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Abstract 

Flavone Hydrazide Sulfonyl derivatives 1-20 has synthesized and structural properties has confirmed 

by spectroscopic techniques. These compounds were also found to be active against α-glucosidase 

enzyme. Among these, Compound 6 (IC50=7.5 ± 1.98µM), 9 (IC50=9.2 ± 1.87µM) and 4 (IC50=9.3 ± 

1.67µM) showed marvelous inhibition activity. 

All the synthesized compounds were subject for in silico studies. 

The molecular docking analysis revealed that these molecules have high potential to interact with the 

enzyme. According to the physicochemical and pharmacokinetics studies these compound have 

excellent parameters required for drug likeness. The derivatives have ability of GI absorption. In 

addition, all the synthesized Flavone Hydrazide derivatives 1-20 were also evaluated for their 

antoxidant (DPPH Radical scavenging) activity. All these computed showed very promising anti- 

oxidant activity IC50 ranges 15.25-58.38µM respectively. 

 
1. Introduction 

Diabetes mellitus (DM) is a global disease that poses a public health threat [1]. It is on the rise, and 

the World Health Organization projects that by 2030, diabetes will be the sixth biggest cause of death 

worldwide [2], [3]. It is a metabolic condition in which blood glucose levels rise as a result of 

abnormalities in insulin action, production, or both (insulin is insufficient or inefficient). Its impacted 

around 415 million people aged 20 to 79 in 2015, according to the International Diabetes Federation 

(IDF). By 2040, another 200 million individuals are anticipated to be impacted by DM, making it a 

global public health problem [4]. 

Type 1 diabetes, type 2 diabetes, and gestational diabetes are the three forms of diabetes based on a 

etiology and clinical presentation (GDM) [5]. 

Type 1 diabetes mellitus (T1DM) is defined by the autoimmune destruction of insulin-producing beta 

cells in the pancreatic islets, accounting for 5% to 10% of all diabetes cases. As a result, there is an 

absolute insulin shortage. Autoimmunity has been linked to a mix of genetic susceptibility and 
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environmental influences such as viral infection, toxins, and certain dietary factors. T1DM most 

typically affects children and teenager, however it can affect anyone at any age [6]. 

T2DM (type 2 diabetes mellitus) accounts for almost 90% of all diabetes cases. Insulin resistance is 

described as a reduced response to insulin in people with T2DM. Insulin is inefficient in this state; 

hence an increase in insulin synthesis is used to maintain glucose homeostasis. However, insulin 

production diminishes with time, culminating in T2DM. T2DM is most typically found in those over 

the age of 45. Despite this, because to increased levels of obesity, physical inactivity, and energydense 

meals, it is becoming more common in children, adolescents, and younger people [7]. Gestational 

diabetes mellitus (GDM), commonly known as hyperglycemia in pregnancy, is a type of 

hyperglycemia that first appears during pregnancy [8]. 

Inhibition of digestive enzymes like α-amylase and α-glucosidase has long been thought to be a good 

way to regulate blood sugar. Reducing post-prandial hyperglycemia can be achieved by delaying the 

activity of the enzymes α-amylase and α-glucosidase, which are responsible for carbohydrate 

digestion and glucose absorption in the digestive system, respectively [9][10]. Figure 1 shows 

Metabolizes Disaccharides into Monosaccharides. 
 

 
 

Figure 1: Metabolizes Disaccharides into Monosaccharides 

 
The enzyme inhibitors Acarbose, Miglitol, and Voglibose are now used to regulate PPHG. Certain 

medications may work by inhibiting or blocking these enzymes [11]. Miglitol and Voglibose inhibit 

solely α-glucosidase, while Acarbose inhibits both α-amylase and α-glucosidase. These inhibitors are 

successful at controlling PPHG, but their gastrointestinal side effects make them unsuitable for 

longterm use [12]. 

 
2. Chemistry 

2.1. Synthesis of flavone hydrazide 

The key intermediate 4-(6-hydroxy-4-oxo-4H-benzopyran-2- yl)-benzoic acid hydrazide (Flavone 

hydrazide) was synthesized in four (4)-steps. Synthesis of chalcone is the step first. Chalcone was 

synthesized by treating 2,5-dihydroxy acetophenone with 4-formylbenzoic acid in the presence of 

ethanolic potassium hydroxide. In second step, the cyclization of chalcone via I2/DMSO 

methodology was done. In this step, oxidative cyclization of chalcone was done in order to obtain 

flavone carboxylic acid derivative. In third step, the flavone carboxylic acid derivative was further 

refluxed with methanol/sulphuric acid mixture to convert the flavone carboxylic acid into flavone 

ester. In fourth step, this flavone methyl ester was reacted with hydrazine hydrate in order to obtain 

the target flavone hydrazide (Scheme 1). The structure of target molecule was confirmed by H1 NMR, 

C13NMR and Elemental (CHN/S) analysis. 



Synthesis, QSAR Analysis And Molecular Docking Studies Of Flavone Hydrazide Sulfonyl Derivatives As Diabetic 

IHIBITORS 

Vol.31 No.3 (2024): JPTCP (1969-2187) Page | 1971 

 

 

 

 

Scheme 1. Reaction for the synthesis of 4-(6-Hydroxy-4-oxo-4H-chromen-2-yl)-benzoic acid 

hydrazide 

2.2. SYNTHESIS OF FLAVONE HYDRAZIDE SULFONYL DERIVATIVES 1-20 

4-(6-Hydroxy-4-oxo-4H-chromen-2-yl)-benzoic acid hydrazide (Flavone hydrazide) was refluxed 

with various aryl aldehydes/ketones in the presence of acetic acid (Figure 4.48). The structures of 

Flavone hydrazide. Sulfonyl derivatives 1-20 was established according to the HNMR, Elemental 

analysis and CHN/S analysis. 

 

Scheme 2. Synthesis of Flavone Hydrazide Sulfonyl Schiff Base Derivatives 1-20 

 
3. Result and discussion 

3.1. α-Glucosidase Enzyme Inhibition Activity 

All the synthesized derivatives 1-20 were subjected for the evaluation of α-glucosidase inhibition 

activity in order to explore anti-diabetic activity of these compounds. 

The results were compared with standard acarbose (IC50 = 39.45 ± 0.11µM). All these compounds 

showed very promising α-glucosidase inhibition activity IC50 ranges 1.02- 38.1µM and found to be 

better active than the standard acarbose. 

The –OH group containing compounds 4 (IC50 = 9.3 ± 1.67 µM), 5 (IC50 = 11.7 ± 1.34µM), 6 (IC50 

= 7.5 ± 1.98µM), better activity among their look likes. The highest activity shown by compound 6 

(IC50 = 7.5 ± 1.98µM). While 3rd most active compound 4 (IC50 = 9.3 ±1.67µM). The chloro (-Cl) 

substituted compounds 1 (IC50 = 20.4 ± 0.95µM), 2 (IC50 = 23.7 ± 1.13µM), 3 (IC50 = 13.3 ± 1.21µM) 
and 10 (IC50 = 11.4 ± 1.64µM) also showed significant activity towards α-glucosidase inhibition. All 

these compounds showed better activity than the standard. The –NO2 group substituted compounds 7 

(IC50 = 34.1 ±0.87µM), 8 (IC50  = 38.4 ±1.12µM), 9 (IC50 = 27.6 ±1.36µM) were also found to be 
better active than the standard but relatively they showed less activity than –OH group containing 

analogues. The less activity might be due to reducing number of hydrogen bonding interaction sites 

or larger size of –NO2 group than the –OH group. Compound containing –CH3 and OCH3 group 

substituted 15 (IC50 = 51.1 ± 1.23 µM), 16 (IC50 = 47.6 ± 1.84µM) and 18 (IC50 = 45.5 ± 1.66µM) 
show slightly less active than the standard. The heterocyclic ring containing compounds 13 (IC50 = 
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34.1 ± 1.32µM) and 14 (IC50 = 26.2 ± 1.67µM) showed better activity and they were also found to be 

better active than the standard but compound 17 (IC50 = 49.2 ± 1.45µM) showed less active than 

standard. The halogen containing compounds 11 (IC50 = 29.3 ± 1.33µM) and 12 (IC50 = 9.2 ± 1.87µM) 

showed better activity and they were also found to be better active than the standard. 

 
Table 1: R Group Representation 
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Table 2: α-Glucosidase Inhibition Activity of Compounds 1-20 

S.# IC50 µM ± SEMa S.# IC50 µM ± SEMa 

1. 20.4±0.95 11. 29.3 ±1.33 

2. 23.7±1.13 12. 9.2 ±1.87 

3. 13.3 ±1.21 13. 34.1 ±1.32 

4. 9.3±1.67 14. 26.2 ±1.67 

5. 11.7±1.34 15. 51.1 ±1.23 

6. 7.5±1.98 16. 47.6 ±1.84 

7. 34.1±0.87 17. 49.2 ±1.45 

8. 38.4 ±1.12 18. 45.5 ±1.66 

9. 27.6 ±1.36 19. 53.1 ±1.34 

10. 11.4 ±1.64 20. 50.3 ±1.83 

 Acarbose 

(Standard) 

 39.45 ± 0.11 
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4. Computational Analysis 

4.1. Homology modeling of α -glucosidase enzyme 

With the aid of the homology modeling technique, the 3D structure of the enzyme α-glucosidase from 

Saccharomyces cerevisiae (Baker's yeast) was developed. (PDB ID: 3A4A; Supporting Information). 

 
4.2. Molecular docking analysis 

In order to comprehend the binding interaction of the synthetic compounds 1-20 with α-glucosidase 

enzyme, molecular docking was performed on the most active compounds 4-6, and 12. The binding 

affinity for each prepared ligand against prepared α-glucosidase enzyme was calculated using 

AutoDock Vina (version 1.2.0)[13], [14], limiting the energy range of 3 and exhaustiveness of 8 

against 9 best docking poses. All four synthetic analogs showed good non-bonding interactions within 

the binding pocket of the receptor, as represent in Figure 2. 
 

Figure 2: (a) Cartoon representation of active site of α-glucosidase (b) Binding cavity of 

αglucosidase 

 

Figure 3: 2D plot of non-bonding interactions compound 4 within active site of α-glucosidase 

 
Compound 4 is found to be the second most potent inhibitor of series with (IC50 = 9.3 ± 1.67 µM). 

The dock pose analysis of the compound 4 is showing interaction via H-bonding with the amino acids 

ARg 439, Asn 241, Thr 307 Glu 304 with the carbonyl and –OH group, however T-shaped and 
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parallel, π-π stacking interactions are also possibly existing with PHE A 300, HIS A 279, TYR A 71, 

as shown in Figure 4. 

 

Figure 4: 2D plot of non-bonding interactions compound 5 within active site of α-glucosidase 

Compound 5 is found to be the fifth most potent inhibitor of series with (IC50 = 11.7 ± 1.34 µM) 

comparative to standard drug acarbose (IC50 = 39.45 ± 0.11 µM), The dock pose analysis of the 

compound is showing interaction via H-bonding with the amino acids ASP 68, ASN 241, THR 307, 

GLU 304 and ARG 439 with the carbonyl and –OH group, however T-shaped and parallel, π-π 

stacking interactions are also possibly existing with PHE 157, HIS 279, as shown in Figure 4. 

 

Figure 5: 2D plot of non-bonding interactions compound 6 within active site of α-glucosidase 

 
Compound 6 is found to be the most potent inhibitor of series with (IC50 = 7.5 ± 1.98 µM) almost 25 

times more potent inhibitor comparative to standard drug acarbose (IC50 = 39.45 ± 0.11 µM), The 

dock pose analysis of the compound is showing interaction via Vander Waals and H-bonding with the 

amino acids HIS 239, HIS 279, GLU 322 with the carbonyl and –OH group, however π-Anion 

interactions are also possibly existing with GLU 304, as shown in Figure 5. 
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Figure 6: 2D plot of non-bonding interactions compound 12 within active site of α-glucosidase 

 
Compound 12 is found to be the third most potent inhibitor of series with (IC50 = 9.2 ± 1.87 µM) 

comparative to standard drug acarbose (IC50 = 39.45 ± 0.11 µM), The dock pose analysis of the 

compound is showing interaction via H-bonding with the amino acids ASN 241, GLN 322, PRO 317 

HIS 239 and GLU 304 with the carbonyl and –OH group, however π-π T-shaped interactions are also 

possibly existing with SER 308, PHE 157, as shown in Figure 6. 

 

4.3. H1
NMR C

13
NMR AND ESI AND ELEMENTAL (CHN/S) ANALYSIS 

4.3.1 4-(6-HYDROXY-4-OXO-4H-CHROMEN-2-YL)-BENZOIC ACID (2,4-DIHYDROXY-BENZYLIDENE)- 

HYDRAZIDE 1 

M.P. 302°C; Solid; Yield: 83%; 1HNMR (300MHz, DMSO-d6): 2.0 (s, 1H) 7.87 (s, 1H), 7.52 (s, 1H), 

7.56 (s, 1H), 6.76 (s, 1H), 7.23 (s, 1H), 6.84 (s, 1H), 6.71 (s, 1H), 7.90 (d, J = 8.1Hz, 1H), 7.48 (d, J 

= 8.1Hz, 1H), 5.0 (s, 3H, -OH),; Anal. Calcd for C22H15ClN2O6S, C= 56.11; H= 3.21; N= 5.95; O= 

20.39; Found C= 56.13; H= 3.23; N= 5.97; O= 20.40; ESI MS m/z (% rel. abund.): 470.88 [M+1]+. 

4.3.2 4-(6-HYDROXY-4-OXO-4H-CHROMEN-2-YL)-BENZOIC ACID (2,3,4-TRIHYDROXY- 

BENZYLIDENE)-HYDRAZIDE 2 

M.P. 302°C; Solid; Yield: 75%; 1HNMR (300MHz, DMSO-d6): 2.0 (s, 1H) 7.81 (s, 1H), 8.11 (s, 1H), 

7.48 (s, 1H), 6.75 (s, 1H), 7.21 (s, 1H), 6.84 (s, 1H), 6.71 (s, 1H), 7.90 (d, J = 8.12Hz, 1H), 7.48 (d, J 

= 8.11Hz, 1H), 5.0 (s, 4H, -OH),; Anal. Calcd for C22H15ClN2O6S, C= 56.11, H= 3.21, N= 5.95, O= 

20.39; Found C= 56.12, H= 3.22, N= 5.96, O= 20.40; ESI MS m/z (% rel. abund.): 470.88 [M+1]+. 

4.3.3 4-(6-HYDROXY-4-OXO-4H-CHROMEN-2-YL)-BENZOIC ACID (2-HYDROXY-BENZYLIDENE)- 

HYDRAZIDE 3 

M.P. 302°C; Solid; Yield: 81%; 1HNMR (300MHz, DMSO-d6): 8.1 (s, 1H, -N=CH), 2.0 (s, 1H) 

7.79 (d, J = 8.12Hz, 2H), 7.55 (d, J = 7.89Hz, 2H), 6.75 (s, 1H), 7.11 (s, 1H), 6.84 (s, 1H), 6.71 (s, 

1H), 7.90 (d, J = 7.98Hz, 1H), 7.48 (d, J = 8.11Hz, 1H), 5.0 (s, 2H, -OH),; Anal. Calcd for 

C22H15ClN2O6S, C= 56.11, H= 3.21, N= 5.95, O= 20.39, Found C= 56.12, H= 3.22, N= 5.96, O= 

20.40, ESI MS m/z (% rel. abund.): 470.8 [M+1]+. 

4.3.4 4-(6-HYDROXY-4-OXO-4H-CHROMEN-2-YL)-BENZOIC ACID (3-HYDROXY-BENZYLIDENE)- 

HYDRAZIDE 4 

M.P. 302°C; Solid; Yield: 91%; 1HNMR (300MHz, DMSO-d6): 2.0 (s, 1H), 7.76 (d, J = 7.89Hz, 2H), 
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7.13 (d, J = 7.42Hz, 2H), 6.75 (s, 1H), 7.11 (s, 1H), 6.84 (s, 1H), 6.76 (s, 1H), 7.91 (d, J = 7.98Hz, 

1H), 7.48 (d, J = 7.9Hz, 1H), 5.0 (s, 3H, -OH),;Anal. Calcd for C22H16N2O7S, C= 58.40; H= 3.56; N= 
6.19; O= 24.75; Found C= 58.42; H= 3.57; N= 6.20; O= 24.76; EI MS m/z (% rel. abund.): 400.1 

[M+1]+. 

4.3.5 4-(6-HYDROXY-4-OXO-4H-CHROMEN-2-YL)-BENZOIC ACID (4-HYDROXY-BENZYLIDENE)- 

HYDRAZIDE 5 

M.P. 288°C; Solid; Yield: 78%; 1HNMR (300MHz, DMSO-d6): 7.4 (s, 1H), 7.49 (s, 1H), 7.37 (s, 

1H), 6.7 (s, 1H), 6.75 (s, 1H), 7.11 (s, 1H), 6.84 (s, 1H), 6.71 (s, 1H), 7.90 (d, J = 7.97 Hz, 1H), 7.48 

(d, J = 8.13 Hz, 1H), 5.0 (s, 2H, -OH),; Anal. Calcd for C22H16N2O7S, C= 58.40; H= 3.56; N= 6.19; 

O= 24.75; Found C= 58.41; H= 3.57; N= 6.20; O= 24.76; EI MS m/z (% rel. abund.): 452.44 [M+1]+. 

4.3.6 4-(6-HYDROXY-4-OXO-4H-CHROMEN-2-YL)-BENZOIC ACID (4-CHLORO-2-HYDROXY- 

BENZYLIDENE)-HYDRAZIDE 6 

M.P. 342°C; Solid; Yield: 85%; 1HNMR (300MHz, DMSO-d6): 7.39 (s, 1H), 7.37 (s, 1H), 7.49 (s, 
1H), 6.7 (s, 1H), 6.3 (s, 1H), 6.75 (s, 1H), 7.22 (s, 1H), 6.84 (s, 1H), 6.71 (s, 1H), 7.90 (d, J = 8.3Hz, 

1H), 7.48 (d, J = 7.78Hz, 1H), 5.0 (s, 2H, -OH),;Anal. Calcd for C22H16N2O7S; C= 58.40; H= 3.56; 

N= 6.19; O= 24.75; Found C= 58.41; H= 3.57; N= 6.20; O= 24.76; EI MS m/z (% rel. abund.): 452.44 

[M+1]+. 

4.3.7 4-(6-HYDROXY-4-OXO-4H-CHROMEN-2-YL)-BENZOIC ACID (2,5-DICHLORO-BENZYLIDENE)- 

HYDRAZIDE 7 

M.P. 336°C; Solid; Yield: 92%; 1HNMR (300MHz, DMSO-d6): 7.83 (s, 1H), 7.93 (s, 1H), 8.47 (s, 

1H), 7.5 (s, 1H), 6.75 (s, 1H), 7.11 (s, 1H), 6.84 (s, 1H), 6.71 (s, 1H), 7.90 (d, J = 7.98Hz, 1H), 7.57 

(d, J = 7.9Hz, 1H), 5.0 (s, 3H, -OH),; Anal. Calcd for C22H15N3O8S; C= 54.88; H= 3.14; N= 8.73; O= 

26.59; S= 6.60; Found C= 54.89; H= 3.15; N= 8.75; O= 26.60; S= 6.61: ESI MS m/z (% rel. abund.): 

481.43 [M+1]+. 

4.3.8 4-(6-HYDROXY-4-OXO-4H-CHROMEN-2-YL)-BENZOIC ACID (2,4-DICHLORO-BENZYLIDENE)- 

HYDRAZIDE 8 

M.P. 304°C; Solid; Yield: 82%; 1HNMR (300MHz, DMSO-d6): 7.80 (s, 1H), 8.32 (s, 1H), 8.2 (s, 

1H), 8.86 (s, 1H), 6.75 (s, 1H), 7.11 (s, 1H), 6.84 (s, 1H), 6.71 (s, 1H), 7.90 (d, J = 7.88Hz, 1H), 7.48 

(d, J = 7.87Hz, 1H), 5.0 (s, 1H, -OH),;; Anal. C23H14Cl2N2O4, C = 60.94, H =3.14, N = 6.81; Anal. 

Calcd for C22H15N3O8S; C= 54.88; H= 3.14; N= 8.73; O= 26.59; Found C= 54.89; H= 3.15; N= 8.74; 

O= 26.60; ESI MS m/z (% rel. abund.): 452.12 [M+1]+ 454.26 [M+2]+ 481.43 [M+4]+. 

4.3.9 4-(6-HYDROXY-4-OXO-4H-CHROMEN-2-YL)-BENZOIC ACID (2-CHLORO-BENZYLIDENE)- 

HYDRAZIDE 9 

M.P. 288°C; Solid; Yield: 87%; 1HNMR (300MHz, DMSO-d6): 2.0 (s, 1H), 8.19 (d, J = 8.24Hz, 2H), 
8.47 (d, J = 8.51Hz, 2H), 6.75 (s, 1H), 7.23 (s, 1H), 6.84 (s, 1H), 6.71 (s, 1H), 7.90 (d, J = 7.98Hz, 

1H), 7.48 (d, J = 7.86Hz, 1H), 5.0 (s, 1H, -OH),; Anal. Calcd for C22H15N3O8S; C= 54.88; H= 3.14; 

N= 8.73; O= 26.59; Found C= 54.89; H= 3.15; N= 8.75; O= 26.61; ESI MS m/z (% rel. abund.): 

481.06 [M+1]+. 

4.3.10 4-(6-HYDROXY-4-OXO-4H-CHROMEN-2-YL)-BENZOIC ACID (3-CHLORO-BENZYLIDENE)- 

HYDRAZIDE 10 

M.P. 297°C; Solid; Yield: 88%; 1HNMR (300MHz, DMSO-d6): 2.0 (s, 1H), 7.73 (d, J = 7.83Hz, 2H), 
7.3 (s, 1H), 6.75 (s, 1H), 7.22 (s, 1H), 6.84 (s, 1H), 6.71 (s, 1H), 7.90 (d, J = 8.1Hz, 1H), 7.48 (d, J = 

7.67Hz, 1H), 5.0 (s, 1H, -OH); Anal. Calcd for C22H14Cl2N2O6S; C= 52.29; H= 2.79; N= 5.54; O= 
19.00; Found C = 52.30, H = 2.80, N = 5.55 O=19.02 ; ESI MS m/z (% rel. abund.): 505.33 [M+1]+. 

4.3.11 4-(6-HYDROXY-4-OXO-4H-CHROMEN-2-YL)-BENZOIC ACID (4-CHLORO-BENZYLIDENE)- 
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HYDRAZIDE 11 

M.P. 305°C; Solid; Yield: 82%; 1HNMR (300MHz, DMSO-d6): 2.0 (s, 1H), 7.87 (s, 1H), 7.43 (s, 1H), 

8.10 (s, 1H), 6.75 (s, 1H), 7.23 (s, 1H), 6.84 (s, 1H), 6.71 (s, 1H), 7.91 (d, J = 7.98Hz, 1H), 7.48 (d, 

J = 7.85Hz, 1H), 5.0 (s, 1H, -OH),;Anal. Calcd for C22H15BrN2O6S; C= 51.27; H= 2.93; N= 5.44; O= 

18.63; Found C = 51.26, H = 2.91, N = 5.43; ESI MS m/z (% rel. abund.): 515.33 [M+1]+. 

4.3.12 4-(6-HYDROXY-4-OXO-4H-CHROMEN-2-YL)-BENZOIC ACID (4-METHOXY-BENZYLIDENE)- 

HYDRAZIDE 12 

M.P. 315°C; Solid; Yield: 91%; 1HNMR (300MHz, DMSO-d6): 2.0 (s, 1H), 7.70 (s, 1H), 7.52 (s, 1H), 

7.64 (s, 1H), 6.75 (s, 1H), 7.24 (s, 1H), 6.84 (s, 1H), 6.71 (s, 1H), 7.92 (d, J = 8.32Hz, 1H), 7.48 (d, 

J = 7.52Hz, 1H), 5.0 (s, 1H, -OH),;Anal. Calcd for C24H18N2O5, C = 69.56, H = 4.38, N = 6.76; Found 

C = 69.55, H = 4.37, N = 6.75; ESI MS m/z (% rel. abund.): 454.43 [M+1]+. 

4.3.13 4-(6-HYDROXY-4-OXO-4H-CHROMEN-2-YL)-BENZOIC ACID (3-HYDROXY-4-METHOXY- 

BENZYLIDENE)-HYDRAZIDE 13 

M.P. 315°C; Solid; Yield: 91%; 1HNMR (300MHz, DMSO-d6): 2.0 (s, 1H), 8.81 (s, 1H), 7.26 (s, 1H), 
8.00 (s, 1H), 7.7 (s, 1H), 7.71 (s, 1H), 8.28 (s, 1H), 6.75 (s, 1H), 7.11 (s, 1H), 6.84 (s, 1H), 6.71 (s, 

1H), 7.90 (d, J = 7.98Hz, 1H), 7.48 (d, J = 7.76Hz, 1H), 5.0 (s, 1H, -OH),;Anal. Calcd for 

C25H17N3O6S; C= 61.60; H= 3.51; N= 8.62; O= 19.69; Found C = 61.60, H = 3.51, N = 8.62 ; O= 

19.70; ESI MS m/z (% rel. abund.): 487.48 [M+1]+. 

4.3.14 4-(6-HYDROXY-4-OXO-4H-CHROMEN-2-YL)-BENZOIC ACID (3,4,5 TRIMETHOXY- 

BENZYLIDENE)-HYDRAZIDE 14 

M.P. 309°C; Solid; Yield: 82%; 1HNMR (300MHz, DMSO-d6): 2.0 (s, 1H), 7.0 (d, J = 7.23 Hz, 2H), 
7.2 (s, 1H),6.75 (s, 1H), 7.11 (s, 1H), 6.84 (s, 1H), 6.71 (s, 1H), 7.90 (d, J = 7.94 Hz, 1H), 7.48 (d, J 

=7.74Hz, 1H), 5.0 (s, 2H, -OH),;Anal. Calcd for C20H14N2O6S2; C= 54.29; H= 3.19; N= 6.33; O= 

21.70; Found C = 54.30, H = 3.20 N = 6.34; O= 21.71  ESI MS m/z (% rel. abund.): 442.46 [M+1]+. 

4.3.15 4-(6-HYDROXY-4-OXO-4H-CHROMEN-2-YL)-BENZOIC ACID (2-NITRO-BENZYLIDENE)- 

HYDRAZIDE 15 

M.P. 311°C; Solid; Yield: 87%; 1HNMR (300MHz, DMSO-d6): 2.0 (s, 1H), 7.74 (s, 1H), 7.42 (s, 
1H), 7.13 (s, 1H),  7.73 (s, 1H), 2.35 (s, 1H), 6.75 (s, 1H), 7.12 (s, 1H), 6.84 (s, 1H), 6.71 (s, 1H), 

7.90 (d, J = 7.96Hz, 1H), 7.48 (d, J =7.86Hz, 1H), 5.0 (s, 2H, -OH),; Anal. Calcd for C23H18N2O6S; 

C= 61.32; H= 4.03; N= 6.22; O= 21.31; Found C = 61.33, H = 4.04 N = 6.23, O= 21.33; ESI MS m/z 

(% rel. abund.): 450.46 [M+1]+. 

4.3.16 4-(6-HYDROXY-4-OXO-4H-CHROMEN-2-YL)-BENZOIC ACID (3-NITRO-BENZYLIDENE)- 

HYDRAZIDE 16 

M.P. 303°C; Solid; Yield: 86%; 1HNMR (300MHz, DMSO-d6): 2.0 (s, 1H), 7.49 (s, 1H), 7.43 (s, 1H), 

7.44 (s, 1H), 6.8 (s, 1H), 3.73 (s, 1H), 6.75 (s, 1H), 7.11 (s, 1H), 6.84 (s, 1H), 6.71 (s, 1H), 

7.90 (d, J = 7.98Hz, 1H), 7.48 (d, J = 7.76Hz, 1H), 5.0 (s, 1H, -OH),; Anal. Calcd for C23H18N2O7S; 

C= 59.22; H= 3.89; N= 6.01; O= 24.01; Found C = 59.23, H = 3.88N = 6.03, O= 24.03; ESI MS m/z 

(% rel. abund.): 466.46 [M+1]+. 

4.3.17 4-(6-HYDROXY-4-OXO-4H-CHROMEN-2-YL)-BENZOIC ACID (4-NITRO-BENZYLIDENE)- 

HYDRAZIDE 17 

M.P. 318°C; Solid; Yield: 62%; 1HNMR (300MHz, DMSO-d6): 2.0 (s, 1H), 7.32 (d, J = 7.45Hz, 2H), 
7.67 (d, J =7.86Hz, 2H), 7.95 (s, 1H), 7.99 (s, 1H), 8.34 (s, 1H), 6.75 (s, 1H), 7.11 (s, 1H), 6.84 (s, 

1H), 6.71 (s, 1H), 7.90 (d, J = 7.98Hz, 1H), 7.48 (d, J = 7.86Hz, 1H), 5.0 (s, 1H, -OH),; Anal. Calcd 

for C26H18N2O6S; C= 64.19; H= 3.73; N= 5.76; O= 19.73; Found C = 64.21, H = 3.74 N = 5.77 

O=19.74; ESI MS m/z (% rel. abund.): 486.50 [M+1]+. 

4.3.18 4-(6-HYDROXY-4-OXO-4H-CHROMEN-2-YL)-BENZOIC ACID (3-HYDROXY- 
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5HYDROXYMETHYL-2-METHYL-PYRIDIN-4METHYLENE-BENZYLIDENE)-HYDRAZIDE 18 

M.P. 338°C; Solid; Yield:: 78%; 1HNMR (300MHz, DMSO-d6): 2.0 (s, 1H), 8.20 (s, 1H), 7.60 (s, 

1H), 2.35 (s, 1H), 8.74 (s, 1H), 6.75 (s, 1H), 7.23 (s, 1H), 6.84 (s, 1H), 6.71 (s, 1H), 7.90 (d, J 

=7.96Hz, 1H), 7.48 (d, J =7.84Hz, 1H), 5.0 (s, 3H, -OH),; Anal. Calcd for C23H17N3O8S; C= 55.76; 

H= 3.46; N= 8.48; O= 25.83; Found C = 55.78, H =3.47, N = 8.49; ESI MS m/z (% rel. abund.): 

495.46 [M+1]+. 

4.3.19 4-(6-HYDROXY-4-OXO-4H-CHROMEN-2-YL)-BENZOIC ACID (FURAN-2-YLMETHYLENE)- 

HYDRAZIDE 19 

M.P. 274°C; Solid; Yield: 82%; 1HNMR (300MHz, DMSO-d6): 2.0 (s, 1H), 2.84 (s, 1H), 6.75 (s, 

1H), 7.13 (s, 1H), 6.84 (s, 1H), 6.71 (s, 1H), 7.90 (d, J =7.98Hz, 1H), 7.48 (d, J = 7.74Hz, 1H), 5.0 (s, 

2H, -OH),; Anal. Calcd for C17H14N2O6S; C= 54.54; H= 3.77; N= 7.48; O= 25.64 Found C = 54.56, 

H = 3.78, N = 7.49; ESI MS m/z (% rel. abund.): 374.37 [M+1]+. 

4.3.20 4-(6-HYDROXY-4-OXO-4H-CHROMEN-2-YL)-BENZOIC        ACID (5-METHYL-FURAN-2- 

YLMTHYLENE)-HYDRAZIDE 20 

M.P. 282°C; Solid; Yield: 87%; 1HNMR (300MHz, DMSO-d6): 2.0 (s, 1H),3.45 (s, 1H), 1.28 (s, 1H), 

6.75 (s, 1H), 7.11 (s, 1H), 6.84 (s, 1H), 6.71 (s, 1H), 7.90 (d, J =7.98Hz, 1H), 7.48 (d, J =7.83Hz, 1H), 

5.0 (s, 2H, -OH),; Anal. Calcd for C17H13N2O6S; C= 54.69; H= 3.51; N= 7.50; O= 25.71; Found C = 
54.67, H = 3.52, N = 7.51; ESI MS m/z (% rel. abund.): 373.36[M+1]+. 

 
4.4.4 PROFILING OF PHARMACOKINETIC PROPERTIES OF POTENT ALPHA-GLUCOSIDASE INHIBITORS 

α-Glucosidase inhibitors were also profiled against p-gp and isozymes of CYP450 through 

SwissADME tools, this efficiently screened and predicts which compound, can be a substrate or 

inhibitor of p-gp, and against various CYP450 isozymes. Computational predictive tools are more 

useful in this regard; P-Glycoprotein invites to focus in pharmaceutical research due to its significant 

effect on ADME (Absorption, Distribution, Metabolism, and Excretion) properties [15]. In our 

screen compounds (1-18) exhibited low GI absorption, none of the compound showed Pgp substrate 

and BBB permeability, however compounds 1-6, 11-12 & 15-16 are predicted to be the inhibitors of 

isozyme CYP1A2, compounds 1-3, 7-17 are predicted to be the inhibitors of isozyme CYP2C9, none 

of the compound showed inhibition against CYP2D6 while compounds (8, 9, 12, 16 & 18) showed 

inhibition against CYP3A4 respectively, therefore they can show DDI, drug-drug interactions (Table 

4). 

Table 4: Pharmacokinetics Properties of Potent α-Glucosidase Inhibitors 

Com 

p # 

GI 

absorpti 

on 

BBB 

permea 

nt 

Pgp 

substr 

ate 

CYP1 

A2 

inhibit 

or 

CYP2 

C1 

inhibit 

or 

CYP2 

C9 

inhibit 

or 

CYP2 

D6 

inhibit 

or 

CYP3 

A4 

inhibit 

or 

1. 

 

Low No No Yes Yes Yes No No 

2. 

 

Low No No Yes Yes Yes No No 

3. 

 

Low No No Yes Yes Yes No No 

4. 

 

Low No No Yes No Yes No No 

5. 

 

Low No No Yes No Yes No No 
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6. 

 

Low No No Yes No Yes No No 

7. 

 

Low No No No Yes Yes No No 

8. 

 

Low No No No Yes Yes No Yes 

9. 

 

Low No No No Yes Yes No Yes 

10. 

 

Low No No No Yes Yes No No 

11. 

 

Low No No Yes Yes Yes No No 

12. 

 

Low No No Yes Yes Yes No Yes 

13. 

 

Low No No No Yes Yes No No 

14. 

 

Low No No No Yes Yes No No 

15. 

 

Low No No Yes Yes Yes No No 

16. 

 

Low No No Yes Yes Yes No Yes 

17. 

 

Low No No No Yes Yes No No 

18. 

 

Low No No No No Yes No Yes 

19. 

 

High No No No No No No No 

20. 

 

High No No No No Yes No No 

 

Mostly compounds are showing high GI absorption, none of the compound showed Pgp substrate and 

BBB permeation. 

 
4.5 PHYSICOCHEMICAL PROPERTIES PROFILING OF POTENT ALPHA-GLUCOSIDASE INHIBITORS 

These are the properties of a molecule deals with, various physicochemical descriptors as examined 

by Lipinski et al for instance, molecular weight (M.Wt) should not be greater than 500 a.m.u, number 

of hydrogen bond donor (HBD) should be less than 5, number of hydrogen bond acceptor (HBA) less 

than 10, the octanol / water partition coefficient (log P) should be less than 5, and total polar surface 

area (TPSA) due to the presence of polar atoms specifically nitrogen “N” and sulphur “S” in the 

compounds should be within the range of 20-130A2 [16]. In our case of study all the screened 

compounds successfully filtered and showed excellent drug ability properties according to ROF, 

however compounds 56 & 63 exceeds WLOGP very slightly greater than 5, while compounds all the 

compounds except 57 slightly exceeds the TPSA greater than 130 A2 (Table 5). 

 
Table 5: Physicochemical Properties of Potent α-Glucosidase Inhibitors 
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Com 

p # 

Formula M.Wt Rotata 

ble 

bonds 

Nu 

m 

HB 

A 

Nu 

m 

HB 

D 

Ilogp WLO 

GP 

TPS 

A A2
 

1. 

 

C22H15ClN2O6S 470.88 6 7 3 2.17 4.52 134.0 

 

2. 

 

C22H15ClN2O6S 470.88 6 7 3 2.23 4.52 134.0 

 

3. 

 

C22H15ClN2O6S 470.88 6 7 3 2.57 4.52 134.0 

 

4. 

 

C22H16N2O7S 452.44 6 8 4 2.20 3.58 154.3 

 

5. 

 

C22H16N2O7S 452.44 6 8 4 1.69 3.58 154.3 

 

6. 

 

C22H16N2O7S 452.44 6 8 4 1.69 2.60 154.3 

 

7. 

 

C22H15N3O8S 481.43 7 9 3 0.56 3.78 179.9 

 

8. 

 

C22H15N3O8S 481.43 7 9 3 1.77 3.78 179.9 

 

9. 

 

C22H15N3O8S 481.43 7 9 3 1.91 3.78 179.9 

 

10. 

 

C22H14Cl2N2O6 

S 

505.33 6 7 3 2.45 5.18 134.0 

 

11. 

 

C22H15BrN2O6S 515.33 6 7 3 3.13 4.58 91.90 

12. 

 
C22H15FN2O6S 

454.43 6 8 3 2.22 4.43 134.0 

 

13. 

 
C25H17N3O6S 

487.48 6 8 3 2.29 3.64 146.9 

 

14. 

 
C20H14N2O6S2 

442.46 6 7 3 1.66 4.42 162.3 

 

15. 

 
C23H18N2O6S 

450.46 6 7 3 2.88 4.18 134.0 

 

16. 

 
C23H18N2O7S 

466.46 7 8 3 2.44 3.88 143.3 

 

17. 

 

C26H18N2O6S 486.50 6 7 3 2.53 5.02 134.0 
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18. 

 

C23H17N3O8S 495.46 7 9 3 2.29 4.09 179.9 

 

19. 

 

C17H14N2O6S 374.37 5 7 3 1.73 2.44 134.0 

 

20. 

 

C18H16N2O6S 388.39 6 7 3 1.91 2.83 134.0 

 
 

All the compounds are showing excellent drug ability properties according to ROF. 

 
4.6 BRAIN OR INTESTINAL ESTIMATE D PERMEATION (BOILED-EGG) 

Drug absorption through human gastrointestinal tract and penetration across the blood brain barriers 

are the two pharmacokinetics behavior with pivotal importance to be estimate, therefore the develop 

Brain or Intestinal Estimate D permeation (BOILED-Egg) method is proposed as an accurate 

predictive model which efficiently works through computing the lipophilicity and polarity behavior 

of small organic molecules [17]. It is a plot b/w WLOGP, and TPSA (Total Polar Surface Area). Those 

compounds which exist in the yellow (egg yolk) region have high probability of blood brain barrier 

permeation, while those compounds which exists in the egg white region have high probability of 

absorption through gastrointestinal tract, in our screened compounds all the inhibitors are lying 

within Egg white region and predicted to be absorbed by Gastrointestinal tract, while none of the 

compound is lying within Egg yolk yellow region therefore not to be permeate by BBB of the Boiled 

egg region and also predicted not to be effluated from CNS by p-glycoprotein. Figure 6 Showing all 

the compounds are lying within Egg white region. 

 

Figure 6: Showing all the compounds are lying within Egg white region and predicted to be 

absorbed by Gastrointestinal tract, while none of the compound is lying within Egg Yolk region 

therefore not to be permeate by BBB of the Boiled egg region and predicted not to be effluated from 

CNS by p-glycoproteins 
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4.7 MAPPING OF BIOAVAILABILITY RADAR OF POTENT ALPHA-GLUCOSIDASE INHIBITORS 

Drugs mapping by using bioavailability radar display drug-likeness properties of a molecule at a 

glance, it is the descriptor of six properties, (LIPO, SIZE, POLAR, INSOLU, INSATU, FLEX), the 

highlighted pink area represents the optimal range of each descriptor, those molecules which exist 

within the pink area are considered to have good bioavailability in the body [18] All the screened 

compounds are displaying the acceptable five properties of descriptors, except the descriptor of 

INSATU due to the presence of increase instauration (Table 7). 

 
Table 7: Bioavailability Radar of Potent α-Glucosidase Inhibitors 

Comp 

# 

Bioavailability Radar LIPO SIZE POL 

AR 

INSO 

LU 

INSA 

TU 

FLEX 

1.  

 

FPR FPR FPR FPR SH FPR 

2.  

 

FPR FPR FPR FPR SH FPR 

3.  

 

FPR FPR FPR FPR SH FPR 

4.  

 

FPR FPR FPR FPR SH FPR 
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5.  

 

FPR FPR FPR FPR SH FPR 

 

6.  

 

FPR FPR FPR FPR SH FPR 

7.  

 

FPR FPR FPR FPR SH FPR 

8.  

 

FPR FPR FPR FPR SH FPR 

9.  

 

FPR FPR FPR FPR SH FPR 
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10.  

 

FPR FPR FPR FPR SH FPR 

 

11.  

 

FPR FPR FPR FPR SH FPR 

12.  

 

FPR FPR FPR FPR SH FPR 

13.  

 

FPR FPR FPR FPR SH FPR 

14.  

 

FPR FPR FPR FPR SH FPR 
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15.  

 

FPR FPR FPR FPR SH FPR 

16.  

 

FPR FPR FPR FPR SH FPR 

17.  

 

FPR FPR FPR FPR SH FPR 

18.  

 

FPR FPR FPR FPR SH FPR 

19.  

 

FPR FPR FPR FPR SH FPR 
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20.  

 

FPR FPR FPR FPR SH FPR 

All compounds are showing good bioavailability radar of 5 descriptors; however, the sixth descriptor 

of instauration is slightly increased in all compounds. 
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4.8 ANTI-OXIDANT (DPPH RADICAL SCAVENGING) ACTIVITY FLAVONE HYDRAZIDE 

SULFONYL DERIVATIVES 1-20 

In order to investigate the anti-oxidant activity all, the synthesized derivatives 47–66 were subjected 

for the evaluation of anti-oxidant activity (Table 8). The results were compared with standard 

Tert.Butyl 4-Hydroxynisole (IC50 = 44.7 ± 0.14 mM). All these compound showed very promising 

anti-oxidant activity with IC50 ranges 15.25–78.22 mM and found to be better active than the standard 

Tert.Butyl 4-Hydroxynisole. 

 
Table 8: Anti-oxidant (DPPH radical scavenging) activity of Compounds 1-20 

S.# IC50 µM ± SEMa S.# IC50 µM ± SEMa 

1. 42.22 ±1.35 11. 57.22 ±1.47 

2. 46.56 ±1.78 12. 34.28 ±1.55 

3. 44.88±1.44 13. 39.1 ±1.22 

4. 18.23 ±1.68 14. 41.88 ±1.67 

5. 16.72 ±1.89 15. 68.43 ±1.22 

6. 15.25±1.32 16. 48.5 ±1.55 

7. 52.11±0.87 17. 54.24 ±1.11 

8. 58.46 ±1.12 18. 64.23 ±1.73 

9. 49.23 ±1.64 19. 78.22 ±1.42 

10. 58.23 ±1.66 20. 77.35 ±1.65 

 Tert.Butyl4-Hydroxynisole 

(Standard) 

 44.7 ± 0.14 

aSEM = Standard Error Mean 

 
The –OH group containing compounds 4 (IC50 = 18.23 ± 1.68µM), 5 (IC50 = 16.72 ± 1.89µM), 6 (IC50 

= 15.25 ± 1.32µM), better activity among their look likes. The highest activity shown by compound 

6 (IC50 = 15.25 ± 1.32µM). While 3rd most active compound 4 (IC50 = 18.23 ±1.6µM). The chloro (- 

Cl) substituted compounds 1 (IC50 = 42.22 ±1.35µM), 2 (IC50  = 46.56 ±1.78µM), 3 (IC50  = 44.88 
±1.44µM) and 10 (IC50 = 58.23 ±1.66µM) also showed significant activity towards αglucosidase 

inhibition. All these compounds showed better activity than the standard. The –NO2 group substituted 

compounds 7 (IC50 = 52.11 ±0.87µM), 8 (IC50 = 58.46 ±1.12µM), 9 (IC50 = 49.23 ±1.64µM) were 
also found to be better active than the standard but relatively they showed less activity than –OH 

group containing analogues. The less activity might be due to reducing number of hydrogen bonding 

interaction sites or larger size of –NO2 group than the –OH group. 
Compound containing –CH3 and OCH3 group substituted 15 (IC50 = 68.43 ±1.22 µM), 16 (IC50 = 48.5 
±1.55µM) and 18 (IC50 = 64.23 ±1.73µM) show slightly less active than the standard. The 

heterocyclic ring containing compounds 13 (IC50 = 39.1 ±1.22µM) and 14 (IC50 = 41.88 ±1.67µM) 

showed better activity and they were also found to be better active than the standard but compound 

17 (IC50 = 54.24 ±1.11µM) showed less active than standard. The halogen containing compounds 11 

(IC50 = 57.22 ±1.47µM) and 12 (IC50 = 34.28 ±1.55µM) showed better activity and they were also 

found to be better active than the standard. 

 
5. Conclusion 

Flavone Hydraized Sulfonyl Derivatives 1-20 has synthesized and evaluated for their α-glucosidase 

inhibition activity. These compounds showed remarkable inhibition activity. According to molecular 

docking results, these molecules can interact with the protein molecule through π-π and H-bonding 
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interactions. Furthermore, the pharmacokinetic, physicochemical, Brain or Intestinal EstimateD 

Permeation (BOILED-Egg) and bioavailability radar studies were investigated studies by 

computational analysis. These studies revealed that the synthesized compounds 1-20 have high 

Gastrointestinal (GI) absorption with excellent values of various parameters required to best fit for 

Lipinksi rule for drug likeness The Brain or Intestinal EstimateD Permeation (BOILED-Egg) study 

predicted that all of the compounds are located in the egg white region and will be absorbed by the 

gastrointestinal tract and will not be able to absorbed by the p-glycoproteins and will not permeated 

by the blood-brain barrier. Additionally, the analysis of the bioavailability radar shown that all 

compounds exhibited good bioavailability radar of five descriptors; however, a slight increase in 

instauration (the sixth descriptor). Therefore, this study explored the excellent α-glucosidase 

inhibitors with special structural pharmacophore features. Thus, these derivatives can be used in the 

process of drug developing process for as anti-diabetic medications. 

 
6. Materials and methods 

All nuclear magnetic resonance tests were conducted at 150 and 300 MHz using an Advance Bruker 

apparatus. The Perkin Elmer 2400-II CHNS/O Elemental Analyzer in the United States and the 

Finnigan MAT-311A in Germany were used for elemental analysis and electron impact mass spectra 

(EI-MS), respectively. 
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