TABLE OF CONTENTS
Page
ACKNOWLEDGEMENTS 1]
ABSTRACT (ENGLISH) iv
ABSTRACT (THAI) vii
TABLE OF CONTENTS X
LIST OF TABLES Xii
LIST OF FIGURES Xiv
LIST OF SCHEMES XVi
ABBREVIATIONS AND SYMBOLS XiX
CHAPTER 1 INTRODUCTION
1.1 Quinone 1
1.2 Black pepper 9
1.3 Literature reviews 14
1.4 The research objectives 31
CHAPTER 2 EXPERIMENTAL
2.1 General techniques 33
2.2 Experimental procedures
2.2.1 Preparation of naphthoquinone derivatives 102-122 37

2.2.2 lIsolation of 5-(3,4-methylenedioxyphenyl)-2E,4E-
pentadienoic acid piperidine amide (piperine) (10)

from black pepper 84



Xi

2.2.3 General procedure for preparation of 5-(3,4-
methylenedioxyphenyl)-2E,4E-pentadienoic acid
(piperic acid) (67) from piperine (10)
2.2.4 General procedure for preparation of amides and ester
derivatives of piperine
2.3 Biological studies of the naphthoquinone derivatives and piperine
analogues
CHAPTER 3 RESULTS AND DISCUSSION
3.1 Synthesis of naphthoquinone derivatives 102-122
3.2 General procedure for preparation of 5-(3,4-methylenedioxy
phenyl)-2E,4E-pentadienoic acid (piperic acid) (67) from
piperine (10)
3.3 Synthesis of amides and ester derivatives of piperine (123-126)
3.4 Biological activities test
CHAPTER 4 CONCLUSIONS
REFERENCES
APPENDIX

CURRICULUM VITAE

85

87

96

102

139

142

150

155

157

164

215



xii

LIST OF TABLES

Table Page
1 The chemicals used in this research 35
2 Data of naphthoquinone derivative 102 38
3 Data of naphthoquinone derivative 103 40
4 Data of naphthoquinone derivative 104 42
5 Data of naphthoquinone derivative 105 45
6 Data of naphthoquinone derivative 106 47
7 Data of naphthoquinone derivative 107 49
8 Data of naphthoquinone derivative 108 51
9 Data of naphthoquinone derivative 109 53
10 Data of naphthoquinone derivative 110 55
11 Data of naphthoquinone derivative 111 57
12 Data of naphthoquinone derivative 112 60
13 Data of naphthoquinone derivative 113 62
14 Data of naphthoquinone derivative 114 64
15 Data of naphthoquinone derivative 115 66
16 Data of naphthoquinone derivative 116 68
17 Data of naphthoquinone derivative 117 71
18 Data of naphthoquinone derivative 118 73
19 Data of naphthoquinone derivative 119 75
20 Data of naphthoquinone derivative 120 78

21 Data of naphthoquinone derivative 121 80



22

23

24

25

26

27

28

29

30

31

Xiii
Data of naphthoquinone derivative 122
Data of piperine (10)
Data of piperic acid (67)
Data of piperine derivative 123
Data of piperine derivative 124
Data of piperine derivative 125
Data of piperine derivative 126
Activity of anti-malaria, anti-TB and cytotoxicity of compounds
Activity of anti-cancer (breast cancer MCF-7 and lung cancer
NCI-H187) cell lines and cytotoxicity of compounds

Antioxidant activity

82

85

86

88

90

93

95

151

153

154



Xiv

LIST OF FIGURES

Figure Page
1.1 Structure of quinines 2
1.2 Structure of Vitamin K; and Vitamin K; 4
1.3 Structure of hydroxy-1,4-naphthoquinone 8
1.4 Flowers and leaves of the henna plant (Lawsonia inermis) 8
1.5 Black pepper 11
1.6 Chemical structures of some natural amides isolated from Piper sp. 12

1.7 Rhinacanthone, 1,2-naphthoquinone and 1,4-naphthoquinone derivatives 17

3.1 H NMR spectra of compound 102 103
3.2 'H NMR spectra of compound 103 106
3.3 'H NMR spectra of compound 104 108
3.4 'H NMR spectra of compound 105 109
3.5 'H NMR spectra of compound 106 111
3.6 'H NMR spectra of compound 107 112
3.7 'H NMR spectra of compound 108 114
3.8 'H NMR spectra of compound 109 116
3.9 'H NMR spectra of compound 110 117
3.10 H NMR spectra of compound 111 119
3.11 'H NMR spectra of compound 112 121
3.12 'H NMR spectra of compound 113 122
3.13 'H NMR spectra of compound 114 124
3.14 'H NMR spectra of compound 115 126

3.15 H NMR spectra of compound 116 128



3.16

3.17

3.18

3.19

3.20

3.21

3.22

3.23

3.24

3.25

'H NMR spectra of compound 117
'H NMR spectra of compound 118
'H NMR spectra of compound 119
'H NMR spectra of compound 120
'H NMR spectra of compound 121
'H NMR spectra of compound 122
'H NMR spectra of compound 123
'H NMR spectra of compound 124
'H NMR spectra of compound 125

'H NMR spectra of compound 126

XV

129

131

133

135

137

139

144

145

147

149



XVi

LIST OF SCHEMES

Scheme

11

1.2

1.3

14

1.5

1.6

1.7

1.8

1.9

1.10

1.11

1.12

1.13

1.14

1.15

1.16

Synthesis of ferrocenyl compounds 20a-20d

Synthesis of ferrocenyl compounds 21a-21i

Synthesis of ferrocenyl compound 24

Synthesis of rhinacanthone (25) and 1,4-pyranonaphthoquinone (32)
Synthesis of 1,2-pyranonaphthoquinones (26 and 27) and 1,4-
pyranonaphthoquinones (33 and 34)

Synthesis of 1,2-pyranonaphthoquinone (28), 1,2-furano
naphthoquinones (29 and 30) and 1,4-furanonaphthoquinones (35 and 36)
Synthesis of 1,2-furanonaphthoquinone (31) and
1,4-furanonaphthoquinone (37)

Synthetic route used for the preparation of a- and B-furan
naphthoquinones (63a-i and 64a-i)

Synthetic of piperine derivatives 65-73

Synthesis of 4,4’-di-O-glycinoyl-curcumin (75), 4,4'-di-O-D-
alaninoylcurcumin (76), 4,4'-di-O-piperoyl curcumin (79)

Synthesis of piperic acid (67), p-nitro phenyl ester of piperic acid (80)
and piperoyl glycine (81)

Synthesis of 4,4'-di-O-(glycinoyl-di-N-piperoyl)-curcumin (82)
Synthesis of curcumin-4,4’-di-O-$-D-glucopyranoside (84)
Preparation of piperine analogues 85-86

Preparation of the precursor of the cinnamic series 90-92

Preparation of compounds 93-95

Page
15
15
16

18

19

20

21

22

23

25

26
26
27
28
28

29



XVii
1.17 Preparation of compounds 96-99 29

1.18 Preparation of compounds 100-101 30

1.19 The synthetic pathway of the novel naphthoquinone derivatives 102-122 31

1.20 The synthetic pathway of the novel piperine analogues 123-126 32

3.1 Synthesis of compound 102 103
3.2 Mechanism of naphthoquinone derivatives 104
3.3 Synthesis of compound 103 106
3.4 Synthesis of compound 104 107
3.5 Synthesis of compound 105 109
3.6 Synthesis of compound 106 110
3.7 Synthesis of compound 107 112
3.8 Synthesis of compound 108 114
3.9 Synthesis of compound 109 115
3.10 Synthesis of compound 110 117
3.11 Synthesis of compound 111 118
3.12 Synthesis of compound 112 120
3.13 Synthesis of compound 113 122
3.14 Synthesis of compound 114 123
3.15 Synthesis of compound 115 125
3.16 Synthesis of compound 116 127
3.17 Synthesis of compound 117 129
3.18 Synthesis of compound 118 130
3.19 Synthesis of compound 119 132

3.20 Synthesis of compound 120 134



3.21

3.22

3.23

3.24

3.25

3.26

3.27

3.28

3.29

3.30

3.31

3.32

Xviii
Synthesis of compound 121
Synthesis of compound 122
Hydrolysis of piperic acid (67)
Mechanism of piperic acid (67) from piperine (10)
Preparation of piperic acid chloride (67a)
Mechanism of piperic acid chloride (67a)
Synthesis of compound 123
Mechanism of compounds 123 and 124
Synthesis of compound 124
Synthesis of compound 125
Mechanism of compounds 125 and 126

Synthesis of compound 126

136

138

140

140

141

141

143

143

145

146

147

148



XiX

ABBREVIATIONS AND SYMBOLS
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