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Abstract 

Synthesis of any organic compounds are depending on each and every atom of the 

compounds and all substitutes are linked with the rings to exhibit novel properties with the 

involvement of minimum atoms for the organic synthesis using carbon and hydrogen 

molecule. To investigate the novel flavonoid compounds of quercetin derivatives were 

synthesized using ethyl and methyl alkyl substituents of saturated groups. All the synthesized 

derivatives of quercetin separated by chromatography and characterized by spectroscopy such 

as infrared (IR) and fourier transmission infrared (FTIR), liquid chromatography and mass 

spectroscopy (LCMS, 
1
H and 

13
C nuclear magnetic resonance (NMR) to elucidate the 

compounds. The synthesis of quercetin derivatives like 4'O-methyl quercetin, 4'O-sulphate 

quercetin and 4'O-glucose quercetin obtained as compared to standard compounds. Quercetin 

compounds were reacted with a multi fold molar excess of ethyl and methyl mixtures, and the 

obtained products were analyzed and confirmed by HPLC and LCMS. All the three disulfates 

were identified, and structural inferences were drawn by 1H and 
13

C NMR spectrometry of 

HPLC peak isolates.  
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Introduction: 

Flavonoid compounds possess significant impact in medicinal chemistry and they are 

commonly found in huge percentage in biomolecules as an active secondary metabolite such 

as enzymes, piments, vitamins, natural products and biologically active compounds. 

Quercetin is one of the plant compounds as flavonol in the flavonoid group of polyphenols 

[1]. Naturally found in most of the fruits, and vegetables, limited amount also available in 

leaves, seeds, and grains. It is bitter in nature generally and used as key ingredient as a dietary 

supplement, nutritional foods and most of the beverages [2]. Its molecular formula is 

C15H10O7, and the chemical structural formula is illustrated in Figure 1. It act as naturally 

occurring inhibitor during transport of polar auxin [3]. It has a ketocarbonyl functional group 
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and their oxygen atom on the first carbon is basic and can generate salts with strong acids. Its 

molecular structure contains four active groups, namely, a dihydroxy group between the A 

ring, o-dihydroxy group B, C ring C2, C3 double bond, and 4-carbonyl [2]. The presence of a 

phenolic hydroxyl group and double bonds endows quercetin with a strong antioxidant 

activity. Its antioxidant and anti-inflammatory properties are closely related to the prevention 

and treatment of cardiovascular diseases and cancer. All the synthesized compounds exhibit 

potential antioxidant property as per the literature in particular quercetin derivative 

containing 4’O-methyl compounds. 

 

 
 

Figure: Structure of Quercetin  

In this context current experiment designed to synthesis of flavonoid compound such as 4'O-

Methyl Quercetin, 4'O-Sulphate Quercetin and 4'O-Glucose Quercetin using ethyl and methyl 

alkyl substituents of saturated groups. Two step synthesis process were used to determine the 

pure compounds of quercetin in the step of intermediate and final to obtain the all the 

derivatives. The further study planned for preliminary investigation of biological property 

and also planned for each compound molecular docking to know their structural interaction 

with DNA and various properties. 

Materials and Methods 

Chemicals, Methods and Structural Studies 

Required chemicals for the synthesis were purchased from commercial sources sigma Aldrich, 

Chem. Pvt. Ltd. The progress of the reaction was monitored by Thin Layer Chromatography 

(TLC) using Merk CCM Gel de silica F252 plates as stationary phase and ethyl 

acetate/petroleum ether as mobile phase. Melting points of all the synthesized compounds 

were recorded in open capillaries using Guna melting point apparatus and are uncorrected. The 

IR spectra were recorded on a Nicolet iz10 FT IR spectrophotometer in the range 400-4000 

cm
-1

. The 
1
H and 

13
C NMR were recorded on a Bruker-400 spectrometer at 400 MHz using 

DMSO-d6 solvent with TMS as internal standard. The Mass spectra of the prepared molecules 

were recorded on Agilent technologies 6110 Quadrupole LC/MS. Quercetin is a analytical 

grade from Sigma Aldrich, St. Louis, MO, USA. Other chemicals were procured from SRL 

chemicals, India.  
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Intermediate synthesis 

Step 1: 2-(2,2-diphenylbenzo[d][1,3] dioxol-5-yl)- 3,5,7-trihydroxy-4H-chromen-4-one. 

 Diphenyl ether (43.80g. 2.5 mol) was added to the quercetin (30g 1mol) with stirring. The 

reaction mixture was refluxed by using Dichloro-diphenyl-methane as a solvent for about 30-

40 min at 175 
0
C using oil bath. After completion of the reaction mixture were cooled too 

room temperature the treated with hexane to obtain solid with 49.6% Yield (22.95g).   

Step 2: 2-(2,2-diphenylbenzo[d][1,3]-dioxol-5-yl)-5- hydroxy-3,7-bis (methoxy-methoxy) 

– 4-Hchromen- 4-one 

Chloromethyl ether (9.03ml, 2.5 mol) was added to the product obtained in the previous step 

maintaining basic condition using potassium chloride using acetone as a solvent. Suspension 

was refluxed for about 8-10 hour. The reaction mixture obtained was cooled to attain room 

temperature and Chloromethyl ether solvents was removed by vacuum distillation. Further 

the solid obtained was purified by the Column Chromatographic method. With 70% yield 

15.9g  

Step 3: 2-(3,4-dihydroxyphenyl)-5-hydroxy-3,7-bis(methoxymethoxy)-4H-chromen-4-

one 

To a solution of compound obtained from previous (15g, 1 mmol) dissolved in ethanol (30 

ml) and THF (30 ml) 10% Pd/C (6 mg) was added with vigorous stirring. Then the reaction 

vessel was evacuated and the atmosphere replaced with hydrogen. After 8 h, the reaction 

mixture was filtered through celite and the filtrate concentrated. The crude material was then 

chromatographed on silica gel (50% ethyl acetate in petroleum ether) to obtain desired 

product with yield of 85%,9.6 g as a yellow solid. 

 

Step 4: 5-hydroxy-2-(3-hydroxy-4-methoxyphenyl)- 3,7-bis (methoxy methoxy)-4H-

chromen-4-one 

Iodomethane (2.04 ml, 1.5 mmol) was added to previous compound (9-gram 1mmol) 

dissolved in dry DMF (20 ml) K2CO3 (60 mg, 0.47 mmol) at room temperature. After 8 h, the 

reaction mixture was partitioned between 100 ml ethyl acetate and 100 ml water. The ethyl 

acetate layer was washed with brine, dried over MgSO4, filtered and concentrated. The crude 

material was purified by column chromatography (25% ethyl acetate in petroleum ether) to 

obtain yellow colour solid with 90% yield 8.49 g.  

Final synthesis 

Step 1: 4'-O -Methyl Quercetin 

Hydrochloric acid (10 ml) was added to a stirred solution intermediate-4 (2.0g, 1 mmol) in 

Dichloromethane (100 ml) and Diethyl ether (100 ml) by maintaining temperature to less 

than 25 °C. The dark brown coloured solution obtained was stirred at room temperature for 6 

h, completion of the reaction was monitored by the TLC. The reaction mixture was diluted 

with a large amount of ethyl acetate and washed with water and brine. The ethyl acetate layer 
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was dried over MgSO4, filtered, then concentrated and the crude material purified by column 

chromatography (50% ethyl acetate in petroleum ether). Recrystallization from EtOH gave 

yellow colour solid with 82% yield 1.63 g. [4, 5]. 

Step 2: 4'-O Sulphate Quercetin 

8 cm3 of concentrated sulfuric acid (d = 1.84 g cm−3) was added to 2 g of intermediate-4 in a 

100 cm
3
 round-bottom flask. The reaction mixture was vigorously stirred for 2 h at 18–20 °C. 

Then, 20 cm
3
 of very cold water was added into the reaction mixture. The yellow precipitate 

was filtered at a reduced pressure and recrystallized twice from the hot saturated water 

solution. Next, the yellow sediment was dried in air at room temperature. The synthesis yield 

was 70 % 1.5g.[6] 

Step 3: 4'-O- Quercetin Glucoside 

4'-O- quercetin glucoside obtained by dissolving intermediate-4 with tetraacetyl-R-1-

bromoglucose in a dimethyl sulfoxide (08 ml, 1.5mmol) and then stirred overnight after the 

addition of potassium carbonate (1.7g, 2mmol). The resulting mixture was then adjusted to an 

acidic condition by adding a few drops of formic acid. The precipitate in the acidic solution 

was separated by centrifugation. The precipitate was then washed and concentrated in 

vacuum. Sodium methylate solution was added to the residue and kept at room temperature 

for 20 min. The solution was then neutralized and filtered. The quercetin glucoside obtained 

were further purified by Column Chromatographic technique with an 75% yield 1.3g [7,8]. 
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Results  

After the synthesis of all the quercetin derivatives chromatography and spectroscopy study 

were carried out to know the basic properties of the compounds. It is very much useful to 

elucidate the compound for structure identification and help it for the characterization. 

Synthesis of compound 1: 4'-O -Methyl Quercetin 

Yellow solid, M.P. 252-254 °C; IR (cm
-1

): 3212 (phenolic OH), 2924  (aromatic C-H), 1661  

(C=O); 
1
H NMR (400 MHz DMSO-d6): δ 11.46 (s, 1H), 10.39 (s, 1H),   9.40 (s, 1H), 9.29 (s, 

1H), 7.89 (d, J = 1.9 Hz, 1H), 7.52 (dd, J = ,1.9 Hz, 1H), 7.29 (d, J = 8.6 Hz, 1H), 6.42 (d, J = 

2.0 Hz, 1H), 6.13 (d, J = 2.0 Hz, 1H), 3.83 (s, 3H); 
13

C NMR (500 MHz, DMSO-d6): δ 55.4, 

94.8, 105, 114.2, 128.2, 131.5, 149.6, 153.9,156.4, 158.6, 160.4, 162.5, 178.6 ; LC-MS (ESI 

Positive): m/z =(M+H)+                : Anal. Calcd for C
16

H
12

O
7
: C, 60.76; H, 3.82. Found: C, 60.69; 

H, 3.84. 

Synthesis of compound 2: 4'-O Sulphate Quercetin 

Yellow solid, M.P. 216-218 °C; IR (cm
-1

): 3214  (Phenolic OH), 2924  (Aromatic C-H), 1669  

(C=O), 1726 (S=O); 
1
H NMR (400 MHz DMSO-d6): δ 11.2 (s, 1H), 7.72 (m, J = ,1.9 Hz, 

2H), 6.52 (d, J = 8.6 Hz, 1H), 6.46 (d, J = 2.0 Hz, 1H), 6.26 (d, J = 2.0 Hz, 1H), 4.59 (s, 4H);  
13

C NMR (500 MHz, DMSO-d6): δ 174.2, 163, 158.6, 149, 144, 136.2, 123, 121, 115, 11.2, 

106, 96.7; LC-MS (ESI Positive): m/z =(M+H)+                : Anal. Calcd for C
15

H
10

O
10

S: C, 47.13; 

H, 2.64; O, 41.85; S, 8.39. Found: C, 47.13; H, 2.53; O, 41.67; S, 8.82 

 

Synthesis of compound 3: 4'-O- Quercetin Glucoside 

Yellow solid, M.P. 182-184 °C; IR (cm
-1

): 3214  (Phenolic OH), 2924  (Aromatic C-H), 1669  

(C=O), 1032 (C-O); 
1
H NMR (400 MHz DMSO-d6): δ 11.2 (s, 1H), 7.72 (m, J = ,1.9 Hz, 
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2H), 6.52 (d, J = 8.6 Hz, 1H), 6.46 (d, J = 2.0 Hz, 1H), 6.26 (d, J = 2.0 Hz, 1H), 4.59 (s, 4H);  
13

C NMR (500 MHz, DMSO-d6): δ 174.2, 163, 158.6, 149, 144, 136.2, 123, 121, 115, 11.2, 

106, 82.5, 64.8; LC-MS (ESI Positive): m/z =(M+H)+ : Anal. Calcd for C21H20O12: C, 54.31; 

H, 4.34; O, 41.34; S, 8.39. Found: C, 54.73; H, 4.26; O, 41.64. 

Table 1: Chromatography and spectroscopic test parameters of synthesized quercetin 

derivatives 

SL 

No

. 

Test 

Paramete

rs 

Quercetin 4’ O-

Methyl (C
16

H
12

O
7
) 

Quercetin 4’ O-

Sulphate 

(C
15

H
10

O
10

S) 

Quercetin 4’ O-

Glucoside 

(C21H20O12) 

1 Melting 

Point 

252–254 °C 216-218°C 182–184 °C 

2 FTIR 

Report 

(using 

KBr, ν 

cm
−1

) 

3212 - phenolic (OH),  

2924 - aromatic (C–

H), 

1661 – Stretching 

(C=O)  

3214 - phenolic (OH),  

2924 - aromatic (C–

H), 

1669 – Stretching 

(C=O),  

1726 - Stretching 

(S=O) 

3214 - phenolic (OH),  

2924 - aromatic (C–

H), 

1669 – Stretching 

(C=O),  

1032 – Stretching (C-

O) 

3 LCMS 

m/z 

Calculate

d 

Analyze

d 

Calculate

d 

Analyze

d 

Calculate

d 

Analyze

d 

C - 60.76;  

H - 3.82 

C - 

60.69;  

H - 3.84 

C - 47.13;  

H - 2.64;  

O - 41.85; 

 S - 8.39 

C - 

47.13;  

H - 

2.53;  

O - 

41.67;  

S - 8.82 

C - 54.31;  

H - 4.34;  

O - 41.34. 

C - 

54.73;  

H - 

4.26;  

O - 

41.64 

Table 2: NMR spectroscopic test parameters of synthesized quercetin derivatives 

SL 

No. 

Test 

Parameters 

Quercetin 4’ O-

Methyl 

(C
16

H
12

O
7
) 

Quercetin 4’ O-

Sulphate 

(C
15

H
10

O
10

S) 

Quercetin 4’ O-Glucoside 

(C
21

H
20

O
12

) 

1 
1

H NMR 

(DMSO-d6, 

400 MHz) 

3.83 (s, 3H, -

OCH3),  

6.13 (d, J = 2.0 Hz, 

1H, 6-H), 

6.42 (d, J = 2.0 Hz, 

4.59 (s, 4H, -OH),  

6.26 (d, J = 2.0 Hz, 

1H, Ar-H),  

6.46 (d, J = 2.0 Hz, 

1H, Ar-H),  

3.42-3.86 (m, 7H, alicyclic 

CH of glucose), 

4.2 (s, 4H, -OH of 

glucose),  

4.8 (s, 4H, Ar-OH), 
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1H, 8-H), 

7.29 (d, J = 8.6 Hz, 

1H, 5′-H),  

7.52 (dd, J = ,1.9 

Hz, 1H, 6′-H),  

7.89 (d, J = 1.9 Hz, 

1H, 2′-H),  

9.29 (s, 1H, 3-

OH),  

9.40 (s, 1H, 3′-

OH),  

10.39 (s, 1H, 7-

OH),  

11.46 (s, 1H, 5-

OH); 

6.52 (d, J = 8.6 Hz, 

1H, Ar-H),  

7.72 (m, J = ,1.9 

Hz, 2H, Ar-H), 

11.2 (s, 1H, OH 

attached to 

sulphur) 

5.4 (d, 2H, Ar-H),  

6.52 (d, 2H, Ar-H),  

7.42 (d, 1H, Ar-H).  

10.3 (s, 1H, OH attached to 

glucose) 

2 
13

C NMR 

(DMSO, 

500 MHz) 

55.4 (O-C-OCH3), 

94.8 (2C, Ar-C), 

105 (1C, OH-

C=C),  

114.2(1C, Ar-C, 

C=C), 

128.2 (2C, Ar-C, 

C=C), 

131.5(1C, Ar-C, 

C=C),  

149.6 (1C, Ar-C, 

C-OH), 153.9(1C, 

Ar-C, C=C), 

156.4 (Ar-C, C=C-

O), 

158.6 (1C Ar-C, 

C=C),  

160.4 (2C, C-C),  

162.5 (1C, C=C-

O),  

178.6 (1C, Ar C-

OH) 

96.7 (2C, Ar-C), 

106 (1C, OH-

C=C),  

111.2(1C, Ar-C, 

C=C), 

115.6 (1C, Ar-C, 

C=C) 

121(1C, Ar-C, 

C=C), 

123 (1C, Ar-C, 

C=C),  

136.2 (S, 1C, Ar-

C-OH), 

144 (1C, Ar-C, O-

C=C), 149(1C, Ar-

C, C-OH),  

158.6 (2C Ar-C, C-

O-C), 

163 (2C, C-OH),  

174.2 (s, 1C, Ar 

C=O), 

64.8-82.5 (6C, Alicyclic-C 

of Glucose) 

106 (3C, -C=C),  

111.2 (1C, Ar-C, C=C), 

115.6 (1C, Ar-C, C=C), 

121 (1C, Ar-C, C=C), 

123 (1C, Ar-C, C=C), 

144 (1C, Ar-C, O-C=C),  

149 (1C, Ar-C, C-OH), 

136.2 (1C, Ar-C-OH), 

158.6 (2C Ar-C), 

163 (2C, C-OH),  

174.2 (s, 1C, Ar C=O) 
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Discussion 

Synthesis of flavonoid compounds are very useful in pharmacological industry, in current 

investigation we synthesized quercetin derivatives such as 4'O-Methyl Quercetin, 4'O-

Sulphate Quercetin and 4'O-Glucose Quercetin using ethyl and methyl alkyl substituents of 

saturated groups. It is evidence with chromatographic and spectroscopic studies to confirm 

the compound as novel new moieties of flavonoid. Similar investigation of Mrkus et al., (9) 

peptidyl-quercetin derivatives is 2-[3-(aa)n-4-hydroxyphenyl]-3,5,7-tri-hydroxy-4H-1-

benzopyran-4-on, and described formula of the main peptidyl-resveratrol derivatives is (E)-5-

[4-(aa)n)styryl]benzene-1,3-diol and reported for their antioxidant and anticancer potential. In 

other studies of Massi et al., (10) reported modified compound of flavonoid quercetin 

(3,3',4',5,7-pentahydroxyflavone) is widely distributed in plants, foods, and beverages. This 

polyphenol compound exhibits varied biological actions such as antioxidant, radical-

scavenging, anti-inflammatory, antibacterial, antiviral, gastroprotective, immune-modulator, 

and finds also application in the treatment of obesity, cardiovascular diseases and diabetes 

(11-1)6. In this context our synthesized compound were equally valuable and novel when 

compared naturally derived Quercetin and their biological properties.  

Conclusion 

It is one of the major challenges to researchers to find alternative compound in higher scale to 

combat the health issues of animal and mankind. Quercetin is well known drug using it in 

pharmaceutical industry to treat the many diseases. To find purer and cost-effective 

production, we synthesized 3 derivatives in very low-cost method and almost similar to 

commercial Quercetin compound which is highly applied in medical sector for various health 

issues and may it will be useful compound for future perspective to meet the global market to 

supply it in very cheaper and available for all. 
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