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Synthesis and Anti-tumor Activities of Novel 4'-(N-Substitued-
1-piperazinyl)chalcone Derivatives
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Abstract With the aim of developing new potent anticancer agents, a series of novel 4'-(N-substitued-1-piperazinyl)chalcone
derivatives 3a~3j have been designed and synthesized based on the structure of the chalcone by molecular hybridization. The
structures were characterized by 'H NMR, "*C NMR and HRMS. These derivatives were evaluated for their in vitro anti-tumor
activity against a panel of human tumor cell lines (Hela, A549 and SGC7901) by the thiazolyl blue tetrazolium bromide (MTT)
assay. The result indicated that compounds 3f, 3i and 3j were found to be the potent compounds against human tumor cell

lines, which are to be lead compounds for further structural modifications and activity research.
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Figure 1 Synthetic strategy of chalcone-piperazine derivatives
N T B DR TEIR R IA_L A [R] BT ) 25 7K i - DR

W& 5 DU R I PR R 2 R, AR IF FUAE T A it
E, RAEVE S BHE R TE, DO R R A

X

ExpanS|on

5 2-R-4-FK QR RHE K, SRREA A K. B
R B 4- = S k-4-(1-WR R 56 &R (2)f5, FRid

EAR RN, SHE R T 10 SR I HRGE & B R IR 8
MIE R ERRTAEY) 3a~3j (Scheme 1). th&WI4EHL 'H
NMR. “C NMR F1 HRMS fiilE. S FH A e 7 D0 %
BEMTT)ERTA R T A S R s e s vE (N &
FUUME A0 M Hela, A i 4f fe AS49 AN 15 J& 40 Mo
SGC7901). Z55 K, ok G Hx il eg 4t ik 22 30
RIFIdslEtE. Fraletb &4 3i, X Hela, A549 Al
SGC7901 1 ICso {23 %14 16.45, 0.19 1 0.78 pmol/L, A
FrEE— B L.

O /' 20% KOH, EtOH
F + 7 N — s
o N\t 12h, 84%

(0]
O = O piperazine, K,CO3
- DMF, 120 °C, 12 h
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Scheme 1 Synthetic route of chalcone-piperazine derivatives
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1 ZR5vHe
1.1 B EYHNER

Hirit &) 3a~3j &L Scheme 1 AR,
SRR 1. SCERIE, BAMMELEIRE S BRI A A
g R BTEA A 2 1A SO R, AR E
IR, FEE B E AR S 3 I, 2l 7 AN F AR

RS S REFRI M. LAE A &0 3a M), SeRi g SRt
2 iR, & 2 ATLAFE H, BROFIVA TR AN R0 s 244 47
BORSm. EHUE HUBRIN S SRR By, B &Y) 2 18
CH;CN ViR £ %2, %% DCM-CH;CN TR &5 7,
REH ROB RN, 77 2395 ) 82%.

1 GHHBCEWRE
Table 1 Yields of synthesized compounds

Compd. R Yield"/%
3a Me— 82
3b CoHs— 73
3¢ CH2_:CHCH2— 88
3e ©/\ 78
3f F3c—©—\ 86

F
3g j@/\ 82
o
3h 91
CH3CH20J\/
0
3i 88
ne
0

“Isolated yield.

x2 ALHD 3a VKRG

Table 2 Optimization of reaction conditions for the synthesis of
3a

Entry Base” Solvent Yield/%
1 DIPEA DCM 62
2 K,CO; DCM 40
3 Cs,CO4 DCM 38
4 DIPEA CH;CN 42
5 K,COs CH;CN 26
6  Cs,COs CH;CN 30
7 DIPEA DCM/CH;CN (V- V=1 .1) 82

“ 1i#(2.0 equiv.); DIPEA: N,N- .5

© 2017 Chinese Chemical Society & SIOC, CAS

P21 DCM: & P e,
1.2 AR E MM

PLIB4A (DDP) R %t BH M5 1, PL Hela. AS549 F1

Chin. J. Org. Chem. 2017, 37, 237~241



Chinese Journal of Organic Chemistry

SGC7901 MAFI4HMIbE, K MTT 320 5E HFstb &4
RSN T, S5 R R 3. WM RR Y, A
¥ 3a, 3h X R 41 bk Hela A1 SGC7901 A e 41 30
HI1ER; faEW 31, 3g Xt IE 4tk A549 Al SGC7901
BIEPEMERANEIER; 1A 31, 3j XF 3 FhRI40 bk
BRI TR AR S 1, R AR A S 3 i
ANTUMRIE MR A R, % Hela. A549 1 SGC7901 ) ICs,
553514 16.45,0.19 F1 0.78 umol/L.

3 ALBWIRSMIUIRE E[ICsy/ (umoleL )]
Table 3  Anti-tumor activities of compounds [ICse/(umoleL ™")]

Compd. Hela A549 SGC7901
3a 12.53 >40 19.34
3b 25.33 >40 >40
3¢ >40 >40 34.13
3d 33.22 >40 24.05
3e >40 >40 >40
3f 30.62 10.54 8.35
3g >40 18.62 31.14
3h 7.06 33.21 10.52
3i 16.45 0.19 0.78
3j 12.15 1.22 9.82

JIsE 20.52 11.54 12.44

m# 3 ATLAVEH, B &YIREIR  NH R
Fnt AR AN UM R TE T B R R, 2 R A
(3a~3d), TR LPUMIREENE, SR IEEEURR (3e~3g),
Eon—EMPUR G, JF BN IRIR L AT
BlHE s, Hrh 4-CFy>3,4-CF,>H; 484 ik
SR R IR, At A 2 9 PR A T I B 5 M A
2, KRR T R A A P (3i), 6 = R R 4 i
W 3 R R R A E AL E R BRATTAT DA, EX
IR HAREA Y GH M FE 00 VE R DG, IR A
PR R AR T 5%

2 #ig

KRS T S S5 BB TV, s A K A AR R S
ek, WitB W T — RV ERE-IRERTAY), HE
£ "H NMR, "°C NMR A1 HRMS #iiF. FH MTT ¥4 &
B A AT T ARSI R i PRI (Hela, A549 F
SGC7901). Z5HFKHH, Hor4b-E4%d e 4 f A7 4T 1)
PS5 S 316 = R AN bk 2 B B
A0 B EE S, ICso 173 N 16.45, 0.19 A1 0.78 pmol/L,
AE RS SR — DR 5T

3 SCISER4SY
3.1 UE5IHF
Bruker AM 300 11 Bruker AM 400 #% Wi FEHE M %A,
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TMS MR, YANACO AU miAX, HERRIE; Au-
toSpec Premier P776 HUXUEEFE = i BB 1A, — %4k
REs #7463 [E Thermo-fisher); Epoch 2y KRBFFRIX
(Z£H Bio-Tek /A )); RPMI-1640 %773 (Gibco B.R.L 24
w)). FrA RS 3R T A A, AR TR R
PaRr L s
3.2 XWHE
321 4-=F &ZAE-4-(1-%% 2) & REA(2)89 & A%

FZSCHER[19]M 7 V56 i FREL 4-90 2K ZH(2.76 g, 20
mmol)AIX — & FE A % (3.28 g, 22 mmol) T 100 mL
[REBEN R, AN 50 mL ZEE= R HHE. ARG,
I 20% KOH 20 mL. /2 &R (TLC)A IR &
J&, K MBI 50 mL KA, FEANTH, HE, Eik
WA 50 mL 7KA1 50 mL 30%Z.ME-/K ks, THES
4.61 g 4- " WG B4 H AR (1), B E AR, Yo
84%. FREX 2.69 g (10 mmol) 4- — F & JE-4"- i 2 /R B (1)
F12.74 ¢ (20 mmol)BFRH T~ 50 mL [BEJEHHH+, MA
1.72 g (20 mmol)WRMEE AT 50 mL J57K N,N-— FF & Fl ik iz
(DMF), £ 120 C/ M 12 h. TLC &/ M 5e i, #
RBAEIN 100 mL ¥ 7KH, DCM ZH(30 mL X3). A
B TEK R BR AT 15 5 R 46, B R EAE JZ T [ e it
A VTR © CETRE) =11 5015 B 45 258 (0 [ 44,
E 84%. m.p. 164~166 ‘C!'; '"H NMR (300 MHz,
CDCly) d: 8.01 (d, J=9.0 Hz, 2H), 7.80 (d, J=15.3 Hz,
1H), 7.56 (d, J=9.0 Hz, 2H), 7.41(d, J=15.6 Hz, 1H),
6.92 (d, J=9.0 Hz, 2H), 6.70 (d, J=9.0 Hz, 2H), 3.33 (t,
J=4.8 Hz, 4H), 3.01~3.04 (m, 10H), 2.12 (s, 1H); “C
NMR (75 MHz, CDCLy) 6: 188.3, 154.2, 151.8, 144.1,
130.3, 130.1, 129.1, 123.0, 116.8, 113.6, 111.8, 48.5, 45.9,
40.2. HRMS-ESI calcd for C,;H,N;0 (M+H) " 336.2070,
found 336.2072.
322 4-ZF R A-4-(1-%5H)E REA3) 8 4 &

FREL 100 mg (0.3 mmol) &4 2 T 25 mL 5 AE)i
o, NN 5 mL 7Kk DCM 1 5 mL CH;CN Vi 5, Fn
A 0.1 mL DIPEA 1 0.45 mmol pifS#1(& Ak &4 3a
KA, He b SRR, =il FHiH:2 h
TLC &l RN & J5, TIA 30 mL 7K, DCM 52 (10 mL
X 3). AHHE TCKIRER N T 5 Wk4s, SRARMEARZ
FTLBEEF: V(R EE) @ (S E)=1 : 10015 51532 H
FRr=H).

4 R -4 (N- R - 1-WR R 2 ) B /K Bl (3a): K
B E R, mp. 162~164 ‘C; 'H NMR (300 MHz, CDCl;)
d: 8.00 (d, J=9.0 Hz, 2H), 7.80 (d, J=15.6 Hz, 1H), 7.55
(d, J=8.7 Hz, 2H), 7.39 (d, J=15.6 Hz, 1H), 6.92 (d, J=
8.7 Hz, 2H), 6.70 (d, J=9.0 Hz, 2H), 3.38 (t, J=5.1 Hz,
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4H), 3.01 (s, 6H), 2.57 (t, J=5.1 Hz, 4H), 2.34 (s, 3H); 1°C
NMR (75 MHz, CDCly) &: 188.3, 153.8, 151.8, 144.1,
130.3, 130.1, 129.2, 123.1, 116.9, 113.7, 111.9, 54.8, 47.3,
46.1, 40.1.

4- G -4 (N- 2 FE-1-DR BRI 2 R (3b): 3% 45
& 1A, mp. 164~166 C; '"H NMR (400 MHz, CDCl5)
J: 8.00 (d, J=8.8 Hz, 2H), 7.79 (d, J=15.4 Hz, 1H), 7.55
(d, J=8.6 Hz, 2H), 7.39 (d, J=15.4 Hz, 1H), 6.92 (d, J=
8.4 Hz, 2H), 6.70 (d, J=8.6 Hz, 2H), 3.41 (d, J=3.8 Hz,
4H), 3.03 (s, 6H), 2.64 (d, J=4.0 Hz, 4H), 2.53 (q, J=7.1
Hz, 2H), 1.18 (t, J=7.1 Hz, 3H); *C NMR (100 MHz,
CDCly) d: 188.5, 153.8, 151.9, 144.3, 130.5, 130.3, 129.4,
117.0, 113.8, 112.0, 52.6, 52.5, 47.4, 40.3.

4- FRE -4 (N-J TR 25 - 1-DR e 228 2 7R B (Be): 7%
B E K. mp. 170~172 'C; 'H NMR (400 MHz,
CDCLy) o: 7.99 (d, J=7.0 Hz, 2H), 7.79 (d, J=15.4 Hz,
1H), 7.55 (d, J=6.9 Hz, 2H), 7.39 (d, J=15.4 Hz, 1H),
6.92 (d, J=7.0 Hz, 2H), 6.70 (d, J=6.9 Hz, 2H), 5.86~
5.95 (m, 1H), 5.19~5.26 (dd, J=17.2, 10.4 Hz, 2H), 3.39
(d, J=3.4 Hz, 4H), 3.07 (d, J=6.0 Hz, 2H), 3.03 (s, 3H),
3.02 (s, 3H), 2.62 (d, J=3.2 Hz, 4H); *C NMR (100 MHz,
CDCly) d: 188.5, 153.9, 151.9, 144.2, 134.7, 130.5, 130.2,
123.4,118.6,117.2, 113.8, 112.0, 61.8, 52.8, 47.6, 40.3.

4- " F G FE A (N-J A 2 1-WR IR 228 ) 25 R B (3d): 7%
KA E K. mp. 179~181 ‘C; 'H NMR (400 MHz,
CDCly) ¢: 8.00 (d, J=7.2 Hz, 2H), 7.79 (d, J=15.4 Hz,
1H), 7.55 (d, J=7.2 Hz, 2H), 7.39 (d, J=15.4 Hz, 1H),
6.93 (d, J=7.3 Hz, 2H), 6.70 (d, J=7.1 Hz, 2H), 3.42 (d,
J=3.8 Hz, 4H), 3.38 (s, 2H), 3.03 (s, 6H), 2.74 (d, J=3.6
Hz, 4H), 2.29 (s, 1H); *C NMR (100 MHz, CDCl;) ¢:
188.5, 153.8, 151.9, 144.3, 130.5, 130.2, 129.5, 123.4,
1172, 113.9, 112.0, 78.5, 73.7, 51.7, 47.6, 47.1, 40.3.

4- T FH B B4 (- JE - 1-WR R 56 ) 25 7R i (Be): YR 3
&4, mp. 196~198 C; 'H NMR (400 MHz, CDCl5)
J: 8.01 (d, J=8.9 Hz, 2H), 7.81 (d, J=15.4 Hz, 1H), 7.56
(d, J=8.8 Hz, 2H), 7.26~7.41 (m, 6H), 6.90 (d, J=9.0
Hz, 2H), 6.70 (d, J=8.8 Hz, 2H), 3.57 (s, 2H), 3.37 (t, J=
5.0 Hz, 4H), 3.02 (s, 6H), 2.61 (t, J=5.2 Hz, 4H); “C
NMR (100 MHz, CDCl;) o: 188.3, 153.9, 151.8, 144.1,
137.9, 130.4, 130.2, 129.2, 129.1, 128.4, 127.3, 123.2,
117.0, 113.6, 111.9, 63.0, 52.8, 52.7, 47.5, 40.2.

4- G FE -4 [ N-(4- = 5 FF BE 5 38 - 1 - DR e i 2 /K
Fii(3f): ARG E R, mp. 188~190 C; 'H NMR (400
MHz, CDCls) d: 7.99 (t, J=3.6 Hz, 2H), 7.76~7.81 (dd,
J=5.0, 5.0 Hz, 1H), 7.48~7.61 (m, 6H), 7.35~7.40 (dd,

240 http://sioc-journal.cn/
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J=5.2,5.2 Hz, 1H), 6.92 (q, J=3.4 Hz, 2H), 6.70 (q, J=
3.5 Hz, 2H), 3.61 (d, J=4.1 Hz, 2H), 3.37 (d, J=4.3 Hz,
4H), 3.03 (s, 3H), 3.02 (s, 3H), 2.60 (d, J=4.3 Hz, 4H);
C NMR (100 MHz, CDCl5) J: 188.4, 153.9, 151.9, 144.2,
142.4, 130.5, 130.2, 129.3, 125.4, 125.3, 123.4, 117.0,
113.8, 112.0, 62.5, 52.9, 47.6, 40.2.

4- T B4 [N-(3,4- RN L)1 IRk 9R AR ) A 2K i
(3g): FOMEA. mp. 183~185 C; '"H NMR (400 MHz,
CDCly) 6: 8.00 (d, J=8.8 Hz, 2H), 7.79 (d, J=15.5 Hz,
1H), 7.55 (d, J=8.7 Hz, 2H), 7.39 (d, J=15.4 Hz, 1H),
7.18~7.23 (m, 1H), 7.05~7.12 (m, 2H), 6.91 (d, J=8.8
Hz, 2H), 6.70 (d, J=8.7 Hz, 2H), 3.49 (s, 2H), 3.37 (t, J=
4.8 Hz, 4H), 3.02 (s, 6H), 2.58 (t, J=5.0 Hz, 4H); "°C
NMR (100 MHz, CDCly) o: 188.4, 153.9, 151.9, 144.2,
130.5, 130.2, 129.3, 124.7, 123.3, 117.8, 117.6, 117.1,
117.0, 113.8, 112.0, 61.9, 52.8, 47.6, 40.3. HRMS-ESI
caled for CygH3F,N;O (M + H) © 4622351, found
462.2351.

4- T B4 [N-Q2- A L BEEE)- 1-WR e 2 ) 25 7K i
(3h): R AE A, mp. 180~182 C; 'H NMR (400
MHz, CDCl;) d: 7.99 (d, J=9.0 Hz, 2H), 7.79 (d, J=15.4
Hz, 1H), 7.55 (d, J=8.9 Hz, 2H), 7.38 (d, J=15.4 Hz,
1H), 6.92 (d, J=9.0 Hz, 2H), 6.70 (d, J=8.9 Hz, 2H), 4.23
(q, J=17.2 Hz, 2H), 3.43 (t, J=5.0 Hz, 4H), 3.27 (s, 2H),
3.02 (s, 6H), 2.75 (t, J=5.0 Hz, 4H), 1.31 (t, J=7.1 Hz,
3H); *C NMR (100 MHz, CDCl;) 6: 188.5, 170.2, 153.8,
151.9, 144.2, 130.5, 129.4, 123.3, 117.1, 113.9, 112.0,
60.8, 59.5, 52.8, 47.5, 40.3. HRMS-ESI calcd for
C,sH3N;05 (M+H)™ 422.2438, found 422.2437.

4- B -4 [N-2- A AT 52 )-1- IR e 255 ] 2 /R il
(3i): A EHEFIR. "H NMR (400 MHz, CDCl;) 6: 8.00
(d, J=9.0 Hz, 2H), 7.79 (d, J=15.5 Hz, 1H), 7.55 (d, J=
8.8 Hz, 2H), 7.39 (d, J=15.4 Hz, 1H), 6.92 (d, J=9.0 Hz,
2H), 6.70 (d, J=8.9 Hz, 2H), 3.42 (t, J=4.7 Hz, 4H), 3.27
(s, 2H), 3.03 (s, 6H), 2.66 (t, J=4.8 Hz, 4H), 2.18 (s, 3H);
C NMR (100 MHz, CDCl5) d: 206.1, 188.5, 153.8, 151.9,
144.3, 130.5, 130.2, 129.4, 123.2, 117.0, 113.8, 112.0,
68.1, 53.1, 47.5, 403, 27.9. HRMS-ESI calcd for
CaH3oN;0, (M+H)" 392.2333, found 392.2333.

4- T G -4 [N-2-FMB-ZE L Fh)-1-IR IR KL A /R
fi(3j): WE O, m. p. 241~243 C; '"H NMR (400
MHz, CDCl;) 6: 8.57 (s, 1H), 7.86~8.05 (m, 6H), 7.79 (d,
J=15.4 Hz, 1H), 7.52~7.62 (m, 4H), 7.39 (d, J=15.4 Hz,
1H), 6.92 (d, J=8.8 Hz, 2H), 6.69 (d, J=8.7 Hz, 2H), 4.01
(s, 2H), 3.46 (d, J=3.9 Hz, 4H), 3.01 (s, 6H), 2.83 (d, J=
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3.9Hz, 4H); °C NMR (100 MHz, CDCl3) 6: 196.3, 188.5,
153.9, 151.9, 144.3, 135.9, 133.5, 132.6, 130.5, 130.2,
130.0, 129.8, 129.5, 128.8, 128.6, 128.0, 127.0, 124.0,
123.4, 117.2, 113.9, 112.0, 64.6, 53.4, 47.6, 40.3; HRMS-
ESI caled for C3;HiN;0, (M+H)" 504.2646, found
504.2645.
3.3  HBETEMENIR

LA £1(DDP) Ayt B 4, SR MTT 28052 H
PRl A AR AN IR s . B S50 K S e PR 4 fi
(X 10* A/mL)EEFRIT 96 FLAL, RiFRd RS IMAGE
Y, wHE 6 MR, NKE 3 MRS fEH 48 h
J&, FFLIA 20 uL Smg/mL f) MTT, 4k&:553% 4 h, T
3000 r/min &0 10 min, WFREFRW, A 150 pL
DMSO, Fhr{¢ 570 nm A ERIEEE, THE 1Cs) fH.

i B4 kL (Supporting Information) CHFTH L&D
f¥) '"H NMR 1 °C NMR J 4> HRMS B &, ix 2641k}
T] DL 3% AT W 38 (http://sioc-journal.cn/) | R %K.
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