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Abstract

Among the known non-benzodiazepinic hypnotic drugs acting on the a1 subunit of the GABA-A receptor, Zolpidem (2a), Zaleplon (1b)
and Indiplon (1a) have showed high affinity and selectivity. Following a design methodology including pharmacophoric requirements and
ADME-predicted properties, we have synthesized a library of 3-amino-4,5-dihydro-1H-pyrazolo[3,4-b]pyridin-6(7H)-ones (3) and their N1-alkyl
derivatives (4) as new scaffolds for designing non-benzodiazepine BZ receptor ligands.
© 2005 Elsevier SAS. All rights reserved.
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1. Introduction

The benzodiazepine (BZ) classes of drugs are used clini-
cally for their anxiolytic, hypnotic, muscle-relaxant and anti-
convulsant actions. They act allosterically to influence cen-
tral c-aminobutyric acid (GABA)-mediated neurotrans-
mission [1].

GABA-A receptors are pentameric assemblies of a large
range of subunits (a1-6, b1-3, c1-3, d, e, p and h), of which
the a subunit is of particular importance in determining the
pharmacology of the BZ binding site [2]. The major BZ-
sensitive GABA-A receptor subtypes in the brain are a1bxc2,
a2bxc2, a3bxc2, and a5bxc2 and their distribution in the
brain shows distinct regional variations.

Ligands at the BZ site are categorized as agonists, inverse
agonists, or antagonists. Agonists act by increasing the fre-
quency of channel opening to give a net hyperpolarization of
the neuron and a decreased excitability. BZ inverse agonists
have the opposite effect and decrease the frequency of chan-

nel openings, resulting in a depolarization and an increased
neuronal excitability. Between the two efficacy extremes, there
is a continuum of partial agonists and partial inverse agonists
that do not alter chloride flow and are functionally silent.

As the effect of BZs is limited to modulate the activity of
an endogenous transmitter, they have quite low acute toxic-
ity. Nevertheless, there is considerable clinical concern about
undesirable side effects such as sedation, amnesia and, in par-
ticular, the ability to induce both physical and psychological
dependence [3]. Another problem, particularly with respect
to the use of BZs as anticonvulsant, is the quite rapid devel-
opment of tolerance [4,5].

It is clear that improved understanding of the GABA-
A/BZ receptor complex and subtypes of its components may
lead to more selective drugs with improved activity and/or
fewer side-effects for the treatment of anxiety sleep disor-
ders, convulsions, and memory deficits.

Among the known ligands, the pyrazolo[1,5-a]pyrimidines
Indiplon (1a) and Zaleplon (1b) and the N,N-dialkyl-2-
phenylacetamidoimidazo[1,2-a]pyridines Zolpidem (2a) and
Alpidem (2b) (Scheme 1) showed both high affinity and selec-
tivity toward non-BZ receptors [6].
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An examination of the structure-activity relationships
(SAR) of affinity and efficacy of these and other compounds
[7–9] at the BZ receptor has assisted in development of sev-
eral pharmacophoric models for ligand–receptor interaction.
These models are characterized by a number of points of lipo-
philic and hydrogen-bonding ligand–receptor interaction
[10–13], and in some cases [14–15] areas of steric hindrance
have also been defined. According to these models, Scheme
2 shows the hydrophobic, H-acceptor and steric interactions
in Zolpidem.

Following this model, we designed a new scaffold accord-
ing to the previous heterocyclic experience in our group
(Scheme 4) with a similar distribution of the different sub-
stituents, related to the models Zolpidem (2a) and Indiplon
(1a). Scheme 3 shows such distribution of the substituents of
one of the molecules of the library, according to the pharma-
cophore described above.

We decided to use 3-amino-4,5-dihydro-1H-pyrazolo[3,4-
b]pyridin-6(7H)-ones (3) and their N1-alkyl derivatives (4)
[16–17] (Scheme 3 and 4) as new scaffolds for designing non-
benzodiazepine BZ receptor ligands. Compounds 3 and 4 are
easily obtained by treatment with hydrazine or alkyl substi-

tuted hydrazines (R3NHNH2) respectively of 2-methoxy-6-
oxo-1,4,5,6-tetrahydropyridine-3-carbonitriles (5), which in
turn are synthesized by reaction of an a,b-unsaturated ester
(7) and malononitrile in NaOMe/MeOH. In order to fulfill
the requirements of the aforementioned pharmacophore we
considered the modification of pyrazolopyridines (3) and (4)
by introducing acyl groups either on the NH2 group or on
N1 of the pyrazole ring (when R3 = H). The present paper
deals with the results obtained in such study.

2. Chemistry

In order to mimic the 6-methyl group present in Zolpidem
(2) we decided to use 3-amino-4,5-dihydro-5-metyl-1H-
pyrazolo[3,4-b]pyridin-6(7H)-one (8), which corresponds to
general structure 3 with R1 = Me and R2 = H (Scheme 4),
and its N1-methyl derivative 9 (4 with R1 = Me, R2 = H, and
R3 = Me) as starting materials. On the other hand, in order to
mimic the thiophene carbonyl group present in Indiplon (1a),
we carried out an acylation with acyl chlorides on N1 of the
pyrazole ring (when R3 = H). Further derivatization on the
NH2 group was considered by formation of amides upon treat-
ment with acyl chlorides, or by formation of urea upon treat-
ment with isocyanates.

In this context, we carried out a previous selection of the
molecules to synthesize. The first step of the selection pro-
cess was the construction, using the CombiChem module of
Accord for Excel [18], of a virtual library of 500 compounds
by varying substituents X and Y attached to N1 or the exo-
cylic nitrogen atom of the 3-amino-4,5-dihydro-5-metyl-1H-
pyrazolo[3,4-b]pyridin-6(7H)-one core (see Table 1). All the
compounds were filtered by Lipinski’s rule of 5 [19] imple-
mented in Accord for Excel. Compounds verifying such rules
were submitted to Volsurf [20] in order to calculate predicted
ADME properties such as Caco2 (Gastro-Intestinal Barrier)
and BBB (Blood–Brain Barrier). Two simultaneous selec-
tion criteria were used: –0.10 < Caco2 < 1.05 and
–0.10 < BBB < 1.00. Afterwards, the last step of the selec-
tion process consisted in running under Catalyst [21] the phar-
macophore described in the literature [10–15]. Thus, twenty
compounds were selected to be synthesized which are sum-
marized in Table 1 together with their MW, ClogP, number of
Hbond acceptors and donors, Caco2 and BBB calculated val-
ues.

Treatment of methyl methacrylate (7 with R1 = Me
and R2 = H) with malononitrile in NaOMe/MeOH at

Scheme 1.

Scheme 2.

Scheme 3.

Scheme 4. aReagents: (a) NaOMe/MeOH; R3NHNM2/MeOH.
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reflux afforded 2-methoxy-5-methyl-6-oxo-1,4,5,6-
tetrahydropyridine-3-carbonitrile (6 with R1 = Me and
R2 = H) in 50% yield [17]b, which was converted to 8 in 42%
yield by treatment with hydrazine in methanol at reflux
(Scheme 4). On the other hand, the N1-methyl substituted
derivative 9 was obtained in 46% yield from pyridone 8 using
methylhydrazine in methanol at reflux.

Acylation of the NH2 group of 9 was accomplished with
five acyl chlorides R4COCl (R4 = Me, Ph, p-MeC6H4,

p-ClC6H4, and Ph(CH2)2) in MeCN using DMAP as base to
afford amides 10a–e in 26–48% yield (Scheme 5). Similarly,
9 was transformed to the corresponding ureas 11a–e upon
treatment with five isocyanates R5NCO (R5 = Ph, p-MeC6H4,
p-ClC6H4, p-CF3C6H4, and thienyl) in dry pyridine in 49–87%
yield (Scheme 5).

The selective acylation of N1 of 3-amino-4,5-dihydro-5-
metyl-1H-pyrazolo[3,4-b]pyridin-6(7H)-one (8) was achieved
using furan-2-carbonyl chloride and thiophene-2-carbonyl

Table 1
Structure of pyrazolo[3,4-b]pyridines synthesized together with their MW, ClogP, number of Hbond acceptors and donors, Caco2 and BBB calculated values,
and in vitro inhibitory activity

compound X Y Yield
(%)

Lipinski’s rule of 5 ADME predicted Volsurf In vitro activity (% inhib)
MW ClogP N,Oa NH,OHb Caco2 BBB 10−5 M 10−7 M

10a Me Me 39 222.25 –0.33 6 2 0.69 0.67 0.0 0.0
10b Me Ph 48 284.32 1.27 6 2 0.94 0.73 17.3 10.9
10c Me p-MeC6H4 26 298.35 1.82 6 2 1.01 0.80 0.0 0.0
10d Me p-ClC6H4 36 318.76 1.92 6 2 0.75 0.74 0.0 0.0
10e Me Ph(CH2)2 43 312.37 1.87 6 2 1.03 0.82 0.0 0.0
11a Me PhNH 49 299 1.54 7 3 0.91 0.53 20.5 14.7
11b Me p-MeC6H4NH 70 313.36 2.09 7 3 0.97 0.63 0.0 0.0
11c Me p-ClC6H4NH 58 333.78 2.18 7 3 0.72 0.55 0.0 0.0
11d Me p-CF3C6H4NH 87 367.33 2.50 7 3 0.48 0.35 6.1 1.7
11e Me (2-thienyl)NH 59 305.36 1.36 7 3 0.87 0.65 5.8 2.9
14a (2-furyl)CO PhNH 83 379.38 2.23 9 3 0.06 –0.08 13.5 0.0
14b (2-furyl)CO p-MeC6H4NH 84 393.40 2.78 9 3 0.49 0.26 1.1 0.0
14c (2-furyl)CO p-ClC6H4NH 44 413.82 2.87 9 3 0.53 0.38 0.0 0.0
14d (2-furyl)CO p-CF3C6H4NH 39 447.37 3.19 9 3 0.23 0.28 0.0 0.0
14e (2-furyl)CO (2-thienyl)NH 54 385.40 2.05 9 3 0.38 0.34 9.5 0.0
15a (2-thienyl)CO PhNH 67 395.44 2.93 8 3 0.58 0.45 10.9 0.6
15b (2-thienyl)CO p-MeC6H4NH 53 409.47 3.47 8 3 0.59 0.32 12.6 0.0
15c (2-thienyl)CO p-ClC6H4NH 51 429.89 3.57 8 3 0.33 0.32 0.0 0.0
15d (2-thienyl)CO p-CF3C6H4NH 19 463.44 3.89 8 3 0.07 0.14 10.1 0.0
15e (2-thienyl)CO (2-thienyl)NH 49 401.47 2.75 8 3 0.49 0.30 2.3 0

a H bond acceptors.
b H bond donors.

Scheme 5. aReagents: (a) R4COCI/MeCN/DMAP; (b) R5NCO/pyridine; (c) R6COCI/THF/Et3N; R5NNCO/pyridine.
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chloride to yield 12 (R6 = 2-furyl) and 13 (R6 = 2-thienyl) in
40% and 42% yield, respectively. Compounds 12 and 13 were
further derivatized (Scheme 5) upon treatment with five iso-
cyanates R5NCO (R5 = Ph, p-MeC6H4, p-ClC6H4,
p-CF3C6H4, and thienyl) in dry pyridine to yield ureas 14a–e
and 15a–e in 39–84% and 19–67% yield, respectively.

3. Pharmacology

Male Sprague-Dawley rats were used to obtain mem-
branes containing a1-GABAA receptor (from cerebellum).
The affinity of compounds 10a–e, 11a–e, 14a–e, and 15a–e
for a1-GABAA receptors was determined by competitive tests
using radiolabeled flumazenil as ligand using 96-well micro-
titer plate format. Membranes containing the study receptors
were incubated with radiolabeled flumazenil (at a final con-
centration of 1 nM) and ascending concentrations of test com-
pounds. Percentage of specific binding for every concentra-
tion of test compound was determined using a scintillation
counter.

4. Results and discussion

Results are summarized in Table 1. The results obtained
indicated that our acyl substituted 3-amino-4,5-dihydro-5-
metyl-1H-pyrazolo[3,4-b]pyridin-6(7H)-ones are completely
devoid of any inhibitory activity, the inhibition being lower
than 20% for all cases, while Zolpidem shows an inhibitory
activity of 99.4% (at a concentration of 1 × = 10−5 M).

5. Conclusions

This lack of activity can be attributed to two possible rea-
sons.

In the aforementioned pharmacophoric model (Scheme 2),
Zolpidem (2a) shows a hydrophobic interaction of an aryl
substituent present in N2 of the pyrazole ring. Such interac-
tion, which is not possible for our molecules, could play a
key role for the inhibitory activity.

In addition, a literature search has revealed [22] that Zale-
plon (1b) is metabolized by oxidation of the pyrimidine ring
to afford an inactive metabolite that presents a lactam carbo-
nyl group at the same relative position of the pyridone carbo-
nyl group of our molecules. Consequently, the presence of
such carbonyl group, the distinctive feature of our synthetic
methodology, could be responsible of the loss of activity.
Experiments are being conducted to clarify such assump-
tions.

6. Experimental protocols

6.1. Chemistry

All melting points were determined with a Büchi 530 cap-
illary apparatus and are uncorrected. Infrared spectra were

recorded in a Nicolet Magna 560 FTIR spectrophotometer.
1H and 13C NMR spectra were determined in aVarian Gemini-
300 operating in a field-strength of 300 and 75.5 MHz, respec-
tively. Chemical shifts are given in parts per million (d) val-
ues downfield from Me4Si as internal standard and coupling
constants (J) in Hz. Standard and peak multiplicities are des-
ignated as follows: s, singlet; d, doublet; dd, doublet of dou-
blets; t, triplet; q, quadruplet; br, broad signal; m, multiplet.
ESI (+) i (–) mass spectra were recorded on a Agilent
HP1100 mass spectrometer coupled to a HPLC using the fol-
lowing conditions: Column: X-Terra RP18, 3.5 µm, 4.6 x
50 mm (Waters); Injected volume: 2 µl; Eluent: A:
Acetonitrile/B: Ammonium formate 10 mM pH 9.20; Gradi-
ent: A from 20% to 60% in 6 min, then maintaining at 60%
for 3 min; Flow-rate: 1 ml min–1; Temperature: 30 °C; Detec-
tion: 240 nm. Elemental microanalyses were obtained in a
Carlo-Erba CHNS-O/EA 1108 analyzer and gave results for
the elements stated with ± 0.4% of the theoretical values.
2-Methoxy-5-methyl-6-oxo-1,4,5,6-tetrahydropyridine-3-
carbonitrile (6) was prepared according to a previously pub-
lished procedure [17]b.

6.1.1. 3-Amino-5-methyl-1,4,5,7-tetrahydropyrazolo[3,4-
b]pyridin-6-one (8)

To a suspension of 2-methoxy-5-methyl-6-oxo-1,4,5,6-
tetrahydropyridine-3-carbonitrile (6) (6 g, 36.1 mmol) in
MeOH (90 ml) was added hydrazine monohydrate (4.5 g,
90 mmol). The mixture was refluxed under stirring for 2 h
and after cooling it was filtered. The white precipitated
obtained was washed with cool MeOH and dried in a vacuum
dryer to gave 2.53 g (42% yield) of the title compound 8: mp
261–263 °C; IR (KBr) 3403, 3335, 3227, 1645, 1558,
1539 cm−1; 1H NMR (DMSO-d6) d 10.57 (br, 1H, NH pira-
zole), 9.83 (br, 1H, NH–CO), 4.89 (br, 2H, NH2), 2.68–2.55
(m, 1H, CH), 2.43–2.38 (m, 1H, CH), 2.24–2.08 (m, 1H, CH),
1.10 (d, J = 7 Hz, 3H, CH3); 13C NMR d 173.4 (C=O), 148.3,
143.7 (C3, C7a), 82.5 (C3a), 36.0 (C-5), 23.7 (C-4), 16.5
(CH3); Anal. (C7H10N4O) C 50.30% (50.58%), H 6.28%
(6.07%), N 33.65 (33.72%).

6.1.2. 3-Amino-1,5-dimethyl-1,4,5,7-
tetrahydropyrazolo[3,4-b]pyridin-6-one (9)

To a suspension of 2-methoxy-5-methyl-6-oxo-1,4,5,6-
tetrahydropyridine-3-carbonitrile (6) (3.2 g, 19.3 mmol) in
MeOH (30 ml) was added methylhydrazine (1.1 g,
23.9 mmol). The mixture was refluxed under stirring for 2 h
and after cooling it was filtered. The white precipitated
obtained was washed with cool MeOH and dried in a vacuum
dryer to gave 1.6 g (46% yield) of the title compound 9:
mp > 290 °C; IR (KBr) 3384, 3336, 3239, 1652, 1539 cm−1;
1H NMR (DMSO-d6) d 9.87 (br, 1H, NH–CO), 5.13 (br, 2H,
NH2), 3.37 (s, 3H, CH3–N), 2.64 (dd, J1 = 14.7 Hz,
J2 = 6.9 Hz, 1H, CH2), 2.47–2.34 (m, 1H, CH), 2.13 (dd,
J1 = 14.7 Hz, J2 = 9.9 Hz, 1H, CH2), 1.09 (d, J = 6.6 Hz, 3H,
CH3,); 13C NMR d 172.8 (C=O), 146.3, 142.4 (C3, C7a), 82.4
(C3a), 35.9 (C-5), 33.8 (CH3–N), 23.9 (C-4), 16.4 (CH3);
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Anal. (C8H12N4O) C 53,22% (53,32%), H 6,78% (6,71%), N
31,09 (31,09%).

6.1.3. General Procedure for preparation of N-(1,5-dim-
ethyl-6-oxo-4,5,6,7-tetrahydro-1H-pyrrolo[2,3-b]pyridin-3-
yl)-amide derivatives (10)

A suspension of 9 (200 mg, 1.1 mmol) and
4-dimethylaminopyridine (272 mg, 2.22 mmol) in dry aceto-
nitrile (15 ml) was heated at 85 °C and the appropriate acid
chloride was added (2 eq). The mixture was stirred for 30 min
at 90 °C and overnight at room temperature. Solvent was
evaporated under reduced pressure and the precipitate
obtained was crystallized from methanol.

6.1.4. N-(1,5-Dimethyl-6-oxo-4,5,6,7-tetrahydro-1H-pyra-
zolo[3,4-b]pyridin-3-yl)-acetamide (10a, R4 = Me)

Mp 233–235 °C; IR (KBr) 3209, 1689, 1656, 1552,
1535 cm−1; 1H NMR (DMSO-d6) d 10.17 (s, 1H, NH), 9.81
(s, 1H, NH), 3.47 (s, 3H, CH3N), 2.64 (dd, J1 = 15.0 Hz,
J2 = 6.9 Hz, 1H, H–CH), 2.45 (m, 1H, CH), 2.20 (dd,
J1 = 10.3 Hz, J2 = 15.3 Hz, 1H, H–CH), 2.04 (s, 3H, CH3CO),
1.10 (d, J = 6.9 Hz, 3H, CH3); 13C NMR d 172.6 (C=O), 168.3
(C=O), 146.4 (C7a), 131.9 (C3), 95.0 (C3a), 35.5 (CH3N),
35.0 (C5), 24.5 (C4), 22.7 (CH3CO), 16.1 (CH3) ; MS m/z
223.1 (MH+); Anal. (C10H14N4O2) C 54.06% (54.04%), H
6.28% (6.35%), N 24.98% (25.21%).

6.1.5. N-(1,5-Dimethyl-6-oxo-4,5,6,7-tetrahydro-1H-pyra-
zolo[3,4-b]pyridin-3-yl)-benzamide (10b, R4 = Ph)

Mp 239-241 °C; IR (KBr) 3222, 1673, 1647, 1525 cm−1;
1H NMR (DMSO-d6) d 10.30 (s, 1H, NH), 10.24 (s, 1H, NH),
8.00 (d, J = 7.5 Hz, 2H, H–Ph), 7.61 (m, 3H, H–Ph), 3.54 (s,
3H, CH3N), 2.70 (dd, J1 = 15.3 Hz, J2 = 6.9 Hz, 1H, CH),
2.47 (m, 1H, CH), 2.27 (dd, J1 = 10.2 Hz, J2 = 15.0 Hz, 1H,
CH), 1.12 (d, J = 6.6 Hz, 3H, CH3); 13C NMR d 172.6 (C=O),
165.2 (C=O), 146.5 (C7a), 132.9, 132.0, 131.8 (C3, ipso-Ph,
p-Ph), 128.4 (m-Ph), 127.7 (o-Ph), 96.0 (C3a), 35.5, 35.2
(CH3N, C5), 24.4 (C4), 16.1 (CH3); MS m/z 285.1 (MH+);
Anal. (C15H16N4O2) C 63.28% (63.37%), H 5.58% (5.67%),
N 19.75% (19.71%).

6.1.6. N-(1,5-Dimethyl-6-oxo-4,5,6,7-tetrahydro-1H-pyra-
zolo[3,4-b]pyridin-3-yl)-4-methyl-benzamide (10c, R4 = p-
MeC6H4)

Mp 272–274 °C; IR (KBr) 3291, 1686, 1657, 1529 cm−1;
1H NMR (DMSO-d6) d 10.23 (s, 1H, NH), 10.18 (s, 1H, NH),
7.90 (d, J = 8.1 Hz, 2H, H–Ph), 7.35 (d, J = 8.1 Hz, 2H,
H–Ph), 3.53 (s, 3H, CH3N), 2.68 (dd, J1 = 15.3 Hz,
J2 = 6.9 Hz, 1H, CH), 2.47 (m, 1H, CH), 2.39 (s, 3H, CH3Ph),
2.26 (dd, J1 = 10.5 Hz, J2 = 15.0 Hz, 1H, CH), 1.11 (d,
J = 6.9 Hz, 3H, CH3); 13C NMR d 172.6 (C=O), 165.1 (C=O),
146.5 (C7a), 142.1 (ipso-Ph), 131.9, 130.1 (C3, p-Ph), 128.9
(m-Ph), 127.7 (o-Ph), 96.0 (C3a), 35.5, 35.1 (CH3N, C5), 24.4
(C4), 21.1 (CH3Ph), 16.1 (CH3); MS m/z 299.2 (MH+); Anal.
(C16H18N4O2) C 64.11% (64.41%), H 5.96% (6.08%), N
18.65% (18.78%).

6.1.7. 4-Chloro-N-(1,5-dimethyl-6-oxo-4,5,6,7-tetrahydro-
1H-pyrazolo[3,4-b]pyridin-3-yl)-benzamide (10d, R4 = p-
ClC6H4)

Mp 267–269 °C; IR (KBr) 3316, 1667, 1542, 1523 cm−1;
1H NMR (DMSO-d6) d 10.36 (s, 1H, NH), 10.26 (s, 1H, NH),
8.01 (d, J = 8.4 Hz, 2H, H–Ph), 7.64 (d, J = 8.4 Hz, 2H,
H–Ph), 3.53 (s, 3H, CH3N), 2.69 (dd, J1 = 15.3 Hz,
J2 = 6.9 Hz, 1H, CH), 2.46 (m, 1H, CH), 2.26 (dd,
J1 = 10.2 Hz, J2 = 15.0 Hz, 1H, CH), 1.12 (d, J = 6.9 Hz, 3H,
CH3); 13C NMR d 172.6 (C=O), 164.3 (C=O), 146.5 (C7a),
136.9 (ipso-Ph), 131.7, 131.5 (C3, p-Ph), 129.7 (m-Ph), 128.5
(o-Ph), 96.1 (C3a), 35.5, 35.2 (CH3N, C5), 24.4 (C4), 16.2
(CH3); MS m/z 319.1 (MH+); Anal. (C15H15ClN4O2) C
56.41% (56.52%), H 4.61% (4.74%), N 17.49% (17.58%).

6.1.8. N-(1,5-Dimethyl-6-oxo-4,5,6,7-tetrahydro-1H-pyra-
zolo[3,4-b]pyridin-3-yl)-3-phenyl-propionamide (10e,
R4 = Ph(CH2)2)

Mp 208–210 °C; IR (KBr) 3245, 3200, 1689, 1674,
1532 cm−1; 1H NMR (DMSO-d6) d 10.14 (s, 1H, NH), 9.74
(s, 1H, NH), 7.24 (m, 5H, H–Ph), 3.34 (s, 3H, CH3N), 2.89
(t, J = 7.5 Hz, 2H, CH2), 2.62 (t, J = 7.5 Hz, 2H, CH2), 2.52
(m, 1H, CH), 2.40 (m, 1H, CH), 2.27 (dd, J1 = 9.9 Hz,
J2 = 14.7 Hz, 1H, CH), 1.07 (d, J = 6.6 Hz, 3H, CH3); 13C
NMR d 172.8 (C=O), 170.7 (C=O), 146.6 (C7a), 140.8 (ipso-
Ph), 132.0 (C3), 128.4, 128.4 (o-Ph, m-Ph), 126.1 (p-Ph), 95.4
(C3a), 37.0 (CH2), 35.7, 35.1 (CH3N, C5), 31.1 (CH2), 24.7
(C4), 16.4 (CH3); MS m/z 313.1 (MH+); Anal. (C17H20N4O2)
C 65.16% (65.37%), H 6.35% (6.45%), N 17.94% (17.94%).

6.1.9. General procedure for preparation of 1-(1,5-dim-
ethyl-6-oxo-4,5,6,7-tetrahydro-1H-pyrrolo[2,3-b]pyridin-3-
yl)-urea derivatives (11)

To a suspension of 3-amino-1,5-dimethyl-1,4,5,7-
tetrahydropyrazolo[3,4-b]pyridin-6-one (9) (200 mg,
1.11 mmol) in dry pyridine (10 ml) was added the appropri-
ate isocyanate (1.1 eq), and the reaction mixture was stirred
at room temperature overnight. The mixture was filtered and
the white precipitate obtained was washed with dichlo-
romethane.

6.1.10. 1-(1,5-Dimethyl-6-oxo-4,5,6,7-tetrahydro-1H-pyra-
zolo[3,4-b]pyridin-3-yl)-3-phenyl-urea (11a, R5 = Ph)

Mp > 280 °C; IR (KBr) 3258, 1687, 1648, 1559 cm−1; 1H
NMR (DMSO-d6) d 10.18 (s, 1H, NH), 8.92 (s, 1H, NH),
8.40 (s, 1H, NH), 7.45 (d, J = 7.8 Hz, 2H, H–Ph), 7.27 (t,
J = 7.5 Hz, 2H, H–Ph), 6.97 (t, J = 7.5 Hz, 1H, H–Ph), 3.52
(s, 3H, CH3N), 2.72 (dd, J1 = 15.3 Hz, J2 = 6.9 Hz, 1H, CH),
2.45 (m, 1H, CH), 2.26 (dd, J1 = 10.2 Hz, J2 = 15.0 Hz, 1H,
CH), 1.11 (d, J = 6.9 Hz, 3H, CH3); 13C NMR d 172.6 (C=O),
152.1 (C=O), 146.4 (C7a), 139.3 (ipso-Ph), 132.3 (C3), 128.6
(m-Ph), 121.9 (p-Ph), 118.2 (o-Ph), 94.9 (C3a), 35.6 (CH3N),
34.8 (C5), 24.6 (C4), 16.2 (CH3); MS m/z 300.3 (MH+); Anal.
(C15H17N5O2) C 60.15% (60.19%), H 5.67% (5.72%), N
23.24% (23.40%).
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6.1.11. 1-(1,5-Dimethyl-6-oxo-4,5,6,7-tetrahydro-1H-pyra-
zolo[3,4-b]pyridin-3-yl)-3-p-tolyl-urea (11b, R5 = p-
MeC6H4)

Mp > 280 °C; IR (KBr) 3264, 1686, 1647, 1556,
1513 cm−1; 1H NMR (DMSO-d6) d 10.17 (s, 1H, NH), 8.74
(s, 1H, NH), 8.28 (s, 1H, NH), 7.33 (d, J = 7.8 Hz, 2H, H–Ph),
7.07 (d, J = 7.8 Hz, 2H, H–Ph), 3.52 (s, 3H, CH3N), 2.71
(dd, J1 = 14.7 Hz, J2 = 6 Hz, 1H, CH), 2.44 (m, 1H, CH),
2.42 (m, 1H, CH), 2.23 (s, 3H, CH3Ph), 1.11 (d, J = 6.6 Hz,
3H, CH3); 13C NMR d 172.6 (C=O), 152.2 (C=O), 146.4
(C7a), 136.7 (ipso-Ph), 132.3 (C3), 130.7 (p-Ph), 128.9
(m-Ph), 118.4 (o-Ph), 94.9 (C3a), 35.5 (CH3N), 34.7 (C5),
24.6 (C4), 20.4 (CH3Ph), 16.2 (CH3); MS m/z 314.2 (MH+);
Anal. (C16H19N5O2) C 61.20% (61.33%), H 6.00% (6.11%),
N 22.07% (22.5%).

6.1.12. 1-(4-Chlorophenyl)-3-(1,5-dimethyl-6-oxo-4,5,6,7-
tetrahydro-1H-pyrazolo[3,4-b]pyridin-3-yl)-urea (11c,
R5 = p-ClC6H4)

Mp 278–280 °C; IR (KBr) 3265, 1680, 1649, 1556 cm−1;
1H NMR (DMSO-d6) d 10.19 (s, 1H, NH), 9.03 (s, 1H, NH),
8.40 (s, 1H, NH), 7.49 (d, J = 8.7 Hz, 2H, H–Ph), 7.32 (d,
J = 8.7 Hz, 2H, H–Ph), 3.52 (s, 3H, CH3N), 2.71 (dd,
J1 = 15.0 Hz, J2 = 6.6 Hz, 1H, CH), 2.46 (m, 1H, CH), 2.26
(dd, J1 = 10.2 Hz, J2 = 15.0 Hz, 1H, CH), 1.11 (d, J = 6.9 Hz,
3H, CH3); 13C NMR d 172.6 (C=O), 152.1 (C=O), 146.4
(C7a), 138.3 (ipso-Ph), 132.1 (C3), 128.4 (m-Ph), 125.5
(p-Ph), 119.8 (o-Ph), 95.1 (C3a), 35.5 (CH3N), 34.8 (C5),
24.6 (C4), 16.2 (CH3); MS m/z 334.1 (MH+), 157.1; Anal.
(C15H16ClN5O2) C 54.06% (53.98%), H 4.83% (4.83%), N
20.66% (20.98%).

6.1.13. 1-(1,5-Dimethyl-6-oxo-4,5,6,7-tetrahydro-1H-pyra-
zolo[3,4-b]pyridin-3-yl)-3-(4-trifluoromethylphenyl)–urea
(11d, R5 = p-CF3C6H4)

Mp > 280 °C; IR (KBr) 3276, 1684, 1657, 1560,
1533 cm−1; 1H NMR (DMSO-d6) d 10.21 (s, 1H, NH), 9.33
(s, 1H, NH), 8.51 (s, 1H, NH), 7.66 (q, J = 9.0 Hz, 4H, H–Ph),
3.53 (s, 3H, CH3N), 2.72 (dd, J1 = 15.3 Hz, J2 = 6.9 Hz, 1H,
CH), 2.48 (m, 1H, CH), 2.27 (dd, J1 = 10.5 Hz, J2 = 15.3 Hz,
1H, CH), 1.12 (d, J = 6.9 Hz, 3H, CH3); 13C NMR d 172.6
(C=O), 152.0 (C=O), 146.4 (C7a), 143.1 (ipso-Ph), 131.9
(C3), 125.9 (q, J = 4.0 Hz, m-Ph), 124.4 (q, J = 269.3 Hz,
CF3), 121.9 (q, J = 31.9 Hz, p-Ph), 118.0 (o-Ph), 95.3 (C3a),
35.5 (CH3N), 34.8 (C5), 24.6 (C4), 16.2 (CH3) ; MS m/z 368.2
(MH+), 157.1; Anal. (C16H16F3N5O2) C 52.51% (52.32%),
H 4.41% (4.39%), N 18.94% (19.07%).

6.1.14. 1-(1,5-Dimethyl-6-oxo-4,5,6,7-tetrahydro-1H-pyra-
zolo[3,4-b]pyridin-3-yl)-3-thiophen-2-yl-urea (11e,
R5 = 2-thienyl)

Mp 257-259 °C; IR (KBr) 3265, 1684, 1648, 1578,
1536 cm−1; 1H NMR (DMSO-d6) d 10.20 (s, 1H, NH), 9.88
(s, 1H, NH), 8.47 (s, 1H, NH), 6.86 (d, J = 5.1 Hz, 1H,
thiophene), 6.80 (m, 1H, thiophene), 6.59 (d, J = 3.0 Hz, 1H,
thiophene), 3.51 (s, 3H, CH3N), 2.69 (dd, J1 = 15.0 Hz,

J2 = 6.6 Hz, 1H, CH), 2.45 (m, 1H, CH), 2.24 (dd,
J1 = 10.2 Hz, J2 = 15.0 Hz, 1H, CH), 1.11 (d, = 6.9 Hz, 3H,
CH3); 13C NMR d 172.6 (C=O), 151.6 (C=O), 146.4 (C7a),
140.8 (C2′), 131.9 (C3), 124.0 (C4′), 116.0 (C5′), 109.9 (C3′),
95.4 (C3a), 35.5 (CH3N), 34.7 (C5), 24.4 (C4), 16.2 (CH3);
MS m/z 306.1 (MH+); Anal. (C13H15N5O2S) C 50.87%
(51.13%), H 4.81% (4.95%), N 23.00% (22.94%), S 10.45%
(10.50%).

6.1.15. 3-Amino-1-(furan-2-carbonyl)-5-methyl-1,4,5,7-
tetrahydropyrazolo[3,4-b]pyridin-6-one (12, R6 = 2-furyl)

To a solution of furan-2-carbonyl chloride (10 mmol) in
dry THF (30 ml) were added triethylamine (1.5 eq) and
3-amino-5-methyl-1,4,5,7-tetrahydropyrazolo[3,4-b]pyridin-
6-one (8) (1 eq) and the reaction mixture was stirred at room
temperature overnight. The mixture was filtered and the fil-
trate was evaporated under reduced pressure. The residue thus
obtained was washed with MeOH to gave the title compound
12 in 40% yield: mp 175–177 °C; IR (KBr) 3431, 3378, 3356,
1702, 1672, 1633; 1H NMR (DMSO-d6) d 9.44 (br, 1H,
NHCO), 8.09 (m, 1H, furan), 8.00 (dd, J1 = 3.3 Hz,
J2 = 0.6 Hz, 1H, furan), 6.78 (dd, J1 = 3.6 Hz, J2 = 1.8 Hz,
1H, furan), 5.83 (br, 2H, NH2), 2.74 (m, 2H, CH2), 2.28 (m,
1H, CH), 1.17 (d, J = 6.9 Hz, 3H, CH3); 13C NMR d 171.7
(C=O), 155.3, 154.8 (C=O, C2′), 148.1, 144.2, 141.3 (C5′,
C3, C7a), 123.1 (C3′), 112.3 (C4′), 91.7 (C3a), 34.9 (C5),
22.9 (C4), 15.9 (CH3). Anal. (C12H12N4O3) C 55.50%
(55.38%), H 4.53% (4.65%), N 21.13 (21.53%).

6.1.16. 3-Amino-5-methyl-1-(thiophene-2-carbonyl)-
1,4,5,7-tetrahydropyrazolo[3,4-b]pyridin-6-one (13,
R6 = 2-thienyl)

As stated above for 12 but using thiophene-2-carbonyl
chloride (10 mmol) to give 13 in 42% yield: mp 168–170 °C;
IR (KBr) 3406, 3378, 1690, 1663, 1610; 1H NMR (DMSO-
d6) d 9.46 (br, 1H, NHCO), 8.29 (dd, J1 = 3.9 Hz, J2 = 1.2 Hz,
1H, thiophene), 8.08 (dd, J1 = 4.8 Hz, J2 = 1.2 Hz, 1H,
thiophene), 7.25 (dd, J1 = 4.8 Hz, J2 = 3.9 Hz, 1H, thiophene),
5.87 (br, 2H, NH2), 2.75 (m, 2H, CH2), 2.30 (m, 1H, CH),
1.18 (d, J = 6.9 Hz, 3H, CH3); 13C NMR d 171.7 (C=O),
158.6, 154.9 (C=O, C7a), 141.2 (C2′), 137.3, 136.8 (C3′, C5′),
132.7 (C3), 127.1 (C4′), 92.0 (C3a), 34.9 (C5), 23.0 (C4),
15.9 (CH3). Anal. (C12H12N4O2S) C 52.04% (52.16%), H
4.37% (4.38%), N 20.23 (20.28%), S 11.31 (11.60).

6.1.17. General procedure for preparation of 1-[1-(furan-
2-carbonyl)-5-methyl-6-oxo-4,5,6,7-tetrahydro-1H-
pyrazolo[3,4-b]pyridin-3-yl]-urea derivatives (14)

To a solution of 3-amino-1-(furan-2-carbonyl)-5-methyl-
1,4,5,7-tetrahydropyrazolo[3,4-b]pyridin-6-one (12) in dry
pyridine (10 ml) was added the appropriate isocyanate (1.1 eq)
and the reaction mixture was stirred at room temperature over-
night. The mixture was filtered and the white precipitate
obtained was washed with dichloromethane.
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6.1.18. 1-[1-(Furan-2-carbonyl)-5-methyl-6-oxo-4,5,6,7-
tetrahydro-1H-pyrazolo[3,4-b]pyridin-3-yl]-3-phenyl-urea
(14a, R5 = Ph)

Mp 272–274 °C; IR (KBr) 3392, 3128, 1709, 1671, 1644,
1547 cm−1; 1H NMR (DMSO-d6) d 9.79 (s, 1H, NH), 9.42 (s,
1H, NH), 9.28 (s, 1H, NH), 8.19 (s, 1H, furan), 7.99 (d, J
= 3.3 Hz, 1H, furan), 7.46 (d, J = 7.8 Hz, 2H, H–Ph), 7.31 (t,
J = 7.5 Hz, 2H, H–Ph), 7.03 (t, J = 7.5 Hz, 1H, H–Ph), 6.86
(m, 1H, furan), 2.97 (dd, J1 = 15.6 Hz, J2 = 6.9 Hz, 1H,
H–CH), 2.71 (m, 1H, CH), 2.44 (dd, J1 = 11.4 Hz, J2

= 15.6 Hz, 1H, CH), 1.18 (d, J = 6.6 Hz, 3H, CH3); 13C NMR
d 171.8 (C=O), 155.0, 151.3, 149.1, 148.1, 143.8, 142.0 (C=O,
C=O, C2′, C5′, C7a, C3), 138.8 (ipso-Ph), 128.7 (m-Ph),
123.7, 122.4 (p-Ph, C3′), 118.5 (o-Ph), 112.7 (C4′), 94.3
(C3a), 34.8 (C5), 24.3 (C4), 15.7 (CH3); MS m/z 380.2.1
(MH+), 157.1; Anal. (C19H17N5O4) C 60.30% (60.15%), H
4.36% (4.52%), N 18.37% (18.46%).

6.1.19. 1-[1-(Furan-2-carbonyl)-5-methyl-6-oxo-4,5,6,7-
tetrahydro-1H-pyrazolo[3,4-b]pyridin-3-yl]-3-p-tolyl-urea
(14b, R5 = p-MeC6H4)

Mp 278–279 °C; IR (KBr) 3121, 1710, 1675, 1611,
1548 cm−1; 1H NMR (DMSO-d6) d 9.79 (s, 1H, NH), 9.38 (s,
1H, NH), 9.21 (s, 1H, NH), 8.19 (d, J = 0.9 Hz, 1H, furan),
7.97 (d, J = 3.9 Hz, 1H, furan), 7.35 (d, J = 8.7 Hz, 2H, H–Ph),
7.12 (d, J = 8.4 Hz, 2H, H–Ph), 6.86 (m, 1H, furan), 2.97 (dd,
J1 = 15.9 Hz, J2 = 6.9 Hz, 1H, CH), 2.70 (m, 1H, CH), 2.43
(dd, J1 = 11.4 Hz, J2 = 15.9 Hz, 1H, CH), 2.26 (s, 3H, CH3Ph),
1.18 (d, J = 6.9 Hz, 3H, CH3); 13C NMR d 171.8 (C=O),
155.0, 151.3, 149.1, 148.2, 143.8, 142.0 (C=O, C=O, C2′,
C5′, C7a, C3), 136.2 (ipso-Ph), 131.3 (p-Ph), 129.1 (m-Ph),
123.7 (C3′), 118.6 (o-Ph), 112.7 (C4′), 94.2 (C3a), 34.8 (C5),
24.2 (C4), 20.4 (CH3Ph), 15.7 (CH3); MS m/z 394.2 (MH+);
Anal. (C20H19N5O4) C 61.07% (61.06%), H 4.87% (4.87%),
N 17.40% (17.80%).

6.1.20. 1-(4-Chlorophenyl)-3-[1-(furan-2-carbonyl)-5-
methyl-6-oxo-4,5,6,7-tetrahydro-1H-pyrazolo[3,4-
b]pyridin-3-yl]-urea (14c, R5 = p-ClC6H4)

Mp 276–278 °C; IR (KBr) 3121, 1710, 1675, 1611,
1548 cm−1; 1H NMR (DMSO-d6) d 9.79 (s, 1H, NH), 9.45 (s,
1H, NH), 9.35 (s, 1H, NH), 8.19 (d, J = 0.9 Hz, 1H, furan),
8.00 (d, J = 3.6 Hz, 1H, furan), 7.50 (d, J = 8.7 Hz, 2H, H–Ph),
7.36 (d, J = 8.7 Hz, 2H, H–Ph), 6.86 (m, 1H, furan), 2.95 (dd,
J1 = 15.9 Hz, J2 = 7.2 Hz, 1H, CH), 2.70 (m, 1H, CH), 2.43
(dd, J1 = 11.4 Hz, J2 = 15.9 Hz, 1H, CH), 1.18 (d, J = 6.9 Hz,
3H, CH3); 13C NMR d 171.8 (C=O), 155.0, 151.3, 149.1,
147.9, 143.8, 142.0 (C=O, C=O, C2′, C5′, C7a, C3), 137.8
(ipso-Ph), 128.6 (m-Ph), 125.9 (p-Ph), 123.8 (C3′), 120.0
(o-Ph), 112.7 (C4′), 94.4 (C3a), 34.8 (C-5), 24.3 (C4), 15.7
(CH3); MS m/z 414.1 (MH+), 346.3, 157.1; Anal.
(C19H16ClN5O4) C 55.12% (55.15%), H 3.79% (3.90%), N
16.73% (16.92%).

6.1.21. 1-[1-(Furan-2-carbonyl)-5-methyl-6-oxo-4,5,6,7-
tetrahydro-1H-pyrazolo[3,4-b]pyridin-3-yl]-3-(4-
trifluoromethylphenyl)-urea (14d, R5 = p-CF3C6H4)

Mp 276–278 °C; IR (KBr) 3131, 1712, 1677, 1610,
1548 cm−1; 1H NMR (DMSO-d6) d 9.81 (s, 1H, NH), 9.57 (s,
1H, NH), 9.53 (s, 1H, NH), 8.20 (d, J = 0.9 Hz, 1H, furan),
8.02 (d, J = 3.3 Hz, 1H, furan), 7.67 (s, 4H, H–Ph), 6.87 (m,
1H, furan), 2.96 (dd, J1 = 15.6 Hz, J2 = 6.9 Hz, 1H, CH), 2.70
(m, 1H, CH), 2.45 (dd, J1 = 11.4 Hz, J2 = 15.9 Hz, 1H, CH),
1.18 (d, J = 6.6 Hz, 3H, CH3); 13C NMR d 171.8 (C=O),
155.0, 151.3, 149.2, 147.7, 143.7, 142.6 (C=O, C=O, C2′,
C5′, C7a, C3), 142.0 (ipso-Ph), 126.0 (q, J = 3.5 Hz, m-Ph),
124.2 (q, J = 278 Hz, CF3), 123.9 (C3′), 122.3 (q, J = 31.9 Hz,
p-Ph), 118.2 (o-Ph), 112.7 (C4′), 94.5 (C3a), 34.8 (C5), 24.4
(C4), 15.7 (CH3); MS m/z 448.1 (MH+); Anal.
(C20H16F3N5O4) C 53.53% (53.69%), H 3.61% (3.60%), N
15.85% (15.65%).

6.1.22. 1-[1-(Furan-2-carbonyl)-5-methyl-6-oxo-4,5,6,7-
tetrahydro-1H-pyrazolo[3,4-b]pyridin-3-yl]-3-thiophen-2-
yl-urea (14e, R5 = 2-thienyl)

Mp 275–277 °C; IR (KBr) 3395, 3124, 1704, 1668, 1644,
1547 cm−1; 1H NMR (DMSO-d6) d 10,18 (s, 1H, NH), 9.82
(s, 1H, NH), 9.62 (s, 1H, NH), 8.20 (m, 1H, furan), 7.99 (d, J
= 3.3 Hz, 1H, furan), 6.94 (dd, J1 = 5.7 Hz, J2 = 1.5 Hz, 1H,
thiophene), 6.88 (m, 1H, furan), 6.84 (m, 1H, thiophene), 6.59
(dd, J1 = 3.6 Hz, J2 = 1.5 Hz, 1H, thiophene), 2.94 (dd, J1

= 15.9 Hz, J2 = 7.2 Hz, 1H, CH), 2.70 (m, 1H, CH), 2.42 (dd,
J1 = 11.4 Hz, J2 = 15.9 Hz, 1H, CH), 1.18 (d, J = 6.9 Hz, 3H,
CH3); 13C NMR d 171.8 (C=O), 155.0, 150.6, 149.1, 147.8,
143.8, 142.0 (C=O, C=O, C2′(furan), C5′(furan), C7a, C3),
140.0 (C2″(thiophene)), 124.1, 123.7 (C3′(furan),
C4″(thiophene)), 116.5 (C5″(thiophene)), 112.7 (C4′(furan)),
110.2 (C3″(thiophene)), 94.2 (C3a), 34.8 (C5), 24.0 (C4), 15.7
(CH3); MS m/z 386.0 (MH+), 157.1; Anal. (C17H15N5O4S) C
52.81% (52.98%), H 3.94% (3.92%), N 18.30% (18.17%), S
8.21% (8.32%).

6.1.23. General procedure for preparation of 1-[5-methyl-
6-oxo-1-(thiophene-2-carbonyl)-4,5,6,7-tetrahydro-1H-
pyrrolo[2,3-b]pyridin-3-yl]-urea derivatives (15)

To a solution of 3-amino-5-methyl-1-(thiophene-2-
carbonyl)-1,4,5,7-tetrahydropyrazolo[3,4-b]pyridin-6-one
(13) (150 mg, 0.54 mmol) in dry pyridine (10 ml) was added
the appropriate isocyanate (1.1 eq), and the reaction mixture
was stirred at room temperature overnight. The mixture was
filtered and the white precipitate obtained was washed with
dichloromethane.

6.1.24. 1-[5-Methyl-6-oxo-1-(thiophene-2-carbonyl)-
4,5,6,7-tetrahydro-1H-pyrazolo[3,4-b]pyridin-3-yl]-3-
phenyl-urea (15a, R5 = Ph)

Mp 279-280 °C; IR (KBr) 3284, 3120, 1710, 1688, 1658,
1632, 1547 cm−1; 1H NMR (DMSO-d6) d 9.79 (s, 1H, NH),
9.50 (s, 1H, NH), 9.26 (s, 1H, NH), 8.33 (dd, J1 = 3.9 Hz, J2

= 1.5 Hz, 1H, thiophene), 8.20 (dd, J1 = 4.8 Hz, J2 = 1.5 Hz,
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1H, thiophene), 7.49 (d, J = 7.8 Hz, 2H, H–Ph), 7.32 (m, 3H,
2 H–Ph and 1H thiophene), 7.04 (t, J = 7.5 Hz, 1H, H–Ph),
3.00 (dd, J1 = 15.9 Hz, J2 = 7.2 Hz, 1H, CH), 2.72 (m, 1H,
CH), 2.45 (dd, J1 = 11.4 Hz, J2 = 15.9 Hz, 1H, CH), 1.18 (d,
J = 6.9 Hz, 3H, CH3); 13C NMR d 171.9 (C=O), 158.9, 151.3,
147.8, 142.0 (C=O, C=O, C7a, C2′), 138.6, 138.0, 137.8 (ipso-
Ph, C3′, C5′), 131.5 (C3), 128.7 (m-Ph), 127.7, 122.6 (p-Ph,
C4′), 119.0 (o-Ph), 94.5 (C3a), 34.8 (C5), 24.2 (C4), 15.7
(CH3); MS m/z 396.1 (MH+), 157.1; Anal. (C19H17N5O3S) C
57.66% (57.71%), H 4.36% (4.33%), N 17.76% (17.71%), S
7.83% (8.11%).

6.1.25. 1-[5-Methyl-6-oxo-1-(thiophene-2-carbonyl)-
4,5,6,7-tetrahydro-1H-pyrazolo[3,4-b]pyridin-3-yl]-3-p-
tolyl-urea (15b, R5 = p-MeC6H4)

Mp 277–278 °C; IR (KBr) 3115, 1712, 1690, 1660,
1544 cm−1; 1H NMR (DMSO-d6) d 9.79 (s, 1H, NH), 9.47 (s,
1H, NH), 9.21 (s, 1H, NH), 8.32 (dd, J1 = 3.9 Hz, J2 = 1.5 Hz,
1H, thiophene), 8.19 (dd, J1 = 5.1 Hz, J2 = 1.5 Hz, 1H,
thiophene), 7.37 (d, J = 8.4 Hz, 2H, H–Ph), 7.32 (m, 1H,
thiophene), 7.13 (d, J = 8.4 Hz, 2H, H–Ph), 3.00 (dd, J1

= 15.6 Hz, J2 = 6.9 Hz, 1H, CH), 2.71 (m, 1H, CH), 2.44 (dd,
J1 = 11.4 Hz, J2 = 15.6 Hz, 1H, CH), 2.26 (s, 3H, CH3Ph),
1.18 (d, J = 6.6 Hz, 3H, CH3); 13C NMR d 171.8 (C=O),
158.9, 151.3, 147.9, 142.0 (C=O, C=O, C7a, C2′), 138.0,
137.8, 136.0 (ipso-Ph, C3′, C5′), 131.5, 131.5 (C3, m-Ph),
129.1, 127.6 (p-Ph, C4′), 119.1 (o-Ph), 94.3 (C3a), 34.8 (C5),
24.1 (C4), 20.4 (CH3Ph), 15.7 (CH3); MS m/z 410.3 (MH+);
Anal. (C20H19N5O3S) C 58.61% (58.67%), H 4.68% (4.68%),
N 16.89% (17.10%), S 7.69% (7.83%).

6.1.26. 1-(4-Chlorophenyl)-3-[5-methyl-6-oxo-1-
(thiophene-2-carbonyl)-4,5,6,7-tetrahydro-1H-
pyrazolo[3,4-b]pyridin-3-yl]-urea (15c, R5 = p-ClC6H4)

Mp 274–276 °C; IR (KBr) 3259, 1713, 1688, 1658,
1546 cm−1; 1H NMR (DMSO-d6) d 9.80 (s, 1H, NH), 9.54 (s,
1H, NH), 9.34 (s, 1H, NH), 8.33 (dd, J1 = 4.2 Hz, J2 = 1.5 Hz,
1H, thiophene), 8.20 (dd, J1 = 5.1 Hz, J2 = 1.5 Hz, 1H,
thiophene), 7.53 (d, J = 9.0 Hz, 2H, H–Ph), 7.37 (d, J = 9.0 Hz,
2H, H–Ph), 7.32 (m, 1H, thiophene), 2.98 (dd, J1 = 15.9 Hz,
J2 = 7.2 Hz, 1H, CH), 2.71 (m, 1H, CH), 2.44 (dd, J1

= 11.4 Hz, J2 = 15.9 Hz, 1H, CH), 1.18 (d, J = 6.9 Hz, 3H,
CH3); 13C NMR d 171.8 (C=O), 158.9, 151.3, 147.7, 142.0
(C=O, C=O, C7a, C2′), 138.1, 137.8, 137.7 (ipso-Ph, C3′,
C5′), 131.5 (C3), 128.6 (m-Ph), 127.7, 126.1 (p-Ph, C4′),
120.4 (o-Ph), 94.5 (C3a), 34.8 (C5), 24.3 (C4), 15.7 (CH3);
MS m/z 430.0 (MH+), 346.3, 157.0; Anal. (C19H16ClN5O3S)
C 52.92% (53.09%), H 3.64% (3.75%), N 16.04% (16.29%),
S 7.43% (7.46%).

6.1.27. 1-[5-Methyl-6-oxo-1-(thiophene-2-carbonyl)-
4,5,6,7-tetrahydro-1H-pyrazolo[3,4-b]pyridin-3-yl]-3-(4-
trifluoromethylphenyl)-urea (15d, R5 = p-CF3C6H4)

Mp 279-280 °C; IR (KBr) 3263, 1718, 1692, 1666,
1544 cm−1; 1H NMR (DMSO-d6) d 9.81 (s, 1H, NH), 9.59 (s,
1H, NH), 9.53 (s, 1H, NH), 8.35 (dd, J1 = 3.6 Hz, J2 = 1.2 Hz,

1H, thiophene), 8.21 (dd, J1 = 4.8 Hz, J2 = 1.2 Hz, 1H,
thiophene), 7.69 (d, J = 2.4 Hz, 4H, H–Ph), 7.33 (m, 1H,
thiophene), 2.99 (dd, J1 = 15.9 Hz, J2 = 7.2 Hz, 1H, CH),
2.72 (m, 1H, CH), 2.46 (dd, J1 = 11.4 Hz, J2 = 15.9 Hz, 1H,
CH), 1.18 (d, J = 6.6 Hz, 3H, CH3); 13C NMR d 171.8 (C=O),
159.0, 151.2, 147.4, 142.5, 142.1 (C=O, C=O, C7a, C2′, ipso-
Ph), 138.2, 137.9 (C3′, C5′), 131.6 (C3), 127.7 (C4′), 126.0
(q, J = 3.5 Hz, m-Ph), 124.1 (q, J = 284.5 Hz, CF3), 122.4 (q,
J = 31.9 Hz, p-Ph), 118.5 (o-Ph), 94.7 (C3a), 34.8 (C5), 24.4
(C4), 15.7 (CH3); MS m/z 464.4 (MH+), 279.2, 157.1; Anal.
(C20H16F3N5O3S) C 51.75% (51.83%), H 3.48% (3.48%), N
15.22% (15.11%), S 7.01% (6.92%).

6.1.28. 1-[5-Methyl-6-oxo-1-(thiophene-2-carbonyl)-
4,5,6,7-tetrahydro-1H-pyrazolo[3,4-b]pyridin-3-yl]-3-
thiophen-2-yl-urea (15e, R5 = 2-thienyl)

Mp 279–280 °C; IR (KBr) 3392, 3239, 1706, 1658, 1544,
1515 cm−1; 1H NMR (DMSO-d6) d 10,18 (s, 1H, NH), 9.84
(s, 1H, NH), 9.78 (s, 1H, NH), 8.33 (dd, J1 = 3.9 Hz, J2

= 1.5 Hz, 1H, thiophene–CO), 8.25 (dd, J1 = 5.1 Hz, J2

= 1.2 Hz, 1H, thiophene–CO), 7.35 (m, 1H, thiophene–NH),
6.97 (dd, J1 = 5.7 Hz, J2 = 1.2 Hz, 1H, thiophene–NH), 6.86
(dd, J1 = 3.6 Hz, J2 = 5.4 Hz, 1H, thiophene–NH), 6.67 (dd,
J1 = 3.9 Hz, J2 = 1.2 Hz, 1H, thiophene–NH), 2.98 (dd, J1

= 15.9 Hz, J2 = 6.9 Hz, 1H, CH), 2.72 (m, 1H, CH), 2.43 (dd,
J1 = 11.4 Hz, J2 = 15.9 Hz, 1H, CH), 1.18 (d, J = 6.6 Hz, 3H,
CH3); 13C NMR d 171.8 (C=O), 150.5, 147.6, 142.2 (C=O,
C=O, C7a, C2′), 139.9, 138.0, 137.9 (C2″, C3′, C5′), 131.3
(C3), 127.7, 124.2 (C4′, C4″), 116.8 (C5″), 110.6 (C3″), 94.1
(C3a), 34.8 (C5), 23.8 (C4), 15.7 (CH3); MS m/z 402.1 (MH+);
Anal. (C17H15N5O3S2) C 50.73% (50.86%), H 3.68%
(3.77%), N 17.53% (17.44%), S 15.62% (15.97%).

6.2. Pharmacology. Determination of the affınity of test
compounds for �1-GABAA receptor

Male Sprague-Dawley rats weighing 200–250 g at the time
of experiment were used. After decapitation of the animal,
the cerebellum (tissue that mostly contains a1-GABAA recep-
tor) were removed. Membranes were prepared according to
the method by Lameh et al [23] and Noguchi et al [24] with
slight modifications. Once the tissues weighed, they were sus-
pended in 50 mM Tris–HCl (pH 7.4), 1:40 (w/v), homog-
enized and then centrifuged at 20000 g for 10 min at 7 °C.
The resulting pellet was resuspended under the same condi-
tions and centrifuged twice more. The pellet was finally resus-
pended on a minimum volume and kept at –80 °C overnight.
On the next day, the process was repeated until the final pel-
let was resuspended at a ratio of 1:10 (w/v).Affinity was deter-
mined by competitive tests using radiolabeled flumazenil as
ligand. The tests were performed according to the methods
described by Arbilla et al [25] and Wu et al [26] using 96-well
microtiter plates. The membranes containing the study recep-
tors, flumazenil (radiolabeling at a final concentration of
1 nM) and ascending concentrations of test compounds (in a
total volume of 230 µl in 50 mM [ph 7.4] Tris·HCl buffer)
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were incubated. Simultaneously, the membranes were only
incubated with the radiolabeled flumazenil (total binding,
100%) and in the presence of an elevated concentration of
unradiolabeled flumazenil (non-specific binding, % estima-
tion of radiolabeled ligand). The reactions started on adding
the radiolabeled ligand followed by incubation for 60 min at
4 °C. At the end of the incubation period, 200 µl of reaction
were transferred to a multiscreen plate (Millipore) and fil-
tered using a vacuum manifold and then washed three times
with cold test buffer. The multiscreen plates were equipped
with a GF/B filter that retained the membranes containing
the receptors and the radiolabeled ligand, which had been
bound to the receptors. After washing, the plates were left till
dry. Once dried, scintillation liquid was added and left under
stirring overnight. The next day the plates were counted using
a Perkin–Elmer Microbeta scintillation counter. For analysis
of the results the percentage of specific binding for every con-
centration of test compound was calculated as follows: % spe-
cific binding = (X–N/T–N) × 100 where,
• X: amount of bound ligand for every concentration of com-

pound.
• T: total binding, maximum amount bound to the radiola-

beled ligand.
• N: non-specific binding, amount of radiolabeled ligand

bound in a non-specific way irrespective of the receptor
used.
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