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Abstract:

Background: Several steroid derivatives have been prepared using different protocols. The aim of study involved the syn-
thesis of a diazepin-steroid derivative using androsterone as chemical tool.

Methods: Diazepin-steroid derivative was prepared by a series of reactions that involve; 1) Protection of the hydroxyl
group from androsterone with tert-Butyldimethylsilyl chloride to form (3R,10S8,135)-3-((fert-butyldimethylsilyl)oxy)-
10,13-dimethylhexadecahydro-17H-cyclopenta[a]phenanthren-17-one (3-TBDS-androst-17-one); 2) catalytic a-hydroxyl-
ation of 3-TBDS-androst-17-one for preparation of 3-TBDS-16-hydroxy-steroid-17-one; 3) Reaction of 3-TBDS-16-
hydroxy-steroid-17-one with p-nitrobenzoyl azide to form 3-TBS-17-oxo-steroid-triazadienium; 4) synthesis of a triazol-
steroid derivative by reaction of 3-OTBS-17-oxo-steroid-triazadienium with 1-hexyne; 5) Removal of tert-Butyl-
dimethyl-silanyloxy of the triazol-steroid derivative with hydrofluoric acid to form 16-triazole-3-hydroxy-steroid-17-one;
6) Reaction of 16-triazole-3-hydroxy-steroid-17-one with dimethyl sulfoxide to form the 16-triazole-steroid-3-
carbaldehyde derivative; 7) synthesis of a enone-steroid derivative by the reaction of 16-triazole-steroid-3-carbaldehyde
with acetophenone; 8) Reaction of ethylenediamine with the enone-steroid derivative for synthesis of a diazepin-steroid
derivative. The structure of all compounds obtained was confirmed by spectroscopic and spectrometric methods.

Results: The "H NMR spectrum of diazepin-steroid shows signals at 0.85 and 1.06 ppm for methyl groups bound to ster-
oid nucleus; at 0.90 for methyl group of arm bound to triazole ring; at 0.93-1.04, 1.14-1.36, 1.44-1.74, 1.90, 2.30, 2.60-
2.80 and 5.40 ppm for steroid moiety; at, 1.40, 1.80 and 2.44 ppm for methylene groups of arm bound to triazole ring; at
3.10, 3.12, 3.60 and 3.82 ppm for methylene bound to both amino and imino groups; at 3.22-3.56, 3.66 and 4.80 ppm for
diazepine ring; 3.10, 3.12, 3.60 and 3.82 ppm for methylene groups bound to both amino and imino groups; at 5.60 ppm
for amino groups; at 6.84 ppm for triazole ring; at 6.62-6.80 and 7.34-7.90 ppm for phenyl groups. The >C NMR spectra
displays chemical shifts at 14.30 ppm for methyl group of arm bound to triazole ring; at 11.66 and 16.30 ppm for methyl
groups bound to steroid nucleus; at 20.62, 27.60-36.70, 41.20, 42.58, 46.70-48.88, 54.32 and 55.00 and 82.00 ppm for
steroid moiety; at 24.18-27.16 ppm for methylene groups of arm bound to triazole ring; at 115.70, 142.60 ppm for triazole
ring; at 41.00, 41.32, 54.46, 57.77 and 163.18-165.30 ppm for methylene groups bound to both amino and imino groups;
at 44.38, 53.00 and 95.60 ppm for diazepine ring; at 116-138.30 and 154.40 ppm for phenyl groups; at 148.50 and 172.62
ppm for imino groups. In addition, the presence of compound diazepin-steroid was confirmed with mass spectrum which
showed a molecular ion at m/z 773.54.

Conclusions: In this study is reported a straightforward route for synthesis of a Diazepin-steroid derivative using some
strategies. The proposed methods offer some advantages such as simple procedure and ease of workup.

Keywords: Androsterone, diazepin, steroid, synthesis.

1. INTRODUCTION enedioxyandrostane-6,17-dione by the reaction of androstan-
3,6,17-trione with p-toluenesulfonic acid in presence of 2-

Since several years ago, have been prepared several ster- methyl-2-cthyl-13-dioxolane [1]. Other study showed the

oid derivatives; for example, the synthesis of 3-Ethyl-
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preparation of 17B-Hydroxy-17a-methyl-5B-androstan-3-one
by the reaction of 17B-hydroxy-170-methylandrostan-4-ene-
3-one with palladium in basic medium [2]. In addition, other
report indicated the reaction of 16-Benzylidene-3-hydroxy-
androstan-17-one with fluoroace- tic anhydride to form (8-
90,14a)-3B-trifluoroacet-16(E)-aryl-methylene-5a-androstan-
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Fig. (1). Synthesis of 3-tert-butyldimethylsilyloxy-androst-17-one (3). The first stage was achieved by the reaction of androsterone with tert-
Butyldimethylsilyl chloride to form the compound 3-TBDS-16-hydroxy-steroid-17-one (2). After, 2 was reacted with N-Bromosuccinimide/

Dimethyl sulfoxide for preparation of 3.

17-one [3]. Other data [4] showed the synthesis of 3f-
hydroxy-17-hydrazone derivative by the reaction of 3f-
hydroxy-17-iodo-13a-androstan-5,16-diene with hydrazine
in the presence of barium oxide. Additional, a steroid deriva-
tive [5] (17B-cyano-17a-hydroxyandrostan-4-en-3-one was
prepared by the reaction of androstan-4-one-3,17-dione with
potassium cyanide. Another study [6] showed the Bromina-
tion of 2a-methylandrostan-17f-ol-3-one to form the andro-
gen derivative  (2-Bromo-17-hydroxy-androstan-3-one).
Other study [7] showed the preparation of an androgen-
polymer by coupling the compound 17p-Hydroxy-4-
androstan-3-one to the dextran. Additionally, a report [8]
showed the synthesis of 3p-Hydroxy-5a-androstan-17-
cyanoacetyl hydrazone by the reaction of 3B-hydroxy-5a-
androstan-17-one with cyanoacetyl hydrazine. In addition, a
report indicates the preparation of 1a-Hydroxyhexyl-3-oxo-
So-androstane-17f-yl benzoate by the reaction of 1a-TBSO-
hexyl-3-oxo-5a-androstane-17f-yl benzoate with tetrabutyl-
ammonium fluoride [9]. Recently [10], 17B-[(t-butyldime-
thylsilyl)oxyJandrost-4-en-3-one reacted with thiourea to
form the compound 3-(terbuthyl-dimethyl-silanyloxyl)-
5b,3a-Dimethyl-octahydro-indeno[4,5-d]10,12-diaza-tricyclo
[7.3.1.01,6]tridecan-9-thione. All these experimental results
show several procedures which are available for the synthe-
sis of some steroids derivatives; nevertheless, expensive rea-
gents and special conditions are required. Therefore, The aim
of study involved the synthesis of a diazepin-steroid deriva-
tive using androsterone as chemical tool.

2. RESULTS AND DISCUSSION

In this study, an androsterone derivative was prepared us-
ing some strategies; the first stage was accomplished by pro-
tecting of the hydroxyl group from androsterone (Fig. 1). It
is important to mention that several triorganosilyl groups
have been employed for the protection of hydroxyl groups
such as fert-butyldimethylsilyl and fert-butyldiphenylsilyl
[11]; in this study, androsterone was made reacting with fert-
butyldimethylsilyl chloride to form the compound 2; it is
noteworthy that with this method there are very yielding.
The 'H NMR spectrum of 2 shows signals at 0.06 and 0.90
ppm for methyl groups involved in the fert-butyldim-
ethylsilane fragment; at 0.87 and 0.91 ppm for methyl

groups bound to steroid nucleus; at 0.89 and 1.00-3.54 ppm
for steroid moiety. The *C NMR spectra display chemical
shifts at -4.50, 18.20 and 25.92 ppm for carbons involved in
the tert-butyldimethylsilane fragment bound to ring A of
steroid nucleus; at 13.68 and 23.40 ppm for methyl groups
bound to steroid nucleus; at 20.20-21.59 and 26.68-72.79
ppm for steroid moiety; at 221.06 ppm for carbonyl group.
Finally, the presence of compound 2 was confirmed with
mass spectrum which showed a molecular ion at m/z 404.31.

The second stage was achieved by a catalytic a-hydroxy-
lation of ketone involved in the compound 2 to form 3 (Figs.
1 and 2); there are several reports [12] for preparation of a-
Hydroxylation of ketones using Osmium tetroxide [12], lo-
dine [13, 14] and under CuBr; or HBr/DMSO systems [15].
Analyzing all these data in this study, the compound 3 was
prepared by the reaction of 2 with N-Bromosuccinimide in
DMSO. It is noteworthy that mechanism involved in the a-
hydroxylation of ketone involves a substitution reaction in
which the nucleophile displaces to bromine (leaving group)
by reaction with the carbocation formed. This phenomenon
is carried out by the least hindered face which is conditioned
by the presence of methyl group bound to steroid nucleus
and the cyclopentanone. After, a series of stages are per-
formed to form the o-hydroxilation of ketone. The '"H NMR
spectrum of 3 shows signals at 0.07-0.88 ppm for methyl
groups involved in the fert-butyldimethylsilane fragment; at
0.90 and 1.01 ppm for methyl groups bound to steroid nu-
cleus; at 0.93 and 1.04-4.40 ppm for steroid moiety; at 5.35
ppm for hydroxyl group. The *C NMR spectra displays
chemical shifts at -4.50, 18.22 and 26.00 ppm for carbons
involved in the tert-butyldimethylsilane fragment bound to
ring A of steroid nucleus; at 16.36 and 23.35 ppm for methyl
groups bound to steroid nucleus; at 20.20, 26.68-72.82 ppm
for steroid moiety; at 212.56 ppm for carbonyl group. Fi-
nally, the presence of compound 3 was confirmed with mass
spectrum which showed a molecular ion at m/z 420.30.

The third stage involves the synthesis of 4 via displace-
ment of nitro group from p-nitrobenzoyl azide (Figs. 3 and
4). It is noteworthy that there are several methods for dis-
placement of nitro groups by methoxy groups [16], fluoride
ion [17], nitropropane or nitrocyclohexanone [18], sodium
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Fig. (2). Mechanism involved in the a-hydroxilation of ketone.

o) (0]
. OH o]
DMSO
1t
W O\\‘
? 3 ! !
Si Si

i N
PETS [e) \N =NH
lMeOH/ It

O

O
O
.||O
HF/rt
- v
o N
HOY 6 H [ 5 S~ NH
/N\NH Si N
N\)\/// PN =
(0]

Fig. (3). Synthesis of 16-triazole-3-hydroxy-steroid-17-one (6). The first stage was achieved by the reaction of 3 with 4-nitrobenzoyl azide to
form 3-TBS-17-oxo-steroid-triazadienium (4). After 4 was reacted with 1-hexyne to form the triazol-steroid derivative (5). Finally, hydroflu-
oric acid was used to removal of the tert-Butyl-dimethylsilanyloxy group of 5 to form 6.
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Fig. (4). Mechanism involved in the removal of nitro group of azide and formation of 3-TBS-17-oxo-steroid-triazadienium (4).

phenoxide [19], nitrobenzamide in DMSO [20] and others.
In this study, the compound 4 was synthetized by the reac-
tion of p-nitrobenzoyl azide with the compound 3 in pres-
ence of dimetyhyl sulfoxide at mild conditions. The '"H NMR
spectrum of 4 shows signals at 0.07-0.88 ppm for methyl
groups involved in the fert-butyldimethylsilane fragment; at
0.92 and 0.96 ppm for methyl groups bound to steroid nu-
cleus; at 0.94 and 1.04-4.60 ppm for steroid moiety; at 7.00-
7.70 ppm for phenyl group. The *C NMR spectra displays
chemical shifts at -4.50, 18.31 and 25.98 ppm for carbons
involved in the tert-butyldimethylsilane fragment bound to
ring A of steroid nucleus; at 16.40 and 23.42 ppm for methyl
groups bound to steroid nucleus; at 20.26 and 26.70-88.26
ppm for steroid moiety; at 113.14-160.92 ppm for phenyl
group; at 170.44 ppm for amide group; at 209.68 ppm for
ketone group. Finally, the presence of compound 4 was con-
firmed with mass spectrum which showed a molecular ion at
m/z 565.33.

The fourth stage (Fig. 3) was achieved by the synthesis of
a triazole derivative (5). There are several methods for
preparation of triazole rings using thiocarbohydraz-
ide/oxyacetic acid [21], bromomagnesium acetylides/azides
[22], alkyne/azides [23, 24] and others. Therefore, in this
study 5 was prepared by the reaction of 4 with 1-hexyne. The
'H NMR spectrum of 5 shows signals at 0.07-0.88 ppm for
methyl groups involved in the fert-butyldimethylsilane
fragment; at 0.91 and 0.96 ppm for methyl groups bound to
steroid nucleus; at 0.93 ppm for methyl group of arm bound
to triazole ring; at 0.95, 1.04-1.40, 1.50-1.88, 2.20, 3.56-4.60
ppm for steroid moiety; at, 1.42, 1.90 and 2.50 ppm for
methylene group of arm bound to triazole ring; at 5.88 for
triazole ring; at 7.00-7.70 ppm for phenyl group; at 9.20 for
amino groups. The *C NMR spectra displays chemical shifts
at -4.50, 18.31 and 25.98 ppm for carbons involved in the
tert-butyldimethylsilane fragment bound to ring A of steroid
nucleus; at 16.40 and 23.42 ppm for methyl groups bound to
steroid nucleus; at 14.30 ppm for methyl group of arm bound
to triazole ring; at 24.20, 26.40 and 27.00 form methylene of
arm bound to triazole ring; at 20.26 and 26.70, 28.26-88.26
ppm for steroid moiety; at 113.54 and 140.92 ppm for tria-
zole ring; at 114.76-128.56, 158.38 ppm for phenyl group; at
167.00 for amide group; at 209.68 ppm for ketone group.
Finally, the presence of compound 5 was confirmed with
mass spectrum which showed a molecular ion at m/z 649.42.

The fifth stage was performed by the removal of the fert-
butyldimethylsilyl of 5 (Fig. 3) to form the compound 6; it is
important to mention that several reagents have been used to

removal of protector groups such as Dimethylaluminiun
chloride [25], Palla- dium(II) [26], hydrofluoric acid [27]. In
this study, aqueous hydrofluoric acid was used to removal
the tert-butyldimethylsilyl group. The "H NMR spectrum of
6 shows signals at 0.88 and 0.98 ppm for methyl groups
bound to steroid nucleus; at 0.90 ppm for methyl group of
arm bound to triazole ring; at 0.93 and 0.95, 1.06-1.36, 1.44-
1.86, 2.22, 3.80-4.60 ppm for steroid moiety; at, 1.40, 1.90
and 2.50 ppm for methylene groups of arm bound to triazole
ring; at 5.88 for triazole ring; at 7.00 and 7.70 ppm for
pheny] group; at 7.10 for both hydroxyl and amino groups.
The C NMR spectra displays chemical shifts at 14.38 ppm
for methyl group of arm bound to triazole ring; at 16.10 and
16.48 ppm for methyl groups bound to steroid nucleus; at
20.32 and 27.96-88.22 ppm for steroid moiety; at 24.18-
27.12 ppm for methylene groups of arm bound to triazole
ring; at 113.54 and 140.87 ppm for triazole ring; at 114.67-
128.57 and 158.38 ppm for phenyl group; at 167.00 ppm for
amide group; at 209.58 ppm for ketone group. Finally, the
presence of compound 6 was confirmed with mass spectrum
which showed a molecular ion at m/z 535.34.

The sixth stage was achieved by the synthesis of a
carbaldehyde-steroid derivative (7); it is noteworthy that
there are several reports on the oxidation of primary alcohols
to the form the corresponding aldehydes. These compounds
can be prepared with some techniques which are accom-
plished by stoichiometric amounts of metallic oxidants such
as chromium(VI) palladium, rhodium or ruthenium and hy-
drogen peroxide reagents [28]; However, these reagents may
induce risks of toxicity by generation of several substances
involved on some reaction mixtures. Therefore, in this study
a method previously reported [28] for oxidation of hydroxyl
groups was used to formation of 7 by the reaction of 6 with
DMSO (Figs. 5 and 6). The '"H NMR spectrum of 7 shows
signals at 0.84 and 0.94 ppm for methyl groups bound to
steroid nucleus; at 0.91 ppm for methyl group of arm bound
to triazole ring; at 0.88, 1.06-1.36, 1.48-1.84, 1.90-2.20, 252-
4.60 ppm for steroid moiety; at, 1.40, 1.88 and 2.50 ppm for
methylene groups of arm bound to triazole ring; at 5.88 for
triazole ring; at 7.00 and 7.70 ppm for phenyl group; at 9.10
ppm for amino groups; at 9.60 ppm for aldol group. The *C
NMR spectra displays chemical shifts at 14.32 ppm for
methyl group of arm bound to triazole ring; at 11.66 and
16.40 ppm for methyl groups bound to steroid nucleus; at
20.23-22.00 and 27.94-88.22 ppm for steroid moiety; at
24.18-27.12 ppm for methylene groups of arm bound to
triazole ring; at 113.50 and 140.86 ppm for triazole ring; at
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Fig. (5). Synthesis of an enone-steroid derivative (8). Reaction of 6 with Dimethyl sulfoxide to form 16-triazole-steroid-3-carbaldehyde de-
rivative (7). After 8 was prepared by the reaction of 7 with acetophenone.

(0)

, : o o
fb ; ? - HY, é) - g
e S S \('C\»(H - Q\¢CH2 < “CH,

L ] = 20 2
\CH, Sy |

Fig. (6). Mechanism involved in the synthesis of carbaldehyde derivative.
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114.64-128.50 and 158.39 ppm for phenyl group; at
167.00 ppm for amide group; at 204.88 ppm for aldol group;
at 209.56 for ketone group. Finally, the presence of com-
pound 7 was confirmed with mass spectrum which showed a
molecular ion at m/z 547.34.

The seventh stage was developed by the formation of an
enone derivative (8). Since years ago, it has increased the
interest on the preparations of enone derivatives; using sev-
eral systems such as aldehyde/ketone [29]; Pd(DMSO),
(TFA)/Ketone [30], Ruthenium/alkene [31] and others.
Analyzing these data, in this study a new enone-steroid was
synthesized by the reaction of 7 with benzaldehyde in pres-
ence of potassium hydroxide to form 8 (Figs. 5 and 7). The
"H NMR spectrum of 8 shows signals at 0.84 and 0.94 ppm
for methyl groups bound to steroid nucleus; at 0.91 ppm for
methyl group of arm bound to triazole ring; at 0.88, 1.06-
1.36, 1.50-1.88, 2.20, 264-4.60 ppm for steroid moiety; at
1.40, 1.90 and 2.50 ppm for methylene groups of arm bound
to triazole ring; at 5.88 for triazole ring; at 6.40-6.88 for pro-
tons of alkene group; at 7.00 and 7.70 ppm for phenyl group;
at 9.10 for amino groups. The *C NMR spectra displays
chemical shifts at 14.30 ppm for methyl group of arm bound
to triazole ring; at 11.68 and 16.40 ppm for methyl groups
bound to steroid nucleus; at 20.20, 28.10 and 27.94-88.24
ppm for steroid moiety; at 24.18-27.16 ppm for methylene
groups of arm bound to triazole ring; at 113.50 and 140.84
ppm for triazole ring; at 114.60, 128.19-137.22 and 158.40
ppm for phenyl group; at 166.98 ppm for amide group; at
124.32 and 150.74 ppm for alkene group; at 188 and 209.56
for ketone groups. Finally, the presence of compound 8 was
confirmed with mass spectrum which showed a molecular
ion at m/z 649.38.

Letters in Organic Chemistry, 2016, Vol. 13, No. 1 27

Finally, the height stage was achieved by the formation
of a diazepine ring involved in the compound 9. There are
several reports for preparation of diazepine derivatives using
some special reagents such as polystyrene supported Sulfo-
nic acid [32], Fe;04/Si0; [33], Cooper(I) [34], H,SO4/Si0O,
[35], Phosphorus pentasulfide which require special
conditions. Analyzing these data in this study 8 was reacting
with ethylenediamine to form 9 (Figs. 8 and 9). This meth-
odology used is a good technique for preparation of di-
azepine derivatives using an enone and amino groups in acid
medium. It is noteworthy that in addition to the ring forma-
tion azepine, a new imino group was obtained (9). Therefore,
the compound 10 is not obtained on the conditions of this
study (Fig. 8).

The 'H NMR spectrum of 9 shows signals at 0.85 and
1.06 ppm for methyl groups bound to steroid nucleus; at 0.90
for methyl group of arm bound to triazole ring; at 0.93-1.04,
1.14-1.36, 1.44-1.74, 1.90, 2.30, 2.60-2.80 and 5.40 ppm for
steroid moiety; at, 1.40, 1.80 and 2.44 ppm for methylene
groups of arm bound to triazole ring; at 3.10, 3.12, 3.60 and
3.82 ppm for methylene bound to both amino and imino
groups; at 3.22-3.56, 3.66 and 4.80 ppm for diazepine ring;
3.10, 3.12, 3.60 and 3.82 ppm for methylene groups bound to
both amino and imino groups; at 5.60 ppm for amino groups;
at 6.84 ppm for triazole ring; at 6.62-6.80 and 7.34-7.90 ppm
for phenyl groups. The *C NMR spectra displays chemical
shifts at 14.30 ppm for methyl group of arm bound to tria-
zole ring; at 11.66 and 16.30 ppm for methyl groups bound
to steroid nucleus; at 20.62, 27.60-36.70, 41.20, 42.58,
46.70-48.88, 54.32 and 55.00 and 82.00 ppm for steroid
moiety; at 24.18-27.16 ppm for methylene groups of arm
bound to triazole ring; at 115.70, 142.60 ppm for triazole
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ring; at 41.00, 41.32, 54.46, 57.77 and 163.18-165.30 ppm
for methylene groups bound to both amino and imino
groups; at 44.38, 53.00 and 95.60 ppm for diazepine ring; at
116-138.30 and 154.40 ppm for phenyl groups; at 148.50
and 172.62 ppm for imino groups. In addition, the presence
of compound 9 was confirmed with mass spectrum which
showed a molecular ion at m/z 773.54. It is important to
mention that compound 10 [(3R,10S8,13S,16R)-16-(4-(4-bu-
tyl-2,3-dihydro-1H-1,2,3-triazole-1-carbonyl)phenoxy)-10,13-
dimethyl-3-((2Z,4F)-4-phenyl-1,6,7,8-tetrahydro-1,5-diazoc-
in-2-yl)hexadecahydro-17H-cyclopenta[a]phenan- theren-17-
one) was no formed; this phenomenon possibly is condi-
tioned because the ketone group is more reactive that amide
group, which results the formation of imino groups bound to
both steroid nucleus and triazole ring.

3. MATERIALS AND METHODS
3.1. General Methods

The reagents used in this study were purchased from
Sigma-Aldrich Co. Ltd. The melting point was determined
on an Electrothermal (900 model). Infrared spectra (IR) was
recorded using KBr pellets on a Perkin Elmer Lambda 40
spectrometer. 'H and *C NMR spectra were recorded on a
Varian VXR-300/5 FT NMR spectrometer at 300 and 75.4
MHz in CDCI; using TMS as internal standard. EIMS spec-
tra were obtained with a Finnigan Trace GCPolaris Q. spec-
trometer. Elementary analysis data were acquired from a
Perkin Elmer Ser. II CHNS/0 2400 elemental analyzer.

(3R,10S,13S8)-3-((tert-butyldimethylsilyl)oxy)-10,13-dime
thylhexadecahydro-17H-cyclopentalaJphenanthren-17-one
)

A solution of androsterone (200 mg, 0.69 mmol), fert-
Butyldimethylsilyl chloride (200 pl, 1.07 mmol) in 3 ml of
methanol was stirring for 12 h to room temperature. The
reaction mixture was evaporated to a smaller volume. After
the mixture was diluted with water and extracted with chlo-
roform. The organic phase was evaporated to dryness under
reduced pressure, the residue was purified by crystallization
from methanol:water (4:1) yielding 86 % of product, m.p.
164-166°C; IR (Vimax, cm™'): 1720 and 1094; '"H NMR (300
MHz, CDCl;) dy: 0.06 (s, 6H), 0.87 (s, 3H), 0.89 (m, 1H),
0.90 (s, 9H), 0.91 (s, 3H), 1.00-1.40 (m, 9H), 1.50-1.66 (m,
5H), 1.70-1.94 (m, 5H), 2.40-3.54 (m, 3H) ppm. °C NMR
(75.4 Hz, CDCl; d¢: -4.50 (C-23, C-24), 13.68 (C-20), 18.20
(C-25), 20.20 (C-10), 21.59 (C-5), 23.40 (C-18), 25.92 (C-
26, C-27), 26.68 (C-17), 28.02 (C-16), 28.20 (C-14), 31.50
(C-9), 32.33 (C-1), 35.17 (C-3), 35.63 (C-15), 35.70 (C-6),
40.18 (C-12), 42.36 (C-11), 47.64 (C-8), 48.30 (C-2), 51.49
(C-4), 72.79 (C-13), 221.06 (C-7) ppm. EI-MS m/z: 404.31.
Anal. Calcd. for C,5H440,Si: C, 74.19; H, 10.96; O, 7.91; Si,
6.94. Found: C, 74.10; H, 10.88.

(3R,10S,13S,16R)-3-((tert-butyldimethylsilyl)oxy)-16-hyd-
roxy-10,13-dimethylhexadecahydro-17H-cyclopenta [a]ph-
enan thren-17-one (3)

A solution of 2 (200 mg, 0.49 mmol), N-Bromosuccin-
imide (100 mg, 0.56 mmol) in 10 ml of Dimethyl sulfoxyde
was stirring for 72 h to reflux. The reaction mixture was
evaporated to a smaller volume. After the mixture was di-
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luted with water and extracted with chloroform. The organic
phase was evaporated to dryness under reduced pressure, the
residue was purified by crystallization from methanol:water
(4:1) yielding 56 % of product, m.p. 144-146°C; IR (Vpax,
em™): 3400, 1718 and 1092; '"H NMR (300 MHz, CDCl3) 8y:
0.07 (s, 6H), 0.88 (s, 9H), 0.90 (s, 3H), 0.93 (m, 1H), 1.01 (s,
3H), 1.04-1.40 (m, 8H), 1.50-1.68 (m, 5H), 1.78-2.00 (m,
6H), 3.58-4.40 (m, 2H), 5.35 (broad, 1H) ppm. BC NMR
(75.4 Hz, CDCl;) dc: -4.50 (C-24, C-25), 16.36 (C-21),
18.22 (C-26), 20.20 (C-10), 23.35 (C-18), 26.00 (C-27, C-
28, C-29), 26.68 (C-17), 28.16 (C-14), 30.52 (C-16), 31.26
(C-9), 32.33 (C-1), 35.17 (C3), 35.53 (C-5), 35.63 (C-15),
40.16 (C-12), 42.33 (C-11), 48.79 (C-8), 49.64 (C-2), 50.30
(C-4), 67.74 (C-6), 72.82 (C-13), 212.56 (C-7) ppm. EI-MS
m/z: 420.30. Anal. Calcd. for C,sH44O5Si: C, 71.37; H,
10.54; O, 11.41; Si, 6.58. Found: C, 71.30; H, 10.48.

1-(4-(((3R,108,13S,16R)-3-((tert-butyldimethylsilyl)oxy)-
10,13-dimethyl-17-oxohexadecahydro-1H-cyclopentala]
Dphenanthren-16-yl)oxy)benzoyl)triaza-1,2-dien-2-ium (4)

A solution of 3 (200 mg, 0.47 mmol), 4-nitrobenzoyl az-
ide (100 mg, 0.52 mmol), in 10 ml of Dimethyl sulfoxide
was stirring for 72 h to room temperature. The reaction mix-
ture was evaporated to a smaller volume. After the mixture
was diluted with water and extracted with chloroform. The
organic phase was evaporated to dryness under reduced pres-
sure, the residue was purified by crystallization from metha-
nol:water (4:1) yielding 44 % of product, m.p. 254-256°C;
IR (Vinax, cm™): 3396, 1722, 1094 and 1050; 'H NMR (300
MHz, CDCl;) 8y: 'H NMR (300 MHz, CDCly) 8y: 0.07 (s,
6H), 0.88 (s, 9H), 0.92 (s, 3H), 0.94 (m, 1H), 0.96 (s, 3H),
1.04-1.40 (m, 8H), 150-1.88 (m, 10H), 2.20-4.60 (m, 3H),
7.00-7.70 (m, 4H) ppm. *C NMR (75.4 Hz, CDCL) §¢: -
4.50 (C-30, C-33), 16.40 (C-27), 18.31 (C-34), 20.26 (C-
10), 23.42 (C-18), 25.98 (C-35, C-39, C-40), 26.70 (C-17),
28.26 (C-14), 30.56 (C-16), 31.70 (C-9), 32.33 (C-1), 34.60
(C-5), 35.20 (C-3), 35.63 (C-15), 40.21 (C-12), 42.28 (C-
11), 49.24 (C-8), 49.60 (C-2), 51.88 (C-4), 72.85 (C-13),
88.26 (C-6), 113.14 (C-27, C-31), 113.22 (C-21, C-25),
124.80 (C-23), 128.18 (C-22, C-24), 160.92 (C-20), 170.44
(C-31), 209.68 (C-7) ppm. EI-MS m/z: 565.33. Anal. Calcd.
for C3,H47N30,4Si: C, 67.93; H, 8.37; N, 7.43; O, 11.31; Si,
4.96. Found: C, 67.84; H, 8.30.

(3R,10S8,13S,16R)-16-(4-(4-butyl-2,3-dihydro-1H-1,2,3-tri-
azole-1-carbonyl)phenoxy)-3-(tert-butyldimethylsilyl) oxy)-
10,13-dimethylhexadecahydro-17H-cyclopentafa] phenan-
thren-17-one (5)

A solution of 4 (200 mg, 0.35 mmol), 1-hexyne (90 pul,
0.78 mmol) in 10 ml of methanol was stirring for 72 h to
room temperature. The reaction mixture was evaporated to a
smaller volume. After the mixture was diluted with water
and extracted with chloroform. The organic phase was
evaporated to dryness under reduced pressure, the residue
was purified by crystallization from methanol:water (4:1)
yielding 68 % of product, m.p. 266-268°C; IR (Vpax, cm'l):
3430, 1720, 1092 and 1050; 'H NMR (300 MHz, CDCL3) &y:
'H NMR (300 MHz, CDCls) 8y: 0.07 (s, 6H), 0.88 (s, 9H),
0.91 (s, 3H), 0.93 (s, 3H), 0.95 (m, 1H), 0.96 (s, 3H), 1.04-
1.40 (m, 8H), 1.42 (t, 2H, J = 7.40 Hz), 150-1.88 (m, 10H),
1.90 (t, 2H, J = 7.40 Hz), 2.20 (m, 1H), 2.50 (t, 2H, J = 6.72
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Hz), 3.56-4.60 (m, 2H), 5.88 (m, 1H), 7.00-7.70 (m, 4H),
9.20 (broad, 2H) ppm. C NMR (75.4 Hz, CDCl;) 8¢: -4.50
(C-39, C42), 14.30 (C-11), 16.40 (C-41), 18.31 (C-43),
20.26 (C-33), 23.42 (C-36), 24.20 (C-10), 25.98 (C-44, C-
45, C-46), 26.40 (C-8), 26.70 (C-35), 27.00 (C-9), 28.26 (C-
28), 30.56 (C-34), 31.70 (C-32), 32.33 (C-24), 34.60 (C-20),
35.20 (C-22), 35.63 (C-29), 40.18 (C-26), 42.28 (C-25),
49.24 (C-31), 49.70 (C-23), 51.88 (C-21), 72.85 (C-27),
88.26 (C-19), 113.54 (C-3), 114.76 (C-14, C-16), 128.40
(C-12), 128.58 (C-13, C-17), 140.92 (C-4), 158.38 (C-15),
167.00 (C-6), 209.68 (C-30) ppm. EI-MS m/z: 649.42
(M'10). Anal. Caled. for C3gHsoN30,4Si: C, 70.22; H, 9.15;
N, 6.46; O, 9.85; Si, 4.32. Found: C, 70.16; H, 9.08.

(3R,10S8,13S,16R)-16-(4-(4-butyl-2,3-dihydro-1H-1,2,3-tri-
azole-1-carbonyl)phenoxy)-3-hydroxy-10,13-dimethyl hex-
adecahydro-17H-cyclopentafaJphenanthren-17-one (6)

A solution of 5 (200 mg, 0.30 mmol) in 10 ml of Hydro-
fluoric acid was stirring for 72 h to room temperature. The
reaction mixture was evaporated to a smaller volume. After
the mixture was diluted with water and extracted with chlo-
roform. The organic phase was evaporated to dryness under
reduced pressure, the residue was purified by crystallization
from methanol:water (4:1) yielding 56 % of product, m.p.
276-278°C; IR (Vinax, cm’™): 3428, 3398, 1722 and 1052; 'H
NMR (300 MHz, CDCl;) 8y: 0.86 (s, 3H), 0.90 (s, 3H), 0.93
(m, 1H), 0.98 (s, 3H), 1.06-1.36 (m, 7H), 1.40 (t, 2H, J =
7.40 Hz), 144-1.58 (m, 5H), 1.66-1.86 (m, 6H), 1.90 (t, 2H, J
= 7.40 Hz), 2.22 (m, 1H), 2.50 (m, 2H, J = 6.72 Hz), 3.80-
4.60 (m, 2H), 5.88 (m, 1H), 7.00 (m, 2H), 7.10 (broad, 3H),
7.70 (m, 2H) ppm. BC NMR (75.4 Hz, CDCl; &c: 14.38 (C-
11), 16.10 (C-33), 16.48 (C-39), 20.32 (C-33), 24.18 (C-10),
26.40 (C-8), 27.12 (C-9), 27.96 (C-35), 30.16 (C-28), 30.55
(C-34), 33.70 (C-32), 34.60 (C-20), 34.88 (C-29), 35.18 (C-
22), 35.50 (C-24), 36.66 (C-26), 42.10 (C-25), 49.30 (C-31),
49.65 (C-23), 51.90 (C-21), 69.92 (C-27), 88.22 (C-19),
113.54 (C-3), 114.67 (C-14, C-16), 128.36 (C-12) 128.58
(C-13, C-17), 140.87 (C-4), 158.38 (C-15), 167.00 (C-6),
209.58 (C-30) ppm. EI-MS m/z:535.34. Anal. Calcd. for
C3,HysN3O4: C, 71.74; H, 8.47; N, 7.84; O, 11.95. Found: C,
71.66; H, 8.40.

(3R,10S8,13S,16R)-16-(4-(4-butyl-2,3-dihydro-1H-1,2,3-tri-
azole-1-carbonyl)phenoxy)-10,13-dimethyl-17-oxohexa de-
cahydro-1H-cyclopentala]phenanthren-3-carbaldehy- de (7)

A solution of 6 (200 mg, 0.37 mmol) in 10 ml of Di-
methyl sulfoxyde was stirring for 72 h to room temperature.
The reaction mixture was evaporated to a smaller volume.
After the mixture was diluted with water and extracted with
chloroform. The organic phase was evaporated to dryness
under reduced pressure, the residue was purified by crystalli-
zation from methanol:water (4:1) yielding 69% of product,
m.p. 256-258°C; IR (Viax, cm'l): 3430, 1738, 1716 and
1052; '"H NMR (300 MHz, CDCls) 8y: 0.84 (s, 3H), 0.88 (m,
1H), 0.91 (s, 3H), 0.94 (s, 3H), 1.06-1.20 (m, 4H), 1.28-1.36
(m, 4H), 1.40 (t, 2H, J = 7.40 Hz), 1.48-1.68 (m, 5H), 1.70-
1.84 (m, 4H), 1.88 (t, 2H, J = 7.40 Hz), 1.90-2.20 (m, 2H),
2.50 (t, 2H, J = 7.40 Hz), 2.52-4.60 (m, 2H), 5.88 (m, 2H),
7.00-7.70 (m, 4H), 9.10 (broad, 2H), 9.50 (d, 1H, J = 7.18
Hz) ppm. °C NMR (75.4 Hz, CDCl; 8¢: 11.66 (C-36), 14.32
(C-11), 16.40 (C-38), 20.23 (C-31), 22.00 (C-33), 24.18 (C-
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10), 26.36 (C-8), 27.12 (C-9), 27.94 (C-35), 28.00 (C-27),
30.54 (C-28), 31.70 (C-30), 34.58 (C-20), 35.20 (C-22),
36.28 (C-24), 38.97 (C-32), 43.10 (C-26), 49.32 (C-29),
50.71 (C-34), 51.13 (C-23), 51.88 (C-21), 88.22 (C-19),
113.50 (C-3), 114.64 (C-14, C-16), 128.50 (C-13, C-17),
140.86 (C-4), 158.39 (C-15), 167.00 (C-6), 204.88 (C-39),
209.56 (C-28) ppm. EI-MS m/z: 547.34. Anal. Calcd. for
C33H4sN304: C, 72.36; H, 8.28; N, 7.67; O, 11.68. Found: C,
72.30; H, 8.20.

(3R,10S8,13S,16R)-16-(4-(4-butyl-2,3-dihydro-1H-1,2,3-tri-
azole-1-carbonyl)phenoxy)-10,13-dimethyl-3-(E)-3-0xo0-3-
Dphenylprop-1-en-1-yl) hexadecahydro-17H-cyclo pentala]
Dphenanthren-17-one (8)

A solution of 7 (200 mg, 0.36 mmol), acetophenone (68
pl, 0.58 mmol) was added to 10 ml of potassium hydrox-
ide:ethanol (1:9) and stirring for 72 h to room temperature.
After the ethanol was evaporated to a smaller volume and the
mixture was diluted with water and extracted with chloro-
form. The organic phase was evaporated to dryness under
reduced pressure, the residue was purified by crystallization
from methanol:water (4:1) yielding 43% of product, m.p.
226-228°C; IR (Vimax, cm™): 3432, 1720 and 1052; '"H NMR
(300 MHz, CDCl;) 8y: 0.84 (s, 3H), 0.88 (m, 1H), 0.91 (s,
3H), 0.94 (s, 3H), 1.06-1.18 (m, 4H), 1.24-1.36 (m, 5H),
1.40 (t, 2H, J = 6.74 Hz), 1.50-1.68 (m, 4H), 1.72-1.88 (m,
5H), 1.90 (t, 2H, J = 6.72 Hz), 2.20 (m, 1H), 2.50 (t, 2H, J =
13.40 Hz), 2.64-4.60 (m, 3H), 5.88 (m, 1H), 6.40-6.88 (m,
2H), 7.00-7.60 (m, 9H), 8.00 (m, 2H), 9.10 (broad, 2H) ppm.
C NMR (75.4 Hz, CDCL3) §¢: 11.68 (C-36), 14.30 (C-11),
(C-38), 16.40, 20.20 (C-31), 24.18 (C-10), 26.38 (C-8),
27.16 (C-9), 28.10 (C-26), 30.48 (C-33), 30.54 (C-27),
31.68 (C-30), 34.57 (C-20), 35.20 (C-22), 35.24 (C-24),
35.35 (C-35), 40.56 (C-32), 44.18 (C-34), 45.90 (C-25),
49.18 (C-29), 51.13 (C-23), 51.92 (C-21), 88.24 (C-19),
113.50 (C-3, C-61), 114.60 (C-14, C-16), 124.32 (C-40),
128.19 (C-44, C-48) 128.40 (C-12), 128.50 (C-13, C-17),
128.87 (C-45, C-47), 132.72 (C-46), 137.22 (C-43), 140.84
(C-4), 150.74 (C-39), 158.40 (C-15), 166.98 (C-6), 188.00
(C-41),209.56 ppm. EI-MS m/z: 649.38. Anal. Calcd. for
C4Hs5 N3Oy C, 75.78; H, 7.91; N, 6.47; O, 9.85. Found: C,
75.70; H, 7.85.

(4-(((3R,108,13S,16R,Z)-17-((2-aminoethyl)imino)-10,13-
dimethyl-3-((2Z,4E)-4-phenyl-1,6,7,8-tetrahydro-1,5-diazo-
cin-2-yl) hexadecahydro-1H-cyclopentafaJphenanthren-16-
yDoxy)phenyl) (4-butyl-2,3-dihydro-1H-1,2,3-triazol-1-yl)
methanone (9)

A solution of 8 (200 mg, 0.30 mmol), ethylenediamine 5
ml of acetic acid was stirring for 72 h to room temperature.
The reaction mixture was evaporated to a smaller volume.
After the mixture was diluted with water and extracted with
chloroform. The organic phase was evaporated to dryness
under reduced pressure, the residue was purified by crystalli-
zation from methanol:water (4:1) yielding 38% of product,
m.p. 268-270°C; IR (Viax, cm™): 3430, 3380 and 1050; 'H
NMR (300 MHz, CDCl;) 8y: 0.85 (s, 3H), 0.90 (s, 3H), 0.93-
1.04 (m, 2H), 1.06 (s, 3H), 1.14-1.36 (m, 5H), 1.40 (t, 2H, J
= 7.40 Hz), 1.44-1.74 (m, 9H), 1.80 (t, 2H, J = 6.72 Hz),
1.90-2.30 (m, 3H), 244 (t, 2H, J = 6.74 Hz), 2.60- 2.80 (m,
2H), 3.10 (t, 2H, J = 6.44 Hz), 3.12 (t, 2H, J = 6.44 Hz),
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3.22-3.56 (m, 3H), 3.60 (t, 2H, J = 8.70 Hz), 3.66 (m, 1H),
3.82 (t, 2H, J = 6.44 Hz), 4.80 (m, 1H), 5.40 (m, 1H), 5.60
(broad, 7H), 6.62-6.80 (m, 4H), 6.84 (m, 1H), 7.34-7.90 (m,
S5H) ppm. BC NMR (75.4 Hz, CDCl; &¢: 11.66 (C-39), 14.30
(C-14), 16.30 (C-44), 20.62 (C-34), 24.18 (C-13), 26.18 (C-
11),27.16 (C-12), 27.60 (C-36), 28.20 (C-29), 31.43 (C-38),
32.50 (C-33), 34.00 (C-25), 34.20 (C-30), 35.22 (C-27),
36.70 (C-23), 41.00 (C-42), 41.20 (C-35), 41.32 (C-9),
42.58 (C-37), 44.38 (C-47), 46.70 (C-32), 48.88 (C-28),
53.00 (C-48), 54.32 (C-24), 54.46 (C-41), 55.00 (C-26),
55.77 (C-8), 82.00 (C-22), 95.60 (C-51), 115.70 (C-3),
116.00 (C-17, C-19), 122.74 (C-16, C-20), 126.40 (C-53, C-
57), 127.60 (C-54, C-56), 130.10 (C-55), 138.30 (C-52),
142.60 (C-4), 148.50 (C-6), 154.40 (C-18), 163.18 (C-50),
165.30 (C-45), 172.62 (C-31) ppm. EI-MS m/z: 773.54. A-
nal. Caled. for C47He7NgO: C, 72.92; H, 8.72; N, 16.28; O,
2.07. Found: C, 72.86; H, 8.66.

4. CONCLUSION

In this study is reported a straightforward route for syn-
thesis of a Diazepin-steroid derivative using some strategies.
The proposed methods offer some advantages such as simple
procedure and ease of workup.

CONFLICT OF INTEREST

We declare that this manuscript does not have any con-
flict of financial interests (political, personal, religious, ideo-
logical, academic, intellectual, commercial or otherwise) for
its publication.

ACKNOWLEDGEMENTS

Declared none.

REFERENCES

[1] Rosenkranz, G.; Velasco, M.; Sondheimer, F. Steroids. LVIL'
Cycloethylene Ketals of Androstane-3,6,17-trione. Synthesis of
Androstan-3-one-6f,17p-diol. J. Am. Chem. Soc., 1954, 76(20),
5024-5026.

[2] Gabbard, R.; Segaloff, A. Facile Preparation of 17B-Hydroxy-58-
androstan-3-one and Its 170-Methyl Derivatives. J. Org. Chem.,
1962, 27(2), 655-656.

[3] El-Galil, E.; Abdel-Latif, N.; Abdalla, M. Synthesis and antiandro-
genic activity of some new 3-substituted androstano[17,16-c]-5'-
aryl-pyrazoline and their derivatives. Bioorg. Med. Chem., 2006, 14
(2),373-384.

[4] Acs, P.; Takécs, A.; Szilagyi, A.; Wolfling, J.; Schneider, G.;
Kollar, L. The synthesis of 13-androsta-5,16-diene derivatives with
carboxylic acid,ester and carboxamido functionalities at position-
17 via palladium-catalyzed carbonylation. Steroids, 2009, 74, 419-
423.

[5] Nitta, I.; Fujimori, S.; Ueno, H.The Syntheses of the Corticoid Side
Chain. I. An Improved Method for the Preparation of 17a-
Hydroxyprogesterone from Androst-4-ene-3,17-dione. Bull. Chem.
Soc. Japan, 1985, 58(3), 978-980.

[6] Mauli, R.; Ringold, H.; Djerassi, C. Steroids. CXLV." 2-
Methylandrostane Derivatives. Demonstration of Boat Form in the
Bromination of 2a-Methyl-androstan-173-01-3-one. J. Am. Chem.
Soc., 1960, 82(20), 5494-5500.

[7] Figueroa-Valverde, L.; Luna, H.; Castillo-Henkel, C.; Muifioz-
Garcia, O.; Ceballos-Reyes, G. Synthesis and evaluation of the car-
diovascular effects of two, membrane impermeant, macromolecular
complexes of dextran-testosterone. Steroids, 2002, 67, 611-619.

[8] Doss, S.; Louca, N.; Elmegeed, G.; Mohareb, R. Sultamo-Steroid
Analogues, Part VII: Synthesis of Epi-Androsterone Derivatives
with Potential Activity. Arch. Pharm. Res., 1999, 22(5), 496-501.

[10]

[11]

[12]

[13]
[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

Letters in Organic Chemistry, 2016, Vol. 13, No. 1 31

Hauptmann, H.; Metzger, J.; Schnitzbauer, A.; Cuilleron, C.; Map-
pus, E.; Luppa. P. Syntheses and ligand-binding studies of 1- and
17-aminoalkyl dihydrotestosterone derivatives to human sex hor-
mone-binding globulin. Steroids, 2003, 68, 629-639.
Figueroa-Valverde, L.; Diaz-Cedillo, F.; Garcia-Cervera, E.; Pool-
Gomez, E.; Lopez-Ramos, M.; Rosas-Nexticapa, M.; Hau-Heredia,
Lenin.; Sarabia-Alcocer, B. Synthesis and antibacterial activity
evaluation of two androgen derivatives. Steroid, 2015, 93, 8-15.
Phillipou, D.; Bigham, D.; Seamark, R. Steroid t-butyldimethylsilyl
ethers as derivatives for mass fragmentography. Steroids, 1975, 26,
516-524.

McCormick, J.; Tomasik, W.; Johnson, M. a-Hydroxylation of
ketones: Osmium tetroxide/N-methylmorpholine-N-oxide oxida-
tion of silyl enol ethers. Tetrahedron Lett., 1981, 22(7), 607-610.
Zacuto, M; Cai, D. a-Hydroxylation of carbonyls using iodine.
Tetrahedron Lett., 2005, 46(3), 447-450.

Moriarty, R.; Hu, H.; Gupta, S. Direct a-hydroxylation of ketones
using iodosobenzene. Tetrahedron Lett., 1981, 22(14), 1283-1286.
Hong-Liang, L.; Xing-Lan, A.; Li-Shi, G.; Xiaoyan, L.; Wei-Ping,
D. Catalytic a-hydroxylation of ketones under CuBr2 or
HB1/DMSO systems. Tetrahedron, 2015, 71, 3247-3252.
Kornblum, N.; Cheng, L.; Kerber, R.; Kestner, M.; Newton, B.;
Pinnick, H.; Smith, R.; Wade, P. Displacement of the nitro group of
substituted nitrobenzenes-a synthetically useful process. J. Org.
Chem., 1976, 41(9), 1560-1564.

Attind, M.; Cacace, F.; Wolf, A. Displacement of a nitro-group by
['F] fluoride ion. A new route to aryl flurides of high specific ac-
tivity. J. Chem. Soc. Chem. Commun., 1983, 108-109.

Kornblum, N.; Boyd, S. Mechanism of displacement of a nitro
group from .alpha.-nitro esters, ketones, and nitriles and from
.alpha.,.alpha.-dinitro compounds by nitroparaffin salts. J. Am.
Chem. Soc., 1970, 92(19), 5784-5785.

Crossley, M.; King, L.; Simpson, J. Solvent-dependent ambident
nucleophilicity of phenoxide ion towards nitroporphyrins: synthesis
of 2-hydroxyaryl- and 2-aryloxy-5,10,15,20-tetraphenylporphyrins
by displacement of a nitro group. J. Chem. Soc. Perkin Trans.,
1997, 1, 3087-3096.

Figueroa-Valverde, L.; Diaz-Cedillo, F.; Garcia-Cervera, E.; Pool-
Gomez, E.; Lopez-Ramos, M.; Rosas-Nexticapa, M.; Hau-Heredia,
L.; Sarabia-Alcocer, B. Facile Synthesis of Two Benzamidine-
steroid Derivatives. Lett. Org. Chem., 2014, 11(10), 725-730.
Turan-Zitouni, G.; Kaplancikli, Z.; Erol, K.; Kilic, F. Synthesis and
analgesic activity of some triazoles and triazolothiadiazines. I/
Farmaco, 1999, 54, 218-223.

Krasinski, A.; Fokin, V.; Barry, K. Sharpless. Direct Synthesis of
1,5-Disubstituted-4-magnesio-1,2,3-triazoles, Revisited. Org. Lett.,
2004, 6(8), 1237-1240.

Katritzky, A.; Singh, S. Synthesis of C-Carbamoyl-1,2,3-triazoles
by Microwave-Induced 1,3-Dipolar Cycloaddition of Organic Az-
ides to Acetylenic Amides. J. Org. Chem., 2002, 67(25), 9077-
9079.

Figueroa-Valverde, L.; Diaz-Cedillo, F.; Rosas-Nexticapa, M.;
Maldonado- Velazquez, G.; Garcia-Cervera, E.; Pool-Gomez, E.;
Lopez-Ramos, M.; Rodriguez-Hurtado, F.; Chan-Salvador, M. De-
sign and Synthesis of Some Carbamazepine Derivatives Using
Several Strategies. Lett. Org. Chem., 2015, 12(6), 394-401.

Ogawa, Y.; Shibasaki, M. Selective removal of tetrahydropyranyl
ethers in the presence of t-butyldimethylsilyl ethers. Tetrahedron
Lett., 1984, 25(6), 663-664.

Wilson, N.; Keay, B. A mild palladium(II) catalyzed desilylation of
phenolic #-butyldimethylsilyl ethers. Tetrahedron Lett., 1996,
37(2), 153-156.

Newton, R.; Reynolds, D.; Finch, M.; Kelly,D.; Roberts, S. An
excellent reagent for the removal of the t-butyldimethylsilyl pro-
tecting group. Tetrahedron Lett., 1979, 20(41), 398-3982.
Dijksman, A.; Marino-Gonzalez, A.; Payeras, A.; Arends, I;
Sheldon, R. Efficient and selective aerobic oxidation of alcohols
into aldehydes and ketones using ruthenium/TEMPO as the cata-
lytic system. J. Am. Chemical Soc., 2001, 123(28), 6826-6833.
Robinson, T.; Hubbard, R.; Ehlers, T.; Arbiser, J.; Goldsmith, D.;
Bowen, J. Synthesis and biological evaluation of aromatic enones
related to curcumin. Bioorg. Med. Chem., 2015, 13(12), 4007-4013.
Diao, T.; Stahl, S. Synthesis of Cyclic Enones via Direct Palla-
dium-Catalyzed Aerobic Dehydrogenation of Ketones. J. Am.
Chem. Soc., 2011, 133(37), 14566-14569.



32

[31]

[32]

[33]

Letters in Organic Chemistry, 2016, Vol. 13, No. 1

Miller, R.; Li, W.; Humphrey, R. A Ruthenium Catalyzed Oxida-
tion of Steroidal Alkenes to Enones. Tetrahedron Lett., 1996,
37(20), 3429-3432.

Polshettiwar, V.; Varma, R. Greener and rapid access to bio-active
heterocycles: room temperature synthesis of pyrazoles and diazepi-
nes in aqueous medium. Tetrahedron Lett., 2008, 49(2), 397-400.
Maleki, A. Fe;04/Si0, nanoparticles: an efficient and magnetically
recoverable nanocatalyst for the one-pot multicomponent synthesis
of diazepines. Tetrahedron, 2012, 68(38), 7827-7833.

[34]

[35]

Lauro et al.

Ohta, Y.; Chiba, H.; Oishi, S.; Fujii, N.; Ohno, H. Concise Synthe-
sis of Indole-Fused 1,4-Diazepines through Copper(I)-Catalyzed
Domino Three-Component Coupling-Cyclization-N-Arylation un-
der Microwave Irradiation. Org. Lett., 2008, 10(16), 3535-3538.
Tinney, F.; Sanchez, J.; Nogas, J. Synthesis and pharmacological
evaluation of 2,3-dihydro-1H-thieno[2,3-¢][1,4]diazepines. J. Med.
Chem., 1974, 17(6), 624-630.



Asian Journal of Chemistry;

gstd. 1989

5121 Journa of Chem=%

Vol. 28, No. 11 (2016), 2357-2364 a ASIAN JOURNAL

| ASIAN JOURNAL OF CHEMISTRY .

http://dx.doi.org/10.14233/ajchem.2016.19599

OF CHEMISTRY

=

mmmmm

Design and Synthesis of New Steroid-Derivatives with Antibacterial Activity on Salmonella typhi

L. FicUEROA-VALVERDE"", E. GARcia-CERVERA', F. Diaz-CEDILLO?, L. HAU-HEREDIA',
M. Rosas-NexTicara®, E. PooL-GoMEZ', M. LopEz-Ramos' and A. CamacHo-Luis*

'Laboratory of Pharmaco-Chemistry at the Faculty of Chemical Biological Sciences from the University Autonomous of Campeche, Av.
Agustin Melgar s/n, Col Buenavista C.P.24039 Campeche Cam., México
“Escuela Nacional de Ciencias Bioldgicas del Instituto Politécnico Nacional. Prol. Carpio y Plan de Ayala s/n Col. Santo Tomas, México, D.F.

C.P. 11340

*Facultad de Nutricién, Universidad Veracruzana. Médicos y Odontélogos s/n, 91010, XalapaVeracruz, México
“Facultad de Medicina y Nutricién, Universidad Judrez del Estado de Durango. Av. Universidad esq. Fany anitda, C.P. 34000, Durango,

México

*Corresponding author: Tel: +981 8119800 Ext. 3070105; E-mail: lauro_1999 @yahoo.com

Received: 2 September 2015; Accepted: 30 July 2016;

Salmonella typhi.

INTRODUCTION

There are reports which indicate that Salmonella typhi is
a human pathogen that induces several deaths each year [1-3].
Diverse drugs have been used for their treatment. However,
some strains of Salmonella typhi have induced resistance to
chloramphenicol, ampicillin and trimethoprim, streptomycin,
sulfonamides and tetracyclines in under developing countries
[4,5]. In search of new alternative therapeutics for treatment
of resistance exerted by Salmonella typhi, have developed several
antibacterial drugs. For example, the synthesis of several hydra-
zones were prepared by reacting isatin and aromatic primary
amines/hydrazines [6]. Other data showed that several poly-
saccharides-tetanus toxoid conjugates induce antibacterial
activity on Salmonella typhi [7].

On the other hand, also some steroids as potential
therapeutic agents have been developed for Salmonella typhi;
for example, there is a study which showed the synthesis of

Published online: 10 August 2016; AJC-17997

In this study, the following estrogen derivatives were synthesized; oxazin-estradiol-3,17-diol (6), oxazine-estradiol-3,17-diylbis-2- |
chloroacetate (8), chloro-acetic acid-estradiol ester (9), 3,17-bis-(tert-butyl-dimethyl-silanyloxy)-estradiol-1,2-diamine (10) and 3,17- |
bis-(tert-butyl-dimethyl-silanyloxy)-estradiol-chloro-acetamide (11) using several strategies. The structure of compounds obtained was
confirmed by elemental analysis, spectroscopy and spectrometry data. On the other hand, antibacterial activity of compounds synthesized |
was evaluated on Salmonella typhi with broth dilution methods to determine the minimal inhibitory concentration using gentamycin, |
ciprofloxacin and cefotaxime as controls. The results indicate that only the compounds 6, 9, 10 and 11 decrease the growth of Salmonella |
typhi. The methods used for synthesis of estrogen derivatives offers some advantages such as simple procedure, low cost and ease of |
workup. In addition, the antibacterial activity showed the compounds 6, 9, 10 and 11 depend on chemical structure in comparison with the |
controls involved. These estrogenic derivatives could be used as a therapeutic alternative for treatment of infectious diseases induced by |
|
|

Keywords: Estrogen derivative, Estradiol, Chloroacetyl chloride, Salmonella typhi.

steroidal thiocarbazone derivatives with antibacterial activity
on Salmonella typhimurium [8]. In addition, a steroid derivative
(cholest-5-en-3-oxazolo) was synthesized and their anti-
bacterial effect was evaluated on Salmonella typhimurium [9].
Other data indicate the preparation of a steroid-thiourea
derivative with antibacterial effect on Salmonella typhimurium
[10]. Additionally, other steroid derivatives (3o-hydroxy-
23,24-bis-norcholane polyamine carbamates) with anti-
bacterial activity on Salmonella typhimurium were synthesized
[11]. All these experimental results show several procedures
which are available for synthesis of several antibacterial
steroid-derivatives. Nevertheless, expensive reagents and
special conditions are required. Therefore, in this study some
steroid derivatives were synthesized using several strategies.
It is noteworthy that antibacterial activity of these steroid
derivatives on Salmonella typhi was evaluated in vitro in a
bacteria model.
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EXPERIMENTAL

The compound 4-[(2-amino-ethylamino)methyl]-13-
methyl-7,8,9,11,12,13,14,15,17-decahydro-6H-cyclopenta-
[a]phenanthrene-3,17-diol (1) was synthesized using reported
method [12]. The other compounds evaluated in this study
were purchased from Sigma-Aldrich Co. Ltd. The melting
points for the different compounds were determined on an
Electrothermal (900 model). Infrared spectra were recorded
using KBr pellets on a Perkin Elmer Lambda 40 spectrometer.
'H NMR and "*C NMR spectra were recorded on a Varian
VXR-300/5 FT NMR spectrometer at 300 and 75.4 MHz in
CDCl; using TMS as internal standard. EIMS spectra were
obtained with a Finnigan Trace GCPolaris Q. spectrometer.
Elementary analysis data were acquired from a Perkin Elmer
Ser. I CHNS/0 2400 elemental analyzer.

Synthesis of 3-(1H-naphtho[1,2-e][1,3]oxazin-2(3H)-
ylpropan-1-amine (3): A solution of 2-hydroxy- 1-naphthal-
dehyde (100 mg, 0.58 mmol), ethylenediamine (50 pL, 0.75
mmol) and formaldehyde (3 mL) in 10 mL of methanol was
stirring for 72 h to room temperature. The reaction mixture
was evaporated to reduce the volume. After the mixture was
diluted with water and extracted with chloroform (Fig. 1). The
organic phase was evaporated to dryness under reduced
pressure, the residue was purified by crystallization from
methanol:water (4:1) yielding 54 % of product, m.p.: 100-
102 °C; IR (Vinax, cm™): 3380 and 1196; 'H NMR (300 MHz,
CDCl;) du: 1.68 (t, 2H, J = 7.00 Hz), 1.76 (broad, 2H), 2.50
(m, 2H), 2.56 (m, 2H), 4.12-4.86 (m, 4H), 7.04-7.80 (m, 6H)
ppm. “C NMR (75.4 Hz, CDCl;) 8¢: 30.90, 39.22, 50.20,
53.66, 82.00, 111.22, 117.90, 120.36, 123.30, 126.57, 127.90,
128.34,133.08, 152.32 ppm. EI-MS m/z: 214.14 (M*11). Anal.
caled. for C;sHigN,O: C, 74.35; H, 7.49; N, 11.56, O, 6.60.
Found: C, 74.30; H, 7.42.

Synthesis of 13-methyl-4{[2-(1H-naphto[1,2-¢][1,3]oxazin-
2-yl)-ethylamino]methyl}-7,8,9,11,12,13,14,15,16,17-
decahydeo-6H-cyclopenta[a]phenanthrene-3,17-diol (6)

Method A: A solution of 1 (100 mg, 0.29 mmol), 4
(60 mg, 0.34 mmol) and formaldehyde (3 mL) in 10 mL of
methanol was stirring for 72 h to room temperature. The
reaction mixture was evaporated to a smaller volume. After the
mixture was diluted with water and extracted with chloroform.
The organic phase was evaporated to dryness under reduced
pressure, the residue was purified by crystallization from
methanol:water (4:1) yielding 66 % of product (Fig. 2), m.p.:

H /O

OH HoN
+ _\_
NH

2

196-198 °C; IR (Vinax, cm™): 3412, 3380 and 1200; '"H NMR
(300 MHz, CDCl;) 84: 0.62 (s, 3H), 0.80-1.20 (m, 4H), 1.30-
1.40 (m, 3H), 1.68- 1.84 (m, 4H), 2.06-2.50 (m, 4H), 2.54 (t,
2H, J = 6.90), 2.64 (t, 2H, J = 6.90), 3.60 (m 1H), 3.76 (t, 2H,
J = 12.00), 4.30-5.00 (m, 3H), 5.08 (s, 3H), 5.10 (m, 1H),
6.52-6.80 (m, 2H), 7.00-7.72 (m, 6H) ppm.””C NMR (75.4
Hz, CDCl5) 8c: 15.68, 24.20, 25.30, 27.58, 27.68, 32.56, 33.70,
37.20, 44.28, 44.46, 44.52, 47.20, 50.22, 50.76, 55.00, 82.36,
82.40, 111.20, 112.48, 118.4, 120.78, 122.40, 123.3, 126.30,
127.86, 128.20, 128.40, 128.72, 131.7, 131.7, 137.25, 148.98,
151.64 ppm. EI-MS m/z: 512.30 (M*12). Anal. calcd. for
C;3HyN:Os: C, 77.31; H, 7.86; N, 5.46, O, 9.36. Found: C,
77.27; H, 7.82.

Method B: A solution of estradiol (100 mg, 0.37 mmol),
3 (90 mg, 0.37 mmol) in formaldehyde (5 mL) was stirring for
72 hto reflux. The reaction mixture was evaporated to a smaller
volume. After the mixture was diluted with water and extracted
with chloroform. The organic phase was evaporated to dryness
under reduced pressure, the residue was purified by crysta-
llization from methanol:water (3:1) yielding 44 % of product
(Fig. 2). Similar "H NMR and *C NMR data were obtained
compared with method A.

Synthesis of (13R)-4-((2-(1H-naphtho[1,2-e][1,3]-
oxazin-2(3H)-yl)ethyl)amino)methyl)-13-methyl-
7,8,9,11,12,13,14,15,16,17-decahydro-6H-cyclopenta-
[a]phenanthrene-3,17-diylbis(2-chloroacetate) (8): A
solution of 6 (250 mg, 0.48 mmol), triethylamine (100 pL,
1.50 mmol) and chloroacetyl chloride (128 uL, 1.60 mmol) in
10 mL of methanol was stirring for 72 h to room temperature.
The reaction mixture was evaporated to a smaller volume. After
the mixture was diluted with water and extracted with chloro-
form (Fig. 3). The organic phase was evaporated to dryness
under reduced pressure, the residue was purified by crystalli-
zation from hexane:methanol:water (1:3:1) yielding 55 % of
product, m.p.: 178-180 °C; IR (Vma, cm™): 1730, 1210 and
1192; '"H NMR (300 MHz, CDCl;) 8y: 0.82 (s, 3H), 1.12-1.28
(m, 3H), 1.40-1.50 (m, 3H), 1.68-1.74 (m, 4H), 2.12-2.22 (m,
2H), 2.40-2.52 (m, 3H), 2.58 (t, 2H, J = 6.90 Hz), 2.64 (t, 2H,
J = 6.90 Hz), 3.60 (broad, 1H), 3.80 (m, 2H), 4.06-4.10 (m,
4H), 4.30-4.40 (m, 2H), 4.80 (m, 1H), 5.00-5.10 (m, 2H), 6.72-
6.80 (m, 2H),, 7.00-7.80 ppm.”’C NMR (75.4 MHz, CDCl;)
dc: 14.30, 24.58, 25.20, 27.60, 27.70, 30.00, 33.70, 37.20,
40.56, 40.80, 44.00, 44.50, 44.88, 47.30, 50.36, 50.94, 55.10,
82.34, 84.54, 111.20, 118.22, 118.40, 118.66, 120.72, 123.30,
126.30, 127.86, 128.38, 128.80, 130.64, 131.70, 135.52,

oy

3

Fig. 1. Synthesis of 3-(1H-naphtho[1,2-¢][1,3]oxazin-2(3H)-yl)propan-1-amine (3). Reaction of 2-hydroxy-1-naphthaldehyde (1) with
ethylenediamine (2) to form 3.i = formaldehyde/room temperature
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Fig. 2. Synthesis of an estrogen derivative (6). The first stage was achieved by reaction of 4-[(2-amino-ethylamino)-methyl]-13-methyl-
7,8,9,11,12,13,14,15,17-decahydro-6 H-cyclopenta[a]phenanthrene-3,17-diol (4) with 2-hydroxy-1-naphthaldehyde (1) to form 6.
Also 6 was synthesized by the reaction ofestradiol (5) with 3-(1H-naphthol[1,2-¢][1,3]oxazin-2(3H)-yl)propan-1-amine (3). i =
formaldehyde/MeOH/room temperature; ii = formaldehyde/MeOH/reflux
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Fi. 3. Chloro-acetic acid 3-(2-chloro-acetoxy)-4-({ (2-chloro-3-oxo-cyclobutyl)-[2-(1 H-naphto[1,2-¢][ 1,3]oxazin-2-yl)-ethylJamino } methyl)-
13-methyl-7,8,9,11,12,13, 14,15,16,17-decahydro-6 H-cyclopenta[a]phenanthren-17-yl ester (8). Reaction of the compound 6 with
chloroacetyl chloride to form 8. iii = triethylamine/MeOH/room temperature
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138.44,139.50, 144.52, 151.66, 166.74, 168.00 ppm. EI-MS
m/z: 664.24 (M*10). Anal. calcd. for Cs;H4,N,OsCl,: C, 66.76;
H, 6.36; Cl, 10.65; N, 4.21, O, 12.02. Found: C, 66.70; H,
6.30.

Synthesis of chloro-acetic acid 3-(2-chloro-acetoxy)-
4-{[2-(2-chloro-acetylamino)ethylamino]methyl}-13-
methyl-7,8,9,1,12,13,14,15,16,17-decahydro-6 H-cyclopenta-
[a]phenanthren-17-yl ester (9): A solution of 4 (200 mg, 0.58
mmol), triethylamine (100 pL, 1.50 mmol) and chloroacetyl
chloride (128 pL, 1.60 mmol) in 10 mL of methanol was
stirring for 72 h at room temperature. The reaction mixture
was evaporated to a smaller volume. After the mixture was
diluted with water and extracted with chloroform (Fig. 4). The
organic phase was evaporated to dryness under reduced
pressure, the residue was purified by crystallization from
methanol:water (4:1) yielding 56 % of product, m.p.: 268-
270 °C; IR (Vmax, cm™): 3310, 1210 and 1192; 'H NMR (300
MHz, CDCl;) 8y: 0.82 (s, 3H), 1.12-1.30 (m, 3H), 1.40-1.50
(m, 3H), 1.68-1.76 (m, 4H), 2.12-2.52 (m, 5H), 2.66 (t, 2H, J
= 6.44 Hz), 3.38 (t, 2H, J = 6.44 Hz), 3.80 (s, 2H), 4.00-4.12
(m, 6 H), 4.82 (s, 1H), 5.76 (broad, 2H), 6.72-6.84 (m, 2H)
ppm. “C NMR (75.4 MHz, CDCl;) 8¢: 14.22,25.16.00, 27.50,
27.63, 30.00, 33.56, 37.20, 38.46, 40.50, 40.72, 42.36, 44.00,
44.50, 44.76, 50.82, 52.80, 84.56, 118.64, 130.68, 135.58,
138.48, 139.36, 144.36, 162.50, 166.76, 168.08 ppm. EI-MS
m/z: 572.16 (M*11). Anal. calcd. for C»;H3sN,OsCls: C, 56.50;
H, 6.15; Cl, 18.53; N, 4.88, O, 13.94. Found: C, 56.42; H,
6.10.

Synthesis of N-1-[3,17-bis-(tert-butyl-dimethyl-
silanyloxy)-13-methyl-7,8,9,11,12,13,14,15,16,17-decahydro-
6H-cyclopenta[a]phenanthren-4-ylmethyl]ethane-1,2-
diamine (10): A solution of 4 (200 mg, 0.58 mmol) and ferz-
butyldimethylsilyl chloride (200 pL, 1.07 mmol) in 10 mL
of methanol was stirring for 72 h to room temperature. The
reaction mixture was evaporated to a smaller volume. After
the mixture was diluted with water and extracted with
chloroform (Fig. 5). The organic phase was evaporated to
dryness under reduced pressure, the residue was purified by
crystallization from methanol:water (4:1) yielding 78 % of
product, m.p.: 144-146 °C; IR (Vima, cm™): 3380, 3310 and
1094. '"H NMR (300 MHz, CDCls) 8: 0.08 (s, 6H), 0.25 (s,
6H), 0.80 (s, 3H), 0.88 (s, 9H), 0.96 (s, 9H), 1.01-1.90 (m,

CH, OH

10H), 2.08 (m, 1H), 2.20 (broad, 3H), 2.42-2.50 (m, 3H), 2.62
(t, 2H, J =5.97 Hz), 2.76 (t, 2H, J = 5.97 Hz), 3.50 (m, 1H),
3.62 (m, 2H), 658-6.80 (m, 2H) ppm. *C NMR (75.4 MHz,
CDCl;) dc: -4.50, -4.20, 15.18, 17.76, 18.44, 25.30, 25.54,
25.70,25.74, 27.65, 27.70, 32.97, 35.00, 37.28, 41.52, 43.70,
44.48, 45.88, 51.42, 53.30, 82.56, 115.12, 123.78, 127.20,
131.29, 136.19, 150.76 ppm. EI-MS m/z: 572.40 (M*11). Anal.
calcd. for C33HgN-O-S1,: C, 69.17; H, 10.55; N, 4.89, O, 5.58;
Si, 9.80. Found: C, 69.12; H, 10.48.

Synthesis of N-(2-{[3,17-bis-(tert-butyl-dimethyl-
silanyloxy)-13-methyl-7,8,9,11,12,13,14,15,16,17-decahydro-
6H-cyclopenta[a]phenanthren-4-ylmethyl]amino}-ethyl)-
2-chloro-acetamide (11): A solution of 10 (400 mg, 0.70
mmol), triethylamine (100 pL, 1.50 mmol) and chloroacetyl
chloride (128 pL, 1.60 mmol) in 10 mL of methanol was
stirring for 72 h to room temperature. The reaction mixture
was evaporated to a smaller volume. After the mixture was
diluted with water and extracted with chloroform (Fig. 5). The
organic phase was evaporated to dryness under reduced pressure,
the residue was purified by crystallization from methanol:water
(2:1) yielding 52 % of product, m.p.: 238-240 °C; IR (Vimax,
cm™): 3310, 1680 and 1096; 'H NMR (300 MHz, CDCl5) 8y:
0.06 (s, 6H), 0..25 (s, 6H), 0.80 (s, 3H), 0.88 (s, 9H), 1.00 (s,
9H), 1.20-1.90 (m, 10H), 2.10-2.50 (m, 4H), 2.72 (t, 2H, J =
6.44), 3.40 (t, 2H, J = 6.44), 3.50 (m, 1H), 364 (t, 2H, J =
12.00), 4.00 (m, 2H), 5.00 (broad, 2H), 6.50-6.80 (m, 2H)
ppm. "C NMR (75.4 MHz, CDCl;) 3c: -4.50, -4.20, 15.18,
17.76, 18.42, 25.30, 25.54, 25.70, 25.68, 25.74, 27.60, 27.70,
32.97,35.01, 37.28, 38.57, 42.40, 43.70, 44.45, 45.83, 51.49,
52.80, 82.60, 115.09, 124.13, 127.18, 131.30, 136.14, 150.78,
162.56ppm.EI-MS m/z: 648.36 (M*10). Anal. calcd. for
C35sHaiN-O5Si,Cl: C, 64.72; H, 9.47; Cl, 5.46; N, 4.31; O, 7.39;
Si, 8.65. Found: C, 64.68; H, 9.42.

Antimicrobial activity: The evaluation of antimicrobial
effect of the different compounds on Salmonella typhi was
made by described method [13]. In this method, Salmonella
typhi was incubated on McConkey agar for 24 h at 37 °C.
After some time, it was determined whether growth had taken
place or not. In addition, a series of tubes were prepared, the
first contained 2 mL of culture medium (tripticasesoye) at
double concentration and the remainder (11 tubes), contained
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Fig. 4. Synthesis of chloro-acetic acid 3-(2-chloro-acetoxy)-4-{[2-(2-chloro-acetylamino)-ethylamino]-methyl}-13-methyl-
7,8,9,1,12,13,14,15,16,17-decahydro-6 H-cyclopenta[a]phenanthren-17-yl ester (9). Reaction of compound 4 with chloroacetyl chloride

(7) to form 9. iv = triethylamine/MeOH/room temperature



Vol. 28, No. 11 (2016)

Design and Synthesis of New Steroid-Derivatives with Antibacterial Activity on Salmonella typhi 2361

CH, OH
vi
—
HO H,C
NH,
NN
4
CH,
CH, |
H,C Ti\
CH,
CH,

CH,
B
CH, O
\Si
CH,
|Hao
H,C
CH,
CH, |
Si 10
| ~o
CH, NH
CH3 NH/\/ 2
lvii CH
CH, [ °
CHa O\I
Si
II CH,
H,C
H,C
11
NH
NH/\/ W]/\CI
(0]

Fig. 5. Synthesis of an estrogen derivative (11). The first stage was achieved by reaction of 4 with zert-butyldimethylsilyl chloride (vi) to form
the compound N-1-[3,17-bis-(tert-butyl-dimethyl-silanyloxy)-13-methyl-7,8,9,11,12,13,14,15,16,17-decahydro-6 H-cyclopenta[a]-
phenanthren-4-ylmethyl]ethane-1,2-diamine (10). After, 10 was made reacting with chloroacetyl chloride (vii) to form 11. vii =

triethylamine/MeOH/room temperature

the same quantity of medium at single concentrations. From
the first tube (double concentration) an aliquot of 2 mL of the
studied compound (1 mg/mL) was added and stirred, from this
tube an aliquot of 2 mL was taken and added to the following
tube (simple concentration) and the process was successively
repeated until the last 2 mL of dissolution had been used up.
After this process, each tube was inoculated with 0.1 mL of
the bacterial suspension, whose concentration corresponded
to Mc-Farland scale (9 x 10®cells/mL) and all the tubes were
incubated at 37 °C for 24 h. Subsequently, a loop was taken
from each of them and inoculated into the appropriate cultures
for different bacterial organisms and were incubated for 24 h
at 37 °C. After such time, the minimum inhibitory concentration
(MIC) was evaluated to consider the antimicrobial effect of
the different compounds. In order to discard the effect of
methanol (solvent) on the bacterial species studied, a series of
the same number of tubes was prepared in parallel, to which
2 mL of methanol at 60 % was added to the first and corres-
ponding successive dilutions were added in the same way as
before. In addition a control series was also performed using
distilled water to pH 7.0.

Statistical analysis: The obtained values are expressed as
average + SE [14]. The differences were considered significant
when p was equal or smaller than 0.05.

RESULTS AND DISCUSSION

In this study, some antibacterial estrogen derivative was
developed using several strategies. The first step was achieved

by the synthesis of oxazine-steroid derivative (3). It is important
to mention that many procedures for the synthesis of oxazine
derivatives are available in the literature [15-18]. Nevertheless,
expensive reagents and special conditions are required; therefore,
in this study the compound 3 was synthesized using Mannich
reaction [19]. 'H NMR spectrum of 3 shows signals at 1.68
and 2.50-2.56 ppm for methylene groups bound to both amino
groups; at 1.76 ppm for amino group; at 4.12-4.86 ppm for
protons of oxazine ring; at 7.07-7.80 ppm for both phenyl
groups. *C NMR spectrum of 3 contains peaks at 30.90-39.22
and 53.66 ppm for methylene groups bound to both amino
groups; at 50.20 and 82.00 ppm for carbons of oxazine ring;
at 11.22-152.32 ppm for both phenyl groups. Finally, the
presence of compound 3 was further confirmed from mass
spectrum which showed a molecular ion at m/z 214.14.

The second stage was achieved using two methods; in the
method A, the compound 6 was synthesized by condensation
of an estrogen-derivative with2-hydroxy-1-naphthaldehyde
using Mannich reaction [19]. '"H NMR spectrum of 6 shows
signals at 0.62 ppm for methyl group bound to steroid nucleus;
at 0.80-2.50, 3.60 and 6.52-6.80 ppm for steroid moiety; at
2.54-2.64 ppm for methylene groups bound to both amine
groups; at 3.76 for methylene group bound to both amino group
and ring A of steroid nucleus; at 4.30-5.00 and 5.10 ppm for
oxazine ring; at 5.08 ppm for both hydroxyl and amino groups.
3C NMR spectrum of 3 contains peaks at 15.68 ppm for methyl
group bound to steroid nucleus; at 24.20-44.46, 50.76, 82.40,
112.48, 122.40, 128.20 and 131.70-148.98 ppm for steroid
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moiety; 47.20 and 55.00 ppm for methylene groups bound to
both amino groups; at 50.22 and 82.36 ppm for oxazine ring;
at 111.20, 118.40-120.78, 123.30, 128.40, 128.72, 131.66 and
151.64 ppm for naphthalene group. Finally, the presence of
compound 6 was further confirmed from mass spectrum which
showed a molecular ion at m/z 512.30. Additionally, the
compound 6 was prepared by the reaction of estradiol with
the compound 3 in presence of formaldehyde. It is important
to mention here that the yield was higher with the method A
in comparison with method B. This phenomenon may possibly
be due to reaction conditions.

The third stage was accomplished by the esterification of
hydroxyl groups involved in the compound 6 for synthesis of
8. Several methods have been used to prepare ester groups.
Despite its wide scope, these protocols have several drawbacks
such as low stability and use for hazardous reagents for their
preparation [20,21]. In this study the compound 8 was
synthesized by the reaction of 6 with chloroacetyl chloride
using triethylamine as catalyst. It is important to mention that
chlorobutanone was also formed in the chemical structure of
8 by the reaction of secondary amine with chloroacetyl chloride;
this reaction is similar to other compounds with secondary
amine [22].

'H NMR spectrum of 8 shows signals at 0.82 ppm for
methyl group bound to steroid nucleus; at 1.12-2.52, 4.80 and
6.72-6.80 ppm for steroid moiety; at 2.58 and 2.64 ppm for
methylene groups bound to both amino groups; at 3.60 ppm
for amino group; at 3.80 ppm for methylene group bound to
both ring A of steroid nucleus and amino group; at 4.06-4.10
for methylene groups of both chloroacetic acid groups; at 4.30-
4.40 and 5.00-5.10 ppm for oxazine ring; at 7.00-7.80 ppm
for phenylgroups. "C NMR spectrum of 8 contains peaks at
14.30 ppm for methyl group bound to steroid nucleus; at 24.58-
37.20, 44.00-44.50, 54.94, 84.54,118.66, 130.64 and 135.12-
144.52 ppm for steroid moiety; at 40.56 and 40.80 ppm for
methylene groups of both chloroacetic acid groups; at 44.88
ppm for methylene group bound to both ring A of steroid
nucleus and amino group; at 47.30, 55.10 ppm for methylene
groups bound to both amino groups; at 50.36 and 82.34 ppm
for oxazine ring; at 111.20, 118.22, 120.72-128.80, 131.70
and 151.66 for phenyl groups; at 166.74 and 168.00 ppm for
chloroacetic acid groups. Finally, the presence of compound
8 was further confirmed from mass spectrum which showed a
molecular ion at m/z 664.24.

On the other hand, the fourth stage was achieved by the
reaction of 4 with chloroacetyl chloride to form the compound
9 using triethylamine as catalyst.In this reaction the hydroxyl
group was esterified. However, a chloroamide group was
also formed. It is important to mention that there are many
procedures for the formation of chloroamides are known in
the literature, for example the reaction of amine with trichloro-
isocyanuric acid [23] or secondary amide with N-chlorobenzo-
triazole to form a chloroamide derivative [24]. In addition,
have been prepared some chloroamide groups using chloro-
acetyl chloride [25]. The results of '"H NMR spectrum of 9
shows signals at 0.82 ppm for methyl group bound to steroid
nucleus; at 1.12-2.52, 4.82 and 6.72-6.84 ppm for steroid
moiety; at 2.66 and 3.38 for methylene groups bound to both

amino groups; at 3.80 ppm for methylene group bound to both
ring A of steroid nucleus and amino group; at 4.00 ppm for
methylene group bound to amide group; at 4.08-4.12 ppm for
both chloroacetic acid groups; at 5.76 ppm for both amino
and amide groups. *C NMR spectrum of 9 contains peaks at
14.22 ppm for methyl group bound to steroid nucleus; at 24.58-
37.20, 44.00-44.50, 50.82 and 84.56-144.36 ppm for steroid
moiety; at 38.46 and 52.80 ppm for methylene groups bound
to both amine groups; at 40.50 and 40.72 ppm for both
chloroacetic acid groups; at 42.36 ppm for methylene bound
to amide group; at 44.76 ppm for methylene group bound to
both ring A of steroid nucleus and amino group; at 162.50 ppm
for amide group; at 166.76-168.08 ppm for both ester groups.
Finally, the presence of compound 9 was further confirmed
from mass spectrum which showed a molecular ion at m/z
572.16.

The fifth stage was accomplished by protecting the hydroxyl
group of the compound 4. It is important to mention that several
triorganosilyl groups have been employed for protection of
hydroxyl groups such as tert-butyldimethylsilyl and fert-
butyldiphenylsilyl [26]. In this study, the compound 4 was
formed by reacting with tert-butyldimethylsilyl chloride to
form the compound 10. 'H NMR spectrum of 10 shows signals
at 0.08 and 0.88 ppm for methyl groups involved in the terz-
butyldimethylsilane fragment bound to ring D of steroid nucleus;
at 0.25 and 0.96 ppm for methyl groups involved in the fert-
butyldimethylsilane fragment bound to ring A of steroid nucleus;
at 0.80 ppm for methyl group bound to steroid nucleus; 1.01-
2.08, 2.42-2.50, 3.50, 242-2.50 and 6.58-6.80 ppm for steroid
moiety; at 2.20 ppm for both amino groups, at 2.62-2.76 ppm
for methylene groups bound to both amine groups; at 3.62
ppm for methylene bound to both ring A of steroid nucleus
and amine group. C NMR spectrum of 9 contains peaks at
4.20, 18.44 and 25.70 ppm for carbons involved in the tert-
butyldimethylsilane fragment bound to ring A of steroid
nucleus; at 4.50, 17.76 and 25.74 ppm for carbons involved in
the tert-butyldimethylsilane fragment bound to ring D of
steroid nucleus; at 15.18 ppm for methyl group bound to steroid
nucleus; at 25.30-25.54, 27.65-37.28, 43.70-44.48, 51.42 and
82.56-150.76 for steroid moiety; at 41.52 and 53.30 ppm for
methylene groups bound to both amine groups; at 45.88 for
methylene group bound to both ring A and amino groups.
Finally, the presence of compound 10 was further confirmed
from mass spectrum which showed a molecular ion at m/z 572.40.

The last stage was achieved by reaction of 10 with chloro-
acetyl chloride to form the compound 11 using triethylamine
as catalyst. '"H NMR spectrum of 11 shows signals at 0.06 and
0.88 ppm for protons involved in the tert-butyldimethylsilane
fragment bound to ring D of steroid nucleus; at 0.22 and 1.00
ppm for protons involved in the ferz-butyldimethylsilane
fragment bound to ring A of steroid nucleus; at 0.80 ppm for
methyl group bound to steroid nucleus; at 1.02-2.50, 3.50 and
6.50-6.80 ppm for steroid moiety; at 2.72 and 3.40 ppm for
methylene groups bound to amine groups; at 3.64 ppm for
methylene group bound to both ring A of steroid nucleus and
amine group; at 4.00 ppm for chloroamidegroup; at 5.00 ppm
for amino and amide groups. *C NMR spectrum of 11 contains
peaks at 4.50, 17.76 and 25.74 ppm for carbons involved in
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the tert-butyldimethylsilane fragment bound to ring D of
steroid nucleus; at 4.20, 18.42 and 25.70 ppm for carbons
involved in the fert-butyldimethylsilane fragment bound to ring
A of steroid nucleus; at 15.18 ppm for methyl group bound to
steroid nucleus; at 23.30-25.54, 27.60-37.28, 43.70-44.45,
51.49 and 82.60-150.78 ppm for steroid moiety; at 38.57
and 52.80 ppm for methylene groups bound to both amine
groups: at 42.40 ppm for chloroamidegroup; at 45.83 ppm for
methylene group bound to both ring A of steroid nucleus and
amine group; at 162.56 for amide group. Finally, the presence
of compound 11 was further confirmed from mass spectrum
which showed a molecular ion at m/z 648.36.

Biological activity: In order to evaluate the possibility of
that compounds synthesized may have biological characteristics.
In this study its antibacterial activity (minimal inhibitory
concentration, MC) on Gram-negative (Salmonella typhi)
bacteria was evaluated. The results showed (Figs. 6 and 7)
that only the compounds 6 (MIC = 1.95 x 10° mmol), 9 (MIC =
1.74 x 10° mmol), 10 (MIC = 2.05 x 10 mmol) and 11 (MIC
= 1.44 x 107 mmol) have antibacterial activity on Salmonella
typhi in a dose manner dependent. Nevertheless, this effect
was different in comparison with the controls (cefotaxime,
MIC = 2.62 x 10* mmol; gentamycin, MIC = 1.29 x 10 mmol;
and ciprofloxacin, MIC = 1.88 x 10 mmol). Analyzing these
data, the antibacterial activity of a mixture of steroid derivatives
was also evaluated using several systems (Fig. 7), The results
showed that system G (mixture of all estrogen derivatives)
exert higher antibacterial effect on Salmonella typhi. All these
data indicate that antibacterial activity exerted by the estrogen
derivatives on Salmonella typhi depend of their structure
chemical in comparison with the controls and other steroid
derivatives that are involved in this study. This phenomenon
may involve the interaction of these compounds with some
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Fig. 6. Antibacterial activity induced by steroid derivatives (compound 6,

9, 10 and 11) and controls (cefotaxime, CEFOT; gentamicin, GENT;
and ciprofloxacin, CIPROF) onSalmonella typhi. Experimental data
showed that Salmonella typhiwas susceptibly to CEFOT (MIC =
2.62 x 10* mmol), GENT (MIC = 1.29 x 10* mmol) and CIPROF
(MIC = 1.88 x 10* mmol). In addition, in presence of the compounds
6 (1.95 x 10° mmol), 9 (1.74 x 10 mmol), 10 (2.05 x 10~ mmol)
and 11(1.44 x 10~ mmol) the bacterial growth of this microorganism
was inhibit. Each bar represents the mean + S.E. of 9 experiments.
MIC = Minimal inhibitory concentration

0.0004

0.0003+

0.00021

0.000H

Minimal inhibitory concentration (mmol)

A B C D F G
Systems

Antibacterial activity induced by a steroid derivatives mixture on
Salmonella typhi. Experimental data showed that Salmonella typhi
was susceptibly to system A (compounds 6 and 9; MIC = 1.35 x
10* mmol), system B (compounds 6 and 10; MIC = 2.33 x 10*
mmol), system C (compounds 6 and 11; MIC = 1.35 x 10 mmol),
system D (compounds 9 and 10; MIC = 1.80 x 10* mmol), system
E (compounds 9 and 11; MIC = 3.40 x 10* mmol), system F
(compounds 10 and 11; MIC = 1.50 x 10** mmol), system G
(compounds 6, 9, 10 and 11; MIC = 1.20 x 10* mmol). Each bar
represents the mean + SE of 9 experiments. MIC = Minimal
inhibitory concentration

components of the bacterial cell, which may result in distur-
bance of bacterial growth and induce cell death, through pertur-
bation of membrane bacterial. In this sense, the intramolecular
interaction of compounds could be via divalent cations such
as Mg* and Ca* involved in the membrane, consequently
resulting a substantial increase the permeability of the outer
membrane of Salmonella typhi as happening with other type
of antibacterial agents [8-11,13].

Conclusion

In this study, new steroid derivatives with antibacterial
activity on Salmonella typhi were synthesized using several
strategies, which provide some advantages such as simple
procedure and ease of workup in comparison with other
techniques involved in the synthesis of other steroid derivatives.
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Abstract

Several aromatase inhibitors have been prepared for treatment of breast cancer; however, the site of
interaction with enzyme surface is not very clear. Therefore, the objective of this investigation was to
synthesize and analyze the theoretical activity of a new oxocin-steroid derivative against aromatase (2dw3
protein) in a docking model using some aromatase antagonist (anastrozole and exemestane) as controls. In
addition, physicochemical some parameters were determinate such as the inhibition constant (Ki). The
results showed that only some of these aminoacid residues involved the surface of the 2dw3 protein may
participate in the interaction with anastrozole, exemestane and compound 6. In addition, Ki value was low
for exemestane compared with anastrozole and compound 6; however, this physicochemical parameter was
similar to both anastrozole and compound 6. All these data suggest that compound 6 could be a good
candidate as an aromatase inhibitor which translates as a possible drug for breast cancer.

Keywords: Steroid, Aromatase, Protein, Inhibition constant, Docking, Anastrozole, Exemestane.
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1. Introduction

Cancer breast is main cause of death in female the
worldwide, which could be conditioned by several
risk factors such as genetic, lifestyle, radiation,
weigh, alcohol and others [1]. There are several
studies which indicates that estrogen levels may
predispose to development breast cancer in
women [2-4]; some medicaments have been used
for treatment of this clinical pathology such as
estrogen-receptor inhibitors  (tamoxifen and
fulvestrant) [5, 6] However, several reports
indicate that other drugs can exert their action as
aromatase-enzyme inhibitors [7, 8]. For example,
a report showed that treatment with letrozole
(aromatase inhibitor) has beneficial effects against
breast cancer in postmenopausal women
previously treated with estrogen [9]. Other data
showed that an aromatase inhibitor (anastrozole)
exert cytotoxic effects against the MCF7 breast
cancer cell line using a colorimetric test (MTT
assay) [10]; however, some these drugs can
produce several adverse effects [11]. In the search
of other therapeutic alternatives, a series of drugs
have prepared for treatment of breast cancer; for
example, the synthesis of piperidine-2,6-dione
derivative by the reaction of a phenylpiperidine-
2,6-dione analog with sulfuric acid/nitric acid
with biological activity against aromatase enzyme
[12]. Other report showed the preparation of some
aromatase inhibitors (imidazol-1-yl derivatives)
from bromomethyl and imidazole using an in vitro
model [13]. In addition, a steroid derivative
(DTXSID70473247)  was  prepared  from
androstenedione via Clemmenson reaction and
their biological activity on aromatase was
evaluated using placental microsomes [14]. Also,
other study showed the synthesis of pyridyl-
tetralones  derivatives through an aldol
condensation  of  1-tetralones  with  4-
pyridinecarboxaldehyde as human placental
aromatase inhibitors [15]. Other report indicates
the preparation and analyze of pharmacological
activity of some imidazolyl-coumarins analogs as
human placental aromatase inhibitors [16]. All
these data indicate that several compounds can
block the biological effect of aromatase;
nevertheless, the interaction with enzyme surface
is not very clear, so more studies are needed on
this phenomenon. Analyzing, this hypothesis, in
this study several estrone derivatives were
synthesized and a theoretical analysis was carried
out on their interaction with aromatase protein
(2dw3) using a docking model.
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2. Experimental
2.1 General methods

The compounds amino-estradiol (1) and amino-
estrone (2) were synthesize using a previously
method reported [17]. In addition, all the reagents
used in this study were purchased from Sigma-
Aldrich Sigma-Aldrich Co., Ltd. The melting
point for compounds was evaluated on an
Electrothermal (900 model). Infrared spectra (IR)
were determined using KBr pellets on a Perkin
Elmer Lambda 40 spectrometer. *H and **C NMR
(nuclear magnetic resonance) spectra were
recorded on a Varian VXR300/5 FT NMR
spectrometer at 300 and 75.4 MHz (megahertz) in
CDCI; (deuterated chloroform) using TMS
(tetramethylsilane) as an internal standard. EIMS
(electron impact mass spectroscopy) spectra were
determined wusing a Finnigan Trace Gas
Chromatography Polaris Q-Spectrometer.
Elementary analysis data were determined from a
Perkin Elmer Ser. Il CHNS/02400 elemental
analyzer.

2.2 Chemical Synthesis

Preparation of 2-(tert-Butyl-dimethyl-
silanyloxy)-naphthalene-1-carbaldehyde (2).

In a round bottom flask (10 ml), 2-hydroxy-1-
naphthaldehyde (100 mg, 058 mmol),
terbuthyldimethylsilane chloride (200 ul, 1.07)
chloroform (1 ml), were stirred to room
temperature for 48 h. The solvent of the mixture
obtained was removed under reduced pressure and
purified through a crystallization using the
methanol:bencene (4:1) system; yielding 37% of
product; m.p. 98-100°C; IR (Vimax, cmM™) 1740 and
1112: '"H NMR (500 MHz, Chloroform-d) &:
0.20 (s, 6H), 0.96 (m, 9H), 7.02-9.22 (m, 6H),
10.14 (s, 1H, J = 0.58) ppm. **C NMR (75.4 Hz,
CDCl3) &c: -4.24, 18.44, 25.72, 114.00, 114.52,
119.70, 124.40, 128.20, 128.62, 133.62, 135.20,
160.62, 190.74 ppm. EI-MS m/z: 286.13. Anal.
Calcd. for Ci7H»0,Si: C, 71.28; H, 7.74; O,
11.17; Si, 9.80. Found: C, 71.20; H, 7.70.

Synthesis of tert-Butyl-dimethyl-[1-(5,6,7,8-
tetrahydro-2H-oxocin-2-yl)-naphthalen-2-
yloxy]-silane (3)

In a round bottom flask (10 ml), compound 2 (200
mg, 0.70 mmol), 5-hexyn-1-ol (100 pl, 0.90
mmol) and Iron(ll1) chloride anhydrous (120 mg,
0.74 mmol) in 5 ml of methanol, were stirred to
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room temperature for 48 h. The solvent of the
mixture obtained was removed under reduced
pressure and purified through a crystallization
using the methanol:water (4:1) system; vyielding
65% of product; m.p. 66-68°C; IR (Vi €M™
1600 and 1112: *H NMR (500 MHz, Chloroform-
d) d4: 0.20 (s, 6H), 0.96 (s, 6H), 1.32-1.70 (m,
4H), 2.20-4.66 (m, 5H), 5.54 (d, 1H, J = 0.78 Hz),
5.74 (d, 1H, J = 0.12 Hz), 6.92-7.80 (m, 6H) ppm.
BC NMR (75.4 Hz, CDCly) &¢: -4.24, 18.44,
25.24, 25.40, 25.70, 29.28, 67.30, 68.64, 113.72,
118.8 4, 124.22, 126.72, 126.80, 127.32, 127.92,
129.90, 131.94, 134.00, 135.25, 151.60 ppm. El-
MS m/z: 368.21. Anal. Calcd. for C,3H5,0,Si: C,
74.95; H, 8.75; O, 8.68; Si, 7.62. Found: C, 74.90;
H, 8.70.

1-[(3E)-5,6,7,8-tetrahydro-2H-oxocin-2-
yllnaphthalen-2-ol (4).

In a round bottom flask (10 ml), compound 3 (200
mg, 0.54 mmol), hydrofluoric acid (1 ml), were
stirred to room temperature for 48 h. The solvent
of the mixture obtained was removed under
reduced pressure and purified through a
crystallization using the methanol:water (4:2)
system; yielding 45% of product; m.p. 78-80°C;
IR (Vi cm™) 3380, 1602 and 1112: ‘*H NMR
(500 MHz, Chloroform-d) 8y: 1.32 (m, 2H), 1.70
(m, 2H), 2.20-4.90 (m, 5H), 5.54 (d, 1H, J = 0.78
Hz), 5.74 (d, 1H, J = 0.12 Hz), 6.80 (broad, 1H),
7.14-7.66 (m, 5H) ppm. *C NMR (75.4 Hz,
CDCl3) 6¢c: 25.24, 25.38, 29.32, 66.60, 68.62,
119.22, 119.32, 124.26, 126.36, 126.80, 127.40,
129.98, 130.12, 131.46, 132.72, 134.00, 150.92
ppm. EI-MS m/z: 254.13. Anal. Calcd. for
Ci17H150,: C, 80.28; H, 7.13; O, 12.58. Found: C,
80.22; H, 7.12.

Preparation of (11aS)-1la-methyl-8-({1-[(3E)-
5,6,7,8-tetrahydro-2H-oxocin-2-yl]naph-
thalen-2-yl}oxy)-
1H,2H,3H,3aH,3bH,4H,5H,9bH,10H,11H-
cyclopenta[a]phenan- threne-1,7-diol (5)

In a round bottom flask (10 ml), compound 4 (200
mg, 0.79 mmol), 2-nitroestradiol (200 mg, 0.63
mmol) and potassium carbonate (100 mg, 0.72
mmol) in 5 ml of dimethyl sulfoxide were stirred
to room temperature for 48 h. The solvent of the
mixture obtained was removed under reduced
pressure and purified through a crystallization
using the methanol:water (4:2) system; yielding
38% of product; m.p. 104-106°C; IR (Vpax, CM™)
3400, 1600 and 1110: 'H NMR (500 MHz,
Chloroform-d) &4: 0.76 (s, 3H), 0.80-1.14 (m,
4H), 1.30 (m, 2H), 1.33-1.66 (m, 4H), 1.70 (m,
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2H), 1.76-2.10 (m, 2H), 2.20-2.26 (m, 2H), 2.46-
3.64 (m, 4H), 3.86-4.28 (m, 3H), 5.56 (d, 1H, J =
0.78 Hz), 5.66 (d. 1H, J = 0.12), 5.90 (broad, 2H),
6.24-6.66 (m, 2H), 7.22-7.92 (m, 6H) ppm. “*C
NMR (75.4 Hz, CDCly) 8¢: 15.80, 24.22, 25.22,
25.34, 25.36, 27.76, 29.28, 29.66, 32.78, 33.71,
37.28, 44.00, 44.40, 50.74, 68.10, 68.62,
82.44, 114.43, 115.70, 118.80, 119.98, 122.47,
124.26, 126.82, 126.84, 128.01, 130.52, 130.84,
132.22,133.50, 134.00, 136.14, 137.70, 145.67,
146.75 ppm. EI-MS m/z: 524.29. Anal. Calcd. for
C35H4004: C, 80.12; H, 7.68; O, 12.20. Found: C,
80.08; H, 7.62.

7-hydroxy-11a-methyl-8-({1-[(32)-5,6,7,8-
tetrahydro-2H-oxocin-2-yllnaphthalen-2-yI}
oxy)-2H,3H,3aH,3bH,4H,5H,9bH,10H,11H-
cyclopenta[a]phenanthren-1-one (6).

In a round bottom flask (10 ml), compound 4 (200
mg, 0.79 mmol), 2-nitroestrone (200 mg, 0.63
mmol) and potassium carbonate (100 mg, 0.72
mmol) in 5 ml of dimethyl sulfoxide were stirred
to room temperature for 48 h. The solvent of the
mixture obtained was removed under reduced
pressure and purified through a crystallization
using the methanol:water (4:2) system; yielding
52% of product; m.p. 120-122°C; IR (Vmax, €M™)
3402, 1712, 1602 and 1112: 'H NMR (500 MHz,
Chloroform-d) &4: 0.92 (s, 3H), 1.20-1.28 (m,
3H), 1.30 (m, 2H), 1.33-1.54 (m, 2H), 1.70 (m,
2H), 1.78-2.20 (m, 2H), 2.22-2.26 (m, 2H), 2.46-
2.80 (m, 4H), 3.86-4.28 (m, 3H), 5.36 (broad,
1H), 5.56 (d, 1H, J = 0.78 Hz), 5.66 (d. 1H, J =
0.12), 6.32-6.68 (m, 2H), 7.24-7.92 (m, 6H) ppm.
BC NMR (75.4 Hz, CDCls) 8¢: 13.80, 21.76,
25.22, 25.38, 25.86, 26.44, 29.26, 29.64,
31.51, 35.43, 37.56, 46.87, 48.10, 50.40, 68.10,
68.62, 114.42,115.34, 118.80, 120.00, 122.47,
124.26, 126.82, 126.84, 127.64, 130.53, 130.84,
132.20, 12.92, 133.50, 134.00, 135.64, 137.72,
145.64, 146.74, 220.70, ppm. EI-MS m/z:
522.27. Anal. Calcd. for C35H350,4: C, 80.43; H,
7.33; O, 12.24. Found: C, 80.36; H, 7.27.

2.3 Physicochemical Parameters Evaluation

The parameters hydrogen bond acceptor (HBA),
hydrogen bond donator (HBD), topological polar
surface area (TPSA) and partition coefficient
(cLog) of compound 5, 6, anastrozole and
exemestane were evaluated using LigandScout
software 4.3 [18].

2.4 Theoretical evaluation of the interaction
between compounds 3 or 7 with aromatase
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Theoretical analy5|s of interaction of compounds
2-7 on aromatase protein (2dw3) [19] was carried
out using a docking program (DockingServer)
[20]. In addition, two aromatase inhibitors
(anastrozole, exemestane) [21, 22] were used as
controls.

3. Results and Discussion

Some compounds have synthesized as aromatase
inhibitors [7-10], nevertheless, the site of
interaction with enzyme surface is not very clear,
so more studies are needed on this phenomenon.
Therefore, the aim of this study, some steroid
derivatives was synthesized to evaluate their
theoretical interaction with aromatase enzyme
using a Docking model [18, 20].

3.1 Protection of hydroxyl group

The first stage was achieved protecting the
hydroxyl group of the 2-Hydroxy-naphthalene-1-
carbaldehyde in order to avoid possible reaction
of hydroxyl group with any substance involved in
the following reaction. It is important to mention
that several organosilyl groups have been
employed for protection of hydroxyl groups such
as tert-butyldimethylsilyl and tert-
butyldiphenylsilyl [23].

In this study, the 2-Hydroxy-naphthalene-1-
carbaldehyde reacted with tert-butyldimethylsilyl
chloride, Figure (1) to form the compound 2 (2-
(tert-Butyl-dimethyl-silanyloxy)-naphthalene-1-
carbaldehyde). The *H NMR spectra for 2 showed
several signals at 0.20-0.96 ppm for
terbuthyldimethylsilane fragment; at 7.02-9.22
ppm for ohenyl groups; at 10.14 ppm for aldehyde
group. *C NMR spectrum for 2 showed some
signals at -4.24-25.72 for terbuthyldimethylsilane
fragment; at 114.00-160.62 ppm for phenyl
groups; at 190.74 ppm for aldehyde group. In
addition, the mass spectrum from 2 showed a
molecular ion (m/z) at 286.13.

3.2 Preparation of a tetrahydro-2H-oxocine
ring

There are some reports which indicate the
synthesis of tetrahydro-2H-oxocine rings using
several  reagents such as  benzylidene-
bis(tricyclohexylphosphino)-dichlororuthenium
[24], palladium derivative [25], vanadium-
haloperoxidase [26], azobisisobutyronitrile/p-
Toluene-sulfonylbro- mide [27] and others. In this
reaction, 2 was reacted with Iron(l1l) chloride to
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form a tetrahydro-2H-oxocine ring involved in the
chemical structure of the compound 3, Figure (1).
The 'H NMR spectra for 3 showed some chemical
bands at 0.20-0.96 ppm for
terbuthyldimethylsilane fragment; at 1.32-5.74
ppm for 3,4,5,8-Tetrahydro-2H-oxocine ring; at
6.92-7.80 ppm for phenyl groups. *C NMR
spectrum for 3 showed some signals at -4.24-
18.44 and 25.70 ppm for terbuthyldimethylsilane
fragment; at 25.24-25.50, 29.28-68.62, 126.80 and
134.00 ppm for 3,4,5,8-Tetrahydro-2H-oxocine
ring; at 113.72-126.72, 127.32-131.94 and
135.25-151.60 ppm for phenyl groups. Finally,
the mass spectrum from 3 showed a molecular ion
(m/z) at 368.21.

3.3 Removal of Silane group

Some reagents have been used to removal silyl
protecting groups from hydroxyl such as
ammonium fluoride [28],
tris(dimethylamino)sulfonium/difluo-rotrimethyl
silicate [29], hydrofluoric acid [30] and others. In
this study, hydrofluoric acid was used to removal
of silyl-protecting group from hydroxyl of the
compound 3 to form 4, Figure (1). 'H NMR
spectra for 4 showed several signals at 1.32-5.74
ppm for 3,4,5,8-Tetrahydro-2H-oxocine ring; at
6.80 ppm for hydroxyl group; at 7.14-7.66 ppm
for phenyl group. *C NMR spectrum for 4
showed some signals at 25.40-68.62, 126.80 and
134.00 ppm for 3,4,5,8-Tetrahydro-2H-oxocine
ring; at 119.22-126.36, 127.40-132.72 and 150.92
ppm for phenyl groups. Additionally, the mass
spectrum from 4 showed a molecular ion (m/z) at
254.13.

3.4 Esterification of 2-nitroestradiol or 2-
nitroestrone

It is noteworthy that there are many procedures
for preparation of several ether derivatives;
however, despite its broad scope, they have some
drawbacks; For example, several reagents used
are hazardous and expensive such as lodophenol,
1,4-diazabicy- clo[2.2.2]octane, 2,2,6,6-
tetramethylheptane-3,5-dio- ne aryl-
trifluoroborate salts [31]. Another data indicates
that formation of ether groups via displacement of
nitro groups with hydroxyl groups using a dipolar
aprotic solvent; In general, dipolar solvents are
used to attain high yield of ether groups [32]. In
this study, the compound 4 was reacted with 2-
nitro estradiol or 2-nitroestrone in presence of
dimethyl sulfoxide at mild conditions, Figure (2)
to form two ether derivatives (compound 5 or 6).
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Figure 1. Synthesis of an oxocin-naphthalen-2-ol derivative (4). Reaction of 2-hydroxy-1-naphthaldehyde
(1) with terbuthyldimethyl-sylane chloride (i) to form the 2-(tert-Butyl-dimethyl-silanyloxy)-naphthalene-1-
carbaldehyde (2). Then 2 was reacted with 5-hexyn-1-ol (ii) to synthesis of the tertbtyldimethyllilane-oxocin-
naphthalen analog (3). Finally, 4 was prepared by the reaction of 3 with hydrofluoric acid (iii).

OH
OO iv
—_—
HO

HO
6
Figure 2. Preparation of two oxin-steroid derivatives (5 or 6). Reaction of oxocin-naphthalen-2-ol derivative
(4) with 2-nitroestradiol (iv) or 2-nitroestrone (v) to form the oxin-naphalen-cyclopenta[a]phenanthrene-1,7-
diol (5) or oxin-naphalen-cyclopenta[a]phenanthrene-1-one (6).
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'H NMR spectra for 5, Figure (2) showed several
signals at 0.76 for methyl group bound to steroid
nucleus; at 0.80-1.14, 1.33-1.66, 1.76-2.10, 2.46-
3.64 and 5.24-6.66 ppm for steroid moiety; at
1.30, 1.70, 2.20-2.26 and 3.86-5.66 ppm for
3,4,5,8-Tetrahydro-2H-oxocine ring; at 7.22-7.92
ppm for phenyl groups; at 5.88 for hydroxyl
group. *C NMR spectrum for 5 showed some
signals at 15.80 ppm for methyl group bound to
steroid nucleus; at 24.22. 25.34, 27.76, 29.66-
50.74, 82.44-115.70, 128.00, 136.14 and 145.67-
146.75 ppm for steroid moiety; at 25.22, 25.36,
29.80, 68.10-68.62, 126.84 and 134.00 ppm for
3,4,5,8-Tetrahydro-2H-oxocine ring; at 118.80-
126.82, 130.52-133.50 and 137.70 ppm for phenyl
groups. In addition, the mass spectrum from 5
showed a molecular ion (m/z) at 524.29.

Finally other results showed several signals of *H
NMR spectra for 6, Figure (2) at 0.92 for methyl
group bound to steroid nucleus; at 1.20-1.28,
1.33-1.54, 1.78-2.20, 2.46-2.80 and 6.32-6.68 pm
for steroid moiety; at 1.30, 1.70, 2.22-2.26, 3.86-
4.28 and 5.56-5.66 ppm for 3,4,5,8-Tetrahydro-
2H-oxocine ring; at 5.36 ppm for hydroxyl group;
at 7.24-7.92 ppm for phenyl groups.

3C NMR spectrum for 6 showed some signals at
13.80 ppm for methyl group bound to steroid
nucleus; at 26.76, 25.86-26.44, 29.64-50.40,
114.42-115.34, 127.64, 135.64 and 145.64-146.74
ppm for steroid moiety, at25.22-25.38, 29.26,
68.10-68.62, 126.04 and 134.00 ppm for 3,4,5,8-
Tetrahydro-2H-oxocine ring; at 118.80-126.82,
130.53-133.50 and 137.72 ppm for phenyl group;
at 220.70 ppm for ketone group. Finally, the mass
spectrum from 6 showed a molecular ion (m/z) at
522.27.

3.5 Theoretical analysis

Interactions  between  molecule-protein  and
protein-protein are involved in several biological
processes such as signal  transduction,
physiological regulation, gene transcription, and
enzymatic reactions [33]. It is important to
mention that several drugs can induce changes
biological activity of some biological system via
interactions with either specific protein or
enzyme; therefore, several theoretical models
have been developed to predict the interaction of
drugs with different proteins or enzymes [34]. In
this sense, in this study some physicochemical
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factors involved in the interaction of compounds 5
or 6 with aromatase were evaluated using as
control to anastrozole and exemestane (aromatase
inhibitors).

3.6 Physicochemical parameters evaluation

There are several structure-activity studies which
suggest that some physicochemical factors are
involved in the activity of several drugs, such as
hydrogen bond donor groups. (HBD) and
hydrogen bond acceptor groups (HBA) may exert
also changes on some biological system [35]. In
this regard, these physicochemical descriptors
have been evaluated using some pharmacophore
models [36, 37]; It is important to mention that
pharmacophores are generally used to evaluate
some chemical characteristics that are related with
the biological activity of several molecules;
therefore, in this study a theoretical study was
carried out using a pharmacophore model [38].
Therefore, these physicochemical factors involved
in the chemical structure of anastrozole,
exemestane and compounds 5 or 6 were asses,
Figures (5) and (6).

The theoretical results showed several hydrogen
bond acceptor groups for anastrozole (both
nitrogen atom and cyanide group); for exemestane
(carbonyl group); for compound 5 (ether group);
for compound 6 (both carbonyl and ether groups).
other results shown some hydrogen bond acceptor
groups for exemestane (cyanide group); for
compound 5 (hydroxyl group); for compound 6
(hydroxyl groups). In addition, the theoretical
results, Table (1) showed both HBA (< 10) and
for HBD (< 5) values for compounds 5 and 6.
Analyzing these results and other reports about
Lipinski's rule which indicates that both HBD and
HBA can condition some pharmacokinetic
process of drugs in the human body [39]; these
data suggest that compounds 5 or 6 could have the
ability of penetrate some barrier biological of
human body.

However, it is noteworthy that the rule does not
predict if a compound could be pharmacologically
active; therefore, other type of studies must be
carried out to determine the interaction between
some compounds with several biological targets
such as proteins or enzymes.
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Figure 3. *H NMR spectrum of 5 was determinate with a Varian VXR300/5 FT NMR apparatus at 300 and
75.4 MHz in CDCl;. ppm = parts per million.
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Figure 4. The scheme shown '*H NMR spectrum of compound 6. Analyzed with a Varian VXR300/5 FT
NMR apparatus at 300 and 75.4 MHz in CDCl;. ppm = parts per million.


https://sites.google.com/site/pjsciencea
https://sites.google.com/site/pjsciencea
https://sites.google.com/site/pjsciencea
https://sites.google.com/site/pjsciencea
https://sites.google.com/site/pjsciencea
https://sites.google.com/site/pjsciencea
https://sites.google.com/site/pjsciencea
https://sites.google.com/site/pjsciencea
https://sites.google.com/site/pjsciencea
https://sites.google.com/site/pjsciencea

ISSN: 2447-6153 https //5|tes qooqle com/5|te/p|SC|encea
35

A B
HBD HBA
B
HBA % .-
s A
A,
HO
H \ @
AR
1BD
HBD .,
HEA R4
i .‘..-‘ ‘e, o O ereserssee HBA
o Ok, o
“*~HBA
AR //
// =
=
H = [
Q -
S
% \
g I
AR AR
H — IE] .

Figure 5. Scheme represents a pharmacophore from both compounds 5 (A) and 6 (B) using the LigandScout
software. The model involves a methyl group (yellow) hydrogen bond acceptors (HBA, red), hydrogen bond
donor (HBD, green) and a positive ionizable (PI).

Table 1. Physicochemical parameters involved in the chemical
structure of Anastrozole, Exemestane and Compounds 5 or 6.

Parameter  Anastrozole Exemestane Comp.5 Comp. 6

Rotable 8 2 6 5
cLog 2.79 4.03 8.06 8.27
TPSA 78.29 34.14 58.92 55.76
HBA 4 2 3 3
HBD 0 0 2 1

Hydrogen bond acceptor (HBA); hydrogen bond donator (HBD);
topological polar surface area (TPSA); partition coefficient (cLog).
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Figure 6. Pharmacophore from both anastrozole (C) and exemestane (D) using the LigandScout software.
The model involves a methyl group (yellow) hydrogen bond acceptors (HBA, red), hydrogen bond donor

(HBD, green) and a positive ionizable (PI).

3.7 Theoretical analysis of interaction of
compounds 3-7 with aromatase protein

Analyzing the data above mentioned, in this study
was carried out a theoretical analysis on
interaction of compounds 5 or 6 with aromatase
protein (2wd3) [19] using a Docking model [20].

The results shown in Figures (7), (8) and Table
(2) shown the interaction of compounds 5 or 6
with different type of aminoacid residues involved
in enzyme surface (2wd3). To determine whether
the compounds 5 or 6 could act as aromatase
inhibitors; also, theoretical interaction of enzyme
with some aromatase antagonists, such as

anastrozole, and exemestane was evaluated. The
results the Figures (7) and (8) and the Table (2)
showed that compounds 5 or 6 could interact in a
similar way with some amino acid residues
compared to anastrozole and exemestane; this
phenomenon could be due to different energy
levels that are produced between each of
intramolecular interactions.
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Figure 7. The scheme shows the binding of both anastrozole (E) and exemestane (F) with some aminoacid
residues of the aromatase enzyme (4kg8). The visualization was carried out with Dockingserver software.
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Figure 8. The scheme shows the binding of both compounds 5 (G) and 6 (H) with some aminoacid residues
of the aromatase enzyme (4kg8). The visualization was carried out with Dockingserver software.
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Table 2. Residues aminoacids involved in the
interaction between Anastrozole, Exemestane and
Compounds 5 or 6 with 2dw3 protein.

Anastrozole || Exemestane | Comp. 5 || Comp. 6
Trps Asng; Trps Trps
Asng, Asng, Asng;
Asnhgy Hisgs Hisga Asng;
Hisg, His11g Glng, Glugg
Valiy Valiy Hisgy lleg
Pheiso Pheiso Glugg, Glng,
Valyg, Leuyq Hisyg HisSg,
Leusgr Vali4, Valiz; Vali2
Thrygg Leusgr Pheizo Phe1sg
Thrigg Thrygg Valyy, Leuyqr
Thrygg Leusqr Proggo
Tpraos Thrigg Progo;
Thrige
Progg;

Red = similar aminoacid residues of anastrozole,
exemestane and compounds 5 or 6; Blue = similar
aminoacid residues of exemestane and compounds
5or 6.

3.8 Thermodynamic parameters

Analyzing data above mentioned and some
reports which indicate that several thermodynamic
factors may be involved in the interaction drug-
protein [40]; in this study, a theoretical ass was
carried out on some thermodynamic parameters
involved in the interaction of anastrozole,
exemestane and the compounds 5 or 6 with the
aromatase (2wd3 protein) such as 1) free energy
of binding which determinate the energy value
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that require a molecule to interact with a protein
in a water environment; 2) electrostatic energy
that is the product of electrical charge and
electrostatic potential, which are involved in the
ligand-protein system [41]; 3) total intermolecular
energy and 4) Van der Waals (vdW) + hydrogen
bond (Hbond) + desolvation energy (Desolv.
Energy); which have an influence on the
movement of water molecules into or out of the
ligand-protein system) [41] using a theoretical
model (dockingserver) [20].

The results showed in the Table (3) indicate that
all thermodynamic parameters were different for
compounds 5 or 6 compared with anastrozole and
exemestane.

This phenomenon indicates that there are
differences in the energy levels between the
interaction of the compounds studied and the
2wd3 protein, which can be translated as changes
in the biological activity of aromatase in the
presence of compounds 5 or 6 compared with
anastrozole and exemestane. In addition, the
inhibition constant (Ki) value was low for
exemestane in comparison with the compounds 5
or 6; however, Ki of anastrozole was in a similar
manner to the compound 6.

4. Conclusions

In this study, is reported a facile synthesis of two
steroid derivative using some chemical strategies.
In addition, the theoretical data suggest that
compound 6 could be a good candidate to inhibit
the biological activity of aromatase; however, it is
important to mention to evaluate this hypothesis,
several experiments must be carried out in some
biological model.
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Table 3. Thermodynamic parameters involved in the interaction of anastrozole, letrozole, exemestane and

compounds 2-7 with aromatase (2dw3).

Parameter Anastrozole Exemestane Comp.5 Comp.6
Est. Free Energy of Binding [kcal/mol] -5.54 -6.82 -8.93 -9.46
Est. Inhibition Constant, Ki (uM] 86.91 10.00 282.93 86.87
vdW + Hbond + desolv. Energy [kcal/mol] -7.35 -6.82 -9.74 -9.58
Electrostatic Energy [kcal/mol] -0.02 -0.00 -0.10 -0.01
Total Intermolecular. Energy [kcal/mol] -7.37 -6.82 -9.84 -9.57
Interact. Surface 683.29 671.15 926.16 912.45

References

[1] A. Simpson, D. Donato, A. Kwok, J. and
Agarwal, “Predictors of complications following
breast reduction surgery: A National Surgical
Quality Improvement Program study of 16,812
cases”, Journal of Plastic, Reconstructive &
Aesthetic Surgery, Vol. S1748, No. 18, 2018, pp.
1-9.

[2] W. Knight, R. Livingston, E. Gregory, and W.
McGuire, “Estrogen receptor as an independent
prognostic factor for early recurrence in breast
cancer”, Cancer Research, Vol. 37, No. 12, 1977,
pp. 4669-4671.

[3] B. Ettinger, C. Quesenberry, D. Schroeder,
and G. Friedman, “Long-term postmenopausal
estrogen therapy may be associated with increased
risk of breast cancer: a cohort study”, Menopause,
Vol. 4, No. 3, 1997, pp. 1191-1194.

[4] R. Chlebowski, S. Hendrix, R. Langer, M
Stefanick, M. Gass, D. Lane, and J. Khandekar,
“Influence of estrogen plus progestin on breast
cancer and  mammography in  healthy
postmenopausal women: the Women's Health
Initiative Randomized Trial”, Journal of The
American Medical, Vol. 289, No. 24, 2003, pp.
3243-3253.

[5] M. Nuland, R. Vreman, R. Ham, A.
Schultink, H. Rosing, J. Schellens, J. Beijnen, and
A. Hovels, “Cost-effectiveness of monitoring
endoxifen levels in breast cancer patients
adjuvantly treated with tamoxifen”, Breast
Cancer Research and Treatment, VVol. 172, No. 1,
2018, pp. 143-150. Doi: 10.1007/s10549-018-
4886-8.

[6] J. Baselg, S. Im, H. lwata, J. Cortés, M. De-
Laurentiis, Z. Jiang, and A. Awada, “Buparlisib
plus fulvestrant versus placebo plus fulvestrant in
postmenopausal, hormone  receptor-positive,
HER2-negative, advanced breast cancer (BELLE-
2): a randomised, double-blind, placebo-
controlled, phase 3 trial”, Lancet Oncology, Vol.
18, No. 7, 2017, pp. 904-916. doi:
10.1016/S1470-2045(17)30376-5.

[7] M. Ellis, V. Suman, J. Hoog, R. Goncalves, S.
Sanati, C. Creighton, and J. Luo, “Ki67
proliferation index as a tool for chemotherapy
decisions during and after neoadjuvant aromatase
inhibitor treatment of breast cancer: results from
the American College of Surgeons Oncology
Group Z1031 Trial (Alliance)”, Journal of
Clinical Oncology, Vol. 35, No. 10, 2017, 1061-
1069. doi: 10.1200/JC0.2016.69.4406

[8] C. Rose, O. Vtoraya, A. Pluzanska, N.
Davidson, M. Gershanovich, R. Thomas, and F.
Ayed, “An open randomised trial of second-line
endocrine therapy in advanced breast cancer:
comparison of the aromatase inhibitors letrozole
and anastrozole”, European Journal of Cancer,
Vol. 39, No. 16, 2003, pp. 2318-2327. doi:
10.1016/S0959-8049(03)00630-0

[9] Breast International Group (BIG) 1-98
Collaborative Group, “A comparison of letrozole
and tamoxifen in postmenopausal women with
early breast cancer”, New England Journal of
Medicine, Vol. 353, No. 26, 2005, pp. 2747-2757.
Doi: 10.1056/NEJM0a052258

[10 F. Hassan, G. El-Hiti, M. Abd-Allateef, and
E. Yousif, “Cytotoxicity anticancer activities of


https://sites.google.com/site/pjsciencea
https://sites.google.com/site/pjsciencea
https://sites.google.com/site/pjsciencea
https://sites.google.com/site/pjsciencea
https://sites.google.com/site/pjsciencea
https://sites.google.com/site/pjsciencea
https://www.journals.elsevier.com/journal-of-plastic-reconstructive-and-aesthetic-surgery
https://www.journals.elsevier.com/journal-of-plastic-reconstructive-and-aesthetic-surgery
https://www.ncbi.nlm.nih.gov/pubmed/?term=Knight%20WA%5BAuthor%5D&cauthor=true&cauthor_uid=922747
https://www.ncbi.nlm.nih.gov/pubmed/?term=Livingston%20RB%5BAuthor%5D&cauthor=true&cauthor_uid=922747
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gregory%20EJ%5BAuthor%5D&cauthor=true&cauthor_uid=922747
https://www.ncbi.nlm.nih.gov/pubmed/?term=McGuire%20WL%5BAuthor%5D&cauthor=true&cauthor_uid=922747
http://cancerres.aacrjournals.org/content/37/12/4669.short
http://cancerres.aacrjournals.org/content/37/12/4669.short
http://cancerres.aacrjournals.org/content/37/12/4669.short
https://www.ncbi.nlm.nih.gov/pubmed/922747
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ettinger%20B%5BAuthor%5D&cauthor=true&cauthor_uid=30358712
https://www.ncbi.nlm.nih.gov/pubmed/?term=Quesenberry%20C%5BAuthor%5D&cauthor=true&cauthor_uid=30358712
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schroeder%20DA%5BAuthor%5D&cauthor=true&cauthor_uid=30358712
https://www.ncbi.nlm.nih.gov/pubmed/?term=Friedman%20G%5BAuthor%5D&cauthor=true&cauthor_uid=30358712
https://www.ncbi.nlm.nih.gov/pubmed/30358712
https://www.google.com/aclk?sa=L&ai=DChcSEwix4Yj7vcDeAhUPdn4KHSU2DuoYABAGGgJwYw&sig=AOD64_2Rq891yYme88u950rNS5bC8O_V_Q&adurl=&q=&nb=0&res_url=https%3A%2F%2Fmx.search.yahoo.com%2F&rurl=https%3A%2F%2Fmx.search.yahoo.com%2F&nm=41&bg=!hIelh59EFdgsCPDQQkACAAAAQFIAAAAemQEzUkAETbQAqwu3dmlPZZUJOn77_Sgwxb_oW_vfgXoV8rsoUT6focw4T2tOBY33RdHBqEx8TSgmZF_d2TVVOXqOZhxM9NEeS69kfbIV618nHivOJSEqRtdyfC1cMHRQEN7kuds6vTzvg6rchIQ_YWk3sJZmfhZ9GTE8M-OBRqiCJZEIY1MYUPyuu-SuCeUgA0IC4xPmhniMneCaSgZCOPp_aSjZF_xH0yud-zZ15Wq0xRnXOw283GRIRgZA-pw3SvmMhc8DL1Kql40smCYNN3D9HWuLuUwpl1avIrzEujN7CY0_yY4-mPKjitYd8LOI6ixug6APRePKLavwIcO8kdcSWTw_N68Oaq7lyLUHqUnjdE4v0fCR3lFCvC-SbtHrnmPzkTTFwupG0TpmJDpW0Pf_4aeyQw
https://www.google.com/aclk?sa=L&ai=DChcSEwix4Yj7vcDeAhUPdn4KHSU2DuoYABAGGgJwYw&sig=AOD64_2Rq891yYme88u950rNS5bC8O_V_Q&adurl=&q=&nb=0&res_url=https%3A%2F%2Fmx.search.yahoo.com%2F&rurl=https%3A%2F%2Fmx.search.yahoo.com%2F&nm=41&bg=!hIelh59EFdgsCPDQQkACAAAAQFIAAAAemQEzUkAETbQAqwu3dmlPZZUJOn77_Sgwxb_oW_vfgXoV8rsoUT6focw4T2tOBY33RdHBqEx8TSgmZF_d2TVVOXqOZhxM9NEeS69kfbIV618nHivOJSEqRtdyfC1cMHRQEN7kuds6vTzvg6rchIQ_YWk3sJZmfhZ9GTE8M-OBRqiCJZEIY1MYUPyuu-SuCeUgA0IC4xPmhniMneCaSgZCOPp_aSjZF_xH0yud-zZ15Wq0xRnXOw283GRIRgZA-pw3SvmMhc8DL1Kql40smCYNN3D9HWuLuUwpl1avIrzEujN7CY0_yY4-mPKjitYd8LOI6ixug6APRePKLavwIcO8kdcSWTw_N68Oaq7lyLUHqUnjdE4v0fCR3lFCvC-SbtHrnmPzkTTFwupG0TpmJDpW0Pf_4aeyQw
https://www.ncbi.nlm.nih.gov/pubmed/?term=van%20Nuland%20M%5BAuthor%5D&cauthor=true&cauthor_uid=30006796
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vreman%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=30006796
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ten%20Ham%20RMT%5BAuthor%5D&cauthor=true&cauthor_uid=30006796
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Vries%20Schultink%20AHM%5BAuthor%5D&cauthor=true&cauthor_uid=30006796
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Vries%20Schultink%20AHM%5BAuthor%5D&cauthor=true&cauthor_uid=30006796
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rosing%20H%5BAuthor%5D&cauthor=true&cauthor_uid=30006796
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schellens%20JHM%5BAuthor%5D&cauthor=true&cauthor_uid=30006796
https://www.ncbi.nlm.nih.gov/pubmed/?term=Beijnen%20JH%5BAuthor%5D&cauthor=true&cauthor_uid=30006796
https://www.ncbi.nlm.nih.gov/pubmed/?term=H%C3%B6vels%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=30006796

anastrozole agalnst breast, liver hepatocellular,
and prostate cancer cells”, Saudi Medical Journal,
Vol. 38, No. 4, 2017, pp. 359-365. doi:
10.15537/smj.2017.4.17061.

[11] A. Benton, L. Ungar, S. Hill, S. Hennessy, J.
Mao, A. Chung, and J. Holmes, “Identifying
potential adverse effects using the web: A new
approach to medical hypothesis generation”,
Journal of Biomedical Informatic, VVol. 44, No. 6,
2011, pp. 989-996. doi: 10.1016/j.jbi.2011.07.005.

[12] R. Hartmann, and C. Batzl, “Aromatase
inhibitors. Synthesis and evaluation of mammary
tumor inhibiting activity of 3-alkylated 3-(4-
aminophenyl) piperidine-2, 6-diones”, Journal of
Medicine Chemistry, Vol. 29, No. 8, 1986,
pp.1362-1369.

[13] M. Recanatini, A. Bisi, A. Cavalli, F. Belluti,
S. Gobbi, A. Rampa, and R. Hartmann, “A new
class of nonsteroidal aromatase inhibitors: design
and synthesis of chromone and xanthone
derivatives and inhibition of the P450 enzymes
aromatase and 17a-hydroxylase/C17, 20-lyase”,
Journal of Medicine Chemistry, Vol. 44, No. 5,
2001, pp. 672-680. doi: 10.1021/jm000955s

[14] M. Cepa, E. Tavares, G. Correia, F. Roleira,
and N. Teixeira, “Structure-  Activity
Relationships of New A, D-Ring Modified
Steroids as Aromatase Inhibitors: Design,
Synthesis, and Biological Activity Evaluation”,
Journal of Medicine Chemistry, Vol. 48, No. 20,
2005, pp. 6379-6385. Doi: 10.1021/jm050129p

[15] H. Bayer, C. Batzl, R. Hartman, and A.
Mannschreck, “New aromatase inhibitors.
Synthesis and biological activity of pyridyl-
substituted tetralone derivatives”, Journal of
Medicine Chemistry, Vol. 34, No. 9, 1991, pp.
2685-2691.

[16] A. Stefanachi, A. Favia, O. Nicolotti, F
Leonetti, L. Pisani, M. Catto, and A. Carotti,
“Design, synthesis, and biological evaluation of
imidazolyl derivatives of 4, 7-disubstituted
coumarins as aromatase inhibitors selective over
17-a-hydroxylase/C17— 20 lyase” Journal of
Medicine Chemistry, Vol. 54, No. 6, 2011, pp.
1613-1625. doi: 10.1021/jm101120u.

[17] A. Cornelis, P. Laszlo, and P. Pennetreau,
“Clay-supported reagents. 5. Nitration of estrone
into 2-nitroestrone by clay-supported ferric
nitrate”, Journal of Organic Chemistry, Vol 48,
No. 24, 1983, pp. 4771-4772.

ISSN: 2447-6153 https //5|tes qooqle com/sﬂe/msuencea

40

[18] R. Heinke, A. Spannhoff, R. Meier, P. Trojer,
I. Bauer, M. Jung M, and W. Sippl, “Virtual
screening and biological characterization of novel
histone arginine  methyltransferase PRMT1
inhibitors”, ChemMedChem, Vol. 4, No. 1, 2009,
pp. 69-77. doi: 10.1002/cmdc.200800301.

[19] J. Busselez, M. Cottevieille, P. Cuniasse, F.
Gubellini, N. Boisset, and D. Lévy, “Structural
basis for the PufX-mediated dimerization of
bacterial  photosynthetic core  complexes”,
Structure, Vol. 15, No. 12, 2007, pp. 1674-1683.
Doi: 10.1016/j.str.2007.09.026

[20] E. Hazai, S. Kovécs, L. Demkd, and Z.
Bikadi, “Docking Server: molecular docking
calculations online”, Acta Pharmaceutica
Hungarica, Vol. 79, No. 1, 2009, pp. 17-21.

[21] J. Nabholtz, A. Buzdar, M. Pollak. W.
Harwin, G. Burton, A. Mangalik, M. Von-Euler,
“Anastrozole is superior to tamoxifen as first-line
therapy for advanced breast cancer in
postmenopausal women:; results of a North
American multicenter randomized trial”, Journal
of Clinical Oncology, Vol. 18, No. 22, 2000, pp.
3758-3767. doi: 10.1200/JC0.2000.18.22.3758

[22] R. Coombes, E. Hall, L. Gibson, R.
Paridaens, J. Jassem, T. Delozier, and Coates, “A
randomized trial of exemestane after two to three
years of tamoxifen therapy in postmenopausal
women with primary breast cancer” New England
Journal of Medicine, Vol. 350, No. 11, 2004, pp.
1081-1092. doi: 10.1056/NEJM0a040331

[23] E. Corey and A. Venkateswarlu, “Protection
of hydroxyl groups as tert-butyldimethylsilyl
derivatives”, Journal of the American Chemical
Society, Vol. 17, No. 94, 1972, pp. 6190-6191.
doi: 10.1021/ja00772a043.

[24] M. Crimmins and K. Emmitte, “An Efficient
Strategy for the Synthesis of a, o'-cis and trans-
Disubstituted Medium Ring Ethers”, Synthesis,
Vol. 6, 2000, pp. 899-903.

[25] M. da Silva and J. Villarreal, “Novel
Palladium-Catalyzed Oxidative Intramolecular
Cyclization of B-Citronellol with H202: A Green
and Selective Process to Synthesize Oxocine”,
Catalysis Letters, Vol. 147, No. 7, 2017, pp.
1646-1653. DOI:10.1007/s10562-017-2063-z.

[26] J. Carter-Franklin, J. Parrish, R. Tschirret-
Guth, R. Little, and A. Butler, “Vanadium
haloperoxidase-catalyzed bromination and
cyclization of terpenes”, Journal of the American


https://sites.google.com/site/pjsciencea
https://sites.google.com/site/pjsciencea
https://sites.google.com/site/pjsciencea
https://sites.google.com/site/pjsciencea
https://sites.google.com/site/pjsciencea
https://sites.google.com/site/pjsciencea
https://www.cheric.org/research/tech/periodicals/doi.php?art_seq=1547144

Chemlcal Somety, Vol. 125, No. 13, 2015, pp.
3688-3689. doi: 10.1021/ja029271v.

[27] S. Kang, B. Ko, and Y. Ha, “Radical addition
of  p-toluenesulfonyl  bromide and p-
toluenesulfonyl iodide to allenic alcohols and
sulfonamides in the presence of AIBN: Synthesis
of heterocyclic compounds”, The Journal of
Organic Chemistry, Vol. 66, No. 10, 2001, pp.
3630-3633. doi: 10.1021/jo0017842.

[28] W. Zhang and M. Robins, “Removal of silyl
protecting groups from hydroxyl functions with
ammonium fluoride in methanol”, Tetrahedron
Letters, Vol.33, No. 9, 1992, pp. 1177-1180.
d0i:10.1016/S0040-4039(00)91889-6.

[29] A. Karl, C. Hou, C. Bruces, R. Sherry, C
Scott, and R. William,
“Tris(dimethylamino)sulfonium
Difluorotrimethylsilicate, a Mild Reagent for the
Removal of Silicon Protecting Groups”. Journal
of Organic Chemistry, Vol. 63, No. 19, 1998, pp.
6436-6437. doi: 10.1021/j0981215i.

[30] R. Newton, D. Reynolds, M. Finch, D. Kelly,
S. Roberts, “An excellent reagent for the removal
of the t-butyldimethylsilyl protecting group”,
Tetrahedron Letters, Vol. 20. No. 41, 1979, pp.
3981-3982. doi: 10.1016/S0040-4039(01)86482-
0.

[31] L. Figueroa, F. Diaz, E. Garcia, and M.
Rosas, “Design and Synthesis of Two New
Epoxides”, American Journal of Organic
Chemistry, Vol. 5, No. 4, 2015, pp. 116-124.
doi:10.5923/j.ajoc.20150504.02

[32] L. Figueroa, F. Diaz, E. Garcia, and M.
Rosas, “Design and synthesis of four steroid-
oxirane derivatives using some chemical tools”,
Steroids, Vol. 112, 2016, pp. 20-35.
doi: 10.1016/j.steroids.2016.04.012.

[33] K. Elokely, and R. Doerksen, “Docking
challenge: protein sampling and molecular
docking performance”, Journal of Chemical
Information and Modeling, Vol. 53, No. 8, 2013,
pp. 1934-1945. doi: 10.1021/ci400040d.

[34] J. Song, Z. Wu, B. Wangtrakuldee, S. Choi,
Z. Zha, K. Ploessl, and Kung, “4-(((4-lodophenyl)
methyl)-4  H-1, 2,  4-triazol-4-ylamino)-
benzonitrile: A Potential Imaging Agent for
Aromatase”, Journal of Medicinal Chemistry,
Vol. 59, No. 20, 2016, pp. 9370-9380.
doi:10.1021/acs.jmedchem.6b00849.

[35] S. Ranu and T. Singh, “Novel method for
pharmacophore analysis by examining the joint

ISSN: 2447-6153 https //5|tes qooqle com/sﬂe/msuencea

41

pharmacophore space”, Journal of Chemical
Information and Modeling, Vol. 51, No. 5, 2011,
pp. 1106-1121. doi: 10.1021/ci100503y

[36] D. Koes and C. Camacho, ‘“Pharmer:
efficient and exact pharmacophore search”,
Journal of Chemical Information and Modeling,
Vol. 51, No. 6, 2011, pp. 1307-1314.
doi: 10.1021/ci200097m.

[37] G. Wolber and T. Langer, “LigandScout: 3-
D pharmacophores derived from protein-bound
ligands and their use as virtual screening filters”,
Journal of Chemical Cnformation and Modeling,
Vol. 45, No. 1, 2005 pp. 160-169.
doi: 10.1021/ci049885e

[38] C. Andersson, E. Thysell, A. Lindstrom, M.
Bylesjo, F. Raubacher, A. Linusson, “A
multivariate approach to investigate docking
parameters' effects on docking performance”,
Journal of Chemical Information and Modeling,
Vol. 47, No. 4, 2007, pp. 1673-1687.
doi: 10.1021/ci6005596.

[39] K. Kohli, S. Chopra, D. Dhar, S. Arora, and
R. Khar, “Self-emulsifying drug delivery
systems: an approach to enhance oral
bioavailability”, Drug Discovery Today, Vol. 15,
No. 21, 2010, pp. 958-965. doi: 10.1016/j.drudis

[40] J. Mandell, V. Roberts, M. Pique, V.
Kotlovyi, J. Mitchell, E. Nelson, and E. Ten,
“Protein docking using continuum electrostatics
and geometric fit”, Protein Engineering, Vol. 14,
No. 2, 2001, pp. 105-113.

[41] B. Thapa, D. Beckett, J. Erickson, and K.
Raghavachari, “Theoretical Study of Protein-
Ligand Interactions Using the Molecules-in-
Molecules Fragmentation-Based ~ Method”,
Journal of Chemical Theory Computation, Vol.
14, No. 10, 2018, pp. 5143-5155.


https://sites.google.com/site/pjsciencea
https://sites.google.com/site/pjsciencea
https://sites.google.com/site/pjsciencea
https://sites.google.com/site/pjsciencea
https://sites.google.com/site/pjsciencea
https://sites.google.com/site/pjsciencea
https://doi.org/10.1016/S0040-4039(00)91889-6
https://pubs.acs.org/author/Scheidt%2C+Karl+A
https://pubs.acs.org/author/Chen%2C+Hou
https://pubs.acs.org/author/Follows%2C+Bruce+C
https://pubs.acs.org/author/Chemler%2C+Sherry+R
https://pubs.acs.org/author/Coffey%2C+D+Scott
https://pubs.acs.org/author/Roush%2C+William+R
http://dx.doi.org/10.1016/j.steroids.2016.04.012
https://doi.org/10.1021/acs.jmedchem.6b00849
https://doi.org/10.1021/ci6005596
https://www.ncbi.nlm.nih.gov/pubmed/30265003
https://www.ncbi.nlm.nih.gov/pubmed/30265003
https://www.ncbi.nlm.nih.gov/pubmed/30265003

ISSN 2069-5837

Volume 8, Issue 6, 2018, 3644 - 3651
Biointerface Research in Applied Chemistry

www.BiointerfaceResearch.com

Open Access Journal

Original Research Article -
Received: 29.10.2018 / Revised: 10.12.2018 / Accepted: 12.12.2018 / Published on-line: 15.12.2018

Preparation of five estrone analogs and theoretical analysis of its interaction with aromatase
enzyme

Marcela Rosas-Nexticapa®, Lauro Figueroa-Valverde?, Francisco Diaz Cedillo®, Abelardo Camacho-Luis”,
Virginia Mateu-Armand?!, Socorro Herrera-Meza®, Elodia Garcia-Cervera?, Eduardo Pool Gémez?, Maria
Lopez-Ramos?, Lenin Hau-Heredia?, Raquel Estrella-Barron®, Alondra Alfonso-Jimenez?, Jhair Cabrera-

Tuz?, Raquel Noh-Delgado®, Alexandrea Mari-Parra’

YFacultad de Nutricion, Universidad Veracruzana. Médicos y Odontélogos s/n, 91010, Xalapa, Veracruz. México

?_aboratory of Pharmaco-Chemistry at the Faculty of Chemical Biological Sciences of the University Autonomous of Campeche, Av. Agustin Melgar s/n, Col Buenavista

C.P.24039 Campeche Cam., México

®Escuela Nacional de Ciencias Bioldgicas del Instituto Politécnico Nacional. Prol. Carpio y Plan de Ayala s/n Col. Santo Tomas, México

“Escuela de Medicina y Nutricion, Universidad Juarez del de Durango, Av. Universidad s/n esg. Fanny Anitua, C.P. 34000 durango, Dgo, Mexico

®Instituto de Investigaciones Psicolégicas. Universidad Veracruzana. Av. Dr Luis Castelazo s/n Col. Industrial Animas Xalapa Veracruz, Mexico

®Universidad Autonoma del Carmen, Fac. de Ciencias de la Salud, Campus I1l. Av. Central s/n, Fracc. Mundo Maya, C.P. 24153, Cd. del Carmen Campeche Mexico
*corresponding author e-mail address: Ifiguero@uacam.mx; lauro_1999@yahoo.com

ABSTRACT

Several aromatase inhibitors have been prepared for treatment of breast cancer; nevertheless, their interaction with enzyme surface is not
very clear. Therefore, the objective of this investigation was to synthesize and analyze the theoretical activity of five estrone derivatives
(compounds 2-7) on aromatase (4kqg8 protein) in a theoretical method using some aromatase antagonist (anastrozole, letrozole and
exemestane) as controls. The data found showed that both anastrozole and compound 6 could interact with same aminoacid residues such
as ”6133, Phelg4, Ph6221, Alagoa, Aspgog, Thrglo, Valglo, Va|373, Met374, LeU477 and Ser478 that are involved in the 4KQS pI’Otein surface. It is
noteworthy that several of these aminoacid residues may be involved in the interaction between 4kqg8 protein with compounds 2-5 and 7,
these differences could induce significantly changes in the biological activity of aromatase through of interaction with 6 compared with
the compounds 2-5 and 7. These results indicate that compound 6 could be a good candidate as an aromatase inhibitor which translates as

a possible drug for breast cancer.
Keywords: Estrone derivatives, breast cancer, aromatase, docking.

1. INTRODUCTION

Cancer breast is main cause of death in female the
worldwide, which could be conditioned by several clinical
parameters such as genetic, lifestyle, radiation, weigh, alcohol and
others [1]. In addition, some reports have been shown that
estrogen levels may predispose to develop breast cancer in women
[2-4]; it is noteworthy, that some medicaments are used to breast
cancer such as estrogen-receptor inhibitors (tamoxifen and
fulvestrant) [5, 6] or aromatase inhibitors (anastrozole, letrozol
and exametane) [7]; nevertheless, several drugs can produce some
adverse effects [8, 9]. Therefore, a series of drugs have prepared
for treatment of breast cancer; for example, the synthesis of
piperidine-2,6-dione  derivative by the reaction of a
phenylpiperidine-2,6-dione analog with sulfuric acid/nitric acid
with biological activity against aromatase enzyme [10]. Other
report showed the preparation of some aromatase inhibitors
(imidazol-1-yl derivatives) from bromomethyl and imidazole

2. EXPERIMENTAL SECTION

Chemical synthesis.

Both 2-nitroestrone and estrone-indole were prepared using
previously methods reported [15, 16]. Additionally, other reagents
involved in this study were purchased from Sigma-Aldrich Sigma-
Aldrich Co., Ltd. The melting point of compounds was assessed
using an Electrothermal (900 model). Infrared spectrum (IR) was
evaluated using potassium bromide with a Perkin Elmer Lambda
40 apparatus.*H and **C NMR spectrum was analyzed on a Varian
VXR300/5 FT NMR apparatus at 300 and 75.4 MHz (megahertz)
in CDCI; (deuterated chloroform) using TMS as an internal
standard. EIMS spectrum was obtained with a Finnigan Trace Gas

using an in vitro model [11]. In addition, a steroid derivative
(DTXSID70473247) was prepared from androstenedione via
Clemmenson reaction and their biological activity on aromatase
was evaluated using placental microsomes [12]. Also, a study
shown the preparation of pyridyl-tetralones derivatives through an
aldol condensation of 1-tetralones with 4-pyridinecarboxaldehyde
as human placental aromatase inhibitors [13]. Other report
indicates the preparation and analyze of pharmacological activity
of some imidazolyl-coumarins analogs as human placental
aromatase inhibitors [14]. These reports suggest that some drugs
can block the biological effect of aromatase; nevertheless, their
interaction with enzyme surface is very confusing. Therefore, the
aim of this study was carried out the synthesis of several estrone
derivatives to evaluate their interaction with the aromatase protein
(4kg8) using a docking model.

Chromatography Polaris Q-Spectrometer. Elementary analysis
was determined using a Perkin Elmer Ser. Il CHNS/02400
apparatus.

Preparation of 2-ntro-steroid-indol-4-ol derivative

Method A:

In a round bottom flask (10 ml), 2-nitroestrone (200 mg, 0.63
mmol), phenylhydrazine hydrochloride (100 mg; 0.69 mmol), and
8 ml of acetic acid:ethanol (3:5) were stirring to reflux for 4 h. The
solvent of the mixture obtained was removed under reduced
pressure and purified through a crystallization using the
methanol:water (4:1) system.
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(8aS)-8a-methyl-5-nitro-1,2,6b,7,8,8a,9,14,14a,14b-decahydro-
naphtho[2’,1':4,5]indeno[1,2-b]indol-4-ol (3)

yielding 54 % of 3; m.p. 118-120 °C; IR (Vimax, cm™) 3430, 3400,
and 1380: 'H NMR (500 MHz, Chloroform-d) &y: 1.30-1.54 (m,
9H), 1.60 (s, 3H), 1.66-2.86 (m, 9H), 3.10-3.14 (m, 2H), 6.66 (m,
1H), 7.08-7.42 (m, 4H), 7.86 (m, 1H), 9.00 (broad, 2H) ppm. *C
NMR (500 MHz, Chloroform-d) 8¢: 19.22, 26.74, 27.56, 29.82,
31.12, 35.32, 35.34, 36.78, 44.98, 48.94, 110.82, 114.02, 114.70,
118.22, 119.00, 120.96, 123.58, 125.62, 132.30, 134.32, 134.85,
145.12, 148.48, 153.30 ppm. EI-MS m/z: 388.17 Anal. Calcd. for
CaHuNO3: C, 74.21; H, 6.23; N, 7.21; O, 12.36. Found: C,
74.16; H, 6.18.

Method B:

In a round bottom flask (10 ml), indol-estrone (200 mg, 0.51
mmol), anhydride acetic (1ml) and nitric acid (1 ml), were stirring
to room temperature for 12 h. crystallization using the
methanol:hexane:water (4:2:1) system to give a nitro-steroid-indol
derivative (44% yield); *H NMR and 13C NMR spectra were
determined and were compared with method A product..
Preparation of N-((2-hydroxynaphthalen-1-yl)((2-(((8aS)-8a-
methyl-5-nitro-1,2,6b,7,8,8a,9,14,14a,14b-decahydronaphtho
[2',1":4,5]indeno[1,2-b]indol-4-yl)amino)ethyl)amino)methyl)
acetamide (4).

In a round bottom flask (10 ml), compound 3 (0.50 mmol), 2-
hydroxy-1-naphthaldehyde (90 mg, 0.52 mmol), ethylenediamine
(60 mg, 0.75 mmol) and 4 ml of acetonitrile:ethanol (3:1) were
stirred to reflux temperature for 48 h. The solvent of the mixture
obtained was removed under reduced pressure and purified
through a crystallization using the methanol:water (4:1) system.
yielding 54 % of 4, m.p. 76-78 °C; IR (Vjmax, cm™) 3432, 3398,
1648 and 1380: *H NMR (500 MHz, Chloroform-d) 8y: 1.30-1.54
(m, 2H), 1.60 (s, 3H), 1.66-1.86 (m, 2H), 1.98 (s, 3H), 2.00-2.06
(m, 4H), 2.50-2.56 (m, 2H), 2.86-3.14 (m, 5H), 3.52 (m, 2H), 6.52
(m, 1H), 6.80 (m, 1H), 7.08-7.22 (m, 2H), 7.24 (m, 1H), 7.26 (m,
1H), 7.32 (m, 1H), 7.42 (m, 1H), 7.58-7.80 (m, 4H), 7.88 (broad,
5H), 8.22 (m, 1H) ppm. **C NMR (500 MHz, Chloroform-d) &¢:
23.56, 24.40, 26.74, 27.56, 28.94, 31.13, 35.31, 36.42, 36.78,
45.00, 47.10, 47.32, 48.70, 60.68, 111.64, 113.16, 114.60,
117.50, 117.54, 118.60, 119.30, 119.78, 124.15, 124.24, 125.10,
128.60, 126.88, 128.94, 129.34, 131.44, 136.38, 140.02, 140.75,
140.96, 147.36, 151.02, 152.44,170.12 ppm. EI-MS m/z: 643.31
Anal. Calcd. for C3gH41NsO,: C, 72.76; H, 6.42; N, 10.88; O, 9.94.
Found: C, 72.68; H, 6.36.
N-{37-methyl-4-oxa-16,19,35-triazanonacyclo[20.18.0.0>?°.0°*,
03:13,0%240 0237 07836 029, | .1(22),2,5(14),6,8(13),9,11,20,28(36),
29(34),30,32-dodecaen-15-yl}acetamide (5)

In a round bottom flask (10 ml), compound 4 (0.50 mmol),
potassium carbonate (50 mg, 0.36 mmol) and 4 ml of dimethyl
sulfoxide were stirred to reflux temperature for 48 h. The solvent
of the mixture obtained was removed under reduced pressure and
purified through a crystallization using the methanol:hexane:water
(4:1:1) system.

yielding 66 % of 5, m.p. 60-62 °C; IR (Vmax, cm™) 3430, 1650 and
1112: *H NMR (500 MHz, Chloroform-d) &4: 1.30-1.54 (m, 2H),
1.60 (s, 3H), 1.66-1.86 (m, 2H), 1.96 (s, 3H), 2.00-2.86 (m, 6H),
3.06 (m, 2H), 3.08-3.12 (m, 3H), 3.60 (m, 2H), 4.40 (m, 1H),
6.30-6.36 (m, 2H), 6.96 (m, 1H), 7.00 (broad, 4H), 7.08-7.26 (m,
3H), 7.34 (m, 1H), 7.44 (m, 1H), 7.66-8.06 (m, 4H) ppm. *C
NMR (500 MHz, Chloroform-d) 8¢:23.56, 24.40, 26.74, 27.56,
28.94, 31.13, 35.31, 36.42, 36.78, 44.90, 45.40, 47.32, 48.18,
70.14, 107.63, 111.64, 117.51, 118.60, 119.00, 119.28, 119.78,
121.44, 123.36, 123.73, 124.35, 125.10, 125.78, 128.18, 129.12,
129.22, 129.38, 129.88, 130.14, 137.68, 140.72, 140.75,
147.26, 152.42, 170.12 ppm. EI-MS m/z: 596.31 Anal. Calcd. for
CaoH4oN40,: C, 78.49; H, 6.76; N, 9.39; O, 5.36. Found: C, 78.00;
H, 6.70.

6-(N-{37-methyl-4-oxa-16,19,35-triazanonacyclo[20.18.0.0%%.
0°14,0%13,0%540 02637 02836 02 | 1(22),2,5(14),6,8(13),9,11,20,
28(36),29(34),30,32-dodecaen-15-yl}acetamido)hex-5-ynoic
acid (6)

In a round bottom flask (10 ml), compound 5 (0.50 mmol), 5-
hexynoic acid (61 pl, 0.54 mmol), Copper(Il) chloride anhydrous
(70 mg, 0.52 mmol) in 5 ml of methanol were stirred to room
temperature for 48 h. The solvent of the mixture obtained was
removed under reduced pressure and purified through a
crystallization using the methanol:bencene:water (4:1:1) system.
yielding 45 % of 6, m.p. 128.130 °C; IR (Vinax, cm™) 3432, 1702,
1650 and 1112: *H NMR (500 MHz, Chloroform-d) &y: 1.30-1.54
(s, 3H), 1.58 (s, 3H), 1.66-1.86 (m, 2H), 1.88 (m, 2H), 2.00-2.06
(m, 4H), 2.22 (s, 3H), 2.32 (m, 2H), 2.47 (m, 2H), 2.48 (m,4H),
2.60-3.12 (m, 5H), 3.22-3.70 (m, 4H), 4.40 (m, 1H), 6.32-6.38
(m, 2H), 6.90 (broad, 4H), 694 (m, 1H), 7.08-7.25 (m, 3H), 7.34
(m, 1H), 7.44 (m, 1H), 7.64-8.06 (m, 4H) ppm. *C NMR (500
MHz, Chloroform-d) 8¢: 15.82, 20.86, 22.04, 24.38, 26.74,
27.56, 28.94, 31.13, 32.60, 35.30, 36.42, 36.78, 43.16, 45.42,
47.32, 4793, 61.00, 76.74, 87.41, 107.60, 111.64, 117.51,
118.60, 119.00, 119.28, 119.78, 121.22, 123.14, 123.74,
124.32, 125.13, 125.82, 127.13, 129.14, 129.34, 129.60,
130.16, 130.35, 137.68, 140.72, 140.78, 149.42, 152.42, 170.10,
178.40 ppm. EI-MS m/z: 706.35 Anal. Calcd. for C4sH4sN4O,4: C,
76.46; H, 6.56; N, 7.93; O, 9.05. Found: C, 76.40; H, 6.50.
2methyl-1-{37-methyl-4-oxa-16,19,35-triazanonacyclo[20.18.0.
03%0,0°14 0812 040 %37 92836 029 1(22),2,5(14),6,8(13),9,11,20,
28(36),29(34),30-32-dodecaen-15-y1}1,3,6-triazacyclododec-2-
en-11-yn-7-one (7)

In a round bottom flask (10ml), compound 6 (0.5 mmol),
ethylenediamine (60 mg, 0.75 mmol), boric acid (40 mg, 0.61
mmol) and 4 ml of methanol were stirred to room temperature for
48 h. The solvent of the mixture obtained was removed under
reduced pressure and purified through a crystallization using the
methanol:water (4:1) system.

yielding 56 % of 7, m.p. 167-169; IR (Vma, cm™) 3432, 3330,
1650 and 1114: *H NMR (500 MHz, Chloroform-d) &y: 1.30-1.54
(s, 3H), 1.57 (m, 1H), 1.58 (m, 2H), 1.60 (s, 3H), 1.66-1.86 (m,
2H), 1.90 (m, 2H), 1.98 (s, 3H), 2.00-2.06 (m, 4H), 2.08 (m, 2H),
2.60-2.86 (m, 2H), 2.90 (m, 2H), 2.94 (m,1H), 3.08-3.12 (m, 3H),
3.22 (m, 2H), 3.58-3.92 (m, 4H), 5.56 (broad, 3H), 6.30-6.34 (m,
2H), 6.88 (m, 1H), 7.08-7.25 (m, 3H), 7.34 (m, 1H), 7.40 (broad,
1H), 7.44 (m, 1H), 7.82-8.04 (m, 4H) ppm. *C NMR (500 MHz,
Chloroform-d) 6c: 19.12, 19.90, 24.38, 25.14, 26.77, 27.56,
28.94, 31.13, 35.34, 35.75, 36.42, 36.78, 38.90, 45.20, 45.42,
47.32, 49.50, 57.17, 66.92, 75.78, 8152, 107.60, 111.60,
11751, 118.62, 119.00, 119.28, 119.78, 122.00, 123.92,
124.35, 12450, 125.10, 126.54, 127.55, 128.00, 128.62,
129.40, 129.88, 130.14, 137.68, 140.72, 141.46, 148.22,
150.90, 152.42, 167.60 ppm. EI-MS m/z: 730.39 Anal. Calcd. for
Cs7H5oNgO,: C, 77.23; H, 6.89; N, 11.50; O, 4.38. Found: C,
77.18; H, 6.80.

Electronic parameters evaluation (HOMO and LUMO).

The molecular orbitals HOMO and LUMO for all compounds
were theoretically evaluated with SPARTAN’06 software package
(Wavefunc-tion Inc. Irvine, CA, 2000), using Hartree-fock method
at 321-G level [17].

Theoretical evaluation of the interaction between compounds 3
or 7 with aromatase.

Theoretical analysis of interaction of compounds 2-7 on aromatase
protein (4kg8) was carried out using a docking program
(DockingServer) [18]. In addition, anastrazol, letrozole,
exametane were used as controls.
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3. RESULTS SECTION

Several compounds have prepared as aromatase inhibitors [10-14];
nevertheless, their interaction with enzyme surface is very
confusing; therefore, several studies are needed to evaluate this
phenomenon. The objective of this study was to synthesize and
evaluate their interaction with the aromatase enzyme using a
docking model. [18].

First stage

Synthesis of a steroid-indeno-indol-4-ol-acetamide derivative
There are some studies which showed the preparation of several
indole analogs using some reagents such as rhodium [19],
palladium [20], phosphine [21], Cu(ll) [22], Cobalt(lll) [23] and
others; However, the handling of some of these reagents requires
special conditions and they are also very expensive. In this study, a
steroid-indeno-indol-4-ol (3) derivative was prepared (Figure 1) by
the reaction of 2-nitroestrone with phenylhydrazine in acid medium
(Method A) or via nitration of compound 2 (steroid-indole derivative)
with nitric acid/anhydride acetic to form 3. It is noteworthy that
Method A showed a higher yield compared with Method B. *H NMR
spectra for 3 shown some bands at 0.64 ppm for methyl group
which bound to steroid nucleus; at 1.60 ppm for methyl group; at
1.30-1.54, 1.66-6.66 and 7.85 ppm for steroid nucleus; at 7.09-
7.43 ppm for indol ring; at 8.96 for hydroxyl group. *C NMR
spectrum for 3 showed some signals at 19.26 ppm for methyl
group; at 26.77-48.98, 114.05, 123.56, 132.33-134.33 and 145.09-
148.48 ppm for steroid nucleus; at 110.84, 114.72-120.96, 125.60,
134.85 and 153.34 ppm for indol ring. Finally, the mass spectrum
from 3 showed a molecular ion (m/z) at 388.17..
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Figure 1. Preparation of a 5-nitro-indol-steroid-acetamide derivative (3). Reaction
of 2-nitroestrone (1) with phenylhydrazine (Method A) to form 3; also 3 was
prepared (Method B) from an indol-estrone derivative (2). i = acetic acid; ii = nitric
acid/anhydride acetic; iii = ethanol/rt

Synthesis of naphthalen-nitro-steroid-indol-acetamide complex
(4)

There are some studies which indicate the preparation of several
acetamide analogs using some reagents such as triazole derived
[24], proline [25], 4-(4-morpholinyl)benzenamine [26], hydroxy-
benzotriazole [27]. However, in this investigation the compound 4
was prepared (Figure 2 and 3) using the multi-component system
(compound 3, acetonitrile, 2-Hydroxy-naphthalene-1-carbaldehyde
and ethylene- diamine), it should be noted that no special reagent was
required for the preparation of 4. The results of *H NMR spectrum of
4 shown some bands at 1.30-1.54, 1.66-1.86, 2.00-2.06, 2.85-3.14,
6.52 and 8.22 ppm for steroid moiety; at 1.60 ppm for methyl
group bound to steroid nucleus; at 1.98 ppm for methyl bound to
amide group; at 2.04, 2.50-2.57 and 3.54 ppm for methylene
groups bound to both amino groups; at 6.80 ppm for amide group;
at 7.08-7.22, 7.28 and 7.42 ppm for indol ring; at 7.24, 7.32 and
7.58-7.80 ppm for naphthalene group; at 7.88 ppm for both
hydroxyl and amino groups. The **C NMR spectra showed
chemical shifts at 23.56 ppm for methyl group bound to amide; at
24.38 ppm for methyl group bound to steroid nucleus; at 26.74-
45.00, 47.32, 114.60, 124.24, 131.44-140.02 and 147.36 ppm to
steroid moiety; at 47.10-48.70 ppm for methylene bound to both
amino groups; at 60.68 ppm for methylene group bound to both

amide and amino groups; at 111.64, 117.50, 118.60-119.78,
125.10, 140.75 and 152.44 ppm for indole ring; at 113.16, 117.54,
124.15, 126.88-129.34, 140.96 and 151.02 ppm for naphthalene
group; at 170.12 ppm for amide group. In addition, 4 showed a

molecular ion (m/z) at 643.31. )
B0
ol 5
Pee 99

Figure 2. The steroild—indeno—indol—4—o|—acetamide derivative (4) was prepared
using the multicomponent system (compound 3, 2-hydroxy-1-naphthaldehyde,
ethylenediamine, acetonitrile). iii = acetonitrile:ethanol.

Preparation of a triazanonacyclo-dodecaen-acetamide derivative
via etherification (5)

Several ether derivatives have been synthesized through
displacement of nitro groups using some reagents such as methoxy
groups [28], fluoride ion [29], nitropropane or nitrocyclohexanone
[30], sodium phenoxide [31], nitrobenzamide in DMSO [32].
Therefore, the formation of ether group (compound 5) was carried
out by an internal reaction with dimethyl sulfoxide under mild
conditions (Figure 3) using previously reports for preparation of
ether groups [33].

Figure 3. Reaction mechanism for the formation of 5-nitro-indol-steroid-acetamide
derivative (compound 4).

'H NMR spectra for 5 showed several signals at 1.30-1.54, 1.66-
1.86, 2.00-2.86, 3.08-3.12 and 6.30-6.36 ppm for steroid moiety;
at 1.60 ppm for methyl group bound to steroid nucleus; at 1.96
ppm for methyl bound to amide group; at 3.06, 3.60 and 4.40 ppm
for methylene groups bound to both amino groups; at 7.00 ppm for
amino and amide groups; at 7.08-7.26 and 7.44 ppm for indole
ring; at 6.96, 7.34 and 7.66-8.06 ppm for naphthalene group. *C
NMR spectrum for 5 showed several signals at 23.56 ppm for
methyl group bound to amide; at 24.40 ppm for methyl group
bound to steroid nucleus; at 26.74-36.78, 45.40-47.32, 107.63,
119.00, 129.38 and 130.14-140.72 ppm for steroid moiety; at
44.90 and 48.18-70.14 ppm for methylene groups bound to both
amide and amino groups; at 111.64-118.60, 119.28-119.78,
125.19, 140.75 and 152.42 ppm for indol ring; at 121.44, 124.35,
125.78-129.22, 129.88 and 147.26 ppm for naphthalene group; at
170.12 ppm for amide group. Finally, the mass spectrum from 5
showed a molecular ion (m/z) at 596.31.

Addition of an amide derivative (5) to alkyne group to form 6.
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There are some reports on addition of amide to alkyne groups
using several reagents such as platinum [34], ruthenium [35],
nickel [36], Rhodium/Copper [37] palladium(Il) [38] and others.
In this study, a triazanonacyclo-acetamido-hex-5-ynoic acid
derivative (6) was prepared (Figure 3) via reaction of 5 with 5-
hexynoic acid in presence of Copper(ll). *H NMR spectra for 6
showed several signals at .130-1.54, 1.66-1.86, 2.00-2.06, 2.60-
3.12 and 6.32-6.38 ppm for steroid moiety; at 1.58 ppm for methyl
bound to steroid nucleus; at 2.22 for methyl bound to amide
group; at 1.88 and 2.32-2.47 ppm for methylene groups bound to
both carboxyl and alkyne groups; at 3.22-4.40 ppm for methylene
groups bound to both amino and amide groups; at 6.90 ppm for
both amino and carboxyl groups; at 6.94, 7.34 and 7.64-8.06 for
naphthalene ring; at 7.08-7.25 and 7.44 ppm for indole ring. **C
NMR spectra for 6 showed several signals at 15.82-20.86 and
32.60 ppm for methylene groups bound to both alkyne and
carboxyl groups; at 24.38 ppm for methyl group bound to amide
group; at 22.04 ppm for methyl group bound to steroid nucleus; at
26.74-31.13, 35.30-36-78, 45.42-47.32, 107.60, 119.00, 129.34,
130.16 and 137.68-140.72 ppm for steroid moiety; at 43.26, 47.93
and 76.74 ppm for methylene groups bound to both amide and
amino groups; at 61.00 and 87.41 ppm for alkyne group; at
111.64-118.60, 119.28-119.78, 125.13, 140.78 and 150.42 ppm for
indole ring; at 121.22-124.32, 125.82-129.14, 129.60 and 130.35-
149.42 ppm for naphthalene group; at 170.10 ppm for amide
group; at 178.40 ppm for carboxyl group. In addition, 6 showed a
molecular ion (m/z) at 706.35.
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Figure 3. Steroid- trlazanonacyclo 7-one (7). Reaction of a (5-nitro-indol-steroid-
acetamide derivative (4) with dimethylsulfoxide (iv) to form a steroid-
triazanonacyclo-acetamide (5). Then 5 was reacted with 5-hexynoic acid (v) to
formation of the steroid-triazanonacyclo-dodecaen-15-yl}acetamido)hex-5-ynoic

acid complex (6). Finally, 6 was reacted with ethylenediamine in presence boric
acid (vi).

Preparation of a triazacyclododec-2-en-11-yn-7-one derivative

Several triazacyclododecen analogs have been synthesized using
some reagents such as Copper(11) [39], Nickel [40], Iron(111) [41],
n-butyllithium [42]. In this investigation, 6 reacted with
ethylenediamine using boric acid as catalyst (Figure 3) to form the
triazacyclododec-2-en-11-yn-7-one (7). It is important to mention
that the use of this reagent does not require special conditions.
[43]. 'H NMR spectra for 7 display some signals at 1.30-1.54,
1.66-1.86, 2.00-2.06, 2.60-2.86, 3.08-3.12 and 6.30-6.34 ppm for
steroid moiety; at 1.60 ppm for methyl bound to steroid nucleus; at
1.98 ppm for methyl bound to amide group; at 1.58, 1.90, 2.08 and
3.58-3.92 ppm for methylene groups involved in 1,3,6-triaza-
cyclododec-2-en-11-yn-7-one system; at 2.90-2.94 and 3.22 ppm
for methylene groups bound to both amino groups; at 5.56 ppm for
amino groups; at 7.08-7.25 and 7.44 ppm for indol ring; at 6.88,
7.34 and 7.82-8.04 ppm for naphthalene ring. *C NMR spectrum
showed several signals for 7 at 19.12, 25.14, 35.75, 38.90, 45.42-
47.32 and 57.17 and 75.788 ppm for methylene groups involved in
1,3,6-triaza-cyclododec-2-en-11-yn-7-one system; at 19.90 ppm
for methyl bound to imino group; at 24.38 ppm for methyl bound
to steroid nucleus; at 26.77-25.34, 36.42-36.78, 107.60, 119.00,
129.40, 130.14-137.68 and 141.46 ppm for steroid moiety; at
45.20-49.50 and 75.78 ppm for methylene groups bound to both
amino groups; at 69.92 and 81.52 ppm for alkyne group; at

111.60-118.62, 119.28-119.78, 125.10, 140.72 and 152.42 ppm for
indol ring; at 122.00-124.50, 126.54-128.62 and 148.22 ppm for
naphthalene ring; at 150.90 ppm for imino group; at 167.60 ppm
for amide group. Additionally, the mass spectrum from 7 display a
molecular ion (m/z) at 730.39.

Second stage

Physicochemical parameters of compounds 3-7.

It is noteworthy that some physicochemical factors, such as logP
and © have be used to evaluate the degree of lipophilicity of a
molecule [44, 45]. It is important to mention, these parameters
were determined for compounds 2-7. The results (Table 1 and 2)
indicate that logKow and & were higher for compound 7 compared
to 2-6, which translates to more lipophilicity degree (Table 1).
However, it is noteworthy that this phenomenon could be
conditioned by other parameters chemical such as molar volume
(Vm) and refractivity molar (Rp,) which have been relationship
with biological activity of some drugs [48]; these physicochemical
factors are tools which can used to identify different chemical
characteristics that depend of substituents of a specific
molecule.To evaluate both V,, and R, descriptors for compounds
2-7 a previously method reported was used [49]; the results
showed that V,, and R, were higher for both 6 and 7 compared
with the compounds 2-5 (Table 3). These data suggest that the
steric hindrance and the different conformations involved in
compounds 6 or 7 could be determining factors in the biological
activity exerted by these steroid derivatives in some biological
model.

Table 1. Physicochemical parameters involved in the chemical structure of
compounds 2-4.

-CH; [aliphatic carbon] 0.5473
-CH,- [aliphatic carbon] 2.4555
-CH [aliphatic carbon] 1.0842
Aromatic Carbon 4.1160
-OH  [hydroxy, aromatic attach] -0.4802
2 Aromatic Nitrogen [5-member ring] -0.5262
-tert Carbon [3 or more carbon attach] 0.2676
Fused aliphatic ring unit correction -1.3684
Equation Constant 0.2290
T 2.8948
Log Kow 6.3248
-CH; [aliphatic carbon] 0.5473
-CH2- [aliphatic carbon] 2.4555
-CH [aliphatic carbon] 1.0842
Aromatic Carbon 4.1160
-OH  [hydroxy, aromatic attach] -0.4802
-NO; [nitro, aromatic attach] -0.1823
Aromatic Nitrogen [5-member ring] -0.5262
3 -tert Carbon [3 or more carbon attach] 0.2676
Ring reaction -> -NO2 with -OH/amino/azo 0.5777
Fused aliphatic ring unit correction -1.3684
Equation Constant 0.2290
T 0.3954
Log Kow 6.7202
-CH; [aliphatic carbon] 1.0946
-CH,- [aliphatic carbon] 3.4377
-CH [aliphatic carbon] 1.4456
-NH- [aliphatic attach] -2.9924
Aromatic Carbon 7.0560
-OH  [hydroxy, aromatic attach] -0.4802
-N [aliphatic N, one aromatic attach] -0.9170
4 -NO, [nitro, aromatic attach] -0.1823
-C(=O)N [aliphatic attach] -0.5236
Aromatic Nitrogen [5-member ring] -0.5262
-tert Carbon [3 or more carbon attach] 0.2676
Ring reaction -> -NO2 with -OH/amino/azo 0.5777
Fused aliphatic ring unit correction -1.3684
Equation Constant 0.2290
T 0.3979
LogKow 7.1181

Electronic parameters evaluation of both highest occupied
molecular orbital (HOMO) and lowest unoccupied molecular
orbital (LUMO)
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There are some reports which suggest that both HOMO) and
LUMO are two factors involved in biological activity of some
drugs [48]. Therefore, in this investigation both HOMO and
LUMO were evaluated (Table 3) using Spartan software [49]. The
results showed in table 3 indicated that HOMO values were higher
for 6 compared with the compounds 2-5 and 7; these data indicate
that 6 exert strong electro donating ability compared with 2-5 and
7. In addition, these results suggest that 6 could induce changes in
some bhiological system compared to 2-5 in a similar way with
other types of molecules [48].

It is noteworthy that there are some studies suggest that other
physicochemical factors are involved in the activity of several
drugs, such as hydrogen bond donor groups. (HBD) and hydrogen
bond acceptor groups (HBA) which may exert also changes on
some biological system [50]. In this regard, these physicochemical
descriptors have been evaluated using some pharmacophore
models [51, 52];

Table 2. Physicochemical factors from compounds 5-7.

human body. However, it is noteworthy that the rule does not
predict if a compound could be pharmacologically active;
therefore, other type of studies must be carried out to determine
the interaction between some compounds with several biological
targets such as proteins or enzymes.

It is important to mention that pharmacophores are
generally used to evaluate some chemical characteristics that are
related with the biological activity of several molecules.
Analyzing these data, in this investigation a theoretical study was
carried out using a pharmacophore model [53]. The theoretical
results (Figure 4-6) showed several hydrogen bond donor groups;
such as -OH for the compound 2; -NH- for 3-7. Other theoretical
data showed several hydrogen bond acceptor groups such as -NO,
for 2; -OH for both 3 and 4; -NHCO- for 5 and 6; =N- for 7. In
addition, other theoretical results (table 3) showed both HBA
(< 10) and for HBD (< 5) values for compounds 2 to 7.

Table 3. Physicochemical parameters of compounds 2-7.

Compounds
Parameter 2 3 4 5 6 7

Vi (cm?) 277.80 289.70 485.50 448.60 520.60 543.60

R (cm®) 105.56 112.10 189.79 179.20 | 206.88 215.30
Polarizability 69.08 61.237 68.91 86.41 95.10 53.824

Dipole 7.73 8.97 9.74 4.32 7.59 10.47
moment

(debyte)

PSA (A% 62.818 | 61.237 | 91.391 | 50.091 | 64.544 | 53.834
Energy (au) 1247.82 | 1247.77 | 2058.06 | 1855.10 | 2333.02 | 2269.74
HOMO (eV) -5.97 -6.19 -4.46 -4.50 -3.32 -4.75
LUMO (eV) 1.10 0.95 0.69 1.14 0.64 1.30
Gap energy, -7.07 -7.14 -5.15 -5.64 -3.96 -6.05
eV (HOMO-

LUMO)
HBD 2 2 4 2 3 3
HBA 5 5 9 6 8 8

-CH; [aliphatic carbon] 1.0946
-CH,- [aliphatic carbon] 3.4377
-CH [aliphatic carbon] 1.4456
-NH- [aliphatic attach] -2.9924
Aromatic Carbon 7.0560
-N [aliphatic N, one aromatic attach] -0.9170
-O- [aliphatic O, two aromatic attach] 0.2923
-C(=O)N [aliphatic attach] -0.5236
Aromatic Nitrogen [5-member ring] -0.5262
5 -tert Carbon [3 or more carbon attach] 0.2676
Fused aliphatic ring unit correction -1.3684
Equation Constant 0.2290
T
Log Kow 7.4952
-CH; [aliphatic carbon] 1.0946
-CH,- [aliphatic carbon] 49110
-CH [aliphatic carbon] 1.4456
#C  [acetylenic carbon] 0.2668
-NH- [aliphatic attach] -1.4962
-N< [aliphatic attach] -1.8323
Aromatic Carbon 7.0560
6 -N [aliphatic N, one aromatic attach] -0.9170
-O- [aliphatic O, two aromatic attach] 0.2923
-COOH [acid, aliphatic attach] -0.6895
-C(=O)N [aliphatic attach] -0.5236
Aromatic Nitrogen [5-member ring] -0.5262
-tert Carbon [3 or more carbon attach] 0.2676
Fused aliphatic ring unit correction -1.3684
Equation Constant 0.2290
T 0.3771
Log Kow 8.2097
-CH; [aliphatic carbon] 1.0946
-CH,- [aliphatic carbon] 5.8932
-CH [aliphatic carbon] 1.4456
C [aliphatic carbon - No H, not tert] 0.9723
#C  [acetylenic carbon] 0.2668
-NH- [aliphatic attach] -2.9924
-N< [aliphatic attach] -1.8323
Aromatic Carbon 7.0560
7 -N [aliphatic N, one aromatic attach] -0.9170
-O- [aliphatic O, two aromatic attach] 0.2923
-C(=O)N [aliphatic attach] -0.5236
Aromatic Nitrogen [5-member ring] -0.5262
-tert Carbon [3 or more carbon attach] 0.2676
-N=C [aliphatic attach] -0.0010
Fused aliphatic ring unit correction -1.3684
-C-N=C-N-C- [cyclic] structure correction -0.6000
Equation Constant 0.2290
T 0.5468
LogKow 8.7565

Here, it is important to mention some studies suggest that both
HBD and HBA can condition some pharmacokinetic process of
drugs in the human body []; analyzing this hypothesis, the
theoretical data found in is study suggest that compounds 2 to 7
could have the ability of penetrate some barrier biological of

Figure 4. Scheme represents a pharmacophore model from both compounds 2 and
3 using the LigandScout software. The model involves a methyl group (yellow)
hydrogen bond acceptors (HBA, red), hydrogen bond donor (HBD, green) and a
positive ionizable (PI).

LG
S

Figure 5. Pharmacophore from both compounds 4 and 5 using the LigandScout
software. The model involves a methyl group (yellow) hydrogen bond acceptors
(HBA, red), hydrogen bond donor (HBD, green) and a positive ionizable (PI).
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Compound &

Compound 7

Figure 6. Scheme represents a pharmacophore from both compounds 6 and 7 using
the LigandScout software. The model involves a methyl group (yellow) hydrogen
bond acceptors (HBA, red), hydrogen bond donor (HBD, green) and a positive
ionizable (PI).

Evaluation of interaction of compounds 3-7 with aromatase
protein (4kg8).

There are some studies that indicate that several substances can
interact with some macromolecules which can be translated as the
physiological regulation of some enzymes [54]; it is noteworthy
that several drugs can exert changes biological activity of specific
enzyme. In order, to evaluate this phenomenon some theoretical
models have been used to predict the interaction of some drugs
with enzymes [55]. Therefore, in this investigation was carried out
a theoretical analysis of interaction of compounds 3-7 with
aromatase protein (4kqg8) [56] using a Docking model [57]. The
results shown in figures 7-9 and table 4 indicate the interaction of
compounds 2-7 several with amino acid residues involved in
enzyme surface (4kg8).

Compound 2 Compound 3

Key

=4 Lligand bond

©—4@ Noa-figand >onc¢

@ -9 Hydrogen bond and it’s
length

£ Non-igand residves involved in
other contact (s)

Figure 7. The scheme shows the binding of compounds 2 and 3 with some
aminoacid residues of the aromatase enzyme (4kg8). The visualization was carried
out with Dockingserver software.

However, to determine whether compounds 2-7 could act as
aromatase inhibitors; also, theoretical interaction of enzyme with
some aromatase antagonists, such as anastrozole, letrozole and
exemestane was evaluated. The results (Figures 7-9 and Table 4)
showed that anastrozole could interact with several aminoacid
residues such as ”9133, Phelg4, Ph6221, A|3.306, ASpgog, Thrglo, Va|310,
Vals7s, Metszs, Leus;z and Serszs Which are involved in the
aromatase (4kq8 protein) surface. It is noteworthy that also 6
could bind to these types of aminoacid residues; however, only
some of these aminoacid residues may participate in the

interaction between 4kqg8 protein with compounds 2-5 and 7; this
phenomenon could involve other type intramolecular interactions
due to changes in the energy levels.

Compound 4 Compound 5

Key
=4 Lligand bond
©—4@ Noa-lgand >onc
® -9 Hydrogen bond and it’s
length

', Non-figand residues involved in
other contact (s)

Figure 8. The scheme shows the binding sites of compounds 4 and 5 with some
amino acid residues of aromatase enzyme (4kg8). The visualization was carried out
with Dockingserver software.

Compound 6 Compound 7

lev

Phe

7
A e
.
I Ser
/.’&.0
°
® fva
T
Asp A:p\
Key

o4 ligand bond

©—@ Noa-figand >onc

@ -9 Hydrogen bond ond it’s
length

' Non-figand residves involved in
other contact (s)

Figure 9. The scheme shows the binding of compounds 6 and 7 with some
aminoacid residues of the aromatase enzyme (4kg8). The visualization was carried
out with Dockingserver software.

Thermodynamic parameters
There are some reports which indicate that several thermodynamic

factors may be involved in the interaction drug-protein [41];
therefore, a theoretical ass was carried out on some
thermodynamic parameters involved in the interaction of
anastrazol, letrozole, exametane and the compounds 2-7 with the
4kq8 protein such as 1) free energy of binding which determinate
the energy value that require a molecule to interact with a protein
in a water environment. 2) Electrostatic energy that is the product
of electrical charge and electrostatic potential, which are involved
in the ligand-protein system [58]; 3) total intermolecular energy
and 4) Van der Waals (vdW) + hydrogen bond (Hbond) +
desolvation energy (Desolv. Energy; which have an influence on
the movement of water molecules into or out of the ligand-protein
system) [58] using a theoretical model (dockingserver) [57].

Table 4. Residues aminoacids involved in the interaction between anastrazol,
letrozole, exametane and compounds 2-7 with 4kg8 protein.
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Argiis Argiis Argiis Argiis llezo llezo lles, Cysz llezo
llesss lleyss lleyss lleyss Cysu Argas lleyss Argas Cyszs
Pheys, Phejss Phess, Pheyss llesss llesss Pheyss lless, Metyz7
Phegy Phess; Phegy Trpozs Phejss Phesss Pheyss lle;ss lle1ss
Alaggs Trpozs Trp2zs Glugg, Trp2zg Pheza; Leu;s; Phesas Pheiss
ASP3og Alags Alags llesos Leuzs Trpazs Phezz; Pheyss Pheyss
Thrao Aspsog Aspaog Alagyg llesos Leusys Trp2zs Leuss, Trpozs
Valgio Thraio Thrs AsPagg Alags ASsPaog Glug, Phezz; Glugg,
Valszs Valszo Valsgo Valzzo Aspsog Thray Metsgs Trpzzs Metsgs
Metsz, LeUsrr Valsrs Leusz, Thra Valsgg llesos Gluag, llesos
Leusz7 Seryrg Metsy, Valgzzo Valzro Alagyg Metsgs Alagyg
Seryzg Leusz, Leusy, ASsP30g lless Thrag
Valss Valgrs Valszo Alagyg Aspary
Metsz, Metsz, Leusz, Aspzgg Leusr,
llesgs Leusz7 Vals;s Thray Metsz,
Asnzgr Seryg Metsz, Valszo llesgs
Leus7 | Hissgo Ilegs Aspaz | Ashge
Alayzg Leusr, CySuar
Leugr, Valss Leusr7
Serug Metszs
llesos
Alaysg
Leugr7
Serazs

Table 5. Thermodynamic factors involved in the interaction of anastrazol,
letrozole, exametane and compounds 2-7 on aromatase (4kg8).

Compound Est. Free vdw + Electrostatic Total Interact.
Energy of Hbond + Energy Intermol. Surface
Binding desolv. (kcal/mol) Energy
(kcal/mol) Energy (kcal/mol)
(kcal/mol)
Antrazol -9.58 -11.41 0.01 -11.41 569.117
Letrozan -8.67 -9.80 -0.10 -9.90 556.04
Exemestan -10.61 -10.73 -0.08 -10.81 511.069
2 17.88 17.88 -0.30 17.59 613.343
3 302.49 282.99 -0.25 282.74 907.966
4 296.90 259.15 -0.09 259.07 872.307
5 455.63 455.74 -0.41 455.33 901.322
6 699.38 685.02 -0.32 684.70 996.294
7 926.66 927.57 -1.35 926.22 1018.609

*Similar residues aminoacids (red); Different residues aminoacids (blue and
green).

4. CONCLUSIONS

Theoretical data indicate that compound 6 could be a good
candidate as aromatase inhibitor which translates as a possible
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ABSTRACT

The aim of this study was synthesizing two steroid derivatives to evaluate their theoretical interact with a 17B-hydroxysteroid
dehydrogenase type 1. The first stage was achieved by the preparation of a steroid-imino analog (compound 2) using a reaction of
imination and ii) etherification. Then, the theoretical interact of two steroid analogs with 178-hydroxysteroid dehydrogenase type 1
(110L) was evaluated using fisetin and methyl paraben as controls in a docking model. The results suggest that steroid derivatives could
interact via a different type of aminoacid residues of 110L protein surface. However, the compound 2 showed a constant of inhibition
lower compared with fisetin, methyl paraben and compound 3. All these data indicate that steroid derivative could act as 17p-

hydroxysteroid dehydrogenase type 1 inhibitor.

Keywords: 17 -hydroxysteroid hydrogenase, fisetin, paraben, docking.

1. INTRODUCTION

Cancer has increased in recent years around the world in
both women and men; this clinical pathology could be conditioned
through of changes in the biological activity of some enzymes
such as 17B-hydroxysteroid dehydrogenase (17p-HD) [1-3]. For
example, a study showed that increasing levels of estradiol can
induce the activation of 17p-HD type 1, which results in a higher
risk of breast cancer [4]. Other data indicate that 173-HD type 7
can induce changes in binding immunoglobulin protein (GRP-78)
levels in breast cancer cells (MCF-7) [5]. In addition, a report
shown that 17B-HD type 5 modulates the biological activity of
both inhibitor binding immunoglobulin and tumor-secreted protein
phosphoglycerate kinase 1 on MCF-7 cells [6]. Also, there are
some studies which display that 173-HD Type 2 is correlated with
androgen-receptor activation in HEC-1A cells [7]. Other study
showed that 17p-hydroxysteroid dehydrogenase Type 1 can
stimulate breast cancer through dihydrotestosterone inactivation
[8]. Here it is important to mention that in the search of some
pharmacological therapy, several 173-HD type 1 inhibitors have
been developed; for example, the preparation of 3-(2-bromoethyl)-

2. MATERIALS AND METHODS

General methods.

The estradiol-ethylenediamine derivative was prepared using a
previous method reported [13]. In addition, all the reagents used in
this study were purchased from Sigma-Aldrich Sigma-Aldrich
Co., Ltd. The melting point for compounds was evaluated on an
Electrothermal (900 model). Infrared spectra (IR) were determined

16B-(m-carbamoylbenzyl)-17p-hydroxy-1,3,5(10)-estratriene  as
17B-HD type 1 inhibitor for breast cancer and endometriosis [9].
Other data showed the Pd-Catalyzed microwave-assisted synthesis
of phosphonated 13a-estrones as a potential 17p-HSD type 1
inhibitor [10]. In addition, a study showed the addition of chlorine,
bromine or iodine onto positions 2 and/or 4 of 17-deoxy-130-
estrone as potent 173-HSD type 1 inhibitors using human placenta
[11]. Other study showed the preparation of (3a,50,170)-3-
Hydroxy-3-{[4-(3-methoxybenzyl)piperazin-1-yllmethyl}-andros-
Androstan-17-ol from dihydrotestosterone as 17B-HSD type 10
inhibitor using an in vitro model [12]. All these data suggest that
some drugs can be used as 17B-HSD type 1 inhibitors; however,
the interaction of some drugs with an enzyme is very confusing,
perhaps this phenomenon could be due to; 1) differences in the
chemical structure of each drug; or 2) to different methods used in
each experiment. Therefore, the aim of this study was to
synthesize two steroid derivatives to evaluate its theoretical
interaction with 173-HSD type 1 using a docking model.

using KBr pellets on a Perkin Elmer Lambda 40 spectrometer.’H
and **C NMR (nuclear magnetic resonance) spectra were recorded
on a Varian VXR300/5 FT NMR spectrometer at 300 and 75.4
MHz (megahertz) in CDCl; (deuterated chloroform) using TMS
(tetramethylsilane) as an internal standard. EIMS (electron impact
mass spectroscopy) spectra were determined using a Finnigan

Page | 3800


mailto:rosasnm@yahoo.com
https://doi.org/10.33263/BRIAC91.800805

Preparation of two steroid derivatives and its theoretical interaction with a 17p-hydroxysteroid dehydrogenase type 1.

Trace Gas Chromatography Polaris Q-Spectrometer. Elementary
analysis data were determined from a Perkin Elmer Ser. Il
CHNS/02400 elemental analyzer.

Chemical Synthesis.

Preparation of  7-hydroxy-6-{[(2-{[(2-hydroxynaphthalen-1-
yh)methylidene]amino}ethyl) amino]methyl}-11a-methyl-
2H,3H,3aH,3bH,4H,5H,9bH,10H,11H-
cyclopenta[a]phenanthren-1-one (2)

In a round bottom flask (10 ml), compound 1 (200 mg, 0.58
mmol), 2-hydroxy-1-naphthaldehyde (100 mg, 0.58 mmol), boric
acid (50 mg 0.80 mmol) and 5 ml of methanol were stirred to
reflux for 12 h. The solution obtained was reduced pressure and
purified through a crystallization using the methanol:bencene (4:1)
system; yielding 44% of product; m.p. 88-90 °C; IR (Vimax, cmM™)
3400, 3360, 3322 and 1712: 'H NMR (500 MHz, Chloroform-d)
dn: 0.90 (s, 3H), 1.20-2.60 (m, 15H), 3.04 (m, 2H), 3.72 (m, 2H),
3.80 (m, 2H), 6.54 (m, 1H), 6.80 (m, 1H), 6.90 (m, 1H), 7.56 (m,
1H), 7.58 (broad, 3H), 7.66-8.70 (m, 5H) ppm. 13.82, 21.63,
26.02, 27.40, 27.69, 31.72, 35.91, 37.52, 44.53, 46.00, 47.8,
50.62, 50.84, 53.40, 106.32, 112.54, 121.10, 122.73, 123.75,
12454, 126.27, 127.30, 127.90, 129.12, 131.26, 133.95,
136.52, 136.88, 148.96, 159.80, 163.52, 220.52 ppm. EI-MS
m/z: 496.27. Anal. Calcd. for C3,HssN,Os: C, 77.39; H, 7.31; N,
5.64; O, 9.66. Found: C, 77.30; H, 7.24.

Synthesis of  4-[(6-{[(2-{[(2-hydroxynaphthalen-1-yl)methyli-
dene]amino}ethyl)amino]methyl}-11a-methyl-1-oxo0-2H,3H,3aH,
3bH,4H,5H,9bH,10H,11H-cyclopenta[a] phenanthren-7-yl)oxy]
benzonitrile (3)

In a round bottom flask (10 ml), compound 2 (200 mg, 0.40
mmol), potassium carbonate (55 mg, 0.40 mmol) and 10 ml of
dimethyl sulfoxide were stirred to reflux for 12 h. The solution

3. RESULTS

Some data indicate that several drugs can exert biological
activity against the 17p-HD type 1; however, their interaction with
this enzyme is very confusing. Therefore, in this investigation, two
steroid derivatives were prepared to characterize their interaction
with 17B-HD type 1; the first stage was achieved by the synthesis
of two steroid derivatives as follows:
Preparation of a steroid-imino-derivative (2.)
There are several reports to synthesis of imino-derivatives using
some reagents such as iron or cobalt [22], CICH,COCI/Et3N [23],
lodide [24], KSCN/Br, [25], HOACc [26] and others. In this study,
the estradiol-ethylenediamine reacted with  2-hydroxy-1-
naphthaldehyde to form a hydroxynaphthalen-steroid derivative
(2).
The *H NMR spectra for 2 (Figure 1) showed several signals at
0.90 ppm for methyl bound to steroid nucleus; at 1.20-2.60, 6.54
and 6.90 ppm for steroid moiety: at 3.72 ppm for methylene bound
to both amino group and ring A of steroid nucleus; at 6.80 and
7.56-8.70 ppm for phenyl groups; at 3.04, 3.80 ppm for methylene
groups bound to both amino groups; at 7.58 ppm for both amino
and hydroxyl groups. *C NMR spectra for 2 showed several
signals at 13.82 ppm for methyl bound o steroid nucleus; at 21.63-
37.52, 46.00-50.62, 112.54, 12454, 127.90, 131.26, 136.88-

obtained was reduced pressure and purified through a
crystallization using the methanol:water (4:1) system; yielding
44% of product; m.p. 112-114 °C; IR (Vmax, cM™) 3402, 3360,
3322, 2240 and 1710: 0.90 (s, 3H), 1.20-2.60 (m, 15H), 3.04 (m,
2H), 3.60 (m, 2H), 3.64 (m, 2H), 3.80 (m, 2H), 6.48-6.70 (m, 2H),
6.80 (m, 1H), 6.82 (m, 2H), 7.18 (m, 2H), 7.58-8.44 (m, 5H), 8.70
(d, 1H, J = 1.50 Hz) 8.80 (broad, 2H) ppm. 13.82, 21.62, 23.42,
26.02, 27.41, 27.70, 31.72, 35.92, 37.53, 45.20, 46.00, 47.82,
50.62, 50.82, 53.40, 106.30, 111.92, 117.42, 121.10, 121.80,
12248, 122.74, 123.26, 123.80, 126.24, 126.34, 127.31,
129.12, 129.30, 129.84, 129.84, 130.86, 133.92, 136.52,
141.40, 152.02, 154.82, 159.80, 163.50, 220.54 ppm. EI-MS
m/z: 611.31. Anal. Calcd. for C4H4N3Os: C, 78.53; H, 6.76; N,
6.87; O, 7.85. Found: C, 78.48; H, 6.70.

Physicochemical properties.

Several electronic parameters such as HOMO (highest occupied
molecular orbital) and LUMO (lowest unoccupied molecular
orbital), molar refractivity, molar volume, polarizability, parachor,
index of refraction, surface tension and density were evaluated
using ACDLab [15] and SPARTAN’06 program [16].
Pharmacophore evaluation.

The 3D pharmacophore model for the compounds 2, 3 and 4 was
determinate using LigandScout 4.08 software [17]

Theoretical evaluation of the interaction between both
compounds 2 and 3 with 17p-hydroxysteroid dehydrogenase
type 1 (3HB4).

The interaction of compound 4 with 110L [18] protein was carried
out using the Docking Server software [19]; additionally, two 17f-
HD types 1 inhibitors such as fisetin and methyl paraben [20, 21]
were used as controls.

148.96 ppm for steroid moiety; at 44.53 ppm for methylene
bound to both ring A and amino group; at 50.84-53.40 ppm for
methylene groups bound to both amino groups; at 106.32, 121.10-
123.75, 126.27-127.30, 129.12, 133.95-136.52 and 159.80 ppm for
phenyl groups; at 163.52 ppm for imino group; at 220.52 ppm for
ketone group. In addition, compound 2 showed a molecular ion
(m/z) at 496.27.

N/\/N\

Figure 1. Synthesis of two steroid-derivatives (2 or 3). Reaction of
estradiol-ethylenediamine (1) with 2-hydroxy-1-naphthaldehyde to form a
hydroxynaphthalen-steroid derivative (2). Then, 2 reacted with (4-Nitro-
phenyl)-acetonitrile to synthesis of a steroid-naphthalen-methylene-
ethylenediamine derivative (3).

Preparation of a steroid-naphthalen-methylene-ethylenediamine
derivative (3).

Some methods have been reported for preparation of ether
derivatives using some reagents such as methoxy groups [27],
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fluoride ion [28], nitroparaffin [29], sodium phenoxide [30],
nitrobenzamide in DMSO [31] and others. In this regard,
compound 2 was reacted with (4-Nitro-phenyl)-acetonitrile
(Figure 1) to form an ether-steroid derivative (3) using previously
reports for preparation of ether groups [32]. The *H NMR spectra
for 3 showed several signals at 0.90 ppm for methyl bound to
steroid nucleus; at 1.20-2.60 and 6.48-6.70 ppm for steroid
moiety: at 3.04, 3.80 ppm for methylene groups bound to both
amino groups; at 3.60 ppm for methylene bound to both amino
group and ring A of steroid nucleus; at 3.64 ppm for methylene
bound to both phenyl and alkyne groups; at 6.82-8.44 ppm for
phenyl groups; at 8.80 ppm for both amino and hydroxyl groups.
3C NMR spectra for 3 showed several signals at 13.82 ppm for
methyl bound o steroid nucleus; at 21.62, 26.02-37.53, 46.00-
50.62, 111.92, 126.34, 129.30-130.86 and 141.40-151.02 ppm for
steroid moiety; at 23.42 ppm for methylene bound to both phenyl
and alkyne groups; at 45.20 for methylene bound to both ring A
and amino group; at 50.82-53.40 ppm for methylene groups bound
to both amino groups; at 106.30, 121.10-126.64, 127.31-129.12,
133.92-136.52 and 154.82-159.80 ppm for phenyl groups; at
117.40 ppm for nitrile; at 163.50 ppm for imino group; at 220.54
ppm for ketone group. Finally, the compound 3 showed a
molecular ion (m/z) at 611.31.

Electronic parameters relationship to compounds 2 and 3.
Molecular orbitals HOMO and LUMO for 2 and 3 were evaluated
using SPARTAN"06 program, with Hartee-Fock metod at 321-G
level [16]. The results showed that both HOMO an LUMO were
higher for compound 3 compared with 2 (Figure 2).

LUMO 1.99 eV LUMO=2.19 eV

HOMO =-7.85 eV HOMO =-7.69 eV

Figure 2. In the scheme are showed both HOMO and LUMO for
compounds 2 (left) and 3 (right). Visualized with SPARTAN 06
program.

Table 1. Physicochemical parameters of compounds 2, 3 and 4. The
values were calculated using both ACDLabs and Spartan softwars.

Parameter Compound 2 Compound 3
Molar Refractivity (cm®) 143.70 175.91
Molar Volume (cm®) 381.70 47.30
Polarizahility (cm®) 56.98 69.73
Parachor (cm°) 1024.90 1261.10
Index of refraction 1.67 1.66
Surface Tension (dyne/cm) 51.90 51.20
Density g/cm® 1.30 1.26

In addition, other physicochemical parameters showed in the table
1 were evaluated the results indicate that molar refractivity and
molar volume were higher for compound 3 compared with 2.

These data suggest that steric hindrance, conformational
preferences and internal rotation of 3 could influence the
interaction with some biomolecules.

Pharmacophore Modeling.

There are some studies that indicate that the pharmacophore is the
three-dimensional orientation adopted by the functional groups of
a molecule to be able to interact with some proteins [33].

Figure 3. Scheme represents a pharmacophore from both
compounds 2 and 3 using the LigandScout software. The model
involves a methyl group (yellow) hydrogen bond acceptors (HBA,
red) and hydrogen bond donor (HBD, green).

This pharmacophore model can furnish a new insight to design
novel molecules that can enhance or inhibit the function of the
target and will be useful in drug discovery strategies. Therefore, in
this study, LigandScout software [17] was used to develop a
pharmacophore model of compounds 2 and 3. The results showed
in Figure 3 indicated that there is a different type of functional
groups involved in the compounds 2 and 3 that can interact via
hydrophobic contacts or as hydrogen bond acceptors or as
hydrogen bond donor with some biomolecules .
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Figure 3. Theoretical analysis showed the binding sites for compounds 2
(A) and 3 (B) with some amino acid residues involved in 173-HD type 1
(110L). The visualization was carried out using the DockingServer
software.
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Interaction of both compounds 2 and 3 with 17p-HD type 1
(110L).

There are reports to evaluate the interaction of several drugs with
some biomolecules using theoretical models [34-37]. In this study
the interaction of both compounds 2 and 3 with 110L enzyme [18]
was evaluated using the fisetin and methyl paraben as controls in a
Docking model [19]. The theoretical data (Table 2) showed that
compound 2 interact with different type of amino acid residues
involved in 110L surface compared with compound 3, fisetin and
methyl paraben. This phenomenon could involve other type
intramolecular interactions due to changes in the energy levels.

Table 2. Aminoacid residues involved in the interaction of fisestin and
compounds 2 and 3 with 17B-HD type 1 (3HBA4).

Methyl Paraben Fisetin 2 3

Leugs Sery Thrygg Seri
Tyras Leuqg Leuqg Leuys
Hisy,; Asnis, Asnis, Asnis,
Sery;; Cysisgs Tyriss Tyrss
Valys Prog; Lysis9 Prosg;
Phe,y Valygg Cysigs Valigg
Glugg, Metig3 Tyrag Tyrag
Valygs Tyrag Hisp; His;y,
Ser222 Serzzz Val225

Ph8259

Met27g

Thermodynamic parameters.

Some studies showed that several thermodynamic parameters may
be involved in the interaction drug-protein [38]. Analyzing these
data, in this study a theoretical ass was carried out to evaluate
several thermodynamic factors involved in the interaction of
fisetin, methyl paraben and the compounds 2 and 3 with the 110L
protein such as 1) free energy of binding which determinate the
energy value that require a molecule to interact with a protein in a
water environment. 2) Electrostatic energy that is the product of
electrical charge and electrostatic potential, which are involved in
the ligand-protein system; 3) total intermolecular energy and 4)
Van der Waals (vdW) + hydrogen bond (Hbond) + desolvation
energy (Desolv. Energy; which have an influence on the
movement of water molecules into or out of the ligand-protein
system) using a theoretical model [19]. Theoretical data (Table 3)
indicates that there are differences in the thermodynamic
parameters of compound 2 compared with fisetin, methyl paraben
and compound 3.

Additionally, the inhibition constant (Ki) for compound 2 was
lower than Ki for fisetin, methyl paraben and compound 3 (Table
3). This phenomenon suggests that these differences could be
translated as a higher inhibition of biological activity of 17p-
hydroxysteroid dehydrogenase type 1 (110L) in the presence of
compound 2 in comparison with fisetin, methyl paraben and
compound 3.

Table 3. Termodynamic parameters involved in the interaction of fisetin and compounds 2 and 3 with 17p-HD type 1 (3HB4).

Compound Est. Free Energy Est. Inhibition Vdw + Hbond Electrostatic Total intermolec.  Interact. Surface
Constant, Ki +desol Energy Energy (Kcal/mol) Energy

of Binding

(Kcal/mol)

(LM)

(Kcal/mol)

(Kcal/mol)

Methyl Paraben -3.55 2.50 -4.25 -0.18 -4.43 461.65
Fisetin -5.75 60.51 -6.21 -0.10 -6.32 678.67
2 -7.96 1.45 -10.08 -0.19 -10.27 1159.68
3 -9.43 122.14 -11.03 -0.00 -11.03 1255.97

4. CONCLUSIONS

In this study, a facile synthesis of two steroid-derivatives is
reported. In addition, theoretical interact suggest that of compound
2 could act as 17B-hydroxysteroid dehydrogenase type 1 inhibitor;
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Abstract

There are several studies to preparation of oxidmrevatives which use several reagents such as
chlorophyll, ethyl bromoacetatey-chloroperoxybenzoic acid, potassium hydroxide, ellgldioxiran and
others; nevertheless, expensive reagents and kpeciditions are required. The aim of this studyswa
synthesizing two novel steroid-oxirane using sogations; the first stage was achieved by the patipa

of two steroid-propargylic-etheB (or 4) via reaction of 2-nitroestrone or 2-nitroestradiith 5-hexyn-1-ol.
The second stage involves the synthesis of twaistelioxa derivativesH or 6) via intramolecular addition
from 3 or 4 using Copper(ll) as catalyst. Thénor 6 were reacted with ethylenediamine to form two stkro
amino derivativesq or 8). Following, the compoundd or 10 were prepared through of reaction7obr 8
with chloroacetylchloride. Finally9 or 10 reacted with 2-hydroxy-1-naphthaldehyde to syrithe$ two
oxirane-steroid derivatives1l{ or 12). The structure of steroid-oxirane analogs wasficoed via
spectroscopic and spectrometric methods. In coioclus facile procedure for the preparation of two
steroid-oxirane derivatives was developed in thighs
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1. Introduction

There arestudies which show the preparation of
several oxirane derivatives using some methods;
for example, the synthesis of 2,3-diphenyl-
oxirane-2-carboxylic acid methyl ester from a
diazo-carbonyl using NE8-Ag+ as catalyst [1].
Other data showed the epoxidation of 4,4-
dimethyl-2-pentyn-1-ol with titanium
isopropoxide to form (3-tert-Butyl-2-
tributylstannanyl-oxiranyl)-methanol  [2]. In
addition, the 2-isopropenyl-3-phenyl-oxirane was
prepared using the three-component system
((2R,5R)-dimethylthiolane, allyl halides and
aldehyde derivative) [3]. Other study showed the
synthesis of an oxirane derivative by reaction of
2,2-dibromomethylquinoxaline with an aromatic
aldehyde in the presence of the
tetrakis(dimethylamino)ethylene  reagent [4].
Also, a 9H-fluorene-2-yl keto-oxirane have been
synthesized via epoxidation of the compound 9H-
fluorene-2-yl chalcone [5]. Additionally, a spiro-
indole3,2'-oxirane derivative was prepared
through epoxidation of 3-aroylmethylene-indole-
2-one using an ammonium-bromide derivative as
catalyst [6]. Other data shown that a 17-steroid-
oxirane was prepared by the reaction of estrone
with  dimethylsulfonium methylide [7]. In
addition, a report indicates the epoxidation of 4-
methylene-{ & cholestarl®¢ ol with  m
chloroperoxybenzoic acid to form a steroid-4-
oxirane derivative [8]. Recently, a study showed
the preparation of an estrone-17-oxirane by
reaction of lactone-steroid derivative with 2-
benzothiazol-ylchloromethyl-lithium  [9].  All
these experimental results indicate that some
procedures are available for synthesis of several
oxirane analogs; nevertheless, expensive reagents
and special conditions are required. Therefore, in
this study, two oxirane-steroid derivatives were
synthesized using some strategies.

2. Experimental
2.1 General methods

The compounds 2-nitro-estrone was prepared
using a previously method reported [10].
Additionally, all the reagents used in this study
were purchased from Sigma-Aldrich Sigma-
Aldrich Co., Ltd. The melting point for
compounds was evaluated on an Electrothermal
(900 model). Infrared spectra (IR) were
determined using KBr pellets on a Perkin Elmer
Lambda 40 spectrometd. and**C NMR
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(nuclear magnetic resonance) spectra were
recorded on a Varian VXR300/5 FT NMR
spectrometer at 300 and 75.4 MHz (megahertz) in
CDCL (deuterated chloroform) using TMS
(tetramethylsilane) as an internal standard. EIMS
(electron impact mass spectroscopy) spectra were
determined using a Finnigan Trace Gas
Chromatography Polaris Q-Spectrometer.
Elementary analysis data were determined from a
Perkin Elmer Ser. II CHNS/02400 elemental
analyzer.

2.2 Preparation of steroid-propargylic-ether (3
or 4)

A solution of 2-nitroestrone or 2-nitroestradiol
(0.50 mmol), 5-hexyn-1-ol (7Qul; 0.58 mmol),
potassium carbonate (40 mg, 0.30 mmol) in 5 ml
of dimethyl sulfoxide was stirring to room
temperature for 48 h. The mixture obtained was
dried under reduced pressure and purified by
crystallization using the methanol:water (4:1)
system.

8-(hex-5-yn-1-yloxy)-11a-methyl-1H,2H,3H,
3aH,3bH,4H,5H,9bH,10H,11H-cyclopenta[a]
phenanthrene-1,7-diol (3)

yielding 44% of product, m.p. 132-1%% IR
(Vmax €Y 3400, 2160 and 1118H NMR (500
MHz, Chloroforme) d4: 0.76 (s, 3H), 0.80-1.40
(m, 7H), 1.60 (m, 2H), 1.66-1.80 (m, 3H), 1.86
(m, 2H), 1.88 (m, 1H), 1.94 (s, 1H), 2.12 (m, 1H),
2.24 (m, 2H), 2.50-3.64 (m, 4H), 4.10 (m, 2H),
6.12 (broad, 2H), 6.40-6.60 (m, 2H) ppMC
NMR (500 MHz, Chlorofornd) 6¢: 15.82, 18.02,
24.22, 25.05, 25.35, 27.77, 28.92, 29.68, 32.78,
33.71, 37.28, 44.00, 44.39, 50.72, 68.64, 70.25,
82.44, 84.10, 107.50, 114.04, 128.81, 133.77,
144.70, 144.92 ppm. EI-M{ & : 368.23. Anal.
Calcd. for GHH3035: C, 78.22; H, 8.75; O, 13.02.
Found:C, 78.16; H, 8.70.

8-(hex-5-yn-1-yloxy)-7-hydroxy-11a-methyl-
2H,3H,3aH,3bH,4H,5H,9bH,10H,11H-cyclopen
ta[a]phenan- thren-1-one (4)

yielding 54% of product, m.p. 146-148 IR
(Vmay €mMY) 2162, 1712 and 1113 NMR (500
MHz, Chloroformé) &4: 0.92 (s, 3H), 1.20-1.52
(m, 5H), 1.60 (m, 2H), 1.80 (m, 1H), 1.86 (m,
2H), 1.92 (m, 1H), 1.94 (s, 1H), 2.10-2.20 (m,
4H), 2.24 (m, 2H), 2.46-2.80 (m, 4H), 4.08 (m,
2H), 5.90 (broad, 1H), 6.40-6.60 (m, 2H) ppm.
¥C NMR (500 MHz, Chlorofornd) 5c:13.80,
18.02, 21.74, 25.06, 25.87, 26.43, 28.92, 29.66,



31.50, 35.43, 37.53, 46.86, 48.12, 50.42, 68.62,
70.24, 84.12, 107.14, 114.04, 128.42, 133.34,
144.70, 144.91, 220.70 pp EIMVS [§/51366.21.
Anal. Calcd. for GHH;00s: C, 78.65; H, 8.25; O,
13.10. Found: C, 78.60; H, 8.20.

2.3Synthesis steroid-dioxecine derivatives

A solution of 3 or 4 (0.50 mmol), Copper(ll)
chloride anhydrous (40 mg, 0.30 mmol) in 5 ml of
methanol was stirring to room temperature for 48
h. The mixture obtained was dried under reduced
pressure and purified by crystallization using the
methanol:hexane:water (4:1:1) system.

18-methyl-4,11-dioxapentacyclo[12.11.0°6

023 0'*#pentacosa-1,3(12),13-trien-5-yn-19-ol
5)

yielding 45% of product, m.p. 162-1&% IR
(Vma CMY) 3402, 2192 and 1113 NMR (500
MHz, Chloroformé) é4: 0.76 (s, 3H), 0.80-1.11
(m, 4H), 1.18 (m, 2H), 1.30-1.40 (m, 3H), 1.60
(m, 2H), 1.66-1.88 (m, 4H), 1.94-1.96 (m, 2H),
2.12-3.64 (m, 5H), 4.16-4.17 (m, 2H), 6.32 (m,
1H), 6.40 (broad, 2H), 6.60 (m, 1H) pprHC
NMR (500 MHz, Chlorofornd) 6¢: 15.82, 17.20,
24.22, 25.32, 27.74, 29.67, 29.79, 32.16, 32.78,
33.71, 37.28, 44.02, 44.39, 50.76, 51.94, 67.96,
76.72, 82.46, 109.33, 111.61, 129.78, 134.05,
144.52, 147.30 ppm. EI-M{B/%] 366.21. Anal.
Calcd. for GH30s5: C, 78.65; H, 8.25; O, 13.10.
Found: C, 78.62; H, 8.20.

18-methyl-4,11-dioxapentacyclo[12.11.0°6
023 0'%#pentacosa-1,3(12),13-trien-5-yn-19-
one (6)

yielding 63% of product, m.p. 128-1%D IR
(Vmas €Y 21.90, 1712 and 11184 NMR (500
MHz, Chloroformd) 64: 0.92 (s, 3H), 1.18 (m,
2H), 1.20-1.52 (m, 5H), 1.60 (m, 2H), 1.80-1.92
(m, 2H), 1.95-1.96 (m, 2H), 2.10-2.80 (m, 8H),
4.16-4.17 (m, 2H), 6.30-6.66 (m, 2H) ppHiC
NMR (500 MHz, Chlorofornd) 6¢: 13.80, 17.20,
21.75, 25.87, 26.33, 29.67, 29.79, 31.50, 32.14,
35.43, 37.56, 46.87, 48.11, 50.40, 51.94, 67.97,
76.70, 108.96, 111.61, 133.61, 144.50, 147.30,
220.70 ppm. EI-M&3#/ %! 364.20. Anal. Calcd. for
CoHos05 C, 79.09; H, 7.74; O, 13.17. Found:
C, 79.00; H, 7.70.

2.4 Preparation of amino-steroid-dioxecine
derivative

A solution of5 (0.50 mmol), ethylenediamine (50
ul, 0.74 mmol) in 5 ml of formaldehyde was
stirring to reflux for 12 hThe mixture obtained
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was dried under reduced pressure and purified by
crystallization using the methanol:hexane:water
(4:1:1) system.

2-{[(2-aminoethyl)amino]methyl}-18-methy!I-
4,11-dioxapentacyclo[12.11.0%6°0'>*20'%%)
pentacosa-1,3(12),13-trien-5-yn-19-ol (7)

yielding 45% of product, m.p. 150-1%2 IR
(Vmax €M) 3400, 3380 and 219tH NMR (500
MHz, Chloroformd) &4: 0.76 (s, 3H), 0.80-1.16
(m, 4H), 1.18 (m, 2H), 1.30-1.40 (m, 3H), 1.60
(m, 2H), 1.70-1.88 (m, 10H), 1.95-1.96 (m, 2H),
2.10-2.52 (m, 4H), 2.66-2.80 (m, 4H), 3.60
(broad, 4H), 3.64 (m, 1H), 3.70 (m, 2H), 4.16-
4.17 (m, 2H), 6.36 (m, 1H) ppmM*C NMR (500
MHz, Chloroformd) o6c: 15.80, 17.20, 24.22,
25.34, 27.69, 27.70, 29.80, 32.16, 32.78, 33.71,
37.28, 41.57, 44.40, 44.60, 46.10, 50.76, 51.95,
53.32, 67.96, 78.38, 82.46, 109.76, 128.75,
132.11, 132.13, 141.32, 143.30 ppm. EI-[5/&]/ :
438.28. Anal. Calcd. for £H3gN-O3: C, 73.94; H,
8.73; N, 6.39; O, 10.94. Found:C, 73.88; H,
8.68.

2.5 Reduction of hydroxyl from 7

A solution of 7 (0.50 mmol), pyridinium
chlorochromate (100 mg, 0.46 mmol) in 5 ml
ethanol:water (4:1) at room temperature for 48 h.
The mixture obtained was dried under reduced
pressure and purified by crystallization using the
methanol:hexane:water (4:2:1) system.

2-{[(2-aminoethyl)amino]methyl}-18-methyl-4,
11-dioxapentacyclo[12.11.0320"*2 0"**pen-
tacosa-1,3(12),13-trien-5-yn-19-one (8)

yielding 53% of product, m.p. 191-193; IR (¥
cm™) 3380, 2190, 1710 and 11T# NMR (500
MHz, Chloroformd) 64: 0.90 (s, 3H), 1.18 (m,
2H), 1.20-1.54 (m, 5H), 1.60 (m, 2H), 1.80-1.92
(m, 2H), 1.95-1.96 (m, 2H), 2.10-2.54 (m, 8H),
2.64 (m, 2H), 2.66 (broad, 3H), 2.80-3.70 (m,
4H), 4.16-4.17 (m, 2H), 6.44 (m, 1H) ppiiC
NMR (500 MHz, Chlorofornd) 6¢: 13.82, 17.20,
21.72, 25.72, 27.41, 27.70, 29.79, 31.32, 32.16
35.12, 37.50, 41.56, 46.10, 47.44, 48.22, 50.54
51.95, 53.32, 67.96, 78.38, 109.39, 128.38,
131.69, 132.11, 141.32, 143.30, 220.70 ppm.
EI-MS [5/%/436.27. Anal. Calcd. for &HzeN,03:

C, 74.28; H, 8.31; N, 6.42; O, 10.99. Found:C,
74.20; H, 8.26.

2.6 Synthesis of chloroamide derivative

A solution of 7 or 8 (0.50 mmol), chloroacetyl
chloride (50 ul, 0.63 mmol) and triethylamine (80



pl, 0.57 mmol) in 5 ml methanol at room
temperature for 48.hThe mixture obtained was
dried under reduced pressure and purified by
crystallization using the methanol:ketone (3:1)
system.

2-chloro-N-{2-[({19-hydroxy-18-methyl-4,11-

dioxapentacyclo[12.11.0.8".0"?%0"**)penta-

cosa-1,3(12),13-trien-5-yn-2-yl}methyl)amino]
ethyllacetamide (9)

yielding 83% of product, m.p. 166-1&3 IR
(Vmax CMY) 3400, 3310, 2190 and 1118 NMR
(500 MHz, Chlorofornmd) 64: 0.76 (s, 3H), 0.80-
1.16 (m, 4H), 1.18 (m, 2H), 1.30-1.40 (m,3H),
1.60 (m, 2H), 1.70-1.88 (m, 4H), 1.95-1.96 (m,
2H), 2.10-2.52 (m, 4H), 2.70-3.40 (m, 4H), 3.64
(m, 1H), 3.70 (m, 2H), 4.02 (m, 2H), 4.16-4.17
(m, 2H), 5.94 (broad, 3H), 6.36 (m, 1H)YC
NMR (500 MHz, Chlorofornd) ¢: 15.80, 17.20,

24.22, 25.35, 27.70, 27.72, 29.80, 32.16, 32.78,
33.71, 37.28, 38.57, 42.43, 44.40, 44.62, 46.10,
50.76, 51.95, 67.96, 78.38, 82.46, 109.76, 128.75,

132.13, 132.37, 141.34, 143.30, 162.60 ppm. EI-
MS (51 8%1514.25. Anal. Calcd. for gH3qCIN,Oy:

C, 67.62; H, 7.63; Cl, 6.88; N, 5.44; O, 12.42.
Found: C, 67.60; H, 7.58.

2-chloro-N-{2-[({18-methyl-19-0x0-4,11-dioxa-
pentacyclo[12.11.0.03,12!8% 0'®#pentacosa-
1,3(12),13-trien-5-yn-2-yl}methyl)amino]ethyl}
acetamide (10)

yielding 78% of product, m.p. 154-1%8 IR
(Vmax €mM?) 3310, 21.90, 1712 and 111R.NMR
(500 MHz, Chloroformd) 6y: 0.90 (s, 3H), 1.18
(m, 2H), 1.20-1.54 (m, 5H), 1.60 (m, 2H), 1.80-
1.92 (m, 2H), 1.95-1.96 (m, 2H), 2.10-2.54 (m,
8H), 2.70-3.40 (m, 4H), 3.70 (m, 2H), 4.02 (m,
2H), 4.16-4.17 (m, 2H), 5.76 (broad, 2H), 6.44
(m, 1H).*C NMR (500 MHz, Chlorofornd) c:
13.82, 17.20, 21.72, 25.72, 27.41, 27.70, 29.80,

31.33, 32.16, 35.12, 37.50, 38.57, 42.40, 46.10,

47.45, 48.21, 50.54, 51.94, 52.84, 67.96,

78.38, 109.39, 128.38, 131.69, 132.37, 141.34,

143.32, 162.60, 220.70 ppm. EI-M. 5/
512.24. Anal. Calcd. for £H3/CIN,O,: C, 67.89;
H, 7.27; Cl, 6.91; N, 5.46; O, 12.47. Found:C,
67.80; H, 7.20.

2.7 Preparation of chloroamide derivative

A solution of9 or 10 (0.50 mmol), 2-hydroxy-1-
naphthaldehyde (68 mg, 0.40 mmol), and sodium
hydroxide (20 mg, 0.50 mmol) in 5 ml of ethanol
was stirring for 72 h at room temperature. 2-
hydroxy-1- naphthaldehyde (68 mg, 0.40 mmol),
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and sodium hydroxide (20 mg, 0.50 mmol) in 5
ml of ethanol was stirring for 72 h at room
temperature. The mixture obtained was dried
under reduced pressure and purified by
crystallization using the methanol:water (4:1)
system.

N-{2-[({19-hydroxy-18-methyl-4,11-dioxapenta
cyclo[12.11.0.6".0">*20">% 0'**Jpentacosa-1,3
(12),13-trien-5-yn-2-yl}methyl)amino]ethyl}-3-
(2-hydroxy-naphthalen-1-yl)oxirane-2-carbo-
xamide (11)

yielding 54% of product, m.p. 175-1C7. IR
(Vmax €M) 3402, 2192, 1632 and 111R NMR
(500 MHz, Chloroformd) 8,: 0.76 (s, 3H), 0.80-
1.16 (m, 4H), 1.18 (m, 2H), 1.30-1.40 (m,3H),
1.60 (m, 2H), 1.70-1.88 (m, 4H), 1.95-1.96 (m,
2H), 2.10-2.52 (m, 4H), 2.70-3.40 (m, 4H), 3.64
(m, 1H), 3.70 (m, 2H), 3.94 (m, 1H), 4.16-4.17
(m, 2H), 4.26 (m, 1H), 6.36 (m, 1H), 6.66 (broad,
4H), 7.22-7.90 ppm.®C NMR (500 MHz,
Chloroformd) &c: 15.80, 17.20, 24.22, 25.35,
27.69, 27.70, 29.80, 32.16, 32.78, 33.71, 37.30,
39.14, 44.39, 44.60, 46.04, 50.76, 51.94, 52.82,
53.66, 59.55, 67.94, 78.38, 82.46, 109.76,
118.80, 121.45, 122.58, 123.43, 126.81, 128.00,
128.75, 129.2, 130.35, 132.13, 132.37, 134.34,
141.30, 143.33, 152.77, 172.20 ppm. EI-MS
#/1%1650.33. Anal. Calcd. for fgHieN.Os: C,
73.82; H, 7.12; N, 4.30; O, 14.75. Found:C,
73.78; H, 7.08.

3-(2-hydroxynaphthalen-1-yl)-N-{2-[({18-me-

thyl-19-ox0-4,11-dioxapentacyclo[12.11.0°%%

020" #penta- cosa-1,3(12),13-trien-5-yn-2-
yltmethyl)amino]ethyl}-oxirane-2-carboxamide
(12)

yielding 38% of product, m.p. 164-166; IR (¥,
cm?) 21.90, 1712, 1630 and 1128l NMR (500
MHz, Chloroformd) 64: 0.90 (s, 3H), 1.18 (m,
2H), 1.20-1.54 (m, 5H), 1.60 (m, 2H), 1.80-1.92
(m, 2H), 1.95-1.96 (m, 2H), 2.10-2.54 (m, 8H),
2.70-3.40 (m, 4H), 3.70 (m, 2H), 3.96 (m, 1H),
4.16-4.17 (m, 2H), 4.26 (m, 1H), 6.44 (m, 1H),
6.70 (broad, 3H), 7.22-7.90 (m, 6H) ppm.
¥C NMR (500 MHz, Chlorofornd) &c: 13.82,
17.20, 21.72, 25.72, 27.41, 27.70, 29.79, 1.3
32.16, 35.12, 37.49, 39.16, 46.10, 47.452 48.
50.52, 51.96, 52.84, 53.66, 59.55, 67.96, 8.3
109.40, 118.80, 121.45, 122.58, 123.43, 126.81,
128.00, 128.38, 129.2, 130.35, 131.70, 132.37,
134.34, 141.30, 143.34, 152.74, 172.20, 220.72
ppm. EI-MS [$%/%! 648.31. Anal. Calcd. for



CaoH44NOg: C, 74.05; H, 6.84; N, 4.32; O, 14.80.
Found:C, 74.00; H, 6.80.

3. Results and Discussion

Severalstudies have been showed the preparation
of oxirane derivatives; however, some protocols
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use expensive reagents and their management
requires special conditions [11-13]. Therefore, in
this study, we report a facile method for the
synthesis of two steroid-oxirane derivatives using
several strategies.

O;

+

N
O/ i
—_—T
HO

lor2

Z o

4

OHll

Figure 1. Preparation obteroid-propargylic-ether3(or 4). Reaction of 2-nitroestradiollf or 2-

nitroestrone Z) with 5-hexyn-1-ol (i) to forn8 or 4.

3.1 Preparation of propargyl-ether derivatives

There are several methods for preparation of ether
derivatives which involve the use of different
reagents such hexyl bromide/sodium cyanide [14],
m-chloroperoxybenzoic acid [15], hydrazonyl
chloride [16], N,N-dimethylbarbituric acid [17]
and others. In this study, estrone or estradiele
reacted with 5-hexyn-1-ol in presence of dimethyl
sulfoxide at mild conditions.

The 'H NMR spectrum of3 showed several

signals at 0.76 ppm for methyl group bound to
steroid nucleus; at 0.80-1.40, 1.66-1.80, 1.88,
2.12, 2.50-3.64 and 6.40-6.60 ppm for steroid
moiety; at 1.60, 1.86, 2.24 and 4.10 ppm for
methylene groups involved in the arm bound of
both ether and alkyne groups; at 1.94 ppm for
alkyne group; at 6.12 ppm for both hydroxyl

groups. The®®C NMR spectra display several

chemical shifts at 15.82 ppm for methyl group
bound to steroid nucleus; at 18.02, 25.05, 28.92
and 70.25 ppm for methylene groups o arm bound

to both ether and alkyne groups; at 24.22, 23.35-
27.77, 29.68-50.72, 82.44 and 107.50-144.92 ppm
for steroid moiety, at 68.64 and 84.10 ppm for

alkyne group. In addition, the mass spectrum from
3 showed a molecular ion (m/z) 368.23.

Other data showed several signals involvedHn
NMR spectrum of compound at 0.90 ppm for
methyl group bound to steroid nucleus; at 1.20-
1.52, 1.80, 1.92, 2.10-2.20, 2.46-2.80 and 6.40-
6.60 ppm for steroid moiety; at 1.60, 1.86, 2.24
and 4.08 ppm for methylene groups involved in
the arm bound of both ether and alkyne groups; at
1.94 ppm for alkyne group; at 5.90 ppm for
hydroxyl group. The'®*C NMR spectra display
several chemical shifts at 13.80 ppm for methyl
group bound to steroid nucleus; at 18.02, 25.06,
28.92 and 70.24 ppm for methylene groups of arm
bound to both ether and alkyne groups; at 21.74,
25.87-26.43, 29.66-50.42 and 107.14-144.91ppm
for steroid moiety, at 68.64 and 84.12 ppm for
alkyne group; at 220.70 ppm for ketone group.
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Finally, the mass spectrum from showed a
molecular ion (m/z) 366.21.
OH1
o O
% HO % o

3or4d

Z

o
6

Figure 2. Synthesis of two steroid-dioxecine derivativeésdr 6). Intramolecular reaction of alkyne
with the hydroxyl group from 3 ot to form the compoundsor 6. ii = Copper(ll).

[ L=~
™ = !
5

OH

o

Figure 3. Preparation of two amino-steroid analogs qr 8). Reaction of oxacine-steroid
derivatives §) with ethylenediamine in presence of formaldehgigeto form an amino-ozacine
steroid {). Then,8 was prepared via reduction divith cyanoborohydride/Z (iii).

3.2 Synthesis steroid-dioxa derivatives

There are several reports on the preparation of
oxacyclic derivatives using several reagents such

as Grubbs cataly8t2™ generation [18] urea [19],
oxoborane [20], phosphorus trichloride [21], di-
ethanolamine [22], p-Toluenesulfonamide [23]
and others. In this study, two steroid-dioxa



deiivatives G or 6) were prepared via
intramolecular from 3 or 4 usinGopper(ll) as a
catalyst (Figure 2); here, is important to mention
that this method does not require special
conditions.

The '"H NMR spectrum of5 showed several
signals at 0.76 ppm for methyl group bound to
steroid nucleus; at 0.80-1.11, 1.30-1.40, 1.66-
1.88, 2.12-3.64, 6.32 and 6.60 ppm for steroid
moiety; at 1.18, 1.60, 1.94-1.96 and 4.16-4.17
ppm for methylene groups involved in dioxecine
ring; at 6.40 ppm for hydroxyl group. ThéC
NMR spectra display several chemical shifts at
15.82 ppm for methyl group bound to steroid
nucleus; at 17.20, 29.79-32.16 and 67.96 ppm for
dioxecine ring; at 24.22, 29.79-32.16, 50.76 and
82.46-147.30 ppm for steroid moiety, at 52.95-
76.72 ppm for alkyne group. In addition, the mass
spectrum from5 showed a molecular ion (m/z)
366.21.

The 'H NMR spectrum of6 showed several
signals at 0.92 ppm for methyl group bound to
steroid nucleus; at 1.20-1.52, 1.80-1.92, 2.10-2.80
and 6.30-6.66 ppm for steroid moiety; at 1.18,
1.60, 1.95-1.96 and 4.16-4.17 ppm for methylene
groups involved in dioxecine ring; at 6.40 ppm for
hydroxyl group. The'®*C NMR spectra display
several chemical shifts at 13.80 ppm for methyl
group bound to steroid nucleus; at 17.20, 29.79,

Parana Journal of Science and Education (PJSE) —v. 5, n. 1, (7-19) February 1, 2019
I SSN: 2447-6153

https://sites.google.com/site/pjsciencea
13

32.14 and 67.97 ppm for dioxecine ring; at 21.75-
29.67, 31.50, 35.43-50.40 and 108.96-147.30 ppm
for steroid moiety, at 51.94-76.70 ppm for alkyne
group. In addition, the mass spectrum frd&in
showed a molecular ion (m/z) 364.20.

3.3Synthesis of steroid-amino derivative

There are several studies that show the
preparation of some steroid-amino derivatives
with Mannich reaction [24]; these reports indicate
the reactivity of hydrogen atom (C-4) involved in
ring A of steroid nucleus which can be a specific
site to introduce an amino group. Therefore, in
this study 5 or 6 were reacted with
ethylenediamine in presence of formaldehyde to
form two steroid-amino derivativeg (r 8).

The 'H NMR spectrum of7 showed several
signals at 0.76 ppm for methyl group bound to
steroid nucleus; at 0.80-1.16, 1.30-1.40, 1.70-
1.88, 2.10-2.52, 3.64 and 6.36 ppm for steroid
moiety; at 1.18, 1.60, 1.95-1.96 and 4.16-4.17
ppm for methylene groups involved in dioxecine
ring; at 2.66-2.80 ppm for methylene groups
bound to both amine groups; 3.60 ppm for both
hydroxyl and amino groups; 3.70 ppm for
methylene group bound to both ring A (steroid
nucleus) and amino group.

X
€]
OH/\IP/O @ %\ -~ s o ° X
HO o
o \o ﬁ/ ~eo G | e
| —_— e} o % H* o/(.l \o
N —
H “ | Trarsfer cl ﬁ/
" |
H
l-cr
. H0>C90
o \o
|| b H
+ | +
cr -
Ho” o ?/CI
H

Figure 4. Reation mechanism involved in the synthesis of an oxactessil derivative (compoun8) via oxidation of

7 with pyridinium chlorochromate.



The *®C NMR spedtra display several chemical
shifts at 15.80 ppm for methyl group bound to
steroid nucleus; at 17.20, 29.80-32.16 and 67.96
ppm for dioxecine ring; at 25.34-27.70, 32.78-
37.28, 44.40-46.00, 50.76 and 82.46-143.30 ppm
for steroid moiety, at 41.57 and 53.32 ppm for
methylene groups bound to both amino groups; at
46.10 ppm for methylene group bound to both
ring A (steroid nucleus) and amino group; at
51.95 and 78.38 ppm for alkyne group. In
addition, the mass spectrum froh showed a
molecular ion (m/z) 438.28.

Other data showed several signals involvetHin
NMR spectrum for compouné at 0.90 ppm for
methyl group bound to steroid nucleus; at 1.20-
1.54, 1.80-1.92, 2.10-2.54 and 6.44 ppm for
steroid moiety; at 1.18, 1.60, 1.95-1.96 and 4.16-
4.17 ppm for methylene groups involved in
dioxecine ring; at 2.64-2.80 ppm for methylene
groups bound to both amine groups; 2.66 ppm for
amino groups; 3.70 ppm for methylene group
bound to both ring A (steroid nucleus) and amino
group;. The®™®C NMR spectra display several

Parana Journal of Science and Education (PJSE) —v. 5, n. 1, (7-19) February 1, 2019

I SSN: 2447-6153 https://sites.google.com/site/pjsciencea

14

chemical shifts at 13.82 ppm for methyl group
bound to steroid nucleus; at 17.20, 29.79, 32.16
and 67.96 ppm for dioxecine ring; at 21.72-27.70,
31.32, 35.12-37.50, 47.44-50.54 and 109.39-
143.30 ppm for steroid moiety, at 41.56 and 53.32
ppm for methylene groups bound to both amino
groups; at 46.10 ppm for methylene group bound
to both ring A (steroid nucleus) and amino group;
at 51.95 and 78.38 ppm for alkyne group; at
220.70 ppm for ketone group. Additionally, the
mass spectrum fror8 showed a molecular ion
(m/z) 436.27.

3.4  Preparation
derivatives

of steroid-chloroamide

Several procedures for synthesis of chloroamide
derivatives are reported; these protocols involved
some reagents such as trichloroisocyanuric Acid
[25], N-chlorobenzotriazole [26], chloroacetyl
chloride [27-29]. Therefore, in this study two
steroid-chloroamide derivative® (or 10) were
prepared using chloroacethyl chloride/triethyl-
amine; it is important to mention that with this
method the yielding was relatively good.

iv
™
7or8
/\/NH2

N
H

| @%
S
A

\
N

(0]

OH

Figure 5. Synthesis of two chloroamide derivative8 ¢r 10). Compounds o 8 reacted with chloroacetyl chloride (iv)

to form9 or 10.

The '"H NMR spectrum of9 showed several
signals at 0.76 ppm for methyl group bound to
steroid nucleus; at 0.80-1.16, 1.30-1.40, 1.70-

1.88, 2.10-2.52, 3.64 and 6.36 ppm for steroid
moiety; at 1.18, 1.60, 1.95-1.96 and 4.16-4.17
ppm for methylene groups involved in dioxecine



ring; at 2.70-3.40 pp for methylene groups
bound to both amine groups; 3.70 ppm for
methylene group bound to both ring A (steroid
nucleus) and amino group; at 4.02 ppm for
methylene bound chloride; at 5.94 ppm for
hydroxyl, amino and amide groups. THe NMR
spectra display several chemical shifts at 15.80
ppm for methyl group bound to steroid nucleus; at
17.20, 29.80-32.16 and 67.96 ppm for dioxecine
ring; at 24.22-27.72, 32.7837.28, 44.40-44.62,
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50.76 and 82.46-143.30 ppm for steroid moiety, at
38.57 and 52.84 ppm for methylene groups bound
to both amino groups; at 42.43 ppm for methylene
group bound to chloride; at 46.10 ppm for
methylene group bound to both ring A (steroid
nucleus) and amino group; at 51.95 and 78.38
ppm for alkyne group; at 162.60 ppm for amide
group. In addition, the mass spectrum fr&n
showed a molecular ion (m/z) 514.25.

| y

S

H
90r 10 N/\/N “
H
O

Figure 6. Synthesis of two oxirane-steroid derivative$1(or 12). Compounds9 or 10 reacted with2-hydroxy-1-

naphthaldehydé) to form11 or 12

Other data showed several signals involvedHn
NMR spectrum for the compourid at 0.90 ppm
for methyl group bound to steroid nucleus; atl1.20-
1.54, 1.80-1.92, 2.10-2.54 and 6.44 ppm for
steroid moiety; at 1.18, 1.60, 1.95-1.96 and 4.16-
4.17 ppm for methylene groups involved in
dioxecine ring; at 2.70-3.40 ppm for methylene
groups bound to both amine groups; 3.70 ppm for

methylene group bound to both ring A (steroid
nucleus) and amino group; at 4.02 ppm for
methylene bound chloride; at 5.76 ppm for both
amino and amide groups. TH&C NMR spectra
display several chemical shifts at 13.82 ppm for
methyl group bound to steroid nucleus; at 17.20,
29.80-32.16 and 67.96 ppm for dioxecine ring; at
21.72-27.70, 31.33, 35.12-37.50, 47.45-50.54 and



109.39-143.32 pp for deroid moiety, at 38.57
and 52.84 ppm for methylene groups bound to
both amino groups; at 42.40 ppm for methylene
group bound to chloride; at 46.10 ppm for
methylene group bound to both ring A (steroid
nucleus) and amino group; at 51.94 and 78.38
ppm for alkyne group; at 162.60 ppm for amide
group; at 220.70 for ketone group. In addition, the
mass spectrum froriO showed a molecular ion
(m/z) 512.24.

3.5 Preparation of oxirane-steroid derivatives

Several studies have been reported for synthesis
of oxirane derivatives which involve some
reagents such as chlorophyll [30], ethyl
bromoacetate [31]m-chloroperoxybenzoic acid
[32], potassium hydroxide [33], dimethyldioxiran
[34] and others. In this study, the compouBds

10  were reacted with 2-hydroxy-1-
naphthaldehyde in basic medium to form two
oxirane-steropid deivativesl] or 12). The H
NMR spectrum ofl1l showed several signals at
0.76 ppm for methyl group bound to steroid
nucleus; at 0.80-1.16, 1.30-1.40, 1.70-1.88, 2.10-
2.52, 3.64 and 6.36 ppm for steroid moiety; at
1.18, 1.60, 1.95-1.96 and 4.16-4.17 ppm for
methylene groups involved in dioxecine ring; at
2.70-3.40 ppm for methylene groups bound to
both amine groups; 3.70 ppm for methylene group
bound to both ring A (steroid nucleus) and amino
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group; at 3.94 and 4.26 for oxirane ring; at 6.66
ppm for hydroxyl, amide and amino groups; at
7.22-7.90 ppm for naphthalene. TH¥C NMR

spectra display several chemical shifts at 15.80
ppm for methyl group bound to steroid nucleus; at
17.20, 29.80-32.16 and 67.94 ppm for dioxecine
ring; at 24.22-27.70, 32.78-37.30, 44.39-44.60,
50.76 and 82.46-109.76, 128.75, 132.13-132.37
and 141.30-143.32 ppm for steroid moiety; at
39.14 and 52.82 ppm for methylene groups bound
to both amino groups; at 46.04 ppm for methylene
group bound to both ring A (steroid nucleus) and
amino group; at 51.94 and 78.38 ppm for alkyne
group; at 55.66 and 59.55 ppm for oxirane ring; at
118.80-128.00, 129.20-130.35 and 134.34-152.77
for naphthalene. In addition, the mass spectrum
from 11 showed a molecular ion (m/z) 650.33.

Finally, the 'H NMR spectrum of12 showed
several signals at 0.90 ppm for methyl group
bound to steroid nucleus; at 1.20-1.54, 1.80-1.92,
2.10-2.54 and 6.44 ppm for steroid moiety; at
1.18, 1.60, 1.95-1.96 and 4.16-4.17 ppm for
methylene groups involved in dioxecine ring; at
2.70-3.40 ppm for methylene groups bound to
both amine groups; 3.70 ppm for methylene group
bound to both ring A (steroid nucleus) and amino
group; at 3.96 and 4.26 for oxirane ring; at 6.70
ppm for hydroxyl, amide and amino groups; at
7.22-7.90 ppm for naphthalene.

TR TR TE T YR YTy
80 5

Figure 7. Thescheme showlH NMR spetrum from 11. Analyzed with a Varian VXR300/5 FT NMR apparatts a
300 and 75.4 MHz in CDgGllAxis abscissa (ppm); ppm = parts per million.
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Figure 8. Visualization ofH NMR spectrum froml2. Analyzed with a Varian VXR300/5 FT NMR apparattis3@0
and 75.4 MHz in CDGIl Axis abscissa (ppm); ppm = parts per million.

The ®C NMR spedra display several chemical
shifts at 13.82 ppm for methyl group bound to
steroid nucleus; at 17.20, 29.79, 32.16 and 67.96
ppm for dioxecine ring; at 21.72-27.70, 31.30,
35.12-37.49, 47.45-50.52, 109.40, 128.38, 131.70-
132.37 and 141.34-143.30 ppm for steroid moiety;
at 39.16 and 52.84 ppm for methylene groups
bound to both amino groups; at 46.10 ppm for
methylene group bound to both ring A (steroid
nucleus) and amino group; at 51.96 and 78.38
ppm for alkyne group; at 55.66 and 59.55 ppm for
oxirane ring; at 118.80-128.00, 129.22, 130.35,
134.34 and152.74 for naphthalene; at 172.20 ppm
for amide group; at 220.70 ppm for ketone group.
In addition, the mass spectrum frdr@ showed a
molecular ion (m/z) 648.31.

Conclusions

There are several reports for the preparation of
oxirane derivatives; however, some protocols use
some reagents that can bg expensive; ii)

difficult to handle;iii) expansive andv) require

special conditions. Therefore, in this study is
reported a facile method for the preparation of
two oxiran-steroid derivatives using some
strategies. It is important to mention that reagent

used for their preparation was not require special
conditions and are facile of handled.
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UNIVERSIDAD JUAREZ DEL ESTADO DE DURANGO
INSTITUTO DE INVESTIGACION CIENTIFICA
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Otorga la presente: Oéjg
&

Constancia

A FEsteban- Méndez M, Calzada — Contreras
P.L.,Camacho- Luis A., Avila-Rodriguez A.

&
W

===

Por la presentacion del trabajo “CARACTERIZACION DE BACTERIAS ACIDO LACTICAS EN QUESO
MENONITA PRODUCIDO EN NUEVO IDEAL DURANGO’, realizado en las Jornadas Académicas “La

Investigacion Cientifica, Compromiso y Pertinencia Social’, en el marco conmemorativo del XLVIII Aniversario
del IIC y II Encuentro de Investigacion de la DES - Ciencias de la Salud de la VJED.

Atentamente

“@or mi raza hablard el espiritu
Victoria de Durango, Dgo. a 05 de Octubre de 2018

At A e
tina Barragan tédesma

Dr. Luis Francisco Sanchez Anguiano Dra.Cxaura Erngé
Representantede la DES

Director del l1IC Ciencias de la Salud
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El Gobierno del Estado de Durango a través de la
Secretaria de Salud otorga la presente

'

A:

Vargas Chavez Nohé, Araujo Contreras Jesis Maria, Rivas Avila Efrén,
Avila Rodriguez Armando, Avila Rodriguez E. Humberto, Camacho Luis
Abelardo y Reyes Romero Miguel Arturo.

Por su participacion con el trabajo:
INDICADORES DE ADIPOSIDAD COMO FACTORES DE RIESGO DE INSULINORESISTENCIA
EN ADULTOS DE LA CIUDAD DE DURANGO.

en el marco de la | Jornada Nacional de Investigacion en Salud Durango 2017

Mariscal

1 Estado de Durango Secretario de Salud y Dir. Gral. de los Servicios de Salud

Victoria de Durango, Dgo. a Agosto de 2017



El Gobierno del Estado de Durango a través de la
Secretaria de Salud otorga la presente

(g

A:

Camacho Luis A., Avila Rodriguez A. , Victorica Galaviz B. ,
Loera Castafieda V. , Esteban Méndez M.

Por su participacion con el trabajo:
Asociacion de marcadores bioguimicos con envejecimiento exitoso.
en el marco de la | Jornada Nacional de Investigacion en Salud Durango 2017

Mariscal

Secretario de Salud y Dir. Gral. de los Servicios de Salud

Victoria de Durango, Dgo. a Agosto de 2017
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El Gobierno del Estado de Durango a través de la
Secretaria de Salud otorga la presente

’

A:

Liliana Guadalupe Garcia Lara, Daniel Armando Carrillo Garcia, Alejandra Guadalupe
Gurrola Rodriguez, Karen del Carmen Lozoya Hernandez, Diana Carcafio Zamora,
Jennifer Jazmin Reyes Moreno, Elba Paloma Martinez Guillen, Abelardo Quifiones

Marquez, Abelardo Camacho Luis, Méndez Hernandez Edna Madai

Por su participacion con el trabajo:
Eficacia del software educativo “Aula Interactiva De Nutricion” para mejorar
el nivel de conocimiento nutricional en nifios en edad preescolar.
En el marco de la | Jornada Nacional de Investigacion en Salud Durango 2017

Dr. César H pert o Mariscal

Gobermnador 4£1 Estado de Durango Secretario

Y/

de Salud y Dir. Gral. de los Servicios de Salud

Victoria de Durango, Dgo. a Agosto de 2017




UNIVERSIDAD JUAREZ DEL ESTADO DE DURANGO
r FACULTAD DE AGRICULTURA Y ZOOTECNIA
>t YENECIA, DURANGO, MEXICO

OTORGA LA PRESENTE

CONSTANCIA

A:  MARICELA ESTEBAN MENDEZ

Camacho Luis Abelardo, Gonzilez Castillo Maria P

Por su participacion en la modalidad de cartel, con su trabajo de investigacion:

ENTEROCOCOS EN QUESO DE BOVINO

IMPORTANCIA DE LA DETERMINACION DE .

Presentado en la 29a. SEMANA INTERNACIONAL DE AGRONOMIA
Celebrada del 04 al 08 de Septiembre del 2017 en el
Centro de Convenciones Posada del Rio en Gémez Palacio, Dgo.

t

Ph. D. Juan José Martinez Rios
Director

“POR MI RAZA HABLARA EL ESPIRITU”
Venecia, Dgo. 08 de Septiembre del 2017
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