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Preparation and the Activity Evaluation of AChE/MAO-B Dual Inhibitors Using Click JIA Zhao*', LIANG Xu-hua',
ZHOU Wei® , PAN Ting-ting" , LI Shi-xi' ( 1. College of Biology Pharmacy and Food Engineering, Shangluo University , Shangluo
726000, China;2.Shaanxi Xiangju Pharmaceutical Group Real Estate Co.,Ltd.,Shangluo 726000, China)

Abstract ; The Click was utilized to design and manufacture 22 coumarin derivatives.In the micromolar range ,the majority of these
compounds exhibite potent dual inhibitory activity against AChE and MAO-B, suggesting favorable biocompatibility. Among these
derivatives, A2B5 emerged as the most effective AChE/MAO-B dual inhibitor,with ICs, values of (0. 23+0. 02) pmol/L for AChE
and(0.31+0.03) pmol/L for MAO-B, respectively. Experimental results highlight, coumarin groups as robust dual inhibitory
functional groups for MAO-B and AChE,with enhanced inhibitory activity observed in the presence of hydroxyl substituted ben-
zene rings. Molecular docking studies revealed that A2B5 functions as a dual-site inhibitor,with the triazole moiety binding to the
center canyon of the active sites and the phenyl and the coumarin units attaching to the CAS site of AChE and the the PAS site of
MAO-B, respectivley.Specially, the phenyl component of A2B5 links to the substrate cavity,forming interactions within the “aro-
matic cage” created by Tyr435,Tyr398,and FAD,while the coumarin portion binds to the entrance cavity of MAO-B.In conclu-
sion, the development of coumarin C7 substituted compounds as AChE/MAO-B dual inhibitors presents a promising approach for
advancing research and development efforts focused on dual-target medications for Alzheimer's disease.
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Sigma Aldrich 23] 5 J N B 2 g etk A 7
RN (B 38 1k R A, GF254 VE MW [ 570 s IR AW
R Z MBS, A1 Bk 2 R 2 B AR R 2 A
PRI,
1.2 SRk
1.2.1 SIS
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[ 1 12 mL(0. 088 mol)4-44 LT 2R .16
TEVKIS ST 65 60 mL e B 1 2% 48 Tk Jn %) 2 1o
Wb, ISR UKIR A T RS R4 b SR
Je ¥ SRR A VKK H B [ R L 0, DR
DEFK PR, 70 °C B2 T A 5] 4- (S 36) -7-
FeIE2H-(dfs-2-W ( 1),

1.2 g(6 mmol)’ﬂﬁﬁ% I B #AE 20 mL T
S DMF 1 JinA 0. 01 g(0. 6 mmol ) fllfLAR | 5K
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Fig.3 Synthesis route of coumarin azide Al

"HNMR ( CDCl,,400 MHz) ,8:7.37(d,1H,J=
8.0 Hz,—CH) ;6.84(d,1H,J=8.0 Hz,—CH) ;
6.68(dd, 1H, J=4.0,4.0 Hz,—CH) ;6.07 (s,
1H,—CH) ;4.84(d,2H,J=1.0 Hz,—CH,), IR
(KBr), v, em™:2 112 (—N3), ESI-MS, m/z:
218.18[ M+H] ",
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FNERAE SR R IERE 5 hy [N &SR, i ug, I
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Fig.4 Synthesis route of coumarin azide A2

"HNMR ( CDCl,, 400 MHz),8.7.45(d, 1H,
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—CH);6.88 (s, 1H,—CH);6.78 (dd, 1H, J =
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I A W) 7-(2-(4-(4-FRIEHSE) -1H-1,2,
3-=W-1-3E ) O KL ) -4-H FE-2H-28 T ik g -2- il
(A2B5) AR IR 93% ,m. p.324~325 °C,

"HNMR ( CDCl,, 400 MHz), &: 8.51 (s, 1H,
—CH);7.72~7.66(m,2H,—CH) ;7.46(d, 1H,
J=4.0 Hz,—CH);6.93~6.87 (m,2H,—CH) ;
6.77(dd, 1H, J =4.0,4.0 Hz,—CH);6.09 (s,
1H,—CH) ;4.57(t,2H,J=4.0 Hz,—CH,) ;4. 39
(t,2H,J=4.0 Hz,—CH,) ;2.44(s,3H,—CH,) .
BCNMR ( CDCl,, 100 MHz) , 8: 161.99, 161. 00,
160. 48,159. 13, 151. 96, 149. 07, 126. 81, 126. 65,
124.43,123.82,117.01,114.48 ,111.76,108. 95,
106.57, 65.94, 49.13, 19.87, ESI-MS, m/z:
364.13[ M+H] ",
1.2.4  URAMEBLER [ ( ChE ) % A

R T VA MRS 2 Ak %o TR i I P 4
TS P L B X ACKE By e84, e T &9
[~ AChE F1 BuChE 135 M

K Ellman' > J7 34630 ChE A3 HIE P K
0. 158 mL( 100 mmol/L) BBRAFZE ik (pH 7. 4) .
0.02 mL(0. 1 mmol/L) 752 AT AW I —H 3
AR W A ChE ( AChE 1 BuChE,0. 02 mL, B4
Yrh i X B B E S 50 U/L) L 7E 37 C FIRE
15 min J&7, A 0.01 mL(0.3 mmol/L)5,5"-—"#i
AL (2-f5 K H R ) (DTNB) % W A1 0. 04 mL
(1.5 mmol/L) ALAR 2. Bk A AH Ak i A, T Mk A HE
BRI, 37 C FAREENFE 15 min, R ZDIREM
FRAE A =412 nm A SO . AT A9
(IEAE A 100% , S I 40 1 370 () W S AE 5 2 AH
L, BEAIR Y 4 R B0 O B 2% . Hup A 9 HAE
FEPEXT BR259) , A S8 P-AT 3 IR, 45 SR AT 1C,, il
PeFEEFE # SI(SI=1C,, [ BChE ]/IC,, [ AChE ])
FIR,
1.2.5 PRSI AEAEG (MAO ) 0 335 P AG: DU

il R R e w6 6 1 X MAO (MAO-A il
MAO-B) il 1% M dE A7 T, I8 T — 28/
B, # 0. 14 mL (100 mmol/L) B R 8 % b Wi
(pH 7.4) .0.008 mL (0.75 mmol/L) K J& i Fl
0.002 mL & SRR EYE WA 37 C TR
10 min, #RJ5 % 0.1 mL MAO ( MAO-A H{#
MAO-B, IR G W S A4 BBk B4 50 U/L) , 7E
37 C Fik— M F 30 min J5, A 0.075 mL
(2 mol/L) E AL 1k I N, 22 D) REBEAR AN AE
A, =310 nm/A,, =400 nm &b EZEEHRE, LU
HKINAIT A 9 B 2 G5 B SR 100% , B im0 i 551 fr)
DR 5 Z AR, BEAR Y 432 RIR B ) %
U RIS M HAEXT 25, BT S5
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113, 455 1C,, Flik £ F5 £ SL(SI=1C;,
[ MAO-A]/IC,, [ MAO-B]) %7~ .
1.2.6  4iffudstE

K HIZIN BB T 2 240 B bk (1929) , b FH MTT
tE i s i K B DO R O ER e s . k2 SR I
FIAEFRA A0 ZH 6 BRZH Ry 1929 4iififg, 25 4 A
DMEM E5 53

— A E A E TEOE P R T
VEG F2AMT BB 12 h DB R b T T Bk
A, R EER RS A A DMEM 15 5% 500 1 i1
ST AN ) v 32 1 95 9, FH I 5 XUt DMEM
BRI SL R MLk B Ry 2% 10° A~/mL, 43 F T 96
FLAHMLRG T, ARAT 2 IS FEBR 96 FLAR A
Fert B3 LM A 100 pL(1 mg/mL) MTT,
B 5 F G SRR T 37 °C MR FA R 5% €O, K
FAAHIEE 24 h, RIG, ZBREFFREIFMIH 150
pL DMSO ¥ R UTVE Y , K BEFR AT 490 nm 4b
e WOERE T A B FATE S 3, rEdA
(1) MR

MAFIER /% =

[(OD,ped = 0Dy )/ (OD ot = ODy ) 1 % 100% (1)

T 0D, o WEESRFLBYBORIE (T, 0D, W75 11 FL IO
FEAEL 0D ¥ IEFLHIOE E
1.2.7 5 FRE

MR 5888 % (PDB) M 3t T 4k MAO-B
(PDB ID.2BYB) fil AChE(PDB ID:4EY7) X §}4&
rIRZERE . KBRS SXHE R b B A5 A
PO 53 F LA AH I ) 7K o7 A At 370 58 5 1
It LA.pdbat #&ARAAAE RS2 K, #H Kingdraw 23
il AR AL I I 75 437 I L MOL 4% 20— A7 A L
K fFH Auto dock 4. 2 B HEAT XS . X 4%
S5 PyMOL 3RS mT WAk, 7E 2654460 2D
7 (https : //proteins.plus/) .

2 #£R5iT
2.1 FHERAEDRSIS

HF AL ST C4 M CT i EHBA
FEH R E TR (ALLA2) (K3 - 4), Bz (Bl ~
B11) (& 5) BRI IRTS, A T 7k A, 4
PR E R AP A A E R B, R4, BA
FURIELL V(THF) :V(H,0) = 1 : 1 NIER], Bk
B /AR I R AR A R A AR 3 ek — S i A
LA E R F G RN C4 F1 CT AiE, AT 4
o 7- =AM B R ATAEY (AIBL ~ 11,

A2B1~11) (Kl 6), IrAEFEGEATEWFKT
90% , 223k 137 B 2ok B RH /K e 34, A5 317
2.2 &AM ChE/MAO 1% 1

XF il 55 A G RITA YT T ChE/MAO il
T PP, 45 2R R K28k A W2 A 3
ChE/MAO il 5], 1C, B 75 (B R U N, 14
PR (ST Bonib& %t AChE 1 MAO-B )
H3E PESR T BChE 1 MAO-A (£ 1.%2), MiX
SRR AT LIS 3 S iR A ROC R .

R1 HUEMEDHG G ChE 65T

Tab.1 Inhibitory activity of coumarin derivatives and

reference substances on ChE

AChED BChE"

Inhibitors  Alkyne 1/ (pamol - L) 1Csy/ (ol 11 S1¥

A1B1 Bl 38.9+1. 4 4240.5 10.9
A1B2 B2 259.122.6 766. 30. 2 3.0
A1B3 B3 83.6£2. 1 39.4£3.2 0.5
A1B4 B4 41.60.2 46.2+1.9 1.1
A1B35 B5 36.9+2.7 2504, 3 6.8
A1B6 B6 14.320.2 24.7%0. 2 1.7
A1B7 B7 12.320.2 63.2£0.5 5.1
A1B8 B8 25.9+0.4 24.9+0.3 1.0
A1BY B9 n. a2 n. a.? —

A1B10 B10 1. 6x0. 2 24.920.3 15.6
A1BI11 B11 0. 48=0. 03 38.3£0. 4 79.8
A2B1 Bl 2.70.2 25.3x0.2 9.4
A2B2 B2 24.7+0.3 n.a.? —

A2B3 B3 119.2+0. 3 n. a.? —

A2B4 B4 45.220.3 69. 8x0. 2 1.5
A2B5 B5 0.23+0. 02 50. 8+0.2 220.9
A2B6 B6 13.520.2 5.9:0. 1 0.4
A2B7 B7 22.620.3 91.320.3 4.0
A2BS8 B8 26. 5+0. 2 31.8+0. 4 1.2
A2B9 B9 14.620.2 136.3+0. 4 9.3
A2B10 B10 4.8+0.3 78.120.2 16.3
A2BI11 Bl11 n. a ? n. a.? —

Donepezil ~ — 0.013+0.001  23.402+0.003 1 800. 1

1) TC.5 fELF R B G 1 B ARG 509 JIT T B 390301 390 ok I, 45
ASSEEGATHEART 3 W, PRI, B 2% - H £ SD (SD =F5
W 22) ;2) n. a. = J6i%7;3) SI=1Cs, [ BChE]/ICs,[ AChE] ,

F2 A RPN X MAO R i
Tab.2 linhibitory activity of coumarin derivatives and

reference substances on MAO

Inhibitors  Alkyne MAO-AT MAO-BY s
M 10/ (pmol- L) ICy/ (pmol <L)

A1B1 BI 15. 420.2 12. 820.2 1.2

A1B2 B2 59.4+0.3 11.3%0.3 5.3

A1B3 B3 22.620.2 11.220.2 2.0
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gk LA YR AChE il vE b 2R EF B 5] AL
Ihibitors Alkgne  MACAT o MAOBT LI e )% (A2B2, A2B3) FIHR ( A2B4) B MK 76
G/ ol L) 1o/ (ool ) PE, IR L5 KA (A2BS ) Bk b 9 0 1
AlB4 B4 93.3£0.2 13. 60. 1 6.9 A2BS L7 G 2 A M R R ) ACKE J1613]
wio w msws  mowms a2 IFEBLAIE(AZBO- A2BS) FIIE(A2B9) B
A1B7 B7 31.8:0.3 12.520.3 2.5 I PE . Bk (A2BIL) FIREBEFR (A2B10) F AU
A1BS B8 62.6:0.3 11.30. 1 5.5 PR (A2BL) FEARIAE
A1B9 B9 100. 9:0. 2 10.30.3 9.8 A1B1~AIB11 RIMEAEPXF MAO-B #ll il i
AIBI0 B10 42.7+0.2 5.0+0.2 8.5 P K F 5l AR 2 EFE BB (AIB2,
A1B11 BI1 14.4£0.2 1.9+0.3 7.6 AIB3), 51 A G (A1B4) £ 3 (A1B5) | i %
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Fig.7 a.3D docking model of coumarin derivative A2B5
with AChE ( A2B5 is displayed as rod-shaped, and the
protein residues of the enzyme are displayed as linear;
Atomic colors: Gray represents carbon atoms, blue
represents nitrogen atoms, red represents oxygen atoms,
and white represents hydrogen atoms. The dashed line
represents the hydrogen bonding between proteins and
ligands) ; b.2D schematic diagram of the docking model
between coumarin derivative A2B5 and AChE ( The amino
acid residues are spherical, with orange solid lines
representing 77-7 interactions, dashed lines representing
hydrogen bonds between proteins and ligands ,and numerical
values representing distances )
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Fig.8 a.3D docking model of coumarin derivative A2B5
with MAO-B( A2BS5 is displayed as rod shaped, the protein
residues of the enzyme are displayed as linear,and FAD is
displayed as yellow rod shaped; Atomic colors: Gray
represents carbon atoms, blue represents nitrogen atoms,
red represents oxygen atoms, and white represents
hydrogen atoms. The dashed line represents the hydrogen
bonding between proteins and ligands) ; b. 2D schematic
diagram of the docking model between coumarin derivative
A2B5 and MAO-B(The amino acid residues are spherical,
with orange solid lines representing 7-7 interactions,
dashed lines representing hydrogen bonds between proteins

and ligands, and numerical values representing distances )
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