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ABSTRACT:  

The study involves synthesis, characterization and evaluation of anti-microbial and anti-fungal 

activity for the derivatives of quercetin. The product to be synthesized was selected on the basis of 

SWISS ADME predictor. The characterization of drug and their synthesised products was done by 

determination of melting point, UV spectroscopy, FTIR spectroscopy, thin layer chromatography, 

Nuclear Magnetic Resonance study. The anti-microbial and anti-fungal studies were done with 

different concentrations of 12.5 mg/ml, 25mg/ml, and 50 mg/ml with derivative 1 and derivative 2 

using Pseudomonas aeruginosa Aspergillus Niger strains. The drug with 50mg/kg shows potent anti-

microbial and anti-fungal activity with effective inhibitory growth parameter. 

 

1. INTRODUCTION 

Heterocyclic chemistry involves use of hetero atoms in 

general chemistry in order to drug discovery and 

development of new compound. It includes heterocyclic 

compounds as well as bio-organic compounds like 

furan, pyrrole, thiophene, pyridine, pyrimidine, 

imidazole, benzimidazole, etc. The heterocyclic 

chemistry also has an important role in the study of 

characterization properties of compounds. So, it can 

also be defined as the chemistry that involves the 

synthesis, study of properties and study of significant 

role of compounds in development of new chemical 

compounds.(1).  Quercetin, a natural compound found 

in many plants. It belongs to a group of substances 

called flavonoids, which have a specific structure. The 

structure of quercetin consists of three basic ring that is 

named as ring A, ring B and ring C. The new 

derivatives are derived by making modifications in the 

basic ring of the moiety. 

This structure can be changed by adding or removing 

different parts, like hydroxyl, methoxyl, or glycosyl 

groups. These changes create various types of 

quercetin-related compounds. For example, adding 

glucose to quercetin makes isoquercetin, while adding 

galactose creates hyperoside. Other variations include 

attaching different sugars or sugar combinations to 

different parts of the quercetin molecule. Some 

compounds have methyl groups added, like tamirixetin 

and rhamnetin(2,3). There are also more complex forms 

with multiple sugar units attached. These different 

quercetin-based compounds can have unique properties 

and effects in nature and potentially in human health. 
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Anti-Microbial Properties 

The antimicrobial properties of quercetin were studied 

and shows potent antimicrobial antibacterial antifungal 

activity.  It is able to resist a wide range of 

microorganisms including broad spectrum and narrow 

spectrum microorganism’s category.(4,5) The drug 

quotes team shows effect on wide range of 

microorganisms like salmonella species, E coli, Listeria, 

Mycobacterium, Streptococcus, pseudomonas species, 

bacillus subtilis, Salmonella Typhimurium, and aerobic 

bacteria’s (6). 

2. MATERIAL AND METHODOLOGY 

Designing synthetic schemes by computational 

studies: ADME PREDICTION 

The Swiss ADME Predator is a scientific tool that is 

used to predict the absorption distribution metabolism 

and excretion of drug using software design. It predicts 

the structure, and all the feasible chemical properties of 

the given structure that is used to assess the derivatives 

of a compound, to collect information about the drug 

with its derivatives and to characterize the percentage of 

similarity of structure with respect to its primary 

ring(7,8). It requires either structure of the compound or 

SMILES (A form of code that justifies the structure of a 

compound). (9). 

 

Evaluation and characterization of Quercetin. 

UV-Visible spectroscopy 

To measure quercetin, we first made a strong solution 

by mixing 0.1g of quercetin with 100ml of ethanol. This 

gave us a concentration of 1000µg/ml. Then, we took a 

tiny bit of this solution, just 0.1ml, and added more 

ethanol to make it 100ml total. This step made the 

solution much weaker, with a concentration of 

10µg/ml(10,11). 

Melting point –It is the temperature under which the 

melting of solid product occurs. The value is in the 

range which justifies that the melting point of that 

melting certain product lies between the described 

point. M.P. of Quercetin, examined with help of G-Lab 

apparatus(12). 

FTIR spectroscopy 

The IR spectrum of Quercetin mixed with dried KBr 

disc was studied using a Perkin-Elmer Infrared 
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Spectrophotometer. This method helps scientists 

understand the structure of Quercetin by looking at how 

it interacts with light. The KBr disc is used because it 

doesn't interfere with the results. When the light hits the 

Quercetin sample, it creates a pattern (13). 

1.1. Synthesis of some novel Quercetin derivatives: 

Scheme: 1- 3’ O methylation of quercetin to 3,5,7-

trihydroxy-2-(4-hydroxy-3 methoxyphenyl)chromen-4-

one. 

Quercetin (3 gram) mixed with 1.63 gm of sodium 

acetate, diluted in 20 ml of acetic anhydride, refluxed 

for 18 hours. Cooled the mixture followed by addition 

of 90 ml of dichloromethane. Filtered and dried by 

using anhydrous sodium sulphate. The dried product 

was reacted with potassium iodide (0.32 gm) followed 

by reaction with 0.9 ml of benzyl chloride in 60 ml of 

dry acetone at 450C for 24 hours. The above synthesized 

compound was using dichloromethane, washed with 

brine and water. The filtered product was reacted with 

1.56 gm of potassium iodide and separated by using 

access of methyl iodide using chromatographic run. The 

obtained content was purified by using the same 

technique. 

Scheme-2: 4’ O methylation of quercetin to 

synthesize 3,5,7-trihydroxy-2-(3-hydroxy-4 

methoxyphenyl)chromen-4-one. 

354 mg of dichlorodiphenylmethane was mixed with 

302 mg of quercetin in 20 ml of diphenyl ether with 

continuous stirring. The mixture was heated at 1750C 

for 30 minutes followed by cooling to room 

temperature. Further reacted with 1.28 ml of 

chloromethyl methylether and 2.45 gm of potassium 

carbonate. The mixture was filtered & filtrate, added 10 

ml of ethanol and 10 ml of THF with 2mg of 10% lead. 

After 8 hours, the product was filtered, 0.019 ml of 

iodomethane reacted with 20 ml DMF. The resulting 

product was divided into 100 ml of ethyl acetate and 

100 ml of water. The ethyl acetate layer was dried using 

MgSO4, followed by filtration. Added 1 ml of HCL, 

stirred with 5 ml of dichloromethane at room 

temperature for 6 hours. Filtered with water washed 

with brine and solidified by using MgSO4. 

 

 

IN VITRO ANTIBACTERIAL ACTIVITY 

The antibacterial activity of Quercetin derivatives was 

tested using a special method called Microtitre Broth 

dilution. This was done in small plates with 96 wells. 

The compounds were mixed with different amounts of 

liquid to make solutions of 12.5, 25, and 50 mg/mL. 

They tested these against a tough bacterium called 

Carbapenam resistant Pseudomonas aeruginosa 

(MCCB0057). Put the solutions in the wells along with 

some special liquid (Mueller-Hinton broth), bacteria, 

and a colour-changing substance (TTC). They then kept 

the plates warm for 18 hours. If the wells turned pink, it 

meant the bacteria were growing. If there was no color, 

it meant the bacteria were not growing. They also had 

two special wells: one without the test compound and 

one with Quercetin derivatives. The lowest amount of 

the compound that stopped the bacteria from growing 

was called the Minimum Inhibitory Concentration. This 

test helped the scientists figure out how well the 

Quercetin derivatives worked against the tough bacteria. 

IN VITRO ANTIFUNGAL ACTIVITY 

Aspergillus niger (MCCB0201) strains were screened 

for current study. The fungi were conserved, grown and 

sub cultured at 38°C on Peptone plates for 48 hours. 

Prepared different strengths of a special substance made 

from Quercetin. They used 12.5, 25, and 50 mg/mL of 

this substance. They put small amounts of these into 

tiny wells on a special plate. They also added some 

fungus mixture and a color-changing chemical. They 

left this plate in a warm place for 24 hours, gently 

shaking it. After waiting, they looked at the wells. If a 

well-turned pink, it meant the fungus was growing. If 

there was no color, it meant the fungus couldn't grow. 

They wanted to find out how much of their special 

substance was needed to stop the fungus from growing. 

This amount is called the Minimum Inhibitory 

Concentration. They looked for the well with no colour 

to figure this out. They decided that when 90% of the 

fungus couldn't grow, they had found the right amount 

of their special substance. 

3. RESULT DISCUSSION 

The physical characterization of drug was done and it 

was found to be powdered form with light yellow 

colour. The melting point of drug was determined and 

was found to be 3160C.  
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Thin Layer Chromatography: The thin layer 

chromatography of quercetin was done and Rf value 

was found to be 0.59. 

 

 

Figure 1: Showing TLC of quercetin 

UV spectroscopy 

Absorbance of Quercetin is determined under UV spectrometer and it was found to be 273 nm. 

 

Graph 1: Showing UV spectroscopy of Quercetin. 

FTIR Spectroscopy of Quercetin 

 

Graph 2: Showing FTIR spectroscopy of Quercetin 
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ADME PROFILE OF QUERCETIN DERIVATIVES 

Table 1: ADME profile of quercetin derivatives 

S.No

. 
ID 

GI 

absorptio

n 

BBB 

permean

t 

PGP 

substrat

e 

CYP1A

2 

inhibito

r 

CYP2C1

9 

inhibitor 

CYP2C

9 

inhibito

r 

CYP2D

6 

inhibito

r 

CYP3A

4 

inhibito

r 

1 
CHEMBL 

1173475 
High No No Yes No No Yes Yes 

2 
CHEMBL 

113833 
High No No Yes No Yes Yes No 

3 
CHEMBL 

457261 
Low No No Yes No No No No 

4 
CHEMBL 

463452 
High No No Yes No Yes Yes No 

5 
CHEMBL 

2260151 
Low No No Yes No No Yes Yes 

6 
CHEMBL 

382937 
High No No Yes No No Yes Yes 

7 
CHEMBL 

193059 
High No No Yes No Yes Yes No 

8 
CHEMBL 

3617858 
Low No No Yes No No No No 

9 
CHEMBL45170

9 
High No No Yes No No No No 

10 
CHEMBL 

458762 
Low No No Yes No No No No 

11 
CHEMBL 

323712 
Low No No Yes No No No No 

12 CHEMBL 164 Low No No Yes No No No Yes 

13 
CHEMBL 

465155 
Low No No Yes No No Yes Yes 

14 
CHEMBL45170

9 
High No No Yes No No No No 

15 
CHEMBL 

312163 
High No No Yes No No Yes Yes 

16 
CHEMBL 

515360 
Low No No No No No No No 
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17 
CHEMBL50278

2 
Low No Yes No Yes No No No 

18 
CHEMBL 

413552 
Low No No Yes No No No Yes 

19 
CHEMBL 

470848 
High No No Yes No No Yes Yes 

20 
CHEMBL 

1935385 
High No Yes Yes No No Yes Yes 

 

Scheme of Synthesis for derivative - 1 

3’ O methylation of quercetin to 3,5,7-trihydroxy-2-(3-hydroxy-4 methoxyphenyl)chromen-4-one. 

 

Characterization of Derivative-1 

The physical nature of drug was found to be light yellow, having melting point of 7930C. 

The Rf value of sample was found to be 0.62. 

Fourier transform infrared spectroscopy (FT-IR). 

 

Graph 3: Fourier transform infrared spectroscopy (FT-IR) of quercetin derivative 1 
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C13 NMR of Derivative -1 

 

 

Graph 4: Showing C13 NMR peaks of synthesized derivative 1. 

H1 NMR of Derivative -1 

 

Graph 5: Showing H1 NMR peaks of synthesized derivative 1. 
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Scheme of Synthesis – for DERIVATIVE – 2 

 

The physical nature of drug was found to be light green, having melting point of 8130C. 

The Rf value of sample was found to be 0.58. 

Fourier transform infrared spectroscopy (FT-IR). 

 

Graph 6: Fourier transform infrared spectroscopy (FT-IR) of quercetin derivative 1 
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C13 NMR of Derivative -2 

 

Graph 7: Showing C13 NMR peaks of synthesized derivative 2. 

H1 NMR of Derivative -2 

 

Graph 8: Showing H1 NMR peaks of synthesized derivative 2. 
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Evaluation of Anti-bacterial activity 

All results were observed after 90 minutes of dosing. 

Table 2: showing anti-bacterial activity of derivative - 1 

Strain After culture Dosing with derivative - 1 

After culture 12.5 mg/ml 25 mg/ml 50mg/ml 

Pseudomonas aeruginosa  Appears as pink 

colour 

Pink colour 

remains 50% 

Pink colour 

remains 20% 

Pink colour 

remains 10% 

 

Table 3: showing anti-bacterial activity of derivative - 2 

Strain After culture Dosing with derivative - 2 

After culture 12.5 mg/ml 25 mg/ml 50mg/ml 

Pseudomonas aeruginosa  Appears as pink 

colour 

Pink colour 

remains 45% 

Pink colour 

remains 15% 

Pink colour 

remains 8% 

 

Evaluation of Anti-fungal activity 

Table 4: showing anti-fungal activity of derivative – 1 

Strain After culture Dosing with derivative - 1 

After culture 12.5 mg/ml 25 mg/ml 50mg/ml 

Aspergillus Niger 

 

Appears as pink 

colour 

Pink colour 

remains 50% 

Pink colour 

remains 20% 

Pink colour 

remains 10% 

 

Table 5: showing anti-fungal activity of derivative - 2 

Strain After culture Dosing with derivative - 2 

After culture 12.5 mg/ml 25 mg/ml 50mg/ml 

Aspergillus Niger 

 

Appears as pink 

colour 

Pink colour 

remains 50% 

Pink colour 

remains 20% 

Pink colour 

remains 9% 

 

 

Figure 2: Showing stages of culture media during bacterial growth, after 50mg/ml of dosing with derivative 1 and 

derivative 2 
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4. CONCLUSION 

The quercetin was characterized on the basis of melting 

point, uv spectroscopy, FTIR spectroscopy and thin 

layer chromatography. The obtained result is shown as 

the Rf value of quercetin was found to be 0.59 that is 

equivalent to Rf value of quercetin which proves that 

the given drug sample is quercetin. The melting point of 

quercetin was calculated and it was found to be 3160C 

that is in the range of 310-3180C. The UV spectroscopy 

of drug sample was done using ethanol as solvent. The 

peak was obtained at 273 nm which confirm that the 

drug sample is quercetin.  On the basis FTIR 

spectroscopy, the obtained peaks in the spectra show 

confirmation of quercetin. 20 derivatives having % 

similarity >90% are evacuated, and their structures were 

studied which is further used in ADME predictor using 

SWISS ADME to predict the absorption, distribution, 

metabolism and excretion properties of drug. The 

melting point and TLC of derivative – 1 was found to 

be 7930C and 0.62 respectively. The C13 NMR and H1 

NMR peaks confirm the synthesis of derivative-1. FTIR 

spectroscopy was done to evaluate the vibrational 

frequencies of the compound. The melting point and 

TLC of derivative – 2 was found to be 8130C and 0.59 

respectively. The C13 NMR and H1 NMR peaks 

confirm the synthesis of derivative-2. The anti-

microbial and anti-fungal was done using Pseudomonas 

aeruginosa and Aspergillus Niger with both the 

synthesized derivatives. The obtained results show 90% 

of inhibitory effect with 50mg/ml of dosing. 
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