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NOTE 

ONE POT SYNTHESIS OF SODIUM 14C-FORMATE* 

Howard Parnes and E m  Shelton 
I n s t i t u t e  o f  Organic Chemistry, Syntex Research 
3401 H i l l v i e w  Avenue Palo A l to ,  CA 94303 

SUMMARY 

A one p o t  synthes is  o f  sodium l 4 C - f o m t e  by reduc t i on  o f  

I 4 C O 2  w i t h  NaBH(OMe)3 i n  THF s o l u t i o n  i s  described. This 

process i s  s u i t a b l e  f o r  l a r g e  scale, h igh  s p e c i f i c  a c t i v i t y  

prepa r a  t 1 ons . 
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INTRODUCTION 

Sodium 14C-formate, 1. i s  an impor tant  l a b e l l e d  reagent used most 

conspicuously f o r  t h e  synthes is  o f  14C-label led pur ines and o t h e r  he te rocyc l i c  

compounds’ *‘. 

14 Older preparat ions o f  1 Invo lved h y d r o l y s i s  o f  K CN o r  c a t a l y t i c  reduc t i on  of 

N ~ I H ’ ~ C O ~ . ~  Both rnethods a f f o r d  t h e  product i n  95% y i e l d .  However. t he re  i s  

cons iderable inconvenience and r i s k  invo lved s ince  these reac t i ons  r e q u i r e  h igh  

pressure and/or temperature. 

Reduction of  C02 wi th  s o l i d  NaBH(OMe)3 t o  g i v e  un labe l l ed  1 was described by 
5 Brown i n  1953.’ This  process was adapted by Nystrom t o  the  l a b e l l e d  
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synthes is .  

steam d i s t i l l a t i o n .  Y ie lds ranged between B0-9M. Although t h i s  was more 

convenient than the  prev ious methods, we f e l t  t h a t  t he  i s o l a t i o n  o f  l a r g e  

q u a n t i t i e s  o f  l a b e l l e d  product by steam d i s t i l l a t i o n  was a ser ious drawback. I n  

order  t o  avoid t h i s  i s o l a t i o n  problem and make t h e  synthes is  more p r a c t i c a l ,  a one 

p o t  vacuum l i n e  process, based on the  Brown/Nystrom method was developed. 

The product 1. was a c i d i f i e d  and 14C-formic a c i d  was i s o l a t e d  by 

RESULTS AND DISCUSSION 

Reaction cond i t i ons  a r e  more e a s i l y  c o n t r o l l e d  i n  s o l u t i o n  than i n  heterogenous 

systems. 

cond i t i ons  seemed feas ib le .  Furthermore, t h e  des i red  product, 1, i s  non -vo la t i l e  

w h i l e  the  o the r  r e a c t i o n  product, B(OHe)3. b o i l s  a t  6B0. Sodium 14C-formate 

could, therefore,  be i s o l a t e d  d i r e c t l y  i n  t h e  r e a c t i o n  f l a s k  as a res idue f o l l o w i n g  

evaporation o f  a l l  v o l a t i l e  ma te r ia l s .  A l a r g e  scale reduc t i on  o f  "C02 was 

implemented t o  demonstrate t h i s  approach. 

Since NaBH(OMe)3 i s  r e a d i l y  so lub le  i n  THF. homogenous r e a c t i o n  

NaBH(One)3 contained i n  a side-arm r e a c t i o n  f l a s k  and connected t o  a vacuum 

Cog (224 mCi. 7.34 ml) was a c i d i f i e d  and the  14 l i n e  was d i sso l ved  i n  THF. 

l i b e r a t e d  14C02 was vacuum t r a n s f e r r e d  i n t o  t h e  cooled r e a c t i o n  f l a s k .  A f t e r  

s t i r r i n g  a t  ambien.t temperature f o r  severa l  days excess reducing agent was quenched 

w i th  acetone and a l l  v o l a t i l e  m a t e r i a l s  were removed on t h e  vacuum l i n e  i n t o  a 

l i q u i d  n i t r o g e n  cooled rece ive r .  The res idue o f  Na0214CH was obtained i n  

96.4% radiochemical y i e l d  and t h i s  product  was rad iochemical ly  pure by t l c .  

Ba 

Reaction cond i t i ons  were n o t  opt imized w i t h  respect  t o  t ime. Secondly, a two 

f o l d  excess o f  reducing agent was employed t o  ensure complete u t i l i z a t i o n  o f  

14C02. The acetone quench o f  t h e  excess reducing agent generated NaOPr-i as a 

n o n v o l a t i l e  by-product. This d i d  n o t  i n t e r f e r e  wi th subsequent r e a c t i o n  i n  ou r  

case. 

Although 1 may be d i sso l ved  and t r a n s f e r r e d  i n t o  another r e a c t i o n  f l a s k ,  i t  i s  

n o t  necessary t o  do so. Subsequent reac t i ons  may be performed d i r e c t l y  i n  the  
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o r i g i n a l  r e a c t i o n  f l a r k  thereby avo id ing  t h e  hazards associated w i t h  the  t r a n s f e r  

of l a r g e  q u a n t i t i e s  o f  r a d i o a c t i v e  ma te r ia l s .  We have, i n  f a c t ,  achieved e x c e l l e n t  

y i e l d s  of 8- C- label led pur ines i n  t h i s  manner (manuscript i n  preparat ion) .  14 

The a v a i l a b i l i t y  o f  pure product  d i r e c t l y  I n  a one p o t  r e a c t i o n  under m i l d  

cond i t i ons  makes t h i s  process safe, convenient, and use fu l  f o r  t h e  p repara t i on  o f  

any des i red  q u a n t i t y  o f  Na0214CH. 

EXPERIMENTAL 

Barium 14C-carbonate was obta ined f rom he rsham Corp. and used w i thou t  

d i l u t i o n .  Sodium tr imethoxyborohydride was purchased from A l f a  Products Inc .  

Radiochemical p u r i t y  was determined us ing  a Bethold node1 2760 Radiochromatography 

Scanner. 

s c i n t i l l a t i o n  counter. 

Radioassays were obta ined us ing  a Packard Tri-Carb Model 574 l i q u i d  

Sodium 14C-Formate 

A s i d e - a m  septum f l a s k  con ta in ing  NaBH(OWe)3 (1.94 g. 15.1 ml) was 

connected t o  a vacuum l i n e  and evacuated. 

15 ml o f  THF was d i s t i l l e d  over from L1A1H4. 

A f t e r  c o o l i n g  t o  -78". approximately 

H2S04 was i n j e c t e d  i n t o  a second evacuated s i d e - a m  septum f l a s k  con ta in ing  
14 14 

Ba COj  (1.45 g. 7.34 ml, 224 Mi, 30.5 M i / m n o l ) .  The l i b e r a t e d  C02 

was vacuum t r a n s f e r r e d  i n t o  t h e  cooled r e a c t i o n  f l a s k .  

t h e  stopcock t o  t h e  r e a c t i o n  f l a s k  was closed and t h e  c o o l i n g  bath removed. 

homogenous r e a c t i o n  was s t i r r e d  a t  ambient temperature f o r  seven days. 

i n j e c t e d  t o  des t roy  any remaining reducing agent and v o l a t i l e s  were vacuum 

t r a n s f e r r e d  i n t o  a l i q u i d  n i t r o g e n  cooled rece ive r .  

from methanol ensured complete removal o f  v o l a t i l e  ma te r ia l s .  

Fo l lowing t h i s  t r a n s f e r ,  

The 

Acetone was 

Two a d d i t i o n a l  evaporatlons 

The s o l i d  wh i te  
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res idue o f  sodium 14C-formate. 216 Mi. was obtained i n  96.4% radiochemical 

y i e l d .  The chromatographic m o b i l i t y  o f  the product  was i d e n t i c a l  t o  standard. 

Radiochromatography: Si02; MeOH-1-PrOH-NH40H-H20 (9:6:3:2). 

V i sua l i zed  w i t h  bromphenol b l u e  spray. 
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