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CHAPTER |
BIOACTIVE COMPOUNDS FROM THE LIANAS OF Gnetum

The Gn e f fias, beel nized, a ich source of stilbene
oligomers. Natygal*Stilogre o : flers \‘:‘;‘;‘ ’ omipounds mostly obtained
from nine plant fagafies Mapgle iptefocak aa ! 1, Vitaceae [3-4], Cyperaceae
[5], Gnetaced® [6-30], eguminosae’ ! Celastraceae [13],
Paeoniaceae [14 hd oggcede [ 1; any \ have been isolated

as blood sugar reduction

A\

.- iRinase C inhibition [18],
/ \ 00Xy genase (COX I, COX 1)
tac |e 22].

Recently, magre S, oc ed on naturally occurring

from various plantsgind gosse 2 e \

antiHIV and cytoto Ci ’
[ P =Ty
inhibition [21], an#finfl3 rrm n\

oligostilbenes because of the _ D] gactivities. Therefore, stilbenoids are

regarded as Sentl pent of new drugs.
A, \ L)
1.1.1 St '._.he‘:ies and their

(o

M

AU TLak T8I 11 JiaTa ke

monomer and stilbene oligomers of isorhapontigenins and resveratrols. In

biologi@ activiti

1993, the naturally occurrlng ollg(gtllbenes were dividBinto two groups (A

IR

trans-2-ary|-2,3-d|hydrobenzofuran moiety except for anigopreissin A, the first

resveratrol dimer with benzofuran system [24]. Group B of stilbene oligomers did not



contain any oxygen heterocyclic rings, including cyclodimeric stilbenes, indanes,
indanone and tetralins skeleton [25-26].

However, the stilbene oligonge
resulting from different q.7-- C If ony of nucleus in dihydrofuran ring,
benzocyclopentane ringy \ skele QZ}d lohexane (tetralins skeleton),

dibenzo[2.1]octadiene syster di 2.1]octadiene  system,

this family have a variety of frameworks

.3.2]octatriene system and

were (-)-&-viniferin,
gnetin H, anigo y Al 5, pauc eaphenol, while group

B were pallidol, isgff fsins au ¢ ', =hand eopalliferol B. All of these

¥ 'II L
i 1
| \ h
% L
%
1 .
I‘i
1 '\
L Y
I"

’ R AR LR 0l
are , terize@byaBoupling of two resveratrols

Group A

to form a trans-2-a -2,3-dihydrobenzofuren rings The anigopreissin A and
gnetuhainin G were J*""’*W d the isorhapontigenin dimmer,
respectively. These :{fﬂ"d gthe. benzofuran rings, instead of 2,3-
dihydrobenzafuran n, hopeap grol ere the resveratrol
tetramers V_TT__:i_ ----------------- e—skélefon consist of a
dihydroben # _ ] z:r #ydrobenzofuran ring,
dibenzo[2.1]octaflienone sySterm, Fesp ‘ﬂ]

AUEANENINYINS
RINNIUANINEAY



Trimers @
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Tetramers

Figure 1.1 Stilbene-oligom
igure _{S 4]

ratrols to form

benzocyclope 11 e rings, S chara‘L rized by couping two

isorhapontigenin to, form benzocyclohexane rings. In addition, copalliferol B was the

trl tgi r" esse c ) ei nd benzogycloheptane
t :Be. rﬁ, iflorol Flha iE]inels lefon, Which was

di ﬁﬂ rom the other types of the stilbene dimers.
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Dimer

Trimers

vaticanol G

=2
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Gnetin, gnetulin and resveratrol were isolated from the wood of G. ula, while

isorhapontigenin, gnetin C and gnetin E were obtained from the seed of G. venosum



[28-29]. Moreover, the gnetins A, B, D were also isolated from the lianas of G.

leyboldii, while gnetins C and E were yielded from G. schwackeanyum [6] (Fig 1.3).

resveratrol

isorhapontig

,,,,,,

&gnetin C

naadiaalanTiuss



i toge ghetifolin F, gnetulin, latifolol,
gnetol, (-)-s-viniferh, giétins E i C-antlie W Fig 1.4).

ARBATANIRY A

Figure 1.4 Stilbenoids from G. kiossii



ins E and D, latifolol
netol, isorhapontigenin,
gnetifolin E, isérhap igenis u ; ’.' yr e e isolated from the acetone
" | ' | )l , 70% methanol extracts
of the roots of G. g 1 r_"-",—;;‘-‘?“:“ ). @leronols K-L, (-)-&viniferin,
gnetol resveratrol, |sorhapo figenin and s4[0 alsoshowed antioxidant activities

= i .'|: H H
and-superoxtde scav pger than vitamin E.

ﬂumwamwmm
Qmmnsmnmmmaﬂ



latifolol
gnemorngo

Figure 1.5 Stll 0|ds - l[

tum in the sour ' _
onchiti
in F were is Ia from the lianas f

|solated compounds, 2b- hydroxyarﬁelopsm F showedﬂent inhibitory act|V|t

q mmmmﬂmﬂ NHIRY

Is plant (Fig 1. ) Among
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Flgure 1.6 C _' ...................................

=1 o
FurtheMre bisisorrhapo A ms-shegansu& gnetuhainin P and
gnutulin - were w)lated from the lianas _of G. cleistostachyum [35]. The

7R FEIRSR 610 (k0 12 i

actl whlle gnetuhainin P revealed the antioxidant activity.
In addition, netuhalnlns A‘ ') were obtained fnfthe ethanolic extracMh

AR IRANTINEIR Y
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gnetuhainin D :
R!=R*=H, R’= R3 R°=.Q| '“':r'f!"gf

gnetuhalnl

R AN SJW]'WF

gnetuhainin H gnetuhainin J

Figure 1.7 Stilbenoids from G. cleistostachyum and G. hainanense (cont.).
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However, the isolation of the lianas of G. africanum gave gneafricanins C-F
along with gnetin F, gnetin D and gnetuhainin A (Fig 1.8). In addition, gneafricanins

C-E showed inhibition in lipid per

I 50 = 13, 50 and 32 uM) and scavenging

activity of superoxide (I1Csp »

gneafricanin E: R = OH

ﬂﬁﬂﬂ NENINYING

Many stilbenoids were alsavlsolated from the EOAC soluble fraction, f G.

A RASNT WAL o 118 THY

(-)-g-viniferin, gnetulin, gnetin D, gnetuhainin M, isorhapontigenin 3-O-£-D-

glucoside, and isorhapontigenin 12-3-D-glucoside (Fig 1.9).
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Gnetumontanin A was the first stiloene dimer derived from two oxyresveratrol
units while gnetumontanins C and D were novel skeleton having &-lactone moieties.
Gnetumontanin B showed tumor f ctor inhibitory activities (1Csp 1.49 M

tr | with an 1Csp 1 pM).

while dexanethasone was us
Gnetupendlns ether with resveratrol and

isorhapontigenin fr um. They ew stilbenoid skeletons, in

_ P —— 9
which C-2 of 3,5- zenerring -
substituted by 4-hydr '

1.9). Moreov tuperdip”B/she \ phibitory activity, which

isorhapontigenin unit was

groups, respectively (Fig

the inhibitory ratgg® mol/l, with meloxicam

used as a positive cQtro

A g
Mtuhainin M gn&nontanin B

Figure 1.9 Stilbenoids from G. montanum and G. montanum f. megalocarpum.
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gnetupendin
gnetupendin B: R

1 w the only genus. Gnetum is
evergreen d|0e0|0‘ ' oody climbers. There are
about 30 species in § cal Towlan o Werld, from northeastern South
America, tropical West Afr —_;______—; T0_Southeast Asia. In Thailand, eight
species are'found in rainfores W 18( 0:-41], consist of
G. gnemonLiAn: var. gnemon
G. gnemonli n ,
G. tenun‘ollumu dI ( ﬂun):,l.'

G. macrostachyim Hook. f. (Woody climber) Muai duk (mamn)

AU 3NENSNYINS

G. Iqastachyum BIl. (Woody climber)
G. montanum Markgr. (Woody cli‘ber) Muai (tfiae) 4

AR UURIIRYS N

Gnetum macrostachyum Hook. f. is the woody climber plant in genus of

Gnetum, Gnetaceae family.
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Leaves: oblong to lanceolate-oblong, coriaceous, brown when dry, 14-16 by 4-
5 cm; apex cuspidate; base acute to rounded or sometimes suboblique; secondary

nerves curved, distinctly anastomosing

tiole = 1 cm.

each collar.

Fruits:-t by very striking long
brown hairs. v

Thailand: I r  Khai “SNakhon Ratchasima, Surin;
Central: Nakho? Naygk; Soufh-Easterr Bu i; R@Risular: Ranong, Surat

: ( Ype, Malaya).

Ecology: ] e forest, alth200-900 m.

Flowering: Ja" v rua arch.

Vernacular: Muai --‘" 1 00n), fiae), Muai (3he), Muai luat (3038

Raa).

ﬂﬂﬂ’)ﬂﬂﬂﬁWEﬂﬂ‘i
'QW’]Mﬂ‘SfUNW]'JWFJ’]ﬂEI
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Figure 1.10 FI@ers
|

acﬁtachyum
The objective of ‘lnearch

f AR INIINT-

3 To determine the blologwl activities of the |solated compounds.

qmmmmumwmaﬂ


javascript: StartImage('showpic.php?vietname=G?m%20ch๙m%20to&latinname=Gnetum%20macrostachyum&author=Ph๙ng%20m?%20Trung&imagepath=./pictures/plant/2481');�
http://farm3.static.flickr.com/2070/2253552183_e79176cd4a.jpg?v=0�
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1.2 Results and Discussion

1.2.1 Extraction and isolation

The dried and powder Jof G. macrostachyum were extracted

| tone and MeOH, respectively. A
} acetone soluble and insoluble
\@d by a combination of

compounds (1.2-1.9)¢ ‘ v y@ro ‘ - 1.2) [42], resveratrol
(1.3) [30], 3- g .4y E201, Shega (15851 gretulin (1.6) [29],
j idoN(8,9) [43]. The structures of
isolated flavo it/ e s and stilben Wharized in Figure 1.11.

5,7,2"-trinydr@xy-
methoxyflgvent .
5-hydroxy- g5 avanone (1.2)
trimethoxyflayohe (1.1 a‘

5,7-dihydrox 1 l
dimethoxyflavone,(1.1b)
5,2'-dihydroxy-7'6"-#=i OMe OH

ﬂﬁﬂ?’l]ﬂﬂiﬂﬂ']ﬂﬁ

1 11 Flavonoids and its deri éatlves and stllbenOIds isolated from G.

Wﬁﬁiﬂmmummmw

Qydroxy-3'-

OH



19

F

gnetuhainin C (1.7)
e
OMe

N
ﬂu eI UYNT NN
AN NRI T A

macrostachyum lianas (continued).
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i 7.
Figure 1.11 Flavono ane : ;‘ Ve |f' o8t | ‘\n g8 isolated from G.

| . \
macrostachyum lig ntinued)® ' \
acrostachyu s turl \

1.2.2 Propert|es .‘;.'::'.....ﬁl fitidation of isolated

57,2 Tuhydroxy -5'- methoxyflavon .1) was isolated as an amorphous

R SnavSwDInT::

323/8826) and °C NMR data. The UV spectrum of 1.1 exhibited maximal absorptlon

nds at 270 and 345 nm WhICh W et plcal of a fIavﬁi m0|ety
oup ( 47 cm )ical ] l[ tnd romatic moiety tG

cm™). The *H NMR spectrum (Fig A-1.1) revealed the singlet resonance of a chelated

hydroxyl proton at 6y 12.90 (5-OH), in addition to a pair of exchangeable hydroxyl
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protons (64 10.42 and 9.30). The signals in aromatic region (6y ca 6.0-7.8) was
assigned as two isolated spin systems; 6.20 and 6.46 (each 1H, d, J = 2.0 Hz) for AB
system as well as 6.95 (1H, d, J =8.4Hz) 7,51 (1H, d, J = 8.4 Hz), and 7.53 (1H, brs)
\ -1 2) showed 16 signals; three of

Iavone moiety.

The overall Striietire-Of:. s mainly on HMBC data. In

ring A, the correlations 5 : : \,_—_-_,: 7-OH/C-6, C-7, and C-8

indicated that C'-_5‘a C- ' : 0 hydroxyl groups. The
methoxy group*oy 3.987 was pl; 0, . x #9.3), which was in turn
coupled to Hj3' 0 H” Fhid dssi ‘onfirmed by NOESY cross
peaks of 5'-OMe tQgfi-4/# ad to'thos __ '/H-4" and H-3/H-6". The

presence of h . as arso st | od ‘:»_“-u,‘ ation of methyl ethers of
1.1. Treatment of g1 wfith, H Iy yie thle, major product, together
with two minor rs 11b-an | 1.1c vo\""\l’-- methoxy groups newly
generated in 1.1a iglli esence of 7 ant onglhydroxyl group on ring B,

in addition to the ch ﬁ_ﬁ:;;.'__:.j:;; the Strlicture of 5,7,2'-trihydroxy-5'-

5, 7, 2'-Trih Xf.rfw solid : 'H NMR
acetone-dgj-
( eL i
2), 7.53 (1H,ﬁ »
|

j), 9.30 (1H, s, OH-
3'), 6.65 (1H 3)646(1HdJ—20Hz Hs)azoﬂ

FutanEninen EZZEE{}
ARIANTAUAN TN
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Table 1.1 *H and **C NMR spectral data (acetone- dg) of 1.1.

Position Sy (mult, Jin Hz) d¢ HMBC
1 Wil
3 & e & C-2,4,10, 1
4 » — '
i wn
6 C-5,7,8, 10
7
8 .C-6,7,9, 10
9
10
v
5
3 c1,2,5
& C2,6
.
| 22,1',2',4',6'
4 i—s, 6, 10

Figure 1.12 Key HMBC and NOESY correlations of 1.1
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Structure elucidation of the stilbenoid tetramer (1.10)
Compound 1.10 was th'

molecular formula as Ggghls ort j eratrol tetramer.
The 'H N sctelm ‘aéntegrating signals for nine
- - — - — P

f nine phenolic hydroxyl

rown amorphous powder. The negative

protons from & 7.98.to: DLESENCE.O
groups. Furthermore " NMR § \ 1 'u sets of ortho-coupled
aromatic prot ) SY8  para-substitu | nenyl moieties , assignable

to four 4-hydro ) pé frings A, B A 1!‘”%. ignals from three sets

4,5-tefiasubstituted benzene rings
. %

“-\‘: ollithe 1,3,5-trisubstituted

‘ \ \ (3%.34) and H-8a (5 4.33)
proton doublets, thred sets i’: 1e protop Sh@wed correlation with C-2a
(6a) and C-10a (1’4a)* iespec ,.qur"ﬂii S sted thaly C-7a and C-8a were attached

to 4-hydroxyphenyl*

dihydroxyphenyl group at C-9a,
respectively. The chemicalshiftsiof. 4 and its corresponding carbon at &
92.8 suggestigg tha ﬁjﬁh# pxygem: Additional HMBC
correlation' ) ‘JJ-=~-—=;=T"7T_JT—-—U carbons C-11b at &
162.0 and C 9gt'e 17
of a dihydrofud'd j entity. It was Td d ed that OH-% (13a) at 6 7.98 shared
indicative HMBC&orreIations with C-10a (14&31)’6& 6 107.5 and OH-4a at 6 8.45 with
C-3én . t t ' MeEe att (o Codda, aand C-
AREINENING NS

mln the ring B, the H-7b ‘(8 5.31) and H-8b (8 4.33) prdton doublets showed
HMBC correlations with C-2b (6bﬂind C-10b (14b), ié8pectively. It indicated flaf C-

QTR

exhibited HMBC correlations with C-10b, C-11b and C-14b, while the H-14b (5 6.11)
shared HMBC correlations with C-10b and C12b, thus confirming the attachment of

1-7&2nd H-8a were a part

ring B, with a dihydrofuran ring. It was further determined that HMBC correlations
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between H-7b with C-11c and H-8b with C-9c, confirming the attachment of ring B
and ring C with a dihydrofuran ring.
In the ring C, the H-7c (8 B

correlations with C-2c (6¢) ang |(¥4¢), gespectively. It suggested that C-7¢ and
C-8c were attached to 4-hYe " o~ E&i&&dihydrwyphenyl o

H-8c (6 4.24) proton doublets showed also

between H-8c with C-11d,

Hz, H-8d) and ¢ 6 ans-couple olefinic protons
in the resveratr h oI S, hetveel with C-2d (6d), C-9d
and H-8d with C-1¢/ d). ff, dthat i@arbon attached at C-1d in
ring D1 and C-9g#in rig DFf respet ”:’i I" «» orrelation of H- 7c with
C-11d, while H- 8¢ _' i :-f 7 Withie- ¥ and C-12d confirmed that
ring D attached ‘with ihygrg ‘,‘:._,._-;{ : C-l and C-12d. Furthermore, the

hydroxyl group at & 8%39 (E¥4d)showed: pn With C-3d (5d), thus confirming
the presence of a hydroxy ~---~-:--’-,*" gal{ ey HMBC correlations of 1.10 are

shown in Fﬁ&e B TN

Figure 1.13 Selected HMBC correlations of 1.10
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In addition, the relative stereochemistry of 1.10 could not be assigned from the
basis of the analysis of the NOESY NMR spectrum due to the decomposition of this
re of 1.10 is shown in Figure 1.14.

compound. Therefore, the proposed ‘ry?
// Lo

Figure 1.14 The pfopogd strught fe ‘E

f‘ffﬂr-r
P T o

Table 1.2 'H, ©*C, HMBC and=H=H-€
in acetone-dg g

VIR data of tetramer 1.10

" i

Position | .-8ct 8 (mult, Jin| h A,

_ COSY
la 336 “ _
2a, 6a -;9,' 08, €*7a H-3a, H-
T’ | o 5a
3a5a 11 6.71 (d, 6.0 C-1a, C-2a, C- H-2a,6a
157.4
7aﬂ 028€ @53 (d4.4) Mczacsacga H-8a
145.7 -
10a 107.5 6. 11 (brs)‘ C 8a, C- Jﬁ3a C- 12a H 12a
12a 100.2 6. 15 (bl’S) C-10a,14a, C-11a, 13a H-10a, 14a
1b 133.8 -
2b,6b  127.1 7.08 (d, 8.4) C-30,5b, C-4b, C-7b  H-3b,5b

3b,5b  115.4° 6.71" (d, 6.0) C-1b, C-2b,6b, C-4b H-2b,6b
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Table 1.2 'H, **C, HMBC and H-'H COSY NMR data of tetramer 1.10
in acetone-dg (continued)

Position  dc L JinH2) | HMBC COosYy
4h 157.4° | _
7b 92.8 310(0,4.8 - 6b, C-8b, H-8b

8b H-7b

9b

10b
11b
12b
13b
14b

1c
2c, 6¢
3c, 5¢
4c
7c

H-3c,5¢
H-2c,6¢

H-8c

8c H-7c¢

9c

10c | 5 _ -
11c e "'-')
12¢

F i
4
=140

13c 15 ol

14c 106.0 6.039 (brs C-8c, C-10c, CH3c
128.9

2d 6d 1279‘;.730 (d, 8.4) cﬂ,uczdﬁd C4d  H-30,50

1IN INEINT

125.9 6.82 (d, 166) C-1d, C7d C-9d, C- H-7d
10d,

ARAINIUNTIANLIANY

14d
11d 162.3 - -
12d 114.2

13d 154.5°
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Table 1.2 'H, **C, HMBC and H-'H COSY NMR data of tetramer 1.10
in acetone-dg (continued)

Position dc On (mult,, Jin
14d 107.3
4a-OH
113,
13a-OH
4b-OH
13b-OH
4c-OH
13c-OH
4d-OH
13d-OH

) 3 HMBC COSY

/}, C-10d, C-12d  H-10d

N Overlaped
Data can be interch@fged

e sub‘ ed®o examine for their radical

scavenging against DFPH (Faple

P

l 1. .' showed slightly weak activity
with 1Cso value of 19.9 mM: Bratol (1.3) and other stilbenoids (1.4-
)

1.9) displayed stronge it in_range of 0.21-4.23 mM; of
which, gn{m\ (1.6) was the most active. @cognized as potent

icalf ] g‘] reaction, forming
stable oligostmnes. : ow
oxidation by m#fite ions (NO;), a key mediator in the in1 2

carcinogenesis [z‘]ﬁcomprehensive studfiebn radical scavenging of stilbenes

FUHATERINEART
RINNIUANINEAY

at stilbenes undergo

matory response and
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Table 1.3. Antioxidant activity of nine isolated compounds (1.1-1.9)

Test compound DPPH radical scavenging
I (1Cso, MM)

5,7,2'-trihydroxy-5/=[ Q \ "ii 19.9

5,7,4'-trihydroxy- "'nW" : 1.48

0.40

!—-".—vr--i-’g“ | e —
| — 0.30

:ﬁ"“a)
"mll LN
PN
Wlﬁt?.\\\ o
T R= BN\
ﬁ"m‘" AN\
; .ﬁfw ?\ 0.11

* Standard antioxidant f I ,_’;f_fa“.
y FST T .
4 { -,.-;}é;,‘ . AN

PR N et o

ﬂuﬂ’mﬂﬂﬁwmﬂﬁ
QW’Imﬂ’ifUSJW]'mEI’]ﬂEJ
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1.3 Experimental section

1.3.1 Plant material

The lianas of G. macrg

Nakornphanom. The plant_niat8figliwies. y by the Plants of Thailand Research
Unit, Department of B ‘._{'_Q Ly )/ alongkorn University, and the
e, -

herbarium of Royal Forest

were collected in April 2006 from

<
o
c
(@]
=0
@D
=
wn
=]
@D
<.
3
@D
>
oy

| _d" 0|
b aad

he ré
and using TMS as aff i rﬁy\l standard, in

\n ahpratens in deuterated solvents

: tille

et b\

sesiMost solvents used in this

{ kA

research were compfierCill gradg, 3 iofglo use. Adsorbents such as

silica gel 60 Merck gfit. NG=FE3L—F1<
(abhrisier

chromatography, open colufma:chroma and radial thin layer chromatography,

ere used for quick column

A

respectively. Thin-layer chrematogtaphy. performed on precoated Merck

silica gel 60 %254 5 mm thi atafwere obtained from a
575 plts (025 o thk iy, ESIMS G

mass spec ass spectra were
P L Jrass s

recorded by V\ﬂ) delss UV-visible absorption

spectra were tggorded on a UV-2552PC UV-Vis spectronMr, a UV-spectrometer,

microtiter plate reﬁemodel sunrise. Qs

AUEANYNINYINT

QrasATaisMaInyady

part of the acetone extract was stirred with acetone, yielding acetone soluble and

insoluble fractions. The acetone soluble fraction (47.4 g) was fractionated on vacuum
liquid chromatography (VLC) eluted with CH,Cl,, MeOH-CH,Cl, (10:90 — 50:50),
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and MeOH, yielding seven fractions (F1-F7). Fraction F2 was purified on silica gel
CC using CH.Cl,, MeOH-CHCI; (5:95 — 50:50), and MeOH to afford six fractions
(G1-G6). Fraction G3 was subseg
CH,Cl, (0:100 — 100:0) fe,. |

mg). A portion of fraction "G4 Wa % ilica gel CC using CHCl, and
MeOH-CH,CI, (0:108 ) ' ) @Sephadex LH 20 column

y purified on silica gel CC using MeOH-
l roxy-5'-methoxyflavone (1.1, 30.0

using MeOH-C *50), jive JIEsvekalgl—(l3, 200.0 mg) and 3-
methoxyresveratol (1 0, et et G5 H“a ed on silica gel CC using
CH.Cl,, Me J#(0,200/4£100%0) Y flixthBrpurifiet-on a Sephadex LH 20
column using | ‘ ‘ i .; @Xy-3'-methoxyflavanone
(1.2, 12.0 mg) andygfie 3, n0).\, Frachi \ purified on silica gel
CC using C WleQ, (5 \d WIgOH to afford seven
fractions (H1-H7 aftio f T iedl oMk a.S Shgiex LH 20 column using

MeOH-CH,CI,{50:50) agltl {furiher-putiedBiby srefieratiye TL.C using 10% MeOH-
§ (16, 250 7 .7, 350 mg), parvifolol B
(1.8, 20.0 mg), paIIi &, 9 iy ibenQid tetramer (1.10, 5.0 mg). The
extraction and |solat|on proge i
1.1and 1.2.

#Compounds were shown in Schemes

ﬂUEJ’JVIEJ‘mWEﬂIﬂﬁ
ammmmummmw



The lianas of Gnetum macrostachyum

CH,CI, crude

(205 g)

(A

g e e e e e e e

L

acetone InSO €

.-{

(2.5 ka)

J“" L
777
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Soxhlet with acetone

Marc

Marc

methanol crude extract
(80.29)

aghiyum lianas

|
{

ﬂumwamwmm
Qmmnsmnmmmaﬂ
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F1 (43.5 mg) F3 (370.4 mg) F4-7 (167.9 mg)
- Si0, CC
CH,CI, -MeOH gradient
= H1-3 H4 H5-7
G1-2 G3 (52.7 mg) 6 (166.7 mg) (10.6 mg) (121.1 mg) (45.5 mg)
(26.6 mg)
-Sio, CC : _ - Sephadex LH-20
CH,Cl, -MeOH gradient Lo o f Q, CC _ 50% MeOH/CH,Cl,
L  —ffeOH gradient -Prep TLC  10%
-—— - 0 MeOH/CH,Cl,
5,7,2"-trihydroxy-5'- k /CHCl;

methoxyflavone (1.1)

— = gnetullin (1.6) 25.0 mg
30.0 mg T o3~ Al gnetuhainin C (1.7) 35.0 mg
methoxyflavavone (1.2) 1230 ng parvifolol B (1.8) 20.0 mg
resveratrol (1.3) 200.04ng shegansu B (1.5) 80.0 mg pallidol (1.9) 11.0 mg
3-methoxyresveratro¢1 45880.0 mg tetramer (1.10) 5.0 mg

cheme 172 Th

PINEIN3...
QRIAINTUNRINEIaY

[43
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5,7,2'-Trihydroxy-5'-methoxyflavone (1.1) : Amorphous yellow solid; mp 269 °C
(dec) ; UV (MeOH) Amax (log &) 227 (3.09), 270 (2.93), 345 (3.06) ; IR (KBr) 3347,
3082, 1647, 1621, 1517, 1347, 126 % 165, 826 cm™; HRESIMS m/z [M+Na]"

IR (DMSO-ds, 400 MHz) and **C

Preparation of ] _
5,7,2'-Trihya dfln ".ja (@0.0%mg; Jpdissolved in MeOH (2
mL) was added drgpWises. ime Iyl e (TMSCHN) in hexane

until yellow solfftion pérsigfed’ 7 nixjue \Vas ‘Stirrethat réekn temperature for 1 h.

thexyflavone (1.1)

After the reactiop#fmixifre dvad cvaporatec riess, tycesidue was purified on
preparative T#C dey€lof ,' 8-' ; Ja,\; : afford 5-hydroxy-7,2',5'-
trimethoxyflavong” 1. - 94 dimiethoxyflavone 1.1b (2.0
mg) and 5,2'- dihydr 76 tho e F‘. o 16 (2.0 o).

5- hydroxy 243 trlme noxyfla ) a: e igw powder; *H NMR (CDCls)
§ 12.90 (1H, OH-5), P 'ﬁ-"'-f =8 «Fr , 78D (1H, s, H-6), 7.03 (1H, d, J
= 8.4 Hz, H-3'), 6.60 (1H 543 (1 Jo= 2.0 Hz, H-8), 6.13 (1H, d, J = 2.0
Hz, H-6), 3.8 ( ot S6i ot 3,76 3H£-NOMe-7).

5,7*dihydroxy-2",5"-dimethoxyftavon e 1.1b:—yetton wder; 'H NMR
(CDCl) & 1 ! .\ﬁ (1H, s, H-6'), 7.05
(1H,d,J:8.4M, H-3), 6.65 (11 S ISy 660 1H,d,J:MHz, H-8), 6.20 (1H, d,
J=2.0 Hz, H-6), %BKH, s, OMe-5'), 3.80 (3H,.5, OMe-2").

AU INBNINT NG

. H-3'), 6.65 (1H, s, H3)§59(1H d,J= 20Hz H-8), 6.20 (1H, d, J 2.0

QWﬁﬁﬁHﬁ“ﬁ“ﬂmWI’mmﬂﬂ

5,7,4'-Trihydroxy-3’-methoxyflavanone (1.2) : Amorphous yellow solid; *H NMR
(CD3COCDs3, 400 MHz): 6 12.06 (1H, s, OH-5), 9.53 (1H, s, OH-7), 7.68 (1H, s, OH-
4"), 7.06 (1H, s, H-2'), 6.86 (1H, s, H-6"), 6.73 (1H, s, H-5'), 5.84 (1H, d, J = 4.8 Hz,

00
—
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H-8), 5.82 (1H, d, J = 4.8 Hz, H-7), 5.30 (1H, dd, J = 13.2, 2.4 Hz, H-2), 3.75 (3H, s,
OMe-3), 3.10 (1H, brs, H-a), 2.58 (1H, d, J = 17.2, 2.4 Hz, H-B). *C NMR
(CD3sCOCD3, 100 MHz): & 198.0.( .0 (C-5), 163.0 (C-9), 147.0 (C-3), 146.0

(C-4), 130.0 (C-1'), 119.0 (€8N ' 4105 (C-2), 1020 (C-10), 96.0 (C-
6), 95.0 (C-8), 79.5 (C-Qpb5a.(QMe %
; WHTtEerystalt, “D2eOCs, 400 MHz): § 7.41 (2H, d, J

.9) . WIIE™C S ) ‘ . y Uy
= 8.0 Hz, H_ZI,W‘ B ) “9).6.88 H, d, J =16.4 Hz, H-a)a
8.4 14a0PT hNRED 2. 6). 6.26 (1H,d, 1= 2.0
$ ""- ’ -3 5), 158.5 (C-4"), 140.9

16.5 (C-3', 5'), 105.7

3-Methoxyresve ' A4y n H NM '.ND}- MCD3, 400 MHz): 6 8.35
| ' b \ BESyH-2), 7.02 (1H, d, J = 16.4

# %
(1H,%d 16.4 Hz, H-$), 6.83 (1H, d,

J=8.0 Hz, H-5), 6.5 | _FJ uc') 60 (1H, brt, J = 1.6 Hz, H-4"),

3.88 (3H, s, OMe-3). *C NMR=(CDICOCHRRI00 MHz): 5 158.7 (C-3', 5), 147.7 (C-
LM

3), 146.7 (c-4), 140,04(C4 1296 (€ 8.q) 126.2 (C-/), 120.3 (C-6),

R (c COCD;, 400 MHz): &
11a, 13a), 8.35 (2H, s, OH-11b, 13b), 780 s, OH-4a), 7.18 (1H,

7b), 6. J =16.4 Hz,
J iz

. . (IH, t,J =2
6.21 (2H, d,J = 2.2 Hz, H-10a, 14),5.45 (1H, d, J = g Hz, H-7a), 4.53 (1H g9

qWIRNTIIEN HATINYTRY

3a), 146.6 (C-4a), 144.5 (C-3b), 144.0 (C-5b), 139.8 (C-9a, 9b), 131.7 (C-1b), 131.6
(C-1a), 128.4 (C-7b), 126.5 (C-8b), 119.3 (C-2a), 115.7 (C-6b), 114.8 (C-5a), 110.5

Shegansu B (ﬁ) bro

8.36 (2H, s, O
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(C-2b), 109.8 (C-6a), 106.6 (C-10a, 14a), 104.8 (C-10b, 14b), 101.8 (C-12b), 101.5
(C-12a), 93.6 (C-7a), 57.1 (C-8a), 55.4 (OMe-3b), 55.3 (OMe-3a).

Gnetulin (1.6): brown am NMR (CD3COCD3, 400 MHz): 6 8.16
(1H, s, OH-13a), 8.08 s, OH-11a), 7.46 (1H, s, OH-
43),7.17 (1H, s, O d, J = 1.6 Hz, H-2a), 6.72

Hz, H-2b), 6.5
dd, J=8.0, 1 )617(1HdJ—20

8, (1H, brs, H-8b), 3.59

(3H, s, OMe-3a), 34# (. fle-8a)2 16 NNIR( sl 100 MHz): 5 158.9

(C-11b, C-13b)gf58, o, 156.0-(Gx112)\ 148 2NC-Ry147.16 (C-3b), 147.11

(C-33), 146.4 (C-9gf, 146. A__,  (8145), W BYC 82). 1375 (C-1b), 129.2

(C-1a), 1235 (@ 9 (B2 vk 15,0 1&-6b), 114.6 (C-5a, 5b),

111.1 (C-22), 110.4(C-2P). T”")?l yUo) 1 (& 122), 1006 (C-12b), 97.4
(OMe-3b).

(C-14a), 59.7 (C-8b), 5 0 (C-h)552(C 3), 5542
| rf{ “' g

Gnetuhainin C (1.7): broy ,, A mnl ouS iH NMR (CD3;COCD3, 400 MHz):
5 8.13 (1H, ' Ofb 13b), 7.95 (1H, s,
OH-4b), 7 86 {1H, 5, OH:11a), 7.37(1H, 5, OH-110), 6.95.2 . J = 8.4 Hz, H-2a,
6a), 6.57 ( ; _J}» -14a), 6.42 (1H, d,
J=24Hz, Hidﬂ) 6.30 (LH, 0 ="pighZ -)614(Md J = 2.4 Hz, H-3b),
6.00 (1H, 4, J = g Ha, H-120), 5.90 (1H, dJ = 2.0 Hz, H-122), 5.8 (1H, dd, J =

AUL eSS YT

11b)Q56.3 (C-2b, 13b), 156.1 (C-4b), 155.1 (C- 42), 1524 (C-11a), 147 7 (C-9a),

147.3 (C-9b), 137.5 (C-1a), 129.1
q W}ﬁﬂ 5
3b 1%a)%10
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Parvifolol B (1.8): brown amorphous powder; ‘H NMR (CDsCOCD3, 400 MHz): &
8.46 (1H, s, OH-4a), 8.24 (1H, s, OH-4b), 8.17 (2H, s, OH-11b, 13b), 7.99 (1H, s,
OH-13a), 7.18 (2H, d, J = 8.4 Hz, 6a), 6.84 (2H, d, J = 8.4 Hz, H-3a, 5a), 6.76
(1H, s, OH-11a), 6.64 (1H, 6),6.32 (1H, m, H-3b), 6.32 (1H, m, H-
5b), 6.29 (2H, brs, H-100% Ao p#lap), 6.12 (1H, d, 3 = 2.0 Hz, H-
12a), 558 (1H, d, J=s '; 42), 4. dﬁwz, H-7a), 4.14 (1H, d, J =
) TR7B™C NMR (CDsCOCDs, 100
(C-13b), 156.4 (C-4b),
155.4 (C-2b), : 0 (C-6b), 129.2 (C-22,
6a), 121.7 (C-10 5) 468 24@:ab, 12b), 104.5 (C-14a),
104.7 (C-144], 102.4C 400 9 of120) 10 0bY, 78.2 (C-7a), 56.3 (C-

or ‘ OD,ACD;, 400 MH2): § 8.09
(2H, s, OH-2, 8), 7, YoM i\ Ok, 4"), 6.80 (2H, s, OH-6/,
 brs\Bk1, 7), 6.51 (2H, d, J = 8.0 Hz,
[2H, brs, H-5, 11), 3.83 (2H, brs, H-6,

BCD;, 100 MHz): § 158.4 (C-2, 8),

- 42), 137.4 (C-1, 1),
B

C-3, 3", 111.2 (C J ", 102.5 (C-1, 7),
il
101.6 (C-3, 9),5

| ’ ﬂ

Stilbenoid tetrar‘% élo brown amorphouowder negative ion ESIMS m/z:

FLIET W‘ETVI“TW g
q RTRIIEM N8 2

There are several methods or models to determine the antioxidative properties

H-2/, 2'), 6.17 (2H,
12), 3.75 (6H, 5, OMe-5/,

154.2 (C- 4@

122.0 (C-4

of the compounds. DPPH was selected in activity directed fractionation of free radical

scavenging activity because it is rapid, convenient, reliable, inexpensive, sensitive,
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and require little material. DPPH is classified as nitrogen centered radical and stable
at room temperature because it has virtual of the delocalization of the spare electron

over the molecule. The radical scavenging of plant extracts against stable DPPH was

determined spectrophotometgi 1} _ ' ‘ reacts with antioxidant compound
which can donate hydrogdee xidal ( DPPH radical by converting
DPPH to DPPHn (2:2=dil ReT-1 pi i anglng of color (from deep

violet to light yellow a Al i ] Ie Ilght spectrophotometer

s.r, { A
DPP (fr rﬂh; . / RHp (non radical)

i W, il el
¥ h’l"

Figure 1.15 Structures Fof DRPH-and DPPI

- ..JJ-'"

Afte 5
in this assay. Various concentrations of sample dissolved in ,anOIiC solution (50
3 A 200 plL). After 30

§ —
ark, the ab§ ance was measured at

ompgounds were quantified

pL) were a
minutes mcub HI n at roo

517 nm with a V \/is spectrophotometer. All tests were run In triplicate and the data

U ﬁ AveVwANT

% Radical scaveagmg =[1- (Asamme/ k)] x 100

AT ANTIEN, URIINYINY

required scavenging 50% DPPH free radicals.



CHAPTER I
BIOACTIVE COMPOUNDS FROM THE ROOTS OF Alangium

—\/%

The genus msts oﬁreeSWmh are found in the old

world tropics t

nus Alangium has been
recognized as a-[ig acluding alkaloids, iridoids,

flavonoids and ter 6] “ ituents of this genus was

i,

alkaloids whi alsd §0uRd instheddiierdpl s, ofSRubiaceae family. The

alkaloids have be 01 Jarious T AR .. such as antimicrobial

activity, antica 1 ¥ | WO ﬁ' City agtiv /[ tifertility activity [48] and

antibacterial activify [48]. o,,-aﬁ > all 's\.- ankalso Serve as agents capable of
.. o ' el ot ! \"\

mediating DNA cleay#lge '_;-m Or C 3 DR drugs.

2.1.1 Chemical co r‘*-*- BA\langium species and their

biological activities.

Phyto.chemic S ed in the isolation of several

alkaloids, flavonoid glycosides, phenolic ¢ Aegasfigmane glycoside,

iridoid glu&ms is also known to
be rich in alkajﬂds. A ures d@limited distribution in

the plant king

ym Among the large number of alkaloids conhtaining an isoquinoline

nucleys, there are roup of aIkaI0|ds Macterlzed by an isoguinaline portion
i no r os H %ﬁkﬁds in this
elong to ourty es as o = ;

1. Benzoquinolizidine is a t).'lcal skeleton of te@drmsoqumollne

QW’]@Nﬂ’i 'l’mﬁl']ﬂﬁl

tetrahydroisoquinoline skeleton




39

The alkaloids bearing this skeleton are emetine, cephaeline and alangiside.

e skeleton

'ariz:gand alangiside.

-

WIanglmarldlne alan gimarine allangiside

Indolobenzoqumolmdlne‘s a hi/brld structu@daf an ISOéﬁ]Ohne arlded

Qwﬁm A URIINYS
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The alk
MeO

' N A 4T ¥ ,

tubulg 7" Y :;f'E , A W\ deoxytubulosine
A o+ T \

/ i :V" r 'Iil )

e

4. TetrahydroprOtobgglerin 1 byclicstructure such as a unique

,pv_'a, .
i

tetrahydroisoquinolinesmonot Taloid.

i ﬁ-): :1_.?W:,
W)

-
=

2~ 10

tetrahydroprotoberberme skeleton

Al 283 m&m WEI -

‘mlne

bharatamine
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Emetine is a typical member of the alkaloid which is considered to be derived
biosynthetically from two molecules of dopamine and the monoterpenoid glycoside

secologanin. In plants, emetine occursjtogether with a number of structurally related

ahgisidé #hdftupulosine. The propose biosynthetic
pathway of them is shoual"WizEigure 211/[5 &

H
| OGlc
Deacetylisoipeciside

CHO

| Hde
OGlc .
I| rotoemetine

Demethylalanl side

e L
n

R = H, Cephaeline

Figure 2.1 Propose biosynthesis sequence of the alkaloids and nitrogenous

glucosides in Alangium lamarckii.
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The alangium alkaloids were isolated from various parts of Alangium lamarckii
because this plant is a traditional plant in India. It used as anthelmintic, purgative,

emetic and febrifuge and for the treai

ent of leprosy and other skin disease. Recently,

hypotensive and antichg! e erase activj ¥ 1o, addition, it has also shown

emethylpsychotrine and

psychotrin, tubu
. e 2.2.

alangicine [5

psychotrine ; \,ﬂ:—::::.":

2
| ‘ ;
getine ; Rl =

= OMe i II

1_R4_ R2_

m@mmwmﬂw

'qmmn‘smnmmmw
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nzafluinblizidingsanc aNzog| dine alkaloids from the
, IFN L -t
root bark of A. fmalickiit c'f.f;

J 1 % - 3 A
J )
r L=
o .,
f ‘..r, -

The hot meth; ;;c.gr;;u ckm@fruits was isolated to give
r . il

alangiside, alangimarine, metigHsolang] isolangiside, demethylneoalangiside,

neoalangiside, 3-O-dei thyi<2: g, 10-hydroxyvincoside lactam,

3-0-deme _'1_, -2-O-methylalangiside, 7-C §-O-ethylipecoside, 1',

D-glucopyranosyl

i
i

foee ..
- -a—D-aﬂ‘gopyranosylalang|S|de,

6’-0O-a-D-glucopyranosyl-3-O-demethyl-2-O-methylalangisi ‘e, 6’-O-a-D-xylopyrano

ala_ngidé; 2;-O-trans-sinapoylalangiside, 2'-O-trans-sinapoyl-3-O-demethyl-2-O-

ethylalangiside, 2.-O-trans-[4-(1,3-dihydroxypro -methoxycinnamo an
QNI N LT Y

:
alangiside, 3'-HZ? D-g

angiside,

pQyldemethyl
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H
OGlc

3-O-demethyl-2-O-methylalangisid 10-hydroxyvincoside lactam

R =H, Rzéhe i
$

\\OG I Cc

AuBANEINING N

-O -methylipecoside ; R* H R? =Me alangine

ey M| NS a1 Ingnay

Figure 2.3 Tetrahydroisoquinoline monoterpene glucosides from the hot methanolic

OH

fraction of A. lamarckii fruits.
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6’-O-4D- glucopy; ﬂ,, Sy ;};“-Tﬁ ‘ 3'-0O--D-glucopyranosylalangiside
lfy. .

6'-O- a—D glucopyranosylalangisidgf R* =Me, R?=H £, 6-0-a-D-xylopyragpsylalangiside

Qmmmmm'mma 4

Figure 2.3 Tetrahydroisoquinoline monoterpene glucosides and indolobenzoquinoli-

zidine from the hot methanolic fraction of A. lamarckii fruits (cont.).
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2'-O-trans-sinap@¥ldegiethylalengiside.
2'-O-trans-sinapoyjgfangsSid ﬁ{ ﬁ;r" P
f/ o

2'-O-trans-sinap®yl1-3 -d eth

1_p3 2 i, "Tﬁ

R*=R’=H,R"= M@ R O -
F ‘ F L= \

2'-O-trans-[4-(1,3- di OXypio) POXY)-3-1 XY/Ci \, noyl] alangiside ;

R' = Me, R? =R* = H/R* =40 _{':3‘{--.. - |

es frgm. the hot methanolic

Figure 2.3,

fraction of % femarckifruits(cont. ' J

A
On theL]ther hand, the wa

separated to a?rd 6-O-methyl-N-deacetylisoipecosidic acid, 7-O-methyl-N-

gﬂﬁﬂ'ﬁﬂim WH T30

syII nic acid, 6-O-methyl-N- deacetyllpec05|d|c acid and loganic acid [54 55].

Wﬁ“ﬁ@ﬁ%‘ﬁ 1H1INYa Y

. Jas
oltble Traction of@‘ lamarckii fruits was
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OH

M7 527~0n

OR?

: @ylloganic acid
)
=H

ﬂummm WENS...
q mmmmmﬁmﬁw

glucoside, phenolic glycoside and megastigmane glycoside were isolated. Iridoid

glucoside, 10-O-benzoyladoxosidic was isolated along with alangiside,
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demethylalangiside and four flavonoid glycosides from the leaves of A. kurzii [56].
All of these structures are summarized in Figure 2.5.

o posyl)-B-D-
‘ 3" SRS = B-D-glucopyranosyl
O+(p u\ pyranosyl)-p-D-

I 9 ) & »r'

' 'alact‘ ?,_ f4R" = &2 =R = p-D-xylopyranosyl
‘ _ B-glUgbpyranosyl)-p-D-
2 .;.;,,,:;;.;..._..; == H, R? = R® = -B-D-glucopyranosyl

-
-

The roeﬁ e g@ documented for used
as a muscle refaxant and analgesic agent [57]. A phytoche eal studied on this plant
revealed the isolaﬁlﬂphenolic glucosides afiddlemethylalangiside. These structures

AUBIMEININGINT
RINNTUUNIININY
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0
galloyl= —C OH

!
0 e_ns

A Iongiflorum was isolated to give

alangium alkaloids. A p.s;‘f-’,f..;,.

first time @1

cytotoxic a‘t 7

pcephaeline was isolated for the

| e@ it exhibited potent
=
rgast adenocarcinoma

(MCF-7) WitmDso : rzﬁctively. The opposite
stereochemistrysait C-1'of 10-O-demethylisocephaeline ha {290-fold less active than
10-0-demethyliscﬁ;ﬂline (EDso values of@dl5 and 0.55 pM against A549 and

AUBARRINEART
RINNTUUNIININY
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. Il /// v
v {/jﬁﬁmethylcepne
———

A. salviifoljgh is ghai 35 a g/« médiinelio (hdia, China and Phillipines.

J B -

The different”parts p ::F" rid, astringent, emollient,
anthelmintic, di | gurgati S pIC 48]. Thesegesults indicated that this

Nt ac d stiimplantation activity. In
addition, the meths 0f.# Csalviiflium fl 'rs owed a wide spectrum of
' ot -negative bacteria [49,59].

In the previous phyt hel L0n_roots and leaves of this plant have
been found the psyche in """ 5thy gtine, tubulosine and mixture of
alangimarcking and dehydroalangimarckine

are summarized in
Figure 2.8. l |

CURERG

Figure 2.8 Indolobenzoquinolizidine from A. salviifolium.
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2.1.2 Botanical aspect and distribution

: ae. It is distributed in
the Central, EasterpN e ai 1 ’ l@hd, which is known in Thai

as Pruu (3, . Gentfal), Pruu and, Northern), Ma Kluea

Kaa (uzinaen, Pchi Ma't A WA O ang Mai). It is a small

| i - ‘ J¥ : X -
Leaves : c neatgfor ro ded at ti g, rouRded or acute at the apex, at first
pubescent later glabrofis, 342 ""’"W_- m. Wide, petiole up to 1.5 cm. long

; lateral nerves 3-9, venatl enty reticu pEeminent below.

Flowegs : am or bisexual,~in shortly branched
clusters (cyd : -0t 3-17-flowers-at leai-axts-orbehine-leaves,.1.4 -2.3 cm. individual
stalks 0.2-0%.€m; «Shoft, 0.2-0.4 cm.

=

§ —
Fruit : (m 1.8 cm., red wspherical or@yl with persistent calyx
at top, smooth or s&arsely hairy, sometimes very slightly 12 ribbed, stone with 1 seed.

ﬂUEJ’JVIEmiWMﬂﬁ
Q»W'mmmummmw
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 (B)
£

Figure 2.9 Leaves (A)#hd pwe (B) Al .inff':‘ salvilf n\ toptropicals.com/pics/garden).

nEn

.
The objective of this g

The main objectives in th gIcts follows:

ation and structure determination

@omatographic and

1. To carry out a com "5

of @t
speq‘

2. To mveﬂga ndi CILa cells of all isolated
compou U

ﬂUEJ’JVIEWﬁWEI’]ﬂ'i
QWWMﬂ’iﬂJ&IWI’Mﬂ’mﬂ
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2.2 Results and Discussion

2.2.1 Structural elucidation of alangium alkaloids

The roots of A. salviifoli xtracts with MeOH in a soxhlet extractor
and the MeOH extract w etween H,O/CH,Cl, and H,O/n-
BuOH. The n-BuO ted by a combination of

identified as 1', 2'-

grows. The first group was

benzoqumolmdln ps 0 ne ( ,. jic :l'\"“'-\.n‘-{"- methylpsychotrine 2.7).

Y
\

The second grefip wgk i @% 22 : idine: ', 2% ehYdrotubulosine (2.6) and
the last group bel Zopyr ;vw Zne: ala "\w-" (2.2), 3-O-demethyl-2-O-

methylalang|5|de (2 e (26 All of these alkaloids are

181 EJ‘VI“S N zrmm

27 R!',R?=H 25 R!,R2=0F

q RoadnIA NN INEIaY

salviifolium roots
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Psychotrine (2.1) was obtained as amorphous powder. Its ESIMS indicated a
pseudomolecular ion [M+H]" at m/z 465.11, compatible with molecular formula of
CosH3sN204. The *H NMR spectr
6.49, 6.51, 6.66 and 7.09,:tH Qoxyl groups at & 3.68, 3.77 and

3.81and signals for angg /d and 1.93. In HMBC spectra
showed correlation CPOSSSpeaker é11b (5 61.8) and C-9 (&

5.6 3 ' +450.0). This data indicated
that H-8 and H-11. | G st ad K" attached ét C-8 and C-11 on the

ipbited four singlets of aromatic protons at o

"=y . 1
dl U " S=eU (O

.

upper aromat Qlizidine moiety, respectively.

On the other orrelation to C-1' (6

171.0), C-4'a (5 136. 5467 ~r + -5 (8 6.49) also showed
the correlation 2). ( f " < *\‘ l\\ ggested that H-8' and
H-5" were 1,4-di Sti rotons-attached at \\z "". pd \ g’ on the lower aromatic
ring of 3,4-dihydroi i I@Q "c ¢ s. \ ddition, the signals H-8' (&
7.09) and H-3' (5.8764) hlbwﬂ! -.‘“;' l@tion w \ (Maternary carbon at C-1' (6

171.0), suggesting thagfhis £ npaund con 80 doBYclic double bond at C-1'.

wa 7 [0_be psychotrine by comparison of its
ature [61-62]. The key HMBC
| ucture of 2.1 was

IH. 3C and 2D NMRss {Cdata wif
correlaﬂon@ n Figure

charactenz& 3

Alangiside (2.2) was obtained as amorphous powder. The *H NMR spectral
data showed a terminal vinyl protons at 6 5.30 (1H, dd, J = 17.0, 1.4 Hz) and 5.50
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(1H, dd, J = 17.0, 1.4 Hz), two aromatic protons at & 6.69 and 6.80, a doublet for an
olefinic proton at 6 7.41 (1H, d, J = 2.3 Hz), a doublet for an acetal proton at & 5.50
(1H, d, J = 1.8 Hz), a doublet for a ric proton at 6 4.70 (1H, d, J = 8.0 Hz) and

a singlet for a methoxyl gsOuR,"e of the above data suggested the
\ ' c05|de skeleton. In the HMBC

spectral data showed et ela " crss pe
e —

# -6, H-9 and H-13a with
carbonyl carbon at.C= n adgition goktelation between anomeric
proton at & 4.70 an .l » 4) with C-11, indicated that
the location O vinyl#i [ToR: \ 1‘\,1 ached at C-12 and C-11,

respectively. T

?" ﬁ?? ‘ 4 OHE
Fraure 212 The key HMBC corretatiol 2.2
i

e fper
3-0O-Demgthyl-2-O-methylalangiside™(2'3) was alsqﬂﬁbtained as amorphous
powder. The lH 3C NMR spectral data of 2.3 was structurally similar to 2.2,

a'mwﬂww %fw BT

-4) and 6.78 (H-1), mstead of two singlets aromatic protons at 6 6.68 (H 4)
6.70 (H-1) as in 2.2. The 13C MR spectra of 2“as also supefi mposdbié’

sectmongoed orfelation peak aro oso m]can

location of vinyl group and glucose unit were attached at C-12 and C-11, respectively.
The key HMBC correlation was shown in Figure 2.13. All these results demonstrated
that 2.3 was an isomer of alangiside (2.2) with the position of phenolic hydroxyl and
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methoxyl groups interchanged as well as comparison its spectral data with the reports
in the literature [65]. Therefore, alkaloid 2.3 was assigned to be 3-O-demethyl-2-O-

methylalangiside.

AlangfCine (§ afioffialls powder." The positive ESIMS
showed a pseudg mnoleg Ia on “ %: ' J indicating an elemental
=y 1 L
{ ‘I - "" ilya
molecular formula affCas cia‘f""_ ‘."L UMR spectralifeatures of 2.4 was closely

appeared at 5 6.66 ( #8) i ﬁufy;ugd- H] tr _ still showed correlation peak

similar to that of#2.1, cept e of "n 3t aromatic proton, which

between H-8', H-3" and -*‘*""”;; L2 indicating presence of two aromatic
protons at 3.7.08 andsd 6 n the lowe e -OF thzupper aromatic ring
found that 1 ne.oniy signait at o 6.07 haa corr HMBC SpeCtrum.

In addition Senfthe gustructure of 2.4 had a

-

. -
hydroxyl grougﬁltache at C-8. 7 attres of Z.ﬁere analogous to those
of 2.1, except for the absence of aromatic proton at C-8. Finally, this assumption was

AUAENGT -

deteuned to be alangicine.

Q»W'mmmummmw
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BuSeowder. Its *H and °C

NMR spectral feat aly ¢ j'"v- | 15610, I\ ehexcept for the absence of a
singlet metho i P Irthe \ l"".\H e w aromatic protons of
2.5 at 5 6.54 (H- ; Etessieshielgitoslaw field by compared with two
singlets aroma f.2.2 ,r Jice the N"\ ta ed closely to hydroxyl

groups. From these@Vi nehydrox roup \ 2.5 was observed, instead
' 1

of methoxyl group : ‘* 2. 5 showed correlation peak

similar to those of 2.2 and 2 ‘( A g gation of vinyl group and glucose unit

were attached at C-12 and. f, 1, respe ti key HMBC correlation are shown

in Figure 5F al data ed Qg Gomparison with the
spectrosco da S l=Fhus=eompound=Z5 Jvas assigned to be

demethylal o" e

1',2’-Denydrotubuiosine (2.6) was obtained as amorphous powder. The
ESIMS revealed a pseudomolecular ion peak [M+H]" at m/z 474.29, compatible with
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molecular formula of C,oH35N303. The *H NMR spectral data exhibited signals for an
ethyl group at & 1.0, 1.2 and 1.85, singlets for two aromatic protons at & 6.12 and
rotons at 6 6.54, 6.90 and 7.24, and singlets

B.P4#Thgse spectral features were similar to

LA bt signal, which appeared at 6
- howed correlation of H-3'

ggested that 2.6 was the 1',2'-

Demet psychotrme (2.7) was isolated as amorpho S powder. The positive

ESI showed ﬂomolecular ion peak@ém/z 451.34 [M+H]" , indicating an
el Iar f rr?j g}?ﬁjj 7 showed
on yq\,o methoxy S|gn an 7 four singlets of aromatic protons at &

6.35, 6.40, 6.42 and 7.02. These sp#ctral features wereﬂllar to those of psyc

q RIRIAIIRIINGIRY

presence of four aromatic protons in the molecule. The hydroxyl group at C-9 of 2.7
was observed, instead of methoxyl group of 2.1. This evidence was confirmed
through the mass spectrum and HMBC experiment. The key HMBC correlation was
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shown in Figure 2.17. The spectral data of 2.7 was determined by comparison with
the chemical shifts in the literature [52]. Therefore, compound 2.7 was assigned to be

demethylpsychotrine.

gdtions of 2.7
In conghifSi rapl aparati thas@utanolic crude extracts
F ."n'1 L &

. hotrine (2.1), alangiside
\, ‘\ alangicine  (24) and

(2.2), jiside

demethylalangisideg’ (: | e dition,, 1',2'-@e ydrotubulosine (2.6) and
demethylpsychotrlne 207) we _“..K.-. Ae \ crde extracts. The structures
of all isolated compund r':r..r aracte J spectroscopic method as well as

comparison with the prev. .',v.;,al_-..;_:__. i

2.2.2 L » eha cell lines of

e B

i

1
alangium aI| lofd m]
1
The cw@toxic activity against HeLa and KB el lines of all isolated
compounds were ‘tmned using MTT assaygagt the result is shown in Table 2.1.

AUBINHATNHING

valu .00 and 0.70 pg/ml, respec&vely The cytotoxicity results of 2.1 was |§ gpod

q WASNT SR WA TN E

towards both KB and HelLa cell lines. However, previous bioactivities mvestlgatlons

demonstrated that compound 2.3 and 2.5 were inactive toward antitumor activity.
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Accordingly, the presences of glycoside unit on the C-11 reduced cytotoxicity of 2.3
and 2.5 [70].

The future work may invgly

he synthesis of isolated compounds for

(Mg/mL)

\ _].. - %; % )
\ B CAlLIingy, | HeLacell line
Psychotrine (2.1) 0.70

{24 '\.
1A\

Alangiside (2.2 ’ ‘. “‘ 99.00

3-0-Demethyl-2-Qffnetif lafangi -‘-”}i ’“\m >100.00

Alangicine (2.4)" i ‘t D0 6.00
5) Sl bt s+ 1% 100%0 20.50

Demethylalangiside

1’, 2'-Deh drotubulosme T ; 40.00 10.00
' 255777 -

Demethylcho i B 4.00

Adriamy ‘E—— ------ —td 0.018

KB cell line: I—|H an epidermoie ' i'[’

HeLa cell line: an cervical carcinoma

ﬁﬁﬁl’)ﬂﬂﬂiﬂﬂﬂﬂﬁ
'ammmmwnwmw
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2.3 Experimental

2.3.1 Plant material

The roots of Alangiuf '~.- iifoli . r collected from Mahasarakham

Province of Thailand ide gy Ms. Suttira Khumkratok, a

¥4, 400 NMR spectrometer
¢ ®he chemical shift in &
he residual protons in
: =~~o in some cases. Most
ere distilled prior to use.
Pl 72 [731, and 7734 were used for

quick column -..'.;.... nen chromatography and radial
chromatography, respe j_?'-?',;f,? aye Bgraphy (TLC) was performed on

precoated M:a:

obtained fr&‘

'_ ESIMS data were

9ut|on mass spectra

TOF models. UV-visible
m were recorded on UV-2552PC UV-Vis‘-Mbctrometer (Shimadzu,
Kyoto, Japan). I\flm points were determw with Fisher-Johns Melting Poing

AU "'ﬁ;’mﬂW‘iﬂﬂ 14 v Bl

teIIu e (MCT) detector.

q RARIAIMUN TN Y

Air-dried and powdered roots of A. salviifolium (5.5 kg) were extracted with

were recorded=k

absorption sp

MeOH in a Soxhlet extractor. The MeOH crude extract was concentrated and
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successively partitioned between H,O/CH,Cl, and between H,O/n-BuOH to give
CH,Cl, , n-BuOH and H,O crude extracts, respectively. The n-BuOH crude extract
was concentrated under vacuum to wi rown amorphous (67.0 g). This extract was
y VLC) over silica gel (Merck Art.

ity to give five fractions (Al-

7730), using CH2Cl, and MeOH W v
Ab). Fraction A-2 ““:-- fil adex LH-20 column eluted
with 5% MeOH- Cm__‘ Fracti : raction B-2 was purified by
a Sephadex LH' Jwyith 5% leOr ollowed by preparative
TLC (silica gelys ) yehot it

. .1, 3.2 mg). Fraction
B-3 was purifie E ‘ adient elution s %4A) H.O + 0.05%TFA,

solvent (B) ACN] i0llowing standard ¢ vent system : 2 minutes of
5% ACN / H,O g lingélr gyadie (" / W J f utes; isocratic at 50%
ACN / H,0 for ang ifutés; then retuned 16,5%,ACN./ H,O over 1 minutes and
reequilibrated f. inute 7 ;_;:' Si _ \m '1' and 3-O-demethyl-2-O-
methylalangiside (266, 18 My )is-Fratt A¥3 W(25%0) was further purified by
Sephadex LH-20 &olu ‘.' i,' OH-CHECI, Yo afford 2.1, 2.2, 2.3, and
alangicine (2.4, 2.4 Mg). W on A4~ Wvvaspurified by Sephadex LH-20

column using 10% MeOH- a i elding 2.1 and demethylalangiside
(2.5, 12.4 mg). LAY e

O crude extract was concentrated under vacuti (o yield 80.7 g. This
0.S | ica gel (Merck Art.
7730), using q Cl, and MeoG¥ aSINg polarity tﬁve four fractions (C1-

C4) Fraction C-2 was further purified by preparative TLC (silica gel, 7% MeOH

: WW' VRS

The extraction and purlflcaﬁn of all isolated ggmpounds from the root§jof

qRTRINTN AN Y

extract was® ctie G




H,O crude extract
(80.7 g)

QRIAINTUNRIINYAY

W%\ MeOH crude extract
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Partion with CH,Cl,-H,0O

CH,CI, crude extract
(22.59)

UOH crude extract
(67.09)

€9




W\acuum liquid chromatography (VLC)

Al (11.8 mg)

A4 (37.2 mg)

A5 (126.3 mg)

Bl
(16.3 mg)

B2 (34.7 mg)

- Sephadex LH-20,
5% MeOH/CH,CI,
- Preparative TLC,

psychotrine (2.1, 3.2 mg)

Sephadex LH-20,
10% MeOH/CH,CI,

Sephadex LH-20,

demethylalangiside (2.5, 12.4 mg)

Seheme 2.2 Isolation proc@igldte of the butanolic crude extract.

ﬂﬂEl’JVlEWIiWEI'mﬁ

wqmnmummmaﬂ

9




B1 (12.5 mg)

demeth“chotrme (2.7,2.2mg)

ﬂuEI’JVIEWﬁWEl’Iﬂﬁ

Scheme 2.3 IsoIaWn procedure of the ater crude extract

QRIAINTUARING AL

99
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Psychotrine (2.1): amorphous powder; m.p. 117-120 °C; *H NMR (CDsOD, 400
MHz): & 7.09 (1H, s, H-8'), 6.66 (1H, s, H-8), 6.51 (1H, s, H-11), 6.49 (1H, s H-5'),
§),3.68 (3H, s, OMe-9), 3.64 (1H, m, H-3"),
3.13 (1H, dd, J = 3.8, 11.0 Hz - 18)] (1H, m, H-7), 2.53-3.07 (1H, m, H-
6), 2.20-3.17 (1H, m, tlsd) g bt @ ,'m, H-3), 1.52-1.93 (2H, m,
H-12), 1.29-1.33 (2FToeM=43)1.23,2 (zéiz.o Hz, H-1), 0.95 (1H, t, J
= L 7100 MEZYS8aLd:04(C-1"), 167.0 (C-6), 150.0
(C-10), 1470 (9,30 " ~"‘- \3‘ 6.0 (C-72), 116.9 (C-5', 8'a),
111.5 (C-8), 1

\\ 9:8 (C-2), 5.0 (OMe-9), 54.9
(OMe-7"), 54, CxNe 0.5 16, 12), 36.0 (C-1), 27.7

S\ 'H NMR (CDCls, 400
MHz): *H NMR (C 3 z, H-9), 6.70 (1H, s, H-
1), 6.69 (1H, s, Hy |(1H, dd, J = 17.0, 1.4 Hz,
H-15a), 5.50 (1H, dd/ @~ 1 .-*—a-‘= ~, , m, H-13a), 4.71 (2H, m, H-
6), 4.70 (1H, d, J = 8.0 HZ, :‘éi—_-;:: 8OMe-3), 3.21 (1H, t, J = 8.0 Hz, H-

12a), 2.89 (LH, m, H-Ga)epp6-0" 79 1H, dt, J = 12.0, 4.5 Hz, H-
13 ' ! _
12a). ¢ h@h (CG9),)146.6 (C-3), 144.9

yl.g (C-4), 98.2 (C-
1), 96.1 (C-11ﬁ5.

3 ﬁlZa).

3-0-demethyl-2- o‘nﬂ'lalangmde (2.3): anfi@hous powder; m.p. 275-277 °C; 'H

AUAEN NN

5.28 (1H, dd, J = 17.0, 2.0 Hz, H-#8b), 5.19 (1H, ddthO 2.0 Hz, H15

WIS IRV #IaY

3.67 (1H, dd, J = 12.0, 5.5 Hz, H-6'a), 3.38 (1H, t, J = 9.0 Hz, H-3'), 3.33 (1H, ddd, J
= 9.5, 5.5, 2.0 Hz, H-5"), 3.28 (1H, dd, J = 9.5, 9.0 Hz, H-4"), 3.21 (1H, dddd, J =
13.0, 5.5, 3.5, 2.5 Hz, H-12a), 3.19 (1H, dd, J = 9.0, 8.0 Hz, H-2"), 2.84 (1H, td, J =
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12.5, 3.0 Hz, H-6a), 2.71 (2H, ddd, J = 15.5, 5.5, 1.5 Hz, H-5b, 12), 2.60 (1H, dt, J =
155, 3.0 Hz, H-5a), 2.37 (1H, dt, J = 13.0, 3.5 Hz, H-13b), 1.36 (1H, td, J = 13.0,
11.5 Hz, H-13a). *C NMR (CD;0D,;1@0 MHz): 5 166.0 (C-8), 148.8 (C-9), 148.2
(C-2), 146.5 (C-3), 134.0 (Q Jof (@4, 1288 (C-13b), 120.4 (C-15), 116.1

/ -11), 78.4 (C-5'), 78.1 (C-3"),
e& (OMe-2), 44.5 (C-12), 40.8
a‘ e ’

NMR (CD;0D, 400
1), 3.80 (3H, s, OMe-
[ H3), 341 (0, m, H-
260 (2H, m, H-7), 2.48,
1132, 1.92 (2H, m, H-
JH-1), 1.04 (1H, t, J =
8.0 Hz, H-14). *C, ; (84), 150.3 (C-6"), 150.2 (C-
7'), 147.5 (C-8), 8 E;:---; 17 3Y@5), 116.0 (C-8'a), 114.7 (C-
7a), 110.7 (C-8"), 99.1 (C- —--- (C-4), 59.9 (OMe-10), 59.8 (OMe-
9), 5.0 (OMe-7'), 574G AUENER 3. (C-2), 36.3 (C-12), 36.1 (C-1),

26.4 (C- 4'@ ), 22.8 (C-7

13), 1.57 (1H,

Demethylalarﬂftde 5): l@g 'H NMR (CD;0D,
400 MHz): 5 7%40 (1H, d, J = 2.0 Hz, H-9), 6.64 (1H, s, H-TY"6.54 (1H, s, H-4), 5.53

(1H,dt, J = 112, 7.6, H-14), 5.48 (1H, dW#& 12.0 Hz, H-11), 5.25 (1H, brd, J =

RRHANENTACNNT:

J = 12.0 Hz, H-6'a), 3.68 (1H, dd.@ = 12.0, 5.2 Hz, Hg&b), 3.37 (1H, t, J = @

WA AN Y Y

Hz, H-13b), 1.34 (1H, td, J = 12.8, 2.8 Hz, H-13a). *C NMR (CDs0OD, 100 MHz): §
164.5 (C-8), 147.3 (C-9), 143.8 (C-3), 143.8 (C-2), 132.6 (C-14), 127.6 (C-13h),
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125.9 (C-4a), 111.9 (C-1), 114.6 (C-4), 98.1 (C-1'), 96.0 (C-11), 55.5 (13a), 39.7 (C-
6), 27.9 (C-5), 26.2 (C-12a).

6.83 (1H, s, H-5'), 6,.52"(%*
s, OMe-9), 3.20

(C-7"), 102.6
27.9 (C-7).

. 66168 °C; 'H NMR
\H48), 6.40 (1H, 5, H-5), 6.35
C 0), 2.70 (2H, m, H-7). C
"x\ 7M150.0 (C-67), 146.0 (C-9).
. 1105 (C-8"), 107.5 (C-11),

Demethylpsyag
(CD50D, 400 M
(1H, s, H-11), 3.73
NMR (CD;OD,
145.0 (C-10), 136.6

z):8 4710 O 4165.0

y
j

00
j ".ﬁ-

2.34 Th { VlF DTOXIC aCtlvVIty adalns -CC ineS by MTT
assay L " .,

All tesy compounds 0 €3 Were tested for ytotoxic activity against
HelLa and KB celvlnes by MTT assay. This Essay was kindly performed by Natural

AUy )| EWI WaTme ™
ammmmummmw



CHAPTER I
BIOACTIVE COMPOUNDS FROM THE RHIZOMES OF

A

3.1 Introduction -.._h‘

Curcum 0L in ‘-'._“_; iS.2 nal plant widely
cultivated in tropis ! : - ) gs a yellow colorant and
spice in many f - Ighericy AGHAfri ""-..‘-‘. commonly called
curcuminoids®Mmai ompboges/a; \'i - & with a small amount

of demethoxycu ingé isfieme [gurcumin n Figure 3.1.

1
Curcu 0|ds have been reported to process a vu'ety of biological and

araEcologlcal ‘tﬁs including antioxid@aff [71-72], antnnflammatory [73-74],

ARENTNEINT.

be used as a remedy to treat dlabe@ mellitus [80- 81] and coworkers synt

A WIARSIUA RIINEIRY

analogues was vary, indicating that B-diketo moiety is not crucial in blocking enzyme
function. The results indicated that natural curcuminoids and their analogues could

inhibit the activity of a-glucosidase. The interesting discovery of the a-glucosidase
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inhibitory activity of phenolic compounds like curcuminoids prompted us to study a
series of curcumin analogues.
In the present study, the natugaly curcuminoids and the synthetic curcumin

analogues are synthesized .andiévellidted, itgo for the a-glucosidase inhibitory

oc-GIucosi_d_ ' ) ’ ‘ glu EC. 3.2.1.20) is a
group of me i epzy 3 s “afpibe tPithelium of the small
intestine and i | gnzyme N SUn, Dreaki! Bhtown carbohydrates. It
specifically hydrolySes v I therel an o-D-glucose

from starch asgiOwn gf

OHO

oligosaccharide OH

.0
‘ H on
HI ‘ i l' a-D-glucose

e 3.2 Hydrolysis of 1@uc03|d|c linkages

AU PANYNINYINT...

ollg ccharides such as maltose, |ch are further hydrolysed by membrane-bound

q waaensairAETR
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Et:ir:h lumen  Sucrose
o-amylose ———E]

[]
[ ]
]
L]

Maltose
Maltase h‘:ik:me

Isomcliose
Glucoamylases

I e SIS

o-glucosidase enzyme

i pounds that display
Sacchagide substrate. They act as
competitive inf Uflich Prevent the binding and
enzymatic hydrolyghs g ' _-;. acchar L\‘nh in the small intestine.
Therefore, the inhibi " ;___ ase =\~ ts in lowering the high blood

cular a-glucosidase inhibitors are

Miglitol

Figure 3.4 Structures of a-glucosidase inhibitors



72

3.2 Results and discussion

3.2.1 Isolation of curcumijnai ’

The air-drieg )J ed with 80% MeOH-H,0 to
give the 80% MeQO - ‘ éﬁioned with hexane. The
hexane layer was Mo oress ggto-yield yellow oil. The aqueous
layer was adjus’E_e_d_dt : / leOHHLO ar CH,CI, to give the
CH.CI; extraets C . )Mgflica 98FCC using 1% MeOH-
CH.CI, to affo re ifoidsds sh NirSchemeng. 1. The three isolated
curcuminoids sho , ot T C Were identified as curcumin
(3.1), demethgy@fCurcyfi /. bisge ur 8.3) by comparison on

silica gel TLC withg@uth

—_

curCy TR

...
AUEANENINYINS
RINNTUUNIININY
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Air-dried rhizomes of C. longa
(280 g)

The aqueous layer

(3.1, 352.£g,

De@t 0 ycurcumln

(G -.

NINYIN3

blsde ethoxycurcumm
(3 3 55.3 mg 1.3%)

Scheme 3. l The |solat|on procedure of curcum|n0|ds from Curcuma longa rhizomes
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3.2.2 Synthesis of curcumin analogues (3.3-3.14)

four new (3.4-3.6 and \., d.
were obtained. ~

wagperfafined by adding 3-

methylallyl bromid . & presence ¢ The reaction mixture was
refluxed at 40° After typicaly | dBpwoduct was purified on
preparative TLC \IeOr o-\. Gl t9\8ive diprenylcurcumin 3.4.

)

Similarly, demg demg \ ‘\ rciin 3 were treated with

n I8¢ methoxycurcumin 3.5 and
diprenylbisdemethoxycilifcumiaiies respe (Schée 3.2).
Woohintd a4

the same protocol faffthefynthesisef-3:4 4 /8d

O

4

T 2
&z R 4
g
=
o/\z/k5

. NS
curcumin 3.1 ;4Ré|= umi3.4 ; R' = R°= OMe

1
demethoxycurgiimin 3.2 ; R* = H, R*= OMe diprenyldemethdﬂcurcumin 3.5;R"=H, R’= OMe
bisdemethoxycurcwm3 'R'=R’=zH Wnylbisdemethoxycurcumin 36:R'=R?’=H

Al Y EINANINEIANT

Y |

. Structural elucidation of diprenylcurcumin i 4260 o el
INSHIHERET RN
ormula of Cs;H360s was established by LC-APCIMS (m/z 505. [M+H]Y). In the

'H NMR spectrum of 4 , half of signals for the molecular formula were observed,

indicating that 4 had a symmetrical structure. In the *H NMR spectrum, signals
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assignable to two sets of trisubstituted benzene at & 7.04 (2H, d, J = 8.0 Hz, H-6" and
H-6"), 7.00 (2H, s, H-2" and H-2""), 6.80 (2H, d, J = 8.4 Hz, H-5' and H-5") and two

sets of olefinic signals at 6 7.52 J =, 16.0 Hz, H-1 and H-7), 6.40 (2H, d, J =
16.0 Hz, H-2 and H-6) \*& I'&S_ﬂng the presence of two trans-
cinnamoy! groups. Inag - )ﬁ showed the signals at 6 5.45
-a. (4 d, J ﬁ and H-1""""), § 1.71 (6H,
S, Me-4"" and_MeAgiatit a3 68 {(6H, S e

\iessliegnd, Me-5""""), indicating the
presence of two pr

Ay draxyl.groups at C-4" and C-4".

. \-_.

The positions of pr ¢ @ d C-4" by HMBC cross

.,

peaks betwee )2 -4’ (4 MMB C¢e;refatins of 3.4 were shown

: 1SC ed as yellow solid. The
[M+H]" iong gal n-the LC-APCIM! SGnded to the molecular

formula Cohiaf0 ar Mgiat of 3.4, except for

— L =t .
the presence oEHwe methoxy aromatic gﬁtems. The signals of a
-6"), 6.83 (2H,d,J=8.8

disubstituted benzepe at & 7.43 (2H, d, J = 8.8 Hz, H-2' and
HZ ol 3% a -2’ epved, 4nead the. siopals ofia teisubstituted
befizehe. Ingddftign, the % e prasefc tvﬁrenyloxy

grmg at §5.43 (2H, dd, J = 6.8, 1.6 Hz, H-2"" and H-2"""), 457 (2H, d, J = 6.8 Hz,
H-1"""), 4.49 (2H, d, J = 6.8 Hz, H() 1.77 isH, s, @), 1.74 (3H, s, Medl"")
il

N RININTE AN AN BT e
q between H-1""" ["C-4""and H-I"""/"C-4"" ‘Confirmed the positions 0 "these prenyloxy

groups. Key HMBC correlations of 3.5 were shown in Figure 3.7.

=
D
=
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NMR spectrum, the
] = 8.4 Hz, H-2', H-2",
-5 and H-5") were

' 4 2 i "l.l \
observed, but mgghoxyfSiggal 4-}“,'{;’ octed Al adgitiony the 'H NMR spectrum

H-6' and H-6

i i i _— 3
also showed the preg c 0' ’_fi' XY , at 8588 (2H, m, H-2"" and H-2"""),
4.44 (4H, d, J= 6 HZ; 1" 3 ‘. : :t, , (6H, M and Me_4uu) and 1.67
(6H, s, H-5"" and M5 ‘.r‘:if_-i'-u-:, Hi'-- imeng the correlations between H-

4/C-3(5) and H-1"" (1””) [ C-4~A“mnd dathat methylene group was flanked by
j
at C-4" and C-4".

two carbonyl.groups 8 ttafd
e y -

respectively.. key-HMBC-cofrelations-of-3.6-was-shown-H-Figurc.3.9.

j

*ng%ﬁ

Figure 3.8 Kgy HMBC correlati Qns,0f 3.6

q W’] A9NIUURIANYAY

Curcumin (3.1) was acetylated using acetic anhydride in pyridine. The
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mixture was stirred for 1.5 h at room temperature. After typical work up, the crude
product was purified on preparative TLC developed with 1% MeOH-CHClI; to give

diacetylcurcumin 3.7 (Scheme

same protocol for the synthesis of

fSlmllarly, demethoxycurcumin 3.2 and

&h

i curet ylblsdemethoxycurcumln 3.9,
respectively. Of compail :3 hesized,

dlacetylcurcum|n0|d whose

s g dz%

structure was confirmed

G0in'Glk; R' = R’= OMe
W,

demeth curcumin 3.8 : R = H, R?= OMe

‘.
\ h
\

jiacetylhi '\ kycurcumin 3.9 ; R"'=R*=H
A \ \
ming d (31-3.3)

Structural eIumda ?-;--r- minoids (3.7-3.9)

, e v ‘ of signals for the molecular
formula, i “':I'l;' ing-that 3.7 had a symmetrical structure. Furthermore, the 'H NMR
spectrum s Yoy .08 (2H, d,J=8.0

==t fper
Hz, H-6' and I-M”), 7.06 , brs , 0.99 (ZhM, J=8.0 Hz, H-5' and
H-5"") and two seéof olefinic signals at 6 7.54 (2H, d, J = 16.0 Hz, H-1 and H-7),

g LAY ok 1 AT Fate

H s, Me-2""and Me-2"" ) indicating that two hydroxyl groups in 3.1 were

replaced by acetyl groups. Howev the structure of 3 Wes identified on the A
9 Wﬂ ‘ﬁ FAt A I B4R §)
as dete lac

Diacetyldemethoxycurcumin 3.8, the 'H NMR spectrum of 3.8 was

similar to that of 3.7, except for the presence of one methoxyl signal and different

aromatic systems. The signals of a disubstituted benzene at 6 7.49 (2H, d, J = 8.4 Hz,
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H-2' and H-6"), 7.06 (2H, d, J = 8.4 Hz, H-3' and H-5") were observed, in addition to
the signals of a trisubstituted benzene. In addition, the *H NMR spectrum also showed
H, s, Me-2""") and 2.24 (3H, s, Me-2"""").

the presence two acetyl protons a

However, the structure of 3,8, WaSidentifi e basis of spectral data comparison
with literature value . ‘ )ﬁ 3.8 was determined to be
diacetyldemethoxycOreumit ey
= — —;
i ' ; im=8:Qawaswisglated as yellow solid. Its
" ’

C23H2006. Th ' 9 sk Ol gnals for the molecular

formula, indicati

signals of two sets i nzene a \ ‘- J =8.4 Hz, H-2', H-2",
H-6' and H-6')dfc | =g A A B@nd H-5") and a pair of
trans-olefinic pro | ‘ " .:\\" - H-7), 6.49 (2H, d, J =
15.6 Hz, H-2 4 JWere observed. I additio \ e NMR spectrum also

showed the presen | $ 2.25(B '§AMe-2'"" and Me-2"""). The
‘ en \ _2!!! (2!!!!) and C_l!!! (1!!!!)

confirmed the presence of“tive acel ,"; ey HMBC correlation of 3.9 was

O 1™ Me om

o Me” 1?0

g
AUEINLNINYINT
QRIAYAEIATIAN I Y

e methylation of curcumin (3.1) was performed by adding methyl

iodide / acetone in the presence of K,COs. The reaction mixture was refluxed at 40°C

for 1.5 h. After typical work up, the crude product was purified on preparative TLC
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developed with 1% MeOH-CH,CI, to give tetramethylcurcumin 3.10. Similarly,
demethoxycurcumin 3.2 and bisdemethoxycurcumin 3.3 were treated with the same

iye tetramethyldemethoxycurcumin 3.11 and

protocol for the synthesis of 3.10 to . l
X ir

he same protocol for the
synthesis of 3.10 anchi . The *H NMR spectrum of

3.13 was similaw . , roup was not methylated. In
addition, compound 3145 : \ singatrimethylsilyldiazomethane from

bisdemethoxyci

. i po' 1 I'- ‘ ) 0 0
' * A R . | 7, 2

R! N v A BN L NN R

J : == TR L’ Me  Me "
0 ; / J Fa. i A O OMe

; LRl= [ 2N n %

cureumin 3.1; R = J i a tetr thylélccumil, 3.10 ; R' = R>= OMe
demethoxycurcu = I RN 1, tefe "-;\‘ defcthoxycurcumin 3.11; R! = H, R*= OMe

\'u
o O

0 \ :
MeO x MeQ. I 1\ NN OMe
J O
HO MeO OMe
curcumin 3.1 g e ol _ d1methylcurcum1n3 13
@ I N O
Me
L & J OMe
O N 3 ethyl emethoxycurcumm 3.12
HO H = OH l

TMSCHN,

blsdemethoxycu

ﬂuﬂqnﬂws

Scheme 3.4 Metf‘latlon of curcumingigls (3.1-3.3)

AR TANS AN niaagy

protons, which approximate pK, values of phenolic and methylene protons are 10.0
and 11.0, respectively [86]. Therefore, enolate and phenoxyl anions were generated in

the base condition. The propose mechanism of reaction involved deprotonation of
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phenolic and methylene groups to give phenoxyl and enolate anions (Scheme 3.5),
respectively. In addition, the acidity of phenolic groups can be enhanced by resonance

effect throughout the structure. Generz

treatment of curcuminoids with alkylating

amount  of Se drguminoids  (3.10-3.11)  and
' 1 i that both of hydroxyl

OV

trimethylbisd

and methylene L of base may be related

H : 2N - ‘_-;' . e
§ 2
A SEeR e € N R
"""""" -' H H
, V) o

e B

i

HNINYINT

enol form (more stable)

q mmﬂﬁmw%mma d

Structural elucidation of tetramethylcurcuminoids (3.10-3.11),

trimethyibisdemethoxycurcumin  (3.12),  dimethyicurcumin  3.13  and

dimethylbisdemethoxycurcumin 3.14
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The 'H NMR spectrum of 3.10 showed half of signals for the
molecular formula, indicating that 3 h da symmetrlcal structure. Furthermore, the
d benzene signals at & 7.30 (2H, d,

z, H-6’ and H-6""), 6.95 (2H, d,

singlet signal ' ‘ \ I\cs4!y). and o 1.42 (6H, s, Me-4),

indicating that ; ane methy fene @i0Rs in 3.1 were replaced

! | NMR spectrum of 3.11
was similar to that 10,.8xcept for eseric@hof one methoxyl signal and
different aromatic sy -vm--."--‘-,‘- als of geStituted benzene at 6 7.46 (2H, d, J
= 8.8 Hz, H-2" and H-6') -3" and H-5") were observed, in
addition t } ibstit gdigfon, in the 'H NMR
spectrum sle % / j>381 (3H, s, OMe-

4") and § 1.464 ' andstwo methylene protons
in 3.1 were replaced by methyl groups. Thus, the structure M 11 was determined to
be tetramethylden‘t@curcumm

AU HANYNINANG. ..

NMR spectrum of 3.12 sh ed half of the signals for the molecular formula

q RS I I NYIa Y

of disubstituted benzene at 6 7.45 (4H, d, J = 8.4 Hz, H-2', H-2"", H-6" and H-6"") and
6.84 (4H, d, J = 8.8 Hz, H-3', H-3”, H-5' and H-5"") were observed, instead of the

signals of two trisubstituted benzene in 3.10. In addition, the *"H NMR spectrum also
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showed the presence of one methyl group at & 2.14 (3H, s, Me-4). The above data
indicated that both hydroxyls and one methylene proton of 3.12 were methylated. This

? en Me-4/C-3, C-5 (6 182.0) and Me-4/C-
} own in Figure 3.10. On the basis of
: tively determined to be

was supported by HMBC correla .\ 3
4 (5 106.0). Key HMBC corgeRhions
NMR data, the 2 Noh

Dimethyficug@umin 3,13, 1 _ pectrdlp of 3.13 showed half of

L] ' r
- ey
signals for the molegUlagfobmiHes !'.’P:

I wiad a symmetrical structure.
’ & -‘—.

Furthermore, the % NMIR speﬁ- c*ﬁ‘ yo setS @f triSubstituted benzene signals

at $7.13(2H,d, J=80 H _,ﬁ{-f.r.fm (2H%brs, H-2’ and H-2"), 6.87 (2H,

d, J = 8.4 Hz, H-5 and H 5 and-twos glefinic signals at 6 7.59 (2H, d, J =

16.0 Hz, H-1 and - 6.487(2H, dy J°

presence oL lwo-trans-cinnamoyt—groups.—n—aaaition.

and _k-6), suggesting the

SRMhE I NMR spectrum
|

OMe#4"") and signals of

|
- mAdicating that OHMWO hydroxyl groups in
3.1 were replacedP/ methyl groups. However, the structure of 3.13 was identified on

th iS% O r it ri i e |83} Therefore, the
Dimethylbisdemeth&ycurcumin 3.14, ti8%H NMR spectrum of @il

QRaeSHA AR RY

benzene at 6 7.45 (4H, d, J = 8.4 Hz, H-2', H-2"", H-6' and H-6"") and 6.80 (4H, d, J =

showed a Ska gle

==t
methylene gro@ at § 5.8

8.8 Hz, H-3', H-3"”, H-5' and H-5") were observed, but methoxy signal was not

detected. In addition, the *H NMR spectrum also showed the presence two methoxy
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groups at 6 3.85 (6H, s, OMe-4' and OMe-4") and signals of methylene groups at &
5.70 (2H, s, H-4), indicating that only two hydroxyl groups in 3.3 were replaced by
methyl groups. However, the structugejofy 3.14 was identified on the basis of spectral

1

s3] \
wo -3 *\

A N
es of ,;.}:-: B31a \!‘ mMyespectively, which were

ited More p

AN

e resultSsuggested that simple curcumin

ent"inhibitory activity than

0 moiety possessed enhanced
ylcurcuminoids (3.4-3.14) showed

lower inhibitory activity " the natural curcuminoids (3.1-

3.3). The r@s e intre ﬁ‘ ydroxyl groups of
R — :ni
curcuminoi Wids. Therefore, the

ek We assumed that the
'of curcuminoids and curcumin analoguesluhyed a very important

role on the enzymﬁrﬂmtory activity.
methoxy
cuﬂﬂ uﬂ ?rﬂ Hmﬁh(w\zjnma inhibition
W|th e 1Cso values of 1.39, 0. 89 d 5.27 mM, respectively. The results sg;ted

AR FTSINTING)

dimethylbisdemethoxycurcumin 3.14, whose C-4 were not methylated, were

hydroxyl grougs
hydroxyl gro

synthesized and evaluated for a-glucosidase inhibitory effect. However, 3.13 and 3.14

showed poor inhibition (ICso > 10.0 mM.), thus indicating that the presence of C-4
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methylene proton is not associated with blocking enzyme function. Furthermore,
curcumin analogues 3.5, 3.8 and 3.11 were asymmetrical curcuminoids which
exhibited more potent inhibitory actiyi
3.6-3.7,3.9-3.10 and 3.12- |

In conclusion

an the symmetrical curcuminoid congeners

: Jﬁ . longa showed potent a-
3 ted curcuminoids exhibited

glucosidase inhibit

weak |nh|b|tory eﬁecEE T sidases suggested that the hydroxyl
2 S

I1Cs0 (MM)
curglimini(3. Y. 7 AW N 0.81
demeth )ras F 0.31
bisdgfeth i _. :' | ‘ 0.47
diprenyl min34) —— b 0.90
diprenyldem rcumin (3.5 0.73

"!7;* 1.30

7777777 2.87

2.56

Ij >10.00

H amethylcurcumin (3.10) 1.39

tetrﬁwdemethoxycurcuminul) 0.89

ﬂummmwwmnﬁ
! ! th 3)

q’ d|methylblsdemethovcurcumln (3.14) o %10 .00

AR
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3.3 Experimental

3.3.1 General experimeptal jpgogedures

The NMR ~-—-- 4 u e /ﬁ

. Thwhemlcalsmfs_am;(ppm) were assigned with
reference to the signals«e ‘ profons

s-j--.l: ents or using TMS as an

\

v and NN MS-spectra were obtained from
a VG TRIO BTy \"'-"':\;_ adlysis 3.3 (micrOTOF) mass
34and 7729 were used for

open column chrogd&toggaplly. fTRimslayes Ehrematographin(TLC) was performed on

model Mercury+ 400 nuclear

( A A .I -
. o
,.

The air-dried gzo HJI g (28810 g) were refluxed with 80%

MeOH-H,0 to give the 80% _‘. ;.:::_.;-.: act. The extract were partitioned with
. A, o oy "
hexane. The hexane layes f'!"‘l raporae 3( ed pressure to yield yellow oil

ﬁhd partitioned with

sj.lre to yield orange

(21.4 9). kg

CH.Cl,. THe'
powder (42.9 g)*{The ed ‘ ilica gel CC using 1%
MeOH- CHzC|?~lL afford three known major compounds, mch were identified as
curcumin (3.1), ‘emoxycurcumln (3.2) @p# bisdemethoxycurcumin (3.3) by

AUBINUNTNEINT

3 3 General procedur%,for the preparatlon of curcumin analogues

A 1&NT SUUNIINEIAY

of curcumin (3.1), demethoxycurcumin (3.2) and bisdemethoxycurcumin (3.3), using

four reagents; 3-methylallyl bromide, acetic anhydride, methyl iodide and

trimethylsilyldiazomethane. The first reagent, 3-methylallyl bromide was reacted with
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curcumin (3.1), demethoxycurcumin (3.2) and bisdemethoxycurcumin (3.3) to give
diprenylcurcuminoids (3.4), (3.5) and (3.6) respectively. The second reagent, acetic
anhydride was reacted with cu (3 1), demethoxycurcumin (3.2) and

c cuminoids (3.7), (3.8) and (3.9),

respectively. The third agent,. I - reacted with curcumin (3.1),

bisdemethoxycurcumin (3.

demethoxycurcumirns 7 -;:7; { umin (3.3) to give

tetramethylcurcuminol Sels : and =t sdemethoxycurcumin (3.12),

respectively. Dimethyl i as SYniltesized using the same protocol for
the synthesis YOrous O3 were used while
dimethylbisdem il [3.1498was\ SyrihesizeiSing the protocol for the

synthesized of 3.12.k i lyldiazometbane y (2 Sed instead of methyl iodide.

A mixtre ofcurclmink3.1, 535 mg, 0.15 mmol)
and excess anhy fous 2 ’-,.:" mm in dry acetone (1.5 mL) was
- 7 . The mixture was refluxed for 2 h
at 40°C. The reaction mix{ereswas;extra ith CH,CI; (5 x 20 mL) and washed
with 1M H times. 1 1, ied 0

and Conc . |_|l_-|-|.|_|—l_unn-_r-—lll_L\‘iii;ﬁim;ﬁﬁiiiii;—-i-nlu T was purlfled on

-anhydrous Na;SO,

preparative +C ¢ v&& (7.0 mg, 13%) as
yellow solid; “HINMR (CDCT5 200" MHZY6757 (2H, d, JﬂGO Hz, H-1 and H-7),
7.04 (2H, d, J = B@HZ H-6 and H-6"), 700& brs, H-2" and H-2""), 6.80 (2H, d, J

ﬂﬂﬁlﬁﬂﬂ?ﬁ“ﬂﬂﬂgﬁiﬁl

OMe 3" and OMe-3"), 1. 71 6H, s, Me-4""" and Me-4"""") and 1.68 (6H, s, Me-

q RIGAS Al S nYYaL

119.4 (C-2', 2""), 112.4 (C-5', 5), 110.0 (C-6', 6"), 109.8 (C-2', 2""), 101.4 (C-4),
65.8 (C-1"", 1), 56.0 (OMe-3', 3"), 25.8 (C-4"", 4"") and 18.2 (C-5", 5'"""), LC-
APCIMS m/z 505.2437 [M+H]" (calcd for Cy;H3s06+H, 505.2512).



87

Diprenyldemethoxycurcumin (3.5). A mixture of demethoxycurcumin (3.2,
60.7 mg, 0.18 mmol) and excess anhydrous K,CO3 (75.0 mg, 0.54 mmol) in dry

acetone (1.8 mL) was added 3-me I lyl bromide (110.0 pL, 0.90 mmol). The

mixture was refluxed for 2 hsats "w‘ mlxture was extracted with CH,ClI,

(5 x 20 mL) and washegait X\ HC : The CH.Cl, layer was dried
over anhydrous Na; 53 ANG ‘ der red ___ ressure. The crude product

was purified on preparati e | Withad% -CH,ClI; to give 3.5 (6.8

mg, 12%) as yellow ) 67.64 (1H, d, J = 15.6
Hz, H-1), 7.6 =88 Hz, H-2' and H-6")
7.06 (1H, dd, J _ | -2"),6.83 (2H, d, J =
8.8 Hz, H-3' and b5, ¢ ed=8 1 H \ Q83 (1H, d, J = 15.6 Hz, H-

K, N b
2), 6.61 (1H, | 6), B74( N3, 2Mld, ) = 6.8, 1.6 Hz, H-
2" and H-2""), ) @, d, J = 6.4 Hz, H-1""),

3.85 (3H, s, OMe-3 W70 (¢ Me ."; Yy Sy\e-5"") and 1.73 (6H, s, Me-
4" and Me-5"" | 1880 (C-3, 5), 160.05 (C-4",
1505 (C-4"), 149.5 (QF8"") MATOHC | ), 138.5 (C-3"""), 129.8 (C-2',
6'), 129.0 (C-1"), 123.0 (C-2- :t;:—-;; ¥119.2 (C-2'""), 115.0 (C-3', 5'), 112.6

(C-5), 110.0 (C- 6 , 0.(C-1'), 56.0 (OMe-3"), 26.0
(C-4"", 4"%y-and 18.3 (C-5", 5""), LC-APCIMS m/ _)[M+H]+ (calcd for
C30H3505+'t

Dipren lsdemethoxycurcumln (3.6). A mixture 0 |sdemethoxycurcum|n
(3.3,55.6 mg, 0.1 nﬂl) and excess anh dercog 75.0 mg 0 54 mmol) in dry
ﬁu ) Was %ﬂﬁ oI) The
mlque was refluxed for 2hat4 e reac ion mixture was extracted with CH,Cl,
(5 x 20 mL) and washed with 1M #cl for several timgsml he CH2Cl layer wagydsi

qRIRSNIMINA MNHIRY

mg, 16%) as yellow solid; *H NMR (CDCls, 400 MHz) §7.58 (2H, d, J = 15.6 Hz, H-
1 and H-7), 7.34 (4H, d, J = 8.4 Hz, H-2', H-2"", H-6' and H-6""), 6.78 (4H, d, J = 8.4
Hz, H-3', H-3", H-5' and H-5""), 6.58 (2H, d, J = 15.6 Hz, H-2 and H-6), 5.75 (2H, s,
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H-4), 5.38 (2H, brs, H-2"" and H-2""""), 4.44 (4H, d, J = 6.8 Hz, H-1"" and H-1""""),
1.72 (6H, s, Me-4""" and Me-4""") and 1.67 (6H, s, Me-5"" and Me-5""") ; *C NMR
(CDCl3, 100 MHz ) &183.0 (C- (C-4', 4, 140.0 (C-1, 7), 139.0 (C-3"",
21.8 (C-2, 6), 119.5 (C-2'", 2"""),

0(C-3, 5, 3", 5" )lglanCed) 66.0 G4 25,8 (C-4, 4") and 18.2 (C-
5", 5"""), LC-APCIMS TIZA#5 T 0H3204+H, 445.2301).

50.6 mg, 0.14 mmol)

in pyridine (1.5 ed Ac nhydrige . J mmol). The mixture
was stirred for#. temperat Al \‘-.;I‘} it was extracted with
CH,Cl, (5 x 20 ' with 1 for'sewefalitimes. The CH.CI, layer
was dried over” anh Na;S0z and concenira -\,\n' reduced pressure. The
crude product was @rifi W VeriC _ sedilvith 1% MeOH-CH,ClI, to

give 3.7 (3.1 mg, 6%) 88 yelloWsolid-—H-NMRYCDGH 4100 MHz) 5754 (2H, d, J =
16.0 Hz, H-1 and H-7), 7.08 2Ek0, =800 T1-6' and H-6"), 7.06 (2H, brs, H-2
and H-2""), 6.99 (2H, d. Ji= 8044 86.43 (2H, d, J = 15.6 Hz, H-2 and
H-6), 5.79@, hartd, 227 (6H, 5, OAc-4

and OAc-41). _. .'.\J

11l
Diacet emethoxycurcumin (3.8). To a solution ofg&methoxycurcumin (3.2,

52.4 g, 0.16 m Inayrldlne 1.6 mL) waSlaflded acetic anhydride (75.0 ;,tL 0.80
r t 2Cl> (5% ashed l for seVeral times.

The CH,CI; layer was dried over @nydrous Na,SO4 concentrated under r

q Wiii mm SEAtI) .'IJAMI?TJ’ o

0756 (1H, d, J = 16.0 Hz, H-1), 7.54 (1H, d, J = 16.0 Hz, H-7), 7.49 (2H, d, J = 8.4
Hz, H-2" and H-6"), 7.08 (2H, brd, J = 8.4 Hz, H-2" and H-6"), 7.06 (2H, d, J = 8.4
Hz, H-3" and H-5"), 6.99 (1H, d, J = 8.0 Hz, H-5"), 6.49 (1H, d, J = 16.0 Hz, H-2),
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6.48 (1H, d, J = 15.6 Hz, H-6), 5.78 (2H, s, H-4), 3.82 (3H, s, OMe-3") , 2.27 (3H, s,
OAc-4') and 2.24 (3H, s, OAc-4").

3.9). To a solution of
: )4 pyridine (1.8 mL) was added
h&, L__;_ s stirred for 1.5 h at room

deyyith«CH>Cl, (5 x 20 mL) and

washed with 1M HC ‘ al times. iThe \ 12Ct> dried over anhydrous
Na,SO, and ‘ : SEUAEP oduct was purified on
preparative TL ) i M \\ \ ‘ .9 (25.0 mg, 47%) as
yellow solid; *H Ny ' ¢ f:- )6 A58 . 16.0 Hz, H-1 and H-7),

‘u\ .

. | d, J =8.4Hz, H-3', H-
3, 15’ and H-5f 648 (3. "0 \ais ""-y W), 5.76 (2H, s, H-4) and
\- 44077 ‘7 0Hz)§1830(C3 5),
169.0 (C-1"", 1) M52.6 ‘ . ( BC-2',6',2",6"),129.0 (C-
1',1"), 1245 (C-2, 6 Y= 3 92.0 (@44) and 21.0 (C-2'", 2""""), LC-
APCIMS m/z 393.1340 [M ~-= slcd-for 006+H, 393.1260).

3 10),

tnmethylb@ 9}13) and
dlmethyldeblﬂth "
Tetrametlﬂlﬁumm (3.10). A m| of curcumin (3.1, 51.5 mg, 0.14

' ‘i:i HAHN TN T »

0°C he reaction mixture was e@aoted with CHZCIax 20 mL) and wash

q VIR R T 8¢

TLC developed with 1% MeOH-CH,CI; to give 3.10 (22.0 mg, 43%) as yellow solid;
'H NMR (CDCls, 400 MHz) §7.59 (2H, d, J = 15.6 Hz, H-1 and H-7), 7.30 (2H, d, J
= 1.6 Hz, H-2" and H-2""), 7.21 (2H, dd, J = 8.4, 1.6 Hz, H-6' and H-6""), 6.95 (2H, d,
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J = 8.4 Hz, H-5" and H-5"), 6.88 (2H, d, J = 15.6 Hz, H-2 and H-6), 3.83 (6H, s,
OMe-3’ and OMe-3"), 3.81 (6H, s, OMe-4" and OMe-4"") and 1.42 (6H, s, Me-4).

L)y A mixture of demethoxycurcumin

» /d (64.0 mg, 0.45 mmol) in dry
acetone (1.6 mL) was*addee .,._," |$|de (&h.ﬁ mmol). The mixture was
—— ’

refluxed for 1.5 h.at actign m| (reswasgextracted with CH,Cl, (5 x 20

mL) and washed wi € for jseveral. tiimes RRRCHCl. layer was dried over
anhydrous Na3 ’c fde \-"- x;\; re. The crude product was
purified on pre ] | itF \. v 0L, to give 3.11 (5.3 mg,
7 H, d, J = 15.6 Hz, H-1),
J-2%hd H-6), 7.10 (1H, dd,
(2H, d, J = 8.8 Hz, H-3'
and H-5"), 6.82°(1H, 4z -5/ B, 6: A% = 15.6 Hz, H-2), 6.61 (1H,
d, J = 15.6 Hz, H4 o __ ; | \. /W 3.81 (3H, s, OMe-4") and

\

Trlmethylblsd ~3‘ﬂfﬁ, b2). A mixture of

blsdemeth(&i ! @drous K2CO3 (69.0
=
mg, 0.51 gjde (200.0 pL, 0.85

mmol). The ture I@reaction mixture was
extracted W|th H,Cl, (5 x 20 mL) and washed with 1M for several times. The

CH2CIE layer Wa‘(ﬂ over anhydrous N#g8@, and concentrated under reduced

BYAINEN TN -

MHz) 67.65 (2H, d, J = 15.6 Hz, flandH?) 745ﬂd J=8.4Hz, H2’

AR UNINLIRY

3C NMR (CDCls, 100 MHz ) §182.0 (C-3, 5), 161.5 (C-4', 4""), 140.8 (C-1, 7), 129.6
(C-2,0, 2", 6"),129.0 (C-1', 1), 118.4 (C-2, 6), 114.2 (C-3/, 5, 3", 5"), 106.0 (C-
4), 55.1 (OMe-4’ and OMe-4"") and 12.0 (Me-4).
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Dimethylcurcumin (3.13). A mixture of curcumin (3.1, 24.2 mg, 0.07 mmol),
excess anhydrous K;COj3 (18.0 mg, 0.21 mmol) in dry acetone (1.5 mL) was added
methyl iodide (50.0 uL, 0.35 mmol ixture was refluxed for 1.5 h at 40°C. The

| |
reaction mixture was extractedWiyth mL) and washed with 1M HCI for
several times. The CHoGlNayBNG &s Na,SO,4 and concentrated
’_

ified on preparative TLC

22.7%) as yellow solid; 'H
| and H-7), 7.13 (2H, brd, J =
, 6.87 (2H,d,J=8.4
&l45.52 (2H, s, H-4), 3.93

8.0 Hz, H-6'
Hz, H-5' and H

. a N gdded dropwise 2.0 M
trimethylsilyldi n hexane \til Ve S \ p isted. The mixture was
gthe reagtio Winixture was evaporated to
veloped with 100% CH,Cl, to
» R (CDCl3, 400 MHz) 67.60 (2H,
1z, H-2', H-2"", H-6' and H-6""),

2@ J =156 Hz, H-2

- :':.'
3.3.4 a- Jucosidase inhibitory assay U‘

= I | 2
fl u&m AENINEND
e a-glucosidase nhibitory activity was performed using colorimetric

method with a slight modification UQ] The a- gluc051 activity was determl

q IR MARTINGTRY

dryness, the residue
afford 3.14 (5.0 mg,
d, J = 15.6 Hz, H-1 and 54

6.80 (4H, @-

*
-
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OH

yeast and p-nitrophenyl
a-Aldrich (St. Louis, MO,

a-D-glucopyranosidgf(p _;’ \\‘.
1€op anoside was prepared in

USA). The substfate 10N Paittic b0 -D-0
0.1M phosphate buffeffandyg im. ted.to. | BsimOleite a model of intestinal fluid.
Yeast glucosidase was :.'”?_ - HvE phate buffer (pH 6.9) to yield 57 U/mL

stock-solution, whi flmphosphate buffer to get the

concentratign” Bayer/Vital, Leverkusen,
Germany) ts ¢ L‘mtjined from a local

- =]
pharmacy. Blcm ad mi \ V}ﬂ\j‘ used to measure the

absorbance at 5 nm of enzyme reaction.

ﬂ%ﬂc@eﬂﬁlﬂ?ﬂﬂ’]ﬂﬁ

In the 96-well platgf’ 10 uL of test c ounds dissolved in

q IR INRINISY

reaction was terminated by adding 1M Na,COs. The increment in absorption at 405
nm due to the hydrolysis of pNPG by a-glucosidase enzyme was measured. Percent
inhibition was calculated according to the equation shown below [90].
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Aplank - Asample
% inhibition = % 100

Ablank 1 . gopirol without test solution

Asample o e e yith test solution

The ICsq valu ‘ine(grom aploL o _percentage inhibition on the y
. | ..___‘_}'. S—— ]

axis against conce ,r'a.ti |

on the
..d. \

AUINENINGINS
RIAINTUNRIINYIAY



CHAPTER IV

Gnetum macrost W | | 1S “‘x compounds; 5,7,2'-
trihydroxy-5'-methg e/ (11 stetaier (3.10), along with eight
known comp ; o iy droxy-2 hoxyflavane 2), resveratrol (1.3), 3-

methoxyresveratgh?(L.4) shegansu™B (L ' i, (%8), gnetuhainin C (1.7),

\\ 1 stibinoids isolated from the

== : [
5,7,2'-trihy;[3(y-5'- ﬂi _ N
methoxy fla¥éne (1.1) 5,7#trihydroxy-3
5-hydroxy-7, 2ig5'; OMe OMeg 4  methoxyflavavone (1.2)

ARETNENINEINT

d| ethoxy flavone (1 1c)

RA8 NIRURITNEIR Y

macrostachyum lianas
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-l NEJ’J%EJVHWE’TTT‘E

mach ‘ tachyum lianas (cont.)

QW’INﬂ’ifUSJWYJVIEI’mEJ
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Figure 4.1 The isolglt : and i di8tibinoids from Gnetum

i Y ; \ \

ate compolinds - except setra \' 1.10 were tested for radical
scavenging on DPPH#The f “'"'-"ﬁ"ﬁf" etulh (1.6) was the most effective
compound in antioxidant  actety— alues of 0.21 mM. In addition,
resveratrol (1,3), 3

(1.3), 3-methoxyresveratrol (: ol (1.9)
active in antioxigant acuvity witn 1Csp ﬁe

respectivel)l L

-

==t | -

M i

4.2 Bioactive compounds from the roots of Alanglum salviitlium

wa mru e extracts of the roots o Ianglum salviifolium led to the |solat|on of seven

known alkaloids, psychotrine .’(2 1), alangisidggmy(2.2), 3-O-demethyf2#O

WIRNES RUNIAINIAY

compounds from the roots of A. salviifolium were characterized by spectroscopic

re also found to be
and 0.53 mM,

methods as well as comparison with the previous literature data and summarized in

Figure 4.2.
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OH

demethylpsychotrine (2.7)
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Figure 4.2 The isolated compounds from Alangium salviifolium roots
The evaluation for cytotoxicity against KB and HeLa cell lines showed that

compound 2.1 has highest cytotoxici inst both KB and HeLa cell lines with 1Cs

The future work “maysinvolv is of isolated compounds for

increasing quantity ‘andsoiologi 7. Vi developed into new drugs.

4.3 Bioactive comp@#inds™

The isolatiog Of, i ot '. » Curcuma longa afforded
three major kn@tn ) ] cure 1 eMbxycurcumin (3.2) and
bisdemethoxycurcugy n &) ' by alkylation to afford ten
curcumin analog s |ch in uded fol compgunds; 3.4-3.6, 3.9 and seven

known analogues 3.7/8.8, 8 :’?' f"

of '@l compounds are summarized

in Figure 4.3.

cu umin 3.1 : R, R=H

ﬂwﬁ“ﬂﬂﬂ wmm

tetramethylcurcumin 3.10 ; R= Me, R'= Me
dlmethylcurcumln‘13 R= Me, R'= 1=

ammmmummmw

Figure 4.3 The structures of curcuminoids and curcumin analogues
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bisdefethogfcugfuning.3 {R=
diprenyIQi€demethgXycurclimin s

diacetylbigd ethoxyeureun

4

dimethyIbi€der ) hoxycy ‘.f'.'r.f:‘_..,_"

5y

g —
e . r————

P73

Figure 4.3 The stwc HE s of curcuminoids an cumin analogues (cont.)

AULANENINAIDT...

analoQues 3.4-3.14 were evaluated'by colorimetric thod Curcum|n0|ds 3.3

AWIRAN SURITNGINY

exhibited more potent inhibitory activity than synthesized alkylcurcuminoids (3.4-
3.14). Interestingly, the synthesized alkylcurcuminoids (3.4-3.14) showed lower
inhibitory activity with higher 1Cs, values than the natural curcuminoids (3.1-3.3).



100

The results suggested that simple curcumin having at least one hydroxyl group
attached to aromatic moiety possessed enhanced inhibitory effect whereas, the

that the methyl inall curcy s Mightybe affect in inhibitory
i pethylcurcumin  3.13  and
S VAT methylated, were

3gt. However, 3.13 and 3.14

%
\ \

synthesized and evafli , se‘inhibitory, e

ing"hat the presence of C-4

? ’m i \ sine function. Furthermore,
o] 3 A d ‘ .
exhibited more poten / “.{{:J__ mmetrical curcuminoid congeners
3.6-3.7,3.9-3.10 and 3.12-

curcumin analogles 3 e asyimnetrical curcuminoids which

F

In cegclusie ga were. found as potent a-

ibitors while the synthetic alky dfs exhibited weak

inhibitory effeéts'a
==t ) ]
in curcuminoids play a ve portant role'on‘the enzyme in 'I itory activity.
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