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Abstract: A series of tacrine-phenol-bifendate hybrids (7a—7e, 8a—8e) were designed, synthesized and evaluated
as inhibitors of cholinesterases (ChEs) with low hepatotoxicity. All the compounds had potent ChEs inhibitory
activity with half-inhibitory concentration (IC,) values at the nanomolar range. Compound 8d exhibited the
strongest inhibition to acetylcholinesterase (AChE) with an IC,, value of 156.39 nmol-L" and compound 7b
showed the most potent inhibition for butyrylcholinesterase with IC,, value of 16.33 nmol-L". Kinetic and
molecular modeling studies showed that 8d targeted both the catalytic active site and the peripheral anionic site of
AChHE. In addition, these compounds showed low toxicity to hepatocytes, and compound 8d did not increase the
level of reactive oxygen species in HepG2 cells.
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Figure 1  Structures of the reported tarcrine derivatives

T mf@

o)
s NH/HH\N
H

1) 701, At 5 AR BT BRI At S bR —K B L A SE AR -
AP A SRS A A A (B, A~D)HL 4R
73X 28 T AR K 22 58 45 T 38 380, P9 s A F DR 4t
o AR VR ZE T I G B T A TR 0 I R, BT K
T el AR IR ER A S (K 1, ), EATE R
T Al AR EAR A AT R DR, A AT AR L, A
AR R AR AR IR B - BRI A S, LA S
b7 28 (1 T B A O, A BB L Re R AP R4 Y, BRIV EC 2R X IR
B0 JHF R A7 1 FH R Atk o SR — 2 By e B F L el 1 g 440 1) A
A IE .

H ARtk &40 7Ta~Te Fll 8a~8e 25 N Hi L &4, KL
SCHRIRIE, H 45 K938 i 'H NMR. °C NMR. )2 HR-MS
fAE, 2B i HPLC Wl E, (& 9~11 & RS %
SCHERUTHRIE, AE A IBAE Y AR RO R, (&)
() B R 45 1

FER512
1 Bt EUnNEaR

H E) A 2 DI 2R XU A R 4 J ok, 20 0o s 7K A < T
[ s ) SIVA S B Nl 8 S =Ll 1K
5 Z & HALE DMF A1 58S 30 (TR 6 R AR A
M3, 3 DK EA T AE, Bl 5 815 3-32 3L o8 H
Wit By, 4- 50 BE R W IO, 19 21 A) 44 4a 4b. G
F) 44 2 B e 15 12 O HH I e B i) % a4, DL 34 U2k
Tk — % (DCC) 1 4-— HZ JLLIE (DMAP) B & fi
s IR BERE, B4 LA S, R R F ki . Hp i
6a~6e [ i i 2k LL ORI, BLAL &) 5 i 46 )5
BRI FE IR R TR KA T 5 0 & 1) iR B, 72 2
KT 50%5 (ERER I, 765 3, o S
IR KR, g AN (81 43 B I 3 ) v 7R N D
HRKP B . HAR%) 7a~7e Fil 8a~8e 115 ik
JE W 1 4a.4b 5 % 6a~6e 4 & L A R, R E 4
NaBH, it J575 3], #5108 S il R B, 3 22k AT, 244

N\/\/\/\
NH

OCHs

OOMe

<
C
SN
||/—R'
<
o



A 7 S (LR S N i 7 DU Py

R 1 ELTRR T e 0 0 A K B A VAR - 2761 -

COOMe COOMe
COOMe COOH

COOMe

cocl \O cHo

1

~

COOMe

4a, Para
4b, Meta
N/\(\/)ﬁz\NH2
COOMe HN N RN
H _ /M;—;H | /—OH
N NNt A
/
2 —
6a-6e N
O 7aT7e, Para,n= 6,8,10 9,10, Para,n=6, 8
8a-8e, Meta, n=2,4,6,8,10 11, Meta, n=8

Reagents and conditions: (a) 5% KOH, reflux, 6 h; (b) (Ac),0, reflux 12 h; (c) MeOH, reflux, 9 h; (d) SOCL,, 1,4-dioxane, DMF (one drop),
115 °C, 2 h; (e) 3-Hydroxybenzaldehyde or 4-hydroxybenzaldehyde, CHCL,, Et,N, rt, 24 h; (f) Diamine, KI, 1-pentanol, 160 °C, 10 h; (g)
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Scheme 1 Synthetic route of the target compounds 7a—7e, 8a—8e and 9-11
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Table 1 Inhibitory activity of cholinesterases, selectivity index,
and oxygen radical absorbance capacity (ORAC). “IC,; values are
mean of the three independent experiments; "AChE from electric
eel; “BChE from equine serum; ‘SI = Selectivity index (IC,, AChE/
IC,, BChE); ‘Data are expressed as (umol trolox)/(umol tested

compound); ‘Compounds 9-11 were synthesized according to litera-
07

ture report
-la
Compd. Subst. n - Cllég'/“mOI'L cop S ORaCe
7a Para 2 202.81+19.05 7624+1.50 2.7 <02
7b Para 4 24368+7.04 1633+1.74 149 <02
7e Para 6  282.15+599 6336=1.10 45 <02
7d Para 8  25435+17.84 61.52+499 41 <02
7e Para 10 39049+ 14.62 7597+725 52 <02
8a Meta 2 1071.56+63.86 96.39+227 10.6 <02
8b Meta 4 322.894+22.49 88.13+4.19 3.7 <02
8¢ Meta 6  475.66+3235 78.63+248 6.1 <02
8d Meta 8  156.39+24.41 2458+2.05 64 <02
8e Meta 10 403.37+35.6 21.45+3.14 189 <02
9" Para 6 26.52+1.07 841+047 32 1.9+02
10 Para 8 6.84+025 516+038 13 1.6+02
1’ Meta 8 17.16+133  6.71+0.54 2.5 1.7+0.1
Tacrine - - 192.60 +4.15 27.08+1.16 7.1 <02
Curcumin - - - - - 28+02
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Figure 2 Lineweaver-Burk plots (A) and docking model (B) for 8d with 7cAChE

Table 2

‘Mito: Mitoxantrone

Inhibition rate of the target compounds for HepG2 and HL-7702 cell lines. “Data are represented as mean + SD; "Tac: Tacrine;

HepG2/% HL-7702/%"
Compd. | umol L™ 10 pmol-L™ 100 pmol-L™ | umol-L™ 10 pmol-L™ 100 pmol-L™
umo umo umo umo {mo {mo
7a 025+ 004 450+1.05 1834 £330 021+ 002 759087 14.60 + 1.83
b 1374026 6424035 15.56 £ 2.47 0.86  0.09 6.64+ 185 19.16 + 3.23
7e 0.54=0.12 924+ 131 18.05+2.15 0.92 % 0.03 872+ 151 21.88+2.62
7d 0.40 = 0.06 7.50 £ 0.68 2129 +3.18 024+ 0.03 4194074 20,62+ 1.53
7e 047 0.12 328+ 1.14 13.86 £3.17 03320.11 420+ 138 16.81 £2.15
8a 1.6140.10 6.67+1.42 20.48 + 2.45 2.63 £ 0.44 292123 1532+ 1.13
8b 0.62 = 0.04 2454032 1952+ 1.73 3.17+0.01 6.69 + 0.94 1327 +2.68
8¢ 1.85+0.35 8.63 - 0.66 24.19+2.91 0.74 £ 0.03 3.4311.06 13.88 £ 2.67
8d 03220.10 3.96+ 038 16.44£2.16 2324022 5744062 1425+ 132
8e 1.63 026 953148 21.18£2.16 0.85+0.16 9.08 % 1.67 23.08 £ 2.96
Tac? 3.74+027 19.16 + 1.95 39.57 £ 4.52 284017 16.30 £ 2.64 32,56+ 431
Mito" 4523 +4.11 86.53 +5.92 96.26 +3.92 20.03 + 2.40 78.68 + 6.41 89.11 £ 4.62
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Figure 3 Measurement of intracellular ROS generation
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Sigma-Aldrich 2 ], HAth 371 35 S 1 85 23 B 4k, R A
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1 HEYHER
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AN BB F, 115 cCn#ASiHE 2 h, B H 5 &1, 2
P G AR 3. A B AR IS (10 mmol), VKB R
TN 3-F8 35 2% H % 51 4- %2 36 2K H % (1.0 mmol) il =2,
% (0.5 mL), HAATF 2 =i H: 24 he B8 EE, &1
W), N 30 mL A7, 43 ) FH KR AN & 37K ek 3
W, BB HLZ, FE7K Na, SO, T4, Z& B 7], F i 4
A3 b (a4 4a F14b

4a A EEAE, 2R 46%. 'H NMR (400 MHz,
CDCL,) § 9.95 (s, 1H), 7.87 (d, J = 8.4 Hz, 2H), 7.57 (s,
1H), 7.37 (s, 1H), 7.17 (d, J = 8.4 Hz, 2H), 6.04 (s, 2H),
6.01 (d, J= 1.2 Hz, 1H), 5.98 (d, J = 1.2 Hz, 1H), 4.01
(s, 3H), 3.93 (s, 3H), 3.71 (s, 3H). MS (ESI) m/z: 510.1
[M+H]".

4b [ EE R, 77 58%. 'H NMR (400 MHz,
CDCL,) 6 9.78 (s, 1H), 7.80~7. 69 (m, 3H), 7.62 (s, 1H),
7.57 (s, 1H), 7.37 (s, 1H), 6.04 (s, 2H), 6.01 (d, J= 1.2 Hz,
1H), 5.97 (d, J = 1.2 Hz, 1H), 4.01 (s, 3H), 3.94 (s, 3H),
3.72 (s, 3H). MS (ESI) m/z: 510.2 [M+H]".
1.2 Birttai7a~Te, 8a~8e MIARKIEE EHE
B 0N 4a 5 4b (1.0 mmol), i 15 mL 6 /K H &
fiFt, I A B ) 6a~6e (1.0 mmol), F iR FE 8 h, & T
WA, VKA ETR, INNTEK B, 2 fom N AL B
(0.23 g, 6.0 mmol), Ft &=, MHEIE R . RBTEEE, 7
T, K 20 mL, 48R B A H 3 IR, % 20 mL,
G AN, To7K Na,SO, T4, Z& ¥ 7, A il (&
i/ EE /K =30:1:0.5%) 441520 HArtb &4

Ta  RFEHEHRIELE, P75 46%. "HNMR (400 MHz,
CDCL,) 6 7.99 (d, J = 8.4 Hz, 1H), 7.90 (d, J = 8.4 Hz,
1H), 7.57 (s, 1H), 7.53 (t, J = 7.6 Hz, 1H), 7.37 (s, 1H),
7.33 (d, J = 7.2 Hz, 1H), 7.29 (d, J = 8.4 Hz, 2H), 6.96
(d,J=8.4 Hz, 2H), 6.03 (s, 2H), 5.99 (d, J= 10.4 Hz, 2H),
5.00 (s, 1H), 4.00 (s, 3H), 3.92 (s, 3H), 3.78 (s, 2H),
3.70 (s, 3H), 3.54 (s, 2H), 3.12~3.02 (m, 2H), 2.92~
2.83 (m, 2H), 2.73 (t, J = 5.8 Hz, 2H), 1.94~1.85 (m,
4H); C NMR (100 MHz, CDCl,) § 166.3, 164.5, 158.5,
151.1, 149.9, 147.4, 147.2, 142.6, 142.5, 138.8, 138.3,
137.5, 129.1, 128.6, 128.3, 123.6, 123.3, 122.9, 122.8,
121.5, 120.4, 116.3, 112.7, 112.1, 111.7, 111.2, 102.5,
102.4, 56.7, 56.6, 52.9, 52.00, 49.2, 48.3, 34.00, 29.7,
24.9,23.1,22.9. 4i¥ 97.8% (HPLC). HR-MS (ESI):
m/z [M+H]" (C, H,,N,0,,) I 5 A 734.271 4, M & &
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734.269 1.

7b MR W MR AR, 77 F 59%. 'H NMR
(400 MHz, CDCL,) § 7.84 (t, J= 8.2 Hz, 2H), 7.43 (t, J =
7.8 Hz, 2H), 7.21 (t, J = 7.8 Hz,1H), 7.17 (s, 1H), 7.15
(d, J = 8.4 Hz, 2H), 6.83 (d, J = 8.4 Hz, 2H), 5.92 (s,
2H), 5.88 (d, J = 11.4 Hz, 2H), 3.89 (s, 3H), 3.81 (s,
3H), 3.62 (s, 2H), 3.59 (s, 3H), 3.41 (t, J = 6.9 Hz, 2H),
2.98~2.93 (m, 2H), 2.57 (t, J = 5.2 Hz, 2H), 2.53 (t, J =
6.8 Hz, 2H), 1.81~1.76 (m, 4H), 1.62~1.57 (m, 2H),
1.52~1.46 (m, 2H); "C NMR (100 MHz, CDCl,) § 166.3,
164.5, 158.0, 151.1, 149.8, 147.3, 147.2, 146.8, 142.6,
142.5, 138.8, 138.3, 137.7, 129.0, 128.6, 128.2, 123.7,
123.3, 1229, 122.9, 121.4, 120.0, 115.6, 112.7, 112.1,
111.7, 111.2, 102.5, 102.4, 56.7, 56.6, 53.4, 52.0, 49.3,
48.8, 33.6, 29.5, 27.5, 24.8, 23.0, 22.7. 4l [¥ 98.3%
(HPLC). HR-MS (ESI): m/z [M+H]" (C,H,N,O,) it
HE 762.302 7, M &1 762.303 1.

Te R T OO WK, 7 %R 63%. 'H NMR
(400 MHz, CDC,) 6 7.97 (d, J = 8.4 Hz, 2H), 7.56~7.50
(m, 2H), 7.33 (s, 1H), 7.30 (d, J = 8.2 Hz, 1H), 7.28 (s,
2H), 6.91 (d, J = 8.4 Hz, 2H), 6.00 (s, 2H), 5.97 (s, 1H),
5.94 (s, 1H), 4.45 (s, 1H), 3.96 (s, 3H), 3.88 (s, 3H),
3.73 (s, 2H), 3.67 (s, 3H), 3.53 (t, J = 7.2 Hz, 2H), 3.05
(s, 2H), 2.64 (s, 2H), 2.57 (t, J = 7.2 Hz, 2H), 1.89~
1.84 (m, 4H), 1.65 (p, J = 7.2 Hz, 2H), 1.49 (p, J =
7.2 Hz, 2H), 1.39~1.30 (m, 4H); "C NMR (100 MHz,
CDCL) 6 166.3, 164.5, 156.8, 151.9, 149.8, 147.3,
147.2, 145.5, 142.5, 142.5, 138.7, 138.3, 137.2, 129.2,
129.2, 126.9, 123.9, 123.3, 123.2, 122.9, 121.4, 119.3,
114.8, 112.7, 112.1, 111.7, 111.2, 102.5, 102.4, 56.7,
56.6, 53.2, 52.0, 49.2, 49.0, 32.8, 31.5, 29.6, 27.0, 26.8,
24.6,22.8, 22.3. 4l 99.2% (HPLC). HR-MS (ESI):
m/z [M+H] " (C,;H,,N,0,)) i1 5 {8 790.334 0, I & {4
790.332 4.

7d R PR AR, PF 2% 55%. 'H NMR
(400 MHz, CDCL,) 6 7.95 (t, J = 9.0 Hz, 2H), 7.56~
7.50 (m, 2H), 7.34 (s, 1H), 7.30 (t, J = 7.8 Hz, 1H), 7.27
(t, J = 4.4 Hz, 2H), 6.91 (d, J = 8.4 Hz, 2H), 5.99 (s,
2H), 5.97 (s, 1H), 5.94 (s, 1H), 4.27 (s, 1H), 3.96 (s,
3H), 3.88 (s, 3H), 3.72 (s, 2H), 3.67 (s, 3H), 3.50 (t, J =
7.2 Hz, 2H), 3.05 (s, 2H), 2.65 (s, 2H), 2.56 (t, J =
7.2 Hz, 2H), 1.87 (s, 4H), 1.63 (p, J= 7.2 Hz, 2H), 1.50~
1.43 (m, 2H), 1.35~1.24 (m, 8H); "C NMR (100 MHz,
CDCl,) 6 166.3, 164.5, 157.4, 151.5, 149.7, 147.3, 147.2,
146.2, 142.5, 142.5, 138.7, 138.3, 137.6, 129.1, 128.8,

127.5, 123.8, 123.3, 123.1, 122.9, 121.3, 119.6, 115.1,
112.7, 112.1, 111.7, 111.3, 102.5, 102.4, 56.7, 56.6, 53.3,
51.9, 49.4, 49.3, 33.2, 31.7, 29.9, 29.4, 29.3, 27.2, 26.8,
24.6, 22.9, 22.5, 4l & 97.4% (HPLC). HR-MS (ESI):
m/z [M+H]"( C,,H,N,0,) i1 5 A 818.365 3, Ml & {4
818.363 4.

Te R B R WA, 77 % 43%. 'H NMR
(400 MHz, CDCl,) 6 7.96 (d, J = 7.8 Hz, 1H), 7.90 (d,
J =1.8 Hz, 1H), 7.56 (s, 1H), 7.55~7.51 (m, 1H), 7.36
(s, 1H), 7.35~7.31 (m, 1H), 7.28 (s, 1H), 7.26 (s, 1H),
6.93 (d, J = 8.4 Hz, 2H), 6.02 (s, 2H), 6.00 (d, J =
1.4 Hz, 1H), 5.97 (d, J = 1.4 Hz, 1H), 3.99 (s, 3H), 3.92
(s, 3H), 3.73 (s, 2H), 3.69 (s, 3H), 3.48 (t, J = 7.2 Hz,
2H), 3.06 (s, 2H), 2.70 (s, 2H), 2.58 (t, J = 7.2 Hz, 2H),
1.94~1.89 (m, 4H), 1.68~1.62 (m, 2H), 1.47 (t, J =
6.9 Hz, 2H), 1.40~1.27 (m, 12H); *C NMR (100 MHz,
CDCl) 6 166.3, 164.5, 158.4, 150.9, 149.7, 147.5,
147.3, 147.2, 142.6, 142.5, 138.7, 138.3, 138.0, 129.0,
128.7, 128.3, 123.6, 123.3, 122.9, 121.3, 120.2, 115.8,
112.7, 112.2, 111.6, 111.2, 102.5, 102.4, 56.7, 56.6, 53.5,
52.0, 49.6, 49.5, 34.0, 31.8, 30.1, 29.5, 29.5, 29.4, 27.4,
27.0, 24.8, 23.1, 22.8, 4l &f 98.4% (HPLC). HR-MS
(ESD): m/z [M+H]" (C,,H;,N,O, ) i1 5 1H 846.396 6, il
=18 846.394 6.

8a W& B (IR W AR, 77 % 69%. 'H NMR
(400 MHz, CDCL,) ¢ 7.99 (d, J = 8.0 Hz, 1H), 7.93 (d,
J = 8.0 Hz, 1H), 7.56 (s, 1H), 7.51 (t, J = 7.6 Hz, 1H),
7.36 (s, 1H), 7.31 (d, J= 8.0 Hz, 2H), 7.15 (d, J= 7.6 Hz,
1H), 7.02 (s, 1H), 6.89 (dd, J = 8.0, 1.4 Hz, 1H), 6.02 (s,
2H), 5.96 (dd, J = 6.0, 1.2 Hz, 2H), 5.16 (brs, 1H), 3.98
(s, 3H), 3.89 (s, 3H), 3.79 (s, 2H), 3.69 (s, 3H), 3.55
(s, 2H), 3.05 (t, J = 5.6 Hz, 2H), 2.89~2.83 (m, 2H),
2.69 (d, J = 5.8 Hz, 2H), 1.91~1.81 (m, 4H); "C NMR
(100 MHz, CDCL,) § 166.3, 164.5, 157.8, 151.4, 151.0,
147.3, 147.2, 146.6, 142.5, 142.5, 141.8, 138.8, 138.3,
129.4, 128.6, 127.9, 125.4, 123.7, 123.2, 123.0, 122.7,
121.2, 120.2, 119.9, 115.8, 112.7, 112.1, 111.6, 111.1,
102.5, 102.4, 56.6, 56.5, 52.9, 52.0, 49.0, 48.1, 33.5,
24.7, 23.0, 22.6. 4l [¥ 99.0% (HPLC). HR-MS (ESI):
m/z [M+H]" (C, Hy,N,0,)) it 58 734.271 4, Il & 18
734.270 8.

8b V& ¥ B IR W AR, 77 % 47%. 'H NMR
(400 MHz, CDCL,) 6 7.93 (d, 1H, J = 8.8 Hz), 7.89 (d,
1H, J = 8.4 Hz), 7.53 (t, 2H, J = 8.8 Hz), 7.39~7.30 (m,
2H), 7.27 (s, 2H), 7.12 (d, 1H, J = 7.2 Hz), 6.98 (s, 1H),
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6.87 (d, 1H, J = 7.6 Hz), 6.02 (s, 2H), 5.98 (s, 2H), 3.98
(s, 3H), 3.90 (s, 3H), 3.74 (s, 2H), 3.69 (s, 3H), 3.48 (t,
2H, J = 6.8 Hz), 3.05 (s, 2H), 2.69 (s, 2H), 2.64 (t, 2H,
J = 6.8 Hz), 1.89 (s, 4H), 1.72~1.67 (m, 2H), 1.62~
1.55 (m, 2H), 1.25 (s, 2H); °C NMR (100 MHz, CDCl,)
0 166.3, 164.5, 158.5, 151.0, 150.7, 147.5, 147.3, 147.2,
142.6, 142.5, 142.1, 138.8, 138.3, 129.3, 128.7, 128.3,
125.3, 123.7, 123.3, 122.8, 121.1, 120.3, 120.0, 116.0,
112.7, 112.1, 111.6, 111.2, 102.5, 102.4, 100.0, 56.7,
56.6, 53.6, 52.0, 49.4, 49.0, 34.1, 29.5, 27.6, 24.9, 23.1,
22.8, #lifF 98.5% (HPLC). HR-MS (ESI): m/z [M+H]"
(C,H,N,0,,) T 518 762.302 7, Wl & {H 762.300 8.

8¢ R R WK, P2 % 63%. 'H NMR
(400 MHz, CDCl,) 6 7.94 (d, 1H, J = 8.4 Hz), 7.89 (d,
1H, J = 8.4 Hz), 7.56 (s, 1H), 7.52 (t, 1H, J = 7.6 Hz),
7.36 (s, 1H), 7.32 (d, 1H, J = 8.0 Hz), 7.26 (t, 1H, J =
8.0 Hz), 7.12 (d, 1H, J = 8.0 Hz), 6.99 (s, 1H), 6.87 (dd,
1H, J = 8.0, 1.2 Hz), 6.00 (s, 2H), 5.98 (s, 2H), 3.97 (s,
3H), 3.89 (s, 3H), 3.73 (s, 2H), 3.69 (s, 3H), 3.45 (t, 2H,
J =172 Hz), 3.04 (t, 2H, J = 6.0 Hz), 2.67 (t, 2H, J =
5.6 Hz), 2.57 (t, 2H, J = 7.2 Hz), 1.90~1.88 (m, 4H),
1.67~1.58 (m, 2H), 1.51~1.44 (m, 2H), 1.41~1.29 (m,
4H); “C NMR (100 MHz, CDCl,) § 166.3, 164.5, 158.4,
151.0, 150.8, 147.5, 147.4, 147.2, 142.5, 142.5, 142.3,
138.7, 138.3, 129.2, 128.7, 128.2, 125.3, 123.6, 123.3,
122.9, 121.1, 120.3, 119.9, 115.9, 112.7, 112.1, 111.6,
111.3, 102.5, 102.4, 56.6, 56.6, 53.6, 52.0, 49.4, 49.3,
34.1,31.7,30.0,27.1,26.9,24.8,23.1,22.8. #1i%99.6%
(HPLC). HR-MS (ESI): m/z [M+H]" (C,H,N,0,) it
HAE 790.334 0, I &1 790.331 5.

8d R B AR AR, 7R % 48%. 'H NMR
(400 MHz, CDCl,) 6 7.96 (d, 1H, J = 8.4 Hz), 7.91 (d,
1H, J = 8.4 Hz), 7.61~7.51 (m, 2H), 7.37 (s, 2H), 7.33
(t, 1H, J= 7.6 Hz), 7.27 (t, 1H, J = 8.0 Hz), 7.14 (d, 1H,
J=1.6 Hz), 6.99 (s, 1H), 6.87 (dd, 1H, J = 8.0, 1.2 Hz),
6.03 (s, 2H), 6.00 (q, 2H, J = 1.2 Hz), 3.99 (s, 3H), 3.92
(s, 3H), 3.75 (s, 2H), 3.70 (s, 3H), 3.48 (t, 2H, J= 7.2 Hz),
3.07 (s, 2H), 2.70 (s, 2H), 2.59 (t, 2H, J = 7.2 Hz), 1.94~
1.87 (m, 4H), 1.65 (m, 2H), 1.47 (t, 2H, J = 7.2 Hz),
1.39~1.26 (m, 8H); "C NMR (100 MHz, CDCL,) §
166.3, 164.5, 158.3, 150.9, 147.3, 147.2, 142.5, 142.5,
142.3, 138.7, 138.3, 129.2, 128.5, 128.4, 125.3, 123.6,
123.2, 122.9, 122.8, 121.1, 120.1, 119.9, 115.7, 112.7,
112.1, 111.5, 111.1, 102.5, 102.4, 56.6, 56.5, 53.6, 52.0,
49.5,33.9, 31.8, 30.0, 29.4, 29.3, 27.2, 26.9, 24.8, 23.0,

22.8, 4fiJ¥97.3% (HPLC). HR-MS (ESI): m/z [M+H]"
(C,H,N,0,,) 1T 514 818.365 3, Wl &4 818.362 9.

8e & T A MR WA, 77 2 33%. 'H NMR
(400 MHz, CDCL,) 6 7.91 (t, 2H, J = 8.0 Hz), 7.46 (s,
1H), 7.45 (t, 1H, J = 8.0 Hz), 7.24 (t, 1H, J = 8.0 Hz),
7.20 (s, 1H), 7.17 (t, 1H, J = 7.6 Hz), 7.05 (d, 1H, J =
8.0 Hz), 6.90 (s, 1H), 6.78 (dd, 1H, J= 8.0, 1.2 Hz), 5.92
(s, 2H), 5.89 (s, 2H), 4.42 (brs, 1H), 3.88 (s, 3H), 3.81
(s, 3H), 3.66 (s, 2H), 3.60 (s, 3H), 3.46 (t, 2H, J = 7.2 Hz),
2.99 (s, 2H), 2.57 (s, 2H), 2.50 (t, 2H, J = 7.2 Hz), 1.79
(s, 4H), 1.61~1.54 (m, 2H), 1.44~1.36 (m, 2H), 1.26~
1.15 (m, 12H); "C NMR (100 MHz, CDCl,) é 166.3,
164.4, 156.8, 151.9, 150.9, 147.3, 147.2, 145.6, 142.5,
142.5, 142.0, 138.7, 138.3, 129.2, 129.1, 126.9, 125.4,
123.8, 123.3, 122.9, 121.1, 119.9, 119.3, 114.7, 112.7,
112.1, 111.6, 111.2, 102.5, 102.4, 56.6, 56.6, 53.5, 51.9,
49.5, 49.3, 32.8, 31.6, 30.0, 29.5, 29.4, 29.3, 27.3, 26.9,
24.6, 22.8, 22.4, 4li[¥ 96.8% (HPLC). HR-MS (ESI):
m/z [M+H]" (C,HN,O,)) it 5 {H 846.396 6, ll & fH
846.394 8.
2 BEREEESHIEE M

7 96 FLAR ik B 6 A~ FL, &L 10 pL iH 55 /i
fifg FilE 15 00, LA K 05.10.20.35.50 uL #5 W 4k &5 9 %
T, N 0.1 mol-L' pH = 8.0 M FR 22 i A s AR R Ry
100 uL, 37 °C#% & 15 min, i A ATC (10 uL). DTNB
(10 pL) K 2% M (80 uL) MR A W31 100 pL, VB2
JE M HAE A =412 nm kb1 A48 (4,), Z LA 0.1 mol-L™
pH = 8.0 [ B BR 2% 1h I . ATC I H RIKIEN A 1y
{8, CLARINEE S TS 4, JEAE N 100 45 77 547 .
FAXI BTG 71 = (A, ~ A gy | A ~ A 3) % 100, 2R LA
{180 R T 3 55 o) 70 94 B A I, AR 4 o) oy 4 SR A9 &
Bk & W 00 TC, (B (A0 i) 8 5 77 50% B 1 4100 1) 7]
FE). SLHE A 3K, BUFAME .
3 FFXE

K H Autodock 4.2 7> T X HEERE P TG 84 5
AChE H EAE B 5T . AHHEZ B & A iS5 /N5 +
R P04k B o Ach 3 B, 4 B 1 U SRR R R R N I A
B, W T Gasteiger HLfaf; X /N4> T b AT e oF 5, 0 E
A T B . 49 3 1) B E BT 45 0 & H AUOTOGRID
Bo A b @R R - 2R B AT 5 SR A A B
BEANPIAS s A EE 0.375 A, AR BT 0 30l B T BT 1 1)
J&E ¥ (AChE[2.781.64.383.67.971]), K /N & N 50x
46x46 A, BLFE TIEVE PTG kAL . MR T
Fr 1 v 8L Ik (LGA), BEHLAN R EE A 150, B8 & VF4h
K2 500 000, HAh S HCH AN S



2, 0

2766 - 2% %4 Acta Pharmaceutica Sinica 2022, 57(9): 2759 —2766

4 YPASKEG

o i 15 5% MTT I 18 A1 40 L 9 ROS A&l 2 %

SR,

B & TUAK: YRIR T T A B MR & B 45 4 5 E AT TR

Vi I R VA5 A AKME T2 B T 20 1 R R SE ARG B
SRR T RSN EIR L PP AT 2 R iR T S0 A 52 18 5T
LEE

FUEE SR P A A1 & 2 WA AL R 23 70 2%

References

(1]

(2]

[3]

(4]

(5]

(6]

(7]

[8]

(]

[10]

[11]

[12]

Srivastava S, Ahmad R, Khare SK. Alzheimer's disease and its
treatment by different approaches: a review [J]. Eur J Med
Chem, 2021, 216: 113320.

Huang L, Zhao C, Feng X, et al. Exploration of nonclinical
pharmacodynamics evaluation system of Alzheimer's disease [J].
Acta Pharm Sin (£5%%%4)), 2020, 55: 789-805.

Zhang B, Pang X, Jia H, et al. Repositioning drug discovery for
Alzheimer's disease based on global marketed drug data [J]. Acta
Pharm Sin (2§22 %)), 2019, 54: 1214-1224.

Wang X, Sun G, Feng T, et al. Sodium oligomannate therapeuti-
cally remodels gut microbiota and suppresses gut bacterial amino
acids-shaped neuroinflammation to inhibit Alzheimer's disease
progression [J]. Cell Res, 2019, 29: 787-803.

https://edition. cnn. com/2021/06/07/health/alzheimers-drug-adu-
canumab-fda-approved-wellness/index.html.

Wu WY, Dai YC, Li NG, et al. Novel multitarget-directed tacrine
derivatives as potential candidates for the treatment of Alzheimer's
disease [J]. J Enzyme Inhib Med Chem, 2017, 32: 572-587.
Bortolami M, Rocco D, Messore A, et al. Acetylcholinesterase
inhibitors for the treatment of Alzheimer's disease-a patent review
(2016-present) [J]. Expert Opin Ther Pat, 2021, 31: 399-420.
Mesulam MM, Guillozet A, Shaw P, et al. Acetylcholinesterase
knockouts establish central cholinergic pathways and can use
butyrylcholinesterase to hydrolyze acetylcholine [J]. Neuroscience,
2002, 110: 627-639.

Agatonovic-Kustrin S, Kettle C, Morton DW. A new therapeutic
target in Alzheimer's disease treatment: attention to butyrylcho-
linesterase [J]. Curr Med Res Opin, 2001, 17: 159-165.

Marucci G, Buccioni M, Dal Ben D, et al. Efficacy of acetylcho-
linesterase inhibitors in Alzheimer's disease [J]. Neuropharma-
cology, 2021, 190: 108325.

Wagstaff AJ, McTavish D. Tacrine. A review of its pharmacody-
namic and pharmacokinetic properties, and therapeutic efficacy
in Alzheimer's disease [J]. Drugs Aging, 1994, 4: 510-540.

Fang L, Kraus B, Lehmann J, et al. Design and synthesis of
tacrine-ferulic acid hybrids as multi-potent anti-Alzheimer drug

candidates [J]. Bioorg Med Chem Lett, 2008, 18: 2905-2909.

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

(22]

(23]

[24]

Chen X, Zenger K, Lupp A, et al. Tacrine-silibinin codrug shows
neuro- and hepatoprotective effects in vitro and pro-cognitive
and hepatoprotective effects in vivo [J]. ] Med Chem, 2012, 55:
5231-5242.

Jerabek J, Uliassi E, Guidotti L, et al. Tacrine-resveratrol fused
hybrids as multi-target-directed ligands against Alzheimer's
disease [J]. Eur ] Med Chem, 2017, 127: 250-262.
Fernaandez-Bachiller MI, Péerez C, Monjas L, et al. New
tacrinee 4-oxo-4H-chromene hybrids as multifunctional agents
for the treatment of Alzheimer's disease, with cholinergic, anti-
oxidant, and beta-amyloid-reducing properties [J]. ] Med Chem,
2012, 55: 1303-1317.

Cen J, Guo H, Hong C, et al. Development of tacrine-bifendate
conjugates with improved cholinesterase inhibitory and pro-
cognitive efficacy and reduced hepatotoxicity [J]. Eur J Med
Chem, 2018, 144: 128-136.

Luo W, Li YP, He Y, et al. Synthesis and evaluation of
heterobivalent tacrine derivatives as potential multi-functional
anti-Alzheimer agents [J]. Eur J] Med Chem, 2011, 46: 2609-
2616.

Tang X, Gu X, Ren Z, et al. Synthesis and evaluation of substituted
dibenzo[c,e]azepine-5-ones as P-glycoprotein-mediated multidrug
resistance reversal agents [J]. Bioorg Med Chem Lett, 2012, 22:
2675-2680.

Carlier PR, Han YF, Chow ES, et al. Evaluation of short-tether
bis-THA AChE inhibitors. A further test of the dual binding site
hypothesis [J]. Bioorg Med Chem, 1999, 7: 351-357.

Luo W, Wang T, Hong C, et al. Design, synthesis and evaluation
of 4-dimethylamine flavonoid derivatives as potential multifunc-
tional anti-Alzheimer agents [J]. Eur J Med Chem, 2016, 122:
17-26.

Ellman GL, Courtney KD, Andres VJ, et al. A new and rapid
colorimetric determination of acetylcholinesterase activity [J].
Biochem Pharmacol, 1961, 7: 88-95.

Choudhury AK, Raja S, Mahapatra S, et al. Synthesis and evalua-
tion of the anti-oxidant capacity of curcumin glucuronides, the
major curcumin metabolites [J]. Antioxidants (Basel), 2015, 4:
750-767.

Li SY, Wang XB, Xie SS, et al. Multifunctional tacrine-flavo-
noid hybrids with cholinergic, beta-amyloid-reducing, and metal
chelating properties for the treatment of Alzheimer's disease [J].
Eur J Med Chem, 2013, 69: 632-646.

Oset-Gasque MJ, Gonzalez MP, Perez-Pena J, et al. Toxicologi-
cal and pharmacological evaluation, antioxidant, ADMET and
molecular modeling of selected racemic chromenotacrines{11-
amino-12-aryl-8,9, 10, 12-tetrahydro-7H-chromeno([2, 3-b]quinolin-
3-ols} for the potential prevention and treatment of Alzheimer's

disease [J]. Eur ] Med Chem, 2014, 74: 491-501.



