
 

 
 

UNIVERSITI PUTRA MALAYSIA 
 
 
 
 

CHEMICAL CONSTITUENTS AND BIOLOGICAL ACTIVITY OF ASAM 
AUR AUR (GARCINIA PARVIFOLIA) AND JINGGAU (PLOIARIUM 

ALTERNIFOLIUM) 
 
 
 

NG SOOK HAN 

 

 

FS 2007 22 



CHEMICAL CONSTITUENTS AND BIOLOGICAL ACTIVITY OF 
ASAM AUR AUR (GARCINIA PARVIFOLIA) AND JINGGAU 

(PLOIARIUM ALTERNIFOLIUM) 
 
 

 
 
 
 
 

 
 
 
 
 

 
 
 

By 
 

                  NG SOOK HAN 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 

Thesis Submitted to the School of Graduate Studies, Universiti Putra 
Malaysia in Fulfilment of the Requirement for the Degree of Master Science 

 
 
 

June 2007 
 



CHEMICAL CONSTITUENTS AND 
BIOLOGICAL ACTIVITY OF ASAM AUR AUR 

(GARCINIA PARVIFOLIA) AND JINGGAU 
(PLOIARIUM ALTERNIFOLIUM) 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
NG SOOK HAN 

 
 
 
 
 
 
 
 
 
 

MASTER OF SCIENCE 
UNIVERSITI PUTRA MALAYSIA 

 
 

2007 



 ii

DEDICATION 
 
 

To my beloved parents Ng Kum Seong and Lik Chee Keon 
 

For their endless love and concern…… 
  
 

To my beloved Loke Chee Keong 
 

For his romantic love, support, understanding and care…… 
 
 

To my supervisor Assoc. Prof. Dr. Gwendoline Ee Cheng Lian 
 

For her guidance, advice, understanding and endless support…… 
 
 

To my co-supervisors Assoc. Prof. Dr. Mohd Aspollah B Hj Md Sukari 
  

Dr. Emily Goh Joo Kheng 
 

For their kindly advice and indispensable support…… 
 
 

To my senior Dr. Lim Chan Kiang 
 

For his wonderful encouragement and support…… 
 
 

To my friends 
 

For their wonderful love and generous moral support…… 



 iii

Abstract of the thesis presented to the Senate of Universiti Putra Malaysia in 
fulfilment of requirement for the degree of Master Science 
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Chemical and biological studies were carried out on two plants, Garcinia 

parvifolia (Guttiferae) and Ploiarium alternifolium (Theaceae). The chemical 

investigations covered xanthones, benzophenones, anthraquinones, and triterpenes.  

 

The stem bark of Garcinia parvifolia and Ploiarium alternifolium were 

investigated and this resulted in the isolation of ten known compounds. These 

compounds were isolated using common chromatographic techniques and were 

identified by using spectroscopic experiments such as NMR, MS, IR and UV. 

 

Detailed chemical studies on Garcinia parvifolia have yielded two triterpenoids, 

stigmasterol and β-sitosterol, three xanthones, 6-deoxyjacareubin, daphnifolin and 
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rubraxanthone, one benzophenone, isoxanthochymol and one alkaloid, caffeine. 

Meanwhile, investigations on Ploiarium alternifolium have afforded three 

anthraquinones, ploiariquinone A, emodin and 1,8-dihydroxy-3-methoxy-6-

methyl-anthraquinone. 

 

The larvicidal test was carried out towards the larvae of Aedes aegypti. The crude 

chloroform, ethyl acetate and methanol extracts of Garcinia parvifolia were 

weakly active against the larvae of Aedes aegypti with LC50 values of 204.26, 

194.96 and 236.44 μg/ml respectively while the crude chloroform extract of 

Ploiairum alternifolium was weakly active against the larvae of Aedes aegypti 

with an LC50 value of 159.12 μg/ml.   

 

The antimicrobial assay was carried out towards four pathogenic bacteria, 

Methicillin Resistant Staphylococcus aureus, Pseudomonas aeruginosa, 

Staphylococcus choleraesuis and Bacillus subtilis. For the microbes MRSA, P. 

aeruginosa and S. choleraesuis there were no inhibition by all the crude extracts 

of Garcinia parvifolia. The crude chloroform and methanol extracts of Ploiarium 

alternifolium showed no activity towards the microbe S. choleraesuis. 

 

Cytotoxic tests were performed using HL-60 Cell Line. The crude hexane, 

chloroform and ethyl acetate extracts of Garcinia parvifolia were considered to be 

active against the HL-60 cell line with IC50 values of less than 30 μg/ml. The 
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crude chloroform extract of Ploiarium alternifolium was also considered to be 

active against the HL-60 cell line with an IC50 value of 23.3 μg/ml. The crude 

methanol extract of Ploiarium alternifolium showed the most significant activity 

with an IC50 value of 5.2 μg/ml. 

 

The antifungal activity testing of the plant extracts were carried out against the 

fungi Candida albican, Aspergillus ochraceaus, Sacchoromyces cerevisiae and 

Candida lypolytica. No activity was observed for all the crude extracts. 
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Kajian kimia dan aktiviti biologi telah dijalankan ke atas dua jenis tumbuhan iaitu 

Garcinia parvifolia (Guttiferae) dan Ploiarium alternifolium (Theaceae). Kajian 

kimia terperinci merangkumi jenis sebatian seperti xanton, benzofenon, 

antrakuinon dan triterpena. 

 

Kulit pokok Garcinia parvifolia dan Ploiarium alternifolium telah dikaji dan 

berjaya menghasilkan sepuluh sebatian yang telah dikenalpasti. Struktur sebatian-

sebatian ini ditentukan dengan menggunakan eksperimen spekstroskopi seperti 

NMR, MS, IR dan UV. 
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Kajian kimia terperinci ke atas Garcinia parvifolia telah menghasilkan dua 

triterpenoid, stigmasterol dan β-sitosterol, tiga xanton, 6-dioksijakarubin, 

dafnifolin dan rubraxanton, satu benzofenon, isoxantoximol dan satu alkaloid, 

kaffeine. Sementara itu, kajian ke atas Ploiarium alternifolium telah 

menghasilkan tiga antrakuinon, ploiarikuinon A, emodin dan 1,8-dihidroksi-3-

mektosi-6-metil-antrakuinon. 

 

Ujian larva telah dijalankan dengan menggunakan larva Aedes aegypti. Ekstrak 

mentah kloroform, etil asetat dan metanol Garcinia parvifolia mempunyai aktiviti 

yang lemah terhadap larva Aedes aegypti dengan nilai LC50  masing-masing 

204.26, 194.96 and 236.44 μg/ml. Sementara itu, ekstrak mentah kloroform 

Ploiarium alternifolium juga menunjukkan aktiviti yang lemah dengan nilai LC50 

159.12 μg/ml.   

 

Ujian anti-mikrob telah dijalankan dengan menggunakan empat jenis bakteria 

iaitu Methicillin Resistant Staphylococcus aureus, Pseudomonas aeruginosa, 

Staphylococcus choleraesuis and Bacillus subtilis. Untuk bakteria MRSA, P. 

aeruginosa and S. choleraesuis didapati tidak aktif terhadap semua ekstrak 

mentah Garcinia parvifolia. Ekstrak mentah kloroform dan metanol Ploiarium 

alternifolium juga tidak menunjukkan sebarang aktiviti terhadap bakteria S. 

choleraesuis. 
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Ujian sitotoksik telah dijalankan dengan menggunakan sel HL-60. Ekstrak mentah 

heksana, kloroform dan etil asetat Garcinia parvifolia dianggap sebagai aktif ke 

atas sel HL-60 dengan nilai IC50 kurang daripada 30 μg/ml. Ekstrak mentah 

kloroform Ploiarium alternifolium juga dianggap aktif ke atas sel HL-60 dengan 

nilai IC50 23.3 μg/ml. Ekstrak mentah metanol Ploiarium alternifolium 

menunjukkan aktiviti yang kuat dengan nilai IC50 5.2 μg/ml. 

 

Aktiviti anti-kulat ekstrak tumbuhan telah dijalankan ke atas Candida albican, 

Aspergillus ochraceaus, Sacchoromyces cerevisiae and Candida lypolytica. Tiada 

aktiviti diperhatikan ke atas semua ekstrak mentah. 

 

 

   

 

 

 
 

 



 ix

ACKNOWLEDGEMENTS 

 

The completion of this project is not a one-man work. It is a project, which could 

only get completed on time with the help of many parties. Therefore I would like 

to take this opportunity to express my gratitude to all of them to show my 

appreciation for their support. 

 

First and foremost, I wish to thank Associate Professor Dr. Gwendoline Ee Cheng 

Lian for being such a good supervisor and personal tutor. Her guidance leads me 

to some solutions, which I would never come across by myself. She is responsible 

for involving me in the natural product research in the first place and is always 

there to show me different ways to approach a research problem and the need to 

be persistent to accomplish any goal. 

 

I would also like to express my sincere thanks to my co-supervisor Associate 

Professor Dr. Mohd  Aspollah B Hj Md Sukari for his guidance, support, and 

encouragement throughout my study period. Special word of appreciation to Dr 

Emily Goh Joo Kheng, for her financial support from Monash University, her 

guidance, suggestion, innovative ideas and also her invaluable advice and 

patience throughout the duration of this project.  

 



 x

I am also indebted to the staffs of the Department of Chemistry, Universiti Putra 

Malaysia, for their help and cooperation. 

 

A deep acknowledgment is also extended to Mr. Johadi Iskandar, Mr. Zainal 

Abidin Kassim and Mrs. Rusnani Amirudin for their kindness in helping me with 

the NMR, MS and IR spectral data. I am also grateful to Dr. Lim Chan Kiang for 

helping me at any time and solving any unsolvable problems during my studies. 

Special thanks are extended to my laboratory members Mr. Shaari Daud, Ms. 

Vivien Jong, Ms. Lim Chyi Mei and Ms. Wen Yen Ping who have helped me in 

every possible way and providing a congenial and enthusiastic atmosphere in the 

laboratory. 

 

Last but not least, special greetings and thank you to my beloved family for their 

wonderful love and generous moral support. To a very special friend of mine, Mr 

Danny Loke Chee Keong, for listening to my complaints and frustrations and for 

support and encouragement towards the success of this research, a special thank 

you. 

 

 

 

 

 



 xi

I certify that an Examination Committee has met on 1st June 2007 to conduct the 
final examination of Ng Sook Han on her Master of Science thesis entitled 
“Chemical Constituents and Biological Activity of Asam Aur Aur (Garcinia 
parvifolia) and Jinggau (Ploiarium alternifolium)” in accordance with Universiti 
Pertanian Malaysia (Higher Degree) Act 1980 and Universiti Pertanian Malaysia 
(Higher Degree) Regulations 1981. The Committee recommends that the 
candidate be awarded the relevant degree. Members of the Examination 
Committee are as follows: 
 
 
Abdul Halim Abdullah, PhD 
Associate Professor 
Faculty of Science 
Universiti Putra Malaysia 
(Chairman) 
 
Mawardi Rahmani, PhD 
Professor 
Faculty of Science 
Universiti Putra Malaysia 
(Internal Examiner) 
 
Taufiq Yap Yun Hin, PhD 
Associate Professor 
Faculty of Science 
Universiti Putra Malaysia 
(Internal Examiner) 
 
Hasnah M. Sirat, PhD  
Professor 
Faculty of Science 
Universiti Teknologi Malaysia 
(External Examiner) 
 
 

 
 
 
 
 
__________________________________ 
HASANAH MOHD. GHAZALI, PhD 
Professor / Deputy Dean 
School of Graduate Studies 
Universiti Putra Malaysia 
 
Date: 



 xii

This thesis submitted to the Senate of Universiti Putra Malaysia and had been 
accepted as fulfillment of the requirement for the degree of Master of Science. 
The members of the Supervisory Committee are as follows: 
 
 
Gwendoline Ee Cheng Lian, PhD  
Associate Professor 
Faculty of Science  
Universiti Putra Malaysia  
(Chairman)  
 
Mohd Aspollah B Hj Md Sukari, PhD 
Associate Professor  
Faculty of Science 
Universiti Putra Malaysia  
(Member) 
 
 
 
 
 
 
 
 
 
 
 

 

_____________________  
AINI IDERIS, PhD 
Professor / Dean 
School of Graduate Studies
Universiti Putra Malaysia  

Date: 17th JULY 2007 
 
 



 xiii

DECLARATION 
 
 
 

I do hereby declare that the thesis is based on my original work except for 
quotations and citations, which have been duly acknowledged. I also declare that 
it has not been previously or concurrently submitted for any other degree at UPM 
or other institutions.  
 

 
 
 
 

 
 
 
________________    
NG SOOK HAN  
 
Date : 13th JUNE 2007 
 

 
 
 



 xiv

TABLE OF CONTENTS 

             Page 
DEDICATION           ii 
ABSTRACT            iii 
ABSTRAK            vi 
ACKNOWLEDGEMENTS          ix 
APPROVAL             xi 
DECLARATION           xiii 
LIST OF TABLES           xvii 
LIST OF FIGURES           xix 
LIST OF ABBREVIATIONS         xxiv 
 
 
CHAPTERS 
 
1 INTRODUCTION          1 
 1.1 General Introduction         1 
 1.2 Botany of Plants Studied        3 
  1.2.1  The Guttiferae Family       3 
  1.2.2  The Genus Garcinia       4 
  1.2.3  The Species Garcinia parvifolia     5 
  1.2.4  The Genus Ploiarium       6 
  1.2.5  The Species Ploiarium alternifolium     6 
 1.3 Biological Activity of Natural Products      8 
 1.4 Objectives of Study         8 
 
2 LITERATURE REVIEW         10 

2.1 Chemistry of Garcinia Species       10 
2.1.1 Previous Work on Xanthones in Garcinia species    10 
2.1.2 Previous Work on Benzophenones in Garcinia     21 
 Species 
2.1.3 Previous Work on Flavonoids in Garcinia Species    22 
2.1.4 Previous Work on Bioactivities of Garcinia      24 

Species 
2.2 Chemistry of Ploiarium Species       27 

2.2.1 Previous Work on Geranyl Anthraquinones in     27 
 Ploiarium Species 
2.2.2 Previous Work on Anthraquinonyl Xanthones in     28 

   Ploiarium Species 
2.2.3 Previous Work on Bixanthone in Ploiarium      29 

Species 

 



 xv

2.2.4 Previous Work on Triterpenoid Benzoates      30 
in Ploiarium Species 

2.2.5 Previous Work on Bioactivities of Ploiarium     30 
Species 
 

3 EXPERIMENTAL          31 
3.1 Plant Material          31 
3.2 Instruments          31 

3.2.1 Infrared Spectroscopy (IR)       31 
3.2.2 Ultra Violet (UV)        31 
3.2.3 Mass Spectra (MS)        32 
3.2.4 Melting Point         32 
3.2.5 Nuclear Magnetic Resonance (NMR)      32 

3.3 Chromatographic Method        32 
3.3.1 Column Chromatography       32 
3.3.2 Thin Layer Chromatography       33 
3.3.3 High Performance Liquid Chromatography     34 

3.4 Dyeing Reagents for TLC        34 
3.4.1 Iron (III) Chloride Solution       34 
3.4.2 Vanillin-Sulfuric Acid Solution      34 
3.4.3 Copper (II) Sulfate-Sodium Citrate      35 

3.5 Larvicidal Assay         35 
3.6 Antimicrobial Assay         36 

3.6.1 Standardization of Inocula and Media     36 
3.6.2 Antibiotic Disc Assay Impregnation      36 
3.6.3 Plate Inoculation, Disc Introduction,       37 

Incubation and Observation   
3.7 Cytotoxic Assay         37 
3.8 Extraction and Isolation of Compounds from Garcinia     39 

  parvifolia and Ploiarium alternifolium 
3.8.1 Garcinia parvifolia        39 

3.8.1.1   Isolation of Stigmasterol (66)     40 
3.8.1.2   Isolation of β-Sitosterol (67)      41 
3.8.1.3   Isolation of 6-Deoxyjacareubin (68)     43 
3.8.1.4   Isolation of Daphnifolin (69)     44 
3.8.1.5   Isolation of Caffeine (70)      45 

     3.8.1.6   Isolation of Rubraxanthone (55)     47 
3.8.1.7   Isolation of Isoxanthochymol (49)     48 

  3.8.2 Ploiarium alternifolium       50 
   3.8.2.1   Isolation of Ploiariquinone A (58)     51 
   3.8.2.2   Isolation of Emodin (60)      52 
   3.8.2.3   Isolation of 1,8-dihydroxy-3-methoxy-    54 
        6-methyl-anthraquinone (71) 
 



 xvi

4 RESULTS AND DISCUSSION        56 
 4.1 Isolation of Chemical Constituents from       56 
  Garcinia parvifolia 

4.1.1 Characterization of Stigmasterol (66)      58 
4.1.2 Characterization of Sitosterol (67)      65 
4.1.3 Characterization of 6-Deoxyjacareubin (68)     71 
4.1.4 Characterization of  Daphnifolin (69)      85 
4.1.5 Characterization of  Caffeine (70)      98 
4.1.6 Characterization of  Rubraxanthone (55)     109 
4.1.7 Characterization of  Isoxanthochymol (49)     123 

4.2 Isolation of Chemical Constituents from       139 
 Ploiarium alternifolium 

4.2.1 Characterization of Ploiariquinone A (58)     141 
4.2.2 Characterization of Emodin (60)      155 
4.2.3 Characterization of 1,8-dihydroxy-3-methoxy-    168 

6-methyl-anthraquinone (71) 
4.3 Bioassay Results         179 

4.3.1 Larvicidal Activity        179 
4.3.2 Antimicrobial Activity       180 
4.3.3 Cytotoxic Activity        181 
4.3.4 Antifungal Activity        182 

 
5 CONCLUSIONS          183 
 
REFERENCES           186 
APPENDICES           192 
BIODATA OF THE AUTHOR         206 
 
 

    
 

 
  

 
 



 xvii

LIST OF TABLES 

 
Table                  Page 

4.1 1H NMR (400 MHz, CDCl3) and 13C NMR           60 
(100 MHz, CHDl3) assignments of stigmasterol (66) 

 
4.2  1H NMR (400 MHz, CDCl3) and 13C NMR           66 
  (100 MHz, CDCl3) assignments of sitosterol (67) 
 
4.3  1H NMR (400 MHz, CDCl3) and 13C NMR           73 
  (100 MHz, CDCl3) of 6-deoxyjacareubin (68) 
 
4.4  1H NMR (400 MHz, CDCl3) and 13C NMR           74 
  (100 MHz, CDCl3) assignments of 6-deoxyjacareubin (68) 
 
4.5  1H NMR (400 MHz, CDCl3) and 13C NMR           87 
  (100 MHz, CDCl3) of daphnifolin (69) 
 
4.6  1H NMR (400 MHz, CDCl3) and 13C NMR           88 
  (100 MHz, CDCl3) assignments of daphnifolin (69) 
 
4.7  1H NMR (400 MHz, CDCl3) and 13C NMR           100 
  (100 MHz, CDCl3) assignments of caffeine (70) 
 
4.8  1H NMR (400 MHz, CD3OD) and 13C NMR           112 
  (100 MHz, CD3OD) of rubraxanthone (55) 
 
4.9  1H NMR (400 MHz, CD3OD) and 13C NMR           113 
  (100 MHz, CD3OD) assignments of rubraxanthone (55) 
 
4.10  1H NMR (400 MHz, CDCl3) and 13C NMR           126 

(100 MHz, CDCl3) assignments of isoxanthochymol (49) 
 
4.11  1H NMR (400 MHz, CDCl3) and 13C NMR           143 
  (100 MHz, CDCl3) of ploiariquinone A (58) 
 
4.12  1H NMR (400 MHz, CDCl3) and 13C NMR           144 
  (100 MHz, CDCl3) assignments of ploiariquinone A (58) 
 
4.13  1H NMR (400 MHz, CDCl3) and 13C NMR           157 

(100 MHz, CDCl3) of emodin (60) 
 



 xviii

4.14  1H NMR (400 MHz, CDCl3) and 13C NMR           158 
(100 MHz, CDCl3) assignments of emodin (60) 

 
4.15  1H NMR (400 MHz, CDCl3) and 13C NMR           170 
  (100 MHz, CDCl3) of 1,8-dihydroxy-3-methoxy- 
  6-methyl-anthraquinone (71) 
 
4.16  1H NMR (400 MHz, CDCl3) and 13C NMR           171 
  (100 MHz, CDCl3) assignments of 1,8-dihydroxy-3- 
  methoxy-6-methyl- anthraquinone (71) 
 
4.17  Larvicidal activity of crude extracts against           179 

the larvae of Aedes aegypti 
 
4.18  Antimicrobial activity of crude extracts of           180 

Garcinia parvifolia and Ploiarium alternifolium 
 
4.19  Cytotoxic activity of plant extracts against HL-60          181 

Cell Line (Promyelocytic Leukemia) 
 
 
 
 
 
 
   
   
 
  
 

 

 



 xix

LIST OF FIGURES 

 

Figure             Page 
 
1.1  Tree of Garcinia parvifolia         5 
 
1.2  Flower of Garcinia parvifolia         5 
 
1.3  Fruits of Garcinia parvifolia         5 
 
1.4  Stem bark of Ploiarium alternifolium        7 
 
1.5  Flower of Ploiarium alternifolium        7 
 
1.6  Leaves of Ploiarium alternifolium        7 
 
4.1 Isolation of chemical constituents from the stem bark     57         

of Garcinia parvifolia 
 
4.2 EIMS spectrum of stigmasterol (66)        61 
 
4.3 IR spectrum of stigmasterol (66)        62 
 
4.4 1H NMR (400 MHz, CDCl3) spectrum of stigmasterol (66)     63 
 
4.5 13C NMR (100 MHz, CDCl3) spectrum of stigmasterol (66)     64 

     
4.6  EIMS spectrum of sitosterol (67)        67 
 
4.7  IR spectrum of sitosterol (67)         68 
 
4.8 1H NMR (400 MHz, CDCl3) spectrum of sitosterol (67)     69 

4.9 13C NMR (100 MHz, CDCl3) spectrum of sitosterol (67)     70 

4.10 EIMS spectrum of 6-deoxyjacareubin (68)       75 

4.11 IR spectrum of 6-deoxyjacareubin (68)       76 

4.12 1H NMR (400 MHz, CDCl3) spectrum of        77 
6-deoxyjacareubin   (68) 



 xx

4.13  13C NMR (100 MHz, CDCl3) spectrum of       78 
  6-deoxyjacareubin  (68) 
 
4.14  HMBC spectrum of 6-deoxyjacareubin (68)       79  
 
4.15 HMBC spectrum of 6-deoxyjacareubin (68) (expanded)     80 
 
4.16  DEPT spectrum of 6-deoxyjacareubin (68)       81  
 
4.17  HSQC spectrum of 6-deoxyjacareubin (68)        82      
 
4.18 HSQC spectrum of 6-deoxyjacareubin (68) (expanded)     83 
 
4.19 1H-1H COSY spectrum of 6-deoxyjacareubin (68)      84 
 
4.20 EIMS spectrum of daphnifolin (69)        89 
 
4.21 IR spectrum of daphnifolin (69)        90 
  
4.22 1H NMR (400 MHz, CDCl3) spectrum of daphnifolin (69)     91 
     
4.23 1H-1H COSY spectrum of daphnifolin (69)       92 
 
4.24 13C NMR (100 MHz, CDCl3) spectrum of  daphnifolin (69)     93 
 
4.25 DEPT spectrum of daphnifolin (69)        94 
 
4.26 HSQC spectrum of daphnifolin (69)        95 
 
4.27 HMBC spectrum of daphnifolin (69)        96 
 
4.28 HMBC spectrum of daphnifolin (69) (expanded)      97 
 
4.29 EIMS spectrum of caffeine (70)        101 
 
4.30 IR spectrum of caffeine (70)         102 
 
4.31 1H NMR (400 MHz, CDCl3) spectrum of  caffeine (70)     103 
 
4.32 13C NMR (100 MHz, CDCl3) spectrum of caffeine (70)     104 
 
4.33 HSQC spectrum of  caffeine (70)        105 
 
4.34 HMBC spectrum of  caffeine (70)        106 



 xxi

4.35 1H-1H COSY spectrum of caffeine (70)       107 
 
4.36 DEPT spectrum of caffeine (70)        108 
 
4.37 EIMS spectrum of rubraxanthone (55)       114 
 
4.38 1H NMR (400 MHz, CD3OD) spectrum of rubraxanthone     115 

(55)    
 
4.39 13C NMR (100 MHz, CD3OD) spectrum of rubraxanthone     116 

(55) 
 
4.40 DEPT spectrum of rubraxanthone (55)       117 
 
4.41 1H-1H COSY spectrum of rubraxanthone (55)      118 
 
4.42 HSQC spectrum of rubraxanthone (55)       119 
 
4.43 HMBC spectrum of rubraxanthone (55)       120 
 
4.44 HMBC spectrum of rubraxanthone (55) (expanded)      121 
 
4.45 HMBC spectrum of rubraxanthone (55) (expanded)      122 
 
4.46 EIMS spectrum of isoxanthochymol (49)       128 
 
4.47 IR spectrum of isoxanthochymol (49)       129 
 
4.48  1H NMR (400 MHz, CDCl3) spectrum of       130  

isoxanthochymol (49) 
 
4.49  13C NMR (100 MHz, CDCl3) spectrum of       131 

isoxanthochymol (49) 
 
4.50 1H-1H COSY spectrum of isoxanthochymol (49)      132 
 
4.51 HSQC spectrum of isoxanthochymol (49)       133 
 
4.52 HSQC spectrum of isoxanthochymol (49) (expanded)     134 
 
4.53 HMBC spectrum of isoxanthochymol (49)       135  
 
4.54 HMBC spectrum of isoxanthochymol (49) (expanded)     136  
 



 xxii

4.55 HMBC spectrum of isoxanthochymol (49) (expanded)     137 
 
4.56  DEPT spectrum of isoxanthochymol (49)        138  
 
4.57  Isolation of chemical constituents from the stem bark     140 

of Ploiarium alternifolium  
 
4.58  EIMS spectrum of ploiariquinone A (58)       145 
 
4.59  IR spectrum of ploiariquinone A (58)        146 
 
4.60  1H NMR (400 MHz, CDCl3) spectrum of ploiariquinone A     147   

(58) 
 
4.61  1H NMR (400 MHz, CDCl3) spectrum of ploiariquinone A     148   
  (58) (expanded) 
 
4.62  1H-1H COSY spectrum of ploiariquinone A (58)      149 
 
4.63  13C NMR (100 MHz, CDCl3) spectrum of       150 

ploiariquinone A (58)  
 
4.64 13C NMR (100 MHz, CDCl3)  spectrum of       151 
                        ploiariquinone A (58) (expanded) 
 
4.65 HSQC spectrum of ploiariquinone A (58)       152 
 
4.66 HMBC spectrum of ploiariquinone A (58)       153 
 
4.67 DEPT spectrum of ploiariquinone A (58)       154 
 
4.68 EIMS spectrum of emodin (60)        159 
 
4.69 IR spectrum of emodin (60)         160 
 
4.70 1H NMR (400 MHz, CDCl3) spectrum of emodin (60)     161 
 
4.71  1H-1H COSY spectrum of emodin (60)       162 
 
4.72  13C NMR (100 MHz, CDCl3) spectrum of emodin (60)     163 
 
4.73 DEPT spectrum of emodin (60)        164 
 
4.74 HSQC spectrum of emodin (60)        165 



 xxiii

4.75 HMBC spectrum of emodin (60)        166 
 
4.76 HMBC spectrum of emodin (60) (expanded)       167 
 
4.77 EIMS spectrum of 1,8-dihydroxy-3-methoxy-6-      172      

methyl-anthraquinone (71)          
 
4.78 IR spectrum of 1,8-dihydroxy-3-methoxy-6-       173 

methyl-anthraquinone (71) 
 
4.79  1H NMR (400 MHz, CDCl3) spectrum of 1,8-dihydroxy-     174 

3-methoxy-6-methyl-anthraquinone (71) 
 
4.80  13C NMR (100 MHz, CDCl3) spectrum of 1,8-      175 

dihydroxy-3-methoxy-6-methyl-anthraquinone (71) 
 
4.81  HSQC spectrum of 1,8-dihydroxy-3-methoxy-6-      176  

methyl-anthraquinone (71) 
 
4.82  HMBC spectrum of 1,8-dihydroxy-3-methoxy-6-      177  

methyl-anthraquinone (71) 
 
4.83  DEPT spectrum of 1,8-dihydroxy-3-methoxy-6-      178  

methyl-anthraquinone (71) 
 
 
 
 
  
 
 
    
                 




