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Abstract Three series of chalcones bearing a piperidino, morpholino, and 1-methylpiperazino moiety were synthesized in
two steps with the key step being Claisen-Schmidt condensation and tested for the activity against five cell lines, MCF-7 (hu-
man breast adenocarcinoma cell line), A549 (human lung adenocarcinoma epithelial cell line), HL-60 (human leukemia cell
line), Hela (human cervical cancer cell line), and Bewo (human chorionic tumor cell line) by thiazolyl blue tetrazolium bro-
mide (MTT) assay. Some chalcones exhibited good anticancer activity, and among them 4a, 4e, 4f, 4j, 4m, and 4o displayed
the best anticancer activity for MCF-7 breast cancer cells, A549 lung cancer cells, and HL-60 leukemia cancer cells with ICs,
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values below 10 umol/L, respectively.
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1 Introduction

Chalcones, analogs of 1,3-diaryl prop-2-ene-1-one con-
taining two aromatic rings bound with vinyl ketone frag-
ment form a wide class of compounds, represent an inter-
esting group of natural compounds that are abundant in
fruits, vegetables, spices, tea, and soy based foodstuff and
possess multifarious pharmacological potentials, such as
anti-fungal,!"! anti-hypertensive,'”! hypnotic,”' antispas-
modic,') immunosuppressant,'” anti-platelet,!® anti-
diabetic,'” anti-tubercular,”®! anti-neoplastic,”’ antiangio-
genic,"” anti-oxidant,"'"! hypolipidemic,!"* anti-filarial,/"’
anti-retroviral,'¥  anti-malarial,l'®’ antibacterial,l'® an-
ti-ulcer,!'” anti—arrhythmic,“g] anti-invasive,'”  an-
ti-histaminic,'*” etc. The potential anticancer activities of
chalcone derivatives has been explored. Recently, the an-
ticancer activity of chalcones have been observed on inhib-

* Corresponding author. E-mail: cuidongmei@zjut.edu.cn

iting various molecular targets, like ABCG2/P-gp/BCRP,
Sa-reductase, aromatase, 17-f-hydroxysteroid dehydro-
genase, HDAC/Situin-1, proteasome, VEGF, VEGFR-2
kinase, MMP-2/9, JAK/STAT signaling pathways, CDC-
25B, tubulin, cathepsin-K, topoisomerase-1I, Wnt, NF-«B,
B-Raf and mTOR."! Heterocyclic nitrogen-containing sub-
strates are common constituents of natural products, agro-
chemicals, and pharmaceuticals. Recently, the synthesis of
hybrid compounds of chalcone and heterocycles, such as
chalcone substituted piperazine, and their anticancer activ-
ity have been reported, but few chalcone substituted other
heterocycles, for example piperidine, morpholine, have
been documented in the literature.”"! Based on the above
observations, we have synthesized chalcone derivatives
containing heterocyclic nitrogen. The synthesized com-
pounds act as potential anticancer agents.
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2 Results and discussion
2.1 Synthesis

The synthetic route of the proposed compounds 4a~4s
is shown in Scheme 1. First, the acetophenones derivatives
3a~3c were obtained by the reaction of 4-fluorophenyle-
thanone with piperidine, morpholine, and 1-methylpipera-
zine with stirring at reflux according to literature proce-
dures. In the present investigation, substituted chalcones
were prepared by the Claisen-Schmidt condensation of
substituted 1-phenylethanone and substituted benzaldehyde
with NaOH (aq.) as base in high yield by a known litera-
ture method. All chalcones were prepared from the corre-
sponding reactants in 38%~87% yields. Comparative data
for novel derivatives with respective to structures, melting
point and yield are provided in Table 1. A range of ben-
zaldehydes, with electronrich or electron-poor substituents
on the aryl rings at different positions, were well-tolerated
for the condensation reaction, giving the corresponding
products. The heterocyclic aldehydes were also found to be
suitable reaction partners for oxygen- and nitrogen-
containing aromatics, and the corresponding products were

obtained.
_EGNICHCN e 0
[ ] reflux, 7h ,N‘©‘<
2a~ 2c 3a~ 3¢ (X = CHy, O, NCH3)
ArCHO /\ O
50% KOHMeoH . X N o
reflux 10 h
4a~4s Ar

Scheme 1 Synthesis of chalcone derivatives 4a~4s

Table 1 Physical data of compounds 4a~4s

Compd. X Ar Yield/% m.p./C
4a CH, 3,4-(OCH,0)C¢H; 76 170~173
4b CH, 3-CH;0-4-HOCH,CH,0OC¢H; 65 167~170
4c CH, 3-CH;0C¢H4 44  160~163
4d CH, 4-(CH;),NC¢H, 58 214~218
4e CH, 2-Furyl 69 179~180
4f CH, 2-Pyridyl 72 167~170
4 O 3,4-(OCH,0)C¢H; 76 167~171
4h O 3-CH;0-4-HOCH,CH,0C¢H; 41 165~168
4i O 3-CH;0C¢H,4 87 130~133
4 O 4-(CH;),NC¢H, 77 226~226
4k O 4-BrC¢Hy 79 213~216
4 0 2,4-CL,CeH, 40 147~148
4m O 2-Furyl 38 195~197
4n O 2-Pyridyl 52 150~153
40 CH3;N 3,4-(OCH,0)C¢H; 52 155~158
4p CH;N 3-CH;0-4-HOCH,CH,0OC¢H; 54 185~188
4q CH;N 3-CH;0C¢H, 46 147~149
4r CH;N 4-(CH;),NCH, 57 198~201
4s CH3N 2-Furyl 39 179~182

Reaction conditions: 3 (1.0 mmol), aldehyde (1.0 mmol), 50% KOH (aq.) (1.0
mL), MeOH (3 mL), isolated yields.
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2.2 Spectra

The structures of the obtained compounds 4a~4s were
confirmed by 'H NMR, "*C NMR and HRMS spectral da-
ta. In the "H NMR spectra of the compounds, the CH pro-
tons of the olefin resonated as a doublet at § 7.58~8.17
and 7.41~8.09, respectively. The large coupling constant
of the olefinic protons confirms the trans configuration. In
general, IR spectra of these compounds exhibited the
presence of absorption bands for C=0 between 1639~
1649 cm .

2.3 Biological studies

All the synthesized chalcone derivatives bearing a het-
erocyclic nitrogen moiety 4a~4s were evaluated for their
anticancer activity in vitro against five cancer cell lines,
MCF-7 (human breast adenocarcinoma cell line), A549
(human lung adenocarcinoma epithelial cell line), HL-60
(human leukemia cell line), Hela (human cervical cancer
cell line), and Bewo (Human chorionic tumor cell line),
using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetra-
zolium bromide (MTT) assay method and compared with
the well-known anticancer drug cisplatin. The anticancer
activity results are shown in Table 2. The results showed
that the structures of compounds had an obvious influence
on anticancer activities. Among all compounds, there were
three series of substituents of core benzene ring, including
piperidino, morpholino, and 1-methylpiperazino. In gener-
ally, derivatives containing piperidino were more potent
than compounds with other substituted groups. For exam-
ple, compound 4a displayed the best anticancer activity
against five cancer cell lines [for MCF-7 (ICso=8.70
pmol/L), A549 (IC5=9.72 pumol/L), HL-60 (IC5,=7.15
pmol/L), Hela (IC5o=12.88 pmol/L), and Bewo (ICs5p=
18.81 pmol/L)]. Among all synthesized derivatives, com-
pound 4j showed the highest anticancer activity against
MCF-7 with an ICsy value of 4.63 pmol/L, and better than
cisplatin against MCF-7 cells. Compound 4j also displayed
the best anticancer activity for HL-60 cells (IC5,=6.00
umol/L), compounds 4e, 4f, 4m, and 40 also showed se-
lected anticancer activity against HL-60 cell lines. Ac-
cording to the result, it is found that most chalcone deriva-
tives were non-sensitive to Hela cells. Compound 4a
showed the most anticancer activity (ICs5o=12.88 pmol/L),
and compounds 4c, 4d, 4h, 4j, and 4n had weak anticancer
activity for Hela (IC5¢<<50 umol/L). All compounds, ex-
cept for 4a, showed anticancer activity against Bewo cells at
an ICsg level of >50 pmol/L.

The compounds 4a~4e containing piperidine group
have significant potent anticancer activity (ICso=8.70~
10.78 pumol/L) against MCF-7 as compared to the other
compounds 4g~4i, 4m and 40~4s containing morpholine
or methylpiperazine groups as shown in Table 2. These
data indicated that the activity of compounds 4a~4e was
considerably attributed to the presence of piperidine group.
The compound 4a with substituted C-3 phenyl ring [3,4-
(OCH;0)] showed to have good activity (ICs5o=28.70
pmol/L). The change of 3,4-(OCH,0O) group to 3-CH;0
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4-HOCH,CH,0, 3-CH;0, and 4-(CH;3),N did not show
good activity. The activity of compound 4e which C-3
phenyl ring was changed to furanyl ring was similar to that
of compound 4a. In the case of HL-60, investigation of
structure-activity relationship (SAR) revealed that com-
pounds 44, 4e, 4f, 4j, 4m and 40 (IC5y<<10.0 umol/L) have
a significant potent activity against HL-60 as compared to
the standard drug cisplatin (ICso =2.90 pmol/L) as shown
in Table 2. This potency due to the presence of
3,4-(OCH,0) and 4-(CH;),N group at C-3 phenyl ring in
compounds 4a, 4j and 40 (ICso=7.15, 6.00 and 8.15
pmol/L), or furyl and pyridyl ring at C-3 in compounds 4e
and 4f (IC5o = 8.77 and 9.62 pumol/L). In the case of A549,
Hela, and Bewo, compound 4a also retained the activity
(IC50=9.72, 12.88 and 18.81 umol/L), and the other com-
pounds showed lower or no anticancer activity in three cell
lines. It indicated the importance of the type of piperidine
group and 3,4-(OCH,0)-substituted group.

Table 2 In vitro anticancer activity of the title compounds 4a~
4s against MCF-7, A549, HL-60, Hela, and Bewo cancer cell
lines

1Cso%/(umoleL ")

Compd —VUCF7  AS49 HL60  Hela  Bewo
4a 870 972 715 1288 188l
4b 1499  >50 2251  >50  >50
4c 2050  >50 1262 4292 >50
4d 1750 4499 4935 4537  >50
de 1078  >50 877  >50  >50
4f 2673 >50 962  >50  >50
4g >50  >50  >50  >50  >50
4h 1939 4363 2663 3243  >50
4 >50  >50 1498  >50  >50
4 463 3562 600 3924  >50
4K >50  >50  >50  >50  >50
4 >50  >50  >50  >50  >50
4m 1560  >50 9.1 >50  >50
4n 1658 4419 1137 2529  >50
40 3946  >50 815  >50  >50
4p >50  >50  >50  >50  >50
4q 2352 4549  >50  >50  >50
4r >50  >50 2486  >50  >50
4s 2443 >50 1367  >50  >50

Cisplatin ~ 8.75 2.65 2.90 0.59 2.24

“ Anticancer activity was assayed by exposure for 48 h to the tested substances

and expressed as the concentration required to inhibit tumour cell proliferation
by 50% (ICso).

3 Conclusions

In summary, a series of chalcone derivatives have been
synthesized and the effects of all the compounds on anti-
cancer activity of five cancer cell lines (MCF-7, A549,
HL-60, Hela, and Bewo) were investigated. Compounds 4a,
4e, 4f, 4j, 4m, and 4o displayed the best anticancer activity
for MCF-7 breast cancer cells, A549, lung cancer cells, and
HL-60 leukemia cancer cells, respectively (ICsy << 10
pmol/L). Moreover, compound 4a had inhibitory effects
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on the growth of five cancer cell lines.

4 Experimental

4.1 Experimental details

Under otherwise noted, materials were obtained from
Aladdin Co., Ltd. and used without further purification.
Thin layer chromatography (TLC) was performed using
silica gel 60 F254 and visualized using UV light. Column
chromatography was performed with silica gel (mesh
300 ~ 400). NMR spectra were obtained on a Bruker
Avance 500 spectrometer ('H NMR at 500 Hz, *C NMR at
125 Hz) in CDCl; or DMSO-ds using TMS as an internal
standard. High-resolution mass spectra (HRMS) were
measured on a high resolution mass spectrometer (GCT
Premier). Infrared spectra (IR) were obtained on a 370
FT-IR spectrometer.

4.2 4-Subtitued acetophenone 3a~3c

These were synthesized as described in previous
work.?

4.3 General procedure for synthesis of (E)-chal-
cones (4)

To a mixture of acetophenone (1.0 mmol) and aldehyde
(1.0 mmol) in methanol (10 mL) was added 50% KOH
(aq.) (1 mL). The resulting mixture was stirred for 10 h at
reflux. The reaction mixture was cooled to room tempera-
ture. After evaporation of methanol and added water, the
mixture was extracted with ethyl acetate. The organic
phase was dried over anhydrous Na,SO,. The crude resi-
due was obtained after evaporation of the solvent in vac-
uum, and the residue was purified by flash chromatography
with petroleum and EtOAc as the eluent to give the pure
product.

(E)-3-(1,3-Benzodioxol-5-yl)-1-(4-piperidinyl)phenyl-2-
propen-1-one (4a): 1-(4-(Piperidin-1-yl)phenyl)ethan-1-
one (204.1 mg, 1.0 mmol) and benzo[d][1,3]dioxole-5-
carbaldehyde (149.9 mg, 1.0 mmol) in methanol (10 mL)
was reacted according to the general procedure for com-
pounds 4 to give the product 4a (253.2 mg, 76% yield).
R;=0.45 [V(petroleum ether) . V(ethyl acetate)=3 :© 1].
Yellow solid, m.p. 170~173 “C; '"H NMR (500 MHz,
CDCly) o0: 7.98 (d, J=9.0 Hz, 2H), 7.72 (d, J=15.5 Hz,
1H),7.42 (d,J=15.5Hz, 1H), 7.18 (d,J=1.3 Hz, 1H), 7.12
(dd, /=8.0, 1.3 Hz, 1H), 6.91 (d, J=9.0 Hz, 2H), 6.85 (d,
J=28.0 Hz, 1H), 6.03 (s, 2H), 3.39 (t, J=4.9 Hz, 2H),
1.68~1.70 (m, 6H); *C NMR (100 MHz, CDCl;) 6: 187.4,
154.0, 149.2, 148.1, 142.4, 130.5, 129.7, 127.3, 124.6,
120.0,113.3,108.5, 106.5, 101.4, 48.6, 25.5, 24.5; IR (KBr)
v: 2935, 1651, 1600, 1499, 1360, 1196, 1124, 1034 cm .
HRMS (ESI) caled for CyH,;,NO; [M+-H]': 226.1600,
found 226.1603.

(E)-3-[(3-Methoxyphenyl-4-(2-hydroxyethoxy)]-1-(4-
piperidinyl)phenyl-2-propen-1-one (4b): R;=0.2 [V(petro-
leum ether) : V(ethyl acetate)=1 : 1]. Yellow solid, m.p.
167~170 °C;'H NMR (500 MHz, CDCl5) 6: 7.99 (d, J=
8.9 Hz, 2H), 7.73 (d, J=15.5 Hz, 1H), 7.45 (d, J=15.5 Hz,
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1H), 7.21 (dd, J=38.3, 1.4 Hz, 1H), 7.16 (d,J=1.4 Hz, 1H),
6.93 (d, J/=8.3 Hz, 1H), 6.90 (d, /=8.9 Hz, 2H), 4.18 (t,
J=4.4 Hz, 2H), 4.00~3.99 (m, 2H), 3.93 (s, 3H), 3.39 (t,
J=5.4Hz, 4H), 2.79 (s, 1H), 1.69~1.67 (m, 6H); *C NMR
(125 MHz, CDCly) o: 187.9, 150.1, 149.9, 142.8, 130.8,
1294, 122.5, 120.6, 114.2, 113.5, 110.9, 71.1, 61.3, 56.0,
48.7,25.4,24.4; IR (KBr) v: 3537, 2939, 1643, 1609, 1511,
1268, 1207, 1033 cm™'. HRMS (ESI) calcd for Cp3HosNO,
[M-+H]": 382.2018; found 382.2014.
(E)-3-(3-Methoxyphenyl)-1-(4-piperidinyl)phenyl-2-
propen-1-one (4¢): Rg=0.25 [V(petroleum ether) : V(ethyl
acetate) =10 : 1). Yellow solid, m.p. 160~163 C; 'H
NMR (500 MHz, CDCl;) o: 8.00 (d, /=8.9 Hz, 2H), 7.76
(d, J=15.6 Hz, 1H), 7.56 (d, J=15.6 Hz, 1H), 7.34 (t, J=
7.8 Hz, 1H), 7.25 (d, J=7.8 Hz, 1H), 7.17 (d, J=2.1 Hz,
1H), 6.96~6.92 (m, 3H), 3.87 (s, 3H), 3.41 (t, J/=4.9 Hz,
4H), 1.66~1.72 (m, 6H); *C NMR (125 MHz, CDCl;) ¢:
187.9, 159.9, 142.8, 136.9, 130.9, 129.9, 122.6, 120.9,
115.8, 113.5, 113.4, 55.4, 48.7, 25.4, 24.4; IR (KBr) v
3420, 2945, 2849, 1649, 1592, 1384, 1251, 1127, 1040 cm
' HRMS (ESI) caled for C, H,,NO, [M+H]": 322.1807,
found 322.1809.
(E)-3-[(4-Dimethylamino)phenyl]-1-(4-piperidinyl)-
phenyl-2-propen-1-one (4d): Ry = 0.23 [V(petroleum
ether) : V(ethyl acetate)=1 : 1]. Yellow solid, m.p. 214~
218 C; "H NMR (500 MHz, CDCl;) 6: 8.00 (d, J=8.8 Hz,
2H),7.79 (d, J=15.4 Hz, 1H), 7.56 (d, J=8.8 Hz, 2H), 7.41
(d, J=15.4 Hz, 1H), 6.91 (d, J=8.8 Hz, 2H), 6.71 (d, J=
8.8 Hz, 2H), 3.38 (t, J=5.1 Hz, 4H), 3.04 (s, 6H), 1.74~
1.62 (m, 6H); *C NMR (125 MHz, CDCl5) §: 188.2, 151.7,
143.8, 130.4, 130.0, 123.3, 117.1, 113.6, 111.9, 48.8, 40.2,
25.4,24.3; IR (KBr) v: 3408, 2933, 2854, 1732, 1641, 1599,
1228, 1029 cm . HRMS (ESI) caled for C»HyN,O [M+
H]': 335.2123, found 335.2118.
(E)-3-(3-Furan-2-yl)-1-(4-piperidinyl)phenyl-2-propen-
1-one (4e): Ry=0.32 [V(petroleum ether) : V(ethyl aceta-
te)=5 : 1]. Yellow solid, m.p. 179~180 °C;'H NMR (500
MHz, CDCly) d: 8.01 (d, J/=8.9 Hz, 2H), 7.58 (d, J=15.5
Hz, 1H), 7.52~7.48 (m, 2H), 6.98~6.84 (m, 2H), 6.68 (d,
J=3.4 Hz, 1H), 6.52~6.50 (m, 1H), 3.41 (t, J=4.1 Hz,
4H), 1.69~1.62 (m, 6H); °C NMR (125 MHz, CDCl;) §:
187.3, 152.1, 144.4, 130.7, 129.1, 119.6, 115.1, 113.5,
112.5,48.7,25.4,24.3; IR (KBr) v: 3429, 2940, 2922, 2854,
1647, 1603, 1387, 1234, 1194, 1123, 1020 cm '. HRMS
(ESI) caled for C;gHpNO, [M+H]+: 282.1494; found
282.1490.
(E)-3-(Pyridin-2-yl)-1-(4-piperidinyl)phenyl-2-propen-
1-one (4f): Ry=0.25 [W(petroleum ether) : V(ethyl aceta-
te)=3 : 1]. Yellow solid, m.p. 167~170 ‘C; 'H NMR (500
MHz, CDCl;) d: 8.70 (d, J/=4.0 Hz, 1H), 8.17 (d, J=15.2
Hz, 1H), 8.07 (d, J=9.0 Hz, 2H), 7.76 (d, J/=15.2 Hz, 1H),
7.76~7.72 (m, 1H), 7.47 (d, J=7.8 Hz, 1H), 7.29~7.27
(m, 1H), 6.90 (d, /=9.0 Hz, 2H), 3.41 (t, J/=4.8 Hz, 4H),
1.70~1.68 (m, 6H); *C NMR (125 MHz, CDCl;) 6: 187.6,
154.4, 153.7, 150.0, 140.8, 136.8, 131.1, 126.9, 125.8,
125.1, 123.9, 113.2, 48.4, 25.3, 24.3; IR (KBr) v: 3421,
2934, 1647, 1588, 1392, 1192, 1126, 994 cm '. HRMS
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(ESI) caled for C,oH,N,O [M+H]": 293.1654; found
293.1655.
(E)-3-(1,3-Benzodioxol-5-yl)-1-[4-(4-morpholinyl)phen-
yl]-2-propen-1-one (4g) (CAS: 305859-40-9): R;=0.19
[/ (petroleum ether) : F(ethyl acetate) =3 : 1]. Yellow
solid, m.p. 167~171 C; '"H NMR (500 MHz, CDCl;) ¢:
8.01 (d, J/=9.0 Hz, 2H), 7.74 (d, J=15.5 Hz, 1H), 7.42 (d,
J=15.5Hz, 1H), 7.19 (d, J/=1.5 Hz, 1H), 7.13 (dd, /=8.0,
1.5 Hz, 1H), 6.93 (d, /=9.0 Hz, 2H), 6.86 (d, /=38.0 Hz,
1H), 6.04 (s, 2H), 3.89 (t, J=4.9 Hz, 4H ), 3.35 (t, J=4.9
Hz, 4H).
(E)-3-[(3-Methoxyphenyl-4-(2-hydroxyethoxy)]-1-[4-
(4-morpholinyl)phenyl]-2-propen-1-one (4h): Ry = 0.13
[/ (petroleum ether) : V(ethyl acetate) =1 : 1]. Yellow
solid, m.p. 165~168 C; '"H NMR (500 MHz, CDCl;) o:
8.02 (d, J/=8.8 Hz, 2H), 7.75 (d, J/=15.6 Hz, 1H), 7.44 (d,
J=15.6 Hz, 1H), 7.23 (dd, J=8.2, 1.6 Hz, 1H), 7.17 (d,
J=1.6 Hz, 1H), 6.96~6.92 (m, 3H), 4.19 (t, J/=4.4 Hz,
2H), 4.01~3.99 (m, 2H), 3.95 (s, 3H), 3.88 (t, J=4.8 Hz,
4H), 3.35 (t, J=4.8 Hz, 4H), 2.54 (t, J=6.1 Hz, 1H); °C
NMR (125 MHz, CDCl;) 6: 188.2, 154.0, 150.2, 149.9,
143.3, 130.6, 129.2, 122.5, 120.4, 114.1, 113.6, 110.9, 71.1,
66.6, 61.2, 56.0,47.7; IR (KBr) v: 3539, 2966, 2858, 1641,
1607, 1508, 1266, 1032 cm '. HRMS (ESI) caled for
C,HyNOs [M+H]': 384.1811; found 384.1808.
(E)-3-(3-Methoxyphenyl)-1-[4-(4-morpholinyl)phenyl]-
2-propen-1-one (4i) (CAS: 850351-83-6): Ry = 0.2
[ (petroleum ethe) : F(ethyl acetate) =3 : 1]. Yellow
solid, m.p. 130~133 C; '"H NMR (500 MHz, CDCl;) 6:
8.03 (d, J/=8.9 Hz, 2H), 7.77 (d, J/=15.6 Hz, 1H), 7.55 (d,
J=15.6 Hz, 1H), 7.34 (t, J=7.8 Hz, 1H), 7.26 (d, J=7.8
Hz, 1H), 7.17 (s, 1H), 6.97~6.94 (m, 1H), 6.93 (d, J=8.9
Hz, 2H), 3.89~3.88 (m, 4H), 3.87 (s, 3H), 3.35 (t, J=5.0
Hz, 4H).
(E)-3-[(4-Dimethylamino)phenyl]-1-[4-(4-morpholinyl)-
phenyl]-2-propen-1-one (4j) (CAS: 1004038-07-6): R;=
0.35 [(petroleum ether) : V(ethyl acetate)=2 : 1]; yellow
solid, m.p. 226~228 ‘C; 'H NMR (500 MHz, CDCL;) §
8.02 (d, J/=8.9 Hz, 2H), 7.80 (d, J/=15.4 Hz, 1H), 7.56 (d,
J=8.8 Hz, 2H), 7.39 (d, /=15.4 Hz, 1H), 6.93 (d, /=8.9
Hz, 2H), 6.71 (d, /=8.8 Hz, 2H), 3.88 (t, J/=4.9 Hz, 4H),
3.35 (t, J=4.9 Hz, 4H), 3.05 (s, 6H).
(E)-3-(4-Bromophenyl)-1-[4-(4-morpholinyl)phenyl]-2-
propen-1-one (4k)*): R;=0.26 [V(petroleum ether) :
V(ethyl acetate)=3 : 1]. Yellow solid, m.p. 213~216 C;
'H NMR (500 MHz, CDCl;) &: 8.02 (d, J=9.0 Hz, 2H),
7.73 (d, J=15.6 Hz, 1H), 7.57~7.50 (m, 5H), 6.93 (d, J=
9.0 Hz, 2H), 3.88 (t, J/=4.9 Hz, 4H), 3.55 (t, J=4.9 Hz,
4H).
(E)-3-(2,4-Dichlorophenyl)-1-[4-(4-morpholinyl)phen-
yl]-2-propen-1-one (41) (CAS: 796989-79-2): R;=0.33
[ (petroleum ether) : V{(ethyl acetate) =3 : 1]. Yellow
solid, m.p. 147~148 “C; '"H NMR (500 MHz, CDCl;) ¢:
8.09 (d, J/=15.7 Hz, 1H), 8.01 (d, /=8.9 Hz, 2H), 7.69 (d,
J=8.5 Hz, 1H), 7.51 (d, J/=15.7 Hz, 1H), 7.48 (d, J/=2.0
Hz, 1H), 7.31 (dd, /=8.5, 2.0 Hz, 1H), 6.93 (d, /=8.9 Hz,
2H), 3.89 (t, J=5.0 Hz, 4H), 3.36 (t, J/=5.0 Hz, 4H).
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(E)-3-(3-Furan-2-yl)-1-[4-(4-morpholinyl)phenyl]-2-
propen-1-one (4m): R;=0.3 [V(petroleum ether) : V(ethyl
acetate) =3 : 1]. Yellow solid, m.p. 195~197 ‘C; 'H
NMR (500 MHz, CDCl;) ¢: 8.03 (d, J/=9.0 Hz, 2H), 7.59
(d, J/=15.3 Hz, 1H), 7.53 (d, J/=1.7 Hz, 1H), 7.50 (d, J=
15.3 Hz, 1H), 6.94 (d, /=9.0 Hz, 2H), 6.70 (d, /=3.4 Hz,
1H), 6.52 (dd, J=3.4, 1.7 Hz, 1H), 3.89 (t, /=4.9 Hz, 4H),
3.35 (t, J=4.9 Hz, 4H); *C NMR (125 MHz, CDCl;) ¢:
187.6, 154.1, 152.0, 144.5, 130.6, 129.5, 128.9,119.4,
115.4, 113.5, 112.5, 66.6, 47.6; IR (KBr) v: 3457, 2974,
2850, 1647, 1604, 1384, 1231, 1193, 1130, 1025 cm .
HRMS (ESI) calcd for C;;H;gNO; [M+H]": 284.1287;
found 284.1287.

(E)-3-(Pyridin-2-yl)-1-[4-(4-morpholinyl)phenyl]-2-
propen-1-one (4n): Ry=0.41 [V(petroleum ether) : V(ethyl
acetate) =3 : 1]. Yellow solid, m.p. 150~153 ‘C; 'H
NMR (500 MHz, CDCl;) ¢: 8.69 (d, J=3.9 Hz, 1H), 8.15
(d, J/=15.2 Hz, 1H), 8.09 (d, /=9.0 Hz, 2H), 7.76 (d, J=
15.2 Hz, 1H), 7.75~7.72 (m, 1H), 7.47 (d, J=7.7 Hz, 1H),
7.30~7.28 (m, 1H), 6.91 (d, /=9.0 Hz, 2H), 3.87 (t, /=4.9
Hz , 4H), 3.35 (t, J=4.9 Hz, 4H); >C NMR (125 MHz,
CDCl;) 0: 188.0, 154.3, 153.6, 150.1, 141.3, 136.9, 130.9,
128.6, 125.7, 125.3, 124.1, 113.3, 66.6, 47.4; IR (KBr) v:
3463, 2960, 1656, 1591, 1382, 1193, 1117, 1049 cm .
HRMS (ESI) calcd for C|8H19N202 [I\/I—FH]Jr 2951447,
found 295.1448.

(E)-3-(1,3-Benzodioxol-5-yl)-1-[4-(4-methylpiperazin-
1-yl)phenyl]-2-propen-1-one (40): Ry=0.45 (ethyl acetate).
Yellow solid, m.p. 155~158 C;'H NMR (500 MHz,
CDCl;) o: 8.00 (d, J/=8.9 Hz, 2H), 7.73 (d, J=15.5 Hz,
1H), 7.41 (d,J=15.5Hz, 1H), 7.18 (d, /=1.6 Hz, 1H), 7.13
(dd, J/=8.0, 1.6 Hz, 1H), 6.93 (d, J=8.9 Hz, 2H), 6.85 (d,
J=8.0 Hz, 1H), 6.03 (s, 2H), 3.42 (t, J=4.9 Hz, 4H), 2.60
(t, J=4.9 Hz, 4H), 2.39 (s, 3H); *C NMR (100 MHz,
CDCl;) 6 187.6, 153.7, 149.3, 148.1, 142.8, 130.4, 129.7,
128.3, 124.7, 119.9, 113.5, 108.5, 106.5, 101.4, 54.7, 47.3,
46.1; IR (KBr) v: 3418, 2904, 1647, 1609, 1384, 1250,
1198, 1037, 810 cm'. HRMS (ESI) calcd for Cy;H,3N,05
[M-+H]": 351.1709; found 351.1711.

(E)-3-[(3-Methoxyphenyl-4-(2-hydroxyethoxy)]-1-[4-
(4-methylpiperazin-1-yl)phenyl]-2-propen-1-one (4p):
R:=0.18 (ethyl acetate). Yellow solid, m.p. 185~188 C;
'H NMR (500 MHz, CDCl;) d: 8.01 (d, J=8.9 Hz, 2H),
7.75 (d, J=15.6 Hz, 1H), 7.44 (d, J=15.6 Hz, 1H), 7.23
(dd, J/=38.3, 1.7 Hz, 1H), 7.17 (d, J/=1.7 Hz, 1H), 6.95~
6.92 (m, 3H), 4.19 (t, J=4.5 Hz, 2H), 4.00 (t, J=4.5 Hz,
2H), 3.94 (s, 3H), 3.42 (t, J/=4.9 Hz, 4H), 2.59 (t, J=4.9
Hz, 4H), 2.38 (s, 3H); *C NMR (125 MHz, CDCl;) J 188.2,
154.1, 150.2, 149.9, 143.2, 130.7, 129.3, 128.6, 122.5,
120.5, 114.1, 113.7, 110.9, 71.1, 61.3, 56.0, 54.8, 47.3,
46.1; IR (KBr) v: 3414, 2939, 2844, 1644, 1599, 1511,
1269, 1141, 1032 cm™'. HRMS (ESI) calcd for C53H2oN,04
[M-+H]": 397.2127; found 397.2123.

(E)-3-(3-Methoxyphenyl)-1-[4-(4-methylpiperazin-1-yl)
phenyl]-2-propen-1-one (4q): R;=0.21 (ethyl acetate).
Yellow solid, m.p. 147~149 “C; 'H NMR (400 MHz,

Chin. J. Org. Chem. 2019, 39, 703~708

© 2019 Chinese Chemical Society & SIOC, CAS

CDCl;) 6: 7.97 (d, J=8.9 Hz, 2H), 7.73 (d, J=15.6 Hz,
1H), 7.52 (d, J=15.6 Hz, 1H), 7.31 (t,J=7.7 Hz, 1H), 7.22
(d, J=7.7Hz, 1H), 7.13 (t, J=1.9 Hz, 1H), 6.93~6.92 (m,
1H), 6.90 (d, J/=8.9 Hz, 2H), 3.85 (s, 3H), 3.39 (t, J=4.9
Hz, 4H), 2.56 (t, J=4.9 Hz, 4H), 2.36 (s, 3H); °C NMR
(125 MHz, CDCl;) J: 187.7, 159.7, 153.8, 142.8, 136.5,
130.5, 129.7, 128.1, 122.2, 120.8, 115.6, 113.4, 113.2, 55.4,
54.7,47.3, 46.2; IR (KBr) v: 3473, 2936, 1660, 1603, 1382,
1250, 1203, 1053 cm™'. HRMS (ESI) calcd for C,;H,sN,0,
[M-+H]": 337.1916; found 337.1919.

(E)-3-[(4-Dimethylamino)phenyl]-1-[4-(4-methylpipe-
razin-1-yl)phenyl]-2-propen-1-one (4r): R¢=0.19 (ethyl
acetate). Yellow solid, m.p. 198~201 C; '"H NMR (500
MHz, CDCl;) ¢: 8.01 (d, /=8.9 Hz, 2H), 7.79 (d, J/=15.4
Hz, 1H), 7.56 (d, J=8.8 Hz, 2H), 7.39 (d, J/=15.4 Hz, 1H),
6.93 (d, J/=8.9 Hz, 2H), 6.71 (d, J=28.8 Hz, 2H), 3.40 (t,
J=5.0 Hz, 4H), 3.04 (s, 6H), 2.58 (t, J=5.0 Hz, 4H), 2.37
(s, 3H); C NMR (100 MHz, CDCl5) 0: 188.0, 153.5, 151.5,
143.9, 130.2, 129.9, 129.0, 122.9, 116.8, 113.5, 111.7, 54.8,
47.4,46.2,40.2; IR (KBr) v: 3455, 2936, 2795, 1636, 1598,
1518, 1231, 1180, 1033 cm '. HRMS (ESI) caled for
C,HgN;0 [M+H]': 350.2232; found 350.2231.

(E)-3-(3-Furan-2-yl)-1-[4-(4-methylpiperazin-1-yl)-
phenyl]-2-propen-1-one (4s): R¢=0.15 (ethyl acetate).
Yellow solid, m.p. 179~182 ‘C; 'H NMR (400 MHz,
CDCl;) o6: 7.98 (d, J/=8.9 Hz, 2H), 7.55 (d, J/=15.3 Hz,
1H), 7.49~7.44 (m, 2H), 6.89 (d, /=8.9 Hz, 2H), 6.65 (d,
J=3.3 Hz, 1H), 6.48 (dd, /=3.3, 1.7 Hz, 1H), 3.39 (t, J=
4.9 Hz, 4H), 2.56 (t, J=4.9 Hz, 4H), 2.36 (s, 3H); "C NMR
(125 MHz, CDCl;) d: 187.4, 154.0, 152.1, 144.4, 130.6,
129.3, 128.3, 119.5, 115.2, 113.5, 112.5, 54.7, 47.2, 46.1;
IR (KBr) v: 3416, 2845, 1647, 1602, 1383, 1233, 1187,
1019, 923 Cmil. HRMS (ESI) calcd for C|8H21N202 [M+
H]": 297.1603; found 297.1606.

4.4 Cytotoxic activity

For observing the anticancer activity of the target com-
pounds in vitro, MTT assay was used. MCF-7, A549,
HL-60, Hela, and Bewo cells were harvested in the loga-
rithmic growth phase and seeded in 96-well plates, and
cultured at 37 ‘C in humidified atmosphere containing
5% CO, in Dulbecco’s Modified Eagle Medium (DMEM)
with 10% FBS for 24 h before any treatments. Tested
compounds were dissolved in dimethyl sulfoxide (DMSO)
and diluted in the culture fluid to get various concentra-
tions. The cells were treated with target compounds sub-
sequently and incubated 24 h. Then 20 puL of MTT (5
mg/mL) was added in a 37 C, 5% CO , incubator for 4 h,
the medium was removed immediately and MTT formazan
was solubilized in 150 pL of DMSO. Cell survival was
assayed by enzyme-labeled instrument. Inhibitory effects
were determined as ICs, value.!**!

Supporting Information The electronic supplementary

information (ESI) available free of charge via the Internet at
http://sioc-journal.cn/.
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