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Abstract

The series of three different chemical entities ofaetle-heterocycle hybrids such as
thiophene, pyridine and quinoline tetrazoles wetleesized and characterized for the purpose
to develop a new lead molecules. Biological evabust such ag vitro antimicrobial and anti-
inflammatory activities were studied. Further, thesilico studies such as Molecular docking
(with COX-1, COX-2 and 3TTZ), DFT calculations, thlecular electrostatic potential (MEP)
and ADME were investigated.

Keywords: Hybrid tetrazole, antimicrobial, anti-inflammatoryolecular docking,
Molecular orbitals.

1. Introduction

The studies of the biological importance of a snigeterocyclic compounds and their
derivatives are interesting area in the field ofdromal chemistry [1]. This due to the fact that
75% of the available drugs in the market are hejamle based drugs. Also, the introduction of
heterocycle on a molecule can change the physidcherproperties such as absorption,
distribution, metabolism and excretion [2]. Sevdraterocyclic compounds have been proved as
bioactive compounds [3]. Among various bioactivéehecyclic compounds, the tetrazoles and
their derivatives have attracted much attentioniring design [4]. Moreover, these derivatives
have several biological activities such as antioba@l [5], antiviral [6], anti-inflammatory [7],

anticancer [8], antidiabetic [9] and antitumor [1Qpsartan, Irbesartan and Valsartan are the



some of the drugs containing 5-aryl tetrazole udi5-disubstituted tetrazoles based drugs have
been used as an antibiotic (Flomoxef, cefazolinwsodand cefonicid) and anticonvulsant drug.
Another advantage of tetrazole is a bio-isostefesmdyoxylic acids [11]. Based on the literature
reports, we have chosen 1,5-disubstituted tetraasla bioactive core in our research [12,13].
We expected the combination of another heterocyel&" position of tetrazole will contribute

to biological applications. So we designed andlsssis of the tetrazole derivatives with various
basic heterocycles such as thiophene, pyridinenojoe and studied for their preliminary
biological evaluations such as antimicrobial ant-eflammatory activities.

Many heterocyclic compounds are biologically poteampound, but active only im
vitro level. Most of the compounds are failed in furthbarmacological studies (like vivo and
other pharmacological studies). So there is a uarienresolved problem in drug design. The
main drawback of drug designing is that the bia@ctompoundsirg vitro level) are failed in
pharmacological studies such as absorption, digtob, metabolism, excretion and toxicity
(ADMET). And also some of them are not obeying hgki rule of five. On considering the
above facts, we carried out molecular docking ssidigainst bacterial DNA Gyrase (3TTZ) and
inflammation responsible proteins namely 1PGG (@yxygenase-1) and 4COX
(cyclooxygenase-2)]. The possible binding orieotadi are identified with the DFT calculation
and Molecular electrostatic potential (MEP), whatbuld explain the binding site of the ligand
and also it will be helpful to design new drugs farther improvement. Hence the silico

ADMET studies were performed and presented here.

2. Experimental Section

2.1 General consideration



All the chemicals and solvents (laboratory gradeje purchased from sigma Aldrich
or Merck. The solvents were used without any peaifon. Melting points were recorded
on sigma melting apparatus SL111140. IR spectruere wecorded in JASCO FT-IR410
using KBr pellet making methodH NMR & *°C NMR spectra were recorded on Bruker
300 MHz and 75MHz instrument in CDGlwith TMS as an internal standard or DMSO-
ds for proton and carbon spectra. Chemical shift @alare mentioned ih(ppm) and
coupling constants are givenliz. Mass spectra were recorded on AB SCIEX 3000 LC-
MS and LCQ Fleet mass spectrometer, Thermo Fisher Instntsné&imited, US.
Electrospray ionization mass spectrometric metiig&I-MS). The progress of all
reactions was monitored by TLC on 2 x 5 cm pre-@atdilica gel 60 F254 plates of a
thickness of 0.25 mm (Merck). The single crystalay analysis was recorded in Bruker
Kappa APEXII single crystal X-ray diffractometerniaf Nonlus CAD4-MV31), SAIF,
IT Madras. The elemental analyses were recordedaino EL Il CHNS element
analyzer.

2.2 Chemistry
2.2.1. General procedure for the synthesis of am(da-m)

To a DMF solution (3 mL) of carboxylic acid (2.00mual), was added at O °C carbonyl
diimidazole (2.2 mmol). The mixture was stirred 83 minutes at room temperature. To that
solution corresponding amine (2.00 mmol) was addée. reaction mixture was stirred for 24
hours at room temperature. The completion of thetren was monitored by TLC. The reaction
mixture was quenched with crushed ice (50 g) artcaeted with ethyl acetate (100mL). The

organic layer was washed with water (100 mL) arndebsolution (100 mL). The organic layer



was separated, dried over anhydrous sodium swfatesvaporated under reduced pressure. The
obtained product was taken to the next step.
2.2.2. General procedure for the synthesis of #ti@ (2a—m)

To an amide (1.01 mmol), phosphorus oxychloridel&0@nmol) and sodium azide (4.06
mmol) was added. The reaction mixture was stired % hours at 80C under a nitrogen
atmosphere and then it was cooled carefully quahchigh ice water and neutralized with
saturated sodium bicarbonate solution. The prodiad extracted with ethyl acetate (75 mL),
washed with water (2 x 75 mL) and brine solutioh (iL). The organic layer was separated and
dried over anhydrous N8Oy and concentrated under reduced pressure.
2.2.2.1 1-butyl-5-(thiophen-2-yl)-1H-tetrazole (2a)

Pale Yellowish oil;H NMR (300 MHz, CDCJ): § ppm: 7.67 — 7.63 (m, 2H), 7.29-7.23 (m, 1H),
4.60 — 4.52 (m, 2H), 2.04 — 1.91 (m, 2H), 1.50401(m, 2H), 0.98 (t) = 7.3 Hz, 3H)**C NMR
(75 MHz, CDC}): 6 ppm: 149.39, 130.25, 129.91, 128.40, 124.24, 48121, 19.66, 13.42.
ESI-LC/MS calculated m/z 208.2 found 209.1°¢\). IR (KBr) vmax 3103, 2960, 1572, 1475,
715. Anal.Calcd for: gH12N4S: C, 51.90; H, 5.81; N, 26.90 %. Found: C, 518935.79; N,
26.89 %.

2.2.2.2.1-(4-fluorophenyl)-5-(thiophen-2-yl)-1H-tetrazol2h)

Colourless solid, Mp: 143-145 °&4 NMR (300 MHz, CDCJ): & ppm: 7.57 — 7.46 (m, 3H),
7.37 — 7.28 (m, 3H), 7.20-7.06 (m, 1HJC NMR (75 MHz, CDCJ): 6 ppm: 165.62, 162.26,
150.02, 130.89, 130.73, 130.03, 128.71, 128.59,2128124.00, 117.50, 117.19. ESI-LC/MS
calculated m/z 246.0, found 247.1 ‘M). IR (KBr) vmax 3076, 1568, 1269, 1155, 1097.
Anal.Calcd for: GiH7FN4S: C, 53.65; H, 2.87; N, 22.75 %. Found: C, 531882.88; N, 22.72

%.



2.2.2.3. 1-phenyl-5-(thiophen-2-yl)-1H-tetrazole)(2

Reddish Brown solid, Mp: 87-88 °¢H NMR (300 MHz, CDC}): 6 ppm: 7.64 — 7.59 (m, 3H),
7.52 — 7.47 (m, 3H), 7.27 — 7.24 (m, 1H), 7.06037(m, 1H).**C NMR (75MHz, CDCk): &
ppm: 149.82, 134.01, 131.27, 130.71, 130.55, 1301P8.10, 126.35, 124.15. ESI-LC/MS
calculated m/z 228.0, found 229.2 ). IR (KBr) vmax 3078, 1551, 1267, 1123, 1095, 1020.
Anal.Calcd for: GiHgN,4S: C, 57.88; H, 3.53; N, 24.54 %. Found: C, 57H93.56; N, 24.51 %.
2.2.2.4. 1-(methylsulfonyl)-4-(5-(thiophen-2-yl)-1¢trazol-1-yl)piperidine (2d)

Colourless solid, Mp: 163-165 °H NMR (300 MHz, CDC}): & ppm: 7.69 (ddJ = 5.1, 1.1 Hz,
1H), 7.64 (ddJ = 3.7, 1.1 Hz, 1H), 7.32 — 7.27 (m, 1H), 4.82 #34(m, 1H), 3.99 — 3.87 (m,
2H), 3.19 — 3.07 (m, 2H), 2.89 (s, 3H), 2.50 — AB8 2H), 2.33 — 2.24 (m, 2H°C NMR (75
MHz, CDCk): 6 ppm: 148.69, 130.25, 129.82, 128.18, 123.18, 54335, 35.24, 30.97. ESI-
LC/MS calculated m/z 313.1 found 314.2"@\). IR (KBr) vmayx 2937, 1479, 1249, 1168, 1085,
1058, 949. Anal.Calcd for: 6H1sNs0.S,: C, 42.16; H, 4.82; N, 22.35 %. Found: C, 42.15; H
4.81; N, 22.35 %.

2.2.2.5. 3-(1-butyl-1H-tetrazol-5-yl)pyridine (2€e)

Pale yellowish oil*H NMR (300 MHz, CDCJ): & ppm: 8.94 — 8.85 (m, 2H), 8.10 - 8.07 (m,
1H), 7.56 (dd,) = 7.8, 4.9 Hz, 1H), 4.46 (8,= 7.4 Hz, 2H), 2.05 — 1.90 (m, 2H), 1.38 - 1.33 (m
2H), 0.93 (t,J = 7.3 Hz, 3H). *C NMR (75 MHz, CDC)): § ppm: 152.27, 152.00, 148.90,
136.51, 124.51, 48.19, 31.81, 19.67, 13.39. ESME/calculated m/z 203.1, found 204.2
(M*+1). IR (KBr) vmax 2962, 2933, 1570, 1464, 707. Anal.Calcd forasHGaNs: C, 59.10; H,
6.45; N, 34.46 %. Found: C, 59.13; H, 6.46; N, 344

2.2.2.6. 2-(1-cyclohexyl-1H-tetrazol-5-yl)pyridi(i&)



White solid, Mp: 125-128 °CtH NMR (300 MHz, CDC}): § ppm: 8.94 — 8.78 (m, 2H), 8.07 —
7.99 (m, 1H), 7.58 — 7.53 (m, 1H), 4.37 — 4.26 (i), 2.26 — 2.02 (m, 5H), 2.02 — 1.93 (m,
2H), 1.47 — 1.30 (m, 3H}3C NMR (75 MHz, CDCY):  ppm: 152.15, 151.28, 149.00, 136.64,
124.08, 121.20, 58.67, 33.34, 25.21, 24.72. ESME/calculated m/z 229.2 found 230.2
(M*+1). IR (KBr) vmax 3078, 2933, 1568, 1462, 705. Anal.Calcd for;HGsNs: C, 62.86; H,
6.59; N, 30.54 %. Found: C, 62.88; H, 6.58; N, 80/&

2.2.2.7. 3-(1-(4-fluorophenyl)-1H-tetrazol-5-yl)jpgine (29)

Colourless sloid, Mp: 120-121 °4 NMR (300 MHz, CDCY): & ppm: 8.76 - 8.74 (m, 2H), 8.00
—7.93 (m, 1H), 7.48 — 7.38 (m, 3H), 7.27 (m, 2f0.NMR (75 MHz, CDCJ): § ppm: 165.32,
161.96, 152.32, 151.65, 149.26, 136.28, 130.19,612227.49, 123.85, 120.17, 117.69, 117.39.
ESI-LC/MS calculated m/z 241.2 found 242.2*@). IR (KBr) vmax 3076, 1504, 1226, 1134,
1097, 1024, 993. Anal.Calcd fory£1sFNs: C, 59.75; H, 3.34; N, 29.03 %. Found: C, 59.74; H
3.36; N, 29.04 %.

2.2.2.8. 3-(1-benzyl-1H-tetrazol-5-yl)pyridine (2h)

Colourless solid, Mp: 98-100 °¢H NMR (300 MHz, CDCY): § ppm: 8.82 — 8.72 (m, 1H), 7.99
— 7.90 (m, 1H), 7.52 — 7.44 (m, 1H), 7.36-7.25 8H), 7.17 — 7.13 (m, 2H), 5.67 (s, 2KC
NMR (75MHz, CDCL): & ppm: 152.35, 152.28, 149.04, 136.40, 133.43, 1529.39.03, 127.11,
123.86, 120.50, 51.70. ESI-LC/MS calculated m/z.2Found 238.1 (NMH+1). IR (KBr) vmax
3051, 2926, 1568, 1454, 704. Anal.Calcd for3HGiNs: C, 65.81; H, 4.67; N, 29.52 %. Found:
C, 65.80; H, 4.69; N, 29.54 %.

2.2.2.9. 2-(1-butyl-1H-tetrazol-5-yl)quinoline (2i)

Pale yellowish oil'H NMR (300 MHz, CDC}): 6 ppm: 8.47 — 8.32 (m, 2H), 8.13 (#I= 8.5Hz,

1H), 7.92 (d,J = 8.1Hz, 1H), 7.86 — 7.79 (m, 1H), 7.70 — 7.64 (m, 1HRI5= 5.10 (M, 2H),



2.12 - 1.99 (m, 2H), 1.50 - 1.45 (m, 2H), 1.01¢, 7.4Hz, 3H).**C NMR (75 MHz, CDCI3)3
ppm: 151.58, 147.28, 144.69, 137.43, 130.39, 129.28.19, 128.05, 127.79, 120.88, 118.68,
49.66, 31.83, 19.63, 13.52. ESI-LC/MS calculated 2%/3.3, found 254.4(M1). IR (KBr) Umax
3061, 2960, 1599, 1498, 767. Anal.Calcd foriHGsNs: C, 66.38; H, 5.97; N, 27.65 %. Found:
C, 66.39; H, 5.96; N, 27.64 %.

2.2.2.10. 2-(1-cyclohexyl-1H-tetrazol-5-yl)quindi(R))

White solid,Mp: 82-85 °C,'H NMR (300 MHz, CDCY): § ppm: 8.44 — 8.34 (m, 2H), 8.13 (@,
= 8.5Hz, 1H), 7.92 (dJ = 7.4Hz, 1H), 7.85 — 7.78 (m, 1H), 7.71 — 7.63 (m, 1H8%5- 5.75 (m,
1H), 2.33 — 2.93 (m, 2H), 2.17 — 2.08 (m, 4H), 1-99.81 (m, 2H), 1.58 — 1.40 (m, 4HJC
NMR (75 MHz, CDC}): 6 ppm: 151.40, 147.51, 145.30, 137.57, 130.49, 129.28.33, 127.97,
121.49, 60.12, 32.96, 25.71, 25.27. ESI-LC/MS dated m/z 279.3 found 280.2 {M1). IR
(KBr) vmax 2929, 1502, 1462, 763. Anal.Calcd forigh;7/Ns: C, 68.79; H, 6.13; N, 25.07 %.
Found: C, 68.76; H, 6.11; N, 25.08 %.

2.2.2.11. 2-(1-(1-(methylsulfonyl)piperidin-4-ylititetrazol-5-yl)quinoline (2k)

Colourless solid, Mp: 208-210 °¢4 NMR (300 MHz, CDCL): & ppm: 8.47 — 8.38 (m, 2H),
8.09 (d,J = 8.4Hz, 1H), 7.95 (d,J = 8.1Hz, 1H), 7.88 — 7.81 (m, 1H), 7.72 — 7.67 (m, 1HN0s.
—5.96 (m, 1H), 4.08 — 3.99 (m, 2H), 3.23 — 3.11 2i), 2.93 (s, 3H), 2.52 — 2.44 (m, 4HC
NMR (75 MHz, CDC}): 6 ppm: 151.67, 147.52, 145.03, 137.95, 130.78, 1329.78.64, 128.49,
128.14, 121.52, 56.86, 44.84, 36.45, 31.B&I-LC/MS calculated m/z 357.1 found 358.2
(M*+1). IR (KBF) umax 3009, 1496, 1101, 1249, 1157, 1018, 966. Anat@ir: GeHigNeOsS:
C, 51.33; H, 4.85; N, 22.45 %. Found: C, 51.354186; N, 22.47%.

2.2.2.12. 2-(1-(p-tolyl)-1H-tetrazol-5-yl)quinolir{gl)



Colourless solid, Mp: 126-128 °CH NMR (300 MHz, CDC)): 5 ppm:8.34 — 8.24 (m, 2H),
7.87 (d,J = 8.1Hz, 1H), 7.75 - 7.71 (m, 2H), 7.65 — 7.58 (m, 1H¥47(d,J = 8.3Hz, 2H), 7.32
(d, J = 8.0Hz, 2H), 2.49 (s, 3H)**C NMR (75 MHz, CDCY): 6 ppm: 152.81, 147.57, 144.28,
140.35, 137.40, 133.36, 130.39, 130.05, 129.56,4028127.80, 126.16, 121.37, 21.44. ESI-
LC/MS calculated m/z 287.1, found 288.2°tM). IR (KBr) vmax, 3069, 1555, 1264, 1146, 1094,
1009. Anal.Calcd for: GH13Ns: C, 71.06; H, 4.56; N, 24.37 %. Found: C, 71.05;4:60; N,
24.39 %.
2.2.2.132-(1-(naphthalen-1-yl)-1H-tetrazol-5-yl)quinolin2r)
Colourless solid, Mp: 110-113 °&4 NMR (300 MHz, CDCJ): 6 ppm: 8.39 — 8.24 (m, 2H),
8.12 - 7.99 (m, 1H), 8.01 (d,= 8.3Hz, 1H), 7.76 (dd,) = 6.0, 3.6Hz, 1H), 7.66 — 7.59 (m, 2H),
7.57 — 7.51 (m, 1H), 7.51 — 7.45 (m, 2H), 7.44377m, 1H), 7.21 (d) = 8.5Hz, 1H), 7.05 (dd,
J = 6.1, 3.6Hz, 1H). **C NMR (75 MHz, CDCJ): & ppm: 154.11, 147.21, 143.41, 137.27,
133.95, 132.75, 130.87, 130.13, 129.91, 129.82,3128 28.25, 128.13, 127.79, 127.55, 126.93,
125.39, 124.88, 122.17, 120.70. ESI-LC/MS calcdlate’z 323.1, found 324.2 (M1). IR
(KBFr) vmax 3059, 1595, 1253, 1145, 1109, 1039. Anal.Caled@aH13Ns: C, 74.29; H, 4.05; N,
21.66 %. Found: C, 74.30; H, 4.07; N, 21.66 %.
2.3. Biology and in silico studies
2.3.1 Antibacterial activity

The bacterial strains used for the examinationeWerpneumoniae (ATCC 13883).
aeruginosa (ATCC 10145%. aureus (ATCC 11632. pyogenes (ATCC 12358)dC. albicans
(ATCC 66027)obtained from either American type culture collector purchased from
Himedia, Mumbai. The experiments were repeatedetwibie experimental technique used is as

followed by Sribalaret al[14].



2.3.2. Anti-inflammatory activity

The synthesized compounds were tested for anéirmmhatory activity (bovine serum
albumin denaturation technique). The experimemehnique used is as followed by Sribaédn
al [15].
2.3.3. Molecular docking study

Molecular docking of compounds into the bacterigdyane, COX-1 and COX-2 enzymes
was carried out using the Auto-Dock software (v@rs#t.2)[16,17]. Accelrys discovery studio
client 4.1 was used for the visualizing proteirahig complex. Three dimensional structures of
synthesized derivatives were optimized using thasSian 09W software (for the ligand). The
crystal structure of the bacterial enzyme, COX-H &OX-2 (3TTZ.pdb, 1PGG.pdb and
4COX.pdb) were downloaded from Protein Data bank. bdund water and ligand were
eliminated from the protein and polar hydrogen added. Moreover all docking, a grid box size
of 60x60x60 points in X, Y and Z direction. A gr&pacing of 0.375 A and ten runs were
generated by using Lamarckian genetic algorithmches.
2.3.4. Computational calculations

All the computational calculations including repetation of Highest occupied
molecular orbital (HOMO) and Lowest unoccupied noalar orbital (LUMO) in the checkpoint
files was performed with the Gaussian 09W programgidensity functional theory [18]. The
chemical structure of the compound was optimizetth BBLYP/6.311 ++ G (d,p) basis set. The
Gauss view software package was used to visudizeamputed structures including HOMO,
LUMO and Molecular electrostatic potential (MEPpresentations.

2.3.5. ADME calculations



The pharmacological properties like molar volumeé/fiMtopological polar surface area
(TPSA) and Lipinski rule of five were calculateding Molinspiration online tool [19]. The
Absorption (% ABS) was calculated by the formula B&\= 109 - (0.345 X TPSA) [20] and the

aqueous solubility was calculated using online adardools [21].

3. Resultsand Discussion
3.1. Chemistry

The designed heterocyclic tetrazoles were syntbdsitom their corresponding amide
precursors which are represented in SchelneThe amides can be prepared from their
corresponding acids and amines with the use of loaupgent like carbonyl diimidazole [22].
The reaction of amides with phosphorus oxychloadd sodium azide yielded tetrazoles [23].
The synthesized compounds were characterized'tbyNMR, *C NMR, Mass and IR
spectroscopies. The disappearance of amide peagraton NMR clearly indicates the
conversion of the amide. Similarly, the disappeeeanf amide carbonyl peak in the region 160
ppm and the appearance of tetrazolyl carbon inréggon of 155 ppm clearly indicate the
tetrazoles formation. The ESI-Mass spectrum alsdated the tetrazoles formation. The mass
spectrum clearly showed the molecular ion peakshertetrazoles either in positive mode or in
negative mode. Similarly, the IR spectrum also gdle additional evidence for the
disappearance of the carbonyl stretching frequefl®00-1650 cri) and appearance new
absorbance which is due to the formation of teteszo

For example, in the characterization2af the disappearance of amide peak at 6.08 ppm
in *H NMR and disappearance of amide carbonyl peal6atl1ppm in**C NMR indicates the

complete conversion of the amide. The appearance rw peak at 149.3 ppm C NMR



indicates the formation of tetrazolyl carbon. Thaltiplet at 7.66-7.64 ppm for 2 protons and
multiplet at 7.29-7.23 ppm for one proton indicates presence of thiophene ring. The multiplet
around 4.62-4.50 ppm for 2 protons indicates tresgmce of CHunit which was attached to
tetrazole ring nitrogen. The remaining multipletsuand 1.99-1.90 for 2 protons, 1.45-1.42 for 2
protons and 0.98 ppm for 3 protons indicates tlesence ofi-butyl unit. In the'*C NMR, the
peaks at 130.25, 129.91, 128.40 and 124.24 ppnedtelihe presence of thiophene ring. The
peaks at 48.12, 31.41, 19.66 and 13.42 ppm indibatpresence af-butyl unit. The ESI-Mass
clearly showed the peak at 209.1 in a positive meldieh also confirms the product formation.
In the FT-IR spectrum, the band around 3103" éndicates the presence of aromatic C-H units
(thiophene C-H units). The band around 1572" indicates the presence of C=N unit. Similarly,
the band around 1475 ¢nindicates the presence of N=N unit. In addititve, compound 2g was
confirmed by single crystal X-ray analysis (Fiy.(CCDC No: 996387). This list of synthesized
compounds is represented in F2g.
3.2. Biology
3.2.1. Antimicrobial activity

A series of heterocyclic tetrazoles were screermdahtimicrobial activity against the
bacterias such akKlebsiella pneumoniae (ATCC 13883 seudomonas aeruginosa (ATCC
27853) Staphylococcus aureus (ATCC 2592Sjreptococcus pyogenes (ATCC 12358y
fungal pathogerCandida albicans (ATCC 66027xcept the compoun#f, all the compounds
showed the activity againkilebsiella pneumoniaé’he compoun@e has the pyridyl ring ang-
butyl unit showed better inhibition than the standdrug (amikacin) and the compoug#
bearing quinoline and piperidyl sulfonamide unibwled comparable inhibition to the standard.

The compound2b, 2c, 2d, 2g, 2h, 2j, 2| and 2m showed the moderate activity against the



Klebsiella pneumoniaeThe compound2k showed the low activity againg®seudomonas
aeruginosa and the compound2d, 2h and 2j exhibited the moderate activity against
Pseudomonas aeruginasBhe compoun@b bearing thiophene an@fluoro phenyl unit showed
potent activity againsstaphylococcus aureushe compound2c, 2e, 2i, 2| and2m showed low
to moderate activity against tis&taphylococcus aureuSimilarly, the compoung@k, bearing the
quinoline and piperidyl sulphonamide unit showedodyanhibition againstStreptococcus
pyogenesThe compound&d, 2h, 2i, 2j and2l showed moderate activity agair&teptococcus
pyogenesSome of the compounds showed the antifungaligctékmong those compoundgb
having the thiophene and phenyl ring showed godd/igc against Candida albicans The
compounds2a, 2c and 2g showed moderate activity against a fungal patho@arerall, the
synthesized compounds showed better to good zonenhalbition than parent thiophene,
quinoline, pyridine and tetrazole. The zone of lmimns of the compounds, standard and parent
were listed in Tablé&.
3.2.2. Anti-inflammatory activity

All the synthesized compounds were studied forrtimevitro anti-inflammatory activity by
using inhibition of albumin denaturation techniguiéh minor modification. The activities of the
compounds were checked with four different conegitns of 50 pg/mL, 100 pg/mL, 200
pa/mL and 400 pg/mL respectively. Diclofenac sodwas used as the standard drug. All the
compounds showed moderate to good anti-inflammaaetivity. The compoun@b and the
compound2i showed a good percentage of inhibition, which lmost equal to the standard
diclofenac sodium. Other than these, all the comgsushowed moderate anti-inflammatory

activity. Overall, the synthesized compounds showedd to moderate anti-inflammatory



activity than parent thiophene, quinoline, pyridiened tetrazole. The various concentrations of
compounds, standard, and parent’s percentage fiomibiwere listed in Tabl2.
3.2.3. ADME prediction

All the synthesized heterocyclic hybrids have besmeened forin silico ADME
properties by using online tool Molinspiration a®dMETsar. The molecular weights of
compounds are in the range of 208-358 g/mol. ThePlvalue (partition coefficient in octanol-
water) is 1.01-4.18. The numbers of hydrogen bawégtor in the ligands are 4-8. A number of
hydrogen bond donors are zero. The Molar volumethefsynthesized compounds are in the
range of 186-283. Hence all the compounds are obeite Lipinski rule of five. Also, the other
parameters have been checked such as TPSA (topallqgplar surface area), Q log p and
number of rotatable bonds. All the values calcdafer the synthesized compounds are
comparable with the 95% ideal drugs in the marRé}.[The percentage absorption is calculated
from topological polar surface area [%ABS = 1090345 x TPSA)]. Usually, the compounds
having more than 80% absorption can be consideseal good drug. Among these compound
except 2d (72%) and 2k (67%), all the other complsumave good absorption (>80%). Some of
the compounds showed around 93 % absorption. Fhotimeaabove prediction, we theoretically
suggest that all the synthesized compounds hawe geod ADME properties. The ADME
properties for the synthesized compounds are repted in Tablé.
3.2.4. Molecular Docking studies
3.2.4.1. DNA gyraseinhibition (3TTZ)

DNA gyrase inhibition is one of the mechanismsgogventing the bacterial replication
process which induces bacterial death [25]. Sormtegen based heterocyclic drugs are used as a

DNA gyrase inhibitor (Nalidixic acid, ciprofloxacinOn the basis of this idea, the enzyme 3TTZ



(DNA gyrase enzyme) was chosen for docking. All fyathesized compounds were docked
with the DNA gyrase enzyme 3TTZ to identify the gibte protein-ligand interaction.
Generally, the ligands are binding with protera various interactions such as pi-alkyl
interaction, pi-donor hydrogen bond interaction andventional hydrogen bond interaction.

Nitrogen in the synthesized compounds can form dgein bond with the amino acid of
the enzyme. Similarly, the thiophene based derigatialso showed the conventional hydrogen
bond interactions with the amino acid. But theagen present in either pyridine derivative or
quinoline derivative did not show any conventiohgbdrogen bond interactions. Most of the
compounds showed hydrogen bond with the amino @ti@85 of the enzyme 3TTZ. But the
compound2d showed the hydrogen bond with the amino acid GLEB8 the compoundf
showed the hydrogen bond with the amino acid SER1RBthe compoun@f, the tetrazole
nitrogen form the hydrogen bond with hydroxyl hygea (N---HO) of SER129. In the
compoundg£c, 2e, 2h and2i, the tetrazole nitrogen interacted by the hydrdgemd with peptide
nitrogen of GLY85 (N---HN). The entire group ofrgliesized compounds exhibited very good
bind energies and inhibition constants. The bindngrgies are in the range of -5.97 to -9.06
kcal/mol and inhibition constant values in the g 51.96 to 0.22 uM. Among the various
compounds, the compourdn quinoline tetrazoles containing naphthalene ringwsed highest
binding energy and inhibition constant. Overalk tfuinoline tetrazoles derivative showed very
good binding interactions with DNA gyrase enzymarnttihe thiophene and pyridyl tetrazoles
derivatives. The model protein-ligand comple with 3TTZ) is represented in Fi@. The
Docking energy, inhibition constant and hydrogemding of ligand-protein complexes were
represented in Tabke

3.2.4.1. Cyclooxygenase inhibition



The synthesized compounds exhibiteth vitro anti-inflammatory activity.
Cyclooxygenase is one of the enzymes responsibte pfoducing prostaglandin. The
cyclooxygenase enzyme inhibition will provide paalief and cure inflammation [26]. On the
basis of this, the protein 1PGG and 4COX were ahdee docking. All the synthesized
compounds were docked with COX-1(1PGG) and COX-BALenzyme. Similar to the DNA
gyrase, the docking against cyclooxygenase showedral interactions with COX-1 (1PGG)
enzyme. Among the 13 synthesized hybrids, the camg@b and2c containingn-butyl andp-
fluoro phenyl substituents showed hydrogen bondiiilp SER530 of 1PGG. Similarly, the
compounds2e, 2f and 2g containing n-butyl, cyclohexyl andp-fluoro phenyl substituents
showed hydrogen bond with SER530 of 1PGG. The compd®m quinoline tetrazoles
containing naphthalene ring showed hydrogen borid WWR385. The hydrogen bonds are Pi-
donor hydrogen bonds which were formed between atiomng of the synthesized compounds
and the hydrogen of the amino acid (SER530 or TYA.38Il the compounds showed very good
binding energies (-7.11 to -11.35 kcal/mol) andbitlon constants (6.11 to 0.004 uM). Within
this series, the quinoline based tetraz@jegk, 2| and2m showed highest binding energy which
is -11.35, -10.25, -10.76 and -10.87 kcal/mol aneirtinhibition constants are 0.004, 0.032,
0.012 and 0.010 uM respectively. In the overall kilog of the COX-1 enzyme with the
synthesized compounds, quinoline based tetrazelegative showed better docking results than
thiophene and pyridyl tetrazoles. Similarly, thentbyesized compounds were docked with a
COX-2 enzyme (4COX). Most of the compounds showgtdgen bond interaction with amino
acid of the COX-2 enzyme as similar to COX-1. Thmphene and pyridine based tetrazoles
(2a-h) showed the hydrogen bond with SER530. The comgao2en thiophene tetrazole

containingn-butyl substituents exhibited the conventional logdn bond interaction between



tetrazole nitrogen and hydroxyl group of SER530-{N©). The compound@h containing
benzyl substituent showed both conventional andopier hydrogen bond interactions with
SER530 (N---HO, Tet---HO). In the compourgts 2c, 2f and2i, the tetrazole rings have shown
the pi-donor hydrogen bond interaction with hyddogf SER530 (Tet---HO). In the case of
compound2a and 2f, two hydrogen bond interactions were formed witlo tamino acids of
TYR385 and SER530. The compoul#é containing piperidine sulphonamide unit showed
hydrogen bond with ARG120. The entire list of compds showed very good binding energies
(-6.85 to -10.41kcal/mol) and inhibition consta(@s47 to 0.023 pM). Among these derivatives,
the compoundgj, 2k, 21 and2m quinoline tetrazoles showed the highest bindingrges (-
9.37, -10.41, -9.48 and -10.16 kcal/mol) and timhibition constants were 0.135, 0.023, 0.112
and 0.356 uM respectively. Overall, quinoline battrhzoles derivative showed better docking
results than thiophene and pyridyl tetrazoles. Timdel protein-ligand complexegl (with
1PGG andl with 4COX) are represented in FI§)& 4. The binding energy, inhibition constant
and hydrogen bonding of COX-1 and COX-2 with amaeas were represented in Tabl& 6.
3.5. Computational Studies
3.5.1. Frontier molecular orbitals

The highest occupied molecular orbital and lowssiccupied molecular orbital can be
used to predict the most reactive position of tlwecule in pi-electron systems. In an organic
molecule, the electrons are not assigned to indalidovalent bond, which is moving under the
whole molecule by the influence of nuclei of thelecole. So the electron density of the
molecule has not same in all the region of the mdé The electron cloud plays a major role in
the intermolecular interaction. The protein-ligamthcking method depends on various

intermolecular interactions such as pi-donor hydrogond interaction, pi-alkyl interaction, pi-



sigma interaction and pi-anion interaction. In @impounds, the electron density is more in
tetrazole and heterocyclic rings. In some caes2g, 2h, 2l and2m) the additional aromatic
side chains also have more electron density ireetHOMO or LUMO. So these regions should
be responsible for interactions with the proteiheTsame results were obtained in molecular
docking studies, where the interactions were fotetiveen the aromatic rings (tetrazole,
heterocycle and phenyl ring) and amino acids. Hapgche tetrazolyl nitrogen makes the
conventional hydrogen bond and pi-donor hydrogemdbaith particular amino acids (GLY 85,
GLU 58, SER129, SER530, TYR385, TRP387 and ARG120).

Similarly, the thiophene sulphur makes the conwerai hydrogen bonding with an
amino acid (GLY85, GLU 58, SER 530, TYR 385 and TB&7). The aliphatic side chains do
not have more electron cloud. So there is lesgaat®n with the protein. Comparatively,
quinoline tetrazoles have more electron densityn thiee thiophene and pyridine tetrazoles.
Probably the quinoline tetrazo®, 2j, 2k, 21 and2m have the more interaction with proteins
than the others. Among the quinoline tetrazoles,cioimpounds having the aromatic side chains
2l and2m has better interaction than the others heteracygibrids.

HOMO-LUMO band gapAE plays an important role in the chemical stabibifythe
molecule. The band gap values of the synthesizetpoands 2a-m) are in the range of 4.07 to
5.69 eV. The band gap values clearly indicate #terbcyclic tetrazoles are chemically stable.
Similarly, the chemical potential and the globatdmess are higher. The chemical potential and
hardness of the compounds are in the range of —#3#4.90 eV and 2.03 to 2.84 eV
respectively. Also, the global softness of the bgaized compound is 0.17 to 0.24 &\From
the results, we suggest the heterocyclic tetrazales hard material and chemically stable

compound. Comparatively, within this series thdisity order is pyridine tetrazoles>thiophene



tetrazole>quinoline tetrazole. The electrophiligitgex is measured from chemical hardness and
chemical potential of the molecule.

The Electrophilicity is the possible descriptor lmblogical activity [27] which is the
capacity to accept the electrons from the enviroim8&o, higher the electrophilicity index
higher will be the binding interaction with the @mnmental molecule. The electrophilicity
index of the synthesized compoun@s-(n) is in the range of 3.75 to 5.28. Comparatively th
qguinoline tetrazole has the more electrophilicibdéx value than thiophene and pyridine
tetrazole derivative. The molecular docking studaéso exhibited the similar results, the
quinoline tetrazoles having more interaction witle fproteins. The global molecular reactive
descriptors such as HOMO, LUMO, band gap, chempzkntial, global hardness, global
softness and electrophilicity index of the heteabeyetrazole hybrids are represented in Table
and coherent with the commercially available dino@écetamol)[28]. From the DFT results, we
suggest that the tetrazole heterocycle hybridsdcbal better molecules. The Frontier molecular
orbital of compouna@! is represented in Fi§.

The above DFT parameters were calculated fromitlengquations.
Band gap  AE = Buywmo — Biomo
Chemical potential Y = (bmo + ELumo)/2
Global hardness 1N = (E.umo-Enomo)/2
Global softness =1/

Electrophilicity indexo = p%/2y

3.5.2. Molecular Electrostatic potential



Molecular electrostatic potential (MEP) displaye tcharge distribution of molecule in
surfaces which can be helpful to find the electiliplnd nucleophilic site of the molecule. And
also this is the well suited method for analyzihg process of binding interaction and hydrogen
bonding interaction of biomolecules with a ligandigh will be helpful to the biological activity
of the molecule [29]. The electrophilic site iswadly represented in red colour which indicates
the negative region of the molecule. The nucledphite is blue in colour which indicates the
positive region of the molecule. The negative regib the molecule is more important because
which is ready to make the hydrogen bonding withtgin. Here, all thel3 compounds were
studied for molecular electrostatic potential. TMEP clearly showed the negative region is
localized over tetrazolyl nitrogen which is proballesponsible for hydrogen bonding. The
molecular docking studies also proved, the tetezolg showed more hydrogen bond with
enzymes. The surface nitrogen N2, N3 and N4 ofazetes are making the conventional
hydrogen bonding with amino acids. In the pyridiagazoles e, 2f, 2g and2h), the pyridyl
nitrogen showed little negative charge which is matolving in hydrogen bonding with the
protein (results from molecular docking). The quim® nitrogen 2i, 2j, 2k, 2| and2m) has not
shown any negative charge and there is no hydrbgeding with the enzymes (results from
molecular docking). The aromatic ring surfacestheenucleophilic site. Especially the quinoline
ring surface clearly showed blue colour which isipee charge region. This may be responsible
for the other interactions with the enzyme. Ovetial quinoline tetrazoles have both negative
and positive charged surface which make this sefi@solecules to have more interactions with
the amino acids of the enzyme. The Molecular ebstatic potential mapping of compou®dis
represented in Fid.

Conclusions



The tetrazole-heterocycle hybrids exhibited exegllbinding with enzymes in both
bacterial and inflammatory studies. In the molesulthe tetrazoles are the responsible unit
which makes more interaction with the enzyme. Trhailico pharmacological results for the
hybrids were very good which is comparable to #gutar drugs. The DFT parameters and MEP
clearly explains the tetrazole unit and aromatgiares are more responsible units in biological
interaction. Within the series, the quinoline tetla exhibited very good results than pyridyl and
thiophene tetrazole hybrid. So the tetrazole-hetgle hybrids may be the lead molecule in
further studies. Further the current research ésiged to study the experimental binding of the
enzyme with heterocyclic tetrazoles.
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Table: 1

Entry K.Pneum P.aerugin S Spyogen C.
oniae osa aureus es albicans
2a 13.2+0.4 - - - 11.2+0.3
2b 10.2+0.4 - 15.010.1 - 16.1+0.3
2c 10.2+0.2 - 4.1+0.2 - 8.910.2
2d 14.240.2 10.2+0.3 - 8.0+0.3 -
2e 17.2+0.2 - 7.240.3 - -
2f - - - - -
29 10.1+0.1 - - - 8.240.1
2h 7.84t0.5 10.2+0.1 - 12.0+0.1 -
2i 10.44+0.3 - 7.1+0.2 8.0+0.2 -
2j 12.240.2 12.0+0.3 - 12.2+0.3 -
2k 15.14¢0.1  3.9+0.2 - 15.940.2 -
2l 10.1+0.3 - 4.610.3 8.2+0.3 -
2m 12.1+0.1 - 4.240.4 - -
Thiophene 5.310.2 - - 4.240.2 -
Quinoline 6.7+0.2 - 5.2+0.2 5.6£0.2 -
Pyridine 5.840.1 4.240.2 - - 4.240.2
Tetrazole 8.0+0.3 5.2+0.2 4.6+0.3 10.1+0.2  7.0+0.3
S1 21.2
S2 17.2 17.0 18.2 18.1

Control — Dimethylsulfoxide: Standard — S1:Ketocowia for fungi, S2:Amikacin for bacteria.



Table:2

Entry 50pg/mL 100pg/mL  200pg/mL 400pg/mL
2a 11.15+0.80 21.13+0.67 45.77+0.21 53.61+0.45
2b 17.60+0.41 41.93+0.43 63.68+0.23  74.44+1.02
2c 12.41+0.52 28.71+0.31 45.77+0.21  60.21+0.34
2d 11.49+0.34 20.62+0.51 48.32+0.44  57.11+0.65
2e 11.30+0.81 20.21+0.31 47.62+0.65  58.61+0.12
2f 12.60+0.21 25.96+0.44 49.67+1.05 60.21+0.33
29 12.01+0.32 22.23+0.21 49.83+0.34  58.04%0.23
2h 12.66+0.11 28.71+0.23 47.26+0.78  55.87+0.12
2i 16.30+1.51 37.93+0.87 59.87+0.65  73.31:0.54
2j 13.05£0.45 27.69+0.34 50.64+0.13  61.21+0.54
2| 12.63+0.41 25.96+0.23 49.83+0.76  55.87%0.12
2k 11.06£0.56 21.02+1.20 40.39+0.21  49.83%0.12
2m 12.35+0.67 25.96+0.45 48.14+0.11  53.89+0.65

Thiophene 7.01+0.32  15.98+0.23  33.55+0.45 50.98+1.0
Quinoline 11.01+0.44 22.48+0.33 41.27+0.54  53.18%0.
Pyridine 6.98£0.54  14.49+0.45 31.92+0.65  48.90+0.98
Tetrazole 10.02+0.32  18.62+0.87 39.25+0.65  52.5450.
S3 14.00 20.42 63.61 79.03

Standard-S3: diclofenac sodium



Table: 3

Compound Abs TPS MV n- MW mi n-ON n- QPlogs  Lipinski
% A ROT log acceptors OHNH violations
(A% B P donars
Ideal Range - <140 - <15 <500 <5 <10 <5 -6.5-0.5 <1
in 95% of
drugs
2a 939 4361 186.03 4 208.2 2.66 4 0 -1.53 0
2b 93.9 4361 195.40 2 246.27 2.66 4 0 -2.78 0
2c 939 4361 190.47 4 228.28 2.49 4 0 -1.64 0
2d 72.0 80.99 253.03 3 313.41 1.01 7 0 -2.17 0
2e 80.5 56.50 191.16 4 20335 1.80 5 0 -1.53 0
2f 80.5 56.50 214.19 2 229.29 227 5 0 -1.98 0
29 80.5 56.50 200.53 2 241.23 1.80 5 0 -3.40 0
2h 80.5 56.50 212.40 3 237.27 1.96 5 0 -1.78 0
2i 80.5 56.50 235.15 4 25331 297 5 0 -2.78 0
2 80.5 56.50 258.18 2 279.35 344 5 0 -2.50 0
2k 67.6 93.88 302.15 3 358.43 1.33 8 0 -3.18 0
2l 80.5 56.50 256.15 2 287.33 3.26 5 0 -2.75 0
2m 80.5 56.50 283.59 2 323.36 4.18 5 0 -2.88 0




Table:4

S. Comp 3TTZ
No ound Binding Inhibiton  No. of H- H-
Name energy(k constant bonding bonded
cal/mol) (LM) residue
1 2a -5.97 41.72 1 GLY85
2 2b -6.39 20.85 1 GLY85
3 2c -6.42 19.78 1 GLY85
4 2d -6.8¢€ 9.32 1 GLU58
5 2e -5.84 51.96 1 GLY85
6 2f -6.54 16.14 1 SER129
7 2¢ -6.1% 32.2% 1 GLY85
8 2h -6.9¢ 7.94 1 GLY85
9 2i -7.17 5.58 1 GLY85
10 2j -8.44 0.62 1 GLY85
11 2k -8.51 0.5¢ 1 GLY85
12 2l -8.02 1.32 1 GLY85
13 2m -9.06 0.22 1 GLY85




Table: 5

S. Comp 1PGG

N  ound Binding Inhibition  No. of H-  H-bonded

o Name energy constant  bonding residue
(kcal/mol’ (UM)

1 2a -7.11 6.11 - -

2 2b -8.37 0.726 1 SER530

3 2c -8.3¢ 0.76: 1 SER53(

4 2d -9.12 0.205 - -

5 2e -7.24 4.9 1 SER530

6 2f -8.81 0.3t 1 SER53(

7 2¢ -8.2¢ 0.84: 1 SER53(

8 2h -8.42 0.673 - -

9 2i -8.69 0.427 - -

1C 2j -11.3¢ 0.004" - -

11 2k -10.21 0.032 - -

12 2| -10.76 0.012 - -

13 2m -10.87 0.010 1 TYR385




Table:6

S. Comp 4COX
No ound Binding  Inhibition  No. of H-  H- bonded
Name energy constant  bonding residue
(kcal/mol) (LM)

1 2a -6.97 7.76 2 TYR385,S
ER530

2 2b -7.71 2.25 1 SER530

3 2c -7.9¢ 1.4z 1 SER53I

4 2d -8.52 0.56¢ 1 TRP38'

5 2e -6.85 9.47 1 SER530

6 2f -8.37 0.734 2 TYR385,S
ER53(

7 29 -7.66 2.44 1 SER530

8 2h -8.32 0.793 1 SER530

9 2i -8.21 0.964 1 SER530

10 2j -9.37 0.13¢ 0 -

11 2k -10.41 0.023 1 ARG120

12 2| -9.4¢ 0.11z2 0 -

13 2m -10.16 0.356 0 -




Table:7

S. Compound HOMO LUMO Band Chemical Global Global Electrophillicity
No name gapQE) potential hardness  softness index
1 28 -6.794¢  -1.836¢ 4.95¢ -4.31¢ 2.479( 0.201¢ 3.756¢
2 2b -6.8846  -2.0599 4.824 -4.472 2.4123 0.2072 1458
3. 2c -6.7839  -1.9619 4.821 -4.372 2.4109 0.2073 96
4, 2d -7.050¢  -2.016¢ 5.03¢ -4.53¢ 2.517: 0.198t¢ 4.082¢
5 2e -7.5567 -1.8585 5.698 -4.707 2.8490 0.1754 88\
6 2f -7.4860  -1.8422 5.643 -4.664 2.8218 0.1771 854b
7 2g -7.496¢  -2.152¢ 5.34¢ -4.82¢ 2.672: 0.187: 4.355¢
8. 2h -7.393t -1.942¢ 5.45( -4.66¢ 2.725: 0.183¢ 3.998:
9. 2i -6.9662  -2.3919 4574 -4.679 2.2871 0.2187 78eR
10. 2j -6.9635  -2.4028 4.560 -4.683 2.2803 0.2192 .8089
11 2k -7.175¢  -2.628¢ 4.547 -4.90% 2.273¢ 0.219¢ 5.285(
12. 2l -6.8846  -2.3892 4.495 -4.636 2.2477 0.2224 .7828

13. 2m -6.4655 -2.3946 4.070 -4.430 2.0354 0.2456 .82
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Highlights

» Tetrazoles are well-known bioactive compounds.

» Tetrazole-heterocycle hybrids exhibited excellent binding with enzymes.

* Quinoline-tetrazole hybrids are better bio-active compounds than other hybrids.
» TheMolecular eectrostatic potential results indicated the active regions.



