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1. ABBREVIATIONS
d

doublet

DAG

diacetone-D-glucose

dd

doublet of doublet

ddd

doublet of doublet of doublet

dt

doublet of triplet

eq.

equivalent

Gln

glutamin

Glu

glutamic acid

GPCRs

G protein – coupled receptors

His

histidine

Ileu

isoleucine

IP3

Inositol trisphosphate

LDA

lithium diisopropylamide

m

multiplet

Mp

melting point

NK-A

neurokinin A

NK-B

neurokinin B

NK-K

neurokinin K

NMR

nuclear magnetic resonance

q

quartet
7

s

singlet

SP

substance P

t

triplet

td

triplet of doublet

THF

tetrahydrofuran

Py

pyridine

DIPEA

Diisopropyl ethyl amine
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2. OBJECTIVE
The main goal of this thesis is the synthesis of new NK-1 receptor antagonists.
This is an ambitious objective because despite the high therapeutic potential of this
compounds, at present only one drug with NK-1 receptor antagonist activity is
commercially available. To reach this objective, this thesis is focused on the asymmetric
synthesis of a chemical library of compounds with 2-amino-4H-pyranes structure which
agree with NK-1 receptor pharmacophore requirements.
The convenient modifications on the 2-amino-4H-pyrans structure will provide new
information about ligand-receptor binding affinity. This information will allow the
synthesis of new more potent molecules with NK-1 antagonist activity.
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3. INTRODUCTION
The work presented in this thesis is part of a broader research project carried out in Prof.
Inmaculada Fernández group at University of Seville. The main objective of this project
is to develop new strategies for the design and synthesis of small chiral NK-1 receptor
antagonists and their potential anticancer activity study.
In order to understand why NK-1 receptors were chosen as therapeutic target, its natural
ligand, substance P, will be described at first.

3.1. SUBSTANCE P
Substance P (SP) is an undecapeptide (Figure 1), which belongs to a family of
neuropeptides called tachykinins. Other representative tachykinins are neurokinin A
(NK-A), neurokinin B (NK-B), neurokinin K (NK-K) and neuropeptide γ.1

Arg-Pro-Lys-Pro-Gln-Gln-Phe-Phe-Gly-Leu-Met-NH2
Figure 1: Substance P sequence

3.1.1. FUNCTION
Substance P is widely distributed in the central and peripheral nervous system of
vertebrates.2,

3

It is assumed that it participates in several behavioural responses, in

regulating neuronal survival and degeneration, cardiovascular and respiratory functions
and in the emetic reflex activation. In the spinal cord it is involved in the
neurotransmission of pain and noxious stimuli, and modulates autonomous reflexes. In
the peripheral nervous system it is located mainly in sensory neurons and in neurons
specific of the gastrointestinal, genitourinary and respiratory systems.4 Substance P is
involved in a variety of biological mechanisms, including neurogenic inflammation,
modulation of immune cell function, regulation of endothelial cell growth and
neurotransmission processes.5 Additionally, neuropeptides, mainly SP, are important for
mechanisms of protection and tissue repair.
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3.2. NK-1 RECEPTOR
NK-1 receptor, often referred to as Tachykinin NK-1, is a member of family 1
(rhodopsin-like) of superfamily of G protein-coupled receptors (GPCRs).6 NK-1
receptor consists of 407 amino acid residues, and it has a molecular weight of 46 kDa.
NK-1 receptor, as well as the other tachykinin receptors, is made of seven hydrophobic
transmembrane (TM) domains with three extracellular and three intracellular loops, an
extracellular amino-terminus and a cytoplasmatic carboxy-terminus.7 The second and
third transmembrane domains are involved in binding of agonists and antagonists.
After SP/NK-1 receptor interaction, a second messenger system is activated, causing the
production of IP3, which in turn raises the level of cytoplasmic Ca2+.
Substance P is a selective ligand for NK-1 receptor,8 but in certain conditions, for
example high concentrations of this peptide, it interacts also with NK-2 or NK-3
receptors.

3.3. NK-1 ANTAGONISTS
Due to the wide involvement of SP in pathophysiological processes, NK-1 receptors are
currently a therapeutic target of great relevance. The expected benefits for the
antagonists of the NK-1 receptors include the treatment of migraine, rheumatoid
arthritis, asthma, pain, inflammatory bowel disease, the regulation of central nervous
system disorders such as Parkinson's disease, anxiety and depression.9
The discovery of non-peptide NK-1 receptor antagonists in the early 90's has attracted
an enormous interest for developing new drugs, so currently a lot of research directly
focused on the discovery of new NK-1 antagonists is been carried out by
pharmaceutical companies.10 First designs of new NK-1 antagonists were based on the
existing data in literature concerning the structure of the pharmacophore of the NK-1
receptors.
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3.3.1. PHARMACOPHORE OF NK-1 ANTAGONISTS
This model consists in two or more aromatic rings held in a fixed orientation and one or
more atoms that are hydrogen bond acceptors, Figure 2.11

Figure 2: Structure of the pharmacophore of the NK-1 antagonists

Moreover, key amino acids implicated in the ligand-receptor recognition has been
identified thanks to the data obtained from structure-activity relationship studies of the
first non-peptide antagonist, CP-96345 and its analogues, along with directed
mutagenesis studies.12,13,14 The most outstanding conclusions of these studies suggest
that both conformation of the ligand and its location in the active site of the receptor, are
essential for carrying out effective interactions. These interactions are hydrogen bonds
and hydrophobic interactions involving Gln 165, Glu 193, His 197, Ileu 204 and His
197. Figure 315

Figure 3: NK-1 receptor with non peptide CP-96345 antagonist. Dashed lines indicate
the key interactions between the antagonist and amino acids.
12

3.3.2. 2-AMINO-4H-PYRANS
Structurally similar conveniently substituted 2-amino-4H-pyrans contain all the
essential elements considered necessary in the pharmacophore of NK-1 antagonists.
Actually, the analysis of the crystal structure of 2-amino-4H-pyran reveals common
structural features with the bioactive conformation of CP-96345, Figure 4.

Figure 4: Comparison between the known NK-1 antagonist CP-96345 and 2-amino-4Hpyrans.
Specifically, the aromatic ring of the sulfinyl group is in a parallel arrangement to the
aromatic ring in position 4 of dihydropyran, due to intramolecular π−π stacking
interaction. As mentioned above, this arrangement is decisive for an effective
interaction with the essential amino acid of the binding site of NK-1 receptor such as
histidine 197 and 265, and isoleucine 204. On the other hand, owing to the good
hydrogen bond acceptor capacity of the sulphinyl oxygen, strong binding interaction
between glutamine 165 and this oxygen is expected. Additionally, the endocyclic
oxygen of the pyran ring is in a favourable arrangement for achieve a hydrogen bond
with the glutamic acid 193. Finally, it should be noted that due to the rigidity of the
dihydropyran ring, this is an excellent platform for an effective presentation of the
elements needed for the incorporation of these compounds in the active site of the NK-1
receptor.
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Synthesis of 2-amino-4H-pyrans
With the purpose of evaluating the NK-1 receptor antagonist potential of 2-amino-4Hpyrans and to optimize their structure, we decided to carry out a combinatorial approach
based on the principle of molecular diversity.
Namely, an approach developed in Prof. Inmaculada Fernández group at University of
Seville has been used. This approach consists of a Michael addition of β-ketosulfoxides
on arylidenemalononitriles or benzylidenecyanoacetate, Scheme 1.

Scheme 1: Michael addition-cyclization

This reaction is a single process (one pot reaction), but it takes place in two steps, a
Michael addition followed by a cyclization, Scheme 2. As can be seen, in this process a
new stereogenic center is formed (at the benzylic position) and starting from an
optically pure ketosulfoxide, two diasteromers can be obtained.
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Scheme 2: Mechanism of Michael addition

Preliminary studies have shown that the first addition step, under thermodynamic
control is completely stereoselective, since in all cases, startinf from a racemic
sulfoxide, only one of the two possible pairs of enantiomers is obtained.16
For the synthesis of the optically pure desired products, the methodology of diacetoneD-glucose (DAG) developed in Prof. Inmaculada Fernández group is used. This method
gives us the opportunity to synthesize both enantiomers efficiently and in an
enantiodivergent manner. It is noteworthy that the DAG methodology employs only a
single chiral alcohol, diacetone-D-glucose, for the synthesis of both sulfinates, R and S
at sulfur, thanks to the stereodirective effect of the achiral bases used in the process,
Scheme 3. Additionally, the reaction takes place by a dynamic kinetic resolution of the
starting sulfinyl chlorides.17 The sulfinyl chlorides can be easily obtained by treating the
corresponding disulfide with sulfuryl chloride and acetic acid, Scheme 3.
The DAG sulfinate esters are excellent intermediates in the synthesis of chiral
sulfinylderivatives in general, and methyl sulfoxides in particular. Thus, different
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enantiopure alkyl or aryl methyl sulfoxides are obtained by reaction of (R) or (S)methanesulfinates with the adequate aryl or alkyl Grignard reagent.

Scheme 3: DAG methodology.

The synthesis of ketosulfoxides is carried out by reaction of the corresponding methylsulfinyl carbanion with various esters (Scheme 4).

Scheme 4: Enantioselective synthesis of ketosulfoxides.

It can be expected that the modulate designed synthesis with various elements of
diversity in both, the donor and the Michael acceptors, allows the chemical synthesis of
a library of 2-amino-4H-pyrans with high structural diversity.
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4. RESULTS AND DISCUSSION

4.1. SYNTHESIS OF A LIBRARY OF 2-AMINO-4H-PYRANES
The main goal of this thesis is to prepare a library of 2-amino-4H-pyranes, which are
different, both in the aromatic ring in the positions 4 of the pyrane ring and in the
aromatic substituent at the sulfinyl group, (Figure 5). Additionally, in order to evaluate
the influence of the sulfinylic oxygen and the amine group on the biological activity, the
sulfenyl, sulfonyl and acetamide derivatives were also prepared.

R

Ar
X S*
Y

*

O

CN
NR'

N

Figure 5

As mentioned above, these products have been prepared to evaluate its potential as NK1 receptor antagonists and optimising their structure.
Hereafter, we will described the methodology applied for the preparation of these
compounds, starting from the stereoselective synthesis of -ketosulfoxide.
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4.1.1. ENANTIOSELECTIVE SYNTHESIS OF β-KETOSULFOXIDES
For the asymmetric synthesis of optically pure β-ketosulfoxides, it is necessary to use as
starting materials the corresponding enantiopure aryl methyl sulfoxides.
These methyl sulfoxides were prepared by a two steps synthesis. The first step consists
in the asymmetric preparation of an optically pure sulfur derivate, specifically a
diastereomerically pure ester sulfinate, with a well defined chirality at the sulfur. The
second step is a nucleophilic substitution at the sulfinate with a Grignard reagent,
obtaining the corresponding sulfoxide by a stereospecific process, with complete
inversion of configuration.
We will describe in the first place the synthesis of the optically pure sulfinate.
Synthesis of (S)-menthyl p-toluenesulfinate
(S)-menthyl p-toluenesulfinate can be considered as the most classic chiral sulfinylating
agent, used in the Andersen reaction for preparing optically pure aryl sulfoxides,
Scheme 5.
O
p-Tol

RMgX
S

OMent

SN2

O
R

S

p-Tol

Scheme 5: Andersen reaction

Although in recent years different sulfinylating agents have been developed, this
method remains one of the most appropriate for the large scale synthesis of (R)-methyl
p-tolyl sulfoxides. In 1925, Philips obtained for the first time diatereomerically pure (S)menthyl p-toluenesulfinate thanks to the crystallization from the mixture of
diastereomers obtained by the reaction of p-toluenesulfinil chloride with (-)-menthol
(Scheme 6), although with low yields.

Scheme 6: Synthesis of (S)-menthyl p-toluenesulfinate
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The modification of this methodology, which was conducted by Solladié and
Mioskowsky17 was a break through from a practical standpoint. The procedure is similar
to that described by Philips, but the mixture of epimers at sulfur obtained is crystallized
with acetone in the presence of hydrochloric acid. Thus, by a crustallization-induced
dynamic kinetic resolution process, the solid (S)-sulfinate is obtained in high yield.
Enantioselective synthesis of (R)-aryl methyl sulfoxide

Scheme 7: Synthesis of (R)-tolyl methyl sulfoxide

The treatment of (S)-menthyl p-toluenesulfinate with 1.2 equiv. of methylmagnesium
iodide, Scheme 7, gives the corresponding methyl sulfoxide with 100% ee and high
chemical yield. The reaction occurs with complete inversion of configuration at sulfur. .
Sythesis of enantiopure (R)-(p-Tolylsulfinyl)methyl 2-pyridyl ketone
After having obtained the (R)-methyl p-tolyl sulfoxides, the corresponding optically
pure β-ketosulfoxides were prepared by reaction of the anion of (R)-methyl p-tolyl
sulfoxide with ethyl 2-picolinate (Scheme 8). The methylsulfinyl carbanion was
obtained by adding two equivalents of lithium diisopropylamide, which was prepared in
situ from diisopropylamine with n-butyllithium, to a solution of sulfoxide in THF, under
argon.

Scheme 8: Synthesis of β-ketosulfoxides
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4.1.2. SYNTHESIS OF β-KETOSULFONE
Sythesis of (p-tolylsulfonyl)methyl 2-pyridyl ketone
The β-ketosulfone was prepared by reaction of the anion of commercial methyl p-tolyl
sulfone with ethyl 2-picolinate. (Scheme 9) This anion was obtained, as before, by
adding two equivalents of lithium diisopropylamide, which was prepared in situ from
diisopropylamine with n-butyllithium, to a solution of the methyl sulfone in THF under
argon..

Scheme 9: Synthesis of β-ketosulfone.
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4.1.3. SYNTHESIS OF OPTICALLY PURE 2-AMINO-4H-PYRANS
The synthesis of 2-amino-4H-pyrans 6 and 7, was achieved by using two different
Michael acceptors (Scheme 10).

Scheme 10: Michael addition

In this thesis we have only prepared (SS, 4R)-2-amino-4H pyranes from the (R)-βketosulfoxide. The (RS, 4S)-enantiomer can be easily obtained by applying the DAG
methodology explained above, starting from the (R)-DAG methanesulfinate.
The absolute configurations of the 2-amino-4H-pyranes obtained were determined by
X-ray diffraction, since fortunately it was possible to obtain crystals suitable for
carrying out this study.
The analysis of the X-ray diffraction experiments showed that the aromatic ring of the
sulfinyl group and the aromatic ring at the 4 position of pyrane are arranged in parallel,
indicating a π-π stacking interaction between both aromatic rings. As mentioned before,
this is very important for an effective interaction of the essential amino acid binding site
of NK-1 receptor and these ligands, Figure 6.
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Figure 6

Taking into account the previously obtained results in molecular modeling studies,
changes in sulfur oxidation state and amine protection in 2-amino-4H-pyrans structure
were done, obtaining compounds 7 and 8. These derivatives were obtained by reduction
of the sulfoxide and trifluoroacetylation of the amine group at C-2 position of the
pyrane ring. (Scheme 11)

Scheme 11

Finally, the sulfonyl derivative 8, was also synthesize by the Michael Addition
methodology, from ketosulfone 3, Scheme 12.
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Scheme 12

In this case, ethanol was used as solvent, and -ketosulfone and Michael acceptor were
in equimolar quantities. Piperidine was also used in catalytic quantities.
The antagonist activities of this set of synthesized 2-amino-4H-pyrans (4, 5, 6, 7 and 8)
have been determinated by Ipone test in collaboration with Dr. Bernard Mouillac
research group in the IGF (CNRS) in Montpellier (France). These tests showed that
products 4, 5, and 8 are NK-1 receptor antagonists. The most active of these compounds
is sulfone 8, which can be justified by considering stabilizing interactions between the
two sulfonylic oxygens and amino acids in the binding site of NK-1 receptor. On the
other hand, the trifluoroacetamide derivatives 6 and 7 showed a NK-1 agonist activity,
demonstrating the important role of amine group in the interaction with NK-1 receptor.

23

5. EXPERIMENTAL SECTION

5.1. GENERAL METHODS
All reactions were carried out under argon in pre-dried glassware. Solvents were dried
with previously activated molecular sieves (4Å) and stored under Argon.
Reactions were monitored by thin layer chromatography (TLC) on 0.2 mm E. Merck
silica gel plates (60 F254) using UV light as visualizing agent and an acidic mixture of
anisaldehyde or phosphomolybdic acid and heat as developing agents.
Chromatographic separations were performed on silica gel columns (Kieselgel 60,
0.035−0.070 mm, Merck). The mobile phases are different in each case. Solvents used
for chromatographic separations are presented below as well as solvents for
crystallization in cases when the products were purified by this method.
Melting points were determined with a Gallemkamp melting points apparatus and are
uncorrected.
[α]20D were determined with a Perkin-Elmer 241 MC polarimeter in CHCl3 or
(CH3)2CO at a wavelength of 589 nm (Na-D) in a 1 dm cell. The concentration is given
in [g/100 ml].
NMR spectra were carried out generally at room temperature using CDCl3 or DMSO-d6
as solvent. Chemical shifts (in ppm) have referred to the solvent used.
1

H NMR spectra and
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C NMR were recorded in the Bruker AMX500 and Bruker

Avance DRX500. In each case the chemical shifts are indicated in the scale  (ppm), the
number of protons (calculated by integration) and the value of the coupling constants J
(Hz).Peaks multiplicities are indicated as follows: s (singlet), d (doublet), t (triplet), q
(quartet), m (multiplet), dd (doublet of doublet), dt (doublet of triplet), ddd (doublet of
doublet of doublet), td (triplet of doublet).
Mass spectra (MS) were measured by the Mass Spectrometry Service at the University
of Seville with a Kratos MS-80-RFA spectrometer and Micromass mass spectrometer
AutoeSpec model.
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Elemental analysis was performed on a CHNS-932 apparatus.

OVERVIEW OF REACTIONS

Scheme 13
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5.1.1. SYNTHESIS OF ARYL METHYL SULFOXIDE

(R)-Methyl p-tolyl sulfoxide (1)

To a solution of (S)-menthyl p-toluenesulfinate 3S, (6.20 mmol, 1 eq.) in toluene
(25 ml) under argon and at 0° C was added dropwise a 1M solution of
methylmagnesium iodide in toluene (7.5 mL, 1.2 equiv.). After stirring for one hour,
ammonium chloride saturated aqueous solution was added, and extracted with diethyl
ether (3 x 30 mL). The organic layer was washed with sodium chloride saturated
aqueous solution (40 mL) and dried over anhydrous sodium sulfate. After filtration, the
solvents were removed at vacuum. The crude was purified by crystallization from
ether/hexane.
Yield: 90%
Mp 74-75ºC
[α]20D: +145 (c 2.0, acetone)
1

H NMR (500 MHz, CDCl3) δ 7.50 (fragment of AA’BB’ system, JAB = 8.2 Hz, 2H),

7.29 (fragment of AA’BB’ system, JAB = 8.0 Hz, 2H), 2.67 (s, 3H), 2.38 (s, 3H) ppm.
13

C NMR (125 MHz, CDCl3) δ 142.6, 141.6, 130.1, 123.0, 44.1, 21.5 ppm

HMRS: calculated for C8H11OS: [M+H]+ 155.0531, found 155.0535 (2.8 ppm)
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5.1.2. SYNTHESIS OF OPTICALLY PURE β-KETOSULFOXIDE AND βKETOSULFONE

General procedure
To a cold (-78°C) solution of 6.46 mmol (2 eq.) of lithium diisopropylamine (LDA) in
THF (10 mL), under argon, was dropwise added a solution of the methyl sulfoxide or
methyl sulfone (3.23 mmol ,1 eq.) in THF (10 mL). After stirring for 30 min., this
solution was added to a cold (-78°C) solution of the ester (3.23 mmol, 1eq.) in THF (10
mL). The resulting solution was stirred at -78 ºC for 30 min, and then hydrolyzed with
ammonium chloride saturated aqueous solution (20 mL). The organic phase was
separated and the aqueous solution was acidified with 5% H2SO4 aqueous solution to
pH 3-4 and extracted with EtOAc (5 x 50 mL). The organic phase was washed with a
NaCl saturated aqueous solution (50 mL), dried (anhydrous Na2SO4) and concentrated.
The crude product was purified by silica gel column chromatography.

(R)-(p-tolylsulfinyl)methyl 2-pyridyl ketone (2)

Starting from (R)-methyl p-tolyl sulfoxide (1) and ethyl 2-pyridinecarboxylate,
following the general procedure, ketosulfoxide 2 was obtained as a white solid after
purification by flash column chromatography using ethyl acetate/hexanes 2:1 as eluent.
Yield: 86%
Mp: 85 ºC
[α]20D: +142 (c 0.6, acetone)
1

H NMR (500 MHz, CDCl3) δ 8.63 (ddd, J = 0.8, 1.6 and 4.7 Hz, 1H), 8.01 (dt, J= 1.0

and 7.8 Hz, 1H), 7.82 (td, J = 1.7 and 7.7 Hz, 1H), 7.78 (fragment of AA’BB’ system,
JAB = 8.2 Hz, 2H), 7.48 (ddd, J = 1.2, 4.8 and 7.6 Hz, 1H), 7.27 (fragment of AA’BB’
27

system, JAB = 8.0 Hz, 2H), 4.80 (d, J = 13.6 Hz, 1H), 4.58 (d, J = 13.6 Hz, 1H), 2.38
(s,3H) ppm.
13

C NMR (125 MHz, CDCl3) δ 192.2, 152.5, 149.3, 148.7, 142.1, 140.6, 137.2, 136.7,

130.1, 128.0, 124.5, 122.5, 65.2 ppm
HMRS: Calculated for C14H14NO2S: [M+H]+ 260.0745, found 260.0732 (-1.7 ppm)

(Phenylsulfonyl)methyl 2-pyridyl ketone (3)

The product was prepared following the general procedure from methyl phenyl sulfone,
and ethyl 2-picolinate. It was purified by flash column chromatography using ethyl
acetate/ hexane 1:1 as eluent.
Yield: 96%
Mp: 102ºC
HRMS m/e calcd for C13H11NO3S: [M]+ 261.0460, found 261.0462 (-1.0 ppm).
1

H RMN (500 MHz, DMSO) δ 8.60-8.58 (m, 1H), 8.02 (dt, J = 1.1, 7.8 Hz, 1H), 7.95-

7.92 (m, 2H), 7.86-7.80 (m, 1H), 7.65-7.59 (m, 1H), 7.54-7.45 (m, 3H), 5.16 (s, 2H)
ppm.
13

C RMN (125 MHz, DMSO) δ 201.5, 152.4, 148.8, 138.9, 136.7, 133.7, 129.7, 128.3,

126.9, 123.5, 67.0 ppm.

5.1.3 SYNTHESIS OF 2-AMINO-4H-PYRANES
General procedure
An ether solution (5-20 mL) of (R)-(p-tolylsulfinyl)methyl 2-pyridyl ketone (2) (0.38
mmol, 1 eq.) and the appropriate Michael acceptor (0.76 mmol, 2 eq.) was treated with
28

piperidine (some drops, catalytic). After stirring at room temperature (t1), the final
product was isolated as a solid by simple filtration and washing with cold ether. After
filtration, if the starting material were not consumed, some drops of piperidine
(catalytic) was added, and after stirring at room temperature (t2), an additional quantity
of the final product was isolated as a solid by a second filtration and washing with cold
ether. Simple recrystallization from the appropriate solvent gave pure analytical
samples.

(SSRC)- 2-Amino-3-cyano-4-phenyl-6-(2-pyridyl)-5-p-tolylsulfinyl-4-H-pyrane (4)

Starting from β-ketosulfoxide 2 and 2-benzylidenemalononitrile, following the general
procedure, with 5 ml of ether,

the pyrane derivative 4 was obtained as a single

diastereomer.
t1= overnight; t2=2h
Yield 92%
Mp 214ºC
[α]20D: - 203.2 (c 0.37, chloroform)
HRMS m/e calcd for C24H19N3O2S: [M]+ 436.1096, found 436.1096 (-1.0 ppm).
1

H RMN (500 MHz, DMSO) δ 8.72 (d, J = 4.6 Hz, 1H), 8.11 (td, J = 1.6 and 7.6 Hz,

1H), 8.07 (d, J = 7.8 Hz, 1H), 7.60 (t, J = 6.0 Hz, 1H), 7.45 (d, J = 8.2 Hz, 2H), 7.25 (s,
2H), 6.93 (d, J = 7.5 Hz, 3H), 6.87 (d, J = 8.1 Hz, 2H), 6.76 (d, J = 6.3 Hz, 2H), 4.66 (s,
1H), 2.13 (s, 3H) ppm

29
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C RMN (500 MHz, DMSO) δ 160.2, 149.5, 148.7, 148.1, 143.2, 139.5, 139.4, 137.7,

128.6, 128.0, 126.8, 126.1, 125.6, 125.2, 123.6, 122.7, 119.6, 59.2, 32.2, 20.6 ppm

(SSRC)-2-Amino-3-cyano-4-p-nitrophenyl-6-(2-pyridyl)-5-p-tolylsulfinyl-4-Hpyrane (5)

Starting from β-ketosulfoxide 2 and 2-(4-nitrobenzylidene)malononitrile, following the
general procedure, with 20 ml of ether, the pyrane derivative 5 was obtained as a single
diastereomer..
t1=3h; t2= overnight
Yield 79%.
Mp 216-218ºC
[α]20D: - 244.7 (chloroform, c=0.3)
HRMS m/e calcd for C24H18N4O4SNa: [M+Na]+ 481.0946, found 481.0947 (0.1 ppm)
Anal. calcd. for C24H18N4O4S: C, 62.87%; H, 3.96%; N, 12.22%; S, 6.99% found C,
63.01%; H, 4.01%; N, 12.01%; S, 6.93%.
1

H RMN (500 MHz, DMSO) δ 8.75 (d, J = 4.5 Hz, 1H), 8.15 (td, J = 1.3 and 7.8 Hz,

1H), 8.10 (d, J = 7.8 Hz, 1H), 7.79 (d, J = 8.6 Hz, 2H), 7.65 (t, J = 6.0Hz, 1H), 7.48 (d,
J = 8.1 Hz, 2H), 7.41 (s, 2H), 7.04 (d, J = 8.6 Hz, 2H), 6.90 (d, J = 8.1 Hz, 2H), 4.84 (s,
1H), 2.10 (s, 3H) ppm.
13

C RMN (125 MHz, DMSO) δ 160.0, 150.5, 149.6, 148.8, 147.9, 145.6, 139.8, 139.4,

137.8, 128.7, 128.4, 125.8, 125.2, 123.2, 122.8, 122.4, 119.1, 57.4, 32.1, 20.4 ppm.
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5.1.4 REDUCTION

AND

TRIFLUOROACETYLATION

OF

2-AMINO-4H-

PYRANES

General procedure
To a 0.2 M solution of the corresponding 2-amino-4H-pyrane in dry acetone, under
argon, sodium iodide (3 eq.) was added. The solution was cooled to -40°C, and a 2M
solution of trifluoroacetic anhydride (5 eq.) in dry acetone was added. After stirring for
1 hour at -40°C, the reaction was stopped by adding sodium hydrogen sulfite saturated
aqueous solution. Then the reaction mixture was tempered to 20°C and extracted with
ethyl acetate. The organic phase was neutralized with sodium hydrogen carbonate
saturated aqueous solution, dried (anhydrous Na2SO4) and concentrated. The crude
product was purified by silica gel column chromatography, with toluene/ methanol 20:1
as eluent

(RC)-2-trifluoroacetamide-3-cyano-4-phenyl-6-(2-pyridyl)-5-p-tolylsulfenyl-4-Hpyrane (6)

Starting from 2-amino-4H-pyran 4 (0.34 mmol) with sodium iodide (1.01 mmol) and
trifluoroacetic anhydride (1.68 mmol), following the general procedure, derivated 6 was
obtained as a solid.
Yield 75%.
Mp 100-103ºC
[α]20D: + 35 (c. 1.0, chloroform)
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HRMS m/e calcd for C26H18N3O2SF3: [M]+ 493.1072, found 493.1072 (-0.1 ppm)
1

H NMR (500 MHz, CDCl3) δ 8.76 (dt, J = 8.2, 4.8, 1H), 8.14 (d, J = 8.2, 2H), 7.38-

7.26 (m, 4H), 7.16-7.07 (m, 6H), 4.18 (s, 1H), 2.37 (s, 3H) ppm
13

C RMN (125 MHz, DMSO) δ 155.0, 149.7, 149.0, 148.6, 145.4, 139.8, 138.9, 137.0,

135.3, 132.7, 130.2, 128.9, 128.6, 128.3, 127.9, 127.0, 124.8, 124.4, 116.3, 115.6,
115.1, 114.0, 85.2, 43.3, 29.7, 21.2 ppm

(RC)-2-Trifluoroacetamide-3-cyano-4-p-nitrophenyl-6-(2-pyridyl)-5-p-tolylsulfenyl4-H-pyrane (7)

Starting from 2-amino-4H-pyran 5 (0.22 mmol) with sodium iodide (0.65 mmol) and
trifluoroacetic anhydride (1.10 mmol), following the general procedure derivated 7 was
obtained as a solid.
Yield 70%.
Mp 96-98ºC
[α]20D: - 49 (c. 1.0, chloroform)
HRMS m/e calcd for C26H18N4O4SF3: [M]+ 539.1001, found 539.1022 (3.9 ppm)
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1

H NMR (500 MHz, CDCl3) δ 8.72 (dt, J = 1.2, 4.8, 1H), 8.17 (d, J = 8.7, 2H), 7.92-

7.86 (m, 2H), 7.45-7.42 (m, 1H), 7.37 (t, J = 4.5, 3H), 4.39 (s, 1H), 2.37 (s, 3H) ppm
13

C RMN (125 MHz, DMSO) δ 155.1, 149.8, 149.1, 148.8, 145.8, 138.8, 138.3, 137.2,

136.9, 132.4, 130.4, 129.8, 129.2, 128.4, 127.9, 127.3, 125.0, 116.4, 115.8, 115.3,
114.1, 85.5, 42.9, 29.8, 21.3 ppm
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(4S)-2-amino-3-cyano-4-p-nitrophenyl-6-(2-pyridyl)-5-p-tolylsulfonyl-4-H-pyrane
(8)

After mixing equimolecular quantities of (phenylsulfonyl)methyl 2-pyridyl ketone (3)
(0.27 mmol) with 2-(4-nitrobenzylidene)malononitrile (0.27 mmol) in ethanol as solvent
(0.5M) and piperidine (catalytic) as base, the final product 8 was isolated after a short
reaction time (3h) as a solid by simple filtration and washing with cold ethanol.
Yield: 40%
Mp 193 ºC
HMRS: calculate for C23H17N4O5S: [M+H]+ 461.0920, found 461.0946 (5.7 ppm)
1

H NMR (500 MHz, DMSO) ) δ 8.67 (ddd, J = 1.0, 1.6 and 4.8 Hz, 1H), 8.13

(fragment of AA’BB’ system, J= 8.8, 2H), 8.00 (td, J = 1.7 and 7.7 Hz, 1H), 7,80 (dt, J
= 1.0 and 7.8 Hz, 1H), 7.59-7.56 (m, 4H), 7.48 (fragment of AA’BB’ system, J = 8.8,
2H), 7.41-7.38 (m, 2H), 7.35 (s, 2H), 4.73 (s, 1H) ppm
13

C NMR (125 MHz, DMSO) δ 158.8, 155.5, 149.9, 149.6, 148.9, 146.6, 140.0, 136.7,

133.5, 129.2, 128.9, 128.6, 127.9, 127.6, 125.4, 125.3, 123.9, 118.6, 118.4, 57.0 ppm

34

6. CONCLUSIONS
2-Amino-3-cyano-4-aryl-6-(2-pyridyl) 5-p-tolylsulfinyl-4-H-pyrane derivatives 4 and 5
have been prepared in an optically pure form, by addition of the ennatiopure

-

ketosulfoxide 2 with the corresponding Michael acceptor, and their NK1 antagonist
activities determined by Ipone test.
Additionaly, the sulfenyl and sulfonyl analogs, as well as the trifluoroacetamide
derivatives were prepared in order to determined the influence of both groups, sulfinyl
and amine, on the bilogical activity.
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Synthesis of NK-1 antagonists
Lucie Puchnerová

Department of Organic and Pharmaceutical Chemistry, Faculty of Pharmacy
University of Seville
NK-1 receptor antagonists are represented so far by only one drug, Aprepitant, which is
available on the market for prevention of chemotherapy-induced nausea and vomiting.
Nevertheless, it is assumed that NK-1 antagonists will be able to participate in treatment
of migraine, rheumatoid arthritis, asthma, pain, inflammatory bowel disease,
Parkinson's disease, anxiety and depression in future.
This thesis is concerned with asymmetric synthesis of derivatives of 2-amino-4H-pyran,
which thanks their substitutions are in accordance with structure of pharmacophore of
NK-1 antagonists.
As a starting material for their preparation has been used commercial methyl p-tolyl
sulfone and (R)-methyl p-tolyl sulfoxide, which was synthesized from menthyl-(S)-ptoluenesulfinate by nucleophilic substitution.
These compounds were subjected to reaction with ethyl 2-picolinate. From prepared βketosulfoxide and β-ketosulfone were obtained 2-amino-4H-pyrans by Michael
addition.
The derivatives proceeding from β-ketosulfoxide were subjected to reduction of the
sulfoxide and trifluoroacetylation of the amine group on the carbon 2 of the pyran ring.
Prepared derivatives had agonistic activity at NK-1 receptor, what showed us
importance of at least one oxygen on sulfur and also importance of non-substituted
amine group in position 2. Moreover derivatives with sulfone group had higher
antagonistic activity than derivatives with sulfoxide group.
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Syntéza NK1 antagonistů
Lucie Puchnerová

Katedra organické a farmaceutické chemie, Farmaceutická fakulta,
Univerzita Seville

Antagonisté NK-1 receptorů jsou doposud zastupovány pouze jediným na trhu
dostupným léčivem Aprepitant, který je používán k prevenci pocitu nevolnosti a
zvracení způsobených chemoterapií. Nicméně se předpokládá, že látky schopné
antagonizace receptoru NK-1 by se mohly v budoucnu uplatnit také při terapii migrény,
revmatické artritidy, astmatu, zánětlivých onemocněních střev, Parkinsonovy choroby,
úzkosti anebo deprese.
Tato práce se zabývá asymetrickou syntézou několika derivátů 2-amino-4H-pyranu,
které díky své substituci odpovídají struktuře farmakoforu NK-1 antagonistů.
Jako výchozí látka pro jejich přípravu byl použit methyl-(p-tolyl)sulfon a menthyl-(S)p-toluensulfinát, z kterého byl nukleofilní substitucí nasyntetizován (R)-methyl-(ptolyl)sulfoxid.
Tyto sloučeniny byly podrobeny reakci s ethyl-2-pikolinátem za vzniku příslušného βketosulfoxidu a β-ketosulfonu, z kterých jsme prostřednictvím Michaelovi adice získali
2-amino-4H-pyrany.
U derivátů nasyntetizovaných z β-ketosulfoxidu jsme nadále provedli redukci
sulfoxidové skupiny a trifluoracetylaci aminoskupiny, čímž jsme získali sloučeniny,
u kterých byl prokázán agonistický účinek na NK-1 receptory. Tímto byla potvrzena
nezbytnost alespoň jednoho kyslíku navázaného na síře a aminoskupiny v poloze 2.
Navíc u derivátů se sulfonovou skupinou byla zjištěna vyšší antagonistická aktivita než
u derivátů se sulfoxidovou skupinou.
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