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Synthesis of new pyridines with sulfonamide moiety
via a cooperative vinylogous anomeric-based
oxidation mechanism in the presence of a novel
quinoline-based dendrimer-like ionic liquid+
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In the present study, we reported the synthesis of a novel quinoline-based dendrimer-like ionic liquid. After
characterization of the mentioned ionic liquid with suitable techniques such as Fourier transform infrared
(FT-IR), (EDX), mapping,
thermogravimetric analysis (TGA) and derivative thermogravimetry (DTQ), its catalytic performance was

spectroscopy energy dispersive  X-ray spectroscopy elemental

investigated in the synthesis of new pyridines with sulfonamide moiety via a cooperative vinylogous
anomeric-based oxidation mechanism under mild reaction conditions. All target molecules were
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Introduction

Ionic liquids (ILs) offer various promising capabilities which
guarantee their applications in different technologies such as
synthesis, catalysis, electrochemistry, medicine, extractants,
surfactants, materials science and chemical engineering.'”
Furthermore, ILs have shown excellent outcomes in the field of
energy and environmental science.*® For example, an organic
amine-based gelled room temperature IL, has been applied as
a containment and decontaminating coating substrate for
blister agent-contacted materials.’ Also, a task specific IL
nanocomposite has been used for decontamination of water
and soil from heavy metal ions such as Pb(u) and Cd(u)."* IL
enhanced features include rational designable and superior
synthetic flexibility, thermal and chemical stability, low vapor
pressure and exceptional conductivity. These promising
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achieved in short reaction times and high yields.

characteristics have led to ILs becoming a hot research field for
multidisciplinary scientists.”*™**

The sulfonamide structural kernel (also known as sulfa
drugs), is a prominent core in medicinal chemistry as
compounds bearing this functional group exhibit varied pharma-
ceutical effects. For example, several bioactive molecules contain-
ing sulfonamide group were used as inhibitors of HIV protease,
antibacterials, antibiotic, antitumor, antihypertensive, anticon-
vulsants and antifungal agents. The biological importance of
sulfonamide containing drugs are well demonstrated in the liter-
atures.’®* Some sulfonamide drugs are portrayed in Scheme 1.

Another prominent structure core, which ubiquitous in
biologically active compounds, is pyridine motifs. Pyridines
have a key role in the biological behavior of several natural
molecules and also, they are responsible for the pharmaceutical
activity of various influential drugs.>*® In addition, pyridine
derivatives represent numerous capabilities in diverse areas
such as catalysis, coordination chemistry, polymer science,
materials and surfaces engineering and agrochemistry.>*>*
Therefore, pyridine and its derivatives (particularly 2-amino-
nicotinonitrile) have received extensive consideration and
several efficacious methods have been developed by synthetic
and medicinal chemists for their preparation.®*~*

So, it is predicted that multicomponent synthesis®**¢ of
a single molecule bearing sulfonamide and pyridine centers
simultaneously gives unique features to that structure inherited
characteristics of both cores.

In addition to oxygen atom, which is responsible for
anomeric interactions in various molecules,”"** in non-oxygen
heterocycles, other atoms such as nitrogen and sulfur play the
role of donors in anomeric systems. For example, as depicted in
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Scheme 1 Selected examples of drugs with sulfonamide structural core.
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Scheme 3 The existence of the y-allylic O-atom leads to acceleration
of the Claisen rearrangement rate.

Scheme 2, due to stereoelectronic factors, in the case of 1,3,5-tri-
alkylhexahydro-1,3,5-triazines, as a conformationally biased
system even a bulky group such as tert-butyl occupied axial
position (up to 85%).°*** In this situation, the anomeric inter-
action of nitrogen lone pairs with vacant antibonding orbitals of

In vinylogous anomeric effect, the anomeric interaction is
transmitted from a donor through C=C bonds to an acceptor.®
One of the striking examples for the vinylogous anomeric effect
can be found in Claisen rearrangement. The existence of y-
allylic O-atom within the structure leads to acceleration of the
reaction rate (Scheme 3).**“*® In these case, non-bonding elec-
trons of y-allylic O-atom interact with antibonding of C-O bond
trough C=C bond.

In this investigation, we continued our previous efforts for
the synthesis of pyridine derivatives via anomeric or cooperative
vinylogous anomeric-based oxidation mechanism®~"® and re-
ported the preparation of a new series of pyridines with
sulfonamide moiety in the presence of a novel quinoline-based
dendrimer-like ionic liquid TQoxyTtriFA (Schemes 4 and 5).

Results and discussion

The systematic study of the anomeric effect in target biological
candidated molecules allows the design of synthetic strategies
based on anomerically driven stereoselective reactions, or
highly biased equilibria among isomeric products. To the best
of our knowledge, many biological processes involve oxidation—-
reduction of substrates by NAD'/NADH and/or NADP'/NADPH
systems, respectively. It is believed that the key feature of the
oxidation mechanism in biological systems is the hydride
transfer from carbon via anomeric-based oxidation.”*”® Thus,

carbon-nitrogen bonds (ny — o*c_y) is possible. development  of  anomeric-based  oxidation  and/or
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Scheme 4 Synthetic route to TQoxyTtriFA as a novel quinoline-based dendrimer-like ionic liquid.
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Scheme 5 Synthesis of new pyridines with sulfonamide moiety in the presence of TQoxyTtriFA.

aromatization mechanism leads to knowledge-based designing
of biomimetic reactions in the future. With this aim, we decided
to synthesize a range of new diversity of pyridines with sulfon-
amide moiety in the presence of a novel quinoline-based
dendrimer-like ionic liquid.

The structure of the prepared novel quinoline-based
dendrimer-like ionic liquid, namely TQoxyTtriFA was analyzed
by several methods, which all endorsed each other. The more
detailed data can be found in following.

The FT-IR spectrum of the catalyst verified the existence of
characteristic functional groups including C=0 (1678 cm™ ")
and acidic proton within the structure (3446 cm ). Also, 'H
NMR spectrum is in agreement with the structure and confirms
the symmetrical structure of the catalyst. This claim is in full
agreement with the results obtained from "*C NMR (for detail
information, please see Spectral data section and ESIf).

Fig. 1 depicts the output data of EDX analysis, which
confirmed the elemental content of TQoxyTtriFA. The antici-
pated elements are carbon, nitrogen, oxygen and fluorine. Also,
more verification was accomplished by applying the elemental
mapping analysis (Fig. 2).

In a separate study, the thermal behavior of the prepared
TQoxyTtriFA was investigated from 0 °C up to 600 °C. The ob-
tained TG and DTG plots are illustrated in Fig. 3. The weight
loss occurred at around 150 °C, indicating the high thermal
stability of TQoxyTtriFA.

To prove the catalytic activity of TQoxyTtriFA as a novel
quinoline-based dendrimer-like ionic liquid, we examined it for

cpsfeV
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Fig. 1 Output data of EDX analysis of TQoxyTtriFA.

© 2021 The Author(s). Published by the Royal Society of Chemistry

the synthesis of a new pyridine series containing sulfonamide
moiety. Our study began by examining the best reaction conditions
by selecting a model reaction for the synthesis of molecule 1a. Our
obtained data reveal that 90 °C and solvent free conditions are the
optimal reaction parameters. The data are collected in Table 1.

After determining the optimal conditions for the model
reaction, we researched the productivity of the procedure for the
synthesis of various pyridines containing sulfonamide moiety.
The data, as collected in Table 2, show promising results. All
new molecules were obtained in high yields at short reaction
times via a catalytic one pot multicomponent reaction manner.

A plausible mechanism was suggested for the synthesis of 1a
(Scheme 6). In this suggestion, Knoevenagel intermediate A
(from the reaction of catalytic activated benzaldehyde and
malononitrile) was treated with enamine intermediate B (from
the reaction of in situ generated NH; and N-(4-acetylphenyl)-4-
methylbenzenesulfonamide). This catalytic process leads to the
formation of intermediate C. Then, in the presence of the new
described catalyst, intermediate C is converted to intermediate D,
through a ring closer reaction. Afterwards, a tautomeric process
leads to formation intermediate E. Finally, intermediate E
undergoes a cooperative vinylogous anomeric-based oxidation
(CVABO) mechanism for producing the target molecule 1a through
unusual hydride transfer and releasing one molecular hydrogen
(Hy). The achieved data from optimization of described reaction
under argon and nitrogen atmospheres verified our suggestion for
oxidation and aromatization of intermediate E.”>"*

Conclusion

Here, the synthesis and characterization of a novel quinoline-
based dendrimer-like IL was reported. Several skills were
applied for studding the structure and formation of the novel IL.
Also, the catalytic performance of titled IL was successfully
employed for the facile synthesis of a new pyridine series con-
taining sulfonamide moiety. Also, a plausible mechanism for the
synthesis of target sulfonamide containing pyridines through
a vinylogous anomeric-based oxidation mechanism was proposed.
We think that the obtained results from this research will support
the idea of rational designs, syntheses and applications of tasked-
specific catalysts, susceptible biological candidate molecules and
biomimetic reactions for the development of anomeric-based
oxidation and/or aromatization mechanism.
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Fig. 2 Elemental mapping analysis of TQoxyTtriFA.

Materials and methods

Chemicals applied in this work for the synthesis of catalyst and
products were supplied by Merck and Sigma-Aldrich chemical
companies and used without further purification. Progress of the
reactions was monitored by TLC using silica gel SIL G/UV 254 plates.
Melting points were recorded on a Biichi B-545 apparatus in open
capillary tubes. Fourier transform-infrared spectra (FT-IR) of the
samples were recorded on a frontier FT-IR PerkinElmer with MID IR
detector. The "H NMR spectra (301 MHz) and *C NMR (76 MHz)
were recorded with a Bruker spectrometer or Varian Mercury 300
MHz Spectrometer (Varian Inv., Palo Alto, CA, USA) using CDCl; or
DMSOy6 as solvent. Thermal gravimetry analysis TG-DTG, were
carried out on a STA 1500 from Rheometric Scientific at Day Pet-
ronic company. EDX and Elemental mapping analysis were per-
formed using a SIGMA VP from Zeiss at Day Petronic company.

3146 | RSC Adv, 2021, 11, 3143-3152
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General procedure for the synthesis of TQoxyTtriFA as a novel
quinoline-based dendrimer-like ionic liquid

At first, via the reaction of cyanuric chloride (1 eq.) and 8-
hydroxy quinoline (3 eq.), the related intermediate TQoxyT was
prepared.” Afterwards, the reaction of TQoxyT (1 eq.) with tri-
fluoroacetic acid (3 eq.) in toluene as solvent at room temper-
ature leads to formation of TQoxyTtriFA as a novel quinoline-
based dendrimer-like ionic liquid (Scheme 4).

General procedure for the synthesis of N-(4-acetylphenyl)-4-
methylbenzenesulfonamide

Similar to reported procedure,®® N-(4-Acetylphenyl)-4-
methylbenzenesulfonamide was prepared by the reaction of 4-
aminoacetophenone (10.0 mmol, 1.35 g), 4-toluenesulfonyl
chloride (10.0 mmol, 1.91 g) and 2 mol% of pyridine as catalyst
in CH,Cl, at room temperature for 5 h. Afterwards, the solvent

© 2021 The Author(s). Published by the Royal Society of Chemistry
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Fig. 3 TG and DTG plots of TQoxyTtriFA.

Table 1 Optimizing of the reaction conditions for the synthesis of 1a “

T
550 °Cc

Entry Solvent Temperature (°C) Load of catalyst (mol%) Time (min) Yield” (%)
1 — 100 2 15 84

2 — 90 5 15 82

3¢ — 90 2 15 80

4 90 1 20 71

5 — 90 — 15 Trace
6 — 90 — 120 52

7 — 80 2 20 72

8 — 70 2 45 60

9 — 60 2 15 20

10 — 60 2 60 55

11 H,O0 Reflux 2 120 —

12 EtOH Reflux 2 120 40

13 n-Hexane Reflux 2 120 —

14 EtOAc Reflux 2 120 —

15 CH,Cl, Reflux 2 120 —

¢ Reaction condition: benzaldehyde (1 mmol, 0.106 g), malononitrile (1 mmol, 0.066 g), N-(4-acetylphenyl)-4-methylbenzenesulfonamide (1 mmol,

0.289 g) and ammonium acetate (1 mmol, 0.077 g).
and nitrogen atmospheres are similar.

was removed and the obtained solid was filtered and was
thoroughly washed with water and air dried to afford the pure
product (yields up to 88%).

General procedure for the synthesis of new pyridines with
sulfonamide moiety in the presence of TQoxyTtriFA

The general protocol for the synthesis of sulfonamide contain-
ing pyridines are as follows. To a mixture of aryl aldehyde (1.0
mmol), malononitrile (1.0 mmol, 0.066 g), N-(4-acetylphenyl)-4-
methylbenzenesulfonamide (1.0 mmol, 0.289 g) and NH,OAc
(1.0 mmol, 0.077 g), 2 mol% of TQoxyTtriFA was added as
catalyst. Then, the mixture was stirred and heated at 90 °C

© 2021 The Author(s). Published by the Royal Society of Chemistry

Isolated yields. ¢ The achieved data from optimization of described reaction under air, argon

under solvent free conditions for appropriate times as reported
in Table 2. The reaction progress and the purity of the mole-
cules were checked out by TLC (n-hexane/ethylacetate (1 :1).
Eventually, the products were purified by using prepared silica
plates using a mixture n-hexane/ethylacetate (1 : 1).

Spectral data

TQoxyTtriFA (quinoline-based dendrimer-like ionic liquid).
MP = 94-96 °C, FT-IR (KBr, v, cm™'): 3446, 3075, 1677, 1606,
1268. "H NMR (301 MHz, DMSO) 6,,m 9.70 (bs, 1H, NH), 8.85
(dd, 3H, J = 4.3, 1.7 Hz, aromatic), 8.42 (dd, 3H, ] = 8.4, 1.7 Hz,
aromatic), 7.85 (dd, 3H, J = 7.4, 2.2 Hz, aromatic), 7.62-7.49 (m,

RSC Adv, 2021, 11, 3143-3152 | 3147
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Table 2 Catalytic synthesis of a new library of pyridines with sulfonamide moiety®

CHg

1a, 15 min, 80%
MP: 160-162 °C

N 1b, 20 min, 72%
MP: 156-158 °C

OH
HO

1e, 35 min, 70%
MP: 166-168 °C

N 1f, 30 min, 62%
MP: 149-152 °C

D

OH cl
C,Hs0

1i, 30min, 65%
MP: 160-162 °C

N 1j, 15 min, 88%
MP: 162-164 °C

H;C

CH3

HsC

1c, 20 min, 81%

N N
MP: 145-146 °C 1d, 20 min, 74%

MP: 170-171 °C

19, 20 min, 85%
MP: 150-151 °C

_N 1h, 15 min, 78%
MP: 142-143 °C

1K, 20 min, 76% ©!
MP: 141-143 °C

N 11, 25 min, 78%
MP: 191-193 °C

CHs

G

1m, 45 min, 62%
MP: 205-206 °C

“ Reaction conditions: aryl aldehyde (1.0 mmol), malononitrile (1.0 mmol, 0.066 g), N-(4-acetylphenyl)-4-methylbenzenesulfonamide (1.0 mmol,
0.289 g) and ammonium acetate (1.0 mmol, 0.077 g), solvent free, 90 °C, catalyst = 2 mol%. Reported yields are referred to isolated yields.

9H, aromatic). **C NMR (76 MHz, DMSO) 6 174.1, 159.6, 159.1,
158.6, 158.2, 150.7, 147.2, 139.8, 137.2, 129.5, 126.9, 126.8,
122.7, 121.8, 117.5, 113.7.
N-(4-Acetylphenyl)-4-methylbenzenesulfonamide. MP =
196-198 °C, FT-IR (KBI‘, v, Cmfl): 3221, 3000, 1671, 1600, 1342,
1281, 1158, 912. 'H NMR (301 MHz, DMSO) 5ppm 10.18 (S, 1H,
NH), 7.21 (d, 2H, J = 9 Hz, aromatic), 7.11 (d, 2H, J = 9 Hz,
aromatic), 6.74 (d, 2H, J = 6 Hz, aromatic), 6.60 (d, 2H, J = 9 Hz,
aromatic), 1.84 (s, 3H, CH;), 1.70 (s, 3H, CH;). *C NMR (76
MHz, DMSO) dpm 197.0, 144.3, 142.9, 137.0, 132.5, 130.4, 130.4,
127.3, 118.4, 26.9, 21.5.
N-(4-(6-Amino-5-cyano-4-phenylpyridin-2-yl)phenyl)-4-
methylbenzenesulfonamide (1a). MP = 160-162 °C, FT-IR (KB,
v, cm ™ Y): 3548, 3407, 3284, 2924, 2215, 1612, 1573, 1337, 1158,
921. 'H NMR (301 MHz, CDCly) dppm 8.14-8.09 (m, 2H,
aromatic), 7.96-7.91 (m, 2H, aromatic), 7.86-7.80 (m, 2H,
aromatic), 7.76-7.71 (m, 3H, aromatic), 7.49-7.32 (m, 6H,

3148 | RSC Adv, 2021, N, 3143-3152

aromatic and NH), 5.60 (bs, 2H, NH,), 2.61 (s, 3H, CH;). *C
NMR (76 MHz, CDCl3) ppm 160.3, 158.8, 155.4, 144.4, 138.6,
137.0, 136.1, 134.5, 130.1, 130.0, 129.1, 128.6, 128.3, 127.4,
120.8, 117.3, 111.0, 88.3, 21.7. TOF-HRMS (EI): m/z (M)" + 1
caled for C,5H,(N,0,S 441.1307; found 441.1199.
N-(4-(6-Amino-5-cyano-4-(p-tolyl)pyridin-2-yl)phenyl)-4-

methylbenzenesulfonamide (1b). MP = 156-158 °C, FT-IR (KBr,
v, em™"): 3521, 3396, 3276, 2929, 2217, 1610, 1577, 1339, 1159,
821. '"H NMR (301 MHz, CDCl3) 6,pm 8.01 (d, 2H, J = 9 Hz,
aromatic), 7.86 (d, 2H, J = 9 Hz, aromatic), 7.66 (d, 2H, ] = 9 Hz,
aromatic), 7.47 (d, 2H, J = 9 Hz, aromatic), 7.38 (d, 2H, J = 9 Hz,
aromatic), 7.32-7.29 (m, 3H, aromatic), 7.24 (s, 1H, NH), 5.51
(bs, 2H, NH,), 2.58 (s, 3H, CH3), 2.51 (s, 3H, CH;). "*C NMR (76
MHz, CDCl;) 6pm 160.4, 158.7, 155.4, 144.3, 140.3, 138.6, 136.1,
134.6, 134.1, 129.9, 129.8, 128.6, 128.2, 127.4, 120.7, 117.4,
110.9, 88.2, 21.7, 21.5.

© 2021 The Author(s). Published by the Royal Society of Chemistry
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Scheme 6 A catalytic plausible cooperative vinylogous anomeric-based oxidation (CVABO) mechanism for the synthesis of 1a.

N-(4-(6-Amino-5-cyano-4-(m-tolyl)pyridin-2-yl)phenyl)-4-
methylbenzenesulfonamide (1c). MP = 145-146 °C, FT-IR (KB,
v, em™Y): 3520, 3389, 3273, 2982, 2218, 1611, 1553, 1336, 1158.
'H NMR (301 MHz, CDCL;) 6,pm 8.02 (d, 2H, J = 9 Hz, aromatic),
7.83 (d, 2H, J = 9 Hz, aromatic), 7.52-7.53 (m, 3H, aromatic),
7.45-7.44 (m, 1H, aromatic), 7.38-7.34 (m, 3H, aromatic), 7.29
(d, 2H, J = 9 Hz, aromatic), 7.23 (s, 1H, NH), 5.45 (bs, 2H, NH,),
2.57 (s, 3H, CH3), 2.50 (s, 3H, CH;). "*C NMR (76 MHz, CDCI;)
Sppm 160.2, 158.6, 155.4, 144.3, 138.5, 136.4, 134.5, 131.1, 130.7,
129.8, 128.9, 128.8, 128.5, 127.3, 125.3, 120.7, 117.2, 110.9, 88.3,
21.6, 21.5. TOF-HRMS (EI): m/z (M)" + 1 caled for CyeH,,N,40,S
455.1463; found 455.1349.

N-(4-(6-Amino-5-cyano-4-(4-isopropylphenyl)pyridin-2-yl)
phenyl)-4-methylbenzenesulfonamide (1d). MP = 170-171 °C,
FT-IR (KBr, v, cm™'): 358, 3396, 3252, 2923, 2216, 1615, 1464,
1340, 1160, 818. "H NMR (301 MHz, CDCl3) 6,pm 8.08 (d, 2H, ] =
9 Hz, aromatic), 7.91 (d, 2H, J = 9 Hz, aromatic), 7.75 (d, 2H, J =
6 Hz, aromatic), 7.57 (d, 2H, J = 9 Hz, aromatic), 7.43 (d, 2H, ] =
9 Hz, aromatic), 7.37-7.34 (m, 3H, aromatic), 7.31 (s, 1H, NH),
5.54 (bs, 2H, NH,), 3.18 (s, 1H, J = 6 Hz, CH), 2.57 (s, 3H, CH3),
1.50 (d, 6H, ] = 6 Hz, CH;). ’C NMR (76 MHz, CDCL;) 6ppm
160.4, 158.7, 155.4, 151.2, 144.4, 138.6, 136.09, 134.7, 134.4,
130.0, 128.6, 128.3, 128.2, 127.4, 127.3, 120.8, 117.5, 111.0, 88.2,
34.2, 24.0, 21.7. TOF-HRMS (EI: m/z (M)" + 1 caled for
C,5H,N,0,S 483.1776; found 483.1651.

© 2021 The Author(s). Published by the Royal Society of Chemistry

N-(4-(6-Amino-5-cyano-4-(4-hydroxyphenyl)pyridin-2-yl)
phenyl)-4-methylbenzenesulfonamide (1e). MP = 166-168 °C,
"H NMR (301 MHz, DMSO) Oppm 7.65-7.57 (m, 2H, aromatic),
7.39-7.32 (m, 2H, aromatic), 7.20-7.14 (m, 2H, aromatic), 7.03-
6.96 (m, 3H, aromatic), 6.85-6.75 (m, 4H, aromatic), 6.60-6.54
(m, 2H, aromatic and NH), 6.46 (bs, 2H, NH,), 7.21-7.15 (m, 3H,
CH3). **C NMR (76 MHz, DMSO) 6,pm 161.6, 159.6, 158.5, 155.2,
143.5, 138.2, 137.3, 132.3, 130.5, 130.3, 128.8, 128.2, 127.4,
119.8,118.3, 116.2, 108.9, 86.1, 21.6. TOF-HRMS (EL): m/z (M)" +
1 caled for Cy5H,0N,03S 457.1256; found 457.1143.

N-(4-(6-Amino-5-cyano-4-(3-hydroxyphenyl)pyridin-2-yl)
phenyl)-4-methylbenzenesulfonamide (1f). MP = 149-152 °C,
'H NMR (301 MHz, DMSO) 6,pm 8.18-8.14 (m, 2H, aromatic),
7.92-7.87 (m, 2H, aromatic), 7.56-7.52 (m, 4H, aromatic), 7.38-
7.29 (m, 4H, aromatic), 7.23-7.21 (m, 2H, aromatic), 7.13-7.07
(m, 3H, NH and NH,), 2.74-2.68 (m, 3H, CH;). *C NMR (76
MHz, DMSO) d,pm 161.4, 158.7, 158.2, 155.4, 143.4, 139.1, 138.5,
132.1, 130.5, 130.2, 128.8, 127.4, 119.8, 119.5, 117.8, 117.1,
115.68, 109.1, 86.4, 21.6.

N-(4-(6-Amino-5-cyano-4-(4-methoxyphenyl)pyridin-2-yl)
phenyl)-4-methylbenzenesulfonamide (1g). MP = 150-151 °C,
FT-IR (KBr, v, cm ™ '): 3525, 3396, 3259, 2924, 2213, 1609, 1513,
1379, 1157, 829. "H NMR (301 MHz, CDCly) 6ppm 7.94 (d, 2H, ] =
9 Hz, aromatic), 7.79 (d, 2H, J = 9 Hz, aromatic), 7.66 (d, 2H, ] =
9 Hz, aromatic), 7.37-7.29 (m, 3H, aromatic), 7.26-7.21 (m, 2H,
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aromatic), 7.15 (s, 1H, NH), 7.10 (d, 2H, J = 6 Hz, aromatic), 5.42
(bs, 2H, NH,), 3.95 (s, 3H, OCH3), 2.44 (s, 3H, CH,). "*C NMR (76
MHz, CDCl3) dppm 161.1, 160.4, 158.6, 154.9, 144.2, 138.5, 136.1,
134.6, 129.9, 129.7, 129.2, 128.5, 127.4, 120.7, 117.5, 114.5,
110.7, 88.0, 55.5, 21.6. TOF-HRMS (EI): m/z (M)" + 1 caled for
C,6H,,N,0,S 471.1413; found 471.1299.
N-(4-(6-Amino-5-cyano-4-(3,4-dimethoxyphenyl)pyridin-2-yl)
phenyl)-4-methylbenzenesulfonamide (1h). MP = 142-143 °C,
FT-IR (KBr, », cm ™ *): 3525, 3390, 3262, 2923, 2214, 1614, 1514,
1337, 1260, 1159, 816. '"H NMR (301 MHz, CDCl3) 6ppm 7.94 (d,
2H, J = 9 Hz, aromatic), 7.74 (d, 2H, J = 9 Hz, aromatic), 7.31-
7.19 (m, 7H, aromatic), 7.15 (s, 1H, NH), 7.04 (d, 2H, J = 9 Hz,
aromatic), 5.37 (bs, 2H, NH,), 4.0 (t, 6H, J = 1.5 Hz, OCH), 2.42
(s, 3H, CH;). **C NMR (76 MHz, CDCl;) 6pm 160.4, 158.6, 155.0,
150.7, 149.2, 144.3, 138.5, 134.7, 129.9, 129.4, 128.6, 127.4,
121.2, 120.7, 117.9, 111.4, 111.3, 110.7, 56.26, 56.2, 21.7. TOF-
HRMS (EI): m/z (M)" + 1 caled for C,,H,4;N,04S 501.1518;
found 501.1393.
N-(4-(6-Amino-5-cyano-4-(3-ethoxy-4-hydroxyphenyl)pyridin-
2-yl)phenyl)-4-methylbenzenesulfonamide (1i). MP 160-
162 °C, FT-IR (KBr, », cm ™~ 1): 3509, 3392, 3264, 2924, 2212, 1609,
1513, 1338, 1267, 1157, 821. 'H NMR (301 MHz, CDCls) 6,pm
7.85 (d, 2H, J = 9 Hz, aromatic), 7.71 (d, 2H, J = 9 Hz, aromatic),
7.22 (d, 2H, J = 9 Hz, aromatic), 7.16-7.09 (m, 5H, aromatic),
7.07 (s, 1H, NH), 7.04-7.01 (d, 2H, J = 9 Hz, aromatic), 5.36 (bs,
2H, NH,), 4.18 (q, 2H, J = 9 Hz, CH,), 2.35 (s, 3H, CH3), 1.47 (t,
3H, ] = 6 Hz, CH;). *C NMR (76 MHz, CDCL;) 6,,pm 160.5, 158.7,
155.1, 147.6, 146.0, 144.3, 138.6, 136.2, 134.5, 129.9, 128.8,
128.5, 127.4, 121.7, 120.7, 117.6, 115.0, 111.7, 110.7, 87.9, 65.0,
21.6, 14.9. TOF-HRMS (EI): m/z (M)" + 1 caled for C,,H,,N,0,S
501.1518; found 501.1386.
N-(4-(6-Amino-4-(4-chlorophenyl)-5-cyanopyridin-2-yl)
phenyl)-4-methylbenzenesulfonamide (1j). MP = 182-184 °C,
"H NMR (301 MHz, DMSO) Oppm 7.93 (d, 2H, J = 3 Hz, aromatic),
7.68-7.59 (m, 6H, aromatic), 7.30 (d, 2H, J = 6 Hz, aromatic),
7.21 (t, 1H, J = 6 Hz, aromatic), 7.14-7.09 (m, 3H, aromatic and
NH), 6.94 (bs, 2H, NH,), 2.31 (s, 3H, CH;). *C NMR (76 MHz,
DMSO) Oppm 161.3, 159.0, 153.8, 143.0, 136.5, 135.0, 130.8,
130.2, 130.0, 129.6, 129.3, 128.7, 127.2, 119.8, 119.0, 117.6,
109.0, 86.1, 21.5.
N-(4-(6-Amino-4-(2-chlorophenyl)-5-cyanopyridin-2-yl)
phenyl)-4-methylbenzenesulfonamide (1k). MP = 141-143 °C,
FT-IR (KBr, v, cm ™ '): 3441, 3342, 3248, 2928, 2216, 1639, 1556,
1334, 1161, 759. "H NMR (301 MHz, CDCl3) 6,,m 8.04 (d, 2H, ] =
9 Hz, aromatic), 7.90 (d, 2H, J = 9 Hz, aromatic), 7.71 (d, 1H, ] =
6 Hz, aromatic), 7.59-7.51 (m, 3H, aromatic), 7.44-7.32 (m, 5H,
aromatic), 7.23 (s, 1H, NH), 5.56 (bs, 2H, NH,), 2.54 (s, 3H, CHz).
*C NMR (76 MHz, CDCl;) 6pm 159.7, 158.7, 153.2, 144.3, 138.8,
136.0, 135.9, 134.2, 132.3, 130.8, 130.4, 130.6, 129.9, 128.6,
127.4,127.2,120.6, 116.34, 111.8, 90.0, 21.7. TOF-HRMS (EI): m/
z (M)" + 1 caled for C,5H;4CIN,O,S 475.0917; found 475.0797.
N-(4-(6-Amino-5-cyano-4-(thiophen-2-yl)pyridin-2-yl)phenyl)-
4-methylbenzenesulfonamide (11). MP = 191-192 °C, 'H NMR
(301 MHz, CDCl;) 6ppm 8.05-8.01 (m, 3H, aromatic), 7.90 (d, 2H,
J = 9 Hz, aromatic), 7.69 (d, 1H, J = 6 Hz, aromatic), 7.42-7.33
(m, 7H, aromatic and NH), 5.55 (bs, 2H, NH,), 2.54 (s, 3H, CHj).
13C NMR (76 MHz, CDCl) 6ppm 160.7, 159.0, 146.6, 144.3, 138.7,
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138.3, 136.1, 134.3, 129.9, 128.9, 128.7, 128.6, 128.5, 128.3,
127.4, 120.6, 117.6, 109.7, 86.0, 21.6.
N,N'-((1,4-Phenylenebis(6-amino-5-cyanopyridine-4,2-diyl))

bis(4,1-phenylene))bis(4-methyl benzenesulfonamide) (1m).
MP = 205-208 °C, FT-IR (KBr, v, cm ™~ 1): 3506-3388, 3272, 3000,
2225, 1630, 1576, 1344, 1162. "H NMR (301 MHz, CDCl;) dppm
10.63 (bs, 2H, NH), 8.04 (dd, 2H, J = 8.9, 2.5 Hz, aromatic), 7.83—
7.70 (m, 9H, aromatic), 7.59-7.56 (m, 3H, aromatic), 7.41-7.38
(m, 4H, aromatic), 7.23 (dd, 4H, J = 8.4, 1.8 Hz, aromatic), 7.01
(s, 2H, NH,), 6.84-6.71 (m, 4H, aromatic and NH,), 2.36 (s, 3H,
CH3;), 2.35 (s, 3H, CH;). TOF-HRMS (EI): m/z (M)" + 1 caled for
C.4H3,N0,S, 803.2144; found 803.5102.
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