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Synthesis of its Tautomeric Forms and New 6-Substituted Pyridazin-3(2H)-one Analogs

Chaewon Kim and Myung-Sook Park™
College of Pharmacy, Duksung Women’s University, Seoul 132-714, Korea

Abstract — The new pyridazinone analogs were synthesized for development of candidates to retain anticancer activity.
Various 6-substituted pyridazin-3(2H)-ones were prepared from the pyridazinyl chloride 3a~d via endothermic nucleophilic
substitution with hydroxide ion as nucleophile for 2~48 h. Pyridazinyl chloride 3a~d could be converted to hydrox-
ypyridazines (or pyridazin-3(2H)ones) using 1~5 equivalents of water (or 1 equivalent of sodium hydroxide) at reflux in
DME The tautomerism of lactim form to lactam form was also accomplished in pyridazine derivatives. Formation of
pyridazinones 10 was undertaken with stirring using sodium hydroxide at reflux in DMF for 2 h. Synthetic compounds were

identified using NMR spectrum.
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Pyridazinone®] moiety:= o12] F7<] 183 slt=EolA 2
ol = 9la . o)5 FA9 § .2 10 EEmEe] the o
Vol oY g, FAs, GaEAE AAgd 5 AelgdEo]
By wo] gir}, ekahg-& UER & pyridazinoe A ol =
pyrrolo[3,4-dlpyridazinone,® aryl(p-sulfamylphenyl)pyridazinone,”
Zof 4-aryl-
phthalazones, phenylpyridazinones, 4-hydroxypyridazinones %!
pyrano[3.2-clpyridazinone” F-EA|7} Aok THEA T AL
AtH(Fig. 1).

2 AT e FEFREAS £E317] 913to] alkylthio,
alkylsulfone %! alkylamino moietyS 7}<]3l 9)i= pyridazinone
AL F2E TARISIT & ATE Sl AEEAE o]
431 phenylpyridazinone F-54|9} 25 H3E3IFHER RIS
alkylthio(3-2 alkylsulfone, alkylamino) pyridazinones< &+
C69lol X|871= 7F 1 Q= pyridazine 172]2] 3}3Eolr}, &
A o= AE=E22] pyridazinone moiety?} & ¥} T
o] Q& Zlow A7lslo] FarslelEe] 735 tARIsHA FSitt.
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as target compounds

Fig. 1 - Reported pyridazin-3(2H)-one derivatives as anticancer
agents and target compounds.
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Point apparatusE AFHE-3F31T}. BrukerAl2] 300 MHz NMR
spectrometerS AF2-51¢] proton¥} carbon nuclear resonances
S}, oju BE 3}sto]FES TMSE reference® 3O
ppm&HIE 71530k, WES-9] 21882 ilica gel 60F 254% w]u}
¥ TLC plateZ ©]8-3}%] n-hexanes : ethyl acetate(5/1, 1/1)°.
Z AMAF e, spot> UV light= el gict,

General synthetic procedure for 2a and 2b

Dimethylformamide(10 m/)*ll  3,6-dichloropyridazine 1(1g,
6.7 mmol)S 7}t &, water(500 mol%)S 7}3Fal 254]7F EoF
gretelth TLCE wh3-9] 45 &Rle &, v d=
separating funnel® %7117, RS-l ethyl acetate(50 m)2} &=
@om)e gol FEeh A AAFA0 mix2) 7l FE3t
of 55 g}, =gt ’“ioﬂ methylene chloride(10 m/x3)

4= sodium sulfate® 2115}01

ofi}gt & 7‘%‘%%0}04 ZL}*U NAE DA o] FFE
column chromatography(silica gel, #-hexanes : ethyl acetate=
5:1) 2 FEjste] ANAH 2a 9 2bE AUt

6-Chloro-3-hydroxypyridazine (2a) — Yield: 41%, mp 138°C
(1it"” 142°C). 'H NMR(DMSO-dg) & 7.48(d, /=9.6 Hz, 1H,
pyridazine), 7.17(d, /=9.6 Hz, 1H, pyridazine), 3.33(s, 1H,
OH). *C NMR(DMSO-dg) & 159.59, 145.30, 128.79, 115.72
(pyridazine). FT-IR(KBr) cm? 3646(0H), 3000(aromatic),
2922(aromatic), 2360(N=N).

6-Chloropyridazine-3(2H)-one (2b) - Yield: 25%, mp 101°C.
"H NMRMDMSO-dy) & 13.14(s, 1H, NH), 7.51(d, /=9.9 Hz, 1H,
pyridazine), 6.97(d, J=9.9 Hz, 1H, pyridazine). *C NMR(DMSO-
dg) 8 159.59, 145.30, 128.79, 115.72(pyridazine). FT-IR(KBr)
cm™ 3618(NH), 3059(aromatic), 2922(aromatic), 1662(C=0).

General synthetic procedure for 4a and 4b
Dimethylformamide(5 ml)°ll ~ 6-propylthio-3-chloropyridazine
3b(0.8 g, 4 mmol)= 7}3F ¥, sodium hydroxide(100 mol%)<-
ok710] Zof =0] 7}alal 25A17F Hok SKEA|ZIT), HELe] XI5y
S TLCE #RIgH &, 523588 separating funnel= %7117,
F-S-Hof| ethyl acetate(50 m)?} &(20 ml)S Ho] FE3it). o
] AATFA0mIx2)e 7Hl FEslo] Toa gtk 2R ¢
Zo|| methylene chloride(10 mIx3)2 AFET 3 F715S &
o} = sodium sulfate® 7AF38}0] o33t & 7 sF3sto]
Zael dAE At o] IFFES column chromatography
(silica gel, n-hexanes : ethyl acetate=5:1)Z *2]5}o] 4a%}
b= AUk
6-Propylthio-3-hydroxypyridazine (4a) - Yield: 3%, ‘H
NMR(DMSO-dg) & 7.06(d, /=9.6 Hz, 1H, pyridazine), 6.71(d,
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J=9.6 Hz, 1H, pyridazine), 3.23(t, /=7.2 Hz, 2H, SCH,), 1.73
(m, 2H, CH,), 1.02(t, J=7.2 Hz, 3H, CH,). *C NMR(CDCl,)
& 158.46, 149.76, 128.07, 113.15(pyridazine), 32.68, 22.85,
13.59(propyl).

6-Propylthiopyridazine-3(2H)-one (4b) — Yield: 3%, mp
92~94°C. 'H NMR(DMSO0-dg) & 12.96(s, 1H, NH), 7.33(d,
J=9.6 Hz, 1H, pyridazine), 6.80(d, /=9.6 Hz, 1H, pyridazine),
2.97(t, J=72Hz, 2H, SCH,), 1.65(m, 2H, CH,), 0.95(t, /=
72Hz, 3H, CH,). C NMR(DMSO-d) & 159.97, 144.43,
134.07, 130.35(pyridazine), 32.39, 22.29, 13.49(propyl). FT-IR
(KBr) cm™ 3440(NH), 3081(aromatic), 2923(aromatic), 1668
(C=0).

6-Methylsulfonylpyridazine-3(2H)-one (7)

Acetic  acid(15 m/)°l|
(1.12g, 7mmol)S 7}3 ¥, 35% hydrogen peroxide(100
mol%)& 7Fekal A-2ollA 72A17F F<F wykeksIch TLCE Wb
S0l 48 Felgk 3 whE-olo] ether(30 m)S go] HhS-HS
,]"*EPD} =5 ZéXﬂ—’F 15 m))& 7}l separating funnelol] %7
FE9} Ether 52 #2J5lo] IN-NaOH &4 (15 m) O % 3:@]
FEo) S Uo} d1chloromethane(50 m)OE 33 AF=
< sodium sulfate® 713:35}0] o] }5}
s ato] %“%43] IAE EATh o] AFES column
chromatography(silica gel, #-hexanes : ethyl acetate=1:1)%
Hejate] ANMAH e Lotk

mp 180°C. 'H NMR(DMSO-dy) § 13.8(s, 1H, NH), 7.86(d,
J=8.1Hz, 1H, pyridazine), 7.1(d, /=7.5Hz, 1H, pyridazine),
3.29(s, 3H, -SCH,, methyl). *C NMR(DMSO-dy) & 160.64
(C=0), 146.63, 131.58, 129.63(pyridazine), 41.12(methyl).
FTIRKBr) cm? 3435(NH, amide), 3081(aromatic), 2922
(aromatic), 1652(C=0).

3-chloro-6-methylthiopyridazine 3a

6-Isoproylsulfonyl-3-chloropyridazine (8)
Acetic acid(10 m/)°ll 3-chloro-6-isopropylthiopyridazine 3c
(1.32g, 7mmol)= 713+ &, 35% hydrogen peroxide(200

mol%)yS 7¥a}ar Aeox] 2247} EoF wrksldtl. TLCE vk
59 FHs AT ¥

HES- o] sodium carbonate® S3}st
ether(70 ml)S ¥ J’%‘ﬂ,‘ & JATE FEIA 7S ot
ether(10 m)C = AF=3t & {7158 Fot H<7 sodium sulfate
2 7zste] ojFst & 7gkESsto] o] dAE AUt o]
ZH+5ES column chromatography(silica gel, #-hexanes : ethyl
acetate=1:1)% #e|sto] HAAY 85 At

Yield: 20%, mp 116~118°C TLC[x-hexanes : ethyl acetate
(1:D] R 05 H NMR(CDCl;) & 8.18(d, /=8.8Hz, 1H, CH,
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pyridazine), 7.86(d, /=8.8 Hz, 1H, CH, pyridazine), 4.04(m,
1H, CH), 1.41(d, 3Hx2, -CH,). C NMR(CDCl;) § 160.16,
159.80, 129.98, 127.82(pyridazine), 52.91(CH), 14.99(methyl).

General synthetic procedure for 9 and 10
Dimethylformamide(5 mi)°]l
ridazine 8(0.1g, 0.5 mmol)S 7}3F ¥, sodium hydroxide(100
mol%)e oRke] ol o] 7kskaL 241k B9k FFAACE. NS
o] APe] wet webelA] FFMOT vh] A ukgel
o WSS, W9 WS TLCE I3gch. MSEHAL

1l O
separating funnel® %7117, RS-l ethyl acetate(30 m)2} &

6-isoproylsulfonyl-3-chloropy-

10 my& o] FEFTh thAl AT G mix2)S 718 250
55 st} £33k 42%o] methylene chloride(10 m/x3)%

AFEF & 47158 2ol < sodium sulfate® AZ3}0] o
W5t T AFsFete] A AAE At o] AFES
column chromatography(silica gel, #-hexanes : ethyl acetate=
5:DE elate] 99} 105 A UTHScheme 2 3Hx0).

6-Hydroxysulfonyl-3-hydroxypyridazine (9) - Yield: 16%,
'"H NMR(DMSO-dy) & 7.51(d, /=9.6Hz, 1H, pyridazine),
6.96(d, /=9.6 Hz, 1H, pyridazine), 1.22(s, 2H, OHXx2).

6-Isoproylsulfonylpyridazine-3(2H)-one (10) — Yield: 8%,
"H NMR(DMSO-dg) § 13.12(s, 1H, NH), 8.20(d, /=9.0 Hz,
1H, pyridazine), 8.09(d, /=9.0 Hz, 1H, pyridazine), 3.36(m,
1H, SCH), 1.29(d, /=7.2Hz, 3H, CHy), 0.98(d, /=7.2 Hz,
3H, CH,). “C NMR(MDMSO-dy) & 160.55, 153.15, 133.03,
131.33(pyridazine), 54.35(CH), 16.48(CH,).

6-Methylamino-3-hydroxypyridazine (12)

6-Allylthio-3-chloropyridazine 3d(0.75 g, 4 mmol)l| #-butanol
(10 m)E 7}skar wHksPHEA] =291 & ammonium chloride(0.21
g, 4mmol)?} 40% methyl amine(1.04 m/, 12 mmol)E i’ 48

AIRE EE HRAIZATE WS - 9] p-butanolS: FHE

Zato] AASIL FFAE 10% cho3(50 ml)i 591 3 ethyl
acetate(40 mix2) =3t} 715 =3}
L, T] eSS K,COs% %%%ZWE HSIAR] §- ethyl

acetate(40 m/x2)= F=33th 77152 55 sodium sulfate
& Axato] ol aketar, fsksEsh & 329 ol =425
At} o] FFES column chromatography(silica gel, #-
hexanes : ethyl acetate=1:1)% #g]slo] 2 14 125 A
At

Yield: 6%, mp 194~197°C. 'H NMR(DMSO-dy) & 7.34(d,
J=7.0Hz, 1H, pyridazine), 7.0(s, -NH, amino), 6.88(d, /=7.0
Hz, 1H, pyridazine), 3.36(s, 1H, -OH, hydroxy), 2.84(s, 3H,
-CH,, methyl). *C NMR(DMSO-dg) § 159.27, 145.52, 128.87,

118.52(pyridazine), 28.39(methyl). FT-IR(KBr) cm™ 3646
(OH), 3439(NH), 3081(aromatic), 2923(aromatic).

6-Ethylamino-3-hydroxypyridazine (14)

6-Allylthio-3-chloropyridazine(0.75 g, 4 mmol)®ll #n-butanol
(10 mHE 7}8kaL wRkehaA] <2 & ammonium chloride(0.21
g, 4mmol)?} 70% ethyl amine(0.97 m/, 12 mmol)& Yl 484
ZF Az 129} fARE PO R workupsto] WS 314
145 23U

Yield: 5%, 'H NMR(CDCly) & 7.15(d, /=9.0Hz, 1H,
pyridazine), 6.70(d, /=9.3 Hz, 1H, pyridazine), 5.10(s, 1H,
-NH), 3.42(q, 2H, -CH,), 2.09(s, 1H, -OH), 1.28(t, 3H, -CH,).
5C NMR(CDCl,) § 158.83, 146.75, 129.32, 116.59(pyridazine),
37.30, 14.93(ethyl).

AEHn o D&

£ AFefMe FaslsEQ!l 3-hydroxypyridazine?} pyridazin-
3@2H)-one FEAE 7] 98] dEEdE FYPHo=E o) 7t
5%t 3,6-dichloropyridazines ©]-8-3F31t}. 1961 Taft 5o] =
% X113 6-chloro-3-hydroxypyridazineo] th&k SH4S 0.6 N
hydrochloric acid A]}& ©]-g-8lo] g-FA1Z1 Hhio| k1Y &
AF+ellM= 3,6-dichloropyridazine 1°1 nucleophile A]2F° 2 7
A9(500 mol%)= ¥al dimethylformamide(DMF) £7j &hojlA
2577t Eok SFA1F 2a9) 2bS AL 2a0] S 138°CE
A Taft 5©0] 13k 142°Cel= k7] xjo]7} i,

Alkylthio-3-hydroxypyridazine 4a %! alkylthiopyridazinone 4b
< s H8liM e 36-d1chloropyndaz1ne2i~rE1 alkyl-
thiolation®} nucleophilic substitution= ©]-&3}3It}. $-41, alkyl
mercaptanes ©]-23}0] alkylthiolation WF3-© % methylthio %
ZH 3a, propylthio 53+ 3b, isopropylthio &7 3¢, 7183l
allylthio Z7H4| 3dE A|=313{tt. o] alkylthio &7HA12] E/dwt
S8 oln] ®¥ g WS 325813tk Proton NMR spectrum
ANXMe T8 alkylthio”]2] alkyl(methyl, propyl, isopropyl 2
allyl) peak®] £3 02 alkylthiolation?] A% oJH= ge1g &
Atk F9% 3boll sodium hydroxide(100 mol%)E
DMF &#f shelA] 25413t &<t gH73to] 4as) 4bE
(Scheme 1).

3-Chloro-6-methylsulfonylpyridazine 6= }3t= 3acll acetic
acid 81| 3}ollA] 35% hydrogen peroxide(300 mol%)=E
7Fstar Aol 18A7F FF HEGAIA Lt o] 4lkskikg-2]
ApEol A zk= t2A methylsulfonylpyridazinone 72 5
53134 o] 72 AkskA| 2 AE-3F 35% hydrogen peroxideS
T3kl 31+ ] nucleophilic substitutions 224 C39]

9
AT

8]
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2% 6-Substituted Pyridazin-3@2H)-one %4 ¥ EEw3 o] 34 319

;\I-N\ H,0 (500 mol%) N-N N~NH
cl Cl ——— > ¢~ Y-OH c—/ o]
U DMF, reflux _L)_ U
25h 22 2
C3H;SH,
NaOH, MeOH
t, 1.5h
NaOH
/N-N\ (100 mol%) ;\IN\ N-NH
CyH;—S Cl —— "» C3H;—S OH = CzH;—S 0
U DMF, reflux U U
3b 25h 4a 4b

Scheme 1 - Synthetic route for 6-chloropyridazinone and 6-
alkylthiopyridazinone analogs.

9] chlorine®] ©&|% 3L hydroxy” |7} T =St o] REgoE
%4 A% 3-hydroxypyridazine 5417} tautomeric form<!
7= wWEA A% Zow gzbEich

g sHoF, 3colH ¥ AHEHE 3-chloro-6-isopropyl-
sulfonylpyridazine 8l sodium hydroxideE ¥3. DMF £v 5}
oA 2A17F =<k $55A1A isopropyl’)7F E2l¥ sulfonic acid
A 99} pyridazinone 54 102 LTk o] A13E 89 ¥
ke ofu] ®argEl WS S-83i%irk? o] ukgollA sulfonic
acid -4 99} 22 ol 5te] sghEo] A=A =, 3-
hydroxypyridazine¥} pyridazinone =47} old sulfonic acid
FEA 95 AAl # Foltt. o] 9= A5 AIEAUS hydroxy-
pyridazine 7417} ¥}2 hydroxide ion®] 34207 C-S Ago]
Fajgo] AdE 7107 HQltScheme 2).

5}3+% 3-allylthio-6-methylaminopyridazine 11> <74 3d
ol butanol €7 34 40% methylamine(300 mol%)E 33|
7}skal ammonium chlorideE FvlZ 24117+ SFA1A AT
o] Tl 11 ¥ 139 ka2 olv] ¥y WS &85t
A Scheme 3014 Hi=w}e} 7+o] amination HH-5-2] A3}
ZollA oA 8 ° 2 3-hydroxy-6-methylaminopyridazine 125
FE319) o] 12 amine3tAlE AREE 40% methylamineS
T35k Q)= Eo] 119 nucleophilic substitutions Y. A

35% Ho0; o o
N-N (300 mol%) 1 N-N | N-NH
HC—Ss— H—cl — > HC—S— H-Cl + HC—s—~ o]
R "o i i
18h 0 o)
3a 6 7
35% Hx0, o NaOH
HsQ N-N @oomol%)  H& | N-N (100 mol%)
CH—s— Y—c ——— CH—S—~ Y0 —
/ J\=)_ ACOH, tt / IIU DMF, reflux
HsC 22h HC o 2h
3c 8
(o] H o
™ 3C\CH Isl,—{‘:q;o
HO—S OH - —
||_Q_ wd =
0 [¢]
9 10

Scheme 2 - Synthetic route for 6-alkylsulfonylpyridazinone analogs.
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N-N
\

HzC=HC-HZC—S—<_)'CI

y 3d
40% CH;3NH,
(300 mol%) / butanol, NH4CI,
reflux, 24h

N-N
N-N H
H =| — I/ \ f—
H2C=HC-HQC—S—<_>—N_CH3 H2C=HC-H.C SUN CH,CH;
11 13

- +

N-N
H
H3CH2C—NU—OH

12 14

butanol, NH,CI,
70% CH3CHoNH, \reflux, 48h
(300 mol%)

Scheme 3 - Synthetic route for 6-alkylamino-3-hydroxypyridazine
analogs.

allylthio”]7} 2] 5] 3L hydroxy”]7} =¥ Z10]let. o] Whg=2
pyridazine 112] 2] C3%]} C691oll =3I=] ] Sli= allylthio”] 2}
methylamino”] 2] )42l de]wol &S whi= Zo7 B3l

. 5, nucleophile®] &z th] allylthio”]”} methylamino”]
Hu} AR o g 2L leaving 7]9S HERA Zolth,

o] Wkg-2 3}3HE 3-allylthio-6-ethylaminopyridazine 135 3t
k= AR Tt BT §5E 132 A
3del butanol &1l 3}oll4 70% ethylamine(300 mol%)E ©|&
3to] 48117 FA1A LRItk ©] amination WH-2] AyHEollA
% 313 13 o] 9]¢ 3-hydroxy-6-ethylaminopyridazine 14-5
A Atk o] 3E 14% amine SAE AMES 70%
ethylamineS 7433k & Eo] 52 E 13 nucleophilic
substitutions Y AA] allylthio” |7} €] ¥ 1L hydroxy”|7} =
Ae Aoltk(Scheme 3).

Pyridazinone +54]9] lactam % lactim tautomers-2> 4
gk = i}, o1& tautomeric formS-S- 31814 W A3E8kA]
At ddsHl dA3kE]o] Qo] Fasttt. o]Hgh A xlo
ol =S A W sH & ohet Ayl I3
< vAA @ 4= Qlvk A, Katrusiak 5198 0]9} 2+ pyridazine
ring® tautomerismel] thal] H 113k u} T}, B Ao =
Scheme 1914 B+ 2129 2a, 2b Y 4a, 4b2} 72 lactim-
lactam 7%= YR Q1= tautomerismell thall ER3ATH
Tautomeric -3+ pyridazine ring®] nitrogenN2)¥} oxygen
(C3) AFo]€] hydrogen atom®] o5& ?Iaf A},

B Aol M= pyridazinyl chloride F=A415(3b 2 8)S 72
Z710 2 W-e-A1A B w3FSIh. Sodium hydroxideE AF-8kod
nucleophilic substitutions A3 < W 3boll A= lactam 4b7}
lactim 4akt} QFgAo] ot o] Wol AAESIT. o= 4a® A
AR A3 hA] 4bE HEE RS Ao T KBy, 85
EUEAZ 3 gFgo A& lactim DE Y -2 §lo] lactam
109+ 9& 5 Uit o] 22 A= 3be) 89 274 Ajo)

oX foli



320 AL - ags
oA vEH AoF BRIl 3bS C6%l electron donating 7| %O % tautomeric form<! 2b7} A

¢l alkylthio”]7} =¥ W] 8ol-E C6lell electron
withdrawing”]%) alkylsulfonyl’]7} E%e] = 7525 7KL
QJT}. =, electron withdrawing”] 2 <13} ringell tautomerism®]
W=7 Jojut lactim - {1o] lactam -2k 2 5 A
SIRARE-IREI =

1 2
N=N N-NH
/
RMOH R~<:):o
5 4
Lactim Lactam

B Aol #E3 nucleophilic substitutiond =o]uh
sodium hydroxide®l| 4] H]£%¥ hydroxide ion®] nucleophilic
attack® & o|Fojxt}, 3185 3,6-dichloropyridazine 1> C39]
1l C6¢loll £2 leaving”]?] chlorine®] E=31% o] Qlc}. Hk&- A
GHAIZ E9] nucleophile® 2185101 €399 addition®] Lojut
SA Aol ihse] Kt Aojo] €391 C-Cl Aol #ol#]aL
proton®] chloride anion¥} €2]%¥ $ rearomatization®] dojvk
6-chloro-3-hydroxypyridazine 2a7} 9F50] x|&= Zlo & ®Holt}

&lo]o] 2a°|A] protons] ©]
el Zo7 HQltk(Scheme 42 a. WHS).

3}etE  3-chloro-6-alkylthiopyridazine 32 C3Yel| =&
leaving”] 2] chlorine®] 12] 31 C6%]°] electron donating”]<!
alkylthio”]7} =4 =]o] Stk ¥ 3 @Al sodium hydroxide
oA a2]¥ hydroxide”} nucleophile® 2ZH&-3}o €3¢l
addition®] Uojut FXHA BEFe] whso] Xtk Aoje] €391 C-
Cl Adgto] Zojx|11, chloride anion®] sodium ion¥} E&]¥ &
rearomatization®] U} 6-alkylthio-3-hydroxypyridazine 4a®]
ThEoi%It}, ¢loloA] protone] ©]E310] 6-alkylthiopyridazinone
b0 = AgE I} 2 AFoA= o] WA 4akith
4b= t] Wo] YA HSl=t, ol 4b7) *F/do] o =] wiE
©° 2 AZFEHScheme 42 b. HHS).

3}8-5 3-chloro-6-alkylsulfonylpyridazine 82 C39]o] &
leaving”]?! chlorine®] 18] C6%]°l| electron withdrawing”|
Q1 alkylsulfonyl”] 7} = ¥ oIt} ®WEg 3 &AZ sodium
hydroxide©l| 4] 312]¥ hydroxide”} nucleophile® 2H-g-3}o] C3
el additiono] Lolut F7HA CHol gk ztt. <dolof C3
£ C-Cl 2] #o{#]1, chloride anion®] sodium ion¥} &2

a. 3,6-substitution moiety: electron withdrawing group and good leaving group

o
H,0 NN D P

CI—U—CI

1 A

H)<Q —>CI—\_)—OH + m—&_):o

2a 2b

b. 6-substitution moiety: electron donating group, 3-substitution moiety: good leaving group

NaOH N- N OH
R— S—&_)—Cl—> R- SWCI
B

P
N-NH

NN
—> R-S O-H="=R-S (0]
-NaCl _w— w

4a 4b

c. 6-substitution moiety: electron withdrawing group, 3-substitution moiety: good leaving group

R (ISDI /N'I\{GN\GOH || NN OH
T/ Wa e

—NaCI

0 /‘

|| || N-NH

lJ\\_r//Lo H==R— S—Q_)=o
10

d. 3,6-substitution moiety: electron donating group and relative reactivity
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