Introducton to
Natural Products
Chemlstry

 Edited by
Rensheng Xu
- Yam ¥e
Weimin Zhao



Contents

Preface ............................................................................... XV
COMEPIDULOTS - - v e r s et wvii
Chapter 1 Introduction - - e i
Chapter 2 Extraction and Isolation of Natural Products:----+.ooo-oovreeriens b
Section 1  Extraction of Natural Products- -« ov-ovearirriiiieiiiieen 5
1.1 Traditional solvent extraction methods -« - crorrr 5
1.2 Water steam distillation <+ -- o 6
1.3 Supercritical Auld eXEraction - v v v v e 6
1.4 Solid phase OXELACTION » - v v v v v e 6
Section 2 Separation of Natural Products -« oocerrrrrrierr e G
2.1 Classical separation IETHOAS - -« e v e G
2.1.1 Solvent partii;ion------"-----'i .............................................. 7
21.2 Fractional distillation ««««rrs e i e 7
2,13 Precipitation -« v rv s e 7
2.1.4  Membrane Separation - -« c-r-rercer e e e 8
215 Sublimation -r e T R T 8
216 CrystalliZabion « -« -« v v termaas e 8
217 Removal of IMPUIIEIEs » « + 1o e et rs et oot 8
2.2 Chromatographic separation methods -+ rerreeera 9
2,21 DBasic PrineIPIes -« -« -t r e e v e 9
2292 Classification of chromatography -« x v rvrmrrr i 9
2.2.3 Liquid-solid chromatographic separation -« crovrrrrerrrrrorerirr e 10
224  Countercurrent chromatography - «cr - rsarrrmar e 20
Section 3 Concluding Remarks <« e e e vee e 23
BIDIOEEAPIY  « -« - -« v+ # e e e s s s e 23
TROFOTOIICES « « ~ + «  + v« v mmwmee b e e e e e e e e e 24
Chapter 3 Chemistry of Fungal Products o rovrora 97
Section 1 Introduehion - - -« v e 27
Section 2 Bioactive Fungal Mebaholiteg -« r o v veer e 30
21 T@IPEIIES « v v o r v v mm e e 31
D9 GEEPOICIS « - v v v et e e e 39
2.3 POlyKebidos -« o= v v er v oo 13
2.4 Phenols, quinones, and other aromatic compounds -« oo 33
2.5 POLYACEEYLENES -« - v« v v e e e PR 34
D6 ALKAIOIAS « <« -« v v v e e e e m et e e 35
D 7 MACTOLIES + « < - v+ e v e et n e ettt e e 35
2.8 Peptides, diketopiperazines, depsipeptides -« - rorei 36
2.9 Helagen containing COMPOUIAS - -+« rrrrtrre et 38
2.10 Miscellaneous secondary metabolites. -« oveir e 38
Section 3 Mycotoxins from FUmgi- -« crormmrmar i 39
Section 4 Isolation and Structure Studies of Fungal Products «« v --orvrvheevennes 40
4.1 Polysaccharide preparations of Chinese traditional medicine Poria cocos
(Fu-Ling) and Polyporus umbellotus (Zhu-Ting) - - cvoorrerroeeen 42

4.1.1 Polysaccharide extract of Foria cocos - vrrrrrrmrrreresire e 42



vi Contents
4.1.2  Polysaccharide extract of Polyporus umbellatus -+ - vvooiii oo, 42

4.2 Bioactive triterpenes from polypore Ganoderma lucidum Ling-Zhi- - -+ .- 43
4.2.1 Isolation of lucidenic acid N and methyl lucidenate F -+ o vvoveiviin .. 43
4.2.2  Structure elucidation of lucidenic acid N-- -+ e i i 43

4.3 Undecylresorcinol dimer from Coleophoma sp. -+ - oo, 44
4.3.1 Isolation of undecylresorcinol dimer -« -+ vrveveii i 44
4.3.2  Structure elucidation of undecylresorcinol dimer:«----c«- v e 45

4.4 Balanol from the fungi Verticillioum balanoides and Acremonium sp. -+ - 46
4.4.1 Isolation of balanol from Verticillium balanoides and Acremonium, sp.- v reene 46
4.4.2  Structure elucidation of balancl - ---- oo iiiiiiinn 46

4.5 Pericosine A from Periconia byssoides OUPS-N133 -+, 48
451 lsolalion of PeriCcoSINg A -« v rr e rrrie s e e 48
4.5.2  Structure elucidation of pericosine A - roverv i 48
SECHON 5 POESPECbIVES » « v v v v vt e et ettt e e 49
References ........................................................................... 50
Chapter 4 AJKALOTAS -« -« - v o oo e ettt et 55
GOCEION T (OIIEEA] «+ ¢t v vttt e e e et e e e H&
Section 2 Characterization, Identification and TSOlation » -« -« vrereriiinie iy, 56
Section 3 Clagstieation « » -« v« rrorr e e B8]
30 TROQUINOLIIES <+« < e v e ettt 58
3.1.1 Simple isoquinoline alkaloids -+« -« - - - R 58
3.1.2 Benzyhsoquinoline alkaloids - <+« « o x vt e e ettt et 59
3.1.3 Bishenzylisoquinoline allaloids - -« == xrerr e trrini i s 50
314 Aporphine alkalodds -« v e vttt e e 59
3.1.5 Protoberbering alkaloicds =« -« c« vt et rmnneeee ottt 59
316 Protopine alKaloids -+ vt cm sttt e e e &0
B1.7  Tmetine alKalord -« - -« v e e rrmeea et e e et e e 60
3.1.8 G:-Naphthaphenanthridine Alkaloids » - vt v e e e s 61
3.1.0  Morphine alkaloids =« « v« v v v v v e ettt e e 61

3.2 QOIS - v e e 61
3.3 PyrroHdineg -« vveee e e 62
3.3.1  Simple pyrrolidine alkaloids <« =« v rrrrae e 62
3.3.2 Pyrrolizidine alkaloids « -« v o v e rnttnm i 63
3.3.3 Indolizidine alkadofds« - -« o v v v vt nmme et e e 63
334 Tropane alkaloids <« oo v v cm e e e 64
3.3.5  Stemona alkaloitdg « v o e e e 64

Bd TAOIOE < v vt e 64
Section 4 Structural Investigations of Some Alkaloids - - o reviiiiiiiain .. 65
4.1 Stermnong AllAloidg « v v o v e e e e 65
4.1.1 T I« » 7 f v f f ot e e e et e et 66
1.2 ISOStEIOL TG = * 5 =« 5 m s m et e et e et e e e e 67
A.1.3 P arviGheImIONIIIE » « * ¢« « e et s mmer ittt et s e e 68

4.9 Camptothecin and s analogues ................................................ 71
4.3 Sinomenine and ARl 1A 11 R R T T T S T U 74
4.4 Pyridone alkaloids—huperzing - - -« v e e rvmnemttm e 75
441 Huperzsines A and B e re it e e 75
4.4.2 ‘lotal synthesis of MUPErZIne A -« v v vrerrtii it e 76
4.4.3 Physiological activity of huperzine ........................................... 76
Bibliography ......................................................................... 77

References ......... B T T T T8



Contents vii

Chapter 5 SeSqUILETPEROids « -« v vrrerrr e 81
Gection 1 Chemical Properties, Isolation and Purification - -o-oveoreeenenen 81
Section 2 Spectroscopic Analysis of Sesquitorpenes: - o--ovrrororiannre e 86
2.1 U’V? IR and MS Spertra ......................................................... 26
9.9 IH-NMR SI)CCtl"EL of sesquiterpenes .............................................. 87

2.2.1. r)etection Of aLy] SidC C}lain ................................................. 87
222 Detection of skeleton B - e v s BT
223 Analyzing patterns of oxygen ALOIIS  » s e rrm e R7
2.2.4 Analysis of all vicinally connected protong -« ---«c-cormmvrii i 87
2.9.5 Stereochemical elucidation » -« v v s v v e 87
9.3 LBC_.NMR of scsquiterpenes ..................................................... 28
Section 3 Artemisinin—Chemistry, Pharmacology, and Clinical Uses--««------ v 90
3.1 Chemical properties of artemisinin -« -« roorerrrro e 40
3.2 Spectra analysis Of ATEEIHISIIEN - +- -+« e e s e o1
3.2.1 'H-NMR and ¥ C-NMR specira of artemisinin - oo oroeerrrr e a1
322 HMQC and HNIB(] Spectl‘a .................................................. q2
3.3 Pharmacology and clinical uses of artemisinin and its derivatives- - ---0oee - 93
3.4 Chemical modification and sttuctural-activity relationship of artemisinin-------- 93
Section 4 Recent Progress of Specific Sesquiterpenes -« r-ervrervrorsrieeones 96
B‘QferenCES ........................................................................... 99

Chapter 6  DILerpenes ««--- vttt 101
Section 1 Main Diterpene SKeletons <« v« v cvereemmmmei 101
Section 2 DIOEIESIS- -+« <« e e rrten st 102
Qection 3 LalelaLem- - oo oo v e e e e et e e e 103
Section A4  CLErOMAIES - - <+« o v m et s 106
T T = e R R RRREEE 108
Section 6  ADIEEAIIES « v+ v v v e rr ettt e e 108
Section 7 Cassanes and TOLaTAIIES -« -« vt reer ot ar et i 110
R T O £ T R R R 110
T 0 TTOBAERILES + + + v v v vt v v e s o et e e e e e e e a s 111
Sortion 8 TROSAIES »  + v v rvrm s s et mm et e e e 111
Section O JKAtTaIIES: - - ccc vt rrrmrmrae st aa i e 112
9.1 C-20—n0n-()xygenated~ent—kauranes ............................................. 112
0.2 C-20 0XyEenated-ent-Katranes -« - -« vt reortr it 113
0.3 SECO-KAUITATIES + + +# v o v v v v v m e mn e et ta s e e ettt 113
Section 1O THXATIEE - -« v+ v v rrsnerananacmn ettt et et 115
FE T T 1 ) IS R R 115
B T R RS 116
Section 11 Tiglianes, Ingenanes and Daphnaneg: -« «oovorreveeeres R TRREREES 118
Section 12 Jatrophanes and Lathyranes:«---ccoorrvvrrreoromere e 119
Section 13  Myrsinols and Euphorsctines -« -« ovrovevrrrersrreeee e 120
Section 14  Ginkgolides and Pseudolaric Acid ---vv-rrrrvireaeeee 121
TREFGEEILGBE +  + + ¢ v v v v e st it emm e et e e e e 121

Chapter 7  SAPOIEIS -« ccocvrmrme st 125
Section 1 Introdietion: « -« o v e 125
Section 2 Fxtraction and Isolation of Saponing -« covevrraviririien 125
2.1  Chromatography USINg mMacroporous Tesiil - -« - -« xerv v 125
2.2 Chromatography using silica gel -« -« ovoeermimr 196
2.3 Reversed-phase chromatograpliy -« v 126

2.4 Liquid-liquid partition chromatography -« -« crocororirra 126



viii Contents

Section 3 Structure Determination of Saponins -« «rv o voeiii i 126
3.1 Cleavage of glyeosidic bond -+« o oo en i 126
310 AcIic hydrolysis -« oo v e v e 197
3.1.2  'P'wo-phase acid hydrolysis (mild acid hydrolysis) <« -« oo ov oo 127
313 Sl dogradabion - - vt et e e e 197
3.4 Enzymatic hydrolysis -« oo orrreee e 127
3.1.5  Alkatine hydrolysis « <« - o rvrreer et e 198

3.2 Structure determination of saponins by chromatography -+« ool 128
3.2.1 Silica gel thin-layer chromatography -« -+ oo oviiiiai 128
3.2.2  Gas chromatography - -« sttt e 128

3.3 Structure determination of saponing by spectroscopy -« v« roeeiiiii i 128
3.3.1 IS SPECHTUIIL -+« 2 vt v v rrr et ettt e e 198
3.3.2  Nuclear magnetic resonance Spechrum -« -« 129
Section 4 Biological Activity of Saponims .- ---coovvv 130
4.1 Anti-tumor and cytotoxic effects -« - oo ii 130
4.2 Immunomodulatory &CtiVity ................................................... 131
4.3 Antimicrobial effects: -« v e e e e e e e 131
431 ADEIVIFAL ACHVILY < < - 2=t r o e e 131
4.3.2  AnGFungal activiby - - -+ v r e 131

4.4 Cardiovascular ?l('thlty ........................................................ 131
4.5 Anti-inflammatory, anti-exudative, and anti-edema effects: -« cvoeeviii i, 132
A8 Other ef et - oo c vt e e e 139
Section 5 Triterpenoicd SAPOMIIL- <<+« v« rr ettt 139
5.1 ’I\rj_terpenoid ................................................................... 132
5.2 Main structural skeletons of triterpenoid saponing -« -« v ovve e 132
5.2.1 Tetracyclic triterpencids -« - v -+ i s e 132
5.2.2 Pentacyclic triterpenoids ................................................... 136

5.3 Spectroscopic analysis of triterpenoids - ---»---- oo 138
5.3.1  TIraviolet SPechIT < =« v« v rr et ettt e et et et a e e 138
5.3.2  Tfrared SpectTUILL -+« -« v v et rerenn ettt et 138
5.3.3 MASS SPECEIUIIL - = =+ + =« v e atr ettt et te et et e e e 138
5.3.4 Nuclear magnetic Tesonance SPECLIMIML -+ » - - =« v s vt s iiniinaeiiiineananns 138
Section 6 Steroidal Sapoming -« - - - e e 139
6.1 Steroidal aglycones ............................................................ 139
6.2 Spectroscopic analysis of steroidal aglycones - -+-- oo ovviviin i 140
6.2.1 Ultraviolet SPECEITIITL: - v e e e e 140
6.2.2  Tnfrared SPECETLITL » - *+ ¢ o v s v m ettt at et i et e b e 140
623 MASS SPECEEUIE -+« 7 » 5 v v vt v mt et e e 140
6.2.4 Nuclear magnetic resonance speehrum -« - v oo 141

6.3 Spirostanol BAOIIIIIS - + v v v s et e 141
6.4 Furostanol saponins ........................................................... 142
4.0 FllI'OSI)iI'OStaIlOI SELpOIiiI]S ...................................................... 143
Bib gy -« e e 143
R O EIICES - - =+ v = v ot ot e ettt s et e e e e e e e e e e e e s 143
Chapter 8 Amino Acids and Peptides-- - o 147
Section 1 Amin() ACidS e e ettt e E h ke a et b et e e b et b e et e 147
1.1 Structure and classification of amino acidg .-« -+ - v eere i s 147
1.2 Physicalpropertiesofamino ACIAS * + - v v vt e e i e e 149
1.3 Chemical properties of aming acidg -« -« v vrrriit e 150

e S T P T TP 150



Contents ix

1.3.2 Reaction with 002 ........................................................ 150
1.3.3  Tormation of SEhilf base v v eerre i e 151
1,34 ATKYLALIOM -+ v v v e e 151
1.3.5 Reactions involving both amine and carboxyl groups -~ -- -+ oo - oo 152
1.3.6 Interaction with metal Jons: -« v v v e rerrmree e 152
1.4 Purification and Characterization of Amino Acids: -~ oreoreaieann 152
TA1 Color TEAGEIOI -+« » v v et m e e et e e e 152
1.4.2  Techniques in isolation and analysig:--«---oreeeeoene R R 153
143 Tnfrared SPectrOSeapy <« «« - e« erretmmm e 155
1.4.4 TMASS SPECUROSCOMY <« v v r v v vt et e ar s s mia s a et 155
1.4.5 Identification of SuccinDAMOPINE » «+« v v err o 156
Section 2 Peptideg- -« - vrr 157
2.1 Structures and properties of peptides and proteing -« ooiiiiiiiins 157
2.2 Natural biloactive ])E‘ptldCS ........ 159
2.2.1 Purification and identification of peptides - -~ rverririiiiiinn i 160
2.2.2 Synthesis of peptides -« v rrr i 162
REEOIEIICES + + - =+« v v v e s s e v e e et e 165
Chapter 9  Flavonolds - o o e 169
GoCEION 1 OVEEVIEW -+« + v v v v e st et e et s ettt e e e 169
1.1 General structures and categories of Havonoids- -+ v rrveiiiri e 169
1.2 Physical and chemical properties of flavonoidg -« -+ v oreev oo 170
1.3 The presence of flavonoids in PIAREE: -+ v orre e 170
131 Flavones and Javanones: - - v rrear it im ottt it 171
1.3.2  Flavonols and favamorols -« -« e e rrmamanas e iae i 171
1.3.3 Chalcones and dihydrochaleones « - - -« -+ x v v ereeeeesreeua 171
1.3.4  Tsolavones ancl ISofaviiiones « « -« -« s o st rommatoeriee it i71
1.3.5  ANtRocyaniding <« « - v v rmrers st 179
136 FIAVATIOLS + « o * e v o e rrmrs et e et e e e e e e e e 172
1.3 ALBOIIEE + v v v v ettt e e et e e e e 179
1.3.8 BIHlAVOTOId: <« v v vevrrrrrraenarime et an e 179
139 OERGE HAvONOIAS -« -« »« v v« v v rmeernamm ettt e 172
Section 2 Extraction and Isolation of Flavonolds: .-+ oororoerrrenienneenn 172
IR I O e aTey 172
2.1.1 Hot water exbrachion « »« v v v e e tr i m e et 173
212 Methanol or ebhanol exbraction <« v c s rrrrarrrrrariae e i, 173
213 SUCCESSION SOLVEIE CXEFACEIOIL *  + + v v v v s s e e s r e ca s aa ety aeaaaeneis 173
2.1.4 Alkaline water or alkaline diluted alcohol extraction -« ««vrrrmvrrveereacrae 173
2.2 I80lation s < - - e s v e et e e 173
2.3 New extraction and isolation methods <+ v rvvaieraiii 173
981 ULrasonic CXbFACLION « -+« vt e eerrrrera et 173
289 UHraflbration - -« v v am e e i e s 174
2.3.3 Macroporous adsorption resin chromatography <« - ccrrorcrerrrrrorii e 174
234 Aqueous two-phase extraction «« -+ C e e s 174
2.3.5 Supercritical fluid extraction -« oo i 174
2,36  ENZYINIC EXETACHON -« v« v e e e e omeesmae ettt 174
2.3.7 High-performance hquid chromatography =« oo eeoreaiiiiiriiiiiaan 174
2.3.8 Micellar thin layer chromatography and microemulsion thin layer
CHTOIIALOEIAPIY « < < -« < v+ v v+ e ettt e 175
2.3.9 Molecular imprinting Lechnology -+« v rvrerr e 175

2.3.10 Other iSolation techmiqIes <+« -+« v e v ras e e 175



Contents

Section 3 Identification and Structure Study of Flavonoids: -« -« «vvevrorreaaenn.. 175
3.1 TAentICAEION « -« -« v v v v v r e e e e e e 175
3.1.1 Physical and chemical identification -+« orrevioiiiii 175
3.1.2  'Thin-layer chromatography and spectral identification - -« v voreeii, 176

3.2 Structure study ................................................................ 176
3.2.1 Spectral featurcs of Havonoids « -« - o v o v i 176
3.2.2  Flavonoid aglycone structure study « -+ oo 178
3.2.3  Struecture study for flavonoid ghycosides -« v e 181
Section 4 Pharmacological Study of Flavonoids -« -ooooovniiiiiiinn 183
4.1 Cardiovascular system ackiviby -« - -« o rreertrrri e 183
4.2  Anti-microbial and anti-virus activity -« -o o 183
4.3  Anti-tumor ACBIVIEY - 183
4.4 Anti-oxyradical ACtiviEy -« e e e 183
4.5 Anti-inflammatory and analgesia activity - -+ v oo 184
1.6 Hepatoprotective ACKIVIEY < 184
Section 5 Flavonoid Assay Determination and Formulation - -+« ««««vvveravirnii, 184
5.1 Flavonoid assay determination -« - raemttiae it iiia i, 184
5.1.1  Ultraviolet spectrophotometry (UVY - c-chveeviiiiii 184
5.1.2  Thin-layer chromatography scanning (TLC scan)««« v v eervoreeaave i, 184

5 T T N 3 1 17 (5 e N 185
51.4 Capillary electrophoresis (CE) « v «creereesrmrntmnaaniii i, 186

5.2 Flavonold formmulations - - -« v oo e een ettt 186
Section 6 ComrCluSIon - -+« =+ <t vttt e 187
References « - vvvviiionnnneeniin e e e e e e e 187
Chapter 10  Anthraquuinones -« -« rooree it e 189
Section 1 IrtrOduichion s« -« v v v s vt m sttt ettt et e e e e e 189
Bl SBIUGHUIE v v oo et e et e e e e 189
1.1.1 Monosubtituted anthraquinones ............................................ 189
1.1.2 Dizubstituted anthraquinones .............................................. 190
1.1.3  Trisubtituted anthraquinones ............................................... 190
1.1.4  Tetrasubstituted anthraquinones ............................................ 191
1.1.5  Pentasubstituted anthraquinones -+« -« ooooviiiiii i 192
1.1.6  Hexasubstituted and heptasubstituted anthraquinones««««« -« vovveeraieon, 192
117 Anthracyclnomes  « «« - vt i e e 192

1.2 Biological activity < ccrrveeriirii.. e e s 103
Section 2 Physical and Chemical Properties -« -« coovviviii i 194
2.1 Physical PrOpertios -« -« v ter ittt e 194
2.2 COROPABIOII + v v v oot e e e e e 194
2.3 Aty - 194
Section 3 Fxtraction and TSOLALION - -+« -« rerertrt ot e 195
R T e et r L 195
3.1.1 Extraction with organic solvent« - - - v e e 195
3.1.2 Treatment with lead salt - - - - o  crn it i e e i ettt e et 195
3.1.3  Acido-basic treabImierrt « <« - - vt e m et et e e e 195

3.2 IBOIAGIOII - ¢ o v v v v v e e e e 195
Section 4 Spectral Characterishios <« c v rrtrrnre et e 197
s 1 Y 197
G 1 197
T 1Y . 108

4.4 NMRB:--o-en-- e e e e 198

st s ol



Contents xi

Yection 5 EXaImples « - 199
5.1 Anthraquinones from Rhynchotechum vestibum: - v 199
5.9 Anthraquinones from Rheum Aotaoense - - vraer i 202
5.3  Anthraquinones in Morinda elliptica -« - oo 202
References .......................................................................... 203
Chapter 11 COUIATTINS 7 c vt e i e e e et 205
Section 1 Inbroduction: -« oreev 205
Section 2 Structural Types ........................................................ 206
2.1 Simple Coumarins .............................................................. 206
2.9 B amOCOUILATIILS * =« v v v v m e e e e et s 207
2,21 6, 7-FUFANOCOUINALINS « « « + v+ v m e et e e e et 208
229 T,8-FUFANOCOWINATIIG + + + « + «c ++ e omm e ettt e 208

2.3 nyanocoumarins .............................................................. 208
2,31 6,7-PyTanoCOWmANG « «++«« v e et rtrrrm sttt ettt 208
2,32 T,B-PYTANOCOUITALING « « < ¢ v v« v v e s r et et s e et ettt 208

9.4 Other coumaring - - - - S 209
2.4.1 3~ or 4-Phenylcoumarins and 3,4-Benzocoumaring « - -+« o oorrrosiae e 210
2.4.2 4-Hydroxycoumarin derivatives R P RRRERRTEE 210
AT CAlanolicdes s =« v e vt e e 211
Section 3 Physical and Chemical Properties -« «--- oo, 212
1 T LUOTEECEIIOE - =+ + # o # =« o+t em e e e e e ettt e 219
3.7 Reactions With alkadl -« -« - rvreamr ot e 212
3.3 Reactions with acid: - oo s 213
3.3.1  Alkene Rydrabion - -« v v cesoeemm et 213
GOCHON 4 TSOLARION - < ¢+ < < v v e e enem e e s i et e e et 213
A1 EXAraCtIOft - - - nn v s mmm e e e e e e e 213
4.2 Lactone separation ............................................................ 214
4.3 Fractional crystallization ...................................................... 214
4.4 Vacuum sublimation and steam distillation - -covevernii i e 214
4.5 Chromatographic Fet = e s LTS w914
451 Column chTOMAatoEIaphy « -« -« - = w vt b rmmeesmmm e 215
4.5.2 Other chromatographic techniques -« - 215
4.5.3 High-performance liquid chromatography -« ---c o rveieeeroanei 215
Section 5 Spectroscopic Identification « - - v 215
5.1 Uliraviolet SPECETOSCOMY « ++ v v v v v v e m s et 915
50,1 ALKYICOWIMATING < v« e v v emmen e en st e o it 216
51,2 Oxygenated COUMBIIE <« -+« v e mmememmnmte et s, 216
5.1.3 Spectral L i R R R R R I S I P S 216
514 T UE O OCOUTTIETIILS < * -~ v < =« v e v e et e e et e e e e 216

5.2 Infrared SPECETOSCOPY + v+« v v r v r v e s et 2117
521 C—H stretching frequencies ................................................ 217
R2.2 C=0 stretching frcquencies ................................................ 217
5.2.3 C=C skeletal vibrations: - -c-corr e 217
5.2.4  Other abSOTPHIONS <+ ++++«» v v e e et tre ettt 917

5.3  Nuclear magnetic resonance SpectroSCOPY <= v s rra e 218
B3 THNDMER v v v v v vt ter vt st e e 218

L0 20 011 > I 219
B33 DIINIMEL - o v v v et e e e e e e 290

K4 Mass SPECLIOIMIEETY ~ v o e 290

541 SINPle COUMEBTIAS *+ v v v e r et m e m e sttt 290



xii Contents

5.4.2 Furanocoumarins and pyranocoumarins <« ev e et ae i 221
Section 6 Research eXample -« -« e vt e 291
6.1 Plant material - -« ccv e e e e e 291
6.2 Extraction and isolation - -« v r i e e 999
6.3 Structural Determinatlon - -« - f o v r i e e 299
R I LG -« v+ ot v e ettt s e e e e e e e e e e e e e 293

Chapter 12 Lignans ............................................................. 2995
Section 1 TntrodUuction  « c« o v v v v et e e e e e e e 295
1.1 Nomene ot ure - - v e e e 295
1.2 Bi()synthesis of lignans ......................................................... 297
1.3 Isolation and Identification -« rrrrrrrrmrmat ittt e e et 298

131 UV SPEELTULIIL * * =< v v v v vt o nm e n ettt e e et e s et e 290

132 TR SDPECRIEITL + # -5« c v v e m et ettt e s et e et e e e 230

1.3.3 Nuclear magnetic resonance (NMR) spectroscopy -« orcrvrerirereaiioae, 230
Section 2 Structural Types and Characteristics of Lignans -« -«-vvverrceriiiiiies 231
2.1 Dibenzylbutanes ............................................................... 231
2.2 Dibenzylbutyrolactones -« -- -« v 231
2.3 Arylnaphthalenes -« - v e 233
2.4 TetrahydrofUrANS -« « v e et e 234
2.5  2,6-Diaryl-3,7-dioxabicyclo[3,3,0l0ctanes -« <o v ve e 235
2.6 DIbeNZOCYCIOOCEIIES - - -« v oot e 237
2.7 BNz il g - - o vt e e e e e 238
2.8 Bicyclic (3,2’1)_0%31—1‘35 ........................................................ 239
2.9 BenzodioMarog - - -« vt e e e e e e e 239
2,10 Biphemyl derivatives -« v ce e v et e 239
211 01'1g0mer'1(: 1'1gnans ............................................................ 240
212 MISCOIlAMEOUS * -+t r vt e e vt e m e ia i ta e et et ia e sttt i e 240
Section 3 Bioactivities of BTy T LI T A 242
3.1 Anti-tumor------ et e e e e e e e e e e e e e e ey e 2492
R R T T UL S R 2453
3.3 Cardioprotective effects- -+ - - v 245
3.4 Hepatopmtectivo effecta - oo e 243
3.5 IVESCEIIAIIEOUS - = = = o= vttt et e e e e e e e e e e e 243
TR O e IOEE -+« + = = oo v e e e e e e e e e e e e e e e 0244

Chapter 13 Other Natural Bioactive Compounds- -+ vvieaeiiin, 247
Section 1 Sulfur Compounds ...................................................... 247
1.1 Al]icin a,nd Diauyltrisulﬁde .................................................... 247
1.2 Bioactive components in scallions and onions «+««« oo 249
1.3 BOTIEOME -+ v+ v v e v oottt e e et e e 249
1.4 Other natural sulfur PROAUCES -« - o 251
Section 2 Cyanide Compounds .................................................... 251
2.1 Amygdalin <o e 259
2.2 Sarmentosin and JSOSATINEIEOSIIL * -+« v v v vttt a i et e e 253
Section 3 CoixXenolide « f- v v mrrr i e e e e e 254
Section 4 Resverat o] © v r ot i e e e e e e 255
Section 5 IVUBCOIE - vttt e e mmrtaae e ettt ettt b et ettt et e et 256
Section 6  Cardiac G]ycogides ...................................................... 258
0.1 Inbroduotiom v v e e e 258
6.2 Characteristics and detection of cardiac glycosides -~ - oo 260

6.2.1 Lieberman-Burchard reaction: -« ---v e 260



Contents x11

5.2.2  Kedde TenCtion « -+ v+t sttt 260
6.2.3 IKellor-Killani reaction -« -« vt e re i e 260

6.3 Extraction and separation of cardiac glycosides -~ -----ooemorrrrrre e 260
6.4 The structures of cardiac glycosides: -+« vorvrrormerrrr 261
6.4.1 Sugar molety of cardiac glycosides <o 261
6.4.2 Aglycones of cardiac glycosides -« v e 261

6.5 Spectroscopy of cardiac glycosides -« - v rorror 262
6.6 Cardiac glycosides of Digitalislanata -+ -+ -ovrororrr e 263
661 Extraction of cedilanid - -« v v s 264
6.6.2 Extraction of digoxin ...................................................... 265
Blbhoglaphy ....................................................................... 266
Referen(:es .......................................................................... 266
Chapter 14 Marine Natural Products - rvrvvviiiiiiiniiiiiion 266G
Section 1 Introduetion - - r oo e 269
Section 2 MAarine PLants « -« c v v e 271
2.1 Mangrove plants ............................................................... 271
29  Seaweeds (Algae) .............................................................. 272
9221 Rhodophyta (red algae) -+ T 273
299 Phaeophyta (bl‘OWIl algae) ................................................. 274
2.2.3 Chlorophyta (green algae) - v ss et 276
Section 3 Marine Invertebratos -« coovv i e 277
3.1 Coelenterata (Coelentemtes) I R R A
3.1.1  GOrgonacen (HOFEOIIANS) + v+« st s st rmme ettt 278
31,2 Alcyonacea (S0ff COPRIS) « <+« vt r v e rmaer st 280
3.1.3  Hexacorallia (hexacoralg) s« -+« r e eerraarai e 281

3.2 DPorifera (Spongia) ............................................................. 982
3.3 Mollucsea (Moiluscs) .......................................................... 285
Section 4 Marine Microorganisms and Phytoplankton: --««o-vovrvrarnreen 286
Section 5 Miscellaneous - cveeerreii et e e 986
Section 6 FAIMPLES -+« e v e s 287
Section 7 Epiloguie (UELook) -« v v verre et IR
T R R R 980
Chapter 15 Structural Modification of Active Principles from TCM ------- 293
Section 1 INtrodUetior: « - <« v rrmt e e e 263
Section 2 Anti-malarial Drug Artemether - -« v 293
Section 3 Anti-hepatitis Drug Bifendate -« oo-r oo 206
Section 4  Anti-AD Drug Huperzine A e 207
Section 5 Anti-arrhythmia Drug Changrolin - - -ovvrrrrrivraane s 299
Section 6 Anti-neoplastic DIIugs -« - e 301
6.1 Podophyllotoxin, etoposide and teniposide - --orreerririea e 301
6.2 CAMPEOLROCII - <« < v v m o e 303
6.3 VINea ALALoIEs <« v v v v vrre ettt e e e e 305
LT T PP PR 307
6.5 CANERALIEAIN - -+« v v ee e e et 300
5.6 TIAITUDIL -« oo v v v v e e v e e et oo e e e e 310
Section 7 Computer-aided Drug Design and Structural Medification -« ooooveeess 311
S T TR RS 313
Chapter 16 Chemical Synthesis of Natural Products.....---ooooovneen 319
Section 1 ATKALOTE - ==+ v v verrrmr e e et e 390

L1 MOTPRERE: <+ v« o v e v ve e e e e e et e 320



xiv Contents

1.2 Strychmine: «-c oo 321
1.3 Camptothecin -« v 399
I T 0 o 324
1.5 MAybamsIie -+« o - oo e 395
Section 2 Terpene ................................................................. 398
2.1 Monoterpene—menthol- -« i 398
2.2 Sesquiterpene——artemISinin - -« cre vt e 329
23 Diterpene—tanshinones, triptolicle ............................................. 330
Section 3 TFLAvOROIS « <=« v v vt mmmm ettt e e e 333
3.1 Synthesis of chalcones and dihydroflavonoids- - ---+v o ovooioin 333
3.2 Synthesis of flavonoids and flavonols -+« -+ oo 334

3.2.1 Baker-Venkatereman's method -« vrmmene i e s 334

3.2.2  Algar-Flynn-Oyamada’s method « -« -« R 334

3.2.3 Synthesis of 130flAVOIE + «+ 1+ v vt vt e 335
Section 4 Synthesis of Anthraquinones -« «-- oo v 336
4.1 Friedel-Crafts acylation -« c v 336
4.2 Michael addifion: «« v vrerr ettt e e 337
4.3 Diels-Alder method - - v v v e e e 337
4.4 Ortho-metallization of N, N-diethylbenzamide -+ - - oiviiiiiiinn 337
Section 5 Ligna,ns ................................................................. 338
5.1 Podophyllotoxin ............................................................... 338

5.1.1 Cascade 1,4-1,2 addition ApProach <+« ««« o eeererereianaaaa ., 338

5.1.2  Diels-Alder reaction approach «« -« oreere it i e 339
B2 Sehivanidim: - - crrerrreerermaan i e 339
Section 6  Synthesis of Macrolide Antibiotics- <« orcoeer e 342
6.1 OleandOmyCin -+« vvr et 343
6.2 Fluvirucin By--orvveeeee-s e e e e 344
6.3 MMACTOLALITE A= v v rm e m ettt e et et e e e et e e e e 345
BiDLOEIADIY -+« e vt ettt e 347
R OLEIICEE - -+ o v o v ot vttt e e e e e e e e e e 347



