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Abstract—There is an urgent need for the design and development of new and safer drugs for the treatment
of HIV infection, active against the currently resistant viral strains by development of new non-nucleoside
reverse transcriptase inhibitors (NNRTIs). A series of pregnenolone analogues, 3-((aryl)-1-(5-pregnen-3β-
ol-17-yl)prop-2-en-1-ones, were synthesized. Further, treatment of 3-((4-bromo-, 4-trif luoromethyl, or 4-
methylphenyl)-1-(preg-5-en-3β-ol-17-yl)prop-2-en-1-ones with thiosemicarbazide in ethanolic KOH or
hydrazine hydrate in HOAc gave 5-(4-bromo-, 4-trif luoromethyl, or 4-methylphenyl)-3-(preg-5-en-3β-ol-
17-yl)-4,5-dihydro-1H-pyrazoline-1-carbothioamides and 1-O-acetyl-(5-(4-bromophenyl)-3-(preg-5-en-
3β-ol-17-yl)-4,5-dihydro-1H-pyrazoline, respectively. Analogously, treatment of 3-((4-bromophenyl)-1-
(preg-5-en-3β-ol-17-yl)prop-2-en-1-one with hydroxylamine afforded the Z/E isomers of 3-(4-bromophe-
nyl)-1-(preg-5-en-3β-ol-17-yl)prop-2-en-1-one oxime. The new compounds were assayed against HIV-1
and HIV-2 in MT-4 cells. Compounds 3-(thiophene-2-yl)-1-(preg-5-en-3β-ol-17-yl)prop-2-en-1-one and
1-O-acetyl-(5-(4-bromophenyl)-3-(preg-5-en-3β-ol-17-yl)-4,5-dihydro-1H-pyrazoline were the most
active in inhibiting HIV-1 and HIV-2 with IC50 = 60.5 μM (SI > 2, against HIV-2 and SI < I against HIV-
1), and > 0.29 μM (SI < I), respectively, suggesting to be new leads in the development of antiviral agents.
QSAR of 3-((aryl)-1-(5-pregnen-3β-ol-17-yl)prop-2-en-1-ones and 5-(substituted phenyl)-3-(5-preg-5-
3β-ol-17-yl)-4,5-dihydro-1H-pyrazole-1-carbothioamides has been studied. The conformational analysis of
5-(4-trifluoromethylphenyl)-3-(preg-5-en-3β-ol-17-yl)-4,5-dihydro-1H-pyrazoline-1-carbothioamide and
1-O-acetyl-(5-(4-bromophenyl)-3-(preg-5-en-3β-ol-17-yl)-4,5-dihydro-1H-pyrazoline as well as the
molecular docking study of the latter compound have been investigated.

Keywords: anti-HIV activity, α-unsaturated ketones, cytotoxicity, molecular docking study, QSAR, pregnenolone
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INTRODUCTION
A number of steroids and their derivatives possess

diverse pharmacological activities as drugs for the
treatment of a large number of diseases including car-
diovascular [1] or autoimmune diseases [2], brain
tumors [3], breast cancer, prostate cancer [4], osteoar-
thritis [5], etc. Recently several nitrogen-containing
steroidal compounds containing five or six-membered
17β-exo-heterocycles (preferably nitrogen contain-
ing), such as steroidal azoles [6, 7] have been devel-
oped for the treatment of prostate cancer, including

abiraterone acetate (Zytiga), [8, 9] galeterone and its
Δ4-3-keto derivative [10]. Several steroids having ary-
lated prop-2-en-1-ones [11–14], pyrazoles, and pyra-
zolines [15] and oxime analogue [16] have been
reported as potential 5α-reductase inhibitors or anti-
cancer agents. Both pregnenolone derivatives having
pyridine or imidazole moieties at C-17, respectively,
were designed for treatment of prostate cancer (PC) by
inhibition of the enzyme 17α hydroxylase/C17,20-
lyase (CYP17A1). Hartmann et al. [17], Silvador et al.,
[18] and Haidar et al. [19] have reported the synthesis
of several CYP17 steroidal inhibitors as a new strategy
for the treatment of prostate carcinoma. Recently, we
have synthesized a new series of 17-N-imino-benzo-

1 Corresonding author: e-mail: najim.al-masoudi@gmx.de (web:
www.al-masoudi.de). 
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thiazole [20] as well as 17-N-(iminoalkyl) derivatives
of β-pregnenolone [21]. Furthermore, we prepared a
series of biaryl-chalconyl pregnenolone analogues
[22] to evaluate their abilities to prevent the intratu-
moral androgen production by inhibiting the activity
of the CYP17 hydroxylase enzyme. In addition, Mit-
sunobu reaction has been employed in synthesis of 3α-
O-ester analogues [23] from β-pregnenolone via the
inversion of configuration at C-3. Numerous modifi-
cations to the steroid nucleus have been made in order
to study the SAR of bioactive substituents at the 3β-,
11-, 17-, or 21-positions. Compounds having arylated-
propenone moieties are very versatile as physiologi-
cally active compounds and substrates for the evalua-
tion of various organic syntheses. These compounds
have been reported to possess several biological activ-
ities such as anticancer [24], antimalarial [25], anti-
inflammatory [26], anti-HIV [27, 28] and antifungal [29]
agents. Therefore, we are interested in the chemistry of
the steroids bearing potent substituents at C-17.

In view of varied pharmacological activities of ste-
roids and arylated-propenone derivatives, herein we
report the synthesis of some pregnenolones having
arylated-prop-2-en-1-ones and their pyrazoline and

oxime analogues with evaluation of their anti-HIV
activity and cytotoxicity. The new analogues have been
theoretically investigated by applying density func-
tional theory (DFT) to understand the structure activ-
ity relationship.

RESULTS AND DISCUSSION

Chemistry

In our present work, we have selected pregneno-
lone (I) as starting material for the synthesis of a new
series of pregnenolone having arylated prop-2-en-1-
ones along with modification of the prop-2-en-1-one
moiety. Thus, subsequent treatment of (I) with the
desired aryl aldehydes such as: 4-bromo-, 4-trif luoro-
methyl-, 4-methyl-, 5-bromo-2-hydroxy- and 2-
chloro-4-(dimethylmino)benzaldehyde (II)–(VI), as
well as 9H-fluorene-, furan-, or thiophene-2-carboal-
dehyde (VII)–(IX), or 2-formylbenzoic acid (X) in
EtOH in the presence of 2M NaOH at room tempera-
ture for 24 h, proceeded smoothly to give the new
pregnenolone derivatives (XII)–(XX) in 68 to 84%
yield (Scheme 1).

Scheme 1. Synthesis of some arylated-prop-2-en-1-one analogues of pregnenolone.

The structures of compounds (XII)–(XXI) were
assigned on the basis of their NMR spectra (1H-, 13C
and 2D), which showed rather similar patterns of the
proton and carbon atoms of pregnen scaffold. In the
1H NMR of (XII)–(XXI), H-21 and H-22 resonated
as two doublets in the regions δ 7.06–6.57 and 7.91–
7.33 ppm, respectively, with a large J21,22 of 16.2–15.8 Hz,
indicative for the trans-configuration of the prop-2-
en-1-one protons (H-21 and H-22). The aromatic

protons H-2' + H-6' and H-3' + H-5' of (XII)–(XIV)
appeared as two doublets at the regions δ 7.52–7.25
and 7.41–7.17 ppm (J = 8.4–7.4 Hz), respectively.

The other aromatic protons of (XII)–(XXI) were
all assigned (c.f. Experimental section). The triplets or
doublets at δ 5.36–5.26 ppm (J = 5.2–3.8 Hz) were
assigned to 6-H, while 3-H resonated as multiplets in
the regions δ 3.57–3.28 ppm. The multiplets in the
regions δ = 2.57–2.33 ppm assigned to the CH2-4 pro-
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Fig. 1. JC,H correlations in the NMR HMBC correlations
of (XIII).
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tons. The other aliphatic protons were fully identified
(c.f. Experimental section). In the 13C-NMR spectra
of (XII)–(XXI), the resonances in the regions
δ 209.5–198.9 ppm were assigned to C-20, whereas
the olefinic carbon atoms (C-21, C-22) appeared at
δ 128.1–125.7 and 141.8–140.8 ppm, respectively,
except for compounds (XVIII) and (XIX) where C-21
resonated at δ 128.1 and 133.7 ppm, and C-22 at
δ 124.2 and 132.4 ppm, respectively. The resonances of
the other aryl and pregnen aliphatic carbon atoms and
of the substituents were all identified and fully
assigned (c.f. Experimental section).
RUSSIAN JOURNAL OF
Compound (XIII) was selected for further NMR
studies, since its gradient HMBC spectrum [30] allowed
the identification of H-21 at δH 6.85 ppm from its 2JC,H
couplings to carbon atom (C-22) at δC 140.8 ppm as well
as the carbonyl carbon atom (C-20) at δC 200.0 ppm.
A 2JC,H coupling between H-22 at δH = 7.55 ppm and
the aromatic carbon atom (C-1') at δC 138.3 ppm was
observed. Furthermore, H-16a and H-16b protons at δH
2.17 and 1.61 ppm showed 3JC,H couplings to the carbonyl
carbon atom (C-20) at δC 200.0 ppm. Additionally, 3JC,H
couplings between C-22 and the aromatic protons H-
2' and H-6' at δH 7.25 ppm were observed (Fig. 1).

Next, steroids (XII)–(XIV) were treated with
thiosemicarbazide in boiling ethanolic KOH to give the
pyrazoline-N1-carbothioamide analogues (XXII)–
(XXIV) in 68, 71 and 67% yield, respectively. Analo-
gously, treatment of (XIII) with hydrated hydrazine in
the presence of HOAc at ambient temperature for 20 h
afforded the N3-acetylpyrazoline derivative (XXV) in
63% yield. Treatment of (XV) with hydroxylamine in dry
pyridine at ambient temperature furnished the oxime
analogue (XXVI) in 67% yield (Scheme 2).
Scheme 2. Reagents and conditions: (i) thiosemicarbazide, EtOH, K2CO3, reflux, 4 h;
(ii) NH2NH2 ⋅ H2O, HOAc, ambient temperature, 20 h; (iii) NH2OH, dry pyridine, ambient temperature, 22 h.

HO

O

HO

N
N

S NH2

X

X

X

Br
CF3
Me

X

Br
CF3
Me

XII
XIII
XIV

XXII
XXIII
XIV

HO

N
N

O
Me Br

HO

HOHN
Br

i

ii

iii

(XXVI)(XXV)

The structures of compounds (XXII)–(XXIV) were bon atoms of pregnen backbone. In the 1H NMR

assigned from their 1H-, 13C and 2D NMR spectra,
which showed similar patterns of the proton and car-
spectra, CH2-4 and H-5 of the pyrazoline ring
appeared as multiplets in the regions δ 3.16–2.91 and
 BIOORGANIC CHEMISTRY  Vol. 46  No. 5  2020
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4.58–4.56 ppm, respectively, while the downfield
shifted doublets at the regions δ = 7.67–7.35 and
7.28–7.02 ppm were assigned to the aromatic protons
H-3' + H-5' and H-2' + H-6', respectively. The multi-
plets at δ 3.21, 2.91 and 2.98 ppm were assigned to H-
17, merged with those of CH2-4 of the pyrazoline ring.
The other aliphatic protons of pregnen scaffold were
all identified and assigned (c.f. Experimental section).

The 13C NMR spectra of compounds (XXII)–
(XXIV) showed signals at δ 175.0, 174.6 and 174.7 ppm,
which was attributed to the C=S carbon atom of the
thioamide group, while the carbonyl carbon atom of
the acetyl group of (XXV) appeared at δ 167.8 ppm.
The resonances at δ 161.1, 166.6, 159.9 and 158.9 ppm
were assigned to C-3 of the pyrazoline residue of com-
pounds (XXII)–(XXV). Carbon atom C-4 of the pyra-
zoline ring resonated at δ 36.8–36.2 ppm, while C-5 of
the same ring appeared at δ 69.7 and 69.9, 69.6 and
64.8 ppm, respectively. C-17 of the pregnen core reso-
nated at the regions δ 62.7–62.5 ppm. The aromatic
and pregnen carbon atoms have been fully assigned (cf.
Experimental section).

The structure of (XXVI) was determined from its
IR, 1H and 13C NMR spectra. In the 1H NMR, the
two broad singlets at δ 11.01 and 10.32 ppm assigned
for the Z and E isomers of the N–OH group, respec-
tively, which are exchangeable with D2O. The aro-
matic and aliphatic protons were fully distinguished
(Experimental section). In the 13C NMR spectrum,
the higher field resonances of the C20-NOH carbon
atom (δ 154.9, 152.5 ppm, Z/E isomers, respectively)
is significantly shifted to higher field in comparison to
that of starting material (XV) (δ 200.1 ppm). This is
indicative for oxime formation. The resonance signals
of carbon atoms C-20. C-21 and C-22 appeared at δ
128.1, 127.9 and 141.2, 140.0 ppm for the Z and E iso-
mers, respectively. The other carbon atoms have also
been identified.

In Vitro Anti-HIV Activity
Compounds (XII)–(XXVI) were evaluated for their

inhibitory activity against HIV-1 (strain IIIB) and
HIV-2 (strain ROD), which were monitored by the
inhibition of the virus-induced cytopathic effect in the
human T-lymphocyte (MT-4) cells, using the 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bro-
mide (MTT) method [31]. The results are summarized
in Table 1, in which the data for nevirapine [32], and
3'-azido-3'-deoxythymidine (AZT) [33], are included
for comparison purposes. The cytotoxicity of the com-
pounds was determined in parallel. The compounds
are largely devoid of antiretroviral activity against both
HIV-1 and HIV-2, although they showed cytotoxicity
against MT-4 cells at micromolar concentrations. Of
the title compounds tested, only compound (XIX)
show some activity against HIV-2 replication in cell
culture (IC50 = 60.5 μM, CC50 > 125.0 μM) with SI >

2. Interestingly, compound (XXV) exhibited signifi-
cant cytotoxicity of > 0.29 μM against the human
T-lymphocytes, and can be a promising antiproliferative
agent against cancer cell lines, since Ducki et al. [34]
have discovered that some chalcone derivatives exhib-
ited cytotoxic activity against the K562 human leukae-
mia cell line.

From the structure-activity relationship analysis,
we found that the thiophene moiety at substituent of
the prop-2-en-1-one residue, e.g. compounds (XIX)
was well tolerated in the hydrophobic binding pocket
of HIV-2 reverse transcriptase (RT) and then showed
higher activity than those of other substituents at C-22
of the prop-2-en-1-one residue. Therefore, (XIX)
proposed to act as a nonnucleoside reverse transcrip-
tase inhibitor (NNRTI), although its activity spec-
trum is limited to HIV-2.

Computational Study Geometry Optimization

The geometry optimization process is carried out
using an repeated process, until the total energy of a
structure is minimized, i.e., it corresponds to a local
minimum in the potential energy surface. The mini-
mum-energy molecular structures of our selected
compounds were completely optimized by using den-
sity-functional theory (DFT) calculations employing
Becke’s three-parameter exchange potential and the
Lee–Yang–Parr correlation functional (B3LYP) [35]
in conjunction with the three split valence basis sets
6-311+G(d,p). The frequency simulations were per-
formed at the same level, to confirm the optimized
geometries as a true minimum (no imaginary fre-
quency). All optimizations and vibrational frequency
calculations were done using Gaussian 16 suite of pro-
grams [36].

Compounds (XVII), (XIX), (XXIII) and (XXV)
have been selected to calculate their potential energy
surface and relative stability. Harmonic vibrational
frequency calculations were undertaken for the opti-
mized geometries. The vibration frequency calculations
showed no imaginary frequencies (except for the struc-
tures (XXIII) (C) and (XXV) (C)) which ascertain that the
structures were minima on the potential energy surface.
The relaxed potential energy surface (PES) scan was
done involving the H17-C17-C3pyrazoline-N2pyrazoline dihe-
dral angle which was stepped 38 times by increments of
10ο using the B3LYP/6-31G level of theory. The
located energy minima and transition point at the PES
were then fully optimized at the B3LYP/6-
311+G(d,p) level of theory for a better description of
the energy barrier (Table 2).

The configuration of the olefinic protons
(C21=C22) of (XVII) and (XIX) has been calculated by
the DFT method (GGA) at the B3LYP/6-311+G(d,p)
level of theory. Figure 2S (Supplementary materials)
represents the orbitals of (XVII) and (XIX)which
revealed that the LUMO is separated on the carbon
RUSSIAN JOURNAL OF BIOORGANIC CHEMISTRY  Vol. 46  No. 5  2020



826 WASFI A. AL-MASOUDI et al.

Table 1. In vitro anti-HIV-1a and HIV-2b activity of preg-
nenolone derivatives

aAnti-HIV-1 activity measured against strain IIIB; banti-HIV-2
activity measured against strain ROD; ccompound concentration
required to achieve 50% protection of MT-4 cells from the HIV-1
and 2-induced cytopathogenic effect; dAverage CC50: compound
concentration that reduces the viability of mock-infected MT-4
cells by 50%; eSI: selectivity index (CC50/IC50). SI value: ×1
stand for 1 or <1. All data represents the mean values of at least
two separate experiments.

Compd. Virus 
strain

av. IC50, 
μMc

av. CC50, 
μMd SIe

(XII) IIIB >13.30 13.30 <1

ROD >13.30 13.30 <1
(XIII) IIIB >55.38 55.38 <1

ROD >55.38 55.38 <1
(XIV) IIIB >51.70 51.70 <1

ROD >51.70 51.70 <1
(XV) IIIB >12.05 12.05 <1

ROD >12.05 12.05 <1
(XVI) IIIB >12.95 12.95 <1

ROD >12.95 12.95 <1
(XVII) IIIB >7.62 7.62 <1

ROD >7.62 7.62 <1
(XVIII) IIIB >12.00 12.00 <1

ROD >12.00 12.00 <1
(XIX) IIIB >125.00 >125.00 ×1

ROD 60.50 >125.00 >2
(XX) IIIB >13.98 13.98 <1

ROD >13.98 13.98 <1
(XXI) IIIB >47.75 47.75 <1

ROD >47.75 47.75 <1
(XXII) IIIB >11.78 11.78 <1

ROD >11.78 11.78 <1
(XXIII) IIIB >7.92 7.92 <1

ROD >7.92 7.92 <1
(XXIV) IIIB >7.49 7.49 <1

ROD >7.49 7.49 <1
(XXV) IIIB >0.29 0.29 <1

ROD >0.029 0.029 <1
(XXVI) IIIB >10.28 10.28 <1

ROD >10.28 10.28 <1
Nevirapine III 0.05 >4 >80

ROD >4 >4 <1
AZT IIIB 0.0019 >25 >13144

ROD 0.0018 >25 >14245
atoms of the olefinic linkage (C21=C22) and the oxygen
atom of the carbonyl group. In addition, Table 2 and
Fig. 2 demonstrated that the trans configuration of
these analogues is more stable. Furthermore, Fig. 2
represents energies of trans,cis HOMO and trans,cis
LUMO of (XVII) and (XIX) as well as (XXIII) and
(XXV), meanwhile Table 2 showed that compound
(XXV) has ΔEA–B value (–0.00255 ha) lower than
those of (XXIII) (–0.00186 ha), suggesting that the
pyrazole analogue (XXV) is more stable.

Conformational Analysis

Compounds (XXIII) and (XXV) have been selected
to study their conformations by calculation of the
potential energy surface (PES) around H17-C17-
C3pyrazoline-N2pyrazoline torsion angle. The PES of both
compounds are almost identical, but look asymmetri-
cal as shown in Figs. 3 and 4.

Compound 25 revealed two minimum energy
points at 145° and 355° which represent the global and
local minimum points (conforms a and b, respec-
tively), since b showed relatively higher energy than a
by 1.3 kcal mol–1. At 195°, the molecule showed a
higher energy conform (c) than the others by 2.2 kcal
mol–1. In addition, at 265° the diagram is character-
ized by appearence of transition state with a higher
energy by 5.8 kcal mol–1 (conform d), separated the
other two conforms of lower energy (Figs. 4 and 5).

From the above data, we concluded that there is
influence for aromatic or amide groups on the shape
of PES, however, the main effect might arised from
repulsion of hydrogen atoms around the torsional
angle between C-17, C3pyrazoline and hydrogen atoms at
carbon atoms 16 (2H), 17 (1H), and C4pyrazoline (2H).
The conform (XXVc) has been excluded from our cal-
culations since it included unexpected (imaginary)
frequencies, then it is unstable conform. Furthermore,
the energy differences between the conforms (a) and
(b) as well as (d) (5 kcal mol–1) indicates that both (a)
and (b) may be existing in the crystal phase. Table 3
represents the energies of the conforms (XXIIIa–d)
and (XXVa–d).

Molecular Modeling Analysis

The molecular docking was performed using the
Molecular Operating Environment 2016 (MOE 2016)
software and the docking results were also shown by
MOE [37]. Molecular docking analysis of the new
analogues is based on the modeling study, which was
performed to understand the binding mode of these
analogues with HIV RT binding pocket (NNIBP)
(PDB ID: 3DLG) [38]. The molecular binding simu-
lation results of the most active compound in this
study, (XXV) with HIV-1 RT are displayed in Fig. 6,
panels (a) and (b).
RUSSIAN JOURNAL OF BIOORGANIC CHEMISTRY  Vol. 46  No. 5  2020
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Table 2. Free energies and population of the trans and cis conformers of the steriods (XVII) and (XIX) and pyrazoles
(XXIII) and (XXV)

ZPE: zero point energy dependent on the PES curvature difference between reactant state and transition state (i.e. difference in second
derivative matrices at the two stationary points).

Compd. Free energy corrected for ZPE, ha ΔG, kcal mol–1 Population, %

(XVII) trans –1507.449438 0 ~100
(XVII) cis –1507.439538 6.212 ~0
(XIX) trans –1559.208099 0 99.976282
(XIX) cis –1559.200218 4.945 0.00023718
(XXIIIa) –2104.04479 0 86.3
(XXIIIb) –2104.04293 0.00174 13.7
(XXVa) –4013.30722 0 93.7
(XXVb) –4013.30467 0.002549 6.3

Table 3. Energies of the conforms (XXIIIa–d) and (XXVa–d)

* kcal mol–1.

Entry Relative energy
of the global minimum (A)*

Energy
of local minimum (B)*

Energy 
of local minimum (C)*

Energy
of transition state (D)*

23 0.00 1.20 2.2 5.8
25 0.00 1.32 2.2 5.8
According to the HIV-1 RT docking results, it was
observed that compound (XXV) binds RT via only one
H-bond between OH group of (XXV) at C-3 and
Glu224. Furthermore, an interaction between the aro-
matic ring of the steroid and Val106. As shown in
Fig. 3, the aromatic ring of (XXV) fitted into an arene-
rich subpocket surrounded by the aromatic side chains of
Tyr188, Tyr318 and Phe227 residues. Overall, the com-
bination of hydrophobic interaction and π−alkyl and
H-bond appear to govern the binding of compound
(XXV) with HIV RT (S = –6.3718, RMSD = 1.196).

Singh et al. [39] reported that the hydrophobic
interactions play a crucial role in ligand–protein bind-
ing. In these, the valine amino acid is the second top
most hydrophobic amino acid (first one is isoleucine)
and is responsible for hydrophobic interaction with
R-substituents of the compounds. Accordingly, our
results are in accordance with Singh and co-workers
report by observation of a π−alkyl hydrophobic inter-
action between the aromatic ring of (XXV) and Val106.

Therefore, theoretical calculations were used to
examine the influence of π−CH-interaction in deter-
mining the conformational flexibility of folding models.

Quantum-Structure Activity Relationships (QSAR)

To obtain the QSAR models, we have correlated
the quantum parameters with each other and the bio-
logical activity (IC50), since some parameters lead to
the biological activities of the inhibitors. Therefore, it
is important in QSAR study to establish the relation-
RUSSIAN JOURNAL OF BIOORGANIC CHEMISTRY  V
ship between IC50 and numerous parameters by
regression models. In this study, we investigated the
structural features and conformational behaviour and
the optimized geometries of building blocks of chalco-
nyl steroids and their analogues, at the PWC/DNP
level of theory using the software Dmol [40] in Mate-
rials Studio package. The QSAR study was done with
the Materials Studio package using genetic function
approximation (GFA) technique [41]. The quantum
chemical indices EHOMO, ELUMO, Dipole X-axis and
molecular surface area were calculated with VAMP
software. This will serve as a basis for future theoretical
and experimental work on more complex aromatic
steroid structures related to their biological activity.

The QSAR models were developed using different
statistical methods like stepwise multiple linear regres-
sion, genetic function approximation and genetic par-
tial least squares with descriptors of different catego-
ries (quantum chemical, physicochemical, spatial and
substituent constants). In this study, the QSAR mod-
els were built by means of Multiple Linear Regression
(MLR)) technique embedded in Material Studio, a
modeling and simulation software using the experi-
mentally obtained biological activities as the depen-
dent variables and the computed molecular descrip-
tors as independent variables.

The activity data [IC50 (μM)] was converted to the
logarithmic scale pIC50 [–logIC50 (M)] and then used
for the subsequent quantitative structure activity rela-
tionship analyses as the response variables. With the
ol. 46  No. 5  2020
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Fig. 2. Represents energies of trans,cis HOMO and trans,cis LUMO of (XVII) and (XIX) as well as (XXIII) and (XXV). 

(XXIII) HOMO (A), E = –0.20225 ha

(XXV) HOMO (A), E = –0.20399 ha (XXV) LUMO (B), E = –0.05215 ha

(XXIII) LUMO (B), E = –0.06003 ha

(XVII) cis HOMO, E = –0.34431 ha (XVII) cis LUMO, E = –0.24721 ha

(XVII) trans HOMO, E = –0.34351 ha (XVII) trans LUMO, E = –0.24526 ha

(XIX) cis HOMO, E = –0.31723 ha (XIX) cis LUMO, E = –0.23195 ha

(XIX) trans HOMO, E = –0.31855 ha (XIX) trans LUMO, E = –0.23248 ha
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Fig. 3. Conformational analysis (relaxed scan) of
(XXIIIa–d) calculated at B3LYP/6-31G level around
H17-C17-C3pyrazoline-N2pyrazoline torsional angle.
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Fig. 4. Conformational analysis (relaxed scan) of (XXVa–d)
calculated at B3LYP/6-31G level around H17-C17-
C3pyrazoline-N2pyrazoline torsion angle.
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selected descriptors, we have selected two models to
study the QSAR of these molecules as in Eqs. (1) and (2).

Model 1:
log1/C50 = –0.226396628 Hydrogen bond accep-

tor – 1.857303675 ELUMO + 0.529057861 (EHOMO ×
Dipole X) – 1.307999224 (ELUMO × Dipole X) +
0.007634617 (Molecular surface area × Dipole X) +
0.473736392. (1)

R2 = 0.969; adjusted R2 = 0.950; cross validated
R2 = 0.933; significant regression = yes; Friedman
LOF = 0.24744900; critical SOR F value = 50.8.

Model 2:
log1/C = –0.5488 ramp(AlogP – 7.713) –58.473

ramp(ELUMO + 0.0878) + 7.311 ramp(Total dipole –
2.610) – 7.753 ramp(Total dipole – 2.708) +
0.353 ramp (Total dipole – 4.033340227) + 1.074. (2)

R2 = 0.998; adjusted R2 = 0.997; cross validated
R2 = 0.762; significant regression = yes; Friedman
LOF = 0.01127600; critical SOR F value = 771.8.

In conclusion, the binding score for the tested
compounds were congruent with their anti-HIV activ-
ity. A good correlation between the predicted and the
experimentally observed inhibitory activities (pIC50)
(Tables 4 and 5) of the most steroid analogues sug-
RUSSIAN JOURNAL OF BIOORGANIC CHEMISTRY  V
gested that the identified binding conformations of
these inhibitors are reliable. The results of docking
study provided an insight into the pharmacophoric
structural requirements (compound XXV) for HIV RT
inhibitory activity of this class of molecules.

EXPERIMENTAL
Melting points are uncorrected and were measured

on a Büchi melting point apparatus B-545 (Büchi-
Labortechnik AG, Switzerland). Microanalytical data
were obtained with a Vario Elemental Analyzer (Shi-
madzu, Japan). NMR spectra were recorded on 400
and 600 MHz (1H) and on 150 : 91 MHz (13C) spec-
trometers (Bruker, Germany) with TMS as internal
standard and on the δ scale in ppm. Signal assign-
ments for protons were performed by selective proton
decoupling or by COSY spectra. Mass spectra (EI,
70 eV, and FAB) were recorded on MAT 8200 spectrom-
eters (Finnegan MAT, USA). TLC plates 60 F254 were
purchased from Merck. The chromatograms were visual-
ized under UV 254–366 nm and iodine.

General Procedure for the Synthesis 
of 3-((Aryl)-1-(5-Pregnen-3β-ol-17-yl)prop-2-en-1-

ones (XII)–(XXI) 
To a stirred solution of pregnenolone acetate (I)

(194 mg, 0.54 mmol) in EtOH (10 mL) were added the
substituted aldehydes (II)–(XI) (0.54 mmol), fol-
lowed by the addition of an aq. solution of 2 M NaOH
(10 mL). After stirring at ambient temperature for
24 h, the mixture was neutralized with 1 M HCl and
partitioned with EtOAc (3 × 15 mL). The combined
organic extracts were washed with brine, dried
(Na2SO4) and evaporated to dryness. The residue was
purified on a short SiO2 column using the eluent hex-
ane: EtOAc (3 : 2) to afford the desired steroid. For
preparation of steroid 21, 1.08 mmol of compound 1
has been used.

For atom numbering refer to Schemes 1–3.
3-((4-Bromophenyl)-1-(preg-5-en-3β-ol-17-yl)-

prop-2-en-1-one (XII). From 4-bromo-benzaldehyde
(II) (100 mg). Yield: 198 mg (76%) as a colorless pow-
der, mp 144–147°C. IR spectrum, film, ν, cm–1: 3655
(OH), 2929 (CH2), 1694, 1510 (C=C), 1052 (C–O).
1H NMR spectrum DMSO-d6, δ, ppm: 7.52 (d, 2H,
J2',3' = 8.4 Hz, Harom-2' + Harom-6'), 7.47 (d, 1H,
J21,22 = 16.0 Hz, H-22), 7.41 (d, 2H, J2',3' = 8.4 Hz,
Harom-3' + Harom-5'), 6.75 (d, 1H, J21,22 = 16.0 Hz,
H-21), 5.36 (t, 1H, J6,7 = 4.0 Hz, H-6), 5.30 (bs, 1H,
OH), 3.53 (m, 1H, H-3), 2.83 (m, 1H, H-17), 2.17 (m,
1H, H-16a), 2.36 (m, 2H, CH2-4), 2.12 (m, 1H, CH2-7),
2.01 (m, 1H, H-12a), 1.85 (m, 1H, H-1a), 1.71 (m,
1H, H-2a), 1.69 (m, 1H, H-15a), 1.62 (m, 1H,
H-16b), 1.54 (m, 2H, H-11a + H-12b), 1.49-1.42 (m,
3H, H-2b + H-8 + H-11b), 1.31–1.27 (m, 2H, H-14 +
H-15b), 1.14 (m, 1H, H-1b), 1.10 (m, 1H, H-9), 1.00
ol. 46  No. 5  2020
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Fig. 5. Conforms (XXVa–d) calculated at B3LYP/6-31G level around H17-C17-C3pyrazoline-N2pyrazoline torsion angle.

a b c d

Fig. 6. Docked conformation of (XXV) ((a) 2D; (b) 3D) with HIV-RT (PDB ID: 3DLG), showing one hydrogen bond: Glu224
with OH at C-3 of the steroid. It also exhibits hydrophobic interactions involving the π–CH-interaction between aromatic ring
of the steroid and Val106 residue of HIV RT.

Glu
224

HO

Pro
225 Lys

103
Lys
102

Lys
104

Thr
107

Val
106

Ser
105

Leu
100

Tyr
188

His
235

Phe
227

Leu
234

Pro
236

Tyr
318

H
H

H

H

N
N

O

Br

His235
Leu234

Pro236

Tyr318
Leu100

Lys102

Lys104

Ser105

Thr107

Phe227
Pro225 Glu224

(a) (b)
(s, 3H, Me-19), 0.64 (s, 3H, Me-18). 13C NMR spec-
trum, DMSO-d6, δC, ppm: 200.1 (C-20), 140.8 (C-
22), 140.0 (C-5), 133.8 (Carom-1'), 132.1 (Carom-3' +
Carom-5'), 129.6 (Carom-2' + Carom-6'), 127.3 (C-21),
124.5 ( Carom-4'), 121.4 (C-6), 71.7 (C-3), 57.1 (C-14),
56.9 (C-17), 50.1 (C-9), 45.0 (C-13), 42.3 (C-4), 39.2
(C-12), 37.3 (C-1), 36.5 (C-10), 32.0, 31.8, 31.6 (C-2 +
C-7 + C-8), 24.7 (C-15), 22.8 (C-16), 21.1 (C-11),
19.4 (Me-19), 13.5 (Me-18). Found, %: C 69.57; H
7.43. C28H35BrO2. Calculated, %: 69.56, H 7.30. M
483.49.

3-((4-Trifluoromethylphenyl)-1-(preg-5-en-3β-ol-
17-yl)prop-2-en-1-one (XIII). From 4-trif luorometh-
ylbenzaldehyde (III) (94 mg). Yield: 191 mg (72%) as
a colorless powder, mp 138–140°C. 1H NMR spec-
trum DMSO-d6, δ, ppm: 7.55 (d, 1H, J21,22 = 16.0 Hz, H-
22), 7.25 (d, 2H, J2',3' = 7.4 Hz, Harom-2' + Harom-6'), 7.17
(d, 2H, J5',6' = 7.2 Hz, Harom-3' + Harom-5'), 6.85 (d,
1H, J21,22 = 16.0 Hz, H-21), 5.36 (t, 1H, J6,7 = 4.1 Hz,
H-6), 5.30 (bs, 1H, OH), 3.53 (m, 1H, H-3), 2.86 (m,
1H, H-17), 2.17 (m, 1H, H-16a), 2.36 (m, 2H, CH2-4),
2.12 (m, 2H, CH2-7), 2.00 (m, 1H, H-12a), 1.85 (m,
1H, H-1a), 1.74 (m, 1H, H-2a), 1.64 (m, 1H, H-15a),
1.61 (m, 1H, H-16b), 1.57 (m, 1H, H-11a), 1.55 (m,
1H, H-12b), 1.51–1.44 (m, 3H, H-2b + H-8 + H-11b),
RUSSIAN JOURNAL OF
1.28 (m, 2H, H-14 + H-15b), 1.13 (m, 1H, H-1b), 1.10
(m, 1H, H-9), 1.00 (s, 3H, Me-19), 0.65 (s, 3H, Me-
18). 13C NMR spectrum, DMSO-d6, δC, ppm: 200.0
(C-20), 140.8 (C-22), 139.5 (C-5), 138.3 (Carom-1'),
129.0 (C-4'), 128.3 (Carom-3' + Carom-5'), 125.9 (C-21),
125.3 (Carom-2' + Carom-6'), 124.7 (d, JC,F = 235.5 Hz,
CF3), 121.4 (C-6), 71.7 (C-3), 57.2 (C-14), 56.2
(C-17), 50.1 (C-9), 45.1 (C-13), 42.3 (C-4), 39.2 (C-12),
37.3 (C-1), 36.5 (C-10), 32.0, 31.8, 31.6 (C-2 + C-7 +
C-8), 24.7 (C-15), 22.7 (C-16), 21.1 (C-11), 19.4 (Me-
19), 13.5 (Me-18). Found, %: C 71.19; H 7.51.
C29H35F3O2 ⋅ H2O. Calculated, %: C 71.00; H 7.60. M
490.61.

3-((4-Methylphenyl)-1-(preg-5-en-3β-ol-17-yl)-
prop-2-en-1-one (XIV). From 4-methylbenza-lde-
hyde (IV) (65 mg). Yield: 198 mg (84%) as a colorless
powder, mp 242–245°C [Lit. [11] mp 243–245°C]. IR
spectrum, film, ν, cm–1: 3645 (OH), 2932 (CH2),
1690, 1515 (C=C), 1055 (C-O. 1H NMR spectrum
DMSO-d6, δ, ppm: 7.52 (d, 1H, J21,22 = 15.9 Hz, H-
22), 7.45 (d, 2H, J2',3' = 8.0 Hz, Harom-2' + Harom-6'),
7.19 (d, 2H, J5',6' = 8.0 Hz, Harom-3' + Harom-5'), 6.74
(d, 1H, J21,22 = 15.9 Hz, H-21), 5.35 (t, 1H, J6,7 = 4.1 Hz,
H-6), 5.29 (bs, 1H, OH), 3.53 (m, 1H, H-3), 2.84 (m,
 BIOORGANIC CHEMISTRY  Vol. 46  No. 5  2020
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1H, H-17), 2.17 (m, 1H, H-16a), 2.37 (m, 2H, CH2-4),
2.12 (s, 3H, C4'-Me), 2.04 (m, 2H, CH2-7), 2.00 (m,
1H, H-12a), 1.84 (m, 1H, H-1a), 1.72 (m, 1H, H-2a),
1.64 (m, 1H, H-15a), 1.62 (m, 1H, H-16b), 1.53 (m,
2H, H-11a + H-12b), 1.51–1.49 (m, 3H, H-2b + H-8 +
H-11b), 1.28 (m, 2H, H-14 + H-15b), 1.13 (m, 1H, H-
1b), 1.00 (m, 1H, H-9), 1.01 (s, 3H, Me-19), 0.67 (s,
3H, Me-18). 13C NMR spectrum, DMSO-d6, δC,
ppm: 209.5 (C-20), 141.5 (C-22), 140.8 (C-5), 140.7
(Carom-1'), 132.1 (C4'-Me), 129.6 (Carom-3' + Carom-5'),
128.3 (Carom-2' + Carom-6'), 127.0 (C-21), 129.6
(Carom-4'), 121.4 (C-6), 71.7 (C-3), 57.2 (C-14), 56.9
(C-17), 50.0 (C-9), 44.9 (C-13), 42.3 (C-4), 38.9 (C-12),
37.3 (C-1), 36.5 (C-10), 31.8, 31.8, 31.6 (C-2 + C-7 +
C-8), 24.5 (C-15), 22.8 (C-16), 21.4 (C-11), 21.1
(C4'-Me), 19.4 (Me-19), 13.2 (Me-18). Found, %: C
79.71; H, 8.98. C29H38O2 ⋅ H2O. Calculated, %: C
79.77; H 9.23. M 436.64.

3-((2-Bromo-2-hydroxylphenyl)-1-(preg-5-en-3β-
ol-17-yl)prop-2-en-1-one (XV). From 5-bromo-2-
hydroxybenzaldehyde (V) (108 mg). Yield: 183 mg
(68%) as a colorless powder, mp 158–160°C. IR spec-
trum, film, ν, cm–1: 3645 (OH), 2958 (CH2), 1687,
1540 (C=C), 1052 (C-O). 1H NMR spectrum
DMSO-d6, δ, ppm: 7.94 (bs, 1H, Harom-6'), 7.78 (d,
1H, J3',4' = 7.7 Hz, Harom-4'), 7.58 (d, 1H, J21,22 =
16.1 Hz, H-22), 7.03 (d, 1H, J21,22 = 16.1 Hz, H-21),
6.82 (d, 1H, J3',4' = 7.7 Hz, Harom3'), 5.28 (d, 1H, J6,7 =
3.8 Hz, H-6), 4.63 (bs, 1H, OH), 3.57 (m, 1H, H-3),
3.04 (m, 1H, H-17), 2.38 (m, 1H, H-16a), 2.36 (m,
2H, CH2-4), 2.15 (m, 2H, CH2-7), 1.82 (m, 1H, H-12a),
1.76 (m, 1H, H-2a), 1.66 (m, 1H, H-15a), 1.59 (m,
1H, H-16b), 1.57 (m, 1H, H-11a), 1.54 (m, 1H, H-
12b), 1.51 (m, 1H, H-8b), 1.47 (m, 1H, H-11b), 1.44
(m, 1H, H-2b), 1.26 (m, 1H, H-14), 1.24 (m, 1H,
H-15b), 1.14 (m, 1H, H-1b), 1.00 (m, 1H, H-9), 0.92
(m, 3H, Me-19), 0.53 (m, 3H, Me-18). 13C NMR
spectrum, DMSO-d6, δC, ppm: 199.8 (C-20), 155.1
(C2'-OH), 141.1 (C-22), 139.0 (C-5), 129.5 (Carom-4'),
128.9 (Carom-6'), 126.7 (C-21), 120.4 (C-6), 118.5
(Carom-1'), 116.7 (Carom-5'), 69.9 (C-3), 56.3 (C-14),
56.0 (C-7), 49.6 (C-9), 44.4 (C-13), 42.1 (C-4), 38.0
(C-12), 36.8 (C-1), 36.1 (C-10), 31.5, 31.4, 31.3 (C-2 +
C-7 + C-8), 24.2 (C-15), 22.2 (C-16), 20.5 (C-11),
19.1 (Me-19), 12.1 (Me-18). Found, %: C 67.26;
H 7.11. C28H35BrO3. Calculated, %: C 67.33; H 7.00.
M 499.47.

3-((2-Chloro-4-)dimethylamino)phenyl)-1-(preg-
5-en-3β-ol-17-yl)prop-2-en-1-one (XVI). From 2-
chloro-4-(N,N-dimethylamino)benzaldehyde (VI)
(99 mg). Yield: 193 mg (74%) as a yellow powder, mp
153–155°C. IR spectrum, film, ν, cm–1: 3664 (OH),
2961 (CH2), 1679, 1547 (C=C), 1052 (C–O). 1H
NMR spectrum DMSO-d6, δ, ppm: 7.68 (d, 1H, J21,22 =
16.0 Hz, H-22), 7.13 (d, 1H, J5',6' = 7.9 Hz, Harom-6'),
6.93 (bs, 1H, Harom-3'), 6.74 (m, 2H, H-21 + Harom-5'),
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5.26 (d, 1H, J6,7 = 4.1 Hz, H-6), 4.61 (bs, 1H, OH),
3.45 (m, 1H, H-3), 3.03 (m, 1H, H-17), 2.57 (m, 2H,
CH2-4), 2.18 (m, 1H, H-16a), 2.14 (m, 2H, CH2-7),
2.02 (m, 1H, H-12a), 1.72 (m, 1H, H-2a), 1.67 (m,
1H, H-15a), 1.61 (m, 1H, H-16b), 1.57 (m, 1H, H-
11a), 1.54 (m, 1H, H-12b), 1.54 (m, 1H, H-8b), 1.50
(m, 1H, H-11b), 1.47 (m, 1H, H-2b), 1.37 (m, 1H, H-
14), 1.34 (m, 1H, H-15b), 1.16 (m, 1H, H-1b), 1.13
(m, 1H, H-15b), 1.03 (m, 1H, H-9), 0.95 (s, 3H, Me-
19), 0.54 (s, 3H, Me-18). 13C NMR spectrum,
DMSO-d6, δC, ppm: 203.1 (C-20), 154.4 (C4'-NMe2),
151.1 (C2'-OH), 141.1 (C-22), 139.7 (C-5), 132.8
(C-Cl), 130.5 (C-6'), 125.7 (C-21), 120.9 (C-1'), 119.5
(C-6), 111.1 (C-3'), 110.4 (C-5'), 69.9 (C-3), 56.0 (C-
14), 55.0 (C-7), 49.4 (C-9), 43.1 (C-13), 42.1 (C-4),
40.9 (NMe2), 39.0 (C-12), 36.8 (C-1), 36.0 (C-10),
31.4, 31.2, 31.1 (C-2 + C-7 + C-8), 24.1 (C-15), 22.0
(C-16), 20.9 (C-11), 19.3 (Me-19), 12.9 (Me-18).
Found, %: C 75.01; H 8.60; N 2.69. C30H40ClNO2.
Calculated, %: C 74.74; H 8.36; N 2.90. M 482.09.

3-(9H-Fluoren-2-yl)-1-(preg-5-en-3β-ol-17-yl)-
prop-2-en-1-one (XVII). From 9H-fluorene-2-car-
boaldehyde (VII) (105 mg). Yield: 221 mg (83%) as a
yellow crystals, mp 137–140°C. IR spectrum, film, ν,
cm–1: 3653 (OH), 2940 (CH2), 1684, 1520 (C=C),
1057 (C–O). 1H NMR spectrum DMSO-d6, δ, ppm:
8.13 (d, 1H, J5',6' = 8.0 Hz, H-5'), 8.05 (d, 1H, J4',3' =
7.7 Hz, H-4'), 7.67 (d, 1H, J21,22 = 16.0 Hz, H-22),
7.60 (d, 1H, H-1'), 7.53 (d, 1H, J7',8' = 8.0 Hz, H-8'),
7.37 (m, 2H, H-3' + H-7'), 6.76 (d, 1H, J21,22 = 16.0
Hz, H-21), 5.34 (t, 1H, J6,7 = 4.1 Hz, H-6), 4.44 (m,
2H, OH + H-9'), 3.44 (m, 1H, H-3), 2.85 (m, 1H, H-
17), 2.37 (m, 2H, CH2-4), 2.16 (m, 1H, H-16a), 2.12
(m, 2H, CH2-7), 2.02 (m, 1H, H-12a), 1.87 (m, 1H,
H-1a), 1.77 (m, 1H, H-2a), 1.65 (m, 1H, H-15a), 1.60
(m, 1H, H-16a), 1.59 (m, 1H, H-11a), 1.57 (m, 1H,
H-12b), 1.52 (m, 1H, H-8), 1.43 (m, 1H, H-11b), 1.41
(m, 1H, H-2b), 1.28 (m, 1H, H-14), 1.27 (m, 1H, H-
15b), 1.16 (m, 1H, H-1b), 1.09 (m, 1H, H-9), 0.97 (s,
3H, Me-19), 0.54 (s, 3H, Me-18). 13C NMR spectrum,
DMSO-d6, δC, ppm: 208.4 (C=O), 143.5 (C-8a'), 143.1
(C-9a'), 141.4 (C-22), 140.7 (C-5a'), 139.4 (C-4a'),
133.5 (C-2'), 128.1 (C-4'), 127.3 (C-7'), 126.0 (C-6'),
125.7 (C-21+C-8'), 125.3 (C-1'), 123.2 (C-3'), 121.8
(C-5'), 73.1 (C-3), 55.9 (C-14), 55.0 (C-7), 49.2 (C-
9), 43.1 (C-13), 40.6 (C-4), 38.8 (C-12), 37.5 (C-9'),
36.4 (C-1), 36.0 (C-10), 31.2, 31.1 (C-2 + C-7+C-8),
23.9 (C-15), 22.1 (C-16), 20.9 (C-11), 18.8 (Me-19),
12.8 (Me-18). (Me-18). Found, %: C 84.86; H 7.91.
C35H40O2. Calculated, %: C 85.01; H 8.02. M 492.69.

3-(Furan-2-yl)-1-(preg-5-en-3β-ol-17-yl)prop-2-
en-1-one (XVIII). From furan-2-carboaldehyde
(VIII) (52 mg). Yield: 165 mg (74%) as a brown pow-
der, mp 112–114°C [Lit. [11] mp 111–113°C]. IR spec-
trum, film, ν, cm–1: 3645 (OH), 2955 (CH2), 1679,
1530 (C=C), 1062 (C–O). 1H NMR spectrum
ol. 46  No. 5  2020
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DMSO-d6, δ, ppm: 7.85 (d, 1H, J = 1.8 Hz, Hfuran-5'),
7.33 (d, 1H, J21,22 = 15.8 Hz, H-22), 6.96 (d, 1H, J =
3.4 Hz, Hfuran-3'), 6.64 (dd, 1H, J4',3' = 1.8, 3.4 Hz,
Hfuran-4'), 6.59 (d,1H, J21,22 = 15.8 Hz, H-21), 5.27 (t,
1H, J6,7 = 5.0 Hz, H-6), 4.62 (d, 1H, OH), 3.53 (m,
1H, H-3), 2.92 (m, 1H, H-17), 2.38 (m, 2H, CH2-4),
2.18 (m, 1H, H-16a), 2.16 (m, 1H, H-7a), 2.10 (m,
1H, H-17b), 1.95 (m, 1H, H-12a), 1.83 (m, 1H, H-
1a), 1.76 (m, 1H, H-2a), 1.68 (m, 1H, H-15a), 1.60
(m, 1H, H-16b), 1.57 (m, 1H, H-11a), 1.56 (m, 1H,
H-12b), 1.54-1.51 (m, 2H, H-8 + H-11b), 1.42 (m,
1H, H-2b), 1.29-1.28 (m, 2H, H-14 + H-15b), 1.15
(m, 1H, H-1b), 1.10 (m, 1H, H-9), 0.97 (s, 3H, Me-
19), 0.51 (s, 3H, Me-18). 13C NMR spectrum,
DMSO-d6, δC, ppm: 209.0 (C=O), 151.2 (Cfuran-2'),
146.4 (Cfuran-5'), 141.5 (C-5), 128.1 (C-21), 124.2 (C-
22), 120.8 (C-6), 117.1 (Cfuran-3'), 113.4 (Cfuran-4'),
70.5 (C-3), 56.7 (C-14), 56.0 (C-7), 50.1 (C-9), 44.8
(C-13), 42.7 (C-4), 38.6 (C-12), 37.4 (C-1), 36.6 (C-
10), 32.0, 31.9, 31.7 (C-2 + C-7 + C-8), 24.5 (C-15),
22.7 (C-16), 21.0 (C-11), 19.6 (Me-19), 13.8 (Me-18).
Found, %: 75.46; H 8.99. C26H34O3 ⋅ H2O. Calculated,
%: C 75.69; H 8.80. M 412.57.

3-(Thiophene-2-yl)-1-(preg-5-en-3β-ol-17-yl)-
prop-2-en-1-one (XIX). From thiophen-2-carboalde-
hyde (IX) (61 mg). Yield: 175 mg (79%) as a colorless
powder, mp 121–123°C. IR spectrum, film, ν, cm–1:
3652 (OH), 2958 (CH2), 1675, 1534 (C=C), 1066 (C–O).
1H NMR spectrum DMSO-d6, δ, ppm: 7.71 (d, 1H,
J = 5.2 Hz, Hthiophen-5'), 7.67 (d, 1H, J21,22 = 15.8 Hz,
H-22), 7.54 (d, 1H, J = 3.6 Hz, Hthiophen-3'), 7.15 (dd,
1H, J4',3' = 3.6, 5.2 Hz, Hthiophen-4'), 6.57 (d, 1H,
J21,22 = 15.8 Hz, 21-H), 5.27 (t, 1H, J6,7 = 5.2 Hz, 6-
H), 4.58 (d, 1H, OH), 3.44 (m, 1H, 3-H), 2.95 (m,
1H, H-17), 2.33 (m, 2H, CH2-4), 2.18 (m, 1H,
H-16a), 2.13 (m, 1H, H-7a), 2.08 (m, 1H, H-7b), 1.93
(m, 1H, H-12a), 1.83 (m, 1H, H-1a), 1.76 (m, 1H, H-
2a), 1.68 (m, 1H, H-15a), 1.59 (m, 1H, H-16b), 1.56
(m, 2H, H-11a + H-12b), 1.54–1.52 (m, 2H, H-8 +
H-11b), 1.41 (m, 1H, H-2b), 1.30 (m, 1H, H-14), 1.27
(m, 1H, H-15b), 1.16 (m, 1H, H-1b), 1.10 (m, 1H, H-
9), 0.99 (s, 3H, Me-19), 0.52 (s, 3H, Me-18). 13C
NMR spectrum, DMSO-d6, δC, ppm: 198.9 (C=O),
141.2 (C-5), 139.4 (Cthiophen-2'), 133.7 (C-21), 132.4 (C-
22), 120.1 (C-6), 125.5 (Cthiophen-5'), 128.5 (Cthiophen-3'),
125.5 (Cthiophen-4'), 69.8 (C-3), 56.7 (C-14), 56.1 (C-
7), 49.5 (C-9), 44.2 (C-13), 42.1 (C-4), 37.9 (C-12),
36.8 (C-1), 36.0 (C-10), 31.5 (C-2), 31.3 (C-7), 31.2
(C-8), 24.1 (C-15), 22.1 (C-16), 21.5 (C-11), 19.0
(Me-19), 13.1 (Me-18). Found, %: C 75.82, H 8.20.
C26H34O2S. Calculated, %: C 76.05; H 8.35. M 410.61.

17-((1-(2-Carboxyphenyl)prop-1-en-2-yl)-preg-5-
en-3β-ol (XX). From 2-formylbenzoic acid (X) (81
mg). Yield: 196 mg (81%) as a colorless powder, mp
145–147°C. IR spectrum, film, ν, cm–1: 3652 (OH),
2938 (CH2), 1691, 1535 (C=C), 1061 (C–O). 1H
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NMR spectrum DMSO-d6, δ, ppm: 10.60 (bs, 1H,
CO2H), 8.12 (d, 1H, J = 7.8 Hz, Harom-3'), 7.91 (d, 1H,
J21,22 = 16.0 Hz, H-22), 7.65 (m, 2H, Harom-4' +
Harom-6'), 7.83 (m, 1H, 5'-Harom-5'), 6.79 (d, 1H,
J21,22 = 16.0 Hz, H-21), 5.28 (t, 1H, J6,7 = 4.1 Hz, H-6),
4.59 (bs, 1H, OH), 3.44 (m, 1H, H-3), 3.25 (m, 1H, H-
17), 2.56 (m, 2H, CH2-4), 2.17 (m, 1H, H-16a), 2.06
(m, 2H, CH2-7), 2.00 (m, 1H, H-12a), 1.91 (m, 1H,
H-1a), 1.77 (m, 1H, H-2a), 1.66 (m, 1H, H-15a), 1.62
(m, 1H, H-16b), 1.59 (m, 1H, H-11a), 1.56 (m, 1H,
H-12b), 1.53-1.40 (m, 3H, H-2b + H-8 + H-11b),
1.37–1.34 (m, 2H, H-14 + H-15b), 1.15 (m, 1H, H-1b),
1.03 (m, 1H, H-9), 1.00 (s, 3H, Me-19), 0.53 (s, 3H,
Me-18). 13C NMR spectrum, DMSO-d6, δC, ppm:
208.4 (C-20), 167.0 (CO2H), 141.8 (C-22), 141.2 (C-5),
137.8 (Carom-1'), 132.3 (Carom-5'), 128.3 (Carom-3' +
Carom-6'), 127.7 (Carom-4'), 120.1 (C-6), 128.3 (Carom-2' +
Carom-6'), 125.9 (C-21), 125.3 (Carom-4'), 120.1 (C-6),
69.9 (C-3), 56.4 (C-14), 56.0 ( C-7), 49.4 (C-9), 43.1
(C-13), 42.1 (C-4), 39.2 (C-12), 38.8 (C-1), 36.8
(C-10), 31.1, 31.3, 31.4 (C-2 + C-7 + C-8), 23.9 (C-15),
22.1 (C-16), 20.5 (C-11), 19.0 (Me-19), 12.8 (Me-18).
Found, %: C 69.57; H 7.43. C29H36O4. Calculated, %:
C 77.65, H 8.08. M 448.59.

3,3'-(1,4-Phenylene)-bis(preg-5-en-3β-ol-17-yl)-
prop-2-en-1-one (XXI). From terephthal-aldehyde
(XI) (73 mg) and 1 (387 mg, 1.08 mmol, 2.0 equiv).
Yield: 299 mg (76%) as a colorless powder, mp 147–
149°C. IR spectrum, film, ν, cm–1: 3657 (OH), 2974
(CH2), 1674, 1535 (C=C), 1069 (C–O). 1H NMR spec-
trum DMSO-d6, δ, ppm: 7.94 (bs, 4H, Harom), 7.58 (d,
2H, J21,22 = 16.2 Hz, 2 × H-22), 7.06 (d, 2H, J21,22 =
16.1 Hz, 2 H-21), 5.27 (t, 2H, J6,7 = 4.0 Hz, 2 × H-6),
4.57 (d, 2H, 2 × OH), 3.28 (m, 2H, 2 × H-3), 3.21 (m,
2H, 2 × H-17), 2.33 (m, 4H, 2 × CH2-4), 2.19 (m, 2H,
2 × H-16a), 2.11 (m, 2H, 2 × H-7a), 2.08 (m, 2H, 2 ×
H-7b), 1.99 (m, 2H, 2 × H-12a), 1.85 (m, 2H, 2 × H-
1a), 1.78 (m, 2H, 2 × H-2a), 1.68 (m, 2H, 2 × H-15a),
1.60 (m, 2H, 2 × H-16b), 1.57 (m, 4H, 2 × H-11a +
2 × H-12b), 1.56–1.54 (m, 4H, 2 × H-8 + 2 × H-11b),
1.42 (m, 2H, 2 × H-2b), 1.30 (m, 2H, 2 × H-14), 1.27
(m, 2H, 2 × H-15b), 1.18 (m, 2H, 2 × H-1b), 1.11 (m,
2H, 2 × H-9), 0.93 (s, 6H, 2 × Me-19), 0.54 (s, 6H, 2 ×
Me-18). 13C NMR spectrum, DMSO-d6, δC, ppm:
202.4 (C=O), 141.8 (C-22 + C-22'), 140.9 (C-5 + C-
5'), 133.8 (Carom-1'' + Carom-4''), 129.3 (Carom-3''), 129.2
(Carom-2'' + Carom-6''), 126.9 (C-21 + C-21'), 120.3
(C-6 + C-6'), 70.7 (2 × C-3), 56.9 (C-14 + C-14'), 56.7
(C-7 + C-7'), 50.1 (C-9 + C-9'), 44.4 (C-13 + C-13'), 42.0
(C-4 + C-4'), 38.2 (C-12 + 12'), 37.2 (C-1 + C-1'),
36.0 (C-10 + 10'), 31.5 (C-2 + C-2'), 31.2 (C-7 + C-
7'), 30.6 (C-8 + C-8'), 24.6 (C-15 + 15'), 22.6 (C-16 +
C-16'), 21.7 (C-11 + 11'), 19.3 (Me-19 + Me-19'), 13.3
(Me-18 + Me-18'). Found, %: C 78.55; H 8.98.
C50H64O4 ⋅ 2H2O. Calculated, %: C 78.29; H, 9.20. M
729.04.
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General procedure for preparation of 5-(substituted
phenyl)-3-(5-preg-5-3β-ol-17-yl)-4,5-dihydro-1H-
pyrazole-1-carbothioamides (XXII)-(XXIV). To a
stirred solution of (XII)–(XIV) (1.00 mmol) in EtOH
(10 mL) was added thiosemicarbazide (127 mg,
1.40 mmol) and K2CO3 (100 mg) and the reaction
mixture was heated under reflux for 5 h. After reaction
completion (tlc), the solution was evaporated to dry-
ness and the residue was partitioned between CHCl3
(3 × 20 mL) and brine solution (30 mL). The com-
bined organic layers were dried (Na2SO4), filtered and
evaporated to dryness. The residue was purified on a
short column of SiO2 (5 g) using EtOAc-hexane (3 : 2)
as eluent to give the desired pyrazoline derivatives.

5-(4-Bromophenyl)-3-(preg-5-en-3β-ol-17-yl)-
4,5-dihydro-1H-pyrazoline-1-carbothio-amide (XXII).
From (XII) (484 mg). Yield: 378 mg (68%) as orange
crystals, mp 149–151°C. IR spectrum, film, ν, cm–1:
3655 (OH), 3357 (NH2), 2968 (CH2), 1670, 1541
(C=C), 1058 (C–O). 1H NMR spectrum DMSO-d6,
δ, ppm: 9.78 (bs, 2H, NH2), 7.35 (d, 2H, J = 8.0 Hz,
Harom-3' + Harom-5'), 7.02 (d, 2H, J = 8.0 Hz, 2'-
Harom-2' + Harom-6'), 5.27 (t, 1H, J = 5.4 Hz, H-6),
4.57 (m, 1H, 5-Hpyrazoline-5), 3.59 (m, 1H, H-3), 3.21
(m, 1H, H-17), 3.16 (m, 2H, CH2-4pyrazoline), 2.33 (m,
1H, CH2-4), 2.19 (m, 1H, H-16a), 2.13 (m, 2H, CH2-7),
2.07 (m, 1H, H-12a), 1.92 (m, 1H, H-1a), 1.77 (m,
1H, H-2a), 1.69 (m, 1H, H-15a), 1.65 (m, 1H, H-
16b), 1.61 (m, 1H, H-11a), 1.58 (m, 1H, H-12b), 1.53
(m, 1H, H-8), 1.49 (m, 1H, H-11b), 1.37 (m, 1H, H-
2b), 1.25 (m, 2H, H-14 + 15b-H), 1.22 (m, 1H, H-9),
1.14 (m, 1H, H-1b), 0.94 (s, 3H, Me-19), 0.53 (s, 3H,
Me-18). 13C NMR spectrum, DMSO-d6, δC, ppm:
175.0 (C=S), 161.6 (Cpyrazoline-3), 141.4 (Carom-1'),
131.1 (Carom-3' + Carom-5'), 127.7 (Carom-2' + Carom-6'),
125.3 (C-6), 119.4 (C-Br), 71.8 (C-3), 69.7 (Cpyrazoline-5),
62.6 (C-17), 56.7 (C-14), 49.9 (C-9), 45.1 (C-13),
42.3 (C-4), 38.8 (C-12), 36.8 (C-1), 37.8 (C-10), 36.8
(Cpyrazoline-4 + C-1), 32.4 (C-7), 31.8 (C-2), 31.6 (C-8),
23.9 (C-15), 21.0 (C-11), 19.0 (Me-19), 12.8 (Me-18).
Found, %: C 62.39; H 6.71; N 7.32. C29H38BrN3OS.
Calculated, %: C 62.58; H 6.88; N 7.55. M 555.61.

5-(4-Trifluoromethylphenyl)-3-(preg-5-en-3β-ol-
17-yl)-4,5-dihydro-1H-pyrazoline-1-carbo-thioamide
(XXIII). From (XII) (491 mg). Yield: 387 mg (71%) as
a yellow powder, mp 137–141°C. IR spectrum, film,
ν, cm–1: 3663 (OH), 3367 (NH2), 2962 (CH2), 1665,
1537 (C=C), 1059 (C–O). 1H NMR spectrum
DMSO-d6, δ, ppm: 8.10 (bs, 2H, NH2), 7.35 (d, 2H,
J = 8.0 Hz, Harom3' + Harom-5'), 7.28 (d, 2H, J =
8.0 Hz, Harom-2' + Harom-6'), 5.82 (s, 1H, OH), 5.26 (t,
1H, J = 4.6 Hz, H-6), 4.58 (m, 1H, Hpyrazoline-5), 3.22
(m, 1H, H-3), 2.91 (m, 3H, CH2-4pyrazoline + H-17),
2.33 (m, 2H, CH2-4), 2.17 (m, 2H, H-16a), 2.13 (m,
2H, CH2-7), 2.08 (m, 1H, H-12a), 1.86 (m, 1H, H-
1a), 1.76 (m, 1H, H-2a), 1.69 (m, 1H, H-15a), 1.66
RUSSIAN JOURNAL OF BIOORGANIC CHEMISTRY  V
(m, 1H, H-16b), 1.60 (m, 1H, H-11a), 1.56 (m, 1H,
H-12b), 1.54 (m, 1H, H-8), 1.49 (m, 1H, H-11b), 1.43
(m, 1H, H-2b), 1.31 (m, 1H, H-14), 1.26 (m, 1H, H-
15b), 1.18 (m, 1H, H-1b), 1.13 (m, 1H, H-9), 0.93 (s,
3H, Me-19), 0.53 (s, 3H, Me-18). 13C NMR spec-
trum, DMSO-d6, δC, ppm: 174.6 (C=S), 166.6
(Cpyrazoline-3), 141.2 (Carom-1'), 127.6 (Carom-4'), 125.6
(d, JC,F = 240 Hz, CF3), 125.3 (Carom-3' + Carom-5'),
123.8 (Carom-2' + Carom-6'), 120.1 (C-6), 71.0 (C-3),
71.0 (C-3), 69.9 (Cpyrazoline-5), 62.5 (C-17), 56.0
(C-14), 49.4 (C-9), 43.1 (C-13), 42.1 (C-4), 38.6 (C-12),
36.8 (Cpyrazoline-4 + C-1), 36.0 (C-10), 31.3–31.1
(C-2 + C-7 + C-8), 23.9 (C-15), 22.1 (C-16), 20.9
(C-11), 19.1 (Me-19), 12.8 (Me-18). Found, %: C
65.84, H 6.89, N 7.52. C29H38F3N3OS. Calculated, %:
C 66.03, H 7.02, N 7.70. M 545.71.

5-(4-Methylphenyl)-3-(preg-5-en-3β-ol-17-yl)-
4,5-dihydro-1H-pyrazoline-1-carbo-thioamide (XXIV).
From (XIV) (437 mg). Yield: 329 mg (67%) as a yellow
powder, mp 189–191°C. IR spectrum, film, ν, cm–1:
3655 (OH), 3361 (NH2), 2957 (CH2), 1660, 1542
(C=C), 1052 (C–O). 1H NMR spectrum DMSO-d6,
δ, ppm: 8.04 (bs, 2H, NH2), 7.67 (d, 2H, J = 8.3 Hz,
Harom-3' + Harom-5'), 7.21 (d, 2H, J = 8.2 Hz, Harom-2' +
Harom-6'), 5.67 (s, 1H, OH), 5.27 (t, 1H, J = 4.5 Hz, H-
6), 4.56 (m, 1H, Hpyrazoline-5), 3.23 (m, 1H, H-3), 2.98
(m, 3H, CH2-4pyrazoline + H-17), 2.32 (m, 2H, CH2-4),
2.17 (m, 1H, H-16a), 2.13 (m, 2H, CH2-7), 2.07 (m,
1H, H-14), 2.05 (s, 3H, Ar–CH3), 1.99 (m, 1H, H-
12a), 1.90 (m, 1H, H-1a), 1.77 (m, 1H, H-2a), 1.69
(m, 1H, H-15a), 1.66 (m, 1H, H-15b), 1.60 (m, 1H,
H-11a), 1.56 (m, 1H, H-12b), 1.54 (m, 1H, H-8), 1.49
(m, 1H, H-11b), 1.42 (m, 1H, H-2b), 1.29 (m, 1H, H-
14), 1.25 (m, 1H, H-15b), 1.17 (m, 1H, H-1b), 1.13
(m, 1H, H-9), 0.94 (s, 3H, Me-19), 0.54 (s, 3H, Me-
18). 13C NMR spectrum, DMSO-d6, δC, ppm: 174.7
(C=S), 159.9 (Cpyrazoline-3), 141.2 (Carom-1'), 135.7
(Carom-4'), 129.1 (Carom-2' + Carom-6'), 127.1 (Carom-3' +
Carom-5'), 120.1 (C-6), 71.4 (C-3), 69.6 (Cpyrazoline-5),
62.6 (C-17), 55.7 (C-14), 49.6 (C-9), 43.4 (C-13), 42.1
(C-4), 38.1 (C-12), 36.8 (Cpyrazoline-4 + C-1), 36.0 (C-
10), 31.6, 31.3, 31.1 (C-2 + C-7 + C-8), 23.7 (C-15),
22.1 (C-16), 20.9 (C-11), 20.6 (Ar–CH3), 19.0 (Me-
19), 12.8 (Me-18). Found, %: C 73.01; H 8.30; N 8.39.
C30H41N3OS. Calculated, %: C 73.28; H 8.40; N 8.55.
M 491.73.

1-O-Acetyl-(5-(4-bromophenyl)-3-(preg-5-en-3β-
ol-17-yl)-4,5-dihydro-1H-pyrazoline (XXV). A mix-
ture of 12 (XII) (101 mg, 0.21 mmol) and hydrazine
hydrate (4 equiv, 1.20 mmol) containing HOAc
(0.1 mL) was stirred at room temperature for 20 h.
After reaction completion (tlc), the mixture was
poured into ice water, and the product was extracted
with CH2Cl2 (3 × 15 mL). The combined organic layer
was evaporated to dryness. The residue was purified by
recrystallization from EtOH to give (XXV) (71 mg, 63%)
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as a pale yellow powder, mp 294–297°C (dec.). IR
spectrum, film, ν, cm–1: 3640 (OH), 2965 (CH2),
1723, 1653 (C=O), 1540 (C=C). 1H NMR spectrum
DMSO-d6, δ, ppm: 7.86 (d, 2H, J = 8.5 Hz, Harom-3' +
Harom-5'), 7.70 (d, 2H, J = 8.5 Hz, Harom-2' + Harom-6'),
5.34 (s, 1H, OH), 5.27 (d, 1H, J = 3.0 Hz, H-6), 4.57
(m, 1H, Hpyrazoline-5), 3.19 (m, 1H, H-3), 2.93 (m, 3H,
Hpyrazoline-4 + H-17), 2.27 (m, 2H, CH2-4), 2.17 (m,
1H, H-16a), 2.17 (m, 1H, H-7a), 2.14 (m, 1H, H-7b),
2.03 (m, 1H, H-12a), 1.90 (m, 1H, H-1a), 1.83 (s, 3H,
COCH3), 1.78 (m, 1H, H-2a), 1.69 (m, 1H, H-15a),
1.67 (m, 1H, H-16b), 1.60 (m, 1H, H-11a), 1.56 (m,
1H, H-12b), 1.54 (m, 1H, H-8), 1.49 (m, 1H, H-11b),
1.42 (m, 1H, H-2b), 1.31 (m, 1H, H-14), 1.23 (m, 1H,
H-15b), 1.17 (m, 1H, H-1b), 1.14 (m, 1H, H-9), 0.94
(s, 3H, Me-19), 0.55 (s, 3H, Me-18). 13C NMR spectrum,
DMSO-d6, δC, ppm: 167.8 (COMe), 158.9 (Cpyrazoline-3),
141.2 (Carom-1'), 131.5 (Carom-3' + Carom-5'), 126.7
(Carom-2' + Carom-6'), 121.5 (C–Br), 120.2 (C-6), 70.7
(C-3), 64.8 (Cpyrazoline-5), 62.5 (C-17), 55.5 (C-14),
49.6 (C-9), 43.2 (C-13), 42.1 (C-4), 38.2 (C-12), 36.8
(Cpyrazoline-4 + C-1), 36.0 (C-10), 31.5, 31.3, 31.1 (C-2 +
C-7 + C-8), 23.7 (C-15), 22.9 (C-16), 22.1 (COCH3),
20.9 (C-11), 19.0 (Me-19), 12.8 (Me-18). Found, %:
C 66.52; H 7.15; N 6.08. C30H38O2N2Br. Calculated, %:
C 66.78; H 7.29; N 5.19. M 538.53.

3-(4-Bromophenyl)-1-(preg-5-en-3β-ol-17-yl)-
prop-2-en-1-one oxime (XXVI). To a solution of (XII)
(101 mg, 0.21 mmol) in dry pyridine (5 mL) was added
NH2OH (48 mg, 0.70 mmol) and the mixture was
stirred at room temperature for 22 h. The reaction
mixture was partitioned between 10% eq. HCl (10 mL)
and CH2Cl2 (3 × 15 mL). The combined organic lay-
ers were washed with brine (3 × 10 mL), then dried
(Na2SO4) and filtered. The organic extract was evapo-
rated to dryness and the residue was recrystallized
from EtOH to give (XXVI) (70 mg, 67%) as a yellow
powder, mp 127–130°C. IR spectrum, film, ν, cm–1:
3574 (OH), 2972 (CH2), 1722, 1635 (C=O), 1543
(C=C), 1064 (C-O). 1H NMR spectrum DMSO-d6,
δ, ppm: 11.01 (bs, 1H, N–OH (Z)), 10.32 (bs, 1H, N–
OH (E)), 7.55 (d, 2H, J = 8.5 Hz, Harom-3' + Harom-5'),
7.50 (d, 2H, J = 8.1 Hz, Harom-2' + Harom-6'), 7.41 (d,
1H, J = 17.0 Hz, H-22), 7.03 (d, 1H, J = 17.0 Hz, H-21),
5.68 (s, 1H, OH), 5.27 (d, 1H, H-6), 3.23 (m, 1H, H-3),
2.93 (m, 1H, H-17), 2.32 (m, 2H, CH2-4), 2.17 (m,
1H, H-16a), 2.14 (m, 1H, H-7a), 2.11 (m, 2H, H-7b),
1.96 (m, 1H, H-12a), 1.91 (m, 1H, H-1a), 1.76 (m,
1H, H-2a), 1.69 (m, 1H, H-15a), 1.66 (m, 1H, H-
16b), 1.59 (m, 1H, H-11a), 1.56 (m, 1H, H-12b), 1.53
(m, 1H, H-8), 1.49 (m, 1H, H-11b), 1.44 (m, 1H, H-
2b), 1.27 (m, 1H, H-14), 1.24 (m, 1H, H-15b), 1.18
(m, 1H, H-1b), 1.14 (m, 1H, H-9), 0.93, 0.92 (s, 3H,
Me-19, Z/E), 0.59, 0.55 (s, 3H, Me-18, Z/E). 13C
NMR spectrum, DMSO-d6, δC, ppm: 154.9, 152.5
(C=N–OH, Z/E), 141.2, 140.0 (C-22, Z/E), 140.3
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(C-5), 136.0, 135.8 (Carom-1', Z/E), 131.5 (Carom-3' +
Carom-5'), 128.7 (Carom-2' + Carom-6'), 128.1, 127.9 (C-
21, Z/E), 123.8 (C–Br), 120.2, 120.1 (C-6, Z/E)), 70.7
(C-3), 56.0 (C-14), 55.4 (C-7), 49.6 (C-9), 45.8 (C-
13), 42.1 (C-4), 38.3 (C-12), 36.8 (C-1), 36.0 (C-10),
31.5, 31.3, 31.2 (C-2 + C-7 + C-8), 23.7 (C-15), 22.5
(C-16), 22.6 (C-11), 19.0 (Me-19, Z/E), 13.3, 12.9
(Me-18, Z/E). Found, %: C 67.01; H 7.39; N 2.57.
C28H37BrNO2. Calculated, %: C 67.33; H 7.47; N 2.80.
M 499.51.

Biology

In vitro anti-HIV assay. Evaluation of the antiviral
activity of 12-26 (XII)–(XXVI) against the HIV-1
strain (IIIB) and the HIV-2 strain (ROD) in MT-4
cells was performed using an MTT assay as described
previously [31]. In brief, stock solutions (10-times
final concentration) of test compounds were added in
25-μL volumes to two series of triplicate wells to allow
simultaneous evaluation of their effects on mock and
HIV-infected cells at the beginning of each experi-
ment. Serial five-fold dilutions of tested compounds
(0.0002–125.0 μM) were made directly in f lat-bot-
tomed 96-well microtiter trays using a Biomek 3000
robot (Beckman instruments). Untreated control,
HIV- and mock-infected cell samples were included
for each sample. HIV-1 (IIIB) [42] or HIV-2 (ROD)
[43] stock (50 μL) at 100–300 CCID50 (50% cell cul-
ture infectious dose) or culture medium was added to
either of the infected or mock-infected wells of the
microtiter tray. Mock-infected cells were used to eval-
uate the effect of test compound on uninfected cells in
order to assess the cytotoxicity of the test compounds.
Exponentially growing MT-4 cells [44] were centri-
fuged for 5 min at 1000 rpm (Minifuge T, rotor 2250;
Heraeus, Germany), and the supernatant was dis-
carded. The MT-4 cells were resuspended at 6 × 105

cells per mL, and volumes of 50 μL were transferred to
the microtiter tray wells. Five days after infection, the
viability of the mock- and HIV-infected cells was
examined spectrophotometrically.

CONCLUSION

A novel series of pregnenolone derivatives (XII)–
(XXVI) derivatives have been successfully synthesized,
and assayed for their inhibitory activity against HIV-1
and HIV-2 in MT-4 cells. One of these analogues (ste-
roid (XIX)) exhibited activity against HIV-2 (IC50
value of 60.50 μM, SI = 2), which suggested to be a
new candidate as nonnucleoside reverse transcriptase
inhibitor. Furthermore, compound (XXV) showed a
cytotoxicity against MT-4 with CC50 > 0.29 μM (SI < 1).
The computational study of compounds (XVII),
(XIX), (XXIII) and (XXV) has been performed and the
results indicated that trans configuration of these ana-
logues are the more stable. Modeling calculations of
 BIOORGANIC CHEMISTRY  Vol. 46  No. 5  2020



SYNTHESIS, IN VITRO ANTI-HIV ACTIVITY 835
(XII)–(XXVI) have given significant information
during the QSAR study to build a strategy for improv-
ing the biological activity of the new synthesized ste-
roids. In addition, the docking study of compound
(XXV) exhibited a hydrogen bond of OH at C-3 with
Glu224, in addition to a CH- hydrophobic interaction of
aromatic ring of (XXV) and Val106 residue of HIV RT.
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