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Examination of the stem bark of Michelia rajaniana Craib.
(Magnoliaceae) revealed the presence of five epoxy germacranolides,
parthenolide, bisparthenolidine, paramicholide, N-acetylparthenolidine and
N-acetyl-8a~hvdroxy-parthenolidine. The latter three components were found
to be unusual germacranolides which have not been reported previously while
the former two were demonstrated to possess antitumor activity.. 1In addition,
the sixth component was oxoaporphinoid alkaloid liriodenine.

The present investigatio
sesquiterpene lactones from Groa
eudesmanolides were isolateqa®
component was allergenic 1
unusual 7-hvdroxy eudesm:
dihydroxydihydrofrullano

also undertaken to further study of
Jospatana Poir, (Compositae)., Three

tures were determined. The first
'/jlolide whilst the other two were

= [P )-dlx—frullanolide and 30, 70-

1 13Structural el
H-NMR =~ "C-NMR spectrosc
the elucidation of ch

AULINENINYINT
MR TAUNM TN



vi

ACKNOWLEDGMENTS
The author wishes to express her sincere gratitude to the
following:
Associate Professor Nijsiri Ruangrungsi of Department of

Pharmacognosy, Faculty of Pharmaceutical Sciences, Chulalongkorn

ke research, helpful guidances

xésts throughout the course

University for his cuper
keen interest and c
of this study. ~
Mr. Kitti ctor of the Department
of Pharmacogno Sciences, Chulalongkorn
University, for :, keen interest, and
interpretation ¢
Professor C ” ‘7"' ; hilaterloo Centre for Graduate
Work in Chemistry, i p 1®:ry and Biochemistry
University of Guel-c"gfl?_;ﬁfﬁ. or his kindness in
identificati Mo — :--
7 4

Professorwtf. — hd{fl ormer Head of the

¥

Department of Phqu ceutical Bo y, Faculty of Pharmaceutical

et} AT TN AT, socrer s

corrections of the writinggof this thesis.

4 WA IDIUNTVINHARY s
of Pharmacognosy, Faculty of Pharmaceutical Science, Chulalongkorn
University, for her helps and kindness to accept her to study in

the Department of Pharmacognosy.



Assistant Professor Thatree Phadungcharoen of the Department
of Pharmacognocy, Faculty of Pharmaceutical Sciences, Chulalongkorn
University, for her kindness and keen interest during the present
werk.

All staff members of the Department of Pharmacognosy\and of
the Department of Pharmaceutical Botany, Faculty of Pharmaceutical

Sciences, Chulalongkorn University, for their kindnesses and helps.

'4#iversity for granting her
partial financial aid orT .'A g assistantship (18,000
t this investigaticn.
Finally, th

zkla University for

her financial supgp e of this study.

!

AULINENINYINT
ARIAATANNING A Y

vii



viii

CONTENTS
Page
ABSTRACT (Thai) ...... et iv
ABSTRACT (English) ....o.viennvnennnnn. e e v
ACKNOWLEDGEMENTS .+« v vvveunoe Bl s ooeeroceronnnennnnn vi
CONTENTS ......... e ¥ 7 T vii
LIST OF CHARTS ....... . — viii
LIST OF TABLES ..., s ] AT R xiii
LIST OF FIGURES ..... f7. 1.\ \ ; .......... xiv
LIST OF STRUCTURES™. | PR Y\ -“nQ. .......... xvi
ABBREVIATIONS.....#. #& o (=18 40 ’ “:1; ........ XX
CHEMICAL FORMULAE .#% J“,' 'E _ ium;, ......... xxii
CHAPTER !
I INTRODUCTION
— 9.
Gro ea maderdopavaa roir... ... 14
IT HI rcar¥ & ol , 19
AUEANANINAINT .
1ﬁi lags ; 15;1 | ﬁvqi Snenl v 20
QTR g Tay -

2.1.1 Structural Types of Germacranolide 20
2.1.2 Chemical Transformations of

Germacranolides 21



ix

Page
2.2 Eudesmanolides and Biogenetic
DeTivVALiVEeS ccrevsosrsceraserssnnncsnss 26
2.2.1 Structure of Eudesmanolides
and Biogenetic Derivatives .... 26
Transformation of
et ineen e 28
guaianolides
............... 29
.............. 29

W% Transformations

uzna Xanthanolides 29

................ 30
| lemanolides ...... 30
nical Transformations
- 30
iogenetic
Derivarives .................. 32
ﬂ UBIRUNINEIAF e .
iosynthesis (Bﬁpgenesis) Sesquiterpgge
q RAIAIUNRIINYINY..
3.1 Biosynthesis of Germacranolides ,___ .. 33
3.2 Biogenesis of Eudesmanolides _  , . .... 38
3.3 Blogenesis of Guaianolides and
Xanthanolides ., .......cccvvieiin.nn. 38
3.4 Biogenesis of Elemanolides 38

3.5 Biogenesis of Pseudoguaianolides 41



3.6 Biogenesis of Eremophilanolides and

Bakkenolides «vvev v i i eananons

IIT EXPERIMENTAL .. .cvtiiiiiii i ai e

1. Source of Plant M i

1.1 Michels

3. Extraction a
3.5

3. :

o AN
LTI

1 .
4., Idenedfication of the Isolated ¥dmpounds ...

CNVLIN (1) () LA

4,5
4.6
4.7
4.8

4.9

Identification of MR-8

Identification of GM-1

-----------------

Identification of GM-2

Identification of GM-3

Page

43

45

45

45

45
47
47
47

48

49
50

51

(9]

1

62

64

69

71

74



Page

TV DISCUSSTON «vvvvvemnneesnnnreenanneneenenns /8

V CONCLUSION AND RECOMMENDATION ............. 87

REFERENCES '+ vt vvvveeneeeanseneeeeaeeennnnns 88

ARPENDIX ......... ] P 100
............. 102—112

............... 113

VITA ..... 70 P N .. 149

AULINENINYINT
ARIAATAUNN TN



Chart

10

11

12

13

14

15

16

17

LIST OF CHARTS

Configurational types of germacranoclides
Cyclization of costunolide

Cyclization of dihydroparthe

Dehydrogenation of a

Lewis acid catali Lzatio _'daanolid.e monoepoxide

trans, trans-fars
Biogenesis of
Biogenesis of#*T
Type and biog
sesquiterpene 4

Biogenesis of eu ;;;o—eudesmanolides

Biogenesis of guai;no; nhanovlides

Cope rearrangement acetate

-

Biogenesis ol

iy Jiolides

Biogenesis of,'Eleno v

4

Transformation o‘geudesmanoliu to an eremophilanolides

e B WA WEIAT. .

q

l ranolide-derived

xii

page
20
23
24
28
31
34
35

36

37
39
40
41
42
42
43

44



xiii

LIST OF TABLES

Table page
1 Chemical investigations of Michelia spp. 9
2 Chemical constituents found in Grangea sp. 18

4 Carbon-13 nuclear m " MR-1,MR-3 ,MR-4 ,MR-6
and MR-7 68

5 Carbon-13 nuclear m. TE N\ hﬁ“xhx_ 1,GM-2 and GM-3 77

‘ Y |

AULINENINYINT
ARIAATAUNN TN



LIST OF FIGURES

Figure

1

2

3-13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

Michelia rajantiana Craib.
Grangea maderaspatana (Linn.)Poir.

Thin-layer chromatogram

Infrared absorptior
Proton nuclear s
Mass spectrum o
Infrared absorr
Proton nuclear
Carbon-13 nucle:
Mass spectrum of
Infrared absorpti¢
Proton nuclear magnet:
Carbon-13 nfiC4s

Mass spectrL’G

Infrared abso™ tion spectrum of MR-6

ﬁﬁ?ﬂwgmw 103

Carbon- QUnuclear magnetic resonance of

*%:swmﬁmmummmaﬂ

Infjrared absorption spectrum of MR
Proton nuclear magnetic resonance of MR-7
Carbon-13 nuclear magnetic resonance of MR-7

Mass spectrum of MR-7

Ultraviole¥-visible absorption spectrum in 95% ethanol
~of MR-8

Ultraviolet-visible absorption spectrum in 0.1 N HCl of

MR-8

page

7

17

102-112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

Xiv



Figure

35

36

37

38

39

40

41

42

43

44

45

46

47

48 .

49

Infrared absorption spectrum of MR-8
Proton nuclear magnetic resonance of MR-8
Mass spectrum of MR-8

Infrared absorption spectrum of GM-1

Proton nuclear magnetic resonance of GM-1

Carbon-13 nuclear maid ‘" 22 of GM-1

Infrared absox
Proton nucle&®
Carbon-13 nu€®
Mass spectru

Infrared abso

Mass spectruzm o

™
-

v

L

L

ﬂumwﬂmwmn‘s
QWWMﬂ‘iﬂJNWT}V]EﬂﬂH

page

134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

XV



Xvi

LIST OF STRUCTURES

structure

1l isoprene unit

2 o-methylene y-lactone
3 germacrolides

4 melampolides

5 heleangolides

6 cis,cis-germ i

7 costunolidg

8  costunoli
a-cyclocos:
10 B-cyclocost:
1l  epitulipinold
12  tanacin

13 herbolide B
14 eriofert';;v
dihydroparj; , .o 1

ke

cation of 15‘

1 guaiﬂu«aﬂl’JVIHVI’i‘Wﬂ’]ﬂ‘i

18 parthenolide
ﬁalmmmfuum'mmaa
20 peroxyferolide

21 peréxycostunolide

22 peroxyparthenolide

23 (=)-frullanolide

24 (+)-frullanolide

25 eriolanin

26 eriolangin



structure
27 ivangulin
28  lumisantonin
29 vernodesmin
30 alantolactone
31 isoalantolactone
32  eudalene
33  saussurea lacton
34 1,2-epoxide of g
35 3,4-epoxide
36 dihydrosant
37 dihydroreyn
38 alcohol deri
39 ambrosanolide |
40 helenanolide
41  acetyl CoA
42 acetoacet P
43 3-hydroxy m{i)y -
44  mevalonic aci*
s U8 3NBNINYNG
46 isopentenylpyrophospha'b
o FRARNIEY: WEAINAY
48 geranylpyrophosphate
49  trans,trans-farnesylpyrophosphate
20  trans,trans-germacradiene
21l  germacrene
52  epoxide intermediate
53 hydroperox;de
54  alcohol

xvii



structure

55
56

57

w
02]

|
-

~
~

[e2] ~ ~
o O (o]

|

aldehyde

acid derivative
inunolide

costunolide 1,10-epoxide

reynosin

santamarin
intermediate cgl
eudesmanolidc o
aldehyde de
germacrolig
guaianolide
guaianolide
xanthanolide
guaianolide dieflo14
cyclopropane ¢

ivaxillar"
Y.,

tamaulipin'dpeta

chair-like tr‘ tion state g

sl UHANTNTNYINT

guaianolide type catiof

mqmnmum'mmaa

damsin
melampolide-4,5-epoxide
intermediate cation
eudesmanolides
eremophilanolides

furanoeremophilane

xviii



structure
82 intermediate of 83 and 84

83 furan derivative

(3

eremophilenolide
85 furanolactone

86 furanodilactone

87 fukinone

Co
(2]

a,B-epoxy ket

lm
Vel

ring contrd®

90 bakkenoliade

AULINENINYINT
ARIAATAUNN TN



XX

ABBREVIATION

AcOH = acetic acid
br = broad
°C = degree Celsius

&3 carbon

CoA

d.b.

EIMS act mass spectrometry

ent

EtOH

lgr magnetic resonance

-
-

hRf AX Joot centre from start point

. AusIngninbing
AN IUNATINAE

kg = kilogram

L = litre
lactoniz. = lactonization
m = metre

m = multiplet

+

M = molecular ion

m/z = mass to charge ratio



continued
mg = milligram
MHz = megaherti
ml = millilitre
mm = millimetre

melting point

OAc
OAng
OH
OPP

oxidat.

Tadium-carbon

mi e {on

Py vﬂ; R )

q ) me—eguartet 90

. AuEINgniNEng
R TN IU AN At

UV-visible = ultraviolet-visible



xxii

CHEMICAL FORMULAE

RF =borontrifluoride

CCl =carbontetrachloride

CDC1 =deuterated-chloroform

ichloride

ride

-

Se0O W N

0 i : £ )
¥

AULINENINYINT
ARIAATAUNN TN

wiorid :'I

SoCl1



CHAPTER 1
INTRODUCTION

Michelia rajaniana Craib

Michelia Linn., is trees and shrubs of the

family Magnoliaceae. 'y—Fin/ of Michelia are distributed

widely in the tropic m India to China, Japan

and Malaysia: four Spe: aud and more two other
species are commoni “1es are found in India

(1, 2, 3).

According to 3 species of this genus

are shown below :- |/ fm

Michelia aenea Darii: rESTTIRT]

M. alba '

M. baillont _i:'

Sy

M. balansae Dandy

- bﬂfﬁﬁﬂ%ﬂ%iw BN

16?1 Finet & gagnep

ammmmum'mmaa

caleuttensis Parmentier

M. catheartii Hook & Thoms.
M. cavaleriei Finet & Gagnep. (M. cavaleriei Leveille,

M. leveilleana Dandy)



M. champaca Linn. (M. aurantiaca Wall., M. blumei Steud.,

M. evonymoides Burm., M. pubinervia Blume., M. rheedii Wight.,
M. chanpaca Lour. ex Gomez)*
M. chapensis Dandy

M. chingii Cheng

M. coerulea Steud.
M. compressa
M. compressa
M. compressa
M. constrict
M. cris Ruiz
M. cumingit
M. dandyi Hu

M. doltsopa Buq
M. ecicatrisata Mig
M. excelsisd

M. fallax

M. figo

M, ﬁﬂiﬁuﬂ' ?ﬂﬂﬁﬂﬁﬁﬂﬁib M. manipurensis
QW‘T&\W’EW UNIINYIRE

foveolata Merrill ex Dandy
M. fulgens Dandy
M. fuscata Blume
M. glaba Parmentier
M. gracilis Xostel

M. gravis Dandy ex Cagnep.



M. griffithii Finet & Gagnep.

M. gustavi King

M. hypolampra Dandy

M. kachirachirai Kanchira & Yamamoto

M. kingii Dandy

M. kisopa Buch.-Ham.

M, lacetr Smith

M. magnificc
M. manipurens

M. mamii Kir

=

martinii Dand
masticata Da
maudiass's

mediocritw Da

oy

mtcrotrmchﬁr Hand.-Mazz.

moﬂﬂ%ﬂ mmw BN

M. na Blume

QWZ’%@@% AT U Wﬂo&la

M. pulneyensis Wight, M. walkeri Wight)

X

M. oblonga Wall.(M. lactea Buch.-Ham, ex Wall.)

M. parviflora Merrill (M. parviflora Rumph. ex DC.)
M. parvifolia Blume (M. parvifolia DC.)

M. pealiana Finet & Gagnep. (M. pealiana King)

M. phellocarpa Finet & Gagnep.



M. philippinenstis Dandy

M. pilifera Bakh. (M. velutina Blume)
M. platyphylla Merrill

M. platypetala Hand.-Mazz.

M, punauana Hook & Thoms.

M. rajaniana Craib*
M. scortechinii %

M. stnensis Hewm

szechuanic
M. tignifera D
M. tila Buch.-I, :ff'

M. tonkinensis Liﬂrgagr-; y

tsiamp . fad

M. tsoi Daries

i ¢

M. uniflora landy

- “ﬂ‘lﬂ%ﬂﬂﬂﬂ?ﬂﬂ’lﬂﬁ

M. wil¥nii Finet & Ca%Fep.
SUACMIE AL

(The asterisked names are endemic species in Thailand)

Utilization of this genus has been reported in many countries.
The wood is used excellently for boxes, furniture, building, decorative
fittings, carving and carriage. The flowers, exceedingly fragrant are
used for perfume (2, 3). The bitter substances in the plants make

them medicinal such as the bark of Y. champaca Linn. 1is used as stimulant,



diuretic and febrifuge; dried roct and root bark are purgative and
emmenagogue; the juice of the leaves is used in colic; flowers and
fruits are stimulant, antispasmodic, stomachic and diuretic and are
considered useful in dyspepsia, fever and in renal diseases; the

flower oil is used as an applicetion ir cephalagia, ophthalmia, gout

considered useful for healing

ﬁont_ma Bl. 1is used as a

es of M. nilagirica

and rheumatism; fruits and sa
cracks in feet (2, 3, S)
bitter tonic in fever
Zenker are used as fek: wl of M, batllonii (Pierre)
Finet & Cagnep. 1is i :‘ xix ant and febrifuge (5).
The flower buds of ’ l

infusion given to

women for sapremia,

Michelia rajad ‘arious local names in

Y : =
Thailand as Champee luaug jﬁ-:ﬁ > Mai), Cha-Kae «zun

ﬁplr_jJA
(Karen-Mae Hong Scp) ST

o - — ]
-
L)

i |
M. r’ajaniu. ._.‘ o -y to 25 m tall.

Leaves elliptic to T oadly ovate-oblong, 17—26”\—30) by 11-12 cm;

ex oveoe: G4 LI N PTG ARG > e

almost parallédyl; glabrous above densely greyish tomentmse beneath;

e QRTINS+ 5

Flower—bads fusiform, 2.5-3 cm long; spathaceous bract densely
sericeous; peduncle 1.2-1.5 cm long. Tepals 12 white to pale yellow,
outer ones narrowly obvate, 3 by l.4 cm; inner ones much narrower.
Stamens 5-6 mm long, shortly appendaged. Gynoecium about 1 cm long;
carpels 25-28, covered with golden hairs, the stigma black, beaked.

Fruiting carpels 3-5 or more in a cluster; individual carpels globose

or oblong-ovoid, about I cm Tong,, _

ua&u&&m: ﬂﬂ]ULﬂHUUSII 13

ﬁma.mammmmau



M. rajaniana Craib is found especially in the northern part of
Thailand, in lower montane forest, or found at the edge of hill slope,
at medium altitudes (1000-1300 m) (1).

In Thailand, there is no report about the medicinal uses of

this plant.,.

Chemical studies of A8 _species of Michelia have been

’/)iones , the germacranolide
—

reported the presence

group, for example mi: »lide, parthenolide,

costunolide, lanug helenolide from the root

bark of M. compres anugilide, 11, 13-
dehydrolanuginolid Nhn the stem bark of
M. lanuginosa Wall. , the root of M. champaca
Linn. (8). Some of

micheldiolide, michele #1

dehydrolanuginolide and ‘fﬁﬂcifﬁ?i iiepoxide are cytotoxic agents

iterpene lactones such as

costunolide, santamarine,

9). ;:‘

M. rajania=d

" m{i‘!ﬁ'ﬂﬂiﬂiﬁﬁﬁiﬁ?iiﬁiﬁiﬁi .
S L MEANTIRTOR ek (R

with th mixture of resorcin in methan ulphuric acid

Craib is tound especiall®in the northern part of

(1:1) on TLC and the KB cytotoxicity assay. Hence it is indicated the

presence of cytotoxic sesquiterpene lactones.

Accordingly, this present investigation deals with extraction,
isolation and elucidation of sesquiterpene lactones in the stem bark,
in order to contribute our knowledge of the constituents containing in

this species and to search for compounds which might exert biological

activities.
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ure 1 Michelia rajaniana Craib :a,twig and flower

Fig

b,flower c¢,fruit (1)



Chemical Constituents of Micheltia spp.

Members of the genus Michelia are found to contain a wide
range of chemical constituents; sesquiterpene lactones, alkaloids,
volatile oil, fixed oil, lignan and steroid.

A list of compounds fou

n various species of Michelia

genus is shown in table !

|
W
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Table 1 Chemical investigations of Michelia spp.

M. champaca Linn.

Botanical Origin Plant Part
Mickelia alba DC. -
flowers
4. cathcartii Hook.f. leaves,
& Thoms. Fl1. trunk &

root bark

flowers, ﬂ

oil ql

barﬁqliﬂ'f]

Si®sterol

Oxyacanthine

ugAngninenny
AT N INY

Category Reference
Alkaloid 10
Alkaloid 10
Alkaloid 10,12
Alkaloid 10
Alkaloid 11
Alkaloid 11
Essential oil 13
Sesquiterpene lactone 14
Alkaloid 14
Steroid 14

ed oil 15
Volatile oil 15
s
e )
Alkaloid 16




Table 1 (Continued)

Botanical Origin

Plant Part

M. compressa Sarg.

root

bark

= A Ienswenn

LM

Tea ahydrojatrorrnizine

SIS NNy

Category Reference
Alkaloid 17
Alkaloid 17
Alkaloid 17
Alkaloid 18
Alkaloid 19
Sesquiterpene lactone 19
Alkaloid 20
Alkaloid 20
Alkaloid 20
Alkaloid 20

ﬁAlkaloid 21
Alkaloid 21
-] uﬁterpene lactone 2
Equlterpene lactore 2

Ul



Table 1 (Continued)

Botanical Originm

Plant Part

v.

M.

compressa Maxim,

var. jormosana Kanchira

doltsopa Buch.-

Ham. ex DC.

bark

o mParthenollde
1RIATAIUNINE

W

Compres #Fngiias

Liriodenirgsi_ik

Nagno%}orlne

U WH%?W B) V1) Foastcervene taccone

Category Reference
Sesquiterpene lactone 2
Sesquiterpene lactone 2
Sesquiterpene lactone 2
Sesquiterpene lactone 2
Sesquiterpene lactone 2
Sesquiterpene lactone 2
Alkaloid 2
Alkaloid 21
Alkaloid 21
Alkaloid 21

22
Ses&&iterpene lactone 22
Qea\xﬂrpene lactone 22

11



Table 1 (Continued)

Botanical Origin

Plant Part

M. excelsa Blume

figo Spreng.

M. fuscata Flume

trunk &

root bark

leaves

leaves

bark

d-Laudée gFsixs

d—Armepav1

i

De'firolanuginolide

W INYNTNEN

Deacetylanuginol

N AINTRINAIING

Syringaresinol

Category Reference

Steroid 14
Alkaloid 23
Alkaloid 24,25
Alkaloid 24
Alkaloid 24
Alkaloid 24
Alkaloid 25
Alkaloid 25
Sesquiterpene lactone 25

iesquiterpene lactone 26
Sesquiterpene lactone 26

s

Tﬁqtﬂerpene lactone 26

Lignan 26

A



Table 1 (Continued)

Botanical Origin

4. hedyosperma Law.

[

o lanuzinoca Wall,

M. paniculata Linn.

Plant Part Categery Reference
- Essential oil 27
Volatile oil 27
trunk bark Sesquiterpene lactone 28
Sesquiterpene lactone 28
Alkaloid 14,29
Alkaloid 14,29
Sesquiterpene lactone 7
Sesquiterpene lactone 7
Alkaloid 29
Leaves Steroid 14
flowers 13

ARTAINTU NN INY

9
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Grangea maderaspatana Poir.

Grangea Adanson, a genus in the subtribe Grangeinae, the tribe
Astereae, the family Compositae, is a genus of suberect or prostrate
annual herbs. The occurence of fourteen species of (rangea is fcund

in tropical and subtropical Asi Africa, all seasons (30, 31, 32,

33).

According to to Fns - 4 species of this genus

are shown below :-

Grangea antriem:
G. chinensié f., G. minima Poir.,

G. minuta®
G. cinera Link®
G. dissecta Boj. “am., G. sonchifolia Lound.)
G. domingemwi

G. hispidas d

i
-

hippiodeﬂ-yerxm.

HUEANENINYINg
RN, . ...

Cotula maderaspatana Willd., C. sphaeranthus Link.,

Grangea sphaeranthus Koch. (33))
G. minima Lipp.
G. mucronata Buch.

G. strigosa Gandoger
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Grangea maderasratana Poir. 1is known in various local names
such as Phayaa mutti wgwn® (Suphan Buri); Yaa chaam luang wgyianunady

(Chiang Mai) (4, 33).

G. maderaspatana Poir. 1is prostrate or sometimes erect annual

herb, stems spreading from th; ~gtrate, upto 25 cm long, whitish

pubescent and glandular. élyrate—pinnatifid or almost

bipinnatifid, upto 10 ™4 or pinnatifid lateral

segments 0,5-1.5 cm 1~ obtused or subacute at

the apex, coarsely pr hBapitula (0.5) 0.75-1 cm

diameter, phyllaries w%long, 2 mm broad,

coarsely pubescent, ms AWellow, glandular; female

X

corollas 2 mm long, her 7\\- long; anther-bases
obtuses; styles-arms of d, cuneate, obtuse or with

triangular points.

Achenes: 7T ’*y. 1.5 mm long, minutely puberulent

and glandular; sti.; J0.5 mm long (31, 32,

34, 35).

..I

Utilization of ea madera@atana Poir. has been reported
in many countﬂ m’ﬁ {u Ejflrni a sedative,
a carminat nt m ogue _or facilitate
the reta‘ﬁj ﬁﬁﬁﬁ ﬂ.\ﬂfjﬁﬁ t]:ccompanied
by abdominal and kidney pain; further the leaves are used as a bechic

and in antiseptic fomentations (5, 35, 36).

In Thailand, all parts of G. maderaspatana Poir. have been

used in folk-loric medicine as bitter tonic, carminative, antiflatulence

and antidiarrhoea (37).

014545
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Grangea maderaspatana Poir. 1is only one species which is
found on moist ground and paddy field in Thailand. Previously there
have been three reports on phytochemical study of this plant, they
found the presence of furanoditerpene, acetylene and steroid but no

report on sesquiterpene lactones | 39, 40). On phytochemical and

/crude extract from the
/_ lts with the mixture

d (l1:1) on TLC and the

biological screening, it wag
whole part of this plant
of 2 % resorcin in mets
. W the presence of

the KB cytotoxicity &55e-

cytotoxic sesquiterpCiie

Accordingly, t! eals with the extraction,

isolation and elucidati; nes in the whole parts

—

of this plant, in order t, ccpnr—ggz

containing in this species ~:5#

W 'ledge of the constituents

compounds which might exert

biological activitiges

\Z

-
|
ll‘

!

ﬂumwﬂmwmn‘s
QW'WG\‘Iﬂ‘iﬂJNWT}VIBWGB
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Figure 2 Grangea maderaspatana (Linn.)Poir. (35)

17
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Chemical Constituents of Grangea sp.

Only one species, Grangea maderaspatana Poir., was studied on

phytochemical studied and found to contain three groups of chemical

constituents, furanoditerpene, acetylene and steroid.

A list of compounds f¢ ‘ eraspatana Poir is shown in

table 2 (page 18)

Table 2 Chemical cons

Botanical Origi, Reference
Grangea maderaspatar, 1 acid 38
Poir oxy-15, 38

Ppy~-3, 13(16),
eroclatrien-18-
.‘-"d
38, 40
da % droxy -8- 38
U
¢ 14— tlen-4  6-diynfs
YRIAN mzmnmg NE s
9

Chondrillasterone 39




CHAPTER II

HISTORICAL

I. Chemistry of Sesquiterpene lactones

Sesquiterpern e derivatives of sesquiterpene,

belong to a group of id compounds (41, 42),.

Terpenoids are forg of isoprene units 1 (42).

The term sesquit up of natural products
containing 15 ca ‘rom three isoprene units
to form various and the y-lactone ring.
Numbering of the ams is generally found to
be consistent in t) h_tion of C-14 and C-15 which

are frequently inter M hart ¢ p. 37 (43).

Most sf<¥ dctone ring either cis-
- ——— -
L7 A ) ,
or trans-fused = of the carbocyclic

i

- i¥ IR
skeleton. If th®lactone ring is the exocy®™ic a, R-unsaturated

lactone orﬁﬂﬁﬁ wﬁﬂ%"wcﬂvg]ﬂqﬁsonal group' 2, it

can react w‘}h thiols vta Michael addition reaction, and shows

TN T AT ING T

basicQterpene skeleton involve the incorporation of an epoxide ring,

hydroxyl groups, O-acyl groups, side chain esters and a conjugated

cyclopentenone (44, 45),

g

HZCZZC——CH=:CH2 0] 0

1 isoprene unit 2 a-methylene y-lactone
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2. Classification of Sesquiterpene lactones

The classification of sesquiterpene lactones is based on
their carbocyclic skeletons as germacranolides, pudesmanolides,
gualanolides, xanthanolides, elemanolides, pseudoguaianolides,

eremophilanolides and bakkenqd § . The suffix "olide" refers to the

- oo Germacranolides

s represent the largest
group of sesquiter g ¥ : \ % 500 known naturally
occuring member

evon, a 1(10), 4-

cyclodecadiene, # oital isomers as shown in

Sy

AUgTiEningang
RTAINIUNNINEDNE

5 heliangeolide € eis,cis-germacranclice

Chart 1. Configuraticnal types of germacranolides
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The majority of the germacranolide subgroup represents germacrolides 3,
although an increasing number of melampolides 4 and heliangolides 5
have been isolated, and the smallest group is cis, cis-germacranolides
6 (43). Most of germacranolides have a trans-7, 6 or trans-7, 8

lactone ring fusion and the C6—and C,—oxygens are alpha configuration

8

(43).
_é\gmations of Germacranolides
— Relactonization
de chains attached to a
germacranolide with a distinet

difference in e: n of K,CO, in methanol-

2773
water at room ter ‘ v-”'f v Wxy-2-methylbut-2-enocate
in 20 to 30 minute . "’_'” ol 4 - "2, a-methyl-n-butyrate,
tiglate and angelat< ] Mier the same conditions (43).

"afi' ;ﬁ(A_ stonization rule for

germacranolidd& = ;‘ functions depends

ylcidification; this type

¥

upon strong alkvah'
of germacranolide‘always re]acto es to C-8 (43, 47).

ﬂUﬂ?ﬂﬂ%ﬁﬂm

‘Generally catalytic h ogenation of

sesﬂiﬁ'}ﬁam‘i«ﬂd PV ING IR L o

reduction with NaBHA in methanol proceed with ease under saturation
of the lactonic exocyclic methylene group to form the 11, 13~-dibydro
derivatives (43).

Reductive transformations of epoxides

to alkenes have been used either zinc-copper couple (49) or CrCl2 (43)

as reducing agents.
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Oxidation reactions have been frequently
applied in structural elucidations of various types of germacranolides.
MnO2 oxidations generally transform primary allylic alcohols into

a ,B-unsaturated aldehydes, a reaction that can be of considerable

use for making configurational assignments to double bonds in the

cyclodecadiene skeleton for siting OH groups at C and/or

14
C 5 (43).

caction of Germacranolides

;—catalyzed cyclization

pnd 4,5-epoxide derivatives
f germacra-1,5-dienes
provides eudesmar #fi b?’rf R. N stunolide 7, when treated
with a cation exch ¥ : : ‘ B/AcOH (52), undergoes an

acid-initiated cycl:a W1 8 to give a mixture of the

apw

eudesmanolides 9 and Lo = .ﬁ?;

v - =, f the conversion of

1, lO—epoxygermcdra'» T>s include the derivatives
¥

of costuno e epitu nolide , tanacin s
f lide 7 2) i lipi.é} de 11 (53) 12 (54)

herbolideﬂil<ﬁl>’3“9/l%m§ WBANY

¢ In contr t, BF -cata ed reaction of

- W?ﬁﬁﬂ@%&% NANBAA v e

the loss of a proton from C-1 now forms the guaianolides 17 (57)

(chart 3 p.24 ).
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Further examples of cyclization reaction
of 4,5-epoxides which result in formation of guaianolides include

parthenolide 18, lanuginolide 19 and derivatives (58).

10 B-cyclocostunolide

costunolide

-
-
g
Y
vt

o

AULINENINYINT
RN TUNRIINYT

s

11 Tulipinolide, epi; R1=H,R2=8—0Ac 12 Tanacin; R =H,R =0Ang

1

2
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OAc
R,-.

o)

13 Herbolide B 14 Eriofertin; R, =CH,R,=x-OAng ,R ,=OH
H,
HES
CH,
7 Y
- —
L) - c
AUETNOEREAHE
Y .
| ¢ - W
ARIANNIUUNRTIINEIR
2
R
9 ! R,w_ R,
R,~
R,
0
o
i . = = = 9 . = = = =
18 Parthenolide; R1 R2 R3 H 19 Lanuginolide; Rl R2 %. H,R3

a-CAc
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d. Cope Rearrangements of Germacranolides

In general, thermal rearrangements of
trans ;trans-cyclodeca 1l,5-dienic sesquiterpenes proceed in a highly
stereospecific manner through a chair-1like transition state resulting

in a divinylcyclohexane skeleton, elemadiene skeleton.

fwical Reactions of Germacranolides

épcoworkers (59) isolated the

first hydroperoxide. g 2 lactones peroxyferolide

20, peroxycostung je 22, compounds of
unexpected high j d coworkers (43) were
able to prepare ! by a common

photooxygenation 1 408c¢c oty L W) oxygen generated by

AusANENINeINg °f,
WIASAIUNIINEINE..




26

2.2 Eudesmanolides and Biogenetic Derivatives

2.2.1 Structure of Eudesmanolides and Biogenetic

Derivatives

The eudesmanolides (selinanolides) are based

‘on the eudesmane (selinane) skeleton, most of members containing trans-

7,6-a ,B-unsaturated y-lac bounds with 7,8-y-lactone group

éx’any members contain 3,4-,

we derivatives and hydroxyl

may occur as Cis-and
4,5-and 4,15 double"_:

and/or ketonic ox» ier at C,, C., and C8 (43).

1 73

 various taxa of the
Hepaticae produce 3averworts Frullania
tamarisci (60) and “M:desmanolides such as
(=)~frullanolide 2}, type commonly found in
higher plants. Howen, = - (61)’produce the ent-
eudesmanolides (+)-frulziiks compounds.

ves of eudesmanolides

|

are three 1,10—s‘jﬂe- fin 7, eriolangin 26 and

ivangulin 27; lumi%?ntonin 26 and the phenyl containing vernodesmine

2 semerefl] %&L’él‘ﬂ‘ﬂ’ﬂﬁ AL
qmmnmummmau

Rz -

4

23 (-) Frullania lactone; R =R, =H 24 (4) Frullanolide



U NN IR
PR TUAMINYAE
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2.2.2 Chemical Transformation of Eudesmanolides

a. Dehydrogenation and Hydrogenation

Pyrolysis of alantolactone 30 and

L4
isoalantolactone 31 at 350 C in the presence of Pd-C or Se results in

the naphthalene derivative eudalene 32 with loss of the C methyl

10

group (62) (chart &4 p. 23)

ésed the dehydrogenation

1 y-lactones into a-

B Bation of eudesmanolides

30 alantolaléo 3l isoalantolactone

oy

AU INYIi3
am1aenTai

32 eudalere

Chart 4. Dehydrogenation of alantolactone and isoalantolactone
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b. Selected Chemical and Photochemical

Modifications and Transformations of

Eudesmanolides

Eudesmanolides have been frequently used

as starting material for chemical and photochemical rearrangement

processes which lead to ot/ g1l types of sesquiterpenes

guaianolides, pseudogt @ anolides and their derivatives
(43).

nolides (Xanthanolides)

"% her with their seco-
derivatives, the x 2 of the largest groups

of sesquiterpene la m naturally occuring

compounds (43). The 4 rﬁgggggg;é ot f guaianolides contains the
5,7-ring system and xan F b _59 d ring gt C4—C5. Mosgt of
members containg= ones or their 11,13-
dihydroderivativrl!' =1e groups may OCCur as

cis-and trans-y- laﬁ}ones.

ﬂ u E}’J wﬁﬁﬁﬁations of Guaianolides

anthanolides

o AN TN NEARE e

freque tly used in structure elucidation and making stereochemical

assignment (43). Examples are epoxidation, catalytic hydrogenation,

relactonization, oxidation, reduction and hydrolysis (43).
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2.4 Elemanolides

2,4.1 Structure of Elemanolides

Elemanolides most likely involve Cope
rearrangements of germacranolides which occur under laboratory reactions.
It has been suggested that elémanolides isolated from plants are the

artifact which formed from they

nolides during the isolation

procedure (43)., The strn: f divinylcyclohexane.

of saussurea lactone ‘ Wolyzed cyclization of the

resulting monoepoxide 4 e 1,2-epoxide 34 with BF

3

results in the format’ dihydrosantamarin 36 and

its 4, 15-double bond The cyclization of the

3,4-epoxide 35 is more | Jol= 1 4

isomerized first with for@ifﬁiréiﬂﬁ

y, the epoxide ring is

dehyde at C-3 which is subsequently

attacked by C-2 of Ak _7 ift from C-10 to C-1

and 1,10-double b !ﬂ'

0 |
AUEINENINYINS
ARANTUNNIINGAY

ohol 38 (chart 5 p.31)
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37 dihydrosantamarin:4.15-d.b.

Chart 5. Lewis acid catalysed cyclization of elemanolide monoepoxides
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2.5 Pseudoguaianolides and Biogenetic Derivatives

The pseudoguaianolides are based on the 5,7-ring
skeleton which typically contain a methyl group at the C-5 ring junction.
Formulae 39 and 40 illustrate the two major types of pseudoguaianolides

both of which posses a trans-fusion of the 5,7-ring system. In the

ambrosanolides 39, which usug “4in the subtribe Ambrosiinae and
the genus Partheniwum of
predominantly toward
the typé usually form . the lactone ring is closed

toward C-8 with the her o« or B(43).

;9 helenanolide

QJJAZAZ!“&MQS N0
A ATIRUI INT A <

migratio from C-10 to C-5 Bakkenolides are being considered as

derivatives of the eremophilanolides which result from ring contraction
of ring B of the eremophilanolane skeleton followed by biomodification

(43, 65).
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3. Biosynthesis (Biogenesis) of Sesquiterpene Lactones

3.1 Biosynthesis of Germacranolides

The formation of germacranolides derived from ftrans,
trans-farnesylpyrophosphate occurs through three principles stages

a. trans, trans-Farnesylpyrophosphate Biosynthesis

rans, trans-farnesylpyrophosphate

is through the pathw-: éﬁcetoacetyl CoA 42, 3-hydroxy

methyl glutaryl Colro o Lot|. .H;V pmevalonic acid pyrophosphate
AN

45, isopentenylpyn bR TR oy allylpyrophosphate 47,

B

geranylpyrophosp. LN ' :,.% sylpyrophosphate 49

R syrophosphate group of the
trans, trans-farnesy J% ii:ctly forms trans, trans-

germacradiene cation ffég may be stabilized by

elimination of ] 5‘43, 66) (chart 7,p 35 )

¥

AULINENINYINT
ARIAATANNING A Y
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o o} o}
] [ I

-C-S- -C-CH_~C-S-
CH, CoA + CH,-C-CH,~C-S-CoA

41 l 42

CH 0
3 i

,HZ—C—S—COA 4_3

4 r"""f' < M

;,- X
Jetets 4
3 &.'_.

A

A2

ar

Ll

i’3
CH3_C=quSH2-Op206H3 47

quﬁﬁmaw?wawns
RAIAFUURITALIA B

CH
CH3 CH3 3

|
CHB—C=CH—CH2—CHZ—C=CH—CH2—CH2—C=CH2CH2~OP206H3 jﬂz

Chart 6 trans,trans-farnesylpyrophosphate biosynthesis
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various skele

7 costunolide

]

Ch't 7. Biogenesis of the gef:acranolide skeleton

‘o Y |
AUEANBNINENT
U
. The ossiblérbio gneti‘iroute has b&@kh suggested for

f%ﬂﬁﬁiflﬁmu VANELLNEL s, 50
Introduction of an oxygen function at C-12 in 51 to give alcohol 54
could either proceed through epoxide intermediate 52 or could involve
the hydroperoxide 53, the latter being formed by an enzymatically-
mediated reaction mimicking the reaction of singlet oxygen with
olefins. In either case the process involves migration of a double
bond from what was originally C-11, C-13 to C-11, C-12, Further

oxidative modifications of 54 through aldehyde 55 and 56 and

WL PR
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hydroxylations at C-6 or C-8 would after lactonization give costunclide
_! inunolide 57 respectively (chart 8 p. 36 )
Other skeletal types of sesquiterpene lactones different

from the germacradienes are shown in chart 9 (p. 37 )

O,enzyme

‘VIHVITWH | g

COOH HO
ox1dat
lactoniz. lactonizat.
O
27 inunolide 7 costunolide’

Lhart 8. DPiogenesis of the lactone ring



N\ -
S\
RO

0 10
Elemanol ide Seco- Eudesmanolide

ianolide Seco-Pseudo—
atichanolide)  guaianolide

F’WEJ’J

H?‘W

179
N RGERIE 1’}%1&4’1 B B e

Seco-Pseudo-

Cadinanolide Chrymoranolide

Chart 9. Types and biogenetic relationships of germacranolide-deriver

sesauiterpene lactones (after . Herz)
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3.2 Biogenesis of Fudesmanolides

The biogenesis of eudesmanolides undergoes cyclization
of germacranolides (chart 2 p, 23) and their epoxide derivatives (50).
The acid-catalyzed cyclization of costunolide-1,10-epoxide 58 gives
the eudesmanolides reynosin 59 and santamarin 60 through the

intermediate cation 61 (7.8 \ 4 27, 1,10-seco-eudesmanolides,

could be derived fromup s operoxide 62 which by a

johyde 63. Further

oxidative biomodi4 F f & ‘ ®:ter formation would

H‘n. Xanthanolides

\\a “on of germacrolide-4,5-
epoxide 64 in a chal e"would lead to the cis-

fused guaianolide cation ¥ the guaianolide skeleton 66

would be formed G smegtation of the 4,5-bond
and U-12 to C—l,bﬂ‘ ﬁﬁive the xanthanolide

skeleton 67. The;jiol 66 arter wacer elimin::ion and oxidation at

C-8 would p d ﬂ ieno W tramglecular substitution,
C-5 to C-1 @u jtv:lmk E‘Je)jﬁﬁprovide the

cyclo DW v oﬂ( ﬁeﬂ\ﬁﬁrﬁwgﬁaﬁgin 70 might
be d;Eiredj:tgiiialpﬁii) B bR 1L

3.4 Biogenesis of Elemanolides

The biogenesis of elemanolides most likely involves
Cope rearrangements of germacranolides which occur under laboratory
with great ease. The thermal rearrangements of trans, trans-cyclodeca-

l,5-dienic sesquiterpenes proceed in a highly stereospecific manner
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through a chair-like transition state resulting in a divinylcyclohexane

skeleton. Short term thermolysis of dihydrotamaulipin A acetate 71

]
at 220 C gives an 2 : 3 equilibrium mixture of starting material 71

and the divinylcyclohexane derivative /3, the reaction proceeding

with high stereospecific through the chair-like transition state 72

(71) (chart 12 p.4l1)

Chart 10.

-
Sy .) ¥

AULINININYINT

/

[SOUUBIAITTEN

CH,0,C Q

\

27 ivangulin

Riogenesis of eudesmanolides and 1,10-seco-Ludesmanolides



40

4,5-bond
cleavage
-1 to C-10 shift

HO

70 ivaxillarin

Chart 11. Biogenesis of guaianolides and xanthanolides
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71 dihydrotamaulipin A

acetate

R

S “ut of dihydrotamaulipin A acetate
A T
3.5 ™) 5

Chart 12.

A skeleton 75 from

the germacrolide-« 5-epoxide 64 will initialiéd undergo Markovnikov

cyclizatio ‘i 3’ 4 upon double
hydride an y%j:h ﬁiﬂﬂ_ rﬂﬂjﬂj‘:6—d‘is—lactone
dams f, 1‘ ) —~ of

QQW"] amqﬁﬁxMNImqqcmdgs]:lﬁt;! 40, acid-

The biogenesis of helenan
1
induced cyclization of the melampolide-4,5-epoxide 77 and 77 would
give cation 78 from which by the indicated shifts the skeleton 40

results, showing a stereochemical arrangement typical for most

naturally occuring helenanolides (chart 14 p. 42)
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OR *i OR
3 H H H H
e

64 74

‘H and CH, shift

LO

Charc !-. Biogenesis ol helenanolides
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3.6 Biogenesis of Eremophilanolides and Bakkenolides

Reactions mimicking the postulated methyl migration
from C-10 to C~5 of a eudesmanolides 79 lead to an eremophilanolide 80
(65). For example, in a biogenetic-type conversion dihydroalantolactone

epoxide 79 was transformed to thq prjemophilanolide 80 upon treatment

with formic acid in aceton p. 43)

AN
H\ adréd as derivatives of

the eremophilanolides * contraction of ring B of

the eremophilane skeleton f¢

.,#,1, nyﬂ
of fukinone 87 gavmyt o iclgmupon treatment with

modifications (65). Epoxidation

base underwent a F ‘ﬂ- ﬂ“'ng after methylation

--

the ring contractior- roduct 8y. suvsequent ellliination, SeO —oxidation

and spontaneoquﬁﬁﬁiﬂ ﬁ%%wei]y] ﬁ%g (43) (chart 17 p. 44)
’QWW ﬁﬂ‘immﬂ'ﬂﬂﬂ’]ﬂ U

Chart 15. Transformation of a eudesmanolide to an eremophilanolide
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u-
H H (OCH,
o) o H
| 2CH,OH
/ H-. O,
OCH,
81 82
!
I
|
}
H H  H-
. HO

85

hart 1C.

anofurans to eremophilanolides

V. Y )

1
— ! |
i1

i O ¥ O
=9
1"vibe p’

W INUNTNETNT;
RITINIUNRINYAQE

2. CH)N]

E

H
OH
L. SOCH,/py R
2. Se0,, AcOH
OOCH,

90 8

Chart 17. Synthesis of bakkenolide A from fukinene



CHAPTER I1II

EXPERIMENTAL

1. Source of Plant Mat

from Doi Suthep-Doi F 7 d:\ % Province, Thailand,
in July, 1985 and aut’ With herbarium specimens
at Royal Forest Depart N.ture and Cooperatives,
Thailand. A voucher's: 'th has been deposited in
the herbarium of the Fac, 1 Sciences, Chulalongkorn

University.

'hole parts of Granqea madefaspatana Poir. were

ot R PN

Authentication §fas achieved by comparlson w1th herbarium specimens at

o QRIAIATHURITNHANY =

Co—orperailves,Thalland. A voucher specimen of plant material has
been deposited in the herbarium of the Faculty of Pharmaceutical

Sciences, Chulalongkorn University.

2. General Techniques

2.1 Thin-layer Chromatography (TLC)

Analytical



46

Technique : one way, ascending

Absorbent : sillica gel GFZSé(E' Merck) 30 gm/60 ml of distilled water
Plate size : 5 x 20 cm, 10 x 20 cm, and 20 x 20 c¢m

Layer thickness

250 p

Activation : air dried for 1) then at 110 © C for 1 hour.

Solvent systems
/ a)
b)
c)
d)

e)

f)

benzene |

g)
h) benzene :

i) b
\V_I'
3) ben*:?‘

oy

chlor%form 1 acetone (5 1)

:ﬂumwﬂmwmns

Temperature : 2 30 °c

pereer @] FARATUNNIINYINY

: a) Ultraviolet light at wavelength 254 and 366 nm

b) Chromogenic spray reagents
- Dragendorff's spray reagent
Solution A : bismuth subnitrate (850 mg), distilled
water (40 ml) and acetic acid (10 ml)
Solution B : potassium iodide (8 gm) and distilled

water (20 ml)
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Solution A and B, each of 5 ml, were mixed. Then
20 ml of glacial acetic acid and 70 ml of distilled
vater were added and used as spray reagent.

The alkaloids give orange spots as positive test.

- Mixture of 2 % resorcinol in methanol and 2 %

Plate after spraying, was

é\e colours developed are

ious types of were

Adsorbent : silica
Packing of column
dry packin;
Sample loading
'F‘»lved in a small

amount ||} void mes<ed JJlth small a quantity

syt | ¥

of adsorbghk, air dried,gtyiturated and added onto the

FJH%JQW&WI?WH’IT’]?

Examination of eluate

RN NINNBVINY AL

using the chromogenic spray reagents and UV-light.

Those fractions of similar pattern were combined.

2.3 Physical Constants

Optical Rotation

: Optical rotations were determined by Bendix-NPIl. automatic

polarimeter.
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Melting Points

: Melting points were determined by Gallenkamp melting

point apparatus.

2.4 Spectroscopy .

Ultraviolet-visible (UV) Abs

IR abs i ®hon a Perkin-Elmer

W\

Proton (4 el [ \ MMR spectra were taken on

a Bruker Wi 4‘

I L

- E/ :‘ » -h _l:

weth TMS (=0) as internal

standard ag -dicated.

Mass Spectra (MS) ‘;; : Y ]

Mass s'ﬁztra o a V
iy

1an MAT CH 7 or VG

Micromasd 270 F spectrgmeter.

ﬂumnﬂmwmm
SV E N VN 15

supplied by Mr. Arthorn Rivepiboon, graduate student

of Department of Pharmacognosy, Faculty of

Pharmaceutical Sciences, Chulalongkorn University.
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3. Extraction and Purification

3.1 Michelia rajaniana Craib.

The fresh bark of M. rajantana Craib. (3 kg) was with

blended with 95 7 ethanol, macerated twice for 3 day-periods (10 L

and 8 L) and filtered by sug gmbined filtrate was evaporated

é i.le was suspended in water

under reduced pressure ‘=

(1 L) and extracted wii g 21). The combined

chloroform fractiong us) and evaporation,

\ 12 equal portion and
each one was treated ir JFf 4 &5 'K\ portion was chromatographed
anzene : ethyl acetate (1l:1)

on g silica gel column (

as @luent. Twenty five mll] h fraction was collected and compared

E ;o I. -

by TLC. Those fricli _'\mbined and ebaporated

|

to dryness. Fract®™ evaporation, afforded

residued A, B and C™ Spectively

A UHINUNIHYIRT. i o

(2.5 x 15 cm) column using benzne : acetgmg : 1 as qlpent to furnish

158 g mmaemmumm A

b) Residue B was rechromatographed on silica gel
(2.5 x 15 cm) column using chloroform : acetone 5 : 1 to afford 84 mg

(0.0028 %) of MR-4 and 80 mg (0.00266 %) of MR-6
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c¢) Residue C was rechromatographed on silica gel (2.5 x

15 cm) column using chloroform to give 344 (0.0115 %) of MR-7 and 150 mg
(0.005 %) of MR-8

3.2 Granagea maderaspatana Poir.

The dried powdered plant material (2 kg) was

/'3 day-periods and filtered
'é'ated under reduced

macerated with 95 Z ethann]
by suction. The combim
pressure until dryne ' syfung - .gm): The residue

was suspended in wa®( ‘ i Ct*chloroform (6 x 300 ml).

The combined Na,S0, anhydrous) and

2774

evaporation, GM) .

to 15 equal portions and
each one was treated in, qﬁr ch portion was chromato-
graphed on a silica gel CO.;)!P % 2 2) using chloroform ::acetone
5 : 1 as eluent, w4l =Jraction was. collected,

L7 Y |

evaporated and comp— = of similar pattern

Ly i¥ |

were combined and evaporated to dryness.

A UHANYATHEADT- ot o

0.0012 Z¥

QW? aan‘zmummﬂm Bl s,

0.00775 7% )

c) fractions 21-28 were designated as GM-3

(117 mg, 0.00585 % )
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4. Identification of the Isolated Compounds

The isolated compounds were identified by comparison of
hRf values, melting points, optical rotation, ultra-violet absorption
spectra, infrared absorption spectra, nuclear magnetic resonance

spectra and mass spectra with aut! c samples and data published

previously.
4,1
athanol as white needle
crystals. It is solubl -k . %%, ethylacetate and
acetone.

hRf Value
——

systems :-

b) benzene : acetone (4:1) =

ﬂuﬁl’m HW?W%I(H‘]?

d) benzene : gthyl aceta e (1:2) =

’QW'W MINTHURAINBARNE



52

The thin-layer chromatograms of MR-l are shown in

Figures 3-7 (pp. 102-106)

Optical Rotation (in CHCl3)
20

Melting Point

Molecular Weight

3020, = ——==¥1251, 1260, 1130 and 940

Y
Proton NMR Spectrum =1 e, p. 67 and Figure 15,
1]

i

p- 14)

s specern #3 HVITW BN
q W']ﬁ\‘lﬂ’ifﬁ%%%’}’}mﬂﬁﬁp 1

248 (M , 230 (9), 191 (25), 190 (61), 177 (16.4),

¥

175 (34.4), 155 (65), 119 (100), 91 (87.7), 67 (73.7),

43 (100) and 41 (77.2)
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From the above data, MR-1 was in complete agreement
with the structure of (-)-parthenolide (77). It is therefore concluded

that MR-1 is (-)-parthenolide, the structure of which is shown below.

AUt INNINeINg
ARIAATAUNN TN
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4,2 1Identification of MR-3

MR-3 was crystallized from ethyl acetate as white
amorphous solid. It is soluble in benzene, chloroform, ethyl acetate

and acetone.

hRf Value

the following
systems :-

51

56

) = 61
of MR-3 are shown in

Figure 3~7 (pp. 102 ‘f: Y |

|
]
il

Optical Rotation (in Cl

ﬂummmsw BN
w—@%mﬂmmumwmaa

100-102° C

Molecular weight

513
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Infrared Absorption $pectrum (in CC145 (Figure 17, p. 116)

3365, 3020, 2920, 1770, 1450, 1215, 1175, 1000

and 940

Proton NMR Spectrum (in CDC] ‘#"able 3, p. 67 and Figurel8,

Carbon-13 NMR Spectrun : , Lavie 4, p. 68and Figure

Mass Spectrum (EIMS)

) (Figure 20, p.119 )
W 278 (100), 264 (13.61),

207 (19) and 43 (51)

HRMS (composition /
| A ‘
54 -3090)

4

2}8 1752 (C16 24E93 M~ C14 19 3, 278.1756)

A UHIN amwmng 264.1550

v/

o W'W mmmmmwm B e

with the Qtructure of -bisparthenolidine (77) It is therefore

R ]

concluded the MR-3 is (-)-bisparthenolidine, the structure of which is

shown below.



AULINENINYINT
ARIAATAUNN TN

56
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4.3 1Identification of MR-4

MR-4 was crystallized from ethyl acetate as white

needle.crystals. It is soluble in chloroform, benzene and acetone.

hRf Value
é’e obtained with the following
systems :- '
: acetone (1:1) = 73
: acetone (4:1) = 45

: ethyl acetate(4:1)
= 40

Mne : ethylacetate(1:2) =51

Woroform : acetone (5:1) = 54

of MR-4 shown in Figure

3-7 (pp. 102-1068 4

il
¢

 Augangningns
RN TUANTINYA Y

3620-3240 (br), 2932, 1777, 1734, 1262, 1099, 1069,

1020 and 1006.9

(Figure 21, p. 120)
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Proton NMR Spectrum (in CDC13, 400 MHz) (Figure 22, p. 121)

Proton

1 5.30 (d, 10.2)2

2. 4.70 (ddd, 10.3, 6.1)

AugInanInen s

and coup ing constants are in parenthe51s in Hertz.

Cﬂbﬁﬂ*ﬂﬁlﬂﬁﬂﬁﬂ%ﬁ%’ﬂﬂﬁﬁﬂ” e

p. 122

Mass Spectrum (EIMS)

m/z2 ( %, relative intensity) (Figure 24, p.123)
264 (6.2),137 (12), 118 (17), 95 (50), 43 (l00) and

29 (22)



From EIMS data, it dose not show parent peak (324)
but shows fragmentation peak (324-60 =264) which loss hydroxyl and
acetyl groups. These groups show in IR spectrum lH—and 13C—NMR

spectrum.

The res% ‘oncluded for the structure of

é the chemical structure was

MR-4 as a novel sesqu

assigned as C,_H_ _O

17920 —dihydroparthenolide and

named paramicholid shown below.

wdii
b.4r

] Q
1))

e o 4 Eﬁﬂﬂk L{eh i1 I B
= QRN TN INGNE

The hRf values given are obtained from the following

systems :-

a) benzene : acetone (l:1) =-60

b) bhenzene : acetone {(4:1) 30

25

c) benzene : ethy]l acetate (4:1)



d) bhenzene : etbvl acetrate (1:2) = 34.6

e) chloroform : acetone (5:1) = 33

The thin-layer chromatograms of MR-6 are shown in

Figure 3-7 (pp. 102-106)

Molecular Weight

Infrared Absorptic: . W ure 25, p. 124)

o6, 1769.79, 1670.26,

Proton NMR Sped:

1 5 17 (dd, br, 9 7, 1.5)

ﬂum% HRINYINT

2.35-2.48 (m)

QWW\‘Iﬂ‘iEMNM’]’MEﬂﬂH

.05-2.15 (m)
5 2.70 (d, 8.9)
6 3.87 (dd, 8.9)
7 2.4-2.45 (m)
8  2.35-2.45 (m)

8 2.05-2.15 (m)

60



61

9 2.05-2.15 (m)
9. 2.2-2.3 (m)

11 2.4-2.45 (m)

13a 3.64-3.69 (ddd)

(Figure 28, p.127)
X ), 218 (43)
A (40,5 T RRENEER 205, 191 35)

131 (100), 95 (72)

ﬂum‘{fﬁ NaNgANS
9" AN BRI §pr o e

as a n vel sesquiterpene lactone and chemical structure was assigned
as C17H25 and named N-acetylparthenolidine, the structure of which

is shown below.

0
Een
.-CH~— N—
,CZN; a3
H

N—acetylparthenolidine
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4.5 Identification of MR-7

MR-7 was crystallized from ethyl acetate as white

needle.crystals, It is soluble in acetone and alcohol.

hRf Value

systems :-

—
~
1

20

28

N
~
]

1) = 30
\

ograms of MR-/ are shown in

Figure 3-7 (pp.
Y

-
Molecular Weight |

ﬂUﬁ?VIHVI’ﬁWH’]ﬂ‘i

Infrared Abs;;ption;;pectmwml(in CDCL,) gFigure 29 pgj28)

ammnimumfmmaa

2932.47, 1768.28, 1656.14, 1079.48, 979.64,

and 908.47



Proton NMR Spectrum (in CDC1 400 MHz) (Figure 29, p. 129)

3’

Proton
1 5.2 (dd)

2 2.2-2.4 (m)
a

2 2.2-2.4
B

AL IENINeng
ARIRIATUAN TN

0-H  4.95

Carbon-13 NMR Spectrum (in CDC13,

p.130)

63

100 MHz) (Table 4, p. 68,Figure 31,



€4

Mass Spectrum (EIMS)

m/z ( % , relative intensity ) (Figure 32, p.131)
256 (100), 241 (19.5), 228 (16), 216 (12.3),

214 (39),; 212 (16.3), 196 (16), 188 (16.3),

184 (31), 176 (13.5), 175 (13.5),

156

a novel sesquiterp~ ‘ ' . structure was assigned as

C, - H NO and named

1725 enolidine, the structure

o
It
_-CH—~N—CCH_
\Z ' Y

: -

Sy

'—acetyl 8a- hydroxyparthenllldine

A Ut m&nmm na
a W'] AINTUANTINE IR =

need1§ crystals. It is soluble in chloroform, acetone, ethyl acetate and
alcohol. It gives orange colour with the dragendorff's reagent. This

reaction Is indicated that MR-8 might be alkaloid.
hRf Value

The hRf values given are obtained with the

following systems :-



a) benzene : acetone (l:1) = 43
b) benzene : acetone (4:1) = 18
c) benzene : ethyl'acetate (4:1) = 14
d) benzene : ethyl acetate (1:2) = 15

e) chlorofo : acetone (5:1) = 20

Ultraviolet-Visib g . Aol ‘ "Mure 33 and 34, pp.

aind 416 nm

ethanol)

-
g
A
-

' ‘l-‘

Infrared Absorptlon Spectrum (in CH Cl ) ( gure 35 p. 134)

ﬂ‘lJEJL’H’bHVI’iW Talik

65

132-133)

Q‘.wqa\lﬁ 2920 115ﬁfj0 ﬁoﬂﬁazums 1410, 1300,
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Proton NMR Spectrum (Figure 36, p.l35)

Proton 10 % DMSO—d6:CDCl3 CDCl3
3 7.21 (s) 7.17 (s)
4 7.83 (br s) | 7.74 (br s)
5 8.80 (br s)
8 8.58 (d, J=8.1)
9 7.57 (t, J=8.0)
10 7.73 (t, J=8.0)
11 8.61 (d, J=8.1)
OCH,0 6.37 (s)

\
B ty) (Figure 36, p. 136)
246 (10), 224 (62.9)

)s), 125 (20.6),
Y

1™ (30 9), 99 (100) 98 (70%, 97 (48) and 49 (100)

) YUY INUNIHYID T i

liriodenine (77) It is thefefore cong@wded that MR&J is liriodenine,

@mmnimmmmaa

liriodenine
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Table 3 1H—NMR Spectra of MR-1 and MR-3%

Proton MR-1€ MR-3
1 5.21 (dd, br, 4.0,12.2) 5.27(dd, 2.2, 9.8)
5 b 2.26(dd, 6.0, 12.1)
o
2.40 (m)
28
3 1.23 (dt, 5.9, 13.9)
o3
35 1.88 (dd, 5.9,14.6)
5 2.74 (d, 8.8)
6 3.86 (dd, 8.8)
7 2.40 (m)
gb 2.18 (m)
o
1.70 (m)
8.
9 - 2.10-2.18 (m)
a:
% 2.10-2.18 (m)
2.40 (m)
11B
6 33 (d, 3.6) 3.15 (dd, 2.8, 13.1)
AUBANENT NN o w0 0
1.72 (s) ¢ 1.67 (s)
s
*QWTEI AR URIINY MR

aChemical shifts are in ppm from TMS, multiplicity, coupling
congtants (Hz) are in parenthesis and the samples were dissolved in CDCly

bpreviously assiencd 200 *Hz spectrum from Badesinsky et al.

2.09-2.24 (m); H 2.09-2.24 (m) and H

Hooo A gy 2-09-2.24 (m) (78).

CSpecific assignments possible at 400 MHz with 2D-COSY and

decoupling experiments.



Table 4  'JC-NMR Spectra of MR-1, MR-3, MR-4, MR-6 and MR-7 °

carbon MR-1° MR-3 MR-4 MR-6 'MR-7
1 125.3(=) | 125.3(=) [131.0(-) |[125.1 (+) | 127.4(-)
2 24.2°(+) £6.6(-) | 24.1(+) 24 .4 (+)
3 36.2b(+ 63.3(+) 35.6(+)
4 61.5% 61.7(+) 61.9(+)
5 66. . 62.2(-) 66.0(+)
6 82. 82.9(~) 78.9(-)
7 47. 48.4(-) 51.5(-)
8 41. 29.8(+) 72.3(-) -
9 30. 40.9 (+) 39.6(+)
10 134.7(+) 134.6(+) | 130.3(+)
11 139.5(-) 46.6(-) | 46.8(-)
12 160 ' 6(+) | 177.0(+)
13 1275 50.6(+) 52.4(+)
14 ‘- L2(- y - 17.2(-) 17.5(-)

=

° fuEd peNSnEInT | oo
169.8(+) [170.7(+) [ 173.2(+)
qmnasnzaiumanEshe

a Chemical shifts are in ppm from ™S, solvent was CDCI

and(-) are signs from the attached proton test (APT).
Assignments may be interchanged.

€ pata taken from El-Feraly et al.

(79).

3 ()

68
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4,7 Identification of GM-1

GM-1 was crystallized from n-hexane as rod crystals.

It is soluble in chloroform, ethyl acetate and acetone.

hRf Value

/ e obtained from the following

systems :-—

1:1) = 80
70

60
4:1) = 52
:2) =75

(5:1)
o f (f GM-1 are shown in
Y )

Figure 8-13, pp

Molecular Weight

ﬂuﬂ?ﬂﬂﬂ’ﬁw BN
MQMNMWQ PYIR

v aX(cm—l)

3020, 2940, 1767, 1264, 1142.9 and 940



Proton NMR Spectrum (in CDCl,, 400 MHz) (Figure 39, p. 138)

3!

Pratan

b ‘. e v

ﬂﬂﬂl’JVIE.l:ﬂ{iW BN
@ RIQNTUNRIENYAG &

ex| eriments

Carbon-13 NMP Spectrum (in CDC1l,, 100 MHz) (Table 5, p. 77,

3’
Figure 40, p. 139)

70
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Mass Spectrum (EIMS)

m/z ( %, relative intensity) (Figure 41, p.140)
232 (M+, 15.6), 218 (15.5), 217 (100), 161 (10.6)
146 (16.6), 119 (9), 105 (l4), 93 (12)

91 (19), 8l 9 (13), 55 (13) and 40 (18)

é was in complete agreement

with structure of fr= _ : : It is therefore concluded

that GM-1 is frul!? ich is shown below.

Tt 1zed JlPm benzene : ethyl acetate

(4:1) as white need‘@ stals. 1#@MAs soluble in chloroform, ethyl

— umwﬂmw BN
——‘Q#ﬂ']ﬁ\‘lﬂ‘ifﬂﬂﬂﬂ’?ﬂ‘élﬂﬂﬂ

The hRf values given are obtained from the
following systems :-
f)-ethyl acetate : acetone (1l:1) =

g) benzene : acetone (l:1) 60

h) penzene : acetone (4:1) 42

1) bhenzene ethvl acetate (4:1) = 39
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i) benzene : ethvl acetate (1:2) =61

k) chloroform : acetone (5:1) = 71

g4 hromatoerams of GM-2 are shown

in Figure 8-13.

Melting Point

Molecular Weight

Infrared Absorption

| 1751.5, 1142.4 and 956

3
-

‘ Y |

¥

Proton NMR Spectrum fln CDCl 400 MHz) (Figure 43, p. 142)

@ummmw BN
ﬂWﬂﬁ\‘lﬂ‘imﬂJﬂﬂWBWﬁH

a ? 1.35-2.2(m)°

6 5.0 (s)
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Proton

8 1.35-2,2(m)?

a e ) . .
No specific ass: o#d decoupling experiments.

Carbon~13 NMR Spec (Table S,p.77, Tigure 44,

Mass Spectrum (EIMS)

w2 intensity) (Figure 45, p.l44)

L5 (29.7), 187 (25)
X

L]

e SMETVEREN ﬁﬁﬁifiiﬁfi:
iiii?ifﬁ‘lﬁﬁﬂﬁ“ﬂfﬂﬁ’ﬁﬁ‘ﬁ‘i N

7 a-hydroxyfrullanolide
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4,9 Identification of GM-3

GM-3 was crystallized from n-hexane : acetone (l:1)

as needle crystals. It is soluble in chloroform, ethyl acetate and

acetone,
hRf Value
obtained from the following systems
systems :-
1:1) = 40
36.6
25
1) = 20
2) = 34

k) chlrﬂr_ /. ne (5:1) 42

Y Jt GM-3 are shown in

Figure 8-13, pp. Mf-117.

Mﬁﬂﬂl?ﬂﬂﬂ’ﬁwmﬂ‘i

135.0-139.0¢

mmmmummmaa

266

Moleg;}r

Infrared Absorption Spectrum {(in CHC13) (Figure 46, p. 145)

v (cm-1)
max

3600-3500, 2920, 1770.9, 1006.5 and 971
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Proton NMR Spectrum (in CDCl_, 100 MHz) (Figure 47, p. 146)

3’

Proton

13

14

15

0-H 2.6 (br)

SN 1214111 i 19 I
o R ARENTUUNAINUAGY: o

p. 147 )

Mass _Spectrum (EIMS)

m/z ( %, relative intensity ) (Figure 49, p. 148)
266 (M1, 52), 251 (25), 248 (61.7), 215 (40.3),

204 (36), 192 (33), 187 (47), 177 (37), 123 (100)
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The results were concluded for the structure of

GM-3 as a novel sesquiterpene lactone and the chemical structure was

assigned as 915H2204 and named 7a, 3a-dihydroxv dihydrofrullanolide, the

structure of which is shown below.

‘ )

AULINENINYINT
AMIAIATUUM TN




Table 5 Carbon-13 Spectra of GM-1, GM-2 and CM-3
Carbon GM~1 GM-2 GM-3
1 T 18.2(+) 18.2(+) 24 .9(+)
2 33.1(+) ¢ /7] -8(4)
3 . 6 (=)
4 5@#)
5 5 (+)
6 =)
7 (+)
8 )
9 (+)
10 +)
11 )
12 +)
13 (=)
14 (=)
15

NN N ﬂ"i )

ARIAATAUNN TN

A
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CHAPTER IV
DISCUSSION

Phytochemical study of the genus Michelia (Magnoliaceae) has

previously led to the isolation cofkjvariety of alkaloids, sesquiterpene

lactones, essential oils ar it of the sesquiterpene

ary ge—é ides having ao,B-

lactones found in Miche?

unsaturated lactone wiiz<r '; W S 66—C7 or.C8—C7

ositions of the carbor pasence of a-methylene-
P y y

y-lactone in sesquiterr e the cytotoxic

activity of such compou fchclenolide, parthenolide

costunolide, santamarine epitulipinolide

. n;>4'jf
diepoxide. Review of Cne JFcalald=ic

e

ATMIN D

n Michelia spp. is shown

in Table 1.

Fractionatfi; ;‘_ chloroform extract

"ain alkaloid and

¥

of the fresh bark of ’I'r: - o i

several sesquiterpene lélctones, four Wthh are found to contain

et s B ’Ar%%l% § W19
QW’Tﬁﬁlﬂ“ VORI

the Experipental section a was found to be the germacranolide epoxlde
on the basis of the data reported below. MR-1 exhibited IR absorption
at 1770 and 1650 cm_lindicérino the presence of a-methvlene-

y-lactone functionality. Its mass spectrum showed a weak parent ion

at m/3 248 which was g¢orresponding tio the molecular formula C

15 20° 3°
1
The 400 MHz "H-NMR spectrum of this component as shown in Table 3 was
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in excellent agreement with that of previously reported for the
germacranolide epoxide, parthenolide. With the aid of a 1H—1H 2D-
COSY spectrum (CDC13), assignment of all the protons in MR-1 was
possible (Table 3). The structure and conformation of MR-1 were
previously established unambiguously by single crystal X-ray analysis

(82). Determination of the op5ilklhrptation of this component

established that it was ( *»  f (6S) absolute configuration

as depicted on page 8!

The second ¢ hous solid and its

EIMS (parent peak m, sistent with a
compound containing @l one nitrogen atom.

\ and two fragments
Boported the presence of
iC®:ed below. The IR spectrum.

a nitrogen atom and fragfie !m

displayed a strong absorps ﬂ’i'_;ﬁfﬁ.

2ctone) and a weak band at

3365 cm_l(N-—H). ; —~ .‘:‘ ra (Tables 3 and 4 ),

CH, &N-

2 CH,-C, ,H

14 19 3 2 1419 J

F’HJEJ’JVI NYINT

respectively showed many similagities to e spectra ofgparthenolide,

o 15, BRI NI IQUHHA AN Eo v

of C(11) and C(13). 1In particular, C(ll) in MR-3 was a methine carbon

(C-H) as determined by the 13C attached proton test (APT) and the two
protons on C(l3) appeared as an AB pattern (J = 13.1 Hz) at about 3
ppm with additional splitting (J = 2.8 Hz). The chemical shifts of
C(13) (46.2 ppm) and of the attached protons were consistent with the

presence of a nitrogen atom on that carbon. Assignments for the
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protons (2D-COSY experiment) of MR- 3 were given in Table 3. On the
basis of this spectroscopic information, it was proposed that the
second component isolated from M. rajaniana is the sesquiterpenoid
alkaloid, formed by Michael addition of ammonia to two molecules of

parthenolide. The aminomethyl group at- C(11l) is tentatively assigned
1

the a-configuration because in H-NMR spectrum of MR-3 in

deuterated benzene solvent, ;‘—‘i a well-resolved quartet
éh H(6), H(88) and H(L).

. which has a (6S)-

(J = 8.8 Hz) as a resul
Presumably MR-3 is dex
configuration (83),

®ation is assigned to

this new alkaloid, w* Yo call bisparthenolidine.

As MR-3 is a n 4 Py ' 7}\-ve, it was interested
in determining its conf ng 1H—NOE (Nuclear
Overhauser Effect) experi, irradiation of a degassed

CDCl, solution of MR-3at 1 d} asonance for the €(l4) methyl

3
group) caused an i_ L;___________________:gf =) gnals for H(2B),
H(88) and H(9B) of = : In addition,
irradistion of the H\u) resonance at63 86 ppm reaulted in a 47 and 9 %

enhancement of ﬁﬂﬁ&j 63 WEJ WﬁWE\fﬁ ﬂﬁectlvely Since

there was interfdtion between the C(15) methyl group and H(6) but none
between QSW:H] lﬂq mjm ﬂ%q%wﬁq ﬂ%j(S) epoxide
was confi A 2D-NOE experiment (NOESY) confirmed the interactions
mentioned above but also revealed a weak cross-peak correlation between
C(l4) and C(15) methyl signals, thus indicating the syn relationship
between these two groups. The NOE results clearly indicate a

conformation for this parthenolide derivative as shown below. A similar

conformation has been reported for parthenolide (82).



81

As MR-3 i - ': : i : , 1t deserves
"3 is the first reported

raniolide alkaloid, although a

i
example of a naturall —o! ,r__,ﬁ

. ‘,if"' TR Fv'
.-P/-:" # “ Q 4)

piperidine adduct of nd a tertiary amine

derived from am| ; sthylenebutyrolactone
(85) have been is'ate — 4 natt 1 sources. A secondary

amine related to MR€3ghas been synghesized from ammonia and two

cneier SHEININTNEINT o o
g X101 OF 1 g bU/LIA T/ R
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The third component (MR-4) was isolated as a white crystalline
solid. The IR spectrum exhibited absorptions at 3620 (hydroxyl),
1777 (y-lactone) and 1734 cm—l(ester). The parent peak at m/z 324
was appropriate for the molecular formula C17H2406’ and the fragment

at m/z 264, (M—HOAC)+, suggested the presence of an acetoxyl group.
13

C-NMR spectrum (Table 4),

ﬁhat MR-4 was a dihydro-
— G ent s

1
The H-NMR spectrum (Experimental

along with the information

parthenolide containing ac In the

1 .
H-NMR spectrum, H-1 ap pecause of coupling

with H-28 (J = 10.2 Hz Bt 4.92 and 4.70 ppm,

the more deshielded prc 3 the carbon bearing

o

the acetoxyl group, and ‘KJ Mors would like to
W\

propose that the hydrOxyv .H\ sition and the H-28

resonance is at §4.70 ppm cetoxy group at C-8 is

consistent with the more conclusively, this

location results ing Wh¢ . e '3C—NMR spectrum

2
relative to that o ! ‘3—8 resonance is

..I

down-field by 42.4 ppe (a effect),

downfield by 4 gﬁﬂ ﬂ%ﬂﬂ is shifted
t H group i

upfleld by 3. 5 Y effec aceto s placed in

Uy Wﬁﬂ“ﬂ?ﬁu Nﬁﬁ‘ﬂﬂﬁﬁ*ﬂm

related Sd‘acetoxydihydroparthenolide (26 In the latter compound

the C-7 and G+ resonances are

the H-8B resonance appears at 4.90, while in MR-4 it is found at 4.92
ppm. In 8-acetoxygermacranolides in which H-8 is alpha, this resonance

appears much further downfféld at about 5.7 ppm (88). The very
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significant deshielding of the C-13 methyl group in MR-4 relative to
its position in dihydroparthenolide (8 18.3 VS & 13.2, respectively)
suggests a syn-orientation of this methyl and the acetoxyl group
(i.e., both groups alpha). Thus, it is proposed component MR-4 is

8a~acetoxy-2o-hydroxydihydroparthenolide, for which the author

suggested the name paramichcy \ related discussion of these

opeltra of germacranolides,

N

S

the resonances assign- . \\\;:9 are usually indicated
Y

as being interchangea’ %, the spectrum of

dihydroparthenolid - () \ th* derivative MR-4
enabled to assign e e ' b this family of compounds.

Clearly, the resonancis
!

must be assigned to C-2 ande=
=N

6"opm in dihydroparthenolide
introduction of a hydroxyl

group at C-9 has Mt ifts of these two

- - -

-

carbons. The re:‘ﬂj lsdause of the deshielding

effect of the neig JJring epoxiuc ruuction, 'j;a resonance at 41.1

ppm in dihydr ‘i ' i%‘ﬂ 1639 Regause a methylene
carbon adjacﬂﬁﬂ:e mﬂm a"m E!vhg §on a trisubstituted
trans %;r ‘ ‘ 4 qpqufﬂar1rl iéi%gjwn to be
significqn’ l’yb]'eaiﬁﬁljamgto’ the oth’er'gl:iic“c’arbon. Also,

the chemical shifts predicted for these four carbons in MR-4 based on
the a ,B and y effects of oxygen substituents on the model system

dihydroparthenolide are in excellent agreement with the actual values.

The fourth compound (MR-6) was isolated as white needle crystal.

Its EIMS spectrum exhibited a melecular ion at m/s8 307 corresponding
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to the molecular formula C17H25NO The IR spectrum exhibited absorption

~1
bands at 3400, 1769 and 1670 cm ~, suggested the presence of N-H, y-
lactone and amide respectively. The 1H—NMR (400 MHz) spectrum of MR-6

indicated similar pattern to that of parthenolide. A broad signal at

0
§ 6.31 and singlet at § 2,02 were assigned to N-H and ('i—CH3 respectively.
This was confirmed by 13C-NMR )

} garbon signals indicated the N-

’/) of the chemical shift of
] d

, -
the C1 and C2 resonance® g =T == showed that an oxygenated

acetyl of parthenolide nu

sp’ carbon at & 170.7 n- : NSeiand 6 23.9 ppm indicated

]
C., methyl. Different’

2 hose of parthenolide

4 \ 3
were remarkable. It v \Wsonances in MR-6 as sp

carbon while in parthe' g ,5*1,. ' '.K~Thus, it is concluded

The fifth component lated as colourless crystalline

solid. The IR spec . of a2 y-lactone (1968),

- -

a hydroxyl group (““r

\‘i an amide (1658 cm 1).

i} molecular formula

The molecular weight I;s 325N NN o il

C,_ H_ _NO The H NMR(@ MHz) spectltd]l data was similar to those

17725757
obtained from Pﬂuﬂlmﬂ njwﬁj’rliagd in the following.
Hydroxyl signal eared as douH{et whi red addd doublet of
AR B 'l AL e
doublet Misleddy on = C-NMR
spectrum showed significant chemical shift of C-8 to lower field at
72.3 ppm indicating a haydroxyl group attached to this carbon, Thus, it

is concluded that MR-7 is N-acetyl-8a-hydroxyparthenolidine, also a new

germacranolide.

The sixth component (MR-8) and most polar component was a high-

melting, yellow, crystalline solid. 1Its EIMS exhibited a strong
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molecular ion at m/z 217 (C NO3) and its fragmentation pattern was

179
similar to that reported for the alkaloid liriodenine. Also, the IR

and UV spectra (91) for this component were the same as those previously

reported for liriodenine. The 1H—NMR (DMSO—d6:or TFA (92)) and 13C—NMR

speetra (93) of MR-8 have been reported previously and are in agreement

with these spectra. Liriode A% imited solubility in chloroform

but in experimental the , ’/) 400 MHz 1H—NMR spectra of
‘ 0% DMSO—d6/CDC1 solution

MR-8 in very dilute so 3

as previous NMR repc e protons. To assign all
the aromatic protor ‘O/CDC13) was performed.
It showed clearly t| ! \ W 8.72 was coupled to

the triplet for H(1C

coupled with H(9) at 5 %
H(8) at 8.57 ppm was alff

unambiguously established Eﬁ__f."g

ter proton was also
downfield doublet for

This spectroscopic data

omponent was the oxoaporphinoid

X

dlkaloid lirioderw @ been reported to be
| y;" by ‘
present in a numberflf - lagflhliaceae(see table 1 p.9).
W

- ﬁﬁﬁlﬁz Wﬂjﬁ uﬁts o
| .
of the Composifal, th ZEGio f lutYonary "advanced"
¢

) AR e) (2
genus Ih‘la’(COmpo;Slae , are also present in the liverworts (Hepaticae),
Frullania tamariset (80, 81). This present investigation has led to
isolation and characterization of eudesmanolides occurring in Grangea

maderaspatana (Compositae), a well known indigenous drug of Thailnad,

Three eudesmanolides were found to form ¢is-lactone ring junction,
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The first component (GM-1) was isolated as a crystalline solid
whicl exuibited IR spectrum at l767cm-1(y—lactone). Its EIMS showed a
molecular ion at m/z 232 corresponding to the molecular formula C15 20 2

1 .
Evidences from the H-NMR spectrum (400 MHz) have shown that GM-1 was cts-

lactone. The major differences from frans-lactone were in the coupling

, both d, J lHz in e¢is-lactone,

’/)xctone) and in the signal

at = 8.9 Hz for GM-1 while a

of the exomethylene protons (6‘,T
§ 6.13, 5.43, both d, J 3.5

for H-6 which appeared
diffuse doublet at high- 4 R ns—-lactone (81)).

~
\\\H\ § 2,95 (Ii-7) to a

" an adjacent methylene

Irradiation at § 5.26
broadered triplet concy

group. The reverse exiy bm-lapse to a broad singlet.

The residual broadentin pllylic coupling with the

vinyl methyl group and th by irradiating H-6 whereupon

the intensity of the vinyl_mgyf—‘;y- increased. From the magnitude
-t Ay

) lactone ring junction

L)
“Misistent with GM-1

of this residue CO.fi'
was deduced to be cgﬂi

being frullanolide (-;)

seﬂummmmmmysm

The EIMS showed a molecular iorf at m/z 248acorrespondiflg/ to the molecular
formula %mq aﬁaﬁmum 1‘3 m EJ’.LQ HO cm

suggested the presence of a-methylene-y-lactone moiety and hydroxyl group.
Both 1H and 13C—NMR spectra showed many similarities to those of
frullanolide, with tlie only significant differences being in the region

of C(7). 1In particular, €(7) in GM-1 was a methine carbon (C-H) (-41.2
ppm) as determined by the 13C attached proton test (APT). The chemical

shift of C(7) to.lower field (76.0) in GM-2 was consistent with the
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1
presence of a hydroxvl group on that carbor. II-NMR signal for the
C-f methine proton appeared as sirglet which suggested the preserce

of substituent on C-7. Thus, it is concluded that structure of GM~2

is a new and unusual 7—hydroxy eudesmanolide called 7-hydroxyfrullanolide.

The third component ained as crystalline solid, its

/A‘:espond ing to molecular

EIMS exhibited molecula _

formula C H 0

1522°4" .absorption bands at 3750 and

1770 cm -1 suggested ™aad y-lactone respectively.

1H—NMR spectrum we rom GM-2, with the only

few points ghould ared to be doublet

while H-11appeared _ %as confirmed that at

C-11 and C&13 region Methine proton at C-3

—
s

appeared as doublet of Foyjiass iise of the two protoma

coupling (H2a and H2=) P’ﬁ%ﬂkahﬁ' ance at-69.6 ppm suggested

the introductiorie - ;‘ . Thus, it is
i b
Tlofrullanolide, a new

i¥ |

concluded that GM-3*EaSv‘

and unusual eudesmanglide.

ﬂUEJ’J‘VIﬂVI?WH’Iﬂ?
ammnmummmaﬂ



CHAPTER V

CONCLUSION AND RECOMMENDATION

The present investigation was performed on two species of

cytotoxic indigenous plants of T Rl P-pd; Michelia rajaniana Craib

and Grangea maderaspatanc /}e shown that the isolated

s rmacranolides in the
e,

former species and eudec : LA “%\;;one, most of which

were new natural prod seport of germacranolide

occurring amide and e g < ! . 7/-OH from natural

sources., From chemots W e % yint of view, it is worth

to infer that these 1is¢ yoad 4 : Nodelsfor further studies.

Although this wollk WaaEEi -2 ne ".nsight into the occurrence

of various sesquiterpeng % rajaniana and Grangea

-

maderaspatana, fur] v

iy | arger scale of plant

materials in order qliobta co— e iantiflls of components which

are considered importafitemfor biolopic@l test.

ANEINERINE NS
ARIANTUNNIINYAY



89

REFERENCES

1. Keng H., Flora of Thailand, pp. 251-267, Applied Scientific

Research Corporation of Thailand, Bangkok, 1975,

2., Burkill L.H., A Dictionary of the Economic Products of the Malay

Peninsula, Vol. I 1464, University Press, Oxford, 1935.

3. Council Scientifi

//xrch, The Wealth of India Raw

Publication & Information

4, Simitinand 7 s ‘ cd. Names Vernacular Names).

Pp. ., Bangkok, 1980.

5. Lily M. Perry v ¥t .t{' " ¢ '5\ Metzger, Medicinal Plants

of .East Mp. 250-251, The MIT Press

Cambridge, 985,

6. Ogura M., &% AY' | "Anticancer Sesquiterpene

Sesqu:erpene Ltaceone v Michelld compressa (Magnoliaceae)",

fhEcocf “. ﬁ)uw—ﬁ[’igﬁﬁ

7. Talapat S.K., Patra A and Talapatra B., "Parthenolide and a New

q RYREATUUNAIAR AR Boe s

lanuginosa", Phytochemistry, 12(7), 1827-8, 1973,

8. Govindachari, T.R. et al "Parthenolide from the root of M. champaca',

Tetrahedron, 21(6) : 1509, 1965.



90
9, Cordell G.A. and Farnsworth N.R., " Experimental Antitumor Agents from
Plants", Lloydia, 40(4), 1-44, 1977.

10. Yang T., "Studies on the Alkaloids of Magnoliaceoué Plants, XXXI.

Alkaloids of Michelia alba ©C,.," Yakugaku Zasshi, 82, 811,

1962.

l11. Harris W.M., fder No, 565-4868, 164 (Through
tained Natural Products :

i.terature Survey, Vol, II,

3 AN
12, Terence A. Smi Ml ¢4 % "\lated compounds in plants"

_nfs of the Essential 01l of
Arowgtig GLahaR ™ e C=n Yuch K'an, 7(10),

10387 .73

.,i
¥

14, Talapatra S. K., Patra A,, Bhar D,S, and Talapatra B., YAlkaloids

ﬂﬁf&l’%’ﬂ Ei PN B Jorsssiazs. 20,

305-6 1973,

- ATV HNAVLNY e

Aromen, 3, 99-102, 1953, (Through C,A, 47 (1953) : 8323e),

16, Ito K., "Studies on the Alkaloids of Magnoliaqéous Alkaloids of

Michelia champaca Linn.", Yakugaku Zasshi, 81, 703, 1961,

17. Majumder P.L. and Chatterjee N,, "Active Principles of the Trunk

Bark of Michelia champaca Linn.", Journal of Indian Chemistry

Bociety, 40(11), 929-31, 1963, (Through C.A. 60(1964):8226a).



18.

19,

20,

21,

22,

23,

24,

25.

26,

91

Yang T. and Hsiao C., "Studies on the Alkaloids of Magnoliaceous
Plants, XXXVI, Alkaloids of Michelia champaca Linn,",

Yakugaku Zasshi, 83, 216, 1963,

Govindachari T,R., et al, tructure of Parthenolide", Tetrahedron,
21(6), 1509

Ito K., "Alkald™ . —— a", Yakugaku Zasshi, 80,
325-9

Yang T., "AIT gu', Yakupgaku Zasshi, 82,

794-

Cassady M.J., C N h\-.'Laughlin L.J,,

: A
"Dehydro!. w WHoxic Constituent from the
Fruits of MTTaeji</ ', Phytochemigtry, 18(9), 15
154a T, £)) ¢ 90864m)
Arthur H.R.,-J)salina Laingy wnan 5N, L¥§ S,N,, Tam S,W, and Tung

"N&ﬂkaloids ft‘%’ﬂonyl(ong Plants", Phytochemistry,

WIANENTIYTNS
FRAINEATHHNAFNUARE onve

Zasshi, 79, 325-9, 1959,

Ito K. and Uchida I., "Alkaloids of Michelia fuscata', Yakugaku

Zasshi, 79, 1108-11, 1959,

Iida T. and Ito K,, '"Sesquiterpene Lactones from Michelia fuscata"”,

Phytochemistry, 21(3), 701-3, 1982,



92

27. Wu S., Kao Y., Li T. ans Yang C., "Study on the Chemical Constituents
in the Volatile 0il of Michelia hedyosperma Law', Chung Ts'ao

Yao, 12(2), 8-12, 1981. (Through C.A., 95 (1981) : 103200 f).

28, Talapatra S.K., Patra A. and Talapatra B., '"Lanuginolide and

Dihydroparthenolide, Two New Sesquiterpene Lactones from

Taurnal of Chemistry Society, D 22,

Michelia lanugg

1534-5, ; f ‘ : 61592 u)

29. Talapatra S.K ., ""Alkaloids of Michelia

1105-7, 1975,

30. Heywood V.H,. SL., The Biology and

Chemis el NN W 1, pp. 281-321, 412-428

and 10¢ R A H\ London, 1977,

31. Hooker J.D., The Inaia, Vol, III, p. 6417,

Williamat 2 e > 1880,
\Z A

32. Saldanha C.JS Hassan District Karnataka

India, . 616 Amerind Publishing, New York, 1978,

5. ot ﬂum&mmmmu p. 251, The Stan

Society Bangk ol‘

qmmmmummmaﬂ

fierson A.J.C. , '"Compositae', A Revised Handbook to the Flora of

Geylon, (Dasson, M.D. and Fosberg F.R.), Vol I, p. 147,

Oxonium Press, India, 1980.

’ : > -
35. 'UU'\IJI]W NaNNIUn g ﬂHUlW'S'lVIU, Wﬂud @, "UT Qe URE «od, 'z{ﬁuﬁnﬁ‘sﬂnw,

wdec.



93

36. Dymock W., Warden C.J.H. and Hooper D., Pharmacographia India,

Vol. II, p. 2438, Education Society's Press, Bombey, 1981.

37. surmnlsviBouwmnoumuTusnn, Uszuiagsmauealng, n1e e-n, &Indn

NWITLAANAUN, NIVUIVINY, bdoo-bda%.

38. Pandey U.C., et al., 'S istry of Strictic Acid and Related

: é japonica and Grangea
A v :

o 23(2), 391-7, 1984.

Furanodi

40, Iyer C.S., Iye v "_L'{ d N 0% '"Isolation of Strictic
Acid fr b Al W% Poir. : Identity of Methyl

Strictat oresedate'", Journal of Indian

Chemistry,. . 1979.

41, Robert J.S (v = Y )y _of Terpenes and

Ter. ]oids R . ": ic Press,; London, 1972,

42. Porterﬂ\uaﬂ ?p.ﬂcﬂﬂ 3%%%&@:%01(1 Compounds,

s 3, 13 and 285-362, John Wiley and Sons, New

qmmmfuum'mmas

43, Fischer N.H., Oliver E.J, and Fischer H.D., "The Biogenesis and

Chemistry of Sesquiterpene Lactones'", Progress in the

Chemistry to Organic Natural Products, (Herz, W., H.

~“risebach and G.W. Kirby), Vol. 38, pp. 48-264, Springer-

Verlag Wien, New York, 1979.



94

44, Eloy R., Towers G.H.N, and Mitchell J.C., "Reveiw Biological

“Activities of Sesquiterpene Lactones,'Phytochemistry,

15, 1573-1580, 1976.

45, Kupchan S.M,, Eakin M.A. and Thomas A.M., "Tumor Inhibitors, 69.

Structure-Cytotoxicity Relationships among the Sesquiterpene

Lactones', .

~dicinal Chemistry, 14(12), 1147-
1152, '

46. Herz W, and Sha-—

N W The Structure of

Saloni #fr FFi é‘>j_,i : WMcial C-8 Relactorization of
A ¢ 4 .
Cermacr;] p-®W-6 and C-8 Lactonizable a-0Oxygen

Groups" , Qb 8. 1970.

48, Rao A.S., "ﬁ' _"d'a, “The Structure of

Cos ™ -

® Lactone from Costus Root
. e L
AUYIRBENIWEINT
“ q T
49. Kupchan S.M. and M. May€rama, "Redegtive Elimin@yion of Epoxides

A WTENTIITU WA H) ) B o ocgasc

Chemistry, 1187, 1971.

1wlide, A New S¢squiterpel®

50. Sutherland J.K., "Regio-and Stergo-Specificity in the Cyclization

of Medium Ring 1.5-Dienes', Tetrahedron, 30, 1651, 1974,



95

51, Jain T.C. and McCloskey J.E., "Carbocyclization in Natural Products.

Amberlite TR-120 Cation Exchange Resin-Catalyzed €yclization
of Costunolide, Structure of B-Cyclocostunolide',

Tetrahedyron, 31, 2211, 1975,

52, Kulkarni G.H., Kelkar G.R. Bhattacharyya S.C., "Costunolides"

Tetrahedron

53. Doskotch R.W., and El-Feraly F.S., "New

Sesauite iodendron tulipifera®,

Phyton,

54, Doskotch R.W. nes from Pyrethrum
stry, 49, 2163, 1971.

55. Sokoloff S. and S des Derived from Herbolide

B", Tetrahed, 1977.

56. Saitoh T., L8 '] w. and Bhat S.v.,

"Sesq:!terp — - ur1o[ | Llwn confertiflorum (DC,)

Grav." 6 Bew. Latinoameg/ Quim., 2, 69, 1971, (Through C.A.,

AUEINETINENS
@maa NINHRBNEINY -

Parthenolide", Tetrahedron, 21, 1509 1965.

58. Talapatra S.K., Patra A. and Talapatra B., "Lanuginolide and

Dihvdroparthenolide, Two New Sesquiterpenoid lactones from
*iehelia lanuginosa The Structure, Absolute Configuration,
and a Novel Rearrangement of Lanuginolide, 'Chem. Commun.,

1534, 1970,



96

59. Doskotch R.W., El-Feraly F.S., Fairchild E.H. and Huang C.,
"Peroxyferolide; a Cytotoxic Germacranolide Hydroperoxide

from Liriodenron tulipifera”, Chem. Commun., 402, 1976,

60. Asakawa Y., Muller J.C., Ourisson G., Foussereau J. and Ducombs G.,

"New Sesquiterpej

ones of Frullania (Hepaticae).

61.0hta Y., witerpene Constituents
yllum. Novel
W udies for Enantiomeric

Methy! oniti Aide N0k 33, 617, 1977.

62. Tsuda K., Tanabe JFf, T&is=i- Pu' Bcoshi K., "The Structure of

Chem. Soc., 79, 5721, 1957.

63. Grieco P.A.';v
,‘ﬂf

Synttijis,™

)| imm INEIR o s
os. ammn mummmmm

Sesquiterpenes', Progress in the Chemistry of Natural

l;:i;hylene Lactones",

Products, (Herz, W.,, H. Grisebach and G.W. Kirby), Vol.

34, Wien : Springer, 1977,

66. Luckner M., Secondary Metabolism in Plants and Animals, pp. 122-

131, Academic Press, New York, 1972,



67.

68.

69.

70.

11,

72,

73.

Gelssman T.A., "The Biosynthesis of Sesquiterpene Lactones of the

Compositae'", Recent Advances in Phytochemistry, (Runeckles,

V.C. and T.J. Mabry), Vol, 6, p. 65, Academic Press, New

York and London, 1973,

Organic Chemigtry of Secondary

Geissman T.A. and Crout D.H_(

Plant Metabolis d“‘iﬁOPer and Co., San Francisco,

1969.

Herz W., "Bioger /] sene Lactone Chemistry',

W'Facile Biomimetic

Rodrigues A.A.

Synthes &iml:ide. Santamarin and

Reynosin' o93, 1978,

Fischer N.H., Mabry T<Z7k)\ 7/

B., "The Structure of

e . 4 - Jom Ambrosia
‘V:; " .
confer —drv - crahedron, 24, 4091,

2 .1! ¥

1968.

ol UEANEDSNEIN T .

97

ST Tk LY

Eremophilanolide"™, Tetrahedron Letters, 111, 1974,

Novotny L., Samek Z, and Sorm.F., "Isolation and Structure of
Dimethoxydihydrofuroeremophilane", Chem, Commun., 31, 371,

1966,



98

74, BHooker and Jackson B.D., Index Kewensis, Vol. II, p. 223,

75.

76.

17.

79.

80.

Clarendon Press, Oxford, 1880.

Theophilus D. and B.D. Jackson, Index Kewensis Supplementum I

(1886-1895), Oxford University Press, 1906.

Theophilus D. and B.D. Jj

Index Kewensis Supplementum II-XVI

(1896-1975

Ruangrungsi N. -~ ., Lee M, and Carl P,

llonii : A New Antitumor

f Natural Products, Vol.

B. and Holub M., Coll.

(1984).

El-Feraly, Chan , Journal of Organic

Chj Vi ; Y

Perold G.W., L‘ller J.C. and Ourisson G.5*"Structure D'Une Lactone

ﬂAﬁ;!sa!fYI ﬁﬂ%ﬂlﬂw] ﬂ%ahedron Vol. 28,
on. SRl VAN ERITT Rt mm&gm fron

the Liverwort Frullania tamarisci ghytochemistry, Vol.

12, pp. 631-632, 1973,



99

82. Quick A. and Rogers, D., "Structures of Cathedulin-2 and
Cathedulin-8, New Sesquiterpene Alkaloids from Catla

edulis”, Journal of Chemistry Society, Perkin II, 465, 1976.

83. Bawdekar A.S., Kelkar G.R. and Battacharya S.C., "Terpenoids

LXXXIX Absolute Configuration of Parthenolide",

Tetrahedror..

84, Yanagita M., ®d Okura T., "Pulchellidine,

A Nove! 1% S 'solated from Gaillardia

Wl ters, 2073, 1969.

85. Bick I.R.C., "Isolation of Tri-

(a-M Yy | e P \K.:.ne from Bellendena

W72, 1986.

86. Lima P.D.D.B., Garciiiiw i /) .A., "Selective Extraction of

[

e ' J2jition of Vanillosmopsis
‘y:, '\,d
ery L1)." Lz Products, .48, 986, 1985.

4

Ddpt. of Pharmacognosy, Faculty of

C T AU WA
RIS AN

88. Doskotch R.W. and El-Feraly F.S., "The Structure of Tulipinolide

and Epitulipinolide. Cytotoxic Sesquiterpenesg from

Liriodendron tulipifera L.", Journal of Organic Chemistry,

35, 1928, 1970.



90.

91.

92.

93.

100

Jakupovic J., Jia Y, Zdero C., Warning U., Bohlmann F. and Jones
S.B., "Germacranolides from Elephantopus Species",

Phytochemistry, 26, 1467, 1987,

Lange G.L. and Galatsis P., "Structure of Germacranolides

Isoaristolactor yroaristolactone", Journal of

Organic Ch

Bick I.R.C. ar - Alkaloids of Atherosperma

Kupchan S.M., -k WBE.M., "The Isolation and

Guinaudeau H., Lehad A., "Aporphinoid Alkaloids,

I - = 46, 761, 1983.
‘V. I.' ‘ - ’

-
11
ll‘

! i¥

AULINENINYINT
ARIAATANNING A Y



AULINENINYINT
ARIAATAUNN TN



102

a) silica gel Gans/benzene : acetone (l:1)

00 D)

-
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MR MR-1 MR-3 MR-4 MR-6 MR- 7 MR-8
Figure 3 Thin-layer chromatogram of isolated compounds from
Michelta rajantana Craib. stem bark.
Note: After warmed;MR—l - MR-6 gave yellow color ,MR-7 gave pale pink
colour.These colours are indicated a germacranolide group of

sesquiterpene lactone.

(the mixture of 2% resorcinol in methanol and 2% sulphuric acid as

spraying reagent)
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b) silica gel GF,_,/benzene : acetone (4:1)

254

Figure 4 Thin-layer chromatogram of isolated compounds from

Michelia rajaniana Craib. stem bark.
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c) silica gel CFZSA/ benzene : ethylacetate (4:1)

Figure 5 Thin-layer chromatogram of isolated compounds from

Michelia rajaniana Craib,stem bark,
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d) silica gel GFZSQ/benzene : ethylacetate (1:2)

Figure 6 Thin-layer chromatogram of isolated compounds from

Michelia rajaniana Craib.stem bark.
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e) silica gel GF 5l‘/chloroform : acetone (5:1)

2

Figure 7 Thin-layer chromatogram of isolated compounds from

Michelia rajaniana Craib.stem bark.
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f) silica gel GF,.,/ethylacetate : acetone (l:1)

254

(7
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i
i

AULINENININT

¢ o

Figure 8 Thin-layer chromatogram of isolated compounds from
Grangea maderaspatana Poir.
Note: After warmed-GM-1 gave purple colour,GM-2 and GM-3 gave violet
colour. These colour are indicated a eudesmanolide group of

sesquiterpene lactone,(the mixture of 2% resorcinol 1in methanol

and 2% sulphuric acid as spraying reagent)
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g) silica gel GF /benzene : acetone (1l:1)

254

ﬂua ANYNTNYINT

¢

Qﬁlﬁﬁﬂiﬂlﬂ]ﬂﬂﬂﬂmﬁﬂ__

Figure 9 Thin-layer chromatogram of isolated compounds from

Grangea maderaspatana Poir.



109

h) silica gel GF Sl./benzene : acetone (4:1)

2

AUEINININYINT

Figure 10 Thin-layer chromatogram of isolated compounds from

Grangea maderaspatana Poir.
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1) silica gel /benzene : ethylacetate (4:1)

CF) 54
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AU INENTNYINS

Figure 11 Thin-layer chromatogram of isolated compounds from

Grangea maderaspatana Poir.
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j) silica gel GF_,.,/benzene : ethylacetate (1:2)

254

Figure 12 Thin-layer chromatogram of isolated compounds from

Grangea maderaspatana . Poir,
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k) silica gel GFzSQ/chloroform : acetone (5:1)

\
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Figure 13 Thin-layer chromatogram of isolated compounds from

Grangea maderaspatana Poir.,



S W S U S S U t - N EUCISRETFIITITSIVI7) SN 1

‘_/'_—'—\
p —
3020 o M 940
~2920 1130
1 A T ! —r : T -
3000 250 404 1200 1000 800 600

-
!

4
A J

)

AULINENINYINS
st TR I AT AT TR

e€1t



(syiet

114

(sYzeot

(1°¢€P)29°S

(9°¢‘P)%E°9

1045

Figure 15 Proton NMR spectrum of MR-l from Michelia rajaniana Craib, stem bark in cpCl,
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Figure 18 Proton NMR spectrum of MR-3 from Michelia rajaniana Craib,stem bark in CDCl3.
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Figure 24 Mass spectrum of MR#gfrom Micheliguajaniana Craib.stem bark.

FI‘NEW’JVIEWI?W MliPp)
’Qﬁﬁﬁﬂﬂ‘iﬁuuﬁﬂﬂmﬁﬂ

(XA



Transmittance (%)

15.6

168

I.r

H AugInenineans
2 f: | a v B

1

.BAY

€70,
OB

-

4000 36201 3740 826 4 0 _ 20 1340 960 580
wave number (cm )

Ffgure 25 Infrared spectrum of MR-6 from Michelia rajaniana Craib.stem bark in CHC1

3

vl



—
w
A ~~
o~ [}
) -~
. o
(] «
~ »
) —~
~/
N
O
L]
]
7~~~
o
.
~— el
m -~
. (=]
[='e) .
- ™
~ —l
-~ -
~ <
D "
o~ 'U
o
—
o~
.
~ ~
o)
g
£
St
—f
™
\O
! Y : i — | 4 -
5 B S B S S B S A O O % O O ST R R B B N SN B AN R R NLINLE BLNLANL AL N LA B LS |
6 5 4 3 2 1
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Figure 30 Proton NMR spectrum of MR-7 from Michelia rajaniana Craib.stem bark .in CDCl;.
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