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Abstract 

Several agonists and antagonists of B1 cannabinoid receptors 

have been synthesized for the treatment of several clinical 

pathologies such as psychosis, hyperalgesia, and drug addiction; 

however, some of these drugs may produce some side effects 

including higher intraocular pressure, hepatotoxicity, etc. The aim 

of this study was to synthesize two new methylthiosteroid-

oxirenol derivatives (compounds 7 and 8) to evaluate their 

theoretical interaction with B1 cannabinoid receptor (5gtz) using 

WIN-55,212-2, yangonin, cannabigerol, and 

tetrahydrocannabivarin drugs as controls in a docking model. The 

preparation of 7 and 8 were carried out using a series of reactions 

which involved nitration, etherification, hydrogenation-

chlorination, and addition. The chemical structure of the 

compounds was confirmed using elemental analysis and NMR 

spectrum. The results showed that compound 7 or 8 could bind to 

different types of amino acid residues involved in 5gtz protein 

surface compared with the WIN 55,212-2, Yangonin, 

Cannabigerol, and Tetrahydrocannabivarin drugs. All data suggest 

that compound 7 or 8 may exert changes in the biological activity 

of B1 cannabinoid receptor. 
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Introduction 

tetrahydrocannabivarin 

Drug addiction is a serious health problem worldwide. Drug 

addiction refers to physical dependence in which the body adapts 

to the chronic application of drugs (Fauzi et al. 2018), which 

affects different groups (Mansouri et al. 2017). It is the fourth 

issue of the crisis after the nuclear crisis, population explosion 

and environmental pollution (Feghhi et al. 2018). Drug 

dependence is considered a brain disease since drugs modify the 

brain (Sai et al. 2018). This clinical pathology is characterized by 

neurobiological changes in several systems such as adrenergic, 

dopaminergic, serotoninergic (Sofuoglu and Sewell, 2009), and 

cannabinoid (Maldonado et al., 2006). It is important to mention 

that cannabinoid system involves endogenous cannabinoids (e.g., 

anandamide and 2-arachidonoylglycerol), the enzymes 

responsible for the synthesis and degradation of 

endocannabinoids, and both CB1 and CB2 receptors (Lu and 

Mackie, 2016). Some data indicate that CB1 cannabinoid receptor 

activation has been correlated with an increase in addiction to 

amphetamine drugs (Su and Zhao, 2017) and marijuana (Huestis 

et al., 2001). Some CB1 antagonist drugs for treatment of drug 

addiction have been used such as rimonabant (Parolaro and 

Rubino, 2008; Mas-Nieto et al., 2001), AM251 (N-(piperidin-1-

yl)-5-(4-iodophenyl)-1-(2,4-dichlorophenyl)-4-methyl-1H-

pyrazole-3-carboxamide) (Xi et al., 2006), and cannabidiol 

(Adamczyk and Papp, 2016). However, some of these drugs can 

cause weight loss in obese patients, although it may also induce 

symptoms of anxiety and depression (Moreira and Crippa, 2009), 

ocular hypotensive (Colasanti et al., 1984) and others. In the 

previous researches, new therapeutic alternatives of some CB1-

antagonists have been prepared; for example, the synthesis of a 

carboxamide derivative from a carboxylic acid analog and its 

biological evaluation as a CB1 antagonist using an animal model 

have been carried out (Murineddu et al., 2005). Another study 

showed the preparation of a cannabinoid antagonist (NESS 0327) 

with high selectivity for the cannabinoid CB1 receptor using a 

mouse model (Ruiu et al., 2003). All these data have shown the 

synthesis of several cannabinoid CB1-receptor antagonists. 

However, their interaction with this biomolecule is very 

confusing. This phenomenon could be due to differences in the 

chemical structure of each drug. Therefore, in this investigation, 

two steroid derivatives were prepared using some strategies to 
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evaluate their theoretical interaction with cannabinoid CB1 

receptor using a Docking model. 

Material and Methods 

General methods 

The reagents used in this investigation were acquired from 

Sigma-Aldrich Co., Ltd. Flash chromatography was performed on 

E. Merck (60230-400 mesh silica gel). Thin-layer 

chromatography was carried out on 0.25 mm silica gel plates (E. 

Merck, 60F254) and the methanol/hexane/ethyl acetate (3:1:2) 

system was used as eluent. The melting point for compounds was 

determined on an Electrothermal (900 models). Infrared spectra 

(IR) were recorded using KBr pellets on a Perkin Elmer Lambda 

40 spectrometer. 1H and 13C NMR spectra were recorded on a 

Varian VXR300/5 FT NMR spectrometer at 300 MHz in CDCl3 

using TMS as the 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. 

Chemical Synthesis 

Preparation of two nitro-steroids 

In a round bottom flask (10 ml), 17α-ethynilestradiol (200 mg, 

0.67 mmol), nitric acid (1 ml), and anhydride acetic (3 ml) were 

stirred to reflux for 6 h. The solution obtained, after reducing the 

pressure, was purified through flash chromatography on silica gel 

with the methanol/hexane/ethyl acetate system to provide the 

compounds 2 and 3. 

(13S,17R)-17-ethynyl-13-methyl-2-nitro-

7,8,9,11,12,13,14,15,16,17-decahydro-6H-cyclo-

penta[a]phenanthre- ne-3,17-diol (2) 

It yielded 66 % of product; m.p. 120-122 ℃; IR (vmax, cm-1) 

3400, 2122, and 1344: 1H NMR (300 MHz, Chloroform-d) δH: 

1.04 (s, 3H), 1.22-1.88 (m, 8H), 2.00-2.92 (m, 7H), 3.34 (s, 1H), 

6.66 (m, 1H), 7.25 (broad, 2H), 7.82 (m, 1H) ppm. 13C NMR (300 

MHz, Chloroform-d) δC: 13.60, 22.82, 26.92, 27.22, 29.82, 32.93, 

40.09, 40.22, 44.95, 46.96 49.49, 74.32, 80.72, 89.15, 114.05, 

123.56, 132.33, 132.92, 145.09, 148.48 ppm. EI-MS m/z: 341.16. 

Anal. Calcd. for C20H23NO4: C, 70.36; H, 6.79; N, 4.10; O, 18.75. 

Found: C, 70.30; H, 6.70. 

(13S,17R)-17-ethynyl-13-methyl-4-nitro-

7,8,9,11,12,13,14,15,16,17-decahydro-6H-

cyclopenta[a]phenanthrene-3,17-diol (3) 

It yielded 12% of product; m.p. 128-130 ℃; IR (vmax, cm-1) 

3400, 2120, and 1342: 1H NMR (300 MHz, Chloroform-d) δH: 

1.04 (s, 3H), 1.34-1.88 (m, 7H), 2.00-2.92 (m, 8H), 3.34 (s, 1H), 

6.66 (m, 1H), 7.30 (m, 1H), 7.82 (broad, 2H) ppm. 13C NMR (300 

MHz, Chloroform-d) δC: 13.60, 22.82, 24.42, 26.92, 29.50, 32.94, 

40.09, 40.22, 44.94, 46.96 49.49, 74.32, 80.72, 89.15, 117.54, 

127.44, 132.60, 132.92, 134.70, 145.56 ppm. EI-MS m/z: 341.16.  

Anal. Calcd. for C20H23NO4: C, 70.36; H, 6.79; N, 4.10; O, 18.75. 

Found: C, 70.28; H, 6.72. 

Preparation of an ether-steroid derivative  

(1R,10aS)-1-ethynyl-10a-methyl-2,3,3a,3b,4,5,8b,9,10,10a-

decahydro-1H-cyclopenta[7,8]phenanthro[2,3-b]oxiren-1-ol 

(4) 

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

mmol), potassium carbonate (70 mg, 0.50 mmol) in dimethyl 

sulfoxide (5 ml) were stirred to reflux for 6 h. The solution 

obtained, after reducing the pressure, was purified through a 

crystallization using the methanol:water (3:1) system; yielding 

44% of product; m.p. 138-140 ℃; IR (vmax, cm-1) 3400, 2120, 

and 1242: 1H NMR (300 MHz, Chloroform-d) δH: 1.06 (s, 3H), 

1.22-1.84 (m, 8H), 2.02-2.80 (m, 7H), 3.34 (s, 1H), 4.94 (broad, 

1H), 6.30-6.32 (m, 2H) ppm. 13C NMR (300 MHz, Chloroform-d) 

δC: 13.62, 22.82, 26.92, 27.22, 29.80, 32.91, 40.12, 40.22, 45.44, 

46.94, 49.50, 74.30, 80.70, 89.16, 108.84, 108.90, 130.34, 

134.94, 147.40, 147.68 ppm. EI-MS m/z: 294.16. Anal. Calcd. for 

C20H22O2: C, 81.60; H, 7.53; O, 10.87. Found: C, 81.56; H, 7.50. 

 Preparation of chloromethylthio vinyl-nitro steroid derivative 

13S,17S)-17-((E)-1-chloro-2-(methylthio)vinyl)-13-methyl-2-

nitro-7,8,9,11,12,13,14,15,16,17-decahydro-6H-

cyclopenta[a]phenan- threne-3,17-diol (5) 

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

mmol), and hydrochloric acid (1ml) in dimethyl sulfoxide (10 ml) 

were stirred to reflux for 12 h. The solution obtained, after 

reducing the pressure, was purified through a crystallization using 

the methanol:water: hexane (3:1:1) system; yielding 44% of 

product; m.p. 152-154 ℃; IR (vmax, cm-1) 3400, 2492, 1342 and 

744: 1H NMR (300 MHz, Chloroform-d) δH: 1.06 (s, 3H), 1.22-

1.90 (m, 8H), 2.02-2.35 (m, 4H), 2.44 (s, 3H), 2.76-2.90 (m, 3H), 

4.44 (broad, 1H), 6.36 (d, 1H, J = 0.34 Hz), 6.66 (m, 1H), 7.00 

(broad, 2H), 7.82 (m, 1H) ppm. 13C NMR (300 MHz, 

Chloroform-d) δC: 15.36, 16.40, 22.42, 24.96, 27.72, 29.80, 

31.88, 36.14, 40.70, 44.98, 47.80, 50.94, 88.26, 112.72, 114.02, 

123.56, 132.34, 133.10, 145.10, 148.46, 151.20 ppm. EI-MS m/z 

423.12. Anal. Calcd. for C21H26ClO4S: C, 59.49; H, 6.18; Cl, 

8.36; N, 3.30; O, 15.10; S, 7.56. Found: C, 59.42; H, 6.12. 

Preparation of an ether-chloromethylsulfanyl-vinyl-steroid 

derivative  

(1S,10aS)-1-((E)-1-chloro-2-(methylthio)vi-nyl)-10a-methyl-

2,3,3a,3b,4,5,8b,9,10,10a-decahydro-1H-cyclo- 

penta[7,8]phenanthro [2,3-b]oxiren-1-ol (6) 

Method A: 

In a round bottom flask (10 ml), compound 4 (200 mg, 0.68 

mmol), and hydrochloric acid (1ml) in dimethyl sulfoxide (10 ml) 

were stirred to reflux for 12 h. The solution obtained, after 

reducing the pressure, was purified through a crystallization using 

the methanol:water: hexane (3:1:2) system; yielding 56% of 

product; m.p. 118-120 ℃; IR (vmax, cm-1) 3430, 2490, 1242, and 

742: 1H NMR (300 MHz, Chloroform-d) δH: 1.06 (s, 3H), 1.22-

1.90 (m, 8H), 2.02-2.35 (m, 4H), 2.44 (s, 3H), 2.44-2.80 (m, 3H), 

4.44 (broad, 1H), 6.30-6.32 (m, 2H), 6.40 (d, 1H, J = 0.34 Hz) 

ppm. 13C NMR (300 MHz, Chloroform-d) δC: 15.36, 16.40, 

22.42, 24.96, 27.72, 29.80, 31.88, 36.14, 40.70, 45.40, 47.80, 
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50.94, 87.26, 108.84, 108.92, 119.72, 130.34, 135.10, 143.62, 

147.40, 147.64 ppm. EI-MS m/z: 376.12. Anal. Calcd. for 

C21H25ClO2S: C, 66.91; H, 6.69; Cl, 8.36; N, 9.41; O, 8.49; S, 

8.51. Found: C, 66.87; H, 6.64. 

Method B: 

In a round bottom flask (10 ml), compound 5 (200 mg, 0.47 

mmol), and potassium carbonate (70 mg, 0.50 mmol) in dimethyl 

sulfoxide (5 ml) were stirred. The solution obtained, after 

reducing the pressure, was purified through a crystallization using 

the methanol: water (3:1) system; yielding 38% of product. 

Similar signals of both 1HNMR and 13CNMR spectra were found 

in comparison with Method A. 

Preparation of a methylthiosteroid-oxirenol derivative 

(1S,10aS)-1-((Z)-8-hydroxy-1-(methylthio)oct-1-en-3-yn-2-yl)-

10a-methyl-2,3,3a,3b,4,5,8b,9,10,10a-decahy- dro-1H-

cyclopenta [7,8]phenanthro[2,3-b]oxiren-1-ol (7) 

In a round bottom flask (10 ml), compound 6 (200 mg, 0.53 

mmol), 5-hexyn-1-ol (80 µl, 0.72 mmol), Copper (II) chloride 

anhydrous (70 mg, 0.52 mmol), and methanol (5 ml) were stirred 

to reflux for 12 h. The solution obtained, after reducing the 

pressure, was purified through a crystallization using the 

methanol:water (3:1) system; yielding 65% of product; m.p. 165-

167 ℃; IR (vmax, cm-1) 3400, 2490, 2120 and 1240: 1H NMR 

(300 MHz, Chloroform-d) δH: 1.00 (s, 3H), 1.22-1.32 (m, 4H), 

1.56-1.58 (m, 4H), 1.66-2.12 (m, 6H), 2.14 (m, 2H), 2.18-2.28 

(m, 2H), 2.35 (s, 3H), 2.44-2.80 (m, 3H), 2.90 (broad, 2H), 3.64 

(m, 2H), 6.12 (d, 1H, J = 0.34 Hz), 6.30-6.34 ppm. 13C NMR (300 

MHz, Chloroform-d) δC: 16.00, 18.00, 18.94, 23.80, 24.94, 25.20, 

27.96, 29.82, 31.82, 33.02, 36.62, 40.70, 45.40, 49.70, 51.36, 

62.12, 76.12, 86.32, 108.84, 108.90, 112.84, 118.50, 130.34, 

135.12, 143.16, 147.39, 147.67 ppm. EI-MS m/z: 438.22. Anal. 

Calcd. for C27H34O3S: C, 73.93; H, 7.81; O, 10.94; S, 7.31. 

Found: C, 73.90; H, 7.78. 

Synthesis of a steroid- oxirenol derivative  

((1S,10aS)-1-((1Z,3E)-6-hydroxy-1-(methylthio)-6-

phenylhexa-1,3-dien-2-yl)-10a-me-thyl-2,3,3a,3b,4,5,8b,9, 

10,10a-decahydro-1H-cyclopenta[7,8]phenanthro[2,3-b]oxi-

ren-1-ol (8) 

In a round bottom flask (10 ml), compound 7 (200 mg, 0.53 

mmol), 4-Phenyl-1-buten-4-ol (100 µl, 0.67 mmol), Copper (II) 

chloride anhydrous (70 mg, 0.52 mmol), and methanol (5 ml) 

were stirred to reflux for 12 h. The solution obtained, after 

reducing the pressure, was purified through a crystallization using 

the methanol:water:benzene (3:1:1) system; yielding 63% of 

product; m.p. 64-66 ℃; IR (vmax, cm-1) 3430, 3400, and 1480: 
1H NMR (300 MHz, Chloroform-d) δH: 1.00 (s, 3H), 1.22-2.00 

(m, 10H), 2.12-2.28 (m, 2H), 2.34 (s, 3H), 2.38 (m, 1H), 2.44 (m, 

1H), 2.46 (m, 1H), 2.76-2.80 (m, 2H), 3.09 (broad, 2H), 4.40 (m, 

1H), 5.15 (d, 1H, J = 0.87 Hz), 6.30-6.32 (m, 2H), 6.34 (d, 1H, J 

= 0.34 Hz), 6.62 (d, 1H, J = 0.93 Hz), 7.30-7.36 (m, 5H) ppm.  
13C NMR (300 MHz, Chloroform-d) δC: 14.90, 17.90, 22.84, 

24.92, 27.96, 29.83, 32.10, 36.92, 40.70, 43.00, 45.40, 50.04, 

52.18, 73.70, 84.23, 108.84, 108.90, 124.12, 126.64, 127.66, 

128.22, 128.66, 130.34, 131.10, 135.04, 140.92, 143.68, 147.41, 

147.64 ppm. EI-MS m/z: 488.23. Anal. Calcd. for C31H36O3S: C, 

76.19; H, 7.43; O, 9.82; S, 6.56. Found: C, 76.14; H, 7.40. 

Theoretical analysis 

• Physicochemical properties of both compound 7 and 8 

Some theoretical electronic properties, such as HOMO (highest 

occupied molecular orbital), LUMO (lowest unoccupied 

molecular orbital) energy, orbital coefficients distribution, 

molecular dipole moment, HBD (hydrogen bond donor groups), 

HBA (hydrogen bond acceptor groups), and TPSA (topological 

polar surface area) involved in the chemical structure of both 

compounds 7 and 8 were evaluated using SPARTAN’06 software 

(Obi-Egbedi and Obo, 2011). Additionally, other 

physicochemical factors such as molecular refractivity (MR), and 

volume reactivity (VR) were determined using Chemsketch 

program (Şahin and Sacan, 2018; Tahir et al., 2017).  

• Pharmacophore evaluation 

The 3D pharmacophore model for both compounds 7 and 8 was 

determinate using LigandScout 4.08 software (Réau et al., 2018) 

• Docking evaluation 

Interaction of both compounds 7 and 8 with B1-Cannabinoid 

receptor el was determinate using 5tgz protein from protein data 

bank as control, and DockingServer software (Sapundzhi et al., 

2018; Suresh et al., 2018). 

Results and Discussion 

In this study, two steroid derivatives were prepared from 17α-

ethinylestradiol using some chemical strategies as follows: 

Synthesis of two nitro-steroid analogs (compounds 2 and 3) 

In the literature several methods have been reported for 

preparation of nitro derivatives using some reagents such as 

dimethyldioxirane (Murray et al., 1986), NaNO2 (Foroumadi et 

al., 2003), HNO3 (Chuvière et al., 2003), NOF (Boswell, 1968), 

HNO3/(CH3CO)2O (Cornelis et al., 1983) and others. In this 

study, 17α-ethynyl-2-nitroestradiol (2) was prepared from 17α-

ethynylestradiol in presence of HNO3/(CH3CO)2O. It is important 

to mention that considering the possibility that the nitration could 

be produced in the carbons C-2 (compound 2) or C-4 (compound 

3) of the steroid nucleus (Figure 1), the mixture of the reaction 

was subjected to flash chromatography on silica gel with the 

methanol/hexane/ethyl acetate system to provide the compounds 

2 (66% yield) and 3 (15% yield).  

https://en.wikipedia.org/wiki/Cannabinoid_receptor_type_1
https://en.wikipedia.org/wiki/Cannabinoid_receptor_type_1
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Figure 1. Nitration of 17α-ethynilestradiol with nitric 

acid/anhydride acetic (i) to form the compounds 2-nitro-17α-

ethynilestradiol (compound 2) or 2-nitro-17α-ethynilestradiol 

(compound 3).  

The 1H NMR spectrum of the compound 2 showed several 

signals at 1.04 ppm for methyl bound to steroid nucleus; at 1.22-

2.92 and 26.66 and 7.84 ppm for steroid moiety; at 3.34 ppm for 

alkyne group; at 7.25 ppm for both hydroxyl groups. The 13C 

NMR spectra display chemical shifts at 13.60 ppm for methyl 

group bound to steroid nucleus; at 22.82-49.49, 80.72 and 

114.05-148.48 ppm for steroid moiety; at 74.32 and 89.15 ppm 

for alkyne group. In addition, the mass spectrum from compound 

2 showed a molecular ion (m/z) 341.16. 

The signals involved in the 1H NMR spectrum for compound 3 

displays several signals at 1.04 ppm for methyl bound to steroid 

nucleus; at 1.34-2.92and 6.6-7.30 ppm for steroid moiety; at 3.34 

ppm for alkene group; at 7.82 ppm for both hydroxyl groups. The 
13C NMR spectra display chemical shifts at 13.60 ppm for methyl 

bound to steroid nucleus; at 22.82-49.49, 80.92 and 117.54-

145.56 ppm for steroid moiety; at 74.32 and 89.15 ppm for 

alkyne group. In addition, the mass spectrum from compound 3 

showed a molecular ion (m/z) 341.16. 

Preparation of an ether-steroid derivative (compound 4) 

There are some studies that indicate the preparation of some ether 

derivatives via displacement of the nitro group using methoxide 

as dipolar aprotic solvent (Figueroa-Valverde et al., 2015). In this 

study, the compound 4 was synthesized by an intermolecular 

reaction through the displacement of the nitro group by the 

hydroxyl involved in the chemical structure of compound 2 in the 

presence of dimethyl sulfoxide under mild conditions (Figure 2).  

OH Cl

S

H

O

HO

N+

O–

O

OH

ii

2

6

OH

O

4

HO

N+

O–

O

OH Cl

S
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Method A
iii

Method B

Figure 2. Preparation of an ether-chloromethylthiovinyl-

nitrosteroid (6). Etherification of 2-nitro-17α-ethynilestradiol (2) 

with dimethyl sulfoxide/potassium carbonate (ii) to form an 

oxirenol-steroid derivative (4). Then, nitro-

chloromethylthiovinyl-steroid derivative (5) was prepared from 

compound 2 and HCl/dimethyl sulfoxide (iii). Finally, 6 was 

synthesized using two methods; method A was achieved via 

etherification of compound 4 in the presence of dimethyl 

sulfoxide/potassium carbonate. Also, compound 6 was prepared 

from 5 dimethyl sulfoxide/potassium carbonate (Method B). 

The 1H NMR spectrum of the compound 4 showed several 

signals 1.06 ppm for methyl group bound to steroid nucleus; at 

1.22-2.80 and 6.30-6.32 ppm for steroid moiety; at 3.34 ppm for 

alkyne group; at 4.94 ppm for the hydroxyl group. The 13C NMR 

spectra display chemical shifts at 13.62 ppm for methyl group 

bound to steroid nucleus; at 22.82-49.50, 80.70 and 108.84-

147.68 ppm for steroid moiety; at 74.30 and 89-16 ppm for 

alkyne group. In addition, the mass spectrum from compound 4 

showed a molecular ion (m/z) 294.16. 

Synthesis of a disubstituted alkene-steroid (compound 5) 

Several disubstituted-alkenes have been synthesized using several 

reagents such as sulfone/aldehyde (Blakemore et al., 1998), BH/I2 

(Zweifel et al., 1967), Ni(0) (Shimizu et al., 2005), Pd(OAc)2, 

HBr (Karki and Magolan, 2015), and others. In this study, a 

disubstituted alkene-steroid derivative (compound 5) was 

prepared via the reaction of compound 2 with dimethyl sulfoxide 

in the presence of hydrochloric acid. It is important to mention 

that in this study a regioselective anti-sulfurchlorination reaction 

of the unactivated alkyne is reported which involves a mechanism 

of chlorination/demethylation (Figures 2 and 3). The 1H NMR 

spectrum of the compound 5 showed several signals at 1.06 ppm 

for methyl group bound to steroid nucleus; at 1.22-2.35, 2.76-

2.92, 6.66 and 7.82 ppm for steroid moiety; at 2.44 ppm for 

methyl bound to sulfur; at 6.36 ppm for alkene group; at 7.00 

ppm for both methyl groups. The 13C NMR spectra displayed 

chemical shifts at 15.36 ppm for methyl group; at 16.40 ppm for 

methyl bound sulfur; at 22.42-88.26 and 114.02-148.46 ppm for 

steroid moiety; at 112.72 and 151.20 ppm for alkene group. In 

addition, the mass spectrum from compound 5 showed a 

molecular ion (m/z) 423.12. 
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Figure 3. Reaction mechanism involved in the synthesis of an 

ether-chloromethylthiovinyl-nitrosteroid derivative (compound 

5). 

Synthesis of an ether-disubstituted alkene derivative (compound 

6) 

A new ether-disubstituted alkene derivative was prepared using 

two methods; in Method A, compound 4 reacted with dimethyl 

sulfoxide in the presence of hydrochloric acid to form compound 

6. The 1H NMR spectrum of the compound 6 showed several 

signals at 1.06 ppm for methyl group bound to steroid nucleus; at 

1.22-2.35, 2.44-2.80 and 6.30-6.32 ppm for steroid moiety; at 

2.44 ppm for methyl bound to sulfur; at 4.44 ppm for hydroxyl 

group; at 6.40 for alkene group. The 13C NMR spectra displayed 

chemical shifts at 15.36 ppm for methyl group; at 16.40 ppm for 

methyl group bound to sulfur; at 22.42-108.92, 130.34-135.10 

and 147.40-147.64 ppm for steroid moiety; at 119.72 and 143.62 

ppm for alkene group. In addition, the mass spectrum from 

compound 6 showed a molecular ion (m/z) 376-12. 

Method B. 

In this stage, compound 6 was prepared via intra-molecular 

etherification using KsCO3/DMSO. Similar 1H NMR and 13C 

NMR data were obtained compared to those of Method-A 

product. However, in this pathway lower yield was obtained, 

most probably due to reaction conditions. 

Preparation of propargylic-alcohol-steroid derivative (compound 

7) 

Several studies have been reported for the synthesis of 

propargylic-alcohols using some reagents such as disulfide-

oxazolidine (Braga et al., 2002), Ti(O-i-Pr)4-BINOL complex 

(Marshall and Bourbeau, 2003), chiral diamine-coordinated 

tin(II) triflate (Mukaiyama et al., 1991), P(PhCH2NCH2CH2)3N 

(Wadhwa et al., 2009) and others. However, some of these 

reagents are difficult to handle and require special conditions. In 

this study, the compound 6 reacted with 5-hexyn-1-ol using 

Copper(II) as a catalyst  (Figure 4) to form a propargylic-alcohol-

steroid derivative (compound 7). The 1H NMR spectrum (Figure 

5) of the compound 7 showed several signals at 1.00 ppm for 

methyl group bound to steroid nucleus; at 2.35 ppm for methyl 

bound to sulfur; at 1.22-1.32, 1.66-2.12, 2.18-2.28, 2.44-2.80, 

6.30-6.32 ppm for steroid moiety; at 1.56-1.58, 2.84 and 3.64 

ppm for arm bound to both alkyne and hydroxyl groups; at 2.88 

ppm for hydroxyl group; at 6.12 ppm for alkene group.  

O

S

H

O

S

H

HO

OH

7

8

OH Cl

S

H

O

6

OH

OH
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Figure 4. Preparation of two methylthiosteroid-oxirenol analogs 

(7 or 8). Reaction of the ether-chloromethylthiovinyl-nitrosteroid 

derivative (compound 6) with 5-hexyn-1-ol (iv) to form the 8-

hydroxymethylthio-steroid-oxirenol derivative (7). Finally, 

compound 8 was prepared from compound 6 and 4-Phenyl-1-

buten-4-ol (v). 

The 13C NMR spectra displayed chemical shifts at 16.00 ppm for 

methyl group; at 18.94 ppm for methyl bound to sulfur; at 18.00, 

23.80-24.94, 27.98-29.82, 33.02-51.36, 86.32-108.90, 130.34-

135.12 and 147.39-147.67 ppm for steroid moiety; at 25.20, 31.82 

and 62.12 ppm for arm bound to both alkyne and hydroxyl 

groups; at 76.12 and 112.84 ppm for alkyne group; at 118.50 and 

143.16 ppm for alkene group. In addition, the mass spectrum 

from compound 7 showed a molecular ion (m/z) 438.22. 
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Figure 5. The scheme showing the 1HNMR spectrum from 

compound 7 analyzed with a Varian VXR300/5 FT NMR 

apparatus at 300 MHz in CDCl3. Axis abscissa (ppm). ppm = 

parts per million. 

Hydrogenation-chlorination  

There are several reports to hydrogenation/chlorination which use 

some reagents such as Molybdenum(V)Chloride (Filippo and 

Sowinski et al., 1975), sulfur tetrachloride (Riley et al., 1962), 

and N‐chlorosuccinimide (Shi et al., 2015) and others. The 1H 

NMR spectrum (Figure 6) of the compound 8 showed several 

signals at 1.00 ppm for methyl group bound to steroid nucleus; at 

2.34 ppm for methyl bound to sulfur; at 1.22-2.28, 2.44, 2.76-

2.80 and 6.30-6.32 ppm for steroid moiety; at 3.09 ppm for both 

hydroxyl groups; at 5.15 and 6.34-6.62 ppm for alkene groups; at 

7.30-7.36 ppm for phenyl group. The 13C NMR spectra displayed 

chemical shifts at 14.90 ppm for methyl group; at 17.90 ppm for 

methyl bound to sulfur; at 22.84-40.70, 45.40-52.18, 84.23-

108.90, 130.34, 135.04 and 147.41-147.64 ppm for steroid 

moiety; at 43.00 and 73.70 ppm for methylene groups bound to 

both alkene and hydroxyl groups; at 124.12-126.64, 131.10 and 

140.92 ppm for alkene group; at 127.66-128.66 and 143.68 ppm 

for phenyl group. In addition, the mass spectrum from compound 

8 showed a molecular ion (m/z) 488.23. 

Figure 6. The scheme showing the 1HNMR spectrum from 

compound 8, analyzed with a Varian VXR300/5 FT NMR 

apparatus at 300 MHz in CDCl3. Axis abscissa (ppm). ppm = 

parts per million. 

Physicochemical parameters 

 

There are studies that suggest that several physicochemical 

parameters such as molar volume (MV) and molar refractory 

(MR) could condition the biological activity of different 

biomolecules. It is important to mention that these 

physicochemical factors depend on the characteristics of 

substituents attached to a constant reaction center of each 

molecule (Figueroa-Valverde et al., 2019). Therefore, both MV 

and MR parameters involved in the chemical structure of both 

compounds 7 and 8 were evaluated using a previously reported 

method (Figueroa-Valverde et al., 2011). The theoretical results 

(Table 1) showed that MV and MR were higher for compound 8 

compared with compound 7. These data suggest that steric 

hindrance, conformational preferences, and internal rotation 

could influence the biological activity of both compounds 7 or 8 

on some biological models. However, other reports suggest that 

other types of electronic factors could condition change in 

biological activity exerted by some compounds against some 

biomolecules (Figueroa-Valverde et al., 2019). 

Table 1. Physicochemical parameters involved in the 

chemical structure of compounds 7 and 8. The values were 

calculated using both ACDLabs and Spartan software. 

Parameters 7 8 

Molar Refractivity (cm3) 126.51 143.79 

Molar Volume (cm3) 355.10 393.90 

PSA (Å2) 47.63 45.20 

Dipole Moment (debyete) 4.71 6.30 

Polarizability 76.60 80.77 

Parachor (cm3) 976.10 1078.10 

Surface Tension 57.00 56.10 

Density (g/cm3) 1.23 1.24 

E. HOMO (Ev) -7.54 -7.33 

E. LUMO (Ev) 3.27 3.24 

HBD 2 2 

HBA 4 4 

LogP 4.54 5.77 

Sovation E. Kj/mol -34.44 -19.51 

• Electronic parameters 

Analyzing the above-mentioned hypothesis and some studies 

indicate that molecular orbitals and frontier electron density are 

used to predict the most reactive position in some electron 

systems on several types of reactions which are translated as 

changes in the biological activity of some compounds (Walter 

and Ruback, 1982; Houk, 1975). These reports suggest that 

values of highest occupied molecular orbital (HOMO), lowest 

unoccupied molecular orbital (LUMO) and their energy gap 

reflect the chemical activity of a molecule (Ess and Houk, 2008). 

It is noteworthy, that some methods have been used to evaluate 

the relation between HOMO and LUMO with biological activity 

of some compounds; for example, there are some data which 

show the evaluation of the frontier molecular orbitals (HOMO-

LUMO gap) from some steroids using MINDO and ZINDO 

models (Prasad et al., 2008; Latosińska et al., 2000). In this study, 

the Hartee-Fock method (method of approximation for the 

determination of the wave function and the energy of a quantum 

many-body system in a stationary state) was used to determinate 

https://en.wikipedia.org/wiki/Wave_function
https://en.wikipedia.org/wiki/Many-body_problem
https://en.wikipedia.org/wiki/Many-body_problem
https://en.wikipedia.org/wiki/Stationary_state
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both HOMO and LUMO orbitals of either compounds 7 and 8 

(Figure 7 and Table 1) with Spartan'06 V112 program (Figueroa-

Valverde et al., 2012).  

 
Figure 7. Molecular orbitals (HOMO and LUMO) involved in 

the compounds 7 (left) and 8 (right), visualized with 

SPARTAN’06 software 

The results showed changes in both HOMO and LUMO values 

for compound 7 compared with compound 8. This phenomenon 

could be conditioned by the difference in π orbitals density 

located in their chemical structure of either compounds 7 or 8. 

• Pharmacophore ligand model 

It is noteworthy that some chemical models have been used to 

determine the three-dimensional orientation adopted by the 

functional groups of a molecule to predict its interaction with 

several biomolecules (Schneider et al., 1999); for example, the 

use of a pharmacophore model can furnish a new insight to 

design novel molecules that can enhance or inhibit the function of 

a biological target which can be useful in new drug discovery 

(Patel et al., 2018).  

 
Figure 8. The scheme representing a pharmacophore from both 

compounds 7 (left) and 8 (right) using the LigandScout 4.0 

software. The model involves a methyl group (yellow) hydrogen 

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

green). 

In this sense, in this study, a pharmacophore model for both 

compounds 7 and 8 was determinate using the LigandScout 

program (Obi-Egbedi et al., 2011) (Figure 8). The results showed 

that functional groups involved in the chemical structure of either 

compounds 7 or 8 could interact via hydrophobic contacts or as 

hydrogen bond acceptors or as hydrogen bond donor with some 

biomolecules.  

• Interaction theoretical  

Analyzing the hypothesis mentioned above and some studies 

suggest that the formation of binary complexes between some 

compounds that act as ligands with several target biomolecules 

could induce changes in many activities of some biological 

systems (Seeliger and Groot, 2010). In this study, a theoretical 

analysis was carried out on the interaction of either compounds 7 

or 8 with the 5tgz protein surface (Figure 9 and 10) using some 

drugs such as WIN 55,212-2, Yangonin [B1 cannabinoid receptor 

agonists] (Lauckner et al., 2005; Ligresti et al., 2012), and 

cannabigerol or tetrahydrocannabivarin [B1 cannabinoid receptor 

inhibitors] (Thomas et al., 2005; Thomas et al., 2007) as chemical 

tools in a Docking model (Foroumadi et al., 2003).  

The data showed differences in the interaction of both compounds 

7 and 8 with some amino acid residues involved in the 5tgz 

protein surface (Table 2). In addition, other data suggest that 

there is another type of amino acid residue in the interaction of 

Yangonin, cannabigerol, and tetrahydrocannabivarin with 5tgz 

(Tables 2 and 3). 

 
Figure 9. The scheme showing the interaction of compound 7 

with the 5tgz protein surface. Theoretical analysis was carried out 

using the Docking-server. 
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Figure 10. Interaction between compound 8 and the 5tgz protein 

surface. Theoretical analysis was carried out using the Docking-

server. 

Table 2.  Amino acid residues involved in the 

interaction of WIN 55,212-2, Yangonin, and 

Cannabigerol with 5tgz protein surface. 

Tetrahydrocannabivarin C-7 C-8 

Phe102 

Met103 

Asp104 

Ile105 

Phe268 

Pro269 

Phe379 

 

Phe102 

Met103 

Phe170 

Leu193 

Val196 

Thr197 

Ser199 

Phe268 

Trp356 

Leu359 

Phe379 

Ser383 

Cys386 

Leu387 

Ser390 

Phe102 

Met103 

Ile105 

Ile1119 

Ser123 

Phe170 

His178 

Val196 

Phe268 

Pro269 

Phe379 

Ser383 

Met384 

 

 

Table 3. Amino acid residues involved in the interaction 

of WIN 55,212-2, Yangonin, and Cannabigerol with 5tgz 

protein surface. 

WIN 55,212-2 Yangonin Cannabigerol 

Met103 

Ile105 

Ile169 

Phe170 

Phe174 

Phe102 

Ile105 

Glu106 

Phe170 

Val196 

Phe102 

Met103 

Ile105 

Phe170 

Phe174 

Val196 

Phe268 

Leu269 

Ser383 

Met384 

Cys386 

 

Phe268 

Pro269 

Phe379 

Ser383 

 

His178 

Val196 

Ser199 

Trp356 

Leu359 

Ser383 

Met384 

Cys386 

Leu387 

Ser390 

This phenomenon could be conditioned by different 

conformations adopted by both compounds 7 and 8 or the length 

of the bound between the steroid derivatives and the amino acid 

residues involved in the 5tgz protein surface. However, it is 

important to mention that some reports suggest that other 

thermodynamic factors such as free energy of binding, 

electrostatic energy; total intermolecular energy and Van der 

Waals (vdW) + hydrogen bond (H-bond) + desolvation energy 

can be involved in the interaction of several compounds with the 

proteins or enzymes (Figueroa-Valverde et al., 2019). 

• Thermodynamic parameters 

In this study, by analyzing the above-mentioned hypothesis, some 

thermodynamic parameters were determinate using 

DockigServer. Theoretical data (Tables 4 and 5) indicate that 

there are differences in the thermodynamic parameters of WIN 

55,212-2, Yangonin, Cannabigerol, and Tetrahydrocannabivarin 

compared with both compounds 7 and 8.   

Table 4. Thermodynamic parameters involved in the 

interaction of WIN55,212-2, Yangonin, Cannabigerol, 

Tetrahydrocannabivarin, and compounds 7 (C-7) and 8 (C-8). 

Compound 
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WIN55,212-2 -9.64 82.45 -10.70 

Yangonin -6.83 9.85 -7.91 

Cannabigerol -6.70 12.22 -9.86 

Tetrahydrocannabivarin -6.59 14.73 -6.84 

C-7 -6.68 12.69 -8.52 

C-8 -3.58 2.38 -8.25 

Table 5. Thermodynamic factors involved in the interaction of 

WIN55,212-2, Yangonin, Cannabigerol, Tetrahydrocannabivarin, 

and compounds 7 (C-7) and 8 (C-8). 

Compound 
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WIN55,212-2 -0.4 -10.74 1030.82 

Yangonin -0.10 -8.01 902.48 
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Cannabigerol -0.02 -9.58 1023.36 

Tetrahydrocannabivarin -0.05 -6.89 822.56 

C-7 -0.01 -8.52 948.52 

C-8 0.06 -8.20 1230.67 

In addition, other results showed that inhibition constant (Ki) 

involved in the interaction of both compounds 7 and 8 with the 

5tgz protein surface was different compared with the controls. All 

these data could be translated as a higher affinity of either 

compound 7 or 8 by the B1-cannabinoid receptor; however, it is 

important to mention that it would be interesting to carry out 

additional experiments in some biological models to know if 

compounds 7 and 8 could act as agonists or antagonists of B1-

cannabinoid receptor. 

Discussion 

In this study, the facile synthesis of two steroid derivatives 

(compounds 7 or 8) is reported using several chemical strategies. 

In addition, the theoretical analysis suggests that both compounds 

could interact with B1-cannabinoid receptor which can be 

translated as good candidates for their evaluation in some 

biological models. 
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