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It has previously been reported” by the kinetic investigation, that in acid solution
(0.IN~0.3N HCI) p-glucuronic acid amide is hydrolyzed to bp-glucuronic acid (GA),
which further undergoes to p-glucuronic acid lactone (GL) by reversible reaction.
Meanwhile, Nitta, ef al.” have suggested, as a result of paper partition chromatographic
analysis, that the hydrolysis of ethyl p-glucuronate (GE) in buffer solution (pH 6.86
and 3.85) proceeds through the following steps:
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The previous kinetic investigation was designed to ascertain possible mechanism
of the acid hydrolysis of ethyl p-glucuronate.

Experimental

Material——Ethyl p-glucuronate (GE) was prepared from p-glucuronic acid lactone (Chtigai Pharmaceuti-
cal Co.) by treatment with Amberlite IR-4B in ethanol following the procedure of Hirasaka and Umemoto,?
and gave m. p. 133~134°,

Kinetic Studies—— Solution was prepared to contain 5.0x10~2® M GE in 0.1 N HC1, and was kept in
the thermostatically controlled bath, the temperature of which was regulated at 75°. The temperature
variations were less than 0.1°

Samples for assay were withdrawn at appropriate intervals.

Assay Procedure——Hydroxamic acid method® was used for the assay of both GE and GL. Determina-
tion of amounts of GE and GL in the samples was based on the different rate of formation of the hydroxamic
acid derivative of GA from GE or GL at different concentration of alkali.

The procedure practically used was essentially the same as that of the previous report® for the similar
assay of p-glucuronic acid amide and GL, except that 1.8N NaOH was used instead of 1.5 N NaOH.

Result and Discussion

Precision of the Assay for Ethyl p-Glucuronate (GE) and p-Glucuronic Acid Lactone
(GL)—One milliliter aliquots of solutions containing 1.25x107°M, 2.50x107°M, 3.75X

*1 Takara-machi, Kanazawa (114 5 +h, K EFB=).

*2 Takara-machi, Kanazawa (77# k).
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©10"°M, and 5.00x107°M of GE and GL per milliliter, respectively, were analyzed
according to the hydroxamic acid method. The absorption measurements were using
HITACHI photoelectric photometer model EPO-B with a No. 47 filter. The values of

absorbance are plotted versus concentration of GE and GL in Fig. L
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Result from the Rate Study on the
Breakdown of Ethyl p-Glucuronate (GE)
——The observed breakdown of GE in
0.1 N HCI at 75° is given in Table I and
Fig. 2, and the result conform to the
pseudo first-order reaction. The calculat-
ed pseudo first-order rate constant % gave
10.8x 1072 (min ™).

Results from the Rate Studies on the
Formation of p-Glucuronic Acid Lactone
(GL)——The observed formation of GL

during the hydrolysis of GE in 0.1 N HCl

at 75° are given in Table I and Fig. 2.

If the mechanism (A) can be valid for
the hydrolysis, according to Rakowski,®
the concentration of GL ([(GL)) at time ¢
is as follows:

Fig. 1. Relation between Absorbance of Fe +++-Hy-
droxamic Acid Derivative Complex of p—Glucuronic
Acid formed from Ethyl p-Glucuronate (GE) or
p-Glucuronic Acid Lactone (GL) and Their Con-

centration
—@—— 1.8 N NaCH ——C— 3.5 N NaOH

TasLe I. Breakdown of Ethyl p-Glucuronate (GE) and Formation of
p-Glucuronic Acid Lactone (GL) in 0.1 N HCI at 75°

Time GE GL GL Calcd.
Found Found k1x 103 Mech. (A) Mech. (B) Mech. (C) !
(min.) (%) (%) (%) (%) (%)
30 71.4 13.9 5.3 23.3 5.0 14.0
45 61, 2 19.4 5.2 30.2 9.3 19.7
60 53.2 24.4 5.3 35.3 14.1 24.6
75 4.1 28.3 5.1 39.0 18.6 28.7
90 36.5 32.5 5.5 41.8 23.1 32,3
120 26.5 38.5 5.7 45.6 30.5 38,0
150 19.0 42,6 5.8 48.0 35.0 42,1
average 5.4
k:[GED - (kgtky)t (k—ks) [GEL —Kt __ g (kg+k)
[GL]1= Tt Fo [1—e(gtky) ] 4 o [e g™ (ky+kp(] (1)

where (GE), is the initial concentration of GE.
The numerical values for » was given in this report, and for %, and k; were also
given in the previous report,” as 14.8x107°* (min™") and 13.1x 107 (min™!), respectively.
On substitution of these numerical values into equation (1), the increasing concentra-
tion of GL during the hydrolysis may be given as are shown in Table I and Fig. 2.
However, there is observed a large difference between the values observed and
calculated. And this might be ascribed to the wrong application of mechanism (A)
for the analysis of the hydrolysis.
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Next, if the following mechanism (B) be assumed:
k 2
GE — GA =— GL (B)
3
the concentration of GL at time ¢ is shown® as follows:
kJ[GE], kJ[GE]p
— e (bt k)] e T Tomkt __ p—(kgtka)t
[GL] bt o [1—e(Batkg)i] PRI - [e e (kytkg)t] (2)
The concentration at various times 13?&
of GL, thus calculated, using equa- gg;\o\
tion (2), which are shown in Table I =& TS N
and Fig. 2, do also differ from those ‘fﬂ;g /_/,_—4——:—’:  ——
of observed. This indicates that the 3 //"7 //”////// \\
mechanism (B) would also be excluded § yard e
Now it is suggested that hydrolysis Zu- / V4 ///
reaction of GE may proceed a mechan” g (] //' yd
ism: < /
kl GL s //
GE - ks H ko (C) ! 2040 80 80 100 T30 Td0 163 min.
~ Time
ky GA

Fig. 2. Disappearance of Ethyl p-Glucuronate  and
Formation of p-Glucuronic Acid Lactone at 75°

In this case, according to Alberty
and Miller,® the concentration of GL
at time # is calculated by the following

Found: Ethyl p-glucuronate O
p-Glucuronic acid lactone

Calculated p-glucuronic acid lactone
used Mechanism (A)

» Mechanism (B)

equation: # Mechanism (C)

BIOED |\ ey (= RIGED

ot ks (ko + ks)— (ke + Bs) (3)

Since the sum of %, and k&, is the degradation rate constant k2 of GE, and &, and
ks are given already, we can solve this equation with respect to k. The results of
calculation are given in Table I.

As can be seen in Table I, at every time, the calculated k, values show reasonable
agreement with each another.

The k, value is also obtained from the difference of % and k, values.

The calculated concentration of GL at various times during the hydrolysis thus
obtained by use of these rate constants according to the mechanism (C), are tabulated
and plotted in Table I and Fig 2, and are in good agreement with those observed.
This fact strongly validates the proposed mechanism (C) for the acid hydrolysis of
GE.

[GL]=

. [e—(kl+k4)£,__e~(k2+k3)l]

Thanks are given to Messrs. Y. Insemi and Y. Abe for their assistance in the synthetic work.
Summary

The kinetics of hydrolysis of ethyl p-glucuronate in acid solution have been
studied. It has been shown that the ester at first hydrolyzed to both p-glucuronic
acid and its lactone, then they reached to equilibrium.

(Received October 1, 1965)

NII-Electronic Library Service





