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ABSTRACT  

Some drugs have used in the treatment of heart failure; however, several of these drugs can produce secondary effects such as 

arrhythmia, hypotension and others. Therefore, the objective of this study was to synthesize two oxireno-azecin-imidazole derivatives 

(compounds 13 and 14) from two estradiol and estrone analogs through a series of reactions which involving; a) addition; b) acetylation; 

c) epoxidation; d) formation of two azecine derivatives; e) removal of silyl fragment of the azecines with hydrofluoric acid. Additionally, 

these compounds were confirmed by NMR spectroscopic data. Then, biological activity of the oxireno-diazepam-imidazole derivatives 

against perfusion pressure was evaluate in an isolated rat heart model, using the BAY-41-2272 (guanylate cyclase agonist), NS-2028 

(guanylate cyclase inhibitor) and nifedipine (calcium channel antagonist) as controls. The results indicate that compounds 13 and 14 

increased the perfusion pressure in the absence or presence of BAY-41-2272 and NS-2028; however, this effect was inhibited by 

nifedipine. These data indicate that compounds 13 and 14 could have a dual effect on perfusion pressure through guanylate cyclase 

inhibition and calcium channel type-L activation. 

Keywords: estrone, estradiol, oxireno, azecine, imidazole, guanylate cyclase. 

1. INTRODUCTION 

 Congestive heart failure (CHF) is a main factors involved 

in the development of cardiovascular diseases worldwide [1, 2]. It 

is important to mention that, several drugs have used to treatment 

of CHF; these drugs induces hemodynamic effects that can be 

beneficial patient with CHF [3-6]. However, some of these 

medications may produce some secondary effects such as 

hypotension [7], arrhythmias [8], hyperkalemia [9, 10] and fluid 

retention [11]. In the search of new therapeutic alternatives to 

treatment of CHF, several drugs have development: for example, 

the preparation of a hydroxyphenyl derivative which showed a 

positive inotropic effect in an isolated pig heart model [12]. 

Another report indicates that sulmazole (AR-L115BS) can induce 

a positive inotropic effect in an isolated canine ventricular 

trabeculae model [13]. Another study shown of that a 

dihydropyridine-derivative (Bayk 8644) induces a positive 

inotropic activity in myocardial cells via calcium channels 

activation [14]. In addition, a study showed that some 

progesterone-analogs can exert positive inotropic activity in an 

isolated heart model through glycoside receptor activation [15, 

16]. Other study showed that a steroid-derivative (strophanthidine) 

can exert inotropic activity by increasing intracellular calcium 

levels “in vitro” [17]. In addition, a report shows that compound 

F90927 (a steroid-analog) induce positive inotropic activity in 

cardiac muscle through L-type Ca2+ channel activation [18]. These 

experimental reports suggest indicate that several drugs have been 

used for the treatment of CHF; however, the cell site and the 

molecular mechanism by which they exert their effect is not very 

clear; this phenomenon could be due to the different protocols 

used or to the differences in the chemical structure of each 

compound. The aim of this study was synthesize a new 

oxirenodiazecin-imidazole derivative to evaluate their inotropic 

activity using an isolated heart rat model. 

 

2. EXPERIMENTAL SECTION 

Chemical synthesis. The compounds 1 and 2 were synthesized 

using a method previously reported [19]. All the reagents used in 

this study were purchased from Sigma-Aldrich Sigma-Aldrich 

Co., Ltd. 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 and 75.4 MHz 

(megahertz) in CDCl3 (deuterated chloroform) using TMS 

(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. 

Preparation of two imidazol-derivatives. A solution of 

compounds 1 or 2 (0.40 mmol), 2-methylimidazol (40 mg; 0.49 

mmol), Cooper(II) chloride anhydrous (67 mg, 0,5), and 5 ml of 
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methanol was stirring for 72 h at room temperature. The mixture 

obtained was dried under reduced pressure and purified by 

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

(12aS)-1,7-bis((tert-butyldimethylsilyl)oxy)-9,12a-dimethyl-

1,2,3,3a,3b,4,5,7a,7b,8,10a,10b,10d,11,12,12a-hexadecahydro- 

cyclopenta[7',8']phenanthro[3',4':3,4]cyclobuta[1,2-d]imida- 

zole (3) 

yielding 45 %; IR (Vmax, cm-1) 3490, 3322, 1210, and 1110: 1H 

NMR (500 MHz, Chloroform-d) δH: 0.07 (s, 6H), 0.11 (s, 6H), 

0.87 (s, 9H), 0.88 (s, 3H), 0.92 (s, 9H), 1.32-1.92 (m, 13H), 1.94 

(s, 3H), 2.00-3.55 (m, 5H), 3.80-3.92 (m, 2H), 5.20 (m, 1H), 8.16 

(broad, 1H) ppm. 13C NMR (500 MHz, Chloroform-d) δC: - 4.50,  

-4.24,  11.38,  18.02, 18.50,  20.62,  22.22,  24.61,  25.41,  25.52,  

27.40,  30.67,  31.03,  37.47, 38.45,  43.10,  43.60,  45.51,  46.50,  

49.45,  57.03,  68.07,  81.66,  90.10,  124.72, 148.90,  154.70,  

161.44 ppm. EI-MS m/z: 582.40. Anal. Calcd. for C34H58N2O2Si2: 

C, 70.04; H, 10.03; N, 4.80; O, 5.49; Si, 9.63. Found: C, 70.00; H, 

10.00. 

(12aS)-7-((tert-butyldimethylsilyl)oxy)-9,12a-dimethyl-3,3a,3b, 

4,5,7a,7b,8,10a,10b,10d,11,12,12a-tetradecahydrocyclopenta 

[7',8']phenanthro[3',4':3,4]cyclobuta[1,2-d]imidazol-1(2H)-one 

(4) 

yielding 54 %; IR (Vmax, cm-1) 3488, 3320, 1712, and 1112: 1H 

NMR (500 MHz, Chloroform-d) δH: 0.13 (s, 6H), 0.90 (s, 3H), 

0.92 (s, 9H), 1.37-1.92 (m, 9H), 1.94 (s, 3H), 1.98-2.46 (m, 8H), 

3.80-3.92 (m, 2H), 5.20 (m, 1H), 8.16 (broad, 1H) ppm. 13C NMR 

(500 MHz, Chloroform-d) δC: -4.24,  13.90,  18.50,  20.62,  21.52,  

22.26,  25.42,  25.4,  26.02,  27.95,  30.67,  35.74,  37.47,  43.66,  

45.51, 47.38, 49.35,  51.92,  57.02,  68.05,  90.10,  127.44, 148.90,  

154.70,  157.32,  220.19 ppm. EI-MS m/z: 466.30. Anal. Calcd. 

for C28H42N2O2Si: C, 72.05; H, 9.07; N, 6.00; O, 6.86; Si, 6.02. 

Found: C, 72.00; H, 9.00. 

Synthesis of two chloroamide derivatives. 

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

chloride (50 µl; 0.63 mmol), triethylamine (90 µl; 0.64 mmol), 

and 5 ml of methanol was stirring for 72 h at room temperature. 

The mixture obtained was dried under reduced pressure and 

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

1-((12aS)-1,7-bis((tert-butyldimethylsilyl)oxy)-9,12a-dimethyl-

2,3,3a,3b,4,5,7a,7b,10a,10b,10d,11,12,12a-tetradecahydrocyclo 

penta[7',8']phenanthro[3',4':3,4]cyclobuta[1,2-d]imidazol-8- 

(1H)-yl)-2-chloroethan-1-one (5) 

yielding 66 %; IR (Vmax, cm-1) 3490, 3320, 1630, and 1110: 1H 

NMR (500 MHz, Chloroform-d) δH: 0.06 (s, 6H), 0.11 (s, 6H), 

0.86 (s, 9H), 0.88 (s, 3H), 0.92 (s, 9H), 1.32-1.52 (m, 9H), 1.73 (s, 

3H), 1.78-3.55 (m, 9H), 4.14-4.20 (m, 2H), 4.42-4.71 (m, 2H), 

5.22 (m, 1H) ppm. 13C NMR (500 MHz, Chloroform-d) δC: -4.51,  

-4.26, 11.34, 18.02,  18.51,  19.76,  22.23,  24.60,  25.41,  25.50,  

27.42, 30.67, 31.05, 37.64, 38.44,  42.04,  43.11,  43.61,  44.01 , 

46.50, 49.47,  54.76, 66.55, 81.68, 90.29,  128.91, 152.40, 153.00, 

157.81, 165.70 ppm. EI-MS m/z: 658.37. Anal. Calcd. for 

C36H59ClN2O3Si2: C, 65.56; H, 9.02; Cl, 5.38; N, 4.25; O, 7.28; Si, 

8.52. Found: C, 65.50; H, 9.00. 

(12aS)-7-((tert-butyldimethylsilyl)oxy)-8-(2-chloroacetyl)-9, 

12a-dimethyl-3,3a,3b,4,5,7a,7b,8,10a,10b,10d,11,12,12a-tetra- 

decahydrocyclopenta[7',8']phenanthro[3',4':3,4]cyclobuta[1, 

2-d]imidazol-1(2H)-one (6)  

74 %; IR (Vmax, cm-1) 3322, 1712, 1632, and 1112: 1H NMR (500 

MHz, Chloroform-d) δH: 0.11 (s, 6H), 0.90 (s, 3H), 0.92 (s, 9H), 

1.38-1.70 (m, 6H), 1.73 (s, 3H), 1.87-2.80 (m, 11H), 4.12-4.20 (m, 

2H), 4.42-4.71 (m, 2H), 5.22 (m, 1H) ppm. 13C NMR (500 MHz, 

Chloroform-d) δC: -4.26,  13.86,  18.51,  19.77,  21.51,  22.26,  

25.42,  26.03,  27.95,  30.67,  35.74, 37.64,  42.02,  43.66,  44.02,  

47.38,  49.35,  51.93,  54.74,  66.56,  90.29,  131.62, 152.40,  

153.01,  153.66,  165.70,  220.20 ppm. EI-MS m/z: 542.27. Anal. 

Calcd. for C30H43ClN2O3Si: C, 66.33; H, 7.98; Cl, 6.53; N, 5.16; 

O, 8.84; Si, 5.17 Found: C, 66.28; H, 7.92. 

Preparation of oxiran derivatives. 

A solution of compounds 5 or 6 (0.30 mmol), 2-hydroxy-1-

naphthaldehyde (55 mg; 0.32 mmol), sodium hydroxide (20 mg, 

0.50 mmol) in 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 

(4:1) system. 

 ((12aS)-1,7-bis((tert-butyldimethylsilyl)oxy)-9,12a-dimethyl-

2,3,3a,3b,4,5,7a,7b,10a,10b,10d,11,12,12a-tetradecahydrocyclo 

penta[7',8']phenanthro[3',4':3,4]cyclobuta[1,2-d]imidazol-8- 

(1H)-yl)((2R)-3-(2-hydroxynaphthalen-1-yl)oxiran-2-yl)metha- 

none (7) 

yielding 44 %; IR (Vmax, cm-1) 3400, 3320, 1630, and 1110: 1H 

NMR (500 MHz, Chloroform-d) δH: 0.07 (s, 6H), 0.11 (s, 6H), 

0.86 (s, 9H), 0.88 (s, 3H), 0.92 (s, 9H), 1.32-1.62 (m, 9H), 1.73 (s, 

3H), 1.78-3.55 (m, 9H), 4.10 (m, 1H), 4.42-4.47 (m, 2H), 4.48 (m, 

1H), 5.22 (m, 1H), 7.22-7.90 (m, 6H), 9.08 (broad 1H) ppm. 13C 

NMR (500 MHz, Chloroform-d) δC: -4.50, -4.26,  11.35, 16.83, 

17.82,  18.52,  22.23,  24.62, 25.42,  25.74,  27.42,  30.67,  31.05,  

37.64,  38.45,  43.11,  43.61,  11.4, 46.49,  49.45, 53.46,  53.90,  

56.54,  66.56,  81.66,  90.29,  118.84,  121.45,  122.58,  123.43,  

126.81,  127.85,  128.93,  129.22,  130.35,  134.66,  153.92,  

154.20,  157.81,  159.12,  171.10 ppm. EI-MS m/z: 794.45. Anal. 

Calcd. for C47H66N2O5Si2: C, 70.99; H, 8.37; N, 3.52; O, 10.06; Si, 

7.06. Found: C, 70.92; H, 8.30. 

(12aS)-7-((tert-butyldimethylsilyl)oxy)-8-((2R)-3-(2-

hydroxynaphthalen-1-yl)oxirane-2-carbonyl)-9,12a-dimethyl-

3,3a,3b,4,5,7a,7b,8,10a,10b,10d,11,12,12a-tetradecahydrocyclo 

penta[7',8']phenanthro[3',4':3,4]cyclobuta[1,2-d]imidazol-1- 

(2H)-one (8) 

yielding 55 %; IR (Vmax, cm-1) 3400, 3320, 1712, 1630 and 1110: 
1H NMR (500 MHz, Chloroform-d) δH: 0.11 (s, 6H), 0.90 (s, 3H), 

0.92 (s, 9H), 1.38-1.70 (m, 6H), 1.73 (s, 3H), 1.86-2.80 (m, 11H), 

4.10 (m, 1H), 4.42-4.47 (m, 2H), 4.48 (m, 1H), 5.22 (m, 1H), 

7.22-7.90 (m, 6H), 9.10 (broad 1H) ppm. 13C NMR (500 MHz, 

Chloroform-d) δC: -4.26, 13.86,  16.82, 18.51, 21.52,  22.26,  

25.42,  26.02,  27.95,  30.67,  35.74,  37.64,  43.66, 44.01,  47.37, 

49.34,  51.91,  53.46,  53.90,  56.54,  66.56,  90.29,  118.86,  

121.45, 122.58, 123.43,  126.81, 127.86,  129.22,  130.36, 131.63, 

134.66,  153.67,  153.92, 154.17,  159.12,  171.07,  220.20 ppm. 

EI-MS m/z: 678.34. Anal. Calcd. for C41H50N2O5Si: C, 72.53; H, 

7.42; N, 4.13; O, 11.78; Si, 4.14. Found: C, 72.48; H, 7.40. 

Preparation of two imidazole-oxiran-naphthaldehyde-steroid 

complex. 
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A solution of compounds 7 or 8 (0.50 mmol), and 2 ml of 

dimethyl sulfoxide was stirring to reflux for 24 h. The mixture 

obtained was dried under reduced pressure and purified by 

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

1-((3R)-3-((12aS)-1,7-bis((tert-butyldimethylsilyl)oxy)-9,12a-

dimethyl-1,2,3,3a,3b,4,5,7a,7b,8,10a,10b,10d,11,12,12a-hexa- 

decahydrocyclopenta[7',8']phenanthro[3',4':3,4]cyclobuta- 

[1,2-d]imidazole-8-carbonyl)oxiran-2-yl)-2-naphthaldehyde (9) 

yielding 54 %; IR (Vmax, cm-1) 3322, 1724, 1630 and 1110: 1H 

NMR (500 MHz, Chloroform-d) δH: 0.07 (s, 6H), 0.11 (s, 6H), 

0.86 (s, 9H), 0.88 (s, 3H), 0.92 (s, 9H), 1.32-1.62 (m, 9H), 1.73 (s, 

3H), 1.78-3.55 (m, 9H), 3.86 (m, 1H), 4.42-4.47 (m, 2H), 4.48 (m, 

1H), 5.22 (m, 1H), 7.22-8.46 (m, 6H), 10.00 (s, 1H) ppm.  13C 

NMR (500 MHz, Chloroform-d) δC: -4.52,  -4.26, 11.35,  16.84,  

17.82, 18.52,  22.22,  25.22,  25.42,  25.74,  27.43,  30.67, 32.97,  

37.64,  38.45,  41.82,  43.11, 43.61, 44.02, 46.49,  49.47,  54.70, 

56.54, 66.56,  82.61,  90.28, 123.32, 127.98, 128.91, 129.42,  

129.52,  129.57,  130.15, 130.86,  133.9,  142.28,  146.00,  154.19, 

157.81,  159.13, 171.10, 191.60 ppm. EI-MS m/z: 806.45. Anal. 

Calcd. for C48H66N2O5Si2: C, 71.42; H, 8.24; N, 3.47; O, 9.91; Si, 

6.96. Found: C, 71.38; H, 8.20. 

1-((3R)-3-((12aS)-7-((tert-butyldimethylsilyl)oxy)-9,12a-dime- 

thyl-1-oxo-1,2,3,3a,3b,4,5,7a,7b,8,10a,10b,10d,11,12,12a-hexa- 

decahydrocyclopenta[7',8']phenanthro[3',4':3,4]cyclobuta- 

[1,2-d]imidazole-8-carbonyl)oxiran-2-yl)-2-naphthaldehyde 

(10) 

yielding 43 %; IR (Vmax, cm-1) 3322, 1722, 1712 and 1110: 1H 

NMR (500 MHz, Chloroform-d) δH: 0.11 (s, 6H), 0.90 (s, 3H), 

0.92 (s, 9H), 1.38-1.70 (m, 6H), 1.73 (s, 3H), 1.85-2.80 (m, 11H), 

3.86 (m, 1H), 4.42-4.47 (m, 2H), 4.48 (m, 1H), 5.22 (m, 1H), 

7.22-8.46 (m, 6H), 10.00 (s, 1H) ppm. 13C NMR (500 MHz, 

Chloroform-d) δC: -4.24,  13.86, 16.85, 18.52, 21.52, 22.26, 25.4, 

25.42, 26.03,  27.95, 30.67,  35.72,  37.62,  41.81,  43.66,  44.02,  

47.38,  49.35, 51.92,  54.70,  56.54,  66.56, 90.29,  123.32,  

127.98,  129.42,  129.53, 129.57,  130.15, 130.84, 131.64,  133.91,  

142.28,  146.01,  153.68, 154.20, 159.12, 171.10, 191.60, 220.18 

ppm. EI-MS m/z: 690.34. Anal. Calcd. for C42H50N2O5Si: C, 

73.01; H, 7.29; N, 4.05; O, 11.58; Si, 4.06. Found: C, 73.00; H, 

7.20. 

Synthesis of two steroid-oxireno-diazecine derivatives. 

A solution of compounds 9 or 10 (0.50 mmol), ethylenedimine (50 

μl, 0.74 mmol)) and boric acid (40 mg, 0.65 mmol) and 5 ml of 

methanol was stirring to reflux for 12 h. The mixture obtained was 

dried under reduced pressure and purified by crystallization using 

the methanol:water (4:1) system. 

(1E,5Z,13aS)-1-((12aS)-1,7-bis((tert-butyldimethylsilyl)oxy)-

9,12a-dimethyl-2,3,3a,3b,4,5,7a,7b,10a,10b,10d,11,12,12a-tetra 

decahydrocyclopenta[7',8']phenanthro[3',4':3,4]cyclobuta- 

[1,2-d]imidazol-8(1H)-yl)-3,4,12c,13a-tetrahydronaphtho[2,1-

f]oxireno[2,3-h][1,4] diazecine (11). 

yielding 44 %; IR (Vmax, cm-1) 3322, 1162 and 1110: 1H NMR 

(500 MHz, Chloroform-d) δH: 0.07 (s, 6H), 0.11 (s, 6H), 0.86 (s, 

9H), 0.88 (s, 3H), 0.92 (s, 9H), 1.32-1.86 (m, 12H), 1.88 (s, 3H), 

1.90-3.05 (m, 5H), 3.32 (m, 1H), 3.54 (m, 1H), 4.22-4.34 (m, 4H), 

4.41 (m, 1H), 4.68 (m, 1H), 5.22 (m, 1H), 5.81 (m, 1H), 7.40-7.92 

(m, 2H), 7.94 (m, 1H), 8.05-8.18 (m, 4H) ppm. 13C NMR (500 

MHz, Chloroform-d) δC: -4.50,  -4.50,  -4.26,  11.37,  18.02,  

18.52,  22.22,  22.36,  24.60,  25.42, 25.51,  27.42,  30.67,  31.05,  

37.74,  38.45, 43.11,  43.61, 45.03,  46.50,  48.81,  49.49,  50.90,  

52.64, 54.94,   59.02, 67.60,  81.68,  95.50,  119.22,  124.40,  

125.18,  125.24,  126.75,  127.33,  127.41,  128.24,  130.27,  

135.62,  140.97,  142.24,  143.88,  151.35,  153.79,  162.10 ppm. 

EI-MS m/z: 830.49. Anal. Calcd. for C50H70N4O3Si2: C, 72.24; H, 

8.49; N, 6.74; O, 5.77; Si, 6.76. Found: C, 72.18; H, 8.40. 

(12aS)-7-((tert-butyldimethylsilyl)oxy)-9,12a-dimethyl-8-((1E, 

5Z,13aS)-3,4,12c,13a-tetrahydronaphtho[2,1-f]oxireno[2,3-h] 

[1,4]diazecin-1-yl)-3,3a,3b,4,5,7a,7b,8,10a,10b,10d,11,12,12a-

tetradecahydrocyclopenta[7',8']phenanthro[3',4':3,4]cyclo- 

buta[1,2-d] imidazol-1(2H)-one (12) 

yielding 65 %; IR (Vmax, cm-1) 3320, 1712, 1162 and 1110: 1H 

NMR (500 MHz, Chloroform-d) δH: 0.11 (s, 6H), 0.90 (s, 3H), 

0.92 (s, 9H), 1.38-1.86 (m, 7H), 1.88 (s, 3H), 1.90-3.05 (m, 10H), 

3.32 (m, 1H), 4.22-4.34 (m, 4H), 4.41 (m, 1H), 4.68 (m, 1H), 5.22 

(m, 1H), 5.81 (m, 1H), 7.40-7.92 (m, 2H), 7.94 (m, 1H), 8.05-8.18 

(m, 4H) ppm. 13C NMR (500 MHz, Chloroform-d) δC: -4.26,  

13.86,  18.50,  21.52,  22.26,  22.33,  25.42,  26.03,  27.95,  30.67,  

35.74,  37.74,  43.66,  45.03,  47.40,  48.80, 49.35,  50.91,  51.93,  

52.64, 54.94,  59.02,  67.59,  95.50,  119.25,  124.42,  125.24, 

126.75,  127.33,  127.40,  127.90,  128.24,  130.29,  135.60, 

141.00,  142.24, 143.86,  151.35,  153.80, 157.94,  220.20 ppm. 

EI-MS m/z: 714.39. Anal. Calcd. for C44H54N4O3Si: C, 73.91; H, 

7.61; N, 7.84; O, 6.71; Si, 3.93. Found: C, 73.88; H, 7.58. 

Preparation of two tetrahydronaphto-oxireno-imidazol-diazocine 

derivatives. 

A solution of compounds 11 or 12 (0.50 mmol) and hydrofluoric 

acid (5 ml) was stirring to reflux for 48 h. The mixture obtained 

was dried under reduced pressure and purified by crystallization 

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

(12aS)-9,12a-dimethyl-8-((1E,5Z,13aS)-3,4,12c,13a-tetrahydro- 

naphtho[2,1-f]oxireno[2,3-h][1,4]diazecin-1-yl)-1,2,3,3a,3b,4,5, 

7a,7b,8,10a,10b,10d,11,12,12a-hexadecahydrocyclopenta[7',8'] 

phenanthro[3',4':3,4]cyclobuta[1,2-d]imidazole-1,7-diol (13) 

yielding 69 %; IR (Vmax, cm-1) 3400, 3320 and 1160: 1H NMR 

(500 MHz, Chloroform-d) δH: 0.80 (s, 3H), 1.32-1.86 (m, 12H), 

1.88 (s, 3H), 1.96-3.64 (m, 7H), 4.20 (broad, 2H), 4.22-4.34 (m, 

4H), 4.41 (m, 1H), 4.68 (m, 1H), 5.30 (m, 1H), 5.81 (m, 1H), 7.40-

7.92 (m, 2H), 7.94 (m, 1H), 8.04-8.18 (m, 4H) ppm. 13C NMR 

(500 MHz, Chloroform-d) δC: 11.32,  22.22,   22.32, 23.02,  27.42, 

30.67, 30.71,  37.01,  37.1,  41.65,  43.60,  43.62,  46.50,  48.80,  

49.82,  50.90, 52.64, 54.94,  58.32,  67.62,  81.72,  101.20,  

119.22,  124.42,  125.24,  126.75,  126.85,  127.33,  127.41,  

128.24, 130.29,  135.62, 141.00,  142.24,  143.88,  153.80,  

160.60,  161.82 ppm. EI-MS m/z: 602.32. Anal. Calcd. for 

C38H42N4O3: C, 75.72; H, 7.02; N, 9.29; O, 7.96. Found: C, 75.68; 

H, 7.00. 

(12aS)-7-hydroxy-9,12a-dimethyl-8-((1E,5Z,13aS)-3,4,12c,13a-

tetrahydronaphtho[2,1-f]oxireno[2,3-h][1,4]diazecin-1-yl)-3,3a, 

3b,4,5,7a,7b,8,10a,10b,10d,11,12,12a-tetradecahydrocyclopen- 

ta[7',8']phenanthro[3',4':3,4]cyclobuta[1,2-d]imidazol-1(2H)-

one (14) 

yielding 54 %; IR (Vmax, cm-1) 3400, 3320, 1712 and 1162: 1H 

NMR (500 MHz, Chloroform-d) δH: 0.90 (s, 3H), 1.38-1.86 (m, 



Figueroa-Valverde Lauro, Diaz Cedillo Francisco, Rosas-Nexticapa Marcela, Mateu-Armand Virginia,  García-Cervera Elodia, 

Pool Gómez Eduardo, Hau-heredia Lenin, Lopez-Ramos Maria,
 
Cauich-Carrillo Regina, Estrella-Barron Raquel, Alfonso-

Jimenez Alondra, Cabrera-Tuz Jhair 

Page | 3546  

8H), 1.88 (s, 3H), 1.92-2.98 (m, 7H), 3.22 (m, 1H), 4.22-4.34 (m, 

4H), 4.41 (m, 1H), 4.68 (m, 1H), 5.30 (m, 1H), 5.81 (m, 1H), 7.40-

7.92 (m, 2H), 7.94 (m, 1H), 8.04-8.18 (m, 4H) ppm. 13C NMR 

(500 MHz, Chloroform-d) δC: 13.86,  21.50,  22.28,  22.35,  26.00, 

27.95, 30.67,  35.74,  37.00,  41.65,  43.66,  47.40,  48.80,  49.35,  

50.90, 51.93,  52.64,  54.94,  58.30,  67.60,  101.20,  119.25,  

124.42, 125.24, 126.75, 127.33, 127.41, 128.22,  129.52, 130.30,  

135.62,  141.00,  142.22,  143.88, 153.80,  157.68,  160.60,  

220.20 ppm. EI-MS m/z: 600.31. Anal. Calcd. for C38H40N4O3: C, 

75.97; H, 6.71; N, 9.33; O, 7.99. Found: C, 75.90; H, 6.68. 

Biological evaluation. Animals were anesthetized using 

pentobarbital (50 mg/Kg body weight) through intraperitoneal 

administration. Then, the animal was opened via a thoracic 

abdominal laparotomy and the heart was perfused via retrograde 

with the Krebs-Henseleit solution* through a non-circulating 

perfusion system with a constant flow rate. It is noteworthy, that 

the study population involved in each group was n = 9.  

*Krebs-Henseleit system composed by following substances in 

mmol concentrations  per liter;  117.8 NaCl; 6 KCl; 1.75 CaCl2; 

1.2 NaH2PO4; 1.2 MgSO4; 24.2 NaHCO3; 5 glucose, and 5 

sodium pyruvate [27]. The solution was then bubbled with a 

mixture of O2/CO2 (95:5/5 %) and the mixture was regulated to a 

pH of 7.4 (37°C). The coronary flow (10 mL/min) was adjusted 

with a peristaltic pump for an equilibration period of 15 min [20].  

Perfusion pressure. 

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) [21]. 

Experimental design  

Evaluation of biological activity of adenosine, sodium 

nitroprusside (NP), BAY-41-2272, NS-2028, compounds 13 and 

14 on perfusion pressure. The compounds following;                  

a) adenosine; b) sodium nitroprusside (NP); c) BAY-41-2272;      

d) NS-2028; e) compound 13; and e) compound 14 were perfused 

at a dose of 0.01 nM and changes on perfusion pressure* through 

of time (3-18 min) were evaluated.  

*The effects were determined using an isolated hearts model at a 

constant-flow rate of 10 ml/min. 

Evaluation of effects exerted by both compounds 13 and 14 on 

perfusion pressure via guanylate cyclase inhibition. The 

biological activity of both compounds 13 or 14 at a dose of 0.01 

nM (in a period of 3-18 min) on the perfusion pressure was 

determinate. The dose-response curve (control)* was repeated in 

the presence of the compounds sodium nitroprusside (NP), BAY-

41-2272 and NS-2028 and the effects were evaluated. 

*Duration of preincubation with compounds 13 or 14 was by a 10 

min equilibration period. 

Evaluation of biological activity of both compounds 13 or 14 via 

calcium channel. 

The effect exerted by both compounds 13 or 14 at a dose of 0.01 

nM (in a period of 3-18 min) on the perfusion pressure was 

determinate. The dose-response curve (control)* was repeated in 

the presence of nifedipine and the effects were evaluated. 

*Duration of preincubation with compounds 13 or 14 was by a 10 

min equilibration period. 

Statistical analysis. 

The values determinate were expressed as average ± SE, using 

each heart (n = 9) as its own control. The results were put under 

Analysis of Variance (ANOVA) with the Bonferroni correction 

factor [21] using the SPSS 12.0 program. The significant 

differences were considered when p was equal or smaller than 

0.05. 

 

3. RESULTS SECTION 

 In this study two oxirenodiazecin-imidazole derivatives 

were prepared as follows: 

Preparation of a steroid imidazol-derivative. 

Some methods have been reported for the synthesis of imidazole- 

derivatives using reagents such as cupric bromide [22], Copper(II) 

acetate [23], L-proline [24], indium(III) chloride [25], thiazolium 

[26] and others. It is important to mention that some of these 

substances are corrosive and require specific conditions. The 

objective of this study was to synthesize two indole-steroid 

derivatives (compound 3 or 4) from two estradiol or estrone 

derivatives and 2-methylimidazoe using Copper(II) chloride as a 

catalyst. The 1H NMR spectrum of 3 (Figure 1) showed several 

signals at 0.07-0.87 and 0.92 ppm for terbuthyldimethylsylane 

fragment; at 0.88 ppm for methyl group bound to steroid nucleus; 

at 1.94 ppm for methyl bound to imidazole ring; at 1.32-1.92, 

2.00-3.55 and 5.20 ppm for steroid moiety; at 3.80-3.90 and 8.16 

ppm for  imidazole ring. The 13C NMR spectra displays chemical 

shifts at -4.50, -4.24, 18.02-18.50 and 25.41-25.52 ppm for 

terbuthyldimethylsylane fragment; at 11.38 ppm for methyl group 

bound to steroid nucleus; at 20.62 ppm for methyl bound to 

imidazole ring; at 22.22-24.61, 27.40-49.45, 81.66-148.90 and 

161.44 ppm for steroid moiety; at 57.00-68.07 and 154.70 ppm for 

imidazole ring. In addition, the mass spectrum from 3 showed a 

molecular ion (m/z) at 582.40.  

On the other hand the 1H NMR spectrum of 4 (Figure 1) showed 

several signals at 0.13 and 0.92 ppm for terbuthyldimethylsylane 

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

at 1.37-1.92, 1.98-2.46 and 5.20 ppm for steroid moiety; at 1.94 

ppm for methyl bound to imidazole ring; at 3.80-3.92 ppm for 

imidazole ring; at 8.16 ppm for amino group. The 13C NMR 

spectra displays chemical shifts at -4.24, 18.50 and 25.42 ppm for 

terbuthyldimethylsylane fragment; at 13.90 ppm for methyl group; 

at 20.62 ppm for methyl bound to imidazole ring; at 21.52-22.26, 

26.02, 27.94-51.92, 90.10-148.90 and 157.32 ppm for steroid 

moiety; at 57.02-68.05 and 154.70 ppm; at 220.19 ppm for ketone 

group. Finally, the mass spectrum from 4 showed a molecular ion 

(m/z) at 582.40. 

Synthesis of two chloroamide derivatives. 

There are several studies for the preparation of chloroamides using 

some reagents such as trichloroisocyanucic acid [27], N-

chlorobenzotriazole [28] and chloroacetyl chloride [29, 30]. In this 

study, two chloroamides (compounds 5 and 6) were synthesized 
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from 3 or 4 and chloroacetyl in presence of triethylamine. The 1H 

NMR spectrum of 5 (Figure 6) showed several signals at 0.06-0.86 

and 0.92 ppm for terbuthyldimethylsylane fragment; at 0.88 ppm 

for methyl group bound to steroid nucleus; at 1.73 ppm for methyl 

bound to imidazole ring; at 1.32-1.62, 1.78-3.55 and 5.22 ppm for 

steroid moiety; at 4.14-4.20 ppm for methylene group bound to 

amide; at 4.42-4.71 ppm for imidazole ring. The  13C NMR spectra 

displays chemical shifts at -4.51, -4.26, 18.02-18.51 and 25.41-

25.50 ppm for terbuthyldimethylsylane fragment; at 11.34 ppm for 

methyl group bound to steroid nucleus; at 19.76 ppm for methyl 

group bound to imidazole ring; at 22.23-24.60, 27.42-38.44, 

43.11-49.47, 81.68-128.91 and 153.00-157.81 ppm for steroid 

moiety; at 42.04 ppm for methylene group bound to amide; at 

54.76-66.55 and 152.40 ppm for imidazole ring; at 165.70 ppm for 

amide group. Finally, the mass spectrum from 5 showed a 

molecular ion (m/z) at 658.37.  

Other data showed several signals of 1H NMR spectrum for 6 

(Figure 6) at 0.11 and 0.92 ppm terbuthyldimethylsylane 

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

at 1.73 ppm for methyl bound to imidazole ring; at 1.38-1.70, 

1.87-2.80 and 5.22 ppm for steroid moiety; at 4.14-4.20 ppm for 

methylene group bound to amide; at 4.42-4.71 ppm for imidazole 

ring.  The 13C NMR spectra displays chemical shifts at -4.26, 

18.51 and 25.42 ppm for terbuthyldimethylsylane fragment; at 

13.86 ppm for methyl group bound to steroid nucleus; at 19.77 

ppm for methyl bound to imidazole ring: at 21.51-22.26, 26.03-

37.64, 43.66-51.93, 90.29-131.62 and 153.00-153.66 ppm for 

steroid moiety; at 42.04 ppm for methylene bound to amide group; 

at 54.74-66.56 and 152.40 ppm for imidazole ring; at 165.70 ppm 

for amide group; at 220.20 ppm for ketone group. Additionally, 

the mass spectrum from 6 showed a molecular ion (m/z) at 542.27.  

Preparation of oxiran derivatives. 

Some reagents have used for the preparation of oxirane derivatives 

such as Co(III) [31], KOAc [32] and polycicloctane [33]. 

Analyzing these data in this study two oxiran derivatives 

(compounds 7 or 8) were prepared by the reaction of 5 or 6 with 2-

hydroxy-1-naphthaldehyde under mild conditions. The 1H NMR 

spectrum of 7 (Figure 6) showed several signals at 0.07-0.86 and 

0.92 ppm for terbuthyldimethylsylane fragment; at 0.88 ppm for 

methyl group bound to steroid nucleus; at 1.73 ppm for methyl 

bound to imidazole; at 1.32-1.62, 1.78-3.55 and 5.22 ppm for 

steroid moiety; at 4.10-4.48 ppm for oxirane ring; at 4.42-4.47 

ppm for imidazole ring; at 7.22-7.90 for phenyl groups; at 9.08 

ppm for hydroxyl group. The 13C NMR spectra displays chemical 

shifts at -4.50, -4.26, 17.82-18.52 and 25.42-25.74 ppm for 

terbuthyldimethylsylane fragment; at 11.35 ppm for methyl group 

bound to steroid nucleus; at 1.83 ppm for methyl bound imidazole 

ring; at 22.23-24.62, 27.42-49.45, 81-66-90.29, 128.93 and 

154.20-157.81 ppm for steroid moiety; at 53.46-53.90 ppm for 

oxirane ring; at 56.54-66.56 and 159.12 ppm for imidazole ring; at 

168.84-127.85 and 129.22-153.92 ppm for phenyl groups; at 

171.10 ppm for amide group. Finally, the mass spectrum from 7 

showed a molecular ion (m/z) at 794.45.  

Other data showed several signals of 1H NMR spectrum for 8 

(Figure 2) at 0.11 and 0.92 ppm for terbuthyldimethylsylane 

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

at 1.73 ppm for methyl bound to imidazole ring; at 1.38-1.70, 

1.86-2.80 and 5.22 ppm for steroid moiety; at 4.10 and 4.48 ppm 

for oxirane ring; at 4.42-4.47 ppm for imidazole ring; at 7.22-7.90 

ppm for phenyl groups at 9.10 ppm for hydroxyl group. The 13C 

NMR spectra displays chemical shifts at -4.26, 18.51 and 25.42 

ppm for terbuthyldimethylsylane fragment; at 13.86 ppm for 

methyl group bound to steroid nucleus; at 16.82 ppm for methyl 

bound to imidazole ring; at 21.52-22.26, 26.02-51.91, 90.29, 

131.63, 153.67 and 154.17 for steroid moiety; at 53.46-66.56 and 

159.12 ppm for imidazole ring; at 118.86-130.36, 134.66 and 

153.92 ppm for phenyl groups; at 171.07 ppm for amide group; at 

220.20 ppm for ketone group. In addition, the mass spectrum from 

8 showed a molecular ion (m/z) at 678.34.  
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Figure 1. Preparation of two oxirane-derivatives (7 or 8). Two steroid-imidazole analogs (3 or 4) were prepared from estradiol (1) or estrone (2) 

derivatives and 2-methylimidazole (i). Then, 3 or 4 reacted with chloroacetyl chloride (ii) to synthesis of two chloroamides (5 or 6). Finally, 7 or 8 were 

prepared by the reaction of 5 or 6 with 2-hydroxy-1-naphthaldehyde (iii). 

 

Preparation of two carbaldehyde derivatives. 

It is noteworthy that there are several reports on the oxidation of 

primary alcohols to form the corresponding aldehydes. These 

compounds can be prepared with some techniques which are 

accomplished by stoichiometric amounts of metallic oxidants such 

as chromium(VI) palladium, rhodium or ruthenium and hydrogen 

https://www.sciencedirect.com/topics/chemical-engineering/palladium
https://www.sciencedirect.com/topics/chemical-engineering/rhodium
https://www.sciencedirect.com/topics/chemical-engineering/ruthenium
https://www.sciencedirect.com/topics/chemical-engineering/hydrogen-peroxide
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peroxide reagents [34]. However, these reagents may induce risks 

of toxicity by the generation of several substances involved on 

some reaction mixtures. Therefore, in this study, a method 

previously reported [35] for oxidation of hydroxyl groups was 

used for formation of 9 and 10 by the reaction of 7 or 8 with 

DMSO. The 1H NMR spectrum of 9 (Figure 6) showed several 

signals at 0.07-0.86 and 0.92 ppm for terbuthyldimethylsylane 

fragment; at 0.88 ppm for methyl group bound to steroid nucleus; 

at 1.73 ppm for methyl bound to imidazole ring; at 1.32-1.62, 

1.78-3.55 and 5.22 ppm for steroid moiety; at 3.86 and 4.48 ppm 

for oxirane ring; at 4.42-4.47 ppm for imidazole ring ; at 7.22-8.46 

ppm for phenyl groups; at 10.00 ppm for aldehyde group. The 13C 

NMR spectra displays chemical shifts at -4.52, -4.26, 17.82-18.52 

and 25.42-25.74 ppm for terbuthyldimethylsylane fragment; at 

11.35 ppm for methyl group bound to steroid nucleus; at 16.84 

ppm for methyl bound to imidazole ring; at 22.22-25.22, 27.43-

38.45, 43.11-49.47, 81.61-90.28, 128.91 and 154.19-157.81 ppm 

for steroid moiety; at 41.82 and 54.70 ppm for oxierane ring; at 

56.54-66.56 and 159.13 ppm for imidazole ring; at 132.32-127.98 

and 129.42-146.00 ppm for phenyl groups; at 171.10 ppm for 

amide group; at 191.60 ppm for aldehyde group. Additionally, the 

mass spectrum from 9 showed a molecular ion (m/z) at 806.45.  

Other data showed several signals of 1H NMR spectrum for 10 

(Figure 6) at 0.11 and 0.92 ppm for terbuthyldimethylsylane 

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

at 1.73 ppm for methyl bound to imidazole ring; at 1.38-1.70, 

1.85-2.80 and 5.22 ppm for steroid moiety; at 3.46 and 4.48 ppm 

for oxirane ring, at 4.42-4.47 ppm for imidazole ring; at 7.22-8.96 

ppm for phenyl groups; at 10.00 ppm for aldehyde group. The 13C 

NMR spectra displays chemical shifts at -4.24, 18.52 and 25.42 

for terbuthyldimethylsylane fragment; at 13.86 ppm for methyl 

group bound to steroid nucleus; at 16.85 ppm for methyl bound to 

imidazole ring; at 21.52-22.26, 26.02-37.62, 43.66-51.92, 90.29, 

131.64 and 153.68-154.20 ppm for steroid moiety; at 41.81 and 

54.70 for oxirane ring; at 56.54-66.56 and 159.12 ppm for 

imidazole ring; at 123.32-130.84 and 133.91-146.00 ppm for 

phenyl groups; at 171.10 ppm for amide group; at 191.60 ppm for 

aldehyde group; at 220.18 ppm for ketone group. Finally, the mass 

spectrum from 10 showed a molecular ion (m/z) at 690.34.   
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Figure 2. Synthesis of two diazocine-steroid-derivatives (13 or 14). Two carbaldehyde-analogs (9 or 10) were prepared from oxirane-derivatives (7 or 

8) in presence of dimethyl sulfoxide (iv).  Then 9 or 10 reacted with ethylenediamine (v) to form two azecine derivatives (11 or 12). Finally, 13 or 14 

were prepared by the reaction of 11 or 12 in presence of hydrofluoric acid (vi). 

 

Preparation of azecine derivatives. 

Several azecine analogs have been prepared using some reagents 

such as lithium hexamethyldisilazide [36], cyanogen bromide 

[37], trifluoroacetic acid [38], tetrahydropyridine [39] and others.  

In this study, two azecine derivatives were prepared from 9 or 10 

and ethylenediamine in presence of boric acid. The 1H NMR 

spectrum of 11 (Figure 6) showed several signals at 0.07-0.86 and 

0.92 ppm for terbuthyldimethylsylane fragment; at 0.88 ppm for 

methyl bound  to steroid nucleus; at 1.88 ppm for methyl bound to 

imidazole; at 1.32-1.86, 1.90-3.05, 3.54 and 5.22 ppm for steroid 

moiety; at 7.40-7.92 and 8.05-8.18 ppm for phenyl groups; at  3.32 

ppm for imidazole ring; at 4.22-4.34, 4.68 and 7.94 ppm for 

tetrahydro-[1,4]-diazecine ring; at 4.41 and 5.81 ppm for oxirane 

ring. The 13C NMR spectra displays chemical shifts at -4.50, -4.26, 

18.02-18.52 and 25.42-25.51 ppm for terbuthyldimethylsylane 

fragment; at 11.37 ppm for methyl group bound to steroid nucleus; 

at 22.36 ppm for methyl bound to imidazole ring; at 22.2, 24.60, 

27.42-46.50, 49.49, 81.68-95.50, 125.18, 153.35 and 162.10 ppm 

for steroid moiety; at 48.81, 52.64-54.94, 135.62 and 143.88 ppm 

for tetrahydro-[1,4]-diazecine ring; at 50.90 ppm for oxirane ring; 

at 59.02-67.60 and 153.79 ppm for imidazole ring; at 119.22-

124.40, 125.24-130.27 and 140.97-142.24 ppm for phenyl groups. 

In addition, the mass spectrum from 11 showed a molecular ion 

(m/z) at 830.49.  

https://www.sciencedirect.com/topics/chemical-engineering/hydrogen-peroxide
https://www.sciencedirect.com/science/article/pii/S1319610316000302#b0130
https://www.sciencedirect.com/science/article/pii/S1319610316000302#b0135
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Other results showed several signals of 1H NMR spectrum for 12 

(Figure 6) at 0.11 and 0.92 ppm for terbuthyldimethylsylane 

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

at 1.38-1.86, 1.90-3.05 and 5.22 ppm for steroid moiety; at 1.88 

and 3.32 ppm for imidazole ring; at 4.22-4.34, 4.68 and 7.94 ppm 

for tetrahydro-[1,4]-diazecine ring; at 4.41 and 5.81 ppm for 

oxirane ring; at 7.40-7.92 and 8.05-8.18 ppm for phenyl groups. 

The 13C NMR spectra displays chemical shifts at -4.26, 18.50 and 

25.42 ppm for terbuthyldimethylsylane fragment; at 13.86 ppm for 

methyl group bound to steroid nucleus; at 22.33 ppm for methyl 

bound to imidazole ring; at 21.50-22.26, 26.03-47.40, 49.35, 

51.93, 95.50, 127.90, 151.35 and 157.94 for steroid moiety; at 

48.80, 52.64, 135.60 and 143.86 ppm for tetrahydro-[1,4]-

diazecine ring; at 50.91 and 43.94 for oxirane ring; at 59.02-67.59 

and 153.80 ppm for imidazole ring; at 119.25-127.40, 128.24 and 

141.00-142.24 ppm for phenyl groups; at 220-20 ppm for ketone 

group. Finally, the mass spectrum from 12 showed a molecular ion 

(m/z) at 714.39.  

Removal of silyl protecting groups.  

Some reagent has used for removal of silyl protecting groups from 

hydroxyl such as ammonium fluoride [40], 

tris(dimethylamino)sulfonium/difluorotrimethylsilicate [41], hy- 

drofluoric acid [42] and others. In this study, hydrofluoric acid 

was used to the removal of the silyl-protecting group from 

hydroxyl of the compounds 11 or 12 to form 13 or 14 (Scheme 2). 

The 1H NMR spectrum of 13 showed several signals at 0.80 ppm 

for methyl group bound to the steroid nucleus; at 1.88 ppm for 

methyl bound to imidazole ring; at 4.20 ppm for hydroxyl group; 

at 1.32-1.86, 1.96-3.64 and 5.30 ppm for steroid moiety; at 4.22-

4.34 and 7.94 ppm for tetrahydro-[1,4]-diazecine ring; at 4.41 and 

5.81 ppm for oxirane ring; at 4.68 ppm for imidazole ring; at 7.40-

7.92 and 8.04-8.18 ppm for phenyl groups. The 13C NMR spectra 

displays chemical shifts at 11.32 ppm for methyl group bound to 

steroid nucleus; at 23.32 ppm for methyl boun to imidazole ring; 

at 22.22, 23.02-46.50, 49.82, 81.72-119.20, 126.85 and 160.60-

161.82 ppm for steroid moiety; at 48.80, 52.64, 135.62 and 143.88 

ppm for tetrahydro-[1,4]-diazecine ring; at 50.90 and 54.94 ppm 

for oxirane ring; at 58.32-67.62 and 153.80 ppm for imidazole 

ring; at 119.22-126.75, 127.33-130.29 and 141.00-142.24 ppm for 

phenyl groups. Additionally, the mass spectrum from 13 showed a 

molecular ion (m/z) at 602.32.  

Finally, the 1H NMR spectrum of 14 (Figure 6) showed several 

signals at 0.90 ppm for methyl group bound to the steroid nucleus; 

at 1.88 ppm for methyl bound to imidazole ring; at 1.38-1.86, 

1.92-2.98 and 5.30 ppm for steroid moiety; at 4.22-4.34, 4.68 and 

7.94 ppm for tetrahydro-[1,4]-diazecine ring; at 4.41 and 5.81 ppm 

for oxirane ring; at 3.22 and 4.68 ppm for imidazole ring; at 7.40-

7.92 and 8.04-8.18 ppm for phenyl groups. The 13C NMR spectra 

displays chemical shifts at 13.86 ppm for methyl group bound to 

steroid nucleus; at 22.34 ppm for methyl bound to imidazole ring; 

at 21.50-22.80, 26.00-47.40, 49.35, 51.93, 101.20, 129.52 and 

157.68-160.60 ppm for steroid moiety; at 48.80, 52.64, 135.62 and 

143.88 ppm for tetrahydro-[1,4]-diazecine ring; at 50.90-54.94 

ppm for oxirane ring; at 58.30-67.60 and 53.80 ppm for imidazole 

ring; at 119.26-128.22, 130.30 and 141.00-142.22 ppm for phenyl 

groups; at 220.00 ppm for ketone group. Finally, the mass 

spectrum from 14 showed a molecular ion (m/z) at 600.31.  

Biological evaluation. 

There are several reports which indicate that some drugs can exert 

effects on heart failure [12-17]; however, there are not insufficient 

data on the inotropic activity exerted by these compounds.  

In the search of a therapeutic alternative for treatment of heart 

failure, in this study the biological activity of two oxirenodiazecin-

imidazole (compounds 12 and 13) derivative on perfusion pressure 

was evaluated in an isolated rat heart model using adenosine 

(purinergic-receptor agonist; guanylate cyclase stimulator) [43] 

and sodium nitroprusside (guanylate cyclase activator) [44] as 

controls.  
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Figure 3. Biological activity* of adenosine, sodium nitroprusside (NP), 

BAY-41-2272, NS-2028, compounds 13 and 14 at a dose of 0.01 nM on 

perfusion pressure. The scheme shown that both compound 13 and 14 

increase the perfusion pressure by increases in time (3 to 18 min) 

compared with NP, BAY-41-2272, NS-2028 and control conditions. *The 

effects were determined using an isolated hearts model at a constant-flow 

rate of 10 ml/min. 
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Figure 4. Effect exerted by the compound 13 at a dose of 0.01 nM (in a 

period of 3-18 min) on the perfusion pressure in absence or presence of 

sodium nitroprusside (NP), BAY-41-2272 and NS-2028. The scheme 

shown that compound 13 increase the perfusion pressure through of time 

and this effect was not inhibited by nitroprusside (NP) or BAY-41-2272 

or NS-2028. However, the nifedipine inhibited their biological activity (p 

= 0.05). 

*Duration of preincubation with compounds 13 was by a 10 min 

equilibration period. 

 

The results showed (Figure 3) that both compounds 

increase the perfusion pressure through time (3-18 min) compared 

with the adenosine and sodium nitroprusside. This data opens the 
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possibility of the compounds 13 or 14 guanylate cyclase activator 

could modulate the biological activity of guanylate cyclase 

enzyme in the heart. 
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Figure 5. Biological activity produced by the compound 14 at a dose of 

0.01 nM (in a period of 3-18 min) on the perfusion pressure in absence or 

presence of sodium nitroprusside (NP), BAY-41-2272 and NS-2028. The 

results showed that compound 14 increase the perfusion pressure through 

of time and this effect was not inhibited by nitroprusside (NP) or BAY-

41-2272 or NS-2028. However, the nifedipine inhibited their biological 

activity (p = 0.05). 

*Duration of preincubation with compounds 14 was by a 10 min 

equilibration period. 

 

To evaluate this hypothesis, in this study the biological 

activity of the compounds BAY-41-2272 (guanylate cyclase 

agonist) [45] and NS-2028 (guanylate cyclase inhibitor) [46] on 

the perfusion pressure was evaluated.  

The results showed that NS-2028 increase in a similar 

manner that both compounds 13 or 14 and this effect was different 

to biological exerted by BAY-41-2272; these data confirm that 

both compounds 13 or 14 can modulate the biological activity of 

guanylate cyclase. 

However, to evaluate if these compounds may act as 

inhibitors of the enzyme, the biological activity of both 

compounds 13 or 14 was evaluated in the absence or presence of 

BAY-41-2272 and NS-2028. The results showed (Figure 4 and 5) 

that both compound 13 or 14 increasing the perfusion pressure and 

this effect was inhibited by BAY-41-2272; in addition, the 

biological activity exerted by two steroid derivatives was similar 

in absence or presence of NS-2028. 

In the search of and additional mechanism molecular 

other reports were analyzed, these reports indicate that some drugs 

can exert their effect through of calcium channels, for this razon 

the biological activity produced by compounds 13 and 14 on 

perfusion pressure was evaluated in absence or presence of 

nifedipine (calcium channel type-L agonist) [46, 47]. 

The results indicate that both compounds 13 and 14 

increase the perfusion pressure; however, this effect was inhibited 

with nifedipine. All, this data suggests that; 1) compounds 13 and 

14 may induce changes on perfusion pressure through guanylate 

cyclase inhibition and calcium channel type-L activation; 2) the 

biological activity could depend on both oxirane and azocine ring. 

 

4. CONCLUSIONS 

 (The results found suggest that compounds 13 or 14 exert 

effects on perfusion pressure through two molecular mechanisms 

compared to other drugs; this phenomenon can be translated as a 

cardioprotective effect produced by these compounds in heart 

failure. 

5. REFERENCES 

[1] Figueroa-Valverde L., Díaz-Cedillo F., López-Ramos M., García-

Cervera E., Quijano-Ascencio K., Inotropic activity induced by 

carbamazepine-alkyne derivative in an isolated heart model and perfused 

to constant flow, Biomedica, 31, 2, 232-241, 2011. 

[2] Yancy C., Jessup M., Bozkurt B., Butler J., Casey D., Colvin M., 

Hollenberg S., ACC/AHA/HFSA focused update of the 2013 ACCF/AHA 

guideline for the management of heart failure: a report of the American 

College of Cardiology/American Heart Association Task Force on 

Clinical Practice Guidelines and the Heart Failure Society of America, 

Journal of the American College of Cardiology, 70, 6, 776-803, 2017. 

[3] Okura H., Kataoka T., Saito Y., Yoshida K., Risk of Heart Failure in 

Myocardial Infarction with Reduced, mid-Range and Preserved Ejection 

Fraction. Cardiac Failure. 23, 10, S37-S, 2017. 

[4] Jerez, A. Echevarría, S., Guevara, G., Aleaga, E., González Trujillo, 

A., Miocardiopatía por Ventrículo no compactado. Acerca de su 

asociación a otras entidades extracardiacas, alternativas terapéuticas, 

factores pronósticos. Revista Cubana de Cardiología y Cirugía 

Cardiovascular, 23, 2, 1-9, 2017. 

[5] Nhola, L.,Villarraga, H., Fundamentos de las unidades de cardio-

oncología. Revista Española de Cardiología, 70, 7, 583-589, 2017. 

[6] Okada, T., Takaekou, Y., Idei, N., Ohashi, N., Kaseda, S., Resolution 

of left atrial appendage thrombus with apixaban in a patient with heart 

failure. Internal Medicine, 56, 21, 2891-2894, 2017. 

[7] Lietman P.,  Perkin R.,  Levin D.,  Webb R., Aquino A., Reedy J., 

Dobutamine: A hemodynamic evaluation in children with shock, The 

Journal of Pediatrics, 100, 2, 977-983, 1982. 

[8] Gol V., Barroso P., Farmacología de la insuficiencia cardíaca, 

Farmacia Hospitalaria, 20, 3, 149-156, 1996. 

[9] Juurlink D., Mamdani MM., Lee DS., Kopp A., Austin PO., Laupacis 

A., Rates of hyperkalemia after publication of the randomized aldactone 

evaluation study, The New England Journal of  Medicine, 351, 6, 543-

451, 2004. 

[10] Berry C., McMurray J., Serious adverse events experienced by 

patients with chronic heart failure taking spironolactone, Heart, 85,4, e8-

e8, 2001. 

[11]  Cleland J., Dargie H., Hodsman G., Ball S., Robertson J., Morton J., 

Gillen G., Captopril in heart failure. A double blind controlled trial, 

Heart, 52, 5, 530-535. 1984. 

[12] Nagao T., Ikeo T., Murata S., Sato M., Nakajima H., Cardiovascular 

effects of a new positive inotropic agent, (-)-(R)-1-(p-hydroxyphenyl)-2-

[(3,4-dimethoxyphenethyl)amino]-ethanol (TA-064) in the anesthetized 

dog and isolated guinea pig heart, The Japanese Journal of  

Pharmacology, 35, 4,  415-423, 1984. 

[13] Endoh M.,  Yanagisawa T., Morita T., Taira N., Differential effects 

of sulmazole (AR-L 115 BS) on contractile force and cyclic AMP levels 

in canine ventricular muscle: comparison with MDL 17,043, Journal of 

Pharmacology and  Experimetal Therapeutics, 234, 1,  267-273. 1985. 

[14] Thomas G., Chung M.,  Cohen J.C., A dihydropyridine (Bay k 8644) 

that enhances calcium currents in guinea pig and calf myocardial cells. A 

new type of positive inotropic agent, Circulation Research, 56, 1, 87-

96.1985.   

javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
https://www.sciencedirect.com/science/article/pii/S0022347682805349#!
http://jpet.aspetjournals.org/search?author1=M+Endoh&sortspec=date&submit=Submit
http://jpet.aspetjournals.org/search?author1=N+Taira&sortspec=date&submit=Submit


Synthesis and biological activity of two oxireno-azecin-imidazole derivatives on perfusion pressure via guanylate cyclase 

inhibition 

Page | 3551  

[15]  Templeton J., Kumar V., Cote D., Bose D., Elliott D., Kim R., 

LaBella F., Progesterone derivatives that bind to the digitalis receptor: 

synthesis of 14.beta.-hydroxyprogesterone: a novel steroid with positive 

inotropic activity, Journal of Medicinal Chemestry, 30, 8, 1502-1505, 

1987. 
[16] Maixten J., Bertrand I., Leliever G., Fernand S., Efficacy and safety 

of the novel Na+, K+-ATPase inhibitor 20R 14β-amino 3β-rhamnosyl 5β-

pregnan 20β-ol in a dog model of heart failure, Arzneimittel-Forschung, 

42, 1301-1305, 1992. 

[17] Clark A., The mode of action of strophantidin upon cardiac tissue, J 

Pharm Exp Tiss, 5, 215-234. 1914. 

[18] Pignier C., Keller M., Vié B., Vacher B., Santelli M., Niggli E., 

Egger M., Le Grand B., A novel steroid-like compound F90927 exerting 

positive-inotropic effects in cardiac muscle, British Journal of 

Pharmacology, 147, 7, 772-782, 2006. 

[19] Lauro F., Francisco D., Lenin H., Elodia G, Marcela R., Eduardo P., 

Maria L., Design and synthesis of diazepin-steroid derivative using some 

strategies, Letters in Organic Chemistry, 13, 1, 22-32, 2016. 

[20] López-Ramos, M., Figueroa-Valverde, L., Herrera-Meza, S., Rosas-

Nexticapa, M., Díaz-Cedillo, F., García-Cervera, E., Cahuich-Carrillo, R., 

Design and synthesis of a new steroid-macrocyclic derivative with 

biological activity.  Journal of Chemical Biology, 10(2), 69-84, 2017. [21] 

Figueroa-Valverde L., Díaz-Cedillo F., López-Ramos M., García-Cervera 

E., Quijano-Ascencio K., Inotropic activity induced by carbamazepine-

alkyne derivative in an isolated heart model and perfused to constant 

flow, Biomedica, 31, 2,  232-241, 2011.  

[22] Kuhn N., Kratz T., Synthesis of imidazol-2-ylidenes by reduction of 

imidazole-2 (3H)-thiones, Synthesis, 6, 561-562, 1993. 

[23] Samai S., Nandi GC., Singh P., Singh MS., L-Proline: an efficient 

catalyst for the one-pot synthesis of 2, 4, 5-trisubstituted and 1, 2, 4, 5-

tetrasubstituted imidazoles, Tetrahedron Letters, 65, 49, 10155-10161, 

2009. 

[24] Wolkenberg S., Wisnoski D., Leister W., Wang Y., Zhao Z., 

Lindsley C.,  Efficient synthesis of imidazoles from aldehydes and 1, 2-

diketones using microwave irradiation, Organic Letters, 6, 9, 1453-1456. 

2004. 

[25] Sadeghi B., Mirjalili  B., Hashemi M., BF3· SiO2: an efficient 

reagent system for the one-pot synthesis of 1, 2, 4, 5-tetrasubstituted 

imidazoles, Tetrahedron Letters, 49,16,  2575-2577, 2008. 

[26] Heravi M., Bakhtiari K., Oskooie H., Taheri S., Synthesis of 2, 4, 5-

triaryl-imidazoles catalyzed by NiCl2· 6H2O under heterogeneous 

system, Journal of Molecular Catalysis A: Chemical,  263 , 279-281, 

2007. 

[27] Katritzky A., Majumder S., Jain R., Microwave assisted N-

chlorination of secondary amides, Arkivoc, 12, 74-79, 2003.  

[28] Hiegel G., Hogenauer T., & Lewis J., Preparation of N‐chloroamides 

using trichloroisocyanuric acid, Synthetic communications, 35,15, 2099-

2105, 2005. 

[29] Harte A., Gunnlaugsson T., Synthesis of α-chloroamides in water, 

Tetrahedron letters, 47, 35, 6321-6324, 2006. 

[30] Katke S., Amrutkar S., Bhor R., Khairnar M., Synthesis of 

biologically active 2-chloro-N-alkyl/aryl acetamide derivatives, 

International Journal of Pharmaceutical Sciences and Research, 2, 7, 

148-156, 2011. 

[31] Jamieson, M. L., Hume, P. A., Furkert, D. P., Brimble, M., Divergent 

Reactivity via Cobalt Catalysis: An Epoxide Olefination. Organic Letters, 

18, 3, 468-471, 2016.  

[32] Pei, Q. L., Che, G. D., Zhu, R. Y., He, J., Yu, J. Q., An Epoxide-

Mediated Deprotection Method for Acidic Amide Auxiliary. Organic 

Letters, 19, 21, 5860-5863, 2017. 

[33] Vanbiervliet, E., Fouquay, S., Michaud, G., Simon, F., Carpentier, J., 

Guillaume, S., From Epoxide to Cyclodithiocarbonate Telechelic 

Polycyclooctene through Chain-Transfer Ring-Opening Metathesis 

Polymerization (ROMP): Precursors to Non-Isocyanate Polyurethanes 

(NIPUs). Macromolecules, 50, 1, 69-82, 2017. 

 [34] Dijksman A., González M.,  Payeras A., Arends I., Sheldon R., 

Efficient and selective aerobic oxidation of alcohols into aldehydes and 

ketones using ruthenium/TEMPO as the catalytic system, Journal of  

American Chemical  Society, 123, 28,  6826-683, 2001. 

[35]  Figueroa-Valverde L., Diaz-Cedillo F., Hau-Heredia L., García-

Cervera E., Rosas-Nexticapa M., Pool-Gómez E., Camacho-Luis A., 

García-Martínez R., Lopéz-Ramos M., Design and synthesis of diazepin-

steroid derivative using some strategies, Letters in Organic Chemistry, 13, 

1, 22-32, 2015. 

[36] Bremner J., & Perkins D., Synthesis of functionalised azecine and 

azonine derivatives via an enolate assisted aza Claisen rearrangement, 

Tetrahedron Letterss, 61, 10, 2659-2665, 2005. 

[37] Nagata W., Okada K., Itazaki H., Uyeo S., Synthetic Studies on 

Isoquinoline Alkaloids. II. Selective Conversion of 3, 9, 10-Substituted 

Tetrahydroprotoberberines into 3, 9, 10-Substituted 14-Deoxoprotopines. 

Total Synthesis of 3, 9, 10-Substituted 5, 6, 7, 8, 13, 14-Hexahydrodibenz 

(c, g) azecines, Chemical and Pharmaceutical Bulletin, 23, 11, 2878-

2890, 1975. 

[38]  Furneaux R., Gainsford G.,  Mason J., Synthesis of the Enantiomers 

of Hexahydrodibenz[d,f]azecines, The Journal of Organic Chemistry, 69, 

22, 7665-7671,  2004. 

[39] Voskressensky L., Titov A., Dzhankaziev M., Borisova T., Kobzev 

M., Dorovatovskii P., Varlamov A., First synthesis of heterocyclic 

allenes–benzazecine derivatives, New Journal of Chemistry, 41, 5, 1902-

1904, 2017. 

[40] Zhang W., Robins  M., Removal of silyl protecting groups from 

hydroxyl functions with ammonium fluoride in methanol, Tetrahedron 

letters, 33, 9, 1177-1180, 1992. 

[41] Scheidt K., Chen H., Follows B., Chemler S., Coffey D., Roush W., 

Tris (dimethylamino) sulfonium difluorotrimethylsilicate, a mild reagent 

for the removal of silicon protecting groups, The Journal of Organic 

Chemistry, 63, 19, 6436-6437, 1998. 

[42] Maria, L., Lauro, F., Marcela, R., Socorro, H., Catalina, C., 

Francisco, D., Design and Synthesis of New Dioxa-Diazaspiro [Bicyclo 

[9.4. 2] Heptadecane-Steroid-Dienyne Derivative from Estrone and 

OTBS-Estrone. Oriental Journal of Chemistry, 33, 3, 1061-1070, 2017. 

 [43] Kurtz A., Adenosine stimulates guanylate cyclase activity in 

vascular smooth muscle cells, Journal of Biological Chemistry, 262, 13, 

6296-6300, 1987. 

[44] Katsuki S., Arnold W., Mittal C., Murad F., Stimulation of guanylate 

cyclase by sodium nitroprusside, nitroglycerin and nitric oxide in various 

tissue preparations and comparison to the effects of sodium azide and 

hydroxylamine, Journal of cyclic nucleotide research,  3,1, 23-35. 1977. 

[45] Bischoff E., Schramm M., Straub A., Feurer A., Stasch, J., BAY 41-

2272: a stimulator of soluble guanylyl cyclase induces nitric oxide-

dependent penile erection in vivo. Urology, 61, 2, 464-467, 2003. 

[46] Olesen S., Drejer J., Axelsson, O., Moldt, P., Bang, L., Nielsen‐
Kudsk, J., Characterization of NS 2028 as a specific inhibitor of soluble 

guanylyl cyclase. British journal of pharmacology, 123, 2, 299-309, 1998. 

[46] Figueroa-Valverde L., Diaz-Cedillo F., Lopez-Ramos M., Garcia-

Cervera E., Quijano K., Cordoba,J., Changes induced by estradiol-

ethylenediamine derivative on perfusion pressure and coronary resistance 

in isolated rat heart: L-type calcium channel. Biomedical Papers, 155, 1, 

27-32, 2011. 

 

© 2018 by the authors. This article is an open access article distributed under the terms and conditions of the Creative 

Commons Attribution license (http://creativecommons.org/licenses/by/4.0/). 

https://pubs.acs.org/author/Furneaux%2C+Richard+H
https://pubs.acs.org/author/Gainsford%2C+Graeme+J
https://pubs.acs.org/author/Mason%2C+Jennifer+M

