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Abstract

A diverse assortment of molecules designed to explore the cannabinoid receptor
system and considered new psychoactive substances (NPS) have become known as
synthetic cannabinoid receptor agonists (SCRAs). One group of SCRAs that has received
little attention involves those exhibiting sulfamoyl benzoate, sulfamoyl benzamide, and
N-benzoylpiperidine based structures. In this study, quinolin-8-yl 4-methyl-3-(piperi-
dine-1-sulfonyl)benzoate (QMPSB), quinolin-8-yl 4-methyl-3-(morpholine-4-sulfonyl)
(QMMSB),
(QMPCB, SGT-11), quinolin-8-yl 3-(4,4-difluoropiperidine-1-sulfonyl)-4-methylbenzoate
(2F-QMPSB, QMDFPSB, SGT-13), quinolin-8-yl 4-methyl-3-[(propan-2-yl)sulfamoyl]
benzoate (QMIPSB, SGT-46), and 3-(4,4-difluoropiperidine-1-sulfonyl)-4-methyl-N-
(2-phenylpropan-2-yl)benzamide (SGT-233) were extensively characterized (including

benzoate quinolin-8-yl  4-methyl-3-(piperidine-1-carbonyl)benzoate

data on impurities). The analytical profiles may be useful to researchers and scientists
who deal with the emergence of NPS during forensic and clinical investigations. The
detection of QMPSB was first published in 2016 but it is worth noting that Stargate
International, a company originally formed to develop harm reduction solutions, were
involved in the investigation and development of these six compounds for potential
release between 2011 and early 2014. Whilst information on the prevalence of use of
these particular compounds at the present time is limited, one of the key outcomes of
the research performed by Stargate International reviewed here was to set the stage
for the quinolin-8-yl ester head group that ultimately led to hybridization with an
N-alkyl-1H-indole core to give SGT-21 and SGT-32, which became later known as
PB-22 (QMPSB/JWH-018 hybrid) and BB-22, respectively, thus, opening the door to a
range of SCRAs carrying the quinolin-8-yl head group from about 2012 onwards.
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1 | INTRODUCTION

Since the initial discovery of pravadoline and WIN 55,212-2 in the
late 1980s and their subsequent identification as cannabinoid

receptor agonists in the mid-1990s,*?

several thousand synthetic
cannabinoid receptor agonists (SCRAs) of the same basic “tail-core-
linker-head” chemotype®* have been reported. Reviews in this field
(eg, Huffman and Padgett,S Manera et al.,® Wiley et al.,” Banister and

89 and Alam and Keating’®) indicate that many of these

Connor,
substances originated within university settings for pharmacological
research into cannabinoid receptors and their downstream
signaling systems.

The majority of compounds in this class have been claimed in
pharmaceutical patents with a variety of suggested applications. The
preponderance of SCRAs originating from pharmaceutical patents has
not escaped the attention of “designer drug” vendors looking to
market these compounds for recreational use. For example, a pair of
patents from 2009 issued to Pfizer Inc. list hundreds of potent CB4R
agonists from the indazole-3-carboxamide group along with their
synthetic routes and associated in vitro activity data.'''? Some of
these have subsequently been identified as new psychoactive
substances (NPS) along with various related derivatives obtained by
minor modifications, such as the replacement of the indazole core and
fluorination of the tail group. By the end of the 2010s, various highly
potent and inexpensively manufactured SCRAs from this group were
prominent on the SCRA market around the world.*34

An important aspect of SCRA research involves the evaluation of
substances that either have limited ability to penetrate the blood-
brain barrier or are relatively CB,R-selective in an effort to prevent
cannabis-like psychoactive effects mediated by the activation of CB4R
located in the brain. On the other hand, numerous SCRAs suggested
to be peripherally selective® or highly CB,R selective!®!” have
nevertheless appeared on the global market and reportedly induce
psychoactive effects in people who use these substances.

The majority of SCRAs identified on the market so far are
substances incorporating a bi- or tricyclic core (eg, indoles, indazoles,
azaindoles, carbazoles, benzimidazoles, y-carbolines).2? Despite the
plethora of compounds in the scientific literature, few monocyclic
core SCRAs have appeared as street drugs to date. However,
examples that include the identification of substances having pyrrole
(eg, JWH-030 and JWH-307'®), thiazole (A-836,339),"? or pyrazole
cores (AB-CHFUPYCA/5,3-AB-CHFUPYCA,2>2! 5F-AB-FUPPYCA,%?
AMPPPCA, and 5F-AMPPPCAZ® (Figure 1A) exist. The extent to
which such novel pyrazole SCRAs exhibit any CB;R/CB,R agonist
activity remains to be explored given that some cannabinoid ligands
with a pyrazole core are also known as cannabinoid receptor inverse
agonists/antagonists such as rimonabant and AM-251.2* Several
0-1269% and a
or examples where the pyrazole ring is fused

agonist derivatives, such as number of

dihydropyrazoles,?42”
with bicyclo[2.2.1]heptane?® (Figure 1B) are also known.

Another group of mixed CB;R/CB3R agonists with a monocyclic
core is based on a template that includes a sulfamoyl benzoate or

sulfamoyl benzamide structure. One such compound is quinolin-8-yl

4-methyl-3-(piperidine-1-sulfonyl)benzoate (QMPSB, 1) (Figure 1C), a
sulfamoyl benzoate that was identified as a constituent in seized
herbal material and reported in 2016.2° The identification of SCRAs
remains to be a relevant undertaking when facing the emergence of
NPS across the fields related to substance use. In the present investi-
gation, detailed analytical characterizations are presented to comple-
ment the existing information on QMPSB (1)%° and to provide new
data on the closely related SCRAs: quinolin-8-yl 4-methyl-
3-(morpholine-4-sulfonyl)benzoate (QMMSB) (5), quinolin-8-yl
4-methyl-3-(piperidine-1-carbonyl)benzoate (QMPCB, SGT-11) (14),
quinolin-8-yl  3-(4,4-difluoropiperidine-1-sulfonyl)-4-methylbenzoate
(2F-QMPSB, QMDFPSB, SGT-13) (17), quinolin-8-yl 4-methyl-
3-[(propan-2-yl)sulfamoyl]benzoate (QMiPSB, SGT-46) (19), and
3-(4,4-difluoropiperidine-1-sulfonyl)-4-methyl-N-(2-phenylpropan-
2-yl)benzamide (SGT-233) (22) (Figure 1C), and data on impurities.
This report also shows that these six substances were first made
available between late 2011 and early 2014. These were investigated
by Stargate International, a company originally formed to develop
harm reduction solutions and drugs for therapeutic applications,
which set the stage for the quinolin-8-yl ester head group that
ultimately led to hybridization with an N-alkyl-1H-indole core to yield
SGT-21 and SGT-32, which became known as PB-22 (28) and BB-22
(29), respectively, thus opening the door to a range of SCRAs carrying
the quinolin-8-yl head group from about 2012 onwards.

2 | EXPERIMENTAL

21 | Materials

All chemicals used for the analysis were obtained from Merck
(Arklow, Ireland) or Merck (Dorset, UK). The six analytes undergoing
analytical characterization were obtained from the library of Stargate

International (Auckland, New Zealand).

2.2 | Instrumentation
2.2.1 | Gas chromatography-mass spectrometry
(GC-MS)

For electron ionization mass spectrometry (EI-MS) and electron
ionization tandem mass spectrometry (EI-MS/MS), a Finnigan TSQ
8000 Evo triple stage quadrupole mass spectrometer coupled to a gas
chromatograph (Trace GC 1310, Thermo Electron, Dreieich,
Germany), and for chemical ionization mass spectrometry (CI-MS and
chemical ionization tandem mass spectrometry (CI-MS/MS), a
Finnigan TSQ 7000 triple stage quadrupole mass spectrometer
coupled to a gas chromatograph (Trace GC Ultra, Thermo Electron,
Dreieich, Germany) were used. A Triplus RSH (Thermo Scientific for
TSQ 8000 Evo) and a CTC CombiPAL (CTC Analytics, Zwingen,
Switzerland for TSQ 7000) autosampler were employed for sample

introduction. Mass spectra were recorded at an electron ionization
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FIGURE 1 A, Examples of synthetic cannabinoid ligands with a monocyclic core that have been detected as new psychoactive substances. B,
Additional examples of synthetic cannabinoid ligands containing a pyrazole core with varying functional effects. C, Chemical structures of
synthetic cannabinoid receptor agonists QMPSB (1), QMMSB (5), QMPCB (14), 2F-QMPSB (17), and QMiPSB (19) subjected to analytical

characterizations



7 | WILEY

BRANDT ET AL.

energy of 70 eV. The ion source temperature was set at 175°C, and
the emission current was 50 pA for TSQ 8000 Evo and 400 pA for
TSQ 7000. For recording EI-MS, the scan time was 1 s, spanning a
scan range between m/z 29 and 600, and the samples were injected
in the splitless mode. For Cl, the reagent gas was methane, and the
source pressure was 1.5 mTorr (0.2 Pa). The scan time was 0.5 s, and
the scan range was m/z 50-600, and the samples were injected in the
splitless mode.

In the El- and CI-MS/MS product ion mode, the scan range under
all other identical conditions described earlier started at m/z 10 and
ended about 10 mass units above the ion that was examined. The
collision gas was argon. The collision energy was approximately
20 eV, and the collision gas pressure was approximately 1.5 mTorr
(0.2 Pa). The exact target thickness was set using n-butylbenzene in
the EI-MS mode and adjusting the intensity ratios m/z 92/91 to 0.2
and m/z 65/91 to 0.02 by varying the collision energy and the
collision gas pressure. This method ensured reproducibility of the
product ion mass spectra and the use of a product ion mass spectra
library for the identification of the structures of the product ions.*°

The separation was achieved using a fused silica capillary DB-1
column (30 m x 0.25 mm, film thickness 0.25 pm). The temperature
program consisted of an initial temperature of 80°C, held for 2 min,
followed by an increase to 280°C at 15°C/min. The final temperature
was held for 20 min. The injector temperature was 280°C for TSQ
8000 and 220°C for TSQ 7000. The transfer line temperature was set
at 280°C, and the carrier gas was helium in constant flow mode at a
flow rate of 1.2 mL/min. Retention indices were also determined as
Kovats indices calculated from the measurement of an n-alkane mix-
ture analyzed with the aforementioned temperature program. Samples

were prepared in chloroform.

222 | Gaschromatography-condensed-phase
infrared analysis (GC-sIR)

Samples were also analyzed using a gas chromatography-
condensed-phase infrared system (GC-sIR) that consisted of an
Agilent GC 7890B (Waldbronn, Germany) with probe sampler
Agilent G4567A and a DiscovIR-GC (Spectra Analysis, Marlborough,
MA, USA). The column eluate was cryogenically accumulated on a
spirally rotating ZnSe disk cooled by liquid nitrogen. IR spectra were
recorded through the IR-transparent ZnSe disk using a nitrogen-
cooled mercury-cadmium-telluride detector. GC parameters:
injection in splitless mode with the injection port temperature set at
240°C and a DB-1 fused silica capillary column (30 m x 0.32 mm i.
d., 0.25 pm film thickness). The carrier gas was helium with a flow
rate of 2.5 mL/min. The oven temperature program was as follows:
80°C for 2 min, ramped up to 300°C at 20°C/min and held for
22 min. The transfer line was heated at 280°C. Infrared conditions:
oven temperature, restrictor temperature, disk temperature, and
Dewar cap temperatures were 280°C, 280°C, —40°C, and 35°C,

respectively. The vacuum was 0.2 mTorr, disk speed was 3 mm/s,

1 and

spiral separation was 1 mm, wavelength resolution was 4 cm™
IR range was 650-4000 cm™~. Acquisition time was 0.6 s/file with
64 scans/spectrum. Same samples as for mass spectrometric
measurements were used. The data were processed using
GRAMS/AI Ver. 9.1 (Grams Spectroscopy Software Suite, Thermo
Fisher Scientific, Dreieich, Germany) followed by the implementation
of the OMNIC Software, Ver. 7.4.127 (Thermo Electron Corpora-

tion, Dreieich, Germany). Samples were prepared in chloroform.

2.2.3 | Liquid chromatography-high-resolution
mass spectrometry (LC-QTOF-MS/MS)

Quadrupole time-of-flight (QTOF) mass spectra were recorded using
an Agilent 6530 QTOF equipped with an Agilent Jet Stream
electrospray ionization source and controlled by Agilent MassHunter
Acquisition software. The following conditions were used: positive
jonization mode, mass range m/z 100-1100, collision gas (collision-
induced dissociation [CID]) nitrogen, drying gas (N,) 320°C at 8 L/min,
sheath gas 350°C at 11 L/min, nebulizer 35 psi, capillary 3000 V,
fragmentor 150 V, nozzle 500 V, skimmer 65 V, collision energy levels
between 5.0 and 10.0 V. Accurate mass measurements were obtained
through reference correction using protonated purine (m/z 121.0509)
and protonated HP-921 (m/z 922.0098). Data processing was per-
formed using Agilent Masshunter Qualitative software. Separations
were performed using a Kinetex C8 column (2.1 x 100 mm, 1.7 um)
(Phenomenex, Aschaffenburg, Germany). Aqueous mobile phase A
was water (10 mM ammonium formate, 0.1% formic acid) and mobile
phase B was methanol. A gradient elution profile was chosen: 10% B
held for 1.5 min, then to 50% B in 7.0 min, followed by an increase to
95% B within 9 min. Flushing and reconditioning were completed by
the 11 min mark. The flow rate was 0.275 mL/min, column tempera-
ture was 45°C, and the injection volume was 1 pL. The MS/MS spec-
tra were evaluated in two steps. The first step involved using the “find
compounds by formula” algorithm to generate averaged MS/MS spec-
tra for each compound (separate MS/MS spectra per collision energy).
Isotope signals were then removed. In the following step, the formu-
lae for each fragment peak were generated considering the molecular
formula of the precursor ion, and the shown mass was adjusted within

the defined range (10 ppm).

224 | Liquid chromatography-electrospray
jonization single quadrupole mass spectrometry (LC-
Q-Ms)

LC-MS was performed on an Agilent 1100 LC system coupled to
a Hewlett Packard/Agilent 1100 MSD (Santa Clara, CA, USA). The
following conditions were used: capillary voltage 3500 V, drying
gas (N2) 12 L/min at 350°C, and nebulizer (N,) pressure 50 psig.
The mass spectrometer was tuned according to the manufacturer's

instructions using ESI Tuning Mix G2421A (Agilent Technologies).



BRANDT ET AL.

WILEY_L 7

Separations were performed using a Kinetex F5 column (2.6 pm,
100 A; 100 x 2.1 mm) (Phenomenex, Macclesfield, UK). Mobile
phase A consisted of acetonitrile (containing 0.1% formic acid),
and mobile phase B consisted of water (containing 0.1% formic
acid). Elution commenced at 6% A (0-2 min), then by a linear
gradient up to 30% A at 30 min followed by a linear gradient
down to 6% A at 31 min which was held at 6% A for 9 min (run
time 40 min). The flow rate was 300 pL/min, and the injection

volume was 1 pL.

225 |
(NMR)

Nuclear magnetic resonance spectroscopy

Samples were prepared in deuterated dimethyl sulfoxide (DMSO-dg),
and *H (600 MHz) and *3C DEPTQ (150 MHz) spectra were recorded
on a Bruker AVANCE Il 600 MHz NMR spectrometer (Coventry, UK).
Spectra were referenced to residual solvent, and assignments were
supported by 1D and 2D experiments.

3 | RESULTS AND DISCUSSION

3.1 | Chemical analysis

3.1.1 | Electron and chemical ionization mass
spectrometry

Electron ionization (El) and chemical ionization (Cl) single (MS) and
tandem mass spectra (MS/MS) for all six analytes are shown in
Figures 2-4. The El mass spectrum recorded for QMPSB (1) was con-
sistent with the spectrum reported previously,?’ and comparison with
the El mass spectrum of its morpholine analog (5) (Figure 4) showed a
high similarity apart from some fragments that reflected the mass shift
of 2 Da where the methylene unit in the 4’-position of the piperidine
ring was replaced by an oxygen atom in the morpholine ring. In both
cases, the base peak was detected at m/z 263, and as proposed in
Figure 5A, its formation was observed independent of the tail group.
The remaining four analytes also showed the m/z 263 fragment, pre-
sumably formed by an equivalent mechanism (supporting information)

263 o) 263 o)
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GC-EI-MS o | GC-EI-MS 268 o |
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FIGURE 2 Gas chromatography-electron ionization mass spectrometry, gas chromatography-chemical ionization mass spectrometry, and gas
chromatography-chemical ionization tandem mass spectrometry data recorded from QMPSB (1) and QMMSB (5)
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FIGURE 3 Gas chromatography-electron ionization mass spectrometry, gas chromatography-chemical ionization mass spectrometry, and gas
chromatography-chemical ionization tandem mass spectrometry data recorded from QMPCB (14) and QMIiPSB (19)

even though it was more pronounced in the El mass spectrum of 2F-
QMPSB (17) (Figure 4).

The second most prominent fragment reflected the mass differ-
ence between (1) and (5), thus leading to expected benzoyl ions fol-
(m/z 266 in [1] and m/z 268 in [5]).
Correspondingly, the remaining carboxylate analogs (14, 17, and 19)

lowing «-cleavage

yielded m/z 230, 240, and 302 (supporting information for proposed
mechanisms). The cumyl carboxamide SGT-233 (22) also generated
the same ion at m/z 302 ion although its relative abundance was
lower compared to the others. In this El mass spectrum, the base peak
was observed at m/z 118, possibly reflecting two distinct mechanisms
of formation (Figure 5B). A small m/z 253 ion might have been formed
by a comparable mechanism (supporting information) that yielded m/z
263 formed in the mass spectra of the remaining five analytes men-
tioned earlier. The El mass spectrum recorded for 2F-QMPSB (17) in
this investigation was identical to the one published in the public
domain that was recorded from standard reference material.**

The close structural proximity of most analytes investigated in
this study was also reflected in other common fragments such as
those found at m/z 135 or m/z 183 (Figures 2-4) although their

identity might not have always been the same (Figure 5A,B). However,
these were not detected in the mass spectrum of the N-ben-
zoylpiperidine-based QMPCB (14). Other ions worth noting included
fragment clusters m/z 89-91 and m/z 116-121 with varying abun-
dance. A proposed fragmentation scheme is shown in Figure 6.

The El mass spectrum that suggested the presence of a quinolin-
8-ol moiety most predominantly was seen in QMPCB (14) where the
m/z 145 ion was the second most abundant peak. As suggested in
Figure 7, further fragmentation might have yielded some of the ions
found in the fragment clusters.®? A comparison of all six mass spectra
also showed that only three analytes (14, 19, and 22) displayed a loss
of a methyl radical from the molecular ion (Figures 2-4).

The GC-CI-MS(/MS) analysis using methane as the reagent gas
provided convenient access to protonated molecules to confirm the
mass of the analytes that could not be confirmed in all cases in El
mode (Figures 2-4). Single stage mass analysis alone provided some
valuable information due to the generation of some product ions of
varying abundance with some being detected under MS/MS condi-
tions with increased abundance (see below). Interestingly, a number

of examples showing specific product ions in single stage mode that
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FIGURE 4 Gas chromatography-electron ionization mass spectrometry, gas chromatography-chemical ionization mass spectrometry, and gas
chromatography-chemical ionization tandem mass spectrometry data recorded from 2F-QMPSB (17) and SGT-233 (22)

appeared to be undetectable in the corresponding Cl tandem mass
spectra presumably reflecting the impact on ion formation related to
different collision energies. The two most distinctive examples were
in the Cl mass spectra recorded for the 4/,4-
difluoropiperidines 2F-QMPSB (17) and SGT-233 (22) (Figure 4). For
example, a loss of 20 Da consistent with HF (m/z 427 and m/z 417)
could be seen in single stage but not in the tandem mass spectra.
Other differences seen in the Cl mass spectrum of SGT-233 (22)
included m/z 347, 359, and a much more prominent m/z 319 product

observed

ion (Figure 8). Under single stage conditions, the formation of the m/z
147 might have involved two separate species including one possibly
more typical for EI conditions.>® Suggestions for the formation of
other ions detected under single stage conditions in the remaining
spectra are included in the supporting information.

Tandem mass spectral experiments using the protonated mole-
cules as precursor ions also provided valuable insights. Similar to the
observation made during the analysis by El, QMPSB (1) and QMMSB
(5) yielded some identical but also some distinct product ions under
CI-MS/MS conditions. The base peaks detected at m/z 266 and m/z
268 are suggested to be comparable to the benzoyl ions observed

during the El analysis (Figures 2 and 5). Other product ions rep-
resenting the 2 Da mass differences were detected at m/z 190/192
and m/z 218/220, which might have indicated a loss of quinoline
followed by carbon monoxide (Figure 9). A significant observation was
that the CI-MS/MS spectrum of QMMSB (5) contained a product ion
of appreciable abundance at m/z 286 that could be rationalized by the
formation of  4-methyl-3-(morpholin-4-ylsulfonyl)benzoic  acid
(Figure 9), but the corresponding counterpart (mass difference of 2 Da
and expected at m/z 284) was not detected in the case of QMPSB (1).
Apart from N-benzoylpiperidine-based QMPCB (14), common product
ions detected in the four remaining sulfamoyl benzoates (1, 5, 17, and
19) included m/z 91, 119, 135, 183 (Figures 4-6). Proposed mecha-
nisms for product ions formed in the Cl tandem mass spectra are

included in the supporting information.

3.1.2 | Electrospray ionization mass spectrometry

Electrospray ionization (ESI) MS(/MS) investigations appeared to
show some similarities with product ions formed during CI-MS/MS
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FIGURE 5 A, Proposed electron ionization (El) mass spectral fragmentation pathways of key ions recorded for QMPSB (1) and QMMSB

(5). B, Proposed formation of m/z 119 and m/z 118 in the El mass spectrum of SGT-233 (22)

analysis as well. An example is shown in Figure 10, which depicts the following ESI analysis

included m/z 268, 286 (Q-MS only),

QTOF-MS/MS and single quadrupole (Q) mass spectra of QMMSB (5)
along with proposed identities of product ions. Similar to ions
observed under CI-MS/MS conditions (Figure 2), key ions detected

220 (QTOF-MS/MS only), 183, 135, and 119 (Figure 10). The pro-
posed fragmentation pathways were comparable to those suggested
earlier (CI-MS/MS, Figure 9) but with the additional support of exact
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FIGURE 7

ion at m/z 268.0629
(C12H14NO4S*, A = —3.36 ppm) forming the base peak. The product
ions at m/z 183, 135, 119, and 91 were also detected in the QqQ-
MS/MS investigations published on the characterization of QMPSB

(1) with the main difference associated with the mass shift of 2 Da

mass measurements, with the benzoyl

that yielded the benzoyl ion base peak at m/z 266.2° The remaining
ESI high-resolution mass spectra can be found in the supporting
information.

Loss of H,CO

Proposed electron ionization mass spectrometry fragmentation pathway associated with the quinolin-8-ol moiety

3.1.3 | Spectroscopic features

The nuclear magnetic resonance (NMR) spectroscopy data for all
six SCRAs are summarized in Table 1 with full 1D and 2D spectra
shown in the supporting information. For consistency with the
reported data, the numbering scheme was adopted from Blakey
and coworkers who reported the analytical characterization of
QMPSB (1).2? Assignments were aided by 1D and 2D experiments,
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and the spectral data recorded for QMPSB (1) in this study were
consistent with the data reported for the same compound in both
CDCl; (Table 1) and DMSO-dg (supporting information).?? In
QMPSB (1), and
1-[(2-methylphenyl)sulfonyl]piperidine,®*

similar to representatives such as

protons and carbons
belonging to the piperidine ring were detected as three distinct
resonances with the 2'/6'-related signals being shifted more down-
field than 3'/5' and 4, respectively. The same was observed with
2F-QMPSB (17) and SGT-233 (22), which contained the 4',4'-
difluoropiperidine moiety though the presence of the fluorine
atoms led to a more downfield shift of 3'/5' resonances.
Correspondingly, the carbon spectra for these two substances
showed three triplets for C-4’, C-3'/5, and C-2'/6’ due to carbon-
fluorine coupling (Table 1). In the case of the morpholine analog
QMMSB (5), the order was reversed where the 3'/5' protons and
carbons shifted significantly more downfield similar to spectral data
reported for 4-[(2-methylphenyl)sulfonyllmorpholine.®®

in QMPCP (14), the

However,

presence of a N-benzoylpiperidine

m/z 147

Addition of [CH,]*"and loss of H,
Addition of [C]++

Proposed chemical ionization mass spectrometry fragmentation pathway of SGT-233 (22)

motif resulted in the multiplication of resonances due to restricted
rotation induced around the amide bond. Similar to what was
observed for N-benzoylpiperidine itself, carbon resonances of
C-2'/6' (a to N) and C-3/5' (B to N) were observed as four distinct
signals3¢37
C-4' (Table 1). QMPCP (14) showed two multiplets of two protons
for H-2'/6', whereas a broad singlet integrating into four protons

in addition to one resonance more upfield reflecting

was observed for H-3'/5' consistent with N-benzoylpiperidine and
derivatives.®” The order of proton and carbon chemical shifts
observed for the quinolin-8-yl moieties in QMPSB (1), QMMSB
(5), and 2F-QMPSB (17) was almost identical to those reported for
other SCRAs PB-22
(27)°8 and quinolin-8-yl-1-(5-fluoropentyl)-1H-pyrrolo[2,3-b]pyridine-
3-carboxylate (5F-NPB-22-7N, 7N-5F-PB-22)°? which were also
recorded in CDCls.

All GC-sIR spectra recorded from the six compounds are

carrying this head group such as

included in the supporting information, and the spectrum recorded
for QMPSB (1) appeared comparable to the one published by
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FIGURE 9 Proposed chemical ionization tandem mass spectrometry fragmentation pathways of key ions of QMPSB (1) and QMMSB (5)

Blakey and colleagues.?’ Apart from the cumyl derivative SGT-233
(22), all remaining spectra recorded showed the ester-based car-
bonyl band between 1741 and 1745 cm™'. QMPCB (14), the
amide analog of QMPSB (1), displayed an amide band at
1633 cm™?, whereas the cumyl carboxamide head group in SGT-
233 (22) exhibited its amide stretch at 1670 cm~ . The bands
associated with the NH amide stretches present in QMiPSB (19)
and SGT-233 (22) were detected at 3286 and 3374 cm™'. Addi-
tional suggested assignments can be found in the supporting infor-
mation.®® Under the GC-sIR conditions used, eluting analytes
deposited cryogenically onto an IR-transparent zinc selenide disk,
which enabled the collection of IR spectra of a solidified eluent,
thus making it comparable to those recorded under traditional
ATR-IR conditions.

3.2 | Detection of impurities

Analyses of all six analytes by GC-MS showed the presence of
various impurities (supporting information) as indicated by the
additional peaks. Except sulfamoyl
SGT-233 (22), the GC-MS traces of other analytes showed the

presence of quinolin-8-ol (8-hydroxyquinoline) as a reflection of

detection of benzamide

the quinolin-8-yl ester head group. However, whether it was
present in the sample or artificially induced during GC-MS analysis
was not clear, a phenomenon commonly observed with such esters
in the
include quinolin-8-ol detection during the analysis of quinolin-8-yl-
1-pentyl-1H-indole-3-carboxylate (PB-22, 28)*4?> and QMPSB (1)%°

as a reflection of thermal degradation.

(unpublished observation). Examples reported literature
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mass spectrometry data and proposed fragmentation pathways related

Also except SGT-233 (22), the GC-MS traces of other analytes
showed the presence of an ethyl ester impurity (supporting informa-
tion), consistent with what was reported during the analysis of
QMPSB (1) where trans-esterification was observed as a consequence
of employing methanol and ethanol during the sample preparation
procedure that was avoided when using dichloromethane.?? In this
study, chloroform was used when dissolving the samples for GC-MS
analysis. Whether traces of ethanol were present from unrelated work
during previous injections could not be determined with certainty but
seemed possible. The presence of ethanol as a stabilizing agent in the
chloroform solvent might also account for this observation.

However, analysis of the morpholine analog QMMSB (5) revealed
the identification of the ethyl ester impurity that could subsequently
be isolated by preparative thin-layer chromatography (TLC) (silica gel,
0.5 mm; mobile phase EtOAc/hexane, 8/2, v/v, extracted with
EtOAc), thus confirming that this was present in the sample. The
GC-MS trace and the El mass spectrum are shown in Figure 11A
together with a proposed fragmentation scheme that seemed consis-
tent with its structure. For example, the molecular ion was detected
at m/z 313, and the base peak at m/z 86 was consistent with the
unsaturated morpholine fragment that subsequently might have
undergone ring contraction via the neutral loss of formaldehyde to
give m/z 56. Various other ions were comparable to those also
detected in the El mass spectrum of QMMSB (5) (Figure 2). The El
mass spectrum also showed several similarities with the spectrum
recorded for the ethyl ester counterpart of QMPSB (1) published

to QMMSB (5)

previously with some fragments exhibiting the 2 Da mass shift
as expected, such as m/z 84, m/z 266, and m/z 311 for the
molecular ion.??

Given that the ethyl ester impurity was not solely detected as a
GC-induced artifact, its detection was therefore also feasible by LC-
Q-MS as shown in Figure 11B where it was observed in the full scan
mode. Under LC-Q-MS conditions, the protonated molecule was
detected at m/z 314 in addition to a sodiated adduct at m/z 336.

The presence of the ethyl ester was also reflected in the NMR
spectra recorded for the impure mixture consisting of QMMSB (5)
and the ethyl ester impurity (supporting information). Following isola-
tion by preparative TLC, analysis by NMR (full spectra in the
supporting information) showed that the spectral data were consis-
tent with its structure: *H NMR (600 MHz, CDCls) § 8.53 (d,
J = 1.8 Hz, 1H, H-2), 8.13 (dd, J = 7.9, 1.8 Hz, 1H, H-6), 7.42 (d,
J=7.9 Hz, 1H, H-5),4.40 (q, J = 7.1 Hz, 2H, OCH,), 3.77-3.65 (m, 4H,
H-3'/5), 3.25-3.14 (m, 4H, H-2'/¢'), 2.70 (s, 3H, 4-CHs), 1.41 (t,
J = 7.1 Hz, 3H, CH3); 13C NMR (150 MHz, CDCl3) § 165.11 (C=0),
143.12 (C-4), 135.94 (C-3), 133.73 (C-6), 133.17 (C-5), 131.23 (C-2),
128.99 (C-1), 66.34 (C-3'/5'), 61.54 (OCH,), 45.39 (C-2'/¢'), 21.06
(4-CHy), 14.33 (CH3).

As shown in the supporting information, GC-MS analysis of the
two 4',4'-difluoropiperidines SGT-233 (22) and 2F-QMPSB (17) also
showed another chromatographic peak with El mass spectra
reflecting what might have been consistent with a loss of HF from
The El

the molecule. mass spectra of the two 4-fluoro-
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spectrometry trace and mass spectrum induced by in-source collision-induced dissociation and proposed fragmentation pathway for the ester
impurity. For nuclear magnetic resonance data of the isolated impurity, see text and the supporting information

1,2,3,6-tetrahydropyridine analogs seemed consistent with the pro-
posed structure. Indications that these detections were not limited
to the artificial formation during GC analysis alone came from the
inspection of the LC-Q-MS traces that suggested detections of
chromatographic peaks associated with protonated molecules at m/z
417 (SGT-233 (22)-HF) and m/z 427 (2F-QMPSB (17)-HF). Product

ion formations following in-source CID were consistent with this
specific modification at the tail group following the mechanism
discussed earlier, that is, amide formation at m/z 299 for the former
and benzoyl ion formation at m/z 282 for the latter. However, the
LC-Q-MS trace following the analysis of 2F-QMPSB (17) also
revealed an additional peak with an associated protonated molecule
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at m/z 429 and suspected benzoyl ion at m/z 284. This particular
mass difference indicated that this might have represented an impu-
rity carrying a 4-fluoropiperidine moiety on the tail. LC-QTOF-MS

data have also been included (supporting information).

3.3 | Historical perspective

QMPSB (1) represented a template involving a sulfamoyl benzoate
scaffold that was featured in the scientific literature. In 20054
(followed by an international patent application in 2006**), a patent
filed by the Adolor Corporation in the United States of America
described the preparation of various sulfamoyl benzamides aimed at
the development of CB, receptor (CB,R) selective drugs such as (2)
(Figure 12), which has initially been found to display a modest binding
affinity for CB,R (CB; K; > 1000 nM, CB, K; = 800 nM).*>*¢ Subse-
quent modifications produced a range of structures with varying
CB4R/CB5R selectivity including example (3) (Figure 12) (CBy
K: = 130 nM, CB, K; = 3.9 nM, ECso = 4.6 nM [[**S]GTPyS binding
assay]*%). Small changes in the sulfamoy! group were also reported to
result in a switch from full agonist to inverse agonist activity*® and
reversal of the amide linkage in (3) yielded (4) with improved selectiv-
ity in binding (CB; K; 640 nM, CB, K; 1.7 nM,
CB2ECsp = 9.6 nM).*

In 2007, Lambeng and coworkers published the identification of
the sulfamoyl benzoate QMPSB (1) as part of high-throughput screen-
ing of their sample collection. It was identified as a potent CB4R ago-
nist (CB; ICso = 0.79 nM, EC5o = 10 nM) with moderate selectivity
(CB, K; = 25.15 nM).*” Compound (1) was subsequently confirmed to
show a high binding affinity for both receptor subtypes (CB4 K; = 3 nM;
CB, K; = 4 nM) and full agonist properties (CAMP assay) at CB,R but
without selectivity.*® A range of modifications of lead (1) were tested
by Lambeng et al., and the structural modifications also included a
change from the ester to an amide linker that led to a significant loss
of potency.*” Even though all candidates retaining the ester linker
tested were less potent than (1) in a functional assay (CB4R
pECs50 = 8.0), three substances retained CB;R pECso values above
7 (ECso < 100 nM), that is, 7.9, 7.3, and 7.2, respectively, for the mor-
pholine analogs (5) (QMMSB), (6), and (7) (Figures 1A and 13).*”
QMMSB (5) was also reported to show an ICsq value of 1.26 nM*’
and K; values of 52.4 and 67.5 nM for hCB;R.>? Reports from human
volunteers collected during investigations by Stargate International in
2012 suggested (1) and (5) to be psychoactive and of short duration
although both compounds were also found to show relatively poor
solubility and thermal instability.

Selectivity toward CB3R has been investigated further by Ermann
and colleagues*® who extended the evaluation of analogs by
switching from the ester linker to an amide, which markedly increased
the CB, selectivity. However, three compounds still retained signifi-
cant efficacy at CB4 (ECsp values of 28, 25, and 10 nM at CB; and
4,1, and 5 nM at CB, for (8), (9), and (10), respectively.*® Compound
(11) was also found that showed a 10-fold selectivity for CB4R despite
lower potency overall (ECso = 228 nM at CB4R and 2284 nM at

CB,R). Replacing the linker with a heterocycle, such as a 2H-tetrazole
unit, was also tolerated, as seen, for example, in (12) (K; = 130 nM,
ECso = 372 at CBy; K; = 17 nM, ECso = 49 nM at CB,).*¢ Unconfirmed
reports suggested that analog (13) (CBD-003) was under development
by European SCRA researchers with claims on psychoactivity, but it is
unclear whether this ever emerged as an NPS on the market.

This series of papers and patents established some of the
structure-activity relationships for this class of compounds, which,
starting in 2012, also triggered interest from Stargate International
(SGT) to carry out further research into this class of compounds, with
synthesis conducted under contract basis in China. Two novel com-
pounds derived from QMPSB (1), which explored the potential for
increased potency and CB4R selectivity. One led to the evaluation of
the amide analog QMPCB (SGT-11) (14) (Figure 1C), where the sulfo-
nyl group was replaced by carbonyl, in an attempt to assess the impor-
tance of the sulfamoyl tail group linker. This modification did not
appear to have been covered in the existing literature. Reportedly, this
compound retained activity in human volunteers but was reduced in
potency compared to QMPSB (1) consistent with more recent
research showing a carbonyl linker on the tail group to retain high CB
binding affinity but with reduced efficacy, resulting in weak partial
agonists.>3

A second development was aimed at increasing the potency of
QMPSB (1) inspired by a series of compounds developed by Merck
with a heterocyclic linker similar to (12) (tetrazole replaced by 1H-
imidazole) but with the sulfamoyl tail replaced by a methylene unit. A
significant increase in CB4,R potency was seen when replacing the
piperidine moiety in (15) with 4,4-difluoropiperidine to give (16) (CB;
ECso = 320 and 25 nM, respectively). The monofluoro analog revealed
a 3.5-fold drop in potency (CB; ECso = 87 nM).>* This observation
inspired the use of 44-difluoropiperidine to generate 2F-QMPSB
(QMDFPSB) (17) (Figure 1C). Testing carried out by SGT demon-
strated potent psychoactive effects in human volunteers with a signif-
icant increase in potency compared to QMPSB (1) and also found that
it was more stable to temperature with improved solubility. Despite
the differences in core and head groups, a structural overlay can also
be seen among the Merck compound (16), 2F-QMPSB (17), and
AstraZeneca's AZD-1940 (18) (Figure 12).

Another novel compound utilized the isopropyl tail group as seen
in compound (11), which was part of a series of compounds explored
for their potential to afford increased CB,R selectivity. As described
earlier, compound (8) explored by Ermann and colleagues retained
appreciable CB4R activity. A change from the piperidine tail analog of
(11) to the isopropyl tail group of (11) resulted in a reversal of selectiv-
ity (CB4R ECso = 228 nM; CB,R ECsq = 2284),8 inspiring the genera-
tion of QMIPSB (19) (Figure 1C) in an attempt to assess whether such
increase in CB; selectivity and potency would occur. This compound
was found to show reduced potency over QMPSB (1) though pharma-
cological confirmation on the desired CB4R selectivity remains to be
investigated.

A related derivative (20) closely related to Bay 38-7271 (21)
developed by the Bayer AG, but with the same quinolin-8-yl head
group motif seen in QMPSB (1) and PB-22 (28), demonstrated that



BRANDT ET AL.

~N
o:§:o =S= O=§=O O:§:O O:§:O
® “ ® ® )
(0] [Oj (6] (6] [Oj
@ 3) @) (6) )
0 N7 0 o N=N
g J\O N
N N N N \>L
0=S=0 O:§:O O:§:O 0=8=0 O:§=O
N N N HN N
Q O O (1) [oj
®) © (10) (12)
R R
: 0 A ;
V, V /_
N N N.
dﬂ@\ O N ) ]ij o .
/ P N ol
0=5=0 Ny Nx
1 N N |
% $ L o} /
(15) e F HN.
(13)

{,

| |
F I Q L
(21) (23)

N
CUMYL-PINACA i~ F &3
Bay 38-7271 (24) (25) O
SGT-235 MJ7 (26)
o O 0y
) 0 o ()
O\ NH No N %o N O o \ O
= )
) \ \ ()
N N N

o]
(27) (28) (29)
NNE1 PB-22 BB-22 KO \\\\\ (31\)\\\\
QUPIC QUCHIC (30) SAB-378
SGT-21 SGT.32 Q/> CB-13
CRA-13
N

(32)
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this head group had been established as conferring useful CB; recep-
tor binding as early as 1998.%° Another derivative in this series was
the cumylamide derivative SGT-233 (22) (Figure 1C). This was an
attempt to combine the cumylamide head group seen in various
potent indazole-3-carboxamide compounds such as CUMYL-PINACA
(23)°° with the 4 ,4-difluoropiperidine sulfamoyl motif of 2F-QMPSB
(17) (Figure 1C). The replacement of the n-pentyl tail found in
CUMYL-PINACA (23) with the 44-difluoropiperidine group, either
being linked to the 1H-indazole nitrogen core via an ethylene or meth-
ylene unit, led to (24) (SGT-235 and MJ7 [25]).>¢ The idea for the
preparation of SGT-235 (24) arose from knowledge about the activity
of CUMYL-MEINACA (26) (SGT-184), that is, 1-[2-(morpholin-4-yl)
ethyl]-N-(2-phenylpropan-2-yl)-1H-indazole-3-carboxamide, and the
availability of 4,4-difluoropiperidine from the 2F-QMPSB (17) synthe-
sis. Compound (25), though mentioned in a patent application,®® was
apparently not synthesized at that time.

The similarity between SGT-233 (22) and the 1-cyclohexylethyl
compound (10) also seems noteworthy. Compound (22) was found to
be less potent than QMPSB (1) but similar in potency to the mor-
pholine analog QMMSB (5) and more potent than (14) and (19). It is
also worth noting that compound (22) showed an amide link rather
than the ester as seen in the sulfamoyl benzoates (1), (5), (14), (17),
and (19), which was a reflection of explorations published on a range
of sulfamoyl benzamides with reduced potency compared to their
benzoate counterparts.*” Some structural similarity between cumyl
analog (22) and (13) described earlier is also worth noting.

The second series of compounds derived from QMPSB (1) are
those that utilized the quinolin-8-yl ester head group but combined
this with the widely used N-alkyl 1H-indole or indazole core structure.
These were primarily inspired by the indole-3-carboxamide derivative
NNE1 (AM-6527, [carboxamide] JWH-018, MN-24) (27) (Figure 12),
which was reported in 2011 by Blaazer et al. as a potent agonist at
both CB4 and CB, receptors (CB; K; = 1.26 nM, ECso = 10 nM, CB,
K; = 100 nM, ECso = 7.94 nM).>” Changing the naphthylamide head
group of NNE1 to a quinolin-8-yl ester produced the potent CB, and
CB, agonist PB-22 (QUPIC, SGT-21) (28) (EC5o = 5.1 nM at CB; and
37 nM at CB,).>® The related compound with a cyclohexylmethyl! tail
group BB-22 (29) (QUCHIC, SGT-32) is also a potent cannabinoid ago-
nist (CB; K; = 0.217 nM and CB, K; = 0.338 nM)*? and could be
viewed to be more structurally similar to QMPSB (1). These com-
pounds subsequently led to the development of a large series of
related compounds with indole, 2-methylindole, indazole or
7-azaindole cores, ester or amide linkers, quinolin-8-yl or 1-naphthyl
head groups, and a wide range of tail groups including pentyl,
5-fluoropentyl, 4-fluorobutyl, cyclohexylmethyl, (oxan-4-yl)methyl,
benzyl, 4-fluorobenzyl, and 2-fluorophenyl groups. Only a limited
amount of analytical and pharmacological data appear to be available
for most of these compounds.

Though QMPSB (1) was identified from high-throughput screen-
ing efforts, it might be worth noting that the quinolin-8-yl ester group
found in substances associated with cannabinoid research had been
explored earlier. One example may be seen in (30) developed by
Novartis AG (patent filed in 2001, example #38). A naphthyl

methanone attachment was also explored in the pharmaceutical con-
text.2>¢° This compound (31) (SAB-378, Figure 12) also became
known as CB-13 and CRA-13 with detections being reported first in
Japan®! and Europe®? in 2011.

As shown in the timeline in Figure 13A, the compounds investi-
gated in the present study, that is, QMPSB (1), QMMSB (5), QMPCB
(14), 2F-QMPSB (17), QMIiPSB (19), and SGT-233 (22), became avail-
able as a research chemical between late 2011 and early 2014,
whereas the detection of QMPSB (1) was published in 2016.%°
Though early investigations into sulfamoyl benzoates and benzamides
carried out by Stargate International did not result in a significant
appearance of compounds from these classes as NPS, the attachment
of the quinolin-8-yl ester group on other core components led to the
development of several widely reported compounds such as PB-22
(28) and BB-22 (29) (Figure 13A,B).

Future ideas for potentially unexplored SCRA candidates might
however also come from more unusual sources. For example, the
Texas State Legislature (USA) listed an ambiguously named compound

defined as
n63

“quinolinyl  fluoropentyl fluorophenyl pyrazole

carboxylate,”*® which could describe a range of isomeric compounds
though one of the more plausible examples might be represented by
(32) (Figure 12). Even though this compound (or corresponding iso-
mers) does not yet appear to have been described in the scientific lit-
erature, it has been placed under control preemptively, possibly in the
expectation that it might produce SCRA-like effects and thus be liable
to abuse and illicit sale. Such “prophetic” compounds therefore repre-
sent another avenue by which new SCRAs might come into existence,

especially, if such substances are revealed to be CB;R/CB,R agonists.

4 | CONCLUSIONS

In the present investigation, six SCRAs, that is, QMPSB (1), QMMSB
(5), QMPCB (14), 2F-QMPSB (17), QMIPSB (19), and SGT-233 (22),
were subjected to extensive analytical characterization. The majority
of these data are reported for the first time. Implementation of GC-
and LC-based techniques coupled with various ionization and (single
and tandem) mass spectrometry platforms and spectroscopic analyses
provided a complimentary set of key data including information on
impurities. These data may be useful to researchers and scientists in
cases where forensic and clinical investigations are warranted. Though
the detection of QMPSB (1) was first published in 2016, Stargate
International, a provider of research chemicals, investigated these six
compounds and made them available between 2011 and early 2014.
The impetus for exploring these particular compounds as research
chemicals originated from QMPSB (1) and QMMSB (5) and many
closely related compounds published in the scientific literature in
2007 that were under investigation as potential CB,-selective recep-
tor agonists. Structural modifications of QMPSB (1) investigated by
Stargate International were informed by the information available
from scientific data sources and applied to this “lead” compound. The
rationale behind these assessments covered in this overview showed
that QMPCB (14), 2F-QMPSB (17), QMIPSB (19), and SGT-233 (22)
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were the results of these efforts. Though the information on the prev-
alence of use and availability related to QMPSB (1) and the remaining
five compounds covered here is limited, one of the key outcomes of
the research performed by Stargate International was to set the stage
for the quinolin-8-yl ester head group that ultimately led to the
hybridization with an N-alkyl-1H-indole core to yield SGT-21 and
SGT-32, which became known as PB-22 and BB-22, respectively, thus
opening the door to a range of SCRAs carrying the quinolin-8-yl head

group from about 2012 onwards.
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