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SUMMARY 

An example o f  a p o t e n t i a l l y  genera l  method f o r  t h e  prepara-  

t i o n  o f  14C-carboxy l i c  a c i d s  based on t h e  ca rbona t ion  o f  an a- 
l i t h i a t e d  c a r b o x y l a t e  i s  descr ibed.  

o n l y  t h e  un labe led  ana log  o f  t h e  d e s i r e d  14C-acid as t h e  

p recu rso r .  
d e c a r b o x y l a t i o n  o f  a ma lon ic  a c i d  d e r i v a t i v e  w i t h  l o s s  o f  o n l y  

t h e  un labe led  ca rboxy l  group i s  desc r ibed .  

T h i s  p rocedure  r e q u i r e s  

The p o s s i b i l i t y  o f  c a r r y i n g  o u t  t h e  s e l e c t i v e  

Key Words: a - L i t h i a t e d  Carboxy la te ,  Carbonat ion,  S e l e c t i v e  Decarboxy la t i on  

INTRODUCTION 

A p rob lem o f t e n  encountered i n  rad iochemica l  s y n t h e s i s  i s  t h e  u n a v a i l a -  

b i l i t y  of  a p r e c u r s o r  which,  when reac ted  w i t h  a l a b e l e d  reagent ,  a f f o r d s  t h e  

d e s i r e d  p roduc t  i n  a reasonab le  number o f  s teps .  

compound ( 4 )  p resented  such a problem. 

c a r b o x y l i c  a c i d  made i t s  p r e p a r a t i o n  p o s s i b l e  u s i n g  o n l y  ( 1 )  [ t h e  un labe led  

ana log  o f  ( 4 ) ]  as t h e  s t a r t i n g  m a t e r i a l  by what i s  e s s e n t i a l l y  an exchange 

r e a c t i o n ,  so t h a t  no p r e c u r s o r  was needed. 

The need t o  p repare  t h e  t i t l e  

However, t h e  f a c t  t h a t  ( 4 )  i s  a - - 
- 

- 

DISCUSSION 

Genera t i on  o f  an ions  a t o  c a r b o x y l i c  a c i d s  o r  e s t e r s  and t h e i r  subsequent 

r e a c t i o n  w i t h  a v a r i e t y  o f  e l e c t r o p h i l e s  i s  a w e l l  known Such 
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a process i s  c o n c e p t u a l l y  

ac ids  s i n c e  no p r e c u r s o r  

i s  needed. I f  t h e  d i l i t h  

H .  Pames 

14 a t t r a c t i v e  f o r  t h e  p r e p a r a t i o n  o f  c a r b o x y l i c - [  

o t h e r  than  t h e  u n l a b e l e d  ana log  o f  t h e  d e s i r e d  a c i d )  

um s a l t  o f  an un labe led  a c i d  can be  genera ted  and then  

C]  

quenched w i t h  I 4 C O 2 ,  t hen  d e c a r b o x y l a t i o n  o f  t h e  r e s u l t i n g  ma lon ic  a c i d  would 

y i e l d  t h e  l a b e l e d  a c i d  ( see  Scheme 1) hav ing  a s p e c i f i c  a c t i v i t y  equal  t o  one 

h a l f  o f  t h a t  o f  t h e  I 4 C O 2  used. 

Scheme 1 

1 )  L i N ( i - P r ) 2  

&CO2tl 2) HMPA ’ 

( 3 )  (4) 

Treatment o f  ( 1 )  w i t h  l i t h i u m  d i i s o p r o p y l a m i d e  (LDA)/hexamethylphosphor- 

HMPA was 

- 
amide (HMPA) i n  THF generated t h e  r e d - p u r p l e  d i a n i o n  ( 2 )  i n s t a n t l y .  

added because i t  i s  though t  t o  s o l v a t e  a c i d  and e s t e r  e n ~ l a t e s , ~ ’ ~  thus  pre-  

v e n t i n g  se l f - condensa t ion .  S ince  ( 1 )  c o n t a i n s  a ke tone f u n d t i o n  wh ich  c o u l d  

r e a c t  w i th  ( 2 )  i t  was i m p o r t a n t  t o  moderate t h e  r e a c t i v i t v  o f  t h i s  e n o l a t e .  

- 

- 
x 

The d i a n i o n  was carbonated  w i t h  one h a l f  e q u i v a l e n t  o f  I 4 C O 2  ( t o  ensure 

maximum u t . i l i z a t i o n  of  l a b e l e d  reagen t )  and then quenched comp le te l y  w i t h  a 

l a r g e  excess o f  un labe led  C02. 

decarboxy la ted  spontaneous ly  so  t h a t  t h e  p roduc t  ( 4 )  was o b t a i n e d  d i r e c t l y  a f t e r  

workup. 

48% rad iochemica l  y i e l d  (70% chemical  y i e l d )  a t  a s p e c i f i c  a c t i v i t y  o f  

The i n t e r m e d i a t e  d i l i t h i u m  malonate  ( 3 )  - 
- 

Chromatographic p u r i f i c a t i o n  o f  c rude  ( 4 )  a f f o r d e d  t h e  pure  p roduc t  i n  - 
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9.12 mCi/mmol.8 

l i m i t i n g  the excess o f  12). 

Higher s p e c i f i c  a c t i v i t i e s  may, of course,  be obtained by 

- 
14 

A var ia t ion  o f  t h i s  method may, i n  p r i n c i p l e ,  be used t o  prepare [ C]- 

carboxyl ic  ac ids  having a s p e c i f i c  a c t i v i t y  equal t o  t h a t  o f  the 14C02 used. 

Scheme 2 i l l u s t r a t e s  t h i s  concept. 

Scheme 2 

LiN(i-Pr)2 4 ~ ~ 2  
RCH2C02CH3 > RCHC02CH3 -> RCHC02CH3 

- L i +  14cO; L i  + 

( ? a )  (51, (6a)  "- (!I, (7a)  -- 

RCHC02CH3 LII> RCHC02H --> RCH214C02R' 
I 

l 4 c o 2 ~ 1  4 ~ ~ 2 ~  I 

(81 R '  # C H 3  ( I ? )  1 
I 

RCH21 4C02H 

($1, ( 7 ) :  R = a l k y l ,  a ry l  
0 

Carbonation of the  n-anion (6)  o f  a methyl ester (5)  followed by e s t e r i f i -  - - 
ca t ion  o f  the  monomethyl malonate ( 7 )  would y i e l d  the mixed d i e s t e r  (R' # Me) 

( 8 ) .  

reveal the unlabeled carboxyl as  the f r e e  acid while the labeled carboxyl would 

s t i l l  be protected as  an ester ( 9 ) .  

unlabeled carboxyl exclusively.  

C02 for  14C02 without d i l u t i o n  o f  s p e c i f i c  a c t i v i t y .  

- 
Selec t ive  hydrolysis  of the methyl e s t e r  with L i I , 6  f o r  example, would 

I 

Decarboxylation would r e s u l t  i n  l o s s  of  the - 
The e f f e c t  would be an exchange of unlabeled 

We attempted t o  implement t h i s  idea using the methyl e s t e r  (?a) .  Addition 

of a THF so lu t ion  o f  ( 5 a )  t o  a THF so lu t ion  o f  l i thium diisopropylamide a t  -78" 

gave a red so lu t ion  of the e s t e r  enola te  (6a) .  I4CO2 was d i s t i l l e d  i n t o  the 

react ion and a f t e r  15 minutes the  remaining (6a)  was quenched w i t h  cold C02. 

-- 
-- 

-- 
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When t h e  react ion was worked u p ,  only t h e  s t a r t i n g  mater ia l  (5a)  was i so la ted  

(80%). 

Apparently, the malonic acid der iva t ives  of (5a)  a r e  t o o  unstable  t o  i s o l a t e . *  

However, t h i s  method should be q u i t e  useful with more s t a b l e  methyl malonates. 

Furthermore, i f  maximum s p e c i f i c  a c t i v i t y  i s  not e s s e n t i a l ,  then the  

carbonation/decarboxylation procedure described here f o r  the preparat ion of 14C- 

carboxylic acids  from a - l i t h i a t e d  carboxylates  should be a useful addi t ion  t o  

the  radiochemist ' s  r e p e r t o i r e ,  e s p e c i a l l y  when convenient precursors  a r e  not 

readi 1 y avai 1 abl e . 

5-  

There was no t r a c e  of the expected monomethyl malonate ( 7 a ) .  
5 -  

-z 

E X P E R I M E N T A L  
14 Barium carbonate- C (53.7 mCi/mmol) was purchased from Amersham Corp. All 

solvents  were reagent grade,  except as  noted, and were used without pur i f ica-  

t ion .  Radiochemical pur i ty  was determined by radio-TLC using a Packard Model 

7201 Radiochromatogram Scanner. Radioact ivi ty  was determined using a Packard 

Tricarb Model 574 Liquid S c i n t i l l a t i o n  Counter. 

6 , l l  -Di hydrodi benzo[b ,e] thiepin-11 -one-3-yl ace t ic - [  14 C ]  acid (4) 

A round bottom f l a s k  with side-arm and rubber septum was connected t o  a 

vacuum l i n e  a n d  evacuated. 

LiAlH4 i n t o  the  react ion f l a s k  and cooled t o  0". 

2.7 mmol) was in jec ted  through t h e  side-arm followed by n - B u L i  (1.6 ml of 1 .6  M 

hexane so lu t ion ,  2.56 mmol) and the reac t ion  was stirred f o r  15 minutes. Af te r  

cooling t o  -78" HMPA (0.60 ml, 3.3 m m o l )  was in jec ted  and s t i r r i n g  was continued 

f o r  an addi t ional  30 minutes. In jec t ion  of  a THF so lu t ion  of ( 1 )  (426 mg, 1 . 5  

mmol) resu l ted  in  instantaneous formation of the red-purple dianion ( 2 ) .  - 
carbonate-14C (40 mCi, 0.745 mmol , 53.7 mCi/mmol, Amersham Corp.) , contained in  

a side-arm round bottom f l a s k  and connected t o  the  vacuum l i n e  via  a D r i e r i t e  

Tetrahydrofuran (20  ml) was vacuum d i s t i l l e d  from 

Diisopropylamine (.360 ml, 

- 
Barium 

*Two attempts t o  t r a p  the monomethyl malonate (!a_), f i r s t  using 1-propylbromide/ 
DMF and then the  much more r e a c t i v e  trifluoromethanesulfonate, resu l ted  only i n  
recovery of s t a r t i n g  material ( 5 s ) .  I n  each case the  a lkyla t ing  agent was 
in jec ted  i n t o  the  reac t ion  mixture a t  -78" a f t e r  t h e  enola te  (6:) had been 
quenched with CO2. 
s t i r r e d  overnight and worked u p .  

The react ion was then allowed t o  come t o  room temperature, 
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tower ,  was a c i d i f i e d  w i t h  H2S04. The 14C02 thus  genera ted  was d i s t i l l e d  i n t o  

t h e  r e a c t i o n  vesse l  c o n t a i n i n g  ( 2 ) .  

d i s t i l l e d  ( th rough  t h e  D r i e r i t e  tower )  i n t o  t h e  r e a c t i o n  vesse l .  

con t i nued  u n t i l  t h e  d i a n i o n  ( 2 )  had comp le te l y  r e a c t e d  (as  ev idenced by t h e  d i s -  

appearance o f  t h e  red -pu rp le  c o l o r ) .  

s a t u r a t e d  NH4Cl ( 5  m l ) ,  degassed, and poured i n t o  10% HC1 (100 m l ) .  

w i t h  e t h y l  a c e t a t e  a f f o r d e d  t h e  c rude  p roduc t  (27 m C i )  wh ich  was p u r i f i e d  by  

column chromatography (Si02; e t h y l  ace ta te -hexane-acet ic  ac id ,  30:70:1).  

f r a c t i o n s  c o n t a i n i n g  p u r e  (4 )  were washed w i t h  wa te r  t o  remove a c e t i c  ac id ,  

t h e n  d r i e d  o v e r  Na2S04 and taken  t o  d ryness  y i e l d i n g  t h e  p r o d u c t  as a w h i t e  

c r y s t a l l i n e  s o l i d ' ( 9 . 5 7  m C i ,  9.12 mCi/mmol, 298 mg, 1.05 mmol). 

A f t e r  15 minu tes ,  excess un labe led  C02 was - 
S t i r r i n g  was 

- 
The r e a c t i o n  m i x t u r e  was t r e a t e d  w i t h  

E x t r a c t i o n  

The 

- 
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