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Abstract 

There are several studies to preparation of oxirane-derivatives which use several reagents such as 
chlorophyll, ethyl bromoacetate, m-chloroperoxybenzoic acid, potassium hydroxide, dimethyldioxiran and 
others; nevertheless, expensive reagents and special conditions are required. The aim of this study was 
synthesizing two novel steroid-oxirane using some reactions; the first stage was achieved by the preparation 
of two steroid-propargylic-ether (3 or 4) via reaction of 2-nitroestrone or 2-nitroestradiol with 5-hexyn-1-ol. 
The second stage involves the synthesis of two steroid-dioxa derivatives (5 or 6) via intramolecular addition 
from 3 or 4 using Copper(II) as catalyst. Then, 5 or 6 were reacted with ethylenediamine to form two steroid-
amino derivatives (7 or 8). Following, the compounds 9 or 10 were prepared through of reaction of 7 or 8 
with chloroacetylchloride. Finally, 9 or 10 reacted with 2-hydroxy-1-naphthaldehyde to synthesis of two 
oxirane-steroid derivatives (11 or 12). The structure of steroid-oxirane analogs was confirmed via 
spectroscopic and spectrometric methods. In conclusion, a facile procedure for the preparation of two 
steroid-oxirane derivatives was developed in this study.  
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1. Introduction 

There are studies which show the preparation of 
several oxirane derivatives using some methods; 
for example, the synthesis of 2,3-diphenyl-
oxirane-2-carboxylic acid methyl ester from a 
diazo-carbonyl using NHC-Ag+ as catalyst [1]. 
Other data showed the epoxidation of 4,4-
dimethyl-2-pentyn-1-ol with titanium 
isopropoxide to form (3-tert-Butyl-2-
tributylstannanyl-oxiranyl)-methanol [2]. In 
addition, the 2-isopropenyl-3-phenyl-oxirane was 
prepared using the three-component system 
((2R,5R)-dimethylthiolane, allyl halides and 
aldehyde derivative) [3]. Other study showed the 
synthesis of an oxirane derivative by reaction of 
2,2-dibromomethylquinoxaline with an aromatic 
aldehyde in the presence of the 
tetrakis(dimethylamino)ethylene reagent [4]. 
Also, a 9H-fluorene-2-yl keto-oxirane have been 
synthesized via epoxidation of the compound 9H-
fluorene-2-yl chalcone [5]. Additionally, a spiro-
indole- -oxirane derivative was prepared 
through epoxidation of 3-aroylmethylene-indole-
2-one using an ammonium-bromide derivative as 
catalyst [6]. Other data shown that a 17-steroid-
oxirane was prepared by the reaction of estrone 
with dimethylsulfonium methylide [7]. In 
addition, a report indicates the epoxidation of 4-
methylene-5 cholestan-3 ol with m-
chloroperoxybenzoic acid to form a steroid-4-
oxirane derivative [8]. Recently, a study showed 
the preparation of an estrone-17-oxirane by 
reaction of lactone-steroid derivative with 2-
benzothiazol-ylchloromethyl-lithium [9]. All 
these experimental results indicate that some 
procedures are available for synthesis of several 
oxirane analogs; nevertheless, expensive reagents 
and special conditions are required. Therefore, in 
this study, two oxirane-steroid derivatives were 
synthesized using some strategies. 

 

2. Experimental 
2.1 General methods  

The compounds 2-nitro-estrone was prepared 
using a previously method reported [10]. 
Additionally, 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 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. 

2.2 Preparation of steroid-propargylic-ether (3 
or 4) 

A solution of 2-nitroestrone or 2-nitroestradiol 
(0.50 mmol), 5-hexyn-1-ol (70 µl; 0.58 mmol), 
potassium carbonate (40 mg, 0.30 mmol) in 5 ml 
of dimethyl sulfoxide was stirring to room 
temperature for 48 h. The mixture obtained was 
dried under reduced pressure and purified by 
crystallization using the methanol:water (4:1) 
system. 

8-(hex-5-yn-1-yloxy)-11a-methyl-1H,2H,3H, 
3aH,3bH,4H,5H,9bH,10H,11H-cyclopenta[a] 
phenanthrene-1,7-diol (3) 

yielding 44% of product, m.p. 132-134oC; IR 
(Vmax, cm-1) 3400, 2160 and 1110. 1H NMR (500 
MHz, Chloroform-d) H: 0.76 (s, 3H), 0.80-1.40 
(m, 7H), 1.60 (m, 2H), 1.66-1.80 (m, 3H), 1.86 
(m, 2H), 1.88 (m, 1H), 1.94 (s, 1H), 2.12 (m, 1H), 
2.24 (m, 2H), 2.50-3.64 (m, 4H), 4.10 (m, 2H), 
6.12 (broad, 2H), 6.40-6.60 (m, 2H) ppm. 13C 
NMR (500 MHz, Chloroform-d) C: 15.82, 18.02, 
24.22, 25.05, 25.35, 27.77, 28.92, 29.68, 32.78, 
33.71, 37.28, 44.00, 44.39, 50.72, 68.64, 70.25, 
82.44, 84.10, 107.50, 114.04, 128.81, 133.77, 
144.70, 144.92 ppm. EI-MS / : 368.23. Anal. 
Calcd. for C24H32O3: C, 78.22; H, 8.75; O, 13.02. 
Found:C, 78.16; H, 8.70. 

8-(hex-5-yn-1-yloxy)-7-hydroxy-11a-methyl-
2H,3H,3aH,3bH,4H,5H,9bH,10H,11H-cyclopen 
ta[a]phenan- thren-1-one (4) 

yielding 54% of product, m.p. 146-148oC; IR 
(Vmax, cm-1) 2162, 1712 and 1112. 1H NMR (500 
MHz, Chloroform-d) H: 0.92 (s, 3H), 1.20-1.52 
(m, 5H), 1.60 (m, 2H), 1.80 (m, 1H), 1.86 (m, 
2H), 1.92 (m, 1H), 1.94 (s, 1H), 2.10-2.20 (m, 
4H), 2.24 (m, 2H), 2.46-2.80 (m, 4H), 4.08 (m, 
2H), 5.90 (broad, 1H), 6.40-6.60 (m, 2H) ppm. 
13C NMR (500 MHz, Chloroform-d) C:13.80, 
18.02, 21.74, 25.06, 25.87, 26.43, 28.92, 29.66, 
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31.50, 35.43, 37.53, 46.86, 48.12, 50.42, 68.62, 
70.24, 84.12, 107.14, 114.04, 128.42, 133.34, 
144.70, 144.91, 220.70 ppm. EI-MS  366.21. 
Anal. Calcd. for C24H30O3: C, 78.65; H, 8.25; O, 
13.10. Found:        C, 78.60; H, 8.20. 

2.3 Synthesis steroid-dioxecine derivatives 

A solution of 3 or 4 (0.50 mmol), Copper(II) 
chloride anhydrous (40 mg, 0.30 mmol) in 5 ml of 
methanol was stirring to room temperature for 48 
h. The mixture obtained was dried under reduced 
pressure and purified by crystallization using the 
methanol:hexane:water (4:1:1) system. 

18-methyl-4,11-dioxapentacyclo[12.11.0.03,12. 
015,23.018,22]pentacosa-1,3(12),13-trien-5-yn-19-ol 
(5) 

yielding 45% of product, m.p. 162-164oC; IR 
(Vmax, cm-1) 3402, 2192 and 1112. 1H NMR (500 
MHz, Chloroform-d) H: 0.76 (s, 3H), 0.80-1.11 
(m, 4H), 1.18 (m, 2H), 1.30-1.40 (m, 3H), 1.60 
(m, 2H), 1.66-1.88 (m, 4H), 1.94-1.96 (m, 2H), 
2.12-3.64 (m, 5H), 4.16-4.17 (m, 2H), 6.32 (m, 
1H), 6.40 (broad, 2H), 6.60 (m, 1H) ppm. 13C 
NMR (500 MHz, Chloroform-d) C: 15.82, 17.20, 
24.22, 25.32, 27.74, 29.67, 29.79, 32.16, 32.78, 
33.71, 37.28, 44.02, 44.39, 50.76, 51.94, 67.96, 
76.72, 82.46, 109.33, 111.61, 129.78, 134.05, 
144.52, 147.30 ppm. EI-MS /  366.21. Anal. 
Calcd. for C24H30O3: C, 78.65; H, 8.25; O, 13.10. 
Found:        C, 78.62; H, 8.20. 

18-methyl-4,11-dioxapentacyclo[12.11.0.03,12. 
015,23.018,22]pentacosa-1,3(12),13-trien-5-yn-19-
one (6) 

yielding 63% of product, m.p. 128-130oC; IR 
(Vmax, cm-1) 21.90, 1712 and 1110. 1H NMR (500 
MHz, Chloroform-d) H: 0.92 (s, 3H), 1.18 (m, 
2H), 1.20-1.52 (m, 5H), 1.60 (m, 2H), 1.80-1.92 
(m, 2H), 1.95-1.96 (m, 2H), 2.10-2.80 (m, 8H), 
4.16-4.17 (m, 2H), 6.30-6.66 (m, 2H) ppm. 13C 
NMR (500 MHz, Chloroform-d) C: 13.80, 17.20, 
21.75, 25.87, 26.33, 29.67, 29.79, 31.50, 32.14, 
35.43, 37.56, 46.87, 48.11, 50.40, 51.94, 67.97, 
76.70, 108.96, 111.61, 133.61, 144.50, 147.30, 
220.70 ppm. EI-MS /  364.20. Anal. Calcd. for 
C24H28O3: C, 79.09; H, 7.74; O, 13.17. Found:        
C, 79.00; H, 7.70. 

2.4 Preparation of amino-steroid-dioxecine 
derivative 

A solution of 5 (0.50 mmol), ethylenediamine (50 
µl, 0.74 mmol) in 5 ml of formaldehyde was 
stirring to reflux for 12 h. The mixture obtained 

was dried under reduced pressure and purified by 
crystallization using the methanol:hexane:water 
(4:1:1) system. 

2-{[(2-aminoethyl)amino]methyl}-18-methyl-
4,11-dioxapentacyclo[12.11.0.03,12.015,23.018,22] 
pentacosa-1,3(12),13-trien-5-yn-19-ol (7) 

yielding 45% of product, m.p. 150-152oC; IR 
(Vmax, cm-1) 3400, 3380 and 2190. 1H NMR (500 
MHz, Chloroform-d) H: 0.76 (s, 3H), 0.80-1.16 
(m, 4H), 1.18 (m, 2H), 1.30-1.40 (m, 3H), 1.60 
(m, 2H), 1.70-1.88 (m, 10H), 1.95-1.96 (m, 2H), 
2.10-2.52 (m, 4H), 2.66-2.80 (m, 4H), 3.60 
(broad, 4H), 3.64 (m, 1H), 3.70 (m, 2H), 4.16-
4.17 (m, 2H), 6.36 (m, 1H) ppm. 13C NMR (500 
MHz, Chloroform-d) C: 15.80, 17.20, 24.22, 
25.34, 27.69, 27.70, 29.80, 32.16,  32.78,  33.71, 
37.28,  41.57,  44.40,  44.60, 46.10, 50.76, 51.95,  
53.32, 67.96,  78.38,  82.46, 109.76,  128.75,  
132.11, 132.13, 141.32, 143.30 ppm. EI-MS / : 
438.28. Anal. Calcd. for C27H38N2O3: C, 73.94; H, 
8.73;     N, 6.39; O, 10.94. Found:C, 73.88; H, 
8.68. 

2.5 Reduction of hydroxyl from 7 

A solution of 7 (0.50 mmol), pyridinium 
chlorochromate (100 mg, 0.46 mmol) in 5 ml 
ethanol:water (4:1)  at room temperature for 48 h. 
The mixture obtained was dried under reduced 
pressure and purified by crystallization using the 
methanol:hexane:water (4:2:1) system. 

2-{[(2-aminoethyl)amino]methyl}-18-methyl-4, 
11-dioxapentacyclo[12.11.0.03,12.015,23.018,22]pen- 
tacosa-1,3(12),13-trien-5-yn-19-one (8) 

yielding 53% of product, m.p. 191-193; IR (Vmax, 
cm-1) 3380, 2190, 1710 and 1112. 1H NMR (500 
MHz, Chloroform-d) H: 0.90 (s, 3H), 1.18 (m, 
2H), 1.20-1.54 (m, 5H), 1.60 (m, 2H), 1.80-1.92 
(m, 2H), 1.95-1.96 (m, 2H), 2.10-2.54 (m, 8H), 
2.64 (m, 2H), 2.66 (broad, 3H), 2.80-3.70 (m, 
4H), 4.16-4.17 (m, 2H), 6.44 (m, 1H) ppm. 13C 
NMR (500 MHz, Chloroform-d) C: 13.82, 17.20,  
21.72,  25.72,  27.41, 27.70,  29.79, 31.32,  32.16,  
35.12,  37.50, 41.56,  46.10,  47.44, 48.22,  50.54, 
51.95, 53.32,  67.96, 78.38, 109.39,  128.38, 
131.69,  132.11,  141.32,  143.30,  220.70 ppm. 
EI-MS  436.27. Anal. Calcd. for C27H36N2O3: 
C, 74.28;     H, 8.31; N, 6.42; O, 10.99. Found:C, 
74.20;            H, 8.26. 

2.6 Synthesis of chloroamide derivative 

A solution of 7 or 8 (0.50 mmol), chloroacetyl 
chloride (50 µl, 0.63 mmol) and triethylamine (80 
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µl, 0.57 mmol) in 5 ml methanol at room 
temperature for 48 h. The mixture obtained was 
dried under reduced pressure and purified by 
crystallization using the methanol:ketone (3:1) 
system. 

2-chloro-N-{2-[({19-hydroxy-18-methyl-4,11-
dioxapentacyclo[12.11.0.03,12.015,23.018,22]penta- 
cosa-1,3(12),13-trien-5-yn-2-yl}methyl)amino] 
ethyl}acetamide (9) 

yielding 83% of product, m.p. 166-168oC; IR 
(Vmax, cm-1) 3400, 3310, 2190 and 1110. 1H NMR 
(500 MHz, Chloroform-d) H: 0.76 (s, 3H), 0.80-
1.16 (m, 4H), 1.18 (m, 2H), 1.30-1.40 (m,3H), 
1.60 (m, 2H), 1.70-1.88 (m, 4H), 1.95-1.96 (m, 
2H), 2.10-2.52 (m, 4H), 2.70-3.40 (m, 4H), 3.64 
(m, 1H), 3.70 (m, 2H), 4.02 (m, 2H), 4.16-4.17 
(m, 2H), 5.94 (broad, 3H), 6.36 (m, 1H). 13C 
NMR (500 MHz, Chloroform-d) C: 15.80, 17.20, 
24.22, 25.35, 27.70, 27.72, 29.80, 32.16, 32.78, 
33.71, 37.28, 38.57, 42.43, 44.40, 44.62, 46.10, 
50.76, 51.95, 67.96, 78.38, 82.46, 109.76, 128.75, 
132.13, 132.37, 141.34, 143.30, 162.60 ppm. EI-
MS /  514.25. Anal. Calcd. for C29H39ClN2O4: 
C, 67.62; H, 7.63; Cl, 6.88; N, 5.44; O, 12.42. 
Found:             C, 67.60; H, 7.58. 

2-chloro-N-{2-[({18-methyl-19-oxo-4,11-dioxa- 
pentacyclo[12.11.0.0³,¹².015,23.018,22]pentacosa-
1,3(12),13-trien-5-yn-2-yl}methyl)amino]ethyl} 
acetamide (10) 

yielding 78% of product, m.p. 154-156oC; IR 
(Vmax, cm-1) 3310, 21.90, 1712 and 1112. 1H NMR 
(500 MHz, Chloroform-d) H: 0.90 (s, 3H), 1.18 
(m, 2H), 1.20-1.54 (m, 5H), 1.60 (m, 2H), 1.80-
1.92 (m, 2H), 1.95-1.96 (m, 2H), 2.10-2.54 (m, 
8H), 2.70-3.40 (m, 4H), 3.70 (m, 2H), 4.02 (m, 
2H), 4.16-4.17 (m, 2H), 5.76 (broad, 2H), 6.44 
(m, 1H). 13C NMR (500 MHz, Chloroform-d) C: 
13.82, 17.20, 21.72, 25.72, 27.41, 27.70, 29.80, 
31.33, 32.16, 35.12, 37.50,  38.57, 42.40,  46.10,  
47.45,  48.21,  50.54,  51.94,  52.84, 67.96,  
78.38,  109.39,  128.38,  131.69, 132.37, 141.34,  
143.32,  162.60,  220.70 ppm. EI-MS  
512.24. Anal. Calcd. for C29H37ClN2O4: C, 67.89; 
H, 7.27; Cl, 6.91; N, 5.46; O, 12.47. Found:C, 
67.80; H, 7.20. 

2.7 Preparation of chloroamide derivative 

A solution of 9 or 10 (0.50 mmol), 2-hydroxy-1- 
naphthaldehyde (68 mg, 0.40 mmol), and sodium 
hydroxide (20 mg, 0.50 mmol) in 5 ml of ethanol 
was stirring for 72 h at room temperature. 2-
hydroxy-1- naphthaldehyde (68 mg, 0.40 mmol), 

and 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. 

N-{2-[({19-hydroxy-18-methyl-4,11-dioxapenta 
cyclo[12.11.0.03,12.015,23.015,23.018,22]pentacosa-1,3 
(12),13-trien-5-yn-2-yl}methyl)amino]ethyl}-3-
(2-hydroxy-naphthalen-1-yl)oxirane-2-carbo-
xamide (11) 

yielding 54% of product, m.p. 175-177oC; IR 
(Vmax, cm-1) 3402, 2192, 1632 and 1112. 1H NMR 
(500 MHz, Chloroform-d) H: 0.76 (s, 3H), 0.80-
1.16 (m, 4H), 1.18 (m, 2H), 1.30-1.40 (m,3H), 
1.60 (m, 2H), 1.70-1.88 (m, 4H), 1.95-1.96 (m, 
2H), 2.10-2.52 (m, 4H), 2.70-3.40 (m, 4H), 3.64 
(m, 1H), 3.70 (m, 2H), 3.94 (m, 1H), 4.16-4.17 
(m, 2H), 4.26 (m, 1H), 6.36 (m, 1H), 6.66 (broad, 
4H), 7.22-7.90 ppm. 13C NMR (500 MHz, 
Chloroform-d) C: 15.80, 17.20, 24.22, 25.35, 
27.69, 27.70, 29.80, 32.16, 32.78, 33.71, 37.30, 
39.14, 44.39, 44.60, 46.04, 50.76, 51.94, 52.82, 
53.66, 59.55,  67.94, 78.38,  82.46, 109.76,  
118.80,  121.45,  122.58,  123.43, 126.81,  128.00, 
128.75,  129.2,  130.35,  132.13,  132.37, 134.34, 
141.30, 143.33,  152.77,  172.20 ppm. EI-MS 

/ : 650.33. Anal. Calcd. for C40H46N2O6: C, 
73.82; H, 7.12; N, 4.30; O, 14.75. Found:C, 
73.78; H, 7.08. 

3-(2-hydroxynaphthalen-1-yl)-N-{2-[({18-me- 
thyl-19-oxo-4,11-dioxapentacyclo[12.11.0.03,12. 
015,23.018,22]penta- cosa-1,3(12),13-trien-5-yn-2-
yl}methyl)amino]ethyl}-oxirane-2-carboxamide 
(12) 

yielding 38% of product, m.p. 164-166; IR (Vmax, 
cm-1) 21.90, 1712, 1630 and 1110. 1H NMR (500 
MHz, Chloroform-d) H: 0.90 (s, 3H), 1.18 (m, 
2H), 1.20-1.54 (m, 5H), 1.60 (m, 2H), 1.80-1.92 
(m, 2H), 1.95-1.96 (m, 2H), 2.10-2.54 (m, 8H), 
2.70-3.40 (m, 4H), 3.70 (m, 2H), 3.96 (m, 1H), 
4.16-4.17 (m, 2H), 4.26 (m, 1H), 6.44 (m, 1H), 
6.70 (broad, 3H), 7.22-7.90 (m, 6H) ppm.               
13C NMR (500 MHz, Chloroform-d) C: 13.82,  
17.20,  21.72, 25.72,  27.41,  27.70,  29.79,  31.30,  
32.16,  35.12,  37.49,  39.16,  46.10,  47.45,  48.2 , 
50.52,  51.96, 52.84,  53.66,  59.55,  67.96,  78.38,  
109.40,  118.80,  121.45, 122.58, 123.43,  126.81,  
128.00,  128.38,  129.2, 130.35, 131.70,  132.37,  
134.34,  141.30,  143.34,  152.74, 172.20,  220.72 
ppm. EI-MS / : 648.31. Anal. Calcd. for 
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C40H44lN2O6: C, 74.05; H, 6.84; N, 4.32; O, 14.80. 
Found:C, 74.00; H, 6.80. 

 

3. Results and Discussion 

Several studies have been showed the preparation 
of oxirane derivatives; however, some protocols 

use expensive reagents and their management 
requires special conditions [11-13]. Therefore, in 
this study, we report a facile method for the 
synthesis of two steroid-oxirane derivatives using 
several strategies. 

 

HO

N+

O

O
i

1 or 2

OH

O

HO

O

O

HO

3

4  
Figure 1. Preparation of steroid-propargylic-ether (3 or 4). Reaction of 2-nitroestradiol (1) or 2-
nitroestrone (2) with 5-hexyn-1-ol (i) to form 3 or 4. 

 

3.1 Preparation of propargyl-ether derivatives 

There are several methods for preparation of ether 
derivatives which involve the use of different 
reagents such hexyl bromide/sodium cyanide [14], 
m-chloroperoxybenzoic acid [15], hydrazonyl 
chloride [16], N,N-dimethylbarbituric acid [17] 
and others. In this study, estrone or estradiol were 
reacted with 5-hexyn-1-ol in presence of dimethyl 
sulfoxide at mild conditions.  

The 1H NMR spectrum of 3 showed several 
signals at 0.76 ppm for methyl group bound to 
steroid nucleus; at 0.80-1.40, 1.66-1.80, 1.88, 
2.12, 2.50-3.64 and 6.40-6.60 ppm for steroid 
moiety; at 1.60, 1.86, 2.24 and 4.10 ppm for 
methylene groups involved in the arm bound of 
both ether and alkyne groups; at 1.94 ppm for 
alkyne group; at 6.12 ppm for both hydroxyl 
groups. The 13C NMR spectra display several 
chemical shifts at 15.82 ppm for methyl group 
bound to steroid nucleus; at 18.02, 25.05, 28.92 
and 70.25 ppm for methylene groups o arm bound 

to both ether and alkyne groups; at 24.22, 23.35-
27.77, 29.68-50.72, 82.44 and 107.50-144.92 ppm 
for steroid moiety, at 68.64 and 84.10 ppm for 
alkyne group. In addition, the mass spectrum from 
3 showed a molecular ion (m/z) 368.23. 

Other data showed several signals involved in 1H 
NMR spectrum of compound 4 at 0.90 ppm for 
methyl group bound to steroid nucleus; at 1.20-
1.52, 1.80, 1.92, 2.10-2.20, 2.46-2.80 and 6.40-
6.60 ppm for steroid moiety; at 1.60, 1.86, 2.24 
and 4.08 ppm for methylene groups involved in 
the arm bound of both ether and alkyne groups; at 
1.94 ppm for alkyne group; at 5.90 ppm for 
hydroxyl group. The 13C NMR spectra display 
several chemical shifts at 13.80 ppm for methyl 
group bound to steroid nucleus; at 18.02, 25.06, 
28.92 and 70.24 ppm for methylene groups of arm 
bound to both ether and alkyne groups; at 21.74, 
25.87-26.43, 29.66-50.42 and 107.14-144.91ppm 
for steroid moiety, at 68.64 and 84.12 ppm for 
alkyne group; at 220.70 ppm for ketone group. 
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Finally, the mass spectrum from 4 showed a 
molecular ion (m/z) 366.21. 

 

O

HO

3 or 4

O

O

OH

O

O

O

5

6

ii

ii

 
Figure 2. Synthesis of two steroid-dioxecine derivatives (5 or 6). Intramolecular reaction of alkyne 
with the hydroxyl group from 3 or 4 to form the compounds 5 or 6.  ii = Copper(II). 

O

O

5

O

O

OH

7

ii

iii

N
H

NH2

O

O

O

N
H

NH2

8

 
Figure 3. Preparation of two amino-steroid analogs (7 or 8). Reaction of oxacine-steroid 
derivatives (5) with ethylenediamine in presence of formaldehyde (ii) to form an amino-ozacine 
steroid (7). Then, 8 was prepared via reduction of 7 with cyanoborohydride/Zn+2 (iii). 

  

3.2 Synthesis steroid-dioxa derivatives 

There are several reports on the preparation of 
oxacyclic derivatives using several reagents such 

as Grubbs catalyst 2nd generation [18] urea [19], 
oxoborane [20], phosphorus trichloride [21], di-
ethanolamine [22],  p-Toluenesulfonamide [23] 
and others.  In this study, two steroid-dioxa 
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derivatives (5 or 6) were prepared via 
intramolecular from 3 or 4 using Copper(II) as a 
catalyst (Figure 2); here, is important to mention 
that this method does not require special 
conditions.  

The 1H NMR spectrum of 5 showed several 
signals at 0.76 ppm for methyl group bound to 
steroid nucleus; at 0.80-1.11, 1.30-1.40, 1.66-
1.88, 2.12-3.64, 6.32 and 6.60 ppm for steroid 
moiety; at 1.18, 1.60, 1.94-1.96 and 4.16-4.17 
ppm for methylene groups involved in dioxecine 
ring; at 6.40 ppm for hydroxyl group. The 13C 
NMR spectra display several chemical shifts at 
15.82 ppm for methyl group bound to steroid 
nucleus; at 17.20, 29.79-32.16 and 67.96 ppm for 
dioxecine ring; at 24.22, 29.79-32.16, 50.76 and 
82.46-147.30 ppm for steroid moiety, at 52.95-
76.72 ppm for alkyne group. In addition, the mass 
spectrum from 5 showed a molecular ion (m/z) 
366.21. 

The 1H NMR spectrum of 6 showed several 
signals at 0.92 ppm for methyl group bound to 
steroid nucleus; at 1.20-1.52, 1.80-1.92, 2.10-2.80 
and 6.30-6.66 ppm for steroid moiety; at 1.18, 
1.60, 1.95-1.96 and 4.16-4.17 ppm for methylene 
groups involved in dioxecine ring; at 6.40 ppm for 
hydroxyl group. The 13C NMR spectra display 
several chemical shifts at 13.80 ppm for methyl 
group bound to steroid nucleus; at 17.20, 29.79, 

32.14 and 67.97 ppm for dioxecine ring; at 21.75-
29.67, 31.50, 35.43-50.40 and 108.96-147.30 ppm 
for steroid moiety, at 51.94-76.70 ppm for alkyne 
group. In addition, the mass spectrum from 6 
showed a molecular ion (m/z) 364.20. 

3.3 Synthesis of steroid-amino derivative 

There are several studies that show the 
preparation of some steroid-amino derivatives 
with Mannich reaction [24]; these reports indicate 
the reactivity of hydrogen atom (C-4) involved in 
ring A of steroid nucleus which can be a specific 
site to introduce an amino group. Therefore, in 
this study 5 or 6 were reacted with 
ethylenediamine in presence of formaldehyde to 
form two steroid-amino derivatives (7 or 8).  

The 1H NMR spectrum of 7 showed several 
signals at 0.76 ppm for methyl group bound to 
steroid nucleus; at 0.80-1.16, 1.30-1.40, 1.70-
1.88, 2.10-2.52, 3.64 and 6.36 ppm for steroid 
moiety; at 1.18, 1.60, 1.95-1.96 and 4.16-4.17 
ppm for methylene groups involved in dioxecine 
ring; at 2.66-2.80 ppm for methylene groups 
bound to both amine groups; 3.60 ppm for both 
hydroxyl and amino groups; 3.70 ppm for 
methylene group bound to both ring A (steroid 
nucleus) and amino group.  
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Figure 4. Reaction mechanism involved in the synthesis of an oxacine-steroid derivative (compound 8) via oxidation of 
7 with pyridinium chlorochromate. 
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The 13C NMR spectra display several chemical 
shifts at 15.80 ppm for methyl group bound to 
steroid nucleus; at 17.20, 29.80-32.16 and 67.96 
ppm for dioxecine ring; at 25.34-27.70, 32.78-
37.28, 44.40-46.00, 50.76 and 82.46-143.30 ppm 
for steroid moiety, at 41.57 and 53.32 ppm for 
methylene groups bound to both amino groups; at 
46.10 ppm for methylene group bound to both 
ring A (steroid nucleus) and amino group; at 
51.95 and 78.38 ppm for alkyne group. In 
addition, the mass spectrum from 7 showed a 
molecular ion (m/z) 438.28. 

Other data showed several signals involved in 1H 
NMR spectrum for compound 8 at 0.90 ppm for 
methyl group bound to steroid nucleus; at 1.20-
1.54, 1.80-1.92, 2.10-2.54 and 6.44 ppm for 
steroid moiety; at 1.18, 1.60, 1.95-1.96 and 4.16-
4.17 ppm for methylene groups involved in 
dioxecine ring; at 2.64-2.80 ppm for methylene 
groups bound to both amine groups; 2.66 ppm for 
amino groups; 3.70 ppm for methylene group 
bound to both ring A (steroid nucleus) and amino 
group;. The 13C NMR spectra display several 

chemical shifts at 13.82 ppm for methyl group 
bound to steroid nucleus; at 17.20, 29.79, 32.16 
and 67.96 ppm for dioxecine ring; at 21.72-27.70, 
31.32, 35.12-37.50, 47.44-50.54 and 109.39-
143.30 ppm for steroid moiety, at 41.56 and 53.32 
ppm for methylene groups bound to both amino 
groups; at 46.10 ppm for methylene group bound 
to both ring A (steroid nucleus) and amino group; 
at 51.95 and 78.38 ppm for alkyne group; at 
220.70 ppm for ketone group. Additionally, the 
mass spectrum from 8 showed a molecular ion 
(m/z) 436.27. 

3.4 Preparation of steroid-chloroamide 
derivatives 

Several procedures for synthesis of chloroamide 
derivatives are reported; these protocols involved 
some reagents such as trichloroisocyanuric Acid 
[25], N-chlorobenzotriazole [26], chloroacetyl 
chloride [27-29]. Therefore, in this study two 
steroid-chloroamide derivatives (9 or 10) were 
prepared using chloroacethyl chloride/triethyl- 
amine; it is important to mention that with this 
method the yielding was relatively good.  
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iv

N
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H
N

O

O

N
H

NH2
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O
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iv
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Figure 5. Synthesis of two chloroamide derivatives (9 or 10). Compounds 7 o 8 reacted with chloroacetyl chloride (iv) 
to form 9 or 10. 
 
The 1H NMR spectrum of 9 showed several 
signals at 0.76 ppm for methyl group bound to 
steroid nucleus; at 0.80-1.16, 1.30-1.40, 1.70-

1.88, 2.10-2.52, 3.64 and 6.36 ppm for steroid 
moiety; at 1.18, 1.60, 1.95-1.96 and 4.16-4.17 
ppm for methylene groups involved in dioxecine 
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ring; at 2.70-3.40 ppm for methylene groups 
bound to both amine groups; 3.70 ppm for 
methylene group bound to both ring A (steroid 
nucleus) and amino group; at 4.02 ppm for 
methylene bound chloride; at  5.94 ppm for 
hydroxyl, amino and amide groups. The 13C NMR 
spectra display several chemical shifts at 15.80 
ppm for methyl group bound to steroid nucleus; at 
17.20, 29.80-32.16 and 67.96 ppm for dioxecine 
ring; at 24.22-27.72, 32.7837.28, 44.40-44.62, 

50.76 and 82.46-143.30 ppm for steroid moiety, at 
38.57 and 52.84 ppm for methylene groups bound 
to both amino groups; at 42.43 ppm for methylene 
group bound to chloride; at 46.10 ppm for 
methylene group bound to both ring A (steroid 
nucleus) and amino group; at 51.95 and 78.38 
ppm for alkyne group; at 162.60 ppm for amide 
group. In addition, the mass spectrum from 9 
showed a molecular ion (m/z) 514.25. 
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Figure 6. Synthesis of two oxirane-steroid derivatives (11 or 12). Compounds 9 or 10 reacted with 2-hydroxy-1-
naphthaldehyde (v) to form 11 or 12. 

 

Other data showed several signals involved in 1H 
NMR spectrum for the compound 10 at 0.90 ppm 
for methyl group bound to steroid nucleus; at1.20-
1.54, 1.80-1.92, 2.10-2.54 and 6.44 ppm for 
steroid moiety; at 1.18, 1.60, 1.95-1.96 and 4.16-
4.17 ppm for methylene groups involved in 
dioxecine ring; at 2.70-3.40 ppm for methylene 
groups bound to both amine groups; 3.70 ppm for 

methylene group bound to both ring A (steroid 
nucleus) and amino group; at 4.02 ppm for 
methylene bound chloride; at  5.76 ppm for both 
amino and amide groups. The 13C NMR spectra 
display several chemical shifts at 13.82 ppm for 
methyl group bound to steroid nucleus; at 17.20, 
29.80-32.16 and 67.96 ppm for dioxecine ring; at 
21.72-27.70, 31.33, 35.12-37.50, 47.45-50.54 and 
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109.39-143.32 ppm for steroid moiety, at 38.57 
and 52.84 ppm for methylene groups bound to 
both amino groups; at 42.40 ppm for methylene 
group bound to chloride; at 46.10 ppm for 
methylene group bound to both ring A (steroid 
nucleus) and amino group; at 51.94 and 78.38 
ppm for alkyne group; at 162.60 ppm for amide 
group; at 220.70 for ketone group. In addition, the 
mass spectrum from 10 showed a molecular ion 
(m/z) 512.24. 

3.5 Preparation of oxirane-steroid derivatives 

Several studies have been reported for synthesis 
of oxirane derivatives which involve some 
reagents such as chlorophyll [30], ethyl 
bromoacetate [31], m-chloroperoxybenzoic acid 
[32], potassium hydroxide [33], dimethyldioxiran 
[34] and others. In this study, the compounds 9 or 
10 were reacted with 2-hydroxy-1-
naphthaldehyde in basic medium to form two 
oxirane-steropid deivatives (11 or 12). The 1H 
NMR spectrum of 11 showed several signals at 
0.76 ppm for methyl group bound to steroid 
nucleus; at 0.80-1.16, 1.30-1.40, 1.70-1.88, 2.10-
2.52, 3.64 and 6.36 ppm for steroid moiety; at 
1.18, 1.60, 1.95-1.96 and 4.16-4.17 ppm for 
methylene groups involved in dioxecine ring; at 
2.70-3.40 ppm for methylene groups bound to 
both amine groups; 3.70 ppm for methylene group 
bound to both ring A (steroid nucleus) and amino 

group; at 3.94 and 4.26 for oxirane ring;  at 6.66 
ppm for hydroxyl, amide and amino groups; at 
7.22-7.90 ppm for naphthalene. The 13C NMR 
spectra display several chemical shifts at 15.80 
ppm for methyl group bound to steroid nucleus; at 
17.20, 29.80-32.16 and 67.94 ppm for dioxecine 
ring; at 24.22-27.70, 32.78-37.30, 44.39-44.60, 
50.76 and 82.46-109.76, 128.75, 132.13-132.37 
and 141.30-143.32 ppm for steroid moiety; at 
39.14 and 52.82 ppm for methylene groups bound 
to both amino groups; at 46.04 ppm for methylene 
group bound to both ring A (steroid nucleus) and 
amino group; at 51.94 and 78.38 ppm for alkyne 
group; at 55.66 and 59.55 ppm for oxirane ring; at 
118.80-128.00, 129.20-130.35 and 134.34-152.77 
for naphthalene. In addition, the mass spectrum 
from 11 showed a molecular ion (m/z) 650.33. 

Finally, the 1H NMR spectrum of 12 showed 
several signals at 0.90 ppm for methyl group 
bound to steroid nucleus; at 1.20-1.54, 1.80-1.92, 
2.10-2.54 and 6.44 ppm for steroid moiety; at 
1.18, 1.60, 1.95-1.96 and 4.16-4.17 ppm for 
methylene groups involved in dioxecine ring; at 
2.70-3.40 ppm for methylene groups bound to 
both amine groups; 3.70 ppm for methylene group 
bound to both ring A (steroid nucleus) and amino 
group; at 3.96 and 4.26 for oxirane ring;  at 6.70 
ppm for hydroxyl, amide and amino groups; at 
7.22-7.90 ppm for naphthalene. 

 

 
Figure 7. The scheme shown 1H NMR spectrum from 11. Analyzed with a Varian VXR300/5 FT NMR apparatus at 
300 and 75.4 MHz in CDCl3. Axis abscissa (ppm);  ppm = parts per million. 
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Figure 8. Visualization of 1H NMR spectrum from 12. Analyzed with a Varian VXR300/5 FT NMR apparatus at 300 
and 75.4 MHz in CDCl3. Axis abscissa (ppm);  ppm = parts per million. 

 

The 13C NMR spectra display several chemical 
shifts at 13.82 ppm for methyl group bound to 
steroid nucleus; at 17.20, 29.79, 32.16 and 67.96 
ppm for dioxecine ring; at 21.72-27.70, 31.30, 
35.12-37.49, 47.45-50.52, 109.40, 128.38, 131.70-
132.37 and 141.34-143.30 ppm for steroid moiety; 
at 39.16 and 52.84 ppm for methylene groups 
bound to both amino groups; at 46.10 ppm for 
methylene group bound to both ring A (steroid 
nucleus) and amino group; at 51.96 and 78.38 
ppm for alkyne group; at 55.66 and 59.55 ppm for 
oxirane ring; at 118.80-128.00, 129.22, 130.35, 
134.34 and152.74 for naphthalene; at 172.20 ppm 
for amide group; at 220.70 ppm for ketone group. 
In addition, the mass spectrum from 12 showed a 
molecular ion (m/z) 648.31. 

 

Conclusions  

There are several reports for the preparation of 
oxirane derivatives; however, some protocols use 
some reagents that can be i) expensive; ii) 
difficult to handle; iii) expansive and iv) require 
special conditions.  Therefore, in this study is 
reported a facile method for the preparation of 
two oxiran-steroid derivatives using some 
strategies. It is important to mention that reagent 

used for their preparation was not require special 
conditions and are facile of handled.  

References 

[1] Z. Wang, J.Wen, Q. Wei, X. Qi, Z. Qing, X. 
Xiao, L. Zili, Oxirane synthesis from 
diazocarbonyl compounds via NHC-Ag+ 
catalysis, Tetrahedron Letters. Vol. 55, No. 18, 
2014, pp. 2969-2972. 
doi.org/10.1016/j.tetlet.2014.03.105 

[2] T. Konoike, Y. H. Yoshitaka Araki, (S)- -
2-tert-butyl-3-methylene-oxirane: Synthesis and 
hydroboration of a chiral allene oxide, 
Tetrahedron Asymmetry. Vol. 5, No. 8, 1994, pp. 
1559-1566. doi.org/10.1016/0957-
4166(94)80126-6 

[3] J. Zanardi, D. Lamazure, S. Minière, V. 
Reboul, P. Metzner, First enantioselective 
synthesis of vinyl oxiranes from aldehydes and 
ylides generated from allyl halides and chiral 
sulfides , The Journal of organic chemistry. Vol. 
67, No. 25, 2002, pp. 9083-9086. doi. org/ 
10.1021/jo026085z 

[4] M. Montana, T. Terme, P. Vanelle, Original 
synthesis of oxiranes via TDAE methodology: 
reaction of 2,2-dibromomethyl- quinoxaline with 



Parana Journal of Science and Education (PJSE)  v. 5, n. 1, (7-19) February 1, 2019 
ISSN: 2447-6153         https://sites.google.com/site/pjsciencea 

 18 
 
 
 

 

aromatic aldehydes, Tetrahedron Letters, Vol. 46, 
No. 48, 2005, pp. 8373-8376.  
doi.org/10.1016/j.tetlet. 2005.09.152 

[5] G. Thirunarayanan, G. Vanangamudi, 
Synthesis, spectral studies, antimicrobial, 

antioxidant and insect antifeedant activities of 
some 9H-fluorene-2-yl keto-oxiranes,  
Spectrochimica Acta Part A: Molecular and 
Biomolecular Spectroscopy. Vol. 81, No. 1,  2011, 
pp. 390-396. doi.org/10.1016/j.saa.2011.06.027.  

[6] A. Dandia, R. Singh, S. Bhaskaran, Facile 
stereoslective synthesis of spiro[indole-oxiranes] 
by combination of phase transfer catalyst and 
ultrasound irradiation and their bioassay, 
Ultrasonics sonochemistry, Vol. 18, No. 5, 2011, 
pp. 1113-1117. doi.org/10.1016/j.ultsonch.2010. 
12.010. 

[7] C.  Cook, R. Corley, M. Wall, Steroids. 
LXXIX. Synthesis and reactions of oxiranes 
obtained from 3- and 16-oxo steroids, The 
Journal of organic chemistry, Vol.  33, No. 7, 
1968, pp. 2789-2793. 
doi.org/10.1021/jo01271a038 

[8] I. Ekhato, J. Silverton, C. Robinson, An 
unusual stereochemical outcome of a peroxyacid 
epoxidation reaction: stereospecific synthesis of 
(4'R)-spiro[oxirane-2,4'-5'.alpha.-cholestan-
3'.beta.-ol], The Journal of Organic Chemistry, 
Vol. 53, No. 10, 1988, pp 2180-2183. 
doi.org/10.1021/jo00245a010. 

[9] L. Troisi,  G. Vasapollo, B. El-Ali,  G. Mele, 
S. Florio, V. Capriati, Palladium(II) catalyzed 
regioselective lactonization of steroids. 
Chemoselective construction of novel estrone 
derivatives, Tetrahedron Letters, Vol.  40, No. 9, 
1999, pp. 1771-1774. doi.org/10.1016/S0040-
4039(99)00094-5. 

[10] S. Kraychy, Synthesis of potential 
metabolites of estradiol, Journal of the American 
Chemical Society, Vol. 81, No. 7, 1959, pp. 1702
1704. doi.org/10.1021/ja01516a045. 

[11] M. Shengming, S. Zhao, Pd(0)-catalyzed 
insertion-cyclization reaction of 2,3-allenols with 
aryl or alkenyl halides. Diastereoselective 
synthesis of highly optically active trans-2,3-
disubstituted vinylic oxiranes, Journal of the 
American Chemical Society, Vol. 121, No. 34, 
1999, pp. 7943-7944. doi.org/10.1021/ja9904888. 

[12] A. Schmid, K. Hofstetter, F. Hollmann, B. 
Witholt, Integrated biocatalytic synthesis on 

gram scale: The highly enantioselective 
preparation of chiral oxiranes with styrene 
monooxygenase, Advanced Synthesis & 
Catalysis, Vol. 343, No. 6-7, 2001, pp. 732-737. 
doi.org/10.1002/1615-
4169(200108)343:6/7<732::AID-
ADSC732>3.0.CO;2-Q. 

[13] F. Chemla, F. Ferreira, Alkynyl-oxiranes 
and aziridines: Synthesis and ring opening 
reactions with carbon nucleophiles, Current 
Organic Chemistry, Vol. 6, No. 6, 2002, pp.539-
570. doi.org/10.2174/1385272024604916. 

[14] E. Benfenati, R. Fanelli, E. Bosone, C. Biffi, 
R. Caponi, M. Cianetti, P. Farina, Mass 
spectrometric identification of urinary and plasma 
metabolites of 6-(6'-carboxyhexyl)-7-n-hexyl-1,3-
diazaspiro-[4-4]-nonan-2,4-dione, a new 
cytoprotective agent, Drug metabolism and 
disposition, Vol. 19, No. 5, 1991, pp. 913-916. 

[15] P. Yates, J. Hoare, Synthesis of piperazine-
2,5-diones related to bicyclomycin: 1,4-dibenzyl-
3-hydroxy-3-[1-(2-
methoxyethyl)ethenyl]piperazine-2,5-dione. 2. 
Route via cyclic intermediates, Canadian 
Journal of Chemistry, Vol. 61, No.7, 1983, pp. 
1397-1404. doi.org/10.1139/v83-244. 

[16] A. Farag, Y. Elkholy, K. Ali, Regioselective 
synthesis of diazaspiro [4.4] nona and tetrazaspiro 
[4.5] deca , 9 d ene 6 one derivatives, Journal 
of Heterocyclic Chemistry, Vol. 45, No. 1, 2008, 
pp. 279-283. doi.org/10.1002/jhet.5570450134. 

[17] M. Islam, A. Barakat, A. Al-Majid, H. 
Ghabbour, H. Fun, M. Siddiqui, Stereoselective 
synthesis of diazaspiro [5.5] undecane derivatives 
via base promoted [5+ 1] double Michael addition 
of N,N-dimethylbarbituric acid to diaryliedene 
acetones, Arabian Journal of Chemistry, Vol. 10, 
2017, pp. 1-9. 
doi.org/10.1016/j.arabjc.2015.03.007. 

[18] D. Ashok, D. Shravani, M. Sarasija, K. 
Sudershan. Synthesis of Z-Di/tetra/hexa/hydroid- 
naphtho[2,1-b:1',2'-d][1,6]dioxacyclo alkenes via 
Microwave-Accelera- ted Ring Closing 
Metathesis and Their Antimicrobial Activity 
Russian Journal of General Chemistry, 2015, Vol. 
85, No. 5, pp. 11521155. 
doi.org/10.1134/S10703632150502- 54. 

[19] A. Waldemar, A. Rainer, Synthesis and 
reactions of the cyclic silyl peroxide 1,1,4,4-
tetramethyl-2,3-dioxa-1,4-disilacyclohexane, 
Tetrahedron Letters, Vol. 33, No. 53, 1992, pp. 



Parana Journal of Science and Education (PJSE)  v. 5, n. 1, (7-19) February 1, 2019 
ISSN: 2447-6153         https://sites.google.com/site/pjsciencea 

 19 
 
 
 

 

8015-8016. doi.org/10.1016/S0040-4039(00)747- 
04-6. 

[20] B. Pachaly, R. West, Synthesis of a 1,3-
dioxa-2,4-diboretane, an oxoborane precursor, 
Journal of the American Chemical Society, Vol. 
107, No. 10, 1985, pp. 2987-2988. 
doi.org/10.1021/ja00296a034. 

[21] A. Zwierzak, Cyclic organophosphorus 
compounds. I. Synthesis and infrared spectral 
studies of cyclic hydrogen phosphites and 
thiophosphites, Canadian Journal of Chemistry, 
Vol. 45, No. 21, 1967, pp. 2501-2512. 
doi.org/10.1139/v67-411. 

[22] M. Zeldin, R. Gsell, Synthesis of 5-AZA-
2,8-dioxa-1-stannocyclooctane and N-organo 
substituted derivatives, Synthesis and Reactivity 
in Inorganic and Metal-Organic Chemistry,  Vol. 
6, No. 1, 1976, pp.11-19, 
doi.org/10.1080/0094571760- 8057336. 

[23] I. Borjesson, C. Welch, An alternative 
synthesis of cyclic aza compounds Acta 
Chemistry Scandinavica, Vol. 45, 1991, pp. 621-
626. 

[24] L. Figueroa Valverde, F. Díaz Cedillo, M. 
Lopez Ramos, E. Garcia Cervera, Synthesis and 
characterization of two danazol derivatives, 
Journal of Chemistry, Vol. 7. No 1, 2010, pp. 
S191-S196. doi.org/10.1155/2010/853298. 

[25] G. Hiegel, T. Hogenauer, C. Lewis, 
Preparation of N chloroamides using 

trichloroisocyanuric Acid, Synthetic 
communications, Vol. 35, No. 5, 2005, pp. 2099-
2105. doi.org/10.1081/SCC-200066703. 

[26] A. Katritzky, S. Majumder, R. Jain, 
Microwave assisted N-chlorination of secondary 

amides, Arkivoc,Vol. 12, 2003, pp. 74-79.  

[27] J. Sibi, G. Jacob, Synthesis, Physico-
chemical and Spectral Studies of Mercury 
Complex of Glimepiride, An Oral Antidiabetic 
Drug , Orient Journal of Chemistry, Vol. 29, 
2013, pp. 565-572. doi.org/10.13005/ojc/290225. 

[28] A. Harte, Gunnlaugsson T, -
chloroamides in water, Tetrahedron Letters, Vol. 
47, No. 35, 2006, pp. 6321-6324. 
doi.org/10.1016/j.tetlet.2006.06.090.  

[29] S. Katke, S. Amrutkar, R. Bhor, M.  
Khairnar, Synthesis of biologically active 2-
chloro-N-alkyl/aryl acetamide derivatives, 

International Journal of Pharma Sciences and 
Research, Vol. 2, No. 7, 2011, pp. 148-156.   

[30] E. Borredon, F. Clavellinas, M. Delmas, A. 
Gaset, J. Sinisterra, Epoxide synthesis under 
interfacial solid-liquid conditions, The Journal of 
Organic Chemistry, Vol. 55, No. 2, 1990, pp. 501-
504. doi.org/10.1021/jo00289a022. 

[31] S. Machida, Y. Isoda, M. Kunieda, H. 
Tamiaki, Synthesis and epoxide-opening reaction 
of a 3-oxiranyl-chlorophyll derivative, 
Tetrahedron Letters, Vol. 53, No. 46, 2012, pp. 
6277-6279. doi.org/10.1016/j.tetlet.2012.09.029. 

[32] V. Rawal, R. Newton, V. Krishnamurthy, 
Synthesis of carbocyclic systems via radical-

induced epoxide fragmentation, The Journal of 
Organic Chemistry, Vol. 55, No. 18, 1990, pp. 
5181-5183. doi.org/10.1021/jo00305a001. 

[33] X. Meiran, W. Zhonggang, Z. Yunfeng, 
Synthesis and properties of a novel, liquid, 

trifunctional, cycloaliphatic epoxide, Polymer 
Science Part A: Polymer Chemistry, Vol. 39, 
No.16, 2001, pp. 2799-2804. doi.org/10.1002/ 
pola.1259.  

[34] B. Bhat, K. Dhar, S. Puri, A. Saxena, M. 
Shanmugavel, G. Qazi, Synthesis and biological 
evaluation of chalcones and their derived 
pyrazoles as potential cytotoxic 
agents,  Bioorganic & medicinal chemistry 
letters, Vol. 15, No. 12, 2005, pp. 3177-3180. 
doi.org/10.1016/j.bmcl.2005. 03.121. 

 


