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NOTE 

DEUTERIUM EXCHAWF I N  SESAMOL 

Richard K. H i l l ,  Ni teen A,  Vaidya, and Gerald H .  Morton 
Chemistry Department, Un ive r s i ty  of Georgia,  Athens, GA 30602 

SUMMARY 
2 

H2° T r i f l u o r o a c e t i c  ac id -ca t a lyzed  exchange of sesamol i n  
r e s u l t s  i n  r a p i d  exchange of H-6 and slower exchange of H-2.  
The deuterium atoms introduced a r e  r e t a i n e d  du r ing  conversion 
t o  t h e  methyl and a l l y l  e t h e r s .  
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Samples of t h e  Bowers s y n t h e t i c  j u v e n i l e  hormone mimic' & l a b e l e d  wi th  
2 t r i t i u m  i n  t h e  aromatic  r i n g  were r equ i r ed  f o r  metabol ic  s t u d i e s  . To 

a s c e r t a i n  t h e  f e a s i b i l i t y  of hydrogen exchange i n  t h e  pa ren t  phenol ,  sesamol 

(3,4-methylenedioxyphenol, 3, w e  have c a r r i e d  ou t  model s t u d i e s  of deu- 

t e r ium exchange i n  sesamol so t h a t  r a t e s  and p o s i t i o n  of exchange could be 

followed by nmr spectroscopy.  

5 

In t h e  nmr spec 

4 R =  c 

rum of sesamol,  t 

-CH2-CH=CH2 

e aromatic  p ro tons  appear  a s  a group 

(Fig.  1) between 66.0-6.8, d i s t i n c t  from t h e  methylene s i g n a l  a t  65.87 and 

t h e  hydroxyl s i g n a l  a t  65.9 (CDC13). A t  300 cps  scan width t h e  s i g n a l s  a r e  

s u f f i c i e n t l y  sepa ra t ed  t o  permit  t h e  assignment shown i n  F ig .  1. This  aro-  

ma t i c  p a t t e r n  i s  e s s e n t i a l l y  u n a l t e r e d  i n  t h e  s p e c t r a  of t h e  methyl  e t h e r  2 
and t h e  a l l y l  e t h e r  A. 

under bo th  a c i d i c  and b a s i c  cond i t ions3 ,  p re l imina ry  experiments w i t h  sesamol 

i n  N a O  H- H 0 showed slow exchange of  H-6 and on ly  modest recovery of sesamol,  

While t h e  o r t h o  and pa ra  hydrogens of phenols  a r e  s u b j e c t  t o  exchange 
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so a t t e n t i o n  w a s  t u rned  t o  a c i d  c a t a l y s i s .  Warnine a s o l u t i o n  of sesamol i n  
2 

i2H6]acetone w i t h  d i l u t e  t r i f l u o r o a c e t i c  a c i d  (TFA) i n  H 0 caused  comple te  

exchange of H-6 w i t h i n  90 minu tes ,  b e f o r e  any exchange a t  H-2 o r  H-5 could  be  

d e t e c t e d ,  The c o u r s e  of exchange w a s  r e a d i l y  a p p a r e n t  from t h e  nmr spectrum; 

replacement of H-6 by deuter ium r e s u l t s  i n  l o s s  of t h e  p a i r  of d o u b l e t s  a t  6 

6.22 as  w e l l  as c o l l a p s e  of t h e  remain ing  a romat i c  s i g n a l s  t o  v i r t u a l  s ing -  

le ts  (F ig .  l b ) .  

2 

More concen t r a t ed  TFA s o l u t i o n s  (20%) e f f e c t e d  comple te  exchange of H-6 i n  

2 minu te s  a t  70°C. A f t e r  a n o t h e r  3 .5  hour s  70% of H-2 had been r e p l a c e d  by 

deuter ium,  bu t  the i n t e n s i t y  of t h e  H-5 s i g n a l  w a s  undiminished .  Sesamol was 

recovered  i n  85% y i e l d  by evapora t ion  of t h e  s o l v e n t s  and s u b l i m a t i o n  of t h e  

r e s i d u e .  Ra i s ing  t h e  TFA c o n c e n t r a t i o n  t o  50% a l lowed comple te  exchange of 

H-6 w i t h i n  10  minutes  a t  room t empera tu re  and 90% exchange of H-2 i n  165 min- 

u t e s  a t  75", s t i l l  w i t h  no H-5 exchange, b u t  t h e  s t r o n g e r  a c i d  caused  some 

d e t e r i o r a t i o n  of t h e  sample and less t h a n  50% was recove red .  

It w a s  impor tan t  t o  show t h a t  t h e  i s o t o p e  in t roduced  by exchange would n o t  

be washed o u t  from t h e s e  l a b i l e  p o s i t i o n s  d u r i n g  t h e  p r e p a r a t i o n  of e t h e r s  of 

sesamol.  A s  expec ted ,  diazomethane conve r t ed  d u e t e r a t e d  sesamol i n t o  methyl  

e t h e r  w i t h  no l o s s  of deuter ium.  A s  a c l o s e r  model f o r  t h e  Williamson syn- 

t h e s i s  of t h e  a l l y l i c  e t h e r  A, d e u t e r a t e d  sesamol w a s  t r e a t e d  w i t h  a l l y l  bro- 

mide and sodium e t h o x i d e  i n  e t h a n o l .  

a f t e r  2-hour r e f l u x ,  showed no nmr s i g n a l  due  t o  H-6. These Williamson con- 

d i t i o n s  t h u s  do n o t  d i s t u r b  t h e  deuter ium atoms a t  exchangeable  l o c a t i o n s .  

A l l y 1  e t h e r  5 i s o l a t e d  i n  54% y i e l d  

In summary, t h i s  s tudy  has  shown t h a t  t r i f l u o r o a c e t i c  a c i d  c a t a l y s i s  a l lows  

comple te  exchange o f  t h e  l a b i l e  H-6 and a p p r e c i a b l e  exchange of H-2, and t h a t  

t h e  i s o t o p e  remains  s e c u r e  du r ing  p r e p a r a t i o n  of t h e  methyl  and a l l y l  e t h e r s .  

The f i n d i n g  t h a t  H-6 undergoes  exchange more r a p i d l y  than  H-2, even though 

bo th  are o r t h o  t o  t h e  phenol ,  is  c o n s i s t e n t  w i t h  t h e  ear l ier  o b s e r v a t i o n  

t h a t  t h e  B hydrogens of methylenedioxybenzene a r e  exchanged e i g h t  t imes  more 

r a p i d l y  than  t h e  c1 i n  e l e c t r o p h i l i c  d e t r i t i a t i o n .  

4 

EXPERIMENTAL 

NMR s p e c t r a  were recorded  on a H i t a c h i  P e r k i n  Elmer R-20A spec t romete r  i n  

CDCl s o l u t i o n  w i t h  t e t r a m e t h y l s i l a n e  as  a n  i n t e r n a l  s t a n d a r d .  3 
Deuterium exchange: Two r e p r e s e n t a t i v e  expe r imen t s  are  d e s c r i b e d .  

( a )  A mix tu re  of sesamol (117 mg), t r i f l u o r o a c e t i c  anhydr ide  (0 .2  mL), 
2 *H20 (0 .6  mL) and [ H6]ace tone  (0 .2  mL) w a s  warmed i n  a n  nmr t u b e  a t  75°C. 

The nmr spec t rum showed d i sappea rance  of  t h e  8-6 s i g n a l  a t  66.22 a f t e r  one 
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6 . 5  6 . 0  6 . 5  

F igu re  1. (a) Aromatic r eg ion  of nmr spectrum of sesamol 

(b) Same reg ion  a f t e r  exchange w i t h  TFA-LH 0. 2 

Assignments: H-6: 6 6.22  Jo = 8 . 0  Hz, Jm = 2 . 4  Hz 

.Jm = 2 . 4  Hz, Jp = 0 . 6  Hz H - 2 :  6 6 . 4 0  

H-5: 6 6 . 6 3  .Jo = 8 . 0  Hz, Jp = 0 . 6  HZ 

minute .  A f t e r  3 . 5  h r  t h e  mix tu re  was concen t r a t ed  a t  reduced p r e s s u r e  and t h e  

r e s i d u e  sublimed t o  g i v e  1 0 0  mg of sesamol .  The nmr spectrum showed no s i g n a l  

f o r  H-6 and 70% exchange of H-2. 

(b) A mix tu re  of 1 . 0  g of sesamol ,  5 mL of t r i f l u o r o a c e t i c  anhydr ide ,  

5 mL of 2 H  0 and 5 mL of t e t r a h y d r o f u r a n  w a s  hea ted  t o  l 0 O o C  f o r  4 h r .  

mix tu re  w a s  d i s t r i b u t e d  between e t h e r  and 10% N a H C 0 3 .  

c o n c e n t r a t e d ,  a f t e r  d r y i n g  w i t h  Na2S04, t o  a f f o r d  0 . 7 0  g of sesamol ,  w i th  t h e  

nmr spectrum shown i n  F i g u r e  l b .  

The 2 
The e t h e r  l a y e r  was 

P r e p a r a t i o n  of  methyl  e L h s .  A s o l u t i o n  of 0.40 g of sublimed sesamol 

i n  10 mL of e t h e r  was t r e a t e d  w i t h  an  e t h e r e a l  s o l u t i o n  of  10  mmol of d i azo -  

methane. 

mL of 10% NaOH, then  washed w i t h  w a t e r ,  d r i e d  over  anhydrous Na2S04 and con- 

c e n t r a t e d .  The r e s i d u a l  o i l y  e t h e r  2 ( 0 . 2 5  g, 57X),  had nmr a b s o r p t i o n  

(CDC13) a t  6 3 . 7 5  (s, 3 3 ) ,  5 .9  ( s ,  ZH), and t h e  th ree -p ro ton  m u l t i p l e t  of t h e  

a romat i c  r eg ion  shown i n  F igu re  l a .  

A f t e r  s t i r r i n g  f o r  8 h r  a t  2 5 O C ,  t h e  s o l u t i o n  w a s  washed w i t h  2 5  
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5 
P r e p a r a t i o n  of  a l l y l  e t h e r k .  A m o d i f i c a t i o n  of t h e  p r o c e d u r e  of  Beroza 

To a s o l u t i o n  p r e p a r e d  by d i s s o l v i n g  0.05 g of sodium i n  10 mL of w a s  used .  

a b s o l u t e  e t h a n o l  w a s  added a s o l u t i o n o f  0 .35  g of  sesamol  and  0 .25  g of  a l l y l  

bromide i n  1 5  mL of e t h a n o l .  The m i x t u r e  w a s  s t i r r e d  a t  r e f l u x  f o r  2 h r ,  

t h e n  poured i n t o  ice-water and e x t r a c t e d  w i t h  two 25-mL p o r t i o n s  of e t h e r .  

The e x t r a c t s  were washed s u c c e s s i v e l y  w i t h  5% NaOH, 5% H2S04, w a t e r ,  and 

b r i n e ,  t h e n  d r i e d  o v e r  Na SO and  c o n c e n t r a t e d .  The o i l y  e t h e r  A ( 0 . 2 0  g ,  

54%) had nmr a b s o r p t i o n  (CDC13) a t  6 4.35  (m, 2H), 5.2-6.15 (m, 3H), 5.8 

(s, 2H), and t h e  same t h r e e - p r o t o n  m u l t i p l e t  shown i n  F i g u r e  l a .  

2 4  
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