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ORIGINAL ARTICLE
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Abstract The cannabinoid receptor 2 (CB2 receptor) has attracted considerable interest, mainly

due to its potential as a target for therapeutics for treating various diseases that have a neuroinflam-

matory or neurodegenerative component while avoiding the adverse psychotropic effects that

accompany CB1 receptor-based therapies. With the appreciation that CB2-selective ligands show

marked functional selectivity, there is a renewed opportunity to explore this promising area of

research from both a mechanistic as well as a therapeutic perspective. In this research, we are inter-

ested in the discovery of new chemotypes as highly selective CB2 modulators, which may serve as

good starting points for further optimization towards the development of CB2 therapeutics. In

search of new chemotypes as CB2 selective agents, we screened a series of triazole derivatives with

interesting bioactive scaffolds, which led to the discovery of two novel and highly selective ligands

for CB2 receptors. Compounds 6 and 11 produced a concentration-dependent inhibition of specific

[3H]-CP55,940 (CB2) binding with Ki ± SEM values of 105.3 ± 22.6 and 116.4 ± 19.5 nM, respec-

tively, while no binding affinity towards CB1 receptors or opioid receptors was observed. The CB2

functional activity of 6 and 11, as measured by a GPCR Tango assay (G-protein independent

b-arrestin translocation assay), revealed that these compounds act as CB2 agonists with EC50 val-

ues ± SEM of 1.83 ± 0.16 and 1.14 ± 0.52 mM, respectively. Molecular modeling results showed
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that both compounds fit well into the active site of the CB2 receptor and showed strong hydropho-

bic interactions with key residues. In conclusion, the new triazole derivatives (6 and 11) showed

promising activity towards CB2 receptors and have great potential to be developed into therapeu-

tically useful CB2 agonists through hit-to-lead optimization.

� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The endocannabinoid system (ECS) consists of cannabinoid
receptors (CB1 and CB2), endogenous cannabinoids (endo-
cannabinoids), and the enzymes that synthesize and degrade

the natural endocannabinoid ligands (Dhopeshwarkar and
Mackie, 2014). The endocannabinoid system is involved in a
variety of physiological processes in the human body including

pain, appetite, mood, memory formation, and the immune sys-
tem (Cencioni et al., 2010, Mechoulam and Parker, 2013).
Therefore, modulation of the ECS has been widely explored

for therapeutic involvement in human health and disease (Di
Marzo, 2008, Pertwee, 2012). Both CB1 and CB2 are G-
protein coupled receptors. They share � 44% sequence iden-
tity, and recently several experimental 3D-structures have been

reported for each of them (Hua et al., 2020, 2017, Shao et al.,
2019). Because the CB2 receptor (unlike CB1) is primarily
expressed in the spleen and immune cells, rather than the cen-

tral nervous system, it became known as the ‘‘peripheral
cannabinoid receptor” soon after its discovery (Miller and
Devi, 2011). When CB2 receptor expression was found in the

neurons and the microglial cells of the brain, this terminology
was determined to be inaccurate, and CB2 receptor expression
has since been shown to be correlated with neuroinflammation

(Picone and Kendall, 2015). Many studies showed upregula-
tion of the CB2 receptors in microglial cells in an in vitromodel
of autoimmune encephalomyelitis (Picone and Kendall, 2015).
In addition, CB2 receptor expression has more recently been

associated with neurodegenerative diseases such as Hunting-
ton’s and Alzheimer’s disease (Di Marzo et al., 2015,
Savonenko et al., 2015). CB2-selective Positron Emission

Tomography (PET) tracers in an Alzheimer’s mouse model
have demonstrated increased expression of CB2 receptors,
concomitant with the formation of amyloid-beta plaques

(Savonenko et al., 2015). This study suggests that CB2 PET
tracers may have potential as a diagnostic tool for
neuroinflammation.

Some of the therapeutic benefits of CB2 receptor agonists
that have been studied include analgesic and anti-
inflammatory effects (Malfitano et al., 2014, Sagredo et al.,
2012, Shoemaker et al., 2007). CB2 receptor agonists have

shown efficacy as potential therapeutic agents in peripheral
diseases that involve inflammation, such as atherosclerosis
(Netherland et al., 2010), renal fibrosis (Barutta et al., 2011),

and liver cirrhosis (Alswat, 2013). However, the most clinically
advanced CB2 receptor agonist, Cannabinor or PRS 211,375
(Fig. 1), eventually failed Phase IIb tests, in which it had been

studied for its potential to manage pain after third molar
extractions (Nevalainen, 2014). A possible side effect of
Cannabinor was increased urinary frequency, which has also
been shown in animal studies (Gratzke et al., 2010, 2011).

Another CB2 receptor agonist that failed in Phase II trials,

GW-842,166X, was demonstrated to be ineffective in blocking

pain due to osteoarthritis and third molar extraction (Han
et al., 2015, Ostenfeld et al., 2011). In 2009, a third compound,
S-777,469, passed Phase II trials for treating atopic dermatitis.

However, since then there have been no new clinical data
released and there are no published plans for further testing,
its development may have been halted (Haruna et al., 2015,

Pertwee et al., 1995, Sekiguchi et al., 2015). Another agonist
with a very high selectivity of 4700-fold for the CB2 receptor
over CB1, developed by Glenmark Pharmaceuticals, Tedali-
nab (GRC-10693), was studied for the treatment of

osteoarthritis and neuropathic pain and showed effective anal-
gesic and anti-inflammatory actions in completed Phase I trials
in 2009 (Morales et al., 2017). Eli Lilly and Co. in 2011 inves-

tigated the CB2 cannabinoid agonist LY2828360. While the
study did not reveal any statistically significant difference from
the placebo, its single daily oral dose caused no observed speci-

fic risks or discomforts in patients with osteoarthritic knee pain
in Phase II clinical trials. Though its signaling profile is
unknown, LY2828360 may prevent opioid tolerance and phys-
ical dependence when used with opioid-based pain medications

(Lin et al., 2018). In 2012, the Japanese company, Kyowa
Kirin Co., Ltd., reported that CB2 agonist KHK-6188 showed
efficacy of two different doses relative to placebo and had

passed Phase II in a clinical study for patients with neuralgia
following a herpes zoster infection, but, as of 2013, develop-
ment of this agent was discontinued (Nevalainen, 2014).

In 2017, Corbus Pharmaceuticals Inc. announced that they
started evaluating the efficacy and safety of small molecule
JBT-101 (also known as Lenabasum) as a selective CB2 recep-

tor agonist in autoimmune diseases such as systemic lupus ery-
thematosus (SLE). To date, it has demonstrated favorable
safety and tolerability profiles in clinical studies and is cur-
rently in Phase III trials for the treatment of Dermatomyositis

(DM) and Systemic Sclerosis (SSc) which sometimes occurs as
an overlap with myositis. However, the studies are still running
(Robinson et al., 2017).

Derivatives of five-membered heterocycles, such as pyrrole
(Berggren et al., 2004a; Barth et al., 2007; Francis et al., 2007,
2006), thiophene (Barth et al., 2006a; Barth et al., 2006b; Barth

et al., 2006c; Barth and Congy, 2006c), thiazole (Berggren
et al., 2004b, (Barth and Rinaldi-Carmona, 2007a), Lange
et al., 2005), imidazole (Cheng, 2007, 2006, Dyck et al.,

2004, Plummer et al., 2005), oxazole (Gratzke et al., 2010),
and 1,2,4-triazole (Dyck et al., 2004, (Barth and Rinaldi-
Carmona, 2007b), Jagerovic et al., 2006, 2004, Pavon et al.,
2006), are well known for featuring in small molecules that

modulate the CB receptors’ activity. A few published studies
have reported the derivatives of 1,2,3-triazole as CB receptor
modulators. Hou et al. (2009) reported N1 and N2 substituted

1,2,3-trizoles are CB1 receptor antagonists. Recently, Morales
and colleagues presented the first bitopic ligands for the CB2
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receptor, which bind to the orthosteric site as well as to a less
conserved site within the same receptor unit (Morales et al.,
2020). Herein, we report our study on the resynthesis and bio-
logical evaluation of a series of substituted triazoles possessing

an affinity for CB receptors. Later, we also report that these
1,4,5-trisubstituted triazoles possess high selectivity towards
CB2 receptors. We also describe the results of computational

modeling of the interactions of the lead compounds with the
CB2 receptor, taking advantage of the recently reported X-
ray crystal structures of the active state of the CB2 receptor.

2. Materials and methods

2.1. General experimental procedures

1H and 13C NMR spectra were obtained on Bruker model

AMX 500 and 400 NMR spectrometers with standard pulse
sequences, operating at 500 and 400 MHz in 1H and 125 and
100 MHz in 13C, respectively. CDCl3, DMSO d6, and CD3OD
were used as solvents, and TMS was used as an internal stan-

dard. All chemicals used were from Sigma-Aldrich (Poole,
Dorset, U.K.) with the following exceptions. For the binding
experiments, [3H]- CP55,940 (174.8 Ci/mmol), [3H]-DAMGO

(53.4 Ci/mmol), [3H]-U69,593 (42.7 Ci/mmol), and [3H]-
enkephalin (45 Ci/mmol) were obtained from PerkinElmer
Life Sciences Inc. (Boston, MA, USA). CP55,940, DAMGO,

DPDPE, and naloxone hydrochloride were obtained from
Tocris Bioscience (Ellisville, MO, USA).

2.2. Chemistry

The evaluated triazole derivatives 1–11 were designed and syn-
thesized at the Yarmouk University and Tafila Technical
University, Jordan. The general experimental procedure and

experimental data for triazole derivatives 1–11 have been pre-
viously described (Abu-Orabi, 2002).

2.2.1. General procedure for synthesis of triazoles 1–11

To an ethanolic solution of substituted benzyl azides, 1 equiv-
alent of disubstituted acetylenes was added. The resulting mix-
ture was refluxed overnight. After removal of the solvent, the
residue was recrystallized using ethanol-petroleum ether

(Abu-Orabi et al., 1999).

2.3. Biological evaluation

2.3.1. Cell culture and membrane preparation

HEK293 cells (ATCC) were stably transfected with plasmids

containing cloned human cannabinoid receptor subtypes 1
and 2 (obtained from Origene, Rockville, MD, USA). These
cells were maintained in a humidified incubator at 37 �C and

5% CO2 in a Dulbecco’s modified Eagle’s medium (DMEM)
nutrient mixture F-12 HAM supplemented with 2 mM L-
glutamine, 10% fetal bovine serum, 1000 IU/mL penicillin,
and 1000 lg/mL of streptomycin, and 0.5 mg/mL G418 antibi-

otic solution. HEK293 cells stably transfected with opioid
receptor subtypes l, d, and j were used to perform the opioid
receptor binding assays. These cells were maintained at 37 �C
and 5% CO2 in a DMEM nutrient mixture supplemented with
2 mM L-glutamine, 10% fetal bovine serum, 1000 IU/mL
penicillin, 1000 lg/mL of streptomycin, and either

0.5 mg/mL (j) or 0.2 mg/mL (d and l) G418 antibiotic solu-
tion. Membranes for the radioligand binding assays were pre-
pared by scraping the cells in cold Tris-HCl, pH 7.4, and then

centrifuged at 5200 X g for 10 min at 4 �C. The supernatant
was discarded, and the pellet was resuspended in the same buf-
fer, homogenized using a sonic dismembrator model 100
(Fisher Scientific, Pittsburgh, PA, USA) for 30 s, and then

Fig. 1 Some reported CB2-selective agonists.
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centrifuged at 1000 g for 10 min at 4 �C. The supernatant was
saved, and the pellet underwent the suspension and sonication
process two additional times under the same conditions. The

supernatants were combined and centrifuged at 23,300 g for
40 min at 4 �C. The pellet was resuspended and aliquoted into
2 mL vials and stored at � 80 �C. The total protein concentra-

tion was determined using a Pierce BCA protein assay kit
(Thermo Scientific, Rockford, IL, USA) according to the man-
ufacturer’s instructions (Atta-ur-Rahman et al., 2001). The

optimal membrane and radioligand (KD) concentrations for
each receptor batch were established through membrane eval-
uation and saturation binding experiments.

2.3.2. Radioligand displacement for cannabinoid receptor
subtypes

Compounds evaluated in this assay were run in competition

binding with both cannabinoid receptor subtypes, CB1 and
CB2 (Ross et al., 1999). Cannabinoid receptor binding screen-
ing was performed under the following conditions: 10 lM of
each compound from independent triplicate dilutions was

incubated with 1.6975 nM (CB1) or 1.959 nM (CB2) [3H]-
CP55,940, a potent cannabinoid agonist with an affinity for
both receptor subtypes, and 5 lg of CB1 or 1 lg of CB2 mem-

brane for 90 min at 37 �C with gentle agitation in a 96-well
plate in a 0.2 mL final volume of 50 mM Tris-HCl, 20 mM
EDTA, 154 mM NaCl, and 0.2% radioimmunoassay grade

BSA at pH 7.4. The reaction was terminated via rapid vacuum
filtration through a UniFilter 96 GF/C filter (PerkinElmer Life
Sciences Inc., Boston, MA, USA), presoaked with 0.3% poly-

ethyleneimine, followed by 10 washes with 50 mM Tris-HCl,
pH 7.4, buffer containing 0.2% BSA. Filters were dried,
25 lL of MicroScint20 was added, and the plates were read
using a TopCount NXT microplate scintillation counter (Per-

kinElmer Life Sciences Inc., Boston, MA, USA). Total binding
was defined as binding in the presence of a vehicle (1.0%
DMSO). Nonspecific binding was the binding observed in

the presence of 10.0 lM CP55,940. Specific binding was
defined as the difference between total and nonspecific binding.
Percent displacement was calculated using the following

formula:

[100 � (binding of compound� nonspecific binding)

� 100] / specific binding

The Ki values were calculated using a nonlinear curve fit
model in GraphPad Prism 5.0 software (GraphPad, La Jolla,
CA, USA). Each compound was tested in triplicate unless sta-

ted otherwise.

2.3.3. Radioligand displacement for opioid receptor subtypes

All compounds evaluated in the assay were run in competition

binding assays against the opioid receptor subtypes (d, j, l).
Opioid binding assays were performed under the following
conditions: independent triplicate dilutions of 10 lM com-

pound were incubated with 0.85 nM [3H]-DAMGO (l),
0.91 nM [phenyl-3,4-3H]-U-69,593 (j), or 0.99 nM [3H]-
DPDPE (d) for 60 min in a 96-well plate in a 0.2 mL final vol-

ume of 50 mM Tris-HCl, pH 7.4, with 15 lg (j) or 20 lg (l
and d) of the membrane. The reaction was terminated via rapid
vacuum filtration through a UniFilter 96 GF/B filter pre-
soaked with 0.3% BSA, followed by 10 washes with 4 �C
50 mM Tris-HCl, pH 7.4. Filters were dried, 50 lL of

MicroScint20 was added, and the plates were read using a
TopCount NXT microplate scintillation counter. Total bind-
ing, specific binding, and percent displacement were calculated

using formula 1, given above.
Nonspecific binding was the binding observed in the pres-

ence of 10 lM DAMGO (l), U-69,593 (j), or DPDPE (d).
The competitive binding assay was performed by testing 12
triplicate 3-fold serial dilutions of 300 lM compound and
3 lM control (naloxone hydrochloride) with 15 lg of d mem-

brane and 1.87 nM [3H]-DPDPE. We ran each compound once
(on one plate) in triplicate to determine the Ki. The Ki values
were calculated using a nonlinear curve fit model in GraphPad
Prism 5.0 software (GraphPad, La Jolla, CA, USA).

2.4. Functional assay for G-protein independent b-arrestin
recruitment

Optimization of the CB2 tango construct was conducted prior
to performance of the assay as described by Kroeze et al. (per-
formed in the National Institute of Mental Health Psychoac-

tive Drug Screening Program at the University of North
Carolina) to measure GPCR mediated b-arrestin translocation
activity. Briefly, HTLA cells, which express a tTA-dependent

luciferase reporter and b-arrestin2–TEV fusion gene, were
transfected with the CB2 tango construct overnight. Subse-
quently, the cells were plated in DMEM supplemented with
1% dialyzed FBS and incubated for at least 6 h. For measure-

ment of agonist activity, solutions containing the test com-
pounds were prepared in the Tango assay buffer (20 nM
HEPES, 1x HBSS at pH 7.4) at 5x final concentration and

incubated with the cells overnight. Similarly, for measurement
of antagonist activity, cells were incubated for 30 min with
solutions containing the test compounds made at 6x final con-

centration before addition of 10 mL of the final EC80 concen-
tration of the reference agonist, CP55940 (Kroeze et al., 2015).

Each compound was tested in triplicate; whereupon, the

experimental data was analyzed using a four-parameter non-
linear regression fit in GraphPad Prism 9.1. EC50 values were
determined from the fitted model. Each compound was tested
in triplicate unless stated otherwise.

Fig. 2 Triazole derivatives (1–11).
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2.5. Molecular modeling and docking study

The active state (agonist bound) (PDB ID: 6KPC) X-ray crys-
tal structures of CB2 receptor was downloaded from the Pro-

tein Data Bank (www.rcsb.org) and used for computational
molecular modeling (Hua et al., 2020). The CB2 protein struc-
ture was prepared by adding hydrogens and missing side

chains and adjusting bond orders and proper ionization at
physiological pH 7.4 using the Prep Wizard module in the
Schrödinger suite 2018–1 (Sastry et al., 2013). Compounds 6

and 11 were sketched in Maestro and energy-minimized using
the LigPrep module of the Schrödinger suite 2018–1 using the
OPLS3e (optimized potential for liquid simulations 3e) force

field (Schrödinger, 2018a, 2018b). The docking of the com-
pounds 6 and 11 into the CB2 receptor was performed using
the Induced Fit docking protocol module of the Schrödinger

software (Friesner et al., 2006, 2004). The grid for the CB2
receptor was prepared using the centroid of the co-
crystallized ligand in the CB2 X-ray structure. The van der
Waals radius-scaling factor and partial charge cutoff were kept

to be 1 and 0.25, respectively. No additional constraints were
used when preparing the grid or for docking. Further, the
binding free energy (Prime MM-GBSA free energy) of the

docked structures was calculated using the Prime module of
the Schrödinger software (Jacobson et al., 2004), considering
minimization of polar hydrogens only.

3. Results and discussion

The discovery of the cannabinoid receptors has aided the dis-

covery of novel cannabinoid receptor agonists and antagonists
with potential therapeutic value (Palmer et al., 2002, Pertwee,
2000, Wiley and Martin, 2002). A vast number of CB1 and
CB2 receptor ligands with a wide range of chemical structures

are now available (Goya and Jagerovic, 2000, Goutopoulos
and Makriyannis, 2002). The research demonstrated that
five-membered heterocyclic rings show a broad spectrum of

activities, including modulation of the CB receptors
(Berggren et al., 2004a, 2004b, Cheng, 2007, 2006, Dyck

et al., 2004, Francis et al., 2007, 2006, 2006a, 2006b, 2006c,
Francis and Murielle, 2007a, 2007b, Jagerovic et al., 2006,

2004, Lange et al., 2005, Pavon et al., 2006, Plummer et al.,
2005). In this project, we were interested in the discovery of
bioactive compounds that serve as modulators for CB recep-

tors. We are not aware of any reported derivatives of 1,2,3-
triazole having been explored for these biological effects. A
series of pure 1,2,3-triazole derivatives (Fig. 2) were submitted

for in vitro radioligand binding affinity assays using the opioid
receptors (subtypes l, j, and d) and cannabinoid receptors
(CB1 and CB2) (Tarawneh et al., 2015).

The results are shown in Table 1. At a concentration of

10 lM, both compounds 6 and 11 significantly (>95%) dis-
placed [3H]-CP55,940 for CB2 receptors, while showing no sig-
nificant (<30%) displacement of [3H]-CP55,940 for CB1

receptors. To follow up on the promising results, the in vitro
CB2 Ki for compounds 6 and 11 were determined, and this
screening revealed both compounds 6 and 11 as potent and

selective CB2 ligands with Ki ± S.E.M. values of 105.3 ± 22.
6 nM and 116.4 ± 19.5 nM, respectively (Fig. 3). The other
compounds in this study showed < 50% displacement of the
radioligand at both CB1 and CB2 receptors at 10 mM; there-

fore, they were not further tested for binding affinity.
Replacing the tert-butyl esters on R1 and R2 in 6 with

methyl groups to form compound 5 led to the loss of biolog-

ical activity. Similar to 5, changing the position of the fluoro
group on the benzene ring to the para position as found in 8,
while R1 and R2 were retained as in 5, did not significantly

improve the activity. Replacing the fluoro group on the ben-
zene ring in 6 to form pentamethylbenzyl 1, with both R1
and R2 retained as in 6 and 11, also resulted in the loss of

the activity.
To understand the functional behavior (agonists/antago-

nists/inverse agonists) of compounds 6 and 11, these com-
pounds were tested using a GPCR Tango assay (G-protein

independent b-arrestin translocation assay) against the CB2
receptor. The CB2 functional activity of 6 and 11 from GPCR
Tango assay revealed that these compounds act as CB2 ago-

nists with an EC50 of 1.83 ± 0.16 (S.E.M.) and 1.14 ± 0.52
(S.E.M.) mM, respectively (Fig. 4).

Table 1 Radioligand Displacement Assay of the Synthesized Compounds (1–11) for Human Cannabinoid Receptors (Subtypes CB1

and CB2) and Opioid Receptors (Subtypes d, j, and l).

(% Displacement at 10 mM)

Cannabinoid receptors

Binding affinity (Ki ± S.E.M.) nM (% Displacement at 10 mM)

Opioid receptors

Compound CB2 CB1 CB2 d j m

1 38.5 30.6 16.0 1.7 22.3

2 2.0 3.4 1.9 3.4 20.7

3 a a a a a

4 a 17.4 41.7 9.0 a

5
a a 39.5 2.1 a

6 95.5 ± 7.5 26.6 ± 8.9 105.3 ± 22.6 36.8 ± 5.2 15.5 ± 6.5 19.1 ± 5.8

7 41.3 5.3 a a a

8 23.3 a 15.5 25.1 24.4

9
a a 0.6 8.7 23.2

10 3.6 a a a 20.3

11 99.3 ± 6.8 25.5 ± 8.4 116.4 ± 19.5 1.1 a a

Naloxone
b 106.4 101.6 97.0

CP55,940
c 102.6 104.3 1.25 ± 0.14

a No percent displacement at 10 mM; b,c Positive controls.

1,2,3-Triazole derivatives as highly selective cannabinoid receptor type 2 5



The experimental X-ray crystal structure of the CB2 recep-
tor was used in order to evaluate the ability of the synthesized

compounds to bind well. To understand the putative binding
modes and interactions profiles of compounds 6 and 11,
molecular docking and binding free energy calculations were

performed using the active-state X-ray crystal structure
(PDB ID: 6KPC) of the CB2 receptor. As per our docking
study, the docked poses of 6 and 11 were found to be very sim-

ilar in the active-state CB2 model. The prime MM-GBSA
binding free energy results are presented in Table 2. The bind-
ing poses of 6 and 11 (Fig. 5A and 5B, and Fig. 6) showed p–p
stacking (of the m-fluoro/p-fluoro benzene moiety) with Phe87,

Phe91 and Phe183. The fluorobenzene also showed strong
hydrophobic interactions with Phe94, Val113, Phe117,
Phe183, Trp194, Met265, Phe281, Cys288, and Ser285. The

tert-butyl moiety attached at the C5 position of 6 and 11

formed strong hydrophobic interactions (CH���C, C���C, and
CH–p) with key residues, Phe91, Phe94, Phe106, Val113, and

Ile110, while the tert-butyl moiety attached at the C4 position
exhibited strong hydrophobic interactions with Tyr25, Ile27,
Phe94, His95, Leu182, Lys278, Phe281, and Ala282 of the
CB2 receptor. Furthermore, we compared the docked pose

of 6 and 11 with that of the co-crystallized ligand of the CB2

receptor (8DO) into the active site of the CB2 receptor
(Fig. 6B) and found that they overlaid in a similar fashion
and exhibited identical p–p stacking interactions with Phe87

and Phe183. However, 6 and 11 did not form H-bonding with
Ser285, a key residue for CB2 activity which did H-bond
with8DO, the CB2 co-crystalized ligand (Fig. 5C), possibly
the reason for their lower potency as CB2 agonists.

4. Conclusion

As part of the continuous search for new chemotypes as CB2

selective agents, a series of 1,2,3-triazole derivatives that have
not previously been evaluated for their radioligand displace-
ment affinity on cannabinoid receptors were synthesized and

screened against cannabinoid receptors. The results of the
screening revealed that compounds 6 and 11 produced a
concentration-dependent inhibition of specific [3H]-CP55,940

CB2 binding with Ki values of 105 nM and 116 nM, respec-
tively. The CB2 functional activity of 6 and 11, as measured
by a GPCR Tango assay revealed that these compounds act

as CB2 agonists with an EC50 of 1.83 ± 0.16 and 1.14 ± 0.
52 mM, respectively. Replacing the tert-butyl esters on R1
and R2 with methyl groups led to the loss of biological activ-
ity. Changing the fluoro group on the benzene ring to pen-

tamethyl, with both R1 and R2 retained, as in 6 and 11, also
resulted in the loss of the activity. In addition, the binding
mode of the compounds in the active state of the CB2 receptor

was investigated through molecular modeling. The data
revealed that the poses of 6 and 11 were very similar in active
state X-ray crystal structures and fitted well into the active site

of the CB2 receptor. In summary, the triazole derivatives 6 and
11 can be considered as lead molecules for further development
of CB2 receptor agonists possessing excellent efficacy. They
showed selectivity to CB2 receptors over CB1 receptors, as

well as over opioid receptors.

Fig. 3 The binding displacement curves obtained when (A) 6 and (B) 11 were rescreened in the cannabinoid receptor 2 radioligand

binding assay. CP55,940 was used as a positive control.
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Fig. 4 Concentration-response curves for compounds 6 and 11

from the GPCR Tango agonist assay for CB2 receptor.

Table 2 GlideScores and Prime MM-GBSA free energies of compounds 6 and 11 interacting with the CB2 receptor.

Compound CB2-R

Ki ± S.E.M (nM)

GlideScores

(kcal/mol)

Prime MM-GBSA Free Energy (kcal/mol)

Active-state CB2 (6KPC) Active-state CB2 (6KPC)

6 105 ± 22.6 �8.40 �60.61

11 116.4 ± 19.5 �8.55 �60.79

6 A.H. Tarawneh et al.
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Cencioni, M.T., Chiurchiù, V., Catanzaro, G., Borsellino, G.,

Bernardi, G., Battistini, L., Maccarrone, M., 2010. Anandamide

suppresses proliferation and cytokine release from primary human

T-lymphocytes mainly via CB2 receptors. PLoS ONE 5 (1). https://

doi.org/10.1371/journal.pone.0008688.

Dhopeshwarkar, A., Mackie, K., 2014. CB2 Cannabinoid receptors as

a therapeutic target—what does the future hold? Mol. Pharmacol.

86 (4), 430–437. https://doi.org/10.1124/mol.114.094649.

Di Marzo, V., 2008. Targeting the endocannabinoid system: to

enhance or reduce? Nat. Rev. Drug Discov. 7 (5), 438–455.

https://doi.org/10.1038/nrd2553.

Di Marzo, V., Stella, N., Zimmer, A., 2015. Endocannabinoid

signalling and the deteriorating brain. Nat. Rev. Neurosci. 16 (1),

30–42. https://doi.org/10.1038/nrn3876.

Dyck, B., Goodfellow, V.S., Phillips, T., Grey, J., Haddach, M.,

Rowbottom, M., Naeve, G.S., Brown, B., Saunders, J., 2004.

Potent imidazole and triazole CB1 receptor antagonists related to

SR141716. Bioorg. Med. Chem. Lett. 14 (5), 1151–1154. https://

doi.org/10.1016/j.bmcl.2003.12.068.

Friesner, R.A., Banks, J.L., Murphy, R.B., Halgren, T.A., Klicic, J.J.,

Mainz, D.T., Repasky, M.P., Knoll, E.H., Shelley, M., Perry, J.K.,

Shaw, D.E., 2004. Glide: a new approach for rapid, accurate

docking and scoring. 1. Method and assessment of docking

accuracy. J. Med. Chem. 47 (7), 1739–1749. https://doi.org/

10.1021/jm0306430.

Glide, version 6.2, Schrödinger, LLC, New York, NY, 2018.

Goutopoulos, A., Makriyannis, A., 2002. From cannabis to cannabin-

ergics: new therapeutic opportunities. PHARMACOL THERA-

PEUT 95 (2), 103–117. https://doi.org/10.1016/S0163-7258(02)

00250-4.

Goya, P., Jagerovic, N., 2000. Recent advances in cannabinoid

receptor agonists and antagonists. Expert Opin. Ther. Pat. 10

(10), 1529–1538. https://doi.org/10.1517/13543776.10.10.1529.

Gratzke, C., Streng, T., Stief, C.G., Alroy, I., Limberg, B.J., Downs,

T.R., Rosenbaum, J.S., Hedlund, P., Andersson, K.E., 2011.

Cannabinor, a selective cannabinoid-2 receptor agonist, improves

bladder emptying in rats with partial urethral obstruction. J. Urol.

185 (2), 731–736. https://doi.org/10.1016/j.juro.2010.09.080.

Gratzke, C., Streng, T., Stief, C.G., Downs, T.R., Alroy, I., Rosen-

baum, J.S., Andersson, K.E., Hedlund, P., 2010. Effects of

cannabinor, a novel selective cannabinoid 2 receptor agonist, on

bladder function in normal rats. Eur. Urol. 57 (6), 1093–1100.

https://doi.org/10.1016/j.eururo.2010.02.027.

Han, S., Zhang, F.F., Qian, H.Y., Chen, L.L., Pu, J.B., Xie, X., Chen,

J.Z., 2015. Development of quinoline-2, 4 (1 H, 3 H)-diones as

potent and selective ligands of the cannabinoid type 2 receptor. J.

Med. Chem. 58 (15), 5751–5769. https://doi.org/10.1021/acs.

jmedchem.5b00227.

Haruna, T., Soga, M., Morioka, Y., Hikita, I., Imura, K., Furue, Y.,

Yamamoto, M., Imura, C., Ikeda, M., Yamauchi, A., Deguchi, M.,

2015. S-777469, a novel cannabinoid type 2 receptor agonist,

suppresses itch-associated scratching behavior in rodents through

inhibition of itch signal transmission. Pharmacology 95 (1–2), 95–

103. https://doi.org/10.1159/000371890.

Hua, T., Vemuri, K., Nikas, S.P., Laprairie, R.B., Wu, Y., Qu, L., Pu,

M., Korde, A., Jiang, S., Ho, J.H., Han, G.W., 2017. Crystal

structures of agonist-bound human cannabinoid receptor CB 1.

Nature 547 (7664), 468–471. https://doi.org/10.1038/nature23272.

Li, X., Hua, T., Vemuri, K., Ho, J.H., Wu, Y., Wu, L., Popov, P.,

Benchama, O., Zvonok, N., Qu, L., Han, G.W., 2019. Crystal

structure of the human cannabinoid receptor CB2. Cell 176 (3),

459–467. https://doi.org/10.1016/j.cell.2018.12.011.

Lin, X., Dhopeshwarkar, A.S., Huibregtse, M., Mackie, K., Hoh-

mann, A.G., 2018. Slowly Signaling G Protein-Biased CB2

Cannabinoid Receptor Agonist LY2828360 Suppresses Neuro-

pathic Pain with Sustained Efficacy and Attenuates Morphine

Tolerance and Dependence. Mol. Pharmacol. 93 (2), 49–62. https://

doi.org/10.1124/mol.117.109355.

Malfitano, A.M., Basu, S., Maresz, K., Bifulco, M., Dittel, B.N., 2014.

What we know and do not know about the cannabinoid receptor 2

8 A.H. Tarawneh et al.

https://doi.org/10.3390/70200302
https://doi.org/10.4103/1319-3767.114505
https://doi.org/10.4103/1319-3767.114505
https://doi.org/10.2337/db10-1809
https://doi.org/10.2337/db10-1809
https://doi.org/10.1371/journal.pone.0008688
https://doi.org/10.1371/journal.pone.0008688
https://doi.org/10.1124/mol.114.094649
https://doi.org/10.1038/nrd2553
https://doi.org/10.1038/nrn3876
https://doi.org/10.1016/j.bmcl.2003.12.068
https://doi.org/10.1016/j.bmcl.2003.12.068
https://doi.org/10.1021/jm0306430
https://doi.org/10.1021/jm0306430
https://doi.org/10.1016/S0163-7258(02)00250-4
https://doi.org/10.1016/S0163-7258(02)00250-4
https://doi.org/10.1517/13543776.10.10.1529
https://doi.org/10.1016/j.juro.2010.09.080
https://doi.org/10.1016/j.eururo.2010.02.027
https://doi.org/10.1021/acs.jmedchem.5b00227
https://doi.org/10.1021/acs.jmedchem.5b00227
https://doi.org/10.1159/000371890
https://doi.org/10.1038/nature23272
https://doi.org/10.1016/j.cell.2018.12.011
https://doi.org/10.1124/mol.117.109355
https://doi.org/10.1124/mol.117.109355


(CB2). Semin. Immunol. 26 (5), 369–379. https://doi.org/10.1016/j.

smim.2014.04.002.

Mechoulam, R., Parker, L.A., 2013. The endocannabinoid system and

the brain. Annu. Rev. Psychol. 64, 21–47. https://doi.org/10.1146/

annurev-psych-113011-143739.

Miller, L.K., Devi, L.A., 2011. The highs and lows of cannabinoid

receptor expression in disease: mechanisms and their therapeutic

implications. Pharmacol. Rev. 63 (3), 461–470. https://doi.org/

10.1124/pr.110.003491.

Morales, P., Reggio, P.H., Jagerovic, N., 2017. An overview on

medicinal chemistry of synthetic and natural derivatives of

cannabidiol. Front. Pharmacol. 8, 422. https://doi.org/10.3389/

fphar.2017.00422.

Netherland, C.D., Pickle, T.G., Bales, A., Thewke, D.P., 2010.

Cannabinoid receptor type 2 (CB2) deficiency alters atherosclerotic

lesion formation in hyperlipidemic Ldlr-null mice. Atherosclerosis

213 (1), 102–108. https://doi.org/10.1016/j.

atherosclerosis.2010.07.060.

Nevalainen, T., 2014. Recent development of CB2 selective and

peripheral CB1/CB2 cannabinoid receptor ligands. Curr. Med.

Chem. 21 (2), 187–203. https://doi.org/10.2174/

09298673113206660296.

Ostenfeld, T., Price, J., Albanese, M., Bullman, J., Guillard, F., Meyer,

I., Leeson, R., Costantin, C., Ziviani, L., Nocini, P.F., Milleri, S.,

2011. A randomized, controlled study to investigate the analgesic

efficacy of single doses of the cannabinoid receptor-2 agonist

GW842166, ibuprofen or placebo in patients with acute pain

following third molar tooth extraction. Clin. J. Pain 27 (8), 668–

676. https://doi.org/10.1097/AJP.0b013e318219799a.

Palmer, S.L., Thakur, G.A., Makriyannis, A., 2002. Cannabinergic

ligands. Chem. Phys. Lipids 121 (1–2), 3–19. https://doi.org/

10.1016/S0009-3084(02)00143-3.

Pertwee, R.G., 2000. Cannabinoid receptor ligands: clinical and

neuropharmacological considerations, relevant to future drug

discovery and development. Expert Opin. Inv. Drug 9 (7), 1553–

1571. https://doi.org/10.1517/13543784.9.7.1553.

Pertwee, R.G., 2012. Targeting the endocannabinoid system with

cannabinoid receptor agonists: pharmacological strategies and

therapeutic possibilities. Philos. T R Soc. B 367 (1607), 3353–

3363. https://doi.org/10.1098/rstb.2011.0381.

Pertwee, R.G., Griffin, G., Lainton, J.A., Huffman, J.W., 1995.

Pharmacological characterization of three novel cannabinoid

receptor agonists in the mouse isolated vas deferens. Eur. J.

Pharmacol. 284 (3), 241–247. https://doi.org/10.1016/0014-2999

(95)00318-F.

Picone, R.P., Kendall, D.A., 2015. Minireview: from the bench,

toward the clinic: therapeutic opportunities for cannabinoid

receptor modulation. Mol. Endocrinol. 29 (6), 801–813. https://

doi.org/10.1210/me.2015-1062.

Prime, version 3.5, Schrödinger, LLC, New York, NY, 2018.

Robinson, E.S., Alves, P., Bashir, M.M., Zeidi, M., Feng, R., Werth,

V.P., 2017. Cannabinoid reduces inflammatory cytokines tumor

necrosis factor alpha and type I interferons in dermatomyositis

in vitro. J, Invest. Dermatol. 137 (11), 2445. https://doi.org/

10.1016/j.jid.2017.05.035.

Ross, R.A., Gibson, T.M., Stevenson, L.A., Saha, B., Crocker, P.,

Razdan, R.K., Pertwee, R.G., 1999. Structural determinants of the

partial agonist-inverse agonist properties of 60-azidohex-20-yne-D8-
tetrahydrocannabinol at cannabinoid receptors. Br. J. Pharmacol.

128 (3), 735–743. https://doi.org/10.1038/sj.bjp.0702836.

Sagredo, O., Ruth Pazos, M., Valdeolivas, S., Fernández-Ruiz, J.,

2012. Cannabinoids: novel medicines for the treatment of Hunt-

ington’s disease. Recent Pat CNS Drug Discov 7 (1), 41–48. https://

doi.org/10.2174/157488912798842278.

Sastry,G.M., Adzhigirey,M.,Day, T., Annabhimoju, R., Sherman,W.,

2013. Protein and ligand preparation: parameters, protocols, and

influence on virtual screening enrichments. J. Comput. AID Mol.

Des. 27 (3), 221–234. https://doi.org/10.1007/s10822-013-9644-8.

Savonenko, A.V., Melnikova, T., Wang, Y., Ravert, H., Gao, Y.,

Koppel, J., Lee, D., Pletnikova, O., Cho, E., Sayyida, N., Hiatt, A.,

2015. Cannabinoid CB2 receptors in a mouse model of Ab
amyloidosis: immunohistochemical analysis and suitability as a

PET biomarker of neuroinflammation. PLoS ONE 10 (6). https://

doi.org/10.1371/journal.pone.0129618.

Schrödinger Release 2018-1: LigPrep, Schrödinger, LLC, New York,

NY, 2018.

Schrödinger Release 2018-1: Maestro, Schrödinger, LLC, New York,

NY, 2018.

Sekiguchi, K., Fukumura, K., Hasegawa, H., Kanazu, T., 2015. The

metabolism and pharmacokinetics of [14C]-S-777469, a new

cannabinoid receptor 2 selective agonist, in healthy human subjects.

Xenobiotica 45 (2), 150–157. https://doi.org/10.3109/

00498254.2014.956158.

Shao, Z., Yan, W., Chapman, K., Ramesh, K., Ferrell, A.J., Yin, J.,

Wang, X., Xu, Q., Rosenbaum, D.M., 2019. Structure of an

allosteric modulator bound to the CB1 cannabinoid receptor. Nat.

Chem. Biol. 15, 1199–1205.

Shoemaker, J.L., Seely, K.A., Reed, R.L., Crow, J.P., Prather, P.L.,

2007. The CB2 cannabinoid agonist AM-1241 prolongs survival in

a transgenic mouse model of amyotrophic lateral sclerosis when

initiated at symptom onset. J. Neurochem. 101 (1), 87–98. https://

doi.org/10.1111/j.1471-4159.2006.04346.x.

Tarawneh, A., León, F., Pettaway, S., Elokely, K.M., Klein, M.L.,

Lambert, J., Mansoor, A., Cutler, S.J., 2015. Flavonoids from

Perovskia atriplicifolia and their in vitro displacement of the

respective radioligands for human opioid and cannabinoid recep-

tors. J. Nat. Prod. 78 (6), 1461–1465. https://doi.org/10.1021/acs.

jnatprod.5b00218.

Tarawneh, A.H., León, F., Jain, S.K., Gadetskaya, A.V., Abu-Orabi,

S.T., Tekwani, B.L., Cutler, S.J., 2018. Evaluation of triazole and

isoxazole derivatives as potential anti-infective agents. Med. Chem.

Res. 27 (4), 1269–1275. https://doi.org/10.1007/s00044-018-2146-4.

Wiley, J.L., Martin, B.R., 2002. Cannabinoid pharmacology: implica-

tions for additional cannabinoid receptor subtypes. Chem. Phys.

Lipids 121 (1–2), 57–63. https://doi.org/10.1016/S0009-3084(02)

00146-9.

1,2,3-Triazole derivatives as highly selective cannabinoid receptor type 2 9

https://doi.org/10.1016/j.smim.2014.04.002
https://doi.org/10.1016/j.smim.2014.04.002
https://doi.org/10.1146/annurev-psych-113011-143739
https://doi.org/10.1146/annurev-psych-113011-143739
https://doi.org/10.1124/pr.110.003491
https://doi.org/10.1124/pr.110.003491
https://doi.org/10.3389/fphar.2017.00422
https://doi.org/10.3389/fphar.2017.00422
https://doi.org/10.1016/j.atherosclerosis.2010.07.060
https://doi.org/10.1016/j.atherosclerosis.2010.07.060
https://doi.org/10.2174/09298673113206660296
https://doi.org/10.2174/09298673113206660296
https://doi.org/10.1097/AJP.0b013e318219799a
https://doi.org/10.1016/S0009-3084(02)00143-3
https://doi.org/10.1016/S0009-3084(02)00143-3
https://doi.org/10.1517/13543784.9.7.1553
https://doi.org/10.1098/rstb.2011.0381
https://doi.org/10.1016/0014-2999(95)00318-F
https://doi.org/10.1016/0014-2999(95)00318-F
https://doi.org/10.1210/me.2015-1062
https://doi.org/10.1210/me.2015-1062
https://doi.org/10.1016/j.jid.2017.05.035
https://doi.org/10.1016/j.jid.2017.05.035
https://doi.org/10.1038/sj.bjp.0702836
https://doi.org/10.2174/157488912798842278
https://doi.org/10.2174/157488912798842278
https://doi.org/10.1007/s10822-013-9644-8
https://doi.org/10.1371/journal.pone.0129618
https://doi.org/10.1371/journal.pone.0129618
https://doi.org/10.3109/00498254.2014.956158
https://doi.org/10.3109/00498254.2014.956158
http://refhub.elsevier.com/S1878-5352(21)00560-8/h9000
http://refhub.elsevier.com/S1878-5352(21)00560-8/h9000
http://refhub.elsevier.com/S1878-5352(21)00560-8/h9000
http://refhub.elsevier.com/S1878-5352(21)00560-8/h9000
https://doi.org/10.1111/j.1471-4159.2006.04346.x
https://doi.org/10.1111/j.1471-4159.2006.04346.x
https://doi.org/10.1021/acs.jnatprod.5b00218
https://doi.org/10.1021/acs.jnatprod.5b00218
https://doi.org/10.1007/s00044-018-2146-4
https://doi.org/10.1016/S0009-3084(02)00146-9
https://doi.org/10.1016/S0009-3084(02)00146-9

	1,2,3-Triazole derivatives as highly selective cannabinoid receptor type 2 (CB2) agonists
	Recommended Citation

	1,2,3-Triazole derivatives as highly selective cannabinoid receptor type 2 (CB2) agonists
	1 Introduction
	2 Materials and methods
	2.1 General experimental procedures
	2.2 Chemistry
	2.2.1 General procedure for synthesis of triazoles 1–11

	2.3 Biological evaluation
	2.3.1 Cell culture and membrane preparation
	2.3.2 Radioligand displacement for cannabinoid receptor subtypes
	2.3.3 Radioligand displacement for opioid receptor subtypes

	2.4 Functional assay for G-protein independent β-arrestin recruitment
	2.5 Molecular modeling and docking study

	3 Results and discussion
	4 Conclusion
	Declaration of Competing Interest
	Acknowledgements
	References


