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ABSTRACT 

Title BIOACTIVE CONSTITUENTS FROM GARCINIA FUSCA PIERRE 
STEM BARKS 

Author AUDCHARA SAENKHAM 
Degree DOCTOR OF PHILOSOPHY 
Academic Year 2020 
Thesis Advisor Associate Professor Dr. Sunit Suksamrarn  
Co Advisor Assistant Professor Dr. Nuttapon Apiratikul  

  
Three new oxygenated xanthones, 3-O-methylcowanin (10), 5-prenyl 

cowaxanthone (13), and norcowanol (19), together with 14 oxygenated xanthones (1-3, 5-
8, 11-12, and 14-18), and the other known metabolites, lakoochin A (4), oleanane 
triterpene lactone (9), and GB-2 (20) were isolated and purified from the stem barks 
of Garcinia fusca Pierre. Their structures were elucidated on the basis of the 
spectroscopic data analysis (mainly NMR and MS) and a comparison with the reported 
data. The geranylated compounds, cowanin (14), cowagarcinone E (16), norcowanin (17), 
and cowanol (18) exhibited potent inhibitory effects against acetylcholinesterase (AChE) 
(IC50 0.33–1.09 µM) and butyrylcholinesterase (BChE) (IC50 0.048–1.84 µM), which 
showed a higher activity level than galanthamine, the standard drug. In particular, 
compound 16 displayed the most potent BChE inhibitor (IC50 0.048 µM) and was 76-fold 
more potent than galanthamine. Structure-activity relationship studies indicated that the 
C-2 prenyl and C-8 geranyl substituents in the tetraoxygenated scaffold were significantly 
important and had higher level activity levels. 

 
Keyword : Garcinia fusca, Oxygenated xanthones, Acetylcholinesterase inhibitor, 
Butyrylcholinesterase inhibitor 
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CHAPTER 1 
INTRODUCTION 

 

Background 
Garcinia is a genus of plants belonging to the family Clusiaceae (Guttiferae). There 

are about 260 species distributed in the tropical and temperate regions of the world (Sosef 
& Dauby, 2012), particularly in tropical Asia, Africa, and Polynesia (Ngernsaengsaruay & 
Suddee, 2016). Historically, Garcinia plants exhibit a wide range of biological and 
pharmacological activities and they have been used in culinary, pharmaceutical, and 
industrial fields (Hemshekhar et al., 2011). Extracts of Garcinia species have been 
reported to be a major source of prenylated xanthones, benzophenones, and biflavonoids  
(Shagufta & Ahmad, 2016). The fruit hull of G. mangostana or “mangosteen” has been 
traditionally used in traditional Thai medicine for healing skin infections and wounds, and 
for treating diarrhea (Mahabusarakam et al., 1986). It was also used as an anti-
inflammatory agent (Balasubramanian & Rajagopalan, 1988). The mangosteen pericarp 
extracts show a high antioxidant activity, which inhibits the reactive oxygen species (ROS) 
(Chomnawang et al., 2007). The cytotoxicity of xanthones against three human cancer 
cell lines; epidermoid carcinoma of the mouth (KB), breast cancer (BC-1), and small cell 
lung cancer (NCI-H187) of G. mangostana young fruits was also investigated.  Xanthones 
(e.g., -, -, and -mangostins, garcinone E, 8-desoxygartanin, and gartanin) isolated 
from the mangosteen fruit show remarkable biological activities (Suksamrarn et al., 2006). 
Moreover, xanthones obtained from the methanolic extract of G. mangostana displayed 
the anticholinesterase activities (Khaw et al., 2014). The leaves and seeds of G. dulcis 
have been traditionally used in curing the lymphatitis, parotitis, struma, and other disease 
conditions (Iinuma et al., 1996). The fruits and leaves of G. cowa are used for the 
improvement of blood circulation, as an expectorant for the treatment of coughs and 
indigestion, and as a laxative. In addition, the root is used for fever relief and the bark has 
been used in Thai folk medicine as an antipyretic agent (Panthong et al., 2009). The 
xanthones of G. cowa fruits possess antibacterial properties (Auranwiwat et al., 2014). 
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The prenylated xanthones of G. esculenta show cytotoxic activity in human cancer cell 
lines (Zhang et al., 2014). The bark of G. hombroniana, which contain triterpenes, showed 
the in vitro cytotoxicity against MCF-7, DBTRG, U2OS, and PC-3 cell lines (Jamila et al., 
2014). Moreover, the triterpenes of G. cymosa stem bark were also tested for cytotoxic 
activity. The root, stem, leaves and fruits of this plant are also traditionally used for the 
improvement of blood circulation, as an expectorant, as a laxative, and the relief of fever 
(Poomipamorn & Kumkong, 1997). Previously, the chemical investigation of G. fusca stem 
barks led to the isolation of eight new xanthones (fuscaxanthones A-H) and eight known 
xanthones, which showed the inhibitory effects on Epstein–Barr virus early antigen 
induction (Ito, C. et al., 2003 ). In addition, xanthones and bioflavonoids isolated from this 
plant showed antibacterial activity against Helicobacter pylori (Nontakham et al., 2014 ).  

Our research group has previously focused on the study of new biological 
activities of phytochemicals isolated from some Garcinia species. For instance, 
antimycobacterial and cytotoxicity of xanthones obtained from G. mangostana 
(Suksamrarn et al., 2006; Suksamrarn et al., 2003) and antibacterial activity against 
Helicobacter pylori of xanthones and biflavonoids given by G. fusca (Nontakham et al., 
2014 ). In continuation of previous studies, the stem bark of a G. fusca will be further 
investigated in order to search for new chemical compounds with new biological activities. 
 
Objectives of the Study 

1. To isolate, purify, and identify the chemical structures of the isolated 
compounds from a G. fusca, which was collected from the north eastern area. 

2. To evaluate the biological activities of the isolated compounds. 
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CHAPTER 2 
REVIEW OF LITERATURE 

 

The Garcinia is a large genus, belongs to the Clusiaceae family, and has been 
received much attention due to their contents of potential bioactive molecules. There are 
more than 300 Garcinia species and they are native to Asia and Africa (Hemshekhar et 
al., 2011) and about 29 species are found in Thailand (Ritthiwigrom et al., 2013). 
Investigation of Garcinia plant parts (fruits, fruit rinds, flowers, leaves, twigs, barks and 
stems, roots and root barks, heartwood, resin, etc.) revealed the isolations, 
characterizations and bioactivity evaluations, xanthones, bioflavonoids, benzophenones 
derivatives, triterpenes and other compounds (Hemshekhar et al., 2011). 

 
Xanthones and related compound 

Xanthones are comprised of rigid tricyclic aromatic rings and xanthene-9-one is 
the basic skeleton. Xanthones are natural secondary metabolites commonly found in 
some higher plant families, fungi, lichens and bacteria (Negi et al., 2013). Xanthones 
naturally occur in the families Gentianaceae, Guttiferae, Moraceae, Clusiaceae, and 
Polygalaceae (Jensen & Schripsema, 2002; Vieira & Kijjoa, 2005). They are widely 
distributed in nature and exhibit different biological activities depending on their chemical 
structures and position of substituents on the aromatic rings (Shagufta & Ahmad, 2016). 
Naturally occurring xanthones have been extensively discovered since 1959 .The first 
review was published in 1691  by Roberts (Roberts, 1961). Since that time, the number of 
naturally occurring xanthone compounds has increased to 100 fold (Masters & Brase, 
2012). Other reviews were also published in the period up to 2013 by 14 research groups 
(Al-Hazimi & Miana, 1990; Demirkiran, O., 2007; Denisova-Dyatlova & Glyzin, 1982; El-
Seedi et al., 2010; Hostettmann & Hostettmann, 1989; Masters & Brase, 2012; Na, Y., 
2009; Negi et al., 2013; Peres & Nagem, 1997; Peres et al., 2000; Pinto et al., 2005; 
Roberts, 1961; Winter et al., 2013; Yang, Y.-B., 1980). Natural xanthones can be classified 
into oxygenated xanthones, xanthone glycosides, prenylated xanthones and related 
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compound, xanthonolignoids, bisxanthones, caged xanthones (Negi et al., 2013) and 
depsidone. 

 
Oxygenated xanthones 

This main group is subdivided according to the degree of oxygenation into seven 
groups, non-, mono-, di-, tri-, tetra-, penta- and hexaoxygenated xanthones. Oxygenated 
xanthones contain simple substituents such as hydroxyl and methoxy or methyl groups 
(Negi et al., 2013; Vieira & Kijjoa, 2005). For example, monooxygenated xanthones, 2-
hydroxyxanthone and 4-hydroxyxanthone have been isolated from Swertia species (Negi 
et al., 2013). Di-oxygenated xanthone, 1,7-dihydroxyxanthone was isolated from  the 
pericarp G. pedunculata (Vo et al., 2015). 8-Deoxygartanin and nigrolineaxanthones S 
have been isolated from G. speciosa and G. nigrolineata, respectively (Rukachaisirikul, 
Kamkaew, et al., 2003; Rukachaisirikul, Pailee, et al., 2003). Tetra-oxygenated xanthones 
which composed of hydroxyl moiety at C-1,3,5,6, C-1,3,5,7-, and C-1,3,6,7 (Chen et al., 
2013). Jacareubin and hyperxanthone E were isolated from the twigs of G. nujiangensis  

(Tang et al., 2015) and G. esculenta (Zhang et al., 2014), and 6,7-dihydroxy-1,3-
dimethoxyxanthone from H. geminiflorum (Chung et al., 1999). Nujiangexanthones A and 
nujiangxanthone F were isolated from twigs of G. nujiangensis (Tang et al., 2015).  

Demethyleustomin was isolated from shoots and roots of Centaurium pulchellum (Krstić 
et al., 2003). 
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Xanthone glycosides  
Xanthone glycosides are divided into two types according to the nature of the 

glycosidic linkages, O-glycosides and C-glycosides. The C-glycosyl xanthones are a 
group of compounds which was classified by a sugar moiety attached to the xanthone 
nucleus through a C-C bond whereas O-glycosides bearing C-O glycosidic linkage. Sixty 
one natural glycosylated xanthones have been predominantly reported in the families 
Gentianaceae and Polygalaceae (Demirkiran, O., 2007; Hostettmann & Miura, 1977; Negi 
et al., 2013). They are rarely founded from fungi. C-glycosyl xanthones are rare xanthones, 
their occurrence is very much limited (Negi et al., 2013). 

 The first C-glycoside xanthones was isolated in 1992 from Mangifera indica 
(Anacardiaceae) (Demirkiran, O., 2007; Mandal et al., 1992). Only one O-glycoside 
xanthones, patuloside A have been isolated from Hypericum species (Chung et al., 
1999), while mangiferin isolated from this species was the first C-glycoside xanthone.   
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Prenylated xanthones 
The family Clusiaceae or Guttiferae appears to produce a large number of 

xanthones. These compounds are di-, tri-, tetra- and penta-oxygenated xanthones, which 
aromatic ring system is substituted by prenyl groups such as isoprenyl, 1,1-dimethylprop-
2-enyl, geranyl, and farnesyl unit. Cyclisation of these groups with the near-by O-hydroxyl 
groups into furano-(5-membered ring) or pyrano-(6-membered ring) systems are 
observed. A large number of prenylated tetra-oxygenated xanthones have been found, 
whereas, prenylated penta-oxygenated xanthones are rare (Demirkiran, O., 2007; Negi et 
al., 2013). -Mangostin, -mangostin and -xanthone isolated from the fruit mangosteen 
(Suksamrarn et al., 2006). Cudraxanthone L isolated from the roots of C. tricuspidata 
(Yoon et al., 2016). Cowanin, cowanol, norcowanin and 3-isomangostin (Vo et al., 2015) 
isolated from the pericarp of G. pedunculata.  5-Farnesyltoxyloxanthone B isolated from 
G. merguensis, is a rare xanthone with a farnesyl group (Kijjoa et al., 2008 ). 
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Xanthonolignoids 
Xanthonolignoids were first isolated in 1950 from Kielmeyera coriacea and 

Caraipa densiflora (Guttiferae). Only a small number of these xanthones were found in 
nature (Negi et al., 2013). These compounds are very close is keletal patterns formed from 
the association of the xanthone nucleus the lignoid pattern (coniferyl alcohol or syringenin) 
(Demirkiran, O., 2007). Recently, kielcorin was also isolated from Vismia guaramirangae, 
Kielmeyera variabilis (Pinheiro et al., 2003), and Hypericum canariensis, whereas 
cadensin C and cadensin D from Vismia guaramirangae and Hypericum canariensis have 
been reported (Demirkiran, O., 2007). 

 

 
 

Bisxanthones 
Bisxanthones are dimeric xanthones which are formed via a C-C or C-O bond 

connection from two xanthone monomers. This type of xanthones is less numerous. 
According to the report of Negi, five compounds were isolated from higher plants, one 
from lichen, and six from fungi (Negi et al., 2013). These include jacarelhyperols A and B 
(Ishiguro et al., 2002 ), from the aerial parts of Hypericum japonicum and dimeric 
xanthone, and globulixanthone E, from the roots of Symphonia globulifera (Nkengfack et 
al., 2002). Three C2-C2’ dimeric tetrahydroxyxanthones dicerandrols A, B, and C, are also 
isolated from the fungus Phomopsis longicolla (Wagenaar & Clardy, 2001). 
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Caged xanthones 
The chemical structure of the caged xanthone is unique, in which the C ring of the 

xanthone backbone is converted to a cage of 4-oxa-tricyclo[4.3.1.03,7]dec-8-en-2-one unit 
(Chantarasriwong et al., 2010). To date, around 100 compounds of caged xanthone have 
been isolated and G. hanburyi is a rich source of this type of compounds. Gambogic acid, 
the most abundant, and other caged xanthones isolated from the fruit and resin of G. 
hanburyi exhibited remarkable cytotoxic activity against several mammalian cancer cells 
and displayed potent anti HIV-1 activities in the reverse transcriptase assay (Hemshekhar 
et al., 2011). 
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Depsidone 
Depsidone is a lactone derivative of xanthone containing a basic structure of 11H-

dibenzo[b,e][1,4]- dioxepin-11-one (Lang et al., 2007). They are found in lichens and 
endophytic fungus (Hauck et al., 2010; Sukandar et al., 2016). Recent Garcinia 
depsidones have been reported, though to a lesser extent.  
 

 
 

For instance, the general structures of both the depside and depsidone scaffolds 
with numbering were isolated from lichen. 
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 Biflavonoids 
Biflavonoids are flavonoid-flavonoid dimers. They can be formed from flavonol, 

flavone, flavanones, isoflavones, anthocyanin or dihydroflavonol via a C-C or a C-O-C 
bond (Lee et al., 2008) as shown in Figures 1 and 2. Possible interflavonoyl link in 
bioflavonoids are the 3-8’’, 6-8’’, 8-8’’, 5’-8’’, 3’-6’’, 4’-6’’ and 5’-4’’’ linkages as shown in 
Figure 3. However, the majority is simply 3’-8’’ and 3-8’’ linked types (Ito, T. et al., 2013). 
The substituents of hydroxyl and methoxyl groups can be substituted at various positions 
of the biflavonoid nucleus. Garcinia species is a major source of several types of 
compounds including biflavonoids (Syed et al., 1988). 

 

 
 

FIGURES 1 Basic structure of flavonoids 
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FIGURES 2 Structures of biflavonoids 
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FIGURES 3 Types of interflavonyl link of bioflavonoids 
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Triterpenoids  
Triterpene or triterpenoid is a large group of natural products which derived from 

cyclization of squalene or related acyclic 30-carbon precursors (Ronco & De Stéfani, 
2013). Triterpenes are precursors to steroids in plants and animals. There are two main 
types, steroidal tetracyclic (of 6-6-6-5 type) and pentacyclic (of 6-6-6-6-5 type and 6-6-6-
6-6 type) triterpenes. Triterpene glycosides are also referred as saponins (Xu et al., 2004). 
Triterpene compounds display a wide range of activities covering, for examples, anti-
tumor, anti-inflammatory and immunomodulatory actions (Aldred, 2008).  
 

 
                                                      

Structure of squalene 
 

According to their basic core structure, tetracyclic triterpenes may be divided into 
lanostane, protostane, dammarane, fusidane, friedolanostane and sterols skelatons. 
Whereas the pentacyclic triterpenes may be grouping into hopane, lupene, ursane, 
oleanane, gammacerane and serratene types. 
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 Lanostane triterpene or 4,4,14-trimethylcholestane, the stereostructures in 
positions are 8-H, 9-H, 13-CH3 and 14-CH3.  

 Protostane triterpene, the stereocenters are 8-CH3, 9-H, 13-H and 14-CH3. 
 Dammarane triterpene is a stereoisomer of the protostane, showing 8-CH3, 9-
H, 13-H and 14-CH3. 
 Fusidane shows characteristic stereostructures difference from tetracyclic 
protostane by losing one methyl group to be 4-CH3. 
 Friedolanostane backbone displays characteristic stereostructures in positions 
8-H, 9-H, 13-CH3 and 17-CH3. 
 Sterols are an important group among the steroids, form with the cholestane 
skeleton containing a 3-hydroxyl group and an aliphatic side chain of C8 or more carbon 
atoms attached to position C-17 form the group of sterols.  
 

 
 
 Hopane, a group of hopanoids, is pentacyclic triterpenoid based on the hopane 
skeleton with a 21-isopropanyl group at the five-membered ring E (6-6-6-6-5). The 
simplest C30 hopanoid is diploptene. 
 Lupane-type triterpene is series of 6-6-6-6-5 pentacyclic, which composed of an 
isopropenyl (CH3C=CH2) moiety at C-19, but difference from hopane at a 17-CH3 and 
19-isopropenyl group at ring E.  
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 Ursane-type triterpene is series of 9-9-9-9-9 pentacyclic, which contain a double 
bond at C12-C13 and additional of two methyl groups at carbon C-19 and C-20 in the 
ring E.  
 The oleanane-type triterpenes is a series of pentacyclic triterpenes (6-6-6-6-6), 
which contain a double bond at C12-C13 and additional of two methyl groups at carbon 
C-20 in the ring E.  
 The gammacerane skeleton (6-6-6-6-6) is characterized by a six-membered ring 
E which is substituted by two methyl groups at C-22. Tetrahymanol has been isolated for 
the first time from the phototrophic bacterium Rhohpseudomonas palustris (Kleemann et 
al., 1990) 

Serratenoids are a group of pentacyclic triterpenes with an unusual seven carbons 
ring (6-6-7-6-6). 
 
Recent publications of Garcinia phytochemicals and of their biological activities during 
the years of 2012-2017.  

In 2012, Saputri and Jantan reported that the MeOH extract of G. hombroniana 
twigs displayed strong low-density lipoprotein (LDL) antioxidation and antiplatelet 
aggregation activities. Chemical investigation of MeOH extract fraction gave ten 
compounds A and B and 8 triterpenes C-J.  All compounds were evaluated for their ability 
to inhibit human LDL oxidation and platelet aggregation in vitro. 3,5,3’,5’-Tetrahydroxy-4-
methoxybenzophenone and 1,7-dihydroxyxanthone showed strong inhibitory activity on 
LDL oxidation with half-maximal inhibitory concentration (IC50) values of 6.6 and 1.7 M, 
respectively (Saputri & Jantan, 2012). 
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In 2014, See; et al. studied on the investigation of the EtOAc and MeOH extracts 
of the stem barks from G. mangostana resulted in the successive isolation of a new 
prenylated xanthone, mangaxanthone B, a new benzophenone, mangaphenone, and  two 
known xanthones, mangostanin and mangostenol (See et al., 2014). 
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In 2014, Zhang; et al. described that five new xanthones (garciesculenxanthone 
A-E), a new public (K), and 15 known xanthons (garciniagifolone A, garcimultiflorone E, 
cambogin, guttiferone F, compound L, -mangostin, garcicowin C, GDPHH-2, 1,3,7-
trihydroxy-2-(3-methylbut-2enyl)-xanthone, griffipavixanthone, 1,3,5,7-tetrahydroxy-8-
isoprenylxanthone, -xanthone, hyperxanthone E, toxyloxanthone B and compound M 
were isolated from G. esculenta. The isolates were evaluated for their cytotoxicity potency 
by MTT assay against 3 human cancer cell lines and against normal liver cells. Among 
tested compounds garciniagifolone A, garcimultiflorone E, cambogin, guttiferone F, 
compound L and -mangostin displayed cytotoxic activity against one or two human 
cancer cell lines exhibiting IC50 values below 10 M. Only -mangostin showed a selective 
activity toward the cancer cells used demonstrating by no significant cytotoxicity to normal 
HL-7702 hepatocyte cells. Apart from that, all isolated compounds were tested for their 
inhibitory activity on IFN- plus LPS-induced NO production in RAW264.7 cells. Only 
garcimultiflorone E, 1,3,5,7-tetrahydroxy-8-isoprenylxanthone, and hyperxanthone E 
displayed IC50 values below 10 M in this assay (Zhang et al., 2014). 
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In 2014, Auranwiwat; et al. investigated the acetone extract from the young fruits 
of G. cowa.  They enabled to isolate two new xanthones (garcicowanones A and B), and 
eight known xanthones (9-hydroxycalabaxanthone, -mangostin, fuscaxanthone A, 
cowaxanthone D, cowanin, -mangostin, cowagarcinone E, and rubraxanthone). All 
chemical structures were tested for a series of bacterias. Moreover, the -mangostin 
displyed potent activity (MIC 0.25–1 g/mL) against three gram–positive strains. Among 
them, two compounds (N-O) showed good antibacterial activity against strain B. cereus 
with the same MIC values of 0.25 g/mL (Auranwiwat et al., 2014). 

 

 
In 2014, Bui; et al. isolated a new protostane; (22Z,24E)-3-oxoprotosta-12,22,24-

trien-26-oic acid, two novel lanostane lactones; garciferolides A  and B, and three known 
compounds; dulxanthone A, 6-hydroxy-1,5-dimethoxyxanthone, and 2-hydroxyxanthone 
from the barks of G. ferrea (Bui et al., 2014). 
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In 2015, Sriyatep; et al. reported 5 new phytochemicals, garciniacowones A-E, 
together with 14 known compounds, were isolated from the young fruits and fresh flowers 
of G. cowa. The concentrated MeOH extract of the young fruits from G. cowa was 
extracted with CH2Cl2 and then EtOAc to give CH2Cl2 and EtOAc-soluble fractions, 
respectively. The CH2Cl2 extract was isolated to silica gel CC to yield 3 new xanthones, 
garciniacowones A-C, and 4 known xanthones, cowaxanthone, 3-O-methylmangostenone 
D, and garcinianone A-B. While the EtOAc extract was further separated obtain two new 
xanthones, garciniacowones D-E, a long with 10 known xanthones, mangostanin, 6-O-
methylmangostanin, fuscaxanthone A, fuscaxanthone C, 7-O-methylgarcinone E, 
cowaxanthone D, -mangostin, -mangostin, 3,6-di-O-methyl--mangostin, and 
rubraxanthone. All compounds were evaluated in vitro for their antimicrobial activity and 
for their ability to inhibit -glucosidase. -Mangostin and -mangostin showed the most 
potent -glucosidase inhibitory activity, with IC50 values of 7.8±0.5 and 8.7±0.3 M, 
respectively. In addition, garcinianones A-B and rubraxanthone showed antibacterial 
activity against Bacillus subtilis TISTR 088 with identical MIC values of 2 µg/mL, while 
garcinianone A, mangostanin, and rubraxanthone presented antibacterial activity against 
B. cereus TISTR 688 strain with identical MIC values of 4 g/mL (Sriyatep et al., 2015). 
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In 2014, Jamila; et al. isolated phytochemicals from EtOAc- and CH2Cl2 extracts 
of G. hombroniana to yield two new compounds, 2,3’,4,5’-tetrahydroxy-6-methoxybenzo- 
phenone and compound P and thirteen known compounds, 2,3’,4,4’-tetrahydroxy-6-
benzophenone, 2,3’,4,6-tetrahydroxybenzophenone, 1,3,6,7-tetrahydroxyxanthone, 
3,3’,4’,5,7-pentahydroxyflavone, 3,3’,5,5’,7-penta-hydroxyflavanone, 3,3’4’,5,5’,7-
hexahydroxyflavone, 4,5,7-trihydroxyflavanone-7-rutinoside, compounds C and D, 
friedelan-3-one, compound J, stigmasterol and stigmasterol glucoside. The in vitro 
cytotoxicity was evaluated against three cancer cell lines, two new structures 2,3’,4,5’-
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tetrahydroxy-6-methoxybenzo-phenone and compound P exhibited highly cytotoxic 
effects on DBTRG tumor cell lines with the 50% effective concentrations (EC50) values of 
48 and 34 M (Jamila et al., 2014). 
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In 2014, Khaw; et al. studied on the isolation of secondary metabolites from MeOH 
extract of G. mangostana fruit hulls. This study described cholinesterases inhibition of the 
extract and its phytochemical constituents using previous method. Prenylated xanthones 
and garcinone C, were the most potent inhibitor of AChE with the same IC50 value of 1.24 
M while -mangostin was the most potent inhibitor of BChE (IC50 1.78 M). The molecular 
docking studies have shown that two 1,3,6,7-tetraoxtnated xanthones (-mangostin and 
garcinone C) interacts differently with the 5 significant regions of both enzyme through 
protein-ligand interactions, mainly hydrophobic and hydrogen bonding (Khaw et al., 
2014). 

 
 

In 2015, Fouotsa; et al. found two new compounds, chemical sturcture Q, and 4 
known compounds (cheffouxanthone, smeathxanthone A, smeathxanthone B, 
ananixanthone, two pentacyclic triterpenes (epifriedelinol and G), from the stem barks of 
G. smeathmannii. Two new compounds (xanthone and benzophenone) and 
cheffouxanthone exhibited the most prominent antibacterial activity against gram-positive 
Enterococcus faecalis with minimal inhibitory concentration values of 8, 8, and 2 g/mL, 
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respectively, while new prenylated xanthone, cheffouxanthone, smeathxanthone A, and 
ananixanthone displayed the capacity to scavenge free radical (Fouotsa et al., 2015). 

 

 
 

In 2015, Sangsuwon and Jiratchariyakul studied on the chemical constituents of 
G. speciosa and cytotoxic activity against A549 lung cancer cell lines. The phytochemical 
study of the leaves and twigs of this plant led to separation of 4 known compounds, 
friedeline, stigmasterol, 6-benzoyl-5-hydroxy-2,2,8,8-tetramethy-(2H, 8H)benzo(1, 2-
b:3,4b’) dipyran, and together with prenylated xanthone, macluraxanthone. The H2O, 
MeOH and EtOAc extracts were evaluated for their in vitro cytotoxicity against the lung 
cancer cell lines (A 549) gave ED50 values of 62, 45 and 75 g/mL, respectively. The 
antioxidant activity of macluraxanthone was tested by using DPPH assay and showed IC50 
value of 7.65 g/mL, and its cytotoxicity displayed ED50 values 15.38 g/mL (Sangsuwon 
& Jiratchariyakul, 2015). 
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In 2015, Vo; et al. reported three new xanthones, pedunxanthones D-F, along with 
ten known compounds, 1,6-dihydroxy-7-methoxy-8-(3-methyl-2-butenyl)-6,,6,-
dimethylpyrano-(2,,3,: 3,2)xanthone, 6-O-demethyloliverixanthone, fuscaxanthone A,  

cowanin, norcowanin, cowanol, -mangostin, mangostanol, 3-isomangostin and  1,7-
dihydroxyxanthone, from a CHCl3 extract of G. pedunculata pericarps from Viet Nam. 
Cytotoxicity against HeLa and NCI-H460 cells of the isolated compounds was evaluated; 
pedunxanthone D was the most active compound with IC50 24.9±0.4 and 26.1±1.5 g/mL, 
respectively (Vo et al., 2015). 
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In 2016, Chen; et al. reported five new caged polyprenylated xanthones, 
epigambogic acid A, epigambogic acid B, 10-butoxy gambogic acid, epi-gambogic 
acid C  and gambogic acid C, and 12 known xanthones were isolated from the resin of G. 
hanburyi. These known compounds including 10-hydroxygambogic acid, moreollic 
acid, 10-ethoxy-9,10-dihydrogambogenic acid, desoxymorellin, gambogin, morellic 



  27 

acid, gambogellic acid, gambogenic acid and desoxygambogenin. Epi-gambogic acid 
C and gambogic acid C are the first examples of caged polyprenylated xanthones.  These 
isolate compounds showed -glucosidase inhibitory activities in vitro. Except for 10-
butoxy gambogic acid, 10-ethoxy-9,10-dihydrogambogenic acid, epi-gambogic acid C 
and gambogic acid C, the remaining compounds were evaluated for -glucosidase 
inhibition. Epigambogic acid A and B display moderate -glucosidase inhibition with IC 05
and values 15..00 and 111..5 M, respectively (Chen et al., 2016). 
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In 2016, Xu; et al. described the isolation of secondary metabolites from an 
ethanolic extract of G. mangostana  pericarps to obtain two new xanthones, compounds 
R and S, a long with 5 known xanthones garcinones C-D, gartanin, xanthone I, and -
mangostin. All isolated compounds displayed significant cytotoxic activities against 
various human cancer cell lines (Xu, W. J. et al., 2016). 

 

 
 

In 2016, Xu; et al. reported one new prenylated xanthone, mangostanate was 
subjected from the pericarp of G. mangostana, together with five known compounds, -
mangostin, -mangostin, gartanin, garcinone D and 6-methoxy-bis pyrano xanthone. All 
compounds were evaluated for their antioxidant activity with DPPH assay. -mangostin, 
-mangostin, gartanin, garcinone D and 6-methoxy-bis pyrano xanthone showed 
antioxidant activity with IC50 values of 35.03, 21.52, 25.61, 73.79 and 48.67 g/mL, while 
mangostanate was inactive (Xu, T. et al., 2016). 
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In 2017, Yang; et al. isolated one new prenylated xanthone, 7-O-demethyl 
mangostanin and thirteen known xanthones, mangostanin, 8-deoxygartanin, gartanin, 
garcinone E, trapezifolixanthone, padiaxanthone, tovophyllin A, 1,5,8-trihydroxy-3-
methoxy-2[3-methyl-2-butenyl]xanthone, garcinone B, 1,3,7-trihydroxy-2,8-di-(3-
methylbut2-enyl)xanthone, mangostenone D, 2-geranyl-1,3,5-trihydroxyxanthone 
(mangostinone), and 1,7-dihydroxy-2-(3-methylbut-2-enyl)-3-methoxyxanthone, from the 
pericarps of G. mangostana. The new compound was tested against seven cancer cell 
lines and side population growth of CNE-2. The result showed that the compound has 
potential anti-cancer properties with the half maximal inhibitory concentration (IC50) values 
3.35, 4.01, 4.84, 7.84, 6.21, 8.09, 6.39 and 1.26 M, respectively. These compounds was 
also tested from mangosteen flesh extract, which indicated that the popular fruit could 
have potential cytotoxic activity for cancer cell lines (Yang, R. et al., 2017). 
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In 2017, Trinh; et al. reported 11 xanthones, of which three new xanthones, 
oblongixanthone F–H, along with eight known xanthones, 1,3,6-trihydroxy-7-methoxy-2,5-
bis(3-methylbut-2-enyl)xanthone, isocowanin, oblongixanthone C, cowanin, cowanol, 
rubraxanthone, cowagarcinone E, and norcowanin were isolated froman EtOAc extract of 
the twigs of G. oblongifolia. The results indicate that the crude extract of this plant is a 
potential source of -glucosidase and PTP1B inhibitors. All isolated compounds were 
evaluated antidiabetic effects by in vitro -glucosidase and PTP1B inhibition assays. 
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Norcowanin was the most active compound, and PTP1B with inhibited -glucosidase IC50 
values of 1.7±0.5 and 14.1±3.5 M, respectively (Trinh et al., 2017).  
 

 
 

In 2016, Jamila; et al. isolated of CH2Cl2 barks extract from G. hombroniana to 
obtain, one new cycloartane triterpene and five known triterpenoids. The extract of this 
plant obtained a new compound T, a long with 5 known triterpenes U-Y.  

Previously, G. hombroniana have been investigated for its benzophenone and 
biflavonoids, and anticholinesterase activity of isolated compounds. In these activities, 
triterpenoids and benzophenone displayed more potent the ChE inhibitory effects while 
biflavonoids did not reasonably contribute to both the enzymes inhibitions (Jamila et al., 
2016). 



  32 
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Chemical constituents and their biological activities 
In 2003, Ito; et al. reported that eight new xanthones, fuscaxanthones A-H, 

together with eight known xanthones, namely cowanin, cowanol, cowaxanthone, 
rubraxanthone, -mangostin, -mangostin, norcowanin and 7-O-methylgarcinone E were 
isolated from the acetone extract of G. fusca stem barks collected in Thailand.  
 In addition, eight khown xanthones (cowanin, cowanol, cowaxanthone, 
rubraxanthone, -mangostin, -mangostin, norcowanin and 7-O-methylgarcinone E) 
showed an important role in producing inhibitory effects on Epstein-Barr virus early 
antigen activation in Raji cells. 7-O-Methylgarcinone displayed the most potent inhibitory 
activity (Ito, C. et al., 2003 ). 
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In 2014, a new geranylated xanthone derivative, fuscaxanthone I, along with nine 
oxygenated xanthones, -mangostin, fuscaxanthone A, cowanin, cowaxanthone, -
mangostin, cowanol, isojacareubin, fuscaxanthone G and 1,3,5,6-tetrahydroxyxanthone, 
a biphenyl, nigrolineabiphenyl B and three bioflavonoids, vokensiflavone, (+)-
morelloflavone or fukugetin and (+)-morelloflavone glucoside or (+)-fukugiside were 
isolated from the roots of Garcinia fusca Pierre. Isojacareubin, nigrolineabiphenyl B, 
1,3,5,6,-tetrahydroxyxanthone, vokensiflavone,  morelloflavone and fukugiside were 
reported from this plant species for the first time. 
  Two Helicobacter pylori strains were used to test the antibacterial activity of the 
isolated compounds. Cowaxanthone and fukugiside showed stronger 
antibacterial activities against H. pylori DMST strain at MICs 4.6 and 10.8 M, than that 
of the standard drug. Isojacareubin showed the most potent activity against H. pylori HP40 
clinical separate with MIC 23.9 M, which was approximately 2 times higher than that of 
the control amoxicillin (Nontakham et al., 2014 ). 
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CHAPTER 3 
EXPERIMENTAL 

 
Plant materials 

The air-dried stem barks of G. fusca were collected from Yangtalad District, 
Kalasin Province, Thailand, in January, 2016. A voucher specimen (Audchara 
Saenkham001) has been deposited at the Laboratory of Natural Product Research Unit, 
Chemistry Department of Srinakharinwirot University. 

 
General experimental procedures 

Melting points were measured on Griffin melting point apparatus in degree Celsius 
of temperature. 

Optical rotation was recorded on the JASCO-1020 digital polarimeter by using 
MeOH as a solvent. 

UV spectra were obtained on a Jasco V-750 UV-Vis Spectrophotometer in MeOH. 
IR spectra were determined by using the Perkin Elmer UATR TWO spectrometer. 
1H- and 13C-NMR spectra were determined on a Bruker AVANCE 300 FT-NMR 

spectrometer operating at 300 MHz (1H) and 75 MHz (13C). TMS was calibrated as a 
reference at 0.00 ppm for both 1H-NMR and 13C NMR spectra. 

Mass spectra were obtained using a Bruker microTOF mass spectrometer. 
Quick column chromatography (QCC) was carried out on silica gel 60 F254 (Merck) 

and column chromatography (CC) was performed on silica gel 60 having either a particle 
size less than 0.063 mm (Merck 1.07729) or a particle size is 70-230 mesh (SiliCycle, 
SILIAFLASH G60). Sephadex LH-20 (GE Health care) was also used as an absorbent in 
size exclusion chromatography. 

TLC were monitored using Merck precoated silica gel 60 F254 and were 
visualized by using UV light (at wavelengths of 254 and 365 nm) and by spraying with 
anisaldehyde–H2SO4 reagent followed by heating. 
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Extraction of the dried stem barks of G. fusca 
The air-dried stem barks of G. fusca (10 kg) were extracted successively with 

EtOAc (3 × 20 L) and then with MeOH (3 × 20 L) at room temperature for each one week 
and the solvents were evaporated to yield the EtOAc (brownish residue, 271 g) and MeOH 
(reddish brown sticky, 542 g) extracts, respectively. The extraction procedure is shown in 
Scheme 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Scheme 1 Extraction procedure of the stem barks of G. fusca 
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Isolation of compounds from the EtOAc extract of the stem bark of G. fusca 

A portion of the EtOAc extract (255 g) was fractionated by QCC (10 x 15 cm) 
eluting with a gradient of n-hexane–acetone (96:4 to 0:100), acetone–MeOH (95:5–0:100) 
to afford 13 main fractions (E1-E13). The extraction procedure is shown in Scheme 2. 
 

Isolation of compounds 1 (gartanin), 2 (8 deoxygartanin), 3 (-mangostin), 4 
(Lakoochin A), 5 (cowagarcinone B), 6 (7-O-methylgarcinone E), 7 (fuscaxanthone A), 
and 8 (garbogiol)  

Fraction E3 (15 g) was further chromatographed over silica gel (7x 50 cm), 
eluting with a gradient of n-hexane–acetone (96:4 to 0:100), to provide 14 sub-fractions 

(E3.1–E3.14). Repeated silica gel column (2.5x40 cm) of subfraction E3.2 (293 mg) 
eluting with hexane–acetone (96:2 to 0:100) furnished compound 1 (gartanin, 35 mg), 
compound 2 (8-deoxygartanin, 13 mg) and compound 3 (-mangostin, 10 mg) as yellow 
solids. Compounds 4 (Lakoochin A, 4 mg) and 5 (cowagarcinone B, 42 mg) were 
successfully yielded from sub-fraction E3.3 (117 mg) using a CC with the same eluent. 
Repeated CC of sub-fraction E3.5 (629 mg) eluting with hexane–acetone (96:2 to 0:100) 
gave compound 6 (7-O-methylgarcinone E, 110 mg) and compound 7 (fuscaxanthone A, 
10 mg) as yellow solids. Sub-fraction E3.5.4 (374.4 mg) was separated to silica gel CC 

(3 x 40 cm) with the same eluent solvent system to obtain compound 8 (garbogiol, 23 
mg) as a pale yellow needle. 
 

Isolation of compound 9 (An oleanane triterpene lactone) 

Fraction E4 (388 mg) was purified by a silica gel column (3 x 40 cm)  eluting with 
hexane–acetone (95:5) to give compound 9 (An oleanane triterpene lactone or (3 , 
11acetyl12 hydroxy1.-olean28,13 lactone, 4 mg) a as colorless solid. 
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Isolation of compounds 10 (fuscaxanthone M or 3-O-methylcowanin) and 11 (3-
O-methylcowaxanthone) 

Fraction E5 (19 g) was purified by silica gel CC (5 x 50 cm) eluting with hexane–

acetone (96:4 to 0:100) to give 9 sub-fractions (E5.1– E5.9). Two successive re-CC (4 x 
40 cm) of sub-fraction E5.6 (1.86 g) eluted with hexane–acetone (98:2) to afford 
compound 10 (fuscaxanthone M or 3-O-methylcowanin, 6 mg) as yellow gum and 
compound 11 (3-O-methylcowaxanthone, 8 mg) as yellow solids. 
 

Isolation of compound 12 (Rheediaxanthone-A) and compound 13 
(fuscaxanthone L or 5-prenyl cowaxanthone) 

Fraction E6 (5.2 g) was separated by a silica gel column eluting with hexane–
acetone (98:2 to 0:100) to give 14 sub-fractions (E6.1–E6.14). Compound 12 

(Rheediaxanthone-A, 6 mg) and compound 13 (fuscaxanthone L or 5-prenyl 
cowaxanthone, 2 mg) were successfully obtained from sub-fraction E6.2 (55 mg). 
 

Isolation of compound 14 (cowanin) and compound 15 (cowaxanthone) 

Fraction E10 (25.6 g) was subjected to silica gel CC (5x 50 cm), eluting with a 
gradient of n-hexane–acetone (96:4 to 0:100) to provide 7 sub-fractions (E10.1–E10.7). 

Sub-fractions E10.1 (15 g) was subjected to silica gel CC (5x 50 cm), eluting with n-
hexane–acetone (96:4 to 0:100) to give 13 subfractions (E10.1.1– E10.1.13). Sub-fractions 
E10.1.5 was subjected to CC to give the major compound, compound 14 (cowanin, 3.1 
g) as yellow solid. Two successive CC over silica gel of sub-fraction E10.1.8 (5.7 g) eluting 

with n-hexane–acetone (5x 50 cm) afforded compound 15 (cowaxanthone, 723 mg) as 
yellow solids.  
 

Isolation of compound 16 (cowagarcinone E) and compound 17 (norcowanin), 
compound 18 (cowanol) and compound 19 (fuscaxanthone N) 

Fraction E11 (29 g) was subjected to silica gel CC (5x 50 cm), eluting with a 
gradient of n-hexane–acetone (96:5 to 0:100) to obtain 12 sub-fractions (E11.1–E11.12). 
Two successive CC over silica gel of sub-fractions E11.6.2 (1.1 g) was separated over 
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silica gel column (5x 50 cm) using of n-hexane–acetone (96:5 to 0:100) to afford 

compound 16 (cowagarcinone E, 970 mg) as yellow solids. The reCC ( 2.5 x 40 cm) of 
sub-fraction E11.6.3 (82 mg), followed by a Sephadex LH–20 column (MeOH : DCM), a 
compound 17 (norcowanin) was obtained (16 mg) as a yellow solid. Sub-fractions E11.7 

(28 g) was subjected to silica gel CC (5x 50 cm), eluting with n-hexane–acetone (94:6) 
to yielded compound 18 (cowanol, 2 g) as yellow solid. Sub-fraction E11.9 (10 mg) was 
separated by a Sephadex LH-20 column using MeOH to afford compound 19 

(fuscaxanthone N, 2.0 mg) as yellow solid. 
 

Isolation of compound 20 (GB-2)  
Three successive CC over silica gel of fraction E12 (20.4 g) eluting with n-hexane–

acetone (65:35 to 0:100) to yield 6 sub-fractions (E12.11.7.1–E12.11.7.6) in which 
compound 2 (GB-2, 256 mg) was furnished as yellow solid from a repeated silica gel 
column of sub-fraction E12.11.7.6.3, eluting with CH2Cl2–MeOH (93:7 to 0:100).    
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Scheme 2 Extraction procedure of the stem barks of G. fusca 
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Scheme 2 (Continued) Extraction procedure of the stem barks of G. fusca 
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Scheme 2 (Continued) Extraction procedure of the stem barks of G. fusca 
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Scheme 2 (Continued) Extraction procedure of the stem barks of G. fusca 
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Physical and spectral data of compounds 1-20 
1.  Compound 1 (Gartanin, sss6858) 
Yellow solid 35.0 mg, soluble in DCM, acetone, EtOAc and of MeOH 

mp  :  164-165 C [lit. 163-165 C (Parveen & Khan, 1988), 167 C (Govindachari et al., 
1971)] 

Rf   :  0.42 (30% acetone-hexane) 
1H-NMR  :  ppm, 300 MHz, in CDCl3; Table 10  
 

2.  Compound 2 (8-deoxygartanin, sss6863) 
Yellow solid 13.1 mg 

mp  :  163-164 C [lit. 165.5 C (Govindachari et al., 1971)] 
Rf   :  0.42 (30% acetone-hexane) 
1H-NMR  :  ppm, 300 MHz, in CDCl3; Table 10 
 
3.  Compound 3 (-Mangostin, sss6864) 
Yellow solid 10 mg 

mp  :  181-182 C [lit. 178-179 C (Gopalakrishnan et al., 1997) 
Rf   :  0.42 (30% acetone-hexane) 
1H-NMR  :  ppm, 300 MHz, in CDCl3; Table 8 
 
4.  Compound 4 (Lakoochin A, sss7004) 
Yellow sticky 4 mg 
Rf   :  0.68 (30% acetone-hexane) 

ESIMS (+ve) m/z (% rel. intensity) (RU-SS693) :  407.4 [M+H] (100)  
1H-NMR  :  ppm, 300 MHz, in CDCl3; Table 13  
13C-NMR  :  ppm, 75 MHz, in CDCl3; Table 13  
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5.  Compound 5 (Cowagarcinone B, sss6989) 
Yellow solid 42 mg 

mp  :  253 C [lit. 252-253 C (Mahabusarakam et al., 2005)] 
Rf   :  0.54 (30% acetone-hexane) 
IR  max  cm−1 :  3250, 2914, 2854, 1658, 1607, 1480, 1432, 1288, 1157, 1109, 824, 770 

HR-TOFMS (ESI) m/z (RU-SS912) : 379.1156 [M+Na], calcd 379.1152 
1H-NMR  :  ppm, 300 MHz, in CDCl3; Table 8  
13C-NMR  :  ppm, 75 MHz, in CDCl3; Table 9  
 
6.  Compound 6 (7-O-methylgarcinone E, sss6686) 
Yellow solid 110 mg 

mp  :  222-223 C [lit 220-223 C (Nguyen et al., 2018)] 
Rf   :  0.54 (30% acetone-hexane) 
IR  max  cm−1 :  3386, 2911, 1641, 1618, 1576, 1486, 1452, 1415, 1279, 1155, 1042, 
832, 815, 778 
1H-NMR  :  ppm, 300 MHz, in CDCl3; Table 8  
13C-NMR  :  ppm, 75 MHz, in CDCl3; Table 9  
 
7.  Compound 7 (Fuscaxanthone A, sss6669) 
Yellow solid 10 mg 

mp  :  128-130 C  
Rf   :  0.54 (30% acetone-hexane) 
1H-NMR  :  ppm, 300 MHz, in CDCl3; Table 2 
 
8.  Compound 8 (Garbogiol, sss6669) 
Pale yellow needles 23 mg 

mp  :  235-237  C  
Rf   :  0.46 (30% acetone-hexane) 
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IR  max  cm−1 :  3587, 3414, 2962, 1667, 1613, 1576, 1491, 1404, 1285, 1223, 1155, 
1101, 1056, 998, 810, 745 

HR-TOFMS (ESI) m/z (RU-SS926) : 351.0855 [M+Na], calcd 351.0839 

[]D
26 +79.6 (c = 0.11, MeOH) 

1H-NMR  :  ppm, 300 MHz, in CDCl3; Table 10 
13C-NMR  :  ppm, 75 MHz, in CDCl3; Table 11  
 
9.  Compound 9 (An oleanane triterpene lactone, sss6554) 
Colorless solid 4 mg 

mp  :  299-300 C [lit 160-16. oC (Siewert et al., 2014), 301-303 oC (Katai et al., 1982)] 
Rf   :  0.54 (30% acetone-hexane) 
IR  max  cm−1 :  3526, 3263, 2945, 1735, 1624, 1579, 1514, 1395, 1312, 1244, 1139, 
1060, 1029, 983, 904, 870, 830, 774, 680, 623, 558, 487 

HR-TOFMS (ESI) m/z (RU-SS915) : 537.3550 [M+Na], calcd 537.3550 

[]D
26  +25.4 (c = 0.30, CHCl3) [lit []D

 +44.4 (c = 0.34, CHCl3) (Siewert et al., 2014), 

[]D
25 +37 (c = 1, CHCl3) (Garcı ́a-Granados et al., 2004)] 

1H-NMR  :  ppm, 300 MHz, in CDCl3; Table 14  
13C-NMR  :  ppm, 75 MHz, in CDCl3; Table 14 
 
10.  Compound 10 (Fuscaxanthone M or 3-O-methylcowanin, sss7009) 
Yellow gum 6 mg 
Rf   :  0.50 (30% acetone-hexane) 

IR  max  cm−1 :  3403, 2919, 1641 1599, 1460, 1432, 1273, 1155, 1087, 838 

UV (MeOH) max (log ) nm: 318 (3.1), 257 (3.2), 244 (3.3)  
HR-TOFMS (ESI−) m/z (RU-SS917) : 491.2436 [M - H]−, calcd 491.2439 
1H-NMR  :  ppm, 300 MHz, in CDCl3; Table 2 
13C-NMR  :  ppm, 75 MHz, in CDCl3; Table 3  
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11.  Compound 11 (3-O-methylcowaxanthone, sss3742) 
Yellow solid 8 mg 

mp  :  223-225 C  
Rf   :  0.48 (30% acetone-hexane) 

IR  max  cm−1 :  3236, 2916, 1661, 1607, 1480, 1435, 1285, 1155, 1115, 1013, 824, 798, 
773 
HR-TOFMS (ESI+) m/z (RU-SS928) : 447.1799 [M+Na]+, calcd 447.1778 
1H-NMR  :  ppm, 300 MHz, in CDCl3; Table 6  
13C-NMR  :  ppm, 75 MHz, in CDCl3; Table 7  
 
12.  Compound 12 (Rheediaxanthone-A, sss3632) 
Yellow solid 6 mg 
mp  :  187 oC [lit 187-189 oC (Waterman & Crichton, 1980)]  
Rf   :  0.54 (30% acetone-hexane) 

IR  max  cm−1 :  3346, 2971, 1653, 1636,  1566, 1495, 1478, 1335, 1239, 1197, 1155, 
1135, 1107, 892, 819 
HR-TOFMS (ESI+) m/z (RU-SS929) : 415.1153 [M + Na]+, calcd 415.1152 
1H-NMR  :  ppm, 300 MHz, in CDCl3; Table 12 
13C-NMR  :  ppm, 75 MHz, in CDCl3; Table 12  
 
13.  Compound 13 (5-Prenyl cowaxanthone or fuscaxanthone L, sss3730) 
Yellow solid 2 mg 
mp  :  187 oC 
Rf   :  0.54 (30% acetone-hexane) 

IR  max  cm−1 :  3522, 2909, 1634, 1610, 1485, 1443, 1287, 1224, 1190, 1159, 773 
HR-TOFMS (ESI+) m/z (RU-SS930) : 501.2262 [M + Na]+, calcd 501.2247 
1H-NMR  :  ppm, 300 MHz, in CDCl3; Table 6  
13C-NMR  :  ppm, 75 MHz, in CDCl3; Table 7  
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14.  Compound 14 (Cowanin, sss6566) 
Yellow solid 3.1 g 

mp  :  138-139 C [lit 135-137 C (Nguyen et al., 2018)] 
Rf   :  0.50 (30% acetone-hexane) 
1H-NMR  :  ppm, 300 MHz, in CDCl3; Table 2 
 
15.  Compound 15 (Cowaxanthone, sss6591) 
Yellow solid 723 mg 

mp  :  197 oC [lit 196-197  C (Nguyen et al., 2018)] 
Rf   :  0.48 (30% acetone-hexane) 
1H-NMR  :  ppm, 300 MHz, in CDCl3; Table 6  
13C-NMR  :  ppm, 75 MHz, in CDCl3; Table 7  
 
16.  Compound 16 (Cowagarcinone E, sss6649) 
Yellow solid 970 mg 

mp  :  177 C  
Rf   :  0.46 (30% acetone-hexane) 
ESIMS (+ve) m/z (% rel. intensity) (RU-SS884) :  559.6 [M+Na]+ (100)  
1H-NMR  :  ppm, 300 MHz, in CDCl3; Table 4 
13C-NMR  :  ppm, 75 MHz, in CDCl3; Table 5  
 
17.  Compound 17 (Norcowanin, sss6641) 
Yellow solid 16 mg  

mp  :  160-161 C [lit 162-163 C (na Pattalung et al., 1994)] 
Rf   :  0.44 (30% acetone-hexane) 

IR  max  cm−1 :  3411, 2919, 1644,  1613, 1587, 1460, 1282, 1223, 1197, 1172, 1075, 
773 
ESIMS (+ve) m/z (% rel. intensity) (RU-SS888) :  465.7 [M+Na] + (100)  
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1H-NMR  :  ppm, 300 MHz, in CDCl3; Table 2  
13C-NMR  :  ppm, 75 MHz, in CDCl3; Table 3  
 
18.  Compound 18 (Cowanol, sss6837) 
Yellow solid 2 g 
Rf   :  0.38 (30% acetone-hexane) 
mp  :  123-124 oC [lit 123-124 oC (Nguyen et al., 2018)] 
1H-NMR  :  ppm, 300 MHz, in CDCl3; Table 4 
13C-NMR  :  ppm, 75 MHz, in CDCl3; Table 5  
 
19.  Compound 19 (Norcowanol or fuscaxanthone N, sss7110) 
Yellow solid 2 mg 
Rf   :  0.34 (30% acetone-hexane) 

IR  max  cm−1 :  3360, 2919, 1634, 1613, 1582, 1454, 1279, 1194, 1157, 982, 821, 773 

UV (MeOH) max (log ) nm: 319 (3.5), 259 (3.8), 244 (3.8) 
HR-TOFMS (ESI+) m/z (RU-SS933) : 503.2057 [M + Na]+, calcd 503.2040 
1H-NMR  :  ppm, 300 MHz, in CDCl3; Table 4  
13C-NMR  :  ppm, 75 MHz, in CDCl3; Table 5 
 
20.  Compound 20 (GB-2, sss6675) 

Yellow solid 256 mg 

mp : 219-220 C (d)  [lit. 220 C (d) (Jackson et al., 1967)] 
Rf: 0.54 (6% MeOH-CH2Cl2), an orange coloration with anisaldehyde-H2SO4 reagent 

IR  max  cm−1 :  3192, 2991, 1630, 1593, 1516, 1446, 1358, 1278, 1222, 1156, 1080, 
998, 771 
[α]D

25.6 :  +9.8 (c = 0.57, MeOH); lit [α]D
25 +3 (c = 0.1, MeOH),  [α]D

20 +3.17 (c = 0.21, 
MeOH) (Kumar et al., 2004)] 
ESIMS (−ve) m/z (% rel. intensity) (RU-SS892) :  573.6 [M−H] − (100)  
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1H-NMR  :  ppm, 300 MHz, in CDCl3; Table 15  
13C-NMR  :  ppm, 75 MHz, in CDCl3; Table 15 
 

Anti-ChE assay 
In vitro assay was conducted using the Ellman's method as previously described 

(Namdaung et al., 2018) employing Electrophorus electricus AChE and equine serum 
BChE (Sigma Aldrich). Briefly, 140 µL of 10 mM sodium phosphate buffer (pH 8.0), 15 µL 
of AChE (5 .1  unit/mL in 10 mM sodium phosphate buffer, pH 8.0) and 15  µL of test 
compound in .5 %  MeOH were mixed and incubated at RT for 15  min. The reaction was 
started by adding 15  µL of mixture solution of 0 mM DTNB (5,5’-Dithiobis(2-nitrobenzoic 
acid or Ellman’ s reagent) in 15 mM sodium phosphate buffer (pH 8.0, containing % 0.1 
bovine serum albumin (BSA) and 0 mM acetylthiocholine iodide (ASCh) in 10 mM sodium 
phosphate buffer, pH 8.0 (5:1). The hydrolysis of ASCh was monitored by the yellow 0-
thio- 1- nitrobenzoate anion formation as result of the reaction with DTNB and thiocholines 
(SCh), catalyzed by enzymes at a wavelength of 5 5 0  nm and the absorbance was 
measured after 0  min of incubation at RT. Percentage of inhibition was calculated by 
comparing the rate of enzymatic hydrolysis of ASCh for the sample to that of the blank (% 
80 MeOH in buffer). In the similar manner, BChE inhibition was performed as described 
for AChE. All the samples were run in triplicate in 96-well microplates and galanthamine 
was used as a positive control.  
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CHAPTER 4 
RESULTS AND DISCUSSION 

 

The air–dried stem bark of Garcinia fusca Pierre was extracted with EtOAc and 
then with MeOH to obtain the EtOAc and MeOH extracts, respectively. The chemical 
screening of the extracts was carefully monitored by TLC technique. The EtOAc extract 
showed the intense green on TLC after treating with an anisaldehyde–H2SO4 reagent, 
indicating the presence of the xanthone content (Pratiwi et al., 2017), whereas the MeOH 
soluble fraction gave no spot with this reagent. Further chromatographic separations of 
the former fraction gave three new xanthones, 3-O-methylcowanin (10), 5-prenyl 
cowaxanthone (13), norcowanol (19), together with fourteen oxygenated xanthones (1-3, 
5-8 and 11-12, and 14-18), and the other known metabolites, lakoochin A (4), an oleanane 
triterpene lactone (9), and GB-2 (20) were isolated from the EtOAc extract. Their chemical 
structures were characterized using the spectroscopic data analysis (mainly NMR and 
MS) and comparison of their NMR data with the previous reported data.  
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TABLES 1 List of isolated compounds from G. fusca 
 

Compounds NMR code Weight  
1 (Gartanin) sss6858 35 mg 

2 (8-Deoxygartanin) sss6863 13 mg 

3 (-Mangostin) 
 

sss6864 10 mg 

4 (Lakoochin A) 
 

sss7004 4 mg 

5 (Cowagarcinone B) sss6989 42 mg 

6 (7-O-methylgarcinone E) 
 

sss6686 110 mg 

7 (Fuscaxanthone A) 
 

sss6669 10 mg 

8 (Garbogiol) 
 

sss6696 23 mg 
 9 (An oleanane triterpene lactone) sss6554 4 mg 

10 (New compound or fuscaxanthone M or  
3-O-methylcowanin) 

sss7009 6 mg 

11 (3-O-methylcowaxanthone) 
 

sss3742 8 mg 
12 (Rheediaxanthone-A) 

 
sss3632 6 mg 

13 (New compound or fuscaxanthone L or  
5-prenyl cowaxanthone) 

sss3730 2 mg 

14 (Cowanin) 
 

sss6566 3.1 g 
15 (Cowaxanthone) 

 
sss6591 723 mg 

16 (Cowagarcinone E) 
 

sss6649 970 mg 
17 (Norcowanin) 

 
sss6641 16 mg 

18 (Cowanol) 
 

sss6837 2 g 
19 (New compound, fuscaxanthone N or norcowanol) 

 
sss7110 6 mg 

20 (GB-2) 
 

sss6675 256 mg 
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FIGURES 4 Isolated compounds obtained from the stem barks of G. fusca 
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1. Structure determination of the three new xanthones 10, 13, 19; known xanthones 1-
3, 5-8, 11-12, and 14-18, and other metabolites (4), (9) and (20) 

1.1. 1,3,6,7-tetraoxygenetaed xanthone skeleton 
1.1.1. Geranylated xanthones  

1.1.1.1. Compound 14 (Cowanin) 
 

 

FIGURES 5 Structure of compound 14 
 

Compound 14 is the major xanthone obtained as a yellow solid. The 1H- NMR 

spectra in CDCl3 (Table 2) exhibited signals of a hydrogen bonded hydroxyl proton at H 

13.80 (s, 1-OH), a methoxy group at H 3.80 (s, 7-OCH3), and two aromatic protons at H 

6.30 (s, H-4) and H 6.83 (s, H-5). The 1H- NMR spectra also showed the presence of a 

prenyl group, which was observed as the following resonances: one olefinic proton at H 

5.29 (br t, J = 7.0 Hz, H-12), methylene protons at H 3.46 (d, J = 7.0 Hz, H-11), and two 

allylic methyl groups at H 1.83 (s, H-14) and 1.85 (s, H-15). In addition, the presence of 
a geranyl moiety was also indicated by the remaining signals consisting of: a doublet of 

methylene protons H-16 (H 4.10, J = 6.1 Hz); two broad triplets of the olefinic protons H-

17 (H 5.25)  and H-21 ( H 5.02); two multiplets of the methylene protons H-19 and H-20 

at H 2.03 (4H); and three singlets of methyl groups H-23, H-24 and H-25 at H 1.59, 1.85 
and 1.53, respectively.  Based on comparison of the patterns of NMR spectrum (Nguyen 
et al., 2018) and chromatography with those of the authentic cowanin in several solvent 
systems, the structure of compound 14 was surely identified as cowanin. 
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1.1.1.2. Compound 10 (Fuscaxanthone M or 3-O-methylcowanin) 
 

 
FIGURES 6 Structure of compound 10 

 

Compound 10 was isolated as a yellow gum and its IR spectrum showed the 
presence of OH stretching frequency at 3403 cm−1 and a conjugated carbonyl moiety at 

1641 cm−1. The UV absorption spectra exhibited a xanthone chromophore at max 318, 
257, and 244 nm (Nontakham et al., 2014 ). The molecular formula was found to be 
C30H36O6, which was retrieved from the HR-ESI-TOFMS ion at m/z 491.2436 [M - H]− 
(calcd. For C30H35O6, 491.2439).  

The 1H-NMR spectrum showed the signals for a chelated hydroxyl group [H 13.44 

(1H, s, 1-OH)], two isolated aromatic protons at H 6.84 and 6.34 (each 1H, each s, H-5 

and H-4), a 3-methylbut-2-enyl group, a geranyl group, and two methoxyl singlets (H 
3.91 and 3.81, each 3H). The NMR spectra (Table 2 and 3) of 10 are quite similar to those 
of cowanin (14) except there is of an extra methoxyl group in 10. Carefully comparative 
interpretation of the 13C-NMR spectra of compound 10 to those of the 6-O-methylcowanin 
(Ha, Ly Dieu et al., 2009), particularly the shifts of C-2, C-3, and C-4, indicated that the 
extra methoxyl substituent should be located at C-3.  

The HMBC and NOESY spectra (Figure 7) revealed that the methoxyl protons at 

H 3.91 (3-OCH3) showed connectivities to an oxyquarternary carbon at C 163.5 (C-3) 

and to a lone aromatic protons at H 6.34 (H-4), which could be supporting the above 

conclusion. Additionally, the correlations between another methoxyl singlet at H 3.81 and 

C-7 (C 142.6) was observed. The proton H-4 correlates to C-2 (C 111.5), C-4a (C 
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154.3), and C-9a (C 103.8). H-5 (H 6.84) correlates to C-8a (C 112.4), C-7 (C 142.6), 

and C-6 (C 155.7). The structure of 10 was therefore determined to be (E)-1-(3,7-
dimethylocta-2,6-dien-1-yl)-3,8-dihydroxy-2,6-dimethoxy-7-(3-methylbut-2-en-1-yl)-9H-
xanthen-9-one, called 3-O-methylcowanin or fuscaxanthone M. 

To our knowledge, compound 10 is a new compound having the methyl ether 
group at position C-3 and belonging to the 1,3,6,7-tetraoxygenated xanthone. It had never 
been reported before in the previous literatures.  
 

 
 
 

FIGURES 7 Selected HMBC and NOESY correlation of compound 10 
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1.1.1.3. Compound 17 (Norcowanin) 
 

 
FIGURES 8 Structure of compound 17 

 

Compound 17 was obtained as a yellow solid. The 1H- and 13C-NMR spectra 

(Table 2 and 3) showed the characteristics of two aromatic protons [H 6.30 (s, H-4), and 

6.83 (H-5)], one phenolic hydroxyl proton [H 13.78], together with the isoprenyl and 
isogeranyl moieties. The 13C-NMR and DEPT data revealed there are 28 carbons, which 
are composed of five methyls, four methylenes, five methines, 14 quaternary carbons 
including a conjugated carbonyl carbon. 

The NMR data showed a similar characteristic to that of cowanin (14) except for 
the absence of a methoxy signal. After comparing the pattern of NMR spectrum of 
compond 17 with those of 1,3,6,7-tetraoxynated xanthones (na Pattalung et al., 1994), it 
was found that this compound is  norcowanin.  

Norcowanin had been found in G. oblongifolia (Trinh et al., 2017), G. pedunculata 
(Vo et al., 2015), G. cowa (Kaennakam et al., 2015; Laphookhieo et al., 2011; na Pattalung 
et al., 1994; Siridechakorn et al., 2012) and G. fusca (Ito, T. et al., 2013).  
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1.1.1.4. Compound 7 (Fuscaxanthone A) 
 

 
FIGURES 9 Structure of compound 7 

 

Compound 7 was chromatographically purified and gave as a yellow solid. The 
1H-NMR spectrum (Table 2) looked almost identical to those of cowanin (14) except that 
the 2,2-dimethylpyran ring was substituted for a prenyl pendant at C-2 and a phenolic 
hydroxy group at C-3 of compound 14.  This ring is confirmed by two doublet signals of 

vinylic protons at H 6.73 (1H, d, J = 10.0, H-11) and 5.56 (1H, d, J = 10.0, H-12). Its J-
coupling values indicated it is a cis-conformation. In addition, two methyl protons of the 

2,2-dimethylpyran ring were showed at H 1.46 (2x3H, s, H-14 and H-15). The 1H-NMR 

spectrum also pointed out that this compound consists of chelated phenolic proton at H 

13.71 (1-OH), singlet methoxy protons at H 3.80 (7-OCH3), and two singlet signals of two 

isolated aromatic protons at H 6.25 (H-4) and 6.84 (H-5), respectively.  The two olefinic 

protons at H 5.03 (1H, t, ca. J = 6.2 Hz, H-21) and 5.26 (1H, t, J = 6.0 Hz, H-17), three 

sets of methylene groups at H 4.09 (2H, d, J = 6.0 Hz, H-16), 2.01 (2H, m, H-19), and 

2.03 (2H, m, H-20), and three singlets of vinylic methyl groups at H 1.54 (3H, s, H-23), 
1.60 (3H, s, H-25), 1.82 (3H, s, H-24) were found and indicated the presence of geranyl 
pendant. 

From the aforementioned NMR spectrum and chromatographic comparison of 
compond 7 with the authentic of fuscaxanthone A in several solvent systems, it was led to 
conclude that compound 7 is fuscaxanthone A (Nguyen et al., 2018). This compound is 
generally isolated from many plants including Garcinia such as G. cowa (Mahabusarakam 
et al., 2005), G. fusca (Ito, C. et al., 2003 ). 
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TABLES 2 1H-NMR data of cowanin (14), 3-O-methylcowanin (10), norcowanin (17) and 
fuscaxanthone A (7) in CDCl3  

Position 
H (mult., J in Hz) CDCl3 

Cowanin   
(14) 

 
3-O-methylcowanin  

(10) 
 Norcowanin 

(17) 
 Fuscaxanthone A  

(7) 
1-OH 13.80 (1H, s)  13.44 (1H, s)  13.78 (1H, s)  13.71 (1H, s) 

2 -  -  -  - 

3-OH 6.16 (1H, s)  -  -  - 

4 6.30 (1H, s)  6.34 (1H, s)  6.30 (1H, s)  6.25 (1H, s) 

4a -  -  -  - 

5 6.83 (1H, s)  6.84 (1H, s)  6.83 (1H, s)  6.84 (1H, s) 

6-OH 6.33 (1H, s)  -  -  - 

7 -  -  -  - 

7-OH -  -  -  - 

8 -  -  -  - 

8a -  -  -  - 

9 -  -  -  - 

9a -  -  -  - 

10a -  -  -  - 

11 3.46 (2H, d, J = 7.0)  3.35 (2H, d, J = 6.9)  3.45 (2H, d, J = 7.1)  6.73 (1H, d, J = 10.0) 

12 5.29 (1H, brt, J = 7.0)  5.26 (1H, brt, J = 6.9)  5.30 (1H, brt, J = 7.1)  5.56 (1H, d, J = 10.0) 

13 -  -  -  - 

14 1.83 (3H, s)  1.68 (3H, s)  1.77 (3H, s)  1.46 (3H, s) 

15 1.85 (3H, s)  1.80 (3H, s)  1.84 (3H, s)  1.46 (3H, s) 

16 4.10 (2H, d, J = 6.1)  4.10 (2H, d, J = 6.2)  4.37 (2H, d, J = 6.6)  4.09 (2H, d, J = 6.0) 

17 5.25 (1H, brt, J = 6.1)  5.22 (2H, brt, J = 6.2)  5.30 (1H, brt, J = 6.6)  5.26 (1H, t, J = 6.0) 

18 -  -  -  - 

19 2.03 (2H, m)  2.02 (2H,  m)  2.11 (2H, m)  2.01 (2H, m) 

20 2.03 (2H, m)  2.02 (2H,  m)  2.11 (2H, m)  2.03 (2H, m) 

21 5.02 (1H, m)  5.02 (1H, brt, J = 6.0)  5.03 (1H, brt, J = 6.6)  5.03 (1H, t, ca. J = 
6.2) 

22 -  -  -  - 

23 1..78 (3H, s)  1.60 (3H, s)  1.67 (3H, s)  1.54 (3H, s) 

24 1.85 (3H, s)  1.83 (3H, s)  1.87 (3H, s)  1.82 (3H, s) 

25 1.55 (3H, s)  1.55 (3H, s)  1.60 (3H, s)  1.60 (3H, s) 

3-OCH3 -  3.91 (3H, s)  -  - 

7-OCH3 3.80 (3H, s)  3.81 (3H, s)  -  3.80 (1H, s) 
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TABLES 3 13C-NMR data of cowanin (14), 3-O-methylcowanin (10), norcowanin (17) 
and fuscaxanthone A (7) in CDCl3  

 

Position 
C CDCl3 

Cowanin   
(14) 

 
3-O-methylcowanin  

(10) 
 Norcowanin 

(17) 
 Fuscaxanthone A  

(7) 
1 Not recoded  159.8  160.5  Not recoded 

2   111.5  108.3   

3   163.5  161.6   

4   88.8  93.2   

4a   154.3  150.9   

5   101.4  101.2   

6   155.7  155.1   

7   142.6  139.7   

8   137.1  139.5   

8a   112.4  111.4   

9   181.9  182.7   

9a   103.8  103.7   

10a   155.2  153.6   

11   21.3  21.4   

12   122.3  121.3   

13   131.6  132.2   

14   25.8  25.8   

15   17.6  17.7   

16   26.4  25.9   

17   123.2  121.4   

18   135.5  135.7   

19   39.7  39.6   

20   26.5  26.2   

21   124.3  123.7   

22   131.2  127.5   

23   25.5  25.6   

24   16.4  16.3   

25   17.7  17.9   

3-OCH3   55.8  -   

7-OCH3   62.0  -   
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1.1.1.5. Compound 18 (Cowanol) 
 

 
FIGURES 10 Structure of compound 18 

 

Compound 18 was the major xanthone obtained as a yellow solid. The NMR 

spectra (Table 4 and 5) showed the characteristics of two aromatic protons [H 6.24 (s, 

H-4), and 6.73 (H-5)], one phenolic hydroxyl proton (H 13.87), together with the isoprenyl 
and isogeranyl moieties. The 13C-NMR data revealed there are 29 carbons. These spectra 
suggested that this compound may belong to xanthone compounds. 

From NMR spectra also showed a similar characteristic to those of cowanin (14) 

(Nguyen et al., 2018) except for an extra singlet of vinylic methyl proton at H 4.35 (H-14) 

and C 62.59 ppm. Thus, the compound 18 was clearly a derivative of cowanin (14) with 
one of the methyl groups of the prenyl substituent oxidized to a hydroxymethyl group. 
After comparing the pattern of NMR spectrum of compond 18 with those of 1,3,6,7-
tetraoxynated xanthone. It was found that compound 18 and cowanol (Nguyen et al., 
2018) have the same spectroscopic features. Thus compound 18 was elucidated as 
cowanol. 
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1.1.1.6. Compound 16 (Cowagarcinone E) 
 

 

FIGURES 11 Structure of compound 16 
 

Compound 16 is a yellow yellow solid. Its ESIMS showed the molecular ion at m/z 

559.6 [M+Na] (100), which was deduced to the molecular formula C31H36O8.   
The 1H-NMR spectrum (Table 4) showed the presence of these following signals: 

a singlet signal of a chelated hydroxy moiety at H 13.79 (s, 1-OH); a singlet resonance 

of methoxy protons at H 3.80 (s, 7-OCH3); and two singlet signals of two isolated aromatic 

protons H-4 and H-5 at H 6.32 and 6.81, respectively. Both alkenyl side chains, a geranyl 
chain and a prenyl moiety with an acetoxy group, were also observed.  The signals of the 

geranyl unit appeared as follows: two olefinic protons at H 5.26 (br t, J = 6.0 Hz, H-17) 

and 5.02 (br t, ca. J = 6.0 Hz, H-21), three sets of methylene groups at H 4.08 (d, J = 6.0 

Hz, H-16), 2.02 (m, H-19 and H-20), and three vinylic methyl groups at H 1.82 (H-24), 
1.59 (H-23), and 1.54 (H-25). The signals of the isoprenyl pendant appeared in this 

fashion: an olefinic proton at H 5.42 (br t, J = 6.9 Hz, H-12), methylene protons at H 3.55 

(d, J = 6.9 Hz, H-11), and oxymethylene protons H 4.79 (s, H-14). Other signals were 

assigned to the methyl acetate moiety, which gave the singlet signal at H 2.14 (s, OAc), 

and a methyl group (C-15) was found at H 1.75 (s, H-15). In fact, the NMR data of 16 

was similarly characteristic feature to that of cowanol (18) except for the presence of an 

additional acetoxy group at C-14 (C 22.7) of 16 in Table 5.  
The HMBC spectrum (Figure 12) shows the correlations of benzylic methylene 

protons H-11/C-1 (C 160.8) with C-2 (C 107.9) and C-3 (C 161.5). This confirmed that 
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the placement of prenyl group side chain must be at C-2. In addition, the HMBC 
correlations of methyl acetate protons to the acetyl carbonyl group, oxymethylene proton 

(H-14) to the acetyl carbonyl group (C 172.2), C-12 (C 128.5), and C-13 (C 131.2), 
indicating the position of the acetoxyl group. The correlations of benzylic methylene 

protons H-16/C-7 (C 142.5) to C-8 (C 137.1) and C-8a (C 112.2) also suggested that 
the geranyl side chain was positioned at C-8 of a parent skelaton. 

The NOE enhancement of benzylic methylene protons H-11 by irradiation at the 
oxymethylene protons H-14 and the enhancement of the vinylic methyl protons H-15 by 
irradiation at the olefinic proton H-12 confirmed the Z configuration of the prenyl moiety 
(Figure 12).  

The structure of compound 16 was also investigated by comparing its 
spectroscopic data with the literature values of cowagarcinone E, which were reported in 
a previous publication (Mahabusarakam et al., 2005). It was found that compound 16 and 
cowagarcinone E have the same spectroscopic features. Thus compound 16 was 
elucidated as 1,3,6-trihydroxy-7-methoxy-2-(4-acetoxy-3-methyl-2-butenyl)-8-(3,7-
dimethyl-2,6-octadienyl)xanthone or cowagarcinone E. 

 

 
 

FIGURES 12 Selected HMBC and NOESY correlation of compound 16 
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1.1.1.7. Compound 19 (Norcowanol or fuscaxanthone N) 
 

 
FIGURES 13 Structure of compound 19 

 

Compound 19 was obtained as a yellow amorphous matter and its HRESI-TOFMS 

exhibited a pseudomolecular ion at m/z 503.2057 [M+Na]  (calcd. 503.2040) suggesting 

the molecular formula C28H32O7. Its UV absorption bands at max 319, 259, and 244 nm 
also indicated for a xanthone chromophore.  

The 1H- and 13C-NMR data (Table 4 and 5) together with a HSQC experiment 
disclosed the presence of these characters: a carbonyl moiety, 13 quaternary carbons 
(six of which are oxygen bearing), five methine protons, five methylene protons, and four 
methyl groups. These NMR spectroscopic data indicated that the molecule shows the 
characteristics of xanthone compounds having a tetraoxygenated xanthone skeleton, 
which bears a geranyl and a modified prenyl moieties. The 1H-NMR spectrum of 19 

displayed the signals of a chelated phenolic hydroxyl proton at H 13.94 (1-OH), two 

isolated aromatic singlets at H 6.77 (H-5) and 6.28 (H-4), and two sets of a geranyl 
moieties and one prenyl alcohol side chain. The NMR characteristic features of 4-hydroxy-

3-methyl-2-butenyl residue was appeared at H 3.51 (2H, d, J = 7.1 Hz, H-11), 5.46 (1H, 
br t, J = 7.1 Hz, H-12), 4.33 (2H, s, H-14), and 1.79 (3H, s, H-15).  This unit is connected 

to C-2 (C 108.0) by cross-peaks determined from the H-11 to C-1, C-2, C-3 and C-13 in 
its HMBC spectrum (Figure 14).  

Compound 19 showed the 1H- and 13C-NMR spectra similar to those of cowanol 
(18) except the methoxyl group in 19 is replaced by a hydroxy group in cowanol.  From 
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NOESY spectrum (Figure 14),  the geometric isomer of the double bond at C-12/C-13 is 
Z, which was assigned by more significant NOE enhancements marked between those 

pairs of the CH2OH (H 4.33) / H-11 (H 3.51) and of H-12 (H 5.46) / H-15 (H 1.79). On 
the other hand, the geometric arrangement of the C-17/C-18 double bond is E as 

evidenced by correlations displayed between the methyl protons (H 1.86) of C-24 and 

the methylene protons (H 4.29) of C-16. Thus, 19 was established as 1-((E)-3,7-
dimethylocta-2,6-dien-1-yl)-2,3,6,8-tetrahydroxy-7-((Z)-4-hydroxy-3-methylbut-2-en-1-yl)-
9H-xanthen-9-one and was named fuscaxanthone N. 
 

 
 

FIGURES 14 Selected HMBC and NOESY correlation of compound 19 
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TABLES 4 1H-NMR data of cowanin (14), cowanol (19), cowagarcinone E (16) and 
norcowanol (19) in CDCl3  

 

Position 
H (mult., J in Hz) CDCl3 

Cowanin  (14)  Cowanol (19)    Cowagarcinone E (16)  Norcowanol  (19) 

1-OH 13.80 (1H, s)  13.87 (1H, s)  13.79 (1H, s)  13.94 (1H, s) 

2 -  -  -  - 

3-OH 6.16 (1H, s)  -  -  - 

4 6.30 (1H, s)  6.24 (1H, s)  6.32 (1H, s)  6.28 (1H, s) 

4a -  -  -  - 

5 6.83 (1H, s)  6.73 (1H, s)  6.81 (1H, s)  6.77 (1H, s) 

6-OH 6.33 (1H, s)  -  -  - 

7 -  -  -  - 

7-OH -  -  -  - 

8 -  -  -  - 

8a -  -  -  - 

9 -  -  -  - 

9a -  -  -  - 

10a -  -  -  - 

11 3.46 (2H, d, J = 7.0)  3.47 (2H, d, J = 7.7)  3.55 (2H, d, J = 6.9)  3.51 (2H, d, J = 7.1) 

12 5.29 (1H, brt, J = 7.0)  5.47 (1H, brt, J = 7.7)  5.42 (1H, brt, J = 6.9)  5.46 (1H, brt, J = 7.1) 

13 -  -  -  - 

14 1.83 (3H, s)  4.35 (2H, s)  4.79 (3H, s)  4.33 (3H, s) 

15 1.85 (3H, s)  1.80 (3H, s)  1.75 (3H, s)  1.79 (3H, s) 

16 4.10 (2H, d, J = 6.1)  4.05 (2H, d, J = 5.6)  4.08 (2H, d, J = 6.0)  4.29 (2H, d, J = 6.6) 

17 5.25 (1H, brt, J = 6.1)  5.23 (1H, brt, J = 5.6)  5.26 (1H, brt, J = 6.0)  5.30 (1H, brt,  
ca. J = 6.6) 

18 -  -  -  - 

19 2.03 (2H, m)  2.01 (2H, m)  2.02 (2H, m)  2.08 (2H, m) 

20 2.03 (2H, m)  2.01 (2H, m)  2.02 (2H, m)  2.08 (2H, m) 

21 5.02 (1H, m)  5.01 (1H, brt,  
ca. J = 6.7) 

 5.02 (1H, brt, 
ca. J = 6.1) 

 5.04 (1H, br t, 
ca. J = 6.7) 

22 -  -  -  - 

23 1.78 (3H, s)  1.59 (3H, s)  1.59 (3H, s)  1.65 (3H, s) 

24 1.85 (3H, s)  1.81 (3H, s)  1.82 (3H, s)  1.86 (3H, s) 

25 1.55 (3H, s)  1.53 (3H, s)  1.54 (3H, s)  1.58 (3H, s) 

7-OCH3 3.80 (3H, s)  3.87 (1H, s)  3.80 (3H, s)  - 

OAc -  -  2.14 (3H, s)  - 
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TABLES 5 13C-NMR data of cowanin (14), cowanol (19), cowagarcinone E (16) and 
norcowanol (19) in CDCl3  

 

Position 
C CDCl3 

Cowanin   
(14) 

 
Cowanol  

(19) 
 Cowagarcinone E  

(16) 
 Norcowanol   

(19) 
1 Not recoded     160.3  160.8     160.3 
2      108.0  107.9     108.0 
3   161.3  161.5  161.3 
4   93.4  93.5  93.4 
4a   154.8  154.5  154.8 
5   100.9  101.5  100.9 
6   150.7  155.8  150.7 
7   139.7  142.5  139.7 
8   127.5  137.1  127.5 
8a   111.1  112.2  111.1 
9   182.3  181.9  182.3 
9a   103.2  103.4  103.2 
10a   153.2  155.2  153.2 
11   21.4  20.8  21.4 
12   127.0  128.5  127.0 
13   133.2  131.2  133.2 
14   62.5  21.1  62.5 
15   22.7  63.9  22.7 
16   25.8  26.4  25.8 
17   121.7  123.2  121.7 
18   138.2  135.5  138.2 
19   39.7  39.6  39.7 
20   26.4  26.5  26.4 
21   123.9  124.2  123.9 
22   131.8  130.4  131.8 
23   25.6  25.5  25.6 
24   16.3  16.4  16.3 
25   17.6  17.6  17.6 

7-OCH3   -  62.0  - 

OAc   -  172.2 
20.9 

 - 
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1.1.1.8. Compound 15 (Cowaxanthone) 
 

 

FIGURES 15 Structure of compound 15 
 

Compound 15 was obtained as a yellow solid. The 1H- and 13C-NMR spectra 

showed the characteristics of three aromatic protons [H 6.39 (s, H-4), 6.94 (H-5), and 

7.60 (H-8)], methoxy protons [H 4.02 (s, OCH3-7)], three phenolic hydroxyl protons [H 
6.26, 6.36 and 13.41], together with one set of isogeranyl unit. The 13C-NMR and DEPT 
data contains 24 carbons, which are composed of one methoxy, three methyls, three 
methylenes, five methines, 12 quaternary carbons including a conjugated carbonyl 
carbon (Table 6).  

Analysis of the 1H- and 13C-NMR spectroscopic data of 15 indicated that this 
compound has the 1,3,6,7-tetraoxygenated xanthone as the skeleton, in which the six 

oxygenated aromatic carbons were observed at C 162.2, 160.1, 156.0, 152.6, and 152.5 
ppm, respectively. 

The comparison of the patterns of NMR spectrum (Nguyen et al., 2018) and TLC 
with those of the authentic cowaxanthone in several solvent systems, it could conclude 
that the structure of compound 15 was identified as cowaxanthone.     
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1.1.1.9. Compound 11 (3-O-methylcowaxanthone) 
 

 
FIGURES 16 Structure of compound 11 

 

Compound 11 was thoroughly purified and given as yellow amorphous powder. 

The HRESI-TOFMS exhibited a molecular ion at m/z 447.1799 [M+Na] (calcd. 
447.1778), suggesting that the molecular formula of this compound is C25H28O6. The IR 
spectrum clearly showed that the broad hydroxyl stretching peak falls at 3236 cm−1 and 
the stretching vibration of a conjugated carbonyl absorbs at 1661 cm−1.  

The 1H-NMR spectrum of 11 (Table 6) exhibited the signals of a 1,3,6,7-

tetraoxygenated xanthone, including of a chelated phenolic hydroxy proton at H 13.04 

(s, 1-OH); a geranyl group [H 1.98 and 2.19 (2H each, m, H-14 and H-15), 3.37 (2H, d, 
J = 7.0 Hz, H-11), 5.07 (1H, t, J = 6.3 Hz, H-16), 5.23 (1H, t, J = 7.0 Hz, H-12), 1.57, 1.64, 

and 1.80 (3H each, s, H-20, H-18, and H-19)]; and two methoxy groups at H 3.91 (s, 3-
OCH3), and 4.01 (s, 7-OCH3).  

Analysis of its 13C-NMR, DEPT, and HMQC spectra (Table 7) revealed this 

compound contains 25 carbons, consisting of one conjugated carbonyl carbon (C 179.8, 

C-9), eleven quaternary carbons [C  103.3 (C-9a), 111.7 (C-2), 113.5 (C-8a), 131.1 (C-
17), 135.3 (C-13), 144.2 (C-7), 152.3 (C-6), 152.4 (C-10a), 156.1 (C-4a), 159.3 (C-1), and 

163.8 (C-3)], five methine carbons [C  89.5 (C-4), 102.4 (C-5), 104.5 (C-8), 122.0 (C-12), 

and 124.4 (C-16)], two methylene carbons, and two methoxy groups [C 56.4 (7-OCH3) 
and 55.8 (3-OCH3)].  

The aromatic proton (H 7.59) was assigned to be H-8 as it was deshielded by a 
C-9 carbonyl group. By comparing the1H- and 13C-NMR spectra of compound 11 with 
those of the khown xanthone, cowaxanthone (15) which was isolated from this plant, it 
was found that spectra look very similar to each other except there is one extra methoxy 

https://www.google.co.th/search?sxsrf=ALeKk01WZuOdC0qbOz5lIrRG2VldORAb-g:1603312790197&q=five+methine+protons&spell=1&sa=X&ved=2ahUKEwir88rKxcbsAhWXeisKHZiYBW8QBSgAegQIFxAu
https://www.google.co.th/search?sxsrf=ALeKk00Igypv4aEu-uizHXuJMvQlPFQrsA:1603312865540&q=two+methylene+protons&spell=1&sa=X&ved=2ahUKEwjJ5sDuxcbsAhXTlEsFHYE_BbIQkeECKAB6BAgMEC4
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group at a C-3 position of compound 11. This causes the position of C-4 peak to be 
shifted. The location of the extra methoxy substituent at C-3 was also confirmed by 
conducting the HMBC experiment. HMBC spectrum of 11 showed the correlations of the 

methoxy proton (H 3.91) with an oxyquaternary carbon (C 163.8) (Figure 17).  
In addition, the NMR spectra of compound 11 looks the same characteristic peaks 

to those of 3-O-methylcowaxanthone (Na, Z. et al., 2013), which was previously published. 
By comparison of their 13C-NMR spectra, it was revealed that the methoxy groups should 
be positioned at C-3 and C-7. The 3-OCH3 was also confirmed to be adjacent to H-4 by 
performing the NOESY experiment. On one hand, another methoxy group was assigned 

to be at C-7 (C 144.2) since HMBC spectrum displayed the correlation of methoxy 

protons at H 4.01 with C-7 and the NOE spectrum exhibited the correlations of methoxy 
protons with H-8 as well. Furthermore, the geranyl pendent was assigned to be bonding 
with C-2, which was confirmed by the HMBC correlations of benzylic methylene protons 

H-11 (H 3.37) to C-2 (C 111.7), C-1 (C 159.3), and C-3 (C 163.8), respectively. The 
positions of other protons were also verified as shown in Figure 17.  

Therefore, 11 was characterized as 1,6-dihydroxy-6,7-dimethoxy-2-(3,7-
dimethyloct-2,6-dienyl) xanthone or 3-O-methylcowaxanthone. To the best of our 
knowledge, this is the first report, which found 3-O-methylcowaxanthone in G. fusca.   
 

 
 
 

FIGURES 17 Selected HMBC and NOESY correlation of compound 11 
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1.1.1.10 Compound 13 (5-Prenyl cowaxanthone or fuscaxanthone L) 
 

 

FIGURES 18 Structure of compound 13 
 

Compound 13 was obtained as a yellow amorphous solid and the molecular 
formula was deduced to be C29H34O6 on the basis of HR-ESITOFMS data (m/z 501.2262 

[M+Na], calcd 501.2247).  The IR absorptions indicated the presence of hydroxyl (3522 
cm−1) and conjugated carbonyl (1634 cm−1) functionalities.  

The 1H-NMR spectrum (Table 6) of compound 13 in CDCl3 showed the three 

hydroxyl group at H 13.48 (1-OH), H 6.43 and 6.28, two aromatic singlets at H 7.49 (H-

8) and 6.42 (H-4), methoxy protons  (H 4.00) together with two sets of isoprenyl units. 
The 13C-NMR, DEPT, and HSQC data contains 29 carbons which are composed of one 
methoxy, five methyls, four methylenes, five methines, and 13 quaternary carbons 
including a conjugated carbonyl carbon (Table 7). 

The HBMC experiment (Figure 19) showed the correlations of the chelated 

hydroxyl proton with three aromatic carbons C-1 (C 160.0), C-2 (C 108.3), and C-9a (C 

103.0). The aromatic singlet H-4 exhibited correlation with C-3 (C 162.1) and the 

deshielded aromatic signal at H 7.49 (H-8) also displayed correlations with the C-7 (C 

143.9), C-6 (C 150.7), and the C-9 carbonyl group (C 180.3). In addition, the NOE 
experiment confirmed the correlation of methoxy protons with H-8 (Figure 19). The 
presence of two isoprenyl units was also observed.  For the geranyl or 3,7-dimethyloct-

2,6-dienyl pendant, the following observations were noticed: the two olefinic protons at H 
5.31 (1H, br t, J = 7.3 Hz, H-12) and 5.06 (1H, br t, J = 7.3 Hz, H-16); three methylenes at 

H 3.49 (2H, d, J = 7.3 Hz, H-11) and 2.10 (4H, m, H-14 and H-15); and three methyl 

singlets at H 1.84 (H-19), 1.68 (H-18) and 1.59 (H-20) including a set of carbon chemical 
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shifts at H 139.8 (C-13), 132.1 (C-17), 123.6 (C-16), 121.2 (C-12), 39.7 (C-14), 26.3 (C-
15), 25.6 (C-18), 21.3 (C-11), 17.7 (C-20), and 16.2 (C-19). A prenyl moiety was 

interpreted from the two methylenes at H 3.61 (2H, d, J = 7.2 Hz, H-21) and two methyls 

at H 1.68 (3H, s, H-24), and 1.88 (3H, s, H-25), as well as their carbon signals at C 132.7 
(C-23), 120.8 (C-22), 17.9 (C-24), 22.3 (C-21), 25.6 (C-25).  

The HMBC spectrum showed these following interactions: the methylene protons 

at H 3.49 (H-11) versus the C-2, oxygenated C-3, and C-13; the methyl signal at H 1.84 

(H-19) versus the C-12, C-13, and C-14; another methyl singlet at H 1.59 (H-20) versus 
the C-16, C-17, and C-18. These data suggested that the geranyl residue was resided at 
C-2 carbon.  Moreover, the stereogenic configuration of double bond at C-12/C-13 was 
assigned as E, which was confirmed by strong NOE enhancements showing among those 
pairs of H-11 / H-19 and of H-12 / H-14 in the NOESY data. Placement of the prenyl unit 

at C-5 was deduced by the HMBC correlations from the methylene protons (H 3.61, H-
21) to C-5 and C-22 and from H-22 to C-24 and C-25. The NOESY also pointed out the 
correlations of H-21 to H-25, H-22 to H-24, H-24 to H-25, respectively (Figure 19).  

In fact, the 1H-NMR spectrum of 13 was similarly characteristic feature to that of 
cowaxanthone (15) except for the presence of an additional 3-methylbut-2-enyl 
positioning at C-5 of 13. Thus, the structure of compound 13 was identified as (E)-2-(3,7-
dimethylocta-2,6-dien-1-yl)-1,3,6-trihydroxy-7-methoxy-5-(3-methylbut-2-en-1-yl)-9H-
xanthen-9-one or 5-prenylcowaxanthone named fuscaxanthone L. Importantly, 15 is a 
new compound, which had never been reported before in previous publications. 

 

 
 

FIGURES 19 Key HMBC and NOESY correlations for compound 13 
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TABLES 6 1H-NMR data of cowaxanthone (15), 3-O-cowaxanthone (11) and 5-prenyl 
cowaxanthone (13) in CDCl3   

 

Position 
H (mult., J in Hz) CDCl3 

Cowaxanthone (15)  3-O-cowaxanthone (11)  5-Prenyl cowaxanthone (13) 
1-OH 13.41 (1H, s)  13.04 (1H, s)  13.48 (1H, s) 

2 -  -  - 
3-OH -  -  6.28 (1H, s) 

4 6.39 (1H, s)  6.42 (1H, s)  6.42 (1H, s) 
4a -  -  - 
5 6.94 (1H, s)  6.93 (1H, s)  - 

6-OH -  -  6.43 (1H, s) 
7 -  -  - 
8 7.60 (1H, s)  7.59 (1H, s)  7.49 (1H, s) 
8a -  -  - 
9 -  -  - 
9a -  -  - 
10a -  -  - 
11 3.49 (2H, d, J = 7.1)  3.37 (2H, d, J = 7.0)  3.49 (2H, d, J = 7.3) 
12 5.30 (1H, brt, J = 7.1)  5.23 (1H, brt, J = 7.0)  5.31 (1H, brt, J = 7.3) 
13 -  -  - 
14 2.10 (2H, m)  1.98 (2H, m)  2.10 (2H, m) 
15 2.10 (2H, m)  2.19 (2H, m)  2.10 (2H, m) 
16 5.05 (1H, brt, J = 7.1)  5.07 (1H, brt, J = 6.3)  5.06 (1H, brt, J = 7.3) 
17 -  -  - 
18 1.68 (3H, s)  1.64 (3H, s)  1.68 (3H, s) 
19 1.84 (3H, s)  1.80 (3H, s)  1.84 (3H, s) 
20 1.60 (3H, s)  1.57 (3H, s)  1.59 (3H, s) 
21 -  -  3.61 (2H, d, J = 7.2) 
22 -  -  5.27 (1H, brt, J = 7.2) 
23 -  -  - 
24 -  -  1.68 (3H, s) 
25 -  -  1.88 (3H, s) 

3-OCH3 -  3.91 (3H, s)  - 
7-OCH3 4.02 (3H, s)  4.01 (3H, s)  4.00 (3H, s) 
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TABLES 7 13C-NMR data of cowaxanthone (15), 3-O-cowaxanthone (11) and 5-prenyl 
cowaxanthone (13) in CDCl3   

 

Position 
C CDCl3 

Cowaxanthone (15)  3-O-cowaxanthone (11)  5-Prenyl cowaxanthone (13) 
1 160.1  159.3  160.0 
2 108.6  111.7  108.3 
3 162.2  163.8  162.1 
4 94.2  89.5  94.1 
4a 156.0  156.1  156.0 
5 102.5  102.4  115.4 
6 152.5  152.3  150.7 
7 144.2  144.2  143.9 
8 104.5  104.5  101.9 
8a 113.3  113.5  112.9 
9 179.9  179.8  180.3 
9a 103.0  103.3  103.0 
10a 152.6  152.4  149.9 
11 21.3  21.2  21.3 
12 121.1  122.0  121.2 
13 139.7  135.3  139.8 
14 39.7  39.7  39.7 
15 26.3  26.7  26.3 
16 123.6  124.4  123.6 
17 132.1  131.1  132.1 
18 25.6  25.6  25.6 
19 16.2  16.1  16.2 
20 17.6  17.6  17.7 
21 -  -  22.3 
22 -  -  120.8 
23 -  -  132.7 
24 -  -  17.9 
25 -  -  25.6 

3-OCH3 -  55.8  - 
7-OCH3 56.4  56.4  56.3 
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1.2. Prenylated xanthones  
1.2.1. Compound 3 (-mangostin) 

 

 
FIGURES 20 Structure of compound 3 

 

Compound 3 was obtained as a yellow solid. The 1H-NMR spectra (Table 8) 
indicates the presence of a xanthone skeleton.  The chelated phenolic hydroxyl group is 

at H 13.42 and two methoxy groups locate at H 3.81 (7-OCH3) and H 3.91 (3-OCH3), 

respectively. There are two singlet aromatic protons; H-4 at H 6.34 and H-5 at H 6.83 

ppm.  Clearly, there are two prenyl groups [H 5.24 (2H, br t); H 4.10 (2H, d, J = 6.0 Hz); 

H 3.35 (2H, d, J = 6.8 Hz); H 1.68 (2 x CH3); H 1.80 (CH3), 1.83 (CH3)].  
The 1H-NMR spectra of compound 3 is similar to those of -mangostin except 

compound 3 has an additional methoxy group at H 3.91, which is attached at C-3. By 
comparing the 1H-NMR spectrum pattern and chromatographic value to those of the 
authentic -mangostin, it was confirmed that compound 3 is -mangostin, which is 
commonly found in Garcinia plants such as G. mangostana (Suksamrarn et al., 2006), G. 
cowa (Auranwiwat et al., 2014), and G. fusca (Ito, C. et al., 2003 ) and G. oliver (Ha, Ly 
Dieu et al., 2009).  
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1.2.2. Compound 5 (Cowagarcinone B) 
 

 
FIGURES 21 Structure of compound 5 

 

Compound 5 was obtained as a yellow solid. Deducing the basis of HR-ESITOFMS 
data (m/z 379.1156 [M+Na]+, calcd 379.1152), the molecular formula is C20H20O6. The IR 
absorptions indicated the presence of hydroxyl (3250 cm−1) and conjugated carbonyl 
(1658 cm−1) functionalities. 

The NMR data of 5 is presented in Table 8. The 1H-NMR spectra exhibited the 

signals of a chelated phenolic hydroxyl proton at H 13.04 (1-OH, s), two methoxy protons 

at H 3.92 (3-OCH3, s) and 4.02 (7-OCH3, s), a phenolic hydroxyl proton at H 6.36 (6-

OH, s), and three aromatic protons at H 6.42 (H-4, s), 6.94 (H-5, s), and 7.61 (H-8, s), 

respectively.  The aromatic proton at H 7.61 was assigned to be the H-8, which is 

deshielded by the C-9 (C179.8) carbonyl group. Lastly, there is a one of isoprenyl unit in 
this molecule. The NMR data showed a similar characteristic to that of β-mangostin (3) 
except for the absence of the isoprenal signal at C-8.  

Irradiation of the methoxy protons at H 3.92 gave a NOESY enhancement of the 

H-4 signal and likewise irradiation of the signal at H 4.02 enhanced the H-8 signal, thus 

the methoxy groups should be at C-3 (C 163.8) and C-7 (C 144.3), respectively. A prenyl 

moiety was also present: two methyl group singlets at H 1.69 and 1.81, a doublet from 

methylene protons at H 3.37 (2H, d, J = 6.8 Hz, H-11), and an olefinic proton signal at 

H 5.23 (1H, t, J = 6.8 Hz, H-12). The position of the prenyl group was deduced to be at 

C-2 (C 111.7) by the HMBC correlations of H-11 to C-1 (C 159.3), C-2, and C-3 (Figure 
22).  

Compound 5 was also confirmed by comparing its spectroscopic data with the 
literature values (Mahabusarakam et al., 2005). Based on the aforementioned data, it was 
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concluded that the structure of compound 5 is 1,6-dihydroxy-3,7-dimethoxy-2-(3-methyl-
2-butenyl)xanthone or cowagarcinone B. This compound is commonly found in Garcinia 
plants such as G. mangostana (Ee, G. C. et al., 2014), G. cowa (Mahabusarakam et al., 
1986; Siridechakorn et al., 2012), and G. oliveri (Ha, L. D. et al., 2012). To the best of our 
knowledge, compound 5, found in this research, is first reported from G. fusca. 
 

 

 

FIGURES 22 Selected HMBC and NOESY correlation of compound 5 
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1.2.3. Compound 6 (7-O-methylgarcinone E) 
 

 
FIGURES 23 Structure of compound 6 

 

Compound 6 was obtained as a yellow solid. The 1H-NMR spectra (Table 8) 

indicated the aromatic proton at H 6.33 (s, H-4), three OH signals at H 6.13 (br s, 3-
OH), 6.42 (s, 6-OH), and 13.85 (s, 1-OH), respectively. In addition, there are three olefinic 

protons at H 5.28 (m, H-12, H-17, and H-22), three of methylene protons at H 3.46 (d, J 
= 7.5 Hz, H-11), 3.57 (d, J = 7.3 Hz, H-21), and 4.07 (d, J = 6.5 Hz, H-16, and six methyl 

protons at H 1.69 (s, H-24), 1.77 (s, H-19), 1.78 (s, H-14), 1.83 (s, H-20), 1.85 (s, H-15), 
and 1.87 (s, H-25), which confirms the presence of three prenyl pendants in this 
compound.   

Comparatively, the 1H-NMR spectral feature of compound  6 is similar to that of -

mangostin ()3 , except at C-3 of compound 6 is a hydroxyl group at H (6.13s, 3-OH) 
instead of a methoxy group as shown in compound 3. Also, there is the extra prenyl side 

chain at C- 0(C 113.9), whereas compound 3 has an aromatic proton (H-5) at this position 
(Table 9). 

On the basis of 1H- and 13C-NMR data and comparison with those reported in the 
literature (Nguyen et al., 2018), it would conclude that compound 6 was 1,3,6-trihydroxy-
7-methoxy-2,5,8-triprenylxanthone or 7-O-methylgarcinone E. This molecule is commonly 
found in Garcinia plants such as G. fusca (Ito, C. et al., 2003 ), G. mangostana (Zhao et 
al., 2010 ) and G. cowa (Sriyatep et al., 2015). 
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TABLES 8 1H-NMR data of β-mangostin (3), cowagarcinone B (5) and 7-O-
methylgarcinone E (6) in CDCl3   

 

Position 
H (mult., J in Hz) CDCl3 

β-mangostin (3)  cowagarcinone B (5)  7-O-methylgarcinone E (6) 

1-OH 13.42 (1H, s)  13.04 (1H, s)  13.85 (1H, s) 
2 -  -  - 

3-OH -  -  6.13 (1H, s) 
4 6.34 (1H, s)  6.42 (1H, s)  6.33 (1H, s) 
4a -  -  - 
5 6.83 (1H, s)  6.94 (1H, s)  - 

6-OH -  6.36 (1H, s)  6.42 (1H, s) 
7 -  -  - 
8 -  7.61 (1H, s)  - 
8a -  -  - 
9 -  -  - 
9a -  -  - 
10a -  -  - 
11 3.35 (2H, d, J = 6.8)  3.37 (2H, d, J = 6.8)  3.46 (2H, d, J = 7.5) 
12 5.24 (1H,  brt, J = 6.8)  5.23 (1H,  brt, J = 6.8)  5.28 (1H, m) 
13 -  -  - 
14 1.68 (3H, s)  1.69 (3H, s)  1.78 (3H, s) 
15 1.83 (3H, s)  1.81 (3H, s)  1.85 (3H, s) 
16 4.10 (2H, d, J = 6.0)  -  4.07 (2H, d, J = 6.5) 
17 5.24 (1H,  brt, J = 6.0)  -  5.28 (1H, m) 
18 -  -  - 
19 1.68 (3H, s)  -  1.77 (3H, s) 
20 1.80 (3H, s)  -  1.83 (3H, s) 
21 -  -  3.57 (2H, d, J = 7.3) 
22 -  -  5.28 (1H, m) 
23 -  -  - 
24 -  -  1.69 (3H, s) 
25 -  -  1.87 (3H, s) 

3-OCH3 3.91 (3H, s)  3.92 (3H, s)  - 
7-OCH3 3.81 (3H, s)  4.02 (3H, s)  3.80 (1H, s) 
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TABLES 9  13C-NMR data of β-mangostin (3), cowagarcinone B (5) and 7-O-
methylgarcinone E (6) in CDCl3   

 
 

Position 
C CDCl3 

β-mangostin (3)  Cowagarcinone B (5)  7-O-Methylgarcinone E (6) 

1 Not recoded    159.3    160.5 
2   111.7  108.2 
3   163.8  161.5 
4   89.5  93.2 
4a   156.2  155.0 
5   102.4  113.9 
6   152.3  152.3 
7   144.3  142.2 
8   104.60  135.8 
8a   113.6  111.9 
9   179.8  182.4 
9a   103.3  103.5 
10a   152.5  153.5 
11   21.3  21.4 
12   122.2  121.4 
13   131.8  133.8 
14   25.7  25.7 
15   17.7  17.9 
16   -  26.3 
17   -  123.4 
18   -  132.6 
19   -  25.8 
20   -  18.2 
21   -  22.6 
22   -  121.1 
23   -  131.8 
24   -  25.8 
25   -  17.9 

3-OCH3   55.9  - 
7-OCH3   56.5  62.0 
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1.3. Other oxynatedxanthone freme work (1,3,5,-trioxynated, 1,3,5,8-tetraoxynated 
and 1,3,5,6-tetraoxynated xanthones)  

1.3.1. Compound 2 (8-Deoxygartanin) 
 

 
FIGURES 24 Structure of compound 2 

 

The minor compound 2 was obtained as yellow solid. The 1H-NMR spectrum 

(Table 10) of compound 2 shows the only one chelated OH at H 13.20, indicating the 
presence of two prenyl (3,3-dimethylallyl) side chains at the same circumstance. The 
aromatic region confirms the clear ABX pattern of H-6, H-7, and H-8 protons. The H-8 

proton appears as a doublet of doublet at H 7.78 (1H, dd, J = 7.9, 1.8 Hz), while the H-

6 displays the doublet of doublet at H 7.31 (1H, dd, J = 7.9, 1.8 Hz). A proton H-7 

emerges as the triplet at H 7.24 (1H, t, J = 7.9, 7.8 Hz). 
From the above results, compound 2 was first reported from this plant species, 

and the structure of 2 was therefore determined to be 1,3,5-trihydroxy-2,4-bis(3-
methylbut-2-en-1-yl)-9H-xanthen-9-one and was named 8-deoxygartanin (2) 
(Govindachari et al., 1971; Ragasa et al., 2010; Suksamrarn et al., 2006). 
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1.3.2. Compound 1 (Gartanin) 
 

 

FIGURES 25 Structure of compound 1 
 

Compound 1 was chromatographically purified to yield yellow solid. The 1H-NMR 
spectrum (Table 10) shows a similar pattern to that of compound 2 except there is addition 
of the hydroxyl signal at H-8, indicating that there is addition of the hydroxyl group at C-
8.  

1H-NMR spectrum display discloses the one chelated phenolic hydroxyl moiety 

[H 12.36 (1-OH, s)], two sets of benzylic allylic methylene protons at H 3.47 (2H, d, J = 

7.0 Hz) and 3.53 (2H, d, J = 6.8 Hz); olefinic protons at H 5.23 (1H, br t, J = 7.0 Hz) and 

5.28 (1H, br t, J = 6.8 Hz). The presence of two aromatic protons doublets at H 6.67 (H-
7) and 7.23 (H-6) with a large coupling constant (J = 8.8 Hz) indicates that the substituents 

are in the ortho. The four allylic methyl singlets are at H 1.86, 1.86, 1.79, and 1.76 ppm. 

Also, there are three aromatic hydroxy proton singlets at H 5.15, 6.61, and 11.27 ppm. 

The hydroxyl group at H 12.36 is deshielded because it forms the H-bonding with a 
carbonyl oxygen.  Lastly, there is no methoxyl signal.  

Based on the characteristic feature of 1H-NMR spectrum, it should be noted that 
compound 1 is surely not 1,3,6,7-tetraoxygenated xanthone since two singlet signals of 
H-4 and H-5  protons do not show up on the spectrum. In addition, it is found that the 1H-
NMR data of compound 1 looks the same as that of gartanin isolated by our group 
(Ragasa et al., 2010; Suksamrarn et al., 2006). To the best of our knowledge, it is the first 
time that compound 1 is found in this plant species and its chemical structure is carefully 
identified as 1,3,5,8-tetrahydroxy-2,4-bis(3-methylbut-2-en-1-yl)-9H-xanthen-9-one or 
gartanin (1).  
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1.3.3 Compound 8 (Garbogiol) 
 

 
FIGURES 26 Structure of compound 8 

 

Compound 8 was obtained as pale yellow needle-shaped solid and its HR-TOFMS 

exhibited a pseudomolecular ion at m/z 351.0855 [M+Na]  (calcd. 351.0839) suggesting 
that the molecular formula is C18H16O6. The IR spectrum showed the presence of hydroxyl 
groups at 3587 and 3414 cm−1 and a conjugated carbonyl at 1667 cm−1. Its positive 
specific rotation [α]D

26 is +79.6 (c = 0.11, MeOH). By comparing the specific rotation value 
with that of garbogiol reported in a previous publication (Linuma et al., 1998; Nguyen et 
al., 2018), it should be noted that compound 8 is akin to garbogiol.  

The 1H-NMR spectrum (Table 10) showed the signals of an isolated aromatic 

proton [H 6.27 (1H, s, H-2)] and two ortho-coupled protons [H 6.68 and 7.24 (1H each, 
d, J = 8.8 Hz, H-7 and H-6, respactively)]. The signals of a 1,1,2-trimethyldihydrofuran 

ring [H 1.32 (3H, s, H-13), 1.57 (3H, s, H-14), and 1.43 (3H, d, J = 6.6 Hz, H-15), and 
4.56 (1H, qt, J = 6.6 Hz)] were also observed. In addition, the 1H- NMR spectrum indicated 

that presence of two resonance signals of chelated hydroxyl groups at H 11.34 (1H, s, 

8-OH), and 12.31 (1H, s, 1-OH). A non-chelated hydroxyl signal at H 4.81 (1H, br s, 5-
OH), were also existed. 

The 13C-NMR, DEPT and HMQC experiments (Table 11) displayed the 18 carbon 

signals, consisting of three methyl groups at C 14.2 (C-15), 21.6 (C-13), and 26.1 (C-14); 

four methines at C 90.9 (C-12), 94.6 (C-2), 110.1 (C-7), and 123.3 (C-6); ten quaternary 

carbons at C 43.6 (C-11), 102.6 (C-9a), 107.3 (C-8a), 113.1 (C-4), 135.4 (C-5), 142.6 (C-
10a), 152.2 (C-4a), 154.2 (C-8), 164.1 (C-1), and 167.1 (C-3); and one carbonyl carbon at 

C 184.1(C-9).  
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In the HMBC spectrum (Figure 27), the less shielding of chelated hydroxyl signal 

at H 12.31 (s, 1-OH) correlated with carbon C-1, C-2, C-9, and C-9a. Cross-peaks of the 

isolated aromatic signal H-2 at H 6.27 showed the correlations to C-1, C-3, C-4, C-9, and 
C-9a. This data confirms that there is this pendant in this compound, in which it is fused 
at C-3 and C-4 and it forms a five-numbering ring via an ether linkage at C-3. In addition, 

the two tertiary methyl protons (3H, H-13 and H-14) correlated to C-4 (C 113.1), 
supporting that the 1,1,2-trimethyldihydrofuran ring was condensed with the xanthone A 
ring at C-3 and C-4 with the latter being oxygenated. The tertiary methyl proton H-13 also 
correlates with C-4, C-11, C-12, and C-14. Similarly, the correlations between the tertiary 
methyl group of H-14 with C-4, C-11, C-12, and C13 were observed. While the methyl 
proton H-15 showed correlations with C-11, and C-12.  Furthermore, the second chelated 

hydroxyl proton at H 11.34 (1H, s, 8-OH) correlated to C-6, C-7, C-8, C-8a, and C-9. This 
reveals that C-8 was hydroxylated. The two ortho coupled protons were therefore attached 
to C-6 and C-7. Other HMBC correlations supported the structure of the subunit.  

In addition, it should be noted that compound 8 is surely not 1,3,6,7-
tetraoxygenated xanthone since two singlet signals of H-4 and H-5  protons do not show 
up on the spectrum. The xanthone B ring therefore carried the remaining two hydroxyl 
groups. Compound 8 was also confirmed by comparing its spectroscopic data with the 
literature values reported in a previous report (Linuma et al., 1998). 

The X-ray crystallography had been used to characterize the crystal structure of 
compound 8, Its result confirmed a 1,3,5,8-oxygenated xanthone featuring with a furano 
group attached at C-3/C-4 position. The absolute configuration was defined as 14S 
(Figure 28). The structure of 8 was therefore deduced as (+) (S)-5,7,10-trihydroxy-1,1,2-
trimethyl-1H-furo[2,3-c]xanthen-6(2H)-one or (+) (S)-garbogiol.  

In general, (+) (S)-garbogiol is commonly isolated from many plants including 
Garcinia such as G. fusca (Nguyen et al., 2018), G. cambogia (Tharachand & Mythili, 
2013), G. pedunculata (Vo et al., 2012), and G. cantleyana (Shadid et al., 2007). 
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FIGURES 27 Selected HMBC correlation of compound 8 
 

 
 

FIGURES 28 ORTEP plot of the X-ray crystal structure for compound 8 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 



  87 

TABLES 10 1H-NMR data of 8-deoxygartanin (2), gartanin (1) and garbogiol (8) in CDCl3 

 

 

 

 

 

 

Position 
H (mult., J in Hz) CDCl3 

8-Deoxygartanin (2)  Gartanin (1)  Garbogiol (8) 
1-OH 13.20 (1H, s)  12.36 (1H, s)  12.31 (1H, s) 

2 -  -  6.27 (1H, s) 

3-OH 6.53 (1H, s)  6.61 (1H, s)  - 

4 -  -  - 

4a -  -  - 

5-OH 5.67 (1H, s)  5.15 (1H, s)  4.81 (1H, brs) 

6 7.31 (1H, dd,  J = 7.9, 1.8)  7.23 (1H, d, J = 8.8)  7.24 (1H, d, J = 8.8) 

7 7.24 (1H, t,  J = 7.9, 7.7)  6.67 (1H, d, J = 8.8)  6.68 (1H, d, J = 8.8) 

8 7.78 (1H, dd,  J = 7.7, 1.8)  -  - 

8-OH -  11.27 (1H, s)  11.34 (1H, s) 

8a -  -  - 

9 -  -  - 

9a -  -  - 

10a -    - 

11 3.50 (2H, d, J = 7.1)  3.47 (2H, d, J = 7.0)  - 

12 5.27 (1H, brt, J = 7.1, 6.4)  5.23 (1H, brt, J = 7.0)  4.56 (1H, qt, J = 6.6) 

13 -  -  1.32 (3H, s) 

14 1.80 (3H, s)  1.86 (3H, s)  1.57 (3H, s) 

15 1.87 (3H, s)  1.79 (3H, s)  1.43 (3H, d, J = 6.6) 

16 3.56 (2H, d, J = 6.4)  3.53 (2H, d, J = 6.8)  - 

17 5.27 (1H, brt, J =  7.1, 6.4)  5.28 (1H, brt, J = 6.8)  - 

18 -  -  - 

19 1.88 (3H, s)  1.86 (3H, s)  - 

20 1.77 (3H, s)  1.76 (3H, s)  - 
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TABLES 11 13C-NMR data of 8-deoxygartanin (2), gartanin (1) and garbogiol (8) in CDCl3 

 

 
 
 
 
 
 

Position 
C CDCl3 

8-Deoxygartanin (2)  Gartanin (1)  Garbogiol (8) 
1 Not recoded  Not recoded  164.1 

2     94.6 

3     167.1 

4     113.1 

4a     152.2 

5     135.4 

6     123.3 

7     110.1 

8     154.2 

8a     107.3 

9     184.1 

9a     102.6 

10a     142.6 

11     43.6 

12     90.9 

13     21.6 

14     26.1 

15     14.2 

16     - 

17     - 

18     - 

19     - 

20     - 
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1.3.4. Compound 12 (Rheediaxanthone-A) 
 

 

FIGURES 29 Structure of compound 12 
 

Compound 12 is a yellow solid.  The molecular formula was found to be C23H20O6 

based on HR-TOFMS ion at (m/z 415.1153 [M + Na], calcd. C23H20O6Na, 415.1152). The 
IR spectrum showed the presence of hydroxyl group at 3346 cm−1 and a conjugated 
carbonyl at 1636 cm−1.  

The 1H-NMR spectrum revealed the presence of two hydroxy substituents at H 

13.08 (1H, s); two aromatic protons [(H-2, H 6.25, 1H, s), (H-8, H 7.47, 1H, s)]; two 2,2-

dimethylpyrano-substituents [(H-11, H 6.88, 1H, d, J = 6.8 Hz), (H-12, H 5.60, 1H, d, J 

= 10.0 Hz), (H-16,  H 6.44, 1H, d, J = 10.0 Hz), (H-17,  H 5.73, 1H, d, J = 10.0 Hz)]. The 
13C-NMR and HMQC experiments displayed 23 carbon signals, including four methyl 

groups at C 28.4 (C-14 and C-15) and C 28.2 (C-19 and C-20), six methines at C 99.3 

(C-2), 113.4 (C-8), 115.1 (C-11), 121.4 (C-16), 127.1 (C-12) and 130.9 (C-17), twelve 

quaternary carbons at C 163.0 (C-1), 160.4 (C-3), 151.5 (C-4a), 145.0 (C-10a),  144.7 (C-
6), 132.3 (C-5), 114.6 (C-8a), 117.7 (C-7), 103.2 (C-9a), 101.3 (C-4), 78.9 (C-18) and 78.1 

(C-13) and one carbonyl carbon at C 180.2 (C-9) (Table 12).  
The 1D NMR spectra of this compound could confirm there are two pyrano rings 

flanking the main xanthone skeleton and its chemical structure is similar to 
pyranojacareubin, which was isolated from Calophyllum inophyllum (Ee, G. C. L. et al., 
2009). Also, the chemical constituent of this compound is akin to mesuaferrin B, which 
was isolated from Mesua ferrea (Teh et al., 2011). Both pyranojacareubin and mesuaferrin 
B have two pyrano rings on theirs structures.   
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In addition, the COSY spectrum indicated that the proton signal at H 6.88 (H-11, 

1H, d, J = 6.8 Hz) was coupled to the H-12 at H 5.60 (1H, d, J = 10.0 Hz). Meanwhile, 

the proton signal at H 6.44 (H-16, 1H, d, J = 10.0 Hz) was coupled to the H-17 at H 5.73 

(1H, d, J = 10.0 Hz). HMBC experiment gives correlations between H-11 and C-3 (C 

160.4), C-4a (C 151.5), and C-13 (C 78.1), while methine proton H-12 shows the 

correlations with C-4 (C 101.3) and C-13 (C 78.1). In addition, the methyl protons of H-

14 and H-15 (H 1.48, each H-14 and H-15) correlates with C-12 (C 127.1) and C-13 (C 
78.1), respectively. These data supports that the olefinic protons H-11/H-12 show a cis 
conformer since. Moreover,  HMBC pulse sequence for long-range heteronuclear 
correlation also confirm the presence of pyrano rings; one ring is fused at C-3 and C-4 via 
an ether linkage at C-3 and second pyrano ring is deduced to be bonded to C-6 and C-

7, which is supported by evidence of the correlations of H-16 (H 6.44) with C-6 (C 144.7), 

C-7 (C 117.7), C-8 (C 113.4), and C-18 (C 78.9). The methine proton H-17 (H 5.73) 
also correlates with C-7 and C-18. Similarly, the correlations between the methyl groups 

of H-19 and H-20 at H 1.53 (each H-19 and H-20) with C-17 (C 130.9) and C-18 (C 
78.9) confirms the presence of this unit, which was fused at C-6 and C-7 with an ether 
linkage at C-6. Two pyrano rings were therefore assigned to be attached to C-3, C-4 and 
C-6, C-7 by HMBC correlations between these carbons and a couple of cis olefinic 
hydrogens. In addition, the long-range correlations between the two pair of cis olefinic 
protons H-11, H-12 and H-16, H-17 were confirmed to be adjacent to the quaternary 

carbon C-13 and C-18, respectively. The hydroxyl proton at H 13.08 shows correlations 

with C-1 (C 163.0), C-9a (C 103.2), and C-2 (C 99.3). The other hydroxyl proton at H 

5.56 (H-5, s) correlates with C-10a and C-5. The signal of aromatic proton at H 6.25 (H-
2) gives correlations with C-1 (163.0), C-3 (160.4), and C-4 (101.3). Also, the isolated 

methine proton at H 7.47 (H-8) displays the long-range heteronuclear correlations with 
C-9 (103.2), C-10a (145.0), and C-6 (144.7) in HMBC spectrum (Figure 30). 
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FIGURES 30 Key COSY and HMBC correlations for compound 12 
 

 
 

FIGURES 31 Key NOESY correlations for compound 12 
 

All spectral and physical data obtained were in close agreement with that recently 
reported for rheediaxanthone-A, which was isolated from G. staudtii (Waterman & 
Uussain, 1982). Furthermore, this compound was first reported in Rheedia benthamiana 
(Monache et al., 1981) but there are no reports isolating this compound in G. fusca. 
Therefore, to the best of our knowledge, this is the first report finding rheediaxanthone-A 
in G. fusca.   
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TABLES 12 Comparison 1H- and 13C-NMR data of compound 12 with rheediaxanthone-
A in CDCl3   

 

 

 

 

Position 

H (mult., J in Hz) CDCl3  C 

Rheediaxanthone-Aa 

 
 

Compound 12 

 
 

Rheediaxan-

thone-Aa 
 

Compound 12 

 

1-OH 13.20 (1H, s)  13.08 (1H, s)  163.0 

2 6.16 (1H, s)  6.25 (1H, s)  99.3 

3     160.4 

4 6.30 (1H, s)    101.3 

4a     151.5 

5-OH   5.56 (1H, s)  132.3 

6     144.7 

7     117.7 

8 7.45 (1H, s)  7.47 (1H, s)  113.4 

8a     114.6 

9     108.2 

9a     103.2 

10a     145.0 

11 6.94 (1H, d, J = 8.0)  6.88 (1H, d, J = 10.0)  115.1 

12 5.73 (1H, d, J = 8.0)  5.60 (1H, d, J = 10.0)  127.1 

13     78.1 

14 1.46 (3H, s)  1.48 (3H, s)  28.2 

15 1.46 (3H, s)  1.48 (3H, s)  28.2 

16 6.54(1H, d, J = 8.0)  6.44 (1H, d, J = 10.0)  121.4 

17 5.90 (1H, d, J = 8.0)  5.73 (1H, d, J = 10.0)  130.9 

18     78.9 

19 1.49 (3H, s)  1.53 (3H, s)  28.4 

20 1.49 (3H, s)  1.53 (3H, s)  28.4 
a  (Waterman & Uussain, 1982) 
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1.3. Non-xanthones 
1.3.1. Compound 4 (Lakoochin A) 

 

 
FIGURES 32 Structure of compound 4 

 

Compound 4 was isolated as yellow viscous liquid. Its ESIMS showed the 

molecular ion at m/z 407.4 [M+H] (100), corresponding to the molecular formula 
C26H30O4.  

The 1H-NMR spectrum (Table 13) of 4 revealed the ABX aromatic spin system in 

which aromatic protons appear at H 6.78 (dd, J = 8.3, 2.2 Hz), H 6.96 (d, J = 2.2 Hz), 

and H 7.39 (d, J = 8.3 Hz), including two downfield singlets at H 6.53 and 6.60, two 

methyl ether singlets (both resonances at H 3.86), respectively.  From the observation, 

there are two sets of signals for a prenyl group at H 5.07 (2x2H, br t, J = 6.8 Hz, H-2’’ 
and H-2’’’), 3.13 (2x2H, d, J = 6.8 Hz, H-1’’ and H-1’’’), 1.64 (2x3H, s, H-4’’ and H-5’’’), 
1.38 (2x3H, s, H-5’’ and H-4’’’).  

Analysis of the 1D and 2D NMR spectral data of 4 also disclosed the symmetrical 
methoxy and prenyl groups.  There are 26 carbons, which are composed of four methyls, 
two methylenes, seven methines, and 13 quaternary carbons.   

Interpretation of the HMBC spectrum (Figure 33) of 4 indicates that two prenyl and 
methoxy groups are located on an aromatic ring, which is the formation of a symmetrical 
ring B. The HMBC correlations are seen from an aromatic proton H-4’ to C-2’, C-3’, C-5’, 
and C-6’; the methoxy protons 5’-OCH3 to C-5’ and 3’-OCH3 to C-3’; the methylene protons 
H-1’’’ to C-5’, C-6’, C-3’’’; H-1’’ to C-2’, C-3’, C-3’’.  
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In NOESY spectrum, the location of two methoxy groups is also confirmed by 
intense cross-peak of a OCH3 group to aromatic proton H-4’. Furthermore, the correlations 

of aromatic protons (H-4’) to two oxygenated quaternary carbons (C-3’ and C-5’) at C 

156.3 and to two quaternary carbon (C-2’ and C-6’) at C 122.5 were displayed on the 
HMBC spectrum. A gross structure for 4 was established by analysis of the HMBC 
spectral data. The HMBC correlations pointed out that H-3 is correlated with C-1' and C-
2' (Figure 33). Therefore, it may conclude that the symmetrical unit B is linked with an ring 
C through a C2−C1’ bond.  

Compound 4 was also confirmed by comparing its spectroscopic data with the 
literature values reported in a previous publications (Namdaung et al., 2018; Puntumchai 
et al., 2004). The structure of the compound is thus concluded as 2-(3,5-dimethoxy-2,6-
bis(3-methylbut-2-enyl)phenyl)benzofuran-6-ol or lakoochin A, which is an isoprenylated 
derivative of 2-arylbenzofuran. Generally, the aylbenzofuran compounds, such as 
garcinol (Niwa et al., 1993) and garcifurans A-B (Niwa et al., 1994) have been found in G. 
Kola but there are no reports found these compounds in G. fusca before.  This is therefore 
the first report to isolate the lakoochin A (4) from G. fusca. 
 

 
 
 

FIGURES 33 Selected HMBC and NOESY correlation of compound 4 
 

 

 



  95 

TABLES 13 Comparison 1H- and 13C-NMR data of compound 4 with lakoochin A   in 
CDCl3   

 
 
 
 

Position 
H (mult., J in Hz)  CDCl3  C 

Lakoochin Aa  Compound 4  Lakoochin Aa  Compound 4 

2    153.0 153.0 
3 6.54 (1H, s)  6.53 1H, s) 106.2 106.2 
3a    123.2 122.5 
4 7.40 (1H, d, J = 8.1)  7.39 (1H, d, J = 8.3) 120.8 120.8 
5 6.78 (1H, dd, J = 8.1, 2.1)  6.78 (1H, dd, J = 8.3, 2.2) 111.5 111.5 
6    153.3 153.2 
7 6.97  (1H, d, J = 2.1)  6.96 (1H, d, J = 2.2) 98.2 98.2 
7a    155.6 155.6 
1’    131.8 131.8 
2’    122.5 122.5 
3’    156.3 156.3 
4’ 6.61 (1H, s)  6.60 1H, s) 97.3 97.3 
5’    156.3 156.3 
6’    122.5 122.5 
1’’ 3.15 (2H, d, J = 6.8)  3.13 (2H, d, J = 6.8) 26.5 26.5 
2’’ 5.05 (1H, br t, J = 7.1)  5.07 (1H, br t, J = 6.8) 123.6 123.5 
3’’    130.3 130.3 
4’’ 1.58 (3H, s)  1.58 (3H, s) 25.7 25.7 
5’’ 1.39 (3H, s)  1.38 (3H, s) 17.6 17.6 
1’’’ 3.15 (2H, d, J = 6.8)  3.13 (2H, d, J = 6.8) 26.5 26.5 
2’’’ 5.05 (1H, d, J = 7.1)  5.07 (1H, br t, J = 6.8) 123.6 123.5 
3’’’    130.3 130.3 
4’’’ 1.39 (3H,  s )  1.38 (3H, s) 17.6 17.6 
5’’’ 1.58 (3H, s)  1.58 (3H, s) 25.7 25.7 

3’-OCH3 3.87 (3H, s)  3.86 (3H, s) 55.9 55.9 
5’-OCH3 3.87 (3H, s)  3.86 (3H, s) 55.9 55.9 

a (Puntumchai et al., 2004) 
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1.3.2 Compound 9 (An oleanane triterpene lactone) 
 

 

FIGURES 34 Structure of compound 9 
 

The minor compound 9 was obtained as a colorless solid. It gave a violet spot with 
anisaldehyde reagent on TLC, indicating it was a triterpene. Its HR-TOFMS showed a 

pseudomolecular ion at m/z 537.3550 [M + Na], calcd. C32H50O5Na, 537.3550). The IR 
absorption bands for free hydroxyl (3526 cm−1) and carbonyl ester (1735 cm−1) functions 
were observed. 

The 1H-NMR spectrum of 9 revealed the seven methyl signals at H 0.85, 0.87, 

0.90 (6H), 0.98, 1.14, and 1.30, and an acetate group at H 2.05 ppm. The pattern of the 
methyl protons is similar to that of oleanane-type triterpene with an acetate group. The 
comparison of the 1H- and 13C-NMR spectra pattern of this compound with oleanolic acid, 
they were similarity except there was no alkene protons signals at C-11 and C-12 in 9. 

The 13C-NMR, DEPT and HMQC spectra of 9 exhibited 32 carbons,  consisting of 

seven methyls at C 16.3 (C-25), 16.4 (C-24), 18.5 (C-26), 18.5 (C-27), 23.8 (C-30), 27.9 
(C-23), and 33.2 (C-29), ten methylenes, five methines [two of which were carbon bearing 

oxygen at C 76.3 (C-12) and 80.7 (C-3)], and nine quaternary carbons [including a C-O 

(C 90.5, C-13) and two carbonyls at C 179.9 (C-28) and 171.0 (C-31)]. 

The doublet of doublet signal at H 4.49, dd, J = 6.6, 9.4 Hz (H-3) in 9 was showed 

down field shift when compared with the signal of H-3 (H 4.14, m) in oleanolic acid 
structure (Hichri et al., 2003), together with the HMBC correlations shown between H-3 

and C-2 (C 23.5) and C-31 (C 171.0), suggesting the acetate moiety was located at C-

3.  Furthermore, a broad signal at H 3.88 (1H), C 76.3 (C-12), a hydoxyl moiety, showed 
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the COSY interactions between the H-12/H-11 and H-12/H-11. From the DEPT and 13C-

NMR spectra, there observed a quaternary carbon at C 90.5 (C-13), tertiary carbon of 

lactone carbonyl at C 179.0 (C-28), in addition, HMBC displayed between H-27/C-13, H-
16/C-17 and H-16/C-28 supported an oxycarbonyl-lacton-group placed at carbons 13 
and 17.   

The NOESY experiment was also conducted in order to confirm the 
stereochemistry of this compound. NOESY spectrum showed the enhancements between 
H-3 to H-2, H-23, and H-32, which indicated the H-2 and Hβ-3 orientation in the oleanane 
nucleus. Also the ring junctions are trans as displayed in NOESY experiment (Froelich et 
al., 2017; Garcı ́a-Granados et al., 2004; Hichri et al., 2003; Poehland et al., 1987; Siewert 
et al., 2014) as shown in Figure 35, and in accordance with its biosynthetic pathway 

(Pollier & Goossens, 2012). Its optical rotation is []D
26 +25.4 (c = 0.30, CHCl3) [lit []D

25 

+37 (c = 1, CHCl3) (Garc ı ́a-Granados et al., 2004) and []D +44.4 (c = 0.34, CHCl3) 
(Siewert et al., 2014)]. Therefore, it could concluded that the structure of the compound 9 
is 3-acetoxy-12-hydroxyoleanan-28,13-olide or  (3, 12 3-acetyl-12-hydroxy-18-
olean-28-oic acid 28,13-lactone. This compound was also found in Rhudomyrtw 
topnentosa (Siewert et al., 2014) and Pieris japonica D. Don (Katai et al., 1982). Thus, this 
research is the first time to report the oleanane triterpene lactone (9) in this plant.  

 
 

FIGURES 35 HMBC and NOESY correlations of compound 9 
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TABLES 14 Comparison 1H- and 13C-NMR data of compound 9 with 3-acetoxy-12-
hydroxyoleanan-28,13-olide in CDCl3   

 

Position 

H (mult., J in Hz)  CDCl3  C  

Aa  Compound 9  Aa  Compound 9 

1a 
1b 

1.76-1.66 (1H, m) 
1.13-1.09 (1H, m) 

 1.74, 1.07 (2H, m)  38.6   38.5 

2 1.69-1.52 (2H, m)  1.74, 1.64 (2H, m)  23.6   23.5 

3 4.48 (1H, dd, J = 5.7, 9.7)  4.49 (1H, dd, J = 6.6, 9.4)  80.9  80.7 

4     37.9  37.8 

5 0.85-0.86 (1H, m)  0.86 (1H, m)  55.4  55.3 

6 1.69-1.52 (2H, m)  1.50, 1.42 (2H, m)  17.7  17.6 

7a 
7b 

2.06-1.84 (1H, m) 
1.69-1.52 (1H, m) 

 1.55, 1.36 (2H, m)  34.0  34.1 

8     42.4  42.0 

9 1.69-1.52 (1H, m)  1.62 (1H, m)  44.6  44.5 

10     36.4  36.3 

11 1.69-1.52 (2H, m)  1.68, 1.36 (2H, m)  27.6  27.4 

12 
12-OH 

3.87 (1H, dd, J = 2.5) 
 

 3.88 (1H, brs)  76.3  76.3 

13     90.7  90.5 

14     42.1  42.3 

15a 
15b 

1.84 (1H, ddd, J = 6.1, 13.5, 13.5) 
1.29-1.22 (1H, m) 

 1.60, 1.11 (2H, m)  28.1   28.0 

16a 
16b 

2.13 (1H, ddd, J = 5.8, 13.3, 13.3) 
1.29-1.22 (1H, m) 

 2.14 (1H, ddd, J = 13.2, 7.5, 5.7) 
1.24 (1H, m) 

 21.3  21.3 

17     44.8  44.7 

18 2.06-1.84 (1H, m)  2.02 (1H, m)  51.2  51.1 

19 2.06-1.84 (2H, m)  1.96 (1H, m) 
1.50 (1H, m) 

 39.4  39.3 

20     31.6  31.5 

21 1.29-1.22 (2H, m)  1.28, 1.18 (2H, m)  34.2  33.9 

22a 
22b 

1.69-1.52 (1H, m) 
1.69-1.52 (1H, m) 

 1.91, 1.47 (2H, m)  28.9  28.8 
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TABLES 14 (Continued) 

Position 

H (mult., J in Hz)  CDCl3  C  

Oleanane triterpene lactonea  Compound 9  
Oleanane 
triterpene 
lactonea 

 Compound 9 

23 0.86 (3H, s)  0.87 (3H, s)  28.0  27.9 

24 0.84 (3H, s)  0.85 (3H, s)  16.5  16.4 

25 0.89 (3H, s)  0.90 (3H, s)  16.5  16.3 

26 1.13 (3H, s)  1.14 (3H, s)  18.6  18.5 

27 1.29 (3H, s)  1.30 (3H, s)  18.7  18.5 

28     180.1  179.9 

29 0.89 (3H, s)  0.90 (3H, s)  33.3  33.2 

30 0.97 (3H, s)  0.98 (3H, s)  24.0  23.8 

31     171.2  171.0 

32 2.04 (3H, s)  2.05 (3H, s)  21.4  21.2 

A = 3-acetoxy-12-hydroxyoleanan-28,13-olide  
a  (Garcı ́a-Granados et al., 2004) 
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1.3.3 Compound 20 (GB-2) 
 

 

FIGURES 36 Structure of compound 20 
 

Compound 20 was obtained as a yellow solid. The molecular formula was 

C30H22O12 as deduced from ESIMS ([M-H] at m/z 573.6). The IR spectrum showed the 

presence of hydroxy groups at 3192 cm1 and conjugated carbonyl groups at 1630 cm-1. 
In general, biflavanoid shows two sets of signals in its 1H- and 13C-NMR spectra due to its 
rotameric behavior (atropisomerism). Its 1H- and 13C-NMR and DEPT spectra (Table 15) 
showed signals of respective pairs (relative ratio; 1:1.23) indicating the presence of a 
biflavonoid skeleton. The 13C-NMR and DEPT spectra displayed 30 major signals 
attributable to 14 methines and 16 quaternary carbons.  

The methine doublets of H-2 exhibited at H 5.65 (1H, J = 12.2 Hz) and H-3 at H 

4.45 (1H, J = 12.2 Hz) on ring C including COSY correlations observed between of protons 

indicating the presence of flavanone unit. In same manner the doublets signal of H-2’’ [H 

4.86 (d, J = 11.6 Hz)] and H-3’’ [H 3.95 (dd, J = 11.6 and 6.0 Hz)] of ring F, as well as 
COSY correlations suggesting a dihydroflavanol group (Figure 37). By COSY and HMBC 

correlations the aromatic protons (ring A) at H 5.87 (1H, d, J = 2.1 Hz) and 5.87 (1H, d, 
J = 2.1 Hz) were assigned to be located at C-6 and C-8 moiety. Broad doublets of 

aromatic ortho coupled protons (ring B) appearing at H-2’ (H 7.10) and H-6’ (H 7.08), 

H-3’ (H 6.75), and H-5’ (H 6.58) with J coupling constant of 8.3 Hz were attributed to the 
position C-2’, C-6’, C-3’, and C-5’, respectively, confirming the flavonone part. Two 

doublets at H 4.86 (d, J = 11.6 Hz, H-2’’) and 3.95 (dd, J = 11.6 and 6.0 Hz, H-3’’) indicate 
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the presence of a dihydroflavonol moiety (ring F). Aromatic protons (ring D) emerging at 

H-6’’ (H 5.91) was attributed to the position C-6’.  The aromatic protons at H 6.83 (br s, 

H-2’’’) and two doublets aromatic ortho coupled protons (ring E) at H 6.79 (d, H-5’’’), H 

6.64 (d, H-6’’’) with J coupling constant of 8.1 Hz were attributed to the position C-2’’’, C-
5’’’, and C-6’’’, respectively. Furthermore, the two singlet signals of chelated hydroxy at 

H 12.12 and 11.83 and five signals of phenolic hydroxy showed singlets and broad 

singlets at H 9.60, 8.99, 8.97, 5.81, and 5.73, respectively. 
Connections among rings A, B, and C of flavanone subgroup were provided by 

analysis of its HMBC and NOESY spectra (Figures 37 and 38). The NOESY correlations 

were observed for methine proton at H 5.65 (H-2) to H-2’ (H 7.10) and H 4.45 (H-3) to 

H-6’ (H 7.08) of aromatic protons together with HMBC correlations of H-2 to C-2’ (C 

129.0), the correlations of H-3 to C-6’ (C 129.0) in HMBC spectra, indicating that ring B 

connects to ring C. The HMBC correlation of chelated hydroxy OH-5 (H 12.12) and H-6 

(H 5.87) to C-4a (C 101.3), and H-8 (H 5.87) to C-8a (C 162.8) confirmed that ring A 
connected to ring C. 
 Linkage between rings D, E, and F of dihydroflavonol subsgroup were confirmed 

by analysis of its HMBC and NOESY spectra. The correlations of H-2’’ (H 4.86) to C-2’’’ 

(C 115.3) and C-6’’’ (C 119.0), and H-3’’ (H 3.95) to C-2’’’ (C 115.3) and C-1’’’ (C 

127.8) in HMBC spectra together with NOESY correlations of H-6’’’ (H 6.64) to H-2’’ (H 

4.86), indicates that ring E links to ring F. The HMBC correlations deduced from H-6’’ (H 

5.91) and chelated hydroxy 5’’-OH (H 11.83) to C-4a’’ (C 99.7) confirms that ring D 
connects to ring F. 

 Furthermore, HMBC interactions seen between the methine protons at H 4.45 (H-

3) to C-8’’ (C 101.0), C-8a’’ (C 160.1) and C-7’’ (C 164.5), Figures 37 and 38, support 
the linkage of the flavanone and dihydroflavonol units via C-3 and C-8’’. 
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FIGURES 37 Key HMBC correlations for compound 20 
 

 

FIGURES 38 Key NOESY correlations for compound 20 
 

The relative configurations at the two stereogenic centers of flavanone (C-2 and 
C-3) and dihydroflavonol (C-2’’ and C-3’’) moieties are trans-diaxial were confirmed by 1H-
NMR coupling constants (J = 12.2 Hz) (Messi et al., 2012). The dextrorotatory optical 
rotation of compound 20 is [α]D

25.6 = +9.8, [lit [α]D
25 = +3 (c = 0.1, MeOH) (Messi et al., 

2012), [α]D
20 = +3.17  (c = 0.57, MeOH) (Kumar et al., 2004)]. The structure of compound 

20 is thus assigned to be (+) GB-2. 
 GB-2 was found in Garcinia plants such as G. Kola (Adaramoye et al., 2005; 
Farombi et al., 2000; Iwu, M. M. et al., 1990; Iwu, W. M. et al., 1987; Kabangu et al., 1987; 
Okoko, Tebekeme 2009; Okoko, T., 2009; Okoko & Ere, 2013; Tchimene et al., 2016), G. 
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Buchananii (Jackson et al., 1967), G. preussii (Messi et al., 2012), G. terphophylla (Ollis, 
1975) , this is the first report of the G. fusga. 
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TABLES 15 Comparison 1H- and 13C-NMR data of compound 20 with GB-2 in DMSO-d6   
 

Position 
H (mult., J in Hz) DMSO-d6 C 

GB-2 a
 20 GB-2a 

Major 
 
 
 
 

GB-2a 
Minor 

 
 
 
 

20 
Major 

 
 
 

20        
Minor 

 
 
 

Major 
 

Minor 
 

Major 
 

Minor 
2 5.70 

 
5.36 5.65 (1H, d, J = 12.2) 5.33 (1H, d, J = 12.2) 81.7 81.4 81.3 81.7 

3 4.66 
 

4.48 4.45 (1H, d, J = 12.2) 4.64 (1H, d, J = 12.2) 47.2 - 47.1 47.2 
4 - - - - 196.6 196.5 196.6 196.5 

4a - - - - 101.1 - 101.3 - 
5 - - - - - - - - 
6 5.90 5.88 5.87 (1H, d, J = 2.1) 5.83 (1H, d, J = 2.1) 96.2 - 96.1 95.0 
7 - - - - - - - - 
8 5.96 5.90 5.87 (1H, d, J = 2.1) 5.57 (1H, brs) 95.9 95.4 96.1 94.9 

8a - - - - 162.8 162.6 162.8 162.6 
1’ - - - - 128.2 - 128.1 128.2 
2’ 7.11 

 
- 7.10 (1H, d, J = 8.3) b 

 
- 129.0 128.3 129.0 - 

3’ 6.66 - 6.75 (1H, d, J = 8.3) - 114.9 - 114.9 - 
4’ - - -  - - - - 
5’ 6.78 

 
- 6.58 (1H, d, J = 8.3) - 114.9 - 114.7 - 

6’ 7.11 
 

- 7.08 (1H, d, J = 8.3) b 

 

- 129.0 128.3 129.0 - 
2’’ 5.00 4.89 4.86 (1H, d, J = 11.0) 4.98 (1H, d, J = 11.0) 82.9  82.8  
3’’ 4.20 3.86 3.95 (1H, dd, J = 11.0, 

6.0) 

4.18 (1H, dd, J = 11.0, 

6.0) 

72.4 72.0 72.0 72.4 

4’’ - - - - 197.5 - 197.6 197.6 
4a’’ - - - - 100.3 99.8 99.7 100.3 
5’’ - - - - - - 162.2 161.8 
6’’ 5.84 5.74 5.91 (1H, br s) 5.79 (1H, brs) 95.0 - 95.8 95.3 
7’’ - - - - - - - - 

8’’ - - - - 101.3 - 101.0 - 
8a’’ - - - - 160.2 159.5 160.1 159.5 
1’’’ - - - - 127.9 - 127.8 - 
2’’’ 6.85 - 6.83 (1H, brs) 

 

- 115.4 - 115.3 - 
3’’’ - - -  - - - - 
4’’’ - - - - - - - - 
5’’’ 6.78 - 6.79 (1H, d, J = 8.1) 

 

- 115.2 - 115.1 - 
6’’’ 6.68 - 6.64 (1H, d, J = 8.1) 6.63 (d, J = 8.1) 

 

119.1 117.5 119.0 117.4 

5-OH 12.21 12.15 12.12 (1H, s) 12.19 (1H, s) 163.8 163.1 163.6 163.7 
7-OH 11.18 10.88 - - 166.4 166.3 166.4 166.3 
4’-OH 9.55 9.47 9.60 (1H, s) 9.53 (1H, s) 157.8 157.6 157.8 157.6 
3’’-OH 5.70 5.60 5.81 (1H, d, J = 6.2) 

 

5.73 (1H, d, J = 6.2) 

 

72.4 72.0 72.0 72.4 
5’’-OH 11.85 11.95 11.83 (1H, s) 

 
11.73 (s, 1H) 

 
162.2 161.9 162.2 161.8 

7’’-OH 10.72 10.12 5.73 (1H, d, J = 6.2) 

 

- 165.0 164.5 164.5 165.0 
3’’’-OH 8.90 8.81 8.99 (1H, s) 9.16 (1H, s) 145.0 144.6 145.9 145.3 
4’’’-OH 9.09 8.81 8.97 (1H, s) 8.86 (1H, s) 145.9 145.4 145.0 144.6 

   a (Kumar et al., 2004), b Signals interchangeable in the same column. 
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2. Cholinesterase inhibitory activities  
TABLES 16 The ChE inhibitory activity (IC50) of compounds (1-8, 10-12 and 14-20). 
 

Compounds 
IC50 (µM) 

AChE BChE 
1 (Gartanin) 9.35 ± 0.0003 1.46 ± 0.00003 

2 (8-Deoxygartanin) 20.41 ± 5.15 1.23 ± 0.00003 
3 (-Mangostin) Inactive 82.00 ± 0.60 
4 (Lakoochin A) 27.22 ± 5.50 13.65 ± 5.05 

5 (Cowagarcinone B) Inactive Inactive 
6 (7-O-methylgarcinone E) 10.95 ± 5.13 2.92 ± 0.06 

7 (Fuscaxanthone A) 81.26 ± 5.9 25.67 ± 0.23 
8 (Garbogiol) 23.90 ± 0.59 14.04 ± 0.66 

9 (An oleanane triterpene lactone) Not tested Not tested 
10 (3-O-methylcowanin) 97.22 ± 0.26 42.95 ± 0.53 

11 (3-O-methylcowaxanthone) 73.15 ± 0.32 108.28 ± 0.47 
12 (Rheediaxanthone-A) Inactive 126.42 ± 0.19 

13 (5-Prenyl cowaxanthone) Not tested Not tested 
14 (Cowanin) 1.09 ± 0.09 0.51 ± 0.006 

15 (Cowaxanthone) 3..6 ± 5.10 4.25 ± 1.09 
16 (Cowagarcinone E) 5.06 ± 0.05 0.048 ± 0.003 

17 (Norcowanin) 0.33 ± 0.04 0.35 ± 0.03 
18 (Cowanol) 5.01 ± 0.05 1.84 ± 0.29 

19 (Norcowanol) Not tested Not tested 
20 (GB-2) Inactive 16.75 ± 0.23 

Galanthamine 1.56 ± 0.28 3.67 ± 0.04 
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In this work, in vitro AChE and BChE inhibitory activities of the isolated 
compounds, except for 5-prenyl cowaxanthone (13), norcowanol (19) and oleanane 
triterpene lactone (9), were assessed using the standard drug, galanthamine, as a 
reference. The results (Table 16), cowanin (14) (IC50 1.09 µM), cowagarcinone E (16) (IC50 

0.79 µM), norcowanin (17) (IC50 0.33 µM) and cowanol (18) (IC50 0.72 µM) showed, at the 
submicromlolar level, more pronounced anti-AChE effects than the reference drug (IC50 
1.56 µM) and norcowanin (17) was the most active compound which was approximately 
5-fold more active than the control. The rest xanthones, biflavonoid (20) and 
arylbenzofuran (4) compounds exhibited moderate to inactive activity.  

In the anti-BChE mode (Table 16), cowagarcinone E (16) exerted the highest 
inhibition with the IC50 value of 0.048 µM and was 76-fold higher activity than galanthamine 
(IC50 3.67 µM), followed by the strong activity of xanthones norcowanin (17), cowanin (13), 
8-deoxygartanin (2), gartanin (1), cowanol (18) and 7-O-methylgarcinone E (6) (IC50 0.35, 
0.51, 1.23, 1.46, 1.84 and 2.92 µM, respectively), while cowaxanthone (15) (IC50 4.25 µM) 
was moderately active. The biflavonoid (20), aryl benzofuran (4) and other xanthones 
displayed weak to inactive action under the same test. 

Based on the observed activity, for the high anti-AChE effect, the xanthone 
scaffold should obviously bear a 1,3,6,7-tetraoxygenated function carrying two isoprenyl 
substituents at both positions of C-2 and C-8, as observed in compounds cowanin (14), 
cowagarcinoe E (16), norcowanin (17), cowanol (18) (IC50 0.33–1.09 µM), when compared 
with the lower activity of cowaxanthone (IC50 3.89 µM) which have only a geranyl group at 
C-2 position. The higher inhibitory potency was shown for the preference of free hydroxyl 
groups in the core structure as shown in the series of norcowanin (IC50 0.33 µM) / cowanin 
(IC50 1.09 µM)/ 3-O-methylcowanin (IC50 97.22 µM), in addition to those pair of 
cowaxanthone (IC50 3.89 µM) / 3-O-methylcowaxanthone (IC50 73.15 µM). A terminal 
hydroxyl and its acetate derivative of the prenyl side chain in cowanol (18) and 
cowagarcinone E (16) seemed to display a slightly better inhibitory activity than cowanin 
(14). 
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Similar trend was observed in the BChE inhibitory activity, for the most pronounced 
effect, the 1,3,6,7-tetraoxygenated xanthone possessing two hydrophobic isoprenyl 
substituents at C-2 and C-8 is also important. Therefore, cowagarcinone E (16) was at 
least 76-fold more active than that of the drug, followed by norcowanin (17) (IC50 0.35 µM), 
cowanin (14) (IC50 0.51 µM) and norcowanin (17) (IC50 1.84 µM), in which a terminal 
acetate group in cowagarcinone E (16) was obviously associated for a remarkable 
inhibition enhancement. Whereas an additional prenyl group in 7-O-methylgarcinone E (6) 
(IC50 2.92 µM) or a lesser isoprenyl unit content in cowaxanthone (15) (IC50 4.25 µM) 
lowered the activity. Modified prenyl group in garbogiol (8) (IC50 14.04 µM), fuscaxanthone 
A (7) (IC50 25.67 µM), and rheediaxanthone-A (12) (IC50 126.42 µM) gradually decline the 
effect. 
 From the results, it could be concluded that the oxygenated xanthone core of the 
lead cowagarcinone E (16) was highly potent and selective BChE inhibitor, while those of 
the geranylated cowanin (14), norcowanin (17) and cowanol (18) inhibition of AChE and 
BChE enzymes which breakdown acetylcholine, are considered as a promising strategy 
for the treatment of Alzheimer's disease (AD). 
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CHAPTER 5 
CONCLUSION 

 

Investigation of the chemical constituents of the EtOAc extract of stem barks of G. 
fusca led to the isolation of three new oxygenated xanthones fuscaxanthone M or 3-O-
methylcowanin (10), fuscaxanthone L or 5-Prenyl cowaxanthone (13), fuscaxanthone N or 
norcowanol (19), and 14 known xanthones 1-3, 5-8, 10-19 named, gartanin (1), 8-
deoxygartanin (2), -mangostin (3), cowagarcinone B (5), 7-O-methylgarcinone E (6), 
fuscaxanthone A (7), garbogiol (8), 3-O-methylcowaxanthone (11), rheediaxanthone-A 
(12), cowanin (14), cowaxanthone (15), cowagarcinone E (16), norcowanin (17), cowanol 
(18) (Figure 39), together with the other known metabolites 4, 9, 20 named, lakoochin A 
(4), oleanane triterpene lactone (9), and GB-2 (20) in Figure 40. The structures of known 
compounds were elucidated by spectroscopic techniques and by comparison of 
spectroscopic data with those of reported values and including chromatographic 
comparison with authentic samples in several solvent systems. 

In this work, we discovered that geranylated xanthones of G. fusca are good 
sources of anti-ChE agents in Alzheimers' disorder. Compounds 14 and 17-18 

demonstrated a comparable level of dual ChE inhibition and more potent than the 
reference drug galanthamine. Compound 16 showed a remarkable BChE inhibitory 
property, which was 76-fold superior to that of the reference drug. The presence of a 
geranyl unit at C-8 in the xanthone nucleus exhibited superior inhibition to the prenylated 
xanthones. The results of this study represent the discovery of geranylated xanthones 
from G. fusca as an additional potential new class of the multi-target ChE inhibitors. 
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FIGURES 39 Prenylated and geranylated xanthones from G. fusca 
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FIGURES 40 Other known metabolites from G. fusca 
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