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Abstract In February 2015, 13 “spice-like” products,
available on the German market, were analyzed. In total,
eight different synthetic cannabinoids were identified by gas
chromatography—mass spectrometry (GC-MS), namely
5-fluoro-AB-PINACA, AB-CHMINACA, AB-FUBI-
NACA, 5-fluoro-PB-22, 5-fluoro-AMB, MDMB-CHMICA,
EAM-2201 and STS-135. In most of the products (11/13),
only one synthetic cannabinoid was identified, while two
products contained two or three synthetic cannabinoids. For
some of the compounds (5-fluoro-AB-PINACA, AB-
CHMINACA, 5-fluoro-AMB) only insufficient physico-
chemical data are available in literature. To our knowledge
MDMB-CHMICA (sometimes mistakenly referred to as
MBMD-CHMINACA) was not described earlier in scientific
literature, and, hence, an in-depth characterization of these
compounds by nuclear magnetic resonance (NMR) spec-
troscopy, electron ionization—mass spectroscopy, electro-
spray ionization—tandem mass spectroscopy (ESI-MS/MS),
infrared spectroscopy and ultraviolet spectroscopy was
conducted for eight compounds. In addition, we developed
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an ESI-MS method for the direct quantification of synthetic
cannabinoids in commercial smoking blends, without chro-
matographic separation. Quantification was achieved using
methyl 3-(3-(1-naphthoyl)-1H-indol-1-yl)propionate as the
internal standard with appropriate response factors. The total
contents of synthetic cannabinoids in the investigated
products ranged from 60 to 446 mg/g, while individual
compounds ranged from 12 to 314 mg/g.

Keywords Synthetic cannabinoids - MDMB-CHMICA -
5-Fluoro-AB-PINACA - AB-CHMINACA - AB-
FUBINACA - German situation

Introduction

Since its first broad public perception in 2008 [1, 2],
“spice/K2-like” herbal incenses, containing synthetic
cannabinoids as psychoactive ingredients, have developed
rapidly. For the past several years, this class of designer
drugs showed the highest degree of diversification world-
wide, leading to the highest numbers of newly appearing
substances as listed by the annual reports of national and
international monitoring institutions (European Monitoring
Centre for Drugs and Drug Addiction [3] (EMCDDA) or
United Nations Office on Drugs and Crime (UNODC) [4] ).
Currently, most of the synthetic cannabinoids are not
controlled by any international convention (exemption:
JWH-018 and AM-2201 under schedule II by UNODC
[5]). Hence, many compounds are individually regulated in
many countries which leads to strong variations of detected
and regulated substances from country to country. If
national laws are installed to control these compounds, this
new regulation is easily invalidated by new compounds
already in place on other markets. In the beginning, the
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European market was the driving force in this vivid fluc-
tuation of compounds, but gave way to the Asian Pacific
region and the Russian federation, which is probably due to
the fact that these markets are closer to the primary pro-
duction sites probably in China and/or India. Especially
changes in the perception and regulation of new psy-
chotropic substances (NPSs) in Japan seem to have pro-
pelled the necessity to cope with new compounds by the
fast adjusting Japanese regulations [6]. Especially a step-
wise tightening of the legal framework resulted in the
generic scheduling of substances showing “possible phar-
macological activity”, which was estimated using a quan-
titative structure—activity relationship approach. As a
result, since September 2013, a total of 881 substances are
now regulated and restricted in Japan as “designated sub-
stances” [6]. However, this rapid evolution of new
cannabimimetics in this region is now slowly leaking into
other global markets in Europe or the USA. Some EU-
member states, for example, the United Kingdom, Ireland
or Luxembourg, have also adopted generic approaches to
control similarly structured synthetic cannabinoids.

Looking at the specific situation for Germany, Fig. 1
shows the increase of NPSs over the last several years. By
the end of 2013, 102 NPSs were listed by the EMCDDA
[3]. Also, as shown in Fig. 1, the last update of the German
regulation for narcotics from May 2015 lists a total of 52
substances [7].

Like in Japan, the current legal regulation has great
impact on the national situation. In Germany, only the
listed compounds are considered narcotics and their misuse
is enforced by this law. However, in the past, the respon-
sible authorities applied the German Medicines Act to
control newly appearing substances, assuming that non-
listed compounds with related structures show similar
psychoactive properties. Two very recent judicial deci-
sions, however, have strongly affected this common prac-
tice and created a kind of legal vacuum. First, the European
Court of Justice has prohibited the application of the
Medicines Act to NPSs because these compounds are not

Secondly, as is common for other regulated narcotics, there
is a differentiation concerning the amount of active sub-
stance in possession, the seriousness of the offense and the
level of sanctions. While, for “traditional narcotics”, there
is sufficient toxicological data to define the lowest effective
dose and to calculate a small amount (for personal con-
sumption) and a not-small amount (considered as dealing
the drug); this was recently also applied for regulated
synthetic cannabinoids [9]. By the judgment of the court,
the not-small amount for JWH-018 and CP 47,497-C8-
homologue were each set at 2 g, and JWH-073 and CP
47,497 were each set at 6 g. The variety of NPSs globally
available and the recent national decisions have changed
the rules in this field in Germany significantly and might
pave the way for a new wave of NPSs and maybe even for
the re-emerging of regulated compounds in smaller quan-
tities. These changed circumstances motivated us to ana-
lyze a set of herbal products currently available in
Germany and identify, characterize and quantitate newly
occurring synthetic cannabinoids.

Materials and methods
Chemicals

All chemicals were of analytical reagent purity and pur-
chased from Fluka (Buchs, Switzerland), Sigma-Aldrich
(Steinheim, Germany) or Acros Organics (Geel, Belgium).
Solvents were of high-performance liquid chromatography
grade purity and used without further purification. Thin-
layer chromatography (TLC) plates (Polygram SIL G/UV
40 x 80 mm) and silica gel (mesh 0.04-0.063) were
obtained from Macherey—Nagel (Diiren, Germany).

Nuclear magnetic resonance spectroscopy
procedures

To achieve secure proof of the molecular structures the 'H
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compounds were completely assigned by the use of two-
dimensional (2D) experiments with H,H-correlation spec-
troscopy (COSY), H,C-heteronuclear single quantum cor-
relation (HSQC) and H,C-heteronuclear multiple-bond
correlation (HMBC) spectra. Iterative full bandshape anal-
yses were performed for most of the aromatic second-order
proton ('"H) NMR multiplets. Initially, all NMR spectra of
solutions were obtained in deuterated methanol (CD5;OD).
To facilitate comparisons with literature data by other
authors, some NMR analyses were repeated using other
appropriate solvents [deuterated chloroform (CDCly),
deuterated dimethyl sulfoxide (DMSO-dg)]. '"H and '°C
NMR spectra were recorded at 600 and 151 MHz, respec-
tively, on a Bruker Avance II 600 spectrometer with a TCI
cryoprobe (Bruker BioSpin, Rheinstetten, Germany). The
solvents used were DMSO-dg (for 4), CDCl5 (for 9) and
CD50D (for all other compounds, including 4). Chemical
shifts are reported in 0 units (ppm) and were measured rel-
ative to tetramethylsilane (TMS; dy = 0.00 ppm) and the
solvents [c(DMSO-dg) = 39.50, Jc(CD50D) = 49.02,
0c(CDCl3) = 77.01 ppm]. Assignment techniques used
were distortionless enhancement by polarization transfer
(DEPT)-135, H,H-COSY, H,H-nuclear Overhauser effect
spectroscopy (NEOSY), H,C-HSQC and H,C-HMBC, the
latter being optimized for C,H-couplings of 7.5 Hz. Digital
resolutions in the 2D NMR spectra were chosen small
enough to permit the distinction of cross-peaks with similar
chemical shifts (if possible). Iterative full bandshape analy-
ses of '"H NMR spectra were performed with the program
TopSpin 2.1, patch level 5 (Bruker).

Gas chromatography-mass spectrometry
parameters

Two different systems were used. For high-resolution,
accurate mass measurements, an Agilent 6890 gas chro-
matograph equipped with an analytical column (30
m X 0.25 mm id., film thickness 0.25 pm; ZB-5MS,
Phenomenex, Aschaffenburg, Germany), using helium as
carrier gas (1.0 mL/min; constant flow mode) and a tem-
perature program of 100 °C (3 min)-10 °C/min-320 °C
(10 min) was used. The gas chromatography (GC) instru-
ment was coupled directly to a IMS-T100GC time-of-flight
(TOF) mass spectrometer (GCAccuTOF, JEOL, Tokyo,
Japan) in electron ionization (EI) mode at 70 eV. The
source and transfer line temperatures were set at 200 and
310 °C, respectively. The detector voltage was set at
1850 V. The acquisition mass range was set from m/z 41 to
m/z 600 with a spectrum recording interval of 0.4 s. The
system was tuned with perfluorokerosene to achieve a
resolution of 6000 (full width at half maximum) at m/
z 292.9824. GC-El-mass spectrometry (MS) afforded
accurate masses to establish molecular formulae of
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molecular and fragment ions at Am < 3.0 mmu. JEOL
MassCenter'™ workstation software was used for data
acquisition and data evaluation.

For chemical characterization/EI-MS-library identifica-
tion of the synthetic cannabinoids at unit mass resolution, a
GC-MS system consisting of an Agilent 6890 gas chro-
matograph coupled to an Agilent 5975B mass spectrometer
(Agilent, Santa Clara, CA, USA) was used. The separation
of the analytes was achieved on a DB-1MS capillary col-
umn (15 m x 0.32 mm; film thickness 0.25 um; Agilent,
Waldbronn, Germany). The following temperature pro-
gram was used: 100 °C (1 min)-10 °C/min-320 °C
(10 min). The following MS settings were applied: ion-
ization energy 70 eV, ion source temperature 230 °C and
interface temperature 290 °C. The compounds were iden-
tified by comparison of recorded mass spectra reference
data from SWGDRUG Mass Spectral Library Version 2.2
and Cayman Spectral Library v09292014 [10, 11] using the
MSD ChemsStation Software (V. D.03.00.611, Agilent).

Electrospray-tandem mass spectrometry (ESI-MS/
MS) parameters

Fractions or samples containing 1-8 (Fig. 2) were dis-
solved in methanol at concentrations of 5 pg/mL. These
solutions were directly infused into the mass spectrometer
using the integrated syringe pump of the 3200 QTrap
instrument (syringe: 1000 pL, i.d. 2.3 mm; Hamilton,
Reno, NV, USA) at a flow rate of 5 pLL/min. The 3200
QTrap mass spectrometer (Applied Biosystem/SCIEX,
Darmstadt, Germany) was equipped with an ESI interface
(Turbo V). The instrument was operated in positive ion
mode and in enhanced product ion (EPI) scan mode at a
flow rate of 5 pLL/min. Ionization and EPI conditions were:
source voltage 5.5 kV, ambient temperature, curtain gas
10 psi, GS1 10 psi, GS2 0 psi, declustering potential 20 V,
and collision energies between 18 and 39 V. Nitrogen was
used as curtain and auxiliary gas.

Isolation and chemical characterization of synthetic
cannabinoids

Commercially available herbal mixtures (13 packages;
samples 1A-6C) were obtained from German-language
Internet shops based in several European countries (Ger-
many, Netherlands, Czech Republic, Belgium) The pack-
ages contained 2.5-4.1 g of fluffy, greenish-grey plant
material. Package 5B contained 1.5 g of a brown hashish-
like resin. The content of the packages were ground in a
coffee mill. Depending on the available starting material,
1- 4-g aliquots were extracted consecutively with
20-30 mL of dichloromethane (DCM) by ultrasonication
for 10 min (Elmasonic S120, 12.75 L, 37 kHz, effective
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Molecular formula: Cy4H31FN,O
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Exact mass: 368.16485

MDMB-CHMICA (6)

Molecular formula: Cy3H35N,04
Exact mass: 384.24129

Methyl-3-(3-(1-naphthoyl)-1H-indol-1-
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Molecular formula: C3HgNO5
Exact mass: 357 1365

Fig. 2 Structures of the synthetic cannabinoids isolated from herbal smoking blends and methyl 3-(3-(1-naphthoyl)-1H-indol-1-yl)propionate

used as an internal standard for quantification
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ultrasound power 200 W; Hans Schmidbauer GmbH & Co.
KG, Singen, Germany). The organic extract was filtered
and concentrated in a vacuum. The residues were redis-
solved in 1 mL of DCM and further purified by silica gel
chromatography (30 g SiO,, column size 15 x 2 cm). The
first eluent was 150 mL of DCM/methanol (100:1, v/v)
followed by DCM/methanol (20:1, v/v). Fractions of
5-10 mL were collected and screened by TLC under
ultraviolet (UV) detection at 254 nm. Fractions containing
pure synthetic cannabinoids were pooled and concentrated
in vacuum and used for further spectroscopic characteri-
zation. Purity and authenticity of all isolated compounds
were confirmed by NMR, GC-EI-MS and ESI-MS/MS.

Synthesis of the internal standard methyl 3-(3-(1-
naphthoyl)-1H-indol-1-yl)propionate (9)

Indole (437 mg, 3.7 mmol) and potassium hydroxide
(946 mg, 16.9 mmol) were dissolved in dry DMSO
(10 mL) in an argon atmosphere. After stirring for 15 min,
methyl 3-bromopropionate (0.7 mL, 5.5 mmol) was added
drop-wise to the reaction mixture and stirred overnight.
The reaction was stopped via addition of water, acidified to
pH 2 with IN HCI (25 mL) and extracted with ethyl acetate
(4 x 30 mL). The combined organic phases were washed
with brine (100 mL), dried over Na,SO, and the solvent
was removed in a vacuum to yield 3-(1H-indol-1-yl)pro-
panoic acid as a crude oil. The crude material was used
without purification, dissolved in 40 mL of methanol
containing 1 mL of concentrated H,SO, and stirred for
16 h. The reaction progress was monitored by TLC
(Ry = 0.69; DCM as the developing solvent). The reaction
mixture was neutralized with aqueous NaHCO5; (4 mL),
diluted with water (100 mL) and extracted with DCM
(4 x 30 mL). The combined extracts were washed with
brine (100 mL), dried over Na,SO, and the solvent was
removed in vacuo, yielding methyl 3-(1H-indol-1-yl)pro-
pionate as oil. The resulting product was purified by silica
gel column with DCM.

In a 250-mL round bottom flask, AICl; (494 mg,
3.7 mmol) was suspended in 10 mL of dry DCM in an
argon atmosphere and stirred for 15 min. 1-Naphthoyl
chloride (0.55 mL, 3.7 mmol) was added drop-wise to the
stirring suspension and held for 1 h. A solution of methyl
3-(1H-indol-1-yl)propionate in DCM (5 mL) was added
drop-wise (observing the color of the solution changing
from yellow to red). The reaction progress was checked by
TLC (R = 0.38, DCM). After stirring for 24 h at room
temperature, the reaction mixture was poured into ice water
(100 mL), extracted with DCM (4 x 30 mL), washed with
brine, dried over Na,SO, and concentrated. The crude
reddish residue was purified by the silica gel column with
DCM to give the internal standard (IS) methyl 3-(3-(1-
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naphthoyl)-1H-indol-1-yl)propionate (9; 824 mg) as a
yellow oil.

EI-MS 70 eV, m/z [mass-to-charge ratio; in relative
intensity (rel. int.)]: 357 (70), 340 (15), 326 (4), 296 (7),
283 (31), 270 (100), 254 (14), 241 (14), 230 (59), 213 (9),
189 (3), 170 (5), 155 (16), 144 (11), 127 (64), 115 (16), 101
(14), 87 (7), 77 (11), 59 (25), 51 (3), 45 (3)

Accurate mass EI-MS of M™ [theoretical/measured
(theor./meas.)]: 357.13649/357.13856

ESI-EPI-MS/MS of protonated molecular ion [M + H]*
358 m/z (rel. int.): 284 (2), 230 (17), 155 (100), 127 (3).

UV maxima nm (0.010 mg/mL in methanol): 245 and
313

Infrared (IR): v (cm™'): 3124 (w), 3054 (w), 3011 (w),
2946 (w), 1729 (m), 1606 (m), 1519 (m), 1463 (w), 1382
(m), 1177 (s), 1052 (m), 884 (m), 744 (s), 668 (m), 642
(m), 595 (w)

For the NMR spectroscopic characterization and the
comparison to published data [12], see the supplementary
material and the section “NMR spectroscopy”.

Quantitation of synthetic cannabinoids by direct
infusion ESI-MS/MS

The response factor (RF) for each compound was deter-
mined in relation to the IS by co-injecting solutions con-
taining 2.5 pg of purified synthetic cannabinoid and 2.5 pg
of IS in 1 % formic acid in methanol (v/v) or in a mixture
of 90 % methanol, 10 % deionized water, 1 % formic acid
and 0.1 % ammonium formate. These solutions were used
for direct-infusion ESI-MS/MS analysis (multiple reaction
monitoring mode, MRM) using the integrated syringe
pump of the 3200 QTrap instrument. For each analyte and
IS, two transitions per compound where selected (one used
as a quantifier transition, MRM-QT). The RF for each
compound versus IS was calculated based on the area for
the analyte and the area of the IS for the corresponding
quantifier MS/MS transition using Eq. 1.

area(MRM-QT 1y )

area(MRM-QT}g)

amount(IS[mg])
amount(analyte[mg])

RF(ESI-MRM) =

(1)

The corresponding MRM transitions, calculated RFs and
ESI-MS/MS parameters for the IS and each analyte are
summarized in Table 1.

For quantification of the synthetic cannabinoids in the
commercial products, each herbal product was extracted in
a 1.5-mL Eppendorf tube. Approximately 10-25 mg of the
homogenized ground plant material was weighed (0.1-mg
accuracy) and 1.0 mg of IS dissolved in 100 pL of chlo-
roform was added. This mixture was extracted with 0.5 mL
of DCM and the organic supernatant was collected. The
extraction was repeated three times. The fourth extract was
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Table 1 Multiple reaction ) s . 1 a b
monitoring (MRM) transitions, Analyte Transition 1/2 (quantifier and qualifier) RF RF CE (eV)
calculated response factors 5-Fluoro-AB-PINACA (1) 349 - 304 0.145 0299 18
(RFs) and the electrospray
ionization-tandem mass 349 — 233 18
spectrometry (ESI-MS/MS) AB-CHMINACA (2) 357 - 241 0.089 0.054 20
parameter collision energies 357 —145 20
(CEs) for the analytes and the g FyRINACA (3) 369 — 324 0.044 0,042 18
internal standard (IS) 360 1 253 18
. d
5-Fluoro-PB-22 (4) 377 — 232 9.748 1.286 18
377 - 144 18
5-Fluoro-AMB (5) 364 — 233 0.224 0.348 16
364 — 145 16
MDMB-CHMICA (6) 385 — 240 1.344 1.485 22
385 — 144 22
EAM-2201 (7) 388 — 183 0.157 0.139 22
388 — 153 22
STS-135 (8) 383 — 135 1.677 0.795 39
383 - 232 39
IS (9) 358 — 155 - - 34
358 — 230 34

The quantifier ion transition is shown in the boldface numbers

& Methanol, 1 % formic acid (v/v)

® 90 % methanol, 10 % deionized water, 1 % formic acid and 0.1 % ammonium formate viv)

concentrated and analyzed by ESI-MS, but was found to be
free of synthetic cannabinoids and the IS, indicating
exhaustive extraction. The combined organic phases were
concentrated by a stream of nitrogen, and the residue was
re-dissolved in 1 mL of chloroform and diluted 200-fold
using 1 % formic acid in methanol (v/v) or a mixture of
90 % methanol, 10 % deionized water, 1 % formic acid
and 0.1 % ammonium formate. These solutions were
directly analyzed by direct infusion ESI-MS/MS and the
concentrations of synthetic cannabinoids were calculated
using the previously established RFs and Eq. 2.

area(MRM-QT ,1y¢e )

A tlmg/g] =
mount[mg/g] arca(MRM-QTys) x RF )
1000
x amount(IS[mg]) x - me
weight(sample[mg])

All herbal mixtures were analyzed in duplicates each time
starting from scratch.

Recovery rates of each synthetic cannabinoid
in herbal samples

Leaves of Althaea officinalis (10 mg) were spiked with
reference standard synthetic cannabinoids at three different
levels of 100, 500 and 2000 pg using stock solutions in
chloroform (STS-135, 5SF-AB-PINACA or 5F-PB-22) and
500 pg of IS each. All samples underwent the sample
workup protocol and were diluted 200-fold with 1 %

formic acid (v/v in methanol) at the final stage and ana-
lyzed using the established direct infusion ESI-MS/MS
method. The recovery was calculated as the rate of the
detected value (added synthetic cannabinoid = 100 %).

Recovery rates of mixtures of synthetic
cannabinoids in herbal samples

To cover possible interactions of coexisting compounds,
synthetic cannabinoid-free leaves of A. officinalis (10 mg)
were spiked with:

(a) 200 pg each of 5-fluoro-AMB (5), 5-fluoro-AB-
PINACA (1), MDMB-CHMICA (6) and IS (9)

(b) 200 pg each of EAM-2201 (7), 5-fluoro-PB-22 (4)
and IS (9)

(¢) 200 pg each of 5-fluoro-AB-PINACA (1), 5-fluoro-
PB-22 (4), STS-135 (8) and IS (9)

All samples underwent the extraction procedure and were
diluted 200-fold with a mixture of 90 % methanol, 10 %
water, 1 % formic acid and 0.1 % ammonium formate
before direct infusion into ESI-MS/MS.

Evaluation of inter-day stability of the response
factor

To test inter-day stability, mixtures of 2.5 pg of IS and
2.5 pg of each synthetic cannabinoid were stored at 4 °C
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for several weeks. They were analyzed by ESI-MS/MS.
The RF was determined in comparison with the first
injection (100 %) over the course of 4 weeks.

Physicochemical characterization of compounds 1-8

All isolated compounds were analyzed by spectrometric
and spectroscopic methods for physicochemical charac-
terization. The data included mass spectra by EI-MS,
accurate mass data, product ion mass spectra obtained by
ESI-EPI-MS/MS, UV maxima, and IR spectra.

Results and discussion

All analyzed samples were obtained in February 2015,
shortly after the court decisions, which created a new legal
framework situation in Germany. To obtain a broad spec-
trum of products available on the German market, it was
decided to sample six different German language Internet
shops for herbal smoking mixtures, covering several
European countries (Germany, Netherlands, Czech
Republic and Belgium). Two different products were
obtained from each supplier. Altogether, 13 different
brands/product packages were analyzed (12 plus one
freebie: sample 6C).

As a first screening approach, organic extracts were
analyzed by GC-MS and major compound peaks were
identified by available GC-MS databases [10, 11]. Figure 2
shows structures of all eight synthetic cannabinoids (1-8),
which were identified by the EI-MS databases. A literature
search revealed that some of these substances, to date, have
not or have been only vaguely described and chemically
poorly characterized.

STS-135 (8) was detected and chemically characterized
earlier and is a known ingredient in herbal smoking blends
on the German market [13]. 5-Fluoro-AB-PINACA (1) was
recently detected in Japan in herbal preparations containing
larger amounts of another active ingredient, diphenidine, a
dissociative anesthesia drug [14], and has been character-
ized by EI- and ESI-MS methods. In addition, intensive
metabolization data of 1 using human microsome prepa-
rations and ESI-MS/MS methods became available
recently [15].

The coexistence of diphenidine was also reported for
AB-CHMINACA (2) and 5-fluoro-AMB (5), and these
compounds were analyzed and quantitated by HPLC-ESI-
MS/MS in postmortem autopsy specimens associated in a
fatal poisoning in Japan [16]. The occurrence of AB-
CHMINACA (2), AB-FUBINACA (3), EAM-2201 (7) and
5-fluoro-PB-22 (4) has been documented; the first three (2,
3 and 7) were reported for the Asian countries, in partic-
ular, the Japanese market [17-21].The occurrence of 4 is
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more widely spread and has a reputation of being causal for
acute health effects [21-23].

Little or no physicochemical data were available for 1
(5-fluoro-AB-PINACA), 2 (AB-CHMINACA), 5 (5-fluoro-
AMB) and 6 (MDMB-CHMICA). In the course of our
experiments we used 9 as an IS for quantification of syn-
thetic cannabinoids in herbal blends. Hence, we did an in
depth characterization, especially for the compounds 1, 2,
5, 6 and 9, using various instrumental analyses.

Basic physicochemical properties of compounds 1-8
5-Fluoro-AB-PINACA (1)

EI-MS 70 eV, m/z (rel. int.): 348 (M, 1), 304 (82), 233
(100), 213 (10), 177 (7), 145 (37), 131 (18), 117 (5), 103
(10), 90 (7), 69 (7), 55 (8), 44 (18)

Accurate mass EI-MS of M7 (theor./meas.): 348.19615/
348.19569

ESI-EPI-MS/MS m/z (rel. int.): 349 (M + H]%, 3), 332
(30), 304 (100), 251 (2), 233 (50), 213 (18), 177 (1), 145
(1)

UV maximum nm (0.010 mg/mL in methanol): 302

IR: v (cm™"): 3387 (w), 3331 (w), 3198 (w), 2962 (w),
2873 (w), 1649 (s), 1527 (s), 1491 (m), 1369 (w), 1313 (w),
1171 (m), 1005 (w), 750 (s), 565 (m).

AB-CHMINACA (2)

EI-MS 70 eV, m/z (rel. int.): 356 M, 1), 312 (82), 241
(100), 186 (3), 145 (55), 131 (15), 103 (18), 83 (5), 72 (3),
55 (35), 44 (22)

Accurate mass EI-MS of M (theor./meas.): 356.22123/
356.22165

ESI-EPI-MS/MS mi/z (rel. int.): 357 (M + H]", 7), 340
(64), 312 (100), 241 (28)

UV maximum nm (0.010 mg/mL in methanol): 303

IR: v (cm™): 3331 (w), 3193 (w), 2926 (m), 2852 (W),
1649 (s), 1527 (s), 1491 (m), 1368 (w), 1303 (w), 1175 (m),
749 (s), 603 (m), 568 (m).

AB-FUBINACA (3)

EI-MS 70 eV, m/z (rel. int.): 368 (M1, 1), 324 (74), 312
(4), 253 (90), 241 (5), 215 (3), 145 (18), 129 (2), 109 (100),
83 (17), 72 (3), 44 (18)

Accurate mass EI-MS of M (theor./meas.): 368.16485/
368.16459

ESI-EPI-MS/MS m/z (rel. int.): 369 (M + H],10), 352
(50), 324 (100), 253 (19)

UV maximum nm (0.010 mg/mL in methanol): 301

IR: v (em™Y): 3366 (w), 3056 (w), 2961 (w), 2531 (W),
2397 (w), 2350 (w), 1638 (s), 1509 (m), 1481 (m), 1419
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(w), 1356 (w), 1304 (w), 1228 (m), 1157 (w), 752 (s), 616
(w).

5-Fluoro-PB-22 (4)

EI-MS 70 eV, m/z (rel. int.): 376 (M, 12), 232 (100), 212
(6), 144 (44), 129 (8), 116 (50), 102 (8), 89 (28), 63 (8)

Accurate mass EI-MS of M (theor./meas.): 376.15871/
376.15653

ESI-EPI-MS/MS m/z (rel. int.): 377 (M + H]*,10), 232
(100)

UV maxima nm (0.010 mg/mL in methanol): 216, 230,
294

IR: v (cm™"): 3124 (w), 3039 (w), 2941 (w), 2856 (W),
1710 (s), 1529 (m), 1466 (m), 1380 (m), 1159 (m), 1084
(m), 962 (m), 849 (m), 812 (m), 750 (s), 613 (w), 569 (w).

5-Fluoro-AMB (5)

EI-MS 70 eV, m/z (rel. int.): 363 (M*, 12), 320 (2), 304
(70), 289 (2), 249 (24), 233 (100), 213 (22), 177 (7), 158
(3), 145 (57), 131 (24), 117 (7), 103 (22), 90 (17), 69 (15),
55 (16), 41 (28)

Accurate mass EI-MS of M7 (theor./meas.): 363.19582/
363.19767

ESI-EPI-MS/MS m/z (rel. int.): 364 (M + H]*,13), 346
(1), 332 (4), 318 (4), 304 (68), 286 (2), 251 (4), 233 (100),
213 (43), 185 (2), 177 (6), 145 (5)

UV maximum nm (0.010 mg/mL in methanol): 302

IR: v (cm™Y): 3415 (w), 2961 (w), 2873 (w), 1739 (m),
1667 (m), 1524 (s), 1490 (m), 1310 (m), 1203 (m), 1169
(m), 1002 (m), 751 (s), 537 (m).

MDMB-CHMICA (6)

EI-MS 70 eV, m/z (rel. int.): 384 (M, 28), 328 (34), 296
(10), 268 (21), 245 (25), 240 (100), 157 (10), 144 (47), 129
(21), 116 (7), 102 (5), 57 (34), 55 (32)

Accurate mass EI-MS of M™ (theor./meas.): 384.24129/
384.24297

ESI-EPI-MS/MS m/z (rel. int.): 385 (IM + H]™,10), 240
(100)

UV maxima nm (0.010 mg/mL in methanol): 216, 290

IR: v (cm™Y): 3325 (w), 3105 (w), 2926 (m), 2852 (W),
1738 (m), 1616 (s), 1536 (s), 1511 (s), 1464 (m), 1395 (m),
1217 (m), 1196 (m), 1157 (s), 1129 (m), 1014 (m), 776 (m),
742 (s), 618 (m), 549 (m).

EAM-2201 (7)

EL-MS 70 eV, m/z (rel. int.): 387 (M, 100), 370 (65), 358
(40), 312 (54), 298 (14), 270 (28), 254 (29), 232 (47), 195

(21), 183 (16), 153 (31), 144 (42), 116 (21), 102 (17), 89
9), 69 (10)

Accurate mass EI-MS of M7 (theor./meas.): 387.19984/
387.20179

ESI-EPI-MS/MS m/z (rel. int.): 388 (IM + H]*,11), 232
(45), 183 (100), 155 (15), 144 (8)

UV maximum nm (0.010 mg/mL in methanol): 316

IR: v (cm™"): 3378 (w), 2926 (m), 2855 (m), 1741 (m),
1623 (m), 1610 (m), 1520 (s), 1464 (m), 1393 (m), 1376
(m), 1169 (m), 1064 (w), 941 (w), 823 (s), 751 (s), 610 (W).

STS-135 (8) see supplemental Information file of Langer
etal [12]

EI-MS 70 eV, m/z (rel. int.): 382 (MT, 44), 365 (13), 325
(2), 307 (37), 264 (8), 232 (100), 212 (4), 173 (10), 144
(29), 116 (12), 91 (10), 79 (8), 67 (5), 41 (9)

Accurate mass EI-MS of M (theor./meas.): 382.24204/
382.23989

ESI-EPI-MS/MS m/z (rel. int.): 383 (M + H]1,22), 232
(16), 206 (5), 135 (100), 107 (7), 93 (5), 79 (2)

UV maximum nm (0.010 mg/mL in methanol): 302.

NMR spectroscopy

In accordance with our previous papers [2, 13], the atom
numbering used is as follows: (a) 2, 3, ... for the indole/
indazole moiety, (b) 2/, 3’, ... for the naphthalene moiety or
other groups connected to 3-CO-/3-CONH-/3-COO-,
(c) 2", 3", ... for the alkyl groups bound to N-1 of the
indole/indazole fragment.

NMR results for compounds 1, § and 6 have not been
reported before. For compound 2, only unassigned 'H
NMR data have been published in a patent [24]. The NMR
data in the literature of the IS, 9, are not satisfactory,
because neither the 'H nor the '*C NMR spectrum has been
assigned and some erroneous information has been
extracted from the "H NMR spectrum [12]. In the present
paper, a complete set of 'H and '*C assignments is given
only for 6 (Table 2), because to our knowledge this com-
pound was identified for the first time in two commercial
products disclosed. The NMR data for compounds 1, 2, 3,
4, 5,7 and 9 are given in the supplementary material.

The aromatic region of the "H NMR spectrum of com-
pound 4 in a CD;OD solution showed signals, which were
close to first order. When the spectrum was repeated in
DMSO-dg to compare it with the literature [22], its
appearance was substantially different. The chemical shift
difference of H-6' and H-7' was considerably smaller than
for the CD3;0D solution, which caused the change from a
clean doublet of doublets (in CD;0D) to the 6-line X part
of an ABX spin system (in DMSO-dg). Moreover, changing
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Table 2 'H and '>C nuclear

magnetic resonance (NMR) data Position e H HMBC" ®
of MDMB-CHMICA (6) in COOMe 173.72 - 1/, OMe
CD;0D
CONHR 167.75 - 2,(7), U
2 133.44 8.01 (s) 1"
3 110.10 - 2,4, (1)
3a 127.68 - 2,5,7
121.77 8.044 (ddd, J = 8.07, 1.16, 0.77 Hz)° ), (5), 6, (7)
5 122.37 7.188 (ddd, J = 8.07, 7.07, 0.95 Hz)° ©), 7
123.58 7.240 (ddd, J = 8.33, 7.07, 1.16 Hz)° 4, (5)
111.69 7.459 (ddd, J = 8.33, 0.95, 0.77 Hz)° (), @), 5, (6)
7a 138.44 - 2,4,6,1"
G 61.72 4.64 (s) 3/
v 35.55 - U, 3
3/ 27.28 1.10 (s) v, 3
OMe 52.30 3.75 (s) an
1 54.00 4.04 (d, J = 7.4 Hz) 2, (2", 3"/7"
2" 39.95 1.90 (ttt, J = 11.3, 7.4, 3.5 Hz) 1, (4"16")°
3", 7" 31.92, 31.90 1.60 (m), 1.05 (m) 17, (2", (4"16", (5")2
4", 6" 26.84 1.72 (m), 1.21 (m) "), 317", 416", 5"
5" 27.40 1.66 (m), 1.21 (m) 4”16

HMBC heteronuclear multiple-bond correlation

2 Entries in the HMBC column indicate "H nuclei showing long-range correlations with the '*C chemical

shift in the second column

b . .
Weak correlations in parentheses

¢ Chemical shifts and coupling constants of the indole protons obtained by iterative full bandshape

analysis, R = 0.25 %

46 =1.05 ppm
¢ 9 =1.72and 1.21 ppm
f'6 =172 ppm
€ 6 = 1.66 ppm

" § = 1.60 and 1.05 ppm
"' § =1.66 and 1.21 ppm

the solvent induced distinct chemical shift changes of H-2
and H-7 (both deshielded in DMSO-dgs by 0.15 and
0.12 ppm, respectively) and of H-4 (de-shielded in CD;0D
by 0.08 ppm). The relevant spectrum sections of the two
solutions are also given as figures in the supplementary
material file. A comparison of the results of our "H NMR
analysis with those by the earlier authors [22] shows dis-
crepancies with our assignments of H-5' (§ = 7.95) as well
as of H-7, H-6' and H-7' (6 = 7.71-7.67). This is most
probably due to the incomplete and incorrect analysis of
the multiplets in question by these authors. For example,
the signal at 0 = 7.95 was assigned by them to H-6' (their
labeling: H-3a). This is the X proton of the ABX system
mentioned above. From the distance of the two outer
intense lines of this multiplet the sum /ox + Jpx! is read
off as 9.7 Hz, and, hence, it cannot correspond to a proton
with two ortho neighbours (which should have a sum of ca.
16 Hz), i.e., not H-6'. Their incorrect proton assignments

@ Springer

seem to have affected a number of '*C signal assignments,
because the latter were deduced from heteronuclear
chemical shift correlations. The NMR data of compound 3
have been described for a solution in DMSO-dg [20] and
those of compound 7 for a solution in CDCl; [26]. Our
results for solutions of these compounds in CD3;OD are
listed in the supplementary material. The NMR data of
compound 8 (in CDCl;) have been reported by us before
[13].

Mass spectrometry

The majority of the synthetic cannabinoids identified (4/8;
1, 2, 3 and 5) belong to the group of 1H-indazole-3-car-
boxamides, containing a valine-amide/methyl ester (5) side
chain. In addition, the newly found MDMB-CHMICA (6)
is based on 1H-indole-3-carboxamide and the methyl ester
of the tert-butyl homologue of valine. Based on the GC-EI-
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TOF-MS, elemental compositions of ions or ion losses
could be assigned and were used to assign key fragment
ions and helped to propose EI fragmentation schemes,
which are also given in the supplementary material.

The EI mass spectra of the amides (1, 2, and 3) are
characterized by showing only low-intensity (< 1 %)
molecular ions (Fig. 3a; 2), while corresponding methyl
esters (5 and 6) show significant molecular ion peaks of
higher than 20 % intensity (Fig. 3b, 6). EI fragmentation
was characterized by fragment ions originating from two o-
cleavages of the valine-based side chains. For amides,
typically, intense fragment ion peaks were observed by
losses of 44 amu (CH,NO) and 115 amu (CsH;;N,O;
Fig. 3a), while 59 amu (C,H30,) and 130 amu
(C¢H2NO,) were observed for the corresponding methyl

Fig. 3 Comparison of proposed

a 100
electron ionization-mass
spectrometry fragmentation
schemes of a AB-CHMINACA
(2) and b MDMB-CHMICA (6)
S
ol
‘@
c
2 50
£
o
2
< | 55
7 103
131
b 72 83
50 100
b 100

relative intensity [%]
S

50 100

ester (5, see the supplementary material). However,
MDMB-CHMICA (6), which is a tert-butyl derivative of
valine, showed a different behavior. Instead of the loss of
the methyl ester functionality, the loss of the tert-butyl side
chain (56 amu; C4Hg) was favored (Fig. 3b) in addition to
the a-cleavage of the total side chain [—144 amu
(C7H4NO,)], which was true for all 1H-indole/indazole-3-
carboxamide compounds in this study.

The fragmentation of the protonated molecular ions of
the amide compounds (1, 2, and 3) in ESI-MS/MS was
dominated by two consecutive neutral losses, —17 amu
(NH3) and —28 (CO) of the amide group and an a-cleavage
of the total valine side chain part of the molecule (Fig. 4a;
2), while the valine methyl ester derivative (5) showed,
similar to the EI behavior of this compound, two o-
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cleavages, of the methyl ester group (—-C,H40,; —60 amu)
and the total valine side chain (CqH;3NO,; —131 amu).
Again, strikingly different was the ESI-MS/MS of the tert-
butyl valine homologue (6). Unlike the behavior of the
related compound 5, no methyl ester fragmentation
(-C,H40,; —60 amu) was observed and only one major
fragment, the loss of the complete side chain (C;H;3NO;;
—143 amu), was detected (Fig. 4b). Further information on
EI-MS and ESI-MS/MS data and proposed fragmentation
schemes for compounds 1-7 and 9 can be found in the
supplementary material.

ESI-MS/MS quantification

Recently, direct analysis in real time mass spectrometry
(DART-MS) was applied successfully to the analysis of
synthetic cannabinoids in herbal mixtures [27]. The

a 100
312.0

-CO
-28

340.0
50 A

Intensity [%]

-NH;
241.0 17

q

3£'|)7.0

AB-CHMINACA (2
Ca0H28N40,
Exact mass: 356.22123

60 100 140 180 220 260 300 340 380

m/z
239.9
b 100
vas
(e}
_ H
= \
240
é\ N
T
= MDMB-CHMICA (6
£ C23H3oN203
Exact mass: 384.24129
385.0
N

60 100 140 180 220 260 300 340 380
m/z

Fig. 4 Comparison of proposed electrospray ionization-tandem mass
spectrometry fragmentation schemes of a AB-CHMINACA (2) and
b MDMB-CHMICA (6)
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usefulness of this technique in forensic analysis of illegal
drugs [like cocaine, tetrahydrocannabinol (THC), opioids,
psilocin, etc.] was demonstrated before [28], and DART-
MS is now a well established direct technique to screen
complex biological matrices for synthetic cannabinoids,
enabling a rapid and sensitive analysis overview without
the need for sample extraction [29]. However, under these
conditions, DART-MS 1is a preliminary qualitative
screening method and cannot provide accurate quantitation
data, because the illicit drugs are usually distributed very
inhomogeneously in the herbal products [30].

We do not have access to DART-MS, however we were
highly interested in speeding up quantitation of synthetic
cannabinoids in herbal products. Hence, we developed a
standard procedure that allowed sufficiently accurate
quantification without the need of chromatographic sepa-
ration. Our approach comprised homogenization of the
whole sample, extraction and screening of the present
synthetic cannabinoids by GC-MS. Quantification was
achieved by utilizing an IS and a non-chromatographic
direct infusion ESI-MS/MS method instead of a DART-MS
ionization/analysis.

To take into account the different ionization efficiency/
sensitivity of each compound, the individual RFs for each
synthetic cannabinoid versus the IS were established in
preceding experiments using direct infusion ESI-MS/MS of
each compound/IS mixed together. The overall methodology
was specifically adapted for the analysis of synthetic
cannabinoids in such products and our available 3200 QTrap.

For instance, we made sure that the IS was added in
approximately the same amount as those of the analytes
expected, thus yielding final concentrations of approxi-
mately 5 pg/mL for the analytes and the IS. These solu-
tions could be used right away for quantification without
any further treatment.

Before the method was applied to analyze the com-
mercial products, we tested the overall procedure using
spiked A. officinalis leaves. A. officinalis is frequently used
as plant material for herbal smoking mixtures [31, 32], and
hence we used this plant material for model experiments to
evaluate the overall procedure and the recovery rates.
Three representative, but structurally different, synthetic
cannabinoids were chosen for these model experiments: 8
(an adamantyl carboxamide derivative), 1 (an indazole
dicarboxamide) and 4 (a quinolinyl carboxylate derivative).
The recoveries for the quantification of each synthetic
cannabinoid at three different concentration levels, cover-
ing the expected concentration in these products, ranged
from 110 to 80 %, which demonstrated sufficient accuracy
for the intended use/concentration range.

To reveal possible interactions of coexisting compounds
that could affect the quantitation we conducted a second
series of model experiments. A. officinalis leaves were
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spiked with the compounds that occurred in combination as
identified by the GC-MS screening. The corresponding
synthetic cannabinoids (at known concentrations) together
with the IS were added and analyzed using the described
extraction protocol. The calculated quantitative results
were compared to the theoretical values and were in the
range of 80—-120 %, which proved to be sufficiently accu-
rate for the intended use. However, it needs to be men-
tioned that if newer designer-drug mixtures grow more
complex (3 or more synthetic cannabinoids plus IS),
interactions of the individual compounds cannot be
excluded and the combinations need to be tested for
interaction to allow accurate quantification.

Using our instrumentation, single compound products
could be analyzed straightforwardly with this methodol-
ogy. Therefore, it turned out, if protonated/sodiated
molecular ions coexisted for one compound in the ESI-
process, this was counterproductive for accurate quantita-
tion, because only MS/MS transitions of the protonated
molecular ion are useful and the ratio might differ from
injection to injection. Therefore, as a general approach,
formic acid was used as a general modifier in the extraction
procedure.

In addition, when combinations of several synthetic
cannabinoids coexisted, a reliable quantification was dif-
ficult. To investigate the interaction of combinations of
different synthetic cannabinoids, test mixtures were ana-
lyzed using several combinations of ESI-MS solvents and

modifiers. Using formic acid and ammonium formate as
modifiers, we were able to push the ratio towards a high
excess of the protonated molecular ion species for all
individual compounds in the mixture which, in turn,
enabled the accurate quantification of herbal blends con-
taining more than one synthetic cannabinoid.

The results and experiences of the model experiments
were combined to a general sample preparation and anal-
ysis method, allowing the straightforward quantification of
the synthetic cannabinoids in such products. This estab-
lished protocol was facilitated by the fact that the con-
centration of synthetic cannabinoids is usually of the order
of 50-300 mg/g [13, 33, 34], allowing the use of a single
protocol for all samples analyzed, here, using 10 mg of
each commercial product. This sample amount requires a
final dilution by a factor of 100-200 to meet the dynamic
range requirements of our instrumentation. However, this
fact was very beneficial and helpful because matrix effects
and matrix suppression of the extracted plant material were
of no concern after dilution. These resulting solutions could
be used right away for quantification by direct infusion
ESI-MS/MS without any further treatment.

The individual RFs for each synthetic cannabinoid were
used to calculate the actual amount of synthetic cannabi-
noids present in the products. The quantification results of
the individual and total synthetic cannabinoid contents and
cannabinoid receptor binding constants of each commercial
product are summarized in Table 3. The total contents of

Table 3 Quantification (mg/g)

a, b, ¢

of synthetic cannabinoids (1-8) Sample 1 2 3 4 5 6 7 8 Sum

in 13 different herbal products 1A 60 60

available on the German market

in the spring of 2015 1B 77 77
2A 63 63
2B 82 82
3A 94 94
3B 91 91
4A 117 117
4B 118 118
5A¢ 89 66 12 167
5B¢ 132 314 446
6A 87 87
6B 92 92
6C 305 305
K; CB; (nM) 0.51 [24] 0.9 [24] 8.55 [25] 0.09 [24] 7.29 [25]

Quantification was achieved by ESI-MS/MS applying MRM and 3-(3-(1-naphthoyl)-1H-indol-1-yl)propi-
onate as an IS (9). Binding affinities (K;) for cannabinoid receptor type 1 (CB;) are listed when available

* Samples were fluffy greenish plant material; except for sample 5B which was a brown hashish like resin

® Mean of two individual extractions and measurements n=2)

¢ Numbers reflect the source, letters reflect different products

9 Diluted in 90 % methanol, 10 % water, 1 % formic acid and 0.1 % ammonium formate
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synthetic cannabinoids found in the analyzed products
ranged from 66 to 446 mg/g, reflecting the “normal” range
frequently found for such products [13, 33, 34]. The cal-
culation of the concentration of the synthetic cannabinoids
in commercial products depends to a great extent on the
RFs. We tested the variability of the RFs over a period of
4 weeks. Compared to the first determination (day O set to
100 %) the RFs were found to show less than + 1 %
deviation. This means that, if an RF for an IS/analyte is
established for an existing instrumentation, it can be used
for future analyses allowing a quick and simple quantifi-
cation of this analyte in herbal smoking mixtures.

Conclusions

It is obvious that the synthetic cannabinoids on the Ger-
man market are currently dominated by the 1H-indazole-
derivatives (1, 2, 3 and §), which seem to have conquered
the European market and are replacing many of the
existing compounds which were regulated over the past
months. MDMB-CHMICA was found for the first time
and its structural and physicochemical properties are
described here in detail. Another characteristic finding
was that, in many cases, shops (4/6) were selling differ-
ently labeled products/packages, but the synthetic
cannabinoid contained in the products was identical.
Interestingly, the product which was sent as a freebie
contained a recently regulated compound (8). This seems
to be a way for the suppliers to empty their warehouse of
regulated NPSs and to stock new products that contain as
of yet unregulated compounds. As a response to the very
recent regulatory changes in Europe/Germany, where
NPSs are not considered pharmaceuticals anymore [8],
and the regulations on how to define the lowest effective
doses for NPSs are being applied [9], these changes seem
to be reflected by the common occurrence (4/8) of
already-regulated compounds (here: 3, 4, 7 and 8). In
addition, in vitro receptor binding data were available for
only five out of the eight detected synthetic cannabinoids
(Table 3), demonstrating an increased risk/tolerance of the
clandestine producers to create new modifications of the
existing core structures without estimating biological
activities, not to mention possible hazardous side effects.

Here, we have also reported a method/protocol allowing
a quick and reliable ESI-MS/MS quantification of diluted
crude extracts from herbal products using an IS and
appropriate RFs. This method may be a helpful alternative
for the quantitative analysis, which will be necessary to
monitor NPS content in connection with the new need to
survey the regulations on “possession of small amounts or
not-small amounts” of regulated synthetic cannabinoids in
Germany [9]. The latter legal decision may lead to the re-

@ Springer

occurring availability of already-regulated NPSs via local
shops in Germany, generating the need for such simple and
fast quantification procedures.
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