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Distribution of compounds in fractions of propolis extract 

Fractions 
Compound NaOH* Na2COs** HCI** 

Pinostrobin (1) 4% + + 
Sakuranetin (2) 3% - + 
Isosakuranetin (3) + - 
Flavanone (4) + + 
Pterostilbene (5) 10% - + 
Xanthorrhoeol (6) 2% + - 
3,5-Dimethoxybenzyl - + 
alcohol (7) 

*Amount of each compound shown as percentage of the material in 
that fraction. **+ sign indicates presence of a compound in small 
amounts. 

p r e p a r a t i v e  TLC t e c h n i q u e s  were used in t he  usual  way.  
The  c o m p o u n d s  i so la ted  a n d  ident i f ied  in t he  d i f fe ren t  
f rac t ions  e x a m i n e d  are l i s ted  in t he  tab le .  E v i d e n c e  for 
t he  s t r u c t u r e  of t h e  4 f l a v a n o n e s  isola ted was o b t a i n e d  
f rom a n  i n t e r p r e t a t i o n  of t h e i r  spec t ra l  cha rac te r i s t i c s  
fol lowing wel l -es tab l i shed  app roaches  l~  and  b y  com- 
par i son  of the  phys ica l  p roper t i e s  w i t h  those  descr ibed  
in t he  l i t e ra tu re .  The  f l a v a n o n e s  ident i f ied  were:  (S)-( )- 
P i n o s t r o b i n  (1), m.p.  l l 0 - 1 1 1 ~  [~]D-54 ~ (L inds t ed t  12, 
112-113~ [~]. -56~ N M R  (60 MHz,  CCI~), d 2.5-3.4 
(AB m u l t i p l e t  of a n  A B X  sys tem,  3-H,) ,  3.80 (a romat ic  
me thoxy l ) ,  5.36 (X pa r t ,  I J a x  + J B x [  16 Hz, 2-H), 
5.94 (6.- a n d  8-H), 7.36 (5 a r o m a t i c  pro tons) ,  11.92 (OH), 
MS (m/e, %) 270 (M +, 100), 269 (50), 193 (90), 166 (65), 
138 (45), 104 (25); ( S ) - ( - - ) - S a k u r a n e t i n  (2), m.p.  
152-154~ [=]D --6 ~ (Dean 1~ 150~ [e]D --10~ N M R  
(90 MHz,  CDC13) 2.75 a n d  3.10 (AB p a r t  of an  A B X  
sys tem,  JAB 17 Hz, JAX 4.5 Hz,  JBx  11 Hz, 3-H2), 
3.80 (a romat ic  me thoxy l ) ,  5.30 (X pa r t ,  I JAx + J B x l  
15.5 Hz),  5.99 a n d  6.04 (AB sys tem,  JAB 2.5 Hz, 6- and  
8-H), 6.85 a n d  7.31 ( A A ' B B '  sys tem,  B- r ing  pro tons) ,  
11.99 (5-OH), MS (m/e, %) 286 (M +, 100), 285 (42), 
193 (33), 166 (100), 138 (25), 120 (92); I s o s a k u r a n e t i n  (3) 
(NMR and  MS iden t ica l  w i t h  those  of an  a u t h e n t i c  
sample)  a n d  ( - - ) -5 -hydroxy-4 ' ,  7 - d i m e t h o x y f l a v a n o n e  (4), 
m.p.  114.5-115~ [C~]D --26 ~ ( B o h m  14, m.p.  116.5-117~ 
N M R  a n d  MS ident ica l  w i t h  those  r epo r t ed  14 
A m a j o r  c o n s t i t u e n t  of t he  N a O H  soluble f rac t ion  was 
ident i f ied  as p t e ros t i l bene  (5) (m.p. 80-81~ S p a t h  
e t  al. 15, 85-86~ N M R  (90 M H z ;  CDC13), 6 3.81 (aro- 
m a t i c  me thoxy l ) ,  6.37 ( t r iplet ,  J 2.5 Hz,  4-H), 6.63 
(doublet ,  J 2.5 Hz, 2 - a n d  6-H), 6.87 and  7.00 (AB q u a r t e t ,  
J 16 Hz, v inyl ic  p ro tons) ,  6.81 a n d  7.36 ( A A ' B B '  sys tem)  ; 
I R  (CHCls) , v 3610, 2850 cm-1; UV, ~,max 217 n m  (e 
20,000), 315 n m  (e 22,500); MS (m/e, %) 256 (M+, 100), 

240 (6), 225 (7) 210 (6), 197 (6), 181 (15), 169 (6), 152 (9), 
128 (10), 115 (10). T h e  n e x t  c o m p o u n d  isola ted was s h o w n  
to be  4 - a c e t y l - 5 - h y d r o x y - 2 - m e t h y l - 2 H - 3 H - n a p h t h o  
(1,8-b,c) p y r a n  (xan thor rhoeo l ,  6) (m.p. 120-121~ - 
depressed  on  a d m i x t u r e  w i t h  an  a u t h e n t i c  sample] ,  
[~]D + 136~ Duewel l  le, m.p.  121 ~ [~]i) + 143 ~ NMR-,  
I R-, UV-  and  mass  spec t r a  iden t i ca l  to  those  reported16,IT). 
The  presence  in t he  acid-soluble  f rac t ion  of 3,5-di-  
m e t h o x y b e n z y l  a lcohol  (7) was  conf i rmed  b y  c o m p a r i s o n  
of i ts  spec t ra l  d a t a  a n d  GC r e t e n t i o n  t ime  w i t h  those  of 
an  a u t h e n t i c  sample .  As s h o w n  in t he  t ab l e  th i s  f r ac t ion  
also c o n t a i n e d  a m o u n t s  of 1, 2, 4 a n d  5. A possible  expla-  
n a t i o n  is t h a t  these  c o m p o u n d s  were in i t i a l ly  p resen t ,  
in  pa r t ,  as w a t e r  soluble  glycosides which  were t h e n  
h y d r o l y z e d  on c o n t a c t  wi th  aqueous  acid. 
G iven  these  resu l t s  a n u m b e r  of po in t s  are w o r t h  m e n t i o n -  
ing w i t h  reference to  t he  or igin a n d  t he  possible  p h a r m a -  
cological  effects a t t r i b u t e d  to propolis .  
X a n t h o r r h o e o l  (6), s a k u r a n e t i n  (2), i so saku rane t i n  (3) 
a n d  4 h a v e  p rev ious ly  been  found  16,17 in Xanthorrhoea 
species, t h e  'grass  t rees '  endemic  to  Aust ra l ia .  A l t h o u g h  
p o l y h y d r o x y -  and  p o l y m e t h o x y s t i l b e n e s  are c o m m o n l y  
found  is in Eucalyptus species, p t e ros t i l bene  (5) ha s  n o t  
ye t  been  r epo r t ed  as a cons t i t uen t .  The  s u b s t i t u t i o n  
p a t t e r n  found  in t he  benzy l  a lcohol  (7) ind ica tes  t h a t  i t  
m a y  be  a d e g r a d a t i o n  p r o d u c t  of p te ros t i lbene .  
The  pha rmaco log ica l  a c t i v i t y  of x a n t h o r r h o e o l  a n d  p te ro -  
s t i lbene  is n o t  known ,  a l t h o u g h  t he  l a t t e r  h a s  been  re- 
po r t ed  to be useful  in  t he  t r e a t m e n t  of d iabe tes  19 and,  in 
c o m m o n  w i t h  o t h e r  s t i lbenes,  m a y  show a n t i f u n g a l  
a c t i v i t y  2~ I t  has  been c la imed t h a t  s a k u r a n e t i n  shows 
fungic ida l  a c t i v i t y  21,22 a n d  i so saku rane t i n  a n t i n e p h r o -  
toxic  p roper t i e s  23. 
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Summary. E v a l u a t i o n  of the  h y p o t e n s i v e  a c t i v i t y  of d i h y d r o x y  c o u m a r i n s  and  t h e i r  congeners  revea l  t h a t  t he  n a t u r a l l y  
occur r ing  d i m e t h o x y  c o u m a r i n  Scoparone  ha s  m a x i m a l  ac t iv i ty ,  more  s ign i f ican t  t h a n  L - a - m e t h y l  dopa.  S t r u c t u r e  
a c t i v i t y  r e l a t ionsh ip  s tud ies  are  r epo r t ed  w i t h  an  a t t e m p t  to  offer a p r o b a b l e  m e c h a n i s m  of act ion.  

Sr  ( 6 , 7 - d i m e t h o x y c o u m a r i n ,  I) occur r ing  in hence  t he  p r e sen t  s t u d y  was u n d e r t a k e n  to  e v a l u a t e  
Artemisia scoparia Wal ds t .  & Ki t .  as the  m a j o r  cons t i -  m i n i m u m  s t r u c t u r a l  r e q u i r e m e n t s  for the  h y p o t e n s i v e  
t u e n t ,  ha s  shown  m a r k e d  h y p o t e n s i v e  and  t r anqu i l l i s ing  a c t i v i t y  aga ins t  t he  congeners  of the  n a t u r a l l y  occur r ing  
ac t iv i ty1 ,  2. Th i s  n a t u r a l  p r o t o t y p e  m a y  no t  be t he  bes t  c o u m a r i n  profile. 
r e p r e s e n t a t i v e  e x h i b i t i n g  t h i s  phys io logica l  response ;  
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I t  h a s  b e e n  r e p o r t e d  t h a t  L - e - m e t h y l  d o p a  ( I I ) ,  a p o t e n t  
a n t i h y p e r t e n s i v e  a g e n t ,  p o s s e s s e s  a s t r u c t u r a l  f r a m e w o r k  
w h i c h  m a n i f e s t s  t h e  spec i f i c  b i o l og i ca l  r e s p o n s e  w h i c h  
p r o m p t e d  R a s t o g i  a n d  h i s  c o w o r k e r s  3 t o  s y n t h e s i s e  
v a r i o u s  3 - a m i n o - 3 - m e t h y l - 6 ,  7 d i h y d r o x y  3 - 4 - d i h y d r o  cou -  
m a r i n s  a n d  s u b s t i t u t e d  t e t r a l i n s ,  a n d  T a y l o r  e t  al.* to  
p r e p a r e  i n d a n  d e r i v a t i v e s .  W e  n o w  r e p o r t  t h a t  I e x h i b i t s  
b e t t e r  h y p o t e n s i v e  a c t i v i t y  t h a n  I I  a n d  a l so  p r o v i d e s  t h e  
r i g i d i t y  of  m o l e c u l a r  f r a m e w o r k  d u e  to  l a c t o n e  r i ng .  
Material and method. A e s c u l e t i n  (XI I ) ,  5 - 7 - d i h y d r o x y  
c o u m a r i n  (X), 7 - h y d r o x y  c o u m a r i n  (IV) we re  s y n t h e s i s e d  
f r o m  t h e  a p p r o p r i a t e  p h e n o l s  a n d  m a l i c  ac id  in  t h e  p r e -  
s e n c e  of  ac id  c a t a l y s t  a c c o r d i n g  to  P e c h m a n n  c o n d e n -  

Hypotensive activity of dihydroxy coumarins 

No. R t R 2 R a R 4 R 5 Fall in Duration of 
blood action 
pressure (min)* 
(%)* 

I H H H 
III  H H H 
IV H H H 
V H H H 
VI H H H 
VII H H H 
VIII  H H H 
IX H CH 3 H 
X H H 
XI H H 
XII  H H 
XIII  H H 
XIV H H 
XV H H 
XVI H H 
XVII H H 
XVIII  H H 
XIX H H 

XX H H H 
XXI H H H 
XXII  H H H 
XVIII  C1 H H 
XXIV Br H H 
XV H CH 3 H 
XVI H CH a H 

OCH 3 OCH 3 58.6~-8 1 6 0 i 2 0  
H H 29.16• 10-k3 
H OH 10.0~10 7 + 2  
H OCH 3 13 .04 i7  5 + 2  
H C3H 5 17.4~6 5 •  
H CO~CH 3 4 3 . 4 i 9  15+3 
H CO~C,H 5 00+6  00 
H OH 1 4 . 3 i 7  5 + 2  

OH H OH 53 .5 i15  20+4  
OCH 3 H OCH 3 9 . 1 i 3  5 + 2  
H OH OH 2 4 . 0 i l l  7+3  
H O C ~ H ~  OC2H ~ 40 .7 i 17  2 0 + 6  
H OC2H 7 OCaH v 3 .7~2 7 .0+5 
H Call 5 Call 5 23.08+13 30+9  
H CO2CH a CO~CH 3 Ni l~  N i l -  
H CO2CsH~ CO2C6H5 Nil Nil 
H OCTH 7 OCvH 7 Nil Nil - 
H 3,5- 3,5- Nil Nil - 

dinitro- dinitro- 
salicyl salicyl 
OCH 3 OH Nil Nil 
OH OCH,~ Nil Nil 
N() 2 OCH~ 51.0• 2 0 •  
OCH 3 OCH.~  68.0~=7 2 5 j 6  
OCH z OCH a 50.0+3 35-t-10 
OH OH Nil Nil 
OCH 3 OCH a Nil Nil 

s a t i o n  5. T h e s e  p a r e n t  h y d r o x y  c o u m a r i n s  w e r e  a l k y l a t e d  
a n d  e s t e r i f i e d  a c c o r d i n g  t o  g e n e r a l  m e t h o d 6 .  K n o e v e n g a l  
r e a c t i o n  v a f f o r d e d  t h e  4 - m e t h y l  c o u m a r i n s ,  I X ,  X I V ,  
X V l I  in  w h i c h  c a s e  e t h y l  a c e t o a c e t a t e  w a s  c o n d e n s e d  
w i t h  t h e  c o r r e s p o n d i n g  p h e n o l s .  X X I  w a s  o b t a i n e d  f r o m  
V t h r o u g h  E l b ' s  p e r s u l p h a t e  o x i d a t i o n  8. 
F o r  p h a r m a c o l o g i c a l  e x p e r i m e n t s  m o n g r e l  d o g s  o f  e i t h e r  
s e x  (4-7  kg) a n a e s t h e t i s e d  w i t h  q u i n a l b a r b i t o n e  s o d i u m  
(30 m g / k g )  w e r e  u s e d .  R i g h t  c o m m o n  c a r t o i d  a r t e r y  w a s  
c a n n u l a t e d  a n d  c o n n e c t e d  t o  t h e  m e r c u r y  m a n o m e t e r  
for  r e c o r d i n g  t h e  b l o o d  p r e s s u r e .  F e m o r a l  v e i n  w a s  
c a n n u l a t e d  for  a d m i n i s t r a t i o n  o f  d r u g .  T r a c h e a  w a s  
c a n n u l a t e d  to  r e c o r d  r e s p i r a t i o n  b y  M a r y ' s  t a m b o u r .  
S c o p a r o n e  a n d  i t s  c o n g e n e r s  we re  i n j e c t e d  in  10 m g / k g  
d o s e  i .v.  a n d  e f f ec t  on  b l o o d  p r e s s u r e ,  i t s  o n - s e t  of  a c t i o n  
a n d  d u r a t i o n  w a s  r e c o r d e d  ( tab le) .  T h e  d a t a  r e p r e s e n t s  
t h e  m e a n  v a l u e s  of  3 - 5  e x p e r i m e n t s .  
Discussion. R e s u l t s  a r e  s h o w n  in  t h e  t ab l e .  T h e  o p t i m u m  
s u b s t i t u t i o n  p a t t e r n  s e e m e d  to  be  o n e  r e p r e s e n t e d  b y  I. 
A n  i n t e r e s t i n g  f i n d i n g ,  a s  r e g a r d s  t h e  m i n i m u m  s t r u c t u r a l  
r e q u i r e m e n t  for  a n t i h y p e r t e n s i v e  a c t i v i t y ,  w a s  o b t a i n e d  
in  t h e  u n s u b s t i t u t e d  c o u m a r i n  i t se l f .  T h e  p a r e n t  d i h y d r o -  
x y c o u m a r i n  X a n d  X I I  s h o w e d  h y p o t e n s i v e  e f f ec t  b u t  
m e t h y l a t i o n  r e s u l t e d  in d i m i n i s h i n g  t h e  a c t i v i t y  of  t h e  
f o l m e r  b u t  e n h a n c i n g  t h a t  of  t h e  l a t t e r .  F u r t h e r ,  i n c r e a s e  
in  t h e  size of  t h e  a l k y l  s u b s t i t u e n t  r e s u l t e d  in  t h e  d e c r e a s e  
in  t h e  p o t e n c y ,  w h e r e a s  a l ly l  s u b s t i t u t i o n  on  o x y g e n  
f u n c t i o n  s u b s t a n t i a t e d  t h e  a c t i v i t y .  T h e  p r e s e n c e  of  
e l e c t r o n e g a t i v e  g r o u p s ,  NO2, CI, Br ,  on  C-3 in X l I ,  X I V ,  
X V  p o t e n t i a t e d  t h e  a c t i v i t y ,  w h e r e a s  m e t h y l  g r o u p  o n  
C-4 d i m i n i s h e d  it .  T h e s e  o b s e r v a t i o n s  s u g g e s t  t h a t  
o x y g e n  f u n c t i o n  o n  a d j a c e n t  c a r b o n  (C-6 a n d  C-7) a r e  
m a n d a t o r y ,  t h u s  o f f e r i n g  a f l a t  s i t e  w h i c h  a p p r o p r i a t e s  in 
s u c h  a w a y  t h a t  t h e  a n i o n i c  s i t e  of  l a c t o n e  r i n g  c o n n e c t s  
i t se l f  w i t h  t h e  r e c e p t o r  s i te .  S u r p r i s i n g l y  t h e  m a x i m a l  
d u r a t i o n  w a s  o b s e r v e d  w i t h  d i m e t h y l  e t h e r .  I t  m a y ,  
t h e r e f o r e ,  be  a s s u m e d  t h a t  a l k y l a t i o n  in  g e n e r a l  a n d  
m e t h y l a t i o n  in p a r t i c u l a r ,  p l a y s  a n  i m p o r t a n t  role,  e i t h e r  
in  d e a c t i v a t i n g  t h e  e n z y m e  or  in  s o l u b i l i s i n g  t h e  a l k y l  
e t h e r  a t  t h e  h y d r o p h o b i c  s i te ,  a n d  s u b s e q u e n t l y  de -  
a l k y l a t i n g  t h e  s u b s t r a t e  t h r o u g h  t h e  b io log i ca l  p r o c e s s e s .  
T h e  m e c h a n i s m  s t i l l  r e m a i n s  o b s c u r e .  

II L-c~-Methyl dopa 12.4•  120~30 

*Values: mean -~ SD. 
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