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To develop new anticancer agents, 3-allvlthio-6-aminepyridazine derivatives were synthesized from maleic anhy-
drides or phthalic anhvdrides by formation of a pyridazine nucleus, dichlorination, allylthiclation and amination.
The pynidazine nuelel were obtained by condensing a hydrazine monohydrate with maleic anhydride. An allyltluo
group as a pharmacologically active group was introduced mto one side of a pyridazine ring. Arvlalkylamines with
benzene or pyridine moieties or heterocy cloalkylanines with heterocycle moieties such as morpholine, piperidine,
or pyrrohdine were also introduced mto the para-position of allylthio pyridazine. These new compounds showed
antiproliferative activities against SK-Hep-1 human liver cancer cells in MTT assays. These compounds are thus
promising candidates for chemotherapy of hepatocellular carcinomas. Two compounds, 20¢ and 22a, showed higher
potencies tor inhibiting growth of hepatocellular carcinoma cells than did K6 (IDs=1.08 mM). This suggests the poten-

tial anticancer activity of these two compounds.
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Introduction

The allylthio group of allicin and other organosulfur com-
pounds that are isolated from garlic is considered to be an im-
portant pharmacophore. a key structural component of the
molecules that are responsible for their antitumor activities. Ln
previous studies. various 3-allylthio-6-alkoxypyridazine de-
rivatives (K-compounds) and 3-allylthio-6-alkylthiopyridazine
derivatives (thio-K-compounds) were synthesized and their
biological activities tested.”* " K-Compounds and thio-K-com-
pounds showed especially good hepatoprotective and anti-
tumor activities (Fig. 1).!

The pyridazine group is an important moiety present in many
drugs acting at various phamacological targets.:"’ This moiety
was combined with an allylthio group. We also developed 3- allyl-
thio-6-aminopyridazine derivatives (amino-K-compownds) 19~23
using a modification of this method. We tested the ability of our
synthetic compounds to inhibit the growth of a SK-Hep-1 cell line.
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Figure 1. Reported alkoxv(or alkvlthio)allvlthiopyridazines

The isosteric replacement of the exo oxvgen (or sulfur) of
K-compounds by a nitrogen atom vields the aminopyrida-
zines (Fig. 1). We have recently reported the synthesis of 3-
alkylcarboxamidyl-6-chloropyridazines through amination
and acylation. * and allylthioheterocyclopyridazines (as ter-
tiary amines).’

Kwon ef af. reported the synthesis of 3-allylthio-6-hetero-
cyclylaminopyridazines and their antitumor activities against
SK-Hep-1 human liver cancer cells.® We then became inter-
ested in synthesis of aminopyridazines through coupling of
pyridazinyl chloride with amines known to give new ami-
no-K-compounds (Fig. 2).

Activated arv] halides react well with amines to give the
corresponding arvlaniines. The reaction of an aryl halide with an
amine is not only important for the synthesis of amines. but is also
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essential for the preparation of pharmaceuticals. Many reports
have been published on the nucleophilic amination of aryvl
halides."

Even though the synthetic pathway for 3-aminopyridazines
was developed by Wermuth er o/, Contreras er a/..>*" and
Parrot ef al..” the svnthesis of heterocyclo(or arvlalky lamino-
pyridazines has not been reported until now. We applied a
general method of preparing aminopyridazines from pyridaziny]
halides and amines.” The key intermediates in these prepara-
tion are pyridazinyl chlorides 13~16. which can be readily
obtained from the corresponding 3.6-dichloropyridazine 9~12
by reaction with allylmercaptan. Condensation of the pyridazinyl
chlorides 13~16 with various amines gave the final products
19~23 (Table ). In order to investigate the potential anti-
cancer activity of the twentytwo synthetic compounds we
created, the growth-inhibitory effect of these synthetic com-
pounds was examined on SK-Hep-1 hepatocarcinoma cells.
N-Substituted-3-amino-6-chloropyridazines 18a-~e were pre-
pared through amination and acylation from 3. 6-dichloro-
pyrdazine. ’

Results and Discussion

A series of 3-allylthio-6-heterocycloalkylaminopyridazines

Mvung-Sook Lee et al.

19~23 was prepared by formation of a pyridazine nucleus, di-
chlorination. allylthiolation and micleophilic substitution. The
alkvlamines with benzene. pyridine and heterocycle -such as
pyridine. morphorine. piperidine and pyrolidine- were intro-
duced into the 6-position of the pyridazine ring (Scheme 1).
Here. we present our results concerning the substitution re-
action of 3-allylthiopyridazine by alkvlamines. which pro-
duced 3-allylthio-6-heterocycloalkylaminopyridazines 19~23.
In Table 1. we summarize the physical properties and the opti-
mal condition for synthesizing compounds 19~23,

3-Allylthio-6-chloropyridazines 13~16 were converted to
final alkylaminopyridazines 19~23 by nucleophilic aromatic
substitution with alkylamines in the presence of ammonium
chloride (Scheme 2). The ammonium chloride assisted cou-
pling of varous alkylamines with 3-allylthio-6-chloropyri-
dazines 13~16 resulted in nucleophilic substitution. The ami-
nation reactions of chloropyridazine 13~16 with a range of
amines are shown in Table 1. The alkyl ligand between the
nitrogen and the ring cycle was increased in carbon length to
four: methyl, ethyl, propyl and butyl.

The nucleophilic displacement of chlorine in 3-allylthio-
6-chloropyridazine 13~16 requires a prolonged reaction time
at the reflux temperature of #-butanol. A typical reaction was
that a mixture of amines (12mmol). 6-allylthio-3-chloro-

O
Rl N=N
| O + HN-NH,:H,0 ——— HOA\ »~OH
Rs ¢-HCIH»O/3h,
O reflux Ry R,
1-4 5-8
POCI;, 7h, reflux
N-N (RyCORO, A 28% NH,OH, NzN
CIUN—C—R‘; — CIUNHZ -— (= /CI
—/ H 6 1h. reflux autoclave, 6h
18 17 Ry R;
a-e 9-12
CH,=CH-CH,-SH
NaOH/MH,0.
Hy NeN n-butanol, CH,;0H
2 = . .
H,C=HC-C-S4 )-HN, /R3 NH,CI, rc.ﬂu\ Hy N=N
(CH,), alkylamines HyC=HC-C-S<y, (1l
Rl R2 ’
Ry R,
19-23
13-16
Comp. R, R, Comp. R, R,
19a-b, 20a-b,21a-d, 222,232 H H 1,5 9,13 H H
19¢-d, 20¢-d, 21e-h, 22b,23b  CH,- CH.- 2,6,10,14 CH,- CHj-
19¢-f, 20e-l, 21i-), 22¢ ~(CH,), 3,7,11,15  «{(CH,),-
21m-n -(CH)_‘- 1,8,12,16 '(CH)_;'
Ry = pvridine. morpholine. benzene, piperidine. pyrrolidine R, = methyl. ethyl. propyl. butyl. pentyl

Scheme 1. Svnthesis of 3-allylthio-6-aminopyridazine derivatives 19-23
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Table 1. Target Compounds 19a-f~23a-b and Optimal Reaction Conditions.

Comp. R, R: Rs n Time/l'  mp/T  Yield/%" I‘é‘ifgr_ atio
1%a H H pyrdine 1 48 94-98 20 2
15h H H pyrdine 2 48 o1l 8 2
19¢ CH; CH. pyridine 1 24 97-98 60 3
19d CH: CH: pyrdine 2 63 o1l 9 3
1% -(CH:)s- pyridine 1 48 60-64 74 3
19f -(CHz)u- pyridine 2 48 oil 15 2.8
20a H H morpholine 2 48 37-39 16 3
20b H H morpholine 3 30 49-51 14 3
20c CHs CH: morpholine 2 72 74-75 12 2
20d CHs CH: morpholine 3 72 o1l 33 2
20e -(CH:)- morpholine 2 48 67-69 47 3
20f -(CH:)- morpholine 3 48 o1l 36 3
21a H H benzene 1 48 66-67 29 3
21b H H benzene 2 30 48-50 39 3
21¢ H H benzene 3 48 39 36 2.1
2d H H benzene 4 48 36-37 42 3
Ile CH CH benzene 1 72 oil 15 3
21f CH CH benzene 2 72 o1l 37 3
g CH UH benzene 3 96 oil 6 2
21h CH 'H benzene 4 96 30-31 46 3
21i -(CH:)- benzene 1 48 92-93 67 3
21j -(CH:)- benzene 2 48 57-39 60 3
21k -(CHz2)- benczene 3 48 oil 51 3
211 -(CH:)- benzens 4 48 o1l 30 3
21m -(CH)- benczene 1 48 oil 13 3
21n -(CH)- benczene 2 48 oil 11 3
22a H H pipendime 2 48 34-36 27 3
22b CH; CH. piperidine 2 48 oil 23 3
22¢ ~(CH:)- piperidime 2 48 38-39 23 34
23a H H pymolidine 2 48 70-73 18 3
23b CH; CH. pyirolidine 2 72 51-54 62 3

“All reactions were performed in #-butanol under retlux. 'Yields referred to isolated product. ‘Reag.:Subs. is the ratio of reagent (alkvlamine) to

substrate (chloropyndazines 13-16).

prridazine (4mmol). and ammonium chlornde (4numel) in#-butanol
were stirred under reflux for 24-96h. The reaction was usually
carried out using 1: 3 equivalerts of 3-allvlthio- 6-chloropyridazine:
alkylamines.

In the proposed mechanism-a substitution reaction of an
amine nucleophile-the amine is added to the pyridazine
nucleus to form a tertiary ammonium intermediate and proton
transfer from nitrogen to chloride produces a hvdrochloride.
A molecule of hydrochloride was eliminated due to nucleo-
philic addition at the carbon of the pyridazine nucleus and a
new C-N bond formed. For additional amination. halides
13~16 were converted to compounds 19~23 by eliminating
the hydrochloride.

The mono-allylthiolation from 3.6-dichloropyridazines
9~12 to 3-allvlthio-6-chloropyridazine 13~16 gave high vields.
Reactions of dichloropyridazines with allylmercaptan occur-
red in vields of more than 91%. Pyridazine halides and pyri-
dvlalkvlamines were reacted in the presence of ammonium
chloride in #-butanol to form the corresponding products in
vields of 74% (Table 1, entry 19e). Similarly, morpholino-

alkylamines, pheny lalkylamines. piperidiny lalkylamines and
pyrrolidinylamines were converted into the corresponding
aminopyridazine derivatives in somewhat lower vields (Table
L. entries 20~23).

The pyridazine NMR peak of 19~23 appeared at 6.43-6.66
and 6.94-7.04 ppm, and the all¥l peak appeared at 3.87-3.96,
5.08-5.10.5.25-531. and 5.92-6.15 ppm. The NH NMR peak
appeared at 5.29-3.88 ppm (19a~19f), 4 48-3.80 ppm (20a~20f).
4.04-4.99 ppm (21a~21n). 5.08-5.40 ppm (22a~22¢) and
5.08-3.20 ppm (23a~23b) as a broad singlet signal. The pyri-
dazine “C NMR peak appeared at 128. 136. 151. and 156
ppm. and the allyl peak appeared at 46. 115. and 133 ppm. In
the FT-IR spectrum. an NH absorption band appeared at
3367~33400 cm'™.

Finally, we synthesized new 3-allylthio-6-alkylaminopyri-
dazine derivatives in order to discover a potential antitumor
candidate. The refluxing of 3-allylthio-6-chloropyridazines and
the corresponding amines such as pyridylalkylamines. mor-
pholinoalkylamines. phenylalkylamines. piperidinylalkylamines
and pyrrolidinylalkylamines for about 24-96h produced the
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Scheme 2. Svnthesis of allylthicaminopyridazines 19-23 trom allvlthiochloropyridazines 13-16.

target amino-K-compounds (Scheme 2).

[n order to investigate the potential anti-cancer activity of
the twenty-two synthetic compounds. the growth-inhibitory
effect of the synthetic compounds was examined against SK-
Hep-1 hepatocarcinoma cells. MTT assays were conducted
on the cells treated with various concentrations of the com-
pounds. K6. which has previously been shown to have anti-
proliferative activity against SK-Hep-1 cells’’* was used as a
positive control. Of twenty-two compounds tested. seven

(18D, 19¢, 204, 20h, 20¢, 22a and 23a) showed dose~<lependent
inhibitory effects against the growth of SK-Hep-1 cells (Fig. 3).

We further investigated the anti-proliferative activity of
four compounds (20a, 20¢, 22a and 23a) that caused a higher
inhibition of cell growth than the other compounds. As shown
in Fig. 4. these compounds caused a marked inhibition of
SK-Hep-1 cell growth in a dose-dependent manner. The highest
inhibition was observed by 20¢ and the lowest inhibition by
20a. The [Cs; values for 20¢, 22a, and 23a for inhibiting
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Figure 3. Anticancer activity of synthesized compounds
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Figure 4. Comparison of K6 and allvlthioaminoalkyvlpyvridazine
compounds

SK-Hep-1 cell growth were approximately 0.36, 0.92 and
1.11 mM. respectively. The [Csq value of 20a could not be de-
termined by the concentration range used in this study. Two
compounds, 20¢ and 22a, showed higher potencies in inhibit-
ing the growth hepatocellular carcinoma cells than did K6
(1.08 mM), suggesting the potential anticancer activity of
these two compounds.

Experimental Section

Chemicals. Chemicals were supplied by Aldrich, Sigma.
Merck. and Tokyo Kasei. Melting points were determined in
open capillary tubes on a Buchi 333 melting point apparatus
and uncorrected. NMR spectra were recorded using a Bruker
300 MHz NMR spectrometer. Chemical shifts are reported in
parts per million and were recorded in chloroform-d or di-
methy1-ds sulfoxide with tetramethyIsilane as the intemal stan-
dard. NMR spin multiplicities are indicated by the svmbols: s
(singlet). d (doublet). t (trplet). q (quartet). and m (multiplet).
IR spectra were recorded on a Perkin- Elmer L6F PC FT-IR
spectrometer using NaCl discs and pellets. Mass fragmenta-
tions were recorded using an Agilent 6890 GC and 5973 MS.

General Synthetic Procedure for Compounds 19a-f ~ 23a-
h. A solution of 3-all¥lthio-6-chloropyridazine (1.12g. 6mmol)
and the appropriate amine (12mmol) and ammonium chloride
(0.32g. 6mmol) in #-butanol (30mL) was refluxed for 24-96h.
The solvent was evaporated under reduced pressure. The resi-
due was resolved with 10% K:COs solution and extracted
with ethyl acetate. The organic laver was extracted with 10%
citric acid solution. After the water laver was neutralized by
pH 8-9 with K-COs, the residue was extracted with ethvl ace-
tate and dried over Na:SO.. After solvent evaporation. the resi-
due was purified by column chromatography on silica gel.

3-Allylthi0-6-[(2-pyridr\_-'l)methy]amino]p}-'ridazine (19a):
Yield: 20%. mp 94-98 C. 'H NMR (CDCl3) & 8.55 (d, /=4.5
Hz. 1H. CH. pyridine). 7.66 (t. J/=7.5Hz. |H. CH. pyridine).
7.29 (d,/=7.8Hz 1H. CH. pyridine), 7.20 (t. J=6.0Hz. 1H, CH.
pyridine). 7.04 (d. J=9.0Hz, 1H. CH. pyridazine). 6.66 (d,
J=93Hz. |H. CH. pyridazine). 5.93-6.08 (m. |H. =CH). 5.88
(s. 1TH. NH), 5.27 (d. /=16 9Hz, 1H, CH>=). 5.10 (d. /=10.2Hz.
IH. CH>=).4.78 (d. /=5.1Hz. 2H. CH-). 3.90 (d. /=6 9Hz. 2H.
SCH:). >C NMR (CDCls) 3 156.93. 148.92. 122.33, 122.25,
117.70 (pyridine), 156.62. 131.07. 136.73. 128.11 (pyridazine),
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133.76 (=CH), 115.62 (CH:=). 46.54 (SCH-). 33.58 (NHCH:).
FT-IR (NaCl) e’ 3399 (N-H). 3053 (aromatic). 1594 (N=N).
1421 (C=N). 1263 (C-N). GC-MS m-z(%) 93.10 (100.00),
243.00 (34.92).39.10(49.07).92.10 (37.73). 107.10 (27.91).
3-Allylthio-6-[(2-pyridyl)ethyl})amino] pyridazine (19b):
Yield: 8%. '"H NMR (CDCls) 6 8.51 (d. J=4.5Hz, 1H. CH.
pyridine). 7.59 (d.J=7.8Hz. 1H. CH. pyridine). 7.01-7.19 (m.
1Hx=2, CHx*2, pynidine), 6.94 (d../=9.1Hz. 1H, CH. pyridazine),
6.56 (d. J=9.3Hz. 1H. CH. pyridazing). 5.92-6.04 (m. 1H.
=CH). 5.59 (s. IH. NH). 5.25 (d. /=17.4Hz. 1H. CH-=). 5.08
(d. /=10.2Hz. |H. CH:=), 3.84-3.89 (m. 2H*2, CH2>x2), 3.12
(t.J=6.6Hz. 2H. SCH-). ’C NMR (CDCl3) 5 159.699. 149.11.
123.56. 121.52, 117.63 (pyridine), 1356.99, 14943, 136.61,
128.06 (pvridazine). 1343.73 (=CH). 115.27 (CH>=). 41.24
(SCH-). 36.53, 33.60 (CH-x2).
3-All¥lthio-4,5-dimethyl-6-[(2-py¥ridy¥l)methylamino] pyri-
dazine (19¢): Yield: 60%. mp 97-98°C. '"H NMR (CDCl:) &
8.57 (d. J=4.7Hz, 1H, CH. pyridine), 7.63-7.68 (m, 1H. CH,
pyridine). 7.33 (d. J=7.6Hz. 1H. CH. pyridine). 7.20 (t.J=2.7Hz.
1H. CH. pyridine). 6.03-6.07 (m, L1H. =CH), 3.79 (s. IH, NH),
531(d./=169Hz 1H.CH-=). 5.10(d. /=9 9Hz. 1H. CH-=).
4.84 (d. /=4 4Hz. 2H. CH-). 3.96 (d. /=6 9Hz. 2H. SCH-).
2.18 (s. 3H, CHs). 2.06 (s. 3H, CHs) . *C NMR (CDCl3) &
157.52, 152,12, 12276, 122.58. 122.52 (pynridine). 156.11.
152.12. 136.92, 133.95 (pyridazine), 134.48 (=CH), 117.83
(CH>=). 46.98 (NHCH-). 33.58 (SCH-). 14.86 (CHx). 12.26
(CH.). FT-IR (NaCl) em™ 3400 (N-H), 3053 (aromatic), 1543
(N=N), 1265 (C-N). GC-MS m-z(%) 271.10 (100.00), 93.10
(64.93). 107.10 (62.22). 27210 (45.86). 92.10 (45.43).
3-All¥lthio-4,5-dimethy]l-6-[(2-pyrid¥])ethylaminopyri-
dazine (194): Yield: 9%. "H NMR {CDCl5) 6 8.53(d.J/=4.1Hz.
IH. CH. pyridine). 7.60(m, I|H. CH, pyridine). 7.12-7.20(m,
LH>2. CHx2, pyriding). 6.00-6.10(m. 1H. =CH). 5.44(s. 1H.
NH). 5.29d. /=16 9Hz 1H. CH-=). 5.09(d. /=9.5Hz. 1H.
CH>=), 3.91-3.95(m, 2H*2, CH:x2), 3.15(t. J=6.1Hz. 2H. CH:),
2.18 (s. 3H. CH2). 2.05 (s. 3H. CHa). "C NMR (CDCl;) § 160.88.
14931, 123.90. 122 43. 121 84(pvridine). 156.42, 151.61, 137.03.
133.72(pyridazine). 134.50(=CH). L17.73(CH>=). 4191
(NHCH-). 36.88(CH-). 33.56(SCH>), 14.81(CHaz). 12.11(CHa).
FT-IR (NaCl) e’ 3367(N-H). 3032¢aromatic). 1350(N=N),
1265(C-N). GC-MS m1-2(%) 192.10(100.00). 285.20(100.00).
106.10(87.90). 93.10(52.25). 286.10(40.66).
1-Allylthio~4-[(2-pyridylymethylaminoe]-5,6,7,8-tetrahy dho-
phthalazine (19¢): Yield: 74%. mp 60-62C. 'H NMR (CDCls)
& 8.54(s. LH. CH. pyridine). 7.63(t. J=2.4Hz. 1H. CH. pyri-
dine). 7.31¢t. J=54Hz. |H. CH. pyridine). 7.17(t. /=3.3Hz.
LH. CH. pyridine), 6.00-6.10(m, 1H, =CH). 3.73(s, |[H. NH),
5.29(d. J=17.1Hz. 1H. CH-=). 5.09(d. /=9.3Hz. |H. CH-=).
4.84(d, J/=3.9Hz, 2H. NHCH:). 3.95(d. J=3.7Hz. 2H. SCH>),
2.46(s. 2Hx2. CH-»2). 1.80(s. 2Hx2. CH:x2). °C NMR (CDClz)
0 137.55.155.63. 136.86. 135.11(pyridazine). 151.72, 149.13.
123.69. 122.67. 122 46(pyridine). 134.54(=CH). 117.72(CH-=).
46.72(NHCH>). 33.00(SCH>). 22.02, 22.81. 21.66. 21 57(CH>x4).
FT-IR (NaCl) cm’ 3395(N-H). 3031 (aromatic). 1265(C-N)).
GC-MS m:2(%) 297.10(100.00), 272.10(96.43), 107.10(62.28).
93.10(60.71), 92.10(41.43).
1-Allylthio-4-[(2-pyrdyl)ethylamino]-5,6,7,8-tetrahy dho-
phthalazine (19): Yield: 15%. 'H NMR (CDCls) § 8.53 (d.
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J=3.9Hz. 1H, CH. pyridine), 7.39(t, /=3 9Hz. 1H, CH. pvri-
dine). 7.13-7.20(m. LHx2. CHx2. pyridine). 6.04-6.15 (m.
IH. =CH). 529(d. /=16.8Hz. 1Hx2. CH+NH). 5.09%(d.
J=10.2Hz, 1H. CH). 3.93(t. J=6.9Hz, 4H, NH-CH2x2).
3.15(t. J=6.0Hz. 2H. CHx). 1.75(s. 2H=2. CH:x2). °C NMR
(CDCl1) 8 160.84. 153.95. 137.03. 134.98(pvridazine), 151.30,
14935, 12391, 123.53. 121 83(pyridine). 134.59(=CH). L 17.68
(CH>=). 41.68(NHCH:), 36.99(CH»). 33.02(SCHa). 25.01.
22.71.21.72. 21.55(CH-x4). FT-IR (NaCl) cm’ 3368(N-H).
3053(aromatic). 1551(N=N). 1265(C-N). GC-MS m2(%)
106.10(100.00). 311.10(82.28). 93.10(31.67). 286.10(49.46).
218.10¢44.78).
3-Allylthio-6-morpholinoethylaminopyridazine (20a):
Yield: 16% mp 57-39C. 'H NMR (CDCl3) 6 7.03(d. /=9.3Hz.
1H. CH. py¥rnidazine), 6.60(d. ./=6.6Hz, 1H, CH, pyridazine),
3.94-6.00(m, 1H, =CH). 5.22-3.29(m, 2H. NH+CH»=), 3.08
(d. /=9.9Hz. 1H. CH-=). 3.87(d. /=6.9Hz. 2H. SCH-). 3.70
(m, 2H=2, CH2x2. morpholine). 3.31(q../=11.7Hz. 2H. CH>).
2.64(1. J=6.0Hz. ZH. CH-). 2.48(m. 2H=x2. CH>x2. morpho-
line). °C NMR (CDCls) & 136.38. 133.69, 117.65 (pynidazine).
128.10(=CH). 115.25(CH-=). 66.85. 53.30 (morpholire). 56.92
(CH-). 37.80(CH-). 33.63(SCH>). 14.84(CHs3). 12.13(CH;). FT-IR
(NaCly e’ 3434(N-H), 3034(aromatic). 1550(N=N), 1421(C=N),
1265(C-N). GC-MS m-z(%) 100.10 (100.00), 56.10(27.64).
42.10(22.97). 70.10(22.62), 113.10 (16.27).
3-Allylthio-6-morpholinopropylaminopyridazine(20b):
Yield: 14 %, mp 49-51°C. '"H NMR (CDCls) 6 7.02(d, /=9.3
Hz, IH. CH, pvridazine), 6.52(d. /=9.0Hz, 1H, CH. pyridazine),
5.93-6.06(m. IH. =CH). 5.78(s. |H, NH). 5.25(d. /=16 2Hz,
1H. CH~=). 5.08(d. /=99Hz. 1H. CH:=), 3.88(d. J=7.2Hz.
2H. SCH>). 3.72(m. 2H=2. CH~x2. morpholine). 3.46-3.53
(m, 2H. CH»). 2.453-2.32(m. 2Hx2. CH:x2. morpholine),
1.78-1.86(m. 2H. CH-). °C NMR (CDCls)  157.23. 150.27.
133.77. 117 64(pyridazine). 128.17(=CH). L 14.75(CH-~=). 67.07.
33.73(morpholine), 37.34(CH:). 41.30(CH:), 235.03CH-»).
33.69(SCH-). FT-IR (NaCl em’! 3435(N-H). 3053(aromatic).
13532(N=N). 1421{C=N), 1263(C-N). GC-MS m-z(%) 100.10
(100.00). 166.00(67.51). 42.10(63.16). 56.10(56.40). 41.20
(49.08).
3-All¥lthio-4,5-dimethy]l-6-morpholinoethylaminopyri-
dazine (20c): Yield: 12%. mp 74-75T. '"H NMR (CDCls) &
6.00-6.09(m, 1H. =CH), 5.30(d, /=16.8Hz. 1H, CH~=). 5.10
(d.J=10.8Hz. 1H. CH>=). 4.93(s. IH. NH). 3.94(d. J=6.9Hz.
2H. SCH32), 3.71(m. 2H=2, CH:x2. morpholine). 3.39(q.
J=11.1Hz. 2H. CH-). 2.68(t. J=58Hz. 2H. CH.). 2.50(m,
2Hx2. CH>x2. morpholine). 2.19(s. 3H. CHs). 2.05(s. 3H.
CH2). °C NMR (CDCly) & 136.46. 151.96, 133.83, 122.23
(pyridazine). 134.36(=CH). 117.80(CH-=). 67.52. 53.59 (mor-
pholine), 37.11(CH-). 38.33(CHa>), 33.34 (SCH»). 14.84(CHa).
12.13(CHs). FT-IR(NaCl) cm™ 3400 (N-H). 3053 (aromatic).
12635(C-N). GC-MS m:z(%) 100.20 (100.00). 196.10(68.35).
180.10(53.25). 113.10(40.03), 293.10 (35.98).
3-Allylthio-4,5-dimethy]-6-mo rpholinopropylaminopyri-
dazine (20d): Yield: 33%. '"H NMR (CDCls) 5 5.98-6.12 (mm,
IH. =CH). 5.69(s. |H. NH). 5.29(d. /=16.8Hz. 1H. CH:=).
3.09¢d, J=9.9Hz, 1H. CH»=). 3.94(d, /=6.9Hz. 2H. SCHx).
3.73(m. 2Hx2. CH-x2. morpholine). 3.62(s. 2H. NHCH.).
2.51-2.63(m. 2Hx2. CH-x2, morpholine). 2.18(s. 3H. CHa).
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2.06(s, 3H. CH3). 1.83-1.91(m, 2H, -CH--). "C NMR (CDCls)
5 156.62. 151.49. 133.62. 122.05(pyridazine). 134.53(=CH).
117.73(CH>=). 67.28. 54.3 (morpholine). 59.22(CH>), 43.17(CH-),
24.72(CH-). 33.55(SCH-). 14.83(CHs). 12.88(CH;). FT-IR
(NaCl) cm’ 3053 (aromatic). 1550(N=N). 1265(C-N). GC-MS$
mez(%) 196.10(100.00), 307.10¢72.27). 100.10(49.39). 222.10
(48.80). 196.10(23.90).
1-All¥lthio-4-morpholinoethylamino-3,6,7,8-tetrahy dro-
phthalazine (20e): Yield: 47%. mp 6769 C."H NMR (CDCls)
$6.00-6.06(m. 1H. =CH). 5.29(d.J=16.5Hz. |H. CH-=).5.09
(d. J=9.9Hz. 1H. CH-=). 4.88(s. 1H. NH). 3.94(d, J=7.2Hz,
2H. SCH:). 3.71{m. 2Hx2. CH:*2. morpholine). 3.59(g.

J=3.7Hz, 2H, NHCH:), 2.67(t, J=6.0Hz, 2H, CH:-N), 2.49

(m. 2Hx2, CH->2, morpholing). 2.31(t. J=5.7Hz. 2H. CH-).
1.78-1.86(m. 2Hx2. CH»x2). “C NMR (CDCls) & 155.97,
151.56. 135.04. 123 38(pyridazine), 134.533(=CH). 117.73
(CH>=). 67.47. 53.59(morpholine). 57.16(CH-). 38.06 (CH-).
32.97(SCH:). 25.00, 22.73, 21.70, 21.35(CH>=4). FT-IR
(NaCl) cm’” 3400(N-H). 3052¢aromatic). 1543(N=N). 1265
(C-N). GC-MS nr-z(%) 100.20(100.00). 222.10(62.73), 206.10
(56.53). 319.20(34.36). 234.10(25.25).
1-Allylthio-4-morpholinepropylamine-5,6,7,8-tetrahy dro-
phthalazine (20f): Yield: 56%. 'H NMR (CDCls) 6 6.00- 6.06
(m. LH.=CH). 5.60(s. |lH.NH). 5.29(d. /=16 2Hz. 1H. CH-=),
5.08(d, /=9.9Hz. 1H, CH-=). 3.94(d. J=7.2Hz, 2H. SCH:),
3.73(m. 2Hx2, CH>*2. mormpholine). 3.61(g. J=11.1Hz. 2H.
NHCH-), 2.46-2.55(m. 2Hx=2. CH-x2. morpholine). 2.31(t,

J=5.7Hz. 2. CH>), 1.77-1.90(m. 2H=3. CH-x3). *C NMR

(CDCl) 8 156.14. 151.13. 134.82. 123.16(pyridazine). 134.60
(=CH). 117.67(CH-=), 67.33, 54.34(morpholine). 59.10 (CH-).
42.82(CH>). 33.00(SCH-). 24.97(CH:). 24.76. 23.65. 21.67.
21.58(CH-x4). FT-IR (NaCl) em”’ 3292(N-H), 3051 (aroma-
tic). 1551(N=N). 1265 (C-N). GC-MS m:2(%) 333.20 (100.00).
222.10(69.58). 100.10(57.65). 248.10(43.65). 222.10 (30.99).

3-Allylthio-6-phenylmethylaminopyridazine (21a): Yield:
29%. mp 66-67C."H NMR (CDCls) § 7.26-7.35(m. 5H. -CcHs).
7.03(d, J=9.3Hz. IH. CH. pyridazine). 6.53(d. J=9.3Hz. 1H.
CH. pyridazine). 5.92-6.06(m. LH. =CH). 5.26(d. J=17.1Hz.
1H. CH>=). 5.09(d. J=10.5Hz. 1H. CH-=), 4.95(s. 1H. NH),
4.60(d, J=5.7Hz. 2H. SCH-). “C NMR (CDCls) & 157.06,
151.12. 138.51. 133.66(pyridazine). 12873, 128.29. 127.70.
117.75(CHs), 127.32(=CH). 114.54(CH-=). 46.13(CH-). 33.66
(SCH-). FT-IR (NaCl) cm’ 3435(N-H). 3054(aromatic).
1421(C=N). 1265(C-N)). GC-MS m-2(%) 93.10(100.00), 243.00
(66.74). 39.10(48.63). 92.10(39.72). 41.20(30.36).

3-Allylthio-6-phenylethylaminopyridazine (21b): Yield: 39%.
mp 48-30°C. '"H NMR (CDCls) & 7.20-731(m. 5H. -CsHs).
7.02(d. J=9.3Hz. IH. CH. pyridazine). 6.46(d. /=9.3Hz. IH.
CH. pyridazine), 5.96-6.03(m. 1H. =CH). 5.27(d. /=17.1Hz,
IH. CH-=). 5.10(d. J=9.9Hz. |H. CH-=). 4.48(s. |H. NH).
3.90(d, J=7.2Hz. 2H. SCH-). 3.71(q. /=12.6Hz, 2H. CH-).
2.96(t,.J=6.9Hz, 2H. CH-). "CNMR (CDCls) & 156.95. 150 84,
139.04. 133.72(pyridazine). 128.86. 128.65. 12822, 117.72
(CgHs). 126.51(=CH), 114.75 (CH-=), 42.95(CH>), 35 36(CH>).
33.65(SCH>). FT-IR (NaCl) cm’’ 3434(N-H). 3053(aromatic).
1554(N=N), 1423(C=N). 1265(C-N). GC-MS m-2(%) 236.00
(100.00). 91.10(27.48). 105.10(20.34). 79.10(19.86). 152.00
(18.86).
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3-All¥lthio-6-phenylpropylaminopyrdazine (21c): Yield:
36%. mp 39°C. 'H NMR (CDCl:) 6 7.17-7.28(m. 5H. -CHs).
7.02(d. /=9.0Hz, 1H, CH. pyndazine), 6.43(d. /=9.3Hz. 1H.
CH. pyridazine). 5.95-6.01(m. 1H. =CH), 3.26(d. /=16.8Hz.
IH. CH>=). 5.09%(d. /=9.9Hz. 1H. CH~=). 4.52(s. 1H. NH).
3.89(d. J=6.9Hz. 2H, SCH-), 3.43(q, /=12.9Hz. 2H, CHa).
2.73(t. J=7.8Hz. 2H. CH-). 1.93-2.03(m. 2H. CH-). °C NMR
(CDCla) & 157.19. 150.60. 141.47. 133.74(pvridazine), 128.47.
128 40. 128.27. 117.6%CsHs). 126.02(=CH). 114.37(CH-=).
41.58(CH-). 33.69(CH-). 33.29(SCH-). 30.93(CH»). FT-IR
(NaCl) cm’ 3272(N-H). 3032(aromatic), 1601(C=C), 1433
(C=N). 1265(C-N). GC-MS m-z(%) 270.10(100.00). 91.10
(49.90), 271.10(19.06). 166.00(13.89), 41.20(10.37).
3-Allylthio-6-phenylbutylaminopyridazine (21d): Yield:
42%. mp 36-57°C. "H NMR (CDCls) 6 7.15-7.27(m. $H. -CsHs).
7.02(d. /=9.3Hz, 1H, CH. pyndazine), 6.48(d. /=9.0Hz. 1H.
CH. pyridazine). 5.92-6.06(m. LH. =CH). 5.26(d. /=16.8Hz,
1H. CH»=). 5.08(d, J=9.9Hz, 1H, CH-=), 4.53(s, 1H, NH).
3.88(d. /=6.9Hz. 2H. SCH-). 3.41(q. /=12.3Hz. 2H. CH;.).
2.65(t,J=6.9Hz. 2H, CH:). 1.63-1.73 (m, 2H=2. CH~x2). °C
NMR (CDCl3) 8 137.21.150.50. 142.10. 133.75(pyridazine).
12840, 128 35 128.26. 117.68 (CsHs). 125.83(=CH). 11441
(CH»=). 41.91(CH>). 35.36 (CHa), 33.70(SCH). 29.00(CH-).
28.77(CH-). FT-IR (NaCl) cm’! 3291(N-H). 3051(aromatic).
1601(C=C), 1432(C=N). 1265(C-N). GC-MS m.2(%) 284.10
(100.00). 91.10¢41.47), 285.10(19.51). 152.00(10.69).299.10
(7.31).
3-Allylthio-4,5-dimethyl-6-phenylmethylaminopyrida-
zine (21e): Yield: 15%. 'H NMR (CDCl:) § 7.29-7.39(m. 5H.
-CsHs). 6.01-6.10(m. 1H. =CH), 5.30(d, /=16.9Hz. 1H. CH-=).
5.11{d. J/=9.7Hz. |H. CH-=). 4.73(d. J/=5.1Hz. 2H. CH-).
4.23(s. 1H, NH), 3.96(d, /=6.9Hz, 2H. SCH>), 2.19(s. 3H.
CHa). 2.03(s. 3H. CH3). “C NMR (CDCls) & 155.71. 152.10.
139.33. 134.00(pyridazine). 133.69. 128.66. 128.18. 121.6%
(CeHs). 127.42(=CH), 117.32(CH==). 46.47(CH-), 33.21(SCH>),
14.52(CHa3). 11.84(CHz). FT-IR{(NaCl) cm’! 3467(N-H). 3053
(aromatic). 1265(C-N). GC-MS m:2(%) 91.10(100.00). 270.20
(100.00), 271.10(57.36). 285.10(35.60), 106.10(31.23).
3-Allylthio-4,5-dimethyl-6-phenylethylaminopyridazine
(216): Yield: 37%. 'HNMR (CDCls) §7.19-7.30(m. 3H. -CsHs),
6.01-6.06(m. 1H, =CH). 530(d. /=17.1Hz. 1H. CH-=), 5.10
(d. J=10.2Hz. 1H, CH:=). 4.04(s. 1H, NH), 3.95(d, ./=7.2Hz.
2H. SCH:). 3.83(s. 2H. NHCH-). 2.98(t. /=6 9Hz. 2H. CH-).
2.16(s. 3H. CHs), 1.8%(s, 3H. CHs). °C NMR (CDCls) $
15573, 151.67. 139.61. 134.02(pyridazine). 133.55. 128.86.
128.53. 121.74CeHs). 126.33(=CH). 117.48(CH-=). 42.92
(CH»). 35.24(CH-), 33.23(SCH=). 14.48(CHs3), 11.60(CH3).
FT-IR (NaCl) em’’ 3462(N-H). 3053(aromatic). 1265(C-N).
GC-MS m:2(%0) 284.20(100.00), 283.10(84.26), 180.10(36.97),
299.10¢43.41). 91.10(37 45).
3-All¥lthio-4,5-dimethyl-6-phenylpmpylaminopyridazine
(212): Yield: 6%. 'H NMR (CDCls) 6 7.17-7.30(m. $H, -C<Hs),
6.00-6.09(m. 1H. =CH). 529%d. /=169Hz. |H. CH-=).
5.10(d, J=9.9Hz, 1H. CH»=). 3.94(d, /=6.9Hz. 2H. SCH>).
3.61(q./=11.8Hz 2H. NHCH-). 2.74(t. /=7 5Hz. 2H. CH:).
2.16(s. 3H. CHj), 1.94-2.08(m, 2H. CH-C:Hs), 1.90(s, 3H.
CH3). "C NMR (CDCl3) 6 15618, 151.87. 142.30. 134 46(pyri-
dazine). 133.82. 12884, 128 82 121.91 (CgHs). 126.31(=CH).
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117.83(CH-=). 42.36(CH>). 34.12(CH-). 33.59(SCH>), 3135
(CH>). 14.87(CH:). 12.00(CHs). FT-IR (NaCl) cm” 3053
(aromatic), 1532(N=N), 12635(C-N). GC- MS m-z(%) 298.10
(100,00, 91.10(23.19). 299.1020.14), 194.10(10.98). 313.10
(7.52).
3-All¥lthio-4,5-dimethyl-6-phenylbutylaminopyridazine
(21h): Yield: 46%. mp 30-31C. '"H NMR (CDCls) & 7.15-
7.28(m. 5H. -CeHs). 5.99-6.08(m. 1H. =CH). 5.28(d. ./=16.2Hz.
1H. CH-=). 5.08(d. J=9.9Hz. 1H. CH-=). 3.94(d. J=6.9Hz.
2H. SCH>). 3.56(s. 2H. CH.). 2.64(s. 2ZH. CH.). 2.13(s. 3H.
CH3). 1.97¢s. 3H. CH1). 1.71(t, J=3.6Hz, 2H*2, CH-x2). ’C
NMR (CDCl3) 3 155.88. 151.32. 142.28. 134.08(pyridazine).
133.38, 128.38. 128.27. 121.56(CHs). 125.70(=CH). 117.36
(CH-=). 42.02(CH>). 35.6 1{CH>). 33.17(SCH>). 29.14 (CH-).
28.94(CH.). 14 43(CH:). 11.72(CH:). FT-IR(NaCl) em 3459
(N-H), 3052(aromatic), 1263(C-N). GC-MS m-2(%) 312.20
(100.00). 313.10(64.45). 91.10(53.48). 180.10(21.76). 327.20
(21.43).
1-Allylthio-4-phenylmethylamino-5,6,7,8-tetrahydro-
phthalazine (21i): Yield: 67%. mp 92-93°C. "H NMR (CDCl;)
$ 7.30-7.38(m. 5H. -C¢Hs). 5.99-6.10(m. LH. =CH). 5.30(d.
J=16.8Hz. IH. CH>=). 5.10(d. J=9.9Hz. IH. CH-=). 4.73(d.
J=351Hz. 2H. CH-). 4.20¢s. 1H. NH). 3.96(d. ./=7.2Hz. 2H.
SCH>). 2.50(s. 2H. CH-). 2.28(s. 2H. CH-). 1.78-1.85(m.
2Hx2. CH-x2). °C NMR (CDCls) 6 155.67. 152.13, 139.75,
135.30(pyridazine). 134.50(=CH). 129.27. 129.15. 129.05.
128.56, 127.80. 123.22(CHs). 117.85(CH-=). 46.60 (NHCH-).
33.06(SCH-). 25.07. 22.86. 21.67. 21.33(CH-x4). FT-IR
(NaCl) cm” 3459(N-H). 3052¢aromatic). 1550(N=N). 1265
(C-N). GC-MS 51-2(%) 296.10¢100.00). 91.10¢37.75). 297.10
(24.59). 106.10(17.99). 271.10(13.52).
1-All¥lthio-4-phenylethylamino-3,6,7,8-tetrahydro-
phthalazine (21j): Yield: 60%. mp 57-59C.. "HNMR (CDCls)
$ 7.16-7.30(m. 5H. -C¢Hs). 6.03-6.06(m. LH. =CH). 5.28(d.
J=16.8Hz, 1H. CH-=). 5.08(d. J=10.2Hz. 1H. CH>=). 4.04(s.
1H. NH). 3.95(d. J=6.9Hz. 2H. SCH>). 3.80(q.J=12.3Hz. 2H.
NHCH:). 2.96(t. J=6.6Hz. 2H, CH-). 2.44(s. 2H. CH-).
2.08(s. 2H. CH>). 1.72(s. 2Hx2. CH-x2). ""C NMR (CDClz) &
155.69. 151.63, 139.98. 135.19(pyridazine). 134.51(=CH),
129.56.129.21, 129.01. 128.90, 126.98. 123.29(CHs). 117.78
(CH>=). 43.11(NHCH-). 35.67 (CH.). 33.06(SCH>). 25.05.
22.58. 21.63, 21 47(CH-x4). FT-IR (NaCl) em™ 3442(N-H),
3048(aromatic). 15351(N=N). 1265(C-N). GC-MS mz(%)
181.10(100.00). 194, 10(100.00). 310.10¢100.00). 285.10(72.24).
91.10(41.69).
1-Allylthio-4-phenylpropylamine-5,6,7,8-tetrahy dro-
phthalazine (21k): Yield: 51%. 'H NMR (CDCls) & 7.13-
7.28(m. 5H. -CeHs). 6.00-6.05(m. IH. =CH). 5.28(d. J=17.1Hz.
1H. CH-=). 5.08(d. /=10.2Hz. 1H. CH-=), 3.94(d. J=6 9Hz.
3H. NH+SCH>). 3.59(q. J=12.9Hz. 2H. NHCH-). 2.72(.
J=7.5Hz. 2H. CH>). 2 44(t,J=5.1Hz. 2H. CH-). 2.01- 2.12(m.
2Hx2. CH-x2). 1.69-1.98(m. 2Hx2, CH-x2). >C NMR (CDCls)
3 155.76. 151.42. 142.29. 135.00(pyridazing). 134.75(=CH).
128.80. 126.24, 123.12C:Hs). 117.75 (CH-=). 42.08(CH>),
33.07(CH-). 33.04(SCH>). 31.32(CH>). 25.02. 22.62. 21.50.
21.43(CH-x4). FT-IR(NaC(l) cm’! 3444(N-H), 3049(aromatic),
1551(N=N). 1265(C-N). GC-MS$ m:2(%) 195.10(100.00).
324.10(96.71). 299.10(56.58). 91.10(55.13). 180.10(37.75).
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1-All¥lthio-4-phenylbutylamino-35,6,7,8-tetrahydm-
phthalazine (211): Yield: 52%. 'H NMR (CDCly) & 7.12-
7.28(m, 5H, -CsHs). 5.98-6.08(m, 1H. =CH). 3.26(d, /=16 8Hz.
1H. CH»=). 5.06¢d, J=9.9Hz, 1H, CH-=), 4.08(s, 1H, NH).
4.04(d. J=5.7Hz. 2H. SCH-). 3.53(s. 2H. CH-). 2.61(s. 2H.
CHa). 2.56(s, 2H. CH2). 2.18(s, 2H. CHa), 1.69(s, 2Hx=4.
CH-x4). C NMR (CDCls) 5 155.85. 151.29. 142.67. 134.95
(pvridazine). 134.39(=CH), 128.77. 128.66. 126.09, 123.13
(CeHs). 117.69(CH-=). 42 18(NHCHa,). 36.03(CH-). 33.04
(SCH-). 29.56(CH-). 29.37(CH>). 25.02.22.74. 21.67. 21 49
(CHax4). FT-IR(NaCl) cm’ 3447(N-H). 3049(aromatic). 1330
(N=N). 1265(C-N). GC-MS 1:2(%) 338.20(100.00). 91.10
(31.77),313.10¢46.17). 181.10(39.34), 222.10(32.55).
1-Allylthio-4-phenypropylaminophthalazine (21m): Yield:
13 %. "H NMR (CDCl5) 8 8.00-8.03(m, 1H. CH. phthalazine).
7.67-7.76(m, 1Hx2. CHx2, phthalazine), 7.30-7.33(m. 1H.
CH. phthalazine). 7.18-7.29(m. 5H. C¢Hs). 6.04-6.13(m. |H.
=CH). 5.33(d, /~16.8Hz, 1H. CH»=), 5.12(d. /=9.9Hz, 1H.
CH-=). 4.99(s. IH. NH). 4.06(d. J=6.6Hz. 2H. SCH-). 3.70-
3.76(m. 2H, CHa»). 2.78(t. J/=7.5Hz. 2H. CH-)., 2.06-2.16(m.
2H. CH»). "C NMR (CDCly) § 152.70. 150.08. 142.25_ 131 .75,
12121, 118 76(phthalazine). 134.24(=CH). 13168, 12892,
128.86. 126.89, 126.89, 126.34, 124.84(CcHs), 118.13(CH-=).
33.18(SCH-). 42.31. 34.19. 31.10(CH~x3). FT-IR (NaCl)
e’ 3448(N-H). 3033(aromatic). 1347(N=N). 1265(C-N).
1-Allylthio-4-phenylbutylaminophthalazine (21n): Yield:
11%. "H NMR (CDCl5) 6 7.99-8.03(m, 1H, CH. phthalazine).
7.70-7.78(m, 1Hx3. CHx3, phthalazine). 7.10-7.28 (m. 3H.
CeHs). 6.07-6.09(m. 1H. =CH). 5.33(d.J=17.1Hz. 1H. CH-=).
5.12(d, J=9.9Hz, 1H. CHx=). 4.03(d, /=6.9Hz. 2H. SCHa).
3.70(s. 2H. CH>). 2.66(t. J=6.9Hz. 2H. CH-). 1.71-181(m.
2H. CH:). "C NMR (CDCl3) § 152.28, 149.65. 142.25, 131.48,
121.05. 118.43(phthalazine). 133.80(=CH). 131.40. 128.42.
12831, 126 49, 125.75. 124 45(CsHs). 117.77(CH>=). 32.77
(SCH»). 41.99, 33.60. 28.96, 28.90 (CH-x4). FT-IR(NaCl)
em™ 339 1(N-H). 305 L(aromatic). 1265(C-N)).
3-Allylthio-6-piperidinylethylaminopyridazine (22a): Yield:
27%. mp 34-36°C. '"H NMR (CDCls) & 7.01(d. J=9.3Hz. 1H.
CH, pyvndazine). 6.38(d. /=9.3Hz, 1H, CH, pyridazine), 3.93-
6.06¢(m. 1H. =CH). 5.39(s, 1H, NH), 5.26(d. /=17.7Hz, 1H.
CH-=). 5.08(d. /=10.2Hz. |H. CH-=). 3.88(d. J/=6.9Hz. 2H.
SCH:), 3.49(q. J=11.1Hz, 2H. CH»). 2.59(t. J=6.0Hz. 2H.
CH:). 2.43(s. 2Hx2. CH:x2. piperidine). 1.54-1.60(m, 2Hx2.
CHax2, piperidine). 1.44-1.46(m. 2H. CHa. piperidine). *C
NMR (CDCls) 6 157.08. 150.29. 128.00. 117.59 (pyridazine).
133.18(=CH). 115.29(CH-=). 57.13(CH-). 54.27.24.32.21.04
(piperidine), 38.16(CH-), 33.61(SCH=). FT-IR (NaCl) cm”
3391(N-H). 3053 (aromatic). 1543(N=N). [265(C-N). GC-MS
mz(%) 98.20(100.00). 111.10(23.94). 41.20(11.57), 99.10
(9.69). 55.20(9.66).
3-Allylthio-4,5-dimethyl-6-piperidinylethylaminopyri-
dazine (22h): Yield: 23%. 'H NMR (CDCls) & 6.00-6.09(m.
IH. =CH). 5.29(d. /=16.8Hz. |H. CH-=). 5.09(d. /=10.5Hz.
1H. CH»=). 5.19¢s. 1H. NH). 3.94(d, J=6.9Hz, 2H, SCH>).
3.56(q. J=11.1Hz. 2H. CH:). 2.64(t. /=6.0Hz. 2H. CH-).
2.44(s. 2H=2. CHax2, piperidine), 2.18(s, 3H. CHa). 2.05(s.
3H. CHai). 1.55-1.60(m. 2H*2. CH.x2. piperiding). 1.25(s.
2H. CH-. piperidine). °C NMR (CDCI:) & 156.25. 151.26.
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133.30. 122.04(pyridazine). 134.18(=CH). 117.33(CH-=),
56.82(CH>). 38.30(CH-). 53.09. 26.14. 24.37(piperidine).
33.17(SCH-), 14.44(CH3). 11.74(CH;). FT-IR (NaCl) cm’
3390(N-H), 3033(aromatic), 1539(N=N). 1265(C-N)). GC-
MS m:2(%) 98.30(100.00). 111.20(100.00). 112.20(33.54).
99.20(32.38), 96.20(27.73).

1-Allylthio-4-piperidinylethylamine-5,6,7,8-tetrahydro-
phthalazine (22¢): Yield: 25%, mp 38-597C. 'H NMR
(CDCly) § 6.03-6.06(m. 1H. =CH). 529(d. J=18 6Hz. IH.
CH>=). 5.08(d. J=9.3Hz. 2H. NH+CH=). 3.94(d. /=7.2Hz.
2H. SCH-), 3.55(q. J=10.5Hz. 2H. NHCH:), 2.41-2.47(m,
6H. N-CH-x2+CH>. piperidine). 2.31(m. 2H. -CH-.). 1.79-1 84
(m. 4H. CH»x2, piperidine). 1.44-1.58(m, 6H. CH-x3). °C
NMR (CDCla) 8 156.11. 151.18. 134.92. 134.70 (pyridazine).
123.46(=CH). 117.59(CH>=). 57.23(NHCH-), 54.43. 26.54,
24.97(morpholine), 38 44(CH-). 32.95(SCH-). 24.77, 2267,
21.72. 21.56(CH-x4). FT-IR (NaCl) cm” 3379(N-H). 3052
(aromatic). 1341(N=N), 1265(C-N). GC-MS n:z(%) 98.20
(100.00). 111.20(79.12). 222.10(35.98). 112.20(25.04). 317.20
(23.26).

3-Allylthio-6-pynolidinylethylaminopyidazine (23a): Yield:
18%. mp 70-75 C. "H NMR (CDClx) 3 7.01(d. J=9.3Hz. 1H.
CH. pyridazine), 6.55(d. J=9.3Hz. 1H, CH. pyridazine). 5.94-
6.07(m. 1H. =CH). 5.26(d. J=17.1Hz. lH. CH>=). 5.20(s. 1H.
NH). 5.09(d, J=10.2Hz. 1H, CH-=), 3.89(d. /=6.9Hz. 2H,
SCH>). 3.52(q. J=11.7Hz. 2H. CH.). 2.74(t. J=6.0Hz. 2H.
CHs). 2.52-2.37(m. 2H=2. CH»x2. pyrrolidine). 1.76-1.81(m,
2Hx2, CH~x2, pyrrolidine). °C NMR (CDCl;) & 157.03,
150.41. 128.00. 117.63(pyridazine). 133.80(=CH). 115.32
(CH»=). 54.58(CH:). 53.86. 23 46(pyrrolidine), 40.25(CH>),
33.59(SCH.). FT-IR (NaCl) cm’' 3070¢aromatic). 1500(N=N).
GC-MS mz(%) $4.10¢100.00). 97.10(32.89). 42.10(22.48),
96.10(10.60). 41.20(9.23).

3-Allylthio-4,5-dimethyl-6-py rolidinylethylaminopy ri-
dazine (23b): Yield: 62%. mp 51-34 'C. '"H NMR (CDCls) &
6.00-6.09(m. 1H. =CH). 5.29(d. J=17.1Hz. 1H. CH-=). 5.08-
5.11(m, 2H, NH+CH:=), 3.94(d, /=6 9Hz, 2H, SCH>), 3.16-
3.65(m. 2H. NHCH.). 2.81(d. J=5.7Hz. 2H. CH>-N). 2.60(s.
2Hx2, CH»x2. pyrrolidine), 2.17(s. 3H. CHa). 2.05 (s. 3H.
CHs). 1.80(s. 2Hx2. CH2x2, pyrroliding). °C NMR (CDCl;)
3 156.58. 151.73. 133.73. 122.51(pyridazine). 134.49(=CH).
117.74(CH-=). 33.06(NHCH-), 40.79(CH--N). 54.24, 23.89
(pyrolidine). 14 .82(CH3). 12.24(CH3;). GC-MS m-2(%) 84.10
(100.00). 97.1021.84), 42.20(18.99), 55.10 (8.16). 196.10(7.18).

Materials and Methods for Bioassays

Cell lines and Culture Conditions, SK-Hep-1 hepatocarci-
noma cells were purchased from the Korean Cell Line Bank
(Seoul. Korea). and were maintained at 37°C in a humidified
atmosphere, with 5% CQO,, in DMEM medium supplemented
with 10% fetal bovine serum and 1% penicillin-streptomycin.

MTT Assay. SK-Hep-1 cells (1x10” cells/well) cultured in
a 96 well-plate were treated with various concentrations of the
synthetic compounds (17, 18a-¢, 19¢, 19¢, 20a-c, 20e, 21a-d,
20h-j, 224, 22¢, 23a) for 48 hr. Control cells were treated with
dimethyl sulphoxide (DMSO) equal to the highest percentage
of solvent used in the experimental conditions. K6 (3-methoxy-
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6-allylthio-pyridazine) was used as a positive control. Briefly,
25 mg/ml of 0.5% MTT (3-(4.5-dimethylthiaxol-2-v1)-2.5-
dipheny] tetrazolium bromide) was added to the media and the
cells were further incubated for 4 hr. After the supernatant
(L00 pl) was replaced with the same volume of DMSO. ab-
sorbance was measured at 340 nm with a micro-ELISA reader
(Molecular Devices. Sunnyvale. CA). The percent of cells
surviving was defined as the relative absorbance of treated
versus untreated cells.
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