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Synthesis of Naphthalimide Derivatives as Cholinesterase
Inhibitors with Aggregation Induced Emission Properties
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Abstract Alzheimer’s disease (AD) is a neurodegenerative disease characterized by impaired cognitive and memory func-
tion, which seriously affects the quality of life of the elderly. At present, the main drugs for the treatment of AD are cholines-
terase inhibitors, such as donepezil and rivastigmine. In this paper, a series of novel naphthimide derivatives were designed,
synthesized and evaluated based on the structure of donepezil. The results showed that all of the tested compounds were ace-
tylcholinesterase (AChE) selective inhibitors, 2-((1-(3-methoxybenzyl)piperidin-4-yl)methyl)-1H-benzo[de]isoquinoline-
1,3(2H)-dione (4k) exhibited the strongest inhibition to AChE with an ICs¢ value of 4.43 umol/L, which was better than the
control rivastigmine. Kinetic and molecular modeling studies indicated that 4k targeted both the catalytic active site (CAS) and
the peripheral anionic site (PAS) of AChE. In addition, 4k didn’t show obvious cytotoxicity against SH-SY5Y and PC12 cell
lines. Besides, these compounds exhibited typical aggregation induced emissions (AIE) properties, which might be controlled
by mechanism of restriction of intramolecular rotations.

Keywords naphthalimide; cholinesterase; aggregation induced emission

Ri] JR IR HE BRI (Alzheimer’s disease, AD)&—F & s INFIDhRERERG . PEAE OO . FIAREREEIR. AD AR

WU R & BAT IO, 2T 60 UL ERELE
N HEEo N B R ER, I 60 5 L ERAHIE
3| 2.64 12, BRACTEREHE—D IR, B Z IS

HUER B A b oA ¢ 4 8 B, (H AR M P I 1Y £ Ik H A 7K
o B-TERIFEER H (B-amyloid, AB) R H BN ST, -
B A I B IR Ak DA R AR 50 S RO ML 0y Ve

™R, AD CL28 sONSEM 3 E 2850 R e AN Refid
JRE R 2 — L AD 3 e AR R L E i1z

HE S .
F I £ v 5 2 58 B R (FDAILHEA TR97 AD 1

* Corresponding authors. E-mail: luowen83@163.com; tzy2005@163.com
Received July 30, 2021; revised October 12, 2021; published online November 17, 2021.
Project supported by the National Natural Science Foundation of China (No. U1704176), the Science and Technology Planning Project of Henan Province (No.
212102311030), and the Program of Henan Vocational College of Applied Technology (No. 2020-HJ-22).
KRB 4 (No. U1704176) TR A RHLHHRI(No. 2121023 11030)F15 7 5 FH AR B 22 Bt (No. 2020-HI-22) % B A .

Chin. J. Org. Chem. 2022, 42, 819~829 A © 2022 Chinese Chemical Society & SIOC, CAS

http://sioc-journal.cn/ 819




BIKE

245 = B Z B BE AR B B (AChE) 157, dnfth se k(2
B ZERFE 1, A FERITAI M.
E B EFR AR, 2 MNAEEHEYT 25 i
B SR R AR, e AChE #4117, X eb 25458
IE] AChE BITEPE, £ 8 Wi i B AR R 1) 7K P,
PN &5 B ARt VA S1bvi i

Wit L Bh P N A7 75 4 Fb I B B (ChEs), AChE Al
T EEERESES(BChE)S. AChE T EAELE T rPAX#4 &
4t, M BChE EBAFIETAMA RS, [FB 5] # A
TG EE, TR XA RSN BIEF, a0 AR
SEWALIE [N, TR FEME Y ACKE 0 750 0 5 A R -5
I 8, AT g2 A JE AR R I 2

R i — R E B YR T, e TR
SRS, B EFrERE. MHGEA. Retlr. 5T
B S5 AR A, DT I SK G 65 ) 50 () 9F 7 I Vi R0,
AR, BEEE DR R, 2RI R 1 A G
PEIZHET 5] ORI DGE, 02 25950 . KFEZEIE R
KR ZRm (1, B~D)EATELE R PuihR ks, #0
HENBIG RIS B B, Horp 2 S SRR W RN T
T WIS, ¥R 77 46 R P S Rl 2 e (9 ity 2,
FoAD RS A BTG BT G50 2 RE M ZE T I G R AT AR
Y, IR E] T — G MR AT S S UL S Ak,
b BHEH T R OGAIE) I G 9 k8 URDS, RBHF T /E
FAVRIN T BB 20 AIE YRR, JFRH T FE 2k
(PIRET FF TN F AR PPRHESIRI 201 1, E~
G), BN METHIRE AT, H AT, XZEEE AT AED

WocpeVs

ﬁﬂ

A VAT 90 2 AR R R 5 T, LA AR A MR A
/b, JHL v R S B A 0 M P SCRRIR B 3 R 1,
HNJ)[zl 23],

AR\ ZE I AT A A RS TR 2 4,
AT AFRATTAR G 7 — LB 1) 37 41 O 28 (0 25 L 0 g 2K 297
P S BTG PE RS, T 2RI e LA ST =3 4
¥, A RTFAD KT N5 & SRR ik S A0 ELAE
H, FIB G RIEG N, 52 R 2RI E A
BOE — @ AR, (R, AR SC 3T E A6 i 410 1) 751 22
FRURST 540, FH 2RI 0 5 ¥ ok IR 3R e R, e ARk T

— RYHATED, ﬁﬁﬁﬁﬁﬁﬁh%%ﬁﬁﬁ%
&, FIRRATEANORIL T H AIE R8, XEegs 5o
KAt — S %Rt s %

ZEWE W AT A B 4 a0 Scheme 1 Fizs. H
(4K 2a F1 2b 14 B M 1,8- 25 FIR AT 1-50 T 48 5%
B -A- 5 R OR e S AR R R, 7ETC K B RO FA R R
BR, PoR e w2 Pal A 2a A1 2b 55 LR SRR
PR E 3a F1 3b, fATEERAE)E 5 A A R BB R
RN, AR EGEY) 4a~4k 1 5a~5d. A Hbr
EM A, RIRIE, 45858 "H NMR.
3C NMR K HRMS #fiiiF, 4@t HPLC il 5E.

1 SR57vHe
1.1 B EYRNERK

HhiE Ak 2a Al 2b & EGE B RN, BRAETT(E, A&

N/\/N\/\/N\/\ ;:‘

A, Donepezil B, Amonafide, R = NH, D, Elinafide
C, Mitonafide, R = NO,
() g Q O
oy vy Q O W g
N H
0 E
H
N N N~
Wn\/ M/\/ S
H,n=2,5 1 OH J,R=H,NO,
O\

&1

2 RURFTRIZE I AT AR i 45 1K

Figure 1 Chemical structures of donepezil and naphthalimide derivatives
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Scheme 1 Synthesis of the target compounds
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Table 1 [n vitro ChEs inhibitory activity of the target compounds

—_R?
Compd. R! -g@ ICso/(umolsL 1) for AChE® ICso/(umolsL 1) for BChE? NG
4a H -3@ 18.43+1.96 >100 <0.18
4b H —§—<\://\N 12.28+1.79 >100 <0.12

4c H -3@— 9.1540.55 >100 <0.09
4d H _E@_C(CH3)3 11.194+1.13 >100 <0.11
4e H —E—Q—F 4.66+0.54 >100 <0.05
af H —@—CN 12.98+1.78 >100 <0.13
4g H -§—©—N02 8.86%1.05 >100 <0.09

cl

4h H 3 @ 7434+0.71 >100 <0.07
Br

4 H 3 12.72+1.92 >100 <0.13
NO,

4 H 3 11.57+1.06 >100 <0.12
o_

4k H 3 @ 4.43+0.45 >100 <0.04

5a Br -3@ 17.14+1.69 >100 <0.17

5b Br -E—Q—F 14.52+0.75 >100 <0.15
5S¢ Br '§—©—N02 9.58+0.81 41364223 0.23

o_
5d Br EO 14304130 >100 <0.14
Riv.? — — 7.25+0.34 1.854+0.21 3.92
Dpz. — — 0.02740.003 1.15540.03 0.023

@ AChE from electric eel. ® BuChE from equine serum. ¢ Selectivity Index=ICso(AChE)/ICso(BChE). ¢ Rivastigmine. ¢ Donepezil.

RITRk i, SR IUEE 4. IS 4 ATDUE h, ST 4k SHIE 400 nm Fi A, BRI GIOLCHRIIFTRL,
ER AP OO K7 340 nm %47, BKR Figure S1), FUKHRRUZOUHEE i i TAT L A, ARl
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Figure 4 Absorption (A) and FL spectra (B, dex=340 nm, slit:
2.5/5 nm) of 4k (20 pmol/L) in different solvents
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Figure 10 Effect of compound 4k on viability of SH-SY5Y and
PC12 cell lines
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1.74 (m, 3H), 1.51 ~1.38 (m, 2H); HRMS calcd for
CisH1sN,0, [M+H]" 295.1447, found 295.1461.

6- 1R -2-(WRIE -4-FE B 36 - 1 H-2K 3 57 k- 1,3 (2 H)- —
il (3b): A [E R, 0.58 g, =% 78%. m.p. 187.3~
189.2 °C; 'H NMR (300 MHz, D,0) d: 7.86 (t, J=6.9 Hz,
2H), 7.56 (d, J=7.8 Hz, 1H), 7.49 (d, J=7.5 Hz, 1H), 7.34
(t, J=7.5 Hz, 1H), 3.69 (d, J=6.3 Hz, 2H), 3.31 (d, J=
12.6 Hz, 2H), 2.82 (t, J=11.7 Hz, 2H), 1.88 (s, 1H), 1.78
(d, J=14.1 Hz, 2H), 1.49~1.34 (m, 2H); HRMS calcd for
CisH7BrN,O, [M+H]" 373.0552, found 373.0564.

3.2.3  HARLA Y 4a—~4k A2 Sa—~5d 494 %,

¥ rhE & 3a~3b (1 mmol). HRAL(1.1 mmol)FITE
JKBREZEA(3 mmol)IMAF] 30 mL ZfEd, THEZE 60 C
PFE 6 h. [REE G HE, JEVEH QGBI 3 Ik, BRHK
5 mL. KIERZE T, RIRYFARERAEZENT (& H b/
B, V0 V=20 . D)IR4iF 3 HArMLEH.

2-((1- 7 2 UR BE -4- 2 ) F R )-1H- 2% 9 S5 e k-
1,3(2H)-—Ti(4a): WEOFR, WH 74%. mp. 1753~
177.3 °C; '"H NMR (300 MHz, CDCls) &: 8.58 (d, J=7.2
Hz, 2H), 8.20 (d, J=8.1 Hz, 2H), 7.74 (t, J=7.8 Hz, 2H),
7.31~7.21 (m, 5H), 4.13 (d, J=6.9 Hz, 2H), 3.52 (s, 2H),
2.90 (d, J=11.4 Hz, 2H), 2.04~1.88 (m, 3H), 1.70 (d, J=
12.0 Hz, 2H), 1.61~1.49 (m, 2H); *C NMR (75 MHz,
CDCls) 6: 164.5, 133.9, 131.6, 131.3, 129.3, 128.2, 127.1,
127.0, 122.6, 63.0, 53.2, 45.3, 35.0, 30.0; HRMS calcd for
CasH2aN,O, [M+H]" 385.1916, found 385.1922. Purity:
95.1% by HPLC.

2-((1-(PHE g -4- 55 FR DR ) IR g -4- 25 ) R )- 1 H- 2R 3 57
WEN-1,3(2H)- i (4b): R E Ok R, WHE 74%. m.p.
184.7~186.7 ‘C; '"H NMR (300 MHz, CDCls) 6: 8.60 (d,
J=17.2 Hz, 2H), 8.52 (d, J=4.8 Hz, 2H), 8.21 (d, J=8.1
Hz, 2H), 7.76 (t, J=7.8 Hz, 2H), 4.15 (d, J=7.2 Hz, 2H),
3.48 (s, 2H), 2.85 (d, J=11.4 Hz, 2H), 2.07~1.91 (m,
3H), 1.73~1.68 (m, 2H), 1.61~1.50 (m, 2H); 3C NMR
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(75 MHz, CDCl;) d: 164.5, 149.7, 148.0, 134.0, 131.6,
131.4, 128.2, 127.0, 123.8, 122.6, 61.8, 53.5, 45.3, 34.9,
30.1; HRMS caled for CaqH23N30, [M+H]™ 386.1869,
found 386.1874. Purity: 97.8% by HPLC.

2-((1-(4- Y FE 5 3L ) IR g -4- 3% ) B 3L )-1 H- 2K 5 St
Wk-1,3(2H)- B (4c): FERAR, PR 75%. mp. 136.3~
137.2 “C; '"H NMR (300 MHz, CDCl;) 6: 8.57 (d, J=7.2
Hz, 2H), 8.18 (d, J=8.1 Hz, 2H), 7.73 (t, J=7.8 Hz, 2H),
7.18 (d, J=7.8 Hz, 2H), 7.09 (d, J=7.8 Hz, 2H), 4.12 (d,
J=6.9 Hz, 2H), 3.45 (s, 2H), 2.87 (d, J=11.4 Hz, 2H),
2.31 (s, 3H), 1.92 (t, J=10.8 Hz, 3H), 1.65~1.60 (m, 2H),
1.58~1.48 (m, 2H); '3C NMR (75 MHz, CDCls) J: 164.5,
136.5, 135.3, 133.90, 131.6, 131.3, 129.1, 128.8, 128.2,
127.0, 122.6, 62.9, 53.3, 45.4, 35.2, 30.2, 21.2; HRMS
caled for CyHxN,O» [M + H] ©  399.2073, found
399.2083. Purity: 99.0% by HPLC.

2-((1-(4-GRUT 58) 7 38 ) R g -4- 28 ) H 2% )- 1 -2 5 5
W -1,3(2H)- — B (4d): [ & &, W 38%. mp.
63.2~64.7 ‘C; 'H NMR (300 MHz, CDCls) §: 8.57 (d,
J=17.2 Hz, 2H), 8.19 (d, J=8.1 Hz, 2H), 7.73 (t, J=7.8
Hz, 2H), 7.33 (s, 2H), 7.24 (d, J=8.1 Hz, 2H), 4.13 (d, J=
6.9 Hz, 2H), 3.50 (s, 2H), 2.92 (d, J=11.1 Hz, 2H), 2.06~
1.86 (m, 3H), 1.73~1.67 (m, 2H), 1.62~1.49 (m, 2H),
1.30 (s, 9H); '3C NMR (75 MHz, CDCly) o: 164.47,
149.99, 133.93, 131.56, 131.31, 129.03, 128.16, 126.96,
125.10, 122.59, 62.66, 53.17, 45.27, 35.03, 34.49, 31.43,
29.94; HRMS caled for CooH3nN,0, [M+H]" 441.2542,
found 441.2553. Purity: 98.8% by HPLC.

2-((1-(4-30 5 28 ) R g -4- 35 ) Y3 )- 1 H- 2K 5 e 1 k-
1,3Q2H)-Hl(de): ¥R EFEE, I 58%. mp. 128.1~
129.9 “C; '"H NMR (300 MHz, CDCls) 6: 8.57 (d, J=7.2
Hz, 2H), 8.19 (d, J=8.1 Hz, 2H), 7.73 (t, J=7.8 Hz, 2H),
7.24 (t, J=7.2 Hz, 2H), 6.95 (t, J=8.7 Hz, 2H), 4.12 (d,
J=17.2 Hz, 2H), 3.42 (s, 2H), 2.84 (d, J=11.4 Hz, 2H),
191 (t, J=11.1 Hz, 3H), 1.68 (d, J=12.3 Hz, 2H), 1.56~
1.42 (m, 2H); 3C NMR (75 MHz, CDCl;) J: 164.5, 163.5,
160.3, 134.20, 133.9, 131.6, 130.9, 130.5, 128.2, 127.0,
122.6, 115.1, 114.8, 62.35, 53.3, 45.3, 35.1, 30.1; HRMS
caled for CysH»FN.O, [M + H] ©  403.1822, found
403.1829. Purity: 97.9% by HPLC.

2-((1-(4- 15 5 2 ) R 1 -4- 35 ) FFF 3 )- 1 - 2K 5 e 1 Ik -
1,3Q2H)- B (4f): HEREAE, IE 44%. mp. 190.5~
192.5 “C; '"H NMR (300 MHz, CDCl;) 6: 8.57 (d, J=7.2
Hz, 2H), 8.20 (d, J=8.1 Hz, 2H), 7.74 (t, J=7.8 Hz, 2H),
7.57 (d, J=8.1 Hz, 2H), 7.42 (d, J=7.8 Hz, 2H), 4.12 (d,
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J=7.2 Hz, 2H), 3.49 (s, 2H), 2.80 (d, J=11.4 Hz, 2H),
1.95 (t, J=11.1 Hz, 3H), 1.68 (d, J/=12.0 Hz, 2H), 1.56~
1.46 (m, 2H); 3C NMR (75 MHz, CDCL3) 5: 164.5, 144.8,
134.0, 132.0, 131.6, 131.4, 129.4, 128.2, 127.0, 122.6,
119.1, 110.6, 62.6, 53.5, 45.3, 35.0, 30.2, 29.7, HRMS
caled for CHpN30, [M + H] © 410.1869, found
410.1870. Purity: 95.0% by HPLC.

2-((1-(4- i 22 5 2 ) R W -4- 28 ) FF 281 H- 2R I 7 e
Wk -1,3(2H)- — Bl (4g): ¥ 1 B [E A, L 42%. mp.
219.6~220.2 C; 'H NMR (300 MHz, CDCl3) 6: 8.60 (d,
J=7.2 Hz, 2H), 8.22 (d, J=8.1 Hz, 2H), 8.15 (d, J=8.7
Hz, 2H), 7.76 (t, J=7.8 Hz, 2H), 7.51 (d, J=8.4 Hz, 2H),
4.15 (d, J=17.2 Hz, 2H), 3.57 (s, 2H), 2.84 (d, J=11.1 Hz,
2H), 1.98 (d, J=10.2 Hz, 3H), 1.71 (d, J=11.1 Hz, 2H),
1.60 — 1.49 (m, 2H); '3C NMR (75 MHz, CDCls) d: 164.6,
147.1, 134.0, 131.6, 131.4, 129.4, 128.2, 127.0, 123.5,
122.6, 62.3, 53.5, 45.3, 34.9, 30.1; HRMS calcd for
CasHpN304 [M+H]" 430.1767, found 430.1754. Purity:
97.8% by HPLC.

2-((1-(3- 5 38 ) R W -4- 38 ) F 366 )- 1 H- 2 JF: S 1 ik -
1,3Q2H)- i (4h): H A, & 53%. mp. 1559~
157.6 “C; '"H NMR (300 MHz, CDCl;) 6: 8.58 (d, J=7.2
Hz, 2H), 8.20 (d, J=8.4 Hz, 2H), 7.80~7.70 (m, 2H),
7.30 (s, 1H), 7.20~7.17 (m, 3H), 4.13 (d, J=7.2 Hz, 2H),
3.43 (s, 2H), 2.84 (d, J=11.4 Hz, 2H), 1.91 (t, J=11.4 Hz,
3H), 1.70~1.65 (m, 2H), 1.58~1.47 (m, 2H); 3C NMR
(75 MHz, CDCly) d: 164.5, 141.0, 134.1, 133.9, 131.6,
131.3, 129.4, 128.9, 1282, 127.1, 127.0, 127.0, 122.6,
62.6, 53.4, 45.4, 35.1, 30.2; HRMS calcd for CasHasCl-
N,O, [M+H]" 419.1526, found 419.1539. Purity: 96.1%
by HPLC.

2-((1-(3- YR 38 ) IR g -4- 3 ) i 356 )- 1 H- 2 JF: S5 1 ik -
1,3Q2H)- i (4i): B A&, K 57%. mp. 160.2~
161.6 “C; 'H NMR (300 MHz, CDCl;) 6: 8.57 (d, J=7.2
Hz, 2H), 8.18 (d, J=8.1 Hz, 2H), 7.73 (t, J=7.8 Hz, 2H),
7.45 (s, 1H), 7.33 (d, J=7.8 Hz, 1H), 7.21 (d, J=7.5 Hz,
1H), 7.13 (t, J=7.8 Hz, 1H), 4.12 (d, J=7.2 Hz, 2H), 3.41
(s, 2H), 2.83 (d, J=11.4 Hz, 2H), 1.91 (t, J=11.4Hz, 3H),
1.70~1.64 (m, 2H), 1.58~1.45 (m, 2H); *C NMR (75
MHz, CDCly) 0: 164.5, 141.3, 133.9, 131.8, 131.6, 131.3,
130.0, 129.7, 128.2, 127.5, 127.0, 122.6, 122.4, 62.5, 53.4,
45.4,35.1, 30.2; HRMS calcd for CasH3BrN,O, [M+H]*
463.1021, 465.1001, found 463.1023. Purity: 96.6% by
HPLC.

2-((1-(3- 7l 2 % FL ) UR I -4- 3L ) FF 3 )-1 H- 2K 5 7 1
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Uk-1,3Q2H)-—fi(4j): E R, 1K 76%. mp. 174.6~
176.6 ‘C; 'H NMR (300 MHz, CDCl3) ¢: 8.58 (d, J=7.2
Hz, 2H), 8.20 (d, J=8.1 Hz, 2H), 7.80 (d, J=8.1 Hz, 1H),
7.74 (t, J=7.8 Hz, 2H), 7.66 (d, J=7.5 Hz, 1H), 7.51 (t,
J=7.5 Hz, 1H), 7.35 (t, J=7.8 Hz, 1H), 4.11 (d, J=7.2
Hz, 2H), 3.73 (s, 2H), 2.77 (d, J=11.7 Hz, 2H), 1.99 (t,
J=11.4 Hz, 2H), 1.91~1.86 (m, 1H), 1.67~1.61 (m, 2H),
1.54~1.39 (m, 2H); '3C NMR (75 MHz, CDCL) J: 164.5,
149.6, 134.7, 134.0, 132.5, 131.6, 131.3, 130.7, 128.2,
127.6, 127.0, 124.3, 122.6, 59.1, 53.6, 45.4, 35.0, 30.3;
HRMS caled for CasHasN3O4 [M+H]" 430.1767, found
430.1768. Purity: 97.3% by HPLC.

2-((1-(3- AR 5 28 R g -4- 35 ) F 3% )- 1 -2 5 S e
k-1,3(2H)- B (4k): HEREAE, 102 61%. mp. 141.7~
143.1 “C; '"H NMR (300 MHz, CDCl;) 6: 8.57 (d, J=7.2
Hz, 2H), 8.19 (d, J=8.1 Hz, 2H), 7.73 (t, J=7.8 Hz, 2H),
7.19 (t, J=7.8 Hz, 1H), 6.88 (d, J=6.6 Hz, 2H), 6.76 (d,
J=8.4 Hz, 1H), 4.13 (d, J=7.2 Hz, 2H), 3.79 (s, 3H), 3.45
(s, 2H), 2.87 (d, J=11.4 Hz, 2H), 1.93 (t, J=11.1 Hz, 3H),
1.70~1.64 (m, 2H), 1.58~1.49 (m, 2H); *C NMR (75
MHz, CDCL3) d: 164.5, 159.6, 140.3, 133.9, 131.6, 131.3,
129.1, 128.2, 127.0, 122.6, 121.4, 114.3, 112.5, 63.1, 55.2,
53.4,45.4,35.2, 30.2; HRMS calcd for CosHa6N2O3 [M+
H]" 415.2022, found 415.1999. Purity: 96.8% by HPLC.

2-((1-7F FE R I -4- 2 ) 38 )-6- R - 1 H- 2K 5 S5 1 I -
1,3Q2H)-Zf(5a): ik A, IR 52%. mp. 170.1~
171.7 “C; '"H NMR (300 MHz, CDCl;) 6: 8.61 (d, J=7.2
Hz, 1H), 8.52 (d, J=8.4 Hz, 1H), 8.36 (d, J=7.8 Hz, 1H),
8.00 (d, J=7.8 Hz, 1H), 7.81 (t, J=7.8 Hz, 1H), 7.29~
7.23 (m, J=11.8 Hz, 5H), 4.11 (d, J=6.9 Hz, 2H), 3.53 (s,
2H), 2.94 (d, J=3.9 Hz, 1H), 2.89 (d, J=3.9 Hz, 1H),
2.09~1.87 (m, 3H), 1.69 (d, J=11.1 Hz, 2H), 1.63~1.51
(m, 2H); *C NMR (75 MHz, CDCl;) d: 163.9, 163.9,
133.3, 132.1, 131.3, 131.1, 130.6, 130.3, 129.3, 129.0,
128.3, 128.1, 127.2, 123.0, 122.1, 62.9, 53.1, 45.3, 34.9,
29.8; HRMS calcd for CosH»3BrN,O, [M+H]" 463.1021,
found 463.1022. Purity: 95.2% by HPLC.

6-TR-2-((1-(4-5 N F5 ) R i -4- 25 ) FF O )- 1 -2 - S v
Wk-1,3(2H)-—H(5b): H A, 12 66%. m.p. 179.9~
182.1 ‘C; 'H NMR (300 MHz, CDCL3) ¢: 8.62 (d, J=7.2
Hz, 1H), 8.54 (d, J=8.4 Hz, 1H), 8.37 (d, J=7.8 Hz, 1H),
8.01 (d, J=7.8 Hz, 1H), 7.82 (t, J=7.8 Hz, 1H), 7.29 (d,
J=8.1 Hz, 2H), 6.97 (t, J=8.4 Hz, 2H), 4.11 (d, J=6.9
Hz, 2H), 3.49 (s, 2H), 2.89 (d, J=11.1 Hz, 2H), 1.97 (t,
J=10.8 Hz, 3H), 1.68 (d, J=11.7 Hz, 2H), 1.60~1.47 (m,
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2H); *C NMR (75 MHz, CDCl3) d: 163.9, 133.3, 132.2,
131.3, 131.1, 130.9, 130.8, 130.6, 130.3, 129.0, 128.1,
123.0, 122.1, 115.2, 114.9, 62.0, 53.0, 45.3, 34.8, 29.7;
HRMS caled for C,sH»BrEN,O, [M+H] "™ 481.0927,
found 481.0923. Purity: 97.3% by HPLC.

6-T5L-2-((1-(4-R 2R 2 IR I -4- 58 F 8- 1 H- R 7
WEMR-1,32H)- T (Sc): ¥ B 00 4, 0% 68%. mup.
202.2~203.8 C; 'H NMR (300 MHz, CDCL3) 6: 8.64 (d,
J=7.2 Hz, 1H), 8.57 (d, J=8.4 Hz, 1H), 8.40 (d, J=7.8
Hz, 1H), 8.17 (d, J=8.4 Hz, 2H), 8.04 (d, J=7.8 Hz, 1H),
7.88~7.81 (m, 1H), 7.56 (d, J=7.5 Hz, 2H), 4.13 (d, J=
7.2 Hz, 2H), 3.65 (s, 2H), 2.90 (d, J=11.4 Hz, 2H), 2.14~
1.92 (m, 3H), 1.76~1.57 (m, 4H); 3C NMR (75 MHz,
CDCls) d: 164.0, 133.5, 132.3, 131.4, 131.2, 130.7, 130.5,
129.9, 129.0, 128.2, 123.6, 122.9, 122.0, 61.9, 53.3, 45.20,
29.6, 29.5; HRMS calcd for CsH»BrN;O, [M+H]"
510.0851, found 510.0852. Purity: 98.4% by HPLC.

6-YR-2-((1-(3- 4L J2 7 25 IR W -4- 255 R 56 - 1 - 2K O
SEMEIR-1,3QH)- i (5d): A EE A, R 77%. mp.
138.7~140.7 ‘C; 'H NMR (300 MHz, CDCl3) 6: 8.55 (d,
J=7.2 Hz, 1H), 8.44 (d, J=8.1 Hz, 1H), 8.29 (d, J=7.8
Hz, 1H), 7.93 (d, J=7.8 Hz, 1H), 7.82~7.69 (m, 1H),
7.17 (t, J=8.1 Hz, 1H), 6.85 (d, J=6.6 Hz, 2H), 6.74 (d,
J=6.9 Hz, 1H), 4.08 (d, J=6.9 Hz, 2H), 3.77 (s, 3H), 3.43
(s, 2H), 2.88 (s, 1H), 2.84 (s, 1H), 1.91 (t, J=10.5 Hz,
3H), 1.65 (d, J=11.1 Hz, 2H), 1.58~1.45 (m, 2H); 13C
NMR (75 MHz, CDCls) 6: 163.8, 159.6, 140.2, 133.1,
132.1, 131.2, 131.0, 130.4, 130.2, 129.1, 128.1, 122.9,
122.0, 121.4, 114.4, 112.4, 63.1, 55.2, 53.3, 45.5, 35.1,
30.2; HRMS calcd for CosHpsBrN,Os [M+H]" 493.1127,
found 493.1120. Purity: 97.4% by HPLC.
3.3 PEFSESEEHIHIE M

KA Ellman 3235540 A4 384T R e B 1) 3% 1 )
i, fE 96 FLIR kL 6 ML, BEALIIA 10 pL B LA
J 20 pL ASERREE AL AP0, SRFE A 70 uL
WFEA 0.1 mol/L HIBEER 2% A i (pH=8.0), 37 CHFH
15 min, HUH 5 H ZIER BN ATC (10 uL). DTNB
(10 pL) K ZZMH (80 pL)FIR AW 100 pL, RA1)GE
WAL 2=412 nm ZBOGE 4 (E(4,), ZHH FidgE
MR, ATC HIHE RIKIEN A e, CAAINEE S TS 1)
Aconrol THAEN 100 ANTE JJEAL. AN B )= (40—
A 1) (Aconro—A 12) X 100, SR J5 LABE 1IAH XTI 7 %5 #0161
AR EEAE I, AR S0 il SRS AP 1Cso BN
TS 71 50 % B I FRIVR EE). Seat B =k, BT
fH.
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34 HFXHHE

KA Autodock 4.0 7 FXEZEREFHITHEY S
AChE M EAERMAITE. X2 i & AR S/ N1
AL B, BLHEE AR E AR AR A, T
Gasteiger FEfif, XJ/NrT-HEAT A vH B, 150 0E W] e L .
BRI E A RS 2EH AUOTOGRID Nl b &4
SR RARHAT [ TSR YRR SUTH B, RS A SRR R
0.0375 nm, % &+ 4 0 B T B 1 1 5 (AChE
[2.781 64.383 67.971]), K /N E AN 50 nmX5.0
nmX5.0 nm, 3 TGS DS RE. SRR
TR e HIE(LGA), FENLAMAREAN 150, AEET
il ZECH 2 500 000, HAhSECABAERINS L.

3.5 EEEhHEFE

1E 96 FLAR Ik HL 5 AL, 437 10 uL ] AChE
BV, 10 uL IRV LA S 0.1 mol/L FREER Eh 2% v
W, 37 CHEHE 15 min, SLEDFHZIEBBESIMAANE K
B£/T0.01 moleL ™' ATC ¥, HRFRIYEIEMIHAE 1=412
nm KR TRIFIFE B 2R, 2R 1R S N T FE[ V)
RIEE, RECL VI /ISIHE B, BAAS IRl 0] i) 4%
2k, 1531-&¥%F AChE I¥] Lineweaver-Burk /) /724 i
2R,

3.6 HpEEMH

SR FH A (MITT) 725 & B Ak & kA7 A o 4
BRVEVEVEAN . EORHERAE R A IRPIR A R 4 1 fieb 98 4 .
A MRECH 5X103A/mL T 96 FLEF R+, &AL
100 uL, 73 kESh4L, XM= A4, a4 4ME5. T
MFIVEEE, 5% CO,, 37 CHAFTHEFE 48 h, BALIIA S
mg/mL ) MTT & 10 pL, 4k4E8:9% 4 h J5aEfLinA
DMSO 100 pL, %, F 490 nm Kbl sz &L RE
fHA 1H). HARK: IR %) =U ww—A4 wa) (A wu—
A a) X 100% H A [ B ) d0 il 26, Seie R =R,
BF 21

HHBh# RL(Supporting Information) HFrtb &1 'H
NMR, 3C NMR, HRMS [ ix£eppbn] BL 4 2% AAS
F1 35 (http://sioc-journal.cn/)_I. F %%,
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