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Syntheses and Anticancer Activities of Chalcone Mannich Base Derivatives
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Abstract  Starting from paeonol and p-chlorobenzaldehyde, the target compounds paeonol mannich base
derivatives (4a~4e, 5a~5e) were obtained through Claisen-Schmidt and Mannich reactions. The chemical structure
of target compounds was confirmed by HRMS, 'H NMR and "C NMR. The in vitro antiproliferative activities of the
synthesized compounds were assessed against human cancer cell lines (HepG2 and A549). The results showed that
the target compounds had strong cell proliferation inhibitory effects on tumor cells A549 and HepG2, and were
significantly superior to the positive control drug 5-fluorouracil.
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AR F ) 5 AV 400/600 # % fif 3 4R 35 4 (75 5
Bruker /A #] ) ; LCQ Advantage MAX 7Y 3§ Jit B¢ FH Jix
FEAY (L EH Finnigan 2 &) ) , 2 I I gk
WRIE N-HEEUR B8 V- BEUR B8 N-(2-F% & 5 ) IR
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25 Claisen-Schmidt 2 [ 15 3| 2-%8 5k -4-H & 5L -4/ -
AARE(3) , REEY 3 52 R MAF
A LN 28 52 Je A LA B AR I 1Y) £ 21K B 2 Je A i
(4a~4e,5a~5e),

OH O
3

4a,5a X=0

4b,5b X=CH,

4¢,5¢ X=NCH;
4d,5d X=NC,H;
4e,5¢ X=N(CH,),OH

SRS L B3 (1)« EtOH, 50% NaOH, 50°C ; (ii): 95% EtOH, ( CH,0),, Secondary amine ( morpholine, piperidine, N-methyl

piperazine, N-ethyl piperazine, N-(2-Hydroxyethyl) piperazine) , 85°C
BxX1 BiRUEWHEMEE

Scheme 1 Synthesis route for target compounds
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2-F5 -4 FY A -3 - bk B PR -4 G Ay R T
(d4a) . 5 [ M4, I 37.50%, ¥ 5 155.7 ~
156.6 °C ;'H NMR (600MHz, CDC1,)8:8.26(d, J
=9.0,1H),8.02(d,J=15.6Hz,1H),7.92(d,J=
8.2Hz,2H),7.76 (d,J=15.6Hz, 1H),7.51(d,
J=8.2Hz,2H) ,6.68(d,J=9.0Hz, 1H),3.87 (s,
3H),3.52(s,2H),3.39(d,J=5.0Hz,4H) ,2.42
~2.36 (m, 4H);"”C NMR ( 151MHz, CDCI, ) §:
190.47,163.02,162. 60, 141. 33, 135.33,132. 46,
130.20,128.62,128.21,121.29,114.78,111. 11,
101. 14, 65.92, 54.88, 52.33; HRMS, m/z:
C, H,CINO,, [M+H]". H i {H 388. 1316, 5 Il
{# 388. 1302,

2-95 Bk -4- T A R -5 neh ok YL -4 -G A K TR
(5a) B A FERM AR I 39. 71% , 45 45 160. 5 ~
161.3 °C;'H NMR (600MHz, DMSO-d, ) &: 13. 34
(s,1H),8.09(s,1H),7.94(d,J=15.6Hz,1H) ,
7.78(d, J = 8.0Hz, 2H),7.52 (d, J = 15. 6Hz,
1H),7.41(d,J=8.0Hz,2H) ,6.55(s,1H) ,3. 84
(s,2H),3.67(s,3H),3.50(m,4H) ,2.51(t,J=
4.6Hz, 4H );"C NMR ( 151MHz, CDCl, ) §:
191.61,166. 12, 164.73,142.89,136.59,133. 33,
131.84,129.74,129.32,120.92, 113.47,99. 53,
66.97, 55.87, 55.82, 53.47; HRMS, m/z:
C, H,,CINO,, [M+H]". # & { 388. 1316, 5L il
{H 388. 1303,

2-F5 -4 Y AR L3R 0 B P -4 G Ay R T
(4b) . T AR A, W% 35. 56% , 44 £ 128. 8 ~
129.7 °C;'"H NMR (600MHz, CDCI, ) §:7.82(d,
J=8.8Hz, 1H),7.58(d, J=15.6Hz, 1H), 7.47
(d,J=8.2Hz,2H),7.41(d, J=15.6Hz, IH),
7.33(d,J=8.2Hz,2H) ,6.48(d,J=8.8Hz,1H)
3.87(s,3H),3.81(s,2H),2.63~2.59(m,4H) ,
1.63~1.44(m,6H);"”C NMR (151MHz, CDCI,)
8: 191.06, 165.39, 163.65, 142.15, 135.64,
133.34,131.09,129. 12,128.36,120. 03, 112. 42,
100. 65, 55.62, 53.71, 52.60, 24.84, 23.71;
HRMS, m/z; C,,H,,CINO,, [ M + H]"; 3 i (i
386. 1523, S {H 386. 1501,

2-F8 H-4-H A -5 R WE S L -4 SR A R T
(5b) « B €A [E A8 K 0% 36, 03% , 4 1 133.6 ~
134.3 °C ;'H NMR (600MHz, CDCI;)8:13.31(s,
1H),8.12(s,1H),7.94(d,J=15.6Hz,1H) ,7. 90
(d,J=8.2Hz,2H),7.78 (d, J=15.6Hz, 1H)

7.52(d,J=8.2Hz,2H),6.54 (s, 1H) ,3.84 (s,
3H),3.46(s,2H),2.52~2.37(m,4H) ,1.55 ~
1.41 (m,4H),1.42~1.28 (m,2H);”C NMR
( 151MHz, CDCL, ) &: 191.10, 165.32, 163.35,
142.07,135.47,133.3,132.39,129. 08, 128. 21,
120.39, 112.88, 98.35, 54.90, 53.89, 52.65,
24.69, 23.70; HRMS, m/z; C,H,,CINO,, [ M +
H]": BIS(H 386. 1523, SLMH 386. 1507,

2-F8 H-4- TP A -3 TP R R 0 R I BE 40 G A
IR (4e) . B0 [ R8Ok, I3 36. 12%, 15 A
101.8~102.7 C;'H NMR (600MHz, CDCl,) &
7.74(d, J = 8.8Hz, 1H),7.61 (d, J = 15.6Hz,
1H),7.57~7.42(m,4H),6.82(d, J=15.6Hz,
1H) ,3.84(s,3H),3.48(s,2H),2.50~2.17(m,
8H),2.08(s,3H);"”C NMR( 151 MHz,CDCI,)$:
191.56,165.49,163. 85, 142. 15, 136. 84, 133. 34,
130. 09,129. 62,129.36,120.03,116.51,113.51,
100. 65, 56.48, 55.11, 55.10, 52.63, 46.07;
HRMS, m/z; C,,H,.CIN,O,, [ M +H ]"; B it {if
401. 1632, 52M{H 401. 1610,

2-F8 e -4- TP A -5 - TP L R g R T L4 R A
IJRHR (Sc) . B0 [ ARk oK, i3 37.23%, &
109.5~ 110.5 °C;'H NMR ( 600MHz, CDCL, ) 8
13.35(s,1H) ,7.86(s,1H) ,7.81(d, J=15.4Hz,
1H),7.64~7.55(m,2H),7.46~7.39(m,2H) ,
7.40(d,J=15.4Hz,1H) ,6.44 (s, 1H) ,3.86(s,
3H),3.51 (s,2H),2.52(d, m, 8H),2.30 (s,
3H);”C NMR ( 151MHz, CDCl, ) §: 191.61,
165.99,164.70,142. 64 ,136.49,133.41,131. 65,
129. 66, 129.25, 121. 12, 117. 87, 113.43,99. 42,
55.76,55.27,55.17,52.90, 46. 02; HRMS, m/z:
C,,H,,CIN,O,, [ M+H]": Bli {H 401. 1632, 5Ll
{H 401. 1625,

2-FE -4 A I -3- 2 SRR W L H L4
JRT (4d) . {0 [ AR K, IR 36.32% , 5 A
131.7~132.7 C;'H NMR ( 600MHz, CDCL,) §:
7.91(d, J=8.6Hz, 1H),7.85(d, J = 15. 4Hz,
1H), 7.60 (d, J = 8.2Hz, 2H), 7.31 (d, J =
15.4Hz,1H) ,7.22(d, J=8.2Hz,2H) ,6.54(d,
J=8.2Hz,1H) ,3.93(s,3H),3.85(s,2H) ,3.07~
2.71(m,10H) ,1.24(t,J=7.0Hz,3H) ;”C NMR
(151MHz, CDCl, ) &: 191.75, 164.38, 164.21,
143.10,136. 64,133.26,132.00, 129. 73, 129. 30,
121.29, 115.18, 114.04, 102. 24, 56. 07, 55.97,
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54.66, 52.19, 51.99, 10.55; HRMS, m/z:
C,,H,,CIN,O,, [M+H]" . B & {H 415. 1788, 52 ]
{8 415. 1776,

- A-F A 52 SRR R L L4 A
JRT (5d) « B 6 B A8 oK, 0% 39.01% , 4 5
130.7 ~ 131.4 °C;'H NMR ( 400MHz, CDCl, ) &
13.38(s,1H) ,8.12(s,1H) ,8.00(d,J=15.4Hz,
1H),7.96 (d, J = 8.0Hz, 2H), 7.82 (d, J =
15.4Hz,1H) ,7.56 (d, J=8.0Hz,2H) ,6.57 (s,
1H),3.87(s,3H),3.45(s,2H) ,2.50~2.16(m,
10H), 0.97 (t, J = 7.2Hz, 3H);”C NMR
(151MHz, CDClL, ) &: 191.64, 166.05, 164.76,
142.72,136.53,133. 38, 131. 83,129.73,129. 29,
121.07, 113.43, 99.45, 55.82, 55.33, 52.86,
52.82,52.33,11.98; HRMS, m/z;: C,,H,.CIN,O,,
[M+H]" BRI 415. 1788, SLMAE 415. 1776,

2-F5 F-A-H AE L3-8 £ R R L H -4
AR (de) B €A [ A8 K 04 34.12% 06 i
129.6 ~ 130.4 °C;'H NMR ( 600MHz, CDCl, ) &:
7.85(d, J=28.2Hz, 1H),7.58 (d, J = 15. 6Hz,
1H), 7.47 (d, J = 8.4Hz, 2H), 7.38 (d, J =
15.6Hz,1H) ,7.31(d, J=8.4Hz,2H) ,6.50(d,
J=8.2Hz,1H) ,4.16(s,1H) ,3.90(s,2H) ,3.85
(s,3H),3.57~3.48(m,2H),3.56 ~ 3.48 (m,
2H),2.63~2.52(m,8H);”C NMR (151MHz,
CDCL, ) &: 191.56, 166.49, 164.85, 142.75,
136.84,134.34,131.09,129.92,129. 36, 121. 21,
116.51, 113.51, 99.65, 59.71, 57.56, 56.48,
52.71, 51.92; HRMS, m/z: C,,H,,CIN,0,, [ M +
H] " 38 {H 431. 1738, 52 {H 431. 1722,

2-FR HE -4 AE 578 £ BE IR R R 340 K
AR (Se) - ¥ 8 AR R K, IR 37.56% , 1 A5
125.6~126.3 °C ;'H NMR (600MHz, DMSO-d, ) 8
13.31(s,1H) ,8.07(s,1H) ,7.94(d, J=15. 6Hz,
1H),7.92 (d, J = 8.4Hz, 2H), 7.78 (d, J =
15.6Hz,1H),7.50 (d, J=8.4Hz,2H) ,6.54 (s,
1H) ,4.31(s,1H),3.83(s,3H),3.80(s,2H),
3.48~3.38(m,2H) ,2.57~2.44(m,2H) ,2.42 ~
2.24 (m, 8H);"C NMR ( 151MHz, CDCl,) &
191.62,166.47,164.74,142.80,136. 54, 134. 31,
131.91,129.74,129.29,121.01,115. 19, 113. 55,
99.48,59.19,57.72,56.08,52.81,52.62,51.93;
HRMS, m/z; C,,H,,CIN,O,, [ M + H " ¥ if {
431. 1738, 5L AE 431. 1736,

1.3 EoppgmEEENRY RER

DA PR e I 988 245 499 960 DK 1% g (5-FU )
rh ] A 3 Sk BT B SR MTT 250Kk & 4 4a
~4e Sa~5e X A9 40 L ( HepG2) 1 A fiti 98 48
JL(AS549) (A S0 200 Jf 18 5 05 P

Y HITE 37°C 5% CO, TR BE 1Y 35 TR 56 Hh
FRER R BOR B0 KA AR KOR A R 1 s 40 i
(HepG2,A549 ) Jil A3 £k W W5 46 5 , 41 Bt 31 %%
(2~3)x10* 4~/mL, LA & LY 5000 441 it £ Fh
o6 fLtrrh, TR D IET 24h, H KSR
W, M A Z K254 (0.1 ~25.0 pmol/L, 5 ¥
FE), B L 100pL, 35 57 F8 Hh 4k 2L 15 5% 48h, 4%
MTT A 96 fLAk H, B4 L 20, 55 55 4
EE 4h, Wk LW, I DMSO, &AL 100pL,
MR FE IR 1 4R #% 10min , FH 56 G 28 A5 00 4800 2
LAE WK R 495nm Ak B W OB BE, BUEE S OA
GraphPad Prism 3 {4 H11H 8 1C,, {8, Fr A X 56 78
MR TESE 3K,

2 ER51FE

2.1 EHES

H AR P00 & B rT DL DT P 2R B 2R B AT
FELE— DAFREC B (1) Ry B, 2 i 5k 2 e A I
L 2 HE B B XA A3 5 5 | =2 e A Bk, 28 30 A
B8 Ia, B ) 5 %) & 2K P R 347 Claisen-
Schmidt [z i 154 2] H b5 1640 5 2 — & PR I 5
X SR e 64T Claisen-Schmidt JZ b , 15 8 2 /R
i, P22 12 JO A T IN AE LB 6 35 14 &0 57 A2 51 A
S, S EN B REE LAY, A
A R REAS B B AR, (0 SV 5 A B S AR
JER= A TR, 2SRRI, Bk L
PR —HAXTHL S (UL 4a 5a ] AR — FLR 2k —
P BSCR 7 B 53.42% 77.21%) , H 5 T43 85
alifk, R, A SO B 2 b AT RO, IR DL R
BRI B 5.

FE 2 Je A5 BN HR, IS 17 BB 1 4347, 2 )¢
T N T A A A4 5, 0 A BR R LR 07 Y
DL BN T HAR AL s AR AL % i L& 4 h
A RBRIEE B R A N T 0] B RS, A R
FEYI R T RRE AR T RN BT FEAHE ST,
LAY 4 IR ZEIAS TG Y 5 MR, /e
JE A WU BEHUIRAE A B ¥R 26 X 07 (1 JL R & T
HARNT . FeH R RN 7 W) AT RE 32 2 [ 4 BEL 5%
i 5 224 %
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2.2 B EHHKBETER

RAR A IR RS 43 G LAY R T K s PR 22
HE—E R B B R T O 28 Ak A W A I R b R
FH o A SO AT 5 B 1S YA S AT — 20 1Y
DAL, LA 3R A 5 il M 5 EL O B 0% M ) o Y
AREL G Y. it fE =R X H bR LA Y i
F1 787 BP0 M R A R S . A SRR EUAL &
3. 4a~4e Sa~5e % Img, BT 1.5mL EP % I A
ARBAKERZE ImL, BITIRE, LAY 4a~4de,
Sa~5e SCeBM LG 3 AN, FEFRER
0. lmg (b &Y 3, EHE Lik#AE, (L& 3057
IYREE ., VISR RIS Y 3 7EK
IR AR EE /N T 0. lmg/mL, HARML &) 4a~de |
Sa~S5e 7EKTIIE MR ESE T Img/mL,
2.3 HEFRERS

ARE SCR MTT 2%, LU R H FH A Bt i 98 24
Y 5-FU BB X5 & B AL & 90t 47 1 R A
PR TG P, A5 R AR 1 TR, R RO
AT, A R 2 8 A AT AE 68 I ) G R
20 L 35 A 5 T T T 4G B P LT 4G A T R
T M2 5-FU, SCB 25 3 BoRs , AR H br
G WXt AN T) Jik 98 240 L 1 1 e 0 AR FH AN R A
A, AR UL, fb & W%t AS49 41 i i 30 1 48
58 T HepG2, HH fb & W) de X A549 4fi jfg i) 411
il 35 Tk e 5k, 1C,, M 3. 91 wmol /L, He 3 5l 30 ) 3%
PE R 5-FU (IC,, N 49.81pmol/L) f 12 1% ; Xt
HepG2 4 Jid #1 il 1F 1] &% 5= B9 J& Se (IC,, =
4. 18pwmol/L) , JL 34 5 41 ] 1% ¥k & 5-FU (IC,, =
46. 28 wmol/L) f 11 %,

F 1 LGRS R K EE 1 (mean+SD,n=3)
Tab.1 Inhibitory activity against two cancer cell

lines of the compounds ( mean+SD, n=3)

1C5,/ ( wmol/L)

Compound

A549 HepG2
4a 7.13+0.15 7.38+0.35
5a 6.72+0. 10 8.85+0. 55
4b 7.93+0.05 8.02+0.23
5b 6.17+0.13 8.56+0. 34
4c 4.72+0.23 6.10+£0. 15
5S¢ 5.31+0. 17 6.59+0. 08
4d 3.97+0. 08 6.62+0.25
5d 4.65+0.02 6.12+0. 45
4e 3.91+0. 12 5.38+0.31
Se 4.35+0. 26 4.18+0. 36
3 19.65+0. 19 16.45+0.43

5-FU 49.81+0.92 46.28+1.01

WA M 8 R A B R, 1E 255 S -4-H R
-4’ G A IREA Y 3071 5-07 51 AR TE] 1) 2 JE A
Bl B A Bl T A A W R B B S A H bRk
B WXE AS549 HepG2 41 fita 184 58 #00 il /F FH #4108 T 1k
EW 3, LM kKB, 51 AR B R SR
6], B 4w Ak A 4 e 1 R g 40 7 1Y) 100 11 0 1 A TR
22 A9 3 19 307 43 3l 51 AUR B 3k H 3 (fk
G 4b) Rl £ HEWR 5 5L P AL (fb B ) de) Xt
AS549 4 B 4 AR ] 2% S AR 1C, 18 43 9
7.93 F13.91 pmol/L; TEALE W 3 19 5-0 435 51
N e 5 Y RE S 2 FE R 1 L Y 645 2 (1 b & )
Sa fl Se Xt HepG2 41l ffg iy 41 il 7 FH 22 R 8 K,
1C,, {4514 8. 85 Hl 4. 18 wmol/L; fE{L &4 3
() 3-8 S50 51 A A [ (98 HLRE A BE Xt B #r A
B YR IEVER A K,

SCHR R & B, 2 R R 284k 4 T LUAE
AN TR) A B 7 AR R A o R AR A O Il B
P A1) 3 L FEAR NF-xB 43 P DA K i 4 A il IR
VEGF Hl IL-8 177 A= &, 7 7K 9 A0 400 il 6 A 9 b
BN B AR S Li ARV RGE T — &R 5 e A
IR T2 A0 G Pl 5k 5 O B AR OK AL B ot 45
AL I AR A KS62 21 i JE 4 B AE
G2/M M1, U5 4l ML 0 1 5 SR AR A IR B 2R AL 5 )
HER Had/RE AY"Y NG A A
BT W BT b3 T 1 LA FH AL T B = S5 K o,
B AN AZEMBAIC 5 IKKB B 179 7 2 e 2 2 5%
FEFLA B, DT I TKK B35 P, & 15 B
YER . ABEFE I B ARfb & P 2540 5 R SR A IR i 28
a5 HEER NE R AL, R
VEFI T RE S 454 Y o, B AN BRI 0 56 1 i AT L
AR AR O, Hon] i i 3 SR s S B SR
P A R oy TR AL 4, 2 5 Z R B IR N,
T 400 ) o 8 A R A AR R BL A R —

3 it

A SC LA PE Bz Wy R ORI Ok OB 42
Claisen-Schmidt Jz [ 15 F] 2-F8 FE-4-H 48 3 -4 -
2 JRER , T4 33 Mannich )X WA E] T 10 42 R B
B A ATA Y (4a~4de Sa~5e), KM MTIT ik
WY Al A W o6 N 2 AS49 I 4 i
HepG2 H RSN 41 i 38 78 15 M, S0 45 SRR 8
H AR AL A W 0) g 20 i A549 HepG2 ¥ B A3 &0
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