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Summary

The complex requirements of a database system for recording regulated chemicals exceed
the capabilities of a relational database system. Inheritance, which is part of object-oriented
programming, must also be logically transferred to chemical objects. This issue is illustrated here
by means of examples of the Chemical Weapons Convention (CWC) and the German version of

the New Psychoactive Substances Law (NpSG).

Introduction

The use of certain chemicals for trading, industrial or
personal purposes is regulated by international conventions
and national laws, e.g. the UN conventions on the Prohibition
of the Development, Production, Stockpiling and Use of
Chemical Weapons and on their Destruction (Chemical
Weapons Convention, CWC) [1] or national narcotic druglaws,
as well as environmental regulations [2]. If chemicals are part
of a criminal investigation, it can be essential to identify which
substances are regulated by which law.

Some of these regulations use single-substance lists. Many
others use different identifiers [3] as well as varying levels
of generalization as definitions of substance groups which
are or can be displayed as Markush structures. Some of these
substance definitions in regulatory texts include numbers of
substances in the order of magnitude of tens of thousands
of substances (for CWC 1A1) up to 10" substances (for CWC
1A13, 1A14).

To keep the knowledge about chemicals adequately up-to-
date and available, databases are reasonably used. An example
of a requirement for a chemical database that can also apply
chemical logic is the transfer of properties of substructures to
the given overall structure, e. g. chromium (VI) and its salts
[4a]. Some rules can also be calculated from the molecular
formula, such as the gas volume in the case of complete
combustion. Some properties were hard-coded, such as the
structure definitions of the NpSG.

But the implementation of chemicals legislation can
be challenging. But the more complex substance group
definitions are usually not or not suitably represented in
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chemical databases. We define a use-case for this kind of
database application as shown in Figure 1.

Substance definitions use different identifiers: chemical
structure, biological effect, registry number, name, or
regulation. These identifiers use different levels of abstraction
or specifications.

For the implementation of complex substance group
definitions based on the chemical structure, as some
regulations use, the DBMS needs to be enabled to understand
and interpret chemical structures and their generalized forms
and match them with each other.

Results

The CWC uses single substance definitions as well as group
definitions [1,5] which can be displayed in a generalized
form as Markus structures, as shown in Figure 2. A general

find
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“chemical”

input:
“chemical”
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regulation

Figure 1: use_case_law_en.pdf): use-case for finding chemicals to corresponding

regulations and vice versa.
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a)

examples of substance definitions
of the CWC represented as
Markush formulas:

b)
example of a substance definition
of the German new psychoactive
substances regulation as
Markush formula:
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1. Compounds derived from
2-phenethylamine
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Ry
Ra R4 R3

ring system:

cyclopentyl-, cyclohexyl-,phenyl-,
naphthyl-, tetralinyl-, methylene-
dioxyphenyl-, ethylenedioxyphenyl-,
furyl-, pyrrolyl-, thienyl-, pyridyl-,
benzofuranyl-, dihydrobenzofuranyl-,
indanyl-, indenyl-, tetrahydro-
benzodifuranyl-, benzodifuranyl-,
tetrahydrobenzodipyranyl-

with:
Ry: Me, Et, n-Pr oder i-Pr

Ry: = C10, inkl. eyclic

Q: any atom except C or H

with:

Ry and Ry: H, OH, alkyl (up to C6),
cycloalkyl (up to C6), alkenyl (up to C&),
benzyl, alkynyl (up to C8), alkylcarbonyl
(up to C6) and amino groups. [...]

R3-Rg: H, F, Cl, Br, |, OH, alkyl (up to
C10), cycloalkyl (up to C10), benzyl,
phenyl, alkenyl (up to C10), alkynyl (up to
C10), alkoxy (up to C10), alkylsulfanyl (up
to C10), alkyloxycarbonyl groups (up to
C10} [...]

Ryt H, F, Cl, Br, |, NO;, alkyl (up to C8),
alkenyl (up to C8), alkynyl (up to C8),
alkoxy (up to C7), carboxy, alkylsulfanyl

(upto C7)L..]

Figure 2: subst_def _regulations.jpeg: Examples of different levels of complexity in substance definition in regulations. The substituent definitions in b)

have been shortened for better readability.
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applicable alkyl-substructure definition was established and
used in the definition of substance groups of the CWC lists.
It seemed reasonable for us to also provide information on
the hazardous properties of these substances. Hence, the
substances of list 1 of the CWC are generally considered toxic
substances. List 2 of the CWC also contains some starting
materials [1], rendering a general assignment as toxic
material to all list 2 substances would be misleading. Since
some of the structures in list 2 are very closely related to those
in List A, we can assume that these structure analogs deserve
classification as toxic (CWC 2B4 1A1 Analogue, Figure 3). The
database applies this even if the substance is searched for is
not registered and thus no other information is available.

The evolving problem of new psychoactive substances
(NPS) [6,7] led to more complex chemical definitions in the
field of narcotic drug regulation [8]. The German version of
the new psychoactive substances regulation (NPSG) [2] is
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using a substance definition that was obviously inspired
by the European Monitoring Centre for Drugs and Drug
Addiction (EMCDDA) [7]. These more elaborate forms of
Markush structures are basically a building block system for
chemical structures as shown in Figure 2b). In the eventuality
of a criminal case, however, this makes it complicated to
understand whether or not there has been a violation of a
law, especially for those who are not experts in the field of
chemistry.

Nonetheless, the implementation of a database itself can
help to verify the aims of the regulation as well as give an
overview of the already regulated substances, as we were able
to show in [9].

We found the approach with an object-relational database
system is more suitable to represent the relations between
substance groups. Substance groups can be interpreted as
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class definitions that can pass certain properties to their
respective objects, in this case, substances. In this way, the
principle of inheritance in object-oriented programming can
become “chemical inheritance”. For example, substances that
meet the definition of CWC 2B4, but are structural analogs of
list 1A1, can inherit the attribute “toxic” from the latter, or
substances that meet the criteria of the NPSG can be classified
as a hazard to health [10].

Conclusion

An integrated information system for chemicals, chemical
hazards, and forensic substances requires both human and
artificial intelligence and cannot be created by simple SQL-
based databases. A “chemical inheritance logic” needs to be
included in class definitions of an object-orientated database
system. Human intelligence is needed to create suitable
substance definitions which can be used to summarize all
individual compound descriptions. In the Online Classification
of hazardous substances (OBW) [10,11] we show examples of
the implementation of even complex substance definitions as
the CWC and NPSG in a database based on object-relational
programming concepts.
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