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The present study aimed to synthesise a series of pyrimido-xanthene analogues via the Biginelli reaction using an eco-friendly grindstone 

approach and FeSO4·7H2O as an efficient catalyst. The synthesised compounds were characterized by elemental analysis, FT-IR, 1H and 
13C NMR spectroscopy, and HR-MS. The newly synthesised analogues (2a-j) were subsequently evaluated for their antioxidant and 

antidiabetic activities. Among the tested compounds, analogue 2b exhibited the most promising antioxidant and antidiabetic potential. 

Furthermore, molecular docking studies were also performed to gain insights into the binding interactions and inhibition mechanism of 

the title compounds against the target enzymes. 
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INTRODUCTION 

 Heterocyclic compounds such as pyrimidines and xanth-

enes occupy an important position in medicinal chemistry 

due to their structural diversity, broad therapeutic profile and 

synthetic accessibility [1]. Pyrimidine represents one of the 

fundamental building blocks of nucleic acids and is present 

in both DNA and RNA. Structural modification of the pyri-

midine nucleus has generated compounds with significant 

pharmacological properties, particularly in diabetes manage-

ment. Pyrimidine derivatives and dihydropyrimidines (DHPMs) 

have been identified as selective -glucosidase inhibitors and 

are regarded as promising candidates for antidiabetic drug 

development [2]. 

 Growing environmental concerns have encouraged the 

adoption of green synthetic methodologies as alternatives to 

conventional chemical processes. Such approaches rely on 

environmentally benign solvents and catalysts for the redu-

cing energy consumption and waste generation [3]. Green 

chemistry principles favour shorter reaction sequences, lower 

process mass intensity and improved resource utilisation, 

making the preparation of bioactive molecules both economi-

cally attractive and environmentally responsible [4]. 
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 The search for sustainable synthetic technologies has 

directed considerable attention toward multicomponent reac-

tions (MCRs). These reactions offer high atom economy, 

operational simplicity, reduced purification requirements and 

minimal byproduct formation. Their utility in the preparation 

of medicinally important compounds has led to widespread 

application in academic and industrial research laboratories 

[5]. 

 Among the various multicomponent reaction (MCR) stra-

tegies, the Biginelli reaction remains one of the most widely 

investigated methods for constructing pyrimidine-containing 

heterocycles. Interest in this transformation originated from 

the discovery of nifedipine-type calcium channel blockers 

derived from the Biginelli scaffold [6]. Subsequent investi-

gations established antioxidant, anti-Alzheimer, antiviral, anti-

bacterial, anti-inflammatory, analgesic and anticancer proper-

ties for these compounds [7-14]. Pyrimidines possess electron 

rich heterocyclic frameworks and serve as essential constit-

uents of genetic material, reinforcing their biological signifi-

cance [12]. Their interaction with carbohydrate-metabolising 

enzymes has strengthened interest in pyrimidine derivatives as 

antidiabetic agents. Representative pyrimidine-based antidia-

betic drugs are presented in Fig. 1. 
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 Xanthenes constitute a distinct class of oxygen contain-

ing tricyclic heterocycles with diverse biological applications 

[15,16]. Structural modification at the C-9 position exerts a 

strong influence on their physico-chemical and pharmacolo-

gical properties. Xanthydrol, xanthene-9-carboxylic acid and 

related derivatives have exhibited neuroprotective, antidia-

betic, antibacterial and cytotoxic activities [17]. Xanthene 

analogues have also been associated with analgesic, antiviral, 

anti-inflammatory, antioxidant, antibacterial and anticancer 

effects [18]. Their structural resemblance to mangiferin, a 

naturally occurring secondary metabolite used in diabetes 

management, supports their potential as antidiabetic pharma-

cophores [19]. Selected biologically active xanthene deriva-

tives are illustrated in Fig. 2. 

 

Fig. 1. Commercially available antidiabetic drugs containing pyrimidine derivatives 

 

 

Fig. 2. Biologically active xanthene derivatives 
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 Continuous research on pyrimidine and xanthene chem-

istry has produced numerous biologically active compounds; 

however, hybrids incorporating both pharmacophores remain 

limited. Combining these privileged scaffolds may enhance 

biological activity through complementary interactions. More-

over, many existing synthetic methods for related hetero-

cycles employ hazardous solvents, prolonged reaction times, 

or expensive catalysts, limiting their practicality and sustain-

ability. The present investigation addresses these limitations 

through the development of a grindstone-assisted, solvent-free 

synthetic protocol employing FeSO4·7H2O as efficient catalyst 

for the synthesis of novel pyrimido-xanthene derivatives (2a-j). 

The synthesised compounds were subjected to antioxidant and 

antidiabetic evaluation to explore the therapeutic potential of 

this hybrid scaffold while establishing a greener alternative 

to conventional synthetic methodologies. 

EXPERIMENTAL 

 All chemicals and solvents were procured from commer-

cial suppliers and used as received without further purifica-

tion. Melting points were measured using open capillary tubes 

and are not corrected. FT-IR spectra using KBr pellets were 

recorded on a Shimadzu 8201PC spectrophotometer in the range 

of 4000-400 cm–1. The 1H and 13C NMR spectra were obtained 

using a JEOL 400 MHz spectrometer. Elemental analyses (CHN) 

were carried out on a Varian EL III elemental analyzer. The 

purity of the synthesised compounds was monitored by thin-

layer chromatography (TLC) using silica gel plates. 

 General synthesis of pyrimido-xanthene via Biginelli 

reaction (2a-g): Xanthene (0.004 mol, 1.16 g), guanidine 

hydrochloride (0.004 mol, 0.38 g), vanillin (0.004 mol, 0.60 

g) and FeSO4·7H2O as catalyst were thoroughly mixed in a 

mortar using a pestle under grindstone conditions. The prog-

ress of the reaction was monitored by TLC. Upon completion 

of the reaction, the reaction mixture was poured into ice-cold 

water, resulting in the formation of a yellow precipitate. The 

obtained solid product was filtered, dried and recrystallised 

from hot ethanol (Scheme-I).  

 2-Amino-4-(2-hydroxy-4-methoxyphenyl)-12-phenyl-

2,3,4,5,6,12-hexahydro-1H-chromeno[2,3-h]quinazolin-9-

ol (2a): Yield: 98%; yellow solid; m.p.: 242 ºC; Elemental 

anal. of C28H27N3O4: calcd (found) %: C, 71.62 (71.60); H, 

5.80 (5.82); N, 8.95 (8.94). IR (KBr, max, cm–1): 3386 (OH), 

3117 (NH str.), 2992 (Ar-CH str.), 1375 (C-N-C str.), 1086 

(C-O-C); 1H NMR (400 MHz, CDCl3,  ppm): 12.30 (2H, s, 

OH), 10.80 (2H, s, NH), 8.82-7.93 (3H, m, vanillin, J = 

7.2 Hz), 7.40-7.27 (5H, m, Ar-H, J = 7.7 Hz), 7.20-6.06 (3H, 

m, phenyl ring, J = 7.2 Hz), 5.60 (2H, s, NH2), 4.89 (1H, s, 

CH-NH2), 4.42 (1H, s, CH-vanillin), 3.83 (3H, s, OCH3), 3.42 

(1H, s, CH-Ph), 2.60-1.72 (4H, m, CH2); 13C NMR (400 MHz, 

CDCl3,  ppm): 152.5, 147.6, 142.4, 142.1, 141.3, 129.2, 

128.2, 127.8, 127.0, 126.2, 121.8, 119.2, 110.6, 109.9, 89.6, 

52.6, 42.6, 26.1; HR-MS (relative intensity %): m/z 469.53 

(M+, 31.5%).  

 2-Amino-4-(3-nitrophenyl)-12-phenyl-2,3,4,5,6,12-

hexahydro-1H-chromeno[2,3-h]quinazolin-9-ol (2b): Yield: 

90%; pale yellow solid; m.p.: 220 ºC; Elemental anal. of 

C27H24N4O4: calcd. (found) %: C, 69.22 (69.20); H, 5.16 (5.14); 

N, 11.96 (11.94). IR (KBr, max, cm–1): 3267 (OH), 3112 (NH 

str.), 2977 (Ar-CH str.), 1478 (NO2 str.), 1338 (C-N-C str.), 

1071 (C-O-C); 1H NMR (400 MHz, CDCl3,  ppm): 12.31 

(2H, s, OH), 10.81 (2H, s, NH), 8.12-7.57 (4H, m, phenyl 

ring, J = 7.4 Hz), 7.40-7.27 (5H, m, Ar-H, J = 7.6 Hz), 7.23-

6.19 (3H, m, phenyl ring, J = 7.3 Hz), 5.62 (2H, s, NH2), 4.89 

(1H, s, CH-NH2), 3.42 (1H, s, CH-Ph), 2.60-1.71 (4H, m, 

CH2); 13C NMR (400 MHz, CDCl3,  ppm): 162.1, 154.5, 

147.7, 143.4, 141.1, 139.2, 130.1, 129.8, 127.0, 126.4, 123.5, 

121.5, 119.4, 113.1, 110.6, 90.2, 41.6, 26; HR-MS (relative 

intensity %): m/z 468.18 (M+, 30.8%).  

 2-Amino-4,12-diphenyl-2,3,4,5,6,12-hexahydro-1H-

chromeno[2,3-h]quinazolin-9-ol (2c): Yield: 94%; yello-

wish-white solid; m.p.: 260 ºC; Elemental anal. of C27H25N3O2: 

calcd. (found) %: C, 76.57 (76.60); H, 5.95 (5.92); N, 9.92 

(9.94).IR (KBr, max, cm–1): 3254 (OH), 3117 (NH str.), 2977 

(Ar-CH str.), 1310 (C-N-C str.), 1076 (C-O-C); 1H NMR 

(400 MHz, CDCl3,  ppm): 12.36 (1H, s, OH), 10.83 (2H, s, 

NH), 7.40-7.29 (5H, m, Ar-H, J = 7.8 Hz), 7.34-7.25 (5H, m, 

Ar-H, J = 7.3 Hz),7.20-6.18 (3H, m, phenyl ring, J = 7.2 Hz), 

5.63 (2H, s, NH2), 4.89 (1H, s, CH-NH2), 4.71 (1H, s, CH-

Ph), 4.54 (1H, s, CH-NH), 2.61-1.78 (4H, m, CH2); 13C NMR 

(400 MHz, CDCl3,  ppm): 147.6, 142.4, 141.3, 138.2, 129.2, 

128.4, 128.2, 127.8, 127.2, 127.0, 126.2, 121.8, 119.2, 113.3, 

109.9, 89.6, 42.6, 26.1; HR-MS (relative intensity %): m/z 

424.20 (M+, 29.6%).  

 2-Amino-4-(2-hydroxyphenyl)-12-phenyl-2,3,4,5,6,12- 

hexahydro-1H-chromeno[2,3-h]quinazolin-9-ol (2d): Yield: 

93%; light brown solid; m.p.: 210 ºC; Elemental anal. of 

C27H25N3O3: calcd. (found) %: C, 73.78 (73.75); H, 5.73 (5.76); 

N, 9.56 (9.58); IR (KBr, max, cm–1): 3251 (OH), 3119 (NH 

str.), 2933 (Ar-CH str.), 1389 (C-N-C str.), 1034 (C-O-C); 1H 

NMR (400 MHz, CDCl3,  ppm):  12.34 (2H, s, OH), 10.83 

(2H, s, NH), 7.42-7.29 (5H, m, Ar-H, J = 7.7 Hz), 7.35-6.89 

(4H, m, Ph-CH, J = 7.0 Hz), 7.20-6.08 (3H, m, phenyl 

ring, J = 7.2 Hz), 5.64 (2H, s, NH2), 4.89 (1H, s, CH-NH2), 

4.62 (1H, s, CH-NH), 3.42 (1H, s, CH-Ph), 2.64-1.72 (4H, m, 

CH2); 13C NMR (400 MHz, CDCl3,  ppm): 155.1, 147.6, 

142.4, 141.2, 130.3, 129.2, 128.3, 127.1, 126.4, 121.5, 119.2, 

118.6, 109.5, 89.6, 42.4, 26.3; HR-MS (relative intensity %): 

m/z 440.19 (M+, 30.4%).  

 2-Amino-4-(4-(dimethylamino)phenyl)-12-phenyl-2,3, 

4,5,6,12-hexahydro-1H-chromeno[2,3-h]quinazolin-9-ol 

(2e): Yield: 94%; dull-white solid; m.p.: 216 ºC; Elemental 

anal. of C29H30N4O2: calcd. (found) %: C, 74.65 (74.62); H, 

6.48 (6.45); N, 12.01 (12.03); IR (KBr, max, cm–1): 3332 

(OH), 3112 (NH str.), 2921 (Ar-CH str.), 1370 (C-N-C str.), 

1043 (C-O-C); 1H NMR (400 MHz, CDCl3,  ppm):  12.35 

(1H, s, OH), 10.84 (2H, s, NH), 7.43-7.29 (5H, m, Ar-H, J = 

7.6 Hz), 7.25-6.05 (3H, m, phenyl ring, J = 7.3 Hz), 7.15-

6.19 (4H, d, p-aminophenyl, J = 7.1  Hz), 5.60 (2H, s, NH2), 

4.87 (1H, s, CH-NH2), 4.63 (1H, s, CH-NH), 4.08 (6H, s, 

N(CH3)2), 3.42 (1H, s, CH-Ph), 2.60-1.71 (4H, m, CH2); 13C 

NMR (400 MHz, CDCl3,  ppm):  149.4, 147.6, 142.4, 141.3, 

129.2, 128.1, 127.8, 127.6, 127.0, 126.5, 126.3, 121.8, 119.2, 

112.7, 110.3, 109.1, 89.6, 42.6, 26.1, 20.4; HR-MS (relative 

intensity %): m/z 467.24 (M+, 31.8%).  

 2-Amino-4-(4-chlorophenyl)-12-phenyl-2,3,4,5,6,12-

hexahydro-1H-chromeno[2,3-h]quinazolin-9-ol (2f): Yield: 

92%; light yellow solid; m.p.: 264 ºC; Elemental anal. of  
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C27H24ClN3O2: calcd. (found) %: C, 70.81 (70.83); H, 5.28 

(5.30); N, 9.18 (9.15); IR (KBr, max, cm–1): 3304 (OH), 3122 

(NH str.), 2987 (Ar-CH str.), 1380 (C-N-C str.), 1086 (C-O-

C), 759 (C-Cl); 1H NMR (400 MHz, CDCl3,  ppm):  12.34 

(1H, s, OH), 10.82 (2H, s, NH), 7.45-7.32 (4H, dd, Cl-Ph, J = 

7.4 Hz), 7.28-7.10 (5H, m, Ar-H, J = 7.2 Hz), 6.85-6.10 (2H, 

d, phenyl ring, J = 7.0 Hz), 6.38 (1H, s, Ph-CH), 5.60 (2H, s, 

NH2), 4.89 (1H, s, CH-NH2), 4.74 (1H, s, CH), 4.56 (1H, s, 

CH-NH), 2.63-1.70 (4H, m, CH2); 13C NMR (400 MHz, CDCl3, 

 ppm):  162.5, 154.1, 147.6, 141.3, 136.0, 132.6, 130.3, 129.2, 

128.3, 127.1, 126.2, 121.8, 119.2, 113.3, 110.6, 89.6, 42.6, 

26.1; HR-MS (relative intensity %): m/z 459.15 (M+, 32.0%).  

 2-Amino-4-(4-methoxyphenyl)-12-phenyl-2,3,4,5,6,12- 

hexahydro-1H-chromeno[2,3-h]quinazolin-9-ol (2g): Yield: 

96%; white solid; m.p.: 285 ºC; Elemental anal. of C28H27N3O3: 

calcd. (found) %: C, 74.15 (74.10); H, 6.00 (6.03); N, 9.27 

(9.24); IR (KBr, max, cm–1): 3407 (OH), 2921 (NH str.), 2856 

(Ar-CH str.), 1450 (C-N-C str.), 1029 (C-O-C); 1H NMR 

(400 MHz, CDCl3,  ppm): 12.33 (1H, s, OH), 10.84 (2H, s, 

NH), 7.40-7.25 (5H, m, Ar-H, J = 7.8 Hz), 7.20-6.06 (3H, m, 

phenyl ring, J = 7.4 Hz), 7.11-6.85 (4H, m, OCH3-Ph J = 

7.3 Hz), 5.60 (2H, s, NH2), 4.89 (1H, s, CH-NH2), 4.73 (1H, 

s, Ar-CH), 3.85 (3H, s, OCH3), 3.42 (1H, s, CH-Ph), 2.60-1.73 

(4H, m, CH2); 13C NMR (400 MHz, CDCl3,  ppm): 158.5, 

147.6, 142.5, 141.1, 130.4, 129.2, 128.3, 127.0, 126.4, 121.8, 

119.2, 114.1, 113.3, 110.2, 109.1, 52.6, 42.6, 26.1; HR-MS 

(relative intensity %): m/z 454.21 (M+, 30.7%).  

 2-Amino-12-phenyl-4-((E)-styryl)-2,3,4,5,6,12-hexa-

hydro-1H-chromeno[2,3-h]quinazolin-9-ol (2h): Yield: 90%; 

yellow solid; m.p.: 215 ºC; Elemental anal. of C29H27N3O2: 

calcd. (found) %: C, 77.48 (77.46); H, 6.05 (6.07); N, 9.35 

(9.37); IR (KBr, max, cm–1): 3258 (OH), 3112 (NH str.), 2982 

(Ar-CH str.), 1323 (C-N-C str.), 1095 (C-O-C); 1H NMR 

(400 MHz, CDCl3,  ppm): 12.36 (1H, s, OH), 10.83 (2H, s, 

NH), 7.40-7.26 (5H, m, Ph, J = 7.1 Hz), 7.35-7.22 (5H, m, 

Ar-H, J = 7.3 Hz), 7.20-6.06 (3H, m, phenyl ring, J = 7.2 

Hz), 6.39-6.19 (2H, d, CH=CH), 5.60 (2H, s, NH2), 4.89 (1H, 

s, CH-NH2), 4.73 (1H, s, Ar-CH), 3.42 (1H, s, CH-Ph), 2.64-

 

Scheme-I: Synthetic route of proposed compound 2a-j 
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1.70 (4H, m, CH2); 13C NMR (400 MHz, CDCl3,  ppm): 

147.6, 142.3, 141.3, 136.4, 129.5, 129.2, 128.6, 127.0, 126.8, 

126.4, 123.3, 121.2, 119.9, 119.2, 113.3, 109.9, 89.6, 42.6, 

26.1. HR-MS (relative intensity %): m/z 449.54 (M+, 32.5%).  

 2-Amino-4-(4-hydroxyphenyl)-12-phenyl-2,3,4,5,6,12- 

hexahydro-1H-chromeno[2,3-h]quinazolin-9-ol (2i): Yield: 

93%; pale yellowish brown solid; m.p.: 256 ºC; Elemental 

anal. of C27H25N3O3: calcd. (found) %: C, 73.78 (73.71); H, 

5.73 (5.70); N, 9.56 (9.54); IR (KBr, max, cm–1): 3393 (OH), 

3076 (NH str.), 2954 (Ar-CH str.), 1370 (C-N-C str.), 1071 

(C-O-C); 1H NMR (400 MHz, CDCl3,  ppm): 12.31 (2H, s, 

OH), 10.81 (2H, s, NH), 7.62-7.27 (5H, m, Ar-H, J = 7.9 Hz), 

7.33-6.89 (4H, m, Ph-CH, J = 7.4 Hz), 7.23-6.19 (3H, m, 

phenyl ring, J = 7.2 Hz), 5.62 (2H, s, NH2), 4.89 (1H, s, CH-

NH2), 4.60 (1H, s, CH-NH), 3.42 (1H, s, CH-Ph), 2.60-1.71 

(4H, m, CH2); 13C NMR (400 MHz, CDCl3,  ppm): 155.1, 

147.6, 142.4, 141.2, 130.3, 129.2, 128.3, 127.1, 126.4, 121.5, 

119.2, 118.6, 109.5, 89.6, 42.4, 26.3; HR-MS (relative inten-

sity %): m/z 440.19 (M+, 30.4%).  

 2-Amino-4-(furan-2-yl)-12-phenyl-2,3,4,5,6,12-hexa-

hydro-1H-chromeno[2,3-h]quinazolin-9-ol (2j): Yield: 91%; 

white solid; m.p.: 263 ºC; Elemental anal. of C25H23N3O3: 

calcd. (found) %: C, 72.62 (72.60); H, 5.61 (5.65); N, 10.16 

(10.14); IR (KBr, max, cm–1): 3421 (OH), 3066 (NH str.), 

2940 (Ar-CH str.), 1380 (C-N-C str.), 1142 (C-O-C); 1H 

NMR (400 MHz, CDCl3,  ppm): 12.34 (1H, s, OH), 10.85 

(2H, s, NH), 7.65-6.26 (3H, m, furyl, J = 7.5 Hz), 7.36-7.27 

(5H, m, Ar-H, J = 7.7 Hz), 7.20-6.20 (3H, m, phenyl ring, J = 

7.2 Hz), 5.63 (2H, s, NH2), 4.89 (1H, s, CH-NH2), 4.73 (1H, 

s, Ar-CH), 3.42 (1H, s, CH-Ph), 2.93-1.74 (4H, m, CH2); 13C 

NMR (400 MHz, CDCl3,  ppm):  152.5, 147.6, 142.4, 142.1, 

141.3, 129.2, 128.7, 127.4, 127.0, 126.6, 126.2, 121.8, 119.2, 

113.3, 110.6, 109.9, 89.6, 42.6, 26.1; HR-MS (relative inten-

sity %): m/z 414.18 (M+, 24.4%).  

Antioxidant studies 

 DPPH scavenging assay: The antioxidant potential of 

the synthesised compounds was evaluated using the DPPH 

free radical scavenging assay. The reduction in the charact-

eristic violet colour of DPPH reflects the radical scavenging 

ability of the tested compounds and is directly proportional 

to their antioxidant activity. The assay was carried out accor-

ding to the method reported by Aroua et al. [20]. Briefly, 1 mL 

of DMSO solutions of the test compounds (final concen-

tration: 1 mM) was mixed with DPPH solution prepared in 

DMSO at concentrations ranging from 125 to 500 M. The 

reaction mixtures were incubated at 37 ºC for 30 min, and the 

decrease in absorbance was measured spectrophotometrically 

at 517 nm.  

 FRAP assay: The ferric reducing antioxidant power 

(FRAP) assay was performed according to the reported method 

[21]. The FRAP reagent was freshly prepared by mixing 

FeCl3·6H2O (20 mM), TPTZ solution (10 mM in 40 mM 

HCl) and acetate buffer (300 mM, pH 3.6) in a ratio of 1:1:10. 

An aliquot of the test sample (0.1 mL, final concentration 1 

mM in DMSO) was added to 2 mL of the FRAP reagent and 

incubated at 37 ºC for 30 min. The absorbance was recorded 

at 593 nm using a UV-Visible spectrophotometer. 

Antidiabetic effect 

 -Amylase inhibitory action: The -amylase inhibitory 

activity of the synthesised compounds was evaluated accor-

ding to the reported procedure [20]. Briefly, 500 L of the 

test sample (125-500 M) was pre-incubated with 500 L of 

-amylase solution (0.5 mg/mL, A. oryzae) prepared in 0.2 M 

phosphate buffer for 10 min at 25 ºC. Following pre-incuba-

tion, 500 L of 1% starch solution prepared in 0.02 M sodium 

phosphate buffer was added and the reaction mixture was 

incubated for an additional 10 min at 25 ºC. The reaction was 

terminated by the addition of 1 mL of 3,5-dinitrosalicylic acid 

(DNS) reagent, followed by heating in a boiling water bath 

for 5 min. After cooling to room temperature, the reaction 

mixture was diluted with 10 mL of distilled water and the absor-

bance was measured at 540 nm. Acarbose was employed as 

the reference standard for comparison of inhibitory activity 

[22]. The % of enzyme inhibition was determined using the 

below relation: 

control compound

control

α-Amylase inhibitory effect (%)
A A

100
A

−
=   (1) 

 -Glucosidase inhibitory action: The -glucosidase 

inhibitory activity was evaluated using a modified version of 

a previously reported method [23]. Briefly, 1 mg of -gluco-

sidase and 100 mg of bovine serum albumin (BSA) were 

dissolved in 50 mL of phosphate buffer. The reaction mixture 

consisted of 5 L of the test samples at different concentra-

tions (125-1000 M), 250 L of 5 mM p-nitrophenyl--D-

glucopyranoside (pNPG) as the substrate and 490 L of 

phosphate buffer. After pre-incubation at 37 ºC for 5 min, 200 

L of the -glucosidase enzyme solution was added and the 

mixture was incubated at 37 ºC for 15 min. The reaction was 

terminated by adding 1000 L of 100 mM Na2CO3. The enzy-

matic activity was determined by measuring the absorbance 

at 400 nm using a UV-Vis spectrophotometer. Acarbose was 

used as the positive control (standard -glucosidase inhibitor) 

[24]. The percentage inhibition of -glucosidase activity was 

calculated using the following equation: 

control compound

control

α-Glucosidase activity
A

 (%
A

10
A

) 0
−

=    (1) 

 Statistical analysis: All experiments were performed in 

triplicate and the results are expressed as mean ± standard devi-

ation (SD). Statistical analyses were carried out using Microsoft 

Excel (Microsoft Corporation, Redmond, WA, USA). The IC50 

values were determined from plots of percentage inhibition 

versus logarithm of concentration using linear regression anal-

ysis of the dose–response data. The concentration correspon-

ding to 50% inhibition was calculated from the regression 

equation. The goodness of fit of the regression model was 

evaluated using the coefficient of determination (R2). The 

statistical significance was considered at p < 0.05. 

 In silico Docking studies: Molecular docking studies 

were performed to investigate the binding interactions of the 

synthesised pyrimido-xanthene derivatives (2a-j) with the target 

proteins 2F6D, 2QV4 and 3MNG and to predict their preferred 

binding orientations within the active sites. The three-dimen-
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sional structures of the target proteins were retrieved from the 

Protein Data Bank (PDB). Co-crystallized ligands and water 

molecules were removed prior to docking calculations. Polar 

hydrogen atoms and Gasteiger charges were assigned using 

AutoDockTools (ADT) version 1.5.2 and the prepared protein 

structures were converted into PDBQT format [25,26]. The 

docking grids were generated using ADT. For protein 2F6D, 

the grid center was defined at x = 10.945 Å, y = 8.351 Å and z 

= -9.511 Å with dimensions of 24 × 24 × 24 grid points. For 

2QV4, the grid center coordinates were x = 10.721 Å, y = 

48.233 Å and z = 20.805 Å with a grid size of 24 × 24 × 24 

points. The grid for 3MNG was centered at x = 8.341 Å, y = 

45.637 Å and z = 30.621 Å with dimensions of 18 × 18 × 18 

grid points. A grid spacing of 1.0 Å was employed for all docking 

calculations. The ligand structures were energy-minimized 

using the conjugate gradient AMMP method implemented in 

the VEGA ZZ software package [27]. The optimized ligand 

structures were converted from PDB to PDBQT format using 

ADT. Molecular docking simulations were carried out using 

AutoDock Vina with an exhaustiveness value of 8 [28]. The 

resulting binding conformations were analyzed using ADT, 

while ligand–protein interactions were visualized and inter-

preted using Discovery Studio Visualizer [29]. 

RESULTS AND DISCUSSION 

 A series of novel pyrimido-xanthene derivatives (2a-j) 

were synthesised through a grindstone-assisted, solvent-free 

Biginelli reaction using FeSO4·7H2O as an efficient catalyst. 

The structures of all the synthesised derivatives 2a-j were 

successfully established by FT-IR, 1H & 13C NMR and HR-

MS analyses. The FT-IR spectra exhibited characteristic absor-

ption bands in the 3421-3258, 3122-3066, 2992-2856, 1450-

1310 and 1095-1034 cm–1 region corresponds to O–H, N–H, 

aromatic C–H, C–N–C and C–O–C stretching vibrations, 

respectively. The absence of aldehydic carbonyl and aldehydic 

C–H absorptions associated with the starting aldehydes, 

together with the appearance of characteristic C–N–C vibra-

tions of the pyrimidine ring and C–O–C stretching bands of 

the xanthene framework, confirms the successful cyclocon-

densation leading to the target fused heterocyclic systems. 

The 1H NMR spectra of compounds 2a-j displayed broad 

singlets in the region  12.34-12.30 ppm attributable to hydroxyl 

protons and signals at  10.86-10.80 ppm assigned to N–H 

protons. The broad nature of these resonances arises from 

hydrogen-bonding interactions and proton-exchange proce-

sses commonly observed for exchangeable protons. Aromatic 

proton resonances appeared as overlapping multiplets distri-

buted over narrow chemical shift ranges owing to the exten-

ded conjugation and fused nature of the pyrimido-xanthene 

framework. Similar chemical shifts among the derivatives may 

originate from the combined influence of substituent effects, 

electron delocalisation, ring-current contributions and confor-

mational averaging within the heterocyclic system. The 13C 

NMR spectra displayed characteristic resonances at  152.5, 

89.6 and 26.3-26.0 ppm, assigned to the C=N carbon of the 

pyrimidine moiety, methine carbon attached to the amino 

functionality and methylene carbons of the xanthene skele-

ton, respectively. In several derivatives, the number of obser-

ved carbon resonances was lower than the total number of 

carbon atoms present in the molecular structure. Such 

behaviour can be attributed to chemically equivalent carbon 

atoms arising from molecular symmetry, overlap of aromatic 

carbon signals within restricted spectral regions and the 

inherently lower sensitivity of certain quaternary carbons. 

Similar spectral features are frequently encountered in highly 

substituted aromatic and fused heterocyclic systems [30]. 

Antioxidant assessment 

 DPPH assay: Table-1 presents the DPPH scavenging 

activity of the synthesised xanthene analogues 2a-j. The 

compounds exhibited enhanced DPPH scavenging activity in 

the concentration range of 120-500 M compared with the 

standard, ascorbic acid; however, at 1000 M, ascorbic acid 

demonstrated superior activity. The DPPH scavenging activity 

of compounds 2a-j increased with increasing concentration, 

indicating a clear dose-dependent response. Among the tested 

derivatives, compounds 2c, 2e and 2j displayed significant 

antioxidant activity with IC50 values of 112.23, 94.06 and 

129.40 M, respectively. Compound 2e exhibited the highest 

DPPH scavenging activity (IC50 = 94.06 M), surpassing both 

the other synthesised analogues and the standard ascorbic acid 

(IC50 = 131.89 M). In contrast, compound 2a showed the 

weakest antioxidant activity, with an IC50 value of 413.79 M. 

The DPPH assay is based primarily on the ability of anti-

oxidants to donate hydrogen atoms or electrons to neutralise 

 

TABLE-1 

DPPH RADICAL SCAVENGING ACTION OF COMPOUNDS 2a-j 

Compound 
Scavenging activity (%) 

IC50 (µM) 
125 µM 250 µM 500 µM 1000 µM 

2a 22.3 ± 1.2 43.4 ± 2.3 66.3 ± 1.7 81.8 ± 2.5 413.79 

2b 46.6 ± 1.2 60.0 ± 0.8 86.0 ± 2.8 95.0 ± 3.0 237.08 

2c 42.8 ± 1.5 62.4 ± 2.3 79.5 ± 0.3 97.4 ± 2.8 112.23 

2d 47.3 ± 0.7 78.5 ± 1.8 91.8 ± 3.2 95.5 ± 1.3 160.93 

2e 50.4 ± 2.6 71.6 ± 2.4 79.0 ± 1.3 92.6 ± 2.3 94.06 

2f 32.8 ± 1.2 50.4 ± 2.9 92.6 ± 0.4 95.4 ± 3.6 213.14 

2g 46.1 ± 2.9 78.2 ± 1.7 84.3 ± 3.4 91.3 ± 0.7 148.14 

2h 37.2 ± 0.8 54.8 ± 2.2 85.2 ± 0.6 97.0 ± 1.5 185.46 

2i 38.5 ± 2.3 47.6 ± 1.6 73.8 ± 2.4 84.5 ± 1.8 257.13 

2j 37.2 ± 2.8 67.0 ± 1.7 76.9 ± 3.1 93.8 ± 1.2 129.40 

Ascorbic acid 40.5 ± 0.5 61.2 ± 2.8 78.2 ± 1.6 91.8 ± 2.2 131.89 
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free radicals, with lower IC50 values indicating stronger anti-

oxidant potential. 

 FRAP assay: Table-2 presents the comparative FRAP 

antioxidant capacities of the synthesised analogues 2a-j with 

reference to ascorbic acid. The ferric reducing antioxidant 

power of compounds 2a-j increased with increasing concen-

tration, reflecting a dose-dependent response. Most of the 

synthesised derivatives displayed appreciable ferric reducing 

activity with IC50 values ranging from 147.11 to 238.91 M, 

whereas compounds 2a and 2f exhibited lower activity with 

IC50 values of 350.18 and 303.31 M, respectively, compared 

with ascorbic acid (IC50 = 241.69 M). Compounds 2e and 

2h, bearing electron-donating substituents on the benzene ring, 

exhibited the strongest ferric reducing activity, with IC50 

values of 147.11 and 160.79 M, respectively, and ranked 

among the most active derivatives in the series. In contrast, 

compounds 2a and 2f displayed comparatively weak FRAP 

activity. The FRAP assay measures the electron-donating 

ability of antioxidants through the reduction of Fe3+ to Fe2+, 

with lower IC50 values corresponding to greater reducing 

potential and antioxidant capacity. 

Antidiabetic activity 

 -Glucosidase assay: The inhibitory effects of analog-

ues 2a-j against -glucosidase were evaluated. The synthesised 

compounds exhibited varying degrees of -glucosidase inhi-

bition, with IC50 values ranging from 135.57 to 180.32 M 

for the more active derivatives (Table-3). Compounds 2b and 

2d emerged as the most potent -glucosidase inhibitors in the 

series, with IC50 values of 135.57 and 145.49 M, respec-

tively and exhibited stronger inhibitory activity than the refe-

rence drug acarbose. Compound 2g displayed the weakest 

antidiabetic potential, with an IC50 value of 428.17 M.  

 -Amylase assay: Table-4 summarizes the -amylase 

inhibitory activity of compounds 2a-j. The results showed 

that the synthesised derivatives possessed stronger inhibitory 

activity than the reference drug acarbose in several cases. 

Enzyme inhibition increased with increasing concentration, 

confirming a concentration-dependent response. Most comp-

ounds exhibited appreciable antidiabetic potential, whereas 

compounds 2a, 2f, 2g and 2j displayed weaker activity with 

IC50 values of 409.22, 354.17, 325.06 and 283.00 µM, respec-

tively. Compound 2b emerged as the most active derivative 

in the series, with an IC50 value of 141.46 µM, compared with 

acarbose (IC50 = 220.83 M). Compound 2a exhibited the 

lowest -amylase inhibitory activity, with an IC50 value of 

409.22 M. 

Docking studies 

Antidiabetic 

 -Glucosidase inhibition: Docking studies were carried 

out to obtain deeper insight into the possible mechanism under-

lying the biological activity of the synthesised compounds.  

 

TABLE-2 

ANTIOXIDANT ACTIVITY OF COMPOUNDS 2a-j THROUGH FRAP ASSAY 

Compound 
Scavenging activity (%) 

IC50 (µM) 
125 µM 250 µM 500 µM 1000 µM 

2a 24.6 ± 1.4 46.2 ± 2.3 71.7 ± 1.3 91.8 ± 2.2 350.18 

2b 29.0 ± 1.6 46.7 ± 2.5 82.6 ± 1.4 97.0 ± 2.3 285.80 

2c 34.6 ± 2.4 61.3 ± 1.6 84.9 ± 2.1 94.8 ± 1.2 162.35 

2d 38.9 ± 1.1 54.6 ± 2.4 72.9 ± 1.1 91.7 ± 2.3 214.59 

2e 36.8 ± 2.2 69.0 ± 1.7 70.6 ± 2.4 95.0 ± 1.3 147.11 

2f 24.7 ± 2.3 47.0 ± 0.7 84.8 ± 2.2 90.7 ± 1.3 303.31 

2g 33.4 ± 1.6 55.1 ± 0.9 87.0 ± 1.5 91.4 ± 2.6 197.76 

2h 39.0 ± 2.3 56.2 ± 1.8 85.1 ± 2.9 95.2 ± 1.8 160.79 

2i 41.2 ± 1.8 58.4 ± 2.6 73.0 ± 1.3 89.4 ± 2.2 163.97 

2j 36.9 ± 1.1 58.7 ± 2.3 64.6 ± 1.4 95.0 ± 2.2 238.91 

Ascorbic acid 29.1 ± 2.9 51.4 ± 0.6 89.2 ± 2.8 95.1 ± 1.9 241.69 

 
TABLE-3 

ANTIDIABETIC EFFECT OF COMPOUNDS 2a-j THROUGH α-GLUCOSIDASE INHIBITION ASSAY 

Compound 
Inhibition rate (%) 

IC50 (µM) 
125 µM 250 µM 500 µM 1000 µM 

2a 26.3 ± 2.8 46.1 ± 1.9 84.0 ± 0.5 92.3 ± 1.7 300.74 

2b 32.0 ± 2.3 66.0 ± 1.3 86.4 ± 2.6 90.0 ± 1.8 135.57 

2c 22.0 ± 2.3 42.1 ± 1.9 78.4 ± 2.6 94.1 ± 0.9 353.52 

2d 38.0 ± 2.7 62.3 ± 0.7 74.1 ± 2.9 84.2 ± 1.8 145.49 

2e 34.0 ± 1.5 68.2 ± 2.8 68.6 ± 1.4 82.2 ± 2.8 158.66 

2f 28.0 ± 1.3 40.3 ± 2.7 62.4 ± 1.6 86.0 ± 2.5 404.47 

2g 18.6 ± 2.4 43.9 ± 1.1 66.2 ± 2.8 81.9 ± 1.1 428.17 

2h 36.5 ± 1.5 60.1 ± 2.9 71.9 ± 1.1 92.0 ± 0.6 201.57 

2i 30.6 ± 1.4 66.0 ± 2.7 80.1 ± 1.9 94.4 ± 2.6 180.32 

2j 34.3 ± 1.7 48.2 ± 2.8 78.1 ± 1.9 92.3 ± 2.7 264.76 

Acarbose 36.0 ± 2.5 50.4 ± 1.6 90.3 ± 2.2 94.5 ± 1.5 198.98 
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The crystal structure of glucoamylase complexed with acarb-

ose (PDB ID: 2F6D) was selected as the target for evaluating 

-glucosidase inhibitory potential. Molecular docking of 

synthesised compounds 2a-j and the reference drug acarbose 

with the 2F6D receptor was performed using AutoDock Vina. 

All synthesised derivatives displayed docking scores superior 

to that of acarbose (-7.4 kcal/mol). Compound 2b exhibited 

the strongest binding affinity with a docking score of -10.0 

kcal/mol, in agreement with its potent in vitro antidiabetic 

activity. Compound 2b did not form hydrogen bond inter-

actions within the active site; instead, its binding was stabi-

lised through hydrophobic contacts involving Tyr63, Trp139, 

Glu210, Tyr351 and Glu456. In contrast, acarbose estab-

lished eight hydrogen bond interactions with residues Tyr135 

(2.65 and 2.24 Å), Glu211 (2.17 Å), Tyr63 (2.09 Å), Ala138 

(3.26 Å), Asp70 (2.25 and 1.75 Å) and Arg345 (3.20 Å), 

together with hydrophobic interactions involving Tyr351, 

Glu210 and Trp139. Figs. 3 and 4 depict the hydrogen bond-

TABLE-4 

ANTIDIABETIC EFFECT OF COMPOUNDS 2a-j THROUGH α-AMYLASE INHIBITION ACTION 

Compound 
Inhibition rate (%) 

IC50 (µM) 
125 µM 250 µM 500 µM 1000 µM 

2a 28.3 ± 1.7 47.0 ± 2.3 60.2 ± 1.8 76.4 ± 2.6 409.22 

2b 40.5 ± 1.5 62.6 ± 2.4 73.9 ± 1.1 92.6 ± 2.4 141.46 

2c 37.0 ± 0.8 49.6 ± 2.4 61.0 ± 1.8 89.7 ± 2.3 307.35 

2d 44.9 ± 2.1 57.0 ± 1.3 73.3 ± 2.7 92.5 ± 0.6 145.53 

2e 34.8 ± 2.2 56.9 ± 1.1 78.0 ± 2.4 92.8 ± 1.2 212.02 

2f 26.0 ± 1.2 42.6 ± 0.4 72.7 ± 2.3 92.7 ± 1.3 354.17 

2g 32.8 ± 2.2 46.7 ± 1.3 68.6 ± 0.4 84.9 ± 1.1 325.06 

2h 37.2 ± 1.8 57.1 ± 2.9 89.0 ± 1.4 91.3 ± 2.7 146.58 

2i 33.4 ± 2.6 57.0 ± 0.8 87.1 ± 2.9 91.1 ± 1.9 185.12 

2j 32.7 ± 1.3 46.4 ± 2.6 78.6 ± 1.4 90.8 ± 2.2 283.00 

Acarbose 30.7 ± 0.3 56.1 ± 1.9 85.0 ± 2.3 94.6 ± 1.4 220.83 

 

 

Fig. 3. Docked poses of inhibitor 2b within the active region of 2F6D 
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ing and hydrophobic interaction profiles of compound 2b and 

acarbose within the binding pocket of the 2F6D enzyme. The 

catalytic pocket of maltase-glucoamylase is known to involve 

residues such as Asp70, Glu210, Glu211 and Arg345 in ligand 

recognition and stabilisation, in agreement with the inter-

action pattern observed in the present study. 

 -Amylase assay: This study employed the crystal struc-

ture of human pancreatic -amylase complexed with nitrile 

and acarbose (PDB ID: 2QV4) for molecular docking studies. 

Compounds 2a-j exhibited higher docking scores than the 

reference inhibitor acarbose, which displayed a binding affi-

nity of -7.4 kcal/mol toward the 2QV4 receptor. Compound 2b 

emerged as the most active derivative with a docking score 

of -9.7 kcal/mol and its binding affinity agreed with the in 

vitro -amylase inhibitory results. Compound 2b established 

four hydrogen bond interactions with residues Gln63, Asp300 

and His305 at bond distances of 3.00, 2.36, 2.85 and 2.34 Å. 

Hydrophobic contacts involved residues Trp59, Leu162 and 

Ala198 which contributed to stabilisation of the ligand within 

the active site. Acarbose formed six hydrogen bond inter-

actions with Thr162 (2.34 Å), Tyr62 (2.91 Å), Tyr151 (2.74 

Å) and Glu233 (3.02, 2.66 and 2.31 Å). Hydrophobic inter-

actions for acarbose involved residues His201, Asp300 and 

His305. Figs. 5 and 6 show the hydrogen bonding and hydro-

phobic interaction profiles of compound 2b and acarbose within 

the binding cavity of the 2QV4 protein. Human pancreatic 

-amylase possesses a well-defined catalytic region contain-

ing residues such as Asp300 and Glu233 that play essential roles 

in ligand recognition and enzyme inhibition. 

 Antioxidant: The crystal structure of the human antioxi-

dant protein complexed with dithiothreitol (DTT) (PDB ID: 

3MNG) was selected for antioxidant docking studies. The 

3MNG structure corresponds to human peroxiredoxin V (PrxV) 

with DTT occupying the active site as a competitive inhibitor 

model. Molecular docking results revealed that compounds 

2a-j possessed binding affinities superior to that of ascorbic 

acid (-4.1 kcal/mol) within the 3MNG receptor. Compound 

2b exhibited the strongest interaction with a docking score of 

-6.4 kcal/mol relative to ascorbic acid. Compound 2b did not 

participate in hydrogen bond formation within the active site. 

Stabilisation of the ligand was associated with hydrophobic 

contacts involving residues Pro40 Pro45 Gly46 and Cys47. 

Ascorbic acid established four hydrogen bond interactions 

with residues Thr44 at bond distances of 2.36 and 2.20 Å and 

Cys47 at bond distances of 4.12 and 2.79 Å. Hydrophobic 

interactions for ascorbic acid involved residue Thr147. Figs. 

7 and 8 present the interaction profiles of compound 2b and 

ascorbic acid within the 3MNG binding cavity. 

 The combined biological and computational results sug-

gest that several members of the series possess promising  

 

Fig. 4. Docked poses of control acarbose within the active region of 2F6D 
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Fig. 5. Docked poses of inhibitor 2b within the active region of 2QV4 
 

 

Fig. 6. Docked poses of control acarbose inside the active region of 2QV4 
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Fig. 7. Docked poses of inhibitor 2b within the active region of 3MNG 
 

 

Fig. 8. Docked poses of control ascorbic acid within the active region of 3MNG 
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antioxidant and antidiabetic potential relative to the reference 

standards ascorbic acid and acarbose. A concise summary of 

the experimental and docking findings is provided in Table-5. 

Conclusion 

 The novel pyrimido-xanthene analogues (2a-j) were 

synthesized using FeSO4·7H2O under solvent-free grinding 

conditions in good yields and short reaction times. FeSO4·7H2O 

proved to be an efficient catalyst for the one-pot three-comp-

onent synthesis of pyrimido-xanthene derivatives. Structural 

elucidation of compounds 2a-j was achieved using spectral 

techniques. Biological evaluation identified several deriva-

tives with promising antioxidant and antidiabetic activities 

relative to ascorbic acid and acarbose. Molecular docking 

studies provided insight into ligand–target interactions asso-

ciated with the observed biological responses. The combined 

experimental and computational findings suggest that pyri-

mido-xanthene derivatives represent an attractive scaffold for 

the development of new bioactive molecules.  
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