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Two new steroidal ketones, (24 R)-methylcholest-4-en-3-one-6f-ol or
campest-4-en-3-one-6B8-0l and (24 S)-ethylcholest-4-en-3-one-68-o0l or
poriferast-4-en-3-one-6f-0l were isolated from the dichloromethane extract of
a Thai sponge, Mycale sp. and four known nucleosides, thymine, uracil,
thymidine, and 2'-deoxyuridine were isolated from the aqueous extract of the
same sponge. These nucleosides have not been previously found in the sponge
genus, Mycale. The structure elucidations of the isolated compounds were
achieved by analyses of the uv, ir, ms, 1-D nmr, and 2-D nmr spectral data,
as well as comparison with other known related compounds.

a Y < EN
MAIPY...... LT L muﬁa%ﬁam pedy 5 euman wﬁd n2
a A ol "
CRUTRRL 8 IREACK AT aeilevesrnsgnIiny (b ? Sprreprdie~— ..

o = | P ’
Unsdnm... 2337 a10ile Y0010 138NN - '4’~"“05fﬁd€ .



ACKNOWLEDGEMENTS

I wish to express my grateful appreciation to my thesis advisor, Dr. Khanit
Suwanborirux, Department of Pharmacognosy, Faculty of Pharmaceutical Sciences,
Chulalongkorn University, for his guidance, suggestion, encouragement, and kindness
throughout the research studies.

I would like to acknowledge my sincere thanks to my thesis co-advisor,
Associate Professor Surattana Amnuoypol, Department of Pharmacognosy, Faculty of
Pharmaceutical Sciences, Chulalongkorn University for her concern, kindly assistance
and valuable advice.

I would like to thank Assistant Professor Noppamas Suppakun, Department of
Pharmacognosy, Faculty of Pharmacy, Mahidol University for her concern and
valuable advice.

I would like to thank Professor Piamsak Menasaveta, the director of the Aquatic
Resource Research Institute, Chulalongkorn University and Dr. Jun-ichi Tanaka,
Department of Marine Sciences, University of the Ryukyus, for their support in the

sample collection.

I would like to thank Dr. Amorn Petsom, Department of Chemistry,
Chulalongkorn University for his kind support in MS experiment.

I would like to thank all NMR-operators of the Scientific and Technological
Research Equipment Center, Chulalongkorn University for their helpful assistance.

I would like to thank the University Development Commission (UDC) for a
schlolarship throughout the two years of study, National Center for Genetic
Engineering and Biotechnology, and the Graduate School of Chulalongkorn University
for granting partial financial support .

I would also like to thank all my friends in the Department of Pharmacognosy
for their contributions and hospitalities during the past three years.

Finally, [ wish to express my infinite gratitude to my family for their love,
understanding and encouragement.



CONTENTS

ABEERACT  CIRIA 60 it iioinsidss bt e B 8T iv

ABSTRACE LRI = i it it st s At v

AR O LB DO MRS i i isbieriossast sbsnsss s s i e T vi

CEMEIENTIR (0 s RN . s e e vii

N1 B SO e s Sl e T xi

LIST QF SCHEMES . % A N SN i o o Xvi

LIST OF . TABLES ... 0 /e NSNS i Xvii

ABBRENIATIONS . oo Gl o O, NN v i m Xviii
CHAPTER

L N RODUCT ION . . o T i oo vob i sarssnnbn sty b 1

II. HISTORICAL S et ocoeennnosseneemnnnnsnns 4

Chemical Constituents of The Genus Mycale................oo.o.o........ 4

ENBIERNIGRS. oty it i e B

% DEEPENOIUS < ciziviviivi i ivins ...................................... 4

0 IR S R T TR W AR 8

= EEBLIABS (. o il e el e g e 8

ZHnlogenated. ACBtORERING............. 0 .o i s 10

- Fatty acids and Fatty aldehydes............ccccveeveuvveennn...... 11

- Miscellaneous compounds............ccceeuuueneeeeeeeeeeeenoo... 12

Chemishy . OF . NUCIBOBIABR ... ..ot ivsensonesiasiosenansivenssietih bes e 13

S PREHBIAING ~DUBBS . 0 i s T 13

FRMEERE DREGE.. i 1o it sbrinsiin sssivhaionssamsnnisio s bitsatiosen 14

- Biosynthesis of pyrimidine nucleotides.......................... 14



I

- Biosynthesis of purine nucleotides................................ 16
- Formation of deoxyribonucleotides.....................ocooo..... 17
Distribution of Pyrimidine and Purine Nucleosides...................... 17
- Sources of pyrimidine nucleosides and derivatives........... 17

- Chemical structure of pyrimidine nucleosides and

QEORRRINRE . o B T e 18

- Chemical structure of purine nucleosides and

derivBlivesaes: o e e s 20
ChemiStry of Stepalo 0 il N R S vt oioiresastiniins + 21
- Biosynthosts /OF /SRS .\ N\ o cevrieiesisiorensasninesiis 24

- Conversion of /cycloastenol............c....ceeveeveeeeeeesnnnnsns 24

- Conversion of lanosterol..............cccceeeeveeeeveveeennnn... .24

- Side chain formmieepmsstsg) . e .24
Distribution of Steroidal Ketones..............coccevveevvevevuvvernn.... 25
EXPERIMENTARN .. ettt - oovoennsianiisibo s .26
- Source of Sponges....‘ ....................................................... 26
General TestigaeNMGROBN. UNINERRIIY. ... 0.0 26
- Thin-layer chromatography (TLC)............ e P 26

- Column ch"romatogfaphy .......................................... 26

S IPECHIOSCOPY. . liiiis s nirs i B G A e b .28
BrOBctIVILY DEICIIINALION. . ol viivesienicinemssosissnsesaiiuesssionesionss 29
- Brine shrimp lethality activity...............coccoevvvvvvvvvnn.. 29

= ABLMICLODIAL TRBLIVILY .. .ovvnnii i T isinsssnnrmiiniionssnbonisas 30

= EYTOLOXIC “BCUVIY 0. s oinaaniinnivsinmmismssmass sbmibusiiunt ot o 31

viii



Exteaction aid TSOMIION. o i i v e il e 70 32
S BRBERBMION.. i i s i e T T G e 32

- Isolation of chemical constituents from the dichloromethane
0 SRR SR R NSRRI B ettt 0 G 33

- Isolation of chemical constituents from the aqueous extract... 35

Spectral Data of The Isolated Compounds......................coo...... 38
“Componnd- BR80T 38
- Compound M-060........................ ....................... 39
-Compound <Ra04d. TR i A 39
=~ Compound A 0F8 SNS er v i i 40
= Compound” /ACHRATTE 450 e e eveeeiionrnrsiriss i, 40
- Compountl: 7 AAMBERAL NS i i 40
RESULTS AND DISCESSIOIN ...al...ccovoeereieiinmimmmneiiis 42
Isolation of Chemical Constituents................. .ocoovooooo . 42

- Isolation of chemical constituents from the
dichloromgghane-—extractee—" 88.....................ooeniiis. 42

- Isolation of chemical constituents from the

aqueRIUEALIOMGRURN. UMIVERAILY . ... 44
Stucture Elucidation of The Isolated Compound....................... 46
- Structure elucidation of the isolated steroids................... 46

= COMPOUBE -~ M-0GO......... .0 evirisiiinsnsibaiin, 46
~LOMBORIE NEO5Y. ... it et stn s 58

- Structure elucidation of the isolated nucleosides............... 66

- Compound A-(544 ........................................... 66

- Compound  A-046.........ccceoveeoiiaaee 68

- Compound A-047........... AR e A s e 70

- Compound  A-049..........ccuvivmeeeeeeaee 75

ix



N EONEEUNION o it B mte e Bl e e oy e 79

a2 U L R R i R B G S P L PR 80
D i 3o GRS TITE R B e T S Sp et R R T 86
N B B e R e e L e 164



LIST OF FIGURES

Figure 4 Page
1 A Thai marine spoﬂge Myeale Re o i 3
2 PYTIRIAIIE BASES .. o L s e 13
Sl T R LR s SO S e 14
4 The de novo pathway of UTP and CTP formation............... 15
5 !H-H correlation of M-060 observed in PDQF nmr spectrum.. 50
6 The long range C-H correlation of compound M-060 observed

from- HMBC ospeteunit. S, - - o o 51
7 Side chain C-H long range corralation of compound M-059
observed in HMBC /speelifim.... ... ocoovirreeniieneseanns 62
8 The long range C-H corralation of compound A-047
observed in HMBO\SPECEAN,........o . occieeeeeciierernsennans 72
9 Result from NOE experiment of compound A-047................ 73
10 TLC chromatogram of fraction M-007 and M-055................. 87
11 HPLC chromatogram of fraction M-055...............coour....... 88
12 TLC chromatogram of fraction A-004, A-033, A-037
and compounds A-044, A-046, A-047, and X049, ... 89
13 The uv spectrum of compound M-060 (in chloroform)........... 90
14 The ir spectrum of compound M-060 (film)....................... 91
15 The 500 MHz 'H nmr spectrum of compound M-060
(0 CBETs. DO exclatge)........ .o 08 o e 92
16  The 500 MHz H nmr spectrum of compound M-060
(in CDCl3, D70 exchange, expanded from 2.35 ppm-
2,60 ppmx dnd 4.28-142 ppm)...............oiveiviiiciiiit i 93
17 The 500 MHz 'H nmr spectrum of compound M-060 (in CDClI3
» D20 exchange, expanded from 1.45 ppm-2.10 ppm)........... 94
18 The 500 MHz 'H nmr spectrum of compound M-060 (in CDCl3
» D20 exchange, expanded from 0.75 ppm-1.45 ppm)........... 95
19 The 125 MHz !3C nmr spectrum of compound M-060

g s A e I T S 96



20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

37

';‘«_i'.b'i

The 125 MHz 13C nmr spectrum of compound M-060

(in CDCl3, expanded from 12 ppm-57 ppm......................

The 125 MHz DEPT 90 nmr spectrum of compound
M0G0 G CHIBE I il cviticin ibiosnivssssonssivesarin
The 125 MHz DEPT 135 nmr spectrum of compound

M-060 (in CDCl3, expanded from O ppm- 58 ppm).............

The 500 MHz HSQC spectrum of compound M-060
AL e LTRSS e i A I g
The 500 MHz HSQC spectrum of compound M-060
(in CDCI3, expanded from 10-60 ppm).........................
The 500 MHz HSQC spectrum of compound M-060
(in CDCl3, expanded from 10-24 ppm)...........................
The 500 MHz 'H, 'H COSY (PDQF) spectrum of

compound M-060, expanded from 4.28 ppm 4.38 ppm.........

The 500 MHz !H, 'H COSY (PDQF) spectrum of

compound M-060, expanded from 0.60 ppm 2.80 ppm.........

The 500 MHz !H, 'H COSY (PDQF) spectrum of
cbmpound M-060, expanded from 0.70 ppm 2.10 ppm........
The 500 MHz HMBC 4 Hz spectrum of compound M-060
(in CDCL3) ;) et e,
The 500 MHz HMBC 4 Hz spectrum of compound M-060
(I G, Rl i
The 500 MHz HMBC 4 Hz spectrum of compound M-060
{in " CDOMIULEDUNUNURN. SNINERSRLY .~ .
The 500 MHz HMBC 4 Hz spectrum of compound M-060
CLad B L G AR 0 R Y O e
The 500 MHz HMBC 4 Hz spectrum of cdmpound M-060
G S e iR i e
The 500 MHz HMBC 4 Hz spectrum of compound M-060
SIS M 2y R G e el SRR U e
The 500 MHz HMBC 4 Hz spectrum of compound M-060
i S e O b TR U MRS SR e
The 500 MHz HMBC 4 Hz spectrum of compound M-060
(L7 g s v CRVRT L. o R Ci, ORI et = ST LT
The 500 MHz HMBC 4 Hz spectrum of ¢ompound M-060
1 Sl B B DR ¢ A A S S A )

Xii



38
39
40
41
42

43

45

46

47

48

49

50

51

22

53

54

55

56

Xiil

The 500 MHz HMBC 4 Hz spectrum of compound M-060

G GRS (IS i o mns a o k5
The eims spectrum of compound M-060.......................... 116
The uv spectrum of compound M-059 (in chloroform).......... 117
The ir spectrum of compound M-059 (film)....................... 118
The 500 MHz 'H nmr spectrum of compound M-059

R O e e 119

The 500 MHz 'H nmr spectrum of compound M-059
(in CDCl3, expanded from 2.35 ppm-2.60 ppm and

S IT-R:38 PDHMY s nde sy o 120
The 500 MHz 'H nmr spectrum of compound M-059
(in CDCl3, expanded from 1.45 ppm-2.10 ppm)................ 121
The 500 MHz 'H nmr spectrum of compound M-059
(in CDCl3, expanded from 0.75 ppm-1.40 ppm)............ 122
The 125 MHz 13C nmr spectrum of compound M-059
(it COGI). . O R AN s s e s 123
The 125 MHz 13C nmr spectrum of compound M-059
(in CDCl3, expanded from 12 ppm-56 ppm)...................... 124
The 500 MHz HSQC spectrum of compound M-059

G0 CDCI by it O B v osiain s i 125
The 500 MHz HSQC spectrum of compound M-059

(in CDCl3, expanded from 10-60 ppm)...........cocoo........... 126
The 500 MHz HSQC spectrum of compound M-059

(in CDCI3, expanded from 10-26 ppm)..........ccon............ 127
The 500 MHz HMBC 6 Hz spectrum of compound M-059
RO L8 o TR ) e S s i A o s 128
The 500 MHz HMBC 6 Hz spectrum of compound M-059
ET TR E 03 R o o MR SR DN P EN s 129
The 500 MHz HMBC 6 Hz spectrum of compound M-059
L CDOII ) (3 cvrssisaninisnnemeyessissub it s brdbpnesistienions 130
The 500 MHz HMBC 6 Hz spectrum of compound M-059
(I CDCI3), A4).iveeieiereneiviivmnomnarcisssnssssiossmnnnnnnnsiomonss 131
The 500 MHz HMBC 6 Hz spectrum of compound M-059
U DI+ 0 csio0ci miemrirrrinsirtnmsinnnsnsndsss ss st 132

The 500 MHz HMBC 6 Hz spectrum of compound M-059
R R, - N0 ) scsinssmiiniomemprme sissmmimb s sms 133



57
58
39
60

61
62
63
64
65
66
67
68
69
70

71

72
13

74
75
76
4
78
79

80
81

The eims spectrum of compound M-059......................_. 134
The uv spectrum of compound A-044 (in methanol)............. 135
The ir spectrum of compound A-044 (KBr dise)..oooniiiinn 136
The 500 MHz 'H nmr spectrum of compound A-044........... 137
(in CD30D)
The 125 MHz 13C nmr spectrum of compound A-044
(0TI i ot sl R 138
The eims spectrum of compound A-044.................oo..... 139
The uv spectrum of compound A-046 (in methanol)............. 140
The ir spectrum of compound A-046 (KBr disc)................ 141
The 500 MHz 'H nmr spectrum of compound A-046
(in CDIOD) . oy . Gy, v, o o0 142
The 125 MHz 'H nmr spectrum of compound A-046
(I CDI0D) o N R+« o as it 143
The eims spectrum of compound A-046.......................... 144
The uv spectrum of compound A-047 (in methanol)............. 145
The ir spectrum of compound A-047 (KBr disc)............... 146
The 500 MHz !H nmr spectrum of compound A-047
(in. CD30OD)........ o e e e e et eereesseenesnnersonennnnens 147
The 125 MHz 13C nmr spectrum of compound A-047
LRI BT B pre o e S w R 148
The 500 MHz HSQC spectrum of compound A-047........... 149
The 500 MHz HMBC 8 Hz spectrum of compound A-047
(in: CD3;OBYLALONMGKORN. &I PANERDIA L i 150
The 500 MHz nOe difference spectrum of compound A-047
[CD30D, irradiation at 7.81 ppm (H-6)]....oevvveeoeeooe 151
\The 500 MHz noe difference spectrum of compound A-047
[CD30D, irradiation at 6.27 ppm (H-1)].ceoeveevoeeereoon, 152
The 500 MHz noe difference spectrum of compound A-047
[CD30D, irradiation at 4.39 ppm (H-3)].ieeieeeannnn, 153
The 500 MHz noe difference spectrum of compound A-047
[CD30D, irradiation at 2.20 ppm (HB-2")]..ccccevevverrernn.. 154
The eims spectrum of compound A-047..................o...... 155
The fab mass spectrum of compound A-047 (glycerol matrix). 156
The uv spectrum of compound A-049 (tn methanol)............. 157

The ir spectrum of compound A-049 (KBr 1.7 R 158

Xiv



82

83

84

85
86

Xv

The 500 MHz 'H nmr spectrum of compound A-049

T T b R e R SO e R s N 159
The 125 MHz !3C nmr spectrum of compound A-049

B SRR b o e T e e s S i 160
The 500 MHz HSQC spectrum of compound A-049............ 161
The eims spectrum of compound A-049.......................... 162

The fab mass spectrum of compound A-049 (glycerol matrix).163



LIST OF SCHEMES

Scheme Page
1 TIsolation diagram of M-059 and M-060........................ 43
2 Isolation diagram of A-044, A-046, A-047, and A-049........... 45
3 Proposed mass fragmentations of compound M-060.............. i
4 Proposed mass fragmentations of compound M-059.............. 65
5 Proposed mass fragmentations of compound A-044............... 67
6 Proposed mass fragmentations of compound A-046............... 69
7 Proposed mass fragmentations of compound A-047.............. 74
8 Proposed mass fragmentations of compound A-049............... 77



Table

W N -

N O Lhhob

10

11
12

13

14

15
16

17

LIST OF TABLES

Page
The Phospholipid fatty acids and fatty aldehydes................... .11
Sources of pyrimidine nucleosides and derivatives.................. 17
Chemical structures of pyrimidine nucleosides and
deriyBlIVesS .. i, it D PSR AT e 2 18
Sources of purine nucleosides and derivatives..................... 19
Chemical structures of purines nucleosides and derivatives........ 20
Sources of sterordal kelOneS e . ... 25
The carbon-proton correlations of M-060 observed in HSQC
SPECUUNk..... ... . L LR NI . v von i sai i 48
Carbon and proton chemical shift assignment, proton proton
correlations, and carbon proton long range correlations............ 32

Carbon chemical shifts of procesterol and M-060 (in CDCl3)... ..54
Carbon chemical shifts of M-060, compound 25 and

compound WA CIMCIAY. = NE) .o "ot L 55
Carbon chemical shifts of M-059 and M-060.................... .... 59
Carbon chemical shifts of M-059, compound 1S, and

od o ne D e T it il R e s B e 60
The carbon-proton correlations of M-059.0bserved in the -

SO SPECIUM. i oy iiioibiniecan SRR S R DO 60
Carbon and proton chemical shift assignment and carbon proton
1000 range COrTelatiONR.... o0 o b i B e 63
NOE enhancement for compound A-047.........ccoovevovvvvevein. 72
IH assignments of compounds A-044, A-046, A-047,

and A-049 (in CD30D): . iochiivereniivocssssismminesassssssnssmsseds 78

13C assignments of compounds A-044, A-046, A-047,
and A-049 (in CD30D).......cuuueemmeeeeeeeeeeee e 78

e



£ o
oC
CDCl3
~ CD;0D
CH2C12-
CHCl3
13C nmr

COSY
CTP
1-D
2-D

dd
ddd
dddd
DEPT

dt
' 'ehng :
eV

IH-nmr
HPLC
HMBC
HSQC
Hz
ICs0

ABBREVIATIONS

= Molar absorptivity

= Adenosine 5' diphosphate

= Adenosine 5' monophosphate
= Adenosine 5' triphosphate
= Broad triplet (for nmr spectra)
= Degree celsius

= Deuterated chloroform

= Deuterated methanol

= Dichloromethane

= Chloroform

= Carbon-13 nuclear magnetic resonance
= Centimeter

= Correlated spectroscopy

= Cytidine triphosphate

= One dimensional

= Two dimensional

= Doublet (for nmr spectra)

= Doublets of doublet

= Doublets of doublets of doublet -

Doublets of doublets of doublets of doublet
Distortionless enhancement by polarization transfer
= Chemical shift :

= Doublets of triplet

= Electeon impact mass spectrum

= Electron volt

= Gram

Proton nuclear magnetic resonance

High performance liquid chromatography
IH-detected heteronuclear multible bond coherence

Il

H-detected high sensitive quantumn coherence
= Hertz 3
50 % Inhibition concentration



kg

Amax
M+
MeOH

ug
pm
mg

MS.
NA
ng
nmr
No.
NOE

PDQF
pg
ppm

sp-

Spp.
SCUBA
SDA

TLE
TSA
UTP
uv

Xix

= Infrared
Coupling constant

Kilogram

= Liter

= Wavelength at maxima absorption
= Molecular ion

= Methanol

= Mega Hertz

= Microgram

= Micrometer

= Milligram

= Millimeter

= Mass spectrum

= Nutrient agar

= Nanogram

= Nuclear magnetic resonance

= Number

= Nuclear Over-Hausser effect

= Wavenumber at maxima absorption
= Phase sensitive double quantumn frequency
= Picogram

= Part per million

= Quatet (for nmr spectra)

= Singlet (for nmr spectra)

= Specy

= Species

= Self-contained underwater breathing apparatus
= Sabouraud dextrose agar

= Triplet (for nmr spectra)

Thin layer chromatography

Trypticase soy agar

Uridine triphosphate
Ultraviolet

:.l.lv:‘.:



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

