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ABSTRACT 

There are some reports for the preparation of several drugs as cyclooxygenase (COX) inhibitors; however, some reagents used in the 

preparation are expensive and difficult to handle. The aim of this study was to synthesize a steroid-oxazolone derivativeusing some 

reactions such as i) hydroxylation-amiination; ii) amidation; iii) alkynyl-addition; iv) aldolization and iv) imination. In addition, a 

theoretical ass was carried out to evaluate the interaction of both COX-1 and COX-2 with the steroid-oxazolone derivativeusing 

indomethacin and rofecoxib as controls in a docking model. The structure of the compounds obtained was confirmed through elemental 

analysis, spectroscopy and spectrometry data.  The results showed that there are differences between the interaction of the steroid-

oxazolone derivativewith both COX 1 and COX 2 compared with the bound of indomethacin and rofecoxib with this type of enzymes. 

These data suggest that the steroid-oxazolone derivativecould be a good candidate as COX-inhibitor translated as a possible drug for 

treatment of pain.  

Keywords:Synthesis, cyclooxygenase, inhibitor, steroid, oxazolone, derivative. 

 

1. INTRODUCTION 

 For years, several inhibitors of the enzyme cyclooxygenase 

have been used for the treatment of both inflammation and pain 

such as ketorolac, naproxen, acetylsalicylic acid, paracetamol 

ibuprofen, indomethacin [1, 2] and others. However, some of these 

drugs can produce side effects such as bronchospasm, vasomotor 

thinitis, and angioedema [3], renal dysfunction, meningeal 

syndrome, bone marrow depression, headache and vertigo [4-6]. 

In the search of other alternative therapeutics for the treatment of 

these clinical pathologies, several drugs have been prepared such 

as 1-morpholino-cyclohexanecarbonitrile from both morpholine 

and cyclohexa-none [7]. Other data showed the reaction of Ethyl 

5-(4-nitrophenyl)furan-2-carboxylate with hydrazine to form 5-(4-

nitrophenyl) furan-2-carbohydrazide [8]. In addition, a series of 3-

(4-biphenyl)-5-substituted phenyl-2-pyrazolines were synthesized 

from both chalcones and hydrazine with biological activity to pain 

[9]. Also, a study showed the synthesis of 4-aminopiperidine 

derivative with analgesic activity through of reaction of (1-

Benzylpiperidin-4-yl)-[2-(3,4-dimethoxyphenyl)ethyl]-amine with 

5-bromo-2-(3,4-dimethoxyphenyl)-2-(methylethyl) pentanenitrile 

[10]. All these data indicate that some methods are available for 

synthesis of drugs with analgesic activity; nevertheless, expensive 

reagents and special conditions are required. Therefore, in this 

study, a steroid-oxazolone derivative was synthesized and 

theoretical activity evaluation against both COX1-1 (2OYU) and 

COX-2 (3LN1) [11]. 

2. MATERIALS AND METHODS 

 2.1 General methods. 

2-nitroestrone was prepared using a previously method reported 

[12]; in addition, the other reagents used in this investigation were 

acquired from Sigma-Aldrich Co., Ltd. The melting point for 

compounds was determined on an Electrothermal (900 model). 

Infrared spectra (IR) were recorded using KBr pellets on a Perkin 

Elmer Lambda 40 spectrometer.1H and 13C NMR spectra were 

recorded on a Varian VXR300/5 FT NMR spectrometer at 300 

MHz in CDCl3 using TMS as internal standard. EIMS spectra 

were obtained with a Finnigan Trace Gas Chromatography Polaris 

Q-Spectrometer. Elementary analysis data were acquired from a 

Perkin Elmer Ser. II CHNS/02400 elemental analyzer. 

2.2 Chemical Synthesis. 

(13S)-3-((1-hydroxyethyl)amino)-13-methyl-2-nitro-6,7,8,9,11, 

12,13,14,15,16-decahy- dro-17H-cyclopenta[a]phenanthren-17-

one (2) 

In a round bottom flask (10 ml), 2-nitroestrone (200 mg, 0.63 

mmol) and acetonitrile (5ml) were stirred to reflux for 12 h. The 

solution obtained was reduced pressure and purified through a 

crystallization using the methanol:water (4:1) system; yielding 

44% of product; m.p. 166-168 oC; IR (Vmax, cm-1) 3430, 3400, 
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1712 and 1544: 1H NMR (500 MHz, Chloroform-d) δH: 0.90 (s, 

3H), 1.20-1.34 (m, 4H), 1.44 (s, 3H), 1.54-2.46 (m, 8H), 3.02-3.10 

(m, 3H), 5.60 (m, 1H), 6.56 (m, 1H), 7.72 (broad, 2H), 8.42 (m, 

1H) ppm. 13C NMR (500 MHz, Chloroform-d) δC: 13.82, 21.70, 

24.90, 25.50, 27.55, 28.94, 31.06, 35.00, 37.25, 46.43, 48.34, 

50.12, 76.62, 115.44, 124.70, 128.92, 137.2, 141.00, 147.80, 

219.74 ppm. EI-MS m/z: 358.18.  Anal. Calcd. for C20H26N2O4: C, 

67.02; H, 7.31; N, 7.82; O, 17.85. Found: C, 67.00; H, 7.24. 

(12aS)-8,12a-dimethyl-2,3,3a,3b,4,5,7,8,10b,11,12,12a-dodeca- 

hydro-1H-cyclopenta [7,8]phenanthro[2,3-d]oxazol-1-one (3) 

In a round bottom flask (10 ml), compound 2 (200 mg, 0.58 

mmol), potassium carbonate (45 mg, 0.33 mmol), and 5 ml of 

dimethyl sulfoxide were stirred to reflux for 12 h. The solution 

obtained was reduced pressure and purified through a 

crystallization using the methanol:water:hexane (4:1:1) system; 

yielding 67% of product; m.p. 122-124 oC; IR (Vmax, cm-1) 3432, 

1710 and 1210: 1H NMR (300 MHz, Chloroform-d) δH: 0.90 (s, 

3H), 1.18 (s, 3H), 1.22-1.90 (m, 7H), 2.10-3.10(m, 8H), 6.24 (m, 

1H), 6.43-6.54 (m, 2H), 7.22 (broad, 1H) ppm. 13C NMR (300 

MHz, Chloroform-d) δC:13.80, 19.91, 21.82, 25.84, 27.55, 28.92, 

31.50, 35.40, 37.56, 46.90, 48.12, 50.40, 83.50, 107.22, 110.92, 

131.32, 133.26, 136.02, 144.00, 220.70 ppm. EI-MS m/z: 311.18.  

Anal.Calcd.for C20H25NO2: C, 77.14; H, 8.09; N, 4.50; O, 10.28. 

Found: C, 77.10; H, 10.19. 

(12aS)-7-(2-chloroacetyl)-8,12a-dimethyl-2,3,3a,3b,4,5,7,8, 10b, 

11,12,12a-dodecahydro-1H-cyclopenta[7,8]phenanthro[2,3-d] 

oxazol-1-one (4) 

In a round bottom flask (10 ml), compound 3 (200 mg, 0.64 

mmol), chloroacetyl chloride (50 µl, 0.63mmol) and triethylamine 

(100 µl, 0.71 mmol) in 5 mL of methanol was stirring for 72 h to 

room temperature. The solution obtained was reduced pressure 

and purified through a crystallization using the methanol:water 

(4:2) system; yielding 54% of product; m.p. 136-138 oC; IR (Vmax, 

cm-1) 1712, 1632 and 1210: 1H NMR (300 MHz, Chloroform-d) 

δH: 0.90 (s, 3H), 1.22-1.36 (m, 4H), 1.40 (s, 3H), 1.55-2.20 (m, 

7H), 2.46-2.62 (m, 4H), 3.92-4.00 (m, 2H), 6.40 (m, 1H), 6.73-

7.30 (m, 2H) ppm. 13C NMR (300 MHz, Chloroform-d) δC:13.80, 

19.90, 21.74, 25.70, 27.63, 28.92, 31.32, 35.30, 37.45, 42.42, 

46.87, 48.10, 50.22, 82.84, 109.40, 116.23, 133.00, 134.00, 

135.40, 152.97, 160.82, 220.30 ppm. EI-MS m/z: 387.16.  

Anal.Calcd.for C22H26ClNO3: C, 68.12; H, 6.76; Cl, 9.14, N, 3.61; 

O, 12.37. Found: C, 68.06; H, 6.70. 

(12aS)-7-(7-hydroxyhept-2-ynoyl)-8,12a-dimethyl-2,3,3a,3b, 

4,5,7,8,10b,11,12,12a-dodecahydro-1H-cyclopenta[7,8]phenan- 

thro[2,3-d]oxazol-1-one (5) 

In a round bottom flask (10 ml), compound 4 (310 mg, 0.80 

mmol), 5-hexyn-1-ol (90 µl, 0.82 mmol) and Copper(II) chloride 

(110 µl, 0.82 mmol)  in 5 mL of methanol was stirring for 72 h to 

room temperature. The solution obtained was reduced pressure 

and purified through a crystallization using the methanol:water 

(4:1) system; yielding 65% of product; m.p. 106-108 oC; IR (Vmax, 

cm-1) 3400, 2196, 1712, 16390 and 1212: 1H NMR (300 MHz, 

Chloroform-d) δH: 0.90 (s, 3H), 1.22-1.36 (m, 4H), 1.40 (s, 3H), 

1.55 (m, 1H), 1.58-1.72 (m, 4H), 1.80-1.90 (m, 2H), 1.94 (broad, 

1H), 2.10-2.20 (m, 4H), 2.25-2.26 (m, 2H), 2.46-2.62 (m, 4H), 

3.62-(m, 2H), 6.40 (m, 1H), 6.60-7.40 (m, 2H) ppm. 13C NMR 

(300 MHz, Chloroform-d) δC:13.80, 17.62, 19.00, 21.74, 25.71, 

25.75, 27.60, 28.92, 30.04, 31.35, 35.32, 37.42, 46.87, 48.10, 

50.24, 62.05, 73.96, 82.95, 90.12, 109.52, 116.02, 133.10, 133.92, 

135.40, 149.62, 152.82, 220.30 ppm. EI-MS m/z: 435.24.  

Anal.Calcd.for C27H33NO4: C, 74.45; H, 7.64; N, 3.22; O, 14.69. 

Found: C, 74.40; H, 7.60 

 

8-((12aS)-8,12a-dimethyl-1-oxo-2,3,3a,3b,4,5,10b,11,12,12a-

decahydro-1H-cyclopenta [7,8]phenanthro[2,3-d]oxazol-7(8H)-

yl)-8-oxooct-6-ynal (6) 

In a round bottom flask (10 ml), compound 5 (200 mg, 0.46 

mmol) 5 mL of dimethyl sulfoxide was stirring for 72 h to reflux. 

The solution obtained was reduced pressure and purified through a 

crystallization using the methanol:water:hexane (4:1:1) system; 

yielding 48% of product; m.p. 116-118 oC; IR (Vmax, cm-1) 2194, 

1726, 1710 and 1210: 1H NMR (300 MHz, Chloroform-d) δH: 0.90 

(s, 3H), 1.22-1.36 (m, 4H), 1.40 (s, 3H), 1.55 (m, 1H), 1.70-1.76 

(m, 4H), 1.80-2.10 (m, 4H), 2.12 (m, 1H),  2.13-2.14 (m, 2H), 

2.20-2.54 (m, 3H), 2.56 (m, 2H), 2.62-2.63 (m, 2H), 6.40 (m, 1H), 

6.60-7.40 (m, 2H), 9.70 (d, 1H, J = 1.00 Hz) ppm. 13C NMR (300 

MHz, Chloroform-d) δC:13.80, 18.15, 19.00, 21.70, 22.10, 25.71, 

25.76, 27.62, 28.93, 31.34, 35.32, 37.42, 44.57, 46.86, 48.10, 

50.22, 73.97, 82.97, 91.32, 109.52, 116.02, 133.10, 133.92, 

135.40, 149.61, 152.82, 202.44, 220.30 ppm. EI-MS m/z: 447.24.  

Anal.Calcd.for C27H33NO4: C, 75.14; H, 7.43; N, 3.13; O, 14.30. 

Found: C, 75.10; H, 7.38. 

(12aS)-7-((1Z,4E)-1,4-diazacyclododeca-4,12-dien-6-yn-5-yl)-8, 

12a-dimethyl-2,3,3a,3b,4,5,7,8,10b,11,12,12a-dodecahydro-1H-

cyclopenta[7,8]phenanthro[2,3-d]oxazol-1-one (7) 

In a round bottom flask (10 ml), compound 6 (200 mg, 0.45 

mmol), ethylenediamine (50 µl, 0.74 mmol) and boric acid (50 

mg, 0.80 mmol) in 5 mL of methanol was stirring for 72 h to room 

temperature. The solution obtained was reduced pressure and 

purified through a crystallization using the methanol:water (4:1) 

system; yielding 65% of product; m.p. 146-148 oC; IR (Vmax, cm-1) 

3322, 2196, 1712 and 1212: 1H NMR (300 MHz, Chloroform-d) 

δH: 0.85 (m, 1H), 0.90 (s, 3H), 1.22-1.36 (m, 4H), 1.46 (m, 2H), 

1.55 (m, 1H), 1.57 (s, 3H), 1.58 (m, 2H), 1.80-2.20 -2.54 (m, 6H), 

2.30 (m, 2H), 2.46-3.10 (m, 4H), 4.30-4.50 (m, 1H), 6.60 (m, 1H), 

6.70 (m, 1H), 6.80 (m, 1H), 6.88 (m, 1) ppm. 13C NMR (300 MHz, 

Chloroform-d) δC: 13.80, 19.42, 19.91, 21.70, 23.03, 25.70, 27.64, 

28.60, 28.92, 31.34, 34.44, 35.32, 34.44, 46.85, 48.10, 48.42, 

50.00, 50.24, 88.44, 91.53, 97.96, 108.65, 115.12, 131.70, 132.66, 

133.45, 145.46, 149.72, 159.86, 220.30 ppm. EI-MS m/z: 471.28. 

Anal. Calcd. for C30H37N3O2: C, 76.40; H, 7.91; N, 8.91; O, 6.78. 

Found: C, 76.34; H, 7.88. 

2.3 Physicochemical parameters evaluation. 

Some electronic parameters such as HOMO (Highest Occupied 

Molecular Orbital), LUMO (Lowest Unoccupied Molecular 

Orbital) energy, orbital coefficients distribution, molecular dipole 

moment and HBD (hydrogen bond donor groups) and HBA 

(hydrogen bond acceptor groups) and PSA (polar surface area) 

were evaluated using the SPARTAN’06 software [13].  
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2.4 Pharmacophore evaluation. 

The 3D pharmacophore model for the compounds 6 and 7 was 

determinate using LigandScout 4.08 software [14] 

2.5 Theoretical evaluation of the interaction between compound 

4 and kinase-2 protein (3FL5). 

The interaction of compound 4 with both COX1-1 (2OYU) and 

COX-2 (3LN1) [11] was carried out using a DockingServer [15]. 

3. RESULTS  

 3.1 Chemical synthesis. 

Several oxazolone analogs have prepared using some reagents 

such as [(Ph3P)Au(NCMe)]Sb6 complex [16], N,N'-terephtha- 

loylbis-(dl-alanine) [17], resin [18], Ph3P-CBr4 adducts [19], 

palladium [20] and others. In this study, a steroid-oxazolone 

derivative was prepared using some strategies; the first stage was 

achieved via reaction of 2-nitroestrone with acetonitrile to form an 

amino-ethanol complex (Figure 1 and 2).  

N
H
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OHi

HO

O

O2N

1 2
N
H

O

O

3

N

O

O

4

O

Cl

ii

iii

 
Figure 1.Preparation of a chloroacetyl-steroid-oxazolone derivative 

(4).Reaction of 2-nitroestradiol with acetonitrile (i) to form a 

hydroxyethylamino-nitro-estrone (3). Then, an steroid oxazolone (3) via 

displacement of nitro group by hydroxyl in DMSO/K2CO3 (ii) presence of  

reacted with. Finally, 3 reacted with chloroacetyl chloride (iii) to form 4. 

 

The 1HNMR showed several signals for 2 at 0.90 ppm for methyl 

group bound to steroid nucleus; at 1.44 ppm for methyl bound to 

both hydroxyl and methylamine; at 1.20-1.34, 1.54-3.10, 6.56 and 

8.42 ppm for steroid moiety; at 5.60 ppm for methylene group 

bound to both amino and hydroxyl groups; at 7.72 for both 

hydroxyl and amine groups. The 13CNMR display some signals at 

13.82 ppm for methyl group; at 24.90 for methyl bound to both 

hydroxyl and methylamine; at 21.70, 25.50-50.12 and 115.44-

147.80 ppm for steroid moiety; at 76.62 ppm for methylene group 

bound to both amino and hydroxyl groups; at 219.70 ppm for 

ketone group. In addition, the mass spectrum from 2 showed a 

molecular ion (m/z) 358.18.  

C
N

N

O
H

O
O

O

N

O

N

N

OH

+ H

 

Figure 2. Mechanism of reaction involved in the synthesis of 

hydroxyethylamino-nitro-estrone. 

 

The second stage was achieved by the synthesis of an ether-steroid 

derivative (3); it is important to mention that some reports have 

been reported for the preparation of ether derivatives via 

displacement of nitro group using methoxide as dipolar aprotic 

solvent [21, 22]. In this study, 3 was prepared using a previously 

method reported [23]; the reaction was carried out through 

intramolecular displacement from nitro group by the hydroxyl 

group of the compound 2 in presence of DMSO/K2CO3 (Figure 1). 

The 1HNMR showed several signals for 3 at 0.90 ppm for methyl 

group bound to steroid nucleus; at 1.18 ppm for methyl bound to 

oxazole ring; at 1.22-3.10 and 6.43-6.54 ppm for steroid moiety; at 

6.24 ppm for oxazole ring; at 7.72 for both hydroxyl and amine 

groups. The 13CNMR display some signals at 13.80 ppm for 

methyl group; at 19.91 for methyl bound to oxazole ring; at 21.82-

50.40 and 107.22-144.00 ppm for steroid moiety; at 83.50 for 

oxazole ring; at 220.70 ppm for ketone group. Finally, the mass 

spectrum from 3 showed a molecular ion (m/z) 311.18. 
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Figure 3. Synthesis of1,4-diazacyclododeca-4,12-dien-6-yn-5-yl-steroid-

oxazolone (7). Reaction of chloroacetyl-steroid-oxazolone derivative (4) 

with 5-hexyn-1-ol to form hydroxyhept-2-ynoyl)-steroid-oxazolone (5) in 

presence of Copper(II) chloride (iv). Then, an oxazol-steroid-8-

oxooctynal (6) was prepared via reaction of 5 with dimethyl sufuxide (v). 

Finally, 6 reacted with ethylenediamine to form 7. 

 

On the other hand, a chloroamide-steroid derivative (4) was 

prepared (Figure 1); it is important to mention that there are many 

procedures for the formation of chloroamides which are known in 

the literature, for example the reaction of amine with 

trichloroisocyanuric acid [24] or amide secondary with N-

chlorobenzotriazole to form a chloroamide derivative [25]; in 

addition, have been prepared some chloroamide groups using 

chloroacetyl chloride [26]. The 1HNMR showed several signals 

for 4 at 0.90 ppm for methyl group bound to steroid nucleus; at 

1.40 ppm for methyl bound to oxazole ring; at 1.22-2.62 and 6.73-

7.30 ppm for steroid moiety; at 3.92-4.00 ppm for methylene 

group of chloroamide; at 6.40 ppm for oxazole ring. The 13CNMR 

display some signals at 13.80 ppm for methyl group; at 19.90 for 

methyl bound to oxazole ring; at 21.74-37.45, 46.87-50.22, 

109.40-152.97 ppm for steroid moiety; at 42.42 ppm methylene 

group of chloroamide; at 88.84 for oxazole ring; at 160.82 ppm for 

amide group; at 220.30 ppm for ketone group. Additionally, the 

mass spectrum from 4 showed a molecular ion (m/z) 387.16. 

The following stage involves the synthesis of a propargylic-amide 

derivative (5). It is noteworthy that several propargylic-amide 
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analogs have been prepared [27, 28]; however, some reagents are 

dangerous and are difficult to handle. Therefore in this study, 

5was prepared via addition 5-hexyn-1-ol to 4 in presence of 

Copper(II) chloride (Figure 3). The 1HNMR showed several 

signals for 5 at 0.90 ppm for methyl group bound to steroid 

nucleus; at 1.40 ppm for methyl bound to oxazole ring; at 1.22-

1.36, 1.55, 1.80-1.90, 2.10-2.20, 2.46-2.62 and 6.60-7.40 ppm for 

steroid moiety; at1.58-1.72, 2.26 and 3.62 ppm for arm bound to 

both alkyne and hydroxyl groups; at 1.94 ppm for hydroxyl group; 

at 6.40 ppm for oxazole ring. The 13CNMR display some signals at 

13.80 ppm for methyl bound to steroid nucleus; at 19.90 ppm for 

methyl bound to oxazole ring; at 17.62, 25.78, 30.04, 62.05, 

109.50-135.40 and 152.82 ppm for arm bound to both alkyne and 

hydroxyl groups; at 21.74-25.71, 27.60-28.92 and 31.35-50.24 

ppm for steroid moiety; at 73.96 and 90.12 ppm for both alkyne 

group; at 82.95 for oxazole ring; at 119.62 ppm for amide group; 

at 220.30 ppm for ketone group.  Additionally, the mass spectrum 

from 5 showed a molecular ion (m/z) 435.24. 

In addition,5was reacted with dimethyl sulfoxide to form an 

aldehyde-oxazolone-steroid derivative using a previous method 

reported for synthesis of aldehyde groups [29]. The 1HNMR 

showed several signals for 6 at 0.90 ppm for methyl group bound 

to steroid nucleus; at 1.40 ppm for methyl bound to oxazole ring; 

at 1.22-1.36, 1.54, 1.80-2.10, 21.3, 2.20-2.54, 2.62-2.63 and 6.60-

7.40 ppm for steroid moiety; at 1.70-1.76, 2.12-2.14 and 2.56 ppm 

for arm bound to both alkyne and hydroxyl groups; at 1.94 ppm 

for hydroxyl group; at 6.40 ppm for oxazole ring; at 9.70 ppm for 

aldehyde group. The 13CNMR display some signals at 13.80 ppm 

for methyl bound to steroid nucleus; at 19.90 ppm for methyl 

group bound to oxazole ring; at 18.15, 22.10, 25.76, 44.57 for arm 

bound to both aldehyde and alkyne group; at 21.70, 25.71, 27.62-

37.42, 46.86-50.22, 109.52-135.40 and 152.82 ppm for steroid 

moiety; at 73.97 and 91.32 ppm for alkyne group; at 82.97 ppm 

for oxazole ring; at 208.44 ppm for aldehyde group; at 220.30 ppm 

for ketone group. In addition, the mass spectrum from 6 showed a 

molecular ion (m/z) 447.24. 

Finally, a 1,4diaza-cyclododeca-4,12-dien-6-yne derivative was 

prepared via reaction of 6 with ethylenediamine to form imino 

groups of the 1,4-diazacyclododeca-4,12-dien-6-yn-5-yl-steroid-

oxazolone (7). The 1HNMR showed several signals for 7 at 0.88, 

1.46, 2.30, 4.30-4.50 and 6.70 ppm for 1,4-diaza-cyclododeca-

4,12-dien-6-yne ring; at 0.90 ppm for methyl group bound to 

steroid nucleus; at 1.58 ppm for methyl bound to oxazole ring; at 

1.22-1.36, 1.55, 1.80-2.10, 2.46-3.10, 6.60 and 6.80 ppm for 

steroid moiety; at 6.88 ppm for oxazole ring. The 13CNMR display 

some signals at 13.80 ppm for methyl bound to steroid nucleus; at 

19.91 ppm for methyl bound to oxazole ring; at 19.42, 23.03, 

28.60, 34.44 and 48.42-50.00 ppm for 1,4diaza-cyclododeca-4,12-

dien-6-yne ring; at 21.70, 25.70-27.64, 28.92-31.34, 35.32-48.10. 

50.24 and 108.65-145.46 ppm for steroid moiety; at 91.53 ppm for 

oxazole ring; at 149.72-159.86 ppm for imino group; at 220.30 

ppm for ketone group. Finally, the mass spectrum from 7 showed 

a molecular ion (m/z) 471.28. 

3.2 Physicochemical parameters of 2-7. 

There are studies which suggest some physicochemical parameters 

such as molar volume (MV) and molar refractory (MR) are 

chemical tools that correlate with different biological properties 

which may depend on the characteristics of each substituent 

involved in the chemical structure of a molecule. I this 

investigation, both MV and MR descriptors were determinate using 

a previous method reported [30]. The theoretical results showed 

(Table 1) that MV and MR were higher for 7 compared with 2-6. 

This phenomenon suggests that steric hindrance, conformational 

preferences, and internal rotation may be two factors which 

influence the biological activity to exert by 7 on some biological 

model. However, another type of physiochemical factors such as 

hydrogen bond donor groups (HBD) and hydrogen bond acceptor 

groups (HBA), topological polar surface area (TPSA) has been 

used to predict the biological activity of some compounds in 

several theoretical models [31]. These physicochemical 

parameters (Table 1) were determinate using the Spartan 6.0 

software; the theoretical data showed that the HBA value was <10 

and the HBD value was <5 for compounds 2-7, this phenomenon 

suggest that these compounds may be well absorbed such 

happening with another type of compounds29). Other results 

showed that polar surface area (PSA) for 2-6 was  100 Å values; 

it is noteworthy that some reports suggest that PSA  140 Å 

values may condition the ability of some drugs togood oral 

absorption and exhibit some biological activity [32].  

 

Table 1.Physicochemical parameters of compounds 2-7. The values were calculated using both ACDLabs and Spartan softwars. 

Parameters 2 3 4 5 6 7 

Molar Refractivity (cm
3
) 98.44 88.77 103.05 120.90 124.19 137.98 

Molar Volume(cm
3
) 279.40 269.80 307.50 359.50 375.80 371.50 

Polarizability (cm
3
) 39.02 35.19 40.85 47.93 49.23 54.70 

Parachor (cm
3
) 78.10 683.10 805.40 961.20 993.10 982.20 

Index of refraction 1.62 1.57 1.58 1.58 1.57 1.66 

Surface Tension (dyne/cm) 57.10 41.00 47.00 51.10 48.70 48.80 

PSA Å
2 86.58 36.04 37.97 58.49 53.46 38.44 

Density g/cm
3 1.28 1.15 1.26 1.21 1.19 1.26 

HBD 2 1 0 1 0 0 

HBA 6 3 4 5 5 4 

 

3.3 Pharmacophore evaluation. 

The pharmacophore model can furnish a new insight to design 

novel molecules that can enhance or inhibit the function of the 

target and will be useful in drug discovery strategies. Therefore, in 

this study, LigandScout software [33]) was used to develop a 

pharmacophore model of compounds 2 and 3. The results showed 

in Figures 4 and 5 indicated that there is a different type of 

functional groups involved in the compounds 2 to 7 that can 

interact via hydrophobic contacts or as hydrogen bond acceptors 

or as hydrogen bond donor with some biomolecules. 

3.4 Evaluation of interaction between compounds 2-7 with 

both COX1-1 and COX-2. 
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Since several years ago, some theoretical models have been used 

to predict the interaction of some drugs with protein or enzymes 

[32].  

 
Figure 4.Scheme represents a pharmacophore from both compounds 2 

(A), 3 (B) and  4(C)using the LigandScout software. The model involves 

a methyl group (yellow) hydrogen bond acceptors (HBA, red) and  

hydrogen bond donor (HBD, green). 

 
Figure 5.Theorethicalpharmacophore from both compounds 5 (D), 6 

(E)and 7 (F) using the LigandScout software. The model involves a 

methyl group (yellow) hydrogen bond acceptors (HBA, red) and  

hydrogen bond donor (HBD, green). 

 
Figure 6. The scheme shows the binding sites of compound 7 with some 

aminoacid residues involved on both COX 1 (2oyu [I]) and COX 2 (3LN1 

[II]) enzymes. The visualization was carried out using DockingServer 

software. 

 

Therefore, in this study was carried out a theoretical analysis on 

the interaction of compounds 7 with both COX1-1 (2OYU) and 

COX-2 (3LN1) using a Docking model [14] using both 

indomethacin and Rofecoxib as controls. The results showed the 

interaction of both indomethacin and compound 7 were only in 

two types of amino acid residues involved in the surface of the 

2OYU protein, such as Tyr55, Pro67 (Figure 6 and Tables 2 and 3). 

Other theoretical data showed a similar interaction between both 

Rofecoxib and compound 7 with some Ser23, Pro25, GLn27, Tyr40, 

Asn53 amino acid residues of COX-2 (3LN1). All these data 

suggest that there are differences between the interaction of 

compound 7 with both COX 1 and COX 2 compared with the 

bound of indomethacin and rofecoxib with this type of enzymes. 
 

Table 2. Physicochemical parameters of compounds 2-7. The values were 

calculated using both ACDLabs and Spartan softwars. 
                       I-----------------------Compounds -----------------------------I 

Parameters 2 3 4 5 6 7 

Molar 

Refractivity 

(cm3) 

98.4 88.7 103.0 120.9 124.1 137.9 

Molar 

Volume(cm3) 

279.4 269.8 307.5 359.5 375.8 371.5 

Polarizability 

(cm3) 

39.0 35.1 40.8 47.9 49.2 54.7 

Parachor 

(cm3) 

78.1 683.1 805.4 961.2 993.1 982.0 

Index of 

refraction 

1.6 1.5 1.5 1.5 1.5 1.6 

Surface 

Tension 

(dyne/cm) 

57.1 41.0 47.0 51.1 48.7 48.8 

PSA Å2 86.58 36.04 37.97 58.49 53.46 38.4 

Density g/cm3 1.2 1.1 1.2 1.2 1.1 1.2 

HBD 2 1 0 1 0 0 

HBA 6 3 4 5 5 4 

 

Table 3. Residue Aminoacids involved in the interaction between both 

steroid-oxazolone derivative (compound 7)  andRofecoxib with COX-2 

enzyme (3LN1). 

Compound Aminoacid residues 

 

 

steroid-oxazolone derivative 

Ser23 

Pro25 

Gln27 

Tyr40 

Asn53 

Thr55 

Val151 

 

 

Rofecoxib 

Ser23 

Pro25 

Gln27 

Tyr40 

Asn53 

Lys152 

 

3.5 Thermodynamic parameters. 

Analyzing the above mentioned data and other types of reports 

which suggest that the drug-protein interaction could involve other 

types of intramolecular interactions [33], in study a theoretical ass 

was carried out to evaluate some thermodynamic factors involved 

in the interaction of the compound 7 with both 2OYU and 3LN1 

proteins such as 1) free energy of binding which determinate the 

energy value that require a molecule to interact with a protein in a 

water environment. 2) Electrostatic energy that is the product of 

electrical charge and electrostatic potential, which are involved in 

the ligand-protein system; 3) total intermolecular energy and 4) 

Van der Waals (vdW) + hydrogen bond (Hbond) + desolvation 

energy (Desolv. Energy; which have an influence on the 

movement of water molecules into or out of the ligand-protein 

system) using a theoretical model [14]. The results (Tables 4 and 

5) showed that there are differences in the thermodynamic 

parameters of compound 7 compared to both indomethacin (COX 
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1-inhibitor) [34] and rofecoxib (COX-2 antagonist) [35]. This 

phenomenon suggests that these differences could be translated as 

a higher inhibition of the biological activity of COX 1 (2OYU) in 

the presence of compound 7 in comparison with indomethacin. In 

addition, a lower inhibition of COX 2 (3LN1) with the compound 

7 compared with rofecoxib. 

 

 

Table 4.Thermodynamic parameters  involve in the interaction of both steroid-oxazolone derivative and Indometacin with COX-1 enzyme (2oyu). 

Compound Est. Free Energy 

of Binding 

(kcal/mol) 

InhibitionConstant, 

Ki (µM) 

vdW + Hbond       

+ desolv Energy 

(kcal/mol) 

ElectrostaticEnergy 

(kcal/mol) 

Total Intermol. 

Energy 

(kcal/mol) 

InteractSurface 

Steroid-

oxazolonederivative 

(4) 

-6.47 18.01 -6.81 0.04 -6.77 628.614 

Indometacin -5.32 126.53 -6.24 -0.19 -6.43 576.698 

 

Table 5.Thermodynamic parameters  involve in the interaction of both steroid-oxazolone derivative and Rofecoxib with COX-2 enzyme (3LN1). 

Compound Est. Free Energy 

of Binding 

(kcal/mol) 

Inhibition 

Constant, Ki 

(µM) 

vdW + Hbond       

+ desolv Energy 

(kcal/mol) 

Electrostatic 

Energy (kcal/mol) 

Total Intermol. 

Energy 

(kcal/mol) 

Interact 

Surface 

Steroid-oxazolone 

derivative (4) 

-6.15 30.81 -6.36 0.09 -6.45 673.193 

Rofecoxib -3.78 1.69 -4.90 0.18 -4.73 557.621 

 

 

4. CONCLUSIONS 

 In this study was reported a facile synthesis of a steroid-

oxazolone derivative using some chemical strategies. In addition, 

theoretical data suggest that the steroid-oxazolone derivativecould 

be a good candidate as COX-inhibitor translated as a possible drug 

for treatment of pain. 
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