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Synthetic cannabinoids are a group of psvchoactive compounds that mimic the effects of A9-tetrahvdrocannabinol,
the main psychoactive component of marijuana. Today, the most important task in forensic science is to establish
the chemical structure of new psvchoactive compounds that appear in illicit trafficking promptly in order to re-
spond quickly and stop their distribution. Less important is the development of methodological support for expert
activity, including analvsis methods and reference data on the analvtical characteristics of compounds.

The aim. To develop stages of the forensic analvsis of objects containing synthetic cannabinoids and propose meth-
ods for determining 5 new synthetic cannabinoids for forensic pharmaceutical purposes.

Materials and methods. The studv was conducted as part of the identification of cannabinoids for forensic pur-
poses at the National Scientific Centre “Bokarius Institute of Forensic Examination”. As part of the study, 5 new
synthetic cannabinoids were identified for forensic analvsis using the following methods: infrared spectroscopy,
thin-laver chromatography, and gas chromatography with a mass detector. The algorithm for the forensic analvsis
of cannabinoid derivatives was developed based on the requirements of Ukraine's current legislation.

Results. Spectral and chromatographic methods of determination of 5 new synthetic cannabinoids for forensic
purposes were proposed, and during research and elaboration of the current legislation of Ukraine, an algorithm
Jor forensic investigation of objects containing synthetic cannabinoids has been developed.

Conclusions. The stages of the forensic analvsis of objects containing svnthetic cannabinoids meet the requirements
of the current legislation of Ukraine and the Ministryv of Justice of Ukraine. The obtained data prove the high sensi-
tivitv and reproducibility of the methods and prove the possibilitv of their introduction into the practice of forensic

examination
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1. Introduction

Today, synthetic cannabinoids are very widely
available on the illicit market of psychoactive substances
and pose a serious threat to society as they are abused to
achieve euphoria [1, 2].

Cannabinoids are a group of more than 66 biolog-
ically active terpenophenolic compounds, derivatives of
2-substituted 5-amylresorcin, found in the cannabis plant
(Cannabis sativa) [3] and its preparations, such as mari-
juana and hashish [4], as well as their synthetic analogues
capable of binding to cannabinoid receptors [3].

One of the most important goals in understanding
the properties of cannabis and its preparations has been to
establish the structures of its main constituents (Fig. 1),
such as A9-tetrahydrocannabinol (THC), its isomer D8-tet-
rahydrocannabinol. cannabinol and cannabidiol [6, 7].

As the distribution and abuse of narcotic drugs, in-
cluding cannabis derivatives containing the natural canna-
binoid tetrahydrocannabinol, is prohibited and is penalized
by law, there is a certain interest for the drug business in the
search for new types of narcotic drugs, so-called “designer
drugs™ — synthetic substances obtained by a certain modifi-
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cation of the chemical structure of already known drugs for
the purpose of their further “legal™ distribution [8]. Smok-
ing mixtures, so-called “spice™, purportedly consisting of
exotic and medicinal herbs that, when used together, pro-
duce similar effects to cannabis herb, have been available in
several European Union countries since 2004 [9]. The true
reason for the psychoactive properties of the smoking mix-
tures, namely the presence of synthetic cannabinoids, main-
ly TWH-018 (Table 1), was identified only in 2008, primari-
ly because of the lack of information on the analytical
characteristics of these compounds [10].

Representing a long-standing legal alternative to
cannabis preparations, synthetic cannabinoids have become
popular for both consumers and drug dealers. As a result, in
a historically short period of time, many synthetic cannabi-
noids have moved from objects of scientific research and
pharmacological testing to legally prohibited drugs in many
countries of the world. Nevertheless. the drug business is
seriously searching for new types of psychoactive substanc-
es. often using the scientific pharmacological literature and
offering consumers new compounds with modified struc-
tures compared with those already forbidden [11].
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Fig. 1. Structural formulas of: @ — THC: b — D8-tetrahydrocannabinol; ¢ — cannabinol; ¢ — cannabidiol

Thus, the identification of narcotic drugs remains
one of the most pressing problems of modern analytical
chemistry in the field of forensics [12]. Many Decrees of the
Cabinet of Ministers of Ukraine between 2008 and 2021
included most synthetic cannabinoids in the lists of narcotic
substances prohibited on the territory of Ukraine [13]. How-
ever, almost immediately after their inclusion in the relevant
schedules of narcotic drugs, laboratories of expert institu-
tions faced the problem of a lack of analytical methods and,
for several synthetic cannabinoids, a lack of published ana-
Iytical data to identify those compounds. The problem of
providing information on the analytical characteristics of
synthetic cannabinoids became particularly acute following
the emergence of new types of compounds that regularly
replaced illicit ones. In Ukraine, new types of cannabinoids
began to appear. as a rule, earlier than in foreign countries
and long before the first publications on their analytical
characteristics [14].

At the same time, if the individual substance is un-
known, i.e. its analytical characteristics and identifiers are
not described, the establishment of the structure of the
substance is one of the tasks of the speciality “organic
chemistry™.

An object of analysis: Mhiremh
smoking mixture of with
k ition methanol
(of powder)
The retention
parametrs
match

Matching _No

spectra

In that connection, the most important task is, first
and foremost, to establish the chemical structure of new
psychoactive compounds appearing in illicit traffic, which
is one of the most difficult problems in modern chemistry.
Equally important is the development of methodological
support for expert activities, including methods of analysis
and reference data on the analytical characteristics of com-
pounds [15]. Analytical identification - assignment of an
object or its components to a specific individual substance,
material. class of substances or materials [16].

Thus, the aim of this work is to determine the chem-
ical structure and identify new synthetic cannabinoids,
which most often appear in illicit traffic. register their ana-
Iytical signals and create information support for qualitative
chemical analysis of objects containing synthetic cannabi-
noids in the form of reference data of analytical characteris-
tics of identified compounds and unified methodology for
their determination.

2. Planning (methodology) of research

The methodological approach we proposed for
qualitatively analysing objects containing synthetic can-
nabinoids is presented in Fig. 2.
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Fig. 2. Stages of the forensic analysis of objects containing synthetic cannabinoids
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3. Materials and methods (Merck, Sigma-Aldrich). Preliminary control of homoge-
The study was conducted from 2021 to 2023. Sam-  neity of objects for structural studies, including IR spec-
ples of synthetic narcotic drugs were selected for experi-  troscopy methods. was carried out using gas-liquid chro-
mental studies and presented both as individual powdered matography by mass spectrometric (GC/MS) detection
microcrystalline substances and as smoking mixtures and thin-layer chromatography.
prepared for use in abuse. The samples were taken from The structural formulas of the synthetic cannabi-
the collection of the laboratory of the National Scientific noids studied, their chemical names, and brief conven-
Centre “Bokarius Institute of Forensic Examination™  tional names are given in Table 1.
Table 1

Structural formulas and names of research objects

No. Name Structural formula

Chemical name (IUPAC) M. w.

¢
g

naphthalen-1-yl(1-pentyvl-1H-

! 018 indol-3-yl)methanone 34143
3
: 2-(2-methoxyphenyl)-1-(1-pen-
2 230 tyl-1H-indol-3-vl)ethanone 33544
(4-Methoxynaphthalen-1-y1)
3 TWH-081 (1-pentyl-1H-indol-3-y1) 371.47

methanone

cu,© N-(1-amino-3-methyl-1-oxobu-
4 | AB-CHMICA N tan-2-vyl)-1-(cyclohexylmethyl)-| 355.47
HC 1H-indole-3-carboxamide
H,N
0
X N-(1-amino-3-methyl-1-oxobu-
5 | AB-FUBICA cH tan-2-v1)-1-(4-fluorobenzyl)- 367.42

1H-indole-3-carboxamide
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For analysis by chromatographic methods. solu-
tions of the individual compounds under study were
prepared by dissolving accurate suspensions in methanol
followed by dilution to the required concentration. For
this purpose, 1 ml of solvent (methanol) was added to
2 mg of the studied samples. When determining the com-
ponents applied to the plant matrix, the obtained extract
was ultrasonicated and filtered through a paper filter.

TLC was carried out on Silica gel 60 GF,,,
plate (Merck): silica gel G layer 0.25 mm thick contain-
ing an inert indicator fluorescing under the UV light with
a wavelength of 254 nm. The dimensions of the plates
were 20x10 cm. Before use, the plates were activated in a
desiccator at 120 °C for 20 min. The study was carried
out in the following systems:

A — n-hexane:diethylether (2:1);

B — toluene:diethylamine (9:1):

C — ethyl acetate:methylene chloride:methanol:
concentrated ammonia solution (18.5:18:3:1).

After preparation of the system. the elution sys-
tem was left in the TLC chamber for 10 min to saturate
the mobile phase vapour before analysis. Reference
solutions were prepared with a 0.5 mg/ml concentra-
tion in the appropriate solvent. Samples were applied
to the TLC plate in separate spots (1 ul aliquots), ref-
erence solutions (2 ul) and solvent (2 ul, as a negative
control sample). Detection of the results obtained was
performed by:

a) UV light at 254 nm (dark spots on a green back-
ground are observed);

b) freshly prepared Fast Blue RR reagent (when
the reagent is sprayed over the plate, classical or non-clas-
sical cannabinoids appear as orange-red spots);

¢) iodine (synthetic cannabinoids appear as yel-
low spots:

d) iodoplatinate (Synthetic cannabinoids appear as
green/yellow, white/pink or purple spots).

Analysis by absorption spectroscopy in the infra-
red region was carried out on a Thermo Fisher Scientific
(USA) Nicolet 380 FTIR spectrometer. Absorption spec-
tra were recorded using a Smart Perfomer with a ZnSe
crystal. Parameters of the analysis: measurement area —
500—4000 cm*; resolution — 4: recording speed — 0.6329;
amplification — 4; number of scans — 32.

Determination of compounds by GC/MS method
was carried out in their methanol solutions with the con-
tent of the studied powdered sample about 1 mg/ml on a
gas chromatograph “Shimadzu GCMS” with a quadru-
pole mass-selective detector “Shimadzu QP2020 (Shi-
madzu, Japan).

HP-5 quartz capillary chromatographic column
was used for chromatographic separation of the com-
pounds. The column length was 30.0 m. the column
inner diameter was 0.25 mm, and the film thickness of
the fixed liquid phase was 0.25 pm. The chromato-
graph evaporator temperature was 280 °C; the detector
interface temperature was 290 °C. The column tem-
perature programming was carried out in the follow-
ing mode:

1) holding at 100 °C for 2 min:

2) temperature rise from 100 to 290 °C at a rate of
20 °C per minute;

3) holding at 290 °C for 25 minutes.

The total analysis time was 36.5 minutes.

Helium was used as carrier gas, and the constant
flow mode was 1.0 ml/min.

The sample solution of 1 ul was injected manually
with a Shimadzu microsyringe with a working range of
0—10 pl and a division value of 0.2 ul.

Dosing of the sample solution was carried out with
a flow division of 1:50. The detector was equipped with
an electron ionization source, the energy value of ioniz-
ing electrons was chosen to be 70 eV. The ion source
temperature is 230 °C; the quadrupole temperature
is 150 °C. The mass spectra were scanned by the total ion
current in the range of m/z 30-550.

Instrument setup, control and processing of the
obtained results were performed using the software of
the instrument “Shimadzu LabSolution™ (Shimadzu).

4. Research results

The TLC method is widely used for the separation
and detection of illicitly manufactured drugs. This
low-budget and rapid method allows the choice of both
stationary and mobile phases and is suitable for the ex-
amination of a wide range of substances, both as bases
and as salts, from the most polar to non-polar compounds.
Since the TLC plates are recyclable after analysis. there
are no problems associated with contamination of the
stationary phase with matrix compounds (e.g. fatty acid
derivatives), which are often observed in HPLC columns.

The results of the Rf values of the proposed sys-
tems are presented in Table 2.

Table 2
RfTLC values for selected synthetic cannabinoids using
different elution systems

Rfvalue
Compound
System A System B System C

JWH-018 0.27 0.74 0.93

JTWH-250 0.24 0.71 0.88

JWH-081 0.42 0.73 0.90
AB-CHMICA - 0.90 -
AB-FUBICA - 0.85 -

According to the data in Table 2, most of the stud-
ied compounds have satisfactory R, values in the pro-
posed solvent systems, but the most suitable for the
identification of all the determined samples is the tolu-
ene-diethylamine 9:1 system.

For synthetic cannabinoids seized in powder form.
qualitative infrared spectroscopic analysis is easier. In-
frared spectroscopy can also be a useful tool for the
identification of new substances [4].

The presence and structure of selected synthetic
cannabinoids was determined by the characteristic absorp-
tion bands using IR spectroscopy: JWH-018 (Fig. 3).
JTWH-250 (Fig. 4), JWH-081 (Fig. 5), AB-FUBICA (Fig. 6),
AB-CHMICA (Fig. 7).
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Fig. 3. IR spectrum of the investigated compound JWH-018
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Fig. 5. IR spectrum of the investigated compound JTWH-081

Gas chromatography-mass spectrometry is one of drug samples in forensics [17]. Being a hyphenated meth-
the most widely used methods for the identification of od, it combines the separation ability and sensitivity of
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GC with the analytical specificity of a spectrometric The results of the conducted studies by gas
method. It provides highly specific spectral data for indi-  chromatography with mass selective detection are giv-
vidual compounds in a complex mixture [18]. en in Table 3.

§

8

-

#

80

48

40

32

4000 3500 3000 2500 2000 1500 1000 Wavenumber (cm-1)

Fig. 6. IR spectrum of the investigated compound AB-FUBICA

sy s sl |

LSEZ

8 % %Transmittance
68EC
BLEE

By

-4

89 2 g

zo

LI L B B B B O N T

UL SR B L
3500 3000 2500 2000 1500

" 1000 Wavenumber (cm-1)
Fig. 7. IR spectrum of the investigated compound AB-CHMICA
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Fig. 8. Mass spectrum of the investigated substance JWH-018
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Fig. 12. Mass spectrum of the investigated substance AB-CHMICA
Table 3
Results of gas chromatography method with mass selective detection
Compound Retention time Characteristic m/z ions
TWH-018 (Fig. 8) 20.011 127,144,214, 284, 341
TWH-250 (Fig. 9) 18.249 144, 214, 146, 91, 41
TWH-081 (Fig. 10) 23.105 114, 144, 185, 214, 314, 354, 371
AB-FUBICA (Fig. 11) 23.196 83,109, 115, 143, 252
AB-CHMICA (Fig. 12) 24282 44, 55, 144, 240, 241

5. Discussion of research results

The qualitative analysis of narcotic drugs. including
synthetic cannabinoids, is characterized not only by the
fact that the composition of the analyzed object is un-
known prior to analysis but also by the fact that it may
include psychoactive compounds that either have no de-
scribed analytical characteristics or are not described at all
in the scientific literature, so-called designer drugs [19]. In
the qualitative determination of unknown components of
the samples analyzed., the most important thing is the
availability of experimental and reference analytical data
for the compounds to be identified. In this case, the reli-
ability of identification can be expressed in the form of
similarity indices of analytical data [20]. Such indicators
can be chromatographic retention parameters, the similar-
ity criterion for which is the evaluation of the difference
between the obtained and reference values within a certain
interval (search window). Another, more reliable indicator
of identification is the mass spectrum and (or) MS/MS
spectrum of the compound, the coincidence of any of
which with reference data can be assessed both using prob-
abilistic criteria in the course of an automatic library
search according to the algorithms of the applied software
and by visual assessment of the degree of coincidence of
spectra using non-numerical expressions for the formula-
tion of analysis results based on the personal experience of
the mass spectrometer analyst [21]. In the case of high-res-
olution mass spectrometry, the measured values of the
exact ion masses and the gross formulas calculated on their
basis act as an additional indicator of identification, with
the reliability of identification being determined by the
measurement error of the instrument. The combined use of
chromatographic and mass spectrometric methods allows
unambiguous identification of synthetic cannabinoids, as
the combination of these methods is characterized by a
large number of identification points [22].

Our studies on the determination of the structures
of synthetic cannabinoids have provided a reference set
of analytical characteristics of compounds in the form of
chromatographic and mass spectrometric data, allowing
for reliable identification of synthetic cannabinoids in the
analyzed samples.

The proposed methods are characterized by low
detection limits for cannabinoids and depend on the
chosen analysis methodology and equipment used.

It has been experimentally proven that the limit
of detection of the studied cannabinoids by TLC using
the toluene — diethylamine 9:1 system and the pro-
posed developers is 0.015 pg/ml and can be used for
forensic analysis in the presence of witness samples or
by Rf value. as the method is accurate, reliable and
reproducible.

The proposed and used GC-MS method is char-
acterized by simple sample preparation, relatively short
analysis time, and the ability to detect the substances
without the use of standard samples due to the presence
of electronic libraries of mass spectra. The detection
limit is 30 ng of the analyzed sample.

The combination of signals of characteristic frag-
ments in the mass spectrum and retention time in the
column provides a fairly high selectivity of identification
of analyzed compounds by GC-MS and proves that the
method can be used to detect and quantify cannabinoid
samples during forensic examination.

Study limitations. The proposed methods for the
determination of synthetic cannabinoids in objects of
forensic analysis can be used taking into account the
modern equipment of laboratories.

Prospects for further research. The proposed
methods for determining synthetic cannabinoids will be
submitted for consideration for further us in forensic ex-
amination.
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6. Conclusions

Classification and general characterization of nar-
cotic drugs — cannabinoids are considered. The conditions
for the determination of synthetic narcotic drugs by
thin-layer chromatography were proposed. It was found
that the investigated substances have satisfactory R, values
in the proposed solvent systems, but the most suitable for
the identification of all the studied compounds is the tolu-
ene-diethylamine 9:1 system. Methods of identification of
synthetic narcotic drugs as objects of forensic examination
using modern instrumental methods — IR spectroscopy
and gas chromatography with mass spectrometric detec-
tion are developed for the stage of confirmatory studies. A
scheme for analyzing forensic objects suspected of con-
taining synthetic cannabinoids is proposed.
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