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ABSTRACT 

We previously reported the 2-oxopyridine-3-carboxamide derivative EC21a as the first small 

synthetic CB2R positive allosteric modulator which displayed antinociceptive activity in vivo in an 

experimental mouse model of neuropathic pain. 

Herein, we extended the structure-activity relationships of EC21a through structural modifications 

regarding the p-fluoro benzyl moiety at position 1 and the amide group in position 3 of the central 

core. The characterization in vitro was assessed through radioligand binding experiments and 

functional assays (GTPS, cAMP, arrestin2). Among the new compounds, the derivatives A1 (SV-

10a) and A5 (SB-13a) characterized respectively by fluorine atom or by chlorine atom in ortho 

position of the benzylic group at position 1 and by a cycloheptane-carboxamide at position 3 of the 

central core, showed positive allosteric behavior on CB2R. They enhanced the efficacy of CP55,940 

in [35S]GTPγS assay, and modulated CP55,940-dependent arrestin2 recruitment and cAMP 

inhibition. The obtained results extend our knowledge of the structural requirements for interaction 

with the allosteric site of CB2R. 

 

 

Keywords: CB2 cannabinoid receptor; positive allosteric modulator; 2-oxopyridine-3-carboxamide; 

structure-activity relationships. 
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1. Introduction 

 
The endocannabinoid system (ECS) is a neuromodulatory retrograde lipid signaling system, 

ubiquitously expressed throughout the body and responsible for the homeostatic control of different 

physiological processes [1, 2]. It consists of at least 2 cannabinoid receptors (CBRs, CB1R and 

CB2R) members of the GPCR family, their endogenous ligands (endocannabinoids, ECs) produced 

on-demand from membrane phospholipid precursors, and the enzymes involved in the biosynthesis, 

metabolism and transport of ECs [3]. The ECS continues to attract enormous attention from the 

scientific community for its involvement in behavioral and brain functions, and for its therapeutic 

potential across an array of peripheral and neuropsychiatric diseases such as neuropathic pain, 

neurodegenerative diseases, cancer, glaucoma, and obesity [4]. The discovery of CB1R and CB2R in 

the 1990s opened the way to studies focused on the synthesis of their ligands. The biological 

evaluation in vivo and in vitro of these ligands suggested that the direct (i.e. orthosteric) modulation 

of CBRs was able to prompt several beneficial effects in the brain and in the periphery but, at the 

same time, it was not devoid of undesirable side effects such as mood alteration (euphoria, anxiety, 

panic), acute psychoses, impaired cognition, motor performance, and suicidal ideation via CB1R [5]; 

and immune suppression upon chronic use and, in some cases, pro-inflammatory actions via CB2R 

[6]. It is noteworthy that, because of these important adverse effects, few CBR-targeted ligands were 

able to reach an advance stage of clinical trials. Target selectivity and off-target side effects have been 

indicated as the 2 major limiting factors for orthosteric ligands [7]. Recently, the number of reports 

and studies regarding allosteric modulators of both CBRs has increased enormously [8-14]. Indeed, 

allosteric modulation has offered a new approach in the regulation of the ECS without any of the 

potential undesirable side effects associated with direct CBR interaction. Allosteric modulators 

interact with a receptor’s allosteric site(s) which are topographically different from the orthosteric 

one, and this binding leads to important receptor conformational changes. In the case of mixed 

antagonism and negative allosteric modulation or mixed agonism and positive allosteric modulation 
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(i.e. ago-PAM) there might be a decrease or an increase in the activity of the receptor in the absence 

of the orthosteric ligand, respectively [15, 16]. Conformational changes induced by pure allosteric 

ligands modulate the affinity and/or efficacy of orthosteric ligands, the presence of which is essential 

for their activity. Allosteric modulators can be PAMs (positive allosteric modulators), NAMs 

(negative allosteric modulators), or NAL (neutral allosteric ligands). PAMs enhance receptor 

signaling which may be due either to an increased affinity, potency and/or efficacy of orthosteric 

ligands, or to a less efficient dissociation of orthosteric ligands [17, 18]. Moreover, PAMs can also 

operate by blocking receptor desensitization [19, 9]. NAMs weaken receptor responsiveness through 

a decrease in agonist affinity or efficacy, while NALs bind to the allosteric sites without affecting the 

response of the orthosteric agonist [15]. Finally, allosteric modulators can also be a combination of 

PAM and NAM depending on the signaling output being measured [18]. Allosteric modulators, 

compared to orthosteric ligands, offer several advantages which can be summarized in 4 main features 

responsible for their higher potential effectiveness: high specificity, target selectivity, saturability, 

and probe dependence [20, 21]. Indeed, allosteric site residues tend to be less conserved among 

receptor subtypes and can offer subtype specific targeting reducing off-target side effects [20, 22]. 

The tissue-specific action of allosteric ligands is due to their characteristic of exerting their effects 

only in tissues where ECs (or other orthosteric ligands) are present and not to compete with ligands 

bound to orthosteric sites. This might be useful during pathological states, in which the levels of ECs 

can vary significantly ‘on demand’ (e.g. they are usually higher for an autoprotective response) [23, 

24]. Consequently, their effect will depend on the ECS’s tone at that time and in that tissue allowing 

a ‘fine tuning’ of the response with reduced probability of side effects [25]. Regarding the saturability 

of their effect, it is important to note that since they depend on endogenous ligands for signaling, a 

high concentration of allosteric modulators beyond saturation of the allosteric binding site does not 

have any effect in the magnitude of the allosteric effect, avoiding the risk of pharmacodynamic 

overdose (ceiling effect). The last point, probe dependence, refers to the fact that the same allosteric 

ligand may have different effects on different orthosteric ligands [26]. Moreover, allosteric ligands 



5 
 

may alter the signal bias of orthosteric ligands, or display ligand bias themselves. Ligand bias refers 

to the ability of a ligand to preferentially engage certain signaling interactions (e.g., G proteins) over 

others (e.g., βarrestins) [27, 28]. Since orthosteric ligands display bias per se, biased signaling cannot 

be considered a distinctive characteristic and advantage of allosteric ligands, however, specific 

signaling profile can further change more or less markedly, when both ligands (orthostheric and 

allosteric) are bound to the receptor [8, 9].  

We recently described the pharmacological characterization of the 2-oxopyridine-3-carboxamide 

derivative EC21a (C2 in the paper) as CB2R PAM (Figure 1) [10]. This is the first small synthetic 

CB2R modulator that was correctly characterized as CB2R PAM. This evidence was obtained using 

[3H]CP55,940 and [35S]GTPγS binding assays. Moreover, EC21a displayed antinociceptive activity 

in vivo in an experimental mouse model of neuropathic pain [10]. 

In the previous work [10] we reported the influence of the replacement of the methyl and the 

bromine atom at position 4 and 5, respectively, of the 2-oxopyridine nucleus. In this work we present 

a new series of analogues of the 2-oxopyridine-3-carboxamide derivative EC21a that were 

synthesized and biologically tested in order to better understand the structural requirements for the 

binding to CB2R allosteric site. In particular, the structural modifications of EC21a involve the p-

fluoro benzyl moiety at position 1 (A1-A10, Figure 1) and the amide group at position 3 (B1-B8, 

Figure 1). Firstly, with the aim to verify the importance of a substituent on the benzyl group, the p-

fluoro benzyl group was replaced with an unsubstituted benzyl ring (A3). Furthermore, in order to 

study the stereo-electronic effects of the substituent on the benzyl group, the fluorine atom was either 

shifted in another position of the phenyl ring (A1, A2) or substituted with other halogen atoms (A4-

A7). Finally, the benzyl group was replaced with aliphatic groups (A8-A10) to elucidate the role of 

π-π interaction between the substituent at position 1 of the central core and the CB2R allosteric site. 

Regarding the changes of the cycloheptane-carboxamide at position 3, the amide functional group 

was either maintained substituting the cycloheptyl ring with other aliphatic or aromatic moiety (B1-

B4) or completely replaced by other functional groups (B5-B8) with the aim to optimize the 
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substitution on the amide function as well as to investigate the influence of the nature of the functional 

group in this position and the spatial requirements for the interaction of this portion of the molecule 

with the CB2R allosteric site. 

 

 
 

Figure 1. General structure of compound EC21a and of the new derivatives A1-A10 and B1-B8. 

 

Among the new compounds, A1 (SV-10a) and A5 (SB-13a) have been shown to be CB2R allosteric 

modulators. Their characterization in vitro was assessed through radioligand binding experiments and 

functional assays (cAMP, arrestin2, GTPS). Furthermore, the results on cAMP assay and on 

arrestin2 recruitment for the parent compound EC21a are reported. 

 

2. Results and discussion 

 
2.1 Chemistry 

The synthesis of compounds A1-A8 and B1-B6 was accomplished as depicted in Scheme 1. The 

commercially available starting material 2-hydroxy-4-methyl-3-nitropyridine was subjected to a N-

alkylation reaction by treatment with NaH and LiBr in anhydrous DMF, at room temperature for 1 h 

and then with the appropriate benzyl chloride affording, after purification, the desired compounds 1-
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9. The N-alkylated derivatives 1-9 were treated with iron powder in ethanol to afford compounds 10-

18. The reaction between the amine derivatives 11-18 and the cycloheptanecarbonyl chloride in DMF 

and triethylamine initially at 0 °C and then at room temperature for 12 h, gave the amides 19-26 

respectively. The cycloheptanecarbonyl chloride was prepared by reaction between 

cycloheptanecarboxylic acid and oxalyl chloride (C2O2Cl2) at room temperature for 30 minutes. The 

desired 5-bromo derivatives A1-A8 were obtained by treatment of compounds 19-26 with a solution 

of bromine in CHCl3 at 0 °C and then at room temperature for 12 h. As reported in Scheme 1 the 

reaction of amine derivative 10 with the appropriate anhydride in toluene at 110°C for 16 h afforded 

the amide derivatives 27-29. Compound 30 was obtained from the reaction between compound 10 

and the 4-methyl-cyclohexanecarbonyl chloride, mixture of cis and trans, following the conditions 

above reported for compounds 19-26. Finally, the treatment of compound 10 with cycloheptyl 

chloroformate (prepared from the reaction between bis(trichloromethyl) carbonate (BTC) with 

cycloheptanol, initially at 0 °C and then at room temperature for 2 h) in CH2Cl2 and triethylamine at 

room temperature for 4 h or with cycloheptyl isocyanate in CHCl3 at room temperature for 48 h 

afforded the cycloheptyl carbamate derivative 31 or cycloheptyl urea derivative 32, respectively. The 

desired 5-bromo derivatives B1-B6 were obtained for treatment of derivatives 27-32 with bromine in 

the same conditions reported above.  
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Scheme 1. Synthesis of compounds A1-A8 and B1-B6. Reagents and conditions: i) a) NaH (60% 

dispersion in mineral oil), LiBr, DME, DMF, 0 °C → rt b) suitable benzyl chloride, 65 °C, 12 h; ii) 

Fe°, NH4Cl, EtOH/H2O (2:1), 80 °C, 3 h; iii) a) cycloheptanecarboxylic acid, C2O2Cl2, rt, 0.5 h; b) 

DMF, Et3N, rt, 12 h; iv) suitable anhydride, toluene, 110 °C, 16 h; v) cycloheptylchloroformate, Et3N, 

dry CH2Cl2, 4 h; vi) cycloheptylisocyanate, dry CHCl3, rt, 48 h; vii) Br2, CHCl3, 0 °C → rt, 12 h.  

 

As reported in Scheme 2, derivatives A9 and A10 were synthesized starting from 2-hydroxy-4-

methyl-3-nitropyridine which was treated with iron powder to obtain the amine derivative 33. The 

reaction between 33 and the cycloheptanecarbonyl chloride in dry CH2Cl2 and NEt3 afforded 

compound 34 which, by treatment with a solution of bromine in CHCl3 in the same condition reported 

above, gave the 5-bromo derivative 35. This compound was firstly treated with cesium fluoride in 

anhydrous DMF at room temperature for 1 hour, and then with the suitable halogenated reagent. The 

reaction mixture was stirred at 50 °C for 12 h to give the desired compounds A9 and A10. For the 

synthesis of compound B7, 2-hydroxy-4-methyl-3-nitropyridine was firstly treated with bromine in 

CHCl3 to give derivative 36, which was N-alkylated following the conditions reported above. The 

reduction of the B7 nitro group with iron powder in the same conditions reported above gave the 

desired compound B8. 
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Scheme 2. Synthesis of compounds A9, A10, B7 and B8. Reagents and conditions: i) Fe°, NH4Cl, 

EtOH/H2O (2:1), 80 °C, 3 h; ii) a) cycloheptanecarboxylic acid, C2O2Cl2, rt, 0.5 h; b) DMF, Et3N, rt, 

12 h; iii) Br2, CHCl3, 0 °C → rt, 12 h; iv) a) CsF, dry DMF, rt; b) suitable alkyl chloride, 50 °C, 12 h. 

 

 

2.2. Biological evaluation  

2.2.1 [3H]CP55,940 Binding Assay  

Compounds A1-A10 and B1-B8 were evaluated for binding at hCB2R by incubating these 

compounds with membrane preparations obtained from Chinese hamster ovary (CHO) cells 

overexpressing hCB2Rs in the presence of 0.7 nM [3H]CP55,940, a high-affinity orthosteric CB1R 

and CB2R radioligand. Initially, all compounds were screened at 100 nM. Data are displayed such 

that positive values indicate displacement and negative values indicate enhanced [3H]CP55,940 

binding (Figures 2-4). The results showed that the most of the compounds either partially displaced 

[3H]CP55,940 or were completely inactive (Figure 2). On the contrary, compounds A1, A5, and A7, 

enhanced the binding of the radioligand to hCB2R. 
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Figure 2. Preliminary screening of [3H]CP55,940 displacement from hCB2R with 100 nM 

compounds A1-A10 and B1-B8. Yellow columns indicate compounds that increase the binding of 

[3H]CP55,940; blue columns indicate compounds that decrease the binding of [3H]CP55,940; white 

columns indicate no significant difference. *p < 0.05; **p < 0.01 relative to 0 as determined by non-

overlapping 95% confidence intervals. Data are mean with 95% confidence intervals of 3-6 

independent experiments. 

 

More specifically, compounds A1 (SV-10a), A5 (SB-13a) and A7 (SB-16a) were the most 

effective at 100 nM. Subsequent experiments tested the ability of A1 (SV-10a), A5 (SB-13a) and A7 

(SB-16a) to increase [3H]CP55,940 binding to hCB2R in a concentration-dependent (1 nM - 10 µM) 

manner. hCB2R binding data indicated that A1 (SV-10a) and A5 (SB-13a) induced approximately 

20% and 40% increases in the binding of [3H]CP55,940, respectively, between 1 nM and 1 μM 

(Figure 3). A7 (SB-16a) affected the binding of [3H]CP55;940 only to a negligible extent (Figure 3). 

Because compound concentrations below 1 nM were not tested, we do not estimate the affinity of 

these compounds for hCB2R here in this initial report of A1 (SV-10a), A5 (SB-13a) and A7 (SB-16a) 

pharmacology. Enhancement of hCB2R binding was lost at 10 µM (Figure 3), which may have 

resulted from off-target effects not assessed here and beyond the scope of the present study. Overall, 

these data suggest A1 (SV-10a) and A5 (SB-13a) may be hCB2R PAMs at concentrations below 1 

µM. 
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Figure 3. Effects of compounds A1 (SV-10a, blue) A5 (SB-13a, grey), A7 (SB-16a, orange) at 1 nM 

- 10 μM on [3H]CP55,940 binding to hCB2R. Asterisks indicate mean values significantly different 

from basal for each corresponding colour; *p < 0.05, **p < 0.01 relative to basal control as determined 

by one-way ANOVA followed by Bonferroni’s post-hoc analysis. Data were fit to a nonlinear 

regression (4 parameter model, GraphPad v. 8). Data are expressed as the mean ± SEM of 4-6 

independent experiments, each performed in duplicate. 

 

In order to assess their selectivity for hCB2R relative to hCB1R, A1 and A5 were evaluated 

performing [3H]CP55,940 binding experiments on CHO cells overexpressing hCB1R. The 

concentration binding curves (1 nM - 10 μM) displayed in Figure 4 indicate that A1 and A5 did not 

change [3H]CP55,940 binding at hCB1R relative to basal levels of [3H]CP55,940 binding at any 

concentrations tested. Therefore, the activity of these compounds are likely to be hCB2R-dependent 

between 1 nM and 10 µM. Although it is possible these allosteric ligands have non-specific effects at 

other, non-cannabinoid receptors, such experiments are beyond the scope of the present study. Based 

on the evidence gathered here that A1 and A5 enhanced binding of CP55,940 to CB2R, we chose to 

further evaluate these compound’s functional activity at CB2R. 
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Figure 4. Effects of compounds A1 (SV-10a, blue) and A5 (SB-13a, grey) at 1 nM - 10 μM on 

[3H]CP55940 binding to hCB1R. Data are expressed as the mean ± SEM of 6 independent 

experiments, each performed in duplicate.    

 

2.2.3. [35S]GTPγS Assay 

To evaluate the functional activity of A1 (SV-10a) and A5 (SB-13a) on CB2R, both compounds (1 

nM - 10 μM) were tested in the [35S]GTPγS assay, carried out in the presence of [35S]GTPγS (0.1 

nM), GDP (30 μM), GTPγS (30 μM), with CHO cell membranes (1 mg/mL) overexpressing hCB2R. 

This was done in order to determine their ability to affect hCB2R functionality on their own (i.e. in 

the absence of CP55,940). This assay was performed in order to exclude the possibility that A1 (SV-

10a) and A5 (SB-13a) do produce a functional effect by themselves, since this behavior would 

preclude their pure allosteric nature. A5 (SB-13a) did not produce significant stimulation or inhibition 

of [35S]GTPγS binding to hCB2Rs at the concentrations in which it was tested (Figure 5). A1 (SV-

10a) produced a slight decrease in [35S]GTPγS binding at the highest concentrations tests, 1 and 10 

µM, possibly indicating inverse agonist activity at these high concentrations for G protein binding 

when A1 (SV-10a) is utilized in the absence of the probe orthosteric agonist, CP55,940.   
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Figure 5. CB2R [35S]GTPγS binding assays performed in the presence of A1 (SV-10a) (blue) or A5 

(SB-13a) (grey) in the absence of the orthosteric ligand. Asterisks indicate mean values significantly 

different from basal for each corresponding colour; *p < 0.05, **p < 0.01 relative to basal control as 

determined by one-way ANOVA followed by Bonferroni’s post-hoc analysis. Data were fit to a 

nonlinear regression (4 parameter model, GraphPad v. 8). Data are expressed as the mean ± SEM of 

6 independent experiments, each performed in duplicate. 

 

 

[35S]GTPγS binding was repeated under the conditions above but in the presence of CP55,940 (1 

nM - 10 μM). The potency of CP55,940 for its enhancement of [35S]GTPγS binding to hCB2R was 

not significantly altered by 1 nM or 100 nM of either compound (Figure 6); however, a significant 

increase in Emax for both compounds was observed. This result suggests that, in addition to A1 (SV-

10a) and A5 (SB-13a) enhancing the binding of [3H]CP55,940 to hCB2R, A1 and A5 were also able 

to augment the efficacy, but not potency, of CP55,940-dependent hCB2R activation within the 

concentration range tested. 
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Figure 6. CB2R [35S]GTPγS binding assays performed with CP55,940 and compound A1 (SV-10a) 

(a, blue) or A5 (SB-13a) (b, grey). Asterisks and carets in graphs indicate mean values significantly 

different from CP55,940 + DMSO control; *p < 0.05, **p < 0.01, ***p < 0.001 1 nM compound 

relative to CP55,940 + DMSO; ^p < 0.05, ^^p < 0.01 100 nM compound relative to CP55,940 + 

DMSO; as determined by one-way ANOVA followed by Bonferroni’s post-hoc analysis. Asterisks 

in accompanying tables indicate mean values significantly different from CP55,940 + DMSO control; 

*p < 0.05, **p < 0.01, ***p < 0.001 compound relative to CP55,940 + DMSO as determined by non-

overlapping 95% confidence intervals (EC50) or one-way ANOVA followed by Bonferroni’s post-

hoc analysis (Emax). Data were fitted to a nonlinear regression (4 parameter model, GraphPad v. 8). 

All data are expressed as the mean ± SEM of 6 independent experiments each performed in duplicate, 

with the exception of EC50, which is expressed as mean with 95% confidence intervals. 

 

2.2.4. Inhibition of forskolin-stimulated cAMP  

 

Following our initial [3H]CP55,940 binding and [35S]GTPγS assessments, A1 (SV-10a), A5 (SB-

13a) and the parent compound EC21a, were characterized for Gi/o protein-dependent inhibition of 

forskolin (FSK)-stimulated cAMP accumulation in CHO cells stably-expressing hCB2R. Cells were 

treated with 10 µM FSK and CP55,490 or 10 nM CP55,940 + compound for 90 min to assess 

compound concentration-dependent PAM activity in the presence of CP55,940 (Figure 7a). Ten nM 

CP55,940 was used for the orthosteric ligand because CP55,940 alone at 10 nM produced an 

approximately 50% response in the assay; allowing us to observe changes in the cAMP response 

produced following co-incubation with varying concentrations of our PAMs as we have done 
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previously [8]. In this way, the CP55,940 data represent an internal control for these experiments. 

Concentration-response curves with EC21a, A1 (SV-10a), and A5 (SB-13a) begin approximately 

50% above the baseline because of co-incubation with 10 nM CP55,940. The parent compound, 

EC21a augmented 10 nM CP55,940-dependent signalling to yield maximum hCB2R activation (Emax 

= 91 ± 6.9%) consistent with the expected activity of a PAM and with a potency of 3.8 (0.29 – 57) 

nM. A1 (SV-10a) also augmented 10 nM CP55,940-dependent signalling to yield maximum observed 

hCB2R activation (Emax = 120 ± 22% at 10 µM) consistent with the expected activity of a PAM, albeit 

with very low potency (> 10,000 nM) that could not be accurately estimated without a plateau for this 

curve. Similar to the parent compound, A5 (SB-13a), augmented 10 nM CP55,940-dependent 

signalling to yield maximum hCB2R activation (Emax = 101 ± 6.9%) consistent with positive allosteric 

modulation and with a potency that was not different to that of EC21a 15 (2.4 – 90) nM. Therefore, 

all compounds tested were PAMs of CP55,940- and hCB2R-dependent cAMP inhibition. 

   

Figure 7.  CHO cells stably-expressing hCB2R were treated with 0.10 nM – 10 μM CP55,940 or 0.10 

nM – 10 µM compound + 10 nM CP55,940 for 90 min and cAMP inhibition (a) or βarrestin2 

recruitment was measured (b). cAMP data are expressed as % inhibition of FSK-stimulated cAMP 

response relative to the maximum response for CP55,940. arrestin2 recruitment data are expressed 

as % CP55,940 response. Asterisks in accompanying tables indicate mean values significantly 

different from CP55,940 control; *p < 0.05 compound relative to CP55,940 as determined by non-

overlapping 95% confidence intervals (EC50) or one-way ANOVA followed by Bonferroni’s post-hoc 

analysis (Emax). Data were fitted to a nonlinear regression (4 parameter model, GraphPad v. 8). Data 

are mean values ± S.E.M. or 95% CI (EC50), of 6 independent experiments performed in triplicate. 
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Recruitment of arrestin2 

In addition to G protein-mediated signalling, G protein-coupled receptors also interact with 

arrestins, which facilitate receptor internalization, recycling, degradation, and signalling. EC21a, 

A1 (SV-10a), and A5 (SB-13a) were evaluated for their ability to enhance CP55,940-dependent 

arrestin2 recruitment in CHO cells stably-expressing hCB2R. Cells were treated with CP55,490 or 

10 nM CP55,940 + compound for 90 min (Figure 7b). Ten nM CP55,940 was chosen in these assays 

to keep experimental conditions consistent with those of cAMP inhibition data presented in figure 7a. 

The parent compound, EC21a, augmented 10 nM CP55,940-dependent signalling to yield sub-

maximal hCB2R arrestin2 recruitment (Emax = 79 ± 4.8%) consistent with PAM activity [EC50 = 17 

(5.6 – 43) nM]. Although the observed Emax was not greater than the orthosteric agonist CP55,940 

alone at 10 µM, EC21a did increase barrestin2 recruitment in the presence of 10 nM CP55,940 above 

the effect produced by 10 nM CP55,940 alone.  A1 (SV-10a) weakly enhanced arrestin2 recruitment 

[Emax = 51 ± 4.4% at 10 µM; EC50 > 10,000 nM (i.e. beyond the concentration range used in these 

experiments)]. A5 (SB-13a) also enhanced 10 nM arrestin2 recruitment to hCB2R with less potency 

than the parent compound [Emax = 75 ± 6.0%; EC50 = 150 (74 – 340) nM]. Therefore, all compounds 

tested were also PAMs of CP55,940- and hCB2R-dependent arrestin2 recruitment. However, a 

consistent trend for all compounds was that their potency and efficacy were greater in the inhibition 

of cAMP assay than the arrestin2 recruitment assay.  

In G protein-binding experiments, we had observed A1 (SV-10a) and A5 (SB-13a) did not 

increase GTPS binding at 10 nM CP55,940 and 100 nM compound (Figure 6). In contrast, this 

combination of 10 nM CP55,940 and 100 nM compound produced an approximately 50% increase 

in both inhibition of cAMP accumulation (Figure 7a) and arrestin2 recruitment (Figure 7b). These 

differences between G protein-binding that occurs proximal to the receptor and the signaling assays 

that measure multiple events following ligand binding are likely the result of signal amplification that 

occurs downstream of G protein coupling, and are therefore more sensitive as has been documented 
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previously [17]. Moreover, these data speak to ligand-specific effects that vary between signaling 

endpoints and underscore the importance of measuring different ligand-dependent outomces [8,11]. 

 

3. Conclusions 

Modulation of the CB2R is an interesting approach for pain and inflammation, arthritis, addictions, 

neuroprotection, and cancer, among other possible therapeutic applications. However, the use of 

CB2R orthosteric agonists has shown several disadvantages, limiting their usefulness as clinically 

relevant drugs. This disadvantage is probably because of the predominance of CB2R on immune cells 

whose activation might cause immunosuppression. Furthermore, several studies have reported that 

CB2R agonists can induce internalization and desensitization of the receptor leading to a decrease in 

signalling and surface receptor levels [29]. PAMs represent a promising approach to achieving the 

potential therapeutic benefits of orthosteric CB2R agonists limiting their adverse effects. Indeed, 

PAMs have no intrinsic efficacy and enhance receptor activation only in the presence of the 

orthosteric agonist, allowing improved regulation with no or reduced receptor desensitisation [19, 

30]. 

In this work we reported the design, synthesis, and biological evaluation of 18 new derivatives of 

the known CB2R PAM, EC21a, recently discovered by us [10]. The obtained results indicated that 

compounds A1 (SV-10a) and A5 (SB-13a) behaved as CB2R PAMs as indicated by their ability, at 

1 nM to 1 μM, to produce increases in the binding of [3H]CP55940 to CB2Rs. As expected for an 

allosteric modulator, both compounds did not independently activate CB2R in the [35S]GTPγS assay, 

in the absence of a CB2R agonist. At 100 nM and 1 nM, A1 (SV-10a) and A5 (SB-13a) enhanced the 

efficacy but not the potency with which CP55,940 stimulates [35S]GTPγS binding to CB2Rs. Finally, 

A1 (SV-10a), A5 (SB-13a) and the parent compound EC21a modulated CP55,940-dependent 

arrestin2 recruitment and cAMP inhibition. In particular, their potency and efficacy were greater in 

the inhibition of cAMP assay than the arrestin2 recruitment assay.  
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Although only compounds A1 and A5 were found to have allosteric behavior on CB2R, the 

obtained results enable to extend the structural-activity relationships of these type of molecules for 

interaction with the CB2R allosteric site. First of all, the presence of an aliphatic substituent at 

position 1 is detrimental for allosteric activity, maybe because of the loss of some specific interactions 

(e.g. π-π stacking). However, the lack of allosteric behavior on CB2R of the unsubstituted benzyl 

derivative A3 indicates that specific stereo-electronic requirements have also to be satisfied and that 

are peculiar of compounds EC21a, A1 and A5 characterized by fluorine atom or by chlorine atom in 

para or ortho position of the phenyl group. Furthermore, the cycloheptane-carboxamide at position 3 

seems to be directly engaged in the interaction with the allosteric site of CB2R, indeed its substitution 

with other aliphatic or aromatic carboxamides or its replacement with different functional groups 

abolished all evidence of allosteric activity.  

These findings might be useful for the characterization of an allosteric binding pocket whose 

existence close to the CB2R orthosteric binding site was recently suggested [31-32].  

 

4. Experimental Section  

4.1. Chemistry 

Commercially available reagents were purchased from Sigma Aldrich, Tokyo Chemical Industry 

or Fluorochem and used without purification. 1H-NMR and 13C-NMR were recorded at 400 and 100 

MHz respectively, on a Bruker AVANCE IIITM 400 spectrometer. Chemical shift () are reported 

in parts per million related to the residual solvent signal, while coupling constants (J) are expressed 

in Hertz (Hz). Microwave-assisted reactions were run in a Biotage® Initiator + microwave 

synthesizer. 

Isolera™ Prime – Biotage was used for the purification of some derivatives. All final compounds 

were analyzed by HPLC, showing a purity ≥ 95%. A Bechman HPLC instrument equipped with a 

System Gold Solvent Delivery module (Pumps) 125, System Gold UV/ VIS Detector 166, Detector 

set to 280 nm, was employed. Analyses were performed on a reverse phase C18 column (Phenomenex 
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250 × 4.6 mm, 5mm particle size, Gemini). The mobile phase was constituted by a mixture of 

H2O/AcOH (0.1% v/v) (eluent A) and ACN (eluent B). A gradient starting from 50% of B, changing 

to 100% of B over 20min, and returning to the initial conditions over 10 min, was used for 

compounds. The flow rate was 1.0 mL/min. High-resolution mass spectra (HRMS) were recorded on 

a Q Exactive™ Plus Hybrid Quadrupole-Orbitrap™ Mass Spectrometer (Thermo Fisher Scientific), 

equipped with HESI source. The ESI-MS spectrum was recorded by direct injection at 5 μl min−1 

flow rate. Working conditions: positive polarity, spray voltage 3.5 kV, capillary temperature 300 °C, 

S-lens RF level 55, sheath gas 20, auxiliary gas 3 (arbitrary units); negative polarity, spray voltage 

3.4 kV, capillary temperature 270 °C, S-lens RF level 55, sheath gas 35, auxiliary gas 8 (arbitrary 

units). Acquisition and analysis: Xcalibur 4.2 software (Thermo). For spectra acquisition a nominal 

resolution (at m/z 200) of 140000 was used. Organic solutions were dried over anhydrous Na2SO4. 

Evaporation was carried out in vacuo using a rotating evaporator. Silica gel flash chromatography 

was performed using silica gel 60 Å (0.040–0.063 mm; Merck Life Science S.r.l.). Reactions was 

monitored by TLC on Merck aluminium silica gel (60 F254) plates that were visualized under a UV 

lamp ( = 254 nm). Melting points were determined on a Kofler hot-stage apparatus and are 

uncorrected.  

 

4.1.1. General procedure for the synthesis of compounds 1-9 

NaH (60% dispersion in mineral oil) (0.156 g, 6.49 mmol) was added portion wise at 0°C to a 

solution of the commercial available 2-hydroxy-4-methyl-3-nitropyridine (1.00 g, 6.49 mmol) in 

DME (29 mL) and anhydrous DMF (7.2 mL). LiBr (1.13 g, 12.98 mmol) was added 10 minutes later. 

The mixture was stirred for 15 min at room temperature. The suitable benzyl chloride (12.98 mmol) 

was added dropwise and the reaction was stirred at 65 °C overnight. Solvents were removed under 

reduced pressure. The mixture obtained was dissolved in CHCl3 and washed three times with water. 

The organic phase was dried over Na2SO4, filtered and evaporated under reduced pressure. 
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4.1.1.1. 1-(4-fluorobenzyl)-4-methyl-3-nitropyridin-2(1H)-one (1).  

Ocher oil (1.70 g, 6.47 mmol, Yield: > 99 %). 1H-NMR (CDCl3) : 7.33, 7.04 (AA'XX' system, 

4H, Ar-H), 7.29 (d, 1H, J= 7.2 Hz, H6-Py), 6.08 (d, 1H, J= 7.2 Hz, H5-Py), 5.12 (s, 2H, PhCH2N), 

2.26 (s, 3H, CH3-Py). 

 

4.1.1.2. 1-(2-fluorobenzyl)-4-methyl-3-nitropyridin-2(1H)-one (2).  

Purification by flash column chromatography (1:1 hexane- ethyl acetate). Brown solid (1.34 g, 5.13 

mmol, Yield: 79 %). 1H-NMR (CDCl3) : 7.52-7.50 (m, 1H, Ar-H), 7.47 (d, 1H, J = 7.5 Hz, H6-Py), 

7.45-7.29 (m, 1H, Ar-H); 7.16-7.05 (m, 2H, Ar-H), 6.08 (d, 1H, J =7.5 Hz, H5-Py), 5.16 (s, 2H, 

PhCH2N); 2.24 (s, 3H, CH3-Py). 

 

4.1.1.3. 1-(3-fluorobenzyl)-4-methyl-3-nitropyridin-2(1H)-one (3).  

Purification by flash column chromatography (1:1 hexane-ethyl acetate). Beige solid (1.07 g, 4.09 

mmol, Yield: 63 %). 1H-NMR (CDCl3) : 7.35-7.31 (m, 1H, Ar-H), 7.30 (d, 1H, J = 8 Hz, H6-Py), 

7.11-7.09 (m, 1H, Ar-H), 7.06-7.01 (m, 2H, Ar-H), 6.10 (d, 1H, J = 8 Hz, H5-Py), 5.14 (s, 2H, 

PhCH2N), 2.27 (s, 3H, CH3-Py). 

 

4.1.1.4. 1-benzyl-4-methyl-3-nitropyridin-2(1H)-one (4).  

Purification by flash column chromatography (6:4 hexane- ethyl acetate). Brown solid (0.935 g, 

3.83 mmol, Yield: 59 %). 1H-NMR (CDCl3) : 7.37-7.29 (m, 6H, Ar-H, H6-Py), 6.07 (d, 1H, J = 7.2 

Hz, H5-Py), 5.15 (s, 2H, PhCH2N), 2.25 (s, 3H, CH3-Py). 

 

4.1.1.5. 1-(4-chlorobenzyl)-4-methyl-3-nitropyridin-2(1H)-one (5).  

Purification by flash column chromatography (6:4 hexane-ethyl acetate). Brown solid (0.995 g, 

3.57 mmol, Yield: 55 %). 1H-NMR (CDCl3) : 7.35-7.33 (m, 2H, Ar-H), 7.29-7.26 (m, 3H, Ar-H, 

H6-Py), 6.09 (d, 1H, J = 7.2 Hz, H5-Py), 5.12 (s, 2H, PhCH2N), 2.26 (s, 3H, CH3-Py). 
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4.1.1.6. 1-(2-chlorobenzyl)-4-methyl-3-nitropyridin-2(1H)-one (6).  

Purification by flash column chromatography (1:1 hexane-ethyl acetate). Brown solid (1.75 g, 6.30 

mmol, Yield: 97 %). 1H-NMR (CDCl3) : 7.46-7.30 (m, 2H, Ar-H), 7.41 (d, 1H, J = 7.2 Hz, H6-Py), 

7.31-7.27 (m, 2H, Ar-H), 6.09 (d, 1H, J = 7.2 Hz, H5-Py), 5.28 (s, 2H, PhCH2N), 2.27 (s, 3H, CH3-

Py). 

 

4.1.1.7. 1-(4-iodobenzyl)-4-methyl-3-nitropyridin-2(1H)-one (7). 

Purification by flash column chromatography (6:4 hexane-ethyl acetate). Brown solid (2.33 g, 6.30 

mmol, Yield: 97 %). 1H-NMR (CDCl3) : 7.70, 7.08 (AA'XX' system, 4H, Ar-H), 7.28 (d, 1H, J = 

7.2 Hz, H6-Py), 6.08 (d, 1H, J = 7.2 Hz, H5-Py), 5.09 (s, 2H, PhCH2N), 2.26 (s, 3H, CH3-Py). 

 

4.1.1.8. 1-(4-bromobenzyl)-4-methyl-3-nitropyridin-2(1H)-one (8).  

Purification by flash column chromatography (1:1 hexane-ethyl acetate). Brown solid (0.881 g, 

2.73 mmol, Yield: 42 %). 1H-NMR (CDCl3) : 7.50, 7.21 (AA'XX' system, 4H, Ar-H), 7.28 (d, 1H, 

J = 7.2 Hz, H6-Py), 6.08 (d, 1H, J = 7.2 Hz, H5-Py), 5.10 (s, 2H, PhCH2N), 2.26 (s, 3H, CH3-Py). 

 

4.1.1.9. 1-(2-morpholinoethyl)-4-methyl-3-nitropyridin-2(1H)-one (9).  

Purification by flash column chromatography (9:1 ethyl acetate-methanol). Yellow oil (0.347 g, 

1.30 mmol, Yield: 20 %). 1H-NMR (CDCl3) : 7.36 (d, 1H, J = 6.8 Hz, H6-Py), 6.08 (d, 1H, J = 6.8 

Hz, H5-Py), 4.06 (t, 2H, J = 6.0 Hz, CH2NCO), 3.68-3.65 (m, 4H, 2×CH2O); 2.69 (t, 2H, J = 6.0 Hz, 

CH2CH2NCO), 2.51-2.48 (m, 4H, 2×CH2N), 2.27 (s, 3H, CH3-Py). 

 

4.1.2. General procedure for the synthesis of compounds 10-18, 34 and B8 

Compound 1-9 (1.94 mmol), iron powder (1.35 g, 24.19 mmol) and ammonium chloride (0.683 g, 

12.77 mmol) were added to a solution of water (10.14 mL) and ethanol (20.28 mL). The mixture was 



22 
 

refluxed at 80 °C for 3 h, filtered under vacuum and evaporated under reduced pressure. The solid 

obtained was dissolved in CHCl3 and washed with water. The organic phase was dried over Na2SO4, 

filtered and evaporated under reduced pressure. 

 

4.1.2.1. 3-amino-1-(4-fluorobenzyl)-4-methylpyridin-2(1H)-one (10). 

Ocher solid (0.448 g, 1.93 mmol, Yield: > 99 %). 1H-NMR: (CDCl3) : 7.26, 7.00 (AA'XX' system, 

4H, Ar-H), 6.70 (d, 1H, J = 6.8 Hz, H6-Py), 5.99 (d, 1H, J = 6.8 Hz, H5-Py), 5.11 (s, 2H, PhCH2N), 

3.10 (bs, 2H, NH2), 2.05 (s, 3H, CH3-Py).  

 

4.1.2.2. 3-amino-1-(2-fluorobenzyl)-4-methylpyridin-2(1H)-one (11)  

Purification by flash column chromatography (4:6 hexane-ethyl acetate). Beige oil (0.301 g, 1.30 

mmol, Yield: 67 %). 1H-NMR (CDCl3) : 7.37-7.33 (m, 1H, Ar-H), 7.27-7.25 (m, 1H, Ar-H), 7.10-

7.03 (m, 2H, Ar-H), 6.78 (d, 1H, J = 6.8 Hz, H6-Py), 5.99 (d, 1H, J = 6.8 Hz, H5-Py), 5.19 (s, 2H, 

PhCH2N), 4.08 (bs, 2H, NH2), 2.04 (s, 3H, CH3-Py). 

 

4.1.2.3. 3-amino-1-(3-fluorobenzyl)-4-methylpyridin-2(1H)-one (12).  

Purification by flash column chromatography (4:6 hexane-ethyl acetate). Beige oil (0.378 g, 1.63 

mmol, Yield: 84 %). 1H-NMR (CDCl3) : 7.29-7.27 (m, 1H, Ar-H), 7.05-7.03 (m, 1H, Ar-H), 6.96-

6.93 (m, 2H, Ar-H), 6.69 (d, 1H, J = 6.8 Hz, H6-Py), 6.01 (d, 1H, J = 6.8 Hz, H5-Py), 5.14 (s, 2H, 

PhCH2N), 3.87 (bs, 2H, NH2), 2.06 (s, 3H, CH3-Py). 

 

4.1.2.4. 3-amino-1-benzyl-4-methylpyridin-2(1H)-one (13). 

Purification by flash column chromatography (6:4 hexane-ethyl acetate). Brown solid (0.245 g, 

1.14 mmol, Yield: 59 %). 1H-NMR (CDCl3) : 7.34-7.27 (m, 5H, Ar-H), 6.71 (d, 1H, J = 7.2 Hz, H6-

Py), 5.99 (d, 1H, J = 7.2 Hz, H5-Py), 5.16 (s, 2H, PhCH2N), 4.10 (bs, 2H, NH2), 2.07 (s, 3H, CH3-

Py). 



23 
 

 

4.1.2.5. 3-amino-1-(4-chlorobenzyl)-4-methylpyridin-2(1H)-one (14). 

Purification by flash column chromatography (6:4 hexane-ethyl acetate). Brown solid (0.265 g, 

1.07 mmol, Yield: 55 %). 1H-NMR (CDCl3) : 7.28, 7.21 (AA'XX' system, 4H, Ar-H), 6.67 (d, 1H, 

J = 7.2 Hz, H6-Py), 5.99 (d, 1H, J = 7.2 Hz, H5-Py), 5.10 (s, 2H, PhCH2N), 4.11 (bs, 2H, NH2), 2.04 

(s, 3H, CH3-Py). 

 

4.1.2.6. 3-amino-1-(2-chlorobenzyl)-4-methylpyridin-2(1H)-one (15). 

Purification by flash column chromatography (6:4, hexane-ethyl acetate). Brown solid (0.468 g, 

1.88 mmol, Yield: 97 %). 1H-NMR (CDCl3) :7.46-7.42 (m, 1H, Ar-H), 7.25-7.18 (m, 2H, Ar-H), 

7.13-7.11 (m, 1H, Ar-H), 6.71 (d, 1H, J = 7.2 Hz, H6-Py), 6.01 (d, 1H, J = 7.2 Hz, H5-Py), 5.27 (s, 

2H, PhCH2N), 4.12 (bs, 2H, NH2), 2.07 (s, 3H, CH3-Py). 

 

4.1.2.7. 3-amino-1-(4-iodobenzyl)-4-methylpyridin-2(1H)-one (16). 

Purification by flash column chromatography (6:4 hexane-ethyl acetate). Brown solid (0.640 g, 

1.88 mmol, Yield: 97 %). 1H-NMR (CDCl3) :7.67, 7.05 (AA'XX' system, 4H, Ar-H), 6.69 (d, 1H, J 

= 7.2 Hz, H6-Py), 6.02 (d, 1H, J = 7.2 Hz, H5-Py), 5.10 (s, 2H, PhCH2N), 4.12 (bs, 2H, NH2), 2.08 (s, 

3H, CH3-Py). 

 

4.1.2.8. 3-amino-1-(4-bromobenzyl)-4-methylpyridin-2(1H)-one (17).  

Purification by flash column chromatography (1:1 hexane-ethyl acetate). Brown solid (0.239 g, 

0.815 mmol, Yield: 42 %). 1H-NMR (CDCl3) :7.44, 7.15 (AA'XX' system, 4H, Ar-H), 6.67 (d, 1H, 

J = 7.2 Hz, H6-Py), 5.99 (d, 1H, J = 7.2 Hz, H5-Py), 5.10 (s, 2H, PhCH2N), 4.10 (bs, 2H, NH2), 2.05 

(s, 3H, CH3-Py). 

 

4.1.2.9. 3-amino-1-(2-morpholinoethyl)-4-methylpyridin-2(1H)-one (18).  
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Purification by flash column chromatography (1:1 hexane-ethyl acetate). Brown solid (0.193 g, 

0.815 mmol, Yield: 42 %). 1H-NMR (CDCl3) : 6.66 (d, 1H, J = 7.0 Hz, H6-Py), 5.94 (d, 1H, J = 7.0 

Hz, H5-Py), 4.03-4.00 (m, 4H, CH2NCO, NH2), 3.66-3.63 (m, 4H, 2×CH2O), 2.65 (t, 2H, J = 6.8 Hz, 

CH2CH2NCO), 2.49-2.46 (m, 4H, 2×CH2N), 2.01 (s, 3H, CH3-Py). 

 

4.1.2.10. 3-amino-4-methylpyridin-2(1H)-one (33). 

Brown solid (0.236 g, 1.90 mmol, Yield: 98 %). 1H-NMR (CDCl3) : 6.77 (d, 1H, J = 6.8 Hz, H6-

Py), 6.09 (d, 1H, J = 6.8 Hz, H5-Py), 2.84 (bs, 2H, NH2), 2.10 (s, 3H, CH3-Py). 

 

4.1.2.11. 3-amino-5-bromo-1-(4-fluorobenzyl)-4-methylpyridin-2(1H)-one (B8)  

Trituration in Et2O. Grey solid (0.422 g, 1.36 mmol, Yield: 70 %). Mp: 92-95 °C. 1H-NMR (CDCl3) 

:7.30-7.26 (m, 2H, Ar-H), 7.05-7.00 (m, 3H, Ar-H, H6-Py), 5.09 (s, 2H, PhCH2N), 2.20 (s, 3H, CH3-

Py). 13C-NMR (CDCl3) δ (ppm): 162.62 (d, JC-F= 245 Hz, Ar-CF); 156.13 (C2-Py), 146.92 (C3-Py), 

135.55 (C4-Py), 132.00 (d, JC-F= 3 Hz, Ar-C), 130.01 (d, JC-F= 9 Hz, 2×Ar-CH), 123.81 (C6-

Py),115.90 (d, JC-F= 22 Hz, 2×Ar-CH), 104.87 (C5-Py), 51.78 (PhCH2N), 16.66 (CH3-Py). HRMS-

ESI: m /z calcd for C13H12BrFN2O [M+H]+, 311.01898; found 311.01862. 

 

4.1.3. General procedure for the synthesis of compounds 19-26, 30, 34. 

Cycloheptane carboxylic acid (0.86 mL, 6.29 mmol) was dissolved in C2O2Cl2 (1.59 mL, 18.87 

mmol) and 3 drops of DMF, in a vial under nitrogen. The solution was stirred at room temperature 

for 30 min to allow the production of acyl chloride. Then the excess of C2O2Cl2 was removed by 

evaporation under nitrogen flux. In the meantime, compound 10-18 (4.71 mmol) was dissolved in 

anhydrous DMF, and then triethylamine (3.18 mL, 23.56 mmol) was added. This latter solution was 

added dropwise, under nitrogen and at 0 °C, to the solution of acyl chloride previously prepared. 

Reaction mixture was stirred at room temperature for 24 h. DMF was removed under reduced 

pressure. The residue obtained was dissolved in CHCl3 and washed three times with a solution of 5% 
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HCl. The organic phase was dried over Na2SO4, filtered and evaporated under reduced pressure to 

give a brown oil. 

 

4.1.3.1. N-(1-(2-fluorobenzyl)-4-methyl-2-oxo-1,2-dihydropyridin-3-yl)-cycloheptane-carboxamide 

(19).  

Purification by Isolera™ Prime – Biotage chromatography (1:1 hexane-ethyl acetate). Brown solid 

(0.940 g, 2.64 mmol, Yield: 56 %). 1H-NMR (CDCl3) : 7.54 (bs, 1H, NH); 7.39-7.36 (m, 1H, Ar-

H), 7.30-7.27 (m, 1H, Ar-H), 7.16 (d, 1H, J = 7.2 Hz, H6-Py), 7.14-7.03 (m, 2H, Ar-H), 6.10 (d, 1H, 

J= 7.2 Hz, H5-Py), 5.14 (s, 2H, PhCH2N), 2.50-2.49 (m, 1H, CHCO), 2.11 (s, 3H, CH3-Py), 2.03-1.99 

(m, 2H, CH2), 1.81-1.70 (m, 4H, 2×CH2), 1.59-1.48 (m, 6H, 3×CH2). 

 

4.1.3.2. N-(1-(3-fluorobenzyl)-4-methyl-2-oxo-1,2-dihydropyridin-3-yl)-cycloheptane-

carboxamide (20)  

Purification by Isolera™ Prime – Biotage chromatography (1:1 hexane-ethyl acetate). Brown solid 

(1.09 g, 3.06 mmol, Yield: 65 %). 1H-NMR (CDCl3) : 7.44 (bs, 1H, NH), 7.31-7.26 (m, 1H, Ar-H), 

7.04 (d, 1H, J = 7.2 Hz, H6-Py), 7.02-6.96 (m, 3H, Ar-H),6.12 (d, 1H, J = 7.2 Hz, H5-Py), 5.09 (s, 

2H, PhCH2N), 2.52-2.47 (m, 1H, CHCO), 2.13 (s, 3H, CH3-Py), 2.06-2.00 (m, 2H, CH2), 1.82-1.74 

(m, 4H, 2×CH2), 1.65-1.49 (m, 6H, 3×CH2). 

 

4.1.3.3. N-(1-benzyl-4-methyl-2-oxo-1,2- dihydropyridin-3-yl)-cycloheptane-carboxamide (21). 

Purification by flash column chromatography (3:7 hexane-ethyl acetate). Brown solid (0.749 g, 

2.21 mmol, Yield: 47 %). 1H-NMR (CDCl3) : 7.50 (bs, 1H, NH), 7.36-7.27 (m, 5H, Ar-H), 7.04 (d, 

1H, J = 7.2 Hz, H6-Py), 6.09 (d, 1H, J = 7.2 Hz, H5-Py), 5.11 (s, 2H, PhCH2N), 2.52-2.47 (m, 1H, 

CHCO), 2.12 (s, 3H, CH3-Py), 2.06-2.00 (m, 2H, CH2), 1.81-1.72 (m, 4H, 2×CH2), 1.59-1.46 (m, 6H, 

3×CH2). 
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4.1.3.4. N-(1-(4-chlorobenzyl)-4-methyl-2-oxo-1,2-dihydropyridin-3-yl)-cycloheptane-carboxamide 

(22).  

Purification by flash column chromatography (1:1 hexane-ethyl acetate). Brown solid (0.141 g, 

0.377 mmol, Yield: 8 %). 1H-NMR (CDCl3) : 7.43 (bs, 1H, NH), 7.31, 7.21 (AA'XX' system, 4H, 

Ar-H), 7.03 (d, 1H, J = 7.2 Hz, H6-Py), 6.11 (d, 1H, J = 7.2 Hz, H5-Py), 5.07 (s, 2H, PhCH2N), 2.52-

2.46 (m, 1H, CHCO), 2.13 (s, 3H, CH3-Py), 2.05-2.00 (m, 2H, CH2), 1.80-1.74 (m, 4H, 2×CH2), 1.57-

1.47 (m, 6H, 3×CH2). 

 

4.1.3.5. N-(1-(2-chlorobenzyl)-4-methyl-2-oxo-1,2-dihydropyridin-3-yl)-cycloheptane-carboxamide 

(23).  

Purification by flash column chromatography (4:6 hexane-ethyl acetate). Brown solid (0.615 g, 

1.65 mmol, Yield: 35 %). 1H-NMR (CDCl3) : 7.57 (bs, 1H, NH), 7.40-7.38 (m, 1H, Ar-H), 7.25-

7.20 (m, 3H, Ar-H), 7.10 (d, 1H, J = 7.2 Hz, H6-Py), 6.12 (d, 1H, J = 7.2 Hz, H5-Py), 5.23 (s, 2H, 

PhCH2N), 2.54-2.47 (m, 1H, CHCO), 2.13 (s, 3H, CH3-Py), 2.02-1.98 (m, 2H, CH2), 1.79-1.69 (m, 

4H, 2×CH2), 1.58-1.44 (m, 6H, 3×CH2). 

 

4.1.3.6. N-(1-(4-iodobenzyl)-4-methyl-2-oxo-1,2-dihydropyridin-3-yl)-cycloheptane-carboxamide 

(24).  

Purification by flash column chromatography (1:1 hexane-ethyl acetate). Brown solid (0.766 g, 

1.65 mmol, Yield: 35 %). 1H-NMR (CDCl3) : 7.67-7.64 (m, 2H, Ar-H), 7.49 (bs, 1H, NH), 7.03-

7.00 (m, 3H, Ar-H, H6-Py), 6.11 (d, 1H, J = 7.2 Hz, H5-Py), 5.04 (s, 2H, PhCH2N), 2.52-2.48 (m, 1H, 

CHCO), 2.12 (s, 3H, CH3-Py), 2.03-2.00 (m, 2H, CH2), 1.81-1.68 (m, 4H, 2×CH2), 1.59-1.41 (m, 6H, 

3×CH2). 

 

4.1.3.7. N-(1-(4-bromobenzyl)-4-methyl-2-oxo-1,2-dihydropyridin-3-yl)-cycloheptane carboxamide 

(25)  
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Purification by flash column chromatography (1:9 hexane-ethyl acetate). Brown solid (0.393 g, 

0.942 mmol, Yield: 20 %). 1H-NMR (CDCl3) : 7.54 (bs, 1H, NH), 7.46, 7.15 (AA'XX' system, 4H, 

Ar-H), 7.03 (d, 1H, J = 7.0 Hz, H6-Py), 6.11 (d, 1H, J = 7.0 Hz, H5-Py), 5.05 (s, 2H, PhCH2N), 2.53-

2.48 (m, 1H, CHCO), 2.12 (s, 3H, CH3-Py), 2.02-1.95 (m, 2H, CH2), 1.77-1.71 (m, 4H, 2×CH2), 1.58-

1.44 (m, 6H, 3×CH2). 

 

4.1.3.8. N-(1-(2-morpholinoethyl)-4-methyl-2-oxo-1,2-dihydropyridin-3-yl)-cycloheptane-

carboxamide (26).  

Purification by flash column chromatography (8:2 ethyl acetate-methanol + 1 % Et3N). Brown oil 

(0.749 g, 2.07 mmol, Yield: 44 %). 1H-NMR (CDCl3) : 7.39 (bs, 1H, NH), 7.04 (d, 1H, J = 6.8 Hz, 

H6-Py), 6.07 (d, 1H, J = 6.8 Hz, H5-Py) 4.01 (t, 2H, J = 6.6 Hz, CH2NCO), 3.69-3.66 (m, 4H, 

2×CH2O), 2.65 (t, 2H, J = 6.6 Hz, CH2CH2NCO), 2.51-2.45 (m, 5H, 2×CH2N, CHCO), 2.12 (s, 3H, 

CH3-Py), 2.04-2.00 (m, 2H, CH2), 1.81-1.71 (m, 4H, 2×CH2), 1.59-1.46 (m, 6H, 3×CH2). 

 

4.1.3.9. N-(1-(4-fluorobenzyl)-4-methyl-2-oxo-1,2-dihydropyridin-3-yl)-4-methylcyclohexyl 

carboxamide (30).  

Purification by flash column chromatography (1:1 hexane-ethyl acetate). Yellow oil (0.706 g, 1.98 

mmol, Yield: 40 %). 1H-NMR (CDCl3)  for isomeric mixture (about 1:1): 7.80 (bs, 2H, 2×NH), 

7.24, 6.98 (AA'XX' system, 4H, Ar-H), 7.04, 7.39 (2d, each 1H, J = 7.0 Hz, H6-Py), 6.11, 6.10 (2d, 

each 1H, J = 7.0 Hz, H5-Py), 5.05, 5.04 (2s, each 2H, PhCH2N), 2.51, 2.27 (2m, each 1H, CHCO), 

2.11, 2.09 (2s, each 3H, CH3-Py), 2.09-1.95 (m, 2H, CH2), 1.78-1.63 (m, 3H, CH, CH2), 1.59-1.24 

(m, 4H, CH2), 0.93, 0.88 (2d, each 3H, J = 6.8 Hz, CH3). 

 

4.1.3.10. N-(4-methyl-2-oxo-1,2-dihydropyridin-3-yl)-cycloheptane-carboxamide (34). 

Triturated with CH3OH. White solid (0.643 g, 2.59 mmol, Yield: 55 %). 1H-NMR (CDCl3) : 7.71 

(bs, 1H, NH), 7.07 (d, 1H, J = 6.8 Hz, H6-Py), 6.19 (d, 1H, J = 6.8 Hz, H5-Py), 2.53-2.48 (m, 1H, 
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CHCO), 2.16 (s, 3H, CH3-Py), 2.15-1.99 (m, 2H, CH2), 1.80-1.75 (m, 4H, 2×CH2), 1.59-1.42 (m, 6H, 

3×CH2). 

 

4.1.4. General procedure for the synthesis of compounds 27-29. 

The suitable anhydride (1.32 mmol) was added to a solution of compound 10 (0.255 g, 1.01 mmol) 

in toluene (2.75 mL) and the reaction mixture, was stirred for 16 h at 110 °C. The solvent was 

evaporated under reduced pressure. The residue obtained was dissolved in CHCl3 and washed three 

times with water. The organic phase was then dried over Na2SO4, filtered and concentrated in 

vacuum.  

 

4.1.4.1. N-(1-(4-fluorobenzyl)-4-methyl-2-oxo-1,2-dihydropyridin-3-yl)-acetamide (27). 

Purification by flash column chromatography (ethyl acetate + 1% CH3COOH). Ocher oil (0.064 g, 

0.232 mmol, Yield: 23 %). 1H-NMR (CDCl3) : 7.51 (bs, 1H, NH), 7.29, 7.02 (AA'XX' system, 4H, 

Ar-H), 7.07 (d, 1H, J = 7.2 Hz, H6-Py), 6.12 (d, 1H, J = 7.2 Hz, H5-Py), 5.08 (s, 2H, PhCH2N), 2.20 

(s, 3H, CH3-Py), 2.18 (s, 3H, CH3CO). 

 

4.1.4.2. N-(1-(4-fluorobenzyl)-4-methyl-2-oxo-1,2-dihydropyridin-3-yl)-benzamide (28). 

Purification by flash column chromatography (1:1 hexane-ethyl acetate). Yellow solid (0.078 g, 

0.232 mmol, Yield: 23 %). 1H-NMR (CDCl3) : 8.32 (bs, 1H, NH), 7.94-7.91 (m, 2H, Ar-H), 7.55-

7.51 (m, 1H, Ar-H), 7.43, 6.99 (AA'XX' system, 4H, Ar-H), 7.26 (m, 2H, Ar-H), 7.09 (d, 1H, J = 7.2 

Hz, H6-Py), 6.16 (d, 1H, J = 7.2 Hz, H5-Py), 5.08 (s, 2H, PhCH2N), 2.22 (s, 3H, CH3-Py).  

 

4.1.4.3. N-(1-(4-fluorobenzyl)-4-methyl-2-oxo-1,2- dihydropyridin-3-yl)-heptanamide (29). 

Ocher oil (0.115 g, 0.334 mmol, Yield: 33 %). 1H-NMR (CDCl3) : 7.69 (bs, 1H, NH), 7.26, 7.02 

(AA'XX' system, 4H, Ar-H), 7.06 (d, 1H, J = 6.8 Hz, H6-Py), 6.12 (d, 1H, J = 6.8 Hz, H5-Py), 5.07 
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(s, 2H, PhCH2N), 2.46-2.40 (m, 2H, CH2CO), 2.14 (s, 3H, CH3-Py), 1.70-1.59 (m, 2H, CH2CH2CO), 

1.38-1.25 (m, 6H, 3×CH2), 0.87 (t, 3H, J = 7.4 Hz, CH3).  

 

4.1.5. Cycloheptyl (1-(4-fluorobenzyl)-4-methyl-2-oxo-1,2-dihydropyridin-3-yl)carbamate (31). 

Compound 10 (0.357 mg, 1.54 mmol) was added dropwise to a solution of triethylamine (0.539 

mL, 3.99 mmol) and cycloheptylchloroformate (0.705 g, 3.99 mmol) (previously prepared with a 

reaction between BTC (Bis(trichloromethyl) carbonate) and cycloheptanol) in anhydrous 

dichloromethane (12 mL). The reaction mixture was stirred at room temperature for 4 h. After that, 

the resulting solution was washed three times with water, dried over Na2SO4, filtered and evaporated 

under reduced pressure. The brown oil obtained was purified by flash chromatography on silica gel 

(3:7 hexane-ethyl acetate) and subsequently washed with hexane to afford compound 31. Brown oil 

(0.042 g, 0.113 mmol, Yield: 7 %). 1H-NMR (CDCl3) : 7.29-7.26 (m, 2H, Ar-H), 7.04-7.00 (m, 3H, 

Ar-H, H6-Py), 6.78 (bs, 1H, NH), 6.09 (d, 1H, J = 6.8 Hz, H5-Py), 5.07 (s, 2H, PhCH2N), 4.85-4.83 

(m, 1H, CHO), 2.18 (s, 3H, CH3-Py), 1.98-1.93 (m, 2H, CH2), 1.74-1.46 (m, 10H, 5×CH2). 

 

4.1.6. 1-cycloheptyl-3-(1-(4-fluorobenzyl)-4-methyl-2-oxo-1,2-dihydropyridin-3-yl)-urea (32). 

Cycloheptylisocyanate (0.103 mL, 0.780 mmol) was added dropwise to a solution of compound 10 

(0.181 g, 0.780 mmol) in dry CHCl3 and the reaction mixture was stirred at room temperature for 48 

h. The solution obtained was evaporated under reduced pressure and the crude product obtained 

triturated with diethyl ether to afford compound 32. White solid (0.199 g, 0.536 mmol, Yield: 68 %). 

1H-NMR (CDCl3) : 7.28-7.25 (m, 4H, Ar-H, 2×NH), 7.04-7.00 (m, 3H, Ar-H, H6-Py), 6.17 (d, 1H, 

J = 6.4 Hz, H5-Py), 5.10 (s, 2H, PhCH2N), 3.84-3.80 (m, 1H, CHN), 2.24 (s, 3H, CH3-Py), 1.99-1.84 

(m, 2H, CH2), 1.65-1.36 (m, 10H, 5×CH2). 

 

4.1.7. General procedure for the synthesis of compounds A1-A8, B1-B6, 35 and 36. 
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A solution of Br2 (0.13 mL, 2.52 mmol) in CHCl3 (1.68 mL) was added dropwise to a solution of 

derivatives 19-32 (1.01 mmol) in CHCl3. Reaction mixture was stirred at room temperature for 12 h. 

The solution obtained was washed three times with a saturated aqueous solution of Na2S2O3. The 

organic phase was dried over Na2SO4, filtered and evaporated under reduced pressure. 

 

4.1.7.1. N-(5-bromo-1-(2-fluorobenzyl)-4-methyl-2-oxo-1,2-dihydropyridin-3yl)–cycloheptane-

carboxamide (A1) (SV-10a). 

Purification by flash column chromatography (3:7 petroleum ether-ethyl acetate). Brown solid 

(0.180 g, 0.414 mmol, Yield: 41 %). Mp: 148-150 °C. 1H-NMR (CDCl3) : 7.55 (bs, 1H, NH), 7.46 

(s, 1H, H6-Py), 7.41 (m, 1H, Ar-H), 7.32 (m, 1H, Ar-H), 7.11-7.05 (m, 2H, Ar-H), 5.12 (s, 2H, 

PhCH2N), 2.52-2.43 (m, 1H, CHCO), 2.14 (s, 3H, CH3-Py), 2.02-1.98 (m, 2H, CH2), 1.80-1.69 (m, 

4H, 2×CH2), 1.58-1.47 (m, 6H, 3×CH2). 
13C-NMR (CDCl3) : 176.02 (C=O), 161.08 (d, JC-F= 245 

Hz, Ar-CF), 158.50 (C2-Py), 142.17 (C3-Py),132.71 (C4-Py),131.41 (d, JC,F= 3 Hz, Ar-CH), 130.51 

(d, JC,F = 8 Hz, Ar-CH), 126.43 (C6-Py),124.71 (d, JC,F = 3 Hz, Ar-CH), 122.44 (d, JC,F = 14 Hz, Ar-

C), 115.73 (d, JC,F= 22 Hz, Ar-CH), 103.82 (C5-Py), 47.85, (PhCH2N), 46.80 (CHCO), 31.77, 28.20, 

26.68, (6×CH2), 20.57 (CH3-Py). HPLC analysis: retention time = 16.32 min; peak area 96.21 % (280 

nm). HRMS-ESI: m /z calcd for C21H24BrFN2O2 [M+H]+, 435.10780; found 435.10730. 

 

4.1.7.2. N-(5-bromo-1-(3-fluorobenzyl)-4-methyl-2-oxo-1,2-dihydropyridin-3yl)-cycloheptane-

carboxamide (A2). 

Purification by flash column chromatography (7:3 ethyl acetate-petroleum ether). Brown solid (0.435 

g, 1.00 mmol, Yield: 99 %). Mp: 138-140 °C. 1H-NMR (CDCl3) : 7.48 (bs, 1H, NH), 7.34 (s, 1H, 

H6-Py), 7.33-7.30 (m, 1H, Ar-H), 7.06-6.98 (m, 3H, Ar-H), 5.08 (s, 2H, PhCH2N), 2.54-2.48 (m, 1H, 

CHCO), 2.17 (s, 3H, CH3-Py), 2.08-2.00 (m, 2H, CH2), 1.82-1.72 (m, 4H, 2×CH2), 1.60-1.40 (m, 6H, 

3×CH2). 
13C-NMR (CDCl3) : 176.11 (C=O), 163.00 (d, JC-F= 246 Hz, Ar-CF), 158.38 (C2-Py), 

142.58 (C3-Py), 137.85 (d, JC,F= 7 Hz, Ar-C), 132.29 (C4-Py), 130.65 (d, JC,F= 8 Hz, Ar-CH), 126.58 
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(C6-Py), 123.65 (d, JC,F= 3 Hz, Ar-CH), 115.42 (d, JC,F= 20 Hz, Ar-CH), 115.11 (d, JC,F= 22 Hz, Ar-

CH), 104.15 (C5-Py), 52.13 (PhCH2N), 47.68 (CHCO), 31.70, 28.15, 26.61 (6×CH2), 20.53 (CH3-

Py). HPLC analysis: retention time = 15.77 min; peak area 96.67 % (280 nm). HRMS-ESI: m /z calcd 

for C21H24BrFN2O2 [M+H]+, 435.10780; found 435.10745. 

 

4.1.7.3. N-(5-bromo-1-benzyl-4-methyl-2-oxo-1,2-dihydropyridin-3yl)-cycloheptane-carboxamide 

(A3). 

Purification by flash column chromatography (3:7 petroleum ether- ethyl acetate). Brown solid 

(0.139 g, 0.334 mmol, Yield: 33 %). Mp: 183-185 °C. 1H-NMR (CDCl3) : 7.49 (bs, 1H, NH), 7.36-

7.34 (m, 4H, Ar-H, H6-Py ), 7.29-7.27 (m, 2H, Ar-H), 5.10 (s, 2H, PhCH2N), 2.53-2.48 (m, 1H, 

CHCO), 2.16 (s, 3H, CH3-Py), 2.06-2.01 (m, 2H, CH2), 1.82-1.72 (m, 4H, 2×CH2), 1.59-1.43 (m, 6H, 

3×CH2). 
13C-NMR (CDCl3) : 176.09 (C=O), 158.59 (C2-Py), 141.96 (C3-Py), 135.49 (Ar-C), 132.29 

(C4-Py), 129.16, 128.53, 128.31 (Ar-CH), 126.60 (C6-Py), 103.95 (C5-Py), 52.60 (PhCH2N), 47.94 

(CHCO), 31.82, 28.24, 26.71(6×CH2), 20.63 (CH3-Py). HPLC analysis: retention time = 15.73 min; 

peak area 99.00 % (280 nm). HRMS-ESI: m /z calcd for C21H24BrFN2O2 [M+H]+, 435,10780; found 

435,10745. HRMS-ESI: m /z calcd for C21H25BrN2O2 [M+H]+, 417.11722; found 417.11661. 

 

4.1.7.4. N-(5-bromo-1-(4-chlorobenzyl)-4-methyl-2-oxo-1,2-dihydropyridin-3yl)-cycloheptane-

carboxamide (A4). 

Purification by flash column chromatography (1:1 petroleum ether-ethyl acetate). Brown solid 

(0.082 g, 0.182 mmol, Yield: 18 %). Mp: > 200 °C. 1H-NMR (CDCl3) : 7.47 (bs, 1H, NH), 7.34-7-

32 (m, 3H, Ar-H, H6-Py), 7.24-7.22 (m, 2H, Ar-H), 5.05 (s, 2H, PhCH2N), 2.53-2.47 (m, 1H, CHCO), 

2.16 (s, 3H, CH3-Py), 2.04-1.99 (m, 2H, CH2), 1.83-1.72 (m, 4H, 2×CH2), 1.54-1.46 (m, 6H, 3×CH2). 

13C-NMR (CDCl3) : 176.05 (C=O), 158.43 (C2-Py), 142.18 (C3-Py), 134.52, 134.02 (2×Ar-C), 

132.10 (C4-Py), 129.64, 129.32 (Ar-CH), 126.66 (C6-Py), 104.13 (C5-Py), 52.10 (PhCH2N), 47.92 

(CHCO), 31.81, 28.23, 26.70 (6×CH2), 20.64 (CH3-Py). HPLC analysis: retention time = 15.73 min; 
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peak area 95.40 % (280 nm). HRMS-ESI: m /z calcd for C21H24BrClN2O2 [M+H]+, 451.07825; found 

451.07870. 

 

4.1.7.5. N-(5-bromo-1-(2-chlorobenzyl)-4-methyl-2-oxo-1,2-dihydropyridin-3yl)-cycloheptane-

carboxamide (A5) (SB-13a). 

Purification by flash column chromatography (6:4 petroleum ether-ethyl acetate). Beige solid 

(0.246 g, 0.545 mmol, Yield: 54 %). Mp: 166-168 °C. 1H-NMR (CDCl3) : 7.49 (bs, 1H, NH), 7.42-

7.40 (m, 2H, Ar-H, H6-Py), 7.30-7.22 (m, 3H, Ar-H), 5.22 (s, 2H, PhCH2N), 2.52-2.48 (m, 1H, 

CHCO), 2.17 (s, 3H, CH3-Py), 2.06-1.99 (m, 2H, CH2), 1.83-1.71 (m, 4H, 2×CH2),1.62-1.47 (m, 6H, 

3×CH2). 
13C-NMR (CDCl3) : 176.20 (C=O), 158.75 (C2-Py), 142.40 (C3-Py), 133.79, 133.01 (2×Ar-

C), 132.72 (C4-Py), 130.53, 130.10, 129.99, 127.68 (Ar-CH), 126.64 (C6-Py), 104.11 (C5-Py), 50.30 

(PhCH2N), 48.07 (CHCO), 31.93, 28.36, 26.83 (6×CH2), 20.80 (CH3-Py). HPLC analysis: retention 

time = 20.18 min; peak area 95.60 % (280 nm). HRMS-ESI: m /z calcd for C21H24BrClN2O2 [M+H]+, 

451.07825; found 451.07745. 

 

4.1.7.6. N-(5-bromo-1-(4-iodobenzyl)-4-methyl-2-oxo-1,2-dihydropyridin-3yl)-cycloheptane-

carboxamide (A6). 

Purification by flash column chromatography (1:1 petroleum ether-ethyl acetate). Brown solid 

(0.099 g, 0.182 mmol, Yield: 18 %). Mp: > 200 °C. 1H-NMR (CDCl3) : 7.68, 7.03 (AA’XX’ system, 

4H,Ar-H), 7.47 (bs, 1H, NH), 7.32 (s, 1H, H6-Py), 5.02 (s, 2H, PhCH2N), 2.52-2.46 (m, 1H, CHCO), 

2.16 (s, 3H, CH3-Py), 2.03-2.00 (m, 2H, CH2), 1.82-1.71 (m, 4H, 2×CH2), 1.57-1.44 (m, 6H, 3×CH2). 

13C-NMR (CDCl3) : 176.05 (C=O), 158.46 (C2-Py), 142.12 (C3-Py), 138.27 (Ar-CH), 135.20 (Ar-

C), 132.07 (C4-Py), 130.13 (Ar-CH,C6-Py), 104.19 (C5-Py), 94.27 (Ar-CI), 52.29 (PhCH2N), 47.99 

(CHCO), 31.83, 28.25, 26.72 (6×CH2), 20.69 (CH3-Py). HPLC analysis: retention time = 11.90 min; 

peak area 96.00 % (280 nm). HRMS-ESI: m /z calcd for C21H24BrIN2O2 [M+H]+, 543.01386; found 

543.01361. 
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4.1.7.7. N-(5-bromo-1-(4-bromobenzyl)-4-methyl-2-oxo-1,2-dihydropyridin-3yl)-cycloheptane-

carboxamide (A7).  

Purification by flash column chromatography (6:4 hexane-ethyl acetate). Brown solid (0.426 g, 

0.859 mmol, Yield: 85 %). Mp: 180-182 °C. 1H-NMR (CDCl3) : 7.48, 7.17 (AA'XX' system, 4H, 

Ar-H), 7.32 (s, 1H, H6-Py), 5.04 (s, 2H, PhCH2N), 2.52-2.48 (m, 1H, CHCO), 2.16 (s, 3H, CH3-Py), 

2.04-1.99 (m, 2H, CH2), 1.81-1.71 (m, 4H, 2×CH2), 1.59-1.42 (m, 6H, 3×CH2). 
13C-NMR (CDCl3) 

: 175.99 (C=O), 158.34 (C2-Py), 142.25 (C3-Py), 134.37 (Ar-C), 132.19 (Ar-CH), 132.00 (C4-Py), 

129.84 (Ar-CH), 126.54 (C6-Py), 122.55 (Ar-C), 104.15 (C5-Py), 52.10 (PhCH2N), 47.81 (CHCO), 

31.70, 28.12, 26.59(6×CH2), 20.55 (CH3-Py). HPLC analysis: retention time = 11.48 min; peak area 

95.00 % (280 nm). HRMS-ESI: m /z calcd for C21H24Br2N2O2 [M+H]+, 495.02773; found 495.02725. 

 

4.1.7.8. N-(5-bromo-1-(2-morpholinoethyl)-4-methyl-2-oxo-1,2-dihydropyridin-3-yl)-cycloheptane-

carboxamide (A8).  

Purification by flash column chromatography (9.5:0.5 ethyl acetate-methanol). Beige solid (0.111 

g, 0.253 mmol, Yield: 25 %). Mp: 130-133 °C. 1H-NMR (CDCl3) : ) 7.52 (bs, 1H, NH), 7.39 (s, 1H, 

H6-Py), 4.00 (t, 2H, J = 6.2 Hz. CH2NCO), 3.69-3.67 (m, 4H, 2×CH2O), 2.63 (t, 2H, J = 6.2 Hz, 

CH2CH2NCO), 2.50-2.48 (m, 5H, 2×CH2N, CHCO), 2.15 (s, 3H, CH3-Py), 2.01-1.98 (m, 2H, CH2), 

1.51-1.70 (m, 4H, 2×CH2),), 1.58-1.41 (m, 6H, 3×CH2).
13C-NMR (CDCl3) : 176.09 (C=O), 158.31 

(C2-Py), 142.28 (C3-Py), 133.50 (C4-Py), 126.12 (C6-Py), 103.09 (C5-Py), 66.96 (2×CH2O), 56.93 

(CH2NCO), 53.68 (2×CH2N), 47.77 (CHCO), 46.58 CH2CH2NCO), 31.76, 28.20, 26.66 (6×CH2), 

20.46 (CH3-Py). HPLC analysis: retention time = 15.69 min; peak area 95.50 % (280 nm). HRMS-

ESI: m /z calcd for C20H30BrN3O3 [M+H]+, 440.15433; found 440.15421. 

 

4.1.7.9. N-(5-bromo-1-(4-fluorobenzyl)-4-methyl-2-oxo-1,2-dihydropyridin-3-yl)-acetamide (B1).  
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Purification by flash column chromatography (ethyl acetate + 2% CH3OH). Brown oil (0.050 g, 

0.141 mmol, Yield: 14 %). 1H-NMR (CDCl3) : 7.59 (bs, 1H, NH), 7.36 (s, 1H, H6-Py), 7.28, 7.04 

(AA'XX' system, 4H, Ar-H), 5.06 (s, 2H, PhCH2N), 2.21 (s, 3H, CH3-Py), 2.19 (s, 3H, CH3CO). 13C-

NMR (CDCl3) : 169.22 (C=O), 162.85 (d, JC-F= 246 Hz, Ar-CF), 158.46 (C2-Py), 143.87 (C3-Py), 

131.49 (C4-Py), 131.10 (d, JC-F= 3 Hz, Ar-C), 130.28 (d, JC-F= 8 Hz, 2×Ar-CH), 126.50 (C6-Py), 

116.19 (d, JC-F= 22 Hz, 2×Ar-CH), 104.52 (C5-Py), 52.36 (PhCH2N), 23.85 (CH3CO), 20.74 (CH3-

Py). HPLC analysis: retention time = 16.23 min; peak area 96.40 % (280 nm). HRMS-ESI: m /z calcd 

for C15H14BrFN2O2 [M+H]+, 353.02955; found 353.02921. 

 

4.1.7.10. N-(5-bromo-1-(4-fluorobenzyl)-4-methyl-2-oxo-1,2-dihydropyridin-3-yl)-benzamide (B2).  

Yellow solid (0.214 g, 0.515 mmol, 51 %). Mp: 153-156 °C. 1H-NMR (CDCl3) : 8.27 (bs, 1H, 

NH), 7.94-7.92 (m, 2H, Ar-H), 7.57-7.55 (m, 1H, Ar-H), 7.48, 7.05 (AA'XX' system, 4H, Ar-H), 7.40 

(s, 1H, H6-Py), 7.32-7.29 (m, 2H, Ar-H), 5.09 (s, 2H, PhCH2N), 2.28 (s, 3H, CH3-Py). 13C-NMR 

(CDCl3) : 166.05 (C=O), 162.82 (d, JC-F= 246 Hz, Ar-CF), 158.49 (C2-Py), 142.72 (C3-Py), 133.83 

(Ar-C), 132.43 (d, JC-F= 4 Hz, Ar-C), 131.18 (C4-Py), 130.26 (d, JC-F= 8 Hz, 2×Ar-CH), 128.83, 

127.85, 127.59, 127.33 (Ar-CH), 126.88 (C6-Py), 116.16 (d, JC-F= 22 Hz, 2×Ar-CH), 104.42 (C5-Py), 

52.27 (PhCH2N), 20.97 (CH3-Py). HPLC analysis: retention time = 15.94 min; peak area 95.77 % 

(280 nm). HRMS-ESI: m /z calcd for C20H16BrFN2O2 [M+H]+, 415.04520; found 415.04483. 

 

 

4.1.7.11. N-(5-bromo-1-(4-fluorobenzyl)-4-methyl-2-oxo-1,2-dihydropyridin-3-yl) heptanamide 

(B3). 

Purification by flash column chromatography (6:4 hexane-ethyl acetate). Ocher oil (0.077 g, 0.182 

mmol, 18 %). 1H-NMR (CDCl3) : 7.68 (bs, 1H, NH), 7.35 (s, 1H, H6-Py), 7.27, 7.03 (AA'XX' 

system, 4H, Ar-H), 5.05 (s, 2H, PhCH2N), 2.41 (t, 2H, J = 7.6 Hz, CH2CO), 2.17 (s, 3H, CH3-Py), 

1.74-1.66 (m, 2H, CH2CH2CO), 1.37-1.24 (m, 6H, 3×CH2), 0.87 (t, 3H, J = 6.4 Hz, CH3). 
13C-NMR 
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(CDCl3) : 172.11 (C=O), 162.79 (d, JC-F= 246 Hz, Ar-CF), 158.43 (C2-Py), 142.63 (C3-Py), 132.34 

(C4-Py), 131.29 (d, JC-F= 4 Hz, Ar-C), 130.22 (d, JC-F= 9 Hz, 2×Ar-CH), 126.58 (C6-Py), 116.11 (d, 

JC-F= 21 Hz, 2×Ar-CH), 104.14 (C5-Py), 52.11 (PhCH2N), 37.22 (CH2CO), 31.61, 29.04, 25.76, 22.60 

(4×CH2), 20.78 (CH3-Py), 14.14 (CH3). HPLC analysis: retention time = 13.40 min; peak area 96.00 

% (280 nm). HRMS-ESI: m /z calcd for C20H24BrFN2O2 [M+H]+, 423.10780; found 423.10718. 

 

4.1.7.12. N-(5-bromo-1-(4-fluorobenzyl)-4-methyl-2-oxo-1,2-dihydropyridin-3-yl)-4-

methylcyclohexyl carboxamide (B4).  

Purification by flash column chromatography (6:4 hexane-ethyl acetate). Brown oil (0.215 g, 0.495 

mmol, Yield: 49 %). 1H-NMR (CDCl3) for isomeric mixture (about 1:1): 7.62, 7.54 (2bs, each 1H, 

NH), 7.34, 7.33 (2s, each 1H, H6-Py), 7.28, 7.04 (AA'XX' system, 4H, Ar-H), 5.06, 5.05 (2s, each 

2H, PhCH2N), 2.87, 2.53 (2m, each 1H, CHCO), 2.17, 2.15 (2s, each 3H, CH3-Py); 2.03-1.95 (m, 2H, 

CH2), 1.82-1.67 (m, 3H, CH, CH2), 1.63-1.51 (m, 2H, CH2), 1.45-1.37 (m, 2H, CH2), 0.95, 0.90 (2d, 

each 3H, J = 6.6 Hz, CH3). 
13C-NMR (CDCl3) for isomeric mixture (about 1:1): 175.22, 174.65 

(2×C=O), 162.74 (d, JC-F= 246 Hz, Ar-CF), 158.40, 158.38 (2×C2-Py), 142.71, 142.55 (2×C3-Py), 

132.27 (d, JC-F= 11 Hz, Ar-CH), 131.26 (d, JC-F= 3 Hz, Ar-C), 126.69, 126.56 (2×C6-Py), 116.05 (d, 

JC-F= 21 Hz, Ar-CH) 104.24 (C5-Py), 52.11, 52.06 (2×PhCH2N), 45.75, 43.12 (2×CHCO), 34.40, 

32.04, 31.28, 29.78 (4×CH2), 26.13 (CHCH3), 22.53 (CH3), 20.71, 20.60 (2×CH3-Py). HPLC 

analysis: retention time = 14.56 min; peak area 97.00 % (280 nm). HRMS-ESI: m /z calcd for 

C21H24BrFN2O2 [M+H]+, 435.10780; found 435.10754. 

 

4.1.7.13. Cycloheptyl-(5-bromo-1-(4-fluorobenzyl)-4-methyl-2-oxo-1,2-dihydropyridin-3-yl)-

carbamate (B5). 

Purification by flash column chromatography (7:3 ethyl acetate-hexane). Ocher oil (0.141 g, 0.313 

mmol, Yield: 31 %). 1H-NMR (CDCl3) : 7.31 (s, 1H, H6-Py), 7.29, 7.03 (AA'XX' system, 4H, Ar-

H), 6.86 (bs, 1H, NH), 5.06 (s, 2H, PhCH2N), 4.87-4.83 (m, 1H, CHO), 2.23 (s, 3H, CH3-Py), 1.99-
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1.92 (m, 2H, CH2), 1.72-1.64 (m, 4H, 2×CH2), 1.57-1.54 (m, 6H, 3×CH2). 
13C-NMR (CDCl3) : 

161.58 (Ar-CF), 158.48 (C2-Py), 153.98 (CONH), 142.34 (C3-Py), 131.92 (d, JC-F= 8 Hz, Ar-C), 

131.38 (C4-Py), 130.29 (d, JC-F= 8 Hz, 2×Ar-CH), 127.18 (C6-Py), 116.12 (d, JC-F= 22 Hz, 2×Ar-CH), 

104.02 (C5-Py), 52.07 (PhCH2N), 34.06 (CHO), 29.82, 28.40, 22.91 (4×CH2), 20.34 (CH3-Py). HPLC 

analysis: retention time = 15.48 min; peak area 95.30 % (280 nm). HRMS-ESI: m /z calcd for 

C21H24BrFN2O3 [M+H]+, 451.10271; found 451.10236. 

 

4.1.7.14. 1-(5-bromo-1-(4-fluorobenzyl)-4-methyl-2-oxo-1,2-dihydropyridin-3-yl)-3-cycloheptyl-

urea (B6). 

Yellow solid (0.273 g, 0.606 mmol, Yield: 60 %). Mp: > 200 °C. 1H-NMR (CDCl3) : 7.29 (s, 1H, 

H6-Py); 7.28,7.04 (AA'XX' system, 4H, Ar-H), 5.31 (bs, 1H, NH), 5.08 (s, 2H, PhCH2N); 3.76-3.73 

(m, 1H, CHN), 2.27 (s, 3H, CH3-Py), 1.96-1.92 (m, 2H, CH2), 1.59-1.57 (m, 4H, 2×CH2), 1.48-1.40 

(m, 6H, 3×CH2). 
13C-NMR (CDCl3) : 162.78 (d, JC-F= 247 Hz, Ar-CF), 159.12 (C2-Py), 154.94 

(CONH), 142.10 (C3-Py), 131.25 (d, JC-F= 4 Hz, Ar-C), 130.98 (C4-Py), 130.14 (d, JC-F= 8 Hz, 2×Ar-

CH), 128.52 (C6-Py), 116.12 (d, JC-F= 21 Hz, 2×Ar-CH), 105.17 (C5-Py), 52.09 (PhCH2N), 51.67 

(CHN), 35.56 (CHO), 28.06, 24.19 (4×CH2), 20.63 (CH3-Py). HPLC analysis: retention time = 16.52 

min; peak area 96.84 % (280 nm). HRMS-ESI: m /z calcd for C21H25BrFN3O2 [M+H]+, 450.11869; 

found 450.11795. 

 

 

4.1.7.15. N-(5-bromo-4-methyl-2-oxo-1,2-dihydropyridin-3-yl)-cycloheptane-carboxamide (35). 

Purification by flash column chromatography (ethyl acetate). Yellow solid (0.126 g, 0.384 mmol, 

Yield: 38 %). 1H-NMR (CDCl3) : 7.44 (bs, 1H, NH), 7.39 (s, 1H, H6-Py), 2.54-2.50 (m, 1H, CHCO), 

2.20 (s, 3H, CH3-Py), 2.04-2.01 (m, 2H, CH2), 1.79-1.73 (m, 4H, 2×CH2), 1.59-1.49 (m, 6H, 3×CH2). 

 

4.1.7.16. 2-hydroxy-5-bromo-4-methyl-3-nitropyridine (36). 
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Yellow solid (0.351 g, 1.51 mmol, Yield: 77 %). 1H-NMR (CDCl3) : 7.69 (s, 1H, H6-Py), 2.36 (s, 

3H, CH3-Py).  

 

4.1.8. General procedure for the synthesis of compounds A9, A10, B7 

CsF (83.5 mg, 0.55 mmol) was added to a solution of compound 35 or 36 (0.180 mmol) in 

anhydrous DMF (0.55 mL). Reaction mixture was stirred at room temperature for 1 h. Then the 

appropriate alkyl chloride (0.55 mmol) was added dropwise and the reaction was stirred at 50 °C for 

12 h. DMF was removed under reduced pressure. The residue obtained was dissolved in CHCl3 and 

washed 3 times with water. The organic phase was dried over Na2SO4 filtered and evaporated under 

reduced pressure. 

 

4.1.8.1. N-(5-bromo-4-methyl-2-oxo-1-pentyl-1,2-dihydropyridin-3-yl)-cycloheptane-carboxamide 

(A9).  

Purification by flash column chromatography (8:2 hexane-ethyl acetate). Brown solid (0.022 g, 

0.056 mmol, Yield: 31 %) Mp: 118-121 °C. 1H-NMR (CDCl3) : 7.53 (bs, 1H, NH), 7.32 (s, 1H, H6-

Py), 3.88 (t, 2H, J = 7.6 Hz, CH2N), 2.53-2.48 (m, 1H, CHCO),), 2.15 (s, 3H, CH3-Py), 2.04-1.99 (m, 

2H, CH2), 1.80-1.69 (m, 6H, 3×CH2), 1.58-1.41 (m, 6H, 3×CH2), 1.37.1.21 (m, 4H, 2×CH2), 0.90 (t, 

3H, J = 7.2 Hz, CH3). 
13C-NMR (CDCl3) : 176.14 (C=O), 170.48(C2-Py), 141.79 (C3-Py), 132.67 

(C4-Py), 126.44 (C6-Py), 103.50 (C5-Py), 50.30 (CH2N), 47.85 (CHCO), 31.79, 29.03, 28.79, 28.23, 

26.69, 22.36 (9×CH2), 20.53 (CH3-Py), 13.99 (CH3). HPLC analysis: retention time = 13.07 min; 

peak area 95.00 % (280 nm). HRMS-ESI: m /z calcd for C19H29BrN2O2 [M+H]+, 397.14852; found 

397.14819. 

 

4.1.8.2. N-(5-bromo-4-methyl-2-oxo-1-hydroxypentyl-1,2-dihydropyridin-3-yl)-cycloheptane-

carboxamide (A10).  
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Purification by flash column chromatography (1:9 hexane-ethyl acetate). White solid (0.022 g, 

0.052 mmol, Yield: 29 %). Mp: 193-195 °C. 1H-NMR (MeOD) : 7.88 (s, 1H, NH), 7.57 (s, 1H, H6-

Py), 3.98 (t, 2H, J = 7.2 Hz, CH2N), 3.55 (t, 2H, J = 6.8 Hz, CH2O), 2.66-2.61 (m, 1H, CHCO), 2.19 

(s, 3H, CH3-Py), 2.03-2.46, (m, 18H, 9×CH2). 
13C-NMR (MeOD) : 179.41 (C=O), 149.19 (C2-Py), 

147.65 (C3-Py), 137.20 (C4-Py), 133.81 (C6-Py), 103.34 (C5-Py), 62.58 (CH2O), 51.25 (CH2N), 47.97 

(CHCO), 33.10, 32.74, 29.96, 29.29, 27.79, 23.87, 19.59, 19.46 (9×CH2). HPLC analysis: retention 

time = 11.89 min; peak area 95.50 % (280 nm). HRMS-ESI: m /z calcd for C19H29BrN2O3 [M+H]+, 

413.14343; found 413.14301. 

 

4.1.8.3. 3-nitro-5-bromo-1-(4-fluorobenzyl)-4-methylpyridin-2(1H)-one (B7). 

Purification by flash column chromatography (8:2 hexane-ethyl acetate). Yellow solid (0.024 g, 

0.070 mmol, Yield: 39 %). Mp: 152-155 °C. 1H-NMR (CDCl3) : 7.55 (s, 1H, H6-Py), 7.34, 7.08 

(AA’XX’ system, 4H, Ar-H), 5.11 (s, 2H, PhCH2N), 2.28 (s, 3H, CH3-Py). 13C-NMR (CDCl3) : 

163.10 (d, JC-F= 247 Hz, Ar-CF), 153.75 (C2-Py), 143.46 (C3-Py), 138.06 (C4-Py), 134.34 (C6-

Py),130.78 (d, JC-F= 8 Hz, 2×Ar-CH), 130.36 (d, JC-F= 3 Hz, Ar-C), 116.45 (d, JC-F= 22 Hz, 2×Ar-

CH), 100.85 (C5-Py), 52.25 (PhCH2N), 18.74 (CH3-Py). HPLC analysis: retention time = 14.55 min; 

peak area 95.30 % (280 nm). HRMS-ESI: m /z calcd for C13H10BrFN2O3 [M+H]+, 340.99316; found 

340.99286. 

 

 

 

4.2 Biological Assays 

 

4.2.1. Compounds used 

All commercial compounds and reagents were purchased from Sigma-Aldrich (Mississauga ON), 

unless otherwise noted. CP55,940 was purchased from Cayman Chemical (Ann Arbor, MI). All 
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compounds were initially dissolved in DMSO and diluted in a 10% DMSO solution in PBS. 

Compounds were added directly to cell culture at the times and concentrations indicated at a final 

concentration of 0.1% DMSO. 

 

4.2.2. CHO Cells 

CHO cells stably transfected with cDNA encoding human cannabinoid CB1Rs or CB2Rs were 

maintained at 37 °C and 5% CO2 in Gibco Ham’s F-12 nutrient mix supplied by Fisher Scientific UK 

Ltd. that was supplemented with 2 mM L-glutamine, 10 % FBS, and 0.6 % penicillin−streptomycin, 

all also supplied by Fisher Scientific UK Ltd. or Canada Ltd., and with the disulfate salt of G418 

[(2R,3S,4R,5R,6S)-5-amino-6-{[(1R,2S,3S,4R,6S)-4,6-diamino-3-{[(2R,3R,4R,5R)-3,5-dihydroxy- 

5-methyl-4-(methylamino)oxan-2-yl]oxy}-2-hydroxycyclohexyl]oxy}-2-[(1R)-1-hydroxyethyl]-

oxane-3,4- diol; 600 mg/mL] supplied by Sigma-Aldrich UK. All cells were exposed to 5% CO2 in 

their respective media and were passaged twice a week using nonenzymatic cell dissociation solution. 

For membrane preparation, cells were removed from flasks by scraping, centrifuging, and then 

freezing as a pellet at −20 °C until required. Before use in a radioligand binding assay, cells were 

defrosted, diluted in Tris buffer (50 mM Tris-HCl and 50 mM Tris-base). hCB1R and hCB2R CHO-

K1 cells were used for data presented in Figures 2-6. 

HitHunter® (cAMP) and PathHunter® (arrestin2) CHO-K1 cells stably-expressing human CB2R 

(hCB1R) from DiscoveRx® (Eurofins, Fremont, CA) were maintained between passage 5-35 at 37°C, 

5% CO2 in F-12 DMEM (Corning Cellgro, Manassas VA) containing 10% FBS and 1% penicillin-

streptomycin with 800 µg/mL geneticin (HitHunter®) or 800 µg/mL geneticin and 300 µg/mL 

hygromycin B (PathHunter®). HitHunter® and PathHunter® hCB2R CHO-K1 cells were used for 

data presented in Figure 7. 

 

4.2.3 CB1R and CB2R binding assays 
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The assays were carried out with [3H]CP55940 and Tris binding buffer (50 mM Tris-HCl, 50 mM 

Tri-base, 0.1% BSA, pH 7.4), total assay volume 500 μL. Binding was initiated by the addition of 

transfected hCB1 or hCB2 CHO cell membranes (50 μg protein per well). All assays were performed 

at 37°C for 60 min before termination by the addition of ice-cold Tris binding buffer, followed by 

vacuum filtration using a 24-well sampling manifold (Brandel cell harvester; Brandel Inc., 

Gaithersburg, MD, USA) and Brandel GF/B filters that had been soaked in wash buffer at 4 °C for at 

least 24 h. Each reaction well was washed six times with a 1.2 mL aliquot of Tris-binding buffer. The 

filters were oven-dried for 60 min and then placed in 3 mL of scintillation fluid (Ultima Gold XR, 

PerkinElmer, Seer Green, Buckinghamshire, U.K.). Radioactivity was quantified by liquid 

scintillation spectrometry. Specific binding was defined as the difference between the binding that 

occurred in the presence and absence of 1 μM unlabeled CP55,940. The concentration of 

[3H]CP55,940 used in our displacement assays was 0.7 nM. The compounds used in this investigation 

were stored as stock solutions of 10 mM in DMSO, the vehicle concentration in all assay wells being 

0.1% DMSO. Each point on each graph represents the mean of data obtained from 6 independent 

experiments. Each experiment was performed in duplicate for each concentration. 

 

4.2.4. Functional activity at CB2R 

The GTPγS binding assay was carried out in the presence of [35S]GTPγS (0.1 nM), GDP (30 μM), 

GTPγS (30 μM), and CHO cell membranes (1 mg/mL) overexpressing hCB1Rs or hCB2Rs. The 

assay buffer contained 50 mM Tris, 10 mM MgCl2, 100 mM NaCl, 0.2 mM EDTA, and 1 mM DTT 

(dithiothreitol) at pH 7.4. Incubations were carried out at 30 °C for 90 min in a total volume of 500 

mL. The reaction was terminated by the addition of ice-cold wash buffer (50 mM Tris and 1 mg/mL 

BSA, pH 7.4) followed by rapid filtration under vacuum through Whatman GF/B glass-fiber filters 

(presoaked in wash buffer), 24-well sampling manifold (Brandel Cell Harvester; Brandel Inc., 

Gaithersburg, MD, USA), and Brandel GF/B filters that had been soaked in wash buffer at 4°C for at 

least 24 h. Each reaction well was washed six times with a 1.2 mL aliquot of Tris- binding buffer. 
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The filters were oven-dried for 60 min and then placed in 3 mL of scintillation fluid (Ultima Gold 

XR, PerkinElmer, Seer Green, Buckinghamshire, U.K.). Bound radioactivity was determined by 

liquid scintillation counting. Basal binding of [35S]GTPγS was determined in the presence of 20 mM 

GDP and absence of cannabinoid. Nonspecific binding was determined in the presence of 10 mM 

GTPγS. The compounds used in this investigation were stored as stock solutions of 10 mM in DMSO, 

the vehicle concentration in all assay wells being 0.1% DMSO. Each point on the CP55,940 graph 

represents the mean of data obtained from 6 independent experiments. Each experiment was 

performed in duplicate for each concentration. 

 

4.2.5. HitHunter® cAMP assay.  

Inhibition of FSK-stimulated cAMP was determined using the DiscoveRx® HitHunter® assay in 

hCB2R CHO-K1 cells. Cells (20,000 cells/well in low-volume 96 well plates) were incubated 

overnight in Opti-MEM (Invitrogen) containing 1% FBS at 37°C and 5% CO2. Following this, Opti-

MEM media was removed and replaced with cell assay buffer (DiscoveRx) and cells were co-treated 

at 37°C with 10 µM FSK and ligands (0.10 nM – 10 µM) for 90 min. cAMP antibody solution and 

cAMP working detection solutions were then added to cells according to the manufacturer’s 

directions (DiscoveRx®) and cells were incubated for 60 min at room temperature. cAMP solution 

A was added according to the manufacturer’s directions (DiscoveRx®) and cells were incubated for 

an additional 60 min at room temperature before chemiluminescence was measured on a Cytation 5 

plate reader (top read, gain 200, integration time 10,000 ms). n = 6 individual experiments performed 

in triplicate. 

 

4.2.6. PathHunter® CB1R βarrestin2 assay. 

 arrestin2 recruitment was determined using the hCB2R CHO-K1 cell PathHunter® assay 

(DiscoveRx®). Cells (20,000 cells/well in low-volume 96 well plates) were incubated overnight in 

Opti-MEM (Invitrogen) containing 1% FBS at 37°C and 5% CO2. Following this, cells were co-
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treated at 37°C with hCB1R ligands (0.10 nM – 10 µM) for 90 min. Detection solution was then 

added to cells according to the manufacturer’s directions (DiscoveRx®) and cells were incubated for 

60 min at room temperature. Chemiluminescence was measured on a Cytation 5 plate reader (top 

read, gain 200, integration time 10,000 ms). n = 3 – 6 individual experiments performed in triplicate. 

 

4.2.7. Statistical Analysis 

Data was graphed using GraphPad Prism version 8.02 (GraphPad Software, San Diego, CA). Data 

are presented as the mean ± the standard error of the mean (S.E.M.) or 95% confidence interval (C.I.) 

of at least 3 independent experiments conducted in duplicate or triplicate, as indicated. Significance 

was determined by non-overlapping 95% C.I. or by one-way ANOVA followed by Bonferroni’s post-

hoc test, as indicated. P < 0.05 was considered significant. Agonist concentration-response curves 

were fit to a nonlinear regression (4 parameter) model to determine EC50 and EMax in Prism (v. 8.02, 

GraphPad Software Inc., San Diego, CA).  
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