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The reaction of 3-oxo-2-arylhydrazonopropanals with acetoacetanilide in an equimolar ratio, under DBU/
1,4-dioxane/microwave irradiation reaction conditions, resulted in chemoselective formation of 4-arylazo-
5-hydroxy-benzamide derivatives. The structures of the obtained biphenyl-4-carboxamides were

characterized by several spectroscopic techniques including IR, *H- and *C-NMR, MS and HRMS, and X-
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ray single crystals of three examples. The photophysical properties of the new products were also

evaluated, with a particular focus on their absorption and emission spectra, which provided valuable
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1. Introduction

Salicylanilides (2-hydroxy-N-phenylbenzamides) have attracted
substantial research interest from the field of medicinal
chemistry owing to their exceptional bioactivities. They exhibit
anti-inflammatory, antibacterial, antifungal activities,"” are
antiviral agents against various viral pathogens such as coro-
naviruses (MERS-CoV & SARS-CoV), West Nile virus (WNV),
Hepatitis-C virus (HCV), Japanese encephalitis virus (JEV),
human rhinovirus (HRV), dengue virus (DENV), yellow fever
virus (YFV)'*** and are used for treatment of tuberculosis.’*™*

The Salicylanilide family is useful in veterinary and human
medicines. For example, as shown in Fig. 1, Oxyclozanide,'®
Closantel" discovered to be a  powerful
antistaphylococcal,'®?" Rafoxanide®> was successful for the
treatment of F. hepatica infection in cattle and sheep, and
Niclosamide, was approved by FDA as an antihelmintic drug,>**
highly potent for treatment of COVID-19 and SARS-CoV-2 (ref.
25-28) and has high anti-cancer activity.>*>

The classical synthesis of salicylanilides was achieved by
condensing the appropriate salicylic acid derivatives with
aromatic amines in the presence of dehydrating agents such as
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information regarding their optical properties. The new compounds emitted 513-549 nm green
fluorescence in acetone solution under UV irradiation.

3436 carbon-

phosphorus oxychloride,* phosphorus trichloride,
yldiimidazole (Cp1),* 1-(3-dimethylamino-propyl)-3-
ethylcarbodiimide (EDC),*® thionyl chloride*** P,05," or
N,N'-dicyclohexylcarbodiimide (DCC).*> High boiling solvents
such as xylene, chlorobenzene, or toluene were used or solvent-
free conditions were used. These processes were fairly difficult
and lengthy due to the low reactivity of the carboxylic acids.*
Aminolysis of phenyl salicylate in chlorobenzene or xylene was
also used when the solvent offered a significant challenge in the
separation process of the product.****¢ Thus, we concluded that
these procedures had many obstacles, such as complicated
operations, expensive reagents, low productivity and long
reaction times. On the other hand, aryl azobenzene systems
were of valuable importance in various fields, such as dye
industries,* liquid crystals,*>*® material science,*** chemo-
sensors,*>*® polymers,” photochemical switches® and phar-
maceutical products.**** Microwave radiation produces a rapid
intense heating of polar compounds, resulting in significantly
shorter reaction times, high reaction yields and a cleaner
technique.

The fundamental advantage of microwave heating is its
significant energy savings through its instantaneous “in-core”
heating of substances in a selective and homogeneous manner
with a significantly shorter response time.***® The straightfor-
ward amidation of carboxylic acids was successfully modified by
microwave activation.’*** Therefore, in continuation of our
research interest in microwave-assisted organic synthesis,*7”
herein we re-investigated our previous work on a supplemental
reaction of 3-oxo-2-arylhydrazonopropanals 1 with acetoaceta-
nilide 2, by optimization of reaction conditions (components’
molar ratios, solvents, bases and activation modes) towards
chemoselective construction of the 2-(arylazo)-5-hydroxy-N-

© 2023 The Author(s). Published by the Royal Society of Chemistry
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Scheme 1 Current and previous work on reaction of 3-oxo-2-arylnydrazonopropanals 1 with acetoacetanilide 2.

phenyl-[1,1-biphenyl]-4-carboxamide derivatives 3 instead of
the cinnoline derivatives 4 (Scheme 1) and the photophysical
properties of the obtained biphenyl-4-carboxamides were eval-
uated. The structures of the new products were characterized by
IR, 'H- and *C-NMR, MS and HRMS spectral data as well as X-
ray single crystallography of selected examples. The photo-
luminescent spectrum and UV-Vis absorption were also studied.

2. Results and discussion

The key starting substrates 3-oxo-2-arylhydrazonopropanals 1a-
o were prepared following the literature procedures.”®” A
representative reaction example was conducted by heating an
equimolar ratio of 3-0x0-2-(4-bromophenyl)hydrazonopropanal
1la and acetoacetanilide 2 under various reaction conditions
(different solvents, different bases and different heating modes)
as shown in Table 1 and Scheme 2. Thus, the effect of solvents
(such as methanol, ethanol, hexane, DMF, chloroform, toluene,
1,4-dioxane) on the reaction between 1a and 2 using DBU
(60 mol%) as an organic base, under thermal heating and
microwave irradiation at 40 °C was carefully studied and the
reaction path was checked by TLC. Conducting the reaction in
methanol under thermal heating for 2 h afforded a mixture of
the 4-bromphenylazo-5-hydroxy-benzamide derivative 3a and
the 2,6-dihydrocinnoline-4,5-dicarboxamide 4a in 50% and 40%
yields, respectively, compared with 65% and 28% yields after for

© 2023 The Author(s). Published by the Royal Society of Chemistry

3 min of microwave irradiation (entry 1, Table 1). Repeating the
same reaction using ethanol, hexane, DMF, chloroform,
toluene, 1,4-dioxane, as reaction solvents, led to the formation
of a mixture of 3a and 4a in 45-60% and 36-42%, respectively,
under thermal condition compared with 52-68% (3a) and 25-
32% (4a) yields under microwave condition (entries 2-6, Table
1). However, 1,4-dixane was found to be the proper reaction
solvent (at 40 °C and DBU (0.6 mmol)) where it exclusively
directed the reaction towards the formation of 3e chemo-
selectively (95% yield) under microwave irradiation compared
with a mixture of 3a (in 84% yield) and 4a (in 10% yield),
respectively, under thermal heating (entry 7, Table 1). When the
same reaction was repeated under typical reaction factors but at
room temperature a mixture of the products 3a and 4a were
obtained in 48% and 40% yields under conventional condition
and in 60% and 25% yields under microwave, respectively (entry
8, Table 1). Then, the same reaction condition was repeated
using different concentrations of DBU (50 mol% and 80 mol%),
at 40 °C, interestingly only 3a was chemoselectively isolated in
88 and 90% yields, respectively, under microwave conditions
compared with about 80% (3a) and 14% (4a) under thermal
heating (entries 9 and 10, Table 1).

Changing the catalytic base also affected the chemo-
selectivity, where replacing DBU with pyridine and DABCO
(60 mol% all), in dioxane at 40 °C resulted in the formation of
a mixture, in all cases, of the carboxamide 3a and cinnoline 4a

RSC Adv, 2023, 13, 25054-25068 | 25055
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Table 1 Optimization of the annulation reaction condition of 1a with 2¢
Thermal (2 h) MW (3 min)
vield” vield”

Entry Base (mol%) Solvent Temp. (°C) 3a 4a 3a 4a

1 DBU (60%) Methanol 40 50 40 65 28

2 DBU (60%) Ethanol 40 55 38 67 25

3 DBU (60%) Hexane 40 45 42 52 32

4 DBU (60%) DMF 40 60 36 65 25

5 DBU (60%) Chloroform 40 58 38 68 25

6 DBU (60%) Toluene 40 50 40 60 28

7 DBU (60%) 1,4 dioxane 40 84 10 95 Trace
8 DBU (60%) 1,4 dioxane rt 48 40 60 25

9 DBU (50%) 1,4 dioxane 40 80 14 88 Trace
10 DBU (80%) 1,4 dioxane 40 82 14 90 Trace
11 Pyridine (60%) 1,4 dioxane 40 33 54 42 45

12 DABCO (60%) 1,4 dioxane 40 38 50 45 42

13 Et;N (60%) 1,4 dioxane 40 Trace 25 Trace 34

14 KOH (60%) 1,4 dioxane 40 48 40 55 35

15 Cs,CO; (60%) 1,4 dioxane 40 52 30 68 22

16 Na,CO; (60%) 1,4 dioxane 40 50 40 60 28

17 NaHCO; (60%) 1,4 dioxane 40 65 20 72 18

“ Reaction condition: 1a (0.5 mmol), acetoacetanilide (0.5 mmol), solvent (6 mL) and base (50-80 mol%), (6 mL), at 40 °C for 2 h, microwave

irradiations at 40 °C (200 W) for 3 min. ” Isolated yields of 3a and 4a.
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Scheme 2 Annulation of the arylhydrazonopropanal 1a with acetoacetanilide 2.

in yields varied between 33-48% and 40-54% under thermal
heating and between 42-55% and 35-45% under microwave
condition, respectively (entries 11, 12, Table 1). Using Et;N
instead of DBU (60 mol%) in dioxane at 40 °C led to the selective
formation of the cinnoline derivative 4a in low yields; 25% and
34% under thermal and microwave conditions, respectively
(entries 13, Table 1). Some inorganic bases were also tested for
this reaction by applying the same condition as above. Thence,
KOH, Cs,CO3;, Na,CO; and NaHCO; (60 mol% each) was
employed separately where in all cases a mixture of the two
products 3a and 4a were obtained in variable yields; 48-65%
(3a) and 30-40% (4a), respectively under a thermal mode but in
55-72% (3a) and 18-35% (4a) under microwave mode, respec-
tively (entries 14-17, Table 1). Therefore, the highest chemo-
selectivity towards the formation of the pure 3a structure was
established using the reaction system; 1a/2/base/solvent/
temperature/heating mode; 1 mmol/1 mmol/0.6 mmol DBU/
1,4-dioxane/40 °C/microwave irradiation.

25056 | RSC Adv, 2023, 13, 25054-25068

It was concluded that the outcomes of microwave irradiation
were established by high productivity and chemoselectivity
compared with thermal heating mode. The chemical constitu-
tion of the reaction product 3a was confirmed from its micro-
analytical and all possible spectroscopic analyses (IR, 'H- and
BC-NMR, MS and HRMS). Spectral data and the melting point
of structure of 4a were typical of that previously published by
our group.®® Microwave works faster in polar solvents where it is
well known that polar solvents absorb microwave energy faster
and convert it into heat leading to bulk heating and simulta-
neously elevating the reaction temperature, in contrast with
thermal conductive heating mode.

In the following, the best-optimized condition above was
applied in the assembly of a library of 5-arylazo-2-
hydroxybenzamides 3a-o as described in Table 2 and Scheme
3. Thus, conducting the reaction of various 3-oxo0-2-
arylhydrazonopropanal 1a-o and acetoacetanilide 2 and molar
ratios of the components and reaction conditions were as
follows; 1a-0/2/base/solvent/temperature; 0.5 mmol/0.5 mmol/

© 2023 The Author(s). Published by the Royal Society of Chemistry
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Table 2 DBU-catalyzed tandem annulation of arylhydrazonopropanals la—o with acetoacetanilide 2 under conventional and microwave

conditions®
Thermal (2 h) MW (3 min)
Yield” Yield”
Entry Products R Ar 3 4 3 4
1 3a/4a 4-NO,CcH,y 4-BrC¢H, 84 10 95 Trace
2 3b/4b 4-NO,C¢H, 4-CIC¢H, 80 13 93 Trace
3 3c/4c 4-NO,CcH, 3-CICgH, 78 16 90 Trace
4 3d/ad 4-NO,CeH, CeHs 72 20 83 10
5 3e/4e 4-CIC4H, CeHs 62 28 70 22
6 3f/af 4-CIC¢H, 4-BrC¢H, 74 18 86 8
7 3g/ag 4-BrCg¢H, 4-CICeH, 66 25 75 16
8 3h/4h 4-BrC¢H, 4-BrC¢H, 67 25 75 18
9 3i/4i 4-FC¢H, 4-CIC4H, 75 18 88 Trace
10 3j/4j 4-FC¢H, 4-BrC¢H, 76 18 88 Trace
11 3k/ak 4-OMeCg¢H, 4-BrCg¢H, 52 38 60 28
12 31/l 4-OMeCg¢H, 0-NO,CeH, 55 35 64 24
13 3m/4m CeHs 4-CICH, 62 27 70 20
14 3n/4n CeHs 4-BrC¢H, 60 30 70 18
15 30/40 CeHs 0-NO,C¢H, 70 20 83 10

¢ Reaction condition: 1a-o (0.5 mmol), acetoacetanilide 2 (0.5 mmol), DBU (0.3 mmol) in 1,4-dioxane (6 mL), at 40 °C for 2 h (thermal heating), and
40 °C (200 W) for 3 min (microwave irradiation). ® Isolated yields of 3 and 4.

79 AN o PhHN NHPh
RMH + M DBU/ 1,4 dioxane NN Me o
N _Ph H +
\ITIH Me H heat or MW R OH Ar/N\N/
1a-0 Ar 2 320 o R

Scheme 3 Annulation of arylhydrazonopropanals la—o with acetoacetanilide 2.

0.3 mmol DBU/1,4-dioxane (6 mL)/40 °C, both under thermal as
well as microwave irradiating conditions. Again, heating under
microwave conditions led to an increase in the chemoselectivity
towards the formation of the products 3a-o compared with
conventional heating, where the yields dramatically enhanced
when conventional heating was switched to microwave heating
and compounds 3a-c as well as 3i—j were obtained as the sole
products (entries 1, 2, 3, 9, 10, Table 2). In these examples, the R
groups of the respective hydrazonal substrates 1 had highly
electron-withdrawing substituents (NO, or F). In the other
examples, microwave irradiation of compounds 1 having
groups other than NO, or F resulted in the formation of
a mixture of compounds 3 and 4 mostly in 8:1 ratios of total
>90% yields. In contrast, conventional heating led, in all cases,
to the production of a mixture of 3a-c¢ and 4a-c in 8: 1 ratios of
total >90% yields. The presence of the electron-donating (MeO)
group led to the least chemoselectivity, where products 3 and 4
were obtained in almost 2 : 1 ratio under both thermal as well as
microwave conditions (entries 11, 12, Table 2). Thus, chemo-
selectivity was encountered only under microwave for the
hydrazonals 1 having highly electron-withdrawing substituents
on the R moiety. All structures of the isolated products were
thoroughly characterized using spectral analyses as well as X-ray

© 2023 The Author(s). Published by the Royal Society of Chemistry

single crystals of selected compounds (3f, 3h and 3n) (Fig. 2).*

Mechanistically, formation of the 4-arylazo-5-
hydroxybenzamide  derivatives 3a-o and the 2,6-
dihydrocinnoline-4,5-dicarboxamides 4a-o proceeded in

a tandem pathway as described in Scheme 4.

2.1. Photophysical studies

The photophysical properties of the synthesized azodye deriv-
atives 3a-o revealed distinct absorption and emission charac-
teristics. Fig. 3 showed how the substituents (R' and R?) in the
molecular structure affected the absorption and emission
bands. We studied the azodye photophysical behaviors by
systematically changing these substituents. Understanding
these structure-property correlations allows organic molecules
to be used in optoelectronic devices and sensor platforms by
changing their optical properties.

All photophysical characteristic data were displayed and
applied to determine the maximum wavelength absorption
(Amawabs), Mmaximum molar absorptivity (emax), and maximum
wavelength emission (Amaxem) for all the azodyes as described in
Table 3. The Ultraviolet-Visible (UV-Vis) spectra (Fig. 4a) indi-
cated absorption bands ranging between 444 and 476 nm.
Notably, compound 3o had the largest absorption maxima in

RSC Adv, 2023, 13, 25054-25068 | 25057
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Fig. 2 X-ray single crystals of compounds 3f, 3h and 3n obtained from diffraction data.

this range, indicating that it has superior absorption properties
in comparison to the other derivatives. The molar absorption
coefficients for the azodyes 3a, 3b, 3i, 3j, 3f, 3m, and 30 were
calculated as 20 569, 30 036, 22 908, 25 639, 30 432, 12 852, and
240212 M~ ' em ™', respectively. The greater molar absorptivity
(¢) obtained for the azodye 30 (240212 M~ ' cm™') with

25058 | RSC Adv,, 2023, 13, 25054-25068

substituents R' = 2-NO, and R*> = H compared to the other
azodyes, suggested that this particular chemical configuration
possessed superior light absorption capabilities. The inclusion
of the nitro group (NO,) at the R" in the ortho-position was likely
to introduce strong electron-withdrawing effects due to the
inductive effect (-I), which resulted in a more effective

© 2023 The Author(s). Published by the Royal Society of Chemistry
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Scheme 4 A proposed mechanism for the chemoselective formation of 3 and 4.

R1
33; R1= 4-Br, R2= 4-N02
3b; Ry=4-Cl, Ry;=4-NO,
N o 3f; Ry=4-Br, R,=4-Cl
N 3i; Ri=4-Cl, R,=4-F
ﬁ 3j; Ri=4-Br, Ry,=4-F
OH 3m, R1= 4-C|, R2= H

30; R1= 2-N02, R2= H

Fig. 3 Molecular structures of the azodyes 3a—o with various
substituents (R* and R?).

© 2023 The Author(s). Published by the Royal Society of Chemistry

interaction between the dye and the incident light. This
increased number implies that the azodye 30 had a better
capacity to absorb photons and transform them into the excited
states, making it more appropriate for the applications that
require a strong light absorption, such as photovoltaic devices
and light-harvesting systems.

In the emission spectra (Fig. 4b), compounds 3a, 3f, 3i, 3j,
3m, and 30 had comparable emission bands between 513-
549 nm. This broad range showed that the emission properties
of these compounds were comparable, with emission maxima
between 520 and 540 nm. These emission bands were probably
a result of similar photophysical processes that occurred within
these substances. Notably, compound 3b, which contains an
electron-withdrawing NO,-group, exhibited a unique emission

RSC Adv, 2023, 13, 25054-25068 | 25059
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Table 3 Photophysical properties of the synthesized azodye derivatives 3a—o

Azodyes Absorption®, Amax/abs (NM) emax (M ' cm™Y) Emission®, Amaxem (nm) Stokes shifts® (nm)
3a 475 20569 551 76
3b 472 30036 549 77
709 237
3f 476 30432 552 76
3i 475 22908 549 74
3j 476 25639 553 77
3m 444 12 852 513 69
30 494 240212 576 82

“ Determined in acetone at room temperature when the concentration of each compound is 1.0 x 107> M. ? Excited at the longest wavelength of the
absorption maxima. © Stokes shifts are provided as wavelength differences, Admax = Amax(em) — Amax(ex)-
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Fig. 4

behavior. It displayed a bathochromic (red) shift with an
emission maximum at 709 nm, and a Stokes shift that was
notably large at 237 nm (Table 3). The presence of the electron-
withdrawing group, which greatly affected the electronic struc-
ture and energy levels of the molecule, was responsible for the
dramatic red shift observed in compound 3b.

Overall, the presence of the electron-withdrawing NO,-group
in compound 3b resulted in an extremely large Stokes shift due
to a considerable red shift in the emission wavelength. These
results demonstrated the significance of molecular structure
and substitution patterns in modifying the photophysical
characteristics of the azodyes.

Table 4 UV-Vis absorption and emission spectra of compound 30 in
various polarity of solvents

Solvent  Absorption?, Amayabs €max (M~ ' cm™?) Emission?, (Amax/em)
DMSO 494 225212 580
CH;CN 489 227 258 574
Acetone 494 239 836 576
EtOAc 486 73 652 569
CHCl; 483 157 062 567
THF 488 162157 569

“ Concentration of 30 1.0 x 10~> M in different solvents. * Excitations
were executed at or near the wavelength position of absorption maxima.

25060 | RSC Adv, 2023, 13, 25054-25068
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(a) UV-Vis spectra of the azodye derivatives 3a—o; (b) emission spectra of the azodye derivatives 3a—o recorded in acetone.

We examined the absorption and emission spectra of the
azodye 30 in various organic solvents, such as acetone, dimethyl
sulfoxide (DMSO), ethyl acetate (EtOAc), tetrahydrofuran (THF),
acetonitrile (MeCN), and chloroform (CHCl;). The results ob-
tained are shown in Table 4 and Fig. 5 and 6. The broad band
detected between 483 and 494 nm was due to an n—-7* electronic

3
= Aceton
2.5
——THF
o 2 1 —DMSO
=
= ——Acetonitril
215
2 ——FEthylacetate
<
1 = Chloroform
0.5
0 - - - - -
330 380 430 480 530 580 630 680

Wavelenghth (nm)

Fig. 5 Absorption and emission spectra of dye 3o in different organic
solvents (acetone, DMSO, EtOAc, THF, MeCN, and CHClz).

© 2023 The Author(s). Published by the Royal Society of Chemistry
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Fig. 6 Effect of solvent polarity on the emission spectra of the azodye
30. The emission maxima were shown for different solvents, including
acetone, DMSO, EtOAc, THF, MeCN, and chloroform.

transition in the azoaromatic chromophore and intramolecular
charge transfer. In addition, a shoulder in the region of 371~
379 nm was noticed, which was indicative of the azobenzene
molecule's easier w—1t* absorption.

Moreover, the effect of solvents on the azodye 30 was
examined. The 11 nm red shift in the absorption maxima when
changing from DMSO to chloroform illustrated the influence of
solvent polarity on the photophysical parameters. Variations in
dipole moment in the excited state or changes in hydrogen
bonding strength in polar liquids could account for this shift.
The existence of hydrogen bonding could greatly influence
numerous photophysical properties.®® Additionally, excited-
state intermolecular proton transfer (ESIPT)** might also
influence the photophysical characteristics of the azodye 30. In
contrast, the lower molar absorptivity values reported in other
solvents such as chloroform (157 062 M~' cm™ "), ethyl acetate
(73652 M~' em™"), and THF (162157 M~ ' em™") showed
a relatively lower light absorption efficiency than acetone. These
solvents might have weaker molecular connections or less
suitable conditions for the absorption process of the azodye.

Regarding fluorescence characteristics, all the fluorescence
maxima mentioned in Table 4 displayed a slight bathochromic
shift as the solvent polarity increased, with the maximum
emission wavelength in DMSO measured at 580 nm when
stimulated at 494 nm. In the presence of DMSO, the extinction
coefficient (&) is approximately 1.4 times greater than that in the
presence of chloroform, demonstrating that the polarity of the
solvent influenced the intensity of emission. Higher intensities
were recorded in polar solvents, as shown in Fig. 6.

The difference in molar absorptivity values between solvents
implied that the choice of solvent could greatly affect the optical
properties and absorption characteristics of the azodye 3o. This
information was useful for comprehending the solvatochromic
effect and customizing the photophysical properties of the
azodye for applications requiring precise control of light
absorption and energy conversion processes.

These results illustrated the effect of solvent polarity on the
photophysical properties of the azodye 30 and scaled light on

© 2023 The Author(s). Published by the Royal Society of Chemistry
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the unique absorption and emission features of the synthesized
azodye derivatives.

3. Experimental section

3.1. Materials and methods

All starting substrates were highly pure and purchased from
Sigma-Aldrich. Griffin apparatus was used for measuring the
melting points and were uncorrected. Thin layer chromatog-
raphy (TLC) was established using Polygram SIL G/UV 254 TLC
plates, and visualization was done under ultraviolet light at 254
and 365 nm. IR spectra were conducted using KBr disks in
PerkinElmer System 2000 FTIR spectrophotometer. "H- and **C-
NMR spectra were recorded at 600 and 150 MHz, respectively,
on a Bruker DPX 400 or 600 super-conducting NMR spectrom-
eter, at ambient temperature using DMSO-ds as a deuterated
solvent and TMS as the internal standard (with chemical shifts
given in parts per million (ppm)). Low-resolution electron
impact mass spectrometry [MS (EI)] and high-resolution elec-
tron impact mass spectrometry [HRMS (EI)] were carried out
using a high-resolution thermos spectrometer [GC-MS (DFS)]
using a magnetic sector mass analyzer at 70.1 eV. Microwave
(MW) experiments were conducted using a Discover LabMate
CEM microwave instrument (300 W with CHEMDRIVER soft-
ware; Matthews, NC). MW irradiation reactions were carried out
in equipped closed pressured Pyrex tubes. The X-ray single-
crystal data were performed involving a Bruker X8 Prospector
and a Rigaku RAXISRAPID diffractometer, and the single-crystal
data collection was conducted using Cu Ka radiation at ambient
temperature. Solving and refining the structures was performed
using the Bruker SHELXTL software package (refinement
program-SHELXL97 and structure solution program-SHELXS-
97). UV-Vis experiments were carried out on a Varian Cary 5
spectrometer from Agilent. Fluorescence assessments were
conducted with Horiba Jobin Yvon-Fluoromax-4 equipped with
a Time-Correlated Single Photon Counting (TCSPC) module.

3.2. Synthesis of the biphenyl-carboxamides 3a-o0 and
cinnoline derivatives 4a-o0

3.2.1. General method A. To a mixture of the appropriate
arylhydrazonopropanal 1a-o (0.5 mmol) and acetoacetanilide 2
(0.09 g, 0.5 mmol) in the appropriate solvent (MeOH, EtOH, n-
hexane, toluene, chloroform, DMF or 1,4-dioxane) (6 mL), DBU
(0.05 mL, 60 mol%) was added portion-wise. The mixture was
heated at 40 °C for 2 h the then left to cool to room temperature.
The solvent was removed under reduced pressure and the
residue was purified by preparative TLC (SiO, 60 mesh) using
eluent (ethyl acetate : petroleum ether 40-60, 2 : 8 v/v).

3.2.2. General method B. To a mixture of the appropriate
arylhydrazonopropanal 1a-o (0.5 mmol) and acetoacetanilide 2
(0.09 g, 0.5 mmol) in the appropriate solvent (MeOH, EtOH, n-
hexane, toluene, chloroform, DMF or 1,4-dioxane) (6 mL), DBU
(0.05 mL, 60 mol%) was added portion-wise. The mixture was
heated under microwave irradiating conditions at 40 °C and
200 W for the appropriate reaction time as listed in Table 2,
then left to cool to room temperature. The solvent was removed

RSC Adv, 2023, 13, 25054-25068 | 25061


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d3ra04558g

Open Access Article. Published on 22 August 2023. Downloaded on 4/19/2026 9:06:18 PM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

RSC Advances

under reduced pressure and the residue was purified by
preparative TLC (SiO, 60 mesh) using eluent (ethyl acetate:
petroleum ether 40-60 °C, 2: 8 v/v) to give the corresponding
biphenyl-carboxamides 3a-o0 and the cinnoline derivatives 4a-o.

Notice: the cinnoline derivatives 4a-b and 4e-m were already
characterized previously®® and all data of the of currently
prepared cinnolines 4a-b and 4e-m were in complete accor-
dance with the reported ones. However, the newly synthesized
herein, cinnoline derivatives 4c-d and 4n-o are fully charac-
terized at the end of this part.

3.2.2.1. 2-(4-Bromophenylazo)-5-hydroxy-4"-nitro-N-phenyl-
[1,1"-biphenyl]-4-carboxamide (3a). Orange solid, mp 266 °C; IR
(KBr): v/em™* 3247, 3080, 1635, 1578, 1474, 1385; 'H NMR
(DMSO-de): 6 = 6.49 (s, 1H, Ar-H), 7.01 (t, / = 7.5 Hz, 1H, Ar-H),
7.31(t,J = 7.8 Hz, 2H, Ar-H), 7.46 (d,J = 9 Hz, 2H, Ar-H), 7.60 (d,
J=8.4Hz,2H, Ar-H), 7.70 (d,] = 7.8 Hz, 2H, Ar-H), 7.78-7.71 (m,
2H, Ar-H), 8.28 (d, J = 8.4 Hz, 2H, Ar-H), 8.61 (s, 1H, Ar-H), 9.60
(b, 1H, NH), 14.43 (s, 1H, OH); >C NMR (DMSO-d): 6 = 118.47,
119.27, 119.50, 120.87, 122.31, 122.96, 123.37, 128.80, 131.35,
132.02, 134.88, 140.08, 146.28, 146.85, 165.21, 165.69 (Ar-C),
176.09 (CO). MS (EI): 518.10 [M]'. HRMS: caled for
C,sH,7BrN,0O,: 517.04331, found 516.0428.

3.2.2.2. 2-(4-Chlorophenylazo)-5-hydroxy-4"-nitro-N-phenyl-
[1,7-biphenyl]-4-carboxamide (3b). Brown solid, mp 272-273 °C;
IR (KBr): v/em™* 3246, 3044, 2922, 1636, 1578, 1548, 1475, 1455,
1287; "H NMR (DMSO-d): 6 = 6.54 (s, 1H, Ar-H), 7.01 (t, ] =
7.2 Hz, 1H, Ar-H), 7.33 (t, J = 7.8 Hz, 2H, Ar-H), 7.34-7.31 (m,
2H, Ar-H), 7.56-7.54 (m, 2H, Ar-H), 7.73 (d, ] = 7.8 Hz, 2H, Ar-H),
7.78 (d,J = 9 Hz, 2H, Ar-H), 8.28 (d, ] = 9 Hz, 2H, Ar-H), 8.65 (s,
1H, Ar-H), 9.43 (b, 1H, NH), 14.45 (s, 1H, OH); "*C NMR (DMSO-
de): 6 = 118.45, 119.29, 119.49, 122.32, 122.46, 122.97, 123.06,
128.82, 129.12, 131.37, 132.25, 134.87, 140.10, 144.54, 146.29,
146.88,151.89, 165.28, 165.71 (Ar-C), 176.04 (CO). MS (EI): 472.1
[M]". HRMS: calcd for C,5H;,CIN,O,: 472.0938, found 472.0933.

3.2.2.3. 2-(3-Chlorophenylazo)-5-hydroxy-4'-nitro-N-phenyl-
[1,7-biphenyl]-4-carboxamide (3c). Orange solid, mp 235-236 °C;
IR (KBr): v/ecm™" 3249, 3047, 1637, 1578, 1475, 1388; "H NMR
(DMSO-dg): 6 = 6.46 (s, 1H, Ar-H), 7.01 (t, /] = 7.5 Hz, 1H, Ar-H),
7.80 (t,J = 7.2 Hz, 2H, Ar-H), 7.50-7.47 (m, 2H, Ar-H), 7.56-7.54
(m, 2H, Ar-H), 7.72-7.71 (m, 2H, Ar-H), 7.80-7.77 (m, 2H, Ar-H),
8.29-8.27 (m, 2H, Ar-H), 8.62 (s, 1H, Ar-H), 9.53 (br. s, 1H, NH),
14.46 (s, 1H, OH); "*C NMR (DMSO-de): 6 = 118.44, 119.28,
119.46, 122.30, 122.45, 122.97, 123.06, 123.38, 128.38, 128.82,
129.12, 131.37, 132.20, 134.80, 140.10, 144.53, 146.28, 146.89,
151.89, 165.36, 165.71 (Ar-C), 176.10 (CO) MS (EI): 472.11 [M]".
HRMS: calcd for C,5H,5,CIN,O,: 472.0938, found 472.0941.

3.2.2.4. 5-Hydroxy-2-(4-nitrophenylazo)-N-phenyl-[1,1-
biphenylJ-4-carboxamide (3d). Orange solid, mp 210-211 °C; IR
(KBr): v/em ™" 3247, 3067, 1639, 1594, 1578, 1446, 1325; "H NMR
(DMSO-d): 6 = 6.50 (s, 1H, Ar-H), 7.02 (t,/ = 10.8 Hz, 1H, Ar-H),
7.31-7.35 (m, 3H, Ar-H), 7.44 (t,] = 11.4 Hz, 2H, Ar-H), 7.57-7.55
(m, 2H, Ar-H), 7.73-7.71 (m, 2H, Ar-H), 7.81-7.79 (m, 2H, Ar-H),
8.30-8.28 (m, 2H, Ar-H), 8.61 (s, 1H, Ar-H), 9.59 (b, 1H, NH)
14.55 (s, 1H, OH); *C NMR (DMSO-dg): 6 = 118.19, 119.27,
119.33, 121.58, 122.25, 122.42, 122.86, 128.21, 128.81, 129.06,
131.39, 134.83, 140.18, 144.31, 146.26, 147.04, 153.18, 165.35,
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165.85 (Ar-C), 175.71 (CO). MS (EI): 438.18 [M]". HRMS: calcd for
C,sH,gN,O,: 438.1323, found 438.1323.

3.2.2.5. 4-Chloro-5-hydroxy-N-phenyl-2-(phenylazo)-[1,1-
biphenyl]-4-carboxamide (3e). Orange solid, mp 253-254 °C; IR
(KBr): v/em™' 3266, 3090, 1640, 1585, 1476, 1389; 'H NMR
(DMSO-dg): 6 = 6.43 (s, 1H, Ar-H), 6.99 (t, J = 7.2 Hz, 1H, Ar-H),
7.32 (t,J = 7.8 Hz, 3H, Ar-H), 7.48-7.42 (m, 4H, Ar-H), 7.56-7.51
(m, 4H, Ar-H), 7.69 (d, J = 7.8 Hz, 2H, Ar-H), 8.56 (s, 1H, Ar-H),
9.51 (b, 1H, NH), 14.59 (s, 1H, OH); *C NMR (DMSO-dq): 6 =
118.03, 118.70, 119.23, 121.50, 122.13, 122.62, 127.27, 128.02,
128.79, 129.03, 131.62, 131.95, 135.04, 138.60, 140.28, 145.21,
153.28, 165.36, 166.03 (Ar-C), 175.86 (CO). MS (EI): 427.10 [M]".
HRMS: caled for C,5H;gCIN;0,: 427.1087, found 427.1083.

3.2.2.6. 2-(4-Bromophenylazo)-4'-chloro-5-hydroxy-N-phenyl-
[1,1"-biphenyl]-4-carboxamide (3f). Orange solid, mp 253-254 °C;
IR (KBr): »/em ™" 3252, 3050, 2945, 1638, 1590, 1579, 1453, 1386;
'"H NMR (DMSO-dq): 6 = 6.44 (s, 1H, Ar-H), 6.99 (t, J = 7.8 Hz,
1H, Ar-H), 7.32 (t, ] = 7.8 Hz, 2H, Ar-H), 7.51-7.50 (m, 4H, Ar-H),
7.53-7.52 (m, 2H, Ar-H), 7.63-7.61 (m, 2H, Ar-H), 7.31 (d, J =
7.8 Hz, 2H, Ar-H), 8.59 (s, 1H, Ar-H), 9.54 (b, 1H, OH) 14.48 (s,
1H, NH); "*C NMR (DMSO-de): 6 = 118.32, 118.89, 119.24,
120.66, 122.21, 123.29, 127.31, 128.79, 131.71, 131.92, 132.01,
135.10, 138.43, 140.18, 145.45, 152.30, 165.22, 165.86 (Ar-C),
176.24 (CO). MS (EI): 507.1 [M]". HRMS: caled for C,sH,--
BrCIN;O,: 505.01926, found 505.01933. Single crystals of 3f
were obtained by the slow evaporation of a CHCIl;/CH;0H
solution of 3f. Crystal data: C,5H,,BrCIN;O,, triclinic, a =
8.4153 A, b =12.6081 A, c = 14.8911 A, o = 92.688°, 3 = 97.266°,
v = 94.691°, V = 1559.4 A3, T = 293 K, space group: P1, Z = 2,
calculated density = 1.403 g cm™>, no. of reflection measured
5471, 00y = 24.987, Ry = 0.0597.5°

3.2.2.7. 4-Bromo-2-(4-chlorophenylazo)-5-hydroxy-N-phenyl-
[1,1"-biphenyl]-4-carboxamide (3g). Yellow solid, mp 221-223 °C;
IR (KBr): v/em " 3252, 3050, 1637, 1577, 1483, 1387; 'H NMR
(DMSO-d): 6 = 6.42 (s, 1H, Ar-H), 6.99 (t, ] = 7.2 Hz, 1H, Ar-H),
7.31(t,J = 7.8 Hz, 2H, Ar-H), 7.44 (dd, ] = 2.1, 6.3 Hz, 2H, Ar-H),
7.48 (dd,J = 1.8, 6.6 Hz, 2H, Ar-H), 7.53 (dd, ] = 1.8, 6.6 Hz, 2H,
Ar-H), 7.58 (dd,J = 1.8, 6.6 Hz, 2H, Ar-H), 7.69 (d, ] = 7.8 Hz, 2H,
Ar-H), 8.57 (s, 1H, Ar-H), 9.45 (s, 1H, OH), 14.49 (s, 1H, OH); *C
NMR (DMSO-dg): 6 = 118.33, 118.89, 119.28, 120.38, 122.26,
122.71, 126.83, 128.83, 129.13, 130.26, 132.31, 135.07, 138.84,
140.23, 145.64, 151.99, 165.37, 165.89 (Ar-C), 176.18 (CO). MS
(ED): 507.10 [M]"; HRMS: caled for C,5H;,BrCIN;O,: 505.01926,
found 505.0265.

3.2.2.8. 4-Bromo-2-(4-bromophenylazo)-5-hydroxy-N-phenyl-
[1,1-biphenyl]-4-carboxamide (3h). Yellow solid, mp 159-160 °C;
IR (KBr): »/em ™! 3250, 3055, 2970, 1660, 1590, 1562, 1475, 1295;
'H NMR (DMSO-de): 6 = 6.42 (s, 1H, Ar-H), 6.99 (t, ] = 6.6 Hz,
2H, Ar-H), 7.31 (t,] = 7.8 Hz, 2H, Ar-H), 7.48-7.44 (m, 4H, Ar-H),
7.72-7.68 (m, 5H, Ar-H), 8.57 (s, 1H, Ar-H), 9.53 (s, 1H, NH),
14.47 (s, 1H, OH); C NMR (DMSO-d¢): 6 = 118.20, 118.70,
119.29, 120.50, 122.14, 122.84, 123.27, 126.84, 127.37, 128.89,
130.19, 131.86, 135.19, 139.64, 140.33, 146.97, 152.38, 164.66,
165.98 (Ar-C), 176.43 (CO). MS (EI): 551.10 [M]". HRMS: calcd for
C,5H;,Br,N3;0,: 548.9687, found 548.9681. Single crystals of 3h
were obtained by the slow evaporation of a CHCI;/CH;OH
solution of 3h. Crystal data: C,5H;,Br,N;0,, monoclinic, a =
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11.5200 A, b = 12.9090 A, ¢ = 21.274 A, o = 90°, 3 = 93.818°, y =
90°, V= 315.7 AS, T = 150 K, space group: P2,/cy, Z = 4, calcu-
lated density = 1.480 g cm >, no. of reflection measured 5947,
Bimax = 25.630, R; = 0.0672.8°

3.2.2.9. 2-(4-Chlorophenylazo)-4'-fluoro-5-hydroxy-N-phenyl-
[1,7-biphenyl]-4-carboxamide (3i). Orange solid, mp 269-270 °C;
IR (KBr): v/em ! 3436, 3266, 2936, 1637, 1597, 1578, 1419, 1390;
'H NMR (DMSO-d): 6 = 6.43 (s, 1H, Ar-H), 7.00 (t, ] = 7.5 Hz,
1H, Ar-H), 7.25-7.22 (m, 2H, Ar-H), 7.32 (t, ] = 7.8 Hz, 2H, Ar-H),
7.54-7.46 (m, 6H, Ar-H), 7.70 (d, J = 8.4 Hz, 2H, Ar-H), 8.57 (s,
1H, Ar-H), 9.50 (b, 1H, NH),14.49 (s, 1H, OH); *C NMR (DMSO-
de): 6 = 114.04, 114.18, 118.24, 118.72, 119.25, 122.20, 122.76,
122.97, 128.81, 129.08, 131.99, 132.04, 135.22, 135.88, 135.90,
140.22, 145.74, 152.03, 160.64, 162.26, 165.36, 165.94 (Ar-C),
176.21 (CO). MS (EI): 445.20 [M]". HRMS: calcd for C,sH;-
CIFN;0,: 445.09933, found 445.0988.

3.2.2.10. 2-(4-Bromophenylazo)-4'-fluoro-5-hydroxy-N-phenyl-
[1,7-biphenyl]-4-carboxamide (3j). Orange solid, mp 257-258 °C;
IR (KBr): v/em ™" 3253, 2935, 1637, 1595, 1548, 1417, 1385; 'H
NMR (DMSO-dq): 6 = 6.42 (s, 1H, Ar-H), 7.00 (t, ] = 7.2 Hz, 1H,
Ar-H), 7.23 (t,] = 7.8 Hz, 2H, Ar-H), 7.29-7.32 (m, 2H, Ar-H), 7.46
(d,J = 8.64 Hz, 2H, Ar-H), 7.50-7.52 (m, 2H, Ar-H), 7.60 (d, ] =
8.64 Hz, 2H, Ar-H), 7.69 (d, J = 7.56 Hz, 2H, Ar-H), 8.57 (s, 1H,
Ar-H), 9.50 (b, 1H, NH), 14.49 (s, 1H, OH); ">C NMR (DMSO-d):
6 = 114.12, 114.26, 118.30, 118.81, 119.35, 120.77, 122.34,
122.84, 123.38, 128.88, 132.07, 132.11, 135.42, 135.89, 140.81,
152.81, 152.36, 160.72, 162.34, 165.96, (Ar-C), 176.16 (CO). MS
(EI): 491.0 [M + 2]". HRMS: caled for C,5H;,BrFN;0,: 489.0488,
found 489.0483.

3.2.2.11. 2-(4-Bromophenylazo)-5-hydroxy-4"-methoxy-N-
phenyl-[1,1"-biphenyl]-4-carboxamide (3k). Orange solid, mp 255-
257 °C; IR (KBr): v/ecm ™ ; 3270, 3053, 1657, 1543, 1474, 1391; 'H
NMR (DMSO-d): 6 = 3.85 (s, 3H, OCHj), 6.54 (s, 1H, Ar-H), 6.97
(t,J = 7.8 Hz, 1H, Ar-H), 7.14-7.00 (m, 4H, Ar-H), 7.26-7.19 (m,
4H, Ar-H), 7.49-7.30 (m, 1H, Ar-H), 7.83-7.69 (m, 1H, Ar-H), 8.27
(d,J = 9 Hz, 2H, Ar-H), 8.55 (s, 1H, Ar-H), 9.75 (b, 1H, NH), 14.50
(s, 1H, OH); "*C NMR (DMSO-d¢): 6 = 55.69 (OCH3), 114.00,
115.73, 119.99, 120.28, 123.56, 127.80, 128.61, 128.68, 128.89,
132.00, 133.26, 134.90, 139.28, 139.97, 141.90, 142.29, 143.43,
152.36, 160.21 (Ar-C), 179.45 (CO). MS (EI): 500.1 [M]". HRMS:
caled for C,6H,(BrN;O;5: 501.0688, found 501.0674.

3.2.2.12. 5-Hydroxy-4"-methoxy-2-(2-nitrophenylazo)-N-
phenyl-[1,1-biphenyl]-4-carboxamide (31). Orange solid, mp 235-
237 °C; IR (KBr): v/em™ 3270, 3069, 2924, 1685, 1601, 1542,
1473, 1309; 'H NMR (DMSO-dq): 6 = 3.82 (s, 3H, OCH;), 7.06
(dd,J = 1.8, 6.6 Hz, 2H, Ar-H), 7.39-7.37 (m, 2H, Ar-H), 7.45 (d,J
= 8.4 Hz, 3H, Ar-H), 7.70-7.67 (m, 1H, Ar-H), 7.73 (d, ] = 7.8 Hz,
2H, Ar-H) 7.81-7.78 (m, 2H, Ar-H), 8.05 (dd, J = 1.2, 8.4 Hz, 2H,
Ar-H), 8.19 (s, 1H, Ar-H), 9.57 (b, 1H, NH), 14.50 (s, 1H, OH); **C
NMR (DMSO-dg): 6 = 55.18, 113.53, 118.06, 118.11, 118.72,
119.68, 120.36, 124.00, 124.11, 128.76, 129.24, 130.68, 131.66,
133.58, 138.34, 141.79, 144.73, 146.19, 146.77, 159.42, 164.34
(Ar-C), 176.42 (CO). MS (EI): 468.1 [M]". HRMS: caled for
C,6H,0N,O5: 468.1433, found 468.1428.

3.2.2.13. 2-(4-Chlorophenylazo)-5-hydroxy-N-phenyl-[1,1"-
biphenyl]-4-carboxamide (3m). Gray yellow solid, mp 156-158 °C;
IR (KBr): v/em™* 3252, 3050, 2928, 1638, 1598, 1582, 1434, 1389;
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'H NMR (DMSO-d): 6 = 6.46 (s, 1H, Ar-H), 7.00 (t, ] = 7.5 Hz,
1H, Ar-H), 7.25 (t, ] = 7.2 Hz, 2H, Ar-H), 7.38-7.35 (m, 1H, Ar-H),
7.42 (t,] = 7.5 Hz, 2H, Ar-H), 7.50-7.46 (m, 4H, Ar-H), 7.56-7.54
(m, 2H, Ar-H), 7.72 (d, J = 8.4 Hz, 2H, Ar-H), 8.58 (s, 1H, Ar-H),
9.60 (s, 1H, NH), 14.50 (s, 1H, OH); "*C NMR (DMSO-d,): 6 =
118.15, 118.59, 119.24, 122.17, 122.76, 122.95, 126.85, 127.28,
128.79, 129.03, 130.19, 131.94, 140.23, 146.84, 152.04, 165.36,
165.97 (Ar-C), 176.01(CO). MS (EI): 427.25 [M]". HRMS: calcd for
C,5H,5CIN;0,: 427.1087, found 427.1082.

3.2.2.14. 2-(4-Bromophenylazo)-5-hydroxy-N-phenyl-[1,1'-
biphenyl]-4-carboxamide (3n). Orange solid, mp 252-253 °C; IR
(KBr): v/em™* 3250, 3048, 2932, 1639, 1582, 1569, 1473, 1432,
1299; 'H NMR (DMSO-dy): 6 = 6.43 (s, 1H, Ar-H), 7.00 (t, J =
7.2 Hz, 1H, Ar-H), 7.36-7.30 (m, 3H, Ar-H), 7.41 (t, ] = 6.6 Hz,
2H, Ar-H), 7.48-7.45 (m, 4H, Ar-H), 7.60-7.58 (m, 2H, Ar-H), 7.69
(d, J = 7.2 Hz, 2H, Ar-H), 8.57 (s, 1H, Ar-H), 9.70 (b, 1H, NH),
14.53 (s, 1H, OH); >C NMR (DMSO-dg): 6 = 118.19, 118.60,
119.23, 120.50, 122.14, 122.84, 123.27, 126.84, 127.27, 128.79,
130.19, 131.94, 135.29, 139.64, 140.26, 146.87, 152.38, 164.66,
165.98 (Ar-C), 176.31 (CO). MS (EI): 472.10 [M]". HRMS: calcd for
C,5H;3BrN;O,: 471.05823, found 471.0577. Single crystals of 3n
were obtained by the slow evaporation of a CHCIl;/CH;0H
solution of 3n. Crystal data: C,sH;3BrN;O,, monoclinic, a =
12.653 A, b =8.433 A, c =28.374 A, « = 90°, § = 96.333°, v = 90°,
V =3009.2 A%, T =293 K, space group: P24/cy, Z = 4, calculated
density =1.379 ¢ cm ™, no. of reflection measured 5304, 0 pax =
25.036, Ry = 0.0830.%°

3.2.2.15. 5-Hydroxy-2-(2-nitrophenylazo)-N-phenyl-[1,1"-
biphenyl]-4-carboxamide (30). Orange solid, mp 213-214 °C; IR
(KBr): v/em™* 3270, 3053, 2922, 1657, 1543, 1474, 1474, 1391; 'H
NMR (DMSO-de): 6 = 6.47 (s, 1H, Ar-H), 7.03 (t, J = 7.5 Hz, 1H,
Ar-H), 7.43-7.32 (m, 7H, Ar-H),7.51-7.49 (m, 2H, Ar-H), 7.60 (t,J
= 6.9 Hz, 1H, Ar-H), 7.73-7.72 (m, 2H, Ar-H), 7.87 (d, J = 7.8 Hz,
1H, Ar-H), 8.55 (s, 1H, Ar-H), 14.28 (s, 1H, OH); "*C NMR (DMSO-
de): 6 = 118.17, 119.04, 119.18, 119.26, 122.35, 123.04, 123.44,
126.99, 127.37, 127.45, 128.81, 130.09, 132.48, 136.10, 139.34,
140.04, 145.47, 146.77, 147.82, 164.99, 165.56 (Ar-C), 177.31
(CO). MS (EI): 437.13 [M]". HRMS: caled for C,5H;gN,Oy:
438.13280, found 438.1323.

3.2.2.16. 2-(4-Bromophenyl)-3-methyl-8-(4-nitrophenyl)-6-oxo-
N* N° diphenyl-2,6-dihydrocinnoline-4,5-dicarboxamide (4a).
Orange solid, Lit.®® mp 302-304 °C; "H NMR (DMSO-d¢): d =
2.36 (s, 3H, CH3), 6.96-7.26 (m, 7H, Ar-H), 7.47 (d, J = 7.2 Hz,
2H, Ar-H), 7.56 (d,] = 7.8 Hz, 2H, Ar-H), 7.60-7.65 (m, 2H, Ar-H),
7.86-7.95 (m, 4H, Ar-H), 8.27 (d, J = 7.8 Hz, 1H, Ar-H), 8.34 (d, J
= 7.8 Hz, 1H, Ar-H), 10.45 (s, 1H, NH), 10.57 (s, 1H, NH); °C
NMR (DMSO-dg): d = 19.39 (CHj), 115.70, 115.81, 119.52,
119.82, 121.76, 122.60, 122.98, 123.16, 123.21, 123.60, 124.03,
124.69, 127.20, 128.12, 128.40, 130.78, 131.08, 131.48, 132.81,
135.92, 136.85, 138.74, 139.44, 140.35, 140.45, 141.66, 142.28,
143.46, 147.41 (Ar-C), 162.28, 164.18, 178.68 (C=O0).

3.2.2.17. 2-(4-Chlorophenyl)-3-methyl-8-(4-nitrophenyl)-6-oxo-
N*,N°,diphenyl-2,6-dihydrocinnoline-4,5-dicarboxamide (4b).
Orange crystals, Lit.® mp 249-251 °C; 'H NMR (DMSO-dq): 6 =
2.35 (s, 3H, CH3), 6.95 (t, ] = 7.5 Hz, 1H, Ar-H), 7.07 (t, ] = 7.5 Hz,
1H, Ar-H), 7.12 (t, ] = 7.5 Hz, 2H, Ar-H), 7.22-7.25 (m, 3H, Ar-H),
7.47 (d,J = 7.8 Hz, 2H, Ar-H), 7.55 (d, ] = 7.8 Hz, 2H, Ar-H), 7.68-
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7.72 (m, 4H, Ar-H), 7.94 (d, J = 8.4 Hz, 2H, Ar-H), 8.26 (d, J =
8.4 Hz, 2H, Ar-H), 10.41 (s, 1H, NH), 10.56 (s, 1H, NH); "*C NMR
(DMSO-de): 6 = 19.87 (CHj), 116.44, 119.99, 120.30, 123.09,
123.47, 124.09, 124.59, 127.61, 128.40, 128.61, 128.89, 130.37,
131.98, 135.07, 136.70, 139.18, 139.92, 140.66, 141.72, 142.35,
142.64, 147.86 (Ar-C), 162.92, 164.55, 178.84 (C=0).

3.2.2.18. 2-(3-Chlorophenyl)-3-methyl-8-(4-nitrophenyl)-6-oxo-
N*,N°-diphenyl-2,6-dihydrocinnoline-4,5-dicarboxamide (4c).
Orange crystals, mp 281.283 °C; IR (KBr): v/em ' 3246 (NH),
1675 (C=0), 1601 (C=C); "H NMR (DMSO-d): 6 = 2.36 (s, 3H,
CH3;), 6.96 (t, ] = 7.32 Hz, 1H, Ar-H), 7.01-7.02 (m, 2H, Ar-H),
7.07-7.09 (m, 2H, Ar-H), 7.55-7.59 (m, 2H, Ar-H), 7.13 (t, J =
7.86 Hz, 2H, Ar-H), 7.25 (t, J = 7.89 Hz, 2H, Ar-H), 7.47 (d, ] =
7.56 Hz, 2H, Ar-H), 7.55 (d, J = 7.56 Hz, 2H, Ar-H), 7.60-7.64 (m,
6H, Ar-H), 7.87 (d, J = 8.76 Hz, 2H, Ar-H), 10.50 (s, 1H, NH),
10.55 (s, 1H, NH); "*C NMR (DMSO-dq): 6 = 19.36 (CH;), 113.51,
115.22, 119.50, 119.80, 122.54, 123.06, 123.52, 123.91, 127.31,
128.13, 128.40, 131.50, 132.77, 134.40, 138.78, 139.47, 140.69,
142.95, 159.71 (Ar-C) 162.29, 164.28, 178.96 (C=0). MS (EI):
629.1 [M — 1]". HRMS: caled for C;5H,,CIN5O5: 629.1465, found
629.1423.

3.2.2.19. 3-Methyl-2-(4-nitrophenyl)-6-oxo-N*,N°,8-triphenyl-
2,6-dihydrocinnoline-4,5-dicarbox-amide (4d). Yellow crystals, mp
246-247 °C; IR (KBr): v/em ' 3251 (NH), 1668 (C=0), 1599 (C=
C); 'H NMR (DMSO-dg): 6 = 2.36 (s, 3H, CHj), 6.96 (t, ] =
7.35 Hz, 1H, Ar-H), 7.07-7.14 (m, 3H, Ar-H), 7.22-7.26 (m, 3H,
Ar-H), 7.47-7.48 (m, 2H, Ar-H), 7.55-7.59 (m, 3H, Ar-H), 7.63—
7.66 (m, 4H, Ar-H), 7.94-7.95 (m, 2H, Ar-H), 8.27-8.29 (m, 2H,
Ar-H), 10.45 (s, 1H, NH), 10.60 (s, 1H, NH); *C NMR (DMSO-d):
6 = 19.41 (CH3), 115.66, 119.51, 119.82, 122.59, 122.97, 123.58,
124.28, 125.97, 127.23, 128.13, 128.40, 129.85, 130.00, 131.50,
136.25, 138.73, 139.45, 140.08, 141.95, 142.26, 142.52, 147.36
(Ar-C) 162.51, 164.14, 178.25 (C=0). MS (EI): 592.85 [M — 2]".
HRMS: calcd for C35H,5N505: 595.1855, found 595.1857.

3.2.2.20. 8-(4-Chlorophenyl)-3-methyl-6-oxo-N*,N°, 2-
triphenyl-2,6-dihydrocinnoline-4,5-dicarbox-amide (4e). Orange
crystals, Lit.®® mp 268-270 °C; "H NMR (DMSO-d,): 6 = 2.35 (s,
3H, CH3), 6.95 (t,/ = 6.9 Hz, 1H, Ar-H), 7.06 (t,] = 6.6 Hz, 1H, Ar-
H), 7.11 (m, 3H, Ar-H), 7.24 (t, ] = 7.8 Hz, 2H, Ar-H), 7.46-7.47
(m, 2H, Ar-H), 7.49-7.50 (m, 2H, Ar-H), 7.55-7.62 (m, 3H, Ar-H),
7.64 (d, J = 4.2 Hz, 4H, Ar-H), 7.66-7.68 (m, 2H, Ar-H), 10.48 (s,
1H, NH), 10.55 (s, 1H, NH); "*C NMR (DMSO-d): § = 19.35
(CH3), 115.17, 119.48, 119.79, 123.50, 124.20, 125.94, 127.33,
127.97, 128.09, 128.36, 129.78, 131.90, 133.46, 134.43, 135.41,
138.74,139.43, 141.73, 142.56 (Ar-C) 162.59, 164.20, 178.96 (C=
0).

3.2.2.21. 2-(4-Bromophenyl)-8-(4-chlorophenyl)-3-methyl-6-
oxo-N*,N°,diphenyl-2,6-dihydro-cinnoline-4,5-dicarboxamide (4f).
Pale yellow crystals, Lit.®® mp 274-276 °C; "H NMR (DMSO-do):
6 = 2.35 (s, 3H, CH,); 6.95 (t, ] = 7.25 Hz, 1H, Ar-H), 7.06 (t,] =
7.2 Hz, 1H, Ar-H), 7.10-7.13 (m, 3H, Ar-H), 7.24 (t, ] = 7.8 Hz,
2H, Ar-H), 7.45 (d, J = 7.2 Hz, 2H, Ar-H), 7.50 (d, ] = 8.4 Hz, 2H,
Ar-H), 7.53 (d, ] = 7.8 Hz, 2H, Ar-H), 7.61 (d, J = 8.4 Hz, 2H, Ar-
H), 7.67 (d,J = 8.4 Hz, 2H, Ar-H), 7.85 (d, J = 8.4 Hz, 2H, Ar-H),
10.44 (s, 1H, NH), 10.55 (s, 1H, NH); *C NMR (DMSO-dg): 6 =
19.39 (CH,), 115.56, 119.52, 119.82, 122.59, 123.56, 123.16,
123.58, 124.04, 127.22, 128.03, 128.13, 128.15, 128.41, 131.94,
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132.80, 133.55, 134.36, 135.39, 138.74, 139.45, 140.40, 141.63,
141.73, 142.03 (Ar-C), 162.55, 164.18, 178.68 (C=0).

3.2.2.22. 8-(4-Bromophenyl)-2-(4-chlorophenyl)-3-methyl-6-
oxo-N*,N° diphenyl-2,6-dihydro-cinnoline-4,5-dicarboxamide (4g).
Orange crystals, Lit.® mp 276-278 °C; "H NMR (DMSO-dq): 6 =
2.34 (s, 3H, CH3), 6.95 (t,/ = 7.2 Hz, 1H, Ar-H), 7.06 (t,/ = 7.2 Hz,
1H, Ar-H), 7.11 (m, 3H, Ar-H), 7.24 (t, ] = 8.1 Hz, 2H, Ar-H), 7.46
(d,J = 7.8 Hz, 2H, Ar-H), 7.54 (d,J = 7.8 Hz, 2H, Ar-H), 7.60-7.65
(m, 4H, Ar-H), 7.67-7.73 (m, 4H, Ar-H), 10.44 (s, 1H, NH), 10.54
(s, 1H, NH); "*C NMR (DMSO-d): 6 = 19.37 (CH,3), 115.54,
119.49, 119.79, 122.24, 122.56, 123.55, 124.00, 127.22, 128.11,
129.85, 130.94, 132.21, 134.55, 134.73, 135.36, 138.73, 139.44,
140.31, 141.29, 141.67, 142.07 (Ar-C), 162.53, 164.15, 179.43
(C=0).

3.2.2.23. 2,8-Di(4-bromophenyl)-3-methyl-6-oxo-N*,N°, di-
phenyl-2,6-dihydrocinnoline-4,5-dicarbox-amide (4h). Pale yellow
solid, Lit.®* mp 268-270 °C; "H NMR (DMSO-d): 6 = 2.34 (s, 3H,
CH,), 6.95 (t,] = 7.5 Hz, 1H, Ar-H), 7.06 (t, ] = 7.5 Hz, 1H, Ar-H),
7.10-7.13 (m, 3H, Ar-H), 7.24 (t, ] = 7.8 Hz, 2H, Ar-H), 7.46 (d,] =
7.8 Hz, 2H, Ar-H), 7.54 (d, J = 7.8 Hz, 2H, Ar-H), 7.59-7.65 (m,
6H, Ar-H), 7.86 (d, J = 9 Hz, 2H, Ar-H), 10.44 (s, 1H, NH), 10.54
(s, 1H, NH); *C NMR (DMSO-dg): 6 = 19.37 (CH;), 115.55,
119.49, 119.79, 122.24, 122.56, 123.15, 123.55, 124.01, 127.20,
128.11, 128.14, 128.39, 130.94, 132.20, 132.79, 134.72, 135.35,
138.72, 139.44, 140.31, 141.60, 141.71, 142.05 (Ar-C), 162.52,
164.15, 178.65 (C=0).

3.2.2.24. 2-(4-Chlorophenyl)-8-(4-fluorophenyl)-3-methyl-6-
oxo-N*,N° diphenyl-2,6-dihydro-cinnoline-4,5-dicarboxamide (4i).
Yellow solid, Lit.® mp 271-273 °C; "H NMR (DMSO-de): 6 = 2.35
(s, 3H, CH;), 6.95 (t,] = 7.5 Hz, 1H, Ar-H), 7.06 (t, ] = 7.2 Hz, 1H,
Ar-H), 7.09 (s, 1H, Ar-H), 7.12 (t, ] = 7.8 Hz, 2H, Ar-H), 7.22-7.29
(m, 4H, Ar-H), 7.45 (d, J = 7.2 Hz, 2H, Ar-H), 7.55 (d, ] = 7.2 Hz,
2H, Ar-H), 7.67-7.72 (m, 6H, Ar-H), 10.46 (s, 1H, NH), 10.55 (s,
1H, NH); "*C NMR (DMSO-dg): 6 = 19.38 (CHj), 114.86, 115.00,
115.44, 119.51, 119.80, 122.57, 123.56, 124.01, 127.25, 127.92,
128.12, 128.41, 129.83, 131.87, 131.89, 132.26, 132.31, 134.51,
135.26, 138.75, 139.46, 140.54, 141.33, 141.61, 142.20 (Ar-C),
162.59, 164.20, 178.75 (C=0).

3.2.2.25. 2-(4-Bromophenyl)-8-(4-fluorophenyl)-3-methyl-6-
oxo-N*,N° diphenyl-2,6-dihydro-cinnoline-4,5-dicarboxamide (4j).
Yellow crystals, Lit.** mp 267-269 °C; "H NMR (DMSO-d,): 6 =
2.35 (s, 3H, CH3); 6.95 (t,/ = 7.2 Hz, 1H, Ar-H), 7.06 (t,/ = 7.5 Hz,
1H, Ar-H), 7.09 (s, 1H, Ar-H), 7.12 (t, ] = 7.8 Hz, 2H, Ar-H), 7.22-
7.29 (m, 4H, Ar-H), 7.47 (d, J = 7.2 Hz, 2H, Ar-H), 7.55 (d, ] =
7.2 Hz, 2H, Ar-H), 7.61 (d, J = 8.4 Hz, 2H, Ar-H), 7.68-7.71 (m,
2H, Ar-H), 7.85 (d, J = 9 Hz, 2H, Ar-H), 10.46 (s, 1H, NH), 10.57
(s, 1H, NH); *C NMR (DMSO-d¢): 6 = 19.38 (CH;), 114.85,
114.99, 115.45, 119.50, 122.55, 123.10, 123.53, 124.02, 127.24,
128.11, 128.14, 128.39, 131.87, 132.24, 132.29, 132.76, 135.25,
138.75, 139.45, 140.54, 141.54, 141.74, 142.19, 161.54, 162.27
(Ar-C) 163.17, 164.19, 178.75 (C=0).

3.2.2.26. 8-(4-Anisyl)-2-(4-bromophenyl)-3-methyl-6-oxo-
N*,N°,diphenyl-2,6-dihydrocinnoline-4,5-dicarboxamide (4k).
Orange crystals, Lit.® mp 252-254 °C; 'H NMR (DMSO-dq): 6 =
2.34 (s, 3H, CH;), 3.79 (s, 3H, OCH3), 6.97 (t, ] = 7.5 Hz, 1H, Ar-
H), 7.02 (d, J = 8.4 Hz, 2H, Ar-H), 7.07 (t, ] = 7.5 Hz, 2H, Ar-H),
7.12 (t, ] = 7.8 Hz, 2H, Ar-H), 7.24 (t, ] = 7.8 Hz, 2H, Ar-H), 7.46

© 2023 The Author(s). Published by the Royal Society of Chemistry


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d3ra04558g

Open Access Article. Published on 22 August 2023. Downloaded on 4/19/2026 9:06:18 PM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

Paper

(d,J = 7.8 Hz, 2H, Ar-H), 7.55-7.62 (m, 6H, Ar-H), 7.86 (d, J =
8.4 Hz, 2H, Ar-H), 10.49 (s, 1H, NH), 10.54 (s, 1H, NH); "*C NMR
(DMSO-d): 6 = 19.39 (CH,), 55.20 (OCH;), 113.52, 115.24,
119.51, 119.80, 122.56, 123.08, 123.54, 123.92, 127.32, 127.74,
128.14, 128.19, 128.42, 131.52, 132.78, 134.41, 138.80, 139.49,
140.70, 141.42, 141.80, 142.95, 159.72 (Ar-C), 162.68, 164.30,
178.96 (C=0).

3.2.2.27. 8-(4-Anisyl)-3-methyl-2-(4-nitrophenyl)-6-oxo-
N*,N° diphenyl-2,6-dihydrocinnoline-4,5-dicarboxamide (41).
Orange crystals, Lit.® mp 248-250 °C; "H NMR (DMSO-dq): 6 =
2.35 (s, 3H, CH3), 3.78 (s, 3H, OCH3), 6.92-7.02 (m, 5H, Ar-H),
7.3 (t, J = 7.8 Hz, 2H, Ar-H), 7.22-7.31 (m, 4H, Ar-H), 7.47
(m, 2H, Ar-H), 7.54-7.58 (m, 3H, Ar-H), 7.89 (t,/ = 7.8 Hz, 1H, Ar-
H), 8.01 (s, 1H, Ar-H), 8.36 (d, ] = 7.8 Hz, 1H, Ar-H), 10.40 (br. s,
1H, NH), 10.64 (s, 1H, NH); "*C NMR (DMSO-dg): 6 = 19.39
(CH;), 55.19 (OCH,), 113.40, 113.61, 119.43, 119.52, 119.78,
119.93, 122.46, 122.69, 123.59, 123.54, 126.68, 127.54, 128.07,
128.10, 128.32, 128.41, 128.73, 130.91, 131.52, 131.94, 134.53,
134.85, 135.37, 138.63, 139.54, 141.43, 141.95, 142.95, 144.05,
159.58, 159.64 (Ar-C), 162.20, 164.64, 179.15 (C=0).

3.2.2.28. 2-(4-Chlorophenyl)-3-methyl-6-0xo-N*,N°, 8-
triphenyl-2,6-dihydrocinnoline-4,5-dicarbox-amide (4m). Yellow
crystals, Lit.®® mp 270-271 °C; "H NMR (DMSO-de): 6 = 2.36 (s,
3H, CH;); 6.97 (t, ] = 7.2 Hz, 1H, Ar-H), 7.07-7.15 (m, 2H, Ar-H),
7.13 (t,J = 7.8 Hz, 2H, Ar-H), 7.25 (t, ] = 8.1 Hz, 2H, Ar-H), 7.42~
7.49 (m, 5H, Ar-H), 7.56 (d, J = 7.8 Hz, 2H, Ar-H), 7.65 (d, ] =
8.4 Hz, 2H, Ar-H), 7.63-7.72 (m, 4H, Ar-H), 10.48 (s, 1H, NH),
10.56 (s, 1H, NH); *C NMR (DMSO-d): 6 = 19.33 (CH3), 115.41,
119.49, 119.79, 122.54, 123.53, 123.95, 127.23, 127.92, 127.98,
128.11, 128.39, 128.59, 129.79, 130.11, 134.49, 135.23, 135.58,
138.75, 139.47, 140.59, 141.32, 141.59, 143.32 (Ar-C), 162.55,
164.23, 178.80 (C=O0).

3.2.2.29. 2-(4-Bromophenyl)-3-methyl-6-oxo-N*,N°, 8-
triphenyl-2,6-dihydrocinnoline-4,5-dicarboxamide (4n). Orange
crystals, mp 233-235 °C; IR (KBr): »/cm ™' 3266 (NH), 1677, 1657
(C=0); 'H NMR (DMSO-dq): 6 = 2.35 (s, 3H, CHj,), 6.97 (t, ] =
7.32 Hz, 1H, Ar-H), 7.06-7.15 (m, 4H, Ar-H), 7.25 (t, ] = 7.8 Hz,
2H, Ar-H), 7.42.7.49 (m, 5H, Ar-H), 7.56-7.66 (m, 6H, Ar-H),
7.84-7.86 (m, 2H, Ar-H), 10.46 (s, 1H, NH), 10.55 (s, 1H, NH);
BC NMR (DMSO-de): 6 = 19.33 (CH,), 115.43, 119.48, 119.77,
122.52, 123.07, 123.52, 123.93, 127.19, 127.97, 128.09, 128.15,
128.38, 128.57, 130.09, 132.73, 135.21, 135.56, 138.74, 139.46,
140.58, 141.51, 141.73 (Ar-C) 162.58, 164.22, 178.78 (C=0). MS
(ED): 627.03 [M — 1]". HRMS: calcd for C35H,5BrN,O5: 628.1110,
found 630.1083.

3.2.2.30. 3-Methyl-2-(2-nitrophenyl)-6-oxo-N*,N°,8-triphenyl-
2,6-dihydrocinnoline-4,5-dicarboxamide (40). Orange crystals, mp
251-252 °C; IR (KBr): v/em ™" 3272 (NH), 1661, 1633 (C=0); 'H
NMR (DMSO-d,): 6 = 2.36 (s, 3H, CH;), 6.95-6.96 (m, 1H, Ar-H),
7.03-7.05 (m, 2H, Ar-H), 7.11-7.14 (m, 3H, Ar-H), 7.21-7.26 (m,
2H, Ar-H), 7.46-7.47 (m, 2H, Ar-H), 7.37-7.39 (m, 4H, Ar-H),
7.46-7.47 (m, 2H, Ar-H), 7.53-7.57 (m, 2H, Ar-H), 7.88 (t, ] =
7.86 Hz, 1H, Ar-H), 8.33 (d, J = 7.98 Hz, 1H, Ar-H), 10.28 (br s,
1H, NH), 10.67 (s, 1H, NH); *C NMR (DMSO-dg): 6 = 18.54
(CH3), 119.41, 119.50, 119.91, 122.57, 123.60, 127.93, 128.33,
128.60, 130.18, 131.93, 134.81, 135.10, 135.36, 138.63, 139.55,
141.33, 141.83, 143.34, 144.06, 152.64 (Ar-C) 162.14, 163.96,
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178.95 (C=O0). MS (EI): 593.75 [M —1]", HRMS: caled for
C35H,5N505: 595.1855, found 595.1835.

4. Conclusions

In conclusion, a highly chemoselective synthesis of 4-arylazo-5-
hydroxy-1,1"-biphenyl-4-carboxamide derivatives was carried out
employing 1:1 molar ratio of 3-oxo-2-arylhydrazonopropanals
with acetoacetanilide using the optimized condition; DBU/1,4-
dioxane under microwave irradiation. Spectroscopic analyses
(IR, 'H- and *C-NMR, MS and HRMS) and X-ray single crystals
of three model examples were used in characterization of the
newly isolated compounds. The photophysical properties of the
new products were also investigated to assess their optical
behavior. Remarkably, compound 3b displayed a distinctive
emission pattern. It had a bathochromic (red) shift with
a maximum emission at 709 nm and a noticeable significant
Stokes shift at 237 nm. It is anticipated that the currently re-
ported strategy opens a new research avenue in the field of
synthetic organic chemistry.
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