
C H A P T E R  I V

R E S U L T S  A N D  D I S C U S S I O N

4.1 P R E L IM I N A R Y  S C R E E N IN G  17 H E R B S  O F  T H A IL A N D .

F r o m  th e  s e a r c h in g  o f  E th n p p h a r m a c o p o e a  o n  m e d ic in a l  p la n t s  o f  T h a i la n d , it 

w a s  f o u n d  th a t  17 s p e c i e s  o f  h e r b s  w e r e  in t e r e s t in g  to  b e  s c r e e n e d  a g a in s t  b r e a s t  c a n c e r  

c e l l  l in e s  ( s h o w n  in  Table 3.1). T h e s e  h e r b s  w e r e  e x tr a c te d  w it h  m e t h a n o l  ( s h o w n  in  

Scheme 3.1) a n d  th e  c r u d e  e x tr a c t  w a s  t e s t  fo r  a c t iv i t y  a g a in s t  b r e a s t  c a n c e r  c e l l  l in e s  b y  

M T T  m e t h o d .  R e s u l t  o f  M T T  a s s a y  b y  c o m p a r in g  % s u r v iv a l  a n d  % g r o w th  o f  b r e a s t  

c a n c e r  c e l l  l in e s  r e v e a le d  th a t  K. parviflora h a d  th e  h ig h e s t  a c t iv i t y  o f  c y t o t o x i c  a g a in s t  

B T  4 7 4  b r e a s t  c a n c e r  c e l l  l in e s  ( s h o w n  in  Table 4.1). T h e r e fo r e ,  K. pannflora w a s  

c h o s e n  fo r  fu th e r  s tu d ie s .

Table 4.1 R e s u l t  o f  c y t o t o x i c  a c t iv i t y  a g a in s t  B T  4 7 4  b r e a s t  c a n c e r  c e l l  l in e s .

H e r b s T h a i c o m m o n  n a m e % Survival of breast cancer cell line
Hydnophytum formicarum หัวร้อยรู 8 4

Cuscuta chinensis ฝอยทอง 55
Nelambo nucifera เกสรบัวหลวง 3 7

Acanthus ebracteatus เหงือกปลาหมอ 6 0
Kaempferia parviflora กระชายดำ 10

Curcuma longa ขมิ้นชัน 21

Orthosiphon aristatus หญ ้าหนวดแมว 2 0

Gel onium ทในItiflorum ช ันทองพยาบาท 38
Salacia chinensis กำแพง 7 ชั้น 8 2

Rhinacanthus nasutus ทองพันชั่ง 21

Euphorbia lacel แก่นสลัดได 2 0

Garcinia cowa ใบชมวง 6 7

Rauvolfia seppentina รากระย่อม 7 0

Artemisia pallens โกศจุฬา 4 0
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Herbs Thai common name %  S u r v i v a l  o f  b r e a s t  c a n c e r  c e l l  l i n e

Zingiber cassumunar ไพล 15
Curcuma zedoaria ขมิ้นอ้อย 14
Livisticum officnale โกศเช ียง 15

4.2 P R E L IM I N A R Y  S C R E E N IN G  O F  C R U D E  E X T R A C T S  
O F  K. parviflora.

T h e  c r u d e  e x tr a c t s  o f  K. pannflora w i t h  v a r io u s  s o l v e n t s  w e r e  t e s te d  fo r  

c y t o t o x i c  a c t iv i t y  a g a in s t  B T  4 7 4  b r e a s t  c a n c e r  c e l l  l in e s  a n d  th e  r e s u l t  s h o w e d  th a t th e  

c r u d e  e t h y l  a c e t a t e  w a s  m o r e  a c t iv e  th a n  th e  c r u d e  h e x a n e  a n d  c r u d e  m e t h a n o l  (Table
4.3). T h e r e f o r e ,  c r u d e  e t h y l  a c e t a t e  e x tr a c t  w a s  s e l e c t e d  fo r  th e  n e x t  e x p e r im e n t .

Table 4.2 T h e  s o lv e n t  e x tr a c t s  o f  K. parviflora.

S o lv e n t  ex tract A p p eara n ce W e ig h t  ( g  ) % w t. by w t. o f  the  

K. pannflora rh izom es

H e x a n e M ix e r  w h ite  -  y e l lo w  so lid  and y e l lo w  o il 1 0 .6 4 0 .2 1 2 8
E th y l a ceta te M ix e r  w h ite  so lid  and y e llo w  o il 7 .3 8 0 .1 4 7 6

M eth a n o l B ro w n  -  v io le t  v ic o u s  liq u id 2 1 .3 4 0 .4 2 6 8

Table 4.3 R e s u l t  o f  c y t o t o x i c  a c t iv i t y  a g a in s t  B T  4 7 4  b r e a s t  c a n c e r  c e l l  l in e s  o f  c r u d e  

h e x a n e ,  e t h y l  a c e t a t e ,  m e t h a n o l  e x tr a c t s .

C r u d e  E x tr a c t  

( 1 0  u g /m l  )
% s u r v iv a l  o f  B T  4 7 4  b r e a s t  

c a n c e r  c e l l  l in e

C r u d e  H e x a n e 4 8
C r u d e  E t O A c 2 0

C r u d e  M e O H 3 0
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4.3 S T R U C T U R E  E L U C ID A T IO N  O F  T H E  IS O L A T E D  
C O M P O U N D S  F R O M  T H E  F R E S H  R H IZ O M E S  O F  
K .  p a r v i f l o r a .

4.3.1 STRUCTURE E LU C ID A T IO N  OF COM POUND 1

Compound 1 i s  a  c o l o r l e s s  n e e d le  c r y s ta l  ( 5 3 5  m g ) ,  u v  A,max ( m i l ) ,  C H C 1.3 ( lo g  

ธ): 2 6 2 ,  3 2 2  s h  ( 0 . 0 0 2 5 ) ,  [ a ] D20 +  4 .0  (C H C 1 3, c  0 .5 ) .

F T -IR  spectrum , (K B r), v m a x  ( c m ' 1) : 2 ,9 9 3  ( พ ) ,  2 ,9 3 1  ( พ ) ,  2 ,8 3 9  ( พ ) ,  1 ,6 3 5  

(ร ), 1 ,6 1 2  (ร ), 1 ,4 5 8  ( m ) ,  1 ,4 2 7  (m ) ,  1 ,3 5 0  ( m ) ,  1 ,2 1 9  (ร ), 1 ,1 6 5  ( m ) ,  1 ,1 1 1  (m ) ,  1 ,0 1 0  

( พ ) ,  8 1 8  ( พ ) ,  7 8 7  ( พ ) ,  7 0 9  ( พ ) ,  6 2 5  (พ )  (Fig. A l) .

^ - N M R  spectrum  (C D C I 3, 2 0 0  M H z .)  8  ( P P M )  : r e v e a le d  th e  s ig n i f ic a n t  

s i g n a l s  a t c h e m ic a l  s h i f t  3 .8 7 ,  3 .8 8 ,  3 .9 5  ( 9 H , a ll  ร ,  3  * O C H 3), 6 . 3 4  ( 1 H ,  d , J = 2  H z , 
A r H ) ,  6 .5 0  ( 1 H ,  d , J = 2  H z ,  A r H ) ,  8 .0 4  ( 2 H , m , 2  * A r H ) , 7 .4 6  ( 3 H ,  m , 3 * A r H )  (Fig. 
A l l ) .

13C- N M R  spectrum  (C D C I 3, 2 0 0  M H z .)  8  ( P P M )  : 1 7 4 .1  (ร ), 1 6 3 .9  (ร ), 1 6 1 .0  

(ร ), 1 5 8 .9  (ร ), 1 5 2 .6  (ร ), 1 4 1 .8  (ร ), 1 3 0 .8  (ร ), 1 3 0 .3  (ร ), 1 2 8 .5  (ร ), 1 2 8 .1  (ร ), 1 0 9 .5  (ร ),
9 5 .8  (ร ), 9 2 . 4  (ร ), 6 0 .1  (ร ) , 5 6 . 4  (ร ), 5 5 .8  (ร ) (Fig. A21).

E I-M S  spectrum  (m/z) 70 ev ะ 3 1 2  ( 4 8 )  [M +], 3 1 1  ( 1 0 0 ) ,  2 9 3  ( 3 6 ) ,  2 8 1  ( 1 3 ) ,  
2 5 1  ( 8 ) , 1 81  ( 8 ) , 1 5 2  (9), 1 0 5  ( 1 6 ) ,  77 ( 2 0 )  (Fig. A32).

T H E  'H - N M R  s p e c t r u m  (Fig. A l l )  o f  c o m p o u n d  1 h a d  t w o  d o u b le t s  at 8  6 .3 4  

a n d  6 .5 4 ,  e a c h  s h o w e d  a  5 ,7 - d is u b s t i t u t e d  in  r in g  A  w it h  m e ta  c o u p l i n g  ( 7 = 2  H z ) ,  a n d  

w a s  in t e g r a t e d  f o r  p r o to n  a t C - 6  a n d  C - 8  in  r in g  A , r e s p e c t iv e ly .  S i g n a l s  a t 8  3 .8 7 ,  3 .8 8  

a n d  3 .9 5  ( a l l  s in g l e t s )  w e r e  a t tr ib u ta b le  to  th r e e  m e t h o x y  g r o u p s  a t C - 3 ,  5  a n d
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7 , r e s p e c t iv e ly .  T h e  a r o m a t ic  p r o to n s  o f  B -r in g  a p p e a r e d  a s  t w o  m u lt ip le t s  a t 8  7 . 4 6  (3 H )  

a n d  5  8 .0 4  ( 2 H ) .  A c c o r d in g  to  th e  lite r a tu r e  ( 2 2 ) ,  th e  c o m p o u n d  1 w a s  a s s ig n e d  a s  3 ,5 ,7 -  

t r i m e t h o x y f la v o n e .  T h e  'H - N M R  c h e m ic a l  s h i f t s  o f  c o m p o u n d  1 a n d  3 ,5 ,7 -  

t r im e t h o x y f la v o n e  w e r e  c o m p a r e d  a s  s h o w n  in  Table 4.4, a n d  s tr u c tu r e  o f  3 ,5 ,7 -  

t r im e t h o x y f la v o n e  s h o w n  in  Fig. 4 .11

3 '

4'

o

Figure 4.1 S tr u c tu r e  o f  3 ,5 ,7 - t r im e t h o x y f la v o n e  fr o m  K. parviflora.

Table 4.4 ’H - N M R  s p e c tr a l  d a ta  o f  c o m p o u n d  1 a n d  3 ,5 ,7 - t r im e t h o x y f la v o n e .

H 3 ,5 ,7 -tr im e th o x y fla v o n e C o m p o u n d  1
2 - -
3 - -
5 - -
6 6 .2 7 ,  1H, (d , 7  =  2 .5 ) 6 .3 4 , 1H , (d , 7  =  2 )
7 - -

8 6 .5 3 ,  1H, (d , 7  =  2 .5 ) 6 .5 0 , 1H, (d , 7  =  2 )
2 ' 8 .0 5 , 2 H , (m ) 8 .0 4 , 2 H , (ทา)
3' 7 .5 0 , 3H , (m ) 7 .4 6 , 3 H , (ทา)
4 ’ 7 .5 0 , 3 H , (m ) 7 .4 6 , 3 H , (m )
5' 7 .5 0 , 3 H , (ทา) 7 .4 6 , 3 H , (m )
6 ' 8 .0 5 , 2 H , (ทา) 8 .0 4 , 2 H , (ทา)

3 -O C H 3 3 .9 0 , 3 H , (ร) 3 .8 8 , 3 H , (ร)
5 -O C H j 3 .9 7 , 3H , (ร) 3 .9 5 , 3 H , (ร)
7 -O C H 3 3 .9 7 , 3 H , (ร) 3 .8 7 , 3 H , (ร)

T h e  i3C - N M R ,  D E P T - 1 3 5 , D E P T - 9 0  s p e c tr a  (Fig. A21) s h o w e d  th a t c o m p o u n d  

1 c o n s i s t s  o f  18  c a r b o n s .  O n e  s ig n a l  o f  th e  k e t o n e  a p p e a r e d  a t 1 7 4 .1  P P M . T h r e e  s ig n a ls  

o f  m e t h o x y  g r o u p s  a t 5 5 .8 ,  5 6 . 4  a n d  6 0 .1  p p m . R e s u lt  o f  13C - N M R , D E P T - 1 3 5 ,  D E P T -  

9 0  s p e c t r a  c o n f i r m e d  th a t c o m p o u n d  1 w a s  3 ,5 ,7 - t r im e t h o x y f la v o n e .  T h e  13C - N M R  

c h e m ic a l  s h i f t s  o f  c o m p o u n d  1 a r e  s h o w n  in  Table 4.5.
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Table 4.5 13C - N M R  s p e c t r a l  d a ta  o f  c o m p o u n d  1.

13c C o m p o u n d  1 13c C o m p o u n d  1
2 1 6 1 .0 1 ' 141 .8
3 1 3 0 .8 2 ' 128 .1
4 174 .1 3' 1 2 8 .4
5 1 5 8 .9 4' 1 3 0 .3
6 9 5 .8 5' 1 2 8 .4
7 1 6 3 .9 6' 128.1
8 9 2 .4 3 -O C H j 60.1

9 1 5 2 .6 5 -O C H 3 5 6 .3
10 1 0 9 .5 7 -O C H 3 5 5 .8

T h e  I R  s p e c t r u m  (F ig. A l )  o f  c o m p o u n d  1 s h o w e d  s e v e r a l  c h a r a c te r is t ic  

a b s o r p t io n  b a n d s  w h ic h  c a n  b e  a s s ig n e d  a s  in  Table 4.6.

Table 4.6 T h e  I R  a b s o r p t io n  b a n d  a s s ig n m e n t  o f  C o m p o u n d  1.

W a v e  n u m b er  (c m -1) In ten sity V ib ra tio n
2 9 9 3 , 2 9 3 1 ,2 8 3 9 A ll w ea k c  - H s tretch in g  v ib ra tio n  o f  arom atic

1 63 5 S tron g c = 0  s tretch in g  v ib ra tio n  o f  ca rb on y l 
co n ju g a ted  k eto n e

1 6 1 2 ,1 4 5 8 ,  1427 S tro n g , m ed iu m , m ed iu m c = c  s tretch in g  v ib ra tio n  o f  arom atic
1 3 5 0 M ed iu m C -H  stretch in g  v ib ra tio n  o f  -C H 3

1 2 1 9 S tron g C - 0  u n sy m m etry  stretch in g  
v ib ra tio n  o f  C -O -C

11 6 5 , 1 1 1 1 ,1 0 1 0 M ed iu m , m ed iu m , w ea k C - 0  sy m m etry  s tretch in g  
v ib ra tio n  o f  C -O -C

8 1 8 ,7 8 7 ,  7 0 9 ,6 2 5 A ll w ea k .=  C -H  ou t o f  p la n e  b en d in g  v ibration  

o f  arom atic
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T h e  m a s s  s p e c t r u m  (F ig. A32) o f  c o m p o u n d  1 s h o w e d  th e  f r a g m e n t a t io n  a s  

f o l l o w ,  m / z ( E I M S )  3 1 3  ( 9 ) ,  3 1 2 ( 4 8 )  [ M +], 3 1 1  ( 1 0 0 ) ,  2 9 3  ( 3 6 ) ,  2 8 1  ( 1 3 ) ,  2 5 1  ( 8 ) , 1 8 1
( 8 ), 1 5 2  ( 9 ) ,  1 0 5  ( 1 6 ) ,  7 7  ( 2 0 ) .  A l t h o u g h  th e  m o le c u la r  io n  a t m /e  3 1 1  w a s  th e  b a s e  p e a k  

b u t  m o le c u la r  w e i g h t  i s  3 1 2 .  T h e  p o s s i b l e  f r a g m e n t a t io n  is  s h o w n  in  Scheme 4.1.

T h e  a b o v e  e v i d e n c e s  s t r o n g ly  s u g g e s t e d  th a t c o m p o u n d  1 i s  3 , 5 ,  7  - 

t r im e t h o x y f la v o n e .  M o r e o v e r ,  th e  s tr u c tu r e  o f  c o m p o u n d  1 w a s  a l s o  c o n f ir m e d  b y  X - r a y  

d if f r a c t io n  a n a ly s i s  w h i c h  in d ic a t e d  th a t  c o m p o u n d  1 w a s  3 ,5 ,7  -  t r im e t h o x y f la v o n e .  
C o m p o u n d  1 w a s  c r y s t a l l i z e d  f r o m  e t h y l  a c e t a t e  /  h e x a n e  to  y i e ld  c o l o r l e s s  n e e d le s  l ik e  

to  c o l o r l e s s  n e e d le  c r y s t a l s  f r o m  h e x a n e  /  c h lo r o f o r m  ( 2 2 )  w ith  m .p . 1 8 1 - 1 8 2 ° c  ( l i t  2 0 4 -  

2 0 6  ° C )  ( 2 2 ) .  T h e  ORTEP d r a w in g  o f  c o m p o u n d  1 is  s h o w n  in  Fig. 4.2. T h e  X -r a y  

d if f r a c t io n  is  p r e s e n t e d  in  Table A l ,  A2, A3, A4 a n d  A5, r e s p e c t iv e ly .

HjCO 0 . I

ไ  น ! .
I [  ocu ,

0Cfi3 o m /e  312

-OCHo

X X Xr  T m /e  281OCU} o

- o c h 3

o  m /  e 251

- Ar

-  C2OH7 m /  e 181
Y

m /e  105

- CO

m /  e 77

Scheme 4.1 T h e  m a s s  f r a g m e n t a t io n  o f  th e  c o m p o u n d  1.
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Figure 4.2 T h e  O R T E P  d r a w in g  o f  C o m p o u n d  1.

4.3.2 STRUCTURE E LU C ID A T IO N  OF CO M POUND 2

Compound 2 is  a  c o l o r l e s s  n e e d le  c r y s ta l  ( 2 ,5 4 7  m g ) ,  u v  A.,11.,x ( n m ) ,  C H C I 3 ( lo g  

ธ ):2 6 2 ,  3 0 2  s h  ( 0 . 0 0 2 5 ) ,  [ a ] D20 - 4 .2  (C H C I 3, c  0 .5 ) .

F T -IR  spectrum , (K B r), v m a x  ( c m -1) : 3 ,4 2 5  ( m ) ,  3 ,0 7 0  ( พ ) ,  2 ,9 3 1  ( พ ) ,  2 ,8 6 2  

( พ ) ,  1 ,6 5 0  (ร ) , 1 ,6 0 4  (ร ), 1 ,4 5 8  ( m ) ,  1 ,3 4 2  ( m ) ,  1 ,2 8 0  ( m ) ,  1 ,2 0 3  ( m ) ,  1 ,1 5 7  ( m ) ,  1 ,1 1 8  

( m ) ,  9 4 9  ( พ ) ,  8 1 8  ( พ ) ,  7 6 4  ( พ ) ,  6 9 4  ( พ )  (Fig. A2).

!H -N M R  spectrum  (C D C I 3 , 2 0 0  M H z .)  ร  ( P P M )  : r e v e a le d  th e  s ig n i f ic a n t  

s ig n a l s  a t c h e m ic a l  s h i f t  3 .8 9 ,  3 .9 4  ( 6 H , a ll ร ,  2  * O C H 3 ) , 6 .6 6  ( I H ,  ร ,  A r C O C H  =  C -  

A r ) ,  6 . 3 6  ( 1 H ,  d , J = 2  H z ,  A r H ) ,  6 .5 5  ( 1 H , d , J = 2  H z , A r H ) ,  7 .8 5  ( 2 H ,  m , 2 * A r H ) ,  7 .5 2  

( 3 H ,  m, 3 * A r H )  (F ig. A12).

13c -  N M R  spectrum  ( C D C I 3, 2 0 0  M H z .)  5  ( P P M )  : 1 7 7 .6  (ร ), 1 6 4 .1  (ร ), 1 6 0 .9  

(ร ), 1 6 0 .9  (ร ) , 1 6 0 .6  (ร ), 1 5 9 .9  (ร ), 1 3 1 .5  (ร ), 1 3 1 .2  (ร ), 1 2 8 .9  (ร ). 1 2 5 .9  (ร ), 1 0 9 .0  (ร ),
9 6 .2  (ร ) , 9 2 .8  (ร ) , 5 6 .4  (ร ), 5 5 .8  (ร ) (Fig. A22).
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E I-M S  spectrum (m/z) 70 ev : 283 (14), 282 (100) [ M +], 281 (66), 253 (40),
251 (19), 236 (35), 224 (11), 209 (23) (Fig. A33).

T h e  'H - N M R  s p e c tr u m  (Fig. A12) o f  c o m p o u n d  2  s h o w e d  t w o  d o u b le t s  a t 6  6 . 3 6  

a n d  6 .3 5  w ith  m e ta  c o u p l in g  (1/  =  2  H z )  a n d  e a c h  d o u b le t  in t e g r a t e d  f o r  o n e  p r o to n  ( C - 6  

a n d  C - 8 ). T w o  s in g le t s  at 3 .8 9  a n d  3 .9 4  b e lo n g e d  to  t w o  m e t h o x y  g r o u p s  a t C - 7  a n d  C -  

5 , r e s p e c t iv e ly .  A  s in g le t  at Ô 6 . 6 6  r e p r e s e n t e d  th e  C -3  a r o m a t ic  p r o to n s .  T h e  a r o m a t ic  

p r o to n s  a p p e a r e d  a s  t w o  m u lt ip le t s  a t 8  7 . 5 2  ( 3 H )  a n d  7 .8 5  ( 2 H ) .  F r o m  th e  l i t e r a tu r e  

( 2 2 ) ,  th e  'H - N M R  d a ta  in d ic a t e d  th a t  c o m p o u n d  2  w a s  5 ,7  -  d im e t h o x y f la v o n e .  T h e  ]H -  

N M R  c h e m ic a l  s h i f t s  o f  c o m p o u n d  2  a n d  5 ,7 - d i m e t h o x y f l a v o n e  w e r e  c o m p a r e d  a s  

s h o w n  in  Table 4.7, a n d  s tr u c tu r e  o f  5 ,7 - d i m e t h o x y f l a v o n e  i s  s h o w n  in  Fig. 4.3,

4'

5'

o c h 3 o

F igure 4.3 S tr u c tu r e  o f  5 ,7 - d i m e t h o x y f l a v o n e  f r o m  K. parviflora.

Table 4.7 'H - N M R  s p e c tr a l  d a ta  o f  c o m p o u n d  2  a n d  5 ,7 - d im e t h o x y f la v o n e .

H 5 ,7 -d im e th o x y fla v o n e C o m p o u n d  2
2 - -
3 6 .6 5 , 1H , (ร) 6 .6 6 , 1H , (ร)
5 - -
6 6 .3 8 , 1H , (d , 7  =  2 .5 ) 6 .3 6 , 1H , (d , 7  =  2 )
7 - -
8 6 .5 7 , 1H , (d , 7  =  2 .5 ) 6 .5 5 , 1H , (d , 7  =  2 )
2 ’ 7 .8 8 , 2 H , (m ) 7 .8 5 , 2 H , (m )
3' 7 .3 8 ,  3 H , (m ) 7 .5 2 , 3 H , (m )
4' 7 .3 8 ,  3 H , (m ) 7 .5 2 , 3 H , (m )
5' 7 .3 8 ,  3 H , (m ) 7 .5 2 , 3 H , (m )
6 ' 7 .8 8 ,  2 H , (m ) 7 .8 5 , 2 H , (m )

5 -O C H 3 3 .9 2 , 3 H , (ร) 3 .9 4 , 3 H , (ร)
7 -O C H 3 3 .9 2 , 3 H , (ร) 3 .8 9 , 3 H , (ร)
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T h e  13C -N M R , D E P T -1 3 5 , D E P T -9 0  sp ec tra  (Fig. A22) sh o w e d  th a t c o m p o u n d  
2  has 17 ca rb o n s  w h ic h  c o rre la te d  to  m o le c u la r  fo rm u la r  o f  5 ,7 -d im e th o x y fla v o n e . 
M o re o v e r  th e  d a ta  re v e a le d  tw o  sig n a ls  o f  m e th o x y  g ro u p s a t Ô 5 5 .8  an d  5 6 .4 , an d  o n e  
sig n a l o f  k e to n e  at 177 .6  p p m . T h e  13C -N M R  ch em ica l sh ifts  o f  c o m p o u n d  2 a re  sh o w n  
in Table 4.8.

Table 4.8 13C -N M R  sp ec tra l d a ta  o f  c o m p o u n d  2.

c Compound 2 c Compound 2
2 160.9 r 131.5
3 109 2' 125.9
4 177.6 3' 128.9
5 160.6 4' 131.2
6 96.2 5' 128.9
7 164 6' 125.9
8 92.8 5-OCH3 56.4
9 159.9 7-OCH3 55.8
10 109

T h e  IR  sp e c tru m  (F ig. A2) o f  c o m p o u n d  2 is  su m m a riz e d  in  Table 4.9. 
Table 4.9 T h e  IR a b so rp tio n  b a n d  a s s ig n m e n t o f  C o m p o u n d  2.

W a v e  n u m b e r  (c m * 1) I n t e n s i ty V ib r a t io n
3 ,4 2 5 ,3 ,0 7 0 ,  2 ,9 3 1 ,2 ,8 6 2 A ll  w e a k c  - H  stre tch in g  v ib r a tio n  o f  arom a tic

1 ,6 5 0 S tro n g c = 0  s tr e tch in g  v ib r a tio n  o f  ca rb o n y l 
c o n ju g a te d  k e to n e

1 ,6 0 4 , 1 ,4 5 8 S tron g , m ed iu m c = c  s tr e tch in g  v ib ra tio n  o f  arom a tic
1 ,3 4 2 M ed iu m C -H  s tr e tch in g  v ib ra tio n  o f  -C H 3

1 ,2 8 0 , 1 ,20 3 M ed iu m , m ed iu m C - 0  u n sy m m e tr y  s tr e tch in g  
v ib ra tio n  o f  C -O -C

1 ,1 5 7 , 1 ,1 1 8 M ed iu m , m ed iu m C - 0  sy m m e tr y  s tr e tch in g  

v ib r a tio n  o f  C -O -C
9 4 9 , 8 1 8 ,7 6 4 , 6 9 4 A ll  w e a k .=  C -H  o u t o f  p la n e  b e n d in g  v ib ra tion  

o f  a ro m a tic
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T h e  m a s s  s p e c t r u m  (Fig. A33) o f  c o m p o u n d  2  s h o w e d  th e  f r a g m e n ta t io n  a s  

f o l l o w ,  m /z  ( E I M S )  2 8 3  ( 1 4 ) ,  2 8 2  ( 1 0 0 )  [M +], 2 8 1  ( 6 6 ), 2 5 3  ( 4 0 ) ,  2 5 1  ( 1 9 ) ,  2 3 6  ( 3 5 ) ,  
2 2 4  ( 1 1 ) ,  2 0 9  ( 2 3 ) .  T h e  m a s s  s p e c tr u m  o f  c o m p o u n d  2  s h o w e d  th e  m o le c u la r  io n  a t m /e  

2 8 2  w h ic h  c o r r e s p o n d e d  to  th e  m a s s  o f  th e  5 ,7 - d im e t h o x y f la v o n e .  T h e  p o s s ib le  

f r a g m e n t a t io n s  a r e  s h o w n  in  Scheme 4.2.

H,CO 0

m/c 282
OCH3 o

RDA

r  ÏI
L  1

o c h 3 o

h 3co

o c h 3 o

Scheme 4.2 T h e  m a s s  f r a g m e n t a t io n  o f  th e  c o m p o u n d  2 .

M o r e o v e r ,  th e  s tr u c tu r e  o f  c o m p o u n d  2  w a s  a l s o  c o n f ir m e d  b y  X - r a y  d if f r a c t io n  

a n a ly s i s ,  w h ic h  is  s h o w n  in  Fig. 4.4. X -r a y  d if f r a c t io n  d a ta  a re  p r e s e n t e d  in  Table A6, 
A7, A8, A9 a n d  A10. T h e  c o lo r le s s  n e e d le  c r y s t a ls  o f  5 ,7 - d i m e t h o x y f l a v o n e  w e r e  

o b t a in e d  f r o m  e t h y l  a c e t a t e /h e x a n e  a n d  h a d  m .p . 1 3 4 - 1 3 5 ° c  c o l o r l e s s  n e e d le s  fr o m  

c h lo r o f o r m  /  h e x a n e ,  m .p . 1 4 9 - 1 5 0  ° c  ( 2 2 )  . T h e  m o le c u la r  f o r m u la r  a n d  m o le c u la r  

w e i g h t  w e r e  C 17H 14O 4 a n d  2 8 2 ,  r e s p e c t iv e ly .
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4.3.3 STRUCTURE ELUCIDATION OF COMPOUND 3

Compound 3 is  a  w h ite  p o w d e r  (2 3 2  m g ), u v  A-max (n m ), C H C I3 ( lo g  ร):266 , 
3 18  sh  (0 .0 5 ), [ a ]D20 -3 .4  (C H C I3, c 0 .5 ).

FT-IR spectrum, (KBr), v m a x  ( c m 1) : 3 ,0 7 0  (พ ), 2 ,939  (พ ), 1 ,658 (m ), 1,596 
(ร), 1 ,504  (m ), 1 ,435 (m ), 1 ,373 (m ), 1 ,342  (m ), 1,311 (m ), 1,203 (ร), 1 ,165 (m ), 995 
(พ ), 833 (พ ), 7 0 2  (พ ), 633  (พ ) (Fig. A3).

*H-NMR spectrum (C D C I3, 2 0 0  M H z.) 8 (P P M ) : re v e a le d  th e  s ig n ific an t 
s ig n a ls  at c h e m ic a l sh ift 3 .8 5 , 3 .8 8 , 3 .9 2  (9H , all ร, 3 * O C H 3), 6 .5 7  (1H , ร , A rC O C H  = 
C -A r), 6 .35  (1 H , d, J= 2  H z , A rH ), 6 .5 4  (1H , d, J= 2  H z, A rH ), 7 .8 0  (2 H , d , J= 9  H z, 2 * 
A rH ), 6 .9 8  (2 H , d, J= 9 H z , 2 * A rH ) (Fig. A13).

13c -  NMR spectrum (CDCI3 , 2 00  M H z .)  8 (P P M ) : 177.7 (ร), 163.9  (ร), 162.0  
(ร), 160.8  (ร), 160 .7  (ร), 159 .8  (ร), 127 .6  (ร), 123.7 (ร), 114.3 (ร), 109.1 (ร), 107.5 (ร), 
9 6 .0  (ร), 9 2 .8  (ร), 5 6 .4  (ร), 5 5 .8  (ร), 55 .5  (ร) (Fig. A23).
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EI-MS spectrum (m/z) 70 ev : 313 (21), 312 (100) [NT ], 311 (6 8 ), 283 (23), 
281 (22), 266 (25), 132 (19) (Fig. A34).

T h e  'H -N M R  sp ec tru m  (Fig. A13) o f  c o m p o u n d  3 sh o w ed  th ree  s in g le ts  at 8 
3 .8 5 , 3 .88 , and  3 .92  d u e  to  n in e  m e th o x y  p ro to n s . T w o  d o u b le ts  a t 8 6 .3 5  ( 7 = 2  H z) 
w ere  a ss ig n ed  to  th e  p ro to n s  on  C -6 an d  C -8 . T h e  s in g le t at 8 6 .5 7  w as d u e  to  th e  C -3 
p ro to n . T w o  d o u b le ts  at 8 6 .9 8  (7  =  9 H z) an d  7 .80  ( 7 = 9  H z) w e re  a ss ig n ed  to  the  
a ro m a tic  p ro to n s. T h e  'H -N M R  sp ec tru m  o f  c o m p o u n d  3 c o rre la ted  w ith  th e  'H -N M R  
sp ec tru m  o f  5 ,7 ,4 ’- tr im e th o x y fla v o n e  (22). C o m p o u n d  3 w as a ss ig n e d  as 5 ,7 ,4 '-  
tr im e th o x y flav o n e . T h e  ’H -N M R  ch em ica l sh ifts  o f  c o m p o u n d  3 an d  5 ,7 ,4 '- 
tr im e th o x y fla v o n e  w ere  c o m p a re d  as sh o w n  in  Table 4.10, an d  s tru c tu re  o f  5 ,7 ,4 '- 
tr irn e th o x y flav o n e  sh o w n  in Fig. 4.5.

Figure 4.5 S tru c tu re  o f  5 ,7 ,4 '- tr im e th o x y flav o n e  fro m  K. parviflora.

Table 4.10 'H -N M R  sp ec tra l d a ta  o f  c o m p o u n d  3 an d  5 ,7 ,4 '-d im e th o x y flav o n e .

H 5,7,4 '-trim ethoxyflavone Com pound 3
2 - -
3 6.55, 1H, (ร) 6.57, 1H, (ร)
5 - -
6 6.35, 1H, (d, 7 = 2.5) 6.35, m ,  (d, 7 = 2)
7 - -
8 6.53, 1H, (d, 7 = 2.5) 6.54, 1H, (d, 7 = 2)
2 ' 7.81, 2H, (d, 7 = 9) 7.80, 2H, (d, 7 = 9)
3' 6.93, 2H, (d, 7 = 9) 6.98, 2H, (d, 7 = 9)
4' - ' -
5' 6.93, 2H, (d, 7  = 9) 6.98, 2H, (d, 7 = 9)
6’ 7.81, 2H, (d, 7 = 9) 7.80, 2H, (d, 7 = 9)

5-O CH3 3.85, 3H, (ร) 3.92, 3 H, (ร)
7-O CH3 3.88, 3H, (ร) 3.88, 3H, (ร)
4 '-O C H 3 3.93, 3H, (ร) 3.85, 3H, (ร)
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T h e  13C -N M R , D E P T -1 3 5 , D E P T -9 0  sp ec tra  (Fig. A23) w ere  in a g reem en t w ith  
5 ,7 ,4 '- tr im e th o x y flav o n e . T h e  sig n a ls  at 8 55 .4 , 55 .5 , 55 .7  p p m  w ere  s ig n a ls  o f  th e  th ree  
m e th o x y  g ro u p s an d  8 177.7  w as th e  signal o f  a  ketone. T h e  13C -N M R  ch e m ic a l sh ifts  o f  
c o m p o u n d  3 are  sh o w n  in Table 4.11.

Table 4.11 I3C -N M R  sp ec tra l d a ta  o f  c o m p o u n d  3.

c Compound 3 c Compound 3
2 162 r 123.7
3 107.5 2' 127.5
4 177.7 3' 114.3
5 160.7 4' 160.7
6 96 5' 114.3
7 163.9 6’ 127.5
8 92.8 5 -OCH3 56.3
9 159.8 7 -OCH3 55.7
10 109.1 4'-OCH3 55.4

T h e  m ass  sp ec tru m  (Fig. A34) o f co m p o u n d  3 sh o w ed  th e  fra g m e n ta tio n  as 
fo llo w , m /z  (E IM S ) 313 (21 ), 3 12  (100 ) [M +] 311 (68 ), 283 (23 ), 281 (22 ), 2 6 6  (25 ), 132 
(19). T h e  m ass  sp e c tru m  o f  c o m p o u n d  3 sh o w ed  the m o lecu la r  ion  o f  m /z  3 12  as th e  
b ase  p e a k  th a t c o n firm e d  m o le c u la r  w e ig h t o f 5 ,7 ,4 '- tr im e th o x y flav o n e  an d  
fra g m e n ta tio n s  are  sh o w n  in Scheme 4.3.
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T h e  ER. sp ec tru m  (Fig. A3) o f  c o m p o u n d  3 is su m m a riz e d  in  Table 4.12. 
Table 4.12 T h e  IR  a b so rp tio n  b a n d  a ss ig n m e n t o f  C o m p o u n d  3.

W ave num ber (cm '1) Intensity V ibration

3,070, 2,939 W eak, weak c - H stretching vibration o f aromatic

1,658 M edium c=0 stretching vibration o f carbonyl 
conjugated ketone

1,596, 1,504, 1,435 Strong, m edium , m edium c=c stretching vibration o f aromatic

1,373, 1,342, 1,311 All m edium C-H stretching vibration o f -CH3
1,203 Strong C -0  unsym m etry stretching 

vibration of C-O-C
1,165 M edium C -0  sym m etry stretching 

vibration of C-O -C
9 9 5 ,8 3 3 ,7 0 2 , 633 All weak .= C-H out o f  plane bending vibration 

o f arom atic

T h e  ab o v e  ev id e n c e  su g g es ted  th a t co m p o u n d  3 is 5 ,7 ,4 '- tr im e th o x y flav o n e . 
M o re o v e r  c o m p o u n d  3 w as o b ta in e d  fro m  c ru d e  e thy l a ce ta te  as w h ite  p o w d e r  139 -141° 
c (lit m .p . 1 49 -150) (22). T h e  m o le c u la r  fo rm u la r  and  m o le c u la r  w e ig h t a re  C igH iôO s 
an d  312 , re sp ec tiv e ly .
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Scheme 4.3 T h e  m ass  f ra g m e n ta tio n  o f  th e  c o m p o u n d  3.

4.3.4 STRUCTURE ELUCIDATION OF COMPOUND 4

Compound 4 is a  w h ite  p o w d e r  (96  m g ), U V  X-max (nm ), M e O H  (lo g  ร):2 0 6 , 2 6 4 , 
328  sh (0 .0 5 ), [ a ]D20 - 4 .7  (M eO H , c 0 .5 )

FT-IR spectrum, (KBr), vmax (cm"1) : 3,450 - 3,240 (b), 1,639 (ร), 1,612 (ร),
1,458 (m), 1,358 (m), 1,304 (พ), 1,257 (m), 1,211 (m), 1,173 (m), 1,119 (m), 1,057 (พ),
833 (m) (Fig. A4).
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'H-NMR spectrum (D M S O , 200  M H z .)  ร (P P M ) : re v e a le d  th e  s ig n ific an t 
s ig n a ls  a t ch e m ic a l sh ift 3 .8 1 , 3 .88  (6H , all ร, 2 * OCTft), 6 .5 7  (1 H , ร, A rC O C H  =  C - 
A r), 6 .4 8  (1 H , d , J= 2  H z, A rH ), 6 .82  (1 H , d , J= 2  H z, A rH ), 7 .8 7  (2 H , d , J= 9  H z, 2 * 
A rH ), 6 .9 0  (2H , d , J= 9 H z , 2 * A rH ), 10.23 (1 H , ร, O H ) (Fig. A14).

13C-NMR spectrum (D M S O , 200  M H z .)  ร (P P M ) : 175 .7  (ร), 163.6  (ร), 160.5 
(ร), 160 .2  (ร), 160.1 (ร), 159.1 (ร), 127.8 (ร), 121.3 (ร), 115.8 (ร), 108 .2  (ร), 106.0 (ร),
96.1 (ร), 93 .3  (ร), 5 5 .9  (ร), 55 .8  (ร) (Fig. A24).

EI-MS spectrum (m/z) 70 ev : 255 (100), 225 (20), 121 (7), 118 (17), 107 (4), 
89 (20), 69 (22). (Fig. A35)

LC-MS spectrum (m/z) (APCI, MeOH ะ H20, 1:1) : 299  (1 0 0 ) [M ++ l ]  (Fig.
A36).

The ‘H-NMR spectrum (Fig. A14) o f  co m p o u n d  4 sh o w ed  tw o  s in g le ts  a t 5
3.81 a n d  3 .8 8  w h ic h  w e re  a ss ig n e d  to  th e  m e th o x y  groups. T w o  d o u b le ts  a t 8 6 .48  (./ =  
2 H z) a n d  6 .8 2  (1/ =  2 H z) w e re  d u e  to  th e  p ro to n s  on  C -6 , C -8 . T h e  s in g le t a t 8 6 .5 7  w as 
a ss ig n e d  to  th e  C -3  p ro to n . T h e  sig n a l a t 8 10 .23 w as b e lo n g ed  to  h y d ro x y l g roup . T w o  
d o u b le ts  a t 8 7 .8 7  (1/ =  9 H z) 6 .9 0  (1/ =  9 H z) w as a ss ig n ed  to  th e  a ro m a tic  p ro tons. 
F rom  th e  'H -N M R  d a ta , c o m p o u n d  4 m ay  be  a ss ig n ed  a s  4 '-h y d ro x y -5 ,7 - 
d im e th o x y fla v o n e  (23). T h e  ‘H -N M R  ch em ica l sh ifts  o f  co m p o u n d  4 an d  4 ’-h y d ro x y - 
7 ,4 -d im e th o x y fla v o n e  w ere  c o m p a re d  as sh o w n  in Table 4.13, a n d  s tru c tu re  o f  4 '- 
h y d ro x y -7 ,4 -d im e th o x y fla v o n e  IS  sh o w n  in  Fig. 4.6.

Figure 4.6 Structure o f 4'-hydroxy-7,4-dimethoxyflavone from K. parviflora.
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Table 4.13 ‘H -N M R  sp ec tra l d a ta  o f  co m p o u n d  4 an d  4 '-h y d ro x y -7 ,4 -d im e th o x y fla v o n e

H 4'-hydroxy-5,7-dimethoxyflavone Compound 4
2 - -
3 6.55, 1H, (ร) 6.57, 1H, (ร)
5 - -
6 6.34, 1H, (d, ,7 = 2.5) 6.48, 1H, (d, J = 2)
7 - -
8 6.81, 1H, (d, ,7 = 2.5) 6.82, 1H, (d, 7 = 2)
2’ 7.85, 2H, (d,,7 8.5) 7.87, 2H, (d, 7 = 9)
3' 6.89, 2H, (d, 7 = 8.5) 6.90, 2H, (d, 7 = 9)
4' - -
5' 6.88, 2H, (d, ,7 = 8.5) 6.90, 2H, (d, 7 = 9)
6' 7.89, 2H, (d, J = 8.5) 7.87, 2H, (d, 7  = 9)

5 -OCH3 3.88, 3H, (ร) 3.88. 3H, (ร)
7 -OCH3 3.88, 3H, (ร) 3.81, 3H, (ร)
4-OH 12.20, 1H, (ร) 10.23, 1H, (ร)

T h e  l3C -N M R , D E P T -1 3 5 , D E P T -9 0  sp e c tra  (Fig. A24), sh o w ed  th a t c o m p o u n d  
4 has 17 c a rb o n s , tw o  m e th o x y  g ro u p s ap p e a re d  a t 5 55 .9  an d  55 .8  ppm . K e to n e  g ro u p  
w as a t 8 175.7  ppm . T h e  13C -N M R  d a ta  an d  ’H -N M R  d a ta  in d ica ted  th a t c o m p o u n d  4 
w as 4 '-h y d ro x y -5 ,7 -d im e th o x y fla v o n e . T h e  13C -N M R  ch em ica l sh ifts  o f  c o m p o u n d  4 
a re  sh o w n  in Table 4.14,

Table 4.14 l 3C -N M R  sp ec tra l d a ta  o f  c o m p o u n d  4.

c Compound 4 c Compound 4
2 160.5 r 121.3
3 106.0 2' 127.8
4 175.7 3’ 115.8
5 160.1 4' 160.1
6 96.1 5' 115.8
7 163.6 6' 127.8
8 93.3 5 -OCH3 56.0
9 159.1 7 -OCH3 55.9
10 108.1
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T h e  IR  sp ec tru m  (Fig. A4) o f  c o m p o u n d  4 sh o w ed  severa l c h a rac te ris tic  
ab so rp tio n  b an d s  w h ich  can  b e  a ss ig n e d  as  sh o w n  in  Table 4.15.

Table 4.15 T h e  IR  a b so rp tio n  b a n d  a s s ig n m e n t o f  C o m p o u n d  4.

Wave number (cm-1) Intensity Vibration
3,450 - 3,240 Broad O-H stretching vibration of hydroxy group

1,636 Strong c=0 stretching vibration of carbonyl 
Conjugated ketone

1,612, 1,458 Strong, Medium c=c stretching vibration of aromatic
1,358, 1,304 Medium, Weak C-H stretching vibration of -CH3
1,257, 1,211 Medium, Medium C-0 unsymmetry stretching 

Vibration of C-O-C
1,173, 1,119, 1,057 Medium, Medium, Weak C-0 symmetry stretching 

Vibration of C-O-C
883 Medium .= C-H out of plane bending vibration 

Of aromatic

T h e  m ass  sp ec tru m  (Fig. A35, A36) o f  co m p o u n d  4 sh o w ed  th e  frag m en ta tio n  as 
fo llo w , m /z  (E IM S ) 255 (1 0 0 ), 225  (20 ), 121 (7 ), 118 (17 ), 107 (4), 89 (20 ), 69  (22), 
T h e  b a se  p eak  w as a t m /e  2 55  w h ic h  in d ica ted  th e  frag m en ta tio n  o f  c o m p o u n d  4 by 
lo ss in g  c = 0  an d  C H 3 . T h e  fra g m e n ta tio n  is sh o w n  in Scheme 4.4. M o re o v e r th e  L C M S  
(A P C I, M e O H :H 2 0 , 1:1) in d ic a te d  th e  2 9 9  (1 0 0 ) [M ++ l ]  as the  b a se  peak . T h ere fo re , 
th e  m o le c u la r  w e ig h t o f  c o m p o u n d  4 w as 2 98  w h ic h  co rre sp o n d s  to  m ass o f  th e  4'- 
h y d ro x y -5 ,7 -d im e th o x y fla v o n e .

F rom  all sp ec tra l d a ta , it su g g ested  th a t c o m p o u n d  4 w as 4 '-h y d ro x y -5 ,7 - 
d im e th o x y flav o n e . T h e  m o le c u la r  w e ig h t an d  m o le c u la r  lo rm u la r  w ere  2 98  and  
C 1 7 H 1 4O 5 , re sp e c tiv e ly  (23). It w as w h ite  p o w d er, o b ta in ed  from  8 0%  ethyl a c e ta te  / 
h ex an e . M e ltin g  p o in t o f  c o m p o u n d  4 w as 2 5 2 -2 5 4 °C  (lit m .p .290-1 ) (23).
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Scheme 4.4 T h e  f ra g m e n ta tio n  d iag ram  o f  the  c o m p o u n d  4.

4.3.5 STRUCTURE ELUCIDATION OF COMPOUND 5

Compound 5 is a  g reen ish  - yellow  so lid  (27 m g) U V  À-max (n m ), C H C I3 (log  
ร):2 4 3 , 287 , 393 sh (0 .0 3 ), [ a ]D20 -1.1 (C H C I3, c 0 .5).

FT-IR spectrum, (KBr), v m ax  (c m '1) : 3 640  - 3 2 5 0  (b), 2 3 6 0  (m ), 1627 (ร), 
1504 (m ), 1442  (m ), 1134  (m ), 9 72  (m ), 709  (พ ), 679  (พ ). (Fig. A5)

'H-NMR spectrum (C D C I3, 2 00  M H z.) 8 (P P M ) ะ re v e a le d  th e  s ig n ific a n t 
s ig n a ls  at ch e m ic a l sh if t  8 5 .8 4  (1H , ร , 1H), 6 .6 2  (2H , d, J 16 H z, 3 - H  an d  3' - H ), 7 .65  
(2H , d, J 16 H z, 4  - H  an d  4 ' - H ) and  7 .28  - 7 .56  (10H , a ro m atic  p ro to n s). (Fig. AI5)
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13c -  NMR s p e c t r u m  (CDCI3, 2 0 0  M H z .)  8 (P P M ) : 183.3 (ร), 140.7 (ร), 134.9 
(ร), 130.1 (ร), 128.9 (ร), 128.1 (ร), 124.1 (ร), 101.8  (ร). (F ig . A 2 5 )

EI-MS s p e c t r u m  (m /z ) 70 ev  ะ 276  [M + ] ( 8), 169 (14), 144 (13 ), 132 (13 ), 131 
(22 ), 116 (34), 115 (50 ), 103 (5 0 ), 102 (45 ), 91 (2 9 ), 78 (42), 77 (100  ). (F ig . A37)

T h e  'H -N M R  sp ec tru m  (F ig . A 1 5 ) o f  c o m p o u n d  5 h ad  a  s in g le t a t Ô 5 .8 4  fo r 
p ro to n  at C - l .  T w o  d o u b le ts  a t Ô 6 .6 2  (7  =  16 H z ) an d  8 7 .65  (7 =  16 H z ) b e lo n g e d  to  4 
p ro to n s  at C -3 , 3 ' an d  C -4 ,4 '. T h e  10 a ro m atic  p ro to n s  o f  tw o  b en zen e  r in g s  ap p ea red  as 
m u ltip le t a t 5 7 .28  - 7 .5 6 . A c c o rd in g  to  lite ra tu re  (2 4 ), th e  'H -N M R  d a ta  o f  c o m p o u n d  5 
in d ic a te d  th a t it w as d ic in n am o y lm e th an e . T h e  'H -N M R  ch em ica l sh ifts  o f  co m p o u n d  5 
an d  d ic in n a m o y lm e th a n e  w ere  c o m p a re d  as sh o w n  in T a b le  4 .1 6 , a n d  th e  s tru c tu re  o f  
d ic in n a m o y lm e th a n e  is sh o w n  in F ig . 4 .7 .

H \
o '' o

F ig u r e  4 .7  T h e  s tru c tu re  o f  d ic in n a m o y lm e th a n e .

T a b le  4 .1 6  'H -N M R  sp ec tra l d a ta  o f  c o m p o u n d  5 a n d  d ic in n am o y lm e th an e .

‘H D icinnam oylm ethane Com pound 5
1 5.86, 1H, (ร) 5.84, 1H, (ร)

3, 3' 6.64, 2H, (d, 7 =  16) 6.62, 2H, (d, 7 = 16)
4, 4' 7.67, 2H, (d, 7  = 16) 7.65, 2H, (d, 7 =  16)

10 ArH 7.45, 10H, (m) 7.42, 10H, (m)

T h e  13C -N M R , D E P T -135, D E P T -9 0  sp ec tra  (F ig . A 2 5 ) sh o w e d  th a t c o m p o u n d  
5 has 19 ca rb o n s. T h e  sig n a l o f  ca rb o n s  ap p e a re d  a t 8 101 .82  ( C - l ) ,  8 183 .33  (C -2 ,2 ') , 8 
124 .10  (C -3 ,3 '), 8 140 .66  (C -4 ,4 ’), 8 134.97 ( C - l a , l b ) ,  8 128.13 (C -2 a ,6 a ,2 b ,6 b ), 128.93 
(C -3 a ,5 a ,3 b ,5 b ), 8 130.13 (C -4 a ,4 b ). F ro m  th e  re su lt o f  13C -N M R , D E P T -1 3 5  and
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D E P T -9 0 , it c o n firm e d  th a t c o m p o u n d  5 w as d ic in n am o y lm e th an e  (24 ). T h e  13C -N M R  
ch em ica l sh ifts  o f  c o m p o u n d  5 an d  d ic in n a m o y lm e th a n e  are  show n  in Table 4.17.

Table 4 .1 7  13C -N M R  sp ec tra l o f  c o m p o u n d  5 an d  d ic in n am o y lm eth an e .

c D icinnam oylm ethane Com pound 5
1 101.8 101.8

2 , 2’ 183.3 183.3
3, 3' 124.1 124.1
4, 4 ’ 140.5 140.7

la , lb 135 135
2a, 6a, 2b, 6b 128.1 128.1
3a, 5a, 3b, 5b 128.9 128.9

4a, 4b 130.1 130.1

T h e  IR  sp ec tru m  (Fig. A5) o f c o m p o u n d  5 sh o w ed  severa l c h a ra c te r is tic  
ab so rp tio n  b an d s in  Table 4.18.
Table 4 .1 8  T h e  IR  ab so rp tio n  b an d  a ss ig n m e n t o f  C o m p o u n d  5.

W ave num ber (cm -1) Intensity V ibration
3640 - 3250 Broad O-H stretching vibration o f hydroxy group

2360 M edium c - H stretching vibration o f arom atic
1627 Strong c=0 stretching vibration o f carbonyl 

C onjugated ketone
1581 ,1 5 0 4 ,1 4 4 2 M edium , M edium , M edium c=c stretching vibration o f arom atic

1134 M edium C -0  sym m etry stretching 
V ibration o f C-O -C

972, 709, 679 M edium , W eak, W eak .= C-H out o f plane bending vibration 
O f arom atic

The mass spectrum (Fig. A37) o f  c o m p o u n d  5 sh o w ed  th e  fra g m e n ta tio n  as 
fo llo w , m /z  (E IM S ) 276  [M +] (8), 169 (14), 144 (13), 132 (13), 131 (22 ), 116 (3 4 ), 1 
(50 ), 103 (50 ), 102 (45), 91 (29), 78  (42 ), 77  (100 ). T h e  m ass sp e c tru m  sh o w e d  th e  
m o le c u la r  ion  o f  m /z  276  an d  th e  ion  o f  m /z  77  (b ase  peak). T h e  o th e r  a b u n d a n t io n s  
w ere  m /z  115, 103. M ass  fra g m e n ta tio n  d ia g ra m  o f  co m p o u n d  5 is sh o w n  in Scheme
4.5,



47

These data were sufficient to suggest that compound 5 is
dicinnamoylmethane. The molecular weight and molecular formular are 276 and
C19O2H 15, respectively.

Compound 6 is a  y e llo w  n e e d le  c ry sta l (721 m g) u v  À,max (n m ), C H C I3 ( lo g  
e ):2 6 8 , 3 3 0  sh  (0 .0 3 ), [ a ]D20 -6.1 (C H C I3, c 1).

FT-IR spectrum, (KBr), v m a x  (cm -1) : 3620  - 3 080  (b ), 2 9 7 0  (พ ), 2 8 2 0  (พ ), 
1643 (ร), 1604 (ร), 1500 (พ ), 1420 (พ ), 1350 (m ), 1257 (m ), 1180 (ทา), 1127  (m ), 1034 
(m ), 833 (m ), 625  (m).(|=ig.A6 )

1 H-NMR spectrum (C D C I3, 2 00  M H z .)  8 (P P M ) : re v e a le d  th e  s ig n ific an t 
s ig n a ls  a t ch e m ic a l sh ift 3 .8 5 , 3 .8 6  (6H , a ll ร, 2 * O C ff t) , 6 .35  (1 H , d , J= 2  H z, A rH ),

, Ĥ
o' ๖

Scheme 4.5 T h e  m a ss  f ra g m e n ta tio n  o f  th e  co m p o u n d  5.

4.3.6 STRUCTURE ELUCIDATION OF COMPOUND 6
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6.44 (1H, d, J=2 Hz, ArH), 8.03 (2H, m, 2 * ArH), 7.48 (3H, m, 3 * ArH), 12.56 (1H, ร,
OH). (Fig. A16)

13c -  NMR s p e c t r u m  (CDCI3, 2 00  M H z .)  8 (P P M ) : 178.9  ( ร ) ,  165.6  (ร ) , 161.9 
(ร), 156.9  (ร), 155.9 (ร), 139.7 (ร), 130.9  (ร), 130.4  (ร), 128.6  (ร), 128 .4  (ร), 106.2  (ร), 
97 .9  (ร), 9 2 .2  (ร), 6 0 .4  (ร), 55 .8  (ร). (Fig. A26)

EI-MS s p e c t r u m  (m /z ) 70 ev  : 298 (75 ) [M +], 297 (100 ), 2 8 0  (9), 2 79  (11), 269 
(8), 267  (11), 255 ( 8), 171 (8), 148 (9), 135 (1 4 ), 129 (10), 115 (10), 105 (22 ), 77  (20). 
(Fig. A38)

T h e  'H -N M R  sp ec tru m  (Fig. A16) o f c o m p o u n d  6 sh o w ed  tw o  s in g le ts  at Ô 3 .85  
an d  3 .86  due to  m e th o x y  p ro to n s  in  C -7  an d  C -3 , re sp ec tiv e ly . T w o  d o u b le ts  at 8 6 .35  
(d, J  =  2 H z) an d  6 .4 4  (d, J -- 2 H z) w ere  d u e  to  th e  p ro to n s  on  C -6  an d  C -8 . T h e  
h y d ro x y l g ro u p  a p p ea red  at 8 12.56. T h e  m o n o su b s titu te d  B -rin g  a p p e a re d  as tw o  
m u ltip le ts  at 8 7 .48  an d  8 .03 w ith  in teg ra tio n  fo r  3 H  an d  2H , re sp ec tiv e ly . F ro m  'H -  
N M R  d a ta  c o m p o u n d  6 w as in te rp re te d  as 5 -h y d ro x y -3 ,7 -d im e th o x y fla v o n e  (22). T h e  
'H -N M R  ch em ica l sh ifts  o f  c o m p o u n d  6 an d  5 -h y d ro x y -3 ,7 -d im e th o x y fla v o n e  w ere  
c o m p a re d  as sh o w n  in Table 4.19, an d  the  s tru c tu re  o f  5 -h y d ro x y -3 ,7 -d im e th o x y fla v o n e  
is sh o w n  in Fig ure 4.8.

Table 4.19 'H -N M R  sp ec tra l d a ta  o f  c o m p o u n d  6 an d  5 -h y d ro x y -3 ,7 -d im e th o x y fla v o n e .

H 54iydroxy-3,7-dim ethoxyflavone Com pound 6
2 - -
3 - -
5 - -
6 6.37, 1H, (d, J =  2.5) 6.35, 1H, (d, 7  = 2)
7 - -
8 6.47, 1H, (d, J = 2.5) 6.44, 1H, (d, 7 = 2)
2 ' 8.08, 2H, (m) 8.03, 2H, (m)
3‘ 7.50, 3H, (m) 7.48, 3H, (m)
4' 7.50, 3H, (m) 7.48, 3H, (m)
5' 7.50, 3H, (m) 7.48, 3H, (m)
6 ' 8.08, 2H, (m) 8.03, 2H, (m)

3-O CH3 3.87, 3H, (ร) 3.86, 3H, (ร)
7-O C H 3 3.87, 3H, (ร) 3.85, 3H, (s)

5-OH 12.53, 1H, (ร) 12.56, 1H, (ร)
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Figure 4.8 T h e  s tru c tu re  o f  5 -h y d ro x y -3 ,7 -d im e th o x y fla v o n e .

T h e  13C -N M R , D E P T -1 3 5 , D E P T -9 0  sp ec tra  (Fig. A26) sh o w e d  th a t c o m p o u n d  
6 has 17 ca rb o n s  in  w h ic h  tw o  m e th o x y  g ro u p s a p p ea red  at Ô 55 .8  a n d  6 0 .4  P P M  an d  a 
k e to n e  g ro u p  a p p e a re d  a t 8 178 .9  P P M . R e su lt o f  the  13C -N M R , D E P T  135, D E P T  90  
sp ec tra  to g e th e r  w ith  th e  ^ - N M R  d a ta  ag reed  w ell fo r  5 -h y d ro x y -3 ,7 - 
d im e th o x y flav o n e . T h e  13C -N M R  c h em ica l sh ifts  o f  c o m p o u n d  6 a re  sh o w n  in  Table 
4.20.

Table 4.20 13C -N M R  sp ec tra l o f  c o m p o u n d  6 .

c C om pound 6 c Com pound 6
2 161.9 r 130.4
3 139.6 2’ 128.4
4 178.9 3' 128.6
5 156.9 4' 130.9
6 97.9 5 ’ 128.6
7 165.6 6 ' 128.4
8 92.6 3-O C H 3 60.4
9 155.9 7-O CH3 55.8
10 106.1

T h e  m ass sp e c tru m  (Fig. A38) o f  co m p o u n d  6 sh o w ed  th e  f ra g m e n ta tio n  as 
fo llo w , m /z  ( E IM S  ) 298  (75 ) [M +], 297  (1 0 0 ), 2 80  (9), 279  (11), 2 6 9  (8), 2 67  (11 ), 255 
(8), 171 (8), 148 (9), 135 (1 4 ), 129 (10 ), 115 (10), 105 (22 ), 77 (2 0 ), T h e  m o le c u la r  
w e ig h t o f  5 -h y d ro x y  -3 ,7 -d im e th o x y fia v o n e  is  298  w h ich  th e  m o le c u la r  io n  at m /e  298 
(75% ). T h e  fra g m e n ta tio n  is sh o w n  in  Scheme 4.6.
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T h e  IR sp e c tru m  (Fig. A6) o f c o m p o u n d  6 sh o w ed  sev e ra l c h a ra c te r is tic  
ab so rp tio n  b an d s  as sh o w n  in Table 4.21 
Table 4.21 T h e  IR a b so rp tio n  b an d  a ss ig n m en t o f  C o m p o u n d  6 .
W ave num ber (cm-1) Intensity V ibration

3620 - 3080 Broad O-H stretching vibration o f hydroxy 
group

2970, 2820 W eak, W eak c - H stretching vibration o f -CH3
1643 Strong c=0 stretching vibration o f carbonyl 

Conjugated ketone
1604,1500, 1420 Strong, W eak, W eak c=c stretching vibration o f arom atic

1350 M edium C-H stretching vibration o f -CH3
1257 M edium C -0  unsym m etry stretching 

V ibration o f C-O-C
1180,1127 M edium , M edium C -0  sym m etry stretching 

V ibration o f C-O-C
8 33 ,625 M edium , M edium .= C-H out o f plane bending vibration 

o f arom atic

F ro m  th e  X -ra y  d iffra c tio n  an a ly sis , it re v e a le d  th a t c o m p o u n d  6 w as
5 -h y d ro x y -3 ,7 -d im e th o x y fla v o n e . T h e  m o le c u la r  w e ig h t an d  m o le c u la r  fo rm u la r  o f  5- 
h y d ro x y -3 ,7 -d im e th o x y fla v o n e  are  C 17H 14O 5 an d  298 , re sp e c tiv e ly . T h e  c ry s ta l o f  5- 
h y d ro x y -3 ,7 -d im e th o x y fla v o n e  w as o b ta in ed  fro m  e th y l a ce ta te  in  h e x a n e  as ye llo w  
n ee d le  c ry s ta ls . T h e  m e ltin g  p o in t w as 129 -130  ๐c  (lit 1 2 9 -1 3 0 °C ) (22). X -ray  
d iffrac tio n  d a ta  a re  p re se n te d  in  Table 11, 12, 13, 14, 15 an d  16. T h e  O R T E P  d raw in g  
o f  c o m p o u n d  is sh o w n  in Fig. 4.9.
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m / c  148

เ- CH2

Scheme 4.6 T h e  m ass  frag m en ta tio n  o f  the  c o m p o u n d  6 .

Fig.ure 4.9 T h e  O R T E P  d raw in g  o f  C o m p o u n d  6 .
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4.3.7 STRUCTURE ELUCIDATION OF COMPOUND 7

Compound 7 is a  y e llo w  p la te  c ry s ta l (328  m g ) U V  À.max (n m ), C H C I3 
( lo g s ) :2 7 0  sh  (0 .0 0 2 5 ), [ a ]D20 -2 .2  (C H C I3, c 1).

FT-IR spectrum, (KBr), v m a x  ( c m 1) : 3 6 0 0  - 3230  (b), 1666 (ร), 1612 (ร), 1501 
(m ), 1450  (m ), 1350 (ร), 1204  (m ), 1157 (m ), 1100  (พ ), 1020 (พ ), 880  (พ ), 820  (พ ), 780  
(พ ), 6 4 0  (พ ), 6 20  (พ ) (Fig. A7).

1H-NMR spectrum (C D C I3, 200  M H z .)  8 (P P M ) : re v e a le d  the  s ig n ifican t 
s ig n a ls  at ch em ica l sh ift 3 .87  (3H , ร, 0 C H 3), 6.66  (1H , ร, A rC O C H  = C -A r), 6 .3 7  (1H , 
d , J= 2  H z , A rH ), 6 .49  (1 H , d, J= 2  H z , A rH ), 7 .8 9  (2H , m , 2 * A rH ), 7 .53  (3 H , m , 3 * 
A rH ), 12 .70  (1H , ร, O H ) (Fig. A17).

13c -  NMR spectrum (C D C I3, 200  M H z .)  8 (P P M ) : 182 .4  (ร), 165.6 (ร), 163.9 
(ร), 162.1 (ร), 157.7  (ร), 131.8  (ร), 131 .2  (ร), 129 .0  (ร), 126.2  (ร), 105.7 (ร), 105.6  (ร),
9 8 .2  (ร), 9 2 .6  (ร), 55 .8  (ร) (Fig. A27).

EI-MS s p e c t r u m  (m /z )  70 ev  : 269  (18 ), 268  (100) [M +], 267  (27), 239  (35), 
2 25  (20 ), 166 (5), 123 (10 ), 105 (12 ), 102 (20), 95 (38), 77 (29), 69  (29 ) (F ig . A 3 9 ).

T h e  'H -N M R  sp e c tru m  (Fig. A17) o f  c o m p o u n d  7 sh o w ed  a s in g le t at 8 3 .87  
w h ich  w as a ss ig n e d  as a  m e th o x y  g roup . B o th  p ro to n s  on  C -6 an d  C -8 a p p ea red  as tw o  
d o u b le ts  at 8 6 .3 7  (7 =  2 H z) an d  6 .4 9  (7  =  2 H z). T h e  s in g le t at 8 6.66  w as a ss ig n ed  to 
th e  C -3  p ro to n . T h e  h y d ro x y l p ro to n  a p p ea red  at 8 12.70. A m o n o su b s titu te d  B -rin g  
ap p e a re d  as tw o  m u ltip le ts  a t 8 7 .53  an d  7 .8 9  w ith  in te g ra tio n  fo r 3 H  an d  2H , 
re sp ec tiv e ly . T h e  sp ec tra l d a ta  in d ic a te d  th a t co m p o u n d  7 w as 5 -h y d ro x y -7 - 
m e th o x y fla v o n e  (22). T h e  !H -N M R  ch em ica l sh ifts  o f  c o m p o u n d  7 an d  5 -h y d ro x y -7 - 
m e th o x y fla v o n e  w ere  c o m p a re d  as sh o w n  in Table 4.22, an d  th e  s tru c tu re  o f  5 -h y d ro x y - 
7 -m e th o x y fla v o n e  is sh o w n  in Figure 4.10.
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F ig u r e  4 .1 0  T h e  s tru c tu re  o f  5 -h y d ro x y -7 -m e th o x y flav o n e .

T a b le  4 .2 2  'H -N M R  sp ec tra l d a ta  o f  c o m p o u n d  7 an d  5 -h y d ro x y -7 -m e th o x y fla v o n e .

H 5-hydroxy-7-m ethoxyflavone C om pound 7
2 - -
3 6.67, 1H, (ร) 6.66, 1H, (ร)
5 - -
6 6.38, 1H, (d, J = 2.5) 6.37, 1H, (d, 7 = 2)
7 - -
8 6.52, 1H, (d, J = 2.5) 6.49, 1H, (d, 7 = 2)
2' 7.92, 2H, (m) 7.89, 2H, (m)
3' 7.53, 3H, (m) 7.53, 3H, (m)
4' 7.53, 3H, (m) 7.53, 3H, (m)
5’ 7.53, 3H, (m) 7.53, 3H, (m)
6' 7.92, 2H, (m) 7.89, 2H, (m)

7-O CH3 3.87, 3H, (ร) 3.87, 3H, (ร)
5-OH 12.70, 1H, (ร) 12.70, 1H, (ร)

T h e  13C -N M R , D E P T -1 3 5 , D E P T -9 0  sp ec tra  (F ig . A 2 7 ) sh o w e d  th a t co m p o u n d  
7 has 16 ca rb o n s  in w h ich  a m e th o x y  g ro u p  a p p ea red  a t 5 5 5 .8  a n d  a  k e to n e  g roup  
a p p e a re d  at 5 182.4 . T h e  re su lt o f  13C -N M R , D E P T -1 3 5 , D E P T -9 0  sp e c tra  c o rre la te d  to  
re su lt o f  'H -N M R  sp ec tru m  w h ich  ag reed  w ell fo r 5 -h y d ro x y -7 -m e th o x y fla v o n e . . T h e  
13C -N M R  ch e m ic a l sh ifts  o f  c o m p o u n d  7 is sh o w n  in T a b le  4 .23 .
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Table 4 .23  13C -N M R  sp ec tra l o f  c o m p o u n d  7

c Compound 7 c Compound 7
2 163.9 10 105.6
->ว 105.7 r 131.2
4 182.4 2' 126.2
5 162.1 •“> 1 J 129.0
6 98.2 4' 131.8
7 165.5 5' 129.0
8 92.6 6' 126.2
9 157.7 7 -OCH3 55.8

T h e  IR  sp ec tru m  (F ig. A7) o f  co m p o u n d  7 is su m m arized  in Table 4.24. 
Table 4.24 T h e  IR a b so rp tio n  b an d  a ss ig n m en t o f  C o m p o u n d  7.

Wave number (cm-1) Intensity Vibration
3600 - 3230 Broad O-H stretching vibration of hydroxy group

1666 Strong c = 0  stretching vibration of carbonyl 
Conjugated ketone

1612, 1501, 1450 Strong, medium, medium c = c  stretching vibration of aromatic
1350 Strong C-H stretching vibration of -CH3

1204 Medium C-0 unsymmetry stretching 
vibration of C-O-C

1157, 1100, 1020 Medium, weak, weak C-0 symmetry stretching 
vibration of C-O-C

880, 820, 780, 620 Weak, Weak, Weak, Weak .= C-H out of plane bending vibration 
of aromatic

T h e  m ass  sp ec tru m  (F ig. A39) o f  c o m p o u n d  7 sh o w ed  th e  frag m en ta tio n  as 
fo llo w , m /z  (E 1M S) 2 69  (1 8 ), 2 68  (1 0 0 ) [M +], 2 67  (27 ), 239 (35 ), 225 (2 0 ), 166 (5 ), 123 
(1 0 ), 105 (1 2 ), 102 (2 0 ), 95 (3 8 ), 77  (2 9 ), 69  (29). T h e  m o lecu la r ion  w as at m /e  268 
w h ich  w as m o le c u la r  w e ig h t o f  5 -h y d ro x y -7 -m e th o x y flav o n e . M ass  fra g m e n ta tio n  o f  
c o m p o u n d  7 is sh o w n  in Scheme 4.7.
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H

m  /  e 268

Scheme 4.7 T h e  m ass  fra g m e n ta tio n  o f  th e  c o m p o u n d  7.

In ad d itio n , th e  s tru c tu re  o f  c o m p o u n d  7 w as a lso  c o n firm e d  by  X -ray  
d iffra c tio n  an a ly sis . T h e  m o le c u la r  fo rm u la r a n d  m o lecu la r  w e ig h t a re  C 16H 12O 4, 268  
re sp ec tiv e ly . T h e  c ry sta l o f  5 -h y d ro x y -7 -m e th o x y flav o n e  w as c ry s ta ll iz e d  fro m  ethy l 
a ce ta te  in  h ex an e  to  y ie ld  y e llo w  p la te s  c rysta l. T h e  m e ltin g  p o in t w as  1 4 9 -1 5 0 ° c  (lit 
172 -1 7 4 °C ) (22). X -ray  d iffra c tio n  d a ta  a re  p re sen ted  in  Table 17, 18 ,19,20, 21 an d  22, 
re sp ec tiv e ly . T h e  O R T E P  d raw in g  o f  c o m p o u n d  7 is sh o w n  in Fig. 4.11.

Fig ure 4.11 T h e  O R T E P  d ra w in g  o f  C o m p o u n d  7.
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4.3.8 STRUCTURE E LU C ID A T IO N  OF COM POUND 8

Compound 8 is a  y e llo w  n e e d le s  c ry s ta l (42  m g ) uv À-max (n m ), C H C I3 
( lo g s ) :2 7 0 , 346  sh  (0 .0 5 ), [ a ]D20 +3 (C H C I3, c  0 .1).

F T -IR  spectrum, (K B r) , v m a x  ( c m 1) : 3 ,500  - 3 ,100  (b ), 3 ,0 8 9  (พ ), 3 ,000  
(พ ), 2 ,8 5 2  (พ ), 1 ,652 (m ), 1 ,597 (ร), 1,582 (ร), 1,497 (m ), 1,375 (m ), 1,342 (ร), 1,312 
(m ), 1 ,257 (ร), 1 ,216 (ร), 1,172 (ร), 1 ,090 (m ), 1,035 (m ), 1,002 (m ), 9 3 9  (m ), 880 (พ ), 
828  (m ), 813 (m ) (F ig. A8)

'H -N M R  spectrum (C D C I3, 2 00  M H z .)  ô (P P M ) : re v e a le d  th e  s ig n ifican t 
s ig n a ls  a t ch em ica l sh ift 3 .8 4 ,3 .8 6 , 3 .88  (9H , all ร, 3 * O C H 3), 6 .3 4  (1 H , d , J= 2  H z, A rH ), 
6 .43  (1H , d , J= 2  H z, A rH ), 8 .07  (2H , d , J= 9  H z, 2 * A rH ), 7.01 (2 H , d, J= 9  H z, 2 * 
A rH ), 12 .64 (1 H , ร, O H ) (F ig. A18)

,3C- N M R  spectrum (C D C I3, 200  M H z.) ร (P P M ) : 178.8  (ร), 165.4 (ร), 162.0 
(ร), 161.7  (ร), 159 .5 , 155.9  (ร), 130.2 (ร), 130.1 (ร), 122.8  (ร), 114.1 (ร), 106.1 (ร), 97 .8  
(ร), 9 2 .2  (ร), 60.1 (ร), 55 .8  (ร), 55 .4  (ร) (F ig. A28)

E I -M S  spectrum (m /z )  70 ev : 3 2 9  (1 9 ), 3 28  (1 0 0 ) [ M +], 3 2 7  (9 5 ), 309  (14), 
2 9 7  (1 1 ), 285  (3 9 ), 269  (5 ), 255  (5 ), 150 (4 2 ), 135 (4 8 ), 119 (2 4 ), 107 ( 8), 92  (1 6 ), 77 
(1 6 ), 6 9 ( 1 0 )  (F ig. A40)

T h e  ‘H -N M R  sp ec tru m  (Fig. A18) o f  c o m p o u n d  8 sh o w ed  tw o  d o u b le ts  a t Ô 6 .34  
(./ =  2 H z) an d  6 .43  (J = 2 H z) an d  each  w as in te g ra te d  fo r o n e  p ro to n , su g g es tin g  a  5 ,7- 
d isu b s titu e d  A -ring . S ig n a ls  a t Ô 3 .8 4 , 3 .86  an d  3 .88  (all s in g le ts , each  3 H ) w ere  
a ttr ib u ta b le  to  th ree  O M e  groups. T h e  p a tte rn  o f  tw o  d o u b le ts  a p p e a re d  a t Ô 7.01 (J = 9 
H z) a n d  8 .07  ( . / =  9 H z), in d ic a tin g  th e  p a ra  - su b s titu te d  B - ring . T h e  s in g le t a t Ô 12.64 
w as a ss ig n e d  to  th e  h y d ro x y l p ro ton . F ro m  'H -N M R  sp ec tru m  c o m p o u n d  8 w as 
a ss ig n e d  as 5 -h y d ro x y -3 ,7 ,4 '- tr im e th o x y fla v o n e . T h e  'H -N M R  ch em ica l sh ifts  o f  
c o m p o u n d  8 an d  5 -h y d ro x y -3 ,7 ,4 '- tr im e th o x y fla v o n e  w e re  c o m p a re d  as  sh o w n  in Table  
4.25, an d  th e  s tru c tu re  o f  5 -h y d ro x y -3 ,7 ,4 '- tr im e th o x y fIa v o n e  is sh o w n  in  Fig. 4.12,
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F igure 4.12 T he s tru c tu re  o f  5 -h y d ro x y -3 ,7 ,4 '- tr im eth o x y flav o n e .

Table 4.25 ‘H -N M R  sp e c tra l d a ta  o f  co m p o u n d  8 an d  5 -h y d ro x y -3 ,7 ,4 '-  
m e th o x y flav o n e .

H 5 -hydroxy-3,7,4'-dimethoxyflavone Compound 8
2 - -
3 - -
5 - -
6 6.33, 1H, (d, 7 = 2.5) 6.34, lH ,(d ,7  2)
7 - -
8 6.42, 1H, (d, 7 = 2.5) 6.43, 1H, (d,7 -  2)
2' 8.04, 2H, (d, 7 = 9) 8.07, 2H, (d, 7 = 9)
3’ 6.98, 2H, (d, 7 = 9) 7.01, 2H, (d, 7 - 9)
4' - -
5' 6.98, 2H, (d, 7 = 9) 7.01, 2H, (d, 7 - 9)
6’ 8.04, 2H, (d, 7 = 9) 8.07, 2H, (d, 7 9)

3 -OCH3 3.84, 3H, (ร) 3.88, 3H, (ร)
7 -OCH3 3.84, 3H, (ร) 3.86, 3H, (ร)
4 -OCH3 3.87, 3H, (ร) 3.84, 3H, (ร)

5-OH 10.32, 1H, (ร) 12.64, 1H, (ร)

The 13C -N M R , d e p t  135, DEPT 90 spectra (F ig. A28) sh o w ed  th a t 
co m p o u n d  8 has 18 ca rb o n s  in  w h ich  th e  m eth o x y  g ro u p s a p p ea red  a t Ô 54 .9 , 50 .6 , 50 .2  
an d  a  k e to n e  g ro u p  a p p e a re d  a t Ô 173.6. R e su lt o f  13C -N M R , D E P T  135, D E P T  90 
sp e c tra  c o n firm e d  th a t c o m p o u n d  8 w as 5 -h y d ro x y -3 ,7 ,4 '- tr im e th o x y flav o n e . T h e  l3C - 
N M R  ch em ica l sh ifts  o f  c o m p o u n d  8 is sh o w n  in Table 4.26,
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Table 4 .2 6  n C -N M R  sp e c tra l o f  co m p o u n d  8 .

c Compound 8 c Compound 8
2 159.5 r 122.8
oว 155.9 2' 130.2
4 178.8 "> » ว 114.1
5 160.6 4’ 160.6
6 92.2 5’ 114.1
7 165.4 6’ 130.2
8 97.8 3-OCH3 60.1
9 161.7 7-OCHj 55.8
10 106.1 4’-OCH3 55.4

T h e  IR  sp ec tru m  (F ig . A 8 ) o f  c o m p o u n d  8 is su m m arized  in  Table 4.27. 
Table 4 .2 7  T h e  IR ab so rp tio n  b an d  a ss ig n m en t o f  C o m p o u n d  8 .

Wave number (cm-1) Intensity Vibration
3500-3100 Broad O-H stretching vibration of hydroxy 

group
3089,3000, 2852 All weak c  - H stretching vibration of aromatic

1652 Medium c = 0  stretching vibration of carbonyl 
Conjugated ketone

1597, 1582, 1497 Strong, Strong, Medium c = c  stretching vibration of aromatic
1375, 1342, 1312 Medium, Strong, Medium C-H sketching vibration of -CH3

1257,1216 Strong, Strong C-0 unsymmetry stretching 
vibration of C-O-C

1172,1090, 1035, 1002 Strong, Medium, Medium C-0 symmetry stretching
Medium vibration of C-O-C

939, 880, 828, 813 Medium, Medium, .= C-H out of plane bending vibration
Medium, Medium of aromatic
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T h e  m ass  sp ec tru m  (F ig. A40) o f  c o m p o u n d  8 sh o w ed  th e  frag m en ta tio n  as
fo llo w , m /z  (E IM S ) 329  (1 9 ), 328  (1 0 0 ) [M +], 327  (95 ), 309  (1 4 ), 2 9 7  (1 1 ), 285 (39), 
269  (5 ), 255  (5 ), 150 (4 2 ), 135 (4 8 ), 119 (2 4 ), 107 ( 8), 92 (1 6 ), 7 7  (1 6 ), 69  (10). T h e  
b ase  p e a k  o f  th e  m o le c u la r  io n  w as a t m /e  328  w h ich  eq u a l to  th e  m o le c u la r  w e ig h t o f  5- 
h y d ro -3 ,7 ,4 '- tr im e th o x y flav o n e . T h e  fra g m e n ta tio n  d iag ram  is sh o w n  in  Scheme 4.8.

T h e  crysta l o f  5 -h y d ro x y -3 ,7 ,4 '- tr im e th o x y fla v o n e  w as o b ta in e d  fro m  ethyl 
a ce ta te  in  h ex an e  as y e llo w  n eed le  c ry s ta ls  a n d  m e ltin g  p o in t 1 4 5 -1 4 7 °c  ( lit  146-148°C ) 
(22). T h e  m o le c u la r  w e ig h t an d  m o le c u la r  fo rm u la r o f  5 -h y d ro x y -3 ,7 ,4 -  
tr im e th o x y fla v o n e  a re  3 28  an d  CigHiôOô, re sp e c tiv e ly  (22). T h e  O R T E P  d raw in g  is 
sh o w n  in  Fig. 4.13. X -ray  d iffra c tio n  d a ta  a re  p re sen ted  in  Table 23, 24, 25, 26, 27 an d
28.

F ig u r e  4 .13  T h e  O R T E P  d raw in g  o f  C o m p o u n d  8
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S c h e m e  4 .8  T h e  m a ss  fra g m e n ta tio n  o f  th e  c o m p o u n d  8 .
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4.3.9 STRUCTURE E LU C ID A T IO N  OF CO M POUND 9

Compound 9 is a g reen ish  - ye llo w  so lid  (34 m g), U V  Xmax (nm ), C H C I3 (log  
ร):2 5 0 , 3 22  sh (0 .0 0 5 ), [ a ]D20 + 7 .8  (C H C I3, c 1).

F T -IR  spectrum, (K B r), v m ax  ( c m 1) : 3 ,5 6 0  - 3 ,2 5 0  (b), 1 ,666 (m ), 1,604 (ร), 
1 ,512  (m ), 1 ,442 (m ), 1,381 (m ), 1,273 (m ), 1,188 (พ ), 1,165 (m ), l ,0 2 6 (w ), 833 (m )
(Fig. A9)

^ - N M R  spectrum (C D C I3, 200  M H z .)  8 (P P M ) : re v e a le d  th e  s ig n ifican t 
s ig n a ls  at c h em ica l sh if t 3 .86 , 3 .87  (6H , all ร, 2 * O C H 3), 6 .55  (1H , ร, A rC O C H = C -A r), 
6 .3 4  (1H , d , J= 2  H z, A rH ), 6 .4 6  (1H , d, J= 2  H z , A rH ), 7 .81 (2H , d , J= 7  H z, 2  * A rH ), 
6 .9 9  ( 2H , J= 5  H z, 2 * A rH  ), 12 .49 ( 1H, ร, O H  ) (Fig. A 19)

13c -  N M R  spectrum (C D C I3, 200  M H z .)  8 (P P M ) : 182.4  (ร), 165.4  (ร), 164.0 
(ร), 162 .6  (ร), 162.1 (ร), 157.7 (ร), 128.0  (ร), 123.5  (ร), 114.5 (ร), 105.5 (ร), 104.3 (ร), 
9 8 .0  (ร), 9 2 .6  (ร), 55 .8  (ร), 55 .5  (ร) (Fig. A29)

E I -M S  s p e c t r u m  (m /z ) 70 ev  ะ 2 99  (24 ), 298  (69) [M +], 297  (3 5 ), 269  (16), 256 
(22 ), 255  (1 0 0 ), 132 (1 6 ), 123 (11 ), 117 (20), 95 (58 ), 89 (71), 77 (23 ), 69  (50 ), 63  (29). 
(Fig. A41)

T h e  'H -N M R  sp ec tru m  (Fig. A19) o f  c o m p o u n d  9 sh o w ed  tw o  s in g le t a t 8 3 .86  
an d  3 .87  w h ich  w ere  a ss ig n ed  to  th e  tw o  m e th o x y  g roups. T w o  d o u b le ts  at 8 6 .3 4  ( 7 = 2  
H z) an d  6 .4 6  (7  =  2 H z) w ere  d u e  to  the p ro to n s  on  C -6 an d  C -8 . T h e  s in g le ts  at 8 6 .55  
w as a ss ig n e d  to  the  C -3  p ro to n . T h e  h y d ro x y l g ro u p  ap p ea red  at 8 12 .49. T w o  d o u b le ts  
at 8 6 .9 9  ( 7 =  5 H z) an d  7.81 (7 =  7 H z) in d ic a te d  the  p a ra -d isu b s titu tio n  o f  th e  second  
p h en y l rin g  an d  w ere  a ss ig n ed  to  th e  p ro to n s  o f  C -3 ', C -5 ' an d  C -2 ’, C -6 ’. F ro m  'H -N M R  
d a ta , c o m p o u n d  9 w as a ss ig n ed  as 5 -h y d ro x y -7 ,4 '-d im e th o x y fla v o n e  (22 ). T h e  'H -N M R  
ch em ica l sh ifts  o f  c o m p o u n d  9 and  5 -h y d ro x y -7 ,4 '- tr im e th o x y fla v o n e  w ere  c o m p a re d  as 
sh o w n  in Table 4.28, an d  th e  s tru c tu re  o f  5 -h y d ro x y -7 ,4 '- tr im e th o x y fla v o n e  is show n  in 
Fig. 4.14.
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Figure 4.14 T h e  s tru c tu re  o f 5 -h y d ro x y -7 ,4 '-d im e th o x y flav o n e .

Table 4.28 'H -N M R  spectra l d a ta  o f  co m p o u n d  9 an d  5 -h y d ro x y -7 ,4 '-d im e th o x y fla v o n e

H 5-hydroxy-7,4'-dimethoxyflavone Compound 9
2 - -
3 6.54, 1H, (ร) 6.55, 1H, (ร)
5 - -
6 6.34, 1H, (d, 7 = 2.5) 6.34, 1H, (d, 7 = 2)
7 - -
8 6.45, 1H, (d, 7 = 2.5) 6.46, 1H, (d, 7 = 2)
2' 7.38, 2H, (d, 7 = 9) 7.81, 2H, (d, 7 = 7)
3' 6.98, 2H, (d, 1/  = 9) 6.99, 2H, (d, 7 = 5)
4' - -
5' 6.98, 2H, (d, 7 = 9) 6.99, 2H, (d, 7 = 5)
6' 7.38, 2H, (d, 7 = 9) 7.81, 2H, (d, 7 = 7)

7 -OCH3 3.85, 3H, (ร) 3.87, 3H, (ร)
4'-OCH3 3.83, 3H, (ร) 3.86, 3H, (ร)

5-OH 10.28, 1H, (ร) 12.49, 1H, (ร)

T h e  l3C -N M R , D E P T -1 3 5 , D E P T -9 0  sp ec tra  (Fig. A29) re v e a le d  th a t c o m p o u n d  
9 has 17 ca rb o n s in w hich  the  m eth o x y  g ro u p s ap p ea red  a t 5 55 .8  an d  55.5 . T h e  k e tone  
g ro u p  w as at 5 182.4. R esu lt o f  the  l3C -N M R  sp ec tra  w ere  in a g reem en t to  c o m p o u n d  9. 
T h e  i3C -N M R  ch em ica l sh ifts  o f  co m p o u n d  9 are sh o w n  in Table 4.29.
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Table 4.29 13C -N M R  sp ec tra l d a ta  o f  c o m p o u n d  9.

c Compound 9 C Compound 9
2 162.6 1' 123.5
3 104.3 2' 128.0
4 182.4 3’ 114.5
5 162.1 4' 164.0
6 92.6 5' 114.5
7 165.4 6' 128.0
8 98.2 7 -OCH3 55.8
9 157.7 4'-OCH3 55.5
10 105.5

T h e  IR  sp ec tru m  (Fig. A9) o f  c o m p o u n d  9 is su m m arized  in Table 4.30. 
Table 4.30 T h e  ER ab so rp tio n  b a n d  a ss ig n m e n t o f  C o m p o u n d  9.

Wave number (cm-1) Intensity Vibration
3560 - 3250 Broad O-H stretching vibration of hydroxy group

1666 Medium C=0 stretching vibration of carbonyl 
Conjugated ketone

1604, 1512, 1442 Strong, Medium, Medium C=C stretching vibration of aromatic
1381 Medium C-H stretching vibration of -CH3
1273 Medium C-0 unsymmetry stretching 

Vibration of C-O-C
1188,1165, 1026 Weak, Medium, Weak C-0 symmetry stretching 

Vibration of C-O-C
883 Medium •= C-H out of plane bending vibration 

of aromatic

T h e  m ass sp ec tru m  (F ig. A41) o f  c o m p o u n d  9 sh o w ed  the  fra g m e n ta tio n  as 
fo llo w , m /z  (E IM S ) 299  (24 ), 298  (69) [M +], 297  (35), 269  (16), 2 56  (2 2 ), 255  (1 0 0 ), 
132 (16), 123 (11 ), 117 (20 ), 95  (58), 89 (71 ), 77 (23 ), 69  (50), 63 (29 ). T h e  m o le c u la r  
ion  at m /e  255  w as th e  b ase  p eak  w h ich  w as d u e  to  loss o f  H , C O , C H 2, T h e ir  
f rag m en ta tio n s  a re  sh o w n  in Scheme 4.9.
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Scheme 4.9 T h e  m ass  fra g m e n ta tio n  o f  th e  co m p o u n d  9.

T h e  ab o v e  ev id e n c e  s tro n g ly  su g g es ted  tha t co m p o u n d  9 w as 5 -h y d ro x y -7 ,4 '-  
d im e th o x y fla v o n e . T h e  m o le c u la r  fo rm u la r  is C 17H 14O5 and  m o le c u la r  w e ig h t is 298.

4.3.10 STRUCTURE E LU C ID A T IO N  OF CO M POUND 10

Compound 10 is a co lo rle ss  n eed le  crysta l (44 m g) U V  À,max (n m ), CHCI3 (log  
ร):284, 316 sh (0.03), [a]D20 -16.3 (CHCI3 , c 1).

F T -IR  spectrum , (K B r), v m ax  (cm -1) : 2 ,978  (พ ), 2 ,931 (พ ), 2 ,8 7 5  (พ ), 2 ,8 5 6  
(พ ), 1 ,672  (ร), 1 ,602  (ร), 1 ,569 (ร), 1,475 (ร), 1,423 (m ), 1,376 (m ), 1 ,280  (ร), 1 ,216 (ร), 
1 ,207 (ร), 1 ,164  (m ), น 13 (ร), 1 ,066 (m ), 819  (m ), 766  (m ), 7 0 2  (m ) (F ig. A10)
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^ - N M R  spectrum (CD C13, 200  M H z.) 8 (P P M ) rev ea led  th e  ch em ica l sh ift at 
5 2 .78  (1H , dd , J= 1 6 ,4  H z), 3 .01 (1H , dd , J= 1 6 , 14 H z), 3 .89 , 3 .82  (6H , all ร, 2 * O C H 3),
5 .4 0  (1H , dd , J= 1 2 , 4 H z), 6 .08  (1H , d, J= 4  H z), 6 .15  (1H , d, J=  2 H z), 7 .47  (5H , m , 
5 * A rH ) (Fig. A20)

13c -  N M R  spectrum (C D C I3, 200  M H z.) 8 (P P M ) : 189.2  (ร), 165.9 (ร), 164.9 
(ร), 162.3 (ร), 138.8 (ร), 128.8 (ร), 128.7 (ร), 126.1 (ร), 105.9 (ร), 9 3 .5  (ร), 93 .2  (ร), 79 .2  
(ร), 5 6 .2  (ร), 55 .6  (ร), 4 5 .6  (ร) (Fig. A30)

E I-M S  spectrum (m/z) 70 ev : 285 (15), 284  (78), 283 (22 ), 2 07  (17), 181 (18), 
180 (100 ), 152 (28), 137 (32 ), 104 (30), 103 (22 ), 77 (20) (Fig. A42)

T h e  'H -N M R  sp ec tru m  (Fig. A20) sh o w ed  a 5,7 - d isu b s titu te d  A  - rin g  
b e c a u se  o f  th e  a p p ea ran ce  o f  th e  tw o  d o u b le ts  at 5 6 .15  an d  6 .08  w ith  m e ta  co u p lin g  (7 
=  2, 4  H z) an d  each  d o u b le t in teg ra ted  fo r o n e  p ro ton  (C -8 and  C -6 ). A  m u ltip le t at 5 
7 .47  re p re se n te d  th e  a ro m atic  p ro to n s  o f  rin g  B. A  d o u b le ts  o f d o u b le ts  c e n te re d  at 5
5 .4 0  (7 =  12 H z , 7  =  4 H z) w as due  to  the  C -2  p ro ton  (C -2). T h e  tw o  m e th o x y  g roups 
ap p e a re d  as tw o  s in g le ts  at § 3 .89  and  3 .82 . T h e  C -3 p ro to n  ap p e a re d  as tw o  d o u b le ts  o f  
d o u b le ts  c e n te re d  at ร 3.01 (7 = 16 H z, 7 = 1 4  H z) and  2 .78 (7 = 16 H z, 7  =  4 H z). F rom  
’H -N M R  d ata , th e  c o m p o u n d  10 w as a ss ig n ed  as 5 ,7 -d im e th o x y fla v a n o n e  (22). T h e  'H -  
N M R  ch em ica l sh ifts  o f  c o m p o u n d  10 and  5 ,7 -d im e th o x y fla v a n o n e  w ere  c o m p a re d  as 
sh o w n  in Table 4.31, an d  th e  s tru c tu re  o f  5 ,7 -d im e th o x y fla v a n o n e  sh o w n  in Fig. 4.15

F igure 4.15 T h e  s tru c tu re  o f  5 ,7 -d im e th o x y flav an o n e .
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Table 4.31 1 H -N M R  sp ec tra l d a ta  o f  c o m p o u n d  10 and  5 ,7 -d im e th o x y flav an o n e .

H 5,7 -dimethoxyflavanone Compound 10
2 5.45, 1H, (q, 7=11, 7=5) 5.40, 1H, (dd, 7=12, 7=4)
3 2.94, 1H, (d ,y = ll) , 2.87, 1H, (d,y=5) 3.01, 1H, (dd, J= 16, 2=14), 2.78, 1H, (dd, 7=16, 7=4)
5 - -
6 6.13, 1H, (d, 7=2.5) 6.08, 1H, (d, 7=4)
7 - -
8 6.21, 1H, (d, 7=2.5) 6.15, 1H, (d, 7=2)
2 ' 7.47, 5H, (m) 7.47, 5H, (m)
3’ 7.47, 5H, (m) 7.47, 5H, (m)
4’ 7.47, 5H, (m) 7.47, 5H, (m)
5' 7.47, 5H, (m) 7.47, 5H, (m)
6 ' 7.47, 5H, (m) 7.47, 5H, (m)

5 -OCH3 3.89, 3H, (ร) 3.89, 3H, (ร)
7 -OCH3 3.82, 3H, (ร) 3.82, 3H, (ร)

T h e  i3C -N M R , D E P T -1 3 5 , D E P T -9 0  sp ec tra  (Fig. A30) re v e a le d  th a t co m p o u n d  
10 has 17 ca rb o n s. O n e  s ig n a l o f  th e  k e to n e  g ro u p  ap p ea red  at 189 .20  ppm . T w o  sig n a ls  
o f  m e th o x y  g ro u p s a p p ea red  a t 8 5 6 .1 7 , 55 .61 p p m . T h e  m e th y len e  g ro u p  w as at 8 4 5 .6 0  
ppm . T h e  13C -N M R  ch em ica l sh ifts  o f  c o m p o u n d  10 is sh o w n  in Table 4.32.

Table 4 .3 2  13C -N M R  sp ec tra l d a ta  o f  c o m p o u n d  10.

c Compound 10 c Compound 10
2 79.2 r 138.8
3 45.6 2' 126.1
4 189.1 3' 128.8
5 164.9 4' 128.7
6 93.5 5’ 128.8
7 165.9 6' 126.1
8 93.2 . 5 -OCH3 56.2
9 162.3 7 -OCH3 55.6
10 105.9
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T H E  IR  spectrum (Fig. A10) o f  co m p o u n d  10 is su m m a riz e d  in  Table 4 .3 3 . 
Table 4 .3 3  T h e  IR  ab so rp tio n  b an d  a ss ig n m en t o f  C o m p o u n d  10.

Wave number (cm 1) Intensity Vibration
2978,2931,2875,2856 Weak, Weak, Weak, Weak c - H stretching vibration of aromatic

1672 Strong c=0 stretching vibration of carbonyl 
Conjugated ketone

1602,1569, 1475 Strong, Strong, Strong c=c stretching vibration of aromatic
1423,1376 Medium, Medium C-H stretching vibration of -CH3

1280,1216, 1207 Strong, Strong, Strong C -0 unsymmetry stretching 
Vibration of C-O-C

1164,1113, 1066 Medium, Strong, Medium C -0 symmetry stretching 
Vibration of C-O-C

819,766,702 Medium, Medium, Medium .= C-H out of plane bending vibration 
of aromatic

T h e  m ass  sp e c tru m  (Fig. A42) o f c o m p o u n d  10 sh o w e d  th e  fra g m e n ta tio n  as 
fo llo w , m /z  (E IM S ) (F ig  ) 285 (15), 284 (78), 283 (22), 207 (17), 181 (18), 180 (100), 
152 (28), 137 (32), 104 (30), 103 (22), 77 (20). T h e  m ass  sp e c tru m  sh o w e d  th e  
m o le c u la r  io n  a t m /e  284 an d  th e  ion  at m /e  180 w as th e  b a se  p eak . T h e  o th e r  ab u n d an t 
io n s  w ere  m /e  207, 152, 137 etc. T h e  m ass fra g m e n ta tio n  o f  c o m p o u n d  10 is sh o w n  in  
Scheme 4.10.

C o m p o u n d  10 w as c o n firm e d  by  X -ray  d iffrac tio n  an a ly s is , w h ich  in d ic a te d  th a t 
c o m p o u n d  10 w as 5 ,7 -d im e th o x y flav an o n e . T h e  m o le c u la r  fo rm u la r  is C 17H 16O 4 and  
m o le c u la r  w e ig h t is 284. T h e  c ry sta l o f  5 ,7 -d im e th o x y fla v a n o n e  w as c ry s ta lliz e d  fro m  
e thy l a ce ta te  in h ex an e  to  y ie ld  co lo rle ss  c ry s ta l w ith  m e ltin g  p o in t at 147-149 °c (lit 
169 - 170 ๐C ) (22). X -ra y  d iffra c tio n  d a ta  are  p re se n te d  in  Table A29, A30, A31, A32  
an d  A33, re sp e c tiv e ly . T h e  O R T E P  d raw in g  o f  c o m p o u n d  10 is sh o w n  in Fig. 4.16.
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+

m / e  180 m / e 1 0 4

H3C O

m / e  152

S c h e m e  4 .1 0  T h e  m ass sp ec tra l d iag ram  o f  th e  c o m p o u n d  10.

F ig u r e  4 .1 6  T h e  O R T E P  d raw in g  o f  C o m p o u n d  10.
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Compound 11 is brown-violet vicous liquid (0.16 g, 3.3* 10 3% wt/wt ), U V  Xmax 
(nm), MeOH (log ร) : 206, 264, 318 sh (0.125), [a ]D20 +60.2 (MeOH, c 0.1).

4.3.11 S T R U C T U R E  E L U C ID A T IO N  O F C O M PO U N D  11

The 13C-NM R, D E P T -135, DEPT-90 spectra in DM SO (Fig. A31) revealed that 
compound 11 was sucrose. The signal of carbons appeared at ร 103.94 (F2), 8 91.69  
(GO, 8 82.44 (F5), 8 76.93 (F3), 8 74.18 (F4), 8 72.75 (G3, G5), 8 71.55 (G2), 8 69.74  
(G4), 8 62.90 (F6), 8 62.07 (Fi), 8 60.39 (Gô). These spectral data are consistent with 
those of sucrose in D 20  (Fig. A31a) (25), where the signal of carbons appeared at 8 
142.25 (F2), 8 93.20 (GO, 8 83.90 (F5), 8 77.65 (F3), 8 75.25 (F4), 8 74.00 (G3, G5), 8 
72.50 (G2), ร 70.60 (G4), 8 63.90 (F6), 8 62.80 (F,), 8 61.50 (G6). The 13C-NMR  
chemical shifts o f compound 11 and sucrose were shown in Table 4.34, and the 
structure of sucrose shown in Fig. 4.17.

F igure 4.17 Structures of sucrose.

Table 4.34 13C-NM R spectral data of compound 11 and sucrose.

Carbon Compound 11 Sucrose
FI 62.1 62.8
F2 103.9 142.25
F3 76.9 77.65
F4 74.2 75.25
F5 82.4 83.9
F6 62.9 63.9
G1 91.7 93.2
G2 71.6 72.5
G3 72.8 74.0
G4 69.7 70.6
G5 72.8 74.0
G6 60.4 61.5
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4 .4  R E S U L T S  O F  B I O L O G I C A L  A C T I V I T Y  T E S T  O F  T H E  

I S O L A T E D  C O M P O U N D S .

4.4.1 C Y TO TO X IC  A C T IV IT Y  TEST

The in  v it r o  activity o f isolated compounds ( 10 pg/ml ) from K. p a rv if lo ra  were 
tested against 5 cell lines which composed of BT474 (breast), CHAGO (lung), HEP-G2 
(hepatoma), Kato - 3 (gastric) and SW 620 (colon) and the results are shown in Table  
4.35.

Table 4.35 Cytotoxic activity against tumor cell lines of isolated compounds from 
K. p a rv if lo ra .

Compound % survival of tumor cell Lines
(10 ug/ml) Kato - 3 BT 474 Chago รพ  620 Hep - G2

( gastric ) ( breast ) ( lung ) ( colon ) ( hepatoma )
1 57 99 78 92 83
2 39 120 74 90 79
3 29 75 41 59 26
4 95 126 91 77 76
5 59 117 107 105 84
6 33 84 85 57 47
7 44 82 41 46 50
8 54 59 88 69 51
9 40 90 78 40 80
10 32 58 64 76 87

From Table 4.35 it indicated that compound 2 and 10 showed  
cytotoxicity against Kato3 cell lines, compound 3 showed cytotoxicity against Hep-G2, 
Kato-3, Chago, compound 6 showed cytotoxicity against Hep-G2 and Kato-3, 
compound 7 showed cytotoxicity against Chago, Kato-3 and ร พ 620, compound 9 
showed cytotoxicity against Kato-3 and SW 620. The IC50 values are reported in Table  
4.36.



Table 4.36 C y to to x ic  ac tiv ity  ag a in s t tu m o r ce ll lin es ( IC 50 ) o f  iso la te d  co m p o u n d s  
fro m  K. p a rv if lo ra .

C o m p o u n d IC 50 ( ug  /  m l ) o f  tu m o r ce ll lin es
K ato  - 3 B T  4 7 4 C h ag o ร พ  620 H ep  - G 2

( g astric  ) ( b re a s t ) ( lu n g  ) ( c o lo n  ) ( h ep a to m a  )
2 9 > 10 10 >  10 4.4
3 6.1 6.2 7.2 8.0 2.1
6 6.6 5.9 >  10 8.7 4.0
7 2 5.4 9.7 7 1.1
9 2.9 7 .0 >  10 4.1 3.0
10 6.1 6.1 > 10 >  10 1.9

IC 50 w as th e  m in im u m  co n cen tra tio n  o f  50%  in h ib ito ry  ac tiv ity .
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4.3.2 Antioxidant activity assay

In o rd e r to  s tu d y  an d  in v e s tig a te  the  s tru c tu re  ac tiv ity  re la tio n sh ip , th e  e lev en  
c o m p o u n d s  fro m  K. parviflora w ere  te s ted  fo r a n tio x id an t ac tiv ity  b y  D P P H  m eth o d . 
V itam in  E  w as u sed  as p o s itiv e  co n tro l. T h e  re su lts  are su m m a riz e d  in T a b le  4 .3 7 .

Table 4 .3 7  A n tio x id an t a c tiv ity  o f  11 c o m p o u n d s  fro m  K. parviflora b y  D P P H  m eth o d .

C o m p o u n d A b so rb an ce  517 n m
1 2 A v e ra g e

S tan d a rd  D P P H  so lu tio n 1.2 1.2 1.2
V itam in  E  1 0.19 0 .18 0 .1 8 5

3 ,5 ,7 -tr im e th o x y fla v o n e 1.2 1.2 1.2
5 ,7 -d im e th o x y fla v o n e 1.2 1.2 1.2

5 ,7 ,4 '- tr im e th o x y flav o n e 1.2 1.2 1.2
4 '-h y d ro x y -5 ,7 -d im e th o x y fla v o n e 1.2 1.2 1.2

D ic in n a m o y lm e th a n e 0 .49 0.5 0 .4 9 5
5 -h y d ro x y -3 ,7 -d im e th o x y fla v o n e 1.2 1.2 1.2
5 -h y d ro x y  -7 -d im e th o x y fla v o n e 1.2 1.2 1.2

5 -h y d ro x y -3 ,7 ,4 '- tr im e th o x y fla v o n e 1.2 1.2 1.2
5 -h y d ro x y -7 ,4 ',-d im e th o x y flav o n e 1.2 1.2 1.2

5 ,7 -d im e th o x y fla v a n o n e 1.2 1.2 1.2
S u cro se 0.95 0 .98 0 .9 6 5

T h e  resu lts  fro m  Table 4 .37  rev ea led  th a t d ic in n a m o y lm e th a n e  and  su c ro se  
sh o w ed  w eak  a n tio x id an t a c tiv ity  co m p are  to  th a t o f  v itam in  E. T h e  in vitro a n tio x id a n t 
a c tiv ity  o f  d ic in n a m o y lm e th a n e  an d  su c ro se  fro m  K. parviflora an d  v itam in  E  are  
p re se n te d  in Table 4.38.



73

Table 4 .3 8  A n tio x id an t a c tiv ity  o f  d ic in n am o y lm e th an e , su c ro se  a n d  v itam in  E.

C o m p o u n d IC 50 ( m M  )
V itam in  E 0.5

D ic in n a m o y lm e th a n e 16
S u cro se > 14

IC 50 w as co n cen tra tio n  o f  sam p les  at 1/2 o f ab so rb an ce  v a lu e  o f  D P P H  so lu tio n .

A m o n g s t th e  iso la te d  c o m p o u n d s  fro m  K. parviflora, o n ly  d ic in n a m o y lm e th a n e  
an d  su c ro se  sh o w ed  w eak  a n tio x id an t ac tiv ity  w ith  IC 50 16 m M  an d  > 1 4  m M  
re sp ec tiv e ly .

M o s t o f  f lav o n o id s  are  fo u n d  in n a tu re  such  as fise tin , (+ )-c a te c h in , q u e rce tin  
etc  w h ich  are  p o ten t an tio x id an ts . H o w ev er, all 9 f lav o n o id s  w ere  fo u n d  to  b e  in a c tiv e  in  
red u c in g  2 ,2 -d ip h en y lp ic ry h y d ra z y l rad ica l. It's p o ss ib le  tha t f la v o n o id s  te rm in a te  ch a in  
rad ica l re a c tio n s  by  d o n a tin g  h y d ro g en  a to m s to  th e  p ero x y  rad ica l fo rm in g  a  f la v o n o id  
rad ica l.

M ech an ism  o f  lip id  o x id a tio n  can be d is tin g u ish ed  in  th ree  d is tin c t steps: 
in itia tio n , p ro p ag a tio n , te rm in a tio n .

In itia tio n  s tag e  : free  rad ica ls  ab strac t h y d ro g en  fro m  p o ly u n sa tu ra te d  fa tty  ac id s  to  fo rm  
the  lip id  rad ica l.

R H — ► R' + H '
R O O H  - — ► Q X ๐

2 R O O H  - — ► R O ' +  R O O ' + HoO

P ro p ag a tio n  stag e  : th e  lip id  rad ica l reac ts  w ith  m o lecu la r  o x y g en  to  fo rm  th e  lip id  
p e ro x y  rad ica l w h ich  b reak s  do w n  to g en era te  m o re  free  rad ica ls  th u s  m a in ta in in g  the  
ch a in  o f  re ac tio n s .

R  +  30 2 ____ ►  R O O '
R O O ' +  R H R O O H  + R-



74

R- +  R- ------ ►  R  - R
R- +  R O O ------- ► ROOR

RO O - +  R O O '------ ►  R O O R  + 0 2

L ip id  p e ro x id a tio n  (L P O ) can  b e  su p p re ssed  by  e n z y m a tic  in ac tiv a tio n  o f 
free  ra d ic a ls  an d  an tio x id an ts  th a t in h ib it th e  in itia tio n  stag e  an d  /  o r  acce le ra te  the 
te rm in a tio n  stage . F lav o n o id s  in h ib it L P O  in v itro  at th e  in itia tio n  s tag e  as scav en g ers  o f  
su p e ro x id e  an io n s  an d  h y d ro x y  rad ica ls  by  d o n a tin g  h y d ro g en  a to m s. T h u s, the 
in h ib itio n  o f  L P O  is in flu en ced  by  stru c tu ra l fe a tu re s  o f  flav o n o id s . It has been  p ro p o sed  
th a t th e  n u m b e r o f  h y d ro x y  g ro u p s are  th e  im p o rtan t fo r an tio x id a n t o f  f lav o n o id s. It 
w as re v e a le d  th a t th e  h y d ro x y l rad ica l sc a v e n g in g  ac tiv ity  o f  f la v o n o id s  in c reases  w ith  
th e  n u m b e r o f  h y d ro x y l g ro u p s su b s titu te d  on  the  B rin g , e sp e c ia lly  at C -3 ' and  
d e c rea ses  ra p id ly  as th e  n u m b er o f  h y d ro x y l g ro u p s d ec reases . T h e  n in e  f lav o n o id s , 
e ig h t flav o n e  an d  o n e  f lav an o n e  had  o n ly  4 '-h y d ro x y -5 ,7 -d im e th o x y fla v o n e  th a t had  
h y d ro x y  g ro u p  at C -4 ' p o s itio n  on th e  B rin g  b u t it d id n 't sh o w  a n tio x id a n t activ ity . In 
a d d itio n , m e th o x y  g ro u p  m ay  red u ce  an tip e ro x id a tiv e  e ff ic ien cy  o f  f lav o n o id s  in v itro  
d u e  to  s te ric  h in d ran ce . M o re o v e r  h y d ro g e n a tio n  o f  5 ,7 -d im e th o x y fla v a n o n e  at C -3 
p o s itio n  o f  th e  c rin g  d ec reases  th e  a n tip e ro x id a tiv e  effec ts.

D ic in n a m o y lm e th a n e  an d  su c ro se  sh o w ed  w eak  an tio x id a n t ac tiv ity , due  to 
s tru c tu re  o f  d ic in n a m o y lm e th a n e  has h y d ro x y l g ro u p  at C -2 , C -2 ' th a t can  be easy  
o x id iz e d  so  it can  sh o w  w eak  a n tio x id an t ac tiv ity . H o w ev er, it is a p o o r an tio x id an t 
w h en  c o m p a re  w ith  v itam in  E. F o r su c ro se , it is b ecau se  o f  the  ab u n d an t o f  hydroxy l 
g ro u p  ev en  th o u g h  th e  s tru c tu re  o f  su c ro se  is d iff icu lt to  o x id ize . It can  slig h tly  red u ce  
2 ,2 -d ip h en y lp ic ry h y d ra z y l.

Termination stage : the free radical species react together or with antioxidant to form
inert products.
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