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Abstract: A series of phthalimide-donepezil (PTA-DPZ) hybrids (5a—e, 6a—1) were designed, synthesized and
evaluated as selective inhibitors of acetylcholinesterase (AChE). The results showed that some hybrids had strong
ACHhE inhibitory activity with half maximal inhibitory concentration (IC,;) at nanomolar range, which was better
than the control drugs galanthamine and tacrine, and equivalent to DPZ. Compound 6k exhibited the strongest
inhibition to AChE with an IC,, value of 0.13 pmol-L". Kinetic and molecular modeling studies showed that 6k
targeted both catalytic active site and peripheral anionic site of AChE. Moreover, some compounds could inhibit
AChE-induced p -amyloid (Ap) aggregation. In addition, absorption, distribution, metabolism and excretion
prediction results showed 6k conforms to the Lipinski's rule of five and had high partition coefficient P value.
These compounds, especially 6k, may be considered as a dual-functional lead compound for in-depth research.
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Figure 1 Structure of the acetylcholinesterase (AChE) inhibitors
in clinical use, tacrine (TAC), donepezil (DPZ), rivastigmine,

galanthamine (GTA) and huperzine A
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Figure 2 Chemical structures of reported phthalimide-donepezil

(PTA-DPZ) derivatives (A-D)
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AChE #1i1] 26K - 80%, #F — B MR T X Lk & Py Xt
JIELTRR B B 1) T M (R 2). BB 2ATEH, X7 /Mb &
YIk; AChE #I5 PE A58, Hoh 6a. 6g. 6i. 6k 1 IC, fH
BI1E 4 BE R Ju L, AT TAC 1 GTA, 1% 55 F DPZ.
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Table 1 Inhibition rate of AChE and butyrylcholinesterase (BuChE).
“Inhibition rate were tested at a concentration of 20 pmol-L";

"AChE from electric eel; ‘BuChE from equine serum. n =3, X £ s

Inhibition rate/%"

Compd.  Chain length R

AChE" BuChE*
5a 1 4-H 41.68 +0.90 2927+ 1.10
6a 2 98.47+1.22 45.59 +£2.35
5b 1 4-CH, 49.44 +2.03 5.85+0.24
6b 2 93.36+0.71 <5
Sc 1 4-C(CH,), 12.49 £ 1.04 2328 +£1.65
6¢ 2 3240+ 1.65 29.01 £2.08
5d 1 4-CN 19.37 + 1.45 10.58 £ 0.53
6d 2 51.63 £0.65 <5
Se 1 4-NO, 41.07 £ 0.90 13.27+1.24
6e 2 54.01£1.16 11.88 +0.49
6f 2 4-Cl 74.79 +£2.84 <5
6g 2 4-F 97.57 +0.48 51.21+1.11
6h 2 4-OCH, 57.85+£2.35 <5
6i 2 3-F 98.67 +0.62 42.49+0.45
6j 2 3-OCH, 89.18 £ 1.02 21.60£0.41
6k 2 2-F 98.78 + 1.44 40.85 £ 1.66
61 2 2-OCH, 93.02 + 0.46 14.51 £1.34
DPZ - - 99.23 +£0.15 64.22 +0.89
TAC - - 95.04 +£2.41 99.18 + 1.47
GTA - - 88.72 £ 0.86 55.65+1.22
Table 2 Inhibitory activity of cholinesterases and selectivity

index. IC,;: Half maximal inhibitory concentration,values are
mean of the three independent experiments; SI: Selectiveity
index = (IC,; AChE/IC,  BuChE). n=3,X £ s

. IC, /umol-L"!

Compd. Chain length R ACIE BuChE SI
6a 2 4-H 0.16+£0.02 31.03+1.16 0.005
6b 2 4-CH, 1.25+0.10 >100 <0.013
6g 2 4-F 0.57+0.03 24.76+0.18 0.023
6i 2 3-F 0.14+£0.01 36.32+1.37 0.004
6j 2 3-OCH, 3.02+0.01 87.58+0.44 0.034
6k 2 2-F 0.13+£0.01 46.31+0.80 0.003
61 2 2-OCH, 1.78+0.08 >100 <0.018

DPZ - - 0.05+0.01 7.46 +0.32 0.007
TAC - - 0.18+0.02  0.03+0.004 6.0
GTA - - 342+0.23 1323+1.55 0.26

AChE ¥ IC, B ¥ IR FFAE AN B RVE [ . BRIk, £ 5 145
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Synthetic route of the target compounds. Reagents and conditions: (a) PPh,, CBr,, DCM, r.t., 24 h, 80%-82%; (b) PTA, NaH,

DMEF, 90 °C, 4 h; (c) 4 mol-L™" HCI dioxane, 86%-88%; (d) aldehyde, MeOH, r.t., 8 h, 61%-88%
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4B) 7] LA Hh, 6k &5 14 sl B ) R ZE A0 PTA 43 5] o5
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Trp84 il it & # 1) z-z #H HAE H, F 3L 5 Trp84 11 15| i
PR B B ) o 3.8 A R4 A. WRIEFA B &R
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I (26.4%), W& A% T Cur (31.3%). 1M /F T CAS fif
UM TAC #H] ZR AR 55 (4.2%) . R, 3X 2L X007
FE AR ) T REIE T & S PAS A7 55 AT 6] T AChE %
FHABELE.
6 ADME 7

27 RE s 7k o ik R B (BBB) X T HE Jr) o X A
KRG B, SRR 2 % i BBB G
BRI ZR o A F00 2= &8 0] 3% P4 55 4 A6 5 40 6a. 61 6k
HE4T BBB 15 3% TN, (5] B A FH R AT L 0 A A 3 A
Hett (ADME) T 9 328 335 47 Jig 7K 73 i R 4L (Log P) &
FC At A HE AL S 5 B ™. Log P45 T &5 5L I
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Figure 3 Kinetics study of 6k with AChE. Lineweaver-Burk plots (A) and Dixon plot (B) for 6k

Figure 4 Docking results of 6k and DPZ. The potential distribution surface diagram of AChE for 6k (A); docking model for 6k (B) and

DPZ (C) with AChE
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Figure 5 Inhibition of AChE (0.06 U) induced Ag, ,, (20 pmol-L™)

aggregation by tested compounds (10 umol-L™). Cur: Curcumin

Table 3 Calculated parameters of Lipinski's rule of five, its viola-
tion and drug-likeness for 6a, 6i, 6k and DPZ. “Log P: Calculated
lipophilicity; "TPSA: Total polar surface area; ‘“MW: Molecular
weight; ‘7HBA: Number of hydrogen bond acceptor; ‘#HBD:
Number of hydrogen bond donor; RB: Number of rotatable

bonds; ##Vs: Number of violations from Lipinski's rule of five

Parameter of Lipinski's rule of five

Compd. | o P* TPSA® MW nHBA® #HBD® nRB' Vst O/
likeness

6a 346 4062 34844 3 0 5 0 Yes

6i  3.62 4062 36643 4 0 5 0 Yes

6k 354 4062 36643 4 0 5 0 Yes

DPZ 392 3877 37949 4 0 6 0  Yes

0.140.0.117.0.117, DPZ 1% 4324 0.135, ¥ {H = T 0.02
KRz EYEA BBBE L A8 /1, 3 H 6a.6i.6k TF &
KGR, BA1ERN D IRAIIE 1.

ZEig

25 BRTIR, ASCE T — R 5IH 1 PTA-DPZ 2 &)
YERXUNL £ ACKE #5745 3R B ix e fb &%
L T AChE EFE MM, B N 2 1 R &)
%F AChE # il 1 F HE 58 o 305 P4 85 4 19 A2 6k, IC, (A
0.13 pmol-L"'s F§Z)I /15 F0 03 T X He bt S R AL &4 6k
A% [F] I /E FH T AChE [ CAS F1 PAS XA £ . AChE
OS] 355 P B R R A A 0 E 10 pmol- L ¥R B R X AChE
20 AB, L, REIH BRI IEEE . REAEY
6a.6i fll 6k ] ADME il Il 25 R B e AT R A R IF 158
JEPER BBB iZ i 1, FF & 382 oA . DA B 25 SR ik
— 5 BB B XUAT A5 ACHE 101 751 52 1k 25 B4R 35

SCIGER 4y
1 NES5EHF

Bruker AV-300 %Y i 5 A% WG L 4R A, TMS 2 A F5 |
Esquire3000 &Y LC-MS Ji i 4% (#& [ Bruker 2 7]); X-4

A s A (IR AL A F]); WFH-204B B F42 50
LLAMT (R RS A F]); PowerWave XS 41 K i
PR (35 B IS A =)); 2 EHTRRIAE B (200~300 H,
TS VERERS T ); AChE (E.C. 3.1.1.7, K J5 T L ).
BuChE (E.C. 3.1.1.8, R T 5 IfiL i) - Bt 4R £ 1k JIH Bk
(acetylthiocholine, ATC). it £ T I IH B (butylthiocho-
line, BTC).5,5"- Bt AR X (2-4i§ 5 28 H R) [5,5'-dithio-
bis-(2-nitrobenzoic acid), DTNB].TAC.DPZ 1 GTA Iy
T Sigma-Aldrich 2 w5 At 57 25 2 17 8 23 #r 48, R
PRt — B b2 .
2 HEEK
2.1 HE{k2a.2b

RO = FE B (3.93 g, 15 mmol) AT 30 mL & H
Ferh, 0 °C T, K 35 Jin 2 N-Boc-4-WR e H B 5% N-Boc-
4-WR WE Z, B (10 mmol) F1PU R AL % (4.97 g, 15 mmol)
M) SRR . W oE e, AR E R, #HE 24 he
SN AL, e, ZEBRIER, Al (k- L B
50:1), 151 [a] 4 2a.2b.
2.1.1 4-CREE)IRIE-1-FEN T B (2a) L AR
T, 7# % 80%. "H NMR (300 MHz, CDCI,) ¢ 4.13 (dt,
J=12.0, 3.0 Hz, 2H), 3.28 (d, J = 6.0 Hz, 2H), 2.68 (t,
J = 12.0 Hz, 2H), 1.83~1.78 (m, 2H), 1.78~1.69 (m,
1H), 1.45 (s, 9H), 1.27~1.05 (m, 2H); ESI-MS m/z:
278.1 [M+H] .
2.1.2 4-Q2-RZE)KVE-1-FFER T B (2b) L hih
KWL, 77 % 83%. 'H NMR (300 MHz, CDCL,) 6 4.03
(dt, J = 15.0, 3.0 Hz, 2H), 3.38 (t, J = 6.6 Hz, 2H), 2.64
(t, J = 12.9. Hz, 2H), 1.79~1.69 (m, 2H), 1.66~1.56
(m, 3H), 1.39 (s, 9H), 1.13~0.98 (m, 2H); ESI-MS m/z:
292.1 [M+H]".
2.2 gk 3a.3b

FREL 60% AL 4 (0.60 g, 15 mmol) T 250 mL
5 JBE e 3, R AR 2K — R S % (1.76 g, 12 mmol)
T30 mL JG7K N,N- H S B e, 7 0 °C i i 2
BN, 8 30 min. HEPHE G, R =, Kb
8] 4 2a 5 2b (10 mmol) I 2B 1, FHil 52 90 °C,
R4 he JRBAF I, FIZKER, ZEBREER, K, 418
CBEFEI3 Ik, WA NLIZ, To7K Na,SO, 14 5 25 bR
A, A5 B DR [ 44, B A R4 3a. 3b, JC 7 $E 40 B
BT —P R M.
2.3 HEl{k4a.4b

¥ iR v a4k 3a 8 3b A 10 mL — & H e ia i, n
A 10 mL 4 mol-L" &AL A 1,4- A NIRIET, EiRdi
Pt i, OMise e, b, S AU BT O TR,
B E ik 4a.4b.
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2.3.1  2-(Wk BE-4- 5 B £ ) 5 05 Pk Ik -1, 3- — e 35 BR 28
(4a) HEEE, P*Z86%. "HNMR (300 MHz, D,0)
5 7.60 (s, 4H), 3.39 (d, J = 7.2 Hz, 2H), 3.27 (dt, J =
12.0, 3.0 Hz, 2H), 2.79 (t, J = 11.7 Hz, 2H), 1.95~1.85
(m, 1H), 1.82~1.72 (m, 2H), 1.39~1.24 (m, 2H); ESI-
MS m/z: 245.1 [M+H]",
232 2-Q2-(WRVE-3-F) 2 &) T 05| PRk -1,3- = B £ BR
i @4b) A OE K, 7% 88%. 'H NMR (300 MHz,
D,0) d 7.72 (s, 4H), 3.62 (t, J = 6.3 Hz, 2H), 3.40 (d,
J =12.6 Hz, 2H), 2.93 (t, J = 12.6 Hz, 2H), 2.00 (d, J =
13.6 Hz, 2H), 1.65~1.53 (m, 3H), 1.47~1.34 (m, 2H);
ESI-MS m/z: 259.1 [M+H] .
24 BiRCEYINE RIBE

7E 100 mL [ 5 J&& &8 i = N\ A (3] 44 4a 55 4b
(0.8 mmol) A 5 [ % (1 mmol) Al 15 mL H %, % iR 4
P8 ho JRPAF IR, ZETIEAG, BARWH A 15 mL
FHEE, S fbinN = Z B A SE T A4k 89 (0.85 g, 4 mmol),
ERPFEE R . RN TEEE, BRI, K, L LT
IKEERL3 WK, & IFENLZ, /K Na,SO, T, 28 BRin i,
S (P H-FEES0:1), B B &Y.
241 2-((1-F E VR IE-4-F) BB E) 5 5] Bk itk -1,3- — B
(5a) [ [ K, 773 80%; 1 £ 118.4~120.1 °C;
'H NMR (300 MHz, CDCl,) 6 7.89 (t, J = 7.5 Hz, 2H),
7.79 (d, J = 9.0 Hz, 2H), 7.45~7.30 (m, 5H), 3.66 (d, J =
6.9 Hz, 2H), 3.61 (s, 2H), 2.99 (dt, J = 9.0, 3.0 Hz, 2H),
2.05 (t,J=11.4 Hz, 2H), 1.93~1.81 (m, 1H), 1.76~1.64
(m, 2H), 1.57~1.43 (m, 2H); "C NMR (75 MHz, CDCl,)
5 168.6, 137.9, 134.0, 132.0, 129.3, 128.2, 127.1, 123.2,
63.0, 53.0, 43.3, 35.4, 29.8; HRMS (ESI): m/z [M+H]"
(C, H,N,0,) TH51E 335.175 4; I EAH 335.176 4.
242 2-((1-4-BREFTE)IRLE-4-5) B &) T 05| R IH-1,3-
ZER (5b)  EEE A, 2R 82%; M AL 65.7~67.6 °C;
'"H NMR (300 MHz, CDCI,) 6 7.83 (t, J = 3.0 Hz, 2H),
7.71 (d, J = 9.0 Hz, 2H), 7.19 (d, J = 7.8 Hz, 2H), 7.11
(d, J = 7.8 Hz, 2H), 3.59 (d, J = 6.9 Hz, 2H), 3.50 (s,
2H), 2.91 (dt, J = 12.0, 3.0 Hz, 2H), 2.32 (s, 3H), 1.97 (t,
J=11.1Hz, 2H), 1.85~1.73 (m, 1H), 1.68~1.62 (m, 2H),
1.50~1.36 (m, 2H); *C NMR (75 MHz, CDCl,) § 168.6,
136.8, 134.0, 132.0, 129.3, 128.9, 123.2, 62.7, 52.9, 43.3,
35.3,29.7, 21.1; HRMS (ESI): m/z [M+H]"(C,,H,,N,0,")
THEE 349.191 1; Wl &4 349.191 7,
243 2-((1-(4-(FT E)FE) IR E-4-5) B &) F 05k
Wk-1,3-Z 8 (S¢) H & &, = % 85%; 15 i 98.7~
100.2 °C; '"H NMR (300 MHz, CDCI,) ¢ 7.82 (dd, J =
5.4,3.0 Hz, 2H), 7.68 (dd, J = 5.4, 3.0 Hz, 2H), 7.32 (dt,

J=9.0, 3.0 Hz, 2H), 7.23 (d, J = 8.1 Hz, 2H), 3.60 (d,
J = 6.9 Hz, 2H), 3.47 (s, 2H), 2.89 (dt, J = 9.0, 3.0 Hz,
2H), 1.94 (t, J = 9.0 Hz, 2H), 1.83~1.77 (m, 1H), 1.67~
1.60 (m, 2H), 1.47~1.40 (m, 2H), 1.32 (s, 9H); *C NMR
(75 MHz, CDCL,) ¢ 168.5, 149.7, 135.2, 133.9, 132.0,
128.9, 125.0, 123.2, 62.8, 53.1, 43.3, 35.5, 34.4, 31.5,
30.0; HRMS (ESI): m/z [M+H] ' (C,;H, N,0,") it & {4
391.238 0; | &K 391.239 0.

244 4-((4-((1,3-Z 51K 05| MRm-2-5) BB E) DR IE-1-
E)RE)KME (5d) HEAEFEK, 772 68%; 14 5l 142.3~
143.7 °C; '"H NMR (300 MHz, CDCl,) 6 7.85 (d, J =
3.3 Hz, 1H), 7.83 (d, J= 3.3 Hz, 1H), 7.72 (d, J = 3.0 Hz,
1H), 7.71 (d, J = 3.0 Hz, 1H), 7.60 (dt, J = 6.0, 3.0 Hz,
2H), 7.47 (d, J = 8.1 Hz, 2H), 3.60 (d, J = 6.0 Hz, 2H),
3.59 (s, 2H), 2.87 (dt, J = 9.0, 3.0 Hz, 2H), 2.04 (t, J =
9.0 Hz, 2H), 1.88~1.78 (m, 1H), 1.71~1.65 (m, 2H),
1.52~1.38 (m, 2H); °C NMR (75 MHz, CDCl,) 6 168.6,
134.1, 132.2, 132.0, 129.7, 123.3, 119.0, 62.3, 53.1,
43.1,35.1, 29.6; HRMS (ESI): m/z [M+H]"(C,,H,,N,0,")
H5AE 360.170 7; M EAH 360.171 6.

245 2-((1-(4-Fi5 2 5% B) Uk 0E 4- £) B &) 7 05
WR-1,3-ZF1 (Se) I EE A, 772 63%; 15 A 179.8~
180.4 °C; 'H NMR (300 MHz, CDCL,) ¢ 8.15 (dt, J =
9.0, 3.0 Hz, 2H), 7.84 (d, J = 3.3 Hz, 1H), 7.82 (d, J =
3.3 Hz, 1H), 7.72 (d, J= 3.0 Hz, 1H), 7.70 (d, J = 3.0 Hz,
1H), 7.51 (d, J = 8.4 Hz, 2H), 3.61 (d, J = 6.0 Hz, 2H),
3.59 (s, 2H), 2.85 (dt, J = 12.0, 3.0 Hz, 2H), 2.02 (t, J =
10.5 Hz, 2H), 1.88~1.76 (m, 1H), 1.70~1.64 (m, 2H),
1.50~1.37 (m, 2H); C NMR (75 MHz, CDCl,) 6 168.7,
147.1,146.5,134.0,132.0, 129.5, 123.5, 123.3,62.2, 53.3,
43.2,35.2,29.8; HRMS (ESI): m/z [M+H]'(C,,H,,N,0,")
TH54H 380.160 5; I & {E 380.161 3.

2.4.6  2-2-(1-"F ENRIE-4-5) Z E) F 05| wRik-1,3-— R
(6a) HEE, P22 88%:; 1541 79.5~81.2 °C; '"H NMR
(300 MHz, CDC,) 6 7.82 (dd, J=4.8, 3.3 Hz, 2H), 7.76~
7.62 (m, 2H), 7.37~7.29 (m, 3H), 7.27 (d, J = 3.9 Hz,
2H), 3.70 (t, J = 7.2 Hz, 2H), 3.55 (s, 2H), 2.93 (d, J =
11.4 Hz, 2H), 2.00 (t, J = 10.5 Hz, 2H), 1.77 (d, J =
11.7 Hz, 2H), 1.62 (q, J = 6.9 Hz, 2H), 1.45~1.29 (m,
3H); "C NMR (75 MHz, CDCL,) 6 168.4, 133.9, 132.2,
129.5, 128.3, 127.3, 123.2, 63.1, 53.4, 35.8, 35.0, 33.2,
31.6; HRMS (ESI): m/z [M+H] " (C,,H,.N,0,") it 5 {H
349.191 1; Ml &:1E 349.191 1.

24.7 2-(2-(1-(4-BBEFE)IRE-4-F) 2 £) T B
Wk-1,3-Z 8 (6b) 1 A A, 5 EE 1%, M AL 62.7~
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64.1 °C; 'H NMR (300 MHz, CDCl,) 6 7.87~7.77 (m,
2H), 7.77~7.63 (m, 2H), 7.21 (d, J= 7.8 Hz, 2H), 7.12 (d,
J=17.8 Hz, 2H), 3.70 (t,J=7.2 Hz, 2H), 3.54 (s, 2H), 2.94
(d, J = 10.8 Hz, 2H), 2.33 (s, 3H), 2.06~1.95 (m, 2H),
1.77 (d,J=12.0 Hz, 2H), 1.62 (q, J = 6.9 Hz, 2H), 1.46~
1.34 (m, 2H), 1.33~1.28 (m, 1H); °C NMR (75 MHz,
CDCl,) 6 168.4, 136.9, 133.9, 132.2, 129.5, 129.0, 123.2,
62.8, 53.3, 35.8, 35.0, 33.2, 31.6, 21.2; HRMS (ESI):
m/z [M+H]" (C,,H,,N,0,") ¥ 5 1 363.206 7; Wl & 18
363.207 2.

248 2-2-(1-(4-(R T £)FE)IKE-4-5) 2 &) 70
WRAK-1,3-Z B (6c) [k, =5 70%; J# 51 83.2~
84.1 °C; '"H NMR (300 MHz, CDCI,) 6 7.83 (d, J =
7.8 Hz, 2H), 7.71 (t, J = 4.5 Hz, 2H), 7.33 (d, J = 7.8 Hz,
2H), 7.24 (d, J = 9.0 Hz, 2H), 3.71 (t, J = 7.2 Hz, 2H),
3.50 (s, 2H), 2.92 (dt, J = 12.0, 3.0 Hz, 2H), 1.97 (t, J =
10.8 Hz, 2H), 1.77 (d, J = 11.2 Hz, 2H), 1.67~1.58 (m,
2H), 1.31 (s, 9H), 1.29~1.22 (m, 3H); *C NMR (75 MHz,
CDCl,) 6 168.4, 150.0, 134.6, 133.9, 132.2, 129.2, 125.1,
123.2, 62.9, 53.6, 35.8, 35.1, 34.5, 33.3, 31.8, 31.4, 29.7;
HRMS (ESI): m/z [M+H]" (C,H;N,O,") 15 1# 405.253 7;
1 405.252 7.

249 4-(4-Q2-(1,3-Z E R 7 B R -2-5) 2 £) Uk
LE-1-E) B E) RS (6d) A £, 77 % 63%; 1 M
142.7~143.8 °C; '"H NMR (300 MHz, CDCL,) § 7.81
(d, J=3.0 Hz, 2H), 7.69 (t, J = 3.0 Hz, 2H), 7.57 (d, J =
7.8 Hz, 2H), 7.41 (d, J = 7.8 Hz, 2H), 3.69 (t, J = 7.2 Hz,
2H), 3.49 (s, 2H), 2.79 (d, J = 10.5 Hz, 2H), 1.94 (t, J =
9.6 Hz, 2H), 1.78~1.68 (m, 2H), 1.64~1.52 (m, 2H),
1.36~1.24 (m, 3H); *C NMR (75 MHz, CDCI,) § 168.4,
144.7, 133.9, 132.1, 129.5, 123.2, 119.0, 110.7, 62.8,
53.8, 35.8, 35.1, 33.2, 32.0; HRMS (ESI): m/z [M+H]"
(C,H,,N,0,") 1151 374.186 3; I & {4 374.187 0.
2.4.10 2-Q2-(1-4-FHEFE)IRIE-4-5) 2 &) R M6k
MR-1,3-ZBR (6e) I8 44, 725 62%; 45 A1 141.9~
142.6 °C; '"H NMR (300 MHz, CDCL,) ¢ 8.16 (d, J =
8.4 Hz, 2H), 7.83 (d, J = 7.8 Hz, 2H), 7.71 (t, J = 7.8 Hz,
2H), 7.51 (d, J = 8.1 Hz, 2H), 3.71 (t, J = 7.2 Hz, 2H),
3.58 (s, 2H), 2.85 (d, J = 10.8 Hz, 2H), 2.01 (t, J =
10.5 Hz, 2H), 1.78 (d, J = 9.3 Hz, 2H), 1.69~1.54 (m,
2H), 1.43~1.26 (m, 3H); "C NMR (75 MHz, CDCI,) ¢
168.4, 147.1, 146.6, 132.1, 129.5, 123.5, 123.2, 62.4,
53.8, 35.8, 35.1, 33.2, 32.0; HRMS (ESI): m/z [M+H]"
(C,H,,N,0,") 1151 394.176 1; M & 394.176 5.
2411 2-(2-(1-(4- 85 &) Uk IE -4- &) 2 &) 57 5| mg

Wk-1,3-Z0F (6f) A A, 77 A 61%; M 107.6~
108.2 °C; '"H NMR (300 MHz, CDCL,) 6 7.87 (s, 2H),
7.82~7.63 (m, 2H), 7.30 (s, 4H), 3.75 (t, J = 7.2 Hz,
2H), 3.50 (s, 2H), 2.90 (d, J = 10.5 Hz, 2H), 1.99 (t, J =
10.2 Hz, 2H), 1.80 (d,J= 9.3 Hz, 2H), 1.72~1.60 (m, 2H),
1.45~1.32 (m, 3H); *C NMR (75 MHz, CDCL,) § 168.4,
136.6, 133.9, 132.8, 132.2, 130.6, 128.3, 123.2, 62.5,
53.5, 35.8, 35.1, 33.3, 31.8; HRMS (ESI): m/z [M+H]"
(C,,H,,CIN,0,") i+5 {4 383.152 1; Il K 383.152 6.
2412 2-2-(1-(4- &5 E) R UE -4- &) 2 &) 7 05| v
Mk-1,3-Z B (6g) A [ A, 772 85%; M5 AL 76.1~
77.4 °C; 'H NMR (300 MHz, CDCI,) ¢ 7.82 (dd, J = 5.1,
2.7 Hz, 2H), 7.77~7.58 (m, 2H), 7.29 (d, J = 6.3 Hz, 2H),
6.98 (t, J = 8.4 Hz, 2H), 3.70 (t, J = 7.2 Hz, 2H), 3.49 (s,
2H), 2.89 (d, J = 11.1 Hz, 2H), 1.97 (t, J = 10.8 Hz, 2H),
1.77 (d, J=10.8 Hz, 2H), 1.61 (q, J = 6.6 Hz, 2H), 1.42~
1.27 (m, 3H); *C NMR (75 MHz, CDCl,) 6 168.4, 133.9,
132.1, 130.9, 123.2, 115.2, 114.9, 62.3, 53.4, 35.7, 35.0,
33.2, 31.7, 29.7; HRMS (ESI): m/z [M+H]" (C,,H,,FN,0,")
5 367.181 6; M &K 367.181 8.

2.4.13 2-Q2-(1-@-HEETE)IRIE-4-5) 2 £) F B[k
Wk-1,3-Z 8@ (6h) KPR, 7™ % 80%; '"H NMR
(300 MHz, CDCL,) 6 7.85~7.76 (m, 2H), 7.69 (dd, J =
5.1, 3.0 Hz, 2H), 7.25 (d, J = 8.1 Hz, 2H), 6.84 (d, J =
8.4 Hz, 2H), 3.78 (s, 3H), 3.69 (t, J = 7.2 Hz, 2H), 3.58
(s, 2H), 3.00 (d, J = 11.4 Hz, 2H), 2.04 (d, J = 13.2 Hz,
2H), 1.79 (d, J = 12.6 Hz, 2H), 1.62 (q, J = 6.9 Hz, 2H),
1.52~1.38 (m, 2H), 1.35~1.27 (m, 1H); *C NMR (75 MHz,
CDCL,) 6 168.4, 159.2, 133.9, 132.1, 131.2, 123.2, 113.8,
61.9, 55.3, 52.9, 35.7, 34.9, 32.9, 31.0; HRMS (ESI):
m/z [M+H]" (C,;H,,N,0,") i % {8 379.201 6; I & 18
379.201 8.

2414 2-2-(1-B-FF E) Ik I -4- &) 2 &) F 5| B}
Wk-1,3- Z @fd (6i) oK IR, 77 % 86%; 'H NMR
(300 MHz, CDCl,) d 7.94~7.77 (m, 2H), 7.76~7.60
(m, 2H), 7.23 (d, J = 6.9 Hz, 1H), 7.07 (t, J = 6.3 Hz,
2H), 6.92 (t, J = 6.9 Hz, 1H), 3.71 (t, J = 6.9 Hz, 2H),
3.48 (s, 2H), 2.87 (d, J= 9.3 Hz, 2H), 1.96 (t,J = 10.5 Hz,
2H), 1.76 (d, J= 8.1 Hz, 2H), 1.67~1.53 (m, 2H), 1.46~
1.28 (m, 3H); "C NMR (75 MHz, CDCl,) & 168.4,
133.9, 132.2, 129.5, 124.7, 123.2, 116.0, 115.7, 114.0,
113.8, 62.7, 53.6, 35.8, 35.1, 33.3, 31.9; HRMS (ESI):
m/z [M+H]" (C,,H,,FN,0,") I 5 {8 367.181 6; Ml & 1H
367.182 1.

2.4.15 2-Q2-(1-G-BFEETE)IRIE-4-5) 2 £) F 5[k
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Wk-1,3-Z 87 (6§) 11t A, 772 81%; 15 Al 71.2~
72.4 °C; '"H NMR (300 MHz, CDCl)) § 7.81 (t, J =
3.0 Hz, 2H), 7.69 (t, J = 3.0 Hz, 2H), 7.21 (t, J = 7.8 Hz,
1H), 7.01~6.84 (m, 2H), 6.79 (d, J = 7.8 Hz, 1H), 3.79
(s, 3H), 3.69 (t, J = 7.2 Hz, 2H), 3.54 (s, 2H), 2.95 (d,
J=11.1 Hz, 2H), 2.02 (t, J = 10.8 Hz, 2H), 1.77 (d, J =
11.7 Hz, 2H), 1.62 (q, J = 6.3 Hz, 2H), 1.49~1.26 (m,
3H); "C NMR (75 MHz, CDCL,) 6 168.4, 159.6, 133.9,
132.1, 129.2, 123.2, 121.8, 114.9, 113.0, 62.9, 55.3,
53.4, 35.7, 35.0, 33.1, 31.4; HRMS (ESI): m/z [M+H]"
(C,:H,,)N,0,") T 518 379.201 6; I &1H 379.200 9.
2.4.16 2-2-(1-Q-B3H)IRIE-4-5K) 2 £) F 15| R M-
1,3-Z 0 (6k) A, 772 82%; 4 1 74.3~76.2 °C;
"H NMR (300 MHz, CDCl,) J 7.82 (s, 2H), 7.70 (s, 2H),
7.36 (t, J = 6.0 Hz, 1H), 7.21 (d, J = 6.0 Hz, 1H), 7.09
(d, J = 6.0 Hz, 1H), 7.00 (t, J = 8.5 Hz, 1H), 3.70 (t,
J = 6.0 Hz, 2H), 3.56 (s, 2H), 2.89 (d, J = 10.2 Hz, 2H),
2.00 (t, J=9.6 Hz, 2H), 1.76 (d, J = 8.8 Hz, 2H), 1.68~
1.53 (m, 2H), 1.42~1.25 (m, 3H); "C NMR (75 MHz,
CDCL) J 168.4, 133.9, 132.2, 131.7, 131.6, 128.7,
128.6, 123.2, 115.3, 115.0, 55.5, 53.4, 35.8, 35.1, 33.2,
32.0, 29.7; HRMS (ESI): m/z [M+H]" (C,,H,,FN,0,") i}
HAH 367.181 6; M &1 367.182 4.
2417 2-Q-(1-Q-FRETE)IRIE-4-5) 2 £) 70|k
Wk-1,3- Z Bfd (61) K R W, S % 86%; 'H NMR
(300 MHz, CDCl,) § 7.89~7.82 (m, 2H), 7.81~7.70
(m, 2H), 7.47 (d, J = 7.2 Hz, 1H), 7.32 (t, J = 7.2 Hz,
1H), 6.99 (t, J = 7.5 Hz, 1H), 6.91 (d, J = 8.1 Hz, 1H),
3.85 (s, 5H), 3.74 (t, J = 6.9 Hz, 2H), 3.16 (d, J =
11.1 Hz, 2H), 2.28 (t, J = 11.4 Hz, 2H), 2.06 (s, 1H),
1.86 (d, J = 12.6 Hz, 2H), 1.68 (q, J = 6.3 Hz, 2H),
1.61~1.48 (m, 2H); "C NMR (75 MHz, CDCl,) § 168.4,
158.0, 134.0, 132.1, 129.4, 123.2, 120.6, 110.6, 55.5,
54.9, 52.5, 35.6, 34.8, 32.4, 30.5; HRMS (ESI): m/z [M+
H]' (C,,H,,N,0,") 1518 379.201 6; M &£ 379.201 9.
3 BEWESEEHNSHIE

7E 96 FLAR ik B 6 AL, B AL 10 pL AH 5 5
WiV, LA S 0.5.10.20.35.50 pl 45 W 4k & W0 v ik,
AN 0.1 mol-L™" pH = 8.0 filf g 2% i 1 i {3 i AR AL A
100 uL, 37 °C## & 15 min, il X ATC (10 uL). DTNB
(10 pL) K 2% 38 (80 uL) FIVR A WLt 100 pL, & 2)
JEMIEAE L =412 nm A A (A 44), 5 0 BERR 2% 1
. ATC 1B R IKIEA A gy, VLR IEE G BT 045 1)
Ao TEN 100G J7 B4 o FEXTERG 71= (A — A ) /
(Aoneor = A 5 % 100, SR Ji5 DA ) AE X 37 2 5% 410 1) 7)ok

FEAE B, AR A5 0t &k B S IC, 5. SEEE
F 3K, BCFME.
4 FEEHNZEMRR

Wi (1) 31 3 2 W 5848 ) Ellman 77353647, F PBS ¥
JEA) ATC Wi B 25 FH o 0 T4 Pk B2 I AR AL & 40, A8
F FL A0 AS [R)HR FE 1F) ATC Ml o P AT 5 B S 36 20 76 A
AR R E LR 4T . 3 12 R B AChE i {6 ATC
IK AR HEAT, 3% 412 nm AL (28 AR IAC . 4 2K 7
iT Lineweaver-Burk 47 )5 -
5 SFxtiE

K F Autodock 4.2 B A FEAT 73+ X 42, ik HURE
ACE #1)5 M 5 4 14k &9 6k AARF AL A5, AChE
mn RSG5 K SCAH L PDB T 8k, 4ty 1TEVE. X462 |l
TS AL A AT TAR K B T R 4
HFUFAIK 73 M B, K S LR i A A, TR T Gasteiger
HL A 255 Ak B AT BT T, o el e . 15 3
() 2R [ )R 45 K9 72 1 AUOTOGRID Jy BC AR b 1 64 5
T RA AT S5 SR A B fOTE B, A R R R
0.375 A, A% & 770 i B T B s M (10 30, w0 A R
N [2.781 64.383 67.971], ¥ ¥ 11 K /N € N 50%46x
46 A, B TIiEE OIS PG AL . X B LAl A
F 5 5 15 A% B (LGA), BENL/MAERE N 150, BE & VT4
RECH 2 500 000, HAh S HONHAFERINSHL
6 AChEESHIAp, , BEIHIEMN

KB R T 200 & VAT AB,, SR Hl)
EW G R 8 10 mmol L ¥ B
W, 18 F W PBS # B . AChE F 8 4l /K V5 fift o~ BE R
JEH PBS #i B . L AP, ., B H 10 uL 54654 10 puL
TEOEH, N AChE ¥ PBS, it &4 A8,
I AChE ) 283 &£ 43 5] A 10 umol-L". 20 pmol-L™" Al
0.06 U, IRZI1E37 °CHFH 48 he FEAXT AN AL, 5
AChE, [ X} 84 AB, ,, 5 DPZ. TAC 5 Cur. W& )5
P H RS 5 mL B0 H, JIA 10 umol-L' ThT ¥4
480 uL, V& 51 JF 8 ) B 10 mine 55 M 2 mL (1)
50 mmol-L" H % 2 -NaOH 2% ik, Y 21 J il B 52 )6
WE (A, = 450 nm, 1, = 482 nm).

{EZ STEK: EHENER T KE > B L a2 & 1 45
He) 22 58 AE PR PP A s R8T 58 SO A 5 ) 6 BN S5 K
SE; YRERTE R T A0 S5, 5 i R A AR BRIt B 5
£ PR T SR AR S SRR AR R A .
RS FTA 1135 35 7 WA A7AE R i o R
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