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INTRODUCTION 

Rheumatoid arthritis (RA) is a chronic progressive 

and systemic autoimmune inflammatory disorder in 

which progressive synovial inflammation, the 

formation of pannus, cartilage degradation, and 

irreversible bone erosion all lead to progressive joint 

deformity and functional disability [1]. In RA, the 

immune system infiltrates tissues that are found in a 

joint. These activated cells over-express pro-

inflammatory cytokines (including tumor necrosis 

factor-α (TNF-α), interleukin (IL)-1, IL-6, IL-17, and 

matrix metalloproteinases (MMPs)), which are 

thought to be associated with chronic inflammation 

and progressive loss of cartilage and bone [2]. In 

addition, inflammatory mediators, such as 

prostaglandins (PGs), leukotrienes (LTs), nitric oxide 

(NO), platelet-activating factor (PAF), and reactive 

oxygen species (ROS) contribute to the enhancement 

of oxidative stress and inflammatory response in RA. 

Evidence is emerging that oxidative stress plays a 

significant role in the progression of disease by 

promoting tissue damage and the production of 

cytokines [3]. Pharmacological treatment for RA 

currently includes non-steroidal anti-inflammatory 

drugs (NSAIDs), corticosteroids, disease-modifying 

antirheumatic drugs (DMARDs), and biological 
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agents, which relieve RA symptoms but may also 

have side effects, resistance, toxicity, and unknown 

long-term safety. Hence, there is a great need for the 

discovery of new small molecules that can have anti-

inflammatory, antioxidant, and immunomodulatory 

properties that are more effective and less toxic than 

the existing formulations. Dihydroorotate 

dehydrogenase (DHODH) is one of the emerging 

targets for drugs to treat RA. DHODH is a 

mitochondria-bound enzyme that catalyzes the 

oxidation of dihydroorotate (DHO) to orotate, which 

is a crucial and rate-limiting part of de novo 

pyrimidine biosynthesis. It is instrumental in the 

quick proliferation of activated lymphocytes, so 

blocking DHODH can inhibit the proliferation of 

activated lymphocytes and inflammation. DHODH 

has been reported as a promising molecular target in 

RA therapy since clinically used DHODH inhibitors 

like leflunomide are effective. Another target of 

autoimmune diseases of importance is dihydrofolate 

reductase (DHFR), which is an essential enzyme in 

folate metabolism and in thymidylate and purine 

biosynthesis for DNA replication and cell 

proliferation [5]. Inhibition of DHFR is an event that 

disrupts the biosynthesis of nucleotides and can lead 

to less proliferation of activated immune cells. The 

activity of methotrexate, a commonly used DMARD 

drug for RA, is mainly mediated through its action on 

DHFR. Therefore, new molecules that interact with 

DHODH and DHFR have potential for providing new 

therapeutic leads for RA [6]. The pteridine derivatives 

are important heterocyclic bioactive compounds with 

varied biological activities like anti-inflammatory, 

anti-oxidant, anti-microbial, anti-tumoral, and 

immune modulator [7]. Pteridine scaffolds share 

interesting structural features with folate analogues 

and are suitable HIV drug targets. Moreover, it is 

interesting that the incorporation of amino-substituted 

pteridine moieties could be beneficial in facilitating 

interaction with inflammatory and proliferative 

signaling pathways involved in RA. The present study 

was aimed to design and synthesize novel pteridine 

analogues for the evaluation of anti-rheumatoid 

activity, based on the above-mentioned observations. 

The synthesized compounds were characterized by 

the use of suitable physicochemical and spectral 

methods. They were used for assessing the 

antioxidant activity to assess the free radical 

scavenging potential, as high oxidative stress has been 

involved in the progression of RA. Moreover, the 

synthesized compounds were tested for their 

antiarthritic activity with proper in vitro and in vivo 

models in order to evaluate their anti-inflammatory 

effect. In order to illustrate the possible mechanisms 

of action and binding affinities towards various 

important therapeutic targets, a molecular docking 

study was carried out with DHODH and DHFR, 

which are associated with RA. The joint experimental 

and computational strategy can be used to help 

identify interesting pteridine derivatives that might be 

useful in the treatment of rheumatoid arthritis. Thus, 

in the present work, attempts are made to design, 

synthesize, evaluate their biological activity, screen 

for antioxidant activity, assess their anti-arthritic 

activity, and elucidate the possible mechanism using 

a molecular docking approach to develop potential 

therapeutic candidates in the context of rheumatoid 

arthritis. 

2. MATERIALS AND METHODS 

2.1 Materials and Equipment 

All the chemicals and the constituents used here in the 

present study were obtained from Alpha Chemika, 

2022-2023, Andheri W. Mumbai and Kasliwal 

brothers, Bhatia complex, Raipur. The melting points 

of the new-synthesized compounds were found by 

open capillary method and were uncorrected. Thin-

layer chromatography (TLC) was used to follow the 

course of reactions and to determine the purity of 

synthesized compounds on Silica gel G (E. Merck) 

plates eluting with acetonitrile/carbon tetrachloride 

(60:40, v/v). The KBr pellet method was used to 

obtain infrared (IR) spectra by using the JASCO FTIR 

spectrophotometer. All the 1H NMR spectra were 

acquired in DMSO-d6 on a Bruker Advance 400 MHz 

NMR spectrophotometer with tetramethyl silane 

(TMS) as internal standard. The 13C NMR spectra 

were obtained at 100 MHz in DMSO-d6. Mass 

spectral analysis was performed using electron 

ionization mass spectrometry (EI-MS) on a 

SHIMADZU-2010 AT mass spectrometer. 

2.2 Synthesis and Characterization  

2.2.1 General procedure for the synthesis of 2,6-

diamino-5-nitrosopyrimidin-4-ol (1) 
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A mixture of guanidine hydrochloride (0.02 mol) and 

50% aqueous NaOH solution was stirred, and 500 mL 

of ethyl cyanoacetate (0.02 mol) was slowly added to 

the reaction with stirring, with the reaction 

temperature raised under 40 °C. The reaction mixture 

was then slowly heated at a uniform speed on a bench-

top using proper stirring, at 120-160 °C to the stage 

where water was no longer evolved and a whitish-

brown precipitate was obtained. This was 

immediately cooled to below 100 °C, and the 

appropriate amount of water was added. The solution 

thus obtained was buffered by dropwise addition of 

concentrated HCl, and then an equimolar amount of 

sodium nitrite (NaNO2) was added under continuous 

stirring, thus neutralized. Then, concentrated HCl was 

added dropwise into it until a deep pink-red 

precipitate was formed. The precipitate obtained was 

filtered, washed, dried, and recrystallized from 

ethanol to obtain the desired product [8]. 

Color: Deep pink-red powder; % Yield: 78-85%; 

M.P.: 164-172 °C; IR (KBr, cm⁻¹): 3420-3300 (O-H), 

3180 (Ar C–H), 1665 (C=N), 1605 (N=O), 1560 

(C=C), 1345 (C-N), 1240 (C-O), 1105 (N-O); 1H 

NMR (400 MHz, DMSO-d₆) δ ppm: 5.40 (s, OH), 
6.80-7.20 (NH₂), 8.10 (s, NH), 8.45 (s, heterocyclic 
proton); 13C NMR (100 MHz, DMSO-d₆) δ ppm: 
108.5, 126.4, 138.2, 145.6, 151.8, 156.4, 161.2. 

2.2.2 General procedure for the synthesis of 2-

amino-6-methyl-7-phenylpteridin-4-ol (2) 

A solution of nitroso pyrimidine (0.02 mol) was 

prepared in DMSO using ultrasonication, followed by 

the addition of an equimolar alcoholic solution of 

potassium acetate under stirring. Subsequently, an 

equimolar amount of the propiophenone was 

dropwise added to the resulting mixture, which was 

refluxed for 3–4 h. Once the reaction was completed 

(checked by TLC), the mixture was allowed to cool 

and then diluted with 4% NaOH solution. The 

reaction mixture was neutralised with acetic acid and 

was poured on crushed ice, creating a precipitate. The 

solid obtained was filtered and washed, and then 

recrystallized from ethanol and dried, giving the 

desired compound [9]. 

Color: Light pink rose powder; % Yield: 82.40; M.P.: 

238–242 °C; IR (KBr, cm⁻¹): 3418.62 (O-H), 3328.45 

(N-H), 3058.73 (Ar C-H), 2924.38 (CH3), 1662.84 

(C=O/OH tautomeric), 1615.27 (C=N), 1568.14 (Ar 

C=C), 1328.56 (C–N); 1H NMR (400 MHz, DMSO-

d₆) δ ppm: 2.31 (s, 3H, CH₃), 7.12–7.58 (m, 5H, Ar-

H), 8.05 (s, 1H, NH), 8.62 (s, 1H, NH), 10.84 (s, 1H, 

OH); 13C NMR (100 MHz, DMSO-d₆) δ ppm: 18.6, 
116.8, 123.5, 126.2, 128.4, 130.7, 136.9, 145.2, 151.8, 

156.4, 160.7, 164.3; 

2.2.3 General procedure for the synthesis of 3,4,5-

trihydroxy-N-(4-hydroxy-6-methyl-7-

phenylpteridin-2-yl) benzamide (3) 

The equimolar solution of Intermediate 2, along with 

boric acid and gallic acid were refluxed for 16 h in 

ethanol. TLC was used for monitoring the progress of 

the reaction. Once the reaction was completed, the 

reaction mixture was cooled to room temperature, and 

then n-hexane was added to the mixture. This mixture 

was then poured onto crushed ice, and a precipitate 

was formed. The solid obtained was collected, washed 

with cold water, and recrystallized from ethanol, 

filtered, and dried at 50-60 °C to yield the final 

compound [10].  

Color: Brownish yellow powder; % Yield: 79.65; 

M.P.: 262-267 °C; IR (KBr, cm⁻¹): 3435.84 (O-H), 

3322.71 (N-H), 3065.48 (Ar C-H), 2931.62 (CH3), 

1712.45 (C=O, amide), 1658.73 (C=N), 1608.26 (Ar 

C=C), 1542.81 (N-H bending), 1368.35 (C-N), 

1246.74 (phenolic C-O); 1H NMR (400 MHz, DMSO-

d₆) δ ppm: 2.28 (s, 3H, CH3), 6.15-6.82 (m, 3H, 

aromatic OH-substituted ring), 7.10-7.64 (m, 5H, Ar-

H), 8.18 (s, 1H, NH), 8.74 (s, 1H, NH), 9.45-10.26 (s, 

3H, OH), 11.12 (s, 1H, CONH); 13C NMR (100 MHz, 

DMSO-d₆) δ ppm: 18.9, 102.8, 108.6, 114.2, 118.5, 

123.8, 126.4, 128.1, 130.6, 136.8, 145.3, 148.6, 151.2, 

156.7, 160.4, 164.8, 169.5;  

2.2.4 General procedure for the synthesis of 4-(4-

hydroxy-6-methyl-2-(3,4,5-trihydroxybenzamido) 

pteridin-7-yl) benzene sulfonyl chloride (4) 

An equimolar solution of Intermediate 3 was prepared 

in glacial acetic acid, and Zinc chloride (ZnCl2) was 

added to the prepared equimolar solution and stirred 

continuously. A viscous red solution was formed by 

heating the reaction mixture at 142 °C for 1-2 h. The 

reaction was completed by TLC, and then the mixture 

was cooled to room temperature. The solution, which 

was cooled, was stirred continuously, and the aqueous 

HCl solution (saturated aqueous HCl: water, 1/1 v/v) 

was added dropwise so that a precipitate was formed. 



Nitypal Singh Chouhan, Int. J. Sci. R. Tech., 2026 3(6), 273-286 |Research 

                 

              INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH AND TECHNOLOGY                                                              276 | P a g e  

The obtained solid was filtered, washed with distilled 

water, and dried to yield the desired product [11]. 

Color: White powder; % Yield: 81.72; M.P.: 212-216 

°C; IR (KBr, cm⁻¹): 3442.36 (O-H), 3335.84 (N-H), 

3062.18 (Ar C-H), 2928.47 (CH3), 1710.65 (C=O, 

amide), 1652.84 (C=N), 1604.72 (Ar C=C), 1546.18 

(N-H), 1378.35 (S=O, sulfonyl), 1324.67 (C-N), 

1242.56 (phenolic C-O), 1168.48 (S=O asymmetric 

stretching), 758.31 (S-Cl); 1H NMR (400 MHz, 

DMSO-d₆) δ ppm: 2.34 (s, 3H, CH3), 6.22-6.88 (m, 

3H, aromatic OH-substituted ring), 7.18-7.95 (m, 4H, 

Ar-H), 8.24 (s, 1H, NH), 8.82 (s, 1H, NH), 9.58-10.38 

(s, 3H, OH), 11.26 (s, 1H, CONH); 13C NMR (100 

MHz, DMSO-d₆) δ ppm: 18.7, 103.2, 108.4, 114.8, 
119.2, 124.6, 127.3, 129.8, 133.6, 138.2, 145.8, 149.4, 

152.1, 156.8, 160.6, 165.2, 170.1. 

2.2.5 General procedure for the synthesis of 3,4,5-

trihydroxy-N-(4-hydroxy-6-methyl-7-(4-(N-

(substituted) sulfamoyl) phenyl) pteridin-2-yl) 

benzamide (5a-f) 

An equimolar amount of substituted aniline derivative 

was then added to a solution of the intermediate 

compound (0.001mol) in ethanol, while stirring, 

which resulted in a solution of product 2 (0.001mol). 

Then, an aqueous solution at 0-5 ° C of NaOH 2% was 

dropped into the reaction mixture. The reaction was 

stirred continuously till appearance of a yellowish-

brown precipitate occurred at the same temperature 

for 2-3 h, and the reaction progress was monitored by 

using TLC. The precipitate thus obtained was filtered, 

washed with cold ethanol, and recrystallized from 

ethanol. The purified product was finally dried at 50-

60 °C to yield the desired product [12]. 

2.2.6 3,4,5-trihydroxy-N-(4-hydroxy-6-methyl-7-

(4-(N-(o-tolyl) sulfamoyl) phenyl) pteridin-2-yl) 

benzamide (5a) 

Color: yellowish-brown powder; % Yield: 84.18; 

M.P.: 241-246 °C; IR (KBr, cm⁻¹): 3448.52 (O-H), 

3332.84 (N-H), 3068.27 (Ar C-H), 2934.62 (CH3), 

1708.46 (C=O, amide), 1655.28 (C=N), 1606.74 (Ar 

C=C), 1544.38 (N-H), 1365.82 and 1162.47 (SO₂, 
sulfonamide stretching), 1328.65 (C-N), 1244.58 

(phenolic C-O); 1H NMR (400 MHz, DMSO-d₆) δ 
ppm: 2.26 (s, 3H, CH3), 2.38 (s, 3H, Ar-CH3), 6.18-

6.85 (m, 3H, aromatic OH-substituted ring), 7.02-7.88 

(m, 8H, Ar-H), 8.16 (s, 1H, NH), 8.76 (s, 1H, NH), 

9.42-10.28 (s, 3H, OH), 10.84 (s, 1H, SO₂NH), 11.18 
(s, 1H, CONH); 13C NMR (100 MHz, DMSO-d₆) δ 
ppm: 18.8, 21.4, 102.6, 108.8, 114.6, 118.4, 123.7, 

126.2, 128.5, 130.8, 133.2, 136.9, 142.8, 145.6, 149.2, 

152.4, 156.5, 160.2, 164.8, 169.7; MS: calculated 

[M+] m/z Found: 574.08. 

2.2.7 3,4,5-trihydroxy-N-(4-hydroxy-7-(4-(N-(3-

methoxyphenyl) sulfamoyl) phenyl)-6-

methylpteridin-2-yl) benzamide (5b) 

Color: bright yellow powder; % Yield: 85.36; M.P.: 

229-234 °C; IR (KBr, cm⁻¹): 3445.72 (O-H), 3336.48 

(N-H), 3070.25 (Ar C-H), 2945.63 (CH3), 1712.36 

(C=O, amide), 1654.82 (C=N), 1608.45 (Ar C=C), 

1546.38 (N-H), 1368.54 and 1165.22 (SO₂ 
asymmetric and symmetric stretching), 1325.84 (C-

N), 1252.73 (Ar-O-CH3), 1238.46 (phenolic C-O); 1H 

NMR (400 MHz, DMSO-d₆) δ ppm: 2.28 (s, 3H, 
CH3), 3.76 (s, 3H, OCH3), 6.15-6.82 (m, 3H, aromatic 

OH-substituted ring), 6.95-7.92 (m, 8H, Ar-H), 8.18 

(s, 1H, NH), 8.74 (s, 1H, NH), 9.48-10.34 (s, 3H, OH), 

10.88 (s, 1H, SO₂NH), 11.24 (s, 1H, CONH); 13C 

NMR (100 MHz, DMSO-d₆) δ ppm: 18.6, 55.4, 102.8, 
108.5, 114.2, 116.4, 119.3, 123.8, 126.7, 128.6, 130.4, 

133.5, 138.2, 145.4, 149.6, 152.3, 156.8, 159.4, 160.7, 

164.9, 169.8; MS: calculated [M+] m/z Found: 590.02. 

2.2.8 3,4,5-trihydroxy-N-(4-hydroxy-6-methyl-7-

(4-(N-(4-nitrophenyl) sulfamoyl) phenyl) pteridin-

2-yl) benzamide (5c) 

Color: Dark yellow powder; % Yield: 83.84; M.P.: 

221-225 °C; IR (KBr, cm⁻¹): 3442.68 (O-H), 3334.25 

(N-H), 3072.16 (Ar C-H), 2932.74 (CH3), 1710.42 

(C=O, amide), 1656.38 (C=N), 1605.84 (Ar C=C), 

1532.48 (NO2 asymmetric stretching), 1544.72 (N-H 

bending), 1364.28 (SO₂ stretching), 1346.15 (NO₂ 
symmetric stretching), 1162.54 (SO₂ symmetric 
stretching), 1240.62 (phenolic C–O), 1328.47 (C-N); 
1H NMR (400 MHz, DMSO-d₆) δ ppm: 2.30 (s, 3H, 
CH₃), 6.18-6.86 (m, 3H, aromatic OH-substituted 

ring), 7.18-8.24 (m, 8H, Ar-H), 8.28 (s, 1H, NH), 8.82 

(s, 1H, NH), 9.52-10.38 (s, 3H, OH), 10.92 (s, 1H, 

SO₂NH), 11.30 (s, 1H, CONH); 13C NMR (100 MHz, 

DMSO-d₆) δ ppm: 18.8, 102.6, 108.9, 114.4, 119.2, 
123.8, 125.6, 127.4, 130.8, 136.4, 142.8, 145.7, 147.6, 

149.8, 152.5, 156.6, 160.5, 164.8, 169.9; MS: 

calculated [M+] m/z Found: 605.02. 
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2.2.9 N-(7-(4-(N-(2-chlorophenyl) sulfamoyl) 

phenyl)-4-hydroxy-6-methylpteridin-2-yl)-3,4,5-

trihydroxybenzamide (5d) 

Color: yellow powder; % Yield: 84.62; M.P.: 238-242 

°C; IR (KBr, cm⁻¹): 3446.38 (O-H), 3331.54 (N-H), 

3068.72 (Ar C-H), 2934.18 (CH3), 1711.26 (C=O, 

amide), 1654.84 (C=N), 1607.48 (ArC=C), 1542.65 

(N-H), 1366.84 and 1164.52 (SO₂ asymmetric and 
symmetric stretching), 1324.36 (C-N), 1242.58 

(phenolic C-O), 758.42 (C-Cl); 1H NMR (400 MHz, 

DMSO-d₆) δ ppm: 2.29 (s, 3H, CH3), 6.16-6.84 (m, 

3H, aromatic OH-substituted ring), 7.08-7.96 (m, 8H, 

Ar-H), 8.22 (s, 1H, NH), 8.78 (s, 1H, NH), 9.46-10.32 

(s, 3H, OH), 10.86 (s, 1H, SO₂NH), 11.22 (s, 1H, 
CONH); 13C NMR (100 MHz, DMSO-d₆) δ ppm: 
18.7, 102.8, 108.6, 114.5, 118.8, 123.6, 126.8, 128.4, 

130.6, 132.8, 136.9, 142.6, 145.5, 149.4, 152.2, 156.7, 

160.4, 164.9, 169.8; MS: calculated [M+] m/z Found: 

594.01. 

2.2.10 N-(7-(4-(N-(4-bromophenyl) sulfamoyl) 

phenyl)-4-hydroxy-6-methylpteridin-2-yl)-3,4,5-

trihydroxybenzamide (5e) 

Color: Brown powder; % Yield: 82.94; M.P.: 211-216 

°C; IR (KBr, cm⁻¹): 3444.52 (O-H), 3333.68 (N-H), 

3066.84 (Ar C-H), 2932.45 (CH3), 1710.84 (C=O, 

amide), 1655.26 (C=N), 1606.52 (Ar C=C), 1543.28 

(N-H), 1367.46 and 1163.82 (SO₂ asymmetric and 
symmetric stretching), 1326.24 (C-N), 1241.58 

(phenolic C-O), 612.34 (C-Br); 1H NMR (400 MHz, 

DMSO-d₆) δ ppm: 2.31 (s, 3H, CH3), 6.18-6.86 (m, 

3H, aromatic OH-substituted ring), 7.12-8.02 (m, 8H, 

Ar-H), 8.24 (s, 1H, NH), 8.80 (s, 1H, NH), 9.48-10.34 

(s, 3H, OH), 10.88 (s, 1H, SO₂NH), 11.26 (s, 1H, 
CONH); 13C NMR (100 MHz, DMSO-d₆) δ ppm: 
18.8, 102.7, 108.8, 114.6, 119.1, 123.8, 126.6, 128.8, 

130.7, 132.4, 137.2, 142.8, 145.6, 149.5, 152.3, 156.8, 

160.5, 165.1, 169.9; MS: calculated [M+] m/z Found: 

637.58. 

2.2.11 N-(7-(4-(N-(4-ethylphenyl) sulfamoyl) 

phenyl)-4-hydroxy-6-methylpteridin-2-yl)-3,4,5-

trihydroxybenzamide (5f) 

Color: Off-white powder; % Yield: 85.74; M.P.: 232-

236 °C; IR (KBr, cm⁻¹): 3448.26 (O-H), 3334.72 (N-

H), 3068.45 (Ar C-H), 2962.84 and 2931.42 (aliphatic 

C-H), 1712.34 (C=O, amide), 1654.68 (C=N), 

1605.82 (Ar C=C), 1543.28 (N-H), 1368.56 and 

1164.22 (SO₂ asymmetric and symmetric stretching), 
1325.64 (C-N), 1240.85 (phenolic C-O); 1H NMR 

(400 MHz, DMSO-d₆) δ ppm: 1.18 (t, 3H, CH3), 2.58 

(q, 2H, CH₂), 2.30 (s, 3H, heterocyclic CH₃), 6.16-

6.84 (m, 3H, aromatic OH-substituted ring), 7.02-7.92 

(m, 8H, Ar-H), 8.20 (s, 1H, NH), 8.76 (s, 1H, NH), 

9.46-10.28 (s, 3H, OH), 10.84 (s, 1H, SO₂NH), 11.18 
(s, 1H, CONH); 13C NMR (100 MHz, DMSO-d₆) δ 
ppm: 15.2, 18.7, 28.4, 102.8, 108.5, 114.6, 118.8, 

123.7, 126.4, 128.6, 130.8, 136.8, 142.6, 145.5, 149.4, 

152.2, 156.7, 160.4, 164.8, 169.7; MS: calculated 

[M+] m/z Found: 588.05. 

2.3 Biological Activity  

2.3.1 Antioxidant Activity  

The antioxidant activity of the synthesized compound 

was evaluated using the 2,2-diphenyl-1-

picrylhydrazyl (DPPH) free radical scavenging assay. 

A 0.1 mM methanolic DPPH solution was prepared 

and mixed with different concentrations of the test 

compound (20, 40, 60, 80, and 100 µg/mL). The 

reaction mixtures were incubated in the dark at room 

temperature for 30 min to allow completion of the 

reaction. After incubation, absorbance was measured 

at 517 nm using a UV–Visible spectrophotometer 

against methanol as the blank. The decrease in 

absorbance relative to the DPPH control was 

considered indicative of radical scavenging activity, 

and the percentage inhibition was calculated 

accordingly [13]. 

2.3.2 Experimental Animals  

Albino Wistar Rats of either sex (150–200 g, 15–18 

weeks old) were used for the in vivo study. Animals 

were procured from the Central Animal Facility of 

Shri Rawatpura Sarkar Institute of Pharmacy and 

acclimatized under standard laboratory conditions, 

including a temperature of 25 ± 2 °C, relative 

humidity of 60-70%, and a 12 h light/dark cycle. The 

animals were housed in polypropylene cages with free 

access to standard pellet feed and water throughout 

the study period. All experimental protocols were 

performed in accordance with the guidelines 

established by the Committee for Control and 

Supervision of Experiments on Animals (CCSEA). 

Ethical approval for conducting the study was 

obtained from the Institutional Animal Ethics 

Committee (IAEC), Shri Rawatpura Sarkar Institute 
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of Pharmacy (Approval No.: 

SRIP/IAEC/2024/25/B/11). 

2.3.3 In-vivo Anti-arthritic Activity  

Inflammation and arthritic potential were evaluated in 

the Complete Freund's Adjuvant (CFA)-induced 

arthritis model. Rats were divided into four groups 

(n=6). Groups II through IV were given only a single 

CFA injection (0.1 mL) into the left hind paw and 

Group I was injected with saline. Once a day for 28 

days, the topical applications (Placebo, 

Lefluonamide, compound 5b) were applied after the 

induction. Paw edema was assessed on days 0, 7, 14, 

21 and 28 to evaluate the course of the disease and the 

therapeutic response.[14].  

2.4 Computational Study  

2.4.1 Molecular Docking Study  

Molecular docking analysis was performed to 

evaluate the binding affinity, interaction patterns, and 

molecular recognition of the synthesized quinazoline 

derivatives (5a-f) and the standard drug Leflunomide 

against the human dihydroorotate dehydrogenase 

complexed with antiproliferative agent (PDB: 1D3H, 

Resolution:  1.80 Å). The crystal structure of the 

target protein was retrieved from the Protein Data 

Bank (PDB) database [15-16]. The two-dimensional 

(2D) chemical structures of the synthesized 

compounds and standard drug were drawn using 

ChemDraw version 22.2.0 (64-bit) and subsequently 

converted into three-dimensional (3D) molecular 

geometries using Chem3D version 22.2.0 (64-bit). 

The generated 3D structures were subjected to energy 

minimization using the MM2 force field algorithm to 

obtain stable conformations with minimum energy. 

The optimized ligand structures were exported in pdb 

format for further docking analysis [17]. Molecular 

docking simulations were carried out using Molegro 

Virtual Docker (MVD) version 6.0. The docking 

protocol was performed within the active site cavity 

of the target protein by defining the binding pocket 

parameters, including cavity surface area and volume. 

A spherical search space with a radius of 15.0 Å was 

employed around the active binding region. Docking 

calculations were conducted using a grid resolution of 

0.30 Å, population size of 50, 1500 iterations, and 10 

independent runs per ligand to ensure optimal binding 

conformations [18-19]. The binding interactions, 

docking poses, hydrogen bonding, steric interactions, 

and ligand–protein interaction profiles of the docked 

complexes were further visualized and analyzed using 

Discovery Studio Visualizer (BIOVIA). The docking 

results were interpreted based on binding energy 

scores, interaction patterns, and molecular stability 

within the active site of the target protein [20]. 

3. RESULTS AND DISCUSSION  

3.1 Chemistry  

The synthetic pathway adopted for the preparation of 

target sulfonamide-linked pteridine derivatives (5a-f) 

involved a multistep reaction sequence as illustrated 

in Scheme 1. Reaction of guanidine hydrochloride 

and ethyl cyanoacetate, first in alkaline conditions 

such as sodium hydroxide, yielded the expected 

condensation product, 2,6-diamino-5-

nitrosopyrimidin-4-ol (1). The characteristic bands in 

the IR spectrum for the nitrosite group, imine group, 

and hydroxyl group confirmed the formation of 

compound 1. The 1H NMR spectrum revealed the 

signals of NH2, NH, and hydroxyl protons, and the 

peaks in the 13C NMR spectrum confirmed the 

pyrimidine structure. Treatment of intermediate 1 

with propiophenone containing potassium acetate 

resulted in cyclization to yield 2-amino-6-methyl-7-

phenylpteridin-4-ol (2). The presence of a 

characteristic 2 protons resonating at a chemical shift 

of δ 2.31 ppm in the 1H NMR spectrum is indicative 

of successful formation of the pteridine nucleus, with 

the corresponding disappearance of nitroso-related 

peaks demonstrating the successful incorporation of 

the 2-nitroso into ring. The aromatic proton 

resonances within the range of 7.12-7.58 ppm and the 

carbon resonance signal in the 13C NMR also 

suggested the heterocyclic structure. 

Compound 2 was coupled with gallic acid to give 

compound 3 as a 3,4,5-trihydroxy-N-(4-hydroxy-6-

methyl-7-phenylpteridin-2-yl) benzamide. The 

introduction of the Amide moiety was confirmed by 

strong IR bands corresponding to C=O around 1712 

cm⁻¹ and broad bands corresponding to O-H 

stretching. Multiple hydroxyl proton signals (δ 9.45-

10.26 ppm) and the amide NH proton resonance (δ 
11.12 ppm) were visible in the ^1H NMR spectrum, 

verifying the formation of benzamide. Key 

intermediate 4 was obtained by functionalization of 

intermediate 3 with sulfonyl chloride. The 
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characteristic stretching vibration of sulfonyl groups 

is observed around 1378cm⁻¹, and the characteristic 
vibration of S-Cl appeared near 758cm⁻¹. The results 
supported the successful sulfonylation. Finally, 

intermediate 4 was subjected to nucleophilic 

substitution reactions with different substituted 

aniline derivatives to yield the desired sulfonamide 

derivatives (5a-f) in 82-86% yields. The synthetic 

compounds that were created had either more 

electron-donating or electron-withdrawing groups, 

such as a methyl group, a methoxy group, a nitro 

group, a chloro group, a bromo group, or an ethyl 

group. IR spectra of compounds (5a-f) in all cases 

showed absorption bands of the hydroxyl, 

aminocarbonyl, imine, and sulfonamide groups at 

3442-3448, 1708-1712, 1654-1656, and 1364-1368, 

respectively, and 1162-1165 cm⁻¹, confirming the 
preservation of the core pharmacophore. The 

existence of a large amount of intermolecular 

hydrogen bonding was suggested by the presence of 

broad O-H and N-H stretching bands. All target 

compounds exhibited prominent singlets between 

2.26 and 2.34 ppm in the 1H NMR spectrum, which 

corresponds to the pteridine methyl group. The 

protons in the aromatic rings occurred between δ 6.9-

8.2 ppm, and the NH protons in sulfonamide groups 

appeared in the region of δ 10.84-10.92 ppm. The NH 

signals of the amides were observed downfield at δ 

11.18-11.30 ppm, which was attributed to hydrogen 

bonding effects. The phenol hydroxyl protons were 

observed and found between δ 9.42-10.38 ppm, 

confirming the introduction of trihydroxy benzamide 

units. The 13C NMR spectra also verified the structure 

of the synthetic derivatives by the presence of 

characteristic 13C signals in the carbonyl region (δ 
164-170 ppm) and aromatic/heterocyclic carbon 

region (δ 102-160 ppm). Other carbons confirmed the 

structure with a substituent C=O signal at 55.4 ppm in 

compound 5b, and C=O signals at 15.2 ppm and at 

28.4 ppm in compound 5f. The molecular structures 

of compound (5a-f) were confirmed by means of mass 

spectral analysis, and the molecular ion peaks of the 

expected molecular weights (5a) m/z 574.08, (5b) m/z 

590.02, (5c) m/z 605.02, (5d) m/z 594.01, (5e) m/z 

637.58, and (5f) m/z 588.05 were observed. The 

molecular ion peaks were observed and correspond 

well with the calculated molecular weight values, 

indicating successful synthesis of the target 

compounds. In conclusion, the well-developed 

synthetic route was successfully employed for the 

synthesis of the desired sulfonamide-linked pteridines 

(5a-f) in moderate to excellent yields and with 

adequate methodological purity. All the synthesized 

compounds were characterized by the methods of 

spectroscopic data (FT-IR, 1H NMR, 13C NMR, and 

MS), which confirmed the proposed structures. 
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Scheme 1. Synthetic strategies for newly designed pteridine derivatives (5a-f). 

3.2 Biological Activity  

3.2.1 Antioxidant Activity 

The antioxidant activity of the synthesized 

quinazoline derivatives (5a-f) was determined by 

DPPH free radical scavenging activity and compared 

to ascorbic acid (Figure 1). The analysis revealed that 

higher IC50 values were associated with higher 

antioxidant properties. The compound with the lowest 

IC50 value (28.77 ± 0.86 µg/mL) was compound 5b 

that has the highest antioxidant activity among all 

compounds tested, as compared to ascorbic acid (IC50 

value = 33.67 ± 0.79 µg/mL). Compounds 5a, 5d, and 

5e exhibited moderate antioxidant activity, whereas 

compounds 5c and 5f exhibited comparatively less, 

with a higher IC50 value. The increased activity of 

compound 5b can be explained by the effects of the 

5b structure and substituents for the increased electron 

donation and radical stabilization. In summary, the 

results are indicative that compound 5b is the best 

antioxidant derivative of the synthesized compounds, 

and it can be used as a lead molecule for further 

biological studies. 
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Figure 1. Antioxidant activity of the synthesized compounds (5a-f) along with ascorbic acid through 

DPPH assay. 

3.2.2 Anti-arthritic Activity  

The anti-arthritic activity of compound 5b was 

assessed by measuring the percent inhibition of paw 

oedema volume after 28 days and the results were 

compared with the control and standard-treated 

groups (Table 1). The increment of paw oedema was 

progressive in the control group over the study period, 

which is an indication of progressive inflammation 

and arthritis induction. Animals that were not treated 

saw an increase in paw swelling from +27.69% (0 

day) to +234.61% (21 days) and even further up to 

+163.84% (28 days), indicating arthritis progression. 

The standard-treated group, on the other hand, 

showed a significant decrease in paw oedema size, as 

the extent of inhibition was from -13.51% to -33.65% 

confirming significant inhibition of arthritic 

symptoms and inflammatory response. Of all 

compounds tested, compound 5b showed very high 

antiarthritic activity which caused a gradual decrease 

in paw oedema throughout the treatment period. The 

compound showed -7.42% inhibition on day 0, which 

gradually increased to -8.33% (7 days), -37.98% (14 

days), -42.14% (21 days), and -43.68% (28 days) is 

depicted in Figure 2. The greatest decrease on day 28 

suggests high anti-antiarthritic activity and prevention 

of arthritis development. In particular, compound 5b 

showed higher inhibition when paw oedema was 

measured at later stages (21 and 28 days) in 

comparison to the control drug indicating high anti-

arthritic activity. The continuing decrease in paw 

swelling could be explained by the inhibition of 

inflammatory mediators, reduction in the number of 

immune cells, and regulation of pathways that play a 

role in chronic arthritis. Hence, the results indicated 

that compound 5b exhibited promising anti arthritic 

efficacy, which could be used as starting molecules in 

the preparing of anti-antiarthritic drugs. 

S. No. Time (h) 
% Changes in paw volume 

Control group Standard group Compound 5b 

1 0 day + 27.69 - 13.51 -7.42 

2 7 days + 38.46 - 1.38 - 8.33 

3 14 days + 161.63 - 33.65 -37.98 
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4 21 days + 234.61 - 29.69 - 42.14 

5 28 days + 163.84 - 27.83 - 43.68 

Table 1. % change in paw oedema after treatment. 

 

Figure 2. Effect of daidzein on the paw volume in rats

3.3 Computational Study  

3.3.1 Molecular Docking Study  

Molecular Docking Study  

A molecular docking study was conducted to evaluate 

the binding affinity and interaction pattern of the 

synthesized quinazoline derivatives (5a-f) with the 

active site of the target protein, comparing them to the 

standard drug, Leflunomide. The docking results 

indicated that all the designed ligands exhibited better 

binding properties than the standard, as reflected by 

improved MolDock scores. The synthesized 

compounds had MolDock score values ranging from 

-163.360 to -193.269 kcal/mol, while the standard 

drug scored -122.456 kcal/mol, suggesting a higher 

capability of the compounds to interact with the 

protein(Table 1). The stability of complex formation 

was primarily attributed to hydrogen bonding 

interactions between compound 5b and key amino 

acid residues, including Thr212, Asn382, Thr206, 

Trp387, Gln203,and His388. Similarly, compound 5d 

displayed significant interactions with residues 

Thr212, Thr206, Asn382, Trp387, and His388, 

indicating similar interaction behavior (Figure 3). The 

drug mostly formed hydrogen bonds with Thr212, 

Asn382, Thr383, and His388. Notably, all the 

designed ligands maintained these interactions and 

also established additional contacts with other 

residues, such as Gln203, Thr206, Trp387, Gln454, 

and Ser455, which may enhance binding stability and 

inhibitory activity. The common interactions with 

amino acids for both the standard drug and 

synthesized compounds suggest that they likely share 

the same binding mode within the active pocket of the 

target protein. Although compound 5c had the lowest 

docking score among the two, it formed ten H-bonds 

with amino acid residues, including Ala199, Gln203, 

Tyr385, His207, Gln454, Thr212, Thr383, and 

Ser455. Overall, the docking results demonstrated 

that the synthesized derivatives possess strong 

binding potential and form robust intermolecular 

interactions with the biological target, supporting 

their potential as inhibitors. The three-dimensional 

(3D) molecular images of compounds 5b and 5d in the 

active sites of the target protein are revealed in Figure 
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4. The docked complexes exhibited favorable binding 

orientations and maintained good stability within the 

catalytic pocket. Interactions with key amino acid 

residues at the active site were observed for both 

compounds, similar to those with the standard drug, 

indicating enhanced binding affinity and stability in 

the docking analysis. Such interactions may suggest 

higher targeting potential of the synthesized 

derivatives toward the selected protein. 

 

Compound ID 
MolDock Score 

(kcal/mol) 

Interaction 

(kcal/mol) 

H-Bond 

(kcal/mol) 

No. of 

H-bonds 

H-bonds 

Interaction 

Lefluonamide -122.456 -46.852 -10.85 6 
Thr212, Asn382, 

Thr383, His388 

5a -171.552 -84.779 -12.01 9 

Thr212, Asn382, 

Gln454, Thr383, 

Ser455 

5b -193.269 -131.075 -13.26 7 

Thr212, Asn382, 

Thr206, Trp387, 

Gln203, His388 

5c -163.36 -59.386 -3.53 10 

Ala199, Gln203, 

Tyr385, His207, 

Gln454, Thr212, 

Thr383, Ser455 

5d -189.469 -124.187 -7.57 6 

Thr212, Thr206, 

Asn382, Trp387, 

His388 

5e -181.095 -127.481 -6.90 5 
Gln203, His388, 

Trp387, Thr206 

5f -174.503 -39.6520 -11.52 6 
Thr212, Thr383, 

Ser455, Asn382 

Table 1. Molecular docking results of synthesized sulfonamide containing Pteridine analogues (5a–f) 

and the standard drug Leflunomide against the target protein. 
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Figure 3. 2D molecular interaction analysis of compounds 5b and 5d within the active binding pocket of 

the target protein, illustrating hydrogen bonding and hydrophobic interactions with key amino acid 

residues. 

 

Figure 4. 3D molecular visualization of compounds 5b and 5d docked into the active site of the target 

protein, showing binding orientation and stabilization within the catalytic pocket. 

CONCLUSION 

In the present study, a series of novel Sulfonamide 

conjugates of Pteridines (5a-f) were successfully 

synthesized and characterized by FT-IR, NMR, and 

Mass spectral analysis techniques. The synthesized 

compounds showed good antioxidant and antiarthritic 

activity in the biological evaluation. Overall, 

compound 5b showed the highest antioxidant capacity 

(IC50 = 28.77 ± 0.86 µg/mL), best inhibition of paw 

oedema (-43.68% at the 28th day) for the CFA-

induced arthritis model, and best binding affinity in 

the molecular docking study (MolDock score = -

193.269 kcal/mol) with the target protein. The 

increased activity of 5b could be explained by the 

structural properties and bio-affinity towards the 

amino acid residues, which are crucial for the 

inflammatory pathways. The experimental and 

computational data support the idea that compound 5b 

might prove to have anti-arthritic properties and might 

be a promising lead compound for the preparation of 

new medicines to treat rheumatoid arthritis. It may be 

useful for further pharmacological and toxicity 

studies to confirm its clinical utility and safety. 
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