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ABSTRACT 

In the literature there are protocols for the preparation of several epoxide analogs which use 

some reagents which are dangerous and require special conditions. In this way, the aim of this 

study was to prepare an epoxide-steroid carboxamide derivative using some chemical reactions 

such as [2 + 2] addition, hydroxyl group protection/deprotection, acylation and cyclation. The 

chemical structure of compounds was determined by spectroscopic and spectrometric methods. 

In conclusion, in this work were prepared epoxide-steroid carboxamide derivative using several 

chemical techniques, which are simple procedures and easy to handle. 

 

INTRODUCTION 

Over the past several years, several epoxide-analogs have been developed using protocols 

different: For example, the preparation of 1-tetrahydrothiophenium Bromide by the reaction of 

a tetrahydrothiophene derivative from ethyl bromoacetatei. In addition, a study showed the 

synthesis of 3-oxyranil-chlorophyll analog via reaction of Methyl pyropheophorbide with a 

chlorophyllii. Other report, showed the preparation of a epoxide derivative from vinyl 

sulfonium salt,α-]aminoaldehyde, and 1,8-Diazabicyclo(5.4.0)undec-7-eneiii. Also, an 

epoxycyclohexane derivative was prepared via reaction of 1,1-Bis(2-cyclohexenyloxymethyl)-

3-cyclohexene and meta-chloroperbenzoic acidiv. Besides, a study showed the reaction of a 

quinine derivative with quaternary ammonium salts to give the corresponding epoxidev. 

Besides, a report showed the synthesis of a vinyl carbamate-epoxide via reaction of vinyl 

carbamate with dimethyldioxiranevi. Also, an oxirane-carboxamide derivative was prepared 

from a propanamide anolg and sodium hydroxidevii. In addition, a study showed the synthesis 

of an epoxide derivative via reaction of chlorohydrin with sodium hydroxideviii. Other data 

http://heteroletters.org/
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indicated that zeylanone-epoxide was prepared via dimerization of 2-methyl-1,4-

naphtoquinoneix. Additionaly, a diol-estradiol epoxide was synthesized by reaction of diol-

estradiol with meta-Chloroperoxybenzoic acidx. Besides, an epoxide-progesterone derivative 

was prepared by condensation of an 11-hydroxyprogesterone derivative with 2-hydroxy-1-

naphthaldehydexi. Recently, was prepared an epoxide-steroid from 2-nitroestone and 2-

hydroxy-1-naphthaldehydexii. All these experimental results show several methods to 

synthesize some epoxide analogs; analyzing these data in this study a new steroid-derivative 

was prepared using several chemical strategies which was no require special conditions. 

 

EXPERIMENTAL 

2.1 General methods  

The reagents used in this research were acquired from Sigma-Aldrich Co., Ltd. The melting 

point for compounds was evaluated on an Electrothermal (900 model). Infrared spectra (IR) 

were evaluated with a Thermo Scientific iSOFT-IR spectrometer. 1H and 13C NMR spectra 

were recorded using a Varian VXR300/5 FT NMR spectrometer at 300 MHz in CDCl3 using 

TMS as internal standard. EIMS spectra were obtained with a Finnigan Trace Gas 

Chromatography Polaris Q-Spectrometer. Elementary analysis data were acquired from a 

Perkin Elmer Ser. II CHNS/02400 elemental analyzer.  

2.2 Chemical synthesis  

8-Aminomethyl-11a-methyl-2,3,3a,3b,4,5,7a,9a,9c,10,11,11a-dodecahydro-1H-

cyclobuta[g]cyclopenta[a]phenanthrene-1,7-diol (2) 

A solution of estradiol (200 mg, 0.72 mmol), propargylamine (50 µl, 0.78 mmol), Copper(II) 

chloride  (80 mg,0.60mmol) in methanol (5 ml) was stirring for 72 h at room temperature. 

Then, the solvent was evaporated under reduced pressure and following the product was 

extracted using the chloroform:agua (3:1) system; yielding 48% of product; m.p. 82-84 oC; IR 

(Vmax, cm-1) 3400 and 3222: 1H NMR (300 MHz, CDCl3-d) δH:  0.80 (s, 3H), 1.32-2.00 (m, 

13H), 2.12-2.44 (m, 3H), 3.12 (m, 2H), 3.56-3.66 (m, 2H), 4.70 (broad, 4H), 5.44 (m, 1H), 6.46 

(d, 1H, J = 0.80 Hz) ppm. 13C NMR (300 Hz, CDCl3) C: 11.32, 22.22, 23.02, 27.30, 28,10, 

30.66, 30.70, 37.14, 37.90, 41.80, 43.62, 43.74, 49.82, 50.84, 81.73, 92.30, 124.30, 136.12, 

137.22, 142.74, 153.50 ppm. EI-MS m/z: 327.21. Anal. Calcd. for C21H29NO2: C, 77.02; H, 

8.93; N, 4.28; O, 9.77. Found: C, 77.00; H, 8.90.  

[(16S,17S)-7,16-bis[[tert-butyl(dimethyl)silyl]oxy]-17-methyl-5-pentacyclo[10.7.0.02, 

9.03,6.013,17]nonadeca-2(9),4,7-trienyl]methanamine (3) 

A solution of 2 (200 mg, 0.61 mmol), tert-butyldimethylsilyl chloride (200 μL, 1.07 mmol) 

chloroform (5 ml) was stirring for 48 h at room temperature. Then the solvent was evaporated 

at room temperature. Following the product was precipitated with water; yielding 63% of 

product; m.p. 60-62 oC; IR (Vmax, cm-1) 3400 and 1226: 1H NMR (300 MHz, CDCl3-d) δH: 0.08 

(s, 6H), 0.12 (s, 6H), 0.84 (s, 9H), 0.88 (s, 3H), 0.90 (s, 9H), 1.02 (broad, 2H), 1.32-2.00 (m, 

13H), 2.04-3.06 (m, 3H), 3.10 (m, 2H), 3.56-5.28 (m, 3H), 6.32 (d, 1H, J = 0.80 Hz) ppm. 13C 

NMR (300 Hz, CDCl3) C: -4.50, -4.22, 11.32, 18.02, 18.50, 22.22, 24.44, 25.43, 25.52, 27.86, 

30.42, 31.02, 34.72, 36.00, 38.44, 42.12, 43.10, 46.66, 49.44, 51.42, 81.66, 97.88, 111.44, 

130.83. 134.65, 147.00, 155.50 ppm. EI-MS m/z: 555.39. Anal. Calcd. for C33H57NO2Si2: C, 

71.29; H, 10.33; N, 2.52; O, 5.76; Si, 10.10. Found: C, 71.26; H, 10.30. 

N-[[(16S,17S)-7,16-bis[[tert-butyl(dimethyl)silyl]oxy]-17-methyl-5-pentacyclo[10.7. 0.02, 

9.03,6.013,17]nonadeca-2(9),4,7-trienyl]methyl]-2-chloro-acetamide (4) 

A solution of compound 3 (200 mg, 0.36 mmol), chloroacetyl chloride (64 μL; 0.80 mmol), 

triethylamine (112 μL; 0.8 mmol), chloroform (5 ml) was stirring for 48 h at room temperature. 

Then, the solvent was evaporated at room temperature and following the product was purified 

using the chloroform:agua (3:1) system; yielding 40% of product; m.p. 120-122 oC; IR (Vmax, 

https://en.wikipedia.org/wiki/Meta-Chloroperoxybenzoic_acid


 

 

F-V Lauro et al. / Heterocyclic Letters Vol. 10| No.4|157-165|Aug-Oct |2020 

 

159 

 

cm-1) 1630 and 1228: 1H NMR (300 MHz, CDCl3-d) δH:  0.08 (s, 6H), 0.14 (s, 6H), 0.86 (s, 

9H), 0.88 (s, 3H), 0.90 (s, 9H), 1.32-2.00 (m, 13H), 2.04-3.44 (m, 3H), 3.54 (m, 2H), 3.56 (m, 

1H), 4.10 (m, 2H), 4.86-5.26 (m, 2H), 6.70 (m, 1H), 8.30 (broad, 1H) ppm. 13C NMR (300 Hz, 

CDCl3) C: -4.50, -4.22, 11.32, 18.04, 18.50, 22.22, 24.44, 25.42, 25.52, 27.86, 30.44, 31.02, 

34.72, 36.12, 38.44, 42.12, 42.42, 42.80, 43.16, 46.66, 49.44, 81.68, 97.88, 115.62, 127.12, 

137.66, 144.40, 152.02, 165.60 ppm. EI-MS m/z: 631.36. Anal. Calcd. for C35H58ClNO3Si2: 

C, 66.47; H, 9.24; Cl, 5.61; N, 2.21; O, 7.59; S, 8.88. Found: C, 66.44; H, 9.22. 

 

N-[[(16S,17S)-7,16-bis[[tert-butyl(dimethyl)silyl]oxy]-17-methyl-5-pentacyclo[10.7.0. 

02,9.03,6.013,17]nonadeca-2(9),4,7-trienyl]methyl]-3-phenyl-oxirane-2-carboxamide (5) 

A solution of compound 4 (200 mg, 0.32 mmol), benzaldehyde (200 µl), sodium hydroxide (30 

mg, 0.75 mmol) in methanol (5 ml) was stirring for 48 h at room temperature. Then, the solvent 

was evaporated under reduced pressure and following the product was puriefied using the 

chloroform:hexane:methanol (3:1:1) system; yielding 53% of product; m.p. 136-138 oC; IR 

(Vmax, cm-1) 1638 and 1228: 1H NMR (300 MHz, CDCl3-d) δH:  0.08 (s, 6H), 0.14 (s, 6H), 0.84 

(s, 9), 0.88 (s, 3H), 0.92 (s, 9H), 1.32-2.00 (m, 13H), 2.04-3.44 (m, 3H), 3.52 (m, 2H), 3.54 (m, 

1H), 3.66-3.80 (m, 2H), 4.84-5.26 (m, 2H), 5.44 (broad, 1H), 6.70 (d, 1H, J = 0.80 Hz), ), 6.92-

7.26 (m, 5H) ppm.  13C NMR (300 Hz, CDCl3) C: -4.50, -4.22, 11.32, 18.04, 18.50, 22.22, 

24.44, 25.42, 25.52, 27.86, 30.44, 31.02, 34.72, 36.12, 38.44, 42.12, 43.10, 43.42, 46.66, 49.44, 

55.54, 58.90, 81.68, 97.88, 115.62, 125.80, 127.12, 128.22, 128.52, 135.96, 137.66, 144.40, 

152.02, 174.94 ppm. EI-MS m/z: 701.42. Anal. Calcd. for C42H63NO4Si2: C, 71.85; H, 9.04; 

N, 1.99; O, 9.11; Si, 8.00. Found: C, 71.82; H, 9.00.  

N-[[(16S,17S)-7,16-dihydroxy-17-methyl-5-pentacyclo[10.7.0.02,9.03,6.013,17]nonade- 

ca-2(9),4,7-trienyl]methyl]-3-phenyl-oxirane-2-carboxamide (6) 

A solution of compound 5 (200 mg, 0.28 mmol), hydrofluoric acid (48%, 5 ml), was stirring 

for 72 h at room temperature. Then, the solvent was evaporated under reduced pressure and 

following the product was purified using the chloroform:agua (3:1) system; yielding 44% of 

product; m.p. 178-180 oC; IR (Vmax, cm-1) 3222 and 1226: 1H NMR (300 MHz, CDCl3-d) δH:  

0.80 (s, 3H), 1.32-2.00 (m, 13H), 2.04-3.36 (m, 3H), 3.52 (m, 2H), 3.64 (m, 1H), 3.66-3.80 (m, 

2H), 4.76-5.30 (m, 2H), 6.76 (d, 1H, J = 0.80 Hz), 6.92-7.26 (m, 5H), 7.84 (broad, 3H) ppm. 
13C NMR (300 Hz, CDCl3) C: 11.32, 22.22, 23.02, 27.86, 30.44, 30.72, 31.34, 35.44, 37.12, 

42.14, 43.42, 43.63, 46.66, 49.82, 55.54, 58.90, 81.74, 103.50, 117.30, 125.76, 126.80, 128.22, 

128.52, 134.88, 135.94, 144.40, 156.74, 174.95 ppm. EI-MS m/z: 701.42. Anal. Calcd. for 

C42H63NO4Si2: C, 71.85; H, 9.04; N, 1.99; O, 9.11; Si, 8.00. Found: C, 71.82; H, 9.00. EI-MS 

m/z: 473.25. Anal. Calcd. for C30H35NO4: C, 76.08; H, 7.45; N, 2.96; O, 13.51. Found: C, 

76.04; H, 7.42. 

Physicochemical and Pharmacokinetics properties 

To evaluate the both physicochemical Pharmacokinetics parameters involved in the chemical 

structure of compound 6 SwissADME software was usedxiii-xv. 

 

RESULTS AND DISCUSSION 

In this study, an epoxide-steroid carboxamide derivative was prepared using some chemical 

strategies as follows: 

Preparation of a cyclobutene-steroid derivative 

There are several protocols for synthesis of cyclobutene analogs through [2 + 2] cycloaddition 

of alkene with alkynes groups or cycloaddition of alkyne groups to alkyne derivatives using 

some reagents such as rutheniumxvi, Ni(PPh3)2Cl2
xvii, Cobaltxviii and othersxix-xxi. In this 

investigation, a cyclobutene-steroid derivative (2) was synthesized from of estradiol and 

propargylamine (Figure 1) in the presence of Cooper(II).  
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Figure 1. Synthesis of a cyclobutene-steroid derivative (3). Reagents and conditions: i = propargylamine, 

Cooper(II) chloride, MeOH, room temperature; ii = tert-butyldimethylsilyl chloride, chloroform, room 

temperature. 

 

The 1H NMR showed several signals at 0.80 ppm for methyl group bound to steroid nucleus; 

at 1.32-2.44, 3.56-3.66 and 5.44 ppm for steroid moiety; at 3.12 ppm for methylene group 

bound to both cyclobutene ring and amino group; at 4.70 ppm for both hydroxyl and amino 

groups; at 6.46 ppm for cyclobutene ring. 13C NMR spectra showed chemical shifts at 11.32 

ppm for methyl group bound to steroid nucleus; at 22.22-49.82, 81.73-124.30, 137.22 and 

153.50 ppm for steroid moiety; at 50.84 ppm for methylene group bound to both cyclobutene 

ring and amino group; at 136.12 and 142.74 ppm for cyclobutene ring. Besides, the mass 

spectrum from 2 showed a molecular ion (m/z) 327.21. 

Protection of hydroxyl groups. 

Several organosilyl groups have been employed for protection of hydroxyl groups such as tert-

butyldimethylsilyl and tert-butyldiphenylsilylxxii. Analyzing these data in this investigation, the 

compound 2 reacted with tert-butyldimethylsilyl chloride to form the compound 3. The 1H 

NMR showed several signals at 0.008-0.84 and 0.90 ppm for ter-butyldimethylsilane fragment; 

at 0.88 ppm for methyl group bound to steroid nucleus; at 1.02 ppm for amino group; at 1.32-

3.06 and 3.56-5.28 ppm for steroid moiety; at 3.10 ppm for methylene bound to both 

cyclobutene ring and amino group; at 6.32 ppm for cyclobutene ring. 13C NMR spectra showed 

chemical shifts at 14.20 ppm for methyl group bound to steroid nucleus; at 22.22-24.32, 27.72-

49.90, 85.12-131.26, 137.60 and 152.00 ppm for steroid moiety; at 24.44-26.00 and 51.65-

52.80 ppm for ter-butyldimethylsilane fragment; at 50.80 ppm for methylene group bound to 

both cyclobutene ring and amino group; at 136.12 and 142.82 ppm for cyclobutene ring. In 

addition, the mass spectrum from 3 showed a molecular ion (m/z) 555.39. 

Preparation of a chloroamide derivative 

It is noteworthy that several methods have been to preparation of chloroamide analogs using 

some reagents such as trichloroisocyanuric Acidxxiii, N-chlorobenzotriazolexxiv and 

chloroacetyl chloridexxv. In this study, a chloramine derivative (compound 4) was synthesized 

via reaction of compound 3 with chloroacetyl chloride using triethylamine as catalyst. The 1H 

NMR spectrum of compound 4 shows signals at 0.08-0.86, 0.90 ppm for ter-

butyldimethylsilane fragment; at 0.88 ppm for methyl bound to steroids nucleus; at 1.32-3.44, 

3.56 and 4.86-5.26 ppm for steroid moiety; at 3.54 for methylene group bound to both 

cyclobutene ring and amide groups; at 4.10 ppm for methylene group bound to both chloride 

and amide group; at 6.70 ppm for cyclobutene ring; at 8.30 ppm for amide group. The 13C 

NMR spectrum of 4 display signals at -4.50, -4.22, 18.04-18.50 and 25.42-25.52 ppm for ter-

butyldimethylsilane fragment; at 11.32 ppm for steroid moiety; at 22.22-24.44, 27.86-42.12, 

43.16-127.12 and 152.02 ppm for steroid moiety; at 42.80 ppm for methylene group bound to 

both cyclobutene ring and amide group; at 42.42 ppm for methylene group bound to both 
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chloride and amide group; at 137.66-144.40 ppm for cyclobutene ring; at 165.60 ppm for amide 

group. Additionally, the mass spectrum from 4 showed a molecular ion (m/z) 631.36. 
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Figure 2. Synthesis of an epoxide-steroid carboxamide derivative (6). Reagents and conditions: iii = 

chloroacetyl chloride, chloroform, room temperature; iv = benzaldehyde, sodium hydroxide, room temperature; 

v = hydrofluoric acid, room temperature. 

 

Preparation of an epoxide derivative 

Several studies have been reported for synthesis of oxirane derivatives which involve some 

reagents such as chlorophyllxxvi, ethyl bromoacetatexxvii, m-chloroperoxybenzoic acidxxviii, 

potassium hydroxidexxix, dimethyldioxiranxxx and others. In this study the compound 5 was 

prepared by the reaction of 4 benzaldehyde in basic medium. The 1H NMR spectrum of 5 shows 

signals at 0.08-0.84 and 0.92 ppm for ter-butyldimethylsilane fragment; at 0.88 ppm for methyl 

group bound to steroid nucleus; at 1.32-3.44, 3.54 and 4.84-5.26 ppm for steroid moiety; at 

3.52 ppm for methylene group bound to both cyclobutene ring and amide group; at 3.66-3.80 

ppm for oxirane ring; at 5.44 ppm for amide group; at 6.70 ppm for cyclobutene ring; at 6.92-

7.26 for phenyl group.  The 13C NMR spectrum of 4 display signals at -4.50, -4.22, 18.04-18.50 

and 25.42-25.52 ppm for ter-butyldimethylsilane fragment; at 11.32 ppm for steroid moiety; at 

22.22-24.44, 27.86-43.10, 46.66-49.44. 81.68-115.62, 127.12 and 152.02 ppm for steroid 

moiety; at 43.42 ppm for methylene group bound to both cyclobutene ring and amide group; at 

55.54-58.90 ppm for oxirane ring; at 125.80 and 128.22-135.96 ppm for phenyl group; at 

137.66-144.40 ppm for cyclobutene ring; at 174.94 ppm for amide group. Besides, the mass 

spectrum from 5 showed a molecular ion (m/z) 701.42. 

Deprotection of hydroxyl groups 

The following stage was achieved by the removal of silyl-protecting group of the compound 5. 

It is worth mentioning that several reagents have been used for the removal of silyl protecting 

groups from hydroxyl such as ammonium fluoridexxxi, xxxii, tris(dimethylamino)sulfonium-

difluorotrimethylsilicatexxxiii, hydrofluoric acidxxxiv and others. Therefore, in this study, 

hydrofluoric acid was used to remove silyl-protecting group from hydroxyl of compound 5 

(Figure 2) to form the compound 6. The 1H NMR spectrum of 6 shows signals at 0.80 ppm for 
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methyl group bound to steroid nucleus; at 1.32-3.36, 3.64 and 4.76-5.30 ppm for steroid 

moiety; at 3.52 ppm for methylene group bound to both cyclobutene ring and amide group; at 

3.66-3.80 ppm for oxirane ring; at 6.76 ppm for cyclobutene ring; at 6.92-7.26 ppm for phenyl 

group; at 7.84 ppm for both amide and hydroxyl groups. The 13C NMR spectrum of 6 display 

signals at 11.32 ppm for methyl group bound to steroid nucleus: at 22.22-42.14, 43.63-49.82. 

81.74-117.30, 126.80 and 156.74 ppm for steroid moiety; at 43.42 ppm for methylene group 

bound to both cyclobutene ring and amide group; at 55.54-58.90 ppm for oxirane ring; at 

125.76, 128.22-128.52 and 135.94 ppm for phenyl group; at 134.88-144.40 ppm for 

cyclobutene ring; at 174.95 ppm for amide group. Finally, the mass spectrum from 6 showed a 

molecular ion (m/z) 473.25. 

Physicochemical and Pharmacokinetics Properties 

The results on gastrointestinal absorption rate (Table 1) showed that compound 6 could interact 

with P-gp P glycoprotein which is an important protein of the cell membrane that efflux many 

foreign substances out of cellsxxxv. This phenomenon could produce increase in the defense 

mechanism against harmful substances which may depend on lipophilicity degree and the 

chemical structure of compound 6 (Table 2-4). 

 
Table 1. Pharmacokinetics properties of compound 6. 

GI absorption High 

BBB permeant No 

P-gp substrate Yes 

CYP1A2 inhibitor No 

CYP2C19 inhibitor No 

CYP2C9 inhibitor No 

CYP2D6 inhibitor No 

CYP3A4 inhibitor No 

Log Kp (skin permeation) -7.06 cm/s 
 

                                                 P-gp = P-glycoprotein 

 
                               Table 2. Physicochemical properties 

Molecular weight 473.60 g/mol 

Num. heavy atoms 35 

Num. arom. heavy atoms 6 

Fraction Csp3 0.57 

Num. rotatable bonds 5 

Num. H-bond acceptors 4 

Num. H-bond donors 3 

Molar Refractivity 134.42 

TPSA  82.09 Å² 
 

 

                                     Table 3. Lipophilicity degree of compound 6. 

Log Po/w (iLOGP)  3.38 

Log Po/w (XLOGP3)  3.00 

Log Po/w (WLOGP)  4.44 

Log Po/w (MLOGP)  3.30 

Log Po/w (SILICOS-IT)  3.77 

Consensus Log Po/w  3.58 
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Table 4. Water solubility of compound 6. 

Log S (ESOL)  -4.46 

Solubility  1.63e-02 mg/ml ; 3.44e-05 mol/l  

Class  Moderately soluble  

Log S (Ali)  -4.39 

Solubility  1.94e-02 mg/ml ; 4.09e-05 mol/l  

Class  Moderately soluble 

Log S (SILICOS-IT)  -5.06 

Solubility  4.09e-03 mg/ml ; 8.63e-06 mol/l  

Class  Moderately soluble 
 

 

 

References 

i. Borredon, E.; Clavellinas, F.; Delmas, M.; Gaset, A.; Sinisterra J.; Epoxide synthesis 

under interfacial solid-liquid conditions; J. Org. Chem., 1990, 55, 501 

ii. Machida, S.; Isoda, Y.; Kunieda, M.; Tamiaki, H.; Synthesis and epoxide-opening reaction of a 
3-oxiranyl-chlorophyll derivative. Tetrahedron Lett., 2012, 53(46), 6277-6279. 

iii. Unthank, M.; Hussain, N.; Aggarwal, V.; The Use of Vinyl Sulfonium Salts in the 

Stereocontrolled Asymmetric Synthesis of Epoxide‐ and Aziridine‐Fused Heterocycles: 

Application to the Synthesis of (−)‐Balanol;  Angew. Chem., 2006, 118, 7224. 

iv.  Meiran, X.; Zhonggang, W.; Yunfeng, Z. J.; Synthesis and properties of a novel, liquid, 

trifunctional, cycloaliphatic epoxide; Polymer Part A: Polymer Chem., 2001, 39, 2799.  

v.  Helder, R.; Hummelen, J.; Laane, R.; Wiering, J.; Wynberg, H.; Catalytic asymmetric 

induction in oxidation reactions. The synthesis of optically active epoxides; 

Tetrahedron Lett., 1976, 17, 1831.  

vi.  Kwang P.; Young S.; Bradley S.; Miller, J.; Synthesis and properties of vinyl carbamate 

epoxide, a possible ultimate electrophilic and carcinogenic metabolite of vinyl 

carbamate and ethyl carbamate; Biochem. Biophys. Res. Comm. 1990, 169, 1094.  

vii.  Figueroa-Valverde, L.; Díaz-Cedillo, F.; Rosas-Nexticapa, M.; G.; García-Cervera, E.; 

Pool-Gomez E.; Barberena, J.; Design and Synthesis of Some Carbamazepine 

Derivatives Using Several Strategies; Lett. Org. Chem. 2015, 12, 394.  

viii.  Kang, B.; Britton, R.; A General Method for the Synthesis of Nonracemic trans-

Epoxides:  Concise Syntheses of trans-Epoxide-Containing Insect Sex Pheromones; 

Org. Lett., 2007, 9, 5083.  

ix.  Maruo, S.; Nishio, K.; Sasamori, T.; Tokitoh, N.; Kuramochi, K.; Tsubaki, K.; 

Biomimetic synthesis of zeylanone and zeylanone epoxide by dimerization of 2-methyl-

1,4-naphthoquinone; Org. Lett., 2013, 15, 1556.  

x. Young, R.; Cortez, C.; Luna, E.; Lee, H.; Harvey, R.; Synthesis of the active dihydrodiol 

and diol epoxide metabolites of the steroid-related carcinogen 15,16-

dihydrocyclopenta[a]phenanthrene and its 11-methyl derivative; J. Org. Chem., 1993, 

58, 356.  

xi. Valverde, L.; Ramos, M.; Cedillo, F.; Luis, A.; Nexticapa, M.; Armand, M.; Barron, 

R.; Gómez, E.; Heredia, L.; Alfonso, A.; Cabrera, J.; Design and synthesis of two 

steroid-oxirane-carboxamide derivatives; Parana J. Sci. Educ. 2019, 5, 7.  

xii.  Lauro, F.; Francisco, D.; Otto, O.; Elodia, G.; Marcela, R; Eduardo, P.; Marissa, C.; 

Design and synthesis of four steroid-oxirane derivatives using some chemical tolos; 

Steroids., 2016, 112, 20.  



 

 

F-V Lauro  et al. / Heterocyclic Letters Vol. 11| No.2|157-165|Feb-April |2021 

 

164 

 

xiii.  Daina, A.; Michielin, O.; Zoete, V.; iLOGP: a simple, robust, and efficient description 

of n-octanol/water partition coefficient for drug design using the GB/SA approach. J. 

Chem. Inf. Model,. 2014, 54, 3284.  

xiv.  Daina, A.; Zoete, V.; A boiled‐egg to predict gastrointestinal absorption and brain 

penetration of small molecules. ChemMedChem., 2016, 11, 1117.  

xv.  Daina, A.; Michielin, O.; Zoete, V.; SwissADME: a free web tool to evaluate 

pharmacokinetics, drug-likeness and medicinal chemistry friendliness of small 

molecules. Scient. Reports., 2017, 7, 1.  

xvi.  Yamamoto, Y; Arakawa, T; Ogawa, R; Itoh, K; Ruthenium (II)-catalyzed selective 

intramolecular [2+2+2] alkyne cyclotrimerizations; J. Am. Chem. Soc., 2003, 125, 

12143.  

xvii. Huang, D.; Rayabarapu, D.; Li, P.; Sambaiah, T.; Cheng, C.; Nickel-catalyzed [2+ 2] 

cycloaddition of alkynes with activated cyclic alkenes: synthesis and novel ring 

expansion studies of cyclobutene products; Chem. Eur. J., 2000, 6, 3706.  

xviii.  Chao, K.; Rayabarapu, D.; Wang, C.; Cheng, C.; Cross [2+2] Cycloaddition of bicyclic 

alkenes with alkynes mediated by cobalt complexes: a facile synthesis of cyclobutene 

derivatives; J. Org. Chem.; 2001, 66, 8804.  

xix.  Li, Y.; Liu, X.; Jiang, H.; Liu, B.; Chen, Z.; Zhou, P.; Palladium-catalyzed bromo 

alkynylation of C-C double bonds: ring-structure-dependent synthesis of 7-alkynyl 

norbornanes and cyclobutenyl halides; Angew. Chem. Inter.; 2011, 50, 6341.  

xx.  Le, D.; Morandi, G.; Legoupy, S.; Pascual, S.; Montembault, V.; Fontaine, L.; 

Cyclobutenyl macromonomers: Synthetic strategies and ring-opening metathesis 

polymerization; Eur. Polymer J.; 2013, 49, 972.  

xxi. Takeda, T.; Fujii, T.; Morita, K.; Fujiwara, T.;  [2+2] cycloaddition of alkenyl sulfide 

with α,β-unsaturated ketone. A convenient route to 1-cyclobutenylketones; Chem. Lett.; 

1986, 15, 1311.  

xxii.  Lauro, F.; Francisco, D.; Marcela, R.; Lenin, H.; Elodia, G.; Eduardo, P.; Betty, S.; 

Design and synthesis of an indole-estrogen derivative; J. Chem., 2014. ID 460968,1.  

xxiii.  Hiegel, G.; Hogenauer, T.; Lewis, J.; Preparation of N‐Chloroamides Using 

Trichloroisocyanuric Acid; Syn. Com.; 2005, 35, 2099.  

xxiv.  Katritzky, A.; Majumder, S.; Jain, R.; Microwave assisted N-chlorination of Secondary 

amides; Arkivoc, 2003, xii, 74.  

xxv.  Harte, A.; Gunnlaugsson, T.; Synthesis of α-chloroamides in wáter; Tet. Lett, 2006, 47, 

6321.  

xxvi. Borredon, E.; Clavellinas, F.; Delmas, M.; Gaset, A.; Sinisterra, J.; Epoxide synthesis 

under interfacial solid-liquid conditions; J. Org. Chem, 1990, 55, 2, 501.   

xxvii.  Machida, S.; Isoda, Y.; Kunieda, M.; Tamiaki, H.; Synthesis and epoxide-opening 

reaction of a 3-oxiranyl-chlorophyll derivative; Tet. Lett., 2012, 52, 6277.  

xxviii.  Rawal, V.; Newton, R.; Krishnamurthy, V.; Synthesis of carbocyclic systems via 

radical-induced epoxide fragmentation; J. Org. Chem, 1990, 55, 5181.  

xxix.  Meiran, X.; Zhonggang, W.; Yunfeng, Z.; Synthesis and properties of a novel, liquid, 

trifunctional, cycloaliphatic epoxide, Polymer Part A: Polymer Chem., 2001, 39, 2799.  

xxx.  Bhat, B.; Dhar, K.;  Puri, S.; Saxena, A.; Shanmugavel, M.; Qazi, G.; Synthesis and 

biological evaluation of chalcones and their derived pyrazoles as potential cytotoxic 

agents; Bioorg. Med. Chem. Lett., 2005, 15, 3177.  

xxxi.  Zhang, W.; Robins, M.; Removal of silyl protecting groups from hydroxyl functions 

with ammonium fluoride in methanol; Tetrahedron Lett. 1992, 33, 1177.  



 

 

F-V Lauro et al. / Heterocyclic Letters Vol. 10| No.4|157-165|Aug-Oct |2020 

 

165 

 

xxxii.  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; J. Org. Chem., 1998, 63, 6436.  

xxxiii.  Newton, R.; Reynolds, D.; Finch, M.; Kelly, D.; Roberts, S.; An excellent reagent for 

the removal of the t-butyldimethylsilyl protecting group; Tetrahedron Lett., 1979, 20, 

3981.  

xxxiv.  Motoi, M.; Suda, H.; Shimamura, K.; Nagahara, S.; Takei, M.; Kanoh, S.; A Facile 

Synthesis of Oxetane Derivatives for Preparing Cross-Linked Polyoxetane Resins 

Bearing the Bromide at the Spacer End; Bull. Chem. Soc. Japan., 1988, 6, 1653.  

xxxv.  Ambudkar, S.; Kimchi-Sarfaty, C.; Sauna, Z.; Gottesman, M. P-glycoprotein: from 

genomics to mechanism. Oncogene., 2003, 22, 7468. 

 

 

  Received on April 27, 2021. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


