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ABSTRACT

This paper represents the design and synthesi®wdlraryl substituted urea derivatives of biologigaterest in
novel method by coupling of 2-nitro-5-[thiophend}2yenzenamine with various secondary amines bygusi
triphosgene using as coupling agent. Here in, ol docking experiments showed that designedsarystituted
urea derivatives were docked inf2H7M), (3QLS) very well. The compoundg-k was synthesized with in short
amount of time in excellent yields and their stmues were confirmed by IBH-NMR. MS*C- NMR & Elementary
spectral data. All the synthesizBa-k urea derivatives were screened for antimicrobiaivaty and this evaluation
revealed that among all the compounds screened,utba analogue with pyrrolo pyrrole moiegk showed
promising antimicrobial activity against pathogeriacteria and fungi (at inhibitory zore20 mm).The molecular
docking studies were performed to these urea an@®§a-k with the evaluation of best fitting ¢bk) urea
analogue. The docking studies of the compouadls showed a good correlation between antimicrobiativéty,
docking scores & binding energy values. Our resplsvided a new idea and several candidate compsdad
antimicrobial activity enhancers against multidregsistant pathogenic bacteria and fungi strains.

Keywords: Aryl substituted urea derivatives; Synthesis; Amntirobial activity, Molecular modelling studies.

INTRODUCTION

Urea is a most recognized broadly occurring natomalecule; its derivatives have been investigaiadthieir
biological activities including anti-atherosclemtiantibiotic [1] and hypoglycemic effects [2] arahtitumor
activities [3-12] Numerous biological importance of heterocyclicigatives of aryl ureas have been reported in the
literature. The N-2, 4-pyrimidine-N, N-phenyl/alkyteas act as inhibitor of tumour necrosis factpha (TNF-a)
[13, 14] Some substituted urea derivatives were reportea aatent inhibitor of TNF-a production [15], pyrido
quinazolone analogues were acting as antifungéihacterial and anticancer agents[Iajom the literature survey
it is also revealed that the novel 3, 4-dihydromytin-2(1H)-one urea derivatives of N-aryl urea whd anti-
inflammatory, antibacterial and antifungal actie#i[17]. Urea and thiourea derivatives showed adgepectrum of
biological activities such as anti-HIV, antivirdlDL elevating, antibacterial and analgesic properfil8-21] In the
past years, few number of new antiepileptic drugs¥s) have been introduced, some of which are adgaous in
terms of pharmacokinetics, tolerability and poteintor drug interactions[22-24However, the second-generation
AEDs marketed so far have not been a break thrbeghuse, altogether, their use leads to freedom $ezures in
no more than 15-20 % of patients with epilepsy trat refractory to older AEDs. Therefore, despite ¢urrent
availability of more than 15 drugs, about 30 % ebple with epilepsy have uncontrolled disease. Hemmvel and
more effective third-generation AEDs are essefi®ia). Hence the search for new and potent antimicragehts is
gaining interest by using novel reagents. Sevaelipus reports reveal that the role of urea/thigaun biological
function is very important [26]. A huge volumeretearch on the synthesis, anticancer activitiesed derivatives
was reported. Many aromatic urea derivatives, bgnaea derivatives showed good anticancer aatizitind these
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compounds have been mainly proved to be tubulgentis, that inhibit the polymerization of tubulRv] Recent
literature survey evidenced that the carbonylatbaliphatic amines by employing S, S-dimethylditltiarbonate
(DMDTC) as a phosgene substitute to yield N;dilkyl ureas [28]. Several methods were reporfied the
synthesis of ureas by employing carbonyl imidazq®3] in water efficiently, carbon monoxide & oxygen at
ambient pressure and room temperature. The patfadatalyzed sodium cyanate was employed for syistiods\,
N-di-N, N, N’-trisubstituted urea derivatives [30]he substituted urea analogues have been derivied teagents
such as 1-propane phosphonic acid cyclic anhydii@®) [31], carbonyl diimidazole[32], carbomyl imidazolium
salts[33]. Novel urea molecules/analogues are sgizbd from aldehydes via carbomyl azides as irddiate [34,
35]. In view of all the above important applicaso@nd synthetic methodologies, we focused onyth#hesis of N,
N’-aryl substituted urea analogues which showeddgaatimicrobial activity. In all the above methods,is
observed that either the conditions are drastieagents are high cost or yields are poor. We tdypoe an efficient
new method for the carbonylation of primary andoselary amines using bis (trichloromethyl) carboregenovel
reagent to obtain corresponding unsymmetrical dierévatives in excellent yields. In the preseniciat initially
molecular docking experiments were carried out $tnuctural molecules of designed aryl substitutedau
derivatives. Then these targets were synthesizedsing triphosgene as a coupling agent and timtimérobial
activities were evaluated.

MATERIALS AND METHODS

Reagents and Apparatus

Thin Layer Chromatography (TLC) was performed oWM&k Alluminium Silica gel 60 F254 plates and viszed
under UV light. The infrared (IR) spectra were det@ed in a perkin-Elmer Fourier transform (FDIRspem).
1H-NMR spectra were recorded on Varian EM-360 (46@Mmercury plus) spectrometer in DMS@-dnd
calibrated using solvent signals 2.50(DMSO-d6)]. &lemical shifts recorded th(ppm) using TMS as an internal
standard. The mass spectra were recorded on Agdlentap MS. Spectrometer at energy of ionizirecebn equal
to 70ev. Most of the reagents were purchased frdanich chemical company, Fluka and Merck Companthe®
reagents were all analytically or chemically puoenpounds brought from the market and not furthecessed.

Bacterial Strains
Biological screening was carried out at Indianitng of chemical technology (CSIR Institute), Hyalead, India-
500007.

Molecular docking:

The crystal structures of [Poly [ADP-ribose] polrase 153V2B],Candida albican¢8QLS) were obtained from
the Protein Data Bank and three dimensional strastaf our aryl substituted urea derivatigesk were drawn in
Chem 3D Ultra.The docking studies were performaedgu&OLD 2.0, Argus lab 4.0.1, Auto dock.4.0 softes In

the docking calculations proteins were definedhasreceptors, aryl substituted urea derivativesewespectively
defined as the ligands, other parameters duringdlcking process were set at default values.

Chemistry:

Several N-aryl substituted urea derivatisask were synthesized from 2-nitro-5-(thiophen-2yl) bemaming(3) by
nucleophilic addition with different heterocyclimanes in presence of triphosgene. THeromo-4-nitrobenzengl)
was allowed to undergo aromatic nucleophilic subi$tin by reacting with methoxylamine hydrochlorigrethe
presence of potassium tertiary butoxide, cuprdusrile, N,N dimethyl formamide and 1,2dimethoxpate to
obtain 5-bromo-2-nitrobenzenam{@® The resultant compoun@) underwent Suzuki coupling with thiophene-2-
boronic acid in the presence ebdium carbonate, Pd (0), THF:,® to produce the 2-nitro-5-(thiophen-2yl)
benzenamine 3). The compound(3), finally it was allowed to react with different suibsted aminesda-k
individually to obtain corresponding new urea agaks. The structures of the newly synthesized compeba-k
andcompoundg2) & (3) have been characterized based on their sped®al{INMR, **C NMR MS & HRMS)
and analytical data after methodical purification.

Preparation of -5-bromo, 2-nitro aniline (2)

To the mixture of t-BuOK(0.70 mol,5 eq) and CuClOD4 mol,0.1 eq) DME(600 ml) was added and stiriecat
0°C under nitrogen atmosphere. A mixture of 1-bromuitdobenzenel) (0.14 mol,1 eq) and NJ®Me.HCI (0.22
mol,1.6 eq) was added to DMF (300 ml).This DMFusioin was added to the above reaction mixturednop wise
over 30 minutes at°C.After completion of the addition, the cooling lhatas removed and stirred the reaction
mixture at room temperature for 6hrs.After conipletof the reaction monitored by TLC, it was pouietb ice
cold water. Yellow colored solid was obtained. éfiétd the solid, washed with water and dried. Theree
compound2) was obtained as pure yellow color solid.
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'H-NMR-(400MHz) in DMSO-d6 6 7.90 (t, 1H,J = 6.01, 5.46 Hz ); 7.39 (t, 1H, = 6.17, 5.46 Hz); 7.00 (s,
1H);6.30(s,2H). MS m/z 218 (4H).Yield:89%

Preparation of 2-nitro-5-(thiophen-2yl) benzenaming(3)

The compoun@ (0.02 mol, 1.0 eq) was dissolved in THR{H(82.5 ml). To this solution Pd (0) (0.002 moll 0.
eq), with thiophene-2-boronicacid,(0.03 mol,1.5 agyl NaC0Os;(0.03 mol,1.5 eq) were added at room temperature.
The reaction mixture was allowed to refluxing cdiwdi and stirred for 12hrs. After completion of theaction, it
was filtered through celite bed followed by washinmigh ethyl acetate separated the organic layeenTdrganic
layer was washed with water, brine and dried ovaiSy, The organic layer was filtered and concentratedeund
vacuum. The crude residue was purified by colunmomiatography eluting with 20% ethyl acetate in mexarhe
desired compoun(B) was obtained as light brick red color solid.

Experimental results of urea analogues (5a-k)

Comp entry Amines Temp (GC). Time(hrs) Product yield (%)

@)

5a [ ] 27-30 7 63
N
H

5b O 27-30 7 70

H

5c 27-30 7 73

()
H
5d (;@ 27-30 7 74
NHAc
5e 27-30 7 76
HN

5f ClH. H'\D 27-30 7 80
F
Ol
59 27-30 7 76
N
H
5h > 27-30 7 75
N
H
CIH.HN
5i \:L 27-30 7 74
NHBoc
F
5i Eg 27-30 7 72
N
H.HCI

5k —NINH 27-30 7 83

General procedure for the preparation of urea deriatives (5a-k)

For the preparation of urea analogtesk, the compound (0.48mml, 1.0 eq) was dissolved in DCM and cooled to
0°C . To this solution triphosgene (0.48 mml, 1.0 agl TEA (6.24 mml.13 eq) were added. The readtibdiure
was stirred at room temperature for 2hrs. Now o#ife substituted aminesa-k (0.72 mml.1.5 eq) were added
individually at @C and stirring of reaction mixture was continued 3brs at room temperature the completion of
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the reaction was monitored by TLC. The reactiorssnaas diluted with water and extracted with DCMashed
the organic layer with water, brine, dried over,8@, filtered and concentrated to yield crude residteyas
purified by column chromatography eluting with 308thyl acetate in hexane. The urea analodhe& were
obtained as solids. Yields: 63-83%.

Spectral data of synthesized urea analogues (5a-k):

N-(2-nitro-5-(thiophen-2-yl)phenyl)mor pholine-4-carboxamide (5a)

Yield 63%; solid: FT-IR(KBr): 3300, 3063, 2900, &,21690, 1550, 1200,789 €m*H NMR (300 MHz, CDC)): &
9.45 (s, 1H), 8.19 (s, 1H), 8.03 (d, 1K+ 7.14 Hz), 7.74 (dd, 2H,=8.34, 1.06 Hz), 7.51 (d, 1H, 1.06 Hz), 7.21 (m,
1H), 3.64 (t, 4HJ = 7.52 Hz), 3.53 (m, 1H), 3.43 (m, 4HjC NMR (500 MHz, CDGCJ)): § 153.7, 141.5, 141.1,
137.4,133.5,128.4, 128.4, 126.4, 126.2, 118.1,5,148.5, 32.6. M&/z(ESI): 334.36[M + 1]

N-(2-nitro-5-(thiophen-2-yl) phenyl) pyrrolidine-1-carboxamide (5b)

Yield 70%; solid : FT-IR(KBr): 3320, 3040, 2900, 25, 1690, 1550, 1215,760 ¢m'H NMR (300 MHz, CDC)):
8 9.50 (S, 1H), 8.70(s, 1H), 8.19 (d, 1Hs 8.25 Hz), 7.79 (dd, 2H], = 2.75, 1.06 Hz), 7.50 (d, 1H,= 3.45, 1.06
Hz),7.21 (dd, 1H,) = 6.86, 2.13 Hz, 3.43 (bs, 4H), 1.91 (bs, 4HC NMR (500 MHz, CDG)): & 152.1, 141.7,
141.5,137.1, 133.4, 128.2, 127.4, 126.5, 126.8,4,116.2, 50.4, 32.41S m/z(ESI): 318.36[M + 1]

N-(2-nitro-5-(thiophen-2-yl)phenyl)piperidine-1-carboxamide (5c)

Yield 73%; solid : FT-IR(KBr): 3300, 3063, 2900, 2, 1690, 1550, 1200,755 ¢m'H NMR (300 MHz, CDCJ):

8 9.50 (S, 1H), 8.20(s, 1H), 8.03 (d, 1H 8.14 Hz), 7.86 (d, 2Hl = 1.06 Hz), 7.71 (d, 1H, 1.06 Hz), 7.51 (d, 1H,
J = 6.86, Hz), 7.23 (m, 1H), 3.49 (bs, 4H), 1.69 @Hl), 1.53(m, 4H)**C NMR (500 MHz, CDGJ)): 6 153.7,
141.5, 141.1, 137.4, 133.5, 128.4, 128.4, 126.8,212418.1, 117.5, 39.4, 32.5, 22.5. & (ESI): 332.39[M + 1]

3,4-dihydro-N-(2-nitro-5-(thiophen-2-yl)phenyl)isoquinoline-2-(1H)-carboxamide (5d)

Yield 74%; solid : FT-IR(KBr): 3310, 3055, 2910,3(, 1690, 1570, 1220,760 ¢m'H NMR (300 MHz, CDC)):

8 10.53 (S, 1H), 9.10 (d, 2H,= 1.83 Hz), 8.23 (d, 1Hl = 8.85 Hz), 7.53 (dd, 1H, = 2.81, 1.67, 0.61Hz), 7.44 (m,
1H), 7.28 (dd, 1H) = 6.86, 1.98, ), 7.20-7.25 (m, 4H), 7.12- 7.13 8) 4.78 (s, 2H), 3.84 (t, 2Kd,= 6.10, 5.95
Hz), 3.10 (t, 2H,) = 5.95Hz) MS m/z(ESI): 380.43 [M + 1]

4-acetamido-N-(2-nitro-5-(thiophen-2-yl) phenyl) piperidine-1-carboxamide (5€)

Yield 76%; solid : FT-IR(KBr): 3320, 3045, 2900, 25, 1690, 1560,1220,750 ¢m'H NMR (300 MHz, CDC)): &
9.50 (S, 1H), 8.85 (s, 1H), 8.20(s, 1H), 8.031(d, J = 8.14 Hz), 7.86 (d, 2Hl = 1.06 Hz), 7.71 (d, 1H, 1.06 Hz),
7.51 (d, 1H,J = 6.86, Hz), 7.23 (m, 1H), 3.49 (bs, 4H), 2.28H), 1.69 (m, 2H), 1.53(m, 4H). M&/z (ESI):
389.44[M + 1]

N-(2-nitro-5-(thiophen-2-yl) phenyl) azetidine-1-carboxamide (5f)

Yield 80%; solid : FT-IR(KBr): 3317, 3048, 2912,2, 1690, 1540, 1200,715 ¢m'H NMR (300 MHz, CDC)):
89.91 (S, 1H), 9.10 (d, 1H,= 1.83 Hz), 8.20 (d, 1H]1 = 9.0 Hz), 7..53 (dd, 1H = 2.74, 0.91 Hz), 7.42 (dd, 184,

= 4.22,0.91, 0.76 Hz), 7.24- 7.27 (m, 1H), 7.d&,(1H,J = 3.81, 3.66, 1.22 Hz), 4.19 (t, 38= 7.62 Hz), 2.38 (q,
1H,J = 7.47, 7.62 Hz), 1.10-1.62 (m, 2H5C NMR (500 MHz, CDGJ): 5 152.5, 141.2, 141.4, 137.7, 133.4, 128.4,
127.3,126.6, 126.1, 118.1, 116.4, 52.4, 4M3.m/z(ESI): 304.34[M + 1]

3, 3-difluoro-N-(2-nitro-5-(thiophen-2-yl) phenyl) piperidine-1-carboxamide (5g)

Yield 76%; solid : FT-IR(KBr): 3328, 3045, 2910,25, 1690, 1550, 1215,770 ¢m'H NMR (300 MHz, CDC)):

8 10.50 (S, 1H), 8.96 (d, 1K,= 1.98 Hz), 8.22 (d, 1H} = 8.85 Hz), 7..54 (dd, 1H,= 2.74, 1.06 Hz), 7.44 (dd, 1H,
J = 3.96, 1.06 Hz), 7.30 (dd, 1H,= 6.86, 2.13 Hz), 7.12 (dd, 1d,= 3.66, 1.37 Hz), 3.83 (t, 2H,= 11.44Hz),
3.61(t, 2H,J = 5.49Hz), 2.07- 2.15 (m, 2H}*C NMR (500 MHz, CDG)): § 153.4, 141.9, 141.6, 137.7, 133.8,
128.5,128.0, 126.7, 126.3, 118.7, 117.1, 43.%,32.5, 32.3, 22.0. MB/z(ESI): 368.37[M + 1]

N-(2-nitro-5-(thiophen-2-yl) phenyl)-3-aza-bicyclo [3.1.0] hexane-3-carboxamideé?:)

Yield 75%; solid : FT-IR(KBr): 3315, 3058, 2920,25, 1690, 1550, 1210,785 ¢m'H NMR (300 MHz, CDC})):
8 10.21 (S, 1H), 7.53 (dd, 2H,= 2.59, 1.06 Hz), 7.38 (dd, 1K~ 3.96, 1.06 Hz), 7.09 (d, 3H,= 2.98 Hz), 3.74
(d, 2H,J = 9.61Hz), 3.59 (d, 2H] = 9.76Hz), 0.83 (m, 2H), 0.30 (dd, 2Bz 5.03, 4.27 Hz) *C NMR (500 MHz,
CDCly): 6 152.8, 141.4, 141.2, 137.4, 133.2, 128.5, 12728,2, 126.1, 118.5, 116.2, 52.4, 43.7, 41MS m/z
(ESI: 330.37[M + 1T

tert-butyl 1-(2-nitro-5-(thiophen-2-yl) phenylcarbamoyl)azetidin-3-ylcarbamate(5i)
Yield 74%; solid : FT-IR(KBr): 3315, 3055, 2915, 2, 1680, 1560, 1200,775 ¢m'H NMR (300 MHz, CDC)):
89.94 (S, 1H), 9.05 (d, 1H,= 1.98 Hz), 8.20 (d, 1H = 8.85 Hz), 7.52 (dd, 4H,= 2.74, 1.06 Hz), 7.12 (dd, 1H,
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J= 3.96, 1.06 Hz, 1H) , 4.43-4.60 (m, 4H), 4.0,(dH,J = 5.18, 5.0, 3.81 Hz), 1.45 (s, 9H). MSz (ESI):
419.80[M + 1f

3-fluoro-N-(2-nitro-5-(thiophen-2-yl)phenyl) pyrrolidine-1-carboxamide (5j)

Yield 72%; solid : FT-IR(KBr): 3310, 3050, 2910, 2, 1680, 1545, 1195,775 ¢m'H NMR (300 MHz, CDC)):
§10.13 (S, 1H), 9.14(d, 1H,= 1.98 Hz), 8.23 (d, 1H] = 8.85 Hz), 7..54 (dd, 1H,= 2.74, 1.06 Hz), 7.43 (dd, 1H,
J=3.96, 1.06 Hz), 7.28 (dd, 1H,= 6.86, 2.13 Hz), 7.12 (dd, 1H,= 3.66, 1.37 Hz),5.40-5.30(m, 1H), 3.91-3.98
(m, 2H), 3.66-3.83 (m, 4Hf3C NMR (500 MHz, CDG)): § 152.7, 141.9, 141.8, 137.8, 133.5, 128.5, 127228,6,
126.2,118.4,116.7, 52.7, 52.4, 43.7, 481&.m/z(ESI): 336.35[M + 1]

Hexahydro-5-methyl-N-(2-nitro-5-(thiophen-2-yl)phenyl)pyrrol o[ 3,4-c] pyrrole-2(1H)-carboxamide (5k)

Yield 83%; solid : FT-IR(KBr): 3295, 3065, 2915,25, 1690, 1550, 1210,780 ¢m'H NMR (300 MHz, CDC)):

8 10.21 (S, 1H), 9.13 (d, 2H,= 1.98 Hz), 8.20 (d, 1H = 9.0 Hz), 7.53 (dd, 1H = 2.59, 1.06 Hz), 7.42 (dd, 1H,

= 3.96, 1.06 Hz), 7.27 (d, 1d,= 2.98 Hz), 7.25 (d, 1Hl = 2.13 Hz), 7.11 (dd, 1H) = 3.66, 1.37 Hz), 3.74 (d,
4H,J =5.61Hz), 3.63 (d, 4Hl = 5.76Hz), 3.21(s, 3H), 1.67- 1.66 (m, 2H).IR (KB3300, 3063, 2900, 1725, 1690,
1550, 1200,789 Cth MS m/z(ESI): 373.44[M + 1T

Invitro Antimicrobial assay

Standard sterilized filter paper disks (5 mm diameimpregnated with a solution of the test comgbinmDMSO (1
mg/ml) was placed on agar plate seeded with theogpigte test organism in triplicate. The ciprotoin was used
as standard antibacterial agent and nystatin wed as antifungal agent. DMSO alone was used asata@ttthe
same above mentioned concentration. The plates wenbated at 3T for 1-5 days. Antimicrobial activity was
determined by measuring the diameter of the zonitobition surrounding microbial growth The compounds
that showed significant growth inhibition zones a/éurther evaluated for their MICs.

Minimal inhibitory concentration (MIC) measurement

The microorganism’s susceptibility tests in nuttiand potato dextrose broths were used for thermétation of
MIC. The stock solutions of the tested compoundprofioxacin and nystatin were prepared in DMSO at
concentration of 1000 pg/ml followed by dilution$ eoncentrations of (250-25ug/ml). The microorganis
suspensions were inoculated into the different entrations of corresponding compounds and conkeéements.
These were incubated at’87for 1-5 days for MIC determination.

RESULTS AND DISCUSSION
Molecular modeling studies

To investigate whether and how aryl substitutedvdérves bound with2H7M), Candida albicanc€3QLS) the
molecular docking experiments were carried out.

=

el EUAEn

Figure 1 Active site of amino acids crystallograpla protein (3V2B)

273
www.scholarsresearchlibrary.com



Jalapathi Pochampallyet al Der Pharma Chemica, 2014, 6 (2):269-282

Table 1. Chem score for antibacterial activity ofurea derivatives (5a-k)

Comp Score DG S(hbond) S(metal) S(lipo) DE(clash) DE(int)

5a 13.05 -30.41 2.60 0.00 160.69 0.28 17.07
5b 21.56 -29.31 2.40 0.00 157.07 0.29 7.46

5c 8.43 -31.56 0.88 0.00 219.78 0.12 23.01
5d 18.36 -44.39 2.65 0.00 278.89 5.78 20.25
5e -92.81 -30.20 2.05 0.00 185.31 0.19 122.81
5f -25.77 -31.23 2.97 0.00 157.12 0.22 56.77
59 9.17 -36.69 1.79 0.00 237.62 2.46 25.07
5h -3.09 -32.19 2.43 0.00 180.85 0.65 34.6.3
5i -11.78 -29.88 2.61 0.00 167.25 0.56 41.10
5j 18.63 -30.49 3.30 0.00 141.34 0.16 11.70
5k 23.44 -33.64 2.68 0.00 185.90 2.02 8.17

Chemscore '_AGbinding+ Pclash+ CinternaPinternaI+ (Ccovalentpcovalent+ Peonstraint Score = '(DG + DE(ClaSh) + DE(int))

Table 2. Chem score for antifungal activity of ura derivatives (5a-k)

Comp Score DG S(hbond) S(metal) S(lipo) DE(clash) DE(int)

5a 1455 -32.80 1.98 0.00 198.88 1.71 16.54
5b 2495 -33.29 2.09 0.00 199.83 0.41 7.93
5¢c 1021 -33.62 1.75 0.00 21239 0.5 23.26
5d 18.21 -39.98 1.97 0.00 260.55 2.34 19.43
5e -89.97 -36.90 1.96 0.00 24511 1.58 125.29
5f -26.58 -31.67 2.84 0.00 164.54 0.15 58.11
59 10.75 -35.68 1.96 0.00 22409 0.22 24.71
5h -1.03  -35.94 1.94 0.00 226.75 0.43 36.54
5i -11.69 -32.42 1.95 0.00 20771 2.27 41.84
5j 20.23 -31.83 1.92 0.00 19231 0.03 11.78
5k 26.00 -32.07 0.18 0.00 243.92 0.23 5.84

L »
HAodwe sie srea of comp-3K Activa site &res of COMD-3]
BEX calmely—-8 5305 B EE mlmol=-02517

- e
Actwve sie srza of comp-3b
B EE calmoli=-7.7432
Figure 2. Proposed binding orientations of databse ball cylinder low model compounds 5k,5b,5j witlerystallographic conformation of
active site ( 3V2B).Hydrogen bonds are shown in recblor dotted lines
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Figure 3. Active site amino acids of crystallograpic protein (3QLS)

Table 3. Binding Energy values of urea derivative$¢ PDB ID 3V2B)

S.NO compound Argus B. E(K.cal/mol) Elapsed time(secons Ga dock energy(K.cal/mol Elapsed time (secons)

1 5a -9.4387 -9.6073 8
2 5b -7.7432 -6.2322 7
3 5c -9.3607 -6.7070 8
4 5d 0 -7.7218 9
5 5e 0 -5.4452 8
6 5f -9.0168 -7.3646 7
7 5g -9.4740 -6.9719 8
8 5h -5.8842 -5.0830 8
9 5i -5.3342 -6.0218 7
10 5j -9.2517 -9.5552 7
11 5k -8.5305 -9.0417 9

Arfve s arss of comp-Sk Artive sitzares of comp-3b
B E(K cal'mol)=-8.1 74 B.EK malmol=-235037

Figure 4. Proposed binding orientations of databasball cylinder low model compounds 5k, 5b with crgtallographic conformation of
active site (pdb id 3QLS). Hydrogen bonds are showin red color dotted lines

Molecular docking methodologies ultimately seekptedict the best mode by which a compound willirfib a
binding site of a macro molecular target. In additio the synthetic work, an attemptive exploretha docking
studies of Substituted amide derivatives, was ntadsplain observed variance in biological activithis predicts
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the best drug candidate providing an insight itte substitutional and configurational requireméntsoptimum
receptor pit which leads to the development of plarmacophore activity.

Table 4. Binding Energy values of urea derivativeé”DB ID 3QLS)

S.NO compound Argus B. E(K.cal/mol) Ga dock energy(K.cal/mol. Elapsed time (secons)

1 5a -8.8488 -9.0728 9
2 5b -9.5037 -10.1678 10
3 5c -10.1291 -9.8943 9
4 5d -10.0351 -9.9460 9
5 5e -9.3668 -9.7025 11
6 5f -9.6193 -9.7452 9
7 59 -10.3311 -9.7557 10
8 5h -9.7486 -10.4914 10
9 5i -9.3158 -7.5769 10
10 5] -9.5352 -9.1755 9
11 5k -9.1724 -8.8968 10

In the present study, Version 2.0 of the GOLD (Gien®ptimization for Ligand Docking) docking prognawas
evaluated. The Gold program uses a Genetic AlgoritBA) to explore the full range of ligand flexiiyl and the
rotational flexibility of selected receptor hydroge[36]. The mechanism for ligand placement is dawe fitting
points. The program adds fitting points to hydregmmding groups on the protein and ligand and naapeptor
points in the ligand, on donor points in the pnotahd vice versa. The docking poses are rankeddbasea
molecular mechanics—like scoring function. Theretaro different built in scoring functions in thed&D program
—Gold Score and Chem Score. The interaction oflidends with the receptor in the modeled compleies
investigated and observed the fitness functiontghlif oxidoreductase protein by different inhibyio

The 3D structures of selected Proteins [Poly [Allf@se] polymerase 18V2B)],Candida albicancéQLS) were
selected from PDB Bank RCSB[37] with an X-ray resion ranges 2.21A1.73A°. Among the above proteins
(3v2B) was selected for antibacterial activB@LS for antifungal activity. The fitness function thatas
implemented in GOLD, consisted basically of H-banygiComplexing energy, and ligand internal eneggyns.
The GOLD Score was calculated by defining the sging the list of atom numbers and retaining adl tther
default parameters. The docking is frequently usegredict the binding orientations of small moliesuof drug
candidates to their protein targets in order taljotethe affinity of the small moleculesz; 5a-k.A population of
possible docked orientations of the ligand is getatirandom. Each member of the population is esdatb a
chromosome, which contains information about thepmiray of ligand H-bond atoms onto protein H-bondnag,
mapping of hydrophobic points all the conformatiaround flexible ligand bonds and protein OH groupH.
docking runs were carried out using standard defaitings with a population size of 100, a setecfpressure of
1.1, a maximum of 100000 operations, number ohiddaas 5, a niche size of 2, and a mutation areb@wer rate
of 95. Docking poses were obtained by applying lcilemscore and Gold score. In the present stuttyeoGOLD
Program, the performance of both Gold Score, Cheresare good. These protein-ligand complexes werpgped
for docking studies by adding hydrogen atoms, rengpwater molecules and co-crystallized inhibitarsl refined
by using the Deep View/SwissPdbViewer3.7 (SP5)[88zyme-inhibitor interactions within a radius ebjal5 A
centered on reported bound inhibitors were takém &wcount. As a conclusive part of docking it ipected to
generate results which should yield RMSD valuelew 1.5 A. Successful docking has been perfornmedhe
selected set oba-k inhibitors and their corresponding Chemscore, bigdénergy values with their respective
RMSD have been produced (Table 1-4). Argus Labl{B0] is molecular modeling and docking softwalteis
very flexible and can reproduce crystallographiediiig orientation. Argus lab provides a user frigngraphical
interface and uses shape dock algorithm, to cantydocking studies. To visualize the binding confations of
these analogs within the active site 8Y/2B) protein for antibacterial activitdQLS protein for antifungal activity
and their details were shown in (Figure 2, Figuyreld the active site of protdiBVv2B) protein Arg309, Thr303,
Ser302, Val313, Asp290, Asn390, Gly389, Gly387,3B& GIn427 amino acids can play important rold are
shown in (Figure 1)in 3QLS His129, Asn5, Lys24, llel9, Ser94, Tyr118, Glul@32, Alall, Vall72 amino
acids play important role in (Figure 3).

Binding affinities of the compounds (5a-k) with Aubdockvina 4.0: Insilco molecular docking

The 3D structure of [Poly [ADP-ribose] polymerade(3V2B)], Candida albicané3QLS) from protein data bank
RCSB [2].www.rcsb.com.The structures of synthesbizaryl substituted urea derivativéa-k were taken for
prediction of 3D structure and energy was minadifor flexible docking using Argus lab. The stwrets of these
synthesized compounds and enzymes are shown ih &gl Fig.2.In addition, to the docking studiesGEdLD,
Argus Lab 4.0.1,andAuto dockvina 4.0 [40], wereogierformed. . In this docking studies, receptos waated as a
rigid body and a grid potential was used to evauhe scoring function. Here 3Dstructure of pro{€ioly [ADP-
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ribose] polymerase 1%3V2B)], Candida albicanc€3QLS) were used as receptors and all the synthesized
compoundsba-k were used as ligands. .In Auto dock vina 4.0, nolarphydrogen atoms were removed from the
receptor file and their partial charges were addetthe corresponding carbon atoms. The grid caiculavere set
up, 20, 20, 10A° grid originating at 40, 40, 40witsolution of 0.375A° , respectively, was genataeound the
compound in case dBV2B),.10.216,-15.439,18.678A° grid originating at 40, 40 with resolution of 0.375A°,
was generated around the compound in cag8@ES).The molecular docking studies showed a good catioel
between their MIC and Auto dock binding free eyerimost all the compounds used for docking showest fit
Root meansquaredifference (RMSD with [Poly [ADPesbk] polymerase 18V2B)], Candida albicancé3QLS).
Among the compoundsa-k tested for docking study, compouBHl, 5b showed best affinities with low energy of -
4.66,-4.33K.cal/mol with employed protefBV2B). Based on binding affinity value, experimental M¥&@lue we
conclude that there exists best fitting, good iitlih by 5k, 5b with (3V2B). The Auto dock energy values were
showed in (Table 5)

Table 5. Binding energy values with (3V2B), (3QLSh AutoDock4.0.1

Docking(K.cal/mol)  Affinity(K.cal/mol)  Docking(K.cmol)  Affinity(K.cal/mol)

3V2B vs.5z -4.99 3QLS vs5a -7.05
3V2B vs. 5b -4.36 3QLS vs5b -7.35
3V2B vs.5c -4.35 30QLS vs5c -7.69
3V2B vs.5d -4.35 3QLS vssd -8.21
3V2B vs.5e -4.68 30LS vs5e 7.14
3V2B vs.5f -4.81 30QLS vsSf 7.20
3V2B vs.5g -4.33 3QLS vs5g -7.10
3V2B vs.5h -4.32 3QLS vssh -8.14
3V2B vs.5i -4.33 30LS vsSi 7.13
3V2B vs.5j -4.31 3QLS vs5j -7.19
3V2B vs.5k -4.66 3QLS vssk -6.78

Table 6. Molinspiration properties of aryl substituted urea derivatives 5a-k

Comp entry 5a 5b 5¢ 5d 5e 5f 5g 5h 5i 5j 5k
Gpcr ligand -0.15 -0.06 -0.05 0.00 0.02 -0.02 0.26 0.16 0.14 0.36 0.14
lon channel modulator -0.22 -0.11 -0.12 -0.12 -0.14-0.08 0.02 -0.07 -0.24 0.02 0.10
Kinase inhibitor 0.88 0.03 0.05 0.01 0.02 0.14 0.11 0.08 0.18 0.14 0.02
Nuclear receptor ligand  -0.35 -0.35 -0.31 -0.37 390. -0.26 -0.08 -0.06 -0.25 0.11 -0.24
Protease inhibitor -0.23 -0.20 -0.18 -0.12 -0.00 .240 0.07 0.03 0.04 0.50 -0.11
Enzyme inhibitor -0.08 -0.06 -0.02 -0.03 -0.04 0.03 0.21 -0.06 0.06 0.24 0.03
milogp 3.00 3.55 4.06 4.54 2.69 3.28 4.19 4.12 2.153.57 3.65
TPSA 87.39 78.16 78.16 78.16 107.25 78.16 78.16 1678. 107.25 78.16 81.39
‘n’violations 0 0 0 0 0 0 0 0 0 0 0
M.wt 333.36 317.37 333.39 379.44 388.44 303.34 3B67.329.38 360.39 33536 37245
nON 7 6 6 6 8 6 6 6 8 6 7
nNOHNH 1 1 1 1 2 1 1 1 2 1 1

a: Calculated lipophilicity b: Total polar surface area;: No of violations from Lipinski’s rule of fivdeMolecular weight: No. of hydrogen
bond acceptord;; No. of hydrogen bond donors

TPSA and calculated Lipinski’s rule of five for conpounds under biological investigations

We calculated the compliance of compounds to thpénkki’'s rule of five [41]. Briefly, this simple te is based
upon the observation that most biological activegdrhave a molecular weight (MWt of 500 or lesgpgaP no
higher than 5 five or fewer hydrogen bond donoessiand ten or fewer hydrogen acceptor sites (N or O
atoms).These results displayedtable3, showed that all target compounds obey with this.rAmong all the
compounds, compourisk (most active in this series) has higher lipophiliém;logp), higher. TPSA value.

Synthesis of aryl substituted urea derivatives:
Scheme 1. Synthetic route to aryl substituted urederivatives.
0]

NH, NH, R)LNH “
QNOZ - No._ ©) NC: (9 2
. X
Br Br Suzuki coupling \\S (4a-k)=Amines J
! 2 3 (5a-k)

Reagents & Conditions :(a) NH,OMe.HClI, t-BuOK, CuCl, DMF, DME.
b) Thiophene-boronicacid, NaCO;, Pd (0), THF: HO (c) Different amines (4a-k), Trip phosgene, TEA, DCM.
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Where R = AMINES (4a-k):

F
a2y (° 4g) T -
[ j 4d) L E4)
N N
H N H.HCI
H
NHACc
4b) O 4e) HIO/ 4h) b 4K) —Niji/\NH
N N
H

4c) O 4fy CIH.HN CIH.HN
U ) L

NHBoc

Structures of synthesized urea analogues (5a-k):

5a) 9 5b) ﬁ\ Q i
|
N/I\NH G\' " NO 5) NN oY N" NH
O\) NOZ 2 N02 N02
X \\ = ~
\_¢& S \_& \_s
o 1 0 i
5e) | 5f) 5g) F | 5h)
O \H C/N NH o, FU NH ﬁ NH .
2
AcHN NO, NO,
~
D \_s D e
\ S \ S
o) (0]
5i) 7 5i)

Antimicrobial activity of aryl substituted urea derivatives (5a-k):

The eleven newly synthesized target compounds eeakiated for their antimicrobial activity agaitistee gram
negative bacteriaiz; Escherichia coli Klebsiella pneumonia, Pseudomonas aeruginogiaree gram positive
bacteria vizz Bacillus licheniformis, Bacillus subtilis, Staphgéxcus aureus and four fungal strainsviz
Aspergilusniger, Candida albicance, Fusariumoxysipoy FusariumsolaniAgar- diffusion method was applied for
the determination of the preliminary antimicrobgativity. The ciprofloxacin and nystatin were useddreference
drugs. The results were recorded for each testaghoond diameter of inhibition zones of microbiabgth around
the disks in mm. The minimum inhibitory concentati(MIC) measurement was also determined for sicamt
growth inhibition compounds. The inhibition zoneudieters values and MIC (ug/ml) values are revealédable
7-10) respectively. The results revealed that most detesompounds displayed variable inhibitory effemtsthe
growth of the tested bacterial and fungal strains.

The compound$b, 5] and 5k showed good activities against (inhibitory zor20 mm) bacterial strains and
compoundsb and 5k showed good activity against (inhibitory zor20 mm) fungal strains. The MIC values of
compoundsb, 5j and5k showed moderate to good inhibitory activity (5@)8/ml) against bacterial strains and
compound$b and5k showed good activity (300-25 pg/ml) against furgjedins, with respect to reference drugs.
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Table 7. Antibacterial activity of newly synthesied aryl substituted urea analogues
Zone of inhibition(mm)

Gram negative(-ve) bacteria Gram positive (+ve) bacteria

Comp entry

Escherichia Klebsiella Pseudomonas Bacillus Bacillus Staphylococcus
coli pneumonia aeruginosa licheniformis subtilis aureus
5a 16 18 15 11 12 10
5b 22 24 21 21 19 23
5c 9 10 11 5 9 6
5d 15 16 15 10 19 11
59 10 16 9 12 15 16
5j 19 22 21 22 20 18
5k 23 16 21 19 24 24
Ciprofloxacin 25 24 28 24 21 25
Control
(1%DMSO) NA NA NA NA NA NA
NA=No activity
Table 8. Antifungal activity of newly synthesizeccompounds
Zone of inhibition(mm)
Fungi
Comp entry . ) Candida  Fusarium  Fusarium
Aspergilusniger . ]
albicance Oxysporum  solani
5b 15 22 23 18
5k 18 20 23 21
Nystatin 20 25 23 25
Control
(1%DMSO) NA NA NA NA
NA = No activity
Table 9. MICs of newly synthesized compounds agaihbacteria
MIC(ng/ml)
Gram negative(-ve) bacteria Gram positive (+ve) bacteria
Comp entry Escherichia Klebsiella Pseudomonas Bacillus Bacillus Staphylococcus
coli pneumonia aeruginosa licheniformis subtilis aureus
5b 150 175 250 200 125 125
5j 100 125 175 200 250 125
5k 25 200 100 200 175 75
Ciprofloxacin 25 25 25 25 25 25
Control
(1%DMSO) NA NA NA NA NA NA

NA = No activity

Table 10. MICs of newly synthesized compounds aguit fungi

Zone of inhibition(mm)

Comp entr Fungi
p y . . Candida  Fusarium Fusarium
Aspergilusniger . .
albicance oxysporum  solani
5b 75 50 50 75
5k 50 25 75 25
Nystatin 25 25 25 25
Control
(1%DMSO0) NA NA NA NA

NA = No activity

The compound$a-k were screened for antibacterial activity agaimnstacterial straingiz; E.coli, K. pneumonia,
P.aeruginosa, B. licheniformis, B. subtili&, S.Aureusand four fungal strainsiz: Aspergilusniger, C.albicance,
F.oxysporum,F.solaniby Agar-diffusion method (Table 7-10).The resulevealed that most of the tested
compounds displayed variable inhibitory effectstiom growth of the tested bacterial and fungal srahmong all
the target molecules, the analogue with pyrrolorgdgr moiety 5k showed greater antibacterial activity and
antifungal activity than standard. The analogueth wirrole moietysb & fluoro pyrrole moiety5j were showed
maximum activity against all tested bacterial speciThe compounds with N-acetyl substituted pipeegicand
azetidine moiety were not showed antibacterial vagti However, other substituted pyrrolidine coniag
analogues were showed moderate to good antibdaetiaity. The analogue with pyrrole moiebp is also showed
good activity against all fungal strains it maydi&ibuted that the hydrophobic nature of pyrrollei is important
for activity. The remaining analogues were notvedd antifungal activity. The MIC data of compoub#
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suggested that it is more potent than all activemamunds against botscherichia coli, Staphylococcus Aureus.
The MIC values of compourtek also indicated it is more potent agai@stndida albicance &usariumsolaniThe
synthesized urea derivatives were taken for dockingies, theseba-k were docked against [Poly [ADP-ribose]
polymerase 15(3V2B)], Candida albicancg3QLS) and evaluated the best GOLD Score to find the best
antimicrobial activity. In order to determine thaildy of auto dock 4.0, to reproduce the oriergatand position of
compoundsba-k in (3V2B), (3QLS) proteins the designed targés-k were selected and docked back into the
corresponding binding pocket. Among all the comptaBk & 5b tested for docking study showed best affinities
with low energy of -4.66, -4.33kcal/mol respectivelgainst employed protei{8V2B) and the compoundk) is
found to be best fit. This result also correlagsgerimental antibacterial activity. The dockingadaf compounds
5b & 5k against Candida albican¢@QLS) matching with MIC data of those compounds agdinsgal strains.
From the docking result values, we conclude thateermental biological values correlated with dogkiresult

values.
R = ccli
B - pneumonis
I F s=ruginoss
20~ B E licheniformis
I E cub=tilis
s surssus

Zone of inhibition{mm)

=] ] ) B Fecd 5g ]| Bk Chiprofloxacin
Compounds

Graph 1. Antibacterial activity of compounds 5a-k

280
www.scholarsresearchlibrary.com



Jalapathi Pochampallyet al Der Pharma Chemica, 2014, 6 (2):269-282

I “=rpcrgilusniger
I C . alkicance
B F cxysporium
I F =clani

%]
n

%]
[=]
]

Zone of inhibition{mm)

Eb Ek M= tatin

Compounds
Graph 2. Antifungal activity of compounds 5a-k

CON CLUSION

Molecular docking studies were employed for thelysia with training set composed of compous@sk whose
inhibitory activity is unknown to find out the malelar facilities responsible for biological actiei. Design,
Synthesis, antimicrobial analysis and molecular efiod of urea analoguesa-k were carried out. The biological
evolution showed that these molecuesk were good and selective against six bacterialrstriour fungal strains

in the micro molar range. The experimental biolafidata revealed that the compourkds 5b, 5j are the best
antibacterial active compounds against six badtstiains ancbk, 5b are good antifungal active compounds against
four strains. The experimental biological values eorrelated with docking resultsk is found to be good inhibitor
for [Poly [ADP-ribose] polymerase 18V2B)], and Candida albicance [with respect to antiflsgdivity (3QLS)].

The results were in good agreement with the expearial observations.
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