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Abstract

Opioids have been used for the treatment of chronic pain; however, some of these drugs may
produce some side effects such as addiction, respiratory depressant, sedation, dizziness,
nausea, vomiting and constipation. The aim of this study was to synthesize a series of 2,4-
dioxabicyclo[3.3.1]nona-1(9),5,7-triene  derivatives (compounds 2 tol0)to evaluate
theirtheoretical activity on both p and x-opiodreceptors using a Docking model.The
preparation of 2 tol0 was carried out using a series of reactions which involves
formylation,etherification, and addition. It is noteworthy that chemical structure of the
compounds was confirmed using elemental analysis and NMR spectrum. The results showed
that compound 4to10 could bind to different type of aminoacid residues involved in of 4djh
4dkl proteins surface compared anastrozole and exemestane; this phenomenon, may exert
changes in the biological activity of both p and k-opiodreceptors. All data suggest that
compound 9 or 10 could be an alternative therapeutic for treatment of the pain.

Keywords: Azete, steroid, derivative, docking model.
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Introduction

For several years, some medications have been used for the treatment of pain such as
codeine, fentanyl, buprenorphine, butorphanol*". There are data indicating that these drugs
can exert their effect through the activation of opioid receptors (u, 8, , €)"™". However, some
these drugs can cause some adverse effects such addiction™ respiratory depressant™,
sedation, dizziness, nausea, vomiting, constipation™. In the search ofnew therapeutic
alternatives for treatment of pain, some drugs have been prepared; for example, a study
showedthe synthesis of compound 14-Alkoxymorphinans.2.1(-)-JV-(Cyclopropylmethyl)-
4,14-dimethoxy-morphinan-6-one  with high affinity by p-opioid receptorin an
isolatedguineapigmusclepreparations®. In addition, an acetamidederivative(k-receptor
agonist)was prepared to evaluate theiranalgesicactivity using a rat model™. Other study
showed that a k-receptor agonist (U-50,4H8) was synthetized and their biological activity
was evaluated in a guinea pig model™. Other data describes the synthesis of 2-
[(Acylamino)ethyl]-1,4-benzodiazepines and their interaction with k-opioid receptor using a
theoretical docking model™. Also, a report showed that both arylacetamide and
benzomorphan derivatives could interact withk-opioidreceptor ~ using a
pharmacophoremodel™. Additionally, a study has shown the preparation and interaction of a
piperidine analog withk-opioidreceptor using a docking model™. Other data showed the
preparation of a series from 4-(N, N-diarylamino) piperidines with high selectivity to the
delta-opioid receptor using both 3D-QSAR and Docking models™". All these data indicate that
some drugs may interact with different types of opioid-receptors; this phenomenon could be
due to different functional groups involved in the chemical structure or to diverse protocols
used. The aim of this study was synthesizing a series of 2,4-dioxabicyclo[3.3.1]nona-
1(9),5,7-triene derivatives to evaluate their theoretical interaction with both p and k-
opioidreceptors.

Results and Discussion

In this study were prepared a series of 2,4-dioxabicyclo[3.3.1]nona-1(9),5,7-triene derivatives
using several strategies; the first stage was achieved for the synthesis of a 2-nitro-estrone-3-
carbaldehyde (2). It is important to mention there are several reports on the oxidation of
primary alcohols to form the corresponding aldehydes. These compounds can be prepared
with some methods which are accomplished by stoichiometric amounts of metallic oxidants
such as chromium(VI) palladium, rhodium or ruthenium and hydrogen peroxide reagents™".
However, these reagents may induce risks of toxicity by generation of several substances
involved on some reaction mixtures. In this study a previously methodreported™" for
oxidation of hydroxyl groups was used for formation of compound 2 via reaction of 2-
nitroestrone (1) with DMSO (Figure 1). The '"H NMR spectrum of the compound 2 showed
several signals at 0.92 ppm for methyl group bound steroid nucleus; at 1,22-8.02 ppm for
steroid moiety; at 10.80 ppm for aldehyde group. The *C NMR spectra display chemical
shifts at 13.82 ppm for methyl group; at 21.70-151.75 ppm for steroid moiety; at 194.22 ppm
for aldehyde group; at 219.76 ppm for ketone group. In addition, the mass spectrum from 2
showed a molecular ion (m/z) 327.14.
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Figure 1.Preparation of 2-nitroestradiol carbaldehyde (2).Reaéti0n of 2-nitroestradiol with dimethyl sulfoxide
(i) to for the compound 2.
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Etherification reaction

There are several studies which showed the preparation of some ether derivatives via
displacement of nitro group using methoxide as dipolar aprotic solvent™ ™. In this study, the
compound 1',3'-dihydro-2,4-dioxaspiro[bicyclo[3.3.1]nonane-3,2'-indene]-1(9),5,7-triene-7-
carboxylic acid (4) was prepared by the reaction of ninhydrin with 3,5-dinitrobenzoic acid in
presence of dimethyl sulfoxide at mild conditions (Scheme2). The 'H NMR spectrum of the
compound 4 showed several signals at 3.32-3.36 and 7.24-7.33 ppm for indene adduct; at
5.68 ppm for carboxyl group; at 6.10-6.64 ppm for phenyl group. The *C NMR spectra
display chemical shifts at 44.20-67.10, 125.50-126.44 and 133.12 ppm for indene adduct; at
95.60-116.00, 128.12 and 150.62 ppm for phenyl group; at 168.74 ppm for carboxyl group.
In addition, the mass spectrum from 4 showed a molecular ion (m/z) 268.07.
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Figure 2. Preparation of formyl-oxo-cyclopenta[a]phenanthren-2,4- dloxasplro ster01d carboxylic acid
derivative  (6). Reaction of 3,5-dinitrobenzoic  acid with  ninhydrin [ii] to form a
dioxaspiro[bicyclo[3.3.1]nonane-3,2'-indene]-carboxylic acid analog (4). Then, 4 reacted with 2-Hydroxy-
naphthalene-1-carbaldehyde (iii) to synthesis of a 6'-formyl-7'-hydroxy-dioxaspiroanthracene-carboxylic acid
derivative (5): Finally, 6 was prepared by the reaction of 5 with 2-nitroestradiol carbaldehyde (iv).

z

Addition reaction

Several compounds have been prepared through of addition reactions using some reagents
such as palladium™, zinc trifluoromethanesulfonate™", CuBr™", CuLi**" and others. In this
investigation, was prepared a 2,4-dioxaspiro[bicyclo[3.3.1]nonane-carboxylic acid derivative
(5) via 2+2 addition of 2-Hydroxy-naphthalene-1-carbaldehyde to compound 4 using
Copper(Il) as catalyst. The 'H NMR spectrum of the compound 5 showed several signals at
2.26-5.40 and 6.64-7.02 ppm for tetrahydro-1H-cyclopenta[b]anthracene fragment; at 6.10-
6.62 ppm for phenyl group bound to carboxyl group; at 8.12 ppm for both carboxyl and
hydroxyl group; at 9.92 ppm for aldehyde group. The C NMR spectra display chemical
shifts at 41.66-68.51, 111.12-113.16, 118.30-128.27, 131.00-152.00 and 167.02 ppm for
tetrahydro-1H-cyclopenta[b]anthracene fragment; at 95.32, 115.72, 128.65 and 153.82 ppm
for phenyl group bound to carboxyl; at 168.74 ppm for carboxyl group; at 187.78 ppm for
aldehyde group. In addition, the mass spectrum from 5 showed a molecular ion (m/z) 414.11.
Second etherification reaction

A new etherification was carried out via reaction of 5 withthe 2-nitroestronecarbaldehide
derivative (2). The "H NMR spectrum of the compound 6 showed several signals at 0.92 ppm
for methyl group bound to steroid nucleus; at 1.22-2.22, 2.45-2.56, 2.84-2.86 and 7.02-7.78
ppm for steroid moiety; at 2.24, 2.76, 3.20-5.40, 6.54 and 7.00 ppm for tetrahydro-1H-
cyclopenta[b]anthracene fragment; at 5.68 ppm for carboxyl group; at 6.08 and 6.64 ppm for
phenyl group bound to carboxyl group; at 10.02-10.22 ppm for both aldehyde groups. The
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BC NMR spectra display chemical shifts at 13.80 ppm for methyl group; at 21.80-37.52,
48.10-50.40, 112.77, 122.53, 130.63-131.07, 149.56 and 155.75 ppm for steroid moiety; at
41.68-46.34, 68.53, 111.15, 118.82, 123.80-124.69, 136.47-140.50, 150.26 and 172.40 ppm
for tetrahydro-1H-cyclopenta[b]anthracene fragment; at 95.29, 115.72, 128.62 and 153.82
ppm for phenyl bound to carboxyl group; at 168.74 ppm for carboxyl group; at 185.00-
190.70 ppm for aldehyde groups; at 220.70 ppm for ketone group. In addition, the mass
spectrum from 6 showed a molecular ion (m/z) 694.25.

Thirdetherification reaction

The compound 8 was prepared via etherification of 3,4-dinitrofluorobenzene with ninhydrin
in presence of dimethylsulfoxideat mild conditions. The "H NMR spectrum of the compound
8 showed several signals at 3.32-3.40 and 7.24-7.33 ppm for indene adduct; at 5.66-7.00 ppm
for phenyl group. The C NMR spectra display chemical shifts at 44.20-67.04 and 125.50-
132.10 ppm indene adduct; at 98.40-114.84 and 146.33-149.93 ppm for phenyl group. In
addition, the mass spectrum from 8 showed a molecular ion (m/z) 242.07.
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Figure 3.Synthesis of formyl-oxo-cyclopenta[a]phenanthren-8-fluoro-2,4- dloxasplro steroid-carbaldehyde
derivative (10). Reaction of 2,4-dinitrofluorobenzene with ninhydrin [v] to form 8-fluoro-1',3'-dihydro-2,4-
dioxaspiro[bicyclo[3.3.1]nonane-3,2'-indene]-1(9),5,7-triene (8). Then, 8reacted with 2-Hydroxy-naphthalene-1-
carbaldehyde (vi) to  synthesis of  8-fluoro-7'-hydroxy-2,4-dioxaspiro[bicyclo[3.3.1]nonane-3,2'-
cyclopenta[b]anthracene]-1(9),5,7-triene-6'"-carbaldehyde (9). Finally, 10was prepared by the reaction of 9 with
2-nitroestradiol carbaldehyde (vii).

Second addition reaction

The compound 9 was prepared via 2+2 addition of 2-Hydroxy-naphthalene-1-carbaldehyde to
8. The "H NMR spectrum of the compound 9 showed several signals at 2.20-5.40 and 6.64-
7.10 ppm for tetrahydro-1H-cyclopenta[blanthracene fragment; at 5.62-6.46 ppm for phenyl
group bound to fluoride; at 9.92 ppm for aldehyde group; at 10.52 for hydroxyl group. The
BC NMR spectra display chemical shifts at 41.64-68.10, 113.17, 115.44-140.52, 152.00 and
167.02 ppm for tetrahydro-1H-cyclopenta[b]anthracene fragment; at 98.10-108.46, 115.30,
149.40-149.52 and 153.10 ppm for phenyl bound to fluoride; at 187.74 ppm for aldehyde
group. In addition, the mass spectrum from 9 showed a molecular ion (m/z) 388.11.

Fourth etherification reaction

The compound 10 was synthetized via etherification of 9 with 2-nitroestronecarbaldehide
derivative (2) in presence of dimethylsulfoxideat mild conditions. The '"H NMR spectrum of
the compound 10 showed several signals at 0.92 ppm for methyl group bound to steroid
nucleus; at 1.22-2.220, 2.46-2.56, 2.84-2.86, 7.02 and 7.76 ppm for steroid moiety; at 2.22-
2.28, 2.78, 3.20-5.40 and 6.54-7.00 ppm for tetrahydro-1H-cyclopenta[b]anthracene
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fragment; at 5.62-6.46 and 7.10 ppm for phenyl group bound to fluoride; at 10.02-10.22 for
aldehyde groups. The *C NMR spectra display chemical shifts at 13.80 ppm for methyl
group bound to steroid nucleus; at 21.70-37.42, 46.88-50.22, 112.74, 122.52-124.69, 130.62,
131.02-140.50, 149.59 and 155.72 ppm for steroid moiety; at 41.68-46.34, 68.53, 115.48,
123.12, 136.47, 150.23 and 172.40 ppm for tetrahydro-1H-cyclopenta[b]anthracene fragment;
at 98.12-108.49, 115.31, 149.40-149.52 and 153.10 ppm for phenyl group bound to fluoride;
at185.00-190.70 ppm for aldehyde groups; at 220.20 ppm for ketone group. In addition, the
mass spectrum from 9 showed a molecular ion (m/z) 668.25.

Electronic parameters

Molecular orbitals and frontier electron density have been used to predict the most reactive
position in some electron system on several types of reactions which are translated as changes
in the biological activity produced of several compounds against some biomolecules™ """,
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Figure 4. Molecular orbitals (HOMO and LUMO) involved in the compounds 4 (C-4), 5 (C-5) and6(C-6).
Visualized with SPARTAN’06 software

These studies indicate that values of highest occupied molecular orbital (HOMO), lowest
unoccupied molecular orbital (LUMO) and their energy gap reflect the chemical activity of a
molecule™". It is noteworthy, that some methods have been used to evaluate the relation
between HOMO and LUMO with biological activity of some compounds; for example, a
study showed the determination of frontier molecular orbitals (HOMO-LUMO gap) from
some steroid using MINDO and ZINDO models™""**. Other report indicates that Hartee-
Fock method (method of approximation for the determination of the wave function and the
energy of a quantum many-body system in a stationary state) have been used to determinate
both HOMO and LUMO orbitals of some compounds. Therefore, in this study these
parameters were evaluated for either compounds 4 to 10 (Figure 4 and 5; Table 1) using
Spartan'06 V112 program™.
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Figure 5. Molecular orbitals (HOMO and LUMO) involved in the compounds 8 (C-8), 9 (C-9) and 10 (C-10).
Visualized with SPARTAN’06 software

Table 1. Physicochemical parameters involved chemical structure of compounds 8 and 9. The values were calculated using both ACDLabs
and Spartan software.

Prameters C4 C-5 C-6 C-8 C-9 C-10
Mol}ar Refractivity | 71.02 109.58 1.88.96 64.85 103.41 182.79
(cm’)

Molar 184.20 266.80 480.40 178.60 261.40 475.30
Volume(cm®)

PSA (A) 41.15 73.30 90.16 47.12 14.51 63.90
Dipole Moment | 10.72 10.69 6.85 6.79 2.06 5.85
(debyete)

Polarizability 60.19 71.13 94.54 69.78 58.66 93.19
Parachor (cm’) 532.50 798.10 1406.70 479.40 745.00 1353.50
Surface  Tension | 69.70 80.00 73.50 51.80 65.90 65.70
(dyne/cm)

Density (g/cm’) 145 1.55 1.44 1.35 1.48 1.40
E. HOMO (Ev) -6.29 -6.95 -7.06 -7.12 -7.57 -7.34
E. LUMO (Ev) -0.17 -0.58 -0.67 0.68 0.54 0.47
HBD 1 2 1 1 0 0
HBA 3 5 7 4 2 6
LogP 3.46 0.97 5.40 1.57 4.06 6.00

The results showed differences in both HOMO and LUMO values for the compounds 4 to 10;
this phenomenon could be conditioned by the difference in w orbitals density located in their
chemical structure of either compounds 4 to 10.

Pharmacophore ligand model

Several chemical models have been used to determine the three-dimensional orientation
adopted by the functional groups of a molecule to predict its interaction with some
biomolecules™'; for example, the use of a pharmacophore model can furnish a new insight to
design novel molecules that can enhance or inhibit the function of a biological target which
can be useful in new drug discovery™™". Therefore, in this investigation, a pharmacophore
model for compounds 4 to 10(Figures6 and 7)was determinate using the
LigandScoutprogram™™". The results showed that functional groups involved in the chemical
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structure of either compounds 4 to 10 may interact via hydrophobic contacts or as hydrogen
bond acceptors or as hydrogen bond donor with some biomolecules.

Figure 6. Scheme represents a pharmacophore from both compounds 4 (C-4), 5 (C-5)and6 (C-6)using the
LigandScout 4.0 software. The model involves a methyl group (yellow) hydrogen bond acceptors (HBA, red)
and hydrogen bond donor (HBD, green).
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Figure 7. Scheme represents a pharmacophore from the compounds 8 (C-8), 9 (C-9)and10 (C-10)using the
LigandScout 4.0 software. The model involves a methyl group (yellow) hydrogen bond acceptors (HBA, red)
and hydrogen bond donor (HBD, green).
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Interaction theoretical (protein-ligand)

Several studies indicate that the formation of binary complexes between some compounds
that act as ligands with several target biomolecules could induce changes in many activities
of some biological systems™*". Analyzing these data, a theoretical analysis was carried out
on the interaction of either compounds 4 to 10 with the both 4djh (p-opioidreceptor) [43] and
4dkl (k-opioidreceptor)™™" proteins using some drugs such as morphine (p-opioid receptor
agonist)™", fentanyl (u_and x-opioid receptor agonist)™**", naloxone (non-selective opioid
receptors antagonist)™*™, butorphanol (opioid-receptors agonist/antagonist)™™, salvorin-A
(k-opioid receptor antagonist)" [49] and pentazocina (opioid-receptors agonist/antagonist)
[50] as chemical tools in a Docking model*™ [24]. The data (Tables 2 and 3) showed
differences in the interaction of both compounds 4 to 10 with some aminoacid residues
involved in both 4dkl and 4djh proteins surface. In addition, other data suggest that there is
another type of aminoacid residues in the interaction of morphine, fentanyl, naloxone,
Butorphanol, Salvorin-A and Pentazocina with either both 4dkl and 4djh proteins. This
phenomenon could be conditioned by the different conformations adopted by the compounds
4 to 10 or the length of bound between the steroid-derivatives and the aminoacid residues
involved in both 4dkl and 4djh proteins surface.
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Table 2.Aminoacid residues involved in the interaction ofmorphine, butherphenol, naloxone, fentanyl and
compounds 4to10with4dkl protein surface.

Morphine Butherphenol Naloxone Fentanyl C-4 C-5 C-6 C-7 C-8 C-10
Tleiss leias ASp147 Glniog Valigg ASp147 Glnjo4 ASP147 ASP147 Glnios
Aspia Aspiar Tyrias Tyrias Trpin Tyrias Valjy; Mets Tyrias Asnyy
Tyrias Tyrias Mets; Valigs Aspiss Mets; leis Trpaos Met;s; Trpiiss
Mets, Met;s, Trpaos lleyaq Asnyy, Trpags Aspi47 Tlezos Trpaos Tle 44
Leuaig Leusyo Tlezos Aspia7 Trpagy Ilesos Tyriag Hisgr Tlezos Aspiyy
Valys6 Trpaos Valsgo Met;s; Ilesis Valspo Met;s; Valsgo Valzg Tyriss
Trpags Valspo Tlesz Valyss Tyrsz0 Trpsis Tlezos Tlesz Tlesz Cysai7
Tleaos Ilesx Tyrae Tlexos Ilesx Valsgo Tyrae Lyso3;
Hisg7 Tyrsz6 Hisyor Tyrs Tleoos
Valsgo Tlesx Valsgo
Tyrm Tyfsz(; Tfpﬂ 8
Tlesz

Table 3.Aminoacid residues involved in the interaction ofmorphine, butherphenol, naloxone, fentanyl and

compounds 4 tol0with 4djh protein surface.

Morph | Butherph Naloxone | Fentanyl | Salvinorin | Pentazocina | C-4 C-5 C-6 C-8 C-9 C-10
Thry ASpnx ASplzx Valjg Thr Val,g ASp147 Valog Glnyis Thry Thrn Valjog
Glnyys Tyrize Tyri30 Thr; Glnygs Thry Met;s, Thry Leu,ss Phey4 Glny 5 Thryy,
Trpias Met4 Met4 Glnys Val; g Aspisg Trpags Aspisg Aspisg Glnys Trpiaa Glnys
Valj3y L)’S227 Seryy ASP 138 Leuiss Tyr1 39 Tlexos Asnyyy Tyr1 39 Trp 124 Valj3y Trp 124
Leuyss Valasg Leuxnin Asnyg ASpms Metisn Ilesx Trpzs7 Meti4z Valj3 Leuyss Valizg
ASP 138 Trpzzw Tlesos Met, 4, Tlejos Ly5227 Tyrne Tlesi6 Valy Leu,ss ASPlsx Leuiss
Tyrs12 Tleago Tyrsi Valy Ty Trpasy Tyrspo | Trpasy | Aspiss | Cysaio | Aspuss
Tlesi6 Hisaoy Tlesos TI‘P287 Tyl's 13 Tleaso Tleaoo Cysz 10 Tyl‘s 12 Tyl‘139
Tyrsa llezoq Tlesis Tleago Trs20 Tleos Hisg, Tyrso | Tyrso | Seran
Tlesis Hisoo Tyr3 12 Tlexos ASP223
Ileos Tlesis Tyrm Ly5227

Tyrsao Ilesis Tlezos

Tyt

Tyrso

Morph= morphine; Butherph = butherphenol

Thermodynamicparameters

It is noteworthy that some studies indicate that some thermodynamic factors such as free
energy of binding, electrostatic energy; total intermolecular energy and Van der Waals (vdW)
+ hydrogen bond (Hbond) + desolvation energy can be involved in the interaction of several
compounds with the proteins or enzymes; in this study, these thermodynamic parameters
were determinate using DockigServer™'. Theoretical results (Tables4 and 5) indicate that
there are differences in the thermodynamic parameters of morphine, fentanyl, naloxone,
Butorphanol, Salvorin-A and Pentazocincompared with either compounds 4 to 10. Finally,
other data showed that inhibition constant (Ki) involved in the interaction of either
compounds 4 to 10 with both 4dkl and 4djh proteins surface was different compared with the
controls. In addition, the interaction of compounds 4, 8 and 10 with 4kdl protein surface
showed a Ki value similar at morphine. On the other hand, the binding of compounds 4, 8 and
10 with 4djh protein surface display a Ki value similar atbutherphenol.This phenomenon
could be translated as a higher affinity of compounds 4, 8 and 10 both p and xk-opioid
receptors; however, it is important to mention that it would be interesting to carry out
additional experiments in some biological models to know if compounds 4, 8 and 10 could
act as agonists or antagonists of eitherp k-opioid receptors.

Table 4.Thermodynamic parameters involve in the interaction of morphine, butherphenol, naloxone,
fentanyl and compounds 4 to10with4dkl protein surface

Compound Est. Fee | Est. Inhi-bition | ¢cdW + Hbond | Electrost. Total Inter- | Interact.
Energy of | Constant, Ki | + desolv | Energy molec. Energy Surface
Binding (uM) Energy
(kcal/mol)
Morphine -3.46 2.93 -5.38 -0.78 -6.16 889.13
Butherphenol -6.74 11.43 -7.67 -0.24 -7.91 780.44
Naloxone -7.08 6.43 -7.42 -0.51 -7.93 693.17
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C-4 -7.77 2.01 -7.89 -0.18 -8.07 583.37
C-5 -8.43 666.13 -8.80 -0.22 -9.02 642.96
C-6 -13.21 207.91 -13.30 -0.21 -13.50 942.88
C-8 -7.55 2.93 -7.64 0.09 -7.55 560.81
C-9 -8.33 781.66 -8.75 -0.17 -8.92 611.18
C-10 -11.84 2.09 -12.74 -0.22 -12.96 945.18
Fentanyl -7.12 6.05 -7.90 -0.90 -8.81 862.28

Table 5.Thermodynamic parameters involve

in the interaction of morphine, butherphenol, naloxone,

fentanyl and compounds 4 to10 with 4djh protein surface

Compound Est. Fee | Est. Inhi-bition | ¢cdW + Hbond | Electrost. Total Inter- | Interact.

Energy of | Constant, Ki | + desolv | Energy molec. Energy Surface

Binding (M) Energy

(kcal/mol)
Morphine -6.18 29.71 -6.27 -0.63 -6.90 622.16
Butherphenol -7.09 6.37 -7.18 -1.02 -8.20 765.93
Naloxone -5.70 66.34 -5.52 -1.34 -6.86 730.88
Pentazocina -7.64 2.49 -7.30 -1.19 -8.49 780.31
C-4 -7.08 6.48 -7.76 0.38 -7.38 558.48
C-5 -7.36 4.00 -8.34 0.40 -7.94 618.20
C-6 -10.46 21.57 -13.25 0.30 -12.95 1049.25
C-8 -7.16 5.62 -7.14 -0.02 -7.16 527.95
C-9 -8.56 527.64 -9.16 -0.02 -9.18 57432
C-10 -11.29 5.30 -12.35 -0.04 -12.39 1065.47
Salvinorin-A -5.92 45.46 -6.81 -0.24 -7.06 1088.13
Fentanyl -7.83 1.83 -8.20 -1.27 --9.47 982.83
Conclusions

In this study, is reported a facile synthesis of a series of 2,4-dioxabicyclo[3.3.1]nona-1(9),5,7-
triene derivatives with theoretical activity on both p and k-opiodreceptors which can be
translated as good candidates for their evaluation in some biological model to pain.
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Material and Methods

General methods

The reagents used in this investigation were acquired 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 spectra were recorded on a Varian VXR300/5 FT NMR spectrometer at 300
MHz in CDCI; using TMS as internal standard. EIMS spectra were obtained with a Finnigan
Trace Gas Chromatography Polaris Q-Spectrometer. Elementary analysis data were acquired
from a Perkin Elmer Ser. I CHNS/02400 elemental analyzer.

Chemical Synthesis
2-Nitro-17-0x0-7,8,9,11,12,13,14,15,16,17-decahydro-6H-cyclopenta[a]phenanthrene-3-
carbaldehyde (2)

In a round bottom flask (10 ml), 2-nitroestrone (200 mg, 0.66 mmol), and dimethyl sulfoxide
(5 ml)were stirred to reflux for 6 h. The solvent of the reaction mixture was evaporated under
reduced pressure and purified through a chloroform/hexane/water (3:1:1) system to provide
compound 2 (yielding 66 %); m.p. 120-122 °C; IR (Vimax, cm™) 1740, 1712 and 1412: 'H
NMR (300 MHz, Chloroform-d) dy: 0.92 (s, 3H), 1.22-1.92 (m, 7H), 2.10-2.86 (m, 7H),
3.04-8.02 (m, 3H), 10.80 (s, 1H) ppm. >C NMR (300 MHz, Chloroform-d) 8¢:13.82, 21.70,
25.52,27.52,29.61, 31.02, 35.00, 37.22, 46.40, 48.34, 50.10, 122.55, 126.24 126.49, 145.40,
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150.88, 151.75, 194.22,219.76 ppm.EI-MS m/z: 327.14. Anal.Calcd.for Ci9HyNOy4: C,
69.71; H, 6.47; N, 4.28, O, 19.55. Found: C, 69.68; H, 6.44.
1',3'-dihydro-2,4-dioxaspiro[bicyclo[3.3.1]nonane-3,2'-indene]-1(9),5,7-triene-7-
carboxylic acid(4)

In a round bottom flask (10 ml), 3,5-dinitrobenzoic acid (160 mg, 0.75 mmol), ninhydrin (135
mg, 0.75mmol),dimethyl sulfoxide (5 ml) and ethanol (3 ml)were stirred to reflux for 6 h.
The solvent of the reaction mixture was evaporated under reduced pressure and purified
through a acetonitrile/chloroform/water (1:3:1) system to provide compound 4 (yielding 73
%);m.p. 76-78; IR (Viax» cm™) 1608, and 1240: '"H NMR (300 MHz, Chloroform-d) 8y:3.32
(m, 2H), 3.36 (m, 2H), 5.68 (broad, 1H), 6.10-6.64 (m, 3H), 7.24-7.33 (m, 4H) ppm."°C
NMR (300 MHz, Chloroform-d) 6¢:44.20, 46.23, 67.10, 95.60, 116.00, 125.50, 126.44,
128.12, 133.12, 150.62, 168.74 ppm. EI-MS m/z: 268.07. Anal. Calcd. for C;sH,04: C,
71.64; H, 4.51; O, 23.86. Found: C, 71.60; H, 4.48.
6'-formyl-7'-hydroxy-1',3"',4'a,10'a-tetrahydro-2,4-dioxaspiro[bicyclo[3.3.1]nonane-3,2'-
cyclopenta[b]anthracene]-1(9),5,7-triene-7-carboxylic acid (5)

In a round bottom flask (10 ml), compound 4 (200 mg, 0.48 mmol), 2-hydroxy-naphthalene-
l-carbaldehyde (85 mg, 0.49 mmol) and Copper(Il) chloride anhydrous (65 mg, 0.48
mmol)in 5 ml of methanol were stirred to room temperature for 48 h The solvent of the
reaction mixture was evaporated under reduced pressure and purified through a
chloroform/hexane/water (3:1:1) system to provide compound 5 (yielding 66 %); m.p. 176-
178°C; IR (Vimax, cm™) 3400, 1740, 1608 and 1240: '"H NMR (300 MHz, Chloroform-d)
0y:2.26 (m, 4H), 2.78-5.40 (m, 6H), 6.10-6.62 (m, 3H), 6.64-7.02 (m, 2H), 8.12 (broad, 2H),
9.92 (s, 1H) ppm."”>C NMR (300 MHz, Chloroform-d) 8¢: 41.66, 45.72, 46.31, 68.51,
95.32, 111.12, 113.16, 115.72, 118.30, 118.8, 124.02, 124.20, 128.27, 128.65, 131.00,
137.34, 140.52, 152.00, 153.82, 167.02, 168.74, 187.78 ppm. EI-MS m/z: 414.11. Anal.
Calcd. for C,5H30¢: C, 72.46; H, 4.38; O, 23.16. Found: C, 72.40; H, 4.32.
7'-{[(11aS)-7-formyl-11a-methyl-1-ox0-2H,3H,3aH,3bH,4H,5H,9bH,10H,11H-cyclo-
pentaa]phenanthren-8-yljoxy}-6'-formyl-1',3',4'a,10'a-tetrahydro-2,4-dioxaspiro|bi-
cyclo[3.3.1]nonane-3,2'-cyclopenta|b]anthracene]-1(9),5,7-triene-7-carboxylic acid(6)

In a round bottom flask (10 ml), compound 5 (200 mg, 0.48 mmol), compound 2 (155 mg,
0.47 mmol), potassium carbonate (50 mg, 0.36 mmol) and dimethyl sulfoxide (5 ml) were
stirred to reflux for 6 h. The solvent of the reaction mixture was evaporated under reduced
pressure and purified through a methanol/hexane/water (3:1:1) system to provide compound
6 (yielding 84 %);m.p. 212.214°C; IR (Vnax, cm’™') 1742, 1712, 1610 and 1242:"H NMR (300
MHz, Chloroform-d) dy: 0.92 (s, 3H), 1.22-2.22 (m, 11H), 2.24 (m, 4H), 2.46-2.56 (m, 2H),
2.76 (m, 1H), 2.84-2.86 (m, 2H), 3.20-5.40 (m, 5H), 5.68 (broad, 1H), 6.08 (m, 1H), 6.54 (m,
1H), 6.64 (m 2H), 7.00 (m, 1H), 7.02-7.76 (m, 2H), 10.02 (s, 1H), 10.22 (s, 1H) ppm. *C
NMR (300 MHz, Chloroform-d) d¢:13.80, 21.80, 25.82, 27.52, 29.61, 31.50, 35.40, 37.52,
37.88, 41.68, 45.71, 46.34, 48.10, 50.40, 68.53, 95.29, 111.15, 112.77, 115.72, 118.82,
122.52, 123.80, 124.02, 124.09, 124.11, 124.69, 128.62, 130.62, 131.07, 136.47, 136.48,
140.50, 149.56, 150.26, 153.82, 155.75,168.74, 172.40, 185.00, 190.70, 220.70 ppm. EI-
MS m/z: 694.25. Anal. Calcd. for C44H350g: C, 76.06; H, 5.51; O, 18.42. Found: C, 76.00;
H, 5.48.

8-fluoro-1',3'-dihydro-2,4-dioxaspiro[bicyclo[3.3.1]nonane-3,2'-indene]-1(9),5,7-triene
8

In a round bottom flask (10 ml), 2,4-dinitrofluorobenzene (140 mg, 0.75 mmol), ninhydrin
(135 mg, 0.75mmol), dimethyl sulfoxide (5 ml) and ethanol (3 ml)were stirred to reflux for 8
h. The solvent of the reaction mixture was evaporated under reduced pressure and purified
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through a chloroform/water (3:1) system to provide compound 8 (yielding 54 %);m.p. 68-
70°C; IR (Vmax cm'l) 1600 and 1240: '"H NMR (300 MHz, Chloroform-d) doy: 3.32-3.34 (m,
2H), 3.36 (m, 2H), 3.40 (m, 1H), 5.66-700 (m, 3H), 7.24-7.33 (m, 4H) ppm. *C NMR (300
MHz, Chloroform-d) dc¢: 44.20, 46.22, 67.04, 98.40, 108.82, 114.84, 125.50, 126.44, 132.10,
146.33, 149.72, 149.93 ppm. EI-MS m/z: 242.07. Anal.Calcd.for C;sH;,;FO,: C, 74.37; H,
4.58; F,7.84; 0, 13.21. Found: C, 74.30; H, 4.52.
8-fluoro-7'-hydroxy-1',3',4'a,10'a-tetrahydro-2,4-dioxaspiro[bicyclo[3.3.1]nonane-3,2'-
cyclopenta[blanthracene]-1(9),5,7-triene-6'-carbaldehyde (9)

In a round bottom flask (10 ml), compound 8 (120 mg, 0.49 mmol), 2-hydroxy-naphthalene-
I-carbaldehyde (85 mg, 0.49 mmol) and Copper(Il) chloride anhydrous (65 mg, 0.48
mmol)in 5 ml of methanol were stirred to room temperature for 48 h The solvent of the
reaction mixture was evaporated under reduced pressure and purified through a
chloroform/hexane/water (3:1:1) system to provide compound 5 (yielding 66 %);m.p. 118-
120°C; IR (Vinax, cm™) 3400 and 1740: '"H NMR (300 MHz, Chloroform-d) 8y: 2.20 (m, 2H),
2.28 (m, 2H), 2.76-5.40 (m, 6H), 5.62-6.46 (m, 2H), 6.64-7.10 (m, 3H), 9.92 (s, 1H), 10.52
(broad, 1H) ppm."*C NMR (300 MHz, Chloroform-d) 5¢:41.64, 45.70, 46.32, 68.50, 98.10,
108.46, 113.17, 115.30, 115.44, 118.33, 123.12, 124.02, 124.24, 128.28, 130.94,
137.34, 140.52, 149.40, 149.52, 152.00, 153.10, 167.02, 187.74 ppm.EI-MS m/z: 388.11.
Anal.Calcd.for Co4H7FOy4: C, 74.22; H, 4.41; F, 4.89; O, 16.48. Found: C, 74.18; H, 4.38.
7'-{[(11aS)-7-formyl-11a-methyl-1-ox0-2H,3H,3aH,3bH,4H,5H,9bH,10H,11H-cyclo-
pentaja]phenanthren-8-ylJoxy}-8-fluoro-1',3',4'a,10'a-tetrahydro-2,4-dioxaspiro
[bicyclo[3.3.1]nonane-3,2'-cyclopenta|b]anthracene]-1(9),5,7-triene-6'-carbaldehyde
(10)

In a round bottom flask (10 ml), compound 9 (200 mg, 0.48 mmol), compound 2 (155 mg,
0.47 mmol) potassium carbonate (50 mg, 0.36 mmol) and dimethyl sulfoxide (5 ml) were
stirred to reflux for 6 h. The solvent of the reaction mixture was evaporated under reduced
pressure and purified through a methanol/hexane/water (3:1:1) system to provide compound
6 (yielding 84 %); m.p. 198-200°C; IR (Vinax, cm™) 1742, 1712 and 1242: '"H NMR (300
MHz, Chloroform-d) dy: 0.92, 1.22-2.20 (m, 11H), 2.22-2.28 (m, 4H), 2.46-2.56 (m, 2H),
2.78 (m, 1H), 2.84-2.86 (m, 2H), 3.20-5.40 (m, 5H), 5.62-6.46 (m, 2H), 6.54-7.00 (m, 2H),
7.02 (m, 1H), 7.10 (m, 1H), 7.76 (m, 1H), 10.02 (s, 1H), 10.22 (s, 1H) ppm. *C NMR (300
MHz, Chloroform-d) d8¢:13.80, 21.70, 25.70, 27.66, 29.61, 31.34, 35.32, 37.42, 41.68,
45.71, 46.34, 46.88, 48.12, 50.22, 68.53, 98.12, 108.49, 112.74, 115.31, 115.48, 122.52,
123.12, 123.82, 124.02, 124.09, 124.14, 124.69, 130.62, 131.02, 136.47, 136.49, 140.50,
149.40, 149.52, 149.59, 150.23, 153.10, 155.72, 172.40, 185.00, 190.70, 220.30ppm. EI-
MS m/z: 668.25. Anal.Calcd.for C4H35FO¢: C, 77.23; H, 5.58; F, 2.84; O, 14.35. Found: C,
77.20; H, 5.54.

Theoretical analysis

Physicochemical properties of compounds4 to 10

Some 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) and TPSA (topological polar surface area) involved in the chemical
structure of compounds 4tol0were evaluated using SPARTAN’06 software; additionally,
other physicochemical factors such as logP (logKowin), molecular refractivity (MR), volume
reactivity (VR) were determined using Chemsketchprogram™"™""
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Pharmacophore evaluation

The 3D pharmacophore model for compounds 4 to10 was determinate using LigandScout
4.08 software™ """,

Docking evaluation

Interaction of compounds 4tol10with p and xk-opioid receptors was determinate using both
4dkl and 4djh proteins as control from protein data bank™"™ ™ and

DockingServersoftware™'.
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