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ABSTRACT 
 

Condensation reactions catalyzed by acetic acid of severalarylhydrazine (2,4-dinitrophenyl hydrazine) 
and hydrazides (hydrazides of bromobenzoic and salicylic acid, benzofuran-2- and indol-2-carboxylicacid) with 
3β-acetoxy- and 3β-hydroxy-5α-pregn-16-en-20-one (1 and 2), epiandrosterone (6) and 5α-androst-2-en-17-

one (9) were studied for the purpose of synthesizing potentially bioactive 5-steroidal hydrazones. The 
starting ketones (1,2,6,9) were synthesized on the bases of aglicon of steroidal saponine - tigogenin isolated 
from plant “Yucca gloriosa” introduced in Georgia. The structures of synthesized new hydrazones (3-
5,7,8,10,11) were established by NMR 1H, 13C and mass-spectral data. The antiviral activity some of them 
(7,8,10,11) were studied. 
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INTRODUCTION 
 

Steroidal compounds have attracted attention of pharmacologists, doctors, chemists and biochemists 
for many years. Due to some advantages of steroidal molecules their rational modification carried out which 
leads to change bioactivity to desirable direction. This is one of the best ways to create new medicines. 

 
Among the synthetic biologically active steroidal compounds azasteroids – hydrazones, oximes and 

carbazones of pregnane, androstane, cholestane series have significant place, synthesis and biological 
activities (cytotoxic, antifungal, antibacterial, antiproliferative, antituberculosis, antiviral) of which derivatives 
are described in the literature [1-9]. Biological screening of this compounds showed, that insert of electron rich 
aromatic ring in the complex increases anticancer activities of them.  

 

In order to detect of new biologically active steroidal compounds new hydrazones of the series of 5-
steroidal ketones were synthesized by us on the bases of tigogenin.  

 
MATERIAL AND METHODS 

 
1H and 13C NMR spectra were recorded from CDCl3 and DMSO-d6 solutions with TMS internal standard 

on a Bruker Avance 400 instrument (400.13 MHz for 1H and 100.61 MHz for 13C).  IR spectra were taken from 
KBr pellets on a Varian 660 FTIR spectrometer. Mass spectra were obtained on an HPLC-APCIMS (positive 
mode)-Agilent 1100 Series with an Inertsil PREP-ODS column (6.0 х 250 mm) and elution of steroids by H2O–
MeCN (20:80).  Melting points were determined on a NAGEMA apparatus.  The course of reactions and purity 
of synthesized compounds were monitored by TLC on Silufol UV-254 plates using C6H6–Me2CO (10:1, 6:1).  
Chromatograms were detected using phosphomolybdic acid solution (10%) in EtOH followed by heating. 
 
Chemical synthesis  
 
General method for synthesis of compounds (3-5,7,8,10 and 11)  

 
A mixture of steroid (1,2,6,9) and the corresponding hydrazine (equal to the steroid weight) in 

ethanol was refluxed for 6–12 h with a catalytic amount of acetic acid. After completion of the reaction, the 
mixture was cooled to room temperature and poured into cold water. The solid separated was collected by 
filtration, washed with water, dried in air and crystallized from methanol.  

2,4-Dinitrophenylhydrazone of 3β-acetoxy-5-pregn-16-en-20-one(3) 
 

Yield 78%; m.p. 232-234oC;1H NMR (400.13 MHz, CDCl3, , ppm J/Hz): 0.89(3H, s, 18-CH3),1.05 (3H, s, 
19-CH3), 2.06(3H, s, 21-CH3), 2.10(3H, s, ОСОCH3),4.65(1H, m, H-3), 6.29(1H, s, H-16), 7.85(1H, d, J=9.6, H-Ar),  

8.35(1H, dd, J=9.6, 2.5, H-Ar),  9.14(1H, d, J=2.5, H-Ar),   11.20(1H, s, NH).13СNMR(100.61 MHz,CDCl3,, ppm.): 
12.2, 13.5, 16.3, 21.4, 21.5, 27.5, 28.5, 31.8, 32.0, 33.9, 34.0, 35.7, 36.0, 36.6, 44.9, 47.2, 54.6, 56.8, 73.7 (C-3), 
116.6(C-6/), 123.6 (C-3/), 129.5 (C-2/), 130.2(C-5/), 136.7 (C-17), 137.8 (C-4/), 145.0(C-16), 151.0 (C-1/), 153.3 
(C=N), 170.8(C=O).  LC-MSm/z [M+H]+ 539. C29H38N4O6.M.w. 538. 
 

m-Bromobenzoilhydrazone of 3β-acetoxy-5-pregn-16-en-20-one(4) 
 

Yield 67%; m.p. 196-198oC;1H NMR (400.13 MHz, CDCl3, , ppm. J/Hz): 0.84(3H, s, 18-CH3),0.99(3H, s, 
19-CH3), 1.59(3H, s, 21-CH3), 2.02(3H, s, ОСОCH3),4.68(1H, m, H-3), 6.16(1H, s, H-16), 7.32(1H, m,H-

Ar),7.65(2H, m,H-Ar), 7.98(1H, s, H-Ar),8.62(1H, s, NH-CO). 13С NMR(100.61 MHz,CDCl3,, ppm.):12.1, 15.9, 
21.0, 21.2, 21.5, 27.5, 28.5, 31.8, 33.8, 34.0, 34.7, 35.3, 35.6, 36.5, 44.9, 46.9, 54.6, 56.9, 73.8 (C-3),121.5(C-3/), 
128.4(C-6/), 129.3(C-2/), 130.5(C-5/), 133.1(C-4/), 133.9(C-1/), 135.2.(C-17), 146.8(C-16), 153.5(C=N), 
169.1(NHCO), 170.8(C=O).  LC-MSm/z [M+H]+ 556. C30H39BrN2O3. M.w. 555. 
 

Salicyloilhydrazone of 5-pregn-16-en-3β-ol-20-one (5) 
 

Yield 71%;m.p. 258-260oC;1H NMR (400.13 MHz, DMSO-d6, , ppm. J/Hz): 0.80 (3H, s, 18-CH3),0.93(3H, 
s, 19-CH3), 2.04(21-CH3), 3.34(1H, m, H-3), 4.43(1H, s, 3-OH), 6.26(1H, s, H-16), 6.99(2H, m, H-Ar ), 7.39(1H, t, 

J=6.9, H-Ar), 7.95(1H, d, J=7.5, H-Ar), 11.17 (1H, w.s, NH-CO).13С NMR (100.61 MHz,DMSO-d6, , ppm):12.5, 
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13.8, 16.3, 21.3,27.5,31.8, 31.9, 32.1, 33.9, 35.8, 36.9, 38.6,41.5,45.2, 47.2, 54.8, 57.0, 70.0(C-3), 117.4(C-1/), 
118.5(C-3/), 119.8(C-5/), 130.9(C-6/), 133.6(C-4/), 134.5(C-17), 142.8(C-16),150.3(C=N), 154.1(C-2/), 
162.3(NHCO). LC-MS m/z [M+H]+ 451. C28H38N2O3. M.w. 450.  
 

Benzofuran-2-ilhydrazone of 5-androstan-3β-ol-17-one (7) 
 

Yield 69%; m.p. 278-280oC. IR (KBr,ѵ,сm-1): 3386-3198 (NH, OH),1662 (NHC=O), 1644 (C=N), 1594 (C=C 

Ar). 1H NMR (400.13 MHz, CDCl3,, ppm J/Hz): 0.85 (3H, s, 18-CH3),0.97 (3H, s, 19-CH3), 3.60 (1H, m, H-3), 7.31 
(1H, t, J=7.6, H-Ar),  7.43 (1H, td, J =7.8, 1.2,H-Ar),  7.51 (1H, d, J =8.8, H-Ar), 7.61 (1H, s, H-Ar), 7.68 (1H, d, J 
=7.6, H-Ar), 8.94 (1H, v.s., NH-СО). LC-MSm/z [M+H]+ 449.C28H36N2O3. M.w. 448. 
 

Indol-2-ilhydrazone of 5-androstan-3β-ol-17-one (8) 
 

Yield 65%; m.p. 274-276 oC; IR (KBr,ѵ,сm-1):3398-3183 (NH, OH),1669 (NHC=O), 1636 (C=N), 1582 

(C=CAr).  1H NMR (400.13 MHz, CDCl3,, ppm J/Hz): 0.75 (3H, s, 18-CH3),0.84 (3H, s, 19-CH3), 3.61 (1H, m, H-
3),7.14 (1H, t, J =7.2, H-Ar),  7.30 (1H, td, J =7.4, 1.2, H-Ar),  7.43 (1H, m, H-Ar), 7.58 (1H, s, H-Ar),  7.72 (1H, d, J 
=8.0, H-Ar),8.41 (1H, w.s, NH-СО), 10.18 (1H, w.s.,  NH). LC-MSm/z [M+H]+ 448.C28H37N3O2. M.w. 447. 
 

Semicarbazone of 5-androst-2-en-17-one (10)  
 

Yield 73%; m.p. 286-288 oC; IR (KBr,ѵ,сm-1): 3462,3198(NH2,NH), 1696(CO), 1640(C=N), 1572(C=С).1H 

ЯМР  (400.13 MHz, DMSO-d6, , ppm, J/Hz): 0.75 (3H, s, 18-CH3),0.81 (3H, s, 19-CH3), 2.15-2.36(2H, m, H-16), 
5.59(2H, t, J=6.8, H-2, H-3), 5.99 (2H,w.s., NH2), 8.61(1H, с, NH).LC-MSm/z [M+H]+ 330. C20H31N3O. M.w. 329. 

 

2,4-Dinitrophenylhydrazone of 5-androst-2-en-17-one (11) 
 

Yield 70%; m.p. 238-240oC;IR (KBr,ѵ,сm-1): 3324(NH), 1616(C=N), 1560, 1517(Arom. ring, C=С), 1500 и 

1332(Ar-NO2). 1H ЯМР(400.13 MHz, DMSO-d6, , ppm. J/Hz): 0.80 (3H, s, 18-CH3),0.97 (3H, s, 19-CH3), 2.44-
2.68(2H, m, H-16), 5.59(2H, t, J=6.8,  H-2, H-3), 7.89(1H, d, J=9.5, H-Ar), 8.28(1H, dd, J=9.5, 2.5, H-Ar), 8.96(1H, 
d, J= 2.5,  H-Ar),   10.66(1H, s, NH).LC-MSm/z [M+H]+ 453.C25H32N4O4.M.w. 452.  
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Scheme 1: Synthesis of hydrazones of 5α-steroids 3-5, 7, 8, 10, 11 
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Antiviral screening  
 

Antiviral activity of the synthesized compounds was studied in the framework of the international 
program “AACF Antiviral Testing in Animals” at the Division of Microbiology and Infectious Diseases, National 
Institute of Allergy and Infectious Diseases, University of Utah, USA.  In particular, all newly tested compounds 
were evaluated initially a) for inhibition of virus cytopathic effects (CPE assay) and b) for uptake of neutral red 
dye (NR Dye Uptake Assay) that stained undamaged virus cells.  The color intensity was determined 
spectrophotometrically.  The experimental results from a) were used to calculate the 50% inhibitory (cytotoxic) 
concentration CC50; from b), the 50% effective concentration EC50.  Antiviral activity of each tested compounds 
was characterized by the selectivity index (SI50), which was the ratio of CC50 to EC50.  As a rule, SI50 values of 10 
or more indicated the presence of antiviral activity for the compound.  The method was described in detail 
before[10]. 
 

RESULTS AND DISCUSSION 
 
Chemistry 
 

In continuation [11,12] of the search of biologically active 5α-steroids by interaction of 3β-acetoxy- 

and 3β-hydroxy-5-pregn-16-en-20-one (1,2) with hydrochloride of 2,4-dinitrophenylhydrazine, hydrazides of 
bromobenzoic and salicylic acid corresponding hydrazones(3-5)were synthesized. After ketone (1) was 
transformed [13] into eriandrosterone(6), from which by condensation with hydrazides of benzofuran-2- and 
indol-2-carboxylic acid hydrazones(7,8) were obtained. 

 
According to the method [14] from 5α-androstan-3β-ol-17-one (6)5α-androst-2-en-17-one (9) was 

synthesized, by condensation of which with semicarbazide and 2,4-dinitrophenylhydrazine hydrochloride 
semicarbazone(10) and hydrazine (11) were obtained (Scheme 1). 

 
The structures of the synthesized compounds (3-5) was established using 1H-, 13C-NMR and mass 

spectral data. In 1H NMR spectrum of steroids (3-5) singlet signals of 18-CH3, 19-CH3 and 21-CH3-groups were 
present at δ 0.89-0.80 ppm, 1.05-0.93 ppm and 2.06-1.59 ppm respectively. There were also signals of 
hydrogen atoms at C-16 with chemical shifts at 6.29-6.16 ppm. Aromatic protons were noted in the interval at 

9.14-6.99 ppm, the signals of NH-groups - in the range of  11.20-8.62 ppm. The multiple 3α-protons of the 3β-
ester groups of hydrazones(3,4) appeared at δ 4.65,4.68 ppm, 3β-hydroxy group of steroid (5)–at δ 3.34 ppm. 
In the 13С NMR spectra of hydrazones(3-5) peaks of aromatic carbons existence in the interval 151.0-116.6, 
133.9-121.5 and 154.1-117.4 ppm, signals C = N bonds –at 153.3,153.5 and 150.3 ppm. The C-16 peaks were 
observed at 145.0, 146.8 and 142.8 ppm, C-17 –136.7, 135.2 and 134.5 ppm, signals C-3 –at δ 73.7, 73.8 and 
70.0 ppm respectively.   

 
The structures of steroids (7,8) were proved using IR, 1H NMR and mass spectral data. The infrared 

spectra of hydrazones(7,8) contained characteristic absorption bands of valence vibrations of the NH- and OH-
groups in the range of 3386-3198 and 3398-3183 cm-1, and the stretching vibrations of the carbonyl group for 
amides at 1662, 1669 cm-1. The characteristic frequencies of the C=N bonds were observed at 1644, 1636, the 
aromatic C=C bonds — at 1594, 1582 cm–1 respectively. In the 1H NMR spectra of compounds (7,8) signals of 
angular 18-CH3 and 19-CH3 groups were noted as singlets at δ 0.85, 0.75 and 0.97, 0.84 ppm. Aromatic protons 
were present in the range of 7.72-7.14 ppm, signals of protons of NH-groups appeared at 8.94, 10.18, multiple 
3α-protons –at δ 3.60, 3.61 ppm respectively. 

 
The structures of the derivatives (10,11) were confirmed by the data of IR, 1H NMR and mass spectra. 

In the IR spectrum of semicarbazone(10) the absorption bands of the NH2 and NH groups were observed at 
3462, 3198 cm-1, C=O groups at 1696 cm-1, the absorption bands of stretching vibrations of the double C=N and 
C=C bonds at 1640 and 1572 cm-1 respectively. The IR spectrum of the hydrazine (11) contained absorption 
bands of valence vibrations of the NH- group at 3324 cm– 1, C=N bond – at 1616 cm–1, aromatic and double C=C 
bonds — at 1560, 1517 cm–1, and characteristic Ar–NO2 stretching vibration bands at 1500 and 1332 cm–1. In 
the 1H NMR spectra (in DMSO-d6) of steroids (10,11) singlet signals of angular 18-CH3 and 19-CH3 groups were 
present at δ 0.75, 0.80 ppm and 0.81, 0.97 ppm. The signals of the protons at C-2 and C-3 of the double bond 
resonated as a distorted triplet at 5.59 ppm, and the singlet signals of the protons of NH-groups at δ 8.61 and 
10.66 ppm respectively. The protons of the NH2 group of the semicarbazone(10) manifested themselves in the 



ISSN: 0975-8585 

January – February  2019  RJPBCS 10(1)  Page No. 242 

form of a broadened singlet at 5.99 ppm, the aromatic protons of the hydrazine (11)–in the region of 7.89-8.96 
ppm. Molecular ions m/z [M+H]+ of steroids (3-5,7,8,10,11) corresponded to the brutto formulas. 
 
Antiviral evaluation 

 
Antiviral activity of compounds (7,8,10,11) was studied in the Department of Microbiology and 

Infectious Diseases of the National Institute of Allergy and Infectious Diseases at the University of Utah, USA. 
The study showed that hydrazine (7) has a moderate and steroid (8) - weak antiviral activity against Poliovirus 
(cell culture Vero 76, strain Type 3, WM-3), the remaining steroids are inactive. For Rift Valley fever virus 
(Vero76 cell culture, strain MP-12) and for Influenza A virus H1N1 (MDCK cell culture, California strain 07.2009) 
only compound (8) has weak activity, the other steroids are inactive (Table 1). 
 

Table 1: data for in vitro screening of antiviral activity of(7,8) and (10,11). 
 

Compound 

Polio virus (Pirodavir) Rift Valley fever virus 
(Ribavirin) 

 

Influenza A virus H1N1 

EC50 EC50 EC50 EC50 EC50 EC50 EC50 EC50 EC50 

Visual (Cytopathic effect/toxicity) 

7 7.8 22 2.8 >68 68 0 34 >100 >2.9 

8 0.56 3.2 5.7 3.7 28 7.6 5.6 37 6.6 

10 2.8 3.2 1.1 3.2 8.6 2.7 >19 19 0 

11 13 100 7.7 26 37 1.4 62 >100 >1.6 

Control 0.32 >10 >31 6.8 >1000 >150 2.9 >100 >34 

Neutral Red    (Cytopathic effect/toxicity) 

7 4.5 >100 >22 >93 93 0 18 >100 >5.6 

8 0.32 4.3 13 4 30 7.5 6.9 21 3 

10 2.8 3.2 1.1 6.6 7.5 1.1 >12 >12 0 

11 
 

8.7 9.4 1.1 >14 14 0 72 >100 >1.4 

Control 0.3 >10 >33 8.6 >1000 >120 3 >100 >33 

EC50 is the compound concentration inhibiting virus replication by 50%; CC50, 
compound concentration reducing cell survival by 50%; SI50 = CC50/EC50. 

 
CONCLUSION 

 
Against Sarscorona virus, Takaribe virus, Respiratorysyncytial virus, Venezuelanequineencephalitis 

virus and Dengue virus (Cell cultures Vero 76, Vero, MA-104, Vero, Vero 76; strains (Urbani; TRVL-11573;A-2; 
TC-83; Type 2, New GuineaC) – all steroids (7,8,10,11)are inactive. 
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