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SUMMARY 

Various Carbon-I4 labe l led  amino acids inc luding  t h e  
a romat ic  ones viz . ,  t y ros ine ,  phenylalanine and 
t ryptophan  are converted t o  t h e  corresponding 
carboxyl ic  acids i n  high y i e l d  (70 -9M) on a 
micromolar scale syn thes i s  ly r e a c t i o n  w i t h  hydroxyl- 
amine-0-sulphonic acid and In  a s h o r t  r e a c t i o n  t i m e .  
The improvement i n  y i e l d  has been achieved by us ing  
aqueous alcohol  as so lvent  i n  l i e u  of  water  a lone as 
t h e  medium o f  reac t ion .  

Key words : Eydroxylamine-0-sulphonic acid, amino a ~ i d s - ~ ~ C ( U )  , 
t ryptophan - ca rbowl -  C, 3.-indolylpropionic acid- 
c a r b o w l -  14C, 3 - p h e n y l p r o p i o n i c  acid-  I4C(U), 
3-( 4-hydroxyghenyl ) propionic  acid-carboxyl- I 4 C  . 
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Carbon-I4 l a b e l l e d  amino acids are convenient s t a r t i n g  

materials f o r  t h e  p repa ra t ion  of usefu l  l a b e l l e d  COmpOUndS. We have 

shown t h e  u t i l i t y  o f  hydroxylamine-0-sulphonic acid (HAOS) as an 

e f f i c i e n t  reagent  f o r  t h e  small s c a l e  syn thes i s  of a f e w  carboxyl ic  

acids- C(U) from 4-amino a~ids-'~C(U)'. Uniformly 1 4 C  l a b e l l e d  

com?ounds r e t a i n i n g  the same carbon ske le ton  of  t h e  o r i g i n a l  mino 

acids can thus  be synthes ised  w i t h  high s p e c i f i c  a c t i v i t y .  The 

r e a c t i o n  condi t ions  r epor t ed  f o r  non-radioactive synthesis were 

s l i g h t l y  changed , i n  t h a t  a l a r g e  excess of :UOS (20  f o l d )  w a s  

employed. When we at tempted t o  extend t h e  method t o  aromatic  amino 

acids, we no t iced  t h a t  t h e  y i e l d s  of  t h e  products reached a m a x i m u m  

of  around 50$ even though excess reagent ,  N g h e r  temperature  (i0OOC) 
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and longer react ion t i m e  were used. The preparation of carboryl ic  

acids from I 4 C  labe l led  aromatic amim acids by HAOS aroused our 

i n t e r e s t  a s  the acids l i k e  3-indolylpropionic acid (us- tryptophan 

as subs t ra te )  and 3-(hydroxgphengl) propionic acid were d i f f i c u l t  t o  

synthesize by other  methods . Further,  the  l i t e r a t u r e  y ie lds  of 

carboxylic acids from various aromatic amino acids wi th  diverse 

groups on the  benzene r i n g  were low (2145$), thus l imi t ing  t h e  

aseiulnesa of the method . Li tera ture  references on the  use of 

HAOS f o r  several  o ther  reactione had employed methanol as a Solvent. 

W e ,  therefore ,  deoided t o  study the  eff icacy of u a i q  various aqueous 

solvent combinations from the point of maximizing t h e  y i e l d  o r  microscale 

synthesis  of carboxylic acids  from amino acids. 

combination because t h e  reagents,  namely amino acids, potassium hydroxide 

and t o  a lesser extent  HAOS have low o r  poor s o l u b i l i t y  i n  organic 

solvents  a lom. Besides methanol, o ther  solvents  t r ied  were ethanol, 

dlmet hylsul phoxide , dimet hyl formamide , met hylcel losolve,  dioxane, e t  c. 

4 

2 

We s e t t l e d  on t h i s  

The react ion coneisted of simply heating a mixture of the  amino 

acid,  HAOS and potassium hydroxide in the appropriate w a t e r  - organic 

solvent mixture under r e f l u x  f o r  30 mimtes.  I n i t i a l l y ,  the react ion 

was studied using t r a c e r  amounts of t r y p t o p h a n - c a r b o ~ y l - ~ ~ C  o r  phenyl 

alanine- C(U). The reac t ion  mixture w a s  analysed f o r  the  formation 

of carborylic acids by TLC. TLC or paper chromatography wi th  radio- 

a c t i v i t y  scanning w a s  fast enough t o  reveal t he  extent of the  progress 

of the  reaction. The counting of e t h e r  ex t rac t  a f t e r  a c i d i f i c a t i o n  of 

react ion mixture gave a quant i ta t ive  picture of t h e  reaction. 

On the  basis of t h e  r e s u l t s  (Table i )  obtained w i t h  tryptophan- 

carboxyl - I4C  and p h e n y l a l a r ~ i n o - ~ ~ C  (U), the  solvent methanol 8 water 

(40 : 6 0 )  v/v was found t o  be an  e f f i c i e n t  medium for the  

reaction. The same conditions were found t o  be ideal  for  t h e  

o ther  aromatic amino acid,  tyrosine as w e l l .  

14 
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Table I : Solvent e f fec ts  on HAOS reac t ion  w i t h  tryptophan ami 
phony1 a1 mine.  

No. Solvent medium Radiochemical y i e l d  (96) * 
3-Phe 1 roplonic 
acid-1 na CfU) 3-Indolyl propi 

acid-carboxyl- 
employed 

i. Water 

2. 

3. 

4. Water : methyl cellosolve 

5 .  Water : dimethyl sulphoxide 

6.  Water : dimethylfonnamide 

7. Water : methanol (60:40, v/v) 

8. Water : ethanol (60:40, v/v) 

Water : monoglyme ( 5 0 ~ 5 0 ,  V/V) 

I Ja te r  : dioxane (50:50, V/V) 

(50:50, v/v) 

(50:50, v/v) 

(50:50, v/v? 

40 

56 

24 

57 

5 

7 

90 

90 

25 

60 

63 

60 

45 

5 

95 

95 

+In a l l  the above experiments the  labe l led  amino acid 

(50 p o l e s ,  10 p i )  I n  excess alkali  ( 2  m o l e s )  was t rea ted  

w i t h  HA03 ( 1 m o l e )  under re f lux  f o r  30 minutes. The radio- 

chemical y ie lds  were measured af ter  isolat ion.  

It w a s  thus seen t h a t  high yields  could be obtained 

when aqueous methanol o r  ethanol was used as a solvent. 

!Ience the  react ion w a s  repeated w i t h  a l i p h a t i c  amino acids 

and i n  every case t h e  carboxylic ac id  could be i so la ted  in 

high yield.  The procedures reported e a r l i e r  Wera adopted f o r  

the  pur i f ica t ion  and i s o l a t i o n  of the  acids . The r e s u l t s  

obtained in t h i s  manner along w i t h  r e s u l t s  of the  reac t ion  

conducted in aqueous medium are presented in Table 2. 

1 
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Table 2 : Synthes is  of I 4 C  l a b e l l e d  carboxyl ic  ac ids  from I 4 C  

T. V. Ramamurthy, S. Ravi and K. V. Viswanathan 

l a b e l l e d  amino acids i n  water  and aqueous alcohol .  

No. Amino a c i d  used Product Radiochemical y i e l d  
( 5 )  * 
W e t  e r  Water :a1 coho1 

I. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9.  

14 Aspar t ic  acid- C(U)  

Glutamic a ~ i d - ' ~ C ( U )  

Threonine- C(U) 14 

~ a l i n e - ~ ' ~ ( ~ )  

Phenylalanine- C(U) 14 

14 Tyrosine- C(U) 

TFypto phan-carboxyl- 

Tyro sine cnrboxyl -"C 

C 

Phenylalapine- 
carboxyl- C 

14 Succ in ic  acid- C(U) 90 

G l u t a r i c  acId-l4C(U) 80 

oxybutyric  55 

14 I s o v a l e r i c  acid-  C(U) 6 5  

3-Phe lp rop ion lc  25 
acid-%(U) 

3 (4-hydroryphe 50  
propionic  acidyiC(U) 

3-Indol yl propippc 40 
acid-carboxyl- C 

3-(4-hydro1yphenyl) 50 
propionic  cid- 
carboxyl-l'C 

3-phenyl propionic  25 
acid-carboxyl -I4 C 

90 

80 

90 

70 

94 

73 

90 

73 

95 

* In t he  above experiments t h e  quan t i ty  o f  amino ac ids  employed 

w a s  maintained a t  50  p o l e s  whereas t h e  r a d i o a c t i v i t y  va r i ed  from 20 

t o  100 pCi. The y i e l d s  were t h e  average v a l u a o f  t h r e e  experiments. 

Q[PERIrnNTAL 

Amino acids-I4C(U) i s o l a t e d  from a lgae  grown by photo- 

syn thes i s  i n  I4CO2 atmosphere were exhaus t ive ly  p u r i f i e d  and 

used 7 . Tyrosine-carboxyl- 1 4  C, phenylalanine-carbo~yyl-~~C and 

t r y p t o p h a n - c a r b o ~ l - ~ ~ C  were proiiared i n  our  l abora to ry  by 

S t r ecke r  method us ing  a lka l i  cyanide-I4C a s  t h e  s ta r t in ( :  

m a t  e r i  a1 '. 
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Synthesis or 3-indolylpropionic  acid c a r ~ m x y l - ~ ~ ~  (IPA) : 

To a round bottom flask (50 ml) conta in ing  t ryptophan (10 mg, 

50 puno le ) ,  t h e  l a b e l l e d  t ryptophan (10 p C i )  was added as a n  

aqueous s o l u t i o n  (I m l ) .  

t o  t h e  rlask which w a s  cooled i n  an  i c e  bath. Elydroxylamine-0- 

sulphonic  acid (I10 mg, I m o l e )  was weighed i n  a dry box and added. 

The so lvent  (water : methanol, 2 : 3 v/v 12 ml) w a s  

r e a c t i o n  mixture and the s o l u t i o n  w a s  heated under reflux f o r  30 minutes. 

Analysis  of t h e  r e a c t i o n  mixture was  carried out  on a n  a l i q u o t  by 

TLC in t h e  so lvent  

so lvent  system separated the  amino acid and carboxyl ic  acid which have 

a widely d i f f e r i n g  R f .  The product w a s  revea led  by i ts  r e a c t i o n  with 

iod ine  vapour. The r a d i o a c t i v i t y  scanning of TLC indica ted  the fornat ion 

of IPA (Ri  0 . 9 )  w i t h  very l i t t l e  t ryptophan (Rf 0.0) remaining 

unreacted. The r e a c t i o n  mixture was t hen  acidified w i t h  d i l u t e  

su lphur i c  a c i d  and ex t r ac t ed  w i t h  3 x 10 m l  por t ions  o f  ether. 

The e t h e r  e x t r a c t s  were combined and counted; 9 p ,  radiochemical 

y i e l d ,  9096. Analysis  of t h e  e t h e r  e x t r a c t  by TLC i n  the  fo l lowing  

so lvents  followed by r a d i o a c t i v i t y  scanning showed IPA t o  be radio- 

chemically pure and coincided with an then t i c  II'A. They are v i s u a l i s e d  

by both iod ine  and bromocresol green. 

Potassium hydroxide (2 ml, I N )  was added 

added t o  t h e  

system chloroform : acet ic  acid ( 9 5 :  5 v/v), T h i s  

(I) Isopropanol t ammonia : water ( 8  : i t I). 

(2) n-Butanol : acetio acid : w a t e r  (4 : I : 5 ) .  

Following the same procedure t h e  o t h e r  acids namely, 3-phenyl- 

propionic  a ~ i d - ' ~ C ( U ) ,  3-phenylpropionic acid-carhoxyl - I 4 C ,  

3-( 4-hydroxyphenyl ) propionic acid-I4C(U) and 3-( 4-hydroxyphenyl } 

pro?ionic acid ~ a r b o x y l - ' ~ C  were synthesised.  The compounds had 

W spectra matching w i t h  au then t i c  compounds. 
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