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Abstract

An efficient and green novel microwave assisted organic synthesis (MAOS) method has been
developed for dinitro cinnoline derivatives with better yields. The framework of these derivatives was
constructed from dinitrophenyl arylethylidene hydrazines. Tetrabutylammonium bromide (TBAB)
was used as a phase transfer catalyst (PTC), potassium carbonate as an inexpensive and efficient
catalyst and water as solvent due to its polarity which helps to increase the temperature substantially.
This methodology features a simple, environmentally friendly approach, employing water as a green
solvent and using a one-pot reaction. The use of microwave increases the rate of reaction and it was
observed that dinitro arylcinnolines can be synthesised in 8-12 min of microwave irradiation
compared to conventional thermal heating protocol which requires more than 2 h. Spectral data
confirms the identity of synthesized derivatives and satisfactory yields are obtained by this process.
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INTRODUCTION

Cinnoline 1,2-diazanaphtalene or benzo[c]-
1,2-diazine (Hantsch-Widmann system)[1],
CsHsN:2 is a nitrogenous organic base, obtained
from certain complex diazo compounds,
depicted in figure 1, is present in many
compounds of considerable pharmacological
and chemical importance[2]. It is six-
membered ring system with two nitrogen
atoms, an isosteric relative to either quinoline
or isoquinoline and isomeric  with
phthalazine[3].

X

NéN
Figure 1. Structure of the cinnoline ring
system

The cinnoline nucleus is a very important
bicyclic heterocycle that is used as the
structural subunit of many compounds with
interesting  pharmaceutical  properties[4].
Cinnoline derivatives exhibit broad spectrum
of pharmacological activities such as
antibacterial, antifungal, antimalarial, anti-
inflammatory, analgesic, anxiolytic and
antitumor activities[5]. Some of them are
under  evaluation in  clinical trials.
Comprehensive and target  oriented
information  clearly indicate that the
development of cinnoline based molecules
constitute a significant contribution to the
identification of lead compounds with
optimized pharmacodynamic and
pharmacokinetic properties [6]. Synthesis of
cinnoline and its derivatives has been
extensively discussed in many papers. Until
2011, no compounds containing the cinnoline
ring system were found in nature. The first
natural cinnoline derivative 2-furanmethanol-
(5'—11)-1,3-cyclopentadiene-[5,4-c]-1H-

cinnoline 2 (figure 2) was isolated from
Cichorium endivia when investigating the in
vitro and in vivo hepatoprotective properties of
Cichorium endivia L. extract (CEE) [2].

Figure 2. Structure of 2-furanmethanol-
(50—11)-1,3-cyclopentadiene-[5,4-c]-1H-
cinnoline

Eur. Chem. Bull. 2023,12(Special Issue 1), 1129-1134

Section A-Research paper

Synthetic molecules bearing a cinnoline
framework are extensively studied due to their
various biological activities depending on the
nature and position of substituents but the time
required for synthesis is higher and also they
required hazardous chemicals which may
spoils the environmental conditions and health
of the researchers [7]. The nitro group and its
location on aromatic rings influence the DNA
binding and mutagenic profile of an aromatic
compound. It has widely been suggested that
nitro reduction plays a critical role in
mutagenesis, as major DNA adducts formed
with nitro aromatics have been isolated and
characterized [8]. Keeping all these facts in
mind it has been planned to synthesize dinitro
arylcinnoline.

EXPERIMENTAL
Materials and methods

Infra-red spectra was recorded on Jasco FT-IR
4100 type A model having TGS detector,
IHNMR spectra was recorded on Bruker
Advance Neo spectrophotometer at 500 MHz
and DMSO as solvent, >*CNMR spectra was
on advance Neo spectrophotometer recorded at
600 in DMSO solvent. Melting points were
determined on a digital melting point
apparatus. High-resolution mass spectra were
recorded using Bruker mass spectrophotometer
with  dlc-ms600mz_10min.m method. All
microwave reactions (LabMate make) were
carried out in sealed tube (5 mL) and
maintenance of the reaction temperature was
monitored by an external infrared sensor. The
isolation of pure products was carried out via
HPTLC which was performed on CAMAGE
Lwin  Server LABSERVER, version
3.1.21109.3 using Linomat IV applicator and
Merck, TLC Al plates silica gel 60 F 254 using
Chloroform:Methanol:Glacial ~ Acetic  Acid
(7:2:1) solvent system. All other synthetic
reagents were procured from commercial
sources and used without further purification.

General procedure for the synthesis

A 5 mL microwave reaction tube was charged
with  la-le (0.3 mmol) along with
tetrabutylammonium bromide TBAB (0.16g,
0.5 mmol), K,COs (0.415 g, 3.0 mmol), and
H,O (3 mL). After the tube was flushed with
N, and capped, the reaction mixture was
heated to 125°C for 8-12 min by microwave
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irradiation at 100 W initial power. Time
required for compound 2a was 9 min. The
mixture was then cooled to room temperature
and filtered through a short silica gel column

Section A-Research paper

(ethyl acetate) to remove inorganic
components. Removal of the solvent left a
crude mixture to give 2a-2e.

Ar\c _CHy NO, A NO,
| TBAB, K,CO3, H,0
N\'T 100W, MWI, 125°C, 8-12 min N§N
H NO, NO,
2-(2,4-dinitrophenyl)- 6,8-dinitro-3-arylcinnoline
1-[1-arylethylidene)hydrazine (2a-2¢)

(1a-1e)

Figure 3. Synthesis scheme
Ar = p-OH-CeHs, p—CH3—C5H5, p-NHz-CeH5, p-CeHs, p-OCHs-CsHs

RESULT AND DISCUSSION

All products were characterized and confirmed
by HPTLC, IR, *HNMR, ®CNMR, and MS
spectrometry. Spectroscopic data for all
compounds were collected but graphical

proofs were provided only for representative
compound 2a.

6,8-dinitro-3-p-hydroxy phenylcinnoline (2a)
(C14HgN4Os, 312.2417), Yellowish green
(yield 67%), mp 93-94°C. HPTLC: single
peak R=0.57.

[AU]  ¢60-

0.40-

0.30-

0.20-

0.10

No of peak identified:01

Sample no :Research/D-2
Rf Value scale :0.1 to 1.00
Rf Value of peak :0.57

AU :0.10-0.60

Solvent Condition
performed on
Applicator

TLC Specification
Sample Name

Date :April/2023

:Linomat IV

0.00 0.20 0.40

:Chloroform:Methanol:Glacial Acetic Acid:7:2:1
:CAMAGE Lwin Server LABSERVER, version 3.1.21109.3

:Merck, TLC Al plates silica gel 60 F 254
:Derivative from D-2 to D-2

i |
0.60 0.80 1.00
R]

Figure 4. HPTLC of 2a

IR Spectra (cm™) (KBr): 3418 (O-H stretching), 2934 (C-H stretching), 2157 (N=N stretching), 1960
(C-H bending), 1901 (C=C=N stretching), 1490 (N-O stretching), 1450 (C-H bending), 1340 (O-H

bending), 1263 (C-N stretching),

Eur. Chem. Bull. 2023,12(Special Issue 1), 1129-1134
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Figure 5. IR spectrum of 2a

IHNMR (500 MHz, DMSO): & 7.11 (2H, ddd, J = 8.9, 1.5, 0.4 Hz), 7.83 (2H, ddd, J = 8.9, 1.7, 0.4
Hz), 8.55 (1H, d, J = 1.2 Hz), 8.83 (1H, d, J = 1.5 Hz), 9.01 (1H, dd, J = 1.5, 1.2 Hz).
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Figure 6. Proton NMR spectrum of 2a

BCNMR (600 MHz, DMSO): § 115.0 (1C, s), 115.7-115.8 (3C, 115.7 (s), 115.8 (s)), 125.3 (1C, s),
128.1 (1C, s), 129.2 (2C, s), 137.5 (1C, s), 143.4 (1C, s), 143.7 (1C, 5), 147.9 (1C, s), 1515 (1C, s),
157.4 (1C, s).
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Figure 7. Carbon NMR spectrum of 2a
. +)- +
HRMS: (ESI*): m/z calcd for C14HsN4Os M* 385.2417, found 385.6571.
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.3 Bar
Focus Active Set Capillary 3500 V Set Dry Heater 200 C
Scan Begin 50 m/z Set End Plate Offset -500 vV Set Dry Gas 4.0 I/min
Scan End 600 m/z Set Charging Voltage 2000 V Set Divert Valve Waste
Set Corona 0 nA Set APCI Heater 0T
Intens. +MS, 1.5-1.6min #87-92
x105
2.54 3126471
3133726
2.0
3143496
1.5
1.0
0.5
211.3829 i R
124.4912 i 298[384ﬂ 368.0387 4624376 541.3497
& _ ! e i
100 200 300 500 miz

Figure 8. High resolution mass spectrum of 2a
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Table 1- Technical data of other derivatives

Code Functional Mol Mol MWI MP R+ % m/z
group formula | weight Time (°C) yield

2b p-CH3-CsHs C14HoNsO4 | 311.24 | 9 min 110- 0.56 68 311.33
111

2cC p-NH2-CsHs | C14H1o0N4O4 | 310.26 | 8 min 97-99 0.69 71 310.15

2d p-CeHs C14HsN4O4 | 296.24 | 10 min 120- 0.63 66 296.32
121

2e p-OCHs- C1sH10N4Os | 326.26 | 12 min 122- 0.58 81 325.41
CsHs 113

CONCLUSION 2. Szumilak, M, Stanczak, A. Cinnoline

A competent novel one pot synthesis method
was successfully developed for synthesis of
dinitro  cinnoline  derivatives.  All  the
synthesized derivatives (2a—2e) were subjected
to the identification and confirmation by
HPTLC, and by spectral analysis including IR,
'HNMR, “CNMR and HRMS after
purification by recrystallization (solvent used
was ethyl alcohol) or by column
chromatography as per the need and showed
better correlation. Compound 2c showed better
yield of 71 % while compound 2c required
minimum time of 8 min for MW reaction. As
compared to conventional method which
required more than 2 h for synthesis of these
derivatives, MAOS has reduced time of
synthesis by 6 times which can save the time
of reaction. Solvent used is water and other
chemicals are also non-hazardous which offers
another advantage. The developed synthetic
method can be successfully employed for
further synthesis of dinitro derivatives. Large
scale synthesis of these derivatives may

Scaffold-A Molecular Heart of Medicinal
Chemistry? Molecules. 2019 June;
24(12); 2271: 1-25. doi:
10.3390/molecules24122271.

3. Sony S., George M, Joseph L. A Concise
Review on Cinnoline and Its Biological
Activities. International Journal of
Advance Research, Ideas and Innovations
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4. Kiriazis A, Ruffer T, Jantti S, Lang H,
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Diels-Alder Reaction on Solid Phase: A
Facile Synthesis of Hexahydrocinnoline
Derivatives. J. Comb. Chem. 2007 Jan; 9
(2): 263-266. doi: 10.1021/cc060125I.

5. Logeshkumar PR, Vasanthkumar P,
Amrutha B, Anjali G, Devipriya G,
Dhanunjaya B, Gajendra Y, Girish CNG,
Kalyani M, Naidu MN. Synthesis and In-
Vitro Anti-Inflammatory  Activity of
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1326-1333. doi: 10.20959/wjpps20234-

: : : 24572
require trial and errors.  Synthesized .
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Cinnoline  Derivatives:  Heterocyclic

pharmacologically for different biological
activities in future.

REFERENCES

1. Hellwich KH, Hartshorn RM, Andrey
Yerin A, Damhus T, Hutton AT. Brief
guide to the nomenclature of organic
chemistry (IUPAC Technical Report)
Pure Appl. Chem. Feb; 1-4. doi:
0rg/10.1515/pac-2019-0104

Eur. Chem. Bull. 2023,12(Special Issue 1), 1129-1134

Steroid Analogs. Heterocyclic Steroid
Analogs. 1948 April; 1373-1376.

7. Choudhary AN, Juyal V. Synthesis of
Chalcone and their Derivatives as
Antimicrobial Agents. Int J Pharm Pharm
Sci. 2011 April; 3(3): 125-128

Ohno A, Okiyama Y, Hirose A, Fukuhara
K. The position of the nitro group affects
the mutagenicity of nitroarenes. Toxicol
Appl Pharmacol. 2022 March; 441:
115974 doi: 10.1016/j.taap.2022.115974

1134


https://doi.org/10.1515/pac-2019-0104
https://doi.org/10.1515/pac-2019-0104
https://pubmed.ncbi.nlm.nih.gov/?term=Ohno+A&cauthor_id=35276127
https://pubmed.ncbi.nlm.nih.gov/?term=Ohno+A&cauthor_id=35276127
https://pubmed.ncbi.nlm.nih.gov/?term=Okiyama+Y&cauthor_id=35276127
https://pubmed.ncbi.nlm.nih.gov/?term=Hirose+A&cauthor_id=35276127
https://pubmed.ncbi.nlm.nih.gov/?term=Fukuhara+K&cauthor_id=35276127
https://doi.org/10.1016/j.taap.2022.115974

