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ABSTRACT: The orphan G protein-coupled receptor GPR55 has been proposed as a novel
receptor of the endocannabinoid system. However, the validity of this categorization is still under
debate mainly due to the lack of potent and selective agonists and antagonists of GPR55. Binding
assays are not yet available for GPR55 screening and GPRS5S signal pathways discrepancies have
been reported. In this context, we have designed and synthesized novel GPRS55 ligands based on a
chromenopyrazole scaffold. Appraisal of GPRS5 activity was accomplished by a label-free cell-
impedance based assay using GPR55-HEK293. The real-time impedance responses provide an
integrative assessment of the cellular consequence to GPR5S5 stimulation taking into account the
different possible signaling pathways. Potent GPRS55 partial agonists (14b, 18b, 19b, 20b, and
21-24) have been identified; one of them (14b) being selective vs classical cannabinoid receptors.
Upon antagonist treatment, the chromenopyrazoles 21-24 inhibited lysophosphatidylinositol
(LPI) effect. One of these GPRS55 antagonists (21) is fully selective vs classic cannabinoid
receptors. Compared to LPI, predicted physicochemical parameters of the new compounds

suggest a clear pharmacokinetic improvement.



INTRODUCTION

The orphan G-protein coupled receptor (GPCR) GPRS55 was first cloned and identified in 1999 by
O'Dowd and collaborators.! A few years later, screening assays carried out on cannabinoid
libraries by AstraZeneca® and GlaxoSmithKline® revealed that GPR55 might be activated by some
endogenous, natural and synthetic cannabinoid ligands. Since the complex pharmacology of the
endocannabinoid system points to the existence of new physiologically-relevant receptor types for
these signaling lipids other than classic cannabinoid receptors (CBRs), GPR55 was presented as
one of the missing cannabinoid receptor types.*!* However, the validity of this categorization is
being extensively discussed mainly due to the GPR55 complex cellular signaling pathways, as
well as due to the lack of useful selective ligands for investigating GPRS55 biological functions.
Structurally, GPRS5S5 is a seven transmembrane receptor that belongs to the & group of rhodopsin-
like GPCRs (Class A). Human GPR55 (hGPRS55) is formed by a 319 amino acids sequence that
shares low identity with the CBRs described so far, CBi1R and CB:R (13.5% and 14.4%
respectively). The GPCR proteins most homologous with GPR55 are GPR35 (27%), P2Y (29%),
GPR23 (30%), CCR4 (23%), LPA4 (30%) and LPAS5 (30%).%!4

Despite the potential therapeutic interest of GPR55 in inflammatory processes,” metabolic
regulation,'® vascular functions,'” bone resorption,'® and cancer cell proliferation, migration, and
invasion,'’*' the design of potent and selective GPR55 ligands remains, as mentioned above, a
major challenge for medicinal chemists.’ Lysophosphatidylinositol (LPI) has been confirmed as
a GPRSS5 agonist in various cellular systems with pharmacological outcomes, and it has been
proposed as the putative endogenous ligand of GRP55.22° Furthermore, various endogenous

cannabinoid ligands have been identified as potential GPR55 modulators. However, there are



discrepancies between the diverse studies. For instance, 2-arachidonoylglycerol (2-AG) showed
agonist efficacy in [>>S]GTPyS binding assay, but it was ineffective in B-arrestin recruitment and
GPR55 internalization.!® Bioactive constituents from the plant Cannabis Sativa (e.g.,
tetrahydrocannabinol (A’-THC))**?’ and synthetic analogues (e.g., HU210, abnormal-
cannabidiol (ABN-CBD), CP55,940, SR141716A) have also shown conflicting data in relation

22223252829 The discrepancies appear to be related to

with their GPRS55 pharmacology.
differences in the cellular systems and the types of assays used. For example, cannabidiol (CBD)
acts as a GPR55 antagonist preventing agonist-effect in [>>S]GTPyS, Rho activation,”'®?° and is
inactive in intracellular Ca*>" mobilization®® and B-arrestin recruitment assays.>’

Growing interest in GPR55 wvalidation as a therapeutic target has focused research in the
identification of new, selective synthetic GPR55 ligands. In this context, high-throughput
screening of compounds from Molecular Libraries Probe Production Centers Network (MLPCN)
using P-arrestin assays has identified different GPRS55 chemical scaffolds.’!?? The
triazoloquinoline CID1172084 and the thienopyrimidine CID1434953, discovered in this study
and whose structures are represented in Figure 1, exemplify the cases of potent GPR55 agonists
and GPRS55 antagonists respectively. Parallel studies developed by GlaxoSmithKline validated
benzylpiperazines as GPRS55 agonists in Saccharomyces cerevisiae yeast and in HEK293 cells
(e.g., GSK494581A (Figure 1)).* Recently, Kargl and coworkers** confirmed the GPRS55
antagonism of CID16020046 (Figure 1), originated from the MLSCN screening, in yeast cells
and HEK293 cells stably expressing GPR55. A B2-adrenergic agonist, MNF (Figure 1) was

recently described as a selective antagonist of GPRS55 signaling as shown through different

biological readouts such as ERK phosphorylation and cell motility.>
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Figure 1. Chemical structures of GPR55 ligands.

Exploration of the orphan receptor GPR55 has proven to be problematic mainly due to the lack
of GPRS5S5 ligand specificity and selectivity vs classic cannabinoid receptors. Consequently, it
becomes crucial to focus our efforts in the discovery of novel potent and selective GPRS55
binding molecules that may enable the development of adequate research tools. In this context,
and following with the exploration of the chromenopyrazole scaffold previously described by our
laboratory,* 3 the design and synthesis of two different series of GPR55 ligands are presented
herein (Figure 2). The design takes into account structural features and inverted-L or T shapes of
GPRSS5 ligands that were suggested in molecular modeling studies published by Reggio and co-
workers.***! These studies considered that the binding site of GPR55 active state and inactive
state may accommodate inverted-L, 7 or T shaped ligands exposing their most electronegative

region in the head part (agonists) or close to the far end of the central section (antagonists).



While CBiR and CB:R couple to G-proteins of the Gip subfamily, as widely demonstrated in the
literature,*** GPR55 has been associated with different G-proteins such as Gg13,° Gogi1,*
Gog/Ga12 or Gai213.2 This G-protein coupling promiscuity depends on the specific GPR55 ligand
used and the type of cell line. By engaging these G proteins, GPR55 activates a range of
signaling pathways, including RhoA, MAPK cascades, actin filament formation or intracellular
calcium release via the activity of phospholipase C (PLC). GPRS55 properties have been intensely
explored through different functional endpoint assays such as GTPyS binding,” analysis of
intracellular calcium levels,?*~*° phosphorylation of ERK1/2,%5¢ and the activation of the small
GTPase proteins Racl, RhoA and Cdc42.7233% GPR5S5 can also interact with B-arrestin, offering
yet another potential cell signaling route.?” In the present study, the GPR55 activity of the new
compounds was assessed using a label-free methodology based on cellular impedance
measurements in real time (XCELLigence, ACEA Biosciences). Measuring the whole-cellular
integrated response overcomes discrepancies occurring for pharmacological GPRS5 ligand
characterization related to different pathways. This technology has been widely used for cell
viability, proliferation, cytotoxicity, adhesion, invasion, and migration.** Recent studies have
validated this impedance-based technology for monitoring GPCR activation and signaling in
cells.***® Label free technology has been successfully used to assay GPR55 ligands in previous
work employing dynamic mass redistribution technology.*” However, this is the first time that
label free cellular impedance measurements are used to screen GPRS5S5 ligands. xCELLigence
methodology has been validated with LPI species in stably expressing GPR55-HEK?293 cells and

human osteoclasts.>%>!
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Figure 2. Proposed general structures for potential GPRSS5 activity.

RESULTS AND DISCUSSION

Studies realized by Reggio and co-workers®**!

suggested that GPRS55 ligands adopt an inverted-
L, 7 or a T shape with the presence of an electronegative region located close to the head region
(agonist) or in the central portion of the molecule (antagonist). Conformational analysis of two
pyrazole isomers from each series, I and II, performed using ab initio Hartree-Fock calculations
at the 6-31G* level, and their corresponding electrostatic potential density surfaces using
Spartan ’08 (See Supporting Information for details) allow us to consider the chromenopyrazole
as an interesting scaffold for GPRS5S5 activity. In a first approximation and in comparison with
Reggio’s data,**' the new compounds adopted inverted-L shape for both series and the
localization of their highest electronegative area suggest agonism for series I and antagonism for
series II.

Chemistry. The chromenopyrazole core (4) of the new compounds was prepared following the

synthetic route depicted in Scheme 1. 7-Methoxy-2,2-dimethyl-2,3-dihydrochromen-4-one (2)



was obtained by cyclization of the commercially available 2-hydroxy-4-methoxyacetophenone

5254 y-Formylation of 2 was achieved under microwave irradiation*® conditions

(1) with acetone.
to result in 3-hydroxymethylenechromen-4-one (3).>* Finally, condensation of the PB-keto
aldehyde ~ with  anhydrous  hydrazine’®®  yieldled  7-methoxy-4,4-dimethyl-1,4-

dihydrochromeno[4,3-c]pyrazole (4) in good yield.*
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Scheme 1. Synthesis of 7-methoxy-4,4-dimethyl-1,4-dihydrochromeno[4,3-c]pyrazole (4).
Reaction conditions: (i) Acetone, pyrrolidine, EtOH, 5 h, reflux, 82%; (ii) NaH, THF, MW, 45
°C, 25 min, then ethyl formate, THF, MW, 45 °C, 25 min, 52%; (iii) Anhydrous hydrazine,

EtOH, 2 h, 60 °C, 69%.

The route depicted in Scheme 2 was used for the preparation of compounds of series I.
Arylpiperazines 5—8 were first synthesized by N-alkylation of the suitable phenylpiperazine with
2-chloro-N-hydroxymethylacetamide to give the piperazines 9—12. Then, the final compounds
13-16 were prepared by alkylation of 7-methoxy-1,4-dihydro-4,4-dimethylchromeno[4,3-
clpyrazole (4) with the corresponding phenylpiperazine derivative 5-8 under refluxing
conditions. Purification of the N1 and N2 regioisomers was difficult, in most cases obtaining the
desired compounds with low yields. Flash column chromatography followed by a
semipreparative HPLC was required to separate both phenylpiperazinyl-acetamidomethyl

chromenopyrazoles isomers (13a—15a and 13b—15b).
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Scheme 2. Synthesis of chromenopyrazoles of serie I (13—16). Reaction conditions: (i) 2-Chloro-
N-hydroxymethylacetamide, K>COs, acetonitrile, 2—5 h, reflux (24—63%); (ii) Compound 4,

NaH, THF, 12-72 h, reflux (2-14%).

Acyl-piperazinyl chromenopyrazoles of series II (18-24) were obtained starting from
chromenopyrazole 4, as shown in Scheme 3. Alkylation of 4 with 1,2-dibromoethane afforded
the desired 2-bromoethylchromenopyrazoles 17a and 17b. Both regioisomers were easily
separated by medium pressure column chromatography. Finally, compounds 18-24 were
obtained reacting the corresponding 2-bromoethylchromenopyrazole (17a or 17b) with the

desired acyl piperazines in regular to good yields under refluxing conditions.
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Scheme 3. Synthesis of chromenopyrazoles of serie II (18—24). Reaction conditions: (1) 1,2-

Dibromoethane, NaH, THF, 4 h, reflux, 21 and 40%; (ii)) Acyl piperazine, K,COs, THF,

overnight, reflux, 23-81%.

Impedance-based cellular assays in hGPR55-HEK293. As commented in the introduction,
the pharmacology of GPRS55 is rather puzzling. Moreover, the paucity of structural data and
selective potent modulators has also limited the development of accurate pharmacological assays
such as radioligand binding assays. In fact, activity of GPRS5S5 ligands is completely influenced
by the assay used to assess receptor rmediated downstream signaling. Therefore, it was important
to use a pharmacological assay able to integrate the different GPR55 signaling pathways. Thus,
the potential GPRS5S activity of the new chromenopyrazole derivatives was assessed using
xCELLigence experiments.’® The xCELLigence assay detects cellular morphological changes

triggered by ligand-dependent GPCR activation and coupling to downstream pathways. These
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changes modulate the physical contact between cell and electrode which is reflected by changes
in electrical impedance (converted to cell index units by the system). Therefore, measuring the
whole-cellular integrated response overcomes discrepancies occurring for pharmacological
GPRS55 ligand characterization related to different pathways.

Cellular impedance of increasing concentrations of LPI and chromenopyrazoles 13—16 and
18-24 was monitored in a human embryonic kidney 293 cell line stably overexpressing
recombinant human GPR55 (hGPR55-HEK?293). Cells were seeded one day prior to stimulation
with the compounds to ensure attachment to the microelectrodes located in the bottom of the
culture plate. Activation of the receptor by a GPRS55 ligand causes changes in cellular impedance
detected in real time by the xXCELLigence system. Agonistic effects of tested compounds were
compared to the activity of GPR55 agonist LPI (LPI effect at 1 uM is set at 100%). Dose-
response curves were obtained plotting the peak cell index response (five minutes after
administration of the drugs), versus the logarithm of the concentration for each compound. Cell
index values were normalized for each well to the time point immediately preceding agonist
addition. Half maximal effective concentration values (ECso) and the corresponding maximal
effect (Emax) of LPI and chromenopyrazole derivatives are displayed in Table 1. The activity

observed for LPI was consistent with published data in all the experiments.>’
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Table 1. Agonism of chromenopyrazole derivatives 13—-16 and 18-24 at GPRS5 receptor

measured using XCELLigence system.

GPR55

Compd R Subst. ECso (nM)? Emax (%)°
13a H N1 ; NR
13b H N2 ; NR
14b 2-OMe N2 6.36 (0.98-41.52) 51 (36-67)
15b 2,3-diMe N2 ; NR
16 4-OMe N1 ; NR
18a sl N1 . NR
18b g 2 0.88 (0.05-14.56) 43 (31-54)
19b NG N2 0.60 (0.12-3.03) 51 (42-60)
20a sl N1 . NR
20b g N2 0.51 (0.06-4.22) 45 (36-54)
21 0 N2 1.28 (0.20-9.46) 52 (41-63)
22 sl ) A2 0.40 (0.03-4.61) 51 (40-62)
23 S N2 8.67 (1.18-63.45) 47 (36-58)
24 S ) 0.69 (0.06-7.63) 49 (37-62)
LPI ; . 2.82 (0.64-12.30) 100 (81-118)

The data is presented as a percentage of the maximal LPI stimulation (at 1 uM, LPI displays off-
target activity at 10 pM). *ECso values were calculated using nonlinear regression analysis. Data
represent the mean of at least four experiments performed in duplicate, and 95% confidence
intervals (CI) for the ECso values are given in parentheses. °Emax: Maximal agonist effect,
determined using nonlinear regression analysis (95% CI). NR: No response at tested
concentrations (Emax lower that 25% relative to LPI). Subst.: substitution.

12



According to the ability to activate GPRSS, there is a clear difference between both series of
compounds (13—-16 and 18-24). All tested chromenopyrazoles of series II exhibited agonistic
GPRS55 profile except 18a and 20a. Conversely, chromenopyrazoles of series I did not have
capacity to activate GPRS55 in this cell model, excluding 14b, which partially activated the
receptor. Compared to the LPI response, active compounds (14b, 18b, 19b, 15b, 20b, and
21-24) displayed partial agonism in GPR55-HEK293 cells exhibiting good potency with ECso
values in the nanomolar range. However, they displayed half of the maximal efficacy of the
putative endogenous modulator LPI. Concentration-response curves of LPI and compounds 14b
and 21 are displayed in Figure 3 to exemplify the GPRS55 agonism effect (Concentration-

response curves of 18b, 19b, 20b, 2224 are reported in the Supporting Information).
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Figure 3. Concentration-response curves of LPI and representative chromenopyrazole
derivatives 14b and 21 in hGPR55-HEK293 cells using xCELLigence system. Data points
represent the mean + SEM values of four independent experiments, performed in duplicate. The
data is presented as a percentage of the maximal LPI stimulation (at 1 uM, LPI displays off-

target activity at 10 uM).
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Interestingly, in series II, the N1- or N2-chromenopyrazole substitution influenced the ability of
the compounds to activate GPR55. N2-regioisomers (18b, 19b, 20b, 21 and 24) is the preferred
substitution while substitution at N1-position (18a and 20a) exerted a negative impact on GPR55
activation. Figure 4 illustrates the effects of both isomers taking as examples N1- (18a) and N2-

substituted (18b), on dose-response curves in hGPR55-HEK?293 cells.
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Figure 4. Concentration-response curves of LPI and representative chromenopyrazole
derivatives 18a and 18b in hGPR55-HEK293 cells using xCELLigence system. Data points
represent the mean + SEM values of four independent experiments, performed in duplicate. The
data is presented as a percentage of the maximal LPI stimulation (at 1 uM, LPI displays off-

target activity at 10 uM).

After analyzing the ability of the compounds to activate GPRS5S, their potential antagonistic
activity was evaluated. The capacity of 13—-16 and 18-24 to inhibit LPI-mediated GPRS55
stimulation was assessed at 1 pM. Full concentration-response curves for LPI in presence and
absence of all new synthesized compounds were determined (Table 2). Graphs displayed in

Figure 5 exemplify the antagonism effect taking as example compound 21 (Concentration-
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response curves of LPI in presence of 22—24 are reported in the Supporting Information). These
experiments were performed by co-incubation of the cells with the tested compounds (or vehicle)

and different concentrations of the standard agonist LPI.

As shown in Table 2, many of the chromenopyrazoles of series I were able to inhibit LPI dose-
dependent GPRSS5 activation. Among them, 21, 22, 23 and 24 exerted significant capacity to
antagonize LPI effect at 1uM. As previously demonstrated, these compounds are also partial

agonists of the receptor when administered alone.
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Figure 5. Concentration-response curves of LPI in the presence and absence of
chromenopyrazoles 21 in hGPR55-HEK293 cells using xCELLigence system. Data points
represent the mean £ SEM values of at least four independent experiments, performed in

duplicate. The data is presented as a percentage of the maximal LPI stimulation.

Table 2. Potencies and maximal effect of LPI in the presence and absence of chromenopyrazoles

13-16 and 18-24 (1 uM) at GPRS55.

Compd R Subst. GPR55
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LPI +13a
LPI+ 13b
LPI + 14b
LPI + 15b
LPI+ 16

LPI + 18a
LPI'+ 18b
LPI'+ 19b
LPI + 20a
LPI'+ 20b
LPI'+ 21"
LPI' +22°
LPI'+ 23"
LPI'+ 24"

LPI
LPI

*ECso values were calculated using nonlinear regression analysis. Data represent the mean
of at least four experiments performed in duplicate, and 95% confidence intervals (CI) for
the ECso values are given in parentheses. *Emax: Maximal agonist effect, determined using
nonlinear regression analysis (95% CI). *Significantly different (non-overlapping
confidence intervals) from the corresponding LPI alone. The effect of each compound
over LPI dose-response is related to their corresponding LPI (LPI or LPI’) in absence of

bt hEDE

N1
N2
N2
N2
N1

N1

N2

N2

N1

N2

N2

N2

N2

N2

ECso (nM)?
27.7 (8.9-86.1)
31.5 (5.4-83.6)
28.4 (4.7-96.1)
30.4 (10.1-91.5)
27.3 (1.2-97.5)

19.6 (5.9-65.3)
19.8 (3.9-76.1)
15.5 (3.8-54.6)
29.3 (8.4-79.2)
8.2 (2.5-26.4)
18.2 (4.6-71.1)
24.6 (7.9-66.8)
25.4 (6.6-96.7)

21.9 (5.5-87.6)

4.1 (1.3-12.1)
1.6 (0.6-4.2)

the potential antagonist. Subst.: substitution.

Emax (%)°
97 (80-115)
94 (78-108)
90 (71-104)
102 (90-115)
80 (60-105)
97 (83-111)
106 (92-120)
105 (96-113)
99 (82-116)
96 (87-106)
100 (91-115)
102 (91-106)
99 (90-113)
100 (86-114)

104 (91-114)
99 (90-108)
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Taking into consideration the xCELLigence impedance assays presented in this study, the most
promising results come from series II. Three (acylpiperazinyl)ethyl chromenopyrazoles (18b, 19
and 20b) displayed capacity to partially activate GPRS5, while 21-24 displayed both partial
agonism and antagonism of LPI response. From series I, only one compound (14b) showed

GPRSS5 partial agonism.

Impedance-based cellular assays in normal HEK293. The assays described above were
performed in hGPR55-HEK293 cells, thus, the observed effects are suggestive of a mechanism
mediated through GPRS55. However, this hypothesis needs to be verified since this technology
measures integrative cell response. To confirm that the observed agonism and antagonist effects
are actually mediated by GPRS55, compounds were evaluated in normal HEK293 cells. Full dose-
response curves of all the new compounds and LPI were performed at concentrations from 1 nM
to 10 uM in normal HEK293 cells. Chromenopyrazoles 13—16 and 18—24 did not exhibited any
response at doses up to 10 uM in normal cells which highlights that the effects observed in
HEK?293 cells overexpressing GPR55 are mediated through GPRS55. It is worthy to note that LPI
clearly displayed off-target stimulation at high concentrations (10 uM). These off-targets effects
of LPI at doses over 10 pM had already been reported through diverse functional endpoints.’%>
To exemplify the lack of effect in HEK293 cells compared to GPR55-HEK?293 cells, graphs of

three new GPR55 agonists (18b, 20b, and 22) and LPI are shown in Figure 6 comparing their

effect in GPRS5S5 transfected and normal HEK293 cells.

17
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Figure 6. Concentration-response curves of LPI and 18b, 20b, and 22 in hGPR55-HEK293
and normal HEK293 cells. Data points represent the mean = SEM values of four independent
experiments, performed in duplicate. The data are presented as a percentage of the maximal LPI

stimulation.

CB:R and CBiR binding assays. Most of the GPRS55 ligands identified so far are also able to
interact with CBRs. In order to further investigate the selectivity of the new compounds vs
classical cannabinoid receptors, their capacity to bind to CB;R and CB2R was evaluated. The
affinities of compounds 13—-16 and 18-24 were determined by radioligand binding studies at
human CB;R (hCBiR) and human CB;R (hCB:R) using [*H]CP55940 as radioligand. As a
source for hCB1R and hCB2R, membrane preparations of HEK293 EBNA cells stably expressing

the respective receptor type were used. Initially, compounds were screened at 40 uM. In those
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cases in which the inhibition of radioligand binding was at least about 70%, competition curves
using a broad range of compound concentrations were performed in order to calculate K; values.
The experimental binding affinities of 13-16, 18-24 and for the reference cannabinoid

WINS55,212-2 are reported in Table 3.

Table 3. Binding affinity of compounds 13-16 and 18—24 and the reference cannabinoid

WINS5,212-2 for hCB; and hCB> cannabinoid receptors.

CBiR and CB;R

Compd R Subst. hCB; Ki (MM)*  hCB; Ki (nM)?
13a H N1 >40000 4923 + 349
13b H N2 >40000 1578 + 461
14a 2-OMe N1 >40000 >40000
14b 2-OMe N2 >40000 >40000
15a 2,3-diMe N1 >40000 >40000
15b 2,3-diMe N2 >40000 >40000

16 4-OMe N1 >40000 >40000
18a sl N1 >40000 nd
18b g N2 >40000 698 = 107
19a NG NI >40000 nd
19b NG N2 >40000 3604 + 941
20a sl N1 >40000 nd
20b L) N2 >40000 154478
21 O N2 >40000 >40000

19



22 s L) N2 >40000 1073 + 238

23 L) N2 >40000 523 + 144
24 S N2 >40000 6392 + 327
WINS5,212-2 . . 45.6+8.6 37402

*Values obtained from competition curves using [*H]JCP55940 as radioligand for hCBiR and
hCB2R cannabinoid receptors and are expressed as the mean + SEM of at least three
experiments. nd: not determined.

Tested compounds from both series showed no aftinity towards CBiR. Thus, they are all devoid
of psychotropic side-effects associated with the activation of CBiR in the brain. From series I,
chromenopyrazoles 14-16 did not bind to CB;R. However, when the phenyl group is not
substituted (13a and 13b), a moderate CB:R affinity was displayed. From this series, compound
14b, which showed to be GPRS55 partial agonist, stands out due to its selectivity for GPR55 vs
CBiR and CBzR.

Regarding series II, compound 21 lacked of affinity for both receptors whereas compounds 24
and 19b showed low affinity for CB2R. Considering the GPR55 partial agonist/LPI antagonist
properties of 21 and its GPR55 selectivity vs CB1R and CB:R, chromenopyrazole 21 appears to
be a good lead compound for further development. This molecule bears a phenoxyacetyl
piperazine which is the largest substituent assessed within this series. This fact may indicate that
smaller substituents are preferred for CB2R binding.

From this series, 18b, 20b, 22, and 23 revealed moderate to high affinity towards CB2R. Since
the CB2R affinity constant of 20b was in the nanomolar range, the functionality at this receptor
has been determined by GTP-y assay. Thus, compound 20b was shown to be potent CB2R

agonist (ECso: 391.5 £ 125.9 nM; Emax: 87.8 + 7.5%). Even though our main purpose is the
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identification of GPRS55 selective ligands, a dual GPR55-CB; drug may open novel therapeutic
strategies due to the close relation of both GPCRs in different pathologies.%*!

In silico ADME properties. So far, the most potent known ligand for GPR55 is LPI. However,
LPI is very insoluble in water, and it is unstable when exposed to air or light; it oxidizes very
easily. Due to these particularities, LPI is not suitable as therapeutic agent. Therefore, ADME
properties of 13—16, 18—24 and LPI was predicted using a set of 34 physicochemical descriptors

computed by QikProp. The predicted parameters (Supporting Information) suggest a clear ADME

improvement compared to LPI.

CONCLUSION

The first selective GPRSS5 ligands were discovered only a few years ago. Since then, few new
structures have been reported due to the lack of binding assays and discrepancies of different
functional outcomes. In this context the design adopted in this study, and based on shape features
of previously investigated GPR55 ligands, allowed the discovery of a novel GPRS55 scaffold.
Synthesis and pharmacological activity of two series of chromenopyrazoles as GPRS55 ligands is
reported herein. The pharmacological evaluation was accomplished in a cell-impedance based
assay that allows taking into account the complex signaling pathways related to GPRS55
activation. This label-free technology approach is adding value to the drug discovery process
taking into account the lack of available GPRS5S5 radioligand. These functional assays revealed
14b from series I as a partial agonist with full GPR55 selectivity vs classic CBRs. Excluding the
N1-substituted pyrazoles 18a and 20a, all chromenopyrazoles of series II showed GPRSS5-
mediated effects. However, compared to LPI efficacy they are partial agonist of GPR55 (18b, 19

and 20b). Four of them (21-24) displayed both GPR55 partial agonism and antagonism of LPI
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response. Moreover, chromenopyrazole 21 bearing a phenoxymethyl substituent is devoid of any
CBR activity. SARs clearly highlight the N2-preferred chromenopyrazole substitution in both
series. It is noteworthy that the new compounds did not show any effect on normal HEK293 cells
confirming that the effects in GPR55-HEK?293 cells were mediated through GPR55. Although
LPI possesses good activity and can activate GPR55 using different functional readouts, it is still
prone to important disadvantages such as poor solubility and stability. In this scenario, the
chromenopyrazoles 14b and 21 with improved predicted ADME are potential candidates to

generate helpful pharmacological tools or potential drugs for novel therapeutic strategies.

EXPERIMENTAL SECTION

Chemistry.

General methods and materials. Reagents and solvents were purchased from Sigma-Aldrich
Co., Fluorochem, Acros Organics, Manchester Organics and Lab-Scan and were used without
further purification or drying. Microwave assisted organic synthesis was performed using the
microwave reactor Biotage Initiator. Products were purified using flash column chromatography
(Merck Silica gel 60, 230-400 mesh) or medium pressure chromatography using Biotage Isolera
One with pre-packed silica gel columns (Biotage SNAP cartridges). Semipreparative HPLC
purifications were performed on a Waters 2695 HPLC system equipped with a Photodiode Array
2998 coupled to a 3100 Mass Detector mass spectrometer, using a Sunfire C18 column (19 mm x
150 mm) and 70 min gradient A: CH3CN/0.1% formic acid, B: H>0/0.1% formic acid
monitoring at A = 254 nm. The flow rate was 24 mL/min. The compounds were characterized by
a combination of NMR experiments, HPLC-MS, high resolution mass spectrometry (HRMS) and

elemental analysis. Analytical HPLC-MS analysis was performed on a Waters 2695 HPLC
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system equipped with a photodiode array 2996 coupled to Micromass ZQ 2000 mass
spectrometer (ESI-MS), using a reverse-phase column SunFireTM (C-18, 4.6 x 50 mm, 3.5 pum)
and 10 min gradient A: CH3CN/0.1% formic acid, B: H20/0.1% formic acid visualizing at A =
254 nm. Flow rate was 1 mL/min. Elemental analyses of the compounds were performed using a
LECO CHNS-932 apparatus. Deviations of the elemental analysis results from the calculated are
within + 0.4%. The purity of compounds was determined by LC coupled to high resolution mass
spectrometry. The purity of all tested compounds was higher than 95%. The experiments were
performed in a LC-MS hybrid quadrupole/time of flight (QTOF) analyzer equipped with an
Agilent 1100 LC coupled to an Agilent 6500 Accurate Mass (1-2 ppm mass accuracy) using
electrospray ionization in the positive mode (ESI*). 'H, '*C, HSQC and HMBC-NMR spectra
were recorded on a Mercury 400 (400 and 101 MHz) or a Varian 500 (500 and 126 MHz) at 25
°C. Samples were prepared as solutions in deuterated solvent and referenced to internal non-
deuterated solvent peak. Chemical shifts were expressed in ppm (6) downfield of
tetramethylsilane. Coupling constants are given in hertzs (Hz). Melting points were measured on
a MP 70 Mettler Toledo apparatus.

The preparation procedure, structural characterization, and purity of intermediates 2-4 are
reported in the Supporting Information.

General procedure for the synthesis of phenylpiperazinylacetamides 9-12. To a mixture of
the corresponding phenylpiperazine (1 eq) and K>COs (1.5 eq) in acetonitrile, a solution of 2-
chloro-N-hydroxymethylacetamide (2 eq) in acetonitrile was added. The reaction was refluxed
for 2-5 h. After reaction completion, the solvent was removed under reduced pressure. The
resultant crude was diluted by EtOAc, washed with water and extracted three times with EtOAc.

The combined organic layers were dried over MgSQOs, filtered and the solvent was evaporated
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under vacuum. The residue was purified by flash column chromatography performed on a
Biotage Isolera One. The chromatography eluent and yield are indicated below for each reaction.
N-Hydroxymethyl-2-(4-phenylpiperazinyl)acetamide (9). Flash column chromatography
(EtOAc) gave 9 as a white solid (0.42 g, 41% yield); mp: 112-114°C; 'H-NMR (400 MHz,
CDCl) &: 8.10-8.02 (br s, 1H, NH), 7.39-7.22 (m, 2H, phenyl), 7.06-6.85 (m, 3H, phenyl), 4.82
(s, 2H, CH>OH), 3.28-3.19 (m, 4H, piperazine), 3.13 (s, 2H, COCH3), 2.90-2.57 ppm (m, 4H,
piperazine); *C-NMR (101 MHz, CDCl;) &: 173.6 (CO), 151.5 (Cm-N), 129.8, 129.7, 120.5,
119.3 and 116.7 (Cpn), 73.1(CH20H), 62.0 (COCH>»), 54.1, 53.7, 50.9 and 49.8 ppm (piperazine);
HPLC-MS: [A, 2% —95%], tr: 2.46 min (93%), MS (ES", m/z) 250 [M+H]"; Anal. Calcd. for
C13H19N302: C 62.63%, H 7.68%, found: C 62.41%, H 7.83%.
N-Hydroxymethyl-2-[4-(2-methoxyphenyl)piperazinyl]acetamide (10). Flash column
chromatography (EtOAc) afforded 10 as a white solid (1.06 g, 63% yield); mp: 134-136 °C; 'H-
NMR (400 MHz, CDCl;) o: 8.14-8.11 (br s, 1H, NH), 7.03-6.96 (m, 2H, phenyl), 6.89- 6.78 (m,
2H, phenyl), 4.79 (s, 2H, CH,OH), 3.94-3.64 (m, 5SH, COCH> and OCH3), 3.17-2.89 (m, 4H,
piperazine), 2.84-2.66 ppm (m, 4H, piperazine); *C-NMR (101 MHz, CDCl) §: 171.4 (CO),
151.7 (Cpp-N), 140.4 (Cpn- OCH3), 122.6, 120.5, 117.6 and 110.8 (Cpn), 63.0 (CH2OH), 61.0
(COCH»), 54.8 (OCH3), 53.6, 53.2, 51.0 and 50.1 ppm (piperazine); HPLC-MS: [A, 2% —95%],
fr: 3.24 min (92%), MS (ES", m/z) 280 [M+H]"; Anal. Calcd. for Ci4sH21N303: C 60.20%, H
7.58%, found: C 60.31%, H 7.72%.
2-[4-(2,3-Dimethylphenyl)piperazinyl]-N-hydroxymethylacetamide (11). Flash column
chromatography (EtOAc) yielded 11 as a white solid (0.11 g, 25% yield); mp: 126-127 °C; 'H-
NMR (400 MHz, CDCl) d: 8.19-8.14 (br s, 1H, NH), 7.07 (t, J = 7.6 Hz, 1H, phenyl), 6.98-6.90

(m, 2H, phenyl), 5.59-5.57 (br s, 1H, OH), 4.82 (s, 2H, CH,OH), 3.14 (s, 2H, COCH,), 2.94-2.92
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(m, 4H, piperazine), 2.77-2.73 (m, 4H, piperazine), 2.27 (s, 3H,CHz3), 2.21 ppm (s, 3H, CH3);
BC-NMR (101 MHz, CDCl) §: 173.8 (CO), 172.0 (Cphenyl-N), 151.2, 138.0, 131.3, 125.8 and
125.1 (phenyl), 74.6 (CH2OH), 67.3 (COCH>), 63.7, 61.5, 54.1 and 52.2 (piperazine), 20.6
(CH3), 13.9 ppm (CH3); HPLC-MS: [A, 2%—95%], tr: 3.99 min (90%), MS (ES", m/z) 278
[M+H]"; Anal. Caled. for CisH23N30,: C 64.96%, H 8.36%, found: C 65.09%, H 8.03%.

N-(Hydroxymethyl)-2-[4-(4-methoxyphenyl)piperazinyl]acetamide (12). Flash column
chromatography (EtOAc) provided 12 as a white solid (0.14 g, 24% yield); mp: 140-143 °C; 'H-
NMR (400 MHz, CDCl) &: 7.09-6.95 (m, 2H, phenyl), 6.71-6.54 (m, 2H, phenyl), 4.83 (s, 2H,
CH>OH), 3.78-3.60 (m, SH, COCH: and OCH3), 3.14-3.05 (m, 4H, piperazine), 2.77-2.71 ppm
(m, 4H, piperazine); *C-NMR (101 MHz, CDCl) &: 173.0 (CO), 152.4 (Cpn-N), 143.6 (C
phenyl-OCH3), 123.4, 122.1, 118.6 and 112.3 (4C phenyl), 65.7 (CH2OH), 63.2 (COCH>), 55.1
(OCH3), 54.3, 53.8, 51.8 and 51.2 ppm (piperazine); HPLC-MS: [A, 2%—95%], tr: 3.03 min
(90%), MS (ES", m/z) 280 [M+H]"; Anal. Calcd. for C14H21N30s: C 60.20%, H 7.58%, found: C
60.56%, H 7.25%.

General procedure for the synthesis of phenylpiperazinylacetamidomethyl
chromenopyrazoles 13-16. A solution of 4 (1 eq) in anhydrous THF was added dropwise to a
precooled suspension of sodium hydride (2.5-3 eq) in anhydrous THF under nitrogen
atmosphere. The resulting mixture was stirred for 10 minutes at room temperature. The
corresponding phenylpiperazinyl-acetamide (2 eq) was added and the reaction mixture was
refluxed at room temperature 12-72 h. The solvent was removed under vacuum and the crude
was diluted in EtOAc, washed with water and extracted three times with EtOAc. The combined

organic layers were dried over MgSO4 and the solvent was removed under vacuum. The residue
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was first purified by flash column chromatography (EtOAc as eluent) obtaining a mixture of the
N1 and N2 regioisomers which was then purified by semipreparative HPLC.
1,4-Dihydro-7-methoxy-4,4-dimethyl-1-|2-(4-phenylpiperazinyl)acetamidomethyl]-

chromeno(4,3-c]pyrazole (13a) and 2,4-dihydro-7-methoxy-4,4-dimethyl-2-|2-(4-
phenylpiperazinyl)acetamidomethyl]-chromeno[4,3-c|pyrazole (13b). Compound 13a was
obtained as a white solid (13% yield); mp: 196-198 °C; "H-NMR (500 MHz, CDCl;) §: 8.02-7.97
(brt, J= 6.3 Hz, 1H, NH), 7.76 (d, J = 8.7 Hz, 1H, 9-H), 7.26 (s, 1H, 3-H), 6.85-6.74 (m, 2H,
phenyl), 6.55 (dd, J = 8.6, 2.6 Hz, 2H, phenyl), 6.53-6.46 (m, 2H, 8-H and phenyl), 6.45 (d, J =
2.5 Hz, 1H, 6-H), 5.73 (d, J = 6.3 Hz, 2H, CH>NH), 3.71 (s, 3H, OCH3), 3.13-3.07 (m, 4H,
piperazine), 3.03 (s, 2H, COCH>), 2.57-2.48 (m, 4H, piperazine), 1.52 (s, 6H, OC(CHs),); *C-
NMR (126 MHz, CDCL) é: 170.2 (CO), 165.1 (7-C), 161.0 (5a-C), 154.3 (Ca), 149.2(9b-C),
133.8 (2C phenyl), 132.5 (3-C), 129.1 (9-C), 123.3 (3a-C), 121.4 (2C phenyl), 120.0 (phenyl),
116.2 (9a-C), 107.8 (8-C), 103.85 (6-C), 76.73 (OC(CHs)2), 61.3 (COCH>), 55.3 (OCHs), 54.32
(CH2NH), 53.4, 49.1 (piperazine), 28.24 ppm (OC(CHs)2); HPLC-MS: [A, 15%—40%], fr: 8.01
min (97%), MS (ES", m/z) 462 [M+H]"; HRMS calcd for CasH3i1NsO3: 461.2426, found:
461.2433. Compound 13b was obtained as a white gummy solid (10.2 mg, 5% yield); 'H-NMR
(500 MHz, CD30D) &: 8.44-8.40 (br s, 1H, NH), 7.51 (d, J = 8.5, 1H, 9-H), 7.44 (s, 1H, 3-H),
7.15 —7.04 (m, 2H, phenyl), 6.82 (dd, J = 7.4, 1.0 Hz, 2H, phenyl), 6.72 (tt, /= 7.4, 1.0 Hz, 1H,
phenyl), 6.47 (dd, J = 8.5, 2.4 Hz, 1H, 8-H), 6.39 (d, /= 2.4 Hz, 1H, 6-H), 5.40 (s, 2H, CH>NH),
3.69 (s, 3H, OCH3), 3.10-3.07 (m, 4H, piperazine), 3.02 (s, 2H, COCH>), 2.55-2.49 (m, 4H,
piperazine), 1.46 ppm (s, 6H, OC(CH3),); *C-NMR (126 MHz, CD;OD) &: 173.7 (CO), 162.7
(7-C), 156.1 (5a-C), 152.7 (phenyl), 144.6 (9b-C), 130.0 (2 phenyl), 126.6 (3-C), 123.9 (9-C),

122.4 (3a-C), 121.1 (2 phenyl), 117.5 (phenyl), 111.5 (9a-C), 108.8 (8-C), 104.2 (6-C), 77.6

26



(OC(CHa)2), 62.1 (COCH2»), 55.8 (OCH3), 55.4 (CH2NH), 54.3, 54.2, 50.5 and 50.4 (piperazine),
29.3 ppm (OC(CHz3)2); HPLC-MS: [A, 15%—40%], tr: 7.71 min (95%), MS (ES", m/z) 462
[M+H]"; HRMS caled for C26H31Ns503: 461.2426, found: 461.2421.
1,4-Dihydro-7-methoxy-1-{2-[4-(2-methoxyphenyl)piperazinyl)acetamidomethyl]}-4,4-

dimethylchromeno[4,3-c]pyrazole (14a) and 2,4-dihydro-7-methoxy-2-{2-[4-(2-
methoxyphenyl)piperazinyl]acetamidomethyl}-4,4-dimethylchromeno[4,3-c]pyrazole (14b).
Compound 14a was obtained as a white gummy solid (3% yield); '"H-NMR (500 MHz, CDCl;)
d: 7.35(d, J= 8.1 Hz, 1H, 9-H), 7.16 (s, 1H, 3-H), 6.71-6.59 (m, 4H, phenyl), 6.42 (dd, J = 8.1,
2.4 Hz, 1H, 8-H), 6.38 (d, J = 2.4 Hz, 1H, 6-H), 5.27 (s, 2H, CH:NH), 3.59 (s, 3H, OCH3), 3.54
(s, 3H, OCHs3), 3.29 (s, 2H, COCH), 3.10-3.03 (m, 4H, piperazine), 2.98-2.86 (m, 4H,
piperazine), 1.69 ppm (s, 6H, OC(CHj3),); *C-NMR (126 MHz, CDCl;) &: 175.0 (CO), 160.4 (7-
C), 155.6 (5a-C), 155.1 (phenyl), 149.5 (phenyl), 147.1 (9b-C), 130.2 (3-C), 127.5 (9-C), 124.9
(3a-C), 118.7, 116.9, 116.3, 113.3 (4 C phenyl), 111.4 (9a-C), 106.8 (8-C), 104.2 (6-C), 75.8
(OC(CH3)2), 61.4 (COCH»), 559 (OCHs;), 55.1 (OCHs), 54.0 (CHoNH), 53.7 and 51.3
(piperazine), 25.9 ppm (OC(CHs)2); HPLC-MS: [A, 15%—40%], tr: 7.35 min (93%), MS (ES",
m/z) 492 [M+H]"; HRMS calcd for C27H33NsO4: 491.2532, found: 491.2528. Compound 14b
was obtained as a yellow oil ( 8% yield); 'TH-NMR (500 MHz, CDCls) &: 7.04 (d, J= 7.5 Hz, 1H,
9-H), 6.91 (s, 1H, 3-H), 6.69-6.51 (m, 5H, 8-H, phenyl), 6.42 (d, J = 2.6 Hz, 1H, 6-H), 5.51 (s,
2H, CH,NH), 3.64 (s, 3H, OCHs), 3.59 (s, 3H, OCH3), 3.16 (s, 2H, COCH2), 2.92-2.89 (m, 4H,
piperazine), 2.76-2.70 (m, 4H, piperazine), 1.54 ppm (s, 6H, OC(CHs3),); '*C-NMR (126 MHz,
CDCl) o: 173.2 (CO), 163.1 (7-C), 156.7 (5a-C), 153.1 (phenyl), 148.1 (phenyl), 144.9 (9b-C),
132.6 (3-C), 126.1 (9-C), 125.6 (3a-C), 120.9, 118.2, 117.5, 114.0 (4 C phenyl), 110.6 (9a-C),

109.4 (8-C), 106.0 (6-C), 75.3 (OC(CHs)), 60.2 (COCH,), 56.8 (OCHs), 56.1 (OCH3), 54.6
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(CH2NH), 52.5 and 50.7 (piperazine), 26.4 ppm (OC(CHsz)2); HPLC-MS: [A, 15%—40%], tr:
7.17 min (95%), MS (ES*, m/z) 492 [M+H]"; HRMS calcd for C27H33Ns504: 491.2532, found:
491.2540.
1-{2-[4-(2,3-Dimethylphenyl)piperazinyl] acetamidomethyl}-1,4-dihydro-7-methoxy-4,4-

dimethylchromeno[4,3-c]pyrazole (15a) and 2-{2-[4-(2,3-
dimethylphenyl)piperazinyl]acetamidomethyl}-2,4-dihydro-7-methoxy-4,4-
dimethylchromeno[4,3-c]pyrazole (15b). Compound 15a was obtained as a yellow oil (2%
yield); 'TH-NMR (500 MHz, CDCls) §: 8.08-8.02 (bt, J = 6.4 Hz, 1H, NH), 7.76 (d, J = 8.1 Hz,
1H, 9-H), 7.50 (s, 1H, 3-H), 6.94 (t, J = 7.5 Hz, 1H, phenyl), 6.85 (d, J = 7.5 Hz, 1H, phenyl),
6.80 (d, J= 7.7 Hz, 1H, phenyl), 6.61 (dd, /= 8.1, 2.6 Hz, 1H, 8-H), 6.48 (d, J = 2.6 Hz, 1H, H-
6), 5.61 (d, J= 6.4 Hz, 2H, CH>NH), 3.84 (s, 3H, OCH3), 3.08 (s, 2H, COCH3), 2.77-2.69 (m,
4H, piperazine), 2.64-2.59 (m, 4H, piperazine), 2.31 (s, 3H, CH3), 2.27 (s, 3H, CH3), 1.48 ppm
(s, 6H, OC(CH3).); '*C-NMR (126 MHz, CDCls) &: 169.8 (CO), 162.4 (7-C), 156.0 (5a-C),
151.3 (phenyl), 144.2 (9b-C), 140.3 (v), 132.5 (3-C), 126.1 (9-C), 125.0 (Ce), 123.9 (phenyl),
123.1 (phenyl), 121.8 (3a-C), 117.2 (phenyl), 109.8 (9a-C), 108.4 (8-C), 104.9 (6-C), 75.7
(OC(CH3)2), 61.3 (COCH3), 56.0 (OCH3), 54.7 (CH2NH), 53.3 and 51.9 (piperazine), 28.8
(OC(CHas)2), 19.7 (CH3), 14.1 ppm (CH3); HPLC-MS: [A, 15%—40%], tr: 9.47 min (92%), MS
(ES*, m/z) 490 [M+H]"; HRMS caled for CasH3sNsOs: 489.2739, found: 489.2746. Compound
15b was obtained as a white solid (4% yield); mp: 199-201 °C; 'H-NMR (500 MHz, CDCl;) &:
8.22-8.17 (br t, J=6.9 Hz, 1H, NH), 7.62 (d, J= 8.5 Hz, 1H, 9-H), 7.42 (s, 1H, 3-H), 7.08 (t, J =
7.7 Hz, 1H, phenyl), 6.91 (d, J= 7.7 Hz, 1H, phenyl), 6.87 (d, J = 7.7 Hz, 1H, phenyl), 6.57 (dd,
J=28.5,2.5Hz 1H, 8-H), 6.51 (d, J = 2.5 Hz, 1H, H-6), 5.54 (d, /= 6.9 Hz, 2H, CH>NH), 3.79

(s, 3H, OCH3), 3.11 (s, 2H, COCH>), 2.87 (t, J = 4.8 Hz, 4H, piperazine), 2.63 (t, J=4.8 Hz, 4H,
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piperazine), 2.25 (s, 3H, CHs), 2.18 (s, 3H, CH3), 1.58 ppm (s, 6H, OC(CH3)2); *C-NMR (126
MHz, CDCL) &: 171.5 (CO), 161.0 (7-C), 154.6 (5a-C), 151.1 (phenyl), 143.5 (9b-C), 138.0
(phenyl), 131.2 (3-C), 125.8 (9-C), 125.2 (phenyl), 124.7 (phenyl), 122.8(phenyl), 121.5 (3a-C),
116.6 (phenyl), 110.4 (9a-C), 108.0 (8-C), 103.0 (6-C), 76.5 (OC(CHs)2), 61.4 (COCH»), 55.3
(OCH3), 54.2 (CH2NH), 53.9 and 52.0 (piperazine), 29.1 (OC(CHz3)2), 20.6 (CH3), 13.8 ppm
(CH3); HPLC-MS: [A, 15%—40%], fr: 9.11 min (95%), MS (ES", m/z) 490 [M+H]"; HRMS
calcd for CsH3sNsOs: 489.2739, found: 489.2750.
1,4-Dihydro-7-methoxy-1-{2-[4-(4-methoxyphenyl)piperazinyl]acetamidomethyl}-4,4-
dimethylchromeno[4,3-c]pyrazole (16). Compound 16 was obtained as a yellow oil (14%
yield); "TH-NMR (500 MHz, CDCls) §: 7.50-7.48 (br t, J= 5.1 Hz, 1H, NH), 6.81-6.76 (m, 4H, 9-
H, 3-H, phenyl), 6.76-6.68 (m, 2H, phenyl), 6.47 (dd, J = 8.5, 2.5 Hz, 1H, 8-H), 6.39 (d, J= 2.5
Hz, 1H, 6-H), 5.39 (d, J=5.1 Hz, 2H, CH>NH), 3.68 (s, 3H, OCH3), 3.63 (s, 3H, OCH3), 3.01 (s,
2H, COCH»), 2.97-2.94 (m, 4H, piperazine), 2.55-2.47 (m, 4H, piperazine), 1.46 ppm (s, 6H,
OC(CHj3),); *C-NMR (126 MHz, CDCls) §: 172.2 (CO), 161.2 (7-C), 154.6 (5a-C), 154.2 (Ca),
145.2 (9b-C), 143.2 (Cq), 125.1 (3-C), 122.4 (9-C), 120.9 (3a-C), 118.7 (2C phenyl), 113.8 (2C
phenyl), 110.0 (9a-C), 107.3 (8-C), 102.7 (6-C), 76.1 (OC(CH3)2), 60.6 (COCH>), 54.4 (OCH3),
54.3 (OCHs), 53.9 (CH2NH), 52.9, 50.4 (piperazine), 27.8 ppm (OC(CHz3)2); HPLC-MS: [A,
15%—40%], tr: 7.35 min (93%), MS (ES", m/z) 492 [M+H]"; HRMS calcd for C»7H33N504:
491.2532, found: 491.2524.
1-(2-Bromoethyl)-1,4-dihydro-7-methoxy-4,4-dimethylchromeno[4,3-c]pyrazole (17a) and
2-(2-bromoethyl)-2,4-dihydro-7-methoxy-4,4-dimethylchromeno[4,3-c]pyrazole (17b). A
solution of 4(0.23 g, 1.0 mmol) in anhydrous THF (8 mL) was added dropwise to a precooled

suspension of sodium hydride (28 mg, 1.2 mmol) in anhydrous THF (1 mL) under nitrogen
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atmosphere. The resulting mixture was stirred for 10 minutes at rt. 1,2-Dibromoethane (0.42 mL,
4.97 mmol) was added and the reaction mixture was refluxed for 4 h. The solvent was removed
under vacuum and the crude was diluted in EtOAc, washed with water and extracted three times
with EtOAc. The combined organic layers were dried over MgSQO4 and the solvent was removed
under vacuum. Column chromatography on silica gel (hexane/EtOAc, 1:1) afforded the two
isomers 17a and 17b. Compound 17a was obtained as a yellow oil (75 mg, 20%); 'H NMR (400
MHz, CDCl) &: 7.34 (d, J = 7.9 Hz, 1H, 9-H), 7.22 (s, 1H, 3-H), 6.50 (dd, J = 7.9, 2.4 Hz, 1H,
8-H), 6.43 (d, /J=2.4 Hz, 1H, 6-H), 4.61 (t, J = 6.6 Hz, 2H, 1’-H), 4.09 (t, J = 6.6 Hz, 2H, 2’-H),
3.92 (s, 3H, OCH3), 1.45 ppm (s, 6H, OC(CHs)2); '*C-NMR (101 MHz, CDCL) §: 161.7 (7-C),
155.3 (5a-C), 144.7 (9b-C), 133.4 (3-C), 123.9 (9-C), 121.9 (3a -C), 108.5 (8-C), 103.4 (6-C),
101.8 (9a-C), 76.7 (OC(CHs)2), 59.3 (OCH3), 55.8 (1'-C), 29.6 (OC(CHa3)2); 28.5 ppm (2'-C);
HPLC-MS: [A, 30—95%], tr: 4.66 min, (94%); MS (ES+, m/z) 337 [M + H]"; HRMS calcd for
Ci5sH17BrN2O2: 336.0473, found: 336.0478. Compound 17b was obtained as a yellow oil (0.19 g,
51%); 'H-NMR (400 MHz, CDCl;) 8: 7.68 (d, J = 8.4 Hz, 1H, 9-H), 7.32 (s, 1H, 3-H), 6.63 (dd,
J=28.4,2.5Hz, 1H, 8-H), 6.58 (d, /= 2.5 Hz, 1H, 6-H), 4.54 (t, J = 6.5 Hz, 2H, 1'-H), 3.86 (s,
3H, OCH3), 3.80 (t, J = 6.5 Hz, 2H, 2'-H), 1.66 ppm (s, 6H, OC(CH3),). *C-NMR (101 MHz,
CDCh) &: 161.1 (7-C), 154.7 (5a-C), 143.8 (9b-C), 124.6 (3-C), 123.2 (9-C), 120.9 (3a -C),
110.9 (8-C), 108.1 (6-C), 103.2 (9a-C), 76.6 (OC(CHs3)2), 55.5 (OCH3), 53.8 (1'-C), 30.7 (2-C),
29.4 ppm (OC(CHs3)2); HPLC-MS: [A, 30—95%], tr: 4.54 min, (96%); MS (ES+, m/z) 337 [M +
H]"; HRMS calcd for C;sH;7BrN2Oz: 336.0473, found: 336.0470.

General procedure for the synthesis of acylpiperazinylethylchromenopyrazoles (18-24). A
mixture of the corresponding acyl piperazine (1 eq) and KoCOs3 (3 eq) was stirred 10 minutes at

room temperature in THF. Then, the corresponding chromenopyrazole 17a or 17b (1 eq)
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dissolved in THF was added. The resulting mixture was refluxed overnight. The solvent was
evaporated, the crude was dissolved in EtOAc, washed with water and extracted three times with
EtOAc. The organic layers were combined and dried over MgSOs, filtered and the solvent was
evaporated under reduced pressure. The residue was purified by flash column chromatography
performed on a Biotage Isolera One. The chromatography eluents and yields are indicated below
for each reaction.
1-{2-]4-(2-Furoyl)piperazinyl]ethyl}-1,4-dihydro-7-methoxy-4,4-dimethylchromeno|[4,3-c]
pyrazole (18a). Flash column chromatography (hexane/EtOAc, 1:1) afforded 18a as a white oil
(25% yield); '"H-NMR (CDCl) &: 7.57 (d, J = 8.5 Hz, 1H, 9-H), 7.33-7.28 (m, 1H, furoyl), 7.11
(s, 1H, 3-H), 6.96-6.92 (m, 1H, furoyl), 6.60 (dd, J = 8.5, 2.5 Hz, 1H, 8-H), 6.53 (d, J = 2.5 Hz,
1H, 6-H), 6.39-6.36 (m, 1H, furoyl), 4.22 (t, J = 6.6 Hz, 2H, 1°-H), 3.78 (s, 3H, OCH3), 3.39-
3.21 (m, 4H, piperazine), 2.83 (t, J = 6.6 Hz, 2H, 2'-H), 2.72-2.64 (m, 4H, piperazine), 1.52 ppm
(s, 6H, OC(CH3).); *C-NMR (101 MHz, CDCls) &: 162.0 (CO), 155.6 (7-C), 153.1 (5a-C),
145.3 (9b-C), 142.6 (furoyl), 141.8 (furoyl), 124.1 (3-C), 123.2 (9-C), 121.3 (3a-C), 117.0, 112.2
(2C furoyl), 109.2 (9a -C), 108.4 (8-C), 103.2 (6-C), 76.1 (OC(CH3)2), 57.5 (OCH3), 55.1 (2°-C),
54.1 and 50.7 (piperazine), 49.5 (1'-C), 28.9 ppm (OC(CHs)2); HPLC-MS: [A, 15%—95%], tr:
2.88 min (94%), MS (ES", m/z) 437 [M+H]"; HRMS calcd for C24H2sN4O4: 436.2110, found:
436.2107.
2-{2-[4-(2-Furoyl)piperazinyl]ethyl}-2,4-dihydro-7-methoxy-4,4-dimethylchromeno|[4,3-
c|pyrazole (18b). Flash column chromatography (EtOAc/MeOH, 98:2) afforded 18b as a pale
yellow oil (24 % yield); "H-NMR (400 MHz, CDCls) &: 7.61 (d, J = 8.4 Hz, 1H, 9-H), 7.48-7.45
(m, 1H, furoyl), 7.18 (s, 1H, 3-H), 7.00-6.94 (m, 1H, furoyl), 6.54 (dd, J = 8.4, 2.5 Hz, 1H, 8-H),

6.50 (d, J = 2.5 Hz, 1H, 6-H), 6.46-6.44 (m, 1H, furoyl), 4.23 (t, J= 6.5 Hz, 2H, 1'-H), 3.76-3.62
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(br s, 7H, OCHs, piperazine), 2.86 (t, J = 6.5 Hz, 2H, 2’-H), 2.70-2.66 (m, 4H, piperazine), 1.58
ppm (s, 6H, OC(CHs3),); 3*C-NMR (101 MHz, CDCl3) &: 160.9 (CO), 159.3 (7-C), 154.5 (5a-C),
148.0 (9b-C), 143.9 (furoyl), 142.9 (furoyl), 124.2 (3-C), 123.1 (9-C), 121.0 (3a-C), 116.7, 111.5
(2C furoyl), 111.2 (9a-C), 108.0 (8-C), 103.2 (6-C), 76.7 (OC(CH3)2), 58.0 (OCH3), 55.5 (2°-C),
53.6 and 51.3 (piperazine), 50.4 (1'-C), 29.5 ppm (OC(CHz)2); HPLC-MS: [A, 15%—95%], tr:
2.91 min (100%), MS (ES", m/z) 437 [M+H]"; HRMS caled for C24H2sN404: 436.2110, found:
436.2121.
1-[2-(4-Benzoyl-piperazinyl)ethyl]-1,4-dihydro-7-methoxy-4,4-dimethylchromeno[4,3-
clpyrazole (19a). Flash column chromatography (hexane/EtOAc, 1:1) yielded 19a as a yellow
gummy solid (30 % yield); '"H-RMN (CDCls) §: 7.55 (d, J = 8.4 Hz, 1H, 9-H), 7.38-7.29 (m, 5H,
phenyl), 7.13 (s, 1H, 3-H), 6.49 (dd, J = 8.4, 2.5 Hz, 1H, 8-H), 6.44 (d, J = 2.5 Hz, 1H, 6-H),
4.41 (t,J=6.7 Hz, 2H, 1'-H), 3.73 (s, 3H, OCH3), 3.41-3.26 (m, 4H, piperazine), 2.81 (t, J = 6.7
Hz, 2H, 2’-H), 2.59-2.37 (m, 4H, piperazine), 1.52 ppm (s, 6H, OC(CHs),); *C-NMR (101
MHz, CDCL) &: 170.3 (CO), 165.1 (7-C), 160.7 (5a-C), 154.3 (9b-C), 130.2 (phenyl), 129.7
(phenyl), 128.5, 127.1 (4C phenyl), 124.4 (3-C), 123.9 (9-C), 122.8 (3a-C), 107.9 (9a -C), 107.6
(8-C), 103.0 (6-C), 76.4 (OC(CHs3)2), 57.8 (OCH3), 55.4 (2°-C), 55.3 and 53.6 (piperazine), 50.1
(1"-C), 29.2. ppm (OC(CHs),); HPLC-MS: [A, 15%—95%], fr: 3.05 min (97%), MS (ES", m/z)
447 [M+H]"; HRMS caled for C26H30N4O3: 446.2317, found: 446.2324.
2-[2-(4-Benzoyl-piperazinyl)ethyl]-2,4-dihydro-7-methoxy-4,4-dimethylchromeno[4,3-

c|pyrazole (19b). Flash column chromatography (EtOAc/MeOH, 95:5) gave 19b as a yellow
solid (81 % yield); mp: 161-162 °C; 'H-NMR (400 MHz, CDCl;) §: 7.62 (d, J = 8.4 Hz, 1H, 9-
H), 7.46-7.32 (m, 5H, phenyl), 7.17 (s, 1H, 3-H), 6.55 (dd, /= 8.4, 2.5 Hz, 1H, 8-H), 6.50 (d, J =

2.5 Hz, 1H, 6-H), 4.23 (t, J = 6.6 Hz, 2H, 1"-H), 3.79 (s, 3H, OCHs), 3.41-3.20 (m, 4H,
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piperazine), 2.87 (t, J = 6.6 Hz, 2H, 2'-H), 2.73-2.60 (m, 4H, piperazine), 1.58 ppm (s, 6H,
OC(CHs),); *C-NMR (101 MHz, CDCl) &: 170.4 (CO), 160.8 (7-C), 154.5 (5a-C), 142.9 (9b-
C), 135.8 (phenyl), 129.9 (phenyl), 128.6, 127.1 (4C phenyl), 124.1 (3-C), 123.0 (9-C), 120.9
(3a-C), 111.1 (9a -C), 107.9 (8-C), 103.1 (6-C), 76.6 (OC(CH3)2), 57.9 (OCH3), 55.4 (2°-C), 53.7
and 50.2 (piperazine), 47.9 (1'-C), 29.4 ppm (OC(CHz3)2); HPLC-MS: [A, 15%—95%], tr: 3.08
min (100%), MS (ES", m/z) 447 [M+H]"; HRMS caled for CasH3oN4Os: 446.2317, found:
446.2311.
1,4-Dihydro-7-methoxy-4,4-dimethyl-1-{2-[4-(2-thenoyl)piperazinyl]ethyl}-chromeno[4,3-
clpyrazole (20a). Flash column chromatography (hexane/EtOAc, 1:9) yielded 20a as a yellow
gummy solid (23 % yield); 'H-NMR (400 MHz, CDCls) §: 7.49 (d, J = 8.8 Hz, 1H, 9-H), 7.44
(dd, J = 5.0, 1.2 Hz, 1H, thenoyl), 7.28 (s, 1H, 3-H), 7.23-7.21 (m, 1H, thenoyl), 7.03 (dd, J =
5.0, 3.6 Hz, 1H, thenoyl), 6.61-6.58 (m, 1H, 8-H), 6.57 (d, J =2.6 Hz, 1H, 6-H), 4.54 (t, J=7.1
Hz, 2H, 1'-H), 3.82 (s, 3H, OCH3), 3.77-3.64 (m, 4H, piperazine), 2.93-2.87 (m, 2H, 2'-H), 2.67-
2.43 (m, 4H, piperazine), 1.58 ppm (s, 6H, OC(CH3),); *C-NMR (101 MHz, CDClL) §: 163.7
(CO), 161.0 (7-C), 154.6 (5a-C), 150.3 (9b-C), 137.1 (thenoyl), 132.8, 129.1, 128.9 (thenoyl),
126.9 (3-C), 122.7 (9-C), 121.4 (3a-C), 109.1 (9a -C), 107.9 (8-C), 104.1 (6-C), 76.4
(OC(CH3)2), 57.4 (OCH3), 55.6 (2°-C), 53.6 and 51.3 (piperazine), 49.5 (1'-C), 28.6 ppm
(OC(CH3)2); HPLC-MS: [A, 15%—95%], tr: 3.22 min (97%), MS (ES', m/z) 453 [M+H];
HRMS calcd for C24H28N403S: 452.1882, found: 452.1891.
2,4-Dihydro-7-methoxy-4,4-dimethyl-2-{2-[4-(2-thenoyl)piperazinyl]ethyl}-chromeno|[4,3-
c]pyrazole (20b). Flash column chromatography (EtOAc/MeOH, 98:2) afforded 20b as a yellow
solid (55 % yield); mp: 163-165 °C; 'H-NMR (400 MHz, CDCl;) &: 7.62 (d, J = 8.4 Hz, 1H, 9-

H), 7.44 (dd, J = 5.0, 1.2 Hz, 1H, thenoyl), 7.25-7.23 (m, 1H, thenoyl), 7.20 (s, 1H, 3-H), 7.03
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(dd, /= 5.0, 3.6 Hz, 1H, thenoyl), 6.55 (dd, J = 8.4, 2.5 Hz, 1H, 8-H), 6.51 (d, /= 2.5 Hz, 1H, 6-
H), 4.27 (t, J= 6.5 Hz, 2H, 1'-H), 3.79 (s, 3H, OCH3), 3.78-3.72 (m, 4H, piperazine), 3.01-2.91
(m, 2H, 2’-H), 2.63-2.43 (m, 4H, piperazine), 1.59 ppm (s, 6H, OC(CH3),); *C-NMR (101 MHz,
CDCl) 6: 163.8 (CO), 161.0 (7-C), 154.6 (5a-C), 143.1 (9b-C), 137.0 (thenoyl), 129.1, 128.9,
and 126.9 (thenoyl), 124.3 (3-C), 123.1 (9-C), 121.0 (3a-C), 111.1 (9a -C), 108.0 (8-C), 103.2 (6-
C), 76.7 (OC(CHs3)2), 57.9 (OCH3), 55.5 (2°-C), 53.5 and 50.2 (piperazine), 46.1 (1'-C), 29.5
ppm (OC(CH3):); HPLC-MS: [A, 15%—95%], tr: 3.03 min (100%), MS (ES", m/z) 453
[M+H]"; HRMS caled for C24H2sN4O3S: 452.1882, found: 452.1889.
2,4-Dihydro-7-methoxy-4,4-dimethyl-2-[2-(4-phenoxyacetylpiperazinyl)ethyl]-
chromeno(4,3-c]pyrazole (21). Flash column chromatography (EtOAc/MeOH, 95:5) afforded
21 as an orange solid (38 % yield); mp: 177-179 °C; 'TH-NMR (500 MHz, CDsOD) §: 7.56 (d, J
= 8.5 Hz, 1H, 9-H), 7.52 (s, 1H, 3-H), 7.31-7.21 (m, 2H, phenoxy), 7.00-6.90 (m, 3H, phenoxy),
6.56 (dd, J = 8.5, 2.5 Hz, 1H, 8-H), 6.48 (d, J= 2.5 Hz, 1H, 6-H), 4.76 (s, 2H, OCH>), 4.26 (t, J
= 6.4 Hz, 2H, 1'-H), 3.77 (s, 3H, OCH3), 3.63-3.50 (m, 4H, piperazine), 2.84 (t, J = 6.4 Hz, 2H,
2'-H), 2.56-2.46 (m, 4H, piperazine), 1.56 ppm (s, 6H, OC(CHs),); *C-NMR (126 MHz,
CD;30OD) &: 167.4 (CO), 161.1 (7-C), 158.0 (phenoxy), 154.5 (5a-C), 142.5 (9b-C), 129.1 (2C
phenoxy), 125.4 (3-C), 122.3 (9-C), 121.1 (phenoxy), 120.5 (9-C), 114.3 (2C phenoxy), 110.4
(9a-C), 107.2 (8-C), 102.8 (6-C), 76.2 (OC(CHj3)2), 66.1 (OCH>), 57.2 (OCHs), 54.3 (2°-C), 52.8
and 52.3 (piperazine), 49.1 (1'-C), 44.7 and 43.7 (piperazine), 28.0 ppm (OC(CHs3)2); HPLC-MS:
[A, 15%—95%], tr: 3.24 min (100%), MS (ES', m/z) 477 [M+H]"; HRMS calcd for
C27H30N404: 476.2423, found: 476.2427.
2,4-Dihydro-7-methoxy-4,4-dimethyl-2-{2-[4-(2-tetrahydrofuroyl)piperazinyl]ethyl} -

chromeno|4,3-c]pyrazole (22). Flash column chromatography (EtOAc/MeOH, 98:2) furnished
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22 as a yellow solid (36 % yield); mp: 158-160 °C; 'H-NMR (500 MHz, CD;OD) §: 7.46 (d, J =
8.5 Hz, 1H, 9-H), 7.43 (s, 1H, 3-H), 6.46 (dd, J = 8.5, 2.5 Hz, 1H, 8-H), 6.38 (d, /= 2.5 Hz, 1H,
6-H), 4.67- 4.54 (m, 1H, tetrahydrofuroyl), 4.17 (t, J = 6.5 Hz, 2H, 1'-H), 3.83-3.81 (m, 1H,
tetrahydrofuroyl), 3.76-3.70 (m, 1H, tetrahydrofuroyl), 3.68 (s, 3H, OCH3), 3.55-3.39 (m, 4H,
piperazine), 2.76 (t, J = 6.5 Hz, 2H, 2’-H), 2.46-2.33 (m, 4H, piperazine), 2.12-1.99 (m, 1H,
tetrahydrofuroyl), 1.95-1.86 (m, 1H, tetrahydrofuroyl), 1.85-1.75 (m, 2H, tetrahydrofuroyl), 1.47
ppm (s, 6H, OC(CH;),); 3C-NMR (126 MHz, CD;0D) &: 171.3 (CO), 161.1 (7-C), 154.5 (5a-
0), 142.5 (9b-C), 125.4 (3-C), 122.3 (9-C), 120.5 (3a-C), 110.4 (9a-C), 107.2 (8-C), 102.8 (6-C),
76.2 (tetrahydrofuroyl), 75.2 (OC(CHs)2), 68.7 (tetrahydrofuroyl), 57.2 (OCH3), 54.3 (2°-C),
52.9, 52.3 (piperazine), 47.5 (1'-C), 44.9 and 43.7 (piperazine), 28.8 (tetrahydrofuroyl), 28.0
(OC(CHa)2), 25.1 ppm (tetrahydrofuroyl); HPLC-MS: [A, 15%—95%], tr: 2.98 min (95%), MS
(ES™, m/z) 441 [M+H]"; HRMS caled for C24H3:N404: 440.2423, found: 440.2436.
2-[2-(4-Cyclohexylcarbonylpiperazinyl)ethyl]-2,4-dihydro-7-methoxy-4,4-

dimethylchromeno[4,3-c]pyrazole (23). Flash column chromatography (EtOAc/MeOH, 95:5)
yielded 23 as a yellow solid (62 % yield); mp: 151-152 °C; 'H-NMR (400 MHz, CDCl;) : 7.63
(d, /= 8.5 Hz, 1H, 9-H), 7.18 (s, 1H, 3-H), 6.56 (dd, J = 8.5, 2.5 Hz, 1H, 8-H), 6.51 (d, J=2.4
Hz, 1H, 6-H), 4.23 (t, J = 6.6 Hz, 2H, cyclohexyl), 3.79 (s, 3H, OCH3), 3.66-3.39 (m, 4H,
piperazine), 2.85 (t, J = 6.6 Hz, 2H, 2’-H), 2.54-2.35 (m, 4H, piperazine), 1.82-1.75 (m, 1H,
cyclohexyl), 1.73-1.61 (m, 4H, cyclohexyl), 1.59 (s, 6H, OC(CHs)2), 1.57-1.42 ppm (m, 6H,
cyclohexyl); *C-NMR (101 MHz, CDCl;) §: 174.8 (CO), 160.9 (7-C), 154.6 (5a-C), 143.0 (9b-
0), 1242 (3-C), 123.1 (9-C), 121.0 (3a-C), 111.2 (9a-C), 108.0 (8-C), 103.2 (6-C), 76.7
(OC(CH3)2), 58.0 (OCHs), 55.5 (2°-C), 53.2 and 50.3 (piperazine), 45.6 (1'-C), 41.7

(cyclohexyl), 30.6 (cyclohexyl), 29.6 (OC(CHs)2), 26.1 ppm (cyclohexyl); HPLC-MS: [A,
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15%—95%], tr: 3.19 min (100%), MS (ES*, m/z) 453 [M+H]"; HRMS caled for C26H36N4Os:
452.2787, found: 452.2773.
2,4-Dihydro-7-methoxy-4,4-dimethyl-2-[2-(4-pivaloylpiperazinyl)ethyl]-chromeno|[4,3-

c]pyrazole (24). Flash column chromatography (EtOAc/MeOH, 95:5) gave 3.19 as a yellow
gummy solid (32 % yield); "TH-NMR (400 MHz, CDCls) §: 7.62 (d, J = 8.4 Hz, 1H, 9-H), 7.18 (s,
1H, 3-H), 6.55 (dd, J = 8.4, 2.5 Hz, 1H, 8-H), 6.51 (d, /= 2.5 Hz, 1H, 6-H), 4.23 (t, /= 6.6 Hz,
2H, 1’-H), 3.79 (s, 3H, OCH3), 3.63 (t, J = 5.0 Hz, 4H, piperazine), 2.84 (t, J/ = 6.6 Hz, 2H, 2’-
H), 2.46 (t, J = 5.0 Hz, 4H, piperazine), 1.59 (s, 6H, OC(CH3)2), 1.26 (s, 9H, C(CH3)3); *C-
NMR (101 MHz, CDCl) §: 176.5 (CO), 160.9 (7-C), 154.6 (5a-C), 142.9 (9b-C), 124.2 (3-C),
123.1 (9-C), 121.0 (3a-C), 111.2 (9a -C), 108.0 (8-C), 103.2 (6-C), 76.7 (OC(CHs)2), 58.0
(OCHa), 55.5 (2°-C), 53.6, 50.2 (piperazine), 45.3 (1'-C), 38.8 (C(CH3)3), 29.5 (OC(CH3)2), 28.6
ppm (C(CHs)3); HPLC-MS: [A, 15%—95%], tr: 2.99 min (99%), MS (ES", m/z) 427 [M+H]";
HRMS calced for C24H34N403: 426.2630, found: 426.2618.

In silico ADME calculations. A set of 34 physico-chemical descriptors was computed using
QikProp version 3.5 integrated in Maestro (Schrodinger, LLC, New York, USA). The QikProp
descriptors are shown in table 3. The 3D conformations used in the calculation of QikProp
descriptors were generated using the program Spartan ‘08 (Wave function, Inc., Irvine CA) as
follows: the structure of each molecule was built from the fragment library available in the
program. Then, ab initio energy minimizations of each structure at the Hartree-Fock 6-31G*
level were performed. A conformational search was next implemented using Molecular
Mechanics (Monte Carlo method) followed by a minimization of the energy of each conformer
calculated at the Hartree-Fock 6-31G* level. The global minimum energy conformer of each

compound was used as input for ADME studies with QikProp.
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Pharmacological assays.

xCELLigence assays. Normal HEK293 and hGPR55-HEK293% cells were maintained at 37
°C with 5% CO; in a-MEM supplemented with 10% FBS, 100 IU/mL Penicillin, 100ug/mL
Streptomycin and 2 mM Glutamine. The xCELLigence RTCA instrument (ACEA Biosciences;
San Diego, CA) is housed within the incubator at all times allowing all experiments to be
performed at 37 °C with 5% CO,. E-plates (ACEA Biosciences; San Diego, CA) with
microelectrodes integrated into the bottom of the wells allowed measurement of impedance at
the electrode-cell interface. In preparation for the experiment, cells were grown to 80%
confluence in flasks, harvested by trypsinisation and then seeded into 96 well E-plates at a
density of 5x10* cells per well in duplicate. Before the addition of cells to the plate, a
background reading was obtained by adding 100 pl of serum free media to each well in order to
adjust for any discrepancies between wells (wells with a cell index reading above or below 0.01
were not used for experiments). Cellular impedance was measured every 30 minutes overnight in
order to monitor cell attachment and subsequent proliferation. The following day the cells were
switched to serum free media (100 ul a-MEM without FBS) for 5 hours, the time taken for
cellular impedance to re-stabilize in normal HEK293 and GPR55-HEK293 cells. L-a-
lysophosphatidylinositol (LPI) derived from soybean was purchased from Avanti Polar Lipids.
All ligands were prepared in serum free media with a final concentration of DMSO at 0.1%
(agonist studies) or 0.2% (antagonist studies). Compounds were tested at concentrations from 1
nM to 10 puM. The experiment is started immediately after the addition of test compounds to the
wells (10 pl per well). To ensure consistency within the analysis, all experiments were
normalized to the point directly before the addition of test compounds. Once normalized, the

minimum cell index (dose dependent decrease found to be 5 minutes for all the compounds) was
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obtained and converted to a percentage decrease in cellular impedance. Dose response curves
were generated using GraphPad PRISM software in order to calculate ECso and Emax values. Full
concentration—response curves for LPI in presence and absence of the compounds were
determined by coadministration of the test compounds at 1 puM (or vehicle) and different
concentrations of the standard agonist.

Cannabinoid receptor binding analysis. Membranes purified from cells transfected with
human CB; or CB; receptors (RBHCB1M400UA and RBXCB2M400UA) were supplied by
Perkin-Elmer Life and Analytical Sciences (Boston, MA). The protein concentration was 8
pg/well for the CB; receptor membranes and 4 pug/well for the CB» receptor. The binding buffer
was 50 mM TrisCl, 5 mM MgCl,, 2.5 mM EDTA, 0.5 mg/mL BSA (pH = 7.4) for CB1, and 50
mM TrisCl, 5 mM MgCl,, 2.5 mM EGTA, 1 mg/mL BSA (pH = 7.5) for CB,. The radioligand
was [*H]-CP55940 (PerkinElmer) used at a concentration of membrane Kp x 0.8 nM, and the
final incubation volume was 200 pL for CB; and 600 puL for CB,. 96-Well plates and the tubes
necessary for the experiment were previously siliconized with Sigmacote (Sigma). Membranes
were resuspended in the corresponding buffer and were incubated (90 min at 30 °C) with the
radioligand and the different compounds at a high concentration (40 uM) with the purpose to
determine the % of radioligand displacement. Only in those cases in which radioligand
displacement at these conditions were greater than 70%, a complete competition curve with
different compound concentrations (10#-10"'' M) was carried out to obtain the K; values. Non-
specific binding was determined with 10 pM WIN55212-2 and total radioligand binding by
incubation with the membranes in absence of any compound. Filtration was performed by a
Harvester® filtermate (Perkin-Elmer) with Filtermat A GF/C filters pretreated with

polyethylenimine 0.05%. After filtering, the filter was washed nine times with binding buffer,
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dried and a melt-on scintillation sheet (Meltilex A, Perkin Elmer) was melted onto it. Then,
radioactivity was quantified by a liquid scintillation spectrophotometer (Wallac MicroBeta
Trilux, Perkin-Elmer). Competition binding data were analyzed by using GraphPad Prism
program and K; values are expressed as mean = SEM of at least three experiments performed in
triplicate for each point.

[*°S]-GTPyS Binding analysis. [*°S]-GTPyS binding analysis of compound 24 was performed
using CB2R-containing membranes (HTS020M2, Eurofins Discovery Services). For this
purpose, membranes (5 pg/well) were permeabilized by addition of saponin (Sigma-Aldrich),
then mixed with 0.3 nM [*S]-GTPyS (Perkin-Elmer) and 10 pM GDP (Sigma-Aldrich) in 20
mM HEPES (Sigma-Aldrich) buffer containing 100 mM NaCl (Merck) and 10 mM MgCI2
(Merck), at pH 7.4. 30 nM CP55,940 (Sigma-Aldrich) and increasing concentrations of
compound 24 (from 10! to 10* M) were added in a final volume of 100 ul and incubated for 30
min at 30 °C. The non-specific signal was measured with 10 uM GTPyS (Sigma-Aldrich). All
96-well plates and the tubes necessary for the experiment were previously silanized with
Sigmacote (Sigma-Aldrich). The reaction was terminated by rapid vacuum filtration with a
filtermate Harvester apparatus (Perkin-Elmer) through Filtermat A GF/C filters. The filters were
rinsed nine times with washing buffer (10 mM sodium phosphate, pH 7.4), and left to dry, and
melt-on scintillation pads (Meltilex A, Perkin Elmer) were melted onto them. The bound
radioactivity was quantified by liquid scintillation spectrophotometer (Wallac MicroBeta Trilux,
PerkinElmer). Data were analyzed by nonlinear regression analysis of sigmoidal dose- response
curves using GraphPad Prism 5.02 (GraphPad, San Diego, CA). ECso and Emax values are

expressed as mean + SEM of at least three independent experiments performed in triplicate.
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