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| kn the search for antimalarial compounds from Goniothalamus temgfolms four

aristolacta) alkaloids, namely aristolactam BI, aristolactam BII, velutinam and aristolactam A1l
were 1sola ed along with a 4,5-dioxoaporphine alkaloid named norcepharadione B, and an ethyl
ester of 2 4-dihydroxy-6—methylbenz01c acid. The structure identifications of all of the isolated
compmmcfs, including their unequivocal *C NMR assignments, were achieved by analysis of
their UV, [R, MS and NMR data. All compounds were evaluated for their antimalarial activity
against Plgsmodium falciparum Tops by 1adioisotope microdilution technique. The ethyl ester
of 2,4-dihydroxy-6-methylbenzoic acid, aristolactam BIL, aristolactam BII, velutinam,
norcephargdione B and aristolactam AIl showed ECs, values of 33, 10.5, 11, 7.5, 7.5 and 9.5
pg/ml, respectively, whereas those of chloroquine and pyrimethamine were 0.03 and 2.8 pg/ml,
respectively. This investigation is the first report of antimalarial activity of aristolactam
alkaloids. :

]
|
|
|
|
I
|
|
|
|
[
|
!
|
|
!
l
|
|
1
|
I
|
|
I
|
|
|
|
[
|
[
|
I
|
[
t
|
|
t
b
|
!
|
|
|
I
|
1
|

2RI WATIN awiledeiida Lﬂlft"‘ -“-‘ffasamw
s, T mﬂuwammwnﬂ' Ny s '
Ymsdinur.. 2539 .. mnuwammmml" i, V M-&\.—

Jew f Cinr




ACKNOWLEDGEMENTS

I wish to express my deepest appreciation and grateful thank to my thesis
advisor, Assistant Professor Kittisak Likhitwitayawuid of the Department of
Pharmacognosy, Faculty of Pharmaceutical Sciences, Chulalongkorn University for his

concem, encouragement and valuable advice throughout my period of study.

I would like to express my grateful thank to my co-advisor, Associate
Professor Jerapan Krungkrai of the Department of Biochemistry, Faculty of Medicine,
Chulalongkorn University for his valuable advice. 1 also thank Mrs. Sudarat Krungkrai

for her concern and valuable suggestions.

I would like to express my gratitude to my co-advisor, Assistant Professor
Vichien Jongboonprasert of the Department of Pharmaceutical Botany, Faculty of
Pharmaceutical Sciences, Chulalongkom University for the plant collection and

botanical verification.

I would like to thank the thesis committee for their kind attention and useful

advice.

I am very grateful to Professor Norio Anm, Associate Professor Hiromitsu
Takayama and Assistant Professor Mariko Kitajima of the Laboratory of Molecular
Structure and Biological Function, Faculty of Pharmaceutical Sciences, Chiba
University, Japan, for their helpful assistance in NMR experiments, their concerns and
valuable advice. I also thank several Ph.D. students at Chiba University for their

assistance in EIMS experiments and useful advice.

I would like to thank the University Development Commission (UDC) and
Faculty of Pharmaceutical Sciences, Srinakharinwirot University, for the scholarship
throughout my two years of study.




I would like to thank the Graduate School of Chulalongkom University for
granting partial support to conduct this investigation.

Finally, I wish to express my infinite gratitude to my family and my friends for

their love, understanding and encouragement.




CONTENTS
Page
ABSTRACT (Thai).....cccoormrnimerrarecissississssssssssnmsesassossssisssessassasssssnsssesssssssssse iv
ABSTRACT (English).........ccovciiniisirinnicrerecrecncsrerenssisrssssesssssersessssssssssesnsenee v
ACKNOWLEDGEMENTS........cooitieiieiticrineresrenssnsessnesssssssesnssensesesssenses vi
CONTENTS......ooorreemuaresessasnnseesssisssesesebt st ssstessassssssssssssssasssssssssrssmenesssenns viii
LIST OF TABLES........cvviiiiiniinuiiseerseresecinstonsssstonssssesssesnsssnssasensssnsenessesassaes xi
LIST OF FIGURES..........ccocciniitimiiniairnennasistecresriesessesserasssssesssssessesesssensenns xii
LIST OF SCHEMES..........ccoooiiiiiiiiiiinernesesssssastsssessacsseseastssassssasassssssnes xix
LIST OF ABBREVIATIONS......c.cooooniiiniiiiieie i veeeestessesssesassnsssnssssasas xx
CHAPTER
I INTRODUCTION.......ccceoiiiiininrinrinnaessesesiosssecsensssesnannes st b 1
II HISTORICAL
1. Chemical Constituents of Plants in the Genus
GOPHOIMQIANIUS.......covvvceivcvireisresiscasisissssssesssesesese s saesssessseens 4
2. Introduction to Aristolactams and 4,5-Dioxoaporphines............ 11
II EXPERIMENTAL
1. Source of Plant Material................ccceceieiirinviiiiiniieeceeenns woee 22
2. General Techniques _
2.1 Analytical Thin Layer Chromatography.............coovervsvereier. 22
2.2 Preparative Thin Layer Chromatography......cccc.cocveeermeeuennnn. 22
2.3 Column Chromatography
2.3.1 Quick Column Chromatography.........c...ccteiineeiisabunens 23
2.3.2 Flash Column Chromatdgraphy ..................................... 23
2.3.3 Gel Filtration Chromatography.............cc.ceveeerrerrnennnnnn. 23
2.4 Spectroscopy
2.4.1 Ultraviolet (UV) Absorption Spectra............c.ccevvennnn... 24
2.4.2 Infrared (IR) Absorption Spectra.............ccoverieeeeecnnnnnn, 24

2.4.3 Mass Spectra (MS)........cocverinssrennimsiunissensesncsossene 24




2.4.4 Proton and Carbon-13 Nuclear Magnetic
Resonance ('"H and °C NMR) Spectra................cerenn..
2.5 SOIVENLS.....covviiriirrini it b s s s s ananase
3. EXITACLION. ......ccvirimreiiciscrennennenesesasamesersesesaesessensasesaesscesansesassns
4, Isolation
R RSN L O
4.2 Isolation of GT-B and GT-C......c..cooovvviiiriiniiiicininiincreienns
4.3 Isolation of GT-D.......c.ccccvviiiririivinnninnnsnensiennisneeseesnns
4.4 Isolation of GT-E.........cccccerieiiiiiiiieeeertec v e
4.5 Isolation Of GT=F.......ccccoceniiiiiiiice e
5. Spectral Data of Isolated Compounds
5.1 Compound GT-A........cc.orermirrnrirciearrisssecssenssressnnsescsssnsenns
5.2 Compound GT-B.......cccovevrrniricierieesseneionmrersssesssescsasassssnes
5.3 Compound GT-C.........ccoormieeeeccterrerrresars s sesererasanas
5.4 Compound GT-D.........cccccrvriinenrinrnrrrcneninisrnreeernreecsesnenns
5.5 Compound GT-E..........cccvmvreeereirercrioreonnoriessincsannsseesrrsensans
5.6 Compound GT-F.............ccovivrvvrrrvrierciinnenniresssiessersessnens
6. Antimalarial Activity Evaluation
6.1. Preparation of Material for Malarial Culture.........................
6.2. Preparation of Sample SOlutions.............cc.cvevvererererereercsvsnsenes
6.3. Preparation of Parasites......c...ccuiiiiiiiimsiennenessrsenes
6.4. Test Procedure and Data Analysis
/. Extracks= <N 193G -0 G A 01NN O b e
6.4.2. Pure Compound.............cccevvvemrrenreernssisneveresesseesssossnes
IV RESULTS AND DISCUSSION
1. Structure Determination of Isolated Compounds
1.1 Identification of Compound GT-A.........cccceerverenecerrererernnns
1.2 Identification of Compound GT-B..........ccecueueeureerrrerveranenn
1.3 Identification of Compound GT-C.........ccovvvreereceeeeeereerrernnn.




1.4 Identification of Compound GT-Du............ccocveeererererernsrenen. 48

1.5 Identification of Compound GT-E.............ccoreevevercrrcrererennnnns 51

1.6 Identification of Compound GT-F..........cccoorerersrrrvercreersesnnns 54

2. Antimalarial Activity of Pure Compounds...............ccouerernenun...... 58

V. CONCLUSION.......coovsersmvemmrrmmmmsnssssssssssssssssssssseesssssssmssseesessscesseresosmenss 59
REFERENCES............oommrrrrerennes L 1 167
17 /- W \\\l// ./ 7 T 172




Table

10

11

12

13

14

15

LIST OF TABLES
, Page
Distribution of chemical constituents in the genus Goniothalamus............. 4
ECs, values of crude extracts from Goniothalamus tenuifolius.................. 36
ECs values of pure compounds from Goniothalamus
FERUISOLIUS o .o oovoreorvervnrississinrinerussmsssniisstosesssesusssessosssinssseansantesserassssasssenss 37

Carbon-proton correlations of compound GT-A observed in the HMQC

'H and C NMR spectral data of compound GT-A (in chloroform-d).......
Carbon-proton correlations of compound GT-B observed in the HMQC
SPECITULIL ..cvmrniniciniminncssaaineenecnnannanrasesssnsasssossossane ettt aesneerereteebesnnan
'H and "°C NMR spectral data of compound GT-B (in DMSO-ds) and
aristolactam BIL............ccevucreurrninennrerecanessrnsseresons erteeesee e eeereeranes

'H and "C NMR spectral data of compound GT-C (in DMSO-d;) and
taliscanine (in chloroform:d)..............cevverrmreeirsienriinrerinrnisiesieeeecensesseans
Carbon-proton correlations of compound GT-D observed in the HMQC

'H and ’C NMR spectral data of compound GT-D (in DMSO-ds) and
velutinam (in pyTIdine-as)...c...co. it i iosiiieiioniiinssisieseecsressssessssonssnne
Carbon-proton correlations of compound GT-E observed in the HMQC

'H and "*C'NMR spectral data of compound GT-E (in DMSO-d;) and
norcepharadione B............o..ecoiireiveninnrninnirenereresssessssstessesnssssensasessens

'H and ?3C NMR spectral data of compound GT-F (in DMSO-ds) and
aristolactam AIL (in DMSO-dg).............ooorveveererereereeereserseesssmeomeeesseons




16 Antimalarial activity of isolated pure compounds from

Goniothalamus tenuifolius and current drugs..........covvereevsnrssiesessesnnenne. 58




LIST OF FIGURES
Figure .
1 96-well microtiter plate...........oocremieeereeceerecrr et
2 EI mass spectrum of compound GT-A.........ccocecrevnnenirnncsineccnnrsvnnens
3 UV spectrum of compound GT-A..........ccoeerenrnicnrossnseniesisessrnecesenensas

4a 500 MHz 'H NMR spectrum of compound GT-A (in chloroform-d)....
4b 500 MHz 'H NMR spectrum of compound GT-A (in chloroform-d)
(expansion from 1.35-11.80 ppm).......ccceiciininincninnseansainsecosecnnnns.
5a  NOE difference spectrum of compound GT-A (in chioroform-d)
mradiate at 2.50 PP oo iiieiieienreesresrnesnreresnesstnsssnasraarasreesesssassrnne
5b  NOE difference spectrum of compound GT-A (in chloroform-4d)
irradiate at 6.22 PPM)......ccecrvereecerseeseereessinsinonsesassnsssassereasearesnasaresnssss
5¢  NOE difference spectrum of compound GT-A (in chloroform-q)
(irradiate at 6.27 PPIM)....cviiviiiiiiiniamnmecencisecasneeesecsscssasnsnsressrnereranes
6 125 MHz °C NMR spectrum of compound GT-A (in chloroform-d)...
7 HMQC spectrum of compound GT-A (in chioroform-d)

[O1 0-12 ppm, 8¢ 0=175 PPI].....ceeieriiirrieconssnosnssssseessssersossosssssnsnssnane
8a HMBC spectrum qf compound GT-A (in chloroform-4)
[61 0-12 ppm, 8¢ 10-171.67 PPM]...ccrerrrerreincnnerreirsisrereseinrescesesisaennes
8  HMBC spectrum of compound GT-A (in chloroform-d)
[Ou 6-6.5 ppm, 8¢ 24-167 ppm]....ceciivuivciii AV~ Vs ¥ SN
9 EI mass spectrum of compound GT-B.............cocoerereeererrensrnsreressersee
10 UV spectrum of compound GT-B (in methanol).............cc..coooeiminian,
11 IR spectrum of compound GT-B (KBr disc)..........ccecervermrreviieeeneerenns
12a 500 MHz 'H NMR spectrum of compound GT-B (in DMSO-dg).........
12b 500 MHz "H NMR spectrum of compound GT-B (in DMSO-dé)
_ (expansibh from 7.1=10.9 PPM)...c.cccccrrvirirnresneriesesssserreeseesssesessseeses

13a  NOE difference spectrum of compound GT-B (in DMSO-ds)
(irradiate at 7.94 PPI)..........cocecucmmerenricsienire et eneas

Page
37
60
61
62
63
64

65

66
67

68

69

70
71
72
73
74

75

76




13b NOE difference spectrum of compound GT-B (in DMSO-dj)

(irradiate at 7.13 PPIM)..cc.cucrcrrisssisrennsisisssasmsissisesesiensscnisessessssasas
13¢ NOE difference spectrum of compound GT-B (in DMSO-d5)
(irradiate at 9.11 ppm)............ rtreere s et aa s sE AR st br s a e
13d NOE difference spectrum of compound GT-B (in DMSO-ds)
(trradiate 8t 7.85 PPIN).....cocrccceicicie sttt st eaees
13e NOE difference spectrum of compound GT-B (in DMSO-ds)
(trradiate at 4.03 PPIM)......oorririnnreirnereermsssernesnsassassoesssssssssssnssssonsssssn
14 125 MHz *C NMR spectrum of compound GT-B (in DMSO-d)........
15  DEPT 135 spectrum of compound GT-B (in DMSO-dg).......cccccvreuennane
16a HMQC spectrum of compound GT-B (in DMSO-dg)
[B 1-11 ppm, 8¢ 30-170 PPIM).....cocreciirireiecemeirinitsitstireeseesaesaeesaasnenns
16b HMQC spectrum of corapound GT-B (in DMSO-ds)
[Sy 7.0-9.7 ppm, ¢ 102-130 PPIM]..evvriveeenrersisenreivanossessssnsssnsssssssscesecns
16c HMQC spectrum of compound GT-B (in DMSO-ds)
(51 3.8-4.4 PP, B¢ 54-64 PPIM]....crveroreeremesisesrermmessssereensessesssssssssssseesens
17a HMBC spectrum of compound GT-B (in DMSO-d;)
[On 1-11 ppm, B¢ 40-150 PPM]......cccererrrirrrenesessrasesssnssssesesnsasneseseneaens
17b HMBC spectrum of compound GT-B (in DMSO-d;)
[84 7-11 ppm, 8¢ 103-138 PPIM].....eceeereeeceeee st reane s ssesaes
17¢ HMBC spectrum of compound GT-B (in DMSO-dy)
[ 7.70-8.05 Ppim, 86 150-170 BPOTJe ookt boee et
17d HMBC spectrum of compound GT-B (in DMSO-ds)
[8113.95-4.20 ppm, 8¢ 150-155 PPM]......covrererincrenersirrirsisesernesssniasassons
18  EI mass spectrum of compound GT-C...........cccmvrinrinrencenencnernerensens
19 UV spectrum of compound GT-C (in methanol)........c.ccccccerrevrnrveereenen.
20 IR spectrum of compound GT-C (KBr disc)..........c.cccornvnrereecnnerecnnenn.
2la 500 MHz 'H NMR spectrum of compound GT-C (in DMSO-d)..........

21b 500 MHz 'H NMR spectrum of compound GT-C (in DMSO-d;)
(expansion from 7.2-10.9 ppm)......c...ccrvvervrrerersnssesresrsnsessessnssessereneses




22a

22b

22¢

©22d

22e

23
24a

24b

24c¢

25a

25b

25¢

25d

25e

26

27
. 28

NOESY spectrum of compound GT-C (in DMSO-d5)

[81 0-11 ppm, 8¢ 0-11 PPI]...cecuecrcerrererrrcccrerenreasrennsesssernasessassesanaessasase 95
NOESY spectrum of compound GT-C (in DMSO-ds)

[81 3-11 PPI, 8¢ 3-11 PPII]reerererreerereseeessssessessneesssseeesseesseseeseen 96
NOESY spectrum of compound GT-C (in DMSO-d;)

[By 4-8 PP, S¢ 4-8 PPIM]..ovv.vvvciariorieiverisssenmseesosssessisssassesssesssssssnns 97
NOESY spectrum of compound GT-C (in DMSO-di)

[81 7-11 ppm, 8¢ 7-11 PPM]...iiirerreireiienciiirerenssnessnsersanereerssesensnsassen 98
NOESY spectrum of compound GT-C (in DMSO-ds)

[84 6.9-8.2 ppm, 8¢ 3. 7-4.4 PPI)...cvireineenriaeciissisesarsessensenssnesernsasens 99
125 MHz *C NMR spectrum of compou.nd-.GT-C. (in DMSO-dg)......... 100
HMQC spectrum of compound GT-C (in DMSO-d5)

[Bu 1-11 ppm, 8c 20-170 ppm]........covvccrevinriesemiorceisensessicsossasssons . 101
HMOQC spectrum of compound GT-C (in DMSO-d)

[O1 7.2-8.8 ppm, 8¢ 95-128 Ppm].....ceeemeeeeceere e rene s 102
HMQC spectrum of compound GT-C (in DMSO-dy)

(61 3.9-4.1 pplﬁ, O 54-61 PPIL.....nriviiiiiiiiteniernereerersaeessanrerenteessesrrerees 103
HMBC spectrum of compound GT-C (in DMSO-d;)

[81 1-11 ppm, 8c30-170 PPINL...cciieirirrererirrisrresreesaesissernsersesesseresnnessnens 104
HMBC spectrum of compound GT-C (in DMSO-ds)

[81 7-8 ppm, S 150-170 PPI0).cicerrererrireeeesizsinneneresessennesnssnosessens .. 105
HMBC spectrum of compound GT-C (in DMSO-ds)

[8x 7.1-10.9 ppm, 8¢ 118-136 ppm].......cuceeereeiicireereerrenrereressenisiosesens 106
HMBC spectrum of compound GT-C (in DMSO-d;)

[815 7-9 ppm, 8¢ 97111 PPM].ccvecresreneesirnrinerensiesemseasmsenmeceseseseressasses 107
HMBC spectrum of compound GT-C (in DMSO-ds)

[64 3.90-4,15 ppm, 8¢ 150-157 PPM].rreerenrrrrnrerrerrnessrerssseessessessesesessens 108
EI mass spectrum of compound GT-Di...........cccerevermecrrrecrvsrnrsnessessenens 109
UV spectrum of compound GT-D (in methanol)...........ccceeureveernrencnnn. 110

IR spectrum of compound GT-D (KBr disc).........cccceeeeereeeimeresceneennns 111




29a
29b

30a
30b
30¢
30d
30e
3o0f
31

32

33a
33b
33¢
34a

34b

34c

500 MHz 'H NMR spectrum of compound GT-D (in DMSO-d)..........

500 MHz 'H NMR spectrum of compound GT-D (in DMSO-ds)
(expansion from 7.0-10.9 ppm).........cervenes cesresranseseseren st s anaenanaanas
NOE difference spectrum of compound GT-D (in DMSO-d;)

(irradiate at 7.06 ppm).......ccccvceererrisrennsnrenroncas et eeseseseesseen
NOE difference spectrum of compound GT-D (in DMSO-ds)

(irradiate at 8.61 PPIM)......cccverrerrmrneiressensinesarsrsassassssmsssassssssasescsansrsasess
NOE difference spectrum of compound GT-D (in DMSO-d&) |
(irradiate at 7.83 .ppm) ..........................................................................
NOE difference spectrum of compound GT-D (in DMSO-d)
(irradiate at 3.99 PPM).......coiioiieiroiirreiereeeenesareensnesssneesaresseessssesenesens
NOE difference spectrum of compound GT-D (in DMSO-d;)

(irradiate at 4.03 PPIM)...c.oriviiiiciiirintiniisnssiassononssssssssossssssenssessanesnnnns '

NOE difference spectrum of compound GT-D (in DMSO-ds)

(irradiate at 7.40 PPIL).........coociieeiiicniecssnrererernsnesnnssesnasssesssssssessersensenes
125 MHz “*C NMR spectrum of compound GT-D (in DMSO-d).........
DEPT 135 spectrum of compound GT-D (iﬁ DMSO-dg).........oorrreennen.
HMQC spectrum of compound GT-D (in DMSO-dg) _

[B1 2-11 ppm, 8¢ 40-160 PPIM]....oceerierierirenrerrerarannessesioesseesereareeesseosns
HMQC spectrum of compound GT-D (in DMSO-ds)

[B1 7.0-8.7 ppm, 8¢ 97-128 PPIM].......ecererreererereereereeresrestsseesseseseesnanas
HMQC spectrum of compound GT-D (in DMSO-ds)

[81 3.7-4.4 ppm, 8¢ 54-64 PPM]......ovirierireimenisceneeireseseseeesnnesisenioeseas
HMBC spectrum of compound GT-D (in DMSO-ds)

[O1 2-11 ppm, 8c 40-170 ppIn].......coovrerrereecierriereneereneeese s s
HMBC spectrum of compound GT-D (in DMSO-d) |

[61 6.7-8.8 ppm, 8¢ 97=135 PPIM]....ccrireeerreererrereeseesseenesssesessssssssssssns
HMBC spectrum of compound GT-D (in DMSO-d)

[On 7-8 ppm, 8¢ 150-170 ppm] .......................................

114



34d

34e

35

. 36

37

38a

38b

39a

39b

39¢

39d

40a
40b

41a

41b

41c

42a

HMBC spectrum of compound GT-D (in DMSO-de)

(81 9.9-10.9 ppm, 8c 110-135 PPI]...ccvrcnrrenrcsssssssssssessssssssssssssns 128
HMBC spectrum of compound GT-D (in DMSO-dj) |
[B1 10-11 ppm, 8¢ 150-170 ppm]..........ccorierrereririssarerssecseisississsssessavens 129
EI mass spectrum of compound GT-E...........cccervurvcsrecrcnnisensencrsnnnns 130
UV spectrum of compound GT-E (in methanol)............cccvvimniinninnnnee. 131
IR spectrum of compound GT-E (KBr disc).........coermnviiisivnsnnicsninnnne 132
500 MHz '"H NMR spectrum of compound GT-E (in DMSO-d)......... 133
500 MHz 'H NMR spectrum of compound GT-E (in DMSO-d)
(expansion from 8.2-12Z.2 PPIM).......c....uveucverururemsssseserssrorsssssessssssssmenss 134
NOE difference spectrum of compound GT-E (in DMSO-ds)

(irradiate at 9.42 PPIR).....ccvceccericinentirsessirnsonsoscsnsenrestrssassssserensnsanesseenas 135
NOE difference spectrum of compound GT-E (in DMSO-ds)

(irradiate at 7751.ppm) ......................................................................... 136 -
NOE difference spectrum of compound GT-E (in DMSO-ds) |
(irradiate at 8.16 PPm).........ccciiiiiiiinernerirraneerieressrnssnssrsesesssssessinsosrnnens 137
NOE difference spectrum of compound GT-E (in DMSO-ds)

(irradiate at 7.93 PPM)......coceriimeineriririirinesiessesassassarnieessnssssassssivensnrens 138
125 MHz “C NMR spectrum of compound GT-E (in DMSO-ds)........ 139
125 MHz ®C NMR spectrum of compound GT-E (in DMSO-ds)
(expansion from 110-140 PPIN)....cc.ivsieriniinmeimisnsssinmsssmnissiseessrasssssns 140
HSQC spectrum of compound GT-E (in DMSO-d;) [6 0-13 ppm, 8¢

40=1 90, Bhml. .. Q- €N 60381 Q- RN Q-0 1N 0.1 141
HSQC spectrum of compound GT-E (in DMSO-ds) '

[Ou 7.4-9.5 ppm, 8¢ 112-136 PPM....rceceeceieirrenrernssersesseesasssuessnessnesnns 142
HSQC spectrum of compound GT-E (in DMSO-d5)

[On 3.8-4.4 ppm, 8¢ 54-64 PPM]......cvrereeerereercrerire e 143

HMBC spectrum of compound GT-E (in DMSO-ds)
[81 7.2-12.4 ppm, 8¢ 110-180 PPM]......ovceenreerriieinreerineeeeereeeneeeesseenes 144



Scheme
-
2
3

LIST OF SCHEMES

Biogenesis of aristolactams........occvvererurcernrcsiensenessiniesinnsienasarssesaens
Extraction of Goniothalamus tenuifolius King...........cc.cocverrvvernernen
Isolation of Pure COMPOUNS...............ccoerrrrererenirsssnsresssssrsssensennns

Page
12
26
29



br
°C

chlioroform-d

dd

ddd
DEPT
DMSO
DMSO-ds
5

EIMS
ECso

Hg
'H NMR

HMBC
HMQC

HSQC

® SR F

LIST OF ABBREVIATIONS

broad (for NMR spectra)

degree Celcius

deuterated chloroform

count per minute

centimeter

carbon- 13 nuclear magnetic resonance

doublet (for NMR spectra)

doublet of doublets (for NMR spectra) |

doublet of doublets of doublets (for NMR spectra)
Distortionless Enhancement by Polarization Transfer
dimethysulfoxide

deuterated dimethylsulfoxide -

chemical shift

Electron Impact Mass Spectrum

effective concentration at 50 % inhibition of parasite
growth

gram

microgram

hour

Proton Nuclear Magnetic Resonance

'H-detected Heteronuclear Multiple Bond Coherence
'H-detected Heteronuclear Multiple Quantum
Coherence

'H-detected Heteronuclear Single Quantum Coherence
hertz

Infrared spectrum

coupling constant

kilogram




n/=z
MS

NOE
NOESY
P
pyridine-d,

vl|'| an

TLC

Liter

microliter

wavélength at maximal absorption
molar abso@tivity

molecular ion

milligram

millcurie

milliliter

megahertz

minute

mass to charge ratio

mass spectrometry

nanometer

Nuclear Magnetic Resonance
Nuclear Overhauser Effect
Nuclear Overhauser Effect Correlation Spectroscopy
part pér million

deuterated pyridine

wave number at maximal absorption
singlet (for NMR spectra)

Thin Layer Chromatography

ultraviolet




	Cover (Thai)�������������������
	Cover (English)����������������������
	Accepted���������������
	Abstract (English)�������������������������
	Abstract (Thai)����������������������
	Acknowledgements�����������������������
	Contents���������������
	Abbreviations��������������������

