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The Isomerization of Glucose to Fructose with Strong
Basic Anion Exchange Resin

By

Michio TaAggepa, Teruo ToMipa, and Hiroshi KATASUURA

The catalytic function of strong basic anion exchange resin (OH-form) was
studied for the isomerization of glucose to fructose, which has been known in the
name of LOBRY DE BRUYN-ARBERDA VAN EKENSTEIN transformation. The rate of
fructose formation obeyed pseudo-first order kinetics in both the batch-wise and the
effusion procdure, and the rate constants are approximately 50X 1073(hr™') (at 41°)
and 11.5X107 (ml glucose soln./m/ resin - min) (at 42.5°), respectively. The apparent
activation energy calculated by ARRHENIUS’ equation was 67.9 kcal/mole for the ketose
formation with effusion procedure (at 32°~42°). The activity of ion-exchanger for
the reaction, however, disappeared at reaction temperature above 53°.

After had been served for catalyst, the ion-exchanger browned with adsorption
of acidic by-products and had no isomerizing ability unless be regenerated. Ion-
exchange capacity of freshly regenerated resin did not restored to the initial value
and decreased for each application to catalyst. |

The infrared specira of regenrated ion-exchanger used for catalyst were obtained
and analyzed. Band assignment have been made with the aid of infrared spectra of
ion-exchanger that was treated with furfural aqueous solution and was washed with
various organic solvents. Both samples identically exhibited characteristic peaks at
770, 870, 1510, and 1560 cm™! which correspond to absorption of furan nuclei. These
results suggest that the by-products strongly adsorbed on catalyst were furan de-

rivatives.
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By-products adsorbed on catalyst were extracted with dioxane in acidic. Furan
carboxylic, gluconic, lactic, levulinic, saccharic acids, glucurolactone and furfural were
detected as nonvolatile compounds on thin-layer chromatogram of extract.
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Fig. 1. Rate of isomerization of glucose with basic anion exchange resin
(DOWEX 1x2, OH-form) in batch-wise procedure

f : Ratio of glucose transformed to the initial concentration of

glucose in reaction mixture,

The glucose transformation is accomplished by shaking the mixture
of 10% glucose solution and catalyst in thermostat and the amounts
transformed was determined with photo-clectric colorimeter in the
manncr described by PAPA ef al)
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Fig 2. Rate of fructose formation from glucose with DOWEX
1 %2 in effusion procedure
The isomerization is accomplished by passing 10 %
glucose solution through a 0.7 x 19 cm column of ccatalyst
at various flow rate which was adjusted by compressed
air,
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Fig. 3. Decreasing of ion-exchange capacity of catalyst with
repeated application for isomaerization of glucose
The isomerization of glucose is accomplished by shak-
ing the reaction mixture at 40° for 6 hrs. in each time
and the ion-exchange capacity of catalyst was measured
after regeneration,
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Fig. 4. Comparison of amount transformed with a column of

fresh and same catalyst for circulation of reaction solution
at 45°,
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Fig. 5. Change of IR absorption spectrram of AMBERLITE
IR-410 used for catalyst on glucose isomerization (KBr
disk)

f: Fresh resin,  H : resin which was washed out with

organic sclvents after ap plication for catalyst, il : regen-
erated resin.
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Fig. 6. Comparison of IR absorption spectram of fresh AMBERLITE IR-410 and
of was treated with furfural for band assignment (KBr disk)
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Fig, 7. Change of by-products adsorbed on catalyst with duration at 40° on
thin-layer chromatogram of silica-gel
O : Acidic compounds yellowed in blue back ground of bromeresol blue
Reductive compounds browned by anilin phthalate
: Browned spot in blue back ground of bromocresol blue
Developing solvent : iso-butanol + 809 formic acid (2+3).
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