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a7 nicotinic acetylcholine receptor agonists are promising therapeutic candidates for the treatment of
cognitive impairment. As a follow up of our internal medicinal chemistry program we investigated a
novel series of a7 nAChR agonists. Starting from molecular docking studies on two series of molecules
recently developed in our laboratories, an alternative scaffold was designed attempting to combine the
optimal features of these previously identified urea and pyrazole compounds. Based on our previous SAR
knowledge and on predicted drug-like properties, a small library was synthesized in parallel manner,
affording compounds with excellent a7 nAChR activity, selectivity and preliminary ADME profile.

� 2014 Elsevier Masson SAS. All rights reserved.
1. Introduction

Neuronal nicotinic acetylcholine receptors (nAChRs) are a family
of ligand gated ion channels that are distributed both in the central
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served.
and peripheral nervous system and are permeable to cations such
as Naþ, Kþ and Ca2þ [1e3]. These receptors play an important role
in different physiological processes and alterations in their number
and/or function are associated with several pathologies. The
homomeric a7 nAChR is one of the most abundant nicotinic re-
ceptors in the human brain and is highly expressed in the cerebral
cortex and the hippocampus, regions that are associated with
memory and learning [4]. The involvement of a7 nAChR in pa-
thologies such as Alzheimer’s disease (AD) and schizophrenia has
been supported by different research studies [5,6]. For example,
expression of a7 nAChR was found to be reduced in the brain tis-
sues of both AD and schizophrenia patients [7]. Prototypical a7
receptor agonists have demonstrated to improve cognition in ani-
mal models and normalize sensory gating deficits, which are
believed to contribute to the cognitive fragmentation in schizo-
phrenia [8,9]. In accordance to this hypothesis, the prototypical
nAChR agonist nicotine, as well as more selective a7 agonists
recently described, have been shown to improve cognitive perfor-
mance in both animal models and human clinical trials [10,11]. In
the past decade, there has been a continuous effort to develop new
a7 nAChR agonists with better properties, focusing mainly on two
different types of compounds: full agonists and partial agonists
[12]. Although it may be speculated that the level of agonist efficacy
and/or potency plays a role in driving certain physiological and
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Table 1
Activity and selectivity profile of most advanced compounds of urea and pyrazole
series.

Compound Activity
EC50 (mM)

Selectivity IC50
(mM)

a7 a1 a3 5HT3

1

N

F

N
H

N N
H

O
0.07 15.1 7.3 >30

2

NN
H

N

F

N N
H

O

0.90 >30 >30 >30
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cognitive functions, studies with very weak partial agonists, partial
agonists and full agonists show that in vivo efficacy can be realized
by ligands belonging to these profiles [13]. In addition, either full or
partial agonists entered the clinical trials and in most cases no
adverse effects ascribed to the a7 agonism on peripheral tissues
were reported [12]. An alternative approach to target a7 nAChR is
the use of positive allosteric modulators (PAMs), which enhance the
effect elicited by the endogenous ligand without directly activating
or desensitizing the target receptor [14].

Our research group focused on the identification of a7 nAChR
full agonists and we formerly disclosed important series of com-
pounds [15e17], characterized by the presence of a terminal basic
amine, a linear spacer, a linker (urea or amide) and an aromatic
region (Fig. 1).

The most advanced molecules of these series are depicted in
Table 1: SEN34625/WYE-103914 (1) has overall good properties
and excellent pharmacokinetic profile but maintains an antagonist
effect on a3 (7.3 mM) and a1 (15.1 mM) containing nicotinic re-
ceptors, a common issue of all the urea series. On the other hand
the most representative compound of the pyrazole series,
SEN78702/WYE-308775 (2) shows complete selectivity against the
three homologous receptors and good pharmacokinetic properties
but has lower potency at the a7 receptor.

A homology model for the human a7 receptor has been previ-
ously described [16] which has been able to predict the binding
mode for our series of analogues consistently with their SAR. In
particular, docking studies identified the basic centre as an
anchoring point engaged in a hydrogen bond with the backbone
carbonyl of W143; the urea linker and the amide-pyrazole moiety
in the two previously reported series respectively provide a double
H-bonding system to Y185; this part of the molecule also stacks
over Y89. The alkyl chain acts as spacer between these two phar-
macophoric features and demonstrated to play a significant role in
modulating receptor activity.

In the present paper we describe our efforts in the identification
of a newback-up series, designed to combine the best features of the
urea series (potency on a7 nAChR) and the pyrazole series (selec-
tivity on a1 and a3 containing nicotinic and 5HT3 receptors). To
achieve this goal we focused our work on the rational design of new
series of compounds, mainly modifying the linear spacer, a portion
of themolecule thatwas scarcely explored in our previous activities.

2. Chemistry

The compounds required for SAR exploration were prepared
following four different synthetic routes. Route A was followed to
Fig. 1. General structure of most advanced series of a7 nAChR agonists.
prepare compounds with a linear carbon chain, as we previously
described [15]; it consists of four synthetic steps (Scheme 1):
alkylation of 4-bromo-butylphthalimide (3) with piperidine, to give
intermediate 4, which was then deprotected in the presence of
hydrazine to yield compound 5. Reaction of amine 5 with 4-
bromophenylisocyanate afforded urea 6, which underwent
SuzukieMiyaura coupling with the desired boronic acid to obtain
the final compounds 7.

Route B was used for compounds with a cyclic carbon chain and
is reported in Scheme 2.

Key intermediates of this synthetic approachwere amines 14aed.
Amine 14a was commercially available. Amines 14b and 14c were
prepared in three steps: N-boc-isonipecotic acid (8a) or N-boc-
nipecotic acid (8b) were coupled to piperidine (in the presence of
TBTU as coupling agent) obtaining the corresponding amides 9a and
9b, which were deprotected with 6 N hydrochloric acid at room
temperature andfinally reducedwith LiAlH4 affording intermediates
14b and 14c. Amine 14d was prepared in three steps: commercially
available 4-(2-hydroxy-ethyl)-piperidine-1-carboxylic acid tert-
butyl ester (11) was activated with tosyl chloride and 4-N,N-dime-
thylaminopyridine (DMAP) giving the corresponding tosylate 12
which underwent a nucleophilic substitution with piperidine to
afford intermediate 13, which was then deprotected, with 6 N hy-
drochloric acid at room temperature to yield amine 14d. Amines
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Scheme 1. Route A, reagents and conditions: (i) piperidine, butanol, 110 �C; (ii) hy-
drazine monohydrate, EtOH, 70 �C, 2 h; (iii) 4-bromophenylisocyanate, DCM; (iv) 3-
acetamidophenyl boronic acid, Pd(PPh3)4, Na2CO3, ACN/H2O.
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Scheme 2. Route B, reagents and conditions: (i) TBTU, piperidine; (ii) HCl 6 N, 0 �C to r.t.; (iii) LiAlH4, THF, reflux; (iv) Tosyl chloride, DMAP, DCM; (v) piperidine, acetonitrile, reflux;
(vi) 4-bromo-phenyl isocyanate, DCM, r.t.; (vii) ArB(OH)2, P(o-tolyl)3, Pd/C(10%), Na2CO3 dimethoxyethane/H2O, microwave irradiation 90 �C.
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14aed were reacted with 4-bromophenylisocyanate to give the
corresponding ureas (15aed), and finally coupled to the selected
boronic acid in a SuzukieMiyaura reaction, affording the final com-
pounds (16aed). During this step we observed that using previously
reported coupling conditions [15] the urea moiety of starting mate-
rials (15aed) and of final compounds (16aed) was quite prone to
hydrolysis (Scheme 3), generating variable amounts of 4-
bromoaniline (16e), biphenylaniline (16f) and the corresponding
secondary amines (14aed), with consequent difficulties during the
purification and low final yields. After a careful screening of several
solvent mixtures, bases and phosphines, we identified the optimal
condition to have complete conversion and avoid hydrolysis: 1,2-
dimethoxyetane/water (9:1) as solvent, 2 equivalents Na2CO3 as
base and tri-o-tolylphosphine as palladium ligand.

Route C was used to prepare pyrazole derivatives with linear
carbon chain and is illustrated in Scheme 4. As previously described
[16,17], nucleophilic substitution on u-bromoalkanoic esters (17a
and 17b) with piperidine or pyrrolidine afforded aminoesters 18ae
c, which were then hydrolyzed in the presence of NaOH to the
corresponding acids 19aec. Finally, coupling of 19aec with the
Scheme 3. Byproducts
desired 3-amino-5-aryl pyrazoles (20aed) afforded compounds
21aeh. Amide reduction of compounds 21a and 21bwith LiAlH4 in
THF at reflux, gave compounds 22a and 22b.

Route Dwas followed for pyrazole derivatives with cyclic carbon
chain and is depicted in Scheme 5. Selective ring N-protection [18]
of aminopyrazoles 20aed gave the corresponding tert-butylcarba-
mates (23aed); following a reported literature procedure [19],
compounds 23aed were converted in the corresponding iso-
propenyl carbamates 24aed. Intermediates 24aed were reacted in
parallel with commercially available amines 25aed, obtaining the
corresponding unsymmetrical ureas 26aep with complete N-pyr-
azole deprotection in a single step; compounds 27aed derive from
nucleophilic attack of the secondary amines 25aed on the pyrazole
tert-buyl carbamate and could be easily removed from the desired
products using chromatographic methods.

3-Amino-5-aryl pyrazole 20a was found to be commercially
available, while 20bed were synthesized according to literature
procedures [20e22], as depicted in Scheme 6. Acid 28bed were
converted to the corresponding methyl esters (29bed), refluxing in
methanol in the presence of a catalytic amount of sulfuric acid;
of Suzuki coupling.
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esters 29bedwere reacted with in situ generated acetonitrile anion
to give b-ketonitriles 30bed, which underwent nucleophilic attack
of hydrazine, affording aminopyrazoles 20bed.
3. NMR experiments

For most of the compounds bearing a pyrazole system (amides
21aeh, amines 22aeb and ureas 26aep), 13C NMR spectra were not
NH2

N N
H

Ar

Ar

O

O Ar

O
N

Ar

O

OH

20b-d

i ii iii

28b-d 29b-d 30b-d

Scheme 6. Synthesis of 3-amino-5-aryl pyrazole e Reagents and conditions: (i) H2SO4,
MeOH reflux; (ii) ACN, BuLi, toluene �78 �C to rt; (iii) Hydrazine monohydrate, ethanol
reflux.
completely resolved using DMSO-d6 as solvent and running the
experiments at room temperature. The 13C signals of the amino-
pyrazole core tend to be very broad [23] due to the tautomeric
equilibrium exchange that is slow on the NMR timescale (Fig. 2). To
improve the signal to noise ratio of these specific signals the po-
larity of the NMR solvent was changed (fromDMSO-d6 to CD3OD or
adding formic acid to free bases DMSO solutions). In case of poor
solubility, the experimental temperature (VT) was raised up to
80 �C to enhance the exchange rate between the two tautomeric
forms. See experimental section and Supplementary Data for more
details.

4. Pharmacology

The activity and selectivity profile of synthesized compounds 7,
16aed, 21aeh, 22aeb and 26aep were measured in a calcium flux
assay using a fluorescence imaging plate reader [24]. Activity at rat
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a7-nAChRs was determined using a stable recombinant GH4C1 cell
line transfected with pCEP4/rat a7 nAChR as previously described
[24]. To verify whether the changes in Caþ2 levels were specifically
due to nAChR opening, we developed a counter screen on GH4C1
wild type cells. Compounds with Emax >70% of nicotine were
considered to be full agonists. Reported EC50/IC50 values were ob-
tained from triplicate data points. Nicotine under the same condi-
tions had EC50 ¼ 1.34mM � 0.002, Emax ¼ 102% � 1.3 (n ¼ 62),
Acetylcholine EC50 ¼ 3.12mM � 0.13, Emax ¼ 110% � 4.1 (n ¼ 6),
PHA568,487 EC50 ¼ 0.037mM � 0.002, Emax ¼ 94% � 4.5 (n ¼ 2).
Even if literature reports human and rat a7-nAChRs to be not
Table 2
Activity, Selectivity (EC50 for Agonist Behavior, IC50 for Antagonist Behavior), Solubility, Per
compared to original urea series.

N
H

O
N Spacer

Compd Spacer Activitya EC50 mM (Emax) S
a7 a1

7 N
H

* *
0.07 (133) >30

16a * N * 1.85 (106) >30

16b N *
*

2.26 (124) >30

16c
N *

*
>30 NT

16d N
*

* 0.50 (128) >30

a Reported EC50/IC50 values were determined from triplicate data points; Emax is expr
b Solubilities were determined at pH 7.4 at pseudothermodynamic equilibrium.
c Permeability is based onmeasuring the permeation rate of the test article through an

(2% w/v).
d Metabolic stability was determined as percentage remaining after incubation for 1 h
pharmacologically identical [25], we have observed comparable
EC50 values for these two different species when testing com-
pounds belonging to the originating series [16,17]. For selectivity
assessment against the 5HT3 receptor, HEK293 cell lines stably
expressing human 5-HT3A receptors were used; while for a1 and
a3 containing receptors TE671 rhabdomyosarcoma cells and neu-
roblastoma SH-SY5Y cells were respectively used [24]. Preliminary
ADME profile consisted of the measurement of solubility (deter-
mined at pH 7.4 at pseudothermodynamic equilibrium), perme-
ability (permeation rate of the test article through an artificial
membrane) and metabolic stability (determined as percentage
remaining after incubation for 1 h with recombinant hCYP3A4). All
these data are reported in Tables 1e4. See Experimental Section for
further details on all assays.

5. Results and discussion

The first attempt of designing a back-up series consisted of the
replacement of the linear spacer of urea series with a cycle, in order
to reduce the number of rotatable bonds and remove one hydrogen
bond donor (HBD), to improve the drug likeness of the compounds
[26,27] and observe the potential effect on the activity and selec-
tivity profiles. We designed a small set of compounds (series A)
whose activity and selectivity data are reported in Table 2 (while an
overview of calculated properties including MW, clogP, TPSA,
number of rotatable bond, number of HBD and logBB are reported
in Table S1 of supplementary data). We started from compound 7, a
very potent analogue of 1, which suffered from poor selectivity
against the a-3 containing nicotinic receptor and low passive
permeability. We replaced the linear carbon chain of 7 with
piperidine (16a), 4-methyl-piperidine (16b), 3-methyl-piperidine
(16c) and 4- ethyl-piperidine (16d). All these modifications caused
a decrease of activity on a-7 receptor: 16a and 16b had more than
20 fold loss of activity, compound 16c was completely inactive and
meability (Perm Class), Metabolic Stability (Stability Class), of compounds of Series A

NH

O

electivitya IC50 (mM) Solb (mM) Permc Met stabd

a3 5HT3

1.16 >30 142 Low 91

>30 >30 202 Low 92

>30 >30 162 High 95

NT NT 250 High 100

>30 >30 250 High 90

essed as percentage of nicotine 10 mM signal. NT means not tested.

artificial membrane. The assay uses a mixture of porcine pig brain lipids in dodecane

with recombinant hCYP3A4.



Table 3
Activity, Selectivity (EC50 for Agonist Behavior, IC50 for Antagonist Behavior), Solubility, Permeability (Perm Class), Metabolic Stability (Stability Class), for compounds of Series
B.

Compd Amine Spacer Ar Activitya Selectivitya IC50 (mM) Solb (mM) Permc Met Stabd

EC50 mM (Emax) a7 a1 a3 5HT3

21a N
* O

* *

*

O
0.43 (106) >30 3.30 >30 219 High 100

22a N
*

* *
*

O
2.80 (73) 27.7 7.97 >30 198 High 100

21b N
*

*
O

*

*

O
0.42 (121) >30 16.8 >30 174 High 100

22b N
*

*
*

*

O
0.45 (104) 26.8 1.7 >30 206 High 100

21c N
*

*
O

*

*

OF

F 0.12 (105) >30 >30 15.0 142 High 100

21d N
*

*
O

*

*

OF

F 0.22 (114) 24.7 12.1 10.9 133 High 100

21e N
*

*
O

*

* Cl
0.07 (118) 16.9 14.2 12.1 113 High 54

21f N
*

*
O

*

* Cl
0.15 (103) 4.30 3.36 13.5 125 High 41

21g N
*

*
O

*

*

Cl
0.15 (129) 10.9 4.16 >30 113 High 83

21h N
*

*
O

*

*

Cl
0.28 (90) 7.05 3.20 11.6 105 High 56

a Reported EC50/IC50 values were determined from triplicate data points; Emax is expressed as percentage of nicotine 10 mM signal.
b Solubilities were determined at pH 7.4 at pseudothermodynamic equilibrium.
c Permeability is based on measuring the permeation rate of the test article through an artificial membrane. The assay uses a mixture of porcine pig brain lipids in dodecane

(2% w/v).
d Metabolic stability was determined as percentage remaining after incubation for 1 h with recombinant hCYP3A4.
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only 16d had an EC50 value below 1 mM. From a docking perspec-
tive, these molecules suffer from the loss of one of the two
hydrogen-bonding NH groups characterizing the urea or amide-
pyrazole series, while the remaining one is made less accessible
by the neighboring piperidine ring. Few docking poses show an
alternative conformation where the amidic carbonyl group func-
tions as a hydrogen bond acceptor for Y185. It appears that in all
these compounds the double hydrogen-bonding interaction typi-
cally engaged by the urea or amide-pyrazole moieties is disrupted
causing a general drop in activity. In the case of compound 16c, the
3-piperidine ring forces the molecule into a different overall shape
so that it cannot engage in the usual pharmacophoric interactions
anymore. On the other hand, the selectivity profile was really
encouraging as the activity on a3 containing nicotinic receptor was
abolished and selectivity against a1 containing nicotinic and 5HT3
receptors was maintained. A preliminary ADME evaluation
confirmed good properties for all the compounds. HBD removal
from original urea 7, generally increased passive permeability (with
the only exception of 16a) while good solubility and metabolic
stability values were confirmed for all the analogues 16aed. In light
of this quick SAR explorationwe deduced that a cyclic spacer would
be a good structural modification to improve selectivity of our
molecules and modulate a7 activity. In the mean time we also tried
to modify the original pyrazole series in order to obtain more
potent compounds. Also in this case we started to work on the
linear spacer (Table 3), by removing from representative
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compounds 21a and 21b the carbonyl group, which is involved in
the delocalization of the pi-system over the amide moiety and
predicted by docking studies to contribute to the stacking inter-
action over Y89. Confirming this hypothesis, we observed that
compound 22awas 6 times less active then the analogue 21a on a7,
while 22b maintained the same activity of 21b but lost selectivity
against the a3 containing nicotinic receptor. Another strategy to
Table 4
Activity, Selectivity (EC50 for Agonist Behavior, IC50 for Antagonist Behavior), Solubility
Series C.

Amine Spacer

Compd Amine Spacer Ar Activitya EC50 mM
a7

26a N
*

N *
* *

O
0.69 (93)

26b N
*

N *
*

*

OF

F 0.27 (96)

26c N
*

N *
*

* Cl
0.23 (88)

26d N
*

N *
*

*

Cl
0.57 (77)

26e N
*

N *
* *

O
0.48 (75)

26f N
*

N *
*

*

OF

F 0.30 (81)

26g N
*

N *
*

* Cl
0.35 (88)

26h N
*

N *
*

*

Cl
0.30 (73)

26i N
*

N **
*

O
1.32 (97)

26j N
*

N **
*

OF

F 0.92 (90)

26k N
*

N **
* Cl

0.38 (76)

26l N
*

N **
*

Cl
0.22 (81)

26m N
*

N **
*

O
1.01 (71)
improve activity of Series B was the exploration of different basic
amines and aromatic groups. Representative examples are reported
in Table 3 (while an overview of calculated properties is reported in
Table S2 of supplementary data). As we previously observed, with
no exceptions, pyrrolidine derivatives showed lower EC50 values
than piperidine bearing compounds in terms of activity on a7 and
better selectivity profile against the three related receptors (for
, Permeability (Perm Class), Metabolic Stability (Stability Class), for compounds of

O

N
H NN

H

Ar

(Emax) Selectivitya IC50 (mM) Solb (mM) Permc Met Stabd

a1 a3 5HT3

>30 >30 >30 126 High 100

>30 >30 >30 123 High 99

>30 >30 >30 97 High 64

>30 >30 >30 99 High 54

>30 >30 >30 118 High 93

>30 >30 >30 111 High 55

>30 >30 >30 84 High 47

>30 >30 >30 70 High 47

NT NT NT 151 High 100

>30 >30 >30 129 High 100

>30 >30 >30 121 High 93

>30 >30 >30 105 High 100

NT NT NT 127 High 100

(continued on next page)



Table 4 (continued )

Compd Amine Spacer Ar Activitya EC50 mM (Emax) Selectivitya IC50 (mM) Solb (mM) Permc Met Stabd

a7 a1 a3 5HT3

26n N
*

N **
*

OF

F 0.24 (77) >30 >30 >30 124 High 100

26o N
*

N **
* Cl

0.24 (94) >30 19.4 >30 109 High 66

26p N
*

N **
*

Cl
0.24 (76) >30 >30 >30 98 High 89

a Only compounds with a7 activity lower than 1.0 mM were considered suitable for the selectivity evaluation. Emax is expressed as percentage of nicotine 10 mM signal. NT
indicates not tested.

b Solubilities were determined at pH 7.4 at pseudothermodynamic equilibrium.
c Permeability is based on measuring the permeation rate of the test article through an artificial membrane. The assay uses a mixture of porcine pig brain lipids in dodecane

(2% w/v).
d Metabolic stability was determined as percentage remaining after incubation for 1 h with recombinant hCYP3A4.
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example compare 21dwith 21c, 21ewith 21f and 21gwith 21h) but
none of the examples were completely selective. Also, a positive
effect on a7 activity was noted by changing the reference 4-OMe-
phenyl ring (see compound 21b). Groups such as 2-OCHF2-phenyl
(21d and 21c), 2-Me-5-Cl-phenyl (21e and 21f) and 2-Me-4-Cl-
phenyl (21g and 21h) increased the activity on a7 significantly. All
the compounds maintained high solubility and passive perme-
ability as well as good in vitro metabolic stability. This SAR explo-
ration showed that the aromatic moieties chosen for Series B were
more suitable to increase the activity of our molecules than selec-
tivity. Taking all these results together, we decided to design a small
library of hybrid compounds (Series C, Fig. 3A) conjugating the
positive effect on selectivity imparted by the cycle-bearing spacer
and the amide-pyrazole system known from our previous studies
to yield sub-micromolar biological activity. As also suggested by
docking studies (Fig. 3B), the hybrid compounds would possess a
fixed terminal amino group (pyrrolidine or piperidine), a urea
moiety encompassed in a cycle (from Series A) as a spacer, and an
amino-pyrazole system (from Series B) to engage the double HBD
interaction; four different aryl groups were chosen for a minimal
SAR exploration, starting from the most active for Series B.

Results of this library are shown in Table 4 (while an overview of
calculated properties is reported in Table S3 of supplementary
Fig. 3. A. Design of hybrid series C containing the cyclic spacer from series A and the aminop
the theoretical model of human alpha7 nAChR as predicted by molecular docking studies. Re
site is depicted as a surface and part of the Cys-loop has been removed from the image.
data). Notably, the combination of the two key moieties of our
previous series was successful in terms of both activity and selec-
tivity: most of the compounds showed good activity and complete
selectivity for the three related receptors (only compounds 26i and
26m had an EC50 > 1 mM, while 26o maintained a weak antagonist
effect on containing nicotinic a3 receptor with an IC50 of 19 mM). As
previously observed, 4-OMe-phenyl ring was generally less active
than the other aryl rings considered, as demonstrated by com-
pounds 26a, 26e, 26i and 26m, whose EC50 values were higher
compared to their direct analogues. Generally very similar activities
were observed for the other aryl rings bearing the same amine and
spacer. The two different spacers used proved to be equally suitable
in terms of activity and selectivity. Interestingly the beneficial effect
of pyrrolidine as basic portion of the molecule we noted in series B,
was less evident in this series: in most of the compounds compa-
rable activity was observed independently from the amine used
(see for example 26b and 26f, 26c and 26g, 26h and 26n, 26k and
26o, 26l and 26p), while in a few cases piperidine derivatives had
lower EC50 values than pyrrolidine bearing compounds (26a and
26e, 26d and 26h, 26g and 26m). All compounds showed good
preliminary ADME properties: mediumehigh solubility at pH 7.4,
high passive permeability and good predicted metabolic stability.
Almost all the compounds of the library had an optimal preliminary
yrazole system from series B. B Compound 16d and 20e bound to the orthosteric site of
sidues involved in key interactions are reported. For the sake of clarity, only the binding
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in vitro profile, with good activity and excellent selectivity. We
chose to characterize 26l, one of the most promising compounds of
the series.

Also in this case the compound showed a very promising profile:
no cytochrome (P450 2D6, 3A4 and 2C9) inhibition at 3 mM, me-
dium MDCK permeability and acceptable efflux ratio, excellent
in vitro intrinsic clearance in human and rat, high plasma stability
and good plasma protein binding values in human and rat (Table 5).
Pharmacokinetic experiments in rat showed a very good exposure
after IP administration (with 96% bioavailability), while moderate
exposure and brain to plasma partitioning were observed after PO
administration (20% bioavailability and 0.19 B/P). Even if PO data
were not optimal, we considered compound 26l and all Series C
analogues a good starting point for further chemistry exploration,
considering the good activity levels and the optimal selectivity
profile of most of the compounds synthesized.
6. Conclusions

In summary, starting from SAR exploration around our most
advanced compounds 1 (very potent but with limited selectivity)
and 2 (highly selective but with suboptimal activity values) and
supported by docking studies, we designed a hybrid series of
molecules which contained the main structural features to achieve
good activity values and high selectivity. Using a parallel synthetic
Table 5
In vitro profiling and pharmacokinetics in rat of compound 26l.

O

N
H

NH N

Cl
N

N

Compound 26l

P450 inhibitiona (%)
2D6 �5
3A4 0
2C9 7

Permeability
MDCK PappABb (10L6 cm/s) 8.2
MDCK PappBA/PappABc 3.8

Clintd (mL/min/mg)
Hum 5.0
Rat 5.0

Plasma stabilitye 3 h (%) 113.7

PBf (%)
Human 83.7
Rat 79.9

PK rat (5 mpk, iv)
Clpg (mL/min/kg) 25
Vssh

g (L/Kg) 7.43

PK rat (5 mpk, po)

Cmax (mM)g 0.17
Tmax (h)g 6
AUC0-infg 1.7
Fg% 20
B/P 0.19

PK rat (5 mpk, ip)

Cmax (mM)g 2.10
Tmax (h)g 0.25
AUC0-infg 8.1
Fg% 96.0

a Percent cytochrome inhibition values < 15e20% were considered low.
b MS-based quantification of apical / basolateral transfer rate of a test com-

pound at 2 mM across contiguous monolayers of MDCK cells.
c Ratio of (basal / apical) to (apical / basal) transfer rate of a test compound at

2 mM across contiguous monolayers of MDCK (MadineDarby canine kidney) cells.
d Predicted hepatic clearance from human and rat liver microsomal stability

assay.
e Plasma stability was determined as percentage remaining after incubation for

3 h with fresh rat plasma.
f Protein binding in human and rat plasma expressed as % of the bound

compound.
g Pharmacokinetic parameters were determined following a single 5 mg/kg dose

in male HanWistar rats. Brain levels were determined following a single 5 mg/kg po
dose in male Han Wistar rats, the brain to plasma (B/P) ratio was determined as the
ratio of AUC0-inf. See Experimental Section for further details on all assays.
approach, we obtained a small library of 16 compounds (26aep),
most of which fulfilled the activity/selectivity criteria wewanted to
achieve and showed an excellent preliminary ADME profile.
Despite the moderate oral bioavailability of compound 26l, this
new series of compounds could be a very promising starting point
for the design of new molecules aimed at improving the in vivo
profile.

7. Experimental section

7.1. Chemistry

Unless otherwise specified, all nuclear magnetic resonance
spectra were recorded using a Varian Mercury Plus 400 MHz
spectrometer equipped with a PFG ATB Broadband probe.

13C NMR spectra of several compounds are not completely
resolved because the tautomeric equilibrium exchange is slow on
the NMR timescale, and the 13C signals of the amino-pyrazole core
tend to be very broad. To improve the signal to noise ratio of these
specific signals the polarity of the NMR solvent was changed (from
DMSO-d6 to CD3OD, or adding formic acid to free bases DMSO
solutions). In case of poor solubility, the experimental temperature
(VT) was raised up to 80 �C to enhance the exchange rate between
the two tautomeric forms.

HPLC-MS analyses (5 and 10 min methods) were performed
with a Waters 2795 separation module equipped with a Waters
Micromass ZQ (ES ionization) andWaters PDA 2996, using aWaters
XTerraMS C18 3.5 mm, 2.1�50mm column; alternatively, HPLC-MS
analyses were performed with an Agilent 1100 instrument, using a
Zorbax Eclipse XDB-C8 4.6 � 150 mm; a Zorbax CN 4.6 � 150 mm
column or a Zorbax Extend C18 2.1 � 50 mm column, coupled to
API-ES MS for the 2.5 min method. Preparative HLPC was run using
a Waters 2767 system with a binary Gradient Module Waters 2525
pump and coupled to a Waters Micromass ZQ (ES) or Waters 2487
DAD, using a Supelco Discovery HS C18 5.0 mm, 10 � 21.2 mm
column. Gradients were run using 0.1% formic acid/water and 0.1%
formic acid/acetonitrile with gradient 5/95 to 95/5 with a runtime
of 10 min unless otherwise stated. The purity of compounds sub-
mitted for screening were >95% as determined by integrating at
215 nm the peak area of the LC chromatograms. To further support
the purity statement, all compounds were also analyzed at a
different wavelength (254 nm), and total ion current (TIC) chro-
matogram and NMR spectra were used to further substantiate re-
sults. All column chromatography was performed following the
method of Still [28]. All TLC analyses were performed on silica gel
(Merck 60 F254) and spots revealed by UV visualization at 254 nm
and KMnO4 or ninhydrin stain. All microwave reactions were per-
formed in a CEM Discover oven.

7.2. Synthetic procedures

7.2.1. Synthetic procedures for Route A
Synthesis and characterization of compounds 4e6 were previ-

ously described [15].

7.2.1.1. N-{40-[3-(4-piperidin-1-yl-butyl)-ureido]-biphenyl-3-yl}-
acetamide (7). To a degassed solution of 6 (81 mg, 0.23 mmol), 3-
acetamido-phenyl boronic acid, (53 mg, 0.3 mmol) was added
dissolved in acetonitrile/0.4 N aqueous Na2CO3 1/1 (2 mL). After
addition of Pd(PPh3)4 (5e10% mol), the reaction mixture was
heated at 90 �C for 20 min under microwave irradiation (power set
at 150 W). The acetonitrile layer was separated, the solvent was
removed under reduced pressure, and the crude material was pu-
rified through an SCX cartridge (eluting with a gradient of DCM/
MeOH, followed by MeOH, and finally NH3/MeOH). The fractions
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containing the product were combined and dried under reduced
pressure. The title compound was obtained in 43%yield (30 mg). 1H
NMR (400 MHz, DMSO-d6) d 10.04 (s, 1H), 9.77 (s, 1H), 8.93 (s, 1H),
7.81 (s, 1H), 7.53e7.40 (m, 4H), 7.36e7.18 (m, 2H), 6.52 (s,1H), 3.47e
3.27 (m, 2H), 3.12e3.07 (m, 2H), 3.03e2.87 (m, 2H), 2.87e2.70 (m,
2H), 2.04 (s, 3H), 1.81e1.61 (m, 6H), 1.53e1.19 (m, 4H). C24H32N4O2
Mass (calculated): 408.55; found: 409 [Mþ1]. HPLC (10 min
method); Rt ¼ 2.36; area 98%.

7.2.2. Synthetic procedures for Route B
This route was followed to prepare final compounds 16aed.

7.2.2.1. Synthesis of [1,40]bipiperidinyl-10-carboxylic acid (4-bromo-
phenyl)-amide (15a). A solution of amine 14a (3.36 g, 20 mmol) in
DCM (40 mL) under nitrogen atmosphere, cooled at 0 �C and then
4-brom-phenyl isocyanate (3.96 g, 20 mmol) was added and the
reaction was stirred at 0 �C for 1 h and then allowed to warm up to
room temperature and stirred for 1 h. The white precipitate formed
was filtered, affording 5.85 g of the desired product 15a (80% yield).
1H NMR (400 MHz, DMSO-d6) d 8.58 (s, 1H), 7.45e7.39 (m, 3H),
7.39e7.33 (m, 2H), 4.19e4.04 (m, 2H), 2.71 (t, J¼ 11.8 Hz, 2H), 2.46e
2.31 (m, 5H), 1.76e1.63 (m, 2H), 1.55e1.42 (m, 4H), 1.40e1.15 (m,
4H). C17H24BrN3O Mass (calculated): 366; found: 366e368 [Mþ1,
Br pattern].

7.2.2.2. Synthesis of 4-piperidin-1-ylmethyl-piperidine-1-carboxylic
acid (4-bromo-phenyl)-amide (15b). To a suspension of N-Boc-
isonipecotic acid 8a (3.0 g, 13.1 mmol) and TBTU (4.2 g,
13.1 mmol) in ACN (60 mL), piperidine (1.67 g, 19.6 mmol) was
added. The resulting solution was stirred at 85 �C. for 6 h. The
reaction mixture was concentrated under reduced pressure and
then dissolved in DCM and washed twice with saturated aqueous
Na2CO3 solution. Solvent removal gave 3.2 g the 4-(piperidine-1-
carbonyl)-piperidine-1-carboxylic acid tert-butyl ester 9a pure
enough for the next stage. 9a (3.2 g, 10.8 mmol) was dissolved in
25 mL, 6 N HCl solution at 0 �C. After 10 min TLC analysis showed
disappearance of starting material, and the mixture was basified
to pH 12 with NaOH (pellets) and extracted with AcOEt. The
organic phase concentrated under reduced pressure gave 1.9 g of
piperidin-4-yl-piperidin-1-yl-methnone (10a) that was used
without further purification for the next step. 10a (1.9 g,
9.8 mmol) was added at 0 �C to a suspension of LiAlH4 (0.74 g,
16.7 mmol) in anhydrous THF. After stirring for 30 min the re-
action was heated at reflux for 1 h and when TLC analysis showed
complete conversion of the starting amide. The reaction was
cooled to 0 �C and LiAlH4 was quenched with H2O and NaOH (10%
aqueous solution). The inorganic salts were filtered and the so-
lution was concentrated under reduced pressure, yielding 1.2 g of
4-piperidin-1-ylmethyl-piperidine (14b) that was used for the
next stage without further purification. To a cooled solution of
14b (1.2 g, 80% purity, 6.3 mmol) in dichloromethane (20 mL) 4-
bromophenylisocyanate (1.24 g, 6.3 mmol) was added and the
mixture stirred at 0 �C. until a white solid precipitated out of
solution after 2 h. The white solid was filtered off and washed
with Et2O to give 1.2 g of pure title compound 15b (50% yield). 1H
NMR (400 MHz, DMSO-d6) d 8.54 (s, 1H), 7.44e7.38 (m, 2H), 7.38e
7.28 (m, 2H), 4.11e3.99 (m, 2H), 2.80e2.68 (m, 2H), 2.32e2.17 (m,
4H), 2.05 (d, J ¼ 6.8 Hz, 2H), 1.77e1.61 (m, 3H), 1.52e1.40 (m, 4H),
1.40e1.27 (m, 2H), 1.04e0.85 (m, 2H). C18H26BrN3O Mass (calcu-
lated): 380; found: 380-382 [Mþ1, Br pattern]. HPLC (10 min
method); Rt ¼ 2.11; area 99%.

7.2.2.3. Synthesis of 3-piperidin-1-ylmethyl-piperidine-1-carboxylic
acid (4-bromo-phenyl)-amide (15c). To a suspension of N-Boc-
nipecotic acid 8b (3.00 g, 13.1 mmol) and TBTU (4.2 g, 13.1 mmol) in
ACN (60 mL), piperidine (2.50 g, 29.4 mmol) was added. The
resulting solutionwas stirred at 85 �C. for 3 h. The reaction mixture
was concentrated under reduced pressure and then dissolved in
DCM and washed once with saturated aqueous Na2CO3 solution
and once with 1 N HCl solution. Solvent removal gave 3.8 g the 3-
(piperidine-1-carbonyl)-piperidine-1-carboxylic acid tert-butyl
ester 9b pure enough for the next stage. 9b (3.8 g, 13.1 mmol)
was dissolved in 25 mL 6 N HCl solution at 0 �C. After 10 min TLC
analysis showed disappearance of starting material, and the
mixture was basified to pH 12 with NaOH (pellets) and extracted
with AcOEt. The organic phase concentrated under reduced pres-
sure gave 2.03 g of piperidin-3-yl-piperidin-1-yl-methnone (10b)
that was used without further purification for the next step (yield
78% over 2 steps). 10b (2.03 g, 10.3 mmol) was added at 0 �C to a
suspension of LiAlH4 (0.87 g, 20.7 mmol) in anhydrous THF. After
stirring for 30 min the reaction was heated at reflux for 1 h and
when TLC analysis showed complete conversion of the starting
amide. The reaction was cooled to 0 �C and LiAlH4 was quenched
with H2O and NaOH (10% aqueous solution). The inorganic salts
were filtered and the solution was concentrated under reduced
pressure, yielding 1.4 g of 4-piperidin-1-ylmethyl-piperidine (14c)
that was used for the next stage without further purification (yield
74%). To a cooled solution of 14c (1.4 g, 7.69 mmol) in dichloro-
methane (20 mL) 4-bromophenylisocyanate (1.45 g, 7.32 mmol)
was added and the mixture stirred at 0 �C. until a white solid
precipitated out of solution after 2 h. Thewhite solid was filtered off
and washed with Et2O to give 2.1 g of pure title compound 15c (74%
yield). C18H26BrN3OMass (calculated): 380; found: 380e382 [Mþ1,
Br pattern]. HPLC (10 min method); Rt ¼ 2.09; area 94%.

7.2.2.4. Synthesis of 4-(2-piperidin-1-yl-ethyl)-piperidine-1-
carboxylic acid (4-bromo-phenyl)-amide (15d). To a solution of 4-
(2-hydroxy-ethyl)-piperidine-1-carboxylic acid tert-butyl ester
(11) in DCM (0.65 mmol/mL) p-toluensulphonyl chloride (1.5 eq)
and dimethylaminopyridine (1 eq) were added. The reaction was
left at rt for 18 h and then TLC showed complete conversion of the
startingmaterial. Themixturewas washedwith NaOH 2 N and then
with HCl 2 N, the organic phase was dried over Na2SO4 and then
concentrated under reduced pressure. The oil obtained was puri-
fied with SiO2 column, eluting with DCM, giving 4-[2-(Toluene-4-
sulfonyloxy)-ethyl]-piperidine-1-carboxylic acid tert-butyl ester
(12) in quantitative yield. A solution of 12 (4.9 g, 12.8 mmol) in
20 mL of ACN was added to neat piperidine (2.5 mL, 26 mmol) and
the reaction was heated at 80 �C for 6 h. When TLC showed com-
plete conversion the mixture was cooled down to room tempera-
ture and washed with 20 mL of saturated NaCl water solution. The
organic phase was dried over Na2SO4 and then concentrated under
reduced pressure. The oil obtained was purified by SiO2 column
eluting with 100% DCM to DCM-NH3(2 N MeOH solution)9:1,
affording 1.8 g of 4-(2-piperidin-1-yl-ethyl)-piperidine-1-
carboxylic acid tert-butyl ester, 13 (yield 46%). To 44 mL of a solu-
tion of 6 N HCl, 13 (1.8 g, 6.08 mmol) was added and the reaction
was stirred at room temperature for 10 min. The mixture was
basified to pH 12 and the product was extractedwith 20mL of DCM.
The organic phase was dried over Na2SO4 and then concentrated
under reduced pressure affording 440 mg of 4-(2-piperidin-1-yl-
ethyl)-piperidine 14d (yield 37%). To a cooled solution of 14d
(440 mg, 2.2 mmol) in dichloromethane (10 mL), 4-
bromophenylisocyanate (442 mg, 2.2 mmol) was added and the
mixture stirred at 0 �C for 2 h. The mixture was concentrated under
reduced pressure and the residue was washed with Et2O. The solid
obtained was filtered giving 750 mg of pure 4-(2-piperidin-1-yl-
ethyl)-piperidine-1-carboxylic acid (4-bromo-phenyl)-amide, 15d
(yield 85%). C19H28BrN3O Mass (calculated) 394; (found): 394e396
[Mþ1, Br pattern]. HPLC (10 min method); Rt ¼ 2.09; area 92%.



A. Nencini et al. / European Journal of Medicinal Chemistry 78 (2014) 401e418 411
7.2.2.5. General procedure for Suzuki coupling. To a degassed solu-
tion of aryl bromide (1 eq), in DME/H2O (1.8/0.3), the appropriate
boronic acid. (1.5 eq) Na2CO3 (2 eq), Pd(OAc)2 (10% mol) and tri-o-
tolylphosphine (40% mol), were added. The solution was irradiated
under microwave conditions for 20 min at power ¼ 200 W. The
organic phase was separated and the desired products purified
using SCX column and/or prep-HPLC. Fractions containing the
desired product were combined and dried under reduced pressure.

7.2.2.6. [1,40]Bipiperidinyl-10-carboxylic acid (30-acetylamino-
biphenyl-4-yl)-amide (16a). Following general procedure of Suzuki
Coupling and starting from bromide 15a and 3-acetamido-phenyl
boronic acid, compound 22 mg of 16a were recovered after SiO2

column eluting with DCM/TEA (9:1), 18% yield. 1H NMR (400 MHz,
CD3OD) d 7.79 (d, J ¼ 1.7 Hz, 1H), 7.58e7.39 (m, 5H), 7.39e7.27 (m,
2H), 4.38e4.15 (m, 2H), 2.98e2.79 (m, 2H), 2.72e2.46 (m, 5H), 2.14
(s, 3H), 2.06e1.85 (m, 2H), 1.69e1.59 (m, 4H), 1.58e1.44 (m, 4H). 13C
NMR (101 MHz, CD3OD) d 170.53, 156.39, 141.54, 139.47, 139.16,
135.46, 129.02, 126.86, 122.16, 121.01, 118.41, 118.08, 62.73, 50.00,
43.73, 27.66, 25.48, 24.17, 22.68. C25H32N4O2 Mass (calculated)m/z:
420.56; (found): 421 [Mþ1]. HPLC (10 min method); Rt ¼ 2.11; area
100%.

7.2.2.7. 4-Piperidin-1-ylmethyl-piperidine-1-carboxylic acid (30-ace-
tylamino-biphenyl-4-yl)-amide (16b). Following general procedure
of Suzuki Coupling and starting from bromide 15b and 3-
acetamido-phenyl boronic acid, 64 mg of 16b were obtained pure
after SCX column (59% yield). 1H NMR (400 MHz, DMSO-d6) d 9.99
(s, 1H), 8.54 (s, 1H), 7.81 (s, 1H), 7.57e7.39 (m, 5H), 7.36e7.21 (m,
2H), 4.18e4.00 (m, 2H), 2.83e2.63 (m, 2H), 2.26 (s, 4H), 2.13e1.93
(m, 5H), 1.82e1.62 (m, 3H), 1.62e1.31 (m, 6H), 0.98 (d, J ¼ 9.9 Hz,
2H). 13C NMR (101 MHz, CD3OD) d 170.52, 156.54, 141.55, 139.57,
139.16, 135.35, 129.04, 126.87, 122.18, 121.04, 118.43, 118.11, 65.38,
54.97, 44.27, 33.37, 31.03, 25.32, 24.12, 22.77. C26H34N4O2 Mass
(calculated): 434.59; (found): 435 [Mþ1]. HPLC (10 min method);
Rt ¼ 2.29; area 100%.

7.2.2.8. 3-Piperidin-1-ylmethyl-piperidine-1-carboxylic acid (30-ace-
tylamino-biphenyl-4-yl)-amide (16c). Following general procedure
of Suzuki Coupling and starting from bromide 15c and 3-
acetamido-phenyl boronic acid, 28 mg of 16c were recovered
pure after SCX column (28% yield). 1H NMR (400 MHz, CD3OD)
d 7.79 (s, 1H), 7.53 (d, J ¼ 8.6 Hz, 2H), 7.46 (dd, J ¼ 16.2, 7.8 Hz, 3H),
7.38e7.30 (m, 2H), 4.03e3.96 (m,1H), 3.90e3.80 (m,1H), 3.21e3.09
(m, 1H), 2.94e2.82 (m, 1H), 2.62e2.29 (m, 5H), 2.23e2.10 (m, 4H),
1.94e1.78 (m, 2H), 1.80e1.68 (m, 1H), 1.68e1.42 (m, 7H), 1.28 (s,
1H).13C NMR (101 MHz, CD3OD) d 170.58, 156.58, 141.53, 139.57,
139.17, 135.45, 129.02, 126.89, 62.02, 54.95, 48.92, 44.88, 33.21,
29.35, 25.43, 25.34, 24.05, 22.69. C26H34N4O2 Mass (calculated):
434.59; (found): 435 [Mþ1]. HPLC (10minmethod); Rt¼ 2.38; area
95%.

7.2.2.9. 4-(2-Piperidin-1-yl-ethyl)-piperidine-1-carboxylic acid (30-
acetylamino-biphenyl-4-yl)-amide (16d). Following general proce-
dure of Suzuki Coupling and starting from bromide 15d and 3-
acetamido-phenyl boronic acid, 65 mg of 16d were recovered
pure after SCX column, followed by preparative HPLC (58% yield).
1H NMR (400 MHz, CD3OD) d 7.79 (s, 1H), 7.55e7.50 (m, 2H), 7.48
(dt, J¼ 7.3, 2.0 Hz,1H), 7.45e7.40 (m, 2H), 7.37e7.29 (m, 2H), 4.16 (d,
J ¼ 13.5 Hz, 2H), 2.97e2.76 (m, 2H), 2.61e2.31 (m, 6H), 2.14 (s, 3H),
1.86e1.73 (m, 2H), 1.70e1.58 (m, 4H), 1.58e1.42 (m, 5H), 1.31e1.15
(m, 3H). 13C NMR (101 MHz, DMSO-d6) d 169.14, 155.44, 141.15,
141.08, 140.42, 133.80, 129.86, 127.06, 121.57, 120.47, 118.05, 117.36,
112.23, 56.79, 54.82, 44.73, 34.48, 33.75, 32.69, 26.22, 24.86, 24.72.
C27H36N4O2 Mass (calculated):448.61 (found): 449 [Mþ1]. HPLC
(10 min method); Rt ¼ 2.38; area 96%.

7.2.3. General procedure for 3-Amino-5-aryl pyrazole (20bed)
To a solution of dry acetonitrile in toluene (1 mmol/mL, 5 eq.)

cooled down to�78 �C under nitrogen, a solution of n-butyllithium
in n-hexane (1.6 N, 3.5 eq) was added dropwise. The mixture was
stirred at �78 �C for 20 min and then a solution of the desired
methyl ester (29bed) in toluene (0.75 mmol/mL, 1 eq.) was added
and the reaction allowed reaching room temperature. Upon reac-
tion completion, after about 20 min, the mixture was cooled down
to 0 �C and HCl 2 N was added to pH 2. The organic phase was
recovered, dried over Na2SO4 and concentrated under reduced
pressure, affording b-ketonitrile (30bed) which was used without
further purification. To a solution of the b-ketonitrile (30bed)
(7.5 mmoL), in absolute EtOH (15 mL) hydrazine monohydrate
(0.44 mL, 9.0 mmol) was added and the reaction was heated at
reflux for 18 h. The reaction mixture was allowed to cool to room
temperature and the solvent was evaporated under reduced pres-
sure. The residue was dissolved in DCM and washed with water.

The organic phase was concentrated under reduced pressure to
give a product that, if not enough pure, was purified by SiO2
column.

7.2.3.1. 5-(2-Difluoromethoxy-phenyl)-2H-pyrazol-3-ylamine (20b).
Following the general procedure for 3-amino-5-aryl pyrazole syn-
thesis and starting fromcommercially available 2-difluoromethoxy-
benzoic acid methyl ester (29b), the title compound was obtained
with 76% yield. 1H NMR (400 MHz, DMSO-d6) d 11.74 (1H, bs), 7.79
(1H, d), 7.00e7.37 (4H, m) 5.79 (1H, s), 4.82 (2H, bs) (d, J ¼ 8.3 Hz,
1H), 7.36e7.32 (m, 1H), 7.29e7.23 (m, 1H), 6.40e6.29 (m, 2H), 5.55
(s, 1H), 2.40 (s, 3H), 1.56 (s, 9H). C21H28ClN5O Mass (calculated):
225.20; (found): 226 [Mþ1].

7.2.3.2. 5-(5-Chloro-2-methyl-phenyl)-2H-pyrazol-3-ylamine (20c).
Following the general procedure for 3-amino-5-aryl pyrazole syn-
thesis and starting from 5-chloro-2-methyl-bezoic acid methyl
ester (29c), the title compound was obtained with 72% yield. 1H
NMR (400 MHz, CDCl3) d 7.34e7.35 (1H, m), 7.22e7.23 (1H, m), 7.19
(1H, bs), 5.78 (1H, s), 3.73 (2H, bs), 2.36 (3H, s). C21H28ClN5O Mass
(calculated): 207.66; (found): 208 [Mþ1].

7.2.3.3. 5-(4-Chloro-2-methyl-phenyl)-2H-pyrazol-3-ylamine (20d).
Following the general procedure for 3-amino-5-aryl pyrazole syn-
thesis and starting from 4-chloro-2-methyl-bezoic acid methyl
ester (29d), the title compound was obtained with 62% yield. 1H
NMR (400 MHz, CDCl3) d 7.24e7.26 (2H, m), 7.17e7.20 (1H, m), 5.74
(1H, s), 3.75 (2H, bs), 2.36 (3H, s). C21H28ClN5O Mass (calculated):
207.66; (found): 208 [Mþ1].

7.2.4. Synthetic procedures for Route C
This route was followed to prepare final compounds 21ceh and

22aeb. Synthesis and characterization of compounds 18a, 18b, 19a,
19b, 21a and 21b were previously described [16,17].

7.2.4.1. General procedure for the synthesis of 21ceh. To a suspen-
sion of 4-amino-butyric acid 19a or 19b (0.75 mmol) in 1,2-
dichloroethane (3 mL), N,N0-carbonyldiimidazole (0.75 mmol)
was added and themixturewas stirred at room temperature for 2 h
(when activation of the aminoacid was complete dissolution of the
suspensionwas generally observed). The desired 3-amino-pyrazole
(0.5 mmol) was added. The reaction was stirred for further 10 h.
Upon reaction completion (asmonitored by LC-MS) if the formation
of two isomers was observed, the mixture was heated at 50 �C until
the conversion of the less stable isomer to the title compound was
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observed (as monitored by LC-MS). The solvent was washed with
sat. Na2CO3 solution extracted and removed under reduced pres-
sure. The crude products were purified by preparative HPLC.

7.2.4.2. N-[5-(2-Difluoromethoxy-phenyl)-2H-pyrazol-3-yl]-4-
pyrrolidin-1-yl-butyramide, formate salt (21c). Starting from acid
19c and amino pyrazole 20b, 101mg of the desired compoundwere
obtained after preparative HPLC purification (63% yield). 1H NMR
(400 MHz, DMSO-d6) d 10.51 (s, 1H), 8.21 (s, 1H), 7.76 (d, J ¼ 7.6 Hz,
1H), 7.40 (dd, J ¼ 11.0, 4.6 Hz, 1H), 7.34e7.23 (m, 2H), 7.25 (t,
J ¼ 73.6 Hz, 1H), 6.87 (s, 1H), 2.70e2.51 (m, 6H), 2.34 (t, J ¼ 7.3 Hz,
2H), 1.82e1.65 (m, 6H). 13C NMR (101 MHz, DMSO-d6, VT ¼ 60 �C)
d 170.53, 165.25, 147.83, 146.63, 139.03, 129.90, 128.99, 125.99,
122.60, 119.60, 119.54, 116.96, 114.39 (t, 1JCF ¼ 258 Hz), 97.22, 54.87,
53.72, 33.55, 23.32, 23.18. C18H22F2N4O2 Mass (calculated): 364.40
(found): 365 [Mþ1]. HPLC (10 min method); Rt ¼ 1.59; area 100%.

7.2.4.3. N-[5-(2-Difluoromethoxy-phenyl)-2H-pyrazol-3-yl]-4-
piperidin-1-yl-butyramide, formate salt (21d). Starting from acid
19a and aminopyrazole 20b, 40 mg of the desired compound were
obtained after preparative HPLC purification (24% yield). 1H NMR
(400 MHz, DMSO-d6) d 10.53 (s, 1H), 8.23 (s, 1H), 7.77 (dd, J ¼ 7.7,
1.5 Hz,1H), 7.43e7.37 (m,1H), 7.35e7.23 (m, 2H), 7.25 (t, J¼ 73.6 Hz,
1H), 6.87 (s, 1H), 2.59e2.49 (m, 4H), 2.46e2.38 (m, 2H), 2.31 (t,
J ¼ 7.3 Hz, 2H), 1.85e1.68 (m, 2H), 1.61e1.48 (m, 4H), 1.39 (d,
J ¼ 5.1 Hz, 2H). 13C NMR (101 MHz, DMSO-d6, VT ¼ 80 �C) d 170.18,
162.92, 147.20, 145.78, 138.50, 128.98, 128.32, 125.17, 122.25, 118.94,
116.26, 96.48, 57.35, 53.43, 33.37, 24.78, 23.42, 21.63. C19H24F2N4O2
Mass (calculated): 378.43; (found): 379 [Mþ1]. HPLC (10 min
method); Rt ¼ 1.74; area 100%.

7.2.4.4. N-[5-(5-Chloro-2-methyl-phenyl)-2H-pyrazol-3-yl]-4-
pyrrolidin-1-yl-butyramide, formate salt (21e). Starting from acid
19c and aminopyrazole 20c,35 mg of the desired compound were
obtained after preparative HPLC purification (42%, yield). 1H NMR
(400 MHz, DMSO-d6) d 12.68 (s, 1H), 10.54 (s, 1H), 8.27e8.14 (m,
1H), 7.47 (t, J¼ 1.2 Hz,1H), 7.33 (d, J¼ 1.4 Hz, 2H), 6.65 (s,1H), 2.69e
2.51 (m, 6H), 2.38e2.30 (m, 5H), 1.83e1.62 (m, 6H). 13C NMR
(101 MHz, DMSO-d6, VT ¼ 60 �C) d 170.09, 164.50, 146.01, 141.48,
134.22, 132.51, 132.14, 130.33, 127.80, 127.60, 96.44, 54.49, 53.15,
33.21, 23.06, 22.89, 19.85. C18H23ClN4O Mass (calculated): 346.86;
(found): 347 [Mþ1; Cl pattern]. HPLC (10 min method); Rt ¼ 1.84;
area 100%.

7.2.4.5. N-[5-(5-Chloro-2-methyl-phenyl)-2H-pyrazol-3-yl]-4-
piperidin-1-yl-butyramide, formate salt (21f). Starting from acid 19a
and aminopyrazole 20c, 77 mg of the desired compound were
obtained after preparative HPLC purification (90%, yield). 1H NMR
(400 MHz, DMSO-d6) d 12.89e11.94 (brs, 1H), 10.40 (s, 1H), 8.15e
7.99 (m,1H), 7.40 (s, 1H), 7.26 (s, 2H), 6.58 (s, 1H), 3.11e2.99 (m, 2H),
2.37e2.16 (m, 9H), 1.65 (s, 2H), 1.43 (s, 4H), 1.29 (s, 2H). 13C NMR
(101 MHz, DMSO-d6) d 170.75, 164.85, 134.90, 133.39, 132.36,
131.10, 128.47, 126.39, 112.55, 97.33, 57.91, 54.02, 33.95, 25.32,
24.04, 22.06, 20.81. C19H25ClN4O Mass (calculated): 360.89;
(found): 361 [Mþ1; Cl pattern]. HPLC (10 min method); Rt ¼ 1.93;
area 100%.

7.2.4.6. N-[5-(4-Chloro-2-methyl-phenyl)-2H-pyrazol-3-yl]-4-
pyrrolidin-1-yl-butyramide (21g). Starting from acid 19c and ami-
nopyrazole 20d, 16 mg of the desired compound were obtained
after preparative HPLC purification (20%, yield). 1H NMR (400 MHz,
DMSO-d6) d 12.52 (s, 1H), 10.43 (s, 1H), 7.49e7.20 (m, 3H), 6.67 (s,
1H), 2.44e2.25 (m, 11H), 1.79e1.54 (m, 6H). 13C NMR (101 MHz,
DMSO-d6 þ formic acid) d 169.46, 147.08, 141.05, 138.00, 132.92,
130.63, 130.47, 128.97, 126.23, 96.85, 53.76, 53.48, 32.26, 22.78,
21.43, 20.51. C18H23ClN4O Mass (calculated): 346.86; (found): 347
[Mþ1; Cl pattern]. HPLC (10 min method); Rt ¼ 1.88; area 100%.

7.2.4.7. N-[5-(4-Chloro-2-methyl-phenyl)-2H-pyrazol-3-yl]-4-
piperidin-1-yl-butyramide, formate salt (21h). Starting from acid
19a and aminopyrazole 20d, 77 mg of the desired compound were
obtained after preparative HPLC purification (89%, yield). 1H NMR
(400 MHz, DMSO-d6) d 12.40 (s, 1H), 10.41 (s, 1H), 8.09 (s, 1H),
7.48e7.10 (m, 3H), 6.55 (s, 1H), 2.42e2.19 (m, 11H), 1.78e1.56 (m,
2H), 1.54e1.40 (m, 4H), 1.40e1.20 (m, 2H). 13C NMR (101 MHz,
DMSO-d6, VT ¼ 80 �C) d 170.04, 162.86, 145.84, 141.56, 137.56,
132.30, 130.05, 129.98, 129.20, 125.53, 96.21, 57.04, 53.19, 33.21,
24.36, 23.05, 21.22, 19.89. C19H25ClN4O Mass (calculated): 360.89;
(found): 361 [Mþ1; Cl pattern]. HPLC (10 min method); Rt ¼ 2.01;
area 100%.

7.2.4.8. General procedure of amide reduction. To a solution of
amide (0.34 mmol) in anhydrous dioxane (5 mL), 1 M solution of
LiAlH4 in THF (0.70 mmol) was added dropwise. The mixture was
heated at 80 �C for 1 h. The reaction was allowed to cool down to
room temperature and quenched with H2O and NaOH; inorganic
salts were removed by filtration. The solution was concentrated
under reduced pressure affording the desired compound pure
without further purification.

7.2.4.9. [5-(4-Methoxy-phenyl)-2H-pyrazol-3-yl]-(5-piperidin-1-yl-
pentyl)-amine (22a). Following general procedure of amide
reduction and starting from amide 21a, 23 mg of the desired
compound were recovered (20% yield). 1H NMR (400 MHz, DMSO-
d6) d 11.74 (s, 1H), 7.55 (m, 2H), 6.92 (m, 2H), 5.73 (s, 1H), 4.94 (s,
1H), 3.74 (s, 3H), 3.06e2.88 (m, 2H), 2.30e2.21 (m, 4H), 2.22e2.13
(m, 2H), 1.55e1.21 (m, 12H). 13C NMR (101 MHz, DMSO-d6 þ FA)
d 158.89, 155.89, 144.49, 126.28, 124.06, 114.20, 86.02, 56.02, 55.25,
52.20, 43.94, 28.90, 23.79, 23.23, 22.74, 21.46. C20H30N4O Mass
(calculated): 342.49; (found): 343 [Mþ1]. HPLC (10 min method);
Rt ¼ 1.31; area 100%.

7.2.4.10. [5-(4-Methoxy-phenyl)-2H-pyrazol-3-yl]-(4-piperidin-1-yl-
butyl)-amine (22b). Following general procedure of amide reduc-
tion and starting from amide 21b, 60 mg of the desired compound
were recovered (48% yield). 1H NMR (400 MHz, DMSO-d6) d 11.74
(s, 1H), 7.68e7.39 (m, 2H), 7.06e6.69 (m, 2H), 5.73 (s, 1H), 4.99 (s,
1H), 3.74 (s, 3H), 3.07e2.93 (m, 2H), 2.34e2.14 (m, 6H), 1.55e1.40
(m, 8H), 1.39e1.29 (m, 2H). 13C NMR (101 MHz, DMSO-d6 þ formic
acid) d 159.11, 156.02, 144.72, 126.52, 124.05, 114.41, 86.46, 56.10,
55.43, 52.37, 43.79, 26.67, 22.86, 21.61, 21.34. C19H28N4O Mass
(calculated): 328.46; (found): 329 [Mþ1]. HPLC (10 min method);
Rt ¼ 1.19; area 100%.

7.2.5. Synthetic procedures for Route D
This route was followed to prepare final compounds 26aep.

7.2.5.1. General procedure for Boc protection. Aminopyrazole
(2.11 mmol) was dissolved in DCM (10 mL) and a solution of 4.5 M
KOH (4.7 mL) was added, followed by di-tert-butylcarbonate
(2.11 mmol). The mixture was stirred for 2 days at room tempera-
ture and then the organic phase was separated and concentrated
under reduced pressure, affording the desired compound pure
enough for the next step.

7.2.5.2. 5-Amino-3-(4-methoxy-phenyl)-pyrazole-1-carboxylic acid
tert-butyl ester (23a). following general procedure for Boc protec-
tion and starting from 5-amino-3-(4-methoxy-phenyl)-pyrazole
(20a) 390 mg of 23a were obtained (64% yield). C15H19N3O3 Mass
(calculated): 289.34; (found): 290 [Mþ1]. 1H NMR (400 MHz,
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DMSO-d6) d 7.71e7.63 (m, 2H), 6.97e6.92 (m, 2H), 6.34 (d,
J ¼ 7.4 Hz, 2H), 5.68 (s, 1H), 3.76 (s, 3H), 1.57 (d, J ¼ 6.6 Hz, 9H).

7.2.5.3. 5-Amino-3-(2-difluoromethoxy-phenyl)-pyrazole-1-
carboxylic acid tert-butyl ester (23b). Following general procedure
for Boc protection and starting from 5-amino-3-(2-
difluoromethoxy-phenyl)-pyrazole (20b) 500 mg of 23b were ob-
tained (73% yield). 1H NMR (400 MHz, DMSO-d6) d 7.86 (dd, J ¼ 7.8,
1.8 Hz, 1H), 7.44 (dd, J ¼ 7.6, 1.8 Hz, 1H), 7.29 (td, J ¼ 7.6, 1.1 Hz, 1H),
7.24 (d, J ¼ 6.7 Hz, 1H), 7.23 (t, J ¼ 74.4 Hz, 1H), 6.42e6.30 (m, 2H),
5.79e5.74 (m, 1H), 1.58 (d, J ¼ 6.1 Hz, 9H). C15H17F2N3O3 Mass
(calculated): 325.32; (found): 326 [Mþ1].

7.2.5.4. 5-Amino-3-(5-chloro-2-methyl-phenyl)-pyrazole-1-
carboxylic acid tert-butyl ester (23c). Following general procedure
for Boc protection and starting from 5-amino-3-(5-chloro-2-
methyl-phenyl)-pyrazole (20c) 350 mg of 23c were obtained (54%
yield). 1H NMR (400MHz, DMSO-d6) d 7.51e7.42 (m,1H), 7.36e7.24
(m, 2H), 6.42e6.31 (m, 2H), 5.59 (s, 1H), 2.37 (s, 3H), 1.55 (d,
J ¼ 2.1 Hz, 9H). C15H18ClN3O2 Mass (calculated): 307.78; (found):
308 [Mþ1, Cl pattern].

7.2.5.5. 5-Amino-3-(4-chloro-2-methyl-phenyl)-pyrazole-1-
carboxylic acid tert-butyl ester (23d). Following general procedure
for Boc protection and starting from 5-amino-3-(4-chloro-2-
methyl-phenyl)-pyrazole (20d) 410 mg of 23d were obtained
(63% yield). 1H NMR (400 MHz, DMSO-d6) d 7.47 (d, J ¼ 8.3 Hz, 1H),
7.36e7.32 (m, 1H), 7.29e7.23 (m, 1H), 6.40e6.29 (m, 2H), 5.55 (s,
1H), 2.40 (s, 3H), 1.56 (s, 9H). C15H18ClN3O2 Mass (calculated):
307.78; (found): 308 [Mþ1, Cl pattern].

7.2.5.6. General procedure for urea synthesis (26aed). to an
aqueous solution of NaOH (1 M, 1.5 eq), a DCM solution of the
desired aminopyrazole (23aed) (1 M, 1 eq) was added and the
mixture was cooled down to 0 �C. Isopropenyl chloroformate
(1.4 eq) was added dropwise and the mixture was allowed to warm
up to room temperature. The mixture was stirred for 2 days and
then the organic phase was collected and concentrated under
reduced pressure, affording the corresponding isopropenyl carba-
mate (24aed), pure enough for the next step. Isopropenyl carba-
mate (24aed) (1 eq) was then dissolved in dioxane and the desired
amine (25aed) (2 eq). The mixture was heated at 60 �C for 6 h and
then solvent was removed under reduced pressure. The residue
was dissolved in DCM and trifluoroacetic acid (10 eq) was added
and the mixture stirred at room temperature overnight. Solvent
was removed under reduced pressure and the residues were pu-
rified by preparative HPLC.

7.2.5.7. [1,30]Bipyrrolidinyl-10-carboxylic acid [5-(4-methoxy-
phenyl)-2H-pyrazol-3-yl]-amide (26a). Following the general pro-
cedure for urea synthesis and starting from aminopyrazole 23a and
amine 25a, 54 mg of compound 26a were obtained (68% yield) 1H
NMR (400 MHz, DMSO-d6) d 9.94 (s, 1H), 8.86 (s, 1H), 7.60 (d,
J ¼ 8.5 Hz, 2H), 6.97 (d, J ¼ 8.6 Hz, 2H), 6.54 (s, 1H), 3.98e3.82 (m,
1H), 3.81e3.69 (m, 4H), 3.65e3.47 (m, 4H), 3.48e3.29 (m, 1H),
3.13e2.96 (m, 2H), 2.39e2.22 (m, 1H), 2.21e1.95 (m, 3H), 1.94e1.71
(m, 2H). 13C NMR (101MHz, CD3OD) d 160.53,154.38,146.77,146.41,
126.87, 122.32, 114.26, 93.00, 63.32, 54.64, 53.42, 48.53, 43.91,
28.35, 22.96. C19H25N5O2 Mass (calculated): 355.44; (found): 356
[Mþ1]. HPLC (10 min method); Rt ¼ 1.26; area 100%.

7 . 2 . 5 . 8 . [ 1, 3 0] B i py r ro l i d i ny l - 1 0- c a rboxy l i c a c i d [ 5 - (2 -
difluoromethoxy-phenyl)-2H-pyrazol-3-yl]-amide, formate salt
(26b). Following the general procedure for urea synthesis and
starting from aminopyrazole 23b and amine 25a, 38 mg of
compound 26b were obtained as formate salt after preparative
HPLC (44% yield) 1H NMR (400 MHz, DMSO-d6) d 12.23 (brs, 1H),
8.81 (s, 1H), 8.11 (s, 1H), 7.80 (d, J ¼ 7.9 Hz, 1H), 7.41e7.34 (m, 1H),
7.33e7.25 (m, 2H), 7.24 (t, J ¼ 74.0 Hz, 1H), 6.63 (s, 1H), 3.76e3.60
(m, 1H), 3.59e3.47 (m, 1H), 3.43e3.04 (m, 4H), 2.79 (s, 3H), 2.12 (s,
1H), 1.90 (d, J ¼ 13.4 Hz, 1H), 1.78 (s, 4H). 13C NMR (101 MHz,
CD3OD) d 160.22, 146.51, 140.01, 138.07, 132.35, 121.26, 120.48,
117.25, 114.36, 110.99, (111.09, 108.52, 105.95), (t, JCF ¼ 259 Hz),
88.74, 55.14, 44.89, 40.24, 35.81, 20.67, 14.66. C19H23F2N5O2 Mass
(calculated): 391.42; (found): 392 [Mþ1]. HPLC (10 min method);
Rt ¼ 1.41; area 100%.

7.2.5.9. [1,30]Bipyrrolidinyl-10-carboxylic acid [5-(5-chloro-2-methyl-
phenyl)-2H-pyrazol-3-yl]-amide (26c). Following the general pro-
cedure for urea synthesis and starting from aminopyrazole 23c and
amine 25a, 37 mg of compound 26c were obtained as formate salt
after preparative HPLC (45% yield). 1H NMR (400 MHz, DMSO-d6)
d 12.16 (s, 1H), 8.83 (s, 1H), 8.11 (d, J ¼ 0.8 Hz, 1H), 7.48 (s, 1H),
7.30 (s, 2H), 6.44 (s, 1H), 3.72e3.60 (m, 1H), 3.59e3.48 (m, 1H),
3.40e3.25 (m, 3H), 2.90e2.71 (m, 4H), 2.35 (s, 3H), 2.21e2.05 (m,
1H), 2.00e1.84 (m, 1H), 1.83e1.70 (m, 4H). 13C NMR (101 MHz,
CD3OD) d 167.85, 154.75, 146.24, 134.84, 132.57, 132.23, 131.39,
128.39, 128.10, 96.89, 63.45, 53.22, 48.24, 44.09, 28.90, 22.99, 19.14.
C19H24ClN5O Mass (calculated): 373.89; (found): 374 [Mþ1; Cl
pattern]. HPLC (10 min method); Rt ¼ 1.78; area 100%.

7.2.5.10. [1,30]Bipyrrolidinyl-10-carboxylic acid [5-(4-chloro-2-
methyl-phenyl)-2H-pyrazol-3-yl]-amide (26d). Following the gen-
eral procedure for urea synthesis and starting from aminopyrazole
23d and amine 25a, 43 mg of compound 26d were obtained as
formate salt after preparative HPLC (52% yield). 1H NMR (400 MHz,
DMSO-d6) d 13.05e10.92 (m, 1H), 8.80 (s, 1H), 8.11 (s, 1H), 7.43 (d,
J ¼ 8.3 Hz, 1H), 7.38 (d, J ¼ 2.0 Hz, 1H), 7.30 (dd, J ¼ 8.3, 2.3 Hz, 1H),
6.40 (s, 1H), 3.72e3.59 (m, 1H), 3.57e3.48 (m, 1H), 3.48e3.22 (m,
5H), 2.93e2.67 (m, 4H), 2.36 (s, 3H), 2.18e2.06 (m, 1H), 1.99e1.83
(m, 1H), 1.83e1.69 (m, 4H). 13C NMR (101 MHz, CD3OD) d 167.75,
154.77,146.54,143.70,138.33,133.98,130.39,130.28,129.48,125.82,
96.96, 63.41, 53.24, 48.30, 44.05, 28.78, 22.99, 19.52. C19H24ClN5O
Mass (calculated): 373.89; (found): 374 [Mþ1; Cl pattern]. HPLC
(10 min method); Rt ¼ 1.71; area 100%.

7.2.5.11. 3-Piperidin-1-yl-pyrrolidine-1-carboxylic acid [5-(4-
methoxy-phenyl)-2H-pyrazol-3-yl]-amide (26e). Following the
general procedure for urea synthesis and starting from amino-
pyrazole 23a and amine 25b, 68 mg of compound 26e were ob-
tained (83% yield). 1H NMR (400 MHz, DMSO-d6) d 12.46 (s, 1H),
9.45 (s, 1H), 8.80 (s, 1H), 7.60 (d, J ¼ 8.5 Hz, 2H), 6.97 (d, J ¼ 8.5 Hz,
2H), 6.54 (s, 1H), 3.80 (s, 1H), 3.76 (s, 3H), 3.61 (t, J ¼ 8.2 Hz, 1H),
3.42 (d, J ¼ 31.0 Hz, 1H), 3.41e3.31 (m, 4H), 3.12e2.71 (m, 2H),
2.37e2.19 (m, 1H), 2.18e1.92 (m, 1H), 1.93e1.19 (m, 6H). 13C NMR
(101MHz, DMSO, VT¼ 60 �C) d 159.73,154.16,147.41,144.82,127.01,
123.58, 114.97, 93.19, 63.64, 55.80, 52.15, 47.22, 44.66, 27.07, 23.20,
21.60. C20H27N5O2 Mass (calculated): 369.47; (found): 370 [Mþ1].
HPLC (10 min method); Rt ¼ 1.71; area 100%.

7.2.5.12. 3-Piperidin-1-yl-pyrrolidine-1-carboxylic acid [5-(2-
difluoromethoxy-phenyl)-2H-pyrazol-3-yl]-amide (26f). Following the
general procedure for urea synthesis and starting from aminopyrazole
23 and amine 25b, 61mgof compound 26fwere obtained (67% yield).
1H NMR (400 MHz, DMSO-d6) d 12.95e11.90 (m, 1H), 9.13e8.44 (m,
1H), 7.78 (s, 1H), 7.37 (t, J ¼ 7.6 Hz, 1H), 7.33e7.24 (m, 2H), 7.23 (t,
J¼ 74.4 Hz, 1H), 6.89e6.37 (m,1H), 3.84e3.66 (m,1H), 3.65e3.48 (m,
1H), 3.29e3.16 (m, 4H), 3.07e2.83 (m, 2H), 2.16 (s, 1H), 1.88 (s, 1H),
1.49 (d, J ¼ 57.7 Hz, 6H). 13C NMR (101 MHz, DMSO-d6) d 163.90,
153.93, 148.09, 146.83, 139.81, 129.76, 128.87, 126.09, 123.29, 119.66,
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117.38 (t, 1JCF ¼ 258.56 Hz), 96.89, 64.30, 52.49, 49.23, 45.19, 28.62,
24.99, 23.57. C20H25F2N5O Mass (calculated): 405.45; (found): 406
[Mþ1]. HPLC (10 min method); Rt ¼ 1.71; area 100%.

7.2.5.13. 3-Piperidin-1-yl-pyrrolidine-1-carboxylic acid [5-(5-chloro-
2-methyl-phenyl)-2H-pyrazol-3-yl]-amide (26g). Following the
general procedure for urea synthesis and starting from amino-
pyrazole 23c and amine 25b, 64 mg of compound 26g were ob-
tained as formate salt after preparative HPLC (75% yield). 1H NMR
(400MHz, DMSO-d6) d 12.21 (s,1H), 8.82 (s,1H), 8.11 (s,1H), 7.48 (s,
1H), 7.31 (s, 2H), 6.45 (s, 1H), 3.91e3.68 (m, 1H), 3.63e3.48 (m, 1H),
3.40e3.21 (m, 4H), 2.68 (d, J ¼ 30.8 Hz, 3H), 2.35 (s, 3H), 2.26e2.07
(m,1H), 1.98e1.75 (m,1H), 1.68e1.51 (m, 4H), 1.51e1.33 (m, 2H). 13C
NMR (101 MHz, CD3OD) d 167.58, 154.64, 146.25, 143.79, 134.83,
132.58, 132.25, 131.38, 128.37, 128.09, 96.86, 64.00, 52.33, 47.29,
44.36, 27.27, 23.43, 21.80, 19.19. C20H26ClN5O Mass (calculated):
387.92; (found): 388 [Mþ1; Cl pattern]. HPLC (10 min method);
Rt ¼ 1.78; area 100%.

7.2.5.14. 3-Piperidin-1-yl-pyrrolidine-1-carboxylic acid [5-(4-chloro-
2-methyl-phenyl)-2H-pyrazol-3-yl]-amide (26h). Following the
general procedure for urea synthesis and starting from amino-
pyrazole 23d and amine 25b, 49 mg of compound 26h were ob-
tained as formate salt after preparative HPLC (57% yield). 1H NMR
(400MHz, DMSO-d6) d 12.13 (s,1H), 8.75 (s,1H), 8.11 (s,1H), 7.43 (d,
J ¼ 8.3 Hz, 1H), 7.40e7.35 (m, 1H), 7.30 (d, J ¼ 8.3 Hz, 1H), 6.39 (s,
1H), 3.75e3.64 (m, 1H), 3.59e3.47 (m, 1H), 3.30e3.20 (m, 4H),
3.20e3.06 (m, 4H), 3.06e2.86 (m, 1H), 2.70e2.53 (m, 1H), 2.36 (s,
3H), 2.20e2.02 (m, 1H), 1.83e1.66 (m, 1H), 1.63e1.46 (m, 4H), 1.46e
1.28 (m, 2H). 13C NMR (101 MHz, CD3OD) d 167.56, 154.74, 146.62,
149.68, 138.34, 133.99, 130.39, 130.29, 129.47, 125.92, 96.98, 64.09,
52.41, 48.24, 44.39, 27.55, 23.72, 20.09, 19.50. C20H26ClN5O Mass
(calculated): 387.92; (found): 388 [Mþ1; Cl pattern]. HPLC (10 min
method); Rt ¼ 1.76; area 100%.

7.2.5.15. 4-Pyrrolidin-1-yl-piperidine-1-carboxylic acid [5-(4-
methoxy-phenyl)-2H-pyrazol-3-yl]-amide, formate salt (26i).
Following the general procedure for urea synthesis and starting
from aminopyrazole 23a and amine 25c, 73 mg of compound 26i
were obtained (89% yield). Mass (calculated) (found): 370 [Mþ1].
HPLC (10 min method); Rt ¼ 1.36; area 99%. 1H NMR (400 MHz,
DMSO-d6) d 12.78e11.07 (m, 1H), 9.06 (s, 1H), 7.77e7.45 (m, 2H),
7.13e6.87 (m, 2H), 6.51 (s, 1H), 4.29e4.00 (m, 2H), 3.76 (s, 3H),
3.11e2.93 (m, 4H), 2.91e2.83 (m, 1H), 2.83e2.68 (m, 2H), 1.95 (d,
J¼ 10.2 Hz, 2H),1.85 (d, J¼ 29.9 Hz, 4H),1.57e1.26 (m, 2H). 13C NMR
(101 MHz, DMSO-d6, VT ¼ 60 �C) d 158.89, 154.28, 147.24, 143.32,
126.12, 123.43, 114.18, 92.47, 60.81, 55.09, 50.64, 42.15, 28.83,
22.53.C20H27N5O2 Mass (calculated): 369.42; (found): 370 [Mþ1].
HPLC (10 min method); Rt ¼ 1.36; area 99%.

7.2.5.16. 4-Pyrrolidin-1-yl-piperidine-1-carboxylic acid [5-(2-
difluoromethoxy-phenyl)-2H-pyrazol-3-yl]-amide, formate salt (26j).
Following the general procedure for urea synthesis and starting
from aminopyrazole 23b and amine 25c, 73 mg of compound 26j
were obtained as formate salt after preparative HPLC (81% yield). 1H
NMR (400 MHz, DMSO-d6) d 12.04 (bs, 1H), 9.13 (s, 1H), 8.13 (s, 1H),
7.80 (d, J ¼ 7.1 Hz, 1H), 7.42e7.35 (m,1H), 7.33e7.25 (m, 2H), 7.24 (t,
J ¼ 74.0 Hz, 1H), 6.61 (s, 1H), 4.09 (d, J ¼ 13.6 Hz, 2H), 2.96e2.74 (m,
6H), 2.74e2.58 (m,1H), 2.00e1.84 (m, 2H), 1.83e1.68 (m, 4H), 1.48e
1.28 (m, 2H). 13C NMR (101 MHz, DMSO-d6, VT ¼ 60 �C) d 164.28,
154.39, 147.49, 146.02, 140.00, 129.15, 128.51, 125.50, 119.33, 119.19,
116.62, 114.05, 96.36, 60.83, 50.72, 42.33, 29.43, 22.75.
C20H25F2N5O2 Mass (calculated): 405.45; (found): 406 [Mþ1]. HPLC
(10 min method); Rt ¼ 1.53; area 100%.
7.2.5.17. 4-Pyrrolidin-1-yl-piperidine-1-carboxylic acid [5-(5-chloro-
2-methyl-phenyl)-2H-pyrazol-3-yl]-amide (26k). Following the
general procedure for urea synthesis and starting from amino-
pyrazole 23c and amine 25c, 44 mg of compound 26k were ob-
tained as formate salt after preparative HPLC (52% yield). 1H NMR
(400MHz, DMSO-d6) d 12.19 (s, 1H), 9.15 (s, 1H), 8.14 (s, 1H), 7.48 (s,
1H), 7.30 (s, 2H), 6.42 (s, 1H), 4.16e3.97 (m, 2H), 2.91e2.75 (m, 6H),
2.72e2.55 (m, 1H), 2.35 (s, 3H), 1.96e1.82 (m, 2H), 1.82e1.67 (m,
4H),1.44e1.26 (m, 2H). 13C NMR (101MHz, CD3OD) d 168.73,155.54,
146.58, 143.87, 134.84, 132.62, 132.23, 131.38, 128.39, 128.09,
96.97.62.12, 51.49, 42.52, 28.71, 22.68, 19.16. C20H26ClN5O Mass
(calculated): 387.92; (found): 388 [Mþ1; Cl pattern]. HPLC (10 min
method); Rt ¼ 1.74; area 100%.

7.2.5.18. 4-Pyrrolidin-1-yl-piperidine-1-carboxylic acid [5-(4-chloro-
2-methyl-phenyl)-2H-pyrazol-3-yl]-amide (26l). Following the
general procedure for urea synthesis and starting from amino-
pyrazole 23d and amine 25c, 53 mg of compound 26l were ob-
tained (62% yield). 1H NMR (400 MHz, DMSO-d6) d 12.27 (s, 1H),
9.16 (s,1H), 7.65e7.10 (m, 3H), 6.41 (s,1H), 4.23e4.08 (m, 2H), 3.24e
2.87 (m, 5H), 2.83e2.68 (m, 2H), 2.36 (s, 3H), 2.07e1.90 (m, 2H),
1.91e1.71 (m, 4H), 1.53e1.30 (m, 2H). 13C NMR (101 MHz,
CD3OD þ formic acid) d 163.34, 156.63, 148.09, 144.80, 139.55,
135.28, 131.59, 131.47, 127.13, 98.23, 63.31, 52.82, 43.64, 29.82,
23.83, 20.66. C20H26ClN5O Mass (calculated): 387.92; (found): 388
(Mþ1; Cl pattern). HPLC (10 min method); Rt ¼ 1.83; area 100%.

7.2.5.19. [1,40]Bipiperidinyl-10-carboxylic acid [5-(4-methoxy-
phenyl)-2H-pyrazol-3-yl]-amide, formate salt (26m). Following the
general procedure for urea synthesis and starting from amino-
pyrazole 23a and amine 25d, 63 mg of compound 26m were ob-
tained (74% yield). 1H NMR (400 MHz, DMSO-d6) d 9.07 (s, 1H),
7.69e7.43 (m, 2H), 7.03e6.88 (m, 2H), 6.51 (s, 1H), 4.23 (d,
J ¼ 13.7 Hz, 2H), 3.76 (s, 3H), 3.11e2.82 (m, 5H), 2.82e2.68 (m, 2H),
1.90 (d, J¼ 9.7 Hz, 2H), 1.63 (s, 4H), 1.44 (d, J¼ 12.1 Hz, 4H). 13C NMR
(101 MHz, CD3OD) d 169.73, 161.33, 156.74, 148.64, 146.28, 127.77,
124.31, 115.34, 94.50, 64.96, 55.79, 51.18, 43.95, 27.52, 24.54, 22.97.
C21H29N5O2 Mass (calculated): 383.50; (found): 384 [Mþ1]. HPLC
(10 min method); Rt ¼ 1.49; area 97%.

7.2.5.20. [1,40]Bipiperidinyl-10-carboxylic acid [5-(2-difluoromethoxy-
phenyl)-2H-pyrazol-3-yl]-amide (26n). Following the general pro-
cedure for urea synthesis and starting from aminopyrazole 23b and
amine 25d, 47 mg of compound 26nwere obtained as formate salt
(50% yield). 1H NMR (400 MHz, DMSO-d6) d 12.22 (brs, 1H), 9.10 (s,
1H), 8.13 (s, 1H), 7.87e7.61 (m,1H), 7.38 (t, J ¼ 7.9 Hz, 1H), 7.33e7.25
(m, 2H), 7.24 (t, J ¼ 73.6 Hz, 1H), 6.60 (s, 1H), 4.27e4.12 (m, 2H),
2.84e2.57 (m, 7H), 1.84e1.70 (m, 2H), 1.61e1.47 (m, 4H), 1.47e1.29
(m, 4H). 13C NMR (101 MHz, CD3OD) d 168.72, 155.58, 148.35, 146.71,
140.65, 129.54, 128.78, 125.54, 122.72, 119.31, 116.84 (t,
1JCF ¼ 259.57 Hz), 97.19, 63.75, 49.98, 42.62, 26.37, 23.42, 21.88.
C21H27F2N5O2 Mass (calculated): 419.48; (found): 420 [Mþ1]. HPLC
(10 min method); Rt ¼ 1.61; area 99%.

7.2.5.21. [1,40]Bipiperidinyl-10-carboxylic acid [5-(5-chloro-2-methyl-
phenyl)-2H-pyrazol-3-yl]-amide (26o). Following the general pro-
cedure for urea synthesis and starting from aminopyrazole 23c and
amine 25d, 47 mg of compound 26o were obtained as formate salt
after preparative HPLC (56% yield). 1H NMR (400 MHz, DMSO-d6)
d 11.95 (s, 1H), 9.15 (s, 1H), 8.15 (s, 1H), 7.47 (s, 1H), 7.37e7.22 (m,
2H), 6.42 (s, 1H), 4.25e4.12 (m, 2H), 2.87e2.63 (m, 7H), 2.35 (s, 3H),
1.90e1.74 (m, 2H), 1.64e1.48 (m, 4H), 1.48e1.30 (m, 4H). 13C NMR
(101 MHz, CD3OD) d 168.63, 155.50, 146.64, 143.68, 134.84, 132.60,
132.23, 131.38, 128.39, 128.09, 96.95, 63.74, 49.97, 42.81, 26.35,
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23.38, 21.86, 19.16. C21H28ClN5O Mass (calculated): 401.94; (found):
402 [Mþ1; Cl pattern]. HPLC (10 min method); Rt ¼ 1.49; area 97%.

7.2.5.22. [1,40]Bipiperidinyl-10-carboxylic acid [5-(4-chloro-2-
methyl-phenyl)-2H-pyrazol-3-yl]-amide (26p). Following the gen-
eral procedure for urea synthesis and starting from aminopyrazole
23d and amine 25d, 44 mg of compound 26p were obtained as
formate salt after preparative HPLC (50% yield). 1H NMR (400 MHz,
DMSO-d6) d 9.10 (s, 1H), 8.14 (s, 1H), 7.43 (d, J ¼ 8.3 Hz, 1H), 7.38 (d,
J ¼ 2.0 Hz, 1H), 7.30 (dd, J ¼ 8.3, 2.2 Hz, 1H), 6.38 (s, 1H), 4.26e4.11
(m, 2H), 2.82e2.56 (m, 7H), 2.36 (s, 3H), 1.87e1.71 (m, 2H), 1.62e
1.48 (m, 4H), 1.48e1.24 (m, 4H). 13C NMR (101 MHz, CD3OD)
d 168.67, 155.54, 146.83, 148.74, 138.33, 133.96, 130.39, 130.28,
129.51, 125.92, 97.04, 63.74, 49.97, 42.82, 26.36, 23.40, 21.87, 19.53.
C21H28ClN5O Mass (calculated): 401.94; (found): 402 [Mþ1; Cl
pattern]. HPLC (10 min method); Rt ¼ 1.88; area 100%.

7.3. Biology

7.3.1. Ca2þ-flux and membrane potential measurements with a
fluorescence imaging plate reader

The following recombinant cell lines were used as specific
sources of receptors: GH4C1 cells stably transfected with pCEP4/rat
a7 nAChr as previously described [24], HEK293 cell lines stably
expressing human 5-HT3A receptors [24]. Native neuroblastoma
SH-SY5Y cells were used as source of human ganglionic nAChRs
(a3), and TE671 rhabdomyosarcoma cells were used as endogenous
source of muscle a1b1dg receptors. GH4C1 cells expressing a7 and
HEK cells expressing 5-HT3A receptors were analyzed by Ca2þ-flux
measurements employing a Fluorometric Imaging Plate Reader
(FLIPR, Molecular Devices) system, whereas the cells expressing the
nicotinic receptor subunits a1 and a3 were tested in the FLIPR
system with a membrane potential sensitive dye. For Ca2þ-flux
analysis, cells were plated in 96-well clearbottom, poly D-lysine
coated black microtiter plates (Costar) at a density of 1 � 105 cells/
well for a7 expressing GH4C1 cells or 8 � 104 cells/well for 5-HT3A
expressing HEK293 cells and cultured for 24 h prior to experiments.
The mediumwas then replaced with 100 mL of Hank’s Balanced Salt
Solution-HEPES 20mM, pH 7.4 (assay buffer) containing 4 mM Fluo-
4-AM, 0.02% pluronic acid, and 5 mM probenecid. After 40 min of
incubation at 37 �C, the labeling solution was replaced with 200 mL
of assay buffer containing 2.5 mM probenecid. Plates were then
transferred to the FLIPR system. Compounds to be tested were
prepared in assay buffer as 5x-concentrated solutions in a separate
96-well polypropylene plate. Basal fluorescence was recorded for
30 s, followed by addition of 50 mL of test compound (to assess
agonist activity; first addition). Measurements were made at 1 s
intervals for 1 min, followed by measurements every 30 s for
10 min. Subsequently, for the second addition for alpha-7
expressing GH4C1 cells, nicotine was added to each well except
negative controls at EC80 final concentration to assess antagonism
of nicotine response or at EC20 final concentration to assess positive
modulation of nicotine response. Assay performance was robust as
reflected by a Z0 factor >0.6. To verify whether the changes in Caþ2

levels were specifically due to nAChR opening, we developed a
counter screen on GH4C1 wild type cells. The experiment was
performed as described above. FPL-64176 1 mM, an L-type Ca2þ

channel activator, was used a positive control on GH4C1 wt cells.
Compounds giving a signal higher than 30%with respect to positive
control, at the two highest concentrations, were flagged as un-
specific and discarded. For testing 5-HT3A receptor activity, m-
chlorophenylbiguanide (CPBG, EC80 final concentration) was
added to each well except negative controls. Measurements were
made at 1 s intervals for 1 min after the second addition and at 3 s
intervals for the remaining 3 min. Results were exported from the
FLIPR raw data as MAX-MIN of fluorescence signal intensity in two
intervals corresponding to the first and the second addition of
compounds. The responses were normalized to the positive control
and EC50 and IC50 values were calculated using XlFit version 4.2,
with a sigmoidal concentration-response (variable slope) equation:
Y ¼ Bottom þ (Top � Bottom)/(1 þ (EC50/X)Hill Slope), where X was
the concentration, Y was the response, Bottom was the bottom
plateau of the curve, and Top the top plateau. Activity of com-
pounds at the muscle and ganglionic type nAChR receptors was
determined using a membrane potential sensitive fluorescent dye.
TE671 and SHSY5Y cells were plated at a density of 5 � 104 and
1 � 105 cells/well, respectively, 24 h prior to assay. Growth media
were removed from the cells by flicking the plates, and membrane
potential dye (Molecular Devices), reconstituted in HBSS five times
more diluted compared to the manufacturer’s instructions, was
added to the wells. Plates were incubated for 60 min at room
temperature and then directly transferred to the FLIPR system.
Compounds to be tested were prepared in assay buffer as 5�-
concentrated solutions in a separate 96-well polypropylene plate.
Baseline fluorescence was monitored for the first 10 s followed by
the addition of compounds. For detection of antagonist activity,
agonist (epibatidine; EC80 final concentration) was added to every
well except negative controls. Signal recordings were performed as
above. Results for SH-SY5Y cells were exported as described pre-
viously whereas for TE671 were exported from the FLIPR raw data
as SUM of fluorescence signal intensity for the first addition and
MAX-MIN for the second addition of compounds. The responses
were normalized to the positive control (epibatidine 1 mM final
concentration). The compounds tested were found to display
antagonist activity, and IC50 values were calculated as described
before.

7.3.2. Solubility assay
Standard and sample solutions were prepared from a 10 mM

DMSO stock solution using an automated dilution procedure. For
each compound, three solutions were prepared; one to be used as
standard and the other two as test solutions. Standard: 250 mM
standard solution in acetonitrile/buffer, with a final DMSO content
of 2.5% (v/v). Test sample for pH 3.0: 250 mM sample solution in
acetic acid 50 mM, pH ¼ 3, with a final DMSO content of 2.5% (v/v).
Test sample for pH 7.4: a 250 mM sample solution in ammonium
acetate buffer 50 mM, pH ¼ 7.4, with a final DMSO content of 2.5%
(v/v). The 250 mM product suspensions/solutions in the aqueous
buffers were prepared directly in Millipore MultiScreen-96 filter
plates (0.4 mmPTCEmembrane) and sealed. Plateswere left for 24 h
at room temperature under orbital shaking to achieve “pseudo-
thermodynamic equilibrium” and to presaturate the membrane
filter. Product suspensions/solutions were then filtered using
centrifugation, diluted 1:2 with the same buffer solution, and
analyzed by UPLC/UV/TOF-MS, using UV detection at 254 nm for
quantitation. Solubility was calculated by comparing the sample
and standard UV areas: S ¼ (Asmp � FD � Cst)/Ast, where S was the
solubility of the compound (mM), Asmp was the UV area of the
sample solution, FD was the dilution factor (2), Cst was the standard
concentration (250 mM), and Ast was the UV area of the standard
solution.

7.3.3. Cytochrome P450 inhibition assay [29]
The fluorescent P450 inhibition assay was performed using the

Gentest method (http://www.gentest.com). Test compounds were
dissolved in DMSO at 1.5mM. The stock solution of 12 mL was added
by a robotic system to 1488 mL of 0.1 M phosphate buffer at pH 7.4.
The solution was mixed, and 50 mL of the diluted samples was
added to a 1mL 96-well polypropylene plate. Then 50 mL of cofactor
with NADPH regenerating system were added to the wells. The

http://www.gentest.com
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plate was incubated at 37 �C for at 10 min. Enzyme-substrate mix
was prepared by prewarming the buffer at 37 �C for at least 10 min,
and the enzymes and substrates were added right before addition
to the reaction plate. Enzyme-substrate mix (100 mL) was added to
the wells to start the reaction. The final substrate and isozyme
concentrations and incubation time were: BFC (50 mM)/CYP3A4
(5 pmol/mL) for 30 min, AMMC (1.5 mM)/CYP2D6 (7.5 pmol/mL) for
30 min, and MFC (75 mM)/2C9 (20 pmol/mL) for 45 min. The re-
actions were stopped with 80% ACN/20% 0.5 M Tris buffer. The
signals were quantified using a fluorescent plate reader. The final
DMSO concentration was 0.2%. Compounds were tested in dupli-
cates. Percent inhibition was determined at 3 mM compound con-
centration. High negative values were usually indicative of
fluorescent interference from the test compounds or metabolites.
The % CV obtained was typically within 10%.

7.3.4. Metabolic stability assay
Compounds in 10 mM DMSO solution were added to an incu-

bation mixture in a 96-well microplate containing 20 pmol/mL of
hCYP3A4 (0.1e0.2 mg/mL protein). The mixture was split in two
aliquots: one receiving a NADPH regenerating system, the other an
equal amount of phosphate buffer. The final substrate concentra-
tion was 1 mM along with 0.25% of organic solvent. Incubation
proceeded for 1 h at 37 �C and was stopped by addition of aceto-
nitrile to precipitate proteins. Metabolic stability was given as the
percent remaining following incubation with cofactor (NADPH)
with reference to the incubation mixture without NADPH: %
remaining ¼ Area NADPH x 100/Area ctrl where Area ctrl was the
MS peak area of the sample solution without NADPH and Area
NADPH was the MS area of the sample solution with NADPH. The %
CV obtained was typically within 10%.

7.3.5. Permeability assay
The assay was run in a PAMPA filter plate, and compounds

(10 mM in HBSS þ Hepes buffer pH ¼ 7.4) were added to the donor
chamber and incubated for 4 h at 37 �C and 80% humidity. Warfarin
was used in each well as control for membrane integrity. Concen-
trations of reference t(0), donor, and acceptor solutions were
measured by UPLC/TOF-MS. The passive permeability was calcu-
lated according to the following expression [30]

CAðtÞ ¼
�

M
VD þ VA

�
þ
�
Cað0Þ � M

VD þ VA

�
e
�PeA

�
1
VD
þ 1

VA

�
t

where M refers to total amount of drug in the system minus the
amount of sample lost in membrane (and surfaces), CA(t) was the
concentrationof thedrug in theacceptorwell at time t, CA(0)was the
concentration of the drug in the acceptor well at time 0, VA was the
volume of the acceptor well, VDwas the volume of the donorwell, Pe
was the effective permeability, Awas the membrane area, and t was
the permeation time. Compounds were defined as low, medium, or
highly permeable following this classification:>10�10�6 cm/s, high
(passive permeability was unlikely to be limiting for passive diffu-
sion); between 2 and 10� 10�6 cm/s, medium (permeabilitymay be
limiting in case of low solubility, high metabolic turnover rate or
active secretion); between 0 and 2 � 10�6 cm/s, low (high risk that
permeability was limiting for passive diffusion).

7.3.6. In vitro intrinsic clearance
Test compounds were incubated separately at 1 mM concentra-

tion in 100 mM phosphate buffer (pH 7.4) and 1 mM EDTA with
0.2 mg/mL human or rat hepatic microsomal protein. The enzy-
matic reaction was initiated by addition of a NADPH regenerating
system (final concentrations: 2 mM b-nicotinamide adenine
dinucleotide phosphate (NADP) þ 10 mM glucose-6-phosphate
(G6P) þ 0.4 U/ml glucose-6-phosphate dehydrogenase (G6PDH)).
Reactions were terminated at regular time intervals (0e5e10e20e
40 min) by adding an equal volume of acetonitrile. All incubations
were performed in duplicate. Verapamil as positive control for the
assay was incubated in parallel under the same conditions. Samples
were analyzed by UPLC/TOF-MS. Calculations Substrate depletion
data (peak area at different time points) were fitted to a mono-
exponential decay model (Eq. (1)), with a 1/y weighting, C(t) ¼ C0
e�kt where C0 was the substrate concentration in the incubation
media at time 0 and k was the terminal rate constant. Under the
assumption that the concentration of 1 mMwas far below the Km of
the test compound, the in vitro CLint was calculated by dividing the
elimination constant (K) for the microsomal protein concentration
(PMS), expressed in mg/mL, to obtain CLint in units of mL/min/mg
protein: CLint ¼ K/PMS ¼ mL/min/mg protein. Compounds were
defined as low, medium, or highly metabolized based on the in vitro
CLint values: < 3.4 low, 3.4e92.4 mediun, >92.4 high.

7.3.7. Plasma stability
Fresh plasma spiked with a 250 mM solution of test item dissolved

in acetonitrile12%,weredivided in3aliquots (one for each timepoint)
in a 96-well plate (in duplicate) and incubated atþ37 �C under gentle
agitation for up to 3 h. At time 0 and afterwards at the prefixed time
points of 30min and3h, two aliquotswere transferred and 3 volumes
of acetonitrile were added for protein precipitation, followed by
centrifugation (4000 rpm,15min, 4 �C)anddilutionwith0.1%HCOOH.
Analysis byLC-ESIþ-MSMSusing a fast gradientwereperformedusing
an API4000 triple quadrupole mass spectrometer (Applied Bio-
systems) in themultiple reactionmonitoringmode (MRM). Results, as
average of two replicates, were obtained by comparing the peak area
at the different time points (30 min and 3 h) with that at time 0 and
were reported as percentage remaining: Percent remaining ¼ Area
STM/Area time 0 � 100. Compounds were defined as stable, moder-
ately unstable, or unstable based on the Percent Remaining: 80e100
stable, 50e80 moderately unstable, <50 unstable.

7.3.8. MDCK Cellular permeability
MadineDarby Canine Kidney were maintained in tissue culture

flasks in EMEM with Glutamax added with 1% MEM, Penicillin
(100 U/ml), Streptomycin (100 ug/ml), 10% FBS. Five days before the
permeability experiment, the cells were split and placed on
permeable cell culture inserts (24-well Millipore) at a density of
25,0000 cells/well. Transepithelial electrical resistance (TEER) was
measured for each well before incubation using an EVOMX in-
strument (WPI) to ensure that the monolayer was confluent and
the tight junctions intact. A TEER >70 Ohm � cm2 was considered
suitable for experimentation. Compounds (10 mM in HBSS-Hepes
buffer) were added in duplicate to the donor chamber and buffer
to the acceptor chamber (alternatively apical and basolateral) and
incubated for 2 h at 37 �C under gentle agitation. Standards with a
high (antipyrin), low (cimetidine) and medium (warfarin) perme-
ability were incubated in the same plate under the same conditions.
An aliquot (100 mL) from each well (both apical and basolateral) at
time 0 and 120 min was filtered and analysed by UPLC/TOF-MS.
Following incubation, the cell monolayer was washed and incu-
bated with Lucifer Yellow, a fluorescent probe with low perme-
ability, to verify monolayer integrity after incubation. The UPLC
separation was performed using a C-18 column (Acquity UPLC BEH
C18, 1.7 mm, 2.1 � 50 mm,Waters). Samples were analysed using an
LTC premier TOF (Waters). The ESI positive W mode scan type was
applied and the Total Ion Current (TIC) scan range extended from
100 to 800 amu, with a scan time of 0.08 s. Acquisitionwas from 0.3
to 1.8 min. Quantitative data were automatically produced using
the OpenLynx software. The apparent permeability (Papp) in cm/sec



A. Nencini et al. / European Journal of Medicinal Chemistry 78 (2014) 401e418 417
was calculated using the following equation in both directions
(apical-to-basolateral and basolateral-to-apical): Papp ¼ dC � Vr/
dt� A� C0 (where Vrwas the volume (mL) of the receiver chamber,
A was the surface area of the cell culture insert and dtwas the time
in sec) Mass balance in both directions was estimated by the
following equation: Mass balance ¼ (Final Donor Mass þ Mass
Transferred)/Initial Donor Mass. The efflux ratio was calculated by
comparing Papp B/A with Papp A/B. A high efflux ratio was an
indication of the compound being a substrate for efflux trans-
porters. The alert threshold was an efflux ratio >3.
7.3.9. Pharmacokinetics
For i.v. and i.p. administration, compound 26l was formulated in

PEG 400 in saline solution 0.9%/water 50/50 (volume 2.5 mL/kg),
while for p.o. administration 26l was formulated as a solution in 2%
Tween, 0.5% methocell in water (volume 2.5 mL/kg). Male HAN
Winstar rats (age of 6e8 weeks, body weight 250e550 g) were
administered compound 26l as a single dose of 5 mg/kg (p.o., i.v. and
i.p.) at time 0. Levels inplasmawere determined over a time period of
24 h in the p.o. and i.p. study and in plasma and brain at 0, 0.5, 1, and
3 h. Concentration of 26l in rat brain and plasma was measured by
high performance liquid chromatography in combination with mass
spectrometry (LC-MS/MS) with a limit of detection of 1 ng/mL in
plasma and 3 ng/g in brain. Plasma sampleswere prepared by protein
precipitation with acetonitrile containing 250 ng/mL of internal
standard centrifugation andanalysis of the supernatant by LC-MS/MS.
Brain sampleswere prepared by homogenization and extractionwith
methanol. The homogenates were subsequently centrifuged, and the
supernatant was analyzed by LC-MS/MS. Quantification was per-
formed in a similar manner to the plasma samples.
7.4. Modeling studies

A homology model of the EC domain of nAChR was built by
modeling the human a7 sequence for a7 nAChR on 1UW6 PDB
structure as a template [11,12] by means of Maestro software suite
[31]. Aminoacid numbering reported in the text refers to 1UW6
sequence. The model was then used for docking purposes. Ligands
were protonated at pH 7.4 and their geometries optimized using
LigPrep module [32]. Docking into the orthosteric binding site of
the homology model was performed by the docking program GOLD
version 3.0. Ligands were docked using default accurate genetic
algorithm settings and the GOLDSCORE fitness function [33]. The
goodness of the docked poses was mainly evaluated via visual in-
spection and supported by the scoring value. Key pharmacophoric
interaction between protonated nitrogen on the ligand and the
backbone carbonyl of W143 was considered as a fundamental
requisite to validate docking poses.
Appendix A. Supplementary data

Supplementary data related to this article can be found at http://
dx.doi.org/10.1016/j.ejmech.2014.03.031.
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