CHAPTER 111

RESULTS AND DISCUSSION

Although the chemi the stems and leaves of

C. fenestratum have bee . 2 ﬂaﬁon involving the biological
activity study has not b
protoberberine alkalo . isolated 4 characterized from the stems;
nevertheless, various ' pouhds have not been

of chemical constituents

7R
3.1 The Result of Extraction” s -
I

The stems of C. feneﬁwmﬂ e extracted following the procedures
ZI A Y .
described in Chapter.2. The r‘ésﬁli& 7R N are 'inarized as shown in Table

Table 3.1 The extraction .9f the stems of C. fenestratum .6 Kg)

mummﬂ M
ARRINFUIINGTY | o

Ethyl acetate v 3 0.1
Butanol A% 152 5.8

The result of extraction indicated that the major constituents of this plant were
in the polar parts: butanol extract and precipitate fraction. Especially, the precipitate
was obtained when the ethanolic extract was treated with 1 N hydrochloric acid. It

was possible that the precipitate (Fraction II) contained many compounds in the form
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of salt or as a single compound, which were capable of precipitating in acidic
condition. The other parts: dichloromethane and ethyl acetate extracts had a tiny

amount compared with the butanol and precipitate portions.

3.2 The Results of the Biological Activity Screening Tests
3.2.1 Brine Shrimp Cytotoxic Lethality Test

The ethanolic extract of C. fenestratum was preliminarily screened for

alina Linn. and Vero cell (Vero cell line
displayed in Table 3.2.

edu /&rated in Chapter 2. The results are
Table 3.2 The results

s Nrtemia salina Linn. and
Vero cell of etha

Brine shrimp

Cytotoxicity test ‘l’ll& \ ICso (ng/mL)®

Vero cell >50

9 LCso (ug/mL) \centration at >50 % inhibition

<1000

<100 :
10 High actl_y_;g T

According t above result, 1 ted/low toxic activity against

brine shrimp (LCsg JOOO pg/mkL). ition, Fra n I displayed cytotoxicity

against Vero ﬁf with '(3 value more ‘than mL. Therefore, it could be
li

L I IINE AT T e e

interesting since 1f this extract showed remarkable activity for q&pr bioactivities, it

o G RITI IR NNTINETR Y

concluded tha



3.2.2 Anti Cell Line Cytotoxicity Test

The in vivo cytotoxicity test against three human tumors was tested. The

results are shown in Table 3.3.
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Table 3.3 The results of anticell line cytotoxicity test of ethanolic extract (Fraction I)

Cancer cell lines ICso (ng/mL)” Activity
KB 220 Strong
BC-1 ' Strong
NCI-H187 Strong
“ICso (ng/mL)
>20
>10-20
5-10
<5

albicans operated by cst-against herpes simplex virus

| .
type 1 ATCC-260 cﬂied out by using microlitre co

antimalarial a iﬁ : @D rrzizrl/%f : K—lﬂ in. of Fraction I was also
tested by usinﬂ\ Z‘[‘o timalarial tes ﬂﬂs e jﬁg for anti-tuberculosis
TSI

3 _

orimetric assay. In addition,
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Table 3.4 The results of in vivo antifungal test against Candida albicans, antiviral test
against herpes simplex virus type 1 ATCC-260, in vivo antimalarial test
against Plasmodium faciparum, K-1 strain and screening for

antituberculosis activity of ethanolic extract (Fraction I)

Activity test ICso (ng/mL)* | ECso(ug/mL)’ | MIC (ug/mL)° Activity
Antifungal 32.76 - - Weakly active
Antiviral - - Inactive
Antimalarial - - Active
Anti-tuberculosis // 200 Active
?ICsp (ug/mL) Actlvx.tx“in..; g/mL) Activity
> 50 Inacm___ .‘I ,__;20 Inactive
20-50 . Active
10-20
<10 Inactive
active
ng, test, Fraction I showed activity
against Candida albican 50 vxiu f 32 6 g/mL which could be interpreted
hat it exhibited weak ac ‘raction I was inactive against
herpes simplex virus type 26 wever, Fraction I was active against

o

it

Plasmodium faciparum with E@;_jiaiue e@ pg/mL and showed antituberculosis
activity with MIC val,_lie of 20‘6ﬁ’§m C%ﬁlﬂi ould be concluded that this
plant exhibited interesting —bioactivity against —anuf antimalarial and
antituberculosis. - l

From the above rgsults involving the prehmlnanly screening test of Fraction I,

it was foundﬁ tﬁ ';aa ﬁ ﬁsults especially, the
bioactivities against antlcanceji:,e]lfT‘Jrle?imalargj(ﬁ1 tifungal, and antituberculosis
activity, ﬁ\ ﬁ e shrimp and
Vero cﬂnmﬁ ﬁjﬂﬁmfjﬁrﬁ(ﬁo ﬂﬂwj E]nd toward the

presence of bioactive compounds in the stems of C. fenestratum. Therefore, this
research emphasized the investigation of the chemical constituents and ~ searching for

bioactive compounds from the stems of this plant.
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3.3 Chemical Constituents Studies of the Stems of C. fenestratuum

3.3.1 Separation of the Precipitate (Fraction II)

The precipitate (Fraction II) as yellow-gray solid, 70 g was separated by quick
column chromatography using silica gel 60G Art.7731 as an adsorbent. The column
was initially eluted by hexane, followed by increasing polarity of solvent by the
addition of dichloromethane. Eluting solvent was collected for each fraction

ent fractions were combined. The

approximately 1000 mL and then co t d under vacuum to a small volume. Each
fraction was monitored by TLC and %

results of the separation of FJ%II ar::'sho ble 3.5.
Table 3.5 The separathpﬂ/ M{ tk si“hca gel column chromatography
Eluents (% v/v) Weight (g)
100% Hexane ‘ W_l_f!ti trace
30% CH,Cl,-Hexane pale. 1.95
50% CH,Cl,-Hexane cf ., | red 13; 2.04
80% CH,Cl,-Hexane fy&llo 1.52
100% CH,Cl, *Jl,férangeg 2.04
10% EtOAc-CH,Cl, IEZ=% yzhlge»m_‘pmge solid 3.12
) S
30% EtOAc-CH2C12'l <, IG yellow 0.94
50% EtOAc-CH,Cl, vi yellow orange sohd"--l 293
80% EtOAc-C ‘ 0.62
?fﬁuﬁm HREh NS | o
10% MeOH- EtOAc IIL yellow brown.mass 0.25
soorii{iiond) | 0 E e aH N ) | o
40% MeOH-EtOAc IIN | dark yellow solid 3.01
(Compound 2, Compound 3)
50% MeOH-EtOAc 1§(0) dark yellow solid 4.52
100% MeOH 1P yellow ppt + dark brown solid 32.01
(Compound 2)
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3.3.1.1 Separation of Fraction IIC

Fraction IIC was subjected to silica gel column chromatography using
a mixture of dichloromethane and hexane as eluents. The results of separation are
displayed in Table 3.6.

Table 3.6 The separation of Fraction IIC

Eluents (%v/v) Fraction Remarks Weight (g)
100% Hexane 1-5 ‘ e amorphous solid + oil trace
10% CH,Cl,-Hexane 6@ M cous liquid 0.25
20% CH,Cl,-Hexane % ~“ed cous liquid 0.31
30% CH,Cl,-Hexane ( 0.14
40% CH,Cl,-Hexane 0.21
50% CH,Cl,-Hexane - trace
70% CH,Cl,-Hexane ‘ ange brov cous liquid 0.15
100% CH,Cl, + 1 y8liow brows trace
5% EtOAc-CH,Cl, trace
10% EtOAc-CH,Cl, trace

3.3.1.2 Separatlon of Fﬁaﬁﬁbﬁs H'»-r'd':"" ;

Owing to thefact that Fractions I [E and IIF displayed the characteristic pattern
of TLC alike. There OQ“ ﬁﬂ portlon (5 g) of Fractions
IIE and IIF were reseparated by silica gel column chromatography. The results of

ﬁ"mﬁ‘ﬁﬁ NINYINT
awwmﬂmwnwmaa



Table 3.7 The separation of Fractions IIE and IIF
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~Eluents (%v/v) Fraction Remarks Weight (g)
100% CH,Cl, 1-5 white oil trace
3% EtOAc-CH,Cl, 5-10 white solid + colorless oil 0.25

(Compound 4)
5% EtOAc-CH,Cl, 10-19 white ppt + brown solid 2.13
(Mixture 1)
10% EtOAc-CH,Cl, 20-29 yhite solid + yellow oil 0.22
20% EtOAc-CH,Cl, 30- 4\\\ ‘ 0.53
30% EtOAc-CH,Cl, 0.31
40% EtOAc-CH,Cl, __SHG" 4 0.44
50% EtOAc-CH,Cl, / ous liquid 0.25
80% EtOAc-CH,Cl, 0.17
100% EtOAc 7 0.14

3.3.1.3 Separa
The thin layer c

Table 3.8 The separatigl of Fraction

n

Eluents (%v/y).

100% CH,Cl,
10% EtOAc -CH,Cl,
2 NG
30% EtOAc -CH,Cl
50% EtOAc -CH,Cl,
80% EtOAc -CH,Cl,
100% EtOAc

10% MeOH-CH,Cl,
30% MeOH-CH,Cl,

© MPraction

9-14 ¢

56
17-22
23-28
29-40
41-54
55-67
68-72

Weight (g)

pale yellow oil

red brown solid
red brown solid
orange brown solid
yellow brown solid

red brown solid

o
1 d

et TN

3F}r]ed brown solid

trace
trace
trace
0.12
0.13
0.22
0.15
0.17

trace
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3.3.1.4 Separation of Fraction IIH
_ When Fraction II was eluted with 50% EtOAc-CH,Cl,, yellow orange solid
mass (Fraction IIH) was gained. Thin layer chromatography indicated that there were
at least two components in this fraction. This fraction was further separated by
rechromatographed over silica gel wusing dichloromethane, a mixture of
dichloromethane containing increased proportion of ethyl acetate and a mixture of

ethyl acetate and methanol as eluents. The results of separation are displayed in Table

3.9. ‘ , ,/
Table 3.9 The separation o& //

Eluents (%ov/v) 1 Weight (g)
100% CH,Cl, 7 trace
3% EtOAc-CH,Cl, trace
5% EtOAc-CH,Cl, 0.15
10% EtOAc-CH,Cl, 0.13

20% EtOAc-CH,Cl retlow iquid (Mixture 5 ) 0.67
30% EtOAc-CH,Cl, I 0.11
50% EtOAc-CH,Cl, 4 (Compound 6) 0.19
70% EtOAc-CH,Cl, 31-42 ¥ brow: 75! ‘ompound 7) 0.92
90% EtOAc-CH;Cly |4 li 0.15
100% EtOAc I trace

ﬂumwﬂm‘wmm
ama\ﬂﬂmwnwmaﬂ
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3.3.1.5 Separation of Fractions I1J and IIK

Fractions IIJ and IIK were combined due to their TLC behavior alike and
rechromatographed using silica gel as an adsorbent. The column was eluted with
gradient solvent mixture of EtOAc and CH,Cl,. The results of separation are
displayed in Table 3.10.

Table 3.10 The separation of Fractions I1J and IIK

Eluents (%v/v) Fraction ) Remarks Weight (g)
100% CH,Cl, 1-123 %t"! Pl - trace
10% EtOAc-CH,Cl, 13=29. 1y llo.y oi@ trace
30% EtOAc-CH,Cl, 0.10
50% EtOAc-CH,Cl, 0.13
80% EtOAc-CH,Cl, 1.46
100% EtOAc trace
1% MeOH-CH,Cl, ' % VIS lig trace

e SCO trace
5% MeOH-CH,Cl, 4 yellow viscous liquid 0.87
10% MeOH-CH2C12' 1?’__6_-_1 " n solid trace
20% MeOH-CH,Cla-183-195 | yellow trace
30% MeOH-CH,Cl, ‘ 0.13
50% MeOH-CH,Cl, H 021-220 | colorless ppt + dark brown viscous 0.35
TPy
: T NS QPRI
WIS RAY 1K

| N ¢ o v/
ARIANNIUARIINE IR Y
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3.3.1.6 Separation of Fraction I1O

Fraction 11O contained yellow solid in dark yellow mixture (4.52 g, 435 %
w/w of Fraction II). The examination of this fraction by TLC revealed that there were
at least three components in this fraction. It showed the same Ry value as Compound
2. Thus, this fraction was reseparated by using silica gel column chromatography and
eluted with a mixture of dichloromethane containing increasing proportions of

methanol. The results of separation are shown in Table 3.11.

Table 3.11 The separation of F NU //
. \-

Eluents (%v/v) e _wRemarks Weight (g)
80% Hexane -CH,Cl, ’ t trace
100% CH,Cl, ‘ iscous liquid 0.25
1% MeOH-CH,Cl, " 1 yellow red viseous liquid 0.37
3% MeOH-CH,Cl, i ixtitre solid 0.42

5% MeOH-CH,Cl, ::lsolid 0.50

10% MeOH-CH,Cl, ay solid 1.46
30% MeOH-CH,Cl, solid 0.51
50% MeOH-CH,Cl, 0.17

(Fraction IV) Cﬁde ]i;fracts
According to T is, Fractiofi-d1 had the characteristic pattern of TLC
similar to thaﬁffugirﬁa\ﬁﬂtm ﬁ m&:’eﬂim;ted with Fraction IV.
Column chror?ilatography over ¢silica gel ~was conducted, using hexane,

dichlorbeihbne ikl bl ank gl fsbivednicurs s luents

On the b%sis of their TLC behavior, 20 fractions were combined to yield 10 portions
(A-J). The results of separation are exhibited in Table 3.12.
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Table 3.12 The separation of Fractions III and IV

. Weight
“Eluents (%ov/v) Fraction Remarks Portion ©
g
50% CH,Cl,-Hexane 1-15 colorless oil }
. A trace
100% CH,Cl, 16-18 | colorless oil
19-21 | pale red brown solid
B 0.46
25% EtOAc-CH,Cl, 22-27 | red brown solid
2831 | red brown solid } o 386
30% EtOAC-CH2C12 32-36 pa -\; ‘, olid ‘
40% EtOAc-CH,Cl, 37-42 % e ;*. brown' solid” } D 1.95
-y
50% EtOAc-CH,CI - orange
WSS . } E 0.65
60% EtOAc-CH,Cl,
} F 0.27
70% EtOAc-CH,Cl,
o -
80% EtOAc-CH,Cl, } & 5,55
90% EtOAc-CH,Cl, ellow.brown solid
o ! L. } o .’7"‘
100% EtOAc i | ple ., r } = 55
5% MeOH-EtOAc ge brow;
10% MeOH-EtOAc
20% MeOH-EtOAc 96 | red brov I 2.80
30% MeOH-EtOAc L 57-09 | dai msolid
i .
50% MeOH- EtOAc | 10 125 | 1.39

-
33.2.1 jon m &
Poﬂiona)vﬁﬂu éﬂm jeﬂlﬂ glﬂxtﬁ dichloromethane and
methanol uiiﬁg ’iradient solvent mikture. The results of separation are displayed in

e AW TANTIIEU N TINETRE
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Table 3.13 The separation of Portion I

~ Eluents (%v/v) Fraction Remarks Weight (g)
100% CH,Cl, 1-14 pale yellow oil trace
1% MeOH-CH,Cl, 15-29 yellow solid + orange solid trace
3% MeOH-CH,Cl, 30-44 yellow orange solid 0.23
5% MeOH-CH,Cl, 35-40 yellow ppt + yellow orange solid 0.40

(Compound 9)
41-49 whltf pt + pale yellow solid 0.61
(Co )@d
10% MeOH-CH,Cl, 50-64 pale yelloﬁ’ 0.14
20% MeOH-CH,Cl, | 65 pale yellowselid (Compound 10) | 0.72
30% MeOH-CH,Cl, yellow orange solid 0.11
40% MeOH-CH,Cl, ed’brown solid 0.13
50% MeOH-CH,Cl, BTOV;V‘;{ solid trace
/ 1}5 .
3.4 Purification, Properties a d,rStructural‘ Elucndatxon of Isolated Substances
ale' A .l':"..

T |

3.4.1 Purification, Properties a‘nd"-StructuEi lucidation of Mixture 1
After recrystalhzed with a hot mleﬁre‘b“i‘methar}gl -ethyl acetate for several
; 8 % jv/w of Fraction II) was

times, white solid, 1 11— J.16
obtained and de51gnated' as Mixture 1. It showed two spbts overlapped on TLC with

Ry value of 0.75 (IOT’7J methanol-dichloromethane). Tﬁls mixture was soluble in
dichloromethanefand jethyl acetate butslightlysoluble m methanol. It gave a positive
test with Liebermann-Burchard’s réagent but gave anegative test with Dragendroff’s
reagent,

The TR speetrum '(Fige' 1) ‘exhibited the dbsorption band belonging to OH
stretching vibration at 3400-3500 cm’ (br), C-O stretching vibration at 1048 cm™ and
1020 (s) and C=C stretching vibration at 1652 cm™. In addition, the stretching and
bending vibration of —CHj were detected at 2856-2949 cm™ and 1300-1460 cm.
According to the color test result and the spectroscopic data, this mixture should
contain steroidal moiety.

The GC-MS analysis (Fig. 2) displayed five peaks. Peak nos. 4 and 5 were

major components in this mixture. According to the search on MS library database
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(NIST) (Fig. 3), it was suggested that Mixture 1 consist of five steroids. The results of
GC-MS analysis are shown in Table 3.14.

Table 3.14 The results of GC-MS analysis

Peak no. | Retention time, tg (min) | % Composition | MW Name
1 5.89 4.89 394 | Stigmastan-3,5,22-triene
2 6.93 3.76 396 | Stigmastan-3,5-diene
3 8.56 414 S-Sitosterol
4 892 400 Campesterol
5 9.87 412 Stigmasterol

ld be concluded that Mixture 1 was
composed of stigmas 5.20-ifiene, stigmastan-3,5-diene, S-sitosterol, campesterol
and stigmasterol. Campe ast d to be major components

in this mixture.

'-fy;‘.

saz

y

AULINENINYINT
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Mixture 1
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3.4.2 Purification, Properties and Structural Elucidation of Compound 2
Compound 2 was obtained as yellow solid from Fractions IIN and IIP. After
recrystallized from methanol-dichloromethane for several times, yellow needle, m.p.
221-222 °C, (19.85 g, 19.08 %w/w of Fraction II) was obtained. It exhibited a single
spot on TLC with Ry value of 0.67 in 20% methanol in dichloromethane as a solvent
system. Compound 2 was soluble in various solvents, such as chloroform, ethyl
acetate and methanol but slightly soluble in dichloromethane. This compound gave

a positive test with Dragendroff’s r ‘ /which suggested the presence of alkaloid

nucleus. \" V’//

The 'H NMR (Dm spe jm@d) displayed the characteristic

feature of protoberbew ignals for methoxy, methylene dioxy and four
aromatic protons s ingls

. ignal at & 6.15 ppm, corresponding to 2H,
could be assigned for asme roup of : thylene dioxy moiety. The two singlet

signals at 8 7.07 and 7 e feature of aromatic ring protons. The
'H NMR spectrum furt : txil{proton signals at 6 3.19 and
4.92 ppm with the coupli i he s i‘fting pattern and the coupling
constant were indicative of two nm;ﬁz? né protoberberine.

Y
¢ o o

ah Yibg)ond o ikl e ot S 3.95] i 9 p|obeh exibitd he
feature & aromatic ring protons. The other aromatic protons were detected as the two
doublet signals at & 8.02 and 8.19 ppm with the coupling constant 9.2 Hz. The signals

at & 4.07 and 4.05 ppm were clearly indicated the presence of two methoxy groups.
The *C NMR (DMSO-ds) spectrum (Fig. 5) displayed 20 carbon signals. The
spectrum revealed the chemical shifts of carbons very close to those of
protoberberine.13 1% From the literature survey, it was found that protoberberine

alkaloids are widely distributed in the Coscinium plants. The BC NMR chemical
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shifts were assigned by comparison with those reported in literature. The 'H and C
NMR chemical shift assignments of Compound 2 are shown in Table 3.15.

The mass spectrum (Fig. 6) also supported the above evidence. It gave the
fragmentation ion at m/z 321, which was the base peak. However, from literature
survey, it was reported that berberine exhibited the molecular ion peak at m/z 335.13%
The possible mass fragmentation pattern of this compouhd is elaborated in Scheme
3.1

The structure of Compoun

confirmed by direct co-TLC with the
authentic berberine. By mean

ctral comparison, Compound 2 was
obviously concluded to be ber e picted as shown below.

—

AULINENINYINS
RINNIUUNIININY
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Table 3.15 The comparison of the 'H and '*C NMR chemical shifts of Compound 2

with berberine.*'*
13C NMR
Position
Compounc Compound 2 | Berberine

1 7.78 (1 1112 105.5

la 126.2 120.5
2 153.4 147.7
155.5 149.8

4 7.07 (1H, 114.2 108.5
4a - 136.4 130.7

5 3.19(2H, 1, J . 32,1 26.4

6 492 (2H,t,J=5 60.9 552

8 9.88 (1H, s 1511 145.5
8a 127.1 121.4
9 149.4 143.7
9-OCHj; 67.7 62.0
10 156.1 150.4
10-OCH; 4.06 (3I(,A 408 (3H, s) 62.8 57.1
11 ﬂluaﬂb@%ﬂ8ﬂ @Wﬂ Q)f ‘j 132.4 126.7
12 7.9941H, d, J=9.2 Hz) 8 01 (1H, d, J 9 Hz) 129.3 123.6
12aq f] i m & 132.9
13 H W Qiq}n) umf]llw E r] El 120.3
13a 143.2 1375
OCH,0O 6.16 (2H, s) 6.19 (2H, s) 107.8 102.1
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m/z =335 3

ok

1

e NN NYINT
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Scheme 3.1 The possible mass fragmentation pattern of Compound 2
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3.4.3 Reduction of Compound 2

Reduction of Compound 2 (100 mg) with NaBH4 afforded 75 mg of
Compound 2A as pale yellow solid, m.p. 234-237 °C (dec.), (75 % w/w of Compound
2). It exhibited a single spot on TLC with Ry value of 0.73 in 4% methanol in
dichloromethane as a solvent system. Compound 2A was soluble in various solvents,
such as chloroform, methanol and dichloromethane.

The 'H NMR (CDCl;) spectrum (Fig. 7) displayed the singlet signal at & 5.96

ppm, corresponding to 2H, whlch be assigned for a methylene group of
methylenedioxy moiety. The t 8 6.63 and 6.77 ppm and the two
doublet signals at & 6.83 an wth g constant 8.4 Hz also showed
the feature of aromatic.si 3 C wmd C-12, respectively.'>!*
The 'H NMR spec y ublet signals at  3.23 and

d be designated for 8-Hax

and 8-Hegq at C-8. The a't%57 ppm was also identified
for 1H at C-14. The prot d at 8 3.26 ppm with the coupling
constant 16.0 Hz and 2.8 d 3.57 ppm, which overlapped
with 13-Hax, was indicate ﬂfa ----- -Heq) at C-6. The other axial
proton (6-Hax) appeared at 6"5.86—pp plet) The multiplet signal, which
appeared at & 2.69 Eﬂm 3H, cﬁ'ul’d’be; S -H?eudoax 5-Hpseudoeq and
13-Hax.

From the 'H NﬂR spectroscopi pléte assignment of Compound

2A (tetrahydroberberme)o,obta1n1ng from the reduction of Compound 2 is shown in

Table 3.16, 1tsﬁtﬂrﬁ ‘?"ﬂ ﬂm W g1 ‘j

Compound 2A: Tetrahydroberberine
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Table 3.16 The comparison 4 shifts of Compound 2A
with Compo
\‘le'
Position m
i\\\\\\ Compound 2°
1 . \ 7.78 (1H, s)
sy "
3 &
4 7.07 (1H, s)
Spseudoae
3.19 (2H, £,J=5.8 Hz)
Spseudoeq _
6ax
=h 52492 2H, t,J= 5.8 Hz)
6eq Y ]
8ax m .
8eq 3}3AH d,J= 152&) -
socn, 118 3BT WA Femens
10-OCH; 9 3.88 (3H s) 4.06 (3H, s)
ARSI I p gy
124 ,d,J z) , & J=9.2 Hz)
13ax 3.26 (1H, dd, J=16.0, 2.8 Hz) 8.93 (1H, s)
13eq 2.69 (1H, m) -
OCH,0 5.96 (2H, s) 6.16 (2H, s)
14 3.57 (1H,d,J=16 Hz) -

Chemical shifts in DMSO-dj, *Assignment may be interchanged
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3.4.4 Purification, Properties and Structural Elucidation of Compound 3

Compound 3 was obtained as yellow solid in mixed yellow-gray solid from
Fraction IIN. After recrystallized by using a mixture of methanol-dichloromethane for
several times, Compound 3 as yellow needle, m.p.. 240-243 °C, (14.6 mg, 0.014 %
w/w of Fraction II) was gained. TLC analysis of Compound 3, using 20% methanol in
dichloromethane as a solvent system, exhibited one spot with Ry value of 0.78.
Compound 3 was soluble in various solvents, such as chloroform, ethyl acetate and
methanol but slightly soluble in dlch{ Wane This compound gave a positive test
with Dragendroff’s reagent rep:esen

The 'H NMR (DMS%_s;pectrum howed the characteristic feature
of protoberberine alkal ethoxy'-ﬁethy_lene dioxy and four aromatic
protons like Compoy un 'splayed Msinglet signals at § 6.83 and
7.67 ppm, the two do 1 8' 99 and 8.18 ppm with the couphng constant

ce of alkaloid nucleus.

clearly indicated the presence o’t‘&e meth ’ roups.

When compa{jng the LH‘-N-{;ZR s,pem‘plc data of Compound 3 with that of
Compound 2 as dis‘p' fyed-in-Table-3-+7s-t-was-tound-that the singlet signal at § 6.15
‘ ted in the '"H NMR spectrum of

ppm (two protons of 1ethylene dioxy) was 1

Compound 3. Three methoxy proton signals were oﬁjserved in the the '"H NMR
spectrum of hm Ji q,;.' y two methoxy signal
protons in 1ts‘;ﬂl Né‘EJJ;trum /‘immx bridge in Comound 2
was n Eﬁ 1?1;:{'3 ,qxl%ﬁﬂ similar feature
as Co(qjﬁ P] aﬂuﬁ ﬁj mﬁ ﬁcﬁh ﬂ

The identification of Compound 3 was conducted by direct comparison of the

'"H NMR data with those of jatrorrhizine reported in literature as shown in Table
3,171 |
From all of the above information, Compound 3 was concluded to be

jatrorrhizine. Its structure is showed below.
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Table 3.17 The comparison of the "B U@k chemical shifts of Compound 2,

jatrorrhizine .3
“hemica -m.}q hpm)
Position
Compound? Compound 3

1 7.78 (1L 7.67 (1H, 5)
2-OCHj . 3.92 3H, s)

3-OH \ :

4 107l of £ 715 Moos 6.83 (1H, 5)

5 3.19 2H, t,J ; & 4 3.12 (2H, 1, J=5.9 Hz)

6 492 2H, 1, J= g 4.88 (2H, 1, J= 5.9 Hz)

8 9.88 (1H, 5) ‘5?_“__ 9.83 (1H, )
9-OCH; 4.08 (3H, )= 4.07 (3H, 5)
10-OCHj 4.05 3H, s)

11 8.19 (1 H: 8.18 (1H, d, J=9.2 Hz)

12 799 (1H,d)J=9.2Hz) | 7. : 7.99 (1H, d, J=9.2 Hz)

13 8.93 (1H,%) 8.56 (1H, 5) 8.95 (1H, s)
oeno ﬂ%@@ﬂ-ﬂﬁﬂﬂﬁﬂ -

3.45 P itiibkioh Pronerd 30i3803 ITRE (T

ite solid in colorless oil was eluted from Fraction Nos. 5-10 with 3% ethyl
acetate-dichloromethane of the combined extracts of Fractions IIE and IIF. After
recrystallization with methanol-dichloromethane for several times, Compound 4 as
white solid, m.p. 65-66 °C, (4.30 mg, 0.004 % w/w of Fraction II) was obtained. It
showed one spot on TLC with Ry value of 0.66 in 10% methanol in dichloromethane

as a solvent system. Compound 4 was soluble in dichloromethane, ethyl acetate and




39

methanol but slightly soluble in hexane. This compound gave a negative test with
Dragendroff’s and Liebermann-Burchard’s reagents.

The IR spectrum (Fig. 9) revealed the absorption band belonging to C-H
stretching vibration of CH3- and -CH,- at 2911 and 2851 cm™ (s). The absorption
band corresponded to C=0 stretching vibration of ester was detected at 1707 cm™ (s).
The C-H bending vibration of -CH,- and —CHj; was perceived at 1462 and 1320 cm™!
(m). The additional absorption peak at 1299 cm” (m) was due to C-O stretching
vibration. From this spectroscopic i tion suggested that Compound 4 be a long
chain aliphatic ester, its structur‘gls &3

3.4.6 Purification, Prope 1 St | lation of Mixture 5

Mixture 5 was isolated @&[ FJ# IIH eluted with 20% ethyl acetate-
dichloromethane. After recwsﬁﬂmtlonyseveral times using a mixture of
dichloromethane and\ ethyl adétaf'c,-‘li/hxt\g?;ﬁ‘white solid, m.p. 260-263 °C, (7.2
mg, 0.007 % w/w qf Cractis as obi { wed one spot on TLC with Ry
value of 0.58 in 10%‘ thanol in dlchlo," ' olvent system. Mixture 5 was
r? glt slightly soluble in hexane.

This mixture ﬂnu E] pj W rﬂpw g]wxlzﬂ sﬁagent representing the

triterpene skel

ﬁjn icated the“eharacteristic féatures of triterpene
skeletoé3 (ﬁiﬁ‘rﬁ‘ﬁ i mflgltm %J',Jeahgbsorptlon band

at 3400 cm ! due to -OH functional group. The C-H stretching vibration and C-H
bending vibration of —CH,- and —CH; were observed at 2950 and 2850 cm’,

soluble in dichloromet ane ethyl acetate and methanol

respectively. The absorption bands originated from the C=O stretching vibration and
C-H bending vibration of -CH3 were detected at 1690 and 1460 cm’'. The absorption
band of the C-O stretching vibration and C-H bending vibration of gem-dimethyl
were observed at 1190 and 1380, 1280 cm™. The additional absorption peaks at 1000
and 1032 cm™ were due to C-OH vibration.
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The 'H NMR (DMSO-ds) spectrum (Fig. 11) exhibited the triplet peak at
8 5.26 ppm (J = 3.6 Hz) which indicated an olefinic proton attached to a methylene
group (-CHZCH=é- ). Two signals belonged to proton attached to a carbon bearing
a hydroxy group could be visualized. A doublet signal at 8 3.20 ppm (J = 4.3 Hz)
should be the chemical shift of hydroxy proton in the alcoholic portion of the
molecule ( -(')H-Q_H_ ), which —OH might be oriented at equaterial position.*® > The
other was also a doublet signal at 4 2.81 ppm (/= 4.3 Hz) which could be assigned for

the chemical shift of a-proton on P’ cent carbon atom. In addition, a triplet
signal of a-proton in the acxdmg\a;t \As @ 8 2.32 ppm (J = 7.3 Hz). Other
signals around & 0.50 to Z_Mm:ougu to @als of methyl, methylene and
methine protons. *"*? — ; S

The *C NMR : (Mhowed two sets of carbon
signals of totally 50 r set c}gpiayed the carbon signals at

5 182.8, 143.5, 122.6, 29. 47:6;-46:5, 458,41 .654 1.0, 39.2, 38.7, 38.4, 37.0,

A
this mixture was consisted of” WG—tnte However, the *C NMR spectrum

showed methine and. guaternary" C”.sﬁ stgn%n

the characteristic ‘-m;-‘---v—= ----- sene.”~This observ: n was supported by the
1 methyl (& 15.3

and. 143.5 ppm), which were

presence of an additio and of ﬁyl group (8 182.5 ppm). In

addition, the carbon sign%l at 6 79.0 ppm, w&ch was the specific feature of equatorial

hydroxy allocafed uﬂ@%ﬂ’ﬁ@w E‘j@ﬂ 9

Mixture § was further identified by direct comparison of the °C NMR data
Rl i
conclude lic "ac omponent. Its

structure is shown below.



230
234
46.6
41.3
45.8
30.6

41
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Table 3.18 (cont.)
— Chemical shift (ppm)
Oleanolic acid Mixture 5
21 33.8 33.8
22 323 32.4
23 28.1 28.1
24 15.6 15.5
23 15.3
26 17.1
27 25.9
28 182.8
29 33.0
30 23.6
3.4.7 Purification, Propeutie ion of Compound 6
A pale yellow solid -30 which were eluted with
40-50% ethyl acetate i : crystallized with a mixture of
dichloromethane and meth ol+:@io‘ ess £8d Solid (m.p. 218-210 °C, 3.4 mg,

0.003% wi/w of Fraction II). This compound teyealed a single spot on TLC with
R, value of 0.54 by ~ in di

Compound 6 was so i af and methanol. Moreover,
this compound gave ajositi ragendroff’ ﬂeagent indicating that this
compound waﬁ(aloid. ¢ o o/

The ' m&%ﬂ maguw (gLﬁ]lB] §Splayed the unique

characteristics o%]protoberberine,n’ 14 e., signals _for methoxy, methylene dioxy and

o B Y BV AR B B 9 o

(one protgn each) for aromatic ring A and the two doublet signals at & 6.88 and 6.98

ve test wi

ppm of one proton each for aromatic ring D exhibited distinctly. The spectrum also
showed one doublet signal at 8 5.79 ppm of two protons, corresponding to methylene
dioxy and displayed one singlet signal at & 3.76 ppm of methoxy protons. The

presence of one hydroxy group was indicated by one singlet signal at 6 9.25 ppm.
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698 H

\\I/ // oot
M“%‘.‘ y é'

The *C NMR @ sped'n@and DEPT spectrum (Fig.15)
bg}g\;ghWtemary carbons at & 161.5,
150.1, 147.7, 146.1, 145 9412964 12931 M4 and 122.7 ppm, five methine carbons
' I r methy ;ne carbons at & 100.8, 38.0,
37.7 and 29.2 ppm and th€ methoxy, carbor BQ.ﬂppm were visualized. The
characteristic features of the/” \NM f etrun 'sh@mpound were similar to that

ound 6 differed from those of
bon at C-10 (& 62.8 ppm) and two

of Compound 2. However, t
Compound 2 in such a wa &
methine protons at 5 9.88 andigj?@m}p, Comy und 2 disappeared from the 'H and
13C NMR spectra of é!)mpound 6, respectively. N {

spectroscopic 1y
jotoberbéﬁﬁe crivative, bearinﬂbne methoxy group and one

6 was suggested to be
tetrahydroberberine, a
hydroxy group. The position which was substituted by a hydroxy group could be

ssined by € 'HL AR spod] Mireanacid carfpbans could be confrmes

through long-raﬁ'ée 'H-BC coupling deduced from.the HMBC spegtrum (Fig. 16).
TR b bl Tarkmichyy i) A3 G2 o) ehyarony group
should therefore be located at C-10. This observation was endorsed from the HMBC
spectrum by correlation of chelated hydroxy proton at & 9.25 ppm, C-10 and C-11 at
§ 147.7 ppm and 119.2 ppm, respectively. Furthermore, the methoxy protons (8 3.75)
were found to have a close relationship with aromatic carbon at C-10 (3 147.7). The
'H NMR spectrum further exhibited the aromatic doublet signals at & 6.97 and 6 6.89
ppm with coupling constant 8.0 Hz, which could be properly located at C-11 and
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C-12. This splitting pattern and the coupling constant were signified that those

observed characteristic features were close to those of Compound 2.

B and C, it was found that the
d’ublqm.et signal at & 4.67 ppm should
latlon with two methylene
and H-13b, & 2.61 ppm,
OSY spectrum (Fig. 17).
ed that the proton on C-14

When considering th:
coupling constants 3. O
be located at C-14 (8
protons at C-13 (H-1
J =138, 14.2 Hz).

m S
AR EN;TJEI kgl
J=13.2Hz@aHb ms;’f

Hence, the C-8 of Compound 6 should be the quaternary carbon which was
a carbonyl group.'®*” Furthermore, not only was the doublet of doublet at § 3.13 ppm
correlated with C-12 (8 122.6 ppm), C-12a (8 129.7 ppm), C-8a (6 122.7 ppm), and
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C-14a (8 128.4 ppm) but also the doublet of doublet at & 4.67 ppm was also correlated
with C-14a (8 128.4 ppm). The rest parts had the same features as those in Compound
2. The perfect structural elucidation of Compound 6 was confirmed by comparing the
BC.NMR chemical shift data of Compound 6 with the data reported in the
literature.’ The complete assignment of 'H and BC NMR chemical shifts of
Compound 6 is shown in Table 3.19.

AULINENINEINS
RINNIUUNININY
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Table 3.19 The chemical shift assig;
BCNMR chemical

ompound 6 and the comparison of the

d'6 with 8-oxotetrahydrothalifendine

Position “C NMR
8-oxotetrahydrothalifendine”
1 106.0
la 128.7
2 146.7
3 146.6
4 108.6
4a 128.7
Spseudoax
Spseudoaq | 273 (1H,m, J=3.5, 4] : 2
6ax 2.73 (2H, ] i
6eg 472 @ ‘.———T_—?“: " 382
8 | 6 .sm 162.4
8a 122.7 not assigned
9 149.1
9-OCH3 ﬂ u EJ‘ gﬂlﬁ V] ‘j | fm ‘j 62.4
2477 o 1474
QP RGBT I8 e
6.97 (1H, d, J= 8.0 Hz) 122.1 - 122.8
12a - 129.7 130.5
13a 3.13 (1H, dd, J=3.1, 152 Hz) 38.0 39.0
13b 2.61 (1H, m, J=13.8, 14.2 Hz)
14 4.67 (1H, dd, J=3.0, 13.2 Hz) 54.6 55.3
OCH,0 598 (2H,d, J=17.0 Hz) 100.8 101.1
10-OH 9.25 (1H, s) - -

“Chemical shift in CDCls
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According to the above spectroscopic data Compound 6 can be deduced as

8-oxotetrahydrothalifendine. Its structure is displayed below.

dichloromethane, m.p. 210—212 e 0.005 %w/w of Fraction II). This
Bt .
compound was soluib—lg in dichloromethane, ethyl ¢ and methanol. Compound 7
( Y

dichloromethane as aDoN system B UJEI gave a positive test with

Dragendoff’s reagent as go‘g__n..pound 6. o

The lxﬂnﬁ W)E}m wglﬂ;ﬂ %Fig.19) exhibited the

doublet aromatié/proton signal at & }.16, 7.03 ppm (1H each, d, J = 8.0 Hz) and the

singletﬁwqﬁgiﬁ? ;EW §hxw Elsi‘g]lﬁtégethylene dioxy

protons appeared at ppm and those of two methoxy groups emerged at & 3.79 and
3.76 ppm. Moreover, the doublet signal at & 3.16 ppm of two protons was
corresponded with methylene group. The triplet proton signal at & 2.64 and multiplet
proton signals & 2.73 and 4.67 ppm were observed.

The *C NMR (DMSO-dg) spectrum (Fig. 20) and DEPT 90, 135 spectra
(Fig. 21) showed 20 carbon signals. The signals of quaternary carbons were observed

at § 161.3, 152.5, 149.0, 146.2, 145.9, 129.1, 31.0, 129.2, 128.5 and 123.0 ppm, five
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methine carbons at & 122.5, 115.6, 108.3, 106.6 and 54.5 ppm, four methylene
carbons at & 100.9, 38.0, 37.8 and 29.2 ppm and two methoxy carbons at 4 60.8 and
56.0 ppm.

According to spectroscopic evidence and color test, it could be concluded that
Compound 7 was believed to be 8-oxoberberine with a methylenedioxy group and
two methoxy groups (-OCHj signals at & 3.76 and 3.79 ppm) distributed over
positions 2, 3, 9 and 10 of the protoberberine skeleton. Allocation of the

methylenedioxy group to ring A was clearly preferred because of the coincidence of

13C NMR signals of the ring ’““m._

Y |

{l

AULINENINYINT
RINNTUUNININY



Table 3. 20 The comparison of the * I

Compound 6 -

Position

49

12
12a
13
14

hemical shifts of Compound 7 with
7z,
m Chemical shift (ppm)
7 i
V. - ? 106.6
' 128.4
146.2
145.9
108.3
129.2
29.2
| 377 37.8
161.3
123.0
152.5
ANYiENEINT o
¢ 1477 as 149.1
NIMNAIINY8 8-
119.2 115.6
122.6 122.5
129.7 131.0
38.0 38.0
54.6 54.50
100.8 100.9

OCH;0O
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The 'C NMR chemical shifts of Compound 7 were very close to those of
Compound 6. To illustrate this, in Compound 6 the methoxy signal at & 55.6 ppm
could not be detected whereas the other compound displayed the chemical shift signal
at this position. Besides, the hydroxy proton signal at & 9.25 ppm of Compound 6 did
not appear in the "H NMR spectrum of Compound 7.

Therefore, it was possible to draw a conclusion that the hydroxy group in
Compound 6 was replaced by the methoxy group. The position, which was substituted
by a hydroxy group, could be assigneé : 1H NMR spectrum. Moreover, this

compound could be confirmed thr ) ugh long-t -13C coupling deduced from the
HMBC spectrum (Fig. 22). Since J' thoxy group was observed at
8 55.0 ppm, the hydrox oeated at C-10. This assignment
was supported by the at'd 3.79 ppm and the carbon
signal at 4 152.5 ppm signal at & 3.76 ppm and

the carbon signal at & 1

Moreover, the Eserve OESY spectrum (Fig. 23)

between the aromatic proton signals at &,7,16 ppm and 3.79 ppm suggested the

compite e %@%ﬂ NIneIN3
'TJ NYIRE
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From the above spectroscopic data, it could be concluded that Compound 7

was 8-oxoberberine. Its structure is exhibited below.

3.4.9 Purification, Prop Elucidation of Mixture 8

ion Nos. 154-176 of Fractions I1J and
\.“\

ichloromethane as white solid,

Mixture 8, whi
IIK, was obtained b 5,
decomposed at 157-1 3 mg, 0. /w of Fraction II) after

..-.-"

positive test with Iﬂgbermann—Burcha{'{d’f

. d that this mixture had

a steroid nucleus.
The IR spectma (FTg. e @sorption band at 3390 cm™
(br), 1075 and 1021cm'1#sAand 1640 cm'lqjcause of OH stretching vibration, C-O

stretching v1brﬁ11df2}l{5} qu 1&1{% @W%@ﬂgﬁlmmn respectlvely

In addition, the ©-H bending vxbratloqn of -CH, and -CH3 at 1462 and 1375 cm™! was

detecteﬁ:ﬂlql\@ imo ds Speynlﬂ(g wnﬂgd@ Ell..aractenstlc of

steroid according to the signals around & 2.38 to 0.62 ppm. This spectrum showed the
chemical shift at § 5.31 ppm which could be an olefinic proton.’’*3 Moreover, the
signals between & 2.80 to 4.90 ppm could be assigned for protons on a sugar moiety.
The doublet signal at & 4.21 ppm (J = 8.0 Hz) was synonymous with an anomeric
proton of a sugar. From the color test, IR and 'H NMR spectra implied that this
mixture was comprised a sugar moiety and steroidal part joining by glycosidic linkage

at C-3 position of steroidal part and hydroxy group at an anomeric carbon of a sugar.33
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The '3C NMR (DMSO-ds) spectrum (Fig. 26) showed the distinguished
pattern of steroids linked to a sugar with glycosidic linkage clearly. The signals at
8 140.4 and 121.1 ppm could be assigned for a double bond of S-sitosterol and/or
stigmasterol. The carbon signals at & 138.0 and 128.8 ppm were found which should
be due to one double bond of stigmasterol. Therefore, it was found the mixture of
[-sitosterol and stigmasterol in Mixture 1, Mixture 8 should be possible to compose

of these steroids, which were linked with sugar. The carbon signals of sugar emerged

at 8 100.8, 76.7, 76.7, 73.4, 70. ’#/}m which were the characteristic of

30
p1c data between Mixture 8,

D-glucose.
The comparison
stigmasterol and [-sitoste
shown in Table 3.21.
From the above i

reported in the literature is

oncluded that Mixture 8 was
a mixture of sterg Q- f-D-glucopyranoside and

[-sitosteryl-3-O-f-D-glucopyra 0 w .« are shown below.

ﬂﬂﬂ’l'ﬂﬂ‘ﬂ‘ﬁﬂﬂ’]ﬂ‘i
awwmn‘sm AN Y



El )
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QRIAENTUNMINGAE

53



Table 3.21 The comparisop Q :"";-..."“*\\ NME
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stigmasterol

Position

A citoc ery _O

A’ and A*-Stigmasteryl-3-O-/-D-glucopyranoside
A’-B-Sitosteryl-3-0-4-D-glucopyranoside

hemigal shifts of Mixture 8,

[-D-gluc yranoside33

ME"\&. Z:‘fzm- pm)

stigmasterol

[SO T N T NG N N6 T N T N T N I NS i O i S B i i e
CRAFRNDEOND —C O ANV —~OORIN B WD —

O
1 '
S

C
C-3'
C-4'
C-5'
C-6'

37.4
31.8
71.8
423
140.8
121.7
32.0
32.0
50.3
36.6
21.1

Mixture 8

xm\, iyl-3-0-f- S-Sitosteryl-3-O-/-
co ‘.h noside D-glucopyranoside

6.9

140.4
1.1

313

39.8
423
56.9
24.4

51.3
32.0
19.0
211
25.5
12.1

28.9 ¢

A8
QWQ?@\iﬂiﬁy 4V

383
31.2
76.9
45.1
140.4
121.1
31.3
313
50.5
36.1
22.6
41.8
49.6
56.1
24.8
28.6

meEng |

MEaY 5

27.7

45.1
27.7
20.9
20.5
25.5
11.6
100.8
73.4
76.7
70.1
76.7
61.1
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3.4.10 Purification, Properties and Structural Elucidation of Compound 9

Compound 9 was obtained from Fraction Nos.77-98 of dichloromethane and
ethyl acetate extracts. After recrystallization, white needle was precipitated (m.p. 234-
236 °C, 61.30 mg, 0.61% w/w of Fractions III and IV). This compound revealed one
spot on TLC with Ry value of 0.70 in 20% methanol in dichloromethane as a solvent
system. Compound 9 was soluble in ethyl acetate, chloroform and methanol but
slightly soluble in dichloromethane.

The IR spectrum (Fig. 27)\ izl%yed the absorption band due to O-H

stretching vibration at 3400-3500 em™ etching vibration at 2965 cm™. The

additional band of « ,B—una:‘:ﬁd C= JO atﬂﬁ'l268 and 949 cm’! were also

perceived. f ——
The EI mass sp{‘ 2

) of this comphc'ﬂmd gave a molecular ion at m/z

taining six hydroxy groups, five methyl groups

J‘.-Jﬂ".\

n&oge nolecular fo rmula Cy7H4001.

dg épeﬁtrp&n (Fig.

29) exhlblted the presence of five

hydroxy groups at & 4.89, 4.59 %&4 36 p@ee tertiary hydroxy groups at & 8.03,
4.09 and 3.67 ppm, and a vmyhﬁfprotqn %6 ppm. The doublet of doublet at
82.90, 2.36,2.24 an}l_:t 33 ppin and the doublet of tiiple 1.65 ppm corresponding
a sﬂfatS 3.17; 2,61, 2.54,2.15;
2.10, 1.44,1.41, 1.25 and 4’1 .21 ppm matchmg 1H proton were also perceived.

13
Ngi ? i} PT 90, 135 spectra
E? % H% OWS: 31gnals 0

(Fig. 31) showed_p signals of carbons as f quatemary carbons at

SN RIS (e 0 P 1T

at § 41.5,41.4, 35.0, 31.3, 26.8, 26.0 and 23.7 ppm and five methyl carbons at & 29.9,
29.0,27.0, 20.1 and 17.7 ppm.

to 1H proton were obsetved. The other multip

According to the above spectroscopic data, Compound 9 was suggested to be
an ecdysone steroid with five hydroxy groups (-OH signals at 6 4.59, 4.89, 8.03, 3.67,
4.36 and 4.09 ppm) distributed over positions 2, 3, 6, 20, 22 and 25 of the ecdysone
steroid skeleton. Furthermore, five methyl groups (-CHj3 signals at 6 0.97, 1.39, 1.12,
1.03 and 1.06 ppm) were observed at positions 18, 19, 21, 26 and 27. The methyl
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groups were allocated at positions 18 and 19, which is the characteristic feature of
general steroid. Compound 9 had also an a,f-unsaturated carbonyl group in its
molecule indicated by IR spectrum.

The structure of this compound was confirmed through long-range 'H-13¢C
coupling deduced from the HMBC spectrum (Fig. 32) From this spectrum, the
correlation between the doublet of doublet signal at & 2.24 ppm with carbons at
& 68.1 (C-2), 72.0 (C-3), 132.6 (C-5), 40.8 (C-10) and 27.0 ppm (C-19) could be
assigned for 1-Hb. The doublet of\fig , f‘?/knal at 4 2.90 ppm could be assigned for
4-Hax or 4- Heq, which corr;%divith t] ignals at § 68.1 (C-2), 72.0 (C-3),
132.6 (C-5), 142.6 (C-6)-and 40:8 ppin (C-10)-The signal for hydroxy group at

/5 -1)'me (C-2) and the signal for
solcorrelated with & 68.1 (C-2), 72.0 (C-3) and

| at § 4.59 ppm and the two hydroxy

A of ecdysone steroid er tl::?. methyl singlet signal detected at 6 1.39 ppm
Nrter ¥
was assigned for C-10 of ring A. This.

& 142.6 (C-6), 40.8 ppm Jﬁﬁnd 1 ,C-9),Arespectively. The hydroxy
singlet signal at & 8.03 ppm‘gv‘@-§,f@fun% o a close relationship with carbons at
8 132.6 (C-5), 142,@;@3-6) and 179.5 ppm (C-7). Thus, ﬁ hydroxy group should be

-l—f
located at C-6. I' = £
]

The HMBC spectrum further exhibited the correlation between the vinylic
singlet proton signal at & 6.76 ppm and carbons at & 122.8 (C-8), 46.2 (C-13), 31.3
(C-16) and 54.6 ppm (C-17). Therefore, the vinylic proton was assigned for C-15. The
multiplet signal at & 2.54 ppm was found to correlate with C-9. The multiplet signal
at & 2.54 ppm could thus be assigned for 11-Hax or 11-Heq. With the aids of the
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BC-NMR and HMBC spectroscopic evidences, the conjugated alkene could be
designated for the positions at C-8, C-9, C-14 and C-15. The multiplet signal at
& 2.61 ppm was appointed for 16-Ha as it was coupled with carbons at 8 125.9 ppm
(C-15), C-17 and 75.0 ppm (C-20), respectively. The doublet of doublet signal at
& 1.83 ppm displayed the correlation with carbons at & 35.0 (C-12), C-13, C-15, C-16,
C-17 and 17.7 ppm (C-18), which could be deduced for 17-H. Moreover, the

distinguished singlet signal at & 0.97 ppm was also exhibited the correlation with

carbons at C-12, C-13 and C-14 ‘Vy ding to the methyl group at C-18 of
steroids. @ /

_—y Z,

Moreover, according o@g abo vidences, it was found that this ecdysone

steroid had the side chains aﬂﬁﬁi@éﬁs ol

Uit

ws: the carbon position at & 75.0 ppm
(C_20) was assigne for quaterna arb: -.—;’;........-....-__:.. y group at & 3.67 ppm,
' ' 16 6 the correlation between

=17, C-20, 6 1.12 ppm (C-21)
and § 76.55 p "ﬁ i et-proton at & 4.36 ppm was
designated forﬂﬁglxe tﬂ \EIhTI% qﬁgj:jﬂp (C-23). Finally, the
doublet.of doublet proton at & jfﬂn latedSMih.c (ﬁ' 1.4 ppm (C-24),
68.8 p:ﬂ (ﬁj goq;ﬂ (ﬁ ﬁﬁ:ﬁiﬁ )zl](:j eEJ This could be

assigned for 25-OH.

the methyl group at &

a hydroxy singlet proto 1 at 8 3.67 ppm and carbons at
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In addition, the observed NOE correlation in the NOESY (F ig. 33) found that
the hydroxy proton signals at & 4.59 and 4.89 ppm had the same stereochemistry. The
correlations between proton signals at & 3.82 and 1.20 ppm, 2.24 and 1.39 ppm, and
1.39 and 0.97 ppm suggested the structure of Compound 9.

3.67

OH
H-C, OH
03.97 H
CHy/
224 il H CH3
| \\j ’0 N OH
%, ) /
I SN /. H,C
o— |
N e f—

489 ‘ \

However, the

hydroxy group at C-22. S€aie

Hhi s \
this compound had the st al feature similar -trihydroxy-10, 13-dimethyl-
17- (1, 2, S-trihydroxy-1, 3-dimethyl-hexyl 4, 10, 11, 12, 13, 16, 17-
decahydrocyclopenta [a] phena - '- 16 C - galonysterone which possessed a 22R

configuration at C-22. The struicture of Cor ypound 9 was confirmed by direct co-TLC
with the authentic -E._.v.‘....
i .

Even though there were n o the isolation of Compound 9,

the details of the a531 ent of 'H and “C-NMR ch! ical shifts of Compound 9

¢
were incompl ﬁfﬂ'ﬁlﬂ%ﬁ’%ﬁﬁlf %ft assignments of this
compound is El i le 3.23.

éh ore, according to the ‘above evidenees, Compound @.could be deduced
as calonyst:
q

nel 4 sdibbreddebbimdalsiion d VI £ 61 E



Table 3.22 The 'H and 1

Position °C
Cpd 9

! a5
2 68.1
72.0

4 26.8
> 132.6
: 142.6
L 179.5
¥ 122.8
? 163.8
10 40.8
11 ﬁ
Y

& 35.0

ARIANNIE

13 91 462
4 141.3
= 125.9
16 31.3
b 54.6
18 177
19 27.0

7!’\\

15-H
16-Ha
16-Hb

17-H
18-Me
19-Me

Wysterone

59

N

(8 ANEISIN 1T

Wﬁﬁﬁﬁa

6.76, s
2.61,m
2.10, m

1.83 (dd, J= 10 Hz)
097, s
1.39,s

1

= = —
\ Cpd 9 T
‘:'k;" S -
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Table 3.22 (cont.)
Position “CRNR i) Position H (opm)
Cpd 9 Steroid” Cpd 9 Steroid’
20 75.0 74.9 - - ¢
21 20.1 £ 21-Me 1.12, s 1.16
22 76.6 76.4 22-H 3.17,m -
23 26.0 20.0 23-Ha 1.44, m £
23-Hb Not seen -
24 41.4 £ 1.25,m -
55 (dt, J = 6 Hz)
25 68.8 - o
26 29.0 1.05
27 29.9 1.07
=5 Hz) -
= 5Hz)

“assignments may be interchange

bsteroid from ref. No. 34

“not assigned

7

e

The EI mass Eect U]
Compound 9. It revealed déi.gniﬁcant mass‘f;agmentation ion, besides the molecular
ion at m/z 45%22} %W;‘[Iﬁ]w - 1, 297 [M-H,0]. The

fragmentation i6n patterns were progose as shown in Scheme 3.2.

QRN IUNRINYIAY

Sup orta the proposed structure of
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+CH=OH —l
) H <—L—— H
-side chain
H
H

-side chain
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‘
ﬂUB?ﬂJ”

Scheme 3.2 The possible mass fragmentation pattern of Compound 9
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3.4.11 Purification, Properties and Structural Elucidation of Compound 10

A pale yellow solid derived from Fraction Nos. 25-30 which were eluted with
40-50% ethyl acetate in dichloromethane was recrystallized with a mixture of
dichloromethane and methanol to yield white needle (m.p. 235-237 °C, 45.2 mg,
0.45 % w/w of Fractions III and IV). Compound 10 revealed a single spot on TLC
with Ry value of 0.51 in 4% methanol in dichloromethane. Compound 10 was soluble

in methanol, chloroform, and ethyl acetate but slightly soluble in dichloromethane.
The IR spectrum (Fig. 34) di d the absorption band at 3600 (w) and

3400 (w) cm™ due to free -OH ‘g\hatpsw  -OH (br) stretching vibration. The

absorption band at 1638 @Ehlr‘lg wﬁn dicated cyclohexenone.”” The

C-O stretching vibration, - iching v1b(aﬁon...a,g(-i_—OH out of plane of alcohol
presented at around 120

C-O-C stretching vibratief a d999 ¢

1\260 cm 719 cm™, respectively. The
B

was observed as the feature of cychc

< 0.at1638, 1245 and 953 cm™ were

XY

ether. The additional ba
also perceived.

d gave a molecular ion at m/z
77H4,07. In addition, the mass
, 442, 343, 318, 299, 175, 143,

The EI mass specCt
478 in accordance with mox?g‘hlar{ mlula
spectrum exhibited the frag enfion- peaks@ 4
125,99 and 81. 0

..-.-___,_'__‘_‘

The lH-NMR_éectrum in pyndmc- ib

singlet signals at & I. 5.(d, J = 8 Hz), 1.27 (

ited the presence of five
.35 (s), 1.56 (s) and 1.75
five methyl éx&ups The singlet signal at
8 6.43 ppm ﬁ of a,f-unsaturated
ketone.* Protﬁ ﬁ i%ag] ﬂgwﬁ ﬂﬁaracteristic of protons
of ecdysone steroid at C-2 and C-3. 340 Some hydroxy proton §Als were observed

a5 63 o 551 bl o] sndd uns

1nd1cated the feature of steroid compounds.
The '*C NMR (DMSO-ds) spectrum (Fig.37) and DEPT 90, 135 spectra
(Fig. 38) exhibited 27 carbon signals, which supported that this compound was

ppm (s), correspondmg-rlo 15H protons of

to 2.30 ppm

steroid. The eight quaternary carbon signals displayed at & 41.2, 53.2, 58.8, 72.0, 80.0,
91.7, 169.7 and 200.1 ppm. The six methine carbon signals were detected at 6 47.1,
56.4, 67.2, 68.2, 87.0 and 124.5 ppm. The eight methylene carbon signals at 6 24.1,
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25.0, 25.1, 26.2, 26.9, 28.2, 36.3 and 38.2 ppm were observed. Three methyl carbon
signals exhibited at § 20.3, 21.9, 26.2, 29.3 and 29.5 ppm.

According to the above spectroscopic data, Compound 10 was suggested to be
an ecdysone steroid with five methyl groups assignable for C-18, C-19, C-21, C- 25
and C-26 of the ecdysone steroid skeleton. Moreover, the carbon signals at & 124.5,
169.7 and 200.1 ppm indicated the presence of conjugated carbonyl group in this
compound.*® The carbon signals at & 68.2 (C-2), 67.2 (C-3), 200.1 (C-6), 124.5 (C-7),

169.7 (C-8), 91.7 (C-14) and 80.0 w /7 ) were similar to those of 20-hydroxy
ecdysone steroid. 3>

The structure of @ 10 g)ul ed through long-range 'H-"C
coupling (J = 4-12 H om the Eum\-q:ime-ds) spectrum (Fig. 39).
The correlation betw {f proto '\slgn\al\ﬁ% ppm (methine proton at

47.1 (C-9), and 53.2 ppm

o n sgnal at 8 1.75 ppm could be
4 ( ) ) and 47.1 ppm (C-9). The

124.5 ppm) with ca
(C-13) could be assig

assigned for C-19 due tio ‘
singlet signal at 8 1.56 p mfelé,téd- wit -13) and 91.7 ppm (C-14) was
identified that it was the methyl p ‘ ﬂn | - ‘:' ecdyson skeleton

The above spectroscoplc-'m‘ 1;1- cated that at posmon of & 72.4 (C-5), and

91.7 ppm (C-14) yere quatemary “carbons. from the data reported in
literature supported\E hat thes s should ! or tertiary alcohol.*>*

AU INYY
ama\m‘;ﬁi

The CIGAR spectrum further exhibited the correlation of side chain steroid

between the methyl proton singlet signal at & 1.56 ppm and carbons at & 56.4 (C-17),
80.0 (C-20) and 87.0 (C-22). This signal was assigned for the methyl at C-18. Both
doublet of doublet signals at & 1.25 and 1.27 ppm having the correlation with & 41.2
(C-24) and 68.8 ppm (C-25) were identified as two methyl protons at C-26 and C-27.

Moreover, the identity of the side chain was established by comparison with the data
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reported in literature, which indicated that this side chain had tetrahydrofuran ring. It
should be noted that the configuration at C-22 of Compound 10 was assigned as
22R*

2

Therefore, from all the- evi eﬁé be concluded that Compound
10 was 17-[1-(5, 5-di ' ofuran-2-yi)=1-hydroxy-ethyl]-2, 3, 5, 14-
tetrahydroxy-10, 13-dimet] ), 10,50, 12, 13, 14, 15, 16, 17-

) -_- erone D.>* The chemical

- ble 3.24 and its structure is

shift assignment of Compounc ; ~
shown below. ’ \
CH,

e CH3

tetradecahydrocyclopen

ﬂuaqwﬂﬂ§Wﬁ1ni

Compound 10: Ajugasterone D

’QW?&NﬂiﬂJ IRIINYA Y



Table 3.23 The 'H and "°C NMR chemi

\il//,
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it assignment of Compound 10

B Y
13 . b Ly 1 b
C NMR NS H NMR (ppm
Position ; “/ (ppm)
(ppm) Ajugasterone D**

2 68.2 l E

3 67.2 K

5 72.4 %% &

6 200.1 ,&‘a-f 4

Al d

7 124.5 e 4

8 169.7 S £

9 47.1 @—-‘— & K

10 41.2 i A

B i N

13 53.2% 4 <

14 0117 ] A

17 56.4 m 4,@ Hz -d
18 219 4 _18-Me o 1355 0.94, s
v | AR IR NINBINT s

20 %80.0 - . B

91 H 6 Vo118
s 20, §

RIANNTEHANRTZINE NN,

22 g .0 - S9m -

24 41.4 24-Ha - L

24-Hb : .

25 68.8 £ . &
26 29.3 26-Me 1.27,d, J=8 Hz* 1.10, s
27 29.5 27-Me 1.25,d, J=8 Hz* 1.10, s

“DMSO-ds, "Pyridine-ds, “Assignments may be interchanged, “not assigned
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The EI mass spectrum (Fig. 34) also supported the proposed structure of
Compound 10. It revealed significant mass fragmentation ion, besides the molecular
ion at m/z 460 [M-H,0], 442 [M-H,0], indicated that Compound 10 had polyhydroxy
groups in its structure. The fragmentation ion at m/z 427 [M-CH3s], 299 [M-(Cz0-C27)]
and 343 [M-(C3;-C,7)] implied that this compound was steroid with tetrahydroxyfuran

ring. Other fragmentation ion patterns were proposed as shown in Scheme 3.3.

AULINENINYINS
RINNIUUNININY
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Scheme 3.3 The possible mass fragmentation pattern of Compound 10
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3.5 The Results of Biological Activities Test of Isolated Compounds
Compounds 2, 24, 3, 9 and 10, isolated from the stems of C. fenestratum,
were evaluated for biological activity. The interested activity could be classified into
two categories;
1. Pharmaceutical-based activity, i.e., cytotoxicity, anticancer, antimalarial,
antifugal, and antituberculous tests.
2. Agrochemical-based activity, ie., plant growth regulator and
antipathogenic fungi tests

Table 3.24 The results of ¢ to@ _

compounds and den’yay.yﬁ;'-_ii’.. 7

(- Biological test (ICsy ; ng/mL)"1"Biglogical test (ECsp ; pg/mL)
Compound L vE 1 A
Antimalarial
Compound 2 13.0 0.11
Compound ﬁ 1 ﬂ%‘fﬁ | -
Compound Loy nacti E q ﬂ ‘j »
Compound 9 o : Inactiven.‘ Inactive
conthti 6] 1 P50 S HHEAE D ) 8] Ghve
o
- : not test

All the isolated compounds showed low toxicity against vero cells with 1Cso
value more than 50 pg/mL. In addotion, Compound 2 exhibited actively against

P. faciparum, K-1 stain and C. albicans.
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3.5.1.2 Anticancer Test
_ The results of anticancer activity of Compounds 2, 24, 3,9 and 10 are
exhibited in Table 3.25.

Table 3.25 The results of anticancer activity of isolated compounds and derivative.

KB BC-1 NCI-H187
Compound ICs ICs 1Cs
Activity Activity Activity
(ng/mL) (ng/mL)
Compound 2 0.48 ongly active | 0.30 Strongly active
Compound 2A - ctive - Inactive
Compound 3 - ive 0.08 Strongly active
Compound 9 - - Inactive
Compound 10 - - Inactive
From Table 3.25, i :', that‘Compounc isplayed strong activity as

anti-KB, anti-BC and 0.48, 0.95 and 0.30 pg/mL,

respectively. Whereas CI-H187 only with ICsq value
of 0.08 pg/mL. The othe

lines. This result was in

ignificant activity as anti cell
> preliminary screening test of

active ingredients in Fraction I for

v t“" ng aromatic isoquinoline

ble for dlsplmlng the anticancer activity.

ﬂ‘lJEJ’JWEJWﬁWEJ']ﬂ‘ﬁ
’Q‘mﬂ\‘iﬂim UANINYAY



70

3.5.1.3 Antituberculosis Activity
Antituberculosis activity of isolated compounds: Compounds 2, 2A, and 3
using microplate alamar blue assay (MABA)*! was conducted and the results are

demonstrated as shown in Table 3.26.

Table 3.26 The results of antituberculosis activity of isolated compounds and

derivative.

Compound Results agai 00 pg/mL MIC (pg/mL)
Compound 2 - 100
Compound 2A -
Compound 3 200

According to ing test of Fraction I which

exhibited antituberculosis ag ' ‘\\ W g/mL, Compounds 2 and 3

exhibited the same trendfof -“, ac \§ t could therefore be concluded

that Compounds 2 and 3 werg evealing antituberculosis in C.

femestratum. However, whei q_ it tivity o f Compounds 2 with 2A, it was
L
found that the activity was qui t f e difference in structure and activity of

Compounds 2 and 24, m lead to the coi hat the aromatic ring C of the
tetracyclic isoquino ne alkaloid was of impo ubiting tuberculosis.

EJ ]
ﬂUH’WIWﬁWMﬂ‘E
’QW'WMT]?EUNW]’JWEI’W@EI
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3.5.2 The Results of Biological Activities in the Class of Agrochemical-Based
Activity
3.5.2.1 Plant growth regulator of Compound 2
Compound 2, a major isolated compound, was evaluated for plant growth
regulator against Mimosa pigra Linn. and Echinochloa crus-galli Beauv. The results
are displayed in Table 3.27.

Table 3.27 The results of Compound 2

against the growth of M. pigra Linn. and
E. crus-galli Beauy. }

SO

— “oInhibition

Concentration (ug/mL) —'-'rﬁ E. crus-galli Beauv.

) /ﬂl\\ N Shoot

10 68 -20

100 / Het \ 29
1000 9, LA NN ™ 100 14

The above results i TQ;E,E ev at Compound 2 displayed

inhibition against the root gro wih-of -‘-M" i . and E. crus-galli Beauv. with
% inhibition of 69 % and ' and 51 % and 88 % at 100 pg/mL,
ind.2 possessed the activity for

X

plant growth regulato m

ﬂ‘uﬂ’c‘l‘ﬂﬂ'ﬂﬁ‘WMﬂ‘i
ammn‘sm AN Y

respectively. This % ink
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3.5.2.1 Antipathogenic Fungal Activity
‘ The effect of Compound 2 on antipathogenic fungal activity using the
mycelial growth inhibition assay” is shown in Table 3.28.

Table 3.28 The results of Compound 2 against Phytophthora sp.572,
Alternaria sp. 43-89 and Fusarium oxysporum 43-68.

Fungi ICso (ng/mL)
Phytophthora sp.572, | ' ‘ 79
Alternaria sp. 43-89 \\\ / 83
Fusarium oxysporumé& o /é 1170

/ H
From the ab AL L B\’ﬁfed high activity against

with value of 79 and 83 pg/mL,

respectively. This co ver d lowdactmty against Fusarium
oxXysporum =) \

-
3.6 Discussion on Biological Activities stances from Both the

Bioassay Results and

Mixture 1 was separa j.d* fft@m WClpltate fraction of the stems of
C. fenestratum an%—lwas elucidated i { ixture of phytosterols:
QJ:ol campesterol  and

stigmastan-3,5,22-triefie,  stigmastan-3

stigmasterol. Thes phytost;rols are widely dlsgbuted in plant kingdom.

Pharmaceutic Ej ing as precursors for

preparing st:ﬁu 3% ﬁsﬁlgw#-ﬂ»iﬁ undant phytosterols:
[-sitosterol, campesterol and stigmasterol have been used in medicine in recent years

s o BT N IE b AN QIDEIA Sty i s

and anln?als. The results of clinical studies have repeatedly shown that phytosterols

taken as dietary supplements reduce serum or plasma total cholesterol and low density
lipid cholesterol levels in normal and mildly hypercholesterolaemic subjects.***
Compound 2 was isolated from precipitate fraction of the stems of
C. fenestratum as a major compound. This compound is a yellow quaternary
protoberberine alkaloid occurring in many plant species.m’”’w’zo) Compound 2 is

known as antimicrobial agent for treatment of eye infections, gastrointestinal
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disorders, anticoagulant action and other diseases.***° Bioassay results indicated that
this compound did not exhibit cytotoxicity against brine shrimp and vero cells but
displayed strongly activity against cell lines (KB cells, BC-1 cells and NCI-H187
cells). Compound 2 showed significant concentration dependent inhibitory effect
against P. faciparum, K-1 stain, C. albicants, and antimycobacterial (M. tuberculosis
H;,Ra) activity. Moreover, this compound exhibited the allelophatic property against
the root of M. pigra Linn. and E. crus-galli Beauv as well as antifugal property
p. 43-89.

ipitate fraction and was identified as

against Phytophthora sp.572 and Alt

Compound 3 was separqged fr
jatrorrhizine. Biological actﬁmmls “c'om
“and othenj‘!:tiihit.i.ﬁﬁ,,‘_‘5'50 The results of biological

ex: act1vMst KB cells and BC-1 cells
3 eﬁ Compound 3 also exhibited significant

s similar to those of Compound

2 such as antimutagenic

activity test displayed i
but gave strong activi

antituberculous activity.

Compound 4 was i froﬁnge precipitate f.r%ction and its structure was
established as a long ¢ #Thls Ci?'m#l was found in various plants but had
no report concerning the biolggical abtivity. ‘

Mixture 5 was sep tedgﬂ@ﬁ-thef_‘— itate fraction and was elucidated that

it was a mixture of trlterpene_haj)ngaolea.mld as a major component. Oleanolic

acid is a pentacychq_t%te enoid compo occurs in a large number
of vegetarian foods icinal herbs and plant. eutical action of oleanolic

acid is similar to urso‘llc acid. It was exclusively u‘sld as emulsifying agent in

pharmaceutical meti¢ afid food preparatiofs.”
Compoﬁdu i’ il ﬁewi&ql ;l](mcg It was isolated and

identified as 8- oxotetrahydrothahfex;dme Due to_the limit amount of this compound,
the wa lactiy b dg ot et ] ) V) 2171 6 2
mpound 7 was separated from the precipitate fraction and was elucidated as
8-oxoberberine. This compound was reported as a minor alkaloid compound in
C. fenestratum like Compound 6.
Mixture 8 was isolated from the precipitate fraction. Its structure was
established as a mixture of steroid glycosides; stigmasteryl-3-O-$-D-glucopyranoside

and f- sitosteryl-3-O-/-D-glucopyranoside. Literature surveys pointed out that this
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mixture showed antitumor activity against P-388 leukemia and revealed inflammatory
activity.*?

Compounds 9 and 10 were separated from dichloromethane and ethyl acetate
fractions and were elucidated as calonysterone and ajugasterone D. These compounds
belong to ecdysteroid type showing physiological activities in insects and have been
found in both invertebrates and plant species.*”** The results of biological test
exhibited low toxic activity against vero cells. In addition, these compounds did not
show the inhibitory effect against P. Tﬁum K1 and C. albicants as well as cell

lines.
3.7 Structure Activity Relationship of Isolated Berberine and Its Salts

After the isolatedr€ompounds uate - biological activity, it was
found that Compound 25"a imajox corpourt the remarkably significant
biological activity again i '_L- faciparum, K-1 stain, C. albicants, and
M. tuberculosis Hi;Ra. Tnorde drs r\th counter anions to biological
activities, four different sal \ d (as describec in Chapter II) and evaluated
for biological activities. J}E f:?i I -

P . -
S aideuid « < gty

e TR
= 5"’:'—5‘;"""}‘\;/ Bt Ut

i
AUEINENINYINT
ARIANINNNIING Y



13

3.7.1 Cytotoxicity, Antimalarial and Antifungal Activity
Four salts of Compound 2 was subjected to the above mentioned activity. The

results of the biological test are expressed in Table 3.29.

of berberine

Table 3.29 The results antimalarial and antifungal test of prepare salts

- Bio il‘;'f! a &ﬂ ﬁ.@k'\ ological test (ECsp ; pg/mL)
" City. Aritifunga Antimalarial
“cr 0.11
PO}" =
SO%- B
co¥ »
Picrate -

“Compound 2 was isolated as

||

-: not tested

Fivom lﬁlwﬁ%& mtiwsﬂ@ﬂ lojw toxicity against vero

cell as Compouﬂ'!l 2. In addition, sulfate and carbonate salts of Compound 2 showed

the bes’;} Wﬁﬂ;ﬁaﬁ”ﬁ%&]@%ﬂq ﬂ ﬁ salts inhibited

with less’extent than Compound 2.
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3.7.2 Anticancer Activity
The effect of prepared salts to anti cell lines was studied and the results are
displayed in Table 3.30.

Table 3.30 The results of anticancer activity

KB BC-1 NCI-H187
Substance ICso I1Cso 1Cso
Activity Activity Activity
(ng/mL) : (ng/mL)
°Cl 0.48 Strongly active N 0.95 V pngly active | 0.30 | Strongly active

POi' - Inactive™ 5 tive R -

2- - Inactive Strongly active 0.05 Strongly active
so?

o g_ - Inagii 3¢ \\b\m\ 0.06 | Strongly active
Picrate - ti / 6 \Q‘\ ~ 0.07 | Strongly active
"Compound 2 was isolated a6 chloridgsalt
5 5 (o A
not tested Y ( '

B

All prepared salts Wwere inacfive against KB eells and inhibited BC-1 cells less

than the parent compound, ‘Conipou nd 2-7 er, all salts showed strong activity
against NCI-H187 cells with ICsg vatuc of less than 0.30 pg/mL. It could therefore be
concluded that salts of Compound 2 had strong effect against NCI-H187 cells.

——r
A L]

[ \,

] g
AUEINENTNYINT
RINNINUNINGAY
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3.7.3 Antituberculosis Acitvity
The results of antituberculosis activity of all prepared salts were shown in

Table 3.31.

Table 3.31 The results of anti tuberculosis activity

Substance Results against TB at 200 pg/mL MIC (pg/mL)
acr Active 100
PO} 200
SO?%” 200
co¥ 100

picrate

“Compound 2 was isolated assehloride ¥ \\\"\ |
- g‘ | 4

chibited that carbonate salt showed

)
(1
\

activity comparably equa Comp OUnC 2. The others exhibited less activity than

Compound 2. The carbonate ..-,-u,- ever did I;Q display antituberculosis activity

According to the ult, -»’f; that the water-soluble
-
property of salt had/no direct 'vity. To illustrate this

a phosphate salt reportm in literature tha ould comp}&l).' be soluble in water** but
it gave low inhibition actiVity.against M. tuberculosis H37 Ra.

AUEINYNINGINT
RINNIUUNININY
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