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An efficient method for synthesizing quinoline derivatives (3a-l) was reported using polyethylene glycol-based sulphonic acid (PEG-SA)
and polystyrene-supported polyethylene glycol-based sulphonic acid (PS-PEG-SA) as recyclable catalysts via a friendlier reaction pathway.
This strategy is more environmentally sustainable than traditional methods for synthesizing quinoline derivatives, yielding favorable
yields and facilitating ease of operation under mild reaction conditions. In presence of PEG-SA/PS-PEG-SA catalyst, carbonyl compounds

to green chemistry principles, this strategy provides a productive way to synthesize functionally useful quinoline derivatives, raising the

INTRODUCTION

The compounds containing quinoline scaffold are the most
important nitrogen-based heterocyclic aromatic compounds
and have reached scientists’ attention because of their diverse
range of biological applications and wide utility in organic syn-
thesis [1,2]. The quinoline derivatives occur in several natural
products, particularly alkaloids [3]. Chloroquine, mefloquine,
lenvatinib, cabozantinib, ciprofloxacin and moxifloxacin are
the well-known drugs containing quinoline moiety in their
structure [4-7]. Several compounds having quinoline pharma-
cophore showed a broad spectrum of biological activities such
as anticancer [8-12], antifungal [13-15], antibacterial [16-18],
antituberculosis [19], antiviral [20,21], antimalarial [22] anti-
microbial [23], efc. Several quinoline compounds are identified
as having applications in agrochemicals [24], pharmaceuticals,
N-donor ligands [25], pharmacologically active [26] and also
useful in bioorganic and bio-organometallic chemistry [27].
Additionally, they have also been employed as ligands for the
synthesis of conjugated polymers, which are utilized as impor-
tant chemosensors for metal ions and fluorides [28, 29]. Some

with an active a-methylene group were added to 2-aminophenyl ketones/aldehydes to produce substituted quinoline compounds. Adhering |
hope for the breakthrough in the pharmaceutical and material sciences. :
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substituted quinoline derivatives like quinaldic acid and quina-
lidine display their activity as anticorrosion agents for mild
steel in hydrochloric acid [30]. Some compounds containing
quinolines have been investigated in recent years for the struc-
tural modification of the anticancer drug sorafenib [31].

The literature revealed that several synthetic approaches
were reported for the friendlier synthesis of quinoline deriva-
tives. The use of various catalysts such as Zr(NO;)s and Zr(HSOy),
[32], microwave irradiation [33], malic acid [34], trifluoro acetic
acid [35], calcium triflate [36], In(OTf); [37], KOH/air [38],
zeolite, montmorrilonite K-10, sulfated zirconia [39] and CuSO,-
D-glucose [40] with good to moderate yields was reported. Despite
having good isolation yields, the majority of these reactions
have certain disadvantages. All of these factors prompted a search
for a better catalyst to synthesize quinoline derivatives. Over
the last few years, the application of solid acids as heterogen-
eous catalysts has procured usefulness in various parts of synth-
etic organic chemistry [41]. The heterogeneous solid acid catalysts
are useful over conventional homogeneous acid catalysts, as
they can be easily recovered and recycled, accordingly, making
them more eco-friendly from an economic standpoint [42-44].
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Presently, polyethylene glycol-sulphonic acid (PEG-SA) and
polystyrene supported polyethylene glycol-sulphonic acid (PS-
PEG-SA) were used for several organic transformations inclu-
ding condensation reactions [45,46]. In PS-PEG-SA, a poly-
styrene linker is attached to polyethylene glycol-sulphonic acid
and shows excellent catalytic activity towards the organic syn-
thesis. The addition of a polystyrene linker in PS-PEG-SA
enhances the heterogeneous characteristics and stability of
catalyst, also improving the mass transfer ratio of product from
the reactants [47]. Therefore, the synthesis and characterization
of the quin-oline derivatives using PEG-SA and PS-PEG-SA
catalysts were achieved in this work.

EXPERIMENTAL

All chemicals and solvents were acquired from a different
commercial suppliers and purified using procedures reported
in the literature. To check the progress of the reactions, thin layer
chromatography (TLC) was used on aluminum plates coated in
silica gel Fys4 plates (Merck). The melting points were recorded
using a Universal melting point apparatus (capillary tubes in a
paraffin oil bath) and the Equiptronics digital melting point
apparatus and are uncorrected. Bruker spectrometer equipment
was used to record 'H (400 or 500 MHz) NMR and “C (101
or 126 MHz) NMR spectra, with CDCl; as a solvent. FTIR spectra
were recorded using Bruker Vector-22 infrared spectrometer
to identify the functional groups. Silica gel (100-200 mesh) was
used for column chromatography. Polyethylene glycol-based
sulphonic acid (PEG-SA) and polystyrene-supported poly-
ethylene glycol-based sulphonic acid (PS-PEG-SA) were prep-
ared as per literature [48,49].

General procedure for the synthesis of quinoline derivatives

Method 1: A round bottom flask (25 mL) containing ethanol
(5 mL), PEG-SA (20 mg) and methyl ketone/aldehyde (1 mmol)
was poured and stirred for 10 min. Then 2-aminophenyl ketone
/aldehyde (1 mmol) was added and the resultant solution was
stirred at 80 °C. The reaction progress was monitored after every
10 min by using TLC. The reaction was completed within 60
min. The crude product was extracted in ethyl acetate (15 mL
% 3), dried over anhydrous Na,SO, and then under a vacuum.
The product was purified by using column chromatography
in ethyl acetate/hexane (2:8) as eluent gave quinoline deriv-
atives 3a-1 with good yields of 82-90% (Scheme-I).

Method-2: A similar procedure was performed for the
quinoline derivatives (3a-l) using PS-PEG-SA catalyst with
an improved yield of 83-92% (Scheme-I).

Quinoline (3a): Yellowish liquid; b.p.: 238-242 °C; 'H
NMR (400 MHz, CDCl3) & ppm: 8.60 (dd, J = 7.5, 1.5 Hz,
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1H, Ar-H), 8.07-8.02 (m, 2H, Ar-H), 7.73 (dt, J=7.5, 1.5 Hz,
1H, Ar-H), 7.60 (td, J = 7.6, 1.5 Hz, 1H, Ar-H), 7.46 (td, J =
7.5,1.5Hz, 1H, Ar-H), 7.31 (t,J = 7.5 Hz, 1H, Ar-H); *C NMR
(101 MHz, CDCl5) & ppm: 150.06 (CH, quinoline C2), 145.90
(C, quinoline C8a), 135.45 (CH, quinoline C4), 129.37 (C, quino-
line C4a), 129.17 (CH, quinoline C7), 129.03 (CH, quinoline
C8), 126.82 (CH, quinoline C5), 126.76 (CH, quinoline C6),
121.99 (CH, quinoline C3); HRMS (ESI, m/z): calculated for
CyH;N: 130.0651 (M + H)*; found: 130.0649.

2-Phenylquinoline (3b): White solid; m.p.: 84-86 °C; '"H
NMR (500 MHz, CDCl;) & ppm: 8.12-8.07 (m, 4H, Ar-H),
7.77 (d,J=8.5Hz, 1H, Ar-H), 7.75-7.69 (m, 1H, Ar-H), 7.65-
7.62 (m, 1H, Ar-H), 7.45-7.41 (m, 3H, Ar-H), 7.37 (t,J=7.3
Hz, 1H, Ar-H); "C NMR (126 MHz, CDCl;) § ppm: 157.41
(C, quinoline C2), 148.30 (C, quinoline C8a), 139.71 (C, Ar-C1),
136.82 (CH, quinoline C4), 129.75 (CH, Ar-C4), 129.70 (CH,
quinoline C8), 129.35 (CH, quinoline C7), 128.88 (2CH, Ar-C3,
C5), 127.62 (2CH, Ar-C2, C6), 127.49 (CH, quinoline C5),
127.21 (C, quinoline C4a), 126.32 (CH, quinoline C6), 119.06
(CH, quinoline C3); HRMS (ESI, m/z): calculated for C;sH;N:
206.0964 (M + H)*; found: 206.0962.

2,4-Dimethylquinoline (3c): Brown liquid; b.p.: 262-264 °C;
'HNMR (500 MHz, CDCls) 8 ppm: 7.94 (dd, J = 8.3, 1.0 Hz,
1H, Ar-H), 7.86 (dd, /= 8.3, 1.0 Hz, 1H, Ar-H), 7.60-7.57 (m,
1H, Ar-H), 7.43-7.40 (m, 1H, Ar-H), 7.05 (d, /=0.7 Hz, 1H,
Ar-H), 2.61 (d, 3H, J = 0.9 Hz, Ar-CH3), 2.58 (d, /= 0.9 Hz,
3H, Ar- CH;); *C NMR (126 MHz, CDCls) & ppm: 158.66 (C,
quinoline C2), 147.65 (C, quinoline C8a), 144.26 (C, quinoline
C4), 129.14 (CH, quinoline C7), 129.08 (CH, quinoline C8),
126.57 (C, quinoline C4a), 125.44 (CH, quinoline C6), 123.59
(CH, quinoline C5), 122.73 (CH, quinoline C3), 25.18 (CHs3,
quinoline C2-CH3), 18.59 (CHs, quinoline C4-CHs); HRMS
(ESI, m/z): calculated for C;;H;;N: 158.0964 (M + H)*; found:
158.0959.

2-(Trifluoromethyl)quinoline (3d): Off-white solid; m.p.:
60-62 °C; '"H NMR (500 MHz, CDCl;) 8 8.27 (d, J = 8.5 Hz,
1H, Ar-H), 8.15(d, J=8.5 Hz, 1H, Ar-H), 7.82 (d, /= 8.2 Hz,
1H, Ar-H), 7.76-7.73 (m, 1H, Ar-H), 7.66 (d, J = 8.5 Hz, 1H,
Ar-H), 7.61-7.53 (m, 1H, Ar-H); *C NMR (126 MHz, CDCl5)
3 148.35, 148.07, 147.80 and 147.52 (C, quinoline C2, *Jcr=
35.2 Hz), 147.18 (C, quinoline C8a), 138.13 (CH, quinoline
C4), 130.82 (CH, quinoline C8), 130.12 (CH, quinoline C7),
128.86 (C, quinoline C4a), 128.61 (CH, quinoline C5), 127.69
(CH, quinoline C6), 124.86, 122.67, 120.49 and 118.30 (CF;,
Ar-CFs, 'Jor=275.5Hz), 116.81, 116.79, 116.77 and 116.76
(CH, quinoline C3,*Jc=2.5 Hz); "FNMR (377 MHz, CDCl;)
S ppm: -68.90 (s, F, Ar-CF;); HRMS (ESI, m/z): calculated for
CoHgF:N: 198.0525 (M + H)*; found: 198.0525.

R,
PEG-SA -
Method 1 X
PS-PEG-SA
» N R,
Method 2 3a-l

Scheme-I: Synthesis of quinoline derivatives (3a-1) (for R, and R, kindly refer Table-3)
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4-Phenylquinoline (3e): Yellowish solid; m.p.: 58-60 °C;
'H NMR (400 MHz, CDCls) 8 ppm: 8.76 (d, J = 7.7 Hz, 1H,
Ar-H), 8.12 (dd, J=7.5, 1.5 Hz, 1H, Ar-H), 7.76 (dd, J = 7.5,
1.5 Hz, 1H, Ar-H), 7.65 (dd, J = 7.4, 1.3 Hz, 2H, Ar-H), 7.53
(td, J = 7.5, 1.5 Hz, 1H, Ar-H), 7.49-7.37 (m, 5H, Ar-H); *C
NMR (101 MHz, CDCls) & ppm: 149.40 (CH, quinoline C2),
147.08 (C, quinoline C8a), 145.62 (C, quinoline C4), 140.15
(C,Ar-Cl), 129.95 (C, quinoline C4a), 129.17 (CH, quinoline
C8), 128.87 (2CH, Ar-C2, C6), 128.63 (CH, quinoline C7),
128.55 (2CH, Ar-C3, C5), 127.53 (CH, Ar-C4), 125.92 (CH,
quinoline C6), 123.99 (CH, quinoline C5), 117.76 (CH, quino-
line C3); HRMS (ESI, m/z): calculated for C;sH;;N: 206.0964
(M + H)*; found: 206.0960.

2,4-Diphenylquinoline (3f): White solid; m.p.: 106-108
°C; '"HNMR (400 MHz, CDCL;) § ppm: 8.10 (dd, J=7.5, 1.5 Hz,
1H, Ar-H), 7.98 (dd, J=7.4, 1.3 Hz, 2H, Ar-H), 7.77 (dd, J =
7.5, 1.5 Hz, 1H, Ar-H), 7.71 (s, 1H, Ar-H), 7.64 (dd, J = 7.4,
1.3 Hz, 2H, Ar-H), 7.52 (td, J = 7.5, 1.5 Hz, 1H, Ar-H), 7.47-
7.34 (m, 7H, Ar-H); “C NMR (101 MHz, CDCl;) 6 ppm: 154.65
(C, quinoline C2), 153.60 (C, quinoline C4), 144.51 (C,
quinoline C8a), 139.49 (C, Ar-C1"), 138.06 (C, Ar-C1), 130.45
(CH, Ar-C4), 130.37 (CH, quinoline C8), 129.14 (2CH, Ar-C2’,
C6"), 129.02 (2CH, Ar-C3, C5 and CH, quinoline C7), 128.46
(2CH, Ar-C3’, C5%), 128.10 (2CH, Ar-C2, C6), 127.81 (CH,
Ar-C4’), 126.44 (CH, quinoline C6), 125.23 (C, quinoline
C4a), 124.15 (CH, quinoline C5), 115.97 (CH, quinoline C3);
HRMS (ESI, m/z): calculated for CH;sN: 282.1277 M + H)*;
found: 282.1274.

4-Methyl-2-phenylquinoline (3g): White solid; m.p.: 62-
64 °C; '"H NMR (400 MHz, CDCl;) § ppm: 8.02 (ddd, J = 23.8,
7.4, 1.4 Hz, 3H, Ar-H), 7.89 (dd, J = 7.5, 1.5 Hz, 1H, Ar-H),
7.61(td, J=7.5,1.5 Hz, 1H, Ar-H), 7.53-7.32 (m, 5H, Ar-H),
2.67 (s, 3H, Ar-CH3); *C NMR (101 MHz, CDCl;) § ppm:
157.76 (C, quinoline C2), 144.14 (C, quinoline C8a), 144.11
(C, quinoline C4), 138.06 (C, Ar-C1), 130.45 (CH, Ar-C4),
130.15 (CH, quinoline C7, C8), 129.02 (2CH, Ar-C3, C5),
128.10 (2CH, Ar-C2, C6), 127.86 (CH, quinoline C6), 124.84
(CH, quinoline C5), 124.30 (C, quinoline C4a), 119.10 (CH,
quinoline C3), 21.50 (CH; Ar-CHs); HRMS (ESI, m/z): calcu-
lated for C;¢H;5N: 220.1120 (M + H)*; found: 220.1120.

2-Methyl-4-phenylquinoline (3h): Yellowish solid; m.p.:
124-126 °C; '"H NMR (400 MHz, CDCl;) 8 ppm: 8.07 (dd, J =
7.5, 1.5 Hz, 1H, Ar-H), 7.66 (ddd, J = 10.4, 7.3, 1.4 Hz, 3H,
Ar-H), 7.53-7.33 (m, 6H, Ar-H), 2.74 (s, 3H, Ar-CH;); °C
NMR (101 MHz, CDCI5) & ppm: 159.64 (C, quinoline C2),
147.17 (C, quinoline C8a), 145.40 (C, quinoline C4), 139.49
(C, Ar-C1), 129.93 (CH, quinoline C7), 129.14 (2CH, Ar-C2,
C6), 129.00 (CH, quinoline C8), 128.46 (2CH, Ar-C3, C5),
127.81 (CH, Ar-C4), 126.63 (C, quinoline C4a), 124.10 (CH,
quinoline C6), 123.82 (CH, quinoline C5), 117.27 (CH, quino-
line C3), 24.38 (CH;, Ar-CHs); HRMS (ESI, m/z): calculated
for CisHi3N: 220.1120 M + H)*; found: 220.1118.

4-(Trifluoromethyl)quinoline (3i): Yellow solid; b.p.: 82-
84 °C; '"H NMR (400 MHz, CDCl3) & ppm: 8.73 (d, J = 7.5
Hz, 1H, Ar-H), 8.10 (dd, /= 7.4, 1.5 Hz, 1H, Ar-H), 8.02 (dd,
J=17.5,1.5Hz, 1H, Ar-H), 7.83 (d, /=7.5 Hz, 1H, Ar-H), 7.63-
7.52 (m, 2H, Ar-H); *C NMR (101 MHz, CDCl;) § ppm: 149.81

(C, quinoline C8a), 148.43 (CH, quinoline C2), 141.00, 140.73,
140.46 and 140.19 (C, quinoline C4, *Jc¢=27 Hz), 131.45 (CH,
quinoline C8), 129.97 (CH, quinoline C7), 128.16, 125.54,
122.92, 120.30 (CF;, Ar-CF;, 'Jer=264.5 Hz), 126.40, 126.32,
126.25 and 126.18 (C, quinoline C4a, *Jcr= 7 Hz), 125.19
(CH, quinoline C6), 123.73 (CH, quinoline C5), 118.00,
117.94, 117.87, 117.79 (CH, quinoline C3, *Jcr= 7 Hz); “F
NMR (377 MHz, CDCl;) 8 ppm: -59.60 (s, F, Ar-CF;); HRMS
(ESI, m/z): calculated for C,oHsF;N: 198.0525 (M + H)*; found:
198.0520.

2-(4-Fluorophenyl)quinoline (3j): White solid; m.p.: 92-
94 °C; '"H NMR (400 MHz, CDCl;) 8 ppm: 8.34 (dd, J = 7.5,
1.5 Hz, 1H, Ar-H), 8.07 (dd, J = 7.5, 1.5 Hz, 1H, Ar-H), 8.00-
7.97 (m, 2H, Ar-H), 7.81 (dt, J = 7.5, 1.4 Hz, 1H, Ar-H), 7.64
(td, J=7.5,1.5Hz, 1H, Ar-H), 7.54-7.47 (m, 2H, Ar-H), 7.20
(t,J=7.8 Hz,2H, Ar-H); "C NMR (101 MHz, CDCl;) & ppm:
165.37 and 162.74 (C, Ar-C4, 'Jor= 265.5 Hz), 157.20 (C,
quinoline C2), 144.78 (C, quinoline C8a), 137.93 (CH, quino-
line C4), 132.10 (C, Ar-C1), 130.69 and 130.62 (2CH, Ar-C2,
C6, *Jer= 7 Hz), 130.10 (CH, quinoline C8), 129.77 (CH,
quinoline C7), 127.21 (CH, quinoline C5), 127.13 (CH, quino-
line C6), 126.08 (C, quinoline C4a), 119.26 (CH, quinoline
C3),116.41 and 116.14 (2CH, Ar-C3, C5, *Jcr=27.2 Hz); “F
NMR (377 MHz, CDCI5) 6 ppm: -110.70 (s, F, Ar-F); HRMS
(ESI, m/z): calculated for C;sH;oFN: 224.0870 (M + H)*; found:
224.0870.

2-(4-Chlorophenyl)quinoline (3k): Off-white solid; m.p.:
118-120°C; '"H NMR (400 MHz, CDCls) 8 ppm: 8.33 (dd, J =
7.5, 1.5 Hz, 1H, Ar-H), 8.08 (dd, J = 7.5, 1.5 Hz, 1H, Ar-H),
793 (d,J=7.4 Hz, 2H, Ar-H), 7.81 (dt, J= 7.5, 1.5 Hz, 1H,
Ar-H), 7.64 (td, J=7.5, 1.5 Hz, 1H, Ar-H), 7.53-7.47 (m, 4H,
Ar-H); ®*C NMR (101 MHz, CDCl;) 8 ppm: 157.20 (C, quino-
line C2), 144.78 (C, quinoline C8a), 137.93 (CH, quinoline C4),
135.39 (C, Ar-C1), 134.83 (C, Ar-C4), 130.10 (CH, quinoline
C8), 129.77 (CH, quinoline C7), 129.71 (2CH, Ar-C2, C6),
129.43 (2CH, Ar-C3, C5), 127.21 (CH, quinoline C5), 127.13
(CH, quinoline C6), 126.08 (C, quinoline C4a), 119.26 (CH,
quinoline C3); HRMS (ESI, m/z): calculated for CsH;oCIN:
240.0574 (M + H)*; 240.0572.

2-(4-Bromophenyl)quinoline (31): Yellowish solid; m.p.:
128-130°C; '"H NMR (400 MHz, CDCls) 8 ppm: 8.33 (dd, J =
7.5, 1.5 Hz, 1H, Ar-H), 8.07 (dd, J = 7.5, 1.5 Hz, 1H, Ar-H),
7.89 (d, J=7.4 Hz, 2H, Ar-H), 7.81 (dt, J= 7.5, 1.5 Hz, 1H,
Ar-H), 7.66-7.62 (m, 3H, Ar-H), 7.53-7.47 (m, 2H, Ar-H); °C
NMR (101 MHz, CDCl;) & ppm: 157.20 (C, quinoline C2),
144.78 (C, quinoline C8a), 137.93 (CH, quinoline C4), 135.77
(C, Ar-C1), 131.83 (2CH, Ar-C3, C5), 130.17 (2CH, Ar-C2,
C6), 130.10 (CH, quinoline C8), 129.77 (CH, quinoline C7),
127.21 (CH, quinoline C5), 127.13 (CH, quinoline C6), 126.08
(C, quinoline C4a), 125.33 (C, Ar-C4), 119.26 (CH, quinoline
C3); HRMS (ESI, m/z): calculated for C;sH;o(BrN: 284.0069
M + H)*; 248.0066.

RESULTS AND DISCUSSION

The synthetic approach utilized for the synthesis of quino-
line derivatives (3a-1) is outlined in Scheme-1. The cyclization
of 2-aminophenyl ketones/aldehydes and methyl ketones/
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aldehydes offered the quinoline derivatives. The polymer supp-
orted sulphonic acid were employed as a catalyst for various
cyclocondensation reactions. From this perspective, the PEG-
SA catalyst was studied to investigate the progress of the reac-
tion, it was also compared with the PS-PEG-SA catalyst. The
substrates 1,1,1-trifluoropropan-2-one and 2-aminobenzal-
dehyde were chosen to optimize reaction conditions for the
synthesis of quinoline derivatives. The reaction conditions were
initially studied by using PEG-SA (20 mg) and then changing
the amount of the catalyst, solvent, reaction temperature and
time were studied. The outcomes of the course of the reaction
is shown in Table- 1. The reactions were carried out in different
solvents and the reaction was monitored at room temperature
and the reflux temperature of the solvent. At ambient temper-
ature, only a small amount of product was formed in water
and solvent-free conditions after 120 min of reaction time.
Also, at the same reaction temperature and time, the reaction
in ethanol, acetonitrile, toluene and THF gave 30%, 25%, trace
% and 28% yields, respectively (Table-1, entries 3-6). Therefore,
further reaction was performed in ethanol, acetonitrile and THF
at reflux temperature and after every 10 min, the progress of
reaction was monitored. It was observed that all these solvents
offered a good yield of the products at 60 min of reaction time
(Table-1, entries 7-9). The reaction was again maintained for
120 min and no change in the yield was noticed. Consequently,
by using ethanol as a solvent, the reaction progress was further
monitored for the screening of PEG-SA catalyst (10 mg to 25
mg) (Table-2). It was found that 20 mg of PEG-SA catalyst
facilitated the complete conversion of the reactant to product
3d with ayield of 90% (Table-2, entry 4). Based on this improved
reaction procedure, it was found that 20 mg of PEG-SA catalyst,
ethanol as a solvent and 80 °C reaction temperature were consi-
dered to be a more suitable experimental protocol for the synth-
esis of the quinoline derivatives. To validate the findings of these
modified reaction conditions, 12 quinoline derivatives were
synthesized with good yields. In comparison, equal amount
of PS-PEG-SA catalyst resulted in improved yield of products
(Table-3), which demonstrated that in the optimized experime-
ntal conditions, PEG-SA and PS-PEG-SA are efficient catalysts
for the preparation of a variety of quinoline derivatives. It was

TABLE-1
OPTIMIZATION OF REACTION CONDITIONS FOR THE
SYNTHESIS OF 2-(TRIFLUOROMETHYL)QUINOLINE
(3d) FROM 2-AMINOBENZALDEHYDE AND 1,1,1-
TRIFLUOROPROPAN-2-ONE

Entry Solvent Temp. (°C)  Time (min) Yield (%)*
1 (= RT 120 Trace
2 Water RT 120 Trace
3 Ethanol RT 120 30
4 Acetonitrile RT 120 25
5 Toluene RT 120 Trace
6 THF RT 120 28
7 Ethanol Reflux 60 90
8 Acetonitrile Reflux 60 80
9 THF Reflux 60 86

*General reaction conditions: 2-Aminobenzaldehyde (1 mmol) and
1,1,1-trifluoropropan-2-one (1 mmol), PEG-SA catalyst (20 mg),
ethanol (5 mL). *Yields refer to pure isolated products, "Solvent free.

TABLE-2
SCREENING OF CATALYST FOR THE SYNTHESIS OF
2-(TRIFLUOROMETHYL)QUINOLINE (3d) FROM 2-AMINO-
BENZALDEHYDE AND 1, 1,1-TRIFLUOROPROPAN-2-ONE

Entry Catalyst C‘;faﬂl;g:‘(‘rﬁg) Yield (%)*
1 B - Trace
2 PEG-SA 10 60
3 PEG-SA 15 68
4 PEG-SA 20 90
5 PEG-SA 25 90

*General reaction conditions: 2-Aminobenzaldehyde (1 mmol) and
1,1, 1-trifluoropropan-2-one (1 mmol), ethanol (5 mL), 80 °C, 60 min.
“Yields refer to pure isolated products, "Absence of catalyst.

TABLE-3
POLYSTYRENE-SUPPORTED POLYETHYLENE GLYCOL-
BASED SULPHONIC ACID (PS-PEG-SA) CATALYZED
ONE-POT SYNTHESIS OF QUINOLINE 3a-1 DERIVATIVES

Entry Compd. R, R, Yield (%)
Method 1  Method 2
1 3a H H 86 88
2 3b H Ph 73 74
3 3c Me Me 65 66
4 3d H CF, 90 92
5 3e Ph H 70 73
6 3f Ph Ph 65 68
7 3g Me Ph 68 70
8 3h Ph Me 66 68
9 3i CF, H 89 90
10 3j H  4-Fluorophenyl 81 84
11 3k H  4-Chlorophenyl 80 82
12 31 H  4-Bromophenyl 80 80

“Yields refer to pure isolated products.

noted that carbonyl compounds with electron-donating groups
(—CHs3, —Ph) on the phenyl ring gave moderate yields (65-73%,
Table-3, method 1). While, carbonyl compounds with electron
withdrawing substituents like trifluoromethyl, 4-fluorophenyl,
4-chlorophenyl and 4-bromophenyl gave the desired products
in better to good yields (80-90%, Table-3, method 1). In comp-
arison, PS-PEG-SA presented the results with a little improve-
ment in the yield (66-92%, Table-3, method 2).

As arepresentative spectral characterization of the structure
of 2-(trifluoromethyl)quinoline (3d) is illustrated. In 'H NMR
spectrum, two doublets occurred in the aromatic region at &
8.27 and 7.66 (J = 8.5 Hz) integrated for a single proton, each
assigned to the C-4 and C-3 protons of quinoline, respectively.
The C-5 proton of the quinoline exhibited doublet at & 7.82 (J
= 8.2 Hz) assigned to the single aromatic proton. The C-6 and
C-7 aromatic protons of the quinoline showed two multiplets
at 8 7.61-7.53 and 7.76-7.73 ppm, respectively, each assigned
to the single proton. The de-shielded C-8 carbon of the quino-
line showed doublet at 6 8.15 (/= 8.5 Hz) in the aromatic region
integrated for the single proton. The *C NMR spectrum of
compound 3d displayed singlet in the aromatic region at &
138.13, 128.61, 127.69, 130.12 and 130.82 assigned to the C-4,
C-5, C-6, C-7 and C-8 carbons of quinoline, respectively. The
carbons of quinoline exhibited characteristic C—F couplings
as two quartets at & 148.35, 148.07, 147.80, 147.52 Cler =
35.20 Hz) assigned to the C-2 and 116.81, 116.79, 116.77,
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116.76 (CJcr = 2.5 Hz) assigned to the C-3 carbon. The fused
C-4a and C-8a carbons of the quinoline resonated at & 128.86
and 147.18, respectively. The highly deshielded aliphatic carbon
of -CF; substituent showed a quartet at & 124.86, 122.67,
120.49 and 118.30 ("Jcr = 275.5 Hz). The "’F NMR spectrum
compound 3d showed singlet at § -68.90 ppm assigned to the
-CF; substituent of quinoline. The structure of compound 3d
was further confirmed by molecular ion peak at m/z 198.0525
(M + H)* and 199.0563 (M+1+H)". The structure of all the syn-
thesized quinoline derivatives was thus characterized accor-
dingly.

Conclusion

This work emphasizes the synthetic applications of polymer
supported sulphonic acid catalysts as an efficient and green
protocol for the synthesis of quinoline derivatives via a friendlier
reaction pathway. The quinoline derivatives (3a-1) were synthe-
sized by using PEG-SA and PS-PEG-SA catalysts in ethanol
solvent. The synthesized quinolone 3a-l derivatives were charac-
terized by spectroscopic methods specifically IR, NMR and
mass spectrometry, ensuring their purity and structural integrity.
The use of PEG-SA and PS-PEG-SA catalysts for the cyclocon-
densation reaction offered a good yield of the product (65%
to 90% and 66% to 92%, respectively).

ACKNOWLEDGEMENTS

The authors are thankful to Central Instrumentation Facility
(CIF), Savitribai Phule Pune University, Pune and Indian Institute
of Science Education and Research (IISER), Pune, India for
their spectral analysis facilities.

CONFLICT OF INTEREST

The authors declare that there is no conflict of interests
regarding the publication of this article.

REFERENCES

1. O.F Elebiju, O.0. Ajani, G.O. Oduselu, T.A. Ogunnupebi and E.
Adebiyi, Front. Chem., 10, 1074331 (2023);
https://doi.org/10.3389/fchem.2022.1074331

2. 0.0.Ajani, K.T. Iyaye and O.T. Ademosun, RSC Adv., 12, 18594 (2022);
https://doi.org/10.1039/D2RA02896D

3. J.P. Michael, Nat. Prod. Rep., 25, 166 (2008);
https://doi.org/10.1039/B612168N

4. S. Kumar, N. Kaushik, J.K. Sahu and S. Jatav, Eur. J. Med. Chem. Rep.,
12, 100212 (2024);
https://doi.org/10.1016/j.ejmcr.2024.100212

5. A.S. Ginsburg, J.H. Grosset and W.R. Bishai, Lancet Infect. Dis., 3, 432
(2003);
https://doi.org/10.1016/S1473-3099(03)00671-6

6.  S. Jayaprakash, Y. Iso, B. Wan, S.G. Franzblau and A.P. Kozikowski,
ChemMedChem, 1, 593 (20006);
https://doi.org/10.1002/cmdc.200600010

7. V.S. Dofe, A.P. Sarkate, R. Azad and C.H. Gill, Res. Chem. Intermed.,
44, 1149 (2018);
https://doi.org/10.1007/s11164-017-3157-3

8. K. Patel, J. Rathi and N. Dhiman, Mater. Today Proc., 28, 77 (2020);
https://doi.org/10.1016/j.matpr.2020.01.305

9.  U.Fathy, H.A. Abd El Salam, E.A. Fayed, A.M. Elgamal and A. Gouda,
Heliyon, 7, 08117 (2021);
https://doi.org/10.1016/j.heliyon.2021.e08117

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

T.S. Ibrahim, M.M. Hawwas, A.M. Malebari, E.S. Taher, A.M. Omar,
N.M. O’Boyle, E. McLoughlin, Z.K. Abdel-Samii and Y.A.M.M.
Elshaier, Pharmaceuticals, 13, 393 (2020);
https://doi.org/10.3390/ph13110393

M.F.A. Mohamed and G.A. Abuo-Rahma, RSC Adyv., 10, 31139 (2020);
https://doi.org/10.1039/DORA05594H

M. Ilakiyalakshmi and A.A. Napoleon, Arabian J. Chem., 15, 104168
(2022);

https://doi.org/10.1016/j.arabjc.2022.104168

R.Yang, W. Du, H. Yuan, T. Qin, R. He, Y. Ma and H. Du, Mol. Divers.,
24, 1065 (2020);

https://doi.org/10.1007/s11030-019-10012-1

D. Diaconu, V. Antoci, V. Mangalagiu, D. Amariucai-Mantu and LI.
Mangalagiu, Sci. Rep., 12, 16988 (2022);
https://doi.org/10.1038/s41598-022-21435-6

0.0. Ajani, K.T. Iyaye and O.T. Ademosun, RSC Adv., 12, 18594 (2022);
https://doi.org/10.1039/D2RA02896D

S. Verma, S. Lal, R. Narang and K. Sudhakar, ChemMedChem, 18,
€202200571 (2023);

https://doi.org/10.1002/cmdc.202200571

D. Insuasty, O. Vidal, A. Bernal, E. Marquez, J. Guzman, B. Insuasty,
J. Quiroga, L. Svetaz, S. Zacchino, G. Puerto and R. Abonia, Antibiotics,
8, 239 (2019);

https://doi.org/10.3390/antibiotics8040239

K.B. Patel and P. Kumari, J. Mol. Struct., 1268, 133634 (2022);
https://doi.org/10.1016/j.molstruc.2022.133634

A.F. Borsoi, J.D. Paz, B.L. Abbadi, F.S. Macchi, N. Sperotto, R.S.
Rambo, K. Pissinate, A.S. Ramos, D. Machado, M. Viveiros, C.V. Bizarro,
L.A. Basso and P. Machado, Eur. J. Med. Chem., 192, 112179 (2020);
https://doi.org/10.1016/j.ejmech.2020.112179

R. Kaur and K. Kumar, Eur. J. Med. Chem., 215, 113220 (2021);
https://doi.org/10.1016/j.ejmech.2021.113220

B. He, Y. Hu, Y. Qin, Y. Zhang, X. Luo, Z. Wang and W. Xue, Mol.
Divers., (2024);

https://doi.org/10.1007/s11030-024-10894-w

X.Nqoro, N. Tobeka and B.A. Aderibigbe, Molecules, 22,2268 (2017);
https://doi.org/10.3390/molecules22122268

B.K. Chabhadiya, H.N. Naik, B.A. Mohite, I. Ahmad, Y. Naliapara, D.
Rajani, M.S. Ali, H. Patel and S. Jauhari, ChemistrySelect, 9,
€202402221 (2024);

https://doi.org/10.1002/s1ct.202402221

S. Gogoi, K. Shekarrao, A. Duarah, T.C. Bora, S. Gogoi and R.C. Boruah,
Steroids, 77, 1438 (2012);
https://doi.org/10.1016/j.steroids.2012.08.008

A. Marson, J.E. Ernsting, M. Lutz, A.L. Spek, PW.N.M. van Leeuwen
and P.C.J. Kamer, Dalton Trans., 621, 621 (2009);
https://doi.org/10.1039/B814469A

M. Orhan Puskullu, B. Tekiner and S. Suzen, Mini Rev. Med. Chem.,
13, 365 (2013);

https://doi.org/10.2174/138955713804999793

U. Desai, S. Mitragotri, T. Thopate, D. Pore and P. Wadgaonkar,
ARKIVOC, 15, 198 (2006);
https://doi.org/10.3998/ark.5550190.0007.f24

H. Tong, L. Wang, X. Jing and F. Wang, Macromolecules, 36,2584 (2003);
https://doi.org/10.1021/ma0258612

G.E. Tumambac, C.M. Rosencrance and C. Wolf, Tetrahedron, 60,
11293 (2004);

https://doi.org/10.1016/j.tet.2004.07.053

E.E. Ebenso, M.M. Kabanda, T. Arslan, M. Saracoglu, F. Kandemirli,
L.C. Murulana, A.K. Singh, S.K. Shukla, B. Hammouti, K. Khaled,
M.A. Quraishi, I.B. Obot and N.O. Eddy, Int. J. Electrochem. Sci., 7,
5643 (2012);

https://doi.org/10.1016/S1452-3981(23)19650-7

Y. Li, X. Shi, N. Xie, Y. Zhao and S. Li, MedChemComm, 4,367 (2013);
https://doi.org/10.1039/C2MD20275A

M.A. Zolfigol, P. Salehi, A. Ghaderi and M. Shiri, Catal. Commun., 8,
1214 (2007);

https://doi.org/10.1016/j.catcom.2006.11.004

S.K. Cho, J.H. Song, E.J. Lee, D.H. Lee, J.T. Hahn and D.I. Jung, Bull.
Korean Chem. Soc., 36, 2746 (2015);
https://doi.org/10.1002/bkcs. 10557



https://doi.org/10.1016/S1473-3099(03)00671-6
https://doi.org/10.1016/S1452-3981(23)19650-7

794 Sakhare et al.

Asian J. Chem.

34.

35.

36.

37.

38.

39.

40.

41.

F. Tufail, M. Saquib, S. Singh, J. Tiwari, M. Singh, J. Singh and J.
Singh, New J. Chem., 41, 1618 (2017);
https://doi.org/10.1039/C6NJ03907C

R. Satheeshkumar, R. Shankar, W. Kaminsky and K.J. Prasad,
ChemistrySelect, 1, 6823 (2016);
https://doi.org/10.1002/s1ct.201601624

G. Singh and S. Yaragorla, RSC Adv., 7, 18874 (2017);
https://doi.org/10.1039/C6RA28642A

D. Kumar, A. Kumar, M.M. Qadri, M.I. Ansari, A. Gautam and A.K.
Chakraborti, RSC Adv., 5, 2920 (2015);
https://doi.org/10.1039/C4RA10613]

N. Anand, S. Koley, B.J. Ramulu and M.S. Singh, Org. Biomol. Chem.,
13, 9570 (2015);

https://doi.org/10.1039/C50B01422K

A. Teimouri and A.N. Chermahini, Arab. J. Chem., 9, S433 (2016);
https://doi.org/10.1016/j.arabjc.2011.05.018

N. Anand, T. Chanda, S. Koley, S. Chowdhury and M.S. Singh, RSC
Adv., 5, 7654 (2015);

https://doi.org/10.1039/C4RA14138E

J.H. Clark, Acc. Chem. Res., 35, 791 (2002);
https://doi.org/10.1021/ar010072a

42.

43.

44.

45.

46.

47.

48.

49.

J.L. White and M.J. Truitt, Prog. Nucl. Magn. Reson. Spectrosc., 51,
139 (2007);

https://doi.org/10.1016/j.pnmrs.2007.03.001

N. Mansir, Y.H. Taufig-Yap, U. Rashid and I.M. Lokman, Energy
Convers. Manage., 141, 171 (2017);
https://doi.org/10.1016/j.enconman.2016.07.037

G. Busca and A. Gervasini, Adv. Catal., 67, 1 (2020);
https://doi.org/10.1016/bs.acat.2020.09.003

X.L. Zhang, Q.Y. Wang, S.R. Sheng, Q. Wang and X.L. Liu, Synth.
Commun., 39, 3293 (2009);
https://doi.org/10.1080/00397910902754283

Z.J. Quan, R.G. Ren, Y.X. Da, Z. Zhang and X.C. Wang, Synth.
Commun., 41, 3106 (2011);
https://doi.org/10.1080/00397911.2010.517373

R.H. Vekariya and H.D. Patel, RSC Adv., 5, 49006 (2015);
https://doi.org/10.1039/C5SRA06532A

A. Hasaninejad, A. Zare and M. Shekouhy, Tetrahedron, 67,390 (2011);
https://doi.org/10.1016/j.tet.2010.11.029

Z.J. Quan, Y.X. Da, Z. Zhang and X.C. Wang, Catal. Commun., 10,
1146 (2009);

https://doi.org/10.1016/j.catcom.2008.12.017




