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Synthesis, Antiproliferative Activity, and Structure-Activity
Relationships of 3-Aryl-1H-quinolin-4-ones
Zhu-Ping Xiao, Huan-Qiu Li, Lei Shi, Peng-Cheng Lv, Zhong-Cheng Song, and Hai-

Liang Zhu*®@

The antiproliferative activities of 36 3-aryl-TH-quinolin-4-ones
were determined against two cancer cell lines (Hep G2 and KB) in
vitro. The results indicate that most of these compounds show
good cytotoxic activity against human cancer cell lines, but no
cytotoxicity against a human normal cell line (L02). The positive
control compounds genistein and 5-fluorouracil show no selectiv-
ity at inhibiting the growth of the above three cell lines. General-
ly, compounds that bear a halogen atom at the 8 position and a

Introduction

Protein tyrosine kinases (PTK) have been intensively investigat-
ed because of their role in the transduction of proliferative sig-
nals in mammalian cells. Many transmembrane growth factor
receptors possess intracellular PTK activity; after the external
binding of a growth factor, the first step in the cellular signal
transduction pathway that controls mitogenesis and cell prolif-
eration is initiated."™ The overexpression or inappropriate ex-
pression of normal or mutant PTK activity in these receptors
can thus result in the loss of growth control and the unregulat-
ed cell proliferation that is associated with malignancy.” There-
fore, selective interruption of signal transduction in tumor cells
by specific inhibitors of PTK activity has recently emerged as a
major approach for the design of tumor-specific drugs.”™® In
the past decades, several classes of small molecules have been
reported to be potent inhibitors of the PTK activity of a
number of transmembrane growth factor receptors and cellu-
lar oncogene products, particularly epidermal growth factor re-
ceptor (EGFR).”'? Such compounds include the phenolic natu-
ral products erbstatin and piceatannol? together with a
number of synthetic compounds such as 4-(phenylamino)qui-
nazolines,"™ which are competitive inhibitors at the peptide
(tyrosine) binding site.

Isoflavones, a diverse group of plant natural products, are
known to possess a variety of biological effects such as anti-os-
teoporosis, antiplatelet, antibacterial, and antitumor activity.'*
7 3-Aryl-1H-quinolin-4-one is structurally derived from the iso-
flavone nucleus by isosteric substitution of the pyran oxygen
atom with a nitrogen atom. The high similarity in chemical
structure easily leads to the idea that a 3-aryl-1H-quinolin-4-
one might possess similar biological properties as an isofla-
vone does. In fact, Tsai et al. found that an isoflavone, isobava-
chalcone, exhibited strong inhibitory effects on platelet aggre-
gation in 1996."" Two years later, Huang and co-workers re-
ported derivatives of 3-aryl-1H-quinolin-4-one that showed ex-
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methoxy group at the 3’ position exhibited remarkable cytotoxici-
ty toward human cancer cell lines. Electron-withdrawing substitu-
ents at the 6 position decrease the antiproliferative activity signif-
icantly. We also put forward a pharmacophore model for 3-aryl-
4-quinolinones binding with epidermal growth factor receptor
protein tyrosine kinases (EGFR PTK). Out of the 36 synthetic com-
pounds, 34 are reported for the first time.

tremely high antiplatelet potency.'® On the other hand, genis-

tein, another isoflavone, was shown to possess EGFR PTK
inhibitory activity."” In parallel, Traxler et al. reported deriva-
tives of 3-aryl-1H-quinolin-4-one as inhibitors that compete
with the ATP binding site of EGFR PTK. Moreover, in compari-
son with isoflavone derivatives, 3-aryl-1H-quinolin-4-ones show
higher antiproliferative activity, and a more specific mechanism
of action, which consists of the inhibition of EGFR PTK by inter-
action with the ATP binding site.”” These positive results in-
spired us to systematically design and synthesize 3-aryl-1H-qui-
nolin-4-ones for antiproliferative evaluation and structure-ac-
tivity relationship analysis. Herein we describe the synthesis
and cytotoxic activities of a series of 3-aryl-1H-quinolin-4-ones
and their structure-activity relationships in vitro.

Results and Discussion
Chemistry

Owing to the substantial inhibitory potency of 3-aryl-1H-quino-
lin-4-one of the EGFR PTK,”” we did not try to change the skel-
eton of 3-aryl-1H-quinolin-4-one, but rather, we chose to
modify the structure of the A-ring and B-ring of the matrix.
Early cytotoxic effects of 3-aryl-1H-quinolin-4-ones suggested
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that the activity increased by the
replacement of a chlorine atom by
a methoxy group at the 4 position
of the B-ring. Therefore, we fo-
cused our synthetic efforts on ex-
ploring the position effects of sub-
stituents on B-ring. As for the A-
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over 120°C in PPA. In our hands however, we found that the
yields decreased extremely when the temperature was over
100°C; the best temperature was between 70 and 80°C, and
high-purity products were obtained after ice was added. All of
the compounds were fully characterized by spectroscopic
methods, and the purity was confirmed by analytical methods.
The structures and chemical features of the newly synthesized

ring, both the electronic and position effects of substituents

on the cytotoxicity were investi-

gated. Six substituents (NO,, F, Table 1. Structures and physical properties of 3-arylquinol-4-ones.

Cl, Br, CH; and OMe) were used

at the available positions, and

these substituents were selected

primarily for their wide range of

electronic properties (from o=

prop ( . Compd R R? R® Formula mp [°C] Yield [%]

+0.78 to —0.36). On the basis of
this concept, 36 compounds 3 H H Br H cl H Cy5HoBrCINO >300 82
o . 4 H F H F cl H CysHsCIF,NO >300 85
were designed and synthesized 5 H al H cl al H C,.HCINO ~300 35
for screening the antiprolifera- 6 a H H H a H C15HyCILNO >300 89
tive activity in vitro. Out of the 7 H H a H a H CisHsCl,NO >300 86
synthetic compounds, 34 were 8 H H CHs H d H CightzCINO >300 %
first ed | ’ ‘ 9 H  OCH, H OH cl H Cy7H1,CINO;, 167-168 87
st reported  lexcept  com- 10 H H F H a H CysH,CIFNO >300 88
pounds 15 and 27). 1 F H H H cl H C,sHCIFNO >300 84
Scheme 1 describes the 12 cl H cl H cl H C5HgCI,NO > 300 20
straightforward synthesis of 3- 13 F H F H d H C1sH:CIFNO >300 9
o 14 Br H Br H a H C;sHsBr,CINO  >300 89
ary-1H-quinolin-4-ones  3-38, 15 H OCH, H  OCH, OCH, H  CgH,NO, 240-241 79
which was accomplished by fol- 16 H cl H cl OCH, H CyH1CILNO, 281-283 83
lowing a previously reported 17 H F H F OCH, H CieHiFaNO, >300 92
method with appropriate modifi- 18 H H Br H OcH, H CigHi,BNO, > 300 89
I ' . 19 H H a H OCH, H Ci6H1,CINO, >300 87
cations.“" In brief, enamines (1 20 cl H H H OCH, H CyeHi,CINO, 264-266 81
and 2) were prepared by a dehy- 21 H H CH, H OCH, H Cy,HsNO, >300 78
dration reaction of ethyl 2- 22 H H F H OCH; H CigHi,FNO, >300 79
formyl-2-phenylacetate with dif- 23 F H H H OcH, H CigHiafNO, 260-261 87
ferent arylamines in ethanol.'® 2 F i’ F ; oct, ; CtnFal0: »399 >
Y : 25 cl H a H OCH, H Ci6HnCILNO, 242-244 %
The crude product consisted of 26 Br H Br H OCH, H Cy6H1:Br,NO, 245-247 95
Z and E isomers (1 and 2), but 27 H H H H OCH; H Ci6Hi3NO, >300 99
both of them could cyclize to 28 H H NO, H OcH, H CiehiaN;04 > 300 %8
. 29 H cl H ca H OCH;  CgH,CILNO, 244-246 76
form the final compound (3-aryl- 30 H H a H H OCH,  CyHiClO, 298-299 9%
quinol-4-one) so that further pu- 31 H H Br H H OCH;  CyHy,BrO, >300 92
rification was not necessary. Cyc- 32 a H H H H OCH,  G6Hy,ClO, 196-198 929
lization of enamines in the pres- 33 cl H ca H H OCH;  CgH,CILNO, 164-165 87
. . 34 F H F H H OCH;  CyHyF,NO, 244-245 99
ence of polyphosphoric acid 35 H H CH, H H OCH,  CHysNO, 265-266 86
(PPA) gave compounds 3-38 in 36 H H F H H OCH, C,6H1,FNO, 268-269 91
good to high yields. In the litera- 37 F H H H H OCH;  C6Hi,FNO, 200-201 7
ture, the reaction was performed 38 Br H Br H H OCH;  CHy,Br,NO, 184-185 922

R OHC.__CO,Et
R2 NH,
+ a)
R3 R®
R* RS

compounds are summarized in Table 1.

Scheme 1. Reagents and conditions: a) EtOH, 60-80 °C; b) PPA, 70-80°C.
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Antiproliferative 3-Aryl-TH-quinolin-4-ones

Biological activity

The in vitro cytotoxic activity of the synthesized 3-aryl-1H-qui-
nolin-4-ones 3-38 was studied on a panel of one human
normal cell line (L02) and two human tumor cell lines (KB and
Hep G2) by applying the MTT colorimetric assay. Compounds
were tested over a range of concentrations from 0.01 to
100 ugmL™", and the calculated ICs, values, that is, the concen-
tration (ugmL™") of a compound that was able to cause 50%
cell death with respect to the control culture, are reported in
Table 2. Genistein and 5-fluorouracil were used as reference
compounds. The results show that 3-aryl-1H-quinolin-4-ones
inhibited the growth of human cancer cell lines well, but
scarcely inhibited normal cell lines. To the contrary, genistein
and 5-fluorouracil showed no inhibitory selectivity toward all
four cell lines. Against Hep G2 and KB, compound 37 was
showed the most potent activity (with 1C;,=0.01 and
0.03 pgmL™", respectively) among the new compounds tested.

Table 2. Cell growth inhibitory activity of the 3-arylquinol-4-one series.
Icso [ug mL 1][a]
Compd Hep G2 L02 KB
3 66+16 NA 74+28
4 30+7 NA 31+7
5 76+21 NA NA
6 46+16 NA 75+22
7 NA NA 59+ 11
8 43+19 66+23 41+14
9 43413 28+18 0.82+0.19
10 37+16 NA 66+23
1 1.1+0.6 NA 44+1.5
12 NA NA 48+ 11
13 0.20+0.09 NA 48+1.3
14 30+9 22+15 7.6+2.1
15 1.1+0.6 NA 0.32+0.21
16 30+5 NA 49+8
17 51+£1.2 NA 434+1.2
18 59+1.7 NA 76+15
19 20+08 NA 1.1+0.8
20 0.46+0.09 93+27 0.34+0.13
21 0.33+0.12 11.9+£35 0.28+0.11
22 30+6 65+14 1.05+£0.9
23 0.43+0.16 NA 0.29+0.06
24 1.0+04 NA 0.84+0.18
25 1.2+0.5 NA 0.91+0.12
26 1.7+£0.8 NA 1.1+0.7
27 1.1+04 52+24 0.31+0.09
28 34+ M NA 45+9
29 1.2+0.6 NA 0.12+0.06
30 1.3+0.8 28+ 11 0.27 +0.09
31 0.45+0.15 29+14 0.31+0.05
32 0.12+0.04 NA 0.10+0.07
33 0.22+0.09 9.1+27 0.144+0.08
34 0.05+0.02 97 +21 0.06 +0.04
35 0.27+0.13 25+8 0.15+0.09
36 0.31+0.17 35+13 0.16+0.11
37 0.01+0.009 NA 0.03+0.02
38 1.6+0.6 NA 0.14+0.08
5-fluorouracil 0.254+0.07 6.8+2.1 0.27+0.14
genistein 1.1+£0.7 3.1+£13 0.56+0.17
[alNA=not active: ICs,>100 pgmL™", the maximum concentration
tested.
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Against human cancer cell lines, compounds 5 and 6 were
less active than 16 and 20, respectively. This result indicates
that replacement of the chlorine atom by a methoxy group at
the 4’ position decreases the cytotoxic activity of 3-aryl-1H-qui-
nolin-4-ones, but compounds 13 and 24 are exceptions to this.
Other evidence is presented in Table 2, such as compounds 3
and 18. Comparison of the cytotoxicities of 16 and 24 with 29
and 34 shows clearly that moving the methoxy group from
the 4’ to the 3’ position significantly increases the activity.

As for the compounds with one substituent on the A-ring,
we found a straightforward correlation between the electronic
property and cytotoxicity; the more electron-donating group
at the 6 position increases the cytotoxic. This was supported
by compounds 21, 22, 27, and 28. Compounds that bore a hal-
ogen atom at the 8 position showed more activity than those
with halogens at the 6 position, such as 6, 7, 23 and 22. On
the other hand, moving the substituents from the 5,7 positions
to the 6,8 positions of the A-ring led to an increase or mainte-
nance of activity, as exemplified by compounds 29, 33, 17 and
24,

The X-ray crystal structure of quercetin in complex with Hck
tyrosine kinase has been determined.”? The keto function ac-
cepts a hydrogen bond from the backbone NH of Met769,
whereas the 3-hydroxy substituent donates a hydrogen bond
to the backbone carbonyl of GIn767. On the other hand, the 2-
phenyl substituent of the chromenone moiety occupied the
region between Thr766 and Asp831. As for 3-aryl-1H-quinolin-
4-ones with the substituent matrix of genistein, Traxler report-
ed another binding model:*” the chlorophenyl ring fits in the
“sugar pocket” to make a sulfur-aromatic interaction with
Cys773. By mimicking ATP the 5-hydroxy substituent serves as
a hydrogen bond acceptor (Met769 as donor); however, in this
case, the donor is the 7-hydroxy substituent (GIn767 as accept-
or). The structure-activity relationship of our 3-aryl-1H-quino-
lin-4-ones indicates that compounds that bear a halogen atom,
especially fluorine, at the 8 position show more activity than
those that bear a halogen at the 6 position. From this result,
we suspected that the binding model of our 3-aryl-1H-quino-
lin-4-ones in the ATP binding site of EGFR PTK is consistent
with that of quercetin. The fluorine (chlorine) atom at the 8 po-
sition of a 3-aryl-1H-quinolin-4-one mimics the keto function of
the quercetin, which results in the NH-fluorine (chlorine) inter-
molecular hydrogen bond; meanwhile, a NH at the 1 position
of a 3-aryl-1H-quinolin-4-one mimics the 3-hydroxy group of
the quercetin and serves as a hydrogen donor.

Conclusions

For all the compounds, cytotoxic activity against one human
normal cell line (L0O2) and two cancer cell lines (Hep G2 and
KB) was determined. The chemical modification of 3-aryl-1H-
quinolin-4-one generated some potent compounds, with 1Cs,
values up to >20-fold lower than those of the reference com-
pound, 5-fluorouracil. The series of 3-aryl-1H-quinolin-4-ones
show good cytotoxic activity against human cancer cell lines
and no cytotoxic activity against a normal cell line (L02). Com-
pounds that bear a halogen atom at the 8 position and a me-
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thoxy group at the 3’ position exhibited remarkable cytotoxici-
ty toward human cancer cell lines. Compounds with a substitu-
ent at the 4’ position had, in general, decreased activity. A
clear correlation between the cytotoxicity and electronic prop-
erties of a substituent, that is, electron-donating substituent
enhances the antiproliferative activity, was found. The potent
compounds 34 and 37, which show low cytotoxicity toward a
human normal cell line, are now undergoing further lead opti-
mization in our laboratory for development as an anticancer
agents.

Experimental Section

Cell and cytotoxicity assay: The cytotoxic activity of 3-aryl-1H-qui-
nolin-4-ones 3-38 was determined by using a standard 3-(4,5-di-
methylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)-based
colorimetric assay (Sigma), by using 5-fluorouracil and genistein as
reference drugs. Briefly, cell lines were seeded at a density of 7x
103 cells per well in 96-well microtiter plates (Costar). After 24 h,
exponentially growing cells were exposed to the indicated com-
pounds at final concentrations that ranged from 0.1 to
100 pg mL~". After 48 h, cell survival was determined by the addi-
tion of a 5mgmL~" solution of MTT in phosphate-buffered sali-
ne(PBS, 10 pL). After 4h, 10% SDS in 0.01N HCl (100 uL) was
added, and the plates were incubated at 37°C for a further 18 h;
optical absorbance was measured at 570 nm on an LX300 Epson
Diagnostic microplate reader. Survival ratios were expressed in per-
centages with respect to untreated cells. ICs, values were deter-
mined from replicates of six wells from at least two independent
experiments.

Chemistry: All chemicals (reagent grade) were purchased from Al-
drich and Sinopharm Chemical Reagent Co., Ltd. (China). Melting
points (uncorrected) were determined on a Taike XT4 MP apparatus
(Beijing, China). El mass spectra were obtained on a Waters GCT
mass spectrometer, and 'H NMR spectra were recorded on a Bru-
ker DPX-300, AV-300 or AV-500 spectrometer at 25 °C; tetramethyl-
silane and the residual solvent signals were used as internal stand-
ards. Chemical shifts are reported in ppm (). Elemental analyses
were performed on a CHN-O-Rapid instrument and were within
+0.4% of the theoretical values.

General Procedure for the Preparation of 3-aryl-1H-quinolin-4-
ones: The synthesis of starting enamines have been previously
published.™ A mixture of enamine (10.0 mmol) and PPA (20 g) was
stirred for 2-5 h (monitored with TLC) at 70-80 °C. The residue was
cooled, poured into ice-water (30 g). The precipitate was filtered,
washed with H,0 to give a white to light-yellow solid with high
purity in good to high yield.

6-Bromo-3-(4-chlorophenyl)-1H-quinolin-4-one (3): Light yellow
powder, 'H NMR ([DJDMSO, 500 MHz): 6 =7.46 (d, J=8.3 Hz, 2H),
7.60 (d, /=86Hz, 1H), 7.78 (d, /=83 Hz, 2H), 7.83 (dxd, J=
8.8 Hz, J=22Hz, 1H), 827 (s, 2H), 830 ppm (d, J=2.0Hz, 1H);
EIMS m/z: 335 [M]"; elemental analysis calcd (%) for C;sHyBrCINO:
C 53.84, H 2.71, N 4.19, found: C 53.87, H 2.70, N 4.18.

3-(4-Chlorophenyl)-5,7-difluoro-1H-quinolin-4-one  (4): White
powder, "H NMR ([D¢]DMSO, 500 MHz): 6=7.07 (t, J=10.1 Hz, 1H),
7.16 (d, J=9.9Hz, 1H), 743 (d, J=82Hz 2H), 7.67 (d, /=8.0 Hz,
2H), 8.11 ppm (s, 1H); EIMS m/z: 291 [M]"; elemental analysis calcd
(%) for C;sHgCIF,NO: C 61.77, H 2.76, N 4.80, found: C 61.86, H 2.77,
N 4.79.
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5,7-Dichloro-3-(4-chlorophenyl)-1H-quinolin-4-one  (5): White
powder, '"H NMR ([DJDMSO, 300 MHz): 6 =7.39 (s, 1H), 7.42 (d, J=
8.3 Hz, 2H), 7.57 (s, 1H), 7.67 (d, J=8.2 Hz, 2H), 8.13 ppm (s, TH);
EIMS m/z: 323 [M]"; elemental analysis calcd (%) for C,sHsCIsNO: C
55.50, H 2.48, N 4.32, found: C 55.61, H 2.47, N 4.33.

8-Chloro-3-(4-chlorophenyl)-1H-quinolin-4-one (6): White
powder, '"H NMR ([DJDMSO, 500 MHz): 6=7.38 (t, J=7.9 Hz, 1H),
7.46 (d, J=8.4Hz, 2H), 7.75 (d, /=84 Hz, 2H), 7.87 (d, J=7.7 Hz,
1H), 8.04 (d, J=7.8Hz, TH), 8.20 (d, /=8.1 Hz, 1H), 11.72 ppm (d,
J=82Hz, 1H); EIMS m/z: 289 [M]"; elemental analysis calcd (%)
for C,sHsCl,NO: C 62.09, H 3.13, N 4.83, found: C 61.97, H 3.14, N
4.83.

6-Chloro-3-(4-chlorophenyl)-1H-quinolin-4-one (7): White
powder, 'H NMR (CDCl;, 500 MHz): =7.37 (d, /=83 Hz, 2H), 7.54
(s, 2H), 7.66 (d, J=8.3 Hz, 2H), 7.88 (s, 1H), 8.34 (s, 1H), 11.96 ppm
(s, TH); EIMS m/z: 289 [M]"; elemental analysis calcd (%) for
C,5HsCLINO: C 62.09, H 3.13, N 4.83, found: C 61.98, H 3.14, N 4.84.

3-(4-Chlorophenyl)-6-methy-1H-quinolin-4-one (8): White
powder, "H NMR ([DgDMSO, 500 MHz):  =2.43 (s, 3H), 7.43 (d, J=
8.6 Hz, 2H), 7.52 (s, 2H), 7.78 (d, J=8.6 Hz, 2H), 8.01 (s, TH),
8.16 ppm (s, TH); EIMS m/z: 269 [M]*; elemental analysis calcd (%)
for C;6H;,CINO: C 71.25, H 448, N 5.19, found: C 71.14, H 449, N
5.20.

3-(4-Chlorophenyl)-5-hydroxy-7-methoxy-1H-quinolin-4-one (9):
Yellow crystal, '"H NMR ([De]DMSO, 300 MHz): =3.82 (s, 3H), 7.41
(d, J=8.6Hz, 2H), 7.66 (d, J=8.6 Hz, 2H), 7.96 (s, 1H), 12.49 ppm
(s, 1TH); EIMS m/z: 301 [M]"; elemental analysis calcd (%) for
Cy,H,,CINO;: C 64.67, H 4.47, N 444, found: C 64.71, H 4.47, N 4.43.

6-Fluoro-3-(4-chlorophenyl)-1H-quinolin-4-one (10): White
powder, 'H NMR ([DJDMSO, 500 MHz): 6 =7.45 (d, J=8.6 Hz, 2H),
7.58-7.62 (m, 1H), 7.70 (dxd, /=92 Hz, J=4.6 Hz, 1H), 7.79 (d, J=
8.6 Hz, 2H), 7.79 (dxd, J=9.5 Hz, J=3.1 Hz, 1H), 8.26 ppm (s, TH);
EIMS m/z: 273 [M]*; elemental analysis calcd (%) for C;sH,CIFNO: C
65.83, H 3.31, N 5.12, found: C 65.77, H 3.31, N 5.13.

8-Fluoro-3-(4-chlorophenyl)-1H-quinolin-4-one (11): White
powder, '"H NMR ([DJDMSO, 500 MHz): 6=7.36 (dxd, J=13.1 Hz,
J=8.0Hz, 1H), 7.46 (d, /=83 Hz, 2H), 7.61-7.63 (m, 1H), 7.76 (d,
J=8.6 Hz, 2H), 8.03 (d, J=8.0 Hz, 1H), 8.08 ppm (s, 1H); EIMS m/z:
273 [M]"; elemental analysis calcd (%) for C;sH,CIFNO: C 65.83, H
3.31, N 5.12, found: C 65.89, H 3.32, N 5.13.

6,8-Dichloro-3-(4-chlorophenyl)-1H-quinolin-4-one (12):White
powder, 'H NMR ([DJDMSO, 500 MHz): §=7.43 (d, J=8.6 Hz, 2H),
769 (d, J=8.6Hz, 2H), 799 (d, J=25Hz, 1H), 803 (s, TH),
8.08 ppm (d, J=2.4 Hz, TH); EIMS m/z: 323 [M]"; elemental analy-
sis calcd (%) for CysHgCI;NO: C 55.50, H 2.48, N 4.32, found: C
55.61, H 2.48, N 4.33.

3-(4-Chlorophenyl)-6,8-difluoro-1H-quinolin-4-one  (13): White
powder, '"H NMR ([DgIDMSO, 500 MHz): 6=7.42 (d, J=8.6 Hz, 2H),
768 (d, J/=9.2Hz, 1H), 771 (d, J=8.6Hz, 2H), 772 (m, TH),
8.07 ppm (s, TH); EIMS m/z: 291 [M]"; elemental analysis calcd (%)
for C,sHgCIF,NO: C 61.77, H 2.76, N 4.80, found: C 61.69, H 2.76, N
4.80.

6,8-Dibromo-3-(4-chlorophenyl)-1H-quinolin-4-one (14): White
powder, 'H NMR ([DgDMSO, 500 MHz): 6 =7.43 (d, J=8.5 Hz, 2H),
7.68 (d, J=8.5Hz, 2H), 8.03 (s, 1H), 8.20 (s, 1H), 8.27 ppm (s, TH);
EIMS m/z: 413 [M]*; elemental analysis calcd (%) for C;sHgBr,CINO:
C 43.57, H 1.95, N 3.39, found: C 43.65, H 1.94, N 3.39.
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5,7-Dimethoxy-3-(4-methoxyphenyl)-1H-quinolin-4-one (15):%24
Yellow crystal, 'H NMR ([DJDMSO, 500 MHz): 6=2.90 (s, 3H), 3.82
(s, 3H), 3.89 (s, 3H), 6.17 (d, J=1.7 Hz, TH), 6.26 (d, J=1.7 Hz, 1H),
6.96 (d, J=89Hz, 2H), 7.65 (d, J=8.8 Hz, 2H), 7.96 ppm (s, 1H);
EIMS m/z: 311 [M]™; elemental analysis calcd (%) for CigH,;NO,: C
69.44, H 5.50, N 4.50, found: C 69.53, H 5.49, N 4.50.

5,7-Dichloro-3-(4-methoxyphenyl)-1H-quinolin-4-one (16): White
powder, "H NMR ([DgJDMSO, 300 MHz): 6=3.76 (s, 3H), 6.92 (d, J=
8.7 Hz, 2H), 7.36 (d, J=2.0 Hz, 1H), 7.53 (d, J=8.3 Hz, 2H), 7.59 (s,
1H), 8.03 ppm (s, TH); EIMS m/z: 319 [M]*; elemental analysis
caled (%) for CigH;;CI,NO,: C 60.02, H 3.46, N 4.37, found: C 60.11,
H 3.47, N 4.34.

5,7-Difluoro-3-(4-methoxyphenyl)-1H-quinolin-4-one (17): White
powder, '"H NMR ([DJDMSO, 300 MHz): 6=3.75 (s, 3H), 6.91 (d, J=
8.8 Hz, 2H), 7.04-7.13 (m, 2H), 7.52 (d, J=8.7 Hz, 2H), 8.01 ppm (s,
1H); EIMS m/z: 287 [M]*; elemental analysis calcd (%) for
C,6H11F,NO,: € 66.90, H 3.86, N 4.88, found: C 66.96, H 3.85, N 4.84.

6-Bromo-3-(4-methoxyphenyl)-1H-quinolin-4-one  (18): White
powder, '"H NMR ([DJDMSO, 500 MHz): 6 =3.78 (s, 3H), 6.95 (d, J=
9.0 Hz, 2H), 7.55 (d, J/=9.0 Hz, 1H), 7.65 (d, J/=8.5Hz, 2H), 7.79 (d,
J=20Hz, 1H), 8.14 (d, J=6.0Hz, 1H), 8.27 (d, J=2.0Hz, 1H),
12.13 ppm (s, 1H); EIMS m/z: 329 [M]"; elemental analysis calcd
(%) for C,H,,BrNO,: C 58.20, H 3.66, N 4.24, found: C 58.26, H 3.65,
N 4.21.

6-Dichloro-3-(4-methoxyphenyl)-1H-quinolin-4-one (19): White
powder, "H NMR ([DgIDMSO, 500 MHz): 6 =3.76 (s, 3H), 6.95 (d, J=
8.7 Hz, 2H), 7.61 (d, J/=9.0 Hz, 1H), 7.64 (d, J/=1.8 Hz, 2H), 7.67 (d,
J=9.0Hz, 1H), 8.13 (d, J=6.0 Hz, TH), 8.21 (s, TH), 12.14 ppm (s,
1H); EIMS m/z: 285 [M]"; elemental analysis calcd (%) for
Ci6Hq,CINO,: C 67.26, H 4.23, N 4.90, found: C 67.31, H 4.22, N 4.84.

8-Chloro-3-(4-methoxyphenyl)-1H-quinolin-4-one  (20): White
powder, "H NMR ([DJDMSO, 500 MHz): 6=3.76 (s, 3H), 6.93 (d, J=
8.7 Hz, 2H), 7.32 (t, J/=7.8 Hz, 1H), 7.58 (d, J=9 Hz, 2H), 7.81 (d,
J=7.8Hz, 1H), 7.92 (d, J=6.3Hz, 1H), 8.14 (d, J/=7.8Hz, 1H),
11.58 ppm (s, 1H); EIMS m/z: 285 [M]*; elemental analysis calcd
(%) for C,H,,CINO,: C 67.26, H 4.23, N 4.90, found: C 67.29, H 4.22,
N 4.87.

3-(4-Methoxyphenyl)-6-methyl-1H-quinolin-4-one  (21): White
powder, 'H NMR ([DgDMSO, 500 MHz): 6 =2.42 (s, 3H), 3.78 (s, 3H),
6.93 (d, J=8.7 Hz, 2H), 7.48 (s, 2H), 7.64 (d, J/=8.7 Hz, 2H), 7.99 (s,
1H), 8.04 (d, J=6 Hz, 1H), 11.89 ppm (s, 1H); EIMS m/z: 265 [M]™;
elemental analysis calcd (%) for C,¢H,sNO,: C 76.96, H 5.70, N 5.28,
found: C 76.98, H 5.71, N 5.31.

6-Fluoro-3-(4-methoxyphenyl)-1H-quinolin-4-one  (22): White
powder, "H NMR ([DgIDMSO, 500 MHz): 6 =3.78 (s, 3H), 6.95 (d, J=
8.7 Hz, 2H), 7.54-7.60 (m, 1H), 7.65 (d, J=4.5 Hz, 2H), 7.69 (s, 1H),
7.78 (d, J=2.1Hz, 1H), 7.85 (d, J=6 Hz, 1H), 8.14 (d, J=6.0 Hz,
1H), 12.14 ppm (s, 1H); EIMS m/z 269 [M]*; elemental analysis
calcd (%) for Ci¢H;,FNO,: C 71.37, H 4.49, N 5.20, found: C 71.41, H
4.48, N 5.24.

8-Fluoro-3-(4-methoxyphenyl)-1H-quinolin-4-one  (23): White
powder, '"H NMR ([DJDMSO, 500 MHz): 6=3.78 (s, 3H), 6.95 (d, J=
9.0 Hz, 2H), 7.28 (d, J/=8.7 Hz, 1H), 7.55 (d, J/=8.7 Hz, 1H), 7.61 (d,
J=2.1Hz, 2H), 7.97 (d, /=6 Hz, 2H), 12.09 ppm (s, TH); EIMS m/z:
269 [M]*; elemental analysis calcd (%) for C;¢H;,FNO,: C 71.37, H
449, N 5.20, found: C 71.42, H 4.48, N 5.21.

6,8-Difluoro-3-(4-methoxyphenyl)-1H-quinolin-4-one (24): White
powder, 'H NMR ([Dg]DMSO, 500 MH2): 6 =3.75 (s, 3H), 6.92 (d, J=
9.0 Hz, 2H), 7.60-7.74 (m, 4H), 7.96 (s, 1H), 12.24 ppm (s, 1H); EIMS
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m/z: 287 [M]*; elemental analysis calcd (%) for Ci¢H;F,NO,: C
66.90, H 3.86, N 4.88, found: C 66.92, H 3.87, N 4.85.

6,8-Dichloro-3-(4-methoxyphenyl)-1H-quinolin-4-one (25): White
powder, '"H NMR ([DJDMSO, 500 MHz): 6 =3.75 (s, 3H), 6.92 (d, J=
9.0 Hz, 2H), 7.60-7.74 (m, 4H), 7.96 (s, 1H), 12.24 ppm (s, 1H); EIMS
m/z: 319 [M]7; elemental analysis calcd (%) for C,¢H;,CI,NO,: C
60.02, H 3.46, N 4.37, found: C 60.06, H 3.45, N 4.34.

6,8-Dibromo-3-(4-methoxyphenyl)-1H-quinolin-4-one (26): Light
yellow powder, 'H NMR ([Dg]DMSO, 300 MHz): §=3.79 (s, 3H), 6.99
(d, J=8.8Hz, 2H), 7.20 (d, J/=8.9 Hz, 2H), 7.97 (s, 1H), 823 (d, /=
2.2 Hz, 1H), 830 (d, J=2.2Hz, 1H), 11.52 ppm (s, 1H); EIMS m/z:
409 [M]*; elemental analysis calcd (%) for C,¢H;;Br,NO,: C 46.98, H
2.71, N 3.42, found: C 46.91, H 2.72, N 3.42.

3-(4-Methoxyphenyl)-1H-quinolin-4-one (27):*’ White powder,
"H NMR ([Dg]DMSO, 300 MHz): 6=3.78 (s, 3H), 6.96 (d, J=8.6 Hz,
2H), 733 (t, J=74Hz, 1H), 7.58 (d, J=8.0Hz, 1H), 7.63 (d, J=
7.2 Hz, 1H), 7.67 (d, J/=8.6 Hz, 2H), 8.09 (d, J=5.8 Hz, 1H), 8.21 (d,
J=8.0Hz, 1H), 11.97 ppm (d, J=6.6 Hz, 1H); EIMS m/z: 251 [M]*;
elemental analysis calcd (%) for C,¢H,3NO,: C 76.48, H 5.21, N 5.57,
found: C 76.40, H 5.21, N 5.58.

3-(4-Methoxyphenyl)-6-nitro-1H-quinolin-4-one (28):  Yellow
powder, '"H NMR ([DJDMSO, 300 MHz): 6=3.78 (s, 3H), 6.98 (d, J=
8.4 Hz, 2H), 7.69 (d, J=8.4Hz, 2H), 7.76 (d, /=8.6 Hz, TH), 8.39-
8.42 (m, 2H), 8.96 (s, TH), 12.48 ppm (s, 1H); EIMS m/z: 296 [M]";
elemental analysis calcd (%) for C,¢H;,N,O,: C 64.86, H 4.08, N 9.46,
found: C 64.95, H 4.07, N 9.45.

5,7-Dichloro-3-(3-methoxyphenyl)-1H-quinolin-4-one (29): White
powder, '"H NMR ([Dg]DMSO, 300 MHz): 6=3.78 (s, 3H), 6.87 (dxd,
J=80Hz, J=2.4Hz, 1H), 7.19 (d, J=7.7 Hz, 1H), 7.24 (d, /=23 Hz,
1H), 7.29 (t, J=7.8Hz, 1H), 738 (d, J=1.8Hz, 1H), 758 (d, J=
1.8 Hz, TH), 8.11 (s, 1H), 12.08 ppm (s, 1H); EIMS m/z: 319 [M]*; el-
emental analysis calcd (%) for C;sH,;C,NO,: C 60.02, H 3.46, N 4.37,
found: C 60.11, H 3.46, N 4.36.

6-Chloro-3-(3-methoxyphenyl)-1H-quinolin-4-one  (30): White
powder, '"H NMR ([DJDMSO, 300 MHz): 6 =3.79 (s, 3H), 6.85-6.89
(m, 1H), 7.29-7.35 (m, 3H), 7.65 (d, J/=8.8 Hz, 1H), 7.70 (dxd, J=
8.8 Hz, J=24Hz, 1H), 8.14 (d, /=23 Hz, 1H), 8.24 (d, /=6.0 Hz,
1H), 12.23 ppm (d, J=5.5 Hz, 1H); EIMS m/z: 285 [M]"; elemental
analysis calcd (%) for C,¢H,,ClO,: C 67.26, H 4.23, N 4.90, found: C
67.32, H 4.22, N 4.89.

6-Bromo-3-(3-methoxyphenyl)-1H-quinolin-4-one  (31): White
powder, '"H NMR ([Dg]DMSO, 300 MHz): =3.79 (s, 3H), 6.85-6.89
(m, 1H), 7.27-7.35 (m, 3H), 7.58 (d, J/=8.8 Hz, 1H), 7.81 (dxd, J=
8.8Hz, J=22Hz 1H), 8.24 (d, /=6.0Hz, 1H), 829 (d, J=2.2 Hz,
1H), 12.22 ppm (d, J=5.6 Hz, 1H); EIMS m/z: 329 [M]*; elemental
analysis calcd (%) for C,¢H;,BrO,: C 58.20, H 3.66, N 4.24, found: C
5831, H 3.66, N 4.23.

8-Chloro-3-(3-methoxyphenyl)-1H-quinolin-4-one  (32): White
powder, "H NMR ([DgIDMSO, 300 MHz): 6=3.79 (s, 3H), 6.88-6.91
(m, 1H), 7.23 (d, J=7.9 Hz, 1H), 7.30-7.40 (m, 3H), 7.85 (dxd, J=
7.7 Hz, J=1.3 Hz, 1H), 8.01 (d, J=5.9 Hz, 1H), 8.20 (dxd, J=8.0 Hz,
J=1.2Hz, 1H), 11.66 ppm (d, J=5.6 Hz, 1H); EIMS m/z: 285 [M]*;
elemental analysis calcd (%) for C,¢H,,ClO,: C 67.26, H 4.23, N 4.90,
found: C 67.37, H 4.22, N 4.90.

6,8-Dichloro-3-(3-methoxyphenyl)-1H-quinolin-4-one (33): White
powder, '"H NMR ([DJDMSO, 300 MHz): 6 =3.79 (s, 3H), 6.89-6.92
(m, 1H), 7.23 (d, /=7.7 Hz, 1H), 7.30-7.36 (m, 2H), 8.03 (s, TH),
8.04 (d, J=2.4Hz, 1H), 8.13 (d, J=2.4 Hz, TH), 11.86 ppm (s, 1H);

1081

www.chemmedchem.org


www.chemmedchem.org

MED

EIMS m/z: 319 [M]"; elemental analysis calcd (%) for C,¢H;;CLNO,:
C 60.02, H 3.46, N 4.37, found: C 60.02, H 3.46, N 4.37.

6,8-Difluoro-3-(3-methoxyphenyl)-1H-quinolin-4-one (34): White
powder, 'H NMR ([Dg]DMSO, 300 MHz): =3.79 (s, 3H), 6.86-6.90
(m, 1H), 7.23-7.34 (m, 3H), 7.68-7.91 (m, 2H), 8.05 (d, J/=3.3 Hz,
1H), 12.34 ppm (s, 1H); EIMS m/z: 287 [M]*; elemental analysis
calcd (%) for C,¢H;,F,NO,: C 66.90, H 3.86, N 4.88, found: C 66.81, H
3.86, N 4.89.

6-Methyl-3-(3-methoxyphenyl)-1H-quinolin-4-one  (35): White
powder, 'H NMR ([D¢g]DMSO, 300 MHz): =2.43 (s, 3H), 3.79 (s, 3H),
6.83-6.86 (m, 1H), 7.28-7.30 (m, 2H), 7.35-7.36 (m, TH), 7.50 (s,
2H), 8.00 (s, 1H), 8.13 (d, J=6.2 Hz, 1H), 11.96 ppm (d, /=5.8 Hz,
1H); EIMS m/z: 265 [M]*; elemental analysis calcd (%) for
C,,H,5NO,: C 76.96, H 5.70, N 5.28, found: C 76.87, H 5.71, N 5.28.

6-Fluoro-3-(3-methoxyphenyl)-1H-quinolin-4-one  (36): White
powder, '"H NMR ([DJDMSO, 300 MHz): 6=3.79 (s, 3H), 6.85-6.89
(m, 1H), 7.29-7.31 (m, 2H), 7.37-7.38 (m, 1H), 7.55-7.62 (m, 1H),
7.69 (dxd, J=93Hz, J=4.7Hz, 1H), 7.85 (dxd, J=9.5Hz, J=
29Hz, 1H), 823 (d, J=6.2 Hz, 1H), 12.20 ppm (d, J=6.2 Hz, T1H);
EIMS m/z: 269 [M1*; elemental analysis calcd (%) for C,4H,,FNO,: C
7137, H 4.49, N 5.20, found: C 71.47, H 4.49, N 5.19.

8-Fluoro-3-(3-methoxyphenyl)-1H-quinolin-4-one  (37): White
powder, "H NMR ([Dg]DMSO, 300 MHz): 6=3.79 (s, 3H), 6.86-6.90
(m, 1H), 7.23-7.37 (m, 4H), 7.56-7.63 (m, 1H), 8.00-8.03 (m, 2H),
7.69 (dxd, J=93Hz, J=4.7Hz, 1H), 7.85 (dxd, J=95Hz, J=
2.9 Hz, 1H), 12.17 ppm (d, J=5.7 Hz, 1H); EIMS m/z: 269 [M]™; ele-
mental analysis calcd (%) for C,sH;,FNO,: C 71.37, H 4.49, N 5.20,
found: C 71.44, H 4.48, N 5.19.

6,8-Dibromo-3-(3-methoxyphenyl)-1H-quinolin-4-one (38): White
powder, '"H NMR ([DJDMSO, 300 MHz): 6 =3.79 (s, 3H), 6.89-6.93
(m, TH), 7.20-7.23 (m, 1H), 7.29-7.34 (m, 2H), 8.02 (d, /=6.0 Hz,
1H), 8.25 (d, J=2.4Hz, 1H), 831 (d, /=22 Hz, 1H), 11.59 ppm (d,
J=5.8Hz, 1H); EIMS m/z: 409 [M]*; elemental analysis calcd (%)
for C,4Hy;Br,NO,: C 46.98, H 2.71, N 3.42, found: C 46.91, H 2.71, N
3.41.
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