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Xanthone is an important scaffold for the development of new drugs due to its various 

positions and types of attached substituents with specific functions. This makes xanthone 

and their derivatives capable of exhibiting a variety of cytotoxic and biological activities. 

By discovering new lead compounds, the threats of existing and emerging diseases can 

be managed and synthesis is one of the most important approaches to this.  

 

 

This research project aimed to design and synthesize a series of xanthones with different 

types of attached substituents that were evaluated for their anti-cancer activity against 

breast cancer cell lines for their potential as aromatase inhibitors. These compounds were 

in vitro tested against breast cancer cell lines, MCF-7 and MDA-MB-231 cell lines which 

can lead to the discovery of new anticancer drug candidates for future drug discovery 

research. A total of twenty xanthones were synthesized where a series of 

hydroxyxanthone (45-52) were firstly prepared via modified Grover, Shah and Shah 

method, before further reacted with alkyl halide under reflux to obtain 3-O alkylated 
xanthone derivatives (53 and 54), while reacted with prenal to obtain prenylated 

xanthone derivatives (55-58) and then further reacted with alkyl halide to obtain 

alkylated prenylxanthone derivatives (59-64). The structures of synthesized xanthones 

were analyzed using spectroscopic methods such as Direct injection-mass spectroscopy 

(DI-MS), Fourier Transform Infrared (FTIR) and Nuclear Magnetic Resonance (NMR). 

Molecular docking studies were performed to study the binding affinity of these 

compounds (45-64) towards breast cancer enzyme, aromatase (PDB: 3EQM) . Based on 

the in vitro results, most of the compounds did not show any significant activity against 

the breast cancer cell lines except compounds 51 and 55 which showed moderate activity 

against the MCF-7 cell line with an IC50 value of 50±0.69 µM and 50±1.66 µM, 

respectively. However, only compound 51 showed moderate activity against the MDA-

MB-231 cell line with an IC50 value of 60±0.67 µM, while compound 55 did not show 

any activity. These two compounds were then tested against VERO (African Green 

Monkey Kidney) and BEAS-2B (Lung Epithelial) cell lines to study their toxicity against 
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normal cells. From the results obtained, compound 55 showed lesser toxicity against 

VERO and BEAS-2B cell lines with an IC50 value of 60±1.41 µM and 60±0.85 µM 

respectively, while compound 51 showed higher toxicity against normal cell VERO and 

BEAS-2B cell lines with an IC50 value of 35±1.51 µM and 40±0.70 µM compared to 

cancer cells. 

Hence, compounds 51 and 55 were chosen to study their binding interactions with 

aromatase (PDB ID: 3EQM), where the binding affinities of compounds 51 and 55 were 

-7.9 kcal/mol and -9.4 kcal/mol, respectively. Based on the results obtained, a series of

interactions with the most of the amino acid residues in aromatase were involved in

compound 51 and compound 55 which could play an important role in binding in the

aromatase enzyme.
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Xanton merupakan antara kumpulan yang penting dalam proses pencarian ubat-

ubatan yang baharu disebabkan oleh kepelbagaian kedudukan dan jenis kumpulan 

kimia yang terikat kepada xanton yang mempunyai fungsi tertentu. Ini menjadikan 

xanthone dan derivatifnya mempunyai pelbagai aktiviti sitotoksik dan biologi. 

Dalam pencarian sebatian yang baharu, ancaman penyakit yang sedia ada dan 

yang baru muncul boleh ditangani dan sintesis adalah salah satu pendekatan yang 

paling penting bagi hal ini.  

Projek penyelidikan ini bertujuan untuk mereka bentuk dan menghasilkan satu siri 

xanton dengan pelbagai jenis kumpulan kimia yang dinilai untuk aktiviti anti-

kanser terhadap sel kanser payudara sebagai perencat aromatase. Sebatian ini telah 

diuji secara in vitro terhadap sel kanser payudara, menggunakan sel MCF-7 dan 

MDA-MB-231 yang mempunyai kebolehan sebagai calon ubat antikanser yang 

baharu untuk penyelidikan ubat masa hadapan. Di dalam kajian ini, sebanyak dua 

puluh xanton telah disintesis di mana siri hidroksi xanton (45-52) telah dihasilkan 

terlebih dahulu melalui kaedah Grover, Shah dan Shah yang diubah suai, sebelum 

bertindak balas dengan alkil halida di bawah refluk untuk menghasilkan derivatif 

xanton teralkil 3-O (53 dan 54), manakala hidroksi xanton telah bertindak balas 

dengan prenal untuk menghasilkan derivatif terprenil xanton (55-58) dan 

bertindak balas dengan alkil halida untuk menghasilkan xanthon alkil terprenil 

(59-64). Struktur xanton yang telah disinthesis, telah dianalisis menggunakan 

kaedah spektroskopi seperti spektroskopi jusim-suntikan terus (DI-MS), 

spesktroskopi inframerah-penjelmaan fourier (FTIR) dan resonans nuklear 

magnetik (NMR). Pengedokan molekul dilakukan untuk mengkaji pertalian 

pengikatan sebatian (45-64) terhadap enzim kanser payudara, aromatas (PDB: 

3EQM). Berdasarkan keputusan in vitro, kebanyakan sebatian tidak menunjukkan 

sebarang aktiviti yang ketara terhadap garisan sel kanser payudara kecuali 

sebatian 51 dan 55 yang menunjukkan aktiviti yang sederhana terhadap garis sel 
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MCF-7 dengan nilai IC50 50±0.69 µM dan 50±1.66 µM. Walau bagaimanapun, 

hanya sebatian 51 menunjukkan aktiviti sederhana terhadap sel MDA-MB-231 

dengan nilai IC50 60±0.67 µM, di mana sebatian 55 tidak menunjukkan sebarang 

aktiviti. Kedua-dua sebatian ini kemudiannya diuji terhadap saluran sel VERO 

(buah pinggang monyet hijau africa) dan BEAS-2B (epitelium paru-paru) untuk 

mengkaji ketoksikannya terhadap sel normal.  

 

 

Daripada keputusan yang diperoleh, sebatian 51 menunjukkan ketoksikan yang 

lebih rendah terhadap garisan sel normal, VERO dan BEAS-2B dengan nilai IC50 

60±1.51 µM dan 60±0.85 µM, manakala sebatian 55 menunjukkan ketoksikan 

yang lebih tinggi terhadap garisan sel normal, VERO dan BEAS-2B dengan nilai 

IC50 35±1.51 µM dan 40±0.70 µM berbanding sel kanser. Oleh itu, sebatian 51 

dan 55 dipilih untuk mengkaji interaksi pengikatannya dengan aromatase (PDB 

ID: 3EQM) di mana afiniti pengikatan sebatian 51 dan 55 ialah sebanyak -7.9 

kcal/mol dan -9.4 kcal/mol. Berdasarkan keputusan yang diperolehi, satu siri 

interaksi dengan majoriti sisa asid amino dalam aromatase terlibat dalam sebatian 

51 dan sebatian 55 yang boleh memainkan peranan penting dalam mengikat enzim 

aromatase. 
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CHAPTER 1 

INTRODUCTION 

1.1 General Introduction 

 

 

Xanthones are secondary metabolites that are commonly found in higher plant families, 

fungi, and lichens (Vieira & Kijjoa, 2005). Xanthones (9H-xanthen-9-ones) are a class 

of yellow-coloured heterocyclic organic compounds containing oxygen, whereby their 

molecular formula is C13H8O2 and they depict a dibenzo-γ-pyrone framework as shown 

in Figure 1.1. Xanthone is an important scaffolding material in the development of 

new drugs due to its promising biological activities.  

 

 

 

Figure 1.1: Xanthone scaffold 

 

In the 1960’s, xanthones were isolated from lower fungi, lichens, and only three families 

of flowering plants, including Gentianaceae, Clusiaceae Lindl, which also known as 

Gutifferae, and Anacardiaceae (Roberts, 1961). While in 1992, Mandal et al. reported 

that plants from 20 other families also produce xanthones. However, Gentianaceae and 

Guttiferae were identified as the main sources of xanthone derivatives among flowering 

plant families that year (Mandal, Das, & Joshi, 1992). Clusiaceae is also one of the 

families that highly produces xanthones (Perest & Nagem, 1997; Peres, Nagem, & de 

Oliveira, 2000). Garcinia mangostana L., which belongs to the Clusiaceae family, 

commonly known as mangosteen, can be found in the region of Southeast Asia and is 

now highly popular due to the biological activity of its phytochemicals. Figure 1.2 shows 

a total of 1225 xanthones were successfully isolated between 2012 and 2019 from 23 

different plant families (L. Klein-Júnior et al., 2020).  
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Figure 1.2: Pie chart of xanthone distribution by plant family (period of isolation 

2012-2019). 

 

1.2 Synthetic approaches to xanthones                                                                                                                                           

 

There were various xanthones have been successfully isolated from natural resources 

with different patterns of substitution, which leads to a wide variety of compounds with 

biological interest. However, isolation of xanthones from natural resources is difficult to 

obtain since the concentration of xanthones in the plants are present in low yield. Hence, 

due to this limitation, the synthesis of xanthones has been explored. New xanthones with 

different positions and natures of substituents on the building block can be obtained via 

synthetic methods. Synthetic methods are divided into two methods, which are 

biosynthesis and chemical synthesis. Chemical synthesis of xanthones involves catalytic 

reactions that are carried out in the laboratory, while biosynthesis is carried out in living 

organisms where an enzymatic reaction is used to produce numerous xanthone 

derivatives. 

 

1.3  Biological activities of xanthones 

 

Xanthones are an important class of biologically active heterocycles that have wide 

potential in the medicinal chemistry field due to their significant biological and 

pharmacological applications. Hence, many researchers are focusing on the synthesis of 

various xanthone derivatives for the development of potent and novel drugs. 

Most of the studies conducted earlier clearly showed that the privileged structure of 

xanthones displays a wide range of biological activities such as anticancer (Pedro et al., 

Clusiacease Lindl

48%

Gentianaceae Juss. 

16%

Hypericac

eae Juss.

11%

Moraceae 

Gaudich 

8%

Polygalaceae 

Hoffmanns & Link

6%

Others

3%

Calophyllaceae J. Agardh

8%
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2002) anti-tumoural (Luo et al., 2013), anticholinesterase (Menéndez et al., 2017), α-

glucosidase inhibiton (Liu et al., 2008) and melanogenesis inhibition (Rosa et al., 2021) 

activities. 

 

Cancer is known as a disease that is characterized by the division of cells uncontrollably 

which able to invade other tissues by metastasis (Suphavenich et al., 2009). Metastasis 

is known as the spreading of the cancer cell to the neighbouring cell. Due to the structural 

diversity and biological aspects, researchers are attracted to xanthone in search for potent 

and new anticancer drug candidates (Ito et al., 2003). Over the last years, studies on 

anticancer and anti-inflammatory activities of xanthones showed significant findings 

with their efficacy and low toxicity in normal cells (Gutierrez-Orozco & Failla, 2013; 

Pérez-Rojas et al., 2016). 

 

 

All over the world, one of the severest problems among the aged population is 

Alzheimer's disease (AD), which is a progressive and degenerative disorder. The most 

predominant treatment strategy for AD is the use of cholinesterase inhibitor drugs. In 

recent research, it was found that dihydroxyxanthone Mannich base derivatives were 

potential dual inhibitors of both acetylcholinesterase (AChE) and butyrylcholinesterase 

(BuChE) for the treatment of AD (Qin et al., 2013). 

 

 

In a recent study in 2019, new xanthone-triazole derivatives were designed and 

synthesized as anti-diabetic agents that showed great activity towards α-glucosidase 

inhibition (Ye et al., 2019). α-Glucosidase is an enzyme that catalyzes the final step of 

carbohydrate digestion in the biological system. Therefore, α-glucosidase inhibitors have 

a wide range of applications in medicinal chemistry. They play an important role in 

elucidating the action mechanism of α-glucosidase at molecular levels, and in the 

development of chemotherapeutics for clinical use in the treatment of carbohydrate 

mediated diseases, such as diabetes, cancer, HIV, hepatitis, hyperlipoproteinemia, and 

obesity.  

 

 

UV radiation is one of the main external factors that affect the integrity of human skin. 

Excessive exposure to UV radiation increases the production of Reactive Oxygen 

Species (ROS), which initiate the processes involved in photoaging. Repeated exposure 

to this radiation also increases melanin production, which leads to various pigmentation 

diseases. A series of synthesized xanthones were reported to prevent the harmful effects 

of UV radiation and high production of ROS. Most of the compounds showed better 

activity compared to the reference compound, kojic acid (Rosa et al., 2021). 

 

 

Therefore, this study was aimed to synthesize the xanthone scaffold followed by 

incorporating the cyclic ring into the system and study its biological activities, 

specifically on breast cancer. Furthermore, the structure-activity relationship (SAR) of 

the selected xanthones that show better activity towards the in vitro testing were analyzed 

too. Hence, by modifying xanthone to create a series of novel derivatives, new anticancer 
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drug, which clearly demonstrated its potential for development as a new antitumour 

agent may be able to discover from this study (García-Niño et al., 2017).  

 

 

1.4 Problem Statement 
 

 

Cancer is a leading cause of death around the world, accounting for nearly 10 million 

deaths in 2020. The most common type of cancer in 2020 was breast cancer, where 2.26 

million new cases were reported. Based on previous studies, xanthones isolated from 

plants showed promising bioactivity towards anti-cancer (Klein-Júnior et al., 2020). 

However, since xanthones from natural resources are practically limited in position and 

type of the substituents, the synthetic approach to producing xanthones may lead to the 

possibility of producing xanthones with various positions and natures of the substituents 

on the xanthone nucleus. 

 

 

Therefore, a series of hydroxyxanthones, 3-O-alkylated xanthones, prenylated xanthones 

and alkylated prenylxanthone were designed and synthesized with different functional 

groups on the xanthone scaffold to enhance its bioactivity towards breast cancer. Later, 

docking studies will be carried out in order to understand the binding mode of the 

synthesized xanthone derivatives with the breast cancer enzyme. Since aromatase, a 

cytochrome P450 enzyme complex present in breast tissues, is highly expressed in the 

MCF-7 cell line, the binding affinity of these synthesized compounds to aromatase was 

investigated using the docking method (Elekofehinti, 2015). 

 

 

1.5 Objectives of the study 
 

 

• To synthesize a series of hydroxyxanthones, 3-O-alkylated xanthones, 

prenylated xanthones and alkylated prenylxanthone.  

• To structurally characterize the synthesized compounds via spectroscopic 

methods. 

• To screen and evaluate the in vitro cytotoxic activity of the derivatives on breast 

cancer cell lines, MCF-7 and MDA-MB-231 and normal cell lines VERO and 

BEAS 2B.  

• To study the binding affinity and the interactions of the most active compound 

with the aromatase enzyme using molecular docking. 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

96 

 

REFERENCES 

 

Blanco-Ayala, T., Lugo-Huitrón, R., Serrano-López, E. M., Reyes-Chilpa, R., Rangel-

López, E., Pineda, B., Medina-Campos, O. N., Sánchez-Chapul, L., Pinzón, E., 

Cristina, T., Silva Adaya, D., Pedraza-Chaverri, J., Rios, C., Pérez de la Cruz, V., 

Torres-Ramos, M. (2013). Antioxidant properties of xanthones from Calophyllum 

brasiliense: Prevention of oxidative damage induced by FeSO4. BMC 

Complementary and Alternative Medicine, 13(262). https://doi.org/10.1186/1472-

6882-13-262 

Campagna-Slater, V., Therrien, E., Weill, N., & Moitessier, N. (2014). Methods for 

docking small molecules to macromolecules: a user’s perspective. Curr Pharm 

Des, 20(20), 3360–3372. https://doi.org/10.2174/13816128113199990606 

Carraro, M. L., Marques, S., Silva, A. S., Freitas, B., Silva, P. M. A., Pedrosa, J., Marco, 

P. D., Bousbaa, H., Fernandes, C., Tiritan, M. E., Silva, A. M. S., Pinto, M. M. M. 

(2020). Synthesis of New Chiral Derivatives of Xanthones with Enantioselective 

Effect on Tumor Cell Growth and DNA Crosslinking. ChemistrySelect, 5(33), 

10285–10291. https://doi.org/10.1002/slct.202002588 

Chantarasriwong, O., Milcarek, A. T., Morales, T. H., Settle, A. L., Rezende, C. O., 

Althufairi, B. D., Theodoraki, M. A., Alpaugh, M. L., Theodorakis, E. A. (2019). 

Synthesis, structure-activity relationship and in vitro pharmacodynamics of A-ring 

modified caged xanthones in a preclinical model of inflammatory breast cancer. 

European Journal of Medicinal Chemistry, 168, 405–413. 

https://doi.org/10.1016/j.ejmech.2019.02.047 

Chen, Z., & Ai, D. (2016). Cardiotoxicity associated with targeted cancer therapies. 

Molecular and Clinical Oncology, 4(5), 675–681. 

https://doi.org/10.3892/mco.2016.800 

Crawford, J., Dale, D. C., & Lyman, G. H. (2004). Chemotherapy-Induced Neutropenia: 

Risks, Consequences, and New Directions for Its Management. Cancer, 100(2), 

228–237. https://doi.org/10.1002/cncr.11882 

Daud, S., Ee, G. C. L., Malek, E. A., Ahmad, Z., Hashim, N. M., See, I., Teh, S. S., 

Ismail, A. A. F. (2016). A New Pyranoxanthone from the Stem Bark of 

Calophyllum buxifolium. Chemistry of Natural Compounds, 52(5), 807–809. 

https://doi.org/10.1007/s10600-016-1783-4 

Elekofehinti, O. O. (2015). Molecular Docking Studies on Borapetol with Target 

Aromatase Related to Breast Cancer. International Journal of Pharma And 

Chemical Research I, 1(4). Retrieved from www.ijpacr.com 

El-Seedi, H.R., El-Barbary, M., El-Ghorab, D., Bohlin, L., Borg-Karlson, A.-K., 

Goransson, U., & Verpoorte, R. (2010). Recent Insights into the Biosynthesis and 

Biological Activities of Natural Xanthones. Current Medicinal Chemistry, 17(9), 

854–901. https://doi.org/10.2174/092986710790712147 

El-Seedi, Hesham R., El-Ghorab, D., El-Barbary, M., Zayed, M., Goransson, U., 

Larsson, S., & Verpoorte, R. (2009). Naturally Occurring Xanthones; Latest 

Investigations: Isolation, Structure Elucidation and Chemosystematic 



© C
OPYRIG

HT U
PM

97 

 

Significance. Current Medicinal Chemistry, 16(20), 2581–2626. 

https://doi.org/10.2174/092986709788682056 

Ferchichi, L., Derbré, S., Mahmood, K., Touré, K., Guilet, D., Litaudon, M., … 

Richomme, P. (2012). Bioguided fractionation and isolation of natural inhibitors 

of advanced glycation end-products (AGEs) from Calophyllum flavoramulum. 

Phytochemistry, 78, 98–106. https://doi.org/10.1016/j.phytochem.2012.02.006 

França, F., Silva, P. M. A., Soares, J. X., Henriques, A. C., Loureiro, D. R. P., Azevedo, 

C. M. G., Afonso, C. M. M., Bousbaa, H. (2020). A Pyranoxanthone as a Potent 

Antimitotic and Sensitizer of Cancer Cells to Low Doses of Paclitaxel. Molecules 

(Basel, Switzerland), 25. https://doi.org/10.3390/molecules25245845 

García Zebadúa, J. C., & Reyes Chilpa, R. (2014). El árbol tropical Calophyllum 

brasiliense: una revisión botánica, química y farmacológica. Vitae (Medellín), 

126–145. 

García-Niño, W. R., Estrada-Muñiz, E., Valverde, M., Reyes-Chilpa, R., & Vega, L. 

(2017). Cytogenetic effects of Jacareubin from Calophyllum brasiliense on human 

peripheral blood mononucleated cells in vitro and on mouse polychromatic 

erythrocytes in vivo. Toxicology and Applied Pharmacology, 335, 6–15. 

https://doi.org/10.1016/j.taap.2017.09.018 

Ghosh, D., Griswold, J., Erman, M., & Pangborn, W. (2008). Structural basis for 

androgen specificity and oestrogen synthesis in human aromatase. Nature, 

457(7226), 219–223. https://doi.org/10.1038/nature07614 

Gichinga, M. G., & Striegler, S. (2009). Regioselective alkylation of 

hydroxysalicylaldehydes. Tetrahedron, 65(25), 4917–4922. 

https://doi.org/10.1016/j.tet.2009.03.104 

Grover, P. K., Shah, G. D., & Shah, R. C. (1955). Xanthones. Part IV. A new synthesis 

of hydroxyxanthones and hydroxybenzophenones. J. Chem. Soc., (0), 3982–3985. 

https://doi.org/10.1039/JR9550003982 

Guo, Q., Qi, Q., You, Q., Gu, H., Zhao, L., & Wu, Z. (2006). Toxicological Studies of 

Gambogic Acid and its Potential Targets in Experimental Animals. Basic & 

Clinical Pharmacology & Toxicology, 99, 178–184. 

Gutierrez-Orozco, F., & Failla, M. L. (2013). Biological activities and bioavailability of 

mangosteen xanthones: A critical review of the current evidence. Nutrients, 5(8), 

3163–3183. https://doi.org/10.3390/nu5083163 

Hanwell, M. D., Curtis, D. E., Lonie, D. C., Vandermeersch, T., Zurek, E., & Hutchison, 

G. R. (2012). Avogadro : an advanced semantic chemical editor , visualization , 

and analysis platform. Journal of Chemiformatics, 1–17. 

Hepworth, J. D. (2009). Pyrans and Fused Pyrans: (iii) Synthesis and Applications. 

Comprehensive Heterocyclic Chemistry, 3–7(iii), 737–883. 

https://doi.org/10.1016/B978-008096519-2.00046-1 

Ito, C., Itoigawa, M., Takakura, T., Ruangrungsi, N., Enjo, F., Tokuda, Harukuni, R., 

Enjo, F., Furukawa, H. (2003). Chemical constituents of Garcinia fusca: Structure 

elucidation of eight new xanthones and their cancer chemopreventive activity. 



© C
OPYRIG

HT U
PM

98 

 

Journal of Natural Products, 66(2), 200–205. https://doi.org/10.1021/np020290s 

Jia, C. cui, Xue, J. jing, Gong, C., Li, X. yu, Li, D. hong, Li, Z. lin, & Hua, H. ming. 

(2018). Chiral resolution and anticancer effect of xanthones from Garcinia 

paucinervis. Fitoterapia, 127, 220–225. 

https://doi.org/10.1016/j.fitote.2018.02.023 

Kaennakam, S., Siripong, P., & Tip-Pyang, S. (2015). Kaennacowanols A-C, three new 

xanthones and their cytotoxicity from the roots of Garcinia cowa. Fitoterapia, 102, 

171–176. https://doi.org/10.1016/j.fitote.2015.03.008 

Kamiloglu, S., Sari, G., Ozdal, T., & Capanoglu, E. (2020). Guidelines for cell viability 

assays. Food Frontiers, (June), 332–349. https://doi.org/10.1002/fft2.44 

Kashman, Y., Gustafson, K. R., Fuller, R. W., Cardellina, J. H., McMahon, J. B., 

Currens, M. J., Buckheit, R. W., Hughes, S. H., Cragg, G. M., Boyd, M. R. (1992). 

The Calanolides, a Novel HIV-inhibitory Class of Coumarin Derivatives from the 

Tropical Rainforest Tree, Calophyllum lanigerum. Journal of Medicinal 

Chemistry, 35(15), 2735–2743. https://doi.org/10.1021/jm00093a004 

Khammee, T., Athipornchai, A., Upamai, W., Jaisin, Y., & Suksamrarn, S. (2014). 

Synthesis of Hydroxyxanthones and Evaluations for their Acetylcholinesterase 

Inhibitory and Neurotoxicity Activities. KKU Science Journal, 42, 212–220. 

Koh, J. J., Zou, H., Lin, S., Lin, H., Soh, R. T., Lim, F. H., Koh, W. L., Li, J., 

Lakshminarayanan, R., Verma, C, S., Tan, D, T, H., Cao, D., Beuerman, R. W., 

Liu, S. (2016). Nonpeptidic Amphiphilic Xanthone Derivatives: Structure-Activity 

Relationship and Membrane-Targeting Properties. Journal of Medicinal 

Chemistry, 59(1), 171–193. https://doi.org/10.1021/acs.jmedchem.5b01500 

Koh, J. J., Zou, H., Mukherjee, D., Lin, S., Lim, F., Tan, J. K., Tan, D. Z., Stocker, B. 

L., Timmer, M. S. M., Corkran, H. M., Lakshminarayanan, R., Tan, D. T. H., Cao, 

D., Beuerman, R. W., Dick, T., Liu, S. (2016). Amphiphilic xanthones as a potent 

chemical entity of anti-mycobacterial agents with membrane-targeting properties. 

European Journal of Medicinal Chemistry, 123, 684–703. 

https://doi.org/10.1016/j.ejmech.2016.07.068 

Kou, X., Song, L., Wang, Y., Yu, Q., Ju, H., Yang, A., & Shen, R. (2019). Design, 

synthesis and anti-Alzheimer’s disease activity study of xanthone derivatives 

based on multi-target strategy. Bioorganic & Medicinal Chemistry Letters, 

126927. https://doi.org/10.1016/j.bmcl.2019.126927 

L. Klein-Júnior, A. Campos, R. Niero, R. Corrêa, Y. Heyden, Valdir, C. F. (2020). 

Xanthones and Cancer: From Natural Sources to Mechanisms of Action. 

Chemistry and Biodiversity. https://doi.org/10.1002/cbdv.201900499 

Li, D. H., Li, C. X., Jia, C. C., Sun, Y. T., Xue, C. M., Bai, J., Hua, H, M., Liu, X. Q., 

Li, Z. L. (2016). Xanthones from Garcinia paucinervis with in vitro anti-

proliferative activity against HL-60 cells. Archives of Pharmacal Research, 39(2), 

172–177. https://doi.org/10.1007/s12272-015-0692-6 

Lin, S., Koh, J. J., Aung, T. T., Lim, F., Li, J., Zou, H., Wang, L., Lakshminarayanan, 

R., Verma, C, S., Wang, Y., Tan, D, T, H., Cao, D., Beuerman, R, W., Ren, L., 

Liu, S. (2017). Symmetrically Substituted Xanthone Amphiphiles Combat Gram-



© C
OPYRIG

HT U
PM

99 

 

Positive Bacterial Resistance with Enhanced Membrane Selectivity. Journal of 

Medicinal Chemistry, 60(4), 1362–1378. 

https://doi.org/10.1021/acs.jmedchem.6b01403 

Liu, J., Bao, H., Wang, H., Luo, Q., Zuo, J., Liu, Z., Qiu, S., Sun, X., Liu, X. (2019). 

Synthesis of xanthone derivatives and anti-hepatocellular carcinoma potency 

evaluation: Induced apoptosis. RSC Advances, 9(70), 40781–40791. 

https://doi.org/10.1039/c9ra06408g 

Liu, J., Zhang, J., Wang, H., Liu, Z., Zhang, C., Jiang, Z., & Chen, H. (2017). Synthesis 

of xanthone derivatives and studies on the inhibition against cancer cells growth 

and synergistic combinations of them. European Journal of Medicinal Chemistry, 

133, 50–61. https://doi.org/10.1016/j.ejmech.2017.03.068 

Liu, Y., Ke, Z., Cui, J., Chen, W. H., Ma, L., & Wang, B. (2008). Synthesis, inhibitory 

activities, and QSAR study of xanthone derivatives as α-glucosidase inhibitors. 

Bioorganic and Medicinal Chemistry. https://doi.org/10.1016/j.bmc.2008.06.043 

Loh, Z. H., Kwong, H. C., Lam, K. W., Teh, S. S., Ee, G. C. L., Quah, C. K., Ho, A, S, 

H., Mah, S. H. (2021). New 3- O -substituted xanthone derivatives as promising 

acetylcholinesterase inhibitors. Journal of Enzyme Inhibition and Medicinal 

Chemistry, 36(1), 627–639. https://doi.org/10.1080/14756366.2021.1882452 

Luo, C. T., Mao, S. S., Liu, F. L., Yang, M. X., Chen, H., Kurihara, H., & Li, Y. (2013). 

Antioxidant xanthones from Swertia mussotii, a high altitude plant. Fitoterapia, 

91, 140–147. https://doi.org/10.1016/j.fitote.2013.08.021 

Luo, L., Qin, J. K., Dai, Z. K., & Gao, S. H. (2013). Synthesis and biological evaluation 

of novel benzo[b]xanthone derivatives as potential antitumor agents. Journal of 

the Serbian Chemical Society, 78(9), 1301–1308. 

https://doi.org/10.2298/JSC120925060L 

Mandal, S., Das, P. C., & Joshi, P. C. (1992). Naturally occurring xanthones from 

terrestrial flora. Journal of Indian Chemical Society, 69, 611–636. 

Masters, K. S., & Bräse, S. (2012). Xanthones from fungi, lichens, and bacteria: The 

natural products and their synthesis. Chemical Reviews, 112(7), 3717–3776. 

https://doi.org/10.1021/cr100446h 

Meechai, I., Phupong, W., Chunglok, W., & Meepowpan, P. (2018). 

Dihydroosajaxanthone : A New Natural Xanthone from the Branches of Garcinia 

Schomburgkian a Pierre. Iranian Journal of Pharmaceutical Research, 17, 1347–

1352. 

Menéndez, C. A., Biscussi, B., Accordino, S., Paula Murray, A., Gerbino, D. C., & 

Appignanesi, G. A. (2017). Design, synthesis and biological evaluation of 1,3-

dihydroxyxanthone derivatives: Effective agents against acetylcholinesterase. 

Bioorganic Chemistry, 75, 201–209. https://doi.org/10.1016/j.bioorg.2017.09.012 

Meng, X.-Y., Zhang, H.-X., Mezel, M., & Cui, M. (2011). Molecular Docking: A 

Powerful Approach for Structure-Based Drug Discovery. Current Computer 

Aided Drug Design, 7(2), 146–157. Retrieved from 

https://www.ingentaconnect.com/content/ben/cad/2011/00000007/00000002/art0

0008%0Ahttps://www.ncbi.nlm.nih.gov/pmc/articles/PMC3624763/pdf/nihms41



© C
OPYRIG

HT U
PM

100 

 

2728.pdf 

Mesía-Vela, S., Sańchez, R. I., Estrada-Muñiz, E., Alavez-Solano, D., Torres-Sosa, C., 

Jiménez-Estrada, M., Reyes-Chilpa, R., Kauffman, F. C. (2001). Natural products 

isolated from Mexican medicinal plants: Novel inhibitors of sulfotransferases, 

SULT1A1 and SULT2A1. Phytomedicine, 8(6), 481–488. 

https://doi.org/10.1078/S0944-7113(04)70070-7 

Michael, A. (1883). On the action of aromatic oxy-acids on phenols. Am. Chem. J, 5, 

81--97. 

Miguel, C., Azevedo, G., Manuel, C., Afonso, M., Maria, M., & Pinto, M. (2012). Routes 

to Xanthones : An Update on the Synthetic Approaches. Current Organic 

Chemistry, 16(23), 2818–2867. https://doi.org/10.2174/138527212804546921 

Mondal, M., Puranik, V. G., & Argade, N. P. (2006). Facile Synthesis of 1,3,7-

Trihydroxyxanthone and Its Regioselective Coupling Reactions with Prenal : 

Simple and Efficient Access to Osajaxanthone and Nigrolineaxanthone F †. 

Journal of Organic Chemistry, 71(2), 4992–4995. 

https://doi.org/10.1021/jo0606655 

Moreau, S., Varache-Lembège, M., Larrouture, S., Fall, D., Neveu, A., Deffieux, G., 

Vercauteren, J., Nuhrich, A. (2002). (2-Arylhydrazonomethyl)-substituted 

xanthones as antimycotics: Synthesis and fungistatic activity against Candida 

species. European Journal of Medicinal Chemistry, 37, 237–253. 

https://doi.org/10.1016/S0223-5234(01)01332-0 

Negi, J. S., Singh, P., & Rawat, B. (2011). Chemical constituents and biological 

importance of Swertia: a review. Current Research in Chemistry, 1–15. 

https://doi.org/10.3923/crc.2011.1.15 

Osborne, C. K., Yochmowitz, M. G., Knight, W. A., & McGuire, W. L. (1980). The 

value of estrogen and progesterone receptors in the treatment of breast cancer. 

Cancer, 46(12 S), 2884–2888. https://doi.org/10.1002/1097-

0142(19801215)46:12+<2884::AID-CNCR2820461429>3.0.CO;2-U 

Palmeira, A., Paiva, A., Sousa, E., Seca, H., Almeida, G. M., Lima, R. T., Fernandes, M, 

X., Pinto, M., Vasconcelos, M. H. (2010). Insights into the in vitro antitumor 

mechanism of action of a new pyranoxanthone. Chemical Biology and Drug 

Design, 76(1), 43–58. https://doi.org/10.1111/j.1747-0285.2010.00978.x 

Pan, Y., Zhao, Y. L., Zhang, J., Li, W. Y., & Wang, Y. Z. (2016). Phytochemistry and 

Pharmacological Activities of the Genus Gentiana (Gentianaceae). Chemistry and 

Biodiversity, 13(2), 107–150. https://doi.org/10.1002/cbdv.201500333 

Patil, A. D., Freyer, A. J., Eggleston, D. S., Haltiwanger, R. C., Bean, M. F., Taylor, P. 

B., Caranfa, M. J., Breen, A, L., Bartus, H, R., Johnson, R. K., Hertzberg, R, P., 

Westley, J. W. (1993). The Inophyllums, Novel Inhibitors of HIV- 1 Reverse 

Transcriptase Isolated from the Malaysian Tree, Calophyllum inophyllum Linn. 

Journal of Medicinal Chemistry, 36. 

Pawar, S. S., & Rohane, S. H. (2021). Review on Discovery Studio: An important Tool 

for Molecular Docking. Asian Journal of Reearch in Chemistry, 14(1–3). 

https://doi.org/10.5958/0974-4150.2021.00014.6 



© C
OPYRIG

HT U
PM

101 

 

Pedro, M., Cerqueira, F., Sousa, M. E., Nascimento, M. S. J., & Pinto, M. (2002). 

Xanthones as inhibitors of growth of human cancer cell lines and their effects on 

the proliferation of human lymphocytes in vitro. Bioorganic and Medicinal 

Chemistry, 10(12), 3725–3730. https://doi.org/10.1016/S0968-0896(02)00379-6 

Peres, V., Nagem, T. J., & de Oliveira, F. F. (2000). Tetraoxygenated naturally occurring 

xanthones. Phytochemistry, 55, 683–710. 

Perest, V., & Nagem, T. J. (1997). Trioxygenated naturally occurring xanthones. 

Phytochemistry, 44(2), 191–214. 

Pérez-Rojas, J. M., González-Macías, R., González-Cortes, J., Jurado, R., Pedraza-

Chaverri, J., & García-López, P. (2016). Synergic effect of α -mangostin on the 

cytotoxicity of cisplatin in a cervical cancer model. Oxidative Medicine and 

Cellular Longevity, 2016. https://doi.org/10.1155/2016/7981397 

Pillai, K. M., Naiksatam, P., Johnson, F., & Rajagopalan, R. (1986). Thermorubin 11: 

1,3-Dihydroxy-9H-xanthones and 1,3-Dihydroxy-9H-xanthenes. New Methods of 

Synthesis. 14, 717–723. 

Pinto, M. M. M., Palmeira, A., Fernandes, C., Resende, D. I. S. P., Sousa, E., Cidade, 

H., Tiritan, M, E., Correia-da-Silva, M., Cravo, S. (2021). From natural products 

to new synthetic small molecules: A journey through the world of xanthones. 

Molecules, 26(2). https://doi.org/10.3390/molecules26020431 

Ploetz, R., & Ploetz, R. (2003). Diseases of mango. In: Ploetz, R.C., Ed. In Diseases of 

Tropical Fruit Crops (pp. 327–363). CAB International, Wallingford. 

Qi, Q., You, Q., Gu, H., Zhao, L., Liu, W., Lu, N., & Guo, Q. (2008). Studies on the 

toxicity of gambogic acid in rats. Journal of Ethnopharmacology, 117, 433–438. 

https://doi.org/10.1016/j.jep.2008.02.027 

Qiang, L., Yang, Y., You, Q. D., Ma, Y. J., Yang, L., Nie, F. F., Gu, H. Y., Zhao, L., Lu, 

N., Qi, Q., Liu, W., Wang, X, T., Guo, Q. L. (2008). Inhibition of glioblastoma 

growth and angiogenesis by gambogic acid: An in vitro and in vivo study. 

Biochemical Pharmacology, 75, 1083–1092. 

https://doi.org/10.1016/j.bcp.2007.10.033 

Qin, J., Lan, W., Liu, Z., Huang, J., Tang, H., & Wang, H. (2013). Synthesis and 

biological evaluation of 1, 3-dihydroxyxanthone mannich base derivatives as 

anticholinesterase agents. Chemistry Central Journal, 7(1), 1. 

https://doi.org/10.1186/1752-153X-7-78 

Quillinan, A. J., & Scheinmann, F. (1973). Studies in the xanthone series. Part XII. A 

general synthesis of polyoxygenated xanthones from benzophenone precursors. J. 

Chem. Soc.{,} Perkin Trans. 1, (0), 1329–1337. 

https://doi.org/10.1039/P19730001329 

Ren, K., Su, H., Lv, L. J., Yi, L. T., Gong, X., Dang, L. S., Zhang, R, F., Li, M. H. (2019). 

Effects of four compounds from gentianella acuta (Michx.) Hulten on hydrogen 

peroxide-induced injury in H9c2 cells. BioMed Research International, 2019. 

https://doi.org/10.1155/2019/2692970 

Reyes-Chilpa, R., Jimenez-Estrada, M., & Estrada-Muniz, E. (1997). Antifungal 



© C
OPYRIG

HT U
PM

102 

 

xanthones from Calophyllum brasiliensis heartwood. Journal of Chemical 

Ecology, 23, 1901–1911. 

Reyes-Chilpa, Ricardo, Baggio, C. H., Alavez-Solano, D., Estrada-Muñiz, E., Kauffman, 

F. C., Sanchez, R. I., & Mesia-Vela, S. (2006). Inhibition of gastric H+,K+-ATPase 

activity by flavonoids, coumarins and xanthones isolated from Mexican medicinal 

plants. Journal of Ethnopharmacology, 105(1–2), 167–172. 

https://doi.org/10.1016/j.jep.2005.10.014 

Roberts, J. C. (1961). Naturally Occurring Xanthones. Chemical Reviews, 6, 591–605. 

Rosa, G. P., Palmeira, A., Resende, D. I. S. P., Almeida, I. F., Kane-Pagès, A., Barreto, 

M. C., Sousa, E., Pinto, M. M. M. (2021). Xanthones for melanogenesis inhibition: 

Molecular docking and QSAR studies to understand their anti-tyrosinase activity. 

Bioorganic and Medicinal Chemistry, 29 (November 2020). 

https://doi.org/10.1016/j.bmc.2020.115873 

Roy, P. P., & Roy, K. (2010). Molecular docking and QSAR studies of aromatase 

inhibitor androstenedione derivatives. Journal of Pharmacy and Pharmacology, 

62(12), 1717–1728. https://doi.org/10.1111/j.2042-7158.2010.01154.x 

Sousa, M. E., & Pinto, M. M. M. (2005). Synthesis of Xanthones: An Overview. In 

Current Medicinal Chemistry (Vol. 12). 

Suphavanich, K., Maitarad, P., Hannongbua, S., Sudta, P., Suksamrarn, S., 

Tantirungrotechai, Y., & Limtrakul, J. (2009). CoMFA and CoMSIA studies on a 

new series of xanthone derivatives against the oral human epidermoid carcinoma 

(KB) cancer cell line. Monatshefte Fur Chemie, 140(3), 273–280. 

https://doi.org/10.1007/s00706-008-0014-5 

Suvannang, N., Nantasenamat, C., Isarankura-Na-Ayudhya, C., & Prachayasittikul, V. 

(2011). Molecular docking of aromatase inhibitors. Molecules, 16(5), 3597–3617. 

https://doi.org/10.3390/molecules16053597 

Tang, Z. Y., Xia, Z. X., Qiao, S. P., Jiang, C., Shen, G. R., Cai, M. X., & Tang, X. Y. 

(2015). Four new cytotoxic xanthones from Garcinia nujiangensis. Fitoterapia, 

102, 109–114. https://doi.org/10.1016/j.fitote.2015.02.011 

Teixeira, M., Pedro, M., Nascimento, M. S. J., Pinto, M. M. M., & Barbosa, C. M. (2019). 

Development and characterization of PLGA nanoparticles containing 1,3-

dihydroxy-2-methylxanthone with improved antitumor activity on a human breast 

cancer cell line. Pharmaceutical Development and Technology, 24(9), 1104–1114. 

https://doi.org/10.1080/10837450.2019.1638398 

Tisdale, E. J., Slobodov, I., & Theodorakis, E. A. (2003). Biomimetic total synthesis of 

forbesione and desoxymorellin utilizing a tandem Claisen/Diels-Alder/Claisen 

rearrangement. Organic and Biomolecular Chemistry, 1(24), 4418–4422. 

https://doi.org/10.1039/b311833a 

Tisdale, E. J., Slobodov, I., & Theodorakis, E. A. (2004). Unified synthesis of caged 

Garcinia natural products based on a site-selective ClaisenDiels-Alder Claisen 

rearrangement. Pnas, 101, 12030–12035. Retrieved from 

www.pnas.orgcgidoi10.1073pnas.0401932101 



© C
OPYRIG

HT U
PM

103 

 

v. Kostanecki, S. (1891). Über das Gentisin. Monatshefte Für Chemie, 12(1), 205–210. 

https://doi.org/10.1007/BF01538596 

Vanessa, V. V., Teh, S. S., Lam, K. W., & Mah, S. H. (2021). Synthesis of 1-Hydroxy-

3-O-Substituted Xanthone Derivatives and their Structure-activity Relationship on 

Acetylcholinesterase Inhibitory Effect, Journal of Enzyme Inhibition and 

Medicinal Chemistry, 1–23. https://doi.org/https://doi.org/10.21203/rs.3.rs-

763326/v1 

Varache-Lembège, M., Moreau, S., Larrouture, S., Montaudon, D., Robert, J., & 

Nuhrich, A. (2008). Synthesis and antiproliferative activity of aryl- and heteroaryl-

hydrazones derived from xanthone carbaldehydes. European Journal of Medicinal 

Chemistry, 43(6), 1336–1343. https://doi.org/10.1016/j.ejmech.2007.09.003 

Varma, A. K., Patil, R., Das, S., Stanley, A., Yadav, L., & Sudhakar, A. (2010). 

Optimized hydrophobic interactions and hydrogen bonding at the target-ligand 

interface leads the pathways of Drug-Designing. PLoS ONE, 5(8). 

https://doi.org/10.1371/journal.pone.0012029 

Vieira, L. M. M., & Kijjoa, A. (2005). Naturally-Occurring Xanthones : Recent 

Developments. Current Medicinal Chemistry, 12, 2413–2446. 

Wang, J., Wolf, R. M., Caldwell, J. W., Kollman, P. A., & Case, D. A. (2004). 

Development and Testing of a General Amber Force Field. Journal of 

Computational Chemistry, 25, 1157–1174. 

Wu, J., Dai, J., Huang, L., Ding, H., Mao, J., & Yu, S. (2019). Synthesis of Novel 

Xanthone Analogues and Their Growth Inhibitory Activity Against Human Lung 

Cancer A549 Cells. 4239–4246. 

Xia, Z., Zhang, H., Xu, D., Lao, Y., Fu, W., Tan, H., Cao, P., Yang, L., Xu, H. (2015). 

Xanthones from the leaves of garcinia cowa induce cell cycle arrest, apoptosis, and 

autophagy in cancer cells. Molecules, 20(6), 11387–11399. 

https://doi.org/10.3390/molecules200611387 

Yang, Y., Yang, L., You, Q. D., Nie, F. F., Gu, H. Y., Zhao, L., Wang, X, T., Guo, Q. L. 

(2007). Differential apoptotic induction of gambogic acid, a novel anticancer 

natural product, on hepatoma cells and normal hepatocytes. Cancer Letters, 256, 

259–266. https://doi.org/10.1016/j.canlet.2007.06.014 

Yang, Z., Huang, J., Qin, J., Dai, Z., Lan, W., & Su, G. (2014). Design , synthesis and 

biological evaluation of novel 1-hydroxyl-3- aminoalkoxy xanthone derivatives as 

potent anticancer agents. European Journal of Medicinal Chemistry, 85, 487–497. 

https://doi.org/10.1016/j.ejmech.2014.07.076 

Ye, G. J., Lan, T., Huang, Z. X., Cheng, X. N., Cai, C. Y., Ding, S. M., Xie, M, L., Wang, 

B. (2019). Design and synthesis of novel xanthone-triazole derivatives as potential 

antidiabetic agents: α-Glucosidase inhibition and glucose uptake promotion. 

European Journal of Medicinal Chemistry, 177, 362–373. 

https://doi.org/10.1016/j.ejmech.2019.05.045 

Yen, C.-T., Nakagawa-Goto, K., Hwang, T.-L., Morris-Natschke, S. L., Bastow, K. F., 

Wu, Y.-C., & Lee, K.-H. (2012). Design and synthesis of gambogic acid analogs 

as potent cytotoxic and anti-inflammatory agents. Bioorganic and Medicinal 



© C
OPYRIG

HT U
PM

104 

 

Chemistry Letters, 22(12), 4018–4022. https://doi.org/10.1038/jid.2014.371 

Zhang, T., & Herlyn, D. (2008). Combination of Active Specific Immunotherapy or 

Adoptive Antibody or Lymphocyte Immunotherapy with Chemotherapy in the 

Treatment of Cancer. Cancer Immunol Immunother, 58(4), 475–492. 

https://doi.org/10.1007/s00262-008-0598-y.Combination 

Zhang, X., Ye, S.-F., Zhang, Y., Meng, H.-Y., Zhang, M.-Q., Gao, W.-L., & You, Q.-D. 

(2012). Microwave-Assisted Efficient and Green Synthesis of Hydroxyxanthone in 

Water. 2(2012), 2952–2958. https://doi.org/10.1080/00397911.2011.573170 

Zhong, F., Chen, Y., Wang, P., Feng, H., & Yang, G. (2009). Xanthones from the bark 

of Garcinia xanthochymus and their 1,1-diphenyl-2-picrylhydrazyl radical-

scavenging activity. Chinese Journal of Chemistry, 27(1), 74–80. 

https://doi.org/10.1002/cjoc.200990029 

Zhou, B. D., Zeng, L. L., Tong, Y. G., Fang, J. Y., Ruan, Z. P., Zeng, X. Y., Fang, Y. 

Y., Xu, G, F., Hu, D. B. (2018). Synthesis and antitumor, antityrosinase, and 

antioxidant activities of xanthone. Journal of Asian Natural Products Research, 

20(5), 467–476. https://doi.org/10.1080/10286020.2018.1454437

https://doi.org/10.1002/cjoc.200990029
https://doi.org/10.1080/10286020.2018.1454437

	1
	2



