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ABSTRACT: The SAR optimization of the pyrazoline 
template resulted in novel 3-oxo-1,2-diphenyl-2,3-
dihydro-1H-pyrazol-4-yl)-indole carboxamides and 
novel 3-oxo-1,2-diphenyl-2,3-dihydro-1H-pyrazol-
4-yl)-N'-phenylureas. These non-peptidal hetero-
cyclic compounds have shown to bind as potent CCK1 
selective and mixed CCK antagonists in a [125I]CCK-8 
receptor binding assay. The best amides 3c and 3d 
of this series displayed an IC50 of 20 and 25 nM for 
the CCK1 receptor, respectively. The best ureido-
pyrazoline 4b and 4e of this series displayed an IC50 of 
20 and 25 nM, as a mixed CCK receptor antagonist. 
In the elevated x-maze an anxiolytic effect of the urea 
4e was found from 10 μg/kg upwards for the mixed 
antagonist. In the despair swimming test, a model for 
testing antidepressants, both mixed and CCK1 selective 
antagonists were found active as a modulator over a 
big range from from 10-500 μg/kg and the magnitude 
of the effects were comparable to desimipramine. The 
amides and the phenylureas enhanced significantly the 
analgesic effect of morphine over a wide dose range in 
mice.

Keywords: CCK-antagonists, N-(3-Oxo-2,3-dihydro-1H-
pyrazol-4-yl)-indole-carboxamides, 3-Oxo-1,2-diphenyl-
2,3-dihydro-1H-pyrazol-4-yl)-N'-phenyl ureas, Elevated 
plus-maze, Forced swim test, Tail immersion test

1. Introduction

Cholecystokinin, which act as a neuromodulator/ 
gut hormone and CCK-ligands, agonists as well as 

antagonists (1), have been extensively investigated 
as potential drug targets (2). CCK-antagonists were 
studied as growth inhibitors in certain forms of cancer 
(3), as anxiolytics (4), in the treatment of schizophrenia 
(5), satiety (6) and as anti-panic agents (7). An agonist, 
the shortened CCK tetrapeptide, was found to induce 
panic in patients (8). A phase II trial of Devazepide, 
a potent and CCK1 selective antagonist (9), has 
been recently completed (10) showing a significant 
enhancement of the effect of morphine in the treatment 
of chronic and severe pain (11).
 Asperlicin, a microbial metabolite, was the 
first non-peptidal cholecystokinin antagonist and 
analogues thereof, were studies as CCK ligands (12). 
Simplification of the lead structure from nature led to 
Devazepide, a potent CCK1 selective cholecystokinin 
antagonist, containing a 1,4-benzodiazepine template 
and an indole moiety. The 1,4-benzodiazepine template 
was varied by a combinatorial solid phase synthesis (13)  
and was optimized in terms of CCK binding affinity 
(14).
 In the search for new CCK ligands, in which the 
1,4-benzodiazepine structure was replaced by an 
achiral template, the diphenyl pyrazolone template was 
selected as starting point. 
 The combination of indole carboxylic acids (15) 
and phenyl ureas (16) with amino-pyrazolines resulted 
in the discovery of potent lead structures and the results 
are reported in this publication.
 Traditionally, the pyrazoline template had been 
used for anti-pyretic, anti-rheumatic and analgesic 
drugs (17). Having realized the relevance of the CCK1 
receptor in the treatment of pain (18) and depression 
(19), indole amides and phenyl ureas of the pyrazoline 
template were prepared by a short synthetic approach 
and evaluated in receptor binding assays. The aim of 
our study was to convert a template, usually linked 
with non-steroidal anti-inflammatory agents into a CNS 
drug, thus creating a non-benzodiazepine template (20) 
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based cholecystokinin antagonist.
 The synthesis of novel diphenyl pyrazolinyl 
amides and ureas, the receptor binding properties 
on the CCK receptor subtypes and the evaluation of 
the most potent ligands in various animal models is 
reported. It is supposed that the 1,5-diphenylpyrazoline 
moiety is able to mimic the receptor interactions of the 
1,4-benzodiazepine scaffold.

2. Materials and Methods

2.1. Synthesis

The chemicals were obtained from Aldrich (Gillingham, 
UK) and Lancaster (Lancaster, UK). Atmospheric 
pressure chemical ionization mass spectroscopy (APCI), 
negative or positive mode, was carried out using a 
Hewlett-Packard 5989b quadrupole instrument (Vienna, 
Austria). Proton and Carbon NMR spectra were 
obtained on a Bruker AC 250 instrument (Follanden, 
Switzerland), operating at 250 MHz, calibrated with the 
solvent reference peak or TMS. IR spectra were plotted 
from KBr discs on a Mattson 300 FTIR Spectrometer. 
Melting points were recorded from a Stuart Scientific 
(Coventry, UK) Melting Point and are uncorrected. 

2.1.1. Synthesis of 5-methyl-1,2-diphenyl-1,2-dihydro-
3H-pyrazol-3-one 1

Diphenyl hydrazine (50.0 g, 0.27 mol) and aceto ethyl 
acetate (2 Eq. 69.0 mL, 0.52 mol) were heated at 
130-150°C for 2 h, with a Dean stark trap. The mixture 
was then heated for an additional 1.5 h to 180°C, to 

remove water and ethanol. The remaining solution was 
distilled at 230-250°C/2mm Hg. This removed any 
unreacted diphenyl hydrazine to give a viscous black 
liquid. The mixture was allowed to cool to RT and then 
ether was added to precipitate out crude black crystals. 
These were subsequently recrystallized twice from 
toluene. Yield: 22.1 g, 32.8%. Mol. Weight: 250.3. Mol. 
Formula: C16H14N2O. MS (APCI(+)): 251 (M+1) m/z. 
IR (KBr disc): 3465, 3090, 1671, 1590, 1490, 1380, 
1349, 1241, 971, 753 and 688 cm-1. 1H NMR (CDCl3) 
300K: 2.07 (s, CH3), 5.55 (s, CH), 7.05-7.37 (m, Ar-
10H) p.p.m. 13C NMR (CDCl3) 300K: 13.7 (CH3), 99.2 
(CH), 123.6, 125.5, 125.9, 128.0, 128.6, 129.3, 135.7, 
139.0, 156.3 (C-N), 166.5 (C=O) p.p.m.

2.1.2. Synthesis of 4-amino-5-methyl-1,2-diphenyl-
1,2-dihydro-3H-pyrazol-3-one 2 via the synthesis 
of 4-nitroso-5-methyl-1,2-diphenyl-1,2-dihydro-3H-
pyrazol-3-one

5-Methyl-1,2-diphenyl-1,2-dihydro-3H-pyrazol-3-one 
(10.0 g, 0.04 mol) was warmed in HCl (conc) (60.0 
mL), when dissolved the solution was diluted with 
water (up to 400 mL). Sodium nitrite (2.8 g, 0.041 mol) 
in water (50.0 mL) was added in drops to the mixture at 
0°C, whilst stirring. A green precipitate was produced, 
which was allowed to stand for 45 min, then was 
filtered, washed with cold water and was reacted further 
into the amine 2.
 The 4-nitroso-5-methyl-1,2-diphenyl-1,2-dihydro-
3H-pyrazol-3-one intermediate was dissolved in ethanol 
(250 mL). A mixture of tin chloride (20.4 g, 0.11 mol) 
in 20% HCl (120 mL) was heated to 90°C. When 
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Figure 1. Development of cholecystokinin ligands.
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(APCI(+)): 423 (M+1) m/z. IR (KBr-disc) : 3337, 2965, 
1679, 1648, 1629, 1592, 1525, 1488, 1312, 1243 and 
749 cm-1. 1H NMR (DMSO-d6) 300K: 1.86 (s, CH3), 
3.73 (s, CH2), 6.94-7.00 (t, Ar-H, J = 8.0, 7.9 Hz), 
7.03-7.09 (t, Ar-H, J = 8.2, 8.1 Hz), 7.10-7.17 (t, Ar-H, 
J = 6.8, 6.7 Hz), 7.27-7.38 (m, Ar-10H), 7.61-7.64 (d, 
Ar-H, J = 7.7 Hz), 9.38 (s, NH), 10.88 (s, NH) p.p.m. 
13C NMR (DMSO-d6) 300K: 12.5 (CH3), 23.8 (CH2), 
109.1 (C-NH), 109.4, 111.8, 118.4, 119.2, 121.5, 123.7, 
124.4, 126.1, 126.4, 127.7, 128.6, 129.3, 130.0, 136.1, 
136.6, 139.7, 151.9, 162.7, 170.8 (C=O) p.p.m. Anal. 
cal. for C26H22N4O2: C, 73.92; H, 5.25; N, 13.26; O, 7.57. 
Found C, 73.90; H, 5.22; N, 13.27; O, 7.61.

N-(5-Methyl-3-oxo-1,2-diphenyl-2,3-dihydro-1H-
pyrazol-4-yl)-3-(1H-indol-3-yl)propanamide 3d

Yield: 261 mg ,  79%. Mol. Weight:  436.5. MS 
(APCI(+)): 375 (M+1) m/z. IR (KBr-disc): 3436, 3284, 
1640, 1590, 1548, 1490, 1459, 1317 and 753 cm-1. 1H 
NMR (DMSO-d6) 300K: 1.84 (s, CH3), 2.65-2.71 (t, 
CH2, J = 7.2, 7.1 Hz), 2.98-3.04 (t, CH2, J = 7.3, 7.4 
Hz), 6.94-7.00 (t, Ar-H, J = 6.8, 6.8 Hz), 7.03-7.09 (t, 
Ar-H, J = 6.9, 6.9 Hz), 7.11-7.17 (m, Ar-2H), 7.27-7.41 
(m, Ar-11H), 7.55-7.58 (d, Ar-H, J = 7.7 Hz), 9.27 (s, 
NH), 10.77 (s, NH) p.p.m. 13C NMR (DMSO-d6) 300K: 
12.5 (CH3), 21.4, 23.8 (CH2), 109.3 (C-NH), 111.8, 
114.1, 118.6, 118.8, 121.4, 122.8, 123.7, 126.1, 126.4, 
127.6, 128.6, 129.3, 130.1, 136.2, 136.7, 139.9, 151.9, 
162.7, 172.1 (C=O) p.p.m. Anal. cal. for C27H24N4O2: C, 
74.29; H, 5.54; N, 12.84; O, 7.33. Found: C, 74.30; H, 
5.53; N, 12.82; O, 7.35.

N-(5-Methyl-3-oxo-1,2-diphenyl-2,3-dihydro-1H-
pyrazol-4-yl)-4-(1H-indol-3-yl)butanamide 3e

Yield: 273 mg, 80%. Mol. Weight: 450.5. Mol. 
Formula: C28H26N4O2. MS (APCI(+)): 450 (M+1) m/z. 
IR (KBr-disc): 3235, 3046, 1656, 1635, 1590, 1544, 
1494, 1432, 1276 and 699 cm-1. 1H NMR (DMSO-d6) 
300K: 1.92-1.98 (m, CH3, CH2 (overlapping), 2.35-2.40 
(t, CH2, J = 7.3, 7.3 Hz), 2.71-2.77 (t, CH2, J = 7.4, 7.5 
Hz), 6.93-6.99 (t, Ar-H, J = 6.9, 7.2 Hz), 7.02-7.10 (t, 
Ar-H, J = 6.9, 6.9 Hz), 7.13-7.16 (t, Ar-2H, J = 7.3, 7.1 
Hz), 7.24-7.42 (m, Ar-11H), 7.51-7.54 (d, Ar-H, J = 
7.7 Hz), 9.20 (s, NH), 10.75 (s, NH) p.p.m. 13C NMR 
(DMSO-d6) 300K: 12.5 (CH3), 23.8, 24.8, 26.7 (CH2), 
109.4 (C-NH), 111.8, 114.6, 118.4, 118.8, 121.3, 122.8, 
123.7, 126.1, 126.4, 127.7, 128.6, 129.5, 130.1, 136.2, 
136.8, 139.8, 152.0, 162.8, 172.4 (C=O) p.p.m.

2.1.4. General experimental for the formation of 
diphenylpyrazolinylureas 4a-4o

4-Amino-5-methyl-1,2-diphenyl-1,2-dihydro-3H-
pyrazol-3-one 3 (0.1 g, 3.8×10-4 mol) in dry acetonitrile 
(10-15 mL) was stirred at room temperature. The 

dissolved, this hot mixture was added to the alcoholic 
solution of the nitroso-intermediate and the mixture 
was allowed to cool to RT overnight. Ammonia solution 
(conc 33%) was added to the mixture until no further 
precipitation occurred. The mixture was filtered, dried 
and extracted several times with ethanol. The ethanol 
was removed in vacuo and the crude mixture was 
recrystallized in ethanol to give bright yellow crystals.
 Yield: 3.9 g, 37.0%. Mol. Weight: 265.3. Mol. 
Formula: C16H15N3O. MS (APCI(+)): 266 (M+1), 
251 (M+) m/z. IR (KBr-disc): 3407, 3210, 1654, 
1592, 1492, 1351, 1262, 751 and 690 cm-1. 1H NMR 
(DMSO-d6) 300K: 1.88 (s, CH3), 5.57 (s, NH), 7.05-7.12 
(tt, Ar-H, J = 7.3 Hz), 7.20-7.45 (m, Ar-9H) p.p.m. 13C 
NMR (DMSO-d6) 300K: 11.09 (CH3), 120.3, 122.5, 
123.8, 125.5, 128.0, 129.1, 129.8, 136.4, 142.7, 156.3, 
166.3 (C=O) p.p.m.

2.1.3. Synthesis of N-(5-methyl-3-oxo-1,2-diphenyl-
2,3-dihydro-1H-pyrazol-4-yl)-1H-indole-carboxamides 
3a-3e

General method: A solution of 4-amino-5-methyl-1,2-
diphenyl-1,2-dihydro-3H-pyrazol-3-one (0.2 g, 0.76 
mmols) was dissolved in dry acetonitrile (20 mL). The 
appropriate indole acid (1.25 eq) was added, with DIC (3 
eq). The mixture was heated to 60°C and left overnight. 
The resulting precipitated crystals were filtered, washed 
and dried.

N-(5-Methyl-3-oxo-1,2-diphenyl-2,3-dihydro-1H-
pyrazol-4-yl)-1H-indole-2-carboxamide 3a

Yield: 201 mg, 65%. Mol. Weight: 408.5. Mol. 
Formula: C22H20N4O2. MS (APCI(-)): 409 (M+1), 408 
(M+), m/z. IR (KBr-disc): 3401, 3339, 2965, 2358, 
1710, 1615, 1583, 1454, 1361, 1172 and 748 cm-1.

N-(5-Methyl-3-oxo-1,2-diphenyl-2,3-dihydro-1H-
pyrazol-4-yl)-1H-indole-3-carboxamide 3b

Yield: 241 mg, 78%. Mol. Weight: 408.5. Mol. 
Formula: C25H20N4O2. MS (APCI(+)): 409 (M+1) 
m/z. IR (KBr-disc): 3343, 2965, 1615, 1581, 1535, 
1494, 1453, 1318, 1249, 1191 and 750 cm-1. 1H NMR 
(DMSO-d6) 300K: 2.04 (s, CH3), 7.09-7.20 (m, Ar-3H), 
7.27-7.45 (m, Ar-10H), 7.44-7.47 (d, Ar-H, J = 7.0 Hz), 
7.99 (s, Ar-H), 9.16 (s, NH), 11.69 (s, NH) p.p.m. 13C 
NMR (DMSO-d6) 300K: 12.6 (CH3), 109.7 (C-NH), 
112.4, 121.0, 121.1, 121.5, 122.6, 123.6, 126.1, 126.3, 
126.9, 128.6, 129.2, 129.3, 130.1, 132.7, 136.4, 139.9, 
152.8, 164.5, 171.9 (C=O) p.p.m.

N-(5-Methyl-3-oxo-1,2-diphenyl-2,3-dihydro-1H-
pyrazol-4-yl)-2-(1H-indol-3-yl)acetamide 3c

Yield: 211 mg, 66%. Mol. Weight:  422.5. MS 
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appropriate substituted isocyanate (1.3 eq) in dry 
acetonitrile was added slowly over 5 min, allowed to 
stir at room temperature or heated to 60°C and was 
left overnight. The precipitate that formed was filtered, 
washed (twice) with cold acetonitril and dried, to give 
the corresponding urea as a pure product.

N-(5-Methyl-3-oxo-1,2-diphenyl-2,3-dihydro-1H-
pyrazol-4-yl)N'-3-methoxy-phenylurea 4b

Yield: 36%. Mol. Weight: 414.6. Mol. Formula: 
C24H22N4O3. MS (APCI(+)): 415 (M+1), 266 (M+) 
m/z. IR (KBr-disc): 3207, 1708, 1646, 1619, 1594, 
1540, 1488, 1453, 1282, 761 and 697 cm-1. 1H NMR 
(DMSO-d6) 300K: 2.02 (s, C-CH3), 3.72 (s, OCH3), 
6.50-6.55 (dd, Ar-H, J = 8.2 Hz), 6.88-6.92 (Ar-H, J = 
8.1 Hz), 7.12-7.18 (m, Ar-3H), 7.26-7.44 (m, Ar-9H), 
7.57 (s, NH), 8.88 (s, NH) p.p.m. 13C NMR (DMSO-d6) 
300K: 12.6 (C-CH3), 55.4 (OCH3), 99.7 (C-CH3), 104.2, 
107.7, 109.7, 110.8, 123.6 (2×C), 125.6 (2×C), 126.2, 
128.6, (2×C), 130.0 (2×C), 136.1, 139.2, 141.6, 143.0, 
151.2, 153.8 (Ar-C), 160.2, 163.0 (C=O) p.p.m.

1-(4-Methoxy-phenyl)-3-(5-methyl-3-oxo-1,2-diphenyl-
2,3-dihydro-1H-pyrazol-4-yl)-urea 4c

Yield: 75%, Melting Point: 244-246°C, Rf (ether) = 
0.14, Mol. Weight: 414.6. Mol. Formula: C24H22N4O3 
MS (APCI(+)): 266 (M+), 415 (M+1) m/z, IR (KBr-
disc): 3300, 3261, 2929, 1708, 1642, 1618, 1552, 
1512, 1420, 1250, 1207, 1018, 833, 763, 697 cm-1, 1H 
NMR (DMSO-d6) 250 MHz: 8.70 (s, NH), 7.57 (s, 
NH), 7.24-7.49 (m, 11H, Ar-H), 7.11-7.20 (m, Ar-H), 
6.79-6.90 (d, Ar-H), 3.72 (s, CH3-O), 2.02 (s, CH3-C) 
p.p.m. 13C NMR (DMSO-d6) 250 MHz: 162.5 (C-C=O), 
150.6 (NH-C=O), 154.3 (ArC), 153.6 (2×ArC), 139.4, 
135.6 (2×ArC), 132.9 (C-CH3), 129.5 (2×ArC), 128.7, 
128.6 (2×ArC), 128.1 (2×ArC), 125.8 (2×ArC), 123.1 
(2×ArC), 119.8 (2×ArC), 113.9 (ArC), 109.5 (C-C=O), 
55.1 (CH3-O), 12.1 (CH3-C) p.p.m.

N-(5-Methyl-3-oxo-1,2-diphenyl-2,3-dihydro-1H-
pyrazol-4-yl)N'-3-methylphenylurea 4e

Yield: 91%. Mol. Weight: 398.5. Mol. Formula: 
C24H22N4O2. MS (APCI(+)): 399 (M+1), 266 (M+) m/z. 
IR (KBr-disc): 3322, 1698, 1644, 1625, 1538, 1490, 
1285, 1211, 759 and 697 cm-1. 1H NMR (DMSO-d6) 
300K: 2.01 (s, CH3), 2.25 (s, C-CH3), 6.75-7.78 (d, 
Ar-H, J = 7.2 Hz), 7.10-7.44 (m, Ar-13H), 7.59 (s, NH), 
8.80 (NH) p.p.m. 13C NMR (DMSO-d6) 300K: 12.7 
(C-CH3), 21.7 (CH3), 109.9, 115.7, 119.1, 123.0, 123.7 
(2×C), 126.4, 128.7, 129.1 (2×C), 130.1 (2×C), 136.1, 
138.4, 139.9, 140.2, 142.9, 151.1 (Ar-C), 153.9, 163.0 
(C=O) p.p.m.

1-(5-Methyl-3-oxo-1,2-diphenyl-2,3-dihydro-1H-

pyrazol-4-yl)-p-tolyl-urea 4f

Yield: 73%, Melting Point: 250-252°C, Rf (ether) = 
0.15, Mol. Weight: 414.6. Mol. Formula: C24H22N4O2 
MS (APCI(+)): 266 (M+), 399 (M+1) m/z, IR (KBr-
disc): 3299, 3058, 2924, 2857, 2358, 2334, 1711, 1648, 
1624, 1601, 1540, 1506, 1416, 1292, 1202, 756, 693 
cm-1. 1H NMR (DMSO-d6) 250 MHz: 8.80 (s, NH), 
7.57 (s, NH), 7.24-7.49 (m, 11H, Ar-H), 7.06-7.28 (m, 
Ar-H), 2.27 (s, Ar-CH3), 2.02 (s, CH3-C) p.p.m. 13C 
NMR (DMSO-d6) 250 MHz: 162.6 (C-C=O), 150.6 
(NH-C=O), 153.5 (2×ArC), 139.4, 137.2, 135.5 (3×
ArC), 130.5 (C-CH3), 129.5 (2×ArC), 129.1 (2×ArC), 
128.7 (ArC), 128.1 (2×ArC), 125.7 (2×ArC), 123.1 (2
×ArC), 118.1 (2×ArC), 109.4 (C-C=O), 20.3 (Ar-CH3), 
12.1 (CH3-C) p.p.m.

N-(2-Chlorophenyl)-N'-(5-methyl-3-oxo-1,2-diphenyl-
2,3-dihydro-1H-pyrazol-4-yl)urea 4g

Yield: 73%. Mol. Weight: 418.9. Mol. Formula: 
C23H19N4O2. MS (APCI(+)): 418, 420 (M+1), 266 (M+) 
m/z. IR (KBr-disc): 3293, 3212, 1710, 1621, 1590, 
1530, 1488, 1422, 1291, 1191, 761 and 680 cm-1. 1H 
NMR (DMSO-d6) 300K: 2.01 (s, CH3), 6.97-7.03 (tt, 
Ar-H, J = 6.8 Hz), 7.11-7.18 (tt, Ar-H, J = 6.9, 6.8 Hz), 
7.22-7.44 (m, Ar-12H), 7.89 (s, NH), 9.09 (s, NH) p.p.m. 
13C NMR (DMSO-d6) 300K: 12.6 (CH3), 109.5, 117.4, 
118.3, 122.2, 123.7 (2×C), 126.2 (2×C), 128.7, 129.3 
(2×C), 130.8 (2×C), 130.9, 133.7, 139.8, 141.5, 141.9, 
151.4 (Ar-C), 153.8, 162.9 (C=O) p.p.m.

N-(4-Bromophenyl)-N'-(5-methyl-3-oxo-1,2-diphenyl-
2,3-dihydro-1H-pyrazol-4-yl)urea 4i

Yield: 92%. Mol. Weight: 463.3. Mol. Formula: 
C23H19BrN4O2. MS (APCI(+)): 464, 466 (M+1), 266 
(M+) m/z. IR (KBr-disc): 3285, 3062, 1704, 1644, 
1490, 1534, 1486, 1288, 1209, 757 and 705 cm-1. 1H 
NMR (DMSO-d6) 300K: 2.01 (s, CH3), 6.50-6.52 (d, 
Ar-H, J = 6.9 Hz), 7.01-7.17 (m, Ar-2H), 7.29-7.43 (m, 
Ar-11H), 7.65 (s, NH), 9.02 (s, NH) p.p.m. 13C NMR 
(DMSO-d6) 300K: 12.6 (CH3), 109.6, 113.9, 116.3, 
120.7, 123.7 (2×C), 125.9 (2×C), 126.2, 128.7 (2×C), 
129.3 (2×C), 130.5, 131.9, 132.0 (2×C), 136.1 (2×C), 
139.8, 153.8 (Ar-C), 157.8, 162.9 (C=O) p.p.m.

N-(5-Methyl-3-oxo-1,2-diphenyl-2,3-dihydro-1H-
pyrazol-4-yl)N'-2-nitrophenylurea 4j

Yield: 65%. Mol. Weight: 430.4. Mol. Formula: 
C23H20N5O4. MS (APCI(+)): 431 (M+1), 266 (M+) m/z. 
IR (KBr-disc): 3318, 3181, 3010, 1712, 1658, 1635, 
1588, 1502, 1432, 1344, 1272, 1201, 759 and 688 cm-1. 
1H NMR (DMSO-d6) 300K: 2.02 (s, CH3), 7.12-7.44 (m, 
Ar-11H), 7.64-7.71 (t, Ar-H, J = 7.3, 7.4 Hz), 8.06-8.10 
(d, Ar-H, J = 8.4 Hz), 8.28-8.32 (d, Ar-H, J = 8.5 Hz), 
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8.90 (s, NH), 9.71 (s, NH) p.p.m. 13C NMR (DMSO-d6) 
300K: 12.4 (CH3), 122.7, 123.9, 124.0, 125.9, 126.3 (2
×C), 126.6, 127.3 (2×C), 128.8, 128.9, 129.3 (2×C), 
130.1 (2×C), 133.2, 135.6, 136.0, 138.0, 139.6 (Ar-C), 
153.5, 162.8 (C=O) p.p.m.

N-(5-Methyl-3-oxo-1,2-diphenyl-2,3-dihydro-1H-
pyrazol-4-yl)-N'-phenylurea 4l

Yield: 91%. Mol. Weight: 384.4. Mol. Formula: 
C23H20N4O4. MS (APCI(+)): 385 (M+1), 266 (M+) m/z. 
IR (KBr-disc): 3420, 3297, 3072, 3065, 1706, 1640, 
1544, 1492, 1448, 1297, 1202, 755 and 697 cm-1. 1H 
NMR (DMSO-d6) 300K: 2.02 (s, CH3), 6.91-6.97 (tt, 
Ar-H, J = 7.3 Hz), 7.11-7.17 (tt, Ar-H, J = 7.0, 7.1 Hz), 
7.22-7.45 (m, Ar-13H), 7.60 (s, NH), 8.87 (s, NH) p.p.m. 
13C NMR (DMSO-d6) 300K: 12.6 (CH3), 109.8 (C-CH3), 
118.5 (2×C), 122.2, 122.4 (2×C), 123.7 (2×C), 125.9 
(2×C), 126.2, 128.6 129.1 (2×C), 129.8 (2×C), 136.1, 
139.9, 140.3, 151.1 (Ar-C), 153.8, 163.0 (C=O) p.p.m.

N-(5-Methyl-3-oxo-1,2-diphenyl-2,3-dihydro-1H-
pyrazol-4-yl)-N'-cyclohexylurea 4n

Yield: 86%. Mol. Weight: 390.5. Mol. Formula: 
C23H23N4O2. MS (APCI(+)): 391 (M+1), 266 (M+) m/z. 
IR (KBr-disc): 3359, 3299, 2929, 2849, 1636,1694, 
1596, 1538, 1488, 1276, 1228, 763 cm-1. 1H NMR 
(DMSO-d6) 300K: 1.10-1.88 (m, -CH, -CH2-, 11H), 1.95 
(s, CH3), 6.27-6.30 (d, Ar-H, J = 7.9 Hz), 7.12-7.16 (tt, 
Ar-H, J = 6.8, 6.9 Hz), 7.24-7.42 (m, Ar-8H), 7.63 (s, 
NH), 8.86 (NH) p.p.m. 13C NMR (DMSO-d6) 300K: 
12.9 (CH3), 24.9 (-CH2-×2), 25.8 (-CH2-), 33.5 (-CH2-
×2), 48.5 (-CH-NH), 99.7 (C-CH3), 110.0 (C-N), 123.5 
(2×C), 126.1 (2×C), 128.5, 129.2 (2×C), 130.0 (2×C), 
136.1, 140.3, 150.2 (Ar-C), 155.6, 163.1 (C=O) p.p.m.

2.2. Pharmacology

2.2.1. Cholecystokinin binding assay, [125I]CCK-8 
receptor binding assay

CCKA and CCKB receptor binding assays were 
performed, by using guinea pig cerebral cortex (CCKB) 
or rat pancreas (CCKA). Male guinea pig brain tissues 
were prepared according to the modified method 
described by Saita et al. (21). Pancreatic membranes 
were prepared as described by Charpentier et al. (22).
 Tissues were homogenized in ice cold sucrose (0.32 
M, 25 mL) for 15 strokes at 500 rpm and centrifuged 
at 13,000 rpm for 10 min. The supernatant was re-
centrifuged at 13,000 rpm for 20 min. The resulting 
pellet was re-dispersed to the required volume of buffer 
at 500 rpm and stored in aliquots at 70°C.
 Binding was achieved using radioligand 125I-Bolton-
Hunter labeled CCK, NEN at 25 pM. The samples were 
incubated with membranes (0.1 mg/mL) in 20 mM 

Hepes, 1 mM EGTA, 5 mM MgCl2, 150 mM NaCl, at 
pH 6.5 for 2 h at RT and then centrifuged at 11,000 rpm 
for 5 min. The membrane pellets were washed twice 
with water and the bound radioactivity was measured 
in a Packard Cobra Auto-gamma counter (B5005). All 
binding assays were carried out with L-363, 260 as 
control.

2.2.2. Animal studies

Experiments were conducted in male standard IRC mice 
obtained from the animal house, Faculty of Medicine, 
Khon Kaen University. Each experimental group 
consisted of 6 animals and the treatment procedures 
were approved by the ethical committee, Faculty of 
Medicine, Khon Kaen University (BEA030699).
 Mice were intraperitoneal injected with either test 
compound dissolved in 5% DMSO at the volume not 
more than 0.2 mL/animal. At 30 min after treatment, 
animals were tested as described in the following 
sections.
 Anxiolytic activity tests, nociception tests and 
antidepression tests were performed as described in 
DDT 2007 (19).

2.2.3. Anxiolytic activity tests

The light/dark box: Mice were placed in the light part 
of the light/dark box. The box was a Plexiglass cage, 
25×50×20 cm, having one-third as a dark and two-
third as a light compartment. A 40-W light bulb was 
used and positioned 10 cm above the center of the light 
component. The animals could walk freely between 
dark and light parts through the opening. The time 
animals spent in light part during the 5 min interval was 
recorded. The mouse was considered to be in the light 
part when its 4 legs were in the light part.

The elevated plus-maze: The wooden elevated plus-
maze consisted of two open arms (30×10 cm) without 
any walls, two enclosed arms of the same size with 5-cm 
high side walls and end wall, and the central arena (10
×10 cm) interconnecting all the arms. The maze was 
elevated approximately 30 cm height from the floor. At 
the beginning of the experiment the mouse was placed 
in the central arena facing one of the enclosed arms. 
During a 5 min interval, the time animals spent in the 
open arms of plus-maze was recorded. The mouse was 
considered to be in the open part when it had clearly 
crossed the line between the central arena and the open 
arm with its 4 legs.

2.2.4. Nociception tests

The tail immersion test: The thermal response latency 
was measured by the tail immersion test. The animals 
were placed into individual restraining cages leaving 
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the tail hanging freely. The tail was immersed into 
water preset at 50°C. The response time, at which the 
animal reacted by withdrawing its tail from water, was 
recorded and the cut-off time was 10 sec in order to 
avoid damaging the animal's tissue.
 The thermal response latency was measured by the 
tail immersion test. The base line withdrawal thresholds 
(BT) were recorded prior to the first injection. Test 
thresholds (TT) were measured 60 min after the second 
injection. The cut off time was set to 45 sec. This was 
to avoid any tissue damage to the paw during the course 
of analgesia testing. The test thresholds were expressed 
as a percentage of Maximal Possible Effect (% MPE) 
using the equation:

            % MPE = {(TT-BT) / (45-BT)} × 100

The hot plate test: Mice were placed on a hot plate that 
was thermostatically maintained at 50°C. A Plexiglass 
box was used to confine the animal to the hot plate. 
The reaction time of each animal (either paw licking or 
jumping) was considered a pain response. The latency 
to reaction was recorded. For prevention of heat injury, 
the cut-off time of the test was 30 sec.

2.2.5. Antidepression tests

The tail suspension test: Mice were hung by their tail 
on the tail hanger using sticky tape for tail fixation, 
at approximately 1 cm from the end. The hanger was 
fixed in the black plastic box (20×20×45 cm) with 
the opening at the top front. The distance between the 
hangers to the floor was approximately 40 cm. The 
mouse was suspended in the air by its tail and the 
immobile time was recorded during the period of 5 
min. The duration of immobility was defined as the 
absence of all movement except for those required for 
respiration.

The forced swim test: The forced swim test was carried 
out in a glass cylinder (20 cm diameter, 30 cm height) 
filled with water to the height of 20 cm. The water 
temperature was approximately 25-28°C. Mice were 
gently placed into the water and the immobility time 
was recorded by an observer during the period of 5 min. 
Immobility was defined as absence of all movement 
and remained floating passively in the water with its 
head just above the water surface.

2.2.6. Motor activity tests

The rota-rod test: Mouse was placed on the rotating 
drum with the acceleration speed (Acceler. Rota-rod, 
Jones & Roberts, for mice 7650, Ugo Basile, Italy). The 
time animal spent on the rod is recorded.

The wire mesh grasping test: The mouse was placed on 

a wire mesh (20×30 cm). After a few seconds, the mesh 
was turned 180o and the time the animal hold on the 
mesh was recorded. 

2.2.7. Statistical methods

The data were expressed as mean ± SD and one-way 
analysis of variance (ANOVA) and supplementary 
Tukey test for pairwise comparison were tested to 
determine for any significant difference at p < 0.05.

3. Results and Discussion

3.1. Synthesis

The diphenyl-pyrazolone template 1 was synthesised 
(23) in a condensation reaction by direct heating 
of diphenyl-hydrazine and ethylacetoacetate (24). 
Nitrosation and subsequent reduction served the 
building block for the preparation of amides and ureas.
 Nitrosation of 1 with sodium nitrite furnished a 
nitroso-intermediate, which was reduced in situ with a 
solution of SnCl2 in hydrochloric acid to give amine 2. 
The nitroso-intermediate was found unstable, but may 
be isolated as green crystals.
 The nucleophilic amino group of the pyrazoline 
2 was reacted with the DIC activated series of indole 
carboxylic acids giving the amido-pyrazolines 3a-3e. 
For the preparation of diphenyl ureas 4a-4e the amine 
2 was reacted with the appropriate isocyanate to give 
the desired compounds as white solids in high yields 
(Scheme 1).
 No purification by column chromatography was 
required for this chemical approach and selected 
spectroscopic data of diphenyl pyrazolyl indole 
carboxamides and ureas were reported in the 
experimental section. Other known intermediates and 
targets were reported by Farghaly (25).

3.2. SAR studies / receptor binding affinity

The diphenyl pyrazoline derivative of 2-indole 
carboxylic acid 3a, in which the 1,4-benzodiazepine 
moiety of the known cholecystokinin ligands, was 
replaced by a pyrazoline template, showed a binding 
activity with an IC50 of 20 nM for the CCK1 receptor, 
but a very poor solubility in water and organic solvents 
(CHCl3, DMSO, MeCN) it could therefore, not fully 
characterised nor be tested in vivo.
 Analogue 3b of the diphenyl template, derived from 
3-indolylcarboxylic acid, occurred a better solubility 
than 3a, but showed a low binding affinity. A series of 
homologues containing a C1 (3c) and a C2 spacer unit 
(3d) displayed a CCK1 selective binding affinity of 20 
and 25 nM, respectively. The introduction of a C3 unit 
resulted in a loss of binding affinity for the derivative 
3e.
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 In a SAR optimisation of the ureido-diphenylpyrazoline 
template, it was found that m-substituted phenylureas 
generally displayed the highest binding affinity. The 
o-methoxyphenyl isocyanate gave poor yields for 
the 4a, and was also biologically inactive. Only the 
o-derivative containing a nitro group was formed in 
good yield.
 Compound 4e, a meta-toluidine urea displayed 
an IC50 of 25 nM for the CCK2 and 20 nM towards 
the CCK1 receptor subtype. Approximately the 
same binding profi le  was determined for  the 
m-methoxyphenylurea 4b, which was selected for 
further evaluation. However, ureas containing ortho and 
para toluidine substituents showed generally no binding 
activity. Compound 4h, containing a para-chlorine 
group, showed no activity, in line with the p-methyl and 
p-methoxy ureas 4c and 4f. 
 The cyclohexyl urea 5n exhibited a modest binding 
affinity of ~1 μM. The unsubstituted phenyl urea 4l and 
the aromatic naphthylurea (4m) analogues were found 
of only micromolar binding affinity (Table 1).
 The first step of the evaluation was the determination 

of the receptor binding affinity for the CCK1 and CCK2 
subtype, followed by an in vivo evaluation (26).
 The highest MPE (maximum possible effect) value 
for antinociception, in conjunction with morphine, was 
obtained for the CCK1 selective amide 3d named MPP 
and it was tested further in vivo.
 In the ureido series phenylurea 4b and 4e, ligands of 
the same binding profile, displayed the same high MPE. 
The mixed CCK antagonist, urea 4b, was selected for 
further evaluation, due to the highest mixed binding 
affinity, the best clog p value and the highest chemical 
yield. In further investigations 4b was named MPM 
(MPE data not shown, Figure 2).

3.3. Antidepressant-like effects of amide MPP and urea 
MPM

Antidepressant drugs have the effect of reducing 
the duration of immobility in the despair swim test 
(immobility time test) (27). Desipramine, a tricyclic 
antidepressant served as positive control, which was 
found less potent, but has shown a similar magnitude of 
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the antidepressant effect. 
 Mice were intraperitoneally injected with 5% DMSO 
or antagonists MPM or MPP at various doses either 
0.005, 0.01, 0.05 or 0.5 mg/kg BW or desipramine (10 
mg/kg). The immobility times of the animals in each 
treatment group were shown in Figures 3 and 4.
 MPM showed a significant antidepressant-like effect 
from 0.01 mg/kg BW and at higher doses (Figure 3). No 
dose-dependent effect of the CCK antagonists were seen 
and the effects of MPM, at all doses (except 0.005 mg/
kg BW of MPM), were comparable to 10 mg/kg BW of 
desipramine.
 MPP showed a significant antidepressant-like effect 

at all doses tested (0.005, 0.01, 0.05 and 0.5 mg/kg BW) 
and the antidepressant-like effect of desipramine was 
clearly observed (Figure 4).
 In this study, the CCK1 selective and the mixed 
CCK antagonist showed antidepressant-like effects 
supporting the roles of a CCK system in depression. The 
pharmacological effects seemed to be all-or-none without 
a dose-dependent property (28).

3.4. Anxiolytic-like effects

Animals have been evaluated in the black and white 
test (29) and the elevated plus maze test (x-maze) 

Figure 3. Dose-effect relationship of MPM on the immobility time 
of mice in the forced swim test.

Figure 4. Dose-effect relationship of MPP on the immobility time of 
mice in the forced swim test.

Figure 2. Selected structures 
of  N-(3-oxo-2,3-dihydro-
1H-pyrazol-4-yl)-1H-indole-
carboxamides and ureido-
pyrazolines.
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(30). In the elevated plus maze test a greatly enhanced 
exploration of the open arms with an increased number 
of total crossings was observed for the mixed antagonist 
MPM.
 Mice were intraperitoneally injected with 5% 
DMSO or MPM or MPP at various doses either 0.005, 
0.01, 0.05 or 0.5 mg/kg BW or diazepam (1 mg/kg) as 
positive control.
 The anxiolytic-like effect of MPM (Figure 5) 
was observed at 0.05 and 0.5 mg/kg BW and no 
difference among the MPM (0.05 and 0.5 mg/kg BW) 
and diazepam-treated group could be seen. The 2 
lower doses were not significantly different from the 
control. Thus, 50 μg/kg of the CCK antagonist MPM 
displayed the same anxiolytic effect as 1 mg/kg of the 
benzodiazepine ligand diazepam in mice. At a dose of 
10 mg/kg MPM no impairment of coordination was 
found, which is associated with higher doses of the 
benzodiazepine anxiolytics.
 MPP-treated groups were inactive in the x-maze 
test and the light and dark box test. No anxiolytic-
like effect of MPP, the CCK1 selective antagonist was 
obtained. Evidence indicated that CCK1 receptors were 
involved in the mediation of anxiolytic-like effects in 
the elevated x-maze (31). In the same model CCK2 
antagonists also showed anxiolytic-like effect (32).
 Thus, both CCK1 and CCK2 receptors antagonists 

in conjunction seem to have roles in the modulation of 
anxiety-related behaviour in animal models.

3.5. Potentiation effect of MPM and MPP on morphine-
induced analgesia in mice

Nociception and motor activity tests: In all treated 
groups, no effect on nociception (33) was observed in 
the tail immersion test (34) and the hot plate method (35) 
up to 10 mg/kg for the test compounds as single agents. 
An impairment of motor activity could not be observed 
in all tested models up to a dose of 10 mg/kg in the wire 
mash grasping and the rota rod test.
 MPM  and MPP  were selected to study the 
potentiation of morphine antinociception at a dose of 
0.5 mg/kg body weight. From previous experiments 
fully developed biological effects were observed at this 
relatively high dose.
 DMSO (5%), MPM or MPP (in 5% DMSO) 
was intraperitoneally injected as the first injection. 
Twenty min after the first, the second injection was 
subcutaneously injected with morphine at either 2, 4, 
8 or 16 mg/kg BW. The thermal response latency of 
the animals was determined by the tail immersion test 
and the results were expressed as % MPE. Although no 
intrinsic analgesic effect of MPM and MPP could be 
observed, both CCK antagonists increased % MPE in 
response to morphine, at all tested morphine doses.
 The morphine potentiation of MPP (0.5 mg/kg) and 
MPM (0.5 mg/kg) was determined at 60 and 90 min for 
a dose range of morphine and the results were outline in 
Figures 6A and 6B.

Entry Group     Yield            IC50 CCKB     IC50 CCKA
     R     [%]               [μM]         [μM]

  
3a      65             2.1 ± 0.1  0.020 ± 0.001
 

3b      78            3.5 ± 0.4      2.2 ± 0.2
 

3c      66            2.5 ± 0.2 0.020 ± 0.002
 

3d      79            2.4 ± 0.2 0.025 ± 0.002

3e      80              20 ± 1      20 ± 1
 

4b          m-MeOPh     71         0.025 ± 0.002 0.010 ± 0.002
4c           p-MeOPh     76                > 20           9
4e          m-MePh     91         0.025 ± 0.002 0.020 ± 0.002
4f           p-MePh     89                > 20         13
4g          m-ClPh     73                > 20           7
4h          p-ClPh     81                > 20      > 20
4i            p-BrPh     92                > 20      > 20
4j            o-NO2Ph     65                     7.5      > 20
4k          p-NO2Ph     77                > 20      > 20
4l               Ph     91                     3           3
4m         Naphtyl     75                > 20           8
4n        Cyclohexyl     86           0.85 ± 0.2         12
4o            t-Bu     60                  11      > 20

Table 1. Structure and binding affi nity of N-(5-methyl-3-oxo-
1,2-diphenyl-2,3-dihydro-1H-pyrazol-4-yl)-N'-phenylureas 
pyrazol-4-yl amides
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Figure 5. Dose-effect relationship of MPM on time in the open arms 
(A) and number of entry (B) in the elevated plus maze test.
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 In general, at a certain dose of morphine, there was 
no difference of MPE between the MPM and MPP 
groups. The potentiation was higher for low doses, such 
as 2 mg/kg of morphine and less for high doses, such 
as 16 mg/kg of morphine. In the middle range (4 mg/kg 
of morphine) the mixed antagonist MPM at a fixed 
dose of 0.5 mg/kg seemed to be superior to the CCK1 

selective MPP, but for final conclusions more data are 
required.
 The effects of cholecystokinin on the modulation 
of pain transmission and the anti-opioid effects of 
cholecystokinin were well documented (36). CCK 
antagonists potentiated the antinociceptive effects of 
morphine and could also block the development of 
morphine tolerance (37).

4. Conclusions

The pyrrazol lead structure had been previously 
discovered in a chemically diverse library and 
subsequent SAR optimization was completed in the 
classical manner for a series of amides and phenylureas. 
The 2-phenyl pyrrazolone ring system and the meta-

substituents on the N-phenylurea moiety were found 
essential for a potent cholecystokinin antagonism.
 Our diphenyl-pyrrazoline template contained no 
chiral centre in the molecule. Merck's ureas had to 
be separated into enantiomeres, as the CCK1/CCK2 
selectivity was dependent on the stereochemistry of the 
C3 center.
 The importance of the removal of the stereo center 
was even greater, when it was found (38) that the one 
isomer of a 1,5-benzodiazepine urea acted as agonist 
the other as antagonist.
 Lilly's diphenylpyrazolidinones had 2 chiral 
centres and after undergoing clinical trials, compound 
LY288513 was discontinued due to major adverse 
effects (39). The pyrrazoline template used here, 
displayed anti-inflammatory properties. From current 
animal experiments, there were no signs of acute 
toxicity and no long term toxicity (part 2).
 These  nove l  phenyl  u reas  represen t  CCK 
antagonists with a mixed binding profile and a potency 
in the nanomolar range for both receptor subtypes. 
Merck and other major pharmaceutical companies 
developed selective, mainly CCK2 selective antagonists. 
The results of our animal experiments do not justify 
this approach, as a better pharmacological profile of our 
mixed antagonists was obtained.
 The anxiolytic properties of the mixed antagonists 
were  not  associa ted  wi th  the  s ide  effec ts  of 
benzodiazepines, acting on the GABAA receptor (40). 
Antidepressant effects were observed for both, the 
amido- and phenyl urea-pyrrazolines.
 In terms of analgesia, a tenth of the morphine dose 
was required for the same antinociceptive effect in 
conjunction with a small dose of the CCK antagonist.

Acknowledgement

This work was funded by the EPSRC and Panos 
Therapeutics Ltd. We are grateful to David R. Poyner 
for his support in the receptor binding assay and the 
preparation of brain and pancreatic membranes. We 
deeply appreciate assistance of Wanchai Airarat in the 
animal experiments.

References

1. McDonald IM. CCK2 receptor antagonists. Exp Opin 
Ther Patents 2001; 11:445-460.

2. Bock MG, DiPardo RM, Mellin EC, Newton NC. 
Second-generation benzodiazepine CCK-B antagonists. 
Development of subnanomolar analogues with selectivity 
and water solubility. J Med Chem 1994; 37:722-732.

3. Lattmann E, Arayarat P. From CNS-drugs to anti-
neoplastic agents: Cholecystokinin (CCK)-antagonists 
as modern anti-cancer agents. Science (KKU) 2003; 
3:178-193.

4. Dourish CT. Cholecystokinin and anxiety. Trends 

165

Figure 6. (A), Potentiation effect of MPM or MPP on morphine-
induced analgesia at 60 min after morphine injection in mice; (B), 
Potentiation effect of MPM or MPP on morphine-induced analgesia 
at 90 min after morphine injection in mice.

Morphine Potentiation (60 min)

Dose of morphine (Log mg/kg)
10

%
 M

ax
im

um
 P

os
si

bl
e 

Ef
fe

ct

10

20

30

40

50

60

70

M orph ine  a lone
M orph ine  +  M P M  (0 .5  m g/kg  BW )
M orph ine  +  M P P  (0 .5  m g/kg  BW )

*

*

*

*

*

*

Morphine Potentiation (90 min)

Dose of morphine (Log mg/kg)
10

%
 M

ax
im

um
 p

os
si

bl
e 

Ef
fe

ct

10

20

30

40

50

60

70

M orph ine  a lone
M orph ine  +  M P M  (0 .5  m g/kg  BW )
M orph ine  +  M P P  (0 .5  m g/kg  BW )

*

*

*

*

*

*

*

A

B

Morphine Potentiation (60 min)

Dose of morphine (Log mg/kg)
10

%
 M

ax
im

um
 P

os
si

bl
e 

Ef
fe

ct

10

20

30

40

50

60

70

M orph ine  a lone
M orph ine  +  M P M  (0 .5  m g/kg  BW )
M orph ine  +  M P P  (0 .5  m g/kg  BW )

*

*

*

*

*

*

Morphine Potentiation (90 min)

Dose of morphine (Log mg/kg)
10

%
 M

ax
im

um
 p

os
si

bl
e 

Ef
fe

ct

10

20

30

40

50

60

70

M orph ine  a lone
M orph ine  +  M P M  (0 .5  m g/kg  BW )
M orph ine  +  M P P  (0 .5  m g/kg  BW )

*

*

*

*

*

*

*

A

B



www.ddtjournal.com

Drug Discov Ther 2008; 2(3):156-167. 

Pharmacol Sci 1990; 11:271-276.
5. Rasmussen K, Czachura JF, Stockton ME, Howbert JJ. 

Electrophysiological effects of diphenylpyrazolidinone 
cholecystokinin-B and cholecystokinin-A antagonists 
on midbrain dopamine neurons. J Pharmacol Exp Ther 
1993; 264:480-494.

6. Dourish CT, Rycroft W, Iversen SD. Postponement of 
satiety by blockade of brain cholecystokinin-B receptors. 
Science 1989; 245:1509-1511.

7. Tr ivedi K, Bharat J . Cholecystokinin receptor 
antagonists: Current status. Curr Med Chem 1994; 
1:313-332.

8. Bradwejn J, Koszycki D, Meterissian G. Cholecystokinin 
tetrapeptide induces panic attacks in patients with panic 
disorder. Can J Psychiaty 1990; 35:83-97.

9. Evans BE, Ri t t le KE, Bock MG, DiPardo RM, 
Freidinger RM, Whitter WL, Lundell GF, Veber DF, 
Anderson PS, Chang RS, Cerino DJ. Methods for drug 
discovery: Development of potent, selecive, orally 
effective cholecystokinin-A antagonists. J Med Chem 
1988; 31:2235-2242.

10. Simpson K, Serpell M, McCubbins TD, Padfield 
NL, Edwards N, Markam K, Eastwood D, Block R, 
Rowbotham DJ. Management of neuropathic painin 
patients using a CCK antagonist Devazepide as an 
adjunct to srong opioids, 4th International conference on 
the mechanisms and treatment of neuropatic pain. 2001, 
San Francisco, USA.

11. Hughes J, Woodruff GN. Neuropeptides function and 
clinical applications. Arzneim Forsch/Drug Research 
1992; 42:250-258.

12. Lattmann E, Billington DC, Poyner DR, Howitt 
SB, Offel M. Synthesis and evaluation of Asperlicin 
analogues as non-peptidal Cholecystokinin-antagonists. 
Drug Des Discov 2001; 17:219-230.

13. Lattmann E, Billington DC, Poyner DR, Arayarat 
P, Howitt SB, Lawrence S, Offel M. Combinatorial 
so l id phase syn thes i s o f mul t ip ly - subs t i tu ted 
1,4-benzodiazepines and affinity studies on the CCK2 
receptor (Part 1). Drug Des Discov 2002; 18:9-21.

14. Lattmann E, Sattayasai J, Billington DC, Poyner DR, 
Puapairoj P, Tiamkao S, Airarat W, Singh H, Offel M. 
Synthesis and evaluation of N1-substituted-3-propyl-
1,4-benzodiazepine-2-ones as Cholecystokinin (CCK2)-
receptor ligands. J Pharm Pharm 2002; 54:827-834.

15. Lattmann E, Singh H, Boonprakob Y, Lattmann P, 
Sattayasai J. Synthesis and evaluation of N-(3oxo-2,3-
dihydro-1H-pyrazol-4-yl)-1H-indole-carboxamide as 
cholecystokinin antagonists. J Pharm Pharm 2006; 
58:1-9.

16. Lattmann E, Sattayasai J, Boonprakob Y, Lattmann 
P, Singh H. Synthesis and evaluation of N-(5-methyl-
3-oxo-1,2-diphenyl-2,3-dihydro-1H-pyrazol-4-
yl)-N '-phenylureas as cholecystokinin antagonists. 
Arzneimittelforschung 2005; 55:251-258.

17. Roth HJ, Kleemann A. Drug Synthesis. Pharmaceutical 
Chemistry 1999; 1:202-208.

18. Yu Y, Jawa A, Pan W, Kastin AJ. Effects of peptides, 
with emphasis on feeding, pain, and behaviour. Peptide 
2004; 25:2257-2263.

19. Lattmann E, Sattayasai J, Lattmann P, Billington DC, 
Schwalbe CH, Boonprakob Y, Airarat W, Singh H, 

Offel M. Anti-depressant and anti-nociceptive effects 
of 1,4-benzodiazepine-2-ones based cholecystokinin 
(CCK2) antagonists. Drug Discov Ther 2007; 1:45-56.

20. Offel M, Lat tmann P, Singh H, Bi l l ington DC, 
Bunprakob Y, Sattayasai J, Lattmann E. Synthesis 
of subst i tuted 3-ani l ino-5-phenyl-1,3-dihydro-
2H-1,4-benzodiazepinones and their evaluation as 
cholecystokinin ligands. Archiv der Pharmazie - 
Chemistry in Life Science 2006; 339:163-173.

21. Saita Y, Yazawa H, Honma Y, Nishida A, Miyata K, 
Honda K. Characterization of YM022: its CCKB/gastrin 
receptor binding profile and antagonism to CCK-8-
induced Ca2+ mobilization. Eur J Pharmacol 1994; 
269:249-281.

22. Charpentier B, Pelaprat D, Durieux C, Dor A, Reibaud 
M, Blanchard JC, Roques BP. Cyclic cholecystokinin 
analogues with high selectivity for central receptors. 
Proc Natl Acad Sci USA 1988; 85:1968-1973.

23. Stenzl H, Staub A, Simon CH, Baumann W. Zur 
Kenntnis der 3-Amino-pyrazolone. Helv Chim Acta 
1950; 33:1183-1192.

24. Ruhkopf H. Ueber einige oxy-pyrazolidine. Chem Ber 
1940; 73:820-831.

25. F a rg h a l y A M . S y n t h e s i s o f s o m e s u b s t i t u t e d 
aminophenazones of possible therapeutic interest. 
Pharmazie 1979; 34:70-78.

26. Vogel HG, Vogel WH. Pharmacological assays. Drug 
Discovery and Evaluation. Springer, 1997; pp. 232-242.

27. Porsolt RD, Le Pichon M, Jalfre M. Depression: A new 
animal model sensitive to antidepressant treatments. 
Nature 1977; 266:730-732.

28. Marsh DJ, Miura GI, Yagaloff KA, Schwartz MW, Barsh 
GS, Palmiter RD. Effects of neuropeptide Y deficiency 
on hypothalamic agouti-related protein expression and 
responsiveness to melanocortin analogues. Brain Res 
1999; 848:66-77.

29. Ki l foi l T, Michel A, Montgomery D, Whithing 
RL. Effects of anxiolytic and anxiogenic drugs on 
exploratory activity in a simple model of anxiety in mice. 
Neuropharmacol 1989; 28:901-906.

30. Silverman P. Approach to a conditioned stimulus mazes. 
Animal behaviour in the laboratory. Chapman & Hall, 
1978; pp. 110-121.

31. Hendrie CA, Neill JC, Dourish CT. The effect of CCKA 
and CCKB antagonists on activity in the black/white 
exploration model of anxiety in mice. Physiol Behav 
1993; 54:689-693.

32. Bickerdike MJ, Marden CA, Dourish CT, Fletcher 
A. The influence of 5-hydroxytryptamine re-uptake 
blockade on CCK receptor antagonist effects in the rat 
elevated zero-maze. Eur J Pharmacol 1994; 27:403-411.

33. Walker JM, Dixon WC. A solid state device for the 
measuring sensitivity to thermal pain. Physiol Behav 
1985; 30:481-496.

34. Cowan A. Modern methods in pharmacology: Recent 
approaches in the testing of analgesics in animals. 
Testing and Evaluation of Drugs of Abuse. Wiley-Liss 
Inc., 1990; pp. 33-41.

35. Kitchen I, Crowder I. Assessment of the hot-plate 
antinociceptive test in mice: A new method for the 
statistical treatment of graded data. J Pharmacol Meth 
1985; 13:1-8.

166



www.ddtjournal.com

Drug Discov Ther 2008; 2(3):156-167. 

36. O'Neill MF, Dourish CT, Iverson SD. Morphine-induced 
analgesia in the rat paw pressure test is blocked by 
CCK and enhanced by the CCK antagonist MK-329. 
Neuropharmacology 1989; 28:243-247.

37. Dourish CT, O'Neill MF, Coughlan J, Kitchener SJ, 
Hawley D, Iverson SD. The selective CCK-B receptor 
antagonist L-365,260 enhances morphine analgesia and 
prevents morphine tolerance in the rat. Eur J Pharmacol 
1990; 176:35-44.

38. Hirst GC, Aquino C, Birkemo L, Croom GK, Dezube 
M. Discovery of 1,5-benzodiazepines with peripheral 
cholecystokinin (CCK-A) receptor agonist activity. J 

Med Chem 1996; 39:5236-5243.
39. Rasmussen K, Czachura JF, Stockton ME, Howbert JJ. 

Electrophysiological effects of diphenylpyrazolidinone 
cholecystokinin-B and cholecystokinin-A antagonists 
on midbrain dopamine neurons. J Pharmacol Exp Ther 
1993; 264:480-499.

40. Martin IL, Lattmann E. Benzodiazepine recognition site 
ligands and GABAA receptors. Exp Opin Ther Patents 
1999; 9:1347-1359.

 (Received April 17, 2008; Revised May 21, 2008; 
Accepted May 31, 2008)

167



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /JPN <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


