CHAPTER I

RESULTS AND DISCUSSION

3.1 The Primary Screening. /P4t Growth Regulator of Various
Plants : N
The screening resultso : rethanolic crude extracts of
twelve plants are pre i€l ul’ PP ¥ 1Aod: 2N\
Table 3.1 Effect of'di 'y hh_ g | arious plants on seedling
growth ofdf. e mns'\
— ! | BF inhibition at various
Plant ‘j concentration*
P pm | 100 ppm | 1000 ppm
Fagraea [ . —

Enkleia si +
Allophylus ¢obbe s
Breynia gldup aib. + ++ -+

Ge ‘ | “ s

Strychnos nux-blanda A.-W. Hill. + +
+ ++
q a e i + + ++
Cosmos sulphureus Cav. + + +
~ Tinospora cordifolia Willd. + + ++
Wedelia trilobata (Linn.) Hitchc + + +
Melampodium paludosum HBK. + + +H

* The level of plant growth inhibition was determined by using the approximation of root
and shoot length compare with the control ; thus, the level was classified as inhibition
more than 70 % (+++), 40-70 % (++), less than 40% (+), and was contrasted (-).
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Table 3.2 Effect of methanolic crude extract of various plants on seedling growth

of B. pekinensis Rupr.

- Level of inhibition at various concentration
10 ppm 100 ppm 1000 ppm
Fagraea fragrans Roxb. + + -
Enkleia siamensis Nervling. + ++ ++
Allophylus cobbe Bl. + ++ ++
Breynia glauca Craib. . Vi ++ ++
Gendarussa vulgaris + +++
Strychnos nux-blanda + 4
Tylophora indica (B , %4 1 4 _— +++
Tagetes erecia Lug® & /. R —
Cosmos sulphuréus Il + s
Tinospora cordi + +
Wedelia trilobata (Ligh. ), ghe ; + 5
Melampodium paludo ] K ;" i -+

r. séedling growth inhibitory effect,

Based on the resulf of B
nét of the roots of T. indica Merr.

both dichloromethane

revealed the besu ‘

ppm and 100 ppm (
Then, the other

was completed at 1000

shown in Table 3.3.



Table 3.3

T. indica Merr. on seedling growth of B. pekinensis Rupr.

Part of 7. indica Merr.

Level of inhibition at various concentration
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Effect of methanolic crude extract of roots, stems and leaves of

10 ppm 100 ppm 1000 ppm
root + ++ +++
stem 2 + ¥
leaf + $
From the bioassay ‘ le search will be focused only on
the constituents of t indic. its plant growth regulation

against B. pekinensi

3.2 Plant Growth Regl
Roots of T. ind: y
Each crude exti#
extraction procedure ¢
plant growth regulation
and 3.2.

|

Table 3.4 Effectiof &2
growth off B. pe

e Crude Extracts of the

whi_ch was derived from the

as preliminary bioassayed for
played in Table 3.4, Figures 3.1

indica Merr. on seedling

] of  In 'bitiorTat— various concentration
Crudee | e AL O LA S S
P it D0 ppm 1000 pPpm
<715 -21.8 27.1

Root :
RININEA AT B =

Root 14 81.4 94.1
Dichloromethane

Shoot 2.7 66.8 100

Root 220 66.4 94.8
Ethyl acetate

Shoot 98 59.8 100

Root -17.4 -8.8 92.6
Methanol

Shoot -10.5 9.6 95.7
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% Inhibition
100 1
80
[ 10 ppm
1100 ppm
[ 1000 ppm

Figure 3.1 Effect of €2 \the root dica Merr. on root length
of B. peliic | nitrati n (ppm)

% Inhibition
100

[ 10 ppm
[ 100 ppm

1000 ppm

@4 ..JI £l Y < W § Fl
= —.lll—-*..l.l#l-'

MeOH

ammnisma wendy

Figure 3.2 Effect of each crude extract of the root of 7. indica Merr. on shoot

length of B. pekinensis Rupr. at various concentration (ppm)
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For the inhibitory effect on the root and shoot length of B. pekinensis Rupr.,
dichloromethane and ethyl acetate crude extracts showed the strongest inhibitory
effect, followed by methanolic and hexane crude extract, respectively. Therefore,
the dichloromethane and ethyl acetate crude extracts were selected for further
separation.

3.3 Plant Growth Regulation Activity of Fractionation of Dichloromethane
and Ethyl acetate Crude Extracts of the Roots of 7. indica Merr.

According to plant growth t fdation activity of crude extracts (see Table

f

» extracts indicated that these

3.4), dichloromethane and
fractions contain allelopathic ¢ 3 pekinensis Rupr. The separation
by quick column ¢ -"'H cts into small portions was
carried out and the-piaf of each derived fraction
was also observed. 7

33.1 Plani #Ggfy “rvith " _e@ of Dichloromethane

Subfra#__," o of e j-s" ' Vierr.

The result of'pl: _ B pekinensis Rupr. of each

subfraction which deri¥cd ffom = S=ge f loromethane crude extract by

quick column chromatogfaplfi€at in Table 3.5, Figures 3.3 and

3.4
Table 3.5 Effe :' lichloromethane . _; ots of 7. indica Merr. on
seedl 4.';7‘:.‘ J-"' j
Crude " 9 Inhibition at ¥arious concentration
subfraction _ | B. pékinensis 10 100 ppm 1000 ppm

A ! : 13.1

hoot -5. s 103

q ‘ 12.1

H'C Root -12.3 17.4 24.6

Shoot -89 10.5 19.4

D Root -8.0 -0.1 19.2

Shoot -10.6 -1.2 10.8

B Root 8.5 91.5 100

Shoot 6.2 90.2 100

P Root 34 90.2 100

Shoot 5.7 88.3 100
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% Inhibition
100

80

60

40 A @10 ppm
100 ppm
E1000 ppm

Figure 3.3 Effect ;.‘ i éthane ions of the roots of T. indica

Mert:

% Inhibition

100 I

Subfraction

Figure 3.4 Effect of dichloromethane subfractions of the roots of
T. indica Merr. on shoot length of B. pekinensis Rupr.
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3.3.2 Plant Growth Inhibition Activity of Ethyl acetate Subfractions

of the roots of T. indica Merr.

The result of seedling growth inhibition against B. pekinensis Rupr. of each
subfraction which derived from the separation of ethyl acetate crude extract by
quick column chromatography (Table 2.2) are displayed in Table 3.6, Figures 3.5
and 3.6.

Table 3.6 Effect of ethy! ¢ the roots of 7. indica Merr. on

seedling oTOWt d‘:;,

arious concentration

Crude

subfraction

1000 ppm

21.1
19.5

57.7
342

100
100

100
100

100
100
100
100

61.5




100

% Inhibition 50 -

Figure 3.5 Effect of gfl

on root

[ 10 ppm
1100 ppm
B 1000 ppm

Subfraction

Figure 3.6 Effect of ethyl acetate subfractions of the roots of T. indica Merr.
on shoot length of B. pekinensis Rupr.
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From the results of plant growth regulators activity against B. pekinensis
Rupr., subfractions E and F achieved from dichloromethane crude extract exposed
very good activity. The growth inhibition of both root and shoot at 100 ppm were
still highly active of approximately 90%. For ethyl acetate crude extract,
subfractions 3, 4, 5 and 6 showed good activity with 100% inhibition on both root
and shoot length on B. pekinensis Rupr. at 1000 ppm. At 100 ppm, subfraction 4
displayed the highest percent inhibition with more than 90%, followed by
subfractions 3, 6 and 5 at 78.4¢ 4 and 23.5% inhibition of root elongation,

respectively.

Based on the od tin-
F, 3, 4, 5, 6 should c& ‘ 

as implied that subfraction E,

s. Thus, they were subjected
to the isolation, pu al of bioactive compounds

which were affecte Rupr.

o)
)

=
iy -

—

qudineninens
RINTANN INEEY
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3.4 Properties and Structure Elucidation of Isolated Compounds

3.4.1 Structural Elucidation of Mixture 1

Mixture 1, a white wax of melting point 43-45 °C (125 mg), was isolated
from the subfraction E of dichloromethane crude extract. It was fractionated by
column chromatography over silica gel eluting with 1:4 EtOAc/CHzClz, and was
purified by several crystallization from 1:1 EtOAc/CH;Cl,.

The IR spectrum (Fxgure 3.7) exhibited the characteristic absorption
peaks at Vimax 3454 cm™ (OH strels f liydroxy group), 2919 and 2846 cm’ 1(c-
H stretching), 1712 cm’'( , hihey -"' sm” (CH; bending ) and 1299 cm’
! (C-O stretching). T S R=spe Srumilea “"_“':-:. ted that this compound should

The EI ma2ass_sPcetin N3 $). of “this mixture displayed the

W 4 Tespondad to, hemolecular formula CsHs602
(Caled. For CigHy@# 0 8L 8 of patadecangic acid from analogy with

library data \

Mixture S (Y "methylsilyl diazomethane
(TMSCHN;). A soluliogfof Mﬁ’q / in €F Cl, was treated with excess
TMSCHN; led to yield inetl¥ lA). The methyl ester derivative
was examined b GC-M M sl .;‘ ivative was subjected to GC-MS

analysis for de ,.f—- : : , @he  chromatogram of this

derivative exhibiteds coi g:. own in Figure 3.9

The comy und I had retention time at 8 |
compound m peak 4 For Ci7H3402 : MW
270.45). 1@ ﬁﬁ ithyl x@mmn with library data
It was obvious to conclude that co as hexadeca acid or palmltlc
i i b

methyl ester are shown in Figure 3.10. The mass fragmentatlon pattern of

in. Mass spectrum of this

compound I is shown in Scheme 3.1.

The mass spectrum of compound II, that had retention time at 9.08 min,
gave the molecular peak at m/z 296 (Caled. For C19H360 : MW 296.49). From the
comparison with library data, it was cis-9-octadecenoic acid, methyl ester. Then
compound II was cis-9-octadecenoic acid or oleic acid. The mass spectrum of this

compound and library data of cis-9-octadecenoic acid methyl ester are shown in
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Figure 3.11. The mass fragmentation pattern of compound II is shown in Scheme
3.2. ‘

The last compound, compound III, had retention time at 9.17 min. Mass
spectrum gave the molecular peak at m/z 298 (Calcd. For C19H330; : MW 298.50).
It was octadecanoic acid, methyl ester from comparison with library data. It was
clear to complete that compound III was octadecanoic acid or stearic acid. The

mass spectrum of this compound and library data of octadecenoic acid methyl ester

are shown in Figure 3.12. The wa# fagmentation pattern of compound III is
shown in Scheme 3.3. /
Hence, it was Juded that rsere ! was a mixture of hexadecanoic

acid, cis-9-octadeccione d. The composition of three

Table 3.7 T b ¥ O ‘.\ { in Mixture 1

% Composition

hexadeca cj.i = R \ 85

cis-9-octadecenbic Ml L 8

a oic acid

cis-9-octadecenoic acid
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Figure 3.8 The EI mass spectrum of mixture 1
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3:28 16:48

Figure 3.9

scanoic acid, methyl

g _as b T, O S ) b L
Mt e b e e e
58 198 158 zea 258 308 358 400 458

Formula C17.H34.02 Rank 1 Index 28354
MolWeight:278 Search:Acqg LocalNorm:On  P:867 F:958 R:IIZHM CASE 112-39-8

Figure 3.10 The mass spectrum of compound I (a) and library data of

hexadecanoic acid, methyl ester (b)
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1 McLafferty rearrangement

Ho_ CisHis
o~’ cn””

PNYe

* /\Cuﬂzs

H;CO

Scheme 3.1 The mass. ¢

(a)

SHp
BKG

484

448 458

S -
NE,

1%

1882 9-Octadecenoic acid, methyl ester, (E)- CAS 1937-62-8

Figure 3.11 The mass spectrum of compound II (a) and library data of

cis-9-octadecanoic acid, methyl ester (b)
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O¢tadecenoic acid
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SHp
BKG

(b)

1882 Octadecanoic e : chS 112-61-8

-

4 04 (a) and library data of

!
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cLafferty rearrangement
+ H
vJH ~ ‘ 0/
o CH
+
,//Jt:}\j::j T ,,/J§§§> 4"’?\\\014129

H;CO CH.
H;CO y .

m/z 74

Scheme 3.3 The mass fragmentation pattern of octadecanoic acid, methyl ester
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3.4.2 Structural Elucidation of Mixture 2

Colorless needle (127 mg) of mixture 2 with m.p. 126-129 °C and R¢ =
0.60 (10% MeOH/CH;Cl,) was obtained by a treatment of subfraction E of
dichloromethane crude extract using 1:3 EtOAc/CH;Cl; as an eluting solvent.
This substance cannot be detected on TLC under UV light, but detecting with
10% H,SO, in ethanol showed pink spot. It gave a deep green color with
Liebermann-Burchard’s reagent suggesting the presence of steroid skeleton.

From above data , it coult

Jgoested that the colorless needle may be

B-sitosterol, stigmasterol i steroids, the common steroid that

———

found in plants. Due 16tk wwo Steroids on TLC, then comparison

useful information. GC technique

B

with authentic stcrond
was then used t6€0
The i

' olumn (2 m x 3.3 mm i.d,
5% film thickness), A

olumn temperature 260 °C,

carrier gas Ny, F“ d displayed two peaks with

retention time of 2485° corresponded to those of an

$30/
e DA )
authentic stigmasterol #hd :}i::".;:s_-—__ espedtively.

The EI mass spectiamz-izuredst®) showed molecular ion peaks, M’, of

"

the mixture at-m i gm? sterol and B-sitosterol.

-
s

. o <
Then if = b0 isisted of stigmasterol and

B-sitosterol. E

[B-sitosterol stigmasterol

Mixture 2




1~
e

2,
P4

8.517

28,103 P-sitosterol

28.199

B-sitosterol

Fge

oonomo'm'm"mmmzzommaommwmm

Figure 3.14 The EI mass spectrum of mixture 2
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3.4.3 Structural Elucidation of Compound 1

White powder (273 mg) of compound 1 was procured from subfraction
F of dichloromethane crude extract. After several recrystallization in hot 1:1
MeOH/CH,Cl,, a white powder which m.p. 264-267 °C (dec.) and R¢ 0.46 (SiOz
1:4 MeOH/CH,Cl,), was formed. From two properties of this compound, soluble
in hot methanol and UV-inactive character, implied that it seemed to be a steroid or
a triterpenoid glycoside. Therefore, it gave positive results (deep green color) with

Liebermann-Burchard’s reagent wii ed that it was composed of steroidal

\ ; ;

skeleton.
The IR speciiin

absorption bands at Ws

gure 3.15) showed important
due to hydroxy group of
@), 1078 cm(C-O stretching

ding vibration of anomeric

sugar), 1636 cm™(C=
vibration of glycoside
axial proton of f-sugaf). . \

The mass ¢ y : the molecular peak of
this compound because g figat & :*s;' hy ,, at m/z 412 indicated (M") of

stigmasterol moiety. Othg fr ,m 255, 213 were similar to the

fragmentation pattern of Stig ‘-‘{ 512 7

The "H-NMR_specirif: 7' e ' howed signals at 0.65-2.0 ppm
which were the m&?--—mmﬁmza%m—--------- ----- -: Hz) and methine (-CH)
groups of steroids. M-‘, ' soup ofgy af_-_ ° 2.90-3.67 ppm was the

signals of sugar me; ty whﬂe an anomeric proton a '. 3 ppm(1H, d, J = 8.2 Hz)

could allud ﬁ Wgﬁ 3 ppm was the signal
of olefinic @ gﬁ

mpasi on with the *C-

PP e

addlﬁon a group of six carbon signals resonated at 6 100.9, 77 .0, 76.8, 73.5, 70.3

gmasterol. In

and 61.3 ppm exactly resembled to a distinctive manner of D-glucose.
| According to the above results and comparison with literature data

indicated that compound 1 was stigmasteryl-3-O-B-D-glucopyranoside.
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Figure 3.16 The EI mass spectrum of compound 1
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Figure 3.17 The TH-NVRES, ompound 1
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Figure 3.18 The BC-NMR spectrum (DMSO-ds) of compound 1
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Table 3.8 *C-NMR assignment of compound 1 and stigmasteryl-3-O—f—-D-

glucopyranoside™
Chemical shift (ppm)
Carbon
Compound 1 stigmasteryl-3-O—p—D-glucopyranoside

1 36.9 37.4
.4 297 31.7
3 70:2 71.8
4 42.4
5 140.0
6 121.7
7 31.9
8 319
9 50.3
10 36.6
11 21.1
12 /s W) 398
13 >, :J. 42.4

56.5 57.0

A
FWINT

19
20
21
22
23

2
19.8
41.5
20.8
138.1
129.8

ﬁmw%’w M“f@';;:
MR e

12.2‘ ‘
19.4
40.5
21.1
138.4
129.4
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Table 3.8 (cont.) BC.NMR assignment of compound 1 and stigmasteryl-3-O—f—
D-glucopyranoside

Chemical shift (ppm)
Carbon
Compound 1 stigmasteryl-3-O—B-D-glucopyranoside
24 51.6 51.3
25 315 31.9
26 19.0
21 e = § 211
28 254
29 12.0
Table 3.9 °C- asgie g o, ol SUE- ‘ ipound 1 and glucose
Carbon
Glucose
1 Ll 100.7
2 L —— =4 73.4
Y N
3 e Tt 77.0
4 70.3 70.1

s @wﬁﬂ

INERY

Compound 1 : Stigmasteryl-3-O-B-D-glucopyranoside
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3.4.4 Structural Elucidation of Compound 2

Compound 2 (9 mg) was obtained as white amorphous solid, m.p. 292-295
°C (lit. >300 °C)*' from subfraction E and F of dichloromethane crude extract. It
was separated by column chromatography (silica gel, 80% EtOAc-CH;Cly) and
then repurified by HPLC (Cs reversed- phase, 20% H,0-MeOH). It gave positive
test, violet color, with Libermann-Burchard reagent, indicative of a triterpenoidal

skeleton in this compound. Wik

The IR spectrum (E [ jfed significant absorption bands at
Vinae 3439 o™ (O-H siielehiine), 2945 are2®4zem™ (C-H stretching), 1682 cm’™
(C=0 stretching), . ‘ | 469, 1373 cm” (CH;, CHj
bending) and 1239 e (@

The EI mass
ion at m/z 456,
CsoHagOs : MW 4

triterpenes. The fund?

ure 3.20) revealed a molecular
it formula CsoHisO3 (Caled. for
s typical for a- or B-type
| * o triterpenes is at C-29 and
C-30 of the ring E. In #hie -1 1 yl groups at ring E connected
to C-19 and C-20 wher€a ""‘ ethyl groups attached to C-20.
The mass fragmentation pa# o :v‘_. it is shown in Scheme 3.4.

The 'H '_\,‘t :_m-ﬁ.mi;s;;;,;;;i'._._,,,__-.,,-,..,_"fi-_ ethyl signal at & 0.73-
1.12 ppm. A multi i et l = olefinic proton of C-12. A
doublet of doublet-si2 al at 2.84 ppm which a J valu “of 13.7 and 3.5 Hz indicated

and @ O ﬁmm rotons were attached
the 6t et hatic n e triterpene (whereby
O LALLACL

9 The BC-NMR spectrum (Figure 3.22) showed the presence of 30 carbon
signals. The signal at § 180.1 indicated that compound 2 has carboxylic acid unit in
the molecule. Furthermore, signal at § 143.6 and 123.4 implied methine carbons.
From literature surveys, ai-amyrin and B-amyrin have been isolated from
this plant. By comparing the 'H and ®C-NMR spectra of compound 2 with, B-

amyrin and its derivatives, compound 2 was identified as oleanolic acid [(3}3)-3-
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hydroxyolean-12-en-28-oic acid]. The carbon assignment of compound 2 and

oleanolic acid are presented in Table 3.10.

@ﬂﬁwwm‘s
RN TANI NG

Figure 3.20 The EI mass spectrum of compound 2



Scheme 3.4 The mass fragmentation pattern of compound 2
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Figure 3.22 The C-NMR spectrum (CDCI3) of compound 2



Table 3.10 The *C-NMR chemical shift of compound 2 and oleanolic acid®’

54

(in CDCl3)
Chemical shift (ppm) Chemical shift (ppm)
Carbon Oleanolic | Carbon Oleanolic
Compound 2 Compound 2

acid acid

1 37.89 38.62 16 23.73 23.50
2 26.12 25.93 17 46.68 46.83
3 79.08 7 | 39.46 41.34
4 39.2 45.05 46.04
5 33.39 32.48 31.54
6 18.44 3.28 33.50
7 32.99 .23 28.45
8 39.42 .84 30.34
9 46.73 50 15.24
10 34.17 2485 5.63 15.42
11 23.09 - 17.16 17.04
12 122.80 12 ‘: 26.99 27.73
13 143.20 1 r 182.23 180.14
14 41.0 7 33:05 32.89
15 28. 7 23.88

Compound 2 : Oleanolic acid
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3.4.5 Structural Elucidation of Compound 3
Compound 3 (13 mg) was obtained from the same fraction with
compound 2 as white amorphous solid, m.p 270-272 °C (lit. 266-267°C)*%. Tt was
eluted after compound 2 by HPLC (Cis reversed-phase, 20% H,0-MeOH). It gave
positive results (violet color) with Libermann-Burchard reagent which indicated
that it was composed of triterpenoidal skeleton.

The IR spectrum (Figure 3.23 showed significant absorption bands similar

to compound 2, Vmax 3441 qq-‘_ :‘\i | | stretching), 2949 em? (sp' C-H
stretching), 1697 om” (C=QuSiteloMAL), #¥E e (C=C stretching), 1469, 1373
S
em™ (CHa, CH; bending) 2084939 ¢ (c f-"‘" 2).
-, _..---'""'-' ' og 18
The EI mass spee / /ﬁ; i -»-.1_;_‘ 834 :24) exhibited a molecular
ion at m/z 456 -‘ .{ ‘same as compound 2, then

compound 3 shoul | The mass fragmentation
pattern of compound 345
The 'H-NMR g

signal at & 2.21 (J = ¥ 4

€0 mpound showed a doublet
t compound 2 was of the o
orientated triterpene. £=2

The "C-NMR spect e _ showed the presence of 30 carbon
signals. The signal.at & ' ethine f;arbon. Furthermore, the

N e 2 — .
signal at & 179.9. 73 "'*"_—_r-: xyhc acid unit in the
molecule. i" — =
lF |
From above data, the compound 3 was close to that of compound 2. Expect

for the spl

jmg 11.3 Hz), "C-NMR
signals repm n tﬂﬂl t compound 3 might
ESONcy ause ﬁ m ut its isomer,
urso o . |By compa ' m‘a m% und 3 with

ursolic acid, compound 3 was determined as ursolic acid [(3B)-3-hydroxyurs-12-

en-28-oic acid]. The carbon assignment of compound 3 and ursolic acid are shown
in Table 3.11.
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Figure 3.24 The EI mass spectrum of compound 3
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Scheme 3.5 The mass fragmentation pattern of compound 3
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Figure 3.25 The 'H-
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Figure 3.26 The BC.NMR spectrum (CDCl3) of compound 3




Table 3.11 The *C-NMR chemical shift of compound 3 and ursolic acid®

59

(in CDCl3)
Chemical shift (ppm) Chemical shift (ppm)
Carbon Carbon
Compound 3 | Ursolic acid Compound 3 | Ursolic acid

1 39.8 38.8 16 253 24
2 27.8 273 17 47.6 48.1
3 79.6 543 52.8
4 39.9 | 40.4 38.8
5 56.7 0.4 39.1
6 19.4 7 30.7
7 34.3 - 1 37
8 40.7 .7 28.2
9 47.6 s 16 15.6
10 38.1 3 = 5 16.3 15.8
11 243 == 17.6 16.9
12 126, l 23.1
13 139 6 179.9
14 42.8 ‘7 8 17.1
15 212

W

AT AT

12

Compound 3: ursolic acid
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3.4.6 Structural Elucidation of Compound 4
Compound 4 (475 mg), white needle, melting point 79-80 °C, was obtained
from subfraction 3 of ethyl acetate crude extract. It was eluted with 3:7
EtOAc/CH,Cl, on silica gel column chromatography and was recrystallized from
1:1 acetone/hexane.
The IR spectrum (Figure 3.27) showed distinguish absorption peak at
Vipax 3467 cm™(O-H stretchmg) 2929 and 2844 cm™ (sp® C-H stretching), 1694
em™ (C=0 stretching), 1467 cm ]\ wling) and 1247 cm’ ! (C-O stretching).

From the IR spectrum, it was f N DC und 4 should be a long chain
carboxylic acid. — l _
The EI mass SpeC ollation with library data
revealed that compou sot showed the molecular
ion peak but sr-"ﬁ
After methy

led to compound 4A, i v

.. timethylsilyl diazomethane
| analysis for determine the

mixture component. The ¢ St Qa I ivative showed 1 component as

in Figure 3.29.
The compound 4A<E=aic e \e 2t 6.78 min. Mass spectrum of
this compound gav [M+ 3 'T 314 0 parison with in library data, it

was found to be e zdigic gord —dimets : _"‘j' For C;1H2004 : MW
216.28) The mast -,__%_ Hhta

acid, dimethyl este " 30. The e

a e shown 1 in Figure 3.
nonananedioi¢ "'i ﬁﬁl
Ad j |l mgjﬁmgﬁm spectrum (Figure
ARSI TR

Therefore, it was clear to conclude that compound 4 was nonanedioic

data of nonanedioic

s fragmentation pattern of

acid or azelaic acid.

Compound 4 : Nonanedioic acid or Azelaic acid
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- 63

m/z 216

\2 CH,0H
McLafferty rearrangement l

+
L]

(TS

H
Cetl110,
0 J\CT/ " ©
J £CH2
H,CO ﬁ > :
2
o
:
H ‘
T/
P Y +
H,CO CH, .
m/z=T74 H\n/v\ ‘
CH,
m/z =83
Scheme 3.6 The 1473 on pattert 0i¢ acid dimethyl ester

TP
B

@wﬁﬁﬂﬂ%‘w
PRI

D |

ey LS O B T G AN R R TR 2 Pl o 273 €
740 6.0 S 4.0 3 S ]
‘PPH

Figure 3.31 The 'H-NMR spectrum (acetone-ds) of compound 4
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3.4.7 Structural Elucidation of Compound S

Compound 5 was achieved from the same fraction with compound 4
(subfraction 3 of ethyl acetate crude extract) and was eluted by 7:13
EtOAc/CH,Cl, on column chromatography. The appearance of compound 5 is
similar to compound 4 as white needle, the melting point of compound 5 was 96-
99 °C.

The IR spectrum of compound 5 (Figure 3.32) was similar to those IR
spectrum of compound 4, Vm,x\ 44 ' | : stretching), 2925 and 2845 em™
(sp’ C-H stretching), 1697 ' ’/.«” ") 1463 cm™ (CH? bending) and
1243 cm™ (C-O stretching)s & : ﬁf:"‘ id be a long chain carboxylic

,.
4 f'

acid.

The comparisG i, ' spectrum of this compound
found that compound 2 > mass fragment ion [M-
2H,0]" at m/z 166. Thg

decanedioic acid are dlS

d 5 and the library data of

Methylation © ) | L) - with compound 4 and
determined by GC-MS &nal¥sis. Jfi% < iz ;\\" »f this derivative showed 1
component as in Figure 3.3

The methyl ester o ad retention time at 6.87 min.

I

"'t It was decanedioic

JI

Mass spectrum 0 %_—— o MM+
acid, dimethyl ester om the basis of library

data, the mass spect of this compound and in hbr 4 data of decanedioic acid,

Are <y ] fr entatlon pattern of
In add o another mfo ation was illed from spectrum
(F@Wﬁ] ' ?‘% %ﬂ; $1.62

(m, 4}1H-3 H-8) and 8233 (1,J= 73 Hz,4
From all above evidences, compound 5 was deduced as decanedioic acid or

sebacic acid.

Compound 5 : Decanedioic acid or Sebacic acid
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Figure 3.36 The 'H-NMR spectrum (acetone-ds) of compound 5
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3.4.8 Structural Elucidation of Compound 6

Compound 6 was separated from subfraction 4 of ethyl acetate crude
extract. It was subjected tb chromatotron. Elution was performed with 4:1
EtOAc/hexane. Eight milligrams of this compound was obtained as a yellow
powder and Rg 0.18 (SiOy, 1:1 EtOAc/CH;Cly). It exhibited bright blue
fluorescence under long wavelength UV lamp (365 nm) which indicated that it

might be a coumarin because the most obvious physical property of most natural
34

.l‘l'nl.'; ,u-: ‘
ps

Lihe characteristic absorption band

coumarin is the fluorescence under {

The IR spectrum (Figu :
of unsaturated lactone of & - ef o (C=O stretching) and 1293
band at 1697 cm’ (C=O
7' (C-O stretching) were

it

em? (C-O stretching) e
stretching), 3461 ¢ O
distinguishing of carbg | |

From the "H ang & ot (Righ ¢$3.38 and 3.39, respectively)
s, 3H) and carbon at & 56.4

N
!
!
i
!
!
i

of this compound, chem, Ve @. \ :

were unequivocally ~ degiogsiiates ; ' e of one methoxy group.

Furthermore, signals of profon a4 %! 1.6 \ ind 1.3 (m) and carbon at &
o T : . .

178.1 were indicated that <G 22O another substituted group of this

compound.

34 J = 9.4 Hz) and 7.58

Two doublst: 23.(
el

(1H, J = 9.4 Hz) were & s
g i

Then the substitue 3 groups were located at an ar@matic ring instead of an

= NN NN
R

one ring of coumarin.
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Two singlet peaks at 6.82 (1H) and 6.90(1H) on aromatic ring directed that
they were not adjacent to each other. Six possible structures of compound 6 could

be proposed as follow.

"% the R, and R, were meta-

On the basis off s afall & :
disubstituted in aromatic fing ._:\"% ~-~”», of two protons showed a doublet
(J ~ 2 Hz). Therefore, : LEEe : d (f) were eliminated.

The molecular_f¢ : educed from EIMS. The EI mass
spectrum (Figu‘ Tiirshowed-the-o o — m/z 374, then R; was —

-4
(CH,)1;-COOH. The massion csponded to the loss of COOH'

\ —
from the moleculaf fon, and also the mass ion peak at'in/z 298 [329 - OCHz].
In

m ari gﬂ as singlet with H-5
downﬁeldm T ‘ m ma@ﬁ to C-6 because an
0 i isti ifts nance of nt proton upfield
TSR AR e

ppna On the other hand, the methoxy group attached to C-7, thereby causing the

resonance of H-8 to move much more the upfield than C-5 but proton signals of H-
5 and H-8 were vicinity.

Thus, the structure of compound 6 could be established as 12-(6’-methoxy-
2'-chromenone-7'-yl) dodecanoic acid (a). From our knowledge, this is a new
compound. The assignments of 'H- and "*C-NMR chemical shifts are shown in
Table 3.12.
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Table 3.12 The assignment of 'H- and BC-NMR chemical shifts of compound 6

Chemical shift (ppm)
Position

By 5
7 . 161.5
3 623 (d,94) 113.4
g 7.58 (d,9.4) 1433
4a 17 112.1
5 7 1071
- 146.1
Ar 1209
6 S 103 2
0
QRN N3 7
‘ , N VK

4- £ 9.0-29.7
11 =2 31.9
2 » 247
0 4
- 1

4-10
- Compound 6 : 12-(6'-methoxy-2'-chromenone-7'-yl) dodecanoic acid

(new compound)
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3.4.10 Structural Elucidation of Compound 7

Compound 7 was separated from alkaloid crude extract of the mixture of
subfraction 5 and 6 of ethyl acetate crude extract. It was subjected to chromatotron.
Elution was performed with EtOAc-MeOH (19:1 to 4:1). Seven milligrams of this
compound was obtained as a yellow amorphous solid of melting point 217-220 °C
(dec.) (lit. 210-213 °C (dec.))*® and Re 0.22 (SiOs, 1:4 MeOH/CH,CLy). It gave

positive test with Dragendorff” s reagent.

The IR spectrum (Figure 3.41) s ieC the characteristic absorption band
of at Vinax 3400 cm™ (O-H steé tchi : G #// 12348 cm™ (C-H stretching), 1605,
1470 cm™ (C=C stretc ﬁ“ : 'ng) and 1185 cm’ (C-O
stretching). 3

The mass spech it 12y showed a weak molecular
ion peak (M") at m/z 9
Cy3HysNOs (Caled. FoglCs

cleavage of the pyrrol

nula of compound 7 was
ak at m/z 325 arose due to
f der reaction. It was a
] s The base peak at m/z 296,
which resulted from expulfion 4i 36 ~) 325, indicated the hydroxy
function to be on C-14. ‘ :

The lH- (CD

characteristic of phenan!

ound 7 (Figure 3.43) showed the
(3H, s) and 4.02 (3H, s)
j 9),735(1H,d,J=9)
and 7.08 (1H, s). T H-NMR values of the aromatl roton were in agreement

with correspafiding| s i ﬂ m olizidine alkaloids.
From comp:z H [ th subs g groups from that
obse Wﬁ’%ﬂmﬁ;\)ﬁgmmmng tha% number of

presence of three : It

and four aromatic pr
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e
Gy

OMe
sotylocrebrine

Tylophoring

In the “C-NM signals for carbon were

observed and 14 signa re assigned to be aromatic
carbon.

By comparing of compound 7 with
isotylocrebrine phenantk G ] “ Dlizigdis \. ts belonging to tylophora
genus, compound 7 was Adedffeed <ps thyl-14a-hydroxyisotylocrebrine,
which have been isolated fig TG > Maxim. The carbon assignment
of compound 7 __,____ roxvisotioerets; “ are presented in Table
3.13. - b

OMe

Compound 7 -3-demethyl-14a-hydroxyisotylocrebrine
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Figure 3.42 The EI mass spectrum of compound 7
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Table 3.13 The 'H- and *C-NMR chemical shift of compound 7 and 3-demethyl

14a-hydroxyisotylocrebrine38

Compound 7 (CDCls)

3-demethyl-140.-

Position hydroxyisotylocrebrine
lH 13C lH 13C

1 8.17 (d, /=9 Hz) 1206 | 8.09(d,/~9Hz) 121.0

2 735(d,J=9H2) 1161 7.29 (d, J=9 Hz) 116.2

3 ‘ < s 148.1

4 L, 143.9

5 . 9.19 (5) 108.3

6 1473

7 148.1

8 5.87 (s) 102.6

o 4. 7.(d, 15 Ho) s

41 (d, /=15 Hz)
11 3.34 (m) 54.9
2.41 (m)
12 1.92-2.02 213
13 z Em) 23.6
1,99 (m)

13a - .rj 2 (m) 65.0
148 : : s 05 (m) 643
ring C ﬂ , 128.8
AUEINENDIERT =
_ g En 125.5
Sl eI T e
‘I‘I 3413 123.4
121.1 121.0

4-OMe 3.87 586 3.89 59.2
6-OMe 4.02 554 4.08 55.1
7-OMe 3.98 555 3.97 55.1
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3.4.11 Structural Elucidation of Compound 8

Compound 8 (7 mg) was achieved from the same fraction with compound 7
as yellow amorphous solid, m.p. 220-222 °C (dec.) (lit. 215-217 °C (dec.))’’. It
was eluted after compound 7 by chromatotron. It gave a positive test with
Dragendorff’s reagent, which indicated the alkaloid.

The IR spectrum (Figure 3.45) presented the absorption band of at Vimax
3394 cm™ (O-H stretching), 2917 and 2850 cm™ (C-H stretching), 1612, 1473 cm™
(C=C stretching), 1376 cm™ (N-H v and 1189 cm™ (C-O stretching).

The mass spectru l‘s,,;ﬁ doure 3.46) showed a molecular ion
peak (M") at m/z 36 ula, C52H23NO; (Caled. For
CHz3sNOy: MW 3654 g Ly 96 arose due to cleavage of the

pyrrolidine ring at der reaction. A strong peak
at m/z 268 arising i

at C-14

S se of the presence of an OH

The "H-NMR {4 feq 4 5 8 (Figure 3.47) showed the
presence of five aromatid i on s \i. , Hz), 7.90 (14, s), 7.75 (1H,

d, J=2Hz), 7.10 (1H, ddf/= L2552 58 s) and two methoxy groups
e “ ;; 2. .
at § 3.85 (3H, s) and 3.95 (3 ﬁ:-:;.l__,_ R values of the aromatic proton were

(TR

R
. s .
alkaloids. M?,r 4 f

in agreement with corre enated phenanthroindolizidine

1 i )
In the ’E. ‘1 R spectrum  (E , 22 signals for carbon were

gnals (6 104.1 —157 5 ppm) w ¢ assigned to be aromatic

carbon. ;.‘. \Il'i ifl' ﬂimm that of compound 7.
et B

com;’ound 8 was fully consistent with the structure of tylopholmldme which was

observed and 14

compared with data of tylopholinidine in the previously reported'® > %
The mass fragmentation pattern, 'H- and C-NMR assignments are
presented in Scheme 3.8, Figures 3.49 and 3.50, respectively.
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Figure 3.45 The IR spectrum of compound 8
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Scheme 3.8 The mass fragmentation pattern of compound 8



of compound 8

Figure3.50 The BC-NMR assignment of compound 8
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3.5 Plant Growth Regulator Activity of Isolated Substances.

In order to reach the goal of this research, ten substances were isolated
from the fractionation and purification from the roots of 7. indica Merr. crude
extracts which showed significant activity result in plant growth inhibition against
B. pekinensis Rupr. Five substances, including a mixture of three fatty acid
(Mixture 1), a mixture of two steroids (Mixture 2), stigmasteryl-3-O-B-D-
glucopyranoside (compound 1), oleanolic acid (compound 2), and ursolic acid

ane crude extract. Not only that,

(compound 3) were isolated frou \ 19r¢

nonanedioic acid (compout: acid (compound 5), 6-methoxy-7-

dodecanoic coumari &:ié lyl-140-hydroxyisotylocrebrine
(compound 7) and ‘f | 1P : ) werc isolated from ethyl acetate
. e OBmixture 1, compound 4 and
compound 5 as vl ester; cis-9-octadecanoic
acid, methyl ester; o@fadge: A); nonanedioic acid, methyl
ester (4A); and decan o - e subjected to plant growth
regulator test. The resu

in Table 3.14 and Figure

1000 ppm

21.8
-15.6

17.7
7.4

-23.2
17.3

24.2

Compound 1

3.9

Compound 2

60.9
65.3




Table 3.14 (cont.) Inhibitory effect of isolated substances from the roots of T.

indica Merr. on the growth of B. pekinensis Rupr.

Part of B. % Inhibition at various concentration
Substances
pekinensis 10 ppm 100 ppm 1000 ppm
Root -20.8 18.6 63.9
Compound 3
Shoot 8.4 334 69.1
Root 0.6 100
Compound 4
Shoo 13.2 345
28 93
Compound 4A
- 0.8 73
11.8 90.3
Compound 5
8.6 29.9
-1.3 43
Compound 5A
- 0.7 6.2
.6 -4.2 30.8
Compound 6
11.0 26.4
14.5 86.3
Compound 7
Shoot -24.6 -8.8
: 103 70.4
Compound 8
5.2 -6.2

AU INENInens

ATl Ingdl
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The isolated substances from the roots of 7. indica Merr. and some
derivatives could be divided into 5 groups as follow: fatty acid (mixture 1,
compound 4 and 5) and their derivatives (mixture 1A, compound 4A and 5A),
steroid (mixture 2, compound 1), triterpenoid (compound 2 and 3), alkaloid
(compound 8 and 9) and coumarin. The result of plant growth inhibition activity
against B. pekinensis Rupr. seedling (lettuce) suggested that fatty acid could be

splited to monocarboxylic acid, dicarboxylic acid and methyl ester derivatives

(mixture 1A, compound 4A and 3 : , D 1earboxyhc acid, nonanedioic acid and

decanedioic acid, showed & | 3 ;" oo - wth inhibition (100 and 90.3 %,

respectively). In contrast: ﬁ"“ hy estemtibwo dicarboxylic acid did not show
the effect against the g hocarboxylic acid, mixture 1,
and its methyl estes Ut Fect on both root and shoot
elongation. From 1l uld play an important role in

inhibitory activity. 9,,:' ' d and ursolic acid) exhibited

4

moderate effect of rogffayd JRoot ": 2 dnhibi y inhibited root elongation
of lettuce seedling Wit oot length with 65 and 69 %
at a concentration of 1000 ppfis ~<idettivel L Wo alkaloids (3-demethyl-14cc-

hydroxyisotylocrebrine --’f’_fia e sliowed significant results of root
growth inhibition. They inifbiéi of lettuce seedling by 86.3 and 70.4
% at a concentrd i3 on 1000 nom, while slichtly acceler 2 both root growth by 21.4

1"' |

and 29.2 % at 4 _-_ cen Gy ;r- by 24.6 and 25.2 %
—— il

'- vely. However, the other subst es (mixture of two steroids,

(100 ppm), respee
steroid gly

ide t inhibitory activity
oY

In ad : lon, all substances ere further ioassay for pl owth inhibition

a chwp which is

a c&nmon and very important weed of the most agncultur areas of the world.
The results of inhibitory effect are showed in Table 3.15 and Figures 3.53 and
3.54.




Table 3.15 Inhibitory effect of isolated substances from the roots of 7. indica
Merr. on the growth of E. crus-galli (L.) Beauv.

Part of B. % Inhibition-at various concentration
Substances
pekinensis 10 ppm 100 ppm 1000 ppm
. Root 28.7 25.8 41.4
Mixture 1
Shoot 7.1 438
) 3.7 5.1
Mixture 1A
1.6 49
) 3.1 10.3
Mixture 2
11.8 13.9
18.2 18.9
Compound 1
- 0.6 23
23.5 45.6
Compound 2
7.9 323
19.6 40.1
Compound 3
54 22.7
100
Compound 4
90.5
10.2
Compound 4A y
5.6
100
Compound 5
(M 1 Bli & 100
(A9 | _ 3 P .
" A, W f r1 X (1% 8.8
Compound 52
-r‘.'!‘;.*{'-.‘:. “EAEESEETT T AT~ o T/ Y] ol
- . 16. : - 66.5
Co ;,bln nd 6 , - _ ‘
133
Root 20.9 96.1 100
Compound 7
' Shoot 21.1 47.4 97.4
' Root 9.6 89.0 100
Compound 8
Shoot 29 g 13.5 85.6
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From the results of inhibitory effect against the growth of E. crus-galli (L.)
Beauv. seedling, it was revealed that two triterpenoids, oleanolic acid (compound
2) and ursolic acid (compound 3), showed moderate effect against root length
inhibition. They inhibited root elongation by 45.6 and 40.1 % at concentration
1000 ppm, respectively. Dicarboxylic acid compounds, nonanedioic acid
(compound 4) and decanedioic acid (compound 5), almost completely inhibited
shoot and root growth at 1000 ppm and inhibited root elongation by 50.3 and 51.2

% at concentration 100 ppm, bu i dimethyl ester derivatives did not affect
against this activity. Coums A apound 6) inhibited root length by
66.5 % at concentiatione—1 ) ) 4 pple==Two alkaloids, 3-demethyl-14a.-
hydroxyisotylocrebri phorinidine (compound 8),
1 1000 ppm and still high

00 ppm. Furthermore, they

completely inhibited ;_»,
inhibited by 96.1 aud'

inhibited shoot lengti® entration 1000 ppm. Thus, at

concentration 100 ppng 1! more potent inhibitory activity

r
i

against this plant mefe ¢ #fwo & il s @oids. The other substances did not

showed any significz of E. crus-galli (L.) Beauv.

seedling.

From the results of 4k t both B. pekinensis Rupr and E.

amv., dicarboxylic ,;‘:v ivity against both plants.
1S i #I

There are many. e )
allelochemicals*' ™" This research sug d that di¢ boxyllc acid showed more

Cls and Cls ac1d

gmﬁd substances from

Tylophora i idica Merr agal summanz% Table 3.16.

@W@ﬁﬂﬂﬁ NHATHEAGY

.H»f

crus-galli (L.) B

acid (C14 - sz) are
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Table 3.16 The summary of plant growth regulators of isolated substances from

the roots of 7. indica Merr. against B. pekinensis Rupr and E. crus-

galli (L.) Beauv.’
B. pekinensis Rupr. E. crus-galli (L.) Beauv.
Substance
Root Shoot Root Shoot
mixture 1 + (1000) - (1000)
mixture 1A
mixture 2 - (1000) - (1000)
Compound 1 $:{} + (1000)
Compound 2 ++ (1000) + (1000)
-~ +(100)
Compound 3 (1000) + (1000)
+
Compound 4 ( (1000) | ++++(1000)
. ++ (100)
compound 4A -
Compound 5 00 = 0) 4++++(1000) | ++++(1000)
-(10) b ++ (100)
compound 5A ; <
Compound 6 ' (1000)
Compound 7 _ (1000) | ++++(1000)
- (10) (100) ++ (100)
‘ amm +(10)
Compou -1 1000) | ++++(1000)
1 -+
he' i 1 e than 80 %

q . , [
inhiblition (++++), 60-80 % inhibition (+++), 40-60 % inhibition (++), 20-40 %

inhibition (+) and 20-40 % promotion (-). The concentration of each substance is in

paréntheses.
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