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ABSTRACT

Several patients with heart failure have been treated with a combination of drugs that usually includes cardiac glycosides, diuretics, and
afterload-reducing agents; nevertheless, some drugs can produce adverse effects. The aim of this study was synthesized a new
pyranacyclodecaphen-3,6-diyliden)bis(azanylidene))bis(ethan-1-amine) derivative (compound 7) for evaluate their biological activity on
perfusion pressure and left ventricular pressure using an rat isolated heart model. The following stage involved the theoretical evaluation
of the interaction of compound 7 with the phosphodiesterase-4B (1ror) using a docking model. The results showed that compound 7
increase the perfusion pressure and left ventricular pressure at different doses. Other theoretical data indicated that compound 7 may
interact with different type of amino acids residues such as Tyr233, Hys234, Hys238, Hys274, Asp275, Ser282, Asn283, Met347,
Asn395, Trp406, 11e410, Phe414, GIn443 and Phe446 on the surface of 1ror protein. All these results indicate that 1) compound 7 have
positive inotropic activity on heart; 2) theorethical analysis showed that compound 7 could a high affinity by lror protein. This

compound is particularly interesting because could constitute a novel therapy for heart failure.
Keywords: Pyranacyclodecaphen, perfusion pressure, theoretical, docking.

1. INTRODUCTION

Cardiovascular diseases have been one of the public
health problems throughout the world [1-2]. It is noteworthy, that
one of the risk factors that condition this type of clinical
pathologies is heart failure which is conditioned by an increase in
myocardial ischemia; this phenomenon may result in a decrease in
cardiac work [3, 4]. There are several drugs for treatment of heart
failure such as digoxine (ATP-ase inhibitor) [5], levosimedam
(Ca™-sensitizing) [6], dobutamine (B;- agonist) [7], milrinone
(Phosphodiesterase-111 inhibitor) [8, 9] and others; however, some
these drugs may produce diverse adverse effects such as ischemia,
arrhythmia, hyperkalemia, hypopotassemia and others [5]. In the
search for new therapeutic alternatives, several drugs with positive
inotropic activity have been synthesized via phosphodiesterase
inhibition; for example, the preparation of 4-benzylamino-1-
chloro-6-substituted phthalazines from piperonyl- amine as
phosphodiesterase-5 inhibitor [10]. Another report indicates the
preparation of a phosphodiesterase inhibitor (rolipram) from of a

2. EXPERIMENTAL SECTION

Chemical synthesis. All reagents used in this investigation were
obtained from Sigma-Aldrich Co., Ltd. The melting point for
compounds was determined on an Electrothermal (900 model).
Infrared spectra (IR) were recorded 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

nitro-olefin [11]. Additionally, a study showed the reaction of 2-
butyl-4-chlorothieno[3,2-d]- pyrimidine with cyclohexylamine to
form a thieno[3,2-d]pyrimidines (phosphodiesterase-4 inhibitor)
[12]. Another report showed the preparation of a
phosphodiesterase-5 inhibitor (sildenafil) from a pyrimidinone
[13]. All these data shown the synthesis of several compounds
with inotropic activity via phosphodiesterase inhibition;
nevertheless, some of these compounds are specific for each
phosphodiesterase, which implies that the different functional
groups of each drugs employed may condition their biological
activity.  Analyzing this hypothesis, in this study a
pyranacyclodecaphen-3,6-diyliden)bis(azanylidene))bis- (ethan-1-
amine) derivative was prepared and their biological activity
against both perfusion pressure and left ventricular pressure was
evaluated using a ischemic injury model. In addition, a theoretical
study was carried out to evaluate their interaction with a
phosphodiesterase-4B protein.

(megahertz) in CDCl; (deuterated chloroform) using TMS
(tetramethylsilane) as an internal standard. EIMS (electron impact
mass spectroscopy) spectra were obtained with a Finnigan Trace
Gas Chromatography Polaris Q-Spectrometer. Elementary
analysis data were acquired from a Perkin Elmer Ser. Il
CHNS/02400 elemental analyzer.
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General procedure for synthesis of anthracene derivatives

A solution of estrone (1) or estradiol (2) [0.90 mmol], 5-hexyn-3-
ol [100 pl, 0.90 mM] in 2 ml of acetonitrile was stirring for 24 h
to reflux. The reaction mixture was evaporated to dryness under
reduced pressure. After, the solvent in the mixture was evaporated
at reduced pressure and the residue was purified by crystallization
from methanol:water system (4:1) in which case two anthracene
derivatives (compounds 2 or 3) were obtained.
8-Amino-10-(3-hydroxy-pentyl)-13a-methyl-1,2,3,3a,3b,4,5,10,
11b,12,13,13a-dodeca hydro-7-oxa-indeno[5,4-aJanthracen-1-
ol (3).

Yielding 22 % of product, m.p. 140-142 °C; IR (Vax, cm™) 3400,
3302 and 1248: 'H NMR (500 MHz, Chloroform-d) &: 0.64 (s,
3H), 0.80 (m, 1H), 0.94 (m, 3H). 1.02-1.31 (m, 4H), 1.36 (m, 1H),
1.38-1.40 (m, 2H), 1.53-1.56 (m, 2H), 1.64 (m, 1H), 1.66 (m, 1H),
1.72-1.88 (m, 3H), 2.00 (m, 1H), 2.10 (m, 1H), 2.16 (m, 1H),
2.17-2.80 (m, 4H), 3.52 (m, 1H), 3.64 (m, 1H), 3.66 (m, 1H), 4.66
(d, 1H, J = -0.5 Hz), 6.10 (broad, 4H), 6.68-7.00 (m, 2H) ppm. °C
NMR (500 MHz, Chloroform-d) &c: 9.66, 13.28, 23.88, 25.84,
27.77, 29.76, 30.02, 31.16, 33.70, 34.10, 35.66, 38.91, 39.95,
42,29, 4437, 49.82, 79.34, 81.24, 92.96, 110.70, 122.18,
123.86, 135.72, 140.44, 148.86, 164.63 ppm. EI-MS m/z:
411.27 Anal. Calcd. for C,sHs;NO3: C, 75.87; H, 9.06; N, 3.40; O,
11.66. Found: C, 75.80; H, 9.00.
8-Amino-10-(3-hydroxy-pentyl)-13a-methyl-3,3a,3b,4,5,10,
11b,12,13,13a-decahydro-2H-7-oxa-indeno[5,4-a]Janthracen-1-
one (4).

Yielding 38 % of product, m.p. 180-182°C; IR (Vinax, cm™) 3302,
1712 and 1246:'"H NMR (500 MHz, Chloroform-d) 4:0.92 (s,
3H), 0.94 (s, 3H), 1.20-1.34 (m, 4H), 1.36 (m, 1H), 1.54 (m, 1H),
1.55-1.66 (m, 3H), 1.80-1.92 (m, 2H), 1.98 (m, 1H), 2.10-2.12 (m,
3H), 2.16 (m, 1H), 2.20-2.80 (m, 5H), 3.50 (m, 1H), 3.64 (m, 1H),
4.64 (d, J = 1.0 Hz, 2H), 6.02 (broad, 3H), 6.66-7.10 (m, 2H) ppm.
3C NMR (500 MHz, Chloroform-d) &¢c: 9.66, 14.10, 21.12,
23.24, 26.44, 29.54, 29.77, 30.04, 32.40, 33.72, 34.10, 36.88,
39.90, 45.10, 49.14, 49.22, 51.64, 79.32, 92.98, 110.67, 121.83,
123.86, 135.34, 140.02, 148.92, 164.64, 220.30 ppm. EI-MS m/z:
409.26 Anal. Calcd.for CygH3sNO3: C, 76.25; H, 8.61; N, 3.42; O,
11.72. Found: C, 76.20; H, 8.56.

Preparation of pyrancyclodecaphene-dioneA solution of 3 or 4
(0.50 mmol), succinic acid (130 mg, 1.10 mmol), boric acid (68
mg, 1.08 mmol) in 5 ml of methanol was stirring for 72 h at room
temperature. The reaction mixture was evaporated to dryness
under reduced pressure. Then, the residue was purified by
crystallization from hexane:methanol:water (1:3:1) system; in
which case two pyrancyclodecaphene-dione (4 or 5) were
obtained.
(13S)-13-methyl-5,6,7,8,9,10,11,12,13,14,15,16,17-dodecahy-
dro-6H-17H-cyclopenta[a]phenanthren-17-o0l[2,3,e](Z)-8-ethyl-
1*H-7-oxa-2-aza-1(2,4)-pyrancyclodecaphene-3,6-dione (5).
Yielding 44 % of product, m.p. 202-204 °C; IR (Vax, cm™) 3430,
3402, 1710 and 1248:"H NMR (500 MHz, Chloroform-d) &,;:0.66
(s, 3H), 0.80 (m, 1H), 0.84 (s, 3H), 1.02-1.40 (m, 6H), 1.62 (m,
1H), 1.66-1.76 (m, 2H), 1.80 (m, 1H), 1.82 (m, 1H), 1.83 (m, 2H),

1.88 (m, 1H), 2.10 (m, 2H), 2.11 (m, 1H), 2.34-2.42 (m, 4H),
2.56-3.66 (m, 4H), 4.34 (m, 1H), 5.14 (m, 1H), 6.40 (broad, 1H),
6.56 (d, 1H, J = 1.66 Hz), 6.80-7.00 (m, 2H), 8.02 (broad, 1H)
ppm. *C NMR (500 MHz, Chloroform-d) &¢: 9.52, 13.26, 23.86,
25.84, 27.66, 27.76, 29.36, 29.76, 29.77, 31.16, 35.66, 37.04,
37.05, 38.90, 40.35, 42.29, 44.37, 49.8, 81.24, 82.02, 107.45,
109.90, 121.26, 123.72, 134.70, 138.88, 152.02, 153.62,
171.04, 172.82 ppm. EI-MS m/z: 493.29 Anal. Calcd.for
CsH3gNOs: C, 72.99; H, 7.96; N, 2.84; O, 18.21. Found: C, 72.90;
H, 7.90.
(13S)-13-methyl-5,6,7,8,9,10,11,12,13,14,15,16,-dodecahydro-
17H-cyclopenta[a]phe- nanthren-17-one[2,3,e](Z)-8-ethyl-1*H-
7-0xa-2-aza-1(2,4)-pyrancyclodecaphene-3,6-dione (6).
Yielding 38 % of product, m.p. 190-192 °C; IR (Vinax, cM™) 3432,
1712 and 1246:'"H NMR (500 MHz, Chloroform-d) 8,:0.82 (s,
3H), 0.92 (s, 3H), 1.20-1.54 (m, 5H), 1.62 (m, 1H), 1.78-1.80 (m,
2H), 1.83 (m, 2H), 1.92 (m, 1H), 2.10 (m, 2H), 2.11-2.20 (m, 4H),
2.34-2.42 (m, 4H), 2.46-2.80 (m, 4H), 4.34 (m, 1H), 5.14 (m, 1H),
6.56 (d, 1H, J = 1.66 Hz), 6.80-7.06 (m, 2H), 8.02 (broad, 1H)
ppm. *C NMR (500 MHz, Chloroform-d) &¢: 9.52, 14.12, 21.12,
23.28, 26.42, 27.66, 29.38, 29.56, 29.76, 29.77, 32.42, 36.85,
37.04, 37.05, 40.35 45.12, 49.19, 51.62, 82.02, 107.44,
109.90, 120.89, 123.73, 134.33, 138.45, 152.04, 153.63, 171.06,
172.8, 220.30 ppm. EI-MS m/z: 491.26 Anal. Calcd.for
C3H37NOs: C, 73.29; H, 7.59; N, 2.85; O, 16.27. Found: C, 73.20;
H, 7.50.

Preparation of azanylylidene-ethanamine derivatives

A solution of 5 or 6 (0.50 mmol), ethylenediamine (50 pl, 0.75
mmol), boric acid (34 mg, 0.54 mmol) in 5 ml of methanol was
stirring for 72 h at room temperature. The reaction mixture was
evaporated to dryness under reduced pressure. Then, the residue
was purified by crystallization from hexane:methanol:water
(3:2:1) system; in which case two pyrancyclodecaphene-dione (7
or 8) were obtained.
(13S)-13-methyl-5,6,7,8,9,10,11,12,13,14,15,16,17-dodecahy-
dro-6H-17H-cyclopenta[a]phenanthren-17-ol[2,3,e]2,2’(((1Z,
3Z,6E)-8-ethyl-7,14-dioxa-2-azabicyclo[9.3.1]penta- dec-1(15)-
ene-3,6-diylidene)bis(azanylylidene)bis(ethan-1-amine) (7)
Yielding 38 % of product, m.p. 174-176 °C; IR (Vmax, cm'l) 3400,
3304 and 1248:'*H NMR (500 MHz, Chloroform-d) 8y:0.64 (s,
3H), 0.80 (m, 1H), 0.90 (s, 3H), 1.02-1.40 (m, 6H), 1.42 (m, 2H),
1.56-1.60 (m, 2H), 1.64-1.74 (m, 2H), 1.76 (m, 2H), 1.82-2.76 (m,
5H), 2.79 (m, 2H), 2.80 (m, 1H), 3.04 (m, 2H), 3.12-3.60 (m, 8H),
3.64 (m, 1H), 3.92 (m, 1H), 4.12-5.50 (m, 2H), 5.80 (broad, 6H),
7.00-7.08 (m, 2H) ppm. **C NMR (500 MHz, Chloroform-d) &c:
9.70, 13.26, 21.96, 23.88, 25.78, 25.82, 27.76, 29.76, 29.78, 31.16,
31.58, 35.66, 36.42, 38.90, 40.56, 41.22, 41.29, 42.26, 44.37,
49.82, 50.60, 50.94, 81.22, 82.50, 100.24, 112.02, 122.14, 125.53
135.62, 139.70, 152.22, 153.94, 157.22, 166.22 ppm. EI-MS m/z:
577.39 Anal. Calcd.for C34Hs5NsO5: C, 70.68; H, 8.90; N, 12.12;
0, 8.31. Found: C, 70.60; H, 8.82.
2-(((13S,E)-13-methyl-5,6,7,8,9,10,11,12,13,14,15,16,-dodecahy
dro-17H-cyclopentala] phenanthren-17-ylidene)amino)ethan-
1-amine[2,3,¢]2,2°(((1Z,3Z,6E)-8-ethyl-14H-7-0xa-2-aza-1(2,4)-
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pyranacyclodecaphen-3,6-diyliden)bis(azanylidene))bis(ethan-
1-amine) (8).

Yielding 38 % of product, m.p. 164-166 °C; IR (Vimax, cm™) 3304,
1712 and 1246:'"H NMR (500 MHz, Chloroform-d) &: 0.90 (s,
3H), 0.92 (s, 3H), 1.20-1.36 (m, 4H), 1.42 (m, 2H), 1.54 (m, 1H),
1.56-1.62 (m, 2H), 1.74 (m, 2H), 1.78-2.76 (m, 9H), 2.79 (m, 2H),
2.80 (m, 1H), 3.04 (m, 2H), 3.12-3.60 (m, 8H), 3.94 (m, 1H),
4.12-5.50 (m, 2H), 5.70 (broad, 5H), 7.00-7.14 (m, 2H) ppm. **C
NMR (500 MHz, Chloroform-d) &c: 9.72, 14.12, 21.12, 21.94,
23.32, 25.80, 26.42, 29.54, 29.74, 29.76, 31.60, 32.40, 36.44,
36.82, 40.56, 41.22,41.32, 45.12, 49.16, 50.62, 50.94, 51.62,
82.50, 100.26, 112.00, 121.74, 125.50, 135.20, 139.26, 152.24,
153.94, 157.24, 166.22, 220.30 ppm. EI-MS m/z: 575.38 Anal.
Calcd.for CgH4Ns05: C, 70.92; H, 8.58; N, 12.16; O, 8.34.
Found: C, 70.84; H, 8.50.

Physicochemical parameters evaluation

Theoretical electronic properties, such as HOMO (Highest
Occupied Molecular Orbital), LUMO (Lowest Unoccupied
Molecular Orbital) energy, orbital coefficients distribution,
molecular dipole moment and HBD (hydrogen bond donor
groups) and HBA (hydrogen bond acceptor groups), TPSA
(topological polar surface area) and number of rotatable bonds
(RB) were evaluated using the SPARTAN’06 software [14]. In
addition, ACD Log P and KOWWIN programs were used to
estimate the parameters logP (LogKow), n, were evaluated using
previously methods reported [15, 16].

Evaluation of biological activity

Biological method

The animals (male Wistar rats; weighing 200-250 g) used were
obtained from the pharmacochemical laboratory of the
Autonomous University of Campeche. In addition, the animals
were managed in accordance with the guide for the care and use of
laboratory animals

[16].

Reagents

The different compounds were dissolved in methanol; in addition,
the dilutions were obtained using Krebs-Henseleit.

Experimental design

The animals were anesthetized with pentobarbital (50 mg/Kg body
weight) via intraperitoneal injecting. After, the chest was opened
to expose the heart, following descending aorta was cut and the
heart was immediately flushed with Krebs-Henseleit solution.
Then, the heart was trimmed of non-cardiac tissue and retrograde

3. RESULTS SECTION

Several anthracene derivatives have been prepared using
some reagents such as aliphatic aldehydes/H,SO, [20],
chromone/AC,0 [21], pentafluorophenyllithium and tris(pentafluoro-
phenyl)boron [22], Pd(Il) [23], BFs-H,0 [24] and others. In this study,
two anthracene derivatives were prepared (Figure 1 and 2) using the
three-component system (steroid, acetonityl and 5-hexin-3-ol). It is
noteworthy that; 1) estrone and estradiol were used as a chemical tool
and 2) this reaction did not require any catalyst for its production. The

perfused via a non-circulating perfusion system at a constant flow
rate (10 ml/min). The perfusion medium was the Krebs-Henseleit
solution (pH = 7.4; 35-37 °C) bubbled with gas mixture (CO2, 5%
and 02, 95%). Experimental data were done after of an
equilibration period (10 min).

Perfusion pressure

Changes in perfusion pressure and left ventricular pressure
produced by the administration of the compounds involved in this
investigation were determined using a pressure transducer that was
bound to both chamber (where the hearts were mounted) and
computerized data capture system (MP-100).

Inotropic activity

To evaluate the inotropic effect, a latex balloon filled with saline
solution (0.01 mm, diameter) was inserted into the left ventricle
through the left atrium. It is important to mention that latex
balloon was bound to pressure transducer which was connected to
a computerized data capture system (MP-100). After, inotropic
effect produced by compounds involved in this study was
evaluated by determine left ventricular developed pressure
(Lv/dP) [17].

Biological evaluation

First stage

Biological activity exerted by the compounds 6 or 7 against
perfusion pressure:

Effects produced by the compounds 6 or 7 (at dose of 0.001 nM)
and the conditions control on perfusion pressure through of time
(3 to 18 min) were determined.

Second stage

Effects induced by noradrenaline, digoxine, milrinone and
compound 7 on left ventricular pressure. Intracoronary boluses
(50 pl) of noradrenaline or digoxine or milrinone or the compound
7 (0.001 to 100 nM) were administered and their biological
activity against left ventricular pressure was evaluated.

Statistical analysis

Experimental results are showed as average + SE, using each heart
as its own control. The data were evaluated through an analysis of
variance (ANOVA) [18]. The differences were considered
significant when p = 0.05.

Theoretical evaluation of the interaction between compounds 6
or 7 with phosphodiesterase-4B.

Theoretical analysis was carried out using a docking program
(DockingServer) [19]. Phosphodiesterase-4B (ror) was used to
determine the interaction of compounds 6 or 7 with the enzyme.

results of "H NMR spectrum of 3 showed several signals at 0.64
ppm for methyl group which bound to steroid nucleus; at 0.94
ppm for methyl group of arm which attached to 4H-pyran ring; at
0.80, 1,02-1.31, 1.38-1.40, 1.64 and 1.72-1.88 ppm for steroid
nucleus; at 1.36, 1.53-1.56, 1.66, 2.00, 2.16 and 3.52 ppm for
methylene groups of arm which linked to 4H-pyran ring; at 3.64
and 4.66 ppm for 4H-pyran ring; at 6.10 ppm for both hydroxyl
and amino groups. The *C NMR spectra displays chemical shifts
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at 9.66 ppm for methyl involved in the arm which attached to 4H-
pyran ring; at 13.26 ppm for methyl bound to steroid nucleus; at
23.88-29.76, 31.16, 35.66-38.91, 42,29-49.83 81.24 and 110.70-
148.86 ppm for steroid nucleus; at 30.02, 33.70, 35.95 and 79.34
ppm for methylene groups involved in the arm bound to 4H-pyran
ring; at 34.10, 92.96 and 164.63 ppm for 4H-pyran ring. In
addition, the mass spectrum from 3 showed a molecular ion (m/z)
at 411.27.

OH

HO! H,N o
lor2

H 50r6

R = Hydroyl or Ketone
Figure 1. Synthesis of two pyrancyclodecaphene-dione derivatives (5 or
6). Estradiol (1) or estrone (2) reacted with 5-hexyn-3-ol and acetoni-trile
(i) to form the compounds anthracen-ol (3) or anthracen-one (4). Then, 3
or 4 reacted with succinic acid (ii) to preparation of 5 or 6.

Another results found showed the following signals of *H
NMR spectrum for 4 at 0.92 ppm for methyl group bound to
steroid nucleus; at 0.94 ppm for methyl group of the arm which
attached to 4H-pyran ring; at 1,20-1.34, 1.54, 1.80-1.92, 2.10-2.12,
2.20-2.80 and 6.66-7.10 ppm for steroid nucleus; at 1.36, 1.55-
1.66, 1.98, 2.16 and 3.50 ppm for methylene groups of arm bound
to 4H-pyran ring; at 3.64 and 4.64 ppm for 4H-pyran ring; at 6.02
ppm for both amino an hydroxyl groups. The *C NMR spectrum
showed chemical shifts at 9.66 ppm for methyl involved in the
arm which attached to 4H-pyran ring; at 14.10 ppm for methyl
group attached to steroid nucleus; at 21.16-29.77, 32.40, 36.88,
45.14-51.64 and 110.66-148.92 ppm for steroid nucleus; at 30.04,
33.72, 39.90 and 79.32 ppm for methylene groups attached to 4H-
pyran ring; at 34.10, 92.98 and 164.64 ppm for 4H-pyran ring; at
220.30 for ketone group. Finally, the mass spectrum from 4
showed a molecular ion (m/z) at 409.26.
Preparation of oxa-aza-cyclododecene derivatives (5 or 6)

Some cyclododecene derivatives have synthesized using several
reagents such as titanosilicate nano-sheets [25], chloroformate [26],
Cu-Al,03 [27], selenocyanatomethyl-benzene/KOH [28] and
others; nevertheless, some compounds are difficult to handle and
very expensive. Therefore, in this study the compounds 3 or 4
were reacted with succinic acid using boric acid as a catalyst to
form 5 or 6 (Figure 1); it is noteworthy that boric acid has been in
several reactions to form both ester and amide groups [29].

Figure 2. Mechanism of reaction involved in the synthesis of
anthracenederivatives (3 or 4).

The results of *H NMR spectrum of 5 display several signals at
0.66 ppm for methyl group. Another results found showed the
following signals at 0.84 ppm for methyl group of arm which
attached to oxa-aza-cyclododecene system; at 0.80, 1.02-1.40,
1.66-1.76 1.82, 1.88, 2.11, 2.56-3.66 and 6.80-7.00 ppm for
steroid nucleus; at 1.62 and 1.80 ppm for methylene group bound
to oxa-aza-cyclododecene system; at1.83, 2.10, 2.34-2.42 and 5.14
ppm for oxa-aza-cyclododecene system; at 4.34 and 6.56 ppm for
4H-pyran ring; at 6.40 ppm for hydroxyl group; at 8.02 for amino
group. The *C NMR spectra showed several signals at 9.52 ppm
for methyl group of arm which attached to oxa-aza-cyclododecene
system; at 13,26 ppm for methyl group bound to steroid nucleus;
at 23.86-25.84, 27.76, 29,77-35.66, 38.90, 44,37-81.24, 109.90,
122.26-138.88 and 153.62 ppm for steroid nucleus; at 27.66 ppm
for methylene group attached to oxa-aza-cyclododecene system; at
29.36-29.76, 37.04-37.05 and 82-02 ppm for the oxa-aza-
cyclododecene system; at 40.35, 107.45 and 152.02 ppm for 4H-
pyran ring; at 171.04-172.82 ppm for ketone groups. Finally, the
mass spectrum from 4 showed a molecular ion (m/z) 493.29.
Another results found showed the following signals of
'H NMR spectrum for 6 at 0.92 ppm for methyl group attached to
steroid nucleus; at 0.82 ppm for methyl group of arm which
attached to oxa-aza-cyclododecene system; at 1.20-1.54, 1.78-
1.80, 1.92, 2.11-2.20, 2.46-2.80, and 6.80-7.06 ppm for steroid
nucleus; at 1.62 ppm for methylene group bound to oxa-aza-
cyclododecene system; at 1.83, 2.10, 2.34-2.42 and 5.14 ppm for
oxa-aza-cyclododecene system; at 4.34 and 6.56 ppm for 4H-
pyran ring; at 8.02 for amino group. The *C NMR spectra
displays chemical shifts at 9.52 ppm for methyl group of arm
which bound to oxa-aza-cyclododecene system; at 14.12 ppm for
methyl group bound to steroid nucleus; at 21.12-26.42, 29,56,
29.77-36.85, 46.12-51.62, 109.90-138.45 and 153.63 ppm for
steroid nucleus; at 27.66 ppm for methylene bound to oxa-aza-
cyclododecene system; at 29.38, 29.76, 37.04-37.05 and 82-02
ppm for the oxa-aza-cyclododecene system; at 40.35, 107.44 and
152.04 ppm for 4H-pyran ring; at 171.06-220.30 ppm for ketone
groups. Finally, the mass spectrum from 5 showed a molecular ion
(m/z) at 491.26.
Formation of oxa-aza-cyclododecene-amino-imino system (7 or
8)
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Several methods for preparation of imino groups derivatives have
been previously reported; however, some reagents involved in its
production require special conditions [30. 31]. In this sense, two
oxa-aza-cyclododecene-amino-imino (7 or 8) were prepared from
5 or 6 (Figure 3) using boric as a catalyst.
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Figure 3. Preparation of azanylylidene-ethanamine derivatives (7 or 8).
17-ol-pyrancyclodecaphene-3,6-dione (5) or 17-one-
pyrancyclodecaphene-3,6-dione (6) reacted with ethylenediamine (iii) to
form 7 or 8.

It is noteworthy that boric acid does not require special conditions
for its handling [32]. The results of "H NMR spectra of 7 showed
several signals at 0.64 ppm for methyl group attached to steroid
nucleus; at 0.90 ppm for methyl group of arm which attached
bound to oxa-aza-cyclododecene system; at 0.80, 1.02-1.40, 1.64-
1.74, 1.82-2.76, 2.80, 3.64 and 7.00-7.08 ppm for steroid nucleus;
at 1.42, 1.76, 2.79, 3.04 and 3.92 ppm for oxa-aza-cyclododecene
system; at 1.56-1.60 ppm for methylene group attached to oxa-
aza-cyclododecene system; at 3.12-3.60 ppm for methylene groups
to both amines; at 4.12-5.60 ppm for 4H-pyran ring; at 5.80 for
both amino and hydroxyl groups. The *C NMR spectra showed
several signals at 9.70 ppm for methyl group of arm which bound
to oxa-aza-cyclododecene system; at 13.26 ppm for methyl group
attached to steroid nucleus; at 23.88, 25.82, 29.76, 31.16, 35.66,
38.90, 42.26-49.82, 81.22, 112.02-139.70 and 153.94 ppm for
steroid nucleus; at 25.78 ppm for methylene groups attached to
oxa-aza-cyclododecene system; 21.96, 29.78, 38.58, 36.42 and
82.50 ppm for the oxa-aza-cyclododecene system; at 40.56,
100.24 and 152.22 ppm for 4H-pyran ring; at 41.22-41.29 and
50.60-50.94 ppm for methylene groups attached to both amine
groups; at 157.22-166.22 ppm for imino groups. In addition, the
mass spectrum from 7 showed a molecular ion (m/z) at 577.39.

In addition, the results of *H NMR spectrum of 8 showed several
signals at 0.92 ppm for methyl group bound to steroid nucleus; at
0.90 ppm for methyl group of arm which attached to oxa-aza-
cyclododecene system; at 1.20-1.36, 1.54, 1.78-2.76, 2.80 and
7.00-7.08 ppm for steroid nucleus; at 1.42, 1.74, 2.79, 3.04 and
3.94 ppm for oxa-aza-cyclododecene system; at 1.56-1.62 ppm for
methylene group bound to oxa-aza-cyclododecene system; at 3.12-
3.60 ppm for methylene groups to both amines; at 4.12-5.50 ppm
for 4H-pyran ring; at 5.30 ppm for amino groups. The *C NMR
spectra display chemical shifts at 9.70 ppm for methyl group of
arm which attached to oxa-aza-cyclododecene system; at 14.12
ppm for methyl group attached to steroid nucleus; at 21.12, 23.32,
26.42-29.74, 32.40, 36.82, 45.12-49.16, 51.62-82.50, 112.00-
139.26 and 153.94 ppm for steroid nucleus; at 25.80 ppm for

methylene groups attached to oxa-aza-cyclododecene system;
21.94, 29.76-31.60 and 36.44 ppm for the oxa-aza-cyclododecene
system; at 40.56, 100.26 and 152.24 ppm for 4H-pyran ring; at
41.22-41.32 and 50.62-50.94 ppm for methylene groups bound to
both amine groups; at 157.24-166.22 ppm for imino groups; at
220.30 ppm for ketone group. Finally, the mass spectrum from 8
showed a molecular ion (m/z) at 575.38.

Electronic parameters evaluation (HOMO and LUMO)

The molecular orbitals HOMO and LUMO (Figure 4, Table 1) for
the compounds 7 and 8 were theoretically evaluated with
SPARTAN’06 software package (Wavefunc-tion Inc. Irvine, CA,
2000), using Hartree-fock method at 321-G level. The results
showed in table 1 indicated that HOMO and LUMO values were
lower for the compound 7 compared with 8; these data indicate
that 8 have a strong electro donating ability in comparison with 7.

m
n

Figure 4. The scheme shown electronic parameters such as HOMO and
LUMO for the compounds 7 (G) and 8 (H). Visualized with Spartan 6.0
software.

Table 1. Electronic parameters involved in the compound 7 and 8.

Parameter Compound 7 Compound 8
Energy (kcal/mol) -1803.84 -1915.36
Energy HOMO (ev) -7.31 -7.82

Energy LUMO (ev) 3.72 3.70
Energy-gap =E. HOMO - E. | -11.03 -11.52
LUMO (ev)

Lipophilicity degree of compound 7 and 8.

A theoretical analysis on lipophilicity degree of compound 7 and 8
was evaluated using the parameters log P and = [33]. It is
noteworthy that logP (logKow) determinate the lipophilicity
degree; in addition, therefore, logKow represents the lipophilic
effects of all molecule [14]. It is important to mention that & value
for a particular compound can conditioned the lipophilicity degree
[15]. The results shown in Table 2 indicated that logKow and =
were higher for compound 8 compared to 7, which translates to
more lipophilicity. This phenomenon could be conditioned by
other chemical involved in the chemical structure of 7 or 8 such as
volume (V) and molar refractivity (R,) that are two
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physicochemical parameters which could produce several changes
in some biological models.

Table 2. Physicochemical factors (logkow and m) involved in the
compounds 7 and 8.

Compound Fragment Values
-CH3 [aliphatic carbon] 1.0946
-CH2- [aliphatic carbon] 7.3665
-CH [aliphatic carbon] 2.5298
C [aliphatic carbon - No H, not tert] 2.9169
-OH  [hydroxy, aliphatic attach] -1.4086
-O-  [oxygen, aliphatic attach] -1.2566
-NH2 [aliphatic attach] -2.8296

7 -NH- [aliphatic attach] -1.4962
Aromatic Carbon 1.7640
-O- [oxygen, one aromatic attach] -0.4664
-tert Carbon [3 or more carbon attach] 0.2676
-N=C [aliphatic attach] -0.0020
Fused aliphatic ring unit correction -0.6842
Equation Constant 0.2290
T 1.2948
Log Kow 8.0248
CHj; [aliphatic carbon] 1.0946
-CH,- [aliphatic carbon] 8.3487
-CH [aliphatic carbon] 2.1684
C [aliphatic carbon - No H, not tert] 3.8892
-O- [oxygen, aliphatic attach] -1.2566
-NH, [aliphatic attach] -4.2444
-NH- [aliphatic attach] -1.4962

8 Aromatic Carbon 1.7640
-O- [oxygen, one aromatic attach] -0.4664
-tert Carbon [3 or more carbon attach] 0.2676
-N=C [aliphatic attach] -0.0030
Fused aliphatic ring unit correction -0.6842

>C=N-C [cyclic-type imine, ali carbon -1.5500
att] -

Equation Constant 0.2290
T 0.0359
LogKow 8.0607

Table 3. Physicochemical parameters involved in the compound 7 and 8.

Parameter Compound 7 Compound 8
Molar refractivity (cm®) 160.73 + 0.5 174.07+05
Molar volume (cm®) 429.4+7.0 465.6 +7.0
Parachor (cm°) 115.70 + 8.0 1254.2 + 8.0
Index of refraction 1.671+05 1.670+05
Density (kg/em?) 1.34+0.1 1.32+0.1
Surface tension (dyne/cm) 5240 + 7.0 52.60 + 7.0
Dipole moment (debye) 203 254
PSA (A) 102.92 115.28
HBA 1.0 2.0

HBD 8.0 9.0
Polarizability 88.47 92.37

These physicochemical factors are tools for the correlation of
different properties that depend on characteristics of substituents
attached to a constant reaction center. To evaluate both V,, and Ry,
descriptors in this study, a previously method reported was used
[34]. The theoretical results showed (Table 3) that R, and Vy,
were higher for 8 compared with 7. These data suggest that steric
hindrance, conformational preferences, and internal rotation could
be factors that influence the biological activity by compound 8 on
some biological model. Analyzing these data and a study which
indicate that some physiochemical factors of several drugs such as
hydrogen bond donor groups (HBD) and hydrogen bond acceptor
groups (HBA), topological polar surface area (TPSA) are used to

predict the biological activity of some compounds in different
theoretical models [35]; in this study these physicochemical
parameters (Table 3) were evaluated using the Spartan 6.0
software. The results indicate that HBA was < 5, < HBD 5 and
values these data indicate that 8 could be well absorbed such
happening with another type of compounds [36]. Another result
showed that TPSA for8 was higher compared the compound 7; It
is noteworthy, that there are studies which indicate that this
physicochemical parameter could condition the ability of drugs to
penetrate the blood-brain barrier affinity and exhibit biological
activity on intestine nervous central system [37]. All these data
suggested that compound 7 could be a good prospect as a new
drug in some biological system.

Biological activity.

Analyzing the hypothesis above mentioned, in this study the
inotropic activity of compound 8 against perfusion pressure was
evaluated using the Langendorff method. In the first stage, the
biological activity of 8 was asses and compared with the effect of
the compound 7 and control conditions. The results showed
(Figure 5) that 8 significantly increased (p = 0.05) the perfusion
pressure compared with the compound 7 and control conditions.

[ conTROL
Y7272 COMPOUND 7 [0.001 nM]

80 B COMPOUND 8 [0.001 nM]

PERFUSION PRESSURE

0 2 4 6 8 10 12 14 16 18 20 22

TIME (minutes)
Figure 5. Biological activity induced by the compounds 7 and 8 on
perfusion pressure through of time. The experimental data found shown
that compound 8 significantly increased (p = 0.05) the perfusion pressure
compared with the compound 7 and conditions control. Each bar
represents the mean + S.E. of 9 experiments.

These data indicated that compound 8 exert a positive inotropic
effect in heart.

O NOREPINEPHRINE
® COMPOUND 7
v DIGOXINE

¥ MILRINONE

LVP (mm Hg)

@
3

45 4

40 T T T T T T d
0.0001 0.001 0.01 0.1 1 10 100 1000

log DOSE [nM]
Figure 6. Effect induced by norepinephrine, digoxine, milrinone and the
compound 8 against left ventricular pressure (LVP). The scheme shows
that compound 8 significantly increase LVP (p = 0.05) in a similar form;
however, this effect was different from the biological activity exerted by
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norepinephrine and digoxine. Each bar represents the mean + S.E. of 9
experiments.

In the search of molecular mechanism involved in the
biological activity exerted by compound 8, several
pharmacological tools such as norepinephrine (adrenergic
receptors agonist), digoxine (ATP-ase inhibitor) and milrinone
(phosphodiesterase 111 inhibitor) were used.The results showed
(Figure 6) that compound increased the left ventricular pressure in
a different manner compared with norepinephrine and digoxine;
however, in a similar form compared with milrinone.

gEy. A '~ TN S ) 'l >\ -
Figure 7. The scheme showed the binding site of compounds 7 (A) and 8
(B) with phosphodiesterase-4B (1ror) surface. Visualized with GL- mol
Viewer.

%f: #—4 Ligahd Bond £ NonBgand residves nvohed in
#—+ now.fgond senc
Key 4 ycogen bend cnd s other contadt (5)

=4 ligard bond

—# Hor-Egond 560

# -4 nycrogen band and i
bength

25 Nonfgand resdues imatad i
"5 oibet cordad ()

length

Figure 8. The scheme showed the binding site of amino acid residues
involved in the interaction of phosphodiesterase-4B (lror) with the
compound 7 (C) and 8 (D). Visualized with GL mol Viewer,
dockingserver.

This phenomenon suggests that biological activity could
be via inhibition of phosphodiesterase; analyzing these data and
others that indicate that phosphodiesterase-4B is involved in the
inotropic activity [38], a theoretical study on the interaction of
compound 8 with phosphodiesterase-4B (1ror) was evaluated

4. CONCLUSIONS

The results shown that compound 8 exert a positive
inotropic effect in an isolated heart model. In addition, theoretical
data indicated that this phenomenon could involve inhibition of
the phosphodiesterase-4B which opens the possibility that this

5. REFERENCES

[1] Dubin A, Lattanzio B, Gatti L., The spectrum of
cardiovascular effects of dobutamine - from healthy subjects to
septic shock patients. Rev. Bras. Ter. Intensiva., 29, 490-498,
2017.

using a docking model [39]. The results (Figure 7 and 8) showed
the possible interaction of compound 7 with the amino acid
residues involved in the structure of phosphodiesterase-4B such as
Tyrass, HySzsa, HySzss HySza, ASPars, Seragy, ASNzgs, Metssy,
ASNsgs, TrPags, €410, Phesis, Glngas, Phegses. Analyzing these data,
also the possible interaction of compound 7 with the 1ror protein
was evaluated to compare with compound 8. Theoretical data
found showed that 7 could interact with several amino acid
residues such as Tyrss, ASNgs, ASPass, Metss;, Serzsg, ASpPae,
Leuags, ASNzgs, Prosgs, TYraes, Thraor, H€s10, Phesis, GlNgss, Phesse.
All this data indicates that compounds 7 or 8 could
interact in a manner different with amino acids residues on the
surface of phosphodiesterase-4B. This phenomenon could involve
other type intramolecular interactions due to changes in the energy
levels.
Thermodynamic parameters involved in the interaction of
compounds 7 or 8 with the phosphodiesterase-4B (1ror)

In addition, other studies shown that also some
thermodynamic parameters are evidences for confirming the
interaction drug-protein [40], in this study a theoretical evaluation
was carried out on some thermodynamic parameters such as free
energy of binding, electrostatic energy, total intermolecular
energy, vdW + on some thermodynamic parameters such as free
energy of binding, electrostatic energy, total intermolecular
energy, vdwW + Hbond + desol energy and inhibition constant. The
results showed differences in the intramolecular energy involved
in the interaction for compound 7 or 8 (Table 4) with the
phosphodiesterase-4B. Finally, other data shown that inhibition
constants were lower for 7 compared with the Ki for 8. These data
are interesting, which implies a higher interaction of the
compound 8 with the phosphodiesterase-4B which could is related
to positive inotropic effect.

Table 4. Energy levels.
Est. vdW + | Electrost
Free Inhib.  Hbond . Energy
Energy  Const. + desolv (kcal/
of Ki Energy
Binding (nM) (kcal/m
(kcal/

Total
Intermo
| Energy

(kcal/

Est. Inter.

Surface

Comp

1254.50

-8.87 -4.96 -13.83 1439.13

compound would be used to heart failure; however, it is important
to conduct toxicity studies of the compounds involved in this
study.

[2] Habicher M, Zajonz T, Heringlake M, Boning A, Treskatsch S,
Schirmer U, Markewitz A, Sander M. [S3 guidelines on intensive
medical care of cardiac surgery patients: Hemodynamic

Page | 3167



https://www.ncbi.nlm.nih.gov/pubmed/?term=Dubin%20A%5BAuthor%5D&cauthor=true&cauthor_uid=29340539
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lattanzio%20B%5BAuthor%5D&cauthor=true&cauthor_uid=29340539
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gatti%20L%5BAuthor%5D&cauthor=true&cauthor_uid=29340539
https://www.ncbi.nlm.nih.gov/pubmed/29340539
https://www.ncbi.nlm.nih.gov/pubmed/?term=Habicher%20M%5BAuthor%5D&cauthor=true&cauthor_uid=29644444
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zajonz%20T%5BAuthor%5D&cauthor=true&cauthor_uid=29644444
https://www.ncbi.nlm.nih.gov/pubmed/?term=Heringlake%20M%5BAuthor%5D&cauthor=true&cauthor_uid=29644444
https://www.ncbi.nlm.nih.gov/pubmed/?term=B%C3%B6ning%20A%5BAuthor%5D&cauthor=true&cauthor_uid=29644444
https://www.ncbi.nlm.nih.gov/pubmed/?term=Treskatsch%20S%5BAuthor%5D&cauthor=true&cauthor_uid=29644444
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schirmer%20U%5BAuthor%5D&cauthor=true&cauthor_uid=29644444
https://www.ncbi.nlm.nih.gov/pubmed/?term=Markewitz%20A%5BAuthor%5D&cauthor=true&cauthor_uid=29644444
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sander%20M%5BAuthor%5D&cauthor=true&cauthor_uid=29644444

Figueroa-Valverde Lauro, Rosas-Nexticapa Marcela, Mateu-Armand Virginia, Herrera-Meza Socorro, Lopez-Ramos Maria,
Garcia-Cervera Elodia, Pool Gémez Eduardo, Garcia-Martinez Rolando, Parra-Galindo Perla, Cauich-Carrillo Regina, Euan-
Hau Saidy

monitoring and cardiovascular system-an update]. Anaesthesist.
67,375-379, 2018.

[3] Pfeffer M., Left ventricular remodeling after acute myocardial
infarction. Annu. Rev. Med., 46, 455-466, 1995.

[4] Bossu A, Kostense A, Beekman H, Houtman M, van der
Heyden M Vos MA., Istaroxime, a positive inotropic agent devoid
of proarrhythmic properties in sensitive chronic atrioventricular
block dogs. Pharmacol Res., 133,132-140, 2018.

[5] Shi L, Sun L, Odel J., Colored floaters as a manifestation of
digoxin toxicity. Am. J. Ophthalmol. Case Rep., 10, 233-235,
2018.

[6] Kucewicz-Czech E, Maciejewski T, Budziarz B, Kotodziej T,
Kiermasz K, Machej L., Levosimendan in patients with low
ejection fraction undergoing cardiac surgery. Kardiochir
Torakochirurgia Pol., 15, 31-37, 2018.

[7]1 Yogev D, Basheer M, Perlman A, Blotnick S, Caraco Y,
Muszkat M., The hemodynamic response to constant dobutamine
infusion: the effect of ADRB1 389 polymorphism and sex. Pharm.
Genom. 28, 139-146, 2018. [8] Madfai FA, Zaidi STR, Ming LC,
Wanandy T, Patel RP., Stability of milrinone in continuous
ambulatory delivery devices. Am. J. Health Syst. Pharm., 75,
e241-e245, 2018.

[9] Hoffman T, Wernovsky G, Atz A, Kulik T, Nelson D, Chang
A., Efficacy and safety of milrinone in preventing low cardiac
output syndrome in infants and children after corrective surgery
for congenital heart disease., Circulation., 107, 996-1002, 2003.
[10] Watanabe N, Kabasawa Y, Takase Y, Matsukura M,
Miyazaki K., 4-Benzylamino-1-chloro-6-substituted Phthalazines:
Synthesis and Inhibitory Activity toward Phosphodiesterase 5., J.
Med. Chem., 41, 3367-3372, 1998.

[11] Hynes P, Stupple P, Dixon D., Organocatalytic Asymmetric
Total Synthesis of (R)-Rolipram and Formal Synthesis of (3S,4R)-
Paroxetine. Org. Lett., 10, 1389-1391, 2008.

[12] Crespo M, Pagés L, Vega A, Segarra V, Lépez M,
Doménech T., Design, Synthesis, and Biological Activities of
New  Thieno[3,2-d]pyrimidines as  Selective Type 4
Phosphodiesterase Inhibitors. J. Med. Chem., 41, 4021-4035,
1998.

[13] Gordon W, Gribble T, Pelkey W, Simon H., Regioselective
1,3-Dipolar  Cycloaddition  Reactions of Unsymmetrical
Minchnones (1,3-Oxazolium-5-olates) with 2- and 3-Nitroindoles.
A New Synthesis of Pyrrolo[3,4-b]indoles. Tetrahedron., 56,
10133-10140, 2000.

[14] Figueroa-Valverde L, Diaz-Cedillo F, Garcia-Cervera E.,
Synthesis of Two Steroids Derivatives and its Relationship with
some Physicochemical Parameters. E-Journal of Chemistry., 9,
27-34, 2012.

[15] Figueroa-Valverde L, Diaz-Cedillo F, Ldpez-Ramos M,
Garcia-Cervera E., Synthesis and Characterization of Two
Danazol Derivatives. E-Journal of Chemistry., 7, S191-S196,
2010.

[16] Figueroa-Valverde L, Diaz-Cedillo F, Camacho-Luis A,
Lopez-Ramos M, Garcia-Cervera E., Design and Synthesis of
Carbamazepine-Alkyne Conjugate as Antidiabetic Agent: Study of
Chemical Descriptors (log P and «). Asian J Chemistry., 22, 7057-
64, 2010.

[17] Institute of Laboratory Animal, Resources Commission on
Life Sciences, National Research Council., Guide for the care and
use of laboratory animals. Seventh edition. Washington, D.C.
National Academies Press., 1-240, 1996.

[18] Hocht C, Opezzo J, Gorzalczany S, Bramuglia G, Tiara C.,
Una aproximacion cinética y dinamica de metildopa en ratas con
coartacion adrtica mediante microdialisis. Rev. Arg. Cardiol., 67,
769-73, 1999.

[19] Lopez-Ramos M, Figueroa-Valverde L, Herrera-Meza S,
Rosas-Nexticapa M, Diaz-Cedillo F, Garcia-Cervera E, Pool-
Gomez E, Cahuich-Carrillo E., Design and synthesis of a new
steroid-macrocyclic derivative with biological activity. J. Chem.
Biol., 10, 69-84, 2017.

[20] Ostaszewski R., The synthesis of anthracene crown ethers
derived from benzo-crown ethers. Tetrahedron., 54, 6897-6902,
1998.

[21] Khafagy M, Ashraf H, ElI-Wahab A, Eid F, EIAgrody A.,
Synthesis of halogen derivatives of benzo[h]chromene and
benzo[a]anthracene with promising antimicrobial activities.
Farmaco., 57, 715-722, 2002.

[22] Zang Q, Lv J, Li S, Luo S., Carbocation Lewis Acid
Catalyzed Diels—Alder Reactions of Anthracene Derivatives. Org.
Lett., 20, 2269-2272, 2018.

[23] Hyojin P, KwanghoY, Byunghyuck J, Min K., Direct
synthesis of anthracenes from o-tolualdehydes and aryl iodides
through Pd(Il)-Catalyzed sp® C-H arylation and electrophilic
aromatic cyclization. Tetrahedron., 74, 2048-2055, 2018.

[24] Prakash S, Panja C, Shakhmin A, Shah E, Mathew T, Olah
G., BF;-H,O Catalyzed Hydroxyalkylation of Aromatics with
Aromatic Aldehydes and Dicarboxaldehydes: Efficient Synthesis
of Triarylmethanes, Diarylmethylbenzaldehydes, and Anthracene
Derivatives. J. Org. Chem., 74, 8659-8668, 2009.

[25] Yarong Z, Dan Z, Tianjun Z, Yun Y, Ke Z, Xinchao L, Hui
M, Xinhuan L, Renfeng N, Qinghua X., High-Rota Synthesis of
Single-/Double-/Multi-Unit-Cell Ti-HSZ Nanosheets To Catalyze
Epoxidation of Large Cycloalkenes Efficiently. ACS Appl. Mater.
Interfaces, 10, 6390-6397, 2018.

[26] Xiang Y,Ming A, Wang X, LiangD., Synthesis and
conformation of cis-1,2-disubstituted. Cyclododecene., 22, 563-
567, 2004.

[27] Di-Castro V, Gargano M, Ravasio N, Rossi M., Selective
Hydrogenation of Cyclododecatriene Isomers to Cyclododecene
Catalysed by Cu-Al,Os. Studies Surface Sci. Catal., 63, 95-102,
1991.

[28] Al-Rubaie A, Yousif L., Synthesis and characterization of
some new organoselenium macrocycles. Int. J. Sci. Res., 17, 25-
29, 2007.

[29] Figueroa-Valverde L, Diaz-Cedillo F, Ceballos-Reyes G.,
Synthesis of Pregnenolone-Pregnenolone Dimer via Ring A-Ring
A connection. J. Mex. Chem. Soc. 50, 42-45, 2006.

[30] Figueroa-Valverde, L.; Diaz, F.; Garcia, E.; Rosas, M.;
Ramos, M., Asian J. Chem., 5, 6724-6726, 2013.

[31] Hania, M., E-J. Chem., 6, 629-632. 2009.

[32] Josephsohn, N.; Carswell, E.; Snapper, M.; Hoveyda, A.
Org. Lett., 7, 2711-2713, 2005.

[33] Synthesis of a dihydrotestosterone—ciprofloxacin conjugate:
relationship between descriptors logP, n, R , and V , and its
antibacterial activity in S. aureus and E. coli., Monatshefte fir
Chemie - Chemical Monthly., 141, 373-380, 2010.

[34] Figueroa L, Diaz F, Ceballos, Lépez R, Maldonado,
Camacho L.,. QSAR studies on urea and thiourea derivatives.,
Relationship between descriptors log P, p, MR and MV and
antibacterial acvtivity in Staphylococcus aureus, Klebsiella

Page | 3168


https://www.ncbi.nlm.nih.gov/pubmed/29644444
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bossu%20A%5BAuthor%5D&cauthor=true&cauthor_uid=29753687
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kostense%20A%5BAuthor%5D&cauthor=true&cauthor_uid=29753687
https://www.ncbi.nlm.nih.gov/pubmed/?term=Beekman%20HDM%5BAuthor%5D&cauthor=true&cauthor_uid=29753687
https://www.ncbi.nlm.nih.gov/pubmed/?term=Houtman%20MJC%5BAuthor%5D&cauthor=true&cauthor_uid=29753687
https://www.ncbi.nlm.nih.gov/pubmed/?term=van%20der%20Heyden%20MAG%5BAuthor%5D&cauthor=true&cauthor_uid=29753687
https://www.ncbi.nlm.nih.gov/pubmed/?term=van%20der%20Heyden%20MAG%5BAuthor%5D&cauthor=true&cauthor_uid=29753687
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vos%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=29753687
https://www.ncbi.nlm.nih.gov/pubmed/29753687
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shi%20L%5BAuthor%5D&cauthor=true&cauthor_uid=29780940
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sun%20LD%5BAuthor%5D&cauthor=true&cauthor_uid=29780940
https://www.ncbi.nlm.nih.gov/pubmed/?term=Odel%20JG%5BAuthor%5D&cauthor=true&cauthor_uid=29780940
https://www.ncbi.nlm.nih.gov/pubmed/29780940
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kucewicz-Czech%20EM%5BAuthor%5D&cauthor=true&cauthor_uid=29681959
https://www.ncbi.nlm.nih.gov/pubmed/?term=Maciejewski%20T%5BAuthor%5D&cauthor=true&cauthor_uid=29681959
https://www.ncbi.nlm.nih.gov/pubmed/?term=Budziarz%20B%5BAuthor%5D&cauthor=true&cauthor_uid=29681959
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ko%C5%82odziej%20T%5BAuthor%5D&cauthor=true&cauthor_uid=29681959
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kiermasz%20K%5BAuthor%5D&cauthor=true&cauthor_uid=29681959
https://www.ncbi.nlm.nih.gov/pubmed/?term=Machej%20L%5BAuthor%5D&cauthor=true&cauthor_uid=29681959
https://www.ncbi.nlm.nih.gov/pubmed/29681959
https://www.ncbi.nlm.nih.gov/pubmed/29681959
https://www.ncbi.nlm.nih.gov/pubmed/29768300
https://www.ncbi.nlm.nih.gov/pubmed/29768300
https://www.ncbi.nlm.nih.gov/pubmed/29691268
https://www.ncbi.nlm.nih.gov/pubmed/29691268
https://pubs.acs.org/author/Hynes%2C+Peter+S
https://pubs.acs.org/author/Stupple%2C+Paul+A
https://pubs.acs.org/author/Dixon%2C+Darren+J
https://pubs.acs.org/author/Crespo%2C+Mar%C3%ADa+I
https://pubs.acs.org/author/Pag%C3%A8s%2C+Llu%C3%ADs
https://pubs.acs.org/author/Vega%2C+Armando
https://pubs.acs.org/author/Segarra%2C+Victor
https://pubs.acs.org/author/L%C3%B3pez%2C+Manel
https://pubs.acs.org/author/Dom%C3%A9nech%2C+Teresa
https://www.sciencedirect.com/science/article/pii/S0040402000008589#!
https://www.sciencedirect.com/science/article/pii/S0040402000008589#!
https://www.sciencedirect.com/science/article/pii/S0040402000008589#!
https://www.sciencedirect.com/science/journal/00404020
https://link.springer.com/journal/12154
https://link.springer.com/journal/12154
https://www.sciencedirect.com/science/article/pii/S0040402098003706#!
https://www.sciencedirect.com/science/journal/00404020
https://www.sciencedirect.com/science/journal/00404020/54/24
https://pubs.acs.org/doi/10.1021/acs.orglett.8b00619
https://pubs.acs.org/doi/10.1021/acs.orglett.8b00619
https://www.sciencedirect.com/science/article/pii/S0040402018302497#!
https://www.sciencedirect.com/science/article/pii/S0040402018302497#!
https://www.sciencedirect.com/science/article/pii/S0040402018302497#!
https://www.sciencedirect.com/science/article/pii/S0040402018302497#!
https://www.sciencedirect.com/science/journal/00404020
https://pubs.acs.org/author/Prakash%2C+G+K+Surya
https://pubs.acs.org/author/Panja%2C+Chiradeep
https://pubs.acs.org/author/Shakhmin%2C+Anton
https://pubs.acs.org/author/Shah%2C+Eric
https://pubs.acs.org/author/Mathew%2C+Thomas
https://pubs.acs.org/author/Olah%2C+George+A
https://pubs.acs.org/doi/10.1021/acsami.7b18734
https://pubs.acs.org/doi/10.1021/acsami.7b18734
https://pubs.acs.org/doi/10.1021/acsami.7b18734
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Wang%2C+Ming-An
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Liang%2C+Xiao-Mei
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Wang%2C+Dao-Quan
https://www.sciencedirect.com/science/article/pii/S0167299108645760#!
https://www.sciencedirect.com/science/article/pii/S0167299108645760#!
https://www.sciencedirect.com/science/article/pii/S0167299108645760#!
https://www.sciencedirect.com/science/article/pii/S0167299108645760#!
https://www.sciencedirect.com/science/journal/01672991
http://pubs.acs.org/action/doSearch?text1=Josephsohn+N+S&field1=Contrib
http://pubs.acs.org/action/doSearch?text1=Carswell+E+L&field1=Contrib
http://pubs.acs.org/action/doSearch?text1=Snapper+M+L&field1=Contrib
http://pubs.acs.org/action/doSearch?text1=Hoveyda+A+H&field1=Contrib
https://link.springer.com/journal/706
https://link.springer.com/journal/706

Design and synthesis of pyranacyclodecaphen-3,6-diyliden)bis(azanylidene))bis(ethan-1-amine) derivative with positive inotropic
activity

pneumoniae and Escherichia coli. J. Argent. Chem. Soc., 96, 1-
2, 2008.

[35] Zhao Y, Abraham M, Lee J, Hersey A, Luscombe N, Beck G,
Sherborne B., Cooper I., Evaluation of rat intestinal absorption
data and correlation with human intestinal absorption. Eur. J. Med
Chem., 38, 233-243, 2003.

[36] Agatonovic S, Beresford R, Pauzi A, Yusof M,
Theoretically-derived molecular descriptors important in human
intestinal absorption. J. Pharm. Biom. Anal.., 25, 227-237, 2001.
[37] Hassan P, Lenz G., Medicinal Chemical Properties of
Successful Central Nervous System Drugs. NeuroRX., 2, 541-553,
2005.

[38] Mika D, Bobin P, Pomérance M., Differential regulation of
cardiac excitation-contraction coupling by cAMP
phosphodiesterase subtypes. Cardiovasc Res., 100, 336-346,
2013.

[39] Xu R, Rocque W, Lambert M, Vanderwall D, Luther
M, Nolte R.,
Crystal structures of the catalytic domain of phosphodiesterase 4B
complexed with AMP, 8-Br-AMP, and rolipram. J. Mol.
Biol., 337, 355-365, 2004.

[40] Klotz 1. Physicochemical aspects of drug-protein interactions
a general perspective. Ann. Acad Scy Ney York. 226, 18-35,
1973.

© 2018 by the authors. This article is an open access article distributed under the terms and conditions of the Creative
Commons Attribution license (http://creativecommons.org/licenses/by/4.0/).

Page | 3169


https://www.sciencedirect.com/science/article/pii/S0731708500004921#!
https://www.sciencedirect.com/science/article/pii/S0731708500004921#!
https://www.sciencedirect.com/science/article/pii/S0731708500004921#!
https://www.sciencedirect.com/science/journal/07317085
https://www.sciencedirect.com/science/journal/07317085/25/2
https://www.sciencedirect.com/science/article/pii/S154553430670102X#!
https://www.sciencedirect.com/science/article/pii/S154553430670102X#!
https://www.sciencedirect.com/science/journal/15455343
http://europepmc.org/search/?scope=fulltext&page=1&query=AUTH:%22Mika%20D%22
http://europepmc.org/search/?scope=fulltext&page=1&query=AUTH:%22Bobin%20P%22
http://europepmc.org/search/?scope=fulltext&page=1&query=AUTH:%22Pom%26%23x000e9%3Brance%20M%22
https://www.rcsb.org/pdb/search/smartSubquery.do?smartSearchSubtype=AdvancedAuthorQuery&exactMatch=false&searchType=All%20Authors&audit_author.name=Xu,%20R.X.
https://www.rcsb.org/pdb/search/smartSubquery.do?smartSearchSubtype=AdvancedAuthorQuery&exactMatch=false&searchType=All%20Authors&audit_author.name=Rocque,%20W.J.
https://www.rcsb.org/pdb/search/smartSubquery.do?smartSearchSubtype=AdvancedAuthorQuery&exactMatch=false&searchType=All%20Authors&audit_author.name=Lambert,%20M.H.
https://www.rcsb.org/pdb/search/smartSubquery.do?smartSearchSubtype=AdvancedAuthorQuery&exactMatch=false&searchType=All%20Authors&audit_author.name=Vanderwall,%20D.E.
https://www.rcsb.org/pdb/search/smartSubquery.do?smartSearchSubtype=AdvancedAuthorQuery&exactMatch=false&searchType=All%20Authors&audit_author.name=Luther,%20M.A.
https://www.rcsb.org/pdb/search/smartSubquery.do?smartSearchSubtype=AdvancedAuthorQuery&exactMatch=false&searchType=All%20Authors&audit_author.name=Luther,%20M.A.
https://www.rcsb.org/pdb/search/smartSubquery.do?smartSearchSubtype=AdvancedAuthorQuery&exactMatch=false&searchType=All%20Authors&audit_author.name=Nolte,%20R.T.

