl-dg sulfoxide, C = Deuteriochloroform.

2-oxopropyl)-4,5-dihalopyridazin-6-ones with p-substi-
tuted phenols under similar condition.

The positions of the substitution for 2, 6, 7 and 8 were
established by comparison of authentic compounds [1,5].
The substituent positions of 5 and 9 were also confirmed
by the synthesis of 6 and 7, respectively.

Finally, N-acetyloxymethylpyridazin-6-one may be use-
ful as an ene-adduct for the functionalization of 4,5-dihalo-
pyridazin-6-ones. Our functionalization is also regioselec-
tive and convenient.

Further work including the chemical transformation and
the relationship of a substituent at N-1 and the reactivity of
C-4 is under way in our laboratory.

EXPERIMENTAL

Melting points were determined with a Thomas-Hoover capillary
apparatus and are uncorrected. Elemental analyses were performed
with a Perkin Elmer 240C. Magnetic resonance spectra were
obtained on a Varian Unity Plus 300 spectrometer with chemical
shift values reported in 8 unit (part per million) relative to an internal
standard (tetramethylsilane). Infrared spectral data were obtained on
a Hitachi 270-50 spectrophotometer. Open-bed chromatography was

carried out silica gel 60 (70-230 mesh, Merck) using gravity flow.
The column was packed as slurries with the elution solvent.

1-Acetyloxymethyl-4,5-dihalopyridazin-6-ones 1 [3].

A mixture of 1-chloromethyl-4,5-dihalopyridazin-6-one (47
mmoles), potassium carbonate (56 mmoles) and acetic acid was
refluxed for 1-2 hours. After cooling to room temperature, water
(150 ml) was added to the reaction mixture. The resulting crystals
were filtered, washed with excess water, then washed with
n-hexane (20 ml) and dried in air to give 1 in excellent yield.

4-Methoxy-5-halopyridazin-6-ones 2a and 2b.

A mixture of 1a or 1b (6.33 mmoles), potassium carbonate
(12.66 mmoles) and methanol (40 ml) was refluxed 48 hours for
1a or 24 hours for 1b. After cooling to room temperature, the sol-
vent was evaporated under reduced pressure. Water (50 ml) was
added to the residue with stirring, and the solution was then neu-
tralized by dilute hydrochloric acid (7.4%). The resulting precip-
itate was filtered. The crude product was recrystallized from
ethanol to give 2a or 2b.

4-Azido-5-halopyridazin-6-ones 2¢ and 2d.

A solution of 1a or 1b (4.22 mmoles), sodium azide (8.44
mmoles) and methanol (20 ml) was refluxed for 8 hours for 1a or
6 hours for 1b. After cooling to room temperature, the solvent
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Compound
No.

2a
2b
2¢
2d
2e

2f

Sa
5b
6a
6b
7a
7b
8a
8b
9a
9%b
11a
11b
11c
11d
12a
12b
12¢
12d
12e
12f
12g

12h

Molecular
Formula

CsHsN,0,Cl
CsH5N,O,Br
C,H,N50CI
C4H,N5OBr
CeHgN;0Cl
CeHgN;0Br
C,HgNgS,0
Cy5H,2N6038,;
C 1 HoN,4O55Cl
C,HoN,O4SBr
CgHsN,0SCl
CgHsN,OSBr
C oH7N,0,Cl
C}oH7N,0,Br
Cy7H13N205Cl
C7H,3N20;Br
C13H1N2O4Cl
Cy3H1N2O4Br
C,3H gN304Cl
Cj3HoN3O0¢Br
C4H gN304C1
C4HoN3;04Br
C,oHgN30,Cl
C,0HgN30,4Br
C, HgN304C1
C,1HgN;0,Br
€, HoN,05Ci
C; HgN,03Br
CioHeN,0,Cly

C 1 0H6N202C1B r
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Table 5
Elemental Analytical Data of Compound 2-9, 11 and 12

Calcd./Found (%)

C H N
3740 3.14 1745
37.53 295 1732
2929 246 13.66
29.02 224 1339
28.01 1.18  40.82
28.05 1.24  40.56
2224 093 3242
22.14 094 3206
41.51 4.64 2420
41.24 435 2430
3305 370 1927
3297 355 1896
4556  2.55  26.57
4571 262  26.46
4638 311  21.64
46.03 3.00 2140
4225 290 1792
4225 289 17.85
3699 254 15.69
3656 249 1574
3993  2.09 23.28
39.62 207 2297
3370 1.77  19.65
3346 1.86 1941
5395 3.17 12.58
53.76  3.12  12.79
4497 264 1049
44.60 237 1047
62.11  3.99 8.52
6190 3.90 8.44
5471 3.1 7.51
55.06  3.51 7.39
5298 3.76 9.51
52.87 3.68 9.65
46.04  3.27 8.26
4593  3.24 8.23
4597 297 1237
46.08 292 1235
40.65 262 1094
40.60 263 1095
52,60 3.15 13.14
5243 299  13.07
46.18 277 1154
46.09 2,67 11.50
44.88 226 1570
4453 229 1543
3849 194 1346
38.21 196 13.30
5335 244 1697
53.07 240 16.61
4523 207 1439
4493 206 14.18
5229 359 1109
52.12  3.57  10.89
4447  3.05 9.43
4426 2.92 9.36
46.72 235 1090
46.73 230 10.80
3983 201 9.29
39.82  2.03 8.97

20.27
20.61
16.51
16.48
10.25
10.13

8.98

9.20
13.32
13.34
11.24
11.37

was evaporated under reduced pressure. Water (50 ml) was added
to the residue with stirring. The resulting crystals were filtered
and dried in air to give 2¢ or 2d.

4-Ethylamino-5-halopyridazin-6-ones 2e and 2f.

A mixture of 1a or 1b (5.91 mmoles), ethylamine hydrochlo-
ride (0.024 moles), potassium carbonate (0.024 moles) and ace-
tonitrile (20 ml) was refluxed for 3 hours for 1a or 5 hours for 1b.
After cooling to room temperature, the precipitate was filtered.
The filtrate was evaporated under reduced pressure. The resulting
residue was recrystallized from ethyl acetate/n-hexane (1:3, v/v)
for 2e or ethyl acetate for 2f to give 2e or 2f.

Reaction of 1a and 2-Mercaptopyrimidine.
Method A.

A mixture of 1a (1.5 g, 6.33 mmoles), 2-mercaptopyrimidine
(1.42 g, 12.66 mmoles), potassium carbonate (1.75 g, 12.66
mmoles) and acetonitrile (20 ml) was refluxed for 2 hours. After
cooling to room temperature, the precipitate was filtered. The
solution was evaporated under reduced pressure, and the residue
was applied to the top of an open-bed silica gel column (2.5 x 15
cm). The column was eluted with methylene chloride/diethyl
ether (1:1, v/v). Fractions containing 3 (Rf = 0.7, ethyl acetate)
were combined and evaporated under reduced pressure. The
resulting residue was recrystallized from ethyl acetate to furnish
3 in 35% (0.42 g) yield. Fractions containing 4 (Rf = 0.6, ethyl
acetate) were combined and evaporated under reduced pressure.
The resulting residue was recrystallized from ethyl acetate/
n-hexane (1:1, v/v) to give 4 in 58% (1.44 g) yield.

Method B.

A mixture of 1a (0.81 g, 3.4 mmoles), 2-mercaptopyrimidine
(0.38 g, 3.4 mmoles), potassium carbonate (0.47 g, 3.4 mmoles)
and acetonitrile (20 ml) was refluxed for 2.5 hours. After cooling
to room temperature, the precipitate‘ was filtered. The solution
was evaporated under reduced pressure, and the residue was
applied to the top of an open-bed silica gel column (2.5 x 15 cm).
The column was eluted with ethyl acetate/n-hexane (1:1, v/v).
Fractions containing 5a were combined and evaporated under
reduced pressure, The resulting residue was recrystallized from
ethyl acetate to furnish 5a in 76% (0.81 g) yield.

Reaction of 1b and 2-Mercaptopyrimidine.
Method A.

A solution of 1b (0.6 g, 1.84 mmoles), 2-mercaptopyrimidine
(0.42 g, 3.68 mmoles), potassium carbonate (0.5 g, 3.68 mmoles)
and acetonitrile (20 ml) was stirred for 7-8 hours at room temper-
ature. The precipitate was filtered, and the filtrate was evaporated
under reduced pressure. The residue was applied to the top of an
open-bed silica gel column (2.5 x 10 cm). The column was eluted
with ethyl acetate. Fractions containing the product were com-
bined and evaporated under reduced pressure. The residue was
recrystallized from ethyl acetate to give 4 as yellow crystal in
96% (0.68 g) yield.

Method B.

A mixture of 1b (0.7 g, 2.15 mmoles), 2-mercaptopyrimidine
(0.24 g, 2.15 mmoles), potassium carbonate (0.3 g, 2.15 mmoles)
and acetonitrile (20 ml) was stirred for 22 hours at room temper-
ature. The precipitate was filtered. The solution was coevapo-
rated with silica gel (1.5 g) under reduced pressure, and the
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residue was applied to the top of an open-bed silica gel column
(2.5 x 15 cm). The column was eluted with ethyl acetate/n-
hexane (1:4, v/v). Fractions containing 5b (Rf = 0.8, ethyl
acetate) were combined and evaporated under reduced pressure.
The resulting residue was recrystallized from chloroform/n-
hexane (1:2, v/v) to furnish 5b in 91% (0.437 g) yield. Fractions
containing 4 (Rf = 0.6, ethyl acetate) were combined and evapo-
rated under reduced pressure. The resulting residue was recrystal-
lized from ethyl acetate to give 4 in 8% (0.05 g) yield.

4,5-Di(pyrimidin-2-ylsulfanyl)pyridazin-6-one (3)
Method C.

A mixture of 4 (0.5 g, 1.29 mmoles), potassium carbonate (0.36
g, 2.58 mmoles) and water (20 ml) was refluxed for 40 minutes.
After cooling to room temperature, the resulting crystal was filtered
and dried in air to afford compound 3 in 74% (0.302 g) yield.

5-Halo-4-(pyrimidin-2-ylsulfanyl)pyridazin-6-ones 6a and 6b.
Method C.

A solution of § (0.96 mmole), potassium carbonate (1.44
mmoles) and water (15 ml) was refluxed for 20 minutes. After
cooling to room temperature, the solution was neutralized by
dilute hydrochloric acid (7.4%). The resulting crystal was fil-
tered, washed with water (200 ml) and dried in air to give 6.

Reaction of 1a with Phenol.
Method D.

A mixture of 1a (0.3 g, 1.36 mmoles), phenol (0.13 g, 1.36
mmoles), potassium carbonate and acetonitrile (15 ml) was
refluxed for 1.5 hours. The solution was evaporated under
reduced pressure. Water (30 ml) was added to the residue with
stirring. The resulting crystals were filtered and dried in air to
give 7a in 89% (0.266 g) yield.

Method E.

A mixture of 1a (0.5 g, 2.11 mmoles), phenol (0.4 g, 4.22
mmoles), potassium carbonate (0.58 g, 4.22 mmoles) and ace-
tonitrile (20 ml) was refluxed for 5.5 hours. The solution was
evaporated under reduced pressure, and the mixture of
water/chloroform (70 ml/30 ml) was added with stirring. The
organic layer was separated and dried over anhydrous magne-
sium sulfate. The solvent was evaporated under reduced pressure.
The residue was applied to the top of an open-bed silica gel col-
umn (3 x 10 cm). The column was eluted with chloroform.
Fractions containing 8a (Rf = 0.93, chloroform/diethyl ether =
9:1, v/v) were combined and evaporated under reduced pressure.
The resulting residue was recrystallized from diethyl ether/n-
hexane (1:2, v/v) to furnish 8a in 20% (0.14 g) yield. Fractions
containing 7a (Rf = 0.23, chloroform/diethyl ether = 9:1, v/v)
were combined and evaporated under reduced pressure to give 7a
in 43% (0.2 g) yield.

Reaction of 1b with Phenol.
Method D.

A mixture of 1b (1.4 g, 4.30 mmoles), phenol (0.4 g, 4.30
mmoles), potassium carbonate (0.6 g, 4.30 mmoles) and acetoni-
trile (50 ml) was refluxed for 4 hours. The solvent was evapo-
rated under reduced pressure. To the residue was added water (30
ml) and potassium carbonate (1.2 g, 8.68 mmoles). The reaction
mixture was refluxed for 1.5 hours. After cooling to room tem-
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perature, the solution was neutralized by dilute hydrochloric acid
(7.4%). The resulting precipitate was filtered and then dissolved
in chloroform. The solution was dried over anhydrous magne-
sium sulfate. The solvent was evaporated under reduced pressure.
The resulting crystal was recrystallized from chloroform/n-
hexane (1:1.5, v/v) to give 7b in 91% (1.05 g) yield.

Method E.

A mixture of 1b (1 g, 3.07 mmoles), phenol (1.15 g, 6.14
mmoles), potassium carbonate (0.85 g, 6.14 mmoles) and ace-
tonitrile (50 ml) was refluxed for 4 hours. After cooling to room
temperature, the precipitate was filtered. The solid was washed
with water (30 ml) and dried in air to give 7b in 32% (0.26 g)
yield. The filtrate was evaporated under reduced pressure to fur-
nish 8b in 23% (0.23 g) yield.

1-Acetyloxymethyl-5-chloro-4-phenoxypyridazin-6-one (9a).

A mixture of 1a (1.01 g, 4.26 mmoles), phenol (0.8 g, 8.52
mmoles), potassium carbonate (1.18 g, 8.52 mmoles) and ace-
tonitrile (50 ml) was refluxed for 1 hour. After cooling to room
temperature, the solvent was evaporated under reduced pressure.
Diethyl ether (10 ml) was added to the residue with stirring. The
resulting crystal was filtered and dried in air to give 9a in 78%
(0.98 g) yield.

1-Acetyloxymethyl-5-bromo-4-phenoxypyridazin-6-one (9b).

A solution of 1b (2.8 g, 8.59 mmoles), phenol (0.81 g, 8.59
mmoles), potassium carbonate (1.19 g, 8.59 mmoles) and ace-
tonitrile (50 ml) was stirred for 24 hours at room temperature.
The solvent was evaporated under reduced pressure. A mixture of
water/chloroform (1:1, v/v, 100 ml) was added to the residue with
stirring. The organic layer was seperated and evaporated under
reduced pressure. The residue was applied to the top of an open-
bed silica gel column (3 x 7 cm). The column was eluted with
chloroform. Fractions were combined and evaporated under
reduced pressure. The resulting crystals were recrystallized from
water to give 9b in 54% (1.571 g) yield.

Synthesis of 7 from 9.
Method F.

A solution of 9 (1.02 mmoles), potassium carbonate (2.04
mmoles) and water (20 ml) was refluxed for 0.5 hours for 9a or
2 hours for 9b. After cooling to room temperature, the resulting
crystals were filtered and dried in air to give 7.

Reaction of 9a with Phenol.
Method G.

A mixture of 1 (0.75 g, 2.55 mmoles), phenol (0.48 g, 5.09
mmoles), potassium carbonate (0.7 g, 5.09 mmoles) and acetonitrile
(30 ml) was refluxed for 9 hours. The solvent was evaporated under
reduced pressure. Water (30 ml) was added to the residue with stir-
ring. The solution was neutralized by dilute hydrochloric acid
(7.4%). The resulting precipitate was filtered and applied to the top
of an open-bed silica gel column (2 x 7 cm). The column was eluted
with chloroform. Fractions containing 8a (Rf = 0.23;
chloroform/diethyl ether = 9:1, v/v) were combined and evaporated
under reduced pressure. The resulting residue was recrystallized
from diethyl ether/n-hexane (1:2, v/v) to give 8a in 12% (0.1 g)
yield. Fractions containing 7a (Rf = 0.23, chloroform/diethyl
ether = 9:1, v/v) were combined, evaporated under reduced pressure
to give 7a in 53% (0.3 g) yield.
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Reaction of 9b with Phenol.
Method G.

A mixture of 1b (0.94 g, 2.77 mmoles), phenol (0.52 g, 5.55
mmoles), potassium carbonate (0.77 g, 5.55 mmoles) and ace-
tonitrile (50 ml) was refluxed for 12 hours. After cooling to room
temperature, the solvent was evaporated under reduced pressure.
Water (30 ml) was added to the residue with stirring. The solution
was neutralized by dilute hydrochloric acid (7.4%). The resulting
crystal was filtered and washed with diethyl ether (50 ml) to yield
7b (0.2 g). The filtrate was also evaporatred under reduced pres-
sure. The residue was applied to the top of an open-bed silica gel
column (2 x 7 cm). The column was eluted with chloroform.
Fractions containing 8b (Rf = 0.89, chloroform/diethyl ether =
9.5:0.5, v/v) were combined and evaporated under reduced pres-
sure. The resulting crystal was recrystallized from diethyl
ether/n-hexane (1:2, v/v) to give 8b in 9% (0.1 g) yield. Fractions
containing 7b (Rf = 0.2, chloroform/diethyl ether = 9.5:0.5, v/v)
were combined and evaporated under reduced pressure. The
resulting crystal was recrystallized from chloroform/n-hexane
(1:1.5, v/v) to give 7b (0.125 g). The total yield of 7b was 44%
(0.325 g).

1-Acetyloxymethyl-5-chloro-4-(4-nitrophenoxy)pyridazin-6-one
(11a).

Method H.

A mixture of 1a (1.5 g, 6.33 mmoles), p-nitrophenol (1.76 g,
12.66 mmoles), potassium carbonate (1.75 g, 12.66 mmoles) and
acetonitrile (50 ml) was refluxed for 3.5 hours. After cooling to
room temperature, the solution was filtered. The filtrate was
evaporated under reduced pressure, and the residue was then
applied to the top of an open-bed silica gel column (2.5 x 10 cm).
The column was eluted with ethyl acetate/n-hexane (1/4, v/v).
Fractions containing the product were combined and evaporated
under reduced pressure. The residue was recrystallized from
ethyl acetate/n-hexane (1:4, v/v) to give 11a in 84% (1.8 g) yield.

1-Acetyloxymethyl-5-bromo-4-(4-nitrophenoxy)pyridazin-6-one
(11b).

Method H.

A mixture of 1b (1.2 g, 3.68 mmoles), p-nitrophenol (1.02 g,
7.36 mmoles), potassium carbonate (1.02 g, 7.36 mmoles) and
acetonitrile (40 ml) was refluxed for 2 hours. After cooling to
room temperature, the solution was filtered. The filtrate was
evaporated under reduced pressure, and the residue was then dis-
solved in chloroform/methanol (1:5, v/v). The solution was con-
centrated, and filtered to give 11b in 78% (1.1 g) yield.

1-Acetyloxymethyl-5-chloro-4-(4-cyanophenoxy)pyridazin-6-
one (11¢).

Method H.

A mixture of 1a (1.0 g, 4.22 mmoles), p-cyanophenol (1.0 g,
8.44 mmoles), potassium carbonate (1.17 g, 8.44 mmoles) and
acetonitrile (30 ml) was refluxed for 4.5 hours. The solution was
cooled to room temperature and filtered. The filtrate was
coevaporated with silica gel (2 g) under reduced pressure, and
the residue was then applied to the top of an open-bed silica gel
column (2.5 x 12 c¢m). The column was eluted with chloro-
form/methanol (4:0.1, v/v). Fractions containing the product
were combined and evaporated under reduced pressure. The
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residue was recrystallized from methanol to give 11¢ in 96%
(1.29 g) yield.

1-Acetyloxymethyl-5-bromo-4-(4-cyanophenoxy)pyridazin-6-
one (11d) and 5-Bromo-4-(4-cyanophenoxy)pyridazin-6-one
(12d).

Method H.

A mixture of 1b (1.5 g, 4.60 mmoles), p-cyanophenol (1.10 g,
9.20 mmoles), potassium carbonate (1.27 g, 9.20 mmoles) and
acetonitrile (30 ml) was refluxed for 4 hours. The solution was
evaporated under reduced pressure, and the residue was then dis-
solved in methanol. The solution was filtered. The resulting pre-
cipitate was dissolved in chloroform, and the solution was
coevaporated with silica gel (2 g) under reduced pressure. The
residue was applied to the top of an open-bed silica gel column
(2.5 x 10 cm). The column was eluted with chloroform/methanol
(4:0.1, v/v). Fractions containing 11d (Rf = 0.68, chloroform/
diethyl ether = 9.5:0.5, v/v) were combined and evaporated under
reduced pressure. The residue was recrystallized from methanol
to give 11d in 33% (0.545 g) yield. Fractions containing 12d
(Rf = 0.21, chloroform/diethyl ether = 9.5:0.5, v/v) were com-
bined and evaporated under reduced pressure. The residue was
recrystallized from chloroform/diethyl ether (9.5:0.5, v/v) to give
12d in 37% (0.5 g) yield.

Synthesis of 12a, 12b and 12c.
Method 1.

A solution of 11a, 11b or 11¢ (1.57 mmoles), potassium car-
bonate (0.43 g, 3.14 mmoles) and water (15 ml) was refluxed for
1 hour for 11a, 2.5 hours for 11b or 1.5 hours for 11c. After cool-
ing to room temperature, the solution was filtered. The resulting
precipitate was recrystallized from ethyl acetate to give 12a, 12b
or 12¢.

5-Chloro-4-(4-methoxyphenoxy)pyridazin-6-one (12e).
Method H.

A solution of 1a (1.5 g, 6.63 mmoles), p-methoxyphenol (1.57
g, 12.65 mmoles), potassium carbonate (1.75 g, 12.65 mmoles)
and acetonitrile (30 ml) was refluxed for 14 hours. After cooling
to room temperature, the solution was filtered. The resulting pre-
cipitate was dissolved in water (30 ml). The solution was neutral-
ized by dilute hydrochloric acid (7.4%). The crystal was filtered
and washed with methanol (30 ml) to give 12e in 60% (1.11 g)
yield.

5-Bromo-4-(4-methoxyphenoxy)pyridazin-6-one (12f).
Method H.

A mixture of 1b (1.5 g, 4.60 mmoles), p-methoxyphenol (1.14
g, 9.20 mmoles), potassium carbonate (1.27 g, 9.20 mmoles) and
acetonitirle (35 ml) was refluxed for 6.5 hours. After cooling to
room temperature, the solution was evaporated under reduced
pressure. The residue was dissolved in water/chloroform (1:1,
v/v, 80 ml) with stirring. The organic layer was seperated, dried
over anhydrous magnesium sulfate and coevaporated with silica
gel (3 g). The residue was applied to the top of an open-bed silica
gel column (2 x 10 cm). The column was eluted with chloroform.
Fractions containing the product were combined and evaporated
under reduced pressure. The residue was recrystallized from
chloroform/n-hexane (1:1, v/v) to give 12f in 72% (0.95 g) yield.
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5-Chloro-4-(4-chlorophenoxy)pyridazin-6-one (12g).
Method H.

A mixture of 1a (2 g, 8.44 mmoles), p-chlorophenol (2.17 g,
16.87 mmoles), potassium carbonate (2.33 g, 16.87 mmoles) and
acetonitirle (35 ml) was refluxed for 13 hours. After cooling to
room temperature, the solution was evaporated under reduced
pressure. The residue was dissolved in water/chloroform (1:1,
v/v, 200 ml) with stirring. The organic layer was seperated and
evaporated under reduced pressure. The residue was applied to
the top of an open-bed silica gel column (2 x 10 cm). The column
was eluted with chloroform. Fractions containing the product
were combined and evaporated under reduced pressure to give
12g in 45% (1.24 g) yield.

5-Bromo-4-(4-chlorophenoxy)pyridazin-6-one (12h).
Method H.

A mixture of 1b (1.5 g, 4.60 mmoles), p-chlorophenol (1.18 g,
9.20 mmoles), potassium carbonate (1.27 g, 9.20 mmoles) and
acetonitirle (35 ml) was refluxed for 6 hours. After cooling to
room temperature, the solution was evaporated under reduced
pressure. The residue was dissolved in water/chloroform (1:1,
v/v, 100 ml) with stirring. The organic layer was seperated, dried
over anhydrous magnesium sulfate and coevaporated with silica
gel (3 g). The residue was applied to the top of an open-bed silica
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gel column (2 x 10 ¢cm). The column was eluted with chloroform.
Fractions containing the product were combined and evaporated
under reduced pressure. The residue was recrystallized from
diethy! ether to give 12h in 71% (1.21 g) yield.
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