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Mutarotation of glucose in aqueous solvent has been ex
tensively investigated, but in nonaqueous, aprotic solvent, ef
fort to study both thermal and photochemical mutarotations 
have been severely limited because of poor solubility of glu
cose in the solvents.

We have first reported1 the kinetics of photo-mutarotation 
of a-(D)-glucose including thermodynamic parameters and

Table 1. Change of Specific Rotations of a-(D)-Glucose on Irra

diation at 350 nm. (temp: 34 ± 2 °C)

^wrapped. °DMSO only. 0 acetophenone and DMSO. * benzophe

none and DMSO. acacetophenone effect only (corrected for the ther

mal effect), ^benzophenone effect。미y (corrected for the thermal ef

fect).

Time 

(min.)

Specific Rotations

［刑 ［毗 [이“ [a]" ［砰 [评c

0 106.9 106.9 105.6 105.6 105.8 105.8

514 106.9 106.9 102.5 101.1 101.7 100.6

1224 105.0 105.0 96.9 97.3 93.9 94.2

1562 102.8 102.8 87.2 91.5 86.1 89.3

2752 84.4 84.4 63.3 84.7 62.2 83.3

7200 54.0 54.0 53.9 53.9 54.4 54.0

Table 2. Stem-Volmer Quenching of the Sensitizer's Phosphores

cence by Glucose

Sensitizer kqr t (sec)⑶ kq

Benzophenone 0.409 4.7 x 10-3 0.1 x 1010

Acetophenone 0.037 2.3 x 10-3 1.6 x 1010

3V. L. Ermolaev, Soviet Physics, p. 333 (1963).

Figure 1. Stem-Volmer Quenching of Acetophenone and Benzo

phenone Phosphorescence by Glucose. {Iq and Io represent the phos

phorescence intensity with and without quencher respectively, a and 

b represent the Concentration of Quencher for Benzophenone and 

Acetophenone respectively).

temperature dependence of quantum yi이ds. In the previous 
paper, however, the photons and the photochemical effect of 
DMSO on the photo-mutarotation were not mentioned in de
tail.

In this paper, we wish to discuss 버e photochemic긴 

mechanism including the roles of DMSO, benzophenone and 
acetophenone.

Since the glucose molecule does not have any UV absorb
ing chromophores, the photo-mutarotations were not ex
pected. However, irradiation of a-(D)-glucose in DMSO at 
254 nm caused glucose molecule to mutarotate. To investi
gate the roles of DMSO, some classical 응ensitizers such as 
benzophenone and acetophenone were chosen for the sen
sitized mutarotations.

Irradiation2 of or-(D)-glucose in DMSO with benzophe
none or acetophenone at 350 nm showed mutarotations and 
the reaction mixtures reached equilibrium 쵸t the optical rota
tion, [a] = 53.9°.

The phosphorescence of benzophenone and acetophenone 
were quenched efficiently by glucose molecules and showed 
linear Stem-Volmer relations (Table 2 and Figure 1).

Irradiation of a-(D)-glucose in DMSO without benzophe- 
neone or acetophenone at 350 nm showed no mutarotation 
(Table 1), however, irradiation at 254 and 300 nm caused an 
efficient mutarotation (Table 3).

The mutarotation at 254 nm in DMSO is not an unex
pected result since DMSO molecule has a chromophore ab
sorbing at 250-260 nm.

a-(D)-Glucose in water did not mutarotate at any wave
length of irradiation. This is an understandable fact conside
ring the absence of UV-absorbing chromophores both in 
water and glucose. a-(D)-Glucose in DMSO, however, show
ed a chromophores absorbing at 285-290 nm, which would be
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Table 3. Efficiency of the Photo-mutarotation by some Sensitizers 

at Different Wavelengths

Solvent Sensitizers
Quantum Yields

254 nm 300 nm 350 nm

DMSO DMSO 0.48 ⑴ 0.031 0.00

DMSO Benzophenone 0.005

DMSO Acetophenone 0.004

1 previous work, ref. (1).

Fisure 2. IR Spectrum of Glucose in DMSO. A and B. Aldehydic 

C-H stretch, 2800 and 2700 cm-1. C. Aldehydic C = O stretch, 1675 

cm-1. D. Aldehydic C-H bend, 1390 cm-1.

Table 4. Mutarotation of Glucose with various Sensitizers

Solvent Sensitizers
Triplet Energy 

(Kcal/mol)

Mutarotation

300 nm 350 nm

DMSO Fluorene 67.5 Yes

DMSO Naphthalene 61 No

DMSO 2-Acetylnaphthalene 59 No No

DMSO 1-Acetylnaphthalene 57 No

responsible for the mutarotation on the direct irradiation at 
300 nm in DMSO. The infrared spectrum of glucose in 
DMSO shows a typical aid야】ydic absorption characteristics 
at 1675 cm-1, which is 30 cm" lower than a normal aldehyde 
due to the hydrogen bond between an aldehydic group and 
hydroxyl groups of glucose (Figure 2). The aldehydic group 
of glucose in DMSO was further confirmed by the doublet 
absorption at 2700 and 2800 cm" due to Fermi resonance 
with overtone of C-H bending band at 1400 cm-1. The UV 
absorption of glucose in DMSO at 285 nm is ascribed to the 
aldehydic group which generally appears at 290-295 nm.

This aldehydic form of glucose would quench the phos
phorescence of acetophenone and of benzophenone, and 
undergoes to the triplet excited state. However the possibili
ty of hydrogen abstraction of sensitizers from anomeric 
hydroxide of glucose cannot be eliminated. Since benzophe
none and acetophenone could abstract hydrogen from the 
anomeric hydroxide of glucose, mutarotations with fluorene, 
naphthalene, 1-acetylnaphthalene and 2-acetylnaphthalene 
were investigated and the results were shown in Table 4. 
Naphthalene (Er= 61 Kcal), as expected, did not cause glu
cose to mutarotate but fluorene (ET= 67.6 Kcal) which do은s 
not abstract hydrogen showed mutarotation, and 1-acetyb 
naphthalene (ET = 57 Kcal) which could abstract hydrogen5 
also did not show mutarotation of glucose. These results 

could 이iminate the hydrogen abstraction mechanism for the 
photo-mutarotation.

Based upon the sensitizations, Stem-Volmer quenching 
study 케id the wavelength discrepancy, the photochemical 
mechanism of the mutarotation were suggested as follows:

Sensitizer (Sen.): DMSO, Acetophenone, Benzophenone 
and Fluorene.

a-(D)-Glucose ■으으 Aldehydic Form (Ald-G)

Sen. 一邑M[Sen.]*

i[Ser니* 巨쯔ZSer니*

저[Sen.]*-----* Sen. + hvp

Ald-G + ^Sen.]* ——》Ald-G]* + Sen.
Ald-G]*----- > o-(D)-Glucose + ^-(D)-Glucose

A conclusion is that an efficient energy transfer occurs from 
the triplet state of sensitizers to the 기dehydic form of 
glucose m이ecules, that results sensitized photo-mutarota- 
tions of glucose.
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