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Abstract: 19 cinnamamide/ester-triazole compounds were designed, synthesized and evaluated for their anti-
Alzheimer's disease (AD) activity. Among them, compound 4f displayed excellent anti-f-amyloid protein (Af)-
mediated cytotoxicity (EC,, = 2.03 + 2.45 umol-L"") in APPswe cells and acetylcholinesterase inhibiton (IC, = 4.88 +
4.70 umol-L™). Further study indicated that, at dosages of (1, 5 and 25 mg-kg"), compound 4f was effective in
improving spatial learning and memory deficits in Af, ,-impaired mice, which was achieved by promoting the
nonamyloidogenic signaling and inhibiting the amyloidogenic pathway, along with the suppression of Af-induced
Tau phosphorylation. All animal experiments in this study were approved by the Experimental Animal Care and
Use Committee of the Institute of Medicinal Biotechnology (IMB-20220908D701). In conclusion, compound 4f
holds promise as a lead candidate for AD treatment, and the present study lays the foundation for its subsequent
development.
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Figure 1 Chemical structures of clinical treatment drugs for Alzheimer's disease (AD)
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Figure 2 Design of novel cinnamamide/ester triazole derivatives
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Reagent and conditions: (i) cinnamic acid, propargulamine, DCC, DMAP, CH,Cl,, r.t., 12 h, for 3a; (ii) ferulic acid/caffeic acid, propargu-
lamine, TEA, BOP, DMF, DCM, r.t., 5 h, for 3b—3¢; (iii) cinnamic acid/ferulic acid, 3-bromopropyne, K,CO,, DMF, r.t.,12 h, for 3d-3e; (iv)
caffeic acid, 3-bromopropyne, Na,CO,, KI, HMPA, 0 °C-r.t., overnight, for 3f. (v) NaN,, DMSO, r.t.; (vi) sodium ascorbate (40 mol%),

CuSO,-5H,0, (20 mol%), DMSO/H,O (1:1 v/v), r.t,, 12 h.

Scheme 1 Synthetic routes to target compounds 4a—4i, 5a-5j
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Table 1 Physical and spectral data of target compounds
HRMS (m/z)
Yield 'HNMR C NMR Formula
Compd mp/°C
1% (400 MHz, DMSO-d,) 6 (100 MHz, DMSO-d,) § (caled.)
found
4a 61.2 135-137 8.62(d,J=5.8 Hz, 1H), 8.02 (s, 1H), 7.55 (dd, J=17.2, 165.4, 145.3, 139.5, 135.3, 133.8, 133.1, [M+Na]"
7.5 Hz, 3H), 7.42 (td, J= 16.3, 15.4, 8.0 Hz, 6H), 7.25 (dd, ~ 131.0, 130.7, 130.1, 130.0, 129.4, 128.2, CH.CIN,O
J=7.4,1.9 Hz, 1H), 6.68 (d, J= 15.8 Hz, 1H), 5.71 (s, 2H), 128.0, 123.9, 122.3, 51.0, 34.8 (375.098 31)
4.47(d, J= 5.6 Hz, 2H) 375.099 55
4b 554 126-128 8.63 (t,J=5.7 Hz, 1H), 8.10 (s, 1H), 7.61-7.55 (m, 2H),  165.3, 145.6, 139.5, 139.0, 135.3, 133.7,  [M+Na]'
7.53-7.37 (m, 7H), 7.31 (s, 1H), 6.68 (d, /= 15.8 Hz, 1H), ~ 131.2,130.0, 129.4, 128.6, 128.4, 128.0, C H CIN,O
5.62 (s, 2H), 4.46 (d, J = 5.6 Hz, 2H) 127.2,123.7,122.3, 52.4, 34.8 (375.098 31)
375.099 33
4c 489 186-188 8.63 (t,J=5.7 Hz, 1H), 8.10 (s, 1H), 7.61-7.55 (m, 2H), 165.3, 145.6, 139.5, 139.0, 135.3, 133.7, [M+Na]"
7.53-7.37 (m, 7TH), 7.31 (s, 1H), 6.68 (d, /= 15.8 Hz, 1H), ~ 131.2, 130.0, 129.4, 128.6, 128.4, 128.0, C,,H,,CIN,O
5.62 (s, 2H), 4.46 (d, /= 5.6 Hz, 2H) 127.2,123.7,122.3, 52.4, 34.8 (375.098 31)
375.099 64
4d 61.2 109-111 8.61 (t,J=5.7 Hz, 1H), 8.05 (s, 1H), 7.57 (d, J= 7.3 Hz, 165.3, 159.9, 145.4, 139.5, 138.0, 135.3, [M+Na]"
2H), 7.51-7.36 (m, 5H), 7.31 (t, /= 7.7 Hz, 1H), 6.97-6.84  130.4, 130.0, 129.4, 128.0, 123.5, 122.3, C, H, N,O,
(m, 3H), 6.67 (d, J = 15.8 Hz, 1H), 5.56 (s, 2H), 4.45 (d,J= 120.6, 114.3, 113.9, 55.6, 53.1, 34.8 (371.147 85)
5.6 Hz, 2H), 3.76 (s, 3H) 371.148 65
4e 454  110-112 8.61 (t,J=5.8 Hz, 1H), 8.04 (s, 1H), 7.57 (d, J="7.3 Hz, 165.3, 161.1, 145.4, 139.5, 138.7, 135.3, [M+Na]”
2H), 7.50-7.37 (m, 4H), 6.67 (d, J = 15.8 Hz, 1H), 6.48 (dd, 130.0, 129.4, 128.0, 123.6, 122.3,106.6,  C, H,,N O,
J=11.2,2.3 Hz, 3H), 5.50 (s, 2H), 4.45 (d, J = 5.6 Hz, 2H), 100.0, 55.7, 53.2, 34.8 (401.158 41)
3.73 (s, 6H) 401.159 55
4f 425 164-166 9.44 (s, 1H), 8.45 (t,J=5.7 Hz, 1H), 8.08 (s, 1H), 7.76 (d, 165.8, 148.8, 148.3, 145.8, 141.3, 139.9, [M+H]'
J=28.1Hz,2H), 7.51 (d, J=8.0 Hz, 2H), 7.36 (d, J=15.7 129.2,129.1, 128.6, 126.8, 126.2, 124.6, C, H JF,N,O,
Hz, 1H), 7.12 (d, /= 2.0 Hz, 1H), 6.99 (dd, /=8.2,2.0 Hz, 123.8,122.0, 119.1, 116.1, 56.0, 52.5, (433.148 20)
1H), 6.80 (d, /= 8.1 Hz, 1H), 6.48 (d,J=15.7 Hz, 1H), 5.71 34.8 433.147 46
(s, 2H), 4.43 (d, J = 5.6 Hz, 2H), 3.80 (s, 3H)
4g 40.6 97-99 9.43 (s, 1H), 8.42 (t,J= 5.8 Hz, 1H), 8.02 (s, 1H), 7.44-7.34 165.5, 162.6, 148.4, 147.7, 145.8, 140.0, [M+Na]
(m, 3H), 7.22 (t,J = 8.7 Hz, 2H), 7.15 = 7.11 (m, 1H), 7.00  132.4 (d,J=3.3 Hz), 130.3 (d, /=84  C,H,FN,0,
(dd, /=8.3, 1.8 Hz, 1H), 6.81 (d,J=8.0 Hz, 1H), 6.48 (d, Hz), 127.3,122.4,121.8, 118.7, 115.6, (405.133 34)
J=15.7Hz, 1H), 5.58 (s, 2H), 4.43 (d, /= 5.6 Hz, 2H), 3.81 115.3 (d,J=16.0 Hz), 110.4, 55.3,52.5, 405.134 52
(s, 3H) 347
4h 643  125-127 9.44 (s, 1H), 8.44 (t,J=5.7 Hz, 1H), 7.99 (s, 1H), 7.53 (dd, 165.8, 148.8, 148.3, 145.5, 139.9, 133.9, [M+H]'
J=17.5,1.8 Hz, 1H), 7.45-7.30 (m, 3H), 7.23 (dd, J=7.1,  133.1, 1310, 130.7, 130.1,128.2, 126.8, C,H,,CIN,O,
2.2 Hz, 1H), 7.12 (d, J = 2.0 Hz, 1H), 7.00 (dd, /= 8.2, 1.8 ~ 123.9, 122.0, 119.1, 116.1, 111.3, 56.0, (399.121 84)
Hz, 1H), 6.80 (d, J = 8.1 Hz, 1H), 6.48 (d, J=15.7 Hz, 1H), 50.9, 34.8 399.121 58
5.69 (s, 2H), 4.43 (d, J = 5.6 Hz, 2H), 3.80 (s, 3H)
4i 36.8 147-149 8.46 (t,J =5.8 Hz, 1H), 8.02 (s, 1H), 7.45-7.38 (m, 2H), 165.8, 162.3, 147.6, 146.0, 145.7, 140.0, [M+Na]"
7.32-7.18 (m, 3H), 6.96 (d, J=2.1 Hz, 1H), 6.85 (dd, J=  132.9(d,J=3.0 Hz), 130.8 (d, /=84  CH,FN,0,
8.1,2.0 Hz, 1H), 6.76 (d, /= 8.1 Hz, 1H), 6.36 (d, J= Hz), 126.8, 123.4, 121.0, 118.6, 116.2 (391.117 69)
15.7 Hz, 1H), 5.58 (s, 2H), 4.42 (d, J = 5.7 Hz, 2H) (d,J=52Hz), 1159, 114.2,52.4,347  391.118 87
5a 645  97-99 834 (s, IH), 7.79-7.66 (m, 3H), 7.45 (t, J = 4.7 Hz, 6H), 166.4, 145.6, 142.8, 138.9, 134.4, 133.8,  [M+Na]"
7.33 (m, 1H), 6.69 (d, /= 16.0 Hz, 1H), 5.67 (s, 2H), 5.30 131.2,131.1,129.4,128.9, 128.7, 128.4, CH CIN,O,
(s, 2H) 127.3,125.6, 118.1, 57.7, 52.5 (376.082 33)
376.083 34
5b 62.1 93-88 8.30(d,J=7.1 Hz, IH), 7.73 (dt, J=23.1, 6.6 Hz, 3H), 7.46 166.4, 159.9, 145.5, 142.7, 137.8, 134 .4, [M+Na]”
(d, J= 6.6 Hz, 3H), 7.34 (t, /= 7.9 Hz, 1H), 7.02-6.88 (m, ~ 131.1, 130.4, 129.4, 128.9, 125.5, 120.6, ~ C, H /N,O;
3H), 6.70 (dd, J=15.9, 6.4 Hz, 1H), 5.61 (d, J=5.7 Hz, 118.1, 114.3, 114.0, 57.7, 55.6, 53.2 (372.131 86)
2H), 5.30 (d, J = 5.8 Hz, 2H), 3.77 (d, J = 5.7 Hz, 3H) 372.13297
Sc¢ 48.1  130-132 8.29 (s, 1H), 7.77-7.66 (m, 3H), 7.44 (dt,J=5.9, 2.8 Hz, 166.4, 161.2, 145.5, 142.6, 138.5, 134.4, [M+Na]"
3H), 6.69 (dd, J=16.1, 1.9 Hz, 1H), 6.51 (dd, J = 13.6, 131.1,129.4,128.9, 125.5, 118.1, 106.6,  C, H,N,O,
2.2 Hz, 3H), 5.55 (s, 2H), 5.29 (s, 2H), 3.75 (s, 6H) 100.1, 57.7, 55.7, 53.3 (402.142 43)
402.143 83
5d 56.5 147-149 8.25 (s, 1H), 7.74-7.65 (m, 3H), 7.45-7.36 (m, 5H), 7.30-  166.4, 151.2, 145.5, 142.6, 134.4,133.5,  [M+Na]'
7.26 (m, 2H), 6.66 (d, J=16.0 Hz, 1H), 5.57 (s, 2H), 5.26 131.1,129.4,128.9, 128.3, 126.0, 125.3, C,,H,)N,0,

(s, 2H), 1.26 (s, 9H)

118.1,57.7, 53.0, 34.8, 31.5

(398.183 99)
398.185 61
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Continued
HRMS (m/z)
Yield 'H NMR “C NMR Formula
Compd mp/°C
% (400 MHz, DMSO-d,) ¢ (100 MHz, DMSO-d,) 6 (calced.)
found
Se 63.4 Oil  9.63 (s, 1H), 8.23 (s, 1H), 7.64 - 7.47 (m, 2H), 7.40 (m, J=  166.8, 149.9, 148.4, 146.1, 142.7,133.7,  [M+H]"
10.0, 8.6, 5.1, 1.7 Hz, 2H), 7.33 (d, J = 2.0 Hz, 1H), 7.27 133.1,131.1,130.8, 130.1, 128.3, 126.0, C,H,,CIN,O,
(dd, J=17.1,2.2 Hz, 1H), 7.13 (dd, /= 8.2, 1.9 Hz, 1H), 6.79 125.7,123.8, 115.9, 114.4, 111.7,57.4,  (400.105 86)
(d,J=8.1 Hz, 1H), 6.51 (d,J = 15.9 Hz, 1H), 5.73 (s, 2H),  56.2,51.1 400.105 13
5.25 (s, 2H), 3.81 (s, 3H)
sf 740 175176 9.63 (d,J=1.4Hz, 1H),8.24 (d,J=1.3 Hz, 1H),7.57(d,  166.8,151.2,149.9, 148.4, 146.1, 142.8,  [M+H]"
J=15.9 Hz, 1H), 7.44-7.36 (m, 2H), 7.35-7.25 (m, 3H), 133.5, 128.3, 126.0, 126.0, 125.2, 123.8, C,,H,.N,0,
7.12 (dt,J = 8.2, 1.8 Hz, 1H), 6.79 (dd, J = 8.1, 1.3 Hz, 1H), 115.9, 114.5, 111.7, 57.5, 56.1, 53.0, (422.207 43)
6.50 (dd, J=15.9, 1.3 Hz, 1H), 5.57 (s, 2H), 5.23 (s, 2H), ~ 34.8,31.5 422206 73
3.80 (d, J = 1.3 Hz, 3H), 1.26 (s, 9H)
5g 76.1 Oil  9.63 (s, 1H), 8.26 (s, 1H), 7.58 (d, J = 15.9 Hz, 1H), 7.33 (d, 166.8,161.2,149.9, 148.4, 146.1, 142.8,  [M+H]"
J=19Hz, 1H),7.12 (dd, J=8.2, 1.9 Hz, 1H), 6.80 (d,J=  138.5,126.0, 125.4, 123.8, 115.9, 1144, C,H,N,O,
8.1 Hz, 1H), 6.61-6.41 (m, 4H), 5.53 (s, 2H), 5.25 (s, 2H),  111.7, 106.6, 100.1, 57.5, 56.1, 55.7, (426.165 96)
3.81 (s, 3H), 3.73 (s, 6H) 53.3 426.165 28
5h 682 176-177 8.23 (s, 1H), 7.59-7.46 (m, 2H), 7.40 (m, 2H), 7.26 (dd, J= 166.7, 149.0, 146.2, 146.0, 142.7, 133.7,  [M+H]"
7.0, 2.3 Hz, 1H), 7.12-6.97 (m, 2H), 6.77 (d, J = 8.2 Hz, 133.1, 131.1, 130.8, 130.1, 128.2, 125.9, CH,.CIN,0,
1H), 6.29 (d, J = 15.9 Hz, 1H), 5.73 (s, 2H), 5.25 (s, 2H) 125.8,122.0,116.2, 115.4,113.9,57.4,  (386.090 21)
51.1 386.089 69
5i 68.6 170-171 8.23(d,J= 1.6 Hz, 1H), 7.50 (d, J = 16.0 Hz, 1H), 7.44— 166.8,151.2, 149.0, 146.2, 146.0, 142.8,  [M+H]"
7.37 (m, 2H), 7.30-7.22 (m, 2H), 7.08-6.96 (m, 2H), 6.76  133.5,128.3, 126.0, 125.9, 125.2,122.0, C,;H,.N,0,
(d, J=8.2 Hz, 1H), 6.28 (dd, J = 16.0, 1.5 Hz, 1H), 5.56 (s, 116.2, 115.4, 113.9, 57.5, 53.0, 34.8, (408.191 78)
2H), 5.22 (s, 2H), 1.26 (s, 9H) 31.5 408.191 01
5j 68.9 166-168 9.62 (s, IH), 9.14 (s, 1H), 8.24 (s, 1H), 7.49 (d,J= 158 Hz, 166.7,161.2,149.0, 146.2, 146.0, 1429,  [M+H]"
1H), 7.12-6.94 (m, 2H), 6.75 (d, J= 8.1 Hz, 1H), 6.47 (dd, ~ 138.5, 125.9, 125.4, 122.0, 116.2, 115.4,  C,H,N,O,
J=9.5,2.3 Hz, 3H), 6.27 (d, J= 15.9 Hz, 1H), 5.51 (s, 2H), 113.9, 106.6, 100.1, 57.5, 55.7, 53.3 (412.150 31)
5.22 (s, 2H),3.71 (d, J= 1.1 Hz, 6H) 412.149 87

2 XF APPswe 4HAE A HDHIE M AV E

7E SH-SYSY 4 ffd Hp isk 22 Fify 3 58745 (1) N Ve b A
A f& % H (amyloid precursor protein, APP), DA% 37 AD
AR APPswe 400, 7EZ40RAE AL B Cu™™ fE N
SR 0 B By IR AR R, AT AB A BRI E
PE, 187 APPswe 41 L ii% 77 1235 FRAKUY . R0, @ PP AG
Y M 5 77 RAS I AL A Pt Ap FEME A RIVER . Bk
AL AW 2R B B N 20 pmol- L, #E4T T 3% PE AT 97,
DA 2 R WK 55 0 55 4 DI Jie A7 Sy BH 1k o R 2471410, e 4] 28 e
1%t o 7 mIE FH B4 S 023 9] 0 %€ £E 0.001.0.01.0.1
1.10.100 pmol- L™ ¥ B T X} 4 25 7-451 475 1) APPswe 4l g
W e S TFARERFFERT 50% Ma, #—Hit
HIEC, . At &g tEas R WK 2/M%K3.

g5 R 2 ML 3 R, BArfb &9 4f . 4g. 4i 1E
20 pmol LR FE F 2 3L KB i (o & R P i o
H, 4G W) 4F (1 EC,, 75 10 umol- L' BA 'R (EC,, = 2.03 &
2.45 pmol-L™), # £8 fR 47 % P 58 T BH M xof 1 24 35 & W
JE I 2 ZRRSE o MeAh, A A0 5d R I — 8 I #0 22 0R
PPAE T, ARR R FE AR . A& 1) 4g~4i FI 55 7E
0.001~10 pmol-L™" P4 2 3 H & B A4 36t % (1) 4 8 fR 4

YER, fHAE 777 & 100 pmol- L', B & 51k, 7
1 pmol L VK FBEBT, 4 &4 de 2 Bt 058 1 #4228 OR3P
YERT . &%) 4b F1 5b A LE iz & 77 & 100 pmol L™ I
I —E MM ELRIFIER . &Y 4a.4d.5fF1 5h
FE 4T N YR B AP LR .

TR EERE R AL &Y, B RAER IR B b
NG BB BB, FH AR A5 31 S AN DAL I e 77
A W) da~de. IEPELE R EOR, ARG R T .
FREIRIR G NER 8] SR A S B & R S
PEW A 2 7, YA (4a~4c). TIE AR |
FINFEBEARIEE, 5 ARKRI ARSI
bt, HAR AR TP P2 5 (4h > da). KALE Y 4h h g
TR AR, B e ot A7 = 580 H R 6T A7 AR,
B340 A1) 4 4g 1 w0 28 0R 47 8 P K e 2 9 i, L
101 4F 1 b 28 OR3P 3% P 5 T PH P 0T R 24 3 4 W1 i
MZRBIRFE . X T WAEERRBS LAY Sa~5j K Ui, 1228
A VAR SR SRR T .
3 X} APPswe ZBAfIFR AChE & 14 30HI4E A 890 E

AD AR IR T H MG I R AR A,
Cu™ i T AB R E W IN T APPswe 41 g ' AChE i%
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Table 2 Ap inhibitory activities of compounds 4a—4i and 5a-5j
in APPswe cells at 20 pmol-L™". n =3, x + 5. Af: f-Amyloid protein

Ry

~
Ry °N A 8

o

4a—4i (X=NH) and 5a-5j (X=0)

Activity against Af toxicity

Compound —— -
Cell viability protection rate/%
Cinnamic acid (2a) 9.92+£0.87
Ferulic acid (2b) 8.13+0.74
Caffeic acid (2¢) <5%
4a <5%
4b 5.24+4.79
4c Toxicity
4d <5%
4e 12.77 +£9.48
4f 66.79 +6.31
4g 40.54 £ 8.13
4h 26.94 +4.36
4i 43.44 £ 8.05
5a 27.98 +£13.94
5b 21.16 £5.52
S¢ Toxicity
5d 18.54 +7.61
Se 18.17 +4.34
5f 11.57+2.92
5g Toxicity
5h 18.35 + 6.88
5i Toxicity
5j 22.35+1.37
Donepezil 25.22+4.17
Memantine 56.61 £4.51

o ARSZIGIHR T H AR A& YTE 0.001.0.01.0.1.1.10
1100 pmol- L7 B R, X 4 25 Il ¥ 1) APPswe 41 i

HH T Tk g e P A o, DA 2 AR R 5 AN 3 4
NIl BRI XS B 254« X A7 /E AChE 3 P4 40 1l 88
I 50% M4k & HEAT T B R B (C,,) 2k
2t

SN 4 PR, (B af B T 2 1 AChE
kA F, H1C, {H N 4.88 + 4.70 umol-L”', FH1IE T i
AP REG KIAL AChE G . FHEEX IRZG £
MR 55 206 45 B 5 HAS B BRI Y AChE 401 7% 14
A e, T2 4 NIE1E 9 NDMA #0351, % 225 K AB 58
L5 ACRE WG & A R EEH . L 455y
R, AR SOV IR PR BR AT AR ) 4 TG AT R AB
T RIPE FEME K B 5] 2 AChE 35 14 58 T i o
4 Morris 7K 3% = LI

KB FC K H Morris 7K & & (Morris water maze,
MWM) SEIGPFAl 1740 &0 48 X 0 A == 02 5 AB, L, B R
PRI AD /N BR8] 2 2 AR AZ A8 2 s mm . 45 R 3
FiR, BAARSZIe Bt UL 3A; 76 2 AT IR G P, AN
ZF /)~ B P 08 35 T R 3 i I R DR 0 38 T 47 L
AR AL 320/ R R T R E = R (K
3B, P<0.05). 5 AB, ,,+vehicle L HLL, 1 715 mg-kg'
HIL G AE 45 25 4L R 2 mgkg' £ BIR K44 25411 B
F PR T /N R RIS (KI3B, P<0.05). %4 1A]
/N B P 9 Dk T TG S 2 7 e (B 3C), Wi /N B IR 32 )
DieRZfm . £ ERERAE T, 5 AB,,+ vehicle
AR, AB, ., /NRIES T A F IR ZY 4t i697 )5, ik
R R B 46 % (3D, P < 0.001), ZF Bk -F & Ik

Table 3 Evaluation of the dose-effect relationship on the A inhibitory activities of cinnamamide/ester triazole derivatives. n =3, x £ s

Compound

Cell viability protection rate at different concentrations of compound treatments/%

EC, /umol-L"!

0.001 pmol-L"' 0.01 pmol-L"! 0.1 pmol-L" 1 pmol-L" 10 pmol-L" 100 pmol-L"!

Cinnamic acid (2a) 5.84+£2.44 9.73 £7.90 6.63 +3.60 9.73+£1.25 12.28 £1.27 28.33+£2.39 /
Ferulic acid (2b) -5.29+0.56 -2.75+2.40 -6.67 +11.78 8.94+0.23 12.49 +3.70 30.66 + 6.44 /
Caffeic acid (2¢) 13.01 +8.42 7.16 £0.52 4.54+322 —-0.88 +3.03 -33.53+4.21 -78.86 + 1.12 /

4a 12.56 +10.89 9.41 +£4.56 6.66+2.78 12.34 +4.10 11.27 +7.73 —27.94+2.48 /

4b 4.17+4.74 8.18 £ 12.55 -6.08 £4.90 7.81£3.72 3.71 +£4.94 36.77£15.21 /

4d -1.83 £4.98 2.33+7.47 2.22+597 4.79 +£4.02 10.15+£5.40 5.99+3.61 /

4e 15.56 +12.52 22.89 +13.34 35.85+19.10  42.13+27.20 24.84 +3.68 -10.57 £20.17 /

4f 27.86 £ 17.00 27.33+1.98 3540+5.17 67.06 £ 34.03 98.40 +5.05 110.77 £ 15.29 2.03+2.45

4g 10.94 +5.68 6.83£7.52 13.51 £2.45 2439 +3.39 34.01 +£0.72 -14.33 £8.07 /

4h 7.72 +4.83 1.52+12.34 1.59 +£3.96 22.17+15.95 22.94+7.29 -46.87 + 14.72 /

4i 10.42 +£4.76 1.79 £8.13 6.12+4.33 26.77 £ 15.86 30.30+1.23 -18.74 £3.32 /

5a -1.79 £4.50 9.02+4.72 2.71+7.70 7.66 £ 5.96 12.37+£9.30 25.62+6.11 /

5b -14.12£6.26 -15.84 +4.69 -16.11+12.77 2.64 +10.03 9.06 +5.81 36.78 £ 6.05 /

5d 43.05+4.11 32.25+5.72 31.76 £10.22  25.76 +£2.50 24.83+9.76 29.40 +7.82 /

Se 10.42 +£9.38 7.22 +3.60 6.38 +9.61 25.87 +16.80 10.80 £ 6.75 7.34+4.46 /

5f 439 +16.73 -7.15+10.17 5.03 £10.47 4.02+2.50 6.21 +£3.35 12.53 £4.27 /

5h 3.06 +5.11 -0.03 +1.53 -0.78 + 1.40 1.43 £3.56 3.05+2.52 -30.01+0.80 /

5§ 16.75+6.43 22.67 +6.39 23.21+8.22 29.51+8.71 33.04 +8.70 -18.02+0.24 /
Donepezil 25.59+3.78 27.93+5.19 22.46 £2.23 33.35+2.05 65.03 +3.95 -51.29 +£0.96 8.93+3.14
Memantine -3.34+6.26 5.59£15.16 15.54 £9.71 17.46 +1.39 44.24 £2.731 74.16 +4.36 8.31+3.85
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Table 4 Evaluation of the dose-effect relationship on the AChE inhibitory activities of cinnamamide/ester triazole derivatives. n = 3, x + s.

AChE: Acetylcholinesterase

ACHhE activity inhibition rate at different concentrations of compound treatments/%

Compound

ICSU/umol-L'1

0.001 pmol-L"! 0.01 pmol-L"! 0.1 umol-L"! 1 umol-L"! 10 umol-L™ 100 pmol-L"!
Cinnamic acid (2a) 14.04 + 4.86 14.11 £2.41 13.26 +3.04 22.42+11.53 27.67+7.72 31.68 +4.64 /
Ferulic acid (2b) 18.28 £17.24 21.35+7.33 12.68 £12.19 19.37 +2.35 23.12+3.12 36.75 £ 10.02 /
Caffeic acid (2¢) 31.28+7.94 26.29+5.93 21.84+3.69 15.84+7.57 8.08 +4.70 -54.37+12.05 /
4a 12.48 +3.14 15.81 £2.97 14.96 +5.06 12.98 £3.71 10.14 +5.39 -35.69+7.23 /
4b -20.39 £ 15.52 -2.47+3.79 0.90 +17.57 -4.50 +7.07 2.24+6.73 31.96 +12.02 /
4c 8.95+8.49 15.98 £ 12.21 25.15+8.20 -14.47+£2.77 -20.58 +4.63 -35.33 £20.90 /
4d 17.94 +12.19 16.95 +8.97 16.58 +7.19 2.70 +5.10 -4.93 +£8.55 1.87 +£2.59 /
4e 5.65+18.56 -6.35+13.91 1.25+12.06 18.39+12.35 6.18 £8.11 -5.89 £ 14.55 /
4f 32.66 + 6.00 33.59 +16.86 35.32+13.53 43.78 £ 6.54 63.85 +9.04 79.99 +1.83 4.88 £4.70
4g 591 +4.23 1.79 +5.89 16.84 £ 11.54 21.74 £ 11.71 38.19 +6.77 -19.84 £ 26.07 /
4h -2.76 £3.51 -1.54 £ 4.60 7.82+29.16 19.79 +20.68 24.18£10.18 -46.71 + 8.89 /
4i 9.41+15.97 18.73 £10.17 17.17 £ 10.89 27.18 £10.17 28.07 + 14.00 -10.43 £ 13.61 /
Sa 6.64 +17.40 6.83 £29.30 7.78 £ 14.44 8.64 +17.06 11.5+17.75 25.54£10.32 /
5b 5.65+18.56 -6.35+13.91 1.25+12.06 18.39 £ 12.35 6.18 £8.11 -5.89 + 14.55 /
Sc 4.77+17.41 6.18 £5.61 15.45+9.40 7.86+17.32 -7.31+£5.61 -78.21 £21.76 /
5d 19.78 £ 13.02 23.75+10.30 33.53+9.28 27.94 +£22.17 27.75 +15.85 17.32+13.36 /
Se 7.33+19.18 1.20 £13.20 -3.20+10.44 25.51+20.35 17.23 £9.26 -8.60 +33.56 /
5f 11.81 £16.93 -1.07£15.73 9.38 £ 11.15 13.98 £10.36 12.11 £ 10.64 6.40 +£24.74 /
5g 20.97 +5.68 14.37+0.42 -7.94+1.58 -7.60 £ 10.13 -10.27 £ 21.01 -24.15+5.43 /
5h 11.76 £ 5.09 16.46 + 18.02 4.15+23.80 -4.96 £ 11.76 11.32+£2.23 -42.08 £ 27.52 /
5i 0.00 +£9.58 11.53 +14.33 29.21 +6.74 0.32 +£4.90 -28.09 + 14.62 -33.99 +35.88 /
5§ 9.22 +16.42 6.68 +17.52 7.51+£9.52 11.40 +12.55 18.24 £11.82 -26.15+5.32 /
Donepezil 60.05 + 18.57 52.21 +23.59 22.66 + 8.89 11.99 £ 15.14 3.88+5.34 -39.43 £23.28 0.054 £ 0.071
Memantine -1.30 £ 19.55 1.31+10.32 7.64+6.15 24.87+7.03 27.38+12.12 3520+5.12 /

B B (K 3E, P<0.01). HEEENRZ, 259 4f
7E25 mg-kg ' FIRAM KR T 5 mg-kg FIEAH, X7]
REJT BT 2 A AN Bl R 5 B0 Ak RE PRI, Bk R R
B — B IAE . A AP 4f7E 1 1S mg-kg (1771
BRI AR, /N 2126 70, AR T2 mgkg!
ZRRFHIR . FIRGERER, 1715 mgkg' K1k
E W) AT TR 3 O AR, TR A A0 = 3 I B
/N BRI 2 1) 2% 2] R A2 R
5 1ERMSIRE

K 8 A % B BN 2F (Western blot) 5256 v £ T 1L
E W) Af7E Cu™ i T 11 APPswe 20 i AV i = VE 55 AB, L,
SE R AR (A2 /N BROK G Bz JZ RN Ty Hh AT Tau A 9%
55 IE R 1 R IR AR, DU ER AL A 4 2GE A
AR A AR FE AL .
51 EYAE Cu™ RIBA APPswe 20 A 5 XF A F0
Tau {E 5B EAIENT

AN 4 fror, 300 umol- L' Cu®™ & E #2517
APPswe 4l ffl 7 APP.BACEI. - & 4 -1 (presenilin
1, PS1)\AB, , 3% 1% J% Tau B [ 7E Ser396 il Serd04 {7
R B A K, BIKME S X4 B EAME 10
(ADAM metallopeptidase domain 10, ADAM10) H] &
ik (B4, P<0.01)e 240.1.1510 pmol-L" (1L &4 4f

YER T Cu” #4% i) APPswe I 5, AN [F)RE i H BA#AEC T
Y1 fg H APP.BACE1.PS1.Ap, , % ik J Tau & [ 7
Ser396 Al Ser404 fir xi 1) W MR 4k KV, JF H¥g ™ T
ADAMI0 {3215 (4, P<0.05). 20K (1) 45 5412
N, A B At I AR 3 VE R B B AR US4 IR AR
TEM IR B A USRI AB AR B, IR AB 51
Tau 25 A BRI -
52 {LEArxt AB,, MANE T 5T AD /iR AS F Tau
=S EEAETIER

A A B 9 B S 56 45 AP U ER AL & W) 4f
XF A ARG 5 18 1% J 7 T 10 Tau B A B AL LA
BGEAE R, FEMAE AB, L, MR 233 5 /0 BRI DR o g = A
W AT IR . 45 R S FT R, 5 Sham ZHAH L,
AP, 010G 2 VE 5 /N BROK i B2 J2 g B APP
BACEL. PS1. AB, ,, ) & ik J Tau & H £ Ser396 I
Ser404 £z i3 1) B B AL 7K 7 151, ADAMI0 f) ik FRAIK
(K5, P<0.01), #ES9 R T 1.5.25 mgkg' L&
Yy af, BEAR T AP, MR = 33 56 /0 BROK i Bz J2 A g 1 o
APP.BACE1.PS1.AB, , K131k J Tau 5 A 1£ Ser396
A1 Serd04 fir 55 BRI AR, $27% T ADAMI0 [ %54
K (5, P<0.05). ZiE FIREER, (G 4f 7] fEl
SRR B VA R R AR B AR SR A R e R B B AR A
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Figure 3 Treatment with compound 4f restores cognitive dysfunction in Af, ,,-impaired mice. A: Overview of the experimental design; B:

Escape latency of compound 4f-treated AD mice in the orientation navigation test; C: Swimming speed of 4f-treated AD mice in the orienta-

tion navigation test; D: Duration within the target quadrant for compound 4f-treated AD mice in the spatial probe trial; E: Number of

platform crossings by compound 4f-treated AD mice in the spatial probe trial; F: Representative action tracks of different groups during the

spatial probe trial. The red dot represents the mouse position at the start of the 60 s timing, and the blue dot represents where the mouse

stayed at the endpoint. Comparisons were calculated by repeated measures ANOVA (B, C) and one-way ANOVA (D, E). n =9, x +s. P <
0.001, P < 0.000 1 vs Sham; "P < 0.05, "P<0.01, ™" P < 0.001 vs AB+vehicle

BRI AR AR, ] AB T 1 Tau & A BERR AL,
BETT 22 /i AD PP A IRAT MR AL

ALV AT 19 4 P I/l = R AL &),
KM APPswe il #5231, VR4 Foap 22 RV HI AN BT 4
T JEL s 5 A P, A BIAK & ) 46 FT 3 5 AD /DN SR )
CAZHE T, AT e A2 i AR Ve A B 1 I AR A ) e
Ty BE R IR AR ORI D A 17 AR AT Tau ) B R AL,
MM IS AD R EAEIR . 5% B PTIR, A& 4f il id
T2 Filt AD Jo B3R T R A 2 OR3P T, AF 9 — ol
LRI NPT AD IE L2 1, AR 99t AD 25 (T AE
82 F A B AR A5 32— 2P WE 7

SLL ARy
B A R EE R AL R LR A IR A

A, RE VIR B al, Tods ik — B alifh. B 2
SRR I B A A ) 350 26 v ROBURE B A I, Al R >
95% (JH—Abi%). K HTENK 60 F,,,D 45 Fr )= (0 1% Bl
H A i3 LC-MS X J B kAT Bl o 5 FC 4% ek R A 1)
Combi Flash Rf 150 +1 %% (Teledyne) - #t474lifk, 5k
RTERE (200~300 H) 474 )ZH1. H Bruker Avance
111 400 MHz, 500 MH Yt {43 7 B 48 7~ 134 71 (CDCL,
CD,OD 1 DMSO-d,) it 5% & A & 9 ¥ 'H NMR
FIPC NMR 3, JE2 A AR I R . A S0 S
Fi #ii 1 Mettler Toledo MP9O 44 sS4l 5« FT A S &4k
E W 4y R = B (HRMS) & 7E Thermo Science
LTQ Orbitrap XL I ESTJ5i & 1% B s #3158

1 KE4E

1.1 FhiEfkE & R

11,1 FiEE3a & WA R (2a) (500 mg,
3.38 mmol) A 3 S &k I Z (695 mg, 3.38 mmol)
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Figure 4 Effects of compound 4f on Af and Tau signaling pathways in copper-injured APPswe cells. A: Representative Western blot bands
for APP, ADAM10, BACEI, PSI1, Af, ,,, pTS396, pTS404 and Tau in different groups; B—H: Quantitative analysis of APP (B), ADAMI10
(C), BACEL (D), PS1 (E), Ap, ,, (F), pTS396/Tau (G) and pTS404/Tau (H) observed in panel A. n = 3, x+s "P<0.001, P <0.001 vs
Control; P < 0.05, P < 0.01, ™P < 0.001 vs Model. APP: Amyloid precursor protein; ADAM10: ADAM metallopeptidase domain 10;

BACE]: f-secretase 1; PS1: Presenilin 1

BT 40 mL T CH,CLH, fE = FHH:0.5he A
J& N A BRI (450 mg, 8.10 mmol) Al 4- — FF & SL ik
WE (0.82 mg, 6.75 mmol), I 7E & I T i £ ) B 12 he
TLCAW (BIFFI A MBS 4R L1, AR A 31
JEORHHEA SO B FE 4 o IR IR SR, I FH AR IERORRE,
CH,CL, (3 x 30 mL) L. & I HUAH, WA £ EhK ¥k
W3R, TOKBRER AN T . g, D 78 I 50, R
VIR R S A (BTN A T S LR LT, AR
e 15:01) 43 B 4life, 153 8 K (3a) 500 mg, i
80%. mp: 104~106 °C; 'H NMR (400 MHz, DMSO-d,)
d,: 8.56 (t, J = 5.5 Hz, 1H), 7.60~7.54 (m, 2H), 7.51~
7.35 (m, 4H), 6.64 (d, J = 15.8 Hz, 1H), 4.00 (dd, J =
5.6, 2.6 Hz, 2H); "C NMR (101 MHz, DMSO-d,) d:
165.14, 139.83, 135.20, 130.07, 129.42, 128.06, 121.92,
81.51, 73.65, 28.49; MS (ESI) m/z: 186.10 [M+H]".

1.1.2 FEME3b3cBIER  (BL3b &Ry ) Bk 2L
& (2b) (439 mg, 2.26 mmol) & T 50 mL 5 J& i,
BN 5 mL N,N- — F 3 B % (dimethylformamide,
DMF) i, SRIE NN 0.4 mL = 2%, 5 [ o7 255 B RN
FRE VKK B LH- 2K = - 1R 3 = (R )
% 7N 9 R £E (BOP, 1.00 g, 2.26 mmol) i& T 4 mL
CH,CL, ", 0 °C™F i Inbk P9 % (125 mg, 2.26 mmol), 15
B e A TR B 5 % T T VR A i 2 B R R 1

DMF IR &, 7£0 °CF ). 0.5 h, 2R J5 ¥ Bk &
Th & IR FE N 6 he TLC KM (JBITHI N 5 b
5, RFREE 300 1) RIS AR I B 56 42, 99 R 4
I 1S mL KR . F 4R 4.1 (330 mL) A HL
3, B FHFE AR, FHAKRIKH 10% HCUE R /K VA&
ERIKBEE: . ToKBRER AT, ik U8, V8 28 TV ),
R IR A AE (e B R = S b S R R, R AR
A 2010 1) 4 B 4ifh, 159 35 (& 44 (3b) 392 mg, IR
75%. mp: 70~71 °C; '"H NMR (400 MHz, DMSO-d,)
0,: 9.46~9.41 (m, 1H), 8.37 (t, J = 5.3 Hz, 1H), 7.41~
7.34 (m, 1H), 7.15 (s, 1H), 7.02 (d, J = 8.0 Hz, 1H), 6.81
(dd, J = 8.1, 2.1 Hz, 1H), 6.46 (dd, J = 15.7, 2.1 Hz,
1H), 4.01~3.96 (m, 2H), 3.82 (d, J = 2.0 Hz, 3H), 3.13
(d, J=2.6 Hz, 1H); "C NMR (151 MHz, acetone-d,) J.:
165.31, 148.44, 147.75, 140.43, 127.18, 121.81, 118.28,
115.27, 110.51, 80.61, 71.13, 55.35, 28.16; MS (ESI)
m/z: 232.15 [M+H]'

PLmnHERR (2¢) N6 5k (407 mg, 2.26 mmol),
I35 i TR 4 3, 49 B AR (B [ 4 375 mg, W2 76%.
mp: 85~87 °C; 'H NMR (400 MHz, DMSO-d,) J,;: 9.37
(s, 1H), 9.13 (s, 1H), 8.40 (d, J = 5.9 Hz, 1H), 7.29 (d,
J =155 Hz, 1H), 6.99~6.95 (m, 1H), 6.86 (dd, J = 8.2,
2.1 Hz, 1H), 6.76 (d, J= 8.0 Hz, 1H), 6.34 (dd, J = 15.7,
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Figure 5 Effect of compound 4f on Af and Tau signaling pathways in the cerebral cortex and hippocampus of Af, ,-injured mice. A:
Representative Western blot bands in the cerebral cortex of Af, ,-injured mice after treatment with compound 4f; B—H: Quantification of
APP (B), ADAM10 (C), BACEL (D), PS1 (E), Ag,,, (F), pTS396/Tau (G) and pTS404/Tau (H) observed in panel A; I: Representative
Western blot bands in the hippocampus of Af, ,,-injured mice after treatment with compound 4f. J-P: Quantification of APP (J), ADAM10
(K), BACEL1 (L), PS1 (M), AB,,, (N), pTS396/Tau (O) and pTS404/Tau (P) observed in panel I. n = 3, x £ 5. P < 0.01, *P < 0.001 vs
Sham; "P < 0.05, "P<0.01, " "P < 0.001 vs Ap+vehicle

2.9 Hz, 1H), 4.00~3.96 (m, 2H), 3.13 (t, J = 2.4 Hz,
1H); MS (ESI) m/z: 218.05 [M+H] -

1.1.3  HiEfE3d~3fRE R (A3dBIE R A5
W EERR (2a) (1.00 g, 6.76 mmol) B T 50 mL [& & 5 i
H, J0 N 10 mL DMF & f#, 8 5 N 3-I A B (1 g,
6.76 mmol), K,CO, (2.32 g, 16.9 mmol) = i F it ¢

J% 8 h, TLC K&l (& FF7 8 f i Bk 5 2% £, AL
N30 R RN 58 A, 1R R LR, BR B ANIED,
FHHACK DR R, F 8 218 (330 mL) ZEHL 3 K.
G A WA, F 5%HCL K R R 3hK PRk 3 1K,
ToKBREREN T8 U8, Y 28T 71, TR VAR
R (Pe AR A S LR O, AR 81T
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B aifh, 73 303 AR Y (3d) 848 mg, UL H 68%.
"H NMR (400 MHz, Chloroform-d) d,;: 7.75 (d,J= 16.1 Hz,
1H), 7.56~7.50 (m, 2H), 7.43~7.37 (m, 3H), 6.47 (d,
J=16.0 Hz, 1H), 4.82 (d, J = 2.4 Hz, 2H), 2.51 (t, J =
2.5 Hz, 1H); MS (ESI) m/z: 187.05 [M + H] .

PLRTZEER (2b) AiEEas 5k (1.38 g, 6.67 mmol), [F]
A AL 3e, 13 3 B B8 K 1.08 g, I 70%.
mp: 70~72 °C; 'H NMR (400 MHz, DMSO-d,) J,,: 9.65
(s, 1H), 7.60 (d, J = 15.9 Hz, 1H), 7.36 (d, J = 2.0 Hz,
1H), 7.15 (dd, J = 8.2, 2.0 Hz, 1H), 6.80 (d, J = 8.1 Hz,
1H), 6.53 (d, J = 15.9 Hz, 1H), 4.81 (d, J = 2.4 Hz, 2H),
3.82 (s, 3H), 3.56 (t, J= 2.4 Hz, 1H); "C NMR (101 MHz,
DMSO0-d,) 6.: 166.32, 150.06, 148.41, 146.52, 125.90,
123.88, 115.97, 113.95, 111.82, 79.18, 78.02, 56.17,
51.96; MS (ESI) m/z: 232.10 [M+H]".

1.1.4 FEEICHER U HEEER (2¢) (500 mg,
2.78 mmol) & T 50 mL [ K LENE +, N, /397 T, IiA
5 mL 7N H L B I — %, 28 J5 N\ Na,CO, (350 mg,
3.33 mmol), Jf 7£ 0 °C N i £ = % 0.5 ho ¥ 0.5 mL
3-TR PR BRI 7 P 1l I — e Vs v In 31 e AR R e ]
B0\ AR Ak 5 11 KT, 0 °C R #64: )M. 12 he TLC 3
(RIS LR B, AR N 201 JFRL A
RBLGEA, A R B I E E KK . H 4R T
(3x30 mL) M3 K. GIHANAH. H 5% HCLKHE R
FVHL AN ER KBk 3 %, To/K TR ER AN T4 o L Ui, D 28
TV 7, Rl R SRR i A R A S
B2 T, ARAREL R 50 1) oy B alifk,, 43 31 8 6 8] 44 (31)
1.04 g, K 70%. mp: 96~98 °C; 'H NMR (400 MHz,
DMSO-d,) d,: 9.65 (s, 1H), 9.17 (s, 1H), 7.53 (d, J =
15.9 Hz, 1H), 7.21~6.95 (m, 2H), 6.78 (d, J = 8.1 Hz,
1H), 6.31 (d, J = 15.7 Hz, 1H), 4.91~4.65 (m, 2H), 3.56
(t, J = 2.5 Hz, 1H); "C NMR (101 MHz, DMSO-d,) ..:
166.24, 149.15, 146.63, 146.06, 125.82, 122.14, 116.20,
115.43, 113.40, 79.22, 78.01, 51.94; MS (ESI) m/z:
219.05 [M+H] .

1.2 Birtk & 4a~4i.5a~5i & RIEE (L 4amy
A A b))

H R L5 (1.0 mmol) F1E ALY (1.0 mmol) & T
50 mL & JE B 4, I\ 3 mL 57K DMSO ¥ W, =I5
P HE SOV 1 h, TLC AT (&I 7N A ik S R 1,
RAREE 9 20 1) JEURHRR AR SN 584, 1a) SRR ZR oA
3mL 7K. KLA2a (1 mmol) #ARTE 2 mL DMSO H
I N B 5 R AR &, 85 NN CuSO,-5H,0 (0.2 eq)
FPTIA AFR 44 (0.10 eq) F12 mL /K, =I5 N #E #F & B0
12 h, TLC Al J5 R} i A B B 56 4%, B0 15 mL 7K 0B

N, 2.8 2B (3x30 mL) ZEHL 3k, &I A HLAH .
FH R NH, C1 7K 375 R0 o A 36 /K B 5% 3 4, oK B
PR AN T o, I U8, R ZE T A R, R R AR i e A
(P AN A WS O OB, AR N 501 4> 2546
1k, 15 21 35 4% (4[5 1K (4a) 227 mg, W HK 61.2%. mp:
135~137 °C. [AiLI4346 &4 4a~4i.5a~5j.

2 YHARSESIME

¥ APPswe 4l a3 75 T 7 10% A4 M5 AT 1 pgmL!
MRS 5 2 I DMEM b 7R 2 rh, BT 37 °C.5% CO,
SRR S A dr s R Th R 7R . A TRHEUE K
SO IR 240 o 28 SRR IS A ), DA AL 8 000 N4 Fh T 96 AL
B o A 40 B R R AR K A 70%~80% I, K5 AR P 4
BE ML 43 5t B4 Cu™ 2455 (300 pmol-L™") £ . Cu* +£¥
b (20 umol-L™) 4. 153724 h )5, R MTT i 4691 40
3% F1, & FLI0N 90 pL DMEM %5 [ 1% 72 3£ A1 10 pL
MTT, 37 °Cii# & 4 h, % D) RERE AR ORI %L 490 nm 3
KA IR (4) 18, R A (1) tHE R

A (%) = [(4,-A4,)~(4,~A)/[(A4,~A4,)]%100%

)

Horb, A AR ROG A A, 87 A RIROE
FEARL; A, R TR 21 FR W R

W TE R BV N SR R R F
50%, JUl AGH B A7 22 AR B SRR
3 ZEtREmESESE M I E AR

¥ APPswe 4 B #2091 6 LR (5L 4x10° 1)
i 2 R 2 A K A 70%~80% IR, 4 ] 300 pmol- L™ 1)
Cu R 5 20 pumol-L™ {5 H AR Ak & 05 41 i 3k 4T
AR, 595 24 hJE, A8 2 B RE R B A 2 0 a7
EW A, M 5E A A 20 pmol- LR FE TR X Cu ]
B APPswe 21 i 2, T JIEL Ak 1 Bt 3% A 1 900 66 4 A
1 FH 22 ThEEBEARAX, T 5E 412 nm AL & FLIR O A
4 ADIRBUNFRIEN R DBEB TR

CS57BL/6 /)N F, (SPF 2&) 8 J& % ke, W 5 &2 3% (b
) A8 FE I S0 9T B A BR A ], Y ATHIE 5 SCXK (Or)
2021-0010. SE5G BT A 4 53845 o [ B5 % L5 B
2 25 A W B R WE 9T P A 3 2 B S bk, kv S IMB-
20220908D701, .

8 JE W% e CSTBL/6 /I BB AL 7 (B T AR 4 F A
BUAH o SR FH G ST AR 58 AN SE RN i 2 R 56, 1T XA
BB ENE S, AT XHN 1.0 mm.Y #1°5-0.5 mm.
Z % 9-3.0 mm. AREELRY g AR A A R BRI A v
F2.5 uL 11400 pmol- L' AB, ,, 5 R AK, 5 F AR (Sham)
HNES FFER AT K. FARBEIIRE IR,
P MR AR FE N RIEATBEAL 23 2H: Sham 4\ AB, IR HY2H +
vehicle\AB, ,, BB 2+ % 23K 5% (donepezil 2 mg-kg™)-
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Table 5 Primary and secondary antibodies used in Western blot analyses. CST: Cell signaling technology; HRP: Horse radish peroxidase;

GAPDH: Glyceraldehyde-3-phosphate dehydrogenase; IgG: Immunoglobulin G

Primary antibody Dilution Source Secondary antibody
Anti-APP rabbit mAb 1:1 000 CST HRP-conjugated goat anti-rabbit IgG (H+L) (1:10 000, Proteintech)
Anti-BACE]1 rabbit mAb 1:1 000 Proteintech
Anti-PS1 rabbit mAb 1:1 000 Abcam
Anti-ADAMI10 rabbit mAb 1:1 000 Abcam
Anti-# amyloid (1-42) rabbit mAb 1:1 000 CST
Anti-Tau (phospho S396) rabbit mAb 1:1 000 Abcam
Anti-Tau (phospho S404) rabbit mAb 1:1 000 Abcam
Anti-GAPDH rabbit mAb 1:5000 Proteintech
Anti-Tau mouse mAb 1:1 000 Abcam HRP-conjugated goat anti-mouse IgG (H+L) (1:10 000, Proteintech)

AB MR + af 5= 4L (1 mg-kg™") AB, L, ALY +
af h 7 E AL (5 mgkg") A, LA + af 7 =4
(25 mg-kg"). B AW AL 10% DMSO~20% HS-
15 A1 70% A= B ER K oy, MBS U 5 45 7 AR BT B, AR
U IR, FREEL 29 Ko
5 Morris /K% & SL1G

MWM 258 3 53 08 58 A M AT S 56 A 2 ] PR 28 Sk
PNy o A TAT SEEE SR AT 5 R, Bl ES A [A]
K6 BT AL B, B RO/ B [ VB BE I 4 R
PR K H, A 53 /0N SR D 3R 311 6 1R B 8] A e vk o
JE o S8 AL RAT 9258 T B 18 REVE AR I B K K 60 s,
AR /N BRAS BEAE R E I K N R 1 &, WK EAT 5] =
FPFEIHE R 15 s LM 2] o 7 AR SR 06 8 7 fL
WUAT L0 45 05 24 hidh AT, fBRF &, N BRAK UL
NP 6 Bt H I R IR, 18 5% 60 s A /)N BRZE 5P
B RPN 45 B I TE) A0 5 P 5 B OO, AR vl R D
S [AEAZ B T 4B A o
6 EHERZENT (Western blot) SL16

RIS i B E AW B SR N MHE 1%
R TR A1) )R 1 %% T TR0 TSR 4110 11 791) 1) RIPA 22 1 2R i
AN AL AR IR B R A AE I T e
BB 4N — S N BE I (SDS-PAGE) %t i vk 3E 4T 40 15,
SEJEMEOR AW ZPVDFE. £ T, H
5% BSA/0.5% Tween 20/Tris-HC1 2% p £k ¥ % 3 ] I
2 ho RFEH 8 & B KA 5> 7 5T & N Marker {7 & 3
JIE5, 55— (primary antibody) 7F 4 °C N B ik . [
F TBST ¥l 5, 76 % I T~ 5 — HuAH BA & 1) BRAR i
AL (horse radish peroxidase, HRP) ff Bt A — i ¥
B 1 he —$0F P (secondary antibody) [ H 4K 1E B
TEWAR S, BRPeME S, 8 A 3G 984627 KOt (enhanced
chemiluminescence, ECL) i 52 W 2% H #5 2K 1 2% 77, T
Fusion-FX6 j% 1% 1% (Vilber Lourmat, Marne-laVall'ee,
France) #EAT I8, 15 21K 45715 . F A Imagel K43
M 26717 B9 K FEAE, % GAPDH H 33k 1 Ay P9 5 14 5 HE

T H bR B A R IR .
7 GitEFERE

AR S5 R DLy + s Fon, {1 A IBM SPSS Statistics
25.0 R I A2 00 ) B DR 3K T 22 43 T, X Morris
KA B SEES S 6 98 R R UK R B AT A .
Al # 45 73 B K ] GraphPad Prism 8.0 i #5044 52 i, 5 4H.
Z B AT H AE B X -test, =20 A LA b 2 A Bk 3 A
one-way ANOVA 73 #7 . P < 0.05 %\ N 2 G it 2
B

fE& DTmk: 5 SR AR AR TG A A O S 4
Gy EMA I E B ST TR T B ESE T
AR ASNETESL I, 25 T HdE b SOCREEE X
N R SRS R RCE R 79 S

PSR AT A AR 2 R K R

References

[1] Nichols E, Steinmetz JD, Vollset SE, et al. Estimation of the
global prevalence of dementia in 2019 and forecasted prevalence
in 2050: an analysis for the Global Burden of Disease Study
2019 [J]. Lancet Public Health, 2022, 7: €105-¢125.

[2] Alzheimer A, Stelzmann RA, Schnitzlein HN, et al. An English
translation of Alzheimer's 1907 paper, "Uber eine eigenartige
Erkankung der Hirnrinde" [J]. Clin Anat, 1995, 8: 429-431.

[3] Ferreira-Vieira TH, Guimaraes IM, Silva FR, et al. Alzheimer's
disease: targeting the cholinergic system [J]. Curr Neuropharma-
col, 2016, 14: 101-115.

[4] Panza F, Solfrizzi V, Seripa D, et al. Tau-centric cargets and
drugs in clinical development for the treatment of Alzheimer's
disease [J]. Biomed Res Int, 2016, 2016: 3245935.

[5] Hardy J, Selkoe DJ. The amyloid hypothesis of Alzheimer's
disease: progress and problems on the road to therapeutics [J].
Science, 2002, 297: 353-356.

[6] Zhou LL, Qian K, Yang P, et al. Research progress on mitochon-
drial oxidative stress and corresponding targeted delivery systems
in Alzheimer's disease [J]. Acta Pharm Sin (%] 2% %% 1)), 2022,
57: 1630-1640.



\

162 - 222224 Acta Pharmaceutica Sinica 2025, 60(1): 150-163

(7]

(8]

[9]

[10]

[t]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Shimizu E, Tang YP, Rampon C, et al. NMDA receptor-
dependent synaptic reinforcement as a crucial process for
memory consolidation [J]. Science, 2000, 290: 1170-1174.

Jarrott B. Tacrine: in vivo veritas [J]. Pharmacol Res, 2017, 116:
29-31.

Holmes C, Wilkinson D, Dean C, et al. The efficacy of donepezil
in the treatment of neuropsychiatric symptoms in Alzheimer
disease [J]. Neurology, 2004, 63: 214-219.

Desai A, Grossberg G. Review of rivastigmine and its clinical
applications in Alzheimer's disease and related disorders [J].
Expert Opin Pharmacother, 2001, 2: 653-666.

Scott LJ, Goa KL. Galantamine:
Alzheimer's disease [J]. Drugs, 2000, 60: 1095-1122.

a review of its use in

Zhang P, Ji H, Hu QH. Research progress in clinical treatment of
Alzheimer's disease and potential drugs from natural products
[J]. Acta Pharm Sin (£5%%4k), 2022, 57: 1954-1961.
Matsunaga S, Kishi T, Iwata N. Memantine monotherapy for
Alzheimer's disease: a systematic review and meta-analysis [J].
PLoS One, 2015, 10: ¢0123289.

Wang SH, Li J, Xia W, et al. A marine-derived acidic oligosac-
charide sugar chain specifically inhibits neuronal cell injury
mediated by beta-amyloid-induced astrocyte activation in vitro
[J]. Neurol Res, 2007, 29: 96-102.

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

Mintun MA, Wessels AM, Sims JR. Donanemab in early
Alzheimer's disease. Reply [J]. N Engl J Med, 2021, 385: 667.
Swanson CJ, Zhang Y, Dhadda S, et al. Correction to: A
randomized, double-blind, phase 2b proof-of-concept clinical
trial in early Alzheimer's disease with lecanemab, an anti-Af
protofibril antibody [J]. Alzheimers Res Ther, 2022, 14: 70.

van Dyck CH, Swanson CJ, Aisen P, et al. Lecanemab in early
Alzheimer's disease [J]. N Engl J Med, 2023, 388: 9-21.

Iwatsubo T. Development of disease-modifying therapies against
Alzheimer's disease [J]. Psychiatry Clin Neurosci, 2024, 78:
491-494.

Cummings J, Zhou YD, Lee G, et al. Alzheimer's disease drug
development pipeline [J]. Alzheimers Dement (N Y), 2024, 10:
e12465.

McKhann GM, Knopman DS, Chertkow H, et al. The diagnosis
of dementia due to Alzheimer's disease: recommendations from
the National Institute on Aging-Alzheimer's Association work-
groups on diagnostic guidelines for Alzheimer's disease [J].
Alzheimers Dement, 2011, 7: 263-269.

Mattap SM, Mohan D, McGrattan AM, et al. The economic
burden of dementia in low- and middle-income countries (LMICs):
a systematic review [J]. BMJ Glob Health, 2022, 7: ¢007409.

Jia JP, Wei CB, Chen SQ, et al. The cost of Alzheimer's disease

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

in China and re-estimation of costs worldwide [J]. Alzheimers
Dement, 2018, 14: 483-491.

Gupta O, Pradhan T, Bhatia R, et al. Recent advancements in
anti-leishmanial research: synthetic strategies and structural
activity relationships [J]. Eur J Med Chem, 2021, 223: 113606.
Marinovi¢ M, Poje G, Perkovi¢ I, et al. Further investigation of
harmicines as novel antiplasmodial agents: synthesis, structure-
activity relationship and insight into the mechanism of action [J].
Eur J Med Chem, 2021, 224: 113687.

Kwon MY, Kim SM, Park J, et al. A caffeic acid-ferulic acid
hybrid compound attenuates lipopolysaccharide-mediated inflam-
mation in BV2 and RAW264.7 cells [J]. Biochem Biophys Res
Commun, 2019, 515: 565-571.

Rassias G, Leonardi S, Rigopoulou D, et al. Potent antiprolifera-
tive activity of bradykinin B2 receptor selective agonist FR-
190997 and analogue structures thereof: a paradox resolved? [J].
Eur J Med Chem, 2021, 210: 112948.

De Lucia D, Lucio OM, Musio B, et al. Design, synthesis and
evaluation of semi-synthetic triazole-containing caffeic acid
analogues as S-lipoxygenase inhibitors [J]. Eur J Med Chem,
2015, 101: 573-583.

Lima GDA, Rodrigues MP, Mendes TAO, et al. Synthesis and
antimetastatic activity evaluation of cinnamic acid derivatives
containing 1,2,3-triazolic portions [J]. Toxicol In Vitro, 2018, 53:
1-9.

Zang WB, Wei HL, Zhang WW, et al. Curcumin hybrid
molecules for the treatment of Alzheimer's disease: structure and
pharmacological activities [J]. Eur J Med Chem, 2024, 265:
116070.

Tu LH, Tseng NH, Tsai YR, et al. Rationally designed divalent
caffeic amides inhibit amyloid-beta fibrillization, induce fibril
dissociation, and ameliorate cytotoxicity [J]. Eur J] Med Chem,
2018, 158: 393-404.

Saeedi M, Safavi M, Karimpour-Razkenari E, et al. Synthesis of
novel chromenones linked to 1,2,3-triazole ring system: investi-
gation of biological activities against Alzheimer's disease [J].
Bioorg Chem, 2017, 70: 86-93.

Yang CB, Zhao J, Cheng YY, et al. N-Propargyl caffeate amide
(PACA) potentiates nerve growth factor (NGF)-induced neurite
outgrowth and attenuates 6-hydroxydopamine (6-OHDA)-induced
toxicity by activating the Nrf2/HO-1 pathway [J]. ACS Chem
Neurosci, 2015, 6: 1560-1569.

Ghafary S, Nadri H, Mahdavi M, et al. Anticholinesterase
activity of cinnamic acids derivatives: in vitro, in vivo biological
evaluation, and docking study. [J]. Lett Drug Des Discov, 2020,
17: 965-982.

Tan LJ, Lei WJ, Liu MM, et al. Discovery of cinnamamide/ester
triazole hybrids as potential treatment for Alzheimer's disease
[J]. Bioorg Chem, 2024, 150: 107584.

Chao XJ, He XX, Yang YL, et al. Design, synthesis and pharma-



B OCRAE AR = R A A IR BT B R B BT BT AR R BORE 0 TR A - 163

[37]

[38]

[39]

cological evaluation of novel tacrine-caffeic acid hybrids as
multi-targeted compounds disease [J].

Bioorg Med Chem Lett, 2012, 22: 6498-6502.

against Alzheimer's

Rodriguez-Hernandez D, Demuner AJ, Barbosa LC, et al. Novel
hederagenin-triazolyl derivatives as potential anti-cancer agents
[J]. Eur J Med Chem, 2016, 115: 257-267.

Sang ZP, Pan WL, Wang KR, et al. Design, synthesis and evalua-
tion of novel ferulic acid-O-alkylamine derivatives as potential
multifunctional agents for the treatment of Alzheimer's disease
[J]. Eur J Med Chem, 2017, 130: 379-392.

Zhao LH, Yue ZR, Wang YN, et al. Autophagy activation by

[40]

[41]

Terminalia chebula Retz. reduce Abeta generation by shifting
APP processing toward non-amyloidogenic pathway in APPswe
transgenic SH-SYSY cells [J]. Phytomedicine, 2022, 103:
154245.

Liu QS, Jiang HL, Wang Y, et al. Total flavonoid extract from
Dracoephalum moldavica L. attenuates f-amyloid-induced toxicity
through anti-amyloidogenesic and neurotrophic pathways [J].
Life Sci, 2018, 193: 214-225.

Singh JV, Thakur S, Kumar N, et al. Donepezil-inspired multitar-
geting indanone derivatives as effective anti-Alzheimer's agents

[J]. ACS Chem Neurosci, 2022, 13: 733-750.



