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ABSTRACT: Two recently reported hit compounds, COR627 and COR628,
underpinned the development of a series of 2-(acylamino)thiophene derivatives.
Some of these compounds displayed significant activity in vitro as positive allosteric
modulators of the GABAB receptor by potentiating GTPγS stimulation induced by
GABA at 2.5 and 25 μM while failing to exhibit intrinsic agonist activity. Compounds
were also found to be effective in vivo, potentiating baclofen-induced sedation/hypnosis
in DBA mice when administered either intraperitoneally or intragastrically. Although displaying a lower potency in vitro than the
reference compound GS39783, the new compounds 6, 10, and 11 exhibited a higher efficacy in vivo: combination of these
compounds with a per se nonsedative dose of baclofen resulted in shorter onset and longer duration of the loss of righting reflex
in mice. Test compounds showed cytotoxic effects at concentrations comparable to or higher than those of GS39783 or BHF177.

■ INTRODUCTION

The concept of allosteric modulation of certain classes of
proteins, such as enzymes, was introduced in the mid-1960s.1

However, considerable interest only manifested in recent years
following extraordinary developments in molecular pharmacol-
ogy and screening technology2,3 as well as in the clinical success
of benzodiazepines, the first clinically useful drugs acting as
allosteric modulators.4

Allosteric modulators act on a given receptor by binding at a
topographically distinct site from the orthosteric one (active
site), either potentiating (positive allosteric modulators, PAMs)
or inhibiting (negative allosteric modulators, NAMs) binding of
the orthosteric ligand, primarily by altering the three-dimen-
sional receptor conformation. In principle, allosteric ligands
afford several advantages over orthosteric drugs as potential
therapeutic agents. First, lacking agonistic activity, their effect is
only exerted in the presence of the endogenous agonist, thus
promoting an increasingly integrated action with the temporal
and spatial organization of physiological receptor activation,
with a lower side effect potential than orthosteric agonists.
Second, PAMs are expected to be devoid of or to display scarce
propensity for receptor desensitization, whereas persistent
agonist treatment often leads to receptor down-regulation.
Third, PAMs and NAMs frequently display high selectivity for

specific receptor subtypes, due to the lack of pressure during
evolution to maintain the apparently unessential allosteric
binding sites unchanged.5

In recent years, remarkable progress has been made in the
discovery, chemical optimization, and pharmacological under-
standing of allosteric modulators of G-protein-coupled
receptors (GPCRs), as demonstrated by the large number of
reports published in literature on this subject.5−12 The
marketing of cinacalcet13 (a PAM of the calcium-sensing
receptor) and maraviroc14 (a NAM of the chemokine receptor
CCR5) provided clear demonstration of the clinical relevance
of GPCRs allosteric modulators. In addition to cinacalcet,
several highly selective PAMs have been identified for family C
GPCRs including calcium-sensing receptors, mGlu receptors,5

and GABAB receptors.15−18

The GABAB receptor is implicated in a wide range of
neurological disorders, namely, spasticity, pain, drug addiction,
anxiety and depression, absence epilepsy, and cognition.19−23

Nevertheless, the only currently marketed drug targeting the
GABAB receptor is baclofen, a GABAB agonist that is widely
used as a muscle relaxant in the treatment of spasticity in hemi-
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and tetraplegic subjects and in multiple sclerosis. Moreover,
baclofen effectively reduces craving for and intake of drugs of
abuse such as alcohol, nicotine, and cocaine.24 However, the
poor blood−brain barrier penetration, short duration of action,
rapid tolerance, and narrow therapeutic window of baclofen20

greatly limit its clinical use.
Research in the area of GABAB receptor PAMs may lead to

the development of new potentially useful drugs for the
treatment of a series of diseases and syndromes, including
anxiety, alcohol, nicotine, and cocaine dependence, osteo-
arthritic pain, chronic nociceptive pain, and gastroesophageal
reflux disease.25 The mode of action displayed by these novel
therapeutic agents suggests that they may be devoid of
drawbacks that characterize full agonists, such as receptor
desensitization, tolerance, muscle-relaxant effects, hypothermia,
and central and gastrointestinal side effects.5,25b Surprisingly, to
date, only a small number of pharmaceutical companies have
made substantial investments aimed at identifying GABAB

PAMs.26 Several compounds have been shown to have positive
GABAB modulatory activity in vitro, with 3,5-bis(1,1-
dimethylethyl)-4-hydroxy-β,β-dimethyl-benzenepropanol
(CGP7930),15,27 N,N′-dicyclopentyl-2-(methylthio)-5-nitro-
4,6-pyrimidinediamine (GS39783),16 (R,S)-5,7-di-tert-butyl-3-
hydroxy-3-trifluoromethyl-3H-benzofuran-2-one (rac-BHFF),18

and N-[(1R,2R,4S)-bicyclo[2.2.1]hept-2-yl]-2-methyl-5-[4-
(trifluoromethyl)phenyl]-4-pyrimidinamine (BHF177)17

(Chart 1) being well studied and characterized as PAMs.
CGP7930 and GS39783, the first two GABAB PAMs

discovered at Novartis, enhance both the potency and maximal
response of GABA. Tested in behavioral models in vivo, these
compounds reproduced the effects of baclofen but were devoid
of side effects produced by the drug. Specifically, treatment with
CGP7930 and GS39783 decreased multiple behaviors related
to drugs of abuse, including (a) alcohol drinking28 and operant
oral alcohol self-administration in selectively bred, alcohol-
preferring rats,29 (b) intravenous nicotine self-administration30

and nicotine-induced conditioned place preference31 in rats, as
well as nicotine-stimulated hyperlocomotion in mice,32 (c)
intravenous cocaine self-administration33 and reinstatement of
cocaine seeking34 in rats, and (d) metamphetamine-induced
conditioned place preference in rats.35 Additionally, treatment

with CGP7930 and GS39783 exerted anxiolytic effects in rats
and mice.36

Despite its interesting pharmacological profile, GS39783 was
found to be genotoxic, likely because of the presence of the
aromatic nitro group.17 In an attempt to obtain molecules
devoid of the genotoxic potential of GS39783, a number of
analogues were synthesized at Novartis. Among them, BHF177
was found to be the most potent, displaying an optimum profile
in genotoxicity and mutagenicity tests.17 rac-BHFF, a molecule
structurally related to CGP7930 discovered at Hoffmann-La
Roche, is capable of enhancing both the potency and maximal
effect of GABA while acting as an allosteric agonist.37 Recent
studies have demonstrated that, similar to treatment with
CGP7930 and GS39783, treatment with BHF177 and rac-
BHFF decreased (a) alcohol drinking38 and operant oral
alcohol self-administration in alcohol-preferring rats39,40 and
(b) intravenous nicotine self-administration30,41 and reinstate-
ment of nicotine seeking41 in rats.
Research efforts undertaken have resulted in an expansion of

the number of chemical scaffolds to be taken into account in
the search for new GABAB PAMs and provided an insight into
structure−activity relationships (SARs). The latter is partic-
ularly relevant in the context of GPCR allosteric modulators,
frequently characterized by “flat, nontractable” SAR, thus
complicating the choice of structural modifications of lead
compounds.5

Very recently, our group identified COR627 and its
simplified analogue COR628 (Chart 1) as new GABAB PAMs
by means of a virtual screening protocol.42 Both compounds
were found to potentiate GABA- and baclofen-stimulated
[35S]guanosine 5′-O-(3-thio)triphosphate ([35S]GTPγS) bind-
ing to native GABAB receptors while producing no effect when
given alone. In vivo experiments indicated that pretreatment
with per se ineffective doses of the two compounds potentiated
the sedative/hypnotic effect of baclofen.42a

These results prompted us to further investigate the PAM
activity toward GABAB receptor of a small library of 2-
(acylamino)thiophene derivatives. Accordingly, the synthesis
and in vitro and in vivo pharmacological evaluation of 2-
(acylamino)thiophene derivatives 1−35 (Chart 1, Table 1),
which represent a new class of compounds in the GABAB
PAMs scenario, are reported. In particular, these new

Chart 1. Structure of Selected GABAB PAMs and New Compounds 1-35

Journal of Medicinal Chemistry Article

dx.doi.org/10.1021/jm400144w | J. Med. Chem. 2013, 56, 3620−36353621



compounds were obtained by systematic modification of the
substituents appended to the tiophene ring of COR627, with

particular emphasis on modulation of the amide group. Further
studies based on alternative approaches, such as scaffold
hopping through bioisosteric replacement of thiophene nucleus
by other heterocycles, are still in progress and will be reported
on in due course.

■ RESULTS
Chemistry. Synthesis of New 2-(Acylamino)thiophene

Derivatives. Among the aminothiophene derivatives 36−39
(Scheme 1) used as starting substrates, compound 36 was

commercially available, while the amino ester and aminonitrile
derivatives 37−39 were synthesized in-house according to the
Gewald synthesis.43,44 This multicomponent reaction, which
has been widely exploited in combinatorial/medicinal chemistry
to yield a variety of compounds exhibiting different
pharmacological activities,44c allowed for the straightforward
preparation of the target compounds. Thus, condensation of 3-
pentanone or cyclohexanone with methyl cyanoacetate in the
presence of sulfur and morpholine yielded methyl 2-amino-
thiophene-3-carboxylates 37 and 38, respectively. Similarly,
aminonitrile 39 was prepared by reacting cyclohexanone with
malononitrile. Subsequent reaction of 36−39 with different acyl
and sulfonyl chlorides (acetic anhydride for compound 1)
under standard conditions provided carboxamides 1−24 and
sulfonamides 25−27, respectively. However, the outcome of
this apparently ordinary N-acylation reaction was strongly
dependent on the experimental conditions used. Specifically,
when relatively strong bases, such as TEA or DIPEA, were
employed in combination with acyl chlorides and particularly
sulfonyl chlorides, considerable amounts of the N,N-diacylated
products were isolated. Most probably, these conditions favored
an efficient deprotonation of the initially produced secondary
(sulfon)amides, rendered strongly acidic by intramolecular
conjugation with the electron-withdrawing ester moiety.
Particularly in the case of sulfonamides, their conjugated
bases efficiently compete with aminothiophenes for the
acylating agent, giving rise to the corresponding sulfonimides.
Accordingly, secondary sulfonamides could be generally

Table 1. Structure of the New Compounds 1−35

aAcetic anhydride was used as the acylating agent. bReaction solvent:
THF/DCM 1:1 at reflux temperature.

Scheme 1a

aReagents and conditions: (i) S8, morpholine, EtOH, reflux; (ii)
R4COCl, TEA, DCM, rt (method A) or R4COCl, dioxane, reflux
(method B) or R4CO2H, DIC, DMAP, DCM, 0 °C to rt (method C);
(iii) R4SO2Cl, pyridine, 0 °C to rt (method D).
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prepared in good yield by using a weaker base, such as pyridine.
Nevertheless, the best way to synthesize sulfonamide 25 (R4 =
phenyl), achieving a 55% overall yield, was to apply a two-step
procedure (Scheme 2) involving selective hydrolysis (16 equiv

of NaOH, THF/H2O, 45−50 °C, 8 h) of the initially formed
sulfonimide 40.45 No hydrolysis of the ester function occurred
under these conditions. Carboxamides 1−24 were synthesized
by reacting 36−39 with acyl chlorides either in the presence of
TEA, with only traces of diacylated products (method A), or
simply in refluxing dioxane without added base (method B). In
some cases, reaction with carboxylic acids in the presence of
diisopropylcarbodiimide (DIC) (method C) was also used.
To explore the steric and electronic properties of the amide

moiety, compound 11 was alkylated with methyl iodide to the
corresponding tertiary amide 28 (Scheme 3), while the iodo
derivative 15 was transformed into the biphenyl derivatives
29−31 by Suzuki coupling with the appropriate arylboronic
acids (Scheme 4).

Selected modifications of the methyl ester group into more
bulky/lipophilic moieties were also performed (Scheme 5).
Thus, basic hydrolysis of 6 and 11 yielded the corresponding
carboxylic acids 41 and 42 under rather vigorous reaction
conditions (15 equiv of NaOH in MeOH/water at 80 °C
overnight or successive additions of LiOH in THF/H2O during
24 h). Subsequent reaction of 41 and 42 with an excess of 1-
propanol or tert-butanol in the presence of coupling reagents,
such as carbodiimides or HBTU/HOBt, afforded the expected
esters 32−35 in only low yield (10−21%). Esters 34 and 35
were ultimately found to be best prepared in 85% and 26%
yield, respectively, by treatment of 42 with 1-propanol or tert-
butanol under Mitsunobu conditions.

In Vitro Pharmacology. Effects of 2-(Acylamino)-
thiophene Derivatives on Native GABAB Receptor
Activity in [35S]GTPγS Binding Assay. The functional
characterization of the novel compounds was performed
using GTPγS binding assay, a well validated functional assay
for GPCRs, using membranes from rat brain cortex. To assay
for GABAB PAM activity, the compounds were coapplied with
the endogenous ligand GABA. As shown in Table 2, in the
presence of 10 μM GABA, the test compounds at 25 μM
potentiated [35S]GTPγS stimulation induced by GABA alone.
Considering the data (and respective SEM values) in Table 2, a
clear-cut activity ranking for all the tested compounds can be
hardly found. However, compounds 6, 7, 10, and 11 stand out
to some extent within the series: at 25 μM they stimulated
[35S]GTPγS binding to rat membranes to approximately 27−
18% of GABA alone, with a potency similar to that of COR627
and COR628, though lower than that of GS39783, used as
reference compounds. Compounds 7, 10, and 11 at 2.5 μM
potentiated [35S]GTPγS binding to approximately 19−9% of
GABA alone, displaying a potency comparable to or higher
than that of the prototypical compound COR627. When tested
in the absence of GABA, all the compounds produced no
stimulation of basal [35S]GTPγS binding up to 100 μM (data
not shown), demonstrating no intrinsic agonist activity. All the
other compounds reported in Table 1 did not stimulate
[35S]GTPγS binding either alone or when coapplied with
GABA (data not shown).
To further investigate the GABAB PAM profiles of 10 and

11, two of the most active compounds in vitro and in vivo (vide
infra), GABA concentration curves were performed in the
absence and presence of a fixed concentration (30 μM) of both
compounds. As shown in Figure 1, GABA alone stimulated
[35S]GTPγS in a concentration-dependent manner with an
EC50 of 3.28 ± 0.29 μM and a maximal stimulation of 45 ±
4.40% over the basal value. In the presence of compounds 10
and 11, the EC50 for GABA decreased by approximately 11-fold
(EC50 = 0.28 ± 0.03 μM) and 3-fold (EC50 = 1.11 ± 0.08 μM)
for compounds 10 and 11, respectively. Only a slight
concomitant increase in maximal GABA stimulation (Emax of
60 ± 5.50% and 51 ± 3.80% over the basal values for
compounds 10 and 11, respectively) was observed for both
compounds. Contrary to other well-known GABAB PAMs, such
as CGP7930, GS39783, and rac-BHFF, but similar to COR627
and COR628,42a 10 and 11 mainly affected the potency of
GABA rather than its efficacy.

Cytotoxicity Assay. Cytotoxicity assay was performed to
establish the effects of selected compounds on cell viability in
vitro in comparison with reference compounds COR627,
COR628, GS39783, and BHF177. IC50 values on NIH3T3 cell
line are reported in Table 3. These data confirmed a low

Scheme 2a

aReagents and conditions: (i) benzenesulfonyl chloride, TEA, DCM,
rt; (ii) TEA; (iii) NaOH, THF, H2O, 50 °C (method E).

Scheme 3a

aReagents and conditions: (i) methyl iodide, potassium tert-butoxide,
DMF, rt (method F).

Scheme 4a

aReagents and conditions: (i) appropriate arylboronic acid, Pd(OAc)2,
PPh3, 1 M Na2CO3, EtOH/DME, MW (110 °C, 5 min) (method G).
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cytotoxic potential for all the tested compounds toward
NIH3T3. Some of the most active GABAB enhancers, such as
6, 7, 10, and 11, displayed cytotoxicity values comparable to or
lower than GS39783 and BHF177, respectively. In particular, 7
and 25 were approximately 4-fold less cytotoxic than lead
compounds COR627 and COR628.

Metabolic Stability Assays. The intrinsic clearance (Clintr)
of compounds 6, 7, 10, and 11 was assessed in the presence of
mouse liver microsomes. The plot of the natural logarithm of
the percentage of nonmetabolized compounds versus time was
linear, indicating that substrate depletion by CYPs followed a
monoexponential relationship. The calculated k (Table 4)
ranged from 0.0074 to 0.01155 min−1 for compound 6 and
compound 10, respectively. The resulting Clintr ranged from 7.7
to 12.03 (μL min−1 mg−1), and the amount of unmetabolized
compound after 1 h of incubation was ≥60%. These data

Scheme 5a

aReagents and conditions: (i) LiOH, THF, H2O, rt; (ii) ROH, DIC, DCM, rt (for 32 and 33, method H) or ROH, DEAD, PPh3, THF, rt (for 34
and 35, method I).

Table 2. Effects of 2-Acylaminothiophene Derivatives on the
Stimulation of [35S]GTPγS Binding via GABAB Receptor in
Rat Cortical Membranes

increase (%) relative to 10 μM GABA

compd 2.5 μMa 25 μMa

4 3.0 ± 3.2 12.1 ± 3.7
5 3.1 ± 4.6 12.0 ± 5.9
6 3.7 ± 2.3 18.2 ± 2.8
7 19.0 ± 2.3 23.2 ± 3.9
10 17.8 ± 2.8 27.3 ± 5.3
11 9.2 ± 1.8 18.3 ± 3.6
12 4.0 ± 5.3 11.0 ± 8.3
16 3.9 ± 2.6 8.2 ± 4.5
20 −5.6 ± 2.9 12.0 ± 0.7
22 −4.1 ± 2.7 9.0 ± 3.7
25 2.9 ± 5.3 5.9 ± 1.6
COR627 9.2 ± 1.8 22.0 ± 4.9
COR628 2.0 ± 1.4 15.1 ± 3.3
GS39783 59.0 ± 1.3 (at 10 μM)

aData are the mean ± SEM of five experiments, each performed in
triplicate. As the maximal effect of 10 μM GABA alone differed
between experiments, data were normalized to the effect of 10 μM
GABA (control, set as 0%). GABA at 10 μM stimulated [35S]GTPγS
binding to approximately 24.0 ± 1.1% of the basal activity. COR627,
COR628, and GS39783 were used as reference compounds.

Figure 1. Concentration−response curves for GABA in the
[35S]GTPγS binding assay in the absence (●) and presence (▲) of
10 or (■) 11 (30 μM). GABA responses were measured in rat cortical
membranes. Data shown are from a typical experiment performed in
triplicate, expressed as the mean ± SEM dpm values.

Table 3. Cytotoxic Effect (IC50, μM) of Selected 2-
Acylaminothiophene Derivatives on NIH3T3 Cells in
Comparison with Reference Compounds COR627,
COR628, GS39783, and BHF177

compd IC50 ± SD (μM)a

4 34 ± 1
5 66 ± 3
6 95 ± 4
7 140 ± 4
10 54 ± 2
11 59 ± 2
20 62 ± 3
25 146 ± 5
COR627 32 ± 1
COR628 33 ± 1
GS39783 60 ± 2
BHF177 35 ± 2

aEach value is the mean of six determinations.

Table 4. Elimination Rate Constant and Intrinsic Clearance
of Compounds 6, 7, 10, and 11

compd k (min−1)
CLintr

(μL·min−1·mg protein−1)
compd metabolized

(%)a

6 0.007424 7.73 28
7 0.008628 8.98 32
10 0.01155 12.03 40
11 0.007627 7.9 28

aAmount of compound metabolized after 60 min of incubation in the
presence of mouse liver microsomal preparations and NADPH-
generating system, expressed as % of the initial amount added.
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Figure 2. Effect of 6, 7, 10, 11, and GS39783 on different parameters [number of mice losing the righting reflex; onset and duration of loss of
righting reflex (LORR)] of the sedative/hypnotic effect of baclofen in DBA mice. Panels A−E depict the effect of the intraperitoneal administration
of different doses of test compounds and GS39783 on onset (left panels) and duration (right panels) of LORR. Panel F depicts the effect of the
intragastric administration of the fixed dose of 300 mg/kg test compounds and GS39783 on onset (left panels) and duration (right panels) of LORR.
Test compounds and GS39783 were administered 30 min before administration of 35 mg/kg baclofen. Each bar is the mean ± SEM of n = 4−6
mice. Mice that did not lose the righting reflex were assigned the values of 6 -min onset and 0 min duration, respectively: (∗) P < 0.05 in comparison
to vehicle-treated mouse group (Newman−Keuls test). Numbers on top of each bar represent the number of mice that lost the righting reflex over
the total number of mice tested.
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indicated that all compounds studied featured high metabolic
stability, similar to that observed for well established clinical
drugs such as felbamate, lorazepam, and propranolol.46

Furthermore, irrespective of the compound tested, HPLC−
MS analysis performed on samples obtained by incubating the
compounds in mouse plasma preparations failed to show the
presence of additional peaks, with the calculated amount of the
parent being equal to initial concentrations. These data
indicated that plasma esterases do not promote hydrolytic
reactions on the studied compounds within 30 min of
incubation time.
In Vivo Pharmacology. Baclofen-Induced Sedation/

Hypnosis. Compounds 6, 7, 10, and 11, four significantly
active GABAB enhancers in vitro, were selected for in vivo
pharmacological evaluation. Intraperitoneal administration of
all four new compounds, as well as GS39783 (included in the
experimental design as reference compound), resulted in a
dose-dependent potentiation of the sedative/hypnotic effect
produced by treatment with a subthreshold dose of 35 mg/kg
baclofen. Specifically:
Experiment with Compound 6. Analysis of quantal data

indicated that the number of mice that lost their righting reflex
was 2/6, 2/6, 3/6, 3/6, 5/6, 6/6, and 6/6 in mouse groups
pretreated with 0, 1, 3, 10, 30, 100, and 300 mg/kg 6,
respectively (X2 = 13.69, df = 6, P < 0.05). Onset of loss of
righting reflex (LORR) was dose-dependently reduced by
pretreatment with 6 [F(6,35) = 3.60, P < 0.01]; post hoc analysis
indicated that onset of LORR in 100 and 300 mg/kg 6-treated
mouse groups was significantly lower than in vehicle-treated
mouse group (Figure 2, panel A, left). Duration of LORR was
dose-dependently increased by pretreatment with 6 [F(6,35) =
5.91, P < 0.0005]; post hoc analysis indicated that duration of
LORR in 100 and 300 mg/kg 6-treated mouse groups was
significantly longer than in vehicle-treated mouse group (Figure
2, panel A, right).
Experiment with Compound 7. Analysis of quantal data

indicated that the number of mice that lost their righting reflex
was 1/6, 4/6, 4/6, 6/6, 6/6, 6/6, and 6/6 in mouse groups
pretreated with 0, 1, 3, 10, 30, 100, and 300 mg/kg 7,
respectively (X2 = 25.62, df = 6, P < 0.0005). Onset of LORR
was dose-dependently reduced by pretreatment with 7 [F(6,35) =
5.81, P < 0.0005]; post hoc analysis indicated that onset of
LORR in mouse groups treated with doses of 7 equal to or
higher than 1 mg/kg was significantly lower than in vehicle-
treated mouse group (Figure 2, panel B, left). Duration of
LORR was dose-dependently increased by pretreatment with 7
[F(6,35) = 9.64, P < 0.0001]; post hoc analysis indicated that
duration of LORR in mouse groups treated with doses of 7
equal to or higher than 30 mg/kg was significantly longer than
in vehicle-treated mouse group (Figure 2, panel B, right).
Experiment with Compound 10. Analysis of quantal data

indicated that the number of mice that lost their righting reflex
was 1/6, 3/6, 5/6, 6/6, 6/6, 6/6, and 6/6 in mouse groups
pretreated with 0, 1, 3, 10, 30, 100, and 300 mg/kg 10,
respectively (X2 = 23.19, df = 6, P < 0.001). Onset of LORR
was dose-dependently reduced by pretreatment with 10 [F(6,35)
= 25.58, P < 0.0001]; post hoc analysis indicated that onset of
LORR in mouse groups treated with doses of 10 equal to or
higher than 10 mg/kg was significantly lower than in vehicle-
treated mouse group (Figure 2, panel C, left). Duration of
LORR was dose-dependently increased by pretreatment with
10 [F(6,35) = 23.99, P < 0.0001]; post hoc analysis indicated that
duration of LORR in mouse groups treated with doses of 10

equal to or higher than 3 mg/kg was significantly longer than in
vehicle-treated mouse group (Figure 2, panel C, right).

Experiment with Compound 11. Analysis of quantal data
indicated that the number of mice that lost their righting reflex
was 2/6, 4/6, 4/6, 5/6, 6/6, 6/6, and 6/6 in mouse groups
pretreated with 0, 1, 3, 10, 30, 100, and 300 mg/kg 11,
respectively (X2 = 13.29, df = 6, P < 0.05). Onset of LORR was
dose-dependently reduced by pretreatment with 11 [F(6,35) =
5.28, P < 0.001]; post hoc analysis indicated that onset of
LORR in mouse groups treated with doses of 11 equal to or
higher than 10 mg/kg was significantly lower than in vehicle-
treated mouse group (Figure 2, panel D, left). Duration of
LORR was dose-dependently increased by pretreatment with
11 [F(6,35) = 16.59, P < 0.0001]; post hoc analysis indicated that
duration of LORR in mouse groups treated with doses of 11
equal to or higher than 10 mg/kg was significantly longer than
in vehicle-treated mouse group (Figure 2, panel D, right).

Experiment with GS39783. Analysis of quantal data
indicated that the number of mice that lost their righting reflex
was 2/6, 2/6, 5/6, 5/6, 5/6, and 6/6 in mouse groups
pretreated with 0, 3, 10, 30, 100, and 300 mg/kg GS39783,
respectively (X2 = 11.65, df = 5, P < 0.05). Onset of LORR was
dose-dependently reduced by pretreatment with GS39783
[F(5,30) = 4.03, P < 0.01]; post hoc analysis indicated that onset
of LORR in mouse groups treated with doses of GS39783 equal
to or higher than 10 mg/kg was significantly lower than in
vehicle-treated mouse group (Figure 2, panel E, left). Duration
of LORR was dose-dependently increased by pretreatment with
GS39783 [F(5,30) = 4.37, P < 0.005]; post hoc analysis indicated
that duration of LORR in 100 and 300 mg/kg GS39783-treated
mouse groups was significantly longer than in vehicle-treated
mouse group (Figure 2, panel E, right).

Experiment with Intragastric Administration. Intragastric
administration of 300 mg/kg 6, 7, 10, and 11, together with 35
mg/kg baclofen, resulted in the occurrence of LORR in all
treated mice (6/6 in 6-, 10-, and 11-treated mouse groups; 4/4
in 7-treated mouse group), while pretreatment with vehicle
produced LORR only in 1/6 mouse (Figure 2, panels F).
Pretreatment with 300 mg/kg reference compound GS39783
produced LORR in 4/6 mice (Figure 2, panels F). Onset of
LORR was differentially altered by pretreatment with vehicle, 6,
7, 10, 11, and GS39783 [F(5,28) = 8.29, P < 0.0001]; post hoc
analysis indicated that onset of LORR in mouse groups treated
with 6, 10, and 11 was significantly lower than in vehicle-
treated mouse group (Figure 2, panel F, left). Duration of
LORR was differentially altered by pretreatment with vehicle, 6,
7, 10, 11, and GS39783 [F(5,28) = 9.33, P < 0.0001]; post hoc
analysis indicated that duration of LORR in mouse groups
treated with 6, 10, and 11 was significantly longer than in
vehicle-treated mouse group (Figure 2, panel F, right).

Pentobarbital-Induced Sedation/Hypnosis. These ex-
periments were conducted to assess the specificity of the
potentiating effect of compounds 6, 10, and 11 on baclofen-
induced sedation/hypnosis. To this end, the effect of their
pretreatment on the sedative/hypnotic effect of the barbiturate
pentobarbital was assessed. In all experiments, pentobarbital
was administered at the subthreshold dose of 20 mg/kg.
Specifically:

Experiment with Compound 6. Analysis of quantal data
indicated a tendency toward a dose-dependent increase in the
number of mice that lost their righting reflex [0/6, 1/6, 2/6,
and 4/6 in mouse groups pretreated with 0, 30, 100, and 300
mg/kg 6, respectively (X2 = 7.06, df = 3, P > 0.05)]. ANOVA
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revealed a significant effect of pretreatment with 6 on onset of
LORR [F(3,20) = 3.20, P < 0.05]; post hoc analysis indicated that
onset of LORR in the 300 mg/kg 6-treated mouse group was
significantly lower than in vehicle-treated mouse group (Table
5). Conversely, duration of LORR was not significantly altered
by pretreatment with 6 [F(3,20) = 1.17, P > 0.05] (Table 5).

Experiment with Compound 10. Analysis of quantal data
indicated a significant, dose-dependent increase in the number
of mice that lost their righting reflex [0/6, 1/6, 2/6, and 5/6 in
mouse groups pretreated with 0, 30, 100, and 300 mg/kg 10,
respectively (X2 = 10.50, df = 3, P < 0.05)]. ANOVA revealed a
significant effect of pretreatment with 10 on onset of LORR
[F(3,20) = 3.71, P < 0.05]; post hoc analysis indicated that onset
of LORR in the 300 mg/kg 10-treated mouse group was
significantly lower than in vehicle-treated mouse group (Table
5). ANOVA revealed a significant effect of pretreatment with
10 on duration of LORR [F(3,20) = 5.34, P < 0.01]; post hoc
analysis indicated that duration of LORR in the 300 mg/kg 10-
treated mouse group was significantly longer than in vehicle-
treated mouse group (Table 5).
Experiment with Compound 11. Analysis of quantal data

[0/6, 0/6, 1/6, and 2/6 in mouse groups pretreated with 0, 30,
100, and 300 mg/kg 11, respectively (X2 = 4.19, df = 3, P >
0.05)], onset of LORR [F(3,20) = 1.28, P > 0.05], and duration
of LORR [F(3,20) = 1.01, P > 0.05] revealed no effect of
pretreatment with 11 (Table 5).
Experiment with GS39783. Analysis of quantal data [0/6, 0/

6, 0/6, and 1/6 in mouse groups pretreated with 0, 30, 100, and
300 mg/kg GS39783, respectively (X2 = 3.13, df = 3, P >
0.05)], onset of LORR [F(3,20) = 1.00, P > 0.05], and duration

of LORR [F(3,20) = 1.00, P > 0.05] revealed no effect of
pretreatment with GS39783 (Table 5).

■ DISCUSSION
In Vitro Activity and SAR. Out of 35 new compounds

reported in Table 1, 11 (namely, 4, 5, 6, 7, 10, 11, 12, 16, 20,
22, 25) given at 25 μM increased GABA activity in vitro by
>5% compared to controls, thus being considered “active” as
GABAB PAMs (Table 2, third column). Among these,
compounds 7, 10, and 11 were also found to be active at 2.5
μM. Structural modifications of the prototypical compounds
COR627 and COR628, undertaken with the aim of improving
their in vitro and in vivo pharmacological profile, involved (a)
substituents at positions 4 and 5 of the thiophene ring, (b) ester
moiety at position 3, and (c) amide group at position 2.
(a) 4-Ethyl and 5-methyl groups were found to be the best

substituents at positions 4 and 5 of the thiophene ring. Removal
of the latter resulted in completely inactive derivatives
(compare 6 and 11 with 18 and 19, respectively), while their
replacement with a tetramethylene chain provided the
corresponding tetrahydrobenzo[b]thiophene derivatives 20−
24 showing reduced or no activity. In particular, although 20
exhibited moderate activity, comparison with COR628
demonstrates that the conversion of 4-ethyl-5-methylthiophene
moiety into a tetrahydrobenzo[b]thiophene ring was not
capable of enhancing in vitro activity.
(b) Replacement of the methyl ester group at position 3 of

compounds 6 and 11 with bulkier/more lipophilic alkyl esters
led to derivatives 32−35 that were devoid of activity.
Replacement of the ester moiety with a nitrile (23 and 24)
or carboxylic group (41 and 42) proved to be equally
unfavorable.
(c) Amide functionality at position 2 of the thiophene

scaffold was the main target of SAR investigations, proving to
be a crucial structural feature for in vitro activity. Thus,
replacement of the acylamide moiety with carbamate or
sulfonamide groups provided scarcely active (16, 25) or
inactive (26, 27) compounds. Likewise, conversion of the
secondary amide of the active derivative 11 into a tertiary one
by N-methylation (compound 28) completely abolished
activity. These results may infer involvement of the NH of
the amide group as a donor in H-bonding interaction with the
target receptor. As a result, structural modifications that either
prevent (N-methylation) or hinder, possibly by lowering the
NH pKa value (carbamate and sulfonamide groups), this
ligand−receptor interaction can be expected to decrease the
biological activity of the compounds.
The residue linked to the amide carbonyl group produced a

marked modulatory effect on activity of the compounds. When
the cyclohexyl group of COR628 was replaced with
progressively smaller alkyl groups (4 to 1), as well as a with
a benzyl group (17), a decrease of activity was observed, with
the sole cyclopentyl derivative 4 retaining moderate activity.
Conversely, substitution of a phenyl group for the cyclohexyl
group did not result in an unfavorable outcome, with
compound 5 displaying a similar activity profile as 4 at both
concentrations tested. This “bioequivalence” between cycloalkyl
and phenyl residues appeared to be quite promising with regard
to additional SAR studies, particularly in view of the wide
availability of diversely substituted arylcarboxylic acid deriva-
tives for potential use in the structural optimization program.
According to the conventional Topliss operational scheme for
hit-to-lead optimization,47 the 4-methylphenyl (6) and 4-

Table 5. Effect of Compounds 6, 10, 11, and GS39783 on
Different Parameters [Number of Mice Losing the Righting
Reflex and Onset and Duration of Loss of Righting Reflex
(LORR)] of the Sedative/Hypnotic Effect of Pentobarbital
in DBA Mice

compda
dose

(mg/kg)
no. of rats losing
the righting reflex

onset of LORR
(min)b

duration of
LORR
(min)b

6 0 0/6 60.0 ± 0.0 0.0 ± 0.0
30 1/6 53.3 ± 6.7 4.7 ± 4.7
100 2/6 43.8 ± 11.2 11.2 ± 7.9
300 4/6 26.7 ± 10.6∗ 14.0 ± 6.7

10 0 0/6 60.0 ± 0.0 0.0 ± 0.0
30 1/6 54.0 ± 6.0 2.3 ± 2.3
100 2/6 45.2 ± 9.4 7.0 ± 5.4
300 5/6 31.3 ± 6.5∗ 23.3 ± 6.9∗

11 0 0/6 60.0 ± 0.0 0.0 ± 0.0
30 0/6 60.0 ± 0.0 0.0 ± 0.0
100 1/6 51.8 ± 8.9 4.8 ± 5.3
300 2/6 45.8 ± 9.1 7.3 ± 5.0

GS39783 0 0/6 60.0 ± 0.0 0.0 ± 0.0
30 0/6 60.0 ± 0.0 0.0 ± 0.0
100 0/6 60.0 ± 0.0 0.0 ± 0.0
300 1/6 57.3 ± 2.7 2.3 ± 2.3

aTest compounds were administered 30 min before administration of
20 mg/kg pentobarbital. bValues in the “onset” and “duration”
columns are the mean ± SEM of n = 6 mice. Mice that did not lose the
righting reflex were assigned the values of 60 min onset and 0 min
duration. ∗P < 0.05 in comparison to vehicle-treated mouse group
(Newman−Keuls test).

Journal of Medicinal Chemistry Article

dx.doi.org/10.1021/jm400144w | J. Med. Chem. 2013, 56, 3620−36353627



chlorophenyl (11) analogues were selected for in vitro assay at
25 μM. Both compounds were found to be equipotent and
slightly more active than the corresponding phenyl derivative 5.
These findings led us to hypothesize that increased activity
obtained with methyl and chloro substituents might be due to
their steric, rather than electronic, effects. Accordingly, methoxy
analogues were less potent (22) or inactive (8, 24) compared
to 6, while 3-chloro (12) and 2-chloro (13) analogues were
respectively 60% less active than 11 and completely inactive. All
other compounds bearing electron withdrawing substituents,
such as halogens (14 and 15) or a nitro group (9), located at
the para position of the phenyl ring were devoid of activity in
an in vitro assay. On the other hand, no correlation was found
between CLogP values (data not shown) and activity of the
tested compounds, thus supporting a minor role, if any, for
lipophilicity in determining in vitro activity. Indeed, although
equipotent compounds 4 and 5 share the same CLogP of 4.28,
other compounds featuring a similar lipophilicy (e.g., 11, 13,
14) did not elicit similar in vitro potency.
Among the four active compounds 6, 7, 10, and 11, the 4-

tert-butylphenyl derivative 7 and the 4-trifluorophenyl deriva-
tive 10 emerged as the most potent GABAB PAMs, displaying
significant activity even at the lowest tested concentration of 2.5
μM. Notably, both 7 and 10 are characterized by substituents
(tert-butyl and trifluoromethyl) that possess opposite electronic
properties but similar steric effects. In particular, both present
three fluorine atoms or isosteric methyl groups linked to a
quaternary carbon atom at the para position of the phenyl ring.
This feature, which ensures the best in vitro profile, would also
appear to be in line with the difference in activity observed
between COR627 and COR628. In other words, the presence
of an aliphatic and sterically demanding tertiary group, likely
occupying a large and basically hydrophobic pocket of the
GABAB receptor, is required at position 4 of the phenyl ring
linked to the amide carbonyl group, in order for these new
GABAB PAMs to elicit the best modulatory activity. While this
assumption seems to be confirmed by the inactivity of 4-
arylphenyl derivatives 29−31, on the other hand it cannot
account for activity displayed by the 4-chlorophenyl derivative
11 or for its difference in potency compared to the
corresponding 4-bromophenyl and 4-iodophenyl compounds
14 and 15. Briefly, although steric effects appear to be
implicated in determining in vitro potency, the involvement of
electronic effects cannot be definitely ruled out.
Early efforts aimed at developing SARs for GPCR allosteric

modulators revealed that the phenomenon known as “flat SAR”
appears considerably more widespread than with orthosteric
ligands,5,48 introducing significant challenges in the hit-to-lead
stage of drug discovery process.49 Accordingly, even slight
modifications of the hit structure may result in inactive
compounds or point toward very shallow and narrow SAR
patterns. Flat SAR is frequently observed with PAMs,50 and the
2-(acylamino)thiophene compounds described herein do not
appear to be an exception. As a result, further studies should be
undertaken to develop a consistent and comprehensive SAR
model, which may act as a guide in the rational design of novel
analogues and the hit-to-lead optimization process.
In Vivo Activity. Potentiation of the sedative/hypnotic

effect of baclofen, or any other GABAB receptor agonist,
constitutes a reliable test to assess the in vivo potential of
putative GABAB PAMs. This procedure has indeed been
extensively and successfully used to characterize the in vivo
GABAB-PAM profile of CGP793018,42b,51 and rac-BHFF.42b,51

The results of the in vivo experiments performed in the present
study demonstrate that acute pretreatment with ineffective
doses of 6, 7, 10, and 11 synergistically increased the sedative/
hypnotic effect produced by the acute administration of a
subthreshold dose of baclofen (Figure 2, panels A−D). Indeed,
all three parameters of baclofen-induced sedation/hypnosis
[specifically, (1) proportion of mice losing the righting reflex,
(2) onset of LORR, and (3) duration of LORR] were markedly
and dose-dependently altered by pretreatment with the four
compounds. Together, these data support the conclusion that
6, 7, 10, and 11 may also behave as GABAB PAMs in an in vivo
assay.
Comparison of the effect of 6, 7, 10, and 11 with that of the

prototypic GABAB PAM, GS39783 (Figure 2, panel E) suggests
that the four novel compounds had similar, if not superior,
potency and efficacy in potentiating the sedative/hypnotic
effect of baclofen.
Notably, all four compounds were still active after intragastric

administration, as administration of 300 mg/kg of each
compound resulted in LORR in all tested mice (Figure 2,
panel F). Additionally, pretreatment with 6, 10, and 11, but not
7 and GS39783, reduced the onset and increased the duration
of LORR. Among the tested compounds, 6 elicited fast onset,
basically comparable to that of 10 and 11, and the longest
duration of LORR, followed by compounds 10 and 11 (Figure
2, panel F). Nevertheless, considering that the intragastric
experiment was performed with a single and high dose of the
compounds, these results should be taken with due caution.
Thus, a full in vivo pharmacokinetic profiling of these
compounds should be performed in order to better define
their actual value.
Finally, the results of the pentobarbital experiment (Table 5)

suggest that the potentiating effect of 11, as well as those of
GS39783, was specific for baclofen, as pretreatment with these
two compounds failed to alter the sedative/hypnotic effect of
pentobarbital. Conversely, pretreatment with 6 and 10
potentiated pentobarbital-induced sedation/hypnosis, posing
some questions on their specificity for the baclofen effect.
Taking into account the three above-mentioned parameters

of baclofen-induced sedation/hypnosis, as well as the results of
the experiments testing the intragastric administration and drug
specificity, a tentative rank of order of potency and efficacy of
the four novel compounds may include 11 as the most
interesting compound, as it (a) potentiated baclofen-induced
sedation/hypnosis in all mice at doses as low as 30 mg/kg, (b)
produced significant changes in baclofen-induced onset and
duration of LORR at doses as low as 10 mg/kg, (c) produced
one of largest potentiation of baclofen-induced duration of
LORR at the 300 mg/kg dose (ip), (d) was active after
intragastric administration, and (e) failed to affect pentobarbi-
tal-induced sedation/hypnosis, providing evidence in favor of
its specificity for the baclofen effect.

■ CONCLUSION
A new family of GABAB PAMs has been identified through
chemical manipulation of the prototypes COR627 and
COR628. In this series, several aspects of SAR have been
clarified and the pharmacological activity both in vitro and in
vivo has been assessed. Although less potent than GS39783,
used as a reference compound, a number of 2-(acylamino)-
thiophene derivatives proved to be capable of significantly
potentiating GABAB activity by increasing potency rather than
efficacy of the endogenous ligand GABA. The lack of intrinsic
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activity and interaction with the orthosteric binding site should
result in the lack of any unwanted side effects typical of GABAB
receptor agonists and ago-allosteric agents.
Findings obtained in in vivo experiments demonstrated that

pretreatment with ineffective doses of compounds 6, 7, 10, and
11 synergistically increased the sedative/hypnotic effect of a
subthreshold dose of baclofen in mice. In particular, all three
parameters of baclofen-induced sedation/hypnosis were indeed
markedly altered in a dose-related fashion by pretreatment with
the test compounds. Notably, the potentiating effect of
compound 11 was specific for baclofen because no dose
altered the sedative/hypnotic effect of pentobarbital.
In conclusion, the present study has disclosed structurally

novel and noncytotoxic GABAB PAMs, which may constitute
additional tools for use in investigating GABAB receptor
function and physiopathology. Some of these compounds
proved to be active in vivo, even after intragastric
administration, and displayed significant metabolic stability
toward mouse liver microsomes and plasma esterases. Never-
theless, the in vivo pharmacokinetic profile of these compounds
should be further evaluated in order to better understand the
value of the series. Although the requirement of an optimized
drug is to display greater potency, several of the new
compounds described here may be viewed as potentially
innovative leads in medicinal chemistry research focused on the
design of effective, orally available, positive allosteric modu-
lators of the GABAB receptor.

■ EXPERIMENTAL SECTION
Chemistry. General Methods. Reagents were purchased from

commercial suppliers and used without further purification. Anhydrous
reactions were run under a positive pressure of dry N2. Merck silica gel
60 was used for flash chromatography (23−400 mesh) with the
following eluent systems: DCM (A), DCM/petroleum ether 1:1 (B),
DCM/petroleum ether 9:1 (C), DCM/petroleum ether 2:1 (D),
petroleum ether/AcOEt 6:1 (E), petroleum ether/AcOEt 4:1 (F),
petroleum ether/AcOEt 1:1 (G). IR spectra were recorded on a
Perkin-Elmer BX FT-IR system (CHCl3 solution or Nujol dispersion)
or on KBr disks using a Thermo Nicolet Avatar 330 FT-IR instrument.
1H NMR and 13C NMR were recorded at 200 and 50 MHz,
respectively, on a Bruker AC200F spectrometer and at 400 and 100
MHz on a Bruker Advance DPX400 or on a Varian Mercury
instrument. Chemical shifts are reported in ppm and multiplicity is
specified as follow: s = singlet, d = doublet, t = triplet, q = quartet, m =
multiplet, bs = broad signal. Mass spectrometry (MS) data were
obtained using Agilent 1100 LC/MSD VL system (G1946C) with a
0.4 mL/min flow rate using a binary solvent system of 95:5 methanol/
water. UV detection was monitored at 254 nm. Mass spectra were
acquired either in positive or in negative mode scanning over the mass
range of 105−1500, and data are reported as m/z. MALDI-TOF
analysis were performed using a Waters Micromass Micro Mx
spectrometer. Melting points were determined on either a Gallenkamp
apparatus or a Büchi B-540 instrument and are uncorrected.
Microwave irradiations were conducted using a CEM Discover
synthesis unit (CEM Corp., Matthews, NC). Elemental analyses
were performed on a Perkin-Elmer PE 2004 elemental analyzer, and
the data for C, H, and N are within 0.4% of the theoretical values.
HPLC analyses were performed using a Thermo HPLC apparatus
equipped with an RP80A 250 mm × 4.6 mm column, an SCM1000
vacuum membrane degasser, a P4000 gradient pump, an AS3000
autosampler, and a UV6000LP detector. HPLC eluent systems were
the following: A, water (0.03% TFA)−acetonitrile (0.03% TFA)
30:70; B, water (0.03% TFA)−acetonitrile (0.03% TFA) 15:85; C,
water (0.01% HCOOH)−acetonitrile (0.03% TFA) 30:70. The purity
of each compound was ≥95% in either analysis.

Aminothiophene precursors 37−39 were prepared according to
known procedures.44b,c

General Procedure for the Synthesis of Methyl 2-
(Acylamino)thiophene-3-carboxylates 1−5, 16, 18, and 21.
Method A. The appropriate acyl chloride (1.5 mmol) was slowly
added under a nitrogen atmosphere to a cooled (0 °C) solution of
aminothiophene derivative 36−38 (1 mmol) and TEA (210 μL, 1.5
mmol) in dry DCM (10 mL). After being stirred at room temperature
for 18 h, the solution was washed with 1 N HCl, saturated solution of
NaHCO3 and brine, then dried over anhydrous Na2SO4 and
evaporated to dryness. The crude product was purified by
recrystallization from MeOH or flash column chromatography using
the reported eluent system.

Methyl 2-(Acetylamino)-4-ethyl-5-methylthiophene-3-car-
boxylate (1). Eluent A. Orange oil. 1H NMR (600 MHz, CDCl3):
δ 11.26 (s, 1 H,), 3.89 (s, 3 H), 2.73 (q, J = 7.34 Hz, 2 H), 2.26 (s, 3
H), 2.25 (s, 3 H), 1.06 (t, J = 7.34 Hz, 3 H). MALDI-TOF: 241.624
[M]+.

Methyl 2-[(Cyclopropylcarbonyl)amino]-4-ethyl-5-methyl-
thiophene-3-carboxylate (2). Eluent B. Mp 69 °C. 1H NMR
(200 MHz, CDCl3): δ 11.44 (s, 1H), 3.85 (s, 3H), 2.68 (q, J = 7.4 Hz,
2H), 2.20 (s, 3H), 1.66−1.56 (m, 1H), 1.13−1.01 (m, 5H), 0.92−0.83
(m, 2H). MS (ESI): 290 [M + Na]+.

Methyl 2-[(tert-Butylcarbonyl)amino]-4-ethyl-5-methylthio-
phene-3-carboxylate (3). Eluent B. Mp 83 °C. 1H NMR (200
MHz, CDCl3): δ 11.62 (s, 1H), 2.68 (q, J = 7.6 Hz, 2H), 3.85 (s, 3H),
2.21 (s, 3H), 1.28 (s, 9H), 1.01 (t, J = 7.6 Hz, 3H). MS (ESI): 284 [M
+ H]+, 306 [M + Na]+.

Methyl 2-[(Cyclopentylcarbonyl)amino]-4-ethyl-5-methyl-
thiophene-3-carboxylate (4). Eluent B. Yellow oil. 1H NMR (200
MHz, CDCl3): δ 11.30 (s, 1H), 3.83 (s, 3H), 2.82−2.52 (m, 3H), 2.20
(s, 3H), 1.97−1.54 (m, 8H), 1.00 (t, J = 7.0 Hz, 3H). MS (ESI): 296
[M + H]+, 318 [M + Na]+.

Methyl 2-(Benzoylamino)-4-ethyl-5-methylthiophene-3-car-
boxylate (5). Mp 110 °C. 1H NMR (200 MHz, CDCl3): δ 12.33 (s,
1H), 8.01−7.97 (m, 2H), 7.60−7.45, (m, 3H), 3.92 (s, 3H), 2.29 (s,
3H), 2.74 (q, J = 7.5 Hz, 2H), 1.07 (t, J = 7.5 Hz, 3H). MS (ESI): 304
[M + H]+, 326 [M + Na]+.

Methyl 4-Ethyl-5-methyl-2-[(phenoxycarbonyl)amino]-
thiophene-3-carboxylate (16). Eluent E. Mp 78−82 °C. 1H
NMR (200 MHz, CDCl3): δ 10.82 (s, 1H), 7.42−7.34 (m, 2H),
7.26−7.17 (m, 3H), 3.82 (s, 3H), 2.71 (q, J = 7.2 Hz, 2H), 2.25 (s,
3H), 1.06 (t, J = 7.2 Hz, 3H). MS (ESI): 320 [M + H]+, 342 [M +
Na]+.

Methyl 2-(Benzoylamino)thiophene-3-carboxylate (18). Elu-
ent D. Mp 115 °C. 1H NMR (200 MHz, CDCl3): δ 11.97 (s, 1H),
8.02−7.98 (m, 2H), 7.53−7.50 (m, 3H), 7.21 (d, J = 5.4 Hz, 1H), 6.75
(d, J = 5.4 Hz, 1H), 3.90 (s, 3H). MS (ESI): 284 [M + Na]+.

Methyl 2-(Benzoylamino)-4,5,6,7-tetrahydrobenzo[b]-
thiophene-3-carboxylate (21). Eluent D. Mp 117−119 °C. 1H
NMR (400 MHz, CDCl3): δ 12.31 (s, 1 H), 8.03 (m, 2 H), 7.58 (m, 1
H), 7.54 (m, 2 H), 3.92 (s, 3 H), 2.80 (m, 2 H), 2.70 (m, 2 H), 1.82
(m, 4 H). MALDI-TOF: 315.457 [M]+, 338.276 [M + Na]+, 354.159
[M + K]+.

General Procedure for the Synthesis of Methyl 2-
(Acylamino)thiophene-3-carboxylates 6−8, 10−15, 17, and
19. Method B. A solution of the appropriate acyl chloride (1.3 mmol)
in dry dioxane (3 mL) was added dropwise to a solution of 36 or 37
(1.0 mmol) in 10 mL of the same solvent, maintained at 70 °C. After
the addition was complete, the mixture was refluxed until the
formation of hydrogen chloride stopped (1−18 h). The solution was
concentrated in vacuo, and the residue was dissolved in DCM, washed
with NaHCO3 solution, dried over anhydrous Na2SO4, and evaporated
to dryness. The crude product was purified by recrystallization from
MeOH or flash column chromatography using the reported eluent
system.

Methyl 4-Ethyl-5-methyl-2-[((4-methylphenyl)carbonyl)-
amino]thiophene-3-carboxylate (6). Mp 116 °C. 1H NMR (400
MHz, CDCl3): δ 12.27 (s, 1H), 7.87 (d, J = 8.0 Hz, 2H), 7.27 (d, J =
8.0 Hz, 2H), 3.90 (s, 3H), 2.74 (q, J = 7.4 Hz, 2H), 2.39 (s, 3H), 2.27
(s, 3H), 1.06 (t, J = 7.4 Hz, 3H). MS (ESI): 340 [M + Na]+.
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Methyl 2-[((4-tert-Butylphenyl)carbonyl)amino]-4-ethyl-5-
methylthiophene-3-carboxylate (7). Mp 102−104 °C. 1H NMR
(400 MHz, CDCl3): δ 7.93 (d, J = 8.4 Hz, 2H), 7.51 (d, J = 8.4 Hz,
2H), 3.91 (s, 3H), 2.74 (q, J = 7.4 Hz, 2H), 2.28 (s, 3H), 1.33 (s, 9H),
1.07 (t, J = 7.4 Hz, 3H). MS (ESI): 382 [M + Na]+.
Methyl 4-Ethyl-2-[((4-methoxyphenyl)carbonyl)amino]-5-

methyl-thiophene-3-carboxylate (8). Eluent A. Mp 150−153 °C.
1H NMR (200 MHz, CDCl3): δ 12.22 (s, 1H), 7.93 (d, J = 8.7 Hz,
2H), 6.95 (d, J = 8.7 Hz, 2H), 3.89 (s, 3H), 3.82 (s, 3H), 2.71 (q, J =
7.4 Hz, 2H), 2.26 (s, 3H), 1.05 (t, J = 7.4 Hz, 3H). MS (ESI): 338 [M
+ H]+, 360 [M + Na]+.
Methyl 4-Ethyl-5-methyl-2-[((4-trifluoromethylphenyl)-

carbonyl)amino]thiophene-3-carboxylate (10). Eluent D. Mp
122−123 °C. 1H NMR (400 MHz, CDCl3): δ 12.48 (s, 1 H), 8.12 (d,
J = 8.2 Hz, 2 H), 7.79 (d, J = 8.2 Hz, 2 H), 3.95 (s, 3 H), 2.77 (q, J =
7.4 Hz, 2 H), 2.32 (s, 3 H), 1.10 (t, J = 7.4 Hz, 3 H). MALDI-TOF:
370.913 [M]+, 371.914 [M + H]+.
Methyl 2-[((4-Chlorophenyl)carbonyl)amino]-4-ethyl-5-

methylthiophene-3-carboxylate (11). Mp 113 °C. 1H NMR
(400 MHz, CDCl3): δ 12.38 (s, 1H), 7.97 (d, J = 8.5 Hz, 2H), 7.51 (d,
J = 8.5 Hz, 2H), 3.96 (s, 3H), 2.79 (q, J = 7.4 Hz, 2H), 2.34 (s, 3H),
1.11 (t, J = 7.4 Hz, 3H). MS (ESI): 360 [M + Na]+.
Methyl 2-[((3-Chlorophenyl)carbonyl)amino]-4-ethyl-5-

methylthiophene-3-carboxylate (12). Eluent B. Mp 99−102 °C.
1H NMR (200 MHz, CDCl3): δ 12.31 (s, 1H), 7.97 (s, 1H), 7.83−
7.79 (m, 1H), 7.49−7.41 (m, 2H), 3.91 (s, 3H), 2.71 (q, J = 7.2 Hz,
2H), 2.27 (s, 3H), 1.05 (t, J = 7.2 Hz, 3H). MS (ESI): 338 [M + H]+,
360 [M + Na]+.
Methyl 2-[((2-Chlorophenyl)carbonyl)amino]-4-ethyl-5-

methylthiophene-3-carboxylate (13). Eluent B. Mp 95−97 °C.
1H NMR (200 MHz, CDCl3): δ 11.90 (s, 1H), 7.77−7.72 (m, 1H),
7.47−7.31 (m, 3H), 3.85 (s, 3H), 2.73 (q, J = 7.4 Hz, 2H), 2.28 (s,
3H), 1.05 (t, J = 7.4 Hz, 3H). MS (ESI): 338 [M + H]+, 360 [M +
Na]+.
Methyl 2-[((4-Bromophenyl)carbonyl)amino]-4-ethyl-5-

methylthiophene-3-carboxylate (14). Eluent B. Mp 128−130
°C. 1H NMR (400 MHz, CDCl3): δ 12.30 (s, 1H), 7.82 (d, J = 8.1 Hz,
2H), 7.61 (d, J = 8.1 Hz, 2H), 3.91 (s, 3H), 2.72 (q, J = 7.5 Hz, 2H),
2.27 (s, 3H), 1.06 (t, J = 7.5 Hz, 3H). MS (ESI): 383 [M + H]+.
Methyl 4-Ethyl-2-[((4-iodophenyl)carbonyl)amino]-5-meth-

ylthiophene-3-carboxylate (15). Eluent B. Mp 164−165 °C. 1H
NMR (400 MHz, CDCl3): δ 7.85 (d, J = 8.4 Hz, 2H), 7.69 (d, J = 8.4
Hz, 2H), 3.91 (s, 3H), 2.74 (q, J = 7.4 Hz, 2H), 2.29 (s, 3H), 1.06 (t, J
= 7.4 Hz, 3H). MS (ESI): 452 [M + Na]+.
Methyl 2-[(Phenylacetyl)amino]-4-ethyl-5-methylthio-

phene-3-carboxylate (17). Mp 80 °C. 1H NMR (200 MHz,
CDCl3): δ 10.96 (s, 1H), 7.33 (m, 5H), 3.76 (s, 2H), 3.67 (s, 3H),
2.66 (q, J = 7.5 Hz, 2H), 2.21 (s, 3H), 0.99 (t, J = 7.5 Hz, 3H). MS
(ESI): 340 [M + Na]+.
Methyl 2-[((4-Chlorophenyl)carbonyl)amino]thiophene-3-

carboxylate (19). Mp 189−191 °C. 1H NMR (400 MHz, CDCl3):
δ 12.00 (s, 1H), 7.97 (d, J = 8.5 Hz, 2H), 7.51 (d, J = 8.5 Hz, 2H), 7.25
(d, J = 5.8 Hz, 1H), 6.80 (d, J = 5.8 Hz, 1H), 3.94 (s, 3H). MS (ESI):
318 [M + Na]+, 296 [M + H]+.
General Procedure for the Synthesis of Methyl 2-

(Acylamino)thiophene-3-carboxylates 9, 20, 22 and 2-
(Acylamino)thiophene-3-carbonitriles 23, 24. Method C.
N,N′-Diisopropylcarbodiimide (DIC, 190 mg, 1.5 mmol) was added
under inert atmosphere to a 0 °C solution of the appropriate
carboxylic acid (1.5 mmol) in dry DCM (15 mL). After 0.5 h at 0 °C a
DCM solution (15 mL) of the appropriate aminothiophene 37−39
(1.0 mmol) and 4-dimethylaminopyridine (DMAP, 122 mg, 1.0
mmol) were added and the reaction mixture was stirred at room
temperature overnight. The organic solution was extracted with 1 N
HCl, dried over Na2SO4, filtered and the solvent removed under
vacuum. The crude product was purified by flash column
chromatography using the reported eluent system.
Methyl 4-Ethyl-5-methyl-2-[((4-nitrophenyl)carbonyl)-

amino]thiophene-3-carboxylate (9). Eluent C. Mp 152−154 °C.
1H NMR (400 MHz, CDCl3): δ 12.58 (s, 1 H), 8.38 (d, J = 8,6 Hz, 2
H), 8.18 (d, J = 8,6 Hz, 2 H), 3.96 (s, 3 H), 2.78 (q, J = 7.4 Hz, 2 H),

2.33 (s, 3 H), 1.10 (t, J = 7.4 Hz, 3 H). MALDI-TOF: 349.865 [M +
H]+.

Methy l 2 - [ (Cyc lohexy l ca rbony l )amino] -4 ,5 ,6 ,7 -
tetrahydrobenzo[b]thiophene-3-carboxylate (20). Eluent C.
Colorless oil. 1H NMR (400 MHz, CDCl3): δ 11.34 (s, 1 H), 3.85
(s, 3 H), 2.73 (m, 2 H), 2.62 (m, 2 H), 2.37 (tt, J1 = 11.6, J2 = 3.5 Hz,
1 H), 2.01 (m, 2 H), 1.85−1.68 (m, 6 H), 1.54 (dd, J1 = 12.1, J2 = 2.9
Hz, 1 H), 1.48 (dd, J1 = 12.1, J2 = 2.9 Hz, 1 H), 1.38−1.22 (m, 4 H).
MALDI-TOF: 321.816 [M + H]+.

Methyl 2-[((3,4-Dimethoxyphenyl)carbonyl)amino]-4,5,6,7-
tetrahydrobenzo[b]thiophene-3-carboxylate (22). Eluent G.
Mp 164−165 °C. 1H NMR (400 MHz, CDCl3): δ 12.25 (s, 1 H),
7.63 (d, J = 2.1 Hz, 1 H), 7.57 (dd, J = 8.2, 2.1 Hz, 1 H), 6.95 (d, J =
8.2 Hz, 1 H), 3.97 (s, 3 H), 3.95 (s, 3 H), 3.90 (s, 3 H), 2.78 (m, 2 H),
2.68 (m, 2 H), 1.81 (m, 4 H). MALDI-TOF: 375.863 [M + H]+.

2-[(Cyclohexylcarbonyl)amino]-4,5,6,7-tetrahydrobenzo[b]-
thiophene-3-carbonitrile (23). Eluent C. Mp 186−188 °C. 1H
NMR (400 MHz, CDCl3): δ 8.33 (s, 1 H), 2.65−2.58 (m, 4 H), 2.37
(tt, J = 11.7, 3.5 Hz, 1 H), 1.99−1.95 (m, 2 H), 1.88−1.79 (m, 6 H),
1.74−1.71 (m, 1 H), 1.59−1.50 (m, 2 H), 1.39−1.24 (m, 3 H).
MALDI-TOF: 288.951 [M]+.

2-[((3,4-Dimethoxyphenyl)carbonyl)amino]-4,5,6,7-
tetrahydrobenzo[b]thiophene-3-carbonitrile (24). Eluent G. Mp
230−232 °C. 1H NMR (400 MHz, CDCl3): δ 8.80 (s, 1 H), 7.53 (d, J
= 2.1 Hz, 1 H), 7.44 (dd, J = 8.3, 2.1 Hz, 1 H), 6.94 (d, J = 8.3 Hz, 1
H), 3.97 (s, 3 H), 3.96 (s, 3 H), 2.68−2.61 (m, 4 H), 1.87−1.83 (m, 2
H). MALDI-TOF: 342.936 [M]+.

General Procedure for the Synthesis of Methyl 2-
(Sulfonylamino)thiophene-3-carboxylates 26 and 27. Method
D. The appropriate sulfonyl chloride (1.0 mmol equiv) was slowly
added to a 0 °C solution of 37 (199 mg, 1 mmol) in pyridine (10 mL).
The reaction mixture was stirred at room temperature under inert
atmosphere for 6 h. After addition of EtOAc the solution was washed
with 1 N HCl and brine. The organic phase was dried over MgSO4 and
evaporated under high vacuum. The residue was purified by flash
chromatography using the reported eluent system.

Methyl 4-Ethyl-5-methyl-2-[((4-methylphenyl)sulfonyl)-
amino]thiophene-3-carboxylate (26). Eluent F. Mp 92−94 °C.
1H NMR (400 MHz, CDCl3): δ 10.32 (s, 1 H), 7.78 (d, J = 8.2 Hz, 2
H), 7.26 (d, J = 8.2 Hz, 2 H), 3.79 (s, 3 H), 2.62 (q, J = 7.4 Hz, 2 H),
2.40 (s, 3 H), 2.23 (s, 3 H) 0.99 (t, J = 7.4 Hz, 3 H). MALDI-TOF:
353.791 [M]+.

Methyl 2-[(Cyclohexylsulfonyl)amino]-4-ethyl-5-methylthio-
phene-3-carboxylate (27). Eluent C. Mp 81−83 °C. 1H NMR (400
MHz, CDCl3): δ 10.18 (s, 1 H), 3.88 (s, 3 H), 3.08 (tt, J = 12.1, 3.5
Hz, 1 H), 2.69 (q, J = 7.4 Hz, 2 H), 2.24 (s, 3 H), 2.13 (bs, 2 H), 1.87
(bs, 2 H), 1.69−1.51 (bs, 4 H), 1.26−1.18 (bs, 2 H), 1.06 (t, J = 7.4
Hz, 3 H). MALDI-TOF: 344.982 [M]+, 345.981 [M + H]+.

Synthesis of Methyl 4-Ethyl-5-methyl-2-[(phenylsulfonyl)-
amino]thiophene-3-carboxylate (25). Method E. To a solution of
37 (199 mg, 1 mmol) and TEA (210 μL, 1.5 mmol) in DCM (20 mL)
cooled at 0 °C, a solution of benzensulfonyl chloride (264 mg, 1.5
mmol) in 10 mL of DCM was added dropwise. The reaction mixture
was stirred at room temperature under N2 atmosphere for 36 h. The
organic layer was washed with 1 N HCl and saturated solution of
NaHCO3, dried over anhydrous Na2SO4, and evaporated to dryness.
The crude product was purified by flash chromatography using eluent
D to obtained the intermediate 40 (68%).

This compound (290 mg, 0.6 mmol) was dissolved in THF/H2O
(4:1, 3 mL). Sodium hydroxide (400 mg, 10 mmol) was added, and
the solution was warmed at 50 °C under stirring for 7 h. The solution
was concentrated in vacuo, and the residue was dissolved in water,
cooled to 0 °C, and acidified to pH 3−4 with 12 N HCl. The solid was
filtered and purified by flash chromatography using eluent D to give 25
in 85% (58% overall) yield. Mp 74−76 °C. 1H NMR (200 MHz,
CDCl3): δ 10.32 (s, 1H), 7.88−7.84 (m, 2H), 7.54−7.40 (m, 3H),
3.75 (s, 3H), 2.58 (q, J = 7.5 Hz, 2H), 2.19 (s, 3H), 0.95 (t, J = 7.5 Hz,
3H). MS (ESI): 340 [M + H]+, 362 [M + Na]+.

Synthesis of Methyl N-Methyl-2-[((4-chlorophenyl)-
carbonyl)amino]-4-ethyl-5-methylthiophene-3-carboxylate
(28). Method F. Solid 95% potassium tert-butoxide (140 mg, 1.2
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mmol) was added to a solution of 11 (337 mg, 1 mmol) in dry DMF
(5 mL), and the mixture was stirred at room temperature under N2
atmosphere for 1 h. Then methyl iodide (398 mg, 2.8 mmol) was
added to the mixture and stirring was continued for 2 h. The mixture
was poured into water and extracted with DCM. The organic layer was
washed with brine, dried over anhydrous Na2SO4, and evaporated to
dryness. The crude product was purified by flash chromatography
using eluent B to furnish 28 (246 mg, 70%) as a white solid. Mp 109−
111 °C. 1H NMR (400 MHz, CDCl3): δ 7.34 (d, J = 8.0 Hz, 2H), 7.20
(d, J = 8.0 Hz, 2H), 3.82(s, 3H), 3.39 (s, 3H), 2.60 (q, J = 7.4 Hz, 2H),
2.28 (s, 3H), 0.98 (t, J = 7.4 Hz, 3H). MS (ESI): 352 [M + H]+, 390
[M + Na]+.
General Procedure for the Synthesis of Biphenyl Derivatives

29−31 by Suzuki Coupling. Method G. A 5 mL process vial was
charged with the iodo derivative 15 (107 mg, 0.25 mmol), the
appropriate boronic acid (1 mmol), Pd(OAc)2 (5.6 mg, 0.025 mmol),
PPh3 (19.6 mg, 0.075 mmol), 2 M Na2CO3 (0.5 mL, 1 mmol), EtOH
(0.25 mL), and DME (1 mL). The vessel was sealed under air and
exposed to microwave heating for 5 min at 110 °C. The reaction
mixture was thereafter cooled to room temperature, diluted with
AcOEt, and filtered through a short plug of Celite. The solution was
washed with brine, dried over anhydrous sodium sulfate, and
evaporated. The residue was purified by flash chromatography using
eluent B.
Methyl 4-Ethyl-5-methyl-2-[4-(phenyl)benzoylamino]-

thiophene-3-carboxylate (29). Mp 148−151 °C. 1H NMR (400
MHz, CDCl3): δ 12.39 (s, 1H), 8.09 (d, J = 8.2 Hz, 2H), 7.74 (d, J =
8.2 Hz, 2H), 7.64 (d, J = 7.5 Hz, 2H), 7.50−7.46 (m, 2H), 7.42−7.39
(m, 1H), 3.96 (s, 3H), 2.78 (q, J = 7.3 Hz, 2H), 2.32 (s, 3H), 1.11 (t, J
= 7.3 Hz, 3H). MS (ESI): 380 [M + H]+, 402 [M + Na]+.
Methyl 4-Ethyl-5-methyl-2-[((4′-methyl)-4-phenyl)-

benzoylamino]thiophene-3-carboxylate (30). Mp 144−145 °C.
1H NMR (400 MHz, CDCl3): δ 8.05 (d, J = 8.3 Hz, 2H), 7.71 (d, J =
8.3 Hz, 2H), 7.52 (d, J = 8.0 Hz, 2H), 7.27 (d, J = 8.0 Hz, 2H), 3.94 (s,
3H), 2.76 (q, J = 7.4 Hz, 2H), 2.40 (s, 3H), 2.30 (s, 3H), 1.08 (t, J =
7.4 Hz, 3H). MS (ESI): 416 [M + Na]+.
Methyl 4-Ethyl-5-methyl-2-[4-(pyridin-3-yl)benzoylamino)-

thiophene-3-carboxylate (31). Mp 181−182 °C. 1H NMR (400
MHz, CDCl3): δ 12.48 (s, 1H), 8.96 (s, 1H), 8.72−8.70 (m, 1H),
8.13−8.11 (s, 1H), 8.18 (d, J = 8.3 Hz, 2H), 7.78 (d, J = 8.3 Hz, 2H),
7.30−7.28 (m, 1H), 3.99 (s, 3H), 2.81 (q, J = 7.4 Hz, 2H), 2.35 (s,
3H), 1.13 (t, J = 7.4 Hz, 3H). MS (ESI): 403 [M + Na]+.
General Procedure for the Synthesis of Alkyl 2-(Acylamino)-

thiophene-3-carboxylates 32 and 33. Method H. To a cold (0
°C) solution of acid 41 (304 mg, 1 mmol) in dry DCM (50 mL),
under inert atmosphere, were added DIC (150 mg, 1.2 mmol), DMAP
(12 mg, 0.1 mmol), and the appropriate alcohol (2 mmol). The
reaction mixture was stirred at 35 °C for 3 h. The solution was washed
with H2O. The organic layers were dried over MgSO4 and filtered, and
the solvent was removed under vacuum. The pure esters were
obtained by means of flash chromatography using eluent A.
n-Propyl 4-Ethyl-5-methyl-2-[((4-methylphenyl)carbonyl)-

amino]thiophene-3-carboxylate (32). Mp 111−113 °C. 1H
NMR (400 MHz, CDCl3): δ 12.36 (s, 1 H), 7.92 (d, J = 8.0 Hz, 2
H), 7.30 (d, J = 8.0 Hz, 2 H), 4.32 (t, J = 6.6 Hz, 2 H), 2.80 (q, J = 7.4
Hz, 2 H), 2.44 (s, 3 H), 2.32 (s, 3 H), 1.64 (sextuplet, J = 7.4, 6.6 Hz,
2 H), 1.12 (t, J = 7.4 Hz, 3 H), 1.07 (t, J = 7.4 Hz, 3 H). MALDI-TOF:
345.073 [M]+, 384.014 [M + K]+.
tert-Butyl 4-Ethyl-5-methyl-2-[((4-methylphenyl)carbonyl)-

amino]thiophene-3-carboxylate (33). Mp 165−167 °C. 1H
NMR (400 MHz, CDCl3): δ 12.44 (s, 1 H), 7.92 (d, J = 8.0 Hz, 2
H), 7.33 (d, J = 8.0 Hz, 2 H), 2.77 (q, J = 7.4 Hz, 2 H), 2.44 (s, 3 H),
2.31 (s, 3 H), 1.64 (s, 9 H), 1.11 (t, J = 7.4 Hz, 3 H). MALDI-TOF:
359.976 [M]+.
General Procedure for the Synthesis of Alkyl 2-(Acylamino)-

thiophene-3-carboxylates 34 and 35. Method I. To a solution of
42 (324 mg, 1 mmol) in dry THF (10 mL) were added the
appropriate alcohol (1.5 mmol) and PPh3 (392 mg, 1.5 mmol). Then
DEAD (260 mg, 1.5 mmol) was added dropwise at 0 °C. The mixture
was stirred at room temperature for 18 h, then poured into water and
taken up into DCM. The organic layer was washed with brine, dried

over anhydrous Na2SO4, and evaporated to dryness. The crude residue
was purified by flash chromatography using eluent A.

n-Propyl 2-[((4-Chlorophenyl)carbonyl)amino]-4-ethyl-5-
methylthiophene-3-carboxylate (34). Mp 110 °C. 1H NMR
(400 MHz, CDCl3): 12.38 (s, 1H), 7.91 (d, J = 8.0, 2H), 7.44 (d, J =
8.0, 2H), 4.28 (t, J = 6.5, 2H), 2.76 (q, J = 7.1, 2H), 2.28 (s, 3H),
1.85−1.76 (m, 2H), 1.11−1.02 (m, 6H). MS (ESI): 366 [M + H]+.

tert-Butyl 2-[((4-Chlorophenyl)carbonyl)amino]-4-ethyl-5-
methylthiophene-3-carboxylate (35). Mp 142−144 °C. 1H
NMR (400 MHz, CDCl3): δ 12.52 (s, 1H), 7.96 (d, J = 8.1 Hz,
2H), 7.51 (d, J = 8.1 Hz, 2H), 2.77 (q, J = 7.1 Hz, 2H), 1.64 (s, 9H),
1.11 (t, J = 7.1 Hz, 3H). MS (ESI): 380 [M + H]+.

General Procedure for the Synthesis of Acids 41 and 42 by
Ester Hydrolysis. A mixture of the appropriate ester 6 or 11 (1
mmol) and LiOH monohydrate (1.5 mmol) in THF (23 mL) and
water (7 mL) was stirred at room temperature for 24 h. During this
time, three more aliquots of LiOH monohydrate (1.5 mmol each)
were added. The mixture was evaporated to dryness, and the residue
was treated with 6 N HCl. The precipitate that formed was filtered,
washed with water, and then dried under high vacuum to give the
corresponding carboxylic acids.

4-Ethyl-5-methyl-2-[((4-methylphenyl)carbonyl)amino]-
thiophene-3-carboxylic Acid (41). 41 was obtained in 60% yield
after washing with petroleum ether. Mp 216−218 °C. 1H NMR (400
MHz, CDCl3): δ 12.09 (s, 1 H), 7.90 (d, J = 8.0 Hz, 2 H), 7.32 (d, J =
8.0 Hz, 2 H), 2.86 (q, J = 7.4 Hz, 2 H), 2.45 (s, 3 H), 2.35 (s, 3 H),
1.18 (t, J = 7.4, 3 H). MALDI-TOF: 303.883 [M]+; 342.847 [M + K]+.

2-[((4-Chlorophenyl)carbonyl)amino]-4-ethyl-5-methylthio-
phene-3-carboxylic Acid (42). 42 was obtained in 85% yield after
purification by flash chromatography using 0.5% HCO2H in DCM as
eluent. Mp 218−220 °C. 1H NMR (400 MHz, CDCl3): δ 12.09 (s,
1H), 7.90 (d, J = 8.5 Hz, 2H), 7.47 (d, J = 8.5 Hz, 2H), 2.83 (q, J = 7.4
Hz, 2H), 2.32 (s, 3H), 1.14 (t, J = 7.4 Hz, 3H). MS (ESI): 322 [M −
H]−.

In Vitro Binding Studies. Tissue Preparation. Rats were killed
by decapitation, their brains rapidly removed, and cerebral cortices
dissected on ice. Cortical tissue was homogenized using a homogenizer
system (Glass-Col, Terre Haute, IN, U.S.) in 20 volumes (v/w) of ice-
cold 0.32 M sucrose containing 1 mM EDTA. The homogenate was
centrifuged at 1000g for 10 min and the supernatant collected and
recentrifuged at 20000g for 20 min. The pellet was resuspended in 20
volumes (v/w) of ice-cold water, homogenized using a Polytron
homogenizer, and centrifuged at 8000g for 20 min. The supernatant
together with the buffy layer on the pellet was then centrifuged at
45000g for 20 min. The resulting pellet was resuspended in ice-cold
distilled water and once more centrifuged at 45000g for 30 min. The
final pellet was frozen and stored at −80 °C for at least 18 h before use
for [35S]GTPγS binding assay for GABAB. The Bradford protein
assay52 was used for protein determination using bovine serum
albumin as a standard according to the supplier protocol (Bio-Rad,
Milan, Italy).

[35S]GTPγS Binding Assay in Rat Cortical Membranes. Rat
cortex membranes were thawed at 4 °C, resuspended in 1−2 mL of
ice-cold water, and homogenized using a homogenizer system (Glass-
Col, Terre Haute, IN, U.S.). Membranes were incubated on ice for 1 h
and then centrifuged at 4 °C for 15 min at 20000g. The pellet was
resuspended in GTPγS buffer (50 mM Tris-HCl, pH 7.4, 100 mM
NaCl, 10 mM MgCl2, 1.8 mM CaCl2) to a final concentration of 10−
15 μg of protein. Membrane homogenates and drugs were
preincubated in Packard-Picoplates 96 (300 μL volume) in the
presence of 30 μM GDP for 30 min at 30 °C. The main incubation
was subsequently started by the addition of [35S]GTPγS to a final
concentration of 0.2 nM. After a 40 min incubation at 30 °C, the
samples were filtered using a Packard Unifilter-GF/B, washed twice
with 300 μL of buffer, and dried for 1 h at 30 °C. The radioactivity on
the filters was counted in a liquid microplate scintillation counter
(TopCount NXT, Packard, Meridian, ID, U.S.) using 50 μL of
scintillation fluid (Microscint TM 20, Packard, Meridian, ID, U.S.).
Basal binding was assessed in the absence of agonist and in the
presence of GDP, and nonspecific binding was measured in the
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presence of 10 μM unlabeled GTPγS. The stimulation by agonist was
defined as a percentage increase above basal levels (i.e., {[dpm
(agonist) − dpm (no agonist)]/[dpm (no agonist)]} × 100). Data are
reported as the mean ± SEM of three to six experiments, performed in
triplicate. Nonlinear regression analysis of concentration−response
data was performed using Prism 2.0 software (GraphPad Prism
Program, San Diego, CA, U.S.) to calculate Emax and EC50 values.
Cytotoxicity Assay. Materials. Dulbecco’s modified Eagle

medium (DMEM) and Eagle’s minimum essential medium
(EMEM), trypsin solution, and all the solvents used for cell culture
were purchased from Lonza (Switzerland). Mouse immortalized
fibroblasts NIH3T3 were purchased from American Type Culture
Collection (U.S.).
Cell Cultures and Cytotoxicity Assay. NIH3T3 cells were

utilized for cytotoxicity experiments. NIH3T3 cells were maintained in
DMEM at 37 °C in a humidified atmosphere containing 5% CO2.
Culture medium was supplemented with 10% fetal calf serum (FCS),
1% L-glutamine−penicillin−streptomycin solution, and 1% MEM
nonessential amino acid solution. On reaching confluence, cells were
washed with PBS 0.1 M, taken up with trypsin−EDTA solution, and
then centrifuged at 1000 rpm for 5 min. The pellet was resuspended in
medium solution (dilution 1:15), and cells were seeded.
After 24 h of incubation, the test compounds solubilized in DMSO

were added to the cells. Concentrations ranging from 5 to 200 μM
were tested. Each concentration was tested in six replicates. Cell
viability after 24 h of incubation with the different compounds was
evaluated by Neutral Red Uptake (Sigma-Aldrich, Switzerland) by the
procedure previously reported.53 Briefly, the following solutions were
prepared in order to determine the percentage of viable cells: (1)
Neutral Red (NR) stock solution, 0.33 g NR dye powder in 100 mL of
sterile H2O; (2) NR medium, 1.0 mL of NR stock solution (99.0
routine culture medium prewarmed to 37 °C); (3) NR desorb
solution, 1% glacial acetic acid solution + 50% ethanol + 49% H2O.
At the end of the incubation the routine culture medium was

removed from each well, and cells were carefully rinsed with 1 mL of
prewarmed D-PBS. Multiwells were then gently blotted with paper
towels. Then 1.0 mL of NR medium was added to each well and
further incubated at 37 °C, 95% humidity, 5.0% CO2 for 3 h. The cells
were checked during the NR incubation for NR crystal formation.
After incubation, NR medium was removed, and cells were carefully
rinsed with 1 mL of prewarmed D-PBS. PBS was subsequently
decanted and blotted from the wells, and exactly 1 mL of NR desorb
solution was added to each sample. Multiwells were then put on a
shaker for 20−45 min to extract NR from the cells and form a
homogeneous solution. During this step, samples were covered in
order to protect them from light. Five minutes after removal from the
plate shaker absorbance was read at 540 nm by a UV/visible
spectrophotometer (Lambda 25, Perkin-Elmer).
Metabolic Stability Assays. In Vitro Intrinsic Clearance

(Mouse Liver Microsomes). Test compounds 6, 7, 10, and 11
were incubated separately at 5 μM in 100 mM phosphate buffer (pH
7.4) and 1 mM EDTA in the presence of 0.48 mg/mL mouse liver
microsomal proteins as previously reported.54 The enzymatic reaction
was initiated by addition of a NADPH regenerating system (final
concentrations: 2 mM β-nicotinamide adenine dinucleotide phosphate
reduced (NADPH), 10 mM glucose 6-phosphate (G6P), 0.4 U/mL
glucose 6-phosphate dehydrogenase (G6PDH)). Reactions were
terminated at regular time intervals (0−60 min) by adding a double
volume of acetonitrile. All incubations were performed in duplicate.
Samples were analyzed by Agilent 6540 UHD Accurate-Mass Q-

TOF LC/MS. The MS detection was conducted using an Agilent
Accurate Mass Q-TOF high resolution mass spectrometer operated in
positive electrospray mode. The experimental data obtained (mass
spectra acquisition using LC/MSMS) were elaborated using Mass-
MetaSite Mass-Metasite, a computer assisted method for the
interpretation of LC−MSMS data that combines prediction of a
compound site of metabolism (SoM) with the processing of MS
spectra and rationalization based on fragment analysis.55 The intrinsic
clearance (Clintr) was calculated by the following equation

= −k V PCl (min )[ ]/[ ]intr
1

where k is the rate costant for the depletion of substrate, V is the
volume of incubation in μL, and P is the amount of microsomal
proteins in the incubation medium in mg according to Baranczewski et
al.56 Compounds were classified based on their Clintr value (expressed
as μL·min−1·mg protein−1, where in mouse <7 indicates very low
metabolic turnover, 8−50 indicates low clearance, 50−150 indicates
moderate clearance, and >150 indicates high clearance.46

Stability to Plasma Esterases. The stability of test compounds
toward esterases was evaluated in mice plasma according to the
method previously described57 with slight modifications. Compounds
6, 7, 10, and 11 were added to plasma (5 μM final concentration) and
incubated at 37 °C for 30 min. At the end of the incubation time, the
reaction was stopped by addition of a double volume of acetonitrile
and each sample was subjected to HPLC−MS analysis as reported
above.

In Vivo Pharmacology. The experimental procedures employed
in the present study were in accordance with the European
Communities Council Directive (86/609/EEC) and the subsequent
Italian law on the protection of animals used for experimental and
other scientific reasons.

Animals. DBA mice (Charles River Laboratories, Calco, Italy)
weighing 17−20 g were used. Mice were housed 6−7 per cage in
standard plastic cages with wood chip bedding under an inverted 12:12
h artificial light−dark cycle (lights on at 9:30 p.m.) at a constant
temperature of 22 ± 2 °C and relative humidity of approximately 60%.
Tap water and standard laboratory rodent chow (Mucedola, Settimo
Milanese, Italy) were provided ad libitum in the home cage.

Experimental Procedures. Each experiment [testing a single
compound, administered either intraperitoneally (ip) or intragastrically
(ig)] used independent sets of mice.

Baclofen-Induced Sedation/Hypnosis. In each experiment,
mice were divided into six to seven groups of n = 6 each. Mice
were treated acutely and ip with 0, 1, 3, 10, 30, 100, and 300 mg/kg 6,
7, 10, and 11 or with 0, 3, 10, 30, 100, and 300 mg/kg GS39783
(included in the experimental design as reference compound). Thirty
minutes later, mice were treated acutely and ip with a fixed dose of 35
mg/kg baclofen. All test compounds and GS39783 were suspended in
saline with a few drops of Tween 80. Baclofen was dissolved in saline.
All drugs were injected at a volume of 12.5 mL/kg. The dose ranges of
test compounds and GS39783 were chosen on the basis of the results
of a series of preliminary experiments demonstrating that they were
totally devoid of any sedative/hypnotic effect in DBA mice (this
laboratory, unpublished results). Baclofen dose was chosen on the
basis of the results of previous experiments demonstrating that it was
the highest ineffective dose (in terms of sedation/hypnosis) in DBA
mice.42aIn each experiment and according to the procedure used in
previous studies,51 after baclofen injection each mouse was placed on
its back once every 60 s until it was unable to right itself within 60 s.
The time between baclofen injection and the start of the 60 s interval
during which the mouse was unable to right itself was measured as
onset of LORR. Each mouse was then left undisturbed on its back
until it spontaneously regained its righting reflex (determined as
having at least three paws under its body). Complete recovery of
righting reflex was defined as the animal being able to turn itself
upright twice more within 60 s. If this criterion was not fulfilled, the
mouse was left undisturbed until it spontaneously regained its righting
reflex. The time between loss and recovery of righting reflex was
monitored in each mouse and defined as duration of LORR.
Observations were conducted by an operator unaware of the drug
treatment.

An additional experiment, testing the effect of ig administration of
the test compounds, was conducted. Mice were fasted for 2 h before
drug administration. Mice were divided into six groups. Five mouse
groups were treated acutely and ig with a fixed dose of 300 mg/kg 6 (n
= 6), 7 (n = 4), 10 (n = 6), 11 (n = 6), and GS39783 (n = 6); the sixth
mouse group (n = 6) was treated with vehicle. Thirty minutes later,
mice were treated acutely and ip with a fixed dose of 35 mg/kg
baclofen. All the test compounds were suspended or dissolved as
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described above and injected at a volume of 12.5 mL/kg. Onset and
duration of LORR were recorded as described above.
Pentobarbital-Induced Sedation/Hypnosis. In each experi-

ment, mice were divided into four groups of n = 6 each and treated
acutely and ip with 0, 30, 100, and 300 mg/kg 6, 10, 11, and GS39783.
Thirty minutes later, mice were treated acutely and ip with a fixed dose
of 20 mg/kg pentobarbital. Test compounds and GS39783 were
suspended or dissolved as described above. Pentobarbital was
dissolved in saline. All drugs were injected at a volume of 12.5 mL/
kg. Pentobarbital dose was chosen on the basis of the results of
previous experiments demonstrating that it was minimally effective (in
terms of sedation/hypnosis) in DBA mice.42a Onset and duration of
LORR were recorded as described above.
Statistical Analysis. In each experiment, occurrence of LORR was

evaluated by a χ2 test. Data on onset and duration (both expressed in
minutes) of LORR were evaluated by separate one-way ANOVAs,
followed by the Newman−Keuls test for post hoc comparisons. Mice
that did not lose their righting reflex were assigned the values of 60
min onset and 0 min duration.
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