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Abstract — There are frequent accidents by chemicals during laboratory experiments and pilot plant and reactor
operations. It is necessary to find and comprehend relevant information to prevent accidents before starting synthesis
experiments. In the process design stage, reaction information is also necessary to prevent runaway reactions.
Although there are various sources available for synthesis information, including the Internet, it takes long time to
search and is difficult to choose the right path because the substances used in each synthesis method are different. In
order to solve these problems, we propose an intelligent synthetic path search system to help researchers shorten the
search time for synthetic paths and identify hazardous intermediates that may exist on paths. The system proposed in
this study automatically updates the database by collecting information existing on the Internet through Web scraping
and crawling using Selenium, a Python package. Based on the depth-first search, the path search performs searches
based on the target substance, distinguishes hazardous chemical grades and yields, etc., and suggests all synthetic
paths within a defined limit of path steps. For the benefit of each research institution, researchers can register their
private data and expand the database according to the format type. The system is being released as open source for
free use. The system is expected to find a safer way and help prevent accidents by supporting researchers referring to
the suggested paths.
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Table 1. Accident status by type of hazardous material accidents [1]

Total Fire Explosion  Leakage
2017 72 44 16 12
2016 81 46 14 21
Increase and decrease -9 -2 +2 -9
Table 2. Status of victims of hazardous accidents [1]
Total Death Severely injured  Injured
2017 39 7 6 26
2016 47 6 24 17
Increase and decrease -8 +1 -18 +9
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Fig. 1. (a) Accident status by type of hazardous material accident, (b) Status of victims of hazardous accident [1].
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Fig. 2. Accident status [2]: (a) by occurrence, (b) by cause.
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784 A AL R A )|
(@) H (d) 14180000 999 V2000
0 -6.1765 54941 0.0000C 0 0 0 0 000 000 0 0
-6.8909 5.0816 0.0000C 0 0 00 000000 0O
-6.8909 4.2566 0.0000C 0 0 0 0 000 000 00
HyC 0 -6.1765 3.8441 0.0000C 0 0 0 0 0 0 0 0 0 0 0 0
\[( 54620 42566 0.0000C 0 0 00 000 000 0O
54620 5.0816 0.0000C 0 0 00 000000 0O
0 61765 63191 0.0000C 0 0 00 000 000 00
-5.4620 67316 000000 0 0 0 0 0 00 0 0 0 0 0
b - -6.8909 67316 000000 0 0 00 000 000 0 O
(®) Aspirin o ) 54620 75566 0.0000H 0 0 0 0 0 0 0 00 0 0 0
Acetylsalicylic acid (ASA) -7.6054 54941 000000 0 000 000000 00
. ; 83199 50816 00000C 0 000 000000 0O
2-(Acetyloxy)benzoic acid 90344 54941 0.0000C 0 0 00 000 000 0O
2-Carboxyphenyl acetate 83199 42566 000000 0 0 0 0 000 O0O0OOO
S . 1210000
Acetyl salicylic acid 318 3 0 @0 o
Etc. 3410000
4520000
. . 5610000
(6 IUPAC Name: 2-Acetoxybenzoic acid 620000
CAS No: 50-78-2 1710000
7810000
Std. InChI: 1S/C9H804/c1-6(10)13-8-5-3-2-4- 7620000
7(8)9(11)12/h2 5H,1H3,(H.11.12) 810 10000
21110000
Std. InChIKey: BSYNRYMUTXBXSQ- 11210000
UHFFFAOYSA-N g ;3 ; g g g z
4
SMILES: CC(=0)OclccceclC(0O)=0 M END

Fig. 3. A variety of notation types representing aspirin. (a) Two-dimensional aspirin structure, (b) other names for aspirin, (c) [IUPAC Name,
CAS No, Std.InChl, Std.InChIKey, (d) MOLfile for drawing the structure of aspirin.
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Fig. 5. Database building flowchart. After selecting the appropriate website, the code is run. The data used in the selection of compound were
based on the data from PubChem and OSHA. Repeated work is performed to retrieve and store related synthetic data.
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.- ! . -
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Fig. 6. System running flowchart. The algorithm is built as recursive function and iterates, searching all paths that match the conditions.
Compound search is executed through the imported Excel database.
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Fig. 7. Qt Designer interface. It is easy to configure the GUI because
drag-and-drop is possible.
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Fig. 8. System main screen. Set reactant, product, maximum depth
and minimum yield. Press the OK button to go to the result
screen.
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includes reactant, product, yield, temperature and literature. (b) Synthetic information, including hazardous chemicals, is displayed in

red text.
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Fig. 12. Synthetic paths for 2-Oxopropanal. (a) The 3-step synthetic path, one of suggested system results, created by MarvinSketch, (b) the 4-
step synthetic path, one of suggested system results, created by MarvinSketch, (c) the 3-step synthetic path corresponding to (a) created
by SciPlanner in SciFinder, and (d) the 4-step synthetic path corresponding to (b) created by SciPlanner in SciFinder.
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