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Abstract—Some new 2-alkoxy-3-cyano-4,6-diarylpyridines 3,4 were synthesized by condensation of different a,b-unsaturated
ketones 1 with malononitrile 2, followed by cyclization in sodium alkoxide/alcohol system. Lewis acid-catalyzed reaction of 4 with
hydrazine afforded the corresponding 1H-pyrazolo[3,4-b]pyridines 5. The potency of the results as antimicrobial agents has been
evaluated. The structure of the newly prepared compounds was assessed by microanalysis, IR and NMR spectra. Molecular
mechanics (MM2) and semiemperical (AM1) molecular orbital calculations have been performed for the most biologically active
compounds 5b and c to get insight into their molecular structures and to learn more about their stable molecular conformations.
# 2004 Elsevier Ltd. All rights reserved.
1. Introduction

The rising prevalence of multi-drug resistant Gram-
positive and Gram-negative bacteria continues to provide
impetus for the search and discovery of novel anti-
microbial agents active against these pathogens. During
the last two decades, a large number of substituted pyr-
idines have been claimed to have several biological
activities.1�9 The antifungal and antibacterial properties
of these compounds have opened up the possibility of
their potential use as a novel class of totally synthetic
antimicrobial agents active against pathogenic bacteria
including Pesudomonas aeruginosa IFO 3448, Escher-
echia coli IFO 3301, Staphylococcus aureus IFO 3060,
Bacillus subtilis IFO 3007 and Candida albicans IFO
0583.3�9 Moreover, 1H-pyrazolo[3,4-b]pyridines com-
prise a very interesting class of compounds because of
their significant and versatile biological and pharmaco-
logical activities, such as antimicrobial, antimalarial,
antiviral and antiproliferative.9�16
2. Results and discussion

2.1. Chemistry

In the view of those reports, new compounds containing
2-alkoxy pyridine moieties and their fused 1H-pyr-
azolo[3,4-b]pyridines, have been designed to be tested as
antimicrobial agents. It was reported that the reaction
of chalcones with malononitrile and ethyl cyanoacetate
in the presence of ammonium acetate and absolute eth-
anol afforded cyanopyridines in low yield.17,18 Simila-
rily, the preparation of 2-alkoxy cyanopyridines in good
yields was reported via Michael addition of mal-
ononitrile to the /,b-unsaturated ketones.19,20 In the
present work /,b-unsaturated ketones 1 were con-
densed with malononitrile in either sodium methoxide/
methanol or sodium ethoxide/ethanol to yield the
corresponding cyanopyridines 3,4 in a good yield. It was
observed that the increase in the carbon number of
alkoxyl group caused much prolongation time of the
reaction and relatively low yield (Scheme 1). The reac-
tion proceeds through Michael addition of the /, b-
unsaturated ketones to the malononitrile to afford
adduct 2 which undergoes a nucleophilic attack by alk-
oxide anion followed by cyclization. Subsequent dehy-
dration of the cyclized product leads to the 2-alkoxy
cyanopyridines 3 or 4. The structure was assigned on
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the basis of analytical and spectral data. The IR spectra
showed a peak at 2250 cm�1 due to the cyano stretching
frequency. In the 1H NMR spectrum of the 2-ethoxy
pyridines 3, the ether group gave rise to a quartet
around 4.62 ppm and a triplet at 1.44 ppm. The aro-
matic protons appear as a multiplet at 7.20–8.20 ppm.
On the other hand, the 2-methoxypyridines 4 gave a
singlet at 4.0 ppm characteristic for the methoxyl group
and the aromatic protons appeared at 7.0–8.10 ppm.

It was reported that the 4-methoxyl group in pyrido[3,2-
d]pyrimidines and 6,7-dimethoxyl group in 2-chloro-6,7-
dimethoxyquinoline-3-carboxylic acid were readily sus-
ceptible to nucleophilic displacement by hydrazine.21

Moreover, 2-methylthio-3-cyanopyridines have easily
been converted to the corresponding 1H-pyrazolo[3,4-
b]pyridines by refluxing with hydrazine hydrate.9 Trials
to apply the same idea failed in replacing the 2-alkoxyl
group in compounds 3 or 4 using anhydrous hydrazine,
with or without solvent, even with refluxing periods up
to 72 h.21 It is noteworthy, the usage of Lewis acid (1.0
equiv), BF3

.Et2O,22 in refluxing ethanol under anhy-
drous condition yielded compounds 5a–c with very
good yields and short reaction time. IR spectra of each
5a–c were found free from the bands of the nitrile func-
tion and instead the bands of the newly born NH2

group were detected in each case. In addition no meth-
oxyl proton signals were revealed in the 1H NMR spectra
of 5a–c. On the above backgrounds, compounds 5a–c
were then formulated as the 1H-pyrazolo[3,4-b]pyridine
derivatives. The role of Lewis acid could be understood
on the basis of the coordination of Lewis acid with
methoxyl group followed by the ease removal of
methoxyl moiety (Scheme 1).23
Scheme 1. Synthesis of novel pyridines 3,4 and 1H-pyrazolo[3,4-b]pyridines 5.
Table 1. Antimicrobial screening results of the tested compounds at 1 mg/mL and their CLogPa
No.
 Ar
 Ar0
 CLogP
 P. aeruginosa
 E. coli
 S aureus
 B. subtilis
 C. albicans
3a
 2-C4H3O
 3-C5H4N
 2.99
 8
 8
 na
 na
 na

3b
 2-C4H3S
 4-NO2-C6H4
 4.66
 9
 na
 10
 na
 na

3c
 4-Cl-C6H4
 3-C5H4N
 4.31
 na
 na
 na
 na
 8

3d
 C6H5
 3-C5H4N
 3.60
 na
 na
 na
 na
 9

3e
 C6H5
 4-NO2-C6H4
 4.77
 na
 10
 na
 na
 na

3f
 4-CH3O-C6H5
 3-C5H4N
 3.61
 na
 15
 na
 na
 14

3g
 CH=CH-C6H5
 3-C5H4N
 4.40
 na
 9
 na
 na
 na

3h
 4-CH3-C6H4
 4-NO2-C6H4
 5.27
 na
 na
 na
 na
 na

3i
 4-CH3O-C6H4
 4-NO2-C6H4
 4.79
 14
 12
 na
 na
 na

3j
 3,4,5-(CH3O)3-C6H2
 3,4-(Cl)2-C6H3
 5.75
 na
 18
 na
 14
 na

3k
 3,4,5-(CH3O)3-C6H2
 4-Br-C6H4
 5.00
 na
 17
 na
 na
 13
4a
 2-C4H3S
 4-NO2-C6H4
 5.19
 na
 9
 12
 na
 na

4b
 C6H5
 4-NO2-C6H4
 5.30
 na
 8
 na
 na
 na

4c
 4-CH3O-C6H4
 3-C5H4N
 4.14
 na
 8
 na
 na
 na

4d
 CH=CH-C6H4
 3-C5H4N
 4.93
 na
 8
 na
 na
 9

4e
 4-CH3O-C6H4
 4-NO2-C6H4
 5.31
 na
 14
 na
 na
 15

4f
 3,4,5-(CH3O)3-C6H2
 3,4-(Cl)2-C6H3
 6.28
 na
 18
 na
 na
 8

4g
 3,4,5-(CH3O)3-C6H2
 4-Br-C6H4
 5.53
 na
 18
 na
 na
 9
5a
 4-CH3O-C6H4
 4-NO2-C6H4
 4.33
 na
 14
 na
 na
 8

5b
 3,4,5-(CH3O)3-C6H2
 3,4-(Cl)2-C6H3
 5.29
 na
 22
 na
 na
 18

5c
 3,4,5-(CH3O)3-C6H2
 4-Br-C6H4
 4.55
 na
 21
 na
 na
 18
a Ref. 26. Strong activity (>15 mm), moderate activity (11–15 mm), weak activity (7–10 mm), na; no activity (inhibition zone<7 mm), solvent:
DMSO (6 mm).
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3. Antimicrobial

The antimicrobial screening of all the synthesized com-
pounds was done using cup diffusion technique.24 This
screening was performed against the Gram-negative
Pesudomonas aeruginosa and Escherechia coli and the
Gram-positive Staphylococcus aureus and Bacillus sub-
tilis, in addition to the pathogenic fungi Candida albi-
cans. From the inhibition zone diameter data analysis,
only compounds 3j, k, 4f, g, 5b and c exhibited con-
siderable antimicrobial activity against E. coli and C.
albicans (Table 1). The maximum antimicrobial activity
was observed with compound 5b, which proved to pos-
sess remarkable activity against E. coli and C. albicans.
Minimum inhibitory concentration (MIC)25 was deter-
mined for each of the active compounds along with
cefotaxime, gentamicin, streptomycin, clotrimazole and
nystatin as standard controls; results are shown in
(Table 2). Amongst all the compounds tested, 5b and 5c,
demonstrated the most potent antimicrobial activity
against both E. coli and C. albicans.

Attempts were made to correlate the antimicrobial
activities of these compounds to the calculated log of
partition coeffecient (ClogP).26 However, no direct
correlation could be established between the Clog P and
antibacterial activity in series 3, such as the Clog P
values of compounds 3h (5.27) and k (5.00), that were
almost similar (Table 1). However, both of these com-
pounds 3h and k demonstrated different activity
regarding with their inhibition zone diameter of 17 mm
for 3k, against E. coli, and 3h was void of antimicrobial
activity. Moreover, good correlation can be observed in
series 4 and 5 as indicated by their MIC values (Table 2),
such as the the Clog P values of compounds 4f (6.28)
and g (5.53) with MIC values of 2.6 and 2.8 mg/mL
Figure 1. Four isomeric conformations of 5b as minimized by MM2 and AM1 and their atomic coordinates and dipole moments. *Results in plain
F. E. Goda et al. / Bioorg. Med. Chem. 12 (2004) 1845–1852 1847



against E. coli respectively. In addition, compounds 5b
and 5c demonstrated MIC values of 1.6 and 1.8 mg/mL
against E. coli with Clog P values of 5.29 and 4.55
respectively (Table 2). It becomes apparent that the cri-
teria relating to favorable Clog P value range may par-
tially be the sole predicting factor for antimicrobial
activity; since most of the compounds reported in the
present study showed ClogP values (4.0–6.3). This fur-
ther indicated significance of the trimethoxyl group
present in compounds 3j, k, 4f, g, 5b and c for anti-
microbial activity compared to the others. Previous
studies21 have revealed that compound containing
Ar=3,4,5-(MeO)3-C6H2; Ar0=C6H5 was less active
than other compound containing halgen atom (Ar0=
p-Cl-C6H4). It is noteworthy that the antimicrobial
activity was reinforced by the presence of one or two
halogen atoms on the phenyl ring (Ar0). However, other
structural requirements including the presence of the
4-nitro, 4-methyl and 4-methoxyl groups on the phenyl
ring, or replacement of phenyl ring with thiophene,
furan or even pyridine nucleus did not improve the
activity.

3.1. Conformational analysis of 1H-pyrazolo[3,4-b]pyr-
idines 5b and 5c

An attempt to gain a better insight on the molecular
structures of the most active compounds 5b and c, con-
formational analysis of the target compounds has been
performed by the use of MM227 forcefield as imple-
mented in Chem3D.28 The starting atomic coordinate of
the target compounds were obtained from the X-ray
data of the structurally related molecule; 3-amino-1-
methyl-4,6-diphenyl-1H-pyrazolo[3,4-b]pyridine 6.29 Full
geometry optimization has been carried out with semi-
emperical AM130 as implemented in Hyperchem 5.131

running on PC. Calculation of the isopotential mole-
cular surface was performed with hyperchem 5.1. The
results show that the occurance of four isomeric con-
formations for 5b, each pair A-5b, C-5b and B-5b, D-5b
(Fig. 1) have approximate similar heat of formation and
atomic coordinate as calculated by AM1 depending on
the rotation of both aryl groups regarding the plane of
fused heterocycle. Similarly, conformational analysis of
compound 5c afforded two isomeric conformations A-
5c and B-5c (Fig. 2) with approximately identical atomic
coordinates. Due to low barrier of rotations which were
lower than 1 kcal/mol, all possible isomers of com-
pound 5b or 5c can be existed. As clear from the calcu-
lation on 5b and 5c, the trimethoxyl groups; whose
rotations are highly free, were arranged in spatial man-
ner in which the terminal dimethoxyl groups arranged
itself approximately coplanar and parallel with aryl
edges. On the contrary, the middle methoxyl group was
arranged itself perpendicular to the plane of the phenyl
ring and syn-position with amino group. MM2 calcula-
tion showed plannar structure of the NH2 group (360�)
which is in agreement with the crystal data of com-
Table 2. Antibacterial and antimycotic activities in terms of MIC

(mg/mL) after 48 h
Compd
 Clog Pa
 E. coli
 C. albicans
3j
 5.75
 2.0
 4.0

3k
 5.00
 2.3
 2.2

4f
 6.28
 2.6
 2.1

4g
 5.53
 2.8
 3.3

5b
 5.29
 1.6
 1.8
5c
 4.55
 1.8
 1.9
Cefotaxime
 1.5

Gentamicin
 2.4

Streptomycin
 2.6

Clotrimazole
 1.2

Nystatin
 2.0
a Table 1.
Figure 2. Two isomeric conformations of 5c as minimized by MM2 and AM1 and their atomic coordinates and dipole moments.
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pound 6, while tend to be pyramidal with semiemperical
AM1 which can be avoided by repeating the semi-
emperical AM1 calculation under restraint of the NH2

group to plannar form. Moreover, strong NH/p32

interaction with MM2 (2.2 Å) or AM1 calculations (2.5
Å) compared with crystal data (2.8 Å) may come from
the electron-donating effect of the three methoxyl
groups which increase the electon density over the 4-aryl
group. These NH/p interaction may be the reason for
the existence of the plannar amino group. Nevertheless,
hyperconjugation of the lone pair of amino group with
the conjugated fused heterocycle may be another factor
fixing this NH2 group in plannar form rather than the
most stable pyramidal conformation. These two factors
may be strong enough to compensate the steric repul-
sion. It is noteworthy to say that the MM2 calculation
gives good results compared with other forcefield such
as MM+ in which the angel ffHNH was overestimated
130� while underestimated 111� with AM1 semi-
emperical molecular orbital (nonrestraint results).
Moreover, the torsional angle between fused heterocycle
and 6-aryl group was 0� as calculated by MM+, while
it was 17� as calculated by MM2 which is in a good
agreement with the X-ray data and deviated by +8�

from MM2 results as calculated by AM1. Similarly the
torsional angle beween the pyridine ring and 4-aryl
group has the same pattern of agreement between MM2
and X-ray data. The conformers A-5c and B-5c for 5c
resulting form computational chemistry analysis as a
representative example and the X-ray structure of 6
were superimposed in order to reveal the similarities and
differences in structure (Fig. 3). The strategy of overlay
fit was match 1H-pyrazolo[3,4-b]pyridine rings and
examine any spatial differences between the atoms of
the aryl groups. The results show that atoms of the aryl
groups ocupy slight different spatial position relative to
the plane of 1H-pyrazolo[3,4-b]pyridines with RMS
values 0.045 Å and 0.047 Å respectively. In an attempt
to understand the enhanced antimicrobial activity of 5b
and c, electrostatic isopotential isosurface has been car-
ried out for the lowest energy conformers A-5b and A-5c
respectively, to examine the similarity in electronic and
conformational properties. Figure 4 presents the elec-
torstatic potentials (ESP) mapped on the isosurface of
the most biologically active 5b and c. Pink colors indi-
cate negative ESP regions and green colors indicate
Figure 3. Superimposition of low energy conformers A (left; yellow) and B (right; yellow) of 5c respectively and X-ray structure of 6 (violet), and the
corresponding root means squares (RMS) values showing the close match of the bicyclic core and slight differences in aryl ring geometry.
Figure 4. Electrostatic potential isosurface of the lowest energy conformers A-5b (left) and A-5c (right) for compounds 5b and 5c respectively,
negative region colors pink and positive region colors green.
F. E. Goda et al. / Bioorg. Med. Chem. 12 (2004) 1845–1852 1849



positive ESP regions. Comparison of the ESP of 5b with
c shows that increased negative charge regions located
on the trimethoxyl groups and heterocyclic nitrogen
atoms indicating structural similarity and so on similar
biological activity as evident from the experimental
data.
4. Conclusion

We successfully prepared new derivatives of 2-alkox-
ypyridines which could not be converted to 1H-pyr-
azolo[3,4-b]pyridines under normal condition, while the
latter compound can easily be synthesized under mild
condition catalyzed by Lewis acid. The novel com-
pounds have evaluated for their antimicrobial activity in
which compounds containing 1H-pyrazolo[3,4-b]pyr-
idines pharmacophore were more active than the parent
pyridine derivatives. Conformational analysis of the
most active molecules 5b and c were performed using
MM2 calculations and fully optimized with semi-
emperical AM1 molecular orbital calculations. These
MM2 calculations give the most consistent results with
experimental data for 6 and six-membered nitrogen
heterocycles as reported.27a
5. Experimental

Melting points were recorded on a Fisher–Johns appa-
ratus (�C, uncorrected). IR spectra (KBr) were recorded
on Hewlett Packard Laser Jet 6L spectrometer (n in
cm�1) and 1H NMR spectra on Varian EM-390
(90 MHz) spectrometer using TMS as internal standard
(chemical shift, d ppm). Microanalytical data (C,H,N)
agreed with the proposed structures within�0.4% of
the theoretical values. The following standard organ-
isms used in the antimicrobial screening were obtained
from IFO (Institute Fermentation of Osaka); P. aerugi-
nosa IFO 3448, E. coli IFO 3301, S. aureus IFO 3060, B.
subtilis IFO 3007 and C. albicans IFO 0583.

5.1. General method for preparation of 2-alkoxy-3-
cyano-4,6-diaryl pyridines 3a–k and 4a–g

Compound 1 (0.015 mole) were added during stirring to
a freshly prepared sodium alkoxide solution (0.014 mole
of sodium in 100 mL of each of absolute methanol or
ethanol, respectively). Malononitrile (1.3 gm, 0.02 mole)
was then added with continuous stirring at room temp-
erature until the precipitate was separated out. The solid
separated was collected by filteration and recrystallized
from suitable solvent. IR (KBr pellet, cm�1): n 1140–
1155 (CO), 1430–1440, 1500, 1550, 1580 (C¼C, pyridine
nucleus), 2230–2250 (C¼N) and 2940 (CH). 3a: (75%),
mp 247–249 �C (ethanol). 1H NMR (DMSO-d6,
90 MHz): d 1.55 (t, 3H, CH2–CH3), 4.60 (q, 2H, CH2–
CH3), 7.0–8.10 (m, 8H, ArH). Anal. C17H13N3O2: calcd
70.09, 4.50, 14.42, found 69.95, 4.61, 14.40. 3b: (65%),
mp 190–192 �C (methanol). 1H NMR (DMSO-d6,
90 MHz): d 1.45 (t, 3H,CH2–CH3). 4.65 (q, 2H, CH2–
CH3), 7.05–8.25 (m, 8H, ArH). Anal. C18H13N3O3S:
calcd 61.53, 3.73, 11.96, found 61.63, 3.60, 11.91. 3c:
(60%), mp 149–150 �C (ethanol). 1H NMR (DMSO-d6,
90 MHz): d 1.43 (t, 3H,CH2–CH3). 4.61 (q, 2H, CH2–
CH3), 7.11–8.41 (m, 9H, ArH). Anal. C19H14ClN3O:
calcd 67.96, 4.20, 12.51, found 67.83, 4.33, 12.65. 3d:
(55%), mp >300 �C (acetic acid). 1H NMR (DMSO-d6,
90 MHz): d 1.39 (t, 3H,CH2–CH3). 4.01 (q, 2H, CH2–
CH3), 7.20–8.51 (m, 10H, ArH). Anal. C19H15N3O:
calcd 75.73, 5.02, 13.94, found 75.67, 4.94, 13.90. 3e:
(70%), mp 168–169 �C (ethanol). 1H NMR (DMSO-d6,
90 MHz): d 1.39 (t, 3H,CH2–CH3). 4.11 (q, 2H, CH2–
CH3), 7.24–8.26 (m, 10H, ArH). Anal. C20H15N3O3:
calcd 69.56, 4.38, 12.17, found 69.60, 4.51, 12.05. 3f:
(63%), mp 150–152 �C (ethanol). 1H NMR (DMSO-d6,
90 MHz): d 1.50 (t, 3H, CH2–CH3), 3.86 (s, 3H, OCH3),
4.63 (q, 2H, CH2–CH3), 6.99–8.0 (m, 9H, ArH). Anal.
C20H17N3O2: calcd 72.49, 5.17, 12.68, found 72.60, 5.29,
12.41. 3g: (61%), mp 250–251 �C (acetic acid). 1H NMR
(DMSO-d6, 90 MHz): d 1.52 (t, 3H, CH2–CH3), 4.53 (q,
2H, CH2–CH3), 6.98–8.21 (m, 12H, styryl-CH and
ArH). Anal. C21H17N3O: calcd 77.04, 5.23, 12.84, found
76.98, 5.33, 12.93. 3h: (64%), mp 145–146 �C (acetic
acid). 1H NMR (DMSO-d6, 90 MHz): d 1.42 (t, 3H,
CH2–CH3), 2.46 (s, 3H, CH3), 4.44 (q, 2H, CH2–CH3),
7.11–8.01 (m, 9H, ArH). Anal. C21H17N3O3: calcd
70.18, 4.77, 11.69, found 70.21, 4.75, 11.66. 3i: (71%),
mp 168–169 �C (ethanol). 1H NMR (DMSO-d6,
90 MHz): d 1.44 (t, 3H, CH2–CH3), 3.86 (s, 3H, OCH3),
4.62 (q, 2H, CH2–CH3), 6.99–8.0 (m, 9H, ArH). Anal.
C21H17N3O4: calcd 67.19, 4.56, 11.19, found 67.30, 4.70,
11.00. 3j: (66%), mp 193–195 �C (ethanol). 1H NMR
(DMSO-d6, 90 MHz): d 1.45 (t, 3H, CH2–CH3). 3.50 (s,
3H, OCH3), 3.75 (s, 3H, OCH3), 3.90 (s, 3H, OCH3),
4.65 (q, 2H, CH2–CH3), 6.60–8.1 (m, 6H, ArH). Anal.
C23H20Cl2N2O4: calcd 60.14, 4.39, 6.10, found 60.00,
4.50, 6.21. 3k: (85%), mp >300 �C (acetic acid). 1H
NMR (DMSO-d6, 90 MHz): d 1.46 (t, 3H, CH2–CH3).
3.48 (s, 3H, OCH3), 3.69 (s, 3H, OCH3), 3.88 (s, 3H,
OCH3), 4.36 (q, 2H, CH2–CH3), 6.63–7.78 (m, 7H,
ArH). Anal. C23H21BrN2O4: calcd 58.86, 4.51, 5.97,
found 58.79, 4.57, 5.88. 4a: (62%), mp 128–129 �C
(methanol). 1H NMR (DMSO-d6, 90 MHz): d 3.95 (s,
3H, OCH3), 7.10–8.20 (m, 8H, ArH). Anal.
C17H11N3O3S: calcd 60.52, 3.29, 12.46, found 60.38,
3.37, 12.40. 4b: (80%), mp 230–232 �C (methanol). 1H
NMR (DMSO-d6, 90 MHz): d 4.18 (s, 3H, OCH3),
7.30–8.20 (m, 10H, ArH). Anal. C19H13N3O3: calcd
68.88, 3.95, 12.68, found 68.72, 3.81, 12.47. 4c: (65%),
mp 145–146 �C (acetic acid). 1H NMR (DMSO-d6,
90 MHz): d 3.86 (s, 3H, OCH3), 4.17 (s, 3H, OCH3),
6.95–8.10 (m, 9H, ArH). Anal. C19H15N3O2: calcd
71.91, 4.76, 13.24, found 71.77, 4.66, 13.30. 4d: (62%),
mp 238–239 �C (methanol). 1H NMR (DMSO-d6,
90 MHz): d 3.97 (s, 3H, OCH3), 6.99–8.01 (m, 12H,
styryl-CH and ArH). Anal. C20H15N3O: calcd 76.66,
4.82, 13.41, found 76.57, 4.93, 13.33. 4e: (70%), mp
140–141 �C (methanol). 1H NMR (DMSO-d6, 90 MHz):
d 3.88 (s, 3H, OCH3), 4.21 (s, 3H, OCH3), 6.99–8.20 (m,
9H, ArH). Anal. C20H15N3O4: calcd 66.48, 4.18, 11.63,
found 66.60, 4.07, 11.82. 4f: (81%), mp 210–212 �C
(ethanol). 1H NMR (DMSO-d6, 90 MHz): d 3.28 (s, 3H,
OCH3), 3.70 (s, 3H, OCH3), 3.90 (s, 3H, OCH3), 4.21(s,
3H, OCH3), 7.0–7.9 (m, 6H, ArH). Anal.
C22H18Cl2N2O4: calcd 59.34, 4.07, 6.29, found 59.50,
1850 F. E. Goda et al. / Bioorg. Med. Chem. 12 (2004) 1845–1852



4.10, 6.37. 4g: (85%), mp >300 �C (acetic acid). 1H
NMR (DMSO-d6, 90 MHz): d 3.35 (s, 3H, OCH3), 3.80
(s, 3H, OCH3), 3.91 (s, 3H, OCH3), 4.15 (s, 3H, OCH3),
6.80–8.10 (m, 7H, ArH). Anal. C22H19BrN2O4: calcd
58.04, 4.21, 6.15, found 58.10, 4.07, 6.30.

5.2. Synthesis of 1H-pyrazolo [3,4-b]pyridines 5a–c

To a stirred solution of 4i–k (0.1 mol) and BF3
.OEt2

(0.1 mol) in absolute ethanol (10 mL) under nitrogen
atmosphere, solution of anhydrous hydrazine (0.2 mole)
in absolute ethanol (5 mL) was slowly added over 10
min at 0 �C and then the whole mixture was heated
under reflux for 2–3 h. The solid products obtained
from hot solution or after cooling were filtered off
and recrystallized from the proper solvent. 5a: (76%),
mp 160–162 �C (ethanol). IR (KBr pellet, cm�1): n
3480–3300 (NH2), 3200 (NH), 1630 (C¼N), 1610
(C¼C). 1H NMR (DMSO-d6, 90 MHz): d 3.81 (s, 3H,
OCH3), 5.00 (s, br, 2H, NH2, D2O-exchangeable), 7.20–
8.20 (m, 9H, ArH), 11.90 (s, br, 1H, NH, D2O-
exchangeable). Anal. C19H15N5O3: calcd 63.15, 4.18,
19.38, found 62.99, 4.10, 19.49. 5b: (68%), mp 179–
180 �C (ethanol). IR (KBr pellet, cm�1): n 3450–3350
(NH2), 3250 (NH), 1630 (C=N), 1600 (C=C). 1H
NMR (DMSO-d6, 90 MHz): d 3.30 (s, 3H, OCH3), 3.80
(s, 3H, OCH3), 3.90 (s, 3H, OCH3), 5.20 (s,br, 2H, NH2,
D2O-exchangeable), 7.40–8.0 (m, 6H, ArH), 12.00 (s, br,
1H, NH, D2O-exchangeable). Anal. C21H18Cl2N4O3:
calcd 56.64, 4.07, 12.58, found 56.56, 4.14, 12.59. 5c:
(70%), mp 192–193 �C (ethanol). IR (KBr pellet, cm�1):
n 3480–3350 (NH2), 3200 (NH), 1630 (C=N), 1600
(C=C). 1H NMR (DMSO-d6, 90 MHz): d 3.45 (s, 3H,
OCH3), 3.70 (s, 3H, OCH3), 3.86 (s, 3H, OCH3), 5.10 (s,
br, 2H, NH2, D2O-exchangeable), 7.20–8.10 (m, 7H,
ArH), 11.80 (s, br, 1H, NH, D2O-exchangeable). Anal.
C21H19BrN4O3: calcd 55.40, 4.21, 12.31, found 55.46,
4.19, 12.43.

5.3. Antimicrobial testing

Inhibition zone measurements: the tested compounds
were dissolved in dimethylsulfoxide at a concentration
of 1 mg/mL. The suitable medium (nutrient agar for
bacteria and Sabouraud agar for fungi) was inoculated
with the test organisms. A volume of the solution of
each the test compounds equivalent to 100 mg was
placed separately in cups, cut in the agar. The plates
were incubated at 37 �C for 18–24 h for bacteria and 48
h for C. albicans, and the resulting inhibition zones were
measured (Table 1). Dimethylsulfoxide, which exhibited
no antimicrobial activity against the test organisms, was
used as a negative control. Minimal inhibitory concen-
tration (MIC) was determined using the broth dilution
technique.25 Cefotaxime, gentamicin, streptomycin,
clotrimazole and nystatin were used during the test
procedure as reference antibiotics.
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