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A series of novel quinoxalinones, (2,5-dioxoimidazo[1,2-f]pyrimidin-3-yl)acetamide, 8-oxo-3H-imidazo[1,2-g]purin-7-
yl)acetamide, and 4,7-dioxo-3H-imidazo[2,1-e]purin-8-yl)acetamide, were synthesized by reaction of maleimide derivatives
with substituted ortho-phenylenediamine or nucleobases. The analytical methods such as FT-IR, 'H and "“C NMR
spectroscopy, mass spectrometry, and microanalyses (C, H, N) were utilized to elucidate the structures of the target
compounds. These products were tested for their ability to scavenge DPPH" (1,1-diphenyl-1-picrylhydrazyl) and ABTS"™
(2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) free radicals, as well as for their total antioxidant capacity (TAC).
Additionally, antimicrobial activity was screened against four bacterial strains and fungi using the well diffusion method.
The results demonstrated that quinoxalinone 1f exhibited potent free radical scavenging activities against DPPH and ABTS
radicals, with ICs, values of 1.67 pg mL ' and 20.76 ug mL ', respectively, compared to the standard antioxidant ascorbic

acid (ICsy values of 2.82 and 74.22 pg mL ™', respectively). Compound 1f also displayed the highest TAC with a value of
1303 mg (AAE)/g of dry compound. Furthermore, (2,5-dioxoimidazo[1,2-f]pyrimidin-3-yl)acetamide (2a) demonstrated

superior antioxidant activity against ABTS radical, with an ICsy value of 73.89 pg mL ', which is lower than that of the

ascorbic acid (74.22 ug mL ). The antimicrobial assay revealed that compound 1f exhibited potent inhibitory effects against
all tested bacterial and fungal strains.

Keywords: Quinoxaline, Imidazole, Nucleobases, Antioxidant activity, Antimicrobial activity

Recent research has been enriched by novel discoveries
in the synthesis and the biological evaluation of
nitrogen-containing heterocycles. These compounds
are of great interest due to their widespread presence in
diverse synthetic materials'* and bioactive molecules’.
Among these, imidazoles stand out as a significant
class of N-heterocyclic compounds. They have garnered
considerable attention for their extensive range
of biological potentials, including anticancer’,
antibacterial’,  anti-inflammatory®, ~ antiviral’, anti-
histaminic®, antiparasiticg, antitubercular'®,  anti-
malarial'!,  antidaibetic"?, alntineuropathic13 , anti-
obesity'?, and antihypertensive'” activities. Additionally,
pyrimidine and purine molecules play a pivotal role in
organic synthesis, particularly in medicinal chemistry.
These structures are fundamental components of

physiologically important compounds such as DNA and
RNA'*'_ The imidazole ring itself is a key feature in
many bioactive compounds'®"’.

Fused imidazo-pyrimidine and imidazo-purine
derivatives exhibit an even broader spectrum of
therapeutic ~ activities, including anticancer’®?',
antimicrobial®***, anti-inflammatory®~°, antiviral*’*,
anticonvulsant’” %, antidepressant”’“, antioxidant,
antimalarial®®~*, and antidiabetic®’ effects.

In recent years, numerous methods have been

developed for synthesizing of imidazole, imidazo-

pyrimidine and imidazo-purine derivatives. These
include microwave-assisted techniques®™, multi-
component reactions (MCRs)**  catalyst-free

reactions, and green synthesis approaches®™. The
emergence of antimicrobial resistance has become a
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critical global health challenge. Its alarming increase has
led to higher morbidity, mortality, and healthcare costs,
while rendering many conventional antibiotics
ineffective. This growing crisis highlights the urgent
need for new antibacterial agents capable of combating
resistant pathogens. Nitrogen-containing heterocyclic
compounds have gained significant attention in
medicinal chemistry due to their structural diversity and
proven bioactivity. These compounds offer valuable
scaffolds for developing innovative antimicrobial
therapies™*™**. The synthesized compounds in this study
demonstrate potent antibacterial and antifungal activity,
providing critical insights into the development of next-
generation antimicrobials to address resistant infections.

Given the therapeutic potential of imidazole and its
fused derivatives, the synthesis of novel fused imidazo-
pyrimidine and imidazo-purine compounds has captured
our interest”. This study aims to synthesize new fused
imidazo-pyrimidines and imidazo- purines derivatives
and to and to assess their potential antioxidant and
antimicrobial activities.

The antioxidant potentials against free radicals of
these compounds were measured trough DPPH, ABTS,
and TAC assays, while their antimicrobial activities
were examined trough the well-diffusion method.

Experimental Section

Melting Point Apparatus 240 VAC and are
reported as uncorrected values. The 'H and *C NMR
spectra of the target compounds were recorded at RT
on a Bruker Avance spectrometer. High-resolution
mass spectra (HRMS-ESI) were obtained using a
Waters Micromass AutoSpec-Ultima spectrometer
equipped with a direct inlet probe operating at 70 eV.
The IR spectra (in KBr, © cm ') were run on Agilent
Cary 630 FT-IR spectrometer. Elemental (C, H, N)
microanalyses were performed using a Carlo Erba EA
1108 apparatus. Melting points (mp.) were
determined using a Cole-Parmer MP-200D Stuart
Digital Absorbance measurements for the antioxidant
assays were conducted using Secomam Prim Light
spectrophotometer. TLC was carried out with Silica
Gel 60A F254 precoated plates. All reagents and
solvents were obtained from commercial sources and
were used as received unless otherwise indicated.

Chemical synthesis

Synthetic procedure of quinoxalines (1a-d) *°
These compounds were synthesized according to a
previously reported procedure™.

Typical procedure for the synthesis of quinoxalines,
le-k

Equimolar quantities of N-substituted maleimide
(2 mmol) and substituted o-phenylenediamine
(2 mmol) were mixed in ethanol (20 mL) and was
heated at reflux (90°C) for 24 hours. After
completion, the reaction mixture was cooled to RT,
and an excess amount of ice water was added. The
solid which formed was filtered off was purified by
recrystallization from ethanol at low temperature.

le: It was synthesized using N-methylmaleimide
(0.22g, 2 mmol) and 4-nitro-o-phenylenediamine (0.31g,
2 mmol) in EtOH. Red solid. Yield 42%. m.p.192-
194°C. FT-IR (KBr): 3428(NHC=0), 3376 (NHCH,),
3324(NH), 1743 (C=0), 1626 (C=0), 1460 (N-O) 1230
cm' (N-O); 'HNMR (400 MHz, DMSO-d;): & 8.43
(s, 1H, NHC=0), 7.58 (s, 1H, CHuom), 7.18
(d, J= 2.6 Hz, 1H, CHyom), 7.00 (s, 1H, NHCHs3),
6.72 (d, J= 8.5 Hz, 1H, CH,m), 6.31 (s, 1H, NH), 4.33
(t, J/= 5.0 Hz, 1H, CH.uy), 2.86 (s, 3H, CHj), 2.72
(dd, /=94, 49 Hz, 1H, H,CH,), 2.31 (dd, J= 9.4, 49
Hz, 1H, H,CH,); HRMS (ESI): m/z 265.0929 [M+H]"
(Calcd for [CH2N,O,+H]=265.0937). Anal. Calcd for
CHpN,O4 (26424 g mol™): C, 50.00; H, 4.58; N,
21.20. Found: C, 50.06; H, 4.81; N, 21.12%.

2-(6,7-Dichloro-3-0x0-1,2,3,4-tetrahydroquinoxalin-
2-yl)-N-methylacetamide, 1f: It was synthesized
using N-methylmaleimide (0.22g, 2 mmol) and 4,5-
dichloro-o-phenylenediamine (0.35g, 2 mmol) in
EtOH. Brown solid. Yield 45%. m.p.210-212°C. FT-
IR (KBr): 3391(NHC=0), 3370(NHCH;), 3316(NH),
1744 (C=0), 1639 (C=0), 670 (C-Cl), 612 cm'
(C-Cl); '"HNMR (600 MHz, DMSO-di): & 10.49
(s, 1H, NHC=0), 7.24 (s, 1H, CHgom), 7.09 (s, 1H,
NHCHj;), 7.00 (s, 1H, CHgom), 6.93 (s, 1H, NH), 4.06
(t, J= 5.0 Hz, 1H, CHepy), 2.99 (dd, J = 9.5, 4.8 Hz,
1H, H,CH,), 2.78 (dd, J = 9.5, 4.8 Hz, 1H, H,CH,),
2.08 (s, 3H, CH;); HRMS (ESI): m/z288.2289
[M+H]" (Calcd for [C;H;; CI,N;0,+H]= 288.0306).
Anal. Caled for C;;H;;CI,N;0, (288.10 g mol_l): C,
45.85; H, 3.85; N, 14.58. Found: C, 49.19; H, 3.46; N,
14.17%.

1g: It was synthesized using N-methylmaleimide
(0.22g, 2 mmol) and 4-methyl-o-phenylenediamine
(0.24g, 2 mmol) in EtOH. Brown solid. Yield
40%. m.p.216-218°C. FT-IR (KBr): 3400(NHC=0),
3360(NHCH3), 3200(NH), 2928 (C-Hgp’), 1676 (C=0),
1632 cm™' (C=0); 'HNMR (400 MHz, DMSO-d;): &
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8.15 (s, IH, NHC=0), 7.39 (s, 1H, NHCH3), 7.13 — 6.94
(m, 3H, CH,,,), 6.01 (s, 1H, NH), 3.50 (t, /= 5.0 Hz,
1H, CH.gy), 3.18 (dd, J = 9.6, 4.5 Hz, 1H, H,CHj), 2.93
(dd, J=9.6, 4.5 Hz, 1H, H,CH,), 2.67 (s, 3H, NHCH,),
1.23 (s, 3H, CH;); HRMS (ESI): m/2234.1252 [M+H]"
(Caled for [C1,H sN30,+H]'=234.1242). Anal. Calcd for
CoHsN;0, (23325 g mol™): C, 61.79; H, 6.48; N,
18.01. Found: C, 61.77; H, 5.8; N, 18.36%.

2-(3-Oxo0-1,2,3,4-tetrahydroquinoxalin-2-yl)-N-

phenylacetamide, 1h°': It was prepared using
N-phenylmaleimide  (0.35g, 2 mmol) and
o-phenylenediamine (0.36g, 2 mmol) in EtOH.
Yellow solid. Yield 69%. m.p.225-226°C. FT-IR
(KBr): 3370(NHPh), 3288(NHC=0), 3197 (NH),
1677 (C=0), 1647 cm™ (C=0); 'H NMR (400 MHz,
DMSO-dg): & 10.29 (s, 1H, NHC=0), 10.00 (s, 1H,
NHPh), 7.61 (d, J = 7.3 Hz, 2H, CH,m), 7.32 — 7.27
(m, 2H, CH,om), 7.04 (t, J=7.4 Hz, 1H, CH_,om), 6.78
— 6.74 (m, 3H, CHgom), 6.62 (d, J = 2.6 Hz, 1H,
CHuom), 5.97 (s, 1H, NH), 425 — 4.19 (m, 1H,
CHemyi), 2.90 (dd, J = 15.4, 4.6 Hz, 1H, H,CH,), 2.61
(dd, J = 154, 8.0 Hz, 1H, H,CHy); “CNMR
(101 MHz, DMSO-ds): 6 168.93 (C=0), 167.42
(C=0), 139.62 (Cuom), 134.37 (Cuom), 129.11
(CHaom), 12643 (Curom), 123.62 (CHgpom), 123.27
(CHurom), 119.65 (CHgrom), 118.51 (CHuom), 115.28
(CHarom), 11431 (CHurom), 53.11 (CHeyr), 39.12
(CH,); HRMS (ESI): m/z 282.1242 [M+H]" (Calcd
for [C1¢HsN;O,2+H]™: 282.1243). Anal. Calcd for
C16H1sN30, (281.29 g mol™): C, 68.31; H, 5.37; N,
14.94. Found: C, 68.17; H, 5.62; N, 14.68%.

1i: It was synthesized using N-phenylmaleimide
(0.35g, 2 mmol) and 4-chloro-o-phenylenediamine
(0.27g, 2 mmol) in EtOH. Brown solid. Yield 42%.
m.p.130-132°C.  FT-IR  (KBr):  3280(NHPh),
3194(NHC=0), 3135(NH), 1706(C=0), 1669(C=0),
751 em™ (C-Cl); '"HNMR (600 MHz, DMSO-dy): &
10.62 (s, 1H, NHC=0), 10.44 (s, 1H, NHPh), 7.77
(d, J = 84 Hz, 1H, CHgon), 7.67 — 7.60 (m, 2H,
CHuom), 749 (s, 1H, NH), 7.46 — 7.38 (m, 2H,
CHuom), 7.09 — 6.99 (m, 1H, CH,m), 6.66 — 6.58
(m, 1H, CHyom), 5.90 (s, 1H, CHyom), 4.27 — 4.20
(m, 1H, CHepy), 3.10 (dd, J = 15.7, 4.0 Hz, 1H,
H,CH,), 2.95 (dd, J = 15.7, 8.4 Hz, 1H, H,CH,);
HRMS (ESI): m/z 316.0861[M+H]" (Calcd for [for
C6H4CIN;O,+H]":  316.0852). Anal. Calcd for
C16H14CIN;0; (315.73 g mol ™'): C, 60.86; H, 4.47; N,
13.31. Found: C, 60.87; H, 4.72; N, 13.02%.

1j: It was synthesized using N-phenylmaleimide
(0.35g, 2 mmol) and 4-nitro-o-phenylenediamine
(0.31g, 2 mmol) in EtOH. Red solid. Yield 50%.
m.p.222-224°C.  FT-IR  (KBr):  3432(NHPh),
3379(NHC=0), 3327(NH), 1657 (C=0), 1636 (C=0),
1470 (N-0), 1259 cm™ (N-O); 'HNMR (400 MHz,
DMSO-dg): 6 10.85 (s, 1H, NHC=0), 10.01 (s, 1H,
NHPh), 7.90 (d, J = 7.8 Hz, 1H, CHgom), 7.72 (d, J =
8.7 Hz, 1H, CH,,), 7.66 — 7.57 (m, SH, CH,,4m), 6.90
(s, 1H, NH ), 6.33 (d, J = 8.4 Hz, 1H, CH,,on), 4.37 —
4.25 (m, 1H, CH.uy), 2.99 (dd, J = 15.3, 4.9 Hz, 1H,
H.CH,), 2.88 (dd, J = 15.3, 8.1 Hz, 1H, H.CH,);
HRMS (ESI): m/z 327.1022 [M+H]" (Calcd for [for
CiHuN,O4+H]:  327.1093). Anal. Caled for
Ci6H1sN,O, (32629 g mol™"): C, 58.89; H, 4.32; N,
17.17. Found: C, 59.20; H, 4.52; N, 16.92%.

1k: It was synthesized using N-phenylmaleimide
(0.35g, 2 mmol) and 4-methyl-o-phenylenediamine
(0.24g, 2 mmol) in EtOH. Yellow solid. Yield 64%.
m.p.198-200°C.  FT-IR  (KBr):  3372(NHPh),
3289(NHC=0), 3189(NH), 2919(C-Hgp’), 1672(C=0),
1654 cm™' (C=0); '"HNMR (600 MHz, DMSO-d): &
10.26 (s, 1H, NHC=0), 10.22 (s, 1H, NHPh), 7.67
(s, 1H, CHyom), 7.59 (d, J = 8.0 Hz, 2H, CH,,,,), 7.49
(s, 1H, NH), 7.03 (t, J = 7.6 Hz, 2H, CHgom),
6.68 — 6.58 (m, 1H, CH,om), 6.45 — 6.41 (m, 1H,
CHuom), 5.84 (s, 1H, CHguop), 4.18 — 4.13 (m, 1H,
CHemyi), 2.83 (dd, J = 15.3, 4.1 Hz, 1H, H,CH,), 2.58
(dd, /=153, 8.6 Hz, 1H, H,CH,), 2.15 (s, 3H, CH;);
HRMS (ESI"): m/z 295.1391 [M+H]" (Calcd for [for
C7H;N;0,+H]™:  296.1399).  Anal. Caled for
C17H17N302 (29531 g molfl): C, 6913, H, 580, N,
14.23. Found: C, 69.30; H, 5.65; N, 14.10%.

Synthetic procedure for the preparation of fused
imidazo-pyrimidines 2a and imidazo-purines, 3a
and 4a

An equimolar quantities of maleimide (2 mmol) and
nucleobase (cytosine, adenine, or guanine) (2 mmol)
were mixed in ethanol (20 mL) and stirred at reflux for
24 h. TLC was utilized to monitor the progress of the
reaction. After completion, the mixture was cooled to
RT, and an excess of ice water was added. The desired
product was achieved by vacuum filtration and
subsequently purified by recrystallization from ethanol.

2-(2,5-Dioxo0-2,3,5,6-tetrahydroimidazo[1,2-
c]pyrimidin-3-yl)acetamide, 2a: It was synthesized
using maleimide (0.22g, 2 mmol) and cytosine (0.25g, 2
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mmol) in EtOH. White solid. Yield 52%. m.p.269-
271°C. FT-IR (KBr): 3422(NHy)umide» 3322 (NH)umides
1715(C=0)amize, 1652(C=0)amize, 1640 ci”' (C=0)umize;
'HNMR (400 MHz, DMSO-d,): & 11.28 (s, 1H, NH),
7.60 (d, J = 7.3 Hz, 1H, NHCH,yyimiginc), 7.24 (s, 2H,
NH,), 5.70 (d, J = 7.2 Hz, 1H, CH,imidinc), 4.81 (dd, J =
8.7, 5.4 Hz, 1H, CH,pidazore), 2.91 (dd, J = 17.6, 8.1 Hz,
1H, H,CH,), 2.75 (dd, J = 17.6, 5.4 Hz, 1H. H,CH,);
BCNMR (101 MHz, DMSO-dg): & 168.93 (C=0),
167.42 (C=0), 139.62 (Curom), 134.37 (Corom), 129.11
(CHuom), 12643 (Caom), 123.62 (CHuom), 123.27
(CHgom), 119.65 (CHguom), 118.51 (CHgypm), 115.28
(CHarom): 114.31 (CHarom): 53.11 (CHethyl)9 39.12 (CHZ),
HRMS (ESI): m/z 209.0673 [M+H]  (Caled for
[C8H8N403+H]+Z 2090669) Anal. Caled for C8H8N403
(208.17 g mol’l): C,46.15; H, 3.87; N, 26.91. Found: C,
46.16; H, 3.96; N, 26.73%.

2-(7,8-Dihydro-8-o0x0-3H-imidazo[2,1-i]purin-7-
yDacetamide, 3a: It was synthesized using maleimide
(0.19g, 2 mmol) and adenine (0.27g, 2 mmol) in
EtOH. Pink solid. Yield 76%. m.p.165-167°C.
FT-IR  (KBr):  3370(NH)umize»  3161(NH)amine,
1685(C=0)umige; 1625 cm' (C=0); 'HNMR (600
MHz, DMSO-dg): 6 9.52 (d, J = 14.4 Hz, 1H, NH),
8.91 (s, 1H, NHCH,uin.), 8.50 (d, J = 7.7 Hz, 1H,
CHpyrine), 71.96 (d, J= 5.1 Hz, 1H, HNHy), 7.56 (d, J =
5.2 Hz, 1H, HNHy), 549 (t, J = 7.8 Hz, 1H,
CHmidazole), 3.28 (dd, J = 14.8, 7.8 Hz, 1H, H,CH,),
3.15 (dd, J = 14.7, 7.8 Hz, 1H, H,CH,); HRMS
(ESI"):  m/z  233.0791 [M+H]" (Caled for
[CoHgNO,+H]":  233.0792). Anal. Caled for
CoHsNGO, (232.20 g mol™'): C, 46.55; H, 3.47; N,
36.19. Found: C, 46.51; H, 3.44; N, 36.12%.

2-(4,5,7,8-Tetrahydro-4,7-dioxo-3H-imidazo|[2,1-

b]purin-8-yl)acetamide, 4a: It was synthesized using
maleimide (0.16g, 2 mmol) and guanine (0.25g, 2
mmol) in EtOH. Brown solid. Yield 49%. m.p.284-
287°C. FT-IR (KBr): 3316(NH)umizes 3117(NHo)umides
3000 (NH)amines 1690(C=O)amide, 1672(C=0)amize, 1640
em ' (C=0)gmize; 'H NMR (600 MHz, DMSO-dq): § 8.11
(d, J=17.3 Hz, 1H, NH,ine), 7.76 (s, 1H, NH,ine), 7.63
(d, J = 7.8 Hz, 1H, CH,nc), 6.86 (d, J = 4.2 Hz, 1H,
H:NNHy), 6.64 (d, J= 8.4 Hz, 1H, H.NHy), 5.32 (t, /= 5.0
Hz, 1H, CHiuizore), 2.38 (dd, J = 12.8, 5.0 Hz, 1H,
H,CHy), 2.20 (dd, J = 12.7, 5.0 Hz, 1H, H,CH,); HRMS
(ESI):  m/z  249.0732 [M+H]" (Caled for
[C9H8N603+H]+§ 2490736) Anal. Calcd for C9H8N603
(248.20): C, 43.55; H, 3.25; N, 33.86. Found: C, 43.52;
H, 3.22; N, 33.83%.

Biological evaluation

Antioxidant activity

The in vitro antioxidant
quinoxalinones (1a-k),
flpyrimidin-3-yl) acetamide (2a), (8-0x0-3H-
imidazo[1,2-g]purin-7-yl)acetamide ~ (3a), and (4,7-
dioxo-3H-imidazo[2,1-e]purin-8-yl)acetamide (4a) were
evaluated using several methods. These included the
DPPH' and ABTS™ radical quenching assay, and the
TAC method.

properties of the
(2,5-dioxoimidazo[1,2-

DPPH radical quenching assay >

Briefly, 1 mL of each synthesized compounds and
the standard antioxidant (ascorbic acid) were prepared
at different concentrations (from 2.5 to 125 pg mL™).
These solutions were then mixed with 1 mL of a 2
mM DPPH solution and stirred thoroughly. After
incubation in the dark conditions for 30 minutes, the
absorbance of the mixture was recorded at a
wavelength of 517 nm.

The percentage inhibition of DPPH radicals was
calculated using the following formula:

Abscontrol - Abssample

% Inhibition = ] x 100

Abscontrol

Where:

Abs.onror 1S the DPPH radical absorbance and
AbSampie 1s the absorbance of the tested sample.

The results of the DPPH radical scavenging activity
were expressed as percentage inhibition and ICs
values, which represents the inhibitory concentration
of the tested sample needed to quench 50% of the
DPPH’. The obtained results are presented in Table 1
and depicted in Fig. 1.

ABTS radical quenching assay

The ABTS radical scavenging activity of the
synthesized products was also investigated™.
Solutions of the tested compounds were prepared at
different concentrations (from 2.5 to 125 pg mL™) in
1 mL volumes. The ABTS radical solution was
generated by reacting 2.4 mM ABTS with 70 mM
potassium persulfate in water. This solution was left
to stand in the dark for 12-16 hours to ensure
complete oxidation and stabilization of the ABTS™
radical. After dilution with methanol, the absorbance
was measured at wavelength of around 734 nm.

Next, 990 uL of the diluted ABTS" solution was
mixed with 10 pL of the tested compounds at various
concentrations and allowed to react for 7 minutes in the



YOUMBAI et al.: IMIDAZO-PYRIMIDINE AND IMIDAZO-PURINE FROM MALEIMIDE

95

Table 1 — DPPH radical scavenging activity of 1a-k, 2a, 3a and 4a

Compd 25 12,5 25
1a 47.05 76.13 84.02
1b 51.61 65.81 67.81
le 51.27 66.25 72.91
1d 64.08 73.87 80.68
le 59.04 66.39 68.57
1f 70.28 80.28 80.71
1g 50.34 67.48 71.42
1h 70.88 73.33 74.69
1i 42.17 58.23 73.46
1 51.97 74.55 79.45
1k 48.16 76.19 82.44
2a 60.05 58.57 56.83
3a 65.14 64.83 64.51
4a 58.71 54.42 41.82

Vit C 72.70 72.92 75.25

(-): No activity observed

Concentration (ug mL™)

37.5 50 62.5 75 ICso
90.68 95.12 95.78 96.89 8.72
80.68 86.57 90.34 90.89 14.36
82.90 86.24 88.68 89.90 13.23
87.48 91.97 94.55 94.82 5.02
70.06 71.56 73.06 73.6 14.49
81 82.28 84 84.14 1.67
71.83 77 78.36 83.67 15.67
90.06 94.96 95.64 95.91 3.75
79.72 83.12 85.3 87.07 17.69
82.17 83.8 84.35 86.39 9.39
88.43 91.97 92.92 92.92 8.80
49.46 4825 45.84 38.47 -
63.72 60.88 58.20 48.58 -
39.27 32.70 26.27 9.38 -
75.80 77.14 79.69 80.91 2.82

100 4

Intensity (%)

Intensity (%)

Al A
-10 0 10 20 30 40 S50 60 70 80
Concentration (ug/ml)
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Fig. | — DPPH" (A) and ABTS™ (B) quenching capacity as a function of different concentrations of quinoxalinones (1a-k), imidazo-

pyrimidine 2a, imidazo-purines(3a and 4a)

dark. Ascorbic acid was used as the positive control. The
absorbance was recorded at a wavelength of 734 nm.
The percentage of antioxidant effectiveness against
ABTS™ radicals was calculated using the formula:

Abs ; — Abs I
% Inhibition = contro sample

X 100
Abscontrol ]

Where:

AbSconirot 1S the ABTS radical absorbance and
Absgmpie 18 the absorbance of the tested sample.

The results of the ABTS radical scavenging
activity were expressed as percentage inhibition and
1Cso values. The results are summarized in Table 2
and illustrated in Fig. 1.

Total antioxidant capacity (TAC)

The TAC of the prepared compounds was assessed
using the phosphomolybdate technique™. This assay
measures the TAC by quantifying the reduction of Mo
(VI) to green Mo (V) by the antioxidant compounds
under acidic pH conditions. Briefly, 0.2 mL of each
compound (at a concentration of 62.5 ug mL™") was
mixed with 2 mL of a specific reagent solution
containing 0.6 M sulfuric acid, 28 mM sodium
phosphate, and 4 mM ammonium molybdate. After
incubation at 95°C for 90 minutes, the reaction
mixture was allowed to cool to RT. The absorbance of
each sample was measured at a wavelength of
695, which is the maximum absorption for the green
phosphomolybdenum complex.



926 INDIAN J. CHEM., FEBRUARY 2026

Table 2 — ABTS radical scavenging activity of 1a-f, 2a, 3a and 4a

Compd Concentration (ug mL™)
5 12.5 25 37.5 62.5 75 100 125 ICsp
la 16.94 19.31 22.08 39.31 50.51 55 59.31 63.75 66.11 68.67
1b 7.22 8.33 10.97 26.94 44.31 63.05 65.28 68.33 71.38 69.43
1c 1.11 2.78 4.31 6.67 10.69 14.72 17.50 23.19 27.50 218.89
1d 29.14 31.71 35.86 40.14 43.29 46 46.42 46.43 67.28 81.78
le 31.65 37.39 39.35 42.58 46.64 46.92 51.54 52.52 71.99 66.54
1f 45.65 47.05 51.12 53.50 56.30 60.22 62.88 63.86 68.90 20.76
1g 29.03 33.88 35.27 35.55 36.11 38.33 41.38 46.25 47.22 137.95
1h 15.20 27.84 31.25 37.36 39.77 44.74 46 52.27 57.95 89.50
1i 12.38 21.28 24.76 26.27 40.47 42 51.32 62.03 65.37 80.15
1j 5.39 8.23 16.88 26.01 37.30 41.42 61 62.41 63.12 80.72
1k 29.43 30.14 39.57 42.56 44.57 46.14 47.57 58.29 69.71 69.77
2a 38.19 38.47 38.76 45.54 46.25 46.39 49.08 57 58.58 73.89
3a 15.43 22.86 27.57 32.86 34.43 37.14 41.86 42.86 67.14 95.35
4a 21.64 34.23 39.04 42.29 43.56 44.70 45.26 47.67 56.29 93.83
Vit C 9.78 10.46 14.54 30.84 43.61 53.40 60.73 63.18 66.85 74.22
The TAC of the samples was expressed in terms of
ascorbic acid equivalents (AAE). [
[A=4.5483x+0.0065; R*= 0.9958] E 1200
Where: 2
A = Absorbance at 695 nm. S 1000
x= Concentration of AAE (mg AAE/g of dry £ —
compound). g 800
The TAC values were measured in terms of &
ascorbic acid equivalents, using the calibration curve 3 600
equation y=4.5483x+0.0065y=4.5483x+0.0065, at a 2 400
concentration of 0.0625 pg mL™". The results of the o
TAC assessment for the evaluated compounds are = 200
depicted in Fig. 2. , ol = A e
Antimicrobial activity la 1b 1c 1d le If 1g 1h 1i 1j 1k 2a 3a 4a
The antimicrobial activity of the compounds was Compounds
evaluated using the well-diffusion method™. Muller- Fig. 2 — TAC of la-f, 2a, 3a and 4a measured by

Hinton agar was prepared for bacterial cultures, while
Sabouraud dextrose agar was used for yeast cultures.
The agar media were poured into sterile Petri dishes
and allowed to solidify. Wells were then created in
the agar, and bacterial or yeast suspensions were
inoculated onto the surface. A volume of 60 uL of
each tested sample was added to the wells.

The plates were incubated at 37°C for 24 hours
(for bacterial growth) or 48 hours (for yeast growth) to
allow for microbial proliferation and agent diffusion.
Following incubation, the diameter of the zone of
inhibition (ZOI) was measured and the results are
presented in Table 3. Gentamicin and nystatin were used
as positive controls for antibacterial and antifungal tests,
respectively, while DMSO served as the negative
control.

phosphomolybdenum method

Results and Discussion

Chemistry

As described in a previous study, the condensation
of N-substituted maleimide with substituted o-
phenylenediamine in EtOH resulted in the formation
of quinoxalinone derivatives (1a-k) (Scheme 1)*. All
compounds were produced in moderated to good
yields (40%-80%), and the detailed results are
presented in Table 4.

Furthermore, we explored the synthesis of novel
fused imidazo-pyrimidine 2a and imidazo-purine
compounds (3a and 4a), as detailed in Scheme 1. This
approach involved replacing of o-phenylendiamines
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Table 3 — ZOI in mm of the tested compounds
Diameter of inhibition zones (mm)

Compd E. coli K. pneumoniae P. aeruginosa S. aureus C. albicans
la 14 12 - - 9
1b 11 10 - - 7
1c 10 8 - - 10
1d - - 9 - 10
le - 12 9 13 13
1f 19 17 11 20 20
1h 14 14 8 13 9
1j 9 11 8 9 10
1k - 11 7 10 10
2a - 11 - - -
3a - - - - -
4a - - - - -
Gentamicin 22 20 19 21 -
Nystatin - - - - 24

(-): No activity was observed

g He, ooy
N AN,
LY
Ry
o)
N“ o
H
1a-k

1aR=H,R,=H 1g: R=Me, R,=Me
1b:R=H R,=Me 1h: R=Ph, Ry=H
1¢:R=H,R,=Cl 1i: R=Ph, R,=CI
1d:R=Me,R;=HR,=H 1] R=Ph, R,=NO,
1e:R=Me.R=NO, 1k: R=Ph, R,=Me

1f.R=Me, R,=4,5-dI-Cl

NH,
EtOH, 24h, r.t R1‘E:(
NH,

NH, NH, o)

(e]
’ 20 "
(o] N SN N /
N SIS W f,g ! N
I ” h ™ ﬂ N ° N'p
/ -t <
I N Hy ",H (o] e e et R | /& > H,
N/) ’

N
</ EtOH, 20h, reflux N © “EtoH, 20n, refiux N0
N H
H Maleimide 2a: R=H
3a: R=H R=H MePh imidazo[1,2-c]pyrimidine acetamide
Imidazo[2,1-]] purine acetamide o
N
EtOH, 20h, reflux (¢ || iH
” N7 "NH,

(o}
H

<N | NH
N
N N*\N
ok
("H, O
HN o
| M
4a: R=H
Imidazo[2,1-b]purine acetamide

Scheme 1 — The synthesis routes for the preparation of quinoxalinones, fused imidazo-pyrimidine, and imidazo-purine derivatives

with nitrogenous bases (nucleobases), such as An ethanolic solution containing maleimide and
cytosine, adenine, and guanine, which act as 1,3- nucleobases (cytosine, adenine or guanine) was
diamines due to the presence of an amino (NH,) refluxed for 24 h until the entire starting materials
group. were fully consumed, as confirmed by TLC analysis.
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Table 4 — Structure characterization and yields of synthesized quinoxalinones (1a-k) compounds
Product Yield(%) Ref. No. m.p. (°C)

H NH,
@i U 80 50 278-280
N (¢}

*@i I\H/ 70® 50 258-260
NH,
(/\[ I\ﬂ/ 60®@ 50 180-183
° 1c
N N
~
@: I\ﬂ/ 70@ 50 194-196
N [o]
1d
N N
| N ™~
ONTT— 42® - 192-194
/ [e]
N © le
o § ¥
~
I 45® - 210-212
Cl N o] lf
f
~
I 40® - 216-128
[¢]
Oi I\”/ 69® 51 225-227

N\Ph
OQN— I 50® - 222-224
o lj
R R
i X \Ph
nT I 64 - 198-200
/ N o)
H 1k

@. EtOH, 24 h, RT; ®: EtOH, 20 h, reflux

=

ZT

ZT TZ

=

zT

The resulting solids were then isolated via vacuum  when adenine was used as the starting materials.
filtration to yield pure products in moderated yields  This higher yield can be attributed to the absence
(49%-76%), as shown in Table5. Among this, of the carbonyl group (C=0O) in the structure of
2-(7,8-dihydro-8-0x0-3 H-imidazo[ 1,2-g]purin-7- adenine, which likely facilitated the reaction
ylacetamide (3a) exhibited the highest yield (76%) efficiency.
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Table 5 — Structure characterization and yields of synthesized imidazo-pyrimidine 2a and imidazo-purines (3a and 4a)

Product Nucleobase Yield(%) m.p. (°C)
o)
[o}
N NH,
/Q\NHQ
o | \/T\ 520 269-271
N/KO u o]
2a

</ | ) {”ﬁ 76® 165-167
N N N N/

4a
®). EtOH, 24h, reflux

o]
o : {“ﬂ 49® 284-287
Mo N N/ NH,

The structures of (2,5-dioxoimidazo[1,2-f]pyrimidin-
3-yl) acetamide (2a), 8-oxo0-3H-imidazo[1,2-g]purin-
7-yl)acetamide (3a) and 4,7-dioxo-3H-imidazo[2,1-
e]purin-8-yl)acetamide (4a) were determined using
their spectral data ('"H- and °C NMR, FT-IR and ESI-
MS) and Elemental (C, H, N) analyses.

The FT-IR spectra of compounds 2a, 3a and 4a
displayed two distinct bands in the ranges of 3422-
3117 and 3405-3070 cm', corresponding to NH,
group. Additionally, all IR spectra exhibited
characteristic bands in the range of 1715-1625 cm ',
which attributed to the C=0 amide groups. In the
'"HNMR spectra, the compounds showed specific
signals corresponding to their unique structures.
For instance, 2,5-dioxoimidazo[1,2-f]pyrimidin-3-
yl)acetamide (2a) displayed a doublet of doublets at
4.81 ppm, while 8-oxo-3H-imidazo[1,2-g]purin-7-
yDacetamide (3a) and 4,7-dioxo-3H-imidazo[2,1-
e]purin-8-yl)acetamide (4a) exhibited triplets at 5.49
ppm and 5.32 ppm, respectively. These signals
corresponds to the proton of the CHj,iguz0 group. The
methylene group (CH,) protons appeared as doublets
of doublets in the ranges of 2.20-3.15 ppm and 2.38-
3.28 ppm, respectively. The electrospray ionization
(ESI) mass spectra of the synthesized compounds
displayed peaks at m/z [M+1]", which correspond to
the molecular mass of the [M+H]" ion.

Scheme 2 shows the suggested mechanism for the
formation of quinoxalinone derivatives (1a-k). Initially,

1ak

R; NH.
2 N A

Scheme 2 — Detailed mechanism for the synthesis of 1a-k

the primary amine (1) undergoes nucleophilic addition
onto maleimide (2) to form intermediate (3), which then
tautomerizes to yield compounds (4). Intramolecular
cyclization of compound (4) produces intermediates (5).
Finally, the desired quinoxalinone derivatives (1a-k) are
obtained through the neutralization of compound (5).



100 INDIAN J. CHEM., FEBRUARY 2026

g I;

3a Imldazo[2,1-llpurlne
4a: imidazo[2,1-b]purine

x%o~-- + -

Scheme 3 — Detailed mechanism for the synthesis of product 2a,
3a, and 4a

8

The formation of compounds 2a, 3a, and 4a follows a
mechanism similar to that of the quinoxalinones (1a-k),
as outlined in Scheme 3. The reaction begins with the
nucleophilic attack of the amino group (-NH:) of
nucleobase (adenine, guanine, or cytosine) on the
maleimide double bond as electrophelic sites, leading to
the formation of a Michael adduct (intermediate 6). This
intermediate then undergoes tautomerization to yield
compound (7). The imidazole core is formed in
compound (8) via intramolecular cyclization of
compound (7). Finally, compound (8) undergoes
neutralization to produce the target compounds 2a, 3a,
and 4a.

Biological evaluation

Antioxidant capacity of the prepared compounds

The abilities of the quinoxalinones (1a-k), (2,5-
dioxoimidazo[ 1,2-f[pyrimidin-3-yl)acetamide (2a), 8-
0x0-3H-imidazo[1,2-g]purin-7-yl)acetamide (3a) and
4,7-dioxo-3H-imidazo[2,1-e]purin-8-yl)acetamide
(4a) to scavenge free radicals were investigated using
DPPH' and ABTS" radical scavenging, and total
antioxidant capacity method.
DPPH and ABTS radical scavenging assay

The scavenging activities of the evaluated products
are summarized in Table 1, Table2, and Fig. 1.
Overall, the results indicated that all tested compounds
exhibited varying degrees of antioxidant effectiveness
against both DPPH and ABTS radicals when
compared to the standard agent, ascorbic acid.

8 & ® = B =
s 8 8 8 8 S

TAC (mg AAE/g of dry compound)

v
S

[ el |
I] lk 2a 3a 4a

0

. L T
la 1b 1c 1d le 1If 1g 1h 1i
Compounds

Fig. 3 — ICs, values of synthesized compounds by DPPH and
ABTS assays

As shown in Fig.3, the ICso values for the
DPPH and ABTS quenching assays ranged from
1.67-17.70 pg mL 'and 20.76-218.89 ug mL',
respectively.  These  findings  indicate  that
quinoxalinone 1f exhibited the highest antioxidant
activity among all the tested compounds. This product
showed ICso values of 1.67 pg mL™"' (DPPH) and
20.76 pug mL™ (ABTS), compared to ascorbic acid
(ICso = 2.82 ug mL ™" for DPPH and 74.22 pg mL™' for
ABTS). This significant activity can likely be
attributed to the presence of two halogen (Cl) as
electron donating group (EDG) in the molecule.
These halogen groups can affect the electronic
properties of the molecule, potentially enhancing its
ability to donate electrons or hydrogen atoms, which
are key mechanisms in radical scavenging.

In the case of ABTS experiment, compound 2a
exhibited excellent antioxidant activity, with an ICso
value of 73.89 pg mL™', which is slightly lower than
that of the standard ascorbic acid (74.22 pg mL ™).

On the other hand, the lowest antioxidant activity
against DPPH radicals was observed in compound 1i,
with an ICs value of 17.69 pg mL™', compared to
ascorbic acid (ICso = 2.82 pg mL™"). Similarly, in the
ABTS assay, compound 1l¢ showed a reduced
capacity to scavenge ABTS radicals, with an ICso
value of 218.89 pg mL™', compared to ascorbic acid
(ICso=74.22 ygmL™).

Interestingly, no detectable antioxidant activity
against DPPH radicals was observed in compounds
2a, 3a, and 4a. This lack of activity may be due to
oxidative damage to the cytosine, adenine and
guanine nuclei by hydroxyl radicals (OH), which can
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alter the structure of pyrimidine nucleobases. These
structural changes likely explain the absence of
measurable 1Cs, values for these compounds5 6-58,

Total antioxidant capacity (TAC)

Fig. 2 illustrates the TAC, represented as
milligrams of ascorbic acid equivalent (mg AAE) per
gram (g) of sample. The results varied significantly,
with quinoxalinones (1a—k) showing values ranging
from 466 to 1303 mg AAE/g, while the newly
synthesized fused imidazo-pyrimidine (2a) and
imidazo-purine (3a and 4a) compounds exhibited
lower values, ranging from 54 to 75 mg AAE/g.

The highest TAC was observed in quinoxalinone
1f, with a value of 1303 mg AAE/g of dry compound,
while the lowest activity was detected in 1j, with a
value of 466 mg AAE/g. Compounds 1d, 1b, 1g, and
1a demonstrated TAC values of 1303, 1229, 1150,
and 1081 mg AAE/g, respectively, which were higher
than those of quinoxalinones 1h, 1i, and 1¢ (997, 941,
and 930 mg AAE/g, respectively). Compounds 1e and
1k showed similar total antioxidant activities, with
values of 864 and 891 mg AAFE/g, respectively.

Among the newly synthesized fused heterocycles,
imidazo-pyrimidine 2a exhibited the highest total
antioxidant activity, with a TAC of 75 mg AAE/g,
surpassing that of imidazo-purines 3a and 4a (56 and
54 mg AAE/g, respectively).

Antimicrobial activity

The in vitro antibacterial properties of the synthesized
compounds were screened against Gram-negative
bacteria Escherichia coli ATCC 25922, Klebsiella
pneumoniae  ATCC 13883 and  Pseudomonas
aeruginosa ATCC 27853, as well as Gram-positive
bacterium  Staphylococcus aureus ATCC 25923,
Additionally, their antifungal activity against Candida
albicans ATCC 14053 was assessed by the agar well
diffusion assay™ at a concentration of 15 mg/mL. The
findings of the antifungal and antibacterial activities
were compared with positive controls Nystatin and
Gentamicin, respectively. The results are summarized in
Table 3.

From the findings in Table 3, most of the
synthesized quinoxalinones exhibited significant zones
of inhibition against both G~ and G~ bacteria. The
highest antibacterial activity was observed for
compound 1f against S. aureus, with a zone of
inhibition (ZOI) diameter of 20 mm, compared to
gentamicin (21 mm). The imidazo[1,2-c|pyrimidine 2a
showed moderate activity, with a ZOI diameter of

11 mm against K. pneumoniae. In contrast, none of the
tested imidazo-purine derivatives (3a and 4a)
demonstrated bactericidal effects.

Regarding antifungal activity, the results indicated
that several compounds exhibited significant potency
against the tested C. albicans strain. Compound 1f
displayed the strongest antifungal activity, with a ZOI
diameter of 20 mm, compared to nystatin (24 mm).
Compound 1b showed limited effectiveness against the
fungal strain, with a ZOI diameter of 7 mm at a
concentration of 15 mg/mL. On the other hand,
imidazo[1,2-c]pyrimidine (2a), imidazo[2,1-i]purine
(3a), and imidazo[2,1-b]purine (4a) showed no
antifungal activity.

Conclusion

In brief, a variety of newly synthesized fused
compounds, specifically quioxalinones, imidazo [1,2-
clpyrimidine  acetamide, imidazo  [2,1-i]purine
acetamide, and imidazo [2,1-b]purine acetamide, were
effectively produced by the condensation of maleimide
with substituted o-phenylenediamines or nucleobases in
ethanol as the solvent. The antioxidant potential of the
synthesized compounds was evaluated using DPPH,
ABTS, and TAC assays. In addition, the antimicrobial
properties of these compounds was conducted against
four bacterial strains, namely E. coli, K. pneumoniae,
P. aeruginosa, and S. aureus, and against one
fungal strain, C. albicans, using the well-diffusion
method. The findings of this study demonstrate that the
synthesized heterocyclic compounds exhibit significant
antioxidant and antimicrobial activities, with compound
1f showing the strongest potential across both assays.
The observed antioxidant properties, indicated by a
notable reduction in radical scavenging and TAC,
suggest that quinoxalinone 1f and imidazo-pyrimidine
2a could be valuable in the development of drugs aimed
at combating oxidative stress-related diseases.
Furthermore, the promising antimicrobial activity of
compound 1f, particularly against S. aureus and C.
albicans strains, highlights its potential for use in
treating infections caused by resistant pathogens.
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