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ABSTRACT 

A series of 1-(4-substitutedbenzoyl)-3-(4-(2-oxo-2-(pyrrolidin-1 yl)ethyl)phenylsulfonyl)urea/gaunidine(5A-5F) 

and1-(4-(2-(4-methoxyphenylamino)-2-oxoethyl)phenylsulfonyl)-3-(4-nitrobenzoyl)urea (5G-5J) derivatives was 

design and synthesized as hypoglycemic agents. The structures of all the newly synthesized compounds were 

characterized by their melting point, TLC, IR spectroscopy, 1H-NMR and 13C-NMR. All these newly synthesized 

compounds were screened for their in vivo hypoglycemic activity using alloxan induced diabetic rat model. Docking 

studies were performed using iGEMDOCK program to predict the binding affinity and to understand interaction 

with various residues. Compounds 5B, 5G, and5I exhibited good hypoglycemic activity and binding affinity 

comparable to glibenclamide. Good binding affinity and in vivo hypoglycemic activity of 5B, 5G, 5I suggest that it 

can be further explored as hypoglycemic agents. 

Keywords: Diabetes mellitus; Sulphonylureas; ADME/T; AKR1C1; QikProp; Alloxan 

_____________________________________________________________________________ 

INTRODUCTION 

Diabetes mellitus (DM) is a major degenerative disease in the today’s world. It is a group of disorders of 

carbohydrate metabolism resulting from body's failure to produce insulin in Type 1 and insulin resistance in Type 2 

diabetes mellitus through altered secretion, decreased insulin activity, or a combination of both factors and 

characterized by hyperglycaemia [1]. Several epidemiological and clinical studies indicate a direct relationship 

between hyperglycemia and long-term complications such as retinopathy, nephropathy, neuropathy like micro and 

macrovascular complications. This disease is associated with reduced life expectancy significant morbidity due to 

specific diabetes related micro vascular complications that diminish the quality of life. India became the diabetic 

capital of the world with over 20 million diabetics and this number is set to increase to 57 million by 2025 [2,3]. 

Numerous drugs such as sulfonylureas and Biguanides are presently available to reduce hyperglycemia in diabetes 

mellitus. Inhibitors of DPP-4 have long been sought as tools to elucidate the functional significance of the enzyme 

[4]. The onset of insulin in the body, which causes an abnormal effect on glucose metabolism, is related not only to 

the development of Type II diabetes but also to cardiovascular disease. The most restricted item in the diets of both 

noninsulin-dependent and insulin dependent diabetic individuals is refined carbohydrate [5]. Pyrrolidine 

heterocycles [6-10] play important role in antidiabetic therapy for many years. Sulphonylureas [11-17] are backbone 

for antidiabetic therapy. Thus, there remains an urgent need to develop new antidiabetic agents with higher efficacy 

and lower toxicity for the long term treatment of T2DM. With the help of literature we have decided to design 
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sulphonylureas and pyrrolidine derivatives as hypoglycemic agents. Abbas Ahmadi et al. has reported Synthesis and 

Investigating Hypoglycemic and Hypolipidemic Activities ofSome Glibenclamide Analogues in Rats [16]. Xun Ji et 

al has reported. Design, synthesis and biological evaluation of 4-fluoropyrrolidine-2-carbonitrile and 

octahydrocyclopenta[b]pyrrole-2-carbonitrile derivatives as dipeptidyl peptidase IV inhibitors [10]. With reference 

[10,16] of we have decided to design, synthesis and in vivo biological activity of novel hypoglycemic agents. 

Figures 1 and 2 shows the lead compounds and targeted derivatives, design and modification in targeted molecule. 
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Figure 1: Design and modification strategies of novel 5A-5E compound 

 

Figure 2: Influences of structural components in determining the structure–activity relationship: A) methoxy group larger groups 

increasing the binding affinity and insulin secretion; B) acid amide moiety enhancing binding affinity by the factor 1000 in comparison to 

tolbutamide; C) acidic sulfonylurea group essential for binding; [17] D) benzene moiety increasing lipophilicity; F) electron withdrawing 

group like nitro, fluoro, chloro at the para position in compound to produce significant blood glucose lowering activity [18] 

MATERIALS AND METHODS 

Materials 
All the chemicals and reagents collected were of LR grade from Sigma Alderich & Loba Chemie. The reactions 

were monitored by thin layer chromatography on TLC silica gel 60 F254 plates for completion of the reaction; 

mobile phase solvents were selected as n-hexane: ethyl acetate (7:3). Melting points of all the synthesized 

compounds were checked in capillary tubes by using a melting point apparatus (VEEGO melting point apparatus). 

All the compounds were characterized by FT-IR spectrometer (Bruker); 1H NMR, 13C NMR spectra were obtained 

from 400 MHz NMR Spectrometer (Brüker Biospin, Switzerland) CoE Rajkot, Gujarat. Molecular weight of 

synthesized compounds was performed in Mass spectrophotometer (O2h discovery, Ahmedabad and Synzeal 

Research Pvt. Ltd, Gandhinagar).  

 

Experimental Section 

Molecular Docking Study: The Crystal structure of the pancreatic ATP-sensitive K+ channel SUR1/Kir6.2 

complexed with ATP and glibenclamide (PDB ID: 5TWV) was imported [19]. Docking, screening and post-analysis 

of the designed compounds were done using iGEMDOCK program with the protein target 5TWZ. The binding sites 

of the targets were prepared and the energy minimized compound was imported. During docking, at first the 

molecules were prepared and bonds, bond orders, explicit hydrogen’s, charges, flexible torsions were assigned to 

both the protein and ligands. From the docking, wizard ligands were selected and the scoring function used was 
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iGEMDOCK score. If hydrogen bonding is possible, the hydrogen bond energy contribution to the docking score is 

assigned a penalty based on the deviations from the ideal bonding angle. This option can significantly reduce the 

number of unlikely hydrogen bonds and also internal electrostatic interaction; internal hydrogen bond sp2-sp2 

torsions are calculated from the pose by enabling the ligand evaluation terms. The search algorithm is taken as 

iGEMDOCK and numbers of runs taken are 70 and max interactions were 2000 with population size 200 and with 

an energy threshold of 100 also at each step least 'min' torsions/translations/rotations are tested and the one giving 

lowest energy is chosen. If the energy is positive (i.e., because of a clash or an unfavourable electrostatic 

interaction), then additional 'max' positions will be tested. If the pose being docked is closer to one of the ligands in 

the list than specified by the Root Mean Square Deviation (RMSD) threshold, an extra penalty term (the energy 

penalty) is added to the scoring function. This ensures a greater diversity of the returned solutions since the docking 

engine will focus its search on poses different from earlier poses found. The energy penalty was set to 100, RMSD 

threshold was 2.00 and RMSD calculation standard docking were set. Docking was conducted between protein and 

inhibitor which results in binding affinities in kcal/mol. The hydrophobic preference and electrostatic preference 

were set to 1.00. The binding site of the target was 8Å. The empirical scoring function of iGEMDOCK was 

estimated as: 

Fitness = vdW + Hbond + Elec. 

Here, the vdW term is vander Waal energy. H-bond and Elect terms are hydrogen bonding energy and electro-static 

energy, respectively.  

General Procedure for Synthesis of 1-(4-substitutedbenzoyl)-3-(4-(2-oxo-2-(pyrrolidin-1-

yl)ethyl)phenylsulfonyl)urea/gaunidine (5A-5F) 

They were prepared by following the literature method [20]. Fridalcraft alkylation of 1-(4-substitutedbenzoyl)-3-

(phenylsulfonyl)urea/gaunidine (0.1 mmol) and 2-chloro-1-(pyrrolidin-1-yl)ethanone (1 mmol) was done for 7 hrs in 

the presence of anhydrous AlCl3 and dry DCM (50 ml) as solvent. A reaction mixture was cooled and washes with 

ice cold water. Solid product was recrystalize with rectified spirit.  

 

1-(4-Methoxybenzoyl)-3-(4-(2-oxo-2-(pyrrolidin-1-yl)ethyl)phenylsulfonyl)urea(5A): 

Yield: 65%, m.p 150-152°C; Rf=0.75 (ethyl acetate: hexane 2:8 v/v) IR (KBr) (ƛmax in cm
-1

): 3408(N-H Str), 

2850(C-H Str), 1695(C=O str). MS (ESI) m/z: 445[M+]1H NMR (DMSO): δ (ppm) 3.76(s,3H,OCH3), 

7.87(d,4H,ArH), 7.21(d,4H,ArH), 10.18(s,1H,NH), 2.34(t,4H,Pyrrolidine), 3.39(t,4H,Pyrrolidine) 

1-(4-Fluorobenzoyl)-3-(4-(2-oxo-2-(pyrrolidin-1-yl)ethyl)phenylsulfonyl)urea(5B): 

Yield: 75%; gray crystalline powder; m.p=124-126ºC; Rf=0.75 (ethyl acetate: hexane 2:8 v/v) IR (KBr) (ƛmax in 

cm
-1

): 3263(N-H Str), 2973(C-H Str), 1672(C=O str), 1378(S=O), 1150(C-F Str); MS(ESI); 435(M+2); 

1HNMR(DMSO): δ(ppm), 7.87(d, 4H, ArH), 7.25(d, 4H, ArH), 10.03(s, 1H, NH), 2.14(t,4H,Pyrrolidine), 

3.48(t,4H,Pyrrolidine) 

1-(4-Nitrobenzoyl)-3-(4-(2-oxo-2-(pyrrolidin-1-yl)ethyl)phenylsulfonyl)urea(5C): 

Yield: 75%; yellow crystalline powder; m.p=160-164ºC; Rf=0.60 (ethyl acetate: hexane 2:8 v/v) IR (KBr) (ƛmax in 

cm
-1

): 3449(N-H Str), 2989(C-H Str), 1680(C=O str), 1187(S=O), 1549 and 1318(N-O str), 1HNMR(DMSO): 

δ(ppm), 7.67 (d, 4H, ArH), 7.20 (d, 4H, ArH), 10.23 (s, 1H, NH), 2.17(t,4H,Pyrrolidine), 3.28(t,4H, Pyrrolidine)MS: 

m/z: 460 (M+) 

1-Benzoyl-3-(4-(2-oxo-2-(pyrrolidin-1-yl)ethyl)phenylsulfonyl)urea(5D): 

Yield: 65%; m.p: 116-118°C. Rf=0.60 (ethyl acetate: hexane 3:7 v/v) IR (KBr) (ƛmax in cm
-1

): 3274(N-H Str), 

2993(C-H Str), 1724(C=O str), 1102(S=O); MS:(m/z): 415[M+]; 1H NMR(δppm): 7.25(d, 4H, ArH), 

7.49(s,1H,ArH),7.89(d, 4H, ArH), 2.17(t,4H,Pyrrolidine), 3.28(t,4H, Pyrrolidine) 

 

1-(4-Chlorobenzoyl)-3-(4-(2-oxo-2-(pyrrolidin-1-yl)ethyl)phenylsulfonyl)urea(5E) 

Yield: 70%; m.p=122-126°C. Rf value: 0.5 (ethyl acetate: hexane: 0.7:0.3). IR (KBr) (ƛmax in cm
-1

): 3363(N-H 

Str), 2975(C-H Str), 1682(C=O str), 1378(S=O), 850(C-Cl Str); MS (m/z): 452[M+2]; 1HNMR (δ ppm), 7.87(d, 4H, 

ArH), 7.25(d, 4H, ArH), 10.03(s, 1H, NH), 2.14(t,4H,Pyrrolidine), 3.48(t,4H,Pyrrolidine) 

1-(4-Nitrobenzoyl)-3-(4-(2-oxo-2-(pyrrolidin-1-yl)ethyl)phenylsulfonyl)guanidine(5F): 

Yield: 70%; yellow crystalline powder; m.p=160-164ºC; Rf=0.60 (ethyl acetate: hexane 2:8 v/v) IR (KBr) (ƛmax in 

cm
-1

): 3449(N-H Str), 2989(C-H Str), 1680(C=O str)1187(S=O), 1575 and 1336(N-O str), 1HNMR(DMSO): 
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δ(ppm), 7.67(d, 4H, ArH), 7.20(d, 4H, ArH), 10.23(s, 1H, NH), 2.17(t,4H,Pyrrolidine), 3.28(t,4H,Pyrrolidine). MS: 

m/z: 459.2 (M+) 

General Procedure for Synthesis of 1-(4-substitutedbenzoyl)-3-(4-(2-(4-methoxyphenylamino)-2-

oxoethyl)phenylsulfonyl)urea (5G-5J) were prepared by following the literature method [20]  

1-(4-(2-(4-Methoxyphenylamino)-2-oxoethyl)phenylsulfonyl)-3-(4-nitrobenzoyl)gaunidine (5G): 

Yield: 60%; m.p=144-146°C. Rf value: 0.5 (mobile phase: ethyl acetate: hexane: 0.3:0.7); IR (KBr) (ƛmax in cm
-1

); 

3449(N-H Str), 2989(C-H Str), 1684(C=O str)1187(S=O), 1554 and 1320(N-O str); MS(ESI)(m/z): 510.8[M-1]; 

1HNMR (δ ppm): 7.67.21(d,4H,ArH), 8.18-8.206(d,4H,ArH), 10.24(s,1H,NH), 3.76(s,3H,OCH3), 3.062(s,2H,CH2) 

1-Benzoyl-3-(4-(2-(4-methoxyphenylamino)-2-oxoethyl)phenylsulfonyl)urea(5H): 

Yield: 42%; m.p=112-114°C. Rf value: 0.5 (mobile phase: ethyl acetate: hexane: 0.3:0.7); IR (KBr) (ƛmax in cm
-1

): 

3449(N-H Str), 2989(C-H Str),1688(C=O str)1187(S=O); MS(ESI) (m/z): 468(M+1); 1HNMR (δ ppm): 7.69-

7.21(d,4H,ArH), 8.18-8.206(d,4H,ArH), 10.24(s,1H,NH), 3.76(s,3H,OCH3), 3.062(s,2H,CH2) 

1-(4-((4-Methoxyphenyl)carbamoyl)phenylsulfonyl)-3-(4-fluorobenzoyl)urea(5I): 

Yield: 42%; m.p=112-114°C. Rf value: 0.55(mobile phase: ethyl acetate: hexane: 0.3:0.7); IR (KBr) (ƛmax in cm
-1

): 

3439(N-H Str), 2989(C-H Str), 1670(C=O str)1187(S=O); Mass (m/z): 471(M+1); 1H NMR (δ ppm): 7.69-

7.21(d,4H,ArH), 8.18-8.206(d,4H,ArH), 10.24(s,1H,NH), 3.76(s,3H,OCH3), 3.062(s,2H,CH2) 

1-(4-Chlorobenzoyl)-3-(4-(2-(4-methoxyphenylamino)-2-oxoethyl)phenylsulfonyl)urea(5J): 

Yield: 42%; m.p=112-114°C. Rf value: 0.55(mobile phase: ethyl acetate: hexane: 0.3:0.7); IR (KBr) (ƛmax in cm
-1

): 

3352(N-H Str), 2949(C-H Str), 1690(C=O str), 850(C-Cl), 1167(S=O); MS(ESI) (m/z):503[M+1];1H NMR (δ ppm) 

:7.69-7.21(d,4H,ArH), 8.18-8.206(d,4H,ArH), 10.24(s,1H,NH), 3.76(s,3H,OCH3), 3.062(s,2H,CH2) 

 

Scheme 1: Synthetic route for the preparation of the sulphonylureas/gaunidine derivatives Reagents and conditions: (a) Pyridine, 

CH3CH2OH, Reflux (yield >75%); (b) SOCl2, reflux, 3 h, (yield >60%); (c) Pyridine, CH3CH2OH, Reflux (yield >70%); (d) DRY THF, 

00C TO RT, Stirring, 4 h, RT (yield >85%). (e) Dry DCM, AlCl3, reflux, 6 hrs, (yield>60%) 
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Scheme 2: Synthetic route for the preparation of the sulphonylureas/gaunidine derivatives Reagents and conditions: (a) Pyridine, 

CH3CH2OH, Reflux (yield >75%); (b) SOCl2, reflux, 3 h, (yield >60%); (c) Pyridine, CH3CH2OH, Reflux (yield >70%); (d) DRY THF, 0 

TO RT, Stirring, 4 h, RT (yield >85%). (e) Dry DCM, AlCl3, reflux, 6 hrs, (yield>60%) 

In vivo Biological Evaluation  

Rats of Wistar strain were procured form the Animal House, Department of Pharmacology, Parul institute of 

pharmacy, Parul University, Vadodara were used in this study. Experiments were carried out in male rats weighing 

between 150 g and 200 g. They were housed (six per cage) in plastic cages (47 cm × 34 cm × 18 cm) lined with husk 

renewed every 24 h. The rats were fed on a pellet diet (Hindustan Lever, India). Drinking water was allowed ad 

libitum. Diabetes was induced in the rats by a single intraperitonial injection of alloxan (150 mg kg
−1

 body weight). 

Since alloxan is capable of producing fatal hypoglycaemia as a result of the massive pancreatic insulin release, rats 

were treated with 20% glucose solution (15–20 ml) intraperitoneal after 6 h. The rats were then kept for the next 24 

h on 5% glucose solution to prevent hypoglycemia. [21] After 1 week, rats with moderate hyperglycaemia with 

blood glucose range of 200-400 mg dl
−1

 were used for the study. Blood was collected from the tail vein. All of the 

target molecules were given to the diabetic rats orally in the form of suspension in carboxy methyl cellulose. 

The animals were housed under standard laboratory conditions maintained at 25 ± 10°C and under 12/12 hour light 

/dark cycle. The experimental protocol was approved by the institutional animal ethics committee (Protocol No: 

PIPH 03/16) and by the animal regulatory body of the Indian Government (Registration No: 

921/PO/EReBi/S/05/CPCSEA/PIPH03). 

Experimental Design  

In the experiment, a total of 66 rats (60 diabetic surviving rats + 6 normal rats) was used. Diabetes was induced in 

rats, 1 week before starting the treatment. The rats were divided into eleven groups as follows, after the induction of 

alloxan diabetes and each containing six rats Animals with blood glucose levels between 200-400 mg/dl were 

divided into the following groups. 

 

Group I: Normal -Normal controlled rats fed with 0.5 ml of normal saline. 

Group II: Diabetic control (DC) rats; fed with 0.5 ml of normal saline. 

Group III: Diabetic rats treated with standard drug Glibenclamide 5 mg/kg body wt. 

Group IV: Diabetic rats; treated with synthesized drug No 5A in 1% CMC 50 mg/kg of body weight. 

Group V: Diabetic rats; treated with synthesized drug No 5B in 1% CMC 50 mg/kg of body weight. 

Group VI: Diabetic rats; treated with synthesized drug No 5C in 1% CMC 50mg/kg of body weight. 

Group VII: Diabetic rats; treated with synthesized drug No 5D in 1% CMC 50 mg/kg of body weight. 

Group VIII: Diabetic rats; treated with synthesized drug No 5E in 1% CMC 50 mg/kg of body weight.  

Group IX: Diabetic rats; treated with synthesized drug No 5F in 1% CMC 50 mg/kg of body weight. 

Group X: Diabetic rats; treated with synthesized drug No 5G in 1% CMC 50 mg/kg of body weight. 

Group XI: Diabetic rats; treated with synthesized drug No 5H in 1% CMC 50 mg/kg of body.  

Group XII: Diabetic rats; treated with synthesized drug No 5I in 1% CMC 50 mg/kg of body.  

Group XIII: Diabetic rats; treated with synthesized drug No 5J in 1% CMC 50mg/kg of body. 

 

The dose for the newly synthesized compounds was decided on the basis of literature survey [22]. Glibenclamide 

was taken as the standard. The blood glucose level was determined at 0 and 3 hours after administration of test 
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compound using glucometer (Johnson & Johnson Pvt. Ltd.) Percentage reduction in plasma glucose level was 

calculated for each animal. 

Statistical Analysis 

Measurement data were tabulated as means ± S.E.M. Comparisons were carried out using one way analysis of 

variances (ANOVA) followed by post-hoc Tukey test and p-value<0.05 as the level of significance. Data was 

analyzed using the Graph Pad Prism 5.3, San Diego, CA. 

RESULTS AND DISCUSSION 

Molecular Docking Studies 

The results were obtained as docking score, i.e. binding energy which is mentioned in Table 1. The entire designed 

compound has shown good binding affinity in comparison with standard glibenclimide, out of this Compund 5B, 

5G, 5I showed more binding affinity in comparison with glibenclamide. Binding cavity and interaction with the 

various amino acid residues with the compound 5G and 5I were shown in Figure 3. 

 

In silico Toxicity Studies 

In silico toxicity profile of designed compounds was performed using SWISS ADME programme. The Lipnski rule 

of five was applied. The acceptability of analogues based on Lipinski’s rule of five which was essential to ensure 

drug like properties. The results of in silico toxicity studies mentioned in Table 2. 

 

  

  

  

 
Figure 3: Showing binding pocket and interection with various residues of compound 5B, 5G, 5I 

5G 

5I 

5B 
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Table 1: Docking results of the designed compounds 

Compound code Docking score H- bond energy Vander Waal energy 

5A -104.667 -95.0936 -19.5733 

5B -108.3982 -86.3291 -13.0691 

5C -104.018 -71.8192 -33.386 

5D -99.6336 -90.4049 -9.22871 

5E -102.399 -91.801 -10.5978 

5F -107.77 -89.3005 -19.6134 

5G -114.205 -82.6018 -23.6027 

5H -112.783 -94.8273 -17.9556 

5I -118.063 -105.333 -12.7301 

5J -104.372 -98.9745 -5.39719 

Glibenclamide -108.996 -91.48 -17.5158 

Table 2: In silico toxicity studies 

Compound code Mol. Wt(g/mol) HBd HBa 
C Log 

P 

5A 445.49 2 6 1.7 

5B 433.45 2 6 1.91 

5C 461.47 3 7 0.33 

5D 415.46 2 5 1.68 

5E 449.91 2 5 2.11 

5F 460.48 7 10 0.18 

5G 513.5 4 8 0.48 

5H 467.49 3 6 2.32 

5I 485.48 3 7 2.65 

5J 501.94 3 6 2.85 

 
Chemistry 
Chemistry (Schemes 1 and 2) general procedure for Synthesis of 1-(4-substitutedbenzoyl)-3-(4-(2-oxo-2-(pyrrolidin-

1-yl)ethyl)phenylsulfonyl)urea/gaunidine(5A-5F) were prepared using literature method. Fridal craft alkylation of 1-

(4-substitutedbenzoyl)-3-(phenylsulfonyl)urea/gaunidine(0.1 mmol) and 2-chloro-1-(pyrrolidin-1-yl)ethanone (1 

mmol) was done in 7 hrs in the presence of anhydrous AlCl3 and dry DCM (50 ml) as solvent. A reaction mixture 

was cooled and washed with ice cold water. Solid product was Recrystalize with rectified spirit. The synthesis 

compound 1 was done by reacting benzene sulphonyl chloride with excess amount of urea/guanidine in the presence 

of pyridine (0.2 ml) under reflux condition for 5 hrs. Reaction mixture was monitored by thin layer chromatography. 

Different derivatives (NO2, OCH3, Cl and F) of benzene carboxylic acid were converted into benzene carbonyl 

chloride 2 with the help of SOCl2 under reflux condition for 3 hrs. Compound 1 was dissolved in absolute alcohol 

and reacted with compound 2 under reflux condition for 2 hrs. Pyridine (0.2 ml) was taken was the catalyst. 

Reaction mixture was poured into ice cold water; solid product was isolated and recrystallizes with rectified spirit. 

pyrrolidine was stirred with chloro acetyl chloride under cooling condition for 4 hrs in fuming hood. After addition 

of ice cold water in a reaction mixture solid crystals of 2-chloro-1-(pyrrolidin-1-yl)ethanone 4 were isolated. 

One step Fridal crafts alkylation was performed to prepare1-(4-substitutedbenzoyl)-3-(4-(2-oxo-2-(pyrrolidin-1-

yl)ethyl)phenylsulfonyl)urea/gaunidine(5A-5F) as illustrated in scheme 1, an appropriate1-(4-Substitutedbenzoyl) -

3-(phenylsulfonyl)urea/guanidine and 2-chloro-1-(pyrrolidin-1-yl)ethanone. Dry dichloromethane was used as 

solvent and anhydrous AlCl3 act as catalyst. Reflux was done for 6 hrs and the mixture was poured in ice cold water 

to get final product 5. The synthesis of piperazine derivatives 5G-5J was done as illustrated in scheme 2, by reflux 

between 1-(4-Substitutedbenzoyl)-3-(phenylsulfonyl) urea/gaunidine and 2-chloro-N-(4-methoxyphenyl)acetamide 

for 7 hrs in the presence of anhydrous AlCl3 and dry DCM (50 ml) as solvent. The target compounds 5A-5J were 

purified by recrystallization. Reaction of all targeted molecules was monitored by thin layer chromatography. Ethyl 

acetate and hexane (3:7) was used as mobile phase. Some impurities were very close to most of our compounds, 

which leads to obtain a less percentage yield of pure target compounds.  

 

Spectral Characterization  

It was done with Infra-red spectroscopy, mass spectroscopy, and 1H and 13C nuclear magnetic resonance for all 

target compounds. In mass spectroscopy, we got peak in M (5A), (5C), (5D), (5F), (5H) M+1(5I), M-1(5G), and 

M+2(5B), (5E) for different target compounds. M+2 peak obtained because of halogen atom. In1H NMR doublet 
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was obtained for aromatic hydrogen between 7 to 8.5 delta values. In the same way singlet of NH of urea/guanidine 

derivatives is obtained between 7.98 to 10.41. The absorption band at 1670 cm
-1

 to1724 cm 
-1

(5D) corresponds to 

C=O is stretching of carbonyl and amide for targeted compounds (5A-5I). Also N-O stretching was observed 

between 1320 cm
-1

 and 1554 cm
-1 

(5G), 1336 cm
-1

 and 1575 cm
-1 

(5F), 1318 cm
-1

 and 1549 cm
-1 

(5C). Halogen 

stretching was present at 1150 cm
-1

 (C-F, 5B), 850 cm
-1

 (C-Cl, 5E). 

 

Biological Evaluation 

Alloxan induces diabetes by damaging the insulin secreting cells of the pancreas leading to hyperglycaemia [23]. 

The ability of target molecules to bind with sulphonylureas receptor was determined by testing them at an albino 

wistar rate for measurement of reduction of blood sugar level. Blood Data analysis was done by graph pad prism one 

way ANOVA followed by turkey test. In our study, we have found that administration of compounds 5A-5J to 

diabetic rats reversed their blood glucose. The possible mechanism by which they brings about them hypoglycemic 

action may be by potentiation of the insulin effect of plasma by increasing either the pancreatic secretion of insulin 

from β-cells of islets of Langerhans or its release from the bound form. However, the Compound 5B of pyrrolidine 

derivatives and 5G, 5I methoxy derivatives of sulfonylureas shows better % reduction of blood glucose level (Table 

3 and Figure 4) compare to other derivatives. 5B contain electronegative atom (F) in the para position of benzene 

ring which has significant effects on blood sugar reduction. In another side, 5G, 5I contain NO2and F functional 

groups respectively in the para position of sulfonylureas derivatives, which shows better blood sugar reduction 

compare to other derivatives (Figure 5). Table 3 gives drug and % reduction in Plasma Glucose level (Mean ± 

SEM). Figure 4 shows the biological activity of synthesized compounds. 

Table 3: In vivo hypoglycemic activity of compounds 5A-5J 

Group % Reduction in Plasma Glucose level (Mean ± SEM) 

Diabetic control 0.29 ± 1.05 

Glibenclamide 55.97 ± 3.19 

5C 45.88 ± 3.17 

5G 51.49 ± 7.73 

5H 46.40 ± 6.1 

5A 39.24 ± 2.08 

5B 49.25 ± 4.11 

5E 44.18 ± 3.22 

5F 39.07 ± 1.88 

5D 41.26 ± 2.78 

5I 48.33+ 3.2 

5J 41.88 ± 3.17 

 

Note: Values are given as mean ± S.D. for six rats in each group. Experimental groups are compared with Glibenclamide. Values are statistically 

significant at ∗∗P <0.01 as compared with diabetic control 

D
C

G
LI

5A 5B 5C 5D 5E 5F 5G 5H 5I 5J

0

20

40

60

80

GROUPS

%
 R

e
d

u
c
ti

o
n

 i
n

 p
la

s
m

a
 g

lu
c
o

s
e
 l
e
v
e
l

 

Figure 4: In vivo biological evaluation 
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Figure 5: Reduction in plasma glucose level 

CONCLUSION 

The 4th position of derivatives substituted with F and NO2, which was shown better result compare to unsubstituted 

or substituted with other derivatives. Subsequently, in vivo biological evaluation compound 5B (F), 5G (NO2)and 5I 

(F) containing electron withdrawing groups which give more % reduction of blood sugar level with compare to 

glibenclamide. Finally, it was concluded that results obtained from in vitro docking analysis and in vivo biological 

activity on rat are significantly same and the compound 5B, 5G and 5I can be used as lead molecule for further 

development of more potent sulphonylureas /guanidine based derivatives as oral hypoglycemic agents. 
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