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On the reaction of hydroxylamine with esters of amino acids 
I t  is well known tha t  under  alkaline conditions hydroxylamine  reacts wi th  esters of carboxylic  
acids to give hydroxamic  acids. This reaction has long been used for the  quant i ta t ive  determinat ion 
of esters by  est imating the  result ing hydroxamic  acid by  means of the color reaction with FeC131-~. 
Under  neutra l  conditions, however,  normally  only "ac t iva ted"  esters and acid anhydrides  react 
wi th  hydroxylamine ,  a fact t h a t  has been taken advantage  of in the determinat ion of anhydrides  in 
the presence of esters and in the test ing for "ac t iva ted"  carboxyl  groups in general63. 

Es ters  of amino acids are generally more labile t han  ordinary carboxylic acid esters. In  view 
of the impor tance  t ha t  the format ion of hydroxamic  acids under  neutral  or slightly alkaline condi- 
t ions has recently assumed in the search for act ivated amino acids in the process of protein syn- 
thesis 8-1°, it seemed of interest  to  determine the rate  of reaction of simple amino acid esters wi th  
hydroxy lamine  under  the  conditions normally  employed in the above-ment ioned studies. 

Leucylmethyles ter  was used as a model substance.  I t  was dissolved in distilled water  at a 
concentra t ion of 4 /~moles/ml. Aliquots of this solution were then added to equal volumes of 2 M 
hydroxylamine  solutions at  different p H ' s  and incubated at 37 °. Samples of 3 ml each were with-  
d rawn at  intervals  and pipet ted into 1.4 ml lOO % (w/v) trichloracetic acid (TCA) adjusted to p H  

0.8 (as read wi th  a glass electrode) wi th  25N NaOH.  
3.0 The a m o u n t  of hydroxamic  acid formed was determined by the 

method of SCH~,VEET 11, using a s tandard  of leucine hydroxamic  acid. 
The slopes of the s tandard  hydroxamic  acid curves vary  in a linear 
fashion wi th  the final p H  of the reaction mixture.  The slope (extinc- 

2.0 t ion for I /~mole leucine hydroxamic  acid per sample) at p H  o. 4 
was  o.111, and increased by o.o27 for e~ery ten th  of a p H  unit  up  

- to p H  0 . 9 .  

I t  was found tha t  at p H ' s  between 7 and 9, reactions oi the 
I.C ester with the hydroxy lamine  proceeded at reasonable rates as can 

be seen f rom Fig. I, which shows a plot of the rate  cons tan ts  as a func- 
tion of pH. At all pH 's .  the reaction is initially first order wi th  respect  
to the ester, bu t  only in the nar row p H  range of 7.6 to 8.0 did the 

i reaction proceed to complet ion wi thout  complications. At p H ' s  below 
z0 7.8 8.6 9.4 and above this  range the reaction does not  proceed to completion due 

oH to instabil i ty of the ester and/or  the hydroxamic  acid formed. At p H ' s  
Fig. i. above 9 the hydrolysis  of the  hydroxamic  acid proceeds so rapidly as 

to preclude a useful kinetic investigation under  tile present  conditions. 
Prel iminary exper iments  have indicated t h a t  there is considerable variat ion in the rate of 

reaction of esters of amino acids wi th  hydroxylamine  deoendin~ on the na ture  of bo th  the alcohol 
and the  amino acid, so t h a t  not  all esters of amino acids need necessarily interfere with the hv- 
droxamic acid assay for active acyt ~,roups. The data  reported here do point  out, however, tha t  the  
act ivated amino acid " t r a p p e d "  with hydroxylamine  could be in something other  than  an anhydride 
linkage. The 3'-valyl ester of adenylic acid obtained by  Vq'IELAND AND PFLEIDERER TM and the 
r ibose-acetylated adenylic acid obtained by  JENCKS 13, bo th  of which react  very rapidly wi th  
hydroxylamine  under  neutral  conditions, i l lustrate the point  further.  I t  would also be reasonable 
to suppose  t h a t  the active leucyl residue which has been. found by  HOAGLAND AND ZAMECNIK 14 
t o  be bound  to an RNA fraction prior to its incorporat ion into liver microsomal particles might  be 
esterifying the  2' posit ion of the ribose. 
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