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Abstract: An elegant synthesis of novel desired 1-pyrazoild aiphenyl imidazole is described. Cyclization
of benzil with appropriate aromatic aldehydes i@ finesence of ammonium acetate and amino pyraidtsy
1-cyanopyrazole -Bubstituted pheny 4,5diphenyl imidazole followed by acid hydrolysis, @fded the title
compounds. The newly synthesised compounds havedsablished on the basis of their physical aedtsal
data. All the newly synthesised heterocycles hasenbscreened faantimicrobial activities. Among all the
synthesized compounds, the compound IP-12 exhilgjtestl better arntmicrobial activity against bacterial
strainsSaphyl ococcus aureus, Pseudomonas aeruginosa and fungal straiCandida albicans.
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I ntroduction

Imidazole represents an important class of comp®undpharmaceutical chemistry with potential
biological activity™ including antifungal, antimycotic, antibiotic, tanlcerative and antibacterial activity. The
members of this class of compounds are also knoewmossess NO synthase inhibition and antitumor, CB1
receptor antagonistic activittsand the core structural skeleton in many impartémlogical molecules like
histidine, histamine, and biotin as well as sevdrab moietiesuch as Trifenagrel, Eprosartan, and Losartan .

Various substituted imidazoles are found to adhhibitors of p38 MAP kina$8and B-Raf kinas& glucagon
receptors plant growth regulators, therapeutic agentSand pesticide¥ Accordingly, a number of synthetic
methods have been reported for the constructidhi®important structure.

Similarly pyrazole derivatives are well-known anchpiortant nitrogen-containing five-membered
heterocyclic compounds and have occupied a unigsiign in the design and synthesis of novel bimaky
active agents. They display various biological\aiéis such as antitumor, antibacterial, antifungativiral,
antiparasitic, anti-tubercular and insectictddl Some of these compounds also possess antioxidati,
inflammatory, analgesic properti&s'and cardiovascular agehts Further, they are also used as chelating
agent&®and inhibitors for the corrosion of the sté&Due to these interesting activities of pyrazolewdgives,
considerable attention has been focused on thss dfacompounds. In addition, pyrazoles have playedicial
part in the development of theory in heterocychiemistry and also used extensively in organic ssigf
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Multi-component reactions (MCRSs) have proved tadiaarkably successful in generating products in
a single synthetic operatiéhThe developing of new MCRsand improving known multi-component reactions
are an area of considerable current interest. @olk meaction is the synthesis of imidazoles. Tetrastuted
imidazole is a core section in many biological eyt such as Losartan and Olmesafidhe presence of an
imidazole ring in natural products and pharmacaally active compounds has instituted a diversayaaf
synthetic approaches to these heterocyéletowever, despite intensive efforts, only a handftilgeneral
methods exist for the construction of tetrasubdumidazoles.

In 1882, Radziszewski and Japp reported the dysthesis of the highly substituted imidazole fram
1,2-dicarbonyl compound, different aldehydes, amtmania?® Also a number of methods have been
developed for the synthesis of 1,2,4,5-tetrasulistit imidazoles and 2,4,5-trisubstituted imidazol€se
syntheses of 1,24 5-tetrasubstituted imidazoles carried out by four-component condensation of,z 1
diketone / a-hydroxyketone with an aldehyde, pryramine, and ammonium acetate.

Experimental section

All the chemicals and reagents were procured f&gma Aldrich lab grade source. All the solvents
used were from commercial source and redistilletbreeuse. Melting points were determined on Buchi
apparatus and are uncorrected. The Infrared sp@otiBr pellets) were recorded on a JOSCO specttem
and frequencies are expressed in‘chMass spectra (CG/MS) were recorded on a Agilent MBDmass
spectrometer'H NMR spectra were recorded on a Bruker Advancesg@@trometer operating at 400.00 MHz
.The chemical shifts are reported in ppd) (elative to tetra methyl silane proton and carlspectra were
typically obtained at room temprature. The purityi® compounds was checked by thin layer chromapity
(TLC) on silica gel plates using Ethyl acetate xalge or Methylene dichloride : Methanol as elusrd spots
were developed in UV.

Chemistry

This versatile applicability highlights the impantae of access to efficient synthetic routes to well
designed highly substituted imidazole derivativesiumber of methods have been developed for théhegis
of 2,4,5-trisubstituted imidazoles and 1,2,4,5astibstituted imidazoles. 1,2,4,5-Trisubstituteddambles are
generally synthesized by three component cyclo eosation of a 1,2-diketone, a-hydroxyketone with an
aldehyde and ammonium acetate, which comprisexiafiun acetic acid. We next examined a wide vgragdt
aromatic aldehydes and 1, 2-diketones to estatiistscope of this transformatiof.broad range of aromatic
aldehydes bearing electron donating and electrahdwawing substituents underwent this one-pot, ethre
component cyclo condensation to furnish 1-pyrazyte5-trisubstituted imidazoles in good yields. phlatic
aldehyde afforded the corresponding imidazolesodenate yields. Various functional groups were tbtmbe
compatible under the reaction conditions.

General procedurefor the synthesis of 1,2,4,5-tetrasubstituted imidazoles:

In a 50 ml round-bottom flask, 1,2-diketone (1 mmaldehyde (1 mmol), pyrazole amine (1 mmol)
and ammonium acetate (1 mmol) were stirred in a@stid (20 ml) at reflux temperature for the stgtet time.
The reaction was monitored by TLC. Added 20% AqweNaOH solution and stirred for 4-5 hours. Reaction
was monitored by TLC. After completion of the reant reaction mass was neutralised with 10% HCI.
Distilled to residue under vaccum , the reactioxtune was extracted with ethyl acetate (2 X 25 imnépluble
inorganic was filtered. The organic layer was didedr NaSQ, and concentrated. The products were separated
and purified by column chromatography on silica @120 mesh) using Ethyl acetate/Hexane mixtarana
eluent to afford pure tetra substituted imidazoles.
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1 IP-01 4F
2 IP-02 2Cl
3 IP-03 OCHO
4 IP-04 4Me
5 IP-05 4CR
6 IP-06 30H, 40Me
7 IP-07 3NQ
8 IP-08 40H
9 IP-09 3,40H
10 IP-10 Ph
11 IP-11 3,4,5 OMe
12 IP-12 4Br
13 IP-13 4-1IPA
14 IP-14 4Cl

3-[2-(4-fluor ophenyl)-4,5-diphenyl-1H-imidazol-1-yl]-1H-pyr azole-4-car boxylic acid ( 1P-01)

Yield : 64% IR (KBr) 3400 (N-H) 1603 (C=0) 1538 (Carom) crit

'H NMR (8 ppm, DMSO-¢) § 6.91-7.51(m, 15H) MS : m/z 423.1 (M-1)

1222
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3-[2-(2-Chlorophenyl)-4,5-diphenyl-1H-imidazol-1-yl]-1H-pyrazole-4-car boxylic acid ( 1P-02)
Yield : 60% IR (KBr) 3398 (N-H) 1648 (C=0) 1558 (Carom) crit
H NMR (8 ppm, DMSO-¢) & 6.82-7.53(m, 15H) MS : m/z 438.9(M-1)

3-[2-(3,4methylenedioxy phenyl)-4,5-diphenyl-1H-imidazol-1-yl]-1H-pyr azole-4-car boxylic acid ( 1P-03)
Yield : 52% IR (KBr) 3294 (N-H) 1620 (C=0) 1588 (Carom) crit
'H NMR (3 ppm, DMSO-@) 5 5.94 (s, 2H)p 6.67-7.50 (m, 14H) MS : m/z 449.1(M-1)

3-[2-(4-M ethoxyphenyl)-4,5-diphenyl-1H-imidazol-1-yl]-1H-pyr azole-4-car boxylic acid( | P-04)
Yield : 49% IR (KBr) 3378 (N-H) 1609 (C=0) 1577 Carom) crit
'H NMR (3 ppm, DMSO-@) 8 3.7 (s, 3H) 6.75-7.51 (m, 15H) MS : m/z 434.0(M-1)

3-[2-(4-trifluromethyl phenyl)-4,5-diphenyl-1H-imidazol-1-yl]-1H-pyrazole-4-carboxylic acid ~ ( IP-05)
Yield : 58% IR (KBr) 3414 (N-H) 1605 (C=0) 1583 (Carom) crit
'H NMR (5 ppm, DMSO-¢) § 7.23-7.64 (m, 15H) MS : m/z 472.9(M-1)

3-[2-(3-hydr oxy,4-methyoxyphenyl)-4,5-diphenyl-1H-imidazol-1-yl]-1H-pyr azol e-4-car boxylic acid( | P-
06)

Yield : 55% IR (KBr) 3352 (N-H) 1618 (C=0) 1564 (Carom) crit

'H NMR (8 ppm, DMSO-g) & 3.92 (s, 3HP 9.32 (s,1H)5 6.89-7.54 (m, 14H) MS : m/z 451.0(M-1)

3-[2-(3-nitrophenyl)-4,5-diphenyl-1H-imidazol-1-yl]-1H-pyr azole-4-car boxylic acid( 1 P-07)
Yield : 62% IR (KBr) 3411 (N-H) 1690 (C=0) 1574 (Carom) crit
'H NMR (8 ppm, DMSO-¢) & 7.22-7.99 (m, 15H) MS : m/z 450.0(M-1)

3-[2-(4-hydr oxyphenyl)-4,5-diphenyl-1H-imidazol-1-yl]-1H-pyr azole-4-car boxylic acid( | P-08)
Yield : 53% IR (KBr) 3414 (N-H) 1644 (C=0) 1570 Carom) crit
'H NMR (3 ppm, DMSO-@) & 9.41 (s, 1Hp 7.11-7.78 (m, 15H) MS : m/z 421.0(M-1)

3-[2-(3,4 di hydroxyphenyl)-4,5-diphenyl-1H-imidazol-1-yl]-1H-pyr azole-4-car boxylic acid ( 1P-09)
Yield : 44% IR (KBr) 3343 (N-H) 1644 (C=0) 1570 (Carom) crit
“H NMR (5 ppm, DMSO-¢) 5 9.50 (s, 2Hp 6.81-7.65 (m, 14H) MS : m/z 437.0(M-1)

3-[2-phenyl-4,5-diphenyl-1H-imidazol-1-yl]-1H-pyrazol e-4-car boxylic acid ( | P-10)
Yield : 42% IR (KBr) 3343 (N-H) 1623 (C=0) 1572 (Carom) crit
“'H NMR (5 ppm, DMSO-@) § 7.21-7.52 (m, 16H) MS : m/z 405.1(M-1)

3-[2-(3,4,5 tri methoxy phenyl)-4,5-diphenyl-1H-imidazol-1-yl]-1H-pyrazole-4-carboxylic acid ( 1P-11)
Yield : 61% IR (KBr) 3415 (N-H) 1643 (C=0) 1589 (Carom) crit
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“'H NMR (5 ppm, DMSO-¢) & 3.8 (s, 3HY 3.6(s, 6H)& 6.80-7.68 (m, 13H) MS : m/z 495.1(M-1)

3-[2-(4-bromophenyl)-4,5-diphenyl-1H-imidazol-1-yl]-1H-pyrazole-4-car boxylic acid ( | P-12)
Yield : 57% IR (KBr) 3393 (N-H) 1697 (C=0) 1588 (Carom) crit
'H NMR (8 ppm , DMSO- @ & 7.21-7.53 (m, 15H) MS : m/z 483.0(M-1)

3-[2-(4-1soproply phenyl)-4,5-diphenyl-1H-imidazol-1-yl]-1H-pyr azole-4-car boxylic acid( | P-13)
Yield : 62% IR (KBr) 3430 (N-H) 1602 (C=0) 1579 (Carom) crit

'H NMR (8 ppm, DMSO- ¢) 5 1.25 (d, 6H)» 2.88 (m, 1H)5 7.12-7.52(m, 15H)

MS : m/z 447.1(M-1)

3-[2-(4-chlor ophenyl)-4,5-diphenyl-1H-imidazol-1-yl]-1H-pyr azole-4-car boxylic acid ( | P-14)
Yield : 61% IR (KBr) 3307 (N-H) 1616 (C=0) 1593 (Carom) crit
'H NMR (3 ppm, DMSO- @) § 7.23-7.61 (m, 15H) MS : m/z 439.0(M-1)

Antimicraobial activity

The following bacteria and fungi were used for eoiag. BacteriaStaphylococcus aureus ATCC
25923, Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCC 27853. All bacterial strains were
maintained on nutrient agar medium at +37°C. FuAgpergillus flavus,Chrysosporium keratinophilum and
Candida albicans MTCC 227 are also used in this study. All fungi strains weraintained on potato dextrose
agar (PDA) at £25 °C.

Table 2. Antibacterial activity of compounds (IP 01-142ofe of inhibition in mm).

Compound code Escherichia coli Staphylococcus Pseuo_lomonas
aureus aeruginosa
E;/rr‘rfle””a“on M 1000 | 500 1000 500 1000 500
IP-01 06+0.2| 05+0.2 | 06+0.2 05+0.1 06+0.2 05+0.p
IP-02 07+0.1| 05+0.2 | 08+0.2 06+0.2 06+0.2 04+0.1
IP-03 00 00 00 00 00 00
IP-04 02+0.2| 01+0.1 | 03+0.1 00 03+0.2 01+0.p
IP-05 03+£0.2| 05+0.1 | 04+0.1 04+0.1 050.2 06+0.2
IP-06 02+0.2| 01+0.1 | 03+0.1 04+0.1 03+0.2 01+0.p
IP-07 04+0.2| 02+0.1 | 01+0.1 03+0.1 01+0.2 02+0.2
IP-08 03+0.2| 03+0.1 | 02+0.1 04+0.2 03+0.2 01+0.p
IP-09 03+£0.2| 01+0.1 | 05+0.1 03+0.1 04+0.2 02+0.2
IP-10 02+0.2| 01+0.1 | 02+0.1 00 03+0.2 01+0.p
IP-11 00 00 00 00 00 00
IP-12 07+£0.1| 05+0.2 | 08+0.2 06+0.2 06+0.2 04+0.1
IP-13 00 00 00 00 00 00
IP-14 06+£0.2| 04+0.1 | 07+0.1 05+0.1 08+0.2 04+0.2
Streptomycin(std)] 16+0.2 10+0.1] 15+0.2 10+0.2 18+0. | 13+0.2

Antibacterial activity

The antibacterial activities of newly synthesizempounds (IP 01-15) were determined by well plate
method in Mueller-Hinton Agar. The compounds wesstéd against a panel of pathogenic microorganisms,
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including Escherichia coli, Staphylococcus aureus and Pseudomonas aeruginosa. Microorganism strains were
maintained on nutrient agar medium at 37°C. Théuces were inoculated in fresh 10 mL Nutrient Brtgh
yield an initial suspension of approximately 10-X0/mL. All broths were then incubated staticaditythe
afore mentioned temperatures for microorganisms,18&24 h so that all cells were in the stationamase.
Susceptibility of the test organism to the compaumndas also determined by employing the well plate
technique. The bacterial suspensions were dilgatblid in distilled water, and 0.1 mL from the appmrate
dilution was spread plated on nutrient agar in otdegive a population of approximately ®1€fu/plate. The
wells were dug in each Petri dish by sterilizedkcborer. The compounds were dissolved in DMSO and
appropriate dilutions were made (1mg/mL and 0.5m/riThe same procedure was repeated for different
micro-organisms. Each experiment was carried outriplicate. After the inoculation of organism and
compound, the Petri dishes were incubated for 24ahi37C. After the incubation, the inhibition zone was
measured and the values for Dimethylsulphoxide (DySwvere subtracted to get the actual values.
Streptomycin was used as standard drug.

Antifungal activity

The fungal strains used in this study wespergillus flavus, Chrysosporium Keratinophilum and
Candida albicans. The required amounts of each fungal strain weneoved from the stock and suspended in
5mL of distilled water with 2 drops of Tween 80.iFFsuspension was uniformly spread on Petri plates
containing Potato dextrose agar media using stenkebs. After applying the samples into the wadlsried by
using the same technique for tests on bacteriapldtes were incubated at 25 °C for 3 days. Theplaere
then examined for the presence of zones of inbibiéind the results were recorded. Fluconazole aed as a
standard drug.

Table 3. Antifungal activity of compounds (1P 01-14) (Zone of inhibition in mm).

Chrysosporium Candida
Compound code | Aspergillus Flavugeratinophilum Albicans
Eg‘]’/rr‘r?le””a“on M 1000 | 500 1000 | 500 1000 500
IP-01 06+0.2| 01+0.2 | 04+0.1 03+0.2 05+0.2 04+0.2
IP-02 05+0.1| 03+0.2 | 04+0.2 03+0.2 05+0.2 02+0.1
IP-03 01+0.2| 01+0.2 | 02+0.1 03+0.2 03+0.2 02+0.2
IP-04 00 00 00 00 00 00
IP-05 03+0.2| 01+0.1| 04+0.1 03+0.1 04+0.1 03+0.11
IP-06 00 00 00 00 00 00
IP-07 04+0.1| 03+0.2 | 06+0.1 05+0.2 04+0.1 02+0.1
IP-08 00 00 00 00 00 00
IP-09 01+0.1| 02+0.1| 03%0.1 01+0.1 03+0.1 01+0.1
IP-10 00 00 00 00 00 00
IP-11 00 00 00 00 00 00
IP-12 06+0.2| 05+0.2 | 04+0.1 03+0.2 05+0.2 04+0.2
IP-13 02+0.2| 01+0.1| 03%0.1 02+0.1 03+0.2 01+0.2
IP-14 04+0.2| 01+0.1| 04+0.1 02+0.1 03+0.2 01+0.2
Fluconazole(Std.) 13+0.2 10+0.1 17+0.2 15+0.2 22+0.| 20+0.2

Antimicraobial activity

The new compounddR 01-15) were tested for their antibacterial activity ¢itro) at a concentration
of 1000 and 50Qug/mL againstEscherichia coli, Saphylococcus aureus and Pseudomonas aeruginosa and
their activity was compared to a well-known comniedrantibiotic, streptomycin. The results were meleal for
each tested compound as the average diameter ibitioi zones of bacterial growth surrounding thellvin
millimetres. The newly synthesized compounds exéibvariable antibacterial activity against the\abtested
bacterial strains. The results indicated that amthiegtested compound?-01, |P-02, IP- 07, |P- 08, IP-12
and IP-14 showed good antibacterial activity towards all baal strains at concentrations of 1000 and 500
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ug/mL when compared with standard drug. Rest of aamgs showed fair or poor activity. Results of
antibacterial studies have been presentddabie 2.

All the synthesized compounds were also testeds@ntifungal activity if vitro) againstAspergillus
flavus, Chrysosporium keratinophilum and Candida albicans by measuring its average zone of inhibition.
Fluconazole was used as standard for antifungalitgctAmong the synthesized, compouié-12 showed
good activity againsfspergillus Flavus at concentrations of 1000 and 50§/mL compared to standard drug
fluconazole (Table 3).

The result of antimicrobial study reveals that pree of substituent on the phenyl ring attacheti¢o
2-position of imidazole ring plays important rolehe enhanced activity ¢f-01, | P-02, IP-05, | P-07, | P-12,
IP-13 andIP-14 is due to the presence of groups like F, Cl, 40/, Br and isopropy! attached to phenyl
rings of imidazole ring. This is also supported thg previous reports. However, in general, compsund
containing a halogen substituents showed betteibaatérial activity than the compounds with other
substituent. The absence of such pharmacophorénemypring fails to exhibit both antibacterial aglivas
antifungal activity. From the antimicrobial result& can conclude that, synthesized compounds a&fisp
antibacterial agents. A combination of two diffaréeterocyclic systems namely pyrazole and imidahals
enhanced the harmacological effect and hence tieeidaally suited for further modifications to oiptanore
efficacious antibacterial compounds.

Conclusion

In the present work, a series of novel 1l-pyrazok S2trisubstituted imidazoles derivatives were
synthesized and characterized by IR, 1H NMR, andsnaaalyses. All the compounds were screeneddor it
antimicrobial activity. Antibacterial results in@id that the compoundB-01, | P-02, 1 P-05, I P-07, IP-12 and
IP-14 showed good antibacterial activity towards all bael strains when compared to standard drug
streptomycin. | P-12 showed good antifungal activity whereas remainiogpounds showed moderate to poor
antifungal activity compared to other synthesizechpound.

In conclusion, an efficient, one-pot, three-stemtisgsis of substituted Imidazole- pyrazoles was
developed. A series of 1,3,4,5-tetrasubstitutedi&mble- pyrazole derivatives were synthesized odggelds.
This efficient and highly modular one-pot proceduarethodology to other interesting is practical asdful.
Further studies on the biological activities of theducts and application of this pyrazole deriatare
underway in our laboratory.
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