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Abstract
In this research, three groups of indole derivatives such as N-(N-piperidylethyl)indoles, N-(N-pyrrolidyl-
ethyl)indoles and N-(chlroakyl)indoles were designed and efficiently synthesized by a simple method under mild
reaction conditions to afford twenty-two compounds in moderate to excellent yields. Furthermore, all synthesized
compounds were evaluated for their acetylcholinesterase inhibitory activity that contributes to Alzheimer's disease.
The results found that 5-bromo-1-(3-chloropropyl)-1H-indole (JJIN-3d) showed promising acetylcholinesterase
inhibitory activity with %inhibition value of 73.53 + 0.30. Thus, the compound JJIN-3d could potentially be a lead

compound for the development of a novel drug for the treatment Alzheimer’s disease.

Keywords : indole derivatives ; acetylcholinesterase inhibitory activity ; Alzheimer’s disease
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dszamndrdnyluszuuilszaindaunans (CNS) 299409 nantsmaaeaunusn arssznaudulaailiivejunun

ethylamine (-CH,CH,NH,) Luf uiiazesasdulnaazuansgnadudliszdunnaliunans (%Inhibition = 4.26 +
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1 =

2.41 D4 36.82 + 5.59) Tuaniznansdsznavdulnaayisees Tryptamine NEuNUA ethylamine (-CH,CH,NH,) 11

a
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UUAMUNUGT 5 2e9aulnaaziansgministudseuladuetialadaueamnasaiieasionay 7.19 + 3.02 usiatiians
serotonin T9iluayRLEL8 Tryptamine NHUNLA hydroxy (-OH) NLUAIUMET 5 289998UIAANINAGELINALNLIN
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s157 1 uansgnaduesiaulnd Acetylcholinesterase 189@13515znaL Indole NiANLdindiu 107 M

a191s¥nal Indole R % Inhibition (+SD) R % Inhibition (+SD)
4-OCH, 9.24 +4.03 6-COOH 28.50 + 4.42°
5-OCH, 4.26 +2.41 7-COOH 23.35+7.62"
séﬁg 6-OCH, 11.41+2.20 4-OH 19.04 + 5.87
R—YT— 2
e 7-OCH, 8.17 +3.07 5-OH 7.33+4.10
-
4-COOH 36.82 + 559" 2-CH, 17.97 +6.10
5-COOH 29.05 + 3.86"
NHo
4 3
R B 5-OCH, 7.19 £ 3.02 5-OH 62.59 + 3.74
2
E
¢1 Galanthamine (2) - 100.00 + 0.00™"

Y= % Inhibition at concentration 6.2 x 10 M

** = % Inhibition at concentration 3.4 x 10 M; IC,, = 0.60 £ 0.01 .M

o

A g & o a P o 2 P = 9 =
LHALIT ) HundseldAnenansaninainilaesnueefiv Tetrapterys mucronata ganuliludsemAuada

(Queiroz et al., 2014) TagsinUaanaesdiunsslaluiannfqefniazansaniuves annduliunaisadaus1u
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11n Tuiluansetinlud 63tn wazlanaies 5 38aann 22 9l witiuiuwanagnadudaeulsiuedialaauieamaelsa
18uA @19 5-hydroxy-N,N-dimethylt ptamine (bufotenine) (5) 419 5-methoxy-N-methyltryptamine (6) @19 5-methoxy-

Y Y yitry y yiry 3%
N,N-dimethyltryptamine (7) war@171Ua 1K dimeric indolic alkaloids (mucronatin A (8) WAz mucronatin B (9)) 1ag
A13799 2 wandlpsaasauazAnssusaeulaiuednalnauedinesd1e98nana 5-9 WiaLeue tracine WAz
galanthamine (IC_ = 2.4 + 0.2 uM Uaz 0.09 + 0.02 UM FNNATAL) WUF1 @sarinayiusdulng 5-9 HAnisduds

(IC.,) AN31 15 pM
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s15197 2 wansnnatudaenlas acetylcholinesterase afinannilaaniiy Tetrapterys mucronata

o '}"CH3 H3CO N-H H?’C‘N—CH3 NH
2
N\ CHy A\ CHj;
N N HO HO
H H OH
5 6

HyCO N-CHs ~ S
N, CH, O NH O NH
N
H
7 8 9
anafuenldannsssuana IC. (UM)? anafiuen|Eannessunan IC. (UM)°
50 (UM) 50 (UM)
5 11.4+0.2 8 11.7+0.4
6 12.5+0.3 9 12.7£0.3
7 14.0 £ 0.2
¢11 Tacrine (1) ° 0.09 + 0.02 #11 Galanthamine (2) ° 2.4+0.2

“ means + standard deviations obtained from three independent experiments

b Wy
Positive control
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aa o
A6/

wzum@uw”'f.yZﬂslummﬁmﬂzﬁmmw”uﬁ Bu-(18u-Inlraanaieiia)dulaa JUIN-1

e Cs,C0,1.6291 g (5 equiv.) Tuaqafiunanauin 5 mL ExNsaIaza1e DMF 1 mL nauansazaneliilu
e eaiugnaries magnetic stirrer ﬁqmmﬁﬁm mmfuﬁ@ﬁ“] Wwnanslsznauduing 1.0 mmol uazansazans
N-(2-chloroethyl)pyrrolidine hydrochloride (11) 0.3402 g (2.0 mmol) lusaninazane DMF 1.5 mL ATNAIAL N9
anrazana Wiiluileidanfusasites magnetic stirrer‘ﬁ'qmuqﬁﬁm neadeUlfiTeseinatlaiiulaiees
Tasun N3 7 (Thin Layer Chromatography 3@ TLC) TaaliBauifleudy a1sdsznevdulnadiléifuanssdy
Lﬁl'ﬂﬂﬁﬁ%ﬂ’@yuzﬁmﬂﬂﬁﬂﬁﬁ?‘ﬁ’]51’1?11{’1 NNIsanAALAIMINaZaNY ethyl acetate (2x20 mL) AINALE i (10 mL) ko
A17ALANEBNAI199 NaCl (10 mL) ANNATAU vindu Ethyl acetate 11911 1#iuiiefioe Na,SO, anhydrous N9a9uazHi

ansazans sz weiavinazane fiaerseandussmeansuuvyunefigoyuinie 1 crude product 11 crude product

1N li3ansTae1dnatia radial chromatography Tnaldifaninazane hexane (50 mL) snuiag 20%, 40%, 50%,

-
a o

60% WAz 90% EtOAG lu hexane &1L ilausnasuARFasfans JIIN-1 7115 131qv3 111 fraction vaen@nsious
s issmesainazanefaairtesnauszmaaauusmaun e diqoonmea mm‘fuﬁﬂﬁLLﬁqﬁquﬂ%q@mqﬁyﬁynmﬂ
1-(2-(pyrrolidin-1-yl)ethyl)-1H-indole (JJIN-1a); 189U TARIMARYE8U (0.1725 g, 80%); R, =0.26 dlel4 80%

EtOAC 1 hexane iflufain@anudl ; 'H-NMR (400 MHz, CDC,) : 0 7.68 (d, J = 7.9 Hz, 1H), 7.42 (d, J = 8.2 Hz, 1H),
7.26 (t, J=7.7Hz, 1H),7.19(d, J = 3.1 Hz, 1H), 7.16 (t, J = 7.8 Hz, 1H), 6.54 (d, J = 2.9 Hz, 1H), 4.33 (t, J=7.5
HZ, 2H), 2.94 (t, J= 7.5 HZ, 2H), 2.61 (t, J= 5.7 HZ, 4H), 1.84 (brm, 4H); *C-NMR (100 MHz, CDCI,) : O 135.9,
128.7,128.1,122.1, 121.6, 120.0, 109.3, 101.4, 55.0, 54.4, 45.5, 23.5

1-(2-(pyrrolidin-1-yl)ethyl)-1H-indole-5-carboxylic acid (JJIN-1b); m@uvﬁ\ﬁmaﬂu (0.2580 g, >99%); R,=0.37
\$lel4 80% EtOAC T hexane flufaindewii 3 Afa; "H-NMR (400 MHz, cDCl,) : 8 8.56 (s, 1H), 8.44 (brs, 1H), 7.93
(d, J = 8.7 Hz, 1H), 7.33 (d, J = 8.5 Hz, 1H), 6.67 (brs, 1H), 4.52 (t, J = 5.7 Hz, 2H), 2.95 (t, J = 5.7 Hz, 2H), 2.70
(brs, 4H), 1.76 (brs, 4H); "°C-NMR (100 MHz, CDCL,) : § 139.0, 127.6, 126.3, 123.2, 122.4, 111.8, 103.0, 79.7, 63.8,
54.5,52.1,23.7

5-fluoro-1-(2-(pyrrolidin-1-yl)ethy))-1H-indole (JJIN-1c); Taswiin@inanssan (0.2269 g, 98%); R =0.30 iiiali
80% EtOAG lu hexane ilusiARaudl; 'H-NMR (400 MHz, CDCI,) : § 7.31-7.27 (brm, 2H), 7.27 (d, J = 2.16 Hz,
1H), 6.97 (ddd, J = 9.0, 9.0, 1.6 Hz, 1H), 6.46 (d, J = 2.4 Hz, 1H), 4.30 (t, J = 7.2 Hz, 2H), 2.92 (t, J = 7.2 Hz, 2H),
2.59 (brs, 4H), 1.82 (brs, 4H); °C-NMR (100 MHz, CDCI,) : 6 157.8 (J = 233.0 Hz, C,), 132.6, 129.6, 128.8 (J =
9.9 Hz, C,), 1105 (J = 26.2 Hz, C,), 110.0 (J = 5.5 Hz, C,), 105.6 (J = 23.1 Hz, C,), 101.2, 55.7, 54.4, 45.9, 23.5

5-nitro-1-(2-(pyrrolidin-1-yl)ethyl)-1H-indole (JJIN-1d); 13ud9&11a84 (0.2567 g, 99%); R, =0.26 ileld 80%
EtOAc 14 hexane iflusfainaaui; "H-NMR (400 MHz, cDCl,) : 8 8.53 (s, 1H), 8.07 (brd, 1H), 7.37 (d, J = 9.1 Hz,
1H), 7.32 (d, J = 3.0 Hz, 1H), 6.64 (d, J = 2.8 Hz, TH), 4.32 (t, J = 4.8 Hz, 2H), 2.92 (t, J= 7.0 Hz, 2H), 2.58 (brs,
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4H), 1.78 (brs, 4H); "°C-NMR (100 MHz, CDCL,) : § 138.9, 131.3, 118.3, 117.2, 109.2, 104.1, 68.6, 55.6, 54.4, 46.2,
23.5

5-methoxy-1-(2-(pyrrolidin-1-yl)ethyl)-1H-indole (JJIN-1e); 189uiq@iaBd8a1 (0.2436 g, >99%); R, =0.29
S0l 80% EtOAC 11 hexane Wlusaupdend; 'H-NMR (400 MHz, cDCl,) : 8 7.29 (d, J = 8.8 Hz, 1H), 7.13 (dd, J =
6.5, 2.6, 2H), 6.92 (dd, J = 8.8, 2.3 Hz, 1H), 6.45 (d, J = 2.8 Hz, 1H), 4.27 (t, J = 7.3 Hz, 2H), 3.87 (s, 3H), 2.90 (t,
J= 7.3 Hz, 2H), 2.59 (brs, 4H), 1.82 (brs, 4H); "C-NMR (100 MHz, CDCl,): & 154.0, 131.3, 129.0, 128.5, 111.9,
110.0, 102.7, 100.8, 56.0, 55.8, 54.3, 45.9, 23.5

6-fluoro-1-(2-(pyrrolidin-1-yl)ethyl)-1H-indole (JJIN-19); 1eLnanniln@nansdaai (0.2023 g, 87%); R,=0.30
51814 80% EtOAG T hexane iflufipdewii; 'H-NMR (400 MHz,CDCl,): & 7.55 (dd, J = 8.6, 5.42 Hz, 1H), 7.15 (d,
J=3.08 Hz, 1H), 7.08 (dd, J = 9.92, 1.64 Hz, 1H), 6.91 (ddd, J = 9.3, 8.9, 2.2 Hz , 1H), 6.50 (d, J = 3.05 Hz, 1H),
4.23 (t, J = 7.32 Hz, 2H), 2.89 (t, J = 7.32 Hz, 2H), 2.59 (brs, 4H), 1.83 (brs, 4H); °C-NMR (100 MHz, CDCL,): &
159.8 (J = 235.7 Hz, C,), 136.1, 128.6 (J = 3.4 Hz, C,.), 125.1, 121.7 (J = 10.1 Hz, C,.), 108.1 (J = 24.4 Hz, C,),
101.5,95.8 (J = 26.1 Hz, C,), 55.5, 54.3, 45.8, 23.5

1-(2-(pyrrolidin-1-yl) ethyl) - 1H-indol-5-yl ethyl(methyl) carbamate (JJIN-1g); 189MAINLARLTLI8DU

(0.2533 g, 80%); R,= 0.39 a4 50% EtOAC lu hexane lusaiadewud 2 ASauas 5% MeOH Tu EtOAC 1ilusa
\AABLT 3 AFe; 'H-NMR (400 MHz, cDCl,): 6 7.32 (d, J = 9.1 Hz, 1H), 7.28 (s, 1H), 7.17 (d, J = 3.0 Hz, 1H), 6.98
(d, J = 8.6 Hz, TH), 6.45 (d, J = 2.7 Hz, 1H), 4.29 (t, J = 7.3 Hz, 2H), 3.48 (q, J = 6.8 Hz, 2H), 3.07(brd, 3H), 2.91
(t, J= 7.3 Hz, 2H), 2.59 (brs, 4H), 1.80 (brs, 4H), 1.38-1.15 (br m, 3H); "°C-NMR (100 MHz, CDCL,): & 162.3, 144.9,
133.6, 129.1, 128.6, 115.9, 112.9, 109.4, 101.1, 58.5, 54.7, 44.3, 43.9, 36.1, 25.9, 24.2, 13.2

Tupauriali/lun1sdunszdasayius iGu-(du-ninesaaieiia)dulng JJIN-2

49 Cs,C0O, 1.6291 g (5 equiv.) TuaAfiuNaNIWIA 5 mL {RNAINIazaNe DMF 1 mL nauansazana i
\HainaniufaeLATes magnetic stirer iguunaities antuAes-] winastszneugulag 1.0 mmol uazaisazans N-
(2-chloroethyl)piperidine hydrochloride 0.3682 g (2.0 mmol) Tusiannazate DMF 1.5 mL AMTNAIAL NIUAITAZANE

WiiulaReaiusaniAses magnetic stirer Ngnungiiies neaseulfisenfoamaiiafiuuaieaiinsun g (Thin

a

o

Layer Chromatography %38 TLC) TneniFauiieuriy arstsznavugulnanlfifluansissin Weljisedugamen
Uisensiaein vinnisannfaafarinazane ethyl acetate (2x20 mL) AINAE 141 (10 ML) WAZATTATANLBNAILD
NaCl (10 mL) Aua#U 1N Ethyl acetate 19 1#iutiefag Na,SO, anhydrous nsasuaziinansazangliszimasiang
azansfiaepsasnaussimeasuuviyuneldigounnia 18 crude product 11 crude product Al lilvin19iizgns tae 1
wATA radial chromatography 1agldfAaMNazane hexane (50 mL) AMNAYE 20%, 40%, 50%, 60% waz 90% EtOAC i
o o A n o eaduzny o o , a o ed  uy . . 4
hexane ANNA1AL INBUEINEINARATWTN 1 171 E V5 1 fraction messdmiuiuan i isumesaminasaefosinsaanau

summasuuuvy e EigryaunnnA antiuwinliuidiaarsesnagqoyonie
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1-(2-(piperidin-1-yl)ethyl)-1H-indole (JIN-2a); Tasvila@iaassan (0.1044 g, 73%); R = 0.41 iilald 40%
EtOAG L1t hexane ilusiaiadauil; "H-NMR ( 400 MHz, CDCL): 6 7.67(d, J = 7.8 Hz, 1H), 7.41 (d, J = 8.2 Hz, 1H),
7.25(ddd, J=7.6,7.6,0.8 Hz, 1H), 7.18-7.13 (m, 2H), 6.53 (d, J = 2.9 Hz, 1H), 4.30 (t, J = 7.4 Hz, 2H), 2.75 (t, J =
7.5 Hz, 2H), 2.51 (brs, 4H), 1.65 (q, J = 5.5 Hz, 4H), 1.51 (brt, 2H); °C-NMR (100 MHz, CDCL,): & 136.0, 128.6,
128.0, 121.5,121.0, 119.4, 109.3, 101.2, 58.5, 54.9, 44.1, 25.9, 24.2

1-(2-(piperidin-1-yl)ethyl)-1H-indole-5-carboxylic acid (JJIN-2b); m@dm’ﬁ\iaﬂ’m*’}iu (0.2721 g, >99%); R, =0.37
el 80% EtOAC Tu hexane lusaiadend 3 A%s; 'H-NMR (400 MHz, cDCl,) : 8 10.02 (s, 1H), 8.68 (s, 1H), 8.42
(brs, 1H), 7.92 (d, J = 8.5 Hz, 1H), 7.30 (d, J = 2.6 Hz, 1H), 6.65 (d, J = 8.7 Hz, 1H), 4.50 (t, J = 6.1 Hz, 2H), 2.82
(t, J = 6.1 Hz, 2H), 2.57 (brs, 4H), 1.76 (brs, 4H), 1.63 (brt, J = 5.5 Hz, 2H); ""C-NMR (100 MHz, CDCI,) : 8 139.0,
127.6,126.3, 123.2, 122.4, 111.8, 103.0, 79.7, 62.4, 57.5, 54.7, 54.4, 26.1, 24.4

5-fluoro-1-(2-(piperidin-1-yl)ethyl)-1H-indole (JJIN-2c); 1awilnAivAesseu (0.0734 g, 66%); R =0.36 Lilali
80% EtOAC T hexane iflusain@eufi; 'H-NMR ( 400 MHz, CDCL,): 6 7.31-7.29 (m, 2H), 7.21 (d, J = 2.8 Hz, 1H),
6.99 (ddd, J = 9.0, 9.0, 2.2 Hz, 1H), 6.47 (d, J = 3.0 Hz, 1H), 4.26 (t, J = 7.1 Hz, 2H), 2.73 (t, J = 7.1 Hz, 2H), 2.48
(brs, 4H), 1.64 (m, 4H), 1.49 (brd, J = 4.9 Hz, 2H); "°C-NMR (100 MHz, CDCL,): 8 157.8 (J = 232.3 Hz, C,), 132.7,
129.7,128.7 (J=10.3 Hz, C;), 109.9 (J = 3.6 Hz, C,), 109.7 (J = 20.2 Hz, C,), 105.6 (J = 23.2 Hz, C,), 101.1, 58.5,
54.9,44.5,25.9, 24.2

5-nitro-1-(2-(piperidin-1-yl)ethyl)-1H-indole (JJIN-2d); 184miiaRLaesaan (0.2683 g, 98%); R,=0.26 el
80% EtOAG 1t hexane iflufipeuii; 'H-NMR (400 MHz, cDCl,): 8 8.56 (s, 1H), 8.10 (d, J = 8.5 Hz, 1H), 7.39 (d,
J=9.0Hz, 1H),7.33(d, J = 2.8 Hz, 1H), 6.66 (d, J = 2.3 Hz, TH), 4.30 (t, J = 6.9 Hz, 2H), 2.73 (t, J = 6.9 Hz, 2H),
2.47 (drs, 4H), 1.60 (brt, J = 5.1 Hz, 4H), 1.46 (brd, J = 4.6 Hz, 2H); °C-NMR (100 MHz, CDCL,) : 8 131.4, 127.7,
118.2,117.2,109.2, 104.0, 68.6, 58.5, 54.9, 44.8, 25.9, 24.1

5-methoxy-1-(2-(piperidin-1-yl)ethyl)-1H-indole (JJIN-2e); 19ud9AMABNEDY (0.0228 g, 55%); R,=0.30 e
1% 80% EtOAC W hexane Wlusfaindaudt; 'H-NMR ( 400 MHz, CDCL): 6 7.28 (d, J = 8.7 Hz, 1H), 7.12 (dd, J = 9.2,
2.2 Hz, 1H), 7.06 (d, J = 1.9 Hz, 1H), 6.98-6.88 (m, 1H), 6.43 (d, J = 2.5 Hz, 1H), 4.24 (dt, J = 7.3, 5.9 Hz, 2H), 3.87
(brd, J = 2.5 Hz, 3H), 2.81 (dt, J = 7.3, 5.9 Hz, 2H), 2.51 (brd, 4H), 1.48 (brd, 4H), 1.28 (brs, 2H, 2XCH 28494
piperidine); *C-NMR (100 MHz, CDCL,) : 6 154.0, 131.3, 128.6, 113.2, 111.8, 107.9, 102.6, 102.6, 100.7, 58.6, 55.9,
44.4,25.9,24.2

6-fluoro-1-(2-(piperidin-1-yl)ethyl)-1H-indole (JJIN-2f); PRUNAIVUARLUARIBDY (0.0649 g, 71%); R,=0.29
151814 40% EtOAG lu hexane flufipdewii; 'H-NMR (400 MHz, CDCL): & 7.55 (dd, J = 7.9, 5.5 Hz, 1H), 7.15 (d,
J=1.9Hz, 1H),7.08 (d, J = 9.8 Hz, 1H), 6.90 (ddd, J = 8.1, 2.0 Hz, 1H), 6.50 (brt, J = 1.4 Hz, 1H), 4.23 (brt, J =
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6.9 Hz, 2H), 2.73 (brt, J = 6.9 Hz, 2H), 2.49 (brs, 4H), 1.64 (brt, J = 5.1 Hz, 4H), 1.49 (brd, J = 4.6 Hz, 2H); "°C-
NMR (100 MHz, CDCL,): § 159.8 (J = 235.7 Hz, C,), 136.0, 128.5 (J = 3.5 Hz, C,), 125.0, 121.6 (J = 10.1 Hz, C,),
108.0 (J = 24.5 Hz, C,.), 101.4, 95.7 (J = 26.1 Hz, C,), 58.4, 54.9, 44.4, 25.9, 24.2
1-(2-(piperidin-1-yl)ethyl)-1H-indol-5-yI ethyl(methyl)Carbamate (JJIN-2g); 1249:Ma1inALTea8a1 (0.3290
g, >99%); R,= 0.31 {1014 20% EtOAG W hexane flusaiaeudl 2 AXauas 5% MeOH i EtOAG iiludainaeanud 3
A%s; "H-NMR (400 MHz, CDCL,): 8 7.25 (s, 1H), 7.21 (d, J = 8.8 Hz, 1H), 7.04 (d, J = 2.9 Hz, 1H), 6.88 (d, J = 8.4
Hz, 1H), 6.33 (d, J = 2.8 Hz, 1H), 4.07 (t, J = 7.1 Hz, 2H), 3.34 (q, J = 6.3 Hz, 2H), 2.93 (brd, 3H), 2.54 (t, J = 7.1
Hz, 2H), 2.31 (brs, 4H), 1.49 (brt, J = 5.2 Hz, 4H), 1.34 (brd, J = 4.4 Hz, 2H), 1.13 ( m, 3H); C-NMR (100 MHz,

CDCl,): 0 145.0,133.7,129.0, 128.7, 119.1, 116.1, 113.1, 109.4, 101.3, 58.5, 54.3, 46.0, 44.0, 33.8, 23.5, 13.3

i/zum@uw”'oZU‘Zumm@mvzﬁmmw‘”uﬁ“ 10u-(Aaa lsueana)dulng JUIN-3

&4 sodium hydride 5 equiv. lua9ARUNANTUIA 5 ML LANAINIAZA2 DMF 1 mL nouANIazanadneLATeq
magnetic stirrer ‘ﬁlﬂqmuqﬁﬁm @ﬁﬂfuﬁ@ﬂﬂ] WnasUszneaudulng 1.0 mmol Lara19a2ae 1-bromo-3-
chloropropane 0.3149 g (2.0 mmol) luFan1azane DMF 1.5 mL AINanau nauansazanelfifuiiedaatugas
LA384 magnetic stirrer ﬁqmuqﬁﬁm peaagauljizefoeinatiniiunaiaailinsuainnea® (Thin Layer
Chromatography %38 TLC) IneiiBauiiieuiy anssrnevaulnaiiliifugnsiodu Lﬁaﬂﬁﬁ?ﬂﬁyuqmuﬂqmﬂﬁﬁ?mﬁqa
1 FannsatnEaadasinazans ethyl acetate (2x20 mL) ANA9E W (10 mL) LATENTATANEBNFAY89 NaCl (10 mL)
PANAAL i Ethyl acetate i Liudiading Na,SO, anhydrous nsasuaztinansazaislilsviasainazaisfiae
wivaanduszmeansuuLvsume danyeyania B crude product 181 crude product 714 TR s qnElneHinaiia
radial chromatography laglfsav1aza18 hexane (50 mL) MNALE 20%, 40%, 50%, 60% WAz 90% EtOAC i hexane
PNSIFL ieusnansnd mﬁmﬁﬁiﬁiﬁu’%qm’é 1 fraction vearAR T uen ¥ WssmeiavnazanefsAtesnduszie
ansuLLysuneFqeuannA i iuidnaiagagnmne

1-(3-chloropropyl)-1H-indole (JJIN-3a); ﬂmx‘immuﬁmgﬁwﬁmmmd (0.1763 g, 91%); R,=0.82 Lﬁlﬂlgfi 20%
EtOAC 14 hexane WlusiaiaRewui’ 'H-NMR (400 MHz, cDCl,) : & 7.80-7.68 (m, 1H), 7.45 (d, J = 8.1 Hz, 1H), 7.38-
7.27 (m, 1H), 7.26-7.14 (m, 2H), 6.60 (d, J = 2.1 Hz, 1H), 4.39 (t, J = 6.2 Hz, 2H), 3.56 (t, J = 5.8 Hz, 2H), 2.40-
2.28 (m, 2H); "C-NMR (100 MHz, CDCl,) : 5 136.0,128.9, 128.2, 121.8, 121.3, 119.7, 109.5, 101.7, 43.0, 42.0,
32.8

1-(3-chloropropy)-5-fluoro-1H-indole (JJIN-3b); 18918 INTARMABILAY (0.1482 g, 70%); R, =0.70 ilel%
20% EtOAC T hexane iflusiaLpdawii; 'H-NMR (400 MHz, CDCL) : 6 7.34-7.26 (m, 2H), 7.19 (d, J = 3.1 Hz, 1H),
6.99 (td, J = 9.0, 2.4 Hz, 1H), 6.48 (dd, J = 3.1, 1.0 Hz, 1H), 4.35 (t, J = 6.4 Hz, 2H), 3.46 (t, J = 6.0 Hz, 2H), 2.32-
2.25 (m, 2H); "°C-NMR (100 MHz, CDCL,) : 6 157.9 (J'., = 232 Hz), 132.6, 129.6, 128.9 (/°.. = 10 Hz), 110.1 (S, =
28 Hz), 109.8, 105.8 (JZCF: 23 Hz), 101.5 (J3CF= 5Hz),43.1,41.8,32.6
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1-(3-chloropropyl)-5-chloro-1H-indole (JJIN-3c); SNSRI LR (0.2121 g, 92%); R,=0.75 Lﬁl@sﬁ 20%
EtOAG L1 hexane Wlusainaanil; "H-NMR (400 MHz, cDCl) : 6 7.61(d, J = 1.8 Hz, 1H), 7.31 (d, J = 8.7 Hz, 1H),
7.21-7.15 (m, 2H), 6.47 (dd, J = 3.1, 1.0 Hz, 1H, ArH), 4.35 (t, J = 6.4 Hz, 2H, CH,), 3.46 (1, J = 6.0 Hz, 2H, CH,),
2.33-2.24 (m, 2H, CH,); ""C-NMR (100 MHz, CDCL,) : & 134, 129.7, 129.4, 125.3, 122.0, 120.5, 110.3, 101.3, 43.1,
41.7,32.6

5-bromo-1-(3-chloropropyl)-1H-indole (JJIN-3d); I84LaIulln@1and (0.2399 g, 88%); R, =0.78 ilel% 20%
EtOAc lu hexane lusaindewi; 'H-NMR (400 MHz, cDCL,) : & 7.76-6.45 (m, 5H), 4.33 (t, J = 6.4 Hz, 2H), 3.44 (t,
J =5.8 Hz, 2H), 2.32-2.24 (m, 2H); "*C-NMR (100 MHz, CDCL,) : 6 134,4, 130.2, 129.0, 124.3, 123.4, 112.7, 110.6,
101.0, 42.9, 41.6, 32.4

1-(3-chloropropyl)-6-bromo-1H-indole (JJIN-3e); mﬂﬂmmﬁﬁmaﬁl’]m@um (0.2344 g, 86%); R.=0.72 Lfl‘l'asl%
20% EtOAC T hexane lusiaindeudt; 'H-NMR (400 MHz, CDCL) : 8 7.54 (s, 1H), 7.51 (d, J = 8.4 Hz, 1H), 7.24
(dd, J = 8.4,1.7 Hz, 1H), 7.13 (d, J = 3.2 Hz, 1H), 6.50 (dd, J = 3.2, 1.0 Hz, 1H), 4.32 (t, J = 6.4 Hz, 2H), 3.47 (1, J
= 6.0 Hz, 2H), 2.34-2.24 (m, 2H); °C-NMR (100 MHz, CDCL,) : 6 136.7, 128.8, 127.6, 122.8, 122.3, 115.4, 112.3,
101.8,43.0,41.7, 32,5

1-(3-chloropropyl)-5-nitro-1H-indole (JJIN-3; JesmaITindinaetinaa (0.1743 g, 73%); R =0.55 \ilel%
20% EtOAc Tu hexane lufaiadeuil; 'H-NMR (400 MHz, CDCL,) : § 8.62 (d, J = 2.17 Hz, 1H), 8.15 (dd, J = 9.0,
2.2 Hz, 1H),7.43 (d, J = 9.0 Hz, 1H), 7.31 (d, J = 3.2 Hz, 1H), 6.73 (dd, J = 3.2, 1.0 Hz, 1H) 4.29 (t, J = 6.4 Hz,
2H), 3.48 (t, J = 6.0 Hz, 2H), 2.35-2.28 (m, 2H); "°C-NMR (100 MHz, CDCl,) : 8 141.8, 138.8, 131.1, 127.8, 118.3,
117.4,109.2, 104.4, 43.3, 41.4, 32.5

5-bromo-1-(4-bromobutyl)-1H-indole (JJIN-3g); TBIMAMEARINA1A (0.1324 g, 40%): Rf:O.69Lfi'aH 20%
EtOAc 14 hexane lusiaipeawii; 'H-NMR (400 MHz, cDCl) : & 7.77 (s, 1H) 7.32 (dd, J = 10.5, 1.9 Hz, 1H), 7.23
(d,J = 8.7 Hz, 1H), 7.11(d, J = 3.1 Hz, 1H), 6.46 (dd, J = 3.1, 1.0 Hz, 1H), 4.16 (t, J = 6.4 Hz, 2H), 3.39 (t, J =
6.4 Hz, 2H), 2.10-1.98 (m, 2H), 1.91-1.80 (m, 2H); "°C-NMR (100 MHz, CDCL,) : & 134.6, 130.3, 128.9, 124.4, 112.7,
115.4,110.8, 101.0, 45.7, 33.0, 29.9, 28.8

1-(5-bromo-1-(3-chloropropyl) - 1H-indol-3-yl)-2,2,2- trifluoroethan- 1-one (JJIN-3h); 184 LL%Q%“L{’]W]@@'@‘LA
(0.2945 g, 80%); R =0.45 1ila' 20% EtOAC W hexane flusiaiadawii; 'H-NMR (400 MHz, CDCL) : 6 8.60 (s, 1H)
7.98 (d, J = 1.6 Hz, 1H), 7.52 (dd, J = 8.7, 2.0 Hz, 1H), 7.35 (d, J = 8.7 Hz, 1H), 4.47 (t, J = 8.0 Hz, 2H), 3.53 (t, J
= 8.0 Hz, 2H), 2.43-2.34 (m, 2H); "°C-NMR (100 MHz, CDCL,) : & 174.7 (/. = 33 Hz), 137.9 (/. = 4 Hz), 135.2,
128.6,127.9, 125.5 (/' =6 Hz), 117.9, 116.8 (J' s, = 290 Hz), 111.6, 109.3 (/' = 3 Hz), 44.4, 41.0, 31.9
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msnaaeugneelEewlriesTiialnAueaineIsaYadA1s JJIN-1 - JJIN3

o o e aa = a - a ¥ aal a [ aa
nstiudueulideranaladuieamalss gnatnaziuazinaunasiaeionsanintnsininwsslnald ovina
lslalnau lalelad Wuansiasiu Tnedsainannduisniliuilennaindsnisaes Eliman (Eliman et. al.,, 1961) N3
naaesarldnrnnguaila 96 nan InaGuusnldneamninimes Aorndindu 10 Hadluans pH 8.0 suns 140

a aa

Jadans mNEa8 20 Daaans1e9dn3azateanlailndnieainelsd (0.2 U/mL) way 20 Raaansueda1sfaating

' v
a

Nazanely 80% wniuea antutnatsuansinataiiunan 15 w1 gadinaiin 20 HaAARI18IA1TaTALNEAN
5 fadluand ansazane 5,5"-lnlaleda[2-lulnsiunleda wedn] NHTUsAUNRTFIU bovine serum albumin (BSA) ¢
0.1% uaz 5 Haatuans ansazansarinialilelnau lalelad ludnsdou 5 se 1 dnldiwdnguugidieailunan
2 U7 uazdnAINIIAANARLAINIANINENIARY 405 U TWNAT A9ELATEY Microtiter plate reader (Sunrise, Tecan)
o o c @ s o :/, L8 aa = A = < ¥ a

nisAnefiduinistudueulaiarinialadauesmea Ineld nouauniiu iuansi198ennsgiu uazynT

NNINARBIAZNNTN 3 AT

NANI53AE

n17duAILIA 201 TLEEUIAA JIIN-1 UAL JJIN-2

Ak BNALEEnIAnE AN s AT ranlunsdaan e Bu-(Eu-lnslsdaaieiia)aulag
JIN-1 TneineinUfisen idu-uearaaduaesdulnafiosanslivygueada (alkylating agent) Aa N-(2-chloroethyl)-
pyrrolidine hydrochloride (11) n1alsianiaziua laun nunadanpifuaiun (K,CO,) Tmaaulalnasd (NaH) uay
TFsNAITUaWUR (Cs,CO,) Tudaniazartlansanadunlusd (DMF) AN9197 3 LAAIHANTINAREINLIIN Lilnl%

dnandauaesansisiudulnaseansliinguasda siawa Cs,CO, (1: 2 : 5) azliuansiusf JJIN-1a Tubauaznansined

4940 (80%, A1AUN 3 Tup914 3)

A15M9 3 NIAaN1zLa NN zaNlLN1380RLT 1Bu-(1Eu-InlradRateiia)dulng JUIN-1a

A\
o O
@ Cl HCl 11 N
N Base (5 equiv)
H DMF GN
10a

JJIN-1a

ey \wa (5 equiv) FINIAZANE gouuni (°C) a0 (Talng) LRz NARAT (%)
1 K,CO, DMF 90 24 nnntien

2 NaH DMF (dry) rt 3 75

3 Cs,CO, DMF rt 24 80
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Waldaninziadnmunzanude aniuin 1 dainseioyiug JJIN-1 1an1maaes wUaaunsndansen

o s A

ANTNARADITIAYAUE JJIN-1 1F508asnAninaigs (80 — >99%, A1AUN 1-7 Tun13199 4) vialunsunldanssafiu

SulnaniiyunuilavaaBianaseuLuRn uLiad 5 150 6 lEuA wyAfuanda (-COOH) nynaaals (-F) wiflulns

al al

'
4 o o a 1

(-NO,) {lufiu (a1Au7 2-4 uaz 6) Lm‘l%mwﬁﬁu@uimﬁﬁugmu%ﬁwgiﬁ%mﬂmﬂuuumLmu'\m 5 16uA uy

U

°  a

Wnand (-OCH,) wazny 1Bu-WBa-1au-1san15ualuaa ((OCON(Me)Et) Lilusiu (a6u7 5 uaz 7)
NIduATITIRYRUS (HU-(18U-Tnasnaeiia)aulnga JJIN-2 ANTuNN34AI RN s uAaiUNNg
Apsnziasayius JUIN-1 usiasuansliivguaaraainans N-(2-chloroethyl)pyrrolidine hydrochloride (11) 11

@13 N-(2-chloroethyl)piperidine hydrochloride (12) R1NHANTINAAEY WLNIAINNTDFAUATIZHANTHANA U D YRS

JJIN-2a-g 1#5aeaznansinueitunananegs (55 - >99%, a1AUN 8-14 Tupsn99 4)

5115799 4 nsdamaziuaznatudauenlasl Acetylcholinesterase 183ayRLEaLIAA JJIN-1 uaz JJIN-2

N S /\/ N
/) “ . Hol 12 R@ cl ciH 11
N Cs,CO3 (5 equiv) N CSZCO3 (5 equiv) N
DMF, rt, 24 h DMF, rt, 24 h

JUIN-2 10 JJIN-1
1AL ansdsznavauing R % Yield % Inhibition (+SD)
1 H JJIN-1a 80 ND
2 P 5-COOH JJIN-1b >99 63.242.25
3 R@ , 5-F JJIN-1¢ 98 31.60+0.33
4 6 \7 N 5-NO, JJIN-1d 99 8.66 + 0.22
5 N) 5-OCH, JJIN-1e >99 14.39 + 0.41
6 G 6-F JUIN-1f 87 ND
7 5-OCON(Me)Et JUIN-1g 80 51.45+2.69
8 H JJIN-2a 73 31.57+0.17
9 . 5-COOH JUIN-2b >99 57.63 + 0.23
10 RS_/OES\> , 5-F JJIN-2¢ 66 50.09 + 0.61
11 ® \7 Nj 5-NO, JJIN-2d 98 54.84 + 0.38
12 O, 5-OCH, JJIN-2e 55 ND
13 6-F JUIN-2f 71 39.58+0.18
14 5-OCON(Me)Et JJIN-2g >99 22.95 +0.35

ND = Not determine  ° nan19@n®1 1169113981999 Khorana kayAnuy (2012)

® % Inhibition (+SD) 184 positive control (811 Galanthamine (2)) = 100.00 + 0.00
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nrdunsIsigreyiuiaulag JJIN-3

NM9A9LAIETANIDUNUS 19-(AaalsuaaAa)Bulna JUIN-3 Aliun1sdaaseifnedsnisiduagaiunng
AuAzziansouius JUIN-1 Iaaldansliivyuaana Ao 1-bromo-3-chloropropane 78 1,4-dibromopropane Was
Mwalnneulalassfluiarinazaie DMF figumgiiied Annan1smaaes wud1aunsndunseiansnansingg JJIN-

3a-h lSeaazn@nsineilunansdege (119190 5)

v
o o

s115°199 5 nsdamanziuaznatuduenlasl Acetylcholinesterase 1a3aylfaning JJIN-3

Br:
NL\j N N

NaH (5 equiv) NaH (5 equiv)

DMF, i, 6 h H DMF, 1t, 6 h LL
cl

JJIN-3g Br JJIN-3a-f,h
AnAu anstsznavaulng R % Yield % Inhibition (SD)
1 H JJIN-3a 91 67.26 + 0.37
2 5-F JJIN-3b 70 22.52 + 0.41
3 A 5-Cl JJIN-3¢ 93 13.11 £ 0.50
R
4 N._~_Cl 5Br JJIN-3d 79 73.53 + 0.30
5 6-Br JJIN-3e 86 30.47 +0.28
6 5-NO, JJIN-3f 73 28.84 + 0.43
Br-
7 \
- JJIN-3g 40 32.97 +0.25
N\/\/\Br
(0]
CF;
8 Br N - JJIN-3h 80 8.98 +0.25
N._~_Cl

9 \ NH; 5-OCH, 5-Methoxytrytamine - 7.19+3.02°
R 3
5 | N 2 . a
10 . N 5-OH Serotonin - 62.59 £ 3.74
1
H

ND = Not determine

? an19AN 1 LN UR9 Khorana WAZANLE (2012)

® % Inhibition (+SD) 284 positive control (811 Galanthamine (2)) = 100.00 + 0.00
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gusn1sefsvieulriuedia lnaweamneisa 18981901 WLsEWlng JJIN-1 JJIN-2 4as JJIN-3

WaANEIMWININN TN sdBATzRauEuE (Hu-(1Gu-Tnlsadnalaiia)dulng JUIN-1 asayius 15u-(165u-i

v

wasaalafia)dulag JJIN-2 uazansayius Bu-(aaalsuaana)dulng JJIN-3 TulfUse Tamd snuddaacléiuignsh
Aupaeilfinanun (JJIN-1a-g, JIN-2a-g uaz JJIN-3a-h) linpasugninisdudueuladuedialadueamaisais

4 o o

Wunalnuilanifandestunissnunlspsalawed Inanan1mmagauuadna lisfan1sei 4-5

ARSUNANISINE

nrduAIig e YL aulna JJIN-1

£
o

AINNANITANEIMNENEARTIMNNzANTWAN919N 3 Foatlisen Bu-ueaRandureasarIffiuaulnauas

ansliinuanra N-(2-chloroethyl)pyrrolidine hydrochloride (11) W31 mﬁmmLuzﬁLngmmﬁmmxﬁﬁﬂgjﬁ?mﬁm

a

safetaznaniuirea1sdunmy Tnalleldiualnunadanaiiuenlusianiiazane DMF Hndiseigumgd

al

90 °C \flwnan 24 F7lu4 aztiananA i luBunusiesnnn (m19797 3 anaun 1) Hatienatiieannann inwnagide s
Arjuamiuiuadeuiulldmiud§ised wilewdewuadulnsneslalasduaznoudjise g e
=

dunan 3 49Tue nudrannsodunseiliansuanineiouius JJIN-1a lufeaazudnsineigs (75%, aaui 2

Tum19197 3) AlanN19duAIziaIsauius (5u-(18u-Inslsdnaiafia)dulag JJIN-1a-g foeljisen 16u-ueama

v
o

Lmi“ummmimﬁu%u‘llml.l,azma‘l,ﬁmgl,va@ﬁ@ N-(2-chloroethyl)pyrrolidine hydrochloride (11) Aelfigninviuadiden
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