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Synthesis and Physiological Activity of Novel Berberine Derivatives
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Academy of Sciences, Guiyang 550014, China)

[ Abstract | Objective; TO synthesize novel berberine derivatives with a variety of physiological activities,
and study their antitumor activity and acetylcholinesterase inhibitory activity. Method: Berberines with a variety of
physiological activities were pieced together isohydroxamic acid, o-phenylenediamine, and sulfhydryl
pharmacophore with effects in inhibiting histones and removing acetylases. Totally 7 novel berberine derivatives
were obtained by means of organic synthesis. The structures of these derivatives were characterized and confirmed
by '"H-NMR, "“C-NMR and MS spectral data. Thiazolyl blue tetrazolium bromide (MTT) method was used in the
determination of the cytotoxic activity of HCT116, HepG2, HelLa and CCRF-CEM human cancer cell lines in

vitro. Ellman method was used to reveal the inhibitory activities of acetylcholinesterase and butyrylcholinesterase.
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Result; The results showed that the berberine derivatives containing methyl ketone had good antitumor and

acetylcholinesterase inhibitory activities. The results demonstrated that compound S5b had the highest anti-

proliferative activity against CCRF-CEM cell line and the acetylcholinesterase inhibitory activities, with IC,, =1. 48

pmol-L ™" and IC,, =0. 38 wmol-L ™", respectivly. Conclusion; This paper provides a reference for the synthesis

and biological evaluation of this kind of alkaloid derivatives. Compound 5b is a promising candidate drug and worth

further study.
[ Key words |

M BE 28 85 2 v e B O A A U B 5T R
B, T R B 2 2 e N BER L v 2 A
B By, BAT B ) 2 A e
(AChE) , T Bt JIE 8 7 5 ( BuChE ) , 4T A\ 3 4 2 Bk b
W RE (HIV) | BEHE , B 5 55 22 B 242 W03 M, 16 A K 77
AR S5 A (TR 1) 27 D A Sk A T A/
BEBR Y 8 11,9 17, 13 (L EATZ5 M B , 1R T /N B
BT A= W e I e LA R A0 o) £ T AL sk 7 Tl 45 22 b 24 2
TR BRI RO R L 4R 1 % 2 AR S A
(HDACT) nJ DA 3 5 57 2 25 1 £ WAL K72 5, &
EV SR Y B SN G A S S I N P
FEAM AR T R & S WA O B R 2
Wy B AR 53 A BT g 2 W o 4 ) HDACI
Rk, P E R CBALKF, BT B PTSNTR 3£
35 UED BT R PR B (AD) JBE I AB TR, ik
HINFIIIRE, W B HDAC B Bk —FiG 97 AD By
FEREE T SCHR AR R A £ 2 BERE TD
il 70 3 AT A R D R R S LB R Tk R G IR
2K BRMESE R HLER S HDAC 4 ) L S A
2R 25 TR AL iy 3 AT 43 2 A, (D 2 1 1R 0 6 43
(Surface recognition domain) ; @ 4f & T ¥ & A
(zinc binding group,ZBG) , IR R | 57 35 5 IR . 4K 4
TP ERHE VR R 45 5 ) Linker #3, HI T 34 B2 6 K
PEFRFIEE RS 73 A5 5L 1A, 4n HDAC #1fi 71) SAHA 2}
R RS ([ 2) , BT HDAC 310 1 37 24 25 P A 80 iy
FT PN X (Cap ) HAT B8 0 He 25 4 5, 1 — €
70 Bl B e HDAC #4577 i % 1 U3 X ( Cap ) A 23
AL HDAC {30 08 b A 2 30 1
KRNI TG, R O3 T 24 & R g ) e it &
R AT LS R ERE TR~ 4a
T 50 SC IR F 8 /) 55 B 5 A 470 e 96 0490 1] 2 T JIEL ik P
Tt % P B0 4 T, A SR 24 B0 DR R g, A
HDAC #1057 245 28 AT 4SS Y /) B 6 A Ay 2% 1e 1L 531
X FR B K 5 4%, 244 HDAC 41041 3 19 45 4% 25 % A
A T & WO Mk, G T & AR T SRR
i W2 PP I R 20 B 1Y) T 18 B /N BE BT A 0, X B
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Fig.3 Design of novel berberine derivatives

1

EyelaN-1001 %! jig 5 7% % 1, Eyela Aspirator A-
35 FUHE IR 7K B 25 %% ( Tokyo Rikakai Co. Ltd.); VG
Auto spec-300 I i %L (¥ [E VG) ; Bruker AM-400
Rt AL RS G % , (TMS g N 4%, 78 [ Bruker) .
SHZ-D (I ) & ¥f 7k 3% B 25 45, YP60OON Ht 1 K -,
R2002 Jig % 7% & 1X, Bio-Rad [ #5 1%, 96 fL
(Corning A ) .

ANBEGE (T AW 2GR A BRA A S
B24910679 , 4 J&F 98% ) ; 1-(3-_H & H ) -3-2
Hede — 0 i ¥ B2 5 (EDCI, it 5 E1726035, 4f Ji
98.0% ) ,1-¥ 3 2 3f = mk (HOBT, #t 2 €1702039,
4 =97.0% ) , 18 Z R EP (Hit5 E1610023, 4 J&
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98.0% ) ,5,5" -t AR (2-AH FE AL H R ) (DTNB, 4%
5 D105559 , 4fi fif =99. 0% ) , Ak &1t 4K £ 1k AR Bk ( 5%
2 A100869, 45 fE =99. 0% , ) , M4k & 4% T ik IH 5%
152 B100871, 4l i =99. 0% ) , ¥ F g Rl 40 T
AR A R | 5 £ BERR AR R B (£ 5 M0136-1)
Tk JIEL R, 7 i ( HE S 078K7015) , g F Sigma 23 7 ;
WEWE % (MTT, Genview 23 7, #it 5 81119010250) , —
3L W B ( DMSO, Invitrogen 7 # ); HCT116,

HepG2 ,HelLa, CCRF-CEM 4 iy fy 3% 1 48 B¢ 4= ¥ B+
AMRA AL =50 b | WP &k g | I K
K,CO, (Bt TH R o AR A W) o HAl& i HI
W T R AR R BR A AL B o e gl

2 INEWITEMHE BT E

2.1 /NEBEREATAEWI G RO YRR L R
INBETHATT AW 00 G LB 4R, B AR R e 2 /N BE S A
FREL, & R N RIS /N B B U (K] 4 ~6) .

4

4a:n=2 4b:n=4

3a:n=2 3b:n=4
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d <0 O B Nt Cl
I : v e e |
S\Ko X | o s o \ 0\/\/\SH
Y
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6

5amn=2 5b:n=4

a. DMF, #3% ,160 °C, 15 min; b. CH,CN, K,CO,, (i) Br( CH, ), Br, (ii) Br( CH,),Br, [ ,80 C,6 h;c. THF, C,H,KOS, [a #,70 °C ,4 h;

d. CH,OH, AgCl,50 °C ;e. NaOH ,MeOH 25 °C ,8 h

4 BRUEY6 SREE
Fig.4 Synthetic route of target compound 6

b. CH,CN,K, CO,, (i) methyl-4-( bromomethyl ) -benzoate, ( ii ) methyl-3-phenyl-acrylate,90 °C ;f. THF ,NaOH,CH;OH,1N HCI,12 h, % i ; g. EDCI,

HOBT ,NMM , o-phenylenediamine , % i ;h. CH; OH, AgCl1,50 C

5 BHir&WImI12 ML
Fig.5 Synthetic route of target compounds 9 and 12

2.2 HE R R S N BE AT 2 0 1 A

2.2.1 PEMK 2 NBELIBR A N MR SCR [ 15 ]
FE 25 /N BELT Y 77 75 BRI 11, 80 g (0. 05 mol ) /)y
BEGH E B 25 SR BE R F 190 ~ 200 °C R 4 i AR
15 min, = A Ak AR RS, =S H be-H B (90 1) Uk
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g. EDCI,HOBT, THP-O-NH, ( o-phenylenediamine ) , NMM , DMF , % it i # ;i. HC1/dioxane, % i ,4 h;h. CH;OH,AgCl,50 C

El6 Bit&Y 14016 5 BLE
Fig. 6 Synthetic route of target compounds 14 and16

15 min, HUCEZE 0 CF EHE5 0, i J8 R AR /N BE 4T
B, 77 5 69% o XF Tl s I AR, I B N Y
PR o VA IR N 8 7 g A A 0 20 3
OB FE o B R Al O R N 7 R 4 e
R E Al

2.2.2 Ak 3a Gk MR SCHER[16 ] FREL TR
f/NBELLEK (1. 61 g,5 mmol) I 7 L Ji§ HL, FHINA
BRIREN (1.38 g,10 mmol ) Fil 1,2- "R Z %5 (2. 16 g,
10 mmol) , J#AF il i B 85 C I 6 h, Z )it
B i PR 80, e dn 5 BN . =S L A, =
A BE-HEE(9: 1) YEMLAS 2] (a4 (3) , Ry B £ [F]
o 2 80% , 2 A3 KA W IR-2 1R L TR-5

P -FH - 7K (6:3:1.5:1:0.5)

2.2.3 kB S5a,5b AR &% k[ 17-18 | #K
JrhE 4K 3a (10 mmol )4. 28 ¢ F* 100 mL Bgifi L, fin
N = U O N = A | AN A A
(12 mmol) , Jin#4 % 70 C [ 4 h, TLC K 2 [L
SEA Wl e 4, AR = S - EE(9:1)50 mL
R R, AR AT 3K (3 x 10 mL) Y%, &I A
BLZ , T K B R B 1, 2o 8 25 BR TR0 . DBV
s, A AL TR A A, S bE-TEE(10: 1)
VEMLAS B )& 4a, Sy B [E R B 4a 3.3 mmol
T W 50 mL, il A AgCl 3.3 mmol, [8] 3% 30 min,
TR, WA 1T B R ER Sa, 1. 18 g, 28% , Wi )E
JETF &1 R W OR-2 TR & TR-5 5 B K
(6:3:1.5:1:0.5) & EAEK, 7% 28% ,mp 199 ~
200 C, MS m/z 424.1 [ M - Cl]*; 'H-NMR
(400 MHz,DMSO0-d,)5:9.80(s,1H) ,8.73(s,1H),
8.18(d,J=9.1 Hz,1H),7.98(d,J=9.1 Hz,1H) ,
7.79(s,1H) ,7.09 (s,1H),6.16 (s,2H) ,4.94 (t,
J=6.5Hz,2H) ,4.38(t,J =6.5 Hz,2H) ,4.04 (s,

3H,0CH,),3.40(t,/=6.5 Hz,2H) ,3.21(t,J =6.5
Hz, 2H ), 2.38 (s, 3H, SCOCH, ), "“C-NMR
(100 MHz,DMSO0-d,)8:195.61(C =0),150.71(C-
10),150.34 (C-9),148.18 (C-3),145.81 (C-2),
142.47 (C-8), 138.02 ( C-12a), 133.43 ( C-14),
131.18 (C-8a), 127.09 ( C-14a), 124.18 ( C-13),
121.95 (C-11), 120.90 ( C-4a), 120.67 ( C-12),
108.92 (C-4),105.91 (C-1),102.58 (0-CH,-0),
72.64(0-CH,) ,57.55(C-6),55.83 ( OCH, ) ,31.09
(CH,-S),28.93(CH,-C =0),26.80(C-5),

Fe FE LA AR R0 75 % R AR ]k 3b 4 Bl /)N B
BT A=) 5b 7% 32% , mp 203 ~204 C . MS m/z
452.2[M - Cl]*; "H-NMR (400 MHz, CD,0D) §:
9.72(s,1H),8.71 (s, 1H) ,8. 11 (d,J =9.1 Hz,
1H),8.01(d,J=9.1 Hz,1H),7.67(s,1H),6.96
(s,1H),6.11(s,2H),4.97(t,J =6.5 Hz,2H),
4.43(t,J =6.5 Hz,2H) ,4.11(s,3H,0CH,),3.29
(t,/]=6.5 Hz,2H) ,3.00(t,/ =6.5 Hz,2H) ,2.32
(s,3H,0CH,) ,1.95(t,J =6.5 Hz,2H) ,1.85(t,J =
6.5 Hz,2H) ,

2.2.4  HHA/NBEWATAEY 6 G FREC
14 5b (0.3 mmol)0. 135 mg J FfE 10 mL ¥, 767K
WTFEEMA 0.3 mol-L~" NaOH ¥ 4 mL, % &
K8 ho KNSESE , ARG HCLIE T pH 2 7 3
W 205 I i 22 A (R S 00 B B, P ) R e A A, 2R
KB (30 mL x 3 W), A7 HLAH JC 7K B 2 4k 1 8, 2o
UEBR LT HRF UE WOk 48 )5 AL O, FEFE, AL O, A
B3 4By, PE B Oy = @ W E-FHEE (10: 1) . 15 3
L7 6 IR A R S AR REE G
M 31 Sy W K- TR & TR -5 0 - HH -2 K (6
3:1.5:1:0.5), % 70% , mp 162 ~163 C, MS
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m/z409.8[ M - Cl] " ;'H-NMR (400 MHz, DMSO-d, )
5:9.78(s,1H),8.98 (s,1H),8.22(d,J =9. 1 Hz,
1H),8.01(d,J=9.1 Hz,1H),7.80(s,1H),7.11
(s,1H),6.19(s,2H),4.97(t,J =6.5 Hz,2H),
4.31(t,J] =6.5 Hz,2H) ,4.06 (s,3H,0CH,) ,3.21
(t,J]=6.5 Hz,2H) ,2.88(t,J =6.5 Hz,2H),1.94
(t,/]=6.5 Hz,2H) ,1.91(t,J =6.5 Hz,2H). 1.26
(s,1H), "C-NMR (100 MHz, DMSO-d, ) §: 150. 86
(C-10),150.29(C-9) ,148.14(C-3),145.68(C-2),
143.13 (C-8), 137.87 (C-12a), 133.42 ( C-14),
131.11 (C-8a), 127.03 ( C-14a), 123.90 ( C-13),
122.04 (C-11), 120.86 ( C-4a), 120.70 ( C-12),
108.87 (C-4),105.87 (C-1),102.58 (0-CH,-0),
79.66(0-CH, ) ,57.48 (C-6),55.73 ( OCH, ) ,37.90
(CH,),28.73 (CH, ), 26.78 ( C-5),25.55 ( CH,-
SH) .
2.3 SRR e /NBERIAT AR W) A U
2.3.1 PERT AR MR SCER (191, B E
£ 2(5.0 mmol) 1. 61 g F 50 mL [& JiE K& P, 1E T
35 mL Z i, THLIE K,CO, (1.378 g,10.0 mmol)
MO Ak TR0, i A YRR R R R MR (2.29 g,
10. 0 mmol) ,7£ 75 C T, FERIFE 6 h, TLC ¥ =
SN FEARGE A o A S 56 B S, Ve A B R R A g
B 25 K, CO, K J2 95 W V80 Vi 4 75 ML, R L b
FH 100 ~200 H fEREHERE ] CH,CI-CH,OH (8: 1) ¥
JB, = A AR A R SR W OR- LR L TR
S BE-HmE-20K (6:3:2:2:0.5) Wk 4 45 1) o ) 14
7(0.93 g), ¥ {4 [ 4, % 39.6% , mp 210 ~
211 C, MS m/z 470.2 [ M - Cl]",'H-NMR
(400 MHz,CD,0D),5:9.64 (s, 1H,8-H),8.71 (s,
1H,13-H) ,8.15(d,/=8.8 Hz,1H,11-H) ,8.04(d,
J=8.8 Hz,1H,12-H) ,8.02(d,J =8.8 Hz,2H, Ph-
H),7.69(s,1H,1-H) ,7.65(d,J =8.8 Hz,2H, Ph-
H),6.96(s,1H,4-H) ,6.11(s,2H,0-CH,-0),5.53
(s,2H,0-CH,) ,4.63(t,J =6.0 Hz,2H,6-H) ,4. 30
(s,3H,0CH,),3.90 (s,3H, OCH,),3.21 (t,] =
6.0 Hz,2H,5-H) ,
2.3.2 hEfR 8 AL MR SCHEk (20 ], 3O ]
1 7(0.564 g,1.2 mmol) F 50 mL [&Jig BN, A DY
AW 25 mL, o HE 7S BRI Y, F A
8 mL, A E (1 g % T 718K 20 mL) , = R i+
TR, TLC K 28 f 0 B A 58 4> o Rf IR 56 58 0, Yk
e B R FH 2518 K 25 mL B A OB AR B,
1 mol-L_l‘?ZEﬂ;ﬂfii}%]%‘ pH &1 ~2, 5 1&,75 3| [a]
- 160 -

K T7a(0.32 g), WO E K, 754 58.5% ,mp 154 ~
155 €., MS m/z 456.2 [ M - Cl]*;'H-NMR
(400 MHz,CD,0D)6:9.30(s,1H,8-H),8.63 (s,
1H,13-H) ,8.16(d,J=8.8 Hz,1H,11-H) ,8.03(d,
J=8.8 Hz,1H,12-H) ,7.87(d,J =8.8 Hz,2H, Ph-
H),7.61(s,1H,1-H),7.43(d,J =8.8 Hz,2H, Ph-
H),6.96(s,1H,4-H) ,6.10(s,2H,0-CH,-0),5.48
(s,1H,0-CH,) ,4.75(t,J =6.0 Hz,2H,6-H) ,4. 18
(s,3H,0CH,) ,3.90(s,3H,0CH,),3.25(t,J=6.0
Hz,2H,5-H) ,

2.3.3 ZW 9 Ma R MR SCER 21 ], )
1A 8 (1.0 mmol)0.456 g, EDCI(1.2 mmol)0.230 g
M HOBT(1.2 mmol)0. 162 g, il A F| 25 mL [& JiE k8
A, m A T N, N-— BB R ( DMF)
15 mL, % 3 B0 #8 06 AL S 1 he HRAB R K
(2 mmol) 0.216 g A1 N-F Ft ng mE ik ( NMM )
(2 mmol)0.203 g F 50 mL [&JEELEIH A, % T 20 mL
T DME SR B HE N 8 B3R 3 Ak i v ] 4K
G212 It A B N, 2 i R A 8, TLC A I 22 5 g
BEARGEA . RN SE A bR RO HE] A 100 mL
89 3 VR s = v, AR A R Bl TR Sk A B R K DR TR
FEHITE KBBR8 1 18 A HL)Z , AR5 3 U8 s T K it IR
B, P D8 VR Ve A e T AR B S R ORL Y 100 ~
200 H B HEAE,300 ~400 H =440 AR 3%, 1
CH,CI-CH,OH (8: 1) Y&/t , 2 5511 1 K- 2 TR £ T -
SN EE-Z0K (6:3:2:2:0.5) , ¥ 4 74 2 4l i
277y e (0. 18 g) , TEFAY HIBE AgCl ¥ Wl h %4k
AN AR FRER AR L7 9, ¥ A [E A, 77 % 33.0% .
mp 180.1 ~181.7 °C ;MS m/z546.3 [M -Cl] *;'H-
NMR (400 MHz, DMSO-d,)6:9.80(s,1H, CONH),
9.76(s,1H,8-H),8.93(s,1H,13-H),8.23(d, J =
8.8 Hz,1H,11-H) ,8.00(d,/=8.8 Hz,1H,12-H) ,
8.03(d,J =7.5Hz,2H,Ph-H),7.78 (s,1H,1-H) ,
7.72(d,J=7.5 Hz,2H,Ph-H) ,7.15(d,J =7.5 Hz,
1H,Ph-H) ,7.08 (s,1H,4-H) ,6.97(d,J =7.5 Hz,
1H,Ph-H) ,6.77(d,J=7.5 Hz,1H,Ph-H) ,6.59(d,
J=7.5 Hz,1H,Ph-H) ,6. 16 (s,2H,0-CH,-0) ,5. 44
(s,2H,0-CH, ) ,4.95(t,J =6.0 Hz,2H,6-H) ,4.91
(s,2H, NH,),4.08 (s,3H, OCH,),3.21 (t,J =
6.0 Hz,2H,5-H) ; "C-NMR (100 MHz, DMSO-d, ) §:
165.01 (C = 0), 150.64 (C-10), 149.92 (C-9),
147.75(C-3),145.36(C-2),143.25(C-8),141.87
(Ph-C-NH, ), 139. 84 ( Ph-CH,0) ,137.53 (C-12a),
134.45 ( Ph-C ), 132.98 ( C-14), 130.76 ( C-8a ),
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128. 37 (overlap) (Ph-C) ,127. 96 (overlap) ( Ph-C) ,
126.83 ( C-14a) , 126. 63 (overlap) ( Ph-C) , 123.90
(C-13),123.27 (Ph-C-NH) ,121. 80 ( C-12),120. 46
(C-11),120.32(C-4a) ,116.34(Ph-C) ,116. 24 ( Ph-
C),108.50 (C-4),105.50 (C-1),102.16 ( 0O-CH,-
0),74.77 (0-CH, ) ,57.13 (C-6),55.40 (OCH, ) ,
26.40(C-5),
2.3.4 MUEZTY 9 G RN TTE S A ) 12
rpE A 10 ¥ 2 [E {4, ;=% 78% . mp 233 ~234 C,
MS m/z 482.1 [M - C1]";'H-NMR (400 MHz,
DMSO-d,)6:9.78 (s,1H,8-H) ,8.92(s,1H,13-H) ,
8.20(d,J=8.8 Hz,1H,11-H) ,7.99(d,J =8. 8 Hz,
1H,12-H) ,7.74 (m,3H,Ph-H,CH = CH) ,7.61 (s,
1H,1-H),7.65(d,J =9.1 Hz,2H,Ph-H) ,7.08 (s,
1H,4-H) ,6.67(d,J=9.1 Hz,1H) ,6.16(s,2H, O-
CH,-0),5.37(s,2H,0-CH, ) ,4.93(t,J =6.0 Hz,
2H,6-H) ,4.07(s,3H,0CH,),3.71(s,3H,0CH,),
3.18(t,J=6.0 Hz,2H,5-H) ,

Ha] R 11 B [E 4K, 77 3 68% , mp 207 ~
208 C, MS m/z 482.1 [ M - Cl]";'H-NMR
(400 MHz,DMSO-d,)8:12.32(s,1H,COOH) ,9.78
(1H,8-H) ,8.93(s,1H,13-H) ,8.22(d,J =8. 8 Hg,
1H,11-H),8.01(d,J =8.8 Hz,1H,12-H) ,7. 78 (s,
1H,1-H) ,7.71(m,3H,Ph-H,) ,7.60(d,J =8. 8Hz,
2H,Ph-H) ,7.08 (s,1H,4-H) ,6.53(d,J =9.1 Hz,
1H),6.16(s,2H,0-CH,-0),5.37(s,2H,0-CH,) ,
4.93(t,]J =6.0 Hz,2H,6-H) ,4.07 (s,3H,0CH,),
3.17(t,J =6.0 Hz,2H,5-H) ,

2y 12w R, 7% 38% , mp 211 ~
212 °C, MS m/z 572.5 [ M - Cl]",'H-NMR
(400 MHz,DMSO-d,) §:9.78 (s,1H,CONH) ,9.52
(s,1H,8-H),8.93(s,1H,13-H),8.21(d,J =8.8
Hz,1H,11-H) ,8.00(d,J =8.8 Hz,1H,12-H) ,7. 79
(s,1H,1-H) ,7.65(m,4H,Ph-H) ,7.53(d,J =9.1
Hz,1H,Ph-H) ,7.35(d,J=9.1 Hz,1H,Ph-H) ,7.08
(s,1H,4-H) ,6.96(d,J =8.8 Hz,1H) ,6.90(d,J =
8.8 Hz,1H,Ph-H) ,6.75(d,J =8.8 Hz,1H),6.57
(d,J=9.1 Hz,1H,Ph-H) ,6. 16 (s,2H,0-CH,-0) ,
5.38(s,2H,0-CH,) ,4.99(s,2H ,NH,) ,4.92(t,] =
6.0 Hz,2H,6-H) ,4.08 (s,3H,0CH,),3.19(t,J =
6.0 Hz,2H,5-H) , "C-NMR (100 MHz,DMSO-d,)$:
163.87 (C = 0), 151.14 (C-10), 150.34 (C9),
148.18(C-3),145.80(C-2),142.37(C-8),142.03
(Ph-C-NH, ) , 139. 46 ( Ph-CH,0) , 138.36 ( C-12a) ,

137.94(C = C),135.40 (C-14),134.87 (C-8a),
131. 17(Ph-C) ,129.70 ( Ph-C) ,128. 12 ( overlap, Ph-
C),127.02(overlap,Ph-C) ,125. 11 ( overlap, Ph-C) ,
124.31(C-14a) ,123.93(C-13),123.27(Ph-C-NH) ,
122.23 ( C-12), 120.88 ( C-11), 120.73 ( C4a),
116.71(C-C =0),116.47 (Ph-C),108.92 (C4),
105.91(C-1),102.58 (0-CH,-0),75.3 (0-CH, ),
57.53(C-6),55.80(0CH,) ,26.81(C-5) ,
2.4 EHRFRNTIRH/NBERAT AR W AL
2.4.1 A I3 G B E K 8 (3.2 mmol)
1.5 g I A B DMF 40 mL #4788 775 % f# , it A EDCI
(1 mmol)193 mg, HOBT (1 mmol) 135 mg F THPO-
NH, (1 mol) 117 mg,19.2 mmol N-H I [N
100 mL i rh , 762 I e A . TLC A6 21 2 iz
BEARSERL, RN S8 R I IR R AR A A =
Be-H B (9 + 1) ¥ MR AT V8 A L o3 O P A R ik 1R
B4, 4 T R AR AT R R L I TS K R X A
PUAHZEAT T8, H A JEAT 4o il Ak P, 908 Yl s Yk 4
7 3/ | NN R 1< B o SN = S & LR
CH,CI-CH,OH (8: 1) P JBE , P I W vt 4 , 75 3] 3 €5 [
b e 4 13,

Ml AR 13, B 6 A, 7 %, 40% . mp 180 ~
182 C, MS m/z 546.3 [ M - Cl]*,'H-NMR
(400 MHz,DMSO-d,)6:9.78(s,1H,8-H) ,8.94 (s,
1H,13-H),8.21(d,/=9.1 Hz,1H,11-H) ,8.01(d,
J=9.1 Hz,1H,12-H),7.78 (m,4H,1-H, Ph-H) ,
7.61(d,J =9.1Hz,2H,Ph-H) ,7.10(s,1H,4-H) ,
6.19(s,2H,0-CH,-0),5.42(s,2H, 0-CH, ) ,4.98
[t,/J=6.5 Hz,IH,0-CH(CH,)-0],4.93(t,J=6.5
Hz,2H,6-H) ,4.10(s,3H,0CH;) ,4.02(t,J =6.5
Hz,2H),3.20(t,J =6.5 Hz,2H,5-H) ,1.55 ~1.73
[m,6H,(CH,), . ¥ ¥ 13 [ k4748t 1, Fx
0.5 g, AR BEAT RN, FE A RS EAL =R
W20 mL, 7E R T RN 4 h KGR RIE R, L BEE
SEAnAT BT A A Y BT IR SR o R IR IR ER AR P
I AgCl W h 56 Ak 27 1) 14

2y 14, B A E AR, 7 A 61% , mp 195 ~
196 C, MS m/z 471.1 [ M - Cl]*,'H-NMR
(400 MHz,DMSO-d, ) 8:9.80 (s, 1H, CONH),9.77
(s,1H,8-H),8.93(s,1H,13-H),8.22(d,J =9.1
Hz,1H,11-H) ,8.01(d,/J=9.1 Hz,1H,12-H) ,7.78
(m,3H,1-H,Ph-H),7.64 (d,J =7.5 Hz,2H, Ph-
H),7.09(s,1H,4-H) ,6.16(s,2H,0-CH,-0),5. 39
(s,2H,0-CH,) ,4.93(t,J =6.0 Hz,2H,6-H) ,4.07
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(s,3H,0CH;) ,3.18(t,J =6.5 Hz,2H,5-H), "C-
NMR ( 100 MHz, DMSO-d, ) §: 164.28 (C = 0),
151.09(C-10),150.34 (C-9),148.18(C-3) ,145.77
(C2),142.29 (C-8),140.01 ( Ph-CH,0) , 137.94
(C-12a), 133.39 (C-14),133.07 (C-8a), 131.18
(Ph-C), 128.87 (overlap, Ph-C ), 127.42 ( Ph-C ),
127.02 ( Ph-C ), 124.67 ( C-14a), 124.35 ( C-13),
122.19 (C-12), 120.88 ( C-11), 120.73 ( C4a),
108.92 (C-4),105.91 (C-1),102.58 (0-CH,-0),
75.17(0-CH,) ,57.53(C-6),56.48 (OCH,) ,26. 80
(C5),

HRAE LA il 25 2 7= 4 14 19 J7 s v )44 11 24
JORHE £ 15 2272 16, 4= 16, Bt [k, 7~
% 51% ,mp 199 ~200 C, MS m/z 497.1 [ M -
Cl]*,'"H-NMR (400 MHz,DMSO-d,)8:10.81(s,1H,
NHOH) ,9.77(s,1H,8-H) ,8.93(s,1H,13-H) ,8. 20
(d,J=8.8 Hz,1H,11-H) ,7.98(d,J =8.8 Hz,1H,
12-H),7.78(s,1H,1-H) ,7.75(d,J =7.5Hz,1H) ,
7.58 ~7.61 (m,4H,Ph-H),7.42(d,J = 8.8 Hz,
1H),7.08 (s, 1H,4-H) ,6.46(d,J =8.8 Hz,1H),
6.16(s,2H, 0-CH,-0),5.36 (s,2H, 0-CH, ) , 4. 91
(1,J=6.0 Hz,2H,6-H) ,4.08 (s,3H,0CH,),3. 18
(t,J = 6.0 Hz, 2H,5-H), “C-NMR (100 MHz,
DMSO0-d,)5:162.59(C =0),150.65(C-10) ,149. 88
(C-9),147.72(C-3),145.35(C-2),141.91(C-8) ,
137.81(CH =CH) ,137.71(C-12a) ,137. 48 (Ph-C) ,
134.88 ( C-14), 132.94 ( C-8a), 130.71 ( Ph-C),
129.20 ( overlap, Ph-C ), 127.49 ( overlap, Ph-C ),
126.57 (C-14a), 123.81 (C-13),121.77 ( C-12),
120.43(C-11),120.27 (C4a),119.55(C-C = 0),
108.46 (C-4),105.46 (C-1),102.13 ( 0-CH,-0) ,
74.91(0-CH,) ,57.07(C-6),55.33 (OCH,) , 26. 36
(C5),

3 EYENETR

3.1 HiMmE v g 3 HCT116, HepG2,
HeLa,CCRF-CEM #i ji 55 3% T & A L4080 10% 1Y
JIfi 25 1ML 3% (1 RPMI-1640 #5337 Ferfr, 4H Jd 35 5% T %
PRBUECH 10% 0587 A 4 1L i) DMEM 3558 3,
Jr A A T 37 °C AR A B S AR FR A R 5%
1) CO, ¥EFRAH N E LIS F7 .

MTT B0k - e 48 Xt 5000] 7 K i 40 e, 1 x 10°
A/ FLEERN T 96 fLHR ,37 C,5% CO, 353541 15 57 fifi
R IO B I AN [R) e B R, SR A R R R R
3AFEATFL,37 C,5% CO, 413 48 h, fin A
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MTT ¥ (5 gL~ BRI &}y 0. 5% MTT)20 plL,
ARG R 4 b 2R IG5R R R AL G SR, BALImA
DMSO 150 pL, & FHEIR L E ¥ 10 min, {45 54 78
GYVE o AE I S E A I AY 570 nm kb, 525G [ B
WE P AL (555555, MTT, DMSO ) |, X I8 L ( 40 /i,
AH R e BE 1Y) 25 W) ¥ fi% A Bt DMSO, 8% 3% i, MTT,
DMSO) ,

3.2 L TBENEGKTR A ANCTE IR GR R A A D E SR
Ellman 25" % AChE {41 ] 75 4 3 47 000328, JFH 7t
b 2T ARG S, 4K 2% B a0 19 B i 2 2R H R Ry
A, 7E 96 FLAR I FE ) AChE 410 i 1% 44 2 17 0
SE o DN E IR JEAE 96 FLAR L m AT DMSO % fi# 11
BEG 1 wL, L& AChE % 50 pL, ffi ] Bio-Rad
FRAL, AR 410 nm T, R HURE ALY BE A (R i AR
R A) o IR BEDRHFAE 25 °C,20 min J5, AR 5
B (05 B W R 2% vh i 2 B AR N 100 WL, LI B
e H 10 pmol - L") B A F| e B H12. 5 wmol - L',
20 C £ B W 20 min, 352 HCRE AL WO L DL
0.1 mol-L™" pH 8.0 f¥) 8 iR £h 2% th & Wi 1 S 1, LA
AN it BT 45 59 W W A (control ) £ 2 100 A1 )
B SR AT 8 R X 3 S e 0 3R v R A R AR A
] il 2SR A5 & A AL S W B 2 4R ek R (1C, ),
T Tk L P A ) T T A [

4 #RE5iITR

4.1 GRS NBELLEE I A R SCER AR G T R
H2S RN 190 C R 5 =4k Ak s, =& H
Jot FH TSR 45 A R A 3 /N BE 210, 2 >R ] DMIF
VEVE R, O N #48) DMF k4 15 min 2 HI 454,
T Bk T R LA 2 IR 3 A RS, R A
XF 85 v O BLARAE T B AL G 4 B AR SRR TR 19 G
K THF i i) J7 i tb H DMF AR 2k J2 B % 57, I
AR IR, BB 4 AR Tk & AL A b Rl ik 9,12,
13,15 (e FE v Semk & R e, i T S B
VS FF R X B I ) AN SR AR - WA AR, 2 B DMF A 2
7P SNSRI HL R BT V- FR 3 b £ hy 2
i 7RI At SCRR R TE Y = R, T
FEW /N BERR 5 5 R 14,16 A P 5K, 4 B 4l 4k [
e, i 5 F HCL/ dioxane 4b 3 [A] {4 13,15 A= i AH
ST IR , - R, A AR B Btk 6.
4.2 EWEMERR Y LLAL TR A E N PH A 6T IR i IR
T NG s 4 e HCT116, A6 48 e HepG2, N'F
9 40 ML HeLa, A 200 bk B2 (1 I #5 40 e CCRF-
CEM ,4 FfibJeg 40 M 32F 47 T MTT Lo €835 005, %5 %€
T oML EWHIMEIE (R 1,2) .,
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F1 NEETEMHRMEEE

Table 1 Antitumor activityof berberine derivatives in cancer cells

pmol - L, 7!
o HCTI16  HepG2 HeLa CCRF-CEM
STSP 0.0315 0.1197 0.0419 0.008 3
1(/NEERR ) 98.34 > 100 80. 46 14.36
5a 21.91 31.33 26.20 2.71
5b 15.40 27.56 21.50 1.48
9 > 100 > 100 > 100 > 100
12 > 100 > 100 > 100 47.58
14 > 100 > 100 > 100 48.29
16 > 100 > 100 > 100 7.07
6 51.49 98.55 63.58 6. 10

F2 NEBELTEYX AChE/BuChE 1 #l# IC,,

Table 2 In vitro inhibition IC,, and selectivity of berbine derivatives

for AChE and BuChE wmol - L ™!
ICso (x =)
HaY AChE & £
AChE BuChE

1(/NBERK) 0.98 =0. 87 > 100 >102
tacrine 0.223 £0. 003 0. 052 +0. 009 0.23
5a 0.96 +0.016 >200 >208
5b 0.38 =0. 004 >200 >526
9 3.18 £0.016 > 100 >31
12 7.91 0. 011 > 100 >12
14 2.21 +£0.012 > 100 >45
16 1.30 £0. 023 > 100 >76
6 4.71 £0. 041 > 100 >21

PN T (8 B Al R DL RS G N BE R AT AR )
VA 2 I L B Gg f) 4 3 5 0 1 4 P R4 ] 2 R
i Pl 6 9 P, B P R 28 1 /DN B AT AR ) [
FEI T AFRT A 0 240 L3 B 40 AR R R 2 T
JIFL TR P A 3 A, K — 0 3 4 2R R R IR AT 19 B B AR
(45 L (H 5 FBE B (% /N BE g 7 A= ) 5a,5b Lh/h
BERR 1) 15 PR A A P4, Hoh Ak & 9 5b X CCRF-
CEM ZH bk 09 1C,, iK% T 1.48 pmol - L™, Fe 90
B O R I 4 TR B T 2 T FEL G T I %) 3 ) 3
PEAL L /INBERICA T 45 8, 3K — 45 A% IS 1 Y /)N BE e
A BT A — 2R E

AR A AE A 0 1% /0N BE B AT A b vk ged A
SRy T REL i T Tl 400 A 00 00 Rl B, DA N BEBRA DRt
K 25 PG RS BT SR e, R ORI IR
T EE L £ /N BE B AT 2R W, B B R T AT TX 3

Wk 14 HP T AR 7 W) & BT 5 2R AT T e AR
JE ) R BRI T — A% G e 288 A e S A8 7 ) 1Y
AT S A AR AAL S Yy 0 o b R 2 AN 4 ) 2
Tt Lk P P9 355 78 45 R OR B A 15 B 0 BRAR B 45
ROEZAE W) Sa,5b it 4 M8 58 10 ] 7E AT
Tt AFLB T T 04 305 1R AH X T /N B 24 A BT AT R v
TR 7 4 A T A S 0 M TR /N BE AT A ) e T
G RATI o3 T R A8, AR O 25 20 T n] g G % AR
T BRI T £ Bt RE AR i e R 2 3 2k 2 I AL i R
M., 5a,5b IRk 5 1% 45 04 F L R n] B8 XF £ T A e P
il A1 20 £ 1 25 T A A AR G B, DYt R B A
B 1) A BTG A R G B0 A 0 AR RIAIL ) BT 5 i A
TR B 22 19 A5 W R AT 07 26 LA R R A A AL AR 84
e
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