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Abstract A series of novel substituted chalcone-piperazine derivatives have been synthesized, and screened in vitro an-
ti-inflammatory in lipopolysaccharide (LPS)-stimulated RAW-264.7 macrophages and cytotoxic activity against 3 strains hu-
man tumor cell lines. The results demonstrated that the substituents of the core ring and the NH group of piperazine ring had
obvious influences on biological activities. Especially, 3,4,5-trimethoxy-4'-[N-(2-oxopropyl)-1-piperazinyl]chalcone (11)
showed better inhibitory effect on the generation of NO (ICs50=3.81 pumol/L), and 4-bromo-4'-[N-(4'-methyl-2-
oxophenylethyl)-1-piperazinyl]|chalcone (25) displayed good cytotoxic activity against A549, Hela and sk-ov-3 (IC5,=0.54,
0.05 and 9.12 pmol/L, respectively).
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Introduction

ARTICLE

Chalcones, consisting of two aromatic rings through a
three-carbon a,f-unsaturated carbonyl system, is an excep-
tional chemical template having important biological activ-
ities, including antitumor, anti-inflammatory, antioxidant,
antimicrobial, anti-tubercular and antiplatelet properties.!' ™

The anti-inflammatory and anticancer activities of chal-
cones have been investigated extensively for more than
several decades./!

Moreover, there were some reports describing the possi-
ble mechanistic basis of the cytotoxic or anti-inflammatory
activity. Chalcones exert anticancer activities through mul-
tiple mechanisms including cell cycle disruption, inhibition
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of angiogenesis, induction of apoptosis and tubulin
polymerization.” ' In addition, chalcone derivatives show
anti-inflammatory properties by inhibition of secretory
phospholipase A2 and COX, proinflammatory cytokines
production, and production of reactive oxygen species
(ROS).[12 14

Literature on structure-activity relationship (SAR) anal-
ysis of chalcones highlights the employment of pronged
strategies including structural modification of both aryl
rings, replacement of aryl rings with heteroaryl scaffolds,
and molecular hybridization through conjugation with other
pharmacologically moieties. Recently, we have reported the
synthesis of a series of novel hybrid compounds of chalcone
and N-heterocycles and their potential anti-inflammatory
and antitumor activities.!'” Especially, the hybrid com-
pounds between chalcone and substituted piperazine dis-
played potential anti-tumor activities!'® (Figure 1).

(0]
>N Het
|

Het = Imidazolyl, piperazinyl, or triazolyl
Anti- |nf|ammatory and anticancer activities

oy,
XHFCIBr \)\©\x

Anticancer activities
Figure 1 Synthetic biological chalcone compounds

In order to keep in view of the biological importance of
chalcone-piperazine hybrids, we were interested in synthe-
sizing a number of novel chalcone derivatives bearing var-
ious substituted groups on aryl rings. Herein, we reported
the synthesis of a series of novel substituted chalcone-
piperazine compounds. The design strategy of new com-
pounds was shown in Eq. 1. These derivatives were evalu-
ated for their in vitro anti-inflammatory activity in lipo-
polysaccharide (LPS)-stimulated RAW-264.7 macrophages
and anti-tumor activity against a panel of human tumor cell
lines by methyl thiazolyl tetrazolium (MTT) assay, with the
aim of developing new potential biological active agents.
We also discussed the preliminary SAR of an-
ti-inflammatory and anti-tumor activities.

o:

K/N\)kAr

former work

this work
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2 Results and discussion

2.1 Chemistry

The general synthetic route used to synthesize hybrid
compounds is outlined in Scheme 1. Treatment of com-
mercially substituted benzaldehyde with 4-fluoro aceto-
phenone gave the chalcone compound 1 in the presence of
20% KOH in EtOH. Then, the key piperazine substituted
chalcone intermediate 2 was prepared by substitution with
piperazine from compound 1 in the presence of K,CO; at
120 'C in N,N-dimetylformamide (DMF). Starting from
desired intermediate 2, a series of substituted chal-
cone-piperazine hybrids were synthesized by treatment of
compound 2 with a number of available a-bromoketone or
a-bromo ethyl acetate. In order to compare the biological
activities and get further discuss toward the structure and
activity relationship (SAR), various tertiary amines 3~25
were prepared. Comparative data for new hybrid derivatives
with respective to structures, melting point and yield were
provided in Table 1. All of the synthesized compounds were
characterized by '"H NMR, *C NMR and HRMS analysis as

well.
/©)J\ @ 20% KOH, EtOH _
= N piperazine, K,CO3
| R bMF, 120°c
F
1a:R=H, 82%
1b: R = 4-CHg, 76%
1c: R = 3,4,5-trimethoxy, 86%
1d: R = 4-Br, 80%
Q )
=
| D R1)l\/Br
=
Y
HN

2a:R=H, 81%
2b: R =4-CHgs, 79%
2c: R = 3,4,5-trimethoxy, 84%
2d: R = 4-Br, 75%
(0]

=
3~25 N/ﬁ

62% ~ 88% N
Scheme 1 Synthetic routes of chalcone-piperazine compounds

1.2 Biological evaluation

1.2.1 Anti-inflammatory activity

In vitro anti-inflammatory activities of synthetic substi-
tuted chalcone-piperazine compounds were investigated in
LPS-induced RAW 264.7 on the generation of NO.!'”! The
results of title compounds were summarized in Table 2. As
shown in Table 2, the substituents of the core ring and the
NH group of piperazine ring had an obvious influence
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Table 1 Structures and yields of compounds

Compd. R R m.p.%/C Yield®/%
3 H Ethoxy 147~149 90
4 H CH, 168~170 82
5 H Phenyl 177~179 76
6 H 4-Fluorophenyl 186~188 69
7 H 4-Chlorophenyl 196~198 73
8 H 4-Bromophenyl 174~176 81
9 H 4-Methylphenyl 172~174 78
10 3.4,5-Trimethoxy Ethoxy 138~140 92
11 3.4,5-Trimethoxy CH, 153~155 84
12 3.4,5-Trimethoxy Phenyl 168~170 70
13 3.,4,5-Trimethoxy 4-Fluorophenyl 181~183 66
14 3.,4,5-Trimethoxy 4-Chlorophenyl 169~171 72
15 3.,4,5-Trimethoxy 4-Bromophenyl 153~155 83
16 3.4,5-Trimethoxy 4-Methylphenyl 141~143 66
17 3.,4,5-Trimethoxy 4-Methoxyphenyl 132~134 84
18 3.,4,5-Trimethoxy 2-Naphthyl 177~179 60
19 4-CH;, Ethoxy 141~143 85
20 4-CH;, CH, 165~167 84
21 4-CH;, Phenyl 173~175 65
22 4-CH; 4-Methylphenyl 199~201 72
23 4-Br Ethoxy 182~184 88
24 4-Br CH, 204~206 83
25 4-Br 4-Methylphenyl 180~182 76

“ Melting point was uncorrected.  Yields represented isolated yields.

Table 2  Anti-inflammatory activities of compounds”

Compd.  ICso/(molsL™") Compd.  ICs/(umolsL™")
3 >50 15 16.38
4 9.43 16 6.26
5 32.07 17 19.25
6 15.88 18 >50
7 25.58 19 >50
8 >50 20 11.85
9 >50 21 36.04
10 >50 22 >50
11 3.81 23 >50
12 7.47 24 25.24
13 18.30 25 13.80
14 9.53

“ Values represent the concentration required to produce 50% inhibition of the
response.

on anti-inflammatory activities. To our delight, replacement
of electron-donating group increased the anti-inflammatory
activity (trimethoxy), and the substituents of NH group had
an obvious influence against the generation of NO. On the
whole, methyl ketone substituent contributed to better ac-
tivity, but aryl ketone substituents led to weaker activity
(CH3COCH,> ArCOCH,). For example, compounds 4, 11,
12, 14 and 16 showed satisfied anti-inflammatory activity
on the generation of NO (IC5p0<<10 pmol/L). In addition,
compounds 6, 13, 15, 17, 20 and 25 displayed potent an-
ti-inflammatory activity (ICsp<<20 pmol/L). Among all
synthetic compounds, hybrid 11 was found to be the most
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potent anti-inflammatory agent (IC5o=3.81 pumol/L).
1.2.2 Cytotoxic activity

Cytotoxic activity of novel synthesized derivatives was
evaluated against human lung cancer cell line A549, human
cervical carcinoma Hela, human ovarian cancer cell line
sk-ov-3 and human normal liver cell L02 by MTT assay,
using cisplatin as the reference drug.!" The anti-tumor
results of hybrids were summarized in Table 3.

From the activity data, we could observed that the
structures of compounds had an obvious influence on anti-
cancer activities. There were four series of substituents of
core benzene ring, including H, methyl, trimethoxy and Br.
To explore the structure-activity relationships (SAR), var-
ious substituents (CH;COCH,, CH,CO,C,Hs and
ArCOCH,) were introduced into the NH group. In gener-
ally, derivatives containing halide exhibited more sensitive
to anticancer activities on three tested cancer cell lines. For
example, compounds 6, 7, 8, 14, 15, 21, 24 and 25 showed
selected anticancer activity against tumor cell lines. Among
all synthesized derivatives, compound 8 displayed the best
inhibitory activity for A549 (IC5,=0.18 pmol/L), com-
pound 25 showed the most potent cytotoxic activity against
Hela (IC50=0.05 pmol/L) and compound 23 displayed the
best antitumor activity for sk-ov-3 (IC50=0.37 pmol/L),
respectively. Moreover, to compare the anticancer activity
of cancer cells and normal cells, we evaluated the cytotoxic
activity of compounds against human normal liver cell L02.
According to the result, it is found that most hybrids were
non-sensitive to L02. Compound 25 showed most cytotoxic

Chin. J. Org. Chem. 2018, 38, 684~691
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Table 3 In vitro cytotoxic activities [ICso/(umoleL™")] of title
compounds®

Compd. A549 Hela sk-ov-3 L02

3 >50 >50 >50 >50

4 >50 >50 >50 >50

5 >50 >50 >50 >50

6 >50 14.13+1.22 12.07+1.28 >50

7 2354024 039+0.02 3.16%0.64 >50

8 0.18%£0.03 >50 19.74+1.72 >50

9 >50 13.76+1.54 >50 24.27+1.92
10 >50 >50 >50 >50

11 >50 >50 >350 >50

12 >50 8.14%t1.16 >50 >50

13 >50 18.23+2.02 19.81+1.86 >50

14 >50 0.45+0.04 0.92+0.20 28.08+3.02
15 3.83%+091 1.06+0.27 12.60+1.32 23.2241.66
16 >50 0.06+0.01 34.62+3.85 >50

17 >50 18.93+1.82 >50 >50

18 >50 >50 >50 >50

19 >50 >50 >50 >50

20 >50 >50 >50 >50

21 5.15+0.57 2.31%0.42 9.55+1.12 >50

22 >50 >50 >50 >50

23 >50 >50 0.37+0.04 >50

24  12.36+0.98 1.74+0.34 5.52+0.66 3.821+0.44
25  0.54%+0.11 0.05%£0.01 9.12+1.26 33.24+2.72

Cisplatin 11.54+1.15 20.52+1.84 5.68+0.82 >50

¢ Cytotoxicity as ICsg values for each cell line, the concentration of compound
that inhibit 50% of the cell growth measured by MTT assay.

activity (ICso=3.82 umol/L), and compounds 9, 14 and 15
had weak inhibitory activity for LO2 (IC5,<<30 pumol/L).

The biological results suggested that existence of sub-
stituents played an important role in the anti-inflammatory
and cytotoxic activity of compounds. On one hand, elec-
tron-donating groups of phenyl ring had better inhibitory
effect on the generation of NO, and 4-Br substituent exhib-
ited more potent cytotoxic activity. On the other hand, the
substituents of the NH group of piperazine ring also had an
obvious influence on biological activities. Especially,
CH;COCH, group contributed better anti-inflammatory
activity, and ArCOCH, led to potent anticancer activity. On
the whole, the compounds bearing 4-Br (R) and Ar (R') led
to better anticancer activity, and the compounds bearing R
(trimethoxy) and methyl (R') contributed to better an-
ti-inflammatory activity. The structure-activity relationship
(SAR) results were summarized in Figure 2.

o}
O N
R = Br, R' = Ar: better cytotoxic activity

R = trimethoxy, R' = CHj3: better anti-inflammatory activity

Figure 2  Structure-activity relationship of title compounds
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3 Conclusions

In summary, a series of novel substituted chalcone-
piperazine derivatives have been synthesized and screened
in vitro anti-inflammatory and cytotoxic activity. The re-
sults demonstrated that the substituents of the core ring and
the NH group of piperazine ring had an obvious influence
on biological activities. Especially, derivative 11 showed
better inhibitory effect on the generation of NO (ICso=3.81
umol/L), and compound 25 displayed good cytotoxic ac-
tivity against A549 and Hela (IC5,=0.54 and 0.05 pmol/L,
respectively), which was considered as the most potent
active agents. Further research is currently undergoing and
the results will be reported in due course.

4 Experimental

4.1 General considerations

Starting materials were analytically pure. Melting points
were measured on a YANACO microscopic melting point
meter and were uncorrected. 'H NMR and '>C NMR spectra
were recorded on a Bruker AV 400 spectrometer (Bruker,
Switzerland), using TMS as internal standard and CDCI; as
solvent, respectively. Thin layer chromatographic (TLC)
analysis was carried out on silica gel plates GFsq.
High-resolution mass spectra were performed on an ESI
Q-TOF MS spectrometer (Agilent, America).

3.2 Synthesis

3.2.1 General procedure for the synthesis of com-
pounds 1la~1d

To a solution of EtOH (20 mL), ArCHO (10 mmol) and
4-fluoroacetophenone (1.38 g, 10 mmol), was added 20%
KOH (15 mL), and the mixture was left to react at room
temperature overnight. The reaction was quenched by the
addition of water (30 mL), the mixture was filtrated and the
solid was dried to afford products. The characterization data
of compounds 1a~1d was the same to References [19~
21].
3.2.2 General procedure for the preparation of com-
pounds 2a~2d

To a stirred solution of the compound 1 (10 mmol) and
K,CO;(2.76 g, 20 mmol) in dried N,N-dimethylformamide
(DMF) (30 mL), piperazine (1.72 g, 20 mmol) was added
and reaction mixture was stirred for 12 h at 120 ‘C. After
completion of the reaction as indicated by thin-layer chro-
matography (TLC), the reaction solution was cooled and
quenched by the addition of dichloromethane (DCM) (50
mL). The organic layer was washed with water (20 mL X 3)
and dried by anhydrous sodium sulfate, concentrated in
vacuo and purified by column chromatography to afford
compounds.
3.2.3 General procedure for the preparation of hybrid
derivatives 3~25

To a stirred solution of compound 2 (0.1 g) and K,CO;
(0.2 g) in dried DCM (10 mL), RX (1 mmol) was added and
the reaction mixture was stirred for 5~24 h at room tem-
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perature. After completion of the reaction as indicated by
TLC, the reaction was quenched by the addition of 5%
NaOH (20 mL) and was extracted with DCM (10 mL X 3).
The organic layer was dried using anhydrous sodium sul-
fate, concentrated in vacuo and purified by column chro-
matography (1% MeOH/DCM) to afford title products.

4'-(1-Piperazinyl)chalcone (2a): Pale yellow solid, m.p.
151~153 °C; '"H NMR (400 MHz, CDCl;) 6: 8.02 (d, J=
8.9 Hz, 2H), 7.86 (dd, J=3.2, 2.2 Hz, 1H), 7.83 (d, J=15.6
Hz, 1H), 7.66 (d, J/=8.0 Hz, 2H), 7.60 (d, J/=15.6 Hz, 1H),
7.42 (d, J=8.9 Hz, 2H), 6.93 (d, /=9.0 Hz, 2H), 3.33~
3.35 (m, 4H), 3.01~3.03 (m, 4H), 2.11 (s, 1H); *C NMR
(100 MHz, CDCl;) d: 188.1, 154.5, 154.1, 143.1, 135.4,
130.7, 130.2, 130.1, 128.9, 128.3, 122.1, 113.5, 50.1, 48.4,
45.8; HRMS (ESI-TOF) calcd for CoH, N,O (M+H)"
293.1648, found 293.1648.

4-Methyl-4'-(1-piperazinyl)chalcone (2b): Yellow solid,
m.p. 159~161 ‘C; '"H NMR (400 MHz, CDCl;) d: 7.99
(dd, J=2.0, 7.1 Hz, 2H), 7.77 (d, J=15.6 Hz, 1H), 7.50~
7.54 (m, 3H), 7.20 (d, J/=28.0 Hz, 2H), 6.90 (dd, /=1.9, 7.2
Hz, 2H), 3.32 (t, J/=5.0 Hz, 4H), 3.02 (t, J=5.2 Hz, 4H),
2.38 (s, 3H), 1.73 (s, 1H); *C NMR (100 MHz, CDCl;) ¢:
188.3, 154.6, 143.3, 140.6, 132.7, 130.7, 129.7, 128.5,
128.4, 121.1, 113.6, 48.6, 46.0, 21.6; HRMS (ESI-TOF)
caled for C,0H,3N,O (M+H)" 307.1805, found 307.1806.

3,4,5-Trimethoxy-4'-(1-piperazinyl)chalcone (2¢):
Yellow solid, m.p. 162~164 C; 'H NMR (400 MHz,
CDCl;) 6: 7.98 (d, J=8.8 Hz, 2H), 7.69 (d, J=15.5 Hz,
1H), 7.42 (d, J=15.5 Hz, 1H), 6.91 (d, J=38.7 Hz, 2H),
6.85 (s, 2H), 3.91 (s, 9H), 3.90 (s, 3H), 3.89 (s, 3H), 3.34 (t,
J=4.8 Hz, 4H), 3.03 (t, J=5.2 Hz, 4H), 2.02 (s, 1H); *C
NMR (100 MHz, CDCl;) d: 188.1, 154.6, 153.6, 143.4,
131.0, 130.8, 128.4, 121.5, 113.6, 105.7, 61.1, 56.3, 48.5,
459, HRMS (ESI-TOF) calcd for C22H27N204 (1\/I—f—H)Jr
383.1965, found 383.1962.

4-Bromo-4'-(1-piperazinyl)chalcone (2d): Pale yellow
solid, m.p. 187~189 ‘C; '"H NMR (400 MHz, CDCl;) o:
7.98 (dd, J=1.9, 7.1 Hz, 2H), 7.69 (d, J=15.6 Hz, 1H),
7.46~7.55 (m, 5H), 6.89 (d, /=9.0 Hz, 2H), 3.33 (t, J=
5.0 Hz, 4H), 3.01 (t, J=5.1 Hz, 4H), 1.83 (s, 1H); *C NMR
(100 MHz, CDCl;) & 187.7, 154.6, 141.7, 134.4, 132.2,
130.8, 129.7, 128.0, 124.3, 122.7, 113.6, 113.5, 113.4, 48 4,
45.9; HRMS (ESI-TOF) calcd for Ci9H»BrN,O (M—i—H)+
371.0754, found 371.0754.

4'-[ N-(2-Oxo-2-ethoxyethyl)-1-piperazinyl|chalcone (3):
'H NMR (400 MHz, CDCl;) d: 7.99 (d, J=8.6 Hz, 2H),
7.78 (d, J=15.6 Hz, 1H), 7.63 (dd, J=1.6, 7.3 Hz, 2H),
7.55 (d, J=15.6 Hz, 1H), 7.39 (d, J=6.4 Hz, 3H), 6.90 (d,
J=8.8 Hz, 2H), 4.23 (q,J=7.1 Hz, 2H), 3.43 (t, /=4.6 Hz,
4H), 3.27 (s, 2H), 2.74 (t, J=4.7 Hz, 4H), 1.28 (t, J=7.1
Hz, 3H); "C NMR (100 MHz, CDCl3) §: 188.1, 170.1,
154.1, 143.2, 135.4, 130.8, 130.2, 129.0, 128.5, 128.4,
122.2, 113.7, 60.9, 59.4, 52.7, 47.3, 14.4; HRMS (ESI-
TOF) caled for Cp3HyyN,O3 (M+H) " 379.2013, found
379.2016.

4'-[N-(2-Oxopropyl)-1-piperazinyl]chalcone (4): 'H
NMR (400 MHz, CDCl,) d: 7.98 (d, J/=8.8 Hz, 2H), 7.78
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(d, J=15.6 Hz, 1H), 7.63 (dd, /=2.2 Hz, 7.8 Hz, 2H), 7.55
(d, J=15.6 Hz, 1H), 7.39 (d, J=6.4 Hz, 3H), 6.90 (d, J=
8.9 Hz, 2H), 3.42 (t, J/=4.9 Hz, 4H), 3.27 (s, 2H), 2.65 (t,
J=5.0 Hz, 4H), 1.27 (s, 3H); >*C NMR (100 MHz, CDCl;)
0: 206.0, 188.2, 154.1, 143.3, 135.4, 130.8, 130.2, 129.0,
128.5, 128.4, 122.1, 113.7, 68.0, 53.0, 47.2, 27.9; HRMS
(ESI-TOF) caled for CHysN,0, (M +H) "™ 349.1911,
found 349.1912.

4'-[N-(2-Oxophenylethyl)-1-piperazinyl]chalcone (5): 'H
NMR (400 MHz, CDCl;) d: 7.99~8.03 (m, 4H), 7.79 (d,
J=15.6 Hz, 1H), 7.64 (dd, /=2.2, 7.7 Hz, 2H), 7.54~7.59
(m, 2H), 7.47 (t, J=17.9 Hz, 2H), 7.99~8.03 (m, 4H),
7.39~7.41 (m, 3H), 6.92 (d, J=9.1 Hz, 2H), 3.90 (s, 2H),
3.47 (t, J=5.0 Hz, 4H), 2.78 (t, J=5.1 Hz, 4H); °*C NMR
(100 MHz, CDCl;) d: 196.2, 188.2, 154.2, 143.3, 136.1,
135.5, 133.6, 130.8, 130.2, 129.0, 128.8, 128.5, 128.4,
128.2, 122.2, 113.7, 64.4, 53.2, 47.4; HRMS (ESI-TOF)
caled for Co7H,;N,0, (M+H) " 411.2068, found 411.2067.

4'-[N-(4'-Fluoro-2-oxophenylethyl)-1-piperazinyl]|chalk-
one (6): '"H NMR (400 MHz, CDCl;) 6: 8.04~8.08 (dd,
J=5.4, 9.0 Hz, 2H), 7.99 (d, /=9.0 Hz, 2H), 7.78 (d, J=
15.6 Hz, 1H), 7.63 (dd, J=2.2, 7.6 Hz, 2H), 7.55 (d, J=
15.6 Hz, 1H), 7.38~7.40 (m, 3H), 7.13 (t, J=8.7 Hz, 2H),
6.91 (d, J=9.1 Hz, 2H), 3.84 (s, 2H), 3.44 (t, J=5.0 Hz,
4H), 2.75 (t, J=5.1 Hz, 4H); >C NMR (100 MHz, CDCl5)
0: 194.7, 188.2, 167.3, 164.7, 154.1, 143.3, 135.4, 132.4,
131.1, 131.0, 130.2, 129.0, 128.5, 128.4, 122.1, 116.0,
115.8, 113.7, 64.4, 53.2, 47.3; HRMS (ESI-TOF) calcd for
C27H26N202F (1\/I_|_H)Jr 4291973, found 429.1971.

4'-[N-(4'-Chloro-2-oxophenylethyl)-1-piperazinyl]chalco
ne (7): '"H NMR (400 MHz, CDCL;) d: 7.94~7.99 (m, 4H),
7.77 (d, J=15.6 Hz, 1H), 7.62 (dd, J=1.5, 7.2 Hz, 2H),
7.54 (d, J=15.6 Hz, 1H), 7.37~7.43 (m, 5H), 6.89 (d, J=
8.9 Hz, 2H), 3.82 (s, 2H), 3.41 (t, J=4.3 Hz, 4H), 2.73 (t,
J=42 Hz, 4H); “C NMR (100 MHz, CDCl;) é: 195.1,
188.1, 154.1, 143.3, 140.0, 135.4, 134.2, 130.8, 130.2,
129.8, 129.0, 129.0, 128.5, 128.4, 122.1, 113.7, 64.4, 53.1,
473, HRMS (ESI-TOF) calcd for C27H25C1N202 (1\/I_|_H)+
445.1677, found 445.1678.

4'-[N-(4'-Bromo-2-oxophenylethyl)- 1 -piperazinyl]chal-
cone (8): 'HNMR (400 MHz, CDCl;) d: 7.99 (d,J=8.9 Hz,
2H), 7.88 (d, /=28.6 Hz, 2H), 7.78 (d, J=15.6 Hz, 1H),
7.54~7.64 (m, 5H), 7.37~7.41 (m, 3H), 6.90 (d, J=9.0
Hz, 2H), 3.83 (s, 2H), 3.44 (t, J=4.8 Hz, 4H), 2.75 (t, J=
5.0 Hz, 4H); >C NMR (100 MHz, CDCl;) d: 195.3, 188.1,
154.1, 143.3, 135.4, 134.6, 132.0, 130.8, 130.2, 129.9,
129.0, 128.7, 128.5, 128.4, 122.1, 113.7, 64.4, 53.1, 47.3;
HRMS (ESI-TOF) caled for C,;H,sBrN,O,Na (M—l—Na)+
511.0992, found 511.0996.

4'-[ N-(4'-Methyl-2-oxophenylethyl)-1-piperazinyl]chal-
cone (9): 'H NMR (400 MHz, CDCl5) J: 8.00 (d, J=9.0
Hz, 2H), 7.91 (d, J/=8.2 Hz, 2H), 7.79 (d, J=15.6 Hz, 1H),
7.64 (dd, J=2.2, 7.8 Hz, 2H), 7.56 (d, J=15.6 Hz, 1H),
7.39~7.41 (m, 3H), 7.26 (d, J/=8.0 Hz, 2H), 6.92 (d, J=
9.0 Hz, 2H), 3.86 (s, 2H), 3.46 (t, J=4.9 Hz, 4H), 2.77 (4,
J=5.0 Hz, 4H), 2.41 (s, 3H); >*C NMR (100 MHz, CDCl;)
0: 195.8, 188.2, 154.2, 144.4, 143.2, 135.5, 133.6, 130.8,
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130.2,129.4, 129.0, 128.4, 128.4, 128.3, 122.2, 113.7, 64.2,
53.2, 47.3, 21.8; HRMS (ESI-TOF) caled for CysHy9N,0,
(M-+H)" 4252220, found 425.2224.

3,4,5-Trimethoxy-4'-[ N-(2-oxo0-2-ethoxyethyl)-1-pipera-
zinyl]chalcone (10): "H NMR (400 MHz, CDCl5) 6: 7.96 (d,
J=8.2 Hz, 2H), 7.66 (d, J=15.5 Hz, 1H), 7.41 (d, J=15.5
Hz, 1H), 6.88 (d, /=8.5 Hz, 2H), 6.84 (d, /=5.3 Hz, 2H),
4.20 (q, J=7.0 Hz, 2H), 3.90 (s, 3H), 3.88 (s, 3H), 3.86 (s,
3H), 3.40 (t, J=4.4 Hz, 4H), 3.25 (d, /=5.6 Hz, 2H), 2.72
(t, J=4.6 Hz, 4H), 1.26 (t, J=6.2 Hz, 3H); >C NMR (100
MHz, CDCl;) ¢: 188.0, 170.1, 154.0, 153.5, 143.32, 140.1,
130.9, 130.7, 128.4, 121.5, 113.6, 105.6, 61.0, 60.8, 59.3,
56.3, 52.6, 473, 14.3; HRMS (ESI-TOF) calcd for
CysH33N,06 (M+H)" 469.2333, found 469.2332.

3,4,5-Trimethoxy-4'-[ N-(2-oxopropyl)- 1-piperazinyl]cha
Icone (11): '"H NMR (400 MHz, CDCl;) d: 7.98 (d, J=8.6
Hz, 2H), 7.69 (d, J=15.5 Hz, 1H), 7.42 (d, J=15.5 Hz,
1H), 6.90 (d, J=28.7 Hz, 2H), 6.85 (s, 2H), 3.89 (s, 6H), 3.88
(s, 3H), 3.42 (t, /=4.8 Hz, 4H), 3.27 (s, 2H), 2.65 (t, J=4.7
Hz, 4H), 1.27 (s, 3H); *C NMR (100 MHz, CDCl;) o:
206.0, 188.1, 154.1, 153.6, 143.5, 131.0, 130.8, 128.5,
121.5, 113.7, 105.7, 68.0, 61.1, 56.35, 53.1, 47.3, 27.9;
HRMS (ESI-TOF) caled for C,sH;N,Os (M + H) *
439.2226, found 439.2227.

3,4,5-Trimethoxy-4'-[ N-(2-oxophenylethyl)-1-pipera-
zinyl]chalcone (12): 'H NMR (400 MHz, CDCl3) §: 7.97~
8.00 (m, 4H), 7.69 (d, J=15.5 Hz, 1H), 7.55~7.59 (m,
1H), 7.41~7.47 (m, 3H), 6.90 (d, J/=9.0 Hz, 2H), 6.85 (s,
2H), 3.89 (s, 3H), 3.88 (s, 3H), 3.87 (s, 3H), 3.45 (t, /=5.0
Hz, 4H), 2.77 (t, J=5.0 Hz, 4H); >C NMR (100 MHz,
CDCl;) 0: 196.1, 188.1, 154.1, 153.5, 143.4, 136.0, 133.5,
130.9, 130.7, 128.7, 128.4, 128.2, 122.5, 113.7, 105.6, 64.2,
61.0, 56.3, 53.2, 47.3; HRMS (ESI-TOF) calcd for
C30H33N,05 (M+H)" 501.2384, found 501.2380.

3,4,5-Trimethoxy-4'-[ N-(4'-fluoro-2-oxophenylethyl)-1-
piperazinyl]chalcone (13): "H NMR (400 MHz, CDCl;) d:
8.04~8.08 (m, 2H), 8.00 (d, /=8.9 Hz, 2H), 7.70 (d, J=
15.5 Hz, 1H), 7.45 (d, J=15.5 Hz, 1H), 7.13 (t, J=28.6 Hz,
2H), 6.91 (d, /=8.9 Hz, 2H), 6.86 (s, 2H), 3.92 (s, 3H),
3.90 (s, 3H), 3.89 (s, 3H), 3.85 (s, 2H), 3.43 (t, /=4.4 Hz,
4H), 2.76 (t, J=4.7 Hz, 4H); "C NMR (100 MHz, CDCl5)
0: 194.6, 188.0, 167.1, 164.6, 154.0, 153.5, 143.3, 140.1,
132.3, 131.0, 130.9, 130.8, 130.7, 128.4, 121.4, 115.9,
115.6, 113.6, 105.6, 64.3, 61.0, 56.2, 53.0, 47.2; HRMS
(ESI-TOF) caled for C30H32FN205 (I\/I—I_H)Jr 5192290,
found 519.2285.

3,4,5-Trimethoxy-4'-[ N-(4'-chloro-2-oxophenylethyl)-1-
piperazinyl]chalcone (14): "H NMR (400 MHz, CDCl;) J:
7.92~7.98 (m, 4H), 7.67 (d, J/=15.5 Hz, 1H), 7.39~7.44
(m, 3H), 6.88 (d, /=9.0 Hz, 2H), 6.83 (s, 2H), 3.89 (s, 3H),
3.88 (s, 3H), 3.86 (s, 3H), 3.81 (s, 2H), 3.41 (t, /=4.8 Hz,
4H), 2.72 (t, J=5.0 Hz, 4H); °C NMR (100 MHz, CDCl5)
o: 195.1, 188.0, 154.0, 153.5, 143.4, 139.9, 134.2, 130.8,
130.7, 129.7, 129.0, 128.4, 121.4, 113.6, 105.6, 64.3, 61.0,
56.3,53.1,47.2; HRMS (ESI-TOF) caled for C;0H3,N,05Cl
(M-+H)" 535.1991, found 535.1994.

3,4,5-Trimethoxy-4'-[ N-(4'-bromo-2-oxophenylethyl)-1-
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piperazinyl]chalcone (15): 'H NMR (400 MHz, CDCl;) §:
7.98 (d, J/=8.7 Hz, 2H), 7.88 (d, J/=8.2 Hz, 2H), 7.68 (d,
J=15.5Hz, 1H), 7.59 (d, J/=8.2 Hz, 2H), 7.42 (d, J=15.5
Hz, 2H), 6.90 (d, /=8.8 Hz, 2H), 6.85 (s, 2H), 3.89 (s, 6H),
3.88 (s, 3H), 3.83 (s, 2H), 3.43 (t, J/=4.8 Hz, 4H), 2.75 (4,
J=4.6 Hz, 4H); “C NMR (100 MHz, CDCl;) 6: 195.3,
188.1, 154.1, 153.6, 143.5, 134.6, 132.1, 130.9, 130.8,
129.8, 128.8, 128.6, 121.5, 113.7, 105.7, 64.4, 61.1, 56.3,
53.1, 47.3; HRMS (ESI-TOF) calcd for C;yH;N,O,BrNa
(M-+Na)" 601.1309, found 601.1304.

3,4,5-Trimethoxy-4'-[ N-(4'-methyl-2-oxophenylethyl)-1-
piperazinyl]chalcone (16): "H NMR (400 MHz, CDCl;) §:
8.00 (d, /=9.0 Hz, 2H), 7.91 (d, J/=8.2 Hz, 2H), 7.70 (d,
J=15.6 Hz, 1H), 7.43 (d, J/=15.6 Hz, 1H), 7.27 (t, J=3.7
Hz, 2H), 6.93 (d, /=9.0 Hz, 2H), 6.86 (s, 2H), 3.92 (s, 6H),
3.90 (s, 3H), 3.88 (s, 2H), 3.45~3.48 (m, 4H), 2.77~2.79
(m, 4H), 2.41 (s, 3H); °C NMR (100 MHz, CDCl;) o:
195.8, 188.2, 154.2, 153.6, 144.4, 143.4, 133.6, 131.0,
130.8, 129.4, 128.5, 128.3, 121.6, 113.7, 105.7, 64.2, 61.1,
56.4, 53.2, 47.4, 21.8; HRMS (ESI-TOF) calcd for
C3H3sN,05 (M+H)" 515.2540, found 515.2540.

3,4,5-Trimethoxy-4'-[N-(4'-methoxy-2-oxophenyl-
ethyl)-1-piperazinyl]chalcone (17): 'H NMR (400 MHz,
CDCl;) 0: 7.99~8.04 (m, 4H), 7.72 (dd, J=5.1, 15.5 Hz,
1H), 7.43 (dd, /=4.0, 15.6 Hz, 1H), 6.90~6.96 (m, 4H),
6.87 (s, 2H), 3.92 (s, 6H), 3.90 (s, 3H), 3.88 (s, 1H), 3.87 (s,
2H), 3.85 (s, 1H), 3.79 (d, J/=5.0 Hz, 1H), 3.72 (d, J=3.2
Hz, 1H), 3.55 (t, J=4.8 Hz, 1H), 3.47 (t, J=4.8 Hz, 2H),
3.35~3.42 (m, 2H), 2.81 (t,J=5.1 Hz, 2H); >C NMR (100
MHz, CDCl;) 6: 194.5, 188.2, 163.9, 161.0, 154.1, 153.5,
143.5, 132.2, 130.8, 130.5, 121.5, 114.6, 113.9, 113.7,
105.8,105.7,63.9,61.1, 56.3, 55.6, 55.5, 53.1,47.2; HRMS
(ESI-TOF) caled for C3H3sN,Os (M +H) " 531.2490,
found 531.2490.

3,4,5-Trimethoxy-4'-[ N-(2-oxo-$-naphthalenylethyl)-1-
piperazinyl]chalcone (18): "H NMR (400 MHz, CDCl;) §:
8.53 (s, 1H), 7.93~8.04 (m, 4H), 7.86 (t, /=8.8 Hz, 2H),
7.69 (d, J=15.5 Hz, 1H), 7.53~7.60 (m, 2H), 7.43 (d, J=
15.5 Hz, 1H), 6.90 (d, /=9.0 Hz, 2H), 6.84 (s, 2H), 4.04 (s,
2H), 3.89 (s, 3H), 3.88 (s, 3H), 3.87 (s, 3H), 3.46 (t, J=4.2
Hz, 4H), 2.80 (t, J=4.8 Hz, 4H); °C NMR (100 MHz,
CDCl;) 0: 196.0, 188.1, 154.1, 153.5, 143.3, 140.1, 135.8,
133.3, 132.5, 130.9, 130.7, 129.8, 129.6, 128.7, 128.6,
128.4, 127.9, 126.9, 123.8, 121.5, 113.6, 105.6, 64.3, 61.0,
56.3, 53.2, 47.3; HRMS (ESI-TOF) caled for C34H;35N,05
(M-+H)" 551.2537, found 551.2540.

4-Methyl-4'-[ N-(2-ox0-2-ethoxyethyl)-1-piperazinyl]-
chalcone (19): 'H NMR (400 MHz, CDCl5) 6: 7.98 (d, J=
8.9 Hz, 2H), 7.75 (d, J/=15.6 Hz, 1H), 7.49~7.53 (m, 3H),
7.19 (d, J=8.0 Hz, 2H), 6.89 (d, /=8.9 Hz, 2H), 4.22 (q,
J=17.1 Hz, 2H), 3.41 (t, J=4.9 Hz, 4H), 3.26 (s, 2H), 2.73
(t,J=5.0 Hz, 4H), 2.37 (s, 3H), 1.27 (t, J=7.1 Hz, 3H); "°C
NMR (100 MHz, CDCl;) 6: 188.2, 170.1, 154.0, 143.3,
140.6, 132.6, 130.7, 129.7, 128.6, 128.4, 121.1, 113.7, 60.8,
59.4, 52.6, 47.3, 21.6, 14.3; HRMS (ESI-TOF) calcd for
C,4H,5N,05Na (M+Na)" 415.1992, found 415.1996.

4-Methyl-4'-[N-(2-oxopropyl)-1-piperazinyl]chal-
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cone (20): 'H NMR (400 MHz, CDCl;) d: 7.97 (d, J=8.9
Hz, 2H), 7.75 (d, J=15.6 Hz, 1H), 7.48~7.52 (m, 3H),
7.18 (d, J=7.9 Hz, 2H), 6.88 (d, /=9.0 Hz, 2H), 3.39 (t,
J=4.8 Hz, 4H), 3.24 (s, 2H), 2.62 (t, J=5.0 Hz, 4H), 2.35
(s, 3H), 2.15 (s, 3H); *C NMR (100 MHz, CDCl;) 6: 206.0,
188.2, 154.0, 143.3, 140.6, 132.6, 130.7, 129.7, 128.5,
128.3, 121.1, 113.6, 67.9, 53.0, 47.2, 27.8, 21.5; HRMS
(ESI-TOF) caled for CpsHyN,0, (M +H) "™ 385.1884,
found 385.1886.

4-Methyl-4'-[ N-(2-oxophenylethyl)-1-piperazinyl]chal-
cone (21): '"H NMR (400 MHz, CDCl;) J: 7.98~8.02 (m,
4H), 7.79 (d, J=15.6 Hz, 1H), 7.45~7.58 (m, 6H), 7.22 (d,
J=8.0 Hz, 2H), 6.93 (d, /=9.0 Hz, 2H), 3.90 (s, 2H), 3.48
(t,J=5.2 Hz, 4H), 2.80 (t, J=5.0 Hz, 4H), 2.38 (s, 3H); '°C
NMR (100 MHz, CDCl;) d: 196.2, 188.3, 154.1, 143.4,
140.6, 136.1, 133.5, 132.7, 130.7, 129.7, 128.8, 128.7,
128.4, 128.2, 121.2, 113.8, 64.3, 53.2, 47.4, 21.6; HRMS
(ESI-TOF) caled for ChsHxN,0, (M +H) "™ 4252224,
found 425.2227.

4-Methyl-4'-[ N-(4'-methyl-2-oxophenylethyl)-1-pi-
perazinyl]chalcone (22): 'H NMR (400 MHz, CDCl;) 4:
8.00 (d,J/=7.7 Hz, 1H), 7.90 (dd, /=2.2, 6.5 Hz, 3H), 7.77
(d, J=15.6 Hz, 1H), 7.54 (t, J/=2.2 Hz, 2H), 7.31 (d, J=
11.6 Hz, 1H), 7.20~7.27 (m, 4H), 7.03 (d, J/=7.5 Hz, 1H),
6.91 (d, J/=7.9 Hz, 1H), 6.82 (t, J/=7.4 Hz, 1H), 3.87 (d,
J=17.0 Hz, 2H), 3.41~3.47 (m, 4H), 2.74~2.79 (m, 4H),
2.41 (s, 3H), 2.38 (s, 3H); *C NMR (100 MHz, CDCl5) ¢:
195.8, 188.4, 154.1, 144.4, 143.4, 140.6, 137.5, 133.6,
132.7, 131.3, 130.8, 129.7, 129.5, 129.4, 129.1, 128.7,
128.4, 128.4, 126.6, 121.2, 113.7, 113.6, 64.2, 53.2, 53.2,
474, 472, 21.8, 21.6; HRMS (ESI-TOF) caled for
CoH3 N0, (M+H)" 439.2378, found 439.2380.

4-Bromo-4'-[ N-(2-ox0-2-ethoxyethyl)-1-piperazinyl]-
chalcone (23): 'H NMR (400 MHz, CDCl3) 6: 7.95 (d, J=
9.0 Hz, 2H), 7.67 (d, J=15.6 Hz, 1H), 7.44~7.53 (m, 5H),
6.87 (d, J/=9.1 Hz, 2H), 4.20 (q, J=7.1 Hz, 2H), 3.40 (t,
J=4.9 Hz, 4H), 3.25 (s, 2H), 2.71 (t, J=5.0 Hz, 4H), 1.26
(t, J=7.1 Hz, 3H); >C NMR (100 MHz, CDCl;) J: 187.6,
170.1, 154.1, 141.6, 134.3, 132.1, 130.7, 129.7, 128.1,
124.2, 122.6, 113.6, 60.8, 59.3, 52.55, 47.2, 14.3; HRMS
(ESI-TOF) caled for Cp3sHyN,O3Br (M+H)" 457.1121,
found 457.1121.

4-Bromo-4'-[ N-(2-oxopropyl)-1-piperazinyl]chalcone-
(24): '"H NMR (400 MHz, CDCls) 6: 7.96 (d, J=8.8 Hz,
2H), 7.69 (d, J=15.6 Hz, 1H), 7.46~7.54 (m, 5H), 6.88 (d,
J=8.9 Hz, 2H), 3.42 (t, J=5.0 Hz, 4H), 3.26 (s, 2H), 2.64
(t, J=5.0 Hz, 4H), 2.17 (s, 3H); *C NMR (100 MHz,
CDCl;) 0: 206.0, 187.7, 154.2, 141.7, 134.3, 132.2, 130.8,
129.9, 128.2, 124.3, 122.7, 113.6, 68.0, 53.0, 47.2, 27.9;
HRMS (ESI-TOF) caled for CpHN,0,Br (M +H) "
427.1016, found 427.1016.

4-Bromo-4'-[ N-(4'-methyl-2-oxophenylethyl)-1-pipera-
zinyl]chalcone (25): 'H NMR (400 MHz, CDCl;) 6: 7.98
(dd, J=2.6, 8.8 Hz, 2H), 7.90 (d, J/=5.3 Hz, 2H), 7.72 (dd,
J=2.6, 15.6 Hz, 1H), 7.50~7.56 (m, 4H), 7.25~7.33 (m,
4H), 6.92 (dd, J=2.5, 8.9 Hz, 1H), 3.87 (d, /=2.6 Hz, 2H),
3.47 (s, 4H), 2.78 (s, 3H), 2.41 (s, 4H); *C NMR (100 MHz,
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CDCly) d: 195.8, 187.9, 154.3, 144.5, 141.8, 134.5, 133.6,
132.2, 131.5, 131.0, 130.9, 130.0, 129.8, 129.5, 128.6,
128.4, 128.3, 122.8, 113.7, 64.2, 53.2, 47.3, 21.8; HRMS
(ESI-TOF) caled for CpsHysN,O,Br (M+H)" 503.1329,
found 503.1326.

4.3 Biological activity experiments
4.3.1 Anti-inflammatory activity

Murine RAW264.7 macrophages were plated in 96 well
plate at a density of 1 X 10’ cells/well and stimulated with 1
pg/mL lipopolysaccharides (LPS) in the present or absence
of various concentration of compound for 24 h. The pro-
duction of NO was determined by assaying culture super-
natant for NO*~. 100 uL of supernatant was mixed with an
equal volume of Griess reagent at room temperature for 10
min. Absorbance was measured at 540 nm in a microplate
reader.

4.3.2 Cytotoxic activity

The assay was carried out using the method previously
described. About 1 X 10* cell/well were seeded into 96-well
microtiter plates. After 24 h post-seeding, cells were treated
with vehicle control or various concentrations of samples
for 48 h. 20 pL of MTT solution (5 mg/mL) was added to
each well and the tumor cells were incubated at 37 ‘C in a
humidified atmosphere of 5% CO, air for 4 h. Upon re-
moval of MTT/medium, 150 pL of dimethylsulfoxide
(DMSO) was added to each well and the plate was agitated
at oscillator for 5 min to dissolve the MTT-formazan. The
assay plate was read at a wavelength of 570 nm using a
microplate reader.

Supporting Information The 'H NMR, C NMR and
HRMS spectra of compounds. The Supporting Information
is available free of charge via the Internet at http://sioc-
journal.cn.
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