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Synthesis and Anticancer Activities of New 3-Allylthio-6-(mono or 
disubstituted)aminopyridazines
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A new series of 3-allylthio-6-(mono or disubstituted) aminopyridazines was synthesized by
reacting 3-allylthio-6-chloropyridazine with several amines to develop new anticancer agents.
These new compounds showed antiproliferative activities against lung cancer (A549), hepato-
blastoma (Hep3b), prostate cancer (PC3), colon cancer (SW480) and cervical cancer (HeLa)
cells in MTT assays, and could be promising candidates for chemotherapy of carcinomas. Com-
pound 5 (3-allylthio-6-homopiperidinylaminopyridazine) showed higher potencies than 5-FU
for inhibiting the growth of these cell lines. This suggests the potential anticancer activity of
compound 5.
Key words: Allylthiopyridazines, Substituted aminopyridazines, Anticancer activities, MTT
assay

INTRODUCTION

The allylthio group of allicin and other organosulfur
compounds that are isolated from garlic is considered
an important pharmacopore (Cavallito et al., 1944;
Block et al., 1986; Yamasaki et al., 1991; Agarwal,
1996), i.e., a key structural component of the mole-
cules that is responsible for their antitumor activities.
In previous studies, various 3-allylthio-6-alkoxypyri-
dazine derivatives (K-compounds) and 3-allylthio-6-
alkylthiopyridazine derivatives (thio-K-compounds)
were synthesized (Lee et al., 2001; Kwon, 2002a,
2002b) and their biological activities were tested
(Jung et al., 2001). K-Compounds and thio-K-com-
pounds showed especially good hepatoprotective and
antitumor activities (Kwon and Moon, 2005) (Fig. 1).

The pyridazine group is an important moiety pre-
sent in many drugs acting at various pharmacological
targets (Tisler and Stanovnik, 1984; Kleeman and
Engel, 2001; Song et al., 2008). This moiety has been
combined with the allylthio group (Lee et al., 2003;

Shin and Kwon, 2003).
The isosteric replacement of the oxygen (or sulfur) of

K-compounds by a nitrogen atom yields the amino-
pyridazines (Fig. 1). We recently reported the syn-
thesis of heterocyclo(or aryl)alkylaminopyridazines
through amination (Lee et al., 2009), and of allylthi-
oheterocyclopyridazines (Park and Park, 2005, 2007).
The synthesis of allylthio heterocyclo(or aryl)alkyl-
aminopyridazines and their antitumor activities
against SK-Hep-1 human liver cancer cells were also
reported (Kwon and Lee, 2005; Lee et al., 2009). We
were then interested in synthesizing aminopyri-
dazines through coupling of pyridazinyl chloride with
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Fig. 1. Allicin and reported allylthiopyridazines
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amines known to give new amino-K-compounds (Fig.
2). We also designed new 3-allylthio-6-aminopyrida-
zine derivatives (mono or disubstituted aminopyri-
dazines) 3-12 using a modification of this method in
order to discover potential anti-tumor candidates. We
tested the ability of these synthetic compounds to
inhibit the growth of lung cancer (A549), hepatoblas-
toma (Hep3b), prostate cancer (PC3), colon cancer
(SW480) and cervical cancer (HeLa) cell lines.

MATERIALS AND METHODS

Chemicals
Chemicals were supplied by Aldrich, Sigma, Merck,

and Tokyo Kasei. Melting points were determined in
open capillary tubes on a Büchi 535 melting point
apparatus and were 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 dimethyl-d6 sulfoxide
with tetramethylsilane as the internal standard.
NMR spin multiplicities are indicated by the symbols:
s (singlet), d (doublet), t (triplet), q (quartet), and m
(multiplet). IR spectra were recorded on a Perkin-
Elmer 16F PC FT-IR spectrometer using NaCl discs
and pellets.

General synthetic procedure for the 3-allyl-
thio-6-heterocyclicaminopyridazines 3-7

A solution of 3-allylthio-6-chloropyridazine 2 (5 mmol),
the appropriate amine (10 mmol) and ammonium
chloride (5 mmol) in n-butanol (16 mL) was refluxed
for 4-50 h. The solvent was evaporated under reduced
pressure. The residue was extracted with ethyl acetate
and dried over Na2SO4. After solvent evaporation, the
residue was purified by column chromatography on
silica gel.

3-Allylthio-6-morpholinylaminopyridazine (3)
Yield: 8%, mp 116-117oC. 1H NMR (CDCl3) δ 7.18 (s,
2H, pyridazine), 5.97-5.92 (m, 1H, =CH), 5.28 (d, J =
15.7 Hz, 1H, CH2=), 5.10 (d, J = 9.9 Hz, 1H, CH2=),
3.88 (d, J = 6.9 Hz, 2H, SCH2), 3.79 (t, J = 4.5 Hz, 4H,
CH2×2), 2.81 (t, J = 4.5 Hz, 4H, CH2×2), 1.79 (s, 1H,
NH). 13C NMR (CDCl3) δ 159.09, 153.03, 133.57, 128.95,
117.86, 114.22, 66.86, 56.59 (morpholine), 33.71. FT-
IR (KBr cell) cm-1 3434, 3053, 2986, 1602, 1421, 1265.

3-Allylthio-6-piperidinylaminopyridazine (4)
Yield 13%, 1H NMR (CDCl3) δ 7.06 (d, J = 9.5 Hz, 1H,
aromatic), 6.82 (d, J = 9.5 Hz, 1H, aromatic), 6.03 (m,
1H, =CH), 5.30 (d, J = 16.9 Hz, 1H, CH2=), 5.08 (d, J
= 9.9 Hz, 1H, CH2=), 3.91 (d, J = 6.9 Hz, 2H, SCH2),
3.58 (t, J = 5.4 Hz, 4H, CH2×2), 1.66 (m, 6H, piperi-
dine), 1.66 (s, 1H, NH). 13C NMR (CDCl3) δ 158.38,
150.03, 133.81, 127.82, 117.62, 113.75, 46.42, 33.51, 25.32,
24.54. FT-IR (KBr cell) cm-1 3400, 3051, 2981, 2939,
1589, 1433, 1265.

3-Allylthio-6-homopiperidinylaminopyridazine (5)
Yield 11%, 1H NMR (CDCl3) δ 7.06 (d, J = 9.6 Hz, 1H,
aromatic), 6.68 (d, J = 9.5 Hz, 1H, aromatic), 6.01 (m,
1H, =CH), 5.26 (d, J = 16.8 Hz, 1H, CH2=), 5.09 (d, J
= 9.9 Hz, 1H, CH2=), 3.91 (d, J = 7.0 Hz, 2H, SCH2),
3.67 (t, J = 5.9 Hz, 4H, CH2×2), 1.77 (m, 4H, CH2×2),
1.70 (s, 1H, NH), 1.56 (m, 4H, CH2×2). 13C NMR (CDCl3)
δ 157.06, 148.53, 133.95, 128.08, 117.53, 111.89, 47.75,
33.72, 27.57, 27.02. FT-IR (KBr cell) cm-1 3434, 3053,
2985, 2932, 1592, 1429, 1265.

3-Allylthio-6-(4-methylpiperazinyl)aminopyri-
dazine (6)
Yield 28%, 1H NMR (CDCl3) δ 7.11 (d, J = 9.6 Hz, 1H,
aromatic), 6.83 (d, J = 9.6 Hz, 1H, aromatic), 6.01 (m,
1H, =CH), 5.28 (d, J = 17.1 Hz, 1H, CH2=), 5.11 (d, J

Fig. 2. Derivatives of amino-K-compound
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= 10.2 Hz, 1H, CH2=), 3.92 (d, J = 6.9 Hz, 2H, SCH2),
3.64 (t, J = 5.1 Hz, 4H, CH2×2), 2.55 (t, J = 5.4 Hz, 4H,
CH2×2), 2.36 (s, 3H, CH3), 2.17 (s, 1H, NH). 13C NMR
(CDCl3) δ 158.21, 151.07, 133.64, 127.96, 117.69,
113.75, 54.51, 46.09, 45.18, 33.41, 30.90. FT-IR (KBr
cell) cm-1 3400, 3053, 2985, 2944, 1592, 1431, 1265.

3-Allylthio-6-(4-thiomorpholinyl)aminopyrida-
zine (7)
Yield 12%, mp 116-117oC, 1H NMR (CDCl3) δ 7.22 (d,
J = 9.5 Hz, 1H, aromatic), 6.94 (d, J = 9.5 Hz, 1H,
aromatic), 6.00 (m, 1H, =CH), 5.32 (d, J = 15.5 Hz, 1H,
CH2=), 5.15 (d, J = 10.1 Hz, 1H, CH2=), 4.20 (t, J = 5.3
Hz, 4H, CH2×2), 3.94 (d, J = 6.8 Hz, 2H, SCH2), 3.11
(t, J = 5.4 Hz, 4H, CH2×2), 1.60 (s, 1H, NH). 13C NMR
(CDCl3) δ 155.84, 153.47, 133.08, 128.63, 118.22, 114.06,
50.78, 44.46, 33.22. FT-IR (KBr cell) cm-1 3421, 3082,
2980, 2922, 1586, 1447, 1279.

General synthetic procedure for the 3-allylthio-
6-N-alkylanilinopyridazines 8-12

A solution of 3-allylthio-6-chloropyridazine 2 (5
mmol), the N-alkyl aniline (10 mmol) and ammonium
chloride (5 mmol) in n-butanol (16 mL) was refluxed
for 6-25 h. The solvent was evaporated under reduced
pressure. The residue was extracted with ethyl acetate
and dried over Na2SO4. After solvent evaporation, the
residue was purified by column chromatography on
silica gel.

3-Allylthio-6-N-methylanilinopyridazine (8)
Yield 64%. 1H NMR (CDCl3) δ 7.42 (t, J = 7.9 Hz, 2H,
aromatic), 7.23 (m, 3H, aromatic), 6.92 (d, J = 9.6 Hz,
1H, aromatic), 6.65 (d, J = 9.3 Hz, 1H, aromatic), 6.04
(m, 1H, =CH), 5.31 (d, J = 17.1 Hz, 1H, CH2=), 5.12 (d,
J = 10.7 Hz, 1H, CH2=), 3.95 (d, J = 6.9 Hz, 2H,
SCH2), 3.57 (s, 3H, CH3). 13C NMR (CDCl3) δ 157.61,
151.12, 145.61, 133.72, 130.05, 127.08, 126.35, 117.71,
115.39, 38.96, 33.29. FT-IR (KBr cell) cm-1 3434, 3052,
2984, 2924, 1587, 1444, 1265.

3-Allylthio-6-N-ethylanilinopyridazine (9)
Yield 67%. 1H NMR (CDCl3) δ 7.42 (t, J = 7.6 Hz, 2H,
aromatic), 7.28 (d, J = 5.9 Hz, 1H, aromatic), 7.20 (d,
J = 7.1 Hz, 2H, aromatic), 6.89 (d, J = 9.5 Hz, 1H,
aromatic), 6.50 (d, J = 9.5 Hz, 1H, aromatic), 6.02 (m,
1H, =CH), 5.30 (d, J = 15.5 Hz, 1H, CH2=), 5.12 (d, J
= 10.0 Hz, 1H, CH2=), 4.12 (m, 2H, CH2), 3.95 (d, J =
6.9 Hz, 2H, SCH2), 1.26 (t, J = 7.0 Hz, 3H, CH3). 13C
NMR (CDCl3) δ 157.15, 150.71, 144.03, 133.75, 130.13,
127.57, 127.22, 126.63, 117.69, 115.54, 45.48, 33.38,
30.95, 12.65. FT-IR (KBr cell) cm-1 3410, 3051, 2981,
1586, 1425, 1265.

3-Allylthio-6-N-propylanilinopyridazine (10)
Yield 29%. 1H NMR (CDCl3) δ 7.40 (t, J = 7.9 Hz, 2H,
aromatic), 7.27 (d, J = 4.9 Hz, 1H, aromatic), 7.20 (d,
J = 7.1 Hz, 2H, aromatic), 6.89 (d, J = 9.5 Hz, 1H,
aromatic), 6.49 (d, J = 9.5 Hz, 1H, aromatic), 6.02 (m,
1H, =CH), 5.30 (d, J = 15.6 Hz, 1H, CH2=), 5.12 (d, J
= 10.0 Hz, 1H, CH2=), 4.02 (t, J = 7.7 Hz, 2H, CH2),
3.95 (d, J = 6.9 Hz, 2H, SCH2), 1.72 (m, 2H, CH2), 0.92
(t, J = 7.4 Hz, 3H, CH3). 13C NMR (CDCl3) δ 157.49,
150.67, 144.33, 133.69, 130.12, 127.51, 126.56, 117.71,
115.42, 52.36, 33.40, 20.53, 11.33. FT-IR (KBr cell) cm-1

3434, 3053, 2985, 2933, 1587, 1421, 1265.

3-Allylthio-6-N-butylanilinopyridazine (11)
Yield 45%. 1H NMR (CDCl3) δ 7.40 (t, J = 7.9 Hz, 2H,
aromatic), 7.27 (d, J = 5.1 Hz, 1H, aromatic), 7.20 (d,
J = 7.1 Hz, 2H, aromatic), 6.89 (d, J = 9.5 Hz, 1H,
aromatic), 6.49 (d, J = 9.5 Hz, 1H, aromatic), 6.02 (m,
1H, =CH), 5.29 (d, J = 16.9 Hz, 1H, CH2=), 5.12 (d, J
= 10.6 Hz, 1H, CH2=), 4.04 (t, J = 7.8 Hz, 2H, CH2),
3.95 (d, J = 6.9 Hz, 2H, SCH2), 1.66 (m, 2H, CH2), 1.36
(m, 2H, CH2), 0.89 (t, J = 7.4 Hz, 3H, CH3). 13C NMR
(CDCl3) δ 157.51, 150.69, 144.35, 133.69, 130.12, 127.52,
126.56, 117.72, 115.42, 50.61, 33.45, 29.56, 20.22,
13.97. FT-IR (KBr cell) cm-1 3412, 3053, 2984, 2932,
1587, 1421, 1265.

3-Allylthio-6-N-pentylanilinopyridazine (12)
Yield 40%. 1H NMR (CDCl3) δ 7.42 (t, J = 7.8 Hz, 2H,
aromatic), 7.27 (d, J = 4.8 Hz, 1H, aromatic), 7.20 (d,
J = 7.2 Hz, 2H, aromatic), 6.89 (d, J = 9.6 Hz, 1H,
aromatic), 6.49 (d, J = 9.3 Hz, 1H, aromatic), 6.02 (m,
1H, =CH), 5.29 (d, J = 16.8 Hz, 1H, CH2=), 5.12 (d, J
= 9.9 Hz, 1H, CH2=), 4.03 (t, J = 7.8 Hz, 2H, CH2),
3.95 (d, J = 6.9 Hz, 2H, SCH2), 1.67 (m, 2H, CH2), 1.31
(m, 4H, CH2×2), 0.86 (t, J = 7.2 Hz, 3H, CH3). 13C
NMR (CDCl3) δ 157.50, 150.67, 144.34, 133.70, 130.12,
127.51, 126.55, 117.71, 115.41, 50.77, 33.46, 29.14,
27.14, 22.59, 14.09. FT-IR (KBr cell) cm-1 3429, 3053,
2985, 2931, 1587, 1421, 1265.

Materials and methods for bioassay
Cell lines and culture conditions. Lung cancer

(A549), hepatoblastoma (Hep3b), prostate cancer (PC3),
colon cancer (SW480) and cervical cancer (HeLa) cells
were purchased from the Korean Cell Line Bank, and
were maintained at 37oC in a humidified atmosphere,
with 5% CO2, in Dulbecco’s modified Eagle medium
(DMEM) (Gibco-BRL Inc.) supplemented with 5% fetal
bovine serum (FBS) and 1% penicillin-streptomycin
agent (Gibco-BRL Inc.).

MTT assay. Lung cancer (A549), hepatoblastoma
(Hep3b), prostate cancer (PC3), colon cancer (SW480)
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and cervical cancer (HeLa) cells (5×103 cells/well)
cultured in 96-well-plates were treated with various
concentrations of the synthetic compounds (3-12) and
allowed to attach for 24 h. Control cells were treated
with dimethyl sulphoxide (DMSO) equal to the highest
percentage of solvent used in the experimental condi-
tions. 5-FU was used as a positive control. Briefly,
after 24 h treatment with the compound (62.5, 125,
250 and 500 µg/mL), 2 mg/mL of 0.5% MTT (3-(4,5-
dimethylthiaxol-2-yl)-2,5-diphenyl tetrazolium bro-
mide) was added to the media and the cells were
further incubated for 2 h. The supernatant (100 µl)
was replaced with the same volume of DMSO, and the
absorbance was measured at 540 nm with a micro-
ELISA reader (Molecular Devices). The percent of
cells surviving was defined as the relative absorbance
of treated versus untreated cells.

RESULTS AND DISCUSSION

Activated aryl halides react well with amines to give
the corresponding arylamines. The reaction of an aryl
halide with an amine is not only important for the
synthesis of amines, but is also essential for the
preparation of pharmaceuticals. Many reports have
been published on the nucleophilic amination of aryl
halides. Even though a synthetic pathway for 3-
aminopyridazines has been developed (Wermuth et
al., 1987; Parrot et al., 1999b; Contreras et al., 2001),
the synthesis of 3-allylthio-6-(mono or disubstituted)

aminopyridazines has not been reported until now.
We applied a general method of preparing aminopyri-
dazines from pyridazinyl halides and amines (Wermuth
et al., 1989; Contreras et al., 1999; Parrot et al., 1999a).

A series of 3-allylthio-6-(mono or disubstituted)
aminopyridazines 3-12 was prepared by allylthiola-
tion and nucleophilic substitution. The allylthio group,
a pharmacologically active group, was introduced on
one side of the pyridazine ring. The amines with he-
terocycle such as morpholine, piperidine, homopiperi-
dine, 4-methylpiperazine and 4-thiomorpholine and
the N-alkylanilines were introduced into the para-
position of 3-allylthio-6-chloropyridazine 2 (Scheme 1).
The key intermediate in these preparations was 3-
allylthio-6-chloropyridazine 2, which could be readily
obtained from the corresponding 3,6-dichloropyri-
dazine 1 by reaction with allylmercaptan. Conden-
sation of the 3-allylthio-6-chloropyridazine 2 with
various amines gave the final target products 3-12
(Table I). 

Here, we present the substitution reaction of 3-
allylthio-6-chloropyridazine 2 by amines, which pro-
duced 3-allylthio-6-(mono or disubstituted) aminopyri-
dazines 3-12. In Table I, we summarize the physical
properties and the reaction conditions for synthesizing
compounds 3-12.

3-Allylthio-6-chloropyridazine 2 was converted to
final aminopyridazines 3-12 by nucleophilic aromatic
substitution with amines in the presence of ammo-
nium chloride (Scheme 1) as an acid catalyst. The

Scheme 1.  Synthesis of  3-allylthio-6-(mono or disubstituted) aminopyridazines 3-12



Synthesis of 3-Allylthio-6-(mono or disubstituted)aminopyridazines 193

amination reactions of 3-allylthio-6-chloropyridazine 2
with a range of amines are shown in Table I. The
alkyl group at R2 position was increased in carbon
length up to five: methyl, ethyl, propyl, butyl and
pentyl.

The nucleophilic displacement of chlorine in 3-
allylthio-6-chloropyridazine 2 requires prolonged reac-
tion time at the reflux temperature of n-butanol. A
typical reaction consisted of a mixture of amine (10
mmol), 6-allylthio-3-chloropyridazine (5 mmol), and
ammonium chloride (5 mmol) in n-butanol stirred
under reflux for 4~50 h. The reaction was usually
carried out using 1:2 (or 1:3) equivalents of 3-allylthio-
6-chloropyridazine: amine.

The mono-allylthiolation from 3,6-dichloropyrida-
zines 1 to 3-allylthio-6-chloropyridazine 2 produced
high yields. Reactions of dichloropyridazines with
allylmercaptan occurred in yields of more than 95%.
We previously reported the synthesis of 3-allylthio-6-
chloropyridazine 2 through allylthiolation (Park and
Park, 2007). 3-Allylthio-6-chloropyridazine 2 and N-
ethylaniline were reacted in the presence of ammo-
nium chloride in n-butanol to form the corresponding
products in 67% yield (Table I, entry 9). 4-Amino-
morpholine, 1-aminopiperidine, 1-aminohomopiperi-
dine, 1-amino-4-methylpiperidine and 4-aminothio-
morpholine were converted into the corresponding
aminopyridazine derivatives in lower yields (Table I,
entries 3-7).

The pyridazine NMR peak of 3-12 appeared at 6.49-
7.42 and 6.94-7.04 ppm, and the allyl peak appeared
at 3.88-4.12, 5.08-5.15, 5.26-5.32, and 5.92-6.04 ppm.

The NH NMR peak of 3-7 appeared at 1.66-2.17 ppm
as a broad singlet signal. The alkyl (methyl, ethyl,
propyl, butyl and pentyl) NMR peak of 8-12 appeared
at 1.56-2.36 ppm as splitting signal. The pyridazine
13C NMR peak appeared at 128, 133, 153, and 159
ppm, and the allyl peak appeared at 33, 111-115, and
117-118 ppm. In the FT-IR spectra, the NH absorp-
tion band appeared at 3400-3434 cm-1.

 Finally, we synthesized ten new 3-allylthio-6-(mono
or disubstituted) aminopyridazine derivatives 3-12 in
order to discover potential anti-tumor candidates. Re-
fluxing of 3-allylthio-6-chloropyridazines 2 and the
corresponding amines, such as heterocycloamines and
N-alkylanilines, for 4~50 h produced the target amino-
K-compounds.

In order to investigate the potential anti-cancer
activity of the ten synthetic compounds, the growth-
inhibitory effect of the synthetic compounds was
examined against lung cancer (A549), hepatoblastoma
(Hep3b), prostate cancer (PC3), colon cancer (SW480)
and cervical cancer (HeLa) cells. MTT assays were
conducted on cells treated with various concentrations
of the compounds. 5-Fluorouracil (5FU), which pro-
duces partial responses in 10% to 20% of patients with
metastatic colon carcinomas, upper gastrointestinal
tract carcinomas, and breast carcinomas (Brunton et
al., 2006), was used as a positive control. The IC50
values for these compounds were not determined by
the concentration range used in this study.

Of the ten compounds tested, five compounds (4, 5,
6, 8, and 9) inhibited the growth of lung cancer (A549)
cells at a high concentration (250 µg/mL) (Fig. 3). We

Table I. Reaction conditions for the synthesis of target compounds 3-12 and antiproliferative activity in each cell lines
(A549, Hep3b, PC3, SW480 and HeLa)

Comp R1 R2 Time /ha mp /oC Yield b/% Molar Ratioc

Reag./Subs.
Antiproliferative
Activity (cells)

3 morpholinyl H 50 116-117 8 2 -
4 piperidinyl H 4 oil 13 2 Hep3b, PC3, HeLa
5 homopiperidinyl H 4 oil 11 2 A549, Hep3b, PC3, SW480, HeLa
6 4-methylpiperazinyl H 50 oil 28 2 SW480
7 4-thiomorpholinyl H 16 116-117 12 2 -
8 phenyl methyl 6 oil 64 2 Hep3b, HeLa
9 phenyl ethyl 25 57-59 67 3 A549, Hep3b, HeLa
10 phenyl propyl 25 49-51 29 3 -
11 phenyl butyl 25 74-75 45 3 -
12 phenyl pentyl 25 oil 40 2 -

a All reactions were performed in n-butanol under reflux. b Yield referred to isolated product. 
c Reag./Subs. is the ratio of reagent (alkylamine) to substrate (chloropyridazine 2).
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further investigated the antiproliferative activity of
compound 4, which caused a greater inhibition of cell
growth than the other compounds. As shown in Fig. 3,
this compound markedly inhibited A549 cell growth in
a dose-dependent manner. The greatest inhibition was
observed with 5. Two compounds, 5 and 9, showed
higher potencies than 5FU in inhibiting the growth of
A549 cells, suggesting the potential anticancer activity
of compounds 5 and 9.

Of the ten compounds tested, five compounds (4, 5,
8, 9 and 11) inhibited the growth of hepatoblastoma
(Hep3b) cells at a low concentration (62.5 µg/mL) (Fig.
4). We further investigated the antiproliferative acti-
vity of compounds 4, 5, 8, 9 and 11, which caused
greater inhibition of cell growth than the other com-
pounds. As shown in Fig. 4, compounds 4, 8, 9 and 11
markedly inhibited Hep3b cell growth in a dose-
dependent manner. Four compounds (4, 5, 8 and 9)
showed higher potencies than 5FU in inhibiting the
growth of Hep3b cells, suggesting the potential anti-
cancer activity of these compounds (4, 5, 8 and 9).

Of the ten compounds tested, five compounds (4, 5,
8, 9 and 10) inhibited the growth of prostate cancer
(PC3) cells at a low concentration (62.5 µg/mL) (Fig.
5). 5FU, a positive control, showed low inhibitory effects
on the growth of PC3 cells at standard concentrations
(62.5, 125, 250, 500 µg/mL). 5FU is not indicated
against prostate cancer. We further investigated the
antiproliferative activity of compounds 4, 5, 8, 9 and
10, which caused greater inhibition of cell growth
than the other compounds. As shown in Fig. 5, these
compounds markedly inhibited PC3 cell growth in a
dose-dependent manner. Two compounds (4 and 5)
showed higher potencies than 5FU in inhibiting the
growth of PC3 cells, suggesting the potential anti-
cancer activity of these compounds (4 and 5).

Of the ten compounds tested, five compounds (4, 5,
6, 8 and 9) inhibited the growth of colon cancer
(SW480) cells at a standard concentration (Fig. 6). We
further investigated the antiproliferative activity of
compounds 4 and 5, which caused a greater inhibition
of cell growth than the other compounds. As shown in

Fig. 3. Anticancer activity of synthesized compounds (3-12)
in A549 lung cancer cells

Fig. 4. Anticancer activity of synthesized compounds (3-12)
in Hep3b hepatoblastoma cells

Fig. 5. Anticancer activity of synthesized compounds (3-12)
in PC3 prostate cancer cells

Fig. 6. Anticancer activity of synthesized compounds (3-12)
in SW480 colon cancer cells
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Fig. 6, compounds 4, 5 and 6 markedly inhibited
SW480 cell growth in a dose-dependent manner. Three
compounds (4, 5 and 6) showed higher potencies than
5FU in inhibiting the growth of SW480 cells, su-
ggesting the potential anticancer activity of these
compounds (4, 5 and 6).

Of the ten compounds tested, four compounds (4, 5,
8 and 9) inhibited the growth of cervical cancer (HeLa)
cells at a low concentration (Fig. 7). We further in-
vestigated the antiproliferative activity of compounds
4, 5, 8 and 9, which caused a greater inhibition of cell
growth than the other compounds. As shown in Fig. 7,
compound 5 markedly inhibited HeLa cell growth.
Four compounds (4, 5, 8 and 9) showed higher
potencies than 5FU in inhibiting the growth of HeLa
cells, suggesting the potential anticancer activity of
these compounds (4, 5, 8 and 9).

In order to investigate the potential anticancer
activity of the ten synthetic compounds we created,
the growth-inhibitory effect of these synthetic com-
pounds was examined in lung cancer (A549), hepato-
blastoma (Hep3b), prostate cancer (PC3), colon cancer
(SW480) and cervical cancer (HeLa) cells. The results
revealed that compound 5 had high activity towards
A549, Hep3b, PC3, SW480 and HeLa cells. Com-
pounds 4, 6, 8, and 9 had high activity towards A549
cells at a high concentration (250 µg/mL). Compound
3 did not have antiproliferative activity towards any
cells. Compounds 10, 11, and 12 had low or no anti-
proliferative activity towards all cells compared to
5FU.

ACKNOWLEDGEMENTS

We acknowledge to the researcher Dong-Hee Kim
(Pharmaceutical Research Institute, Kwang Dong
Pharmaceutical Co., Ltd.) for the MTT assay of anti-
cancer activities.

REFERENCES

Agarwal, K. C., Therapeutic actions of garlic constituents.
Med. Res. Rev., 16, 111-124 (1996).

Block, E., Ahmad, S., Catalfamo, J. L., Jain, M. K. and Apitz-
Castro, R., Antithrombotic organosulfur compounds from
garlic: Structural, mechanistic and synthetic studies. J.
Am. Chem. Soc., 108, 7045-7055 (1986).

Brunton, L. L., Lazo, J. S., and Parker, K. L., Goodman &
Gilman’s the pharmacological basis of therapeutics, 11th
ed. McGraw-Hill, New York, pp. 1339-1343, (2006).

Cavallito, C. J., Buck, J. S. and Suter, C. M., Allicin, the
antibacterial principle of Allium sativum. II. determina-
tion of the chemical structure. J. Am. Chem. Soc., 66,
1952-1954 (1944). 

Contreras, J. M., Parrot, I., Sippl, W., Rival, Y. M. and
Wermuth, C. G., Design, synthesis, and structure-activity
relatioships of series of 3-[2-(1-benzylpiperidin-4-yl)ethyl-
amino]pyridazine derivatives as acetylcholinesterase in-
hibitors. J. Med. Chem., 44, 2707-2718 (2001).

Contreras, J. M., Rival, Y. M., Chayer, S., Bourguignon, J.
J., Wermuth, C. G., Aminopyridazines as acetylcholine-
sterase inhibitors. J. Med. Chem., 42, 730-741 (1999).

Jung, M. Y., Kwon, S. K. and Moon, A., Chemopreventive
allylthiopyridazine derivatives induce apoptosis in SK-
Hep-1 hepatocarcinoma cells through a caspase-3-de-
pendent mechanism. Eur. J. Cancer, 37, 2104-2110 (2001).

Kleemann, A. and Engel, J., Pharmaceutical Substances,
4th ed. Thieme, Stuttgart & New York, pp. 1340-1342,
(2001).

Kwon, S. K. and Lee, M. S., Synthesis of 3-allylthio-6-
heterocyclylalkylaminopyridazine derivatives and their
anti-tumor activities against SK-Hep-1 human liver
cancer cells. Yakhakhoe Chi, 49, 505-510 (2005).

Kwon, S. K. and Moon, A., Synthesis of 3-alkylthio-6-allyl-
thio-pyridazine derivatives and their antihepatocarcino-
ma activity. Arch. Pharm. Res., 28, 391-394 (2005). 

Kwon, S. K., Synthesis of 4,5-substituted 3-alkoxy-6-
allylthio-pyridazine derivatives. Yakhakhoe Chi, 46, 155-
160 (2002a). 

Kwon, S. K., Synthesis of aryloxyallylthiopyridazine deriva-
tives. Yakhakhoe Chi, 46, 89-92 (2002b).

Lee, E. J., Shin, I. C., Kwon, S. K., Shin, H. S., and Moon, A.,
Chemopreventive allylthiopyridazines inhibit invasion,
migration and angiogenesis in hepatocarcinoma cells. Int.
J. Oncol., 23, 1645-1650 (2003).

Lee, J. I., Park, H., Yun, Y. S. and Kwon, S. K., An efficient
synthesis of 3-alkoxy-6-allylthiopyridazines. J. Kor. Chem.
Soc., 45, 386-390 (2001).

Lee, M. S., Kim, E. S., Moon, A., and Park, M. S., Synthesis
of novel allylthio heterocyclo(or aryl)alkylaminopyridazi-
nes and their anticancer activity against SK-Hep-1 Cells.
Bull. Korean Chem. Soc., 30, 83-91 (2009).

Park, E. H. and Park, M. S., Acylation of pyridazinylamines
by acyclic anhydrides; synthesis of N-substituted 3-amino-

Fig. 7. Anticancer activity of synthesized compounds (3-12)
in HeLa cervical cancer cells



196 Y.H. Won and M.S. Park

6-chloropyridazines. Yakhakhoe Chi, 49, 56-59 (2005).
Park, E. H. and Park, M. S., Synthesis of potential anti-

cancer 6-allylthio-3-aminopyridazine derivatives. J. Kor.
Chem. Soc., 51, 244-250 (2007).

Parrot, I., Rival, Y., Wermuth, C. G., Synthesis of substitut-
ed 3-amino-6-arylpyridazines via Suzuki reaction. Syn-
thesis, 7, 1163-1168 (1999a).

Parrot, I., Wermuth, C. G., and Hibert, M., Resin-bound
thiophenols as SNAR-labile linkers: application to the
solid phase synthesis of aminopyridazines. Tetrahedron
Lett., 40, 7975-7978 (1999b). 

Shin H. S. and Kwon, S. K., Synthesis of allylthiopyridazine
derivatives and inhibition of aflatoxin B1-induced hepato-
toxicity in rats. Arch. Pharm. Res., 26, 351-357 (2003).

Song, J. H., Kim, S.G., No, Z. S., Hyun, Y. L., Jeon, D. J., and
Kim, I., Discovery and synthesis of novel N-cyano-
pyrazolidine and N-cyanohexahydropyridazine derivatives
as cathepsin inhibitors. Bull. Korean Chem. Soc., 29, 1467
(2008).

Tisler, M. and Stanovnik, B., Advances in heterocyclic
chemistry, Katritzky & Boulton, pp. 1-56, (1984).

Wermuth, C. G., Bourguignon, J. J., Schlewer, G., Gies, J. P.,
Schoenfelder, A., Melikian, A., Bouchet, M. J., Chantreux,
D., Molimard, J. C., Heaulme, M., Chambon, J. P., and
Biziere, K., Synthesis and structure-activity relationships
of a series of aminopyridazine derivatives of γ-amino-
butyric acid acting as selective GABA-A antagonists. J.
Med. Chem., 30, 239-249 (1987).

Wermuth, C. G., Schlewer, G., Bourguignon, J. J., Maghiros,
G., Bouchet, M. J., Moire, C., Kan, J. P., Worms, P., and
Biziere, K., 3-Aminopyridazine derivatives with atypical
antidepressant, serotonergic, and dopaminergic activities.
J. Med. Chem., 32, 528-537 (1989). 

Yamasaki, T., Teel, R. W., and Lau, B. H., Effect of allixin, a
phytoalexin produced by garlic, on mutagenesis, DNA-
binding and metabolism of aflatoxin B1. Cancer Lett., 59,
89-94 (1991).



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.33333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /DetectCurves 0.000000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


