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ABSTRACT

Quinoxaline is a privileged pharmacophore that has broad-spectrum applications in the fields of medicine,
pharmacology and pharmaceutics. Similarly, the sulfonamide moiety is of considerable interest in medicinal
chemistry, as it exhibits a wide range of pharmacological activities. Therefore, the therapeutic potential and
biomedical applications of quinoxalines have been enhanced by incorporation of the sulfonamide group into their
chemical framework. The present review surveyed the literature on the preparation, biological activities and
structure-activity relationship (SAR) of quinoxaline sulfonamide derivatives due to their broad range of biomedical
activities, such as diuretic, antibacterial, antifungal, neuropharmacological, antileishmanial, anti-inflammatory,
anti-tumor and anticancer action. The current biological diagnostic findings in this literature review suggest that
quinoxaline-linked sulfonamide hybrids are capable of being established as lead compounds; Quinoxaline
derivatives have been used as anticancer, anticonvulsant, anti-inflammatory, antidiabetic, antioxidant, antibacteriall,
anti-TB, antimalarial, antiviral, anti-HIV, and many other uses. Variously substituted quinoxalines are significant
therapeutic agents in the pharmaceutical industry. This review spotlights on the chemistry, physiochemical
characters, synthesis, pharmaceutical products, and medicinal chemistry of various anticancer quinoxaline
derivatives that were developed in the last periodModification in their structure has offered a high degree of
diversity that has proven useful for the development of new therapeutic agents having improved potency and lesser
toxicity.
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INTRODUCTION
1. Quinoxaline
Heterocyclic scaffolds hold a pivotal place in medicinal

uses in drug discovery, synthesis, and development
processes Their unique ring systems, often incorporating
atoms like nitrogen, oxygen, or sulfur, enhance

chemistry and are one of the largest areas of research in
organic chemistry due to their wide spectrum of
biological activities. Therefore, continuous efforts have
been undertaken to explore their therapeutic potential in
the field of design and development of new drugs.
Quinoxaline is a privileged, ubiquitous and versatile
nitrogen-containing heterocyclic motif, which exhibits a
broad spectrum of medicinal, pharmacological and
pharmaceutical applications. Quinoxaline, also known as
benzopyrazine, was formed by the combination of
pyrazine and benzene™ rings at the carbons 2 and 3 of
the pyrazine ring Heterocycles containing nitrogen have

molecular stability and reactivity. Nitrogen-containing
heterocycles are particularly significant, as nitrogen
contributes to key interactions with enzymes and
receptors, improving drug-likeness and pharmacokinetic
properties These N-heterocyclic compounds are widely
found in drugs for treating various conditions,” such as
antibiotics and anticancer agents, underscoring their
broad therapeutic relevance Quinoxaline, a nitrogen-
containing heterocyclic compound, is recognized for its
chemical stability and versatile framework, making it a
valuable scaffold in medicinal chemistry. Structurally,
quinoxaline consists of a fused benzene and pyrazine

great importance in the pharmaceutical field including ring, providing a rigid planar core The 2- and 3-
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positions on the quinoxaline ring are highly amenable to
chemical modifications, allowing for the development of
derivatives  with  tailored  biological activities.
Substitutions at these positions influence the electronic
properties of the scaffold, enabling fine-tuning of
binding affinities to specific targets. For instance, 2,3-
bis-substituted quinoxalines have been optimized for
anticancer activity by enhancing interactions with
topoisomerases and tubulin polymerization sites. Green

chemistry approaches, such as microwave-assisted
synthesis and recyclable catalysts.”!

Quinoxaline is defined as a weakly basic bi-cyclic
compound CgHgN,, having fused benzene and pyrazine
rings. Quinoxaline is a nitrogen-containing heterocyclic
compound and is an indispensable structural unit for both
chemists and biochemists. The structure is as shown
in Figure 1.1
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Figure 1: Structure of Quinoxaline.™

N,
=
L
N
2-Methylquinoxaline (flavouring)

o
-
o
L H
o
Carbadox (antimicrobial agent)

) ~
ol

Ampalex (treatment of Alzheimer)

H I w
che®

Brimonidin (antihypertensive)

Thioguinox (fungicide)

(e]

HNJ\fO
NH
9@

O=§=Q N
NH, & ©

nbgx (anxiolytic)

Cgs 12066 (antimigraine)

Figure 2. Quinoxaline and examples of its pharmacological activities.

2. Condensation of o-Phenylenediamine and 1,2-
Dicarbonyl Derivatives

Korner and Hinsberg in 1884 synthesized the first
derivative of quinoxaline through a condensation of o-

phenylenediamine with a 1,2-dicarbonyl derivative.

Various derivatives were obtained from this reaction

(Scheme 1)

R=H, Me, Cl, NO,
Ry= Ry = H, Ph, Me, 4-Me-Ph, 2-Furyl

R\CENHz OIR1 R N R
. _
NH, 0% R, N” R,

Scheme 1. Synthesis of quinoxaline by the condensation

technique: diamine (1 mmol), dicarbonyl (1 mmol),

glycerol (5 mL), water (2 mL), 90 °C, 4-6 min, yield (85-91%b).
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2.1. O-Phenylenediamine and In Situ Produced 1,2- cascade between different 1,2-diamino compounds and
Dicarbonyls hydroxyl ketones (Scheme 2)"!

Quinoxalines were synthesized via catalytic iodine,

which was used to accelerate the oxidative cyclization

HO Ar R =
j/: I g A
0% “Ar 0 N r

Ar

R =H, NO,, CI, Me
Ar = 4-OCH3-Ph

Scheme 2. Synthesis of quinoxaline from o-phenylenediamine and in situ generated 1,2-dicarbonyl derivatives:
o-phenylenediamine (1 mmol), hydroxyl ketone (1 mmol), I, (0.25 mmol), DMSO (2 mL), RT, 12 h, yield (80-
90%).

2.3. Metal-Catalyzed Cyclization of Imines and
Azides

Ketimines and azides were used to create quinoxalines.
This is a metal-catalyzed cyclization reaction that
produces quinoxaline derivatives (Scheme 3)

R
(51 G, &
—_—
Z SN “Ph Z N7 Ph

R4 =H, CI, Br, Me, OMe
R, = Cl, Me, Ph, Bn

Scheme 3. Synthesis of quinoxalines from imines and azides: imine (1 mmol), sodium azide (3 mmol),
(diacetoxyiodo)benzene (3 mmol), CuO (1 mmol), ethylacetate, Rt, 16 h, yield (35-80%).

2.4. Cyclocondensation of o-Phenylenediamine and
Aromatic Alkynes

Quinoxalines were synthesized via cyclocondensation of
phenylene diamine and aromatic alkynes in the presence
of Cu(OAc), as a catalyst (Scheme 4)™!

e
—_——
DMPA, Cs,CO» N

NH,
Scheme 4. Synthesis of quinoxalines from aromatic alkynes and amines: o-phenylenedia mine (0.25 mmol) in
toluene, phenyl acetylene (1 mmol), Cs,CO;(0.75 mmol), Cu(OAc),.H,O (10 mol % from the o-
phenylenediamine), DMPA (0.75 mmol), 70 °C, 8 h, yield (86%0).
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2.5. Cyclocondensation of o-Phenylenediamine and
Nitro-Olefins

Using CuBr, as a catalyst, phenylenediamine and nitro-
olefins reacted to produce quinoxalines (Scheme 5)”

p

R
BN X NO2

CuBr,

2 Ry

NH,
L,
NH,

R, = 2-Cl, 2-Br, 2-OMe, 2-NO,
R, = H, 4-Cl, 4-Br, 4-Me, 4-OCH;

\

Y
z z
S/
P

Scheme 5: Synthesis of quinoxalines from nitro-olefins and amines: phenylenediamine (1 mmol), nitro-olefins (1
mmol), CuBr2 (1 mmol), ethanol, 110 °C, 2—4 h, yield (35-90%6).

2.6. Cyclocondensation of Aromatic Amines and
DMF

A new strategy for the preparation of pyrrol [1,2-
aJquinoxaline derivatives was described by using ferric

chloride as a Lewis acid and an initiator for a
straightforward reaction. DMF solvent was used as a
source of carbon (Scheme 6)*

R2=R3=H, Me

\,

Ry =H, F, Cl, Br, Me, CF3, OMe, OCF3, T-But

Scheme 6. Synthesis of quinoxalines from amines and DMF in Fe-mediated catalyst: aniline derivative (0.3
mmol), DMF (2 mL), FeCl; (0.3 mmol), TBPB (0.9 mmol), 120 °C, 5-12 h, yield (40-97%).

3. Synthetic Pathways to Prepare Biologically Active
Quinoxaline Derivatives

3.1. Synthesis of Quinoxalin-2-Mercaptoacetyl Urea
as Antiviral Agents

A pandemic situation in western Africa infected almost
28,000 individuals in 2014-2015 (WHO: Ebola situation
report 2015). Even though vaccines are existing, it
adversely affects some patients; therefore, it becomes
requisite to formulate new antiviral drugs and vaccines.
A series of quinoxaline-2 mercaptoacetyl urea analogs
was devised by Loughran et al.”? and tested for their
antiviral properties on Marburg, Ebola VP40 VLP
budding assays in HEK293T cells. The reaction Scheme
7 depicts the formulation of the target compound by
alkylation  of  quinoxaline  thiols  with  a-
chloroacetamidoureas  The alkylating agents™*” were
attained via the reaction of commercially available

anilines or heteroaromatic amines (R-NH-Ar) with
commercially available chloroacetyl isocyanate.®!
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Scheme 7. Synthetic pathway to prepare quinoxalin-2-mercaptoacetyl urea.

3.2. The synthesized product quinoxalin-2-
mercaptoacetyl urea showed improved potency as an
RNA viral egress inhibitors and inhibited live virus
egress (VSVMA40). Synthesis of Penta-1,4-dien-3-one
Oxime Containing a Quinoxaline Nucleus as Antiviral
Agents

A well-known plant virus is known as the Tobacco
mosaic virus (TMV), which is known to infect nine plant
species, including tobacco, tomato, pepper, and
cucumberst®® Controlling plant diseases, once infected,
is a severe problem faced by agriculture industries.
Traditional antimicrobial agents and plant virucides have
caused resistance in plant pathogens; therefore, a
synthesis of safe agricultural chemicals is always in
demand. The agricultural chemicals derived from natural
products are environmentally friendly and have unique

[14]

bioactivities. synthesized a series of penta-1,4-dien-3-
one oxime comprising a quinoxaline moiety, equivalent
to curcumin isolated from plant Curcuma Longa L. The
synthesized compounds displayed antibacterial and
antiviral activities, with distinct activity against TMV.
As revealed in Scheme 8, 2-chloroquinoxaline and
penta-1,4-dien-3-one oxime ether™® were stirred for 30
min and refluxed for 4 h at 80 °C to get the target
compound.*™ The product is recrystallized with
acetonitrile and dichloromethane. Some compounds
demonstrated significant, beneficial, protective, and

inactivation activity against TMV, with a 50% effective
concentration (EC50) of 287.1, 157.6, and 133.0 mg
mL™, respectively. The findings were superior to or
equal to those of ningnanmycin (356.3, 233.7, and 121.6
mg mL™?,

respectively).!*®!

(43)

(43+44) CH,LCN, K,CO,

stirred for 30 mins and
4h at80C

refluxed for

Scheme 8: Synthetic pathway to prepare penta-1,4-dien-3-one oxime (24) with quinoxaline moiety.

[19]
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4. Anticancer Quinoxalines

Kamble and colleagues (2016) created hybrid derivatives
of quinoxaline molecules linked with coumarin to test
their anticancer potential. Compounds 1 and 2 were
tested against 60 cancer cell lines among these
derivatives. Compound 1 showed a 55.75% growth
inhibition (GI) against a melanoma (MALME-M) tumor

cell line. The SAR of these derivatives showed that
unsubstituted aromatic rings (R;, R, = H) have a higher
activity than other substituents while the electron
withdrawing group (CI) produces higher activity than the
electron withdrawing ]group (Br) and the electron
releasing group (CH).”°

r

(1,2)

Figure 3: Anticancer quinoxaline 1 (R; = H, R, = H), 2 (R; H, R, = ClI), and their SAR.

Ali and coworkers (2017) designed and synthesized
some quinoxaline derivatives with a triazole ring. These
derivatives were screened for their anticancer activity
against leukemia cell lines Ty-82 and THP-1.
Compound 3was the highest active compound. It
showed an excellent potency on the two cell lines Ty-82
(ICso =25 HM) and THP-1 (|C50 =1.6 HM) The SAR of
these derivatives showed that the aliphatic linker CH, at

the third position of quinoxaline is essential for the
activity while N-linker decreases the activity. Electron
releasing groups containing an oxygen atom (OCHs,
OC,Hs) and phenyl substituents at R, decrease the
activity while an isopropyl group (CH(CHs),) increases
the activity. Figure 5 shows the molecular structures of
compound 3 and its SAR.[#

_+— R“

\, ‘

N
NN
OO - —
N hig 2
3) ©

v

Figure 4: Anticancer quinoxaline 3 (R1 = CF3, R, = CH(CHj3), and its SAR.

5. Quantitative Structure-Activity Relationship
(QSAR) Modeling of Anticancer Quinoxalines

anticancer quinoxaline derivatives, a statistically verified
2D-QSAR model was developed by Abdullahi and
coworkers (2023). By means of the created model,
quinoxaline derivatives were virtually screened, and
compound with a high inhibiting capacity (pICso=
5.357) was chosen as the model for the design, and five
potential better VEGFR-2 inhibitory compounds (26—

30), having plCs values between 5.43 and 6.16, were
created. The intended compounds were used as ligands in
docking studies, and the active site residues of VEGFR-2
were discovered to have docking scores ranging from
—171.384 to —182.241 kcal/mol, surpassing the score of
—170.579 kcal/mol for the template ligand. MD
simulation indicated that the ligands remained in the
stable docked complex and that the molecules did not
leave the VEGFR-2 active site during the 200 ns
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simulation.”? shows the molecular structure of the
model 25 and the designed derivatives while shows the

computed activities of these derivatives.!?*]

/
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Figure 5: The molecular structure of the model 25 and the designed derivatives (26-30): 25 (Y = H, X = H), 26 (Y
=H, X=CHy), 27 (Y =H, X =0H), 28 (Y =H, X = OCHpy), 29 (Y = H, X =NH,), 30 (Y = NH,, X = NH,).

6. Anti- proliferative agents'*!
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Figure 6: Anti- proliferative agents.

7. CONCLUSION

The present review showed the escalating interest of
organic and medicinal chemists in the synthesis of
quinoxaline scaffolds bearing a sulfonamide moiety to
target a variety of diseases. The literature survey cited in
this article highlighted and revealed that quinoxaline
sulfonamide derivatives show a wide array of biological
activities, such as antimicrobial, anti-convulsant, anti-
inflammatory,  anti-leishmania,  anti-tumor  and

/

EGFR inhibitors

o'y C(IO

VEGEFR inhibitors

FGFR1 inhibitors

@ ] T »  c-metinhibitors

T

NS

c-kit inhibitors
CK2 inhibitors

PI3K/Akt/mTOR inhibitors

Eph tyrosine kinase inhibitors

[25]

anticancer. Ecofriendly and economical procedures for
the synthesis of quinoxaline sulfonamide derivatives
were also reported. The structure-based activity findings
will be helpful for further modifications on the
quinoxaline sulfonamide derivatives. In order to develop
future potent therapeutic agents. Their ability to inhibit
key enzymes and receptors and their structural
adaptability have made them valuable in drug
development. Despite these advancements, challenges
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remain, particularly in improving their pharmacokinetic

properties,

such as bioavailability and metabolic

stability, and overcoming drug resistance in cancer and
microbial treatments. Future research should focus on

optimizing  drug-likeness,

reducing toxicity, and

exploring novel delivery systems to enhance their

therapeutic

impact.  Additionally, expanding the

application of quinoxaline derivatives into less-explored
areas, such as neurological and metabolic disorders,
offers further potential. With continued efforts in SAR
optimization and innovative molecular designs.

8. REFERENCES

1.

Fan, D.; Liu, P.; Jiang, Y.; He, X.; Zhang, L.; Wang,
L.; Yang, T. Discovery and SAR Study of
Quinoxaline—Arylfuran Derivatives as a New Class

of Antitumor Agents. Pharmaceutics, 2022; 14:
2420. [Google Scholar] [CrossRef]

Gonzalez-Gonzalez, A.; Sanchez-Sanchez, O
Krauth-Siegel, R.L.; Bolognesi, M.L.; G&mez-
Escobedo, R.; Nogueda-Torres, B.; Vazquez-
Jiménez, L.K.; Saavedra, E.; Encalada, R;

Espinoza-Hicks, J.C.; et al. In Vitro and In Silico
Analysis of New n-Butyl and Isobutyl Quinoxaline-
7-carboxylate 1,4-di-N-oxide Derivatives against
Trypanosoma cruzi as Trypanothione Reductase
Inhibitors. Int. J. Mol. Sci, 2022; 23: 13315. [Google
Scholar] CrossRef]

Bouali, N.; Hammouda, M.B.; Ahmad, I.; Ghannay,
S.; Thouri, A.; Dbeibia, A.; Patel, H.; Hamadou,
W.S.; Hosni, K.; Snoussi, M.; et al. Multifunctional
Derivatives of Spiropyrrolidine Tethered Indeno-
Quinoxaline Heterocyclic Hybrids as Potent
Antimicrobial, Antioxidant and Antidiabetic Agents:
Design, Synthesis, In Vitro and In Silico
Approaches. Molecules, 2022; 27:  7248. [Google
Scholar] [CrossRef]

Aksenov, A.V.; Arutiunov, N.A.; Aksenov, D.A,;
Samovolov, A.V.; Kurenkov, I.A.; Aksenov, N.A;
Aleksandrova, E.A.; Momotova, D.S.; Rubin, M. A
Convenient Way to Quinoxaline Derivatives through
the Reaction of  2-(3-Oxoindolin-2-yl)-2-
phenylacetonitriles with Benzene-1,2-diamines. Int.
J. Mol. Sci, 2022;23: 11120. [Google Scholar]
[CrossRef]

Bhat, Z.R.; Kumar, M.; Sharma, N.; Yadav, U.P.;
Singh, T.; Joshi, G.; Pujala, B.; Raja, M.; Chatterjee,
J.; Tikoo, K.; et al. In Vivo Anticancer Evaluation of
6b, a Non-Covalent Imidazo[1,2-a]Jquinoxaline-
Based Epidermal Growth Factor Receptor Inhibitor
against Human Xenograft Tumor in Nude
Mice. Molecules, 2022; 27: 5540. [Google Scholar]
[CrossRef] [PubMed]

Kumar, M.; Joshi, G.; Arora, S.; Singh, T.; Biswas,
S.; Sharma, N.; Bhat, Z.R.; Tikoo, K.; Singh, S;
Kumar, R. Design and Synthesis of Non-Covalent
Imidazo[1,2-a]quinoxaline-Based  Inhibitors  of
EGFR and Their Anti-Cancer
Assessment. Molecules, 2021; 26: 1490. [Google
Scholar] [CrossRef]

10.

11.

12.

13.

14.

15.

16.

17.

Khatoon, H.; Abdulmalek, E. Novel Synthetic
Routes to Prepare Biologically Active Quinoxalines
and Their Derivatives: A Synthetic Review for the

Last Two Decades. Molecules, 2021; 26:  1055.
[Google Scholar] [CrossRef]
Oyallon, B.; Brachet-Botineau, M.; Logé, C,;

Robert, T.; Bach, S.; Ibrahim, S.; Raoul, W.; Croix,
C.; Berthelot, P.; Guillon, J.; et al. New Quinoxaline

Derivatives as Dual Pim-1/2 Kinase Inhibitors:
Design, Synthesis and Biological Evaluation.
Molecules, 2021; 26: 867. [Google Scholar]
[CrossRef]

Saurabh Kumar, Sandeep Prakash, Neha Gautam,
Firdous Bano Ajay Kmar, Harshit Gupta, Adarsh
Pratap Singh, Sneh Lata, Lavkush Maurya, Sandeep
Kumar Int. J. of Pharm. Sci., 2026; 4(5): 2247-2255.
Giuglio-Tonolo, A.G.; Curti, C.; Terme, T.; Vanelle,
P. A Survey of Synthetic Routes and Antitumor
Activities for Benzo[g]quinoxaline-5,10-diones.
Molecules, 2020; 25:  5922. [Google Scholar]
[CrossRef] [PubMed]

Guillon, J.; Savrimoutou, S.; Rubio, S.; Moreau, S.;
Pinaud, N.; Marchivie, M.; Desplat, V. 1-Phenyl-8-
[[4-(pyrrolo[1,2-a]quinoxalin-4-yl)phenyllmethyl]-
1,3,8-triazaspiro[4.5]decan-4-one: Synthesis, Crystal
Structure and Anti-Leukemic
Activity. Molbank, 2020; 2020: M1113. [Google
Scholar] [CrossRef]

Barea, C.; Pabon, A.; Galiano, S.; Pérez-Silanes, S.;
Gonzalez, G.; Deyssard, C.; Monge, A.; Deharo, E.;
Aldana, 1. Antiplasmodial and Leishmanicidal
Activities of 2-Cyano-3-(4-phenylpiperazine-1-
carboxamido) Quinoxaline 1,4-Dioxide
Derivatives. Molecules, 2012; 17: 9451-9461.
[Google Scholar] [CrossRef]

Ancizu, S.; Castrillo, N.; Pérez-Silanes, S.; Aldana,
I.; Monge, A.; Delagrange, P.; Caignard, D.-H.;
Galiano, S. New Quinoxaline Derivatives as
Potential MT1 and MT2 Receptor
Ligands. Molecules, 2012; 17: 7737-7757. [Google
Scholar] [CrossRef] [PubMed]

Morales-Castellanos, J.J.; Ramirez-Hernandez, K.;
GOmez-Flores, N.S.; Rodas-Suérez, O.R.; Peralta-
Cruz, J. Microwave-assisted Solvent-free Synthesis
and in Vitro Antibacterial Screening of Quinoxalines
and Pyrido[2,3b]pyrazines. Molecules, 2012; 17:
5164-5176. [Google Scholar] [CrossRef] [PubMed]
Molecular Operating Environment (MOE) Chemical

Computing Group. Available
online: http://www.chemcomp.com (accessed on 9
July 2023).

Swiss Institute of Bioinformatics (SwissADME).
Auvailable
online: http://www.swissADME.ch (accessed on 10
July 2023).
Singh, D.P.; Deivedi, S.K.; Hashim, S.R.; Singhal,
R.G. Synthesis and Antimicrobial Activity of Some
New Quinoxaline Derivatives. Pharmaceuticals,
2010; 3: 2416-2425. [Google Scholar] [CrossRef]
[PubMed]

WWW.ejpmr.com

| Vol 13, Issue 11, 2026. |

ISO 9001:2015 Certified Journal | 188



https://scholar.google.com/scholar_lookup?title=Discovery+and+SAR+Study+of+Quinoxaline%E2%80%93Arylfuran+Derivatives+as+a+New+Class+of+Antitumor+Agents&author=Fan,+D.&author=Liu,+P.&author=Jiang,+Y.&author=He,+X.&author=Zhang,+L.&author=Wang,+L.&author=Yang,+T.&publication_year=2022&journal=Pharmaceutics&volume=14&pages=2420&doi=10.3390/pharmaceutics14112420
https://doi.org/10.3390/pharmaceutics14112420
https://scholar.google.com/scholar_lookup?title=In+Vitro+and+In+Silico+Analysis+of+New+n-Butyl+and+Isobutyl+Quinoxaline-7-carboxylate+1,4-di-N-oxide+Derivatives+against+Trypanosoma+cruzi+as+Trypanothione+Reductase+Inhibitors&author=Gonz%C3%A1lez-Gonz%C3%A1lez,+A.&author=S%C3%A1nchez-S%C3%A1nchez,+O.&author=Krauth-Siegel,+R.L.&author=Bolognesi,+M.L.&author=G%E1%BB%9Bmez-Escobedo,+R.&author=Nogueda-Torres,+B.&author=V%C3%A1zquez-Jim%C3%A9nez,+L.K.&author=Saavedra,+E.&author=Encalada,+R.&author=Espinoza-Hicks,+J.C.&author=et+al.&publication_year=2022&journal=Int.+J.+Mol.+Sci.&volume=23&pages=13315&doi=10.3390/ijms232113315
https://scholar.google.com/scholar_lookup?title=In+Vitro+and+In+Silico+Analysis+of+New+n-Butyl+and+Isobutyl+Quinoxaline-7-carboxylate+1,4-di-N-oxide+Derivatives+against+Trypanosoma+cruzi+as+Trypanothione+Reductase+Inhibitors&author=Gonz%C3%A1lez-Gonz%C3%A1lez,+A.&author=S%C3%A1nchez-S%C3%A1nchez,+O.&author=Krauth-Siegel,+R.L.&author=Bolognesi,+M.L.&author=G%E1%BB%9Bmez-Escobedo,+R.&author=Nogueda-Torres,+B.&author=V%C3%A1zquez-Jim%C3%A9nez,+L.K.&author=Saavedra,+E.&author=Encalada,+R.&author=Espinoza-Hicks,+J.C.&author=et+al.&publication_year=2022&journal=Int.+J.+Mol.+Sci.&volume=23&pages=13315&doi=10.3390/ijms232113315
https://doi.org/10.3390/ijms232113315
https://scholar.google.com/scholar_lookup?title=Multifunctional+Derivatives+of+Spiropyrrolidine+Tethered+Indeno-Quinoxaline+Heterocyclic+Hybrids+as+Potent+Antimicrobial,+Antioxidant+and+Antidiabetic+Agents:+Design,+Synthesis,+In+Vitro+and+In+Silico+Approaches&author=Bouali,+N.&author=Hammouda,+M.B.&author=Ahmad,+I.&author=Ghannay,+S.&author=Thouri,+A.&author=Dbeibia,+A.&author=Patel,+H.&author=Hamadou,+W.S.&author=Hosni,+K.&author=Snoussi,+M.&author=et+al.&publication_year=2022&journal=Molecules&volume=27&pages=7248&doi=10.3390/molecules27217248
https://scholar.google.com/scholar_lookup?title=Multifunctional+Derivatives+of+Spiropyrrolidine+Tethered+Indeno-Quinoxaline+Heterocyclic+Hybrids+as+Potent+Antimicrobial,+Antioxidant+and+Antidiabetic+Agents:+Design,+Synthesis,+In+Vitro+and+In+Silico+Approaches&author=Bouali,+N.&author=Hammouda,+M.B.&author=Ahmad,+I.&author=Ghannay,+S.&author=Thouri,+A.&author=Dbeibia,+A.&author=Patel,+H.&author=Hamadou,+W.S.&author=Hosni,+K.&author=Snoussi,+M.&author=et+al.&publication_year=2022&journal=Molecules&volume=27&pages=7248&doi=10.3390/molecules27217248
https://doi.org/10.3390/molecules27217248
https://scholar.google.com/scholar_lookup?title=A+Convenient+Way+to+Quinoxaline+Derivatives+through+the+Reaction+of+2-(3-Oxoindolin-2-yl)-2-phenylacetonitriles+with+Benzene-1,2-diamines&author=Aksenov,+A.V.&author=Arutiunov,+N.A.&author=Aksenov,+D.A.&author=Samovolov,+A.V.&author=Kurenkov,+I.A.&author=Aksenov,+N.A.&author=Aleksandrova,+E.A.&author=Momotova,+D.S.&author=Rubin,+M.&publication_year=2022&journal=Int.+J.+Mol.+Sci.&volume=23&pages=11120&doi=10.3390/ijms231911120
https://doi.org/10.3390/ijms231911120
https://scholar.google.com/scholar_lookup?title=In+Vivo+Anticancer+Evaluation+of+6b,+a+Non-Covalent+Imidazo%5B1,2-a%5Dquinoxaline-Based+Epidermal+Growth+Factor+Receptor+Inhibitor+against+Human+Xenograft+Tumor+in+Nude+Mice&author=Bhat,+Z.R.&author=Kumar,+M.&author=Sharma,+N.&author=Yadav,+U.P.&author=Singh,+T.&author=Joshi,+G.&author=Pujala,+B.&author=Raja,+M.&author=Chatterjee,+J.&author=Tikoo,+K.&author=et+al.&publication_year=2022&journal=Molecules&volume=27&pages=5540&doi=10.3390/molecules27175540&pmid=36080307
https://doi.org/10.3390/molecules27175540
https://www.ncbi.nlm.nih.gov/pubmed/36080307
https://scholar.google.com/scholar_lookup?title=Design+and+Synthesis+of+Non-Covalent+Imidazo%5B1,2-a%5Dquinoxaline-Based+Inhibitors+of+EGFR+and+Their+Anti-Cancer+Assessment&author=Kumar,+M.&author=Joshi,+G.&author=Arora,+S.&author=Singh,+T.&author=Biswas,+S.&author=Sharma,+N.&author=Bhat,+Z.R.&author=Tikoo,+K.&author=Singh,+S.&author=Kumar,+R.&publication_year=2021&journal=Molecules&volume=26&pages=1490&doi=10.3390/molecules26051490
https://scholar.google.com/scholar_lookup?title=Design+and+Synthesis+of+Non-Covalent+Imidazo%5B1,2-a%5Dquinoxaline-Based+Inhibitors+of+EGFR+and+Their+Anti-Cancer+Assessment&author=Kumar,+M.&author=Joshi,+G.&author=Arora,+S.&author=Singh,+T.&author=Biswas,+S.&author=Sharma,+N.&author=Bhat,+Z.R.&author=Tikoo,+K.&author=Singh,+S.&author=Kumar,+R.&publication_year=2021&journal=Molecules&volume=26&pages=1490&doi=10.3390/molecules26051490
https://doi.org/10.3390/molecules26051490
https://scholar.google.com/scholar_lookup?title=Novel+Synthetic+Routes+to+Prepare+Biologically+Active+Quinoxalines+and+Their+Derivatives:+A+Synthetic+Review+for+the+Last+Two+Decades&author=Khatoon,+H.&author=Abdulmalek,+E.&publication_year=2021&journal=Molecules&volume=26&pages=1055&doi=10.3390/molecules26041055
https://doi.org/10.3390/molecules26041055
https://scholar.google.com/scholar_lookup?title=New+Quinoxaline+Derivatives+as+Dual+Pim-1/2+Kinase+Inhibitors:+Design,+Synthesis+and+Biological+Evaluation&author=Oyallon,+B.&author=Brachet-Botineau,+M.&author=Log%C3%A9,+C.&author=Robert,+T.&author=Bach,+S.&author=Ibrahim,+S.&author=Raoul,+W.&author=Croix,+C.&author=Berthelot,+P.&author=Guillon,+J.&author=et+al.&publication_year=2021&journal=Molecules&volume=26&pages=867&doi=10.3390/molecules26040867
https://doi.org/10.3390/molecules26040867
https://scholar.google.com/scholar_lookup?title=A+Survey+of+Synthetic+Routes+and+Antitumor+Activities+for+Benzo%5Bg%5Dquinoxaline-5,10-diones&author=Giuglio-Tonolo,+A.G.&author=Curti,+C.&author=Terme,+T.&author=Vanelle,+P.&publication_year=2020&journal=Molecules&volume=25&pages=5922&doi=10.3390/molecules25245922&pmid=33327601
https://doi.org/10.3390/molecules25245922
https://www.ncbi.nlm.nih.gov/pubmed/33327601
https://scholar.google.com/scholar_lookup?title=1-Phenyl-8-%5B%5B4-(pyrrolo%5B1,2-a%5Dquinoxalin-4-yl)phenyl%5Dmethyl%5D-1,3,8-triazaspiro%5B4.5%5Ddecan-4-one:+Synthesis,+Crystal+Structure+and+Anti-Leukemic+Activity&author=Guillon,+J.&author=Savrimoutou,+S.&author=Rubio,+S.&author=Moreau,+S.&author=Pinaud,+N.&author=Marchivie,+M.&author=Desplat,+V.&publication_year=2020&journal=Molbank&volume=2020&pages=M1113&doi=10.3390/M1113
https://scholar.google.com/scholar_lookup?title=1-Phenyl-8-%5B%5B4-(pyrrolo%5B1,2-a%5Dquinoxalin-4-yl)phenyl%5Dmethyl%5D-1,3,8-triazaspiro%5B4.5%5Ddecan-4-one:+Synthesis,+Crystal+Structure+and+Anti-Leukemic+Activity&author=Guillon,+J.&author=Savrimoutou,+S.&author=Rubio,+S.&author=Moreau,+S.&author=Pinaud,+N.&author=Marchivie,+M.&author=Desplat,+V.&publication_year=2020&journal=Molbank&volume=2020&pages=M1113&doi=10.3390/M1113
https://doi.org/10.3390/M1113
https://scholar.google.com/scholar_lookup?title=Antiplasmodial+and+Leishmanicidal+Activities+of+2-Cyano-3-(4-phenylpiperazine-1-carboxamido)+Quinoxaline+1,4-Dioxide+Derivatives&author=Barea,+C.&author=Pab%C3%B3n,+A.&author=Galiano,+S.&author=P%C3%A9rez-Silanes,+S.&author=Gonzalez,+G.&author=Deyssard,+C.&author=Monge,+A.&author=Deharo,+E.&author=Aldana,+I.&publication_year=2012&journal=Molecules&volume=17&pages=9451%E2%80%939461&doi=10.3390/molecules17089451
https://doi.org/10.3390/molecules17089451
https://scholar.google.com/scholar_lookup?title=New+Quinoxaline+Derivatives+as+Potential+MT1+and+MT2+Receptor+Ligands&author=Ancizu,+S.&author=Castrillo,+N.&author=P%C3%A9rez-Silanes,+S.&author=Aldana,+I.&author=Monge,+A.&author=Delagrange,+P.&author=Caignard,+D.-H.&author=Galiano,+S.&publication_year=2012&journal=Molecules&volume=17&pages=7737%E2%80%937757&doi=10.3390/molecules17077737&pmid=22732886
https://scholar.google.com/scholar_lookup?title=New+Quinoxaline+Derivatives+as+Potential+MT1+and+MT2+Receptor+Ligands&author=Ancizu,+S.&author=Castrillo,+N.&author=P%C3%A9rez-Silanes,+S.&author=Aldana,+I.&author=Monge,+A.&author=Delagrange,+P.&author=Caignard,+D.-H.&author=Galiano,+S.&publication_year=2012&journal=Molecules&volume=17&pages=7737%E2%80%937757&doi=10.3390/molecules17077737&pmid=22732886
https://doi.org/10.3390/molecules17077737
https://www.ncbi.nlm.nih.gov/pubmed/22732886
https://scholar.google.com/scholar_lookup?title=Microwave-assisted+Solvent-free+Synthesis+and+in+Vitro+Antibacterial+Screening+of+Quinoxalines+and+Pyrido%5B2,3b%5Dpyrazines&author=Morales-Castellanos,+J.J.&author=Ram%C3%ADrez-Hern%C3%A1ndez,+K.&author=G%C3%B3mez-Flores,+N.S.&author=Rodas-Su%C3%A1rez,+O.R.&author=Peralta-Cruz,+J.&publication_year=2012&journal=Molecules&volume=17&pages=5164%E2%80%935176&doi=10.3390/molecules17055164&pmid=22628038
https://doi.org/10.3390/molecules17055164
https://www.ncbi.nlm.nih.gov/pubmed/22628038
http://www.chemcomp.com/
http://www.swissadme.ch/
https://scholar.google.com/scholar_lookup?title=Synthesis+and+Antimicrobial+Activity+of+Some+New+Quinoxaline+Derivatives&author=Singh,+D.P.&author=Deivedi,+S.K.&author=Hashim,+S.R.&author=Singhal,+R.G.&publication_year=2010&journal=Pharmaceuticals&volume=3&pages=2416%E2%80%932425&doi=10.3390/ph3082416&pmid=27713361
https://doi.org/10.3390/ph3082416
https://www.ncbi.nlm.nih.gov/pubmed/27713361

Srivastava et al. European Journal of Pharmaceutical and Medical Research

18. Bandyopadhyay, D.; Mukherjee, S.; Rodriguez,
R.R.; Banik, B.K. An Effective Microwave-Induced
lodine-Catalyzed Method for the Synthesis of
Quinoxalines via Condensation of 1,2-Diamines
with  1,2-Dicarbonyl Compounds. Molecules,
2010; 15: 4207-4212. [Google Scholar] [CrossRef]
[PubMed]

19. Vicente, E.; Charnaud, S.; Bongard, E.; Villar, R;;
Burguete, A.; Solano, B.; Ancizu, S.; Pérez-Silanes,
S.; Aldana, I.; Vivas, L.; et al. Synthesis and
Antiplasmodial Activity of 3-Furyl and 3-
Thienylquinoxaline-2-carbonitrile  1,4-Di-N-oxide
Derivatives. Molecules, 2008; 13: 69-77. [Google
Scholar] [CrossRef] [PubMed]

20. Hasaninejad, A.; Zare, A.; Shekouhy, M.; Moosavi-
Zare, A.R. Bentonite clay K-10 as an efficient
reagent for the synthesis of quinoxaline derivatives
at room temperature. J. Chem, 2009; 6: S247-S253.
[Google Scholar] [CrossRef]

21. Anastas, P.; Warner, J. Green Chemistry: Theory
and Practice; Oxford University Press: Oxford, UK,
1998; Volume 30. [Google Scholar]

22. Subrahmanyam, S.C.; Narayanan, S. Synthesis of
Quinoxalines in Presence of Zinc Triflate. Asian J.
Chem, 2011; 23: 1331-1333. [Google Scholar]

23. An, Z.;; Wu, M.; Ni, J;; Qi, Z;; Yu, G.; Yan, R;;
Zhao, L.-B. FeCls;-Catalyzed synthesis of
pyrrolo[1,2-a]quinoxaline derivatives from 1-(2-
aminophenyl)pyrroles  through annulation and
cleavage of cyclic ethers. Chem. Commun, 2017; 53:
11572-11575. [Google  Scholar]  [CrossRef]
[PubMed]

24. Atghia, S.V.; Beigbaghlou, S.S. Nanocrystalline
titania-based sulfonic acid (TiO,-Pr-SOsH) as a new,
highly efficient, and recyclable solid acid catalyst
for the preparation of quinoxaline derivatives. J.
Nanostruct. Chem, 2013; 3: 38. [Google Scholar]
[CrossRef]

25. Kumar, K.S.; Rambabu, D.; Sandra, S.; Kapavarapu,
R.; Krishna, R.G.G.; Rao, B.V.M.; Chatti, K
Reddy, M.C.; Misra, P.; Pal, M. AICl;induced
(hetero)arylation of 2,3-dichloroquinoxaline: A one-
pot synthesis of mono/disubstituted quinoxalines as
potential  antitubercular  agents. Bioorg.  Med.
Chem, 2012; 20: 1711-1722. [Google Scholar]
[CrossRef] [PubMed]

www.ejpmr.com | Vol 13, Issue 11, 2026. | ISO 9001:2015 Certified Journal | 189



https://scholar.google.com/scholar_lookup?title=An+Effective+Microwave-Induced+Iodine-Catalyzed+Method+for+the+Synthesis+of+Quinoxalines+via+Condensation+of+1,2-Diamines+with+1,2-Dicarbonyl+Compounds&author=Bandyopadhyay,+D.&author=Mukherjee,+S.&author=Rodriguez,+R.R.&author=Banik,+B.K.&publication_year=2010&journal=Molecules&volume=15&pages=4207%E2%80%934212&doi=10.3390/molecules15064207&pmid=20657435
https://doi.org/10.3390/molecules15064207
https://www.ncbi.nlm.nih.gov/pubmed/20657435
https://scholar.google.com/scholar_lookup?title=Synthesis+and+Antiplasmodial+Activity+of+3-Furyl+and+3-Thienylquinoxaline-2-carbonitrile+1,4-Di-N-oxide+Derivatives&author=Vicente,+E.&author=Charnaud,+S.&author=Bongard,+E.&author=Villar,+R.&author=Burguete,+A.&author=Solano,+B.&author=Ancizu,+S.&author=P%C3%A9rez-Silanes,+S.&author=Aldana,+I.&author=Vivas,+L.&author=et+al.&publication_year=2008&journal=Molecules&volume=13&pages=69%E2%80%9377&doi=10.3390/molecules13010069&pmid=18259130
https://scholar.google.com/scholar_lookup?title=Synthesis+and+Antiplasmodial+Activity+of+3-Furyl+and+3-Thienylquinoxaline-2-carbonitrile+1,4-Di-N-oxide+Derivatives&author=Vicente,+E.&author=Charnaud,+S.&author=Bongard,+E.&author=Villar,+R.&author=Burguete,+A.&author=Solano,+B.&author=Ancizu,+S.&author=P%C3%A9rez-Silanes,+S.&author=Aldana,+I.&author=Vivas,+L.&author=et+al.&publication_year=2008&journal=Molecules&volume=13&pages=69%E2%80%9377&doi=10.3390/molecules13010069&pmid=18259130
https://doi.org/10.3390/molecules13010069
https://www.ncbi.nlm.nih.gov/pubmed/18259130
https://scholar.google.com/scholar_lookup?title=Bentonite+clay+K-10+as+an+efficient+reagent+for+the+synthesis+of+quinoxaline+derivatives+at+room+temperature&author=Hasaninejad,+A.&author=Zare,+A.&author=Shekouhy,+M.&author=Moosavi-Zare,+A.R.&publication_year=2009&journal=J.+Chem.&volume=6&pages=S247%E2%80%93S253&doi=10.1155/2009/354273
https://doi.org/10.1155/2009/354273
https://scholar.google.com/scholar_lookup?title=Green+Chemistry:+Theory+and+Practice&author=Anastas,+P.&author=Warner,+J.&publication_year=1998
https://scholar.google.com/scholar_lookup?title=Synthesis+of+Quinoxalines+in+Presence+of+Zinc+Triflate&author=Subrahmanyam,+S.C.&author=Narayanan,+S.&publication_year=2011&journal=Asian+J.+Chem.&volume=23&pages=1331%E2%80%931333
https://scholar.google.com/scholar_lookup?title=FeCl3-Catalyzed+synthesis+of+pyrrolo%5B1,2-a%5Dquinoxaline+derivatives+from+1-(2-aminophenyl)pyrroles+through+annulation+and+cleavage+of+cyclic+ethers&author=An,+Z.&author=Wu,+M.&author=Ni,+J.&author=Qi,+Z.&author=Yu,+G.&author=Yan,+R.&author=Zhao,+L.-B.&publication_year=2017&journal=Chem.+Commun.&volume=53&pages=11572%E2%80%9311575&doi=10.1039/C7CC07089F&pmid=28990598
https://doi.org/10.1039/C7CC07089F
https://www.ncbi.nlm.nih.gov/pubmed/28990598
https://scholar.google.com/scholar_lookup?title=Nanocrystalline+titania-based+sulfonic+acid+(TiO2-Pr-SO3H)+as+a+new,+highly+efficient,+and+recyclable+solid+acid+catalyst+for+the+preparation+of+quinoxaline+derivatives&author=Atghia,+S.V.&author=Beigbaghlou,+S.S.&publication_year=2013&journal=J.+Nanostruct.+Chem.&volume=3&pages=38&doi=10.1186/2193-8865-3-38
https://doi.org/10.1186/2193-8865-3-38
https://scholar.google.com/scholar_lookup?title=AlCl3+induced+(hetero)arylation+of+2,3-dichloroquinoxaline:+A+one-pot+synthesis+of+mono/disubstituted+quinoxalines+as+potential+antitubercular+agents&author=Kumar,+K.S.&author=Rambabu,+D.&author=Sandra,+S.&author=Kapavarapu,+R.&author=Krishna,+R.G.G.&author=Rao,+B.V.M.&author=Chatti,+K.&author=Reddy,+M.C.&author=Misra,+P.&author=Pal,+M.&publication_year=2012&journal=Bioorg.+Med.+Chem.&volume=20&pages=1711%E2%80%931722&doi=10.1016/j.bmc.2012.01.012&pmid=22316553
https://doi.org/10.1016/j.bmc.2012.01.012
https://www.ncbi.nlm.nih.gov/pubmed/22316553

