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ABSTRACT 

Several casein kinase 2 inhibitors have been prepared using some protocols which require dangerous reagents and specific conditions. 

The aim of this study was to synthesize a new chloroacetamide-steroid derivative using some chemical tools. In addition, the effect 

exerted by chloroacetamide-steroid derivative on casein kinase 2 (CK2) was determinate in an ischemia-reperfusion injury model using 

quinalizarin and N-tertbuthyl-2-chloroacetamide as controls. The results showed that 1) the chloroacetamide-steroid derivative 

significantly decrease the ischemia-reperfusion injury translated as infarct area compared with quinalizarin and N-tertbuthyl-2-

chloroacetamide. In conclusion, in this study, is reported a facile synthesis of a new chloroacetamide-steroid derivative with biological 

activity against CK2. 

Keywords: Synthesis; steroid; derivative; casein kinase 2. 

 

1. INTRODUCTION 

 Myocardial infarction is a major cause of health 

worldwide; this clinical pathology can be conditioned by the 

cardiac myocyte cell death caused by prolonged myocardial 

ischemia [1, 2]. It is important to mention, that acute myocardial 

infarction can produce alterations in the topography of both the 

infarcted and non-infarcted regions of the ventricles [3]. There are 

some studies that indicate that the most effective method of 

limiting necrosis is through restoration of the blood flow; 

however, the effects of reperfusion may be associated with tissue 

injury [4]. It is noteworthy that several vasoactive substances can 

be involved in the ischemia/reperfusion injury such as the 

generation of reactive oxygen species and protein phosphorylation 

[5, 6]. In this way, casein kinase (CK2) plays an important role in 

the phosphorylation of some proteins [7-9] such as cAMP-

dependent protein kinase [10], NF-κB (nuclear factor kappa B), 

STAT-1 (signal transducer and activator of transcription-1) [11] 

and CREB (cAMP response element-binding) [12], which may be 

associated with an inflammatory response produced by 

ischemia/reperfusion injury [13-15]. It is important to mention that 

to characterize the molecular mechanism involved in the effect 

exerted by CK2 in different tissues, several studies have been 

carried out using some drugs such as benzimidazole [16], TBB 

(4,5,6,7-tetrabromo-2-azabenzimidazole) [17], heparin [18], 

emodin (6-methyl-1,3,8-trihydroxyanthraquinone) [19], 

quinalizarin [20]  that can modify their biological activity. There 

are studies that indicate that these drugs can act as CK2 inhibitors 

using some biological experimental models; for example, a study 

showed that TBB inhibits the biological activity of CK2 in a 

model of isolated cardiomyocytes [21]. Another report indicates 

that the emodin can exert cardioprotective effects against acute 

myocardial infarction via inhibition of inflammation and apoptosis 

in local ischemic myocardium [22].  

 These data indicate that some drugs can inhibit the effect of 

CK2; however, the biological activity of these drugs on CK2 is 

very confusing, possibly this phenomenon is due to; 1) differences 

in the chemical structure of each drug; or 2) to different protocols 

used in each experiment. Therefore, the aim of this study was to 

synthesize a new chloroacetamide-steroid derivative to evaluate 

their biological activity against ischemia-reperfusion injury. In 

addition, the effect exerted by chloroacetamide-steroid analog on 

left ventricular pressure was evaluated. 

2. MATERIALS AND METHODS 

2.1. General methods. 

 Compounds 1 and 2 were prepared by a previously reported 

method [23]. In addition, all the reagents used in this study were 

purchased from Sigma-Aldrich Sigma-Aldrich Co., Ltd. The 

melting point for compounds was evaluated on an Electrothermal 

(900 model). Infrared spectra (IR) were determined using KBr 

pellets on a Perkin Elmer Lambda 40 spectrometer.1H and 13C 

NMR (nuclear magnetic resonance) spectra were recorded on a 

Varian VXR300/5 FT NMR spectrometer at 300 MHz 

(megahertz) in CDCl3 (deuterated chloroform) using TMS 
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(tetramethylsilane) as an internal standard. EIMS (electron impact 

mass spectroscopy) spectra were determined using a Finnigan 

Trace Gas Chromatography Polaris Q-Spectrometer. Elementary 

analysis data were determined from a Perkin Elmer Ser. II 

CHNS/02400 elemental analyzer. 

2.2. Chemical Synthesis. 

Preparation of two nitro-azahexacyclo-carbonitrile derivatives. 

 A solution of compounds 1 or 2 (0.50 mmol), (4-nitro-

phenyl)-acetonitrile (90 mg; 0.55 mmol), sodium hydroxide (20 

mg, 0.50 mmol), and 5 ml of ethanol was stirring for 72 h at room 

temperature. The mixture obtained was dried under reduced 

pressure and purified by crystallization using the 

methanol:water:hexane (4:1:1) system. 

12,21-dihydroxy-22-methyl-7-nitro-10-

azahexacyclo[12.11.0.0
2,11

, 0
4,9

.0
17,25

.0
18,22

]pentacosa-

1(14),2,4(9),5,7,10,12-hepta-ene-3-carbo-nitrile (3) 

yielding 56 %; IR (Vmax, cm-1) 3400, 3430, 2220, and 1540: 1H 

NMR (300 MHz, Chloroform-d) δH: 0.76 (s, 3H), 0.82-3.64 (m, 

16H), 5.70 (broad, 2H), 7.10-9.26 (m, 4H) ppm. 13C NMR (300 

MHz, Chloroform-d) δC: 15.82, 24.26, 25.72, 27.74, 29.62, 32.80, 

33.71, 37.19, 43.01, 44.39, 50.76, 82.44, 104.20, 117.12, 118.40, 

120.50, 123.30, 134.65, 135.32, 136.70, 137.82, 137.90, 137.94, 

138.60, 147.92, 154.80 ppm. EI-MS m/z: 443.18. Anal. Calcd. for 

C26H25N3O4: C, 70.41; H, 5.68; N, 9.47; O, 14.43. Found: C, 

70.36; H, 5.60, 9.44. 

12-hydroxy-22-methyl-7-nitro-21-oxo-10-zahexacyclo[12.11.0. 

0
2,11

.0
4,9

.0
17,25

.0
18,22

]pentacosa-1(14),2,4(9),5,7,10,12-hepta- ene-

3-carbonitrile (4) 

yielding 44 %; IR (Vmax, cm-1) 2222, 1712 and 1540: 1H NMR 

(300 MHz, Chloroform-d) δH: 0.92 (s, 3H), 1.20-3.14 (m, 15H), 

5.00 (broad, 1H), 7.10 (m, 1H), 8.30-9.26 (m, 4H) ppm. 13C NMR 

(300 MHz, Chloroform-d) δC: 13.80, 21.70, 26.18, 27.12, 29.62, 

31.37, 35.30, 37.27, 45.89, 48.16, 50.22, 104.16, 117.10, 118.41, 

118.52, 123.30, 134.64, 135.33, 136.32, 137.42, 137.94, 137.96, 

138.64, 147.94, 154.86, 220.36 ppm. EI-MS m/z: 441.16. Anal. 

Calcd. for C26H25N3O4: C, 70.73; H, 5.25; N, 9.52; O, 14.50; 

Found: C, 70.68; H, 5.20; N, 9.50. 

Reduction of nitro group. 

 A solution of compounds 3 or 4 (0.50 mmol), sodium 

borohydride (50 mg, 1.32 mmol), zinc dust (30 mg) and 5 ml of 

ethanol was stirring for 72 h at room temperature. The mixture 

obtained was dried under reduced pressure and purified by 

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

7-amino-12,21-dihydroxy-22-methyl-10-azahexacyclo[12.11.0. 

0
2,11

,0
4,9

.0
17,25

.0
18,22

]pentacosa-1(14),2,4(9),5,7,10,12-hepta- ene-

3-carbonitrile (5) 

80 %; IR (Vmax, cm-1) 3400, 3325 and 2220: 1H NMR (300 MHz, 

Chloroform-d) δH: 0.76 (s, 3H), 0.82-3.64 (m, 16H), 5.10 (broad, 

4H), 7.10 (m, 1H), 7.16-8.10 (m, 4H) ppm. 13C NMR (300 MHz, 

Chloroform-d) δC: 15.82,  24.26,  25.72, 27.74,  29.62, 32.78, 

33.71, 37.19, 43.00, 44.39,  50.76, 82.44, 103.50, 116.42,  117.10, 

118.38, 118.44, 120.52, 126.30,  135.02, 136.70, 136.92,  137.80,  

140.24, 145.00,  147.92,  155.80. ppm. EI-MS m/z: 413.21. Anal. 

Calcd. for C26H27N3O2: C, 75.52; H, 6.58; N, 10.16; O, 7.74. 

Found: C, 75.48; H, 6.50, N, 10.12. 

Protection of hydroxyl group. 

 A solution of compound 5 (0.50 mmol), 

terbuthyldimethylsylane chloride (tert-butyldimethylsilyl chloride 

(200 μl, 1.07 mmol) in 3 ml chloroform was stirring for 24 h at 

room temperature. The mixture obtained was dried under reduced 

pressure and purified by crystallization using the methanol:ketone 

(3:1) system. 

7-amino-12,21-bis[(tert-butyldimethylsilyl)oxy]-22-methyl-10-

aza- hexa-cyclo[12.11.0.0
2,11

.0
4,9

.0
17,25

.0
18,22

]pentacosa-1(14),2, 

4(9),5,7, 10,12-hep- taene-3-carbonitrile (6) 

yielding 85 %; IR (Vmax, cm-1) 3328, 2222, and 1080: 1H NMR 

(300 MHz, Chloroform-d) δH: 0.08 (s, 6H), 0.24 (s, 6H), 0.80 (s, 

3H), 0.88 (s, 9H),  0.99 (s, 9H), 1.00-3.54 (m, 16H), 4.62 (broad, 

2H), 7.10 (m, 1H), 7.18-8.10 (m, 4H) ppm. 13C NMR (300 MHz, 

Chloroform-d) δC: -4.60, -4.54, 15.22, 17.82, 18.10, 25.52, 25.62, 

25.70, 25.74, 27.76, 29.64, 32.94, 35.10, 37.22, 43.00, 43.74, 

51.52, 82.60, 103.18, 116.34, 118.40, 118.66, 120.52, 120.94, 

126.32, 135.04, 136.32, 136.71, 140.22, 140.72, 145.00, 156.80 

ppm. EI-MS m/z: 641.38. Anal. Calcd. for C38H55N3O2Si2: C, 

71.09; H, 8.63; N, 6.54; O, 4.98; Si, 8.75. Found: C, 71.00; H, 

8.58; N, 6.52. 

Synthesis of a chloroamide derivative. 

 A solution of compound 6 (0.50 mmol), chloroacetyl 

chloride (50 μl, 0.63 mmol), triethylamine (100 μl, 0.71 mmol) in 

3 ml chloroform was stirring for 24 h at room temperature. The 

mixture obtained was dried under reduced pressure and purified by 

crystallization using the methanol:hexane:water (3:1:1) system. 

N-{12,21-bis[(tert-butyldimethylsilyl)oxy]-3-cyano-22-methyl-

10-aza-hexacyclo[12.11.0.0
2,11

.0
4,9

.0
17,25

.0
18,22

]pentacosa-

1(14),2,4(9), 5,7,10,12-heptaen-7-yl}-2-chloroacetamide (7) 

yielding 45 %; IR (Vmax, cm-1) 2222, 1680 and 1080: 1H NMR 

(300 MHz, Chloroform-d) δH: 0.08 (s, 6H), 0.24 (s, 6H), 0.80 (s, 

3H), 0.88 (s, 9H),  0.99 (s, 9H), 1.00-3.54 (m, 16H), 4.10 (m, 2H), 

7.10 (m, 1H), 7.62-9.10 (m, 3H), 10.10 (broad, 1H) ppm. 13C 

NMR (300 MHz, Chloroform-d) δC: -4.60, -4.54, 15.22, 17.82, 

18.02, 25.52, 25.62, 25.70, 25.74,  27.76, 29.62,  32.94, 35.03, 

37.20,  43.00,  43.02,  43.72,  51.52,  82.60, 105.94,  118.46,  

118.64,  120.52,  120.94,  125.70, 127.72,  134.00,  136.38,  

136.72,  138.22, 138.40, 139.44, 155.42, 164.62  ppm. EI-MS m/z: 

717.35. Anal. Calcd. for C40H56ClN3O3Si2: C, 66.86; H, 7.86; Cl, 

4.93; N, 5.85; O, 6.68; Si, 7.82. Found: C, 66.80; H, 7.80; N, 5.82. 

Preparation of 3-phenyloxirane-2-carboxamide derivative. 

 A solution of compound 7 (0.50 mmol), benzaldehyde (80 

µl, 0.79 mmol), sodium hydroxide (20 mg, 0.50 mmol), and 5 ml 

of ethanol was stirring for 24 h at room temperature. The mixture 

obtained was dried under reduced pressure and purified by 

crystallization using the methanol:hexane:water (3:1:2) system. 

N-{12,21-bis[(tert-butyldimethylsilyl)oxy]-3-cyano-22-thyl-10-

aza-hexacyclo[12.11.0.0
2,11

.0
4,9

.0
17,25

.0
18,22

]pentacosa-

1(14),2,4(9),5,7, 10,12-heptaen-7-yl}-3-phenyloxirane-2-

carboxamide (8) 

yielding 65 %; IR (Vmax, cm-1) 2220, 1680 and 1080: 1H NMR 

(300 MHz, Chloroform-d) δH: 0.08 (s, 6H), 0.24 (s, 6H), 0.80 (s, 

3H), 0.88 (s, 9H),  0.99 (s, 9H), 1.00-3.54 (m, 16H), 3.74-3.92 (m, 

2H), 6.92 (m, 2H), 7.10 (m, 1H), 7.26-9.10 (m, 6H), 9.72  (broad, 

1H) ppm. 13C NMR (300 MHz, Chloroform-d) δC: -4.60, -4.54, 

15.22, 17.82, 18.02, 25.52, 25.62,  25.70, 25.74,  27.76, 29.62,  

32.94, 35.03, 37.20, 43.00, 43.72, 51.52,  55.26, 57.10, 82.60, 

105.94,  118.46, 118.64, 119.40,  120.92,  124.64,  125.52, 127.72,  

128.22, 128.52, 133.00, 136.32, 136.40, 136.74, 138.22, 138.26, 

138.86, 139.92.155.42, 174.44  ppm. EI-MS m/z: 787.42. Anal. 
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Calcd. for C47H61N3O3Si2 : C, 71.62; H, 7.80; N, 5.33;  O, 8.12; Si, 

7.13; . Found: C, 71.56; H, 7.74; N, 5.30. 

Preparation of a 3-(naphthalen-1-yl)oxirane-2-carboxamide 

derivative. 

 A solution of compound 7 (0.50 mmol), 2-hydroxy-

naphthalene-1-carbaldehyde (90 mg, 0.52 mmol), sodium 

hydroxide (20 mg, 0.50 mmol), and 5 ml of ethanol was stirring 

for 24 h at room temperature. The mixture obtained was dried 

under reduced pressure and purified by crystallization using the 

methanol:hexane:water (3:1:1) system. 

N-[(22S)-12,21-bis[(tert-butyldimethylsilyl)oxy]-3-cyano-22-

methyl-10-azahexacyclo[12.11.0.0
2,11

.0
4,9

.0
17,25

.0
18,22

]pentacosa-

1(14),2,4,6,8,10,12-heptaen-7-yl]-3-(2-hydroxynaphthalen-1-yl) 

oxirane-2-carboxamide (9) 

yielding 48 %; IR (Vmax, cm-1) 2220, 1680 and 1080: 1H NMR 

(300 MHz, Chloroform-d) δH: 0.08 (s, 6H), 0.24 (s, 6H), 0.80 (s, 

3H), 0.88 (s, 9H),  0.99 (s, 9H), 1.00-3.54 (m, 16H), 4.00-4.36 (m, 

2H), 7.10 (m, 1H), 7.20-9.10 (m, 9H), 9.42  (broad, 2H) ppm. 13C 

NMR (300 MHz, Chloroform-d) δC: -4.60, -4.54, 15.22, 17.82, 

18.02, 25.52, 25.62,  25.70, 25.74,  27.76, 29.62,  32.94, 35.03, 

37.20, 43.00, 43.72, 51.52, 53.26, 55.78, 82.60, 105.94, 118.46,  

118.64, 118.80, 119.40,  120.92,  121.42, 122.64,  123.44, 124.62, 

126.82, 127.70, 120.13, 129.24, 130.34, 133.00,  134.30, 136.32, 

136.74, 138.22, 138.88, 139.92, 152.52, 155.40, 174.44 ppm. EI-

MS m/z: 853.43. Anal. Calcd. for C51H63N3O6Si2: C, 71.71; H, 

7.43; N, 4.92; O, 9.36; Si, 6.70. Found: C, 71.67; H, 7.40; N, 4.90. 

Preparation of a 3-phenylprop-2-en-1-yl]oxirane-2-carboxamide 

derivative. 

 A solution of compound 7 (0.50 mmol), cinnamaldehyde 

(90 µl, 0.71 mmol), sodium hydroxide (20 mg, 0.50 mmol), and 5 

ml of ethanol was stirring for 24 h at room temperature. The 

mixture obtained was dried under reduced pressure and purified by 

crystallization using the methanol:hexane:water (3:1:1) system. 

N-[(22S)-12,21-bis[(tert-butyldimethylsilyl)oxy]-3-cyano-22-

me-thyl-10-azahexacyclo[12.11.0.0
2,11

.0
4,9

.0
17,25

.0
18,22

]pentacosa-

1(14),2,4,6,8,10,12-heptaen-7-yl]-3-[(1Z)-2-phenylethenyl]oxi 

ra ne-2-car-boxamide (10) 

yielding 42 %; IR (Vmax, cm-1) 2220,1725, 1682 and 1080: 1H 

NMR (300 MHz, Chloroform-d) δH: 0.08 (s, 6H), 0.24 (s, 6H), 

0.80 (s, 3H), 0.88 (s, 9H),  0.99 (s, 9H), 1.00-2.02 (m, 12H), 2.84-

3.06 (m, 3H), 3.48 (m, 1H), 3.54 (m, 1H), 4.00 (m, 1H), 6.00-7.00 

(m 2H), 7.10 (m, 1H), 7.12-9.10 (m, 8H), 9.92  (broad, 1H) ppm. 
13C NMR (500 MHz, Chloroform-d) δC: -4.60, -4.54, 15.22, 17.82, 

18.02, 25.52, 25.62,  25.70, 25.74,  27.76, 29.62,  32.94, 35.03, 

37.20, 43.00, 43.72, 51.52, 57.26, 58.56, 82.60, 105.94, 118.46, 

118.64, 119.62, 120.92, 124.82, 126.32, 127.70,  128.32, 128.85, 

129.78, 130.66, 133.00,  136.32, 136.76, 138.22, 138.88, 139.72, 

155.42, 174.90  ppm. EI-MS m/z: 813.43. Anal. Calcd. for 

C49H63N3O4Si2: C, 72.28; H, 7.80; N, 5.16; O, 7.86; Si, 6.90. 

Found: C, 72.20; H, 7.76; N, 5.12. 

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, HBD (hydrogen bond donor groups), 

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

area) were evaluated using the SPARTAN’06 software [24]. 

 

Pharmacophore evaluation. 

 The 3D pharmacophore model for the compounds 2-4 was 

determinate using LigandScout 4.08 software [25]. 

Biological Method. 

 All experimental procedures and protocols used in this 

investigation were reviewed and approved by the Animal care and 

use Committee of University Autonomous of Campeche (no. PI-

420/12) and were in accordance with the Guide for the Care and 

Use of Laboratory Animals [26]. Male Wistar rats, weighing 200-

250 g, were obtained from University Autonomous of Campeche. 

Reagents. 

 All drugs were dissolved in methanol and different 

dilutions were obtained using Krebs-Henseleit solution (≤0.01%, 

v/v). 

Experimental Design. 

 Briefly, the male rat (200–250 g) was anesthetized by 

injecting them with pentobarbital at a dose rate of 50 mg/Kg body 

weight. Then the chest was opened, and a loose ligature passed 

through the ascending aorta. The heart was then rapidly removed 

and immersed in ice-cold physiologic saline solution. The heart 

was trimmed of noncardiac tissue and retrograde perfused via a 

non-circulating perfusion system at a constant flow rate. The 

perfusion medium was the Krebs-Henseleit solution (pH = 7.4, 37 
oC) composed of (mmol) 117.8, NaCl; 6, KCl; 1.75, CaCl2; 1.2, 

NaHPO4; 1.2, MgSO4; 24.2, NaHCO3; 5, glucose; 7 and 5, sodium 

pyruvate. The solution was actively bubbled with a mixture of 

O2/CO2 (95: 5/5%). The coronary flow was adjusted with a 

variable speed peristaltic pump. An initial perfusion rate of 

15 mL/min for 5 min was followed by a 15 min equilibration 

period at a perfusion rate of 10 mL/min. All experimental 

measurements were done after this equilibration period. 

Perfusion Pressure. 

 Evaluation of measurements of perfusion pressure changes 

induced by drugs administration in this study was assessed using a 

pressure transducer connected to the chamber where the hearts 

were mounted, and the results entered into a computerized data 

capture system (Biopac). 

 

Table 2. Design experimental. Hearts were subjected to 

ischemia/reperfusion and treated with in absence (received vehicle only; 

Krebs-Henseleit solution) or presence of the compounds C-1 to C-10 (at a 

dose of 0.001 nM) before ischemia period (for 10 minutes) and during the 

entire period of reperfusion    (n = 9). 

Group Treatment 

I Control (without treatment) 

II C-1 (0.001 nM) 

III C-2 (0.001 nM) 

IV C-3 (0.001 nM) 

V C-4 (0.001 nM) 

VI C-5 (0.001 nM) 

VII C-6 (0.001 nM) 

VIII C-7 (0.001 nM) 

IX C-8 (0.001 nM) 

X C-9 (0.001 nM) 

XI C-10 (0.001 nM) 

 

First Stage. 

 Biological activity induced by the chloroacetamide-steroid 

derivative using an ischemia/reperfusion model. After 15 minutes 

of equilibration time, the hearts were subjected to ischemia for 40 

minutes by turning off the perfusion system [27]. After this period, 
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the system was restarted, and the hearts were re-perfused by 40 

minutes with Krebs-Henseleit solution. The hearts were randomly 

divided into 11 major treatment groups (Table 2) with n = 9. The 

areas of the normal left ventricle no-risk region, area at risk, and 

infarct region were determined using a previous method reported 

[27]. The total area at risk was expressed as the percentage of the 

left ventricle. 

Second Stage. 

 Effects exerted by the chloroacetamide-steroid derivative 

on left ventricular pressure through the calcium channel. 

Intracoronary boluses (50 μL) of the chloroacetamide-steroid 

derivative [0.001 to 100 nM] were administered and the 

corresponding effect on the left ventricular pressure was 

evaluated. The dose-response curve (control) was repeated in the 

presence of nifedipine* at a concentration of 1 nM (duration of the 

preincubation with nifedipine was for a period of 10 min). *Dose 

of nifedipine has been with a previous method reported [28]. 

Statistical Analysis. 

 The obtained values are expressed as average ± SE. The 

data obtained were put under the analysis of variance (ANOVA) 

with the Bonferroni correction factor using the SPSS 12.0 program 

[29]. The differences were considered significant when was equal 

to or smaller than 0.05. 

3. RESULTS  

 There is little information on the biological activity of 

steroid derivatives against casein kinase 2 in the 

ischemia/reperfusion injury; therefore, in this study, the effect 

exerted by a chloroacetamide-steroid derivative as casein kinase-2 

inhibitor was evaluated using an ischemia/reperfusion model. The 

first stage was achieved by the synthesis of some steroid 

derivatives as follows: 

Preparation of two nitro-azahexacyclo-carbonitrile derivatives. 

 Several azahexacyclo analogs have been using different 

methods which use some reagents such an oligoether derivative 

[30], 1,3-diphenyl-2H-cyclopenta[l]phenanthren-2-one [31], 1,2-

phenyl-enediamine [32], benzyl amine [33], thiourea/hydrochloric 

acid [34], α‐cyanocinnamonitriles [35] and others. However, some 

of these reagents are expensive and require special conditions for 

their management. In this study, two nitro-azahexacyclo-

carbonitrile derivatives from 2-nitroestradiol, 2-nitroestrone and 

(4-nitro-phenyl)-acetonitrile in basic conditions were prepared 

(Figure 1).  
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Figure 1. Preparation of an amino-azahexacyclo-

terbuthyldimethylsylane-steroid-carbonitrile derivative (6). R eaction of 

either 2-nitroestradiol (1) or 3-nitroestrone (2) derivatives with (4-nitro-

phenyl)-acetonitrile to form 12,21-dihydroxy-steroid-3-carbonitrile (3) or 

12-hydroxy-steroid-3-carbonitrile (4). Then, a 7-amino-steroid-

carbonitrile analog (5) was prepared via reduction of either 3 or 4. Finally, 

hydroxyl group of 5 was protected to form 6. Reagents and conditions; i = 

NaOH/EtOH/rt; ii = sodium borohydride/Zn/EtOh/rt; iii = terbuthyldime 

thylsylane chloride/CHCl3/rt. 

 

 The 1H NMR spectrum of 3 shows signals at 0.76 ppm for 

methyl group bound to steroid nucleus; at 0.82-3.64 ppm for 

steroid moiety; at 5.80 ppm for both hydroxyl groups; at 7.10-9.20 

ppm for phenyl group (Figure 2). 13C NMR spectra showed 

chemical shifts at 15.82 for methyl group bound to steroid 

nucleus; at 24.26-82.44, 117.12, 120.50, 136.70-137.82 and 

154.80 ppm for steroid moiety; at 104.20, 137.94 and 138.60 ppm 

for pyridine ring; at 118.40 ppm for nitrile group; at 123.30-

135.30, 137.90 and 147.92 ppm for phenyl group. In addition, the 

mass spectrum from 3 showed a molecular ion (m/z) 443.18. 

Other data showed (Figure 3) several signals of 1H NMR spectrum 

for 4 at 0.92 ppm for methyl group bound to steroid nucleus; at 

1.20-3.14 and 7.10 ppm for steroid moiety; at 5.00 ppm for 

hydroxyl group; at 8.30-9.26 ppm for phenyl group.  

 

 
Figure 2. The scheme showed 1HNMR spectrum from compound 3. 

Analyzed with a Varian VXR300/5 FT NMR apparatus at 300 MHz in 

CDCl3.  ppm = parts per million. 

 
Figure 3. The scheme showed 1HNMR spectrum from compound 4. 

Analyzed with a Varian VXR300/5 FT NMR apparatus at 300 MHz in 

CDCl3. ppm = parts per million. 

 
 13C NMR spectra showed chemical shifts at 13.80 ppm for 

methyl group bound to steroid nucleus; at 21.70-50.22, 117.10, 

118.52, 136.32-137.42 and 158.86 ppm for steroid moiety; at 

104.16, 137.96-138.64 ppm for pyridine ring; at 118.41 ppm for 

nitrile group; at 123.30-135.33, 137.94 and 147.94 ppm for phenyl 
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group; at 220.36 ppm for ketone group. In addition, the mass 

spectrum from 4 showed a molecular ion (m/z) 220.36.  

Reduction of both nitro and ketone groups. 

 There are several methods for nitro group reduction using 

iron oxide [36], Ferric(III) acetylacetonate [37], zinc/hydrazine 

glyoxylate [38], SnCl2 [39], triethylphosphite [40] and others. 

However, some of these reactive protocols require special 

conditions for their management. Therefore, in this study, the nitro 

groups involved in the chemical structure of compounds 3 or 4 

were reduced in the presence of sodium borohydride /Zn (Figure 

1). The 1H NMR spectrum of 5 shows signals at 0.76 ppm for 

methyl group bound to steroid nucleus; at 0.82-3.64 and 7.10 ppm 

for steroid moiety; at 5.10 ppm for both amino and hydroxyl 

groups; at 7.16-8.10 ppm for phenyl group (Figure 4).  

 
Figure 4. The scheme showed 1HNMR spectrum from compound 5. 

Analyzed with a Varian VXR300/5 FT NMR apparatus at 300 MHz in 

CDCl3. ppm = parts per million. 

 
 13C NMR spectra showed chemical shifts at 15.80 ppm for 

methyl group bound to steroid nucleus; at 24.26-82.44, 117.10-

118.38, 136.70, 137.80 and 155.80 ppm for steroid moiety; at 

103.50 and 136.92 ppm for pyridine ring; at 118.44 ppm for nitrile 

group; at 116.42, 120.52-135.02 and 140.23-145.00 ppm for 

phenyl group. In addition, the mass spectrum from 5 showed a 

molecular ion (m/z) 413.21.  

Protection of hydroxy groups. 

 Some tert-butyldimethylsilyl derivatives have been used to 

protect hydroxyl groups in organic synthesis [41] (Corey and 

venkateswarlu, 1972). Therefore, in this study the compound 5 

reacted with tert-butyldimethylsilyl chloride (Figure 1) to form the 

amino-azahexacyclo-terbuthyldimethylsylane-steroid-carbonitrile 

derivative (6). The 1H NMR spectrum of 6 shows signals at 0.08-

0.24, 0.88 and 0.99 ppm terbuthyldimethylsylane fragment; at 0.80 

ppm for methyl group bound to steroid nucleus; at 1.00-3.54 and 

7.10 ppm for steroid moiety; at 4.26 ppm for amino group; at 7.18-

8.10 ppm for phenyl group (Figure 5).  

 
Figure 5. The scheme showed 1HNMR spectrum from compound 6. 

Analyzed with a Varian VXR300/5 FT NMR apparatus at 300 MHz in 

CDCl3. ppm = parts per million. 

 
 13C NMR spectra showed chemical shifts at -4.60, -4.54, 

17.82-25.52 and 25.74 ppm for terbuthyldimethylsylane fragment; 

at 15.22 ppm for methyl group bound to steroid nucleus; at 25.62-

25.70, 27.76-82.60.116.66, 136.32-140.22 and 158.80 ppm for 

steroid moiety; at 103.18 and 120.94-126.32 ppm for pyridine 

ring; at 118.40 ppm for nitrile group; at 116.34, 120.55, 135.04 

and 140.72-145.00 ppm for phenyl group. In addition, the mass 

spectrum from 6 showed a molecular ion (m/z) 641.38.  

Preparation of a chloroamide derivative. 

 There are many procedures for the formation of 

chloroamides; for example, the reaction of an amino derivative 

with trichloroisocyanuric acid [42] or an amide secondary with N-

chlorobenzotriazole to form a chloroamide derivative [43]. 

Additionally, some chloroamides have been prepared using 

chloroacetyl chloride [44]. In this study, the chloroamide 

derivative (7) was synthesized from the compound 6 and 

chloroacetyl chloride/triethylamine (Figure 6). 
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Figure 6. Acetilation of an amino-steroid-carbonitrile derivative (6) with 

chloroacetyl chloride (iv) to form a chloroacetamide-steroid derivative 

(7). Then, 7 reacted with benzaldehyde (v) to form a 3-phenyloxirane-2-

carboxamide (8). After, a 3-(naphthalen-1-yl)oxirane-2-carboxamide 

derivative (9) was prepared via reaction of 7 with 2-hydroxy-naphthalene-

1-carbaldehyde (vi). Finally, 7 reacted with cinnamaldehyde (vii) to form 

a 3-phenyl- prop-2-en-1-yl]oxirane-2-carboxamide analog 10. Conditions; 

iv = Et3N/CHCl3/rt;     v, vi, vii =NaOH/EtOH/rt. 

 

 The 1H NMR spectrum of 7 shows signals at 0.08-0.24, 

0.88 and 0.99 ppm terbuthyldimethylsylane fragment; at 0.80 ppm 

for methyl group bound to steroid nucleus; at 1.00-3.54 and 7.10 

ppm for steroid moiety; at 4.10 ppm for methylene bound to 

chloroamide group; at 7.62-9.10 ppm for phenyl group; at 10.10 

ppm for amide group ( Figure 7). 13C NMR spectra showed 

chemical shifts at -4.60, -4.54, 17.82-25.52 and 25.74 ppm for 

terbuthyldimethyl-sylane fragment; at 15.22 ppm for methyl group 

bound to steroid nucleus; at 25.62-25.70, 27.76-43.00, 43.72-

86.60, 118.64, 136.38-138.22 and 158.42 ppm for steroid moiety; 

at 105.94, 120.94 and 138.40 ppm for pyridine ring; at 118.46 

ppm for nitrile group; at 120.52, 125.70-134.00 and 139.44 ppm 

for phenyl group; at 164.62 ppm for amide group. In addition, the 

mass spectrum from 7 showed a molecular ion (m/z) 717.35. 
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Figure 7. The scheme showed 1HNMR spectrum from compound 7. 

Analyzed with a Varian VXR300/5 FT NMR apparatus at 300 MHz in 

CDCl3. ppm = parts per million. 

 

Preparation of epoxide derivatives. 

 It is noteworthy that several epoxides have been prepared 

using different protocols; nevertheless, expensive reagents and 

special conditions are required; the most widely practiced methods 

employ some reagents such as Co(III) [45] and Cr(III) [46]. In this 

study, three epoxide derivatives (compounds 8, 9 and 10) were 

prepared by the reaction of 7 with aldehyde derivatives in mild 

conditions (Figure 6). The 1H NMR spectrum of 8 showed several 

chemical shifts at 0.08-0.24, 0.88 and 0.99 ppm 

terbuthyldimethylsylane fragment; at 0.80 ppm for methyl group 

bound to steroid nucleus; at 1.00-3.54 and 7.10 ppm for steroid 

moiety; at 3.74-3.92 ppm for oxirane ring; at 6.92 and 7.26-9.10 

ppm for phenyl groups; at 9.72 ppm for amide group (Figure 8). 

 
Figure 8. The scheme showed 1HNMR spectrum from compound 8. 

Analyzed with a Varian VXR300/5 FT NMR apparatus at 300 MHz in 

CDCl3. ppm = parts per million. 

 
 13C NMR spectra showed chemical shifts at -4.60, -4.54, 

17.82-25.52 and 25.74 ppm for terbuthyldimethylsylane fragment; 

at 15.22 ppm for methyl group bound to steroid nucleus; at 25.62-

25.70, 27.76-51.52, 82.60, 118.64, 136.32 and 155.42 ppm for 

steroid moiety; at 55.26-57.10 ppm for oxirane ring; at 105.94, 

120.92 and 138.22-138.86 ppm for pyridine ring; at 118.46 ppm 

for nitrile group; at 119.40, 124.64-133.00 and 139.92 ppm for 

phenyl group; at 174.44 ppm for amide group. In addition, the 

mass spectrum from 8 showed a molecular ion (m/z) 787.42.  

On the other hand, the 1H NMR spectrum of 9 shows signals at 

0.08-0.24, 0.88-0.99 ppm terbuthyl-dimethylsylane fragment; at 

0.80 ppm for methyl group bound to steroid nucleus; at 1.00-3.54 

and 7.10 ppm for steroid moiety; at 4.00-4.36 ppm for oxirane 

ring; at 7.20-9.10 ppm for phenyl groups; at 9.42 ppm for both 

hydroxyl and amide groups (Figure 9). 13C NMR spectra showed 

chemical shifts at -4.60, -4.54, 17.82-25.52 and 25.74 ppm for 

terbuthyldimethylsylane fragment; at 15.22 ppm for methyl group 

bound to steroid nucleus; at 25.62-25.70, 27.76-51.52, 82.60-

110.64, 118.64, 136.32-138.22 and 155.40 ppm for steroid moiety; 

at 53.26-57.78 ppm for oxirane ring; at 105.94, 120.92, 121.45, 

124.62, 127.70, 133.00 and 138.88-139.92 ppm for pyridine ring; 

at 118.46 pm for nitrile group; at 118.80, 119.40, 122.64, 126.82, 

129.13-130.34, 134.30 and 152.52 ppm for phenyl group; at 

174.44 ppm for amide group. In addition, the mass spectrum from 

9 showed a molecular ion (m/z) 853.43.  

 
Figure 9. The scheme showed 1HNMR spectrum from compound 9. 

Analyzed with a Varian VXR300/5 FT NMR apparatus at 300 MHz in 

CDCl3.  ppm = parts per million. 

 

 Finally, the 1H NMR spectrum of 10 shows signals at 0.08-

0.24, 0.88-0.99 ppm terbuthyldimethylsylane fragments; at 0.80 

ppm for methyl group bound to steroid nucleus; at 1.00-3.06, 3.54 

and 7.10 ppm for steroid moiety; at 3.48 and 4.00 ppm for oxirane 

ring; at 3.48 and 4.00 ppm for oxirane ring; at 6.00-7.00 ppm for 

alkene group; at 7.12-9.10 ppm for phenyl groups; at 9.92 ppm for 

amide group (Figure 10). 

 
Figure 10. The scheme showed 1HNMR spectrum from compound 10. 

Analyzed with a Varian VXR300/5 FT NMR apparatus at 300 MHz in 

CDCl3. ppm = parts per million. 

 
 13C NMR spectra showed chemical shifts at -4.60, -4.54, 

17.82-25.52 and 25.74 ppm for terbuthyldimethylsylane fragment; 

at 15.22 ppm for methyl group bound to steroid nucleus; at 25.62, 

25.76-51.52, 82.60, 118.64, 136.32-138.25 and 155.42 ppm for 

steroid moiety; at 55.26-58.56 ppm for oxirane ring; at 105.94 and 

138.88 ppm for pyridine ring; at 118.46 ppm for nitrile group; at 

119.62, 128.85, 133.00 and 139.72 ppm for phenyl group; at 

129.78 and 130.66 for alkene group; at 174.90 ppm for amide 

group. In addition, the mass spectrum from 10 showed a molecular 

ion (m/z) 813.43.  

Electronic parameters. 

 Several studies have shown molecular orbitals and frontier 

electron density is used to predict the most reactive position in 

some electron system on several types of reactions [47, 48]. In this 

way, the values of the highest occupied molecular orbital 

(HOMO), lowest unoccupied molecular orbital (LUMO) and their 

energy gap reflect the chemical activity of a molecule [49]. It is 

noteworthy, that several protocols have been used to evaluate the 

relation between HOMO and LUMO with the biological activity 

of some compounds [50, 51].  

Table 1. Physicochemical parameters involved in the structure of 

compounds 8, 9 and 10. 

Parameters C-7 C-8 C-9 C-10 

Polarizability (cm
3
) 101.12 108.75 113.42 111.31 

PSA  56.77 68.47 83.97 68.76 
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Parameters C-7 C-8 C-9 C-10 

LogP 12.04 13.62 14.32 14.39 

Dipole moment (debyte) 3.83 4.73 3.77 -4.99 

HBD 1 1 2 1 

HBA 6 7 8 7 

HOMO (eV) -7.61 -7.63 -7.59 -7.61 

LUMO (eV) -0.15 -0.119 -0.13 -0.15 

HBD (hydrogen bond donors); HBA (hydrogen bond acceptors); PSA 

(polar surface area). 

 

 In this study, the Hartee-Fock method (method of 

approximation for the determination of the wave function and the 

energy of a quantum many-body system in a stationary state) was 

used to determine either HOMO and LUMO orbitals (Figure 11 

and Table 1) in Spartan'06 V112 program [24]. 

 
Figure 11. Molecular orbitals (HOMO and LUMO) involved in the 

compounds 7 (C-7), 8 (C-8), 9 (C-9) and 10 (C-10) (II). Visualized with 

SPARTAN’06 software. 

 

The results showed that both HOMO and LUMO values 

for the compounds 7 and 10 were similar; however these values 

were different compared with results for 8 and 9; it is noteworthy 

that both HOMO and LUMO of for both compounds 7 and 10 are 

delocalized over steroid nucleus, whereas, for either compounds 8 

and 9 the LUMO molecular orbitals excluding the steroid nucleus. 

This phenomenon could be conditioned by the difference in π 

orbitals density that is involved in the chemical structure of these 

compounds. 

Pharmacophore ligand model. 

Several chemical models have been used to determine the 

three-dimensional orientation adopted by the functional groups of 

a molecule to predict its interaction with several biomolecules 

[52]; for example, the use of a pharmacophore model which can 

furnish a new insight to design novel molecules that can enhance 

or inhibit the function of a biological target which can be useful in 

new drug discovery. Analyzing this premise in this study, the 

LigandScout software [53] was used to develop a pharmacophore 

model for compounds 7 to 10 (Figure 12). The results showed that 

functional groups involved in the compounds 7 to 10 could 

interact via hydrophobic contacts or as hydrogen bond acceptors 

or as hydrogen bond donor with some biomolecules. 

Biological activity. 

In this study, the biological activity of compounds 1 to 10 

on myocardial injury was evaluated using an ischemia/reperfusion 

model. Hearts were subjected to ischemia/reperfusion and treated 

in the absence (received vehicle only; Krebs-Henseleit solution) or 

presence of following compounds C-1 to C-10 (at a dose of 

0.001 nM) before ischemia period (for 10 minutes) and during the 

entire period of reperfusion (30 minutes). The results showed that 

only the chloroamide-steroid derivative (compound 7) 

significantly reduced infarct size (expressed as a percentage of the 

area at risk) compared with the compounds 1-6 and 8-10 and 

vehicle-treated hearts (Figure 13).  

 
Figure 12. Theorethical pharmacophore from both compounds 7 to 10 

using the LigandScout software. The model involves a methyl group 

(yellow) hydrogen bond acceptors (HBA, red) and hydrogen bond donor 

(HBD, green). 

 

 
Figure 13. Biological activity induced by compounds 1 to 10 against 

ischemia/reperfusion injury translated as infarct area. The results showed 

that compound 7 decreased significantly (p = 0.05) the area de infarct 

compared with compounds 1-6, 8-10 and control conditions. Each bar 

represents n = 9. 

 

 In addition, other experiments were carried out to evaluate 

whether higher doses of chloroamide exert the same effect on 

ischemia/reperfusion injury. The results showed that chloroamide 

derivative decreases the myocardial injury in a dose-dependent 

manner (Figure 14); this phenomenon may be conditioned by the 

interaction of the different functional groups involved in the 

chemical structure of the chloroamide derivative with some 

biomolecules.  
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Figure 14. Effect exerted by compound 7 against ischemia/reperfusion 

injury translated as infarct area. The results showed that compound 7 

decreased the area de infarct in a dose-dependent manner compared with 

control conditions. Each bar represents n = 9. 

https://en.wikipedia.org/wiki/Wave_function
https://en.wikipedia.org/wiki/Many-body_problem
https://en.wikipedia.org/wiki/Stationary_state
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 Analyzing these data and other reports which indicate that 

some biomolecules such as CK2 (casein kinase 2) could be 

involved in the regulation of some biochemical phenomena 

produced in the ischemia/reperfusion injury [54-58]. Therefore, in 

this study the biological activity of quinalizarin (CK2 inhibitor, 

Figure 15) on ischemia/reperfusion injury was evaluated.  
OH
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Figure 15. Chemical structure of quinalizarin (A) and N-tertbuthyl-2-

chloroacetamide (B). 

 

 The results showed (Figures 15 and 16) that quinalizarin 

decrease the infarction area in a dose-dependent manner and this 

effect was similar to the effect produced by compound 7 on 

ischemia/reperfusion injury.  

 
Figure 16. Comparison of the cardioprotective effect of chloroacetamide-

steroid derivative [0.001 nM) with quinalizarin [0.001 nM] and the 

control conditions on the functional recovery of rat hearts subjected to 

ischemia and reperfusion. 

 

 These data indicate that compound 7 can act as a CK2 

inhibitor and this effect could depend on the functional groups 

involved in the chemical structure of chloroamide derivative. To 

asses this hypothesis, in this study the effect exerted by a 

chloroamide derivative (N-tertbuthyl-2-chloroacetamide; Figure 

15) against ischemia/reperfusion injury was evaluated. The results 

showed that compound N-tertbuthyl-2-chloroacetamide increases 

the infarction at a dose of 100 nM (Figure 16). These data suggest 

that compound 7 exerts a cardioprotective effect on 

ischemia/reperfusion injury via CK2 inhibition which could 

consequently bring changes in myocardial pressure, as is the case 

with other types of steroid derivatives [28, 59]. 

To validate this hypothesis, the biological activity exerted by 

compound 7 on left ventricular pressure was evaluated using an 

isolated rat heart model. The experimental results showed that 

compound 7 significantly increases the left ventricular pressure in 

manner dose-dependent (Figure 17).  
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Figure 16. Biological activity exerted by quinalizarin, N-tertbuthyl-2-

chloroacetamide (TCA) and compound 7 against ischemia/reperfusion 

injury translated as infarct area. The results indicate that the compound 7 

significantly decreased (p = 0.05) the infarct area in a similar manner to 

activity exerted by quinalizarin; however, TCA increases the infarct area. 

Each bar represents n = 9. 
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Figure 17. Effects induced by compound 7 in absence or presence of 

nifedipine on LVP. Intracoronary boluses (50 μl) of 7 [0.001 to 100 nM] 

were administered and the corresponding effect on the LVP was 

determined. The results showed that compound 7 increases the LVP in a 

dependent dose manner and this effect was t inhibited in the presence of 

nifedipine. Each bar represents the mean ± SE of 9 experiments. LVP = 

left ventricular pressure. 

 

 Analyzing these data and other reports which suggest that 

calcium levels can condition changes in the left ventricular 

pressure; in this study, the effect exerted by compound 7 against 

left ventricular pressure was evaluated in presence of nifedipine 

(Type-L calcium channel inhibitor) [60]. The results indicated that 

effects exerted by compound 7 on left ventricular pressure were 

inhibited in the presence of nifedipine (Figure 17).  This data 

suggest that biological activity exerted by compound 7 on left 

ventricular pressure was via calcium channel activation. 

 

4. CONCLUSIONS 

 In this study, facile synthesis of the new chloroacetamide-

steroid derivative is reported.  In addition, the biological activity 

exerted by this compound on ischemia/reperfusion injury indicated 

that compound 7 might regulate the biological activity of CK2 

translated as a cardioprotective effect by increase the left 

ventricular pressure via type-L calcium channels. This 

phenomenon depends on functional groups of 7 compared with the 

other compounds involved in this study. 
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