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Abstract 
ɕ

The flavonoids hesperetin and hesperidin contained in manƗ citrus plants areɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

claimed to provide several biological activities including antiȻinflammatorƗȣɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

antiȻhepatic fibrosisȣ antiȻcancer and melanogenesisȢ TheƗ are also widelƗ used inɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

cosmetics industries as an active ingredient protecting skin against damagesȢ In thisɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

researchȣ hesperidin was isolated from dried orange peel while hesperetin was derivedɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

from hesperidinȢ The other siƖ hesperetin derivatives were designedȣ sƗnthesiƠed andɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

characteriƠed bƗ using NMRȻspectroscopƗȢ All compounds were evaluated forɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

antioƖidant activitƗ using DPPH radical scavenging assaƗȢ ​S11 displaƗed the mostɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

effective antioƖidant activitƗ which ​has the least IC​ǵǰ ​among all sƗnthesiƠedɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

compounds ȳ IC​ǵǰ ​ɯ ǰȢǱǹmMȴȢɕ
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Chapter 1 

Introduction 

ɕ

1.1  Introduction to the research problem and significance 

Nowadaysȣ there are a variety of products emerging as multiȻpurposes skincareɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

in the market. As the popularity of having a good skin trend is surging among Thaiɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

peopleȣ many brands are seeking advance and unique ingredients to compete in thisɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

competition. Certain skincare products contain flavonoids serving as antioxidant andɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

antiȻinflammatory agents ​which can be found mostly in citrus fruits like an orangeɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

which can be extracted from its peel. Now with modern technology and knowledgeȣɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

many cosmetic companies have discovered the useful effect of hesperidin andɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

became popular with many pieces of research that have focused on its performanceɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

toward its antioxidant properties in cosmetics or skincare products. Thusȣ certainɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

researches widely used hesperetin derivatives for antiȻinflammatory purposes.ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

Moreoverȣ these derivatives can act as an ​antioxidant and promote melanogenesis inɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

the skin​. Hesperetin and its useful derivatives can be obtained from the naturalɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

product source like orange peel. As many researches focus only on itsɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

antiȻinflammatory properties. Howeverȣ in this studyȣ hesperidinȣ hesperetin and itsɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

derivatives will be extracted from orange peel to examine the properties ofɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

antioxidants activity by DPPH radical scavenging assay method. The results will beɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

further analyzed to identify the relation between antioxidant activity and structure ofɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

each compound.ɕ

ɕ

ɕ
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1.2 Research objectives 

To extract hesperidinȣ prepare hesperetinȣ and designȣ synthesize and evaluate theɕ

most effective hesperetin derivatives based on their antioxidant activities.ɕ

1.3 Literature search 

1.3.1 Flavonoids and cosmetic industries 

Flavonoids or the other name ɅbioflavonoidsɆ is the class name ofɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

polyphenolic secondary metabolites​ȷ1ȸ derived from plants. Furthermoreȣ flavonoidsɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

can be divided into subgroups according to the carbon on the C ringȣ ​the unsaturationɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

degree and oxidation of the C ring ȳFigure 1.1ȴ. There are six subgroups of flavonoidsɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

including flavonesȣ flavonolsȣ isoflavonesȣ flavanones and chalcones.  

Figure 1.1 ​Lists of all flavonoid subclass​ȷ1ȸɕ

 

 

https://en.wikipedia.org/wiki/Polyphenol
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Variety of flavonoids are formulated in present cosmeceuticals products. Theseɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

flavonoids are wellȻknown for their antioxidant and soothings action since they canɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

strengthen the wall of blood vessels. Moreoverȣ some flavonoids can act asɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

antiallergic​ȷ1ȸ​ȣ antiȻcarcinogenic​ȷ1ȸ​ȣ antiȻvira​ȷ1ȸ and antiȻinflammatory agents​ȷ1ȸ​. Manyɕ ɕ ɕ ɕ ɕ ɕ ɕ

worldɈs famous cosmetic brands like LɈoreal Paris and PaulaɎs Choice includeɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

flavonoids such as hesperidin in their products for protecting skin and maintainingɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

the quality of the skin. Examples of the most widely used flavonoids are Quercetin​ȷ2ȸɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

and Kaempferol​ȷ2ȸ ​which can be provided from several fruits and vegetables ȳFigureɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

1.2ȴ.ɕ

ɕ
                    Quercetin                                                                           Kaempferolɕ

 
Figure 1.2 ​Example of useful flavonoidsɕ

 

1.3.2 Hesperetin 

Hesperetin is aglycone form of hesperidin ȳ​hesperetinȻ7Ȼ​O​Ȼrutinosideȴ which isɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

not stableȣ therefore it presents as a glycoside form ȳhesperidinȴ ȳFigure 1.3ȴ.ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

Hesperidin is a flavonoid derived from the dried skin of citruses such as lemonsȣɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

orangesȣ and grapefruit​ȷ13ȸ​. The human body can hydrolyze hesperidin into hesperetinɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

in the gastrointestinal tract when ingested. Hesperetin is a lipid flavonoids moleculeɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

belonging to a group of ​4ɎȻ​O ​Ȼmethylated flavonoids due to the attachment betweenɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

C4 atoms of flavonoid backbone and the methoxy group. Moreoverȣ hesperetin isɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

considered to be a trihydroxy flavanone containing three hydroxyl groups. Hesperetinɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
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is insoluble in water but soluble in ethyl acetate and alkalis and relatively neutral.ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

Thusȣ hesperetin is found in many biological fluids such as urineȣ bloodȣ and feces.ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

Hesperetin is widely used in the drugs industry as lowering cholesterol drugs due toɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

its ability to affect lipids as it is a lipid flavonoids molecule.  

 

Figure 1.3 ​Hesperidin ȳleftȴ and hesperetin ȳrightȴɕ
 

1.3.3  The biological properties of hesperidin, hesperetin and their derivatives  

A. Antioxidant 

Both hesperetin and its derivatives have antioxidant properties. Hesperetin canɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

extend its ability not only radical scavenging radical but also antioxidant againstɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

cellular damages ​Ɛia the signaling pathway called ERKȯNrf2​ȷ13ȸ​. Hesperidin wasɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

evaluated against H​2​O​2 ​Ȼ induced membrane damage in red blood cells and theɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

results showed that it can prevent H​2​O​2 ​Ȼ induced oxidative against membraneɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

damage of red blood cells. Despite thisȣ the antioxidant ability of hesperidin wasɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

considered low when compared to activities of Ascorbic acid and trolox ȳvitamin Eɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

derivativesȴ. Both hesperidinȣ hesperetin and their derivatives can protect proteinsȣɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

DNA and tissue against internal ȳoncogenesȴ and external ȳinflammation andɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

radiationȴ factors due to their ability to reduce tissue damages from manyɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

compounds such as nicotineȣ H​2​O​2​ȣ ​CCl​ and various radiations.ɕ

ɕ
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B. Anti-inflammatory 

The inflammatory process happens when the body detects injured or damagedɕ

tissue by any causes. There are mediators that release during the process includingɕ

interleukin ȳILȻ6ȴȣ nitric oxide ȳNOȴ and tumor necrosis factor ȳTNFȻ ȴ​ȷ3ȸ​ ȳFigure 1.4ȴ.Į ɕ

Hesperetin derivatives have the ability to inhibit these mediators in order to stop theɕ

inflammation. Researches showed that these derivatives which wereɕ

hesperetinȻ6Ȼisopropylamineȣ hesperetinȻ6ȻtertȻButylamine andɕ

hesperetinȻ6Ȼethylpierazine​ can inhibit interleukin ȳILȻ6ȴ and tumor necrosis factorɕ

ȳTNFȻ ȴ in acute lung injury. The derivatives were synthesized from hesperetinĮ ɕ

through Mannich reaction. The reason why these derivatives have higherɕ

antiȻinflammatory effects is due to their structures. Phenolic hydroxyl groupsȣ the OHɕ

at position 7 of the derivatives resulted in better bioactivity which led to hypotensionȣɕ

vasodilatory and antiȻinflammatory effect.ɕɕɕ

ɕ

             Interleukin ȳILȻ6ȴ                                                   Tumor necrosis factor ȳTNFȻ ȴ Į ɕ

 
Figure 1.4 ​Mediators released during inflammatory process​ȷ14ȸɕ

 

C. Anti-hepatic fibrosis 

The hepatic fibrosis is a pathological feature that leads to the disease in theɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

liver. The derivatives of hesperetin played an important role to inhibit the reactionɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

that caused damage to the liver. These derivatives were obtained from Traditionalɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

Chinese Medicine and its monomer isolated from ​CiŰŠŸŧ aŸŠanŰiŸm L ​. ȳRutaceaeȴ.ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
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Hesperetin derivatives prevented ​CCl​4 led to the reduction of liver injury.ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

Furthermoreȣ it helps in inhibiting the upȻregulation of the ​liver fibrogenesis markersɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

αȻSMAȣ Col1α1ȣ Col3α1 and TIMPȻ1​ȷ4ȸ​ in primary hepatic stellate cells ȳFigure 1.5ȴ.ɕɕ
 

 
 

Figure 1.5 ​Mechanism of​ ​hesperetin derivatives as antiȻhepatic fibrosis​ȷ4ȸɕ

 

D. Anti-cancer 

Cancer happens due to the malfunction of cell divisionȣ the cell starts to growɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

and divide uncontrollably and can be spread into other parts of the body. Mostlyȣɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

cancer leads to tumor formation called malignant that can be removed. Cancer canɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

be caused by many factors such as food and lifestyle ​ȳFigure 1.6ȴ like smoking whichɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

contains carcinogenic agents​ȷ5ȸ​. The carcinogenic agents that enter the bodyȣ areɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

converted by the metabolic process in the human body into reactive oxygen speciesɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

ȳROSȴ​ȷ6ȸ and free radicals. The exuberance of these free radicals can trigger cancerɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

and follow by many other diseases. Through the ability to inhibit glucose uptake inɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

hesperetinȣ this lowers the cell viability and promotes apoptosis which exerts theɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

antiȻcancer activity. Moreoverȣ hesperetin can promote the G1Ȼphase cell cycleɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
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ȳFigure 1.7ȴ arrest​ȷ6ȸ and accumulation of ROS. In lung cancerȣ hesperetin causesɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

apoptosis in lung cancer cells by mitochondriaȻindependent pathway​ȷ6ȸ​. ​Furthermoreȣɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

in malignant tumour of liver ȳhepatoma HepG2 cellsȴ​ȷ6ȸ ȳFigure 1.8ȴ​ȣ hesperetinɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

induces the gene expression of lowȻlipoprotein receptor ȳLDLrȴ by ​increasingɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

phosphorylation ​of PI3K and ERK1ȯ2​ȷ6ȸ and results in cardioprotective effect.ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

Hesperetin can stimulate the apoptosis of cancer cells by reducing the level of ROS.ɕ
 

                ​                     ɕ
Figure 1.6 ​Factors causing carcinogenic agents which lead to ROS formation​ȷ6ȸɕ

 
 
 

ǧ
Figure 1.7 ​G​1 ​Phase Cell Cycle​ȷ13ȸɕ

 
 
 
 

ǧ  
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Figure 1.8 ​Malignant ​tYmorž[16]ǧ ǧ

 

E. Melanogenesis 

Melanogenesis is the method of balancing skin pigmentation preventingɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

photodamage effect by producing melanin pigments by melanocyte cells ȳFigure 1.9ȴ.ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

When skin is exposed to UV lightȣ UV induces tanning which is a defensiveɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

spontaneous process. Tanning process increases the melanin production ȳ Figureɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

1.10ȴ to protect the skin against skin UVȻdamaged. Researches show that hydrolyzedɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

extracts from citrus including hesperetin have the ability to induce the protein calledɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

tyrosine and microphthalmiaȻassociated transcription factor ȳMITFȴ​ȷ7ȸ contributes toɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

enhancing the synthesis activity of melanin. Furthermoreȣ hesperetin activatesɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

phosphorylation of cAMPȻresponsive element binding protein ȳCREBȴȣ glycogenɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

synthase kinaseȻ3β ȳGSK3βȴ and mitogenȻactivated protein kinases ȳMAPKsȴɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

pathways​ȷ7ȸ​ which helps increasing the melanin production process.ɕɕ
ǧ
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Figure 1.9 ​Melanocyte Cell​ȷ17ȸɕ

ɕ

 
Figure 1.10 ​Steps of melanin production​ȷ18ȸɕ

  

1.3.4 DPPH radical scavenging assay 

This method is the most widely used for evaluation of antioxidant activityȣ firstɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

proposed by Blois. DPPH or 1ȣ1ɈȻdiphenylȻ2Ȼpircrylhydrazyl​ȷ12ȸ is one of the harmfulɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

oxidations causing damage to biological system but a stable radical due toɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

delocalization of unwanted electrons over the molecule as a wholeȣ therefore it isɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

suitable to use antioxidant sensors.ɕ
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When DPPH accepts an electron or hydrogen radical and becomes a stableɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

diamagnetic moleculeȣ the color will change from deep purple to yellow color ȳFigureɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

1.11ȴ which can suggest that the substance has antioxidant activity.ɕɕ

 

Figure 1.11​ Mechanism of DPPH​ȷ15ȸɕ

ɕ
ɕ
ɕ
ɕ
ɕ
ɕ
ɕ
ɕ
ɕ
ɕ
ɕ
ɕ
ɕ
ɕ

 



11 

Chapter 2 

Experimental 
 

2.1 List of Equipment and Instrument 
 

Rotary evaporatorȣ round bottom flask of 50ȣ 100ȣ 250 and 500 mLȣ magneticɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

stirrerȣ beaker of 100 and 250 mlȣ TLCȣ spatulaȣ Whatman filter paperȣ separatoryɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

funnel 250 and 500 mLȣ 2 neck round bottom flask of 50 and 100 mLȣ hotȯstirringɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

plateȣ magnetic stirrer barȣ weighing scaleȣ column for column chromatography ofɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

250 mLȣ erlenmeyer flask of 50ȣ 100ȣ 125ȣ 250ȣ and 500 mlȣ Graduated cylinder of 10ȣɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

250ȣ 500 ml and 1 Lȣ glass funnelȣ dropperȣ beakerȣ tweezerȣ glass petri dishȣ pipetteȣɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

stirring rodȣ clamp and standȣ condenserȣ thermometerȣ oilȯwaterȯice bathȣ Buchnerɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

funnelȣ Buchner flaskȣ rubber sleeveȣ rubber tubingȣ vacuum filtrationȣ 96Ȼwell platesȣɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

multichannel micropipette.ɕ
 

2.2 List of Chemicals and Material 

Dry orange peelȣ methyl bromoacetateȣ ethyl 4Ȼbromocrotonateȣ bromoaceticɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

acidȣ potassium carbonateȣ potassium bicarbonateȣ sodium sulfate anhydrousȣɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

hydrochloric acid 98ʂȣ sulfuric acid 98ʂȣ sodium bicarbonateȣ dimethyl formamideȣɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

sodium chlorideȣ sodium hydroxideȣ hexaneȣ ethyl acetateȣ methanolȣ ethanolȣɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

dichloromethaneȣ DI waterȣ acetic acidȣ ​dimethyl sulfoxideȣ silica gelȣ DPPHɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

ȳ​2ȣ2ȻdiphenylȻ1Ȼpicrylhydrazylȴȣ analytical grade methanolȣ ascorbic acid.ɕɕ

ɕ

2.3 Extraction of Hesperidin (S01)ɕ

This is the process of obtaining hesperidin from orange peel before sugarɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

reduction forming hesperetin. An AirȻdried tangerine peel ȳorange peelȴ with anɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
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amount of 500g was cut into small piecesȣ then extracted with 2 liters ofɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

waterȻmethanol ȳ30Ȥ70ȴ under room temperature and maceration for 24 hours. Theɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

extract was filtered out with Whatman No.1 filter paperȣ then the solvent wasɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

removed by a rotary evaporator at 45​o​C under vacuum condition. The residue afterɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

evaporation was extracted three times with ethyl acetate ȳEtOAcȴ and water. Theɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

obtained EtOAc layer was further evaporated by a rotary evaporator at 45​o​C to obtainɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

150 mL of residue. The crude product was allowed to cool down to room temperatureɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

before checking TLC with solvent of hexane and EtOAc ȳ2Ȥ1ȴ. The R​f value is 0.29.ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

Hesperidin precipitated as a white brownish solid substance and filtered out by usingɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

filter paper and washed with acetone.ɕ

ɕ

ɕ

ɕ

Figure 2.1​ ​Structure of hesperidin ȳ​S01​ȴɕ

ɕ

Hesperidin or 5ȻhydroxyȻ2Ȼȳ3ȻhydroxyȻ4ȻmethoxyphenylȴȻ4ȻoxoȻ3ȣ4ȻdihydroȻ2HȻɕ ɕ ɕ

chromenȻ7Ȼyl 6ȻOȻȳ6ȻdeoxyȻαȻLȻmannopyranosylȴȻβȻDȻglucopyranoside ​1​H NMRɕ ɕ   ɕ

ȳ500 MHzȣ DMSOȻd​6​ȴȤ 𝛿 ȳppmȴ 6.97 ȳ1Hȣ dȣ ​J ​ɯ 2.0 Hzȣ HȻ2ʝȴȣ 6.88 ȳ1Hȣ ddȣ ​J ​ɯ 8.0 Hzȣɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

HȻ5ʝȴȣ 6.83 ȳ1Hȣ ddȣ ​J ​ɯ 8.0ȣ 2.0 Hzȣ HȻ6ʝȴȣ 6.14 ȳ1Hȣ dȣ ​J ​ɯ 2.0 Hzȣ HȻ8ȴȣ 6.13 ȳ1Hȣ dȣ ​J ​ɯɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

2.0 Hzȣ HȻ6ȴȣ 5.50 ȳ1Hȣ ddȣ ​J ​ɯ 11.0ȣ 5.0 Hzȣ HȻ2ȴȣ 4.97 ȳ1Hȣ dȣ ​J ​ɯ 7.2 Hzȣ HȻ1ʝʝȴȣ 4.54ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

ȳ1Hȣ br sȣ HȻ1ȴȣ 3.78 ȳ3Hȣ sȣ 4ȻOCH​3​ȴȣ3.20Ƚ3.60 ȳ6Hȣ mȣ HȻ2ʝʝ to HȻ6ʝʝȴȣ 3.20Ƚ3.60 ȳ3Hȣɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

mȣ HȻ2 to HȻ6ȴȣ 3.11 ȳ1Hȣ ddȣ ​J ​ɯ 17.0ȣ 11.0 Hzȣ HȻ3aȴȣ 2.78 ȳ1Hȣddȣ ​J ​ɯ 17.0ȣ 5.0 Hzȣɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

HȻ3bȴȣ 2.51 ȳ1Hȣ dȣ ​J ​ɯ 6.0 Hzȣ HȻ5ȴȣ 1.09 ȳ3Hȣ dȣ ​J ​ɯ 6.0 Hzȣ HȻ6ȴ. ​13​C NMR ȳ100 MHzȣɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ   ɕ ɕ ɕ

DMSOȻd​6​ȴȤ 𝛿 ȳppmȴ 196.7ȣ 166.3ȣ 163.0ȣ 162.8ȣ 148.0ȣ146.4ȣ 131.9ȣ 118.0ȣ 114.3ȣɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
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112.4ȣ 100.6ȣ 99.4ȣ 96.0ȣ 95.2ȣ 78.4ȣ 76.2ȣ 75.5ȣ 73.0ȣ 72.1ȣ 70.7ȣ 69.4ȣ 68.8ȣ 66.7ȣ 55.7ȣɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

42.2ȣ 17.8.ɕ
 

2.4 Synthesis of hesperetin (S02) 

The solution of 10 mL of 99ʂ H​2​SO​4 ​and 280 mL of methanol was added to 3.5ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

g of hesperidinȣ then the mixed solution was stirred at 75​o​C for 6 hours with refluxɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

reaction. The mixture was allowed to cool down to room temperature before theɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

extraction. The mixture was extracted 3 timesȣ the first time the 100 mL of water wasɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

added together with 100 mL of EtOAc. The rest of the steps required only EtOAc forɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

the extraction. The organic layer was obtained and evaporated by a rotary evaporatorɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

ȳ​in ƐacŸo ​ȴ. The residue was dissolved with 70 mL of acetone and 1ʂ of 700 mL of hotɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

AcOH aqueous solutionȣ the mixture stirred at 70​o​C for 1.5 hours. Then the productɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

was cooled before filtration and dried. The product was tested TLC with solvent ofɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

hexane and EtOAc ȳ2Ȥ1ȴ. The R​f​ value is 0.33.ɕɕ

ɕ ɕ

ɕ

Figure 2.2​ Synthesis reaction of hesperetin ȳ​S02​ȴɕ

ɕ

Hesperetin or 5ȣ7ȻdihydroxyȻ2Ȼȳ3ȻhydroxyȻ4ȻmethoxyphenylȴchromanȻ4Ȼone ȳ97ʂɕ ɕ ɕ ɕ

yieldȴȤ ​1​H-NMR ȳ500 MHzȣ DMSOȻ​d​Ƕ​ȴȤ 𝛿 ȳppmȴ 12.13 ȳ1Hȣ sȣ 5ȻOHȴȣ 10.82 ȳ1Hȣsȣ 7ȻOHȴȣɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

6.93Ȼ6.92 ȳ2Hȣ mȣ HȻ2Ɉȣ HȻ5 ȴȣ 6.86 ȳ1Hȣ ddȣ ​J ​ɯ 8.0ȣ 2.0 Hzȣ HȻ6Ɉȴȣ 5.89 ȳ1Hȣ dȣ ​J ​ɯ 2.5ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

Hzȣ HȻ8ȴȣ 5.88 ȳ1Hȣ dȣ ​J ​ɯ 2.5 Hzȣ HȻ6ȴȣ 5.43 ȳ1Hȣ ddȣ ​J ​ɯ 12.0ȣ 3.0 Hzȣ HȻ2ȴȣ 3.77 ȳ3Hȣ sȣɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

4ɈȻOCH​3​ȴȣ 3.19 ȳ1Hȣ ddȣ ​J ​ɯ 17.5ȣ 12.5 Hzȣ HȻ3Ȼtransȴȣ 2.70 ȳ1Hȣ ddȣ ​J ​ɯ 17.5ȣ 3.0 Hzȣɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

HȻ3Ȼcisȴ. ​13​CȻNMR ȳ100 MHzȣ DMSOȻ​d ​Ƕ​ȴȤ ​𝛿 ȳppmȴ 196.3 ȳC4ȴȣ 166.7 ȳC7ȴȣ 163.5 ȳC5ȴȣɕ ɕ ɕ ɕ   ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
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162.8 ȳC9ȴȣ 147.9 ȳC4Ɉȴȣ 146.5 ȳC5Ɉȴȣ 131.2 ȳC1Ɉȴȣ 117.7 ȳC6Ɉȴȣ 114.1 ȳC2Ɉȴȣ 112.0 ȳC3Ɉȴȣɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

101.8 ȳC10ȴȣ 95.8 ȳC6ȴȣ 95.0 ȳC8ȴȣ 78.3 ȳC2ȴȣ 55.7 ȳOCH​3​ȴȣ 42.1 ȳC3ȴ. ​13​C NMR ȳ100 MHzȣɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ   ɕ ɕ ɕ

DMSOȻd​6​ȴȤ 𝛿 ȳppmȴ 196.2ȣ 166.7ȣ 163.5ȣ 162.8ȣ 147.9ȣ 146.5ȣ 131.2ȣ 117.7ȣ 114.1ȣɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

112.0ȣ 101.8ȣ 95.8ȣ 95.0ȣ 78.2ȣ 55.7ȣ 39.6.ɕ
 

2.5 Synthesis of Ethyl Bromoacetate (S03) 

ɕ

ɕ
Figure 2.3 ​Structure of ethyl bromoacetate ȳ​S03​ȴɕ

 
To the round bottom flask fitted with a reflux condenser and magnetic stirrerɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

bar 7.01 g of bromoacetic acidȣ 3.8 mL of 95ʂ EtOH and 0.353 mL of 98ʂ H​2​SO​4 areɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

added. The reaction flask was heated at 100​o C and reflux was continued for 5Ȼ6ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

hours. At the end of the reaction the flask was allowed to cool at room temperatureɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

and then poured into a separatory funnel containing cold water. The ethylɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

Bromoacetate layer was separated and washed several times with waterȣ NaHCO​3ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

until no more gas and dried with Na​2​SO​4​. Ethyl bromoacetate was obtained asɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

colorless liquid.ɕ

ɕ

Ethyl bromoacetate ȳ25ʂ yieldȴ. ​1​H-NMR ȳCDCl​3​ȣ 500 MHzȴȤ 𝛿 ȳppmȴ 4.22 ȳ2Hȣ qȣ ​J ɯɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

7.0 Hzȣ OCH​2​ȴȣ 3.82 ȳ2Hȣ sȣ CH​2​Brȴȣ 1.29 ȳ3Hȣ tȣ ​J ɯ 7.0 Hzȣ CH​3​ȴ. ​13​C-NMR ȳCDCl​3​ȣ 100ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

MHzȴȤ 𝛿 ȳppmȴ 167.4 ȳCɯOȴȣ 62.5 ȳOCH​2​ȴȣ 26.1 ȳCH​2​Brȴȣ 14.1 ȳCH​3​ȴ.ɕ

 



1Æ 

2.6 Synthesis of hesperetin derivativesɕ

 

Figure 2.4 ​Flow Chart indicate research planɕ

ɕɕ

2.6.1 The 7-O-(2-4’-methoxy-2-oxoethyl)hesperetin (S04) 

The attachment of methyl bromoacetate required 1.5g pure powder ofɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

hesperetin with 1.5g of KHCO​3 and 1g of K​2​CO​3 dissolved in 20 mL of DMF stirring atɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

room temperature for 30 minutes. Followed by adding methyl bromoacetateɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

ȳProvided by Dr. Warinthorn Chavasiriȴ of 1ȣ183 microliter using a micropipette andɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

continuing stirring for 1 hour. The reaction was compared with hesperetin andɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

monitored by TLC with solvent hexane and EtOAc in the ratio of 3Ȥ2 respectively. Theɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

R​f value is 0.36. The reaction was acidified with dilute HCl adjusting the pH to reachɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

around 4Ȼ5 and extracted three times with EtOAc and DI Water. The organic phaseɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

was extracted again with saturated NaCl solution and the remaining water wasɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
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removed by anhydrous Na​2​SO​4​ȣ filtered and evaporated by a rotary evaporator. Theɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

residue was recrystallized by heating the product with CH​2​Cl​2 and ethanol in a ratio ofɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

1Ȥ2 respectively. The crude product of white crystalline powder was obtained.ɕ

ɕ

ɕ

ɕ

Figure 2.5​ Synthesis pathway to form  7ȻOȻȳ2Ȼ4ɈȻmethoxyȻ2Ȼoxoethylȴhesperetinɕ

ȳ​S04​ȴɕ

ɕ

Methyl 2Ȼȳȳ5ȻhydroxyȻ2Ȼȳ4ȻmethoxyȻ3Ȼȳ2ȻmethoxyȻ2ȻoxoethoxyȴphenylȴȻ4ȻoxoȻɕ ɕ

chromanȻ7Ȼylȴoxyȴ acetate ȳ30ʂ yieldȴ. ​1​H-NMR ȳ500 MHzȣ CDCl​3​ȴȤ 𝛿 ȳppmȴ 11.97 ȳ1Hȣɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

sȣ 5ȻOHȴȣ 7.04 ȳ1Hȣ ddȣ ​J ɯ 8.0ȣ 2.0 Hzȣ HȻ6Ɉȴȣ 6.95 ȳ1Hȣ dȣ ​J ɯ 2.0 Hzȣ HȻ2Ɉȴȣ 6.93 ȳ1Hȣ dȣɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

J ​ɯ 8.0 Hzȣ HȻ5Ɉȴȣ 6.04 ȳ1Hȣ dȣ ​J ​ɯ 2.0 Hzȣ HȻ6ȴȣ 6.03 ȳ1Hȣ dȣ ​J ​ɯ 2.0 Hzȣ HȻ8ȴȣ 5.33 ȳ1Hȣɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

ddȣ ​J ​ɯ 13.0ȣ 3.0 Hzȣ HȻ2ȴȣ 4.72 ȳ2Hȣ sȣ OCH​2​ȴȣ 4.63 ȳ2Hȣ sȣ OCH​2​ȴȣ 3.90 ȳ3Hȣ sȣ COOCH​3​ȴȣɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

3.80 ȳ3Hȣ sȣ COOCH​3​ȴȣ 3.80 ȳ3Hȣ sȣ 4ɈȻOCH​3​ȴȣ 3.05 ȳ1Hȣ ddȣ ​J ​ɯ 17.5ȣ 13.0 Hzȣ HȻ3ȴȣ 2.78ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

ȳ1Hȣ ddȣ ​J ​ɯ 17.5ȣ 3.0 Hzȣ HȻ3ȴ. ​13​C-NMR ȳ100 MHzȣ DMSOȻ​d ​Ƕ​ȴȤ ​𝛿 ȳppmȴ 196.1 ȳC4ȴȣɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ   ɕ ɕ ɕ ɕ

169.4 ȳCOOȴȣ 168.4 ȳCOOȴȣ 165.9 ȳC7ȴȣ 164.2 ȳC5ȴȣ 162.9 ȳC9ȴȣ 150.4 ȳC4Ɉȴȣ 147.5 ȳC3Ɉȴȣɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

130.7 ȳC1Ɉȴȣ 120.8 ȳC6Ɉȴȣ 113.0 ȳC2Ɉȴȣ 112.2 ȳC5Ɉȴȣ 103.8 ȳC10ȴȣ 95.8 ȳC6ȴȣ 94.8 ȳC8ȴȣɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

79.0 ȳC2ȴȣ 66.7 ȳOCH​2​ȴȣ 65.0 ȳOCH​2​ȴȣ 56.2 ȳOCH​3​ȴȣ 52.6 ȳOCH​3​ȴȣ 52.4 ȳOCH​3​ȴȣ 42.3 ȳC3ȴ.ɕ

 

2.6.2 The 7-O-(2-methoxy-2-oxoethyl)hesperetin (S05)ɕ

The 1.5 g pure powder of hesperetin with 1.5g of KHCO​3 and 1g of K​2​CO​3ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

dissolved in 20 mL of DMF stirring at room temperature for 30 minutes. Followed byɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

adding 591 ​micro​liter of Methyl bromoacetate ȳProvided by Dr. Warinthorn Chavasiriȴɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

using a micropipette and continuing stirr for 1 hour. The reaction was compared withɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
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starting material and monitored by TLC with solvent hexane and EtOAc in the ratio ofɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

3Ȥ2 respectively. The R​f value is 0.36. The reaction was acidified with dilute HCl toɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

adjust the pH around 4Ȼ5 and extracted three times with EtOAc and DI Water. Theɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

organic phase was extracted again with NaCl and removed the remaining water usingɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

anhydrous Na​2​SO​4 filtered and evaporated by a rotary evaporator. The residue wasɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

recrystallized by heating the product with solvent CH​2​Cl​2 and ethanol in a ratio of 1Ȥ2ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

respectively. The crude product of white crystalline powder was obtained.ɕ

ɕ

ɕ

ɕ

Figure 2.6 ​Synthesis pathway to obtain The 7ȻOȻȳ2ȻmethoxyȻ2Ȼoxoethylȴhesperetinɕ

ȳ​S05​ȴɕ

ɕ

Methyl 2Ȼȳȳ5ȻhydroxyȻ2Ȼȳ3ȻhydroxyȻ4ȻmethoxyphenylȴȻ4ȻoxochromanȻ7Ȼylȴoxyȴɕ ɕ

acetateȳ72ʂ yieldȴ.​1​H-NMR ȳ500 MHzȣ DMSOȻ​d​Ƕ​ȴȤ 𝛿 ȳppmȴ 12.06 ȳ1Hȣ sȣ 5ȻOHȴȣ 9.12ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

ȳ1Hȣ sȣ 3ɈȻOHȴȣ 7.09 ȳ1Hȣ dȣ ​J ɯ 2.0 Hzȣ HȻ2Ɉȴȣ 6.93 ȳ1Hȣ mȣ HȻ5Ɉȴȣ 6.88 ȳ1Hȣ ddȣ ​J ɯ 8.0ȣɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

2.0 Hzȣ HȻ6Ɉȴȣ 6.10 ȳ1Hȣ dȣ ​J ɯ 2.5 Hzȣ HȻ8ȴȣ 6.08 ȳ1Hȣ dȣ ​J ɯ 2.5 Hzȣ HȻ6ȴȣ 5.48 ȳ1Hȣ ddȣ ​Jɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

ɯ 12.5ȣ 3.0 Hzȣ HȻ2ȴȣ 4.88 ȳ2Hȣ sȣ OCH​2​ȴȣ 3.77 ȳ3Hȣ sȣ COOCH​3​ȴȣ 3.69 ȳ3Hȣ sȣ OCH​3​ȴȣ 3.39ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

ȳ1Hȣ ddȣ ​J ɯ 17.0ȣ 12.5 Hzȣ HȻ3ȴȣ 2.75 ȳ1Hȣ mȣ HȻ3ȴ. ​13​C-NMR ȳ100 MHzȣ DMSOȻ​d​Ƕ​ȴȤ ​𝛿ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ   ɕ

ȳppmȴ 197.0 ȳC4ȴȣ 168.6 ȳCOOȴȣ 165.6 ȳC7ȴȣ 163.1 ȳC5ȴȣ 162.8 ȳC9ȴȣ 148.0 ȳC4Ɉȴȣ 146.5ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

ȳC3Ɉȴȣ 130.9 ȳC1Ɉȴȣ 117.8 ȳC6Ɉȴȣ 114.2 ȳC2Ɉȴȣ 112.0 ȳC5Ɉȴȣ 103.0 ȳC10ȴȣ 95.2 ȳC6ȴȣ 94.3ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

ȳC8ȴȣ 78.6 ȳC2ȴȣ 64.7 ȳOCH​2​ȴȣ 55.7 ȳOCH​3​ȴȣ 52.0 ȳOCH​3​ȴȣ 42.2 ȳC3ȴ.ɕ

ɕ

ɕ
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ɕ

2Ȣ6Ȣ3  ​The 7-O-(4-butenoate) hesperetin (S06) 

S02ȣ the attachment of ethyl 4Ȼbromocrotonate required 1.5g of pureɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

hesperetin with 1g of K​2​CO​3 and 1.5g of KHCO​3 dissolve in 20 mL of DMF. Theɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

solution was stirred at room temperature for 30 minutes. Then 1467 microliter ofɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

methyl 4Ȼbromocrotonate was added and continued stirring for 1 hour. The reactionɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

was compared with starting material and monitored by TLC with solvent hexane andɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

EtOAc in the ratio of 2Ȥ1 respectively. The R​f value is 0.38. The reaction was extractedɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

three times with EtOAc and DI Water. The remaining water was removed by usingɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

anhydrous Na​2​SO​4 filtered and evaporated by a rotary evaporator. The residue wasɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

further purified by silica gel column chromatography using hexaneȤ EtOAc ȳ5Ȥ2ȴ toɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

yield the desired product as white crude.ɕɕ

ɕ

ɕ

ɕ

Figure 2.7 ​Synthesis pathway to obtain  7ȻOȻȳ4Ȼbutenoateȴhesperetin ȳ​S06​ȴɕ

 

Methylȳ​E​ȴȻ4Ȼȳȳ5ȻhydroxyȻ2Ȼȳ3ȻhydroxyȻ4ȻmethoxyphenylȴȻ4ȻoxochromanȻ7ȻylȴoxyȴbutȻɕ

2Ȼenoate ȳ60ʂ yieldȴ. ​1​H-NMR ȳ500 MHzȣ CDCl​3​ȴȤ 𝛿 ȳppmȴ 12.00 ȳ1Hȣ sȣ 5ȻOHȴȣɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

7.04Ȼ6.99 ȳ2Hȣ mȣ HȻ2Ɉȣ CɯOCɯCHȴȣ 6.92 ȳ1Hȣ ddȣ ​J ɯ 8.5ȣ 2.5 Hzȣ HȻ6Ɉȴȣ 6.88 ȳ1Hȣ dȣ ​J ɯɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

8.0 Hzȣ HȻ5Ɉȴȣ 6.14 ȳ1Hȣ dtȣ ​J ɯ 15.5ȣ 2.0 Hzȴȣ 6.05 ȳ1Hȣ dȣ ​J ​ɯ 2.0 Hzȣ HȻ6ȴȣ 6.03 ȳ1Hȣ dȣɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

J ​ɯ 2.5 Hzȣ HȻ8ȴȣ 5.32 ȳ1Hȣ ddȣ ​J ​ɯ 13.0ȣ 3.0 Hzȣ HȻ2ȴȣ 4.69 ȳ2Hȣ mȣ CH​2​Oȴȣ 3.91 ȳ3Hȣ sȣɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

OCH​3​ȴȣ 3.75 ȳ3Hȣ sȣ OCH​3​ȴȣ 3.08 ȳ1Hȣ ddȣ ​J ɯ17.0ȣ 13.0 Hzȣ HȻ3ȴȣ 2.78 ȳ1Hȣ ddȣ ​J ​ɯ 17.0ȣɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

3.0 Hzȣ HȻ3ȴ. ​13​C-NMR ȳ100 MHzȣ CDCl​3​ȴȤ ​𝛿 ȳppmȴ 196.2 ȳC4ȴȣ 166.4 ȳCOOȴȣ 166.2 ȳC7ȴȣɕ ɕ ɕ ɕ ɕ ɕ   ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

164.2 ȳC5ȴȣ 163.1 ȳC9ȴȣ 147.2 ȳC4Ɉȴȣ 146.1 ȳC3Ɉȴȣ 141.4 ȳCHɯCȻCOOȴȣ 131.5 ȳC1Ɉȴȣ 122.2ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
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ȳC6Ɉȴȣ 118.3 ȳCɯCHȻCOOȴȣ 112.8 ȳC2Ɉȴȣ 110.8 ȳC5Ɉȴȣ 103.6 ȳC10ȴȣ 95.8 ȳC6ȴȣ 94.8 ȳC8ȴȣɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

79.1 ȳC2ȴȣ 66.7 ȳOCH​2​ȴȣ 56.2 ȳOCH​3​ȴȣ 51.9 ȳCOCH​3​ȴȣ 43.3 ȳC3ȴ.ɕ

ɕ

2.6.4  The 7-O-(2-ethoxy-2-oxoethyl)hesperetin (S07) 

To synthesize ȳ7ȻOȻȳ2ȻethoxyȻ2Ȼoxoethylȴhesperetinȣ ​1.5g pure powder ofɕ ɕ ɕ ɕ ɕ ɕ ɕ

hesperetin with 1.5g of KHCO​3 and 1g of K​2​CO​3 dissolved in 20 mL of DMF stirring atɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

room temperature for 30 minutes. Followed by adding lab synthesized ethylɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

bromoacetate of 1045 microliter using a micropipette and continue stirring for 1ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

hour. The reaction was compared with hesperidin and monitored by TLC with solventɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

hexane and EtOAc in the ratio of 3Ȥ2. The R​f values are 0.33 and 0.35 as it containsɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

two compounds. The reaction was acidified with dilute HCl to adjust the pH aroundɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

4Ȼ5 and extracted three times with EtOAc and DI Water. The organic phase wasɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

extracted again with saturated NaCl solution and removed the remaining water usingɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

anhydrous Na​2​SO​4 filtered and evaporated by a rotary evaporator. The residue wasɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

recrystallized by heating the product with solvent CH​2​Cl​2 and ethanol in a ratio of 1Ȥ2ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

respectively and waiting until all the product dissolves in the solvent. The crudeɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

product of white crystalline powder was obtained. The product synthesized wereɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

obtained as 2 product name listed as ​S07​ and ​S08. 
 

 
 

Figure 2.8 ​Synthesis pathway of 7ȻOȻȳ2ȻethoxyȻ2Ȼoxoethylȴhesperetin ȳ​S07​ȣ​ S08​ȴɕ
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(S07)​ethyl2Ȼȳȳ5ȻhydroxyȻ2Ȼȳ3ȻhydroxyȻ4ȻmethoxyphenylȴȻ4ȻoxochromanȻ7Ȼylȴoxyȴace

tate ȳ52.3ʂ yieldȴ. ​1​H-NMR ȳCDCl​3​ȣ 500 MHzȴȤ 𝛿 ȳppmȴ 11.98 ȳ1Hȣ sȣ 5ȻOHȴȣ 7.03 ȳ1Hȣɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

dȣ ​J ɯ 2.0 Hzȣ HȻ2Ɉȴȣ 6.96 Ȼ 6.92 ȳ2Hȣ mȣ HȻ5Ɉȣ HȻ6Ɉȴȣ 6.03 ȳ2Hȣ mȣ HȻ6ȣ HȻ8ȴȣ 5.32 Ȼ 5.31ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

ȳ1Hȣ mȣ HȻ2ȴȣ 4.61 ȳ2Hȣ sȣ OCH​2​ȴȣ 4.26 ȳ2Hȣ qȣ ​J ɯ 7.0 Hzȣ OCH​2​CH​3​ȴȣ 3.91 ȳ3Hȣ sȣ OCH​3​ȴȣɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

3.10 Ƚ 3.07 ȳ1Hȣ mȣ HȻ3ȴȣ 2.80 Ƚ 2.76 ȳ1Hȣ mȣ HȻ3ȴȣ 1.31 Ƚ 1.29 ȳ3Hȣ mȣ CH​2​CH​3​ȴ.ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
13​C-NMR ȳ100 MHzȣ CDCl​3​ȴȤ ​𝛿 ȳppmȴ 196.3 ȳC4ȴȣ 168.0 ȳCOOȴȣ 166.0 ȳC7ȴȣ 164.2 ȳC5ȴȣɕ ɕ ɕ   ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

163.0 ȳC9ȴȣ 150.4 ȳC4Ɉȴȣ 146.1 ȳC3Ɉȴȣ 131.6 ȳC1Ɉȴȣ 118.3 ȳC6Ɉȴȣ 112.8 ȳC2Ɉȴȣ 110.8 ȳC5Ɉȴȣɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

103.8 ȳC10ȴȣ 95.7 ȳC6ȴȣ 94.0 ȳC8ȴȣ 79.1 ȳC2ȴȣ 65.1 ȳOCH​2​ȴȣ 61.8 ȳOCH​2​CH​3​ȴȣ 56.2 ȳOCH​3​ȴȣɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

43.3 ȳC3ȴ.ɕ

(S08)​ethyl2Ȼȳ5Ȼȳ5ȣ7ȻdihydroxyȻ4ȻoxochromanȻ2ȻylȴȻ2Ȼmethoxyphenoxyȴacetateɕ

ȳ26.7ʂ yieldȴ. ​1​H-NMR ȳCDCl​3​ȣ 500 MHzȴȤ 𝛿 ȳppmȴ 11.96 ȳ1Hȣ sȣ 5ȻOHȴȣ 7.05 ȳ1Hȣ dȣ ​J ɯɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

2.0 Hzȣ HȻ2Ɉȴȣ 6.91 Ȼ 6.87 ȳ2Hȣ mȣ HȻ5Ɉȣ HȻ6Ɉȴȣ 6.03 ȳ2Hȣ mȣ HȻ6ȣ HȻ8ȴȣ 5.34 Ȼ 5.33 ȳ1Hȣɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

mȣ HȻ2ȴȣ 4.61 ȳ2Hȣ sȣ OCH​2​ȴȣ 4.26 ȳ2Hȣ qȣ ​J ɯ 7.0 Hzȣ OCH​2​CH​3​ȴȣ 3.90 ȳ3Hȣ sȣ OCH​3​ȴȣ 3.06ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

Ƚ 3.02 ȳ1Hȣ mȣ HȻ3ȴȣ 2.80 Ƚ 2.76 ȳ1Hȣ mȣ HȻ3ȴȣ 1.31 Ƚ 1.29 ȳ3Hȣ mȣ CH​2​CH​3​ȴ. ​13​C-NMRɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

ȳ100 MHzȣ CDCl​3​ȴȤ ​𝛿 ȳppmȴ 196.1 ȳC4ȴȣ 168.9 ȳCOOȴȣ 166.0 ȳC7ȴȣ 164.2 ȳC5ȴȣ 162.9 ȳC9ȴȣɕ ɕ   ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

147.6 ȳC4Ɉȴȣ 147.2 ȳC3Ɉȴȣ 130.7 ȳC1Ɉȴȣ 120.7 ȳC6Ɉȴȣ 113.0 ȳC2Ɉȴȣ 112.2 ȳC5Ɉȴȣ 103.8ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

ȳC10ȴȣ 95.7 ȳC6ȴȣ 94.0 ȳC8ȴȣ 79.0 ȳC2ȴȣ 66.8 ȳOCH​2​ȴȣ 61.5 ȳOCH​2​CH​3​ȴȣ 56.2 ȳOCH​3​ȴȣ 43.3ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

ȳC3ȴ.ɕ
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2.7 Hydrolysis of hesperetin Derivatives 

 
)LJXUH 2.9 ​S\nWhesis paWhZa\ Wo obWain S09, S10, and S11  

  
Each of the Hesperetin derivatives ȳ​S04​Ȼ​S06​ȴ was mixed with 5 mL 10ʂɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

ethanol and stirred in an ice bath for 30 minutes. Followed by cooled 10ʂ NaOH of 5ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

mL was dropped to the reaction and vigorously stirred for 30 minutes under coolingɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

condition. The reaction was acidified with dilute HCl to pH 3Ȼ4 at the sameɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

temperature. The precipitate was filtered and washed with dilute HCl.ɕɕ

(S09)​2Ȼȳȳ2Ȼȳ3ȻȳcarboxymethoxyȴȻ4ȻmethoxyphenylȴȻ5ȻhydroxyȻ4ȻoxochromanȻ7Ȼylȴɕ

oxyȴacetic acid. ​1​H-NMR ȳ500 MHzȣ DMSOȻ​d​Ƕ​ȴȤ 𝛿 ȳppmȴ 7.08 ȳ2Hȣ mȣ HȻ2Ɉȣ HȻ6Ɉȴȣ 7.04ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

ȳ1Hȣ ddȣ ​J ɯ 8.0 Hzȣ HȻ5Ɉȴȣ 6.08 ȳ1Hȣ dȣ ​J ​ɯ 2.5 Hzȣ HȻ6ȴȣ 6.06 ȳ1Hȣ dȣ ​J ​ɯ 2.0 Hzȣ HȻ8ȴȣɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

5.52 ȳ1Hȣ ddȣ ​J ​ɯ 13.0ȣ 3.0 Hzȣ HȻ2ȴȣ 4.75 ȳ2Hȣ sȣ OCH​2​ȴȣ 4.67 ȳ2Hȣ sȣ OCH​2​ȴȣ 3.79 ȳ3Hȣ sȣɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

4ɈȻOCH​3​ȴȣ 3.34 ȳ1Hȣ ddȣ ​J ​ɯ 17.5ȣ 13.0 Hzȣ HȻ3ȴȣ 2.74 ȳ1Hȣ ddȣ ​J ​ɯ 17.0ȣ 3.0 Hzȣ HȻ3ȴ.ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
13​C-NMR ȳ100 MHzȣ DMSOȻ​d​Ƕ​ȴȤ ​𝛿 ȳppmȴ 196.1 ȳC4ȴȣ 169.4 ȳCOOȴȣ 168.4 ȳCOOȴȣ 165.9ɕ ɕ ɕ   ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

ȳC7ȴȣ 164.2 ȳC5ȴȣ 162.9 ȳC9ȴȣ 150.4 ȳC4Ɉȴȣ 147.5 ȳC3Ɉȴȣ 130.7 ȳC1Ɉȴȣ 120.8 ȳC6Ɉȴȣ 112.2ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

ȳC2Ɉȴȣ 112.2 ȳC5Ɉȴȣ 102.9 ȳC10ȴȣ 95.3 ȳC6ȴȣ 94.3 ȳC8ȴȣ 78.6 ȳC2ȴȣ 65.1 ȳOCH​2​ȴȣ 64.8ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

ȳOCH​2​ȴȣ 55.7 ȳOCH​3​ȴȣ 42.2 ȳC3ȴ.ɕ

ɕ
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(S10)​ȳ​E​ȴȻ4Ȼȳȳ5ȻhydroxyȻ2Ȼȳ3ȻhydroxyȻ4ȻmethoxyphenylȴȻ4ȻoxochromanȻ7ȻylȴoxyȴbutȻ2

Ȼenoic acid ȳ75ʂ yieldȴ. ​1​H-NMR ȳ500 MHzȣ DMSOȻ​d​Ƕ​ȴȤ ​𝛿 ȳppmȴ 12.08 ȳ1Hȣ sȣ 5ȻOHȴȣɕ ɕ ɕ ɕ ɕ ɕ ɕ   ɕ ɕ ɕ ɕ ɕ ɕ

6.94Ȼ6.85 ȳ4Hȣ mȣ 2ʝȻHȣ 5ʝȻHȣ 6ʝȻHȣ CɯOCɯCHȴȣ 6.15 ȳ1Hȣ dȣ ​J ​ɯ 2.5 Hzȣ HȻ8ȴȣ 6.13 ȳ1Hȣɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

dȣ ​J​ɯ 2.5 Hzȣ HȻ6ȴȣ 5.98 ȳ1Hȣ dtȣ ​J ​ɯ 15.0ȣ 2.0 Hzȣ CɯOCHɯCȴȣ 5.49 ȳ1Hȣ ddȣ ​J ɯ 12.5ȣ 3.0ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

Hzȣ HȻ2ȴȣ 4.85 ȳ2Hȣ ddȣ ​J ɯ4.1ȣ 1.7 Hzȣ CH​2​Oȴȣ 3.78 ȳ3Hȣ sȣ OCH​3​ȴȣ 3.27 ȳ1Hȣ ddȣ ​J ɯ17.2ȣɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

12.5 Hzȣ HȻ3ȴȣ 2.75 ȳ1Hȣ ddȣ ​J ​ɯ 17.1ȣ 3.1 Hzȣ HȻ3ȴ. ​13​C-NMR ȳ100 MHzȣ DMSOȻ​d​Ƕ​ȴȤ ​𝛿ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ   ɕ

ȳppmȴ 196.9 ȳC4ȴȣ 166.6 ȳCOOHȴȣ 165.8 ȳC7ȴȣ 163.2 ȳC5ȴȣ 162.8 ȳC9ȴȣ 148.0 ȳC4Ɉȴȣ 146.6ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

ȳC3Ɉȴȣ 142.1 ȳCHɯCȻCOOHȴȣ 130.9 ȳC1Ɉȴȣ 122.4 ȳC6Ɉȴȣ 117.8 ȳCɯCHȻCOOHȴȣ 114.2 ȳC2Ɉȴȣɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

112.0 ȳC5Ɉȴȣ 102.9 ȳC10ȴȣ 95.3 ȳC6ȴȣ 94.4 ȳC8ȴȣ 78.5 ȳC2ȴȣ 66.6 ȳOCH​2​ȴȣ 55.7 ȳCOCH​3​ȴȣɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

42.2 ȳC3ȴ.ɕ
 
ɕ
(S11)​ȳ​E​ȴȻ4Ȼȳȳ5ȻhydroxyȻ2Ȼȳ3ȻhydroxyȻ4ȻmethoxyphenylȴȻ4ȻoxochromanȻ7ȻylȴoxyȴbutȻ2

Ȼenoic acid ȳ49.7 ʂ yieldȴ. ​1​H-NMR​ ȳ500 MHzȣ DMSOȻ​d​Ƕ​ȴȤ​ ​𝛿 ȳppmȴ 12.08 ȳ1Hȣ sȣ 5ȻOHȴȣɕ

6.94Ȼ6.85 ȳ4Hȣ mȣ 2ʝȻHȣ 5ʝȻHȣ 6ʝȻHȣ CɯOCɯCHȴȣ 6.15 ȳ1Hȣ dȣ ​J ​ɯ 2.5 Hzȣ HȻ8ȴȣ 6.13 ȳ1Hȣɕ

dȣ ​J​ɯ 2.5 Hzȣ HȻ6ȴȣ 5.98 ȳ1Hȣ dtȣ ​J ​ɯ 15.0ȣ 2.0 Hzȣ CɯOCHɯCȴȣ 5.49 ȳ1Hȣ ddȣ ​J​ ɯ 12.5ȣ 3.0ɕ

Hzȣ HȻ2ȴȣ 4.85 ȳ2Hȣ ddȣ ​J​ ɯ4.1ȣ 1.7 Hzȣ CH​2​Oȴȣ 3.78 ȳ3Hȣ sȣ OCH​3​ȴȣ 3.27 ȳ1Hȣ ddȣ ​J​ ɯ17.2ȣɕ

12.5 Hzȣ HȻ3ȴȣ 2.75 ȳ1Hȣ ddȣ ​J​ɯ 17.1ȣ 3.1 Hzȣ HȻ3ȴ. ​13​C-NMR​ ȳ100 MHzȣ DMSOȻ​d​Ƕ​ȴȤ​ ​𝛿ɕ

ȳppmȴ 196.9 ȳC4ȴȣ 166.6 ȳCOOHȴȣ 165.8 ȳC7ȴȣ 163.2 ȳC5ȴȣ 162.8 ȳC9ȴȣ 148.0 ȳC4Ɉȴȣ 146.6ɕ

ȳC3Ɉȴȣ 142.1 ȳCHɯCȻCOOHȴȣ 130.9 ȳC1Ɉȴȣ 122.4 ȳC6Ɉȴȣ 117.8 ȳCɯCHȻCOOHȴȣ 114.2 ȳC2Ɉȴȣɕ

112.0 ȳC5Ɉȴȣ 102.9 ȳC10ȴȣ 95.3 ȳC6ȴȣ 94.4 ȳC8ȴȣ 78.5 ȳC2ȴȣ 66.6 ȳOCH​2​ȴȣ 55.7 ȳCOCH​3​ȴȣɕ

42.2 ȳC3ȴ.ɕ

ɕ
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2.8 Antioxidant activity evaluation 

Sample stocks of ​S01​ȣ ​S02​ȣ ​S04​Ȼ​S06​ȣ ​S09​Ȼ​S11 are prepared each 3 mM and in 50ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

microliter analytical grade MeOH and 50 microliter DMSO. Stock of DPPH wasɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

prepared by weighing 2 mg DPPH dissolve in 40 mL analytical grade MeOH. Followedɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

by adding all blankȣ negative controlȣ blank samples as instructed in ​Table 2.1. 

Table 2.1 ​Direction guideline for testing antioxidant in 96Ȼwell plates 

BK: ​Blank ȳ150 microliter MeOHȴɕ

NC : ​Negative control ȳ100 microliter of 0.05mg ȯ ml DPPH ɫ 50 microliter MeOHȴɕ

BS : ​Blank Sample ȳ50 microliter of sample ɫ 100 microliter MeOHȴɕ

SD : ​Sample DPPH ȳ50 microliter of sample ɫ 100 microliter of 0.05mg ȯ ml DPPHȴɕ

PS Ȥ Positive control ȳ50 microliter of ascorbic acidɫ100 microliter of 0.05mg ȯ mlɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
DPPHȴɕ

For sample DPPH ȳSDȴ insert 100 microliter of 3 mM sample into column ofɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

well No.1 and No.7 followed by insert 50 microliter of MeOH into column of well No.2ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

to 6 and No.7 to 11. The variation of concentration 1ȣ 0.5ȣ 0.25ȣ 0.125. 0.0625 fromɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

each row were done by dilution using multichannel micropipette. From this 50ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

microliter from column of well No.1 and No.7 were transferred into columns of wellɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

No.2 and 8. Mixed the solution by using multichannel micropipette and continued theɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

 

 1 2 3 4 5 6 7 8 9 10 11 12 

A 6D 6D 6D 6D 6D 6D 6D 6D 6D 6D 6D B. 

B 6D 6D 6D 6D 6D 6D 6D 6D 6D 6D 6D B. 

C 6D 6D 6D 6D 6D 6D 6D 6D 6D 6D 6D B. 

D B6 B6 B6 B6 B6 B6 B6 B6 B6 B6 B6 B. 

( B6 B6 B6 B6 B6 B6 B6 B6 B6 B6 B6 1C 

) 6D 6D 6D 6D 6D 6D 36 36 36 36 36 1C 

* 6D 6D 6D 6D 6D 6D 36 36 36 36 36 1C 

+ 6D 6D 6D 6D 6D 6D 36 36 36 36 36 1C 
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process to column of well No.6 and 11 respectively. For PS the Ascorbic acid of 12ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

millimolar was prepared in 1mL MeOH and dilute to 300 micromolar in 1mL MeOHɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

and the same procedure has been done with the test sample. The free radicalɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

scavenging activity of each sample was measured from the reduction of DPPH radicalɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

using different concentrations of samples in methanol. The plate was incubated atɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

room temperature for 30 minutes in the dark and then the absorbance was measuredɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

at 520 nm using a microplate reader. Ascorbic acid was used as a standard reference.ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

Percentage of DPPH inhibition can be calculated from the following formula andɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

halfȻmaximal inhibitory concentration ȳIC​50​ȴ at 50ʂ was determined for each sample.ɕ

ɕ

Figure 2.10 ​Formula for calculating scavenger effectɕ

SA​DPPH ​ɯ Scavenging effect of DPPHɕ

A​control​ ɯ  Absorbance of controlɕ

A​sample​ ɯ Absorbance of sampleɕ
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Chapter 3 

Results and discussion 

ɕ

3.1 Extraction of hesperidin  

  ɕ
Figure 3.1 ​ȳaȴ Hesperidin obtained from dried orange peel and ȳbȴ TLC of synthesized    ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

hesperidin compared with commercial hesperidinɕ

Hesperidin was derived from 500 g of dried orange peel ​and approximatelyɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

3.8g of hesperidin was obtained. As written in the research paperȣ only 1 L ofɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

waterȻmethanol ȳ30Ȥ70ȴ and 8 hours of maceration was required. Howeverȣ theɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

mentioned ratio could not be used. The working ratio was 2 L of waterȻmethanolɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

ȳ30Ȥ70ȴ and 24 hours of maceration instead. Moreoverȣ 500 mL of petroleum etherɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

was not used for extraction as mentioned in the research paperȣ only water and EtOAcɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

were used. The crude product of hesperidin was solid yellowȻbrown color. The TLCɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

result showed that the obtained hesperidin was pure when compared to commercialɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

hesperidin as shown in Figure 3.1. 
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Figure 3.2 ​The ​1​H NMR data ȳDMSOȻ​d​Ƕ​ȣ 500 MHzȴ comparison of commercialɕ
hesperidin ȳupperȴ and synthesized ​S01 ​ȳlowerȴɕ

 

 

 

Figure 3.3 ​The ​13​C NMR data ȳDMSOȻ​d​Ƕ​ȣ 100 MHzȴ comparison of commercialɕ
hesperidin ȳupperȴ and synthesized ​S01​ ȳlowerȴ 
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3.2 Synthesis of hesperetin  

Hesperetin was synthesized by hydrolysis of hesperidin. The hydrolyzed form ofɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

hesperidin that results in the reduced sugar form by using H​2​SO​4​ȣ MeOHȣ and AcOH.ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

The yield of hesperetin was 97ʂ or around 3.4 g can be obtained. During theɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

extraction methodȣ only 400 mL of water was required for four times. Howeverȣ onlyɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

water could not separate the compoundȣ thus the method was changed to using 100ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

mL of water and 100 mL of EtOAc for the first time and the rest steps only addedɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

EtOAc. Then the organic layer could be completely separated. Hesperetin wasɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

whiteȻyellow color solid ȳFigure 3.4ȴ. The mixture of the solution was pure as shownɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

in ​1​H NMR figure 3.5.ɕɕ

                   

Figure 3.4 ​ȳaȴ Bottle of synthesized hesperetin and ȳbȴ product view of dry yellow    ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

solid hesperetinɕ

The TLC showed that the synthesized hesperetin was pure compared toɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

commercial hesperetin. Moreoverȣ it was clearly seen that the physical color ofɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

obtained hesperetin shown on TLC was different from hesperidin color after reducingɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

the sugar group.ɕɕ
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Figure 3.5 ​The ​1​H NMR ȳDMSOȻ​d​Ƕ​ȣ 500 MHzȴ spectrum of ​S02 

 

 

 

Figure 3.6 ​The ​13​C NMR ȳDMSOȻ​d​Ƕ​ȣ 100 MHzȴ spectrum of ​S02 
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3.3 Synthesis of Ethyl bromoacetate  

Since ethyl bromoacetate is forbidden in Thailandȣ therefore it is needed to beɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

synthesized to ensure thatȣ with the same ratioȣ methyl bromoacetate and ethylɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

bromoacetate can give the same product either di or mono substitution. Withɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

starting material of bromoacetic acid and EtOH under acidic condition of H​2​SO​4 wereɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

heated as shown in Figure 3.7.ɕ

 ɕ

Figure 3.7 ​Synthesis pathway of ethyl bromoacetate ȳ​S03​ȴɕ

Total of 1045 microliter of Ethyl bromoacetate was obtained as colorless liquidɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

ȳFigure 3.8ȴ which can cause severe eye irritation. Thusȣ the reaction should be doneɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

inside the fume hood. 

 

Figure 3.8 ​Colorless liquid of ethyl bromoacetateɕ

 

http://www.molbase.com/en/synthesis_105-36-2-moldata-3462_932269.html
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Figure 3.9 ​The ​1​H NMR ​ȳ​CDCl​3​ȣ 500 MHzȴ​ spectrum of ​S03 

 

 

 

 

Figure 3.10 ​The ​13​C NMR ​ȳCDCl​3​ȣ 100 MHzȴ​ spectrum of ​S03 
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3.4 Synthesis of S04 and S09 

                     

Figure 3.11 S04 ​before hydrolyzed ȳleftȴ and hydrolyzed form of ​S09 ​ȳrightȴɕ

S04 synthesized from hesperetin and methyl bromoacetate was obtained as aɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

deep yellow solid with 30ʂ yield ȳFigure 3.11ȴ. Howeverȣ the ratio of methylɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

bromoacetate and hesperetin was 2Ȥ1 ȣ the product occurred in di substitution asɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

shown in Figure 3.12.ɕɕ

The hydrolysis of hesperetin was conducted as follows. Firstȣ the solution wasɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

not dissolved in 10ʂ EtOHȣ but by adding 10ʂ NaOH which it started to dissolveɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

slowly. Thenȣ the pH was adjusted to around 3Ȼ4ȣ which helped promote theɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

precipitate before filtration. ​The product was obtained as orange solid with 79ʂɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

yield.ɕ
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Figure 3.12 ​The​ 1​H NMR ȳDMSOȻ​d​Ƕ​ȣ 500 MHzȴ spectrum of ​S04 

ɕ

ɕ

ɕ

 

Figure 3.13 ​The ​13​C NMR ȳDMSOȻ​d​Ƕ​ȣ 100 MHzȴ spectrum of ​S04 
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Figure 3.14 ​The ​1​H NMR ȳDMSOȻ​d​Ƕ​ȣ 500 MHzȴ spectrum of ​S09 

 
 
 
 
 

 

Figure 3.15 ​The ​13​C NMR ȳDMSOȻ​d​Ƕ​ȣ 100 MHzȴ spectrum of ​S09 
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3.5 Synthesis of S05 and S10 
 

                            

Figure 3.16​ Product of ​S05​ before hydrolysis ȳLeftȴ and hydrolyzed form ​S10​ ȳRightȴɕ

The ratio of methyl bromoacetate and hesperetin was reduced to 1Ȥ1 to ensureɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

that the ratio has a significant effect on the product formation. The result obtainedɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

from TLC with the solvent of hexaneȤ EtOAc ȳ3Ȥ2ȴ indicated that the product wasɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

pure. Followed by ​1​H and ​13​C NMR showed that the obtained product was mono esterɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

ȳFigure 2.5ȴ with the 56ʂ yield. The product has a physical appearance as crudeɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

yellow solid ȳFigure 3.16ȴ.ɕ 

After the hydrolysis of ​S05 ​ȣ TLC could not be done due to its high polarity.ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

Thereforeȣ the product was sent for ​1​H and ​13​C NMR and the result showed someɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

impurities in the final product. The product was obtained as yellow solid with 75ʂɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

yield.ɕ

ɕ

ɕ

ɕ
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Figure 3.17 ​The ​1​H NMR ȳDMSOȻ​d​Ƕ​ȣ 500 MHzȴ spectrum of ​S05 

 

 

 

Figure 3.18 ​The ​13​C NMR ȳDMSOȻ​d​Ƕ​ȣ 100 MHzȴ spectrum of ​S05 
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Figure 3.19 ​The ​1​H NMR ȳDMSOȻ​d​Ƕ​ȣ 500 MHzȴ spectrum of ​S10 

 

 

Figure 3.20 ​The ​13​C NMR ȳDMSOȻ​d​Ƕ​ȣ 100 MHzȴ spectrum of ​S10ɕ
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3Ȣ6 ​Synthesis of S06 and S11 
 

           

Figure 3.21 ​Product of ​S06​ before hydrolysis ȳLeftȴ and hydrolyzed form ​S11 ​ȳRightȴɕ

ɕ
The ratio used in this reaction was 2Ȥ1 of hesperetin and methylɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

4Ȼbromocrotonate​. The product was obtained as white solid crude with 49.7ʂ yield.ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
The TLC result showed that this compound was impure and needed to be furtherɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
purified by the column chromatography.ɕ
ɕ

The hydrolyzed product of ​S06 was obtained as brown orange color solid withɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

36ʂ yield. Howeverȣ it could not be further purified or performed TLC due to its highɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

acidity and polarity. Thereforeȣ the product was sent for ​1​H and ​13​C NMR toɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

characterize the compound with predicted structureȣ but the result showed someɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

impurities.ɕɕ
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 ​Figure 3.22 ​The ​1​H NMR ȳCDCl​3​ȣ 500 MHzȴ spectrum of ​S06 

 

 

 

 

Figure 3.23​ The ​13​C NMR ȳCDCl​3​ȣ 100 MHzȴ spectrum of ​S06ɕ
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Figure 3.24 ​The ​1​H NMR ȳDMSOȻ​d​Ƕ​ȣ 500 MHzȴ spectrum of ​S11 

 

 

)LJXUH 3.25 ​The ​13​C NMR (DMSO-​d ​6​, 100 MH]) specWrXm of ​611 
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3ȢǷ ​Synthesis of S07 and S08 
 

       

Figure 3.26​ Product obtained from ​S07​ and ​S08ɕ

This reaction was done only to ensure that with the same ratio of methylɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

bromoacetateȣ the product will form as mono or di substitution. The result obtainedɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

as two different compounds with 80ʂ yield of ​S07​ and ​S08​ as shown in Figure 3.8.ɕ

ɕ

ɕ

Figure 3.27 ​The reaction of S.2 with methyl bromoacetateɕ

ɕ
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Then TLC was performed with solvent hexaneȤ EtOAc ȳ3Ȥ2ȴȣ notice that thereɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

were two spots of different intensity under UV light. The column chromatography wasɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

performed using hexaneȤ EtOAc ȳ2Ȥ1ȴ to separate two compounds and TLC wasɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

performed again under UV light and stained with vanillin reagentȣ it showed differentɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

spots but with the same color. The NMR result showed that there were two differentɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

compounds with a ratio of 2Ȥ1.ɕɕ

ɕ

ɕ

ɕ

ɕ

ɕ

ɕ

ɕ

ɕ

ɕ

ɕ

ɕ

ɕ
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Figure 3.28 ​The​ ​1​H NMR ȳCDCl​3​ȣ 500 MHzȴ spectrum of the mixture of ​S07​ and ​S08 

 

Figure 3.29 ​The ​13​C NMR ȳCDCl​3​ȣ 100 MHzȴ spectrum of the mixture of ​S07​ and ​S08ɕ

ɕ

 



43 

3.8 Antioxidant Activity of Synthesized Compounds 

  (a) (b)  

(c)  

Figure 3.30 ​Antioxidant activity of synthesized compounds with DPPH Aȳ01ȴȣ Bȳ02ȴȣɕ

Cȳ06ȴȣ Dȳ011ȴȣ Eȳ05ȴȣ FȳS10ȴȣ GȳS04ȴȣ HȳS09ȴɕ

The synthesized compounds of ​S01 ​ȣ ​S02​ȣ ​S04​Ȼ​S06 and ​S09 ​Ȼ​S11 were tested forɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

antioxidant activity using DPPH radical scavenging assay and the results showed thatɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

all compounds have antioxidant activities. According to the resultsȣ the mostɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

effective compound is ​S11 with the lowest IC​50 ȳ0.19mMȴ and ​S01 is the leastɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

effective with the highest IC​50 ȳ0.78mMȴ. ​S11 showed the best Inhibition percentageɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

due to the presence of hydroxyl groups. As figure 3.25 illustrates the effect ofɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

structure to explain the inhibition effect. ​S11 shows the best result due to its naturalɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

number of hydroxyl groups that do not contain hydrogen bonds with other neighborɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

atoms and the double bond that may have an inductive effect to make the protonɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

radical to form easier which then reacts with DPPH radical. In comparisonȣ theɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
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structure of ​S09 and ​S10 contained hydrogen bonding that could affect the inhibitionɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

concentration. The structure of ​S06 shows the second best yieldȣ this can be appliedɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

for the same reason with ​S11 as it contains double bond. ​W​hen compared to theɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

starting compoundsȣ ​S01 and ​S02​. ​S01 shows the least antioxidant activities since itɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

contains disaccharide with phenolic ring which demote electronȻdonating abilityɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

which results in less antioxidant activity. While ​S02 does contain phenolic rings butɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

its antioxidant effect is slightly less effective than ​S11 due to absence of doubleɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

bond.ɕ

  

Figure 3.31​ List of compounds tested for antioxidant activityɕ
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ɕ

Table 3.1 ​Inhibition percentage of each hesperetin derivativesɕ

ɕ

 

 

 

 

 

ɕ Concentrationɕ

ȳmillimolarȴɕ

ɕ

ɕ 1ɕ 0.50ɕ 0.25ɕ 0.125ɕ 0.0625ɕ 0.03125ɕ ɕ

Compoundɕ Inhibition Percentage ȳʂȴɕ IC​50ɕ

ȳmMȴɕ

S01ɕ 53.09ɕ 47.41ɕ 39.14ɕ 29.01ɕ 19.63ɕ 11.11ɕ 0.78ɕ

S02ɕ 63.46ɕ 56.30ɕ 48.52ɕ 38.15ɕ 27.28ɕ Ȼɕ 0.26ɕ

S04ɕ 59.06ɕ 51.24ɕ 43.55ɕ 30.65ɕ 22.70ɕ 11.17ɕ 0.52ɕ

S05ɕ 58.46ɕ 47.79ɕ 40.56ɕ 31.25ɕ 20.96ɕ Ȼɕ 0.63ɕ

S06ɕ 64.44ɕ 57.78ɕ 50.74ɕ 40.56ɕ 32.04ɕ 19.63ɕ 0.23ɕ

S09ɕ 57.38ɕ 46.03ɕ 43.80ɕ 34.68ɕ 24.26ɕ 14.95ɕ 0.63ɕ

S10ɕ 55.88ɕ 48.90ɕ 42.65ɕ 32.90ɕ 21.14ɕ 15.44ɕ 0.63ɕ

S11ɕ 71.81ɕ 62.50ɕ 55.64ɕ 45.10ɕ 32.48ɕ 24.51ɕ 0.19ɕ
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Table 3.2​ Inhibition percentage of Ascorbic acid as positive controlɕ

According to the ʂinhibition vs. concentration graph of each compoundȣ the IC​50​ canɕ

calculated by the equation the linear equation solving for xɕ

y ɯ mx ɫ cɕ

x ɯ M
\íc ɕ

While y is always equal to 50ȣ m is the slope and c is the yȻintercept. In order to plotɕ

ʂinhibition vs. concentration graphȣ only 3 out of 6 consecutive datas of eachɕ

compound was chosen to ensure that R​2​ value is around 0.90Ȼ1 make the calculatedɕ

IC​50 ​ to be in the range of concentration of 3 chosen datas.ɕ

ɕ

 

ɕ Concentrationɕ

ȳmicromolarȴɕ

ɕ

ɕ 100ɕ 50ɕ 25ɕ 12.5ɕ 6.25ɕ Ȼɕ ɕ

Compoundɕ Inhibition Percentage ȳʂȴɕ IC​50ɕ

ȳmMȴɕ

Ascorbic 

Acid 

96.48ɕ 90.93ɕ 68.15ɕ 33.70ɕ 16.85ɕ Ȼɕ 18.39ɕ
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ɕ

Figure 3.32 ​Inhibition concentration graph of ​S01 

 

 

 

ɕ

Figure 3.33​ Inhibition concentration graph of ​S02 
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ɕ

 

Figure 3.34 ​Inhibition concentration graph of ​S04 

 

 

 

 

Figure 3.35 ​Inhibition concentration graph of ​S05 
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ɕ

ɕ

Figure 3.36​ Inhibition concentration graph of ​S06 

ɕ

ɕ

ɕ

Figure 3.37 ​Inhibition concentration graph of ​S09 
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ɕ

Figure 3.38 ​Inhibition concentration graph of ​S10 

  

 

 

  

ɕ

Figure 3.39​ Inhibition concentration graph of ​S11 
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ɕ

ɕ

Figure 3.40 ​Inhibition concentration graph of Ascorbic Acidɕ

 

 

Table3.3 ​Rank of compounds based on antioxidant activitiesɕ

 

Rank  Compound 

1  S11 

2  S06 

3  S02 

4  S04 

5  S10 

6  S09 

7  S05 

8  S01 
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Chapter 4 

Conclusion 

Hesperetin and its derivatives are widely formulated in the cosmetic industryɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

due to their well known activities of antioxidant and antiȻinflammatory protecting theɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

skin from both external and internal damages. In this researchȣ ten hesperetinɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

derivatives were successfully synthesized and characterized by NMR spectroscopy. Inɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

additionȣ eight derivatives were further evaluated for their antioxidant activities.ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

According to DPPH radical scavenging assayȣ all compounds displayed favorableɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

antioxidant activities. ​S11 and ​S06 were the most effective compounds to inhibitɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

oxidation against free radicals of DPPH as their structure contains hydroxyl groupsɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

with no hydrogen bonding with other neighbour atoms and also the double bondɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

presented in the structure may have inductive effect to form the proton radical easierɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

which can react with DPPH radical. The IC​50 results of ​S11 and ​S06 are 0.19 mM andɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

0.23 mMȣ respectively.ɕɕ

ɕ

ɕ

ɕ

ɕ

ɕ

ɕ

ɕ

ɕ

ɕ
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