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SUMMARY 

The exchange r e a c t i o n  o f  carboxyl groups w i t h  l a b e l l e d  carbon 
d i o x i d e  has been u t i l i z e d  f o r  t h e  preparat ion o f  carboxyl l a b e l l e d  
r i c i n o l e i c  ac id .  The thermal i n s t a b i l i t y  o f  r i c i n o l e i c  ac id  i s  
overcome by p y r o l y s i s  o f  t he  t - b u t y l  e t h e r - t - b u t y l  e s t e r  i n  the 
presence o f  l a b e l l e d  carbonate. The developed procedure should 
be approp r ia te  t o  other  the rma l l y  unstable subst rates.  
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Szammer and coworkers 

tone format ion du r ing  py ro l ys  

loped a convenient method f o r  

INTRODUCTION 

as a r e s u l t  o f  t h e  study o f  t he  mechanism o f  ke- 

s o f  mix tures o f  ca rboxy l i c  ac id  s a l t s ,  have deve- 

the format ion o f  carboxy l  l a b e l l e d  a l i p h a t i c  ac ids.  

Important advantages of t h e  method a re  t h a t  simple apparatus i s  requi red,  t h e  

conversions r e q u i r e  sho r t  t imes, t h e  s t a r t i n g  m a t e r i a l s  a re  l a b e l l e d  carbon d i -  

l e d  res idua l  carbon d i -  oxide and the  non- label led ca rboxy l i c  ac id ,  and the  labe 

ox ide may be e a s i l y  recovered from the  r e a c t i o n  mixture.  

A ser ious disadvantage o f  t h e  method i s  t he  requ 

b i l i t y  o f  the ca rboxy l i c  ac id  t o  be l a b e l l e d .  

rement f o r  thermal s ta -  

519 

A need f o r  l a b e l l e d  r i c i n o l e i c  a c i d  o f  n a t u r a l  c o n f i g u r a t i o n  has promp- 

t e d  us t o  i n v e s t i g a t e  i t s  syn the t i c  preparat ion.  

i a l  by b iosynthes is  

Attempts t o  prepare the  mater- 
2 proved u n s a t i s f a c t o r y  due t o  low y i e l d s  o f  a c i d  and poor 
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incorporation of labelled precursor leading t o  unsa t i s fac tor i ly  low spec i f ic  ac- 

t i v i t y  r ic inole ic  acid. In i t i a l  attempts t o  prepare carboxyl labelled ricino- 

l e i c  acid by the Szammer method were likewise unsuccessful due  t o  the thermal 

in s t ab i l i t y  of the s ta r t ing  acid.3 

t o  the a-hydroxy o le f in ic  moiety present in the substance. 

t i ona l i t y  by formation of an ether ( ra ther  than an es te r  which would likewise be 

thermally uns t ab le )  seemed t o  o f fe r  a possible solution. 

mally s tab le  and  s tab le  to  the basic carboxylate s a l t  under the  pyrolysis condi- 

tions. 

under conditions which should not racemize the center of assymmetry i n  the s t a r t -  

ing r ic inole ic  acid. I t  was expected tha t  the t-butyl e s t e r  should also be form- 

ed a t  the same time as the ether b u t  t h a t  the e s t e r  should cleave under the pyro- 

lys i s  conditions yielding the acid which should react to lead t o  labelled product. 

This in s t ab i l i t y  o f  r ic inole ic  acid i s  due 

Masking t h i s  func- 

An ether should be ther- 

4 The t-butyl ether was chosen because of i t s  ease of formation and cleavage 

RESULTS AND DISCUSSION 

Commercial, practical grade sodium s a l t  (Matheson, Coleman, Bell, Divi- 

sion of Matheson Co. Inc., East Rutheford, N .  J . ,  l o t  #14) of r ic inole ic  acid 

was purified as follows. The acid was recovered by ethereal extraction o f  an 

acidified aqueous solution of the sodium s a l t .  

i t s  lithium s a l t  with lithium carbonate in aqueous methanol, the s a l t  dried and 

digested 5 times with anhydrous ether.  The material became increasingly easier 

t o  f i l t e r  a f t e r  each digestion with ether.  The recovered, a i r  dried lithium s a l t  

was reconverted t o  the f r ee  acid which s t i l l  showed the presence of some s l igh t  

impurities by TLC analysis ( s i l i c a  gel;  chloroform, ethyl ace ta te ,  glacial  ace t ic  

acid: 40:ZO:l-pre equilibrated p l a t e ) .  

tography over s i l i c a  gel (elution w i t h  25% ether i n  petroleum ether (60-65') con- 

taining 1% glacial ace t ic  ac id) .  I n  t h i s  manner material homogeneous by TLC and 

with suitable physical properties5 was obtained in about 50% yield from the prac- 

t i ca l  s a l t .  

The f r e e  acid was transformed to  

The acid was f ina l ly  purified by chroma- 

The t-butyl ether - t-butyl e s t e r  was formed using the method of Beyenman 

and H e i s ~ w o l f , ~  and purified by chromatography over s i l i c a  gel (elution w i t h  5% 

ether in petroleum e the r ) .  
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The thermal s t a b i l i t y  of t he  r i c i n o l e i c  a c i d  d e r i v a t i v e  t o  t h e  r e a c t i o n  

cond i t i ons  was examined by sub jec t i ng  t h e  t - b u t y l  e s t e r - t - b u t y l  e ther  t o  pysoly- 

s i s  a t  320'. Recovered (70-85%) r i c i n o l e i c  ac id  t - b u t y l  e ther  was cleaved w i t h  

t r i f l o u r o a c e i t c  a c i d  and t h e  f r e e  hydroxy a c i d  p u r i f i e d .  The recovered m a t e r i a l  

showed phys ica l ,  spect ra l  and o p t i c a l  p roper t i es  i d e n t i c a l  w i t h  au then t i c ,  natu- 

r a l  r i c i n o l e i c  ac id .  

The l a b e l l i n g  procedure was tes ted  us ing both I 3 C  l a b e l l e d  and 14C l a b e l -  

l e d  carbonate. R i c i n o l e i c  ac id  t - b u t y l  e the r - t -bu ty l  es te r  was t r a n s f e r r e d  t o  a 

r e a c t i o n  tube con ta in ing  l a b e l l e d  carbonate (potassium carbonate, 50 atom % en- 

r iched,  f o r  1 3 C  o r  a m ix tu re  o f  un labe l l ed  potassium carbonate and l a b e l l e d  so- 

dium b icarbonate 14C, 59.4 mCi/mmole), t h e  tube was sealed under vacuum and heat- 

ed fo r  140 minutes a t  310-320' i n  a f l u i d i z e d  sand bath, w h i l e  r o t a t e d .  The tube 

was opened and the  m a t e r i a l  recovered by d i s o l u t i o n  i n  organic so lvent .  A pmr 

ana lys i s  i n  the  case o f  t he  1 3 C  enriched r e a c t i o n  showed the t - b u t y l  es te r  t o  be 

completely absent and t h e  t - b u t y l  e ther  t o  be e s s e n t i a l l y  i n t a c t .  

e ther  was cleaved w i t h  t r i f l u o r o a c e t i c  ac id  and t h e  l a b e l l e d  r i c i n o l e i c  a c i d  

p u r i f i e d  by p repara t i ve  t h i n  l a y e r  chromatography ( s i l i c a  gel ; chloroform, e t h y l  

acetate,  g l a c i a l  a c e t i c  ac id ,  80:20:1). 

The t - b u t y l  

4 

For the carbon-13 case pure r i c i n o l e i c  ac id  was recovered i n  58% y i e l d  

w i t h  an enrichment of 8.3%. 

y s i s  o f  t he  t r i m e t h y l s i l y l  e the r - t r ime thy l  s i l y l  es te r .  

l a b e l l e d  a c i d  t h e  y i e l d  of recovered r i c i n o l e i c  ac id  was 22% and represented a 

13.5% radiochemical y i e l d .  Larger sca le experiments us ing l a b e l l e d  samples have 

shown t h a t  t h e  r e a c t i o n  i s  b e t t e r  y i e l d i n g  (70-85% o f  recovered r i c i n o l e i c  a c i d )  

so the  low y i e l d s  i n  t h e  case o f  the 1 4 C  l a b e l l i n g  experiment represent more a 

l i m i t a t i o n  o f  experimental exper t i se  i n  handl ing t h e  small q u a n t i t i e s  i nvo l ved  

r a t h e r  than o f  t h e  procedure. 

The enrichment was determined by mass spec t ra l  anal- 

I n  t h e  case o f  t h e  l 4 C  

I n  summary we f e e l  we have demonstrated t h a t  format ion o f  t he  thermal- 

l y  and chemical ly  s tab le  t - b u t y l  e ther  d e r i v a t i v e  o f  l a b i l e  substances a l lows the  

e x t e n t i o n  o f  t h e  d i r e c t  carboxy l  exchange r e a c t i o n  f o r  i s o t o p i c  l a b e l l i n g  t o  a 
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c lass  of substances otherwise very d i f f i c u l t  t o  prepare. 

t ion of the t-butyl es te r  poses no problem since the f ree  acid i s  regenerated 

d i rec t ly  under the reaction conditions by pyrolysis, reacts t o  form the s a l t  and 

undergoes exchange with the C02. The presence of a large surface area (glass beads 

or analogous materials)  greatly enhances the r a t e  o f  equilibration o f  label be- 

tween the carboxylate sal t  and the  COP. 

The concomitant forma- 
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