CHAPTER 3

RESULTS AND DISCUSSION

3.1 Primary Bioassay Screening Results of Crude Extracts.

3.1.1 Antioxidant test |

Free radical scavenging activi WH assay (qualitative : TLC autograph
and quantitative : spectroph%\%i@\ ﬁ)or primary screening test for
antioxidants of all crude extracts from Dqﬂ)erwhinensis :

Table 3.1 Qualitative xidant s fror Tk\wto\hic assay of various

crude extra

CA# .
Crude extpacts ‘ " . N .ﬁ‘ntioxidant
Hexanes v P Negative
Dichlorometh 4 ,}::‘..: <Nt 4 Positive
Ethyl acetate ‘_ ;h:_ﬁ_; Positive
Methanol *:-.i . positive
{E‘l =

-
Y

Table 3.2 Quantitative| t1oxi

various crude extracts.
& o~

Crude ﬂmg ?_a aS v
extracts ppm) L %verage
CHZOa i q gl%g@q . ,...IO é% 93.28
q 02336 27822 | ©.24666- | 101251 86.95
100 0.93669 | 0.95248 | 0.92920 | 0.93946 51.20
50 1.47382 | 1.39056 1.37242 1.41226 26.64
EtOAc 500 0.16045 | 0.16747 | 0.16396 | 0.16396 91.48
250 0.18941 0.19102 | 0.18166 | 0.18736 90.27
100 1.07185 | 0.94902 | 0.94812 | 0.98966 48.59
50 1.35837 | 1.40468 1.41171 1.39159 27.71
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methanol crude
extract

MeOH 500 0.43414 0.43810 0.46024 0.44416 76.93
250 0.28215 0.27621 0.28294 0.28043 85.43
100 0.82629 0.80119 0.80696 0.81148 57.85
50 1.38992 1.36940 1.33255 1.36395 29.15
DPPH 0.3 mM 1.91212 1.93011 1.93292 1.92505 -
e extracts
=)
= 100
=1)]
s a0 g
; 60 Dichloromethane
g - crude extract
3 40
= Fthyl acetate crude
< 20 extract
-
X 0

]

-

Figure 3.1 Scavenging effect of crud

xtracts

AU INENINYINS

Table e efficient conce atiori"(l o) of crudesextracts o/
4 W et
Hexanes NT
Dichloromethane 118.95
Ethyl acetate 117.21
Methanol 87.03

NT® = not tested

ICs, is the concentration that inhibited 50% of coloration
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3.2 Properties and Structure Elucidation of Isolated Compounds

3.2.1 Compound 1

Compound 1 was separated by column chromatography of ethyl acetate
extract and was obtained as white needle crystals (0.50 g) with mp. 195-198 °C, R¢

0.38 (Si0,, EtOAc-CH,Cly, 2:8). It was soluble in acetone and slightly in methanol
but not in hexane, dichloromethane and ethyl acetate.

The IR spectrum (Figure 3.2) exhibited strong absorption bands of a carbonyl
group which conjugated with aromatic rin also hydrogen-bonded with a
hydroxyl group (1644 cm’ 1, aromatic qg\(\i“ rj droxyl group (3257 cm’ h
and chelated hydroxyl (3441 cm’ h. -._____

e 3.3)0fcom uncl‘l—sbqg\_'_‘ aamolecular ion peak,

' ‘\MZ\MHS in the electron

The mass spectrum (Figu
[M"], at m/z 270 along with fr;

of ring B. Two one-proton doublet
J = 2.1 Hz) were assigned to H-6 and . H &I fnng, e proton attached to the sp’
carbon at & 8.16 (1H, s). means that compound 1 Mb{ isoflavone or a

flavone derivative.
A total of fifteen car&tns appeare‘d 1 -NMR sp}ctrum (Figure 3.5),
which indicated sev aﬁj\:ethlne“’cnbons (94.4, 994,115.9, 115.9, 131.0, 131.0 and

154.2), and eight qu u %Jb’} %5&] m jl%ﬂﬁﬂs@ 163.8, 165.0

and 181.5 . From the evidence of 'H and BC-NMR spectrum compound 1 was

deduced to bk Pisic Seiétor | Wﬂ%qq ‘m\ls Stmm carbon

assignments of! compound 1 were shown In Table 3 as also

confirmed by comparison with reported data of genistein in Table 3.5.

Isoflavone skeleton



Table 3.4 'H and '>C spectral data of compound 1
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position

3 (ppm)

H

No. of proton, multiplicity and

coupling constants

8.16

1H, s

Ol oo W | »| | W N

—
o

axl W & R W] =

3

i
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Table 3.5 °C NMR data of compound 1 compared with Genistein.”!
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Position

Compound 1

Genistein

154.2

153.6

121.4

180.2

157.6

98.6

164.3

93.7

157.6

104.6

122.4

130.0

115.2

162.1

115.2

130.0

Genistein
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Based on the above spectroscopic data, compound 1 was established as 5,7,4-

trihydroxyisoflavone or genistein.

AULINENINeINg
ARIAN TN TN
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Cy5sHqOs , 269

HO

T L g
WIANNIUINNINEIQE

C;H50, , 153 CeH405, 124

Scheme 3.1 Possible mass fragmentation patterns of compound 1
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3.2.2 Compound 2
Compound 2 was isolated as yellow-green needles (1.9 g) from open column

chromatography of ethyl acetate crude extract. Its melting point was 205-208 °C and

Ry 0.48 (SiO,, EtOAc-CH,Cly, 6:4). It was soluble in methanol and acetone but not in
hexane, dichloromethane and ethyl acetate.

The IR spectrum (Figure 3.6) clearly confirmed the presence of hydroxyl

group at Vmax 3100-3400 em” due to -

1634 cm™ due to C=0 stretching tion an¢ )moietyat Vanax 1567, 1511 and
B | m—

ing vibration, carbonyl group at Vimay

1490 cm™.

at m/z 284 [M'] along wi daks at m 41,213, 162, and 137 in

the electron impact ma EIMS). Fi ) 'H and *C NMR data,
compound 2 was determi O grees of unsaturation
The 'H-NMR spec h = oure 3.8) displayed signals
of six aromatic protons at & _ '-‘;" 99 (1H, dd, J = 2.1, 8.1 Hz)
7.05 (1H, dd, J= 2.1, 8.2 . Q. ! and 8.05 (1H, d, /= 8.2 Hz)
The proton doublets, meta-couple&;:%ed"‘ 1 coupling constant of 2.1 Hz (H-8 and

para coupled to each o ‘ 3 VEre as . One proton attached to the
sp carbon at & 8.15 (1 386 ppm. From this data,

o B IS REI0S e e

carbons of fifteen skeletons and one $ubstituent group (characteristie’ of flavonoid).
Thre el D AT AR VA, s
2), 112.0 (C -2%), 116.8 (C-5%) and 121.0 (C-6")], eight quaternary carbons [6 163.1
(C-7), 158.6 (C-9), 118.5 (C-10), 175.5 (C-4), 126.2 (C-3), 125.0 (C-1’), 148.1 (C-3°)
and 146.9 (C-4’)] and one methoxy group (& 56.2). From the evidence of the 'H, Bc-

s) and a methoxy group at &

NMR and mass spectral data, compound 2 should be 3’-methoxydiadzein or 3’-

hydroxyformononetin (calycosin).
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3’-Methoxydaidzein

ononetin

The NOE DIFF additional information.

Irradiation of the proton si

at & 7.15 ppm (H-2") and 7.

ent of the proton signal
e proton signal at & 8.05
ppm only caused enhancement o¢f the prot mal at & 6.99 ppm (H-6) and

irradiation in methoxy protons at "ﬁr”iﬁ Le: nhancement of the proton signal

at 8 6.97 ppm (H-5") (Figure 3.10-3.12). The NOE DIFF gofrelation of compound 2
o——— vl

ompound 2 were displayed

'|

| |
in Table 3.6. The struc !I- this compound was also co it

was shown below. The l"r,

ed by comparison with

reported data of caé[(ﬁl g’a’l;lj 3?71 El qn %’w E] ,-] ﬂ ‘j
SUREN (61T bt ETRET!

The NOE DIFF correlation of compound 2



Table 3.6 'Hand ">C spectral data of compound 2

o d (ppm) No. of proton, multiplicity and
pesidan e 'H coupling constants

2 153.4 8.15 1H, s

3 1262

4 175.5 ]

5 128.4 mfl 1H,d,J=82

6 115.6 .;_"':;v- dd,J=2.1, 8.1 Hz

7 163.1 = m

8 103.1 / ‘“\\\\\\ d,J=2.1 Hz

Ly 7/ 2T NN

IR 47/ &= PN\

AR/ e\ —

| g 22N

4 146.9

5 116.8 : *”"’ﬁ?’f’ H, d J 8.2 Hz

6 1213 u—=ﬁ—=“:-- —2.1,8.2 Hz
-OMe 562 & _ r 3H, s

ﬂumwﬂmwmn‘s
ammmmumawmaﬂ




Table 3.7 *C NMR data of compound 2 compared with 3’-Methoxydaidzein.*

Position Compound 2 3’-Methoxydaidzein
2 153.4 152.8
3 126.2 124.7
4 175.5 174.6
5 128 , 116.7
6 W 115)61// 115.1
7 —c 4 162.5
8 /%m 102.1
B~/ \ N N
i 77/ PN N
— ) l\\\\\
2’ ll - 111.9
3 3 147.5
4 146.1
Bt 116.5
6’ 119.7

-OMe 55.6

o ﬁzzm“ﬁ’wmm
A7 ’J NYINY

Structure of compound 2 (calycosin)

/g

§
J
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CsHoOs , 269

HO.

C14Ho0y4, 241

OH

OMe

’Q‘}'ﬂ ﬁNﬂ\ﬂJ Niﬁ']‘]ﬂméltl

—Cr

CgHs0,, 133

C;Hs05, 137 CsH405, 108

Scheme 3.2 Possible mass fragmentation patterns of compound 2
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Figure 3.7  Mass spectrum of compound 2
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Figure 3.8 'H-NMR spectrum of compound 2
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Figure 3.9 ">C-NMR spectrum of compound 2



TONL14 IRR
Dt
e
w5
o
. e

''''''

.FI

AUEINENINGINS

J@W’lﬁ@ﬂ‘iﬁljuﬁﬁﬂmﬁ'ﬂ

LL N V,_NL
" |

T T T T T T T T T T
8.5 10 7.5 7.0 6.5 6.0 5.5 5.0 5

SCICR

Figure 3.11 NOE DIFF of compound 2 (irradiated at 8.05 ppm)

40



41

3.2.3 Compound 3

Compound 3 was yielded as white needles (1.30g) from open column
chromatography of ethyl acetate crude extract and furthei purified by recrystallization
in acetone. Its melting point was 236-238 °C and Ry was 0.62 (SiO,, EtOAc-CH,Cl,

6:4). It was soluble in acetone and slightly soluble in methanol but not in ethyl
acetate, dichloromethane and hexane. Molecular formula was determined to be

C16H,,06 on the basis of 'H, >*C-NMR and EIMS data.

peak at m/z 300 [M"] along

133 and 120.
The IR spect ence of free hydroxyl groups
at Vmax 3318 cm™, ch : g Vina em’, a carbonyl group which

conjugated with aron led with hydroxyl group at

i 5
Vmax 1659 cm™ and be ' Viganed Wm cm’.

The 'H-NMR (a 500 ' f compound 3 (Figure 3.15)
revealed five aromatic progon §ignals at ’,d, J=2.1 Hz), 7.04 (H-6’, dd, J

}l \-.\ “

= 2.1 Hz), a proton attached t&r}ﬁcsp : at 8.18 (1H, s), a singlet signal at &

signal at 6 3.87.

U )
e BC-NMR sgectrum (Flgure 3. 16) of this compound indicated sixteen

carbons of fi ¢ teristic of flavonoid),
compound 3 ﬁj’{ :? Iﬁ gﬁm &ﬁ iX  methine carbons at &
94.4 ( ,ﬁ 6) ﬁfﬁj ) 4.5 (C-2) and
e ) A S S A IS e
124.8 (C-3), 123.8 (C-17), 147.1 (C-37), 148.4 (C-4’) and 181.5 (C=0). All of the
above data suggested the possibility of a flavonoid skeleton of isoflavone type.
Therefore, the data and comparison with 'H, C-NMR of known isoflavonoid

suggested that molecule of this compound must have the basic skeleton as shown

below:
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Substituents :

- OHQ)
- OMe (1)

6.99 caused enhancement offheproton signal at 8 7.04 (H-6’) and methoxy protons
signal at 8 3.87 and irradij : signal at ¢ 7. 4 only caused enhancement
of the proton signal at o §
compound 3 was displaye lowy. The s \~ protons and carbons of this

compound was also indi€ated in'l

¢ o0H

ﬂummm T @
ARIAN1 ?QACWHM AN
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Table 3.8 'H and "*C spectral data of compound 3

. S (ppm) No. of proton, multiplicity and
poiion s H coupling constants

2 154.2 8.18 1H, s

3 124.8

4 181.5 |

5 163.8

6 99.8 6. 1H,d,J=2.1Hz

7 165. .

8 94: H,d,J=2.1Hz

9 15 L 7

10 106 ot

I 123.8 . ﬁ:‘

¥ 4 112. P X)) 1H,d,J=2.1Hz

3 1471 2 ;1

e 1434 T

PN

- 116.8 1H4.d,J=82Hz

6 [ T=21,820z
“OH - g =
-OMe 9 g 3.87 3H, 5

o FREA]
VRGN IED)

e § T

o)

TR Y
|

OH

OMe

Structure of compound 3 (pratensein)
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Scheme 3.3 Possible mass fragmentation patterns of compound 3
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3.2.4 Compound 4
Compound 4 appeared as white needles crystals with melting point 204-207 °C

after recolumn chromatography and recrystallization in acetone and R¢ value 0.44
(Si0,, EtOAc-CH,Cl,,2:8). The formula of compound 4 was established as C;6H120¢
by Electron Impact Mass Spectroscopy (EIMS) (Figure 3.20) (IM"] m/z 300), with
significant or intense fragment ions at m/z 285, 257 and 150.

The IR spectrum (Figure 3.21) showed strong absorption at v 3477, 3272

and 1639 cm™ which indicated the prese ated hydroxyl group, free hydroxyl
group and a carbonyl group whi X ouble bond, respectively and
benzene moiety at Vmax 157&14@ cé

From the 'H-NMR-SPECT e %) (Figure 3.22) revealed

five aromatic proton sign

8.6 Hz) and 5 6.91 (2H,

methyl protons of metho ; .03:86¢and ", a singlets ignal at & 8.18 which
suggested that this compo | R |

The C-NMR spect ed sixteen carbons of fifteen
skeletons and one methoxy , har teristic); methyl carbon of
methoxy group at & 60.6 (- OMe) ontamed nine quaternary carbons
at 6 123 (C-3), 1820((& C=0), 1'.‘54’4'((3«"r 154.5 (C-7), 154.2 (C-9)
106.4 (C-10), 122.9 (C-tiyand 15 hons at § 158.3 (C-2)

94.3 (C-8), 131.1 (2C, Cj’ Ca’). Therefore, all of the

above spectroscopic data was gr‘oposed as 1soﬂavone with three substituted on ring A

and one substltutﬁ (TJ-;EI B'Jﬁnnsjdw 5 w m\xﬂ ﬁxst have the basic

skeleton showed below:

WAL ING A Y
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The position of a substitution (methoxy) group was confirmed by the NOE
difference technique. Irradiattion of the proton signal at & 8.18 caused an
enhancement of the proton signal at § 7.47 (H-2") and irradiation of methoxy proton

signals at & 3.86 had no effect on any aromatic proton (Figures 3.24 — 3.25). The

and mass spectrum data of compound 4 thm data of tectorigenin, the
structure of compound 4 |

AUEINENINeINg
RINNIUUNININY



Table 3.9 '"H and "°C spectral data of compound 4
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. S (ppm) No. of proton, multiplicity and

position )
Be '"H coupling constants

2 1583 8.18 1H, s

3 123.4

4 182.0 U /J

5 154.4 “‘n_. “ -

BRI

s N

| A ANNNT™

ALY/ // =8 \\Y

10 106.4" II e _‘}\ \

5 122.9

2’ 131.1 \ 1H,d,J=8.6 Hz

3’ 122.9 2H,d,J=8.6 Hz

4 157.7 BT

5 1220 691 | A - 861z

& R ; 6= 8211
-OMe 60.6 B’ |

ﬂ‘LlEl’J‘VIEJ‘VIiWEI']ﬂ‘i

A" ANNIURIINA Y



53
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Scheme 3.4 Possible mass fragmentation patterns of compound 4
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%Transmittance

ol 8 2 8 8

Figure 3.21 Mass spectrum of compound 4
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3.2.5 Compound 5

Compound 5 was isolated from crude ethyl acetate extract and crystallized as
colorless needles, mp. 246-248 °C. Its Ry value was 0.25 (SiO;, EtOAc-CH,Cl, 1:9)
and was dissolved in hot methanol, unsoluble in ethyl acetate, dichloromethane and
hexanes.

The IR absorption bands at 3200-3600 cm™ indicated the presence of hydroxyl
group (Vmax 1640 cm™ ) and C=0 group (Vmax 1640 cm™ ) and aromatic 1ing (Vmax
1500 and 1460cm™ ) (Figure 3.26). '

The EI mass spectrum exl

ak at m/z 268 and peaks of
, 132, 117, and 108. The
d from the M" peak at m/z

relatively high relative abun

—
molecular formula, CisH)2 .
268 in the EIMS, and it wasst

The '"H NMR speg

protons coupled to each othegwere as iy ! P ) 8.05, d, J = 8.2 Hz) and H-6 (3
p}e@fﬁ’ﬂr = 2.1 Hz) inring A. The

- -t
para-substituted of four aromatig rqé -6’,d, J=8.2) and & 6.97

The *C NMR s 90 and 135 (Figure 3.30)
Y

indicated sixteen -r';_t.—--—--ﬁ----u-mri?-‘-iie: y group (flavonoid

characteristic). This comﬁ' d contai; " arbons at & 164.9 (C-7),
|

154.7 (C-9), 118.1 (C-10),7125.7 (C-3), 125.6 (C-1") and 158.4 (C-4"), eight methine

carbons at & lzs.m,ﬁiu)mﬁ H‘fﬂ’fu (C-2°), 114.9

(C-3%), 114.9 (C- qlla 1314 , one'met m rbon onie carbonyl carbon

at 5 178.0 (C- owed in Ta 10. e i
AT 1 AN EA8 Y e

ring B. The NOE DIFF spectra exhibited the methoxy group substituted at C-4'
(Figure 3.31).




Table 3.10 'H and ">C spectral data of compound 5
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. S (ppm) No. of proton, multiplicity and
R B "H coupling constants

2 161.1 8.15 1H, s

3 125.7

4 1780

5 128.4 8.0 1H,d,J=8.1 Hz

6 116.6 \Mf # 41H,dd,J=2.1,82Hz

7 164.9

8 103.3 l"";ﬂ ﬁd J=2.1Hz

| A AN

LRRLLY 7 /// % 1\ NN

LY./ // =5 \\\

-y 131.4 ’Iﬁg \\\ d, ] =82Hz

3 114.9 l -_ﬁ n\\\ yd,J=82Hz

4 158.4 izl ‘

5 115.9 UoGF < - 2H,d,]=8.2Hz

3 131.0 7AG 2H,d, =82 Hz

Based on all spe in
7-hydroxy-4' methoxylsogvone 8

UL

A

QRIAIN TN

‘. L
7"‘-@ as identified as
'l
J

4N
eNaY

The structure of compound 5 (formononetin)
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Scheme 3.5 Possible mass fragmentation patterns of compound 5
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3.2.6 Compound 6
Compound 6, a colorless amorphous powder with m.p. 199-202 °C and

R value 0.7(SiO,, EtOAc-CH,Cl,,6:4), was purified by column chromatography of
ethyl acetate crude extract. The molecular formula of compound 6 was assigned as
C17H,607 on the basis of EIMS, 'H, and BC-NMR data and gave [M+] at m/z 332 in
EI-MS (Figure 3.33) together with fragment ions at m/z 180, 153, 165 and 133. Its IR
spectrum (Figure 3.32) indicated the presence of hydroxyl groups (Vmax 3359 cm™),

carbonyl group (Vmax 1639 cm™) and ’ ngs (Vmax 1603, 1501 and 1490 cm™).

The 'H-NMR spectrum. (ace ) Figure 3.34) showed a set of
mutually coupled three protons | (ddy J ﬂ H-2), 4.53 (dd, J =11, 11
Hz, H-2) and 4.25 (dd, 5 Hz, H-3)], clarifying that compound 6 had an

isoflavanone skeleton. THE pueScate of three hydroxyls _ 5 8.00, 9.91 and 12.35

(chelated)] and two methé@ 82) pported by the 'H-NMR
[ 180

fifteen skeletons and» ----------- ituent groups (char: IS¢ of flavonoid); two
eﬁne carbons at § 48.0 (C-
3), 96.9 (C-6), 95.6 (C-8), 1‘07 .3 (C-5%) and 120 4 (C-6’); one methylene carbon at §

71.4 and nine quﬁrngﬂf? ﬂﬂ? wgqﬂsﬁ: -5), 167.0 (C-7),

164.5 (C-9), 103.3¢C-10), 122.0 (C-1"), 1468(C2) 1403(C3)and1494(C-4)

QW’WMﬂ‘ﬁEUiJ‘V’I’TWEﬂﬂEI

methoxy groups at & 56.43() g



66

All of the above data suggested the possibility of a flavonoid skeleton of
isoflavanone type. Therefore, the data were comparison with 'H, *C-NMR of known
isoflavanone suggested that the molecule of this compound must have the basic

skeleton as shown follow :

Ri 0 Substituents :
O w\ - OH@3)

- OMe (2)

NOE enhancement of the

7 teas irradiation of the proton
signal at & 4.25 only caused enhan cthét et , \‘ pal at & 6.65 (H-6"). On the
other hand, irradiation of methgXy pfotons | at g \L d enhancement effect on the
proton signal at 8 6.69 (H-5") (Fig

compound 6 was indicated in

39). The complete assignment of

NOE DIFF correlation of compound 6



Table 3.11 'H and "*C spectral data of compound 6

i S (ppm) No. of proton, multiplicity and
SR B H coupling constants
2 71.4 4.59-4.29 2H, m
3 48.0 426 1H, m
4 198.3
5 165.6 \\ I/
6 96.9 / =P'Idl 2.1 Hz
7 167.0 _ “"--.;
8 95.6 // ‘\\\\\ d,J=2.1Hz
: 1645 1L NN
v o5 A/ <= NN
| /] W\
2’ 1468 * |4
2 140.3
g 149.4
5 107.3 1H,d,J=8.5Hz
6’ 1204 .;__,,, f ‘:_ = 8.5Hz
-OMe H,s
-OMe 60.1 W‘L: BC-T) %m s

ﬂumwﬂmwmm

QW']ﬂ\ﬂﬂiﬁlJ URIINYAY
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Table 3.12 *C NMR data of compound 6 compared with Secundiflorol H.**

Position Compound 6 Secundiflorol H
2 71.4 71.4
3 48.0 48.1
4 1983 198.2
5 165.6 165.7
6 96.9
7 169.1
8 95.6
9 164.5
10 103.4
I 270 122.1
2’ 146 146.8
3 142 1403
> 54493 149.4
5 3 107.3
& 120.4

-OMe _ = 56.5

-OMe : 60.1

On the basis of sﬂutroscopic observation and a coﬂarison of the *C-NMR

S 1) 1e b 23 e (1314
UUNIINYIAY

secundiflorol

AN1Q9

The structure of compound 6

5

OH

0]

MeO I oM

e

OH
(secundiflorol H )

H, the structure of

yisoflavanone or



OH

CHO,,153 =
T | CsHoOs5 , 165

B RURI WA T
AN TUNNINGA Y
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3.2.7 Compound 7
Compound 7 was isolated by column chromatography of the crude ethyl

acetate extract and further purified by recrystallization in acetone. This compound,
m.p. 174-176 °C, was obtained as brown cubes (0.2 g) and soluble in acetone,
methanol and slightly in ethyl acetate. The R¢ value was 0.68 (SiO,, EtOAc-CH,Cl, ,

6:4). The mass spectrum (Figure 3.41) gave a molecular ion [M'] peak at m/z 286
along with fragment ion peaks at m/z 166, 164, 135 and 123, consistent with a

| [%’uon bands of hydroxy at Vimax

njuéted @le bond at Vmax 1644 cm’™

molecular formula of C16H;40:s.
The IR spectrum (Figu
3482 cm™, a carbonyl grou

m)] suggested the preseng
H-4, H-3 and H-2 in an isoflava

I(Ar)CH,0- assigned to

“also revealed five aromatic

analysis of this spectrumj'a Sﬁchniques (Figure 3.44)

unequivocally indicated tha‘, compound 7 contamed seven quaternary carbons at &

157.7 (C-7), 155. Wﬂ E}GJ%E%%WB s‘]cﬂ ?-0) 159.5 (C-4)

and 182.4 (C-5’, C20); six methine carbons at§ 31 9(c 3), 131.4 (C- 5) 109.3 (C-6),

103.6 (C Wi‘l Wl&?’nﬁr TE-F9 0 (C-2)
and 28. Oﬁ one methoxy grou@at W e complete

assignment of compound 7 was suggested on Table 3.13.



Table 3.13 'Hand ">C spectral data of compound 7

76

. 8 (ppm) No. of proton, multiplicity and
PEsiEE - H coupling constants
2 69.0 39 2H, m
3 31.9 é : 1H, m
4 28.0 ; ' 2H, m
5
6 N‘J‘- d
7 LN
9
10
E
>
3
e
5
6’ . :
-OMe "J 6 , 8 ik

ARIAATAUNMINGINY
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Table 3.14 >*C NMR data of compound 7 compared with Claussequinone.*

Position Compound 7 claussequinone.

2 69.0 67.8

319 30.6

28 28.7

130.3

108.4

156.6

102.5

154.1

111.1

148.3

186.4

107.5

158.2

181.6

129.9

OMe  So———Sgg————3j 543

Hence, on the bam of the mterpre?mon of the aﬂve mentioned data and

comparison with ﬁ,ﬂ i ?‘L‘Ej m the structure of
compound 7 % d ﬁT oman- 3-yl)-1,4-
benzoquinone or claussequinone.

AR I UNIING 1A Y
O
o} ‘ oM

Structure of compound 7 (claussequinone)

e
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% cCcH0,,123

Scheme 3.7 Possible mass fragmentation patterns of compound 7

+
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3.2.8 Compound 8
Compound 8 was obtained as white solid powder with R¢ 0.12 (SiO,, EtoAc-

CH)Cly, 2:8). Its melting point decomposed at 225 °C. The mass spectrum (Figure
3.45) displayed a molecular ion [M"] at m/z 288 in agreement, together with fragment
ion at m/z 179, 166, 153, 136 and 123. From the EI-MS, 'H and *C-NMR data,

compound 8 was determined to be C;sH;,0s, indicating 10 degrees of unsaturation.

The IR spectrum (Figure 3.46) confirmed the presence of hydroxy group at

Vmax 3370 cm™ due to —OH stretching: i bonyl group at Vpyax 1639 cm’

1603, 1456 and 1449 cm™.

Its "H-NMR spect
signals one methylene pr
17.7 Hz) and one methi Hz). From these data
suggested that compound ta coupled of aromatic
Hz) were attributable to

H-6 and H-8, respectively. ctr a o displayeditwo proton signals located

The

L9 (C32) and 43.5 (C-3), five
-7),.&4.3 (C-9), 146.3 (C-3”)
and 146.0 (C-5’), two quatepnary aromatic carbons at & 103.1 (C-10) and 131.4 (C-

1°), five aromatic ﬂb%ga@gw Etj)% @W(&%ﬂ‘@ 8), 114.6 (C-2"),

119.1 (C-4’) and 1 .9 (C-6’) and one garbonyl carb n at 8 197.2. of the above

e RRIFINT wwwwma d

Substituents :

o O - OH(®4)
R

oxygenated aromatic Carb& at § 168
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The NOE DIFF experiments were used to get more additional information.
Irradiation of the proton signal at & 5.38 (H-2) ppm caused enhancement of the proton
signal at & 6.85 (H-2’), 6.86 (H-6") and 7.02 (H-4’) ppm; irradiation of the proton
signal at 8 7.02 ppm only resulted in NOE enhancement of H-2 signal, whereas,
irradiation of the proton signal at 4 6.85 and 6.86 had effect of H-2 signal (Figures
3.49-3.52). The NOE DIFF correlation of compound 8 was displayed as below.

NOE DIFF ¢égrrelation e
S0 Ik
(= v ey \i..'

OH (@]

Structure of compound 8



Table 3.15 'H and '°C spectral data of compound 8

85

. S (ppm) No. of proton, multiplicity and
position
=g '"H coupling constants
3 79.9 5.38 1H, dd,J=3,12.8 Hz
3.24 1H,dd, J=17.7, 134 Hz
3 435
2.3, 1H,dd, J=17.7,3.1 Hz
4 197.2 \\mmf _
5 1652  —
6 96.7 M WM, d,]=224Hz
| ////Am\\\\
8 95.7 / ,ﬁ"\\‘ J=224Hz
9 164.3 I l L N
10 103.1
i’ 131.4
2’ 114.6 1H, s
3 146.3
e 119. 1H, s
5 146.9 -
6 1159E = 1H,s
“OH 1224 “1H,s

ﬂ‘iJEJ’Zl‘VlEJVIﬁWEJ’]ﬂ‘i
QWWMH‘?WNW]'JV]&I’WH
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Scheme 3.8 Possible mass fragmentation patterns of compound 8
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3.2.9 Compound 9
White needles (2.2 g) of compound 9 were obtained from ethyl acetate crude

extract and separated by column chromatography techniques, with mp. 224-228 °C

and Rg value 0.66 (SiO,, EtOAc-CH,Cl,, 6:4).
The IR spectrum (Figure 3.53) showed absorption bands at vmax 3100-3400
cm™ (OH stretching vibration), 1634 cm” (C=0 stretching vibration) and benzene

moieties stretching vibration at v 1603, 1480 and 1311 em’.

The molecular formula of co mpoun ) determined as C;sH;20s on the
basis of EIMS, 'H and '*C-NMR data ar a molecular ion peak at m/z
. _.J
272 [M'] (Figure 3.54).
The 'H-NMR spectrum

indicated the presence o
coupled aromatic protons d, 7 : 2.1 Hz) were attributable to H-6 and H-
8, respectively. The par
(2H,d,J=8.2 Hz) and 6 6

1splayed signals at & 7.42
H-2’, H-6’, H-3’ and H-

Hz) were assigned for methyléne  proto 0 protons) of H-3. The one-proton
L '
doublet-doublet at 5 5.43 (1H, dd’,:_-?;;%i!}
The ">C-NMR spéctrum (Figure 3 presence of 15 distinct

carbon signals of the flavanon \ L) arbon (8 197.2, C-4)
and two alicyclic carbong 6 793,
contained a total of 12 signals.<Ehey were six tettiary carbons (8 95.7, C-8; & 96.7, C-

6; & 116.1, c3ﬂ5usﬂz£a %&%@M&%ﬂyﬁamons (3 165.2,

167.2, 164.3, 1031", 130.7 and 158.6¢for C-5, C-Z, C-9, C-10, ¢-1° and C-4’,

i) el L P AR i v

shown in Table 3.16.

The aromatic region



Table 3.16 'H and >C spectral data of compound 9

93

. S (ppm) No. of proton, multiplicity and
osition
; e "H coupling constants
2 79.8 5.43 1H,dd,J=12.8,3 Hz
3 1H,dd,J=17,12 Hz;
3 43.4
7 é =1H, dd,J=17,3 Hz
4 197.2 d
5 165.2 _—
6 96.7 ,J=2.1Hz
7 167.2 5
8 95.7 4 .83 _ ,J=2.1Hz
9 164.3 ' 4
10 103.1 4
¥ 130.7 ‘
¥ of 128.9 = 1H,d,J=8.2Hz
i 116. = H,d,J=8.2Hz
i
4 158. ,
5 116.1 ﬂ ,J=82Hz
6’ 128.9 1H;d,J= 8.2 Hz
-OH

AN TUNNIINGA Y
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Table 3.17 *C NMR data of compound 9 compared with Naringenin.”!

Position Compound 9 Naringenin
2 79.8 784
3 134 2.0
7 1962
5 163.6
6 95.9
7 166.7
8 AN 95.0
9 164 162.9
10 1 101.8
T 1307 L 189
2 571289 1282
3 31 1152
e 186 1578
5 _ T 115.2
& | 1282

From the spectralmata, and compagon of 12 C-Nl\ﬂ signals of compound 9

¢
NAORMAN 30330 430 (1ph 11014 r R
|
trihydroxyﬂavancﬂ’ 0 geftin! |

=1

ARIAINTUNNINSIAY

o)

OH 0

The structure of compound 9 (naringenin)
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Scheme 3.9 Possible mass fragmentation patterns of compound 9
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3.2.10 Compound 10

Compound 10 was isolated as a white solid by open column chromatography

on a silica gel and decomposed at 200°C. Its Ry value was 0.34 (SiO,, EtOAc-CH,Cl,,

2:8). The mass spectrum (Figure 3.57) gave a molecular ion peak [M'] at m/z 256 in
agreement with the empirical formula C;sH;204 , corresponding to 10 degrees of

unsaturation.

The IR spectrum (Figure 3.58) showed absorption band for hydroxyl (Vmax

the presence of one methyle -oxygen-substituted methine
group at 8 5.43. The remaini trum indicated the seven
aromatic protons at & 7.70 dd, J = 2.1, 8.6 Hz), 6.40
(1H,d ,J=2.2 Hz) and isubs protons at 6 7.40 (2H, d, J
= 8.5 Hz) and 6.90 (2H, d alld

z) and 6.90 ( )umd

4. carbons at § 129.4 (C-
5), 111.1 (C-6), 103.6"¢ t"l (C-3’ and C-5’) and
five quaternary carbons an 1652 (C 2 (C-9), 115 ElC 10), 131.0 (C-1") and
158.3 (C-4’). :ﬁcimplete‘aﬂgnment fcﬁrohhs and carbons of compound 10 was

shown in Table ‘j w ﬂ ’] ﬂ i
waaﬁﬂim EJ'W

1R Y

(0]

Flavanone skeleton



Table 3.18 'H and >C spectral data of compound 10

100

. 8 (ppm) No. of proton, multiplicity and
position .
Bes ‘H coupling constants
2 80.5 5.43 1H,dd,J=12.9,3 Hz
1H,dd,J=17,12 Hz;
3 44.6
H,dd,J=17,3 Hz
4 190.8 o e N
5 1294 /a = S d, ] =8.6 Hz
/ e, i
6 111.1 /Af/ ‘W dd; J=2.1,8.6 Hz
PR
7 165.2 \ \ »
8 103.6 N i J-220
A\
9 164.2 \
10 1150
1’ 131.0
2’ 128.9 1H,d,J=8.7Hz
: 116.0 ,d,J=82Hz
e L )
4 158.3 V_ 1-1"' '
5 116.0 E ‘ J d,J=8.2 Hz
6’ 128.9 1H,d,J= 8.7 Hz

F’TUEI’WIEWI‘EWEI’]ﬂ‘i

Q‘W?ﬂ\ﬂﬂim UAIAINYIA Y
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Table 3.19 >C NMR data of compound 19 compared with Liquiritigenin.??

Position Compound 10 Liquiritigenin

2 80.5 80.4

44.6 44.5

190.8

129.4

8

165.3

103.5

164.5

115.1

131.1

128.8

116.3

158.5

116.3

128.8

On the basis o(m%pectroscoplc observatlon and comparison of "*C-NMR

spectrum of co: 1 m az HHTTTTS compound was
established as 7, r liquiritige

qmaﬂnﬁmum 46 2

The structure of compound 10 (liquiritigenin)
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Scheme 3.10 Possible mass fragmentation patterns of compound 10
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3.2.11 Compound 11
Compound 11, yellow needles, mp. 152-154 °C with R¢ 0.6 (SiO,, EtOAc-

CH,Cl,, 6:4), showed a molecular ion at m/z 256 together with other fragment ions at
m/z 163, 137 and 120 in the mass spectrum (Figure3.61). Compound 11 can be
dissolved in acetone, methanol and ethyl acetate but not in dichloromethane and
hexanes.

The IR spectrum (Figure 3.62) exhibited the presence of free hydroxy (Vmax
d olefine (vmax 1567, 1516 cm'l)

3380 cm™), conjugated carbonyl (v
functionalities. The molecular
C-NMR data.

Its "H-NMR spec 500 M ire 3.63) showed, in the sp’
' ABX type signals [ 6.35
, J = 8.8 Hz)], a pair of
, J = 8.7 Hz)] and two

region, the signals of ni
(1H,d, J=2.4 Hz), 6.4
A,B, type signals [& 7.72°(2 =87
proton signals [ 7.75, s ides th "dbe gna hydroxyl signal due to
hydrogen bond to carbonyl I oo

The *C-NMR spec 7 igu 3.64) 8 arbon signals were observed
due to three oxygenated carbons a 5165, -

.ui‘_.,z"‘r J"'r"l
quaternary carbons ag;g 114.1 (C-1 )

aromatic proton at & 10 " 6 ), 10 :
and 116.7 (2C, C-3, C- S)B and P ca vated to caonyl carbon (118.2-Co. ,
145.1-CP) and one carbonylicasbon at 5 192.8 (C~0).

o e 8 B M o 7

was confirmed by comparison of carbon data of thJS compound with previously
/P

rported (e W‘Pﬁ‘ﬁﬁﬁﬂfﬁ%ﬂﬂ%ﬁﬂﬂ&i S

trihydroxychalcone or isoliquiritigenin as shown below:

OH
HO l O

OH (0]
The structure of compound 11 (isoliquiritigenin)



Table 3.20 'H and °C spectral data of compound 11
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. d (ppm) No. of proton, multiplicity and
pesiie e 'H coupling constants

1 127.5

] 131.7 .. 2 1H,d,J=8.7 Hz

3 116.7 ”111!!;7 1H,d,J=8.7Hz

4 160.9 — l

5 116.7 f"m .;.\ MH,d,J=8.7Hz

6 131.7 M ]‘\X\\\ d,]=8.7Hz

P 114.1

2 165.5

i 103.6 w "\\\\\ H,d,J=24

4 167.5 : \

g 108.6 & ”’ / ‘\T* ydd,J=2.4,88 Hz

6’ 133.2 : 1H,d,J= 8.8 Hz

M 1182 7 1H, s

B 14 :T.E:'—L— I, iH s

-OH rJ 1H, s

ﬂummmwmni
ammmmummmaa



Table 3.21 *C NMR data of compound 11 compared with Isoliquiritigenin.22

108

Position Compound 11 isoliquiritigenin
1 127.5 127.3
2 131.7 13i5
3 116.7
4 160.8
5 16 116.7
6 131 131.5
r | 1143
2’ 6 1655
3 ‘ 103.7
e 2167 167.4
g = 108.6
& iy 133.0
o - 118.1

145.0

AU INENTNYINS
RIANIUNRINYIAY
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HO.

OH O
CoH;05, 163

“nggﬂqwﬂﬂsWB?ﬁif

TaNNIUUNRTINES 1@ e

7H503 5 K87

Scheme 3.11 Possible mass fragmentation patterns of compound 11
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Figure 3.62 IR spectrum of compound 11
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3.2.12 Compound 12

Compound 12 was yielded as yellow needles from open column
chromatography of ethyl acetate crude extract. Its melting point was 238-241 * C and
Ry value was 0.24 (SiO,, EtOAc-CH,Cl,, 2:8). Compound 12 was slightly soluble in
acetone but not in methanol, ethyl acetate and dichloromethane.

The IR spectrum (Figure 3.65) indicated hydroxy group at vmax 3247 cm’
(broad), the strong absorpti'on band at vmax 1629 cm” revealed the presence of o, B-

unsaturated carbonyl. Compound 12 S lecular ion peak M" at m/z 300,

providing a molecular formula of €, H ‘ 11 degrees of unsaturation. In

MHz) (Figure 3.67) exhi ABX-type. V| H, d, /= 2.1 Hz), 6.98

(1H, dd, J = 2.4, 8.85 Ha)l ¢ (1H-dieJ = 8.85 Hz)ltwo singlet signals at 5
6.24,7.19 due to aromatic protons P a 8 32 due to proton attached
to the sp’ carbon. This mean “should be an isoflavone or flavone
derivative. .

In the *C-NMR spectrum (F teen carbon signals were observed
due to four oxygenateil,ﬁgrbons Eﬁi’%#%'gy 2 -9)5156.5 (C-2) and 162.9
(C-4%), three quaternary carbons at 6 116.0 (C-10), T16.7 (€ =3) and 139.0 (C-1"), five

5.%0-6), 102.3 (C-8), 108.0
(C-3") and 127.2 (C-6") and three carbonyl cagbon at § 173.4 (C-4), 185.3 (C-2) and

1815 (C-5°) alo@i %EJ]Q]%&J éﬁ@tﬂﬁ"’pﬂcﬁ carbonyl carbons

(185.3, 181.5) revédled of 1,4-quinone - type of ring %.From the evidence of the °C-

NMR spw C'c')]rﬂuq ﬁ mdywmr’im:ﬂﬂﬂuﬂ derivative

which the main structure of this compound was shown
R, o)

carbons bearing an arorn}jc-pro on at

Substituents :
- OH
o R2 - OMe
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Additional metho:zy group can be found in the 'H and *C-NMR spectra and
hydroxy group can be observed in the IR spectrum, according with two substituents

on the benzene moiety. The possible structure of this compound can be deduced as

follow:
MeO
(0]
OMe
NOE difference (i /1), was seful technique to determine

atic_proton at & 8.32 resulted
NOE enhancement of H- .05):si W s | ,‘,\.,\ ation of the proton signal at

8 7.91 caused enhancement of 61 s o1 & 6.98 (H-6). However irradiation

i
of the proton signal at & 3.81 causcd-enhancement proton signal at & 6.24 (H-3). The

NOE DIFF correlation of compound 12
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Mainly based upon spectra! data, particularly NOE technique, compound 12
was verified as bowdichione. To confirm this structure, the BC-NMR spectrum of

compound 12 was compared with the previously reported data of bowdichione.

AULININTNEINS
ARIAATAUNM TN



Table 3.22 'Hand "*C spectral data of compound 12

116

. S (ppm) No. of proton, multiplicity and
position I3 : I .
C H coupling constants
2 156.5 831 | 1H, s
3 116.7 E‘LUJV
4 1734 [ -"'"'if
5 132.8 "M' il d, J = 8.85 Hz
6 115.6 ﬂ//“\\\\f‘\:‘ =2.45, 8.85 Hz
BT 77/ %4\
8 1023 "I - 4’\\\\\\ ,J=2.14Hz
T AN
10 116.0
P 139.0
2’ 185.3
3’ 108. o 1H, s
g 1625 &E 7.
5 181. E .
6 1372 7.05 “1H, s
OMe

':i'i_ 2| N NS WA

q "WW ANNIURIINA Y
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Table 3.23 *C NMR data of compound 12 compared with Bowdichione.”

Position Compound 12 Bowdichione

2 j 156.5 156.7

116.9

“_f/y 173.7

133.0

//"/‘ “\\\\ =~ 158.6

3

4

5 —

6 *"‘= 115.8
7

8

9 157.4

/LA NNN
r [/ AN

116.2

139.3

185.5

108.1

163.2

181.8

127.4

56.6

ﬂﬂﬁl’lﬂﬁlﬂ‘iﬂﬁﬂ‘i
’Qﬁﬂmﬂiﬂlm&’nﬂmﬁﬂ
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Ci6H 1006 , 298
Ci6H1206 , 300

CisH1Oq4, 255

Scheme 3.12 Possible mass fragmentation patterns of compound 12
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Scheme 3.12 Possible mass fragmentation -” erns of compound 12
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Figure 3.66 Mass spectrum of compound 12
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Figure 3.67 'H-NMR spectrum of compound 12
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TONL24 IRR AT 8.32 PPM
—

“—7.4213

ppm
1
0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
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Figure 6.69 NOE DIFF of rradiated at 8.31 ppm
gu SF “ . ppm)

TONL24 IAR AT 7.91 PPH
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i
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8.6 8.5 B.4 8.3 B.2 8.1 8.0 "I,Q 72.872.27.67.57.472.37.22.47.06.96.886.726.66.55.46.36.26.16.0

Figure 6.70 NOE DIFF of compound 12 (irradiated at 7.91 ppm)
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3.2.13 Compound 13

Compound 13 appeared as light yellow needles, decomposed at 250 °C, from
open column chromatogiaphy of ethyl acetate crude extract and further purified by
recrystallization in acetone. Ry value was 0.58 (SiO,, EtOAc-CH,Cl,, 6:4). Compound
13 was slightly soluble in acetone and methanol but not in ethyl acetate and
dichloromethane.

The IR spectrum (Figure 3.73) indicated the presence of hydroxyl group at
Vmax 3370 cm™, carbonyl group ated with double bond and hydrogen-
bonded with hydroxyl grou W benzene rings at vmax 1582, 1450
and 1321 cm™
'%lecular ion [M'] peak at m/z
nd 124.

The mass spec ‘ .'7I ) d

314 along with fragm

The 'H-NM igure 3.75) clearly showed
signals for five arom [ ) : “a\;&lets meta coupling to each
other at & 6.45 and 6.31 ; L ed to H-6 and H-8 of ring A, two
singlet signals at & 6 ie 10 roton at ring B which assigned to
H-6’ and H-3’ and on¢ pudton -attache bon at & 8.30. This mean that
compound 13 should be characteusﬁ;mf avone or flavone derivative

carbons of fifteen skelctons and one meth OXy g roup-(charaéferistic of flavonoid). This
compound contained g Juate: i1 (C-5), 164.7 (C-7), 158.4
(C-9), 103.9 (C-10), I15.4 (C-3), 137 9 (C-1’) and 157. TC-4 ), five methine carbons

AV i zm*ﬁ' OIS o
RIS

determmed as Cj¢H9O7 from its EIMS as its NMR spectra, corresponding to 12

degrees of unsaturation. All of the above data suggested that the possibility of a
flavonoid skeleton of isoflavonequinone type. On the basis of NMR spectra and
comparison with the reported isoflavone quinone indicated that the molecule of this

compound had the basic skeleton as shown below:
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Substituents :

- OH(Q)
- OMe(1)

The NOE DIFF — Were-used. (0 obtain additional information.
Irradiation of the prot At 8 7.14 (H-6°) only. caused enhancement of the
gnal at 8 6.15 (H-3) resulted
of the proton signal at 8 3.90

proton signal at  8.30

in NOE enhancement ofimeth X

caused enhancement of the O Signe 5 6 (H-3") (Figures 3.77-3.79). The
NOE DIFF correlation o:

ﬂuﬁl f‘flﬁl ‘3 el
’QW’]NﬂiﬁUNWYJ Eﬂ EJ

NOE DIFF correlation of compound 13
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In addition, the structure of compound 13 was also confirmed by single crystal
X-ray diffraction cralysis. Single crystal of this compound was prepared by
recrystallization in acetone. After 1 week, light yellow rod-shaped crystals had grown
by slow solvent evaporation. A crystal, 0.4 x 0.5 x 0.7 mm’ in dimensions, was
mounted in quartz capillary and used for X-ray data collection performed at room

temperature with a Bruker AXs SMART diffractometer equipped with a CCD area

radiation (A = 0.71073 A°). The data
rystal belongs to the monoclinic
space group P2)/a wi

nﬂb«w (2), b = 7.70440 (10), ¢ =
13.55730 (10) A*and H

i et asymmetric unit is Ci6H1007,
(Table 3.25). The bond di \ - so shown in Table 3.26 and

‘\f\\

13 (Figure 3.72). H m “betWeen \ ph n group at C-5 (ring A) and

detector using graphite-monochro

were collected in the O-r:

3.27. A completion X : e’ 0 * the structure of compound
ent in the X-ray structure. Based
on these spectroscopic o 1 _ stal X ray diffraction analysis,

the structure of . L‘ found to be 5,7-dihydroxy-4’-

methoxyisoflavonequinone. Fr nowledoe, this is a new compound.

AMIAINALN]

e structure of compound
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Table 3.24 'H and '>C NMR spectral data of compound 13

129

. d (ppm) No. of proton, multiplicity and
pomieE ‘3(—:. H coupling constants

2 157.4 8.30 1H, s

3 115.4

4 178.7

5 161.1

§ 594 M.’/fa IH,d,1-2.13 iz

7 1647  Jol “*’

8 94.1 ——m' _ 1H,d,J=2.13Hz

| IS

| o A7) 3 NS

AR RELY ./ // =16 \N

> 184.9 ’ I © -L \\

BRERLLY /7% VNN

4 157.1 m ‘\

> 181.4 (s,

6’ 133.2 _ _rl,;;'f!.- 1H, s

OMe 565 .'.:;—_— .3H, s

7

ﬂummmwmni
ammﬂ‘mummmaa
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Table 3.25 Crystallographic Data; Data Collection, Solution and Refinement

for compound 13

Chemical formula Ci16H1007
Formula weight 314.24
Crystal habit, color Rod, light yellow
Cyystal size (mm) 0.4x0.5x0.7
Crystal systal Monoclinic
Space group ? S D) | /3
Unit cell dimension _ﬁ
a (A% 12:6447 (2)
b (A% :},‘.j (10)
A L 0 (10
¢ (A" ‘NG (10)
B (deg) _ % 209
Volume (A’ J 1 .86 (3)
Z ik 4
D, (gcm™) L) 1.581
p(mm™) '
F (000
©00) _
Bruker; CCD

Diffractometer -

Wavelenﬁ q& ‘e

Temperaﬂ*e

Gy
1t plr e

O rang fi eetio ¢ ?i),i? bEI
Rbohonl( - .ar
Index range -17<h<15,-10<k <10,-16 <1< 18

Structure solution

ab initio method (SHELXD)

Refinement method

Full-metrix least-aquares on F~

Data / parameters 3774 /248
R (F%) 0.0430
Goodness of fit 1.020




Table 3.26 Bond angles of compound 13 from X-ray diffraction analysis.

131

Angle (deg) Angle (deg)
o8 -G -0f 120.13 C8 -Cl10 -Cl1 122.42
2 ¢l =01 119.33 Cll1 -Cl10 -Cl15 119.60
C2 -1 -C6 120.53 C10 -Cll -H6 122.11
Cl -C2 -H2 119.09 . i@ ,-C11 -Ci12 122.07
o O -0 @E Cle~el] -He 115.71
C3 -C2 -H2 1.3 aC | @ () 121.87
C2 -C3 -02 _ 313 117.30
c2 -C3 -C4 T&o}\‘ 120.83
€4 -C3 ~12 _._;-_ GBI 111.89
C3 -C4 -H4 ‘ 121.09
€3 -C4 =05 € 127.00
C5 -C4 -H4 124.45
C4 -C5 -04 gt 121.08
C4 -C5 -C6 == _— 114.33
C6 -C5 -04 118.39
Cl -C6 -C5 SEEREE==_SaTEe=ar =t 120.73
cs -C6 -C7 120.81
Cl -C6 -€l 114.23
€6 -C7 -03 107.80
c6 -C7 -csﬁl ‘é 110.61
Ch =07 .~ 9, Ué(il.%
C7 -C8"% | BY LJo.57
C7 -C8 Q-C9 119.48 06 -Cl6 -HS 111.42
¢ =C8 1D 119.35 Cl -01 -HI 103.39
C8 -C9 -HS 124.30 C3 -02 -H3 111.55
C8 -C9 -04 125.19 C5 -04 -C9 118.88
04 -C9 -H5 110.50 Cl13 -06 -Cl6 115.72
€8 -Cl0 -Ci5 117.89
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Table 3.27 Bond distances of compound 13 from X-ray diffraction analysis

Distance (A°) Distance (A%
Ccl -€2 1.3833(17) Cl0 -Cl1 1.3438(17)
Cl -Cé6 1.4194(17) Cl10 -Cl15 1.5020(16)
Cl -0l 1.3444(16) Cll -CI12 1.4725(17)
G -0 ' 0.9709(169)
C2 -H2 1.4982(18)
C3 -C4 1.2218(17)
c3 -02 1.3358(18)
C4 -C5 1.3459(15)
C4 -H4 1.4685(17)
¢s -Ch 0.9292(172)
C5 -04 1.2220(16)
c6 -C7 1.4503(21)
C7 -C8 TA60(16)3007 |- 1.0256(230)
C7 -03 1.2449( (Seceie 1.0000(232)
Cc8 -C9 : J , 0.9162(264)
cs -Ci10 . ST 0.9641(260)
co -04 .I| 0.8298(277)
Cc9 -H5 0.9286(170)

AUEINENINETNS

IR TUNNINGAY
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Scheme 3.13 Possible mass fragmentation patterns of compound 13



%Transmittance

ﬂﬂﬂ?ﬂﬂﬂiﬂﬂﬂﬂi
wmnszuumw \

Figure 3.74 Mass spectrum of compound 13
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TONL1-TRR AT 7.14PPH
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Figure 6.78 NOE DIFF of compound 13 (irradiated at 6.15 ppm)
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T 05 b

Figure 6.80 Plot of crystal packing of compound 13
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3.3 The biological activity of isolated compounds from D. cochinchinensis
The in-vitro ICsq values of KB cell lines, free radical scavenging activity and
0O, scavenging activity of isolated compounds from D. cochinchinensis are shown in

Table 3.28, 3.29 and 3.31, respectively.

Table 3.28 Cytotoxic activity ggainst KB cell lines by MTT assay

‘ ICsp (ng / ml
Compound \ / 5; i :
- ; 550 M
1 ; z 37

[\

8

2 w7 -
////ﬂ\t\\\
L L1L AN

W

5

9

S

7

oS

0

25

40

14

o

i

'per.formed at. ﬂoduc ‘Vllesearnectlon F?é!earcﬂmswn National Cancer
" WTRINTA NN TN
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Table 3.29 Free radical scavenging activity of isolated compounds on

DPPH (0.25 mM)
Sample Conc. (mM) % radical scavenging
1.000 8.71
Compound 1 0.500 4.37
250 1.95
0.53
1.000 61.71
: .500 48.25
Compound2 ™ 0250 3534
0.1 24.02
- 15.04
% () 57.85
7 y. 0 46.30
Compound 3 ' MJ: 32.37
et U 20.00
2 ,‘; 11.76
¢
: | 22.08
Compound 4 | 82
m 13.64
9.60
10 | 100 | 9.85
’ 'l’ld P O.SOlO a A ?.23
TR NIU R TIVEHTA B
9 0.125 0.70
1.000 67.13
0.500 52.83
Compound 6 0.250 39.05
0.125 26.47
0.062 15.82




Table 3.29 Free radical scavenging activity of isolated compounds on
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DPPH (0.25 mM) (continues)
Sample Conc. (mM) % radical scavenging
1.000 5.59
0.500 3.40
Compound 7
0.250 2.26
0.125 0.07
004 90.75
C 88.78
Compound 8 82.68
76.37
41.12
6.03
3.00
Compound 9
3.20
0.31
15.04
9.66
Compound 10
3 6.09
7 5.13
| ] ( 24.69
0.50 21.23
Compo ““ . gJ
EJ zj W I ﬂ j 17.09
Y 0.125 ) 12.97
' : 1@ ~ X 40
AR AT TEIAD
9 : 2231
Compound 12
0.250 17.09
0.125 1129
1.000 20.52
0.500 12.10
Compound 13
0.250 8.45
0.125 5.29




Table 3.30 Free radical scavenging activity of BHA on DPPH (0.25 mM)
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Sample Conc. (mM) % radical scavenging
1.000 90.59
0.500 87.12
BHA 73.69
(Standard) 57.71
.0 25.51
7.69
W
o5
100 =
2 80
2
2 60
3
w™ 40
2
S 20%
ﬂ‘LJ’EJ’J“VIEJW?M'Pﬂ‘i

ARIAN] 3§]J83~I'P1 1

cavenging effect of BHA

NN
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Figure 3.83 Scavenging effect of compound 3
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Figure 3.85 Scavenging effect of compound 8
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Table 3.31 ICsq on free radical scavenging activity of isolated compound on
DPPH

Compound I1Cs0 (mM)

1 >1.000

0.530

0.620

] ' >1.000

NI/ >1.000

> 0.415

//// ‘ \\\\\\\"‘ 0.080

CLIL AN > 1

v/ E" NN

>1.000

>1.000

> 1.000

0.120

=

ﬂUEJ’J‘VIEJ'Vl‘iWEJ’]ﬂ‘i
QWlNﬂiﬂJNW]’JVIEI']ﬂEI
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Table 3.32 Superoxide anion scavenging activity of isolated compounds

Sample Conc. (uM) % SOD activity
Compound 1 100 41.77
10 35.10
1 25.27
Compound 2 " 00 34.92
:.‘&{\“ ., 32.38
e B 28.01
Compound 3 ‘!"' ; ) 1\ , : 63.67
BN
Y/ZETANNNN G

Compound 4 ‘! I ﬁ p\\\\\ N 89.47

AN

| " o\ 1521

Compound 5 44.13
——— 29.18
e Y , 15.40
Compound TR —V 24.03
P yfi £ =
1 y 21.75
i - :
p 11’ 7.26
C ompﬁ 7 ¢ | . l'l ﬁ 40.49
' ‘irl 10 ) - 32.73
‘ F |
% q a"glf.sz
h¥ou jguygl Ig”L “41.50
10 24.75
1 14.81
Compound 9 100 52.56
10 13.87
1 10.60
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Table 3.32 Superoxide anion scavenging activity of isolated compounds (continues)

Compound 10 100 52.29
10 29.33

1 15.85

Compound 11 100 22.76
10 14.38

\ 2.94

Compound 12 SN 100
p— 1 90.40

40.88

Compound 13

BHA

Z MR

7/ S —
77/ NN
Z//] % N\S
/1 \\Y
2222 TAN

93.71

[958}

3.73

100

52.67

Yr22

60 80 100 120
conc.

Figure 3.86 Superoxide anion scavenging activity of compound 3
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Figure 3.88 Superoxide anion scavenging activity of compound 10
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Figure 3.90 Superoxide anion scavenging activity of compound 13
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1

AN \ tivity of BHA

of isolated compound
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Compounid ‘\ ICso (UM)
1 > 100
>100
8.00
36.50
>100
& 100
2100

- >180

et

% 10 90.00
11 >100
12 1.55
13 1.40
BHA 9.50
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The isolated compounds fell into six groups. They comprised isoflavone,
flavanone, isoflavanone, flavane, chalcone and isoflavone quinone for the last group.
The bioassay results of isolated compound were summarized in Table 3.28, 3.31 and
3.38.

Cytotoxic activity against KB cell lines of compounds 1-13 by MTT assay.

Among compounds 1-13, compound 5 and 11 showed moderate in vitro

Free radicals s

The free radic ‘ . solated compounds was assessed by
DPPH assay. In Tabl Hun was 0. be more potent antioxidant
(ICso  0.080 mM) th 0 mM andard antioxidant), whereas
compounds 2, 3 and’ moddrate, adtivity\ (105 0.530, 0.620 and 0.415 mM,

respectively). -
g T
Riarett
Scavenging pf compounds 1-13.

d ———

From the at?ove ata asw

-

e.3.33, It suggested that compounds 3,
% 4(ICs0 8, 1.55 and 1.40 pM,
. v ). Compound 4 showed

respectively) whick
moderate superoxide §¢ 1 50 36.50 pM).and the other compounds did
not show su;ﬁoxide affiofisscaven irﬁc&&%up to the highest concentration (ICsg

-ooe. Pl UEIVIEITIINE NI

From zgove data, the biolggical activity,provide that the free radical and

e S TS A AR G o

ring. Esﬂ)ectially for superoxide anion radicals, the quinone on B ring with the 4-oxo

group (compound 11 and 13) showed higher activity than BHA.
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From the literature review, the major determinations for radical scavenging
capacity are the presence of a catachol group in B ring, which has the better electron-
donating properties and is a radical target.

Our data also showed some support of this approach. All of isolated
compounds showed no cytotoxicity to living cells so all of them could be developed

for more application in pharmaceutical and medicinal areas for the further.
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