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Synthesis of Allylthiopyridazine Derivatives and their
Protective Effects of UV-C Irradiation
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Abstract — Four 3-alkoxy-6-allylthiopyridazines and 3-chloro-6-allylthiopyridazine were synthesized and
their protective effects against oxidative stress and UV-C irradiation were tested. 3-Methoxy-6-allylth-
iopyridazine and 3-ethoxy-6-allylthiopyridazine did not show protective effect on the oxidative stress but
showed the strongest protective effect on UV-C irradiation among the tested compounds. Especially 500

ng/ml of the two compounds was the most effective concentration.
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FHZ A7l At garlic oild] FHILE R
% 3Rl diallyl sulfide®} allicin 1,2-cjwlEslo]=
Zglef] oJ&f FEg o BAE AAAY FUER
o &} frdsls 1SS Wolshs AWl e A
o7 93 b Joht?

ZR1] gt A9 7T AEo) Q= vk
315)13M8.2. mEH(microsomal Epoxy Hydrolase) %
GST(Glutathione S-Transferase)?] MTul &S
Z7 A)7|1& 38 Cytochrome P450 2E1 E4+dS
'AE R gABle] SHER EE PAMICZEEH
JQA7IE sk E34F vepdrhs ARo| 813
R Bzl XA O F allylthio 7)7} £23%F pharma-
cophorEhR= ARYES €A HthtY mEbd geele
718 ke SES s sk e AE
%9 3h}=2A pyridazine(1,2-diazine) 2ol <}=]&}
A 3| 2A dHEQ7IE TUA7I ¢HE| 279

FR =) B F9E o) AxeAR
(2} 02-901-8393 (F2) 02-901-8386

gepelRlef g2 E= g4FAITY AE =944
71 A3} 7|F v}l 7o) allylthiopyridazine 5%
Asol mEH ¥ GSTY 23S F7MIZFH FAl
UAEAS] HES Aoz AARAE WA
4 Z4E FHELAENE B3I F rie AR
B A FQIe1e19

B Ao A3HA stress D HAMI Bk 9
o] & UV-C(200~290 nm) Al oist Polass
Yolr7] S8t ATE 3t ABPS Bl Bisi
2} g},

A YY

Al s 717

B Ao ARgE Aok Aldrich, Sigma, Merck,
Acros(Janssen chimica), BDH, Riedel-de Haen %
oA FUER I, il Lagh FS SR/3] AR
3kt &3 &% Fisher-Johns Melting Point
apparatus?} Buchi 535 Melting Point apparatus®
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AREEIATE NMR spectrume TMSE EF E£d=
&}o] 300MHz Gemini Varian NMR Spectrometers.
74311, 89 acetone-d;, CDCl;, DMSO-dg&
AR89t Multiplicity= s=singlet, d=doublet, t=
tﬁplet, g=quartet, m= multiplet® & °k3}o] EAls}
Atk IR spectrum< Bruker Vector 22 FT-IR3}
Perkin-Elmer 16F PC FT-IRE AFg5}0] KBr pellet
9} NaCl cellZ2 Z33Ith. 9+89] Age Silica gel
60F 2542 ¥ wg TLC plate(Merck)S hexane :
ethyl acetate=5:1, chloroform : methanol=10:1, chlo-
roform : ethyl acetate=10:1 59| & A7ANFHL
o, spotS UV light &%= iodine vapowr® Q1313
t}. Column chromatography:= silica gel 60 A (70-
230 mesh, Merck)s ARE3I3T)

3,6-Dihydroxypyridazine(1) 2| £ %

Hydrazine monohydrate 3.4 mi(0.07 mol)ell A
T 50 miE 71t § wRkslEA ¢HCl 14 mi(0.14
moDE 73k Whgdo] B At HEE hedig]
th ¥hEREC] #F3E7] AZEPH maleic anhy-
dride 6.86g(0.07 moly& 713tiL Al&A A7 Bt
FFAZ F 3Zeid A2 IANFARE ARt A
AFZ AHIAT. B AR SiMA B89 B
g AAst AAFgete] 748 B ARE Ak

Yield : 7.48g(95.3%), mp 292~294°C(Lit>® 299.5~
300°C), 1H-NMR(Acetone-dg), 8 3.40(s, 'Hx2, OH),
6.90(s, 1Hx2, CH), IRMNaCl, cm™) 3,350(0H),
3,000(aromatic), 1,561(aromatic)

3,6-Dichloropyridazine(2) 2| &4

POCl; 30 miell ¢H48] 7433t 3,6-dihydroxypyri-
dazine 2.5g(0.02 moly& 7}3t, 7AI3F BRF BFAI
= Y9 POCLE 23553, Fojd ije] &
ZFo] d5ES 93 wHlskd detdo] A9 |
golo] o] drlelE = w7k 28% FEUoL
£AE 7Iehd 4 HHEBo] PP o] FHES
gt F =AE ethanoll 5} 2843 E2E AA
1, G4%s siete 583 @R/ silicon
dioxideel| FA|A 243 £, 7] ethanots 7}t
SHste] waAe] B A4S It

Yield : 2.17g(72.8%), mp 67~69°C(Lit*® 68~69°C),
"H-NMR(Acetone-dy) 8 800(s, 1HX2, CH), IRMNaCl,

cm™) 3,060(aromatic), 1,555(aromatic)

3-Methoxy-6-chloropyridazine(3) 2] 44

Molecular sieve(4A)2 AZ3F F<F methanol 200
mlll Na 2% 4.60g(02 molyS 7Fste] &A1) &
3,6-dichloropyridazine 29.80g(0.2 moly2 7}8}o] &=
8] S3MzTh Ao Nt B9 kit F )l
methanots &SI AAT t}2- ether 100 miE
713l 1087 AYs] wRlsigitt. Etheroll 4] % &
24 EANaC)E AAs A 50 miE 23] A1H
3 &, B Na,S0,2 AZEHL ethers 153810
Walo) Ak AgS At

Yield : 27.60g(95.5%), mp 87~89°C(Lit*® 90°C),
'H-NMR(CDCly) & 4.11(s, 3H, OCHj), 6.95~7.35
(m, 1Hx2, CH), IRNaCl, cm™) 3,016(aromatic),
2,927(CH), 1,596(aromatic)

3-Ethoxy-6-chloropyridazine(4) 2| &M

< ethanol 300 mie]l Na 5<% 4.60g(0.2 mol)
< 75l 8384171 3 3,6-dichloropyridazine 29.80g
(0.2 moly= 7Isle] ¢As| LaRIZTE ALolA 14]
ZF & wRksk & 39 g sdskA Aest
o] 3] vy ZAES Utk

Yield : 2028¢(63.9%), mp 60~62°C, H-NMR(CDCL,)
8 1.42(t, .3H, CH;), 4.55(g, 2H, OCH,), 6.90~
740(m, 1Hx2, CH), IRWaCl, cm™) 3,055(aromatic),
2,983(CH), 2,906(CH), 1,586(aromatic)

3-Propoxy-6-chloropyridazine(5) 2| £

4= n-Propanol 30miol Na 2<% 0.23g(0.01 mol)
< 7F8td £3AIZ1F 3 6-dichloropyridazine 1.49g
(001 molZ 7}sle] 2Hds| LAzt 39 W
YA Malste] e v A-E Aict.

Yield: 1.13g(65.3%), mp 68~70°C, ‘H-NMR(CDCly)
& 1.05(t, 3H, CHj), 1.80(g, 2H, CH,), 4.35(q,
2H, OCH,), 6.70~7.25(dd, 1HX2, CH=CH), IR
MNaCl, cm™) 3,050(aromatic), 2,970(CH), 1,540(aro-
matic)

3-(i-Propoxy)-6-chloropyridazine(6) 2] &

54~ 2-Propanol 150 miell Na 2% 2.30g(0.1 mol&
7vsla 7tdste] £3|A171%  3,6-dichloropyridazine
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14.90g(0.1 mol)2 ~I5le] 3] LiAH Y. 39 ¥
ot sdstA Ajste] 3] W A28 At

Yield : 15.43g(89.4%), mp 79~81°C, 'H-NMR
(CDCl) 81.40(d, 3HX2, C(CHy),), 550(m, 1H,
OCH), 6.85~7.40(dd, 1Hx2, CH=CH), IR(NaCl

em™) 3,060(aromatic), 2,981(CH), 1,586(aromatic)

3-Chloro-6-thiopyridazine(7) 2 &4

< acetone 50 m/°l| thiourea 1.52g(0.02 mol)S
7hel @438 =< F 36-dichloropyridazine 3.0g
(0.02 moh& 71t 241RF Bt SFAI F WA
B B HJRES AAsich dolzl FHE 5%
NaOH &9 20 miE 7}slo] FE3] wwhet & &84
EAE AAS HCEE: 71 7P (pH Doz 3
W EA o] A AEd A4S ofFstar 2
7He- BATE MH o] Fae) A7g AT

Yield : 1.75g(59.5%), mp 145~147°C(Lit2® 150°C),
'H-NMR(DMSO-dg) & 2.50(s, 1H, SH), 7.35~7.70
(m, 1Hx2, CH), IRNaCl, cm™) 3,395(SH), 3,146
(NH), 3,036(aromatic)

3-Chloro-6-allylthiopyridazine(K-8) o] &

< methanol 50 ml°ll Na &% 1.15g(0.05 moly=
0] 3  3-chloro-6-thiopyridazine 7.33g(0.05 mol)S
71 A8 g8l|AFTt). o] EFES &) WHst
& allyl bromide 4.33 mi(0.05 molyS 7}5lal wykE};
HA 3AIRE B9t 5417 #9Y2) methanole 7

ollde] FHRES A3t o] FFHES TLC eolx] 3
7N spot(R=0.6, 0.5, 0.4)°] YERIH o|F Rf=0.5%!
E40o] 57 3HE 24 column chromatography(si-
lica gel, hexane: ethyl acetate=10:1DZ ¥}
Sk &% 89S AdEFse] v JkEd
< Y3ith

Yield : 2.03g(21.8%), mp 68~70°C(Lit?® 66°C),
'"H.NMR(CDCl) & 4.00(d, 2H, SCH,), 5.25(dd,
2H, CH,), 6.00(m, 1H, CH), 7.20~7.50(dd, 1H X
2, CH), IRNaCl, cm™) 3,096(aromatic), 1,501(aro-
matic)
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3-Methoxy-6-allylthiopyridazine(K-6) 2| &4

< methanol 50/l Na &% 1.15g(0.05 molyS-
o] 1 allylmercaptan 4.98 mi(0.05mol)S g3k

5 3-methoxy-6-chloropyridazine 7.23g(0.05 mol)
£ 7FtaL 2403 7t BRAIR. K89 Mg
3 FAaA AEte] A oitd FHEE AU
o] ZHE3 TLC AolA 370 spot(R=038, 0.7,
05r] Yebte o]F Rf=0.721 £o] 53 ez
] column chromatography(silica gel, hexane : ethyl
acetate=10: N F&3sith. £ &uiE EE
slo] 42 m|yA9] ol F-ES high vacuum® =
7R Bt Az £ WAsie] vl AAS At

Yield : 3.992(53.7%), mp 25~27°C, NMR(CDCl;) &
395(d, 2H, SCH,), 4.08(s, 3H, OCH,), 5.25(dd,
2H, CH,), 6.00(m, 'H, CH), 6.80~7.30(dd, 1HX2,
CH), IRMaCl, cm™) 3,056(aromatic), 2,947(CH),
1,596(aromatic)

3-Ethoxy-6-allylthiopyridazine(K-16) 2| £

¥4 methanol 40m/o] Na 2%  0.57g0.025
mol)g =°]1 allylmercaptan 2.49 ml(0.025 mol}2 &
&5 thS  3-ethoxy-6-chloropyridazine 3.96g(0.025
mol)E 7}t 24A17F Ft SFAIZTH K-89)
Hat FU3HA AEste] FA49 oitd IHiES ¥
t}. o} ZA-ES TLC AlA 478 spot(Rf=0.9, 0.8,
0.7, 0.6)°] Wehtm o]F Rf=0.821 E3o] FA 3}
S22 A] column chromatography(silica gel, hexane
:ethyl acetate=10:1)Z Fel3I3ith. 85 &0E %
SEHot] 2 wHAEY oild AFEE high
vacuum©® 2 2A|7F Bt AXs & wFsie] v
HYE Qo

Yield : 1.85g(37.7%), mp 28~30°C, 'H-NMR
(CDCl;) & 1.35(t, 3H, CHjy), 3.90(d, 2H, SCH,),
4.45(q, 2H, OCH,), 5.15(dd, 2H, CH,), 5.95(m,
'H, CH), 6.70~7.15(dd, 1Hx2, CH), IRMaCl,
cm™Y) 3,056(aromatic), 2,979(CH), 1,590(aromatic)

3-(z-Propoxy)-6-allylthiopyridazine(K-17) 2| &
<= methanol 75 m/°] Na 84 1.15g(0.05 moly-
=0]3L allylmercaptan 4.98 m/(0.05 molys &3t t}
<& 3-(n-propoxy)-6-chloropyridazine 8.63g(0.05 mol)-=
7FskaL 24717t E<t $RAIZT K88 3R &
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Yield : 3.11g(29.6%), mp oil, ‘H-NMR(CDCl,) &
110, 3H, CHy), 1.82(q, 2H, CH,), 3.95(d, 2H,
SCH,), 4.40(q, 2H, OCH,), 5.25(dd, 2H, CH,),
6.00(m, 1H, CH), 6.75~7.30(dd, 1Hx2, CH=CH),
IRMNaCl, cm™) 3,070(aromatic), 2,950(CH), 2,930
(CH), 1,590(aromatic)

3-(Isopropoxy)-6-allylthiopyridazine(K-18) 2| &4

24 methanol 150 miell Na <4 2.30g(0.1 mol)S
o]l allylmercaptan 9.28 mi(0.1 moly& &35 tf
- 3-(isopropoxy)-6-chloropyridazine 17.26g(0.1 mol)&
7kekal 2473t B SRR K89 e 5
d&tA AMejsle] w9 oitd EFS AT

Yield : 4.39g(20.9%), mp oil, 1H-NMR(CDC13) b
135, 3Hx2, CH(CH,, 390, 2H, SCH),)
520(dd, 2H, CH,), 545(m, 1H, OCH), 5.95(m,
1H, CH), 6.70~7.20(dd, 1HX%2, CH=CH), IR
(NaCl, em™) 3,050(aromatic), 2,978(CH), 2,933(CH),
1,590(aromatic)

Mx di2F

Ado]] AME AEFE= V79-4(Chinese hamster,
Lung fibroblast)Z4 10% FBS 7} RPMI 1640
HiR|E ARGER 37°C, 5% CO, viF7]ollx Hieksle
At Aol AR A A = AX HF
FE wilek & MTT A8 E8Ae AZ7 A5843
o7 g3 FAse], MTT A2 ¥ 0D 570 &
o] 0.6~0.8% oI F Y= AEFE AFsIr)."1®

Oxidative stress ¥ UV-C 0f st oi &zt
AE

V79-4 AEZ 6x103 cellsy/well EA| 96 wellel]
ZFalgch 19 ik &, A|8E 100% DMSOe] =
%, DMS09] #HF %7} 0.02%5A 2+ NEgE 7}
313t ol Alg9) FEE 20, 100, 500, 2500 pg/
mP] HEE 7RIt AR AMEta, 22t ¥
] H,0, 100uMZ 2] =& UV-C 300 /m’Z =
Abela, 29 wiekst &, X AZAHEE MTT ¥4
o7 Sk A7 BAS ohEd 22 At
A3l e 20%013Y whE WAEHE vehls
Roz AR

ol a3 (%)=
A88 UV-C Mel2d] $95% -UV-CHeled) $35%
A AT 3=

MTT A8 %%

V79443 A&l UV-C #2|3t plate® 37°C,
5% CO, ¥Wik7lolM 29 wis, welld 0.1 mg
MTT(3-[4,5-dimethyl thiazol-2-y1}-2,5-diphenyltetrazo-
lium bromide)E wellell 715tkx, 37°CollA 4 AJ7t uil

- 9kslAT) HIRIE AAS 5 7} welle]l DMSOZ 100

WA 71sto] formazan 20| 5& W 717 1088 %
7FHA A8 ¥ ¥, microplate reader(scanning
multiwell spectrophotometer)® 570 nmelA Y&
£ A3t

dEdn W oFE

gy

Pyridazine A|Z=H-E Bo] 2EE O gyt o
2 Tl 7l 780 vig vk 237
1= maleic anhydride® 29227 3= 7hsia
FEE0] & Mizzoni9} Spoerri?® WS #-£3r.
Maleic anhydride $} hydrazine G48& = 54
A FolA WNEAIA AL HFHog EHIRHES F
= 7 AU

3}5hE 19 chlorination phosphoryl trichloride
POCLYE ARgsle] o, nud & &
(128%)F 54 HES Atk

Pyridazine 2 A} 2 sel2 n=|2AM X8
ghso] Hx] ot ey 3 61 99X CR 9
QE vhgAdo] Frhe= Zlo] ghezl vt gk & AY

oo

(o]

R H,0, c-HCI —
J:;o +  HoN-NHp H,0 32n T HO @—on

Ry
o}

POCI, NN o R-ONa
——ermeeep C —_—
7h, reflux _<=>- R-OH, rt

N—N

RO——< %scu,cuq:n,

R=CHj-, CoHs-, n-CaHy-, i-CaH7-

CH,=CH-CH,-SH
CH3ONa, CH3OH
24 h, reflrux

Scheme I - Synthesis of 3-allylthiopyridazine derivatives.
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dElev ol A 3 9

UV-C 2Alef] gjgt slojas} 13

AMME 3H A9 Cloll methoxy?]] A8 A
AR o7 FEFo] £S5, ¥ AREE Fo} 1A3H
A= fd=9lon el alkoxy 719 AFE A9
R oz £E&0] FTh

Sulfhydryl(SH)S] X|3HHg-2 33 29} thiourea
2 B4 acetonedollA 1:1 FEOZ 3hgA7IH
pyridazine®) 6 $1X|ell thiouronium®] F3HA|7} T
Eo] Atk AR F¢ EHLS akalid] HOWHA
thion3?} thiol®] isomer? i 7Fitollr A7go] A4
Hc}2D o] BAlE ==7Ho] 145°C F-2olXgk &
3] =2 & A W3k "3lEE FEsEY 5
A& Bl £ Ao e E20] thiol @
A Azbsle] o7 ARSIy Ay o] E
o] thion} thiol?] isomerdE& NMR¥ IR, TLC
55 B3] IS

Pyridazine 3] allylthio”]2) £ oidzl= =
Az itk B AdeAE 6 g3l
sulthydryl groups T3} 3-chloro-6-thiopyridazine
& T F, o] RMES SUEAR o83t
Sodium methoxide €%} 3-chloro-6-thiopyridazine
< 7l5le] Na@g wHEZE allyl bromideS 7Hl 35
A7IE BA 38 K8o| BAEITHY 2o 4%
3 oFe] EEo] gol £580] HWgkon, vhgA|
e AR dohs AMAEA] @a o 2 PRE
50| dojuE 2 REGAIZRS: XX R SISt

WsF AdE NaCle AASIL ether® F2% 7
FEE S HE oitde EHE, TLCYAM 34
9} spot(Rf=0.6, 0.5, 0.4 YeR}H o}F Rf=
059 EZo| 5 3gtEr IRIEQY. £2EAS
A fJle] A=k g o83 AEA HH
& AEBRoM 3 BejE o YISIeRR silica
gel column chromatography(dem ®X40 cm)E 4l
A1313it). Ether &S hexane: ethyl acetate=
10:19) 82 82A)7]2 TLC test & 53 &
o] EolQli FEut Rof FFalo] n3 I} AR
9] 3FE K8S It 3HEE 3-alkoxy-6-allyl-
thiopyridazine F-=A°] allylthio”]2] %912 allylmer-
captang A3+ th Sodium methoxide £ <]
allylmercaptang 7}3] Na-S-CH,-CH=CH,% 7%t
% 3JE 3~6% 7130 methanol &0l FollA 1AIZE
3¢ BFAF o] AYox FREHLo] AFH
o} glovt whg ARRE AePH 580 PHER
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24017 B BHS & 9he-S FEEIY. K89 A
Ak vl Z silica gel column chromatography
£ ool FAR

UV-C =AHf| cigt Wo{s2t

4719} 3-alkoxy-6-allylthiopyridazine A2t 3-
chloro-6-allylthiopyridazine2 =% V 79-4 A|EujoF
A4 oxidative stress & BRI EIE= Ao
(Fig. 1. %) UV-C Al digt Welga= ASich
E3] 11 294 3-methoxy-6-allylthiopyridazine(K-6)
7} 3-ethoxy-6-allylthiopyridazine(K-16)2 20% ©]4t
o w2 Wojaas T K6 K-16 Xt} &%
7} B ¥8kon, 3] 500 pg/ml FEON 7 w2
4435 VERItHEg. 2 %), 2381 3 94Xl 4
A% AgE K-8 K-69 K-165rhH= Wojgiy} @
929t 3-propoxy =AY K-173} K-18 Bt =
ik, o)2ist Agda= BF 0 ATFIEH20, 60
mg/kgol AlGslerz FEA 7 F/97Edslel digt
ZRFZEHL AR ZoZH 3] alkoxy|
(methoxy$} ethoxy)Z A&=EYE W URI a7}t

100

80 ——K6
9 ~a—K8
< —a—K 16
8 60 ——K 17
© ———K18
2
S 40
Q
3
&

20

0 e
0 20 100 500 2500

[ug/mi}

Fig. 1 —Protective effect of K compounds on the oxidative
stress of V 79-4 cells.

100

-k
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40 +

Protective effect (%)

20

0

0 20 100 500 2500
[ng/mi]

Fig. 2 — Protective effect of K compounds on the UV-C

irradiated V 79-4 cells.
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100 mgkg?) €% ATE 19 13 297 FoI8kR)
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