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Izumoring and dice: To get familiar with molecular structure of monosaccharides

Ken Izumori* and Kazuhiro Fukada

Summary

Monosaccharides and the dice have correspondency. Depending on the stereochemistry of OH group at C2-C5 po-

sition of aldohexoses, there exist 16 stereoisomers. Meanwhile, common dice have the same number of 16 different

types depending on the arrangement of 6 faces and patterns of pips. We proposed a set of rules relating the molecular

structures of aldohexoses and the types of common dice. Referring to ketohexoses, the number of stereoisomers was

8, which corresponded to the number of types of Chinese dice having vertically arranged pips on 2 face. Further, we

introduced a new type of dice having the parallel planes of 2 and 4. Revised rules relating the ring forms of hexoses

were proposed. It is thought that these rules relating the stereochemistry of monosaccharide molecules to the dice

would lead better understanding of students learning Izumoring; a strategy to design the production process of all

hexoses including rare sugars.

Key words : Izumoring, rare sugar, hexose, Fisher projection, dice, pyranose
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D-glucose

Fig. 1. A photograph of molecular model (left), Fisher projection formula (center), and “pig
trough” image in which carbon C-2, -3, -4, -5 make up the base of the trough channel and
the C1-C2 and C5-C6 bonds make up the legs (right), for D-glucose molecule in chain

form,
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Ketose

@ Symmetric point

Oxidoreductases D-Tagatose 3-epimerase of D- and L-series sugars

Ketose Aldose) ~—|Aldose
Entrances to

Id f D-world
Aldose isomerases Aldose reductases RPN A5 s, B

Fig. 2. Hexose Izumoring, a strategy to design the process of all hexoses production. Four red allows show the entrance to L-hexose world from D-hexose one.
The star at the center shows the symmetric point of the D- and L-hexoses. Adapted from the reference (3) by courtesy of Elsevier.
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Fig. 3. Arrangement of the faces of common dice and
a photograph of counterclockwise or female
dice (left) and clockwise or male dice (right).
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1, 2, 3 faces placed clockwise = 4-OH right side

Chinese dice

1, 2, 3 faces placed counterclockwise

- 4-OH left side

Pits on 2 rise up to right

- 2-OH right side
H\1¢ (6]
H—20H
HO—+H
H—+20H
H—20H
(ﬁbOH
D-glucose

H——OH
HO—+
H—50H HO—>-
dﬁon éhZOH
D-sorbose L-fructose

Fig. 4. Originally proposed rules relating arrangement of faces and patterns of pips of dice to
the position of OH groups in Fisher projection formula of monosaccharides (upper). A
photograph of Chinese dice and corresponding Fisher projection formulae of hexoses;

D-sorbose or L-fructose (lower).
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1, 2, 3 faces placed clockwise

> 4-OH right side ‘0 H—0H
= H_£OH
HO-2H
H—*OH
o0 ... H—-0—
6
o000 CH,OH
o0
o0
o0 o-D-glucopyranose

4, 5, 6 faces placed clockwise
- 5-OH right side

Fig. 5. Revised rules relating arrangement of faces and patterns of pips of dice to the position
of OH groups in Fisher projection formula of hexopyranoses. Expansion drawing of the
dice is also shown.
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Fig. 6. Illustration of dice, its expansion drawing, and Fisher projection formula for B-D-
galactopyranose (left) and their mirror images for p-L-galactopyranose (right), respectively.
At the bottom right corner, a pictograph (Font; Segoe Ul Symbol, Unicode: 1F3B2)
corresponding to L-galactopyranose is shown.
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