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Abstract — 5,6-Dimethoxy-8-(3-methylfuroxan-4-yl)-2-methylquinoline (1) and
5,6-dimethoxy-8-(3-methylfuroxan-4-yl)quinoline-2-carbaldehyde  (2)  were
synthesized. The condensation of 1 with some nitrobenzaldehydes catalyzed by
acetic acid under mild conditions gave four styrylquinolines (la-d). The
condensation of 2 with methyl phenyl ketones catalyzed by potassium hydroxide
at room temperature afforded six polysubstituted o,B-unsaturated ketones (2a-f).
All proton and carbon signals of obtained compounds were assigned based on
analyzing the spin—spin splitting patterns and on the cross peaks in their HSQC
and HMBC spectra. ROESY spectrum analysis showed that for
(E)-3-(quinolin-2-yl)-1-phenylprop-2-en-1-ones Ha resonated in a weaker field as

compared to Hp.

Quinolines have long attracted attention owing to their significant biological and pharmacological
properties such as antimalarial,%2 antituberculosis,®® antibacterial &’ and anticancer.2® Thus, quinoline
ring is considered a core pharmacophore in the design of many drugs such as antimalarial chloroguine,
mefloquine and primaquine, antituberculosis bedaquiline,t and other diarylquinolines.2 The increasing
resistance against many antibiotic drugs has forced chemists to develop synthetic strategies toward novel
biologically active molecules. A strategy that has attracted considerable attention in current medicinal
chemistry is based on the conjugation of two biologically active molecules into one hybrid compound. In
recent years several classes of quinoline based structural hybrids of various bioactive heterocycles as

potential antimicrobial agents have yielded promising results in primary biological evaluation.t31® The
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quinoline based molecule classes reported in these works are pyrazoles, thiazoles, 4-thiazolidinones,
isoindolin-1-one, pyrimidines and 2-pyridones.

It is well known that furoxans possess remarkable biological activities, such as antimicrobial and
antiparasitic properties, mutagenic, and anticancer effects, anti-aggregating and vasorelaxant activity.178
Several classes of hybrid compounds, obtained combining appropriate pharmacophoric groups with
NO-releasing furoxan moiety (NO-donor), have been described %2

Some time ago, we focused our attention to several natural arylolefins (eugenol, methyleugenol, safrole,
anethole) from vegetable essential oils that could act as good substrates in order to prepare heterocyclic
compounds. For example, 4,5-dimethoxy-2-(3-methylfuroxan-4-yl)phenylamine (Am), which was
synthesized from methyleugenol, acted as a key compound for preparation of some series of imines, azo
compounds, 1,3-thiazolidin-4-ones and quinazolines.?2% In addition, several obtained compounds exhibit
good antimicrobial activity toward Gram positive Staphylococcus aureus (MIC = 12.5 pg/mL)2 and high
in vitro cytotoxicity on three cell lines, hepatocellular carcinoma (Hep-G2), human lung carcinoma
(LU-1), and human breast carcinoma (MCF-7) with ICso = 2.1-2.2 uM.24 This report presents the results of
synthesis and NMR characteristics of a series of polysubstituted quinolines incorporating furoxan moiety
derived from 4,5-dimethoxy-2-(3-methylfuroxan-4-yl)phenylamine (Am).

The key compound, 5,6-dimethoxy-8-(3-methylfuroxan-4-yl)-2-methylquinoline (1), for preparation of
the title compounds is  synthesized according to  Doebner-Miller  method form
4,5-dimethoxy-2-(3-methylfuroxan-4-yl)phenylamine (Am).22 The traditional one-phase solvent system
method gave 1 with an yield of no more than 15%. Using two-phase solvent system method we obtained 1
with the yield of 85%, as described in Scheme 1 (The numeration on presented structures is specifically

used for NMR analysis).

OMe Idehyde, HCI 6M
MeO i) paraldehyde,
(the yield 15%)
NH»>
Me g SN i) paraldehyde in toluene / HCI 6M
-N-0 (the yield 85%)
Am 1

Scheme 1

In both two manners i and ii, paraldehyde (2,4,6-trimethyl-1,3,5-trioxane) is gradually decomposed into
acetaldehyde which undergoes a crotonic condensation to afford crotonaldehyde for cyclocondensation

with Am to form 1. For manner i, crotonaldehyde, on heating in strong acidic medium, also is further
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polymerized. This polymerization not only decreased the cyclocondensation but also created a black resin
that makes the isolation of the target product dificult. For manner ii, most crotonaldehyde dissolve into
toluene phase where only traces of acid are present, thereby reducing the polymerization. Furthermore the
toluene phase also dissolves the black resin, leaving compound 1 as quinolinium salt in the aqueous acid
phase, thus facilitating the separation of compound 1 (see experimental section).

The structure of 1 was examined by IR, MS, *H, 3C, and HMBC spectra. The IR spectrum of 1 differs
from that of Am in the absence of NH: signal. The ESI HRMS positive mode (+MS) of 1 showed
pseudomolecular ion (M+H)" with relative intensity of 100% at m/z = 302.1132, this is corresponding to
formula C1sH16N304 (M = 302.1141 au) and consistent with molecular formula of 1 (C1sH15N304, M =
301.1063). In *H NMR spectrum of 1 there are three aromatic proton signals, two methoxy group signals
and two methyl group signals relative to two aromatic proton, two methoxy group signals and one methyl
group signal in Am, respectively. In ¥*C NMR spectrum of 1 there are four *3C signals more than those of
Am. These spectral features demonstrated that the quinoline ring closure has been achieved.

Upon the treating of 1 with one equivalent of SeO; in dioxane at 80 °C, it is oxidized to form 5,6-
dimethoxy-8-(3-methylfuroxan-4-yl)quinoline-2-carbaldehyde (2) of the vyield 78%, but with two
equivalents of SeO. in dioxane at 100 °C, instead of 2, 5,6-dimethoxy-8-(3-methylfuroxan-4-yl)-
quinoline-2-carboxylic acid (3) was obtained with the yield 72%. The strong absorption bands of C=0
group in IR spectra of 2 and 3 appear at 1718 and 1698 cm™, respectively. Unlike 1, in the weak field
region of the *H NMR spectrum of 2 a new singlet at § = 10.01 ppm with intensity of 1H appears, while on
the strong field side, there is no longer a methyl proton signal at 6 = 2.61 ppm with intensity of 3H, showing
that the methyl group was oxidized to carboxaldehyde group. Unlike 2, in the weak field region of the *H
NMR spectrum of 3 there is no longer the carboxaldehyde proton signal at & = 10.01 ppm. The proton of
—CO2H group of 3 does not give a signal since it is in a exchange with proton of moist water in the solvent
ds-DMSO. All proton and carbon signals of 1, 2 and 3 assigned with the help of HMBC spectra are given
in the experimental.

Compound 1 is subjected to condensation with some benzaldehydes to obtaine polysubstituted
styrylquinolines since styrylquinolines have attracted continued interest of organic and medicinal
scientists over the years because of their varied biological activities such as inhibitors of HIV-1,22
antimalarial.2* Uncatalyzed condensation of 2-methylquinolines and benzaldehydes is usually carried out
at hight temperature, for example at 175-180 °C.2 In order to avoid the isomerization of furoxan ring? at
high temperature, we chose the acetic acid-catalyzed condensation in acetic anhydride heating at 100 °C.
In this mild condition four styrylquinolines 1a-d (Scheme 2 and Table 1) were obtained with the yields of

60-75%. They are yellow crystals melting at above 200 °C (Experimental).
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Ar—CH=0

Y

AcOH, (Ac),0, 100 °C
(the yield 60-75%)

1a-d (See Table 1)

Scheme 2

Compound 2 is subjected to the crotonic condensation with some methyl phenyl ketones to form a series
of a,B-unsaturated ketones because some phenyl quinolyl a,p-unsaturated ketones are found to have
effective and selective antitumor potential 223 The condensation was carried out in ethanol with KOH as
catalyst at room temperature. The obtained products 2a — f (Scheme 3) are yellow needles crystals

melting at above 200 °C (see Experimental).

Y

EtOH, KOH
(the yield 70-80%)

2 R: H (2a); Me (2b); CI (2¢); Br (2d); OMe (2e); OEt (2f)

Scheme 3

The structures of 1a-d and 2a-f were determined by IR, MS, *H, *C, and 2D NMR spectra. All resonance
signals in the NMR spectra of obtained compounds were accurately assigned based on analyzing the
spin—spin splitting patterns, for some compounds, 2D NMR was also used. For example, two doublets at
7.73 and 8.20 ppm of 2a (noted by 2’ and 2°’ in Figure 1 and 2) with J = 16 Hz are assigned to two trans
ethylenic protons, but which doublet belongs to H2a, which doublet belongs to H2b remains to be
clarified. In HSQC spectrum of 2a (Figure 1) the cross peaks h and ¢ show that H2’ (at 7,73 ppm)
attaches to carbon signal at 142.6 ppm, H2’’ (at 8.20 ppm) attaches to carbon signal at 127.4 ppm, i.e. the
order of chemical shifts of H2a and H2b is opposite to that of C2a and C2b. To solve this, it is necessary
to first consider the conformations of 2a. In order to have a stable conjugation system, for 2a the

quinoline ring, the benzene ring and the o,B-unsaturated ketone group must lie in the same plane (Scheme
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4). Two confomations | and 111 are very unstable because H2a and H14 occupy each other's positions.
Then, the ROESY spectra of 2a (Figure 2) is anlyzed.
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Figure 2. The partial ROESY spectrum of 2a

In Figure 2 two doublets 2° and 2°” have cross peak ¢ with one another. While the doublet 2°* has cross
peaks d with H14/H18 and e with H3, the doublet 2’ has no cross peak with H14/H18 nor cross peak with
H3. This shows that, the proton 2”’ is spatially near both H14/H18 and H3, and the proton 2’ is spatially
further away from them. It should be noted that b is the cross peak of H16 with H15/H17, and in full
ROESY spectrum of 2a there are no cross peaks of the furoxan methyl protons (H12a) with H2’and H2”’
as well as with the quinoline protons and phenyl protons. These observations support the conformation 1V
and allow to infer that the signal 2" (at 8.20 ppm) belongs to H2b (Ha) and the signal 2’ (at 7,73 ppm)
belongs to H2a (HP), i.e. chemical shift of Ha (8.20 ppm) is much lager than that of Hp (7,73 ppm). For
a,B-unsaturated ketones, the chemical shift of HB is normally greater than that of Ha, surprisingly the
opposite is true for 2a. That anomaly can be explained by assuming that H2b (Ha) is deshielded by both

benzene and quinoline rings as shown by structure 1V in Scheme 4.
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In conclusion, we have reported that 4,5-dimethoxy-2-(3-methylfuroxan-4-yl)phenylamine, an aromatic
amine previously prepared from eugenol in Ocimum sanctum L. oil, is readily converted to
5,6-dimethoxy-8-(3-methylfuroxan-4-yl)-2-methylquinoline which then oxidized to
5,6-dimethoxy-8-(3-methylfuroxan-4-yl)quinoline-2-carbaldehyde. These new compounds were used as
two key componds for the synthesis of 2-styrylquinolines and quinolin-2-yl chalcones incorporating
furoxan moiety. Their biological activity is being studied further. All resonance signals in the NMR
spectra of obtained compounds were accurately assigned based on analyzing the spin—spin splitting
patterns, for some compounds, 2D NMR was also used. ROESY spectrum analysis showed that for

(E)-3-(quinolin-2-yl)-1-phenylprop-2-en-1-ones Ha resonated in a weaker field as compared to Hp.

EXPERIMENTAL

General

IR spectra were recorded on an IMPACK-410 NICOLET spectrometer in KBr discs at 4004000 cm™.
ESI mass spectra were recorded using Agilent LC-MSD-Trap-SL series 1100 spectrometer. HRMS
spectra were recorded using SCIEX X500R QTOF spectrometer. NMR spectra were recorded on a Bruker
AVANCE 500 MHz spectrometer, in de-DMSO with TMS as the internal standard, at 298-300 K.
Preparation

5,6-Dimethoxy-8-(3-methylfuroxan-4-yl)-2-methylquinoline (2). To a solution of
4,5-dimethoxy-2-(3-methylfuroxan-4-yl)phenylamine (2.51 g, 10 mmol, Am, previously prepared in
reference??) in 6M HCI solution (60 mL) at 80 °C a solution of toluene (30 mL) and paraldehyde (5 mL)
was slowly added during 1 h under stirring. The reaction mixture was stirred for additional 4 h at 80 °C.
After cooling down to room temperature, the aqueous acid phase was separated out and neutralised with 5
M NaOH solution. The precipitate was filtered out and recrystallized from EtOH to give 2.56 g of 1 in
85% yield, white needles, mp 179-180 °C. IR (cm™): 3074, 2966, 2936 (C-H); 1604, 1576, 1458 (C=C,
C=N). H NMR, § (ppm), J (Hz): 2.06, s, 3H (H12a); 2.61, s, 3H (H2a); 4.00, s, 6H (H5a and H6a); 7.50,
d, J9, 1H (H3); 7.92, s, 1H (H7); 8.42, d, J 9, 1H (H4). *3C NMR (assigned according to the HMBC
spectrum) & (ppm): 9.4 (C12a); 24.7 (C2a); 57.0 (C6a); 61.2 (C5a); 114.9 (C12); 119.8 (C8); 120.3 (C7);
121.6 (C10); 123.0 (C3); 130.4 (C4); 140.3 (C9); 144.4 (C5); 147.1 (C6); 157.8 (C11); 157.9 (C2). ESI
HRMS, m/z (au)/relative intensity (%): 302.1132/100 (M+H™); Calcd. for C1sH16N304, 302.11408 au.
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Table 1. The *H NMR signals of 1a — d and 2a —f, 6 (ppm), J (Hz)

Compd. H2a H3 H5a / H7 H14 H16 H18 Others
Ar— H2b H4 H6a H12a H15 H17 H15a
1a 7.47d, | 8.00d, - 7.60t, | 8.07d,
J=16 | J=90 | 4.07s 7.97s - J=80 | J=80 -
18 13 14 NO,
17(5/15 799d, | 857d, | 405s | 211s | 802d, | 7.77t, .
o J=16 | J=9,0 J=80 | J=75
7.60d, | 7.89d, 8.19d, | 8.16 dd,
1b 850
. J=165| J=90 | 4.07s 7.97s J=80 | J=80, -
14 -
1187 s 782d, | 856d, | 4.05s 2.12s 7.71t, 1.5
NO, -
1o J=165 | J=9.0 J=8.0 -
1c 762d, | 8.02d, 8.24 d, - 8.24d,
sl J=165| J=9.0 | 4.08s 797s | J=9.0 - J=90 -
18
Sl i 7.80d, | 857d, | 4.06s 212s | 7.98d, | 7.984d, -
16
NO, J=165 | J=9.0 J=90 | J=90
1d 7.62d, | 8.01d, 7.89d, 8.00d, | 2.35s,
Lslo | 3=165] 1=90 | 404s 7.98s | J=20 - J=20 | (H16b)
o S Ao, | 7.77d, | 856d, | 4.03s 2.10s - - 3.98s
loier | J=165 | J=9.0
24 7.43d, | 8.29d, 8.12d, | 7.72t, | 8.124,
al 1 J=16 | J=9.0 | 4.06s 806s | J=85 | J=80 | J=80
‘5@ . | 821d, | 864d, | 405s | 209s | 7.61t | 761t .
16 J=16 | J=9.0 J=85 | J=85
2b 7.71d, | 8.284, 8.04 d, 8.04d, | 243s
J=16 | J=9.0 | 4.06s 8.06s | J=8.0 J=80 | (Hi6a
18 Y 7.41d, (H16a)
, 15 7.80d, | 861d, | 4.05s 208s | 7.41d, - -
16 [ 16a J=8.0
Me J=16 | J=90 J=80
2c 7.72d, | 8.224, 8.11d, 8.11d,
il 1 J=15 | J=85 | 4.08s 8.04s | J=85 J=85 -
18 7.65d,
A s 8.10d, | 8.61d, | 4.07s 209s | 7.65d, -
16 J=8.0
a J=15 | J=9.0 J=8.0
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2d 7.72d, | 8.30d, 8.06 d, 8.06 d,
il 14 J=155| J=85 | 4.06s | 806s | J=85 J=85 -
18 7.814d,
15 8.18 d, 8.61d, 4.05s 2.08s 7.81d, -
11N J=85
Br J=16 J=9.0 J=85
2e 7.69d, | 8.30d, 8.14 d, 8.14 d, 3.895s
13) 14 J=155 | J=85 4.06s 8.05s J=85 J=85 (H16a)
18 7.12d,
. 15 8.22 d, 8.61d, 4.05s 2.08s 7.124d, - -
16 16a J=85
OMe J=16 J=9.0 J=85
2f 7.69d, | 8.31d, 8.13d, 8.13d, | 4.18q,
13] 14 J=155 1| J=85 4.06s 8.05s J=85 J=285 J=7
18 7.10d,
17 15 8.22 d, 8.61d, 4.05s 2.08s 7.10d, Jogs - 1.38,
Pore™ | 3=16 | 1=90 j=85 | 1=7
Table 2. The 3C NMR signals of 1a—d, 5 (ppm)
o 16b 15aO
NO> 2N 14 Me
Compd.,Ar— 1a, 16 13 1b, 16@& 1c, 02N§<;—>Q 1d, \QEOEQ&
1718 1718 17 18 o 7 18
O,N
C2,C3 153.2,120.9 153.7, 120.1 153.4, 120.3 154.1, 120.5
C4,C5 130.9, 144.3 130.6, 144.3 130.6, 144.4 130.9, 144.3
Ce, C7 147.6,121.2 147.5,121.0 1475, 121.2 147.9, 120.9
C8, C9 120.4, 140.5 120.3, 140.5 120.1, 140.5 120.2, 140.6
C10,C11 122.5, 157.2 122.3, 157.2 122.4,157.0 122.5, 157.6
C12,Ci12a 114.2, 8.8 114.4,8.9 114.0, 8.8 115.3,9.8
C5a, Cb6a 60.9, 57.0 60.9, 57.0 60.8, 57.0 61.2,57.1
C2a,C2b 133.1,128.3 121.4,122.6 132.4,131.9 115.0, 115.6
C13,C14 130.4, 148,0 137.8, 132.0 142.4,127.8 142.4,131.4
C15, C16 124.1,129.2 148.2, 131.0 123.4, 146.8 142.8, 146.8
C17,C18 132.4,128.2 129.9, 132.9 123.4,127.8 152.6, 132.2
Others - - - 56.9, 167.6, 20.1
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Table 3. The 3C NMR signals of 2a — f, 5 (ppm)

Compd. 2a 2b 2C 2d 2e 2f
Ar— 18&54 18554 18@4 18 24 18 éj"’ 186)14
17 15 17 15 17 15 17 15 17 15 1 15
i6 16 160 i e 16 162 16 [ 162160
C2,C3 152.3,121.4 | 152.4,121.4 | 152.3,121.3 | 152.3,121.3 | 152.3,121.3 | 152.3,121.3
C4,C5 131.2,144.0 | 131.2,144.1 | 131.2,144.0 | 131.2, 144.0 | 130.9, 144.1 | 130.9, 1441
Ce, C7 1485, 121.1 | 148.5,121.1 | 148.6,121.1 | 148.6,121.1 | 148.0,121.0 | 148.1,121.1
C8, C9 120.9, 140.5 | 120.9, 140.5 | 121.0, 140.5 | 121.0, 140.5 | 120.7,140.5 | 120.7, 140.5
C10,C11 | 123.3,157.3 | 123.3,157.3 | 123.3,157.3 | 123.3,157.3 | 123.0, 156.8 | 123.0, 156.9
C12,Cl12a | 114.7,9.2 114.8,9.2 114.8,9.2 114.8,9.2 114.8,9.2 114.3, 8.9
Cbha, Cba |61.2,57.0 61.2,57.0 61.2,57.0 61.2,57.0 60.9, 57.0 60.7,57.0
C2a,C2b | 142.6,127.4 |141.2,127.4 | 143.0,127.2 | 143.0,127.1 | 141.2,127.4 | 141.3,127.5
C2c,C13 |189.3,137.1 | 188.7,134.6 | 188.4,138.4 | 188.6,136.1 | 187.3,129.9 | 187.3, 129.8
C14,C18 |128.9,128.9 | 129.4,129.4 | 130.5, 130.5 | 131.9,131.9 | 128.9, 128.9 | 130.6, 130.6
C15,C17 | 128.5,128.5 | 128.6,128.6 | 129.0, 129.0 | 127.6,127.6 | 128.9, 128.9 | 130.6, 130.6
C16, Cl6a | 1335, - 134.0,21.1 | 135., - 130.5, - 163.2,55.3 | 162.6,63.4
C16b - - - - - 14.1

5,6-Dimethoxy-8-(3-methylfuroxan-4-yl)quinoline-2-carbaldehyde (2). To a solution of 1 (1.506 g, 5
mmol) in dioxane (15 mL) at 60 °C SeO; (0.555 g, 5 mmol) was added. The reaction mixture was stirred
for 4 h at 80 °C and then allowed to cool to room temperature. The resulting precipitate was filtered out
and recrystallized from EtOH (using hot filter funnel to remove Se) to give 1.229 g of 2 in 78% yield,
light yellow needles, mp 219-220 °C. IR (cm™): 3050, 2950, 2851 (C-H); 1718 (C=0), 1613, 1586, 1477
(C=C, C=N). H NMR, & (ppm), J (Hz): 2.11, s, 3H (H12a); 4.05, s, 3H (H6a); 4.09, s, 3H (H5a); 8.05, d,
J 9, 1H (H3); 8.18, s, 1H (H7); 8.74,d, J 9, 1H (H4); 10.02, s, 1H (H2a). *C NMR (assigned according to
the HMBC spectrum), & (ppm): 9.3 (C12a); 57.1 (C6a); 61.3 (C5a); 115.3 (C12); 117.8 (C3); 121.7 (C7);
121.9 (C8); 125.2 (C10); 132.2 (C4); 139.9 (C9); 143.2 (C5); 149.8 (C6); 150.9 (C2); 157.0 (C11); 193.3
(C2a). ESI HRMS, m/z (au)/relative intensity (%): 316.0922/10 (M+H"), 338.0733/100 (M+Na"); Calcd.
for C1sH14N30s, 316.09335 au, for C15sH13N3NaOs, 338.07529 au.

5,6-Dimethoxy-8-(3-methylfuroxan-4-yl)quinoline-2-carboxylic acid (3). To a solution of 1 (0.301 g, 1

mmol) in dioxane (4 mL) at 60 °C SeO> (0.233 g, 2.1 mmol) was added. The reaction mixture was stirred
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for 4 h at 100 °C and then allowed to cool to room temperature. The resulting precipitate was filtered out
and recrystallized from dioxane (using hot filter funnel procedure to remove Se) to give 0.248 g of 3 in
75% yield, yellow needles, mp 250-251 °C. IR (cm™): 3250 (OH); 3030, 2957, 2851 (C-H); 1698 (C=0),
1612, 1550, 1473 (C=C, C=N). '"H NMR, & (ppm), J (Hz): 2.14, s, 3H (H12a): 4.06, s, 3H (H6a); 4.09, s,
3H (H5a); 8.14, s, 1H (H7); 8.19, d, J 9, 1H (H3); 8.70, d, J 9, 1H (H4). *C NMR, & (ppm): 9.3 (C12a);
57.1 (C6a); 61.3 (C5a); 115.3 (C12); 121.4 (C3); 121.5 (C7); 121.8 (C8); 124.4 (C10); 131.9 (C4); 139.6
(C9); 143.9 (C5); 147.1 (C6); 149.2 (C2); 157.3 (C11); 165.8 (C2a). ESI HRMS, m/z (au)/relative
intensity (%): 330.0739/100 (M-H"); Calcd. for C1sH12N30s, 330.07261 au.

General procedure for the preparation of alkenes 1a —d.

Compound 1 (0.301 g, 1 mmol), a nitrobenzaldehyde (1 mmol), acetic anhydride (3 mL) and acetic acid
(2 drops) was heated at 100 °C for 5 h. After cooling down to room temperature, the precipitate was
filtered out, washed with acetone, then Et2O and recrystallized from toluene to give yellow crystals, the
yield 60-75%.

5,6-Dimethoxy-8-(3-methylfuroxan-4-yl)-2-(2-nitrostyryl)quinoline (1a). dark yellow needles, the
yield 67%, mp 224-225 °C. IR (cm™): 3078, 3004, 2949, 2846 (C-H); 1614, 1520, 1469 (C=C, C=N). 'H
NMR and *C NMR see Table 1 and 2. ESI HRMS, m/z (au)/relative intensity (%): 435.1295/100
(M+H"); Calcd. for C22H19N4Os, 435.13046 au.
5,6-Dimethoxy-8-(3-methylfuroxan-4-yl)-2-(3-nitrostyryl)quinoline (1b). yellow needles, the yield
65%, mp 217-218 °C. IR (cm™): 3082, 3008, 2922, 2851 (C-H); 1616, 1529, 1471 (C=C, C=N). 'H NMR
and C NMR see Table 1 and 2. ESI HRMS, m/z (au)/relative intensity (%): 435.1291/100 (M+H™);
Calcd. for C22H19N4Os, 435.13046 au.
5,6-Dimethoxy-8-(3-methylfuroxan-4-yl)-2-(4-nitrostyryl)quinoline (1c). dark yellow crystals, the
yield 75%, mp 278-280 °C. IR (cm™): 3050, 2951, 2838 (C-H) ; 1615, 1592, 1520, 1471 (C=C, C=N). 'H
NMR and *C NMR see Table 1 and 2. ESI HRMS, m/z (au)/relative intensity (%): 435.1289/100
(M+H"); Calcd. for C22H19N4Os, 435.13046 au.
5,6-Dimethoxy-8-(3-methylfuroxan-4-yl)-2-(4-acetoxy-3-methoxy-5-nitrostyryl)quinoline (1d). dark
yellow needles, the yield 60%, mp 220-221 °C. IR (cm™): 3096, 2948, 2851 (C-H); 1618, 1590, 1541,
1474 (C=C, C=N). 'H NMR and 3C NMR see Table 1 and 2. ESI HRMS, m/z (au)/relative intensity (%):
523.1443/100 (M+H™); Calcd. for C2sH23N40g, 523.14650 au.

General procedure for the preparation of a,ff-unsaturated ketones 2a —f.

Compound 2 (0.315 g, 1 mmol), a methyl phenyl ketone (1 mmol), EtOH (7 mL) and aqueous 50% KOH
solution (5 drops) were stirred at room temperature for 2-3 h until numerous yellow solids appeared.
Water (30 mL) was added to the resulting mixture, the precipitate was filtered out, washed with water to

neutral medium, and then washed with EtOH. Recrystallize in a suitable solvent. The yield 70-80%.



376 HETEROCYCLES, Vol. 104, No. 2, 2022

(E)-3-[5,6-Dimethoxy-8-(3-methylfuroxan-4-yl)quinolin-2-yl]-1-phenylprop-2-enone  (2a). yellow
needles, the yield 73%, mp 217-218 °C. IR (cm™): 3000, 2945, 2848 (C-H); 1666 (C=0); 1608, 1593,
1550, 1471 (C=C, C=N). *H NMR and *C NMR see Table 1 and 3. ESI HRMS, m/z (au)/relative
intensity (%): 418.1390/77 (M+H™), 440.1210/100 (M+Na"); Calcd. for C23H20N30s, 418.14030 au.
(E)-3-[5,6-Dimethoxy-8-(3-methylfuroxan-4-yl)quinolin-2-yl]-1-(4-methylphenyl)prop-2-enone (2b).
light yellow needles, the yield 75%, mp 202-203 °C. IR (cm™): 3010, 2951, 2851 (C-H); 1666 (C=0);
1611, 1591, 1540, 1470 (C=C, C=N). 'H NMR and *C NMR see Table 1 and 3. ESI HRMS, m/z
(au)/relative intensity (%): 432.1580/100 (M+H™); Calcd. for C24H22N30s, 432.15595 au.
(E)-3-[5,6-Dimethoxy-8-(3-methylfuroxan-4-yl)quinolin-2-yl]-1-(4-chlorophenyl)prop-2-enone (2c).
light yellow needles, the yield 70%, mp 220-222 °C. IR (cm™): 3015, 2950, 2847 (C-H); 1666 (C=0);
1611, 1592, 1472 (C=C, C=N). *H NMR and *C NMR see Table 1 and 3. ESI HRMS, m/z (au)/relative
intensity (%): 452.0997/100 (M+H"), 474.0815/82 (M+Na"); Calcd. for C23H19CIN3Os, 452.10132 au, for
C23H18CIN3NaOs, 474.08327 au.
(E)-3-[5,6-Dimethoxy-8-(3-methylfuroxan-4-yl)quinolin-2-yl]-1-(4-bromophenyl)prop-2-enone (2d).
yellow needles, the yield 71%, mp 225-226 °C. IR (cm™): 3010, 2941, 2845 (C-H); 1669 (C=0); 1610,
1592, 1469 (C=C, C=N). 'H NMR and *C NMR see Table 1 and 3. ESI HRMS, m/z (au)/relative
intensity (%): 496.0525/100 (M+H™") and 498.0468/96 (M+H™); Calcd. for C23H19BrNsOs, 496.05081 and
498.04876 au.
(E)-3-[5,6-Dimethoxy-8-(3-methylfuroxan-4-yl)quinolin-2-yl]-1-(4-methoxyphenyl)prop-2-enone
(2e). yellow needles, the yield 80%, mp 230-231 °C. IR (cm™): 3000, 2945, 2845 (C-H); 1667 (C=0);
1600, 1590, 1470 (C=C, C=N). *H NMR and *C NMR see Table 1 and 3. ESI HRMS, m/z (au)/relative
intensity (%): 448.1487/100 (M+H"); Calcd. for C24H22N3O0s, 448.15086 au.
(E)-3-[5,6-Dimethoxy-8-(3-methylfuroxan-4-yl)quinolin-2-yl]-1-(4-ethoxyphenyl)prop-2-enone  (2f).
yellow needles, the yield 76%, mp 251-252 °C. IR (cm™): 3009, 2987, 2846 (C-H); 1663 (C=0); 1610,
1591, 1471 (C=C, C=N). *H NMR and *C NMR see Table 1 and 3. ESI HRMS, m/z (au)/relative
intensity (%): 462.1641/100 (M+H"); Calcd. for C2sH24N30s, 462.16651 au.

ACKNOWLEDGEMENTS
This research is funded by Hong Duc University and Vietnam Ministry of Education and Training under
grant number B2019-HPT-16.

REFERENCES AND NOTES
1. T.J. Egan, Expert Opin. Ther. Pat., 2001, 11, 185.
2. S.K.Singhand S. Singh, Int. J. Pharm. Sci. Rev. Res., 2014, 25, 295.



http://dx.doi.org/10.1517/13543776.11.2.185
https://globalresearchonline.net/journalcontents/v25-1/50.pdf

10.
11.

12.

13.
14.

15.
16.
17.
18.
19.

20.
21.

22.
23.
24.
25.

HETEROCYCLES, Vol. 104, No. 2, 2022 377

A. Nayyar, A. Malde, E. Coutinho, and R. Jain, Bioorg. Med. Chem., 2006, 14, 7302.

M. B. Kanani and M. P. Patel, Med. Chem. Res., 2015, 24, 563.

V. S. Rodrigues-Junior, A. D. Villela, R. S. B. Gongalves, B. L. Abbadi, R. V. Trindade, A.
Lopez-Gavin, G. Tudo, J. Gonzalez-Martin, L. A. Basso, M. V. N. Souza, M. M. Campos, and, D. S.
Santos, Int. J. Antimicrob. Agents, 2016, 48, 203.

M. Guo, C.-J. Zheng, M.-X. Song, Y. Wu, L.-P. Sun, Y.-J. Li, Y. Liu, and H.-R. Piao, Bioorg. Med.
Chem. Lett., 2013, 23, 4358.

G. Anukumari, M. Anand Rao, and P. K. Dubey, Der Pharma Chem., 2014, 6, 217.

V. Sharma, D. K. Mehta, and R. Das, Mini-Rev. Med. Chem., 2017, 17, 1557.

F. A. R. Rodrigues, 1. da S. Bomfim, B. C. Cavalcanti, C. Pessoa, R. S. B. Goncalves, J. L. Wardell,
S. M. S. V. Wardell, and M. V. N. de Souza, Chem. Biol. Drug Des., 2014, 83, 126.

World Health Organization. WHO model list of essential medicines: 21st list 2019.

K. Andries, P. Verhasselt, J. Guillemont, H. W. H. Gohlmann, J.-M. Neefs, H. Winkler, J. V. Gestel, P.
Timmerman, M. Zhu, E. Lee, P. Williams, D. de Chaffoy, E. Huitric, S. Hoffner, E. Cambau, C.
Truffot-Pernot, N. Lounis, and V. Jarlier, Science, 2005, 307, 223.

H. S. Sutherland, A. S. T. Tong, P. J. Choi, A. Blaser, D. Conole, S. G. Franzblau, M. U. Lotlikar, C.
B. Cooper, A. M. Upton, W. A. Denny, and B. D. Palmer, Bioorg. Med. Chem., 2019, 27, 1292.

S. Vandekerckhove and M. D'hooghe, Bioorg. Med. Chem., 2015, 23, 5098.

N. Desai, A. Trivedi, U. Pandit, A. Dodiya, V. K. Rao, and P. Desai, Mini-Rev. Med. Chem., 2016,
16, 1500.

C. D. Nisheeth, Y. P. Bonny, A. J. Krunalsinh, and P. D. Bharti, NAPDD, 2017, 1, 555570.

H. Zhang and Y. Li, Heterocycles, 2015, 91, 2180.

H. Cerecetto and W. Porcal, Mini-Rev. Med. Chem., 2005, 5, 57.

E. Kbse and S. G. Kigikguzel, Mini-Rev. Med. Chem., 2009, 9, 611.

P. G. Wang, M. Xian, X. Tang, X. Wu, Z. Wen, T. Cai, and A. J. Janczuk, Chem. Rev., 2002, 102,
1091.

L. L. Fershtat and N. N. Makhova, ChemMedChem, 2017, 12, 622.

A. G. Al-Sehemi, M. Pannipara, R. S. Parulekar, O. Patil, P. B. Choudhari, M. S. Bhatia, P. K.
Zubaidha, and Y. Tamboli, J. Biomol. Struct. Dyn., 2021, 39, 5804.

N. H. Dinh, N. T. Ly, and P. V. Hoan, J. Heterocycl. Chem., 2006, 43, 1657.

N. H. Dinh, T. T. Huan, H. T. Tuyet Lan, and S.-B. Han, Heterocycles, 2013, 87, 2319.

D. Q. Hoan, L. T. Hoa, T. T. Huan, and N. H. Dinh, J. Heterocycl. Chem., 2020, 57, 1720.

F. Zouhiri, J.-F. Mouscadet, K. Mekouar, D. Desmaéle, D. Savouré, H. Leh, F. Subra, M. L. Bret, C.
Auclair, and J. d'Angelo, J. Med. Chem., 2000, 43, 1533.



http://dx.doi.org/10.1016/j.bmc.2006.06.049
http://dx.doi.org/10.1007/s00044-014-1140-8
http://dx.doi.org/10.1016/j.ijantimicag.2016.04.029
http://dx.doi.org/10.1016/j.bmcl.2013.05.082
http://dx.doi.org/10.1016/j.bmcl.2013.05.082
https://www.derpharmachemica.com/pharma-chemica/synthesis-and-antibacterial-activities-of-some-substituted-2styrylquinolines.pdf
http://dx.doi.org/10.2174/1389557517666170510104954
http://dx.doi.org/10.1111/cbdd.12210
http://dx.doi.org/10.1126/science.1106753
http://dx.doi.org/10.1016/j.bmc.2019.02.026
http://dx.doi.org/10.1016/j.bmc.2014.12.018
http://dx.doi.org/10.2174/1389557516666160609075620
http://dx.doi.org/10.2174/1389557516666160609075620
http://dx.doi.org/10.19080/NAPDD.2017.01.555570
http://dx.doi.org/10.3987/COM-15-13314
http://dx.doi.org/10.2174/1389557053402864
http://dx.doi.org/10.2174/138955709788167556
http://dx.doi.org/10.1021/cr000040l
http://dx.doi.org/10.1021/cr000040l
http://dx.doi.org/10.1002/cmdc.201700113
http://dx.doi.org/10.1080/07391102.2020.1790038
http://dx.doi.org/10.1002/jhet.5570430635
http://dx.doi.org/10.3987/COM-13-12810
http://dx.doi.org/10.1002/jhet.3897
http://dx.doi.org/10.1021/jm990467o

378

26.

217.

28.

29.

30.

31.

HETEROCYCLES, Vol. 104, No. 2, 2022

J. Polanski, F. Zouhiri, L. Jeanson, D. Desmaélo, J. d'Angelo, J.-F. Mouscadet, R. Gieleciak, J.
Gasteiger, and M. L. Bret, J. Med. Chem., 2002, 45, 4647.

G. Huang, C. M. Solano, J. Melendez, J. Shaw, J. Collins, R. Banks, A. K. Arshrdi, R. Boonhok, H.
Min, J. Miao, D. Chakrabarti, and Y. Yuan, J. Med. Chem., 2020, 63, 11756.

G. Anukumari, M. Anand Rao, and P. K. Dubey, Der Pharma Chem., 2014, 6, 217.

A. Gasco and A. J. Boulton, Adv. Heterocycl. Chem., 1981, 29, 251.

C.-H. Tseng, Y.-L. Chen, C.-Y. Hsu, T.-C. Chen, C.-M. Cheng, H.-C. Tso, Y.-J. Lu, and C.-C.
Tzeng, Eur. J. Med. Chem., 2013, 59, 274.

C.-H. Tseng, C.-C. Tzeng, C.-Y. Hsu, C.-M. Cheng, C.-N. Yang, and Y.-L. Chen, Eur. J. Med.
Chem., 2015, 97, 306.



http://dx.doi.org/10.1021/jm020845g
http://dx.doi.org/10.1021/acs.jmedchem.0c00858
https://www.derpharmachemica.com/pharma-chemica/synthesis-and-antibacterial-activities-of-some-substituted-2styrylquinolines.pdf
http://dx.doi.org/10.1016/S0065-2725(08)60789-8
http://dx.doi.org/10.1016/j.ejmech.2012.11.027
http://dx.doi.org/10.1016/j.ejmech.2015.04.054
http://dx.doi.org/10.1016/j.ejmech.2015.04.054



