Y@ RP RS oy

Journal of China Pharmaceutical University 2015,46(6) :647 — 652 647

S- A EMMITEWRIZIT . & BRI M /R % B R i

HELE F K A
(e RN BOREE | R 210000 ° AR5 AL A LB 25T BFIE oL 3 210009)

W E AS-RFTAFTLALTY EAFAESHRATEGRR T LIIARRGRARE, & R T — £ F
FrAY MK T 3 T A ARES B ( AChE) A= T BEAZ 5585 B ( BChE ) 47 ] 35 1 | oA BAR SPAY 2 50 40 AR 4 35 b, 3 % 45 T M3k
%%, LF,1t44 8a A AChE/BChE st & dp 4] & 14, Bl B i€ 46 45 A 2R 47 PCI2 M0 %% AR 2R R4 , R I RIF
I AT

KPR PR AT A TR KBTS AL ARES B IR R A 2R S A hk

hESERE RII4.5  XEHFRER A XEHE 1000 -5048(2015)06 — 0647 — 06

doi;10. 11665/]. issn. 1000 — 5048. 20150602

Design, synthesis and anti-Alzheimer’s disease activity of 5-akylaminomethyl

substituted carbazole derivatives

CHEN Mengfei', FANG Lei’*, CHEN Li'**

" Department of Natural Medicinal Chemistry, China Pharmaceutical University, Nanjing 210009;
? Pharmaceutical Research Center, School of Chemisiry and Chemical Engineering, Southeast University, Nanjing 210009, China

Abstract

uents on the carbazole template and the nitrogen atom using 5-aminomethyl substituted carbazole as the lead

A series of carbazole derivatives were designed and synthesized via the introduction of various substit-

compound. The inhibitory activity towards AChE/BChE and the neuroprotective effect against AB-induced toxicity
were evaluated by Ellman and MTT assay, respectively. Furthermore, the SAR of the target compounds was
discussed. Among all the target compounds, compound 8a showed dual inhibitory activity toward both AChE and
BChE, and could effectively protect PC12 cells from AB-induced toxicity, indicating compound 8a could be con-
sidered as a promising candidate against Alzheimer's disease.
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Scheme 1  Synthetic route of the target compouds 7a-7h and 8a-8b

BAFIRMEAE AW 2, SR 5 AT T B R B s | ) 2R
Ji A (NBS J5AL | 2 e a8 5 A e BB o5 i I 2R ik
FELRAP LR OGP [ 4K 6a ~6b, K5, LG
6a ~6b 737l 55 NBS 5 NCS [, 153 HAnfb &4
7a ~7h,7a fil 7b £ 40% HBr i F 315 Hrfb &
4 8a ~8b,

H H
N 1
Ry
N\
O AL
N
R; H
6b i R, Ry Ry
"Ry 7a CH,CH; H Br

7b CH(CH;), H Br

7¢ CH,CH; H I
HO 7d CH(CH;, H «l

N 7e CH,CH; Br H
Br H 7f CH(CHy), Br H
R, 7g CH,CH; Cl H
8a CH,CH, 7h CH(CH;), Cl H

8b CH(CHy),

Figure 1 Structure of the targeted compounds 7a-7h and 8a-8b
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Reagents and conditions: (i) Pd(PPh;),,Na,CO;,DME,reflux,20 h; (ii) PPh;,DCB,reflux,3 h;(iii) PhSO,Cl,NaH,THF,0 °C then r. t. ,over-
night; (iv) NBS,AIBN,CCl, ,ruflux,3 h;(v) alkylamine,KI,K,CO;,anhydrous acetone,r. t. ,overnight; (vi) 2 mol/L NaOH, ethanol, reflux, over-
night; (vii) NBS or NCS, AIBN, CCl, ,ruflux,3 h; (viii) 40% HBr aqueous solution, ruflux
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FAMRAT ), AChE il BChE (£ [H Sigma-Aldrich
23] ) 5 Ellman 3557 U 4K £ 156 IH 88 ( ATC) i
AU B A T BEIH A% ( BTC) (38 [F Fluka 23 #]) ;
ABA2( Lo A VIR BRA W) 5 75 3 N Y
([ Sigma 2 H] ) ; PC12 40 (Hh R} BE L ¥ 40 i
FE) o BT AR 2250 38 S 8 B 4 HoR 2 40 3
IR I

2.2 ALFAR

2.2.1 BArfesth Ta~Th 6587 ik

i fE] A& 6a ~6b" (1 mmol) 7FF CCl, 30 mL
A SE Y BT Y & 11 NBS B¢ NCS DL M fEfb i i
MAZS THE (AIBN) , B 3 hy BRI R=E
T, DRI Hs 25 TR R 2 T AR BIRL A, DL SR
CPER-Ar e (1 1) Pl , 4 s i85 38 &
Y 7a~Th,

1-38-2-F 8 HK-5-T e ¥ R -9H-"Fvk (Ta) UL
% 18% , Wi a [EA& , mp:138 ~ 140 °C ;IR (KBr,v):
3166,2 859,1 551,1 520,1 455 em™';' H NMR
(DMSO-d, ,300 MHz)§:11.11 (1H,s,NH),7.78
(1H,d,J =8.0 Hz, Ar-H),7.65 (1H,d,J =8.0
Hz,Ar-H),7.36 (1H,t,J=8.0 Hz,Ar-H) ,7.15 ~
7.18 (1H,m,Ar-H) ,6.74 (1H,d,J =8.0 Hz, Ar-
H),4.10 (2H, s, Ar-CH,-N), 3.92 (3H, s, O-
CH;),2.60 (2H, q,J =7.5 Hz, N-CH, ), 0.96
(3H,t,J =7.5 Hz, C-CH, ) ; HRMS (ESI) m/z
Caled. for C, H BrN,O [ M + H] " 333.060 26,
Found 333. 060 55,

1-382-% A K -5-7F 7 B ¥ AR -9H-»F & (7h)
We# 15% |, 5 46, [E 44, mp: 133 ~ 134 °C ;IR (KBr,
v):3130,2 895,1 533,1 455 em ™' ;'H NMR ( DM-
S0-d, ,300 MHz)§8:11. 14 (1H,s,NH),7.77 (1H,
d,J=8.0 Hz,Ar-H) ,7.65 (1H,d,J =8.0 Hz, Ar-
H),7.36 (1H,t,/ =8.0 Hz, Ar-H),7.16 ~7.18
(1H,m,Ar-H),6.76 (1H,d,J =8.0 Hz, Ar-H),
4.12 (2H, s, Ar-CH,-N),3.92 (3H, s, O-CH, ),
2.88~2.90 (1H,m,N-CH),1.15 (6H,d,J=7.5
Hz, C-( CH,; ), ); HRMS ( ESI) m/z Calcd. for
C,H,BrN,O [ M + H]" 347.075 91, Found
347.076 08,

1-3-2-F 8 HK-5-T e ¥ R-9H-"Fvk (Tc) UL
% 21% , WA, mp:166 ~169 °C ;IR (KBr,v) :

» >

3111,2879,1 545,1 525 em™';'H NMR ( DMSO-

ds,300 MHz) §:11. 15 (1H,s,NH),7.75 (1H,d,
J=8.0 Hz, Ar-H),7.73 (1H,d,J =8.0 Hz, Ar-
H),7.40 (1H,d,J =8.0 Hz, Ar-H) ,7.12 ~ 7. 14
(IH,m,Ar-H),6.88 (1H,d,J =8.0 Hz, Ar-H),
4.10 (2H, s, Ar-CH,-N),3.93 (3H,s, O-CH,),
2.60 (2H,q,J=7.5 Hz,N-CH,),0.96 (3H,t,J =
7.5 Hz, C-CH; ); HRMS ( ESI) m/z Caled. for
CHCIN,O [M + H]* 289.110 77, Found
289. 110 57,

1-R-2-F AR -5-54 7 e T AR-OH-»F e (7d)
W% 27% |, # €6 5 {, mp: 163 ~ 164 C ;IR (KBr,
v):3125,2 886, 1 530, 1 450 ecm™';' H NMR
(DMSO-d,,300 MHz)8:11.14 (1H,s,NH),7.75
(1H,d,J =8.0 Hz, Ar-H) ,7.72 (1H,d, ] = 8.0
Hz,Ar-H),7.40 (1H,d,J=8.0 Hz,Ar-H) ,7. 12 ~
7.14 (1H, m, Ar-H), 6.89 (1H,d,J = 8.0 Hz,
Ar-H),4.10 (2H, s, Ar-CH,-N), 3.93 (3H, s,
0-CH,),2.87 ~2.89 (1H,m,N-CH),1.15 (6H,
d,J =7.5 Hz, C-(CH,),); HRMS (ESI) m/z
Caled. for C,;, Hy, CIN,O[ M + H]" 303.126 42,
Found 303. 126 47,

2-FAIR-3-i%-5- T W AR-OH-"Fek (Te) K
B 34% | F K, mp:121 ~ 124 C ;IR (KBr, ) :
3059,2 859, 1 538,1 520,1 494, 1 457 ecm™';
'H NMR ( DMSO-d, , 300 MHz) &: 11.29 (1H, s,
NH) 8. 18 (1H,s,Ar-H),7.31 (1H,d,J =8.0 Hz,
Ar-H).7.24 (1H,t,J =8.0,7.3 Hz, Ar-H) 7. 15
(1H,s, Ar-H),6.94 (1H,d,J =7.3 Hz, Ar-H)
4.18 (2H,s, Ar-CH,-N),3.94 (3H,s, O-CH,),
2.62 ~2.63 (2H,m,N-CH,),0.95 (3H,t,/=7.5
Hz, C-CH, ); HRMS ( ESI ) m/z Calcd. for
C H,BN,O [ M + H]* 333.060 26, Found
333. 060 86,

2-F A K385 & e T AR -9H-+F vk (TF)
W% 34% % €4 [F {, mp: 101 ~ 103 °C ;IR ( KBr,
»):3 119,2 855,1 538,1 520, 1 480,1 450 cm ™' ;
'"H NMR ( DMSO-d,, 300 MHz) §:11.29 (1H, s,
NH),8.16 (1H,s,Ar-H),7.30 (1H,d,J =8.0 Hz,
Ar-H),7.25 (1H,t,J =8.0,7.3 Hz, Ar-H) ,7. 15
(1H,s,Ar-H) ,6.94 (1H,d,J =7.3 Hz, Ar-H),
4.19 (2H, s, Ar-CH,-N),3.94 (3H,s, O-CH,),
2.90-2.92 (1H, m,N-CH),1.05 (6H,d,J =17.5
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Hz, C-( CH; ), ); HRMS ( ESI) m/z Caled. for
C,,H,BN,O [ M + H]" 347.075 91, Found
347.075 86,

2-FAIR-3-2-5- T W AR9H-"Fo& (Tg) Ik
RA41% , WA EAR,mp:118 ~119 C ;1R (KBr,v) :
3088,2 888,1 533,1 520,1 455 cm™';' H NMR
(DMSO-d,,300 MHz)8:11.19 (1H,s,NH),8.15
(1H,s, Ar-H),7.29 (1H,d,J =8.0 Hz, Ar-H),
7.20 (1H,t,J =8.0,7.3Hz, Ar-H) ,7. 15 (1H,s,
Ar-H),6.98 (1H,d,J=7.3 Hz,Ar-H) ,4.20 (2H,
s, Ar-CH,-N ), 3.94 (3H, s, O-CH,; ), 2.61-2.63
(2H,m,N-CH,) ,0.96 (3H,t,/=7.5 Hz,C-CH,) ;
HRMS (ESI) m/z Caled. for C,(H CIN,O[M +H] "
289. 110 77 ,Found 289. 110 70,

2-F A -3-5-5-FF A e W AR-OH-"F v (Th)
I 38% , 75 {6, [E 44, mp . 107 ~ 109 °C ;IR (KBr,
v):3110,2 855,1 563,1 480,1 455 cm ™' ;'H NMR
(DMSO-d,,300 MHz)8:11.29 (1H,s,NH),8.20
(1H,s,Ar-H),7.31 (1H,d,J =8.0 Hz, Ar-H),
7.27 (1H,t,/=8.0,7.3 Hz,Ar-H) ,7. 16 (1H,s,
Ar-H),6.99 (1H,d,J=7.3 Hz,Ar-H) ,4.19 (2H,
s,Ar-CH,-N),3.94 (3H,s,0-CH,),2.88 ~2.90
(1H, m, N-CH), 1.10 (6H,d,J =7.5 Hz, C-
(CH;),) ;HRMS (ESI) m/z Caled. for C;;H,,CIN,O
[M+H] " 303. 126 42 ,Found 303. 126 57,
2.2.2 BAMASY 8a~8b eib sk Kk AY Ta
% 7b(1 mmol) LA Z 40% HBr /K% 30 mL 1,
ML SN 3 ho TLC W5 S0 58 )8 , 10% NaOH
KRS pH 2 8, LR CTRZEI (30 mL x3),
JooK Na,SO, T4, L TR L Ba-A ik (1: 1) ik
JEAR A g a1 3 k59 8a ~8b,

1-i£-2-%08-5- TR 7 R OH-»Fvk (8a) Il
83% , 1 0 [E {4, mp: 98 ~ 99 C; IR (KBr,v):
3395,3 273,2 889,1 610,1 582, 1 445 cm ™',
"H NMR ( DMSO-d,, 300 MHz) §: 11.11 (1H, s,
NH),7.89 (1H,br,OH) ,7.74 ~7.69 (2H,m, Ar-
H),7.36 (1H,d,J =8.0 Hz,Ar-H),7.16 ~7.18
(1H,m,Ar-H),6.74 (1H,d,J =8.0 Hz, Ar-H),
4.08 (2H,s,Ar-CH,-N),2.60 (2H,q,J =7.5 Hz,
N-CH,),0.96 (3H,t,J =7.5 Hz,C-CH;) ; HRMS
(ESI) m/z Caled. for C ;5 H, BtN,O[ M - H ]~
317.028 96,Found 317. 028 58,

1-i2-2-7K-5-JF A e 7 A-OH-»F»£ (8b) I
K 86% , i AEA , mp:111 ~112 °C ;IR (KBr,v) :
3398,3 273,2 959,1 626,1 580, 1 437 cm™';
'"H NMR ( DMSO-d,, 300 MHz) §:11.11 (1H, s,
NH),7.90 (1H,br,OH) ,7.74 ~7.69 (2H,m, Ar-
H),7.36 (1H,d,J =8.0 Hz,Ar-H),7.16 ~7.18
(IH,m,Ar-H),6.74 (1H,d,J =8.0 Hz, Ar-H),
4.10 (2H,s, Ar-CH,-N),2.88 ~2.90 (1H, m, N-
CH),1.15 (6H,d,J=7.5 Hz,C-(CH,;),) ; HRMS
(EST) m/z Caled. for C; H BIN,O [ M - H ]~
331.044 61 ,Found 331. 044 69,

3 fK5MAETER BRI HIE 1E

3 Ellman 327 36470038 B 52 18K 0 9 W
100 wL.5,5"-ZFR AR (2-fi L K H i ) (DTNB)
(0.01 mol/L) ¥ ¥ 100 wL.AChE =% BChE ¥4 &
(5 U/mL) 100 wL it ZEZZ A (pH 8) 3 mL 1,
A ATC (0. 075 mol/L) 5§ BTC (0. 075 mol/L)
VAU 20 WL fih 2 2 Jig Sz B 5 [ B TR A
R, 2 min J5F 412 nm P I0 5 AR
o SRR KA 2 i 48 R, >4
bR BEE Xt BRI SR8 ST B 1 3 Wk, 2
WEERWFE,

Table 1 Inhibitory activities of compouds 7a-7h and 8a-8b towards
AChE and BChE

1C5y/ ( wmol/L)

Compd.

AChE" BChE®
7a 12. 1 9.1
7b 16.9 8.9
Tc 29.1 7.9
7d 33.2 9.9
Te 61.6 12.8
7f 88.2 11.9
7g >100 20.5
7h > 100 14. 1
8a 1.1 8.7
8b 11.9 13.1
Galanthamine 9.6 36.9

“Data were the mean values of at least three determinations ;” AChE from

electric eel and BChE from equine serum

FYEIR BN, K HhsE &4 BChE 47
BIF B RIE 1 , 1C5 75 10 wmol/L Ze A7 BN > At
B PESE S 729 3 ~ 5 5 M4 AChE fyHp il 15 1k
SRS, R HARE A%t BChE HA — & Yk
Pk, HAREAY) 7Ta.Tb 8a il 8b X AChE fy i)
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BB T, T A T AChE S 70 B3
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N TR HZZEAL G Y 23 1 AE I PLED, A
MOE #f4, 2Rt i ME e i ) fL &9 8a 55 AChE
(PDB 45 :316M) i 1 70 T HEART 3%, K AL &
Yy 8a ] LUA &L A AChE BTGP F14%, I HL kg
RV {6 P 1T AR A Trp84 3R I TP 1 5k 20 1Y 77-7r
PR, 17 5 -7 1) 28 Kk S HA B 1 T g ]
55 His440 K Glul99 7= A= JLHE K it 300, 207
OBy FE S AT 5 Glyl18 =/ Ui, 278 S-Hr )&
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Figure 2 Interaction of compound 8a and AChE (Protein Data Bank code 316M). A) Schematic diagram of compound 8a interacted with the active

pocket of AChE ;B)3D diagram of compound 8a interacted with corresponding amino acid residues
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TR R IR . ARA2 IFTR 45 FF AB42 R fRAE
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Figure 3  Neuroprotective effect of compound 8a against AR42-

induced cytotoxicity towards PC12 cells in vitro (x £s,n=3)
#P <0.01 vs control group; * P <0.05 vs control group
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WL, 3 AR SERICRA BE MR A
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R U7 AChE 1 BChE 35 M4, MR R OFFE 46
71N MR RE PR R G 507 1 2 FH R BBOPC R O 15 Ak b 75
LV, R 2-57 51 A TR 45 % L 1 55 P L RCRE 3167
S R O R AT B TR THM S G . BT f
EEYH G 8a o T REFRTE T, HBE A
A AChE/BChE XU il 15 1, [7] ik S48 A 2 0k
I PC12 43z AB &AM T P4, e B
H R AT AR5

(6]
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