
RSC Advances

PAPER

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

6 
D

ec
em

be
r 

20
22

. D
ow

nl
oa

de
d 

on
 3

/1
2/

20
26

 5
:1

9:
38

 A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
View Journal  | View Issue
Acidic tributyl ph
Department of Organic Chemistry, Facult

Hamedan, Iran. E-mail: mzolgol@yahoo.co

† Electronic supplementary informa
https://doi.org/10.1039/d2ra04631h

Cite this: RSC Adv., 2022, 12, 34730

Received 25th July 2022
Accepted 17th November 2022

DOI: 10.1039/d2ra04631h

rsc.li/rsc-advances

34730 | RSC Adv., 2022, 12, 34730–
osphonium-based ionic liquid: an
efficient catalyst for preparation of diverse pyridine
systems via a cooperative vinylogous anomeric-
based oxidation†

Sepideh Jalali-Mola, Morteza Torabi, Meysam Yarie
and Mohammad Ali Zolfigol *

In this study, an acidic phosphonium-based ionic liquid, namely tributyl(3-sulfopropyl)phosphonium

trifluoroacetate, was designed and synthesized via a facile and green route. From an accurate

perspective, the structure of the prepared ionic liquid was investigated using FT-IR, 1H NMR and 13C

NMR spectroscopies, and EDX, elemental mapping and TGA/DTG analysis. In this intensive research,

catalytic application of tributyl(3-sulfopropyl)phosphonium trifluoroacetate was explored for the

preparation of diverse pyridine systems such as triaryl pyridines, 2-amino-3-cyanopyridines and indolyl

pyridines via a cooperative vinylogous anomeric-based oxidation (CVABO). The observed results proved

that prepared acidic phosphonium-based ionic liquid is a effective catalyst for the multicomponent

synthesis of pyridines.
Introduction

Ionic liquids (ILs), as remarkable class of chemical compounds,
have attracted a tremendous deal of interest.1–3 Many of
researchers in modern sciences are engaged in exploration of
the exceptional properties of these versatile systems.4,5 These
materials, due to irreplaceable privileges such as suitable
chemical and thermal stability, controlled miscibility,
tunability, designability, low vapor pressure, high ionic
conductivity, etc., are an integral part of catalysis, biotech-
nology, medical sciences, energetic materials, separation and
extraction processes, electrochemistry, surfactants and func-
tional materials.2,6–12 In subsequent and intensive study, acidic
ILs have been investigated in catalytic processes such as
multicomponent reactions and CO2 xation, biomass process-
ing, and electrolytes.13,14

The cationic section of ILs plays a decisive role in viscosity,
solubility, melting point, density and other characteristic
properties of ionic liquids.15 Among varied type ILs,
phosphonium-based ionic liquid (PILs) are more thermal and
chemical stable and less viscous than other ILs.16,17 PILs due to
environment compatibility, low cost and simplicity of synthesis,
have an excellent potential for academic and industrial chem-
ical processes.18–26 It goes without saying that there are several
y of Chemistry, Bu-Ali Sina University,

m

tion (ESI) available. See DOI:

34739
reports for variety applications of PILs. Wittig reagents,26 cata-
lytic applications,27 desulfurization and denitrogenation of
liquid fuels,18,28 extraction of phenolic compounds from water29

and recovery of metals30 are a selection of applications of PILs.
In recent years, catalytic applications of PILs have received
much attentions.16 These systems, have a good catalytic
response to multicomponent reactions,16 CO and CO2

xation,31–33 Mukaiyama-aldol reaction,33 hydroformylation
acetalization34 and Heck reactions.35 A number of catalytic
applications of PILs are shown in Scheme 1.

Triaryl pyridines and nicotinonitriles as the most important
subunits of pyridine families are ubiquitous subsets of pyridine
families.36–40 Triaryl pyridines are popular building blocks in
supramolecular chemistry,41 advanced devices as components
of OLEDs,42 sensors43 and photo sensitizers44 and have good
medicinal potentials such as antidepressant, anticancer and
antimicrobial activities.45,46 Noticeably, nicotinonitrile deriva-
tives by pharmaceutical and medicinal functions, have a crucial
role and created new insights in the design of anticancer
compounds, antihistaminic, antimicrobial and etc.47–49 Multi-
component strategy for the synthesis of pyridine families has
a fundamental attitude of synthetic efficiency, utility high atom
economy and selectivity.50–52 A number of pharmaceutical
applications of triaryl pyridines and nicotinonitriles are
sketched in Scheme 2.

In this study, we devoted our focus on the design and
synthesis of tributyl(3-sulfopropyl)phosphonium tri-
uoroacetate and its catalytic application in the preparation of
triaryl pyridines, indolyl pyridines and nicotinonitriles
© 2022 The Author(s). Published by the Royal Society of Chemistry
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Scheme 1 Catalytic applications of PILs in organic reactions.

Scheme 2 Selected pharmaceutical applications of triaryl pyridines
and nicotinonitriles.

Scheme 3 Experimental routes for the synthesis of acidic tributyl phosp

Scheme 4 Experimental procedure for the synthesis of triaryl pyridines,

© 2022 The Author(s). Published by the Royal Society of Chemistry
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(Schemes 3 and 4). In turn, a cooperative vinylogous anomeric-
based oxidation was investigated to justify the mechanism of
synthesis of pyridines.53–56
Results and discussion

As it is discussed in detail below, several techniques were
applied for determination and characterization of the tributyl(3-
sulfopropyl)phosphonium triuoroacetate.

In FT-IR spectrum of PIL 1, emergence of broad pick at
3479 cm−1, indicates the acidic functional group and the
stretching band of aliphatic C–H groups are observed at 2966 to
2882 cm−1. The characteristic peak at 1760 was conrmed the
existence of carbonyl group of triuoroacetate anion. The
diagnostic stretching bond of S]O was appeared at 1158 cm−1.
honium-based ionic liquid.

indolyl pyridines and nicotinonitriles.
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Fig. 1 EDX analysis of PIL 1.
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Also, 1H NMR and 13C NMR spectra are well consistent with the
structure of the catalyst (see ESI†).

Elemental composition of target catalyst was evaluated by
using EDX analysis. According to the observed results, the
Fig. 2 Elemental mapping analysis of PIL 1.

34732 | RSC Adv., 2022, 12, 34730–34739
expected elements in the structure of tributyl(3-sulfopropyl)
phosphonium triuoroacetate including C, S, P, O and F are
approved (Fig. 1). In addition, elemental mapping analysis was
used for further conrmation of the obtained data from EDX
© 2022 The Author(s). Published by the Royal Society of Chemistry
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Fig. 3 TGA/DTG curves of PIL 1.
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analysis. Also, due to this technique, scattering of elements are
well observed (Fig. 2).

Thermogravimetric/differential thermogravimetric analysis
displayed that PIL 1 was stable up to 223 °C. Fiddling weight
Table 1 Optimizing of the reaction conditions for the synthesis of 1ja

Entry Solvent Temperature (°C) C

1c — 80 1
2 — 80 2
3 — 80 4
4 — 80 —
5 — 90 1
6 — 70 1
7 — 60 1
8 — 40 1
9 — Room temperature 1
11 H2O Reux 2
12 EtOH Reux 2
13 n-Hexane Reux 2
14 EtOAc Reux 2
15 CHCl3 Reux 2

a Reaction conditions: 4-chlorobenzaldehyde (1 mmol, 0.140 g), 1-(naphth
and ammonium acetate (1 mmol, 0.078 g). b Related to isolated yields. c D

© 2022 The Author(s). Published by the Royal Society of Chemistry
loss up to 163 °C is related to the separation of trapped solvents.
Also, it seems that the two extreme weight loss respectively in
223 and 416 °C which indicate the decomposition of –(CH2)3–
SO3H and butyl chains of the catalyst57 (Fig. 3).
atalyst loading (mol%) Time (min) Yieldb (%)

0 15 85
0 15 85
0 15 75

60 45
0 10 85
0 45 62
0 45 56
0 60 Trace
0 120 Trace
0 60 57
0 60 85
0 60 75
0 60 Trace
0 60 80

alen-2-yl)ethan-1-one (1 mmol, 0.170 g), malononitrile (1 mmol, 0.066 g)
ata for the model reaction.
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In a deliberate study, aer characterization of PIL 1, its
catalytic application was investigated for the synthesis of
diverse pyridine systems. In this respect, 4-chlorobenzaldehyde,
1-(naphthalen-2-yl)ethan-1-one, malononitrile and ammonium
acetate as typical compounds were selected for the optimization
of the reaction conditions. Initially, the role of temperature was
examined and several temperatures consist of 40, 60, 70, 80 and
90 °C were exerted for the model reaction. The obtained
experimental data proved that 80 °C is the best operational
temperature. Aer that, the reaction was performed in the
presence of different solvents including polar (protic and
aprotic) and nonpolar solvents. The reaction has a substantial
yield by using EtOH and CHCl3 as solvent. Then, the different
amounts of catalyst were used in model reaction that due to the
observed results, 10 mol% of catalyst gives the desired product
by good yield. As conrmed by the obtained data, the best
results for the model reaction achieved by the performing of the
reaction in the presence of 10 mol% of catalyst and solvent free
conditions at 80 °C (Table 1).
Table 2 Synthesis of nicotinonitrile derivatives in the presence of PIL 1

1a, 30 min, 80% 1b, 15 min, 85% 1c, 30 min,
MP: 179–181 °C MP: 195–197 °C MP: 199–20
[180]56 [198–201]58 [206–210]59

White solid White solid Yellow solid

1f, 25 min, 75% 1g, 15 min, 75% 1h, 25 min,
MP: 198–202 °C MP: 239–241 °C MP: 221–22
[205]56 [New] [>300]56

White solid White solid Yellow solid

1j, 15 min, 85% 1k, 15 min, 75% 1l, 20 min,
MP: 205–208 °C MP: 166–170 °C MP: 193–19
[218–220]59 [New] [204–206]60

White solid White solid Brown solid

a Reaction conditions: 1-(naphthalen-2-yl)ethan-1-one (1 mmol, 0.170 g), m
mmol, 0.184), ammonium acetate (1 mmol, 0.078 g), aromatic aldehyde (

34734 | RSC Adv., 2022, 12, 34730–34739
In a discrete study, to expand the substrate scope for the
desired molecules, different electron-poor or electron-rich
aromatic aldehydes, aromatic ketones, malononitrile or 3-(1H-
indol-3-yl)-3-oxopropanenitrile have been used. By using malo-
nonitrile or 3-(1H-indol-3-yl)-3-oxopropanenitrile as starting
materials nicotinonitrile derivatives were successfully synthesized
(Table 2) and in the same conditions without malononitrile or 3-
(1H-indol-3-yl)-3-oxopropanenitrile and by using 2 equivalents of
ketones triaryl pyridine derivatives were achieved (Table 3).

The plausible mechanistic route for the synthesis of nic-
otinonitrile derivatives is revealed in Scheme 5. Firstly, activated
1-(naphthalen-2-yl)ethan-1-one by catalyst was reacted by
ammonia (from NH4OAc) and leads to imine intermediate.
Likewise, Knoevenagel intermediate was achieved by reaction of
4-chlorobenzaldehyde and malononitrile. In the second step,
these two intermediates were reacted with each other to
produce intermediate a. Then, through an intermolecular
cyclization and subsequent tautomerization processes, the
intermediate d was produced. Aer that, in the key step, with
the participation of a cooperative vinylogous anomeric-based
as catalysta

80% 1d, 80 min, 85% 1e, 90 min, 88%
2 °C MP: 198–202 °C MP: 184–186 °C

[188–190]58 [192]56

White solid White solid

82% 1i, 15 min, 80%
3 °C MP: 265–267 °C

[New]
White solid

90% 1m, 45 min, 75%
6 °C MP: >300 °C

[New]
Yellow solid

alononitrile (1 mmol, 0.066 g) or 3-(1H-indol-3-yl)-3-oxopropanenitrile (1
1 mmol), catalyst (10 mol%), solvent-free, 80 °C.

© 2022 The Author(s). Published by the Royal Society of Chemistry
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Table 3 Synthesis of triaryl pyridines by using PIL 1 as a catalysta

2a, 180 min, 75% 2b, 30 min, 75% 2c, 60 min, 70% 2d, 180 min, 83% 2e, 45 min, 70%
MP: 117–120 °C MP: 232–236 °C MP: 140–143 °C MP: 112–116 °C MP: 125–127 °C
[136–138]61 [187–190]62 [Not reported]63 [133–135]64 [130–133]65

White solid White solid White solid White solid White solid

2f, 120 min, 75% 2g, 120 min, 80% 2i, 20 min, 90% 2j, 30 min, 72%
MP: 150–154 °C MP: 149–152 °C MP: 193–196 °C MP: 215–217 °C
[Not reported]66 [New] [231–233]66 [220–221]67

White solid White solid Brown solid Brown solid

a Reaction conditions: 1-(naphthalen-2-yl)ethan-1-one (2 mmol, 0.340 g), ammonium acetate (1 mmol, 0.078 g), aromatic aldehyde (1 mmol),
catalyst (10 mol%), solvent-free, 80 °C.
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oxidation and releasing of H2O2 in air condition or releasing of
H2 under inert atmosphere (N2 or argon), dihydropyridine
structure is oxidized to target pyridine product.

Similarly, we suggested a plausible mechanism for the
synthesis of triaryl pyridine systems (Scheme 6). At the rst
step, 1-(naphthalen-2-yl)ethan-1-one was activated by catalyst
and converted to enolic form and reacted by 4-methyl-
benzaldehyde that leads to intermediate f. Then, due to
Michael addition of enolic form of ketone to intermediate f,
Scheme 5 Plausible mechanism for the synthesis of 1j by using PIL 1 as

© 2022 The Author(s). Published by the Royal Society of Chemistry
intermediate g was produced. In the next step, ammonia
attacked to intermediate g and by removing one molecule of
H2O and tautomerization processes, the enamine h is
produced. Aer this, by intermolecular cyclization reaction and
removing of H2O, dihydropyridine intermediate was achieved.
Finally, CVABO leads to removing of H2O2 under air condition
or H2 in inert atmosphere and desired target molecule was
produced.
catalyst.
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Scheme 6 Plausible mechanism for the synthesis of 2f in the presence of PIL 1.
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Experimental section
General experimental procedure for the synthesis of PIL 1

At the rst, zwitterion 1 was synthesized according to the re-
ported procedure.15 Hereupon, tributyl phosphine (5 mmol,
1.01 g), 1,2-oxathiolane 2,2-dioxide (5 mmol, 0.61 g) and
acetonitrile as solvent were successively added into a 50 mL
round-bottomed ask and reuxed under N2 atmosphere for
72 h. Aer completing of the reaction, the solvent was removed
and the remained oil was washed with diethyl ether to gives the
oily product. In the second step, zwitterion 1 (5 mmol, 1.62 g)
and triuoro acetic acid (5 mmol, 0.57 g) and 30 mL of toluene
as catalyst were added into a 50 mL round-bottomed ask and
the mixture of reaction was reuxed at 110 °C for 24 h. Aer
that, the oily product was separated from solvent by using
extraction with n-hexane to gives PIL 1 as desired product.
Experimental route for the synthesis of nicotinonitrile
derivatives

Aromatic aldehyde derivatives (1 mmol), malononitrile (1 mmol,
0.066 g) or 3-(1H-indol-3-yl)-3-oxopropanenitrile (1 mmol, 0.184),
1-(naphthalen-2-yl)ethan-1-one (1 mmol, 0.170 g), ammonium
acetate (1 mmol, 0.078 g) and 10 mol% of PIL 1 were charged into
a 10 mL round-bottomed ask. The mixture of reaction was stir-
red at 80 °C. Aer completing of each of reactions as indicated by
TLC technique (n-hexane/ethylacetate, 6/4), 10 mL of H2O was
poured into the mixture of reaction to separate the catalyst. Aer
that, hot EtOHwas added to themixture of reaction and remained
solid washed three times and dried at 80 °C to give pure products.
General experimental procedure for the synthesis of triaryl
pyridine derivatives

Aromatic aldehydes (1 mmol), 1-(naphthalen-2-yl)ethan-1-one
(2 mmol, 0.340 g), ammonium acetate (1 mmol, 0.078 g) and
34736 | RSC Adv., 2022, 12, 34730–34739
10 mol% of PIL 1 were added into a 10 mL round-bottomed ask
and reacted at 80 °C. Then, reaction progress was checked by
TLC techniques (n-hexane/ethylacetate, 6/4). Aer completing of
reaction, 10 mL of H2O was added to the ask and the catalyst
was separated. Aer that, the remained solid was washed with
hot EtOH and dried at 80 °C to gives a pure product.
Spectral data

Tributyl(3-sulfopropyl)phosphonium triuoroacetate PIL 1.
FT-IR (KBr, n, cm−1): 3479, 2966, 1760, 1467, 1157, 1038. 1H
NMR (301 MHz, DMSOd6) dppm 5.04 (s, 1H), 2.61 (t, J = 7.0 Hz,
2H), 2.52–2.36 (m, 2H), 2.33–2.17 (m, 6H), 1.95–1.72 (m, 2H),
1.63–1.39 (m, 12H), 0.98 (t, J = 7.2 Hz, 9H). 13C NMR (76 MHz,
DMSOd6) dppm 159.5, 159.0, 158.5, 158.0, 121.1, 117.3, 113.5,
109.7, 51.4, 23.8, 23.6, 23.1, 23.0, 18.1, 17.4, 13.4.

2-Amino-4-(2-methoxyphenyl)-6-phenylnicotinonitrile (1b).
Mp = 195–197 °C. FT-IR (KBr, n, cm−1): 3482, 3342, 2226, 1622,
1583. 1H NMR (301 MHz, DMSOd6) dppm 8.12–8.09 (m, 2H,
aromatic), 7.51–7.49 (3, 4H, aromatic), 7.37 (dd, J = 9, 1.8 Hz,
1H, aromatic), 7.23–7.11 (m, 2H, aromatic), 7.14–7.08 (m, 1H,
aromatic), 6.94 (s, 2H, NH2), 3.82 (s, 3H, CH3).

13C NMR (76
MHz, DMSOd6) dppm 160.6, 158.8, 156.5, 153.4, 138.1, 131.4,
130.5, 130.5, 129.2, 127.6, 126.6, 121.1, 117.2, 112.2, 110.7, 89.6,
56.0.

2′-Amino-6′-phenyl-[3,4′-bipyridine]-3′-carbonitrile (1c). Mp
= 199–202 °C. FT-IR (KBr, n, cm−1): 3465, 3311, 2205, 1635,
1582, 1483. 1H NMR (301 MHz, DMSOd6) dppm 8.90 (dd, J = 3,
0.9 Hz, 1H, aromatic), 8.76 (dd, J = 4.9, 1.6 Hz, 1H, aromatic),
8.19–8.13 (m, 3H, aromatic), 7.64–7.60 (m, 1H, aromatic), 7.53–
7.51 (m, 3H, aromatic), 7.40 (s, 1H, aromatic), 7.16 (s, 2H, NH2).
13C NMR (76 MHz, DMSOd6) dppm 161.3, 159.4, 152.2, 150.9,
149.2, 137.9, 136.6, 133.3, 130.7, 129.2, 127.8, 124.1, 117.3,
109.8, 87.1.

2-Amino-4-(4-chlorophenyl)-6-phenylnicotinonitrile (1d).Mp
= 198–202 °C. FT-IR (KBr, n, cm−1): 3486, 3362, 2215, 1630,
© 2022 The Author(s). Published by the Royal Society of Chemistry
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2215, 1630, 1573, 1546. 1H NMR (301 MHz, DMSOd6) dppm 8.15
(dd, J = 6.7, 3.0 Hz, 2H, aromatic), 7.74 (d, J = 6 Hz, 2H,
aromatic), 7.65 (d, J = 6 Hz, 2H, aromatic), 7.53–7.50 (m, 3H,
aromatic), 7.31 (s, 1H, aromatic), 7.11 (s, 2H, NH2).

13C NMR (76
MHz, DMSOd6) dppm 161.3, 159.2, 154.1, 137.9, 136.3, 135.0,
130.8, 130.7, 129.3, 129.1, 127.8, 117.4, 109.6, 86.9.

2-Amino-4-(2-chlorophenyl)-6-phenylnicotinonitrile (1e). Mp
= 184–186 °C. FT-IR (KBr, n, cm−1): 3489, 3344, 2229, 1596,
1622, 1478. 1H NMR (301 MHz, DMSOd6) dppm 8.15–8.12 (m, 2H,
aromatic), 7.69–7.66 (m, 1H, aromatic), 7.58–7.49 (m, 6H,
aromatic), 7.24 (s, 1H, aromatic), 7.15 (s, 2H, NH2).

13C NMR (76
MHz, DMSOd6) dppm 160.6, 159.1, 153.6, 137.8, 136.7, 131.7,
131.4, 131.2, 130.7, 130.2, 129.2, 128.0, 127.7, 116.6, 110.2, 88.9.

2-Amino-5-methyl-4,6-diphenylnicotinonitrile (1f). Mp =

198–202 °C. 1H NMR (301 MHz, DMSOd6) dppm 7.56–7.38 (m,
10H, aromatic), 6.79 (s, 2H, NH2), 1.84 (s, 3H, CH3).

13C NMR (76
MHz, DMSOd6) dppm 161.9, 158.5, 155.7, 140.5, 137.6, 129.3,
129.2, 129.1, 128.9, 128.8, 128.4, 117.1, 117.1, 89.6, 17.2.

2-Amino-4-(4-isopropylphenyl)-5-methyl-6-
phenylnicotinonitrile (1g). Mp = 239–241 °C. FT-IR (KBr,
n, cm−1): 3429, 3307, 2211, 1646, 1584. 1H NMR (301 MHz,
DMSOd6) dppm 7.50–7.32 (m, 9H), 7.24–7.21 (m, 2H), 2.92 (hept, J
= 7.0 Hz, 1H), 1.54 (s, 3H), 1.23 (d, J = 7.0 Hz, 6H). ESI-MS (m/z)
= calcd for C22H21N3 (M

+) 327.43, found: 328.024.
2′-Amino-5′-methyl-6′-phenyl-[3,4′-bipyridine]-3′-carbonitrile

(1h). Mp = 221–223 °C. FT-IR (KBr, n, cm−1): 3466, 3292, 2213,
1634, 1557, 1456. 1H NMR (301MHz, DMSOd6) dppm 8.72 (dd, J=
6, 1.6 Hz, 1H, aromatic), 8.66 (d, J = 2.3, 1H, aromatic), 7.93 (dt,
J = 9, 3 Hz, 1H, aromatic), 7.63–7.58 (m, 1H, aromatic), 7.56–
7.45 (m, 5H, aromatic), 6.90 (s, 2H, NH2), 1.87 (s, 3H, CH3).

13C
NMR (76 MHz, DMSOd6) dppm 162.2, 158.6, 152.3, 150.3, 149.2,
140.2, 136.8, 133.5, 129.3, 129.0, 128.5, 124.1, 117.4, 117.0, 89.5,
17.2.

2-Amino-4-(4-hydroxyphenyl)-6-(naphthalen-2-yl)
nicotinonitrile (1i). Mp = 265–267 °C. FT-IR (KBr, n, cm−1):
3474, 3383, 3055, 1638, 1571. 1H NMR (301 MHz, DMSOd6) dppm
10.02 (s, 1H, OH), 8.80–8.72 (m, 1H), 8.29 (dd, J = 8.7, 1.8 Hz,
1H), 8.07–7.97 (m, 3H), 7.63–7.58 (m, 4H), 7.44 (s, 1H), 6.99–6.95
(m, 4H). 13C NMR (76 MHz, DMSOd6) dppm 161.5, 159.4, 158.68,
155.3, 135.6, 134.1, 133.3, 130.4, 129.2, 128.5, 128.0, 128.0,
127.64, 127.47, 127.07, 125.03, 117.97, 115.99, 109.76, 86.78.
ESI-MS (m/z) = calcd for C22H15N3O (M+) 337.38, found:
337.969.

2-Amino-4-(2-chlorophenyl)-6-(naphthalen-2-yl)
nicotinonitrile (1k). Mp = 206–209 °C. FT-IR (KBr, n, cm−1):
3493, 3439, 2222, 1622, 1596, 1551. 1H NMR (301MHz, DMSOd6)
dppm 8.76 (s, 1H), 8.31 (dd, J = 9, 3 Hz, 1H, aromatic), 8.06–7.97
(m, 3H, aromatic), 7.78 (d, J = 9 Hz, 2H), 7.67 (d, J = 6 Hz, 2H,
aromatic), 7.61–7.58 (m, 2H, aromatic), 7.49 (s, 1H, aromatic),
7.16 (s, 2H, NH2).

13C NMR (76MHz, DMSOd6) dppm 161.4, 159.1,
154.2, 136.3, 135.3, 135.0, 134.2, 133.3, 130.8, 129.3, 128.6,
128.1, 127.7, 127.7, 127.1, 125.0, 117.4, 110.0, 87.0. ESI-MS (m/z)
= calcd for C22H14ClN3 (M

+) 355.83, found: 355.918.
2′-(1H-Indol-3-yl)-6′-(naphthalen-2-yl)-[3,4′-bipyridine]-3′-car-

bonitrile (1m). Mp > 300 °C. FT-IR (KBr, n, cm−1): 3443, 3133,
2223, 1592, 1567, 1531. 1H NMR (301 MHz, DMSOd6) dppm 11.91
(s, 1H), 8.98 (s, 1H), 8.54–8.49 (m, 2H), 8.44–8.43 (m, 1H), 8.17–
© 2022 The Author(s). Published by the Royal Society of Chemistry
8.15 (m, 2H), 8.13–8.09 (m, 1H), 8.05–8.01 (m, 1H), 7.89–7.86 (m,
2H), 7.66–7.60 (m, 5H), 7.31–7.28 (m, 2H). 13C NMR (76 MHz,
DMSOd6) dppm 158.6, 157.9, 155.6, 137.4, 136.9, 135.4, 134.3,
133.5, 130.2, 129.5, 129.4, 129.2, 129.1, 128.1, 128.0, 127.3, 126.6,
124.9, 122.9, 121.8, 121.3, 119.4, 117.2, 113.5, 112.6, 102.0. (m/z)
= calcd for C29H18N4 (M

+) 422.49, found: 423.100.
2,4,6-Triphenylpyridine (2a). Mp = 117–120 °C. FT-IR (KBr,

n, cm−1): 3063, 1692, 1578, 1548, 1494. 1H NMR (301 MHz,
DMSOd6) dppm 8.38–8.34 (m, 4H, aromatic), 8.20 (s, 2H,
aromatic), 8.07–8.04 (m, 2H, aromatic), 7.62–7.47 (m, 9H,
aromatic). 13C NMR (76 MHz, DMSOd6) dppm 157.0, 150.1, 139.3,
138.2, 129.8, 129.7, 129.6, 129.2, 127.8, 127.5, 117.1.

4-(4-Chlorophenyl)-2,6-diphenylpyridine (2d). Mp = 112–
116 °C. FT-IR (KBr, n, cm−1): 3067, 1601, 1544, 1491, 1384. 1H
NMR (301 MHz, DMSOd6) dppm 8.37–8.33 (m, 4H, aromatic),
8.21 (s, 2H, aromatic), 8.11 (d, J= 9 Hz, 2H, aromatic), 7.64–7.49
(m, 8H). 13C NMR (76 MHz, DMSOd6) dppm 157.1, 148.7, 139.2,
137.0, 134.7, 129.8, 129.7, 129.5, 129.2, 127.5, 116.9.

2,6-Di(naphthalen-2-yl)-4-(p-tolyl)pyridine (2f). Mp = 150–
154 °C. FT-IR (KBr, n, cm−1): 2922, 1596, 1544, 818. 1H NMR
(301 MHz, DMSOd6) dppm 8.98 (d, J = 1.7 Hz, 2H, aromatic), 8.61
(dd, J = 9, 1.8 Hz, 2H, aromatic), 8.42 (s, 2H, aromatic), 8.18–
8.01 (m, 8H, aromatic), 7.64–7.60 (m, 4H, aromatic), 7.45 (d, J =
6 Hz, 2H, aromatic), 2.45 (s, 3H, CH3).

13C NMR (76 MHz,
DMSOd6) dppm 157.0, 150.0, 139.6, 136.8, 135.2, 133.9, 133.7,
130.2, 129.2, 128.7, 128.1, 127.7, 127.2, 126.9, 126.8, 125.3,
117.1, 21.4.

4-(3-Fluorophenyl)-2,6-di(naphthalen-2-yl)pyridine (2g). Mp
= 149–152 °C. FT-IR (KBr, n, cm−1): 3057, 1598, 1551, 1399, 1183.
1H NMR (301 MHz, DMSOd6) dppm 9.00 (s, 2H), 8.62 (d, J= 8.9 Hz,
2H), 8.47 (s, 2H), 8.17–8.02 (m, 8H), 7.69–7.61 (m, 5H), 7.43 (d, J=
9.0 Hz, 1H). 13C NMR (76 MHz, DMSOd6) dppm 157.1, 148.8, 140.6,
136.5, 133.9, 133.6, 131.6, 131.5, 129.2, 128.7, 128.1, 127.3, 127.0,
126.9, 125.3, 124.1, 117.5, 116.7, 116.5, 115.0, 114.7.
Conclusion

In conclusion, we reported the tributyl(3-sulfopropyl)
phosphonium triuoroacetate as a new phosphonium-based
ionic liquid with acidic moiety. The prepared ionic liquid was
characterized by using FT-IR, 1H NMR and 13C NMR spectros-
copies, EDX, elemental mapping and TGA/DTG analysis. Aer
that, PIL 1 has been shown good potential as an efficient cata-
lyst for the multicomponent synthesis of triaryl pyridines, 2-
amino-3-cyanopyridines and indolyl pyridine. In this work, we
used diverse starting materials such as different ketones and
aldehydes that leads to formation of varied pyridine systems.
Moreover, most of synthesized pyridine derivatives have a rela-
tively good yields and short reaction times. In a separate study,
a plausible mechanism based on a cooperative vinylogous
anomeric-based oxidation was suggested for the synthesis of
pyridine derivatives.
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