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As a potent, specific antagonist for the brain cannabinoid receptor (CB1), the biarylpyrazole
N-(piperidin-1-yl)-5-(4-chlorophenyl)-1-(2,4-dichlorophenyl)-4-methyl-1H-pyrazole-3-carbox-
amide (SR141716A; 1) was the lead compound for initiating studies designed to examine the
structure-activity relationships of related compounds and to search for more selective and
potent cannabimimetic ligands. A series of pyrazole derivatives was designed and synthesized
to aid in the characterization of the cannabinoid receptor binding sites and also to serve as
potentially useful pharmacological probes. Therapeutically, such compounds may have the
ability to antagonize harmful side effects of cannabinoids and cannabimimetic agents. Structural
requirements for potent and selective brain cannabinoid CB1 receptor antagonistic activity
included (a) a para-substituted phenyl ring at the 5-position, (b) a carboxamido group at the
3-position, and (c) a 2,4-dichlorophenyl substituent at the 1-position of the pyrazole ring. The
most potent compound of this series contained a p-iodophenyl group at the 5-position, a
piperidinyl carboxamide at the 3-position, and a 2,4-dichlorophenyl group at the 1-position of
the pyrazole ring. The iodinated nature of this compound offers additional utility as a
γ-enriching SPECT (single photon emission computed tomography) ligand that may be useful
in characterizing brain CB1 receptor binding in vivo.

Introduction
Cannabinoids such as (-)-∆9-tetrahydrocannabinol

(∆9-THC), the major psychoactive constituent of
marijuana, have long been the focus of study due to their
effects on the central nervous system. Early pharma-
cological testing has shown that cannabinoids possess
analgesic, antiemetic, psychotropic, and antiinflamma-
tory properties and has also suggested their potential
therapeutic utility for the treatment of asthma and
glaucoma.1-6 However, widespread use of cannabinoids
as therapeutic agents has been limited by their psycho-
tropic properties.4,7

The effort to develop useful cannabimimetic medica-
tions has involved extensive modifications of cannab-
inoid structures in order to dissect the medicinal
properties of these compounds away from their undesir-
able psychotropic effects. These studies led to several
significant discoveries, such as the development of
(1R,3R,4R)-3-[2-hydroxy-4-(1,1-dimethylheptyl)-phenyl]-
4-(3-hydroxypropyl)cyclohexan-1-ol (CP-55,940; 2), a
potent, high-affinity agonist, the discovery of canna-

binoid receptors in brain (CB1)8 and spleen (CB2),9
and the identification of arachidonylethanolamide
(anandamide),10 an endogenous ligand for the cannab-
inoid receptors. The recently developed cannabinoid
receptor antagonists, (4-methoxyphenyl)[6-iodo-1-[2-(4-
morpholinyl)ethyl]-1H-indol-3-yl]methanone (AM630),11

SR141716A (1),12-16 and N-[(1S)-endo-1,3,3-trimethyl-
bicyclo[2.2.1]heptan-2-yl]-5-(4-chloro-3-methylphenyl)-1-
(4-methylbenzyl)-pyrazole-3-carboxamide (SR144528),17

have provided effective tools to characterize cannabinoid
receptors and improve our understanding of the molec-
ular basis for cannabinoid activity.

Compound 1 was reported in 1994 by Sanofi
Recherche as a potent selective and orally active an-
tagonist of the brain cannabinoid receptor (CB1).12-16

As the structure of 1 and congeners developed by Sanofi
Recherche differ substantially from that of recognized
cannabimimetic compounds, the objective of the present
study was to evaluate the structure-activity relation-
ships (SARs) of this class of ligands and to optimize their
antagonist activity. From these SARs, we also explored
the possibility of developing a highly selective CB1
ligand containing iodine that could serve as an effective
SPECT (single photon emission computed tomography)
probe for radioimaging of CB1 receptors in vivo. Early
reports18,19 from this laboratory including SAR results
of substituted pyrazoles have preceded this publication,
which described the synthesis of such analogues and
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their testing as potent selective cannabinoid CB1 recep-
tor antagonists.

Chemistry
Most of the target compounds were synthesized in a

manner similar to our published work.20 The procedures
for preparation of these compounds are outlined in
Schemes 1-5.

The ketones reacted with diethyl oxalate in the
presence of lithium bis(trimethylsilyl)amide to provide
the appropriate lithium salts 4, 14, 17, and 20. These
were allowed to react with either 2,4-dichlorophenyl-
hydrazine hydrochloride or 4-chlorophenylhydrazine
hydrochloride to yield substituted 1H-pyrazole-3-car-
boxylic acid ethyl esters 5, 15, 18, and 21, respectively.
Nitration of compound 5 by nitronium tetrafluoroborate
in acetonitrile21 gave a mixture of para- and ortho-
nitrated compounds 6 which were used directly for the
subsequent reaction without separation. The esters
obtained were hydrolyzed to their carboxylic acids and
then converted to the corresponding acid chlorides,
which reacted with the appropriate primary or second-
ary amines in the presence of triethylamine to give
carboxamides 7, 8, 9, 16, 19, and 22-31.

The nitro-substituted compounds 8 and 9 were re-
duced by hydrazine in ethanol in the presence of
catalytic Raney nickel22 to amines 10 and 11, which
were converted finally to iodides 12 and 13 via the
reaction of their diazonium salts with sodium iodide.23

Results and Discussion
Receptor Binding Studies. Rat forebrain (CB1) and

mouse spleen (CB2) membrane preparations were used

to assess the affinity of pyrazole derivatives for can-
nabinoid receptor binding sites. A filtration assay was
employed in which specific binding was measured by
displacement of [3H]2 from cannabinoid binding sites
by increasing concentrations of the ligands. The biologi-
cal activities are summarized in Tables 1-3.

Using 1 as a benchmark, substitution at the 5-position
of the pyrazole ring was explored. Generally, all of the
analogues tested had selectivity for the CB1 receptor
and variably reduced affinity for CB2. In this series, the
p-iodophenyl analogue (12) was found to have the
highest affinity (Ki value of 7.5 nM) for CB1 and a high
degree of selectivity (306-fold) for the CB1 over the CB2
receptor. Para-substituted analogues (8, 10, 12) gener-
ally had higher affinities and selectivities for CB1 than

Figure 1. Structure of SR141716A, a CB1 cannabinoid
receptor antagonist.

Scheme 1a

a Reagents: (a) LiHMDS, ether; EtO2CCO2Et; (b) 2,4-dichloro-
phenylhydrazine hydrochloride, EtOH; (c) AcOH.

Scheme 2a

a Reagents: (a) BF4NO2, acetonitrile; (b) KOH, MeOH; (c)
SOCl2, toluene; (d) 1-aminopiperidine, Et3N, CH2Cl2; (e) N2H4,
Raney Ni, ethanol; (f) NaNO2, HCl; NaI.

Scheme 3a

a Reagents: (a) LiHMDS, ether; EtO2CCO2Et; (b) 2,4-dichloro-
phenylhydrazine hydrochloride, EtOH; (c) AcOH; (d) KOH, MeOH;
(e) SOCl2, toluene; (f) 1-aminopiperidine, Et3N, CH2Cl2.
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the corresponding ortho-substituted congeners (9, 11,
13) and their unsubstituted analogue (7). Also, the
binding affinity was reduced when the aromatic ring
was replaced with an aliphatic ethyl group.

At the 1-position of the pyrazole ring, 2,4-dichlorophen-
yl substitution was optimal for binding. Other substit-
uents such as 4-chlorophenyl (19), 4-nitrophenyl, and
4-aminophenyl led to a decreased affinity.

The SAR of different carboxamides at the 3-position
of the pyrazole ring was also investigated. We found that
although various N-heterocyclic substituted carbox-
amides had comparable affinities, the piperidino ana-
logue gave optimal selectivity for CB1. N,N-Disubsti-
tution (26, 27, 29) resulted in decreased binding. An
aromatic carboxamide analogue (31) had lower binding
affinity, and the N-(2-hydroxyethyl) carboxamide (30)
had very low affinities for both cannabinoid receptors.

Antagonism Studies. A selection of the compounds
described in this paper were tested for their ability to
decrease 2,3-dihydro-5-methyl-3-[(4-morpholin-yl)meth-
yl]pyrrolo[1,2,3-de]-1,4-benzoxazin-6-yl](1-naphthyl)-
methanone (WIN55,212-2; 3)-induced inhibition of elec-
trically evoked contractions of the guinea pig myenteric
plexus-longitudinal muscle preparation or mouse vas
deferens (Tables 4 and 5). Each of the compounds tested
behaved as a competitive cannabinoid receptor antago-
nist, producing a statistically significant parallel dextral
shift in the log concentration-response curve of 3
without any significant reduction in the size of the
maximal response to the agonist. Our experiments with
the myenteric plexus-longitudinal muscle preparation
indicated a good correlation between the Kd values of

Scheme 4a

a Reagents: (a) 4-chlorophenylhydrazine hydrochloride, EtOH;
(b) AcOH; (c) KOH, MeOH; (d) SOCl2, toluene; (e) 1-aminopiperi-
dine, Et3N, CH2Cl2.

Scheme 5a

a Reagents: (a) KOH, MeOH; (b) SOCl2, toluene; (c) NHR1R2,
Et3N, CH2Cl2.

Table 1. Ligands Modified at the 5-Position

Ki (nM)a

ligands R CB1 CB2
Ki ratio

CB1:CB2

7 Ph 123 217 1:1.8
(112, 135) (165, 284)

8 p-NO2-Ph 57.5 252 1:4.4
(51.3, 66.4) (192, 331)

9 o-NO2-Ph 255 691 1:2.7
(233, 279) (599, 797)

10 p-NH2-Ph 81.5 958 1:12
(69.6, 95.4) (777, 1180)

11 o-NH2-Ph 346 931 1:2.7
(298, 401) (732, 1180)

12 p-I-Ph 7.49 2290 1:306
(6.38, 8.78) (1640, 3190)

13 o-I-Ph 53.8 577 1:11
(49.6, 66.5) (431, 774)

23 p-Br-Ph 16.8 1430 1:85
(14.3, 19.7) (1120, 1820)

16 Et 183 744 1:4.1
(165, 203) (612, 905)

1 p-Cl-Ph 11.5 1640 1:143
(8.45, 13.7) (1440, 1850)

a Binding affinities (Ki) of ligands for CB1 (rat forebrain) and
CB2 (mouse spleen) cannabinoid receptors. The 95% confidence
limits are in parentheses.

Table 2. Ligands Modified at the 1-Position

Ki (nM)a

ligands R CB1 CB2
Ki ratio

CB1:CB2

19 4-Cl-Ph 60.4 836 1:14
(49.1, 74.3) (746, 936)

1 2,4-di-Cl-Ph 11.5 1640 1:143
(8.45, 13.7) (1440, 1850)

a Binding affinities (Ki) of ligands for CB1 (rat forebrain) and
CB2 (mouse spleen) cannabinoid receptors. The 95% confidence
limits are in parentheses.
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the compounds investigated and their Ki values for CB1
but not CB2 binding sites (Table 4). This finding is in

agreement with previous evidence that 3 and other
cannabinoid receptor agonists can act through CB1
receptors to inhibit electrically evoked contractions of

Table 3. Ligands Modified at the 3-Position

Ki (nM)a

ligands R1 R2 CB1 CB2
Ki ratio

CB1:CB2

22 H pyrrolidinyl 17.1 1310 1:76
(15.3, 19.1) (1140, 1510)

23 H piperidinyl 16.8 1430 1:85
(14.3, 19.7) (1120, 1820)

24 H homopiperidinyl 7.85 215 1:28
(6.86, 8.97) (174, 266)

25 H morpholin-4-yl 53.9 2450 1:45
(48.1, 60.5) (2140, 2810)

26 -(CH2)5- 125 4580 1:37
(104, 150) (4020, 5230)

27 -(CH2)2N(CH3)(CH2)2- 326 2340 1:7.2
(284, 374) (1750, 3140)

28 H cyclohexyl 11.7 1010 1:87
(9.21, 14.8) (851, 1210)

29 Me cyclohexyl 76.7 1260 1:16
(70.0, 84.0) (1050, 1510)

30 H 2-ethanol 1120 1.9e+4b 1:17
(1020, 1240) 1.7e+4, 2.1e+4)

31 H phenyl 31.1 6750 1:217
(28.5, 34.7) (5840, 7810)

a Binding affinities (Ki) of ligands for CB1 (rat forebrain) and CB2 (mouse spleen) cannabinoid receptors. The 95% confidence limits
are in parentheses. b Read as 1.9 × 10+4.

Table 4. Receptor Antagonism in Guinea Pig Small Intestine

ligands
concn of

compd (nM)a Kd (nM) CB1 Ki (nM)

12 100 0.22 7.49
(0.06, 0.61)

23 100 0.32 16.8
(0.12, 0.87)

24 1000 0.38 7.85
(0.17, 3.92)

22 1000 1.18 17.1
(0.71, 2.12)

10 100 2.63 81.5
(0.66, 9.57)

8 1000 2.90 57.5
(1.53, 12.1)

26 1000 4.72 125
(2.01, 23.0)

13 1000 5.87 53.8
(3.88, 10.6)

9 1000 5.96 255
(3.46, 14.7)

7 1000 7.00 123
(4.26, 16.1)

11 100 11.2 346
(3.46, 43.6)

27 1000 12.3 326
(7.06, 24.1)

1 100 0.25 11.5
(0.09, 0.66)

a Concentration of compound used to determine Kd value.
Dissociation constants (Kd) determined in the myenteric plexus-
longitudinal muscle preparation of guinea pig small intestine using
the cannabinoid receptor agonist 3. Linear regression analysis
indicates the mean slope of a plot of log Ki for CB1 (x axis) against
log Kd (y axis) to be 1.020 with 95% confidence limits of 0.780 and
1.259 (r2 ) 0.889). The corresponding r2 value for a plot of log Ki
for CB2 against log Kd is 0.001.

Table 5. Receptor Antagonism in Mouse Vas Deferens

ligands
concn of

compd (nM)a Kd (nM) CB1 Ki (nM)

12 31.6 0.50 7.49
(0.31, 0.87)

23 31.6 2.64 16.8
(0.93, 7.44)

8 316 5.31 57.5
(2.46, 10.3)

24 316 6.80 7.85
(1.22, 19.4)

13 31.6 7.83 53.8
(3.17, 33.8)

9 316 25.4 255
(14.7, 71.6)

7 316 28.0 123
(16.1, 48.9)

10 316 42.6 81.5
(23.0, 83.4)

22 316 47.8 17.1
(18.7, 159)

11 1000 118 125
(53.9, 283)

26 1000 172 346
(33.8, 581)

27 1000 325 326
(115, 1210)

1 31.6 1.98 11.5
(0.85, 5.91)

a Concentration of compound used to determine Kd value.
Dissociation constants (Kd) determined in the mouse isolated vas
deferens using the cannabinoid receptor agonist 3. Linear regres-
sion analysis indicates the mean slope of a plot of log Ki for CB1
(x axis) against log Kd (y axis) to be 1.088 with 95% confidence
limits of 0.533 and 1.644 (r2 ) 0.889). The corresponding r2 value
for a plot of log Ki for CB2 against log Kd is 0.008.
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this tissue.24,25 Interestingly, the Kd value for 1 obtained
in the present experiments with the myenteric plexus-
longitudinal muscle preparation was significantly lower
than that obtained previously using the same prepara-
tion and agonist.24 The cause of this discrepancy re-
mains to be established.

In the vas deferens, there is not a close correlation
between Kd values and Ki values for CB1 binding sites
(Table 5). Moreover, the Kd values of some compounds
(compounds 10, 11, 22, 23, 26, 27, and 1) were found to
be significantly higher in this tissue than in the myen-
teric plexus-longitudinal muscle preparation. It is tempt-
ing to speculate that the vas deferens contains more
than one class of receptor with which 3 can interact to
cause inhibition of evoked contractions, and indeed, our
compounds do not all interact preferentially with the
same receptor type. The Kd value for 1 shown in Table
5 is similar to that obtained in previous experiments
with the mouse vas deferens using 3 as the agonist.26

Compound 12, incorporating an iodine atom in the
5-para-substituted phenyl ring was found to be the most
potent and also the most selective antagonist for the
cannabinoid CB1 receptor. In this series, compound 12
with about twice the activity of 1 is also an excellent
candidate for a SPECT probe. In fact, a recent publica-
tion from this laboratory27 elaborated on its effectiveness
in this capacity.

Experimental Section
Chemistry. 1H NMR spectra were recorded on either

Bruker WP-211SY 200 MHz or Bruker DMX-500 MHz spec-
trometers. Chemical shifts are reported in ppm (parts per
million) relative to tetramethylsilane as the internal standard,
and signals are quoted as s (singlet), brs (broad singlet), d
(doublet), dd (double doublet), dt (double triplet), t (triplet), q
(quartet), or m (multiplet). Mass spectra (electron ionization,
70 eV) were determined on a KRATOS MS-50RFA instrument.
GC-MS was measured on a Hewlett-Packard 6890 GC-MS
instrument. Melting points were determined on a Thomas-
Hoover melting point apparatus. Elemental analyses were
performed at Analytical Services Center of Baron Consulting
Company. Compounds are indicated by the molecular formula
followed by the symbols for the elements (C, H, N) and were
found to be within 0.4% of their theoretical values. Flash
column chromatography was carried out by using Whatman
active silica gel (230-400 mesh), and eluents were distilled
before use. Solvents for reactions were dried or purified as
required. Reactions were carried out under nitrogen atmo-
sphere unless otherwise noted.

Lithium Salt of Ethyl 2,4-Dioxo-3-methyl-4-phenylbu-
tanoate (4). To a magnetically stirred solution of lithium bis-
(trimethylsilyl)amide (4.0 mL, 1.0 M solution in hexane, 4.0
mmol) in diethyl ether (20 mL) was added a solution of
propiophenone (530 µL, 4.0 mmol) in diethyl ether (5 mL) at
-78 °C. After the mixture was stirred at the same temperature
for additional 45 min, diethyl oxalate (600 µL, 4.4 mmol) was
added to the mixture. The reaction mixture was allowed to
warm to room temperature and stirred for 16 h. The precipi-
tate was filtered, washed with diethyl ether, and dried under
vacuum to afford the lithium salt 4 (790 mg, 83% yield).

Lithium Salt of Ethyl 2,4-Dioxo-3-methyl-hexanoate
(14). Compound 14 was synthesized from 3-pentanone by
using the procedure applied to compound 4 as a white solid in
90% yield.

Lithium Salt of Ethyl 2,4-Dioxo-3-methyl-4-(4-chloro-
phenyl)butanoate (17). Compound 17 was synthesized from
4′-chloropropiophenone according to the procedure applied to
compound 4 and obtained as a light yellow solid in 85% yield.

Lithium Salt of Ethyl 2,4-Dioxo-3-methyl-4-(4-bromo-
phenyl)butanoate (20). Compound 20 was synthesized from

4′-bromopropiophenone according to the procedure applied to
compound 4 and obtained as a light yellow solid in 79% yield.

1-(2,4-Dichlorophenyl)-4-methyl-5-phenyl-1H-pyrazole-
3-carboxylic Acid, Ethyl Ester (5). To a magnetically stirred
solution of lithium salt 4 (700 mg, 2.9 mmol) in 10 mL of
ethanol was added 2,4-dichlorophenylhydrazine hydrochloride
(701 mg, 3.2 mmol) at room temperature. The resulting
mixture was stirred at room temperature for 20 h. The
precipitate was filtered, washed with ethanol and diethyl
ether, and then dried under vacuum to give a light yellow solid
(853 mg). This solid was dissolved in acetic acid (7 mL) and
heated under reflux for 24 h. The reaction mixture was poured
into cold water (30 mL) and extracted with ethyl acetate (3 ×
20 mL). The combined extracts were washed with water,
saturated aqueous sodium bicarbonate, and brine, dried over
anhydrous sodium sulfate, filtered, and evaporated. Purifica-
tion by flash column chromatography on silica gel with
petroleum ether/ethyl acetate (9:1) gave the ester 5 (776 mg,
71% yield) as a white solid: mp 80-82 °C; 1H NMR (200 MHz,
CDCl3) δ 7.37-7.11 (m, 8H, ArH), 4.46 (q, J ) 7.1 Hz, 2H,
OCH2), 2.35 (s, 3H, CH3), 1.43 (t, J ) 7.1 Hz, 3H, CH3); MS
m/e 374 (M+), 329 (M+ - C2H5O), 301 (M+ - C3H5O2). Anal.
(C19H16Cl2N2O2) C, H, N.

1-(2,4-Dichlorophenyl)-5-ethyl-4-methyl-1H-pyrazole-
3-carboxylic Acid, Ethyl Ester (15). To a magnetically
stirred solution of lithium salt 14 (1.00 g, 5.37 mmol) in 20
mL of ethanol was added 2,4-dichlorophenylhydrazine hydro-
chloride (1.29 g, 5.9 mmol) at room temperature. The resulting
mixture was stirred at room temperature for 20 h and then
evaporated under reduced pressure to give a brown oil (1.98
g). The above crude product was dissolved in acetic acid (15
mL) and heated to reflux for 24 h. The reaction mixture was
poured into cold water (30 mL) and then extracted with ethyl
acetate (3 × 30 mL). The combined extracts were washed with
water, saturated aqueous sodium bicarbonate, and brine, dried
over anhydrous sodium sulfate, filtered, and evaporated.
Purification by flash column chromatography on silica gel with
petroleum ether/ethyl acetate (9:1) gave the ester 15 (454 mg,
26% yield) as a white solid: mp 102-104 °C; 1H NMR (500
MHz, CDCl3) δ 7.54 (s, 1H, ArH), 7.39-7.34 (m, 2H, ArH), 4.41
(q, J ) 7.0 Hz, 2H, OCH2), 2.47 (brs, 2H, CH2), 2.32 (s, 3H,
CH3), 1.43 (t, J ) 7.1 Hz, 3H, OCH2CH3), 0.99 (t, J ) 7.4 Hz,
3H, CH2CH3); GC-MS m/e 326 (M+), 311 (M+ - CH3), 297 (M+

- C2H5), 291 (M+ - Cl).
1-(4-Chlorophenyl)-5-(4-chlorophenyl)-4-methyl-1H-

pyrazole-3-carboxylic Acid, Ethyl Ester (18). Compound
18 was synthesized from lithium salt 17 and 4-chlorophenyl-
hydrazine hydrochloride according to the procedure applied
to 5 and was obtained in 43% yield as a white solid: mp 118-
121 °C; 1H NMR (500 MHz, CDCl3) δ 7.36 (d, J ) 8.3 Hz, 2H,
ArH), 7.28 (d, J ) 8.6 Hz, 2H, ArH), 7.18 (d, J ) 8.7 Hz, 2H,
ArH), 7.08 (d, J ) 8.2 Hz, 2H, ArH), 4.46 (q, J ) 7.1 Hz, 2H,
OCH2), 2.30 (s, 3H, CH3), 1.43 (t, J ) 7.1 Hz, 3H, CH3); GC-
MS m/e 374 (M+), 345 (M+ - C2H5), 301 (M+ - C3H5O2).

5-(4-Bromophenyl)-1-(2,4-dichlorophenyl)-4-methyl-
1H-pyrazole-3-carboxylic Acid, Ethyl Ester (21). Com-
pound 21 was synthesized from lithium salt 20 and
2,4-dichlorophenylhydrazine hydrochloride according to the
procedure applied to 5 and was obtained in 59% yield as a
white solid: mp 143-144 °C; 1H NMR (200 MHz, CDCl3) δ
7.48-7.27 (m, 5H, ArH), 7.01 (dd, J ) 1.8 and 6.6 Hz, 2H,
ArH), 4.46 (q, J ) 7.1 Hz, 2H, OCH2), 2.33 (s, 3H, CH3), 1.43
(t, J ) 7.1 Hz, 3H, CH3); MS m/e 452 (M+), 407 (M+ - C2H5O),
379 (M+ - C3H5O2). Anal. (C19H15BrCl2N2O2) C, H, N.

1-(2,4-Dichlorophenyl)-4-methyl-5-nitrophenyl-1H-pyra-
zole-3-carboxylic Acid, Ethyl Ester (6). To a magnetically
stirred solution of compound 5 (890 mg, 2.37 mmol) in 50 mL
of acetonitrile was added nitronium tetrafluoroborate (365 mg,
2.61 mmol) at room temperature for 8 h. After removal of
acetonitrile, the residue was dissolved in dichloromethane,
washed with brine, dried over anhydrous sodium sulfate,
filtered, and evaporated. Flash column chromatography on
silica gel with toluene and ethyl acetate (95:1) gave a mixture
of para- and ortho-nitration product 6 (920 mg, 92% yield) as
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a white solid: 1H NMR (200 MHz, CDCl3) δ 8.22-7.19 (m, 7H,
ArH), 4.47 (q, J ) 7.1 Hz, 2H, OCH2), 2.38 and 2.39 (s, 3H,
CH3), 1.44 (t, J ) 7.1 Hz, 3H, CH3); MS m/e 419 (M+), 373 (M+

- C2H6O), 346 (M+ - C3H5O2). Anal. (C19H15Cl2N3O4) C, H,
N.

N-(Piperidin-1-yl)-1-(2,4-dichlorophenyl)-4-methyl-5-
phenyl-1H-pyrazole-3-carboxamide (7). To a magnetically
stirred solution of ester 5 (520 mg, 1.38 mmol) in methanol (7
mL) was added a solution of potassium hydroxide (155 mg,
2.76 mmol) in methanol (5 mL). The mixture was heated under
reflux for 3 h. The cooling reaction mixture was then poured
into water (10 mL) and acidified with 10% hydrochloric acid.
The precipitate was filtered, washed with water, and dried
under vacuum to yield the corresponding acid (430 mg, 90%
yield) as a solid.

A solution of the crude acid (430 mg) and thionyl chloride
(270 µL, 4.14 mmol) in toluene (10 mL) was refluxed for 3 h.
Solvent was evaporated under reduced pressure, and the
residue was then redissolved in toluene (20 mL) and evapo-
rated to yield the crude carboxylic chloride (450 mg, 100%
yield) as a solid. A solution of the above carboxylic chloride
(450 mg, 1.24 mmol) in dichloromethane (5 mL) was added
dropwise to a solution of 1-aminopiperidine (215 µL, 1.92
mmol) and triethylamine (270 µL, 1.92 mmol) in dichlo-
romethane (5 mL) at 0 °C. After stirring at room temperature
for 3 h, the reaction mixture was added with brine and
extracted with dichloromethane (3 × 15 mL). The combined
extracts were washed with brine, dried over anhydrous sodium
sulfate, filtered, and evaporated. Flash column chromatogra-
phy on silica gel with petroleum ether/ethyl acetate (2:1) gave
carboxamide 7 (540 mg, 98% yield) as a white solid: mp 186-
187 °C; 1H NMR (200 MHz, CDCl3) δ 7.64 (s, 1H, NH), 7.42-
7.27 (m, 6H, ArH), 7.14-7.11 (m, 2H, ArH), 2.87 (t, J ) 5.2
Hz, 4H, NCH2), 2.38 (s, 3H, CH3), 1.79-1.66 (m, 4H, CH2),
1.46-1.42 (m, 2H, CH2); MS m/e 428 (M+), 329 (M+ - C5H11N2).
Anal. (C22H22Cl2N4O) C, H, N.

N-(Piperidin-1-yl)-1-(2,4-dichlorophenyl)-4-methyl-5-
nitrophenyl-1H-pyrazole-3-carboxamide (8 and 9). Com-
pounds 8 and 9 were synthesized from p- and o-nitrate esters
6 according to the procedure described for compound 7.
Purification of the crude product by flash column chromatog-
raphy on silica gel with petroleum ether/ethyl acetate (3:2 to
1:1) gave the p-nitro compound 8 and o-nitro compound 9 in a
total yield of 98%. Compound 8: mp 142-143 °C; 1H NMR (500
MHz, CDCl3) δ 8.19 (d, J ) 8.3 Hz, 2H, ArH), 7.66 (s, 1H, NH),
7.43-7.32 (m, 3H, ArH), 7.32 (d, J ) 8.2 Hz, 2H, ArH), 2.87
(t, J ) 5.0 Hz, 4H, NCH2), 2.41 (s, 3H, CH3), 1.77-1.72 (m,
4H, CH2), 1.44 (bs, 2H, CH2); MS m/e 473 (M+), 374 (M+ -
C5H11N2). Anal. (C22H21Cl2N5O3) C, H, N. Compound 9: mp
139-140 °C; 1H NMR (500 MHz, CDCl3) δ 8.19 (d, J ) 7.7
Hz, 1H, ArH), 8.01 (s, 1H, ArH), 7.64 (s, 1H, NH), 7.54 (t, J )
7.8 Hz, 1H, ArH), 7.74 (d, J ) 7.4 Hz, 1H, ArH), 7.42-7.34
(m, 3H, ArH), 2.87 (t, J ) 5.1 Hz, 4H, NCH2), 2.41 (s, 3H, CH3),
1.79-1.74 (m, 4H, CH2), 1.44 (bs, 2H, CH2); MS m/e 473 (M+),
374 (M+ - C5H11N2). Anal. (C22H21Cl2N5O3) C, H, N.

N-(Piperidin-1-yl)-5-(4-aminophenyl)-1-(2,4-dichloro-
phenyl)-4-methyl-1H-pyrazole-3-carboxamide (10). Hy-
drazine (61 µL, 1.9 mmol) was added to a solution of 8 (300
mg, 0.63 mmol) in ethanol (20 mL) at room temperature. The
mixture was warmed to 30-40 °C and Raney nickel (10 mg,
50% slurry in water) was added. After no more nitrogen was
generated, another portion of Raney nickel (5.0 mg) was added
and the reaction mixture was warmed to 70 °C and stirred for
3 h. The catalyst was removed by filtration, and the crude
product was purified by flash column chromatography on silica
gel with petroleum ether/ethyl acetate (1:1) to afford p-amine
10 (263 mg, 94% yield) as a white solid: mp 211-212 °C; 1H
NMR (200 MHz, CDCl3) δ 7.65 (s, 1H, NH), 7.42 (dd, J ) 0.9
and 1.7 Hz, 1H, ArH), 7.27-7.26 (m, 2H, ArH), 6.88 (dd, J )
2.0 and 6.5 Hz, 2H, ArH), 6.59 (dd, J ) 2.0 and 6.6 Hz, 2H,
ArH), 3.74 (brs, 2H, NH2), 2.86 (t, J ) 5.2 Hz, 4H, NCH2), 2.35
(s, 3H, CH3), 1.76-1.69 (m, 4H, CH2), 1.45-1.41 (m, 2H, CH2);
MS m/e 443 (M+), 344 (M+ - C5H11N2). Anal. (C22H23Cl2N5O)
C, H, N.

N-(Piperidin-1-yl)-5-(2-aminophenyl)-1-(2,4-dichloro-
phenyl)-4-methyl-1H-pyrazole-3-carboxamide (11). Com-
pound 11 was synthesized from 9 according to the procedure
applied to 10 and obtained in 89% yield as a white solid: mp
256-258 °C; 1H NMR (200 MHz, CDCl3) δ 7.67 (s, 1H, NH),
7.42 (dd, J ) 0.7 and 1.6 Hz, 1H, ArH), 7.24-7.22 (m, 2H,
ArH), 7.05 (t, J ) 7.7 Hz, 1H, ArH), 6.63-6.58 (m, 1H, ArH),
1.77-1.68 (m, 4H, CH2), 1.44-1.41 (m, 2H, CH2); MS m/e 443
(M+), 344 (M+ - C5H11N2). Anal. (C22H23Cl2N5O) C, H, N.

N-(Piperidin-1-yl)-1-(2,4-dichlorophenyl)-5-(4-iodo-
phenyl)-4-methyl-1H-pyrazole-3-carboxamide (12). To
a magnetically stirred solution of 10 (44 mg, 0.1 mmol) in
concentrated hydrochloric acid (0.5 mL) and ice (1 g) was added
dropwise a 1.0 M solution of sodium nitrite (100 µL, 0.1 mmol)
at 0 °C until iodine-starch paper turned blue. After being
stirred at the same temperature for additional 10 min, this
cold solution was transferred into a solution of potassium
iodide (166 mg, 1.0 mmol) in water (0.5 mL) at room temper-
ature, and stirring was continued for 4 h. The reaction mixture
was extracted with dichloromethane (3 × 10 mL). The com-
bined dichloromethane solution was washed with brine, dried
over anhydrous sodium sulfate, filtered, and evaporated.
Purification by flash column chromatography on silica gel with
petroleum ether/ethyl acetate (2:1) gave the p-iodide 12 (22
mg, 39% yield) as a white solid: mp 195-196 °C; 1H NMR
(200 MHz, CDCl3) δ 7.58 (d, J ) 8.2 Hz, 1H, ArH), 7.56 (s,
1H, NH), 7.37 (s, 1H, ArH), 7.38-7.18 (m, 3H, ArH), 6.78 (d,
J ) 8.2 Hz, 2H, ArH), 2.79 (t, J ) 5.0 Hz, 4H, NCH2), 2.29 (s,
3H, CH3), 1.71-1.63 (m, 4H, CH2), 1.38-1.36 (m, 2H, CH2);
MS m/e 554 (M+), 455 (M+ - C6H11N2O); HRMS m/e calcd,
554.0137; found, 554.0121. Anal. (C22H21Cl2IN4O) C, H, N.

N-(Piperidin-1-yl)-1-(2,4-dichlorophenyl)-5-(2-iodo-
phenyl)-4-methyl-1H-pyrazole-3-carboxamide (13). Com-
pound 13 was obtained from 11 by the method described for
compound 12 and was isolated as a white solid in 29% yield:
mp 107-109 °C; 1H NMR (200 MHz, CDCl3) δ 7.61-7.55 (m,
2H, ArH and NH), 7.43 (s, 1H, ArH), 7.37-7.36 (m, 1H, ArH),
7.24-7.18 (m, 2H, ArH), 6.99-6.96 (m, 2H, ArH), 2.79 (t, J )
5.2 Hz, 4H, NCH2), 2.30 (s, 3H, CH3), 1.74-1.60 (m, 4H, CH2),
1.41-1.36 (m, 2H, CH2); MS m/e 554 (M+), 455 (M+ -
C6H11N2O); HRMS m/e calcd, 554.0137; found, 554.0147. Anal.
(C22H21Cl2IN4O) C, H, N.

N-(Piperidin-1-yl)-1-(2,4-dichlorophenyl)-5-ethyl-4-meth-
yl-1H-pyrazole-3-carboxamide (16). Compound 16 was
obtained from ester 15 according to the procedure described
for 7 and was isolated as a white solid in 88% yield: mp 151-
153 °C; 1H NMR (500 MHz, CDCl3) δ 7.58-7.55 (m, 2H, ArH
and NH), 7.41-7.40 (m, 1H, ArH), 7.32 (d, J ) 8.4 Hz, 1H,
ArH), 2.83 (t, J ) 4.6 Hz, 4H, NCH2), 2.46-2.45 (m, 2H, CH2),
2.35 (s, 3H, CH3), 1.74-1.72 (m, 4H, CH2), 1.41 (brs, 2H, CH2),
0.97 (t, J ) 7.4 Hz, 3H, CH3); GC-MS m/e 380 (M+), 365 (M+

- CH3), 281 (M+ - C5H11N2). Anal. (C18H22Cl2N4O) C, H, N.
N-(Piperidin-1-yl)-1-(4-chlorophenyl)-5-(4-chloro-

phenyl)-4-methyl-1H-pyrazole-3-carboxamide (19). Com-
pound 19 was obtained from ester 18 according to the
procedure described for 7 and was isolated as a white solid in
82% yield: mp 169-170 °C; 1H NMR (500 MHz, CDCl3) δ 7.69
(s, 1H, NH), 7.35 (d, J ) 8.0 Hz, 2H, ArH), 7.30 (d, J ) 8.3
Hz, 2H, ArH), 7.15 (d, J ) 8.2 Hz, 2H, ArH), 7.07 (d, J ) 8.1
Hz, 2H, ArH), 2.88 (t, J ) 5.1 Hz, 4H, NCH2), 2.34 (s, 3H,
CH3), 1.78-1.71 (m, 4H, CH2), 1.46 (brs, 2H, CH2); GC-MS
m/e 428 (M+), 329 (M+ - C5H11N2), 301 (M+ - C6H11N2O). Anal.
(C22H22Cl2N4O) C, H, N.

N-(Pyrrolidin-1-yl)-5-(4-bromophenyl)-1-(2,4-dichloro-
phenyl)-4-methyl-1H-pyrazole-3-carboxamide (22). Com-
pound 22 was obtained from 5-(4-bromophenyl)-1-(2,4-dichloro-
phenyl)-4-methyl-1H-pyrazole-3-carboxylic chloride (44 mg, 0.1
mmol), 1-aminopyrrolidine hydrochloride (25 mg, 0.2 mmol),
and triethylamine (55 µL, 0.4 mmol) according to the procedure
described for 7 and was isolated as a white solid in 90% yield:
mp 197-198 °C; 1H NMR (500 MHz, CDCl3) δ 7.62 (s, 1H, NH),
7.45 (d, J ) 8.1 Hz, 2H, ArH), 7.43 (s, 1H, ArH), 7.31-7.27
(m, 2H, ArH), 6.99 (d, J ) 8.2 Hz, 2H, ArH), 3.02 (brs, 4H,
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NCH2), 2.37 (s, 3H, CH3), 1.91 (brs, 4H, CH2); MS m/e 492 (M+),
408 (M+ - C4H8N2). Anal. (C21H19BrCl2N4O) C, H, N.

N-(Piperidin-1-yl)-5-(4-bromophenyl)-1-(2,4-dichloro-
phenyl)-4-methyl-1H-pyrazole-3-carboxamide (23). Com-
pound 23 was obtained from ester 21 according to the
procedure described for 7 and was isolated as a white solid in
96% yield: mp 106-108 °C; 1H NMR (200 MHz, CDCl3) δ 7.63
(s, 1H, NH), 7.45 (dd, J ) 1.8 and 8.4 Hz, 2H, ArH), 7.47-
7.42 (m, 1H, ArH), 7.30-7.27 (m, 2H, ArH), 6.99 (dd, J ) 1.9
and 8.5 Hz, 2H, ArH), 2.86 (t, J ) 5.2 Hz, 4H, NCH2), 2.36 (s,
3H, CH3), 1.81-1.70 (m, 4H, CH2), 1.45-1.41 (m, 2H, CH2);
MS m/e 506 (M+), 407 (M+ - C5H11N2); HRMS m/e calcd,
506.0276; found, 506.0268. Anal. (C22H21BrCl2N4O) C, H, N.

N-(Homopiperidin-1-yl)-5-(4-bromophenyl)-1-(2,4-
dichlorophenyl)-4-methyl-1H-pyrazole-3-carboxamide
(24). Compound 24 was obtained from 5-(4-bromophenyl)-1-
(2,4-dichlorophenyl)-4-methyl-1H-pyrazole-3-carboxylic chlo-
ride (44 mg, 0.1 mmol) and 1-aminohomopiperidine (24 µL,
0.2 mmol) according to the procedure described for 7 and was
isolated as a white solid in 88% yield: mp 127-129 °C; 1H
NMR (200 MHz, CDCl3) δ 8.07 (s, 1H, NH), 7.45 (d, J ) 8.2
Hz, 2H, ArH), 7.42 (s, 1H, ArH), 7.30-7.29 (m, 2H, ArH), 6.98
(d, J ) 8.3 Hz, 2H, ArH), 3.15 (t, J ) 5.3 Hz, 4H, NCH2), 2.37
(s, 3H, CH3), 1.74-1.72 (m, 4H, CH2), 1.66-1.63 (m, 4H, CH2);
MS m/e 520 (M+), 407 (M+ - C6H13N2). Anal. (C23H23BrCl2N4O)
C, H, N.

N-(Morpholin-4-yl)-5-(4-bromophenyl)-1-(2,4-dichloro-
phenyl)-4-methyl-1H-pyrazole-3-carboxamide (25). Com-
pound 25 was synthesized from 5-(4-bromophenyl)-1-(2,4-
dichlorophenyl)-4-methyl-1H-pyrazole-3-carboxylic chloride (44
mg, 0.1 mmol) and 4-aminomorpholine (20 µL, 0.2 mmol)
according to the procedure described for 7 and was isolated
as a white solid in 96% yield: mp 247-249 °C; 1H NMR (500
MHz, CDCl3) δ 7.69 (s, 1H, NH), 7.45 (d, J ) 8.4 Hz, 2H,
ArH),7.42 (d, J ) 1.9 Hz, 1H, ArH), 7.31-7.27 (m, 2H, ArH),
6.98 (d, J ) 8.4 Hz, 2H, ArH), 3.84 (t, J ) 4.4 Hz, 4H, NCH2),
2.94 (t, J ) 4.2 Hz, 4H, OCH2), 2.35 (s, 3H, CH3); MS m/e 508
(M+), 407 (M+ - C4H9N2O), 379 (M+ - C5H9N2O2). Anal.
(C21H19BrCl2N4O2) C, H, N.

5-(4-Bromophenyl)-1-(2,4-dichlorophenyl)-4-methyl-
1H-pyrazole-3-(1-piperidylcarboxamide) (26). Compound
26 was obtained from 5-(4-bromophenyl)-1-(2,4-dichlorophe-
nyl)-4-methyl-1H-pyrazole-3-carboxylic chloride (44 mg, 0.1
mmol) and piperidine (20 µL, 0.2 mmol) according to the
procedure described for 7 and was isolated as a white solid in
96% yield: mp 142-144 °C; 1H NMR (500 MHz, CDCl3) δ 7.45
(d, J ) 8.2 Hz, 2H, ArH), 7.44 (s, 1H, ArH), 7.26-7.24 (m, 1H,
ArH), 7.17 (d, J ) 8.3 Hz, 1H, ArH), 7.00 (d, J ) 7.9 Hz, 2H,
ArH), 3.75-3.67 (m, 4H, NCH2), 2.18 (s, 3H, CH3), 1.68 (brs,
4H, CH2), 1.63-1.61 (m, 2H, CH2); GC-MS m/e 491 (M+), 407
(M+ - C5H10N), 379 (M+ - C6H10NO). Anal. (C22H20BrCl2N3O)
C, H, N.

5-(4-Bromophenyl)-1-(2,4-dichlorophenyl)-4-methyl-
1H-pyrazole-3-(1-(4-methyl)piperazylcarboxamide) (27).
Compound 27 was obtained from 5-(4-bromophenyl)-1-(2,4-
dichlorophenyl)-4-methyl-1H-pyrazole-3-carboxylic chloride (44.0
mg, 0.1 mmol) and 1-methylpiperazine (11 µL, 0.2 mmol)
according to the procedure described for 7 and was isolated
as a semisolid in 98% yield: 1H NMR (500 MHz, CDCl3) δ 7.46
(d, J ) 8.4 Hz, 2H, ArH), 7.45 (s, 1H, ArH), 7.25 (d, J ) 8.5
Hz, 1H, ArH), 7.16 (d, J ) 8.3 Hz, 1H, ArH), 7.00 (d, J ) 8.2
Hz, 2H, ArH), 3.85 (t, J ) 4.9 Hz, 4H, NCH2), 2.51-2.44 (m,
4H, CH2), 2.33 (s, 3H, CH3), 2.20 (s, 3H, CH3); GC-MS m/e 506
(M+), 407 (M+ - C5H11N2). Anal. (C22H21BrCl2N4O) C, H, N.

N-Cyclohexyl-5-(4-bromophenyl)-1-(2,4-dichlorophenyl)-
4-methyl-1H-pyrazole-3-carboxamide (28). Compound 28
was obtained from 5-(4-bromophenyl)-1-(2,4-dichlorophenyl)-
4-methyl-1H-pyrazole-3-carboxylic chloride (44 mg, 0.1 mmol)
and cyclohexylamine (23 µL, 0.2 mmol) according to the
procedure described for 7 and was isolated as a semisolid in
86% yield: 1H NMR (500 MHz, CDCl3) δ 7.45 (d, J ) 8.2 Hz,
2H, ArH), 7.43 (s, 1H, NH), 7.31-7.28 (m, 2H, ArH), 6.99 (d,
J ) 8.3 Hz, 2H, ArH), 6.81 (d, J ) 8.0 Hz, 1H, ArH), 3.96-
3.94 (m, 1H, CH), 2.37 (s, 3H, CH3), 2.01 (dm, J ) 10.3 Hz,

2H, CH2), 1.75 (dm, J ) 12.2 Hz, CH2), 1.64 (dm, J ) 12.7 Hz,
1H, CHH), 1.42-1.37 (m, 2H, CH2), 1.29-1.17 (m, 3H, CH2);
GC-MS m/e 505 (M+), 407 (M+ - C6H12N). Anal. (C23H22-
BrCl2N3O) C, H, N.

N-Cyclohexyl-N-methyl-5-(4-bromophenyl)-1-(2,4-di-
chlorophenyl)-4-methyl-1H-pyrazole-3-carboxamide (29).
Compound 29 was obtained from 5-(4-bromophenyl)-1-(2,4-
dichlorophenyl)-4-methyl-1H-pyrazole-3-carboxylic chloride (44
mg, 0.1 mmol) and N-methylcyclohexylamine (26 µL, 0.2 mmol)
according to the procedure described for 7 and was isolated
as a semisolid in 64% yield. 1H NMR (500 MHz, CDCl3) δ 7.46
(s, 1H, ArH), 7.45 (d, J ) 7.6 Hz, 2H, ArH), 7.26-7.12 (m, 2H,
ArH), 7.01 (t, J ) 7.2 Hz, 2H, ArH), 4.58 and 4.07-4.03 (brs
and m, 1H, CH), 3.03 (d, J ) 25.9 Hz, 3H, CH3), 2.17 (s, 3H,
CH3), 1.82-1.68 (m, 4H, CH2), 1.63-1.57 (m, 4H, CH2), 1.26-
1.06 (m, 2H, CH2); GC-MS m/e 521 (M+ + 2), 407 (M+ -
C7H14N). Anal. (C24H24BrCl2N3O) C, H, N.

N-(2-Hydroxyethyl)-5-(4-bromophenyl)-1-(2,4-dichloro-
phenyl)-4-methyl-1H-pyrazole-3-carboxamide (30). Com-
pound 30 was obtained from 5-(4-bromophenyl)-1-(2,4-dichlo-
rophenyl)-4-methyl-1H-pyrazole-3-carboxylic chloride (100 mg,
0.23 mmol) and ethanolamine (27 µL, 0.45 mmol) according
to the procedure described for 7 and was isolated as a white
solid in 23% yield: mp 89-90 °C; 1H NMR (500 MHz, CDCl3)
δ 7.45 (d, J ) 8.2 Hz, 2H, ArH), 7.43 (s, 1H, NH), 7.34-7.26
(m, 3H, ArH), 6.99 (d, J ) 8.1 Hz, 2H, ArH), 3.84-3.83 (m,
2H, NCH2), 3.60 (t, J ) 4.9 Hz, 2H, OCH2), 2.92 (brs, 1H, OH),
2.37 (s, 3H, CH3); MS m/e 467 (M+), 425 (M+ - C2H5O), 407
(M+ - C2H6NO). Anal. (C19H16BrCl2N3O2) C, H, N.

N-Phenyl-5-(4-bromophenyl)-1-(2,4-dichlorophenyl)-4-
methyl-1H-pyrazole-3-carboxamide (31). Compound 31
was obtained from 5-(4-bromophenyl)-1-(2,4-dichlorophenyl)-
4-methyl-1H-pyrazole-3-carboxylic chloride (44 mg, 0.1 mmol)
and aniline (18 µL, 0.2 mmol) according to the procedure
described for 7 and was isolated as a white solid in 65% yield:
mp 149-150 °C; 1H NMR (500 MHz, CDCl3) δ 8.76 (s, 1H, NH),
7.68 (d, J ) 7.8 Hz, 2H, ArH), 7.47 (d, J ) 8.6 Hz, 2H, ArH),
7.46 (s, 1H, ArH), 7.37-7.30 (m, 4H, ArH), 7.12 (t, J ) 7.2
Hz, 1H, ArH), 7.02 (d, J ) 8.0 Hz, 1H, ArH), 2.43 (s, 3H, CH3);
MS m/e 501 ((M + 2)+ ), 499 (M+ ), 409 ((M + 2)+ - C6H6N);
407 (M+ - C6H6N). Anal. (C23H16BrCl2N3O) C, H, N.

Receptor Binding Assay. For CB1 receptor binding stud-
ies, rat forebrain membranes were prepared following earlier
procedure.28,29 For CB2 receptor binding studies, membranes
were prepared from frozen mouse spleen according to Dodd.30

Silanized centrifuge tubes were used throughout to minimize
receptor loss due to the adherent properties of the CB2
containing macrophages.28 The binding of the novel probes to
the cannabinoid receptors was assessed as previously de-
scribed.28,31 Briefly, approximately 50 µg of rat forebrain or
mouse spleen membranes were incubated in silanized 96-well
microtiter plate with TME containing 0.1% essentially fatty
acid free bovine serum albumin (BSA), 0.8 nM [3H] 2, and
various concentrations of the synthesized cannabinoid ligands
in a final volume of 200 µL. The assays were incubated for 1
h at 30 °C and then immediately filtered on Unifilter GF/B
filterplates using a Packard Filtermate 196 harvester, followed
by four washes with ice cold wash buffer containing 0.5% BSA.
Radioactivity was detected by adding MicroScint 20 scintilla-
tion cocktail directly to the dried filterplates which were
counted using a Packard instruments TopCount Microplate
Scintillation Counter. Nonspecific binding was assessed using
100 nM 2. Data collected from three independent experiments
performed with duplicate determinations were normalized
between 100% and 0% specific binding for [3H] 2. The normal-
ized data were then analyzed using a four-parameter nonlinear
logistic equation to yield IC50 values. The IC50 values from
three independent experiments were combined and converted
to Ki values using the assumptions of Cheng and Prusoff.32

Pharmacological Studies in Vitro. The in vitro phar-
macology of all compounds was investigated using the myen-
teric plexus-longitudinal muscle preparation of guinea pig
small intestine and the isolated mouse vas deferens assays.
For both these preparations, the measured response was
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3-induced inhibition of electrically evoked contractions.28,29 All
drugs were mixed with two parts of Tween 80 by weight and
dispersed in a 0.9% aqueous solution of NaCl (saline). The size
of the maximal responses to 3 (Emax values) and their 95%
confidence limits were calculated by nonlinear regression
analysis using GraphPAD InPlot (GraphPAD Software, San
Diego). The Kd values of antagonists were calculated using the
equation (x - 1) ) B/Kd, where x (the “dose ratio”) is the
concentration of 3 that produces a particular degree of inhibi-
tion in the presence of the antagonist at a concentration, B,
divided by the concentration of 3 that produces an identical
degree of inhibition in the presence of Tween 80.28,29,33,34 The
dose ratios and their 95% confidence limits have been deter-
mined by symmetrical (2 + 2) dose parallel line assay,24 using
responses to pairs of 3 concentrations located on the steepest
part of each log concentration-response curve. In none of these
assays did pairs of log concentration-response curves show
significant deviation from parallelism (P > 0.05).
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