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A number of nitrogen-containing compounds were obtained using a condensation reaction catalyzed
by acetic acid to investigate structure-chemical reactivity and structure-biological activity
relationships in the search for potential biologically active steroids within ketones of the Sa-pregnane
and Sa-androstane series. Novel steroidal hydrazones were synthesized from Sa-pregnan-3f-ol-20-
one and 5o-pregna-9(11),16-dien-3a-0l-20-one, which, in turn, were obtained by a multistep
transformation of 3B-acetoxy-Sa-pregn-16-en-20-one. All of the starting steroid ketones were
synthesized on the basis of a convenient domestic raw material — tigogenin, isolated from the Yucca
gloriosa plant introduced in Georgia. Acetic acid catalyzed condensation reaction was carried out in
ethanol using various reagents with pharmacophoric features — arylhydrazides, arylhydrazines,
hydroxylamine, and semicarbazide. The structure of the newly obtained steroids was confirmed by
'H, 3C NMR, mass spectra and investigation of their biological activity is in process. The cytotoxic
and antiviral activity of the previously synthesized steroid oximes, amines and hydrazones was
assessed. © 2021 Bull. Georg. Natl. Acad. Sci.

Pregnenolone, epiandrosterone, hydrazine, hydrazone, Sa-steroids, antiviral activity, cytotoxic activity

Screening of nitrogen-containing steroids for the ~ and hydrazones [7,8] are considered phar-

biological activity makes it possible to identify
leaders, precursors of drugs, and create new
libraries of potential therapeutic agents [1, 2].
Synthetic 17-aminosteroids of the androstane
series, which are widely used as key intermediates
in the synthesis of various biologically active
steroid derivatives, themselves have significant
biological

activity, including antitumor and

antiarrhythmic activity [3,4]. Steroid oximes [5,6]

macologically active, as well.

A number of new steroids 2-8 were synthesized
in the continued search for new bioactive steroids
[9] based on a product of tigogenin conversion - So-
pregnenolone acetate 1. The work also provides
data on the antiviral (for steroids 9-16) and
cytotoxic (for steroids 2,3,17) activity of nitrogen-
containing steroids synthesized by us earlier: 33-(1-

adamantoate)-5o-androstan-17-one 9,

© 2021 Bull. Georg. Natl. Acad. Sci.
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salicyloylhydrazone 3B-(1-adamantoate)-5o.-
androstan-17-one 10, isonicotinoylhydrazone 3[3-
(1-adamantoate)-5o-androstan-17-one 11, thiose-
micarbazone 3B- (1-adamantoate)-5o-androstan-
17-one 12, 17B-amino-5a-androstan-3-ol 13, 17p-
(N, N-dimethylamino-5a-androstan-33-ol 14,
N-(3B-hydroxy-5a-androstan-17p-yl)
dimethylethylammonium 15, 20-hydroxyimino-

bromide

5a-pregn-2-enel6, 3a-Hydroxy-1/-p-

phenylphenyl-3’-methyl-5a-androst-9(11)-
eno[17,16-d]pyrazoline 17.

CH3

1315

13 X= NH,
HO 14 X= N(CH3),

h -
15 X= N(CH3),CoHsBr

9X=0

10 X= NNHCO—@
/ A)
11 X= NNHCO=__N

12 X= NNHCSNH,

nCH3 O2N
18 zoé:NNH @ NO,

Steroids 2-4, 17 were synthesized from ketone
18, 3o-hydroxy-Sa-pregna-(9)11,16-dien-20-one
18 was obtained by subsequent conversion of Sa-
pregnenolone acetate 1 according to the method
[10,11]. Hydrazones 5-7 were synthesized from
pregnanolone 19, which, in turn, was obtained by
catalytic hydrogenation of the starting ketone 1
according to the method [9]. The same ketone was
used to synthesize hydrazone 8, oxime 16 and
epiandrosterone 20, which was converted into ester
9, hydrazones 10-12 and amino derivatives 13-15
[12-14].

24,18

2 X= NNH—©-N02

3 X= NOH
4 X= NNHCONH,,
18 X=0

\ CH3

c=X

HO A

5-7,19

5 X= NNHCO—@

6 X= NNHCO—@—CI
7 X= NNHCO—©—N02

19 X=0

NO,

Scheme 1. The transformation of ketone 1 to the corresponding steroids.
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The structure of the synthesized compounds 2-
8 was proved by 'H-, *C NMR and mass spectra.
In the '"H NMR spectra of steroids 2-4, singlet
signals of 18-CHs3, 19-CH; and 21-CH;s-groups
were present, respectively, at & 0.81-0.75 ppm,
0.96-0.82 ppm and 2.06-1.91 ppm. 3B-Protons of
3a-alcohols 2-4 had the values of chemical shifts &
4.19-4.06 ppm in the form of broadened singlets,
protons from 3a-hydroxyl groups - at & 3.82-3.80
ppm, A-9(11)- and A-16 protons of double C = C
bonds — at § 5.36-5.30 ppm, respectively and 6.14-
6.05 ppm. A broadened singlet from the C = N-OH
proton of oxime 3 was present at o 8.26, while the
of the NH;
semicarbazone 4 appear at § 6.30 and 9.10 ppm,

protons and NH groups of
respectively. Aromatic protons and signals of NH-
groups of hydrazone 2 were noted in the range of &
8.40-7.18 ppm and at § 9.93 ppm. In the 'H NMR
spectra of steroids 5-8 signals of 18-CHs, 19-CH;
and 21-CHs-groups were present in the form of
singlets at 6 0.88-0.58 ppm, 1.05-0.76 ppm,
respectively and 2.19-1.92 ppm. Multiple 3o-
protons from 3B-alcohols were noted at & 3.33 ppm.
and at 3.60 ppm for hydrazone 8 (in CDCl).
Aromatic protons appeared in the range of 9.14 -
7.56 ppm, singlet protons of NHCO-groups of
compounds 5-7 — in the range of § 10.79-10.48 ppm
and NH-proton of hydrazone 8 —at 6 11.10 ppm in
the form of br. singlet. The signals of the remaining
protons corresponded to the proposed structures.

In the 3C NMR spectra of 3o-alcohols 2-4
signals from C-3 were noted at & 66.7-64.0 ppm,
peaks of carbons C-9 — at 151.9-145.7 ppm and C-
11 at 115.8-111.7 ppm. Signals from C-16 were
observed in the range 152.6-138.8 ppm, C-17 —
132.6-131.7 ppm, C = N bonds — & 157.0-153.9
ppm, aromatic carbons of hydrazone 2 — in the
range & 145.5-123.4 ppm. In the *C NMR spectra
of epimeric 3f-alcohols 5-7 (in DMSO), lower-
field peaks from C-3 carbons were present in the &
69.8-68.4 ppm range, aromatic carbons in the o
149.5-121.5 ppm range. Signals of the C = N bond
were observed at 6 167.3-164.3 ppm, amide NHCO
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carbons — in the range of & 162.3-159.7 ppm. For
hydrazone 8 (in CDCI3), the following signals are
characteristic: from carbon C-3 —at 6 71.4 ppm., for
C = C aromatic carbons in the area — 6 151.6-117.2
ppm, from C-17 and C-16 — at § 137.6, 145.4 ppm
and from C = N bond —154.0 ppm. Mass spectra
confirmed the brutto formulas of compounds 2-8.

Cytotoxic activity of steroids 2,3 and 17 was
investigated in vitro on cancer cultures (A-549 -
lung cancer, DLD-1 - rectal cancer and WS-1 -
normal skin fibroblasts) using the resazurin
reduction test. None of the compounds revealed
cytotoxic activity.

Compounds 9-16 did not express notable
antiviral activity when screened against the
following viral strains: Adenovirus (cell culture A-
549, strain 65089 / Chicago), Flu A (HIN1) virus
(cell culture MDCK, strain California / 07/2009),
Flu A (H3N2) virus (MDCK cell culture, strain
Brisbane / 10/2007), Flu A (HS5N1) virus (MDCK
cell culture, Vietnam / 1203 / 2004H strain), Flu B
virus (cell culture MDCK, strain Florida / 4/2006),
PIV virus (cell culture MA-104, strain 14702),
RSV A virus (cell culture MA-104, strain A2),
Rhinovirus (cell culture Hela Ohio-1, strain HGP),
Measlesvirus (Vero 76 cell culture, Chicago strain)
and Sarsvirus (Vero 76 cell culture, Urbani strain).

Experimental Part

'H and '3C NMR spectra were recorded in DMSO
and CDCI; on an Avance 400 Bruker spectrometer
(400.13 MHz for 1H and 100.61 MHz for 13C).
Internal standard — SiMes. Mass spectra were
obtained on HPLC-APCIMS (positive mode) —
Agilent 1100 series, column 6.0 x 250 mm
Inertsilprep-ODS, with steroid elution in the H>O-
ACN system, 20:80. Melting points
determined on a NAGEMA unit. The course of the
synthesized

were

reaction and the purity of the
compounds were monitored by TLC on Silufol-
1 and

benzene-methanol, 5: 0.5 systems. Chromatograms

UV-254 plates in benzene-acetone, 5:
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were developed with a 10% solution of phosphoric-
molybdic acid in ethanol followed by heating.

Oximes 3, 16 were obtained by the method
described in [12].

General procedure for the synthesis of steroids
2-8. A mixture of ketone 1, 18 or 19 was reacted
with an equal weight of the corresponding
hydrazide or hydrazine hydrochloride and refluxed
for 6-12 hours in ethanol in the presence of a
catalytic amount of acetic acid. The reaction
mixture was cooled to room temperature. The
precipitate that formed was filtered off, washed
sequentially with water and diethyl ether, dried, and
crystallized from methanol.

S5a-Pregna-9(11),16-dien-3a-0l-20-one p-Nitro-
phenylhydrazone (2). Yield 69%, mp 220-222°C.
'H NMR spectrum (400 MHz, DMSO-ds, 8, ppm
J/Hz): 0.78 (3H, s, 18-CH3), 0.96 (3H, s, 19-CH3),
2.06(3H, s, 21-CH3), 3.82 (1H, s, 3-OH), 4.19(1H,
br.s, H-3), 5.36(1H,m, H-11), 6.14(1H, s, H-16),
7.18-8.40 (4H, H-Ar), 9.93 (1H, s, NH). '3C NMR
spectrum (100 MHz, DMSO-ds, 6, ppm): 11.4,
15.2, 17.0, 17.5, 20.3, 30.0, 30.4, 30.6, 31.2, 31.8,
33.2, 36.1, 46.8, 54.2, 57.5, 64.4(C-3), 111.7(C-
11), 123.4(C-4), 125.4(2C-2",6'), 126.3(2C-3,5)),
132.4(C-17), 138.3(C-16), 145.5(C-1"), 151.9(C-9),
153.9(C=N). LC-MS, m/z 450 [M+H]"
C27H35N303. MM 449.

20-Hydroxyimino-Sa-Pregna-9(11),16-dien-3a-
o0l-20-one (3). Yield 72%, mp 178-180°C. 'H NMR
spectrum (400 MHz, CDCls, 8, ppm J/Hz): 0.81
(3H, s, 18-CH3), 0.91 (3H, s, 19-CH3), 2.00(3H, s,
21-CHs), 4.06(1H, br.s, H-3), 5.33(1H,m, H-11),
6.05(1H, s, H-16), 8.26(1H, br.s, C=N-OH). '*C
NMR spectrum (100 MHz, CDCls, 3, ppm J/Hz):
11.1, 15.7, 17.0, 20.8, 28.5, 29.1, 31.9, 32.1, 33.9,
35.8, 36.3, 39.3, 46.9, 54.7, 57.1, 66.7(C-3),
115.8(C-11), 132.6(C-17), 147.9(C-9), 152.6(C-
16), 154.9(C=N). LC-MS, m/z 330[M+H]".
C21H31NO2. MM 329.
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Semicarbazone-50-Pregna-9(11),16-dien-3a-ol-
20-one (4). Yield 70%, mp>250°C(dec.). '"H NMR
spectrum (400 MHz, DMSO-dg, o, ppm J/Hz): 0.75
(3H, s, 18-CH3), 0.82 (3H, s, 19-CHj3), 1.91((3H, s,
21-CH3), 3.80(1H, s, 3-OH), 4.16(1H, br.s, H-3),
5.30(1H,m, H-11), 6.07(1H, s, H-16), 6.30(1H,
br.s, NH,), 9.10(1H, s, NH). '3C NMR spectrum
(100 MHz, DMSO-ds, 8, ppm): 11.0, 13.3, 16.0,
19.9, 21.1 28.1, 28.5, 31.5, 33.4, 35.5, 35.7, 35.9,
46.3, 54.2, 56.8, 64.0(C-3), 115.1(C-11), 131.7(C-
17), 142.9(C-16), 145.7(C-9), 153.0(C-20),
157.0(C=N). LC-MS m/z, 372 [M+H]"
C2H33N30,. MM 371.

Sa-Pregnane-3§-ol-20-one m-Nitrobenzoylhyd-
razone (5). Yield 67%, mp 241-243°C. '"H NMR
spectrum (400 MHz, DMSO-ds, o, ppm J/Hz):
0.76(3H, cs 18-CH3), 0.89(3H, s, 19-CHj3),
1.96(3H, s, 21-CHj3), 3.33(1H, m, H-3), 4.41(1H, d,
J=4.4, OH-3), 7.79(1H, t, J=8.2,H-Ar), 8.31(1H, d,
J=7.1,H-Ar), 8.40(1H, d, J=7.3, H-Ar), 8.66(1H, s,
H-Ar), 10.79(1H, s, NHCO). *C NMR spectrum
(100 MHz, DMSO-ds, 5, ppm):11.2, 19.8, 19.9,
23.8,24.7, 27.5, 30.4, 31.3, 33.7, 34.2, 34.5, 35.7,
37.3,43.3, 43.4, 44.1, 48.7, 52.6, 56.5, 68.4 (C-3),
121.5 (C-2), 124.9 (C-4), 129.5 (C-5), 133.2 (C-
6'), 135.0(C-1), 146.8(C-3)), 159.7(NHC=0),
167.3(C=N). LC-MS, m/z  482[M+H]".
CagH39N304. MM 481.

S5a-Pregnane-3f-0l-20-one p-Chlorobenzoylhyd-
razone (6). Yield 75%, mp 252- 254°C. NMR
spectrum (400 MHz, DMSO-ds, o, ppm J/Hz):
0.58(3H, s, 18-CH3), 0.76(3H, s, 19-CH3), 1.92(3H,
s, 21-CH3), 3.33(1H, m, H-3), 4.42(1H, d, J=4.4,
OH-3), 7.56(2H, d, J=8.4, H-Ar), 7.84(2H, d, J=8.5,
H-Ar), 10.48(1H, s, NHCO). '*C NMR spectrum
(100 MHz, DMSO-ds, 8, ppm):12.6, 13.7, 19.4,
21.3, 23.1, 24.4, 28.8, 31.8, 32.1 35.6, 35.7, 37.1,
44.0, 44.3, 44.9, 54.3, 56.2, 59.3, 63.2, 69.8(C-3),
128.8(C-3,5), 130.1(C-2/,6"), 134.5(C-1),
136.7(C-4),162.3(NHCO), 164.3(C=N). LC-MS,
m/z 471.5[M+H]". C2sH3oN,C10,. MM 470.5.
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S5a-Pregnane-3p-0l-20-one p-Nitrobenzoylhyd-
razone (7). Yield 80%, mp 237-238°C. NMR
spectrum (400 MHz, DMSO-ds, o, ppm J/Hz):
0.76(3H, s, 18-CH3), 0.89(3H, s, 19-CH3), 1.96(3H,
s, 21-CH3), 3.33(1H, m, H-3), 4.42(1H, d, J=4.4,
OH-3), 8.07(2H, d, J=8.2,H-Ar), 8.33(2H, d,
J=8.3,H-Ar), 10.75(1H, s, NHCO). '*C NMR
spectrum (100 MHz, DMSO-dg, 6, ppm):12.6, 13.7,
19.4, 21.3, 23.1, 24.4, 28.9, 31.8, 32.1 35.6, 35.7,
37.1, 443, 449, 45.5, 54.3, 56.2, 57.9, 59.3,
69.8(C-3), 123.9(C-3,5), 129.6(C-2,6/), 140.5(C-
1), 149.5(C-4),161.8(NHCO), 165.3(C=N). LC-
MS m/z 482[M+H]", C2sH39N304 MM 481.

S5a-Pregn-16-en-3p-0l-20-one  2,4-Dinitrophe-

nylhydrazone (8). Yield 78%, mp 253-255°C.
NMR spectrum (400 MHz, CDCls, 8, ppm J/Hz):
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0.88 (3H, s, 18-CHs), 1.05 (3H, s, 19-CHj),
2.19(3H, s, 21-CHs), 3.60(1H, m, H-3), 6.29(1H,
m, H-16), 7.87(1H, d, J=9.6, H-Ar), 8.35(1H, dd,
1=9.6, 2.5, H-Ar), 9.14(1H, d, J= 2.5, H-Ar),
11.10(1H, br.s, NH). '*C NMR spectrum (100
MHz, CDCL,5, ppm): 12.4, 13.5, 16.3, 21.5, 28.7,
31.6, 31.9, 32.0, 33.9, 35.8, 36.1, 36.9, 38.2, 45.2,
47.2,54.8, 56.9, 71.4 (C-3), 117.2(C-6), 124.6 (C-
3), 129.9 (C-21), 130.7(C-5"), 137.6 (C-17), 138.4
(C-4/), 145.4(C-16), 151.6 (C-1'), 154.0 (C=N).
LC-MS, m/z [M+H]" 497. Ca7HssN4Os.. MM 496,

The authors are grateful to Dr. Cecil D. Kwong
(Southem Research Institute-USA) for assistance in
determining the antiviral activity of the synthesized

compounds.
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R3OS 3J0005

303396060l dsBsBg BMa0gMomo sbswo sBmEHdgd3gero
5a-bEHgMmool Lobmgbo

B. 6500565057, B. d36Md5745d9°, 3. FM30xs60560°, 3. 3830eEsdg™,
g @™

*0B8ocroliol bsbgerdfonm bs99w00gobm #60396L0GH0, 003900 Jrmsmgesdols Bs6ds3mfodools
0bbHod2IH0, 0dogrobo, bogsGoggemm
“LASEVE, Universite Quebec a Chicoutimi, Chicoutimi, QOc, 3565005

(§96m©agb00s 535009300 §g36m0L 9. J9d9MEGHgeodol doge)

3mBG9bgom®o  domemyom®s©  SgGommo LEyOmoMwo bighogdol Lobmgbol, Jodowmmo
LEOWIGIO-GYJaool MbsMoBmMdNLS ©s JodomGo LEHOMIGHMG-dDOMEMFOME  SJEomMmMdL
dmMol 3sgdomols gbfiagerol dobbom, 5a-369bs60L s Sa-56MmmbEsbol Mogol 39GmbgdOLyb
3009005 BMaoghmo sbogro sDmEGdg0E39wo boghmo ddsMm1935m0 35Gdobgdmmo Jmb-
©gbLsEgool Ggogsool gsdmygbgdom. sbagro LGyhmoEmmo 3oEMsbmbgdo Lobmgbomgdwmmos
5a-309656-3p-men-20-mbols s 5a-36965-9(11),16-0096-3ax-men-20-mboligsh, Gmgrgdog mogol
dbmog domgdmmos 3B-s39@mJuo-5a-3696-16-96-20-mbols 3Msgsem-Lsgggbmosbo gsMsddboo.
439es Lafigolo 3g@mbo LobmgBoMgdmeos LGgHmoEgdol Jolsmgds® bgelbaggero, Lsdsdmenem
6oomgmmols - Gogmagbobol bsgmdzgmby, Gmdgmog gsdmygmaowos bsdsGomggermdo ob@mm-
©E0MdMEo d3gbsmol 0m3s OEYdMEOED. dBMG35m0 JodseoBIRMEo 3Mbgblsgools
6954305 Bs@o®gdnemos googrol B3omEoL sMg8o Lbgsalbgs gBoMdsgmBmMmemo Mgoggb@ol —
560g30MsHBoEIOOL, 5HO0E30EMmsHoBIOOL, JoEmmbogrsdobol s LYdogsMmdsbool gsdm-
gg9bgdom. sbogro LEgMHmoEEo bsgmmgdols smbsgmds EoELGMOIdMeos H,3C-306 ©s dsls-
139gdBEgdool  Bmbssgdgdom. gl BsgMmmYdO FOESEYFMEos BOMEMROMGO  SJGHomMGmdOL Tgbs-
BLgdEs. dgbfagmoos Bggh dogh sy Lobmgbomgdmmo LEyhmommo mdlodgdol,
5806900l s 30MsHBMbIBOL 30EMGHMILOZMMHO s BEOZ0MNMMEOo SgEHOMBMDdS.
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