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ABSTRACT 
 

In this work a series of thiophene linked isoxazole derivatives (LK1-LK8) was synthesized by 
cyclization of different substituted thienyl chalcones (PL1-PL8). The structures of the synthesized 
compounds were characterized by IR, 1H NMR and mass spectral data. These derivatives were 
evaluated for antibacterial activities. Compounds LK7 showed excellent antibacterial activities 
amongst the synthesized compounds with MIC value 6.75 µg/ml. Molecular docking of these linked 
isoxazole derivatives (LK1-LK8) was also performed with crystal structure of staph gyrase B 24kDa 
(PDB code: 5 4URM). All the isoxazole derivatives (LK1-LK8) were docked into same groove of the 
binding site of native co-crystallized (1R,4aS,5S,6S,8aR)-5-{[(5S)-1-(3-O-acetyl-4-O-carbamoyl-6-
deoxy-2-O-methyl-alpha-L-talopyra nosy l)-4 hydroxy 2-oxo-5-(propan-2-yl)-2,5-dihydro-1H-pyrrol-
3-yl]carbonyl}-6-methyl-4 1, 2, 3, 4 methylid-ene,4a,5,6,8a-octahydronaphthalen-1-yl2,6-dideoxy-3-
C-[(1S)-1-{[(3,4-dichloro-5-methyl-1 H-pyrrol-2-yl) carbonyl]amino}ethyl]-beta-D-ribo-
hexopyranoside) ligand for activity explanation and exhibited good ligand interaction and binding 
affinity were of range -2.04 to -4.34 kcal/mol. 
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1. INTRODUCTION 
 
Treatment of bacterial infection remain important 
and challenging task due to its multiple factors 
such developing infectious disease, increase in 
number of multiple drug resistance bacteria and 
side of the drug presently used in the treatment 
[1-3]. These factors have enormously increased 
the importance specially in hospitalised and 
immune compromised patient. Although large 
number of antibiotics and chemotherapeutics are 
present in the market but due development of 
resistance to these drugs there is always a need 
of new class of compound to overcome this 
problem. However, many studies have been 
carried out to overcome this problem, but 
desirable result is still a challenge. In regard we 
have  planned to synthesise a new class of 
compounds having thiophene and Isoxazole ring 
and evaluate its antimicrobial properties. 
 
Thiophene is five membered heterocyclic rings, 
its derivatives show multiple activities such as 
antimicrobial [4], analgesic and anti-inflammatory 
[5], antihypertensive [6], and antitumor activity 
[7]. Isoxazole is an azole with an oxygen atom 
next to the nitrogen. Isoxazole and its derivatives 
have a broad range of chemotherapeutic action 
such as antibacterial activity [8], anti-tubercular 
activity [9], anti-depressant [10], anti-convulsant 
[11], anti-hyperglycaemic, anti-alzheimers, [12], 
anti-obesity or hypolipidemic activity, anti-
inflammatory [13], antioxidant, and anti-aging 
activity [14]. Some of the drugs that contain 
Isoxazole rings are Valdecoxib, Leflunomide, 
Flucloxacillin, Cloxacillin and Oxacillin. Hence 
owing to the wide range of activities of these 
heterocyclic compounds it was planned to 
synthesise derivatives containing these two 
heterocyclic rings and to compare the affinities of 
these compounds to the target protein crystal 
structure of staph gyrase B 24kDa PDB Code 
4URM by molecular docking studies and 
evaluate its antibacterial properties by tube 
dilution method [15,16,17]. 
 

2. MATERIALS AND METHODS 
 

All the reactions have been carried out under the 
prescribed laboratory conditions. All the synthetic 
work has been done by procuring the available 
analytical grade solvents and laboratory grade 
reagents. For the synthesis of the thiophene 
linked Isoxazole derivatives the reagents used 
are substituted benzaldehyde, 2-acetyl 

thiophene, sodium hydroxide, ethanol, 
hydroxylamine hydrochloride, sodium acetate, 
glacial acetic acid which were procured from 
Sigma-Aldrich. 
 
Purity of the intermediates and final compounds 
were monitored by thin layer chromatography 
(TLC) using silica gel G plates. The spots were 
visualized under UV light and solvent. n-hexane: 
ethyl acetate (7:3) mixture was used as solvent 
for running the TLC of these compounds. All IR 
spectra were recorded in Alpha Bruker using 
ATR method. 1H NMR spectra were recorded at 
400 MHz Bruker Avance II NMR Spectrometer. 
Mass spectrum was recorded on GC-MS Perkin 
Elmer Clarus 680 Spectrometer obtained by 
electro impact ionization method. 
 

2.1 Preparation of Thienyl Chalcones: 
PL1-PL8  

 
In a 250 ml conical flask 5mmol of substituted 
aldehyde and ethanol were added. When all the 
contents were dissolved 5 mmol substituted 2-
acetyl thiophene was added followed by 3-4 
drops of aqueous sodium hydroxide. The mixture 
was kept for overnight stirring. The flask was 
then kept in the refrigerator for 2 hours. The solid 
was filtered and was then recrystallized using an 
ethanol as solvent. [18] The physiochemical 
properties of these thienyl chalcones are 
mentioned in Table 1. 
 

2.2 Preparation of Isoxazole Derivatives: 
LK1-LK8  

 
The mixture of previously prepared thienyl 
chalcone derivatives (0.01mole) along with 
hydroxylamine hydrochloride (0.01mole) was 
added to a 250ml conical flask. To this sodium 
acetate and glacial acetic acid were added along 
with 50ml ethanol and was stirred. The mixture 
was then refluxed for 8 to 10 hours. The reaction 
mixture was cooled and poured into ice-cold 
water. It is then filtered and dried to get the final 
product. The product was recrystallized using 
ethanol as the solvent [19]. The physiochemical 
properties of these isoxazole derivatives are 
mentioned in Table 2. 
 

2.3 Minimum Inhibitory Concentration 
 

The broth dilution test is one of the standard 
methods for determining the level of resistance to 
an antibiotic. Serial dilutions of the antibiotic are 
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made in a liquid medium which is inoculated with 
a standardized number of organisms and 
incubated for a prescribed time. The lowest 
concentration of antibiotic preventing appearance 
of turbidity is the minimal inhibitory concentration 
(MIC). After preparation of different 
concentrations of the test compound in nutrient 
broth (by using the broth dilution method), we 
inoculate them with the test organism. The MIC 

is determined after incubation by choosing the 
lowest concentration in which no growth occurs. 
The MIC and the zone of inhibition are inversely 
correlated. In other words, the more susceptible 
the microorganism is to the antimicrobial agent, 
the lower the MIC and the larger the zone of 
inhibition. Conversely, the more resistant the 
microorganism, the higher the MIC and the 
smaller the zone of inhibition [20]. 

 

                                     
R=H, Br; R1

 = H, Cl; R2 = N(CH3)2, Cl, NO2 
    

Fig. 1. Scheme for synthesis of thiophene linked isoxazole derivatives (LK1-LK8) 
 

Table 1. Physicochemical data of chalcone derivatives (PL1-PL8) 
 

Compound 
Code 

R R1 R2 Molecular 
formula 

Molecular 
weight 

Melting 
Point 
(oC) 

Rf   
value 
 

% 
Yield 

PL-1 H H N(CH3)2 C15H15NOS 257 130-132 0.62 72 
PL-2 H H Cl C13H9ClOS 248 136-138 0.58 74 
PL-3 H H NO2 C13H9NO3S 259 144-146 0,71 76 
PL-4 H Cl N(CH3)2 C15H14ClNOS 291 150152 0.56 68 
PL-5 H Cl Cl C13H8Cl2OS 281 134-136 0.64 72 
PL-6 H NO2 Cl C13H8ClNO3S 293 126-128 0.67 74 
PL-7 Br H NO2 C13H8BrNO3S 338 150-152 0.74 60 
PL-8 Br H N(CH3)2 C15H14BrNOS 335 156-158 0.66 66 

 
Table 2. Physicochemical data of isoxazole derivatives: (LK1-LK8) 

 

Compound 
code 

R R1 R2 Molecular 
formula 

Molecular 
Weight 

Melting 
Point 
(oC) 

Rf   
value 
 

% 
Yield 

LK-1 H H N(CH3)2 C15H16N2OS 272 168-170 0.56 64 
LK-2 H H Cl C13H10ClNOS 263 154-156 0.62 70 
LK-3 H H NO2 C13H10N2O3S 274 144-146 0.61 72 
LK-4 H Cl N(CH3)2 C15H15ClN2OS 306 174-176 0.64 70 
LK-5 H Cl Cl C13H9Cl2NOS 296 180-182 0.68 75 
LK-6 H NO2 Cl C13H9ClN2O3S 308 200-202 0.72 65 
LK-7 Br H NO2 C13H9BrN2O3S  353 214-216 0.76 72 
LK-8 Br H N(CH3)2 C15H15BrN2OS 350 206-208 0.77 70 
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2.3.1 Procedure 
 
Double concentration of the nutrient broth was 
prepared. Distribute each 2.5 ml into 8 test tubes 
and label them A1 to A8. Distribute 2.5 ml in two 
test tubes and label them as positive control and 
negative control. Prepare drug stock solution of 
2000 μg/ml by dissolving the drug in water. From 
this stock solution the following dilutions were 
prepared; 2.5 ml of the stock solution diluted to 
25 ml with water to give 200 μg/ml.  Serial 
dilution of the same was performed to give 100 
µg/ml, 50 µg/ml, 25 µg/ml, 12.5 µg/ml and 6.25 
µg/ml respectively. Add 2.5 ml each double 
concentration nutrient broth to 2.5 ml of the 
above dilutions so that the concentration further 
gets halved. i.e., 100 µg/ml, 50 µg/ml, 25 µg/ml, 
12.5 µg/ml, 6.25 µg/ml, and 3.12 µg/ml 
respectively. Add 2.5 ml of water to positive 
control and negative control tube and mix well. 
Mix all the tubes well close with nonabsorbent 
cotton plugs and sterilize by autoclaving 15 
lbs./sq. in (121° C) for 15 min. Cool the tubes to 
room temperature and inoculate all the tubes 
with one loopful of the test organism E.coli, 
except in the negative control tube. Incubate all 
the tube at 37°C for 48 hrs and observe the 
turbidity. The MIC of isoxazole derivatives is 
mentioned in Table 3. 
 

Table 3. MIC of isoxazole derivatives: (LK1-
LK8) By tube dilution method 

 

Comp Code MIC (µg/ml) 

LK-1 25 

LK-2 25 

LK-3 25 

LK-4 25 

LK-5 12.5 

LK-6 12.5 

LK-7 6.75 

LK-8 12.5 

Ciprofloxacin 1.5 

 

2.4 Molecular Docking Study  
 
Molecular docking study was performed to know 
the interactions between ligand (synthesized 
compounds) and receptor. All computational 
analysis was carried out on Schrodinger 2018-3 
suite device Maestro 11.7.012, (ligprep, glide XP 
docking, grid generation). This software package 
programmed on DELL Inc.27” workstation 
machine running on Intel Core i7-7700 CPU@ 
3.60 GHz x8, processor with 8GB RAM and 1000 
GB hard disk with Linux –X6_64 as the operating 

system. For docking calculation, the Staph 
Gyrase B 24kDa (PDB code: 4URM) was 
downloaded from protein data bank and refined 
using protein preparation wizard. Docking score 
were calculated using maestro (Schrodinger) 
software. The binding affinity was assessed in 
terms of binding free energies (S-score, 
kcal/mol). The docking score, amino acid, and 
forces responsible for interaction isoxazole 
derivatives LK1-LK8 with is shown in Tables 4 & 
5. The 2-D and 3-D interaction of compound LK5 
and LK7 in Figs. 2 & 3. 
 

3. RESULTS 
 
Spectral Data  
 
3-(4-chlorophenyl)-1-(thiophen-2-yl) prop-2-en-1-
one (PL2) [21] 
 
IR (KBr) νmax 1515(Ar C=C str), 3110 (Ar C-H 
bending), 2920 (aliphatic C-H str), 1647 (C=O 
str), 715(C-S str) 850(C-Cl str).  

 
1H NMR (CDCl3, 400 MHz): δ 6.70 (1H, d,), 7.20 
(1H, dd,), 7.47-7.62 (5H, d,), 7.56 (ddd,), 7.69-
7.81 (2H, 7.75 (dd, J = 7.2, 1.2 Hz), 7.75 (dd, J = 
5.0, 1.2 Hz).  
 
MS: m/z = 249 (M+),251 (M+2) 
 
(3-(4-chloro-2-nitrophenyl)-1-(thiophen-2-yl) 
prop-2-en-1-one (PL6) 
 
IR (KBr) νmax 1520 (Ar C=C str), 3100 (Ar C-H 
bending), 2910 (aliphatic C-H str), 1656 (C=O 
str), 715(C-S str) 720(C-Cl str). 
 
NMR (CDCl3, 400 MHz): 1H NMR: δ 2.45 (2H, t), 
2.77 (2H, t,), 5.07 (1H, d,), 5.90 (1H, d, J = 1.3 
Hz), 6.90 (1H, dd,), 7.12-7.26 (2H, 7.18 (dd), 
7.20 (dd,), 7.33-7.60 (3H, 7.39 (dd), 7.46 (dd, 
Hz), 7.54 (dd, ). 
MS: m/z = 294 (M+) 
 
1-(5-bromothiophen-2-yl)-3-(4-(dimethylamine) 
phenyl) prop-2-en-1-one (PL8):  IR (KBr) νmax 
1518(Ar C=C str), 3120 (Ar C-H bending), 2920 
(aliphatic C-H str), 1647 (C=O str), 715(C-S str) 
800(C-Br str). 
 
NMR (CDCl3, 400 MHz): 1H: δ 2.80 (6H, s), 6.50 
(1H, d), 6.83 (2H, ddd), 7.29-7.45 (2H, 7.36 (d, ),  
7.54 (2H, ddd, ), 7.83 (1H, d, ).;  
 
MS: m/z = 336 (M+) 
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N, N-dimethyl-4-(3-(thiophen-2-yl)-4,5-
dihydroisoxazol-5-yl) aniline (LK-1)  
IR (KBr) νmax 1515(Ar C=C str), 3115 (Ar C-H 
bending), 2930 (aliphatic C-H str), 1240 (C-O-N 
str), 720(C-S str)  
 
1H NMR (CDCl3, 400 MHz) δ 2.75 (6H, s), 2.86-
3.11 (2H, 2.94, dd), 5.59 (1H, dd), 6.65 (2H, 
ddd), 6.99-7.24 (4H, dd) 7.13 (dd), 7.18 (ddd), 
7.41 (1H, dd).  
 
MS: m/z = 273 (M+) 
 
5-(2,4-dichlorophenyl)-3-(thiophen-2-yl)-4,5-
dihydroisoxazole (LK-5) 
 
IR (KBr) νmax 1515(Ar C=C str), 3115 (Ar C-H 
bending), 2930 (aliphatic C-H str), 1245 (C-O-N 
str), 720(C-S str),615(C-Cl str). 

NMR (CDCl3, 400 MHz): 1H NMR: δ 2.83-3.07 
(2H, 2.90 (dd), 2.99 (dd)), 5.99 (1H, dd), 7.00-
7.29 (4H, 7.06 (dd), 7.13 (dd), 7.23 (dd), 7.22 
(dd), 7.41 (1H, dd), 7.59 (1H, dd). 
 
MS: m/z = 299 (M+),301(M+2). 
 
4-(3-(5-bromothiophen-2-yl)-4,5-dihydroisoxazol-
5-yl)-N, N-dimethylaniline (LK-8) 
 
IR (KBr) νmax 1520(Ar C=C str), 3115 (Ar C-H 
bending), 2930 (aliphatic C-H str), 1245 (C-N-O 
str), 725(C-S str),625(C-Br str); 
 
NMR (CDCl3, 400 MHz): 1H NMR: δ 2.75 (6H, s), 
2.88-3.13 (2H, 2.96 (dd), 3.05 (dd)), 5.80 (1H, 
dd), 6.65 (2H,ddd), 7.06-7.24 (3H, 7.13 (d,), 7.18 
(ddd), 7.37 (1H, d). 
MS: m/z = 351 (M+) 

 
Table 4. Data of docking score of LK1-LK8 

 

Compounds LK-1   LK-2 LK-3 LK-4 LK-5 LK-6 LK-7 LK-8 

Binding energy 
kcal/mol 

 -2.02 -2.03  -2.34 -2.02 2.22 -2.39 -4.34 -2.68 

 

 

 
 

Fig. 2. Ligand interaction and the binding mode of compound LK5 with 4UR 
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Table 5. Data of amino acid and bond interaction and of LK1-LK8 
 

S.No Compound  
Code 

Hydrophobic 
interaction  

Polar 
interaction 

H-bond Positively 
charged 

Negatively 
charged 

1 LK-1 ILE 102, ILE 51, 
ILE 175, ILE 86 

THR 173, 
SER 128, 
ASN 54, 
SER 55 

 ARG 84 ASP 81, 
ASP 57, 
GLU 58 

2 LK-2 PRO 87, ILE 86, 
ILE 175, ILE 102, 
ILE 51 

THR 173, 
SER 128, 
ASN 54, 
SER 55 

GLY 85  ARG 84 ASP 81, 
GLU 58 

3 LK-3 ILE 86, PRO 87, 
ILE 102, VAL 101, 
ALA 98 

GLN 91, 
THR 173, 
SER 55, 
ASN 54 

  ASP 81, 
GLU 58 

4 LK-4 ALA 98, VAL 101, 
ILE 102, PRO 87, 
ILE 86 

THR 173, 
SER 55, 
ASN 54, 
GLN 91 

  GLU 58, 
ASP 81 

5 LK-5 ILE 102, ILE 51, 
ILE 175, ILE 86, 
PRO 87 

SER 55, 
ASN 54, 
THR 173 

GLY 85  GLY 85 GLU 58, 
ASP 81, 

6 LK-6 ALA 98, VAL 101, 
ILE 102, PRO 87, 
ILE 86 

THR 173, 
SER 55, 
ASN 54, 
GLN 91 

  GLU 58, 
ASP 81 

7 LK-7 ALA 108 ILE 102, 
ILE 86, ILE 175, 
ILE 51, VAL 79 

SER 128, 
THR 173, 
ASN 54, 
SER 55 

  ASP 57, 
ASP 81 

8 LK-8 ILE 175, ILE 51, 
VAL 79, LEU 103, 
ILE 102, ILE86, 
PRO 87 

SER 128, 
THR 173, 
ASN 54, 
SER 55 

  ASP 81, 
GLU 58 

 

4. DISCUSSION 
 
In this present work different substituted novel 
thiophene linked isoxazole derivatives were 
synthesized using two step reactions. In step one 
thienyl chalcones (PL1-PL8) were synthesized 
from substituted 2-acetyl thiophene and different 
substituted aldehyde. The formation of thienyl 
chalcones was confirmed with IR peak 1647 cm-
1, shows the presence of enones (=C- C=O). In 
step two thiophene linked isoxazole derivatives 
(LK1-LK8) were synthesized from thienyl 
chalcones by treating with hydroxylamine 
hydrochloride and confirmed from spectral 
analysis. The compound LK-5 showed IR peak at 
1240cm-1 of C-N-O str of isoxazole and chemical 
shift value of 2.90 (dd), 2.99 (dd)), 5.99 (1H, dd), 
3H of isoxazole ring confirm the formation of 
compounds in step 2.  Compound LK-8 showed 
the IR peak at 625 cm-1 confirm the presence of 

C-Br bond. The chemical shift value 2.86-3.11 
(2H, 2.94, dd) confirm the formation of isoxazole 
ring in compound LK1 and LK8. The final 
compounds (LK1-LK8) binding pattern with the 
crystal structure of staph gyrase B 24kDa (PDB 
code: 5 4URM) was also studied and the binding 
energy was in the range of -2.04 to -4.34 
kcal/mol. Compound LK7 has the best interaction 
with the receptor having binding energy -4.34 
kcal/mol. Compound LK7 interacted with ALA 
108, ILE 102, ILE 86, ILE 175, ILE 51, VAL 79, 
SER 128, THR 173, ASN 54, SER 55, ASP 57 
and  ASP 81 amino acid  of the receptor with  
hydrophobic, polar interaction negatively charged 
forces. Compound LK2 and LK5 formed the 
hydrogen bond with GLY 85 amino acid of 
receptor staph gyrase B 24kDa showed the 
binding energy -2.03 & - 2.22 kcal/mo. All the 
Compounds LK1-LK8 interaction with receptor 
amino acid and forces responsible for interaction
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Fig. 3. Ligand interaction and the binding mode of compound LK7 with 4URM 
 
are listed in Table 5. The interaction pattern of 
LK5 & LK7 compounds with the receptor is 
shown in the Figs. 2 & 3. These compounds 
were further tested for antibacterial activity 
against Gram -ve bacteria E.coli using serial 
dilution method and minimum inhibitory 
concentration of these compounds were 
measured. Among all the synthesized 
compounds compound LK7 showed excellent 
result with MIC 6.75 µg/ml whereas LK5, LK6 
and LK8 good result having MIC 12.5 µg/ml 
whereas standard drug ciprofloxacin having MIC 
1.5 µg/ml. Compound LK7 have bromine 
substitution on thiophene and nitro group on the 
aryl ring whereas in compound LK5 have 
chlorine substitution on ortho and para position of 
aryl ring. Thus, it shows the presence of electron 
withdrawing such chlorine, nitro and bromine 
enhances the antibacterial activity of the 
compounds. 
 

5. CONCLUSION 
 

The study reports the successful synthesis of 
thiophene   linked isoxazole derivatives from 

cyclisation of thienyl chalcones with moderate 
yields and most synthesized compounds have 
shown significant antibacterial activity. The 
docking studies shows good interaction with 
various amino acid of the receptor and the ligand 
through different bonds. The antibacterial 
properties of compound having electronegative 
substitution on the ring have shown excellent 
results thus favour the antibacterial properties 
whereas electropositive substituent on the ring 
shows less activity thus decrease the 
antibacterial properties.  Although, these 
compounds have diverse biological properties, 
and their structures allow wide substitutions thus 
draw more interest to synthesize new 
antimicrobial compounds. 
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