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Synthesis of 3-Allylthio-6-heterocyclylalkylaminopyridazine Derivatives and their Anti-tumor
Activities Against SK-Hep-1 Human Liver Cancer Cells

Soon-Kyoung Kwon” and Myung-Sook Lee
College of Pharmacy, Duksung Women's University, Seoul 132-714, Korea

Abstract — Allylthio group of allicin and other organosulfur compounds which are isolated from garlic is considered as a
pharmacophore, a key structure component of the molecule which is responsible biological activities. In the foregoing stud-
ies various 3-allylthio-6-alkoxypyridazine derivatives (K-compounds) and 3-allylthio-6-alkylthiopyridazine derivatives(Thio-
K-compounds) were synthesized and their biological activities were tested in vivo. They showed good hepatoprotective
activities on the carbon tetrachloride-treated mouse and aflatoxin Bl-treated rat and chemopreventive activities on hepa-
tocarcinoma cells in rat as expected. Now 3-allylthio-6-heterocyclylalkylaminopyridazine derivatives that the oxygen atom
at 6-position of 3-allylthio-6-alkoxypyridazine is replaced by nitrogen (N) were synthesized and their activities were tested
in vitro against SK-Hep-1 human liver cancer cells. They showed good chemopreventive activities on hepatocarcinoma cells.
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¥4E5A2 Buchi 535 Melting Point apparatus® A1},
NMR spectrumZ BrukerA}2] 300 MHz NMR spectrometerS
AME31o] proton¥} carbon nuclear resonance® ZAslgiT &
|23 Acetone-d6, CDCly, DMSO-ds& AME3I3 0T, oju &
£ 38} o] 552 TMSE reference® 319) ppmTYE 7123}
% vt Multiplicity= s=singlet, d=doublet, t=triplet, q=quartet,
m=multiplet & % °Fslo] EAJE}FSATE IR Spectrum Perkin-
Elmer FT-IR Spectrometer Sprectrum GXZ AF£3hd NaCl
cell ¥ nujol $H0F =730t} GC-MSE Agilent 6890 GC 2
5973 MSE- ARE-8I5itt. Wheg-o] 32 Silica-gel 60F 2543 ¥
2+E TLC plateS o431 n-hexane : ethyl acetate(5: 1, 2: 1,
1:1), n-hexane : ethyl acetate : methanol(1:1:0.5), chloroform :
methanol(10 : 1) ¥ methylene chloride : methanol(9 : DE 71
AlZer, spot UV light= 21519t} Column chromatography
= silica gel 60 A(70~230 mesh, Merck)$ AME311t}.

3-Allylthio-6-chloropyridazine(2)2] &M

75 methanol 80 mioll Na 345 1.149 g(0.05 molyS *o]1
2-propene-1-thiol 4.165 m/(0.05 moly& 713l 9+43] &a)A| Tt
o] EUE-E &3] Y3t ¥ 3,6-dichloropyridazine(1) 7.449 g
(0.05 moly& 718kaL 3417k Bk A2ojx] mukelarh Y uke-g
F4% 5 79F5E310] ethyl acetate 40 mi9} & 20 m& 715}
of 323 F {715 ReEllon o] §71%8 B7 A &t
H A 7158 F<F sodium sulfate® AZFAZ) & 7
dsFle] 39 2SI

Yield : 9.08 g(97.3%), Formula C,H,N,SCIM.W. 186.66),
mp 68~70°C, 'H NMR(DMSO-dy) 7.76(d, J=79Hz, 2H,
aromatic), 6.01~5.89(m, 1H, CH=), 5.36(d, /=79 Hz, 1H,
=CH), 5.16(d, /=10.2 Hz, 1H, =CH), 3.96(d, /=6.6 Hz, 2H,
SCHy). **C NMR(DMSO-d,) 162.01, 153.74(aromatic), 133.23
(=CH,), 12952, 128.53(aromatic), 118.92(CH=), 32.62(SCH,).
FT-IRMNaCl) em™ 3060(aromatic), 1564(N=N), 736(C-Cl). GC-
MS: m/z(%) 186.66(M™) 171.1(100.0), 173.0(51.9), 73.1(27.8),
118.1(22.4), 153.121.7).

3-Allylthio-6-phenylmethylaminopyridazine(3a)2} &
3-Allylthio-6-chloropyridazine(2) 1.12 g(6.0 mmol)®l| #-butanol

10 m 7}t @HsFAA] =9 3 ammonium chloride 0.32 g
(6.0 mmol)¢} benzylamine 2.0 mi(18.0 mmol)E W1 48x|7t &
FAA) WeFE § 9] n-butanolke AWEESI AlASH
A F5EAS 10% K,COq 50ml 520 F ethyl acetate 40 ny/
28] 323}, Ethyl acetate35 77 Na,S0,2 1Z810 7%
3131 ethyl acetateZ THUASTHI F st 2449 oitd EZE
Qait}, o} ZF-ES column chromatography(silicagel, solvent;
n-hexane : ethyl acetate=2: DE E-&5l) 2] powder(3a)
£ It

Yield : 0.45g(29.1%), Formula CyHNSM.W. 257.36),
mp 65.7~67.1°C, 'H NMR(CDCl,) 8 7.26~7.35m, 5H, -CoHy),
7.03(d, J=9.3 Hz, 1H, CH, pyridazine), 6.53(d, /=9.3 Hz, 1H,
CH, pyridazine), 5.92~6.06(m, 1H, =CH), 5.26(d, /=17.1 Hz,
1H, CH,=), 5.09(d, /=10.5Hz, 1H, CH,=), 4.95(s, 1H, NH),
460(d, J=5.7Hz, 2H, SCH,). ®C NMR(CDCly) & 157.06,
151.12, 138.51, 133.66(pyridazine), 128.73, 128.29, 127.70,
117.75(CHy), 127.52(=CH), 114.54(CH,=), 46.13(CH,), 33.66
(SCH,). FTIRMNaCl) cm™ 3435(N-H), 3054(aromatic), 1421
(C=N), 1265(C-N)). GC-MS m/z(%) 93.10(100.00), 243.00
(66.74), 39.10(48.63), 92.10(39.72), 41.20(30.36).

3-Allylthio-6-phenylethylaminopyridazine(3b)2] £

3-Allylthio-6-chloropyridazine(2) 1.12 g(6.0 mmol)®l] #-butanol
10 m! 7Vt w¥H8sPAA =<9 & ammonium chloride 0.32 g
(6.0 mmol)¢} phenethylamine 2.3 mi(18.0 mmol)& €17 30A17t
BHAZ 3a8] ALY FdstA A=lsie] 29
powder(3b)E A3ith.

Yield : 0.64g(39.3%), Formula CgH;N.S(M.W. 271.39),
mp 48.0~50.0°C, *H NMR(CDCly) § 7.20~7.31(m, 5H, -CgHy),
7.02(d, /=9.3 Hz, 1H, CH, pyridazine), 6.46(d, /=93 Hz, 1H,
CH, pyridazine), 5.96~6.05(m, 1H, =CH), 5.27(d, /=17.1 Hz,
1H, CH,=), 5.10(d, /=99 Hz, 1H, CH,=), 4.48(s, 1H, NH),
3.90(d, J=72Hz, 2H, SCH,), 3.71(q, /J=12.6 Hz, 2H, CH,),
2.96(t, J=6.9Hz, 2H, CH,). C NMR(CDCly) 5 156.95, 150.84,
139.04, 133.72(pyridazine), 128.86, 128.65, 128.22, 117.72(C;Hy),
126.51(=CH), 114.75(CH,=), 42.95(CH,), 35.36(CH,), 33.65
(SCH,). FT-IRMNaCl) cm™ 3434(N-H), 3053(aromatic), 1554
(IN=N), 1423(C=N), 1265(C-N). GC-MS m/2(%) 256.00(100.00),
91.10(27.48), 105.10(20.34), 79.10(19.86), 152.00(18.86).

3-Allylthio-6-phenylpropylaminopyridazine(3c)2| &t

3-Allylthio-6-chloropyridazine(2) 1.12 g(6.0 mmoly*l| #-butanol
10m/ 7}8k3 @HHEFHA] %5<9) & ammonium chloride 0.32 g
(6.0 mmol)$} 3-phenylpropylamine 1.8 mi(13.0 mmol) ¢ 17 48
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Yield : 0.62 g(36.2%), Formula C,gH,N,S (MW, 285.41),
mp 39.0~39.4°C, 'H NMR(CDCly) § 7.17~7.28(m, 5H, -C¢H,),
7.02(d, J=9.0 Hz, 1H, CH, pyridazine), 6.45(d, /=9.3 Hz, 1H,
CH, pyridazine), 5.95~6.01(m, 1H, =CH), 5.26(d, /=16.8 Hz,
1H, CH,=), 5.09(d, /=99 Hz, 1H, CH,=), 4.52(s, 1H, NH),
3.89(d, J=69Hz, 2H, SCH,), 3.43(q, /=129 Hz, 2H, CH,),
2.73(t, J=78Hz, 2H, CH,), 1.93~2.03(m, 2H, CH,). “C
NMR(CDCly) & 157.19, 150.60, 14147, 133.74(pyridazine),
12847, 128.40, 12827, 117.69(CH), 126.02(=CH), 114.37
(CH,=), 41.58(CH,), 33.69(CH,), 33.29(SCH,), 30.93(CH,).
FT-IRWNaCl) cm™ 3272(N-H), 3052(aromatic), 1601(C=C),
1453(C=N), 1265(C-N). GC-MS m/2(%) 270.10(100.00), 91.10
(49.90), 271.10(19.06), 166.00(15.89), 41.20(10.57).

3-Allylthio-6-phenylbutylaminopyridazine(3d)2| &t

3-Allylthio-6-chloropyridazine(2) 1.12 g(6.0 mmol)l| #-butanol
10w/ 7}3k3 wksha A %<1 & ammonium chloride 0.32 g
(6.0 mmol)e} 4-phenylbutylamine 2.8 m/(18.0 mmol) 23 48]
7t EFAZT 3a8] Y FUsHA Aejsied njwia)
powder(3d)S A3ic}.

Yield : 0.75g(41.7%), Formula C,H,N,S(M.W. 299.44),
mp 55.9~56.6°C, "H NMR(CDCly) & 7.15~7.27(m, 5H, -C,Hs),
7.02(d, /=93 Hz, 1H, CH, pyridazine), 6.48(d, /=9.0 Hz, 1H,
CH, pyridazine), 5.92~6.06(m, 1H, =CH), 5.26(d, /=16.8 Hz,
1H, CH,=), 5.08(d, /=99 Hz, 1H, CH,=), 4.55(s, 1H, NH),
3.88(d, /=69 Hz, 2H, SCH,), 3.41(q, /=123 Hz, 2H, CH,),
2.65(t, /=69Hz, 2H, CH,), 1.65~1.73(m, 2H X2, CH, X2).
BC NMR(CDCly) § 157.21, 15050, 142.10, 133.75(pyridazine),
128.40, 128.35, 128.26, 117.68(CsH;), 125.83(=CH), 114.41
(CHy=), 4191(CH,), 3556(CH,), 33.70(SCH,), 29.00(CH),
28.77(CHy). FT-IRNaCl) cm™® 3291(N-H), 3051(aromatic),
1601(C=C), 1452(C=N), 1265(C-N). GC-MS m/z(%) 284.10
(100.00), 91.10(41.47), 285.10(19.51), 152.00(10.69), 299.10(7.31).

3-Allylthio-6-morpholinoethylaminopyridazine(4b)e| &M

3-Allylthio-6-chloropyridazine(2) 1.12 g(6.0 mmol)°l| #-butanol
30m/ 713t WRESPEA =91 5 ammonium chloride 0.32 g
(6.0 mmol)$} 4-(2-aminoethyhmorpholine 2.4 mi(18.0 mmol) =
WL 4841 FRAIEG W5E § 91kl n-butanote 7t
SESI AASHL FHRE 10% K,CO, 50 ml 520 F ethyl
acetate 40 mi 28] FBHT). $7)E0E ojFE BANTES

10% citric acid% F-2|%Z3l1 Th] 5-885L K,CO,8 oF}
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Z2] 8 A7l B ethyl acetate 40miE 23] FEFu}.
Na,S0,2 71xe38t0] 7HStoi#3til ethyl acetate® 5+
T A% 20 ol BAE FUTH ©] AFEZ column
chromatography(silicagel, solvent; #n-hexane : ethyl acetate:
methanol=1:1:05)% ¥el3lo] 242 powder(db)s Lch
Yield : 0.27 g(16.1%), Formula C,,H,N,OSM.W. 280.39),
mp 57.4~59.1°C, H NMR(CDCly) & 7.03(d, /=9.3 Hz, 1H,
CH, pynidazine), 6.60(d, /=6.6 Hz, 1H, CH, pyridazine), 5.94~
6.00(m, 1H, =CH), 5.22~5.29(m, 2H, NH+CH,=), 5.08(d,
J=99Hz, 1H, CH,=), 3.87(d, /=69 Hz, 2H, SCH,), 3.70(,
J=45Hz, 2H*2, CH, X2, morpholine), 3.51(q, /=11.7 Hz,
2H, CHy), 2.64(t, /=6.0Hz, 2H, CH,), 2.48(t, /=4.5Hz, 2H
X2, CH, <2, morpholine). *C NMR(CDCl,) & 156.38, 133.69,
117.65(pyridazine), 128.10(=CH), 115.25(CH,=), 66.85, 53.30
(morpholine), 56.92(CH,), 37.80(CH,), 33.63(SCH,), 14.84(CH,),
12.13(CH,). FTIRMNaCl) cm™ 3434(N-H), 3054(aromatic),
1550(N=N), 1421(C=N), 1265(C-N). GC-MS my/z(%) 100.10
(100.00), 56.10(27.64), 42.10(22.97), 70.10(22.62), 113.10(16.27).

dn o
g

3-Allylthio-6-morpholinopropylaminopyridazine(4c)2| &}

3-Allylthio-6-chloropyridazine(2) 1.12 g(6.0 mmol)®ll n-butanol
10m/ 7}3ka wEESHEA <71 $- ammonium chloride 0.32 g
(6.0 mmol)?} 3-morpholinopropylamine 2.6 m/(18.0 mmol) 17
30A1ZF BT 4be] A T Aelste] 4a)9)
powder(4dc)s 43Itk

Yield : 0.25 g(14.1%), Formula C,,H,,N,OS(M.W. 294.42),
mp 49.4~51.2°C, '"H NMR(CDCly) & 7.02(d, /=9.3 Hz, 1H,
CH, pyridazine), 6.52(d, /=9.0 Hz, 1H, CH, pynridazine), 593~
6.06(m, 1H, =CH), 5.78(s, 1H, NH), 5.25(d, /=16.2 Hz, 1H,
CH,=), 5.08(d, /=9.9Hz, 1H, CH,=), 3.88(d, /=72 Hz, 2H,
SCH,), 3.72(t, j=4.8Hz, 2Hx 2, CH, X2, morpholine), 3.46~
3.53(m, 2H, CH,), 2.45~2.52(m, 2H X3, CH, X3, morpholine),
1.78~1.86(m, 2H, CH,). ®C NMR(CDCl,) & 157.23, 15027,
133.77, 117.64(pyridazine), 128.17(=CH), 114.75(CH, =), 67.07,
53.73(morpholine), 57.54(CH,), 41.50(CH,), 25.03(CH,), 33.69
(SCH,). FT-IRWNaCl) cm™ 3435(N-H), 3053(aromatic), 1552
N=N), 1421{C=N), 1265(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-Allylthio-6-piperidinylethylaminopyridazine(5b)2] &4
3-Allylthio-6-chloropyridazine(2) 1.12 g(6.0 mmol)®ll #-butanol
10ml 7F5tar wHbshE A =59 ¥ ammonium chloride 0.3 2 g
(6.0 mmol)$} 1-(2-aminoethyl) piperidine 2.6 ml(18.0 mmol) ¥
I 48X7F BFAIZT 4be] AU FUs Mo 2



r
2
O

L
}.
A

508

A2] powder(5b)E YUtk

Yield : 0.45g(26.9%), Formula C H,,N,SMW. 278.42),
mp 34.0~36.0°C, 'H NMR(CDCly) & 7.01(d, /=9.3Hz, 1H,
CH, pyridazine), 6.58(d, /=9.3 Hz, 1H, CH, pyridazine), 5.93~
6.06(m, 1H, =CH), 5.39(s, 1H, NH), 5.26(d, /=17.7 Hz, 1H,
CH,=), 508(d, J=102Hz, 1H, CH,=), 3.88(d, /=69 Hz,
2H, SCH,), 3.49(q, J=11.1Hz, 2H, CH,), 2.59(t, /=60 Hz,
2H, CHy), 2.43(s, 2H X2, CH, X2, piperidine), 1.54~1.60(m,
2H X2, CH, X2, piperidine), 1.44~1.46(m, 2H, CH,, piperidine).
BC NMR(CDCly) § 157.08, 150.29, 128.00, 117.5%pyridazine),
133.18(=CH), 115.29(CH,=), 57.13(CH,), 54.27, 24.32, 21.04
(piperidine), 38.16(CH,), 33.61(SCH,). FT-IRNaCl) cm™
3391(N-H), 3053(aromatic), 1544(N=N), 1265(C-N). GC-MS
m/z(%) 98.20(100.00), 111.1023.94), 41.20(11.57), 99.10(9.69),
55.20(9.66).

3-Allylthio-6-pyrrolidinylethylaminopyridazine(6b)2] &Hd

3-Allylthio-6-chloropyridazine(2) 1.12 g(6.0 mmol)®l] #-butanol
10 m/ 7}tz w¥kslAA =91 T ammonium chloride 0.32 g
(6.0 mmol)¢} 1-(2-aminoethyl) pyrrolidine 2.2 mJ(18.0 mmol)
Y3 48217 EFAIZT abe] FAAE FUsHA Ao
4] powder(6b)E H3ITh.

Yield : 0.28 g(17.7%), Formula C;;H,,N,S(M.W. 264.39),
mp 703~745°C, 'H NMR(CDCl,) & 7.01(d, /=93 Hz, 1H,
CH, pyridazine), 6.55(d, /=9.3 Hz, 1H, CH, pyridazine), 594~
6.07(m, 1H, =CH), 526(d, /=17.1Hz, 1H, CH,=), 5.20(s,
1H, NH), 5.09(d, /=102 Hz, 1H, CH,=), 3.89(d, /=69 Hz,
2H, SCH,), 3.52(q, J=11.7Hz, 2H, CH,), 2.74(t, J=6.0 Hz,
2H, CHy), 2.52~2.57(m, 2Hx 2, CH, X 2, pyrrolidine), 1.76~1.81
(m, 2Hx2, CH, X2, pyrrolidine). *C NMR(CDCl,) § 157.05,
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,).
FTIRMNaCl) ecm? 3070(romatic), 1500(N=N). GC-MS m/2(%)
84.10(100.00), 97.10(32.89), 42.10(22.48), 96.10(10.60), 41.20
(9.23).

3-Allylthio-6-[(2-pyridyl)methylaminolpyridazine(7a)2|
)

3-Allylthio-6-chloropyridazine(2) 1.12 g(6.0 mmol)¢l] #-butanol
30m/ 718kl @ukshaA =591 & ammonium chloride 0.32 g
(6.0 mmol) 2} 2-(aminomethyl)pyridine 1.24 m/(12.0 mmol) 2
I 48R BFAIRC vheEE ¥ #Ee] p-butanolS s
Zgto] AASTL HEEZHL 10% K,CO; 50ml =2 3 ethyl
acetate 40 miE 23] FEJT) 471502 olFgd EAIES

mr‘

10% citric acid® #€)3E3}3L Al FRAFS KZCO3E ok
22| 8kA17) F ethyl acetate 40miZE 23) FEF} T
Na,S0,% 7x3}e] 7RtoiTsta ethyl acetated AYUSHE 3,5—
218 2o oird BAE BTk 2a8t FYWHOE A2}l
AL it EAE column chromatography(silicagel, solvent;
n-hexane : ethyl acetate=1: )Z #2|3to} 232 powder(7a)
£ <%t

Yield : 031g(20.0%), Formula C,H, N, SOMW. 258.35),
mp 94.0~98.0°C, H NMR(CDCly) & 855(d, J=4.5Hz, 1H,
CH, pyridine), 7.66(t, f/=7.5Hz, 1H, CH, pyridine), 7.29(d,
J=78Hz, 1H, CH, pyridine), 7.20¢t, J=6.0Hz, 1H, CH,
pyridine), 7.04(d, /=9.0Hz, 1H, CH, pyridazine), 6.66(d, /=
9.3 Hz, 1H, CH, pyridazine), 5.93~6.08(m, 1H, =CH), 5.88
(s, 1H, NH), 5.27(d, /=169Hz, 1H, CH,=), 5.104d, /=
10.2 Hz, 1H, CH,=), 4.78(d, /=5.1 Hz, 2H, CH,), 3.90(d, /=
6.9 Hz, 2H, SCH,). ®C NMR(CDCly) & 156.93, 148.92, 12233,
122.25, 117.70(pyridine), 156.62, 151.07, 136.73, 128.11
(pyridazine), 133.76(=CH), 115.62(CH,=), 46.54(SCH,), 33.58
(NHCH,). FT-IRNaCl) cm™ 3399(N-H), 3053(aromatic), 1594
(N=N), 1421(C=N), 1265(C-N). GC-MS m/z(%) 93.10(100.00),
243.00(54.92), 39.10(49.07), 92.10(37.73), 107.10(27.91).

),

3-Allylthio-6-[(2-pyridyl)ethyl)aminolpyridazine(7b)2| &M
-Allylmio—(}—cmoropyridazine(Z) 1.12 (6.0 mmol)f| xn-butanol
30ml 7F8t EHHSbEA %<1 § ammonium chloride 0.32 g
(6.0 mmol)$} 2-(2-aminoethyl)pyridine 1.44 m/(12.0 mmol) ¥
4877t FFAIZT 6a2] T TUSHA Asie] &

2 oild E3-E column chromatography(silicagel, solvent; #-
hexane : ethyl acetate : methanol=1:1:0.5)2 ¥&lslo] Z442]

oitd S (7hyS At
N—N N—N
CH,~CH—CH,—SH
cz—-<_>—-cx —_— c1—<_>——s-—cnz-cn=cp12
— NaOH —
1 2
R—(CHy)n —NH AR
2 2 R—(CHyn —HN-Q}—S—CHZ ~~CH-CH,
n-butanol, NH,CI s,
reflux 3a-d - Ta<b
sa: L R=¢ Y= b2 R=— | 3e: o3 k=

I\ V2
3d: n=4,R= Q— ,-4b: n=2,R=O\_-/N—’ 4c: n=3,R=O\_JN—

sb:n=2,R={ N—, gb: n=2,R=CN—— Ta: n=1,R= /_;
T: n=2,R={¢
Qr

Scheme 1 - Synthesis of 3-allylthio-6-aralkylaminopyridazine de-
rivatives.
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3-Allylthio-6-heterocyclylalkylaminopyridazine

Yield : 0.13 g(8.0%), Formula C,,H;;N,SOM.W. 272.37), 'H
NMR(CDCly) & 8.51(d, J=4.5Hz, 1H, CH, pyridine), 7.59(d,
J=78Hz, 1H, CH, pyridine), 7.01~7.19(m, 1HX2, CHX2,
pyridine), 6.94(d, J=23.4 Hz, 1H, CH, pyridazine), 6.56(d, J=
9.3 Hz, 1H, CH, pyridazine), 5.92~6.04(m, 1H, =CH), 5.59
(s, 1H, NH), 5.25(d, J=17.4 Hz, 1H, CH,=), 5.08(d, /=102
Hz, 1H, CH,=), 3.84~3.89(m, 2Hx2, CH,x2), 3.12(t, J=
66Hz, 2H, SCH,. “C NMR(CDCl) & 159.699, 149.11,
123.56, 121.52, 117.63(pyridine), 156.99, 149.43, 136.61, 128.06
(pyridazine), 1343.73(=CH), 11527(CH,=), 41.24(SCH,), 36.55,
33.60(CH, X 2).
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Fig. 1 - Comparison of chemopreventive activities of K6 and 3-
allylthio-6-arylethylaminopyridazine compounds.
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