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Abstract: The samplesofplantmaterial suspected to contain
new psychoactive substances are very often the subject
of chemical-toxicological analyses. Gas chromatography-
mass spectrometry (MS), liquid chromatography-quadru-
pole time-of-flight-MS, and liquid chromatography-tandem
MS were applied with the aim to identify synthetic cannabi-
noid, methyl 2-{[1-(cyclohexylmethyl)-1H-indol-3-yl] for-
mamido}-3-methylbutanoate (MMB-CHMICA) without the
analytical standard, which is very often the case when a
new drug arrives. The structure of compound was also con-
firmed by one-dimensional and two-dimensional nuclear
magnetic resonance spectroscopy and conformational ana-
lysis. After identification, methanolic extract of plant mate-
rial containing MMB-CHMICA was successfully used for
developing amultiple reactionmonitoringmethod on liquid
chromatography-tandem MS instrument. The optimization
procedure is shown in detail. The complete fragmentation

pattern andalso theoptimizationof theextractionprocedure
of MMB-CHMICA from plant material were shown. The
obtained data are useful for forensic, toxicological, and clin-
ical purposes.

Keywords: MMB-CHMICA, synthetic cannabinoids, iden-
tification of NPS, high-resolution mass spectrometry, MRM
optimization

1 Introduction

In the last decade, more than 1,000 new psychoactive
substances (NPSs) have emerged on illicit drug markets
[1]. Their number and chemical diversity are constantly
increasing. They include synthetic cannabinoids (SCs),
stimulants, benzodiazepines (and other sedative-hypno-
tics), opioids, hallucinogens and dissociatives, a broad
range of drugs that are not controlled by the United
Nations international drug laws [2] and launched as legal
alternatives to common drugs of abuse. NPSs are success-
fully distributed through the Internet or specialized shops
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known as “Smart Shops” [3] using product terms such as
“legal highs,” “herbal highs,” “research chemicals,” “plant
food,” “herbal incense,” or “bath salts” as a way to circum-
vent laws governing their sale. They exist as powders, pel-
lets, tablets, liquids, and herbal material and frequently are
labeled as “Not for Human Consumption” [4–6]. Now they
are accompanied by e-liquids, impregnated letters, and
blotting papers as new product formulations [7].

SCs are one of the most prevalent drug classes of
NPSs, which hit the market in the early 2000s. They are
compounds originally designed with a therapeutical intent.
High affinity is shown to cannabinoid receptors, CB1 and
CB2, in the human body. There is an increasing trend in the
recreational drug community of smoking mixtures of herbal
or incense products spiked with one or more SCs, drugs
with cannabinoid-like properties [7,8].

The increasing number of NPSs appearing on the
market has become a major public health concern, not
only because of increasing usage, intoxication, and deaths
but also because of the lack of scientific research and
understanding of their adverse effects [4]. These limita-
tions emphasize an urgent need to increase the capabili-
ties of the toxicology laboratories and to develop methods
for identification of new molecules [3,9].

Creation and the availability of early warning system
(EWS) at the national, regional, and international level
offer opportunities to avert potential crises through prompt
information sharing among stakeholders so that the risks
posed by synthetic drugs can be identified and mitigated
[1]. So, the detection and identification of synthetic drugs
are necessary first steps to spread information on the NPSs
and any successful law enforcement intervention and are
key to the implementation of international drug control
conventions at the national level.

Identification of an unknownorganic compoundwithout
any preknowledge is commonly the domain of nuclear mag-
netic resonance (NMR) spectroscopy and refers to full de novo
structure identification and must be performed with a set of
independent methods such as one-dimensional (1D) and
two-dimensional (2D) NMR spectroscopy or infrared spec-
troscopy and X-ray crystallography or other spectroscopic
methods [10].

Identifying an unknown organic compound is always
a major challenge for the analyst especially without com-
mercially available reference standards, reference spectra,
and relevant literature and research. A process for their
identification is often named “structure elucidation,” and
the substances are often referred in literature as “unknown
unknown” [11,12]. NMR spectroscopy in combination with
high-resolution mass spectrometry (HRMS) provides the
necessary solutions, but NMR spectrometers are not used

in routine forensic analysis because of their cost and
requirements for relatively pure compounds and the tech-
nical expertise [13].

Significant developments and progress in all aspects
of mass spectrometry (MS) with an orthogonal chromatog-
raphic approach make it convenient for the identification
of compounds that are not sufficiently known but was
described in the scientific literature. MS is a most powerful
and key technique for qualitative chemical analysis or
identification [11]. It plays an important role in deter-
mining the elemental composition of a molecule and struc-
tural clarification using mass spectral fragmentation [10].
Due to selectivity and sensitivity, MS is particularly well
suited to address analyses of NPSs, the cause of an
alarming number of deaths worldwide [14]. Gas or liquid
chromatograph connected to mass spectrometers is capa-
ble of separating complex mixtures of chemical com-
pounds for subsequent detection and quantification [11].

Electron ionization (EI) GC-MS (gas chromatography-
MS) has beenwidely usedmethodology for general unknown
screening in forensic toxicology. These mass spectra can be
easily used for a mass spectral library search, and GC-MS
identification is based on matching the full scan mass spec-
trum of an unknown peak to library spectra and/or reference
standards. But many organic compounds are not convenient
to GC-MS either due to their low volatility, high polarity, or
thermal instability. Liquid chromatography-MS (LC-MS)
can analyze these types of compounds [15] utilizing soft
ionization sources such as electrospray ionization (ESI) in
conjunction with a variety of high-performance liquid
chromatographic (HPLC) separation modes including
reversed phase, normal phase, and ion exchange. How-
ever, the corresponding mass spectra are not rich in peaks
of fragment ions. This limitation can be overcome using
collision-induced dissociation, which provides thorough
fragmentation of the compounds.

HRMS has been identified as the method of choice for
broad screening of NPSs. It provides full spectrum MS
data with high mass resolution and mass accuracy and
is useful adjunct to the other techniques to assist in iden-
tifying compounds when standards are not available.

Liquid chromatography-time of flight has the increased
resolving power to accurately measure exact masses (accu-
rate to within 5 ppm), and data can be collected as full-scan
data with no loss in sensitivity. Sophisticated data-acquisi-
tion capabilities enable generation of molecular formulae
from accurate masses and distinguish between compounds
having the same nominal molecular weights but different
molecular formulae [8,16].

The approaches for identification NPS can be much
different as every analytical technique has different
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identification powers and depends on data we have; it
can be target identification and unknown/nontarget ana-
lysis [11,12].

Milman [11] dealt with in detail with the criteria for
identification in MS.

Regarding the determinations of target analytes by
validated methods, only the most reliable: coanalysis
with authentic analytical standards and, comparison with
reference data obtained in conditions very similar to ana-
lytical runs, are recommended for use [12].

In nontarget screening, all possible means of identi-
fication are permitted, with the enforced use of (1)matching
theoretical reference data, (2) comparison to predicted refer-
ence data, and (3) data interpretation, in cases of very rare
and novel analytes, where reference data or materials are
not available. In most cases, the identification criteria con-
sist of the following:

(1) the number of identification points for different
techniques,

(2) tolerance ranges about reference values of chro-
matographic RTs (retention times),

(3) maximum permitted tolerances for relative mass-
peak intensities of selective ions,

(4) requirements to full mass spectra expressed in
words, and

(5) requirements for HRMS expressed in words and
value tolerances for resolution and mass accuracy.

One of the studies that illustrates the LC-MS/MS (liquid
chromatography-tandem MS) methods for the analysis of
drugs of abuse showing different fragmentation features
and presenting the results with respect to current recom-
mendations and EU (European Union) guidelines [7] consid-
ering the criteria of “minimum number of multiple reaction
monitoring (MRM) transitions” and the “relative intensities of
the transitions” was published in 2004 [17].

Standard for identification criteria in forensic toxicology
also anticipatesminimum requirements for the identification
of an analyte in forensic toxicology laboratories [18].

The proliferation of NPSs in the past decade has
resulted in the development of numerous analytical methods
for the detection and identification of known and unknown
NPSderivatives. Scheduled substances can be easily replaced
with new compounds, showing a slightly different substitu-
tion pattern, creating a constantly moving analytical target
[16,19,20]. MS has been appeared as the method of choice
for the identification or quantitative analyses of many NPSs
including SCs in different biological matrices or seized mate-
rial such as spice products [8,19,21–29]. In cases where
the laboratory does not have analytical standards for the
compound, even though the compound has been described

in the literature, it is always good to confirm the structure
using NMR spectroscopy and molecular modeling, that is,
conformational search.

To the best of our knowledge, methyl 2-{[1-(cyclohex-
ylmethyl)-1H-indol-3-yl] formamido}-3-methylbutanoate
(MMB-CHMICA) has been reported in the literature only
several times [7,13,30–33]. United Nations Office on Drugs
and Crime recommended GC-MS screening method, which
includes MMB-CHMICA. They, first, have used HP-5MS
column for separation but reported that some SCs coelute
during GC-MS analysis on set conditions (MMB-CHMICA
with methyl 2-[[1-(cyclohexylmethyl)-1H-indole-3-car-
bonyl]amino]-3,3-dimethylbutanoate (MDMB-CHMICA))
and resolved this problem by using more polar DB-35
column [13]. Identification is accomplished by com-
paring the retention time and mass spectrum of the ana-
lyte with that of a reference standard.

Ambroziak and Adamowicz [30] developed LC-MS/
MS method for screening 72 SCs in whole blood. MRM
transitions for MMB-CHMICA was 371.2 > 240.2 (1), 371.2 >
144.1 (0.34), and 371.2 > 55.2 (0.26; relative ion transition
intensities). They did not report the identification of this
compound in the blood.

Interestingly, Apirakkan et al. [7] identified MMB-
CHMICA in blotting paper in a seized prison letter, in
attempt of smuggling this drug in prison.

We have not found any report in which MMB-CHMICA
was associated with intoxication but there is reporting of
death after use of MDMB-CHMICA, which differs from it by
only one methyl group [25].

U.S. Drug Enforcement Administration was temporar-
ily scheduled MMB-CHMICA on Schedule 1 Controlled
Substances Act that means that it has a high potential
for abuse that is comparable to other Schedule I sub-
stances such as tetrahydrocannabinol and JWH-018 and
having no recognized medical use. In the Republic of
Serbia, MMB-CHMICA is under control since 2017 after
our research presented in this article.

In this study, the use of gas chromatography-MS,
liquid chromatography-tandem MS, and liquid chroma-
tography-quadrupole time of flight MS (LC-QTOF/MS) for
the identification of SC MMB-CHMICA as an additive in
the herbal product and confirmation of the proposed
structure by 1D and 2D NMR, and conformational analysis
were reported. The optimization of MRM transition on
LC-MS/MS was performed without the analytical stan-
dard of this compound using the extract of the plant
material where previously SC was found. Developed
LC-MS/MS method has been used for targeted analysis
to assess extraction yield by the experimental design.
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2 Materials and methods

2.1 Chemicals and reagents

Methanol (MeOH) and acetonitrile (ACN) LC-MS grade and
formic acid (FA) purity 99% were obtained from Carlo Erba
Reagents (Chaussée du Vexin, France). Petroleum ether and
diethyl ether analytical grade were purchased from Carl
Roth GmbH (Karlsruhe, Germany), and deuterochloroform
(CDCl3)was obtained from Euriso-Top (Saint-Aubin, France).
Potassium permanganate was obtained from Acros Organics
(Geel, Belgium).

Ultrapure water was provided by a Purelab Classic
(ELGA LabWater, High Wycombe, Bucks, UK).

2.2 Sample

The plant material (brand name not indicated here) was
analyzed on a personal request of the user in October 2017.
According to the information we received, it was purchased
in one of the smart shops in Belgrade, Serbia, in the original
package. It is declared as a freshener with a warning that it is
not for human use. The labels on the packages indicated that
the products contained 3 g of a mixture of plants.

2.3 Extraction procedure and isolation of
pure compound

For qualitative analysis, the product (25 mg) was crushed
into powder and extracted with 5 mL of MeOH under
ultrasonication for 30min. After centrifugation (5 min at
3,000 rpm [relative centrifugal force equals to 2350.6]) on
centrifuge (J. P. Selecta, Barcelona, Spain), the solution was
passed through the 0.45 µm filter (Ultrafree-MC, filter unit,
Millipore, Bedford, MA, USA). This extract was used for
GC-MS and ESI QTOF/MS analyses diluted 10-fold and for
LC-MS/MS diluted 100-fold with MeOH solution.

For NMR characterization, the extract obtained from
150mg of plant material was concentrated and purified by
flash chromatography (petroleum ether/diethyl ether, 90:10).

2.4 Instrumentation and conditions used

2.4.1 Gas chromatography-MS

Sample extract was analyzed by GC-MS using an Agilent
6850 GC/5975B MSD with automatic liquid sampler (Agilent
Technologies, Santa Clara, CA, USA). Chromatography was

performed on a J&W DB-17 MS Capillary Column, 30m ×
0.25mm × 0.25 µm (Agilent Technologies, Santa Clara, CA,
USA). Injection volume was 1 µL, and injection mode was
splitless. Gas chromatographic analysis used a temperature
program starting at 120°C with an initial hold time 1min,
and then with a 20°Cmin−1 ramp to a final temperature of
280°C with a final hold time of 20min, resulting in a total
run time of 29min per sample with a solvent delay of
5.0min. Inlet temperature was 250°C. Transfer line tempera-
turewas 300°C. Heliumwas used as a carrier gaswith the flow
of 1mLmin−1 (Condition 1).

Also, the sample extract was analyzed using a different
GC-MS instrument and a different capillary column for
separation. It was Shimadzu GC-2010 Plus equipped with a
Shimadzu AOC-5000 autosampler system and interfaced with
a Shimadzu QP 2010 Ultra mass spectrometer (Shimadzu,
Kyoto, Japan). The GC was equipped with a split/splitless
injection port operated at splitless mode. A total of 1 µL of
extract was injected into the GC-MS. The separation of ana-
lytes was carried out using a cross-linked J&WDB-1 MS capil-
lary column (30m × 0.25mm i.d., 0.25 µm film thickness)
supplied by Agilent Technologies (Santa Clara, CA, USA).
Helium was employed as a carrier gas and used at a flow
rate of 0.73mLmin−1. The temperatures of injection port,
ion source, and interface were 250, 200, and 280°C, respec-
tively. Initial oven temperature of 200°C was held for 1min,
followed by an increase to 320°C at a rate of 20°Cmin−1 and a
final hold time of 15min, resulting in a total run time of 22min
per sample with a solvent delay of 4.0min (Condition 2).

Both mass spectra were recorded with EI at 70 eV by
scanning at full ionic current in the range of 40–550 amu.

2.4.2 High-resolution MS

For the determination of accurate molecular and ele-
mental composition, the analysis was performed on an
Agilent 6520 quadrupole time-of-flight mass spectrometer
(Agilent Technologies, Santa Clara, CA, USA) equipped
with a Jet Stream interface for ESI in combination with
an Agilent 1290 Infinity LC instrument. LC instrument was
used without column on ambient temperature. Mobile phase
A consisted of 0.1% FA andmobile phase B of ACN delivered
at isocratic (50:50 v/v) flow rate of 0.2mLmin−1. Total run
time was 2.00min. The injection volume was 0.1 µL.

Analyseswere performed inMS-positive ESImode. The jet
stream conditions were capillary voltage 3,500V, fragmentor
voltage 70 V, gas temperature 350°C, drying gas flow
12 Lmin−1, nebulizer pressure 45psi, and sheath gas tempera-
ture 375°C. The scan rangewas set to acquire betweenm/z 100
and 1,500 at a rate of 1.0 spectra s−1 for each scan segment.
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Mass calibration of the QTOF/MS system was controlled
by constant infusion of a referencemass solution (provided by
Agilent Technologies, Santa Clara, CA, USA) into the source of
the QTOF/MS system during the analysis (protonated refer-
ence ion [M +H]+ = 922.0098was used for the positivemode).
Data acquisition and evaluation were performed using Mass
Hunter software: acquisition module (Acq) B.05.01 and qua-
litative analysis module (Qual) B.06.00.

2.4.3 NMR characterization

The NMR spectra of the purified sample were recorded on
a Bruker Ascend 400 (Bruker Corporation, Billerica, MA,
USA; 400MHz) spectrometer. Chemical shifts are given in
parts per million (δ, ppm) downfield from tetramethyl-
silane as the internal standard. CDCl3 was used as a sol-
vent. Flash chromatography was employed using silica
gel 60 (230–400 mesh). Thin layer chromatography was
carried out using alumina plates with a 0.25mm silica
layer (Kieselgel 60 F254, Merck & Co., Kenilworth, NJ,
USA). Compounds were visualized by staining with potas-
sium permanganate solution.

2.4.4 Liquid chromatography-tandem MS

LC-MS/MS was also used for the confirmation and for
developing a new MRM method. Shimadzu LCMS-8030
triple quadrupole mass spectrometer (Shimadzu, Kyoto,
Japan) equipped with a dual ion source interface for elec-
trospray or atmospheric pressure chemical ionization in
combination with an UPLC system composed of an auto-
sampler SIL-30AC, DGU-20A5R, controller CBM-20A, binary
pump LC-30 AD, and column oven CTO-30AC were used.
The separation was achieved using a Kinetex® 5 µm C18
100Å, LC column 100mm × 4.6mm,maintained at tempera-
ture of 40°C. The flow rate was kept at 0.6mLmin−1, and the
injection volume was set to 5 µL. The selected mobile phase
was a 0.1% v/v of FA in water (component A) and MeOH
(component B) in isocratic flow rate (20% A) and (80% B).
Run time was 8min (Condition 3). MS conditions are the
same as described in the following text (Condition 4).

To develop a new MRM method, an automated MRM
parameter optimization was carried out by flow injection
analysis (FIA; HPLC without column) of plant MeOH
extract with a function of the LabSolutions LCMS control
software, version 5 (Shimadzu, Kyoto, Japan). The para-
meter optimization performed precursor ion m/z search,
fine adjustment of the precursor ionm/z, collision energy
(CE) adjustment, product ion m/z selection, fine adjust-
ment of the product ion m/z of top three channels and

voltage adjustment of the Q1/Q3 pre-rod, six injections
for the compound. FIA conditions were mobile phase A:
0.1% aqueous FA, B: MeOH; isocratic 80% B, flow of
mobile phase 0.2 mLmin−1, measurement time 2.0min,
and injection volume 5 µL (loop injection). MS conditions:
ESI, positive mode, interface temperature desolvation line,
and heat block each 230°C, nebulizing gas flow 2.2 Lmin−1,
and drying gas 15 Lmin−1 (Condition 4).

MRM transitions obtained by optimization were used
for further targeted analyses, for estimating extraction
yields and estimating instrument responses using ACN
and MeOH in combination with 0.1% FA as mobile phases.

2.5 Conformational analysis

The structure of MMB-CHMICA was drawn in Maestro v.
12.7 interface under Schrodinger 2021-1 Suite (Schrodinger,
New York, NY, USA). Then, the minimization was per-
formed with AMBER* force field in CHCl3 with truncated
Newton conjugate gradient and 10,000 iterations. Thus
minimized structure was put for the conformational search
using Macromodel. Monte Carlo multiple minimum was
used with 10,000 iterations, and all structures were saved
within 21 kJmol−1.

2.6 Extraction procedure of plant material
for experimental design

For the optimization of the extraction procedure, eight
extracts (25mg per 5 mL) were prepared according to
the experimental plan for the factorial design.

The extraction process was carried out based on a
factorial design using two coded levels of each extraction
variable (low and high levels) as illustrated in Table 1.
The variables were MeOH concentration, time, and tem-
perature. Thus, according to the experimental design
(Table 2), plant samples (25mg) were extracted with
5 mL by a different solvent (50% MeOH or 100% MeOH),

Table 1: Extraction parameters for the two-level factorial design

Extraction variables Notation Variable
Low (−1)

Levels
High (+1)

MeOH
concentration (%)

x1 50 100

Extraction time (min) x2 20 30
Extraction
temperature (°C)

x3 30 40
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at a different temperature (30 or 40°C) and a different
extraction time (20 or 30min). After extraction, the extract
was centrifuged (5min at 3,000 rpm) and then filtrated
through the 0.45 µm filter (Ultrafree-MC, Millipore, Bed-
ford, MA, USA) and stored in the flask.

2.7 Experimental design and statistical
analysis

In the evaluation of three variables at two coded levels, a
two-level factorial design with eight experimental trials

was carried out in a randomized trend. Analysis of var-
iance (ANOVA) was employed to determine the statistical
significance of the model.

3 Results and discussion

3.1 Gas chromatography-MS analysis

In the process of general unknown screening or systematic
toxicological analyses, the MeOH extract was, first, analyzed
using GC-MS under the conditions previously described

Table 2: Design matrix and the responses of two-level factorial design

x1 x2 x3 MeOH (%) Time (min) Temperature (°C) Det. Cal.

1 −1 −1 −1 50 20 30 11.39 × 106 11.39 × 106

2 +1 −1 −1 100 20 30 12.26 × 106 12.44 × 106

3 −1 +1 −1 50 30 30 11.64 × 106 11.65 × 106

4 +1 +1 −1 100 30 30 13.13 × 106 13.14 × 106

5 −1 −1 +1 50 20 40 11.12 × 106 11.12 × 106

6 +1 −1 +1 100 20 40 12.94 × 106 12.94 × 106

7 −1 +1 +1 50 30 40 11.59 × 106 11.59 × 106

8 +1 +1 +1 100 30 40 13.60 × 106 13.60 × 106

Figure 1: EI GC-MS TIC scan/SIM, mass spectrum of compound, DB-1MS column for separation.
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(Condition 1). Capillary column DB-17MS was used for the
separation. At retention time 20.896min the chromato-
graphic peak appeared that was not symmetrical, but the
obtained mass spectrum shows the presence of molecular
ion m/z 370 and characteristic fragments m/z 240 (100),
256 (88), 144 (50), and 55 (32; % relative intensity). Based
on available databases, it was not possible to identify
chromatographically separated compound. GC-EI mass
spectrum was not present in our MS libraries.

The same extract was analyzed on another GC-MS
under the conditions previously described (Condition 2).
Very clean spectrum was obtained; that is, it was sepa-
rated only one compound (m/z 371.25), with impurities in
traces. Figure 1 shows total ion chromatogram (TIC) scan/
single ion monitoring (SIM)mode and obtained mass spec-
trum. For separation, nonpolar capillary column DB-1MS
was used and well-separated symmetrical chromatographic
peak appeared on retention time 9.40min.

3.2 Liquid chromatography-quadrupole
time-of-flight-MS analysis

MeOH extract was analyzed on ESI LC-QTOF/MS as well,
by the direct infusion without the column to determine
the accurate mass and elemental composition. It was
obtained the exact mass 370.2256 Da, Diff (ppm) −0.76,
and the recommended formula C22H30N2O3. The adducts formed
with Na and K (([C22H30N2O3] + Na)+ and ([C22H30N2O3] + K)+)
can be observed in mass spectra. The information about the
isotopic distribution for the compound with the molecular for-
mula was gottenm/z 371.2321, 372.2363, 373.2393, and 374.2418,

aswell as isotopic distribution of formed adductswith Na andK
(Figure 2).

Slovenian Police reports [34] contain recorded mass
spectrum using GC-MS of MMB-CHMICA that corresponds
to the mass spectrum that we obtained with the molec-
ular ion m/z 370.3 and fragments m/z 240.1, 256.2, 144.0,
and 55.0 and their corresponding ratios. Based on our
data from GC-MS and characteristic fragmentation
(Figure 3), we draw the conclusion that we have the SC
MMB-CHMICA (AMB-CHMICA or methyl N-[1-(cyclohexyl-
methyl)-1H-indole-3-carbonyl]-L-valinate). Previously also
Apirakkan et al. [7] briefly reported the fragmentation pat-
tern of MMB-CHMICA, but we provide here the complete
fragmentation pattern report. Structures of fragment ions
at m/z 328.20, 256.20, 240.15, 212.15, 144.10, 116.10, and
55.05 were found. Fragment ion at m/z 256.20 was
obtained by McLafferty rearrangement from the struc-
ture with m/z 370.25 (Figure 3).

3.3 Isolation of pure MMB-CHMICA and its
NMR characterization

The extraction process after the purification yielded 7mg
of white crystalline product. The NMR spectra of the isolated
compound provided the definitive evidence of its structure.
1H and 13C NMR chemical shifts of MMB-CHMICA were pre-
viously reported [35], but there are some improvements in
our study (Table 3 and Figure 4).

1D and 2D NMR assigned spectra (13C, distortionless
enhancement by polarization transfer 135 (DEPT 135), 2D

Figure 2: LC-QTOF/MS mass spectrum.
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correlated spectroscopy (2D COSY), 2D TOCSY, 2D HMBC
(heteronuclear multiple bond connectivity), 2D hetero-
nuclear single quantum correlation (2D HSQC)) are avail-
able in the Supplementary Material (Figures S1–S6).

3.4 Conformational search

Global minimum of MMB-CHMICA was repeated five times
in 10,000 structures. It has the energy of −102.27 kJmol−1.
The structure shows chair conformation of cyclohexane
ring, and two rings with unsaturated bonds were in the
plane (Figure 5).

3.5 Liquid chromatography-tandem
MS –MRM optimization

Then, the method was developed for the aimed analysis
using LC-MS/MS. First, it was obtained Q3 scan to con-
firm m/z 371. In mode Product Scan, product ions were
recorded for m/z 371. The obtained mass spectrum is
shown in Figure 6.

Due to the unavailability of analytical standard for
this compound, at the beginning the possibility of the
LabSolutions LCMS control software for automatic selec-
tion of MRM transitions and CE adjustment was not used.
Two the most intensive m/z product ions were chosen for
MRM transitions and used default value CE equals to

Figure 3: Fragmentation pattern of MMB-CHMICA.

Identification of synthetic cannabinoid MMB-CHMICA  1257



Table 3: Full 1H and 13C assignments of MMB-CHMICA in CDCl3

Position Multiplicity 1H (ppm) 3JHH (Hz) 13C (ppm) HMBC connectivities (13C → 1H)

1 s 7.71 — 132.54 C-1 → H-9
2 — — — 125.24 C-2 → H-1
3 — — — 110.37 C-3 → H-1
4 — — — 136.99 C-4 → H-1, C-4 → H-9
5 m 7.39 — 110.62 —
6 m 7.26–7.29 — 121.51 C-6 → H-8, C-6 → H-5
7 m 7.26–7.29 — 122.37 C-7 → H-8
8 m 7.99 — 120.00 C-8 → H-7
9 d 3.96 7.2 53.40 C-9 → H-1
10 m 1.86 — 38.55 C-10 → H-9
11 m 0.96–1.06 — 31.01 C-11 → H-9
12 m 1.21 — 25.64 —
13 m 1.59–1.73 — 26.19 —
14 m 1.59–1.73 — 25.64 —
15 m 1.59–1.73 — 31.01 —
16 — — — 164.94 —
17 d 6.48 8.4 — —
18 dd 4.88 8.8, 4.8 56.90 C-18 → H-20, C-18 → H-21
19 m 2.31 — 31.75 C-19 → H-20, C-19 → H-21
20 m 0.96–1.06 — 18.11/19.11 C-20 → H-21
21 m 0.96–1.06 — 18.11/19.11 C-21 → H-20
22 — — — 173.17 C-22 → H-23
23 s 3.79 — 52.16 —

Figure 4: 1H NMR spectrum of purified MMB-CHMICA.
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35 eV. ChosenMRM transitions werem/z 371 > 240 andm/z
371 > 144. The analyte answer was also compared using
two different mobile phases MeOH/FA 0.1% and ACN/FA
0.1%. Better answer was gotten with the combination
MeOH/FA 0.1% (Condition 3).

MeOH extract from plant material that contained
MMB-CHMICA was used as standard for the automated
MRM parameter optimization.

Figure 7 shows the process of Automated MRM para-
meter optimization that took place during six injections
in the methods that are part of the LabSolutions software.

Figure 8 has shown optimized parameters for the new
automatically generated MRM method and obtained rela-
tive intensity of MRM transitions.

The instrument’s analytical response before optimi-
zation (BO) and after optimization (AO) was compared
using MeOH/0.1% FA (Condition 3) as mobile phase for
the two transitions we initially selected (graph on Figure 9).

Figure 10 has shown obtained MRM chromatogram
with chosen MeOH/0.1% FA as a mobile phase (Condi-
tion 3).

MRM transitions obtained by optimization were used
for further targeted analyses of MMB-CHMICA for esti-
mating extraction yields from plant material.

3.6 Extraction of MMB-CHMICA from the
plant material

The influence of some extraction variables can sometimes
be more significant than others. The use of an insignif-
icant variable in the extraction process may give incorrect
or inappropriate results [36]. Thus, factor screening is
inevitable for the extraction process. The identification
of the extraction parameters will be detected for the
extraction to be effective giving higher yields of MMB-
CHMICA from the plant material. The contribution effect
of MeOH concentration, extraction time, and extraction
temperature on the extraction yields was examined. The
experimental data of the extraction yield were analyzed
with a linear first-order regression model [37]. The values
of all regression coefficients are given in Table 4. The posi-
tive signs of the coefficients indicate a synergistic effect,
whereas the negative sign (b123) indicates an antagonistic
effect.

The ANOVA for the response variables is presented in
Table 5.

Figure 5: Structure of the global minimum of MMB-CHMICA obtained
in Macromodel.

Figure 6: ESI LC-MS/MS, product ion scan mass spectrum.
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The statistical significance of all three factors and
their possible two-way and three-way interaction for
the extraction yields were evaluated based on their
F- and p-values. The statistical significance of a factor
is greater if its F-value is higher. The value of p < 0.05
indicates the significance of the factors and their interaction.

It was clear that the linear and interaction terms
were highly significant (p < 0.05; except only for b23,
p = 0.924359). To simplify, the linear regression model,
two-way interaction (x2x3), which was assessed to be sta-
tistically insignificant with the significance level p < 0.05,
was omitted.

Figure 7: ESI LC-MS/MS, Method optimization: (a) precursor ion m/z search, (b) precursor ion m/z adjustment, (c) CE adjustment,
(d) product ion m/z selection, (e) production m/z adjustment, and (f) product ion m/z of top three channels adjustment.

Figure 8: MRM instrument parameters and relative intensity obtained after optimization.
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The full regression equation is as follows:

= + +

+ +

+ −

y x x
x x x
x x x x x

12.210679 0.773881 0.283768
0.103375 0.100335
0.184059 0.053925

1 2

3 1 2

1 3 1 2 3

The predicted values of the corresponding responses
are also presented in Table 2.

The most important factor was MeOH concentration
(x1), which was followed by the extraction time (x2). On
the two-way interaction, it is worth to mention how the

combination of the MeOH concentration and extraction
temperature (x1x2) affected the extraction yield.

It is also necessary to mention that the developed
regression model provides an adequate approximation
in the real system. The regression analysis and ANOVA
were used for fitting the model. The coefficient of deter-
mination (R2), the adjusted ( )R R2

adj.
2 , and coefficient of

variation were calculated to check the model adequacy
(Table 5). Our results with R2 > 99.5% and >R 99.1%adj.

2

indicate that the regression model was very suitable for
explaining the behavior of the extraction. They also
showed that the coefficients of variation were <1% and
that the developed model shows high precision and
reliability.

Figure 9: Area under chromatographic peak for MMB-CHMICA BO
and AO for MRMm/z 371 > 240 andm/z 371 > 144 using MeOH/0.1%
FA as mobile phase.

Figure 10: MMB-CHMICA LC-MS/MS MRM chromatogram.

Table 4: Regression coefficients of the predicted linear first-order
model

Regression coefficient 10−6

b0 12.210679

b1 0.773881

b2 0.283768

b3 0.103375

b12 0.100355

b13 0.184059

b23 0.001979

b123 −0.053925

Identification of synthetic cannabinoid MMB-CHMICA  1261



4 Conclusion

After the identification of the drug through the special
Europol (the EU Police agency), European Monitoring
Centre for Drugs and Drug Addiction Reporting form for
a new psychoactive drug in the EWS is attached to
Ministry of Health, after which this substance was placed
on the List of Psychoactive Controlled Substances in the
Republic of Serbia. Presented approaches by different
methods (GC-MS, LC-QTOF/MS, and LC-MS/MS) and con-
firmation of structure by NMR spectroscopy and confor-
mational search were effective for the identification of
NPS MMB-CHMICA. Here, the attention was drawn to the
necessity of an orthogonal chromatographic approach and
the importance of respecting the criteria for identifica-
tion during qualitative analysis in forensic chemistry and
toxicology.
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