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CHAPTER I 

INTRODUCTION 

The tropical trees and shrubs of the Garcinia species are mostly found in 

lowland rainforests of Southeast Asia, and are widely known for their pigments and as 

folk medicines [1]. Phytochemically, they are recognized as a rich source of xanthone 

natural products with high pharmaceutical potential [2-4]. Chemically, xanthones 

(9H-xanthen-9-ones) are a class of heterocylic compounds with dibenzo-γ-pyrone 

framework (Figure 1.1). Biosynthetically, xanthones are presumed to derive from a 

common benzophenone intermediate of a mixed shikimate (ring A)-acetate (ring C) 

pathway.   

 

 

Figure 1.1 Representation of xanthone nucleus 

Natural occurring xanthones, secondary metabolites, are found in a select 

number of rain forest plants, but nowhere are they found in more abundant than in the 

pericarp, or the rind of Garcinia mangostana Linn. G. mangostana is commonly 

called as a mangosteen and has been used as a traditional medicine for its anti-

inflammatory properties as well as the treatment of skin infections and wounds for 

many centuries [5-6]. The phytochemistry study led to the isolation of α-mangostin 

found as a major compound in various parts of mangosteen [7]. α-Mangostin has been 

confirmed to show a variety of potent biological activities such as anti-inflammatory 

[8], antimicrobial [9] and antiproliferative activities [2]. As aforementioned facts, α-

mangostin is an interesting target of opportunities for the discovery in chemistry and 

biology, leading to obtain a new drug and enhance the useful knowledge from the 

structure-activity relationship (SAR) study. 

O

O
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Caged xanthones are another compound which possesses an abundance of 

biologically active and unusually structural features. The chemical structure of these 

compounds is highlighted by the fusion of a unique 4-oxa-tricyclo[4.3.1.03,7]decan-2-

one scaffold onto a common xanthone motif.  Many caged natural xanthones are 

isolated from the plants in several Garcinia species e.g., G. bracteata [10], G. 

gaudichaudii [11], G. Morella [12], G. scortechinii [13], and G. hanburyi [14]. 

Compounds of this type interestingly exhibited cytotoxic properties in several 

mammalian cancer cell lines [15], antitumor [16], anti-HIV-1 [17],  and antibacterial 

activities [18]. The SAR studies of gambogic acid, a caged xanthone isolated from G. 

hanburyi, and related natural compounds have been reported that the unusual caged 

structure played an essential role in cytotoxic activities [19]. For these aforementioned 

reasons, the simplified caged xanthones have increased the interest in the synthesis to 

optimize the minimum pharmacophore of the caged Garcinia xanthones for the 

exploration of the new potent drug. 

1.1 The Objective of This Research 

 This research was divided into two parts: 

1.  SAR of α-mangostin and its analogues 

 To isolate α-mangostin from the pericarp of G. mangostana 

 To synthesize the analogues of α-mangostin  

 To evaluate the antibacterial activity against Staphylococcus aureus 

ATCC 25923 and methicillin-resistant S. aureus (MRSA) and to 

analyze the SAR of α-mangostin and its analogues 

 To determine the anticandidal activity against Candida albicans of     

α-mangostin and its analogues 

 To evaluate the termite antifeedant activity and to analyze the SAR of 

α-mangostin and its analogues 

2. Synthesis and pharmacological evaluation of caged Garcinia xanthones 

 To synthesize the simplified caged analogues through two key  

reactions: Pd(0) catalyzed reverse prenylation and Claisen/Diels-Alder 

rearrangement 
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 To explore the novel method for one-step introduction of di-allyoxy 

units using Pd(0) catalyst  

 To investigate the cell proliferation and to analyze the SAR of caged 

Garcinia natural products and synthetic analogues against 

promyelocytic leukemia cell lines (HL-60) and multidrug-resistant 

promyelocytic leukemia (HL-60/ADR) cell lines  

 To evaluate the antibacterial activity and to analyze the SAR of 

synthetic caged compounds against the community-associated MRSA 

strain TCH1516  

 To explore the mechanism of cluvenone in the inhibition of             

HL-60/ADR cell growth whether involve inducing apoptosis 
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CHAPTER II 

STRCTURE-ACTIVITY RELATIONSHIP OF -MANGOSTIN AND ITS 

ANALOGUES 

2.1  Introduction 

  Mangosteen, Garcinia mangostana Linn. (Guttiferae), -not just the inner 

flesh, but the whole fruit- represents the single greatest supply of beneficial 

xanthones. Research has revealed the mangosteen as the source of more than 40 

distinct xanthones [3, 20] and ongoing science is finding new benefits of these 

xanthones every day.  

 The fruits of G. mangostana have been used as a traditional medicine [5-6] in 

Southeast Asia for the treatment of diarrhea, inflammation, and ulcers. Several 

preliminary screening showed that the crude extracts of mangosteen pericarps 

possessed antiproliferative [2], antibacterial [3], antioxidative, cytoprotective [4], 

antityrosinase [21] activities and apoptotic effects against human breast cancer 

SKBR3 cells [2]. In the United States, mangosteen products are now widely available 

and are highly popular because of their perceived role in enhancing human health. 

Mangosteen fruit juice has become a major botanical dietary supplement, and was 

ranked as one of the top-selling „„botanicals‟‟ on the market since 2005. Nowadays, 

the extracts from mangosteen are used to apply to cosmetic uses such as soaps, 

creams, and washes in Thailand. It is claimed that mangosteen-made products are 

exactly the conditions encountered in acne-prone skin [22].  

 Studies from different laboratories have shown that -mangostin (1) is a major 

secondary metabolite found in various parts of the mangosteen [7]. It consists of two 

isoprenyl units at C2 and C8, and three hydroxy groups at C1, C3 and C6, all of which 

connect to a xanthone backbone (Figure 2.1).  
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Figure 2.1 Xanthone backbone and -mangostin (1) 

 -Mangostin (1) has been extensively confirmed their biological activities for 

a competitive antagonism of the histamine H1 receptor [23], anti-inflammatory 

activities [8], inhibition of oxidative damage by human low-density lipoproteins 

(LDL) [24], antimicrobial activity against many microorganisms and weak 

antioxidant activity [23].  

 Due to being a major component in the pericarps of mangosteen and 

exhibiting potent biological activities, the structure of -mangostin (1) was thus 

attractive in the modification to obtain an idea drug for medicine and useful 

information in chemical reaction.  

2.1.1  Botanical Characteristics of Garcinia mangostana Linn. [25] 

 Scientific Name: Garcinia mangostana Linn. 

 Family Name: Guttiferae 

 Common Name: Mangosteen 

 Origin: India, Myanmar, Malaysia, Philippines, Sri Lanka and Thailand 

 The fruits of G. mangostana (Figure 2.2) are often called the “Queen of 

Fruits” and have been well-known as Mung Kun in Thai. The botanical characteristics 

of this plant can be described as follows: 

 Trees: 7-8 m high with dense heavy profusely bunched crown 

 Bark: dark-brown and rather hard with the yellowish inner bark 

 Leaves: leathey with the dark-brown timber 
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 Flowers: 5 centimeters in diameter, 4-parted, bisexual, and borne singly or in 

 pairs at the ends of the branchlets 

 Seeds: large, flattened- and embedded in snowy-white or pinkish delicious 

 pulp, which is botanically called the aril 

 

 

 

 

Figure 2.2 Fruit hulls of Garcinia mangostana Linn. 

2.1.2 Preliminary Biological Activities and Literature Review on the Extracts 

from Garcinia mangostana Linn. 

 Due to the fact that the mangosteen fruits have been used as a traditional 

medicine for many years, this lets many scientists increase an interest in the 

extensively biological evaluations of their extracts such as antimicrobial, antioxidant, 

antifeedant, and anticancer activities. 

Antimicrobial activity 

 The extracts of G. mangostana have been exhibited strong antimicrobial 

activities for many years. Gritsanapan and Chulasiri [26] found that the water extract 

of pericarps showed good activity to inhibit Streptococcus faecalis and Vibrio 

cholerae growth. Chomnawang and co-workers [3] evaluated in 2005 the 

antimicrobial activity of diverse Thai medicinal plants against acne-inducing bacteria 

using disc diffusion and broth dilution methods. The same minimum inhibitory 

concentration (MIC) values of G. mangostana in Propionibacterium acnes and 

Staphylococcus epidermidis were reported to be 0.039 mg/mL, and the minimum 

bactericidal concentration (MBC) for those bacterial species were 0.039 and 0.156 

mg/mL, respectively. Studies on inflammation in terms of free radical scavenging and 

cytokine reducing properties were investigated in 2007 [3]. The ethanolic extract 
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showed the most potent activity against Propionibacterium acnes with an IC50 value 

of 6.13 µg/mL. In addition, this extract reduced both reactive oxygen species (ROS) 

production and the tumor necrosis factor-alpha (TNF-) production with the highest 

inhibitory ratio at 771.28 and 94.59% (at 50 µg/mL of extract used), respectively. 

Antibacterial activity of the ethanolic extract against methicillin-resistant S. aureus 

(MRSA) was reported by Voravuthikunchai and Kitpipit [27] in 2005. The MIC and 

MBC values for that stain were reported around 0.05-0.4 and 0.1-0.4 mg/mL, 

respectively. Tadtong and co-workers [21] recently reported in 2009 the antibacterial 

activity of the extract from the pericarps to inhibit the pathogenic bacteria growth in 

the oral cavity, Streptococcus mutans DMST18777, Porphyromonas gingivalis 

DMST2136, and Streptococcus pyogenes DMST17020. This crude extract exhibited 

good activity against those three stains tested with the MIC value of 0.01 mg/mL. The 

related activity on S. aureus ATCC 25923 was examined, and its MIC was found to 

be 0.1 mg/mL. In addition to antifungal activities, the ethanolic, acetone, and 

methanolic extracts showed a moderate activity against three species of tinea: 

Trichophyton rudrum, Trichophyton mentagrophyte, and Microsporum gypseum [28]. 

Antioxidant activity 

 The methanolic extract of fruits was investigated by Kosem and co-workers 

[4] in 2007 for antioxidant and cytoprotective activities. The results indicated that its 

extract possessed reducing power as well as Fe2+ chelating activity. In addition, it 

revealed potent radical scavengers against hydroxyl and superoxide radicals and 

enhanced the cell survival by decreasing the oxidative damage in ECV304 endothelial 

cells after H2O2 exposure. In the 2,2-diphenyl-1-picrylhydrazyl radical (DPPH) assay, 

the ethanolic extract showed very good antioxidant activity with 50% inhibition of 

free radicals at a concentration of 6.13 µg/mL [3].  

Antifeedant activity 

The ethanolic extracts from the pericarps were subjected to control brown 

planthopper, Nilaparvata lugens Stal., (BPH) growth by Bullanpoti and co-workers 

[29] in 2006. The crude extract containing mangostin (1) ca. 2.96% w/w was trailed 
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by the topical sprayer method. This extract showed the toxicity in terms of LC50 ca. 

1.39, 2.26, 5.44, 4.49, 4.03, and 3.84% w/v at 24 h exposure when using the 1st, 2nd, 

3rd, 4th and 5th nymph, and adult BPH, respectively tested.  

Anticancer activity 

 The effect of mangosteen extracts (100, 70 and 40% EtOH-H2O) on histamine 

release and prostaglandin E2 synthesis was evaluated. Among them, 40% EtOH-H2O 

extract showed potent inhibitory activities of both histamine release and prostaglandin 

E2 synthesis [30]. In addition, the methanolic extract from the pericarps displayed      

a dose-dependent inhibition of cell proliferation against human breast cancer 

(SKBR3) cell lines with ED50 of 9.250.64 µg/mL [2]. 

2.1.3 Chemical Constituents and Literature Reviews on Garcinia mangostana 

Linn. 

 A great variety of traditional medicine uses of G. mangostana and their 

preliminarily biological activities have guided the isolation and structural elucidation 

of chemical constituents from different parts of this plant. Schmid first reported [31] 

in 1855 the isolation of -mangostin (1) from the pericarps of G. mangostana. 

Another richest sources were disclosed from the bark and dried sap containing          

-mangostin (1) in 30-50% yield [32]. Although many scientists had proposed the 

molecular formulas and substituent connection of -mangostin (1) since 1850s, the 

exact structure was successfully deduced by Yates and Stout [33] in 1958 as 

represented in Figure 2.3. Several different laboratories have confirmed the identities 

of -mangostin (1) using many types of the spectroscopic methods [7, 34-36] such as 
1H, 13C NMR and UV, and its X-ray structure was finally explored by Gales and 

Damas [37]. 

 Besides -mangostin (1), other chemical constituents of G. mangostana have 

been extensively isolated and are summarized in Table 2.1 and the structures of 

isolated xanthones are shown in Figure 2.3.  

 



9 

Table 2.1 Chemical constituents of Garcinia mangostana Linn. 

Compound  Plant part Reference 

-mangostin (1) pericarp [8, 33, 35, 38-40] 

bark [33] 

latex [33] 

aril [35] 

young fruit [41] 

green fruit [42] 

stem bark [43] 

root bark [44-45] 

fruit  [46] 

-mangostin (2) pericarp [35] 

green fruit  [42] 

root bark [44-45] 

stem bark [43] 

leave [47] 

root bark [44-45]  

-mangostin (3) pericarp [35] 

root bark [44-45] 

fruit  [8, 39-40] 

2,8-bis-(,-dimethylallyl)-1,3,7-
trihydroxyxanthone (4) 

aril [35] 

2-(,-dimethylallyl)-1,7-dihydroxy-3-
methoxyxanthone (5) 

aril [35] 
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Table 2.1 (Continued) 

Compound  Plant part Reference 

1-isomangostin (6) pericarp [35] 

3-isomangostin (7) pericarp [35] 

1-isomangostin hydrate (8) pericarp [35] 

3-isomangostin hydrate (9) pericarp [35] 

(5,9-dihydroxy-8-methoxy-2,2-
dimethyl-7-(3-methylbut-2-enyl)-
2H,6H-pyrano-[3,2-b]-xanthene-6-one) 
(10) 

fruit  [48] 

stem bark [43] 

calabaxanthone (11) aril [35] 

demethylcalabaxanthone (12) aril [35] 

1,3,5-trioxygenated xanthone (13) fruit  [49]  

1,3,7-Trioxygenated xanthone (14) fruit [49] 

1,6-dihydroxy-3,7-dimethoxy-2-(3-
methylbut-2-enyl)-xanthone (15) 

stem bark [43] 

gartanin (16) pericarp [35, 39] 

leave [47] 

8-deoxygartanin (17) fruit [39] 

garcinone A (18) fruit [50]  

garcinone B (19) green fruit [42, 50] 

garcinone C (20) fruit [50]  

garcinone D (21) stem bark [43, 45] 

root bark [44] 

garcinone E (22) fruit  [39] 

garcimangosone A (23) fruit  [51-52] 

garcimangosone B (24) pericarp [51-53] 

garcimangosone C (25) pericarp [51-52] 
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Table 2.1 (Continued) 

Compound  Plant part Reference 

garciniafuran (26) heartwood [54] 

garcimangosxanthone A (27) pericarp [55] 

garcimangosxanthone B (28) pericarp [55] 

garcimangosxanthone C (29) pericarp [55] 

BR-xanthone A (30) pericarp [56] 

BR-xanthone B (31) pericarp [56] 

mangosharin (32) stem bark [43]  

mangostanol (33) fruit  [39] 

stem bark [43, 45] 

root bark [44] 

green fruit  [42] 

mangostanin (34) fruit [46] 

6-deoxy-7-demethylmangostanin (35) fruit [46] 

6-O-methylmangostanin (36) not stated [52] 

mangostenol (37) green fruit  [42] 

mangostenone A (38) green fruit  [42]  

mangostenone B (39) green fruit  [42]  

mangostenone C (40) fruit [41] 

mangostenone D (41) young fruit [41] 

mangostenone E (42) young fruit [41] 

mangostinone (43) green fruit  [42] 

smeathxanthone A (44) pericarp [53] 

mangoxanthone (45) heartwood [57] 

cudraxanthone G (46) pericarp [53] 
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Table 2.1 (Continued) 

Compound  Plant part Reference 

8-hydroxycudraxanthone (47) pericarp [53] 

1,3,6,7-tetrahydroxyxanthone (48) heart wood [58] 

dulxanthone D (49) heartwood [57] 

1,3,6,7-tetrahydroxy-2,8-(3-methyl-2-
butenyl) xanthone (50) 

pericarp [40] 

1,3,7-trihydroxy-2,8-di-(3-methylbut-2-
enyl)xanthone (51) 

fruit  [46] 

1,5-dihydroxy-2-(3-methylbut-2-enyl)-
3-methoxy-xanthone (52) 

pericarp [59] 

1,5,8-trihydroxy-3-methoxy-2-(3-
methylbut-2-enyl) xanthone (53) 

leave [34, 47, 58] 

  

1,6-dihydroxy-3-methoxy-2[3-methyl-
2-butenyl] xanthone (54) 

leave [47, 58] 

1,6-dihydroxy-3,7-dimethoxy-2-(3-
methylbut-2-enyl)-xanthone (55) 

heartwood [43, 52, 54] 
 

1,7-dihydroxy-2-(3-methylbut-2-enyl)-
3-methoxy-xanthone (56) 

pericarp [52, 59-61] 
  

1,5-dihydroxy-2-isopentyl-3-methoxy 
xanthone (57) 

pericarp [58] 

1,7-dihydroxy-2-isopentyl-3-methoxy 
xanthone (58) 

pericarp [58] 

1,3-dihydroxy-2-(2-hydroxy-3-
methylbut-3-enyl)-6,7-dimethoxy-8-(3- 
methylbut-2-enyl)-xanthone (59) 

heartwood [52, 54]  

1,6-dihydroxy-2-(2-hydroxy-3-
methylbut-3-enyl)-3,7-dimethoxy-8-(3- 
methylbut-2-enyl)-xanthone (60) 

heartwood [52, 54] 
 

1-hydroxy-2-(2-hydroxy-3-methylbut-
3-enyl)-3,6,7-trimethoxy-8-(3-
methylbut-2-enyl)-xanthone (61) 

heartwood [52, 54] 
 

1,6-dihydroxy-3,7-dimethoxy-2-(3-
methylbut-2-enyl)-8-(2-oxo-3- 
methylbut-3-enyl)-xanthone (62) 

heartwood [52, 54] 
 

1,6-dihydroxy-8-(2-hydroxy-3-
methylbut-3-enyl)-3,7-dimethoxy-2-(3- 
methylbut-2-enyl)-xanthone (63) 

heartwood [52, 54] 
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Table 2.1 (Continued) 

Compound  Plant part Reference 

1-hydroxy-8-(2-hydroxy-3-methylbut-
3-enyl)-3,6,7-trimethoxy-2-(3-
methylbut-2-enyl)-xanthone (64) 

heartwood [52, 54] 
 

(16E)-1,6-dihydroxy-8-(3-hydroxy-3-
methylbut-1-enyl)-3,7-dimethoxy-2-(3- 
methylbut-2-enyl)-xanthone (65) 

heartwood [52, 54] 
 

(16E)-1-hydroxy-8-(3-hydroxy-3-
methylbut-1-enyl)-3,6,7-trimethoxy-2- 
(3-methylbut-2-enyl)-xanthone (66) 

heartwood [52, 54] 
 

1,2-dihydro-1,8,10-trihydroxy-2-(2-
hydroxypropan-2-yl)-9-(3-methylbut-2-
enyl) furo[3,2-a] xanthen-11-one (67) 

fruit  [46] 

 

1,3,5-trihydroxy-13,13-dimethyl-2H-
pyran[7,6-b]xanthen-9-one (68) 

heartwood [57] 

1,3,7-trihydroxy-2-methoxyxanthone 
(69) 

heartwood [57] 

trapezifolixanthone (70) green fruit  [42] 

thwaitesixanthone (71) fruit [41] 

tovophyllin A (72) pericarp [53] 

tovophyllin B (73) green fruit  [42] 

pericarp [52] 

2,7-di-(3-methylbut-2-enyl)-1,3,8-
trihydroxy-4-methyl-xanthone (74) 

fruit  [62] 

2,8-di-(3-methylbut-2-enyl.-7-carboxy-
1,3-dihydroxyxanthone (75) 

fruit [62] 

2,8-dihydroxy-6-methoxy-5-(3-
methylbut-2-enyl)-xanthone (76) 

stem [45] 
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Figure 2.3 Chemical constituents of Garcinia mangostana Linn. 
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2.1.4  Literature Review on Biological Activities of -Mangostin  

 There are significant numbers of reports on the biological activity of              

-mangostin (1) against a verity of microorganisms.  

Antibacterial activity 

 Mahabusarakam and co-workers [9] addressed in 1986 the isolation of          

-mangostin (1) and related components from the fruits of G. mangostana.               

-Mangostin (1) was tested for its antibacterial activity against S. aureus both normal 

(ATCC 25923) and penicillin-resistant strains using the broth dilution method and 

using methicillin as a comparison. -Mangostin (1) exhibited the best activity against 
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normal S. aureus with the MIC value of 15.6 µg/mL among all the isolated 

compounds tested. An additional study on penicillin-resistant strains showed that the 

MIC of -mangostin (1) was found to be in the range of 1.56-12.5 µg/mL. 

 Due to the highest activity of mangosteen extract against S. aureus NIHJ 209p 

found, the antibacterial activity of -mangostin (1) against methicillin-resistant         

S. aureus (MRSA) was examined by Linuma and co-workers in 1996 [63]. It 

suggested that -mangostin (1) have the potent activity with the MIC value of 0.31-

1.25 µg/mL, which was more active than the antibiotic vancomycin (3.13-6.25 

µg/mL). In 2005, Sakagami and co-workers [64] isolated -mangostin (1) from the 

stem bark of G.mangostana and tested their antibacterial and synergism effects. -

Mangostin (1) itself displayed the MIC values of 6.25 and 6.25-12.5 µg/mL against 

vancomycin resistant Enterococci (VRE) and MRSA, respectiviely. Similar activities 

were found on the synergism between -mangostin (1) and commercially available 

gentamicin or vancomycin hydrochloride. In addition, -mangostin (1) exhibited 

good activity against Mycobacterium tuberculosis with the MIC value of 6.25 μg/mL 

[61]. 

 Qualitative antimicrobial studies in 2006 showed that -mangostin (1) was 

inactive against Gram-negative Vibrio anguillarum (ATCC 19264), but displayed 

moderate activity against Gram-positive bacteria S. aureus (ATCC 6538) with a 

diameter of inhibition zone of 16 mm which was twice less active than the reference 

oxacillin [65]. 

Antifungal activity 

 -Mangostin (1) showed no activity against Candida tropicalis (ATCC 

66029) [65], Candida albicans and Cryptococcus neoformans, and exhibited 

moderate activities against Trichophyton mentagrophytes and Microsporun gypseum 

[9].  

 Gopalakrishnan and co-workers [66] reported in 1997 the antifungal 

evaluation of -mangostin (1) against three phytopathogenic fungi: Fusarium 
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oxysporum f.sp. vasinfectum, Alternaria tenuis, and Dreschlera oryzae. At the 

concentration of 1000 ppm, -mangostin (1) exhibited 66.7, 39.7 and 23.3% 

inhibitions on the growth of Fusarium oxysporum f.sp. vasinfectum, Alternaria tenuis, 

and Dreschlera oryzae, respectively.  

 Recently, Kaomongkolgit and co-workers [67] evaluated in 2009 the 

antifungal activity of -mangostin (1) against Candida albicans, the most important 

microorganism implicated in oral candidiasis, using broth dilution method.               

-Mangostin (1) was effective against Candida albicans with the MIC and MFC 

values of 1,000 and 2,000 µg/mL, respectively, which was more active than both 

Clotrimazole and Nystatin. Related to the toxicity study, -mangostin (1) was not 

toxic to human gingival fibroblast at 4,000 µg/mL for 480 min.  

Antiplasmodium activity 

 -Mangostin (1) was found to be moderately active against two strains of 

Plasmodium falciparum: F32 (chloroquine-sensitive) and FcM29 (chloroquine 

resistant) [65]. 

Antioxidant activity 

 In various antioxidant assays, -mangostin (1) exhibited the moderate 

antioxidant capability. Its scavenging effect on the DPPH, superoxide anion, and 

hydroxy radicals was 53.5, 72.9, and 49.4%, respectively at 20 µg/mL. Similar result 

was found on the inhibition of linoleic acid peroxidation (62.4% at 40 µg/mL) [40].  

In addition, -mangostin (1) seemed to be a free radical scavenger to protect the low 

density lipoprotein (LDL) from oxidative damage [24]. 

 Six xanthones from the pericarps of mangosteen were investigated to inhibit 

the human leukemia (HL-60) cell lines growth. Among them, -mangostin (1) 

displayed the best activity in the complete inhibition at 10 µM through the induction 

of apoptosis [60]. -Mangostin (1) was suggested to induce Ca(2+)-ATPase-

dependent apoptosis via mitochondrial pathway in PC12 rat pheochromocytoma cells 

with the EC50 value of 4 µM [68]. The cytotoxicity of xanthones isolated from the 
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young fruit of G. mangostana was examined. Among all tested compounds,              

-mangostin (1) exhibited the most efficient activity against both breast cancer (BC-

1) cell lines with the IC50 value of 0.92 µg/mL and epidermoid carcinoma of the 

mouth (KB) cell lines with an IC50 value of 2.08 µg/mL [41]. In vitro cytotoxicity 

study indicated that -mangostin (1) exhibited high inhibitory effect on the growth of 

human colon cancer DLD-1 cells with the IC50 of 7.50.3µM [69]. It was also 

suggested that -mangostin (1) have antiproliferative effects against human colon 

cancer DLD-1 cells by inducing cell-cycle arrest and apoptosis [70], but weak 

cytotoxicity (IC50 79.2 µg/mL) against human melanoma cells (A375) [65]. Studies 

on CEM-SS cell line, -Mangostin (3)  displayed the most cytotoxicity with a very 

low IC50 value of 4.7 µg/mL, while -mangostin (1), mangostanol (33), and garcinone 

D (21) showed significant activities with IC50 values of 5.5, 9.6, and 3.2 μg/mL, 

respectively [45].  

Anti-inflammatory activity 

 -Mangostin (1) could be used as an anti-inflammatory agent. It inhibited 

nitric oxide (NO) and PGE2 production from lipopolysaccharide LPS-stimulated 

RAW 264.7 cells, showing the IC50 values of 12.4 and 11.08 µM, respectively.      

The effects of this compound on the induction of iNOS and COX enzyme expression 

were also tested. -Mangostin (1) reduced the induction of inducible nitric oxide 

synthase (iNOS) at 3-5 µM, but not cyclooxygenase 2 (COX-2) [8]. 

 Antifeedant activity 

α-Mangostin (1) was identified as a mosquito sterol carrier protein-2 inhibitor 

via high throughput insecticide screening [71]. This compound was tested for its 

larvicidal activity against third instar larvae of six mosquito species, and the median 

lethal concentration values range from 0.84 to 2.90 ppm. The residual larvicidal 

activity of α-mangostin (1) was examined under semifield conditions and revealed 

that the tested compound was photolytic with a half-life of 53 min in water under full 

sunlight exposure. The effect of α-mangostin (1) on activities of major detoxification 

enzymes such as P450, glutathione S-transferase, and esterase was investigated.        
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α-Mangostin (1) significantly elevated activities of P450 and glutathione S-transferase 

in larvae, whereas it suppressed esterase activity. Toxicity of α-mangostin (1) against 

young rats was studied, and there was no detectable adverse effect at dosages as high 

as 80 mg/kg.  

2.1.5  Literature Review on Structure-Activity Relationship of -Mangostin and 

 Related Compounds 

 A wide variety of reports have been addressed for the structure-activity 

relationships (SAR) of -mangostin (1) and its synthetic derivatives.  

 

 

 

 In 1997, Gopalakrishnan and co-workers [66] evaluated the antifungal activity 

of several xanthones isolated from the fruits of G. mangostana and some derivatives 

of -mangostin (1) against three phytopathogenic fungi, Fusarium oxysporum f.sp. 

vasinfectum, Alternaria tenuis, and Dreschlera oryzae. The natural xanthones:          

-mangostin (1), γ-mangostin (3) and gartanin (16) showed good inhibitory activity 

against the three fungi. The alkylation of C3 and C6 hydroxyls with isopropyl, allyl 

and acetyl groups reduced the inhibitory activity drastically. 

 In 1998, Lu and co-workers [72] examined the inhibition of eukaryote protein 

kinases and of a cyclic nucleotide-binding phosphatase by a series of prenylated 

xanthones. The prenylated xanthones examined were mostly derivatives of               
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derivatives of 3-isomangostin (7) in which the 6-hydroxyl was substituted or the 

prenyl side chain was modified.  

 In 2000, Mahabusarakam and co-workers [73] reported that structure 

modification of mangostin can provide a very profound effect on inhibitory oxidation 
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antioxidant activity. In contrast, derivatization of the C3 and C6 with aminoethyl 

derivatives enhanced antioxidant activity, which may be related to changes in 

solubility. Cyclization of the prenyl chains displayed little influence on antioxidant 

activity. 

 In 2003, Suksamrarn and co-workers [61] reported that -mangostin (1),        

β-mangostin (2) and garcinone B (19) exhibited strong inhibitory effect against 

Mycobacterium tuberculosis with MIC value of 6.25 μg/mL. Tri- and tetra-

oxygenated xanthones with di-isoprenyl units or with a isoprenyl unit and a modified 

isoprenyl groups are essential for high activities. 

In 2006, Mahabusarakam and co-workers [74] investigated -mangostin (1) 

and a series of synthetic derivatives for their in vitro antiplasmodial activity against 

Plasmodium falciparum. -Mangostin (1) itself showed moderate activity, but 

prenylated xanthones containing alkylamino groups exhibited potent antiplasmodial 

activity.  

 Recently, Ha and co-workers [75] synthesized mono- and di-alkylated           

α-mangostin derivatives and evaluated the cytotoxicity against DLD-1 (human colon 

cancer cells) cell lines using the MTT assay. The SAR study indicated that                

α-mangostin (1) exhibited the strongest activity with the 87.1 and 96.7 % inhibition of 

cell proliferation after 48 h and 72 h of exposure of the tested compound to cell lines, 

respectively. After 48 h, the mono-O-alkylated derivative (37% inhibition) showed 

more active than di-O-alkylated compound (4.4% inhibition). From these results, it 

was proposed that the activity depended on the number of free hydroxyl groups. 

2.2 Experimental 

2.2.1 Instruments and Equipment 

Thin layer chromatography (TLC) was performed on aluminum sheets 

precoated with silica gel (Merck Kieselgel 60 PF254). Column chromatography was 

carried out on silica gel (Merck Kieselgel 60, 70-230 mesh). 
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 The 1H and 13C NMR spectra were performed in deuterated chloroform 

(CDCl3) with tetramethylsilane (TMS) as an internal reference on the Varian nuclear 

magnetic resonance spectrometer, model Mercury plus 400 NMR spectrometer which 

operated at 399.84 MHz for 1H and 100.54 MHz for 13C nuclei. The chemical shifts 

() are assigned by comparison with residue solvent protons.  

2.2.2 Chemicals 

 All solvents used in this research were purified prior to use by standard 

methodology. The reagents used for synthesis were purchased from Fluka chemical 

company or otherwise stated and were used without further purification. 

2.2.3  Isolation of -Mangostin (1) from Garcinia mangostana Linn. 

2.2.3.1 Plant Material 

 The pericarps of G. mangostana were collected in May 2007 from 

commercially available markets in Bangkok, Thailand. 

2.2.3.2 Isolation and Extraction 

 Dried and ground pericarps (2.40 kg) were macerated in EtOAc. After 3 days, 

the mixture was filtered, and the residue was re-extracted three more times with 

EtOAc. The combined filtrate was concentrated under reduced pressure to yield the 

EtOAc crude extract in 27% w/w (0.64 kg). The EtOAc crude extract was then 

crystallized using hexane and EtOAc to give 1% (23.0 g) of -mangostin (1) from the 

pericarp.  

-mangostin (1): light yellow solid (1%); Rf = 0.23 (33% 

EtOAc-hexane); 1H NMR (400 MHz, CDCl3) δ 13.77 (s, 

1H), 6.82 (s, 1H), 6.35 (s, 1H), 6.29 (s, 1H), 6.21 (s, 1H), 

5.31-5.25 (m, 2H), 4.09 (d, J = 6.0 Hz, 2H), 3.80 (s, 3H), 

3.45 (d, J = 7.0 Hz, 2H), 1.84 (s, 3H), 1.83 (s, 3H), 1.77 (s, 3H), 1.69 (s, 3H);              

13C NMR (100 MHz, CDCl3) δ 182.0, 161.5, 160.5, 155.7, 155.0, 154.5, 142.5, 137.0, 
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135.5, 132.1, 123.1, 121.5, 112.1, 108.6, 103.6, 101.6, 93.3, 62.0, 26.5, 25.8, 25.8, 

21.4, 18.2, 17.9; HRMS calc. for C24H26O6 (M + Na)+ 433.1622, found 433.1625. 

2.2.4 General Procedure for the Synthesis of Ester Analogues of -Mangostin 

(M1-M11 and D1-D11) 

From acid chloride 

To a stirred solution of α-mangostin (1) (0.41 g, 1 mmol) and 4-picoline        

(3 mL, 3 mmol) in CH2Cl2 (3 mL) was added selected acylating agent (3 mmol) at 

room temperature. Then, the reaction mixture was allowed to heat at refluxing 

CH2Cl2. After 3 h, the reaction was allowed to warm at room temperature and was 

then diluted with CH2Cl2. The organic layer was extracted with 1 N HCl and saturated 

aq. NaHCO3, respectively, dried over anh. Na2SO4 and evaporated in vacuo. The 

mixture was separated with silica gel column chromatography eluting with 

appropriate hexane/EtOAc system to achieve the desired esters. 

6-Mono-O-benzoyl mangostin (M1): Yellow needle 

(30%); Rf = 0.42 (33% EtOAc-hexane); 1H NMR 

(CDCl3) δ 13.59 (s, 1H), 8.25 (d, J = 7.4 Hz, 2H), 

7.70 (t, J = 7.5 Hz, 1H), 7.57 (t, J = 7.8 Hz, 2H), 7.23 

(s, 1H), 6.30 (s, 1H), 6.28 (s, 1H), 5.29-5.24 (m, 2H), 

4.17 (d, J = 6.1 Hz, 2H), 3.77 (s, 3H), 3.46 (d, J = 7.0 

Hz, 2H), 1.85 (s, 3H), 1.83 (s, 3H), 1.77 (s, 3H), 1.69 (s, 3H); 13C NMR (100 MHz, 

CDCl3) δ (ppm) 182.1, 164.1, 162.1, 160.7, 155.0, 153.9, 149.1, 146.7, 139.0, 135.8, 

134.2, 132.2, 130.4, 128.8, 122.9, 121.3, 116.9, 110.6, 108.7, 103.9, 93.4, 61.9, 26.5, 

25.9 (2C), 21.5, 18.2, 17.9. 

3,6-Di-O-benzoyl mangostin (D1):  Yellow 

needle (42%); Rf  = 0.63 (33% EtOAc-hexane); 
1H NMR (CDCl3) δ 13.44 (s, 1H), 8.17-7.43 (m, 

10H), 7.21 (s, 1H), 6.70 (s, 1H), 5.20-5.10 (m, 

2H), 4.11 (d, J = 6.1 Hz, 2H), 3.72 (s, 3H), 3.32 

(d, J = 6.8 Hz, 2H), 1.78 (s, 3H), 1.64 (s, 3H), 
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1.53 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 182.9, 164.2, 163.9, 161.0, 155.3, 154.1, 

153.8, 149.7, 146.9, 139.1, 134.2, 133.9, 132.4, 130.4, 130.3, 128.9, 128.8, 128.7, 

128.5, 122.7, 121.4, 116.8, 116.5, 110.8, 107.2, 100.6, 61.9, 26.5, 25.9, 25.7, 22.4, 

18.3, 17.8. 

6-Mono-O-phenylacetyl mangostin (M2):  Yellow 

needle (25%); Rf = 0.43 (33% EtOAc-hexane); 1H 

NMR (CDCl3) δ 13.57 (s, 1H), 7.43-7.34 (m, 5H), 

7.07 (s, 1H), 6.28 (s, 1H), 6.19 (s, 1H), 5.28 (t, J = 

5.4 Hz, 1H), 5.18 (t, J = 5.4 Hz, 1H),  4.10 (d, J = 

5.7 Hz, 2H), 3.93 (s, 2H), 3.48 (s, 3H), 3.47-3.45 (m, 2H), 1.84 (s, 3H), 1.80 (s, 3H), 

1.77 (s, 3H), 1.66 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 181.8, 169.4, 161.8, 160.6, 

154.7, 153.7, 148.7, 146.3, 139.1, 132.7, 132.0, 129.5, 128.9, 127.7, 123.0, 121.6, 

117.0, 110.2, 103.6, 93.1, 61.6, 41.4, 26.4, 25.8, 21.4, 18.2, 17.9. 

3,6-Di-O-phenylacetyl mangostin (D2):  

Yellow needle (33%); Rf = 0.63 (33% EtOAc-

hexane); 1H NMR (CDCl3) δ 13.42 (s, 1H), 

7.42-7.33 (m, 10H), 7.09 (s, 1H), 6.60 (s, 1H), 

5.17-5.04 (m, 2H), 4.09 (d, J = 5.9 Hz, 2H), 

3.94 (s, 2H), 3.91 (s, 2H), 3.47 (s, 3H), 3.24 (d, J = 6.6 Hz, 2H), 1.82 (s, 3H), 1.74 (s, 

3H), 1.68 (s, 3H), 1.67 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 182.8, 169.1, 168.6, 

160.9, 154.8, 154.0, 153.6, 149.5, 146.7, 139.1, 132.9, 132.7, 132.4, 132.3, 129.5, 

129.4, 128.9, 128.8, 127.6 (2C), 122.6, 121.3, 116.8, 116.3, 110.5, 107.1, 100.2, 61.6, 

41.4 (2C), 26.4, 25.9, 25.7, 22.2, 18.2, 17.9. 

6-Mono-O-acetyl mangostin (M3):  light yellow solid 

(22%); Rf = 0.33 (33% EtOAc-hexane); 1H NMR (400 

MHz, CDCl3) δ 13.55 (s, 1H), 7.08 (s, 1H), 6.35 (s, 1H), 

6.25 (s, 1H), 5.30-5.20 (m, 2H), 4.13 (d, J = 6.1 Hz, 2H), 

3.76 (s, 3H), 3.44 (d, J = 7.0 Hz, 2H), 2.39 (s, 3H), 1.84 

(s, 3H), 1.83 (s, 3H), 1.76 (s, 3H), 1.68 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 182.3, 

168.0, 162.3, 160.9, 155.2, 154.1, 149.0, 146.7, 139.2, 135.9, 132.4, 123.1, 121.6, 
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117.2, 110.6, 109.0, 104.0, 93.6, 61.9, 26.7, 26.1, 21.7, 21.2, 18.4, 18.2; HRMS calc. 

for C26H28O7 (M + Na)+ 475.1727, found 475.1729. 

3-Mono-O-acetyl mangostin (M3a):  light yellow solid 

(10%); Rf = 0.33 (33% EtOAc-hexane); 1H NMR (400 

MHz, CDCl3) δ 13.63 (s, 1H), 6.83 (s, 1H), 6.60 (s, 1H), 

6.39 (s, 1H), 5.23-5.14 (m, 2H), 4.07 (d, J = 6.1 Hz, 2H), 

3.80 (s, 3H), 3.31 (d, J = 6.9 Hz, 2H), 2.34 (s, 3H)1.83 (s, 3H), 1.77 (s, 3H), 1.69     

(s, 6H). 13C NMR (100 MHz, CDCl3) δ 182.5, 168.6, 161.0, 156.0, 156.0, 155.1, 

154.4, 153.6, 137.3, 132.3, 132.2, 132.1, 122.9, 121.5, 116.0, 107.0, 101.6, 100.2, 

62.1, 26.6, 25.8, 25.7, 22.3, 21.0, 18.2, 17.8. 

3,6-Di-O-acetyl mangostin  (D3): light yellow solid 

(48%); Rf = 0.45 (33% EtOAc-hexane); 1H NMR (400 

MHz, CDCl3) δ 13.42 (s, 1H), 67.13 (s, 1H), 6.64 (s, 1H), 

5.19-5.14 (m, 2H), 4.13 (d, J = 6.2 Hz, 2H), 3.78 (s, 3H), 

3.32 (d, J = 6.9 Hz, 2H), 2.39 (s, 3H), 2.34 (s, 3H), 1.83 

(s, 3H), 1.78 (s, 3H), 1.69 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 182.8, 168.4, 168.0, 

161.0, 154.8, 154.0, 153.7, 149.4, 146.7, 139.1, 132.3, 132.2, 122.6, 121.3, 116.8, 

116.2, 110.6, 107.1, 100.3, 61.7, 26.4, 25.8, 25.7, 22.3, 21.0, 20.9, 18.2, 17.8; HRMS 

calc. for C28H30O8 (M + Na)+ 517.1833, found 517.1830. 

From carboxylic acid 

 According to the method reported by Chantarasriwong and co-workers [76], 

the ester analogues using a carboxylic acid as a starting material could be prepared by 

two-step process as follows: 

Step 1: PPh3 (0.52 g, 2 mmol) in CH2Cl2 (3 mL) was added to a mixture of 

selected carboxylic acid (1 mmol) and Cl3CCONH2 (0.32 g, 2 mmol) in CH2Cl2        

(3 mL) at reflux temperature. The mixture was stirred for approximately 1 h. 

Step 2: A mixture of -mangostin (1) (0.41 g, 1 mmol) and 4-picoline        

(0.3 mL, 3 mmol) was added to the above mixture. The reaction was continued 
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stirring for another 3 h or followed by TLC at reflux temperature. When the reaction 

was completed, the organic layer was extracted with 1N HCl and saturated aq. 

NaHCO3, respectively, dried over anh. Na2SO4 and evaporated in vacuo. The mixture 

was separated with silica gel column chromatography eluting with appropriate 

hexane-EtOAc system to achieve the desired esters. 

6-Mono-O-propinoyl mangostin (M4):  light yellow 

solid (35%); Rf = 0.29 (25% EtOAc-hexane); 1H NMR 

(400 MHz, CDCl3) δ 7.08 (s, 1H), 6.34 (s, 1H), 6.20   

(s, 1H), 5.30-5.21 (m, 2H), 4.12 (d, J = 6.0 Hz, 2H), 

3.75 (s, 3H), 3.43 (d, J = 6.9 Hz, 2H), 2.70 (q, J = 15.1, 

7.6 Hz, 2H), 1.83 (s, 6H), 1.76 (s, 3H), 1.68 (s, 3H), 1.33 (t, J = 15.1 Hz, 3H);             

13C NMR (100 MHz, CDCl3) δ 182.3, 172.2, 162.2, 160.9, 155.2, 154.1, 149.1, 146.7, 

139.2, 135.6, 132.3, 123.2, 121.6, 117.1, 110.6, 109.1, 104.0, 93.5, 61.9, 27.9, 26.6, 

26.1, 21.7, 18.4, 18.1, 9.2; HRMS calc. for C27H30O7 (M + Na)+ 489.1884, found 

489.1882. 

3-Mono-O-propinoyl mangostin (M4a):  light yellow 

solid (5%); Rf = 0.29 (25% EtOAc-hexane); 1H NMR 

(400 MHz, CDCl3) δ 13.62 (s, 1H), 6.83 (s, 1H), 6.61    

(s, 1H), 6.35 (s, 1H), 5.24-5.13 (m, 2H), 4.08 (d, J = 5.8 

Hz, 2H), 3.81 (s, 3H), 3.30 (d, J = 6.6 Hz, 2H), 2.63 (q, J = 15.1, 7.5 Hz, 2H), 1.83   

(s, 3H), 1.76 (s, 3H), 1.69 (s, 3H), 1.68 (s, 3H), 1.30 (t, J = 7.6 Hz, 3H). 

 3,6-Di-O-propinoyl mangostin (D4): light yellow solid 

(13%); Rf = 0.56 (25% EtOAc-hexane); 1H NMR    

(400 MHz, CDCl3) δ 7.13 (s, 1H), 6.64 (s, 1H), 5.21-

5.13 (m, 2H), 4.13 (d, J = 6.1 Hz, 2H), 3.77 (s, 3H), 

3.31  (d, J = 6.8 Hz, 2H), 2.69 (q, J = 15.1, 7.6 Hz, 

2H), 2.64 (q, J = 15.1, 7.6 Hz, 2H), 1.83 (s, 3H), 1.77 (s, 3H), 1.69 (s, 6H), 1.32        

(t, J = 7.6 Hz, 3H), 1.29 (t, J = 7.5 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 183.1, 

172.2, 171.8, 161.2, 155.2, 154.3, 153.9, 149.8, 146.9, 139.3, 132.5, 132.5, 122.9, 
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121.6, 117.0, 116.5, 110.8, 107.3, 100.5, 61.9, 28.0, 27.9, 26.7, 26.1, 26.0, 22.5, 18.4, 

18.1, 9.2; HRMS calc. for C30H34O8 (M + Na)+ 545.2146, found 545.2147. 

6-Mono-O-butanoyl mangostin (M5): light yellow solid 

(38%); Rf = 0.42 (33% EtOAc-hexane); 1H NMR (400 

MHz, CDCl3) δ 13.54 (s, 1H), 7.07 (s, 1H), 6.32          

(s, 1H), 6.22 (s, 1H), 5.28 (t, J = 6.6 Hz, 1H), 5.21            

(t, J = 6.2 Hz, 1H), 4.13 (d, J = 6.1 Hz, 2H), 3.75        

(s, 3H), 3.43 (d, J = 7.0 Hz, 2H), 2.64 (t, J = 7.3 Hz, 2H), 1.85-1.83 (m, 8H), 1.76    

(s, 3H), 1.68 (s, 3H), 1.03 (t, J = 7.4 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 182.0, 

171.1, 162.0, 160.7, 155.0, 153.8, 148.9, 146.5, 138.9, 135.4, 132.0, 123.0, 121.4, 

116.8, 110.4, 108.8, 103.8, 93.3, 61.6, 36.1, 26.4, 25.8, 21.4, 18.4, 18.2, 17.9, 13.6; 

HRMS calc. for C28H32O7 (M + Na)+ 503.2040, found 503.2039. 

 3,6-Di-O-butanoyl mangostin (D5): light yellow 

solid (21%); Rf = 0.51 (33% EtOAc-hexane);           

1H NMR (400 MHz, CDCl3) δ 7.12 (s, 1H), 6.63       

(s, 1H), 5.02-5.15 (m, 2H), 4.13 (d, J = 6.1 Hz, 

2H), 3.76 (s, 3H), 3.31 (d, J = 6.7 Hz, 2H), 2.64    

(t, J = 7.3 Hz, 2H), 2.58 (t, J = 7.4 Hz, 2H), 1.83-1.77 (m, 7H), 1.77 (s, 3H), 1.69     

(s, 6H), 1.10-1.05 (m, 6H);  13C NMR (100 MHz, CDCl3) δ 183.1, 171.4, 170.9, 

161.2, 155.2, 154.3, 153.9, 149.7, 147.0, 139.3, 132.5, 122.9, 121.6, 117.0, 116.5, 

110.8, 107.3, 100.5, 61.9, 36.4, 36.3, 26.7, 26.1, 25.9, 22.5, 18.6, 18.4, 18.1, 13.9; 

HRMS calc. for C32H38O8 (M + Na)+ 573.2459, found 573.2460.  

6-Mono-O-pivalyl mangostin (M6):  light yellow solid 

(24%); Rf = 0.42 (33% EtOAc-hexane); 1H NMR (400 

MHz, CDCl3) δ 13.58 (s, 1H), 7.05 (s, 1H), 6.29 (s, 1H), 

6.26 (s, 1H), 5.21 (t, J = 6.8 Hz, 1H), 5.27 (t, J = 6.8 

Hz, 1H),  4.13 (d, J = 6.2 Hz, 2H), 3.74 (s, 3H), 3.45  

(d, J = 7.0 Hz, 2H), 1.84 (s, 3H), 1.83 (s, 3H), 1.77 (s, 3H), 1.68 (s, 3H), 1.42 (s, 9H). 
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3,6-di-O-pivalyl mangostin (D6): light yellow solid 

(5%); Rf = 0.51 (33% EtOAc-hexane); 1H NMR (400 

MHz, CDCl3) δ 13.44 (s, 1H), 7.07 (s, 1H), 6.58     

(s, 1H), 5.20 (t, J = 6.4 Hz, 1H), 5.12 (t, J = 6.6 Hz, 

1H),  4.13 (d, J = 6.1 Hz, 2H), 3.75 (s, 3H), 3.30     

(d, J = 6.5 Hz, 2H), 1.83 (s, 3H), 1.77 (s, 3H), 1.69 (s, 3H), 1.68 (s, 3H), 1.42 (s, 9H), 

1.39 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 182.9, 176.1, 175.7, 161.0, 155.3, 154.1, 

153.7, 150.0, 146.9, 139.1, 132.5, 132.3, 122.8, 121.4, 116.7, 116.4, 110.6, 107.0, 

100.0, 61.9, 39.4, 27.1, 26.4, 25.8, 25.7, 22.1, 18.2, 18.0. 

6-Mono-O-3-methylbutanoyl mangostin (M7):  light 

yellow solid (15%); Rf = 0.42 (33% EtOAc-hexane); 

1H NMR (400 MHz, CDCl3) δ 13.59 (s, 1H), 7.08    

(s, 1H), 6.28 (s, 1H), 6.26 (s, 1H), 5.30-5.20 (m, 2H), 

4.14 (d, J = 6.0 Hz, 2H), 3.75 (s, 3H), 3.46 (d, J = 7.1 

Hz, 2H), 2.52 (d, J = 7.2 Hz, 2H), 2.32-2.25 (m, 1H), 1.84 (s, 3H), 1.83 (s, 3H), 1.77 

(s, 3H), 1.68 (s, 3H), 1.09 (d, J = 6.6 Hz, 6H); 13C NMR (100 MHz, CDCl3) δ 181.9, 

170.8, 161.9, 160.6, 154.8, 153.8, 148.7, 146.5, 139.0, 134.8, 132.0, 123.0, 121.5, 

116.9, 110.4, 109.1, 103.7, 93.1, 61.7, 43.2, 26.4, 25.8, 25.8, 22.4, 21.4, 18.2, 17.9. 

3,6-Di-O-3-methylbutanoyl mangostin (D7):  light 

yellow solid (31%); Rf = 0.51 (33% EtOAc-

hexane); 1H NMR (400 MHz, CDCl3) δ 13.43      

(s, 1H), 7.09 (s, 1H), 6.61 (s, 1H), 5.20 (t, J = 6.2 

Hz, 1H), 5.14 (t, J = 6.8 Hz, 1H), 4.13 (d, J = 6.1 

Hz, 2H), 3.76 (s, 3H), 3.30 (d, J = 6.8 Hz, 2H), 2.52 (d, J = 7.1 Hz, 2H), 2.48           

(d, J = 7.1 Hz, 2H), 2.32-2.23 (m, 2H), 1.84 (s, 3H), 1.77 (s, 3H), 1.69 (s, 3H), 1.68 

(s, 3H), 1.09 (d, J = 6.6 Hz, 6H), 1.08 (d, J = 6.6 Hz, 6H); 13C NMR (100 MHz, 

CDCl3) δ 182.8, 170.6, 170.1, 161.0, 154.9, 154.0, 153.6, 149.5, 146.8, 139.0, 132.3, 

132.2, 122.7, 121.4, 116.7, 116.2, 110.6, 107.0, 100.3, 61.7, 43.2, 43.1, 26.5, 25.9, 

25.8, 25.7, 25.7, 22.4, 22.4, 22.3, 18.2, 17.9. 
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6-Mono-O-pentanoyl mangostin  (M8): light 

yellow solid (16%); Rf = 0.52 (25% EtOAc-

hexane); 1H NMR (400 MHz, CDCl3) δ 13.58       

(s, 1H), 7.08 (s, 1H), 6.26 (s, 1H), 5.30-5.20        

(m, 2H), 4.13 (d, J = 5.9 Hz, 2H), 3.75 (s, 3H), 3.45 

(d, J = 6.9 Hz, 2H), 2.66 (t, J = 7.4 Hz, 2H), 1.84-1.83 (m, 8H), 1.77 (s, 3H), 1.68    

(s, 3H), 1.49-1.47 (m, 2H), 1.00 (t, J = 7.3 Hz, 3H); 13C NMR (100 MHz, CDCl3)       

δ 181.7, 172.0, 161.7, 160.6, 154.5, 153.8, 148.7, 146.4, 139.0, 134.2, 132.0, 123.0, 

121.7, 116.9, 110.3, 109.4, 103.5, 93.0, 61.7, 34.0, 26.8, 26.4, 25.8, 22.2, 21.4, 18.2, 

17.9, 13.7. 

3,6-Di-O-pentanoyl mangostin (D8):   light 

yellow solid (4%); Rf = 0.63 (25% EtOAc-

hexane); 1H NMR (400 MHz, CDCl3) δ 13.42 

(s, 1H), 7.10 (s, 1H), 6.62 (s, 1H), 5.21-5.12 

(m, 2H), 4.12 (d, J = 6.2 Hz, 2H), 3.76 (s, 3H), 

3.30 (d, J = 6.7 Hz, 2H), 2.65 (t, J = 7.4 Hz, 2H), 2.60 (t, J = 7.4 Hz, 2H), 1.83-1.68 

(m, 10H), 1.68 (s, 6H), 1.47 (p, J = 15.0, 7.5 Hz, 4H), 1.01-0.96 (m, 6H); 13C NMR 

(100 MHz, CDCl3) δ 182.8, 171.4, 170.9, 160.9, 154.9, 154.0, 153.6, 149.5, 146.7, 

146.2, 139.0, 132.3, 122.7, 121.4, 116.7, 116.2, 110.6, 107.0, 100.3, 61.7, 34.0, 34.0, 

29.7, 29.6, 26.8, 26.4, 25.8, 25.7, 22.3, 22.2, 18.2, 17.9, 13.7. 

6-Mono-O-hexanoyl mangostin (M9): light yellow 

solid (16%); Rf = 0.37 (25% EtOAc-hexane);                

1H NMR (400 MHz, CDCl3) δ 13.59 (s, 1H), 7.08         

(s, 1H), 6.27 (s, 1H), 6.22 (s, 1H), 5.30-5.20 (m, 2H), 

4.14 (d, J = 5.9 Hz, 2H), 3.75 (s, 3H), 3.45 (d, J = 7.1 

Hz, 2H), 2.64 (t, J = 7.5 Hz, 2H), 1.84-1.83 (m, 8H), 1.77 (s, 3H), 1.68 (s, 3H),    

1.43-1.40 (m, 4H), 0.94 (t, J = 6.8 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 182.2, 

171.2, 162.1, 160.7, 155.1, 153.9, 149.0, 146.6, 138.9, 135.7, 132.1, 123.0, 121.4, 

116.9, 110.5, 108.8, 103.9, 93.4, 61.7, 34.3, 31.2, 26.5, 25.9, 24.5, 22.3, 21.5, 18.2, 

17.9, 13.9.  
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6-Mono-O-nanoyl mangostin (M10): light yellow solid 

(14%); Rf = 0.56 (33% EtOAc-hexane); 1H NMR (400 

MHz, CDCl3) δ 13.58 (s, 1H), 7.08 (s, 1H), 6.26          

(s, 1H), 6.21 (s, 1H), 5.30 (t, J = 5.9 Hz, 1H), 5.21       

(t,    J = 6.2 Hz, 1H), 4.14 (d, J = 6.1 Hz, 2H), 3.75     

(s, 3H), 3.45 (d, J = 6.8 Hz, 2H), 2.64 (t, J = 7.4 Hz, 2H), 1.84-1.83 (m, 8H), 1.77    

(s, 3H), 1.68 (s, 3H), 1.34-1.30 (m, 10H), 0.90 (t, J = 6.9 Hz, 3H); 13C NMR (100 

MHz, CDCl3) δ 181.9, 171.7, 161.9, 160.6, 154.7, 153.8, 148.8, 146.4, 138.9, 134.6, 

132.0, 123.0,121.6, 116.8, 110.4, 109.2, 103.6, 93.1, 61.7, 34.3, 31.8, 29.2, 29.1, 29.1, 

26.4, 25.8, 24.8, 22.6, 21.4, 18.2, 17.9, 14.1. 

3,6-Di-O-nanoyl mangostin (D10): yellow solid (15%); 

Rf = 0.77 (33% EtOAc-hexane); 1H NMR (400 MHz, 

CDCl3) δ13.43 (s, 1H), 7.11 (s, 1H), 6.62 (s, 1H),   

5.19-5.12  (m, 2H), 4.13 (d, J = 5.9 Hz, 2H), 3.76       

(s, 3H), 3.30 (d, J = 6.6 Hz, 2H), 2.64 (t, J = 7.5 Hz, 

2H), 1.83 (s, 3H), 1.77 (s, 3H), 1.83-1.77 (m, 4H), 1.68 (s, 6H), 1.42-1.25 (m, 20H), 

0.89-0.87 (m, 6H); 13C NMR (100 MHz, CDCl3) δ 182.9, 171.4, 170.9, 161.0, 154.9, 

154.1, 153.7, 149.5, 146.7, 139.0, 132.3, 122.7, 121.4, 116.7, 116.2, 110.6, 110.0, 

107.0, 100.3, 61.7, 34.3 (2C), 31.8, 29.2 (2C), 29.1 (3C), 26.5, 25.8, 25.7, 24.8 (2C), 

22.6, 22.3, 18.2, 17.9, 14.1. 

6-Mono-O-lauryl mangostin (M11): light yellow solid 

(34%); Rf = 0.44 (25% EtOAc-hexane); 1H NMR (400 

MHz, CDCl3) δ 13.54 (s, 1H), 7.07 (s, 1H), 6.34          

(s, 1H), 6.20 (s, 1H), 5.29-5.19 (m, 2H), 4.12 (d, J = 5.8 

Hz, 2H), 3.75 (s, 3H), 3.43 (d, J = 6.8 Hz, 2H), 2.65    

(t, J = 7.4 Hz, 2H), 1.83-1.75 (m, 8H), 1.76 (s, 3H), 1.68 (s, 3H), 1.28-1.27 (m, 16H), 

0.88 (t, J = 6.6 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 182.0, 171.4, 162.0, 160.6, 

154.9, 153.8, 148.9, 146.5, 138.9, 135.5, 132.1, 122.9, 121.4, 116.8, 110.4, 108.8, 

103.8, 93.3, 61.7, 34.3, 31.9, 29.6, 29.4, 29.3, 29.3, 29.1, 26.4, 25.8, 24.8, 22.7, 21.4, 

18.2, 17.9, 14.1. 
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3,6-Di-O-lauryl mangostin (D11): yellow solid (16%); 

Rf = 0.74 (25% EtOAc-hexane); 1H NMR (400 MHz, 

CDCl3) δ 13.43 (s, 1H), 7.11 (s, 1H), 6.62 (s, 1H), 

5.20-5.12 (m, 2H), 4.12 (d, J = 5.2 Hz, 2H), 3.75       

(s, 3H), 3.30 (d, J = 6.7 Hz, 2H), 2.65 (t, J = 7.4 Hz, 

2H), 2.58 (t, J = 7.6 Hz, 2H), 1.83 (s, 3H), 1.77 (s, 3H), 1.83-1.77 (m, 4H), 1.68       

(s, 6H), 1.43-1.27 (m, 32H), 0.89-0.86 (m, 6H); 13C NMR (100 MHz, CDCl3) δ 182.9, 

171.3, 170.9, 161.0, 155.0, 154.1, 153.7, 149.6, 146.8, 139.1, 132.3, 122.7, 121.4, 

116.8, 116.3, 110.6, 107.1, 100.3, 61.7, 34.8, 34.4, 34.3, 31.9, 29.7, 29.6, 29.4, 29.3, 

29.2, 29.1, 26.5, 25.8, 25.7, 25.1, 24.9, 24.8, 22.7, 22.3, 21.9, 18.2, 17.9, 14.1. 

2.2.5 Preparation of Triethylene Glycol Monomethyl Bromide [77] 

To a stirred solution of triethylene glycol monomethyl ether (1.56 mL,          

10 mmol) in CH2Cl2 (10 mL) was added CBr4 (4.9 g, 15 mmol).  The solution of PPh3 

(3.9 g, 15 mmol) in CH2Cl2 was slowly added to the reaction mixture at 0 °C. The 

reaction mixture was then allowed to stir at room temperature. After 4 h, the reaction 

mixture was concentrated under reduced pressure and the crude material was purified 

by column chromatography (Silica, 33% EtOAc-hexane) to give triethylene glycol 

monomethyl bromide in 97% (2.20 g). 

 Triethylene glycol monomethyl bromide: colorless oil (97%); Rf = 0.42 (50% 

EtOAc-hexane); 1H NMR (400 MHz, CDCl3) δ 3.81 (t, J = 6.3 Hz, 2H), 3.68-3.64  

(m, 6H), 3.57-3.54 (m, 2H), 3.47 (t, J = 6.3 Hz, 2H), 3.38 (s, 3H); 13C NMR (100 

MHz, CDCl3) δ 71.9, 71.2, 70.6 (2C), 70.5, 60.4, 59.0. 

2.2.6 General Procedure for the Synthesis of Ether Analogues of -Mangostin 

[66]  

To a stirred solution of -mangostin (1) (0.41 g, 1 mmol) in acetone (10 mL) 

was added K2CO3 (0.14 g, 1 mmol) followed by the selected alkyl halide (3 mmol). 

After 3 h of continued stirring at reflux temperature, the reaction mixture was 

concentrated under reduced pressure. Water (10 mL) was then added to the reaction 

mixture. The reaction mixture was partitioned between EtOAc (2 × 25 mL) and water 
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(25 mL). The combined organic layers were dried over anh. NaSO4, filtered, and 

concentrated by rotary evaporation. The crude material was purified by column 

chromatography (silica, EtOAc-hexane) to give the desired ether analogues. 

6-Mono-O-allyl mangostin (M12): yellow sold 

(33%); Rf = 0.36 (25% EtOAc-hexane); 1H NMR 

(400 MHz, CDCl3) δ 13.80 (s, 1H), 6.67 (s, 1H), 

6.23 (s, 1H), 6.12-6.04 (m, 1H), 5.48 (d, J = 17.2 

Hz, 1H), 5.36 (d, J = 10.6 Hz, 1H), 5.30-5.23 (m, 2H), 4.64 (d, J = 5.1 Hz, 1H), 4.12 

(d, J = 7.0 Hz, 2H), 3.81 (s, 3H), 3.42 (d, J = 7.0 Hz, 2H), 1.85 (s, 3H), 1.83 (s, 3H), 

1.75 (s, 3H), 1.68 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 182.0, 161.4, 160.5, 156.9, 

155.2, 154.9, 144.0, 137.3, 134.8, 131.9, 131.7, 123.2, 121.7, 118.4, 111.9, 108.8, 

103.6, 99.2, 93.0, 69.4, 60.8, 26.2, 25.9, 25.8, 21.4, 18.2, 17.9. 

3,6-Di-O-allyl mangostin (D12): yellow solid 

(29%); Rf = 0.62 (25% EtOAc-hexane); 1H NMR 

(400 MHz, CDCl3) δ 13.48 (s, 1H), 6.70 (s, 1H), 

6.27 (s, 1H), 6.12-6.02 (m, 2H), 5.45 (d, J = 17.4 

Hz, 1H), 5.49 (d, J = 17.4 Hz, 1H), 5.38 (d, J = 10.6 Hz, 1H), 5.31 (d, J = 10.6 Hz, 

1H), 5.23-5.25 (m, 2H), 4.66 (d, J = 5.2 Hz, 1H), 4.61 (d, J = 5.0 Hz, 1H), 4.13 (d,      

J = 6.3 Hz, 2H), 3.82 (s, 3H), 3.38 (d, J = 7.1 Hz, 2H), 1.85 (s, 3H), 1.80 (s, 3H), 1.68 

(s, 6H); 13C NMR (100 MHz, CDCl3) δ 182.0, 162.2, 159.9, 156.8, 155.1, 155.0, 

144.1, 137.3, 132.5, 132.0, 131.7, 131.5, 123.2, 122.3, 118.4, 117.7, 112.1, 111.7, 

104.0, 99.2, 89.6, 69.4, 69.0, 60.8, 26.2, 25.9, 25.8, 21.5, 18.2, 17.9. 

6-Mono-O-triethylene glycol monomethyl 

mangostin (M13): yellow solid (15%);   

Rf = 0.14 (50% EtOAc-hexane); 1H NMR 

(400 MHz, CDCl3) δ 13.66 (s, 1H), 7.58 

(s, 1H), 6.54 (s, 1H), 6.19 (s, 1H), 5.28 (t, J = 6.5 Hz, 1H), 5.17 (t, J = 6.3 Hz, 1H), 

4.14 (t, J = 4.2 Hz, 2H), 4.01 (d, J = 6.1 Hz, 2H), 3.90 (t, J = 4.5 Hz, 2H), 3.76         

(s, 3H), 3.76-3.70 (m, 2H), 3.70-3.65 (m, 4H), 3.55 (t, J = 4.1 Hz, 2H), 3.39-3.37    

(m, 2H), 3.35 (s, 3H), 1.80 (s, 6H), 1.70 (s, 3H), 1.64 (s, 3H). 
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2.2.7  Synthesis of Ether Analogues M14 and M15 

 To a stirred solution of -mangostin (1) (0.41 g, 1 mmol) in acetone (10 mL) 

was added K2CO3 (0.14 g, 1 mmol) followed by the selected epichlorohydrin (0.23 

mL, 3 mmol). After 3 h of continued stirring at reflux temperature, the reaction 

mixture was concentrated under reduced pressure. Water (10 mL) was then added to 

the reaction mixture. The reaction mixture was partitioned between EtOAc (2 × 25 

mL) and water (25 mL). The combined organic layers were dried over anh. Na2SO4, 

filtered, and concentrated by rotary evaporation. The crude material was purified by 

column chromatography (silica, 50% EtOAc-hexane) to give the desired ethers M14 

and M15. 

3-Mono-O-(2,3-dihydroxy propyl) mangostin (M14): 

yellow solid (3%); Rf = 0.12 (50% EtOAc-hexane);  

1H NMR (400 MHz, CDCl3) δ 13.49 (s, 1H), 6.82         

(s, 1H), 6.28 (s, 1H), 5.26-5.23 (m, 1H), 5.16-5.12  

(m, 1H), 5.11-5.08 (m, 1H), 4.66 (t, J = 8.5 Hz, 1H), 

4.57 (dd, J = 8.6, 6.0 Hz, 1H), 4.35 (dd, J = 10.6, 4.0 Hz, 1H), 4.22 (dd, J = 10.6, 4.0 

Hz, 1H), 4.08 (d, J = 6.0 Hz, 2H), 3.81 (s, 3H), 3.33 (d, J = 6.7 Hz, 2H), 1.83 (s, 3H), 

1.78 (s, 3H), 1.69 (s, 3H), 1.68 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 181.9, 161.0, 

160.1, 155.5, 154.9, 154.8, 142.8, 137.1, 132.2, 132.1, 123.0, 121.9, 112.1, 111.7, 

104.3, 101.6, 89.3, 73.8, 67.0, 66.0, 61.9, 26.5, 25.8, 25.7, 21.3, 18.2, 17.8. 

6-Mono-O-(2,3-dihydroxy propyl)  monomethyl 

mangostin (M15): yellow solid (11%); Rf = 0.12 

(50% EtOAc-hexane); 1H NMR (400 MHz, 

CDCl3) δ 13.62 (s, 1H), 6.54 (s, 1H), 6.16         

(s, 1H), 5.27-5.24 (m, 1H), 5.20-5.18 (m, 1H), 

5.15-5.12 (m, 1H), 4.71-4.62 (m, 2H), 4.31 (dd, J = 10.7, 2.8 Hz, 1H), 4.14 (dd, J = 

10.1, 3.0 Hz, 1H), 4.05 (d, J = 7.2 Hz, 2H), 3.74 (s, 3H), 3.39 (d, J = 6.9 Hz, 2H), 

1.82 (s, 6H), 1.74 (s, 3H), 1.68 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 181.8, 161.7, 

160.4, 155.8, 154.7, 154.7, 154.6, 143.8, 137.9, 134.9, 132.0, 122.9, 121.5, 112.7, 

109.1, 103.5, 99.2, 93.1, 73.8, 67.6, 65.9, 61.1, 26.2, 25.9, 25.8, 21.4, 18.2, 17.9. 
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2.2.8 Acid-Catalyzed Cyclization of -Mangostin [66]  

 -Mangostin (1) (2 g, 4.8 mmol) and p-toluenesulfonic acid (0.20 g, 1.14 

mmol) were dissolved in dried benzene (140 mL). The reaction mixture was heated 

with a Dean-Stark apparatus. After 5 h, the solvent was removed by rotary evaporator 

and the residue was extracted with CH2Cl2. The organic layer was washed with H2O 

and the combined organic layers were dried over anh. Na2SO4, filtered, and 

concentrated under reduced pressure. The crude material was purified by column 

chromatography (silica, 20% EtOAc-hexane) to give 3-isomangosin (7) in 66% (1.32 

g) and BR-xanthone A (30) in 4% (80 mg). 

3-Isomangostin (7): yellow solid (66%); Rf = 0.47 (50% 

EtOAc-hexane); 1H NMR (400 MHz, CDCl3) δ 13.71 (s, 

1H), 6.82 (s, 1H), 6.28 (s, 1H), 6.23 (s, 1H), 5.28 (t, J = 

6.2 Hz, 1H),  4.10 (d, J = 6.2 Hz, 2H), 3.80 (s, 3H), 2.72 

(t, J = 6.8 Hz, 2H), 1.87-1.83 (m, 2H), 1.83 (s, 3H) 1.69 (s, 3H), 1.36 (s, 6H);          
13C NMR (100 MHz, CDCl3) δ 181.9, 160.6, 160.4, 155.7, 154.6, 154.5, 142.4, 136.9, 

132.0, 123.3, 112.0, 109.9, 103.7, 101.7, 94.0, 76.0, 61.9, 31.8, 26.7, 26.5, 25.9, 18.2, 

16.1. 

BR-Xanthone A (30): yellow solid (33%); Rf = 0.63 (50% 

EtOAc-hexane); 1H NMR (400 MHz, CDCl3) δ 13.72 (s, 

1H), 6.78 (s, 1H), 6.38 (s, 1H), 6.23 (s, 1H), 3.50 (t, J = 

6.8 Hz, 2H), 2.71 (t, J = 6.7 Hz, 2H), 1.88 (t, J = 6.7 Hz, 2H), 1.83 (t, J = 6.7 Hz, 2H), 

1.38 (s, 6H), 1.37 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 182.6, 160.5, 160.4, 154.9, 

153.2, 151.5, 137.7, 121.3, 111.2, 103.5, 103.0, 100.5, 94.0, 75.9, 75.5, 32.9, 31.9, 

26.7, 26.5, 22.3, 16.1. 
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2.2.9  Synthesis of 3-Isomangostin Analogues I1-I5 

 The synthesis of esters analogues I1-I5 was carried out by using the general 

procedure as described in section 2.2.4. In this experiment, 2 h was used for step II. 

6-O-Acetyl-3-isomangostin (I1): light yellow solid;       

Rf = 0.55 (15% EtOAc-hexane); 1H NMR (400 MHz, 

CDCl3) δ 13.54 (s, 1H), 7.09 (s, 1H), 6.24 (s, 1H), 5.22 

(t, J = 6.3 Hz, 1H), 4.15 (d, J = 6.0 Hz, 2H), 3.76 (s, 3H), 

2.72      (t, J = 6.6 Hz, 2H), 2.38 (s, 3H)1.87-1.83 (m, 

5H), 1.68 (s, 3H), 1.37 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 182.1, 168.2, 161.2, 

160.7, 154.7, 153.9, 148.7, 146.3, 138.8, 132.1, 123.0, 116.9, 110.5, 104.0, 103.1, 

94.1, 61.6, 31.8, 26.7, 26.4, 25.9, 20.9, 18.2, 16.1. 

6-O-Propanoyl-3-isomangostin (I2): light yellow solid; 

Rf = 0.55 (15% EtOAc-hexane); 1H NMR (400 MHz, 

CDCl3) δ 13.54 (s, 1H), 7.08 (s, 1H), 6.24 (s, 1H), 5.23 

(m, 1H), 4.14 (d, J = 5.2 Hz, 2H), 3.74 (s, 3H),       

2.73-2.67 (m, 4H), 1.87-1.83 (m, 5H), 1.68 (s, 3H), 

1.37 (s, 6H), 1.32 (t, J = 7.4 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 182.1, 171.7, 

161.2, 160.7, 154.7, 153.9, 148.9, 146.3, 138.7, 132.0, 123.0, 116.8, 110.5, 103.9, 

103.1, 94.1, 61.6, 31.8, 27.6, 26.7, 26.4, 25.9, 18.2, 16.1, 9.0. 

6-O-Butynoyl-3-isomangostin (I3): light yellow 

solid; Rf  = 0.57 (15% EtOAc-hexane); 1H NMR (400 

MHz, CDCl3) δ 13.55 (s, 1H), 7.08 (s, 1H), 6.24     

(s, 1H), 5.23 (t, J = 5.7 Hz, 1H), 4.15 (d, J = 6.0 Hz, 

2H), 3.75 (s, 3H), 2.72 (t, J = 6.7 Hz, 2H), 2.63        

(t, J = 7.3 Hz, 2H), 1.87-1.83 (m, 7H), 1.68 (s, 3H), 1.37 (s, 6H), 1.08 (t, J = 7.4 Hz, 

3H); 13C NMR (100 MHz, CDCl3) δ 182.1, 170.9, 161.2, 160.7, 154.7, 154.0, 148.9, 

146.4, 138.7, 132.0, 123.0, 116.8, 110.5, 103.9, 103.1, 94.1, 61.6, 36.1, 31.8, 26.7, 

26.4, 25.9, 18.4, 18.2, 16.1, 13.6. 
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6-O-Hexanoyl-3-isomangostin (I4): light yellow solid; 

Rf  = 0.58 (15% EtOAc-hexane); 1H NMR (400 MHz, 

CDCl3): δ 13.55 (s, 1H), 7.08 (s, 1H), 6.24 (s, 1H), 5.23 

(t, J = 5.4 Hz, 1H), 4.14 (d, J = 6.0 Hz, 2H), 3.74        

(s, 3H), 2.72 (t, J = 6.6 Hz, 2H), 2.64 (t, J = 7.3 Hz, 

2H), 1.84-1.83 (m, 7H), 1.68 (s, 3H), 1.39-1.38 (m, 4H), 1.37 (s, 6H), 0.95 (t, J = 6.9 

Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 182.1, 171.1, 161.2, 160.7, 154.7, 153.9, 

148.9, 146.4, 138.7, 132.0, 123.0, 116.8, 110.5, 103.9, 103.1, 94.1, 61.6, 34.2, 31.8, 

31.2, 26.7, 26.4, 25.9, 24.5, 22.3, 18.2, 16.1, 13.9. 

6-O-Lauryl-3-isomangostin (I5): light yellow solid;     

Rf = 0.70 (20% EtOAc-hexane); 1H NMR (400 MHz, 

CDCl3) δ 13.55 (s, 1H), 7.08 (s, 1H), 6.23 (s, 1H),  

5.23-5.22 (m, 1H), 4.14 (d, J = 6.0 Hz, 2H), 3.74 (s, 

3H), 2.72 (t, J = 6.7 Hz, 2H), 2.64 (t, J = 7.5 Hz, 2H), 

1.87-1.77 (m, 7H), 1.68 (s, 3H), 1.37 (s, 6H), 1.37-1.27 (m, 16H), 0.89 (t, J = 6.0 Hz, 

3H); 13C NMR (100 MHz, CDCl3) δ 182.1, 171.0, 161.2, 160.7, 154.7, 153.9, 148.9, 

146.4, 138.7, 132.0, 123.1, 116.7, 110.5, 103.9, 103.1, 94.1, 61.6, 34.2, 31.9, 31.8, 

29.6, 29.4, 29.3, 29.3, 29.1, 26.7, 26.4, 25.9, 24.8, 22.7, 18.2, 16.1, 14.1. 

2.2.10  Bioassays 

2.2.10.1 Antibacterial Assay 

Disc diffusion method 

 The test bacteria used in this study were two Gram-positive bacteria, 

Staphylococcus aureus ATCC 25923 and S. aureus ATCC 43300 (MRSA), and four 

Gram-negative bacteria, Escherichia coli ATCC 25922, extended-spectrum               

β-lactamase-producing E. coli (ESBL), Pseudomonas aeruginosa ATCC 27853 and 

Ps. aeruginosa (multidrug resistance).  This experiment was performed using disc 

diffusion method [78]. The test bacteria were grown on Mueller Hinton agar at 37 °C 

for 24 h. The cultures were adjusted with sterile saline solution (0.85%) to obtain 

turbidity by comparison with a 0.5 MacFarland turbidity standard (1.0x108 CFU/mL). 
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A 100 L of 108 cells/mL of suspension of the test bacteria was spread on the Mueller 

Hinton agar. Filter paper discs (6 mm in diameter) were impregnated with 10 L of 

each tested compound and placed on the agar surface. Discs impregnated with 

suitable solvent were used as negative controls. Discs with Chloramphenicol were 

used as a positive control. These plates were incubated at 37 °C for 24 h. The 

antibacterial activity of tested compounds was determined by the presence of the 

inhibition zones compared to the controls. All experiments were performed in 

triplicate. 

Broth microdilution method  

The minimum inhibitory concentration (MIC) value was determined by the 

broth microdilution method, according to the Clinical and Laboratory Standards 

Institue protocol [79]. Each test compound was individually dissolved in polyethylene 

glycol M.W. 400 (PEG400) to give a concentration of 1 mg/mL, and 40 µL of test 

solution was added to 20 µL of Mueller Hinton broth (MHB) in a 96-well microtiter 

plate. Serial doubling dilutions of test compounds were prepared in a 96-well 

microtiter plate in the range 200 to 0.2 µg/mL in each well at 100 µL final volume. 

These were inoculated with 20 μL of a day old culture of bateria, prepared in 0.85% 

of normal saline by comparison with a 0.5 MacFarland turbidity standard               

(108 CFU/mL). After incubation of the cultures at 37 °C for 24 h, the MIC was 

recorded as the lowest concentration at which no growth was observed. Then, the 

minimum bactericidal concentration (MBC) was evaluated by reinoculating on agar 

plate with 10 µL of each culture medium from the microplates.  The MBC is defined 

as the lowest concentration in µg/mL of test compound that results in more than 

99.9% killing of the bacteria tested. Chloramphenicol was used as a positive control 

in parallel experiments. All experiments were carried out in triplicate.  

2.2.10.2 Anticandidal Assay 

The determination of MIC and minimum candicidal concentrations (MCC) for 

anticandidal activity was similar to that for antibacterial activity described in 2.2.10.1. 

In this experiment, the pathogenic yeast like fungi Candida albicans was tested as a 
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stain and Sabouraud dextrose broth (SDB) was used as media. Amphotericin B was 

served as a positive control in parallel experiments. 

2.2.10.3 Termite Antifeedant Assay 

 Insect rearing 

The Subterranean termite (Reticulitermes speratus) was collected from a pine 

forest near the Enju coast (Wakayama Pref. Japan, N3553‟ 15”. E13507‟ 51”) in 

2004, brought to Kinki university (Japan) and maintained by feeding with pieces of 

pine wood in a controlled environment at 26.5 C. 

Dual choice type antifeedant test [80] 

Filter paper disks (Toyo filter paper, No. 1; 6 mm in diameter) were used for 

the antifeedant assay. Two disks were treated with an appropriate amount of test 

compounds as an acetone solution and another two disks were treated with only 

acetone as a control. The treated disks were placed on a petri dish (5 cm in diameter) 

with moistened vermiculite (ca. 2 mm thick). Four paper disks were set alternating 

positions in the same petri dish. After complete removal of the solvent, twenty R. 

speratus workers from the same colony were then released into the dish and 

maintained for 2 weeks in darkness at 27 C with occasional spaying with water to 

avoid dryness. Partially consumed filter paper disks were taped onto paper, 

photocopied and confirmed to contain no errors, then converted to digital data files 

with a digital scanner. Digital data analysis was performed on a PC using the Scion 

Image program. For each experiment, the data file of an intact disk was measured and 

compared to that of a treated disk. To measure the activity of test compounds, the 

antifeedant index (AFI) was adopted as AFI = % of treated disks consumed / (% of 

control disks consumed) x 100. Then, the FI index was used to indicate the feeding 

inhibitory as FI (%) = (50-AFI) x 2. The termite antifeedant activity was converted 

from AFI to a corresponding 0-100% feeding inhibition range. 
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2.3  Results and Discussion 

2.3.1  Isolation of -Mangostin (1) from Garcinia mangostana Linn. 

 

  

 

The extraction of G. mangostana pericarps with EtOAc led to the isolation of 

-mangostin (1). -Mangostin (1) as a light yellow amorphous and its molecular ion 

of m/z (M+Na)+ 433.1625 was in agreement with the molecular formula C24H26O6. 

The 1H NMR spectrum (Figure 2.4) of 1 showed a singlet signal of chelated phenolic 

hydroxy group (OH-1) at δH 13.77 and two singlet signals of remaining phenolic 

hydroxy groups at δH 6.35 (OH-6), and 6.21 (OH-3). The two singlet signals at δH 

6.82 (ArH-5) and 6.29 (ArH-4) were assigned for two aromatic protons. A multiplet 

signal of two olefinic protons on C12 and C17 was observed at δH 5.31-5.25. The two 

doublet signals at δH 4.09 (J = 6.0 Hz, H-16) and 3.45 (J = 7.0 Hz, H-11) were 

ascribed to four protons belonging to a prenyl unit. A singlet signal of methoxy group 

(OCH3-7) at δH 3.80 and four singlet signals of four methyl groups at δH 1.84-1.69 (H-

20, H-19, H-15, H-14) were observed. 

The 13C NMR spectrum (Figure 2.5) showed resonances for all twenty-four 

carbons belonging to the molecule of -mangostin (1). A characteristic carbonyl 

carbon signal of xanthone at δC 182.0, six oxygenated aromatic at δC 161.5 (C-3), 

160.5 (C-1), 155.7 (C-6), 155.0 (C-4a), 154.5 (C-10a) and 142.5 (C-7), and ten sp2 

carbon signals at δC 137.0 (C-8), 135.5 (C-13), 132.1 (C-18), 123.1 (C-17), 121.5 (C-

12), 112.1 (C-8a), 108.6 (C-2), 103.6 (C-9a), 101.6 (C-5) and 93.3 (C-4) were 

observed. The methoxy carbon at δC 62.0 and two methylene carbons adjacent to 

aromatic ring at δC 26.5 (C-16) and 21.4 (C-11) were detected. Four methyl carbons at 

δC 25.8-17.9 (C-15, C-20, C-14 and C-19) were exhibited. All aforementioned data of 

-mangostin (1) was corresponding to the previous works [9, 35]. 

1
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Figure 2.4 The 1H NMR spectrum (CDCl3, 400 MHz) of compound 1 

 

 

 

 

 

 

 

 

 

Figure 2.5 The 13C NMR spectrum (CDCl3, 100 MHz) of compound 1 
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2.3.2  Synthesis of -Mangostin Analogues 

 According to the literature reviews, -mangostin (1), a major component in  

G. mangostana, possesses a variety of biological activities. These facts provided           

-mangostin (1) as a fascinated molecule leading to its structural modification and 

biologically active evaluation. Considering the functional groups of -mangostin (1), 

a hydroxyl group at C3 and C6 and a prenyl unit substituted on C2 and C8 could be 

modified to provide the analogues of -mangostin (1). 

2.3.2.1 Synthesis of Ester Analogues  

 Ester derivatives of -mangostin (1) were synthesized by the use of either acid 

chlorides or carboxylic acids as a staring material and the results are demonstrated in 

Tables 2.2 and 2.3.  

Table 2.2 Synthesis of ester analogues of -mangostin (1) from acid chlorides  

Entry

1

Acylating agent

O

O

OH

OH

H3CO

HO

(1 mmol)

Acylating agent (2 mmol)

4-picoline (3 mmol),
CH2Cl2 (3 mL), reflux, 3 h

6-Mono-O-acylated 3,6-Di-O-acylated

Cl

O

Cl

O

H3C Cl

O

6 3
Product

2

3

30

25

22 (10)a

42

33

48

1

a The corresponding 3-mono-O-acetyl adduct (M3a)

Compound    %Isolated yield Compound    %Isolated yield

M1

M2

M3

D1

D2

D3
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 From Table 2.2, benzoyl chloride smoothly reacted with -mangostin (1) 

providing 6-mono-O- benzoyl product (M1) and 3,6-di-O-benzoyl product (D1) in 30 

and 42% yields, respectively (entry 1). Phenylacetic acid could be used to react with 

-mangostin (1) to give the corresponding 6-mono-O-phenylacetyl (M2) and 3,6-di-

O-phenylacetyl (D2) products in 25 and 33% yields, respectively under the same 

reaction condition (entry 2). In addition, using acetic acid, the reaction can perform to 

give 6-mono (M3) and 3-mono-O-acetyl (M3a) compounds in 22 and 10% yield, 

respectively, together with 3,6-di-O-acetyl product (D3) in 48% yield (entry 3). 

Comparison of the structure of carboxylic acid employed with their % yield of 

products suggested that the %yield of 3,6-di-O-acylated compounds D1-D3 

significantly increased when using carboxylic acids consisting of less sterically 

hindered substituents. The structures of synthesized compounds M1-M3 and D1-D3 

were characterized by 1H and 13C NMR spectroscopic methods.  

 The 1H NMR spectrum of 6-mono-O-benzoyl mangostin (M1) (Figure 2.6) 

revealed the signals for a chelated hydroxyl proton at δH 13.59 (OH-1), an aromatic 

proton at δH 6.28 (H-3), a hydroxyl proton at δH 6.30 (OH-3), two olefinic protons at 

δH 5.29-5.24 (H-17 and H-21), two methylene protons at δH 4.17 (d, J = 6.1 Hz, H-16) 

and 3.46 (d, J = 7.0 Hz, H-11), three protons of methoxy group at δH 3.77, and twelve 

methyl protons at δH 1.85-1.69 (H-20, H-19, H-15, H-14). Comparison of this 

spectrum with that of 1 found that the singlet signal of H5 shifted to downfield 

showing at δH 7.23, indicating that OH group at C6 was substituted. Five aromatic 

protons of benzoyl group were inferred from the presence of signals at δH 8.25 (d, J = 

7.4 Hz, 2H), 7.70 (t, J = 7.5 Hz, 1H) and 7.57 (t, J = 7.8 Hz, 2H). The 13C NMR 

spectrum (Figure 2.7) presented the characteristic carbonyl carbon signals of xanthone 

and ester at δC 182.1 and 164.1, respectively. The peaks at δC 162.1, 160.7, 155.0, 

153.9, 149.1 (C-6) and 146.7 indicated the presence of six oxygenated aromatic 

carbons. The chemical shifts at 139.0-93.4 were observed from the presence of six 

aromatic carbons of benzoyl unit and ten sp2 carbons of mangostin core. The signals 

of a methoxy carbon at δC 61.9, two methylene carbons at δC 26.5 and 21.5, and four 

methyl carbons at δC 25.9 (2C), 18.2 and 17.9 were detected.  
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 Additionally, the HMBC experiment was performed and the HMBC 

correlation of this compound is shown below. 

 

 

 

  It was manifested the correlations between OH-1 (13.59) and C-1 (δ 160.7), 

C-9a (δ 103.9) and C-2 (δ 108.7),  between OH-3 (δ 6.30) and C-3 (δ 162.1), C-2 (δ 

108.7) and C-4 (δ 93.4), between H-4 (δ 6.28) and C-4a (δ 155.0), C-2 (δ 108.7) and 

C-9a (δ 103.9), between H-5 (δ 7.23) and C-7 (δ 146.7), C-6 (δ 149.1) and C-8a 

(116.9), between OCH3-7 (δ 3.77) and  C-7 (δ 146.7), and between  H-16 (4.17) and 

C-7 (δ 146.7), C-17 (δ 122.9) and C-18 (δ 132.2). All aforementioned NMR data truly 

affirmed the linkage of benzoyl group to C6. 

 The 1H NMR spectrum of 3,6-di-O-benzoyl mangostin (D1) (Figure 2.8) 

showed the characteristic signals of mangostin core at δH 13.44 (s), 5.20-5.10 (m, H-

12 and H-17), 4.11 (d, J = 6.1 Hz, H-16), 3.72 (s, OCH3-7), 3.32 (d, J = 6.8 Hz, H-11) 

and 1.78-1.53 (s, 3H each, H-14, H-15, H-19 and H-20). Comparison of the 1H NMR 

spectrum of this compound with that of -mangostin (1) indicated the downfield shift 

of singlet signals from 6.29 to 6.70 and 6.82 to 7.21 referred to aromatic protons H4 

and H5, respectively. These finding indicated that both of the OH-3 and OH-6 

hydroxyl groups were completely changed to ester groups. The signals of ten aromatic 

protons belonged to two benzoyl moieties were also detected. The 13C NMR spectrum 

(Figure 2.9) presented the peaks at δC 182.9, 164.2 and 163.9 ascribed for a carbonyl 

carbon of xanthone, ester on C6 and ester on C3, respectively. The six peaks at δC 

161.0-146.9 could be designated for six oxygenated carbons. The signals at δC139.1-

107.2 were detected, indicating to the presence of twelve aromatic carbons of a 

benzoyl group and ten sp2 carbons of mangostin motif. In addition, the downfield 

shift of C4 signal was observed at δC 100.6. The peak at δC 61.9 was resonated from 

the presence of methoxy group. The six peaks of four methyl carbons and two 

methylene carbons of a prenyl unit were presented at δC 26.5-17.8. 
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 The 1H NMR spectrum of 6-mono-O-phenyl acetyl mangostin (M2) (Figure 

2.10) showed the signals of mangostin core as follows: at δH 13.57 referred to a 

chelated OH proton; at δH 7.07 and 6.28 referred to two aromatic protons; at δH 6.19 

referred to a OH proton at C3; at δH 5.28-5.18 referred to two olefinic protons at C12 

and C17; at δH 4.10 and 3.46 referred to two methylene protons of prenyl unit; at δH 

3.48 referred to a methoxy proton; and at δH 1.84-1.66 referred to twelve methyl 

protons. In addition, the presence of a multiplet signal at δH 7.43-7.34 and a singlet 

signal at δH 3.93 could be assigned for seven protons of phenyl acetyl group. The 13C 

NMR spectrum (Figure 2.11) presented the characteristic peak of carbonyl carbon of 

xanthone and ester at δC 181.8 and 169.4, respectively. Six peaks at δC 161.8-146.3 

could be designed for six oxygenated aromatic carbons. The chemical shifts at 139.1-

93.1 were observed from the presence of six aromatic carbons of phenyl unit and ten 

sp2 carbons of mangostin core. The signals of methoxy carbon at δC 61.6, three 

methylene carbons at δC 41.4, 26.4 and 21.4, and four methyl carbons at δC 25.8 (2C), 

18.2 and 17.9 were detected. 

 The 1H NMR spectrum of 3,6-di-O-phenyl acetyl mangostin (D2) (Figure 

2.12) displayed the singlet signal of chelated hydroxyl proton at δH 13.42. Two 

multiplet signals at δH 7.60-7.20 assigned for ten aromatic protons of phenyl group 

and δH 5.17-5.04 belonged to four methylene protons of prenyl unit were detected. 

Two double signals at δH 4.09 and 3.24 were observed from the presence of two 

olefinic protons of prenyl unit. Two doublet signals at δH 3.94 and 3.91 ascribed for 

two ester-connected methylene protons and three singlet signals at δH 1.82-1.67 

assigned to twelve methyl protons were detected. The 13C NMR spectrum (Figure 

2.13) presented the characteristic carbonyl carbon signals of xanthone and two esters 

at δC 182.8 and 169.1 and 168.6, respectively. Six peaks at δC 160.9-146.7 could be 

designated for six oxygenated aromatic carbons. The signals at δC 139.1-100.2 were 

belonged to twelve aromatic carbons of phenyl unit and ten sp2 carbons of mangostin 

core. The signals of a methoxy carbon at δC 61.6, two ester-connected methylene 

carbons at δC 41.4, other two methylene carbons at δC 26.4 and 22.2, four methyl 

carbons at δC 25.9 (2C), 18.2 and 17.9 were detected. 
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 The 1H NMR spectrum of 6-mono-O-acetyl mangostin (M3) (Figure 2.14) 

was similar to that of -mangostin (1), except the singlet signal of H5 was shifted to 

δH 7.08, indicating that OH group at C6 was substituted. In addition, it showed the 

singlet signal at δH 2.39, belonging to three methyl protons of acetyl group. The 13C 

NMR spectrum (Figure 2.15) confirmed the presence of carbonyl carbon for xanthone 

and ester from the presence of two peaks at δC 182.3 and 168.0, respectively. The 

signals of six oxygenated aromatic carbons were observed at δC 162.3-146.7. The 

peaks of the other sp2 carbons and methoxy carbon were revealed at δC 139.2-93.6 

and 61.9, respectively. The signals of two methylene carbons connected to double 

bond, one methyl carbon connected to carbonyl group and four methyl carbons of 

prenyl group were detected at δC 26.7-18.2. 

 The 1H NMR spectrum of 3-mono-O-acetyl mangostin (M3a) (Figure 2.16) 

showed three singlet signals at δH 6.83, 6.39 and 3.80 belonging to the signal of 

protons ArH-5, OH-6 and OCH3-7. The signals at δH 1.83-1.69 were belonged to four 

methyl groups. The singlet signal of ArH-4 was shifted to downfield showing at δH 

6.60. This indicated that the acetate group was connected to C3. A multiplet signal at 

δH 5.23-5.14 and two doublet signals at δH 4.07 and 3.31 assigned to two olefinic and 

four methylene protons of a prenyl unit, respectively. A singlet signal at δH 2.34 was 

belonged to three methyl protons of acetate group. The 13C NMR spectrum (Figure 

2.17) presented the carbonyl carbon signals of xanthone and ester at δC 182.5 and 

168.6, respectively. The signals of six oxygenated aromatic carbons were detected at 

δC 161.0-153.6. The peaks of the other sp2 carbons and methoxy carbon were 

observed at δC 137.3-100.2 and 62.1, respectively. The signals of two methylene 

carbons connected to double bond, one methyl carbon connected to carbonyl group 

and four methyl carbons of prenyl group were detected at δC 26.6-17.8. 

 The 1H NMR spectrum of 3,6-di-O-acetyl mangostin (D3) (Figure 2.18) 

showed the characteristic signals of mangostin core at δH 13.44 (s), 5.19-5.14 (m, H-

12 and H-17), 4.13 (d, J = 6.2 Hz, H-16), 3.78 (s, 7-OCH3), 3.32 (d, J = 6.9 Hz, H-11) 

and 1.83-1.69 (s, 3H each, H-14, H-15, H-19 and H-20). Comparision of this 

spectrum with that of -mangostin (1) indicated the downfield shift of aromatic 

signals from δH 6.29 to 6.70 (H-4) and 6.82 to 7.21 (H-5). This finding indicated that 



47 

both of the hydroxyl groups at C3 and C6 were completely converted to ester groups. 

The 13C NMR spectrum (Figure 2.19) presented the peaks at δC 182.9, 168.4 and 

168.0 ascribed for a carbonyl carbon of xanthone, ester connected to C6 and C3, 

respectively. The peaks at δC 161.0-146.7 and 139.1-100.3 could be designated for six 

oxygenated and ten sp2 carbons, respectively. In addition, the downfield shift of C4 

signal was observed at δC 100.3. The peak of methoxy carbon was detected at δC 61.7. 

The peaks of two methylene carbons (δ 26.4 and 22.3), four methyl carbons of prenyl 

unit (δ 25.8, 25.7, 18.2 and 17.8) and two methyl carbons of acetate group (δ 21.0 and 

20.9) were observed. 

 

Figure 2.6 The 1H NMR spectrum (CDCl3, 400 MHz) of compound M1 
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Figure 2.7 The 13C NMR spectrum (CDCl3, 100 MHz) of compound M1 

 

 

 

 

 

 

 

 

 

Figure 2.8 The 1H NMR spectrum (CDCl3, 400 MHz) of compound D1 
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Figure 2.9 The 13C NMR spectrum (CDCl3, 100 MHz) of compound D1 

 

 

 

 

 

 

 

 

 

Figure 2.10 The 1H NMR spectrum (CDCl3, 400 MHz) of compound M2 
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Figure 2.11 The 13C NMR spectrum (CDCl3, 100 MHz) of compound M2 

 

 

 

 

 

 

 

 

 

Figure 2.12 The 1H NMR spectrum (CDCl3, 400 MHz) of compound D2 
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Figure 2.13 The 13C NMR spectrum (CDCl3, 100 MHz) of compound D2 

 

 

 

 

 

Figure 2.15 13C NMR spectrum (CDCl3, 100 MHz) of compound M3 

Figure 2.14 1H NMR spectrum (CDCl3, 400 MHz) of compound M3 

Figure 2.16 1H NMR spectrum (CDCl3, 400 MHz) of compound M3a 

 

 

Figure 2.14 The 1H NMR spectrum (CDCl3, 400 MHz) of compound M3 
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Figure 2.15 The 13C NMR spectrum (CDCl3, 100 MHz) of compound M3 

 

 

 

 

 

 

 

 

 

Figure 2.16 The 1H NMR spectrum (CDCl3, 400 MHz) of compound M3a 
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Figure 2.17 The 13C NMR spectrum (CDCl3, 100 MHz) of compound M3a 

 

 

 

 

 

 

 

 

 

Figure 2.18 The 1H NMR spectrum (CDCl3, 400 MHz) of compound D3 
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Figure 2.19 The 13C NMR spectrum (CDCl3, 100 MHz) of compound D3 
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Table 2.3 Synthesis of ester analogues of -mangostin (1) from carboxylic acids 

Entry

1

2

3

4

5

6

7

8

13

21

5

31

4

3

15

16

3,6-Di-O-acylated
product

R

O

OH
1 mmol

1.PPh3 (2 mmol), Cl3CCONH2 (2 mmol),
   CH2Cl2, reflux, 1 h

2. 1 (1 mmol, 0.41 g), 4-picoline (3 mmol),
    CH2Cl2, reflux, 3 h

R

a NMR yield of the corresponding 3-mono-O-acylated product

Product

6-Mono-O-acylated
product

35 (5)a 

38

24

15 (2)a

16 (4)a

16 (13)a

14 (10)a

34 (8)a

Compound    %Isolated yield Compound    %Isolated yield

M4

M5

M6

M7

M8

M9

M10

M11

D4

D5

D6

D7

D8

D9

D10

D11

 

 As presented in Table 2.3, all ester analogues were synthesized from 

carboxylic acids using the procedure described in 2.2.4. Eight aliphatic carboxylic 

acids were selected to couple with a combined reaction of PPh3 and Cl3CCONH2 in 

refluxing CH2Cl2 for 1 h to generate the corresponding acid chlorides as an 

intermediate in the first step. Then, -mangostin (1) was added to the reaction mixture 

in the presence of 4-picoline, and the reaction was stirred in refluxing CH2Cl2 for 

another 3 h to give the desired esters M4-M11 and D4-D11.  

 The reaction of propinoic acid can perform to give the corresponding 6-mono-

O-propinoyl adduct (M4) and 3,6-di-O-propinoyl adduct (D4) in 35 and 13% isolated 

yields, respectively (entry 1). Under this condition, 3-mono-O-propinoyl mangostin 

could be observed as a minor product in 5% 1H NMR yield. Using butanoic acid and 
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its structurally different isomers: pivalic acid and 3-methylbutanoic acid, the 

corresponding 6-mono-O-acylated adducts M5, M6, and M7 were isolated in 38, 24 

and 15% yields, respectively, together with the corresponding 3,6-di-O-acylated 

adducts D5, D6, and D7 in 21, 5 and 31% yields, respectively (entries 2-4). In the 

case of 3-methylbutanoic acid, 3-mono-O-3-methylbutanoyl mangostin could be 

determined in 2% 1H NMR yield (entry 4). For the reaction of pentanoic acid, 

hexanoic acid, nanoic acid and lauric acid, their corresponding 6-mono-O-acylated 

adducts M8, M9, M10 and M11 could be isolated in 16, 16, 14 and 34% yields, 

respectively, along with their 3,6-di-O-acylated adducts D8, D9, D10 and D11 in 4, 3, 

15 and 16% yields, respectively (entries 5-8). In addition, the hydroxyl group at C3 

could react with the acid chlorides  giving the corresponding 3-mono-O-acylated 

adducts in 4, 13, 10 and 8% 1H NMR yields, respectively (entries 5-8). According to 

the results obtained, the %yield of the desired esters was low. This may be speculated 

that the conversion of aliphatic carboxylic acids to their acid chlorides did not 

completely proceed in the first step. Also, the steric hindrances of methoxy group or 

prenyl unit substituted on a xanthone backbone seemed to reduce the nucleophilicity 

of hydroxyl groups at C3 and C6. However, the yield of ester analogues of -

mangostin (1) would be improved in case that it could exhibit potent activity after 

biological activity studies.  

 All structures of ester analogues were well confirmed by 1H and 13C NMR 

spectroscopies. The 1H and 13C NMR spectra of those compounds were similar to 

those of mono- or di-O-acetyl mangostin (M3 or D3) compared to the signals of 

mangostin core. Therefore, the additional signals of substituents on C3 and C6 would 

be discussed as below. 

 The 1H NMR spectrum of 6-mono-O-propinoyl mangostin (M4) (Figure 2.20) 

showed a quartet at δH 2.70 (J = 15.1, 7.6 Hz) a triplet signal at δH 1.33 (J = 15.1 Hz), 

appropriated for propinoate group. The 13C NMR spectrum (Figure 2.21) presented an 

ester carbonyl peak at δC 172.2. In addition, two peaks at δC 27.9 and 9.2, indicating 

the presence of methylene and methyl carbons, respectively of propionate group were 

detected. 
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 The 1H NMR spectrum of 3-mono-O-propinoyl mangostin (M4a) (Figure 

2.22) displayed a quartet at δH 2.63 (J = 15.1, 7.6 Hz) and a triplet at δH 1.30 (J = 7.6 

Hz) suggested to a proton of propionate group. 

  The 1H NMR spectrum of 3,6-di-O-propinoyl mangostin (D4) (Figure 2.23) 

contained two quartet (δ 2.69 and 2.64, J = 15.1, 7.6 Hz) and two triplet (δ 1.32, J = 

7.6 Hz and 1.29, J = 7.5 Hz) signals. The 13C NMR spectrum (Figure 2.24) presented 

two ester carbonyl peaks at δC 172.2 and 171.8 together with four peaks at δC 28.0, 

27.9 and 9.2 (2C), belonging to four aliphatic carbons of propionate group. 

 The 1H NMR spectrum of 6-mono-O-butanoyl mangostin (M5) (Figure 2.25) 

presented a quartet at δH 2.64 (J = 7.3 Hz), a multiplet at δH 1.85 and a triplet at δH 

1.03 (J = 7.4 Hz) assigned to two methylene protons connected to a carbonyl group, 

the remaining of methylene proton and three methyl protons, respectively for butyrate 

group. The 13C NMR spectrum (Figure 2.26) revealed four signals of butyrate unit as 

follows: an ester carbon at δC171.1; two methylene carbons at δC 36.1 and 17.9; and 

methyl carbon at δC 13.6. In addition, the HMBC experiment was performed to 

confirm the presence of the ester linkage between C6 and butanoate group. It showed 

the correlations between OH-1 (δ 13.59) and C-1 (δ 160.7), C-9a (δ 103.8) and C-2   

(δ 108.8),  between OH-3 (δ 6.32) and C-3 (δ 162.0), C-2 (δ 108.8) and C-4 (δ 93.3), 

between H-4 (δ 6.22) and C-4a (δ 155.0), C-3 (δ 162.0) and C-2 (δ 108.8), between 

H-5 (δ 7.07) and C-10a (δ δ 153.8), C-7 (δ 146.5), C-6 (δ 148.9) and C-8a (δ 116.8), 

between OCH3-7 (δ 3.75) and  C-7 (δ 146.5), between H-11 (δ 3.43) and C-3             

(δ 162.0), C-1 (δ 160.7), C-12 (δ 121.4) and C-2 (δ 108.8) and between  H-16 (δ 4.13) 

and C-7 (δ 146.5), C-17 (δ 123.0) and C-18 (δ 132.0). 

 The 1H NMR spectrum of 3,6-di-O-butanoyl mangostin (D5) (Figure 2.27) 

exhibited two triplet signals at δH 2.64 (t J = 7.3 Hz) and 2.58 (t, J = 7.4 Hz) belonged 

to four methylene protons on a carbon connected to a carbonyl group. In addition, two 

multiplet signals at δH 1.83-1.70 and 1.10-1.05 were ascribed to four methylene and 

six methyl protons of butanoyl group. The 13C NMR spectrum (Figure 2.28) displayed 

two ester carbonyl peaks at δC 171.4 and 170.9. Two peaks at δC 36.4 and 36.1 were 
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assigned to two ester-attached methylene carbons. The four peaks at δC 18.1-13.9 

could be designated for the remaining aliphatic carbons of butyrate group. 

 The 1H NMR spectrum of 6-mono-O-pivalyl mangostin (M6) (Figure 2.29) 

showed a singlet signal at δH 1.42 with nine protons integration assigned to three 

methyl groups substituted on a quaternary carbon. 

 The 1H NMR spectrum of 3,6-di-O-pivalyl mangostin (D6) (Figure 2.30) 

exhibited two singlet signals at δH 1.42 and 1.39, inferred to eighteen methyl protons 

of pivalate group. The 13C NMR spectrum (Figure 2.31) displayed two ester carbonyl 

peaks at δC 176.1 and 175.7. The signals of quaternary carbon at δC 39.4 and six 

identical methyl carbons at δC 27.1 were observed in addition. 

 The 1H NMR spectrum of 6-mono-O-3-methylbutanoyl mangostin (M7) 

(Figure 2.32) showed a doublet at δH 2.52 (J = 7.2 Hz) and a multiplet at δH 2.32-2.25 

belonging to two methylene protons on an ester-connected carbon and a proton on a 

carbon connecting to two methyl groups. A doublet signal at δH 1.09 (J = 6.6 Hz) was 

due to six methyl protons of 3-methylbutanoyl group. The 13C NMR spectrum (Figure 

2.33) contained a peak at δC 170.8, belonged to an ester carbonyl carbon. A peak at δC 

43.2 was assigned to an ester-connected methylene carbon. The presences of CH 

carbon and two methyl carbons of 3-methylbutanoyl group were observed at δC 25.8-

22.4. 

 The 1H NMR spectrum of 3,6-di-O-3-methylbutanoyl mangostin (D7) (Figure 

2.34) displayed two doublet signals at δH 2.52 and 2.48 (J = 7.1 Hz) and a multiplet at 

δH 2.32-2.25, suggested for four methylene protons connected to a carbonyl group and 

two CH protons attached to two methyl groups, respectively. Two doublet signals at 

δH 1.09 (J = 6.6 Hz) and 1.08 (J = 6.3 Hz) were ascribed to twelve methyl protons of 

3-methylbutanoyl group. The 13C NMR spectrum (Figure 2.35) contained a 

characteristic ester carbonyl peak at δC 170.6 and 170.1. Two peaks at δC 43.2 and 

43.1 were assigned to two ester-connected methylene carbons. The two peaks at δC 

25.7 and 22.4 were belonged to two identical CH carbons and four identical methyl 

carbons, respectively. 
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 The 1H NMR spectrum of 6-mono-O-pentanoyl mangostin (M8) (Figure 2.36) 

presented a triplet at δH 2.66 (J = 7.4 Hz), two multiplets at δH 1.84-1.83 and  1.49-

1.47, and a triplet at δH 1.00 (J = 7.3 Hz) assigned to two methylene protons 

connected to a carbonyl group, other four methylene protons and three methyl 

protons, respectively of pentanoate group. The 13C NMR spectrum (Figure 2.37) 

revealed the characteristic signal of ester carbonyl carbon at δC 172.0.  The peak at δC 

34.0 indicated the methylene carbon connecting to carbonyl group was observed. The 

peaks at δC 26.8 and 22.2 could be assigned for two methylene carbons of pentanoate 

group. The peak at δC 13.7 appropriated for a methyl carbon was also detected.  

 The 1H NMR spectrum of 3,6-di-O-pentanoyl mangostin (D8) (Figure 2.38) 

showed two triplets at δH 2.56 and 2.60 (J = 7.4 Hz), three multiplets at δH 1.84-1.70, 

1.51-1.43 and 1.01-0.96 indicated to four methylene protons connected to a carbonyl 

group, other eight methylene protons and six methyl protons, respectively. The 13C 

NMR spectrum (Figure 2.39) exhibited two ester peaks at δC 171.4 and 170.9. The 

peaks at δC 34.0 were belonged to two methylene carbons connected to a carbonyl 

group. The four peaks at δC 29.7, 26.9, 22.3 and 22.2 were detected from the presence 

of four methylene carbons of pentanoate group. The peak at δC 13.7 was due to two 

identical methyl carbons. 

 The 1H NMR spectrum of 6-mono-O-hexanoyl mangostin (M9) (Figure 2.40) 

presented the signals of hexanoate group as follows: a triplet at δH 2.64 (J = 7.5 Hz) 

appropriated for two methylene protons connected to a carbonyl group; two multiplet 

at δH 1.84-1.83 and 1.43-1.40 ascribed to six methylene protons; and a triplet at δH 

0.94 (J = 6.8 Hz) indicated three methyl protons. The 13C NMR spectrum (Figure 

2.41) contained an ester carbonyl peak at δC 171.2. A signal at δC 34.3 was assigned to 

ester-connected methylene carbon. The three peaks at δC 31.2, 24.5 and 22.3 were 

observed from the presence of three methylene carbons of hexanoate group. The peak 

at δC 13.9 was belonged to a methyl carbon. 

 The 1H NMR spectrum of 6-mono-O-nanoyl mangostin (M10) (Figure 2.42) 

presented a triplet at δH 2.64 (J = 7.4 Hz), two multiplets at δH 1.84-1.83 and  1.34-

1.30, and a triplet at δH 0.90 (J = 6.9 Hz) assigned to two methylene protons 
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connected to a carbonyl group, twelve methylene  protons and three methyl protons, 

respectively. The 13C NMR spectrum (Figure 2.43) contained a peak at δC 171.7 of 

ester carbonyl carbon and 34.3 of methylene carbon adjacent to a carbonyl group. The 

peaks at δC 31.8-29.1, 24.8 and 22.6 could be designated for six methylene carbons. 

The peak at δC 14.1 was assigned to a methyl carbon. 

 The 1H NMR spectrum of 3,6-di-O-nanoyl mangostin (D10) (Figure 2.44) 

showed two triplets at δH 2.64 (J = 7.4 Hz) and 2.59 (J = 7.4 Hz), three multiplets at 

δH 1.83-1.77, 1.42-1.25 and 0.89-0.87 indicated to four methylene protons connected 

to a carbonyl group, other twenty methylene  protons and six methyl protons, 

respectively. The 13C NMR spectrum (Figure 2.45) exhibited two ester carbonyl peaks 

at δC 171.4 and 170.9. Two identical peaks at δC 34.3 were displayed from the 

presence of a methylene carbon adjacent to a carbonyl group. The presence of twelve 

methylene carbons of nanoate group was inferred from the detection of peaks at δC 

31.8-29.1, 24.8 and 22.6.  The two methyl peaks were observed at δC 14.1. 

 The 1H NMR spectrum of 6-mono-O-lauryl mangostin (M11) (Figure 2.46) 

presented a triplet at δH 2.65 (J = 7.4 Hz), two multiplets at δH 1.84-1.83 and 1.40-

1.27, and a triplet at δH 0.88 (J = 6.6 Hz) assigned to two methylene protons 

connected to an ester carbonyl group, eighteen methylene protons and three methyl 

protons, respectively. The 13C NMR spectrum (Figure 2.47) contained a peak at δC 

171.4 and 34.3 indicated ester carbonyl and ester-attached methylene carbons, 

respectively. The peaks at δC 31.9-29.1, 24.8 and 22.7 were belonged to eight 

methylene carbons of laurate group. The peak at δC 14.1 appropriated for a methyl 

carbon was also detected.  

 The 1H NMR spectrum of 3,6-di-O-lauryl mangostin (D11) (Figure 2.48) 

showed two triplets at δH 2.65 (J = 7.4 Hz) and 2.58 (J = 7.6 Hz), three multiplets at 

δH 1.84-1.77, 1.43-1.27 and 0.89-0.86 indicated to four methylene protons connected 

to a carbonyl group, other thirty-two methylene  protons and six methyl protons, 

respectively. The 13C NMR spectrum (Figure 2.49) exhibited two ester carbonyl peaks 

at δC 171.3 and 170.9. Two peaks at δC 34.8 and 34.4 indicated each methylene carbon 

next to ester bond. The eight peaks at δC 34.3-29.1 and 25.1-22.3 could be designed 
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for sixteen methylene carbons of laurate group. The peak at δC 14.1 appropriated for 

two methyl carbons was also detected.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.20 The 1H NMR spectrum (CDCl3, 400 MHz) of compound M4 

 

 

 

 

 

 

 

 

 

Figure 2.21 The 13C NMR spectrum (CDCl3, 100 MHz) of compound M4 
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Figure 2.22 The 1H NMR spectrum (CDCl3, 400 MHz) of compound M4a 

 

 

 

 

 

 

 

 

 

 

Figure 2.23 The 1H NMR spectrum (CDCl3, 400 MHz) of compound D4 
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Figure 2.24 The 13C NMR spectrum (CDCl3, 100 MHz) of compound D4 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.25 The 1H NMR spectrum (CDCl3, 400 MHz) of compound M5 
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Figure 2.26 The 13C NMR spectrum (CDCl3, 100 MHz) of compound M5 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.27 The 1H NMR spectrum (CDCl3, 400 MHz) of compound D5 
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Figure 2.28 The 13C NMR spectrum (CDCl3, 100 MHz) of compound D5 

 

 

 

 

 

 

 

 

Figure 2.29 The 1H NMR spectrum (CDCl3, 400 MHz) of compound M6 
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Figure 2.30 The 1H NMR spectrum (CDCl3, 400 MHz) of compound D6 

 

 

 

 

 

 

 

 

 

Figure 2.31 The 13C NMR spectrum (CDCl3, 100 MHz) of compound D6 
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Figure 2.32 The 1H NMR spectrum (CDCl3, 400 MHz) of compound M7 

 

 

 

 

 

 

 

 

 

Figure 2.33 The 13C NMR spectrum (CDCl3, 100 MHz) of compound M7 
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Figure 2.34 The 1H NMR spectrum (CDCl3, 400 MHz) of compound D7 

 

 

 

 

 

 

 

 

 

Figure 2.35 The 13C NMR spectrum (CDCl3, 100 MHz) of compound D7 

 



69 

 

 

 

 

 

 

 

Figure 3.36 The 1H NMR spectrum (CDCl3, 400 MHz) of compound M8 

 

 

 

 

 

 

 

Figure 2.37 The 13C NMR spectrum (CDCl3, 100 MHz) of compound M8 
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Figure 2.38 The 1H NMR spectrum (CDCl3, 400 MHz) of compound D8 

 

 

 

 

 

 

 

 

 

Figure 2.39 The 13C NMR spectrum (CDCl3, 100 MHz) of compound D8 
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Figure 2.40 The 1H NMR spectrum (CDCl3, 400 MHz) of compound M9 

 

 

 

 

 

 

 

 

Figure 2.41 The 13C NMR spectrum (CDCl3, 100 MHz) of compound M9 
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Figure 2.42 The 1H NMR spectrum (CDCl3, 400 MHz) of compound M10 

 

 

 

 

 

 

 

 

 

Figure 2.43 The 13C NMR spectrum (CDCl3, 100 MHz) of compound M10 
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Figure 2.44 The 1H NMR spectrum (CDCl3, 400 MHz) of compound D10 

 

 

 

 

 

 

 

 

Figure 2.45 The 13C NMR spectrum (CDCl3, 100 MHz) of compound D10 
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Figure 2.46 The 1H NMR spectrum (CDCl3, 400 MHz) of compound M11 

 

 

 

 

 

 

 

 

Figure 2.47 The 13C NMR spectrum (CDCl3, 100 MHz) of compound M11 
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Figure 2.48 The 1H NMR spectrum (CDCl3, 400 MHz) of compound D11 

 

 

 

 

 

 

 

 

 

Figure 2.49 The 13C NMR spectrum (CDCl3, 100 MHz) of compound D11 
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2.3.2.2 Acid-Catalyzed Cyclization of α-Mangostin (1) 

 To investigate whether the prenyl units substituted on C2 and C8 of               

-mangostin (1) were necessary for the bioactivity, an acid-catalyzed cyclization of 

-mangostin (1) was carried out to give a pale yellow solid of 3-isomangostin (7) as a 

major product in 66% yield  together with a yellow solid of BR-xanthone A (30) in 

4% yield    (Scheme 2.1).  

 

 

 

 

 

Scheme 2.1 Acid-catalyzed cyclization of -mangostin (1) 

 3-Isomangostin (7) was subjected to the electron impact mass spectrum (EI-

MS) analysis. The molecular ion peak was observed at m/z 412.174 (M+H)+, defined 

as C24H26O6. The structure of this compound was also confirmed by 1H and 13C NMR 

techniques as well as BR-xanthone A (30).  

 The 1H NMR spectrum of 3-isomangostin (7) (Figure 2.50) showed the 

characteristic chemical shift of chelated hydroxyl proton (OH-1) at 13.71. Compared 

this spectrum with the 1H NMR spectrum of -mangostin (1), it was found that a 

singlet signal of H4 aromatic proton was shifted from 6.29 to 6.23, and the triplet 

signal at δH 5.30 inferred to H12 olefinic proton of -mangostin (1) was disappreared. 

The chemical shift of H5 aromatic proton for this compound was the same value as 

that of -mangostin (1) (δ 6.82). A broad singlet at δH 6.28, a triplet at δH 5.28          

(J = 6.2 Hz) and a doublet at δH 4.10 (J = 6.2 Hz) were referred to OH-6, H17 olefinic 

proton and H16 methylene proton, respectively. In addition, two new signals at δH 

2.72 (t, J = 6.8 Hz) and 1.87-1.83 (m) were assigned to methylene protons H11 and 

H12, respectively. These findings indicated that the reaction proceeded through the 
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cyclization of a hydroxyl group on C3 into C13 of prenyl unit. The remaining signals 

could be observed at δH 1.83-1.38, indicating four methyl groups. The 13C NMR 

spectrum (Figure 2.51) exhibited the characteristic peak of xanthone carbonyl carbon 

at δC 181.9. The peaks at δC 160.6-142.4 were assigned to six oxygenated aromatic 

carbons. Two peaks of C13 and C12 were shifted from δC 135.5 to 76.0 and from δC 

121.5 to 31.8, respectively compared to the 13C NMR spectrum of -mangostin (1). In 

addition, the signals of other eight sp2, methoxy, another methylene, and four methyl 

carbons were observed at δC 136.9-94.0, 61.9, 26.5 and 26.7-16.1, respectively.  

 Comparison of the 1H NMR spectrum of BR-xanthone A (30) (Figure 2.52) 

with that of -mangostin (1) indicated the same signal of a chelated hydroxyl proton 

(OH-1) was presented at δH 13.72, and aromatic protons H5 and H4 were shifted at δH 

6.78 and 6.38, respectively. Four new triplet signals at δH 3.50 (t, J = 6.8 Hz), 2.71 (t, 

J = 6.7 Hz) 1.88 (t, J = 6.7 Hz) and 1.83 (t, J = 6.7 Hz) were belonged to methylene 

protons H16, H11, H12 and H17, respectively. Two singlet signals at δH 1.38 and 1.37 

were observed with each six protons integration, belonging to four methyl groups. 

The 13C NMR spectrum (Figure 2.53) exhibited a characteristic xanthone carbonyl 

carbon signal at δC 182.6. Six peaks at δC 160.5-137.7 were assigned to six 

oxygenated aromatic carbons. The peaks at δC 121.3-94.0 were belonged to six 

aromatic carbons. Two peaks at δC 75.9 and 75.5 could be designated for oxygenated 

aliphatic carbon. Other peaks at δC 32.9-16.1 were ascribed for two methylene and 

four methyl carbons.  
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Figure 2.50 The 1H NMR spectrum (CDCl3, 400 MHz) of compound 7 

 

 

 

 

 

 

 

 

 

Figure 2.51 The 13C NMR spectrum (CDCl3, 100 MHz) of compound 7 
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Figure 2.52 The 1H NMR spectrum (CDCl3, 400 MHz) of compound 30 

 

 

 

 

 

 

 

 

Figure 2.53 The 13C NMR spectrum (CDCl3, 100 MHz) of compound 30 
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2.3.2.3 Synthesis of 3-Isomangostin Analogues I1-I5 

 To confirm the importance of prenyl unit and hydroxyl group of α-mangostin 

(1), 3-isomangostin (7) was converted into its ester analogues from six aliphatic 

carboxylic acids using the developed method described in 2.2.4 and the results are 

presented in Table 2.4. 

Table 2.4 Synthesis of 3-isomangostin analogues 

Entry

1

2

3

4

5

%Isolated yield

98

94

92

82

quant

R

O

OH

1. PPh3 (3 mmol) , Cl3CCONH2 (3 mmol)

    CH2Cl2, reflux, 1 h

2. 7 (1 mmol), 4-picoline (3 mmol),

    reflux, 2 h

R

1.5 mmol

Compound

I1

I2

I3

I4

I5

O

O

OH

ORO

O

I1-I5

 

 As shown in Table 2.4, 6-O-acteyl 3-isomangostin (I1) could be synthesized 

in near quantitative yield (98%, entry 1). In the case of propinoic acid, butanoic acid, 

hexanoic acid and lauric acid, increasing the carbon chain length of carboxylic acids 

did not affect the yield of the desired esters; the reaction still provided the products 

I2-I6 in excellent yield (entries 2-6). These results indicated that this developed 

method using PPh3/Cl3CCONH2 was efficient to convert long chain carboxylic acids 

to their acid chlorides as a reactive intermediate.  

 The structures of 3-isomangostin analogues I1-I5 were fully confirmed by 1H 

and 13C NMR. The 1H NMR spectrum of 6-O-acetyl 3-isomangostin (I1) (Figure 

2.54) showed the same pattern of signals when comparing with that of 3-isomangostin 

(7), except the chemical shift of H5 being shifted from 6.82 to 7.09. That indicated 
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that the hydroxyl group at C6 was truly substituted by acetyl group. In addition, a new 

singlet signal of a methyl of acetyl group was observed at δH 2.38. The 13C NMR 

spectrum (Figure 2.55) was similar to that of 7, but two additional peaks of ester 

carbonyl and ester-attached methyl carbons at δC 168.2 and 20.9, respectively were 

observed in addition. 

 For the other 3-isomangostin analogues, the 1H and 13C NMR spectra of which 

were similar to those of 6-O-acetyl 3-isomangostin (I1) in case of the signals for 3-

isomangostin core. From these observations, only a part of substituents on C6 would 

be discussed below. 

 The 1H NMR spectrum of 6-O-propinoyl 3-isomangostin (I2) (Figure 2.56) 

showed a multiplet signal at δH 2.73-2.67 and triplet signal at δH 1.32 (J = 7.4 Hz), 

appropriated for propinoate group. The 13C NMR spectrum (Figure 2.57) revealed a 

signal of ester carbonyl carbon at δC 171.7. In addition, two peaks at δC 27.6 and 9.0 

indicated the presence of methylene and methyl carbons, respectively of propionate 

group were detected. 

 The 1H NMR spectrum of 6-O-butanoyl 3-isomangostin (I3) (Figure 2.58) 

presented a quartet at δH 2.63 (J = 7.3 Hz), a multiplet at δH 1.87-1.83 and a triplet at 

δH 1.08 (J = 7.4 Hz) assigned to two methylene protons connected to a carbonyl 

group, the remaining of methylene proton and three methyl protons, respectively of 

butyrate group. The 13C NMR spectrum (Figure 2.59) contained four signals for an 

ester carbon at δC170.9. The signals at δC 36.1, 18.4 and 13.6 could be designated for 

methylene and methyl carbons of butyrate unit. 

 The 1H NMR spectrum of 6-O-hexanoyl 3-isomangostin (I4) (Figure 2.60) 

exhibited the signals of hexanoate group as follows: a triplet at δH 2.64 (J = 7.4 Hz) 

appropriated for two methylene protons connected to a carbonyl group; two multiplets 

at δH 1.83-1.82 and 1.40-1.36 ascribed to six methylene protons; and a triplet at δH 

0.95 (J = 6.9 Hz) indicated three methyl protons. The 13C NMR spectrum (Figure 

2.61) contained an ester carbonyl signal at δC 171.0. Two peaks at δC 34.2 and three 

peaks at δC 31.2, 24.5 and 22.3 were belonged to an ester-attached methylene carbon 
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and other three methylene carbons, respectively of hexanoate group. The peak at δC 

13.9 was belonged to a methyl carbon. 

 The 1H NMR spectrum of 6-O-lauryl 3-isomangostin (I5) (Figure 2.62) 

showed a triplet at δH 2.64 (J = 7.5 Hz), two multiplets at δH 1.87-1.77 and 1.37-1.27, 

and a triplet at δH 0.89 (J = 6.0 Hz) assigned to two methylene protons connected to    

a carbonyl group, eighteen methylene protons and three methyl protons, respectively 

of laurate group. The 13C NMR spectrum (Figure 2.63) displayed a peak at δC 171.0 

and 34.2 indicating an ester carbonyl carbon and a methylene carbon next to ester 

bond, respectively. The signals at δC 31.9, 26.9-29.1, 24.8 and 22.7 were belonged to 

eight methylene carbons of laurate group. The peak at δC 14.1 appropriated for a 

methyl carbon was also detected. 

 

 

 

 

 

 

 

 

 

 

Figure 2.54 The 1H NMR spectrum (CDCl3, 400 MHz) of compound I1 
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Figure 2.55 The 13C NMR spectrum (CDCl3, 100 MHz) of compound I1 

 

 

 

 

 

 

 

Figure 2.56 The 1H NMR spectrum (CDCl3, 400 MHz) of compound I2 
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Figure 2.57 The 13C NMR spectrum (CDCl3, 100 MHz) of compound I2 

 

 

 

 

 

 

 

Figure 2.58 The 1H NMR spectrum (CDCl3, 400 MHz) of compound I3 
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Figure 2.59 The 13C NMR spectrum (CDCl3, 100 MHz) of compound I3 

 

 

 

 

 

 2.2.4.3 Synthesis of Ether analogues of α-Mangostin 

 

 

 

Figure 2.60 The 1H NMR spectrum (CDCl3, 400 MHz) of compound I4 
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Figure 2.61 The 13C NMR spectrum (CDCl3, 100 MHz) of compound I4 

 

 

 

 

 

 

Figure 2.62 The 1H NMR spectrum (CDCl3, 400 MHz) of compound I5 
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Figure 2.63 The 13C NMR spectrum (CDCl3, 100 MHz) of compound I5 
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2.3.2.4 Synthesis of Ether Analogues of α-Mangostin (1) 

The synthesis of ether analogues was performed using the method displayed in 

2.2.6 and 2.2.7 and the results are presented in Table 2.5. 

Table 2.5 Synthesis of ether analogues 

Entry

1

2

3

4a

29

ND

ND

ND

Alkylating agent

O

O

OH

OH

H3CO

HO
1 (1 mmol)

Alkylating agent (3 mmol)

K2CO3 (1 mmol),
acetone (10 mL), reflux, 6 h

I

Compound   %Isolated yield

6-Mono-O-alkylated product 3,6-Di-O-alkylated product

D12

-

-

-

O
O

O

Product

O
Cl

Br

a  DMF, 65-70 C and 3 h were used.
b 3-mono-O-(2,3-dihydroxypropyl) mangostin
c 6-mono-O-(2,3-dihydroxypropyl) mangostin
ND: Not detected

Compound   %Isolated yield

33

14

ND

3

11

M12

M13

-

M14b

M15c

 

 The O-alkylation of α-mangostin (1) and allyl iodide in acetone in the 

presence of K2CO3 yielded 6-mono-O-allyl mangostin (M12) in 33% yield together 

with 3,6-di-O-allyl mangostin (D12) in 29% yield (entry 1). To prepare the analogues 

with highly soluble in water, triethylene glycol monomethyl bromide was used. The 

corresponding 6-mono-O-alkyl mangostin (M13) having a higher polarity than         

α-mangostin (1) was obtained in 14% yield (entry 2). In the case of epichlorohydrin, 

the reaction did not proceed to give the desired product when using acetone as a 

solvent (entry 3). Under this condition, it was found that the reaction mixture was not 
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homogenous; therefore, DMF was employed. Unfortunately, no desired product was 

formed, but 3- and 6-mono-O-(2,3-dihydroxypropyl) mangostins (M14 and M15) 

were isolated in 3 and 11% yields, respectively instead (entry 3).  

 All structures of synthesized compounds were characterized by 1H and 13C 

NMR spectroscopic methods.  

 The 1H NMR spectrum of 6-mono-O-allyl mangostin (M12) (Figure 2.64) 

revealed signals for a chelated hydroxyl proton at δH 13.80 (OH-1), an aromatic 

proton at δH 6.23 (H-3), two olefinic protons at δH 5.36-5.23 (H-17 and H-21), two 

methylene protons at δH 4.12 (d, J = 5.1 Hz, H-16) and 3.42 (d, J = 7.0 Hz, H-11), 

three protons of methoxy group at δH 3.81, and twelve methyl protons at δH 1.85-1.68 

(H-20, H-19, H-15 and H-14). Comparison of this spectrum with that of α-mangostin 

(1) found that the singlet signal of H5 shifted to upfield showing at δH 6.67, indicating 

that OH group at C6 was transformed into ether group. A multiplet signal at δH 6.12-

6.04 and three doublet signals at δH 5.48 (d, J = 17.2 Hz), 5.36 (d, J = 10.6 Hz) and 

4.64 (d, J = 5.1 Hz) were observed from the presence of five protons of a prenyl unit 

next to ether bond. The 13C NMR spectrum (Figure 2.65) presented a characteristic 

peak of xanthone carbonyl carbon at δC 182.0. The peaks at δC 161.4-144.0 were 

referred to six oxygenated aromatic carbons. The chemical shifts of eight sp2 carbons 

of mangostin core and two sp2 carbons of prenyl unit connected to ether bond were 

observed at 137.3-103.6.  Compared to the 13C NMR spectrum of α-mangostin (1), the 

signal of C5 was shifted from δC 101.6 to 99.2, indicating that the substituent at C6 

was changed from hydroxyl to ether group. The peak of C4 did not significantly shift 

(δ 93.0) compared to that of α-mangostin (1). The signals of an oxygen-attached 

methylene carbon at δC 69.4, a methoxy carbon at δC 60.8, other methylene carbons at 

δC 26.2 and 21.4, and four methyl carbons at δC 25.9, 25.8, 18.2 and 17.9 were 

detected.  

 The 1H NMR spectrum of 3,6-di-O-allyl mangostin (D12) (Figure 2.66) 

showed signals for a chelated hydroxyl proton at δH 13.48 (OH-1), two aromatic 

proton at δH 6.70 (H-5) and 6.27 (H-3), two olefinic protons at δH 5.26-5.25 (H-17 and 

H-21), two methylene protons at δH 4.13 (d, J = 6.3 Hz, H-16) and 3.38 (d, J = 7.1 Hz, 
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H-11), three methoxy protons at δH 3.82, and twelve methyl protons at δH 1.85-1.68 

(H-20, H-19, H-15, H-14). A multiplet signal at δH 6.12-6.02 and five doublet signals 

at δH 5.45 (d, J = 17.4 Hz), 5.49(d, J = 17.4 Hz), 5.38 (d, J = 10.6 Hz), 5.31 (d, J = 

10.6 Hz), 4.66 (d, J = 5.2 Hz) and 4.61 (d, J = 5.0 Hz) could be assigned for ten 

protons for a prenyl unit adjacent to ether bond. The 13C NMR spectrum (Figure 2.67) 

presented a characteristic peak of xanthone carbonyl carbon at δC 182.0. The six peaks 

at δC 162.2-144.2 indicated the presence of six oxygenated aromatic carbons. The 

chemical shifts at 137.8-104.0 were ascribed for eight sp2 carbons of mangostin core 

together with four sp2 carbons of oxygenated prenyl unit. Compared to the 13C NMR 

spectrum of α-mangostin (1), the C4 and C5 signals were shifted from δC 93.3 to 89.6 

and from δC 101.6 to 99.2, respectively, indicating that the substituents at C3 and C6 

were changed from a hydroxyl to an ether group. The signals of two oxygenated 

methylene carbons at δC 69.4 and 69.0, a methoxy carbon at δC 60.8, other methylene 

carbons at δC 26.2 and 21.4, and four methyl carbons at δC 25.9, 25.8, 18.2 and 17.9 

were detected.  

 The 1H NMR spectrum of 6-mono-O-triethylene glycol mono methyl 

mangostin (M13) (Figure 2.68) showed a singlet signal of chelated phenolic hydroxy 

group (OH-1) at δH 13.66. The two singlet signals at δH 6.54 (ArH-5) and 6.19 (ArH-

4) were assigned for two aromatic protons. Two triplet signals of each two olefinic 

protons on C-12 and C-17 was observed at δH 5.28 (J = 6.5 Hz) and 5.17 (J = 6.3 Hz). 

The signals at δH 4.14-3.35 were ascribed to twelve oxygenated methylene protons, 

four methylene protons on a carbon connected to aromatic ring, and six methoxy 

protons. Four singlet signals of four methyl groups at δH 1.80-1.64 (H-20, H-19, H-15, 

H-14) were observed. The 13C NMR spectrum (Figure 2.69) presented a characteristic 

peak of xanthone carbonyl carbon at δC 181.8. The six peaks at δC 161.5-143.7 

indicated the presence of six oxygenated aromatic carbons. The eight peaks at δC 

137.1-103.4 were assigned for eight sp2 carbons. Compared to the 13C NMR spectrum 

of α-mangostin (1), the signal of C5 was shifted from δC 101.6 to 98.8, indicating that 

the substituent at C6 was changed from a hydroxyl to an ether group. The peak of C4 

appeared at the same position (δ  92.9) compared to that of α-mangostin (1). The six 

peaks at δC 71.8-67.9 and two peaks at δC 60.8 and 58.9 could be designated for six 
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oxygenated methylene and two methoxy carbons, respectively. Other two methylene 

carbons at δC 26.1 and 21.4 and four methyl carbons at δC 25.9, 25.8, 18.1 and 17.9 

were detected.  

The 1H NMR spectrum of 3-mono-O-(2,3-dihydroxypropyl) mangostin (M14) 

(Figure 2.70) displayed a singlet of chelated phenolic hydroxyl proton at δH 13.49. 

The chemical shifts of aromatic protons H5 and H4 appeared at 6.82 and 6.28, 

respectively. Two multiplet signals of each olefinic proton at δH 5.26-5.23 and 5.16-

5.12 were observed. The signals at δH 5.11-5.08 (m, 1H), 4.66 (t, J = 8.5 Hz, 1H), 

4.57 (dd, J = 8.6, 6.0 Hz), 4.35 (dd, J = 10.6, 4.0 Hz), and 4.22 (dd, J = 10.6, 4.0 Hz, 

1H) could be ascribed for five protons for 2,3-dihydroxypropyl group. Two doublet 

signals at δH 4.08 (d, J = 6.0 Hz) and 3.33 (d, J = 6.7 Hz) belonged to four methylene 

protons of a prenyl group. Four singlet signals were detected at δH 3.81 and 1.83-1.68 

assigned to three methoxy protons and twelve methyl protons, respectively. The 13C 

NMR spectrum (Figure 2.71) presented a characteristic peak of xanthone carbonyl 

carbon at δC 181.9. The six peaks at δC 161.0 -142.8 indicated the presence of six 

oxygenated aromatic carbons. The chemical shifts at 137.1-101.6 could be designated 

for nine sp2 carbons of mangostin core. Compared to the 13C NMR spectrum of        

α-mangostin (1) indicated the upfield shift of C4 signal at δC 89.3, confirmed that the 

hydroxyl group at C3 of α-mangostin (1) was converted to an ether group. The peaks 

at δC 73.8, 67.0 and 66.0 could be designated for three oxygenated sp3 carbons of 2,3-

dihydroxylpropyl group. The peaks of a methoxy carbon at δC 61.9, two methylene 

carbons of a prenyl unit at δC 26.5 and 21.3, and four methyl carbons at δC 25.8-17.8 

were also detected. 

The 1H NMR spectrum of 6-mono-O-(2,3-dihydroxypropyl) mangostin (M15) 

(Figure 2.72) displayed a singlet of chelated hydroxyl proton at δH 13.62. The 

chemical shift of aromatic protons H5 was shifted from 6.82 to 6.54 compared to the 
1H NMR spectrum of α-mangostin (1), indicating that a hydroxyl group at C6 of       

α-mangostin (1) was substituted to give ether functionality. A singlet of aromatic 

proton H4 at δH 6.18 and two multiplet signals of two olefinic protons at δH 5.27-5.24 

and 5.20-5.18 were observed. The signals at δH 5.15-5.12 (m, 1H), 4.71-4.62 (m, 2H), 

4.31 (dd, J = 10.7, 2.8 Hz, 1H) and 4.14 (dd, J = 10.1, 3.0 Hz) could be designated for 
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2,3-dihydroxypropyl group. Two doublet signals at 4.05 (d, J = 7.2 Hz) and 3.39      

(d, J = 6.9 Hz) belonged to four methylene protons of a prenyl group. Four singlet 

signals were detected at δH 3.74 and 1.82-1.68 assigned to three methoxy and twelve 

methyl protons, respectively. The 13C NMR spectrum (Figure 2.73) presented a 

characteristic peak of xanthone carbonyl carbon at δC 181.8. The six peaks at δC 

161.7-143.8 were referred to six oxygenated aromatic carbons. The chemical shifts at 

137.9-103.5 could be designated for eight sp2 carbons of mangostin core. Compared 

to the 13C NMR spectrum of α-mangostin (1) indicated the upfield shift of C5 signal 

showing at δC 99.2 while the C4 signal still showed at the same position (δ 93.1). 

These confirmed that the hydroxyl group at C6 of α-mangostin (1) was changed to an 

ether group. The three peaks at δC 73.8, 67.6 and 65.9 could be designed for three 

carbons of 2,3-dihydroxylpropyl group. The peak of a methoxy carbon at δC 61.1, two 

methylene carbons of a prenyl unit at δC 26.2 and 21.4, and four methyl carbons at δC 

25.9 (2C), 18.2 and 17.9 were also detected.  

 

 

 

 

  

 

 

 

 

Figure 2.64 The 1H NMR spectrum (CDCl3, 400 MHz) of compound M12 
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Figure 2.65 The 13C NMR spectrum (CDCl3, 100 MHz) of compound M12 

 

 

 

 

 

 

 

Figure 2.66 The 1H NMR spectrum (CDCl3, 400 MHz) of compound D12 
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Figure 2.67 The 13C NMR spectrum (CDCl3, 100 MHz) of compound D12 

 

 

 

 

 

 

Figure 2.68 The 1H NMR spectrum (CDCl3, 400 MHz) of compound M13 
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Figure 2.69 The 13C NMR spectrum (CDCl3, 100 MHz) of compound M13 

 

 

 

 

 

 

 

Figure 2.70 The 1H NMR spectrum (CDCl3, 400 MHz) of compound M14 
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Figure 2.71 The 13C NMR spectrum (CDCl3, 100 MHz) of compound M14 

 

 

 

 

 

 

Figure 2.72 The 1H NMR spectrum (CDCl3, 400 MHz) of compound M15 
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Figure 2.73 The 13C NMR spectrum (CDCl3, 100 MHz) of compound M15 

2.3.3  Biological Activity Study of α-Mangostin (1) and Its Analogues  

 As aforementioned discussion, the analogues of α-mangostin (1) were 

synthesized to evaluate their biological activities and to investigate the SAR. The 

antibacterial, anticandidal and antifeedant activities were examined and their 

protocols were described in 2.2.10. 

2.3.3.1 Antibacterial Activity 

2.3.3.1.1 Preliminary Study on Antibacterial Activity of α-Mangostin (1) 

α-Mangostin (1) was screened for its antibacterial activity against two Gram-

positive bacteria: S. aureus ATCC 25923 and S. aureus ATCC 43300 (MRSA) and 

four Gram-negative bacteria: E. coli ATCC 25922, E. coli ESBL, Ps. aeruginosa 

ATCC 27853 and Ps. aeruginosa (multidrug resistance). The preliminarily 

antibacterial activiy of α-mangostin (1) was performed by disc diffusion method 

described in 2.2.10.1. After incubation of the cultures at 37 °C for 24 h, the inhibition 
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zone was observed and designated as a positive result. The results are concluded as 

presented in Table 2.6.  

Table 2.6 Preliminary study on antibacterial activity of α-mangostin (1) 

 
Bacteria Results 

S. aureus ATCC 25923  + 

S. aureus ATCC 43300 (MRSA) + 

E. coli ATCC 25922 - 

E. coli ESBL - 

Ps. aeruginosa ATCC 27853 - 

Ps. aeruginosa (multidrug resistance) - 

 Positive (+): Inhibition zone was detected. 
Negative (-): No inhibition zone was detected. 

 A preliminary screening on α-mangostin (1) showed the antibacterial activity 

against two Gram-positive bacteria: S. aureus ATCC 25923 and S. aureus ATCC 

43300 (MRSA), while it displayed no activity against any Gram-negative bacteria. 

Therefore, S. aureus ATCC 25923 and S. aureus ATCC 43300 (MRSA) were then 

used as an organism to evaluate the minimum inhibitory concentration (MIC) and 

bactericidal concentration (MBC) of α-mangostin (1) and its analogues.  

2.3.3.1.2 Determination of Minimum Inhibitory Concentration (MIC) and 

 Minimum Bactericidal Concentration (MBC)  

The MIC of α-mangostin (1) and its twenty-six analogues against S. aureus 

ATCC 25923 was determined by the broth microdilution method described in 

2.2.10.1.  Final concentration was ranged from 200, 100, 50, 25, 12.5, 6.25, 3.13, 

1.56, 0.78, 0.39 to 0.20 μg/mL. Chloramphenicol was employed as an antibiotic. After 

incubation of the cultures at 37 °C for 24 h, the MIC was recorded as the lowest 

concentration at which no growth was observed. The MBC was subsequently tested 

and the results are displayed in 2.7. 
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Table 2.7 Antibacterial activity of -mangostin (1) and its analogues against   

 S. aureus ATCC 25923  

S. aureus ATCC 25923

O

O

OH

OR'

H3CO

RO

Entry R MIC 
(g/ml)

MBC 
(g/ml)

1

2

3

4

5

6

7

10

11

12

13

14

15

16

17a

H

PhCO

PhCH2CO

CH3CO

H

CH3CH2CO

CH3(CH2)2CO

CH3(CH2)3CO

CH3(CH2)4CO

CH3(CH2)7CO

CH3(CH2)10CO

CH2=CHCH2

CH3(CH2)2CO

CH2=CHCH2

0.78

>200

50

0.78

>200

6.25

>200

>200

>200

>200

>200

>200

>200

>200

6.25

H

H

H

H

CH3CO

H

H

H

H

H

H

H

H

CH3(CH2)2CO

CH2=CHCH2

R'

1.56

-

50

0.78

-

12.5

-

-

-

-

-

-

-

-

12.5

CO

CO

H

>200

>200

8

9

-

-

1

M1

M2

M3

M3a

M4

M5

M8

M9

M10

M11

M12

D5

D12

Chloramphenicol

M6

M7

Compound

6 3

a Antibiotic    

 -Mangostin (1) was active with the MIC and MBC values of 0.78 and 1.56 

μg/mL, respectively (entry 1). A series of -mangostin derivatives were synthesized 

and then tested to investigate the SAR. The hydroxyl groups at C3 and C6 were 

modified to give either mono ether or ester derivatives. In the case of hydroxyl group 

at C6 was only substituted; ester M1 and ether M12 derivatives were inactive (entries 
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2 and 14), whereas ester M2 exhibited moderate activity with the MIC value of 50 

μg/mL (entry 3). It was worth pointing out that the hydroxyl group at C6 might be 

important to inhibit the growth of S. aureus. In addition, an extra methylene group 

adjacent to ester functionality of M2 seemed to affect the bioactivity. These results 

have increased the interest of varying the hydrophobic chain length of carboxylic acid 

part. Notably, the activity was not significantly increased for every additional 

methylene group. Acetate M3 (entry 4) was found to be the same potent antibacterial 

activity with the MIC value of 0.78 μg/mL as -mangostin (1). Propinoate M4 

exhibited was 6 times less active than both -mangostin (1) and M3 with the MIC 

value of 6.25 μg/mL (entry 6). Considering the MBC of -mangostin (1), M3 and 

M4, only M3 exhibited significantly higher activity, 2-fold, over -mangostin (1) 

with the MBC value of 0.78 μg/mL (entries 1, 4 and 6). In contrast, butanoate M5, 

pivalate M6, 3-isobutanoate M7 Pentanoate M8, Hexanoate M9, nanoate M10, and 

laurate M11 (entries 7-13) exhibited no antibacterial activity with their MIC values up 

to 200 μg/mL. According to the MIC values of those tested compounds, increasing the 

length of hydrophobic alkyl chain to C6 of -mangostin (1) could affect the 

bioactivity.  

 To confirm the significance of hydroxyl group, D5 and D12, both hydroxyl 

groups at C3 and C6 were substituted, were tested. Such compounds were not 

bactericidal with the MIC values up to 200 μg/mL (entries 15 and 16). In addition to 

the antibacterial investigation of compound M3a, this compound was inactive with 

the MIC value up to 200 μg/mL (entry 5). These findings strongly suggested that the 

hydroxyl groups at C3 and C6 were necessary for bioactivity. 
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 To investigate the importance of a prenyl unit connected to C2 and C8 for 

activity, 3-isomangostin (7) and BR-xanthone A (30), prepared from acid catalyzed of 

α-mangostin (1), were examined. The results are shown in Table 2.8. 

Table 2.8 Antibacterial activity of 3-isomangostin (7) and its analogues and           

BR-xanthone A (30) against S. aureus ATCC 25923  

S. aureus ATCC 25923

Entry R MIC 
(g/ml)

MBC 
(g/ml)

1

2

3

4

5

6

7

H

CH3CO

CH3CH2CO

CH3(CH2)2CO

CH3(CH2)4CO

CH3(CH2)7CO

25

>200

>200

>200

>200

>200

>200

50

-

-

-

-

-

-

7

I1

I2

I3

I4

I5

30

Compound

6 3O

O OH
H3CO

RO O

O

O OH
O

RO O

a
Antibiotic

8a Chloramphenicol 6.25 12.5

8 2

 

3-Isomangostin (7) was found to be active for antibacterial activity with the 

MIC and MBC values of 25 and 50 μg/mL, respectively (entry 1), but less active than 

1. I1-I5 and 30 (entries 2-7) were synthesized and tested to confirm the above 

hypothesis. Such compounds did not show any activity with the MIC values up to 200 

μg/mL. This was clearly indicated that two prenyl units were important for 

antibacterial activity against S. aureus ATCC 25923.  
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According to the results displayed in Tables 2.6-2.8, the antibacterial activity 

decreased when the hydrophobicity of tested compounds increased. Therefore, the 

antibacterial activity of analogues with higher hydrophilicity than α-mangostin (1) 

against S. aureus should be considered. Their results are presented in Table 2.9. 

Table 2.9 Antibacterial activity of α-mangostin analogues with high polarity against 

S. aureus ATCC 25923 

S. aureus ATCC 25923

O

O OH

OR2

H3CO

R1O

Entry Compound

MIC
(g/mL)

MBC
(g/mL)

R1 R2

H

O
O

>200OCH3

H

H

>200

>200

1

2

3

M13

M14

M15

-

-

-

OH
HO

OH
HO

a
Antibiotic

4a Chloramphenicol 6.25 12.5

  

As the results presented in Table 2.9, all synthetic compounds M24-M26 did 

not show antibacterial activity against S. aureus ATCC 25923. It was pointed out that 

the analogues with more hydrophilic group than α-mangostin (1) could not improve 

the bioactivity.  

Owing to the potent antibacterial activity of -mangostin (1) and three 

analogues M3, M4 and 3-isomangostin (7) against S. aureus ATCC 25923, their 

antibacterial activities against MRSA ATCC 43300 were extended to evaluate. In 

addition, α-mangostin (1) and 3-isomangostin (7) were tested against the community-



103 

associated MRSA strain TCH1516 (USA300 strain of CA-MRSA), performed by Dr. 

M. Hensler at Nizet Laboratory, Department of Pediatrics, UCSD School of 

Medicine. All of the results are shown in Table 2.10. 

Table 2.10 Antibacterial activity of α-mangostin (1), M3, M4 and 3-isomangostin (7) 

against methicillin-resistance S. aureus (MRSA) ATCC 43300 and MRSA 

TCH1516 

O

O

OH

OH

H3CO

RO

Entry R
MIC 

(g/ml)
MBC 

(g/ml)

1

2

3

4

5a

H

CH3CO

CH3CH2CO

0.78

3.13

100

25

12.5

1.56

50

200

50

50

MRSA ATCC 43300

1

M3

M4

7

Chloramphenicol

Code

6 3

O

O

OH

O

H3CO

HO

a
Antibiotic

MRSA TCH 1516

MIC 
(g/ml)

5.1

-

-

5.1

-

 

From the results presented in Table 2.10, among tested compounds against 

MRSA ATCC 43300, α-mangostin (1) displayed the most antibacterial activity with 

the MIC and MBC values of 0.78 and 1.56 µg/mL, respectively (entry 1). M3 was 

active with the MIC and MBC values of 3.13 and 50 µg/mL, respectively (entry 2), 

but still less active than α-mangostin (1). In the case of M4, it showed no good 

activity with the MIC and MIC values of 100 and 200 µg/mL, respectively (entry 3). 

In addition, 3-isomangostin (7) exhibited moderate activity with the MIC and MBC 

values of 25 and 50 µg/mL, respectively (entry 4). In the case of antibacterial activity 
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against MRSA TCH1516, α-mangostin (1) and 3-isomangostin (7) showed good 

activity at the same MIC value of 5.1 µg/mL (entries 1 and 4). Compared to the 

antibacterial activity of these compounds against S. aureus ATCC 25923 and MRSA 

ATCC 43300, it was found that their activities to inhibit MRSA ATCC 43300 growth 

were less than those to inhibit S. aureus ATCC 25923 growth.  

2.3.3.1.3 Structure-Antibacterial Relationship (SAR) Study  

As the antibacterial results of -mangostin (1) and its analogues described in 

2.3.3.1.2, -mangostin (1) could not be modified to give a more active compound. 

However, some SAR of -mangostin (1) could be suggested herein.  

Noticeably, natural-occurring -mangostin (1) exhibited the most antibacterial 

activity against both normal S. aureus and metthicilin-resistant S. aureus (MRSA), 

which pointed out that -mangostin (1) possessed the best structure for those stains. 

In addition, the hydroxyl groups at C3 and C6 and the prenyl chains substituted on C2 

and C8 of -mangostin (1) played an essential role for the bioactivity. It has been 

proposed that the maximum activity depends on a balance between hydrophilic 

hydroxyl group and hydrophobic alkyl chain of test molecule [81-82]. The 

hydrophilic head, hydroxyl group, can bind with an intermolecular hydrogen bond 

like a „hook‟ attaching itself to the hydrophilic portion of the membrane of bacterial 

cells, and then the hydrophobic tail portion, alkyl chain, of the molecule is able to 

enter into the membrane lipid bilayer resulting in happening of disorder in the fluid 

bilayer of the membrane. This hypothesis can be used to explain why -mangostin (1) 

exhibits the best antibacterial activity among all compounds tested, and why 

increasing the hydrophobic alkyl chain to the structure of -mangostin (1) destroys its 

activity. To consider the structure of -mangostin (1), there are at least three 

hydrophilic hydroxyl groups and two hydrophobic prenyl chains. -mangostin (1) 

could enter the membrane with the polar hydroxyl group oriented into the aqueous 

phase by hydrogen bonding and prenyl chain aligned into the lipid phase by 

dispersion forces. When either hydrophobic chain length or hydrophilic group of      

α-mangostin analogues is more than that of 1, the dispersion force becomes greater 
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than the hydrogen bonding force and vice versa, resulting in the balance is destroyed 

and the activity disappears. 

2.3.3.2 Anticandidal Activity 

As the literature review, -mangostin (1) showed the anticandidal activity 

against Candida albicans ATCC 90028 with the MIC and minimum candicidal 

concentration (MCC) values of 1,000 and 2,000 µg/mL, respectively [67]. It has been 

increased the interest in the evaluation of -mangostin (1) and its analogues against 

yeast with the expectation that some analogues could be more active than                  

-mangostin (1). The anticandidal activity of test compounds against C. albicans was 

tested by the broth microdilution method in Sabouraud dextrose broth described in 

2.2.10.2. Two-fold diluted test concentration was ranged from 2000 to 2.0 μg/mL. 

After incubation of the cultures at 25 °C for 24 h, the MIC was recorded as the lowest 

concentration at which no growth was observed. The MCC was subsequently tested 

and the results are presented in Table 2.11. 
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Table 2.11 Anticandidal activity of α-mangostin (1) and its analogues against           

C. albicans 

O

O

OH

OR'

H3CO

RO

Entry R MIC 
(g/ml)

MCC 
(g/ml)

1

2

3

4

5

6

7

8

9

10

11

12

13a

H

CH3

H

CH3CH2CO

CH3(CH2)2CO

CH3(CH2)4CO

CH3(CH2)7CO

>2000

>2000

>2000

>2000

>2000

>2000

>2000

>2000

>2000

>2000

>2000

>2000

H

H

CH3

H

H

H

H

R'

C. albicans

1

M3

M3a

M4

M5

M9

M10

M13

M14

M15

7

30

Amphotericin B

Compound

6 3

a Antibiotic

O
O

O

O

O OH
H3CO

HO O

O

O OH
O

RO O

OH
HO

H

H
OH

HO

H

-

-

-

-

-

-

-

-

-

-

-

-
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As the results showed in Table 2.11, -mangostin (1) did not show any 

activity against C. albicans with the MIC value up to 2000 µg/mL. Attempt to the 

structural modification of -mangostin (1) met with failure, all test analogues 

exhibited no activity with the MIC value up to 2000 µg/mL.  

2.3.3.3 Termite Antifeedant Activity  

-Mangostin (1) and its twelve analogues were evaluated their antifeedant 

activities against wood-feeding termite: Reticulitermes speratus.  

R. speratus (Figure 2.76) commonly lives in Japanese forests and feeds on 

rotten wood. 

 

 

 

 

 

Figure 2.74 Reticulitermes speratus workers 

The antifeedant activity of tested compounds against R. speratus was kindly 

performed by Professor M. Morimoto at Kinki University, Japan. A choice paper disk 

bioassay was used and its protocol was described in 2.2.10.3. To measure the activity 

of each test compound, the antifeedant index (AFI) was used and AFI can be 

calculated from the equation (1). 

The antifeedant index (AFT) = %T / (%T + %C) x 100  (1) 

%T is consumption of treated disk   %C is consumption of control disk 

Then, the AFI value was converted to the feeding inhibition (FI) by using the 

equation (2) to a corresponding 0 to 100% inhibition range. 



108 

The feeding inhibition (FI) = (50 x AFI) x 2     (2) 

 An FI value under 50% when treated at 100µg/disk is indicative as inactive in 

this study. The results are displayed in Table 2.12. 

Table 2.12 Termite antifeedant activity of α-mangostin (1) and its analogues against 

R. speratus 

O

O

OH

OR'

H3CO

RO

Entry R

1

2

3

4

5

6

7

8

9

10

11

12

13

H

PhCO

PhCO

PhCH2CO

PhCH2CO

CH2=CHCH2

CH2=CHCH2

CH3CO

CH3CH2CO

CH3(CH2)2CO

CH3(CH2)2CO

CH3(CH2)7CO

97.8 (85.0)a

Inactive

Inactive

Inactive

Inactive

Inactive

Inactive

Inactive

74.2

75.7

80.8

Inactive

95.1 (56.0)a

H

H

PhCO

H

PhCH2CO

H

CH2=CHCH2

CH3CO

CH3CH2CO

H

CH3(CH2)2CO

H

R'

1

M1

D1

M2

D2

M12

D12

D3

D4

M5

D5

M10

7

Compound

6 3

FI (%) (100 g/disk)

O

O

OH

O

H3CO

HO

a 50 g/disk was tested.
Inactive, FI<50% (100 g/disk)

3-isomagostin
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From the results shown in Table 2.12, -mangostin (1) completely inhibited 

termite feeding with the %FI value of 97.8 at a dose of 100 µg/disk (entry 1). In 

addition, -mangostin (1) still showed good termicidal activity with the %FI value of 

85.0 at a dose of 50 µg/disk (entry 1).  In contrast, M1, M2 and M12, hydroxyl group 

at C6 was substituted, were inactive (entries 2, 4 and 6). No activity was observed for 

3,6-di-substitued products D1, D2, D12 and D3 (entries 3, 5, 7 and 8). Interestingly, 

3.6-di-O-propinoyl mangostin (D4) exhibited good activity with the %FI value of 

74.2 (entry 9). For 6-mono and 3,6-di-O-butanoyl mangostins (M5 and D5), both 

compounds exhibited potent activity with the %FI values of 75.7 and 80.8, 

respectively (entries 10 and 11). On the other hand, the activity disappeared when 

increasing the carbon chain length of C6-connected substituent to a nanoate group 

(entry 12). Using 3-isomagostin (7), it displayed potent and moderate activities with 

%FI values of 95.1 and 56.0 at a dose of 100 and 50 µg/disk, respectively (entry 13). 

2.3.3.3.1 Structure-Antifeedant Activity Relationship Study 

 The SAR suggested that the hydrophilic hydroxyl groups at C3 and C6 seemed 

to display an essential role for bioactivity. For example, the activity of M1 and M12, 

and D1 and D12 disappeared in case that hydroxyl groups at C6 or both of C3 and C6 

were converted to less hydrophilic groups such as esters or ethers. In contrast, the 

prenyl unit adjacent to C2 seemed to be less necessary than the hydroxyl group for 

bioactivity. All findings were similar to the SAR studies on antibacterial activity, 

indicated that the optimal activity depended on the balance between hydrophilic 

hydroxyl group and hydrophobic alkyl chain of -mangostin (1) [81]. 
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CHAPTER III 

SYNTHESIS AND PHARMACOLOGICAL EVALUATION OF CAGED 

GARCINIA XANTHONES 

3.1  Introduction 

 Extracts from the Garcinia family of tropical trees have led to the isolation of 

a variety of natural products referred to as the caged Garcinia xanthones, which 

contain a unique structural motif and promising biological activities. Several Garcinia 

species e.g., G. bracteata, G. gaudichaudii, G. hanburyi, G. Morella and G. 

scortechinii have been distributed in nature; nonetheless, only two of which are found 

in Thailand: G. hanburyi and G. morella. To simplify the structure of caged motif 

presented in caged Garcinia xanthones, it could be defined as an unusual 4-oxa-

tricyclo[4.3.1.03,7]dec-8-en-2-one (caged) scaffold [83-84] which is derived from the 

conversion of the C-aromatic ring of the xanthone backbone as demonstrated in 

Figure 3.1. 

 

 

 

Figure 3.1 Representative general motif of caged xanthones from xanthone backbone 

3.1.1  Literature Review on Phytochemistry of Caged Garcinia Xanthones 

 Gambogic acid (77) appeared to be the first dominant example of the caged 

scaffold due to its noticeable biological activities.  It could be isolated as a major 

component from the gamboge resin (gold resin) of G. hanburyi trees. These trees have 

been locally named as “RongThong”, and mainly exist in Songkhla and Chantaburi 

provinces of Thailand.  In 1934, it was initially isolated as monoacetyl derivative [85], 

and the structure and absolute stereochemistry were unambiguously determined in 
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2001 via an X-ray of its pyridine salt [86-87]. Related investigations from the seeds 

and the resin of G. morella led in 1937 to the isolation of morellin (79) [88]. In 1963 

the p-bromobenzenesulfonyl ester of morellin was prepared and its constitution was 

determined by X-ray crystallography [89]. The crystal structures of gambogic acid 

(77) and morellin (79) were defined a new class of natural products that are 

collectively referred to as caged Garcinia xanthones.  

 The caged motif of xanthones is further customized via substitutions on the 

aromatic ring (ring A) and peripheral oxidations to produce a variety of structural 

subfamilies representative members of which are shown in Figure 3.2.   

 This is exemplified by the structure of forbesione (83), a natural product 

isolated from G. forbesii [90] and G. hanburyi [91-92]. For example, prenylation at 

the C5 center of forbesione (83) (gambogic acid numbering) gives access to the 

gaudichaudione scaffold [93-96], represented by deoxygaudichaudione (85) [97]. 

Oxidation at the C29 could then lead to gaudichaudione A (86) and gaudichaudiic 

acid G (87) [93]. Alternatively, prenylation of forbesione (83) at C5, followed by 

cyclization with the pendant phenol gives access to the morellin scaffold [12, 98-101] 

represented by desoxymorellin (81) [17, 102-103]. Progressive oxidations at the C30 

of desoxymorellin (81) produce morellinol (80), morellin (79) and morellic acid (82) 

[18]. Compounds arising from isomerization around the C27-C28 double bond of 

morellins have also been isolated.  Thus, morellin (79), having the cis configuration 

about the C27–C28 double bond, is known to isomerize to the trans isomer, 

isomorellin (88) [104]. Similar observations have been reported for gambogic acid 

(77) [14]. 

Geranylation at the C5 of forbesione (83) forms desoxygambogenin (84) and, 

after formation of the pyran ring, produces gambogin (78) [105]. Further oxidation at 

C29 leads to gambogic acid (77) [91]. Isolated from G. bracteata, the bractatin 

subfamily (89, 90, 91) [10, 106] serves as an example of forbesione-type natural 

products that contain a reverse prenyl group at C17.  Interestingly, 6-O-

methylneobractatin (91) is the only natural product known to contain a modified 

caged structure, referred to as the neo motif [10, 106]. 
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Figure 3.2  Representative structures of natural products from Garcinia and related 
plants containing the caged xanthone motif.  To facilitate structural 
comparison, the carbon numbering of gambogic acid has been used for 
all compounds in this chapter. 
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The C11 is another diversity point.  For example, hanburin (92) [105] is a C11 

prenylated product of forbesione (83), while cantleyanone A (93) [15] and 

scortechinones A (94) [13, 107-108] and B (95) [109] contain a methoxy group at that 

position.  This motif has also been identified in cochinchinones C (96) and D (97), 

two natural products isolated from the roots of Cratoxylum cochinchinense [110]. 

In addition, there are a number of Garcinia natural products possessing a 

rearranged caged xanthone motif (Figure 3.3).  For instance, in lateriflorone (98) 

[111], the caged motif is attached to an unprecedented spiroxalactone core, likely a 

product of an oxidative rearrangement of the central xanthone ring.  Similar 

rearrangements at the C ring may account for gaudispirolactone (99) [11, 112]. 

Gambogoic acid (100) [97, 113], dihydroisomorellin (101) [17] and isomoreollin 

(102) [114-115] are a few representative examples of caged xanthones with a 

modified C9-C10 double bond.  
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Figure 3.3 Representative structures of natural products containing a rearranged 
caged xanthone motif 

It should be noted that the chemical structures shown in Figures 3.2 and 3.3 do 

not define the absolute stereochemistry of the caged motif. This is because the vast 

majority of the caged Garcinia xanthones have been characterized by NMR methods 
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and thus their absolute stereochemistry remains undetermined. It has been suggested 

that these natural products exist as racemic mixtures and their enantiomeric 

composition can be enriched by repeated crystallizations [10, 106]. For instance, 

chiral HPLC analysis of bractatin (89) showed that this compound existed as a 6:4 

mixture of two enantiomers, the ratio of which varied with different crystallizations 

[10, 106]. Moreover, gambogic acid (77) occurs in nature as a mixture of epimers at 

the C2 that can be separated by modern chromatographic and analytical techniques 

[116-117].  The optical rotation recorded for the C2-R epimer is []20
D= –578         

(c= 0.201, CHCl3) while that recorded for the C2-S epimer, also referred to as 

epigambogic acid, is []20
D= –486 (c= 0.197, CHCl3) [118].  More recently, a 

combination of these techniques has been used for the identification of new bioactive 

xanthones from Garcinia plants [119-120]. 

3.1.2  Literature Review on Biogenesis Studies 

 Biosynthetically, the xanthone backbone of the caged Garcinia natural 

products is presumed to derive from common benzophenone intermediates of a mixed 

shikimate-acetate pathway [121-122]. Whereas xanthones produced in fungi have 

been shown to be wholly acetate-derived [123], those found in higher plants exhibit 

oxygenation patterns that originate from a combination of the acetate (ring A) and 

shikimate (ring C) pathways. This proposed biogenetic scenario is illustrated with the 

synthesis of maclurin (107) and tetrahydroxy xanthone 108 (Scheme 3.1) [124]. An 

aldol-type condensation of phosphoenolpyruvate (PEP) and D-erythrose 4-phosphate 

leads to shikimic acid (103) that after oxidation, dehydration and enolization forms 

protocatechuic acid (104).  Reaction of 104 with coenzyme A (HSCoA) produces 

activated ester 105 that can then react with three units of malonyl-coenzyme A 

(malonyl-CoA) to produce intermediate 106.  An intramolecular Claisen condensation 

followed by enolization leads to benzophenones such as maclurin (107).  Depending 

upon the benzophenone produced, this may be a branch point in the biogenesis of 

other benzophenone-type natural products. It is generally accepted that the formation 

of xanthones such as 1,3,5,6-tetrahydroxyxanthone occurs by means of phenolic 

coupling of maclurin (107) [125-126]. 
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Scheme 3.1 Proposed biosynthesis of benzophenones and xanthones in higher plants 

 Different hypotheses have been proposed for the biosynthetic conversion of 

xanthones, such as 108, to the unusual motif of the caged Garcinia xanthones.  The 

first hypothesis departed from prenylation of a xanthone, such as 109, at C11 and C13 

to produce compound 110 (Scheme 3.2) [127]. Oxidation at the C13 would then 

introduce the essential tertiary alcohol, while reduction of the C10-C11 double bond 

would form compound 111 that can assume the geometry required for cyclization 

(structure 112).  Nucleophilic attack by the C13 tertiary alcohol on the pendant prenyl 

group was then presumed to initiate the cyclization cascade leading to caged 113.  

The complete caged system 114 could then be formed by oxidation between carbons 

C9 and C10.  The biosynthetic scenarios that followed were variations of this 

hypothesis that simply reduced the number of oxidations and reductions [12, 83, 98-

101]. Unfortunately, both the molecular geometry and the reactivity required for the 

cascade of nucleophilic attacks from 111 to 113 would make this hypothesis 

implausible. 
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Scheme 3.2 Proposed biosynthesis of the caged xanthone motif via a cascade of 
nucleophilic attacks  

 A more realistic biosynthetic scenario emerged from the pioneering work of 

Quillinan and Scheinmann [128]. Isoprenylation of tetrahydroxyxanthone 108 with 

four isoprene units can lead to desoxymorellin and related metabolites.  The caged 

motif of these compounds can thus be formed via a Claisen rearrangement followed 

by a Diels-Alder reaction on the intermediate dienone.  This scenario is highlighted in 

Scheme 3.3.  It is worth noting that although at that time there was sufficient 

precedence in support of the Claisen migration [129-131], there were no reports on 

intramolecular Diels-Alder adducts from rearrangements of aryl propargyl ethers.  

Along these lines, a retro Diels-Alder fragmentation pathway has been detected in 

mass spectrometry studies of several caged Garcinia xanthones, providing additional 

support to this biosynthesis hypothesis [101, 118]. 

 



117 

O

OOH

OH
OH

12

13

115: mesuaxanthone B

O

OOH

O
O12

13

O

OOH

O
O

12

13
O

OO

O
OH

12

13

118
117

116

phenol
allylation

Claisen
rearrangement

decalin
190 C
14 h

Diels-Alder
reaction

 

Scheme 3.3 Proposed biosynthesis of the caged xanthone motif via a Claisen/Diels-
Alder reaction cascade 

 Quillinan and Scheinmann also provided experimental evidence in support of 

the Claisen/Diels-Alder reaction cascade.  Using mesuaxanthone B (115) as the 

starting material, they successfully prepared and tested their hypothesis on bis-

allyloxy xanthone 116 (Scheme 3.3).  Despite the rather limited experimental details, 

heating 116 in boiling decalin (190 °C) for 14 h gave rise to the elusive caged 

structure, assigned as compound 118, presumably via a Diels-Alder cyclization of 

Claisen intermediate 117.  Compound 118 had similar spectroscopic characteristics 

with those of morellin (79), suggesting that this reaction cascade could account for the 

biogenesis of the caged xanthones.   

 The lack of details on the synthesis of caged motif 118, together with the high 

temperature and long reaction times required for the Claisen/Diels-Alder reaction, 

casted some doubts on the synthetic relevance of this reaction cascade.  Likely due to 

these reasons, the Quillinan and Scheinmann hypothesis remained dormant for over 

30 years, until Nicolaou and Li masterfully demonstrated its value to a biomimetic 

synthesis of forbesione (83) [132]. Independently, Theodorakis and co-workers 

explored the site selectivity of the Claisen/Diels-Alder cyclization and further refined 
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the biosynthesis scenario for all caged Garcinia xanthones [133].  These studies will 

be presented in the following sections. 

3.1.3  Literature Review on Biological Activities of the Caged Garcinia 

 Xanthones 

3.1.3.1 Antimicrobial and Anticancer Activities  

 Aside from their striking chemical structure and biosynthesis, the caged 

Garcinia natural products exhibit interesting bioactivities and have a documented 

value in traditional Eastern medicine. In fact, oral and injectable formulations of 

gamboge have been used in China for the treatment of patients with breast carcinoma 

and malignant lymphoma [134]. In addition, gamboge has been used topically for 

treating infected wounds and systemically to alleviate pain and edema. In Thai folk 

medicine, gamboge has been used as a topical antiinfective agent, and internally as a 

drastic purgative and a vermifuge to treat tapeworm [14, 135]. 

 Initial biological studies with semipurified gamboge extracts documented its 

antiprotozoal activities, thus lending support for its indigenous use in the treatment of 

enteric diseases [136-138]. Morellin (79) and gambogic acid (77), the major 

components of semipurified resin extracts of G. Morella [139-140], exhibited high in 

vitro specific growth inhibitory effect on Gram-positive bacteria in vitro and 

protective action in experimental staphylococcal infections in mice [141-143]. In 

particular, gambogic acid (77) exhibited high specific inhibitory effect (0.1-1 µg/mL) 

on the growth of Gram-positive bacteria but had little effect against many Gram-

negative bacteria, fungi, yeast and actinomycetes [144-145]. Further experiments in 

mice indicated that topical applications of gambogic acid (77) in experimental septic 

wounds could offer protection against lethal staphylococcal infections at a dose level 

of 30 mg/kg/day for 2 days. Interestingly, the susceptibility of a morellin-resistant 

strain of Staphylococcus aureus to penicillin and erythromycin was unaffected, 

indicating that there is no cross-resistance between the morellin (79) and the above 

antibiotics. Both morellin (79) and gambogic acid (77) were well tolerated by rats at a 

dose of 40 mg/kg/day for 40 days. However, a dose of 120 mg/kg/day resulted in side 

effects including decreased growth and reduced blood cell counts [145]. More 
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recently, scortechinone B (95) showed antibacterial activity on methicillin-resistant 

Staphylococcus aureus with an MIC value of 2.0 µg/mL [108]. 

 In addition, the caged Garcinia xanthones have received a great deal of 

attention for their anti-cancer activity.  An ever increasing body of evidence indicates 

that these compounds are cytotoxic against various cancer cell lines at low µM 

concentrations [103]. For instance, desoxymorellin (81) inhibited the growth of HEL 

(Human Embryonic Lung fibroblasts) and HeLa (Henrietta Lacks cervical cancer) 

cells with a MIC of 0.39 µg/mL [105, 146]. The bractatins (89-91) were cytotoxic 

against the KB cell line (human epidermoid carcinoma) with 6-O-methylneobractatin 

(91) showing the lowest IC50 value of 0.20 µg/mL [10, 106]. The gaudichaudiones 

have been tested against a panel of cell lines, and found to be broadly cytotoxic with 

effective dose (ED50) values between 0.50 and 8.0 µg/mL [93]. Selected members of 

the cantleyanone family displayed significant cytotoxicity against breast cancer 

(MDA-MB-231 and MCF-7), ovarian cancer (CaOV-3), and HeLa cells with EC50 

values ranging from 0.22 to 17.17 µg/mL [15]. In addition, lateriflorone (98) was 

cytotoxic against the P388 cancer cell line with ED50 value of 5.4 µg/mL [111]. In 

similar studies, gambogic acid (77) inhibited the proliferation of T47D and DLD-1 

breast cancer cells with GI50 values of 0.04 and 0.03 µM, respectively [19]. Similar 

observations were reported upon screening gambogic acid and related caged Garcinia 

xanthones against a panel of solid and non-solid tumor cells [147]. 

 Of particular interest are the studies on the activity of gambogic acid (77) and 

related xanthones against various drug-resistant cell lines [14, 91]. For example, 

gambogic acid (77) and its C2 epimer, epigambogic acid, displayed similar 

cytotoxicity against doxorubicin-sensitive (EC50 1.3 µM) and doxorubicin-resistant 

(EC50 0.9 µM) human leukemia K562 cells in an MTT assay [118].  More recently, 

gaudichaudione A (86) exhibited strong growth inhibitory activity against both 

parental murine leukemia P388 and P388/doxorubicin-resistant cell lines at low 

micromolar concentration [148]. Batova and co-workers [147] confirmed these 

findings and additionally reported that several caged Garcinia xanthones displayed 

the antiproliferative effects against adriamycin-resistant HL-60 cells and the parental 

HL-60 cell line.  These findings indicate that the caged Garcinia xanthones are not 
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subjects of the multidrug resistance mechanisms, often associated with overexpression 

of P glycoprotein that is typical of relapsed cancers.  Thus these compounds represent 

a pharmacologically promising chemical scaffold [149-150]. 

3.1.3.2 Mode-of-Action Studies 

The induction of apoptosis has been established as one of the main 

mechanisms of cytotoxicity exhibited by the caged Garcinia xanthones in several 

tumor cells [19, 147]. Both gambogic acid (77) [19] and gaudichaudione A (86) [148] 

have been shown to activate caspase 3, a protein that plays a key role in apoptosis 

[151]. In MGC-803 cells (human gastric carcinoma), apoptosis was induced by 

gambogic acid (77) after 48 h of treatment with an IC50 of 0.96 µg/mL [152]. 

Immunohistochemical studies indicated that gambogic acid (77) regulated the levels 

of Bax and Bcl-2, a family of proteins that play a crucial role during apoptosis     

[153-155]. Gambogic acid (77) increased the expression of Bax and decreased 

expression of Bc1-2 genes in a variety of cancer cell lines including human gastric 

cancer cells MGC-803 [155-156], BGC-82 [157-158] and human malignant 

melanoma A375 cells [159]. Induction of Bax and suppression of Bc1-2 likely 

contribute to the apoptosis mechanism in these cell lines. Gambogic acid (77) was 

reported to compete with BH3 peptides for binding to the Bcl-2 family of proteins 

thereby inhibiting the anti-apoptotic activity of these proteins [160]. Gambogic acid 

(77) inhibited binding of BH3 peptides to 6 members of the Bcl-2 family to various 

extents with IC50 values of up to 2.0 µM, while analogues of gambogic acid (77) 

reduced ability to compete with BH3 peptides.  However, gambogic acid (77) retained 

some cytotoxicity in bax-/-/bak-/- cells suggesting that this compound has additional 

targets that contribute to its cytotoxicity. 

In addition to the regulation of genes directly associated with apoptosis, a 

collection of work has revealed that multiple other genes are regulated by gambogic 

acid (77) which may contribute to its anti-cancer activity.  For instance, gambogic 

acid (77) enhanced p53 protein expression but, interestingly, exhibited no influence 

on p53 mRNA synthesis [161-163]. This result is most likely due to the down-
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regulation of mdm2, a negative regulator of p53, at both mRNA and protein levels 

[161]. 

Telomerase, an important drug target in cancer therapeutics appears to also be 

a target for gambogic acid (77).  Gambogic acid (77) suppressed telomerase activity 

in human gastric carcinoma BGC-823 and SGC-7901 cells by multiple mechanisms 

including transcriptional down-regulation of hTERT via c-Myc and post-translational 

modification of hTERT protein via the deactivation of AKT [16, 164].  Suppression 

of telomerase was also observed in lung cancer SPCA1 cells upon treatment with 

gambogic acid (77) resulting in inhibition of cell proliferation in vitro and in vivo.  

Steroid receptor coactivator 3 (SRC-3), a member of the p160 family of 

nuclear receptor coactivators, is an important modulator of cell growth and is often 

over-expressed in cancer cells. Gambogic acid (77) was found to decrease the 

expression of SRC-3 at both the mRNA and protein levels in human lung 

adenocarcinoma (A549) cells that over-express this receptor coactivator [165-

166].This action presumably accounts for the observed inhibition of proliferation by 

gambogic acid (77) in a time- and dose-dependent manner with IC50 of 3.17  0.13 

µmol/L after 24 h of treatment. 

Gambogic acid (77) has been found to also affect microtubules.  The treatment 

of MCF-7 breast cancer cells with 2.5 µM with gambogic acid (77) caused 

microtubule cytoskeleton disruption and microtubule depolymerisation [167]. In 

addition, gambogic acid (77) inhibited the catalytic activity of human topoisomerase 

II by binding to its ATPase domain [168]. 

Evaluation of the anti-leukemic effect of gambogic acid (77) led to the 

observation that nucleoporin Nup88 expression was downregulated in several 

leukemia cell lines upon treatment with gambogic acid (77) [169-170]. In addition, 

the distribution of Nup88 was altered from widely dispersed in both nucleus and 

cytoplasm, to that predominantly localized at the cytoplasmic side of the nuclear 

membrane.  These results suggest that regulation of nucleocytoplasmic transport may 

be important for the anti-cancer effects of gambogic acid (77) in leukemia cells. 
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In addition to modulating cellular processes directly affecting cancer cells, 

gambogic acid (77) appeared an effect on angiogenesis thereby having the ability to 

affect tumor cells indirectly.  Specifically, gambogic acid (77) inhibited angiogenesis 

by suppressing the activity of vascular endothelial growth factor receptor 2 

(VEGFR2) and its downstream protein kinases, c-Src, focal adhesion kinase, and 

AKT [171-172]. 

The effect of gambogic acid (77) in combination with known anticancer drugs 

has also been reported. Gambogic acid (77) could reverse docetaxel resistance in 

BGC-823/Doc gastric cancer cells [173].Specifically, treatment of these cells with 

gambogic acid (77) at concentrations up to 0.2 µM led to a dramatic increase in 

docetaxel-induced apoptosis.  Analysis of apoptosis-associated genes revealed that 

gambogic acid (77) singly, or in combination with docetaxel, significantly 

downregulated the mRNA expression of survivin, a protein associated with resistance 

to apoptosis [173]. A more recent study showed that the anticancer effect of a 

simultaneous administration of 5-fluorouridine (5-FU) with gambogic acid (77) was 

much greater than that of 5-FU or gambogic acid (77) alone [174]. Furthermore, 

gambogic acid (77) was found to regulate the metabolic enzymes involved in 5-FU 

metabolism. Specifically, gambogic acid (77) decreased mRNA levels of thymidine 

synthetase (TS) and dihydropyrimidine dehydrogenase (DPD), while it increased the 

mRNA level of orotate phosphoribosyltransferase (OPRT). These findings suggest 

that this mechanism account for the observed synergistic effect of gambogic acid (77) 

used in combination with 5-FU [174]. These studies attest to the potential of 

gambogic acid in combination therapies.   

The combination of published reports on the anticancer activity of gambogic 

acid (77) clearly indicates that this compound affects several cellular processes and 

has multiple targets. Gambogic acid (77) could bind to transferrin receptor type 1 

(TfR1), a membrane-bound protein involved in iron homeostasis [175-176]. Such 

binding would then induce a unique signal leading to rapid apoptosis of tumor cells 

[177]. Furthermore, down-regulation of TfR1 in T47D and 293T cells by RNAi, 

significantly decreased their sensitivity to gambogic acid-induced apoptosis.  Further 

evidence for a role of the TfR in the induction of apoptosis by gambogic acid (77) is 
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the finding that gambogic acid (77) potentiated TNF-induced apoptosis in human 

leukemia cells through modulation of the NF-ĸB signalling pathway, and that this was 

dependent on the expression of TfR [178-179]. Down-regulation of TfR by RNAi 

reversed the effects of gambogic acid (77) on NF-ĸB signalling and apoptosis.  

Furthermore, gambogic acid (77) enhanced the effect of TNF and chemotherapeutic 

agents in inhibiting the expression of gene products involved in anti-apoptosis, cell 

proliferation, invasion, and angiogenesis, all of which are known to be regulated by 

NF-ĸB. In addition, gambogic acid (77) suppressed NF-ĸB activation induced by 

various inflammatory agents and carcinogens.  Noteworthy however, gambogic acid 

(77) alone had no effect on NF-ĸB signalling, in contrast to results of other studies 

[180-181].  These finding suggested that gambogic acid (77) inhibited TNF-induced 

NF-ĸB signalling and potentiated apoptosis through its interaction with the TfR-1.  

Although the results of this study indicate that TfR-1 plays a role in potentiating TNF-

induced apoptosis, the direct binding of gambogic acid (77) to TfR-1 has not been 

determined.  Hence, it is not clear whether TfR-1 is a primary target of gambogic acid 

(77) in this case. Interestingly, gambogic acid (77) was equally cytotoxic against CHO 

(Chinese Hamster Ovary) cells deficient in endogenous TfR1 (TRVb-neo) and those 

expressing exogenous human TfR1 (TRVb-hTfR1) suggesting that the cytotoxicity of 

gambogic acid (77) is independent of TfR1 [182]. These results clearly indicated that 

gambogic acid (77) have multiple targets, and that binding to TfR1 may or may not be 

required for the induction of cytotoxic effects, likely depending on the cell context. 

More recently, gambogic acid (77) was found to induce production of reactive 

oxygen species (ROS) in human hepatoma SMMC-7721 cells, resulting in the 

collapse of the mitochondrial membrane potential.  This led to the release of 

Cytochrome c and apoptosis-inducing factor from mitochondria, ultimately leading to 

apoptosis [183]. Moreover, gambogic acid (77) elevated the phosphorylation of c-Jun-

N-terminal protein kinase (JNK) and p38, downstream effects of ROS accumulation.  

N-acetylcysteine, an inhibitor of ROS production, partly reversed the activation of 

JNK and p38 and the induction of apoptosis in cells treated with gambogic acid (77).  

These results indicated that gambogic acid (77) induced apoptosis, in part, by 

activating the cell stress associated MAPK pathway through the production of ROS.   
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In summary, gambogic acid (77) and related molecules appeared to have 

multiple targets and mechanisms accounting for their cytotoxicity against cancer cells.  

Likely, the mechanisms involved would depend on the cellular context.  Importantly, 

further work by independent laboratories will be needed to verify the primary target(s) 

and most relevant key signalling pathways involved in the action of gambogic acid 

(77). 

3.1.3.3 Pharmacology and Animal Model Studies 

Several studies with gambogic acid (77) in animal models have documented 

its low toxicity and promising chemotherapeutic value. Using a rat glioma model, 

gambogic acid (77) was taken up by brain microvascular endothelial cells (rBMEC) in 

a time-dependent fashion, indicating that this compound could pass through the blood 

brain barrier.  Furthermore, intravenous (iv) injection of gambogic acid (77) once a 

day for two weeks could significantly reduce tumor volume by inhibiting 

angiogenesis and inducing apoptosis of glioma cells [184]. As such, this study reveals 

a possible new therapeutic lead in glioma therapy.  Using a rat gastric carcinoma 

model [152], iv injection of gambogic acid (77) at 6 mg/kg (4 doses on alternate days) 

did not affect the body weight or white blood cell count of healthy rats, but induced 

apoptosis of MGC-803 gastric carcinoma cells.  These findings support the notion that 

gambogic acid (77) has little toxicity at therapeutic doses and displays significant 

tumor selectivity. 

Further evidence for the tumor selectivity of gambogic acid (77) is provided 

by multiple studies both in vitro and in vivo [185-187]. For instance, 77 selectively 

induced apoptosis of human hepatoma SMMC-7721 cells, while it had relatively less 

effect on human normal embryonic hepatic L02 cells and primary rat hepatic cells 

[185]. The treatment of mice bearing SMMC-7721 tumors with gambogic acid (77) at 

dosages of 2, 4, 8 mg/kg resulted in 33.1, 50.3 and 64.2% inhibition of tumor growth, 

respectively, compared with vehicle control.  Moreover, gambogic acid (77) was more 

potent than the standard agent cyclophosphamide (66% inhibition of tumor growth at 

30 mg/kg).  The tumor selectivity of gambogic acid (77) may be partly due to its 

longer retention time in grafted tumor compared to liver, renal, and other organs.  
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Additional evidence for the tumor selectivity and efficacy of gambogic acid (77) in 

animal tumor models is the finding that gambogic acid (77) activated T lymphocytes 

to induce cancer cell apoptosis in H22 transplanted mice [187]. Hence, the anti-cancer 

effects of gambogic acid (77) appeared to be at two levels including direct effects on 

tumor cells as well as activation of immune cells against tumor cells.  

In a study examining the acute and chronic toxicity in experimental animals, 

the LD50 of gambogic acid (77) in albino mice was in the range of 43.18-48.45 mg/kg 

[188]. The results from the chronic toxicity studies using beagles demonstrated that 

the toxicity targets were liver and kidney.  The innocuous dose was established to be 4 

mg/kg after administration to dogs for a total of 13 weeks at a frequency of one 

injection every other day. This dose was approximately 9.6 (body weight) or 5.1 

(body surface area) times the dosage (25 mg/60 kg, every other day) usually 

recommended for human trials.  Similarly, in a chronic toxicity study using Sprague–

Dawley rats, oral administration of gambogic acid (77) at 120 mg/kg for 13 weeks 

resulted in damage of the kidney and liver [189]. An innocuous dose was established 

to be 60 mg/kg upon oral administration for a total of 13 weeks at a frequency of one 

administration every other day.  This dose was approximately 18.0 (body weight) or 

9.6 (body surface area) times higher than that of the dose (200 mg/60 kg, every other 

day) used for human trials [189]. Additional toxicology studies using beagles revealed 

that doses of gambogic acid (77) up to 4 mg/kg administered iv had no effect on blood 

pressure, heart rate, or rate of respiration [190]. However, higher doses of gambogic 

acid (77) in mice could reduce motor coordination in a dose dependent manner.  The 

most significant toxicity effects of gambogic acid (77) in this study were the reduction 

of maternal and fetal body weight as well as inhibition of fetal skeletal development at 

doses of 15 mg/kg and above.  Also of note was the analgesic activity of gambogic 

acid (77) which was hypothesized to be due to the anti-inflammatory properties of 

gambogic acid (77) [190]. 

The plasma pharmacokinetics, excretion, and tissue distribution of gambogic 

acid (77) were investigated in several recent studies [191]. Gambogic acid (77) was 

not detected in the urine after iv administration and was rapidly eliminated from the 

blood and transferred to the tissues.  The tissue distribution of gambogic acid (77) was 
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limited with the highest concentrations found in the liver.  Moreover, the majority of 

gambogic acid (77) appeared to be excreted into the bile within 16 h of iv 

administration.  In metabolism studies using rat liver microsomes, gambogic acid (77) 

was rapidly converted to 10-hydroxygambogic acid, 9,10-epoxygambogic acid and 

their glucuronyl derivatives [192-195]. The formation of 10-hydroxygambogic acid 

via Cytochrome P-450 1A2 was found to be crucial for the elimination of gambogic 

acid (77) in rats.  Hence, inhibitors of Cytochrome P-450 1A2 can affect the 

metabolism of gambogic acid (77) and its bioactivity.  This finding suggests that 

possible drug-drug interactions may result in combination therapies if Cytochrome P-

450 1A2 activity is affected.  Moreover, issues related to the stability and tissue 

distribution of gambogic acid (77) can be addressed by developing appropriate 

delivery platforms.  For instance, gambogic acid (77)-loaded micelles based on 

chitosan derivatives showed increased stability and decreased acute toxicity and vein 

irritation as compared to non formulated delivery of this compound [196-197]. 

In summary, potent anti-cancer activity, both in vitro and in vivo, and 

relatively low toxicity indicate that gambogic acid (77) may be an effective 

chemotherapeutic agent warranting further study in clinical trials.  In fact, this 

compound has entered clinical trials in cancer patients in China [198]. In turn, this 

suggests that the caged Garcinia xanthones and designed analogues thereof have 

promising clinical potential.  

3.1.4   Literature Review on Synthetic Strategies toward the Caged Garcinia 

 Xanthones 

 Due to the impressive combination of unique chemical architecture, intriguing 

biological activities and good potential in medicine, the chemical scaffold of the 

caged Garcinia xanthones received significant attention as synthetic targets. The 

synthesis efforts rely on two general strategies for the construction of the caged motif: 

a tandem Wessely oxidation/Diels-Alder reaction and a sequence of Claisen 

rearrangements and Diels-Alder reaction. 
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3.1.4.1. Tandem Wessely Oxidation/Diels-Alder Reaction 

Wessely and co-workers was the first group who reported tetracetate-mediated 

oxidation of phenols leading to the formation of o-benzoquinones in 1950s [199-201]. 

In the presence of dienophiles and the resulting dienes, it could then conveniently 

perform via Diels-Alder cycloaddition reaction in order to give tricyclic motifs. In 

1972, Yates and co-workers applied this reaction for obtention of compounds related 

to the structures of the caged Garcinia xanthones (Scheme 3.4).  Therefore, Wessley 

oxidation of phenol 119 with Pb(OAc)4 in acetic acid produced 2,4-cyclohexadienone 

120, which followed by heating at 140 °C formed compound 121 (gambogic acid 

numbering) [202]. Subsequent study of the treatment of xanthene 122 with lead 

tetraacrylate (formed in situ by Pb(OAc)4 and acrylic acid) produced dienone 123, and 

after an intramolecular Diels-Alder reaction of the resulting dienone gave caged 

compound 124 [203]. 

 

 

 

 

 

 

 

Scheme 3.4 Representative examples of caged structures 121 and 124 formed via a 
Wessely oxidation/Diels-Alder reaction cascade 

Theodorakis and co-workers [204] in 2002 applied this strategy to the 

synthesis of a more hydroxylated caged motif concerned with the synthesis of 

lateriflorone (98) (Scheme 3.5). Treatment of 125 with Pb(OAc)4 in acrylic 

acid/CH2Cl2 and then heated in refluxing benzene (80 °C) afforded tricyclic lactone 

127 in 82% combined yield.  Crystallographic studies confirmed that 127 is a 
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constitutional isomer of desired structure 130 and is defined as the so-called neo 

caged structure.   

The connectivity of compound 127 suggested that upon the Wessely oxidation 

of phenol 125, the acrylate unit migrated onto the more electronically rich C11 instead 

of its migrating onto the desired C13 carbon. This led to the formation of adduct 127 

after Diels-Alder cycloaddition of dienone 126 with the pendant acrylate dienophile. 

However, the desired caged motif 130 could be successfully achieved by installing the 

acetoxy group at the C13 presented in compound 128, resulting in the preferential 

migration of prenyl group took place at C13 to produce intermediate 129. Along these 

lines, Claisen rearrangement and Diels-Alder cycloaddition of allyl ether 128 in       

m-xylene (140 °C) gave rise exclusively to caged motif 130.   
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Scheme 3.5 Synthesis of caged structures 127 and 130 

The tandem Wesseley oxidation/Diels-Alder sequence was revived recently by 

Metha and co-workers (Scheme 3.6) [205].  
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Scheme 3.6 Synthesis of caged structures 132 and 133 

Phenol 131 was subjected to lead tetraacrylate followed by heating in 

refluxing benzene produced a mixture of two caged structures 132 and 133, 

reminiscent of the regular and neo caged motifs respectively, in 1:1 ratio and 71% 

combined yield.  In this case, the acrylate addition proceeds at both C11 and C13 with 

low selectivity due to their similar electronic density. 

3.1.4.2. Tandem Claisen/Diels-Alder Reaction 

 The Tandem Claisen/Diels-Alder reactions for the preparation of cage 

scaffolds have been extensively carried out in many research groups. Inspired by the 

Quillinan and Sheinman proposed biosynthesis, Nicolaou and Li evaluated the tandem 

Claisen/Diels-Alder sequence for the conversion of bis-allylated coumarin 135 to a 

caged scaffold (Scheme 3.7) [132]. In principle, two competing migrations can occur 

during the initial Claisen rearrangement of 135 to form intermediates 136 and 137 

(path A and path B).  Each one of these intermediates can participate in two 

intramolecular Diels-Alder reactions with the coumarin core producing compounds 

138-141 in 91% combined yield after heating of 135 at 125 °C (Scheme 3.7).   
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Scheme 3.7 Model studies on the Claisen/Diels-Alder reaction cascade with 
prenylated coumarin 135 

 Application of this approach to the synthesis of forbesione (83) [132] and 

lateriflorone (98) [206-207] provided further support for the Quillinan-Scheinmann 

biosynthetic hypothesis.  For example, heating of allyl ether 142 at 120 °C produced a 

1:1 mixture of 143 and 144 and in 89% combined yield (Scheme 3.8) [208]. The 

carbon connectivity of these products corresponded to this of the regular and neo 

caged scaffolds and indicated that, under these conditions, the Claisen rearrangement 

proceeds with no significant site selectivity.  Interestingly, heating of compound 145 

to 110 °C proceeded via a selective Claisen rearrangement to form dienone 146 that 

after the Diels-Alder cycloaddition afforded exclusively the regular caged structure 

147 (85% isolated yield) [207]. Comparison of these results suggests that the 
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selectivity of the opening Claisen rearrangement can be controlled by the electronic 

density of the C8 carbon.  It is reasonable to postulate that the C8 carbonyl group, 

being para to the C12 allyloxy group, facilitates its Claisen migration at the C13 

center. 
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Scheme 3.8  Construction of caged structures 143, 144 and 147 via a biomimetic 
Claisen/Diels-Alder reaction cascade 

 Parallel studies by the Nicolaou [132] and Theodorakis [209] laboratories 

evaluated the possibility to synthesize forbesione (83) in one pot using tris-allylated 

xanthone 148 as the starting material (Scheme 3.9).  In principle, exposure of such 

motif to heat could produce four products arising from a combination of two 

competing C-ring Claisen/Diels-Alder reactions (producing regular and neo caged 

structures) and two competing A-ring Claisen migrations (producing C17 and C5 

prenylations).  Working with methoxy xanthone 149c (R= Me), the Nicolaou group 

was the first to describe its conversion to methyl forbesione (149c) and methyl 

neoforbesione (150c) in a 2.4:1 ratio and 89% combined yield [132]. On the other 

hand, studies by the Theodorakis group showed that heating of xanthone 148a to 

120 °C led only to isolation of forbesione (83) and isoforbesione (151a) in 84% 

combined yield.  The neo C-ring isomers 150a and 152a were not detected in this 

case.  More impressively, the 6-O-acetylated xanthone 148b afforded, upon heating 
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solely acetyl forbesione (149b, 79% isolated yield) [209]. Similar observations have 

recently been reported by other groups [210].  
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Scheme 3.9 Biomimetic synthesis of forbesione (83) and related structures via a 
Claisen/Diels-Alder/Claisen reaction cascade 

Several model studies were designed to rationalize these findings [133].The 

results can be summarized as follows:  

i. the C-ring Claisen/Diels-Alder rearrangement proceeds first and is 

followed  by the A-ring Claisen reaction; 
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ii. the site-selectivity of the A-ring Claisen rearrangement (C5 vs C17 

prenylation) is controlled by the steric and electronic effects of the C6 

phenolic substituent; 

iii. the site-selectivity of the C-ring Claisen/Diels-Alder reaction is attributed 

to and governed by the electronic density of the C8 carbonyl  group. 

Being para to the C12 allyloxy unit, the electronically deficient C8 

carbonyl carbon polarizes selectively the O-C28 bond and facilitates its 

rupture. In turn, this leads to a site-selective Claisen  rearrangement of 

the C12 allyloxy unit onto the C13 center, thereby producing exclusively 

the regular caged motif found in the structure of forbesion (83); 

iv. the substitution of the C6 phenol can regulate the electronic density of the 

C8 carbonyl group and thus affect the site selectivity of the C-ring 

Claisen/Diels Alder reaction.  

 The experimental findings on the tandem Claisen/Diels-Alder/Claisen reaction 

cascade provide useful insights regarding the biosynthesis of all known caged 

Garcinia xanthones [133]. As shown in Figure 3.2, all natural products share a 

common caged motif except 6-O-methylneobractatin (91) that contains the neo caged 

motif. The remote electronic effects of the seemingly innocuous 6-O-methyl group 

may explain the concomitant biosynthesis of both 6-O-methylbractatin (90) and 6-O-

methylneobractatin (91).    

Recent studies by the Nicolaou group have shown that the Claisen/Diels-Alder 

reaction can be accelerated in the presence of polar solvents [211]. For instance, the 

conversion of allyl ether 153 to caged structure 154a and its neo isomer 154b 

(structure shown in Scheme 3.13) was dramatically accelerated upon changing the 

solvent from benzene (100 °C, 4 h, 0%) to DMF (100 °C, 2 h, 75%) to a 1/2 mixture 

of MeOH/water (100 °C, 0.5 h, 100%) (Scheme 3.10).   
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Scheme 3.10 Solvent effect on the rate of the Claisen/Diels-Alder reaction cascade 

It has been proposed that polar aprotic solvents, such as DMF, and more 

impressively protic solvents, such as water, can accelerate the Claisen rearrangement 

by stabilizing its polar transition state [212-213]. The concurrent acceleration of the 

Diels-Alder component of this cascade is likely due to the hydrophobic effect of water 

[214] rather than to a polarity or hydrogen-bonding phenomena [215-217]. 

Computational studies on the reaction depicted in Scheme 3.10 have also concluded 

that the Claisen rearrangement is reversible and the energetics of the irreversible 

Diels-Alder cyclization can determine the product formation [218]. 

3.1.5.  Literature Review on Synthesis of Selected Caged Garcinia Xanthones 

3.1.5.1 Biomimetic Synthesis of 6-O-Methylforbesione (149c) 

Developed by Nicolaou and Li [132], the synthetic strategy toward 6-O-

methylforbesione is highlighted in Scheme 3.11.  Construction of xanthone 157 

proceeded in 5 steps: (a) coupling of the lithium salt of 155 with aldehyde 156; (b) 

deprotection of the C14 silyl ether; (c) oxidation of the C8 alcohol; (d) cyclization of 

the C14 alkoxy group; and (e) deprotection of the C12 and C13 benzyl ethers (78% 

combined yield). Treatment of 157 with -bromoisobutyraldehyde (158) and t-BuOK 

followed by Wittig olefination produced a mixture of 159a and 159b that, after 

reiteration of the alkylation/olefination steps, gave rise to tris-prenylated xanthone 

148c in 55% combined yield.  Heating of 148c in DMF at 120 C for 20 min induced 

the anticipated Claisen/Diels-Alder/Claisen reaction and produced compound 149c 

together with its neo isomer 150c in 89% combined yield. 
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Scheme 3.11 Biomimetic synthesis of 6-O-methylforbesione (149c) 

3.1.5.2 Unified Synthesis of Caged Garcinia Xanthones 

The common structural features of several caged Garcinia natural products 

(see Figure 3.2) suggest that these compounds can be synthesized by decorating the A 

ring of forbesione (83).  Such a strategy, developed by the Theodorakis‟s group, uses 

forbesione (83) as a node in a unified synthesis of representative members of the 

gaudichaudiones, morellins and gambogins [133]. Scheme 3.12 highlights this plan. 

ZnCl2-mediated condensation of phloroglucinol (160) with benzoic acid 161 produced 

xanthone 157 in 46% yield.  Propargylation of 157 with propargyl chloride 162 

followed by partial reduction of the alkyne units and acetylation of the C6 phenol 

formed compound 148b in 16% combined yield.   
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Scheme 3.12 Unified biomimetic synthesis of caged Garcinia xanthones 

The Claisen/Diels-Alder/Claisen reaction cascade gave rise, after 

deacetylation, forbesione (83) in 72% combined yield.  Propargylation of the C18 

phenol with chloride 162 afforded, after Lindlar reduction and Claisen rearrangement 
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desoxygaudichaudione A (85) in 34% yield.  On the other hand, propargylation and 

Claisen rearrangement of forbesione formed desoxymorellin (81) in 61% combined 

yield.  In a similar manner, condensation of 83 with citral (164) in Et3N produced 

gambogin (78) in 75% overall yield.  

3.1.5.3 Synthesis of Gambogin (78) 

An alternative synthesis of gambogin (78) has recently been reported by the 

Nicolaou group (Scheme 3.13) [211]. The plan involved construction of partially 

protected xanthone 166, available in 5 steps from coupling of bromide 165 with 

aldehyde 156 (44% overall yield).  Two rounds of alkylation with                              

-bromoisobutyraldehyde (158) and Wittig olefination produced compound 153 in 

42% combined yield.  The Claisen/Diels-Alder reaction proceeded in quantitative 

yield in refluxing MeOH/H2O (1/2) to form regular caged motif 154a together with 

the neo isomer 150b in a 3:1 ratio.  MOM deprotection of 154a followed by 

propargylation with 168a at the C18 center and Lindlar reduction afforded compound 

169 in 48% combined yield.  This compound was then converted to gambogin (78) 

via a sequence of steps that involved: acetylation of the C6 phenol, Claisen 

rearrangement to install the prenyl group at the C17 center, propargylation of the 

resulting phenol with alkyne 170 and Claisen rearrangement to form the dihydropyran 

ring of the natural product (12% over 4 steps). 
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Scheme 3.13 Biomimetic synthesis of gambogin (78) 
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3.1.5.4 Studies toward the Synthesis of Lateriflorone (98) 

It has been proposed that the unprecedented spiroxalactone motif of 

lateriflorone (98) could be formed by condensation of two fully functionalized 

fragments 171 and 172 (Scheme 3.14).  An alternative and likely more 

biosynthetically relevant hypothesis, could involve conversion of xanthone 173 to 

dioxepanone 174 that, upon hydrolysis and spirocyclization at the C16, could form the 

spiroxalactone ring system of lateriflorone. 
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Scheme 3.14 Synthetic plans toward lateriflorone (98) based on biogenetic scenarios 

The Theodorakis group has reported an approach toward the synthesis of 

quinone 171 representing the A ring of lateriflorone (Scheme 3.15) [219]. A sequence 

of six steps was used to convert phloroglucinol (160) to chromanol 175 that, upon 

propargylation with 168b, Lindlar reduction and Claisen rearrangement, gave rise to 

phenol 176 (32% combined yield).  Oxidation of 176 at the C7 center using Fremy‟s 

salt and deprotection of the MEM ether then formed chromenequinone 171 in 66% 

combined yield. 
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Scheme 3.15 Synthesis of chromenequinone 171 

The synthesis of caged motif 172 and its coupling with quinone 171 are 

summarized in Scheme 3.16.  4-hydroxysalicylic acid (177), containing only two of 

the four hydroxy groups needed, was selectively brominated at the C11 center and 

then converted to benzopyran 178 (50% combined yield).  Oxygenation at the C11 

center via the intermediacy of a boronic acid, followed by oxygenation and reverse 

prenylation at the C13 center, produced compound 145 [207]. A site-selective 

Claisen/Diels-Alder reaction gave rise, after deprotection, to desired fragment 172 

(45% combined yield).  Coupling of 171 with 172 then produced secolateriflorone 

(180) that did not undergo the desired spiroxalactonization reaction. 



141 

O
O

HO

HO
OH

O

172

9 10

14 11

O11 12

9 14

178

Br(a) Br2, AcOH
(b) H+, Me2CO

(c) 162, K2CO3, CuI
      then 140 C, 10 h

(50%)

(f) OsO4
(g) Pb(OAc)4
(h) m-CPBA

(i) Ph3P=CH2
(j) tBuOH, 158

(k) Ph3P=CH2

(9%)

O
OHO

OH

O

180

O O
O(o) HATU, 171

(51%)

O

13
12

O O

O 13

11

12

9 14

177

OH OH

O

OH

O11 12

14

179

OSEM

O O

O 13

(d) tBuLi, B(OMe)3
     H2O2, NaOH
(e) SEMCl, DIPEA

(36%)

O

O11 12

14

145

OSEM

O O

O 139

(l) PhCH3, 110 C
(m) NMe4OH
(n) 2N HCl

(45%)

H

O
Br

Cl

162158

 

Scheme 3.16 Synthesis of secolateriflorone (180) 

More recently, the Nicolaou group has reported a synthesis of C11-

methyllateriflorone (186) (Scheme 3.17) [220]. Key to the strategy was the coupling 

of orthogonally protected hydroquinone 181 with acid 182 that after selective 

deprotection of the C7 MOM ether produced compound 183 (61% combined yield).  

Oxidation of 183 in the presence of iodosobenzene bis(trifluoroacetate) in CH3OH, 

followed by heating under acidic conditions formed spiroxalactone 185 in 42% 

combined yield. Acid-catalyzed hydrolysis of 185 gave rise to C11-

methyllateriflorone (186) in 66% yield.  
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Scheme 3.17 Synthesis of C11-methyllateriflorone (186) 

3.1.6.  Structure-Activity Relationship Studies 

 The underexplored chemical structures and promising biological activities of 

the caged Garcinia xanthones have fuelled several structure-activity relationship 

studies. The majority of this effort has been focused on the evaluation of derivatives 

of gambogic acid (77). Early SAR studies showed that the carboxylic acid of 

gambogic acid (77) can be functionalized with groups that modulate the solubility and 

selectivity properties of the parent molecule without affecting substantially its 

bioactivity [19]. For example, 2-ethoxyethyl-gambogamide (187) [221] and glycine 

conjugate 188 [222] exhibited comparable antitumor efficacy but improved water 

solubility as compared to gambogic acid (77) (Scheme 3.18).  More recently, studies 
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with neurons showed that gambogic amide 189 can bind to and activate tyrosine 

kinase A (TrkA) by promoting its dimerization and autophosphorylation.  

Furthermore, this compound prevented neuronal cell death and provokes prominent 

neurotrophic activity [223]. Under the same conditions, gambogic acid failed to 

induce TrkA phosphorylation.  The carboxylic acid has also been used for the 

incorporation of biotin and related probes, such as in compound 190, in an effort to 

identify the cellular target of gambogic acid [19]. 
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Scheme 3.18 Selected structures of gambogic acid conjugates 

The oxidation and/or epoxidation of the prenyl groups of gambogic acid could 

lead to analogues with improved solubilities and cytotoxicities [224-226]. On the 

other hand, the caged core of gambogic acid (77) was needed for bioactivity since 

regular xanthones displayed reduced cytotoxicities [227-228]. More importantly, the 

,-unsaturated motif of gambogic acid was critical to its bioactivity and metabolic 

stability.  In fact, conjugate reduction of the C9-C10 double bond, forming 

compounds 191 and 192, decreased by more than two orders of magnitude the 

cytotoxicity of the parent molecule (Scheme 3.19) [19]. A similar decrease in activity 

has been recorded for compounds 100 (gambogoic acid) and 193 [103, 113]. These 

compounds have been identified upon prolonged storage (one week at room 

temperature) of gambogic acid in MeOH and EtOH respectively. Moreover, the C10 

hydroxygambogic acid (194) was identified as one of the main metabolites of 

gambogic acid (77) formed in vivo in rat bile [192].These findings indicate that 

gambogic acid and related caged Garcinia xanthones could exert their bioactivities by 

reacting in cells as conjugate electrophiles across the C9-C10 enone motif.  
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Scheme 3.19 Selected structures of gambogic acid derivatives containing 
functionalities at the C9-C10 

 An application of the strategy relies on a biomimetic Claisen/Diels-

Alder/Claisen reaction cascade to the synthesis of simplified  analogues of 

gambogic acid and their pharmacological evaluations has been explored in a few 

manners. 

 The cytotoxic activities against several cancer cells in vitro by MTT 

method of chromone and xanthone, a simple complex skeleton of gambogic acid, 

with planar ring were examined. The SAR of synthesized compounds indicated 

that the prenyl groups and the bridge-core in gambogic acid seemed to be very 

important for its antitumor activity [227]. 

Three types of caged 4-oxa-tricyclo[4.3.1.03,7]dec-8-en-2-one core based on 

xanthone, 2-phenylchromene-4-one and benzophenone were recently synthesized 

through a Claisen/Diels-Alder reaction cascade to study SAR of gambogic acid in 

T47D (human breast cancer cells), HCT116 (human colon cancer cells) and 

SNU398 (hepatocellular carcinoma cancer cells) cell lines, measured by caspase-

based HTS assay (Scheme 20) [229]. Regular caged compound 196 was about 

three to four times less active than gambogic acid in T47D and HCT116 cells, and 

about as active as gambogic acid in SNU cells, indicating that compound 196 

displayed good apoptosis inducing activity. This result was corresponded to the 

previous works [147]. The simple structure of 199 was found to be about 10 times 

less active than gambogic acid (77) as an apoptosis inducer in HCT116 and 

SNU398 cells. This finding was returned to confirm the previous works [147], 

showing that the appearance of methyl groups at C23 and C28 may be significant 
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for apoptosis inducing activity. The reduction of 199 at C9-C10 double bond with 

L-selectride, its activity disappeared with the ED50 value up to 20 µM in all three 

cell lines. This result was similar to the previous reported SAR of gambogic acid 

(77) [19].  
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Scheme 3.20 Selected caged structures used to evaluate the minimum 
pharmacophore of the caged Garcinia xanthones 

Interestingly, the 4-phenylchromene-2-one based compound 202 was found 

to be only about 2-fold less active than 196, indicating that the 6-phenylpyran-4-

one ring in 201 can be used to replace the chroman-4-one ring in 196. Thus the 
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tetracyclic pyran–xanthone structure of gambogic acid (77) can be minimized to a 

bicyclic chromen-4-one structure and still maintain some of its apoptosis inducing 

activity. In addition, the neo-isomer 197, 200 and 203 were about as active as their 

regular caged isomers in inducing apoptosis, suggesting that the regular caged 

structure may be important for activity, and the positions of the caged structure 

fused with the bicyclic chroman-4-one may not be critical for activity. On the 

other hand, the benzophenone-based compound 206 and its neo-isomer 205 were 

found to be inactive up to 20 µM in all the three cell lines, suggesting that a 

bicyclic structure such as that in 202 might be the minimum to maintain the 

apoptosis inducing activity of gambogic acid (77). However, those compounds 

were still active in the growth inhibition assay. 

3.2  Experimental 

3.2.1  Chemicals, Instruments and Equipment 

 Gambogic acid (77), Pd(PPh3)4, and 2-fluorobenzoic acid (C17) were 

purchased from Gaia Chemical Corporation (Gaylordsville, CT), Strem Chemicals, 

Inc. (Newburyport, MA), and TCI America (Portland, OR), respectively. Biotin 

ethylenediamine hydrobromide and BODIPY FL EDA were purchased from 

Invitrogen (Carlsbad, CA). The rest of the reagents were obtained (Aldrich, Acros) at 

highest commercial quality and used without further purification except where noted. 

Air- and moisture-sensitive liquids and solutions were transferred via syringe or 

stainless steel cannula. Organic solutions were concentrated by rotary evaporation 

below 45 °C at approximately 20 mmHg. All non-aqueous reactions were carried out 

under anhydrous conditions, i.e. using flame-dried glassware, under an argon 

atmosphere and in dry, freshly distilled solvents, unless otherwise noted. 

Dimethylformamide (DMF) and quinoline were distilled from calcium hydride under 

reduced pressure (20 mmHg) and stored over 4 Å molecular sieves until needed. 

Yields refer to chromatographically and spectroscopically (1H NMR, 13C NMR) 

homogeneous materials, unless otherwise stated. Reactions were monitored by thin-

layer chromatography (TLC) carried out on 0.25 mm E. Merck silica gel plates (60F-

254) and visualized under UV light and/or developed by dipping in solutions of 10% 
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ethanolic phosphomolybdic acid (PMA) or p-anisaldehyde and applying heat. E. 

Merck silica gel (60, particle size 0.040-0.063 mm) was used for flash 

chromatography. Preparative thin-layer chromatography separations were carried out 

on 0.25 or 0.50 mm E. Merck silica gel plates (60F-254). NMR spectra were recorded 

on Varian Mercury 400 and/or Unity 500 MHz instruments and calibrated using the 

residual undeuterated solvent as an internal reference. The following abbreviations 

were used to explain the multiplicities: s = singlet, d = doublet, t = triplet, q = quartet, 

m = multiplet, b = broad. High resolution mass spectra (HRMS) were recorded on a 

VG 7070 HS mass spectrometer under chemical ionization (CI) conditions or on a VG 

ZAB-ZSE mass spectrometer under fast atom bombardment (FAB) conditions. X-ray 

data were recorded on a Bruker SMART APEX 3 kW Sealed Tube X-ray diffraction 

system. 

3.2.2 Procedure for the Synthesis of BC and C Ring Caged Analogues 

OH

HO

OHHO

O TFA/TFAA, Me2CO, 0°C

(31%)
O

O

OHHO

O

C1 C2

C C
B

 

7,8-Dihydroxy-2,2-dimethyl-4H-benzo[d][1,3]dioxin-4-one (C02): To a suspension of 

2,3,4-trihydroxybenzoic acid C01 (0.99 g, 6.4 mmol) in TFA (9.5 mL) was added 

TFAA (10.0 mL, 64.0 mmol) followed by dry acetone (2.8 mL, 38 mmol) at 0 ºC. 

After 19 h, the homogeneous reaction mixture was concentrated under reduced 

pressure to half its volume and subsequently stirred with EtOAc (50 mL) and aqueous 

saturated NaHCO3 (50 mL) in a 500 mL Erlenmeyer flask. The aqueous and EtOAc 

layers were then separated and the aqueous layer was back-extracted with EtOAc (2 x 

25 mL). The combined EtOAc layers were dried over MgSO4, filtered and 

concentrated by rotary evaporation. The crude material was purified through flash 

column chromatography (silica, 50% EtOAc-hexane) to give the acetonide C2 (0.38 

g, 31%). C2: white solid; Rf = 0.14 (50% EtOAc-hexane); 1H NMR (400 MHz, 

CDCl3) δ 7.50 (d, J = 8.6 Hz, 1H), 6.72 (d, J = 8.6 Hz, 1H), 6.01 (s, 1H), 5.30 (s, 1H), 
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1.76 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 161.9, 151.4, 144.4, 131.5, 122.4, 110.7, 

107.5, 106.3, 26.0; HRMS calc. for C10H10O5 (M + H)+ 210.0523, found 210.0524. 

OH  nBuLi, THF, 30 min, 0 C;

 then                                4 h, rt

(100%)

OCl

O OO

O

C3a

 

Isobutyl 2-methylbut-3-en-2-yl carbonate (C3a): 2-Methyl-3-buten-2-ol (7.3 mL, 70 

mmol) was dissolved in dry THF (125 mL) and stirred under argon at 0 ºC. To the 

clear solution was added 1.6 M n-BuLi in hexane (48.1 mL, 77.0 mmol) dropwise via 

syringe. After 30 min of continued stirring at 0 ºC, isobutyl chloroformate (13.7 mL, 

105 mmol) was added dropwise to the reaction mixture. The reaction vessel was then 

allowed to gradually warm to room temperature and stirred for another 4 h at room 

temperature. The reaction mixture was acidified by addition of 1M HCl, extracted 

with Et2O (3 x 50 mL) and washed with water (20 mL). The combined organic layers 

were dried over MgSO4, filtered, and concentrated by rotary evaporation to give 

isobutyl 2-methylbut-3-en-2-yl carbonate C3a (13.9 mL, 100%). Further purification 

was not necessary. C3a: colorless liquid; Rf = 0.60 (25% EtOAc-hexane); 1H NMR 

(400 MHz, CDCl3) δ 6.10 (dd, J = 17.5, 10.9 Hz, 1H), 5.22 (d, J = 17.5 Hz, 1H), 5.13 

(d, J = 11.0 Hz, 1H), 3.85 (d, J = 6.7 Hz, 1H), 1.99-1.92 (m, 1H), 1.55 (s, 6H), 0.94 (s, 

3H), 0.93 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 153.8, 142.0, 113.7, 82.1, 73.5, 

28.0, 26.4, 19.2. 

OH nBuLi, THF, 30 min, -78 C;

then                                  3 h, rt

(100%)

OO

O
OO

O

C3b

 

tert-Butyl 2-methylbut-3-en-2-yl carbonate (C3b): To a solution of 2-methyl-3-buten-

2-ol (4.0 mL, 38 mmol) in dry THF (80 mL) under argon at -78 oC was added 1.6 M 

n-BuLi in hexane (26.3 mL, 42.1 mmol) dropwise via syringe. After stirring for 30 

min, a solution of Boc2O (8.35 g, 38.3 mmol) in THF (5 mL) was added to the 

reaction mixture. The reaction mixture was allowed to warm to room temperature and 
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stirred for another 3 h. The reaction mixture was then quenched with saturated 

aqueous NH4Cl (20 mL) and extracted with Et2O (2 x 25 mL). The combined organic 

layers were washed with water and brine, dried over MgSO4, filtered, and 

concentrated in vacuo. Purification by flash column chromatography (silica, 100% 

hexane) gave tert-butyl 2-methylbut-3-en-2-yl carbonate C3b (7.1 g, 100%). C3b: 

colorless liquid; Rf = 0.60 (25% EtOAc-hexane); 1H NMR (400 MHz, CDCl3) δ 6.11 

(dd, J = 17.5, 10.9 Hz, 1H), 5.17 (d, J = 17.5 Hz, 1H), 5.09 (d, J = 10.9 Hz, 1H), 1.51 

(s, 6H), 1.45 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 152.1, 142.5, 113.2, 81.6, 81.6, 

28.1, 26.6; HRMS calc. for C10H18O3 (M + Na)+ 209.1150, found 209.1148. 

OH

CH2Cl2, 1h, rt
(100%)

O

O
N

N

OH

nBuLi, THF, -78 oC to rt
O

O

O
C3c

O

NN N N

(84%)  

Bis(2-methylbut-3-en-2-yl) carbonate (C3c): Carbonate C3c was prepared in two 

steps: 2-methyl-3-buten-2-ol (2.1 mL, 25 mmol) was dissolved in dry CH2Cl2 (20 mL) 

in a 200 mL round-bottomed flask. To the stirring solution was added carbonyl 

diimidazole (5.0 g, 31.3 mmol) at room temperature. After 1 h, the reaction mixture 

was washed with water (2 x 15 mL) and extracted with CH2Cl2 (20 mL). The organic 

layer was dried over MgSO4, filtered, and concentrated by rotary evaporation to yield 

2-methylbut-3-en-2-yl 1H-imidazole-1-carboxylate (3.8 g, 84%) which was used in 

the next step without further purification. 2-Methylbut-3-en-2-yl 1H-imidazole-1-

carboxylate: colorless liquid; Rf = 0.48 (25% EtOAc-hexane); 1H NMR (400 MHz, 

CDCl3) δ 8.03 (s, 1H), 7.33 (s, 1H), 6.98 (s, 1H), 6.11 (dd, J = 17.4, 10.9 Hz, 1H), 

5.27 (d, J = 17.4 Hz, 1H), 5.18 (d, J = 10.9 Hz, 1H), 1.64 (s, 6H); 13C NMR (100 

MHz, CDCl3) δ 147.0, 140.6, 137.2, 130.5, 117.3, 115.0, 85.7, 64.4, 26.4. To a 

solution of 2-methyl-3-buten-2-ol (4.1 mL, 39 mmol) in dry THF (80 mL) under 

argon at -78 oC was added 1.6 M n-BuLi in hexane (26.7 mL, 42.7 mmol) dropwise 

via syringe. After stirring for 30 min at -78 oC, 2-methylbut-3-en-2-yl 1H-imidazole-

1-carboxylate (6.7 mL, 38.8 mmol) was added. The reaction mixture was allowed to 

warm to room temperature and stirred for another 3 h. The reaction mixture was then 

quenched with saturated aqueous NH4Cl (20 mL) and extracted with Et2O (2 x 25 
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mL). The combined organic layers were washed with water (2 x 20 mL) and brine (20 

mL), dried over MgSO4, and concentrated in vacuo. Purification by flash column 

chromatography (silica, 100% hexane) gave bis(2-methylbut-3-en-2-yl) carbonate 

C3c (7.7 g, 100%). C3c: colorless liquid; Rf = 0.60 (25% EtOAc-hexane); 1H NMR 

(400 MHz, CDCl3) δ 6.08 (dd, J = 17.5, 10.9 Hz, 2H), 5.15 (d, J = 17.5 Hz, 2H), 5.07 

(d, J = 10.9 Hz, 2H), 1.46 (s, 12H); 13C NMR (100 MHz, CDCl3) δ 151.8, 142.2, 

113.4, 81.9, 26.5. 

O

O

OHHO

O

O

O

OO

O

 C3b, 10 mol% Pd(PPh3)4

(94%)

C2 C4  

2,2-Dimethyl-7,8-bis(2-methylbut-3-en-2-yloxy)-4H-benzo[d][1,3]dioxin-4-one (C4): 

To a 25 mL round-bottomed flask was added acetonide C2 (95 mg, 0.45 mmol) 

followed by THF (0.65 mL). The reaction vessel was degassed by argon and was 

placed in an ice bath. To the clear homogeneous solution was added tert-butyl 2-

methylbut-3-en-2-yl carbonate C3b (0.89 mL, 4.50 mmol) via syringe, followed by 

Pd(PPh3)4 (52.0 mg, 45.0 µmol). The reaction vessel was stirred under argon at 5 °C 

for 20 min. The onset of a blue suspension indicated the formation of the desired 

product C4. The solvent was removed by rotary evaporation and the crude material 

was purified through flash column chromatography (silica, 10% EtOAc-hexane) to 

yield the desired product C4 (146.5 mg, 94%). C4: colorless oil; Rf = 0.61 (25% 

EtOAc-hexane); 1H NMR (400 MHz, CDCl3) δ 7.54 (d, J = 8.8 Hz, 1H), 6.81 (d, J = 

8.9 Hz, 1H), 6.16 (m, 2H), 5.20 (m, 3H), 5.02 (d, J = 10.9 Hz, 1H), 1.72 (s, 6H), 1.55 

(s, 3H), 1.47 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 161.5, 158.6, 152.1, 143.9, 

143.8, 135.6, 124.5, 114.3, 113.7, 113.0, 107.6, 106.4, 106.4, 83.3, 82.1, 27.4, 27.1, 

26.1; HRMS calc. for C20H26O5 (M + H)+ 369.1672, found 369.1674. 
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Caged bicycle (C8) and neo-caged bicycle (C9): Alkene C4 (99 mg, 0.28 mmol) was 

dissolved in dry DMF (1.8 mL) and the solution was stirred under argon at 120 °C. 

After 1 h, the reaction mixture was concentrated under reduced pressure. The crude 

material was purified by flash column chromatography (silica, 10-17% EtOAc-

hexane) to yield the caged product C8 (67 mg, 68%), neo-caged product C9 (15 mg, 

15%), and compound C7 (10 mg, 10%), respectively. Caged product (C8): white 

solid; Rf = 0.10 (25% EtOAc-hexane); 1H NMR (400 MHz, CDCl3) δ 7.44 (d, J = 6.9 

Hz, 1H), 4.41 (m, 1H), 3.42 (t, J = 4.3 Hz, 1H), 2.72 (dd, J = 13.8, 10.4 Hz, 1H), 2.63 

(m, 1H), 2.50 (d, J = 9.7 Hz, 1H), 2.31 (dd, J = 13.6, 4.7 Hz, 1H), 1.69 (s, 3H), 1.67 

(s, 3H), 1.62 (s, 3H), 1.54 (s, 3H), 1.53 (s, 3H), 1.44 (dd, J = 13.6, 9.3 Hz, 1H), 1.23 

(s, 3H); 13C NMR (100 MHz, CDCl3) δ 203.2, 159.9, 139.0, 135.5, 128.1, 118.1, 

105.1, 85.0, 84.9, 82.9, 48.6, 46.8, 30.2, 29.1, 28.8, 28.5, 28.0, 26.9, 25.9, 18.4; 

HRMS calc. for C20H26O5 (M + Na)+ 369.1672, found 369.1675. Neo-caged product 

(C9): white solid; Rf = 0.30 (25% EtOAc-hexane); 1H NMR (400 MHz, CDCl3) δ 7.41 

(d, J = 7.0 Hz, 1H), 4.95 (t, J = 7.0 Hz, 1H), 3.63 (dd, J = 7.0, 4.5 Hz, 1H), 2.36-2.25 

(m, 4H), 1.69 (s, 3H), 1.68 (s, 3H), 1.64-1.61 (m, 1H), 1.59 (s, 3H), 1.43 (s, 3H), 1.31 

(s, 3H), 1.29 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 205.0, 159.2, 140.1, 136.7, 

127.7, 117.2, 106.5, 83.6, 81.2, 80.1, 46.0, 45.5, 34.1, 30.7, 30.2, 28.6, 27.8, 27.0, 

26.2, 18.2; HRMS calc. for C20H26O5 (M + Na)+ 369.1672, found 369.1686. Phenol 

(C7): colorless oil; Rf = 0.52 (25% EtOAc-hexane); 1H NMR (400 MHz, CDCl3) δ 

7.50 (s, 1H), 6.27 (s, 1H), 6.15 (dd, J = 17.5, 10.8 Hz, 1H), 5.35-5.25 (m, 2H), 5.17 

(d, J = 10.9 Hz, 1H), 3.26 (d, J = 7.1 Hz, 1H), 1.74 (s, 3H), 1.72 (s, 6H), 1.69 (s, 3H) 

1.48 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 161.6, 156.0, 149.1, 143.3, 133.9, 130.0, 

125.6, 123.1, 121.3, 114.6, 106.4, 105.8, 83.6, 27.9, 26.9, 26.1, 18.0; HRMS calc. for 

C20H26O5 (M + Na)+ 369.1672, found 369.1680.  
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O
O

O O

O

C8

O
HO

HO O

O

C10

excess 10% Me4NOH, MeOH

(100%)

 

Carboxylic acid (C10): To a 25 mL round-bottomed flask was added caged product 

C8 (41 mg, 0.12 mmol) followed by MeOH (1.5 mL). The flask was placed in an ice 

bath and the solution was stirred at 0 °C. To the stirring solution was then added 10% 

NMe4OH (aq) (1.7 mL, 159 mmol) dropwise via syringe. The light yellow reaction 

mixture was allowed to warm to room temperature and further stirred at 25 °C for 

another 24 h. Acetic acid (10 mL) was then added to neutralize the reaction mixture. 

The reaction mixture was partitioned between EtOAc (2 × 25 mL) and water (25 mL). 

The combined organic layers were dried over MgSO4, filtered, and concentrated by 

rotary evaporation. The crude material was purified by recrystallization (CH2Cl2-

hexane) to yield the acid C10 (37 mg, 100%). C10: white solid; Rf = 0.11 (67% 

EtOAc-hexane); 1H NMR (400 MHz, CDCl3) δ 7.45 (d, J = 7.1 Hz, 1H), 4.64 (t, J = 

6.4 Hz, 1H), 3.33 (t, J = 5.3 Hz, 1H), 2.69 (dd, J = 13.8, 9.8 Hz, 1H), 2.58 (dd, J = 

13.8, 5.3 Hz, 1H), 2.28 (d, J = 4.5 Hz, 1H), 2.24 (d, J = 10.0 Hz, 1H), 1.60 (s, 6H), 

1.57 (s, 3H), 1.40 (dd, J = 13.4, 9.6 Hz, 1H), 1.22 (s, 3H); 13C NMR (100 MHz, 

CDCl3) δ 204.7, 168.4, 142.0, 135.5, 130.7, 118.8, 85.0, 84.0, 83.5, 49.5, 47.1, 30.2, 

29.2, 28.7, 27.1, 26.1, 18.0; HRMS calc. for C17H22O5 (M + Na)+ 329.1359, found 

329.1362.  

O
HO

HO O

O

C10

RNH2

HATU, DIPEA
O

RHN

HO O

O

C11-C13  

Biotin conjugate (C11): To a solution containing acid C10 (5.4 mg, 17.6 μmol) and 

biotin ethylenediamine hydrobromide (7.1 mg, 19.4 μmol) in CH2Cl2 (0.37 mL) was 

added DIPEA (6.13 μL, 35.2 μmol). Upon adding solid HATU (7.4 mg, 19.4 μmol) 
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portionwise to the reaction mixture, the reaction mixture turned to pale yellow in color 

within 5 min. After 24 h, the reaction mixture was partitioned between EtOAc (5 mL) 

and water (2 mL). The organic layer was washed with water (2 x 1 mL) and brine (2 

mL). The combined organic layers were then dried over MgSO4, filtered, and 

concentrated by rotary evaporation. The crude material was purified by preparative 

TLC (silica, 9% MeOH-EtOAc) to obtain the amide C11 (5.5 mg, 9.53 μmol, 54%). 

C11: yellow solid; Rf = 0.28 (20% MeOH-EtOAc); 1H NMR (400 MHz, CDCl3) δ 

7.70 (br s, 1H), 7.01 (br s, 1H), 6.89 (d, J = 7.0 Hz, 1H), 6.64 (d, J = 21.9 Hz, 1H), 

6.60 (d, J = 8.4 Hz, 1H), 5.49 (d, J = 17.2 Hz, 1H), 4.72 (m, 1H), 4.54 (m, 1H), 4.33 

(m, 1H), 3.50-3.33 (m, 4H), 3.23-3.14 (m, 2H), 2.94 (dd, J = 12.9, 4.9 Hz, 1H), 2.74 

(d, J = 12.9 Hz, 1H), 2.67-2.18 (m, 6H), 1.80-1.30 (m, 16H), 1.20 (s, 3H); 13C NMR 

(100 MHz, CDCl3) δ 205.8, 174.5, 167.4, 156.1, 145.0, 135.4, 134.6, 131.9, 128.2, 

124.2, 121.1, 118.8, 117.2, 85.3, 84.3, 83.2, 49.7, 46.3, 42.1, 39.4, 35.9, 30.3, 29.3, 

28.6, 27.5, 26.2, 25.1, 18.0, 15.3, 11.6; HRMS calc. for C29H42N4O6S (M + Na)+ 

597.2717, found 597.2728. 

 Coumarin conjugate (C12): To a solution containing acid C10 (5.40 mg, 17.6 μmol) 

and coumarin diethyleneamine (5.58 mg, 19.4 μmol) in CH2Cl2 (0.37 mL) was added 

DIPEA (6.13 μL, 35.2 μmol). Upon adding solid HATU (7.36 mg, 19.4 μmol) 

portionwise to the reaction mixture, the reaction mixture turned to pale yellow in 

color within 5 min. After 24 h, the reaction mixture was partitioned between EtOAc 

(5 mL) and water (2 mL). The organic layer was washed with water (2 x 1 mL) and 

brine (2 mL). The combined organic layers were then dried over MgSO4, filtered, and 

concentrated by rotary evaporation. The crude material was purified by preparative 

TLC (silica, 100% EtOAc) to obtain the amide C12 (6.0 mg, 59%). C12: yellow 

solid; Rf = 0.17 (100% EtOAc); 1H NMR (400 MHz, CDCl3) δ 7.48 (br s, 1H), 7.45 

(br s, 1H), 6.90 (br s, 1H), 6.68 (d, J = 7.0 Hz, 1H), 6.60 (dd, J = 9.1, 2.5 Hz, 1H), 

6.46 (d, J = 2.5 Hz, 1H), 6.30 (br s, 1H), 6.00 (br s, 1H), 4.69 (t, J = 7.6 Hz, 1H), 3.64 

(s, 2H), 3.52-3.13 (m, 5H), 3.06 (s, 6H), 2.60 (dd, J = 14.0, 9.0 Hz, 1H), 2.47 (dd, J = 

13.8, 6.3 Hz, 1H), 2.16 (m, 2H), 1.58 (s, 3H), 1.53 (s, 3H), 1.49 (s, 3H), 1.27 (m, 1H), 

1.19 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 205.3, 169.8, 167.0, 165.8, 161.8, 156.1, 

153.2, 149.2, 135.3, 134.7, 132.7, 125.4, 118.4, 110.5, 109.2, 108.0, 98.2, 84.7, 84.4, 
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83.0, 49.4, 46.1, 40.6, 40.5, 40.4, 40.1, 30.1, 29.7, 29.0, 28.2, 27.3, 25.9, 17.8; HRMS 

calc. for C32H39N3O7 (M + Na)+ 600.2680, found 600.2688. 

BODIPY conjugate (C13): To a solution containing acid C10 (4.0 mg, 13.1 μmol) and 

BODIPY FL EDA (4,4-difluoro-5,7-dimethyl-4-bora-3a,4a-diaza-s-indacene-3-

propionyl ethylenediamine) (5.3 mg, 14.4 μmol) in CH2Cl2 (0.27 mL) was added 

DIPEA (4.56 μL, 26.2 μmol). Upon adding solid HATU (5.9 mg, 15.6 μmol) 

portionwise to the reaction mixture, the reaction mixture turned to pale yellow in 

color within 5 min. After 4 h, the reaction mixture was partitioned between EtOAc (5 

mL) and water (2 mL). The organic layer was washed with water (2 x 1 mL) and brine 

(2 mL). The combined organic layers were then dried over MgSO4, filtered, and 

concentrated by rotary evaporation. The crude material was purified by preparative 

TLC (silica, 100% EtOAc) to obtain the amide C13 (5.60 mg, 68%). C13: red solid; 

Rf = 0.62 (100% EtOAc); 1H NMR (400 MHz, CDCl3) δ 7.54 (br s, 1H), 7.11 (s, 1H), 

6.92 (s, 1H), 6.87 (d, J = 3.8 Hz, 1H), 6.69 (d, J = 7.0 Hz, 1H), 6.26 (br s, 1H), 6.24 

(d, J = 3.8 Hz, 1H), 6.15 (s, 1H), 4.64 (t, J = 6.9 Hz, 1H), 3.40-3.10 (m, 7H), 2.71-

2.56 (m, 4H), 2.56 (s, 3H), 2.27 (s, 3H), 2.18-2.15 (m, 2H), 1.59 (s, 6H), 1.51 (s, 3H), 

1.36-1.27 (m, 1H), 1.19 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 205.8, 174.5, 167.4, 

161.4, 156.1, 145.0, 135.4, 134.6, 131.9, 128.2, 124.2, 121.1, 118.8, 117.2, 85.3, 84.3, 

83.2, 49.7, 46.3, 42.1, 39.4, 35.9, 30.3, 29.3, 28.6, 27.5, 26.2, 25.1, 18.0, 15.3, 11.6; 

HRMS calc. for C33H41BF2N4O5 (M + Na)+ 645.3030, found 645.3043. 

 

 

 

3-(2,3-Dihydroxylphenoxy)propanenitrile (C15): To a 250 mL round-bottomed flask 

was added pyrogallol C14 (10.0 g, 79.3 mmol) and acrylonitrile (14.7 g, 278 mmol) 

followed by NaOMe (4.3 g, 79.3 mmol). The reaction vessel was then equipped with a 

reflux condenser and stirred under argon at 78 ºC for 7 h. The onset of a dark black 

color indicated the formation of the 3-(2,3-dihydorxylphenoxy)propanenitrile C15. 

The reaction mixture was then cooled to 25 ºC and the excess acrylonitrile was 

removed by rotary evaporation. The residue was extracted with EtOAc (5 x 100 mL), 

HO

HO OH

C N

NaOMe, 7 h, 76 °C
(34%)

O

HO OHNC

C14 C15
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and the combined organic layers were dried over MgSO4, filtered, and concentrated 

by rotary evaporation. The crude material was purified through flash column 

chromatography (silica, 40% EtOAc-hexane) to yield the nitrile C15 (4.5 g, 32%). 

C15: off-white solid; Rf = 0.43 (50% EtOAc-hexane); 1H NMR (400 MHz, DMSO-d6) 

δ 6.55 (t, J = 8.0 Hz, 1H), 6.44 (m, 2H), 4.11 (t, J = 6.0 Hz, 2H), 2.94 (t, J = 6.0 Hz, 

2H); 13C NMR (100 MHz, DMSO-d6) δ 146.8, 146.2, 135.0, 119.0, 118.3, 109.8, 

106.0, 64.2, 18.1; HRMS calc. for C9H9NO3 (M + Na)+ 202.0471, found 202.0475. 

O

HO OHNC

C15

O

HO OH

O

C16

50% (w/w) H2SO4 (aq), 3 h, 100 °C

(48%)

 

7,8-Dihydroxychroman-4-one (C16): To a 100 mL round-bottomed flask containing 

3-(2,3-dihydroxylphenoxy)propanenitrile C15 (2.05 g, 11.8 mmol) was added slowly 

dropwise, via the addition funnel, aqueous sulfuric acid (50% v/v, 42 mL). The 

reaction vessel was then equipped with a reflux condenser and stirred under argon at 

105 ºC for 3 h. The cooled solution was diluted with water (50 mL) and extracted with 

EtOAc (4 x 100 mL). The organic layers were washed with water, brine, and dried 

over MgSO4. The combined organic layers were then filtered and concentrated by 

rotary evaporation. The crude material was purified through flash column 

chromatography (silica, 60-70% EtOAc-hexane) to yield 7,8-dihydroxychroman-4-

one C16 (0.98 g, 48%). C16: off-white solid; Rf = 0.38 (70% EtOAc-hexane); 1H 

NMR (400 MHz, DMSO-d6) δ 7.15 (dd, J = 8.7, 1.3 Hz, 1H), 6.49 (dd, J = 8.6, 1.3 

Hz, 1H), 4.48 (t, J = 6.3 Hz, 2H), 2.67 (t, J = 6.3 Hz, 2H); 13C NMR (100 MHz, 

DMSO-d6) δ 190.3, 152.0, 151.3, 132.7, 117.4, 114.5, 109.6, 67.1, 37.1; HRMS calc. 

for C9H8O4 (M + H)+ 181.0495, found 181.0494. 
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O

HO OH

O

(89%)

O

O

O O

C16 C17

C3b, 10 mol% Pd(PPh3)4, 

THF, 2 h, 5 °C

 

7,8-Bis(2-methylbut-3-en-2-yloxy)chroman-4-one (C17): To a 25 mL round-bottomed 

flask was added 7,8-dihydroxychroman-4-one C16 (50 mg, 0.28 mmol) followed by 

dry THF (1.5 mL). The flask was degassed by argon and was placed in an ice water 

bath. To the yellow homogeneous solution was added tert-butyl 2-methylbut-3-en-2-

yl carbonate C3b (522 mg, 2.80 mmol), via syringe, followed by Pd(PPh3)4 (32 mg, 

0.028 mmol). The reaction vessel was stirred under argon at 5 °C for 2 h. The onset of 

a yellow suspension indicated the formation of the alkene C17. The solvent was 

removed by rotary evaporation and the crude material was purified through flash 

column chromatography (silica, 30-40% EtOAc-hexane) to yield 7,8-bis(2-methylbut-

3-en-2-yloxy)choman-4-one C17 (79 mg, 89%). C17: yellow oil; Rf = 0.52 (30 % 

EtOAC-hexane); 1H NMR (400 MHz, CDCl3) δ 7.49 (d, J = 9.0 Hz, 1H), 6.72 (d, J = 

9.0, 1H), 6.19 (dd, J = 17.4, 10.6 Hz, 1H), 6.12 (dd, J = 17.6, 10.9 Hz, 1H), 5.13 (m, 

3H), 4.98 (dd, J = 10.9, 1.1 Hz, 1H), 4.47 (t, J = 6.5 Hz, 2H), 2.71 (t, J = 6.6 Hz, 2H), 

1.51 (s, 6H), 1.47 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 191.2, 157.8, 143.7, 135.8, 

121.7, 116.7, 113.8, 113.6, 112.5, 82.8, 81.8, 67.1, 37.4, 27.1, 26.7; HRMS calc. for 

C19H24O4 (M + Na)+ 339.1567, found 339.1569.  

O

O

O O

O

O

O O

 DMF, 120 °C, 
 1.5 h

(91%)
O

O O

O

C19C17 [C18]  

Caged chromanone (C19): A solution of compound C17 (36 mg, 0.11 mmol) in DMF 

(1.5 mL) was heated at 120 °C for 1.5 h. The onset of a brown color indicated the 

formation of the caged xanthone C19. The reaction mixture was then cooled to 25 °C 

and the solvent was removed by rotary evaporation. The crude material was purified 

through flash column chromatography (silica, 50-55 % EtOAc-hexane) to yield the 
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caged product C19 (33 mg, 91%). C19: white solid; Rf = 0.21 (30 % EtOAc-hexane); 
1H NMR (400 MHz, CDCl3) δ 7.25 (d, J = 6.6 Hz, 1H), 4.41 (m, 1H), 4.17 (ddd, J = 

12.1, 6.5, 1.4 Hz, 1H), 3.94 (dt, J = 12.3, 2.9 Hz, 1H), 3.34 (m, 1H), 2.63 (d, J = 8.6 

Hz, 2H), 2.50 (dd, J = 12.4, 6.5 Hz, 1H), 2.42 (dd, J = 2.9, 1.4 Hz, 1H), 2.37 (m, 1H), 

2.31 (dd, J = 13.6, 4.5 Hz, 1H), 1.59 (s, 3H), 1.53 (s, 3H), 1.48 (s, 3H), 1.32 (m, 1H), 

1.23 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 203.9, 192.0, 136.9, 135.4, 133.8, 119.2, 

87.4, 84.2, 82.9, 60.0, 46.2, 44.5, 38.1, 30.1, 28.8 (2C), 27.7, 25.5, 17.9; HRMS calc. 

for C19H24O4 (M + Na)+ 339.1567, found 339.1571.  

3.2.3 Procedure for the Synthesis of ABC Ring Caged Analogues 

 

 

 

 

 

 

3,4-Dihydroxy-9H-xanthen-9-one (C24): To a clean, dried 250 mL round-bottomed 

flask was added 2-fluorobenzoic acid C20 (5.09 g, 36.3 mmol). The flask containing 

2-fluorobenzoic acid C20 and a magnetic stir bar was placed under high vacuum for 

about 10 min. The flask was carefully sealed and CH2Cl2 (100 mL) was added by 

using a syringe under argon. The flask was then placed in an ice bath and the reaction 

mixture was stirred at 0 °C. To the stirring solution of 2-fluorobenzoic acid 20 and 

CH2Cl2 was added a solution of oxalyl chloride (2.0 M in CH2Cl2, 21.0 mL, 42.0 

mmol) dropwise, via syringe, followed by a catalytic amount of DMF. The ice bath 

was removed and the reaction mixture was stirred at room temperature for 1.5 h. The 

solution was concentrated by rotary evaporation under argon to yield colorless oil,    

2-fluorobenzoyl chloride C21 (5.01 g, 87%). To a mixture of pyrogallol C22 (6.48 g, 

51.3 mmol), aluminium chloride (14.6 g, 110 mmol), chloroform (80 mL), and 

CH2Cl2 (200 mL) in a 1 L round-bottomed flask was added a solution of 2-

O

OH

F

O

Cl

F
 (COCl)2, DMF (cat.)

(87%) C21C20

O
F

HO

HO OH
C23

(45%)

HO

HO OH
(C22)

O

O

HO OH
(86%)

C24

Na2CO3, DMF, 3.5 h, 90 °C

1.5 h, 0 °C to 25 °C CHCl3,CH2Cl2, 12 h, 
25 °C; then 4 h, 60 °C
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fluorobenzoyl chloride C21 in CH2Cl2 (10 mL) dropwise via syringe. The reaction 

mixture was stirred at room temperature under argon for 12 h. The reaction vessel was 

then equipped with a reflux condenser and stirred under argon at 80 °C for another 4 

h. The cooled, red homogeneous solution was acidified with 1N HCl (300 mL). The 

reaction mixture was then partitioned between water and EtOAc (3 × 200 mL). The 

aqueous layer was back-extracted with EtOAc (2 × 200 mL) until the color of the 

aqueous layer was almost clear. The combined organic layers were dried over MgSO4, 

filtered, and concentrated to yield (2-fluorophenyl)(2,3,4-trihydroxy-

phenyl)methanone C23 (3.54 g, 45%). To a 500 mL round-bottomed flask containing 

sodium carbonate (2.27 g, 21.4 mmol) and DMF (100 mL) was added C23. The 

reaction vessel was then equipped with a reflux condenser and stirred under argon at 

90 °C for 3.5 h. The dark reaction mixture was cooled to room temperature and 

acidified with 1N HCl (300 mL). The reaction mixture was then partitioned between 

water and ethyl acetate (3 × 150 mL). The aqueous layer was back extracted with 

ethyl acetate (5 × 150 mL). The combined brown organic layers were dried over 

MgSO4, filtered, and concentrated by rotary evaporation. The crude material was 

purified through flash column chromatography (silica, 50-60% EtOAc-hexane) to 

yield 3,4-dihydroxy-9H-xanthen-9-one C24 (2.79 g, 86%). C24: pale yellow solid; Rf 

= 0.42 (90% Et2O-hexane); 1H NMR (400 MHz, DMSO-d6) δ 10.49 (s, 1H), 9.43 (s, 

1H), 8.15 (dd, J = 7.9, 1.7 Hz, 1H), 7.83 (ddd, J = 8.6, 7.2, 1.7 Hz,1H), 7.63 (d, J = 

8.4 Hz, 1H), 7.55 (d, J = 8.7 Hz, 1H), 7.44 (t, J = 7.5 Hz, 1H), 6.94 (d, J = 8.8 Hz, 

1H); 13C NMR (100 MHz, DMSO-d6) δ 175.1, 155.3, 151.4, 146.2, 134.6, 132.5, 

125.7, 123.8, 120.7, 117.9, 116.4, 114.6, 113.2; HRMS calc. for C13H8O4 (M + H)+ 

229.0501, found 229.0509.  
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O

O

HO OH

O

O

O O

C3b, 3 mol %Pd(PPh3)4,

THF, 10 min, 25 °C

(100%)

C24 C25O

O

O
(C3b)  

3,4-Bis(2-methylbut-3-en-2-yloxy)-9H-xanthen-9-one (C25): To a 50 mL round-

bottomed flask was added 3,4-dihydroxy-9H-xanthen-9-one C24 (1.0 g, 4.39 mmol) 

followed by dry THF (15 mL). To the yellow homogeneous solution was added tert-

butyl 2-methylbut-3-en-2-yl carbonate C3b (8.18 g, 43.9 mmol), via syringe, followed 

by Pd(PPh3)4 (0.15 g, 0.13 mmol). The reaction vessel was stirred under argon at      

25 °C for 10 min. The onset of a yellow suspension indicated the formation of the 

alkene C25. The solvent was removed by rotary evaporation and the crude material 

was purified through flash column chromatography (silica, 10-15% EtOAc-hexane) to 

yield 3,4-bis(2-methylbut-3-en-2-yloxy)-9H-xanthen-9-one C25 (1.59 g, 100%). C25: 

yellow solid; Rf = 0.67 (30 % EtOAc-hexane); 1H NMR (400 MHz, CDCl3) δ 8.30 

(dd, J = 8.0, 1.7 Hz, 1H), 7.92 (d, J = 9.1 Hz, 1H), 7.68 (ddd, J = 8.6, 7.1, 1.7 Hz, 1H), 

7.49 (d, J = 7.9 Hz, 1H), 7.36 (ddd, J = 8.0, 7.2, 0.9 Hz, 1H), 7.12 (d, J = 8.9 Hz, 1H), 

6.28 (dd, J = 17.5, 10.8 Hz, 1H), 6.18 (dd, J = 17.6, 10.9 Hz, 1H), 5.19 (m, 3H), 5.01 

(dd, J = 10.9, 1.0 Hz, 1H), 1.58 (s, 6H), 1.56 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 

176.8, 156.9, 155.9, 152.4, 143.5, 143.4, 135.7, 134.3, 126.5, 123.7, 121.5, 121.0, 

117.8, 117.1, 116.8, 114.1, 113.0, 83.5, 82.1, 27.1, 26.9; HRMS calc. for C23H24O4 (M 

+ H)+ 365.1753, found 365.1740.  

O

O

O O

O
O O

O

O

O
O

O

DMF, 1.5 h, 120 °C

C26 (14%)196: cluvenone (81%)C25  

Caged xanthones (196) and (C26): A solution of compound C25 (350 mg, 0.96 

mmol) in DMF (6 mL) was heated at 120 °C for 1.5 h. The onset of a brown color 

indicated the formation of the xanthones C26 and 196. The brown reaction mixture 

was then cooled to room temperature and the solvent was removed by rotary 
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evaporation. The crude material was then purified by column chromatography (silica, 

20-30% Et2O-hexane) to yield a mixture of caged products 196 (285 mg, 81%) and 

C26 (50 mg, 14%). 196: white solid; Rf = 0.28 (25% EtOAc-hexane); 1H NMR (400 

MHz, CDCl3) δ 7.93 (dd, J = 8.0 Hz, 1.7 Hz, 1H), 7.51 (ddd, J = 8.9, 7.3, 1.7 Hz, 1H), 

7.42 (d, J = 6.9 Hz, 1H), 7.05 (m, 2H), 4.39 (m, 1H), 3.48 (dd, J = 6.7 Hz, 4.6 Hz, 

1H), 2.64 (m, 2H), 2.45 (d, J = 9.6 Hz, 1H), 2.33 (dd, J = 13.5 Hz, 4.6 Hz, 1H), 1.71 

(s, 3H), 1.29 (m, 1H), 1.29 (s, 6H), 0.89 (s, 3H); 13C NMR (100 MHz, CDCl3)            

δ 203.0, 176.4, 159.5, 136.1, 134.8, 134.7, 133.7, 126.8, 121.8, 118.9, 118.9, 118.0, 

90.2, 84.5, 83.4, 48.7, 46.7, 30.2, 29.0, 25.2, 25.0, 16.6; HRMS calc. for C23H24O4   

(M + H)+ 365.1753, found 365.1765. C26: yellow solid; Rf = 0.34 (25% EtOAc-

hexane); 1H NMR (400 MHz, CDCl3) δ 7.91 (dd, J = 7.9, 1.7 Hz, 1H), 7.54 (m, 1H), 

7.25 (d, J = 7.1 Hz, 1H), 7.18 (d, J = 8.5 Hz, 1H), 7.05 (ddd, J = 8.0, 7.3, 1.0 Hz, 1H), 

5.02 (m, 1H), 3.76 (dd, J = 6.9, 4.6 Hz, 1H), 2.50 (m, 2H), 2.13 (m, 2H), 1.87 (dd, J = 

13.2, 10.0 Hz, 1H), 1.71 (s, 3H), 1.59 (s, 3H), 1.38 (s, 3H), 1.34 (s, 3H); 13C NMR 

(100 MHz, CDCl3) δ 199.7, 175.4, 160.2, 136.5, 136.1, 135.9, 134.9, 127.0, 122.0, 

119.2, 118.3, 117.3, 84.1, 83.7, 78.8, 44.8, 42.1, 33.1, 30.2, 29.7, 26.8, 26.0, 18.2; 

HRMS calc. for C23H24O4 (M + H)+ 365.1753, found 365.1766.  

196: cluvenone

   SeO2, tBuOOH

(57%)

C27 (57%) C28 (21%)

+CH2Cl2, 19 h, 25 °C O
O O

O

H

O

O
O O

O
OH

O
O O

O

 

Aldehyde (C27) and Alcohol (C28): A solution of SeO2 (0.67 mg, 6.00 μmol) and 

tBuOOH (5.5M in decane, 40.0 μL, 0.22 mmol) in CH2Cl2 (1.4 mL) was prepared. To 

the stirring solution was added a solution of caged xanthone 196 (42.7 mg, 0.12 

mmol) in CH2Cl2 (0.5 mL) dropwsie, via syringe, at room temperature. After stirring 

for 19 h at room temperature, the reaction mixture was dissolved in diethyl ether     

(10 mL) and washed with 10% KOH (10 mL), water (10 mL), and brine (10 mL). The 

ether layer was dried over MgSO4, filtered, and concentrated by rotary evaporation. 

The crude yellow oil was purified through flash column chromatography to yield the 
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aldehyde C28 (26 mg, 57%) and alcohol C27 (9.6 mg, 21%). C27: white solid;         

Rf = 0.42 (17% EtOAC-hexane); 1H NMR (400 MHz, CDCl3) δ 9.22 (s, 1H), 7.91 (d, 

J = 7.8 Hz, 1H), 7.59 (d, J = 6.9 Hz, 1H), 7.53 (t, J = 7.5 Hz, 1H), 7.07 (t, J = 7.4 Hz, 

1H), 6.94 (d, J = 8.4 Hz, 1H), 6.41 (t, J = 7.2 Hz, 1H), 3.55 (m, 1H), 2.82 (dd, J = 

15.9, 7.5 Hz, 1H), 2.65 (dd, J = 15.9, 7.0 Hz, 1H), 2.56 (d, J = 9.5 Hz, 1H), 2.38 (dd,  

J = 13.6, 4.6 Hz, 1H), 1.76 (s, 3H), 1.42-1.36 (m, 1H), 1.34 (s, 3H), 1.18 (s, 3H);     
13C NMR (100 MHz, CDCl3) δ 202.8, 194.8, 176.6, 159.5, 147.3, 140.3, 137.2, 136.6, 

134.7, 127.6, 122.7 119.0, 118.2, 91.1, 84.4, 83.4, 48.9, 47.0, 30.3, 29.3, 29.2, 25.1, 

8.8; HRMS calc. for C23H22O5 (M + H)+ 379.1540, found 379.1550. C28: white solid; 

Rf = 0.21 (17% EtOAC-hexane); 1H NMR (400 MHz, CDCl3): δ 7.93 (d, J = 8.2 Hz, 

1H), 7.56 (t, J = 8.4 Hz, 1H), 7.54 (d, J = 6.9 Hz, 1H), 7.10-7.07 (m, 2H), 4.75-4.71 

(m, 1H), 3.67-3.53 (m, 3H), 2.75-2.67 (m, 2H), 2.49 (d, J = 9.6 Hz, 1H), 2.37 (dd,      

J = 13.6, 4.7 Hz, 1H), 1.74 (s, 3H), 1.39-1.34 (m, 1H), 1.31(s, 3H), 0.94 (s, 3H);      
13C NMR (100 MHz, CDCl3) δ 203.0, 178.8, 159.9, 138.1, 137.0, 135.4, 134.7, 127.4, 

122.5, 119.8, 119.4, 118.3, 90.4, 84.7, 84.0, 68.4, 48.9, 47.2, 30.5, 29.3, 29.0, 25.2, 

12.7; HRMS calc. for C23H24O5 (M + Na)+ 403.1516, found 403.1524. 

C27C28

(95%)

PCC

CH2Cl2, 30 min, 25 °C

O
O O

O

H

O

O
O O

O
OH

 

Oxidation of alcohol (C28) to aldehyde (C27): A mixture of alcohol C28 (20 mg, 52.6 

μmol) and PCC (17 mg, 78.9 μmol) in CH2Cl2 (0.2 mL) was stirred at room 

temperature for 30 min. The reaction mixture was diluted with CH2Cl2 and filtered 

through a pad of celite. The solvent was removed by rotary evaporation and the crude 

was purified by preparative TLC (silica, 50% EtOAc-hexane) to yield aldehyde C27 

(19 mg, 95%). 
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C27 C29

(70%)

NaHPO4•H2O,  2-methyl-2-butene

 tBuOH/H2O (2:1), 4 h, 0 °C

O
O O

O

H

O

O
O

O O

O

H

O

 

Epoxide (C29): NaH2PO4∙H2O (6.8 mg, 49.1 μmol) was added to a solution of C27 

(6.2 mg, 16.4 μmol) in tBuOH/H2O (2:1, 0.43 mL). The reaction mixture was stirred 

at room temperature to fully dissolve the white precipitate and the reaction vessel was 

placed in an ice bath. To the stirring solution in an ice bath was added 2-methylbut-2-

ene (13.9 μL, 131.2 μmol) via syringe. After 30 min, NaClO2 (4.4 mg, 49.1 μmol) was 

added to the reaction mixture. When the reaction was complete 4 h later, the reaction 

mixture was partitioned between EtOAc (2 x 3 mL) and water (3 mL). The combined 

organic layers were dried over MgSO4, filtered, and concentrated by rotary 

evaporation. The crude material was purified through preparative TLC (silica, 50% 

EtOAc-Hexane) to yield the epoxide C29 (4.4 mg, 70%). C29: white solid; Rf = 0.52 

(50% EtOAc-hexane); 1H NMR (400 MHz, CDCl3) δ 9.48 (s, 1H), 7.97 (d, J = 7.9 

Hz, 1H), 7.65 (t, J = 7.4 Hz, 1H), 7.20 (t, J = 7.7 Hz, 1H), 7.10 (d, J = 8.3 Hz, 1H), 

7.01 (t, J = 8.1 Hz, 1H), 4.29 (d, J = 4.5 Hz, 1H), 3.12 (t, J = 4.6 Hz, 1H), 3.03-3.01 

(m, 2H), 2.58 (d, J = 9.2 Hz, 1H), 2.23 (dd, J = 5.1, 14.5 Hz, 1H), 1.81-1.73 (m, 1H), 

1.70 (s, 3H), 1.60 (s, 3H), 1.24 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 204.3, 195.6, 

184.5, 159.0, 150.3, 139.8, 138.2, 127.8, 123.4, 122.6, 119.4, 89.6, 88.7, 84.0, 59.8, 

55.0, 46.9, 42.1, 30.2, 28.3, 27.9, 24.4, 9.5; HRMS calc. for C23H22O6 (M + Na)+ 

417.1309, found 417.1313. 

O
O

O HO
OH

OH
(59%)

C30 C31

BBr3, CH2Cl2, 3 h, 0 to 25 °C

 

5-Methylbenzene-1,2,3-triol (C31): To a 50 mL round-bottomed flask was added 

pyrogallol C30 (372 mg, 2.04 mmol) followed by CH2Cl2 (4.0 mL). The flask was 

placed on an ice bath and 1.0 M solution of boron tribromide in CH2Cl2 (6.5 mL, 6.52 

mmol) was added dropwise, via syringe, while stirring over 10 min. The reaction 
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vessel was then stirred under argon at room temperature for 3.5 h. The reaction was 

quenched by adding water (10 mL), and the reaction mixture was extracted with 

EtOAc (3 x 20 mL). The combined organic layers were washed with water, brine, and 

dried over MgSO4. The solution was then filtered and concentrated by rotary 

evaporation. The crude material was purified through flash column chromatography 

(silica, 60-70% EtOAc-hexane) to yield 5-methylbenzene-1,2,3-triol (170 mg, 59%). 

C31: off-white solid; Rf = 0.32 (40% EtOAc-hexane); 1H NMR (400 MHz, CDCl3) δ 

6.30 (s, 2H), 5.05 (s, 2H), 5.00 (s, 1H), 2.20 (s, 3H); 13C NMR (100 MHz, DMSO-d6) 

δ 145.9, 130.4, 127.2, 107.6, 20.6; HRMS calc. for C7H8O3 (M) 140.0468, found 

140.0470. 

HO
OH

OH

O

O

HO OH

(1) C21, AlCl3
(2) Na2CO3

(69%)

C31 C32  

3,4-Dihydroxy-1-methyl-9H-xanthen-9-one (C32): 2-Fluorobenzoyl chloride (C21) 

(170 mg, 1.07 mmol) was added dropwise to a mixture of 5-methylbenzene-1,2,3-triol 

C31 (100 mg, 0.71 mmol), aluminum chloride (187 mg, 1.40 mmol), chloroform (2 

mL) and CH2Cl2 (6 mL) in a 50 mL round-bottomed flask. The reaction mixture was 

stirred at room temperature under argon for 1.5 h. The reaction vessel was then 

equipped with a reflux condenser and stirred under argon at 60 ºC for 6 h. The cooled, 

red homogeneous solution was acidified with 1N HCl (15 mL). The reaction mixture 

was then partitioned between water and EtOAc (3 x 50 mL). The aqueous layer was 

back extracted with ethyl acetate (2 x 30 mL) until the color of the aqueous layer was 

almost clear. The combined organic layers were dired over MgSO4, filtered, and 

concentrated to yield dark brown oil. The crude oil was then added to a 100 mL 

round-bottomed flask containing Na2CO3 (98 mg, 0.92 mmol) and DMF (4 mL). The 

reaction vessel was the equipped with a reflux condenser and stirred under argon at  

90 ºC for 4 h. The dark reaction mixture was cooled to room temperature and 

acidified with 1N HCl (15 mL). The reaction mixture was then partitioned between 

water and EtOAc (3 x 50 mL). The aqueous layer was back extracted with ethyl 

acetate (2 x 30 mL). The combined brown organic layers were dried over MgSO4, 
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filtered, and concentrated by rotary evaporation. The crude material was purified 

through flash column chromatography (silica, 40-50% EtOAc-hexane) to yield the 

methyl xanthone C32 (120 mg, 70%). C32: off-white solid; Rf = 0.21 (40% EtOAc-

hexane); 1H NMR (400 MHz, DMSO-d6) δ 10.15 (br s, 1H), 9.34 (br s, 1H), 8.10 (dd, 

J = 7.9, 1.6 Hz, 1H), 7.76 (ddd, J = 8.6, 7.3, 1.7 Hz, 1H), 7.56 (d, J = 8.3 Hz, 1H), 

7.38 (t, J = 7.5 Hz, 1H), 6.68 (s, 1H), 2.68 (s, 3H); 13C NMR (100 MHz, DMSO-d6)   

δ 176.8, 154.6, 150.3, 147.4, 134.3, 131.1, 130.7, 126.0, 123.6, 121.8, 117.4, 115.2, 

112.8, 22.4; HRMS calc. for C14H10O4 (M + H)+ 243.0652, found 243.0654. 

O

O

HO OH
C32

C3b, 10% mol Pd(PPh3)4

(76%)
O

O

O O

C33  

1-Methyl-3,4-bis(2-methylbut-3-en-2-yloxy)-9H-xanthen-9-one (C33): To a 25 mL 

round-bottomed flask was added methyl xanthone C32 (46 mg, 0.19 mmol) followed 

by dry THF (1.5 mL). The flask was degassed by argon and was placed in an ice 

water bath. To the yellow homogeneous solution was added tert-butyl 2-methylbut-3-

en-2-yl carbonate C3b (354 mg, 1.9 mmol), via syringe, followed by Pd(PPh3)4      

(22 mg, 0.019 mmol). The reaction vessel was stirred under argon at 5 °C for 2 h. The 

onset of a yellow suspension indicated the formation of the desired product C33. The 

solvent was removed by rotary evaporation and the crude material was purified 

through flash column chromatography (silica, 10-15% EtOAc-hexane) to yield          

1-methyl-3,4-bis(2-methylbut-3-en-2-yloxy)-9H-xanthen-9-one C33 (55 mg, 76%). 

C33: yellow oil; Rf = 0.66 (30% EtOAc-hexane); 1H NMR (400 MHz, CDCl3) δ 8.24 

(dd, J = 7.9, 1.5 Hz, 1H), 7.64 (ddd, J = 8.6, 7.2, 1.7 Hz, 1H), 7.43 (d, J = 8.4 Hz, 

1H), 7.31 (t, J = 7.5 Hz, 1H), 6.86 (s, 1H), 6.28 (dd, J = 17.5, 10.9 Hz, 1H), 6.19 (dd, 

J = 17.6, 10.8 Hz, 1H), 5.18 (m, 3H), 5.01 (dd, J = 10.9, 1.0 Hz, 1H), 2.80 (s, 3H), 

1.56 (s, 12H); 13C NMR (100 MHz, CDCl3) δ 178.4, 155.3, 155.0, 153.5, 143.8, 

143.6, 136.3, 133.9, 126.5, 123.5, 122.5, 119.1, 117.3, 115.5, 113.9, 112.8, 83.1, 82.0, 

27.2, 26.9, 23.5; HRMS calc. for C24H26O4 (M + H)+ 379.1904, found 379.1911.  
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O

O

O O

DMF, 120 °C, 2.5 h O
O O

O

C33 C34

(85%)

 

Caged xanthone (C34): A solution of compound C33 (35 mg, 0.092 mmol) in DMF 

(1.5 mL) was heated at 120 °C under argon for 2.5 h. The onset of a yellow color 

indicated the formation of the methyl caged xanthone C34. The reaction mixture was 

then cooled to room temperature and the solvent was removed by rotary evaporation. 

The crude material was purified through flash column chromatography (silica,         

15-20% EtOAc-hexane) to yield the methyl caged xanthone C34 (30 mg, 85%). C34: 

white solid; Rf = 0.56 (30 % EtOAc-hexane); 1H NMR (400 MHz, CDCl3) δ 7.87 (d,  

J = 7.7 Hz, 1H), 7.47 (m, 1H), 7.03 (m, 2H), 4.42 (t, J = 7.0 Hz, 1H), 3.18 (d, J = 4.4 

Hz, 1H), 2.61 (m, 1H), 2.51 (s, 3H), 2.45 (d, J = 9.5 Hz, 1H), 2.28 (dd, J = 13.5, 4.7 

Hz, 1H), 1.70 (s, 3H), 1.35 (s, 3H), 1.34 (m, 1H), 1.27 (s, 3H), 0.96 (s, 3H); 13C NMR 

(100 MHz, CDCl3) δ 203.6, 179.3, 158.3, 150.7, 135.5, 134.8, 126.8, 121.7, 120.6, 

118.3, 117.6, 90.5, 84.8, 83.2, 55.8, 49.2, 30.3, 29.0, 28.6, 25.6, 24.9, 19.7, 16.7; 

HRMS calc. for C24H26O4 (M + H)+ 379.1904, found 379.1909.  

O
O O

O

10

196

9
O

O O

O

10

C35

9H
N

   piperidine, CH2Cl2, 6 h, 60 C
(86%)

 

Piperidine addition product (C35): A solution of compound 196 (7.1 mg, 0.019 

mmol) in CH2Cl2 (0.5 mL) was treated with piperidine (7 μL, 0.76 mmol) at 60 °C for 

6 h. The crude material was purified through flash column chromatography (silica,  

20-70% Et2O-hexane) to yield adduct C35 (7.3 mg, 86%). C35: white solid; Rf = 0.71 

(70 % Et2O-hexane); 1H NMR (400 MHz, CDCl3) δ 7.90 (d, J = 8 Hz, 1H), 7.56-7.52 

(m, 1H), 7.08-7.01 (m, 2H), 5.23-5.50 (m, 1H), 3.36 (s, 1H), 3.26 (s, 1H), 3.15 (b, 

1H), 2.91-2.78 (m, 3H), 2.53 (b, 1H), 2.45 (d, J = 8.8 Hz, 1H), 2.34-2.23 (b, 2H), 1.95 

(dd, J = 14.8 Hz, 6.4 Hz, 1H), 1.93-1.84 (b, 1H), 1.68 (s, 3H), 1.62 (s, 3H), 1.51-1.40 



166 

(m, 6H), 1.37 (s, 3H), 1.13 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 209.1, 191.7, 

158.3, 136.4, 132.9, 127.0, 125.4, 121.4, 120.7, 118.3, 118.2, 89.4, 86.7, 81.5, 62.1, 

51.3, 48.3, 43.4, 42.0, 30.4, 29.8, 28.0, 27.5, 26.0, 25.7, 24.6, 22.0, 18.1; HRMS calc. 

for C28H35NO4 (M + H)+ 450.2639, found 450.2620. 

O
O O

O

10

196

9
O

O O

O

10

C36

9H
OMeMeOH, 3 d, 65 C

(41%)

 

Methanol addition product (C36): A solution of compound 196 (14 mg, 0.038 mmol) 

in MeOH (0.5 mL) was refluxed at 65 ºC under argon for 3 days. The reaction mixture 

was then cooled to room temperature and the solvent was removed by rotary 

evaporation. The crude material was purified through flash column chromatography 

(silica, 20% EtOAc-hexane) to yield adduct C36 (6.3 mg, 41%). C36: white solid; Rf 

= 0.39 (25% EtOAc-hexane); 1H NMR (400 MHz, CDCl3): δ 7.92 (d, J = 7.8 Hz, 1H), 

7.57 (t, J = 8.5 Hz, 1H), 7.11-7.03 (m, 2H), 5.27-5.23 (m, 1H), 4.38 (d, J = 4.3 Hz, 

1H), 3.38 (s, 1H), 3.30 (s, 3H), 2.92-2.78 (m, 3H), 2.42 (d, J = 8.9 Hz, 1H), 1.98 (dd, 

J = 6.13, 14.7 Hz, 1H), 1.64 (s, 3H), 1.60 (s, 3H), 1.41-1.35 (m, 1H), 1.37 (s, 3H), 

1.14 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 208.6, 191.0, 158.8, 137.1, 134.1, 127.5, 

122.0, 120.7, 118.7, 118.5, 88.9, 86.9, 81.7, 75.3, 55.8, 49.1, 44.6, 43.6, 29.9, 27.9, 

27.7, 26.1, 20.2, 18.1; HRMS calc. for C24H28O5 (M + H)+ 397.2010, found 397.2016. 
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3.2.4  Procedure for the Isolation and Purification of Gambogic Acid (77) 

Gambogic acid (77) was isolated from the methanolic extract of gamboge as 

its pyridine salt C37. Then pyridine salt C37 was acidified with 1N HCl in ether to 

afford gambogic acid (77). 

O
O O

O
OH

O O

O HN

Methanolic extract
from gamboge

C37

excess pyridine

 

Pyridine salt of gambogic acid (C37): Dry powder of gamboge resin (19.0 g) of G. 

hurburyi tree was extracted with MeOH (80.0 mL) at room temperature for a day. The 

mixture was filtered and the extraction was repeated two more times with methanol 

(80.0 mL). The combined filtrate was concentrated under reduced pressure to yield 

crude extract (13.0 g) as a yellow powder. The crude extract (13.0 g) was dissolved in 

pyridine (13.0 mL), and then warm water (5.0 mL) was added to the stirred solution. 

The reaction mixture was cooled to room temperature and some precipitate was 

observed. Hexane (10.0 mL) was added to the mixture and the mixture was filtered. 

The solid was collected and washed with hexane and dried to yield pyridine salt of 

gambogic acid C37 in 9% (1.8 g). C37: yellow solid; 1H NMR (400 MHz, CDCl3) δ 

8.58-8.57 (m, 2H), 7.71 (t, J = 7.5 Hz, 1H), 7.53 (d, J = 6.8 Hz, 1H), 7.33-7.30 (m, 

2H), 6.55 (d, J = 10.1 Hz, 1H), 6.07 (t, J = 7.1 Hz, 1H), 5.34 (d, J = 10.1 Hz, 1H), 

5.02 (br s, 2H), 3.47-3.45 (m, 1H), 3.29-3.26 (m, 1H),  3.14-3.12 (m, 1H), 3.02-2.97 

(m, 2H), 2.50 (d, J = 9.2 Hz, 1H), 2.32-2.27 (m, 1H), 2.00-1.98 (m, 2H), 1.73-1.53 

(m, 20H), 1.39-1.37 (m, 1H), 1.34 (s, 3H), 1.27 (s, 3H); 13C NMR (100 MHz, CDCl3) 

δ 203.7, 179.2, 171.1, 161.6, 157.8 (2C), 149.1, 137.1, 136.9 (2C), 135.4, 133.6, 

132.0, 131.6, 128.4, 124.6, 124.2 (2C),  124.0, 122.5, 116.1, 107.8, 102.8, 100.7, 91.2, 

84.0 (2C), 81.4, 49.2, 47.0, 42.2, 30.1, 29.4, 29.1, 27.9, 25.9 (2C),  25.4, 23.0, 21.8, 

21.2, 18.3, 17.8.  
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O
O O

O
OH

O
O

O HN

O
O O

O
OH

O
O

OH

1N HCl
 ether

C37 77: gambogic acid

(99%)

 

Gambogic acid (77): To a solution of the pyridine salt of gambogic acid C37 (404.8 

mg, 0.57 mmol) in ether (6.0 mL) was added aq. HCl (1N, 4.0 mL) at room 

temperature. After 1 h, the ether solution was washed with water (3 x 1.0 mL), dried, 

and evaporated to yield gambogic acid 1 (355.9 mg, 99%). 1: yellow solid; Rf = 0.38 

(25% EtOAc-hexane);1H NMR (400 MHz, CDCl3): δ 7.54 (d, J = 6.9 Hz, 1H), 6.55 

(d, J = 10.1 Hz, 1H), 6.12 (t, J = 7.3 Hz, 1H), 5.34 (d, J = 10.2 Hz, 1H), 5.05-5.01 (m, 

2H), 3.49-3.46 (m, 1H), 3.31-3.25 (m, 1H),  3.13-3.10 (m, 1H), 2.98 (d, J = 7.3 Hz, 

2H), 2.50 (d, J = 9.3 Hz, 1H), 2.30 (dd, J = 13.4, 4.6 Hz, 1H), 2.00-1.98 (m, 2H), 

1.72-1.53 (m, 20H), 1.42-1.40 (m, 1H), 1.34 (s, 3H), 1.28 (s, 3H); 13C NMR (100 

MHz, CDCl3) δ 203.6, 179.0, 172.1, 161.7, 157.7, 157.5, 138.7, 135.5, 133.5, 132.0, 

131.7, 127.7, 124.6, 124.1, 122.4, 116.1, 107.7, 102.9, 100.6, 91.1, 84.1, 84.0, 81.5, 

49.2, 47.0, 42.2, 30.1, 29.5, 29.1, 27.9, 25.9 (2C), 25.4, 23.0, 21.8, 21.0, 18.3, 17.9; 

HRMS calc. for C38H44O8 (M + Na)+ 651.2928, found 651.2931.  

3.2.5 Procedure for the Synthesis of Gambogic Acid Analogues 

RNH2, HATU,
 DIPEAO

O

C

O

O
OH

O OH

O

(67-87%)
O

O

C

O

O
OH

O NHR

O

77 C38-C40  

Biotin conjugate (C38): To a solution containing gambogic acid (77) (5.0 mg, 7.95 

μmol) and biotin ethylenediamine hydrobromide (3.2 mg, 8.75 μmol) in CH2Cl2 (0.34 

mL) was added DIPEA (2.77 μL, 15.9 μmol) via syringe. Upon adding solid HATU 

(3.6 mg, 9.46 μmol) portionwise to the reaction mixture, the reaction mixture turned 



169 

to pale yellow in color within 5 min. After 24 h, the reaction mixture was diluted with 

EtOAc (5 mL) and washed with water (2 x 1 mL) and brine (2 mL). The organic 

layers were dried over MgSO4, filtered and concentrated by rotary evaporation. The 

crude material was purified through preparative TLC (silica, 17% MeOH-EtOAc) to 

yield the biotin conjugate C38 (4.8 mg, 67%). C38: yellow solid; Rf = 0.11 (17% 

MeOH-EtOAc); 1H NMR (400 MHz, CDCl3) δ 7.59 (d, J = 6.9 Hz, 1H), 6.90-7.05 

(m, 2H), 6.68 (d, J = 10.2 Hz, 1H), 6.02 (br s, 1H), 5.47 (d, J = 10.3 Hz, 1H), 5.28 (m, 

2H), 5.03 (m, 2H), 4.49 (m, 1H), 4.32 (m, 1H), 3.00-3.60 (m, 8H), 2.89 (dd, J = 12.8, 

4.8 Hz, 1H), 2.72 (d, J = 13.1 Hz, 2H), 2.54 (d, J = 9.3 Hz, 1H), 2.34 (m, 2H), 2.20 

(m, 2H), 2.03 (m, 2H), 1.77-1.25 (m, 33H); 13C NMR (100 MHz, CDCl3) δ 205.1, 

179.0, 174.0, 170.2, 163.9, 162.1, 157.9, 157.3, 136.0, 135.6, 133.2, 132.1, 125.2, 

123.9, 122.1, 115.9, 108.0, 103.0, 100.6, 91.3, 84.6, 84.0, 81.8, 61.8, 60.4, 55.5, 49.1, 

47.0, 42.3, 40.8, 40.0, 39.5, 35.9, 30.1, 29.9, 29.3, 29.1, 28.2, 28.1, 28.0, 25.9, 25.7, 

25.4, 22.9, 21.8, 21.3, 18.4, 17.9; HRMS calc. for C50H64N4O9S (M + Na)+ 919.4286, 

found 919.4329. 

Coumarin conjugate (C39): To a solution containing gambogic acid (77) (5.8 mg, 

9.22 μmol) and coumarin hexanediamine TFA salt (4.6 mg, 10.1 μmol) in CH2Cl2 

(0.30 mL) was added DIPEA (3.21 μL, 18.4 μmol). Upon adding solid HATU (4.2 

mg, 10.9 μmol) portionwise to the reaction mixture, the reaction mixture turned to 

pale yellow in color within 5 min. After 24 h, the reaction mixture was diluted with 

EtOAc (5 mL) and washed with water (2 x 1 mL) and brine (2 mL). The organic 

layers were dried over MgSO4, filtered and concentrated by rotary evaporation. The 

crude material was then purified through preparative TLC (silica, 100% EtOAc) to 

yield the coumarin conjugate C39 (7.7 mg, 87%). C39: yellow solid; Rf = 0.29 (100% 

EtOAc); 1H NMR (400 MHz, CDCl3) δ 7.49 (d, J = 9.1 Hz, 2H), 6.66 (d, J = 10.1 Hz, 

1H), 6.60 (dd, J = 9.0, 2.4 Hz, 1H), 6.47 (s, 2H), 6.04 (s, 2H), 5.46 (d, J = 10.0 Hz, 

1H), 5.30 (t, J = 8.2 Hz, 1H), 5.07-5.02 (m, 2H), 3.63 (s,2 H), 3.46 (t, J = 6.1 Hz, 1H), 

3.33-3.19 (m, 6H), 3.03 (s, 6H), 2.55 (d, J = 9.2 Hz, 2H), 2.38-2.29 (m, 2H), 2.08-2.01 

(m, 2H), 1.77-1.25 (m, 35H); 13C NMR (100 MHz, CDCl3) δ 204.4, 178.9, 169.5, 

168.1, 162.0, 157.9, 156.3, 153.3, 150.1, 135.9, 132.2, 132.1, 126.0, 125.1, 124.1, 

123.9, 122.2, 115.9, 110.6, 109.4, 108.6, 108.1, 103.0, 100.5, 98.3, 91.3, 84.3, 83.7, 
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81.8, 49.2, 47.2, 42.3, 41.0, 40.3, 39.6, 38.9, 30.2, 29.9, 29.5, 29.3, 29.2, 29.0, 28.1, 

26.1, 26.0, 25.9, 25.4, 22.9, 21.8, 21.5, 18.4, 17.9; HRMS calc. for C57H69N3O10 (M + 

H)+ 956.5056, found 956.5069. 

BODIPY conjugate (C40): To a solution containing gambogic acid (77) (6.1 mg, 9.70 

μmol) and BODIPY FL EDA (3.95 mg, 10.7 μmol) in CH2Cl2 (0.24 mL) was added 

DIPEA (3.38 μL, 19.4 μmol). Upon adding solid HATU (4.37 mg, 11.5 μmol) 

portionwise to the reaction mixture, the reaction mixture turned to pale yellow in color 

within 5 min. After 24 h, the reaction mixture was diluted with EtOAc (5 mL) and 

washed with water (2 x 1 mL) and brine (2 mL). The organic layers were dried over 

MgSO4, filtered and concentrated by rotary evaporation. The crude material was 

purified by preparative TLC (silica, 100% EtOAc) to yield the amide C40 (7.05 mg, 

77%). C40: red solid; Rf = 0.38 (100% EtOAc); 1H NMR (400 MHz, CDCl3) δ 7.51 

(d, J = 6.9 Hz, 1H), 7.03 (s, 1H), 6.92-6.90 (m, 1H), 6.85 (d, J = 4.1 Hz, 1H), 6.68 (d, 

J = 10.2 Hz, 1H), 6.62 (m, 1H), 6.27 (d, J = 3.9 Hz, 1H), 6.09 (s, 1H), 5.46 (d, J = 

10.2 Hz, 1H), 5.22-5.16 (m, 1H), 5.09-4.99 (m, 2H), 3.49-3.15 (m, 9H), 2.64 (m, 3H), 

2.53 (s, 3H), 2.31-2.27 (m, 3H), 2.21 (s, 3H), 2.06-2.02 (m, 2H), 1.75-1.24 (m, 27 H); 
13C NMR (100 MHz, CDCl3) δ 204.8, 178.9, 172.4, 169.5, 162.0, 157.9, 157.3, 135.8, 

133.3, 132.1, 128.8, 125.2, 124.9, 124.0, 123.9, 122.2, 120.4, 117.9, 115.9, 108.0, 

103.0, 100.5, 91.3, 84.5, 84.0, 81.8, 49.1, 46.9, 42.3, 39.9, 39.8, 35.8, 30.1, 29.9, 29.2, 

29.0, 28.1, 25.9, 25.4, 24.9, 22.9, 21.8, 21.4, 18.4, 17.9, 15.1, 11.5; HRMS calc. for 

C54H63BF2N4O8S (M + H)+ 944.4816, found 944.4860. 

3.2.6  Biological Assay 

3.2.6.1 3H-Thymidine Incorporation Assay 

Cells were plated in a 96-well plate at 10-20 x 103 cells/well in RPMI 

supplemented with 10% fetal bovine serum, 2 mM glutamine, 1% 

penicillin/streptomycin (complete medium). The caged Garcinia xanthones were 

added to the cells at increasing concentrations and 0.1% DMSO was added to control 

cells. Cells were incubated for 48 h and then pulsed with 3H-thymidine for 6 h. 

Incorporation of 3H-thymidine was determined in a scintillation counter (Beckman 
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Coulter Inc., Fullerton, CA) after cells were washed and deposited onto glass 

microfiber filters using a cell harvester M-24 (Brandel, Gaithersbur, MD).  

3.2.6.2 Apoptosis Assays  

3.2.6.2.1 ELISA Assay 

The compounds were dissolved in DMSO and further diluted in complete 

medium to obtain final concentrations as indicated. HL-60 and HL-60/ADR cells were 

seeded into each well of a 96-well cell culture plate at 10,000 cells per well and 

incubated at 37 °C for 7 h with the indicated concentrations of each compound. 

Control samples were incubated in 0.1% DMSO. Each condition was in triplicate. The 

proapoptotic effect was detected by using the Cell Death Detection ELISAPLUS kit 

(Roche Applied Science, Indianapolis, IN) according to the manufacturer instructions. 

This kit constitutes a photometric enzyme-immunoassay for the qualitative and 

quantitative in vitro determination of cytoplasmic histone-associated-DNA-fragments 

(mono- and oligo-nucleosomes) after induced cell death. The absorption values A 

(A405nm − A490nm) measured give a quantitative indication of the induced amount of 

apoptosis.  

3.2.6.2.2 Fluorescence Microscopy of Annexin V/PI Stained Cells 

HL-60/ADR cells were plated in a 6-well plate at 1 x 106 cell/ml (4 mL) and 

treated with 0.5 µM of cluvenone (196) while control cells received 0.1% DMSO. 

Cells were incubated overnight and then stained with Alexa Fluor 488 annexin V and 

propidium iodide using the Vybrant Apoptosis Assay Kit (Molecular Probes, Eugene, 

OR) according to manufacturer's recommendations. Cells were then viewed on an 

E800 Nikon (New York City, NY) research microscope equipped with an EXFO 

(Vanier, Canada) X-cite fluorescent 120 W metal halide illuminator and imaged with 

a DMX 1200F Nikon fluorescence sensitive digital camera. 
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3.3  Results & Discussion 

3.3.1  Synthesis of BC and C ring Caged Analogues 

 The observation that lateriflorone (98) maintains the desired bioactivity profile 

despite the modification of structure at the AB rings creating an interesting question: 

Is the xanthone backbone (ABC scaffold) necessary for bioactivity or can the A-ring 

and even the B-ring be eliminated without significant loss of function? In other words, 

do compounds C8, C9 and C19 maintain the desired bioactivity?  The BC and C ring 

caged analogues were thus synthesized and evaluated to test these hypotheses. 

The initial studies aimed to manipulate analogues of the caged Garcinia 

xanthones lacking the A ring: caged compounds C8 and C9. The preparation of C8 

and C9 could be achieved in three steps as shown in Scheme 3.21. Using 

commercially available 2,3,4-trihydroxybenzoic acid (C1) as a starting material, C2 

was obtained by protection of C1 with acetone in the presence of TFA/TFAA. 

Attempts to decrease the amount of di-protected products by performing the reaction 

at 0 °C proved to be fruitless, resulting in dioxanone C2 in 31% yield with 60% of 

recovered starting material C1. 
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Scheme 3.21 Reagents and conditions: (a) 6.0 equiv. (CH3)2CO, 20 equiv. TFA,      
10 equiv. TFAA, 19 h, 0 °C, 31% of C2, 60% RSM; (b) 10 equiv.     
1,1-dimethylpropenyl t-butyl carbonate (C3b), 10 mol% Pd(PPh3)4, 
THF, 20 min, 5 °C, 94%; (c) DMF, 1 h, 120 °C, C7: 10%, C8: 68%, 
C9: 15%. 

To generate di-allyloxy units in C4, an alternative method for the one-step 

introduction of the 1,1-dimethyl-2-propenyl unit (reverse prenyl group) to a catechol 

motif was developed and the results are illustrated in Table 3.1. 

   

 

 



174 

Table 3.1 Effect of carbonate (C3) on Pd-catalyzed reverse prenylation of C2 

O

O

OHHO

O

O

O

OR2R1O

O

10 mol% Pd(PPh3)4,
THF, time, temp.

C2

C4: R1, R2 =

A:   R1 =                , R2 = iBu 

or    R1 = iBu, R2 =

B:   R1 =                    , R2 =             
     
or    R1 =                    , R2 =

Carbonate (C3) (10 equiv.)

O

ORO

C3a: R = iBu
C3b: R = tBu
C3c: R =

(C3)  

Entry Carbonate 
(C3) 

Conditions %Yield 
Time (h) Temp (C) C4 A B 

1 
C3a 4 RT (25-30) 69 10 15 

2 5 62 5 - 
3a 48 5 no reaction 
4 C3b 20 min 5 94 - - 
5 C3c 20 min 5 92 - - 
a 0.1 equiv. RhCl(PPh3)3 was used.  
 

Support for this reaction came from a report on the reverse prenylation of a 

substituted phenol using 1,1-dimethylpropenyl isobutyl carbonate (C3a) under Pd(0) 

catalysis [230].  Using C3a, the desired compound C4 (62-69% yield, entries 1 and 2) 

was obtained together with significant amounts of side products which seemed to be 

isobutyl addition product A (5-10%) and rearranged prenyl product B (15%).           

To minimize the formation of side product A, the allylation with 1,1-

dimethylpropenyl t-butyl carbonate (C3b) was tested and to decrease the side product 

B, the reaction was also carried out at 5 C. Fortunately, the formation of C4 was 

observed as the only product in near quantitative yield (94% isolated yield, entry 4) 

without any formation of side products. Similar yields (90-92%) were obtained using 

the unexplored bis(1,1-dimethylpropenyl)carbonate (C3c) (entry 5) [231]. This 

reaction was in addition evaluated under Rh(I) catalysis, but did not observe the 

formation of any reverse prenyl product (entry 3) [232]. This might be suggested that 

the reactivity on the reverse prenylation of di-hydroxy compounds depended on the 

electronic and steric effects of the metals and ligands.  

There are many advantages of the one-step installation of reverse prenyl units 

onto di-hydroxy phenols using Pd(PPh3)4 as a catalyst and either carbonate C3b or 
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C3c as a prenylating agent over the previous procedure concerning with the two-step 

process: (a) O-alkylation; (b) reduction of alkyne to alkene [209] or Witting reaction 

[132]. This developed method was successfully utilized to prepare di-allyloxy units in 

excellent yields with short reaction time under mild conditions. In addition, this is the 

first time to exploit carbonate C3b as a prenylating agent on the reverse prenylating 

reaction. 

 To attain the caged motif, heating of C4 in DMF (120 °C, 1 h) could engage in 

two possible Claisen rearrangement pathways (Scheme 3.22) to furnish the two 

intermediates C5 and C6. These two intermediates could then undergo the 

intramolecular Diels/Alder reactions which would lead to two caged compounds C8 

and C9 in 68% and 15% yields, respectively (Scheme 3.21). The caged structures C8 

and C9 were truly confirmed by NMR, and relative stereochemistry of these caged 

compounds was unambiguously confirmed via a single-crystal X-ray analysis. 

The 1H NMR spectrum of C8 (Figure 3.4) revealed the presence of the 

characteristic olefinic proton signal of C9-C10 double bond at δH 7.44 (d, J = 6.9 Hz, 

1H, H-10). There were resonances for an olefinic proton at δH 4.41 (m, 1H, H-27), the 

proton on the carbon connecting to C12 carbonyl group at δH 3.42 (t, J = 4.3 Hz, 1H, 

H-11). The signals of two methylene groups belonged to H-26 and H-21 were 

observed at δH 2.72 (dd, J = 13.8, 10.4 Hz, 1H, H-26) and 2.63 (m, 1H, H-26), and 

2.31 (dd, J = 13.6, 4.7 Hz, 1H, H-21) and 1.44 (dd, J = 13.6, 9.3 Hz, 1H, H-21), 

respectively. The appearance of doublet signal at δH 2.50 (d, J = 9.7 Hz, 1H) was 

assigned to H-22.The two singlet signals of acetonide unit at δH 1.69 (s, 3H) and 1.67 

(s, 3H), and four singlet signals of four methyl groups at δH 1.62 (s, 3H, H-24), 1.54 

(s, 3H, H-29), 1.53 (s, 3H, H-25) and 1.23 (s, 3H, H-30) were also shown.  

The 13C NMR spectrum (Figure 3.5) revealed resonances for two carbonyl 

carbons of ketone and ester at δC 203.2 (C-12) and 159.9 (C-8), respectively, and two 

carbons of C9-C10 double bond at δC 139.0 (C-10) and 135.5 (C-9). The signals of 

four oxygenated quaternary carbons at δC 105.1 (C-16), 85.0 (C-13), 84.9 (C-23) and 

82.9 (C-14), and two olefinic carbons at δC 128.1 (C-28) and 118.1 (C-27) were 

detected. The signals of two methylene carbons at δC 29.1 (C-26) and 26.9 (C-21), sp3 

http://www.rsc.org/delivery/_ArticleLinking/ArticleLinking.cfm?JournalCode=OB&Year=2009&ManuscriptID=b913496d&Iss=Advance_Article#sch1


176 

carbon at δC 48.6 (C-22) and 46.8 (C-11), and six methyl carbons at δC 30.2 (C-24), 

28.8 (C-25), 28.5 (C-16a), 28.0 (C-16a′), 25.9 (C-29) and 18.4 (C-30) were also 

presented. 

 The 1H NMR spectrum of C9 (Figure 3.6) disclosed an olefinic proton at δH 

7.41 (d, J = 7.0 Hz, 1H, H-10) and 4.95 (t, J = 7.0 Hz, 1H, H-22), belonging to enone 

bond and reversed prenyl unit, respectively. The signal at δH 3.63 (dd, J = 7.0, 4.5 Hz, 

1H) was assigned to H11, and 2.36-2.25 were ascribed to protons H21 (m, 2H), H26 

(m, 1H), and H27 (m, 1H). A multiplet signal belonging to H26 was also detected at 

δH 1.64-1.61 (m, 1H). Two singlet signals at δH1.69 (s, 3H, H-16a′) and 1.68 (s, 3H, 

H-16a) were ascribed to six methyl protons of acetonide group. The remaining methyl 

proton signals were observed at δH 1.59 (s, 3H, H-29), 1.43 (s, 3H, H-24), 1.31 (s, 3H, 

H-30), and 1.29 (s, 3H, H-25). The 13C NMR spectrum (Figure 3.7) signified two 

carbonyl carbons at δC 205.0 (C-12) and 159.2 (C-8), two carbons of C9-C10 double 

bond at δC 139.0 (C-10) and 135.5 (C-9), methine carbon at δC 117.2 (C-22), and four 

oxygenated quaternary carbons at δC 106.5 (C-16), 83.6 (C-28), 81.2 (C-13) and 80.1 

(C-14). The quaternary carbon signal at δC 127.7 (C-23) and two methylene carbon 

signals at δC 30.7 (C-21) and 27.0 (C-26) were detected. The signals at δC 46.0 and 

45.0 were ascribed to C27 and C11, respectively. The signals at δC 34.1 (C-30), 30.2 

(C-29), 28.6 (C-16a′), 27.8 (C-16a), 26.2 (C-24), and 18.2 (C-25) could be designated 

for six methyl carbons. 

Under these conditions, the formation of phenol C7 arising from a Claisen 

rearrangement of C4 was detected in 10% yield. However, upon additional heating at 

120 °C, the prenyl group of phenol C7 could migrate back to give the stating material 

C4 and after Claisen rearrangement/Diels-Alder cycloaddition produced caged 

compounds C8 and C9, supporting the reversibility of the Claisen rearrangement 

[218, 233-235]. 
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Figure 3.4 The 1H NMR spectrum (CDCl3, 400 MHz) of compound C8 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.5 The 13C NMR spectrum (CDCl3, 100 MHz) of compound C8 
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Figure 3.6 The 1H NMR spectrum (CDCl3, 400 MHz) of compound C9 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.7 The 13C NMR spectrum (CDCl3, 100 MHz) of compound C9 
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 To accomplish the C-ring caged analogues, the acetonide unit of compound 

C8 was deprotected to open the B ring (Scheme 3.22). The protection did not proceed 

well under acidic condition in the presence of 1N or 2N HCl in MeOH while the 

exposure of C8 to 10% aqueous Me4NOH in MeOH provided the optimum 

saponification conditions, producing the desired -hydroxy acid C10 in quantitative 

yield. The 1H NMR spectrum of C10 (Figures 3.8) was compared to those of C8. It 

was similar to that of C8 except the disappearance of two singlet signals belonging to 

acetonide group at δH 1.69-1.67. To consider 13C NMR spectrum (Figure 3.9) of this 

compound, the chemical shifts of carbon signals were similar to those of C8; 

nonetheless, the characteristic carbonyl signal of carboxylic group was downfield 

shifted to δC 168.4. In addition, the signals of C16 oxygenated quaternary carbon at δC 

105.1 and two methyl carbons at δC 28.5 (C-16a′) and 28.0 (C-16a), all of which 

attributed for an acetonide group were disappeared. 
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Figure 3.8 The 1H NMR spectrum (CDCl3, 400 MHz) of compound C10 

 
 

 

 

 

 

 

 

 

 

 

 

Figure 3.9 The 13C NMR spectrum (CDCl3, 100 MHz) of compound C10 
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Carboxylic acid C10 was then used to react with the diverse amines containing 

the fluorescence probes such as biotin, coumarin and BODIPY. The reactions were 

smoothly performed using HATU as a coupling reagent to convert the carboxyl 

groups to amides C11-C13 in good yields (54-68%) [100]. 
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Scheme 3.22  Reagents and conditions: (a) excess 10% NMe4OH (aq), MeOH, 24 h, 
25 °C, 100%; (b) 2.0 equiv. DIPEA, 1.2 equiv. HATU, CH2Cl2, 24 h, 
25 °C, C11: 54%, C12: 59%, C13: 68%. 

 The structures of fluorescent amides C11-C13 were fully confirmed by 1H, 
13C NMR and MS techniques. The 1H NMR spectrum of biotin conjugate (C11) 

(Figure 3.10) showed five signals of four NH protons and a hydroxyl proton at δH 

8.00-5.00. A doublet signal at δH 6.60 (J = 8.4 Hz) and a multiplet signal at δH 4.72 

were due to an enone proton H10 and an olefinic proton H27, respectively. The two 

multiplet signals at δH 4.54 and 4.33 were ascribed to two protons on a carbon 

connecting with urea group.The multiplet signal at δH 3.50-3.33 was assigned for four 

protons on a carbon connecting with an amino group of amide bond. The signals at δH 

3.23 (m), 2.94 (dd, J = 12.9, 4.9 Hz) and 2.74 (d, J = 12.9 Hz) were detected as the 

presence of three protons on a carbon connecting to a sulfur atom. Six proton signals 

of caged core were observed at δH 3.14 (H-11), 2.67-2.18 (H-21, H-22, H-26) and 

1.40 (H-21). The chemical shifts at 2.30-1.60 indicated the presence of eight 
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methylene protons between a biotin unit and an amide bond. The signals belonging to 

twelve methyl protons were observed at δH 1.80-1.60 and 1.20. The 13C NMR 

spectrum (Figure 3.11) displayed four peaks at δC 205.8, 175.4, 167.6, and 164.2 of 

four carbonyl carbons for ketone, amide, α,β-unsaturated amide and urea, 

respectively. Four sp2 carbons were observed at δC 134.5, 133.2, 132.6, and 118.7. 

The signals at δC 85.2, 84.3, and 83.2 could be designated for three oxygenated 

quaternary carbons. The chemical shifts of two aliphatic carbons connecting to a urea 

bond and two carbons bearing to a sulfur atom were observed at 61.9 and 60.4, and 

55.8 and 41.1, respectively. Three signals at δC 40.8-35.9 could be assigned for three 

methylene carbons connected to amide bond. The nine peaks at δC 49.7, 46.4, and 

30.4-18.1 were assigned to eleven aliphatic carbons. 

 The 1H NMR spectrum of coumarin conjugate (C12) (Figure 3.12) exhibited 

seven signals of a hydroxyl proton, three aromatic protons, an olefinic proton 

connected to an ester bond and two NH protons at δH 7.60-6.00. The signals 

belonging to caged motif were detected as follows: doublet at δH 6.68 (J = 7.0 Hz , H-

10); triplet at δH 4.69 (J = 7.6 Hz, H-27); two sets of doublet of doublet at δH 2.60 (J = 

14.0, 9.0 Hz, H-26) and 2.47 (J = 13.8, 6.3 Hz, H-26); three multiplet signals at δH 

3.10-3.20 (H-11), 2.16 (H-21 and H-22) and 1.27 (H-21); four singlet signals at δH 

1.58-1.19 (each 3H, C-24, C-25, C-29 and C-30). The presence of two singlet signals 

at δH 3.64 and 3.06 was referred to two methylene protons on a carbon connected to a 

carbonyl group of amide bond and six methyl protons substituted on a nitrogen atom, 

respectively. The multiplet signal at δH 3.52-3.20 was ascribed to four methyl protons 

connected to a nitrogen atom of amide group. The 13C NMR spectrum (Figure 3.13) 

revealed four peaks at δC 205.3, 169.8, 170.0, and 161.8 referred to four carbonyl 

carbons for ketone, amide, α,β-unsaturated amide and ester groups, respectively. 

Twelve peaks at δC 156.1-98.2 were assigned to twelve sp2 carbons. The three signals 

at δC 84.7, 84.4, and 83.0 could be assigned for three oxygenated quaternary carbons. 

The four peaks at δC 40.6, 40.1 and 30.1 were belonged to three methylene carbons 

connected to an amide bond. Two signals were observed at δC 40.5 and 40.4, pointing 

out the presence of two nitrogen-attached methyl carbons. The eight peaks at δC 49.1, 

46.1, and 29.7-17.8 were ascribed to eight aliphatic carbons of caged motif. 
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The 1H NMR spectrum of BODIPY conjugate (C13) (Figure 3.14) contained 

the signals of four olefinic protons at δH 7.11-6.24 and two methyl protons at δH 2.56 

and 2.27, belonged to BODIPY core. The presences of two NH amide protons at δH 

6.26 and 6.15, four methylene protons connecting to nitrogen atom around δH 3.40-

3.10 was detected. Four methylene protons being between the BODIPY and amide 

groups were observed at δH 3.40-3.10 and 2.18-2.15. The H10 enone and hydroxyl 

protons of caged motif were observed as a doublet at δH 6.69 (J = 7.0 Hz) and broad 

singlet at δH 7.54, respectively. The chemical shifts assigned for caged core at 4.64 (t, 

J = 6.9 Hz, 1H, H-27), 3.20 (m, 1H, H-11), 2.71-2.56 (m, H-21 (1H), H-22 (1H), H-

26 (2H)), and 1.36-1.27 (m, 1H, H-21) were detected. The remaining signals at δH 

1.59 (6H), 1.51 (3H), and 1.19 (3H) were due to twelve methyl protons. The 13C 

NMR spectrum (Figure 3.15) exhibited three peaks at δC 205.8, 174.5 and 167.3, 

belonging to the carbonyl carbons of ketone, amide and α,β-unsaturated amide, 

respectively. The twelve peaks at δC 161.4-117.2 were assigned to thirteen sp2 

carbons. The signals at δC 85.3, 84.3, and 83.2 could be designated for three 

oxygenated quaternary carbons. The chemical shifts of three methylene carbons 

adjacent to an amide bond were detected at δC 42.1-35.9. The eight aliphatic carbons 

of caged motif were observed at δC 49.7, 46.3 and 29.3-18.0. The signals of 

methylene carbon connecting to a BODIPY unit at δC 30.3 and two methyl carbons 

substituted on a C=C bond at δC 15.3 and 11.6 were detected. 
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Figure 3.10 The 1H NMR spectrum (CDCl3, 400 MHz) of compound C11 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.11 The 13C NMR spectrum (CDCl3, 100 MHz) of compound C11 
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Figure 3.12 The 1H NMR spectrum (CDCl3, 400 MHz) of compound C12 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.13 The 13C NMR spectrum (CDCl3, 100 MHz) of compound C12 
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Figure 3.14 The 1H NMR spectrum (CDCl3, 400 MHz) of compound C13 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.15 The 13C NMR spectrum (CDCl3, 100 MHz) of compound C13 
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In a similar manner, dihydroxychromanone C16 can be synthesized in 16% 

combined yield by the two steps of the reaction of pyrogallol (C14) with acrylonitrile 

in the presence of sodium methoxide, followed by cyclization with aqueous sulfuric 

acid (50% aq.) (Scheme 3.23) [236]. The Pd(0)-catalyzed reverse prenylation of C16 

with carbonate C3b formed compound C17 in 89% yield. With alkene C17 in hand, 

the stage was set for the implementation of a tandem Claisen/Diels-Alder reaction. 

Along these lines, heating of C17 in DMF at 120 °C gave rise selectively to a single 

caged product C19 in 91% yield via intermediate C18. Spectroscopic techniques and 

single crystal X-ray analysis of C19 confirmed its chemical structure. In this case, the 

formation of the neo caged structure was not detected. 
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C19: X-ray

(a)
C16 C17

[C18]  

Scheme 3.23 Reagents and conditions: (a) 3.4 equiv. acrylonitrile, 0.3 equiv. NaOMe, 
7 h, 76 °C, 34%; (b) excess 50% (w/w) H2SO4 (aq), 3 h, 100 °C, 48%; 
(c) 10  equiv. 1,1-dimethylpropenyl t-butyl carbonate (C3b), 10 mol% 
Pd(PPh3)4, THF, 2 h, 5 °C, 89%; (d) DMF, 1.5 h, 120 °C, 91%. 

 The 1H NMR spectrum of C19 (Figure 3.16) revealed the presence of 

characteristic signals of caged motif at δH 7.25 (d, J = 6.6 Hz, 1H, H-10), 3.34 (m, 1H, 

H-11), 2.37 (m, 1H, H-22), and 2.31 (dd, J = 13.6, 4.5 Hz, 1H, H-21). The chemical 

shifts of olefinic and methylene protons belonging to the reverse prenyl unit on C ring 

were observed at δH 4.41 (m, 1H, H-27), 2.50 (dd, J = 12.4, 6.5 Hz, 1H, H-26), and 
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2.42 (dd, J = 2.9, 1.4 Hz, 1H, H-26). The presence of four singlet signals at δH 1.59 (s, 

3H, H-24), 1.53 (s, 3H, H-29), 1.48 (s, 3H, H-25), and 1.23 (s, 3H, H-30) were 

detected. The signals at δH 4.17 (ddd, J = 12.1, 6.5, 1.4 Hz, 1H, H-16), 3.94 (dt, J = 

12.3, 2.9 Hz, 1H, H-16), and 2.63 (d, J = 8.6 Hz, 2H, H-16) were also assigned to four 

methylene groups on B ring. The 13C NMR spectrum (Figure 3.17) displayed two 

carbonyl signals at δC 203.9 (C-12) and 192.0 (C-8). The signals of two methine 

carbons were observed at δC 135.4 (C-10) and 119.2 (C-27). Three signals of 

oxygenated quaternary carbon were shown at δC 87.4 (C-13), 84.2 (C-23), and 82.9 

(C-14). The quaternary carbon signals at δC 136.9 and 133.8 were assigned to carbons 

C9 and C28, respectively. Four signals of methylene carbons were exhibited at δC 

60.0 (C-16), 38.1 (C-7), 28.8 (C-26) and 27.7 (C-21). The chemical shifts at 46.2 and 

44.5 were ascribed to carbons C22 and C11, respectively. The signals of methyl group 

were observed at δC 30.1 (C-24), 28.8 (C-25), 25.5 (C-29), and 17.9 (C-30). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.16 The 1H NMR spectrum (CDCl3, 400 MHz) of compound C19 
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Figure 3.17 The 13C NMR spectrum (CDCl3, 100 MHz) of compound C19 

3.3.2  Improved Synthesis of Cluvenone (ABC Caged Analogues) 

 Cluvenone (196) was selected as a model ABC caged compound to prepare in 

this study because it has been addressed as a potential anti-cancer agent against 

adriamycin resistant promyelocytic leukemia cells (HL-60/ADR) with the IC50 of    

1.4 µM [147]. According to the previous study, the synthesis of cluvenone (196) was 

concerned with a two-step sequence: (a) propargylation of xanthone using 2-chloro-2-

methyl butyne and (b) Lindlar reduction of the resulting alkynes. This two-step 

process proved to be very tedious because of the lower yield obtained (45% yield over 

two steps) and significant amounts of side product formation [147]. In addition, 

during the reduction step, it was difficult to control over-reduction of alkenes to 

alkanes. Therefore, the Pd(0)-catalyzed reverse prenylation reaction was utilized to 

apply to the preparation of di-allyloxy xanthone (C25) for the formation of cluvenone 

(196) as shown in Scheme 3.24. Stating material 2-fluorabenzoic acid was first 

converted to its acid chloride using oxalyl chloride and catalytic amounts of DMF. 

Then, the Friedel-Crafts acylation of pyrrogallol (C22) with 2-fluorobenzoyl chloride 

http://www.rsc.org/delivery/_ArticleLinking/ArticleLinking.cfm?JournalCode=OB&Year=2009&ManuscriptID=b913496d&Iss=Advance_Article#sch4
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(C21) in the presence of AlCl3 was employed to produce benzophenone adduct C23, 

that underwent a base-induced cyclization to form xanthone C24 (2 steps, 34% 

combined yield).  
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Scheme 3.24 Reagents and conditions: (a) 1.2 equiv. (COCl)2 (2.0 M in CH2Cl2), 
CH2Cl2, DMF (cat.), 1.5 h, 0 °C to 25 °C, 87%; (b) 2.0 equiv. C22,   
2.9 equiv. AlCl3, CHCl3, CH2Cl2, 12 h, 25 °C; then 4 h, 60 °C, 45%; 
(c) 1.5 equiv. Na2CO3, DMF, 3.5 h, 90 °C, 86%; (d) 10  equiv. 1,1-
dimethylpropenyl t-butyl carbonate (C3b), 3 mol% Pd(PPh3)4, THF, 10 
min, 25 °C, 100%; (e) DMF, 1.5 h, 120 °C, 196: 81%, C26: 14%. 

To generate di-allyloxy xanthone C25, it was easily accomplished by the 

reverse prenylation of xanthone C24 using 10 mol% Pd(0) catalyst and 1,1-

dimethylpropenyl t-butyl carbonate (C3b) as a prenylating agent. This reaction 

proceeded well to obtain compound C25 in quantitative yield within 10 mins at 5 C. 

Importantly, the scale-up of synthesis of compound C25 to gram amounts was 
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carefully performed. Under scaling up the process, the amount of the Pd(0) could be 

successfully decreased from 10 to 3 mol% and the reaction time could be reduced to 

10 mins at 25 °C furnishing the desired compound C25 in excellent yield. 

The heat-induced Claisen/Diels–Alder reaction cascade gave cluvenone (196) 

in 81% yield, along with small amounts of the neo caged xanthone C26 (14% yield). 

The structures of 196 and C26 were characterized by spectroscopic methods. In 

addition, the absolute stereochemistry of 196 was confirmed by X-ray analysis. 196 

and C26 were synthetically-known compounds, and their 1H and 13C NMR spectral 

data were corresponded to those of Batova and co-workers [147]. 
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3.3.3  Selectivity of the C-ring Claisen/Diels-Alder Rearrangement 

 During the synthesis of BC, C and ABC ring caged analogues by heating each 

di-hydroxyl compound (C4, C17 and C25) in DMF at 120 C via Claisen/Diels-Alder 

reaction cascade, the site-selectivity of this reaction cascade was observed. That was 

the heating of C4 and C25 gave rise to both regular and neo caged compounds in 68% 

and 15%, and 81% and 14%, respectively. On the other hand, the reaction of 

chromanone C17 gave only regular caged motif in 91% yield (Table 3.2). 

Table 3.2 Selectivity of the C-ring Claisen/Diels-Alder rearrangement on C4, C17 

and C25 
O

O

O

O O

C4

C
B

8

15

O

O

O O

C17

C
B

8

15 O

O

O O

C25

8

15

A
B

C
12131213 1213

 

 

Entry 

 

Compound  

% yield of caged compound 

Regular Neo 

1 C4 68 15 

2 C17 91 0 

3 C25 81 14 

 It was interesting to figure out that why Claisen/Diels-Alder reaction cascade 

favor the formation of regular caged motif over the neo isomer, and why the 

corresponding neo caged motif was not produced by heating of C17. The observed 

site-selectivity of Claisen rearrangements on C ring (C12 vs C13 allylation) could be 

rationalized by the electronic effect of C8 carbonyl carbon and O15 xanthone oxygen 

as presented in Scheme 3.25. 
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Scheme 3.25 Site-selectivity of Claisen/Diels-Alder rearrangement on the conversion 
of C25 to 196 and C26  

 Being para to the C12 allyl ether, the electronically deficient C8 carbonyl 

group polarized selectively the O-C28 bond, which made this bond easier to break. 

Another important reason may come from the resonance stabilization of C12 carbonyl 

group of intermediate A by O15 xanthone oxygen performed in the intermediate A, 

but C13 carbonyl group of intermediate B could not be stabilized by O15 xanthone 

oxygen.The aforementioned effects could further explain the site-selectivity of the 

Claisen/Diels-Alder rearrangement on the compounds C4, C17 and C25. Considering 

the electronic deficiency of C8 carbonyl carbon of each compound tested. The C8 

carbonyl group of compound C17 showed the most electronic deficiency among all 

the compounds utilized. This led to a high selectivity of migration of C12 allyloxy 
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ether on the C13 center, and after Diels-Alder rearrangement of the resulting diene 

with the more reactive C21-C22 dienophile gave only regular caged scaffold in 91% 

yield. A partial loss of the site selectivity was observed with the compounds C4 and 

C25, producing both the regular caged scaffold and the isomeric neo caged motif in 

an approximate ratio of 4.5:1 and 5.8:1, respectively. This may be because either the 

oxygen atom or the phenyl moiety connecting to C8 carbonyl carbon decreased the 

withdrawing effect of the C8 of those compounds, resulting to cut down the 

preference for cleavage of the O-C28 bond and allowed the competitive migration of 

C13 allyloxy ether on the C12 center to proceed. This phenomenon paralleled the 

previous observations [133, 147] and could be used to explain why natural caged 

Garcinia xanthones have been prominently found as a regular caged motif in a nature.   

3.3.4  Synthesis of Allylic Oxidation Products of Cluvenone (ABC Caged 

Analogues) and Related Compound 

 The compound cluvenone (196) was used as a lead structure to make its ABC 

caged analogues C27, C28 and C29 to investigate the significance of prenyl chain for 

bioactivity. 

 Allylic oxidation of 196 using SeO2 and tBuOOH gave the corresponding 

aldehyde C27 in 57% isolated yield as a major product together with 21% yield of 

alcohol C28 (Scheme 3.26). PCC oxidation of the latter compound was carried out to 

give aldehyde C27 back in 95% yield. The structures of aldehyde C27 and alcohol 

C28 were characterized by 1H, 13C NMR and HRMS techniques.  

 

http://www.rsc.org/delivery/_ArticleLinking/ArticleLinking.cfm?JournalCode=OB&Year=2009&ManuscriptID=b913496d&Iss=Advance_Article#sch4
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Scheme 3.26 Reagents and conditions: (a) 5 mol% SeO2, 1.8 equiv. tBuOOH, 
CH2Cl2, 19 h, 25 °C, C27: 57%, C28: 21%; (b) 1.5 equiv. PCC, 
CH2Cl2, 30 min, 25 °C, 95%; (c) 3.0 equiv. NaClO2, 3.0 equiv. 
NaHPO4∙H2O, 8.0 equiv. 2-methyl-2-butene, tBuOH/H2O (2:1), 4 h,   
0 °C, 70% 

 The 1H NMR spectrum of C27 (Figure 3.18) showed the characteristic 

signals of caged motif at δH 7.59 (d, J = 6.9 Hz, 1H, H-10), 3.55 (m, 1H, H-11), 2.56 

(d, J = 9.5 Hz, 1H, H-22), 2.38 (dd, J = 13.6, 4.6 Hz, 1H, H-21), and 1.42-1.36 (m, 

1H, H-21), together with a signal of aldehyde proton at δH 9.22 (s, 1H). The signals of 

four aromatic protons at δH 7.91 (d, J = 7.8 Hz, 1H, H-6), 7.53 (t, J = 6.9 Hz, 1H, H-

5), 7.07 (t, J = 7.4 Hz, 1H, H-18), and 6.94 (d, J = 8.4 Hz, 1H, H-17) were displayed. 

An olefinic signal at δH 6.41 (t, J = 7.2 Hz, 1H, H-27), two methylene signals at δH 

2.82 (dd, J = 15.9, 7.5 Hz, 1H, H-26) and 2.65 (dd, J = 15.9, 7.0 Hz, 1H, H-26), and 

three methyl signals at δH 1.76 (s, 3H, H-24), 1.34 (s, 3H, H-25), and 1.18 (s, 3H, H-

30) were detected. The 13C NMR spectrum (Figure 3.19) displayed three signals at δC 

202.8 (C-12), 194.8 (C-29), and 176.6 (C-8), indicating for a carbonyl carbon of 

ketone, aldehyde, and xanthone, respectively. The signals of four aromatic carbons at 

δC 136.6 (C-18), 127.6 (C-6), 119.0 (C-5), and 118.2 (C-17), four olefinic carbons at 

δC 147.3 (C-27), 140.3 (C-28), 137.2 (C-10), and 134.7 (C-9), three oxygenated 
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quaternary carbons at δC 91.1 (C-14), 84.4 (C-13), and 83.4 (C-23), and seven 

aliphatic carbons at δC 48.9 (C-22), 47.0 (C-11), 30.3 (C-26), 29.3 (C-24), 29.2 (C-

25), 25.1 (C-21), and 8.8 (C-30) were observed. 

 The 1H NMR spectrum of C28 (Figure 3.20) exhibited the characteristic 

signals of caged motif at δH 7.54 (d, J = 6.9 Hz, 1H, H-10), 3.67-3.55 (m, 1H, H-11), 

2.549 (d, J = 9.6 Hz, 1H, H-22), 2.37 (dd, J = 13.6, 4.7 Hz, 1H, H-21), and 1.39-1.34 

(m, 1H, H-21). The signals at δH 7.93 (d, J = 8.2 Hz, 1H, H-6), 7.56 (t, J = 8.4 Hz, 1H, 

H-5), and 7.10-7.07 (m, 2H, H-17 and H-18) were ascribed to four aromatic protons. 

A multiplet signal at δH 3.67-3.53 (C-27) and a doublet signal at δH 7.54 (J = 6.9 Hz, 

1H, H-10) were ascribed to an olefinic proton. The signals at δH 2.75-2.67 (m, 2H, H-

26) and 2.65 (dd, J = 15.9, 7.0 Hz, 1H, H-26), and 3.67-3.53 (m, 2H, H-29) were 

assigned to four methylene protons. Three singlet signals at δH 1.74 (s, 3H, H-24), 

1.31 (s, 3H, H-25), and 0.94 (s, 3H, H-30) were belonged to a methyl proton. The 13C 

NMR spectrum (Figure 3.21) presented two signals at δC 203.2 and 178.8 which could 

be assigned to C12 and C8, respectively. The four signals of aromatic carbons were 

observed at δC 137.0 (C-18), 127.4 (C-6), 119.4 (C-5), and 118.3 (C-17). The peaks of 

olefinic carbon were observed at δC 138.1 (C-10), 135.4 (C-28), 134.7 (C-9), and 

122.5 (C-27). The presence of three oxygenated quaternary carbons was inferred from 

the presence of four peaks at δC 90.4 (C-14), 84.7 (C-13), and 84.0 (C-23). The peak 

of methylene carbon connected to hydroxyl group was detected at δC 68.4 (C-29). The 

peaks displayed at δC 48.9 (C-22), 47.2 (C-11), 30.5 (C-26), 29.3 (C-24), 29.0 (C-25), 

25.2 (C-21), and 12.7 (C-30), indicating the presence of seven aliphatic carbons. 

  To attach a carboxylic functionality on a prenyl unit of culvenone (196), a 

variety of conditions staring from different material were tried as follows: (a) 

oxidation of aldehyde C27 using NaClO2 [237] or MnO4 in acetic acid; (b) oxidation 

of alcohol C28 using IBX/NHS [238]; (c) olefin cross-metathesis of 196 and methyl 

acrylic methyl ester using 2nd generation Grubbs' catalyst  followed by hydrolysis of 

the resulting methyl ester; (d) oxidative cleavage of 196 using OsO4/NMO [239] or 

AD mix-β  followed by Witting reaction [240]. Unfortunately, all attempts to generate 

carboxylic acid met with failure. In all these cases the characteristic doublet signal 

corresponding to the proton of ,-unsaturated ketone disappeared, indicating a 
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conjugate addition reaction of the enone bond. Under relatively mild oxidation 

conditions (NaClO2) for oxidizing aldehyde C27, the unexpected epoxide C29 was 

isolated in 70% yield. The mass analysis result of this compound showed a molecular 

ion peak (M+Na)+ at m/z 417.1313, corresponding with the elemental formular  

C23H22O6. This pointed out that it has an extra oxygen atom. In addition, the structure 

of this compound was characterized by NMR analysis and its absolute 

stereochemistry was confirmed via a single-crystal X-ray analysis. 

 The 1H NMR spectrum of C29 (Figure 3.22) showed the characteristic 

signals of caged motif at δH 3.12 (t, J = 4.6 Hz, 1H, H-11), 2.58 (d, J = 9.2 Hz, 1H, H-

22), 2.23 (dd, J = 14.5, 5.1 Hz, 1H, H-21), and 1.81-1.73 (m, 1H, H-21) as well as 

aldehyde proton at δH 9.48 (s, 1H). A doublet signal at δH 4.29 (J = 4.5 Hz) was 

assigned to H10 of epoxide ring. The presence of four aromatic protons were inferred 

from the detection of four signals at δH 7.97 (d, J = 7.9 Hz, 1H, H-6), 7.65 (t, J = 7.4 

Hz, 1H, H-5), 7.20 (t, J = 7.7 Hz, 1H, H-18), and 7.10 (d, J = 8.3 Hz, 1H, H-17). The 

chemical shift of H27 olefinic proton was shifted to 7.01 (t, J = 8.1 Hz). A multiplet 

signal at δH 3.03-3.01 indicated to H26 methylene proton and singlet signals of three 

methyl groups at δH 1.70 (s, 3H, H-24), 1.60 (s, 3H, H-25), and 1.24 (s, 3H, H-30) 

were observed. The 13C NMR spectrum (Figure 3.23) of this compound was similar to 

that of C27, except the signals of C9 and C10 were shifted from δC 134.7 and 137.2 to 

59.8 and 55.0, respectively, indicating that those carbons connected to an oxygen 

atom.  

All the aforementioned data suggested that the structure of C29 was epoxide-

contained caged compound at C9-C10 center. The formation of this epoxide ring was 

found to be in the opposite direction from caged core. This observation supports the 

expected reactivity of the enone motif as a conjugate electrophile.  

 

 

 

 

 



198 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.18 The 1H NMR spectrum (CDCl3, 400 MHz) of compound C27 

 

 
 

 

 

 

 

 

 

 

 

 

Figure 3.19 The 13C NMR spectrum (CDCl3, 100 MHz) of compound C27 
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Figure 3.20 The 1H NMR spectrum (CDCl3, 400 MHz) of compound C28 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.21 The 13C NMR spectrum (CDCl3, 100 MHz) of compound C28 
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Figure 3.22 The 1H NMR spectrum (CDCl3, 400 MHz) of compound C29 

 
 

 

 

 

 

 

 

 

 

 

 

Figure 3.23 The 13C NMR spectrum (CDCl3, 100 MHz) of compound C29 
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3.3.5   Synthesis of Caged Garcinia Xanthone Analogues Modified at the C9-C10 

 Enone Bond 

 According to the literature reviews, the bioactivity was found to disappear 

when the C9-C10 double bond of the caged Garcinia xanthones was destroyed. This 

could be suggested that the enone bond play an essential role in bioactivities of these 

molecules [19]. It has been hypothesized that such enone bonds, act as a Michael 

acceptor (conjugate electrophile), could be attracted by some bio-nucleophiles during 

being in the cells. Therefore, the bioactivity of those compounds should disappear in 

case that enone bonds are substituted or reduced. To test this hypothesis, the C10 

methylated analogue C34, addition products C35 and C36 were prepared and their 

bioactivity were evaluated. The synthesis of C34 was prepared as shown in Scheme 

3.27.  

 

 

 

 

 

 

 

 

Scheme 3.27 Reagents and conditions: (a) excess BBr3, CH2Cl2, 3 h, 0 to 25 °C, 59%; 
(b) 1.5 equiv. 2-fluorobenzoyl chloride (C21), 2.0 equiv. AlCl3, CHCl3, 
CH2Cl2, 1.5 h, 25 °C; then 6 h, reflux, 60 °C; (c) 1.5 equiv. Na2CO3, 
DMF, 69% (over two steps); (d) 10.0 equiv. 1,1-dimethylpropenyl t-
butyl carbonate (C3b),10 mol% Pd(PPh3)4, THF, 2 h, 5 °C, 76%; (e) 
DMF, 2.5 h, 120 °C, 85% 

Commercially available 1,2,3-trimethoxy-5-methylbenzene (C30) was 

demethylated with excess BBr3 to form polyphenol C31 in 59% yield [241]. Friedel-

Crafts acylation of C31 with 2-fluorobenzoyl chloride (C21) in the presence of AlCl3 
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followed by Na2CO3-induced cyclization of the resulting benzophenone produced 

xanthone C32 in 69% combined yield. The Pd(0)-catalyzed reverse prenylation with 

carbonate C3b gave rise to compound C33 in good yield (76%). The Claisen/Diels-

Alder reaction cascade of C33 in DMF furnished caged xanthone C34 in 85% yield 

(Scheme 3.27). The structure of this compound was characterized by 1H and 13C 

NMR techniques. The 1H and 13 C NMR spectra of this compound (Figure 3.24 and 

3.25) were similar to those of cluvenone (196). In addition, the signal of methyl group 

substituted on enone bond was observed at δH 2.52 in 1H NMR spectrum and δC 16.7 

in 13C NMR spectrum. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.24 The 1H NMR spectrum (CDCl3, 400 MHz) of compound C34 
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Figure 3.25 The 13C NMR spectrum (CDCl3, 100 MHz) of compound C34 

The treatments of cluvenone (196) with piperidine and MeOH under basic 

conditions were also performed to form the conjugate addition products C35 and C36 

in 86% and 41% isolated yield, respectively (Scheme 3.28). The structures of these 

compounds were determined via a single crystal X-ray analysis [18]. From X-ray 

studies, it pointed out that the conjugate addition took place in a syn fashion across the 

C9-C10 enone bond because the steric hindrance at the top faces was much more than 

that of the bottom ones. In addition, the structures of C35 and C36 were characterized 

by 1H and 13C NMR spectroscopic analyses. 

 



204 

O
O O

O

10

196

9

O
O O

O

10

C35

9H
N

O
O O

O

10

C36

9H
OMe

(a) piperidine, CH2Cl2, 6 h, 60 C

(b) MeOH, 3 d, 65 C

(86%)

(41%)

C35: X-ray

C36: X-ray  

Scheme 3.28 Reagents and conditions: (a) 4.0 equiv. piperidine, CH2Cl2, 6 h, 60 °C, 
86%; (b) MeOH, 3 d, 65 °C, 41% 

Comparison of the 1H NMR spectrum of C35 (Figure 3.26) with that of 

cluvenone (196), a doublet signal of H10 olefinic proton disappeared, and two singlet 

signals assigned to protons H9 (3.36 ppm) and H10 (3.26 ppm) were observed. In 

addition, three broad singlets of four protons (CH2NCH2) were detected at δH 3.15 

(1H), 2.53 (1H), and 2.34-2.23 (2H), together with a multiplet signal at δH 1.51-1.40 

inferred to six protons of piperidine ring. The 13C NMR spectrum (Figure 3.27) was 

compared to that of cluvenone (196). It indicated that the carbon signals of C9 and 

C10 were shifted at δC 43.3 and 30.4, respectively. Four peaks at δC 62.1, 51.3, 25.7, 

and 24.6 could be designated for six carbons of piperidine ring. 

 The 1H NMR spectrum of C36 (Figure 3.28) was similar to that of cluvenone 

(196) except the disappearance of olefinic proton at C10. In addition, three new 

signals: a doublet at δH 4.38 (J = 4.3 Hz) referred to H9; a singlet at δH 3.38 assigned 

to H10; and the singlet signal of methoxy proton at δH 3.30 (3H) were detected. The 
13C NMR spectrum (Figure 3.29) presented a new peak of methoxy carbon at δC 55.8 

and the shift of C9 and C10 signals to 44.6 and 75.3, respectively compared to 

cluvenone (196). 
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Figure 3.26 The 1H NMR spectrum (CDCl3, 400 MHz) of compound C35 

 

 
 

 

 

 

 

 

 

 

 

 

Figure 3.27 The 13C NMR spectrum (CDCl3, 100 MHz) of compound C35 
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Figure 3.28 The 1H NMR spectrum (CDCl3, 400 MHz) of compound C36 
 

 

 

 

 

 

 

 

 

 

Figure 3.29 The 13C NMR spectrum (CDCl3, 100 MHz) of compound C38 
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3.3.6 Isolation of Gambogic Acid from Gamboge 

 In order to evaluate the minimum pharmacophore of caged Garcinia natural 

xanthones, gambogic acid (77) was decided to evaluate the bioactivity as a standard 

compound because it has been shown to be active against a variety of cancer cell lines 

[19, 225, 242]. Gambogic acid (77) was isolated from gamboge resin of G. hanburyi 

as its pyridine salt [19, 87] as shown below. 

 

 

 

 

A commercially available gamboge was exacted with MeOH, and the resulting 

MeOH extract was subsequently dissolved in excess pyridine to obtain the 

corresponding gambogic pyridine salt C37 as a yellow solid in 9% yield. The 

structure of C37 was characterized by 1H and 13C NMR techniques. The 1H NMR 

spectrum of C37 (Figure 3.30) displayed three signals for five aromatic protons of 

pyridine ring at δH 8.58-8.57 (m, 2H), 7.71 (t, J = 7.5 Hz, 1H) and 7.33-7.30 (m, 2H). 

Three doublet signals at δH 7.53 (J = 6.8 Hz, 1H), 6.55 (J = 10.1 Hz, 1H) and 5.34 (J = 

10.1 Hz, 1H), triplet signal at δH 6.07 (J = 7.1 Hz, 1H), and multiplet signal at δH 5.02 

(br s, 2H) were referred to six olefinic protons. The signals of four methylene protons 

on a carbon connected to C=C bond unit of prenyl group, two methylene protons on a 

carbon connected to α,β-unsaturated carboxylate and three protons (H-11, H-21 and 

H-22) of caged core were detected at δH 3.47-1.98. The presence of twenty-four 

methyl protons, H11 and two methylene protons on a carbon connected to an 

oxygenated quaternary carbon C2 were observed at δH 1.73-1.27. The 13C NMR 

spectrum (Figure 3.31) showed three signals at δC 203.7, 179.2 and 171.1, indicative 

of three carbonyl carbons of ketone (C-12), and α,β-unsaturated ketone (C-8), and 

α,β-unsaturated carboxylate (C-30), respectively. The presence of three oxygenated 

aromatic carbons was inferred from the presence of peaks at δC 161.6-157.8. The 

signals at δC 149.1, 136.9 and 124.2 were belonged to five aromatic carbons of 

Gamboge  

         MeOH (3 times) 

MeOH crude extract                         Marc 
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pyridine ring. The thirteen signals at δC 137.1-100.7, four signals at δC 91.2-81.4 and 

fifteen signals at δC 49.2-17.8 could be assigned for another thirteen sp2, four 

oxygenated quaternary and fifteen sp3 carbons, respectively.  

 

 

 

 

 

 

 

 

 

Figure 3.30 The 1H NMR spectrum (CDCl3, 400 MHz) of C37 
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Figure 3.31 The 13C NMR spectrum (CDCl3, 100 MHz) of C37 

The pyridine salt of gambogic acid C37 was then acidified with 1N HCl at 

room temperature for 1 h to give gambogic acid (77) in 99% yield (Scheme 3.29), 

which can be further used without employing any chromatographic methods.  

 

 

 

 

 

Scheme 3.29 Acidification of C37 to gambogic acid (77) 

The molecular composition of gambogic acid (77) was defined as C38H44O8 by 

the HR-MS analysis. In addition, the identity of this compound was characterized by 
1H and 13C NMR techniques. The 1H NMR spectrum of gambogic acid (77) (Figure 

3.32) exhibited three doublet signals at δH 7.54 (J = 6.9 Hz, 1H), 6.55 (J = 10.1 Hz, 
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1H), 5.34 (J = 10.2 Hz, 1H), triplet signal at δH 6.12 (t, J = 7.3 Hz, 1H), and board 

signal at δH 5.05-5.01 (2H) were suggested to the presence of six olefinic protons. 

This spectrum further presented the signals of four methylene protons on a carbon 

connected to C=C bond unit of prenyl group, two methylene protons on a carbon 

connected to α,β-unsaturated carboxylate and three protons (H-11, H-21 and H-22) of 

caged core at δH 3.49-1.98. It also showed the chemical shifts at 1.72-1.28, indicating 

to twenty-four methyl protons, H11 and two methylene protons on a carbon connected 

to an oxygenated quaternary carbon C2. Comparison of 13C NMR data (Figure 3.33) 

of this compound with that of pyridine salt C37 indicated that the peaks of pyridine 

ring disappeared, and carbonyl carbon signal of carboxylic acid was revealed at δC 

172.1. The signals of three oxygenated aromatic carbons at δC 161.7-157.5, thirteen 

sp2 carbons at δC 138.7-100.6 and fifteen sp3 carbons δC 49.2-17.0 were also detected. 

 

 

 

 

 

 

 

 

 

 

Figure 3.32 The 1H NMR spectrum (CDCl3, 400 MHz) of gambogic acid (77) 
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Figure 3.33 13C NMR spectrum (CDCl3, 100 MHz) of gambogic acid (77) 

3.3.7  Synthesis of Amide Analogues of Gambogic Acid 

 To evaluate the significance of carboxylic acid functionality of gambogic acid 

(77) for the bioactivity, its amide derivatives were prepared. Amines contained 

affinity and fluorescent probes such as biotin, coumarin and BODIPY were selected 

to couple with the carboxyl group of gambogic acid (77) since their desired amides 

could be also used for studies related to receptor binding assays and subcellular 

localization of the caged Garcinia xanthones. The synthesis of amide analogues of 

gambogic acid was similar to that of C-ring caged compounds C11-C13, which 

concerned with the amide coupling reaction using the DIPEA and HATU. This 

reaction was smoothly proceeded to afford the desired amides C38-C40 in high yields 

(67-87%) (Scheme 3.30). 
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Scheme 3.30 Reagents and conditions: 2.0 equiv. DIPEA, 1.2 equiv. HATU, CH2Cl2, 
24 h, 25 °C, C38: 67%, C39: 87%, C40: 77% 

 The structures of amides C38-C40 were fully characterized by HR-MS, 1H 

and 13C NMR techniques. The 1H NMR spectrum of biotin conjugate C38 (Figure 

3.34) was similar to that of gambogic acid (77). In addition, it showed the signals of 

biotin as follows: the signals of four NH protons at δH 8.00-5.00; two multiplet signals 

of two protons on a carbon connecting to a urea group at δH 4.49 and 4.32; the 

multiplet signals of four protons on a carbon connecting to an amino group of amide 

bond and one proton on a carbon connecting to a sulfur atom at δH 3.60-3.00; 

multiplet signal for two methylene protons on a carbon connecting to a sulfur atom at 

δH 3.23 and 2.89 (dd, J = 12.8, 4.8 Hz, 1H) and 2.72 (d, J = 13.1 Hz, 2H; two 

multiplet signals for eight methylene protons being between a biotin unit and an 

amide bond at δH 2.20 and 1.80-1.60. The 13C NMR spectrum (Figure 3.35) showed 

the five characteristic carbonyl signals of ketone, α,β-unsaturated ketone, amide, α,β-

unsaturated amide and urea at δC 205.1-163.9 and three oxygenated aromatic signals 

at δC 162.1-157.3. The signals indicative of sp2 carbons at δC 136.0-100.6, sp3 

aliphatic carbons connected with nitrogen or sulfur atom at δC 61.8-35.9 and sp3 

aliphatic carbons at δC 30.1-17.8 were also observed.  
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The 1H NMR spectrum of coumarin conjugate C39 (Figure 3.36) was 

compared with that of gambogic acid (77). It exhibited the additional signals of four 

aromatic protons of coumarin core and two amide protons at δH 7.60-5.30, two 

methylene protons on a carbon being between amide bond and coumarin motif at δH 

3.63, four methylene protons on a carbon connecting with a nitrogen atom at δH 3.40-

3.20, and eight methylene protons of diaminohexyl chain at δH 1.80-1.60. The 13 C 

NMR spectrum (Figure 3.37) showed the new characteristic carbonyl signal of α,β-

unsaturated amide (C-30) at δC 168.1.  

Comparison of the 1H NMR spectrum of BODIPY conjugate C40 (Figure 

3.38) with that of gambogic acid (77) indicated that it contained more six protons at 

δH 7.00-5.20, referring to two NH protons of amide bond and four aromatic protons of 

BODIPY. In addition, the new signals were observed at δH 4.00-3.00 assigned for four 

protons on a carbon connecting with an amino group and two methane protons on a 

carbon connecting to BODIPY core and at δH 2.80-2.00 referred to six methyl protons 

on a carbon substituted on BODIPY ring and two methylene protons on a carbon 

bearing to carbonyl unit of amide bond. The 13C NMR spectrum (Figure 3.39) 

contained the new characteristic signal of α,β-unsaturated amide (C-30) at δC 169.5. 
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Figure 3.34 The 1H NMR spectrum (CDCl3, 400 MHz) of compound C38 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.35 The 13C NMR spectrum (CDCl3, 100 MHz) of compound C38 
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Figure 3.36 The 1H NMR spectrum (CDCl3, 400 MHz) of compound C39 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.37 The 13C NMR spectrum (CDCl3, 100 MHz) of compound C39 
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Figure 3.38 The 1H NMR spectrum (CDCl3, 400 MHz) of compound C40 
 

 

 

 

 

 

 

 

 

 

Figure 3.39 The 13C NMR spectrum (CDCl3, 100 MHz) of compound C40 
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3.3.8  Cell Proliferation Studies 

 The ability of two caged Garcinia natural products, gambogic acid (77)  and 

gambogin (78) and  seventeen synthetic caged compounds to inhibit cancer cell 

growth was evaluated in a multidrug-resistant promyelocytic leukemia cell line, HL-

60, using a 3H-thymidine incorporation assay. This study was kindly tested by Dr. A. 

Batova, University of California at San Diego, and the results are displayed in Table 

3.3. Cells were incubated with increasing concentrations of the compounds for 48 h, 

and then pulsed with 3H-thymidine for 6 h.  

Gambogic acid (77) and cluvenone (196) were found to be the most active 

among all the compounds tested and exhibited IC50 values of 0.5 and 0.4 µM, 

respectively (entries 1 and 3). Gambogin (78) also exhibited the potent activity at a 

low µM concentration (entry 2). These findings indicated that the A-ring 

functionalities, dihydropyran unit, of gambogic acid (77) and gambogin (78) were not 

crucial to the bioactivity. The structural modification of carboxyl group of gambogic 

acid (77) to the corresponding amide moieties (compounds C38, C39 and C40, entries 

1 vs 18-20) did not affect the bioactivity. These compounds still showed the good 

activity in the cell lines tested as well as for the oxidized analogues of cluvenone 

(compounds C27 and C28, entries 12 and 13). These results suggested that the 

carboxylic acid of gambogic acid (77) can be functionalized without loss of activity 

and oxidation and derivatization of the prenyl group of those compounds were well 

tolerated during binding to the putative receptor.  

 On the other hand, compounds C8, C9 and C10, lacking both A and B rings, 

were inactive. They induced less than 10% growth inhibition at up to 10 µM 

concentrations (entries 4-6). The similar activity was observed with the C-ring amide 

analogues C11-C13, having IC50 values greater than 20 µM (entries 7-9).  In addition, 

compound C19, which lacks the A ring, showed no good activity with an IC50 value 

of 10 µM (entry 10). These results pointed out that the completion of ABC-ring caged 

compound was significantly needed for the bioactivity. 
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Table 3.3 Inhibition of cell proliferation by caged Garcinia xanthones and analogues 

in multi-drug resistant promyelocytic leukemia cells (HL-60/ADR) 

Entry Compound IC50 (µM)  

1 gambogic acid (77) 0.5 

2 gambogin (78) 1.1 

3 cluvenone (196) 0.4 

4 C8 NDa 

5 C9 NDa 

6 C10 NDa 

7 C11 20.1 

8 C12 20.7 

9 C13 27.3 

10 C19 10.4 

11 C26 1.3 

12 C27 0.7 

13 C28 0.8 

14 C29 2.5 

15 C34 5.1 

16 C35 2.8 

17 C36 2.5 

18 C38 1.1 

19 C39 0.3 

20 C40 0.6 
a Less than 10% inhibition at 10.0 µM.   

 Moreover, neo caged structure C26 has a low micromolar activity (IC50 value 

of 1.3 µM) but was about 3 times less potent than cluvenone (196) and related 

compounds with the regular caged motif (entries 11 vs 3). It suggested that the 

structural changes at the caged motif affected dramatically the biological properties.  
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 C29 and C34-C36 in HL-60/ADR cell lines were also examined to confirm 

the importance of C9-C10 enone functionalities of caged compounds for the 

bioactivity. It was clearly found that substitution of the C9-C10 enone functionality 

decreased substantially the bioactivity. For instance, compounds C29, C35, and C36 

were about 5 times less active than cluvenone (196), while compound C34 was almost 

10 times less active than cluvenone (196) (entries 14-17 vs entry 3). These results 

corresponded to the previous study related to the decreased cytotoxicity of gambogoic 

acid, the conjugate addition product of gambogic acid (77) with MeOH [113]. The 

significance of enone functionalities may come from their reactivities as a conjugate 

electrophile. 

3.3.9  Apoptosis Studies  

 Studies from several laboratories have shown that the caged Garcinia 

xanthones induce apoptotic cell death in a variety of cancer cell lines [161, 163, 187, 

226, 243]. Apoptosis, or programmed cell death, is a highly regulated process that 

allows a cell to self-degrade in order for the body to eliminate unwanted or 

dysfunctional cells. As such, it is essential to embryonic development and the 

maintenance of homeostasis in multicellular organisms. In humans, for example, the 

rate of cell growth and cell death is balanced to maintain the weight of the body. It has 

been estimated that each day between 50-70 billion cells in the human body perish 

due to apoptosis [244]. This event is necessary to make room for the billions of new 

cells produced daily. In fact, within one year this flux of cells corresponds to a 

production and eradication of a mass equal to almost our entire body weight. Once 

triggered, the apoptotic event leads to cell deletion via a process that includes 

chromatin condensation, nuclear fragmentation, cell shrinkage, plasma membrane 

blebbing and other ultrastructural changes [245]. These changes lead ultimately to 

phagocytosis by the neighboring cells without inciting unnecessary inflammatory 

reactions or tissue scaring. 

 In general, apoptosis can be induced in two different ways, referred to as the 

intrinsic and extrinsic pathways (Figure 3.40) [246]. The intrinsic pathway is 

activated by stress signals resulting from cellular damage sensors (e.g. p53) or 
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developmental cues. Upon receiving the stress signal, pro-apoptotic members of the 

Bcl-2 family of proteins, such as Bax and Bid, bind to the outer membrane of the 

mitochondria to signal the release of cytochrome C [247]. Cytochrome C binds to 

ATP and Apaf-1 to form a large ternary protein complex, known as the apoptosome 

that recruits and activates caspase-9 [248]. 

 

 

 

 

 

 

 

 

 

Figure 3.40 Intrinsic and extrinsic pathways of apoptosis 

In turn, this activates caspase-3, the executioner of apoptosis that initiates 

DNA fragmentation. Besides the release of cytochrome C from the intramembrane 

space, the intramembrane content released also contains apoptosis inducing factor 

(AIF) to facilitate DNA fragmentation, and Smac/Diablo proteins to inhibit the 

inhibitor of apoptosis (IAP). On the other hand, the extrinsic pathway is initiated by 

binding of a small molecule to a death receptor, such as TNF-R1, Fas or DR4, which 

leads to receptor aggregation (usually homo-trimerization). The activated receptor 

then recruits the cytoplasmic proteins FADD (Fas-associated death domain protein) 

and procaspase-8 to form a complex known as death-inducing signaling complex 

(DISC). In certain cells, such as lymphocytes, DISC formation leads directly to 

activation of caspase-3, to trigger apoptosis without involving mitochondria. In other 
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cells, the formation of DISC can activate the mitochondrial apoptotic pathway 

through cleavage and activation of the Bid protein [249]. 

There is compelling evidence that insufficient apoptosis can result in cancer or 

autoimmunity while accelerated cell death is evident in degenerative diseases, 

immunodeficiency and infertility. In fact, tumorigenesis is a multi-step process based 

on genetic alterations that drive the progressive transformation of normal cells into 

highly malignant derivatives. It has been suggested that the large diversity of human 

cancer cell genotypes is a manifestation of six essential alterations in cell physiology 

that collectively dictate malignant growth [151]. These alterations, also referred to as 

the hallmarks of cancer, involve: (a) self-sufficiency in growth signals; (b) 

insensitivity to growth inhibitory signals; (c) evasion of apoptosis; (d) limitless 

replicating ability; (e) sustained angiogenesis; and (f) tissue invasion and metastasis. 

These physiologic changes are shared by most, if not all, types of human cancer and 

represent points for therapeutic intervention. The third alteration from the above list 

refers to the ability of cancer cells to circumvent normal pathways leading to 

apoptosis, thus expanding their population in a non-controlled manner. 

Downregulation of pro-apoptotic proteins, such as Bax, overexpression of the anti-

apoptotic protein Bcl-2, and/or mutations that destroy their function (e.g. p53 

mutations), decrease the ability of the cell to undergo apoptosis leading ultimately to 

tumorigenesis [250-251]. It has also been shown that effectively all traditional 

anticancer drugs use apoptosis pathways to exert their cytotoxic actions [245]. 

Consequently, defects in the regulation of apoptosis can render cells intrinsically 

resistant to chemotherapy, not because the drugs or irradiation fails to induce damage 

to DNA, microtubules and other structures, but because tumor cells remain viable 

after suffering the damage and hence have opportunities to undergo repair and resume 

their proliferative activities [252]. 

To determine whether the mechanism of cytotoxicity of these compounds 

involved the induction of apoptosis, a cell death detection ELISA which measured 

histone-associated DNA fragments was performed by Dr. Asyse Batova, University of 

California at San Diego. This study was performed with cluvenone (196) and is 

shown in Figure 3.41. Compound 196 induced apoptosis, after 7 h of treatment of HL-



222 

60 and HL-60/ADR cells, in a dose-dependent manner with EC50 values of 0.25 and 

0.32 µM respectively. These results were comparable to the apoptotic effect of 

gambogic acid and related caged Garcinia natural products. Specifically, the EC50 

values of gambogic acid (77) in human breast cancer cells T47D, human colon cancer 

cells HCT116, and hepatocellular carcinoma cancer cells SNU398 were reported to be 

about 0.7 µM [229]. More importantly, the similar EC50 values observed for 

cluvenone (196) in the HL-60 and HL-60/ADR cells parallels the previous 

observations [147] and confirm that its cytotoxicity was not affected by the expression 

of P-glycoprotein which renders the HL-60/ADR cell lines multidrug-resistant [149, 

253-254]. 

 

 

 

 

 

 

 

 

 

Figure 3.41 Induction of apoptosis by cluvenone (196) in promyelocytic leukemia 
cells 

 Apoptosis induced in HL60/ADR cells by cluvenone (196) was also visualized 

by fluorescence microscopy after staining with Alexa Fluor® 488 annexin V and 

propidium iodide (PI) (Figure 3.42).  

 

 

Cluvenone (196) (µM) 
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Figure 3.42 Induction of apoptosis in HL-60/ADR cells by cluvenone (196) 
visualized by differential interference contrast microscopy (left 
column) and fluorescence microscopy (middle and right column).  
Control unreated cells are shown in the top row.  Treated cells 
undergoing early and late stage apoptosis are shown in the middle and 
bottom row respectively. 

The green-fluorescent Alexa Fluor® 488 annexin V detected the 

externalization of phosphatidylserine, a hallmark of apoptosis    (Figure 3.42, middle 

column) [151, 244, 255]. The red-fluorescent propidium iodide stained DNA during 

advanced stages of apoptosis and necrosis (Figure 3.42, right column). Cells in the left 

column of Figure 3.42 were visualized by differential interference contrast (DIC) 

microscopy. While untreated live cells showed little or no fluorescence (Figure 3.5, 

top row), cluvenone-treated cells undergoing early stage apoptosis showed only green 

fluorescence after staining with both probes (Figure 3.42, middle row). In the middle 

row was also evident the membrane blebbing, which is the characteristic of apoptosis 

[151, 244, 255]. Cluvenone-treated cells undergoing late stage apoptosis, at which 

point DNA becames accessible to staining by PI, displayed both green and red 

fluorescence (Figure 3.42, bottom row). In this row the chromatin fragmentation was 

also evident. 
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3.3.10  Selectivity of Gambogic acid (77) and Cluvenone (196) for Cancer 

 Cells over Normal Cells 

To determine whether cluvenone (196) has any selectivity for cancer cells 

over normal cells, the effect of cluvenone in a primary human leukemia and 

peripheral blood mononuclear cells (PBMC) obtained from a normal donor was 

examined. This study was kindly tested by Dr. A. Batova, University of California at 

San Diego. Primary cells were exposed to increasing concentrations of cluvenone 

(196) for 48 h and then viable cell numbers were determined. Cluvenone (196) was 

almost 5-fold (4.7) more toxic to leukemia cells (IC50 1.1 μM) than PBMC from 

normal donors (IC50 5.2 μM). Interestingly, in the same experiment, gambogic acid 

(77) was 3.9-fold more toxic to acute lymphoblastic leukemia cells than PBMC 

suggesting that it may have greater toxicity to normal cells compared to cluvenone 

(196). The observed differential cytotoxicity of cluvenone (196) against leukemia 

cells vs PBMC from normal individuals is extremely encouraging as standard 

chemotherapeutic agents are generally similarly toxic to PBMC and tumor cells. 

Based on the observed tumor selectivity, it is anticipated that cluvenone (196) will be 

well tolerated at the low doses which are therapeutically effective. 

3.3.11 Antibacterial Activity of Caged Compounds and SAR Study 

Caged compounds were tested against the community-associated MRSA strain 

TCH1516 (USA300 strain of CA-MRSA), performed by Dr. M. Hensler at Nizet 

Laboratory, Department of Pediatrics, UCSD School of Medicine. All of the results 

are shown in Table 3.4. 
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Table 3.4 Antibacterial activity of caged compounds against the community-

 associated MRSA strain TCH1516 

Entry Compound MIC (µM)  

1 gambogic acid (77) 12.5 

2 Cluvenone (196) 50 

3 C8 >100 

4 C10 >100 

5 C19 >100 

6 C34 >100 

Gambogic acid (77) exhibited good activity with the MIC value of 12.5 µM 

(entry 1). Cluvanone (196) was moderately active with the MIC value of 50 µM 

(entry 2). C8, C10 and C19, which lack the A or B ring, were inactive with the MIC 

values up to 100 µM (entries 3-5). These findings indicated that the intact ABC ring 

containing the C-ring caged structure presented the minimum bioactive motif of such 

compounds. Similarly, C34, the enone bond was substituted, did not show any 

activity with the MIC value up to 100 µM (entry 6). This observation suggested that 

the C9=C10 enone bond was also important for bioactivity. These findings were 

corresponded to the SAR studies on cell proliferation. 
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CHAPTER IV 

CONCLUSION 

α-Mangostin (1) was isolated from the pericarps of mangosteen in 1% w/w 

and was then utilized to prepare three 3-mono, fourteen 6-mono and ten 3,6-di-O-

substituted α-mangostins, along with 3-isomangostin (7), BR-xanthone A (30) and 

five 6-O-acylated 3-isomangostins. 

α-Mangostin (1) exhibited the same potent activity against both S. aureus 

ATCC 25923 and S. aureus ATCC 43300 (MRSA) with the MIC and MBC values of 

0.78 and 1.56 µg/mL, respectively. The replacement of hydroxyl groups at C3 and C6 

and cyclization of prenyl units at C2 and C8 markedly decreased the activities. The 

SAR studies indicated that the polar hydroxyl groups on C3 and C6 and nonpolar 

prenyl chains substituted on C2 and C8 of α-mangostin (1) displayed an essential role 

for bioactivity. In addition, all tested compounds were inactive against C. albicans 

with the MIC value up to 2,000 µg/mL. 

For the termite antifeedant activity, α-mangostin (1) completely inhibited 

termite feeding with the %FI of 97.8 at a dose of 100 µg/disk, and still showed good 

termicidal activity with the %FI value of 85.0 at a dose of 50 µg/disk. In contrast, the 

derivatization of hydroxyl groups at C3 and C6 decreased antifeedant activities. The 

SAR study indicated that the hydrophilic hydroxyl groups at C3 and C6 may be 

necessary for bioactivity. 

Based on an unusual architecture of caged Garcinia natural xanthones and 

their fascinating bioactivities, especially gambogic acid (77), the synthesis of its 

simplified analogues and their pharmacological evaluations have been explored.  

A novel method for the reverse prenylation of catechols was successfully 

explored. This reaction proceeded in excellent yield under Pd(0)-catalysis using 1,1-

dimethylpropenyl t-butyl carbonate (C3b) or bis(1,1-dimethylpropenyl)carbonate 

(C3c) as the prenylation reagents in short reaction time. The resulting di-allylloxy 
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materials were then used as a precursor for the Claisen/Diels–Alder reaction cascade 

to produce various caged analogues. 

The SAR studies of gambogic acid (77), gambogin (78) and synthetic caged 

analogues were evaluated in a multi-drug resistant promyelocytic leukemia cell line, 

HL-60/ADR (Adriamycin). The minimum bioactive motif of such compounds was 

represented by the intact ABC ring containing the C-ring caged structure. Structural 

changes to this motif resulted in substantial loss of activity. The C9=C10 enone 

functionality was also important to the activity, while the C5 prenyl group could be 

oxidized and functionalized without loss of bioactivity. In fact, this site could be used 

for modifications that will improve the solubility and pharmacology of these 

compounds. 

From the cell proliferation and apoptosis studies, cluvenone (196) had 

significant cytotoxicity in multidrug-resistant and sensitive leukemia cells by inducing 

apoptosis comparable to the reported natural products such as gambogic acid (77). 

Furthermore, the observed differential cytotoxicity between leukemia cells and 

peripheral blood mononuclear cells (PBMC) from normal donors, suggesting that 

cluvenone (196) has tumor selectivity. These results reinforced the concept of finding 

new and potent pharmacophores which will increase the understanding of the SAR 

and eventually ring to the success of the preparation of therapeutically relevant 

agents. 

The SAR studies on gambogic acid (77) and simplified caged analogues 196, 

C8, C10, C19 and C34 for antibacterial activity against the community-associated 

methicillin-resistant S. aureus (MRSA) strain TCH1516 found that the intact ABC 

ring containing the C-ring caged structure presented the minimum bioactive motif of 

such compounds. The C9=C10 enone bond was also important for bioactivity. These 

findings were corresponded to the SAR studies on cell proliferation. 

In addition, the Pd(0)-catalyzed reverse prenylation was applied to an 

improved synthesis of a lead analogue cluvenone (196) in a gram scale. The amount 
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of Pd(PPh3)4 could be successfully reduced to 3mol%, producing bis-allyloxy 

xanthone C25 in quantitative yield within 10 mins at room temperature.  

Proposed for the Further Work 

 This research relates to the Pd(0)-catalyzed installation of 1,1-dimethyl-2-

propenyl units to dihydroxy compounds. The investigation of scope and limitation of 

the developed method should be extended. From the SAR studies of gambogic acid, 

its fluorescent amide analogues could be used to investigate on the mechanism of 

cytotoxicity. 
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Table A1 Crystal data and structure refinement for Compound 196 

Identification code CCDC-737621 
Empirical formula C23 H24 O4 

Formula weight 364.42 

Temperature 100(2) K 

Wavelength 1.54178 Å 

Crystal system  Monoclinic 

Space group  P2(1)/c 

Unit cell dimensions a = 10.2829(5) Å α= 90°. 

  b = 13.7839(7) Å  β= 109.118(2)°. 

  c = 13.8591(8) Å  γ = 90°. 

Volume 1856.02(17) Å3 

Z   4 

Density (calculated) 1.304 Mg/m3 

Absorption coefficient 0.711 mm-1 

F(000)  776 

Crystal size 0.33 x 0.22 x 0.08 mm3 

Crystal color, habit Colorless Plate 

Theta range for data collection  4.55 to 68.30°. 

Index ranges -12<=h<=12, -16<=k<=16, -15<=l<=16 

Reflections collected 10317 

Independent reflections 3330 [R(int) = 0.0251] 

Completeness to theta = 65.00° 98.4 % 

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.914 and 0.789 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 3330 / 0 / 249 

Goodness-of-fit on F2  1.087 

Final R indices [I>2sigma(I)]  R1 = 0.0380, wR2 = 0.1066 

R indices (all data)  R1 = 0.0414, wR2 = 0.1092 

Extinction coefficient  0.0019(3) 

Largest diff. peak and hole  0.314 and -0.219 e.Å-3 
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Table A2 Crystal data and structure refinement for Compound C8 

Identification code  CCDC-737622 
Empirical formula  C20 H26 O5 

Formula weight  346.41 

Temperature  100(2) K 

Wavelength  1.54178 Å 

Crystal system  Monoclinic 

Space group  P2(1)/n 

Unit cell dimensions  a = 10.9193(4) Å  α= 90°. 

  b = 12.8300(5) Å  β= 105.650(2)°. 

  c = 13.3814(5) Å  γ = 90°. 

Volume  1805.16(12) Å3 

Z   4 

Density (calculated)  1.275 Mg/m3 

Absorption coefficient  0.739 mm-1 

F(000)  744 

Crystal size  0.30 x 0.20 x 0.08 mm3 

Crystal color, habit  Colorless Rod 

Theta range for data collection  4.66 to 68.40°. 

Index ranges  -13<=h<=13, -15<=k<=15, -15<=l<=11 

Reflections collected  11208 

Independent reflections  3199 [R(int) = 0.0345] 

Completeness to theta = 60.00°  98.2 % 

Absorption correction  Semi-empirical from equivalents 

Max. and min. transmission  0.9432 and 0.8087 

Refinement method  Full-matrix least-squares on F2 

Data / restraints / parameters  3199 / 0 / 233 

Goodness-of-fit on F2  1.003 

Final R indices [I>2sigma(I)]  R1 = 0.0343, wR2 = 0.0864 

R indices (all data)  R1 = 0.0422, wR2 = 0.0916 

Extinction coefficient  0.00144(19) 

Largest diff. peak and hole  0.267 and -0.173 e.Å-3 
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Table A3 Crystal data and structure refinement for Compound C9 

Identification code  CCDC-737623 
Empirical formula  C20 H26 O5 

Formula weight  346.41 

Temperature  100(2) K 

Wavelength  1.54178 Å 

Crystal system  Monoclinic 

Space group  P2(1)/n 

Unit cell dimensions a = 8.0045(2) Å  α= 90°. 

  b = 13.2751(4) Å  β= 92.4170(10)°. 

  c = 16.4708(5) Å  γ = 90°. 

Volume  1748.64(9) Å3 

Z   4 

Density (calculated)  1.316 Mg/m3 

Absorption coefficient  0.763 mm-1 

F(000)  744 

Crystal size  0.33 x 0.30 x 0.27 mm3 

Crystal color, habit  Colorless Block 

Theta range for data collection  4.28 to 68.15°. 

Index ranges  -9<=h<=9, -15<=k<=15, -19<=l<=15 

Reflections collected  13879 

Independent reflections  3087 [R(int) = 0.0209] 

Completeness to theta = 60.00°  97.3 % 

Absorption correction  Semi-empirical from equivalents 

Max. and min. transmission  0.919 and 0.791 

Refinement method  Full-matrix least-squares on F2 

Data / restraints / parameters  3087 / 0 / 233 

Goodness-of-fit on F2  1.043 

Final R indices [I>2sigma(I)]  R1 = 0.0315, wR2 = 0.0739 

R indices (all data)  R1 = 0.0322, wR2 = 0.0744 

Extinction coefficient  0.0044(2) 

Largest diff. peak and hole  0.293 and -0.185 e.Å-3 
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Table A4 Crystal data and structure refinement for Compound C19 

Identification code  737624 
Empirical formula  C19 H24 O4 

Formula weight  316.38 

Temperature  100(2) K 

Wavelength  1.54178 Å 

Crystal system  Orthorhombic 

Space group  Pbca 

Unit cell dimensions  a = 7.6777(4) Å  α= 90°. 

  b = 12.8146(8) Å  β= 90°. 

  c = 33.0175(18) Å  γ = 90°. 

Volume  3248.5(3) Å3 

Z  8 

Density (calculated)  1.294 Mg/m3 

Absorption coefficient  0.724 mm-1 

F(000)  1360 

Crystal size  0.42 x 0.38 x 0.08 mm3 

Crystal color, habit  Colorlesss Plate 

Theta range for data collection  6.36 to 68.23°. 

Index ranges  -9<=h<=7, -15<=k<=13, -39<=l<=39 

Reflections collected  14719 

Independent reflections  2918 [R(int) = 0.0579] 

Completeness to theta = 55.00°  98.9 % 

Absorption correction  Semi-empirical from equivalents 

Max. and min. transmission  0.9444 and 0.7508 

Refinement method  Full-matrix least-squares on F2 

Data / restraints / parameters  2918 / 0 / 213 

Goodness-of-fit on F2  1.014 

Final R indices [I>2sigma(I)]  R1 = 0.0396, wR2 = 0.0951 

R indices (all data)  R1 = 0.0593, wR2 = 0.1051 

Extinction coefficient  0.00068(13) 

Largest diff. peak and hole  0.303 and -0.164 e.Å-3 
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Table A5 Crystal data and structure refinement for Compound C29 

Identification code  CCDC-737625 
Empirical formula  C23 H22 O6 

Formula weight  394.41 

Temperature  100(2) K 

Wavelength  1.54178 Å 

Crystal system  Triclinic 

Space group  P-1 

Unit cell dimensions  a = 9.8298(5) Å  α= 89.130(3)°. 

  b = 9.8418(4) Å  β= 89.002(4)°. 

  c = 20.5815(9) Å  γ = 67.618(3)°. 

Volume  1840.76(14) Å3 

Z   4 

Density (calculated)  1.423 Mg/m3 

Absorption coefficient  0.849 mm-1 

F(000)  832 

Crystal size  0.25 x 0.18 x 0.12 mm3 

Crystal color, habit  Colorless Block 

Theta range for data collection  4.30 to 65.15°. 

Index ranges  -10<=h<=11, -10<=k<=10, -16<=l<=21 

Reflections collected  13913 

Independent reflections  4995 [R(int) = 0.0559] 

Completeness to theta = 60.00°  95.9 % 

Absorption correction  Semi-empirical from equivalents 

Max. and min. transmission  0.9050 and 0.8158 

Refinement method  Full-matrix least-squares on F2 

Data / restraints / parameters  4995 / 0 / 530 

Goodness-of-fit on F2  1.083 

Final R indices [I>2sigma(I)]  R1 = 0.0640, wR2 = 0.1547 

R indices (all data)  R1 = 0.0783, wR2 = 0.1654 

Largest diff. peak and hole  0.619 and -0.309 e.Å-3 
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Table A6 Crystal data and structure refinement for Compound C35 

Identification code  CCDC-737626 
Empirical formula  C28 H35 N O4 

Formula weight  449.57 

Temperature  100(2) K 

Wavelength  0.71073 Å 

Crystal system  Triclinic 

Space group  P-1 

Unit cell dimensions  a = 9.8106(7) Å  α= 106.4770(10)°. 

  b = 10.1395(8) Å  β= 93.9620(10)°. 

  c = 12.1918(9) Å  γ = 92.8280(10)°. 

Volume  1157.17(15) Å3 

Z   2 

Density (calculated)  1.290 Mg/m3 

Absorption coefficient  0.085 mm-1 

F(000)  484 

Crystal size  0.40 x 0.40 x 0.30 mm3 

Crystal color, habit  Colorless Plate 

Theta range for data collection  1.75 to 27.50°. 

Index ranges  -12<=h<=12, -13<=k<=13, -15<=l<=15 

Reflections collected  9915 

Independent reflections  5073 [R(int) = 0.0157] 

Completeness to theta = 27.50°  95.2 % 

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission  0.9749 and 0.9667 

Refinement method  Full-matrix least-squares on F2 

Data / restraints / parameters  5073 / 0 / 298 

Goodness-of-fit on F2  1.095 

Final R indices [I>2sigma(I)]  R1 = 0.0468, wR2 = 0.1261 

R indices (all data)  R1 = 0.0530, wR2 = 0.1308 

Largest diff. peak and hole  0.422 and -0.351 e.Å-3 
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Table A7 Crystal data and structure refinement for Compound C36 

Identification code  CCDC-614936 
Empirical formula  C24 H28 O5 

Formula weight  396.46 

Temperature  100(2) K 

Wavelength  0.71073 Å 

Crystal system  Triclinic 

Space group  P-1 

Unit cell dimensions  a = 10.5010(10) Å  α= 112.0840(10)°. 

  b = 14.3480(14) Å  β= 90.4770(10)°. 

  c = 14.6990(14) Å  γ = 104.1960(10)°. 

Volume  1977.0(3) Å3 

Z   4 

Density (calculated)  1.332 Mg/m3 

Absorption coefficient  0.092 mm-1 

F(000)  848 

Crystal size  0.20 x 0.20 x 0.10 mm3 

Crystal color, habit  Colorless Block 

Theta range for data collection  2.21 to 28.22°. 

Index ranges  -13<=h<=13, -18<=k<=18, -19<=l<=19 

Reflections collected  20632 

Independent reflections  8823 [R(int) = 0.0209] 

Completeness to theta = 25.00°  99.3 % 

Absorption correction  Semi-empirical from equivalents 

Max. and min. transmission  0.9908 and 0.9818 

Refinement method  Full-matrix least-squares on F2 

Data / restraints / parameters  8823 / 0 / 533 

Goodness-of-fit on F2  1.021 

Final R indices [I>2sigma(I)]  R1 = 0.0502, wR2 = 0.1287 

R indices (all data)  R1 = 0.0583, wR2 = 0.1345 

Largest diff. peak and hole  0.749 and -0.301 e.Å-3 
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Figure A1 The 1H NMR spectrum (CDCl3, 400 MHz) of compound C2 
 

 

 

 

 

 

 

 

 

 

 

 

Figure A2 The 13C NMR spectrum (CDCl3, 100 MHz) of compound C2 
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Figure A3 The 1H NMR spectrum (CDCl3, 400 MHz) of compound C3a 

 
 

 

 

 

 

 

 

 

 

 

 

Figure A4 The 13C NMR spectrum (CDCl3, 100 MHz) of compound C3a 
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Figure A5 The 1H NMR spectrum (CDCl3, 400 MHz) of compound C3b 
 

 

 

 

 

 

 

 

 

 

 

 

Figure A6 The 13C NMR spectrum (CDCl3, 100 MHz) of compound C3b 
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Figure A7 The 1H NMR spectrum (CDCl3, 400 MHz) of 2-methylbut-3-en-2-yl 1H-
imidazole-1-carboxylate 

 

 

 

 

 

 

 

 

 

 

 

Figure A8 The 13C NMR spectrum (CDCl3, 100 MHz) of 2-methylbut-3-en-2-yl 1H-
imidazole-1-carboxylate 
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Figure A9 The 1H NMR spectrum (CDCl3, 400 MHz) of compound C3c 

 

 

 

 

 

 

 

 

 

 

 

 

Figure A10 The 13C NMR spectrum (CDCl3, 100 MHz) of compound C3c 

O

O

O



268 
 

  

 

 

 

 

 

 

 

 

 

 

 

Figure A11 The 1H NMR spectrum (CDCl3, 400 MHz) of compound C4 
 

 

 

 

 

 

 

 

 

 

 

 

Figure A12 The 13C NMR spectrum (CDCl3, 100 MHz) of compound C4 
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Figure A13 The 1H NMR spectrum (CDCl3, 400 MHz) of compound C7 
 

 

 

 

 

 

 

 

 

 

 

 

Figure A14 The 13C NMR spectrum (CDCl3, 100 MHz) of compound C7 
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Figure A15 The 1H NMR spectrum (DMSO-d6, 400 MHz) of compound C15 
 

 

 

 

 

 

 

 

 

 

 

 

Figure A16 The 13C NMR spectrum (DMSO-d6, 100 MHz) of compound C15 
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Figure A17 The 1H NMR spectrum (DMSO-d6, 400 MHz) of compound C16 
 

 

 

 

 

 

 

 

 

 

 

 

Figure A18 The 13C NMR spectrum (DMSO-d6, 100 MHz) of compound C16 
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Figure A19 The 1H NMR spectrum (CDCl3, 400 MHz) of compound C17 

 
 

 

 

 

 

 

 

 

 

 

 

 

Figure A20 The 13C NMR spectrum (CDCl3, 100 MHz) of compound C17 
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Figure A21 The 1H NMR spectrum (DMSO-d6, 400 MHz) of compound C24 
 

 

 

 

 

 

 

 

 

 

 

 

Figure A22 The 13C NMR spectrum (DMSO-d6, 100 MHz) of compound C24 
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Figure A23 The 1H NMR spectrum (CDCl3, 400 MHz) of compound C25 
 

 

 

 

 

 

 

 

 

 

 

 

Figure A24 The 13C NMR spectrum (CDCl3, 100 MHz) of compound C25 
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Figure A25 The 1H NMR spectrum (CDCl3, 400 MHz) of compound 196 
 

 

 

 

 

 

 

 

 

 

 

 

Figure A26 The 13C NMR spectrum (CDCl3, 100 MHz) of compound 196 
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Figure A27 The 1H NMR spectrum (CDCl3, 400 MHz) of compound C26 
 

 

 

 

 

 

 

 

 

 

 

 

Figure A28 The 13C NMR spectrum (CDCl3, 100 MHz) of compound C26 
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Figure A29 The 1H NMR spectrum (CDCl3, 400 MHz) of compound C31 
 

 

 

 

 

 

 

 

 

 

 

 

Figure A30 The 13C NMR spectrum (DMSO-d6, 100 MHz) of compound C31 
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Figure A31 The 1H NMR spectrum (DMSO-d6, 400 MHz) of compound C32 
 

 

 

 

 

 

 

 

 

 

 

 

Figure A32 The 13C NMR spectrum (DMSO-d6, 100 MHz) of compound C32 
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Figure A33 The 1H NMR spectrum (CDCl3, 400 MHz) of compound C33 
 

 

 

 

 

 

 

 

 

 

 

 

Figure A34 The 13C NMR spectrum (CDCl3, 100 MHz) of compound C33 
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