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Abstract 

Background: Isoxazole is an important pharmacophore in medicinal chemistry with a wide range of pharmacologi-
cal activities. The present study deals with the synthesis and evaluation of antinociceptive potential of nine novel 
3-substituted-isoxazole-4-carboxamide derivatives.

Synthesis: In the first step, respective oxime was prepared and further treated with ethylacetoacetate and anhydrous 
zinc chloride followed by hydrolysis of ester to furnish 3-substituted isoxazole-4-carboxylic acid. The respective car-
boxylic acids were converted to acid chlorides and condensed with aromatic amines to get the target carboxamide 
derivatives (A1–A5 and B1–B5). These compounds were characterized by FTIR, 1HNMR, 13CNMR and elemental analysis 
data and screened for their analgesic activity using acetic acid-induced writhing assay and hot plat test in mice and 
compared with the standard centrally acting analgesic, tramadol.

Results: All the synthesized carboxamide derivatives showed low to moderate analgesic activity. Among the 
synthesized derivatives B2 having methoxy  (OCH3) showed high analgesic activity as compared to tramadol both in 
acetic acid-induced writhing assay and hot plate assay at dose of 6 mg/kg. To examine the involvement of opioidergic 
mechanism in the mediation of analgesic effects of isoxazole derivatives animals were further treated with non-
selective opioid analgesic, naloxone (0.5 mg/kg). The results showed that compounds A3 and B2 follow a non-opioid 
receptor pathway in the mediation of analgesic effects. Synthesized compounds A3 and B2 were docked against 
non-opioid receptors COX-1 (3N8X), COX-2 (1PXX) and human capsaicin receptor (HCR, 3J9J) to analyze their binding 
interactions. They showed binding energies in the range of − 7.5 to − 9.7 kcal/mol.

Conclusions: The results indicated that isoxazole carboxamide derivatives possess moderate analgesic potential 
especially compounds A3 and B2 can be considered as lead molecules and explored further for pain management 
with fewer side effects.
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Introduction
Analgesics selectively relieve pain by acting in the cen-
tral nervous system (CNS) and/or inhibiting peripheral 
pain mediators without changing consciousness [1]. 
Opioid analgesics, nonsteroidal anti-inflammatory drugs 
(NSAIDS) and local anesthetics are the most widely used 
analgesic drugs [2]. Traditionally, opioids were consid-
ered to exert analgesic effects through actions within the 

CNS. Recently, however, evidence has begun to accumu-
late that opioid antinociception can be brought about by 
activation of opioid receptors (mu, kappa, sigma) located 
outside the CNS [3]. NSAIDs exert their analgesic effect 
not only through peripheral inhibition of prostaglandin 
synthesis but also through a variety of other peripheral 
and central mechanisms. It is now known that there are 
two structurally distinct forms of the cyclooxygenase 
enzyme (COX-l and COX-2). COX-l is a constitutive 
member of normal cells and COX-2 is induced in inflam-
matory cells. Inhibition of COX-2 activity represents the 
most likely mechanism of action for NSAID-mediated 
analgesia [4].
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Fig. 1 General scheme for the preparation of 3-substituted isoxazole-4-carboxamide
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Isoxazole has broad spectrum of pharmacological 
activities and also a part of many biodynamic agents due 
to the presence of an azole with an oxygen atom next to 
the nitrogen [5]. Isoxazoles nucleus has been used widely 
in pharmaceutical research and their derivatives are asso-
ciated with a wide variety of pharmacological properties 
including hypoglycemic, analgesic, anti-inflammatory, 
anti-bacterial, anti-HIV, anti-cancer activity, schizophre-
nia, hypertension and Alzheimer’s disease [6]. Several 
isoxazole containing molecules make basis for a num-
ber of drugs such as sulfisoxazole, sulfamethoxazole, 
oxacillin, cycloserine. Isoxazoles have extensively been 
screened for anti-nociceptive activity and possess prom-
ising analgesic activity [7–10]. Valdecoxib which is a 
potent COX-2 inhibitor also contains isoxazole nucleus 
[11].

The noncovalent binding of a ligand (small molecule) 
and a receptor (macromolecule) can be anticipated by 
using computational techniques such as molecular dock-
ing studies [12]. The aim of this technique is to find and 
predict the bound conformation and the binding affinity 
of ligands [13]. These predictions are of practical signifi-
cance in drug development in the sense that ligand–pro-
tein binding can be used to scrutinize virtual libraries 
to obtain lead molecules [14]. Furthermore, molecular 
docking can also be used to assess the bound conforma-
tion of known molecules, when the experimental struc-
tures are not available [15].

The current study was designed to synthesize and char-
acterize novel 3-substituted isoxazole-4-carboxamide 
derivatives. The compounds were evaluated for their 
analgesic potential and related mechanism of anti-nocic-
eption in animal models of pain. Molecular docking stud-
ies were performed to assess their bound conformations 
and binding affinities with non-opioid receptors COX-1 
and COX-2 and human capsaicin receptor.

Materials and methods
Synthesis
Synthesis of 3‑substituted isoxazole‑4‑carboxylic acid
Respective aldehyde (0.02  mol) in ethanol was added 
to aqueous solution of hydroxylamine hydrochloride 
(0.08  mol) and sodium acetate (0.04  mol). The mixture 
was heated at 80–90  °C for 30  min. After cooling, the 
solid separated was collected and purified by recrystal-
lization using ethanol to give corresponding oxime. The 
oxime (1  mmol) thus obtained was mixed with ethy-
lacetoacetate (2  mmol) and anhydrous zinc chloride 
(0.1 mmol) in round bottom flask and the contents were 
gradually heated without any solvent for about an hour. 
After the completion of reaction (as indicated by TLC), 
the mixture was cooled to room temperature and etha-
nol was added with stirring for about 30 min. The result-
ing solid was treated with 5% NaOH and stirred at room 
temperature for 4 h. After reaction completion the reac-
tion mixture was acidified with 2  N HCl and the solid 
separated was recrystallized using ethanol [16].

Preparation of 3‑substituted isoxazole‑4‑carboxamide 
derivatives (A1–A5 and B1–B5)
The synthesized 3-substituted-isoxazole-4-carboxylic 
acid from previous step (1 mmol) was refluxed with thio-
nyl chloride (2 mmol) for 2–3 h. After reaction comple-
tion, as indicated by TLC, excess liquid was removed 
under reduced pressure with the caution of not exposing 
the mixture to air. The resulting acid halide was dissolved 
in dichloromethane and respective amine (1  mmol) 
was added to the solution. The reaction mixture was 
refluxed till completion of reaction as indicated by TLC 
(ethyl acetate:petroleum ether 1:2). The solvent was 
removed under reduced pressure and the solid separated 
was washed with water and recrystallized from ethanol 
(Figs. 1, 2 and Table 1).

[3‑(4‑Hydroxyphenyl)‑5‑methyl‑1,2‑oxazol‑4‑yl](pyrroli‑
din‑1‑yl)methanone (A1)
Yield 80%, M.P. = 176 °C,  Rf = 0.72 (ethylacetate:petroleum 
ether 1:2), 1H NMR: (DMSO, 300  MHz, δ ppm): 1.47–
1.74 (m, 10H, J = 13.36  Hz, J = 10.26  Hz, J = 2.79  Hz, 
cyclohexyl-H), 3.86 (s, 1H, cyclohexyle-H), 7.20–7.63 (m, 
4H, J = 8.8 Hz, J = 1.27 Hz, J = 0.46 Hz, Ar–H), 2.63 (s, 3H, 
 CH3 isoxazole). 13CNMR (DMSO-d6, 100 MHz, δ ppm): 
156.2, 114.8, 124.5, 128.9 (Ar–C), 159.8, 175.1, 110.3 
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Fig. 2 General structure of compounds
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Table 1 Chemical structure of compound (A1–A5), (B1–B5)
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(isoxazole-C), 160.2 (CONH), 11.3 (isoxazole-CH3), 48.5, 
33.9, 24.8, 24.8 (cyclohexyl-C). IR  (cm−1): 3400 (N–H), 
3000  (sp2CH), 1660 (C=C), 1665 (C=N), 1650 (C=O), 
3295 (O–H). Anal. Calcd. For  C17H20N2O3: C, 68.00; N, 
9.33; O, 16.00. Found: C, 67.97; N, 9.30; O, 16.04.

[3‑(4‑Hydroxyphenyl)‑5‑methyl‑1,2‑oxazol‑4‑yl](morpho‑
lin‑4‑yl)methanone (A2)
Yield 50%, M.P. = 190 °C,  Rf = 0.4 (ethylacetate:petroleum 
ether 1:2), 1H NMR: (DMSO, 300  MHz, δ ppm), 
7.25–7.52 (m, 4H, J = 12.9  Hz, J = 9.1  Hz, J = 2.02  Hz, 
Ar–H), 2.60 (s, 3H,  CH3 isoxazole), 3.61–3.62 (m, 8H, 
J = 15.16  Hz, J = 3.27  Hz, J = 12.24  Hz morpholine-H). 
13CNMR (DMSO-d6, 100  MHz, δ ppm): 157.0, 115.3, 
125.6, 127.9 (Ar–C), 159.3, 172.3, 111.3 (isoxazole-C), 
160.9 (CONH), 11.9 (isoxazole-CH3), 44.5, 66.9 (mor-
pholine-C). IR  (cm−1): 3100 (N–H), 1690 (C=C), 1679 
(C=N), 1708 (C=O), 3324 (O–H). Anal. Calcd. For 
 C15H16N2O4: C, 62.50; N, 9.72; O, 22.22. Found: C, 62.51; 
N, 9.70; O, 22.19.

3‑(4‑Hydroxyphenyl)‑N‑(2‑methoxyphenyl)‑5‑me‑
thyl‑1,2‑oxazole‑4‑carboxamide (A3)
Yield 65%, M.P. = 170 °C,  Rf = 0.65 (ethylacetate:petroleum 
ether 1:2), 1H NMR: (DMSO, 300  MHz, δ ppm): 6.50–
7.65 (m, 8H, J = 8.4  Hz, J = 9.0  Hz, Ar–H), 3.77 (s, 3H, 
 OCH3), 3.38 (s, 3H,  CH3 isoxazole). 13CNMR (DMSO-
d6, 100  MHz, δ ppm): 155.8, 115.9, 127.5, 128.9 (Ar–C), 
158.0, 173.7, 112.5 (isoxazole-C), 162.9 (CONH), 13.0 
(isoxazole-CH3), 111.9, 120.9, 122.0, 123.9, 124.9, 149.3 
(phenyl-C) 56.7 (phenyl  OCH3). FTIR  (cm−1): 3440 
(N–H), 1675 (C=N), 1635 (C=C), 1725 (C=O), 3450 
(O–H). Anal. Calcd. For  C18H16N2O4: C, 66.67; N, 8.64; O, 
19.75. Found: C, 66.73; N, 8.68; O, 19.73.

3‑(4‑Hydroxyphenyl)‑N‑(4‑methoxyphenyl)‑5‑me‑
thyl‑1,2‑oxazole‑4‑carboxamide (A4)
Yield 55%, M.P. = 205 °C,  Rf = 0.8 (ethylacetate:petroleum 
ether),1H NMR: (DMSO, 300  MHz, δ ppm): 6.53–7.33 
(m, 8H, J = 8.86  Hz, J = 1.26  Hz, J = 0.46  Hz, Ar–H), 
3.66 (s, 3H,  OCH3), 2.59 (s, 3H  CH3 isoxazole). 13CNMR 
(DMSO-d6, 100 MHz, δ ppm): 158.3, 113.7, 127.9, 129.3 
(Ar–C), 159.6, 174.4, 113.4 (isoxazole-C), 164.1 (CONH), 
11.8 (isoxazole-CH3), 113.8, 121.8, 128.3, 154.7 (phenyl-
C) 55.1 (phenyl  OCH3). IR  (cm−1): 3035 (N–H), 1350 
(sp3CH), 1660 (C=N), 1635 (C=C), 1728 (C=O), 3415 
(O–H). Anal. Calcd. For  C18H16N2O4: C, 66.67; N, 8.64; 
O, 19.75. Found: C, 66.70; N, 8.63; O, 19.79.

3‑(4‑Hydroxyphenyl)‑N‑(4‑methoxyphenyl)‑5‑me‑
thyl‑1,2‑oxazole‑4‑carboxamide (A5)
Couldn’t be isolated.

[3‑(2‑Hydroxyphenyl)‑5‑methyl‑1,2‑oxazol‑4‑yl](pyrroli‑
din‑1‑yl)methanone (B1)
Yield 89%, M.P. = 220 °C,  Rf = 0.75 (ethylacetate:petroleum 
ether), 1H NMR: (DMSO, 300  MHz, δ ppm): 7.10–7.22 
(m, 8H, J = 8.01 Hz, J = 7.61 Hz, J = 1.09 Hz, Ar–H), 3.76 
(s, 1H, cyclohexyl-H), 1.37–1.64 (m, 10H, J = 12.29  Hz, 
J = 2.79 Hz, J = 10.26 Hz, cyclohexyl-H), 2.59 (s, 3H,  CH3 
isoxazole). 13CNMR (DMSO-d6, 100 MHz, δ ppm): 155.6, 
116.7, 130.6, 118.1, 127.3, 121.3 (Ar–C), 156.7, 172.9, 
113.7 (isoxazole-C), 163.1 (CONH), 12.6 (isoxazole-
CH3), 46.7, 32.6, 24.8, 25.7 (cyclohexyl-C). IR  (cm−1): 
3300 (N–H), 3358 (O–H), 1730 (C=O), 1650 (C=N), 
1680 (C=C). Anal. Calcd. For  C17H20N2O3: C, 68.00; N, 
9.33; O, 16.00. Found: C, 68.04; N, 9.36; O, 15.96.

[3‑(2‑Hydroxyphenyl)‑5‑methyl‑1,2‑oxazol‑4‑yl](morpho‑
lin‑4‑yl)methanone (B2)
Yield 75%, M.P. = 210 °C,  Rf = 0.55 (ethylacetate:petroleum 
ether), 1H NMR: (DMSO, 300  MHz, δ ppm): 6.62–7.07 
(m, 4H, J = 10.26 Hz, J = 9.1 Hz, Ar–H), 3.32–3.53 (m, 8H, 
J = 15.2 Hz, J = 3.32 Hz, J = 2.4 Hz, morpholine-H), 3.77 
(s, 3H,  CH3 isoxazole). 13CNMR (DMSO-d6, 100  MHz, 
δ ppm): 155.9, 116.7, 132.6, 117.2, 129.0, 121.1 (Ar–C), 
156.9, 174.6, 112.7 (isoxazole-C), 163.2 (CONH), 12.9 
(isoxazole-CH3), 43.2, 65.7 (morpholine-C). FTIR  (cm−1): 
3400 (N–H), 1670 (C=C), 1660 (C=N), 1718 (C=O), 
3430 (O–H). Anal. Calcd. For  C15H16N2O4: C, 62.50; N, 
9.72; O, 22.22. Found: C, 62.47; N, 9.73; O, 22.27.

3‑(2‑Hydroxyphenyl)‑N‑(2‑methoxyphenyl)‑5‑me‑
thyl‑1,2‑oxazole‑4‑carboxamide (B3)
Yield 60%, M.P. = 195 °C,  Rf = 0.62 (ethylacetate:petroleum 
ether),1H NMR: (DMSO, 300  MHz, δ ppm): 7.13–7.20 
(m, 8H, J = 8.01 Hz, J = 1.67 Hz, J = 0.46 Hz, Ar–H), 3.70 
(s, 3H,  OCH3), 2.64 (s, 3H,  CH3 isoxazole). 13CNMR 
(DMSO-d6, 100 MHz, δ ppm): 157.6, 116.7, 130.5, 119.3, 
127.6, 121.9 (Ar–C), 155.3, 175.1, 110.1 (isoxazole-C), 
160.2 (CONH), 12.6 (isoxazole-CH3), 112.3, 123.7, 124.5, 
120.3, 121.8, 146.4 (phenyl-C) 55.7 (phenyl  OCH3). IR 
 (cm−1): 3400 (N–H), 1682 (C=N), 1665 (C=C), 1710 
(C=O), 3325 (O–H). Anal. Calcd. For  C18H16N2O4: C, 
66.67; N, 8.64; O, 19.75. Found: C, 66.62; N, 8.60; O, 19.77.
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3‑(2‑Hydroxyphenyl)‑N‑(4‑methoxyphenyl)‑5‑me‑
thyl‑1,2‑oxazole‑4‑carboxamide (B4)
Yield 60%, M.P. = 225 °C,  Rf = 0.89 (ethylacetate:petroleum 
ether), 1H NMR:(DMSO, 300  MHz, δ ppm): 6.74–7.46 
(m, 8H, J = 8.01 Hz, J = 0.46 Hz, J = 1.60 Hz, Ar–H), 3.77 
(s, 3H,  OCH3), 3.38 (s, 3H,  CH3 isoxazole). 13CNMR 
(DMSO-d6, 100 MHz, δ ppm): 157.2, 115.4, 117.5, 121.5, 
130.1, 128.9 (Ar–C), 157.3, 172.7, 111.3 (isoxazole-C), 
163.2 (CONH), 13.3 (isoxazole-CH3), 114.3, 122.6, 126.8, 
155.1 (phenyl-C) 57.3 (phenyl  OCH3). IR  (cm−1):1703 
(C=O), 3100 (N–H), 1630 (C=C), 1665 (C=N), 3410 
(O–H). Anal. Calcd. For  C18H16N2O4: C, 66.67; N, 8.64; 
O, 19.75. Found: C, 66.69; N, 8.66; O, 19.71.

[3‑(2‑Hydroxyphenyl)‑5‑methyl‑1,2‑oxazol‑4‑yl](pyrroli‑
din‑1‑yl)methanone (B5)
Yield 25%, M.P. = 215 °C,  Rf = 0.5 (ethylacetate:petroleum 
ether),1H NMR: (DMSO, 300 MHz, δ ppm): 6.67 (d, 2H, 
J = 8.2 Hz, Ar–H), 2.9–3.34 (m, 8H, pyrrolidine-H), 2.98 
(s, 3H,  CH3 isoxazole). 13CNMR (DMSO-d6, 100  MHz, 
δ ppm): 157.7, 116.3, 119.4, 121.7, 127.1, 131.3 (Ar–C), 
155.9, 172.8, 111.9 (isoxazole-C), 161.9 (CONH), 12.9 
(isoxazole-CH3), 24.4, 26.1, 47.3 (pyrrolidine-C). IR 
 (cm−1): 3300 (N–H), 1731 (C=O), 1660 (C=N), 1680 
(C=C), 3290 (O–H). Anal. Calcd. For  C15H16N2O3: C, 
66.17; N, 10.29; O, 17.64. Found: C, 66.22; N, 10.31; O, 
17.62.

Analgesic activity
Analgesic activity of compounds A1–A5 and B1–B5 was 
performed by two models i.e.,

• Acetic acid—mediated writhings.
• Hot plate assay.

Acetic acid‑induced writhing test
The anti-nociceptive potential of compounds A1–A5 
and B1–B5 was determined by using acetic acid-induced 
writhing test. Briefly, mice were fasted for 2 h before per-
forming the activity and were divided into four groups. 
Group 1 was used as negative control (saline group, 
10 mL/kg, i.p.), group 2 and 3 was used for dose of each 
compound (6 and 3  mg/kg, i.p.), while group 4 was 
assigned as positive control (tramadol, 3  mg/kg, i.p.). 
Mice were injected test compound and standard drug. 
Pain was induced in mice after 30 min by intraperitonial 
injection of 1% acetic acid (10  mL/kg). The mice were 
placed individually in transparent cage. The numbers of 
acid-induced writhes (abdominal stretches and/or simul-
taneous stretching of one hind limb) were counted for 
20 min [17].

Hot plate assay
Hot plate assay was performed for the determination of 
central anti-nociceptive activity of compounds A1–A5 
and B1–B5. Food was withdrawn 2 h before performing 
this assay. Mice were divided into four groups. Group 1 
is used as negative control (saline group, 10 mL/kg, i.p.), 
group 2 and 3 was used for dose of each compound (6 
and 3  mg/kg, i.p.), while group 4 was assigned as posi-
tive control (tramadol, 3 mg/kg, i.p.). Mice were injected 
respective compound and standard drug. Thirty minutes 
after drug administration, mice were placed on hot plate 
maintained at 55 °C and latency to a pain reaction (lick-
ing, flicking of rear paw or jumping) was recorded in sec-
onds, assessing their response to thermal stimulus. Cut 
off time was 30 s to avoid thermal par injury. The reaction 
time was taken at 0, 30, 60 and 120 min after administra-
tion of treatment. The latency time in seconds was com-
pared to that of test drug treated animals [18].

Docking studies
Molecular docking is used to investigate the affinity 
between ligand and protein targets. We used AutoDock 
Vina program for docking study through PyRx [7]. Affin-
ity of best docked pose of ligand and protein target com-
plex was determined by E-value (Kcal/mol). It provides 
prediction of binding free energy and binding constant 
for docked ligands [9]. 3D-structures of test compounds 
(A1–A5, B1–B5) were prepared in Discovery Studio Vis-
ualizer (DSV) and saved as PDB format. 3D-structures 
of target proteins were taken from http://www.rcsb.org/
pdb/home/home.do. The target proteins involved in pain 
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pathways are cyclooxygenase-1 (COX-1, PDB-ID: 3N8X), 
cyclooxygenase-2 (COX-2 PDB-ID: 1PXX) and human 
capsaicin receptor (HCR, PDB-ID: 3J9J). These target 
proteins were then purified by Biovia Discovery Studio 
Client 2016. Both test compounds along with protein tar-
gets were loaded in a software named as PyRx and then 
docked against respective targets. Binding affinity was 
calculated shown in Kcal/mol. For post docking interac-
tions Discovery Studio Visualizer was used for number of 
Hydrogen bonds and binding amino acid residue: alanine 
(ALA), glutamic acid (GLU), asparagine (ASN), arginine 
(ARG), aspartic acid (ASP), lysine (LYS), serine (SER), 
threonine (THR) etc.

Data analysis
Data were presented as mean ± SEM and were analyzed 
through one-way ANOVA followed by Tukey’s post hoc 
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test using Graph Pad Prism 6.0. A P < 0.05 will be consid-
ered significant.

Results and discussion
Chemistry
All the synthesized compounds were characterized by 
FTIR and 1HNMR. All the synthesized compounds were 
obtained in the solid form. Molecular weights were in the 
range of 272 to 324 g/mol and their melting points were 
above 170 °C and most of them decomposed at that tem-
perature. Yield of all compounds were above 50%.

The formation of final products was confirmed by 
1HNMR spectral data. Aromatic protons appeared as 
multiplets in the range of 6.50–7.69  ppm for all the 
compounds. In case of A1 and B1, cyclohexylamine 
protons resonated as multiplet at 1.37–1.64  ppm and 
1.47–1.74 ppm respectively. In compounds having mor-
pholine, a multiplet due to morpholine protons appeared 
at 3.51–3.62  ppm which confirmed the final products. 
In case of B5, a multiplet was observed at 2.9–3.34 ppm 

due to pyrrolidine ring. In case of A4 and B4, a triplet due 
to  OCH3 group was appeared at 3.66 ppm and 3.77 ppm 
respectively. The singlet of  CH3 protons of isoxazole was 
appeared in the range 2.59–3.38 ppm in all compounds. 
The synthesis of these compounds was also confirmed by 
their 13CNMR spectral data. The carbon of amide link-
age showed its peaks at 162–160 ppm in all compounds. 
Peaks for aromatic carbon appeared at 157–113 ppm. The 
methyl carbon of isoxazole ring resonated at 11–10 ppm.

Analgesic activity of synthesized derivatives
All the synthesized compounds were evaluated for anal-
gesic activity but most of them showed no decrease in 
writhes and latency time both in acetic acid-induced 
writhing test and hot plate test i.e., A1, A2, A4, B1, 
B3, B4, B5. They remained inactive at the dose (6  mg/
kg) when compared with standard analgesic, tramadol 
(3  mg/kg). Synthesized compounds A3 and B2 showed 
analgesic activity in these assays. The maximum writhes 
count of A3 treated group (6  mg/kg) decreased to 
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Naloxone (0.5 mg/kg) + A 3 (6 mg/kg)

Fig. 6 Effect of B2, tramadol and naloxone on latency time in hot plate assay. Values are expressed as mean ± SEM, n = 4. ***P < 0.001 vs. saline 
group, one-way ANOVA with post hoc Tukey’s test
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26 ± 2.28 (P < 0.001 vs. saline group). This might be due to 
the presence of p-anisidine moiety in these compounds. 
Tramadol (3  mg/kg) decreased numbers of writhes to 
25.25 ± 0.62 (P < 0.001 vs. saline group). The maximum 
writhes count of B2 treated group (6  mg/kg) decreased 
to 7.75 ± 3.19 (P < 0.001 vs. saline group) and it showed 
a potent analgesic effect having  OCH3 group at ortho 
position. Animal were treated with non-selective opioid 
antagonist naloxone (0.5 mg/kg) to examine the involve-
ment of opioidergic mechanism in the mediation of anal-
gesic effects of these compounds. The results showed 
that naloxone did not reverse the analgesic effect these 
compounds indicating A3 and B2 follow a non-opioid 

receptor pathway to decrease the pain in animal models. 
Conclusively, A3 and B2 showed low to moderate analge-
sic effect.

Hot plate assay was also performed to investigate the 
latency time of all the synthesized compounds. Trama-
dol was used as a reference standard. Compounds A1, 
A2, A4, B1, B3, B4, B5 showed no significant increase 
in latency time. While compounds A3 and B2 showed 
good latency time compared with tramadol. Compound 
A3 (3  mg/kg) showed maximum latency time. The 
latency time of compound A3 (3  mg/kg) treated group 
at 0, 30, 60, 90 and 120 min was 4.75 ± 0.25, 6.50 ± 0.28, 
8.50 ± 0.28, 10.50 ± 0.28 and 12.00 ± 0.57  s (P < 0.001 vs. 

Fig. 7 Binding interactions of compound A3 with (COX-1 3N8X)
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saline group) respectively. The latency time of compound 
B2 (3 mg/kg) treated group at 0, 30, 60, 90 and 120 min 
was 4.75 ± 0.25, 7.00 ± 0.40, 7.50 ± 0.28, 11.00 ± 0.40 and 
14.50 ± 0.28  s (P < 0.001 vs. saline group respectively. 
The latency time of tramadol (3  mg/kg) treated group 
at 0, 30, 60, 90 and 120 min was 3.75 ± 0.25, 6.75 ± 0.47, 
10.25 ± 0.47, 12.50 ± 0.28 and 14.25 ± 0.47  s (P < 0.001 
vs. saline) respectively. The mice were pretreated with 
naloxone (0.5  mg/kg) and their response to A3 and B2 
was measured both in acetic acid-induced writhing test 
and hot plate assay. The results indicated that naloxone 
did not reverse the action of A3 and B2 in these assays 
indicating A3 and B2 produce their pain relieving effect 

involving non opioidergic central mechanism (Figs. 3, 4, 
5, 6).

Docking of ligands with COX‑1 (3N8X), COX‑2 (1PXX) 
and human capsaicin receptor (3J9J)
Compounds A3 and B2 were docked against COX-1, 
COX-2 and human capsaicin receptor and the results 
obtained in the form of binding affinity (Figs. 7, 8, 9, 10 
and Table 2).

The lowest binding energy value represents high-
est binding affinity. The interactions involved in bind-
ing of ligand with COX-1 3N8X, COX-2 1PXX and 
human capsaicin receptor HCR 3J9J were Van der Waal, 

Fig. 8 Binding interactions of compound A3 with (COX-2 1PXX)
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conventional hydrogen bond, carbon-hydrogen bond, 
pi-donor hydrogen bond, pi-cation, pi-sigma, pi-anion, 
pi–pi t-shaped, pi-Sigma, pi-alkyl, alkyl and attractive 
charge. The compound A3 showed highest binding affin-
ity with lowest binding energy with COX-2 receptor i.e., 
− 8.8  kcal/mol. The binding interactions involved were 
Van der Waal, conventional hydrogen bond, pi-donor 
hydrogen bond, amide pi-stacked, pi-alkyl and carbon 
hydrogen bond. The compounds A3 and B2 showed good 
binding energies with non-opioid receptors.

Conclusion
Isoxazole is an important pharmacophore in medicinal 
chemistry with a wide range of pharmacological activi-
ties. Keeping in view the diverse nature of isoxazole 

moiety, we designed nine novel derivatives of 3-substi-
tuted-isoxazole-4-carboxamide and screened them for 
their analgesic potential. They showed low to moderate 
analgesic activity. Tramadol was used as reference stand-
ard and in all cases activity was less than the standard. 
Among the synthesized derivatives B2 (6 mg/kg) showed 
high analgesic activity as compared to tramadol, the cur-
rently used analgesic drug. Compounds A3 and B2 were 
docked against human non-opioid receptors (COX-1, 
3N8X), (COX-2, 1PXX) and human capsaicin receptor 
(HCR, 3J9J) to check their affinity and analgesic poten-
tial. It is therefore concluded that our synthesized isox-
azole-derivatives can be used as lead molecules for the 
development of new analgesic drugs with less side effects 
and high efficacy.

Fig. 9 Binding interactions of compound B2 with (COX-1 3N8X)
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Fig. 10 Binding interactions of compound B2 with (COX-2 1PXX)

Table 2 Docking results of  A3 and  B2 with  COX-1, COX-2 
and human capsaicin receptor

Protein targets Ligand Binding 
energy Kcal/
mol

Cyclooxygenase-1 COX-1, PDB-ID: 3N8X A3 − 8.6

B2 − 7.9

Cyclooxygenase-2 COX-2, PDB-ID: 1PXX A3 − 8.8

B2 − 8.4

Human capsaicin receptor (HCR), PDB-ID: 3J9J A3 − 7.5

B3 − 8.2



Page 13 of 13Bibi et al. BMC Chemistry            (2019) 13:6 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your research ?  Choose BMC and benefit from: 

Acknowledgements
Authors are thankful to Riphah Academy of Research and Education, Riphah 
International University for facilitating and partial financial support of the 
study.

Competing interests
The authors declare that they have no competing interests.

Availability of data and materials
All the relevant data supporting the conclusions of this article is included in 
the article.

Consent for publication
All authors consent to publication.

Ethics approval and consent to participate
Consent was obtained from all volunteers. The study was carried out after 
approval of Research and Ethics Committee.

Funding
Not applicable. (No specific funding or grant).

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Received: 31 August 2018   Accepted: 16 January 2019

References
 1. Laporte JR, Carne X, Vidal X, Moreno V, Juan J (1991) Upper gastrointesti-

nal bleeding in relation to previous use of analgesics and non-steroidal 
anti-inflammatory drugs. Lancet 337(8733):85–89

 2. Mettam JJ, Oulton LJ, McCrohan CR, Sneddon LU (2011) The efficacy of 
three types of analgesic drugs in reducing pain in the rainbow trout, 
Oncorhynchus mykiss. Appl Anim Behav Sci 133(3):265–274

 3. Stein C (1993) Peripheral mechanisms of opioid analgesia. In: Opioids II. 
Springer, pp 91–103

 4. Cashman JN (1996) The mechanisms of action of NSAIDs in analgesia. 
Drugs 52(5):13–23

 5. Manna K, Banik U, Ghosh PS, Das M (2014) A review on synthesis and 
pharmacological diversity of isoxazoles and pyrazolines. Nirma Univ J 
Pharm Sci 1(1):37–49

 6. Kalirajan R, Sivakumar SU, Jubie S, Gowramma B, Suresh B (2009) 
Synthesis and biological evaluation of some heterocyclic derivatives of 
chalcones. Int J ChemTech Res 1(1):27–34

 7. Adhikari AV (2009) Synthesis of some new pyrazolines and isoxazoles 
carrying 4-methylthiophenyl moiety as potential analgesic and anti-
inflammatory agents. IJC-B 48B(03):430–437

 8. Kankala S, Kankala RK, Gundepaka P, Thota N, Nerella S, Gangula MR, 
Guguloth H, Kagga M, Vadde R, Vasam CS (2013) Regioselective syn-
thesis of isoxazole–mercaptobenzimidazole hybrids and their in vivo 
analgesic and anti-inflammatory activity studies. Bioorg Med Chem 
Lett 23(5):1306–1309

 9. Gilron I, Max MB, Lee G, Booher SL, Sang CN, Chappell AS, Dionne RA 
(2000) Effects of the 2-amino-3-hydroxy-5-methyl-4-isoxazole-propri-
onic acid/kainate antagonist LY293558 on spontaneous and evoked 
postoperative pain. Clin Pharmacol Ther 68(3):320–327

 10. Khanage SG, Raju A, Mohite PB, Pandhare RB (2013) Analgesic activity 
of some 1, 2, 4-triazole heterocycles clubbed with pyrazole, tetrazole, 
isoxazole and pyrimidine. Adv Pharm Bull 3(1):13–18

 11. Mandawad GG, Dawane BS, Beedkar SD, Khobragade CN, Yemul OS 
(2013) Trisubstituted thiophene analogues of 1-thiazolyl-2-pyrazoline, 
super oxidase inhibitors and free radical scavengers. Bioorg Med Chem 
21(1):365–372

 12. Trott O, Olson AJ (2010) AutoDock Vina: improving the speed and 
accuracy of docking with a new scoring function, efficient optimiza-
tion, and multithreading. J Comput Chem 31(2):455–461

 13. Morris GM, Huey R, Lindstrom W, Sanner MF, Belew RK, Goodsell DS, 
Olson AJ (2009) AutoDock4 and AutoDockTools4: automated docking 
with selective receptor flexibility. J Comput Chem 30(16):2785–2791

 14. Morris GM, Goodsell DS, Halliday RS, Huey R, Hart WE, Belew RK, Olson 
AJ (1998) Automated docking using a Lamarckian genetic algorithm 
and an empirical binding free energy function. J Comput Chem 
19(14):1639–1662

 15. Sousa S, Fernandes P, Ramos M (2006) Protein–ligand docking: cur-
rent status and future challenges. Proteins Struct Funct Bioinform 
65(1):15–26

 16. Srikantamurthy N, Vishalakshi GJ, Jeyaseelan S, Umesha KB, Mahendra 
M (2013) 5-Methyl-3-phenylisoxazole-4-carboxylic acid. Acta Crystallogr 
Sect E Struct Rep Online 69(6):o897–o897

 17. Vogel HG, Vogel WH (1997) Analgesic, anti-inflammatory, and antipyretic 
activity. In: Drug discovery and evaluation. Springer, Berlin, pp 360–420

 18. Eddy NB, Leimbach D (1953) Synthetic analgesics. II. Dithienylbutenyl- 
and dithienylbutylamines. J Pharmacol Exp Ther 107(3):385–393


	Synthesis and anti-nociceptive potential of isoxazole carboxamide derivatives
	Abstract 
	Background: 
	Synthesis: 
	Results: 
	Conclusions: 

	Introduction
	Materials and methods
	Synthesis
	Synthesis of 3-substituted isoxazole-4-carboxylic acid
	Preparation of 3-substituted isoxazole-4-carboxamide derivatives (A1–A5 and B1–B5)

	[3-(4-Hydroxyphenyl)-5-methyl-1,2-oxazol-4-yl](pyrrolidin-1-yl)methanone (A1)
	[3-(4-Hydroxyphenyl)-5-methyl-1,2-oxazol-4-yl](morpholin-4-yl)methanone (A2)
	3-(4-Hydroxyphenyl)-N-(2-methoxyphenyl)-5-methyl-1,2-oxazole-4-carboxamide (A3)
	3-(4-Hydroxyphenyl)-N-(4-methoxyphenyl)-5-methyl-1,2-oxazole-4-carboxamide (A4)
	3-(4-Hydroxyphenyl)-N-(4-methoxyphenyl)-5-methyl-1,2-oxazole-4-carboxamide (A5)
	[3-(2-Hydroxyphenyl)-5-methyl-1,2-oxazol-4-yl](pyrrolidin-1-yl)methanone (B1)
	[3-(2-Hydroxyphenyl)-5-methyl-1,2-oxazol-4-yl](morpholin-4-yl)methanone (B2)
	3-(2-Hydroxyphenyl)-N-(2-methoxyphenyl)-5-methyl-1,2-oxazole-4-carboxamide (B3)
	3-(2-Hydroxyphenyl)-N-(4-methoxyphenyl)-5-methyl-1,2-oxazole-4-carboxamide (B4)
	[3-(2-Hydroxyphenyl)-5-methyl-1,2-oxazol-4-yl](pyrrolidin-1-yl)methanone (B5)
	Analgesic activity
	Acetic acid-induced writhing test
	Hot plate assay

	Docking studies
	Data analysis

	Results and discussion
	Chemistry
	Analgesic activity of synthesized derivatives
	Docking of ligands with COX-1 (3N8X), COX-2 (1PXX) and human capsaicin receptor (3J9J)

	Conclusion
	Authors’ contributions
	References




