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Synthesis and Bioactivity of Novel Tacrine-Indole Hybrids by
Microwave-Assisted Huisgen [3+2] Cycloaddition Reaction

Guo, Yongbiao Liu, Haibo Xu, Ming*
(Research Institute of Chemical Defense, Beijing 102205)

Abstract 3-(Propargyl-propionamine)indole (4a) and 3-(propargyl-butyramide)indole (4b) were prepared from
indole-3-propionic acid (3a) and indole-3-butyric acid (3b) by condensation with propargylamine, respectively. Twelve novel
acetylcholinesterase inhibitors, tacrine-indole hybrids, were synthesized from 4a, 4b and 9-(azido-ethyl-amino)-
1,2,3,4-tetrahydroacridine derivatives (5a~5c) by microwave-assisted Huisgen [3+2] cycloaddition reaction. These novel
compounds were determined by NMR, IR and HRMS techniques. The preliminary bioassay showed that all of them exhibited
better AChE (electrophorus) inhibitory activity. Particularly, the ICs, values of compounds 2b and 2d were 1.6 and 2.0 nmol*
L' respectively, which were 6.9 and 5.5 times respectively more potent than N-[6-(6-chloro-1,2,3,4-tetrahydroacridin-9-
yl-amino)hexyl]-3-(1H-Indol-3-yl)propionamide (6 T6BA) (ICsq=11.0 nmolL ', electrophorus).

Keywords tacrine-indole hybrids; Huisgen [3+2] cycloaddition; acetylcholinesterase inhibitors; microwave
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WBERE 4 ho BN RZ ) THF ¥ #(6 mmol 3a T 5
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BHH RS, W4z 207, MRS R Y), I S50mL
CH,CL, %, MU 7K (40 mL X 3)FI A G468 7K 7
(40 mL)PE¥k, To/KBRBREN T4, W48 5 &k At 2T
MR &) © VP EE) © V(&E/K)=20:1:0.1]
AT da, R AR AR, 1 99.1%. m.p. 85~87
‘C; '"H NMR (600 MHz, CD;0D) 6: 8.14 (s, 1H), 7.58 (d,
J=8.4 Hz, 1H), 7.35 (d, J=7.8 Hz, 1H), 7.19 (t, J=7.2
Hz, 2H), 7.12 (t, J=6.9 Hz, 1H), 6.98 (s, 1H), 5.67 (s, 1H),
3.11 (t, J=6.9 Hz, 1H), 2.57 (t, J=7.2 Hz, 1H), 2.18 (s,
1H); *C NMR (150 MHz, CDCl5) §: 172.4, 136.3, 127.0,
122.0, 121.8, 119.3, 118.6, 114.6, 111.2, 79.5, 71.5, 37.0,
29.1, 21.1. HRMS (ESI) calced for C4H4N,O [M+Na]"
249.0998, found 249.0997.

3-(T BE )M Wk (4b) 2 G 1 da BTG L,
I E AR R, W 97.5%. m.p. 67~70 'C; 'H NMR
(600 MHz, CD;0D) d: 8.23 (s, 1H), 7.57 (d, J=7.2 Hz,
1H), 7.33 (d, J=7.8 Hz, 1H), 7.17 (t, J=7.2 Hz, 2H), 7.09
(t, J=7.2 Hz, 1H), 6.92 (s, 1H), 5.79 (s, 1H), 3.99 (s, 2H),
2.78 (t, J=6.6 Hz, 1H), 2.20 (s, 3H), 2.04 (t, J=6.9 Hz,
2H); *C NMR (150 MHz, CDCl3) §: 172.8, 136.3, 127.3,
121.8, 121.6, 119.1, 118.7, 115.2, 111.2, 79.6, 71.5, 35.7,
29.0, 25.8, 24.3. HRMS (ESI) calcd for C;sH;(N,O [M+
Na]" 263.1154, found 263.1152.

122 B A& la 4= 2a 696

76 10 mL f VA I IEGEE 1 mL, 4a 134
mg (0.5 mmol) X% 5a 113 mg (0.5 mmol), & T =N
b, RHERS R EER, ED% 80 W, it HE4: 1t
', T 130 CHSF 40 min. 3R 45 )5 Sk AL Z T [HE 7
V(LR LTE) - V(N =4 : 3157 %15 1a fil 2a.

la MR AR A, K 42%. 'H NMR (600
MHz, CDCl;) o: 8.68 (s, 1H), 7.90 (d, J=8.4 Hz, 1H),
7.73 (t, J=7.8 Hz, 1H), 7.57~7.53 (m, 2H), 7.35 (t, J=
7.5Hz, 1H), 7.24 (d, J=8.4 Hz, 1H), 7.11 (t, J=7.5 Hz,
1H), 7.05 (t, J=7.5 Hz, 1H), 6.92 (s, 1H), 6.91 (s, 1H),
6.38 (s, 1H), 4.50 (s, 1H), 4.38 (d, J=6.0 Hz, 2H), 4.35 (d,
J=5.7 Hz, 2H), 3.89 (t, J=5.4 Hz, 2H), 3.08 (t, J=7.2
Hz, 2H), 3.04 (t, J=6.9 Hz, 2H), 2.58 (t, J=6.6 Hz, 4H),
1.88 (d, J=6.0 Hz, 2H), 1.83 (d, J=5.4 Hz, 2H); "°C
NMR (150 MHz, CDCl;) d: 172.9, 158.9, 149.2, 147.0,
1453, 136.2, 128.7, 127.6, 127.2, 124.4, 122.9, 122.0,
121.9, 121.8, 120.5, 119.2, 118.7, 118.0, 114.5, 111.1,
50.7, 47.7, 37.0, 34.9, 33.8, 24.8, 22.8, 22.6, 21.2; IR
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(KBr) v: 1653.09, 1635.59, 1554.57, 1535.27, 1510.36,
1496.63, 1489.01, 1456.21 cm ™ '. HRMS (ESI) calcd for
CaoH3N;0 [M+H]" 494.2663, found 494.2670.

2a iR O HACIR E R, CE 37%. 'H NMR (600
MHz, CD;0D) J: 7.74 (t, J=8.7 Hz, 2H), 7.52 (t, J=17.5
Hz, 1H), 7.45 (d, J=7.8 Hz, 1H), 7.31 (t, J=7.2 Hz, 1H),
7.31 (s, 1H), 7.25 (d, J=8.4 Hz, 1H), 7.01 (t, J=7.5 Hz,
1H), 6.92 (t, J=7.5 Hz, 1H), 6.89 (s, 1H), 4.28 (t, J=5.4
Hz, 2H), 4.21 (s, 2H), 3.80 (t, J=5.4 Hz, 2H), 2.99 (t, J=
6.9 Hz, 2H), 2.94 (t, J=6.9 Hz, 2H), 2.59 (t, J=6.0 Hz,
2H), 2.50 (t, J=7.2 Hz, 2H), 1.87 (d, J=6.0 Hz, 2H), 1.82
(d, J=5.4 Hz, 2H); *C NMR (150 MHz, CD;0D) ¢:
175.8, 159.7, 151.9, 147.8, 138.1, 137.0, 134.1, 129.8,
128.5, 128.2, 125.3, 123.7, 123.1, 122.4, 121.6, 119.6,
119.3, 118.7, 114.7, 1122, 49.4, 48.4, 37.9, 34.2, 32.4,
26.0, 23.9, 23.6, 22.3; IR (KBr) v: 1653.08, 1635.68,
1554.64, 153523, 1510.36, 1496.50, 1489.02, 1456.21
cm ' HRMS (ESI) caled for CyHyN,O [M+ H]™
494.2663, found 494.2670.

1b~1f F 2b~2f 2 1a M 2a &5k A .

1b: FRFEARARFE A, BE 35%. 'H NMR (600
MHz, CDCLy) o: 8.24 (s, 1H), 7.89 (d, J=8.4 Hz, 1H),
7.71 (t, J=8.4 Hz, 1H), 7.55~7.51 (m, 2H), 7.33 (t, J=
7.8 Hz, 1H), 7.32 (s, 1H), 7.31 (d, J=8.4 Hz, 1H), 7.15 (t,
J=17.5 Hz, 1H), 7.07 (t, J=7.5 Hz, 1H), 6.91 (s, 1H), 6.17
(s, 1H), 4.43~4.39 (m, 5H), 3.91 (dd, J=11.4, 6.0 Hz,
2H), 3.04 (t, J=6.6 Hz, 2H), 2.76 (t, J=7.2 Hz, 2H), 2.60
(t, J=6.9 Hz, 2H), 2.23 (t, J=7.5 Hz, 2H), 2.05~2.00 (m,
2H), 1.89 (dt, J=13.8, 6.6 Hz, 2H), 1.87 (td, J=13.8, 6.0
Hz, 2H); “C NMR (150 MHz, CD;0D) §: 173.1, 159.1,
148.9, 147.3, 145.1, 136.3, 129.0, 127.4, 127.4, 124.3,
1249, 121.9, 121.9, 121.5, 120.6, 119.1, 118.8, 118.2,
115.4, 111.1, 50.9, 47.8, 35.9, 34.8, 34.0, 25.8, 24.9, 24.4,
229, 22.7; IR (KBr) v: 1656.18, 1635.67, 1554.55,
1535.27, 1510.35, 1496.78, 1489.02, 145621 cm .
HRMS (ESI) caled for C3HiN,O [M+H]™ 508.2819,
found 508.2826.

2b: TR AR, % 29%. 'H NMR (600
MHz, CDCLy) 6: 8.25 (s, 1H), 7.89 (d, J=8.4 Hz, 1H),
7.71 (d, J=7.8 Hz, 1H), 7.55~7.53 (m, 2H), 7.33 (s, 1H),
7.32~7.30 (m, 2H), 7.14 (d, J=6.6 Hz, 1H), 7.07 (t, J=
7.2 Hz, 1H), 6.91 (s, 1H), 6.19 (s, 1H), 4.43(s, 5H), 3.93 (s,
2H), 3.04 (s, 2H), 2.74 (d, J=6.6 Hz, 2H), 2.60 (s, 2H),
2.22 (d, J=6.6 Hz, 2H), 2.03 (t, J=6.9 Hz, 2H), 1.87 (s,
2H), 1.84 (s, 2H); °C NMR (150 MHz, CDCl;) d: 173.0,
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159.9, 149.8, 148.7, 136.3, 134.9, 133.3, 128.8, 127.9,
127.8, 127.3, 127.3, 122.7, 121.9, 121.5, 119.2, 119.1,
118.6,115.1, 111.2, 48.3, 48.0, 35.8, 33.4, 31.3, 25.7, 25.7,
24.4,22.8, 22.5; IR (KBr) v: 1653.08, 1635.58, 1554.55,
153520, 1510.35, 1496.51, 1489.09, 1456.21 cm ~ "
HRMS (ESI) caled for CsHy;N,O [M+H]" 508.2819,
found 508.2826;

lc: IR &, % 35%. 'H NMR (600
MHz, CDCl3) 6: 8.12 (s, 1H), 7.89 (s, 1H), 7.67 (d, J=9.0
Hz, 1H), 7.58 (d, J=7.8 Hz, 1H), 7.30~7.26 (m, 2H),
7.15 (t, J=17.5 Hz, 1H), 7.08 (d, J=7.5 Hz, 1H), 7.01 (s,
1H), 6.96 (s, 1H), 6.02 (s, 1H), 4.48 (s, 1H), 4.41 (d, J=
6.0 Hz, 2H), 4.38 (t, J=5.4 Hz, 2H), 3.90 (d, J=4.2 Hz,
2H), 3.11 (t, J=7.2 Hz, 2H), 3.02 (t, J=6.0 Hz, 2H),
2.60~2.56 (m, 4H), 1.89~1.85 (m, 4H); >C NMR (150
MHz, CDCl;) 0: 172.8, 160.2, 149.2, 147.8, 145.4, 136.2,
134.3, 127.7, 127.2, 125.1, 123.6, 122.8, 122.0, 121.8,
119.4, 118.8, 1182, 114.8, 111.1, 50.7, 47.9, 37.2, 34.9,
29.7,24.7,22.8,22.5, 21.2; IR (KBr) v: 1653.09, 1635.48,
1560.51, 1535.29, 1510.36, 1496.69, 1489.98, 1456.22
em~'. HRMS (ESI) caled for CyH;N,0Cl [M+H]"
528.2273, found 528.2290.

2c: AR A, R 31%. 'H NMR (600
MHz, CDCl;) 6: 8.18 (s, 1H), 7.85 (d, J=1.8 Hz, 1H),
7.57 (d, J=8.4 Hz, 1H), 7.52 (d, J=7.8 Hz, 1H), 7.29 (d,
J=7.8 Hz, 1H), 7.28 (s, 1H), 7.25~7.24 (m, 1H), 7.15 (t,
J=17.5Hz, 1H), 7.07 (d, J=7.5 Hz, 1H), 6.80 (s, 1H), 5.92
(d, J=5.4 Hz, 1H), 4.66 (d, J=6.6 Hz, 1H), 4.32 (t, J=5.4
Hz, 2H), 4.28 (d, J=6.0 Hz, 2H), 3.78 (dd, J=10.8, 6.0
Hz, 2H), 3.07 (t, J=6.9 Hz, 2H), 2.98 (t, J=6.0 Hz, 2H),
2.61 (t, J=6.0 Hz, 2H), 2.54 (t, J=7.2 Hz, 2H), 1.87~
1.83 (m, 4H); “C NMR (150 MHz, CDCl;) d: 172.9,
160.3, 149.4, 147.8, 136.3, 134.7, 134.2, 133.5, 127.6,
126.8, 125.1, 123.6, 1222, 121.8, 119.5, 119.0, 118.5,
118.4,114.1,111.4,48.1,47.7,37.1, 34.0,31.2, 24.8, 22.8,
22.6, 21.2; IR (KBr) v: 1653.08, 1635.59, 1554.57,
153528, 1510.38, 1496.50, 1489.02, 1456.21 cm ~ ..
HRMS (ESI) caled for CooH3oN,OCI [M+H]" 528.2273,
found 528.2290.

1d: R EAGRE A, R 41%. '"H NMR (600
MHz, CD;0D) é: 7.50 (d, J=9.0 Hz, 1H), 7.47 (d, J=1.8
Hz, 1H), 7.40 (s, 1H), 7.17 (t, J=7.8 Hz, 1H), 7.05 (d, J=
1.8 Hz, 1H), 7.03 (d, J=8.4 Hz, 1H), 6.78 (t, J=7.5 Hz,
1H), 6.70 (s, 1H), 6.68 (t, J=7.5 Hz, 1H), 4.31 (t, J=5.7
Hz, 2H), 4.05 (s, 2H), 3.71 (t, J=5.7 Hz, 2H), 2.66 (t, J=

416 http://sioc-journal.cn/

© 2012 Chinese Chemical Society & SIOC, CAS

6.3 Hz, 2H), 2.42 (t, J=17.5 Hz, 2H), 2.31 (t, J=6.0 Hz,
2H), 1.97 (t, J=7.5 Hz, 2H), 1.69 (t, J=7.5 Hz, 2H),
1.61~1.55 (m, 4H); C NMR (150 MHz, CD;OD) ¢:
176.2, 160.7, 152.4, 148.1, 146.5, 138.2, 135.7, 128.7,
126.6, 126.0, 125.7, 124.9, 1229, 122.2, 119.8, 119.5,
119.4, 118.6, 115.6, 112.1, 51.8, 48.6, 36.6, 35.4, 34.2,
27.7,25.9, 25.6, 23.8, 23.4; IR (KBr) v: 1653.09, 1635.53,
1554.52, 1535.29, 1510.36, 1496.72, 1489.01, 1456.21
cm'. HRMS (ESI) caled for C3H3;N,OClI [M+H]"
542.2430, found 542.2427.

2d: R A, % 45%. "H NMR (600
MHz, CD;0D) é: 7.79 (d, J=9.0 Hz, 1H), 7.72 (s, 1H),
7.54 (s, 1H), 7.39 (d, J=7.8 Hz, 1H), 7.27 (d, J=8.4 Hz,
1H), 7.02 (t, J=7.2 Hz, 1H), 7.09 (t, J=7.5 Hz, 1H),
6.93~6.90 (m, 2H), 4.61 (t, J=5.7 Hz, 2H), 4.31 (s, 2H),
3.99 (t, J=5.7 Hz, 2H), 2.92 (t, J=6.3 Hz, 2H), 2.67 (t,
J=17.2 Hz, 2H), 2.60 (t, J=6.0 Hz, 2H), 2.17 (t, J=7.5
Hz, 2H), 1.92 (t, J=7.2 Hz, 2H), 1.86~1.80 (m, 4H); "*C
NMR (150 MHz, CD;0D) d: 176.2, 161.0, 152.3, 148.3,
138.2, 137.3, 135.6, 134.2, 128.7, 126.8, 125.9, 125.7,
122.9, 122.2, 119.9, 119.4, 119.3, 118.7, 115.4, 112.2,
48.7,48.6, 36.5, 34.3, 32.3, 27.6, 25.9, 25.6, 23.8, 23.4; IR
(KBr) v: 1643.65, 1635.42, 1552.65, 1534.78, 1510.36,
1496.50, 1488.98, 1456.21 cm '. HRMS (ESI) calcd for
C30H3N,0CI [M+H]" 542.2430, found 542.2427.

le: R EMAREMA, K% 38%. 'H NMR (600
MHz, CDCl3) 6: 8.25 (s, 1H), 7.81~7.80 (m, 1H), 7.58 (d,
J=17.8 Hz, 1H), 7.40~7.34 (m, 2H), 7.28 (d, J=8.4 Hz,
1H), 7.14 (t, J=7.2 Hz, 1H), 7.08 (t, J=7.2 Hz, 1H), 7.07
(s, 1H), 6.95 (s, 1H), 6.20 (t, J=5.1 Hz, 1H), 5.60 (t, J=
1.2 Hz, 1H), 4.43 (t, J=5.7 Hz, 2H), 4.37 (d, J=6.0 Hz,
2H), 3.68~3.65 (m, 2H), 3.11 (t, J=7.2 Hz, 2H), 3.02 (t,
J=6.6 Hz, 2H), 2.64~2.59 (m, 4H), 1.93~1.89 (m, 2H),
1.81~1.77 (m, 2H); *C NMR (150 MHz, CDCly) ¢:
172.7, 160.0, 149.7, 148.8, 144.8, 136.2, 129.0, 127.9,
127.8, 127.2, 127.1, 122.8, 122.3, 122.0, 121.7, 119.3,
119.0, 118.8, 114.8, 111.1, 50.8, 47.8, 37.1, 34.8, 33.5,
26.0, 22.8, 22.5, 21.2; IR (KBr) v: 1653.08, 1635.53,
1552.79, 153529, 1510.36, 1496.69, 1489.02, 1456.21
cm . HRMS (ESI) caled for C,H;N;0Cl [M+H]"
528.2273, found 528.2298.

2e: RICEAIIACREA, R 28%. 'H NMR (600
MHz, CDCl3) 6: 8.21 (s, 1H), 7.81~7.80 (m, 1H), 7.49 (d,
J=8.4 Hz, 1H), 7.39~7.32 (m, 3H), 7.23 (s, 1H), 7.14 (t,
J=17.5 Hz, 1H), 7.04 (t, J=17.5 Hz, 1H), 6.78 (s, 1H), 6.00
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(t, J=5.7 Hz, 1H), 5.62 (t, J=1.8 Hz, 1H), 4.36 (t, J=>5.4
Hz, 2H), 4.28 (d, J=6.0 Hz, 2H), 3.60~3.57 (m, 2H),
3.06 (t, J=7.2 Hz, 2H), 3.00 (t, J=6.6 Hz, 2H), 2.58 (t,
J=6.0 Hz, 2H), 2.53 (t, J=6.6 Hz, 2H), 1.92~1.88 (m,
2H), 1.78~1.75 (m, 2H); *C NMR (150 MHz, CDCl5) ¢:
172.7, 1560.0, 149.7, 148.8, 136.3, 134.8, 133.2, 128.9,
127.9, 127.7, 127.3, 126.8, 122.8, 122.1, 121.8, 119.4,
119.1, 118.5, 114.2, 111.3, 48.2, 47.9, 37.1, 33.5, 31.3,
257, 22.8, 22.5, 21.2; IR (KBr) v: 1653.08, 1635.58,
1554.51, 1535.29, 1510.36, 1496.47, 1489.01, 1456.21
em~'. HRMS (ESI) caled for CyH3N,0Cl [M+H]"
528.2273, found 528.2298.

1f: R EIRR A, % 36%. '"H NMR (600
MHz, CDCl;) 6: 8.22 (s, 1H), 7.80 (d, J=8.4 Hz, 1H),
7.55 (d, J=7.8 Hz, 1H), 7.38~7.30 (m, 4H), 7.15 (t, J=
7.5 Hz, 1H), 7.07 (t, J=7.2 Hz, 1H), 6.93 (s, 1H), 6.26 (s,
1H), 5.62 (s, 1H), 4.48 (s, 2H), 4.41 (d, J=5.4 Hz, 2H),
3.67 (d, J=4.8 Hz, 2H), 3.01 (t, J=6.0 Hz, 2H), 2.77 (t,
J=17.2 Hz, 2H), 2.64 (d, J=6.6 Hz, 2H), 2.26 (t, J=7.2
Hz, 2H), 2.04 (t, J=6.9 Hz, 2H), 1.91 (s, 2H), 1.78 (s,
2H); *C NMR (150 MHz, CDCl5) §: 173.1, 160.0, 149.7,
148.8, 144.8, 136.3, 129.0, 127.8, 127.7, 127.4, 127.2,
122.9, 122.4, 121.9, 121.5, 119.1, 119.1, 118.8, 115.4,
111.1, 50.9, 47.8, 35.9, 34.8, 33.5, 26.1, 25.9, 24.5, 22.8,
22.5; IR (KBr) v: 1653.08, 1635.56, 1554.43, 1535.31,
1510.36, 1496.72, 1488.98, 1456.21 cm™'. HRMS (ESI)
cacld for Ci;HypN,Ocl [M + H] ©  542.2430, found
542.2427

2f: FRH AR A, SR 37%. 'H NMR (600
MHz, CDCl;) ¢: 8.19 (s, 1H), 7.81 (d, J=7.8 Hz, 1H),
7.55 (d, J=7.8 Hz, 1H), 7.36 (t, J=9.1 Hz, 1H), 7.34 (s,
1H), 7.32 (d, J=7.8 Hz, 2H), 7.15 (t, J=7.5 Hz, 1H), 7.07
(t, J=17.5 Hz, 1H), 6.94 (s, 1H), 6.27 (s, 1H), 5.65 (s, 1H),
4.48 (t, J=6.0 Hz, 2H), 4.41 (d, J=5.4 Hz, 2H), 3.70~
3.67 (m, 2H), 3.01 (t, J=6.6 Hz, 2H), 2.77 (t, J=7.2 Hz,
2H), 2.64 (t, J=6.3 Hz, 2H), 2.26 (t, J=7.8 Hz, 2H),
2.07~2.03 (m, 2H), 1.93~1.89 (m, 2H), 1.80~1.77 (m,
2H); '*C NMR (150 MHz, CDCl3) §: 173.1, 159.9, 151.0,
145.0, 144.8, 136.3, 132.9, 128.6, 127.9, 127.4, 127.2,
122.9, 122.0, 121.9, 121.5, 119.1, 118.9, 118.9, 115.4,
111.1, 50.9, 47.8, 35.9, 34.8, 33.3, 26.0, 25.8, 24.5, 22.8,
22.5; IR (KBr) v: 1653.08, 1635.59, 1554.47, 1535.31,
1510.36, 1496.45, 1489.02, 1456.21 cm™'. HRMS (ESI)
cacld for Ci;HpN,Ocl [M + H] ©  542.2430, found
542.2427
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2 HR51HE
21 &

KT IR —FiE4S Huisigen[3 4218 W W
VS WER WA RIS, ASCULEY 1c Al 2¢
HIA A, 6 R CEM 2w A2 77 11 58 A8 B R Ak
BA, R RS A EIEOR, AT Nk F b e e D2
TESEHE. R TR N Bl o A s
T BT R NI S
2.1.1 R F SR 420 6 RAE RS A
2.1.1.1 AF 6k

ASCE G A SAF T ) Huisigen #0080 %
M, H T JEORE 5b Fi da 45 554300 61~63 F1 85~87 C,
DRI S 3t BE ¥ 9 90 °C, B[R] 5 min, I 40 W. b
SR RIA B G AR, R T ORH 73 ikfE 2
R AEEAR. TR BEE YRS
YA 2SR AR R, T = AL A A S A B AT R
%, bR SR K2 188 kI/mol ™l #vE:, i T4k
TS J A SRR A P s N, R ] A2 1R K
BRESEURRRIL. NI, %R N IERFIEE R
4

IR L, VERZEVUR, Wi DL A LA 46
Z T8, AR SCEFEIE REEER A, W) & R OB
5~10 f5 LA EORHD).
2.1.1.2 R BT 6945

MR PRI S I I — MR, BoE D)% 80 W, IR
130 C, M54 10, 20, 30, 40, 50 F1 60 min.
TLC &5 5% W: [ 10,20 A1 30 min J&5, J5oRFR 5S4
I, AE T LI 52 228 B i/ 1 i 3 O 40 150 min 5,
JRRL e R, IF HARKA 2 B B, DALk, e
FEMY RN ] 8 40 min.
2.1.1.3 #okshFeyikiF

H T BEAR B B4R hE 5 D2 IR e iR, AR ST
KRS A ENEA, 5] i P i AN T R () 3 5 R i T T 2%
&, WIS DI ERIAT R, BOEEEE 130 C, KMV
i 1] 40 min, ZHE550% 40, 60, 80, 100 F1 120 W. &5
R AN [F) Th 2R A s 8 TA B i FE AP AEAR K 22 e (R
1), Tt B ) dak KXo Jse 7 (1) i TV A o 55 MoK, 17 I 6
R R I G Th AR 80 W I, I IR A RIS EIE
SRR L, DR b Mgk /> S 6 5% 7 FT AR 7 (5 PN g T
JEAfE T D2k 80 W,
2.1.1.4 R BLRE LS

AL S MRBEESAE, REWHIT T RS BRI
KIS a5 (K )R RNVIREALE 100~
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1 T TR R 1R
Table 1 Effect of microwave power on the calefactive time
T /W 40 60 80 100 120
i) [8)/min 12 7 4 3.5 3

130 “Cyuw [l A, WA Bt B 10 T v iy 486 K, 1y 243
140 CHCAR IR FEIG. 20kl 2Nl & T 130
Ty, BRAEWRPISAE W) SN PR, B R TECHS 1
AL UL AR Aoy B, S EUS R, T T RE
FEEREY I, TR P

2 RRIRIE 1o A1 20 MACRIILI(EIA 80 W, S
[1] 40 min)

Table 2 Effect of temperature on the yield of 1c and 2¢ (80 W,
40 min)

SN/ C 100 110 120 130 140

W#%/% (HPLC) 352 579 856 954 832

Rk, 2l 2 RSEK, AR SCK e 2 Huisigen
[3 2050 I S I () e e 4 AR o b W I, RO
1A 40 min, Zh2 80 W, L% 130 C.

2.1.2 KRS R A0k A R T 69 L )

16 DA AR - TR A 1134 Ak &) 1la~1fF Al
2a~2f i, FRATI SR o R s S0 R0 5 0 A 1
TAHED 1c F1 2. S SR IAT e RN AR ] () 17
BT, R UM SRS 1c F1 2¢ R A 81.5%, 1K
FHERUIM#H 1c A 2¢ By 32.5%. 5Tk
PRAE B A R S 1) &S 60 min, J5UR} Bb 58 4T K,
PRI 85.6%. A AT A A KIS TA] (1) S A5 A S B A
G Bb KA, 3 UE T e R N I TR PR ZE
FEMCRARA BB L W RN AN BE SN ) ()
R, PR T L, RV 4 h UG, BN 65.6%,
12 JE bl N T R, T B RN E Y3807
YR AN PR . H T DA A S TR D W J A
Huisigen FRAMACS MY, ] A i W ARSC 3 4 A
P VEAT B SR B R, [ A A A A e R A P
T, X A I AR - R A A A b B N T R T
IR R T S
2.2 BiUEMEETRIA

PL 1c F1 2¢ (Scheme 4) A1, *F Hbsfb & WiEAT 45
KA.

P T A I A B B AR I IR H AR A 0 1 AT 2¢
RAY, WA ENT & alith, 53 2 Muesw 1Rl
1. 43505 HR MS, "H NMR F1 3C NMR #HT #1E.

HERHRE Cu(DfiEL B ENE R E Y 1,4-—
HAR =Mt 54, I ASGE I Cu(D) 4L 4a F15b &Y
i 1c, FfiE HRMS (ESI), '"H NMR F1 °C NMR *f
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R ER
Cl

O
N N
\ H/\/NN/RAH/U\/@H

1c (1)
Cl
H o)
N\ // N\/\N{N . NH
I \ H
S
N
2¢ (I
Scheme 4

HEATFRAE. 1, 11 A1 1c (¥) HRMS (ESI), 'H NMR A1 °C
NMR #4755 EE, & B 1, 11 AT 1c () HRMS (ESDZ5 3
—%; 1c 5 1 /) "TH NMR %1 °C NMR 3§34 —5, 1
1c 5 11 "H NMR f77E 2 225, DesfasE | o dc, 1
3 2c.

SHTAEY) la~1f Fl 2a~2f (1) '"H NMR 7] LI &
W, 15- U= Mk &Y 2a~2F =MEER EA AL EEAT
FEAFOS T0 B 1) 1,4- IR =ML Lla~1f 3555
3. A HTIRPIAC: 1,4-HURAN 1,5- R = MR 4
MR AP AE 22 5%, W HL T N=N [RAFLER BRIk =
W EAMBINE T 2%, AT E A B E )
#3), 1,4- "B =MIA EEA T N=N [F47, 1M 1,5-—
B = MR AT N=N 4047, Kk N=N X} 1,4-—
AR =R AR LSS T 1,5- U = MR, &
$EL5- TR SR B AL AL RS RIS B 8l B W
B MRPEX R, AR LUK e = Mk S AR
L.

R, A Cu(DEA BT Sk PRk 1,4-
THAR LAY, ARJEIE TLC SR i ik A ik
Hor A3 20 H s S PBARIE B, S a1k
A4 'H NMR 3% rp = MR Sk 220 B 3 — DA,
2.3 HEYEME

AR Ellmant 7 vE 50604 5t H btk & 44t e
PRI Z — e 1a~1f, 2a~2f BEATARAME RN 52, IF
PASCHRIRIE A5 6 TOBA 1E X R A ), 45k 3
FrR. 12 MEA Y h] faft ACKE 35 B AT Bkt e 7,
ek &4 2b F1 2 S 5% 2,19 FE BRI 1K) 1C s (55>
524 1.6 F12.0 nmoleL ™", J& 6T6BA (ICso=11.0 nmoleL~
LSBT 6.9 F1 5.5 £, A, MARSNE PRI E 45 5T
DU 1,5- U = MR F2 1 A o AR A I
2a~2f 1| AChE ¥& 1438730 = T AH A 1) 1,4- AR — e
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MER AL TE ARG IR la~1F. A8 1,5-
SR MR (1 47 A AN AR BT A g AR g R Y A
M, 3055 AChE 75 ks i i (1 2 2R IE il AU Bt s e
s AA AR, TS HeAi) AChE #E1ERE), 1M
LA4-“HUR=MEIR L AChE 5 7 kA b i 1 s S I 1

£ 3 AbTEAA-NIMIE "L 1a~1f, 2a~2f Il 6T6BA i fifif;
AChE F4fie

Table 3 Inhibition of AChE by tacrine-indole hybrids la~1f,
2a~2f and 6T6BA (electrophorus)

Compd.  ICs/(nmoleL™")  Compd.  ICse/(nmoleL ')
la 43.8+0.2 2a 36.3+1.0
1b 1112413 2b 1.6+0.02
1c 66.9+0.9 2c 11.7£0.6
id 22.6+0.5 2d 2.040.1
le 172404 2e 16.4+0.6
1f 18.4+0.7 2f 124404

6T6BA 11.0£0.9 — —

3 it

Bt & AR 51N 31 Husigen [3 42158 0% b,
FEXRE SN AT P04, BRE H—Flhse 4x s NN ()4
Mok m . EEMEHNE R 1L,4- " BUC=MR 1,5- B
MR, AR Y R R IR At v AR AR R B
SE S WUE A U B ARG P A ROR ) S H
TR REHDHIRE 7y, Hoh kA4 2b A 2d F) £a BE £ 150

Chin. J. Org. Chem. 2012, 32, 413~419

© 2012 Chinese Chemical Society & SIOC, CAS

BREERE 1Cso 1B 2054 1.6 F1 2.0 nmoleL™", J& 6T6BA
(ICso=11.0 nmol-L ', %)) 6.9 F15.5 1.
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