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ANALYSIS OF*-KETOCARBOXTLIC ACIDS BY I O N  EXWANGE 

FPLC WITH W AD AfPEROKETRIC D E ? X T I O N  

Douglas Pi. auchanan:':, and Jess G. Thoene 
Genetic Screening Lab, Hawthorn Center, 

1 8 4 7 1  Haggerty Road, Northvi l le ,  M I .  48167 

ABS??IACT 

Cation exchange high performance l i q u i d  chromtography with 
tandem 2 0 0 m  spectmphotometr4c and +1.15V ampemmetric detec- 
t i o n  w a s  used for t he  ana lys i s  of several--ketocarkoxylic acids .  
Derivatization of the* -ketocwboxylic ac ids  w a s  not necessary. 
This technique w a s  operable at  2 . 0  ug/ml concentrations of 4-keto- 
cmboxylic acids .  The s e n s i t i v i t y  limit w a s  not invest igated.  

1I.ITROWCTION 

Recent s tud ie s  have described the  separation, i d e n t i f i c a t i o n  

and quant i ta t ion o f w - k e t o c a r b x y l i c  acids. (1-5) These procedures 

required de r iva t i za t ion  followed by G C ( 2 ) ,  GC/MS(') o r  3 4  7 5 )  

analysis .  

quan t i t a t ive  and m y  yield diastereomeric compounds. 

of t h e d - k e t o  m i e t y  t o  t h e  0- der iva t ive  p r i o r  t o  s i l y l a t i o n  

in a GC or' GUMS ana lys i s  of organic a c i d s ( 6 ) ,  affords  two dia- 

Derivatization o f a - k e t o c m b x y l i c  ac ids  may not be 

Conversion 

,'r To whom correspondence should be addressed. 
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1220 BUCHANAN AND THOENE 

stereomer.ic products, the  E and Z oximes(7,8). 

4 -ke to  acid into the quinoxalinol 

s i ly la t ion ,  eliminates this problem but does not reduce the  

p t e n l - i a l  loss of analyte during derivatization. 

Conver3sion of the  

prior, t o  

We have developed a rapid analysis for d-ketocarboxyl ic  

acids tha t  does not involve derivatization. 

acid:; m e  separated by ion exchange HPLC and detected spectro- 

photometrically a t  2OCnm and ampemme~ica l ly  a t  +1.15V. 

The g-ketocarboxyl ic  

PATEFXAIJS 

A Varian 5000 HPLC equipped with a Bio-Rad Laboratories 

Amhex HPX-87 Organic Acid column (300 mm x 7.8 m> was used 

fo r  the  separation of the&-ketocarkmylic acids .  The detec- 

t ion system employed was an Hitachi 100-40 Variable Wavelength 

W Spectrometer equipped wi th  an Altex 155-00 Flow C e l l .  

detect ion system w a s  in ser ies  with and up stream fmn a Sio- 

analyt ical  Systems LC-4 Ampemmetric Detector (on loan fmn the 

Anspec Company, Inc. ) w i t h  a glassy carbon electrode. 

chrorratograms were traced on a Linear recorder.. 

The W 

All 

o( -ketoglutaric acid,  O(-phenylpyruvic acid,  O(.-ketobutyric 

acid m d  O(-ketovaleric acid were purchased from Sigrw Chemical 

Company and were used without fur ther  purif icat ion.  

and deionized water w a s  glass d i s t i l l e d  fmv. alkal ine p e m g a n a t e  

and was passed through a 0 .22  um Millipore f i l t e r ,  p r ior  t o  use. 

METHOD 

Dis t i l l ed  

To 0 . 3  m l  of water. wds added 50 u l  a l iquots  of the  following 

aqueous solutions: 
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a-KETOCARBOXYLIC ACIDS 1221 

1 . 0  mg/nit 0(-ketobutyric acid 
1 . 0  mg/ml o(-phenylpyruvic acid 
4.5 mg/ml O(-ketovaleric acid 
4.5 mg/ml O(-ketoglutaric acid 

A 1 0  ul aliquot of the solution was  intrcduced via a Valco 

The m b i l e  phase, loop injector on t o  the ion exchange column. 

4.5 n N H2S04, was passed through the column at  0.8 ml/min. 

',-ketocarbxylic acids were detected by an W spectrometer at  

2OOnm and by an oxidizing ampemmetric detector (glassy carbon 

electrode), at  +1.15V vs an Ag/AgCl reference electrode, that w a s  

in series with but downstream from the W detector. 

metric detector inlet  w a s  directly connected t o  the W detector 

outlet. 

The 
. *  

The ampero- 

The W detector w a s  attenuated at  4 ~ 1 0 - ~  AUFS and recorded 

a t  lOmV for f u l l  scale deflection while the ampemmetric detector 

was attenuated a t  50nA/V and recorded a t  100 mV for f u l l  scale 

deflection. h a l y s i s  of a lOul aliquot of an aqueous solution 

that contained 2.5 ug/ml of eachg-ketocarbxylic acid showed that 

b t h  the W detector (lxlO-* AUFS on a 1Chn V recorder) and the 

ampemmetric detector (20 n A/V on a 100 mV recorder) were func- 

tional at this concentration. 

We were able t o  separate four non-derivatized &-ketocarhxy- 

l i c  acids of various ca rbn  chain length on an anionic ion exchange 

HPLC c o l m  enploying 4.5 m N H2SO4 a t  a flow rate  of 0.8 m l / m i n  

(Figure 1). 

metrically a t  200nm and amperomtrically a t  +1.15V. 

tion for, the ampemmetric recorder w a s  ten times less  sensitive 

Tke d-ketocarboxylic acids w e r e  detected spectrophoto- 

The attenua- 
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1222 BUCHANAN AND THOENE 

2 

A 

r 

a 

B 

Figure 1: 

detection of some O(-ketocarhxylic acids : 1) o(-ketoglutwic 

acid ( 5 . 6  min, 0 .  Nmle /ml ) ,  2) O(-ketobutyric acid ( 6 . 9  m i n ,  

0.73 mle/ml.), 3)  O(-ketovaler,ic acid ( 8 . 0  h, 0.98 m l e / m l ) ,  

and 4 )  p-phenylpyuvic acid (13.6 min, 0.67 umole/ml). Separa- 

t i o n  was  effected on a cation exchange column (HPX-87) with 4.5 

mN H2SC)g as the mobile phase a t  a 0.8 ml/min flow ra t e .  

t 1 . 1 5 ~  Ampemmetric (A) and 200nm spectrophotonetric (€3) 

hperometric recorder s e t  a t  1 c ) h V  for  f u l l  scale deflection 

while thc  UV r,ecorder w a s  set at  lOmV for full scale deflection. 
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a-KETOCARBOXYL I C  ACIDS 1223 

(103 mV f u l l  scale)  than the attenuation for the  spectrophotometric 

recorder (10 mV f u l l  scale). 

detection is  acceptable when 2 ug/rnl concentrations of each O(-keto- 

c a r b x y l i c  acid i s  analyzed. 

Spectrophotornetric and ampemmetric 

DISCUSSION 

I 9 L C  with anperometric detection has been employed i n  the  

analyses of phenolic compounds(9) 

oxalic acid(’’) and halogenated an i l ines( l1) .  

p u p s  are characterized by t h e i r  ease of oxidation when t reated 

with mild oxidizing reagents. 

reaction conditions, O(-ketocarbxylic acids undergo an oxidative 

decarboxylation affording c a r b n  dioxide and a carboxylic acid(12)  

Thus, it i s  not surprising tha t  d -ke tocmbxy l i c  acids  can be 

ampemmetrically detected. The +1.15V vs an Ag/AgCl reference 

electrode tha t  is required t o  detect  the g - k e t o c a r b x y l i c  acids 

i s  close t o  the  upper voltage l i m i t  of the  glassy carbon electrode 

under these c h m t o g r a p h i c  conditions. This w i l l  a f f ec t  the sen- 

s i t i v i t y  of the detector.  

metric detector toward the  0(-ketocarboxylic acids studied i s  such 

tha t  ng/ml concentrations should be detected. 

enols such as ascorbic ac id(9)  

These functional 

Under essent ia l ly  the  same chemical 

Even so the  sens i t iv i ty  of the  ampem- 
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