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Figure 1. 5-Hydroxymethyl-2-furaldehyde
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Table 1. An array representation of the numbers of the
bonds for each carbon atom of Figure 1

1 2 3 4 5 6
@ 0- 0100 1 0
2 =0 1 0 0 0 0 O
@ -OH 0 00 0 0 1
@ -H 1 01 10 2
Gy = 01 1 1 1 0
6) -C- 0 0 0 0 0 O

Table 2. An array representation of kinds of the bonds
between the carbon atoms and the position numbers of
the atoms of Figure 1
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Figure 2. An example of transformation of the arrays by
dehydration
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Figure 3. An example of transformation of the arrays by
tautomerization

oobooooooooooooooboooooog
00000 Figure30OOOOODOOOOODOOODO
obobOoboooooobooooobooooboboon
ooooo

gbboooboooooobooobboooboooo
000000000000 000000 FiguredO O
00000 O0i+20 i+300000000000O00
oO00o0oo0OoQoOoOCOOOObOi+I0 200000
O000O0i+30 i+M4000000000C0ODOODO
uoboooboobon

O000DoooOi+20 +30000000000
oooooooooooooobosboooooonodg
gooooooboboboooboooboooooon
gobooobooboooooooboobobooooon
ocooooooobooobobbobopb21000000
oooooooooooboooon

J. Comput. Chem. Jpn., Vol. 5, No. 2 (2006)



T oo I
—C—CH—C=C—C— —= —C—C=C—C=C—

i+l i+2 i+3 i+4 i i+l 42 i+3  i+4

Cci1 cC2
A = (5 i+2 i+3
B 0 o0 0
C © o 0
D o o 0
U
Cl cC2
A = (5 i+2 i+3
B = (5 i+l i+2
C = (5 i+3 i+4
D = (5) i+2 i+3
4
Cci1 cC2
A 0 0 0
B = (5 i+l i+2
C = (5 i3 i+
D 0 o0 0
U
Cl1 cC2
A = (5 ii+3 i+4
B = (5 i+l i+2
C 0 o0 0
D o o 0

Figure 4. An example of transformation of double bonds
in dehydration
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Figure 5. Examples of unstable structures
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Figure 6. A diagram of organic compounds
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Figure 7. The methodology of the automatic generation
of synthetic routes
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Figure 9. An array representation of synthetic routes of
Figure 8
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Figure 11. An input example of Figure 10
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Figure 12. Dehydration patterns
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Figure 13. Dehydration patterns
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Figure 14. Dehydrogenation patterns
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Figure 15. Hydrogenation patterns
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Figure 17. Tautomerization patterns
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Figure 19. Cyclization patterns
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1 [ALC[7.10¢[210¢-[11]
2 [1L21¢-[72(¢-[210([11]
3 ML3I(-[7.3]1(-[221(-[1,1]

31420  [6,524] (- [5,96] (- [4,43] (- [3, 23]
(-[2.12](-[1,5]

31421 [3,4]1(-[2,21(-[1,1]

31422 [3,13]1(-[2, 8] (-[1, 3]

31423 [3,26](-[2 13](-[1,5]

31424 [3,27](-[2 141 (-[1,5]

31425 [2,6](-[1,1]

1 (62d)16,4512(-(62d)4511,26 (-
(6,2d) 11,2,4,5,6 (- (6) 11,2,3,4,5,6

2 (62d)1456,12 (- (6.2d)56,11,24 (-
(6,2d) 11,2456 (- (6) 11,2,3,45,6

3 (6)1623451(-(6)2345116 (-
(6)2311,456(-(6)11,2345,6

31420 (6)16,1,344,5(-(6)11,3445,6 (-
(6,3d) 11,3,4,5,6 (- (6,350) 1,2,3,4,6 (-
(6,4d) 1,2,3 3,4,6 (- (6) 1,2,33,4,5,6

31421  (6,1d)23,1,4,56 (- (6)23,11,4,56 (-
(6)11,2,3,4,5,6

31422 (6,2d)34,1,2,5,6 (- (6) 34,1,22,56 (-
(6)1,22,3,4,5,6

31423 (6,2d)12,34,56 (- (6) 12,334,556 (-
(6)1,2,33,4,5,6

31424 (6,3d)45,1,2,3,6 (- (6) 45,1,2,33,6 (-
(6)1,2,33,4,5,6

31425 (6,1d)11,3,4,5,6 (- (6) 11,2,3,4,5,6

Figure 21. Synthetic routes to CHgO4
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Figure 22. Compound number of each set in synthetic
routes to CgHgO4
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( *** synthetic routes *** )
[1] (6,15c,2d) 1,4 4,5,6 (- (6,24d) 1 1,4,5,6 (-
(6,4d) 1 1,3,4,5,6 (- (6,4d) 1,2,33,4,6 (-
(6)1,2,33,4,56
CH(OH)CHCHCOC(OH)CH2(OH),[=,2-3][-C-,1-5]
(- CHOCHCHC(OH)C(OH)CH2(OH), [=,2-3] [=,4-5]
(- CHOCH2CH(OH)C(OH)C(OH)CH2(OH), [=,4-5]
(- CH2(OH)CH(OH)COC(OH)CHCH2(OH), [=,4-5]
(- CH2(OH)CH(OH)COCH(OH)CH(OH)CH2(OH)

[2] (6,26c,4d)1,2,33,6 (- (6,35d) 1,2 2,3,6 (-

(6,4d) 1,22,33,6 (- (6) 1,22,33,5,6 (-

(6,3d) 1,22,3,5,6 (- (6) 1,2 2,3,4,5,6
CH2(OH)C(OH)COCHCHCH(OH), [=,4-5] [-C-,2-6]
(- CH2(OH)COC(OH)CHCHCH(OH), [=,3-4] [=,5-6]
(- CH2(OH)COCOCHCHCH2(OH), [=,4-5]

(- CH2(OH)COCOCH2CH(OH)CH2(OH)
(- CH2(OH)COC(OH)CHCH(OH)CH2(OH), [=,3-4]
(- CH2(OH)COCH(OH)CH(OH)CH(OH)CH2(OH)

[3] (6,15c,2d)1,4456 (- (6,2d) 11,4456 (-

(6,24d) 11,456 (- (6,4d) 1 1,3,4,5,6 (-

(6,4d) 1,2,33,4,6 (- (6) 1,2,33,4,5,6
CH(OH)CHCHCOC(OH)CH2(OH), [=,2-3] [-C-,1-5]
(- CHOCHCHCOCH(OH)CH2(OH), [=,2-3]

(- CHOCHCHC(OH)C(OH)CH2(OH), [=,2-3] [=,4-5]
(- CHOCH2CH(OH)C(OH)C(OH)CH2(OH), [=,4-5]
(- CH2(OH)CH(OH)COC(OH)CHCH2(OH), [=,4-5]
(- CH2(OH)CH(OH)COCH(OH)CH(OH)CH2(OH)

[4] (6,15¢,2d)1,44,5,6 (- (6,15¢) 1,2,4 456 (-

(6,4d) 11,2456 (- (6,2d) 1 1,2,4,5,6 (-

(6)11,2,3,4,56
CH(OH)CHCHCOC(OH)CH2(OH), [=,2-3] [-C-,1-5]
(- CH(OH)CH(OH)CH2COC(OH)CH2(OH), [-C-,1-5]
(- CHOCH(OH)CH2C(OH)C(OH)CH2(OH), [=,4-5]
(- CHOC(OH)CHCH(OH)CH(OH)CH2(OH), [=,2-3]
(- CHOCH(OH)CH(OH)CH(OH)CH(OH)CH2(OH)

[5] (6,15¢,2d)1,44,5,6 (- (6,15¢) 1,2,4 4,56 (-

(6)11,24456 (- (6,4d) 11,2456 (-

(6,2d) 11,2,4,5,6 (- (6) 11,2,3,4,5,6
CH(OH)CHCHCOC(OH)CH2(OH), [=,2-3] [-C-,1-5]
(- CH(OH)CH(OH)CH2COC(OH)CH2(OH), [-C-,1-5]
(- CHOCH(OH)CH2COCH(OH)CH2(OH)

(- CHOCH(OH)CH2C(OH)C(OH)CH2(OH), [=,4-5]
(- CHOC(OH)CHCH(OH)CH(OH)CH2(OH), [=,2-3]
(- CHOCH(OH)CH(OH)CH(OH)CH(OH)CH2(OH)

Figure 23. Synthetic routes to 4,5-dihydroxy-5-hydroxymethyl-2-cyclopentenone
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Figure 24. The scheme of the route [2] in Figure 23
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( *** synthetic routes *** )

[1] (6)11,1,2,4,56 (- (6,1d)11,2,4,56 (-
(6)11,22,4,56 (- (6,2d) 11,2,4,56 (-
(6)11,2,3,4,5,6

HOOCCH(OH)CH2CH(OH)CH(OH)CH2(OH)

(- OCC(OH)CH2CH(OH)CH(OH)CH2(OH), [=,1-2]
(- CHOCOCH2CH(OH)CH(OH)CH2(OH)

(- CHOC(OH)CHCH(OH)CH(OH)CH2(0H), [=,2-3]
(- CHOCH(OH)CH(OH)CH(OH)CH(OH)CH2(OH)

Figure 26. A synthetic route to 3-deoxy-hexonic acid
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Automatic Generation of Synthetic Routes from Carbohydrates
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*e-mail: nonaka@arai.che.tohoku.ac.jp

Biomass is an important resource that has been focused on as one of the alternatives for petroleum. For
the realization of the sustainable society, development of chemical processes using biomass resources as
chemical materials is expected.

The methodology of the automatic generation of synthetic routes to a given target compound from carbo-
hydrates(monosaccharides) is described.

Each monosaccaride or its hydrate is converted into various compounds by dehydration, dehydrogena-
tion or hydrogenation. The compounds are converted into tautomers(same molecular formula) by steps of
tautomerization. Each tautomer is converted into carbocycles with the same formula by cyclization.

The above-mentioned operation is repeated until the molecular formula of compounds sets is in agreement
with that of the target compound. The synthetic routes from monosaccarides to the target compound are
detected by exploration and matching operation on a Linux computer using our Pascal program.

Keywords: Biomass refinery, Biomass utilization, Carbohydrates, Synthetic routes, Automatic generation
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