aanlszneumaniivesdduilensia HIBISCUS TILIACEUS LINN,
@
HAZNEMATININ

amﬁm;qﬁ%%wmﬁﬁw‘a.mmmﬁm.aﬂ

AN 101 ﬂ'lﬂﬂilﬂ‘u

QW’] RINFRWIAE R Y

Umsdnun 2542
ISBN 974-334-489-6

o s
AVANTUDIPNAINT AU INGIAD



CHEMICAL CONSTITUENTS OF THE STEMS OF HIB!'SCUS TILIACEUS LINN.
AND THEIR BIOLOGICAL ACTIVITY

AR WA Fcimens
for the Degree of Master of Seience in Chemistry’
QW’]NQ ﬂiﬂ}éﬂ?’&%ﬂ?@ d
Chulalongkorn University



Thesis Title Chemical Constituents of the Stems of Hibiscus tiliaceus Linn. And
Their Biological Activity
By Mr. Kongkiat Pongrod

Department Chemistry

Thesis Advisor  Assistant Professor Warinthorn Chavasiri, Ph.D.

i

Accepted by the Faculty of Science, Chulalongkorn University in Partial
Fulfillment of the Requirements for the Master’s Degree

Thesis Committee:

o ORONGA - Thesis Advisor

{ Assistant Professor Warinthorn Chavasiri. Ph.D.)

......... ﬁ r%ﬁﬁ”"‘} Member

(Associate Professor Pipat Kamtiang. Ph.D.)

............................................ Member

l]m“;% ﬂ.m "i"cwww_tﬂ

(Nattaya Ngamrojanavanich, Ph.D.)




Foufosd  wasen : ewdsznoumanivesdidulenziauazgniniadanim
(CHEMICAL CONSTITUENTS OF THE STEMS OF HIBISCUS TILIACEUS LINN.
AND THEIR BIOLOGICAL ACTIVITY) o.illinu sas. 5uns @5 161 win
ISBN 974-334-489-6

y .

ninmsAnyIlaRunT @adammueavesdduuas ludenzia nananiiudiy
anlsthimalussdugs unsononmslfie viln nndsadavesdiduldus vewauoamod
Ta79, YDIRAUTENIN friedelin 1102 friedelan-3f-ol. VOINTUNTANIUBATAN [4AT, VDI
campesterol, [-sitosterol R s&gmam:gnl, 2.5-dumethoxy-1,4-benzoquinone, 5-hydroxy-7,8-
dimethoxycoumarin, S-hydroxy-3,7-dimethoxy flavene iz S-hydrﬂxy-,’r.?rr.4"5r.?-
pentamethoxyflavone mﬂé&ﬁﬁﬁﬂmﬂﬂmunmmnﬂﬁ‘Iﬁ 6 %1iA AD VBINANTENI friedelin
nae friedelan-3p-ol, Banﬁ'rm, lupeol, p—m:efhoxycmnamm acid, gossypol 10E vanillic acid HANTT
'||1'Fl'ﬁﬂ'l.lﬂ11HIﬂHHHﬂEI1iaHW'Iﬁﬂ‘IHT ﬁ"i? 2.5-dimethoxy- 1. 4-benzoquinone,  5-hydroxy-3,7-
dimethoxyflavone, 3- h}rdmxy-aaﬁ 45 T-pmtameﬂmxyﬂamna prmethoxycinnamic  acid 1D
gossypol |1ﬂﬁ~aﬂ1‘lmﬂ1lﬂ‘briﬁ! lrﬁﬁ'mn”im ﬂﬂqq

* .F1 l.Tlll
DT Vool s, ATOOYOTAR, ... ohseiments e s N
i - A H
T Y N LD o e .. N

Umsfny ..., ORED it



w = 4072304723 - MAJOR CHEMISTRY
ey worn:  Mibiscus tifiocens Linn/ MALVACEAE/BRINE SHRIMP CYTOTOXICITY
TEST/BIOLOGICAL ACTIVITY/ KONGKIAT PONGROD - CHEMICAL

From the pré nethanolic crude extracts of stems and

leaves of Hibiscm {_‘ eant cytotoxic activity against brine
shrimp (Ariemia isolated from the crude extract and

were identified as ixture of friedelin and friedelan-3f-

ol. a mixture of lo il carboxylie acids. a mixture of campesterol. fi-sitosterol and

stigmasterol me. S-hydroxy-7.8-dimethoxy coumarin, 5-
hydroxy-3.7-dimethoxyflavone™ an Séhydroxy-3.3'.4',5".7-pentamethoxyflavone.  The
separation of the crude ex ‘ "- tiliacens afforded six substances. Their
structures wer chamf //” 8 offiiedelin and friedelan-3f3-ol, f-amyrin,

lupeol, p—met 0 nic-acid-gossypol-and-vamflic acid. The results of brine shrimp

A-benzoquinone.  5-hydroxy-3.7-

1
dimethoxyflavone. 5-hydroxy-3,3'4'.5".7- pentanmllmxyﬂavmm p—meﬂmxycu‘manuc acid

N ﬁﬁﬁﬁﬁ‘ﬁﬁ‘ﬂ’% e
ANIAINIUUAINERE

TAIE Voo DT VBT oo ]

- - 4 A ol iy :
VT L vianinins I iicinas a1 oNUTIU Py

AR s B A st



vi

ACKNOWLEDGEMENT

This acknowledgement is proundly presented for all professors who taught the
author at Department of Chemistry, Faculty of Science, Chulalongkorn University,
especially to those in the Organic Chemistry division and the Natural Products Research
Unit. He would like to thank all the faculites who gave him an opportunity to study and
help him understand materials and everything else..

To the author’s opinion, an expression as “Thank you” is not enough for his
advisor: Assistant Professor Dr. Warinthorn Chavasiri. The author is very grateful to him
for his great advice. latest iufqrmatiﬁi_;, and wvaluble disscussion including indefinite
kindness. In additions he would like to gwl; a deep thank to his thesis committes for their
comments and suggestions. He would aJso like to express his appreciation to Associate
Professor Dr. Kingkaew Wﬂtﬂnasmkﬁ, ﬂepa.ltment of Biology, Faculty of Science,
Chulalongkorn University for pmyiding;}’ég@ilrities and advice in brine shrimp Lethality
Test. Thanks are extended o Beijing Megl;ga}l Scheol, Beijing, Replublic of Chaina for
the anti cell lines cytotoxicity fest. m‘@iﬂn, he wishes to thank Dr.Worawan
Bhanthumnavin for the antioxidative bioassé?‘ékperimem.

Moreover, he would like to thank his w;gni‘,fﬁnily members for their love,
understanding, encouragement, limitless sacrifice and advice. They have supported the
author to concentrate on his future and have been a constant source of inspiration.

Finally, he never forgets to-thank-somone special“who is a nice person for continuously

cherring up.



Contents

Pages

SORSTIPHEE T TN iccnonssoumetnmmonstons s aisiaoreusioh (oaisians sy AV HES S AR I SRS BT v
Abstract in English ........... o RIE L L ... \
Acknowledgment ....... 5 cttirtaste . ot iail s as BB s R vi
List of Figures .......commmmemmet.. ... W0 ... Somsmmumill .- .-« 1esveer immsessesessrmemsarss X1
List of Tables. ... gl gl B e sisivesibiinnssianisasasianiss X1V
List of Schemes ......... v w4 C/7 BE N0 N N - Xvi
List of Abbreviations .44 44........ B N xXvii
CHAPTER 1 : INTRRODBUR RN . BRI T .. ccovianassonstnsns sessasapase I
Chemical constituents studies of HibIScis tlidCeus. .................cvcvvveresennn, 6
Chemical Constituents studies of Hibiseus genus ...............ccowwweerrerseee. 8
The Goal of ThitPRegEarchert Sl ... R0 M....ccoooivncussmmssmsssumsassmnsnsinss 16
CHAPTER 2 : EXPERIMEAEAT - il . W...............ccooccoimiiiiiniiiiisinnes 17
2.1 Plant material....... et sl DI 3 B RN S S R SN 17

2.2 Generadl procedure. . ......ciiiiiiiissiah, | 8 TS 17

2.3 ChemioBl i s i DR 18

24 ChemiCalRELS .........ee TN .........n. e - ——— 18
2.4.]1 Liebermann-Burchard reaction .......cocoevvererersesssrsisseresssessssessanas 18

2.4 @ramtiiq t49) .- - Q A £- 1. Q.- J s BN Mo orovsvensssussussnasnens 18

2. AR o s e e e s 18

2.8 Clemisal ragchioncy:.a 4. Q-1 Q- MG A WA P WP O, ¥ e 19
2.5.1 Synthesis of 4-methoxycinnamic acid......... 0t 19

2.5 Extraction procedane ..o s s s e 19

2.7 B10oassay EXPETIIMNENL ..ocvvreerrererrereeeeroessveessrsnsssnsssesseessssassssssessassassasans 21
2.7.1 Brine shrimp cytotoxicity lethality test (BSCLT) ..o 21

2.7.2 Anti cell lines CYIOtOXICILY TEBL ........cociricscsmimmassonsmssnsmssnsresmnnes 21



2T 3 Antioschdant test cocn i e T

CHAPTER Il : RESULTS AND DISCUSSION

3.1 The results of extraction

3.2 The results of biological activity screening test
3.2.1 Brine shrimp CYLOIOXACIEY BBSE ...voovoineusmssimsimsmsrsnronsosasnsensssanssson
3.2.2 Anti cell line cytotoxicity test

3.2.3 Antioxidatant teSBERRERRIR F A . ...,

3.3 Chemical constituents of the stems of [L #iliaceus

3.3.1 Separation of hexane cruée extract (Fraction I)

3.2.2 Separation of dichloromethane crude extract (Fraction )

3.2.3 Separationof ch}l'i auetaté crude extract (Fraction 1)
3.4 Purification, properties and structural elucidation of organic compounds
isolated ﬁ'mn‘flw_'ﬁ:ms.ﬂf H. ﬁfiﬁc%ys .................................................
34.1 Puriﬁcatﬁ‘n.ﬁi‘@eﬂiai andfﬁ‘tr’uctural elucidation of Mixture 1 ..
3.4.2 Purification. pﬁ]:;erﬁﬁ andiéfﬁ"u;ftural elucidation of Mixture 2 ..
3.4.3 Puni ﬁCﬂliDﬂ,_opTﬂHﬂrEﬁ and %ﬁﬁg}l}ral elucidation of Mixture 3 ..

3.4.4 Purification, prqpeﬁ%a&dsﬁﬁfiﬁuml elucidation of Mixture 4 ..

N

3.4.5 Purification, pi'uﬁt:rﬁﬂs and structural elucidation of Compound 1 ..

3.4.7 Purification, properties and structural elucidation of Compound 3 ..

3.4.8 Purification, properties and structural elucidation of Compound 4 ..

3.5 Chemical canstituents of the leaves of H. tiliaceus «..cocnn..........
3.5.1 Fractionation of Fraction VI'by quick column chromatography...
3,5,1.1 Brine shrimp cytatoxicity test-of Fractiondenived from

Fraction VI

T £ S SN U SRR TR AR TR TS R (O B, R

3.5.2 Fractionation of Fraction VII by quick column chromatography

3.5.2.1 Brine shrimp cytotoxicity test for ethyl acetate extract

of leaves (Fraction VII)

“elucidation of Compound 2 ..

55



3.6 Separation of fractions derived from Fraction Vland VII ..................
3.6.1 Separation of Fraction VIA ...
3.6.2 Separation of Fraction VIB

3.6.3 Separation of Fraction VIC .......c.coeriererrnsenvirermsnsemssssnessasesns
3.6.4 Separation of Fraction VID ........ccccvvviivnriminveersssnsrsersenersesssesssnes
3.6.5 Separation of FracHon YIEs.........cccivniinniiiiiisiiarssssomsassiassassiins
3.6.6 Separation of FraghiBi I £ 4. ...........ccconniiinirnnnneinensnnns
3.6.7 Separation of Fraction VIG ... A,
3.6.8 Separation of Fraction V’ﬂﬂu
3.6.9 Separation ofFTaction VIIB ... iteicenerremireemescsseeesssesasnsnes
3.6.10 Separation of Fraction VIIC
3.6.11 Separation of Fraction VIID
3.6.12 Separation of Fraction VIﬂZ .....................................................
3.6.13 Separation of Fraction VEE .....................................................

3.7 Purification, properties and structu;a] elucidation of organic compounds
isolated from the leaves of }. ﬂfme&% ................................................

lJ

R 8 0 B R R R

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

3.7.2 Purification, properfies and strubtmal elucidation of Mixture 5
3.7.3 Purification; me'—an&fmi'amdatmn of Compound 6
3.7.4 Purification, properties and structural elucidation of Compound 7
3.7.5 Purification, properties and structural elucidation of Compound 8
3.7.6 Purification, properties and structural elucidation of Compound 9

3.8 The results'of biolegical activities of isolated componds .....................

3.9 Biolegical actiyities of isolated substances Trom literature survey .......

3.10 Structure activity relationship of cinnamic acid derivatives and
benzoic acid derivatiVes ...

3.10.1 Structure activity relationship of cinnamic acid derivatives ..

3.10.2 Structure activity relationship of benzoic acid derivatives

86
36
38



Pages
CHAPTER IV : CONCTITEION ..ccsvimnsiismiossssunssisniasosinsinbenisamsrminsins smiis 91

AONUUINYUINNS )
ANRINITUNINE AL



Figs

List of Figures

LY - EH B ot I OO U FiNi s enioriin st vaskies Sohn ks o o Hnniiss S e

1.2 Chemical constituents of the

1.5 Other chemica‘lw : Wgnus .........................

4.1 Isolated organic substances e tems a ' caves of H. tiliaceus ....

oo =1 on h B W

10 The mass speai

11 The '"H NMR spectrum of compound 1

+++++++++++++++++++++++++++++++++++++
e R R R A R R R R R A AR R AR EE

The IR spectrum of Mixtu
4:"1;““/ :
The GLckﬁlzﬁiﬁzﬁfg&“ 208
Thﬂ IR ;,“—,;: AR

............................

............................................

| =
I

i m&ﬁmwtﬂ%ﬂ"ﬁ ''''''''''''''''''''

13 Thel

At AN

16 The DEPT 90 and DEPT 135 spectrum of Compound 2 ...

17 The NOESY spectrum of Compound 2
18 The HMBC spectrum of Compound 2
18A The HMBC spectrum of Compound 2

...................................................

rrrrrrrrrrrrrrrrrrrrrr

*i

Pages

oo o



®ii

Figs
18B The HMBC spectrum of Compound 2 ....ooovevviiiivcvccvceeeveesisieeeeee. 119

18C The HMBC spectrum of Compound 2 ... 120
18D The HMBC spectrum of Compound 2 .......cociiiiiiininnnreianrsessssassesans 121
19 The IR spectrum of Compound 3 ..o 122
20 The mass spectrum of Compound 3 .....ooovimiivecceccseccsneeieiisirensnee.. 123
21 The 'H NMR spectrum of cﬂmpuund B e S SR RS 124
22 The “C NMR spectrum of Cntnpqw ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 125
23 The DEPT 90 and DEPT 135 speclw@mpuund - 126

24 The HMBC speetrtim of Compound 3 it cccoovrvooeerrromererererenes 127
/ -

29 The "*C NMR spectr umﬁam@a .................................................... 135
30 The DEP :\‘9\[1 and us’speamm of Compound 4 f .................................... 136
137

138

139

34 The C-NMR spectrum 6f Cpmpﬂupdﬁ Py oo o A g RS 140
35 The IR spectrum of Misiue 5.1, ... ... QL. LLLG ey i ey 141

36 The,GLC analysis.of standa tdl steroids, and MIXIULE 5 | e opmencompepsrriomnns 142
5 N TR EpeStriiof Conpodadod X 1. L. Q. KL LD ... 143
‘13 The 'H NMR spectrum of Compound 6 ...ooovveeevrceeeeeevevcecceeeccneen.. 144
39 The "’C NMR spectrum of Compound 6
40 The mass spectrum of Compound 6 ... 146
41 The IR spectrim of Compountl 7 .. smmmsmsisiisisnasiisessmsissrmssensase 147



Figs
42 The 'H NMR spectrum of Compound 7

43 The "C NMR spectrum of Compound 7 .......oooooveivorieeeeeeeeeeeeeeienseseeeenee
44 The DEPT 90 and 135 spectrum of Compound 7 ...
45 The mass spectrum of Compound 7 ...
46 The IR spectrum of Compound 8 ...
47 The 'H NMR spectrum of ComBRIMIE B it teiiam

48 The *C NMR spectrum

S

g,

49 The DEPT 90 and 135 spectrum of Compotind 8 ............ccoonriiveriniainnnes

50 The mass spectrtify of'
31 The IR spectrum g
52 The 'H NMR spe
53 The “’C
54 The DEPT 90ang

- 5

N

)
AOUUINBUINT )
RN ININENAY



Xiv

List of Tables
Tables Pages

1.1 Steroids and triterpenoids found in Hibiscus genus .......c.ccevvncciineniinn 8
1.2 Floral anthocyanins of some plants in Malvaceae ........cccorvcevnecnincrsnniennnnns 13
1.3 Chemical constituents of plants in Fibiscus genus ........cocevveenerssrerenennes 14
3.1 The results of extraction of stems ar - Hlaeeus i, 2%
3.2 The results of brine shri " POLOOMIMal................oocecncrismsianeanainn: 23
3.3 The results of Wcsmﬂm@nd Bel-7402 cell lines ...... 24
3.4 The results of d BGC-823

cell lines ... gt AN, . (B DRI N . .civiimansiarmansesinensssisaisass 25
3.5 The results offantio (57 e R 25
3.6 Theresults o on of Fra S S\ \‘k .................................... 27
3.7 The results of n of Fractior I S A SRS T A 28
3.8 The results of of alic : “racti W SRR 29
3.9 Comparison of car L & C nent | with friedelin-3f-ol

and component 2 WIﬁfaﬁ"e‘&’éf' B e 32
3.1 Cmnpanson of chmﬂﬂ‘aﬂﬁﬁ?

|,4-ben Za O S I e et .. s esssanssrssnsasussarentes 39
3.12 The Han"f : SIPOUNd 3 oo 46
3.13 Comparim of "H NMR chemical shift of Conipounds 3 and 4 .............. 49

3.14 Comparison of 'H'NMR chemical shift of€ompound 4 with myricetin

D VLR NE 2l — "

3.15 Tentative "'C chemical shiftassignment ofCompound 4 .. 5...ovvvvnennnnns 52
A rebilorlepbuitot bcdon Y1 ik b bl
lr.hromatngraph:f .......................................................................................... 53

3.17 The results of brine shrimp cytotoxicity test of various fractions derived

from the separation of Fraction VI ......cceiiimeiismmsmesissmssomirssssens 54



Ry

Tables

Pages
3.18 The results of separation of Fraction VII by quick column
ChromAlOETAPNY ..ot rsr s e s e s s e e as e st seanr e s s aerneearas 55
3.19 The results of brine shrimp cytotoxicity test of various fractions derived
from the sepatation 6F Fraction VIL .cocmsisnsusssmnsemummisssssmsrsoinons 55
3.20 56
3.21 57
3.22 58
3.23 59
3.24 59
3.25 60
3.26 61
3.27 62
3.28 62
3.29 63
3.30 64
331 64
3.32 raction’ 65
3.33 The ccmpai&su_r_;of cﬁ’ﬁiﬁcﬂjy ift of f-amyri 68
3.34 The camp\' lion of steroic j ................................. 70
335 The “CN nical shift assi FCompound 6 ................oocec. 72
3.36 The 'H Nt:gnd "*C chemical shift assignment of Compound 7 ............ 77

:‘::;a"mﬁu%'ﬂ e

3 39 The results of brine shrimp cytotoxicity test of cinnamic acid derivatives .. 87
3.40 The results of brine shrimp cytotoxicity test of vanillic acid and related

compounds

4.1  All 1solated substances from the stems and leaves of H. tiliacens ............. 02



xvi

List of Schemes

Schemes

2.1 The general extraction pmcadure .................................................................. 20

\\\l ///

3.1 The possible mass fra

3.2 The possible mass fi Compound 1 ...coovvcnsinnisssnnnee 40

3.3 The possible mass j’ agimer ' ion pattern-of Compound 4 ... 51
34 The possible TN eaefiatiitioh SaRERmet TOMBound S ..o 67
3.5 The possible massdragmentatio pattern of Compound 6 ... 73
3.6 The possiblemas ruentation pat
3.7 The possible wass fragmentation pattem of Compound § ................ 80

AOUUINBUINT )
RN ININENAY



br
.

cm

dd

dec
DMSO
dt

i -]

- =

lit

EEE

xvil

List of Abbreviations
broad m.p. melting point
degree Celsius MS mass spectrometry
unit of wavenumber MW molecular weight

doublet (NMR) miz mass per charge

doublet of d,_ Q\'\ni IME nuclear magnetic resonance
decomposed part per million
dimethylsulfoxide =y quartet (NMR)
doublet of triplet (NMR) el. i relative intensity
retardation factor
strong (IR)
singlet (NMR)
triplet (NMR,)
weak (IR)

weight

literature chemical shift
multiy [ o [ percent

microgram (s)
microliter (s)

AOUUINBUINT

waaﬁﬂ'miwﬁmné’ﬂ



CHAPTER 1
INTRODUCTION

Located in the tropical hemisphere, Thailand exhibits plants biodiversity.
Some 15,000 species of vascular plants have been recorded in Thailand. Flora experts
reported that only 15% to 30% of the couniry’s flora have been recorded. This means
that there are some 40,000 - Sﬂ,[}ﬂ? species of plants that exist in the country.'
Therefore, Thailand is a country endowed with a variety of plants which has strong
potential for therapeutic gppficatiang and have been used extensively for treating
disease from ancient fime and are sﬁlil the principle source of medicines today. In
addition, plants are still a main Souice 'hf bioactive compounds for the development of
new therapeutic agents.or as tools to m@tmm& biological process.

Currently in'many mdustnahz&d countries there has been increased concern
over rising medical costs, and the ta:lurﬁ }Jf‘ mudr,m medicine to treat efficiently those
diseases that have become thie Ieadlngms of death in many countries, namely,
heart disease and cancer. 'lhesc trends Hiﬁ: hclpt:cl increasing worldwide interest in

alternative medicine.

Thailand; -while sfill a developing country in many respects, has begun to

suffer from many same problems as industrialized countries, including rising medical
costs and increasing in the number of people who su ffer from “modern disease” such
as heart disease, high blood pressure, texminal stage cancer, and Acquire Immune
Dificiency Syndrom (ALDS) In cop"iug with.these problems, Thailand is fortunate in

that_it_has,many_indigenous resource available for confronting such trends. namely

herbal medicine.



Traditionally, herbal medicines have been used as mixtures which involved
balancing and enhancing certain chemical attributes. There are many examples of the
useflilness of herbal medicine. Tuber has been used as a cream for relieving pain. The
seed of custard apple has been used to heal lice and fungal infections. The herb
curmin (Curcuma Longa), has been used to relive stomach flatulence

Many natural products from medicinal plants have been extracted and studied

-style medical practices, especially in the

dem drugs derived from medicinal plants.

1St indole alkaloid isolated from

Catharanthus rme?_ wemely impoitant in the treatment of leukemia’.

AWRIN IO At

vincristine



Croton sublvratus (plau-noi), Thai medicinal plant, which is used extensively
in local herbal medicine. Investigation of the chemical constituents of leaves
by-A. Ogiso and his coworkers led to the isolation of anti-peptic ulcer diterpene

alcohol, plaunotol.’

OH

Calanolide A and inophyllums P, two coumarins with anti-HIV 1 activity were

_nphyllums P

Vu de :\

_ Artemisia ymua (Quinghaosu), a Chinese Lm@tinnal herbal medicine used as
a treatment for fever and nialaria. This plant produced sesquiterpene lactone,

artemisinin Q%ugﬂmm aﬁﬁa] properties.’

artemisinin



Among the medicinal plants available in Thailand. plants belonging to
Malvaceae family are one of Thai medicinal plants, which widely used as traditional
herbal medicine. For instance. Sida rhombifolia (kad morn): the root has been used
for various medicinal purpusx:s.“ The examination of the root by J. Pyrex and M.
Chari in 1983 led to the isolation of the alkaloid compounds namely cryptolepine,
ephedrine, hypaphorine, phenylethylamine and vacicine.® The synthetic derivatives of
vacicine, bromhexine, which could be presently used to treat chronic bronchitis and
have been commercialized.”

Thespesia populnea, commonly known as the Portia tree. is widespread in
Southeast asia. The heartwood contained thespesone, thespone and in addition with
mansonones D, E and F* These mansonones are known to induce contact dermatitis
in man, to inhibit tumor formation and to have antifungal properties. They also
affected lipid peroxidation and cytochrome P450 activity.” Recently, M Martina and
co- workers isolated a new mansonone from the Hawaii heartwood and identified as
?-I1ydmxy-z,3.5,Ei-tafra]wdtgad.ﬁ,9-lﬁﬁgﬂi}f]naphﬂm-[1,,8-I:-,c]pyran-4.8-dinne."

o

O‘ i

Thespesone Thespone new mansonone

o

mansonone D mansonone E mansonone F
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H. tilaceus is classified to be a mangrove plant belonging to family
Malvaceae. This tree, coming from tropical orient and pacific region, bears little
outward resemblance to the popular shurb Hibiscus, thought it is increasingly being
used as an ornamental in seaside garden. It has large heart-shape leaves, downy
underneath, and five-petaled. Hibiscus type yellows turn a darker hue before they fall.
The tree trends to creep and twist along the ground rather than growing upright."’

H. tiliaceus is an indigenous plant te tropical countries which has a variety of
medicinal application. Fresh leaves used io relieve sore throat and severe cough by
squeezed into cold water and drunk. It was also taken as tea to treat stomach
flatulence. The fresh bark is used to treat skin disorder.'”

Fig 1.1 Hibiscus tiliaceus Linn.



Chemical Constituents Studies of Hibiscus tiliaceus

The wood and root of Hibiscus tiliaceus were first investigated by R.H.
Thompson and coworker in 1980. The chloroform extract of Fijian wood vielded the

series of hibiscones A -D (1)~(4) and also lapachol (9). The H. tiliaceus material from

Sri Lanka vielded hibiscones A-D and hibiscoquinones A -D (5)-(8)."

=

ot

AT

(7

t =
(1)
Gj/\/l(téj/\oﬂ
4)
o

(3

(8)

e 7

()

HO

P

O
(6)
0
OH
=
0

©)

Fig 1.2 Chemical constituents of the wood and root of H. tiliaceus




The roots of Hibiscus tiliaceus from Brazil contained none of the foregoing
compounds; however four related pigments were isolated. These were identified as
mansonones D, E and F and gossypol (10)."'

of ,, \\\\ ‘Subramanian in 1973 led to the

Investigatio
\\i\\ ferulic acid (12)."

é: (f* \
CD 4
M‘"

isolation of [-sitos r

COOH
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Chemical Constituents Studies of Hibiscus Genus

Plants in Hibiscus genus are known to be a rich source of steroids,
tritespenoids, higly oxidized sesquiterpenoids, and flavonoids. Steroids and
triterpenoids found in Hibiscus genus are reported in Table 1.1. The structures of

these compounds are shown in Figs 1.3 and 1.4.

Table 1.1 Steroids and triterpenoids found in Hibiscus genus

Scientific name Plant ,Et{:roid and triterpenoid Ref
Fﬁﬂ "
H. abelmoschus stem campesterol, cholesterol, ergosterol 13
t B-sitosterol, stigmasterol
leaf campesterol, cholesterol, ergosterol 13
[-sitosterol, stigmasterol
H. sabdariffa seed campesterol, cholesterol, ergosterol 14
ﬁ-&ip::steml, stigmasterol
petal cm;ﬁpesteml, cholesterol, p-sitosterol 15
 stigmasterol
H. rosa-sinensis leaf— EW], cholesterol, B-sitosterol 16
stigmasterol, taraxerol
flower | ergosterol, campesterol, B-sitosterol 15
stigmasterol
H: cannabinus stem [-amyrin, campesterol, -sitosterol 15
stigmasterol
H. syriacus root bark | betulin, campesterol, [i-sitosterol 17
stigmasterol
leaf campesterol, cholesterol, ergosterol 15
[-sitosterol, stigmasterol
H. mutabilis root bark | B-amyrin, betulinic cid, campesterol 15
fi-sitosterol, stigmasterol




H

R=H : cholesterol stigmasterol
R= Me : campesterol
R= Et

R = CH:OH : betulin
R = CO:;H : betulinic acid

Fig 1.4 Triterpenoids found in Hibiscus genus
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Owing to their attractive biological activities, plants in Hibiscus genus have
been extensively investigated. Various organic compounds were isolated and found
to exhibit biological activities. For instance, B. Maurer and A. Grieder isolated a new
macrocyclic lactone from the seed of Hibiscus abelmoschus and identified as (Z)-5-

tetradecen-14-olide (13) in 1977 in addition to ambreetolide (14), (Z)-5-dodecenyl
acetate (15) and (£)-tetradeceny| acetate (16). g

(CH2)40COCH;

(16)

(17)
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In 1995, S. Cafferty et al reported the isolation of mangiferin (18) and

isomangiferin (19) from the leaves of H. liliastrum.™

o OH
HO I |
HO U OH
Glu
(18) ; (19)

Many cycliespeptides with unique structures and biological activities have
been isolated from microbial and ﬁlaﬁna origins. A few compounds including,
lyciumins, citrusins, astins, mmnani‘n—g; curcacycline A, cleromycine I, segetalins
and dichotomycins were isolated from higher plants. Including hibispeptin A (20),
a novel cyclic peptide from the root bafk o; H. syriacus, a traditional Chinese herbal
medicines which haw"ﬁaem used as amtigypuc, anthelmintic and antifungal agents in
the Orient, has been isolated h}f'Bﬁng&ikﬁ@\cmWDrkcrs in 1996,

prro-Gln

(20)
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In 1997, three new naphthalene derivatives, designated as syriacusins A (21),
B (22) and C (23), were isolated from the chloroform extract of the root bark of H.
syrimeus by Yoo et al. These compounds inhibited lipid peroxidation with ICsy of
0.54, 5.90 and 1.02 ppm, respectively. The first compound also showed cytotoxicity
against some human cancer cell lines with an EDsg of 1.5 - 2.4 ppm. The structure of
syriacusins A-C are shown below.”

HO

(21)

(23)

Two vears later, B.S. reported two new active triterpene

caffeates as the cor
3pB,23,28-trihydroxy-12-blean:
oleanene-3-caffeate (25).

me par of this plant and identified as
. (24) and  3p,23 28-trihydroxy-12-
c s showed lipid peroxidation inhibitory
activity and significant cy hﬁaﬂ cancer cell lines.”

i

—

OH

OH

OH

(25) R =0OH, R'=0 7

OH
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In 1972 J.B. Lowry investigated the chemical constituents of Hibiscus flowers
and reported the floral anthocyanins for 11 Hibiscus speciesﬁ" The results are shown

in Table 1.2 and the structures are shown below.

Table 1.2 Floral anthocyanins of some plants in Malvaceae

Species Compounds
H. archboldianus Borss Cy 3-sambubioside (26) ; Cy 3-glucoside
H. macrophyllus Roxb. Cy 3-glucoside (27)
H. tiliaceus L. Cy 3-glucoside
H. cannabinus L. Dpj-s&mbubiuside (28)
Dp 3-glucoside (29)
H. sabdariffa L. Dp and Cy 3-sambubioside
Dp and Cy 3-glucoside
H. surattensis L. Cy 3-sambubioside
H. rosa-sinensis L. Cy Hpﬁhumside
H. mutabilis L. Cy 3-sambubioside ; Cy 3-glucoside

R R’ R
26 OH H Glu
27 OH H Glu
28 OH OH Sam
29 OH OH Sam

Cy =cyanidin ; Dp = Delphinidin
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Other isolated organic compounds from Hibiscus plants are displayed in Table

1.3 and the structures of some of these compounds are shown in Fig 1.5,

Table 1.3 Chemical constituents of plants in Hibiscus genus

quercitin, kaempferol

Species Plant Organic compounds Ref
Part
H. abelmoschus seed Fatty acid: arachidic acid, behenic acid, 18
linoleic acid, linolenic acid, myristic acid
dodecyl acetate, dodecenyl acetate
H. cannabinus leaf car-3-ene (30), citral (31), phellandrene (32) 13
limonene (33), a-terpeneol (34), piperitol (35)
stem | 3,8-dimethyl-1.2-naphthoquinone (36) 55
2 .8-dihydroxy-4,7-dimethoxy-6-methyl-1-
naphthaldehyde (37), para-tolualdehyde
H. sabdariffa petal Fatty aeid: arachidic acid, behenic acid 26
lauric acid, linoleic acid, linolenic acid, myristic
acid, oleic acid, palmitic acid, palmitoleic acid
anisaldehyde (38), benzoic acid (39), 15
gallic acid (40) , protocatechuic acid (41)
[ flower a-terpenyl acetate, quercitin (42) 27
gossypetin (43), hibiscetin (44)
H. syriacus flower pelargunidin—3-D-malnﬁ}rlglucnside (45) 28
| peonidin-3-0O-malonylglucoside (46)
‘ malvidin-3-O-malonylglucoside (47)
H_rosa-sinensis leaf Fatty acid; arachidic acid, behenic acid, lauric | 29
acid,‘myristic acid{oleic acid, palmitic-acid
stearic acid
flower | quercitin, quercitin-3,7-di-O-pB-D-glucoside 30
-'I'}T mutabilis flower | nonacosane, tetratriacontanol, hexyl stearate 30




OH
OMe

34 35 36 37
HO COOH COOH OO0H
i @ HE/Q\GH OoH
OMe - OH OH

OH

HO D,U\/cocm
OH "“OH
RN T |RY (RY RS Rl O\ &3
492 OH OH H OH H 45 H H
43 OH OH OH OH H 46 OMe H
44 OH OH OH OH OH 47 OMe OMe

Fig 1.5 Other chemical constituents of plants in Hibiscus Genus



1.6 The Goal of This Research

Besides the preliminarily biological activities screening test. the methanolic
crude extract of the stems of H. riliaceus displayed moderate cytoioxicity against
brine shrimp (Artemia salina Linn) with LCsy of 4.68 ppm. The methanolic extract
crude extract of leaves exhibited the significant plant growth inhibition against
Mimosa pigra Linn. Moreover, the methanolic extract of leaves also gave promissing
cytotoxic activity results: however, it was lack of information of chemical constituents
and their biological activity. According 1o these preliminarily results, it is so attractive
to investigate the chemical constituents which responsible for those biological
activities. Therefore, the following goals can be summarized:

I. Toisolate ﬂlﬁb_iaacﬁve substances from the leaves and stems of H. riliaceus

)

To elucidate the chemical structures of isolated compounds

3. To study the biological activity of i1solated compounds



CHAPTER 2
EXPERIMENTAL

2.1 Plant Material

Hibiscus tiliaceus Linn. was collected in April 1995 from Samutsongkram

province. A voucher specimen is deposited in the herbarium of the Royal Foresty

Department of Thailand (no. 117913).

2.2 General Procedure T}

NMR spectra were reeorded iﬁ CDCly ona Bruker ACF 200 and a Jeol INM-
A500 spectrometer using tﬂtﬁdruethylﬁilane (TM5) as an internal reference in 'H and
“C measurement a1ad-'“slxﬁdhrd-' Brﬁker pulse sequence for two - dimensional
gxperiments. Ass@mt‘:ﬂt Gf BL-NM% chmmcal shifts was made with the aids of
DEPT spectra. TheFT = IR spectra s#;re recorded on a Fourier Transform Infrared
Spectrophotometer muﬂel Impact 410 {KBpr&]lets) The mass spectra were obtained
on Fission Instrument madel l.ﬂﬂ ’?Dm}géﬁ.ahng at 70 eV ionization voltage.

Melting points were ﬁﬁr:nmnf:d wiﬂr/a Fisher - Johns melting point apparatus
and are uncorrected. M&tIEMIIdtQMTﬁC -TAG instrument equipped with a
flame innizalinﬁf‘,ﬁ:t:mm Nz _as_a_camier Jj‘ Medium Pressure Liquid
Ci'lron'aatugraphjf'imas performed on Buchi, model f;ﬁsﬂ A. Silica gel Merck
Kieselgel 60, no. 7734, 7749, 7731 were used for column chromatography,
preparative thin layér” chrematography (prep TLC), and quick column
chrmnamgraphy' respectively. TLC' analyses were performed with Whatman
precoated silica gel (Merck Kieselgel 60 PFasq Land spots on thegplate were observed
undet UV light-ahd Visualized by spraying with 10% H3S0, in-ethanol followed by
heating.



3 Chemicals

All solvents used in this research were purified prior to use by standard

protocol except for those which were reagent grades.

2.4 Chemical Tests

2.4.1. Liebermann-Burchard Reaction

This is a general test for stﬂrﬂiﬁdﬁn; triterpenoid compound. To a solution of the
sample to be tested (2-3 mg) in dry dﬂa(oﬁ}m (0.5 mL) was added a few drops of
acetic anhydride with shaking, ﬁ}’lluwcd by one. drep of concentrated sulfuric acid and
the color change was observed gﬂer rl few minutes. The deep green colour suggested

the presence of stc@uf;n{gs\ysmug and the purple colour indicated a triterpenoid

skeleton.

the sample (2-3 m
hydrochloric acid. Ai

2.4.3 Alkaloid test ‘

Dragendraff's reagenr o e
y s
Add a few drops of Dragendroffs reagent

orange prempltatc sgggested the presence of ﬁ]kalmd mlc]cus

S

Kraut's reagen.r

The sample solution was added a few drops of Kraut’s reagent yielded brown
precipitate. Thispositive fesrexliibited the presertce of alkaloid nucleus,

Marme s reagent

Ta a methanol solution of the sample 1o be tested was added a few drop of

Marme's reagent. The brown precipitate indicated the occurrence of alkaloid

compounds.
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2.5 Chemical Reactions
2.5.1 Synthesis of 4-methoxycinnamic acid

Malonic acid (1.64 g, 15.8 mmol) is dissolved in 10 mL of anhydrous pyridine,
p-methoxybenzaldehyde (3.18 g, 13.1 mmol) and piperidine (0.11 g, 0.13 mL) are
added, and the solution is refluxed for 1.5 h. Carbon dioxide evolution has ended by

this time. The solution is cooled to RT, poured into a mixture of 10 g of ice, 5 mL of

conc. HCI and 13 mL of H,0, i g the acid as colorless solid. The solid is
‘ ’p‘h cr}rstal]lmd from EtOH and dried in

Id-i§2.60 g (70%), m.p. 185-186°C. TLC

collected by filtration, w
vacuo to give colorle

revealed the R value o

2.6 Extraction P

Ground
successively percol
for three days at roo
the solution was color

giving crude extracts,”|

AOUUINBUINT )
ANRINTUNIINENRE
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Ground sun-dried samples of
Hibiscus tiliaceus

‘hcxm

hexane extract

u\<

A\\\\\

/»\\

—ethy """ a residue

methanol

l
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1.7 Bioassay Experiments

In the search for bioactive substances from Hibiscus tiliaceus. the bioactivities
of crude extracts, fractions. and pure compounds were routinely assayed using the
following bioassay experiments.

2.7.1 Brine Shrimp Cytotoxicity Lethality Test (BSCLT)"'

The samples were assayed at 10, 100, and 1.000 ppm using 10 second-star
larvae of the brine shrimp (Arfemia salina, Leach) in triplicate. The brine shrimp
were observed periodically over 24 - h period.  After 24 h contact. the number of
surviving organisms was recorded and the LCsy was evaluated by the calculation
using the probit statistical analysis program.

2.7.2 Anti Cell Lines Cytotoxicity Test

Human tumer cell lines were kindly performed in Beijing Medical School,
Beijing, Republic of China.

Cytotoxicity assays of the extracts and fractions were carried out by
modification of the MTT [3-(4.5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide] colorimetric method. All assays were performed in triplicate. The results
were expressed as a percentage, relative to control incubation, and the effective dose
required to inhibit cell growth by 50 %6 (EDsg) was determined.

2.7.3 Antioxidant Test™

There were two methods employed for anti-oxidative test.

a) Reduction of 2.2-diphenyl-1-pidrylhydrazyl [=2,2-Diphenyl-1-(2.4.6-
trinitrophenyl)hydrazyl; DPPH ] radical. TLC autographs assay: after developing and
drying TLC-plates were sprayed with a 0.2% DPPH selution in MeOH. The plates
were examined at 30 min after spraying--Active compounds-appeared as yellow spots
against a purple background.

b) Bleaching of a fi-carotene. TLC' autographic assay: after-developing and
drying, TLC plates were sprayed with a [P-carotene solution in dichloromethane
(0.2 mg/mL). The plates were exposed to 254 nm UV light for 20 min before
examination. J-carotene undergoes bleaching except in places where antioxidative
substances prevented the degradation. Active compounds appeared as orange spots

against a white background.



CHAPTER 3
RESULTS AND DISCUSSION

In the course of screening for biologically active constituents from Thai
mangrove plants, the methanolic extract of the stems of H. tfiliaceus exhibited
significant cytotoxic activity against brine shrimp (Artemia salina Linn). Previously, a
series of sesquiterpenoid quinones has been isolated from the stems; nevertheless, the
biological activities of these compounds hawve not been reported. Thus, in this
investigation, the biological aclivi‘tf,r study “was conducted using brine shrimp
cytotoxic lethality assﬁ}r as a giiide. Moreover. the methanolic extract of leaves also
gave promising cylotoxic activity results; however, it was lack of information of
chemical constituénts ‘and their Eiuﬁugicat activity. Thereby, searching for
biologically active gonstituents from thc leaves of H. tiliaceus should be rationalized.

v

3.1 The results of extraction 174 4

Yy

The stems and leaves oi’ifffbirct&ﬁlﬂu;gcem Linn. were extracted following the
it A 4

procedures described in Chapter:'l- The ms_nfté of extraction are summarized as shown

f,’l.\'x,__
in Table 3.1. - -

Table 3.1 The resalts of extraction of stems and luaves‘_pf:H.n'ﬁaceus

Plant part ‘Solvent Fractionno. | Weight (g) Yewlw
hexane 1 40.2 0.22
Stem dichloromethane i1 35.0 0.20
(18.0 kg) ethyl acetate 111 48.5 0.27
| methanol v 60.3 0.34
hexane v 207.4 1.60
Leaf dichloromethane VI 225.8 1.74
(13.0 kg) ethyl acetate VIl 186.5 1.43
methanol VIl 121.3 0.93
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From the results of extraction, it was observed that the yields of extraction
derived from the leaves were higher than those obtained from the stems in every

solvent extract.
3.2 The results of biological activity screening tests

3.2.1 Brine shrimp cytotoxicity test’!
Various crude extracts of H filiaceus were preliminarily screened for
cytotoxicity against brine shrimp (Artemia salina Linn.) according to the procedures

described in Chapter 2. The results are displaved in Table 3.2.

Table 3.2 The results of brine shrimp cytotoxieity test

Plant part Solvent Fraction LCsp Activity
(ppm)

hexane I 33.04 medium activity
stem dichloromethane In 23.67 medium activity
ethyl acetate nr 11.72 medium activity
methanol v 60.05 medium activity
hexane v 41.32 medium activity
leaf dichloromethane Vi 15.64 medium activity
cthyl acetate Vi 17.56 medium activity

methanol VIII 122.24 low activity

According to the above fesults, Fractions 1. IL. I11. V. VI and VII displayed
interesting cyfotoxic activity against brine shrimp. These crude extracts were thus

selected for further investigation of the chemical constituents.

3.2.2 Anti cell line cytotoxicity test™

In vitro cytotoxicity test against four human tumor cell lines were kindly
carffeéd out by the staff of Beijing Medical School, Beijing, Replublic of China

employing standard seven - day MTT assays for HL - 60 (Leukemia carcinoma).



Bel-7402 (Hepatocellular carcinoma), HCT-8 (Colon carcinoma) and BGC-823

(Gastric carcinoma). The results are shown in Tables 3.3 and 3.4,

Table 3.3 The results of cytotoxicity test against HL-60 and Bel-7402 cell lines

Fraction Concentration Inhibition (%)

(pg/mL) HL-60 Bel-7402

1 18.70 1.86

| 10 21.29 9.21
100 71.68. 73.89

1 3.37 -1.64

| 10 17.31 -1.80
100 83.72 88.29

1 -39.66 2.82

1 10 24.65 10.18
100 57.40 72.85

1 2261 3.90

A% 10 - -12.86 3.67
100 © -53.89 21.32




Table 3.4 The results of cytotoxicity test against HCT-8 and BGC-823 cell lines

Fraction Concentration Inhibition (%)
(pg/mL) HCT-8 BGC-823

1 28.22 19.78

| 10 40.65 16.30
100 67.09 50.00

1 37.47 46.55

I 10 40.00 40.63
100 8757 91.68

1 28.78 17.20

11 10 20.25 18.26
100 55.42 68.06

1 11.86 25.62

v 10 11.21 29.82
100 2.42 44.74

[ ]
L]

In addition to the results derived from the brine shrimp cytotoxicity test,

Fractions I, II and I also exhibited moderate cytotoxicity against some human

tumor cell lines.

3.2.3 Antioxidant test’”

The methanolic extracts of leaves. stems and roots of H. tiliaceus were tested

for anti-oxidant activity according to the procedure described in Chapter 2.
results are reported in Table 3.5.

Table 3.5 The results of antioxidant test

Plant part Activity
f<carotene DPPH
Leaf - +
Stem - +
Root - +

+

: active, -: inactive

The



According to the results of brine shrimp cytotoxic lethality assay and anti-
oxidant test, the crude extracts of stems and leaves of this plant gave attractive
bioassay results. The trends outline from preliminary screening test pointed toward
the presence of bioactive substances in stems and leaves of H riliaceus. Thus,

chemical investigation of these two parts were conducted.

3.3 Chemical constituents studies of the stems of H. tilinceus

3.3.1 Separation of hexane erude extract (Fraction I)

The hexane erude exiract (Fraction 1) as vellow-brown solid, 38.0 g was
separated by silica gel column chromatography. The column was initially eluted by
10% CH,Cls-hexane, followed by increasing polarity of solvent. Eluting solvent was
collected for each fraction approximately 500 mL and then concentrated under
vacuum to a small volume. Each fraction was checked by TLC and the equivalent

fractions were combined. The results of the separation of Fraction I are shown in
Table 3.6.



Table 3.6 The results of the separation of Fraction |

dark brown viscous liquid

cluents Fraction No. Remarks Weight
-.(Tfuvnlume by volume) (500 mL) (g)
10% CH;Cly-hexane 1-8 white amorphous solid 0.17
(Mixture 1)
20% CH;Cly-hexane 0-24 pale yellow oil trace
30% CH,Cly-hexane 25-45 white crystal + yellow oil 3.07
(Mixture 2)
40% CH;Cly-hexane 46-54 yellow oil trace
50% CH;Clz-hexane 55-64 white ppt in pale yellow oil 1.43
(Mixture 3)
65-76 white crystal + yellow oil 3.47
(Mixture 4)
77-80 pale yellow oil 0.50
81-86 yellow brown oil 1.75
80% CH,Cly-hexane 87-101 brown oil 0.37
90% CH;Cl;-hexane 102-104 * brown oil 0.69
100% CH.Cl; 105-115 | dark brown viscous liquid 2.28
5% MeOH- CH,Clz 116-130 1.46

3.3.2 Separation of dichloromethane crude extract (Fraction II)

Fraction Il as dark green viscous solid, 40 g was separated by open column

chromatography using silica-geldas an adsorbentc The separation procedure employed

was the same as that used for the separation of Fraction Il. The restlts are indicated in

Table 3.7,
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Table 3.7 The results of the separation of Fraction [l

- Eluent Fraction No. Remarks weight
(Yovolume/volume) (g)
10% CH,Cl;-hexane 1-20 white amorphous solid 1.00
20% CH;Cly-hexane 21-30 pale yellow oil trace
40% CH,Cly-hexane 31-40 white needle + dark oil 3.02
50% CH,Cly-hexane 41-50 dark brown solid trace
60% CH;Cly-hexane 51-58 dark green brown solid 0.27
80% CH;Cly-hexane 59-70 dark brown oil 0.19
100% CH,Cl» 71-92 | red needle (Compound 1) 0.85

+ red brown oil

03-95 yellow solid (Compound 2)

1+ yellow oil 1.02
10% EtOAc-CH,Cls 96-100 | dark green oil 1.95
20% EtOAc- CH,Cl 101-114 | dark green oil 1.08
30% EtOAc- CH,Cl, 115-125 | dark green oil 2.16
50% EtOAc- CH,Cly 126-136 | dark brown semi solid 1.47
80% EtOAc- CH;Cly 137-150 da.rk brown semi solid 0.23
100% EtOAc 151-160 | black viscous solid 1.88
5% MeOH-EtOA¢ 161-170 | black solid trace
10% MeOH-EtOAc 171-181 black solid trace
50% MeOH-EtQAc 182-190 _ | black solid trace

3.3.3 Separation of ethyl acetate crude extract (Fraction 111)
The ethyl acetate extract, Fraction IIl (45 g) was subjected to column
chromatography over silica gel which initially eluted with n-hexane, followed by

inereasing amount of dichloromethane in hexane. The results of the separation of

Fraction 111 are shown below.



Table 3.8 The results of the separation of Fraction Il11
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Eluent Fraction Remarks Weight
(7 volume by volume) MNo. (g)
10% CH,Cly-hexane 1-10 yellow oil + white amorphous 1.56

solid
20% CH,Cl,-hexane 11-25 pale yellow oil + white needle 1.87
30% CH,Cly-hexane 26-40 yellow oil + white amorphous 2.04
solid
40% CH,Cl;-hexane 41-58 orange oil 0.98
60% CH,Cl,-hexane 59-73 greenish oil 0.86
80% CH,Cly-hexane 74-85 | yellow solid + greenish oil 1.24
| (Compound 3)

100% CH,Cl; 86-100 | pale yellow solid (Compound 4) 0.40
10% EtOAc-CH,Cl: 101-120 }»’éﬂuw~green oil + yellow solid 2.03
30% EtOAc-CH;Cl; 121-135 | yellow solid in yellow oil 0.50
50% EtOAc-CHCl, 136:144 | brown oil 0.74
70% EtOAc-CH,Cly 145-160 | brown solid in dark brown oil 1.12
80% EtOAc-CH,Cly 161-170 | dark brown oil 2.30
100% EtOAc 171-190 | dark brown oil 1.72
10% MeOH-EtOAc 191-200 | brown residue trace
50% MeOH-EtOAc 201-215 | brown residue trace
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3.4 Purification, properties and structural elucidation of organic compounds

isolated from the stems of H. tiliaceus

3.4.1 Purification, properties and structural elucidation of Mixture 1

Mixture 1 was obtained as white precipitate in yellow oil from the separation
of Fraction | by eluting with 10% CH,Cl; in hexane. The white precipitate was
crystallized by a mixture of acetone and chloroform. Mixture 1 as white solid, m.p.70-
72 °C, 20 mg (0.05% w/w of hexane extract) was obtained. The TLC (silica gel)
exhibited only one spot at Re 0.85 (solvent system : chloroform).

The IR spectrum (Fig 1) of Mixture 1 showed the absorption band belonging
to C=0 stretching vibrationof an ester at 173 lem™' (s) and C-O stretching vibration at
1178 cm™' (s). The C-H stretching vibration and C-H bending vibration of -CH,- and
CHs- were observed af 2847 and 1465 cm”, respeciively. The additional absorption
peak at 717 em’ was due to -CHs- (for chain, 4 carbons). From this spectroscopic

data, Mixture 1 was -iﬂelﬁﬁgd as a mixture of saturated long chain aliphatic esters.”

3.4.2 Purification, properties and structﬁifa_;l;elucidatiun of Mixture 2

As a white precipitate in pale yellow oil, Mixture 2 was obtained after it was
eluted with 30 % €H.Cl; in hexane. The oil was removed by washing with methanol
for several times<White needle (30 mg, 0.075% whv of extract), m.p. 140-145°C,
was formed after vecrystallization from hot hexane. This mixture showed two spots
with Ry value of 0.82 and (1,68 (silica gel/dichloromethane).

Afterunonitoring by colour tests, this Substance gaye a purple colour with
Liebermann-Burchard® s reagent. It also showed the positive, result to 2.4-DNP
reagent: This) indicated the presence of triterpenoid nucléus ‘eontaining carbonyl
functional group of either aldehyde or ketone in this molecule.

The IR spectrum (Fig 2) revealed the characteristic absorption peak of O-H
stretching vibration of hydroxy group at 3400-3500 em”, C-H stretching vibration of

CH», CHyat 2950 and 2850 em™’ and C=0 stretching vibration of aldehyde or ketone
at 1708 cm™.
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The 'H NMR spectrum of Mixture 2 (Fig 3) exhibited the signals in an
aliphatic region at & 0.50-2.50 ppm which were corresponded to the proton signals of
nrethyl, methylene and methine protons. Other signals were observed at 5 3.40 ppm as

multiplet with 1H integration consistent with the signal of proton on a carbon attached

to an oxygen atom.

The “C NMR spectrum (Fig 4) gave good agreement with IR and 'H NMR
spectra. It exhibited a total of 44 signals of carbon which suggested that this
compound be a mixture. The spectrum revealed the chemical shifts of carbon very
close to those of friedelin-type triterpene. From the literature survey, the generally
found triterpenoid belonging to fried;lan group which widely distributed in plants is
fridelin and l“riede!gn-&ﬂ'—pi. The ”’:C NMR chemical shift of each carbon was
assigned by comparison with those of literature data.’* The carbonyl carbon of
friedelin was observedat § 214.3 'ppmfeﬁﬁereas the signal at 8 72.7 ppm should be the
carbon bearing hydroxy greup be]anginfé to friedelan-3-ol. Other signals around 61.3
to 6.80 ppm were tumpaublﬂ with mﬂhyl methylene, methine and quarternary
carbons. The "*C NMR chemical asmgnnwnt of Mixture 2 is shown in Table 3.9.

Thus, the structures of M’ﬂure 2¢ c,mﬂg] be deduced as a mixture of fridelin and
friedelan-3(-ol. This deduction was aisn!ﬁnfgrccd by direct comparison of Ry value
with that of the authentic sample. The result“ u;‘.' TLC comparison showed that the Ry
value of Mixture 2is identical with that of friedelin and friedelan-3p-ol.



Table 3.9 Comparison of carbon chemical shift of component 1 with fridelan 3p-ol
and component 2 with fridelin.

" Carbon position Fridelin Component 2 | Fridelan-3B-0ol | Component 1
1 224 20.3 16.4 16.4
2 415 41.5 35.3 353
3 213.1 213.1 72.8 72.8
4 582 493 492
5 37.9 37.8
6 47.8 49.0
7 17.6 17.5
8 532 53.1
9 372 37.1
10 61.4 61.3
11 35.6 35.6
12 30.7 30.5
13 38.4 38.3
14 39.7 39.7
15 324 324
16 36.2 36.0
17 30.0 30.0
8 42.8
19 353 35.5
20 28.1 282 28.2
21 328 328 32.9 328
2 AU INGUIN TS -
23 us Y E.!s 116 1.6

O =\
= ~ &r] &}Iﬂ 15.8
QW’]quﬁ 3"%’] <VIEJ.3 18.2
T 2 18.6 18.6 18.7 18.6
27 20.2 20.2 20.1 20.2
28 32.1 32.1 32.1 32.1
29 35.0 35.0 35.0 35.0
30 31.6 31.7 31.8 31.8
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The mass spectrum (Fig 5) also supported the above evidence, it gave
expected molecular ion at both m/z 426 and 428 which corresponded to the 'H and
& NMR spectra. Other fragmentation series belonging to friedelan-3p-ol were
observed at m/z 413, 395, 304, 275, 249, 207, 205, 195, 193 and 165 together with
significant fragmentation ion peaks of friedelin at m/z 411, 341, 302, 274, 273, 247,
218, 205, 193 and 191. The possible mass fragmentation pattern of Mixture 2 is
shown in Scheme 3.1.

By means of TLC ﬁ&ﬂm Mixture 2 was obviously
ixture: in -3B-ol. Their structures are shown
. T————
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Scheme 3.1 The possible mass fragmentation pattern of Mixture 2
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Scheme 3.1 (cont.)
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3.4.3 Purification, properties and structural elucidation of Mixture 3

Mixture 3 was obtained from Fraction nos. 55-64 of hexane crude extract
(Fraction I) as white precipitate. The white precipitate was recrystallized by acetone :
chloroform (1:1) yielding white precipitate (32 mg, 0.08% w/w of hexane extract),
m.p. 70-73°C. It showed a single spot on TLC with Ry value of 0.85 (silica
gel/dichloromethane).

The IR spectrum (Fig 6) showed an absorption band of O-H stretching
vibration of carboxylic acid at 3000-3400 cm ' (very broad), C=0 stretching vibration
of carboxylic acid at 1705 em '(s).iThe absorption band at 2919 and 1465 em’”!
revealed the presence of methylene and methyl groups. In addition, the absorption
bands due to -CH5- at T 7.em “was observed.

With the aids of = IR spectroscopic evidence, it could be concluded that
Mixture 3 is a mixturg'of long chain carboxylic acids.™

3.4.4 Purification, properties and structural elucidation of Mixture 4

The white solid in yellow o1l was obtained from Fraction 1. The yellow oil was
removed with methanol. The remained solid was recrystallized from chloroform :
hexane (1:1) for several times to afford white needle designated as Mixture 4,
1.64 g (0.004% wiw of hexane extract), m.p. 140-143°C. The TLC plate (silica gel)
displayed Ry value of 0.45 (solvent : dichloromethane). Mixture 4 was soluble in
dichloromethane, but slightly soluble in hexane. This substance gave a deep green
colour with Liebermann-<Bairchard’s reagent which suggested the presence of a steroid
nucleus.

The IR spectrum (Fig 7) exhibited the absorption bandoof O-H stretching
vibration at 3500-3430 ¢m™ (s.b) | and |C-O stretching vibration at- 1050 and 1020
em”.In addition, the band at 1650 cm’' revealed the presence of C=C functional

group; the stretching and bending vibration of -CH; and -CH> were detected at 2960-

2840 cm’' and 1460 cm™, respectively.
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According to the above data, this substance should be a steroidal compound.
To analyze the composition of this mixture, it was subjected to gas chromatography

ard the chromatogram of the mixture was compared with that of three standard

steroids: campesterol, stigmasterol and p-sitosterol (Fig 8). The result of GC analysis

1s shown in Table 3.10.

Table 3.10 The composition of steroids in Mixture 4

Name Retention time (min) % composition
campesterol 17:28. 9.03
stigmasterol 18.43 : 35.20

] [B-sitosterol 20.96 o J R

Thus, it could be concluded that Mixture 4 was a mixture of campesterol,

[B-sitosterol and stigmasterol.

HO

campesterol

stigmasterol

Mixture 4 mixture of steroid
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3.4.5 Purification, properties and structural elucidation of Compound 1

After elution with 80% CH,Cl,-hexane, Compound 1 was gained as orange
solid in brown oil. The brown oil was removed by washing with methanol for
several times. The orange needle (m.p. 250°C, 8 mg, 0.02 % w/w of dichloromethane
extract) was obtained after recrystallization with a mixture of chloroform - methanol.
It showed a single spot with R value of 0.74 in dichloromethane solvent system.

Its IR spectrum (Fig 9) showed absorption bands of aromatic moiety at 2991
and 1593 cm’' and of two conjugated carbonyl groups at 1696 and 1644 cm’,
which are characteristics of a quinonoid nueleus. The molecular ion peak [M]" in EI
mass spectrum (Fig 10) appeared at m/z 168 which was corresponded to a molecular
formular CgHgOs.

The 'H NMR spectrum (Fig 11) showed an important signal at & 5.70
ppm (2H, s) cnmpﬂﬁﬁlﬂ with olefinic protons. Methoxy protons were detected at &
3.70 ppm (6H, s). In‘addition; the "C NMR spectrum (Fig 12) exhibited total four
carbon signals: at 6 188.0 ppm ascribing for the carbonyl carbons of quinonoid
skeleton, the signal at 6 107.5 ppm consistent with olefinic carbons and the signal at
8 56.0 ppm coinciding with'methoxy carbens.

All above data suggested that Compound 1 be a |,4-benzoquinone containing
two methoxy gronps. Therefore, three possible structures of Compound 1 could be

depicted as shown below.

8] 0 O
OMe OMe MeO OMe
e Ohte
O o]

A B C
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The alternative structure B can be discarded on the fact that the olefinic proton
signals were observed as 2H singlet. The proton signal of structure B should appear as
adoublet due to the coupling of proton at ortho position to each other. However, the
"C NMR spectrum indicated that structure A should be corresponded to Compound 1
rather than structure C. This was because the spectrum gave only four carbon signals
due to carbonyl carbons were suited in the same environment. This observation was
confirmed by comparison of 'H and ''C NMR spectra of Compound 1 with those of
2,6-dimethoxy-1,4-benzoquinene (structure C), which was isolated from the

heartwoods of Rhizophera apiculata in 1988. The results are reported in Table
3.11.

Table 3.11 Comparison of chemical shift of structure A and 2,6-dimethoxy-1,4-

benzoquinone (strticture C)
Carbon Chemical shift (ppm)
No. Structure A Structure C
¢ B dc¢ dc

| 188.0. ‘ - 186.8 -
2 158.0 - 157.3 -
3 107.5 5.70 107.4 5.80
4 188.0 - 176.7 -
5 158.0 5.70 107.4 5.80
6 107.5 - 157.3 -

OMe 56.0 3.80 56.5 3.80

The mass spectrum-(Fig-10) also supparted structure-A. It gave the parent ion
peak at m/z 168.0 together with ‘other fragmentation ion peaks at 153.0, 140.0, 138.0,

125.0, 97.0 and 69.0. The possible mass fragmentation pattern is given in Scheme 3.2.
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Scheme 3.2 The possible mass fragmentation pattern of Compound 1
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According to the physical properties and spectral evidences, it could be
concluded that Compound 1 was 2,5-dimethoxy-1,4-benzoquinone. The structure of

this compound is shown below.

OMe

o]

Compound 1
2,5-dimethoxyl,4-Benzoquinone

3.4.6 Purification, properties and siructural elucidation of Compound 2

Compound 2 was obtained as y&ﬂow;mlid in brown oil. The oil was removed
by washing with methanol mld;-ﬂie remgihing solid was recrystallized from hexane-
ethyl acetate several times. White negﬁfg;»-m.p‘ 178-180 °C, (8 mg, 0.02% w/w of
CH,Cl; extract) was obtained. It 5hnwed.-éﬁe.'~5pot on TLC with Ry value of 0.65 in
CH;Cl, as a solvent system. Compound 2 is soluble in.chiloroform, dichloromethane
and ethy| acetate.

The IR spectrum (Fig 13) clearly revealed the presence of phenolic hydroxy
group at 3324 em’™, o p-unsaturated carbopyl of lactone at 1710 em”. The
characteristic\absorption peak due to'an aromatic moiety was observed at 1624 cm’',
This data suggested that Compound 2 possesses a conjugated system, such as
carbonyl moiety: Moreover, its IR spectrum pattern was found 10 be similar to those

of reported coumarins.’ Therefore, Compound 2 may be classified as coumarin.

z)



The 'H NMR spectrum (Fig 14) exhibited the charateristic signals due to H-3
and H-4 of a coumarin skeleton at 6 6.22 and 7.96 ppm (1H each, d, J = 10.0 Hz)
respectively. The isolated aromatic proton was observed at & 6.44 (1H, s) in addition
to two methoxy groups which were detected at 6 3.90 and 3.92 (3H each, s).

The '"C NMR spectrum (Fig 15) displayed the resonance signals for all
carbons and the multiplicity of each carbon could be assigned by DEPT spectra
(Fig 16). The carbonyl carbon appeared at 161.4 ppm that was found to be similar to
those common coumarins.”’’ Furthermore, five quarternary carbons at & 155.6, 151.8,
145.6, 131.5 and 102.5 ppm, three methine carbons at 6 138.5, 111.8 and 92.4 ppm
and the presence of two-methoxy groups at & 61.4 and 56.2 ppm were also observed.

The 'H-'H NOESY spectrum (Fig 17) showed that H-4 proton had no
coupling interaction with  the other carbons except for H-3 proton. This result
indicated the absence of proton attached to C-5 position. Consequently, the
substituent located at C<5 position should be a hydroxy group.

The spectroscopie evidence suggested that Compound 2 be a coumarin
containing one hydroxy group and two m.éthuxy groups.

From the HMBC spectrum (Fig 18), ﬂi_g carbonyl carbon of coumarin detected
at & 161.4 ppm was coupled with nleﬁuiﬁ‘pmtuns at 6 6.22 and 7.96 ppm of H-3 and
H-4, respectively. This clearly pointed out that the C-3 and C-4 positions in the
coumarin ring should be unsubstituted. The proton at C-4 position was correlated to
the aromatic carbon at C-3 position at 111.8 ppm, C-5 position at 145.6 ppm and also

the signal at & 151.8 ppm. The latter signal could be assigned for C-8a of the

coumarin maigtys
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In addition, the C-H long range correlation in HMBC spectrum provided
further information. The singlet aromatic proton at C-6 position at 6 6.45 ppm was
coupled with the carbon of C-4a position at 6 102.5 ppm, C-7 at 6 155.6 and C-8 at &
131.5 ppm. The location of hydroxy and methoxy groups were also able to be
determined by HMBC spectrum as follows: the HMBC cross peaks were observed
between methoxy protons at & 3.90 ppm and an aromatic carbon at C-7 position at &

155.6 ppm and also between the other methoxy protons at & 3.90 and the carbon at
(-8 position at & 131.5 ppm.

These locations were supported I:q»,r the 'H-'H through space coupling in
NOESY spectrum (Fig 17). This spectmm showed cross peak between the singlet
aromatic proton of the C-6 position at § 6.45 ppm and methoxy group at 5 3.92 ppm.

Supported by the above ,spectrqsqup_;u_:; data, it could be concluded that
Compound 2 was 5-hydroxy-7.8-dimethoxycoumarin. The structure is shown below.

OH

el 8]
OMe

Compound 2
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3.4.7 Purification, properties and structural elucidation of Compound 3

After recrystallization pale yellow solid derived from Fraction Nos. 74-85 of
ethyl acetate extract with hexane-ethyl acetate, pale vellow needle (m.p. 140-142°C,
I8 mg, 0.045% w/w of extract) was obtained. This compound revealed one spot on
TLC with Ry value of 0.56 in dichloromethane solvent system. Compound 3 is
soluble in various solvents such as dichloromethane, chloroform, ethyl acetate and
slightly soluble in methanol. This compound gave a deep red colour with cyanidin test
which is the characteristic of flavonol compound.

The IR spectrum (Fig 19) of Compound 3 showed the absorption band of a
hydroxy group at 3400-3300 em’'. The strong absorption band at 1664 cm™' revealed
the presence of o,-unsaturaied carbonyl and the characteristic absorption peak due to
an aromatic moiety was observed at 1550 em’

The EI mass spectrum (Fig 20) of this compound gave a molecular ion at m/z
298 in accordance with a'ﬂavunﬂid'mnt'aining one hydroxy and two methoxy groups
which was corresponding to the molecular formular Cy3H,,0s.

The 'H NMR spectrum (Fig 21) e:g."h.iit!it&d two multiplet signals at & 7.52 and
8.05 ppm, corresponding to 2H and 3H protons, respectively. This observation
implied the characteristics of unsubstituted benzene ring. The spectrum also showed
two doublet signals at & 6.38 and 6.46 ppm of one proion each for meta-positioned
aromatic ring proton. The presence of two methoxy groups was indicated by two
singlet signals at 6 3.87 and 3.88 ppm. The other signal at & 12.58 ppm was clearly
indicated the presence of the chelated hvdroxy group.

The € NMR, (Fig 22) and-DEPT: spectra: (Fig-23)-displayed 15 signals of
carbon. The signals of quarternary carbons at' & 179.0, 16556, 162.1, 156.9, 155.9,
139:7and “130,5ppny; five methine carbonsat 6-130:9; 128.6,128.4,,98.0 and 92.2
ppm and the methoxy carbons at 60.4 and 55.8 ppm were visualized. The chemical
shift of the carbonyl carbon at & 179.0 ppm revealed the characteristic feature of a
flavonol compound (5-hydroxyflavone).

From the above spectroscopic data, Compound 3 was suggested to be

methoxygenated flavonol compound bearing two methoxy groups.
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The positions which were substituted by two methoxy groups could be
assigned by 'H NMR spectrum. This could also be confirmed through long-range 'H-
"C coupling deduced from the HMBC spectrum (Fig 24). Since the absence of signal
for H-3 at & 6.30 ppm, the methoxy group should therefore be located at C-3. This
fact was collaborated, on the HMBC spectrum, by the correlation of methoxy protons
at & 3.87 ppm and & C-3 at & 139.7 ppm. The 'H NMR spectrum further exhibited
the two doublet 1H proton signal at 6.38 and 6.46 ppm with coupling constant 8 Hz.
The splitting pattern and the coupling constant were indicative of the assignment for
meta-disubstitution. Thus, this methoxy group could be placed at C-7. This
assignment was also supperted by the: correlation of the proton signal at 5 3.87 ppm
and the carbon signal at® 165.6 ppm in the HMBC spectrum.

feMeOL, Ay O g

(s

The aromatic singlet signal at ﬁ%jﬁmpm could be assigned for H-8, which
correlated with C-7 and C-9 (:gt_‘ﬁ 1569({@111) The remaining aromatic proton at &
6.38 ppm (H-6) was also correlated to C-'Ir' and C-5 (8/162.1 ppm). In addition, the
chelated hydroxy proton (6 12.58 ppm] was found to have a close relationship with
three aromatic carbons at 6 97.7, 106.2 and 162.1 ppm.

The complete assignment of 'H and "C NMR chemical shift of Compound 3

is displayed in Table 3.12.
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Table 3.12 The 'H and "*C chemical shift assignment of Compound 3

Position Chemical shift (ppm)
'H NMR “C NMR

2 155.9
3 139.7
4 179.0
5 162.0
6 98.0
7 165.6
8 92.2
9 156.2
10 106.2
1’ 139.7
2 128.4
3’ 128.6
4 130.5
5’ 128.6
6 128.4

C5-OCH3 55.8

C-OCE 60.4

Cs-OH -

| ﬁmmmmﬁ: B
““&W‘fﬁﬁ’ﬁﬁ“mﬁﬂ%ﬁ%ﬂﬁa ¢)
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According to the above spectroscopic data, Compound 3 can be deduced as

S5-hydroxy-3,7-dimethoxyflavone. Its structure is shown below.

Compound 3

S-hyd rnxyé,?-dimeﬁmx}fﬂawne

3.4.8 Purification, properties and st!‘uetural elucidation of Compound 4

Compound4 was obtained as yellow solid in greenish oil from Fraction Nos.
86-100 of Fraction LIT (see Table 3.8). .;Ehe greenish oil was removed by washing with
methanol. The remainihg;yaﬂnw soiid'ﬁ}r:;}, recrystallized from chloroform-methanol
to yield yellow needle. m.p. I44rl45°E‘1:?2*mg, 0.03% wiw of ethyl acetate extract).
Compoud 4 was sulubl:_ﬁiﬁ d_ig}h;_,lpmmﬁﬁifg)e, chloroform, ethyl acetate but slightly
soluble in hexane and methanol. This ﬁo@éﬁhd displayed a single spot with Ry value
of 0.6 (solvent system : 100% ethyl a:-:eta’bé';“.‘-#-i P

Compound 4 _gave a deep red colour with -cvanidin test, which is the
characteristic of flavonol. In the EIMS mass spectrum (Fig 26), the [M]" at m/z 388
was attributed for the molecular formular CogH,¢Os.

The IR spectruni(Fig 27).exhibited an absorption band due to O-H stretching
vibration of hiydroxy group at 3300-3400 ¢m'. The absorption band at 1670 em’’
which corresponed to the C=0 stretching vibratien of, possiblvian o,p-unsaturated
ester, were observed. In laddition, the absorption peak at 1500 ¢m” suggested the
presence of aromatic moiety.

The "H NMR spectrum of Compound 4 (Fig 28) exhibited the singlet aromatic
proton signal at  6.36, 6.44 (1H each, d, .J = 2.1 Hz) and a singlet signal with 2H
integration at & 7.36 ppm. The signal of methoxy protons appeared at 5 3.88 (6H, s)
and 3.94 ppm (9H. s5). The signal for chelated hydroxy group at 5 12.58 ppm (1H, s)

was also detected.
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The ""C NMR and DEPT 90, 135 spectra (Fig 29 and 30) displayed the signals
of carbons as follows: a carbonyl carbon at & 178.8 ppm, eight quarternary carbons at
o 165.6, 162.0, 156.7, 155.6, 153.1, 140.6, 139.4 and 125.4 ppm, three methine
carbons at 6 106.1, 97.9 and 92.2 and four methoxy carbons at 61.0, 60.3, 56.3 and
55.8 ppm.

According to spectroscopic evidence and colour test, it could be concluded
that Compound 4 was a flavonol compound bearing five methoxy groups.

The 'H NMR spectrum of Compound 4 was found to be very close to that of
Compound 3. To illustrated this, in C_ﬂmpmmd 3 the aromatic signal belonging to an
unsubstituted B ring in the range of 7.30-8.00 ppm (5H, m) could not be detected in
Compound 4. The netified signal in that region was the aromatic singlet signal at &
7.25 ppm (2H). This observation firmly indicated the substitution on B ring. The
singlet signals at & 3.82 ppm with 6H integration and at & 3.94 ppm with 9H
integration were attributed to two methoxy groups and three methoxy groups,

respectively. The comparison of H NMR chemmecal shift of Compounds 3 and 4 is
recorded in Table 3.13



Table 3.13 Comparison of '"H NMR chemical shift of Compounds 3 and 4
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Position 'H NMR chemical shift (ppm)
Compound 3 Compound 4
6 6.38 (2H, d, J = 2.14 Hz) 6.36 (1H, d, J=2.13 Hz)
6.46 (2H, d, J = 2.13 Hz) 6.45 (1H, d, J = 2.44 Hz)
2' 8.06 (2H, m) 7.36 (2H, s)
3 7.52 (3H, m) -
&y 7.52 (3H, m) -
5' 7.52 (3H, m) -
6 8.06 (2H, m) 7.36 (2H, s)
5-OH 1258 (1H, s) 12.58 (1H, s)
3-OMe 3.87 (3H, s) 3.88 (6H, s)
7-OMe 3.88 (3H, s) 3.94 (9H, s)
3'-OMe - 3.94 (9H, s)
4'-OMe - 3.88 (6H, s)
5'-OMe 2 3.94 (9H, s)

The 'H NMR manifestly pointed out that Compound 4 must be a
pentamethoxyflavonol compound. Its structure could be deduced as 5-hydroxy-
3,3'.4',5' T-pentaniéthoxyflavone. This deduction was established by comparison

comparing the 'H NMR spectrum of this compound with those of the known

flavonoid, myricetin-3,3",4',5', 7-pentamethyl ether,’® The result is displayed in Table

3.14.




Table 3.14 Comparison of 'H NMR chemical shift of Compound 4 with myricetin-
3,3".4",5", J-pentamethyl ether

Carbon "H NMR chemical shift (ppm)
no. myricetin-3,3" 4',5',7-pentamethyl ether Compound 4
6 6.30 (2H, d, J = 2.14 Hz) 6.36 (1H, d, ] = 2.13 Hz)
8 6.43 (2H, d, J = 2.13 Hz) 6.45 (1H, d, J = 2.44 Hz)
Z 7.36 (2H, s) 7.36 (2H, s)
6' 7.36 (2H, s) 1.36 (2H, s)
5-0H 12.55 (1H, s) 12.58 (1H, s)
2(OMe) 3.86 (6H. s) 3.88 (6H, s)
3(OMe) " 390(9H, s) 3.94 (9H, s)

The El mass spectrum {Fig ‘2_6) also supported the proposed structure of
Compound 4. It revealed significant mass fragmentation ion, besides the molecular
ion, at m/z 373 [M—"-ﬁde]*", 357 [M-OMe]', 345 [M-MeCO]". Other fragmentation ion
patterns were proposed as shown in Sche@: 3.2,
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Scheme 3.3 The possible mass fragmentation of Compound 4
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Through the search from chemical literatures, the "C chemical assignment of

this compound has not been reported. Thus, the tentative assignment for carbon

signals was tabulated in Table 3.15.

Table 3.15 Tentative “C chemical shift assignment of Compound 4

Position BCNMR chemical shift (ppm)
Compound 3 Compound 4
2 155.9 156.7
3 139.7 139.4
4 179.0 : 178.8
5 162.0 162.0
6 98.0 97.9
7 165.6 165.7
8 922 92.2
9 156.2 155.6
10 106.2 106.1
" 139.7 125.4 |
| 2" 1284 106.1 ".
3 128.6 153.1
| 41 130.5 140.6
5 | 128.6 153.1
6' 128.4 106.1
3-OCH; 55.8 55.82
7-OCH; 60.4 61.0
| 3'- OCH; = 56.3 |
4/, OCHj . = 60.3 |
5'- OCH; . 56.3 |

From the above data, it could be concluded that Compound 4 is a flavonoid
compound namely S5-hydroxy-3.3'.4",5',7-petamethxoyflavone™ and its structure is

shown below.



Compound 4

5-hydroxy-3,3' 4'.5' 7-petamethxovflavone

3.5 Chemical constiuents of the leaves of H, filinceus

3.5.1 Separation of dichloromethnae extract of leaves (Fraction VI)

53

The dichlumm&t'hane extract of leaves (Fraction VI) was further separated into

small fractions by quigk column chromatography using silica gel 60G Art. 7731 as
adsorbent. Portion (200 g) of this erude extract was adsorbed on sillica gel 60G Art.

7734 and subjected to column chromatography. The column was initially eluted with

hexane and gradually changed to a mixture of dichloromethane and hexane,

dichloromethane and a mixture of dichloromethane and methanol. Eluting solvent

approximately 8 L for each fraction was collected and then concentrated to a small

volume. The results of separation are shown in Table 3.16.

Table 3.16 The results of the separation of Fraction VI by silica gel quick column

chromatography
Eluent Fraction Remarks Weight
(%vol/vol) (g)

100% hexane VIA| | red solid-+ red il 33.61

10% CH,Cl,- hexane VIB | vellow solid mass 14.56
30% CH:Cl;- hexane VIiC white solid + vellow oil 28,77
_50% CH;Cl;- hexane VID | white solid + greenish oil 20.82
0% CH;Clz- hexane VIE dark green solid 16.45

100% CH,Cl, VIF | dark green gum 22.38

10% MeOH-CH,Cl, VIG | dark green viscous solid

17.86
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3.5.1.1 Brine shrimp cytotoxicity test of fractions derived from Fraction VI

Each fraction derived from the separation of dichloromethane extract of leaves
(Fraction V1) by quick column chromatography was further screened for cytotoxicity
against brine shrimp (Artemia salina Linn.) according to the procedure described in
Chapter 2. The results are shown in Table 3.17.
Table 3.17 The results of brine shrimp cytotoxicity test of various fractions derived

from the separation of Fragtion VI

Fraction No. LCsp Activity
VIA 70.64 medium activity
VIB 66.94 medium activity
VIC 32.68 medium activity
VID 24.39 medium activity
VIE 18.86 medium activity
VIF 23.06 medium activity
VIG 44 87 medium activity

3.5.2 Fractionation of Fraction V11 by quick column chromatography

The ethyl acetate extract of leaves (Fraction VII) was evaporated to dryness
under vacuum to yield dark green residue. The residue was fractioned using a silica
gel 60G Art..773] column eluting with hexane, and a gradient introduction of
dichloromethane was added up to 100 %, followed by a mixture of methanol and

dichloromethane. The results of separation are shown-in.Table 3.18.
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Table 3.18 The results of the separation of Fraction VII by quick column

chromatography
Eluent Fraction Remarks Weights
(¥evol/vol) (g)

50% CH;Cl;-hexane VIIA white solid + yellow oil 18.82
80%CH;Cl;-hexane VIIB yellow-green syrupy mass 12.68
100% CH,Cl;-hexane VIC dark brown syrupy mass 20.81
5% MeOH-CH,Cl, VIID dark brown viscous solid 15.34
10% MeOH-CH,Cl, VIIE dark brown viscous solid 7.56
50% MeOH-CH,Cl, VIIF brown solid 11.64

3.5.2.1 Brine shrimp lethality test for ethyl acetate extract of leaves

(Fraction VII)

Each small iraction derived from the separation of ethyl acetate extract by
quick column chromatography was subjected to brine shrimp cytotoxicity test. The

results of brine shrimp cytotoxicity test are displayed in Table 3.19.

Table 3.19 The results of bri11e.shrimp cytotoxicity test of various fractions derived

from the separation of Fraction VII

Fraction No. LCsp By Activity
VIIA 40.82 medium activity
VIIB 30.68 medium activity
VIC 56.75 medium activity
VIID 18.97 medium activity
VIIE 12.43 medium activity
VIIF 28.52 medium activity




3.6 Separation of fractions derived from Fractions VI and VII

3.6.1 Separation of Fraction VIA
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Fraction VIA was subjected to silica gel column chromatography using a

mixture of dichloromethane and hexane as eluents. The results of separation are

shown in Table 3.20,

Table 3.20 The results of the separation of Fraction VIA

Eluent Fraction | Remarks Weight

% (vol/vol) No. (g)
100% hexane 1-5 white amorphous solid 5.21
10%CH-Cl;-hexane 6-10 pale yellow oil + white precipitate 2.58
20%CH;Cl;-hexane 11-25 | orange viscous liquid 37
30%CH,Cl;-hexane 26-35 pale yellow semisolid 0.65
40%CH;Cl;-hexane 36-43 pale yellow oil 1.46
60%CH;Cl;-hexane 44-57 | orange viscous liquid 1.17
80%CH;Cly-hexane 58-74 | orange oil 0.92
100%CH,Cl, 75-80 palégellnw oil 0.68

3.6.2 Separation of Fraction VIB

After elution with 10% CH;Cl,-hexane, yellow solid mass was gained. Thin

layer chromatography indicated there were at least two components in this fraction.

This fraction was then separated by rechromatographed over silica gel using hexane

and a mixture of hexane containing increasing proportions of dichloromethane as

eluents. Theresults of separation-are shown in Table 3:21.




Table 3.21 The results of the separation of Fraction VIB

Eluent Fraction Remarks Weight
% (volfvol) No. (g)

100% hexane 1-3 white amorphous solid 1.25
10%CH,Cl;-hexane 4-8 white needle + yellow oil 4,05
20%CH;Cly-hexane 9-15 white needle (Compound 5) 2.86
30%CH;Cl;-hexane 16-20 orange semi solid 0.44
40%CH;Cl;-hexane 21-30 white precipitate + pale yellow oil 1.82
60%CH,Cl;-hexane 31-37 | white amorphous solid 0.53
80%CH;Cly-hexane | 3846 | yellow viscous solid 027
100% CH,Cl; 47-51 | yellow viscous solid 0.16
10%EtOAc- CH,Cl, 52-60 pale yellow oil 0.10
30%EtOAc- CHCl, | 6170 | pale yellow oil 0.37
50%EtOAc- CH,Cl, 71-78 | pale yellow oil 0.62

3.6.3 Separation of Fraetion VIC

Fraction VIC contained white neadie;'din pale yellow oil (26.8 g, 13.4% wi/wt

of dichloromethane extract). This fraction was first examined by TLC. The results

revealed that there were at least two components in-this fraction (silica gel, solvent :

dichloromethane). Tt showed the same Ry value as that for a Mixture 2 (a mixture

of friedelin and friedelan-3p-ol). Thus, a portion (10 g) of this fraction was decided to

reseparate by silica gel column chromatography. The results of separation are shown

in Table 3.22.




Tabe 3.22 The results of the separation of Fraction VIC

Eluent Fraction Remark Weight

No. (2)

100% hexane 1-7 white amorphous solid 0.52
10% CH,Cl;-hexane 8-15 deep red oil 0.61
20% CH,Cly-hexane 16-22 orange semi solid 0.38
23-28 white needle + bright yellow oil 2.46

(Mixture 2)

30% CH,Cl,-hexane 29-35 | white solid + pale yellow oil 1.29
50% CH;Cly-hexane 36-40 pale yellow oil 0.26
60% CH,Cl;-hexane 41-45 pale yellow oil 0.44
46-52 = | white precipitate + yellow oil 0.18

80% CH,Cl;-hexane 53-55 | pale yellow oil 0.63
100% CH,Cl, 56-60 | pale yellow oil 0.24
10% EtOAc-CH,Cly 61-68 colourless oil 0.37
20% EtOAc-CH,Cl, 69-77 . | mlﬁmtﬁs oil 0.14

3.6.4 Separation of Fraction VID

The TLC of Fraction VID presented at least two spots (silica gel, solvent:
dichloromethane). This fraction was reseparated by column chromatography using
silica gel as an adsorbent. The results of separation are shown in Table 3.23.




Table 3.23 The results of the separation of Fraction VID

~ Eluent Fraction Remarks Weight
% (vol/val) No. (g)

10%CH;Cl;-hexane 1-8 yellow viscous solid 1.06

9-13 white needle + yellow oil 3.48
20%CH;Cly-hexane 14-20 pale yellow oil 2.46
30%CH,Cl;-hexane 21-25 white precipitate 1.50
40%CH;Cly-hexane 26-32 white precipitate pale yellow oil 5.21

(Compound 6)

33-38 | white needle 1.27
60%CH,Cl,-hexane 39-45 yellow viscous solid 0.84
80%CH;Cl-hexane 46-50 | yellow viscous solid 0.63
100% CHyCl, 51-55 pale yellow solid 0.12
5%MeOH- CH,Cl; 56-60 | pale yellow solid 0.35

3.6.5 Separation of Fraction VIE

Fraction VIE was obtained as yellow gum after eluted with 80% CH,Cl,-
hexane. This fraction was further purified by silica gel column chromatography. The
results of separation are shown in Table 3.24.
Table 3.24 The results of the separation of Fraction VIE

Eluent Fraction Remarks Weight
% (vol/vol) No. (g)
50% CH,Cly-hexane 1-5 white needle + pale yellow oil 0.63
80% CH,Cl;-hexane 6-15 white precipitate + greenish oil 1.47
100%CH-Cl 16-20 dark green viscous solid 2.03
5% MeOH-CHCl, 21-30 dark green solid 2.64
10% MeOH-CH,Cl, 31-35 | dark brown gum 0.81
20% MeOH-CH,Cl 36-42 | brown oil 0.95
50% MeOH-CH,Cl, 43-52 | brown oil 0.35
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3.6.6 Separation of Fraction VIF
Fraction VIF as dark green gum, 22.3 g (11.15% wt/wt of dichloromethane
extract of leaves) was further purified by subjecting to column chromatography over

silica gel. The results of separation are shown in Table 3.25.

Table 3.25 The results of the separation of Fraction VIF

Eluent Fraction Remarks Weight
% (vol/vol) No. (g)
50%CH;Cly-hexane 1-3 white needle + yellow oil 2.73
80%CH,Cl;-hexane 4-10 dark green solid 0.86
100% CH,Cly 11-18 | greenish oil 0.53
10%EtOAc-CH,Cly 19-24 pale green oil 1.34
20%EtOAc-CH,Cl; 25-30 | greenish-brown residue 1.82
30%EtOAc-CH,Cly 31-40 | dark brown viscous solid 0.52
50%EtOAc-CH,CLy 41-48 wﬁjta powder + pale green oil 2._‘?4
60% EtOAc-CH,Cly 49-55 white needle + yellow oil 0.24
80% EtOAc-CH,Cl, 56-60 dark green solid 0.86
100%EtOAc 61-70 | greenish-brown oil 0.17
10%EtOAc-MeOH 71-75 | brown residue trace
30%EtOAc-MeOH 76-80 | brown residue trace
50%EtOAc-MeOH 81-88 | dark brown residue trace

3.6.7 Separation of Fraction VIG

Fraction VIG, 5% MeOH-CH,Cls-was.- first examined by TLC using CH,Cl,
as a developing solvent. The results indicated that there were two major components
in this fraction. Thus. the concentrated extract was further separated by silica gel
column chromatography and initially eluted with 50%CH>Cl>-hexane. The results of

separation are tabulated in Table 3.26.
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Table 3.26 The results of the separation of Fraction VIG

Eluent Fraction Remarks Weight
% (vol/vol) No. (2)
50% CH,Cl,-hexane 1-8 white neddle + yellow oil =273
80% CH,Cl;-hexane 9-15 pale yellow oil 0.86
100% CH,Cl, 16-20 | yellow oil 0.18
10% EtOAc-CH,Cl, 21-30 | orange semisolid 1.34
20% EtOAc-CH,Cl, 31-35 | white precipitate pale yellow oil 1.82
30% EtOAc-CH,Cl; 36-42 | yellow wiscous solid 0.52
40% EtOAc-CH,Cly 43-50 | white powder + pale green oil 2.74
60% EtOAc-CH,Cly 51-56 | dark green solid 0.18
80% EtOACc-CH,Cly" | 57-65 1 dark green solid 0.18
100% EtOAc-CH,Cls | 66-74 | dark green viscous solid 142
5% MeOH-EtOAc 75-80 | pale green oil trace
10% MeOH-EtOAe 81-85 | greenish brown residue trace
50% MeOH-EtOAc 86-95 | greenish brown residue trace

3.6.8 Separation of Fraction VIIA

As yellow: green gum, Fraction VIIA was gained after elution with 50%
CH,Cly-hexane.. TLC monitoring revealed the .existen-f;;.f: of a mixture of steroid and
Compound 6. Portion (10 g) of this fraction was then separated by silica gel column
chromatography. The results of separation are dsiplayed in Table 3.27.




Table 3.27 The results of the separation of Fraction VIIA
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Eluent Fraction Remarks Weight
(Yevol/vol) No. (g)
10% CH,Cl;-hexane 1-5 white amorphous solid 1.25
30% CH,Cls-hexane 6-10 yellow viscous solid 0.28
40% CH:Cl;-hexane 11-18 | pale yellow solid trace
50% CH;Cl;-hexane 19-25 | white crystal + greenish oil 2.74
80% CH,Cly-hexane 26-31 | greenish solid 0.63
100%CH,Cly 32-36 | greenish solid 3.76
10% EtOAc-CH:Cl, 37-40 ;;rellow semi solid 1.97
30% EtOAc-CH,Cly 41-46 | greenish oil 0.43
50% EtOAc-CH,Cl, 47-53 | pale green oil 0.58
80% EtOAc-CH,Cl, | /54-60 | yellow brown oil 0.16
100% EtOAc 61-65 | dark brown oil 0.85
10% MeOH-EtOA¢ | 66-70. | dark brown oil 1.13

3.6.9 Separation of Fraetion VIIB

The brownish-yellow vis¢ous selid which was obtained by elution with 80%
CH,Cly-hexane was rechromatograped by column chromatography using silica gel as
an adsorbent. The results of separation are showi in Table 3.28.

Table 3.28 The results of the separation of Fraction VIIB

Eluent Fraction Remarks Weight
(Yevol/vol) No. (2)
5% EtOAc-hexane 1-6 white solid + yellow oil 0.16
8% EtQAc-hexane 712 | paleyellow oil 0.62
10% EtOAc-hexane 13-20 * | white amorphous solid + pale yellow oil | 2.85
15% EtOAc-hexane 21-27 | white solid + orange oil 1.67
20% EtOAc-hexane 28-33 | white powder + yellow oil 0.76
&% EtOAc-hexane 34-42 | pale brown oil 1.81
60% EtOAc-hexane 43-50 | greenish oil 0.38
80% EtOAc-hexane 51-55 | dark green solid 0.61
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3.6.10 Separation of Fraction VIIC
Fraction VIIC was obtained as yellow brown viscous solid by elution with
100% CH,Cl,. These fractions were then subjected to silica gel column

chromatography using a mixture of hexane and ethyl acetate as eluents. The results of

separation are exhibited in Table 3.29.

Table 3.29 The results of the separation of Fraction VIIC

Eluent Fraction Remarks Weight
(%avol/vol) No. (g)

5% EtOAc-hexane 1-10 | white sohd + yellow oil 0.75

11-20 | yellow syrupy mass 0.97
8% EtOAc-hexane. 21-28 | white crystal + pale yellow oil 1.82
10% EtOAc-hexane 29-35 | white crystal + yellow oil 1.04

36-43 | yellow precipitate 0.37
15% EtOAc-hexane 44-52 | orange oil + white solid 1.48
20% EtOAc-hexane 53-60 | yellow oil 0.18

61-65 | yellow oil + white precipitate 0.25
40% EtOAc-hexane 66-70 | yellow brown solid 0.95
60% EtOAc-hexane 71-75 | brownish-green oil 0.21
80% EtOAc-hexane 76-83 | brown oil 0.62

3.6.11 Separation of Fraction VIID
Fraction-V D (was obtained as dark brown-solid after it was eluted by 5%
methanol i~ dichloromethane. - This “fraction “was then separated by column

chrematography-using silica-gel.as an adsorbent.-The results-of separation are shown
in Table 3.30.
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Table 3.30 The results of the separation of Fraction VIID

Eluent Fraction Remarks Weight
(%evol/vol) No. (g)
5% EtOAc-hexane 1-4 yellow viscous solid 1.58
8% EtOAc-hexane 5-10 | pale yellow oil 0.84
10% EtOAc-hexane 11-15 | white crystal + pale yellow oil 1.32
(Compound 7)
15% EtOAc-hexane 16-22 | dark brown solid 0.27
20% EtOAc-hexane 23-34 | dark brown solid 4.64
40% EtOAc-hexane 35-40 | yellow brown solid 2.31
60% EtOAc-hexane 41-48 | dark green residue 0.84
80% EtOAc-hexane 49-57 = | dark brown viscous solid 1.08
100% EtOAc 58-62 | pale brown residue 0.24
20% MeOH-EtOAe 63-68 | red brown viscous solid 0.55

3.6.12 Separation of Fraction VIIE

Thin layer chromatography indicated at least two components were existed in
this fraction. Further purification was performed by gelumn chromatography. The

results of separation are displayed in Table 3.31.

Table 3.31 The results of the separation of Fraction VIIE

[ Eluent Fraction Remarks weight
(Y%vol/val) No. (g)
20% EtOAc-hexane | 1-7 yellow brown solid 0.64
(Compound 8)
40% EtOAc-hexane 8-13 yellow brown solid 2.31
60% EtOAc-hexane 14-20 | dark green residue 0.84
80% EtOAc-hexane 21-28 dark brown viscous solid 1.08
100% EtOAc 29-35 | pale brown residue 0.24
20% MeOH-EtOAc 36-40 | red brown viscous solid 0.55
40% MeOH-EtOAc 41-45 | dark brown viscous solid 0.28




3.6.13 Separation of Fraction VIIF

Fraction VIIF was

obtained by elution

with  50%

65

methanol in

dichloromethane. Evaporation under reduced pressure left a dark green sticky mass

which was chromatographed by column chromatography using silica gel as an

adsorbent. The results of separation are displayed in Table 3.32.

Table 3.32 The results of the separation of Fraction VIIF

Eluent Fraction Remarks Weight
(%vol/vol) No. (g)
10% EtOAc-hexane 1-5 yellow o1l 0.14
6-12 | yellow solid + yellow oil 0.52
20% EtOAc-hexane 13-20 | dark brown solid 4.64
40% EtOAc-hexane 21-24 = | white needle + greenish oil 2.31
60% EtOAc-hexane /| 25432 | brown oil 0.84
33-38 | dark green solid 1.76
80% EtOAc-hexane 39-47 | redd;ah—brawn residue 1.08
100% EtOAc 48-53 | dark brown viscous solid 0.24
54-60 | pale green oil 0.13
20% MeOH-EtOAc 61-65 | dark green oil 0.55
40% MeOH-EtOAc 66-70 | dark brown viscous solid 0.28
60% MeOH-EtOAc 71-75 | dark green viscous solid 0.08
80% MeOH-EtOAc 76-80 | dark green viscous solid 0.17
100% MeOH 81-90 | dark green viscous solid 0.62
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3.7 Purification, properties and structural elucidation of isolated compounds

isolated from the leaves of H. tiliaceus

3.7.1 Purification, properties and structural elucidation of Compound 5

After elution with 10% CH,Cls-hexane of Fraction VID, white crystal in
vellow oil was obtained. The yellow oil was removed with methanol and the
remaining solid was recrystallization by a mixture of chloroform and methanol to
vield needle with melting point 196-198°C, 100 mg, (0.05% wuwt of
dichloromethane extract). This compound gave a violet colour with Liebermann-
Burchard’s reagent which suggested the presence of triterpenoid skeleton.

The IR spectrum-(Fig 31) displayed broad band in the range of 3400-3500
em”’ belonging to O-H stretehing and the absorption peak of C-O stretching vibration
at 1040 cm'. The a;ldiﬁmal bands of trisubstituted olefinic moiety were also
observed at 1634 and 815 cm’ .

The information gained from 1H NMR spectrum (Fig 32) was in good
agreement with that from IR spectrum :& a significant signal at § 5.12 ppm (1H, m)
was attributed to an olefinic proton. Another signal at & 3.18 ppm (H, t, ] = 6.93 Hz)
was consistent with the signal efa proton on a carbon bearing hydroxy group.

The molecular formular of this compound was established as C3gHs00O by mass
spectrum (Fig 33}; 1i-displayed the molecular ion peak at 426. The important
fragmentation ions were observed at m/z 218, 207 and 189. This suggested that
Compound 5 should be a member of a-amyrin or f-amyrin series. The possible mass

fragmentation pattern of Compound 5 is illustrated in Scheme 3.4.
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ﬁﬁﬁ%ﬁ‘%ﬂﬂg}%ﬂﬂﬁm D:jnmpnund 5
R WW spectruni (Fig 34) dieplaged b/ Sibfiniclcarbons at & 145.1 and

121.% ppm. The signal at 79.0 ppm could be assigned for the carbon signal adjacent to

oxygen atom. The other signals around 55.14 to 15.45 ppm were compatible with
methyl, methylene, methine and quarternary carbons. The comparison “C NMR

chemical shifts of Compound 5 and those of $-amyrin is summarized as in Table 3.33.



Table 3.33 The comparison of '*C chemical shifts of B-amyrin with Compound 5°°

Carbon Chemical shift (ppm)

No. Compound 5
V 38.6
2 26.9
3 79.0
4 38.8
5 55.2
6 18.4
7 32.7
8 39.8
9 476
10 36.9
11 23.5
12 121.7
13 145.1
14 41.7
15 28.4
16 26.2
17 325
18 472
19 16.8
20 31.1
21 vl a = 34.7

?ﬁﬂ']‘UM’J‘VI@}’Uiﬂ'ﬁ

o 281

N[N’ amum’mmaa
9 26 16.8 16.8
27 26.0 26.0
28 27.3 27.4
29 332 33.3
30 23.6 237
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Based on the 'H NMR, ""C NMR and MS spectral data together with their

physical properties, it could be concluded that Compound 5 was B-amyrin. Its

structure is shown below.

Compound 5: f-amyrin

3.7.2 Purification, properties and strﬁ{tural elucidation of Mixture 5

Mixture 5 was gained as white nsefllé in pale yellow oil from the separation of
Fractions VI and VII. The pa,lé;—jmiiowhﬁ?@gs get rid of by washing with methanol
and the remaining white needle was r@%ﬁfﬁ‘i’allized with a mixture of hexane and
chloroform for several times to yield hng‘iﬂwhﬂe needle, m.p. 143-145°C, 75 mg
(0.04% wt/wt of dicloromethane extrac }."'T'Eﬂf:ﬂi“éj;'iiﬁ?&ﬂ only one spot with Ry value
of 0.38 in dichloromethane solvent system. Mixture 5 was soluble in dichloromethane

but slightly soluble in hexane and methanol. This substance gave a deep green colour

with liebermann-Burchard’s reagent. which suggested. the presence of steroidal
moeity.

The IR spectrum (Fig 35) exhibited an abSorption band belonging to a hydroxy
grotip af 3400-3500'¢m ' and an absorption of disubstitiited alkene at 969 cm™'. The
band ‘at 1050 and 1020 cm™ was corresponded to C-O stretching vibration and the
band at 1650 em” revealed the presence of C=C stretching vibration. The C-H

:at_r--:h:hing and bending vibrations of ~CHs- and —~CH-- were also observed at 2960-

2840 cm”' and 1460 cm'', respectively.
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In addition to a colour test, IR spectrum and its physical properties, this
substance was found to possess very close to those of Mixture 3 (a mixture of
campesterol, stigmasterol and B-sitosterol) which was obtained previously from the
stems. Thus, this mixture was analyzed by GLC method. When compared the
analyzed gas chromatogram (Fig 36) of this mixture with that of a mixture of standard
steroids (a mixture of campesterol, B-sitosterol and stigmasterol). It was found that

Mixture 5 was infact a mixture of stigmasterol and p-sitosterol. The composition of

this mixture is reported in Table 3.34.

Table 3.34 The composition of steroids in Mixture 5

Standard Retention time of Retention time of Composition

Steroid standard steroid (min) Mixture (min) (%)
campesterol - - -
stigmersterol 18.61 18.65 44.72
[-sitosterol 21.47 21.18 = 55.28

3.7.3 Purification, properties and structural elucidation of Compound 6

Compound 6 was obtained as white precipitate in yellow oil from Fraction V1.
After removing the oil by washing with methanol, the remaining white precipitate was
recrystallized with a mixture of chloroform and methanol yielding white needle, m.p.
214-216°C, 40 mg (0.02% wt'wt of dichloromethane extract). Compound 6 gave a
purple colour with Liebermann-Burchard's reagent which was indicative of a
triterpenoid skeleton. This compound was soluble in hexanéjand dichloromethane but
slightly soluble in ethyl acteate and methanol.

The IR spectrum (Fig 37) displayed the absorption band due to O-H stretching
vibration at 3400-3500 cm”', The additional band of vinylidine group (CH;-C=CH,)
at 3070, 1645 and 889 cm’' together with gem dimethyl group at 1385 and 1180 em’

were also observed.
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The '"H NMR spectrum (Fig 38) exhibited the important signal at & 4.65 and
4.55 ppm (2H each) which compattible with a terminal methylene proton (CH,=CH-).
The multiplet signal of methine proton on a carbon attached to an oxygen atom with
one proton integration was detected at 6 3.15 ppm. Other signals in the region of 0.60-
1.70 were attributed to methyl, methylene and methine protons.

The “C NMR spectrum (Fig 39) displayed a total of 30 signals of carbons. It
showed the olefinic carbon signals at 6 158.0 and 116.7 ppm and the signal at & 79.0
ppm was corresponded to the carbon bearing hydroxy group. The signals of methyl,
methylene, methine and quarternary carbans were also evidence at & around 55.37 to
14.57 ppm. The "*C NMR ¢hemical shifts of Compound 5 were found to be very close
to those of the known triterpenoidal compound mamely lupeol. The “"C NMR
chemical shifts assignment of Compound 6 is shown in Table 3.35.



Table 3.35 The ""C NMR chemical assignment of Compound 6*
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Carbon

g

Chemical shift (ppm)

Compound 6

L= - R - . L L Ve o

38.8
275
79.0
389
55.3
18.4
343
40.9
50.4
37.2
21.0
25.2
38.1
428
27.5
356
43.0
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The information obtained from mass spectrum (Fig 40) gave good agreement
with those from IR, "H NMR and '*C NMR spectra. It gave the expected molecular
ion at m/z 426 which was corresponded to the molecular formular CipHs00 together
with the series of fragmentation at m/z 383, 207, 189 and 95 which suggested that
this compound should be a member of lupane type triterpenoid compound. The
possible mass fragmentation pattern of Compound 6 is presented in Scheme 3.5,

m'e 189
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Scheme 3.5 The possible mass fragmentation pattern of Compound 6
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According to the above spectroscopic data, it was obviously to be concluded

that Compound 6 was lupeol and the structure is shown below.

P

HO

Compound 6, lupeol

3.7.4 Purification, properties and struetural elucidation of Compound 7

Compound 7 was isolated from the silica gel column chromatography of
Fractions VIIE and VIIE by ﬁiuticih with 10% ethyl acetate in hexane. After
recrystallization with @ mixture of chloroform and methanol, white crystal product 46
mg (0.03% wt/wt of ethyl acetate cxtra&ﬁ;i.ﬂ}.p. 170-172°C and Ry value of 0.77 (20%
EtOAc-MeOH) was obtained This CQH;pOund was easily soluble in ethyl acetate and
dimethyl sulfoxide, but slightly soluble fn &Tﬁhiommcthane, It gave nagative results to
the Liebermann-Burchard's-and cyanmidin reagents:

The IR spectrum (Fig 41) exhibited broad bands due to O-H stretching
vibration of carboxylic acid at 3500-3400 cm™ and a conjugated carbonyl group at
1685 em™. The absorption peaks belonging to C-H stretching vibration of aromatic
moiety were detected at 1659 and 1512 cm’. Fhe additional absorption band at 828
cm” indicated the C-H out of plane deformation-of benzene ring’ (p-substitution, 2H
adjacent).

The 'H NMR spectrum (Fig 42) showed the ﬂﬂublet signal at & 6.38 and 7.55
ppm (1H each. ./ = 16.18 Hz) which was compatible with frans olefinic proton. A pair
@£ 2H doublet signal centered at 7.55 and 7.63 ppm (J = 8.85 Hz) were attributed to
the two orthe and the two meta hydrogens. respectively. The sharp singlet with the

integration equal to three protons detected at 3.80 ppm could be assigned for methoxy

protons.
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The ""C NMR spectrum (Fig 43), DEPT 90 and DEPT 135 spectra (Fig 44)
displayed signals of eight carbon signals which could be assigned as follows: the
carbonyl carbon at 167.8 ppm, four methine aromatic carbons at 114.3 and 1299
(2C each). The signal at 114.3 and 129.9 ppm could be fixed for olefinic carbons. The
signal at 55.3 ppm consistent with methoxy carbons and two additional quarternary
carbons were observed at 126.8 and 160.9 ppm.

From the above speetroscopic information, it could be deduced that this
compound would be frans-cinnamic acid derivative bearing one methoxy group.
Considering the '"H NMR s;:eetrum,fjtha splitting pattern and its coupling constant
revealed an para disubstituted benzene ring. There were two alternatives to place the
methoxy group in this structiré, one was the methoxy group on benzene ring and the

other was methoxy group as methyl ester. The two possible structures are illustrated
below. ¥

'

id

WCO DM&\/_“ mt1 OOH
HO e, MeO

The best information that-could be used for distinguishing these two structures
was the information abtained from IR spectrum. Its IR spectrum exhibited the broad
peak belonging O-H stretching vibration of carbexylic group at 3500-3150 em™. This
observation suggested that Compoud 7 be corresponded to stricture |1 rather than
structure 1. This was because the absorption band due to O-H stretching vibration of
phenolic group appeared as a sharp peak In addition, the mass fragmentation pattern
was also supported to structure Il. The mass spectrum (Fig 45) exhibited the
lr;nle(:ular ion peak at m/z 178 and the prominent ion peak at m/z 161 and 133 which
were formed by loss of OH and CO,H, respectively.” The possible mass

fragmentation of this compound is shown in Scheme 3.7.
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9 According to the mass fragmentation pattern. the structure (I) was found to be
corresponded to Compound 7 rather than structure (1I). In addition, the physical
properties and spectral data of Compound 7 are identical with the synthetic trans-p-
methoxycinnamic acid. The 'H and "C NMR chemical shift assignments of this
compound is illustrated in Table 3.36.
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Table 3.36 The 'H and ""C NMR chemical shift assignment of Compound 7
Position Chemical shift (ppm)
B d¢

= 126.8
6.97(d, J=6.72 Hz) 1143
7.63 (d, J=6.72 Hz) 130.0
160.1
130.0
114.3
143.7
116.5
167.8
55.3
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sample, Compound 7

e comparison with the synthetic
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3.8.5 Purification, properties and structural elucidation of Compound 8

Compound 8, as bright vellow needle with m.p. 200-202°C, 120 mg (0.08%
wt/wt of crude extract) was isolated from the separation of ethyl acetate extract of
leaves. Compound 8 showed a single spot on TLC with Ry value of 0.76 (silica gel,

ethyl acetate). This compound gave negative results to Liebermann-Burchard's and

Br; in CCl, reagents, but showed a positive test to 2,4-DNP reagent.

The IR spectrum (Fig 46) exhibited a strong absorption peak at 1600 cm’
which suggested the presence of internally hydrogen-bonded carbonyl moiety. The
characteristic absorption peak due to the O-H stretching vibration of hydroxy group
and aromatic moiety were observed at 3500 and 1600 em™, respectively.

The 'H NMR speetrum (Fig 47) of Compound 8 displayed a signal of low
field aldehyde proion at.& 1.6 ppm (1H, s), a chelated hydroxy proton appeared at
14.80 ppm (1H, s),.and an isolated aromatic proton signal was observed at & 7.75
ppm. Two singlet signals were detected.‘at"ﬁ 6.29 and 6.32 ppm (1H each) which may
be assigned as protons of hydroxy group. The spectrum also showed the aromatic
methyl protons at & 2.14 ppm and further exhibited the presence of isopropyl group
with six-proton integration as a doublet signal at & 1.52 ppm (J = 7.63 Hz). The
methine proton of this moiety was detected at 6 3.86 ppm. (1H, m)

The "“C NMR spectrum (Fig 48) showed a tm‘:ai‘: of fourteen carbon atoms.
From DEPT 90 and DEPT 135 spectra (Fig 49) suggested the presence of aldehyde
carbonyl at & 199.3 ppm, two methine carbons at 6 118.1 and 27.9 ppm, nine
quarternary carbons at 6 156.0; 150.5, 143.4, 134.1, 133.7, 129.7, 1159, 114.7 and
111.8 ppm and three methylearbensiat 5.20.3.(20) and 20.2 ppm.

The above spectroscopic data and the information obtained from colour test
implied that this compound was notan unsaturated steroid, triterpenoid or flavonoid
compound, but this compound should be a phenolic compound containing aldehyde
functional group.

The overall 'H and "C NMR spectra are generally in good agreement with
that of gossypol, a sesquiterpene aldehyde, which widely distributed in Malvaceae

tamily and previously isolated from the roots of H. tiliaceus."
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Moreover, the structure of Compound 8 was confirmed by comparison its 'H

NMR spectrum with the literature data of gossypol."” The results are recorded in
Table 3.37.

Table 3.37 The comparison of the 'H NMR chemical shifts of Compound 8 and

gossypol
| Position Chemical sﬁiﬁ(ﬁpm} :
Compound 8 Gossypol
.: 4-ArH 7.74 (1H, 5) 745 (1H, s)
| -CHO 11.06 (1H,s) 1111 (1H, 5)
3-CH; 2.14 (3H, 5) 2.39 (3H, 5)
(CH;3),CH 3.86 (1H, m) 3.81 (1H, m)
(CH3),CH 1:52(6H ,d.J = 7.0 Hz) | 1.48 (6H,d,J = 7.0 Hz)
1-OH 1480 (14, 5) 14.75 (1H, 5)
6-OH 6.30(1H, s) 6.00 (broad)
7-OH 6.32 (1H, s) 6.00 (broad)

The EI mass spectrum (Fig 50) was also supported the structure of Compound
8, it exhibited the expected molecular ion peak at m/z 518 (5%). Other significant
fragmentation ions which formed by loss of | and 2 mel of H,O were detected at m/z
500 (85%) and 482 (100%). These fragmentations suggested the presence of an
aldehyde groups at C-land hydroxy group at C-2 and C-8. Furthermore, the spectrum
displayed the ion peaks due to elimination of one and two moles of H,O and a methyl
group at m/z 485 (12%) IM -H,O-Me] and 467 (93%).[|M. -2H,0-Me]. The possible

mass fragmentation pattern.of Compound 8.is illustfated in Scheme 3.8.*
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Scheme 3.7 Possible mass fragmentation pattern of Compound 8
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All above spectroscopic information including colour test, it was clear to

conclude that Compound 8 was gossypol.*’ The structure is shown below.

CHO OH
HO

C T
HO

Compound 8: gossypol

3.7.6 Purification, properties and struetural elucidation of Compound 9

White solid and greenish oil was obtained from the combination of Fraction
Nos. 21-24 of Fraction VIIF. Afier monitoring by TLC, Fraction a was found to
contain a mixture of Compounds 8 and 9 (a minor constituent of this fraction). Hence,
it was decided to separate by rechromatography over silica gel using 60% ethyl
acetate in hexane as eluent to yield Compound 9 as white needle-like crystal with
melting point 208-210° C, 45 mg (0.024 % wt/wt of dichloromethane extract), Ry
0.82 (silica gel, 40% MeOH:CH,Cl,). This compound was soluble in ethyl acetate and
methanol, but slightly soluble in dichloromethane. It gave negative results to
Liebermann-Burchard's, 2,4-DNP and cyanidin reagents.

The I spectriim(Fig 517 of Compotnd 9-exliibited a broad absorption band
due to O-H stretching vibration of carboxylic acid at 3400-3500 em™', C=0 stretching
vibration of conjugated carbonyl moiety at 1651 em'cand ©+C stretching vibration of
aromatic functional group at 1615 and 1542 em'’

The 'H NMR spectrum (Fig 52) displayed the doublet signal at 6 6.85 ppm
with 1H integration which could be assigned for an aromatic proton. Another
aromatic signal was observed at & 7.48 ppm (2H) and the three-proton singlet signal at

& 3.85 ppm was campatible to a methoxy group.



The 'C NMR spectrum (Fig 53) exhibited a total of 8 signals. The DEPT 90
and DEPT 135 spectra (Fig 54) displayed one methoxy carbon at 6 55.6 ppm, three
methine carbons at & 112.2, 115.1 and 123.6 ppm, four quarternary carbons at o
121.7, 147.3, 151.5 and 167.3 ppm, respectively. The last signal was corresponded to
the carbonyl carbon of carboxylic acid.

According to the above spectroscopic evidence, it can be proposed that this
compound would be benzoic acid derivative, vanillic acid. The physical properties

and spectral data are additionally identical with those of authentic sample. Its

structure is shown below.

Cﬂmpuuudf‘ﬂ_;,: i-anillic acid

3.8 The results of biological activities test of isolated compounds

All of iselated organic substances from both the stems and the leaves of from
H. riliaceus were evaluated for biological activity using brine shrimp cytotoxicity test
and antioxidative activity,as bioassay. The results of biological activity study of these
compounds aré displayed n Table 3.38:



Table 3.38 The results of brine shrimp cytotoxicity test and antioxidative test of

isolated substances

substances Brine shrimp cytotoxicity test antioxidative test
LCso (ppm) Activity DPPH B-carotene
Mixture 1 15430.25 no activity - -
| Mixture 2 3005.42 no activity 2 3
Mixture 3 970.63 no activity - -
Mixture 4 387.74 low activity . : -
Compound 1 8.52 high activity + 2
Compound 2 not tested not tested not tested not tested
Compound 3 0.001 high activity + g
Compound 4 0.08 high activity - .
Compound 5 21992.65 no activity - -
Compound 6 181.16 low activity - “
Compound 7 9.96 high activity + -
Compound 8 242 high activity + -
Compound 9 22.68 | medium activity . £

From the above results, a mixture nf long chain esters (Mixture 1), a mixture
of friedelin and f'ri'edeian-jﬁ-n'l (Mixture 2), a mixture df long chain carboxylic acids
(Mixture 3) and a mixture of steroids (Mixture 4) did not show significant cytotoxic
activity against brine shrimp and also did not exhibit antioxidative activity. The two
flavonoids compounds; - S-hydroxy-3,7-dimethexyflavone (€Compound 3) and 5-
hydroxy-3.3'.4",5",7-pentamethoxyflavone ~(Compound 4) displayed the highest
cytotexicity’ ' ~activitys ~2,5-Dimethoxy: li4-benzoquinoane | (Compound 1), p-
methoxveinnamic- acid (Compound “7), gossypol (Compound 8) - and- vanillic acid
(Compound 9) showed the significant cytotoxic activity on brine shrimp lethality test.

In addition, these compounds gave positive results to antioxidant test.
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3.9 Biological activites of isolated substances from literature survey

Mixture 1 was isolated from both hexane and dichloromethnae extracts of
stems of H. tiliaceus and was characterized as a mixture of long chain ester. This
substance is widely distributed in the lipophilic fraction of various plants. Bioassay
results indicated that this compound did not exhibit cytotoxicity against brine shrimp
and also gave the negative result to the antioxidative test.

Mixture 2, a mixture of friedelin and friedelan-3p-ol was separated from the
hexane and dichloromethane extract of both stems and leaves. This substance occurrs
in a number of plants used in traditional herbal medicine and have been utilized as
anti-inflamatory and anticonvulsant agent.*' Nevertheless, they did not show the
significant cytotoxieity aetivity test against brine shrimp and had no effect on anti
oxidant assay. .

Mixture 3 was isolated from the stems and was elucidated its structure as a
mixture of long chain earboxylic acids. The bioassay results of this compound did not
show significant biological activity tests to both brine shrimp cytotoxicity and
antioxidative activity test. From the literature search, a mixture of long chain
carboxylic acids with carbon number 21, 22, 24,25, 27, 28, 30, 31, 33, 34 and 36
exhibited high feeding inhibition against inseet boll weevil.*

Mixture 4 was isolated from the stems and was identified as a mixture
campesterol P-sitesterol and stigmasterol. They did not exhibit significant brine
shrimp cytotoxic lethality assay and gave negative results to antioxidant activity test.

Compound 1 was isolated from the dichloromethane extract of stems and its
structure was, established as 2,5-dimethoxy-1.4-benzoquinone. From the literature
survey, it was found that this compound was isolated only frem higher fungi
(polyporus fumosus) bat the isolation from plants has not previously reported.”” The
bioassay results revealed that Compound 1 showed the high activity on brine shrimp
cytotoxic lethality assay and also gave a positive result to the antioxidative test.

Compoumd 2 was separated from dichloromethane extract of stems and was
charactenized as 5-hydroxy-7.8-dimethoxycoumarin. Compound 2 was first reported

to be a constituent of the arial part of Artemisia lanciniata {Asteraceac]“ and there is
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no reported on this compound furthermore. Unfortunately, this compound was
obtained in so such small amount that the biological activity could not be evaluated.

Compound 3 was isolated from the ethyl acetate extract of stems and was
characterized as 5-hydroxy-3.7-dimethoxyflavone. This compound is a rare
methoxyflavone which was first isolated from Cheilanthes  kaulfussi
{Pﬂl}rp{)daccac}.“ Compound 3 exhibited high cytotoxicity against brine shrimp and
showed positive results to free radical scavenging activity.

Compound 4 was separated from the ethyl acetate extract of stems. It structure
was established as S-hydroxy-3,3'.4',5' 7-pentamethoxyflavone. From the literature
survey, Compound 4 has been isolated from the bud of Betila nigra (Betulaceae) in
1975 by E. Wollenweber, " Eeaantly, this compound has been isolated from the
leaves of Bosisto ﬂoyﬁ? (Rutm:e&a]"ﬁ:_?howwer, the biological activity has not been
carried out and rcpﬂr_wﬂ. In our bicassay experiments, Compound 4 displayed the
significant cymtt}xiﬁty activity agé'mst i;rine shrimp and also gave positive results to
antioxidative test. ‘

Compound 5 was separated from _ﬂiéhlnmmﬁthanc extract of leaves and was
identified its structure as B-amyrin. Tﬁis&fﬁg@pound is a member of an oleanane
triterpene which occurrs in several planﬁ. especially mangrove plants. From the
bioassay results, Compound § did not disﬁls.y ﬁa significant biological activity on
both brine slwilnp_o}"tﬁfnx'fcﬁy and antioxidant activity tests.

Compound 6 was isolated from dichloromethane extract and was identified its
structure as lupeol. Lupeol i1s a lupane-type pentacyclic triterpene which is widely
distributed in-nature-and has been shown to exhibit.a variety of biological activities
for instance, anti-inflamatory activity, cytotoxic activity against Hep-GZ. A-431, and
H-411E, tumor cell lines.” The-biological activity lest indicated-that . Compound 6
exhibited low eytotoxicity “activity “against brine shrimp and“did-not show the
antioxidant activity.

Compound 7 was isolated from the ethyl acetate extract and its structure was
chracterized as p-methoxycinnamic acid. From the chemical literatures, the
biological activities of this compound has not been reported. /n vitre cytotoxicity,
against brine shrimp, exhibited the promising results and gave the positive test to

antioxidant activity.
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Compound 8 was separated from the ethyl acetate extract of leaves and was
identified as gossypol. This compound is a highly-oxidized sesquiterpenoid with the
cadinene skeleton which occurrs in wild species of Gossypium and other Malvaceae
genera. Therefore, its occurrence in Hibiscus tiliaceus is not surprising. The naturally
occurring compound, gossypol, was found to possess an insecticidal activity."’

Compound 9 was isolated from the leaves and was identified as vanillic acid.
Generally, benzoic acid derivatives possessed an antimicrobial activity and plant
growth inhibition. The results of biological activity test showed the medium activity

on brine shrimp lethality assay and also €xhibited the positive result to antioxidant
activity test.

3.10 Structure activity relationship of cinnamic acid derivatives and benzoic acid
derivatives.

3.10.1 Structure 2&iﬁt}" rﬂaﬁnnship{nfﬂ;:innamin acid derivatives

Compound 7 p-methoxycinnamic acid was isolated from the leaves of H.
riliacens and exhibited high aeitvity on brine shrimp cytotoxicity test. Since the
structure of this compound was not comﬁlifﬁg;ed and the structure activity relationship
(SAR) study of these compounds has not been reported, a series of nine related
p-methoxycinnamic acid was collected and performed brine shrimp cytotoxicity test.
I'his is therefore the first iepoit to-demonstiate the structure activity relationship of

cinnamic acids with the brine shrimp lethality test. The LCsp of those mentioned

compounds are reported as shown in Table 3.39.

Cl: B~=H
§ COOH C2: R = OH

C3: Re= OMe

R C4: R = O(CH;):CH;
C5: R = O(CH;)sCH;
C6: R = O(CH;),CH;
C7: R = O(CH;)CH;
C8: R = CH;
C9: R = CF;
C10: R = C(CH;);
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Table 3.39 The results of brine shrimp cytotoxicity test of cinnamic acid derivatives

Compound R LCso (ppm) activity
C1 H 140.66 low activity
C2 OH 2521 medium activity
C3 OMe 9.96 high activity
C4 butuyloxy 23.55 medium activity
C5 hexyloxy 0.035 high activity
C6 octyloxy 0.035 high activity
C7 dodecyloxy 421.99 low activity
C8 Me 34.71 medium activity
C9 CF; 40.92 medium activity
C10 t-Bu 163.14 low activity

Table 3.39 shows the fn vifro cytotoxicity activity against brine shrimp of
cinnamic acid derivatives with substituent located at C-4 position. Using cinnamic
acid (C1) as a reference compound, it can be seen that the substituent located at para
position to a carboxylic group had a significant effect on cytotoxic activity against
brine shrimp. To illustrated this, p-coumaric acid (p-hydroxycinnamic acid) (C2)
displayed higher eytotoxicity than those of cinnamic acids.

Among selected cinnamic acids, it could be elassified into two main groups
according to their substituent attached to C-4 position. The first group was compound
in the series of cinnamic acids bearing alkyloxy group located at C-4 position and the
other was those in the series of Citinamic acids Containing alkyl group located at C-4
position.

Considering the first series of compounds (€3-C7), the results of brine shrimp
cytotoxic lethality test implied that the length' of side ¢hain i alkoxy group was
greatly affected the activity. The most appropriate ones were observed when R group
was hexyl and octyl groups. The longer chain length such as in Compound C7 or the

sherter chain length as in Compound C4 revealed less activity.
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In the series of cinnamic acid derivatives with the variation of alkyl group
located at C-4 position (Compounds C8, C9 and C10), all compounds displayed less
potent activity than p-methoxycinnamic acid. It was also important to note that the
cytotoxicity was decreased by large substituent.

From the above result, it could obviously be concluded that a number of
carbon atom on side chain of p-alkoxycinnamic acid had a great effect ort brine

shrimp lethality activity. The highest activity was observed when the carbon number

of alkoxy chain at C4-position was six or eight.

3.10.2 Structure activity relationship of benzoic acid acid derivatives
From the brine shrimp lethality assay, vanillic acid (Compound 9) possessed
medium activity. To compare, the structure activity relationship of this compound and
its analogues, eight commercially available benzoic acid derivatives were chosen for
SAR study againstbring shrimap. The results are shown in Table 3.40.
R R? R’ R* R®
‘Bl COOH = OH H OH H

BZ COOH - H OH OH H
BS COOH H OH H  OH
B4 COOH H OMe  OH H
BS COOH H OMe OMe H
B6 COOH H OH OH  OH
B7 COOH H H OH H
B8 OH H OH H OH
B9 . CHO H OMe  OH H
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Table 3.40 The results of brine shrimp cytotoxicity test of vanillic acid and related

compounds
Cpd R LCso activity
R' R* R’ R* R’ (ppm)

B1 COOH OH H OH H 10.02 medium
B2 | COOH H OH OH H 15.50 medium
B3 | COOH H OH H OH 0.10 high
B4 | COOH H OMe OH H 29.20 | medium
B5 | COOH H OMe OMe.o4+ H 4335 medium
B6 | COOH H OH OH OH 22.45 medium
B7 | COOH H H OH H 12.97 medium
B8 OH H OH H OH 26.41 medium
B9 CHO H OMe OH H 103.42 low

Comparing the results of brine shrimp lethality test of vanillic acid
(Compounds B1-B7) with those of 34-dimethoxybenzoic acid (BS) and 34-
dihydroxybenzoic acid (B2), ihe latter compound displayed the higer activity than
those of vanillic acid and 3,4-dimethoxybenzaic acid.

This result suggested that the methoxy group on benzene ring has a significant
effect on cytotoxic activity of benzoic acid. The cytofoxicity is greatly reduced by a
methoxy group. This same trend was also observed in 2.4-dihydroxybenzoic acid (B1)
and 3,5-dimethoxybenzoic acid (B3). The LCsq of these two compounds were almost
the same.

The ‘number of -hydroxy groups also Chad' a ' significant effect on the
cvtotoxicity: To illustrate this, the [.Cs, of gallic acid (B6) and p-hydroxybenzoic acid
(B7) were compared: From the abave results, p-hydroxybenzoic acid (B7) displayed
more potent activity than gallic acid (B6) approximately twice. Thus, it disclosed that
the cytotoxicity of benzoic acid was perhaps decreased by increasing the number of

hydroxy group on benzene ring.
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The above trend pointed toward that dihydroxy benzoic acid showed more
cytotoxic than those of trihydroxy benzoic acid and monohydroxy benzoic acid.
Further SAR study on the effect of substitutent position was carried out by
comparison of the LCsp of 2.4-dihydroxybenzoic acid (B1), 3,4-dihydroxybenzoic
acid (B2) and 3,5-dihydroxybenzoic acid (B3).

The results manifestly showed that Compound Bl with hydroxy groups
located at ortho and para positions to carboxylic group showed the LCsp value almost

the same as that for Compao ydroxy group located at meta and para
positions to carboxylic grou plied that higher cytotoxic activity
was observed when both hydre: cie located at meta positions to carboxylic

group.

AOUUINBUINT )
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CHAPTER 4
CONCLUSION

In our search for biologically active constituents from Thai mangrove plants,
the methanolic extract of stems and leaves of Hibiscus tiliaceus Linn. exhibited the
significant cytotoxic activity against brine shrimp (Artemia salina Linn.) with LCsq
values of 1.25 and 1.00 ppm, respectively. Fhus, these two parts were selected for
investigated the chemical constituents and their biological activity. Eight substances
were isolated from the siemsusing traditional chromatographic techniques. By means
of physical properties and various spectroscopic methods including 2D-NMR
techniques, their struciures were established as: a mixture of long chain aliphatic
esters, a mixture of friedelin and friedelan-3p-ol. a mixture of long chain carboxylic
acids. a mixture of campesterol, P-sitosterol and stigmasterol, 2.5-dimethoxy-1.4-
benzoquinone, 5-hydroxy-7.8-dimethoxycoumarin, 5-hvdroxy-3.7-dimethoxyflavone
and 5-11ydrux}f—3.3',4*,5',;?-pt:nt_amcth0xyﬂ'avplw. In addition, chemical examination
of the leaves led to the isolation of six substances and their structures were
characterized as-a mixtue of fridelin and friedelan-3p-ol, f-amyrin, a mixture of B-
sitosterol and stigniasterol, lupeol, p-methoxyeinnamic acid, gossypol and vanillic
acid. From the bioassay results, 2.5-dimethoxy-|,4-benzoquinone, 5-hydroxy-7.8-
dimethoxycoumarin, 5-hydroxy-3,7-dimethoxyflavone. S-hydroxy-3.3".4'.5".7-
pentamethoxyflavone, p-methoxycinnamic acid and gossypol displayed high activity
on brine shrimp cytotoxic lethality test and gave a positive tesult to the antioxidative
test.

All of these isolated substances have not been reported to bé the constituents
of leaves and stems of this plant. This investigation can be summarized as shown in

Table 4.1. The structures of isolated substances are illustrated in Fig 4.1.



Table 4.1 All isolated substances from the stems and leaves of H. tiliaceus

|

Plant
part

Solvent

Organic compounds

stems

hexane

a mixture of long chain esters, a mixture of friedelin
and friedelan-3-p-ol, a mixture of long chain
carboxylic acids, a mixture of campesterol,

B-sitosterol and stigmestrol

dichloromethane

a mixture of long chain esters, a mixture of friedelin
and friedelan-3f3-ol, a mixture of long chain
carboxylic acids, a mixture of campesterol,
B-sitosterol and stigmestrol, 2,5-dimethoxy-1,4-

benzoquinone, 5-hydroxy-7,8-dimethoxycoumarin

ethyl acetate

a mixture of campesterol, B-sitosterol and
stigmestrol, S-hydroxy-3,7-dimethoxyflavone and
S-hydroxy-3.3'.4",5', 7-pentamethoxyflavone

leaves

dichloromethane

a mixture of friedelin and friedelan-3p-ol

p-amyrin, lupeol, a mixture of long chain carboxylic

acids, a mixture of campesterol, P-sitosterol and

stigmastrol

ethy] acetate

ll.lplilt:-l1 a mixture of long chain carboxylic acids,
a mixture of campesterol, B-sitosterol and
stigmastrol, p-methoxycinnamic acid, gossypol

and vanilli¢ acid
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CH;(CH,),COOR CH;(CH,),COOH
Mixture 1 Mixture 3
R
HO
Mixture 4
Mixture 2 (Mix of R = C3oHys, CjoHs; and CoHa))
(Mix of R = OH, R"= Hand R, R = 0) Mixture 5

(Mix of R = CyoHz; and CoHy,)

Compound 5 Compound 6
HO OH OOH
HO
COOH 2
Mcﬁg\/ HD OMe
OH
Compound 7 Compound 8 - Compound 9

Fig 4.1 Isolated organic substances from the stems and leaves of H. filiaceus
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In addition, it was found that by employing bioassay guided methodology. five
active compounds, 2,5-dimethoxy-1.4-benzoquinone (Compound 1), 5-hydroxy-3,7-
dimethoxyflavone (Compound 3). 5-hydroxy-3,3'4'.5' 7-pentamethoxytlavone
(Compound 4), p-methoxycinnamic acid (Compound 7) and gossypol (Compound 8)
could be isolated from both parts of this plant. The study of SAR also provided
informative results to find out that some derivatives of isolated compounds showed
more potent activity than the original compounds. For instance, p-hexyloxy and p-
octyloxycinnamic acids (Compounds C5 and €6) exhibited more potent activity than

a parent compound (p-methoxyecinnamic acid, Compound 7).

Proposal for Future Work

It could be clearly seen that various bielogically active compounds could be
isolated from the active fractions of both stems and leaves of H. tiliaceus. Therefore,
the bioassay directed fractionation is quite vital for disclosing biologically active
compounds. Eventheughy the use of brirlle shrimp cytotoxic lethality assay is the first
preliminary indication ameng well known bioassays, its results firmly were reliable
and showed the good tendency towards Sﬁ!ﬁ}‘iﬂg on more sophisicated bioassays such
as anticancer, antitumor in '.pharm&cgi_;ﬁﬁﬁ] aspects or insecticidal activity in
agricultural aspeets. Therefore, further studies on those mentioned bioassays should
be conducted.

In aspect of structure and activity relationship study, this research obviously
reinforces the necessity for this kind of work as the complementary part for natural
product chemists to think over. The gained results. for example from this work
provided better opportunity to)disclose better biologically active compounds such as
those belonging to cinnamic acid and benzoic acid derivatives.

Mareover. the chemical constituents and biplogical actwvity study of other
parts of H. tiliaceus should be investigated. The results from that study should reveal
the simililarity or difference and might lead to understanding of biosynthesis pathway
ofsome major components,

Last but confidently not least. the results obtained from this work supported a
promising concept ol the fully utilization and biologically active compound searching

from ideal and potential natural resources of Thai mangrove plants.
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Fig 1 The IR spectrum of Mixture 1
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Fig 2 The IR spectrum of Mixture 2

101

101



102

7= y4

Fig 3 The '"H NMR spectrum of Mixture 2
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Fig 4 The "*C NMR spectrum of Mixture 2
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Fig 10 The mass spectrum of Compound 1
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Fig 11 The 'H NMR spectrum of Compound 1
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Fig 29 The ’C NMR spectrum of Compound 4
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Fig 33 The mass spectrum of Compound 5
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