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ABSTRACT 

This paper reports the development of a reliable method for the separation and determination of p-hydroxyphenylpyruvic acid by 
high-performance liquid chromatography. An aqueous solution of p-hydroxyphenylpyruvic acid was injected into a Cosmosil C, s-5 
column with a mobile phase consisting of acetonitrile-acetic acid-water (18:1:81, v/v/v) with detection at 283 nm. Three peaks were 
observed on the chromatogram, and were identified as the ketct-enol tautomers and the decomposition product p-hydroxybenzalde- 
hyde. The enol form and p-hydroxybenzaldehyde were determined without derivatization and the keto form as its oxime from their 
peak heights by comparison with those of known amounts of the enol form, p-hydroxybenzaldehyde and the oxime standard of the keto 
form. 

INTRODUCTION 

p-Hydroxyphenylpyruvic acid (HPPA) is formed 
from tyrosine by tyrosine aminotransferase [l], and 
a large amount of HPPA is excreted in the urine of 
patients with tyrosinosis [2] or tyrosinaemia [3,4]. It 
is well known that HPPA in aqueous solution un- 
dergoes tautomeric changes [5] and also decompos- 
es to p-hydroxybenzaldehyde (HBA) [6,8]. The ob- 
servation which led us to the present study was that 
HPPA is quite unstable. Several methods have been 
reported for the high-performance liquid chroma- 
tographic (HPLC) separation of HPPA as the free 
form [3,4,9,10] or after the derivatization [l,l l--15]. 
However, these methods lack specificity in varying 

degrees as quantitative techniques, because the deg- 
radation of HPPA has not been taken into consid- 
eration. Therefore, in this paper we describe a re- 
liable method for the determination of HPPA by 
HPLC. 

EXPERIMENTAL 

Materials 
HPPA was purchased from Sigma (St. Louis, 

MO, USA) and HBA and hydroxylamine hydro- 
chloride from Tokyo Kasei (Tokyo, Japan). HPLC- 
grade acetonitrile was obtained from Wako (Osaka, 
Japan). All of the other chemicals used were of re- 
agent-grade purity. 
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Preparation of the oxime of the keto form 
The oxime of the keto form was prepared with 

hydroxylamine hydrochloride as described by Lan- 
caster et al. [16]. A mixture of sodium hydroxide (4 
g), HPPA (125 mg) and hydroxylamine hydrochlo- 
ride (1 g) in 50 ml of water was heated at 60°C for 30 
min. After acidification to pH l-2 with concentrat- 
ed hydrochloric acid, crude powder was obtained 
by slow partial evaporation of the ether extract and 
purified by recrystallization from a mixture of ace- 
tone and chloroform: yellow powder, m.p. 149- 
152°C; analysis, calculated for C9H904N, C 55.39, 
H 4.65, N 7.18; found, C 55.15, H 4.61, N 7.23%; 
A max, 275; E, 1560 in the mobile phase. 

Preparation of the oxime of HBA 
A mixture of HBA (100 mg) and hydroxylamine 

hydrochloride (1.2 g) in 50 ml of water was treated 
in a similar way to the preparation of the keto-form 
oxime; yellow powder, m.p. 115-120°C; analysis, 
calculated for C7H702N, C 61.31, H 5.11, N 10.22; 
found, C 61.02, H 5.15, N 10.08%; A,,,,,, 266; E, 
13 616 in the mobile phase. 

High-performance liquid chromatography 
A model 5A high-performance liquid chromato- 

graph (Shimadzu, Kyoto, Japan) equipped with a 
UV spectrophotometric detector set at 283 nm and 
a model 7125 syringe-loading sample injector with a 
20-~1 loop (Rheodyne, Cotati, CA, USA) were 
used. The quantitative HPLC separations were per- 
formed at ambient temperature on a 250 X 4.6 mm 
I.D. Cosmosil Crs-5 (Nacalai Tesque, Kyoto, Ja- 
pan) with a mobile phase consisting of acetonitrile- 
acetic acid-water (18:1:81, v/v/v) at a flow-rate of 
1.5 ml/min. The components were determined by an 
absolute calibration method. 

RESULTS AND DISCUSSION 

We have already reported the vibrational spec- 
troscopic study of phenylpyruvic acids including 
HPPA [17]; HPPA exists in the enol form in the 
solid state and in organic media. On the other hand, 
HPPA in aqueous medium is gradually converted 
into the ketonic tautomer, and the degradation to 
HBA also takes place simultaneously. The changes 
are rapid in alkaline solutions. These phenomena 
are observed in UV spectra (Fig. 1). At pH values 

greater than 7.4, the conversion of the enol to keto 
form and the degradation to HBA requires only a 
few minutes, while the spectral change is relatively 
slow in acidic solutions. 

The liquid chromatogram of HPPA in an aque- 
ous solution of pH 3.0 shows three peaks corre- 
sponding to the keto and enol forms and the 
decomposition product HBA, as in Fig. 2A. The 
solution was treated with a large excess of hydroxy- 
lamine hydrochloride to give the oximes of the keto 
form and HBA, and subjected to HPLC (Fig. 2B). 
In Fig. 2A, peak E is observed as a single peak on 
injection of a freshly prepared methanolic solution 
of HPPA and does not disappear on addition of 
hydroxylamine hydrochloride. From these results, 
we may conclude that peak E corresponds to the 
en01 form. 

The retention time of peak A in Fig. 2A agreed 
with that of the HBA standard. In addition, peak A 
disappeared on addition of hydroxylamine hydro- 
chloride, resulting in another peak, A-O (Fig. 2B), 
the retention of which agreed with that of the au- 
thentic HBA oxime. Thus peak A was identified as 
HBA. 

The eluate corresponding to peak K in Fig. 2A 
was pooled and evaporated to a small volume. The 
solution again gave the same three peaks as those in 
Fig. 2A. On the other hand, when peak K was 
pooled in a vial containing a hydroxylamine hydro- 
chloride solution and chromatographed again, only 
one peak, K-O, which has the same retention as that 
of the authentic keto-form oxime, was observed. 
Thus peak K was identified as the keto form. 

Yu and Bailey [l] observed two peaks corre- 
sponding to the keto form of HPPA and its oxime 
derivative on their chromatograms. However, it 
seems that the keto form reported by them was 
HBA and its oxime was HBA oxime. It was impos- 
sible to prepare the keto-form standard because of 
tautomerism and instability in an aqueous solution. 
Besides, the absorption of the keto form is low, and 
the peak on the chromatogram is overlapped by 
that of an unknown impurity. Therefore, it was nec- 
essary to determine the keto form as its oxime deriv- 
ative by comparing with the oxime standard. The 
reaction yield with hydroxylamine by using an 
HBA solution (10 pg/ml) was examined and a com- 
plete conversion of HBA to the oxime was achieved 
in a few minutes at pH 3 when an equal volume of 
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Fig. I. Changes in UV spectra of HPPA in aqueous solutions (25 pg/ml) due to tautomerism and decomposition. The solutions were 
prepared using various buffers (pH 9.0, 7.4. 0.1 nil phosphate; 5.0, 3.0, 0.1 M acetate). The values represent the time (min) after the 
preparation of solutions. 
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Fig. 2. Chromatograms of HPPA in an aqueous solution of pH 3 
(A) and after addition of hydroxylamine hydrochloride (B). 
Chromatographic conditions: see text. Peaks: A = HBA; A-O: 
HBA oxime; E = enol form; I = impurity; K = keto form: K-O 
= keto-fonn oxime. 

hydroxylamine hydrochloride solution (10 mg/ml) 
was added. At pH 9 the reaction proceeded rather 
slowly. The keto form is considered to react with 
hydroxylamine in the same manner as with HBA. 

We propose the following equations: 

&I \c- +[El - 
[K,] ‘;‘+[K*] 

[A,1 ‘, [A*1 1 

r [EI 
+ NH,OH 1 
--------+’ 

[K,-0] + [K*-0] = [K-O] 
[ [A,-01 + [A*-01 = [A-O] 

where [E,], [K,] and [A,] are the initial concentra- 
tions of the enol form, the keto form and HBA in 
the sample solution, respectively. [K*] and [A*] are 
concentrations produced from E0 during the period 
from initial injection to next one after the reaction 
with hydroxylamine. 

[K,] = [K,-0] = [K-O] - [K*-0] 
[E,] = [E] -t [K*-0] + [A*-01 = [E] + [K*-0] + [A*-01 

[A*-01 = [A-O] - [A,-01 = [A-O] - [A,] 
[K*-0] = [E,] - [E] - [A*-01 = 

F,l - PI - (IA-01 - L%.,I) 

[K,] is defined by the following equation 

[%I = F-01 - ([E,,l - [El) + ([A-O1 - [A& 
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Fig. 3. Effect of pH on the stability of HPPA. 0 = pH 3.0; 0 = pH 7.4; 0 = pH 10.0; a = pH 12.0. The sample solutions (0.1 mM) 
of HPPA in 0.05 M buffers of several pH values were prepared, and the amounts of the enol and keto forms and HBA were determined. 

Thus, [E,] and [A,,] were measured from their peak 
heights in Fig. 2A by comparison with those of 
known amounts of the enol form and HBA. [K,] 
was calculated from this equation. Strictly, the enol 
form is considered to be converted to the keto form 
or to be decomposed to HBA during running of 
HPLC. Consequently the values for the enol form 
tend to be slightly lower. 

The effect of pH on the stability of HPPA in 
aqueous solution was investigated by the present 
method. An HPPA-methanol solution (450 pg/ml, 
2.5 m&I) was diluted to 0.1 mM with 0.05 M buffers 
of several pH values (3.0, acetate; 4.4, 10.0 and 12.0, 
phosphate). The time dependence of the enol and 
keto forms and HBA was measured for these solu- 
tions. The results are summarized in Fig. 3, from 
which it can be seen that the conversion from the 
enol to the keto form proceeds slowly in an acidic 
solution (pH 3.0) and rapidly in a neutral medium 
(pH 7.4). HPPA decomposes to HBA gradually at 
pH 10.0 and instantly at 12.0. A decrease in the 
amount of the keto form is simultaneously observed 
at pH 10.0, although no keto form is detected at pH 
12.0. 
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