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Abstract—To identify potent and selective calcium-release-activated calcium (CRAC) channel inhibitors, we examined the struc-
ture–activity relationships of the pyrazole and thiophene moieties in compound 4. Compound 25b was found to exhibit highly
potent and selective inhibitory activity for CRAC channels and further modifications of the pyrazole and benzoyl moieties of com-
pound 25b produced compound 29. These compounds were potent inhibitors of IL-2 production in vitro and also acted as inhibitors
in pharmacological models of diseases resulting from T-lymphocyte activation, after oral administration.
� 2006 Elsevier Ltd. All rights reserved.
1. Introduction

Ca2+ is known to regulate many physiological activities
by controlling various cellular functions, and the intra-
cellular Ca2+ concentration ([Ca2+]i) is precisely regulat-
ed by plasmalemmal Ca2+ channels. These channels can
be divided into two broad categories depending on their
activation mechanisms. Ca2+ channels modulated by
membrane potential are called voltage-operated calcium
(VOC) channels, and have been well studied with respect
to their distribution and cellular functions.2 VOC
channel inhibitors have been used for the treatment of
hypertension and brain dysfunction. In contrast,
inflammatory cells have Ca2+ channels that are
regulated by signal transduction pathways activated by
other receptors.3a–d

In activated T-cells, the stimulation of cell surface recep-
tors results in a transient increase in [Ca2+]i as a result of
Ca2+ efflux from inositol triphosphate-sensitive Ca2+

stores, and subsequently a sustained Ca2+ influx occurs
0968-0896/$ - see front matter � 2006 Elsevier Ltd. All rights reserved.
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through the calcium-release-activated calcium (CRAC)
channels.3e–o This prolonged high [Ca2+]i has been
shown to activate cytosolic signal transduction, inducing
the production of lipid mediators (e.g., LTD4), cytokines
(e.g., interleukin-2 (IL-2)), and matrix metalloproteases,
which are known to be involved in the pathogenic pro-
cesses in inflammation and autoimmune diseases. Thus,
CRAC channel inhibitors may be useful for the treat-
ment of diseases, such as asthma and rheumatoid arthri-
tis, in which inflammatory cells are activated.4 Since
inhibition of VOC channels is known to affect the ner-
vous and cardiovascular systems, compounds that inhib-
it CRAC channels will need to be sufficiently selective in
their action, when compared to VOC channels, to be
therapeutically useful and avoid serious side effects.

Recently, several compounds, including SK&F 96365
(1),5 econazole (2),6 and L-651582 (3,7 Fig. 1), have been
reported to inhibit CRAC channels. However, their
potency and selectivity have not been adequate for them
to be candidates for anti-inflammatory drugs. Screens of
our chemical library for potent and selective CRAC
channel inhibitors identified 4 0-chloro-5-(1-methyl-3-
trifluoromethyl-1H-pyrazol-5-yl)thiophene-2-carboxani-
lide (4) as a lead compound. Subsequent modification of
the 4-chlorophenyl moiety of compound 4 produced 2 0-
chloro-5-(1-methyl-3-trifluoromethyl-1H-pyrazol-5-yl)-
thiophene-2-carboxanilide (5) which was a highly potent
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Figure 1. Structures of SK&F 96365 (1), econazole (2), L-651582 (3),

and compounds 4 and 5.
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and selective CRAC channel inhibitor with an IC50 val-
ue of 0.050 lM and a selectivity index of more than 200
(Fig. 1).1,8 In an attempt to further examine the details
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of the structure–activity relationships (SARs) of com-
pound 4, we substituted its thiophene and (1-methyl-3-tri-
fluoromethyl)pyrazole groups, and in this paper, we
describe the preparation of a series of aryl-3-tri-
fluoromethylpyrazoles and the SARs for these moieties.
2. Chemistry

Synthetic routes for the arylcarboxylic acid intermedi-
ates 12a–i are shown in Schemes 1–4. Pyrazoles 6a and
6b were subjected to N-methylation with methyl iodide
to give the 1-methylpyrazoles 7a and 7b, respectively,
which were accompanied by the corresponding regioi-
somers (Scheme 1). Other 3-trifluoromethylpyrazoles
7c–f were obtained by trifluoroacetylation of the ketone
derivatives 9c–f with ethyl trifluoroacetate or trifluoro-
acetic anhydride in the presence of bases, followed by
cyclization of the diones 10c–f with hydrazines (Scheme 2).
This cyclization proceeded regioselectively when
methylhydrazine was used and gave the corresponding
pyrazoles 7e and 7f. Compounds 7a–c, 7e, and 7f were
treated with n-butyllithium in tetrahydrofuran at
�78 �C, and treatment of the resultant lithium salts with
ethyl chloroformate gave the esters 11a–c, 11e, and 11f
(Scheme 3). Lithiation of compound 7d proceeded at
0 �C, and the resultant dianion was converted into the
ester 11d by treatment with ethyl chloroformate and
then aqueous NaHCO3. Compound 11d was alkylated
with ethyl iodide and isopropyl iodide to give the
1-alkylpyrazoles 11g and 11h, respectively. The esters
11a, 11b, and 11d–h obtained in this way were
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hydrolyzed with aqueous NaOH to form the acids 12a,
12b, and 12d–h. Lithiation of compound 7c and
coupling with ethyl chloroformate, followed by
hydrolysis, directly gave the corresponding acid 12c.
The benzoic acid 12i was obtained by regioselective
cyclization of the dione 139 with methylhydrazine,
followed by oxidation of the resultant pyrazole 14 with
KMnO4 (Scheme 4).

As shown in Scheme 5, compound 12 was mixed with
the corresponding aniline 15 in the presence of 1-ethyl-
3-dimethylaminopropyl carbodiimide hydrochloride
(EDC Æ HCl) to produce the desired carboxanilide 16
(Method A). Compound 16 was also synthesized by
treating compound 12 with (COCl)2, followed by cou-
pling with the corresponding aniline 15 in the presence
of triethylamine, pyridine, or aqueous NaHCO3 (Meth-
od B). The 1,3-dimethyl- and 1-benzylpyrazole deriva-
tives 17c and 17d were obtained by alkylation of
compounds 16c and 16d, respectively, in the presence
of K2CO3 (Scheme 6). The structure of compound 17c
was determined as illustrated in Scheme 6, using the
nuclear Overhauser effect (NOE), observed between
the protons of the N-methyl group (3.91 ppm) and the
thiophene (7.50 ppm). In the same way, the NOE be-
tween protons of the benzyl group (5.53 ppm) and the
NH
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thiophene (7.01 ppm) in compound 17d corroborated
the structure of this compound shown in Scheme 6.

As shown in Scheme 7, the anilinomethyl derivative 20
was obtained by reductive amination of the aldehyde
19 with 4-chloroaniline in the presence of sodium tri-
acetoxyborohydride (NaBH(OAc)3). The reversed
amide 22 was prepared by Curtius rearrangement of
the acid 12j, followed by coupling of the resultant amine
21 with 4-chlorobenzoyl chloride (Scheme 8). As shown
in Scheme 9, the acetophenones 23a–c10 were treated
with ethyl trifluoroacetate and then methylhydrazine
to form the desired pyrazoles 25a–c.

The bis(trifluoromethyl)pyrazole derivatives 27 and
28 were prepared by coupling the aniline 2611 with
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4-chlorobenzoyl chloride and 2-chlorobenzoic acid,
respectively (Scheme 10).
3. Results and discussion

Compounds 16, 17, 20, 22, 25, and 27–29 were evaluated
for their ability to inhibit Ca2+ influx through CRAC
and VOC channels on Jurkat T-cells12 and PC12-h5
cells,13 respectively. The results are summarized in
Tables 1–3.

We first examined the effect of substitutions in the pyrazole
moiety of compound 4 on CRAC channel inhibitory
activity and selectivity over VOC channels (Table 1).
Since substitution of the 3-trifluoromethyl group with
hydrogen (16a) or a methyl group (16b) resulted in loss
of activity, the trifluoromethyl group seemed to be
essential to the inhibition of CRAC channels. Removal
of the 1-methyl group (16d) also dramatically reduced
the inhibitory activity, and the 1-methylpyrazol-3-yl
derivative 16j showed no CRAC channel inhibitory
activity. From these results, we hypothesized that the
methyl group on the nitrogen neighboring the thiophene
ring might be essential for CRAC channel inhibition.
We proposed that the methyl group may cause steric
repulsion of the thienyl group, and that the resultant
torsion between the pyrazole and thiophene rings would
result in inhibitory activity for CRAC channels. Methyl
and ethyl groups (16g) were found to be interchangeable
at this site, however, the introduction of larger moieties,
such as isopropyl (16h) and benzyl (17d) groups, tended
to reduce both the activity and selectivity of the
compounds. These facts indicated that small alkyl
groups at the 1-position on the pyrazole ring were
favorable for inhibiting CRAC channels, and that bulky
groups may interfere with interactions with the target
molecules. The 1,4-dimethyl derivative 17c had a
reduced inhibitory activity and we speculated that this
change at the 4-position may have been unfavorable
for CRAC channel inhibition because it changed the
torsional angle between the pyrazole and thiophene
rings.

Second, we examined the effect of the substitutions in
the thiophene and amide moieties of compound 4 on
inhibitory activity and selectivity (Table 2). The fact that
the methyl derivative 16e was about 7-fold less potent
than compound 4 led us to the view that a methyl group
introduced on the thiophene ring would also alter the
torsional angle between the pyrazole and thiophene
rings. The amine derivative 20 was 35-fold less potent
than compound 4, and N-methylation (16k) also result-
ed in a reduction in its activity. These results implied
that both the carbonyl and the N–H groups were neces-
sary for high potency. Since the reversed amide deriva-
tive 22 showed weak activity, we speculated that the
distance of the carbonyl and the N–H groups from the
pyrazole moiety may influence CRAC channel inhibito-
ry activity. Substitution of the thiophene ring by the fur-
an (16f) or by benzenes (16i, 25a) also resulted in loss of
activity. We speculated that substitutions in the center
of the compounds would have considerable effects on
the whole conformation of the molecule and such con-
formational change caused by introducing furan and
1,3-phenylene may be incompatible with inhibition of
CRAC channels. On the other hand, the 1,4-phenylene
group in compound 25a would alter the distance
between the amide groups on the pyrazole moiety
compared to compound 4, and this may also be unfavor-



Table 1. Physical and biological properties of 4 0-chloro-5-(substituted-pyrazolyl)thiophene-2-carboxanilides

S
N

N

R

N
H

O

R

ClR

1

3 4

R2

Compound R1 R2 R3 R4 Formulaa Method Yield

(%)

Mp (�C) Solventb IC50 (lM) CRAC channel

selectivitye

CRACc VOCd

4 Me — CF3 H C16H11ClF3N3OS — — — — 0.13 0.75 5.8

16a Me — H H C15H12ClN3OS A 54 206—208 D–A 19%f NT —

16b Me — Me H C16H14ClN3OS B 6.6 198—200 A–B 31%f NT —

16d H — CF3 H C15H9ClF3N3OS Æ0.1C4H8O2 A 23 246—247 A–B 0%f NT —

16j — Me CF3 H C16H11ClF3N3OS B 60 241—242 A 8%f NT —

16g Et — CF3 H C17H13ClF3N3OS A 59 177 A–B 0.25 2.0 8.0

16h i-Pr — CF3 H C18H15ClF3N3OS A 36 205—210 A–B 0.56 1.9 3.4

17d Bn — CF3 H C22H15ClF3N3OS — 3.5 oil — 3.4 1.8 0.53

17c Me — CF3 Me C17H13ClF3N3OS — 35 192—196 A–B 0.37 1.5 4.1

a Elemental analyses were within ±0.4% of calculated values, unless otherwise noted.
b Recrystallization solvents: A, AcOEt; B, hexane; C, EtOH; D, MeOH.
c Inhibition of Ca2+ influx through CRAC channels on Jurkat T-cells. See Section 5.
d Inhibition of Ca2+ influx through VOC channels on PC12-h5 cells. See Section 5.
e IC50 to VOC channel/IC50 to CRAC channel.
f % inhibition at 10 lM.
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able for inhibitory activity. In the series of phenylene
derivatives possessing the reversed amide (25c, 25b),
the 1,3-phenylene group (25c) reduced the activity. Sur-
prisingly, the 1,4-phenylene derivative 25b was a more
potent CRAC channel inhibitor than compound 4 with
an IC50 value of 0.085 lM. Additionally, this compound
showed high selectivity for CRAC channels with an in-
dex of more than 31, due to a reduced inhibitory activity
for VOC channels. We identified the positions of the
carbonyl and the N–H groups in compound 25b as
important for a high inhibitory activity for CRAC
channels.

To investigate the SARs of the arylpyrazole series, in de-
tail we carried out single-crystal X-ray diffraction studies
of compounds 5, 25c, and 25b (Fig. 2). This showed that
the pharmacologically active compounds 5 and 25b had
an ‘extended’ conformation, in contrast to the ‘bended’
conformation of the inactive compound 25c. Addition-
ally, we found that the distance between the carbon of
the trifluoromethyl group and the amide proton in com-
pounds 5 and 25b was similar: 9.71 and 9.44 Å, respec-
tively. In contrast, the corresponding distances in the
inactive compound 25c were found to be much shorter
(7.68 Å). We therefore concluded that the overall con-
formation of the compounds and the distance between
the trifluoromethyl group and the amide proton are
important determinants of the inhibitory activity of
the compounds.

The SARs observed in the series of compounds possess-
ing a (1-alkyl-3-trifluoromethyl)pyrazole moiety are
summarized below. The degree of torsional angle be-
tween the pyrazole and thiophene rings should influence
the CRAC channel inhibitory activity. The 1-alkyl and
3-trifluoromethyl groups were necessary for CRAC
channel inhibition, and we suggested that the hydropho-
bic groups in the pyrazole moiety were also favorable
for inhibitory activity. In addition, the amide group
was essential for the inhibition of CRAC channels,
and compounds possessing this group at a suitable dis-
tance from the trifluoromethyl moiety seemed to retain
potent activity, even in the series of reversed-type amide
derivatives such as compound 25b.

These results led us to design a new type of molecular
skeleton. We hypothesized that the presence of highly
hydrophobic groups such as bis(trifluoromethyl)pyra-
zole might be favorable for potent CRAC channel
inhibitory activity and therefore evaluated the pharma-
cological properties of some derivatives of this type
(Table 3). In the series of compounds possessing chloro
groups (27, 28), the 4-chloro group (27) reduced activity.
In contrast, the 2-chloro derivative 28 inhibited CRAC
channel activity with an IC50 value of the order of
10�7 M. These results resembled the observations that
compound 5, bearing the 2-chlorophenyl group, was a
more potent and selective CRAC channel inhibitor than
the 4-chlorophenyl derivative 4.1. This suggested that
the substitution at the 2-position on the phenyl group
would also favour high CRAC channel inhibitory
activity in the case of bis(trifluoromethyl)pyrazole deriv-
atives. Based on these SARs, we subsequently investi-
gated the known 4 0-[3,5-bis(trifluoromethyl)-1H-
pyrazol-1-yl]-arylcarboxanilide derivatives with substi-
tutions neighboring the amide bond. As a result, we
identified 4-methyl-4 0-[3,5-bis(trifluoromethyl)-1H-pyra-
zol-1-yl]-1,2,3-thiadiazole-5-carboxanilide (29) as a
CRAC channel inhibitor that was more selective than
compound 4, with an IC50 value of 0.15 lM and a selec-
tivity index of 31 compared to VOC channels. Although
similar carboxanilide derivatives, including compound
29, were recently reported to inhibit transcriptional
activity in activated T-cells, with nuclear factors being
the target for these immunosuppressants,14 their inhibi-
tory activity against CRAC channels has not been



Table 2. Physical and biological properties of 1-methyl-5-substituted-3-trifluoromethyl-1H-pyrazoles

RN
N

Me

F3C

Compound R Formulaa Method Yield (%) Mp (�C) Solventb IC50 (lM) CRAC channel

selectivitye

CRACc VOCd

4 S
N
H

O
Cl

C16H11ClF3N3OS — — — — 0.13 0.75 5.8

16e

Cl

S
N
H

O

Me

C17H13ClF3N3OS A 51 162—164 A–B 0.96 1.5 1.6

20

Cl

S
N
H

C16H13ClF3N3S — 86 92—94 — 4.5 3.3 0.73

16k

Cl

S
N

O

Me

C17H13ClF3N3OS B 58 136—137 A–B 5.1 3.9 0.76

22

Cl

S N
H

O

C16H11ClF3N3OS — 53 166—168 A–B 1.6 2.3 1.4

16f

Cl

O
N
H

O
C16H11ClF3N3O2 A 46 183—185 A–B 8.6 6.2 0.72

16i

Cl
O

N
H

C18H13ClF3N3O A 66 190—192 A–B 14%f NT

25a

Cl

N
H

O

C18H13ClF3N3O — 37 155—160 A–B 36%f NT

25c

Cl

N
H

O

C18H13ClF3N3O — 17 150—153 A–B 1.1 2.0 1.8

25b

Cl

N
H

O

C18H13ClF3N3O — 33 187—188 A–B 0.085 2.6 31

a Elemental analyses were within ±0.4% of calculated values, unless otherwise noted.
b Recrystallization solvents: A, AcOEt; B, hexane; C, EtOH; D, MeOH.
c Inhibition of Ca2+ influx through CRAC channels on Jurkat T-cells. See Section 5.
d Inhibition of Ca2+ influx through VOC channels on PC12-h5 cells. See Section 5.
e IC50 to VOC channel/IC50 to CRAC channel.
f % inhibition at 10 lM.
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described. We consider these compounds will provide
useful leads for the discovery of other potent and selec-
tive CRAC channel inhibitors.

As shown in Figure 2, single-crystal X-ray diffraction
studies of compounds 29 revealed that the amide proton
was located 9.24 Å from the farther trifluoromethyl
group on the pyrazole ring, which was similar to the dis-
tance measured in active compounds such as com-
pounds 5 and 25b (9.71 and 9.44 Å, respectively).

Selected compounds (16g, 25b, 28, and 29) were evaluat-
ed for their ability to inhibit phytohemagglutinin
(PHA)-induced IL-2 production in Jurkat T-cells5



Table 3. Physical and biological properties of 4 0-[3,5-bis(trifluoromethyl)pyrazol-1-yl]carboxanilides

N
H

R

O
N

N
F3C

F3C

Compound R Formulaa Yield (%) Mp (�C) Solventb IC50 (lM) CRAC channel

selectivitye

CRACc VOCd

4 — C16H11ClF3N3OS — — — 0.13 0.75 5.8

27
Cl

C18H10ClF6N3O 48 196—197 A–B 41%f NT —

28
Cl

C18H10ClF6N3O 21 183—185 A–B 0.63 24%f >16

29

S
N

N
Me

C15H9F6N5OS — — — 0.15 4.7 31

a Elemental analyses were within ±0.4% of calculated values, unless otherwise noted.
b Recrystallization solvents: A, AcOEt; B, hexane; C, EtOH; D, H2O.
c See the corresponding footnotes to Table 1.
d Inhibition of Ca2+ influx through VOC channels on PC12-h5 cells. See Section 5.
e IC50 to VOC channel/IC50 to CRAC channel.
f % inhibition at 10 lM.
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(Table 4). These compounds did inhibit IL-2 produc-
tion, indicating that CRAC channel inhibitors can
inhibit T-cell function. In particular, the 4 0-[3,5-bis(tri-
fluoromethyl)pyrazol-1-yl]carboxanilide derivatives 28
and 29 potently inhibited IL-2 production with IC50 val-
ues of 0.013 and 0.017 lM, respectively, which were
about 35 times higher than that for compound 4. We be-
lieve that the new type of molecular skeleton, the 4 0-[3,5-
bis(trifluoromethyl)pyrazol-1-yl]carboxanilide moiety,
will be very useful for discovering potent inhibitors of
IL-2 production derived from CRAC channel
activation.

Compounds 25b and 29 were also evaluated for their
inhibitory activity in the concanavalin A (Con A)-in-
duced hepatitis model in mice15 (Table 5). Compound
5 was already known to act as a moderately effective
inhibitor of liver injury at a dose of 30 mg/kg p.o.1 In
contrast, compounds 25b and 29 showed potent inhibi-
tory activities, with ED50 values of 4.2 and 0.61 mg/kg
p.o., respectively. Compound 29 was also tested in a de-
layed-type hypersensitivity (DTH) model,16 and was
found to inhibit trinitrochlorobenzene (TNCB)-induced
ear swelling in sensitized mice with an ED50 value of
1.1 mg/kg p.o. These results demonstrated that com-
pounds 25b and 29 were orally available and effective
inhibitors in these pharmacological models, associated
with T-cell activation. We suggest that the 4 0-pyrazolyl
carboxanilides may exhibit potent activities in vivo.
4. Conclusion

We designed novel aryl-3-trifluoromethylpyrazole deriv-
atives from compound 4 and evaluated their ability to
inhibit CRAC and VOC channels. SAR showed that
the 1-methyl group on the pyrazole ring is essential to
the inhibition of CRAC channels, as a result of its effect
on the torsional angle between the pyrazole and thio-
phene rings. We found that the distance between the tri-
fluoromethyl group and the amide proton also
influenced the activity. We identified compound 25b as
a potent and highly selective CRAC channel inhibitor,
with an IC50 value for CRAC channels of 0.085 lM
and a selectivity index of more than 31. We also de-
signed a new type of CRAC channel inhibitor, 4 0-[3,5-
bis(trifluoromethyl)pyrazol-1-yl]carboxanilides, utilizing
the SARs obtained from the series of compounds with a
(1-alkyl-3-trifluoromethyl)pyrazole moiety, and as a re-
sult found that compound 29 showed selective CRAC
channel inhibitory activity with an IC50 value of
0.15 lM and a selectivity index of 31. In addition,
compounds 25b and 29 were found to inhibit the
function of T-lymphocytes both in vitro and in vivo.
These compounds have the potential to provide a new
class of orally active, anti-inflammatory agents.
5. Experimental

5.1. Chemistry

Melting points were determined with a Yanagimoto
MP-3 melting point apparatus and are uncorrected. 1H
NMR spectra were recorded on a JEOL JNM-90, JEOL
JNM-LA300, JEOL JNM-EX400, or JEOL JNM-A500
spectrometer and were referenced to an internal stan-
dard, tetramethylsilane. The abbreviations used for the
signal patterns are as follows: s, singlet; br s, broad sin-
glet; d, doublet; t, triplet; q, quartet; dd, double doublet;
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Figure 2. ORTEP view with the labeling scheme for compounds 5, 25c, 25b, and 29.

Table 4. Biological properties of selected compounds in vitro

Compound IC50 (lM)

CRACa IL-2b

4 0.13 0.53

16g 0.25 0.26

25b 0.085 0.21

28 0.63 0.013

29 0.15 0.017

a Inhibition of Ca2+ influx through CRAC channels on Jurkat T-cells.

See Section 5.
b Inhibition of PHA-induced IL-2 production in Jurkat T-cells. See

Section 5.

Table 5. Effects of compounds 5, 25b, and 29 in vivo

Compound Hepatitisa DTHb

ED50

(mg/kg p.o.)

% inhibition at

30 mg/kg p.o.

ED50 (mg/kg p.o.)

5 46

25b 4.2

29 0.61 1.1

a Inhibition of Con A-induced liver injury in mice. See Section 5.
b Inhibition of TNCB-induced contact hypersensitivity in mice. See

Section 5.
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dt, double triplet; tt, triple triplet; m, multiplet. Mass
spectra were recorded on a JEOL JMS-DX300, JEOL
JMS-DX2000, HP 5970-MSD, Fisons TRIO-1000 or
Finnigan mat TSQ 700 mass spectrometer, and the ion-
ization method was chosen from EI and FAB. The ele-
mental analyses were performed with a Yanako MT-5
microanalyzer (C, H, and N) and a Yokogawa IC-
7000S ion chromatographic analyzer (halogens and S).
Where analyses are indicated by symbols, the analytical
results are within ±0.4% of the theoretical values. Dry-
ing of organic solutions during workup was done over
anhydrous MgSO4. Preparative column chromatogra-
phy was performed with Wakogel C-200 or Merck silica
gel 60.

5.2. 1-Methyl-5-(2-thienyl)-1H-pyrazole (7a) and
1-methyl-3-(2-thienyl)-1H-pyrazole (8a)

A mixture of 3-(2-thienyl)-1H-pyrazole (6a, 1.58 g,
10.5 mmol), K2CO3 (2.18 g, 15.8 mmol), and MeI
(0.98 mL, 16 mmol) in DMF (20 mL) was stirred for
24 h at room temperature. The mixture was added
H2O and extracted with AcOEt, washed with H2O,
brine, dried, and concentrated in vacuo. The residue
was purified by column chromatography (hexane/
AcOEt = 8:1–5:1) to give 7a (344 mg, 20%) as a pale yel-
low oil and 8a (758 mg, 44%) as a pale yellow oil.

5.2.1. 1-Methyl-5-(2-thienyl)-1H-pyrazole (7a). 1H NMR
(CDCl3) d 3.98 (3H, s), 6.39 (1H, d, J = 2.2 Hz), 7.11
(1H, dd, J = 5.4, 3.7 Hz), 7.16 (1H, dd, J = 3.7,
1.6 Hz), 7.39 (1H, dd, J = 5.4, 1.6 Hz), 7.47 (1H, d,
J = 2.2 Hz); FAB-MS m/z 165 [(M+H)+].

5.2.2. 1-Methyl-3-(2-thienyl)-1H-pyrazole (8a). 1H NMR
(CDCl3) d 3.91 (3H, s), 6.43 (1H, d, J = 2.1 Hz), 7.03
(1H, dd, J = 4.8, 3.8 Hz), 7.21 (1H, dd, J = 4.8,
1.1 Hz), 7.29 (1H, dd, J = 3.8, 1.1 Hz), 7.32 (1H, d,
J = 2.1 Hz); FAB-MS m/z 165 [(M+H)+].

The following compound was similarly prepared.

5.3. A mixture of 1,3-dimethyl-5-(2-thienyl)-1H-pyrazole
(7b) and 1,5-dimethyl-3-(2-thienyl)-1H-pyrazole (8b)

1H NMR (CDCl3) d 2.28 (3H, s), 3.79, 3.90 (total 3H, s),
6.18, 6.23 (total 1H, s), 7.00–7.38 (total 3H, m); FAB-
MS m/z 179 [(M+H)+].

5.4. 4-Methyl-3-(2-thienyl)-5-trifluoromethyl-1H-pyra-
zole (7c)

A 1.6-M solution of n-BuLi (21.0 mL, 33.6 mmol) in
hexane was added to a mixture of diisopropylamine
(3.34 g, 33 mmol) in THF (25 mL) at �40 �C, then the
whole was cooled at �70 �C and 2-propionylthiophene
(9c, 4.21 g, 30.0 mmol) was added dropwise below
�60 �C. The mixture was stirred for 1.5 h at the same
temperature and poured dropwise to a mixture of triflu-
oroacetic anhydride (31.5 g, 150 mmol) in THF (30 mL)
at �60 �C. The mixture was stirred for 1 h and then
aqueous NH4Cl was added. The whole was extracted
with AcOEt, washed with saturated aqueous NaHCO3
and brine, then dried and concentrated in vacuo. The
residue was purified by column chromatography (hex-
ane/AcOEt = 16:1–8:1) to give a pale yellow solid (10c,
1.01 g). This diketone (569 mg, 2.41 mmol) was added
to a mixture of hydrazine hydrochloride (181 mg,
2.64 mmol) and EtOH (5 mL), and the whole was heated
at 50 �C for 2 h. Aqueous NaHCO3 was added to the
mixture and extracted with AcOEt, washed with brine,
dried, and concentrated in vacuo to give 7c (448 mg,
11%) as a brown solid: 1H NMR (CDCl3) d 2.29 (3H,
d, J = 1.0 Hz), 7.16 (1H, dd, J = 5.1, 3.7 Hz), 7.25 (1H,
dd, J = 3.5, 1.0 Hz), 7.45 (1H, dd, J = 4.9, 1.0 Hz),
10.80 (1H, br s); FAB-MS m/z 233 [(M+H)+].

5.5. 5-(2-Thienyl)-3-trifluoromethyl-1H-pyrazole (7d)

NaOMe (17.3 g, 319 mmol) in MeOH (100 mL) was
added to a solution of 2-acetylthiophene (9d, 31.0 g,
246 mmol) in MeOH (150 mL), and the whole was stir-
red for 1 h at room temperature. It was cooled on ice-
bath, then added ethyl trifluoroacetate (41.9 g,
295 mmol), and the whole was heated to reflux for
24 h. H2O was added to the mixture and extracted with
AcOEt, washed with brine, dried, and concentrated in
vacuo to give a brown oil (10d). This crude compound
was added to a mixture of hydrazine hydrate
(13.1 mL, 271 mmol), AcOH (25 mL), and EtOH
(250 mL), and the whole was heated to reflux for 13 h.
The mixture was concentrated in vacuo, and saturated
aqueous NaHCO3was added to the residue and extract-
ed with AcOEt, washed with brine, dried, and concen-
trated in vacuo. The residue was crystallized from
AcOEt/hexane to give 7d (11.1 g, 21%) as a pale brown
powder: 1H NMR (CDCl3) d 6.72 (1H, s), 7.10–7.14
(1H, m), 7.31 (1H, dd, J = 3.8, 1.1 Hz), 7.38–7.42 (1H,
m), 10.66 (1H, br s); FAB-MS m/z 219 [(M+H)+].

The following compounds were prepared following the
same methods with the modification that methylhydr-
azine and AcOH were used instead of hydrazine
hydrochloride.

5.6. 1-Methyl-5-(3-methyl-2-thienyl)-3-trifluoromethyl-
1H-pyrazole (7e)

1H NMR (CDCl3) d 2.18 (3H, s), 3.83 (3H, s), 6.56 (1H,
s), 6.98 (1H, d, J = 4.8 Hz), 7.40 (1H, d, J = 5.2 Hz);
FAB-MS m/z 247 [(M+H)+].

5.7. 5-(2-Furyl)-1-methyl-3-trifluoromethyl-1H-pyrazole
(7f)

1H NMR (CDCl3) d 4.09 (3H, s), 6.54 (1H, dd, J = 3.8,
2.0 Hz), 6.61–6.64 (1H, m), 6.71 (1H, s), 7.54 (1H, dd,
J = 1.8, 0.9 Hz); FAB-MS m/z 217 [(M+H)+].

5.8. Ethyl 5-(1-methyl-1H-pyrazol-5-yl)thiophene-2-car-
boxylate (11a)

A 1.6 M solution of n-BuLi (1.23 mL, 1.9 mmol) in hex-
ane was added dropwise to a solution of 1-methyl-5-(2-
thienyl)-1H-pyrazole (7a, 281 mg, 1.71 mmol) in THF
(6 mL) at �78 �C. The mixture was stirred for 1 h at
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�50 �C and then ethyl chloroformate (0.33 mL,
3.42 mmol) was added at the same temperature. The
mixture was stirred for 3 h at �70 �C, then H2O was
added. The whole was extracted with AcOEt, washed
with brine, dried, and concentrated in vacuo. The resi-
due was purified by column chromatography (hexane/
AcOEt = 5:1) to give 11a (338 mg, 84%) as a pale yellow
solid: 1H NMR (CDCl3) d 1.40 (3H, t, J = 7.1 Hz), 4.03
(3H, s), 4.38 (2H, q, J = 7.2 Hz), 6.47 (1H, d,
J = 2.1 Hz), 7.15 (1H, d, J = 3.9 Hz), 7.49 (1H, d,
J = 2.4 Hz), 7.78 (1H, d, J = 3.9 Hz); FAB-MS m/z 237
[(M+H)+].

The following compounds were prepared using similar
methods.

5.9. Ethyl 5-(1,3-dimethyl-1H-pyrazol-5-yl)thiophene-2-
carboxylate (11b) [a mixture with ethyl 5-(1,5-dimethyl-
1H-pyrazol-3-yl)thiophene-2-carboxylate]

1H NMR (CDCl3) d 1.37, 1.39 (total 3H, t, J = 7.4 Hz),
3.80, 3.94 (total 3H, s), 4.35, 4.37 (total 2H, q,
J = 7.2 Hz), 6.25, 6.27 (total 1H, s), 7.11, 7.21 (total
1H, d, J = 3.7 Hz), 7.71, 7.76 (total 1H, d, J = 3.9 Hz);
GC-MS m/z 250 (M+).

5.10. Ethyl 3-methyl-5-(1-methyl-3-trifluoromethyl-1H-
pyrazol-5-yl)thiophene-2-carboxylate (11e)

1H NMR (CDCl3) d 1.39 (3H, t, J = 7.1 Hz), 2.19 (3H,
s), 3.86 (3H, s), 4.37 (2H, q, J = 7.2 Hz), 6.60 (1H, s),
7.66 (1H, s); FAB-MS m/z 319 [(M+H)+].

5.11. Ethyl 5-(1-methyl-3-trifluoromethyl-1H-pyrazol-5-
yl)furan-2-carboxylate (11f)

1H NMR (CDCl3) d 1.40 (3H, t, J = 7.1 Hz), 4.17 (3H,
s), 4.40 (2H, q, J = 7.1 Hz), 6.72 (1H, d, J = 3.6 Hz),
6.85 (1H, s), 7.26 (1H, d, J = 3.9 Hz); FAB-MS m/z
289 [(M+H)+].

5.12. Ethyl 5-(5-trifluoromethyl-1H-pyrazol-3-yl)thio-
phene-2-carboxylate (11d)

A 1.6-M solution of n-BuLi (30.0 mL, 48.0 mmol) in hex-
ane was added dropwise to a solution of 5-(2-thienyl)-3-
trifluoromethyl-1H-pyrazole (7d, 5.02 g, 23.0 mmol) in
THF (50 mL) below �60 �C. The mixture was stirred
for 1 h at 0 �C, then ethyl chloroformate (4.62 mL,
48.3 mmol) was added below �60 �C. The mixture was
stirred for 1 h at�78 �C, then H2O was added. The whole
was extracted with AcOEt, washed with brine, dried, and
concentrated in vacuo. The residue was purified by col-
umn chromatography (hexane/AcOEt = 9:1–6:1) to give
a pale yellow solid (4.67 g). This diester was added to a
mixture of NaHCO3 (1.08 g, 12.9 mmol), H2O (20 mL),
EtOH (50 mL), and dioxane (30 mL), and the whole
was stirred for 1 day at room temperature. The mixture
was concentrated in vacuo, and the residue was extracted
with AcOEt, washed with H2O, brine, dried, and concen-
trated in vacuo to give 11d (3.48 g, 52%) as a colorless sol-
id: 1H NMR (CDCl3) d 1.40 (3H, t, J = 7.1 Hz), 4.39 (2H,
q, J = 7.1 Hz), 6.79 (1H, s), 7.28 (1H, d, J = 3.6 Hz), 7.76
(1H, d, J = 4.2 Hz), 11.46 (1H, br s); FAB-MS m/z 291
[(M+H)+].

5.13. Ethyl 5-(1-ethyl-3-trifluoromethyl-1H-pyrazol-5-
yl)thiophene-2-carboxylate (11g)

The title compound was prepared from 11d by a proce-
dure similar to that described for 7a and 8a (33% from
11d): 1H NMR (CDCl3) d 1.40 (3H, t, J = 7.2 Hz), 1.50
(3H, t, J = 7.2 Hz), 4.35 (2H, q, J = 7.2 Hz), 4.39 (2H,
q, J = 7.2 Hz), 6.67 (1H, s), 7.17 (1H, d, J = 3.9 Hz),
7.80 (1H, d, J = 3.9 Hz); FAB-MS m/z 319 [(M+H)+].

The following compounds were prepared using similar
methods.

5.14. Ethyl 5-(1-isopropyl-3-trifluoromethyl-1H-pyrazol-
5-yl)thiophene-2-carboxylate (11h)

1H NMR (CDCl3) d 1.40 (3H, t, J = 7.1 Hz), 1.53 (6H,
d, J = 6.8 Hz), 4.39 (2H, q, J = 7.0 Hz), 4.77 (1H, sept,
J = 6.6 Hz), 6.62 (1H, s), 7.14 (1H, d, J = 3.9 Hz), 7.80
(1H, d, J = 3.5 Hz); FAB-MS m/z 333 [(M+H)+].

5.15. 5-(1-Methyl-1H-pyrazol-5-yl)thiophene-2-carboxyl-
ic acid (12a)

A mixture of ethyl 5-(1-methyl-1H-pyrazol-5-yl)thio-
phene-2-carboxylate (11a, 310 mg, 1.31 mmol), 5 M
NaOH (1 mL) and EtOH (5 mL) was stirred for 19 h
at room temperature. The mixture was added 1 M
HCl (5 mL) and H2O, then filtered and recrystallized
from EtOH to give 12a (175 mg, 64%) as a colorless
powder: 1H NMR (DMSO-d6) d 3.98 (3H, s), 6.63
(1H, d, J = 1.8 Hz), 7.46 (1H, d, J = 3.9 Hz), 7.49 (1H,
d, J = 1.8 Hz), 7.77 (1H, d, J = 3.6 Hz), 13.29 (1H, s);
FAB-MS m/z 209 [(M+H)+].

The following compounds were prepared using similar
methods.

5.16. 5-(1,3-Dimethyl-1H-pyrazol-5-yl)thiophene-2-car-
boxylic acid (12b) [a mixture with 5-(1,5-dimethyl-1H-
pyrazol-3-yl)thiophene-2-carboxylic acid]

1H NMR (DMSO-d6) d 2.16, 2.27 (total 3H, s), 3.75, 3.89
(total 3H, s), 6.40, 6.49 (total 1H, s), 7.33, 7.40 (total 1H,
d, J = 3.9 Hz), 7.64, 7.74 (total 1H, d, J = 3.9 Hz), 13.12
(1H, br s); FAB-MS m/z 223 [(M+H)+].

5.17. 5-(5-Trifluoromethyl-1H-pyrazol-3-yl)thiophene-2-
carboxylic acid (12d)

1H NMR (DMSO-d6) d 7.23 (1H, s), 7.60 (1H, d,
J = 4.0 Hz), 7.76 (1H, d, J = 4.0 Hz); FAB-MS m/z 263
[(M+H)+].

5.18. 3-Methyl-5-(1-methyl-3-trifluoromethyl-1H-pyra-
zol-5-yl)thiophene-2-carboxylic acid (12e)

1H NMR (DMSO-d6) d 2.16 (3H, s), 3.85 (3H, s), 7.03
(1H, s), 7.70 (1H, s), 13.36 (1H, s); FAB-MS m/z 289
[(M+H)+].
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5.19. 5-(1-Methyl-3-trifluoromethyl-1H-pyrazol-5-yl)fu-
ran-2-carboxylic acid (12f)

1H NMR (CDCl3) d 4.20 (3H, s), 6.77 (1H, d,
J = 3.9 Hz), 6.89 (1H, s), 7.41 (1H, d, J = 3.6 Hz);
FAB-MS m/z 261 [(M+H)+].

5.20. 5-(1-Ethyl-3-trifluoromethyl-1H-pyrazol-5-yl)thio-
phene-2-carboxylic acid (12g)

1H NMR (DMSO-d6) d 1.39 (3H, t, J = 7.2 Hz), 4.36
(2H, q, J = 7.2 Hz), 7.15 (1H, s), 7.53 (1H, d,
J = 3.9 Hz), 7.80 (1H, d, J = 3.9 Hz), 13.46 (1H, br s);
FAB-MS m/z 291 [(M+H)+].

5.21. 5-(1-Isopropyl-3-trifluoromethyl-1H-pyrazol-5-
yl)thiophene-2-carboxylic acid (12h)

1H NMR (DMSO-d6) d 1.44 (6H, d, J = 6.9 Hz), 4.83 (1H,
sept, J = 6.5 Hz), 7.08 (1H, s), 7.48 (1H, d, J = 3.9 Hz),
7.80 (1H, d, J = 3.4 Hz); FAB-MS m/z 305 [(M+H)+].

5.22. 5-(4-Methyl-5-trifluoromethyl-1H-pyrazol-3-yl)-
thiophene-2-carboxylic acid (12c)

The title compound was prepared from 7c by a proce-
dure similar to that described for 11d, using 1-M NaOH
instead of aqueous NaHCO3: 1H NMR (DMSO-d6) d
2.28 (3H, s), 7.53 (1H, d, J = 3.9 Hz), 7.81 (1H, d,
J = 3.9 Hz), 13.35 (1H, s), 14.11 (1H, s); FAB-MS m/z
275 [(M�H)�].

5.23. 1-Methyl-5-(3-methylphenyl)-3-(trifluoromethyl)-
1H-pyrazole (14)

Methylhydrazine (1.89 g, 41.0 mmol) was added to an
ice-cooled mixture of 4,4,4-trifluoro-1-(3-methylphe-
nyl)butane-1,3-dione (13, 8.98 g, 37.3 mmol), AcOH
(12 mL), and EtOH (70 mL), and the whole was stirred
for 0.5 h at room temperature, then heated to reflux for
1 h. The mixture was concentrated in vacuo, and satu-
rated aqueous NaHCO3 was added to the residue and
extracted with AcOEt, washed with brine, dried, and
concentrated in vacuo. The residue was purified by col-
umn chromatography (hexane/toluene = 4:1) to give 14
(2.28 g, 25%) as a pale yellow oil: 1H NMR (DMSO-
d6) d 2.38 (3H, s), 3.92 (3H, s), 6.87 (1H, s), 7.28–7.46
(4H, m); FAB-MS m/z 241 [(M+H)+].

5.24. 3-[1-Methyl-3-(trifluoromethyl)-1H-pyrazol-5-
yl]benzoic acid (12i)

A mixture of 1-methyl-5-(3-methylphenyl)-3-(trifluoro-
methyl)-1H-pyrazole (14, 961 mg, 4.00 mmol) and
KMnO4 (632 mg, 4.00 mmol) in H2O (30 mL) was heat-
ed to reflux for 12 h. Further KMnO4 (3.16 g,
20.0 mmol) was added and the whole was heated to re-
flux for 9 h. The mixture was filtered on Celite and
washed with 1 M NaOH and H2O, then the filtrate
was added Et2O and extracted with H2O. The aqueous
layer was acidified with 1 M HCl and extracted with
AcOEt, washed with brine, dried, and concentrated in
vacuo. The residue was purified by column chromato-
graphy (CHCl3/MeOH = 10:1) and recrystallized from
i-Pr2O to give 12i (90 mg, 8.3%) as a colorless solid
1H NMR (DMSO-d6) d 3.94 (3H, s), 7.01 (1H, s),
7.68 (1H, t, J = 7.7 Hz), 7.85–7.91 (1H, m), 8.03–8.11
(2H, m), 13.24 (1H, s); FAB-MS m/z 271 [(M+H)+].

5.25. 4 0-Chloro-5-(1-methyl-1H-pyrazol-5-yl)thiophene-2-
carboxanilide (16a)

A mixture of 5-(1-methyl-1H-pyrazol-5-yl)thiophene-2-
carboxylic acid (12a, 149 mg, 0.716 mmol), 4-chloroani-
line (110 mg, 0.859 mmol), and EDCÆHCl (206 mg,
1.07 mmol) in THF (5 mL) was stirred for 5 h at room
temperature. H2O was added to the whole and extracted
with AcOEt, washed with saturated aqueous NaHCO3,
brine, dried, and concentrated in vacuo. The residue
was recrystallized from MeOH–AcOEt to give 16a
(124 mg, 54%) as a colorless powder: 1H NMR (CDCl3)
d 4.01 (3H, s), 6.64 (1H, d, J = 1.9 Hz), 7.43 (2H, d,
J = 8.8 Hz), 7.50 (1H, d, J = 2.0 Hz), 7.52 (1H, d,
J = 4.4 Hz), 7.77 (2H, d, J = 8.8 Hz), 8.07 (1H, d,
J = 3.9 Hz), 10.43 (1H, s); FAB-MS m/z 318 [(M+H)+].

The following compounds were prepared using similar
methods.

5.26. 4 0-Chloro-5-(4-methyl-5-trifluoromethyl-1H-pyra-
zol-3-yl)thiophene-2-carboxanilide (16c)

1H NMR (DMSO-d6) d 2.30 (3H, s), 7.44 (2H, d,
J = 8.8 Hz), 7.57 (1H, d, J = 3.9 Hz), 7.78 (2H, d,
J = 8.8 Hz), 8.09 (1H, d, J = 3.9 Hz), 10.46 (1H, s),
14.09 (1H, br s); FAB-MS m/z 386 [(M+H)+].

5.27. 4 0-Chloro-5-(3-trifluoromethyl-1H-pyrazol-5-yl)-
thiophene-2-carboxanilide (16d)

1H NMR (DMSO-d6) d 7.20 (1H, s), 7.43 (2H, d,
J = 8.8 Hz), 7.64 (1H, d, J = 3.9 Hz), 7.77 (2H, d,
J = 8.7 Hz), 8.04 (1H, d, J = 3.9 Hz), 10.45 (1H, s),
14.34 (1 H, s); FAB-MS m/z 372 [(M+H)+].

5.28. 4 0-Chloro-4-methyl-5-(1-methyl-3-trifluoromethyl-
1H-pyrazol-5-yl)thiophene-2-carboxanilide (16e)

1H NMR (DMSO-d6) d 2.21 (3H, s), 3.87 (3H, s), 7.03
(1H, s), 7.43 (2H, d, J = 8.8 Hz), 7.77 (2H, d,
J = 8.8 Hz), 7.98 (1H, s), 10.45 (1H, s); FAB-MS m/z
400 [(M+H)+].

5.29. 4 0-Chloro-5-(1-methyl-3-trifluoromethyl-1H-pyra-
zol-5-yl)furan-2-carboxanilide (16f)

1H NMR (CDCl3) d 4.13 (3H, s), 6.78 (1H, d,
J = 4.0 Hz), 6.89 (1H, s), 7.35 (2H, d, J = 8.8 Hz), 7.37
(1H, d, J = 3.9 Hz), 7.62 (2H, d, J = 8.7 Hz), 7.96 (1H,
s); FAB-MS m/z 370 [(M+H)+].

5.30. 4 0-Chloro-5-(1-ethyl-3-trifluoromethyl-1H-pyrazol-
5-yl)thiophene-2-carboxanilide (16g)

1H NMR (CDCl3) d 1.51 (3H, t, J = 7.3 Hz), 4.36 (2H,
q, J = 7.3 Hz), 6.69 (1H, s), 7.21 (1H, d, J = 3.9 Hz),
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7.36 (2H, d, J = 8.7 Hz), 7.58 (2H, d, J = 8.8 Hz), 7.61
(1H, d, J = 3.9 Hz), 7.66 (1H, s); FAB-MS m/z 400
[(M+H)+].

5.31. 4 0-Chloro-5-(1-isopropyl-3-trifluoromethyl-1H-pyr-
azol-5-yl)thiophene-2-carboxanilide (16h)

1H NMR (CDCl3) d 1.54 (6H, d, J = 6.8 Hz), 4.78 (1H,
sept, J = 6.6 Hz), 6.64 (1H, s), 7.17 (1H, d, J = 3.9 Hz),
7.35 (2H, d, J = 8.8 Hz), 7.58 (2H, d, J = 8.8 Hz), 7.61
(1H, d, J = 3.4 Hz), 7.67 (1H, s); FAB-MS m/z 414
[(M+H)+].

5.32. 4 0-Chloro-3-(1-methyl-3-trifluoromethyl-1H-pyra-
zol-5-yl)benzanilide (16i)

1H NMR (DMSO-d6) d 4.21 (3H, s), 7.03 (1H, s), 7.43
(2H, d, J = 8.8 Hz), 7.71(1H, t, J = 7.8 Hz), 7.82 (2H,
d, J = 8.8 Hz), 7.83–7.87 (1H, m), 8.04–8.08 (1H, m),
8.14 (1H, t, J = 1.5 Hz), 10.43 (1H, s); FAB-MS m/z
380 [(M+H)+].

5.33. 4 0-Chloro-5-(1,3-dimethyl-1H-pyrazol-5-yl)thio-
phene-2-carboxanilide (16b)

A mixture of 5-(1,3-dimethyl-1H-pyrazol-5-yl)thio-
phene-2-carboxylic acid (12b, 202 mg, 0.909 mmol,
accompanied with regioisomer), oxalyl chloride
(127 lL, 1.45 mmol), and DMF (1 drop) in THF
(5 mL) was stirred for 2 h at room temperature. The
mixture was concentrated in vacuo, and the residue
in THF (3 mL) was added dropwise to an ice-cooled
mixture of 4-chloroaniline (139 mg, 1.09 mmol), Et3N
(190 lL, 1.36 mmol), and THF (2 mL). The whole
was stirred for 20 h at room temperature then H2O
was added and extracted with AcOEt, washed with
brine, dried, and concentrated in vacuo. The residue
was purified by column chromatography (toluene/
AcOEt = 9:1–4:1) and recrystallized from AcOEt–hex-
ane to give 16b (20 mg, 6.6%) as a colorless powder:
1H NMR (DMSO-d6) d 2.17 (3H, s), 3.91 (3H, s),
6.41 (1H, s), 7.43 (2H, d, J = 8.8 Hz), 7.47 (1H, d,
J = 3.9 Hz), 7.77 (2H, d, J = 8.8 Hz), 8.05 (1H, d,
J = 3.9 Hz), 10.41 (1H, s); FAB-MS m/z 332
[(M+H)+].

The following compounds were prepared according to
this method, substituting aqueous NaHCO3 or pyridine
for Et3N as appropriate.

5.34. 4 0-Chloro-5-(1-methyl-5-trifluoromethyl-1H-pyra-
zol-3-yl)thiophene-2-carboxanilide (16j)

1H NMR (DMSO-d6) d 4.01 (3H, s), 7.42 (2H, d,
J = 9.2 Hz), 7.46 (1H, s), 7.63 (1H, d, J = 3.7 Hz), 7.77
(1H, d, J = 9.1 Hz), 7.99 (1H, d, J = 4.3 Hz), 10.37
(1H, s); FAB-MS m/z 386 [(M+H)+].

5.35. 4 0-Chloro-N-methyl-5-(1-methyl-3-trifluoromethyl-
1H-pyrazol-5-yl)thiophene-2-carboxanilide (16k)

1H NMR (DMSO-d6) d 3.35 (3H, s), 3.96 (3H, s), 6.55
(1H, d, J = 3.9 Hz), 7.03 (1H, s), 7.31 (1H, d,
J = 3.9 Hz), 7.46 (2H, d, J = 8.7 Hz), 7.55 (2H, d,
J = 8.3 Hz); FAB-MS m/z 400 [(M+H)+].

5.36. 4 0-Chloro-5-(1,5-dimethyl-3-trifluoromethyl-1H-
pyrazol-5-yl)thiophene-2-carboxanilide (17c)

The title compound was prepared from 19e by a proce-
dure similar to that described for 7a and 8a (35% from
16c): 1H NMR (DMSO-d6) d 2.15 (3H, s), 3.91 (3H,
s), 7.44 (2H, d, J = 9.2 Hz), 7.50 (1H, d, J = 4.3 Hz),
7.77 (2H, d, J = 9.1 Hz), 8.14 (1H, d, J = 3.7 Hz),
10.50 (1H, s); FAB-MS m/z 400 [(M+H)+].

The following compounds were prepared using similar
methods.

5.37. 5-(1-Benzyl-3-trifluoromethyl-1H-pyrazol-5-yl)-4 0-
chlorothiophene-2-carboxanilide (17d) (3.5% from 16d)

1H NMR (CDCl3) d 5.53 (2H, s), 6.76 (1H, s), 7.01 (1H,
d, J = 3.9 Hz), 7.05–7.09 (2H, m), 7.30–7.36 (5H, m),
7.51 (1H, d, J = 3.9 Hz), 7.55 (2H, d, J = 9.3 Hz), 7.60
(1H, s); FAB-MS m/z 462 [(M+H)+].

5.38. 5-{5-[(4-Chloroanilino)methyl]-2-thienyl}-1-methyl-
3-trifluoromethyl-1H-pyrazole (20)

A mixture of 4-chloroaniline (65 mg, 0.512 mmol), 5-(1-
methyl-3-trifluoromethyl-1H-pyrazol-5-yl)thiophene-2-
carboxaldehyde (19, 127 mg, 0.488 mmol), NaB-
H(OAc)3 (259 mg, 1.22 mmol), and AcOH (0.1 mL) in
ClCH2CH2Cl (2 mL) was stirred for 2.5 h at room tem-
perature. Saturated aqueous NaHCO3 was added and
extracted with AcOEt. The extract was washed with
brine, dried, and concentrated in vacuo. The residue
was purified by column chromatography (hexane/
AcOEt = 5:1) to give 20 (156 mg, 86%) as a pale yellow
solid: 1H NMR (CDCl3) d 3.99 (3H, s), 4.18 (1H, br s),
4.53 (2H, d, J = 4.9 Hz), 6.59 (1H, s), 6.61 (2H, d,
J = 8.7 Hz), 7.02 (1H, d, J = 3.9 Hz), 7.06 (1H, d,
J = 3.9 Hz), 7.14 (2H, d, J = 8.8 Hz); FAB-MS m/z 372
[(M+H)+].

5.39. 5-(1-Methyl-3-trifluoromethyl-1H-pyrazol-5-
yl)thiophen-2-ylamine monohydrochloride (21)

A mixture of 5-(1-methyl-3-trifluoromethyl-1H-pyrazol-
5-yl)thiophene-2-carboxylic acid (12j, 905 mg,
3.28 mmol), diphenylphosphoryl azide (741 lL,
3.44 mmol), and Et3N (479 lL, 3.44 mmol) in toluene
(20 mL) was stirred at 50 �C for 30 min. It was cooled
at room temperature, then t-BuOH (486 mg, 6.55 mmol)
in toluene (1 mL) was added and the whole was stirred
at 80 �C for 5 h. H2O was added to the mixture, extract-
ed with AcOEt, washed with brine, dried, and concen-
trated in vacuo. The residue was purified by column
chromatography (hexane/AcOEt = 6:1–4:1) to give
t-butyl [5-(1-methyl-3-trifluoromethyl-1H-pyrazol-5-yl)-
thiophen-2-yl]-carbamate (223 mg) as a pale yellow sol-
id. This carbamate was added to a mixture of trifluoro-
acetic acid (5 mL) and CH2Cl2 (5 mL), and the whole
was stirred for 2 days at room temperature. It was
concentrated in vacuo, and the residue was added to
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saturated aqueous NaHCO3. It was extracted with
AcOEt, washed with brine, dried, and concentrated in
vacuo. AcOEt (50 mL) and 4 M HCl–dioxane (1 mL)
were added to the residue, then the whole was concen-
trated in vacuo. The residue was crystallized from
AcOEt–Et2O to give 21 (154 mg, 17%) as a pale yellow
powder: 1H NMR (DMSO-d6) d 3.96 (3H, s), 6.29
(1H, d, J = 3.9 Hz), 6.77 (1H, s), 7.36 (1H, d,
J = 3.9 Hz), 6.80–7.40 (3H, br); GC-MS m/z 247 (M+).

5.40. 4-Chloro-N-[5-(1-methyl-3-trifluoromethyl-1H-pyr-
azol-5-yl)-2-thienyl]benzamide (22)

The title compound was prepared from 21 by a proce-
dure similar to that described for 16b: 1H NMR
(DMSO-d6) d 4.03 (3H, s), 6.93 (1H, s), 7.01 (1H, d,
J = 4.4 Hz), 7.33 (1H, d, J = 3.9 Hz), 7.67 (2H, d,
J = 8.3 Hz), 8.05 (2H, d, J = 8.8 Hz), 11.92 (1H, s);
FAB-MS m/z 386 [(M+H)+].

5.41. 4 0-Chloro-4-(1-methyl-3-trifluoromethyl-1H-pyra-
zol-5-yl)benzanilide (25a)

The title compound was prepared from 23a by a proce-
dure similar to that described for 7d: 1H NMR (DMSO-
d6) d 3.99 (3H, s), 7.04 (1H, s), 7.43 (2H, d, J = 8.8 Hz),
7.80 (2H, d, J = 8.3 Hz), 7.85 (2H, d, J = 8.8 Hz), 8.10
(2H, d, J = 8.3 Hz), 10.50 (1H, s); FAB-MS m/z 380
[(M+H)+].

The following compounds were prepared using similar
methods.

5.42. 4-Chloro-4 0-(1-methyl-3-trifluoromethyl-1H-pyra-
zol-5-yl)benzanilide (25b)

1H NMR (CDCl3) d 3.93 (3H, s), 6.56 (1H, s), 7.43 (2H,
d, J = 8.8 Hz), 7.49 (2H, d, J = 8.4 Hz), 7.77 (2H, d,
J = 8.8 Hz), 7.84 (2H, d, J = 8.0 Hz), 7.91 (1H, s);
FAB-MS m/z 380 [(M+H)+].

5.43. 4-Chloro-3 0-(1-methyl-3-trifluoromethyl-1H-pyra-
zol-5-yl)benzanilide (25c)

1H NMR (CDCl3) d 3.93 (3H, s), 6.56 (1H, s), 7.20 (1H,
d, J = 7.4 Hz), 7.42–7.50 (3H, m), 7.59 (1H, d,
J = 7.8 Hz), 7.80 (2H, d, J = 8.3 Hz), 7.87 (1H, s), 8.11
(1H, br s); FAB-MS m/z 380 [(M+H)+].

5.44. 4-Chloro-4 0-[3,5-bis(trifluoromethyl)-1H-pyrazol-1-
yl]benzanilide (27)

The title compound was prepared from 26 by a proce-
dure similar to that described for 16b: 1H NMR
(DMSO-d6) d 7.62 (2H, d, J = 8.7 Hz), 7.65 (2H, d,
J = 8.8 Hz), 7.82 (1H, s), 7.97–8.03 (4H, m), 10.64
(1H, s); FAB-MS m/z 434 [(M+H)+].

5.45. 2-Chloro-4 0-[3,5-bis(trifluoromethyl)-1H-pyrazol-1-
yl]benzanilide (28)

The title compound was prepared from 26 by a proce-
dure similar to that described for 16a: 1H NMR
(DMSO-d6) d 7.49 (1H, td, J = 7.3, 1.0 Hz), 7.54 (1H,
td, J = 7.6, 1.9 Hz), 7.58–7.67 (4H, m), 7.82 (1H, s),
7.93 (2H, d, J = 9.3 Hz), 10.88 (1H, s); FAB-MS m/z
434 [(M+H)+].

5.46. Fura-2 loading and population intracellular calcium
measurements

Cells were suspended in HEPES buffered solution
(pH = 7.4) of the following composition: NaCl;
137 mM, KCl; 5.8 mM, MgCl2; 1 mM, CaCl2; 2.5 mM,
glucose; 5 mM, and HEPES; 10 mM. The cells were
loaded with 1 lM Fura-2/AM at room temperature for
45 min, followed by successive washes to remove unin-
corporated dye, and resuspended in HEPES buffered
solution. Cell suspensions were studied in a 96-well
black plate. Fluorescence measurements for the determi-
nation of intracellular calcium concentration were made
in fluorescence microplate reader (Fluostar, SLT Labin-
struments GmbH, Austria) with excitation wavelength
of each 340 nm and 380 nm at emission fluorescence
detection of 500 nm. Then, self-fluorescence of each
compound was measured in a cell-free way and was
deducted from cell way fluorescence. Final intracellular
calcium concentration in each well was calculated from
the fluorescence ratio, using the standard equation. The
Rmax value was obtained from 25 lM ionomycin-treated
wells. The Rmin value was obtained from 25 lM ionomy-
cin/50 mM EGTA-treated wells.

5.47. CRAC channel inhibition assay

CRAC channel inhibition was evaluated in Jurkat cells
(2 · 106 cells/mL). Fura-2 loaded Jurkat cells were stim-
ulated with 1 lM thapsigargin for 30 min and measured
intracellular calcium concentration at the endpoint of
30 min. IC50 values on CRAC channel inhibition of each
compound were calculated from percent inhibition of
thapsigargin-induced calcium influx in Jurkat cells.

5.48. VOC channel inhibition assay

VOC channel inhibition was evaluated in murine neuro-
blastoma, PC12-h5 cells (1 · 106 cells/mL). Fura-2 load-
ed PC12-h5 cells were stimulated with 50 mM KCl for
20 min and measured intracellular calcium concentra-
tion at the endpoint of 20 min. IC50 values on VOC
channel inhibition of each compound were calculated
from percent inhibition of KCl-induced calcium influx
in PC12 cells.

5.49. IL-2 production assay

Jurkat T-lymphocytes (5 · 106 cells/mL) were placed in a
96-well microplate and incubated with PHA (20 lg/mL)
for 20 h, and supernatant was collected from these cells.
IL-2 concentration in each supernatant was measured
by human IL-2 ELISA system (DuoSeTTM, Genzyme).

5.50. Con A-induced Hepatitis

Con A (20 mg/kg) was intravenously injected to female
Balb/c mice in a volume of 10 mL/kg. Blood samples
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were obtained 24 h after Con A injection, and serum
GOT and GPT levels were measured. For oral dosage
groups, compounds were suspended with 0.5% MC
and administered orally in a volume of 10 mL/kg 1 h be-
fore Con A injection. Cyclosporin A (CsA) was dis-
solved in physiological saline and subcutaneously
administered at 50 mg/kg in a volume of 10 mL/kg 2 h
before Con A injection.

5.51. TNCB-induced contact hypersensitivity in mice

Five-weak-old male CD-1 mice were treated with 100 lL
of a 7% TNCB solution in the abdominal region after
cutting their abdominal hair under anesthesia at day 0.
Seven days after TNCB sensitization, the thickness of
ear was measured, and 10 lL of 0.25% TNCB was ap-
plied both inside and outside of ear pinnas. Only a sol-
vent was applied for negative control mice. Ear
thickness was measured using a dial thickness gauge
24 h after the TNCB challenge, and changes in swelling
were calculated from the value pre-exposure. Com-
pound 29 was administered orally 1 h before exposure
to TNCB, and 0.5% MC was administered orally in neg-
ative control and control animals.
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