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ARTICLE INFO ABSTRACT

A series of novel pyrazol-3-yl-pyrimidine, pyrazole, and pyran derivatives have been synthesized in
good yields. Thus, the reaction of 5-oxo-1-phenyl-4-(2-phenylhydrazono)-4.5-dihydro-1H-pyrazole-
3-carbaldehyde(1) with malononitrile mixture with thiourea, guanidine hydrochloride, barbituric acid,
thiosemicarbazide, or phenyl thiosemicarbazide in one-pot synthesis produced the corresponding
compounds (2-6). treatment of (2) with o-bromobenzoic acid gave compound (7). Similarly, treatment
of (1), malononitrile mixture with hydrazine hydrate, o-nitrophenyl hydrazine, isonicotinoylhydrazine,
p-sulphamylphenylhydrazine, or phenyl hydrazine yielded the corresponding (8-12). In the same time,
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target molecules (2-18) have been confirmed by various spectral techniques and elemental analyses.

The synthesized compounds were screened for antimicrobial activity.
*Corresponding author: Nagwa M. M. Hamada

Copyright © 2019, Mohamed A. El Sekily et al. This is an open access article distributed under the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Citation: Mohamed A. El Sekily, Sohila H. Mancy and Nagwa M. M. Hamada, 2019. “Synthesis, characterization, and antimicrobial activity of pyrazol-3-
yl-pyrimidine, pyrazole and pyran derivatives”, International Journal of Current Research, 11, (07), 5563-5570.

pyrazole 8-12 and pyrazolyl pyran (13-15) derivatives via one
step multi component reaction using 5-oxo-l-phenyl-4-(2-
phenylhydrazone)-4, 5-dihydro-1H-pyrazol-3-yl)-3-
carbaldehyde 1, (El Sekily et al., 1999 & 2000 ) with the hope
to get antimicrobial agents. In the present time, one pot
synthesis involving three components condensation using
different reagents and catalysis (Patil et al., 2010; Malladia et
al, 2012) are popular in the synthesis of heterocyclic
compounds. These single step methods are more convenient as
compared with two steps strategies as they require shorter
reaction times and give higher yields. The newly synthesized
compounds have been structurally established by modern
analytical tools, FTIR, NMR spectroscopy mass spectrometry
and elemental analysis methods.

INTRODUCTION

Nitrogen, oxygen and Sulphur containing heterocyclic
compounds are of biological interest due to their potential
physical and chemical properties (Aziza et al., 1996; Vishnu et
al., 2003; Clark et al., 1993; Brown, 1998). Among these the
pyrimidine compounds which occupy a unique position in
pharmaceutical chemistry, as they are compounds of nucleic
acids. The important pyrimidine compounds have diverse
applications as bactericidal (Pershin et al., 1972), fungicidal
(Metolcsy, 1971) analgesics (Regnier et al, 1972), anti-
inflammatory (Winter et al., 1962), and antitumor (Suguira et
al., 1973) agents. In the same time pyrazole nucleus has
pronounced pharmacological applications as anti-anxiety
(Haufel et al., 1974), antimicrobial (Gilbert et al., 2006;

Prakash et al., 2009; Isloor et al., 2009), anticancer (Mayedov =~ RESULTS AND DISCUSSION
et al, 2007), anti-inflammatory (Szabo et al, 2008;
Benaamane et al., 2008), antidepressant (Prasad et al., 2005), Chemistry: Reaction of 5-oxo-1-phenyl-4-(2-

anticonvulsant (Ozdemir et al., 2007), antipyretic (Sener et al.,
2002), and selective enzyme inhibitory activity (Wachter et al.,
1996). Encouraged by the above observations and in
continuation of our research work on synthesis of heterocyclic
biologically active molecules (El Sekily et al., 2017 & 2018;
Hamada ef al,, 2018), we have designed and synthesized a
series of novel pyrazolyl pyrimidine, 2-7 and pyrazolyl

phenylhydrazoneo)-4, 5-dihdro-1H-pyrazole-3-paraldehyde 1
(one mole), malononitrile (one mole) and few drops of
triethylamine (TEA) in absolute ethanol in one-step synthesis
with thiourea, guanidine hydrochloride, barbituric acid, phenyl
thiosemicarbazide or thiosemicarbazide and heating at reflux,
afforded the corresponding pyrazolyl pyrimidine derivatives
(2-6, Scheme 1). The crude obtained were purified by
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recrystallization from ethanol in 70-80% yield. The reaction of
2 with o-bromobenzoic acid afforded 7. The structure of
compounds 2-7 were confirmed by IR, 'H-NMR, MS
spectroscopy and elemental analyses. The IR of 2-7 are
characterized by the presence of absorption bands within the
region 3360-3100 cm’ corresponding to the stretching
vibrations of the NH groups. The band at 2222-2225 cm™ were
corresponding to the C=N groups. The structures of
compounds (2, 3, 5 and 7) get further support from mass spec-
troscopy.It has been observed that electron impact (El) spectra
have many common features. The first of which is that the
highest recorded peak representing the molecular ion peaks at
m/z 416, 399, 431& 518 respectively. The second is the other
different fragments in their El fragmentation patterns.
represented in (Schemes S1, S2, S3, and S4) as supplementary
materials. Mechanistic pathway for the formation of compound
2, as an example of the synthetic routes of our compounds,
showed that during the progress of reaction, the activated
malononitrile is likely to be formed via a Knoevenagel
condensation reaction of aromatic aldehydes andmalononitrile,
followed by further reaction with thiourea
viasimultaneousnucleophilic cycloaddition reaction to give
compound 2 (Scheme 2).
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Equation 1. Synthesis of compound (7)

Scheme 2. A plausible mechanistic pathway to explain the
formation of compound (2)

The IR spectrum of compound 2 confirms the presence of the
C=S group at v=1216 em™ (1226 calculated) cm . Tautomeric
structures for compound 2 was confirmed by its 'H-NMR
which showed the presence of thiol proton at 6=1.93 (s, 1H,
SH), the formation of the pyrimidine ring was confirmed by
the presence of singlet proton at 6= 7.89 (s, 1H, pyrimidine
C4-H) and the imino proton at 6= 9.2 ppm (s, 1H, NH).Mass
spectrum of compound 2also confirm the presence the three
tautomers (2a, 2b, 2c, Figure 1), specific fragmentations must
be evaluated, from the interpretation of the mass spectrum of
compound 2 the data shows the peak at m/z=383 (32.45%) [M-
SH] was assigned to the thiol form 2b and the peak at m/z=384
(14.32%) [M-S] was assigned to the thione form 2aand the ion
at m/z=383 (M-SH) loss of HCN to give the ion m/z=356
(11.42%) which confirm the structure of tautomer 2c.

Figure 1. Tautomers of compound (2)

Another example for the mechanistic path ways of our
synthesized compounds was the formation of compound 4 via
the reaction of the pyrazol aldehyde 1, malononitrile and
barbituric acid A possible mechanism is outlined in Scheme 3.
The reaction may proceed at first via a Knoevenagel
condensation of aldehyde 1 with malononitrile to afford the
Michael acceptor la. The active methylene of barbituric acid
reacted then via its enol form with la in a Michael addition
reaction to give the intermediate 1b, which is then
tautomerized to lc. Intramolecular cyclative condensation of
lc gave 4a. Finally, the tautomerization of 4a afforded the
expected product 4. The infrared spectrum of compound 4
showed different characteristic bands at v = 3218, 3182 (NH,),
2224 (C=N), 1746 (C=0), 1659 (OCN), 1600 cm-1 (C=N).
The '"H-NMR showed the presence of the hydrazone NH at
5= 13.64 , the C5-H of the pyran ring appear at 6=8.22 which
confirm the syn Michael addition and the Z-conformer of
compound 4. Furthermore, treatment of 1, malononitrile
mixture with hydrazine hydrate, p-nitrophenyl hydrazine,
isonicotinoyl  hydrazine, p-sulphamylphenylhydrazine or
phenyl hydrazine and few drops of TEA then heating the
mixture at reflux for 4h, afforded the corresponding pyrazolyl
pyrazole derivatives 8-12 (Scheme 4) in 70-80% yield.
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Scheme 3. A plausible mechanistic pathway to explain the formation of compound (4)

The crude products were purified by recrystallization from
dioxane—ethanol mixture. The structure of 8-12 was achieved
from their elemental analyses and spectral data. Their IR
showed the appearance of C=N bands at 2222-2225 cm™ in
addition to NH bands between 3340-3100 cm™. The mass
spectra of compounds (8-12) showed molecular ion peaks in
agreement with the assigned structures, for example the
fragmentation pattern routes for compound (9) are shown in
(Scheme S5) as supplementary materials. The reaction of
compound 1, with malononitrile one molar each with
cyclohexanone, dimeclone or acetophenone and drops of
(TEA) in absolute ecthanol and heating at reflux, gave
compounds (13-15, Scheme 5) where their structure was also
confirmed by elemental analyses and spectral data. The mass
spectra of 13-15 showed the molecular ion peaks in agreement
with the assigned structures, as an example, the mass spectral
fragmentation of compound 15 is shown in Scheme S6 as
supplementary materials. Moreover, the reaction of 2-Amino-
4-(5-0x0-1-phenyl-4-(2-phenylhydrazono)-4,  5-dihydro-1H-
pyrazol-3-yl)-6-phenyl-4H-pyran-3-carbonitrile 15 with
methylhydrazine, gave compound2-amino-4-(5-oxo-1-phenyl-
4-(2-phenyl-hydrazone) -4, 5-dihydro-1H-pyrazol-3-yl)-6-
phenyl-1, 4-dihydro-1-methylaminopyridine-5-cabonitrile 16
whose structure was also confirmed by elemental analysis and
spectral data. Its MS show a molecular ion peak in agreement
with the assigned structure. The reaction of 1, malononitrile
mixture with hydroxylamine hydrochloride, gave 5-amino-3-
(5-oxo-1-phenyl-(2-phenylhydrazono)-4, 5-dihydro-1H-
pyrazol-3-yl)-1, 4-dihydro-2, 3-isoxazole-4-carbonitrile 17
whose IR revealed an NH bands at 3360, 3152 cm™ and C=N
at 2222 cm’™. Finally, reaction of 1, malononitrile mixture
with oxamic acid, gave 2-amino-4-(5-oxo-1-phenyl-4-(2-
phenylhydrazono)-4, 5-dihydro-pyrazol-3-yl)-5, 6-
dioxopyridine-3- carbonitrile 18. All the target compounds (2-
18) were screened for their antimicrobial activity against
various microorganisms.

Antimicrobial activity

The antimicrobial activity of some of the synthesized pyrazol-
3-yl-pyrimidine, pyrazole and pyran derivatives 3-6, 8-18 were
tested against Gram-negative and Gram-positive bacterial
strains Escherichia coli, Staphylococcus aureus and

Candida albicans as a fungi strain. The activities were
determined in vitro using The agar well-diffusion method
(Clinical and Laboratory Standards Institute, 2006). Also, a
comparison between the activity of our synthesized
compounds and Ciprofloxacin and Clotrimazole as standard
drugs was discussed. Antibacterial results (Table 1) indicated
that the synthesized componds 3, 4, 5, 11, 14, 16 and 18
showed a slight activity against Gram-positive bacteria due to
the presence of the cyano and the amino groups in all the
studied pyrazole, pyrimidine and pyran derivatives.
Furthermore compound 4showed the more active towards both
Staphyllococcus aureus bacteria and Candidaalbicans due to
the presence of two fused pyran and pyrimidine rings.

MATERIALS AND METHODS

General Methods: Melting points were carried out on a Tottoli
(Biichi) apparatus and are not corrected. IR (KBr) were
recorded on Perkin-Elmer 580 VB spectrophotometer and
'H- NMR spectra (CDCl;) and (DMSO-dg) on Camica 250 Hz
spectrometer using TMS as an internal standard.
Microanalyses were performed in micro analytical units,
department of Chemistry, Faculty of Science, Cairo University,
Cairo, Egypt. Mass spectra were performed at the Regional
Center for Mycology and Biotechnology Al-Azhar University,
Cairo, Egypt., they were recorded with an LKB model 2091
mass spectrometer and intensities are given in parentheses as
percentage of the base peaks, 5-oxo-1-phenyl-4-(2-
phenylhydrazono)-4, 5-dihydro-1H-pyrazol-3-yl)-3-
carbaldehyde was prepared according to the literature
procedure, m.p. 140-141°C ; Lit. m.p. 140-141°C[25, 26].The
antimicrobial activities were determined at the Department of
PharmaceuticalMicrobiology, Faculty @ of  Pharmacy,
Alexandria University. Reaction progress was monitored by
thin-layer chromatography (TLC) on silica gel 60 f 254 plates.

General Procedure: A mixture of 5-oxo-1-phenyl-4-(2-
phenylhydrazono)-4, 5-dihydro-1H-pyrazol-3-yl)-1H-
kpyrazole-3-carbaldehyde (1) (I mmol), malononitrile (1
mmol) and few drops of (TEA) in absolute ethanol (40 ml) was
treated with thiourea, guanidine hydrochloride, barbituric acid,
phenyl thiosemicarbazide or thiosemicarbazide (1 mmol) each.
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Scheme 4. Synthetic routes for compounds (8-12)

Scheme 5. Synthetic routes for compounds (13-18)

Table 1. Antimicrobial activity of the synthesized compounds* (3-6, 8-18)

Cpd.NO Staphyllococcs aureus ATCC6538P Escherischia coli ATCC8739 Candida albicans ATCC2091
DMF Cpd. DMF Cpd. DMF Cpd.

3 13 16 13 13 13 13

4 13 14 13 13 13 17

5 13 16 13 13 13 13

6 13 13 13 13 13 15

8 13 13 13 13 13 15

9 13 13 13 13 13 15
10 13 13 13 13 13 15
11 13 15 13 13 13 15
12 13 13 13 13 13 15
13 13 13 13 13 13 15
14 13 15 13 13 13 13
15 13 13 13 13 13 15
16 13 14 13 13 13 17
17 13 13 13 13 13 15
18 13 14 13 13 13 15
Ciprofloxacin 13 30 13 30 - -
Clotrimazole - - - - 12 22
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The resulting reaction mixture was heated at reflux using water
bath for 4h and evaporated under reduced pressure and left to
cool. The resulting solid was collected by filtration, washed
with ethanol, dried and recrystallized from dioxane-ethanol
mixture to give needles. The physical characters and spectral
data of compounds (2-7) are listed below.

6-amino-4-(5-oxo-1-phenyl-4-(2-phenylhydrazono)-4, 5-dihydro-
1H-pyrazol-3-yl)-2-thioxo-1, 2- dihydropyrimidine-5-carbonitrile
(2): red needles, (86%): m.p. 258-259°C; 'H-NMR (DMSO-
dg): 0= 13.54 (s, 1H, hydrazone NH), 7.89 (s, 1H, pyrimidine
C4H), 7.47-7.87 (m, 10H, ArH), 3.35 (br.s, 2H, NH,), 1.93 (s,
1H, SH); IR (KBr); v = 3162 (NH), 3076 (CH, Ar), 2223
(C=N), 1680 (OCN), 1216 cm'l(CS); MS: m/z (%); 416 (4.51),
411(30.03), 410 (100), 384 (14.32), 383 (32.45), 356 (11.42),
411 (30.03), 355 (25.58), 309 (19.29), 265 (11.47), 148
(13.66), 93 (11.75), 77 (32.74); elemental analysis: caled (%)
for Cyy Hig SNg O (416.4): C 57.68, H 3.87, N 26.41(%),
found: C 57.49,H 3.61,N 26.74.

2, 6-diamino-4-(5-oxo-1-phenyl-4-(2-phenylhydrazono)-4,
5-dihydro-1H-pyrazol-3-yl)-1, 6-dihydropyrimidine-5-
carbonitrile (3): red needles, (72%): m.p. 240-241°C; 'H
NMR (DMSO-dy): = 13.68 (s, 1H, hydrazone NH), 9.14 (s,
1H, C¢H), 9.02 (s, 1H, NH), 7.39-8.10 (m, 10H, ArH), 6.22
(br.s, 2H, NH,), 3.36 (br.S, 2H, NH,); IR (KBr); v = 3280
(NH), 2222 (C=N), 1680 (OCN), 1610 cm™* (C=N). MS: m/z
(%); 401(M™+2, 13.99), 399 (M", 20.06), 391 (81.84), 386
(100), 372 (35.43), 350 (16.26). 328 (30.09), 309 (19.39), 265
(11.74), 149 (13.66), 93 (15.75), 77 (32.74); elemental
analysis: calcd (%) for Cyy Hi7 Ng O (399.4): C 60.14, H 4.29,
N 31.56 (%), found: C 60.26, H 4.38, N 31.35.

7-amino-2, 4-dioxo-5-(5-0xo-1-phenyl-4-(2-
phenylhydrazono)-4, 5-dihydro-1H-pyrazol-3-yl)-2, 3, 4, 5-
tetrahydro-1H-pyrano[2, 3-d]pyrimidine-6-carbonitrile (4);
red needles, (72%): m.p. > 270 °C; '"H NMR (DMSO-d): 6=
13.64 (s, 1H, hydrazone NH), 8.22 (s, 1H, CsH), 7.32-8.02 (m,
10H, ArH), 6.64 (s, 1H, NH), 5.82 (s, 1H, NH), 3.84 (br.s, 2H,
NH,); IR (KBr); v= 3218, 3182 (NH;), 2224 (C=N), 1746
(C=0), 1659 (OCN), 1600 cm™ (C=N). MS: m/z (%); 465
(M'+1, 61.49), 462 (70.30), 451 (43.26), 426 (100), 383
(49.43), 377 (58.99). 252 (29.28), 186 (40.07), 170 (51.15),
117 (35.52), 90 (60.61); elemental analysis: calcd (%) for C,;3
Hjs Ng O4 (468.47): C 58.96, H 3.44, N 23.92 (%), found: C
58.76, H 3.32, N 23.74.

-3, 6-diamino-4-(5-oxo-1-phenyl-4-(2-phenylhydrazono)-4,
5-dihydro-1H-pyrazol-3-yl)-1-phenyl-2-thioxo-1, 2, 3, 4-
tetrahydropyrimidine-5-carbonitrile (5); red needles, (76%):
m.p. 218-220°C; '"H NMR (DMSO-d¢): 8= 13.24 (s, 1H,
hydrazone NH), 8.06 (s, 1H, C,H), 7.24-7.88 (m, 15H, Ar),
4.88 (br.s, 2H, NH,), 3.82 (br.s, 2H, NH,); MS: m/z (%); 508
(M'+1, 3.84), 505 (5.81), 499 (15.77), 498 (34.36), 487
(25.08), 485 (13.62), 475 (77.51), 454 (15.078), 439 (100), 431
(18.0), 409 (59.13), 394 (39.60), 367 (52.0)m 354 (55.09), 327
(29.60), 228 (14.20), 93 (59.23), 77 (27.56), 64 (51.39).
elemental analysis: caled (%) for Cys Hy; NoSO (507.5): C
61.53, H4.17, N 24.84 (%), found: C 61.41, H 4.32, N 24.26.

1, 6-diamino-4-(5-oxo-1-phenyl-4-(2-phenylhydrazono)-4,
5-dihydro-1H-pyrazol-3-yl)-2-thioxo-1, 2, 3, 4-
tetrahydropyrimidine-5-carbonitrile(6); red needles, (70%):
m.p. 200-201°C. 'H NMR (DMSO-d¢): &= 13.62 (s, 1H,

hydrazone NH), 8.21 (s, 1H, C¢H), 7.36-8.12 (m, 10H, ArH),
4.18 (br. s, 2H, NH,), 3.82 (br. s, 2H, NH,), 1.62 (2, 1H, SH).
IR (KBr); v = 3242, 3116 (NH,), 2222 (C=N), 1660 (OCN),
1602 cm™' (C=N). MS: m/z (%); 431 (3.43), 430 (8.10), 395
(11.86), 379 (10.0). 363 (40.18), 340 (100), 338 (14.47), 178
(8.71), 92 (12.85), 77 (33.99). elemental analysis: caled (%)
for Cy Hy7 Ny OS (431.3): C 55.68, H 3.97, N 29.22 (%),
found: C 55.46, H 3.72, N 29.40.

2-Amino-6-0x0-4-(5-oxo-1-phenyl-4-(2-phenylhydrazono)-
4, 5-dihydro-1H-pyrazol-3-yl)-4H, 6H-benzo[e] pyrimido
[2, 1-b][1, 3]thiazine-3-carbonitrile (7); A mixture of
compound 2 (0.208g, 0.5 mmol) in absolute ethanol (30 ml)
was treated with o-bromobenzoic acid (0.1g, 0.5 mmol) was
heated at reflux for 4h on a steam bath. The mixture was
concentrated and left to cool, and the solid that separated was
filtered off, washed with ethanol and dried, (76%). It was
recrystallized from ethanol in red needles, m.p. 150-151°C. 'H
NMR (DMSO-dy): &= 13.46 (s, 1H, hydrazone NH), 8.21 (s,
1H, C4H), 7.33-7.89 (m, 14H, ArH), 3.68 (br. s, 2H, NH,). IR
(KBr); v =13218, 3120 (NH,), 2224 (C=N), 1680 (OCN), 1600
em™ (C=N). MS: m/z (%); 518 (5.47), 477 (9.48), 461 (26.06),
446 (26.74). 411 (31.13), 383 (100), 377 (30.81), 581 (12.42),
152 (9.42), 93 (8.24), 77 (9.42); elemental analysis: calcd (%)
for Cy; Hig Ng O, S (518.46): C 62.54, H 3.50, N 21.61 (%),
found: C 62.40, H 3.46, N 21.82.

Synthesis of pyrazol-3-yl-pyrazole derivatives

A mixture of 5-oxo-1-phenyl-4-(2-phenylhydrazono)-4, 5-
dihydro-1H-pyrazol-3-yl)-1H-pyrazole-3-carbaldehyde (1) (1
mmol) and malononitrile (I mmol) in absolute ethanol (40 ml)
was treated with hydrazine hydrate (1 mmol), p-nitrophenyl
hydrazine (I mmol), isonicotinoylhydrazine (1 mmol), p-
sulphamylphenylhydrazine (1 mmol), or phenyl hydrazine (1
mmol) and few drops of TEA, and the mixture was heated on a
steam bath for 4h, evaporated under reduced pressure and left
to cool. The solid that separated was filtered off, washed with
ethanol and recrystallized from ethanol to give needles. The
physical characters and spectral data of compounds (8-12) are
listed below.

3-Amino-5-(5-0xo-1-phenyl-4-(2-phenylhydrazono)-4, 5-
dihydro-1H-pyrazol-3-yl)-1H-pyrazole-5-carbonitrile (8):
Red needles (76%): m.p. 210-211°C; '"H NMR (DMSO-dg): &
= 13.22 (s, 1H, hydrazone NH), 8.61 (s, 1H, CsH), 7.31-8.32
(m, 10H, ArH), 7.54 (s, 1H, NH), 6.16 (s, 1H, pyrazole NH).
5.32 (br. s, 2H, NH;). IR(KBr); v = 3236, 3018 (NH,),
2222(C=N), 1682 (OCN), 1610 cm™ (C=N), MS: m/z(%) 372
(7.41), 371 (17.86), 366 (13.19), 355 (100), 354 (10.91), 352
(18.46), 345 (14.92), 340 (22.82), 322 (4.22), 306 (12.40), 282
(40.32), 196 (12.42), 132 (3.22), 93 (14.62), 77 (36.4);
elemental analysis: caled (%) for Ci9 Hjs NgO(372.38): C
61.28, H 4.33, N 30.09 (%), found: C 61.32, H 4.41,N
30.22.

3-Amino-5-(5-oxo-1-phenyl-4-(2-phenylhydrazono)-4, 5-
dihydro-1H-pyrazol-3-yl)-1-p-nitrophenyl-1, 5-dihydro-
1H-pyrazole-4-carbonitrile (9): Red needles (73%); m.p.
251-252°C; '"H NMR (DMSO-de): & = 13.86 (s, 1H, hydrazone
NH). 9.21 (s, 1H, NH), 8.84 (s, 1H, CsH). 7.70-8.12 (m, 10H,
ArH), 7.78-7.86 (dd, 2H, ArH), 7.52-7.56 (dd, 2H, ArH), 4.21
(br.s, 2H, NH,), MS: m/z (%) 493 (5.22), 479 (8.83), 461
(11.29), 446 (15.65), 431 (13.20), 424 (27.10), 410 (100), 308
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(30.35) 280 (20.16), 128 (13.42), 93 (12.50), 77 (34.00).
elemental analysis: calcd (%) for Cys Hig Ny O; (493.47): C
60.84, H 3.08, N 25.55 (%), found: C 60.62, H 3.16, N
25.38.

3-Amino-5-(5-o0xo0-1-phenyl-4-(2-(phenylhydrazono)-4, 5-
dihydro-1H-pyrazol-3-yl)-1, 2-dihydro-1-
isonicotinoylpyrazole-5-carbonitrile (10): Red needles
(72%); m.p. 178-179°C; 'H-NMR (DMSO-d¢): & = 13.88 (s,
1H, hydrazone NH), 8.14 (s, 1H, CsH), 7.24-7.96 (m, 14H,
ArH), 6.84 (s, 1H, NH), 3.84 (br.s, 2H, NH,) IR (KBr); v =
3228, 3116 (NH,), 2224 (C=N), 1704 (C=0), 1668 (OCN),
1596 cm™ (C=N). MS: m/z (%) 477 (19.50), 468 (23.23), 445
(36.22), 437 (41.28). 408(100), 354 (80.11), 334 (29.42), 304
(38.05), 247 (44.44), 211 (13.22). 103 (42.16), 90 (92.22), 76
(41.63); elemental analysis: calcd (%) for Cys Hi9 Ng O,
(477.47): C 62.88, H 4.28, N 26.40 (%), found: C 62.67, H
4.42,N 26.55.

3-Amino-5-(5-0x0-1-phenyl-4-(2-phenylhydrazono)-4, 5-
dihydro-1H-pyrazol-3-yl)-1-p-sulphamylphenyl-1, 5-
dihydro-1H-pyrazole-4-carbonitrile (11): Red needles
(80%), m.p. 235-236°C: '"H NMR (DMSO-dg) & = 13.62 (s,
1H, hydrazone NH), 7.24-7.92 (m, 10H, ArH), 6.84-6.86 (dd,
2H, J=8.16Hz, ArH), 7.12-7.16 (dd, 2H, J=8.36, ArH), 6.72 (s,
1H, NH), 3.96 (br.s, 2H, NH,). IR (KBr); v = 3322, 3136
(NH,), 2225 (C=N), 1678 (OCN), 1612 cm™* (C=N). MS: m/z
(%) 527 (6.07), 526 (15.58), 501 (47.67), 495 (19.19), 445
(100), 460 (22.53), 427 (23.03), 357 (25.67), 311 (39.70), 185
(37.22), 124 (23.67), 91 (49.57), 77 (131.82). elemental
analysis: calcd (%) for C,s Hy N5 O3S (527.49): C 56.92, H
4.02, N 24.02 (%), found: C 56.74, H4.21, N 24.28.

5-Amino-3-(5-oxo-1-phenyl-4-(2-phenylhydrazono)-4, 5-
dihydro-1H-pyrazol-3-yl)-2-phenyl-2, 3-dihydro-1H-
pyrazole-4-carbonitrile (12): Red needles (78%) m.p. 158-
159°C; '"H NMR (DMSO-de): 8 = 13.86 (s, 1H, hydrazone
NH), 8.24 (s, 1H, C;H), 12.2 (s, 1H, NH), 7.14-7.88 (m, 15H,
ArH), 4.32 (br. s, 2H, NH,). IR (KBr); v = 3280, 3124 (NH,),
2224 (C=N), 1680 (OCN), 1602 cm™ (C=N). MS: m/z (%) 450
(32.67), 448 (46.94), 405 (12.37), 365 (63.48), 340 (32.67),
448 (46.94), 405 (12.37), 365 (63.48), 340 (100), 185 (58.28),
144 (28.28), 102 (23.95), 102 (73.95), 92 (43.56), 80 (12.21),
77 (34.28). elemental analysis: caled (%) for C,s Hyy NgO
(448.47): C 66.95, H 4.50, N 24.99 (%), found: C 66.75, H
4.32,N24.74.

Synthesis of pyrazol-3-yl-pyran derivatives

A mixture of 5-oxo-1-phenyl-4-(2-phenylhydrazine)-4, 5-
dihydro-1H-pyrazol-3-yl)-1H-pyrazole-3-carbaldehyde (1) (1
mmol) and malononitrile (1 mmol) in absolute ethanol (40 ml)
was treated with cyclohexanone, (1 mmol), dimedone (1
mmol) or acetophenone (1 mmol) and few drops of (TEA), and
the mixture was heated on a water bath for 3h, evaporated
under reduced pressure and left to cool. The solid separated
was filtered off, washed with ethanol and recrystallized from
ethanol to give needles. The physical characters and spectral
data of compounds (13-15), are listed below.

5-amino-4-(5-oxo-1-phenyl-4-(2-phenylhydrazono)-4, 5-
dihydro-1H-pyrazol-3-yl)-4, 5, 6, 7, 8-pentahydro[b] pyran-
5-carbonitrile (13): Red needles (70%); m.p. 240-241°C; 'H
NMR (DMSO-dy): & = 13.66 (s, 1H, hydrazone NH) 8.32 (s,

1H, C4H), 7.42-8.02 (m, 10H, ArH), 6.28 (br.s, 2H, NH,), 1.64
(dd, 2H, J=12.4Hz, CH,), 1.74 (dd, 2H, J=12.6Hz, CH,), 1.96
(t, 2H, J=7.6Hz, CH,), 1.94 (t, 2H, J=7.6Hz, CH,). MS: m/z
(%) (438 (13.66). 384 (41.48), 320 (24.25), 284 (44.006), 260
(38.06), 238 (37.24), 184 (36.08), 121 (30.26), 98 (42.88) 91
(41.60), 82 (16.82), 77 (12.43. elemental analysis: calcd (%)
for Cys Hy Ng O, (438.47): C 68.48, H 5.06, N 19.17 (%),
found: C 68.29, H 5.24, N 19.36.

2-Amino-4-(5-oxo-1-phenyl-4-(2-phenylhydrazono)-4, 5-
dihydro-1H-pyrazol-3-yl)-5-oxo-7-dimethyl-4, 5.6, 7, 8-
pentahydrobenzo[b] pyran-3-carbotitrile (14): Red needles
(80%): m.p. > 270°C; '"H NMR (DMSO-dy): & = 13.84 (s, 1H,
hydrazone NH), 8.16 (s, 1H, C,H), 7.40-7.98 (m, 10H, ArH),
5.21 (br.s, 2H, NH,), 4.22 (s, 2H, CH,), 4.12 (s, 2H, CH,), 2.14
(d, 6H, 2 CH;), MS: m/z (%) 480 (34.68), 462 (31.05), 452
(37.20), 403 (20.80), 382 (85.32), 322 (88.18), 294 (100), 238
(30.22), 203 (90.68), 92 (34.22), 83 (45.20). elemental
analysis: caled (%) for C,; Hyy Ng O; (480.51): C 67.48, H
5.03, N 17.49 (%), found: C 67.33, H 5.24, N 17.32.

2-Amino-4-(5-oxo-1-phenyl-4-(2-phenylhydrazono)-4, 5-
dihydro-1H-pyrazol-3-yl)-6-phenyl-4H-pyran-3-
carbonitrile (15):Red needles (70%): m.p. 233-234°C; 'H
NMR (DMSO-d¢): & = 13.82 (s, 1H, hydrazone NH), 8.12 (d,
1H, J=7.4Hz, C4H), 7.22-7.93 (m, 15H, ArH), 6.84 (d, 1H,
J=7.2Hz, CsH), 4.36 (br.s, 2H, NH,), IR (KBr); v =3186, 3120
(NH,), 2225 (C=N), 1682 (OCN), 1590 cm™ (C=N). MS: m/z
(%) 460 (14.90), 450 (26.64), 437 (26.00), 427 (50.83), 365
(16.39), 355 (100), 318 (23.22), 280 (16.22), 271 (13.39), 171
(15.35), 77 (16.63). elemental analysis: calcd (%) for C,; Hyg
N O, (460.48): C 70.42, H 4.38, N 18.25 (%), found: C 70.36,
H4.18, N 18.43.

2-Amino-4-(5-oxo-1-phenyl-4-(2-phnylhydrazono)-4, 5-
dihydro-1H-pyrazol-3-yl)-6-phenyl-1, 4-dihydro-1-
methylaminopyridine-5-carbonitrile (16). A solution of
compound (15) (0.1g, 0.3 mmol) in absolute ethanol (30 ml)
was treated with methylhydrazine (0.2 ml, 0.5 mmol) and
heated on a water bath for 3h, It was concentrated and left to
cool, and the solid that separated was filtered off, washed with
ethanol and dried (71%). It was recrystallized from ethanol to
give red needles, m.p. 190-191°C; '"H NMR (DMSO-dq): & =
13.63 (s, 1H, hydrazone NH), 7.12-7.68 (m, 15H, ArH). 6.72
(s, 1H, J = 9.2Hz, CsH), 6.18 (s, 1H, NH), 3.96 (br. s, 2H,
NH,), 2.46 (s, 3H, CH;). IR (KBr); v = 3284, 3106 (NH,),
2225 (C=N), 1676 (OCN), 1608 cm™ (C=N). MS m/z: (%) 488
(10.84), 456 (12.48), 446 (17.57), 408 (10.05), 352 (34.66),
318 (100), 306 (26.23), 235 (51.22), 224 (19.0), 164 (20.29),
164 (20.85), 98 (37.70), 87 (19.19), 77 (62.42). elemental
analysis: calcd (%) for Cog Hyy Ng O (488.5): C 68.84, H 4.95,
N 22.94 (%), found: C68.61,H4.76,N 22.70.

5-Amino-3-(5-0xo-1-phenyl-4-(2-phenylhydrazono)-4, 5-
dihydro-1H-pyrazol-3-yl)-2, 3-dihydroisoxazole-4-
carbonitrile (17): Red needles (72%); m.p. > 270°C ; '"H NMR
(DMSO-dg) : 6 = 13.58 (s, 1H, hydrazone NH), 9.02 (s, 1H,
isoxazole NH), 7.54 (s, 1H, C;H), 7.52-8.14 (m, 10H, ArH),
5.46 (br.s, 2H, NH,). IR (KBr); v = 3360, 3096 (NH,), 2222
(C=N), 1678 (OCN), 1600 cm” (C=N). MS: M/z (%) 373
(100), 332 (30.02), 321 (18.92), 307 (69.85), 304 (39.10), 296
(20.11), 277 (28.84), 214 (10.02), 125 (18.62), 93 (85.67), 82
(7.12), 60 (23.03); elemental analysis: calcd (%) for C;9 Hys N5
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0, (372.36): C 16.12, H 4.05, N 26.26 (%), found: C
61.30,H 4.19, N 26.80.

2-Amino-4-(5-oxo-1-phenyl-4-(2-phenylhydrazono)-4, 5-
dihydropyrazol-3-yl)-5, 6-dioxo-5, 6-dihydropyridine-5-
carbonitrile (18):Red needles (82%); m.p. 210-211°C ; 'H
NMR (DMSO-dg) : & = 13.68 (s, 1H, hydrazone NH), 8.06 (s,
1H, CsH), 7.28-7.92 (m, 10H, ArH), 3.88 (br.s, 2H, NH,). IR
(KBr); v = 3354, 3132 (NH,), 2225 (C=N), 1746 (C=0), 1666
(OCN), 1594 cm™ (C=N). MS: M/z (%) 411 (4.12), 399
(28.68), 368 (18.17), 339 (56.17), 326 (14.67), 256 (11.56),
206 (10.84), 104 (18.79, 97 (18.38), 92 (26.99), 77 (100);
elemental analysis: calcd (%) for C,; Hijz N7 O (411.41): C
61.30, H 3.19, N 23.83 (%), found: C 1642, H 3.32, N
23.62.

Determination of antimicrobial activity

All  compounds were tested against three different
microorganisms Staphylococcus aureus, Escherichia coli,
Candida albicans. The agar well-diffusion method was applied
for the determination of inhibition zone

Preparation of the agar plate

The sterile nutrient agar was poured aseptically as 40 ml
portions into sterile Petri dishes (15 cm in diameter) onto a
level surface to obtain a layer of about 4 mm thickness and the
plates were then left to solidify. After solidification, the plates
were incubated in an inverted position at 37°C for 18 h to be
over dried before use.

Preparation of the inoculum

Each tested organism was sub-cultured in 3 ml sterile nutrient
broth and the resultant microbial growth was firstly compared
with 0.5 ‘McFarland Opacity Standard’ which was equivalent
to approximately 108 CFU/ml and properly diluted; if
necessary, to achieve the same turbidity of the standard. The
turbidity standard “0.5 McFarland Opacity Standard” was
prepared by transferring 0.5 ml of 1.175 % solution of barium
chloride to 100 ml-graduated cylinder and completing to 100
ml with 1% sulfuric acid. This standard was placed in a tube
identical to the one used for both cultures, sealed then kept in
the dark at room temperature and used within one month.

Procedure of the test

Sterile cotton swabs were separately dipped into each of the
adjusted organism cultures and excess inoculum was removed
by pressing and rotating the swab firmly several times against
the wall of the tube above the level of the liquid. The swab was
streaked all over the surface of the nutrient agar in three
dimensions at an angle of 60° to obtain an even distribution of
the inoculum. The plates were then left to dry at room
temperature for few minutes. A sterile cork porer (§ mm in
diameter) is used to make wells in the solid nutrient agar
plates, so that the distance between the edges of each two wells
is not less than 24 mm. Fill each well with 75 pl of the test
compound and another well with same volume of DMF as a
vehicle control. Allow a period of free diffusion for 2 h, then
incubate at 37° C for 18-24 h.

Reading and interpretation of results

After incubation, the diameters of inhibition zones around the
wells were measured, to the nearest mm, in three different

directions using a ruler and the average diameter was recorded
and compared to that of the control.

Conclusion

In the present work, a series of novel pyrazol-3-yl-pyrimidine,
pyrazole and pyran derivatives were synthesized by one step
synthesis involving three component condensation. All the
synthesized compounds are characterizing by modern spectral
data (FT-IR, H-NMR, Mass spectra) and elemental analysis
and the structures were consistent with the data. Some of the
synthesized compounds were tested for their antimicrobial

activity against three strains Staphyllococcus —aureus
ATCC6538P, Escherischia coli ATCC8739 and Candida
albicanATCC2091. Antibacterial results indicated that

thecompounds 3, 4, 5, 11, 14, 16 and 18 showed slight activity
towards Staphyllococcus aureus as Gram positive strain
whereas, all the tested compoundsshowed moderate
antifungalactivity towards Candida albican.
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