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Abstract 

Quercetin (3,4’,7,5,3’-pentahydroxylflavone) is a flavonol and it belongs to the group of flavonoids that 
are secondary metabolic products found in plants, which is widely distributed in various fruits and 
vegetables. According to the growing data, quercetin may be therapeutically useful in treating and 
preventing a variety of disorders. On the basis of many research reports, quercetin was found to 
possess a broad spectrum of pharmacological properties. There are several synthetic as well as natural 
protocols for quercetin synthesis, also it includes a lot of pharmacological activity, but its low solubility 
and bioavailability limit its therapeutic potential. Any small change in the structure of the medicinal 
compounds may cause a major change in the bioavailability and pharmacological action. This article 
aimed to investigate the pharmacological activity and the structure-activity relationship of quercetin and 
its derivatives. 
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1. INTRODUCTION 

Quercetin (3,7,5,3’,4’-pentahydroxy flavone) which gets its name from the Quercus-
related quercetum (oak forest), has been extensively used since 1857. In nature, there 
are numerous flora that contain quercetin, including those that grow grapes, brassica, 
onions, apples, herbal tea, spring onions, capers, tomatoes, berries, as well as several 
nuts, flower petals, seeds, tree bark, and leaves. Molecular formula of quercetin is 
C15H10O7 [1]. The blood-brain barrier (BBB) can be crossed by quercetin as it 
undergoes a first-pass metabolic process [2].  

Quercetin is a flavonoid that is moderately hydrophilic and water soluble. A major 
barrier to its medicinal usage is still its poor solubility in water, which is specifically tied 
to its poor bioavailability [3]. The primary cause of this is the dense inter-molecular 
arrangement of planar phenol and hetero rings, however, it is possible to break up this 
intermolecular packing and increase flavonol elimination by reducing the hydroxyl 
group of flavonols using an acyl donor that contains a short aliphatic backbone [4]. 

It possesses numerous biological properties such as anti-tumor [5], anti-inflammatory 
[6], antioxidant [7], hepatoprotection [8], anti-hypertensive [9], anti-viral [10], anti-
tubercular [11], anticonvulsant [12], anti-microbial, as mentioned in Fig.1 [13].  
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Fig 1: Pharmacological activity of Quercetin 
 

2. SAR OF QUERCETIN 

The essential components of the molecule include a polyhydroxylated A and B 
aromatic structure, a dual bonding among the second and third carbons, a carbonyl 
group in the 4th carbon, and a third-carbon alcohol group. Two OH groups are present 
in ring B [14]. The effectiveness of flavonoids in different roles like fighting cancer, 
acting as antioxidants, managing diabetes, and reducing inflammation becomes more 
pronounced when more hydroxyl (OH) groups are present. Conversely, an elevate in 
the OH groups tends to lower their antiviral and antibacterial properties [15]. 
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Fig 2: Structure-activity relationship of quercetin 
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3. SYNTHESIS STRATEGIES 

Hirpara K V et al. synthesized 4’-O-methyl quercetin (Tamarixetin) (6) followed by the 
reaction by employing dichlorodiphenylmethane, K2CO3 in acetonitrile at 1800 C to 
effectively protect the catechol ring of quercetin (1), the product obtained (2) was then 
benzylated in the presence of K2CO3, benzyl bromide in DMF to produce 3,5,7- 
tribenzylated quercetin (3). By deprotecting the catechol ring and particularly 
debenzylating its 5-hydroxy group with an acetic acid/ water solution, 3,7-dibenzylated 
quercetin (4) was synthesized. Effectively methylation of the 4’-hydroxy group leads 
to the formation of compound (5) and further the debenzylation of (5) gives the final 
product 6, shown in Scheme 1 [16].  
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Scheme 1: Synthesis of Tamarixetin 

Ravishankar D et al. showed the synthesis of thioquercetin (9) by the methylation of 
1 was performed with (CH3O)2SO2 in the existence of 15 % KOH, which gives methoxy 
quercetin (7) with 60% yield. The product obtained (7) was reacted with Lawesson’s 
reagent in dry toluene for four hours at 110 °C, to give thiomethoxyquercetin (8), which 
was further demethylated by the treatment of BBr3 in anhydrous CH2Cl2 for 18 hours 
at 40° C, to obtain the final product thioquercetin (9) with 55% yield (Scheme-2). [17] 
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Scheme 2: Synthesis of Thioquercetin 

de la Torre et al. reported that when quercetin was methylated using methyl iodide, a 
combination of molecules 10 and 11 was produced. Compound 11 was demethylated 
to produce the 3-OH variant 12. Compound 10 was employed in the process with 3-
iodi-1-propanol, and when substance 12 was alkylated with it, it produced the propanol 
analog 13 immediately in an appropriate ratio. By esterifying those substances with 
methyl malonyl chloride, the related malonate 14 was obtained at last [18] 
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Scheme 3: Synthesis of Malonic acid 3-[2-(3,4-dimethoxy-phenyl) -5,7-
dimethoxy-4- oxo-4H- chromen-3-yloxy]-propyl ester methyl ester 

Cho A R et.al. obtained quercetin 3-O-gentibioside (16) by the two-step reaction of 
quercetin with BcGT1 which converts quercetin (1) into quercetin 3-O-glucoside (15). 
The second step shows the further synthesis of (15) catalyzed by using another 
glycosyltransferase CaUGT, which synthesizes 16 (Scheme-4). Due to the quick 
transformation of 1 into quercetin 3-O- glucoside, it is essential that BcGT1 be kept at 
a low concentration [19]. 
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Scheme 4: Synthesis of quercetin 3-O-gentiobioside 

Alluis B et al. synthesized 7-O- β- D- glucopyranosylquercetin (18) by the immediate 
heating of 1 with Ph2CCl2 at 170° C and transformed it into its diphenyl methylene 
acetal, which was then used for preparing the methylene acetal. Glycosidation of 
substance 17 was done under phase-transfer conditions (CH2Cl2, saturated KHCO3 
mixture, tris [2-(2-methoxy ethoxy) ethyl] (TMEA). Diphenyl methylene acetal was then 
hydrogenolysis to produce 18 [20]. 
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Scheme 5: Synthesis of 7-O-β-d-glucopyranosylquercetin 
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Kajjout M, et.al., synthesized 3-O- β- D- glucuronide (23) by benzylating the four-
hydroxyl group of rutin (19) with excess BnBr and K2CO3 in dimethyl formamide for 
ten hours at ambient climate. The desired compound 3’, 4’, 5,7- tetra benzylated 
quercetin (20) was obtained by hydrolyzation of tetra benzylated rutin using a 
combination solution of methanol/ HCl (98/2, v/v) on reflux at 65° C. By merely 
employing potassium carbonate as a base and condensing 1-bromo- 3,6,4- tetra-O- 
acetyl-α-D-glucopyranoside on compound (20) in dimethylformamide at the ambient 
temperature, O-glycosylation was obtained. Oxidation of (22) was carried out by 
sodium hypochlorite (NaCl) which was catalysed by (TEMPO) 2,2,6,6- tetramethyl-1- 
piperidinyloxy and finished by hydrogenolyzation of benzyl compounds using H2 / 
Pd/C. the final product (23) was obtained with a 28% yield [21]. 
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Scheme 6: Synthesis of quercetin 3-O-β-D-glucuronide 
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Docampo-Palacios et al. synthesized 4’-O- methyl quercetin-7- O-β- D-glucuronide 
(26) in a six-step process. Borax was used as a chelating substance to protect sites 4’ 
and 3’, as well as K2CO3, benzyl chloride, and benzyl triethylammonium chloride were 
used as phase-transfer catalysts, in the production of 4 through benzylating 1. After 
that, component 5 was produced by the specific methylation of 4. Next, the 4’-O-methyl 
quercetin (24) was obtained by debenzylation 5. Subsequently, the immediate 
glucuronidation of compound 24 was carried out using the Koenigs-Knorr reaction 
method. This involves the addition of 2.5 equi. of Ag2O, and 1.25 equi. of 
(2R,3R,4S,5S,6S)-2- bromo-6- (methoxycarbonyl) tetrahydro- 2H-pyran-3,4,5-
triyltriacetate, resulting in the formation of 26 with 61% yield [22]. 
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Scheme 7: Synthesis of 4′-O- methylquercetin-7-O- β-D- glucuronide 

Kajjout M et al. showed the synthesis of quercetin 5-O-β-D-glucoside (30) four-step 
process. Initially, 3,4’,3,7-O-tetra benzyl quercetin (27) was produced by the 
benzylation of 1 in DMF at ambient climate with varying concentrations of benzyl 
bromide and potassium carbonate. Secondly, acetobromoglucose and 27 interact 
when K2CO3 is introduced. Then, under the identical circumstances as previously, the 
glucoside moiety is deprotected. Thirdly, protected phenolic group 28 is used to 
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oxidize the primary alcohol of 30. Lastly, the desired product 30 is obtained by the 
breakdown of the benzyl ring using H2, Pd/C giving a 50% yield [23]. 
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Scheme 8: Synthesis of quercetin 5-O-β-D-glucoside 

Mukherjee K et al. showed the synthesis of 2-(3,4- Dihydroxyphenyl)- 7,3 -dihydroxy-
5-(3-4-methyl piperazine-1-yl)propoxy)-4H- chromen-4- one (34) by reacting 1 with 
BnBr and K2CO3 in DMF which was then stirred for 2 hours continuously, which 
resulted in tri benzyl 31 and tetra benzyl 27. After that compound 27 was treated with 
1-bromo-3-chloropropane and potassium carbonate in DMF and was refluxed for 
another 6 h, giving product 32. In compound 32 N-methyl piperazine, DMF, and K2CO3 
were added which resulted in the formation of 33, which was further hydrolyzed to 
obtain the final product 34 with a 73% yield [24]   
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Scheme 9: Synthesis of 2-(3,4- Dihydroxyphenyl)- 7,3 -dihydroxy-5-(3-(4-methyl 
piperazine-1-yl)propoxy)-4H- chromen-4- one 

 
4. BIOLOGICAL ACTIVITIES AND STRUCTURE-ACTIVITY RELATIONSHIP  

4.1 Anti-cancer activity  

Chan EW. et al. 2021 reported that tamarixetin (6) had a cytotoxicity of 19.6 and 20.3 
µM, toward tumour cells from the A549 and HCC44 strains, respectively. Compared 
to quercetin, it had a cytotoxicity that was 3.7 and 5.3 times higher. According to IC50 
values, TMT was toxic to four distinct cancer cell types at concentrations of 24 µM for 
K562 cells, 7.5 µM for Molt-3 cells, 7.5 µM for HL-60 cells, 5.5 µM for U937 cells. TMT 
illustrated the highest cytotoxic effect when quercetin, 3-O-methyl quercetin, and 7-O- 
methyl quercetin were evaluated against B16F10 melanoma, C6 glioma, AGS gastric, 
and HeLa cervical carcinoma cells [25]. 

Li Q, et al. 2015 stated that 3’-O- methyl quercetin [isorhamnetin] (35) had an impact 
on A549 cell proliferation as low as 5 µg/ml, and at 320 µg/ml, it had the greatest 
impact; the IC50 for this action was 44.5 µg/ml. Additionally, they found that compared 
to other cancer cell lines such as Caco-2, K562, SMMC7721, PC3, MCF-7, and others, 
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lung cell line A549 had a larger effect on growth inhibition. The IC50 for isorhamnetin 
varied between 57.2 µg/ml to 129.1 µg/ml. It exhibits potent anticancer properties in 
vivo [26]. The cell death signals composed of caspase-3, p53, and Bax are activated 
by isorhamnetin in cancerous cells, which stops them from proliferating [27].  

A
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35 

Xu D, et al. 2019 found that prostate, lung, liver, colon, cervical tumor, and breast are 
just a few of the many malignancies that can be stopped from spreading by using 
quercetin. Its anti-cancer properties are accomplished by several methods including 
cell communication channels and enzymatic reactions that prevent carcinogenesis. 
The most frequent deactivated tumor suppressor, p53, is stimulated by quercetin to 
inhibit the growth of cancer [28]. 

Table 1: SAR of anti-cancer quercetin derivative [29,30] 
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4.2 Anti-tubercular activity 

Kim MJ, et al. 2016 reported Rhamnetin’s (36) anti-tubercular activity in opposition 
to extensively drug-resistant (XDR) strains, Mycobacterium tuberculosis H37RV, and 
multi-drug-resistant (MDR). Having an MIC90 value of 100 µg/ml, rhamnetin prevented 
the expansion of the H37Rv bacterium. MDR strains had an MIC90 of 200 whereas XDR 
isolates had an MIC90 of 100 µg/ml correspondingly [31].  
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Sasikumar K et. al 2018 stated that the strand of DNA gyrase unit B in M. 
Tuberculosis is blocked by quercetin (1). In addition, it blocks the production of 
mycolic acid by the enzyme beta-ketoacyl ACP synthase III. Additionally, it was also 
noted that it has an IC50 of 71.30µM and blocks 75% of Mycobacteria proteasomes 
[32].  
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Table 2: SAR of Anti-tubercular Activity [33] 
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4.3 Anti-inflammatory activity 

Nitric oxide (NO), an unstable substance that is essential for cell growth and survival, 
has a variety of inflammatory agent impacts on a wide range of different kinds of cells. 
Jnawali HN et. al 2014 observed the aggregation of nitrite in the growing medium, 
and it was possible to determine the consequences of various amounts of rhamnetin 
(1, 2.5, 5, 10, and 20 µM) on lipopolysaccharide (LPS) -induced NO generation in 
RAW264.7 cells. The nitric oxide amount was elevated by the LPS. The concentration 
of nitric oxide produced by LPS was reduced by 62% and 74%, correspondingly, when 
treated with 10 and 20µM rhamnetin [34]. Rhamnetin inhibits NO formation and proves 
its inhibition property is far superior than other flavonols [35].   
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Quercitrin (38), a member of the flavonoid family, reduced TNF-α, which is included 
in the inflammation process. According to Ginting CN et al., 2019 quercitrin works to 
reduce inflammation by preventing the body’s natural synthesis of the proinflammatory 
cytokine TNF-α and it elevates IL-10 cytokine that also reduces inflammatory 
cytokines [36].  
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High mobility group box 1 (HMGB1) is an inherent DAMPs enzyme which trigger the 
pro inflammatory transmission cascade, aggravating the destruction of tissues and 
organs [37]. Valentová K et al., 2014 observed that by reducing the action of 
cyclooxygenase-2, isoquercitrin (39) might reduce the amount of prostaglandin E2 
generated by LPS-stimulated RAW264.7 cells [38].  

Shen Y et al., 2020 discovered that denervated target muscles had greatly elevated 
production levels of inflammatory protein and gene expression (IL-6, TNF-α, and IL-
1β).  The inflammatory mediators (IL-6, TNF-α, and IL-1β) were considerably reduced 
by isoquercitrin therapy in denervated target muscles. Compared to QUR, 
isoquercitrine exhibits a significantly wider range of medicinal properties and is 
significantly more effective. [39]. 
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4.4 Antibacterial activity 

Martini ND et al. 2004 found that the greatest efficacy was shown against the 
Enterococcus faecalis (50 µg/ml) along with Vibrio cholerae (25-50 µg/ml) which was 
prohibited by Rhamnazin (40). And around 50-100 µg/ml Pseudomonas aeruginosa 
and Escherichia coli were found to be inhibited. It also hinders the development of 
Staphylococcus aureus having a MIC value of 50 µg/ml [40].  
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Restoration of tissue or bodily equilibrium involves inflammation, a crucial biological 
reaction. But high levels of inflammation may result in unneeded collateral damage 
and have damaging implications [41]. Wang L, et al., (2013) found that the MIC 
(minimum inhibition concentration) of isoquercetin (42) P. acnes, S. epidermidis, P. 
acnes, and S. aureus were 2048, 512, 1024, and 2048 µg/ml respectively. Four-test 
strain development can also be inhibited by isoquercetin but has no bactericidal 
activity [42].  
 
5. CONCLUSION 

In this paper, numerous methodologies for the synthesis of quercetin variants are 
presented, with a focus on recently reported chemical procedures for quercetin-
containing substances together with a pharmacological effect and structure-activity 
relationship. A connection between multiple derivatives comprising quercetin and the 
function group was discovered in the section that focuses on the structural-activity 
relationship.  

According to the majority of the published studies, the quercetin component is crucial 
for the therapeutic properties of substances that have a variety of physiological effects, 
including those that are anti-tubercular, anti-cancer, antimicrobial, anticonvulsant, and 
anti-inflammation. We anticipate that this paper will give researchers who are working 
with quercetin in any capacity the vital most recent knowledge. 
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