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Isomerization of Glucose to Fructose by Strongly Basic Polysaccharide
(Trimethylglycol Chitosan Quaternary Ammonium Hydroxide)

By

Michio TAkEDA

An isomerization of glucose was carried out in aqueous solution by the tri-
methylglycol chitosan quaternary ammonium hydroxide [ 6-O-(2' -hydroxyethyl)~
chitosan- 2 -N-trimethylammonium hydroxide] (GC-OH) or sodium hydroxide as a
basic catalyst for the LoBrRY de BRUYN-ALBERDA van EKENSTEIN reaction and the
rates of ketose formation were compared.

As far as the comparison was done under the equivalent catalyst concentrations,
the catalytic activities of GC-OH were generally greater than that of sodium
hydroxide, and increased when the reaction temperature rised.

The activation enthalpy (4H*) and entropy (45%) of the fructose formation,
by GC-OH were greater than that by sodium hydroxide. The addition of acetone
as a poor solvent to the reaction mixture decreases 4H* and also decreases 45*
in the GC-OH case, on the other hand, it increases both 4H* and 48 in the
sodium hydroxide case. Isothermic relationship!® holds between the 4H* and
45% for all the conditions applied in this study. The reason why both 4H* and
48= increase with the addition of acetone in the sodium hydroxide case seems to
be the liberation of bound solvent molecules. On the other hand, the decrease
in both 48 and 4H* in the GC-OH case, indicating a minor contribution of
liberation of the solvent molecules, can be interpreted as‘implying that the regularity
in the distribution of hydroxyl ions around the macrocatalyst was increased by the
addition of acetone.

The instrinsic viscosity of GC-OH in the aqueous acetone is lower than that in
water solution. This seems to imply that GC-OH molecule contracts in the aqueous

acetone (20 vol. %).
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Thin-layer chromatographic separation of the reaction product by GC-OH gave
a spot corresponding to a mannose in addition to glucose and fructose. Consequently,
the reaction mechanism of the fructose formation by GC-OH seems to be identical
to that of the sodium hydroxide catalyst case, which has usually been considered
to proceed via the enediol intermediate.

It is possible to conclude from the results given above that the large catalytic
activity of GC-OH for the fructose formation of glucose may be attributed to high
local concentration of glucose in the neighbourhood of macrocatalysts as a result of
hydrophilic attraction between the GC-OH molecule and the glucose in the
neighbourhood of which effective hydroxy! ions for the isomerization are localized.
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Fig. 2. The effect of reaction temperature on
the isomerization degree of glucose with
GC-OH in water. (GC-OH:14mM
eq., glucose : 1.5M)
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Table |. The comparison of catalytic effect for the isomerizaion of glucose with GC-OH
and sodium hydroxide in aqueous solution.

Reaction temp. (°C) Catalyst (??eM czr;iir;t) *
40 GC-OH 0.713 3.0
50 p 2.325 7.2
60 ” 7.143 10.2
40 NaOH 2.391x 10~
50 ” 3.253 7
60 ” 7.039 #

# r_Value is the ratio of the rate constant £ for a GC-OH to that for sodium hydroxide
kg at the same temperature.
(Conen. of glucose : 1 mM, and conc. of casalyst : about 5mM eq.)
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Table 2. Thermodynamic quantities for the isomerization of glucose in aqueous solution
with GC-OH and sodium hydroxide.

Catalyst AH* (cal /M eq) AS* (cal /M eq. deg) AG* (cal /M eq)
GC-OH 23,200 6.7 21,000
NaOH 5,700 —-50.9 22,200
NaOQH* 35,800*%*

Dowex 1 x 215 67,900%*

* Calculated with the results of KAINUMA et 2l.”
** Eq @ activation energy.
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Table 3. The comparison of catalytic effect for the isomerization of glucose in aqueous
acetone (20 vol. %) with GC-OH and sodium hydroxide.

Rate constant

React(lgg)temp. Catalyst N ok g F
40 GC-OH 1.160 1.9 1.6
50 r 3.240 2.1 1.4
60 4 9.284 2.6 1.3
40 NaOH 0.596 2.5
50 7 1.527 4.7
60 o 3.602 5.1

* The ratio of the rate constant B/ for a GC-OH to that for sodium hydroxide %y at
the same temperature.

** The ratio of the rate constant B/ or %/y in aqueous acetone (20 vol. %) to that for 2
or by in water (Table 1) at the same temperature.
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Table 4. Thermobynamic quantities for the isomerization of glucose in aqueous acetone
(20 vol. %) with GC-OH and sodium hydroxide.

Catalyst AH* (cal /M eq) AG* (cal /M egedeg) AS* (cal /M eq)
GC-OH 20,900 0.4 20,800
NaOH 18,000 —10.3 21,300
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Table 5. Catalytic and solvent effects on the isomerization of glucose with GC-OH and
sodium hydroxide.

Difference in Effect
thermodynamic Catalytic* : Solvent**
quantities in water in acetone by GC-OH by NaOH

JAG™ — 1,200 — 500 — 200 + 600
3AH* +17,500 +2,900 —2,300 +12,300

—38TAS* —18,600 —3,500 +2,000 —13,100

Predominant _

factor entropy entropy enthalpy enthalpy

*  Catalytic effect of GC-OH
*% Golvent-effect of the acetone added for the isomerization of glucose with GC-OH or
NaOH.
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