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phate

H. E. VAN DAM*, P. DUIJVERMAN and F. VAN RANTWIIK

Laboratory of Organic Chemistry, Delft University of Technology, P.O. Box 5045, 2600 GA Delft (The
Netherlands )

(Received December 17th, 1985)

Oxidation of glucose 1-phosphate (a-D-glucopyranosyl phosphate, I), by means
of oxygen and a supported platinum catalyst yields mainly glucuronic acid 1-phos-
phate (a-D-glucopyranuronic acid 1-phosphate, IT). Hydrolysis results in the forma-
tion of inorganic phosphate (I11), glucose (IV) and glucuronic acid (VI). The last two
products are rapidly oxidised to gluconic acid (V) and glucaric acid (VII), respec-
tively. In the course of our investigation of the oxidation of I, we required a simple
method for the determination of I-III, V and VII.

Anion-exchange chromatography has been used for the separation of phos-
phate esters!™*. However, in most instances complex salt and pH gradients had to be
applied, which necessitated post-column colorimetric detection. I and III can be sep-
arated in an isocratic system?®, but broad peaks are obtained, and application of this
method to the analysis of the complex oxidation mixtures seemed not to be feasible.
In our laboratory, ion-pair reversed-phase chromatography has been used for the
determination of I and II in oxidation mixtures®. Although a baseline separation can
be obtained, this method is less practical when large numbers of samples, or small
sample volumes, are involved. Ton-moderated partitioning (IMP) chromatography
has been used for the determination of I in the presence of fructose and sucrose’ and
for the analysis of sugar acids®.

We have reinvestigated the application of IMP chromatography to the analysis
of I-11I, V and VIL. A cation-exchange resin in the hydrogen form was used as the
stationary phase. In order to determine the scope of this method, the investigation
also included p-glucose 6-phosphate (VIII) and p-fructose 6-phosphate (IX).

To avoid corrosion problems’, the aqueous mobile phase was acidified with
trifluoroacetic acid (TFA) rather than sulphuric acid. TFA is a moderately strong
acid; the literature provides pK, values ranging from 0.5 up to 1.1%-1°. As this range
is wide, the dissociation of TFA in the mobile phases used in this work was calculated
(more directly) from pH measurements.

EXPERIMENTAL

Chemicals
Glucose 1-phosphate, glucose 6-phosphate, fructose 6-phosphate (dipotassium
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salts) and TFA were obtained from Janssen Chimica (Beerse, Belgium). Glucuronic
acid was purchased from Fluka (Buchs, Switzerland). Glucuronic acid 1-phosphate
(tripotassium salt, pentahydrate) and monopotassium glucarate were prepared in our
laboratory. Other chemicals were obtained from Merck (Darmstadt, F.R.G.). The
compounds were injected as salts; lactones were not present in the samples.

Aminex A-7 sulphonic acid resin (polystyrene—8% divinylbenzene, 9 £ 2 yum)
was obtained from Bio-Rad Labs. (Richmond, CA, U.S.A)).

Chromatography

The chromatographic system consisted of the following elements; a Waters
Assoc. M45 pump, a Perkin-Elmer ISS-100 autosampler, a slurry-packed!! Aminex
A-7 column (200 x 9 mm [.D.) and a thermostated Waters Assoc. R401 refractive
index detector. The flow-rate was 0.4 ml/min. A faster flow-rate resulted in a less
efficient separation and a decrease in the flow-rate gave no improvement. The column
temperature was kept constant at 35°C. Higher temperatures resulted in significant
hydrolysis of I when 0.2 M TFA was used as the mobile phase.

Owing to difficulties in defining and reliably measuring the void volume of the
ion-exchange resin column, the results are presented in terms of retention times in-
stead of capacity factors.

System peaks and sample preparation

When a high TFA concentration in the mobile phase was used (e.g., 0.2 M),
direct injection of reaction mixtures (or water) resulted in a large negative system
peak. This peak, caused by the absence of TFA from the samples, interfered with
the peak of 1. Therefore, the samples were made 0.2 M in trifluoroacetate by the
addition (Finn pipette) of concentrated aqueous potassium trifluoroacetate. This cor-
rection eliminated the negative peak without affecting the neutral pH of the samples.

When the corrected system was used and the TFA concentration in the mobile
phase exceeded 0.01 M, chromatograms of samples containing (moderately) strong
acids (e.g., sugar phosphates) exhibited a small positive TFA peak. We ascribe this
effect to the expulsion of undissociated TFA from the mobile phase into the station-
ary phase.

Glycerol was added to the samples as an internal standard for quantitative
analysis (retention time 20 min).

pH measurements and dissociation calculations

A Cole Parmer standard combined glass electrode was used for pH measure-
ments in TFA solutions (mobile phase). The electrode was calibrated at pH 2.00 and
checked with 0.1 M hydrochloric acid (observed pH 1.085; calculated'? pH 1.08).
The extended Debye-Hiickel equation!? was used to calculate the activity coeffi-
cients, fy+. The results are given in Table 1, together with the calculated H* concen-
trations and the extent of dissociation of TFA.

RESULTS AND DISCUSSION

Fig. 1 shows the retention times of the compounds under investigation versus
the TFA concentration in the mobile phase. In all instances an increase in retention
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TABLE 1

pH VALUES, H™ ACTIVITY COEFFICIENTS AND DISSOCIATION OF AQUEOUS TRIFLUO-
ROACETIC ACID

[TFA]  pH* fyt** [H*]™*  Dissociation

(M) (M) (%)
0.20 0.88 0.80 0.165 83
0.10 1.125 0.83 0.090 90
0.050 1.385 0.86 0.048 96
0.010 2.04 091 0.010 100

* Measured (20°C).
** Calculated!?.
% Log [HT] = —pH — log fu~.

min

14

1(x), V11l (9), 1X (m}

1:#*1 4 I 1 I
Q.2 [eN] 0.05 Q-01 Q.002

[tra]l ™
Fig. 1. Retention times of I-IX and TFA versus the TFA concentration in the mobile phase: I. glucose-
1-phosphate; 11, glucuronic acid 1-phosphate; II1, inorganic phosphate; IV, glucose; V, gluconic acid; VI,
glucuronic acid; VII, glucaric acid; VIII, glucose-6-phosphate; IX, fructose-6-phosphate; TFA (system

peak).
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Fig. 2. Chromatographic analysis of oxidation mixtures: Peaks: 1 = injection; 2 = solvent front; 3 =
glucuronic acid 1-phosphate (II); 4 = glucose-1-phosphate (I); 5 = system peak (TFA); 6 = gluconic
acid (V); 7 = inorganic phosphate (IF); 8 = glycerol (internal standard).

is observed at the highest TFA concentrations (0.05-0.2 M). This effect is probably
connected with the dissociation of TFA, which is incomplete below pH 2 (Table I).

The internal H* concentration in the stationary phase (sulphonic acid resin)
is approximately 1.7 M. In such media, the investigated compounds exist solely as
undissociated acids. This implies that the retention of the acidic compounds increases
when their dissociation in the mobile phase decreases. The sugar acids (gluconic,
glucuronic and glucaric acid) have pK, ; values of about 3.69:19, They are still par-
tially dissociated in 0.002 M TFA (pH 2.7), but are virtually undissociated in the
more concentrated mobile phases. The sugar phosphates are stronger acids
(pK,,; = 1-1.5%19) and are almost completely ionized in 0.002 M TFA. Retention
of these compounds starts at pH 2, and increases rapidly in more acidic mobile
phases. The TFA system peak, which appears only when the more concentrated
mobile phases are used, shows the same behaviour (TFA, pK, 0.5-1.19:19; ¢f., Table
I). As expected, phosphoric acid (pK,,; = 2.1) shows an increased retention around
0.01 M TFA (pH 2).

As can be concluded from Fig. 1, samples taken during the oxidation of I can
be analysed for I and II when 0.2 M TFA is used as the mobile phase, An example
is given in Fig. 2. A near-baseline separation of I, II and the TFA system peak is
obtained. Quantitative peak height analysis is possible (accuracy 3% absolute for 50
ma samples). III, V and VII can be analysed when 0.02 M TFA is used. I, VIII and
IX cannot be separated from each other.
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