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Abstiact - Inrermalccular transformation of sesamolin(i) was proved to give 

sesummol(2)  during the industrial hleachlng process of unroasted sesame 

seed oil. The mechanistic proof was demonstrated by a model experiment in 

organic solvents in the presence of acids and by a scrambling experiment 

under the model condition using m-cresol as a competitor. 

Naturally occur ing  antioxidants attract attentlow in food industry because they have been safely 

applied as food additive as well us far medicinal uses. We have recently found ''the occurrence of 

these iignans with high antioxidant activities in sesamc seed ; thus , P I ,  P2 (named "sesamoli- 

nol") and P3 (named "sesaminal") ". Sesaminol(m) was produced in a high concentration during 

the industrial bleaching process of unroasted sesame seed oil ''. In order to demonstrate the 

mechanism of formation of sesaminol (a) from sesamolin (1) (Fig. l ) ,  preliminary experiments 

for the treatment of sesamolin were carried out by heating at ca.100'C for 3Omin using the 

following three different acids: (a) with arid clay in corn oil, ( b )  with acid resin (Dowex SOW) 

in liquid paraffin and ( c )  with camphoisulfonic acid in toluene. Sesamalin was dissolved in 

F i g .  I Transformation o f  sesomoiin t o  sesaminol 
dur ing  b leoch lns  process o f  sesame o i l .  



t o l u e n e  (18.5mp,0.5mM) a n d  t h e  s o l u t i o n  was e v a c u a t e d  i n  o r d e r  t o  remove t h e  m o i s t u r e  by areo- 

t r o p i c  d i s t i l l a t i o n  u n t i l  it became a n h y d r o u s .  To t h i s  s o l u t i o n  was a d d e d  c a m p h o r s u l f o n i c  a c i d  

(50mg. 5%) ,  a n d  t h i s  m i x t u r e  was h e a t e d  i n  a b o i l i n g  w a t e r  b a t h  f o r  3 0  min .  T h e  c o n s u m p t i o n  o f  

s e s m o l i n  (1) a n d  s i m u l t a n e o u s  f o r m a t i o n  o f  sesaminol (m) were m o n i t o r e d  by a n a l y z i n g  a l i q u o t  

of t h e  r e a c t i o n  m i x t u r e  w i t h  HPLC ( D e u e l o s i l  ODs-10) (MeOH:H20 7 : 3 ) .  It showed t h a t  t h e  l a t t e r  

was p r o d u c e d  i n  78.8% y i e l d ,  w h i c h  was i s o l a t e d  by p r e p a r a t i v e  TLC. I ts  'H-nmr s p e c t r u m  a c t u a l l y  

showed t h e  p r e s e n c e  o f  t h r e e  d i a s t e r e o i s o m e r s  o f  s e s a m i n o l  i n  b o t h  f r a c t i o n s  by t h e  i n d u s t r i a l  

a c i d  c l a y  p r o c e s s  a n d  from t h e  model a c i d i c  t r e a t m e n t ,  t h o u g h  p r o p o r t i o n  o f  t h e  i s o m e r s  were 

d i f f e r e n t * .  However, HPLC c o u l d  n o t  c o m p l e t e l y  s e p a r a t e  t h e  t h e o r e t i c a l l y  p o s s i b l e  f o u r  d i a s t e r e o -  

isomers. One of t h e  t h r e e  s e s a m i n o l  isomers (3) was a n a l y z e d  by X-ray c r y s t a l l o g r a p h i c  a n a l y s i s  

o f  its 3 , 5 - d i n i t r o b e n m a t e  d e r i v a t i v e  ( i t  w i l l  be r e p o r t e d  e l s e w h e r e  soon) .  When t h e  e t h a n o l  

s o l u t i o n  o f  s e s a m o l i n  i n  a b u f f s r  ( 1 M HCl-CH3CU0Na a t  pH 1 . 0 )  was h e a t e d  i n  a b o i l i n g  w a t e r  b a t h  

f o r  3 0  m i n ,  a l l  t h e  amount  o f  s e s a m o l i n  was h y d r o l y s e d  i n t o  sesa rno l  ( A ) ,  s a m i n  (8)" and  a n  

e t h a n u l y s a t e  ( 1 ) 5 J b u t  no s e s a m i n o l  was p r o d u c e d  ( s e e  F i g .  2 ) .  F o r m a t i o n  o f  s e s a m i n o l  (u) from 

s e s a m o l i n  (1) p r o c e e d e d  u n d e r  an  e n h y d r o u s  c o n d i t i o n  i n  L h r  p r e s e n c e  of an  a c i d  u s  c a t a l y s t  w i t h  

F i g .  2 .  Scheme f o r  t h e  m e c h a n i s m  o f  f o r m a t i o n  of s e s a m i n o l  f r o m  s e s a m o l i n .  

* ~ h r  r a t i o  o f  s e s a m i n o l  : 6 a l p h a - i s o m e r  : Z a l p h a - i s o m e r  was 1:l : l  i n  i n d u s t r i a l  p r o c e s s ,  
w h i l e  i n  t h e  m o d e l  a c i d i c  t r e a t m e n t  i t  was f o u n d  t o  be 1:0.3:1.  
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h e a t i n g  as  shown i n  F i g .  3 .  Under t h i s  c o n d i t i o n ,  i t  was p o s t u l a t e d  t h a t  s e samol in  was f i r s t  

decomposed i n t o  sesarnal by p r o t a n o l y s i s  t o  form t h e  oxunium i o n  (2) and then  t h e  carbon-carbon 

bond was formed a t  t h e  i n d i c a t e d  p o s i t i o n  i n  F ig .  2. The p r o d u c t  sesarninol  i n  f a c t  e x i s t e d  as  a 

m i x t u r e  of t h e  three d i a s t e r e o i s o r n e r s .  I n  o r d e r  t o  s u p p o r t  t h e  above mechanism, t h e  f o l l o w i n g  

sc r ambl ing  t e s t  was exan ined  by a d d i t i o n  of !-iresol (5) as a c o m p e t i t o r  i n  case a£ i n t e r m o l e c u l a r  

61 
mechanism t o  t h e  a c i d i c  r e a c t i o n  m i x t u r e  of  s e samol in .  The expec t ed  new compound (6) was formed,  

when m-iresol was added t o  t h e  r e a c t i o n  mix tu re  c a n t a i m n g  cvmphor su l fon i c  a c i d  i n  t o l u e n e .  The 

amaunts  of sesarninol  (r ) ,  sesamol  (4)  and &were  ana lyzed  by HPLC t o  show t h a t  amount of 4 was 

i n c r e a s e d  a c c o r d i n g  t o  t h e  i n c r e a s i n g  amount of  m-cresol i n  t h e  r e a c t i o n  mix tu re  as shown i n  F l g .  

4 .  I n  t h e  'H-nmr spec t rum of 5, t h e  s h a r p  s i n g l e t  a t  6  2 . 3  was d u e  t o  t h e  a roma t i c  me thy l ,  

w h i l e  chemical  s h i f t s  of  H-6, H-115, H-4alBa and H-4ef8e in t h e  fu sed  t e t r a h y d r o f u r a n  r i n g  were 

Temo, i n  woter  b o t h  molor r o t i o  o f  m-cresol t o  sesomoiin 

F i g . 3 .  E f f e c t  o f  r e o c t i o n  temoerature on F ig .4 .  E f f e c t  of the amount o f  m-cresol 
the format ion of sesominol from sesomuiin. on sesom~noi, sesomoi ond 6 v ~ e l d s .  

-0- sesomolin. -0 -  sesominoi, - A -  sesomol 
- 0  sesomlnol, - 0 -  6, A -  sesnmni 

ve ry  s i m i l a r  t o  t h o s e  of se samino l  (2). But H-2 was found downfie ld  because  of t h e  c r e s o l  r i n g  a n d  

t h e  s i n g l e t  a t 6  5.96 ppm was a s s i g n e d  t o  t h e  dioxy-methylene p r o t o n s  s u g g e s t i n g  t h e  p re sence  of 

only  one methylenedioxy group ( T a b l e  1). The s u b s t i t u t i o n  p a t t e r n  of t h e  c r e s o l  f ragment  shou ld  

be e i t h e r  l ' ,  2 ' ,  4 ' ,  or l ' ,  2 ' .  6 ' .  I n  'H-nmr spec t rum (500  MHz), a r o m a t i c  s i x  p r o t o n s  l o c a t e d  

between6 6.64 a n d 6  6.94 and H-5' w a s  observed a t 6  6 .67 ( IH,  broad d o u b l e t )  t o  c o u p l e  w i t h  d o u b l e t  

( l H ,  J=7.4)  a t 6  6 .91 and broad s i n g l e t  (1H) a t 6  6.72 due t o  H-6' and H-3'. r e s p e c t i v e l y .  Three 

a r o m a t i c  p r o t o n s  a t  6.79 (ZH, s)  and 6.84 ( IH,  s) were a s c r i b a b l e  t o  metbglenedioxyphenyl  

t h e n  i ts s u b s t i t u t i o n  p a t t e r n  was conf i rmed t o  be l ' ,  2 ' .  4 ' .  

The r e s u l t s  of above scrambl ing exper iments  and  t h e  reac t ion  i n  a b u f f e r  medium sugges t ed  i nvo lve -  



Table 1 'H-NMR data of sesaminol(2) and 6.  

6 (ppm), J(Hz), IMS, solutions in CDCll , 200MHz spectra 

ment of intermolecular process  in seiamlnol forrnatmn from sesamolin. Biosynthetirally, lignans 

were known to be comstructed by oxidative coupling of two molecules of phenylpropanoid units'l(for 

example, scsamin was thought to be formed by t w o  molecules of coniferyl alcohol). Above mechanism 

implies the retra-process of the oxidative bio-degradation to form the original C-C bond which 

affords antioxidants buck. 
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