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Antibacterial and antifungal activities

New three series of quinoline derivatives bearing a pyrazole moiety have been synthesized
and evaluated for antibacterial and antifungal activity.



Quinoline derivatives bearing pyrazole moiety: Synthesis and biological evaluation as
possible antibacterial and antifungal agents

Mohamed F. El Shehry,® Mostafa M. Ghorab,” Samir Y. Abbas®* Eman A. Fayed,
Said A. Shedid®, Yousry A. Ammar **

#Pesticide Chemistry Department, National Reseamitr€, Cairo 12622, Egypt.

P Pharmacognosy Department, Faculty of Pharmacy, Bagd University, Saudi Arabia.
“Organometallic and Organometalloid Chemistry Deparit, National Research Centre,
Cairo 12622, Egypt.

4 pharmaceutical Organic Chemistry Department, Faooit Pharmacy (Girls), Al-Azhar
University.

®Chemistry Department, Faculty of Science, Al-Azbaiversity, Cairo, Egypt.

*Corresponding authors:. E-mail addresses: samiryoussef98@yahoo.com (S.a®#pb
yossry@yahoo.com (Y. Ammar).

Abstract: In an attempt for development of new antimicrblagents, three series of
quinoline derivatives bearing pyrazole moiety hdéesn synthesized. The first series was
synthesized through the synthesis of 4-(quinoliyleé¥y)benzaldehyde and 4-(quinolin-2-
yloxy)acetophenone and then treatment with ketonaldehyde derivatives to afford the
corresponding chalcones. Cyclization of the lattealcones with hydrazine derivatives led to
the formation of new pyrazoline derivatives. Thema series was synthesizew the
synthesis of 2-hydrazinylquinoline and then treattmeith formylpyrazoles to afford the
corresponding hydrazonyl pyrazole derivatives. el series was synthesized through the
treatment of 2-hydrazinylquinoline with ethoxyetllgne, dithioacetal and arylidene
derivatives to afford the corresponding pyrazoleivagives. The synthesized compounds
were evaluated for their expected antibacterial amifungal activities; where, the majority
of these compounds showed potent antibacterialaatiflingal activities against the tested
strains of bacteria and fungi. Pyrazole derivati8e showed better results when compared
with the reference drugs as revealed from their Ma(ies (0.12 - 0.98g/mL). The pyrazole
derivativel3b showed fourfold potency of gentamycin in inhibititige growth ofS. flexneri
(MIC 0.12 pg/mL). Also, compoundl3b showed fourfold potency of amphotericin B in
inhibiting the growth ofA. clavatus (MIC 0.49 ng/mL) andC. albicans (MIC 0.12 ug/mL),
respectively. The same compousitowed twofold potency of gentamycin in inhibititige
growth ofP. wulgaris (MIC 0.98 ug/mL), equipotent to the ampicillin and amphoteri&i in
inhibiting the growth ofS epidermidis (MIC 0.49 ug/mL), A. fumigatus (MIC 0.98 ug/mL),
respectively. Thus, these studies suggest thabtjsenderivatives bearing pyrazole moiety
are interesting scaffolds for the development afeh@ntibacterial and antifungal agents.
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1. Introduction

Microbial infections are causing widespread andoserdiseases. In order to prevent these
serious medical problems, the discovery of newsygfeantibacterial and antifungal agents is
a very important task. In recent years, the resebhas been focused on the development of
new antimicrobial agents, which may act throughucttire design and novel targets,
overcoming the problem of acquired resistance [1€Ainoline derivatives possess very
good antibacterial as well as antitubercular atgisi[5-7] with a variety of other different
pharmacological activities such as anticancer EBjd antimalarial [9]. The prominent
antibacterials are fluoroquin- olones like Ciprafain, Sparfoxacin, Gatifloxacin. The
antifungal-antiprozoal is Clioquinol, the antimadds are Quinine, Quinidine, Chloroquine,
Mefloquine, Amodia- quinine, Primaquine. The amtaviis Saquinavir. Ciprofloxacin and
Moxifloxacin are showed significant antitubercuéaativity and are recommended by WHO
as second line anti-TB drugs [10]. Furthermorenglime moiety is found in a large variety
of naturally occurring compounds and also chemjcaléeful synthons bearing diverse
bioactivities [11]. In this perspective, we have@sén the quinoline skeleton for the design of
new bioactive molecules. On the other hand, pyeaderivatives possess a wide spectrum of
chemotherapeutic activities including antitubersidp [12] antiviral [13] and anti-
inflammatory [14] activities. The majority of knowquinoline drugs have a side chain on the
4- or 8-position of the quinoline building blockottever, recently, it has been reported that
moving a functionalized side chain around the glimeocore to the other position can result
in retention of biological and providing new opporities for the design of bioactive
compounds. These observations gave us an additranélation to combination of the
quinoline scaffold with pyrazole derivatives at @sgion of the quinoline. Therefore, we
initiated a program to synergies the antimicrolaetivity of quinoline and pyrazole in an
effort to discover potent antimicrobial agents.

2. Results and discussion
2.1. Chemistry

4-(Quinolin-2-yloxy)benzaldehydg was obtained by the reaction of 2-choloroquinokmel
4-hydroxybenzaldehyde in DMF in the presence ofydntus potassium carbonate (Scheme
1). Claisen-Schmidt condensation of 4-(quinolink@xy)benzaldehyde 1 with 4-
methoxyacetophenone in ethanolic sodium hydroxideished the chalcone derivatize
The structures of the latter products were derifresn their spectroscopic as well as
elemental analyses. IR spectrum of compo@dnshowed the characteristic bands for CH-
aliphatic, conjugated C=0 and olefin C=C at 292658 and 1602 cih respectively. ltsH
NMR spectrum displayed a pair of a doublet sigrat 6 = 7.78 ppm, with a coupling
constant indicatingrans-olefinic protons. Cyclocondensation of chalcéhwith hydrazine
hydrate in boiling ethanol furnished the respecpyeazoline3. Also, cyclocondensation of
chalcone2 with phenylhydrazine in boiling ethanol furnishée tcorresponding pyrazolide
The structures of the pyrazolin@sand 4 were derived from spectral data and elemental
analyses. IR spectra showed the disappearance @0 band of chalcones, and appearance
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of a strong band appeared at 1593-1599 carresponding to C=N of the pyrazoline ring.
Pyrazoline3 showed an additional sharp band at 334I'afne to their NH stretching
vibration. 'H NMR spectra of pyrazoline3 and 4 displayed ABX spin system for protons
attached to the C-4 and C-5 carbon atoms of thazpyine ring. Chemical shifts and the
coupling constant values unequivocally prove theapgline structures'H NMR spectra
revealed the signals of Ghbrotons of the pyrazoline ring in the region 238608 and 3.84-
3.87 ppm as a pair of doublets. The CH proton aoeas doublet of doublets at= 4.87 &
5.32 ppm. Initially, the acetyl derivatiiewas obtained via coupling of 2-choloroquinoline
with 4-hydroxyacetophenone in DMF in the presenteamhydrous potassium carbonate
(Scheme 1). The presence of the acetyl group inpoomd5 makes it a versatile precursor
for the synthesis of chalcones and pyrazoline déxigs. Thus, the Claisen-Schmidt
condensation of5 with aldehyde derivatives (namely; 2-chlorobebateEhyand 4-
methoxybenzaldehyde) in ethanolic sodium hydroxidenished the chalcone derivative
6a,b. Structure of the latter products was derived fridmir spectroscopic as well as
elemental analytical data. For example, IR spectraincompound 6a showed the
characteristic band for conjugated C=0 at 1657 @md its'"H NMR spectrum displayed a
pair of doublets aé = 7.57 and 8.22 ppm, with a coupling constantaatiing trans-olefinic
protons. Cyclocondensation of chalcorissb with hydrazine hydrate in boiling ethanol
furnished the respective pyrazolinés,b. Similarly, cyclocondensation of chalconés,b
with phenylhydrazine in boiling ethanol furnishdtktcorresponding pyrazolin®s,b. The
structures of the pyrazoliné&g,b and 8a,b were derived from spectral data and elemental
analyses. IR spectra showed the disappearanceed@+® band of chalcones. Pyrazolines
7a,b showed an additional sharp band in the region ZR(F cni due to their NH
stretching vibration'H NMR spectra revealed the signals of Qtfotons of the pyrazoline
ring in the regions 2.89-2.92 and 3.80-3.82 ppm.pZdton appeared ai:= 4.81-4.87 ppm.

Scheme 1:

2-Hydrazinylquinoline9 [15] was prepared by the reaction of 2-choloroglimso with
hydrazine hydrate in boiling ethanol (Scheme 2)ndamsation of the 2-hydrazinylquinoline
9 with formylpyrazoles in ethanol under reflux affecithe respective hydrazone derivatives
10a-c. The structure of the hydrozonyl pyrazolid€s-c was established on the basis of their
spectral data and elemental analyses. IR speatraeshbands in the region 3162 - 3183%cm
due to their NH stretching vibration. Beside thenaatic signals, singlet signal about 9.00
ppm are assigned for the azomethine proton. AIINMR spectra of pyrazoline$0a-c
exhibited broad exchangeable signal for the NH@rabout 11.12, 11.17 ppm. Moreover,
13C NMR spectrum supported these assignments anddaadgrong evidence for these
interpretations.

Scheme 2:

2-Hydrazinylquinoline 9 is considered as starting material for the synthedi many
substituted pyrazoline derivatives. Thus, treatmeeguimolar quantities of 2-
hydrazinylquinolined and 2-(1-ethoxyethylidene)malononitrile in ethamwblen heated under
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reflux gave a sole product, which was identified 5aamino-4-cyano-3-methyl-pyrazole
derivativella as depicted in Scheme 3. By similar way, treatnegimolar quantities of 2-
hydrazinylquinoline9 and ethyl 2-cyano-3-ethoxybut-2-enoate in ethamalen reflux gave
only a sole product, which was identified as 5-arethylcarboxylate-3-methylpyrazole
derivativellb. Interaction of 2-hydrazinylquinolin@ with ketene dithioacetal derivative (2-
(bis(methylthio)methylene)malononitrile) in ethanol endeflux afforded 5-amino-4-cyano-
3-methylthio-pyrazole derivativel2a. 5-Amino-4-ethyl-carboxylate-3-methylthio-pyrazole
derivative 12b was prepared through the reaction of 2-hydrazinglgine with ketene
dithioacetal derivative [ethyl 2-cyano-3,3-bis(mgdthio)acrylate] in ethanol under reflux.
Finally, 5-amino-4-cyano-3-aryl-pyrazole derivasvd3ab were prepared through the
reaction of 2-hydrazinylquinoline with arylidene lo@onitrle derivatives in ethanol under
reflux. The structures of products were deducethfedemental analysis and spectroscopic
data.

Scheme 3:
2.2. Biological activates

2.2.1. Animal toxicity study

The acute toxicity is usually measured byskthe median lethal dose) which is the dose
that kills 50% of the experimental animals undeecsfeed conditions. The LE will vary
according to many factors, e.g. animal strain, ra@mperature, route of administration,
season of the year, etc. Acute toxicity studiesehawe carried out on several animal species
generally on mice and rats. The basic principl¢hefdetermination of the Ldg depends on
the determination of the highest dose that failkitbany animal and this refers as the
threshold dose or the maximal tolerated dose atetrdaation of the minimal dose that kills
all the animals, the former dose is referred ta.g, while the latter dose is referred to as
LDigo In between these two doses, several doses arserchahich produce different
percentage of mortality. The methods of determamatif the L33, differ in the design of the
experiment and the method of calculation of s.DThe acute LB, of the screened
compounds were determined by Spearmane Karber th¢tled. All the newly synthesized
compounds were well tolerated up to the doses d0Olbhg/kg without any toxic
manifestations. The results suggest that the testeghounds have very low toxic effects
2.2.2. Antibacterial and antifungal activities

The synthesized compounds were testeditro for antibacterial and antifungal activities
against the following human pathogens strainseti@eam-positive bacteri&aphylococcus
aureus (RCMB 010027),Saphylococcus epidermidis (RCMB 010024) andBacillis subtilis
RCMB 010063; three Gram-negative bactePiagteous vulgaris (RCMB 010085)Klebsiella
pneumonia (RCMB 010093), andshigella flexneri (RCMB 0100542), and three Fungi,
Aspergillus fumigatus (RCMB 02564),Aspergillus clavatus (RCMB 02593) andCandida
albicans (RCMB 05035). Agar-diffusion method [17] was used the determination of the
preliminary screening of antibacterial and antifaingctivities. The antifungal agents were
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evaluated against clinical isolates of standardirsirof fungi by the broth dilution methods
according to NCCLs [18]. Antimicrobial tests werarmed out using 10QuL of tested
compound solution prepared by dissolving 5 mg & tihhemical compound in 1 mL of
dimethyl sulfoxide (DMSO). Ampicillin, Gentamycimd Amphotericin B (1 mg/mL) were
used as standard references for Gram-positive Hect&ram-negative bacteria and
antifungal activity, respectively. The results weeeorded for each tested compound as the
average diameter of inhibition zones of bacterrafumgal growth around the discs in mm.
The inhibition zone diameters, attributed to thetdd original concentration (5 mg/mL) as
a preliminary test, are shown in Table 1.

Table1:

From the tabulated data, it was found that: thermedues of the inhibition zone diameter
obtained for these compounds suggest that alleoptmazole derivatives possess significant
antimicrobial activity against most of the testedamisms used in these assaye results of
antimicrobial screening revealed that most of theted pyrazoles displayed variable
inhibitory effects on the growth of tested Gramipwes, Gram-negative bacterial and fungal
strains. In general, most of the studied compouadsaled better activity against the Gram-
positive rather than Gram-negative bacterial stainwas also observed that transformation
of chalcone derivatives to the respective pyrazbdeivatives increase the antibacterial
activity. As anticipated, a clear difference in iamtrobial activity is noted between
compounds within and between each series, poimtirtge reinforcing and opposing effects
of substitution at pyrazole moiety. The resultstled antimicrobial screening demonstrated
the following assumptions about the structuralatgtirelationship (SAR). Inhibition of the
diameter zones values of antifungal activity showedilar trend as antibacterial activity.
Key precursor, chalcon2 showed poor antimicrobial activity. For that reaschalcone
derivatives2 and 6a,b were chemically transformed to pyrazoline derivegi\noping to get
more potent antimicrobial agents. The cyclizedaapyrazoline showed significant activity.
Regarding the effect of substitution at pyrazolaety it is evident that varying such a unit
may have a dramatic effect on antimicrobial activivhich may be augmented or reduced
depending on whether a matching or mismatchingiogiship exists with the substitution at
pyrazole moiety. The type of the substitutions loa pyrazoline ring is important. Using the
general structure provided in Fig. 1, certain agpetthe structure activity relationships for
these compounds can be more clearly highlighted.

Figure1:

The results depicted in Tableahd Fig. 2 revealed that the pyrazoline derivaivdhowed
moderate to good activity against the growth of thierent tested organisms exceft
pneumonia, and its best result was observed against Gramiy@odacteria. Also, their
analogueN-phenyl substituted pyrazoline derivatigeshowed moderate activity against all
the screened bacteria and fungi exd@pdubtilis and their potencies were weaker than their
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analogueN-unsubstituted pyrazoline derivatide The moving a functionalized substitutions
around the pyrazole moiety to the other positicsulted in retention of biological activity.
The moving functionalized substitutions in compouhdround the pyrazole moiety to the
other position in case of compou8ld resulted in the highest antimicrobial activity armgall
the compounds investigated in this study. Compdgimexhibited the highest antibacterial
activity against most of the organisms, compouwid exhibited activities near to the
references drugs (Ampicillin, Gentamycin and Amgigin B). On the other hand, the
moving functionalized substitutions in compouddround the pyrazole moiety to the other
position in case of compountb did not improve the antimicrobial activity. The u#s
depicted in Fig. 2 revealed that the compoutidshowed moderate activity against the
growth of the different organisms. Further introtliie of 2-chlorophenyl at position 5 of
pyrazoline, as irva, had a good effect on antibacterial activiig, showed strong activity
against the different organisms. Compoutadshowed better results when compared with
reference drug as revealed from their inhibitiomewalues. It showed near the reference
drug. Interestingly, unlik@a, their analoguelN-phenyl substituted pyrazoline derivatiga,
showed moderate activity against most of the sedracteria and fungi. Compoud
resulted in the lowest antimicrobial activity amoaly) the compounds investigated in this
series. Unfortunately, compourgh was completely inactive again§& Epidermidis, S
flexneri andA. clavatus. By investigating the biological activity of thégries as antimicrobial
agents (Fig. 2), it was observed that compouraland 8b were highly active with broad
spectrum activity against all the screened microbes

Figure 2:

Concerning the antimicrobial activity of pyrazoliderivativeslOa-c, the results displayed
that pyrazoline derivatived0a-c were highly active against all screened organisite
results depicted in Fig. 3 revealed that the awtiofial activity of pyrazoline derivatives
10a-c was nearly equipotent to the reference drug agaihsicreened organisms (Fig. 3).
Regarding the effect of changing the substituent@(8) of pyrazole from phenyl to
chlorophenyl top-tolyl (10a — 10b — 10c); the presence of chlorophenyl moietyOlf)
resulted in the highest antibacterial activity. Tgresence op-tolyl moiety resulted in the
lowest antibacterial activity. The presence of pth@moiety resulted in the lowest antifungal
activity.

Figure 3:

Pyrazoline seriedla,b, 12a,b and13a,b bearing quinolin-2-yl group al-(1), amino group
at position 5 of pyrazole moiety, various substituat position 3 and others at position 4 of
pyrazole moiety. The effects of each substituemoaition 3 and those at position 4 on these
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activities was studied and make a comparative shetween them to deduce a structure
activity relationship. Using the general structprevided in Fig. 3, certain aspects of the
structure activity relationships for these compauoan be more clearly highlighted.

Figure4:

Introduction of methyl group at position 3 and canitrile at position 4 of pyrazoline, as in
11a, had a good effect on antibacterial activity, commpd1la showed good activities against
the different organisms. Changing the substituepbaition 4 of pyrazoline from carbonitrile
to ethyl carboxylate and let the substituent posi not changed, as iib, had slight effect
on antibacterial activity. Introduction of methylthgroup at position 3 and carbonitrile at
position 4 of pyrazoline, as itRa, had a good effect on antibacterial activity, coomd12a
showed good activities against the different orgiausi. Changing the substituent at position 4
of pyrazoline from carbonitrile to ethyl carboxyaand let the substituent position 3 not
changed, as id2b, had slight effect on antibacterial activity agdigram positive Bactria.
On the other hand, this changing resulted bad teffecantibacterial activity against gram-
negative bacteria. Compouritlb showed no activities against gram-negative bacteria
Alternative,12b showed improve the antifungal activity. Changing slubstituent at position
3 in 11a, from methyl to methylthio and let the substituantposition 4 (carbonitrile) of
pyrazoline not changed as 12a, had slight effect on antibacterial activity. Caropd 12a
was weaker than their analogli#ga. Changing the substituent at position 31ib, from
methyl to methylthio and let the substituent atigpms 4 (ethyl carboxylate) of pyrazoline not
changed as ii12b, had slight effect against gram positive bactnd &ngi and bad effect
against gram-negative bacteria. Compodh showed no activities against gram-negative
bacteria. Pyrazoline serid8a,b bear carbonitrile at position 4, and 3-chlorophefoyl 2,4-
dichlorophenyl) substituent at position 3 of pydazanoiety. The presence of 2,4-
dichlorophenyl {3b) resulted in the highest antimicrobial activity @mgy all the compounds
investigated in this series. The presence of Zhldiophenyl moiety exhibited the highest
antibacterial activity against most of the orgargsi,4-dichlorophenyl moiety exhibited
activities near to the references drug. Unlil8b, their analogue, 3-chlorophenyl moidt$a
showed moderate activity against most of the sedracteria and fungi. Compoudda
resulted in the lowest antimicrobial activity amoaly) the compounds investigated in this
series. Among this series, compouri@b showed good inhibitory activity against all the
screened Gram-positive bacteria (Fig. 5). Compoui®ts showed better results when
compared with ampicillin as revealed from theiribition activities.

Figure5:



2.2.2. MIC of the most active compounds

The minimal inhibitory concentrations (MICs) forrapounds that showed significant growth
inhibition zones were determined. The synthesizedpounds/a, 8b, 10a-c, 11a,b, 13b and
reference drugs was then evaluaiteditro using the twofold serial dilution technique [18].
The lowest concentration showing no growth was rales the minimum inhibitory
concentration. The results of minimum inhibitoryncentration were reported in Talde

Table2:

Results revealed that majority of synthesized campe showed varying degrees of
inhibition against the test panel of species. Th&aioed antimicrobial activity of tested
compounds could be correlated to structural vamatiand modifications. Pyrazole derivative
13b showed better results when compared with the neterelrugs as revealed from their
MIC values (0.12-0.98ig/mL). The pyrazole derivativé3b showed fourfold potency of
Gentamycin in inhibiting the growth & flexneri (MIC 0.12 ug/mL). Also, compound.3b
showed fourfold potency of Amphotericin B in intibg the growth ofA. clavatus (MIC
0.49 pg/mL) and C. albicans (MIC 0.12 pug/mL), respectively. Compound3b showed
twofold potency of Gentamycin in inhibiting the grihn of P. wulgaris (MIC 0.98 pug/mL),
equipotent to the Ampicillin and Amphotericin B imhibiting the growth ofS. epidermidis
(MIC 0.49 pg/mL), A. fumigates (MIC 0.98 ng/mL), respectively. Pyrazole derivatii@b
displayed 50% less activity compared to Gentamygainst K. pneumonia (MIC 0.49
ug/mL). Moreover, Pyrazole derivativd3b showed narrow spectrum of activity of
Ampicillin toward S. aureus and B. subtilis on aast to its activity toward the other
organisms. The comparison between the minimal itdrjp concentrations (MICs) of
compoundl3b and standard drugs against the used Gram pos@itgan negative bacteria
and fungi was represented in Fig 6. Also, pyraz@evative8b showed better results when
compared with reference drugs as revealed from ik values (0.06-9.9g9/mL). Pyrazole
derivative 8b showed twofold potency of Ampicillin in inhibitinghe growth of S
epidermidis (MIC 0.24 pg/mL); equipotent to the Gentamycin and Amphoteari@ in
inhibiting the growth ofS flexneri (MIC 0.12 pg/mL) andC. albicans (MIC 0.48 pg/mL),
respectively. Pyrazole derivatidb displayed 50% less activity compared to Amphoteri
againstA. fumigates (MIC 1.95 pug/mL), and 25% of the potency of Ampicillin agair$t
aureus with MIC values (0.241g/mL). Pyrazole derivativéOc is equipotent to Amphotericin
B in inhibiting the growth ofA. fumigatus and C. albicans (MIC 0.98 and 0.49ug/mL,
respectively). Pyrazole derivativi®c displayed 50% less activity compared to Ampicillin
againstS epidermidis (MIC 0.98 ug/mL). Pyrazole derivativéa showed twofold potency of
Gentamycin in inhibiting the growth &f. vulgaris (MIC 0.97 ug/mL). pyrazole derivativ®
displayed 50% less activity compared to ampic#igainstS. epidermidis (MIC 0.97 ug/mL).

Figure 6:



3. Conclusion

The aim of the present investigation is to syntheslifferent series of quinoline derivatives
which bearing a pyrazole moiety at position 2-¢biave the antimicrobial effect. The results
of this work clearly revealed that quinoline detivas bearing a moiety pyrazole exhibited
good antimicrobial activity. Introduction,f-unsaturated ketone at position 2 of quinoline
moiety decreased the antimicrobial activity. Transfation ofa,f-unsaturated ketone group
into pyrazolines increases the antimicrobial attivit is interesting to point out that
quinoline moiety incorporating substituted pyrazoteiety showed good antimicrobial
activity. The type of substituent on pyrazole mpigs important. The moving a
functionalized substitutions around the pyrazoleiatyoto the other position resulted in
retention of biological activity.

4. Experimental Section

All melting points are recorded on digital Gallemrp MFB-595 instrument and may be
uncorrected. The IR spectra (KBr) (¢rwere measured on a JASCO spectrophotonéder.
NMR spectra were recorded on Bruker spectrome&rSqQ0 MHz) and are reported relative
to deuterated solvent signals in deuterated dinilfgxide (DMSOds). **C NMR spectra
were recorded on Bruker Spectrometers (at 125 MiHzpeuterated dimethylsulfoxide
(DMSO-dg). The antimicrobial screening and minimal inhibjt@oncentrations of the tested
compounds were carried out at the Regional CewnteMlycology and Biotechnology, Al-
Azhar University, Cairo, Egypt.

4.1. Synthesis of 4-(quinolin-2-yloxy)benzaldehyde (1)

A mixture of 2-choloroquinoline (1.63 g, 0.01molhdca4-hydroxybenzaldehyde (1.22 g,
0.01mol) were dissolved in DMF (50 mL) containinghgdrous potassium carbonate (2.0 g).
The mixture was heated in a water bath for 6 h. Mheure allowed to cool and poured into
crushed ice-cold water. The obtained product wélsated by filtration and crystallized from
ethanol to givel. Yield: 82%; m.p.: 106-108 °C; IR/cm™ 1695 (C=0):*H NMR: 7.33 (d,
1H, J = 9.0 Hz, quinoline -H), 7.47 (d, 2H, = 8.5 Hz, AB Ar-H), 7.50-7.57 (m, 1H,
quinoline-H), 7.66-7.68 (m, 2H, quinoline-H), 7.@¥, 1H,J= 8.0 Hz, quinoline-H), 8.00 (d,
2H, J = 8.5 Hz, AB Ar-H), 8.45 (d, 1HJ= 9.0 Hz, quinoline-H), 10.02 (s, 1H, CHGfC
NMR: 113.6, 122.3 (2C), 125.8, 126.3, 127.6, 12&83).7, 131.9, 133.3 (2C), 141.4, 146.0,
159.0, 161.0, 192.3 (CHO); Anal. Calcd foisd11NO, (249.26): C, 77.10; H, 4.45; N, 5.62;
Found: C, 77.32; H, 4.35; N, 5.43 %.

4.2. Synthesis of 1-(4-methoxyphenyl)-3-(4-(quinolin-2-yloxy)phenyl)prop-2-en-1-one (2)

The aldehydd (2.49 g, 0.01mol) and 4-methoxyacetophenone (1,5300imol) were taken
in ethanol (25 mL), cooled 10 % aqueous NaOH smufR.5 mL) was added to the above
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solution with constant stirring, until the turbigiappears. The reaction mixture was further
stirred for 2 h and left overnight. The mixture waarefully acidified using dilute
hydrochloric acid to obtain solid precipitate. Tolgtained product was filtered, washed with
water and crystallized from ethanol to give chak@nYield: 78 %; m.p.: 154-156 °C; IR:
vicm™: 2927 (CH-aliph.), 1658 (C=0), 1602 (olefin C=G} NMR: 3.88 (s, 3H, OCH),
7.09 (d, 2H, = 8.5 Hz, AB Ar-H), 7.30 (d, 1HJ] = 9.0 Hz, quinoline-H), 7.35 (d, 2H,= 8.0
Hz, AB Ar-H), 7.49 (s, 1H, quinoline-H), 7.66-7.¢8, 2H, quinoline-H), 7.78 (d, 1H =
15.5 Hz, olefinic CH), 7.98-8.00 (m, 4H, Ar-H + 6iéc CH), 8.20 (d, 2H,J = 8.5 Hz, AB
Ar-H), 8.45 (d, 1H,J = 8.5 Hz, quinoline-H)}*C NMR: 56.1 (OCH), 113.5, 114.5 (2C),
122.1, 122.4 (2C), 125.6, 126.1, 127.5, 128.3,4,3030.8 (2C), 131.0, 131.4 (2C), 132.0,
141.2, 142.9, 146.0, 155.6, 161.5, 163.7, 187.8))CAnal. Calcd for GsH1gNO3 (381.42):
C, 78.72; H, 5.02; N, 3.67; Found: C, 78.54; H2419, 3.47 %.

4.3. Synthesis of 2-(4-(3-(4-methoxyphenyl)-4,5-dihydro-1H-pyrazol-5-yl)phenoxy)quin-
oline (3)

To a solution of the chalcor#(3.81 g, 0.01mol) in ethanol (60 mL), hydrazine tagd (0.6
mL, 0.012mol) was added. The reaction mixture weatdéd under reflux for 4 h. After
cooling the separated solid was filtered and chyatal from ethanol to give the pyrazoliBe
Yield: 80 %; m.p.: 112-114 °C; IR/cm™: 3341 (NH), 2836 (CH-aliph.), 1599 (C=N)
NMR: 2.89 (dd, 1HJax = 9.76 Hz Jag= 16.43 Hz pyrazoline Q—HA), 3.84 (dd, 1HJsx =
7.11 Hz,Jga = 16.31 Hz, pyrazoline £Hg), 3.88 (s, 3H, OCH), 4.87 (dd, 1HJax = 7.22
Hz, Jsx = 9.71 Hz, pyrazoline £Hy), 6.95 (d, 2H,J = 9.0 Hz, AB Ar-H), 7.22-7.26 (m, 3H,
Ar-H), 7.44-7.51 (m, 4H, Ar-H), 7.60 (d, 2H, = 9.0 Hz, AB Ar-H), 7.64-7.68 (m, 2H,
quinoline-H), 7.95 (d, 1HJ= 10.0 Hz, NH exchangeable by®), 8.41 (d, 1HJ= 9.0 Hz,
quinoline-H); **C NMR: 41.2 (CH), 55.6 (OCH), 63.6, 113.4, 114.5, 121.9, 125.4, 126.0,
127.0, 127.4, 127.5, 127.6, 128.3, 128.4, 130.9,93140.9, 146.1, 149.4, 159.9, 161.8
(C=N); Anal. Calcd for gH21N30; (395.45): C, 75.93; H, 5.35; N, 10.63; Found: &.87;

H, 5.26; N, 10.78 %.

4.4. Synthesis of 2-(4-(3-(4-methoxyphenyl)-1-phenyl-4,5-dihydr o-1H-pyr azol-5-yl)phen-
oxy)quinoline (4)

A mixture of chalcone (3.81 g, 0.01mol) and phenylhydrazine (1.08 g, M6l). in ethanol
(60 mL) was heated under reflux for 6 h. After coglthe separated solid was filtered and
crystallized from ethanol to give the pyrazolinghefield 75 %; mp 139-141 °C; IR/cm™
2913 (CH-aliph.), 1593 (C=N}H NMR: 3.08 (m, 1H, pyrazoline £H), 3.87 (s, 3H, OCH,
3.94 (m, 1H, pyrazoline £H), 5.32 (m, 1H, pyrazoline §H), 6.70 - 6.90 (m, 3H, Ar-H),
7.00 - 7.15 (m, 4H, Ar-H), 7.24 (d, 28 = 7.0 Hz, Ar-H), 7.30-7.35 (m, 3H, Ar-H), 7.52 (m,
1H, Ar-H), 7.64 (m, 2H, Ar-H), 7.84 (d, 2H,= 7.0 Hz, Ar-H), 8.01 (d, 1H] = 7.0 Hz, Ar-
H), 8.54 (d, 1HJ = 8.0 Hz, Ar-H);*C NMR: 43.5, 55.5 (OC}), 63.2, 113.4, 113.4 (2C),
114.8 (2C), 118.9, 122.3 (2C), 125.5, 126.0, 14B86), 127.5 (2C), 128.2, 129.3 (2C),
129.5, 130.5, 134.9, 141.0, 144.8, 146.0, 147.2,25158.9 (C=N), 161.6 (C=N); Anal.
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Calcd for GiH2sN30, (471.55): C, 78.96; H, 5.34; N, 8.91; Found: C,783H, 5.21; N, 8.72
%.

4.5. Synthesis of 1-(4-(quinolin-2-yloxy)phenyl)ethanone (5)

A mixture of 2-choloroquinoline (1.63 g, 0.01molhda4-hydroxyacetophenone (1.36 g,
0.01mol) were dissolved in DMF (50 mL) containinghgdrous potassium carbonate (2 g).
The mixture was heated under reflux for 12 h., takowed to cool and poured into crushed
ice-cold water. The obtained product was colle@igdiltration and crystallized from ethanol
to give 5. Yield: 85 %; m.p.: 117-119 °C; IR/cm™: 2957 (CH-alph.), 1671 (C=O)H
NMR: 2.30 (s, 3H, Ch), 7.31 (d, 1HJ = 9.0 Hz, quinoline-H), 7.38 (d, 2H,= 8.5 Hz, AB
Ar-H), 7.49 (s, 1H, quinoline-H), 7.66-7.68 (m, 2#lJinoline-H), 7.96 (d, 1HJ= 8.0 Hz,
quinoline-H), 8.05 (d, 2HJ= 8.5 Hz, AB Ar-H), 8.45 (d, 1HJ) = 9.0 Hz, quinoline-H)*C
NMR: 27.1 (CH), 113.5, 121.8, 125.7, 126.2, 127.6, 128.3, 1303).7, 133.9, 141.3,
146.0, 161.2, 162.8, 197.2 (C=0); Anal. Calcd feHzsNO, (263.29): C, 77.55; H, 4.98; N,
5.32; Found: C, 77.71; H, 4.82; N, 5.46 %.

4.6. General method for the preparation of chalcone derivatives 6a,b

The acetophenone derivatie (2.63, 0.01mol) and the selected aldehydes (nangly,

chlorobenzaldehyde and 4-methoxybenzaldehyde) (&0} were dissolved in ethanol (25
mL) and cooled. 10 % Aqueous NaOH solution (2.5 mias added to the above solution
with constant stirring, until the turbidity appeaf$ie reaction mixture was further stirred for
2 h and left overnight. The mixture was carefultyd#fied using dilute hydrochloric acid to

obtain solid precipitate. The obtained product widered, washed with water and

crystallized from ethanol to give the chalcone \dives6a,b

4.6.1. 3-(2-Chlorophenyl)-1-(4-(quinolin-2-yloxy)phenyl)prop-2-en-1-one (6a): Yield:
77%; m.p.: 125-127 °C; IR/cm™: 1657 (C=0), 1602 (olefin C=CJH NMR: 7.30 (d, 1H,

= 9.5 Hz, quinoline-H), 7.43-7.54 (m, 5H, Ar-H)57.(d, 1H,J = 7.0 Hz, olefinic CH), 7.66-
7.68 (m, 2H, quinoline-H), 7.96 (d, 1H,= 8.0 Hz, quinoline-H), 8.04-8.15 (m, 2H, Ar-H),
8.22 (d, 1HJ = 9.0, olefinic CH ), 8.30 (d, 2Hl = 8.0 Hz, AB Ar-H), 8.46 (d, 1H) = 8.5
Hz, quinoline-H);**C NMR: 113.6, 121.9, 125.2, 125.8, 126.3, 127.68.12128.3, 129.1,
130.5, 130.7, 131.2, 132.4, 132.8, 134.2, 134.8,93141.3, 146.0, 158.2, 161.1, 188.2
(C=0); Anal. Calcd for &H;6CINO, (385.84): C, 74.71; H, 4.18, N, 3.63; Found: C534
H, 4.23, N, 3.47 %.

4.6.2. 3-(4-Methoxyphenyl)-1-(4-(quinolin-2-yloxy)phenyl)prop-2-en-1-one (6b): Yield:
67 %; m.p.: 128-130 °C; IR/cm*: 2923 (CH-aliph.), 1652 (C=0), 1593 (olefin C=CH
NMR: 3.83 (s, 3H, OCH), 7.02 (d, 2HJ = 8.5 Hz, AB Ar-H), 7.32 (d, 1HJ = 9.0 Hz,
quinoline-H), 7.43 (d, 2HJ) = 8.0 Hz, AB Ar-H), 7.49-7.51 (m, 1H, quinoline-Hj},66-7.68
(m, 2H, quinoline-H), 7.77 (d, 1H] = 14.3 Hz, olefinic CH), 7.85-7.92 (m, 3H, Ar-H +
olefinic CH), 8.05 (d, 1HJ = 8.5 Hz, quinoline- H), 8.20 (d, 2Hd,= 8.0 Hz, AB Ar-H), 8.48
(d, 1H,J= 8.5 Hz, quinoline-H)>*C NMR: 55.9 (OCH), 113.6, 114.9, 119.9, 121.9, 125.8,
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126.2, 127.6, 127.8, 128.3, 130.7, 130.9, 131.3,813141.3, 144.4, 146.0, 157.8, 161.2,
161.9, 188.3 (C=0); Anal. Calcd for41;0NO; (381.42): C, 78.72; H, 5.02; N, 3.67; Found:
C, 78.64; H, 4.98; N, 3.73 %.

4.7. General method for the preparation of 4,5-dihydropyrazole derivatives 7a,b

To a solution of the chalcone derivativ@s or 6b (0.01mol) in ethanol (60 mL), hydrazine
hydrate (0.6 g, 0.012mol) was added. The reactiottune was heated under reflux for 4 h.
After cooling the separated solid was filtered angstallized from ethanol.

4.7.1. 2-(4-(5-(2-Chlorophenyl)-4,5-dihydr o-1H-pyrazol-3-yl)phenoxy)quinoline  (7a):
Yield: 80 %; m.p.: 102-104 °C; IR/cm™: 3317 (NH), 1594 (C=N)*H NMR: 2.89 (s, 1H,
pyrazoline G-Ha), 3.80 (s, 1H, pyrazoline£Hg), 4.87 (s, 1H, pyrazolinestHy), 7.00-7.51
(m, 9H, Ar-H), 7.60-7.68 (m, 4H, Ar-H), 7.87 (d, 1H = 10.0 Hz, NH exchangeable by
D,0), 8.45 (d, 1H, J = 9.0 Hz, quinoline-H)*C NMR: 41.1 (CH), 63.5, 113.7, 114.2,
121.5, 125.3, 126.1, 127.0, 127.3, 127.8, 127.6.32128.9, 130.5, 139.9, 141.1, 146.1,
149.5, 160.2, 161.7; Anal. Calcd for#81sCIN3O (399.87): C, 72.09; H, 4.54; N, 10.51;
Found: C, 72.23; H, 4.42; N, 10.72 %.

4.7.2. 2-(4-(5-(4-Methoxyphenyl)-4,5-dihydr o-1H-pyr azol-3-yl)phenoxy)quinoline (7b):
Yield: 82%; m.p.: 129-131 °C; IR/cm™: 3330 (NH), 1558 (C=N)H NMR: 2.92 (s, 1H,
pyrazoline G-Hp), 3.82 (s, 1H, pyrazoline £Hg), 3.88 (s, 3H, OC}J, 4.81 (s, 1H,
pyrazoline G-Hy), 7.00-7.26 (m, 5H, Ar-H), 7.40-7.50 (m, 4H, ArsH).62 (d, 2HJ = 9.0
Hz, AB Ar-H), 7.60-7.70 (m, 2H, quinoline-H), 7.8, 1H,J = 10.0 Hz, NH), 8.44 (d, 1H,

= 9.0 Hz, quinoline-H)**C NMR: 41.3, 55.5 (OC}h), 63.4, 113.1, 114.4 (2C), 121.8 (2C),
125.2, 125.7, 126.8 (2C), 127.3, 127.6, 127.5,2,2R8.3 (2C), 130.6, 139.8, 140.8, 146.0,
149.3, 159.8 (C=N), 161.8 (C=N); Anal. Calcd fossld>1N30, (395.45): C, 75.93; H, 5.35;
N, 10.63; Found: C, 76.08; H, 5.21; N, 10.74 %.

4.8. General method for the preparation of 4,5-dihydropyrazole derivatives 8a,b

To a solution of the chalcone derivativés or 6b (0.01mol) in ethanol (60 mL),
phenylhydrazine (1.08mol) was added. The reactiotiure was heated under reflux for 8 h.
After cooling the separated solid was filtered aadrystallized from ethanol to give 4,5
dihydropyrazole derivative®a,b

4.8.1. 2-(4-(5-(2-Chlorophenyl)-1-phenyl-4,5-dihydro-1H-pyrazol-3-yl)phenoxy)quinol-
ine (8a): Yield: 75 %:; m.p.: 175-177 °C; IR/cm: 1591 (C=N);'H NMR: 3.13 (dd, 1H,
Jax = 9.76 Hz Jag = 16.43 Hz, pyrazoline Q"A), 4.07 (dd, 1HJgx = 7.11 Hz,Jga = 16.31
Hz, pyrazoline G-Hg), 5.78 (dd, 1HJax = 7.22 Hz,Jgx = 9.71 Hz, pyrazoline £Hy), 6.75

(t, 1H,J = 8.5 Hz, Ar-H), 6.95 (d, 2H) = 9.0 Hz, Ar-H),7.15-7.36 (m, 8H, Ar-H), 7.51 (t,
1H,J = 8.5 Hz, Ar-H), 7.56 (d, 1H, Ar-H), 7.64-7.68 (2H, Ar-H), 7.84 (d, 2H,) = 9.0 Hz,
Ar-H), 7.95 (d, 1H,J = 10.0 Hz, Ar-H), 8.42 (d, 1Hl = 9.0 Hz, Ar-H);"*C NMR: 19.0, 56.5,
113.1, 113.4, 122.3, 125.5, 127.5, 127.7, 128.8,412129.6, 129.8, 130.6, 141.1, 144.8,
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146.1, 147.2, 154.2, 159.0, 161.7 (C=N); Anal. @dlar CsoH»2CIN3O (475.97): C, 75.70;
H, 4.66; N, 8.83; Found: C, 75.62; H, 4.61; N, 8%83

4.8.2. 2-(4-(5-(4-Methoxyphenyl)-1-phenyl-4,5-dihydr o-1H-pyrazol-3-yl)phenoxy)quino-
line (8b): Yield: 77 %; m.p.: 145-147 °C; IRW/cm™: 2835 (CH-aliph.), 1597 (C=N)H
NMR: 3.10 (dd, 1HJax = 9.76 Hz,Jxg =16.43 Hz, pyrazoline £H,), 3.87 (s, 3H, OCH),
3.90 (dd, 1H,Jsx = 7.11 Hz,Jga= 16.31 Hz, pyrazoline £Hg), 5.44 (dd, 1HJax = 7.22 Hz,
Jex = 9.71 Hz, pyrazoline £Hx), 6.72 (s, 1H, Ar-H), 6.90 (d, 2H,= 8.0 Hz, Ar-H), 7.03 (d,
2H, J= 7.0 Hz, Ar-H), 7.16-7-20 (m, 2H, Ar-H), 7.23 @H, J = 7.0 Hz, Ar-H), 7.29-7.32
(m, 3H, Ar-H), 7.50 (s, 1H, Ar-H), 7.66-7.69 (m, 2Ar-H), 7.82 (d, 2HJ = 7.0 Hz, Ar-H),
7.95 (d, 1HJ =7.0 Hz, Ar-H), 8.42 (d, 1HJ] = 8.0 Hz, Ar-H):**C NMR: 55.5 (OCH), 63.3,
113.4, 113.5, 114.8, 119.0, 122.3, 125.5, 126.7,.512127.6, 128.3, 129.3, 129.6, 130.6,
134.9, 141.1, 144.8, 146.1, 147.2, 154.2, 159.Q2,7L6C=N); Anal. Calcd for &HsN3O,
(471.55): C, 78.96; H, 5.34; N, 8.91; Found: C129H, 5.41; N, 8.87 %.

4.9. General procedure for the condensation of the 2-hydrazinylquinoline 9 with
formylpyrazolesto afford 10a-c

To a solution of the 2-hydrazinylquinoling [15] (1.45g, 0.01mol) in ethanol (30 mL),
formylpyrazoles (0.01 mol) were added and the reachixture was heated under reflux for
3 h. The solid obtained upon cooling was colledigdiltration, dried and crystallized from
dioxane.

4.9.1. 2-(2-((1,3-Diphenyl-1H-pyrazol-4-yl)methylene)hydrazinyl)quinoline (10a): Yield:

87 %; m.p.: 130-132 °C; IR/cm™: 3162 (NH), 1608 (C=N)*H NMR: 7.28 (t, 1HJ = 7.5
Hz, Ar-H), 7.37 (t, 1HJ = 7.5 Hz, Ar-H), 7.48 (t, 1H) = 7.5 Hz, Ar-H), 7.53-7.63 (m, 7H,
Ar-H), 7.76-7.80 (m, 3H, Ar-H), 8.01 (d, 2H,= 8.0 Hz, Ar-H), 8.14 (d, 1H] = 9.0 Hz, Ar-
H), 8.28 (s, 1H, Ar-H), 9.01 (s, 1H, CH=N), 11.1&,(1H, NH exchangeable by,0); **C
NMR: 110.1, 118.5, 119.0, 122.8, 124.6, 126.2, 22127.3, 128.3, 128.9, 129.0, 130.0,
130.1, 133.1, 133.1, 138.2, 139.7, 147.7, 151.8.31%C=N); Anal. Calcd for §HioNs
(389.45): C, 77.10; H, 4.92; N, 17.98; Found: C237H, 4.82; N, 17.91 %.

4.9.2. 2-(2-((3-(4-Chlorophenyl)-1-phenyl-1H-pyrazol-4-yl)methylene)hydrazinyl)quino-
line (10b): Yield: 88 %; m.p.: 295-297 °C; IR/cm™ 3174 (NH), 1671 (C=N)*H NMR:
7.20-7.50 (m, 3H, Ar-H), 7.50-7.60 (m, 7H, Ar-H),78-7.80 (m, 3H, Ar-H), 8.03-8.15 (m,
2H, Ar-H), 8.31 (s, 1H, Ar-H), 9.04 (s, 1H, CH=N)1.17 (br, 1H, NH exchangeable by
D,0); *C NMR: 110.0, 118.4, 119.2 (2C), 122.6, 124.4, 02627.1, 127.3, 128.4, 128.8
(2C), 129.2 (2C), 130.0 (2C), 130.5, 132.0, 13333.7, 138.2, 139.7, 147.7, 151.2 (C=N),
156.3 (C=N); Anal. Calcd for £H1sCINs (423.90): C, 70.84; H, 4.28; N, 16.52; Found: C,
70.76; H, 4.24; N, 16.45 %.

4.9.3. 2-(2-((1-Phenyl-3-p-tolyl-1H-pyrazol-4-yl)methylene)hydrazinyl)quinoline (10c):
Yield: 80 %; m.p.: 151-153 °C; IR/cmi’: 3183 (NH), 1603 (C=N)'H NMR: 2.01 (s, 3H,
CHj3), 7.30-7.37 (m, 2H, Ar-H), 7.43-7.63 (m, 8H, Ar;H).73-7.82 (m, 3H, Ar-H), 8.03-8.17
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(m, 2H, Ar-H), 8.28 (s, 1H, Ar-H), 9.05 (s, 1H, CN} 11.17 (br, 1H, NH exchangeable by
D,0); ¥*C NMR: 21.2, 110.1, 118.5, 119.3 (2C), 122.7, 12426.1, 127.4, 127.2, 128.1,
128.9 (2C), 129.2 (2C), 130.1 (2C), 130.8, 13233.9, 133.2, 138.4, 139.6, 147.4, 151.0
(C=N), 156.7 (C=N); Anal. Calcd for H»Ns (403.48): C, 77.40; H, 5.25; N, 17.36;
Found: C, 77.54; H, 5.31; N, 17.46 %.

4.10. General procedure of synthesis of ethyl 5-amino-3-(methylthio)-1H-pyrazole
derivatives 11a,b

To a solution of 2-hydrazinylquinolin® (1.45g, 0.01mol) in ethanol (50 mL), 2-(1-

ethoxyethylidene)malononitrile or 2-(1-ethoxyetlgne)ethyl cyanoacetate (0.01mol) were
added and the reaction mixture was heated undkixrésr 4 h. The solid obtained upon

cooling was collected by filtration, dried and dgatszed from butanol.

4.10.1. 5-Amino-3-methyl-1-(quinolin-2-yl)-1H-pyrazole-4-carbonitrile (11a): Yield: 78
%:; m.p.: 246-248 °C; IRv/cm™ 3368, 3272 (Nh), 2918 (CH-aliph.), 2218 N); 'H
NMR: 2.24 (s, 3H, Ch), 7.59 (s, 1H, quinoline-H), 7.79 (s, 1H, quinelinl), 8.00-8.11 (m,
3H, quinoline-H), 8.40-8.50 (m, 3H, quinoline-H +Hhexchangeable by £); *C NMR:
13.2, 74.3, 113.2 (2C), 126.0, 126.7, 128.1, 1283A,.2 (2C), 140.3, 145.4, 151.7, 154.2;
MS (m/z: %): 249 (M+, 100), 250 (M+1, 20.7), 242-(NH,, 41.9), 184 (24.7), 143 (26.8),
129 (59.1) 102 (36.8), 77 (34.58); Anal. Calcd @H1:Ns (249.27): C, 67.46; H, 4.45; N,
28.10; Found: C, 67.57; H, 4.38; N, 28.27 %.

4.10.2. Ethyl 5-amino-3-methyl-1-(quinolin-2-yl)-1H-pyrazole-4-carboxylate (11b):
Yield: 74 %; m.p.: 154-156 °C; IR/cm™: 3429, 3301 (Nk), 2967, 2922 ( CH-aliph.), 1668
(C=0);'H NMR: 1.23 (t, 3H,J = 6.9 Hz, CH-ester), 2.34 (s, 3H, G} 4.23 (q, 2H,) = 7.0
Hz, CH-ester), 7.59 (s, 1H, quinoline-H), 7.81 (s, 1Hjngline-H), 8.00-8.11 (m, 4H,
quinoline-H), 8.52 (br, 2H, NiHexchangeable by 40); **C NMR: 14.9 (CH), 15.1 (CH
ester), 59.5 (Ch), 93.4, 113.2, 126.0, 126.5, 127.9, 128.4, 1314D,2, 145.4, 151.0, 153.2
(C=0); MS (m/z: %): 296 (M 86), 250 (M-COOgHs, 20.7), Anal. Calcd for GH1eN4O»
(296.32): C, 64.85; H, 5.44; N, 18.91; Found: C/84H, 5.42; N, 18.78 %.

4.11. General procedure of synthesis of ethyl 5-amino-3-(methylthio)-1H-pyrazole
derivatives 12a,b

To a solution of 2-hydrazinylquinoling@ (1.45g, 0.01mol) in ethanol (50 mL), substituted
ketene dithioacetals (0.01 mol) were added andehetion mixture was heated under reflux
for 4 h. The solid obtained upon cooling was caédcby filtration, dried and crystallized
from butanol.

4.11.1. 5-Amino-3-(methylthio)-1-(quinolin-2-yl)-1H-pyrazole-4-carbonitrile  (12a):
Yield: 80 %; m.p.: 233-235 °C; IRv/em™: 3367, 3270 (Nk), 2915 (CH-aliph.), 2217
(C=N); 'H NMR: 2.61 (s, 3H, SC¥), 7.58 (t, 1H,J = 7.5 Hz, quinoline-H), 7.78 (t, 1H},=
7.5 Hz, quinoline-H), 7.97 (d, 1H] = 8.0 Hz, quinoline-H), 8.01 (d, 1H}= 8.5 Hz,
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quinoline-H), 8.47-8.52 (m, 4H, quinoline-H + MExchangeable by f); *°C NMR: 13.4
(CH3), 73.5 (C=C-pyrazole), 113.1, 114.1, 126.0, 12628.1, 128.4, 131.2, 140.4, 145.2,
151.3, 152.5, 154.8: MS (m/z: %): 281 (M+, 79.40aM+1, 14.7), 234 (20.4), 144 (29.7),
143 (26.8), 128 (100) 109 (62.8), 77 (36.8): Adlcd for G4H1NsS (281.34): C, 59.77; H,
3.94; N, 24.89; Found: C, 59.62; H, 3.89; N, 2861

411.2. Ethyl 5-amino-3-(methylthio)-1-(quinolin-2-yl)-1H-pyrazole-4-car bo-xylate
(12b): Yield: 82 %; m.p.: 124-126 °C; IR/cm™: 3439, 3311 (Nk), 2977 (CH-aliph.), 1691
(C=0); *H NMR: 1.31 (t, 3H,J = 6.5 Hz, CH-ester), 2.54 (s, 3H, SGH 4.24 (q, 2HJ =

6.5 Hz, CH-ester), 7.57 (t, 1H]) = 8.0 Hz, quinoline-H), 7.79 (t, 1H= 7.5 Hz, quinoline-
H), 7.97 (d, 1HJ = 8.0 Hz, quinoline-H), 8.05 (d, 1H= 8.5 Hz, quinoline-H), 8.03-8.07
(m, 3H, quinoline-H + NHexchangeable by ), 8.52 (d, 1H,) = 9.0 Hz, quinoline-H)**C
NMR: 12.8 (CH), 14.9 (CH), 59.7 (CH), 92.8 (C=C-pyrazole), 113.1, 126.0, 126.5, 127.9,
128.4, 131.2, 140.2, 145.3, 151.2, 152.8, 153.5N)C463.4 (C=0); Anal. Calcd for
CleH16N4OZS (328.39): C, 58.52; H, 4.91; N, 17.06; Found58:63; H, 4.93; N, 17.12 %.

4.12. General procedure of synthesis of ethyl 5-amino-3-(methylthio)-1H-pyrazole
derivatives 13a,b

To a solution of 2-hydrazinylquinolin® (1.45g, 0.01mol) in ethanol (50 mL), aryledine
derivatives (0.01mol) were added and the reactiotiure was heated under reflux for 4 h.
The solid obtained upon cooling was collected Hiyation, dried and recrystallized from
butanol.

4.12.1. 5-Amino-3-(3-chlorophenyl)-1-(quinolin-2-yl)-1H-pyrazole-4-car bonitrile (13a):
Yield: 75 %; m.p.: 211-213 °C; IR/cm™ 3378, 3282 (NH), 2213 (&N); 'H NMR: 7.56-
7.60 (m, 3H, Ar-H), 7.80 (t, 1H] = 8.0 Hz, Ar-H), 7.92 (d, 1HJ = 8.0 Hz, Ar-H), 7.97 (s,
1H, Ar-H), 8.00 (d, 1H,J= 8.0 Hz, Ar-H), 8.14 (d, 1H) = 8.5 Hz, Ar-H), 8.18 (d, 1HJ =
9.0 Hz, Ar-H), 8.51-8.59 (m, 3H, Ar-H + N§j °C NMR: 71.8, 113.4, 115.4, 125.3, 126.3,
127.0, 128.2, 128.4, 130.0, 131.3, 131.3, 133.4,.113140.5, 145.2, 149.6, 152.7, 155.5
(2C=N); MS (m/z: %): 345 (M 76): Anal. Calcd for @H1,CINs (345.79): C, 66.00; H,
3.50; N, 20.25; Found: C, 66.12; H, 3.43; N, 20087

41225 Amino-3-(2,4-dichlorophenyl)-1-(quinolin-2-yl)-1H-pyr azole-4-car bonitrile
(13b): Yield: 77 %; m.p.: 116-118 °C; IR/cm™: 3359, 3230 (Nk), 2200 (GN); *H NMR:
7.50-7.90 (m, 5H, Ar-H), 8.00-8.20 (m, 3H, Ar-H),.58-8.60 (m, 3H, Ar-H + NH
exchangeable by ); **C NMR: 12.8 (CH), 14.9 (CH), 59.7 (CH), 92.8 (C=C-pyrazole),
113.1, 126.0, 126.5, 127.9, 128.4, 131.2, 140.3,314151.2, 152.8 (C=N), 153.5 (C=N),
163.4 (C=0); Anal. Calcd for H1:CI:N5 (380.23): C, 60.02; H, 2.92; N, 18.42; Found: C,
60.14; H, 2.87; N, 18.54 %.
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4.13. Antimicrobial activity

Chemical compounds were individually tested agamspanel of gram positive, gram
negative bacterial pathogens and fungi. Antimicbbests were carried out by the agar well
diffusion method using 10QL of suspension containing 1 x108 CFU/mL of patigatal
tested bacteria and 1 x106 CFU/mL of fungi spreadwatrient agar and Sabouraud dextrose
agar media, respectively. After the media had a@baed solidified, wells (10 mm in
diameter) were made and loaded with 300 of tested compound solution prepared by
dissolving 5 mg of the chemical compound in one ofildimethyl sulfoxide (DMSO). The
inoculated plates were then incubated for 24 h7at@ for bacteria, and 72 h at 28 °C for
fungi. Negative controls were prepared using DMS@pleyed for dissolving the tested
compound. Ampicillin, Gentamycin and Amphotericin(B mg/mL) were used as standard
for antibacterial and antifungal activity, respeety. After incubation time, antimicrobial
activity was evaluated by measuring the zone oibitibn against the test organisms and
compared with that of the standard. The observe@ o inhibition is presented in Table 1.
Antimicrobial activities were expressed as inhdntidiameter zones in millimeters (mm).
The experiment was carried out in triplicate ané #@werage zone of inhibition was
calculated.

4.14. Minimal inhibitory concentration (M1C) measurement

The Minimum Inhibitory Concentration was determirmgdthe macro-tube dilution technique
following the guidelines of the National Committes Clinical Laboratory Standards for
bacteria and for fungi [18]. The bacteria and fuwgre maintained on nutrient broth medium
and malt extract broth medium, respectively. Irs thiethod 15 test tubes were utilized for
each microorganism, where the first one was chavgéd2.0 mL of DMSO and 10 mg of
the tested compound. To the remaining tubes wasdadd mL of sterile broth medium.
Subsequently, 1.0 mL was transferred from the tuge to the second one, followed by
continuous dilutions in this manner to thé"ltdbe, discarding 1.0 mL from the latter. The
15" tube served as a control. Several colonies ofdesulture were suspended to an
appropriate turbidity in 5.0 mL of broth medium.rther dilution by transferring 0.2 mL of
the suspension into 40 mL was done. 1.0 mL of theedl culture suspension was then added
to each of the tubes. Finally, Incubation at 37a¥@rnight for bacteria and 30 °C and 72 h
for fungi was performed. The tubes were examined/ifsible signs of microbial and fungal
growth, where the highest dilution without growshtihe MIC.
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Figure captions:

Scheme 1. Syntheses of the chalcon@sand 6a,b, and pyrazoline3,4, 7a,b and 8a,b
derivatives. Reagents and reactions conditions4{aydroxybenzaldehyde, DMF, ,RO;,
100 °C 6 h; (b) 4-methoxyacetophenone, ethano% 8. NaOH, stirring 2 h; (c) hydrazine
hydrate, ethanol, reflux 4 h; (d) phenylhydrazinghaeol, reflux 6 h; (e) 4-
hydroxyacetophenone, DMF, ,&Os; reflux 12 h; (f) aldehydes (namely, 2-
chlorobenzaldehyde and 4-methoxybenzaldehyde)neth®0 % aqg. NaOH, stirring 2 h.

Scheme 2: Synthesis of pyrazole derivativdfa-c; Reagents and reactions conditions: (a)
hydrazine hydrate, ethanol, reflux, 12 h; (b) fohayyazoles, ethanol, reflux 3 h.

Scheme 3: Synthesis of pyrazole derivativé$-13; reactions conditions: ethanol, reflux, 4 h.

Figure 1. General formula of the synthesized compouBids7a,b and8a,b

Figure 2. The comparison between the antibacterial and angé#liactivities of synthesized
compounds2-4, 7a,b, 8a,b and standard drugs against the used Gramiyey Gram-
negative bacteria and fungi

Figure 3: The comparison between the antibacterial and ang#lactivities of synthesized
compounddOa-c and standard drugs against the used Gram-posiénamn-negative bacteria
and fungi

Figure 4: General formula of the synthesized compoutidsb, 12a,b, 13a,b

Figure 5: The comparison between the antibacterial and argélactivities of synthesized
compounddla,b, 12a,b, 13a,b and standard drugs

Figure6: The comparison between the minimal inhibitory conicaions of compound3b
and standard drugs against the used Gram-po<giam-negative bacteria and fungi

Table 1: Antimicrobial activity of the synthesized compoundgainst the pathological
organisms expressed as inhibition diameter zonesniihmeters (mm) based on well
diffusion assay

Table 2. Minimum inhibitory concentration (ug/mL) of the neorpotent synthesized
compounds against the pathological organisms
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Table 1: Antimicrobial activity of the synthesized compouradminst the pathological organisms expressedndsition diameter zones in
millimeters (mm) based on well diffusion assay

Compd. Gram +ve bacteria Gram -ve bacteria Fungi
No S aureus S epidermidis  B. subtilis P. vulgaris K. pneumonia S flexneri  A. fumigatus A. clavatus C. albicans
2 8.7 0.5 10.6x0.4 0.0 0.0 7.2+0.16 0.0 10.7+0.62 .540.42 0.0
3 16.2 +0.5 18.6%0.7 19.4+0.35 16.2+0.52 0.0 15.440.6 15.6+0.21 12.8+0.53 11.6+0.35
4 12.1 +0.3 13.11+0.1 0.0 13.5+0.55 15.92+0.76 14330 16.2+0.24 14.5+0.12 11.6+0.52
7a 23.9+0.4 25.3+0.3 24.2+0.61 23.6£0.17 22.8+0.28 .623.32 21.4+0.36 17.5+0.28 18.5+0.24
7b 13.1+0.3 14.6+0.5 13.7+0.53 14.3+0.32 16.2+0.55 34@.42 13.5+0.54 14.2+0.52 12.1+0.34
8a 14.8+0.3 0.0 16.4+0.25 12.4+0.63 13.3+0.50 0.0 i (V4% 0.0 9.3+0.24
8b 29.0+0.2 26.2+0.3 28.7+0.24 24.5+0.38 26.1+0.24 32332 23.5+0.36 22.9+0.35 23.5+0.19
10a 22.2+0.5 23.4+0.5 23.2+0.31 20.2+0.18 21.2+0.25 12033 17.5+0.35 18.4+0.35 19.6+0.45
10b 24.5+0.6 25.7+0.6 27.6+0.34 21.4+0.76 22.9+0.63 82034 21.5+0.36 19.8+0.25 24.9+0.43
10c 20.3+0.6 20.7+£0.2 224+.036 16.2+.058 17638 183%1.2 20.5+0.22 18.3+0.26 22.1+0.15
1la 19.2+0.2 20.6x0.23 209+0.63 11.6+043 B0/56 15.9+0.77 16.8 £+ 025 18.3+0.44 20.4a630
11b 20.3+ 0.5 17.3+0.6 20.2+0.44 13.6+x0.37 1508% 16.8%0.37 16.3+0.44 18.6 + 0.58 19.8250.
12a 18.9+0.1 16.2+0.2 19.8+042 123+0.53 HM®B53 16.2+0.53 15.7 £ 0.33 15.9+0.25 16.8340
12b 15.8+0.4 17.8+0.2 19.8+0.22 0 0 0 18.7+0.1119.3+£0.23 20.3+0.27
13a 10.3+0.5 116+0.6 13.3+0.72 0 0 0 12.3+0.2513.2 £0.25 15.2 £+ 0.58
13b 21.6+0.2 22.3+0.3 258+0.25 20.6+0.25 2019 23.2+042 20.9 £0.25 22.3+0.25 24.8580
Ampicillin  28.9+0.14 25.4+0.2 34.6£0.35 - - e e e e
Gentamycin - —eee- 0 —eee 23.4+0.3 26(B15 24.8+0.24 - - e
Amphotericin B ----- - e e e -—— 23.7+0.10 21.9+0.12 26.4+0.20




Table 2: Minimum inhibitory concentration (ug/mL) of the neopotent synthesized compounds against the paibalayganisms

Compd. No Gram +ve bacteria Gram -ve bacteria Fungi
S aureus S epidermidis B. subtilis P. wulgaris K. pneumonia S flexneri A. fumigatus A. clavatus C. albicans

7a 0.97 0.97 1.95 0.97 1.95 1.95 7.81 15.63 1.95
8b 0.24 0.24 0.06 9.9 3.9 0.48 1.95 3.9 0.48
10a 3.9 3.9 1.97 7.81 3.9 7.81 7.81 15.63 7.81
10b 0.97 3.9 0.97 3.9 3.9 3.9 15.63 7.81 3.9
10c 1.95 0.98 0.49 31.25 7.81 7.81 0.98 7.81 0.49
1l1a 3.9 0.98 0.98 500 31.25 31.25 15.63 7.8 1.95
11b 1.95 15.63 1.95 125 31.25 15.63 31.25 3.9 1.95
12b - eeeee e e e e 7.81 7.81 1.95
13b 0.49 0.49 0.12 0.98 0.49 0.12 0.98 0.49 0.12

Ampicillin 0.06 0.48 0.007 - e e — e e

Gentamycin - —e- o 1.95 0.24 048 - ——

AmphotericinB ----- - e e e e 0.97 1.95 0.48




Scheme 1. Syntheses of the chalcon2sand 6a,b, and pyrazoline3,4, 7a,b and8a,b derivatives. Reagents and reactions conditions4{a
hydroxybenzaldehyde, DMF, KOs, 100 °C 6 h; (b) 4-methoxyacetophenone, etharl%laq. NaOH, stirring 2 h; (c) hydrazine hydrate

ethanol, reflux 4 h; (d) phenylhydrazine ethaneflux 6 h; (e) 4-hydroxyacetophenone, DMROQO;, reflux 12 h; (f) aldehydes (namely, 2-
chlorobenzaldehyde and 4-methoxybenzaldehyde)nekh®0 % ag. NaOH, stirring 2 h.
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Scheme 2: Synthesis of pyrazole derivativd®a-c; Reagents and reactions conditions: (a)
hydrazine hydrate, ethanol, reflux, 12 h; (b) fohayyazoles, ethanol, reflux 3 h.
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Scheme 3: Synthesis of pyrazole derivativ&$-13; reactions conditions: ethanol, reflux, 4 h.
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Figure 1: General formula of the synthesized compouids7a,b and8a,b

3, Ry =H, R, =2-phenoxyquinoline, R; = 4-methoxyphenyl
4, R; =Ph, R, = 2-phenoxyquinoline, R; = 4-methoxyphenyl

7a, Ry = H, R, =2-chlorophenyl R3 = 2-phenoxyquinoline,
7b, R; =H, R, =4-methoxyphenyl  R3 = 2-phenoxyquinoline,
8a, R; = Ph, R, = 2-chlorophenyl R3 = 2-phenoxyquinoline,

8b, Ry = Ph, R, = 4-methoxyphenyl Rz = 2-phenoxyquinoline,

Figure2: The comparison between the antibacterial and axg#uactivities of synthesized
compounds2-4, 7a,b, 8ab and standard drugs against the used Graitiy@ Gram-
negative bacteria and fungi.
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Figure3: The comparison between the antibacterial and axg#uactivities of synthesized
compounddOa-c and standard drugs against the used Gram-pos@nzmn-negative bacteria
and fungi.
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Figure 4: General formula of the synthesized compoulidsb, 12a,b, 13a,b

11a X=CN, R=CHs, 12aX=CN, R=SCHs 13aX=CN, R=3-Cl-CgH,
11b X = COOEt,R =CHz, 12b X = COOEt, R = SCH3, 13b X = CN, R = 2,4-Cl,-CgH3



Figure5: The comparison between the antibacterial and argélactivities of synthesized
compounddla,b, 12a,b, 13a,b and standard drugs
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Figure6: The comparison between the minimal inhibitory corictions of compound3b
and standard drugs against the used Gram-posdnamn-negative bacteria and fungi
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Synthesis of chalcones.

Using the chal cones for synthesizing variously substituted pyrazoles.

Synthesis of 2-hydrazinylquinoline.

Using the 2-hydrazinylquinoline for synthesizing variously substituted pyrazoles.
The antimicrobial activity assay was determined.



