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Thiolation of Asymmetry Pyridazines; Synthesis of a Regioisomer of New Methylpyridazines

Hae-Sun Park and Myung-Sook Park®
College of Pharmacy, Duksung Women's University, Seoul 132-714, Korea

Abstract — A new series of 3-alkylthio-6-allylthio-4(or 5)-methylpyridazines (6a-e)-(7a-e) was synthesized from citraconic
anhydride (1) for development of candidates possessing anticancer activity. The process involves the formation of pyridazine
ring, dichlorination, monoallythiolation, and further another alkylthiolation. Compounds 6a-e, and 7a-e were prepared from
6-allylthio-3-chloro-4-methylpyridazine (4) or 6-allylthio-3-chloro-5-methylpyridazine (5) via nucleophilic substitution reac-
tion with alkylthiol anion as nucleophile. Intermediates 4, and 5 could be converted to target pyridazines 6a-e, and 7a-e
using 1~1.5 equivalent of alkylthiol at reflux temperature in methanol in the presence of sodium hydroxide. The structures
of the synthetic compounds were characterized using NMR, IR, and GC-MS analyses.
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Fig. 1 - Dialkyl disulfides and allicin from garlic, and target allylthio-
alkylthio-5(or 4)-methylpyridazines.
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Fig. 2 — Reported various allylthioalkylthiopyridazines; pyridazines, ¢ n-propyl
dimethylpyridazines and tetrahydrophthalazines. CH2=E31He-(?|)'|z-SHJ NaOFé,h(’?:aOH, g ;nggx'
1N NZ 1 2
. ES e . . . . = N=N
o} alkylthio”] & =1t theksh allylthioalkylthiopyridazines, CH=CH-CHyS—  )*Cl + CH2=CH.CH2-3~63\_/)3—C|
allylthioaralkylthio-dimethylpyridazines %! allylthioalkylthio- 5 ?:H:g nd® ¢
3
tetrahydrophthalazinesS $4J3I11L o152 &AL B s} 4 5

AtHFig. 2117 721} A7k vtk 441 pyridazine® 2]
alkylthio”] 9! allylthio”? |7} =% 33HE2] 3Mdel thalx= 1
3 ¥ vt glek

£ Aol A= gt pyridazine 3FEES] 849 S
213 methyl X|3717} sht E=¢4=lo] = BldPdZR] pyridazine
S Mesto] FapshhEs Aerar, T19] vkl alkylthio’] &
de Fst WY XSS vweIitk(Fig. D).

2, vl AR pyridazine 33 A8 S8l e
A & citraconic anhydride 1 hydrazine hydrate?} WF-2-3}¢]
pyridazine ¥-2 8J5PAA] dihydroxypyridazine F-54] 25 4
Atk Aolo] POCLE ©l-8-5to] dlef| chlorines =X vl
279 pyridazine 3}3HE<! 3,6-dichloro-4-methylpyridazines 3
< #4338k tHScheme 1).

 ATelAE o] T 35 o] 8sto] dialkyl disulfide®] T
ZE 583 3jed 07 QPYet AE-2 pyridazine -4 (6a-e,
7a-e)S A X3 Th =, methylpyridazine 2] C6$] 2] oll+=
allylthio”] 2 C39]2]e]= alkylthio”]7} =)l T}k 4(or 5)-
methylpyridazine =452 755 AAlsl] FAsIGILE HE
HESIHERQ] Ga-e, Ta-e> T+ FE 3S ©]§-3to] allyl-
thiolation 2! alkylthiolation HF5-© =2 &%t} (Scheme 2). wh
b, B Ao regioisomer?! ME-- methylpyridazine 3+
5o ghA) W H|t)AAQl pyridazine 5412 thiolation WHS-
o thste] Harstaa} st
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Scheme 1 - Synthesis of asymmetry 4-methyl-3,6-dichloropyri-
dazines 3.
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Scheme 2 - Synthetic route for target 3-alkylthio-6-allylthio-4(or 5)-
methylpyridazine analogs (6a-e, 7a-e).
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apparatus= ARE513ich. 'H NMR % ®C NMR spectroscopy=
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Yield 95%. MP 284~286°C. 'H NMR(DMSO-dy) & 11.31
(s, 2H, OH), 6.87(s, 1H, pyridazine), 2.03(s, 3H, CH,). **C
NMR(DMSO-dy) & 158.16, 154.79, 141.21, 125.57, 16.00(CH,).
FT-IRMNaCl) cm™ 3350(0H), 3000(aromatic), 1562(N=N).

3,6-Dichloro-4-methylpyridazine(3)

POCL,30 mlpl| $Hd3] 7123+ 3,6-dihydroxy-4-methylpyridazine
(5.04 g, 40 mmol)S 73t &t the 7AITE 53k SRAIZITH
FARe] gk-g-g-olo] zlg=2 0 2 ke w7kA] & HeFg o
3tk B ARSSE POCLE 7 s53ste] AlAskL, doizl
Aol Aol dSE-S Y wHlsPd dEdlo] FAF A &
grollo] A o7 = wj7}X] 28% ammonium hydroxide=
7kl A s AAAZ o] FHES sk 5 AR
ethanol°l] 0] E8/3E48 AAsta, SFES 78t 5wkt
SEFAIFTE o] HES-8-94S silicon dioxideol] FHAIA 225 &

[e)
ethanot& ¢t SHste] AlAs W2sie] ujshae] 44 3)s

Yield 78%. MP 81~83°C. "H NMR(MDMSO0-dy) & 8.05(s, 1H,
pyridazine), 2.39(s, 3H, CH,). *C NMR(DMSO-dy) 5 157.12,
155.19, 141.88, 130.97, 18.43(CH,). FT-IRMNaCl) cm™ 3053
(aromatic), 1566(N=N), 1040(C-C)).

General synthetic procedure for 3-chloro-6-allylthio-
4(or 5)-methylpyridazine(4, 5)

Methanol(80 m/)ll sodium hydroxide(2 g, 50 mmol)= A%
2] waterell =] 713}, allyl mercaptan(3.987 m/, 50 mmol)yS-
7hell E3beh vy ekds] EaiAIZIT). o] EENE ehds] W
kX713 3 6-dichloro-4-methylpyridazine(8.151 g, 50 mmol)S
7Rk A7 Bk Ao wHtslith TLCE Whe-o] 42

Q1T ¥, WSBE 2T URE wHste] Afek, WeEY

o]l ethyl acetate(70 m)E 718l 52 F @0 mIx3)= ¥
F=3TE 17155 5 sodium sulfate® 713=3}o] of 7|5t
5, A8k sFslo] A fEEE A3 o] AFES column
chromatography(silicagel, #-hexanes : ethyl acetate=4: )& &
gsto] 24 {EZR1 49 55 AU
3-Chloro-6-allylthio-4-methylpyridazine(4) - Yield  27%.
"H NMR(DMSO-dy) & 7.69(d, J=7.9 Hz, 1H, pyridazine), 6.03~
5.90(m, 1H, CH=), 5.36(m, 1H, =CH), 5.16(m, 1H, =CH),
3.99(d, /=6.8 Hz, 2H, SCH,), 2.24(s, 3H, CH,). C NMR
(DMSO-dg) & 161.64, 153.29, 139.98, 133.34(=CH,), 127.64,
118.88(CH=), 32.29(SCH,), 17.67(CH,). FT-IRWNaCl) cm™
3452(NH), 3053(aromatic), 1549(N=N), 1265(C-N).
3-Chloro-6-allylthio-5-methylpyridazine(5) — Yield  46%.
"H NMRMDMSO-dy) & 7.69(d, /=79 Hz, 1H, pyridazine), 6.03~
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5.90(m, 1H, CH=), 5.36(m, 1H, =CH), 5.16(m, 1H, =CH),
3.93(d, /=6.8 Hz, 2H, SCH,), 2.32(s, 3H, CH,). “C NMR
(DMSO-dg) & 162.11, 153.16, 138.07, 134.88(=CH,), 128.81,
117.33(CH=), 32.56(SCH,), 18.67(CH,).

General synthetic procedure for 3-alkylthio-6-allylthio-
4(or 5)-methylpyridazines(6a-e, 7a-e)

Methanol(15 ml)ll sodium hydroxide(0.6 g, 15 mmol)Ys A%
9] waterel] 9] 718k, alkyl mercaptan(15 mmol)S- <313t T}
<, 45 59 £3+5(2.02 g, 10 mmol)S 7}8tal 1~5417F E<t
FrAIZATE TLCE WHES) $45 gRlst & Whg-8vlE B2+
1t S&310] AASIATE ALl ethyl acetate(20 m)E 713l
Q¥ E(10 m/x3)s gl FESISH 7155 7 sodium
sulfate® 715=3fo] of3fdt 5 ZIQ) FHalo] 2] fdEAlS
A3ty o] AHFES column chromatography(silicagel, #-
hexanes : ethyl acetate)@ E2lslo] o] FAMEZRQl 639 7=
AU}

3-Methylthio-6-allylthio-4-methylpyridazine(6a) — Yield
26%. "H NMR(DMSO-dg) & 7.39(s, 1H, pyridazine), 6.03~
591(m, 1H, CH=), 5.36(d, /=6.3 Hz, 1H, =CH), 5.14(d, /=
49 Hz, 1H, =CH), 3.96(d, /=6.8 Hz, 2H, SCH,), 2.61(s, CH,),
2.18(s, 3H, CH,). ®C NMR (DMSO-dy) & 159.14, 158.75,
135.53, 133.45(=CH,), 124.62, 118.09(CH=), 31.69(SCH,),
17.19(CHy), 12.29(CH,). FT-IR (NaCl) cm™ 3049(aromatic),
1570(N=N), 1431(C=N), 1265(C-N). GC-MS: m/z 212.33
M*), 197.1(100.0), 132.1(13.1), 93.1(12.3), 179.1(11.9), 198.1
(11.3).

3-Methylthio-6-allylthio-5-methylpyridazine(7a) — Yield
26%. 'H NMR(DMSO-dy) & 7.37(s, 1H, pyridazine), 6.01(m,
1H, CH=), 5.30(d, /=6.2 Hz, 1H, =CH), 5.11(d, /=4.9 Hz,
1H, =CH), 3.91(d, /=6.7 Hz, 2H, SCH,), 2.61(s, 3H, CH,),
2.18(s, 3H, CHy). *C NMR (DMSO-dg) & 157.83, 157.30,
135.56, 133.38(=CH,), 124.88, 117.98(CH=), 31.98(SCH,),
17.10(CH,), 12.48(CHy,).

3-Ethylthio-6-allylthio-4-methylpyridazine(6b) — Yield
49%. '"H NMR(DMSO-ds) & 7.37(s, 1H, pyridazine), 5.97(m,
1H, CH=), 5.36(d, /=6.6 Hz, 1H, =CH), 5.15(d, /=4.8 Hz,
1H, =CH), 3.97(d, /=6.8 Hz, 2H, SCH,), 3.20(q, /=7.4 Hz,
2H, CH,), 2.16(s, 3H, CHy), 1.33(t, /=7.3 Hz, 3H, CH,). *C
NMR(MDMSO-dg) & 158.79, 158.75, 158.11, 135.69, 133.44
(=CH,), 125.14, 118.11(CH=), 31.68(SCH,), 23.64(CH,), 17.17
(CH,), 14.37(CH;). FT-IR(NaCl) cm™ 3080(aromatic), 1560
(N=N), 1446(C=N), 1268(C-N). GC-MS: m/z 226.35(M+),
211.1(100.0), 151.1(14.8), 193.2(12.9), 132.1(1205), 212.1(12.4).
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3-Ethylthio-6-allylthio-5-methylpyridazine(7b) — Yield
25%. 'H NMR(DMSO-dy) & 7.38(s, 1H, pyridazine), 6.01(m,
1H, CH=), 5.26(d, /=6.5Hz, 1H, =CH), 5.12(d, /=4.4 Hz,
1H, =CH), 3.91(d, /=6.8 Hz, 2H, SCH,), 3.19(q, /=7.3 Hz,
2H, CH,), 2.16(s, 3H, CH,), 1.33(t, /=7.3 Hz, 3H, CH,). *C
NMRMDMSO-dg) & 157.92, 157.29, 135.67(aromatic), 133.37
(=CH,), 125.04, 118.00(CH=), 31.98(SCH,), 23.45(CH,), 17.17
(CH,), 14.18(CH,).
3-n-Propylthio-6-allylthio-4-methylpyridazine(6¢) — Yield
48%. 'H NMR(DMSO-dg) & 7.37(s, 1H, pyridazine), 5.98(m,
1H, CH=), 5.36(d, /=6.6 Hz, 1H, =CH), 5.15(d, /=4.8 Hz,
1H, =CH), 3.97(d, /=6.8 Hz, 2H, SCH,), 3.20(q, /=7.4 Hz,
2H, CH,), 2.17(s, 3H, CH;), 1.69(m, 2H, CH,), 0.98(m, 3H,
CH,). ®C NMR(DMSO-d;) & 158.89, 158.20, 135.63, 133.36
(=CHy), 125.19, 118.10(CH=), 31.68(SCH,), 31.09(CH,),
22.10(CH,), 17.16(CH,), 13.15(CH,). FT-IR (NaCl) cm™ 3047
(aromatic), 1564(N=N), 1432(C=N), 1265(C-N). GC-MS: m/z
240.38(M+), 225.1(100.0), 151.1(22.1), 165.1(20.1), 183.1(19.5),
226.1(13.8).
3-n-Propylthio-6-allylthio-5-methylpyridazine(7c) — Yield
29%. 'H NMR(DMSO-dg) & 7.38(s, 1H, pyridazine), 5.98(m,
1H, CH=), 5.30(d, /=6.3 Hz, 1H, =CH), 5.11(d, /=5.9 Hz,
1H, =CH), 3.91(d, /=6.8 Hz, 2H, SCH,), 3.21(m, 2H, CH,),
2.17(s, 3H, CH,), 1.66(m, 2H, CH,), 0.97(m, 3H, CH,). *C
NMR(DMSO-dy) & 157.92, 157.27, 135.74, 133.44(=CH,),
125.07, 117.99(CH=), 31.98(SCH,), 30.90(CH,), 21.94(CH,),
17.23(CHy), 13.26(CHs).
3-Isopropylthio-6-allylthio-4-methylpyridazine(6d) — Yield
36%. 'H NMR(DMSO-dg) & 7.35(s, 1H, pyridazine), 5.99(m,
1H, CH=), 5.36(d, /=7.1Hz, 1H, =CH), 5.14(d, /=5.5 Hz,
1H, =CH), 4.09(m, 1H, CH), 3.97(d, /=6.8 Hz, 2H, SCH,),
2.15(s, 3H, CH,), 1.39(t, /=8.1Hz, 6H, CH;x2). *C NMR
(DMSO-dg) & 159.58, 158.74, 136.17, 133.85(=CH,), 125.99,
118.57(CH=), 35.06(SCH,), 32.09(CH,), 23.17(CH;x2), 17.58
(CH,). FT-IRNaCl) cm™ 3082(aromatic), 1570(N=N), 1432
(C=N), 1226(C-N). GC-MS: m/z 240.38(M+), 211.1(100.0),
151.1(35.9), 169.1(33.2), 114.0(25.2), 118.1(7.2).
3-Isopropylthio-6-allylthio-5-methylpyridazine(7d) — Yield
22%. "H NMR(DMSO-dy) & 7.39(s, 1H, pyridazine), 5.98(m,
1H, CH=), 5.30(d, /=7.0Hz, 1H, =CH), 5.12(d, /=6.3 Hz,
1H, =CH), 4.09(m, 1H, CH), 3.91(d, /=6.8 Hz, 2H, SCH,),
2.15(s, 3H, CH,), 1.39(t, /=8.1Hz, 6H, CH;x2). *C NMR
(DMSO-dg) & 158.39, 157.65, 136.17, 133.77(=CH,), 125.63,
118.45(CH=), 34.79(SCH,), 32.41(CH,), 23.12(CH;x2), 17.69

(CH,).

3-n-Butylthio-6-allylthio-4-methylpyridazine(6e) — Yield
25%. 'H NMR(DMSO-dy) & 7.37(s, 1H, pyridazine), 5.94(m,
1H, CH=), 5.36(d, /=76 Hz, 1H, =CH), 5.14(d, J=5.4 Hz,
1H, =CH), 3.96(d, J=6.8 Hz, 2H, SCH,), 3.22(t, J=7.2 Hz,
2H, CH,) 2.16(s, 3H, CH,), 1.66(m, 2H, CH,), 1.42(m, 2H,
CH,), 0.90(t, J=7.5Hz, 3H, CHy). *C NMR(DMSO-dy) & 159.19,
158.31, 133.71(=CH,), 126.26, 126.18, 118.53(CH=), 32.44
(SCH,), 31.07(CH,), 29.29(CH,), 21.80(CH,), 17.65(CH,),
13.85(CH,). FT-IR (NaCl) cm™ 3080(aromatic), 1561(N=N),
1429(C=N), 1229(C-N). GC-MS: m/z 25441(M+), 225.1
(100.0), 151.1(29.6), 169.0(27.4), 114.0(20.9), 137.1(19.8).

3-n-Butylthio-6-allylthio-5-methylpyridazine(7e) — Yield
17%. 'H NMR(DMSO-dg) & 7.38(s, 1H, pyridazine), 5.94(m,
1H, CH=), 5.30(d, J=7.7Hz, 1H, =CH), 5.11(d, J=6.4 Hz,
1H, =CH), 3.91(d, J=6.8 Hz, 2H, SCH,), 3.22(t, J=7.2 Hz,
2H, CH,) 2.16(s, 3H, CH,), 1.65(m, 2H, CHy), 1.42(m, 2H,
CH,), 0.89(t, J=75Hz, 3H, CH,. “C NMR (DMSO-dy)
8 159.34, 158.34, 136.16(=CH,), 125.60, 126.18, 118.55(CH=),
32.08(SCH,), 31.15(CH,), 29.29(CH,), 21.87(CH,), 17.71(CH,),
13.96(CH,).
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3-Chloro-6-allylthio-4(or 5)-methylpyridazine(49} 59 &%)
< 302 HH allylthiolation HES- 02 IS, Pyridazine
o X7 E T35k $13t nucleophile ]2k = allyl mercaptan
(1 equivalent)s ¥37 methanol €7 3}oll4] sodium hydroxide
o} 3 A2eA] 3A7E 5<F wnkete] RESAIZITE Wk A
2 49 59 EEEN F 73%Q27+46%)2] &= FoiFal,
o|7 & BE 47} 37%, 571 63%2] vIER EFE e =
o o o el oAl the wHAlell ARGt A2
regioisomer?] 4%} 50 TIHES Y5 ¥ Aol o9} 7
2 A= 39 FxelA €398 C6$lell 31 chlorine
dechlorination WH-g-ell x}o]7F QUS55 HFERG Zlo]tt. Methyl
719] electron donation effect™ 7}7H2- ¢l =<1 C39x]2]
chlorine®] C6$1%]9] chlorine Xt} t] 2 22]% 91, allylthio
anion®] X3 FAE T Wol who} 39k 57F v wWol A
H Ao7 =AU},

3135 49} 52] NMR data 2475 %"
7} carbon®] 3}eHA 37 o] xlolE
allylthio”]2] shield effectE Jtjdo=z &
4°] methyl”]9] proton®] U resonanceZ #al7] wjiEo] o %
< frequency= 7}4 2.32 ppmolA £33, 52 methyl
2.24 ppmellX] Yeh= Zlo 2 f5%) 7 315HE2] methyl?
chemical shift 2+ 0.08 ppm J = X}o]7} L= Zlo2 FRlx
At

6a-e, 7a-eS J5l7] A= 49 59 EFES WHSER S
o] alkylthiolation ¥H-8-& ©]-8-33Itt. o] F ¥ 2] alkylthiolation
HES-2 31 A9l FU 3 thiolation WH$-©] 1 nucleophillic
aromatic substitution®|th. 3 ®1A] ©HA|9] allylthiolatio
A2oA HEgo] Al dojuk T 49} 55 Azt 18
1} alkyl mercaptans- ©]-8-3F -+ WA 9 alkylthlolatlon -5
A2ofx] Hkgo] Y =g}/ X]SHEM e o 7kEg gt

sxloR WA IZiTh 5, WA & Zolof| wet oF 1~
SAZWHA A4k 11, WS- 5% methanol &1 oA S5
L7 Z3PA|ZF )

sk 49} 59

3}e+E2] proton
T AUk A=,

F= g}lAol 61—‘3

1—‘::‘

1-'_m

nﬂim

S S}
H

r}q
i

204 4] C49]-methyl”] ¢} 52]
C59-methyl|+= v ¥H3olle F3-S =31t} =, regioisomer
ol 49} 59] EFEZHE] T UE regioisomer?] 63} 79 &3
£ A8 ¥ Zoltt 335 304 allylthiolation ©. =
methyl X|37]9] Ix7} T2 7 315 49 55 IS o T
52| 47 37%, 63%= 5510 S1EE 49) 59 E3E
&dn] ZEHE)OHH alkylthiolation® 2 3}3-% 6a¥} 7a> IS

TEES F 52%%1, T 5904 6ae}t 7a= 47 50%

%

T e

= —,—;o}ﬁE}(Table D.
o] % WA thiolationol| A %=
BENEE 2

$he 6a°] 7akt U] Eol
n) e}, 5, methyl”]7F C491%] X3kl 47}
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Table I - Optimal conditions and comparative production ratio for 3-
alkylthio-6-allylthio-4(or 5)-methylpyridazines (6a-e, 7a-e)

N=N N=N
CH2=CH-CH2-SMS‘R CH2=CH-CH2-SVS—R

CH HaC
6a-e 3 C e
Rxn Total Production ratio
Molar . .
No. R ratio?  dme  vield - Compound  Compound

(YR 6 7
a Methyl 15 1 51 1 1
b  Ethyl 15 5 74 2 1
¢ n-Propyl 1 2 77 5 3
d  Isopropyl 1 35 58 5 3
e n-Butyl 1 3 42 10 7

#Molar Ratio of Reag./Subs. is the ratio of alkyl mercaptan to
substrate 3-chloro-6-allylthio-4(or 5)-methylpyridazine (4 and
5).

C591x]ell x3kxo] = 55T B nucleophillic aromatic
substltutlonol golslth= & eJw|gitt. o]# gk Wg-2]
£ alkylthiolation WE-g-ollA] 5UsHA ERTh.

2% regioisomer?] =% 3}%HE(6a+7a, 6b+7b, 6¢+7c,
6d+7d, 6e+7e)5> BT A FFEAR dolHith o
alkylthiolation WF5-2 3! WA 9] allylthiolation ¥H$-2] &
(73%)°N Blal 18] A 9k 42~77%2] &= AT o]
= C6-919] on] =449 allylthio”]7} pyridazine el HAE
o]=0] C3-912] good leaving”]S! chlorine®] ©2]7} ez o
T okglE]o] HEA] Ao kS ujH R o7 Helth,

theF3t alkyl mercaptanes ©]-8-5ko] 42} 52 pyridazine &
2] C3% el methylthio, ethylthio, #-propylthio, isopropylthio,

n-buthylthio”] & =UAIH ). 3H3HE(6a-e, 7a-€)2] 7d ol 4]
alkylthio”] 9] 9] g A% o2 o]ﬁ 7V5% alkyl
mercaptans AHEso] K8slgt). o] whe-S FIn A st
oA 9] alkylthio”] 2] sulfure]] ZJS—,*JOI Z7]—H a1, o2 213
chlorine®] €131+ ©4 C39E 3435k A2 C-S A3lo]
A ¥} 2e]¥ chlorine anion sodium¥} ZA%Hsle] NaClo]
FARER A

"H NMR spectrumelA= 3}3Hao] 35802 23eo|gl=
pyridazine®] peak®} allyl”]ol| 3ld3l= peakE H|w3le] &l
3 4= Qo). HE 313HE(6a-e, 7a-e)2] 'H NMR spectrum
o4 pyridazine®] <4 3 7l singlet® 7.35~7.39 ppm
ol vEpstt). AllylthioZ]€] v 7ie] 74 5 7P 544

-SCH,-7]%= doublet &gnal(éﬁm—? 6.7~6.8 Hz)= 6a-e
+ 3.96~3.97 ppmelA] 7a-e= FF 3.91 ppmellA] YUERITE ©]
213t A3} et 21 pyridazine 2] G2~ H]a) methyl
71+ bulky3l=. 2 methyl”] 7} 717+ Aol $x8ka =
SCH,(ally7]5ll/1)71¢] shield effects WER7] wiito= A7t
A}
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1=z
3
2

Hy

Z}7] ©}& alkylthiolation W% C4$1X]°| methyl”17} 2
= 3E 6a-e2 C59%12] methyl X3+ 3}5HE 7a-eR.t} thio
anion®| 21&ZQ1 FAH | methyl”]9] electron-donation &7}2]
Qo] o] 27] wEol 6a-e2] BYH|E0] Ta-erth U] H2 A
o7 A7t} & E3Eo)A 6a methylthiolation W-&-o1]4
50%, 6bi="ethylthiolation R84 67%, 6¢= n-propylthiolation
HkS-oll X 87%, 6d= isopropylthiolation BF3-oll4 63%, 6e=
n-butylthiolation ¥l 58%2] A 0% FQ1=|ITH(Table ).

st = ¢A719] o7k Aojxitt diw E32) o
< 2R It} AlRo] =Y alkylthioZ |4 alkyl(methyl,
ethyl, #n-propyl, isopropyl, #-butyl)®] peak= 0.89~4.09 ppm
@G elA Edste] alkylthiolation®] d3 o7& €R1g 4= 9l
et 335 (6a 7a)2] methyl”]= 2.18 ppmoll A WERS I,
3}eHE(6b% 7h)2] ethyl”]= 1.33, 3.18~3.31 ppm, 3}eHE(6¢
£} 7¢)2] n-propyl’1i= 0.92~1.03, 1.63~1.75, 3.28 ppmeilA] Y-

o}, 3keE(6det 7d)9) isopropyl’ = 0.90, 1.38~1.46, 4.09
ppm, 3}3=(6est 7€) n-butyl”]= 0.89~0.90, 1.38~1.46,
1.63~1.68, 3.22 ppmellA] LFERC

HE 3}gE(6a-e, 7a-e)2 carbon NMR spectrumoi| A
pyridazine®] B U] JiE 124.62~126.26, 126.26~136.17,
157.83~158.75, 12] 11 157.83~159.58 ppm AollA LIERGL),
Allylthio”]9] ¥4~ Al 7= 31.68~32.44, 117.98~118.57, 133.36~
133.85 ppm % JellA VFERStTE. B3t alkyl7] 9] peaki= 7} BhA
o] 7o w} 12.29~35.06 ppm AelA EF = o] alkylthio
717F =RE RS WESsH dlI53e). FTHR spectrumll A %
pyridazine®©] 3040 cm™ A 9] W & 1560 cm Tt A <)
N=N7| & Z}7}e] alkyl7]19] -3k bandE &1 3 5= QISITh

4 =

oA} ARE allylthio”?] 2} alkylthio” |5 2318t Aj=$- <k
EEE AR sl e Sl vt/ pyridazine
FEAL] FE X eREge) el wEsiglth #HE 53 sigh
52 6-allylthio-4(or 5)-methylpyridazine®] para ]x]o] t}okst
alkylthio”] & =¢]3} 3-alkylthio-6-allylthio-4(or methyl)pyridazine
=4 (6a-e, 7a-e)]AT}. TAIHESE-C Z1= allylthiolation¥} 0]
2 & U2 alkylthiolation H+-5-0.% Z1&E| 9Lt F HH-gollM=
)7} ol regioisomer?] E3E0] A= CH, 7 isomer
o] AAof| pyridazine el £YHo]0= methyl 719] electron
donating 77} x| we} t2A] JEFe TS A3

. =, methyl”]7} pyridazine oA & x| gik-g-0] Ao
LR= SXell 717k %9 isomerS major® 5313t} o] Wt
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