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ABSTRACT. A library of 5-arylthiosubstituted 2-anaif,6-diaryl-3-cyano-Ml-pyrans has

been synthesized as a new family of non-peptide KecEeptor ligands by a one-pot cascade
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process. Their biological effects via interactioithwthe NK1 receptor were experimentally
determined as percentage of inhibition (for antégeh and percentage of activation (for
agonists), compared to the substance P (SP) effed?one assay. A set of these amino
compounds was found to inhibit the action of SR] #rerefore can be considered as a new
family of SP-antagonists. Interestingly, the adglatof the 2-amino position causes a switch
from antagonist to agonist activity. The 5-phenijtswyl-2-amino derivativel7 showed the
highest antagonist activity, while the p&olylsulfenyl-2-trifluoroacetamide derivativOR
showed the highest agonist effect. As expectedhéncase of the 5-sulfinylderivatives, there
was an enantiomeric discrimination in favor of afethe two enantiomers, specifically those
with (Ss,Rc) configuration. The anticancer activity studiesessed by using human A-549 lung
cancer cells and MRC-5 non-malignant lung fibrotdasevealed a statistically significant
selective cytotoxic effect of some of these 2-amihbpyran derivatives toward the lung cancer
cells. These studies demonstrated that the newiyhaegized U-pyran derivatives can be used as
a starting point for the synthesis of novel SP-gomésts with higher anticancer activity in the

future.

1. Introduction

Substance P (SP, Arg-Pro-Lys-Pro-GIn-GIn-Phe-Phet®lU-Met-NH,), Figure 1, neurokinin A
(NKA), and neurokinin B (NKB) are all mammalian ia&inins acting as both neurotransmitters
and neuromodulatorsThese peptides exert their biochemical effectshm central nervous
system (CNS) and in peripheral tissues throughr thigiding to G protein-coupled receptors
NK1, NK2, and NK3, respectivefy.These tachykinins are involved in pain transmissio

inflammation and smooth muscle contraction, vasaaliion, gland secretion, and activation of



the immune systerhMoreover, NK1 receptor (NK1R) is present in braggions involved in the
regulation of affective behaviour and the mediatioh stress anxiety and depressidn.
Importantly, it has also been reported that the RK4 highly over-expressed in a large number
of aggressive tumourparticularly glioma, astrocytomas and glioblastofhagere the level of
expression is correlated with the degree of matigga Indeed, the rapid internalization of SP
inside the cells upon interaction with NK£Ryssociated with the overexpression of NK1R in
most cancer cells, allowed the development of &niefit receptor-mediated delivery system of
synthetic antibodies into tumour cell§he observation that the release of SP is associgith
several psychopathological processes makes NK1Rerageutic target of great relevance.
Consequently, NK1R antagonists are potential trearap agents for pathologies such as
migraine?® rheumatoid arthritié® asthma, inflammatory bowel disease and the reigulaf
central nervous system disorders such as Parkindimgase, anxiety or depression, enf&Sias
well as cancer treatmetit.

The first NK1R antagonist designs, which were based SP structure, afforded peptide
antagonists with very low affinities and limited wkolic stability"* The discovery at the
beginning of the 1990s of the first non-peptideagnohist, CP-9634% boosted the research in
this area not only in academia but also in industith almost all important pharmaceutical
companies investing in this field with the aim tdemtify selective and potent NK1R
antagonists® More than two decades of immense synthetic andagiz efforts have allowed
the discovery of a large number of structurallyedse NK1R antagonists, though none of them
with the desired therapeutic success. Currentretiare only two NK1R antagonist-based drugs
in the market, Aprepitant (Merck) and its water ubd injectable form,

Fosaprepitantdimeglumine (Merck), approved for pregion of chemotherapy-induced nausea



and vomiting* (Figure 1), and the recently launched RolapitaFegsaro) approved for the
prevention of delayed nausea and vomiting assatiatgh initial and repeat courses of

emetogenic cancer chemotherapy.
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Figure 1. Structure of substance P (SP), thenonpeptide N&itRgonists:CP-96345, Aprepitant,
Fosaprepitant and Rolapitant, and the 5-arylthas¥ro-4H-pyrans () prepared for this study.
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It must be taken into account that the exact strecodf the NK1R, which belongs to the
superfamily of G protein-coupled protein recept@®$CRs)'° is still missing in the literature.
As integral membrane proteins, the structural sefd@PCRs through X-ray diffraction analysis
remained elusive for decad€mdeed, even though there are more than 800 GP@Rs the
structure of 35 of them is knowfAThe first GPCR structure was determined in 2060t it was
not until 2007 when the other 34 structures startelde elucidated, the crystal structure of the

ETB receptor being the most recently determined BFC

The design and synthesis of new non-peptide madsculith high affinity for NK1Rs, and
preferentially with a different chemical structdrem known NK1R antagonists, is an important
area in modern medicinal chemistry. To achieve ffual, in addition to intuition, traditional
drug design approaches are applied, along with gmatdrial chemistry and computer aided
design. The considerable number of structurallyedig nonpeptidicNK1R antagonists found,
allowed the proposition of a preliminary pharmaamghmodel, Figure #The pharmacophore
consists of at least two aromatic rings kept itxad orientation by various scaffolds, containing

not less than one hydrogen-bond acceftor.

{Scaffold}

Parallel arrangement
N, O] s

R,



Figure 2. Generalized nonpeptide NK1R antagonist pharmam@pbonsisting of two (or more)
aromatic rings held together by various scaffoldhjch contains at least one hydrogen-bond

acceptor.

The relative disposition of the aromatics in suigfarids has also been widely studied and has
revealed the hypothesis for the receptor boundorordtion of NK1R antagonists. In most
cases, the fixed orientation between the two argngabups aforementioned can be either a
parallel face-to-facé or perpendicular “T” or edge-on “L” arrangeméht.

On the other hand, it is worth noting that the oisry of non-peptide tachykinin agonists can
also be of therapeutic relevance in the treatmesbme diseases, as the angiogenesis-dependent
diseases where endothelial cell proliferation ¢ureed to promote vascularization and healing of
ischemic or damaged tissu@slowever, in contrast to the number of non-peptidél Neceptor
antagonists described so far, the agonists foetheseptors still appears to be mostly confined to
peptide compounds. Some studies have shown thgit stitructural variations of certain
antagonists produce marked changes in their @esvénd, in some cases, it causes the intrinsic
efficacy to shift towards an agonistic activitycampanied by only minor variations in binding
affinity.”> Despite being aware that this behaviour is onlyficed to certain compounds and the
structural requirements that define an agonistugeen antagonist are poorly understood, it is
worth considering the possibility of interconvegiltGPCR antagonists to agonist by simple
structural modifications.

Based on these premises, and in connection withinterest in the synthesis of optically pure
sulfinyl derivatives with biological and pharmacgical significance? herein we present our
studies on the design and synthesis of 5-aryltihistuted 2-amino-4,6-diaryl-3-cyand44

pyransas new NK1R antagonists, and the quantibicadf their abilities to inhibit the synthesis
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of inositol 1-phosphate (I, by Homogeneous Time-Resolved Fluorescence (HT&HRnology
using the IPone test. Additionally, we have evadathe possibility of employing small
structural changes to interconvert the antagortistegonists as part of viable GPCR drug
discovery strategy. On the other hand, we havealatuated the capacity of these 5-arylthio-2-
amino-4,6-diaryl-3-cyanoH-pyran derivatives to act as antitumoral agentsatds cancer cell

lines such as the human lung adenocarcinoma.

2. Results and discussion
2.1. Design

To generate the new NK1 antagonist, we utilizegyanld-based design methodology. The basis
of the present study is the observation that desihieir structural disparity, CP-96345 and
compoundl(Ss,Rc) possess significant common features in the séite, as shown by their X-
ray crystal structures (Figure 3). CP-96345 is muglidinic compound with two stereogenic
carbon atoms, while compoud{iSs,R:) belongs to the 2-amind#4pyran family, and encloses a
stereogenic carbon atom vicinal to a chiral suliexmoiety. As illustrated in Figure 3, both
compounds have two parallel aromatic rings, stadwliby ar—1 stacking interaction, and at
least one hydrogen bonding acceptor atom. Moreifsgaly, compound1(Ss,Rc) meets the
requirements of the advanced NK1R antagonists phasphore proposed by Klebe’s virtual

NK1R modelt?’
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Figure 3. A) X-Ray crystal structures of CP-96345 (léftyand 5p-tolylsulfinyl-2-amino-H-

pyran derivativé(Ss,Rc) (right). B) Superposed view of CP-96345 a{8,Rc).

NK1R Klebe’s virtual modet! is a ligand-supported homology model based onkti@vn
crystal structure of the rhodopsin receptor andhenstructure of CP-96345. The quality of the
model was validated by checking its ability to anoaodate additional known NK1 antagonists
from structurally diverse classes, leading to tleeetbpment of an advanced pharmacophore
model. We have observed that in the modeled NK1FOERI5 complex, compount{Ss,Rc)
could replace CP-96345 and maintain all the hydobph and hydrogen bond interactions
proposed for the reference antagonist with the amaicids on the active site of the receptor,
namely with glutamine 165, glutamic acid 193, kiste 197, isoleucine 204 and histidine 265

(Figure 4).
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Figure 4. Modeled complex of the NK1R with CP-96345 (left)dd compound(Ss,Rc) (right).

Accordingly, mutation studies have shown that thesinrelevant interaction of the NK1R /
antagonist complex is the hydrogen bond betweertettminal NH of the glutamine (Gln 165)
and a hydrogen bond acceptor atom of the antagdn@mpoundl(Ss,Rc) positioned in the
Klebe’s model has the sulfinyl oxygen at 2.95 Anfr@&In165, thus a hydrogen bond could be
established with this amino acid. Another importarteraction described for the NK1R/CP-
96345 complex is the amino-aromatic hydrogen boetivéen the benzhydryl group of CP-
96345 with His19%, which itself is kept in place by an aromatic-aatim interaction with
Tyr2723n the case of NK1R(SsRc) complex, a similar interaction could be estatdish
between His197 and the pyridine ring either asrame-aromatic interaction or as a hydrogen
bond with the pyridine nitrogen that lies at 2.17 HBnally, an in-depth examination of the
NK1R/1(Ss,Rc) complex shows that the amino acids Phe247 an@6byrare appropriately
arranged to establish an effective interaction whih ligand.(Ss,Rc). Particularly relevant could
be the aromatic-amine interaction between Phe2d7tanamino group at the 3 position on the
pyran ring, as well as a hydrogen bond interachietween the aforesaid amino group and the

hydroxyl group of Tyr266 (2.04 A). In summary, tfeemer qualitative study showed a good
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match between the non-peptidic antagonist CP-9684BR complex and the new ligands-
NK1R interactions, and indicated that the 5-aryisyl-2-amino-4H-pyrans could have NK1R
binding capacity. Therefore, taking into accourgsen observations and the influence of the
substitution pattern of both phenyl rings in thephacophore on binding affinity,we designed

a batch of 5-arylthio-2-aminoHtpyran compounds in order to evaluate their pagértinding
abilities to NK1R. This library was designed to feadily chemically accessible, and thd-4
pyran derivatives were specifically chosen in otdedetermine the influence af the nature of
the aromatic rings at C-4 and C-6 of the pyrarg,r{i) the oxidation state of sulphur at C-5 and
the nature of its substituent, anil)(the nature of the nitrogen function in positioffT2ble 1).
Additionally, in view of the known low binding affity of the (R ,3S) enantiomer (distomer) of
CP-96345 for the NK1 receptor @& 81000 + 12000 nM) compared to the binding affirat

the (%5,3R) enantiomer (eutomer) (kg= 3.4 + 0.8 nM)'? the influence of the stereochemistry of
the stereogenic centres, at C4 and sulfur in tee o& the sulfoxides were also analyzed.

Finally, it must be pointed out that these new dcagdidates were designed taking into account
the Lipinski's rules, or rules of 5, so that mostleem comply with these rule of 5 guidelines
(see Table 1 in Supporting Information) and are tnligely to be cell permeable and orally

bioavailable®?

Table 1.The 5-arylthio-2-amino-4,6-diaryl-3-cyand44pyran derivatives synthesized.

X, Y=:0

R'= CH3 NOy, H,

R2= 2-Py, 2-Furyl, 3,5-(CF3),CeH3

R3= 4-CHj3, H, 4-Cl, 4-F, 4-NO,, 4-OMe, 3,5-(CF3),
R*=H, Ac, COCF,

1C



Entry | Comp. | X| Y| R R? R’ R* Conf. at C4
1 rac-1 rac CHs 2-Py H H rac
2 1(SsRo) CHs | 2-Py H H R
3 1(Rs, ) O | CH | 2Py H H S
4 rac-2 rac CHs 2-Py 4-CH H rac
5 2(Ss,Re) CHs | 2-Py 4-CH H R
6 2(Rs, &) O | CH 2-Py 4-CH H S
7 rac-3 rac CHs 2-Py 4-Cl H rac
8 3(SsRe) CH; 2-Py 4-Cl H R
9 3(Rs, &) O | CH 2-Py 4-Cl H S

10 rac-4 rac CHs 2-Py 4-F H rac
11 | 4SRo) CHs | 2-Py 4-F H R
12 4(Rs,X) O | CHs 2-Py 4-F H S
13 rac-5 rac CHs 2-Py 4-NOQ H rac
14 | 5(SRo) CHs | 2-Py 4-NQ H R
15 | 5(RsS) O | CH| 2Py 4-NQ H S
16 | 6(SsRe) CHs | 2-Py 4-OCH H R
17 | 6(RsS) O | Ch| 2Py 4-OCH H S
18 7(Ss,Re) CH; 2-Py 3,5-(Ch): H R
19 rac-8 rac CHs | 2-Furyl 4-Cl H rac
20 rac-9 rac | CHs 3’3255)2 4-CH, H rac
21 rac-10 rac NO, 2-Py 4-CH H rac
22 rac-11 rac NO; 2-Py 4-Cl H rac
23 rac-12 rac NO, 2-Py 4-NQ H rac
24 rac-13 rac NO, 2-Py H H rac
25 rac-14 rac H 2-Py 4-OCH H rac
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26 rac-15 rac H 2-Py H H rac
27 rac-16 rac H 2-Py 4-NQ H rac
28 rac-17 Ol O H 2-Py 4-N@ H rac
20 | 18(SSR) [O| .. | CHs | 2-Py 4-CH Ac R
30 | 18RsX) |..| O | CH | 2-Py 4-CH Ac S
31 rac-19 | .. | .. | CHs 2-Py 4-CH | -COCR rac
32 20R .| .. | CHs 2-Py 4-NQ | -COCHK R
33 21R .. | .. | CHs 2-Py H -COCEk R
2.2. Synthesis

As indicated in the retrosynthetic scheme (Schenpe tlie 5-arylthio-2-aminoH-pyran
derivatives can be synthesized in ome pot process, by reaction of the adequdte
ketothioderivative with different arylidenemaloniiiles.>®

Scheme 1. Retrosynthetic scheme of 5-arylthioderivative2-@mino-4H-pyrans.

R3
x\ /o
f— X O O
S * CN \ /
N R3®_\>*CHNH2 B S\)J\Rz
.R* NC
R1 R2 (0] H R1

1-21 28-34 22-27
X= electron pair, O “
R'= CH; NOy, H, x O
R?= 2-Py, 2-Furyl, 3,5-(CF3),C¢Hs .+ RZGOE
R3= 4-CHg, H, 4-Cl, 4-F, 4-NO,, 4-OMe, 3,5-(CFa), ©/ Me
Ré=H, Ac, COCF, R! 35.37 38-40

The series of the 6-pyridyl substituted sulfoxideg, (X= lone pair, B=Py, R'=H, Scheme 1),
was prepared in both, racemic and optically puren$p in order to determine the influence of the

stereochemistry at sulfur and C-4 on their antagjanieffect. Both enantiomers of the
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sulfinylderivativesl-7 were obtained in enantiopure pure forms, staftiogn enantiopurdRk or S
aryl methyl sulfoxide$85R or 35S, as indicated in Scheme 2-ketosulfoxide22R or 22S were
prepared according to the literature, by condeosatf the corresponding®R or S methyl
sulfoxides and ethyl 2-pyridylcarboxylatg8 in the presence of lithium diisopropylamide

(Scheme 2).

Scheme 2.Synthesis of optically pure 6-pyridylstolylsulfinyl-4H-pyran derivatives1(7).2

R3 CHs
4
(') (R%=Me) c'>
o} o 0 3
= a CN
Me SpTol o T Vé Py oo pTol”®) 1] — ”T°'/(%) 1] .
e % yield) P'° Y (80%-quant. yiel 70% yiel
355 (85% yield) 225 (80%-quant. yield) Py” 0" “NH, (70% yield) Py” 0" “NHAc
1(Rs,S¢)-7(Rs, Sc) 18(Rs,S¢)
R3 CHs
| K
=
o} o : (R%=Me) 0
§ . g\)cj)\ : To IR N —— 8 5 ON
-9~ . P pTo SR
Me™PTol (88% yield) pTol Py (70%-quant. yield) H (75% yield) T H
35R 22R Py” "0" 'NH, Py” ~0” “NHAc
1(Ss.Re)-7(Ss.Re) 18(Ss,Rc)

®Reagents and conditions: (a) 1.LDA (2 eq.), 2.etBypyridylcarboxylate38, 85%; (b)
arylidenemalonodinitrile28-34, piperidine (cat.), ether, (80%-quant.); (c).8¢ DMAP (cat.),
pyridine, 0°C (70%)

The coupling of the arylidenemalononitrilé28-34 with the enantiopure3-ketosulfoxides
2230r22R, using equimolar quantities of both reagents ethdil ether with catalytic piperidine
as mild base, at room temperature, led the deswagpounds in good to excellent yields, as an

exclusive enantiomer (Scheme 2). The reaction tpksse in an addition-cyclization process,
13



where the first addition step is an equilibrium qgass and it is at this moment when the new
stereogenic center is form&the product formed after cyclization precipitatest the reaction
medium and is isolated as a white solid by sinfififation. The nature of the solvent appears to
be very important in this reaction. In general, whather solvents, such as methanol or
methylene chloride were used, yields decreased atreatly. In these conditions some by-
products such as the non-cyclic Michael adduct webbéained, or the reaction was not
completely diastereoselective and, in some cabesH-pyran derivative did not precipitate.
The obtained compounds were in general highly abysé, and we succeeded in obtaining
single crystals of some of them for the determoraif their structures (see Figure 5), which

confirmed the configurational assignment of the sésveogenic carbons.
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Figure 5. ORTEP drawing of optically pure sulfinyl pyran roatives 1(Rs,&),
2(S5,Re),4(S5,Re), 4(Rs,<),5(Ss,Re) and sulfoneac-17. Thermal ellipsoids are shown at the 50%

probability level. The hydrogen atoms are omitteddarity.

The X-ray analysis of the sulfinyl compounds cdkel in Figure 5, shows a 1,3-parallel
arrangement between the aromatic rings of the tigoesgenic centers (sulfinyl sulfur and
carbon 4), which can be attributed to the existesfcan electronic donor-acceptor interaction
between both aromatic rings (i.e.; i stacking interaction). This favored dispositiontoé
aromatic rings, due to the—Tt stacking effects, could explain the formation ofsiagle
compound as the most stable diastereoisomer (tlugtmaonic control).

Treatment oR(Ss,Rc) and2(Rs, &) with acetic anhydride in the presence of catalgtnounts of
DMAP, using pyridine as base at 0°C, yielded theesponding sulfinyl acetamidd8(Ss,Rc)
and 18(Rs, &), respectively, with good chemical yields and inamtiopure form, after
chromatographic purification. The racemiBs,&/Ss,Rc) sulfinyl derivatives, rac-1-rac-16),
were prepared in a similar way by reaction of theemicp-ketosulfoxidesac-22-rac-26, with
the Michael acceptor28-33(Scheme 1). The reaction of tfgeketosulfone27, obtained by
oxidation of the racemic sulfoxidec-25, with the Michael acceptds2, under the same mild

experimental conditions, gave the sulfonyl pyranvdgive rac-17 (Scheme 3).

Scheme 3.Synthesis of the 5-sulfonylHtpyran derivativerac-17°.

15



®Reagents and conditions: (a) m-CPBA, chloroform, C 0°(96%); (b p-
nitrobenzylidenemalononitriB?, piperidine (cat.), ethanol, (35%)
The influence of the nature of the solvent agaioved to be crucial for the synthesis of the
sulfonyl derivative, ethanol being the best solvarthis case, but the yield was only moderate.
Finally, various racemic and enantiopure sulfenyldgives were prepared by reduction of the
corresponding sulfoxides, by treatment with triflo@cetic anhydride and sodium iodide in
acetone at -40°C. As expected, the trifluoroacétyta of the amino group took place

concomitantly with the reduction of the sulfinylogip (Scheme 4).

Scheme 4.Synthesis of 4-aryl-5-p-tolylsulfenyl-2-trifluoroatamide derivativés

R3= Me, rac-1 R3= Me, rac-19
R3=H, 2(Sg,Rc) R3=H, 21R
R3= NO,, 5(Ss,Rc) R3= NO,, 20R

®Reagents and conditions: (a) 1. Nal, acetone, 2, F#0°C (60-75%)

2.3. Antagonist and agonist effect evaluation.

16



The biological activity of the compounds was chethsy their ability to inhibit or activate
NK1R using the IPone assawhich by Homogeneous Time Resolved FluorescenceflTR
technology quantifies the inositol JlRccumulated inside the cell. Accumulation of IB an
indicator of NK1R activation, so that agonist ligarof NK1R cause an increase in I€vels in

the absence of SP while, at the contrary, antagbg&nds produce a decrease in these levels in
the presence of SP. Table 2 summarizes the reshti#sned with this test for the 2-aminét4
pyran library, using SP and CP-96345 as agonist amdgonist controls respectively. As
negative control, cells were also stimulated witM$D in the absence of the SP and ligands

(Base, Table 2).

Table2. Inactivation of IR accumulation (pmoles) in NK1 receptor transfed@@tO cells by 2-

amino-4H-pyrans (5x10M) and CP-96345 (I(M) in the presence of SP (8nM).

Mean %

Entry | Compound Mealnpl)(apbmoles +SD”° | pvalué? inhibition® +sp>©
1 P 35.91 4.61 - N -
2 Base 6.52 (5.51) é:‘z‘z) <0.0001 . -
3 | CP-96345 5.29 152 |  <0.0001 85.26 2.44
4 racl | 27.13(23.39) (142'?517) (7)9601%%1) é;‘;g‘% (266.8241)
i | o | o3 | own |t o6
6 | MR&) | 2841(2557) (101'?3?8) (7)96%07211) ég:gi) (1155?249)
! rac2 | 2435(24.19 (;:22) (7)96%%021) (ggig% (fé.7798)
8 | ASR) | 17.67(22.63) (111'2?0) (7)96%07021) (2215% (126.71%)
O | ARK) | 28.04(2246) (156.23?5) %%102845 é?jﬁé‘) (176?614)
10| rac3 3023309 | 15374 | o203 | (395 | assy)
11 | 3SR 28.38 3.46 | <0.0001 20.98 5.56
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30.03) | (8.13)
12 | 3ReS) 33.83 5.78 0.149 5.80 9,29
13 rac-4 35.01 11.89 |  <0.0001 251 19.1
14 | 4(SsR) 28.37 087 | <0.0001 20.99 0.12
15 | 4(ReS) 31.89 4.39 0.1493 11.20 6.11
507 | <0.0001 | 28.88 353
16 rac-5 25.54(2512) | 506) | (0.0126) | (30.04) | (8.13)
1.85 | <0.0001 | 49.67 257
17| S(SsR) | 1807(2037) | gagy | (0.0013) | (43.29) | (10.22)
765 | <0.0001 |  20.63 10.65
18 | SReS) | 285(2027) | 590y | (0.1863) | (1850) | (20.22)
140 | 0.0002 43.89 2.25
19 | 6SR) | 2015(2352) | g0y | (00058) | (34.51) | (12.67)
9.72 | <0.0001 13.53
20 | 6RS) | 2582(750) | gan | oness | 28116443  Sop
1352 | 0.0038 28.61 21.73
2L | M(SR) | 2564(25.14) | G585y | (00289) | (30.04) | (8.13)
22 rac-8 31.41 3.68 0.1441 12.5 5.92
23 rac-9 31.78 3.38 0.0034 11.51 5.43
24 | rac10 22.22 226 |  <0.0001 38.12 3.63
25 | racil 24.36 281 0.0013 32.18 451
058 | <00001 | 56.08 0.93
26 | rac12 | 15.77(23.49) | 180y | (0.0166) | (3558) | (18.97)
27 | rac13 15.57 068 | <0.0001 56.63 1.10
28 | rac14 31.92 1.67 0.1738 11.10 2.69
612 | 00345 19.77 6.97
29 | racls | 2881(2443) | ;g3 | (0013) | (31.97) | (12.59)
343 | <0000l | 45.89 551
30 | racl6 | 19.43(23.89) | 5.8 | (0.0175) | (3347) | (4.50)
1907 | <0.0001 | 6851 2.46
31 | raclr | 11.31(19.56) | 775 | (0.0002) | (4552) | (9.65)
301 | 0.0006 47.22 4.19
32 | 18(SRo) | 18.95(2394) | 550y | (0.0064) | (33.32) | (11.96)
463 | <00001 | 37.08 6.45
33 | 18RsS) | 22.60(28.24) | (1164 | (01126) | (21.36) | (18.72)
34 | rac19 | 22.24 (34.56) (g:g;) 6%0101021) 38.07 (3.77) (i:gg)
35 20R 27.36 1.72 0.0087 23.82 2.77
226 | <0.0001 3.15
36 21R 2268 (3342) | (ioiry | o5y | 3684693 b
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*The IR accumulation was measured as described in theimereal sectiofiCorresponding
values for 10M concentration in brackeffata are means +SD ofilRoncentration (pmol) and
illustrated from a representative experiment penfed at least three timé@8or each compound,
a statistical analysis between control and trea®lts was donéData are means +SD of %
inactivation and illustrated from a representagxperiment performed at least three times.

As shown in table 2, most of the new ligands acinbybiting the action of SP, and thus can be
considered as a new family of SP-antagonists. Anadythese results in depth,some conclusions
on the structure-activity relationship can be dralRegarding the sulfinyl derivatives, those with
a p-nitrophenyl substituent at sulfurag-10, rac-11, rac-12, rac-13) present a slightly better
inhibitory effect of SP than those with phenyl tolyl substituents (table 2, compare entries
24vsi, 25/810, 26vrsl6and30,and2&and29). On the other hand, the substitution oftloenatic
ring at the C4 position has a great influence itivig. According to Klebe’s model (Figure
4) Zthis ring will be in proximity to le204 and His2@d their interaction was proposed to be
of hydrophobic nature. However, the results obthinéth our derivatives can be interpreted
based on a new hydrogen bond interaction with Hisgiice compoundsac-5, 5(Ss, Rc),rac-
12and rac-16,with a p-nitrophenyl group at this position, have someld# highest antagonist
effects. On the contrary, halogenated derivatraes3, 3(Rs, &), 3(Ss, Re).rac-4, 4(Rs, &), 4(Ss,
Rc), and rac-11showed a decreased inhibitory activity due to theklof this proposed
interaction.

In relation to the derivatization of the amino groat C-2 in the pyran ring as an amide,
compounds18(Ss,Rc) and 18(Rs,&)show a similar antagonist activity compared toirthe
unprotected derivative®(Ss,Rc) and2(Rs,Sc). Thioethergac-19, 20R, 21R, which also present

an amide at this position, also present comparabtesities to their unprotected sulfoxide

derivatives fac-2, 5(Ss,Rc) andl(Ss,Rc) respectively]. This fact could indicate that the
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interaction of the NElgroup with the Tyr 266 residue is not extremelgvant for the antagonist
activity.

When the pyridine ring at C-6 was substituted bdyeotaromatic rings, such as furyl or bis-3,5-
(trifluoromethyl)phenyl, (compoundsac-8 and rac-9,respectively), there was a significant
decrease on the antagonist activity. This fact banexplained as the consequence of the
suppression of the previously proposed stabilizimgraction between the nitrogen and the
His197 residue for pyridine derivatives. In theecas$ phenyl derivativeac-9, together with the
significant increase in the steric volume due te firesence of both GFgroups in meta
positions, the strongly electron-withdrawing effectthese substituents significantly decreases
the electronic density of the aromatic ring, thusfavouring the proposed amino-aromatic
interaction between the His197 and the aromatig. fin the case of the furyl derivativac-8, it

is also important to consider the low solubilitytbé furan derivative in the cell media, so that it
cannot be used at higher concentrations.

One of the salient features of the results sumrednz table 2 is the different antagonist activity
showed by the different enantiomer partners. Is #ense, all the 5-arylsulfinyl-2-aminét4
pyranswith §s,Rc) absolute configuration are more active than tiRgS:)enantiomers. This
result indicates that NK1R exercises a chiral dhisicration toward the 5-arylsulfinyl-2-amino-
4H-pyran family, as it was previously described fug teference CP-96345.

Finally, it is worth mentioning that the sulfonerigative rac-17 (ICso = 200£1@M) was the
most active antagonist, with a 68.5% of inhibitioh production of IP1. This compound
presented a notable inhibitory effect at concéioina below 5x19 M (see table 2). It is
interesting to note that this increased activityaaf17 may be explained considering the virtual

model of NK1R (Figure 6), where the presence ofdhéonylic oxygen allows the appearance
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of an additional stabilizing interaction by a hygem bond with the terminal amino group of the
amide of GIn165, located at a distance of 3.10uktHer, the terminal hydroxyl group of Glu193
is at the right distance to form a hydrogen bonthhe other oxygen of the sulfone (2.45 A),

instead of the electrostatic interaction proposedtfe other derivatives.

Tyr 272

Q

| ‘“%ms 197
(f’ \3 >\.Phe 247

T Tyr266

His 265
Gin 165
lle 204

Figure 6. Representation of 5-phenylsulfonyl-2-amind-gyrarrac-17in NK1 receptor binding

site.

Another interesting result was found when the IPmséwas carried out in the absence of SP, in
order to determine the agonist activity of the compls. In this sense, taking into account that
structural modifications in close proximity to arxygen or a nitrogen is likely to affect
functional activity of a GPCR ligarfd,we decided to evaluate the possible interconvenib
our NK1R antagonists into agonists by focusing aydifiying the nitrogen at C2. Thus, it was
observed that just by acylating the amine in posit2 of the pyran ring, compounds
18(S5,Rc),18(Rs, &), rac-19,20R, and21R were able to exert a change in the basal actfithe

cell, activating NK1R (Figure 7). Notably, up tow, only one non-peptide NK1R agonist has
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been reporteiand was demonstrated to be of therapeutic relevemaagiogenesis-dependent

diseases.

as
40
35

30

10 ; ”i I ’i
1 Milll

~
<
&

pmoles IP,

&
g

S > >
K g g
8 g 8

Figure 7. Activation of IR accumulation (pmoles) in NK1 receptor transfed®dO cells by

acylated 2-aminoH-pyrans (5x10M, right) and CP-96345 (1) in the absence of SP. The
IP; accumulation was measured as described in theimegal section. Data are means £SD of
IP; concentration (pmol) and illustrated from a repreative experiment performed at least
three times. For each nonpeptide compound, a tatatisnalysis between control and treated

cells was done: ** p<0.01 and *** p<0.001.

As depicted in table 2 and Figure?, all these camgds display both antagonistic and agonistic
effects. In the presence of the fully agonist $eytact as antagonists by blocking access to the
receptor, but on their own they act as agonistbes& compounds are, thus, partial agonists.
Many studies have been published on the benefitsnial agonisté’and some current common
drugs have been classified as partial agonist$ asduspirone and aripipraZ6iTheir clinical

use is being increased since they can activatgt@seto give a desired submaximal response
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when inadequate amounts of the endogenous ligaadpeesent, or they can reduce the
overstimulation of receptors when excess amounts tleé endogenous ligand are
present®Moreover, the use of partial agonists often avdigsdevelopment of adverse effects,
such as desensitization, adaptation, tolerancedapéndence, that are usually associated with
overstimulation of the receptors by full agoni&ts.

The analysis of the structure-agonist activity tieteships showed that thioethera¢-19, 20R

and 21R) were more active than the corresponding sulfaxii®(Ss,Rc) andl8(Rs, )], with
trifluoroacetamidesracl9 and 20R being active even at low concentrations ) (see
supporting information). Compour2DR(ECso = 350£221M) was the best ligand with agonist
activity (Figure7), presenting a 62.34 % of aciivat(see table 2, Sl). As in the case of the most
potent antagonists, this compound also contaipsiérophenyl group at position 4 of the pyran
ring, which can be responsible for a higher affindwards the receptor. This confirms that the
interaction of the Nk group with Tyr 266 and Phe 247 residues must Ievast for the

antagonist activity (Figure 4).

2.4. Antitumoral activity evaluation.

Hitherto, all previous studies indicate that NKeceptor antagonists selectively inhibit tumour
cells proliferation, as well as exerting antianginig and antimetastatic activiti&s: *The
overexpression of NK-1 receptors in a wide variefytumors opens the potential of NK-1
receptor antagonist as a specific treatment ageamster cells, decreasing considerably the side-
effects of the treatmefiiMoreover, their action has been shown to be doperttent, with the
therapeutic effect being at micromolar rafiye?® “rhus, the antitumoral capacity of
compoundsl(Ss,Re), 1(Rs, &), 6(Ss,Re), 6(Rs, &), rac-12, rac-17, 18(Ss,Rc) andrac-19 towards
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A-549 and MRC-5 cell lines, was evaluated. In bzdkes MTT assay and anticancerous activity
allowed the determination of the correspondingyl&gain, the activity of CP-96345 antagonist
was used as a reference. Moreover, lactic acidus@d as a reference to study selective toxicity,
and the well known anti-cancer drug cisplatin asitpege control. Cytotoxicitys concentration
line was drawn for each compound (see SI) allowihgs, the determination of 4gfor healthy

and cancerous cells.

Table 3. ICso values of different ligands for A549 y MRC-5 clitles.

IC56+SD [M)?®
Entry | Compound A-549 MRC-5 pvalug
1 CP-96345 | 46.83+19.88| 57.90+18.03  0.41(
2 Lacticacid | 26.60+3.52 | 23.93+2.0% | 0.181
3 Cisplatin 11.67 #7.10 | 115.71485.66  0.083
4 1(SsRe) | 172.22+2.68| 132.38+30.10  0.184
5 1(Rs,S) | 195.64+4.02| 424.68+9535  0.050
6 6(SsRc) | 156.42+4.20| 429.66 +59.54  0.003
7 6(RsS) | 507.84 +22.08
8 18(SsRc) | 107.68 £23.04 136.19+32.43  0.232
9 rac-19 76.47 +12.92| 130.17+12.71  0.013
10 rac-12 | 536.18 +54.38 824.57 +313.89 0.196
11 rac-17 | 148.29 +25.73 140.36 +41.28/  0.811

®ThelGgwas calculated as described in the experimentaiosé€orresponding values for
IC5c+SD (UM). ‘Data are means +SD of 4€and illustrated from a representative experiment
performed at least three timéfor each compound, a statistical analysis betwe&a9 and
MRC-5 treated cells was done.
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In contrast to the behavior of the anticancerosplatin, which showed an important cancerous
selectivity (entry 3, table 3), no selectivity walsserved for the CP-96345 antagonist used as
reference (entry 1, table 3).

For our derivatives, the highest anticancerousviies were obtained with the amide
derivatives18(Ss,Rc) andrac-19 ( entries 8 and 9, table 3), highlighting a certsatectivity for
thioetherrac-19 (entry 9, table 3).

In the case of enantiopure sulfoxides (entries &fdle 3), an enantiomeric discrimination was
observed, both in activity and selectivity. Thuglfexide 1(Ss,Rc) presented no selectivity, but
its enantiomed(Rs,S) showed a significant selective cytotoxicity armgilung cancerous cells
(entries 4 and 5, table 3). At concentration4(8,Rc) higher than its IC50, the cell death for the
cancerous line reached up to 80% compared tohass30% for healthy cells (figure 5, SI).

Both enantiomeric sulfoxide®(Ss,Rc) and 6(Rs,&:), showed high selectivities against lung
cancer cells (entries 6 and 7, table 3). Thus @{B2 concentration 06(Ss,Rc), the cell viability

of healthy cells was 70% compared to 7% for the AB4ncerous cell line (figure 6, Sl).
Interestingly, its enantiomeéd(Rs,Sc) showed a high 1§ value for the cancerous cells (507.84
MM, entry 7, table 3), and no igvalue could be obtained for the MRC-5 cell lineycgl at
10°uM concentration 08(Rs, ), when the cell media is saturated in this sutfexionly 30% of
healthy cells inhibition was observed comparechtn100% inhibition of cancerous cells (figure
6, Sl). These results showed therefore an excetlanterous selectivity for this enantiomer

(figure 8).
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ACCEPTED MANUSCRIPT

MRC-5 A549

Control

6-(Rs,Sc) 1mM

Figure 8. A) Inverted microscope images of human A-549 lgagcer cells and MRC-5 non-

malignant lung fibroblasts untreated (control) ammubated with derivative(Rs,S) (1mM))

3. Conclusions

In conclusion, a small library of new NK1R ligand#th the 5-arylthiosubstituted 2-amindi4
pyran structure has been developed. Sulfonyl dévevaac-17 has proven to inhibit up to 84%
of SP activity in a micromolar range and it repreéseghe lead compound for the design of new
potent antagonists. Moreover, a new family of neptmle partial agonists has also been
described by the slight modification of the antagbstructure, from the 2-amino to the 2-amide
derivative. This is in concordance with an impottante of the two new interactions between the

NH, group and the Phe247 and Tyr 266 residues, prdpmse¢he case of antagonists. The
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anticancer activity studies assessed by using huwa49 lung cancer cells and MRC-5 non-
malignant lung fibroblasts, revealed a statisticalignificant high selective cytotoxic effect of
some of these 2-amind#¥dpyran derivatives toward the lung cancer cellsesSEhpromising

results could be the adequate starting point ferdévelopment of new and more potent NK1

antagonists as anticancerous leads.

4. Experimental section
4.1. Chemistry. General Chemistry Methods.

All reactions were conducted under an atmosphedryofirgon using oven-dried glassware and
freshly distilled and dried solvents. TLC was peried on Silica Gel GF254 (Merck) with
detection by charring with phosphomolybdic acid/BtGQror flash chromatography, silica Gel
(Merck 230-400 mesh) was used. Chromatographicnuaduwere eluted with positive air
pressure and eluents are given as volume to vohatnes (v/v). NMR spectra were recorded
with a Bruker Avance DRX500', 500 MHz), and Bruker AMX500', 500 MHz)
spectrometers. Chemical shifts are reported in pgord, coupling constants are reported in Hz.
Routine spectra were referenced to the residudbpror carbon signals of the solvent. High
Resolution mass spectra (HRMS) were recorded imti©ede Investigacion, Tecnologia e
Innovacion de la Universidad de Sevilla” with a i MS-80RFA 241-MC apparatus. Optical
rotations were determined with a Perkin-Elmer 34dlapmeter. Elemental analyses were
measured in a LECO TruSpec® CHNS-932 apparatustirigelpoints were measured in

STUART SMP3 apparatus in open end capillary tubes.

4.1.1. Synthesis of 5-arylthioderivatives of 2+amrB-cyano-4,6-diaryl-4H-pyrans.

4.1.1.1. NK-1 antagonists. General Procedure
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To a solution of the correspondifigketo thioderivative (0.38 mmol, 1 eq.) and therappate
Michael acceptor (0.76 mmol, 2 eq.) in ether orhaabl (5-20 mL), a catalytic amount of
piperidine is added as base. After stirring ovdrhighe final product is isolated as a solid by
simple filtration, followed by washing with ethdn general, all the products are obtained in
good purity, and can be recrystallized from ethanol
rac-2-Amino-3-cyano-4-phenyl-6-(2-pyridyl)-5-p-tisiylfinyl-4H-pyran,rael

Prepared following the general procedure from theemic p-tolylsulfinyl)methyl 2-pyridyl
ketone22S (98.5 mg, 0.38 mmol) and benzylidenemalononi@28g117.17 mg, 0.76 mmol) in
ether (5mL). The produgatac-1 is obtained as a white solid (144.72 mg, 0.35 mnmol92%
yield. M.p.: 227-228 °C*H NMR (500 MHz, DMSO-g) &: 8.72 (d,J = 4.6 Hz, 1H), 8.11 (td]

= 1.6 and 7.6 Hz, 1H), 8.07 (d= 7.8 Hz,1H), 7.60 (t) = 6.0 Hz,1H), 7.45 (d] = 8.2 Hz,2H),
7.25 (s, 2H), 6.93 (m, 3H), 6.87 (@ = 8.1 Hz, 2H), 6.76 (d] = 6.3 Hz, 2H), 4.66 (s,1H), 2.13
(s,3H) ppm.2*C NMR (125.7 MHz, DMSO-¢) &: 160.2, 149.5, 148.7, 148.1, 143.2, 139.5,
139.4, 137.7, 128.6, 128.0, 126.8, 126.1, 125.6,21223.6, 122.7, 119.6, 59.2, 32.2, 20.6 ppm.
HRMS Calc. for G4H20N30,S: [M+H]" 414.1276, found 414.1253 (-5.6 ppm).Anal. Cale. fo
Co4H19N30,S:C, 69.71; H, 4.63; N, 10.16; S, 7.75. Found.&75; H, 4.63; N, 9.99; S, 7.88.
(Rs,&)-2-Amino-3-cyano-4-phenyl-6-(2-pyridyl)-5-p-tolylsnyl-4H-pyran 1(Rs, &)

Prepared following the general procedure from ®€[f-tolylsulfinyl)methyl 2-pyridyl ketone
22S (98.5 mg, 0.38 mmol) and benzylidenemalononit2®e(117.2 mg, 0.76 mmol) in ether
(5mL). The producii(Rs, &) is obtained as a white solid (146.13 mg, 0.35 ihmmo93% vyield.
The spectroscopic data are similar to those ofréeel. M.p.: 213-215 °C. HRMS Calc. for
CaaH20N30,S: [M+H]* 414.1276, found 414.1272 (-1.0 ppra)¥fo: +198.6 € 0.37, chloroform)

(Ss,Rc)-2-Amino-3-cyano-4-phenyl-6-(2-pyridyl)-5-p-tolylBnyl-4H-pyran1(Ss,Rc)
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Prepared following the general procedure from ®e(j-tolylsulfinyl)methyl 2-pyridyl ketone
22R (98.5 mg, 0.38 mmol) and benzylidenemalononit2®e(117.2 mg, 0.76 mmol) in ether
(5mL). The product(Ss,Rc) is obtained as a white solid (141.41 mg, 0.34 himo90% yield.
The spectroscopic data are similar to those ofl{Re &) enantiomer. M.p.: 214-215 °C. HRMS
Calc. for G4H1oN30,SNa: [M+Na] 436.1096, found 436.1096 (0.1 ppra)’fo: -203.2 € 0.37,
chloroform)

rac-2-Amino-3-cyano-4-p-tolyl-6-(2-pyridyl)-5-p-yasulfinyl-4H-pyran,rac2.

Prepared following the general procedure from theemic p-tolylsulfinyl)methyl 2-pyridyl
ketonerac-22 (98.5 mg, 0.38 mmol) anagtmethylbenzylidenemalononitri29 (127.83 mg, 0.76
mmol) in ether (8 mL). The producdc-2 is obtained as a yellow solid (161 mg, 0.38 mnol)
quantitative yield. M.p.: 218-219 °¢4 NMR (500MHz, DMSO-g) & 8,69 (d,J = 4.7 Hz, 1H),
8.09 (td,J = 1.6 and 7.7 Hz, 1H), 8.04 (d= 7.9 Hz, 1H), 7.58 (ddd] = 1.3, 4.9 and 7.3 Hz,
1H), 7.41 (d,J = 8.2 Hz, 2H), 7.20 (s, 2H), 6.86 @@= 8.1 Hz, 2H), 6.70 (d] = 7.8 Hz, 2H),
6.61 (d,J = 8.0 Hz, 2H), 4.61 (s, 1H), 2.15 (s, 3H), 2.1038) ppm.**C NMR (125.7 MHz,
DMSO-d) 6: 160.0, 149.1, 148.7, 148.2, 140.2, 139.6, 13833,6, 135.4, 128.5, 128.4, 126.8,
125.5, 125.2, 123.7, 122.6, 119.6, 72.1, 59.1, 481, 26.8, 20.6, 20.5 ppm. HRMS Calc. for
C25H21N30,S: [M]* 427.1354, found 427.1381 (6.2 ppm).Anal. Calc.GgiH21N30,S: C, 70.24;
H, 4.95; N, 9.83; S, 7.50. Found. C, 69.78; H, 41939.71; S, 8.02
(Rs,&)-2-Amino-3-cyano-4-p-tolyl-6-(2-pyridyl)-5-p-tosdlfinyl-4H-pyran2(Rs, &).

Prepared following the general procedure from ®gg-tolylsulfinyl)methyl 2-pyridyl ketone
22S (98.5 mg, 0.38 mmol) angtmethylbenzylidenemalononitrii2d (127.83 mg, 0.76 mmol) in
ether (8 mL). The produd is obtained as a yellow solid (160 mg, 0.38 mnol)quantitative

yield. The spectroscopic data are similar to tholstherac-2. M.p.: 186-187 °C. HRMS Calc.
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for CosHzoN3O,S: [M+H]" 428.1433, found 428.1437 (1.0 ppm)¥o: +158.8 ¢ 0.3,
chloroform)

(Ss,Rc)-2-Amino-3-cyano-4-p-tolyl-6-(2-pyridyl)-5-p-tosdlifinyl-4H-pyran2(Ss,Re).

Prepared following the general procedure from ®Rye(f-tolylsulfinyl)methyl 2-pyridyl ketone
22R (98.5 mg, 0.38 mmol) angtmethylbenzylidenemalononitri29 (127.83 mg, 0.76 mmol) in
ether (8 mL). The produc®(Ss,Rc) is obtained as a yellow solid (162 mg, 0.38 mmial)
guantitative yield. The spectroscopic data arelamto those of th@(Rs, &) enantiomer. M.p.:
182-183 °C. HRMS Calc. forgH»2Nz0,S: [M+H]" 428.1433, found 428.1448 (3.6 ppma)¥o:
-167.3 € 0.3, chloroform)
rac-2-Amino-3-cyano-4-p-chloroyphenyl-6-(2-pyridghp-tolylsulfinyl-4H-pyran,rac3

Prepared following the general procedure from theemic p-tolylsulfinyl)methyl 2-pyridyl
ketonerac-22 (98.5 mg, 0.38 mmol) and g-chlorobenzylidenemalononitril80 (143.35 mg,
0.76mmol) in ether (10 mL). The produetc-3 is obtained as a white solid (170.22 mg, 0.38
mmol) in quantitative yield. M.p.: 225-227 °& NMR (500 MHz, DMSO-g) §: 8.74 (ddd,) =
0.9, 1.6 and 4.8 Hz, 1H), 8.13 (= 1.7 and 7.7 Hz, 1H), 8.08 (dt= 1.1 and 7.9 Hz, 1H), 7.62
(ddd,J = 1.3, 4.8 and 7.4 Hz, 1H), 7.47 @= 8.2 Hz, 2H), 7.29 (s, 2H), 6.97 (@= 8.5 Hz,
2H), 6.94 (dJ = 8.0 Hz, 2H), 6.77 (d] = 8.4 Hz, 2H), 4.69 (s, 1H), 2.22 (s, 3H) ppfit NMR
(125.7 MHz, DMSO-g) &: 159.9, 149.3, 148.7, 148.0, 142.0, 139.6, 1318%,6, 131.1, 128.8,
128.6, 127.9, 125.6, 125.2, 123.0, 122.7, 119.31,78.4, 48.7, 31.7, 26.8, 20.6 ppm. HRMS
Calc. for G4H1gNsO-NaSCI: [M+Na] 470.0706, found 470.0710 (0.9 ppm).Anal. Calc. for
C4H1sCIN3O,S: C, 64.35; H, 4.05; N, 9.38; S, 7.16. Found.£18; H, 4.03; N, 9.38; S, 7.18.

(Rs,&)-2-Amino-3-cyano-4-p-chloroyphenyl-6-(2-pyridylp&olylsulfinyl-4H-pyran3(Rs, &)
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Prepared following the general procedure from ®gg-tolylsulfinyl)methyl 2-pyridyl ketone
225 (98.5 mg, 0.38 mmol) andpyrchlorobenzylidenemalononitril@g0 (143.35 mg, 0.76mmol) in
ether (10 mL). The produ@(Rs, &) is obtained as a white solid (167.98 mg, 0.38 ihnm
guantitative yield. The spectroscopic data are lamo those of theac-3. M.p.: 186-187 °C.
HRMS Calc. for G4H1gN30,SCl: [M+H]" 448.0887, found 448.0880 (-1.5 ppra)’fo: +185.3
(c 0.32, chloroform).
(Ss,Rc)-2-Amino-3-cyano-4-p-chloroyphenyl-6-(2-pyridylp&olylsulfinyl-4H-pyran3(Ss,Re)
Prepared following the general procedure from ®Rye(j-tolylsulfinyl)methyl 2-pyridyl ketone
22R (98.5 mg, 0.38 mmol) andprchlorobenzylidenemalononitriféd (143.35 mg, 0.76mmol) in
ether (10 mL). The produ@(Ss,Rc) is obtained as a white solid (165 mg, 0.37 mmol)
guantitative yield. The spectroscopic data arelamto those of th&(Rs, &) enantiomer. M.p.:
186-188 °C. HRMS Calc. for £H1gN30,SCl: [M+H]" 448.0887, found 448.0892 (1.2
ppm).[e]?%: -194.7 € 0.32, chloroform).
rac-2-Amino-3-cyano-4-p-fluoroyphenyl-6-(2-pyridgbp-tolylsulfinyl-4H-pyran,ract

Prepared following the general procedure from theemic p-tolylsulfinyl)methyl 2-pyridyl
ketonerac-22 (98.5 mg, 0.38 mmol) ang-fluorobenzylidenemalononitrile8l (130.84 mg,
0.76mmol) in ether (7 mL). The producic-4 is obtained as a pink solid (134.45 mg, 0.31
mmol) corresponding to a mixture of both diasteseniers RsS, SsRc) and RsRe, Ss) in a
86:14 ratio. The residue was recrystallized frotmaebl obtaining the major diastereoisomer
(Rs&, SsRo) (98.38 mg, 0.23 mmol) in 60% yield. M.p.: 213-29@. *H NMR (500 MHz,
DMSO-ds) &: 8.73 (dt,d = 1,2 and 4.8 Hz, 1H), 8.12 (td= 1.7 and 7.7 Hz, 1H), 8.08 (d=
1.0 and 7.9 Hz, 1H), 7.62 (dddl= 1.5, 4.8 and 7.3 Hz, 1H), 7.47 Mz 8.2 Hz, 2H), 7.26 (s,

2H), 6.94 (d,J = 8.0 Hz, 2H), 6.82-6.78 (M, 2H), 6.76-6.72 (M,)28171 (s, 1H), 2.19 (s, 3H)
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ppm. *C NMR (125.7 MHz, DMSO-¢) §: 161.7, 160.0, 159.8, 149.2, 148.6, 148.0, 139.6,
139.4, 137.6, 128.9, 128.8, 128.5, 125.5, 125.3,312122.7, 119.4, 114.7, 114.5, 58.8, 31.5,
20.5 ppm. HRMS Calc. for 4H19N3O.FS: [M+H]" 432.1182, found 432.1182 (0.0 ppm).
(Rs,&)-2-Amino-3-cyano-4-p-fluoroyphenyl-6-(2-pyridyl)pstolylsulfinyl-4H-pyrard(Rs, )
Prepared following the general procedure from ®gg-tolylsulfinyl)methyl 2-pyridyl ketone
22S (98.5 mg, 0.38 mmol) ang-fluorobenzylidenemalononitril81 (130.84 mg, 0.76mmol) in
ether (7 mL). The produe(Rs,S) is obtained as a pink solid (139.37 mg, 0.32 mrmoB5%
yield. The spectroscopic data are similar to trafgberac-4. M.p.: 207-208 °C.HRMS Calc. for
CosHiN3OoFS: [M+H]" 432.1182, found 432.1173 (-2.1 ppm)fo: +202.2 ¢ 0.34,
chloroform).
(Ss,Rc)-2-Amino-3-cyano-4-p-fluoroyphenyl-6-(2-pyridylpstolylsulfinyl-4H-pyrard(Ss,Rc)
Prepared following the general procedure from ®Re(j-tolylsulfinyl)methyl 2-pyridyl ketone
22R (98.5 mg, 0.38 mmol) anp-fluorobenzylidenemalononitril81 (130.84 mg, 0.76mmol) in
ether (7 mL). The produel(Ss,Rc) is obtained as a pink solid (136.10 mg, 0.32 mmoB5%
yield.The spectroscopic data are similar to thoSé¢he 4(Rs,S) enantiomer. M.p.: 206-207
°C.HRMS Calc. for GH1oNsO,FS: [M+H]" 432.1182, found 432.1177 (-1.2 ppra)fo: -194.4

(c 0.34, chloroform).

rac-2-Amino-3-cyano-4-p-nitrophenyl-6-(2-pyridyBgbtolylsulfinyl -4H-pyran,raes

Prepared following the general procedure from theemic p-tolylsulfinyl)methyl 2-pyridyl
ketonerac-22 (98.5 mg, 0.38 mmol) and g-nitrobenzylidenemalononitril&2 (151.37 mg,
0.76mmol) in ether (20 mL). The produeic-5 is obtained as a brown solid (137.64 mg, 0.30
mmol) in 79% yield. M.p.: 238-239 °GH NMR (500 MHz, DMSO-g) §: 8.75 (d,J = 4.5 Hz,

1H), 8.15 (tdJ = 1.3 and 7.8 Hz, 1H), 8.10 (@= 7.8 Hz, 1H), 7.79 (d] = 8.6 Hz, 2H), 7.65 (t,
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J = 6.0Hz, 1H), 7.48 (d] = 8.1 Hz, 2H), 7.41 (s, 2H), 7.04 @z= 8.6 Hz, 2H), 6.90 (d] = 8.1
Hz, 2H), 4.84 (s, 1H), 2.10 (s, 3H) ppHC NMR (125.7 MHz, DMSO-¢ &: 160.0, 150.5,
149.6, 148.8, 147.9, 145.6, 139.8, 139.4, 137.8,712128.5, 125.8, 125.2, 123.2, 122.9, 122.4,
119.1, 57.5, 32.2, 20.4 ppm. HRMS Calc. fosHGgN4sOsNaS: [M+Na] 481.0946, found
481.0961 (3.0 ppm).Anal. Calc. forfl1sN4O,4S: C, 62.87; H, 3.96; N, 12.22; S, 6.99. Found.
C, 62.36; H, 3.97; N, 11.84; S, 7.40.
(Rs,&)-2-Amino-3-cyano-4-p-nitrophenyl-6-(2-pyridyl)-5talylsulfinyl-4H-pyranS(Rs, &)
Prepared following the general procedure from ®gg-tolylsulfinyl)methyl 2-pyridyl ketone
22S (98.5 mg, 0.38 mmol) and nitrobenzylidenemalononitril82 (151.37 mg, 0.76mmol) in
ether (20 mL). The produdi(Rs, &) is obtained as a brown solid (141.12 mg, 0.31 thnmo
81% yield. The spectroscopic data are similar tus¢hof therac-5. M.p.: 216-218 °C.HRMS
Calc. for G4H1gN4O,S: [M+H]" 459.1127, found 459.1103 (-5.2 ppm)]*fo: +230.0 € 0.3,
chloroform).
(Ss,Rc)-2-Amino-3-cyano-4-p-nitrophenyl-6-(2-pyridyl)-5tglylsulfinyl-4H-pyran$(Ss,Re)
Prepared following the general procedure from ®Re(j-tolylsulfinyl)methyl 2-pyridyl ketone
22R (98.5 mg, 0.38 mmol) and pnitrobenzylidenemalononitril82 (151.37 mg, 0.76mmol) in
ether (20 mL). The produd&(Ss,Rc) is obtained as a brown solid (144.61 mg, 0.32 fhimo
83% yield. The spectroscopic data are similar ts¢hof th&(Rs, &) enantiomer. M.p.: 216-218
°C.HRMS Calc. for g4H1gN4O,SNa: [M+Na] 481.0946, found 481.0947 (0.1 ppm). Anal. Calc.
for CosH18N4O4S: C, 62.87; H, 3.96; N, 12.22; S, 6.99. Found6&p1; H, 4.01; N, 12.01; S,
6.93. 1]*°: -244.7 € 0.3, chloroform).

rac-2-Amino-3-cyano-4-p-methoxyphenyl-6-(2-pyrieA)-tolylsulfinyl-4H-pyran,rac
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Prepared following the general procedure from theemic p-tolylsulfinyl)methyl 2-pyridyl
ketonerac-22 (98.5 mg, 0.38 mmol) and g-methoxybenzylidenemalononitrild3 (140 mg,
0.76mmol) in ether (7mL). The producic-6 is obtained as a white solid (137.49 mg, 0.31
mmol) in 82% yield. M.p.: 213-214 °GH NMR (500 MHz, DMSO-g) &: 8.69 (d,J = 4.3 Hz,
1H), 8.09 (tdJ = 1.5 and 7.7 Hz, 1H), 8.05 (d= 7.9 Hz,1H), 7.58 (ddd] = 1.3, 4.9 and 7.3
Hz,1H), 7.42 (dJ = 8.2 Hz,2H), 7.20 (s, 2H), 6.90 @@= 8.0 Hz, 2H), 6.65 (d] = 8.6 Hz, 2H),
6.46 (d,J = 8.6 Hz, 2H), 4.61 (s,1H), 3.60 (s,3H), 2.16 i8,3ppm.°C NMR (125.7 MHz,
DMSO-a) &: 159.9, 157.9, 148.9, 148.6, 148.2, 139.8, 13837,6, 135.3, 128.5, 128.1, 125.4,
125.2, 123.8, 122.6, 119.6, 113.4, 59.2, 55.0,,3206 ppm.HRMS Calc. for £H2:N303NaS:
[M+Na]® 466.1201, found 466.1207 (1.2 ppm).Anal. Calc.GgH»:Nz0sS: C, 67.70; H, 4.77;
N, 9.47; S, 7.23. Found. C, 62.94; H, 4.68; N, 8%2%.65.

(Rs, &)-2-Amino-3-cyano-4-p-methoxyphenyl-6-(2-pyridy-Folylsulfinyl-4H-pyrang(Rs, &)
Prepared following the general procedure from ®e[f-tolylsulfinyl)methyl 2-pyridyl ketone
22S (98.5 mg, 0.38 mmol) andprmethoxybenzylidenemalononitrig8 (140 mg, 0.76mmol) in
ether (7mL). The produd(Rs,&)is obtained as a white solid (131.79 mg, 0.30 mnmoB0%
yield.The spectroscopic data are similar to thdsberac-6. M.p.: 188-189 °C. HRMS Calc. for
CosH2oNz0sS: [M+H]* 444.1382, found 444.1375 (-1.6 ppra)fo: +185.5 ¢ 0.32,
chloroform).
(Ss,Rc)-2-Amino-3-cyano-4-p-methoxyphenyl-6-(2-pyridy-Folylsulfinyl-4H-pyran 6(Ss,Rc)
Prepared following the general procedure from ®Rye(j-tolylsulfinyl)methyl 2-pyridyl ketone
22R (98.5 mg, 0.38 mmol) andprmethoxybenzylidenemalononitrig8 (140 mg, 0.76mmol) in
ether (7mL). The produd(Ss,Rc) is obtained as a white solid (143.3 mg, 0.32 mmoi85%

yield. The spectroscopic data are similar to thafsthe 6(Rs, &) enantiomer. M.p.: 187-188 °C.
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HRMS Calc. for GsH21Ns0sNaS: [M+Na] 466.1201, found 466.1230 (6.2 ppm).Anal. Calc. for
CasH21N3OsS: C, 67.70; H, 4.77; N, 9.47; S, 7.23. Found. C.68; H, 4.63; N, 9.38; S,
7.53.1]%%: -175.6 € 0.32, chloroform).
(Ss,Rc)-2-Amino-3-cyano-4-[3,5-bis(trifluoromethyl)phejrg(2-pyridyl)-5-p-tolylsulfinyl-4H-
pyran;7(SsRe)

Prepared following the general procedure from ®Rye(jf-tolylsulfinyl)methyl 2-pyridyl ketone
22R (98.50 mg, 0.38 mmol) and 3,5-bis(trifluoromethghzylidenemalononitril4 (220.52
mg, 0.76mmol) in ether (6 mL). The produ€&s,Rc) is obtained as a white solid (146.16 mg,
0.27 mmol) in 70% yield. M.p.: 229-231 °&4 NMR (500 MHz, DMSO-¢) &: 8.73 (dddJ =
0.9, 1.5 and 4.8 Hz, 1H), 8.13 (= 1.7 and 7.8 Hz, 1H), 8.08 (dt= 1.0 and 7.9 Hz, 1H), 7.67
(s, 1H), 7.63 (ddd) = 1.3, 4.8and 7.4 Hz, 1H), 7.46 (U= 8.3 Hz, 2H), 7.41-4.40 (m,4H), 6.83
(d, J = 8.0 Hz, 2H), 5.03 (s,1H), 2.09 (s, 3H) pprit NMR (125.7 MHz, DMSO-g &: 159.9,
151.9, 148.9, 140.8, 139.8, 137.6, 135.3, 131.3,6A29.2, 127.1, 124.7 (& 135.4 Hz, C-F),
122.6, 120.1, 119.6, 113.4, 59.2, 55.1, 31.7, ppwh.HRMS Calc. for gH1/N3O.SFs: [M]*
549.0930, found 549.0946 (-2.9 ppra)¥fo: -184.4 € 0.4, chloroform).
rac-2-Amino-3-cyano-4-p-chloroyphenyl-6-(2-furybp&olylsulfinyl-4H-pyran,racd

Prepared following the general procedure from #geemicp-tolylsulfinyl)methyl 2-furyl ketone
rac-23 (94.35 mg, 0.38 mmol) an@chlorobenzylidenemalononitri@d (143.35 mg, 0.76mmol)
in ether (12 mL). The producac-8 is obtained as a white solid (137.80 mg, 0.32 mnmo83%
yield. M.p.: 243-244 °C'H NMR (500 MHz, DMSO-g) &: 8.04 (dd,J = 0.9 and 1.8 Hz, 1H),
7.22 (dd,J= 0.7 and 3.6 Hz, 1H), 7.21 (s, 2H), 7.18J¢; 9.1 Hz, 2H), 6.95 (d] = 8.5 Hz, 4H),
6.82 (dd,J = 1.8 and 3.6 Hz, 1H), 6.60 (@= 9.1, 2H)2.19 (s, 3H) pprMC NMR (125.7 MHz,

DMSO-as) 6: 159.9, 147.4, 144 .4, 143.6, 142.1, 140.8, 13I/39,4, 129.5, 128.9, 128.3, 124.3,
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119.5, 119.0, 115.5, 112.8, 59.0, 32.4, 20.9 ppnvIBRCalc. for GsH1gN,OsSCl: [M+H]
437.0727, found 437.0697 (-6.8 ppm).

rac-2-Amino-3-cyano-4-p-tolyl-6-[3,5-bis(trifluoragthyl) phenyl]-5-p-tolylsulfinyl-4H-
pyran,rac9

Prepared following the general procedure from thecemicp-tolylsulfinyl)methyl3,5-
bis(trifluoromethyl) phenyl ketone rac-24 (149.85 mg, 0.38 mmol) andp-
methylbenzylidenemalononitril2d (127.83 mg, 0.76mmol) in ether (6 mL). The produact-9

is obtained as a white solid (171 mg, 0.30 mmoB0#6 yield. M.p.: 230-231 °CH NMR (500
MHz, DMSO-d) &: 8.47 (s, 2H), 8.40 (s, 1H), 7.44 (= 8.3 Hz, 2H), 7.39 (d] = 8.2 Hz, 2H),
7.19 (s, 2H), 7.15 (dl = 7.9 Hz, 2H), 7.08 (d] = 7.9 Hz, 2H), 3.74 (s,1H), 2.42 (s, 3H), 2.31 (s,
3H) ppm.**C NMR (125.7 MHz, DMSO-¢) &: 159.4, 151.9, 141.4, 140.8, 138.0, 136.2, 133.0,
130.8, 130.6, 130.0, 129.2, 127.1, 124.7, 123.1,9.2119.1, 58.8, 37.2, 26.8, 20.9, 20.6
ppm.HRMS Calc. for gH,N,O,SFs: [M+H] " 563.1228, found 563.1252 (4.3 ppm).
rac-2-Amino-3-cyano-4-p-tolyl-6-(2-pyridyl)-5-p-rophenylsulfinyl-4H-pyran,rad-0

It is prepared following the general procedure fribra racemigg-nitrophenylsulfinyl)methyl 2-
pyridyl ketoneac-26 (110.31 mg, 0.38 mmol) an@methylbenzylidenemalononitri29 (127,83
mg, 0.76mmol) in ether (20 mL). The produat-10 is obtained as a brown solid (123.80 mg,
0.27 mmol) in 70% vyield,after purification by flashromatography (toluene-isopropanol, 15:1).
M.p.: 214-215 °C*H NMR (500 MHz, DMS-¢O) &: 8.69 (ddd,J = 1.0, 1.6 and 4.8 Hz, 1H),
8.13 (td,J = 1.6 and 8.7 Hz, 1H), 8.09 (d~= 7.9 Hz, 1H), 7.89 (d] = 9.0 Hz, 2H),7.80 (d] =
9.0 Hz, 2H), 7.62 (ddd] = 1.3, 4.8 and 7.4 Hz, 1H), 7.26 (s,2H), 6.66J(¢,8.0 Hz, 2H) 6.63
(d, J = 8.2 Hz, 2H), 4.62 (s,1H), 2.00 (s, 3H)ppPAC NMR (125.7 MHz, DMSO-¢) §: 206.4,

159.5, 151.3, 149.2, 148.6, 147.8, 147.7, 139.7,813136.1, 128.5, 127.4, 127.0, 122.8, 122.7,

36



122.3, 78.9, 58.6, 32.3, 30.7, 20.2ppm.HRMS CalcCh4H19N4O,S: [M+H]" 459.1127, found
459.1125 (-0.4 ppm).
rac-2-Amino-3-cyano-4-p-chlorophenyl-6-(2-pyrid$bp-nitrophenylsulfinyl-4H-pyran, ragi
Prepared following the general procedure from taeemicp-nitrophenylsulfinyl)methyl 2-
pyridyl ketonerac-26 (110.31 mg, 0.38 mmol) anechlorobenzylidenemalononitril@0 (143,45
mg, 0.76mmol) in ether (20 mL). The produat-11 is obtained as a brown solid (91 mg, 0.19
mmol) in 50% vyield,after purification by flash clatography (toluene-isopropanol, 15:1).
M.p.: 211-213 °C*H NMR (500 MHz, DMSO-g) &: 8.73 (ddd,J = 1.0, 1.6 and 4.8 Hz, 1H),
8.16 (td,J = 1.7 and 7.7 Hz, 1H), 8.12 (dk= 1.2 and 7.7 Hz, 1H), 7.99-7.96 (m, 2H), 7.8857.8
(m, 2H), 7.66 (dddJ = 1.4, 4.8 and 7.4 Hz, 1H), 7.35 (s, 2H), 6.963619, 2H), 6.85-6.82 (m,
2H), 4.73 (s,1H)ppm*C NMR (125.7 MHz, DMSO-¢) &: 159.6, 151.3, 149.4, 148.7, 147.8,
147.7, 141.4, 137.9, 131.6, 129.4, 128.0, 127.3,92123.0, 122.8, 121.6, 119.2, 58.0, 32.0
ppm.HRMS Calc. for gH16N4O4SCl: [M+H]" 479.0581, found 479.0589 (1.7 ppm).
rac-2-Amino-3-cyano-4-p-nitrophenyl-6-(2-pyridyBpsnitrophenylsulfinyl-4H-pyran,rad2
Prepared following the general procedure from theemicp-nitrophenylsulfinyl)methyl 2-
pyridyl ketonerac-26 (110.31 mg, 0.38 mmol) apehitrobenzylidenemalononitril®2 (151,37
mg, 0.76mmol) in ether (20 mL). The produat-12 is obtained as a brown solid (108 mg, 0.22
mmol) in 58% vyield,after purification by flash clatography (toluene-isopropanol, 15:1).
M.p.: 205-207 °C*H NMR (500 MHz, DMSO-g) &: 8.75 (ddd,J = 1.0, 1.5 and 4.8 Hz, 1H),
8.18 (td,J = 1.7 and 7.8 Hz, 1H), 8.15 (dk= 1.2 and 7.8 Hz, 1H), 7.91 (@z= 9.1 Hz, 2H),7.87
(d,J=9.1 Hz, 2H),7.75 (d] = 8.7 Hz, 2H), 7.68 (ddd,= 1.5, 4.8 and 7.2 Hz, 1H), 7.47 (s,2H),
7.11(d,J = 8.7 Hz, 2H), 4.88 (s,1H)ppmC NMR (125.7 MHz, DMSO-¢ &: 159.6, 151.1,

149.8 (2C), 148.6, 147.9, 147.6, 145.9, 137.9,92828.1, 127.2, 126.0, 123.2, 122.9, 122.8,
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121.0, 118.9, 57.2, 32.4, 30.6ppm.HRMS Calc. fagHENs0S: [M+H]" 490.0821, found
490.0832 (2.2 ppm).
rac-2-Amino-3-cyano-4-phenyl-6-(2-pyridyl)-5-p-mighenylsulfinyl-4H-pyran,rad3

Prepared following the general procedure from taeemicp-nitrophenylsulfinyl)methyl 2-
pyridyl ketonerac-26 (110.31 mg, 0.38 mmol) andbenzylidenemalononit®e(117,17 mg,
0.76mmol) in ether (20 mL). The produetc-13 is obtained as a brown solid (93 mg, 0.21
mmol) in 55% vyield,after purification by flash clatography (toluene-isopropanol, 15:1).
M.p.: 202-203 °C*H NMR (500 MHz, DMSO-g) &: 8.74 (ddd,J = 1.0, 1.6 and 4.8 Hz, 1H),
8.16 (td,J = 1.6 and 8.0 Hz, 1H), 8.13 (dk= 1.3 and 7.4 Hz, 1H), 7.92 (@= 9.1 Hz, 2H),7.88
(d,J = 9.1 Hz, 2H), 7.66 (ddd, = 1.6,4.9 and 7.1 Hz, 1H), 7.30 (s,2H), 6.92-§:893H), 6.81-
6.79 (m, 2H), 4.71 (s,1H)pprfC NMR (125.7 MHz, DMS-gD) 5: 159.7, 151.2, 149.6, 148.7,
147.9, 147.7, 142.7, 137.8, 128.0, 127.2, 127.6,512125.8, 122.8, 122.7, 122.2, 119.3, 58.8,
32.5ppm.HRMS Calc. for GH16N4OsSNa: [M+Na] 467.0790, found 467.00794 (0.9 ppm).
rac-2-Amino-3-cyano-4-(p-metoxyphenyl)-6-(2-pyreddphenylsulfinyl-4H-pyran,rad4
Prepared following the general procedure from theemic(phenylsulfinyl)methyl 2-pyridyl
ketonerac-25, (93.20 mg, 0.38 mmol) apemnetoxybenzylidenemalononitril@3 (140 mag,
0.76mmol) in ether (7 mL). The produetc-14 is obtained as a white solid (100 mg, 0.23 mmol)
in 60% vyield,after purification by flash chromataghy (toluene-isopropanol, 15:1). M.p.: 205-
206 °C.!H NMR (500 MHz, DMSO-g) 5: 8.72 (dtJ = 1.2 and 4.5 Hz, 1H), 8.12 (tll= 1.6 and
7.6 Hz, 1H), 8.09 (dt) = 1.2 and = 7.8 Hz, 1H), 7. 61-7.59 (m, 3H), 7(&02H), 7.17-7.12 (m,
3H), 6.71 (d,J = 8.6 Hz, 2H), 6.47 (d] = 8.7 Hz, 2H), 4.68 (s, 1H), 3.61 (s, 3H)ppfic NMR

(125.7 MHz, DMSO-g) &: 159.9, 157.7, 149.1, 148.6, 148.1, 143.0, 131136,1, 129.4, 128.0,
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127.9, 125.5, 125.2, 123.4, 122.6, 119.5, 113.53,5%5.0, 31.5ppm.HRMS Calc. for
Co4H10N30sNaS: [M+Na] 452.1045, found 452.1052 (1.6 ppm).
rac-2-Amino-3-cyano-4-phenyl-6-(2-pyridyl)-5-phesulfinyl-4H-pyran,raci5

Prepared following the general procedure from theemic(phenylsulfinyl)methyl 2-pyridyl
ketonerac-25 (93.20 mg, 0.38 mmol) andbenzylidenemalononi@Be(117.17 mg, 0.76mmol)
in ether (5 mL). The productc-15 is obtained as a white solid (91 mg, 0.23 mmolb@%6
yield,after purification by flash chromatographgl{ene-isopropanol, 15:1). M.p.: 205-207 °C.
H NMR (500 MHz, DMSO-g) §: 8.75 (dddJ = 1.0, 1.5 and 4.8 Hz, 1H), 8.15-8.09 (m, 2H),
7.65-7.61 (m, 3H), 7.25 (s, 2H), 7.16-7.09 (m, 36183 (dd,J = 1.8 and 5.0 Hz, 3H), 6.82-6.80
(m, 2H), 4.73 (s, 1H) ppnt’C NMR (125.7 MHz, DMSO-¢) §: 160.1, 149.5, 148.6, 148.0,
143.0, 142.7, 137.6, 129.5, 128.0, 127.9, 126.8,412125.5, 125.2, 123.1, 122.6, 119.4, 59.2,
32.1, 30.6 ppm.HRMS Calc. forng1eNz0,S: [M+H]" 400.1120, found 400.1103 (-4.0 ppm).
rac-2-Amino-3-cyano-4-p-nitrophenyl-6-(2-pyridyBphenylsulfinyl-4H-pyran,rad6

Prepared following the general procedure from theemic (phenylsulfinyl)methyl 2-pyridyl
ketone, rac-25, (93.20 mg, 0.38 mmol) ap¢hitrobenzylidenemalononitrile82 (151,37 mg,
0.76mmol) in ether (11 mL). The produeic-16 is obtained as a white solid (132.4 mg, 0.3
mmol) in 78% vyield,after purification by flash clatography (toluene-isopropanol, 15:1).
M.p.: 200-201 °C*H NMR (500 MHz, DMSO-g) &: 8.78-8.75 (m,1H), 8.16-8.11 (m, 2H), 7.78
(d,J = 8.8 Hz, 2H), 7.66-7.63 (m, 3H), 7.42 (m, 2H13F7.11 (m, 3H), 7.08 (d} = 8.8 Hz, 2H)
4.89 (s, 1H)ppm:3C NMR (125.7 MHz, DMSO-g &: 160.1, 150.4, 149.9, 148.8, 147.8, 145.9,
142.7, 137.8, 129.7, 128.5, 128.2, 125.9, 125.33.312122.8, 122.0, 119.1, 57.6, 32.2
ppm.HRMS Calc. for gzH17/N4O,S: [M+H]" 445.0971, found 445.0987 (3.7 ppm).

rac-2-Amino-3-cyano-4-p-nitrophenyl-6-(2-pyridyBghenylsulfonyl-4H-pyran,rat7
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Prepared following the general procedure from fifeQylsulfonyl)methyl 2-pyridyl ketong7
(70.5 mg, 0.27 mmol) angb-nitrobenzylidenemalononitrild2 (53.8 mg, 0.27 mmol) in ethanol
(0.54 mL). The produatac-17is obtained as a brown solid (55.3, 0.12 mmol)3fodyield, after
purification by flash chromatography (toluene-ismganol, 15:1). M.p.: 193-194 °¢H NMR
(500MHz, DMSO-¢@) 4 8.67 (dddJ= 1.0, 1.6 y 4.8 Hz, 1H), 8.13 (d~ 8.8, 2H), 8.00 (td] =

1.7 and 7.7 Hz, 1H), 7.80 (dt,= 1.0 and 7.8 Hz, 1H), 7.59-7.56 (m, 4H), 7.48)(d, 8.8, 2H),
7.41-7.38 (m, 2H), 7.35 (s, 2H), 4.73 (s, 1H) ppia. NMR (125.7 MHz, DMSO-g¢) &: 158.8,
155.5, 150.0, 149.7, 149.0, 146.6, 140.0, 136.3,513128.9, 128.6, 127.6, 125.4, 125.3, 123.9,
118.6, 118.4, 57.0 ppm. HRMS Calc. fossl8:7N4O0sS: [M+H]" 461.0920, found 461.0946 (5.7
ppm).

4.1.1.2. NK-1 agonists. General Procedure

4.1.1.2.1. Amide derivatives.

A solution of acetic anhydride (0.17 mmol, 1.5 eapyl a catalytic amount of DMAP was added
to a solution of corresponding 2-aminbHpyran (0.12 mmol, 1 eq.) in dry pyridine (1.3 ndt)

0 °C. After stirring for 2 h, the reaction mixtumas quenched with 5% HCI aqueous solution (5
mL). The aqueous phase was then extracted witfCGH3 x 20 mL) and the combined organic
phases were washed with saturated aqueous NatGlGtion and saturated aqueous NaCl
solution, and dried over anhydrous,88y The solvent was evaporated under reduced pressure
and the crude was purified by flash chromatogrgpdlyene-isopropanol, 20:1)
(Rs,&)-2-Acetamide-3-cyano-4-p-tolyl-6-(2-pyridyl)-5-ptisulfinyl-4H-pyran18(Rs, &)

Prepared following the general procedure from tRg)- 2-amino-3-cyano-4-tolyl-6-(2-
pyridyl)-5-p-tolylsulfinyl-4H-pyran 2(Rs,&) (50 mg, 0.12 mmol) in pyridine (1.3 mL). The

product18(Rs,&)is obtained as a white solid (40 mg 0.08 mmolj086 yield, after purification
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by flashchromatography. M.p.: 90-92 % NMR (500MHz, CDC}) § 8.63 (dddJ = 0.9, 1.6
and 4.8 Hz, 1H), 8.17 (d,= 8.0 Hz, 1H), 8.05 (s, 1H), 7.88 (dt= 1.7 and 7.8 Hz, 1H), 7.56 (d,
J=8.3 Hz, 2H), 7.40 (ddd,= 1.1, 4.8 and 7.6 Hz, 1H), 6.82 (= 8.0 Hz, 2H), 6.75 (d] = 8.1
Hz, 2H), 6.69 (d,) = 8.0 Hz, 2H), 5.06 (s, 1H), 2.19 (s, 3H), 2.183), 2.15 (s, 3H) pprtC
NMR (125.7 MHz, CDQJ) ¢: 168.6, 152.0, 150.1, 148.7, 148.4, 139.9, 13937.9, 137.3,
137.0, 129.1, 128.8, 127.8, 125.7, 125.2, 123.8,412116.2, 33.0, 29.8, 24.1, 21.2, 21.0 ppm.
HRMS Calc. for GiH23N30sS: [M+H]" 469.1470, found 469.1460 (2.1 ppra)*fo: +168.8 €
0.3, chloroform).
(Ss,Rc)-2-Acetamide-3-cyano-4-p-tolyl-6-(2-pyridyl)-5-ptisulfinyl-4H-pyran18(Ss, Rc)

Prepared following the general procedure from t8gR{)- 2-amino-3-cyano-4-tolyl-6-(2-
pyridyl)-5-p-tolylsulfinyl-4H-pyran, 2(Ss,Rc) (50 mg, 0.12 mmol) in pyridine (1.3 mL). The
product 18(Ss,Rc)is obtained as a white solid (42.26 mg 0.09 mmnol)75% vyield, after
purification by flashchromatography. M.p.: 88-92 9®e spectroscopic data are similar to those
of the 18(Rs,S.) enantiomer. HRMS Calc. for,@,3N30sS: [M+H]" 469.1446, found 469.1460

(-1.4 ppm).f)°b: -166.3 € 0.3, chloroform).

4.1.1.2.2. Trifluoroacetyl sulfinyl derivatives.

A solution of trifluoroacetic anhydride (1.20 mmd, eq.) in acetone (0.6) was added to a
solution of corresponding 2-amindi4yran (0.24 mmol, 1 eq.) and Nal (0.72 mmol, 3 &q.
acetone (1.2 mL) at -40 °C. After stirring for 3dnmthe reaction mixture was quenched with
20% sodium sulfite aqueous solution (5 mL). Theemys phase was then extracted with EtOAc
(3 x 20 mL) and the combined organic phases werghea with saturated aqueous NaHCO

solution and saturated aqueous NaCl solution, aret cver anhydrous N8O, The solvent
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was evaporated under reduced pressure and the wraslgurified by flash chromatography
(toluene-isopropanol, 15:1)
rac-2-Trifluoroacetamide-3-cyano-4-p-tolyl-6-(2-pgyl)-5-ptolylsulfenyl-4H-pyran,rad9
Prepared following the general procedure fromrte2-amino-3-cyano-4-tolyl-6-(2-pyridyl)-
5-p-tolylsulfinyl-4H-pyran rac-2 (103 mg, 0.24 mmol) in acetone (1.2 mL). The poidac-
19is obtained as a yellow solid (76.13 mg 0.15 mmol)60% yield, after purification by
flashchromatography. M.p.: 114-115 %€l NMR (500MHz, CDC}) & 8.70 (dt,J = 1.3 and 4.6
Hz, 1H), 7.84-7.80 (m, 2H), 7.36 (ddit 1.9, 4.2 and 6.3 Hz, 1H), 7.16-7.11 (m, 4H), 708
J= 7.9 Hz, 2H), 6.99 (dJ= 8.0 Hz, 2H), 4.14 (s, 1H), 2.37 (s, 3H), 2.323Hd) ppm.1*C NMR
(125.7 MHz, CDGJ) 6: 155.1 (c,J= 38.8 Hz, C-F), 149.8, 149.1, 148.8, 145.8, 13838.3,
137.1, 136.9, 132.4, 130.4, 129.8, 127.9, 127.5,02124.6, 116.4, 115.7, 115.3, 85.5, 42.9,
21.4, 21.3 ppm. HRMS Calc. for&#,0N30,SF:: [M]* 507.1230, found 570.1232 (-0.1 ppm).
(R)-2-Trifluoroacetamide-3-cyano-4-p-nitrohenyl-B4gyridyl)-5-p-tolylsulfenyl-4H-pyra@pR
Prepared following the general procedure from &eRf)- 2-amino-3-cyano-4-nitrophenyl-6-
(2-pyridyl)-5-p-tolylsulfinyl-4H-pyran 5(Ss,Rc) (110 mg, 0.24 mmol) in acetone (1.2 mL). The
product20Ris obtained as a brown solid (91.55 mg 0.17 mmoilj0% yield, after purification
by flashchromatography. M.p.: 96-98 %€. NMR (500MHz, CDC}) § 8.76 (dt,J = 1.2 and 4.8,
1H), 8.15 (d,J = 8.7, 2H), 7.89-7.83 (m, 2H), 7.42-7.39(m, 1HR (d,J = 8.8, 2H), 7.10 (s,
4H), 4.36 (s, 1H), 2.37 (s, 3H) ppHiC NMR (125.7 MHz, CDG) &: 154.7 (cJ= 40.2 Hz, C-
F), 149.6, 149.4, 148.8, 147.9, 146.9, 145.4, 13937.3, 133.3, 130.5, 129.0, 126.5, 125.5,
124.7, 124.5, 124.3, 115.1, 114.7, 83.5, 43.2, Ziph. HRMS Calc. for &H1sN4sO4SFs:
[M+H]* 539.1001, found 539.1022 (3.9 ppra)*fo: -49.2 €1.0, chloroform).

(R)-2-Trifluoroacetamide-3-cyano-4-phenyl-6-(2-myt)-5-ptolylsulfenyl-4-H-pyra2 1R
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Prepared following the general procedure from t&gR()- 2-amino-3-cyano-4-phenyl-6-(2-
pyridyl)-5-p-tolylsulfinyl-4H-pyran 1(Ss,Rc) (100 mg, 0.24 mmol) in acetone (1.2 mL). The
product21Ris obtained as a green solid (89.24 mg 0.18 mmolpbPs yield, after purification by
flashchromatography. M.p.: 100-103 €. NMR (500MHz, CDC}) § 8.72 (dt,J = 1.3 and 4.8,
1H), 7.82 (dJ = 3.5, 2H), 7.30-7.27 (m, 3H), 7.13-7.09 (m, 68118 (s, 1H), 2.37 (s, 3H) ppm.
¥C NMR (125.7 MHz, CDG) &: 155.1 (c,J= 40.0 Hz, C-F), 149.8, 149.2, 148.7, 145.5, 140.0,
139.0, 137.1, 135.4, 132.8, 130.3, 129.1, 128.8,012124.9, 124.5, 116.4, 115.7, 115.2, 85.4,
43.4, 21.3 ppm. HRMS Calc. for 2681gNsO.SF: [M]* 493.1072, found 493.1072 (-0.1

ppm).[o]*’p: +35.0 €1.0, chloroform).

4.2. Biological Evaluation. Cell Culture and Traasfion.

Cell lines were obtained from the American Type t@nd Collection (Manassas, VA). Cell
culture media, foetal bovine serum (FBS), and agsitwere provided by Invitrogen. CHO cells
were grown in Dulbecco’s modified Eagle’s mediunpgemented with 10% FBS, 100 U/ml
penicillin/streptomycin, and 2mM L-glutamine, at°87in a humidified atmosphere of 95% air
and 5% CQ. Nonessential amino acids (Invitrogen) were atéted to the media.

Transient transfection of the cell lines was perfed using electroporation in a 300uL volume
with a total of 10 pg of DNA (pRK5 Neo-NK1 wild tgp plasmid up to 500ng plus pRK5 as
carrier DNA to reach 10ug) containing “16ells in electroporation buffer (50mM,KPQs,,
20mM CHCOOK, 20mM KOH, and 26mM MgSQpH 7.4). After electroporation (280 V,
1mF, GeneZapper 450/2500; 1BI, New Haven, CT),scekre suspended in complete medium
and seeded into 96-well culture plates at a dersity0® cells per well. 96-well culture plates
were first coated with polyornithine diluted in PBiBcubated at 37°C for 30 min, and then

rinsed with PBS before seeding.
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4.2.1.ELISA

To measure the expression of the transfected resgmtells were transfected with pRK5-NK1-
6His. 24 hours after electroporation, cells weredi with 4% paraformaldehyde in PBS for 5
min and rinsed three times with PBS. A blockingpsté€30 min with PBS +1% decomplemented
FBS was performed before incubation with an anti$ primary antibody (0.5 pg/ml) for 30
min. The cells were then rinsed four times for % i PBS +1% FBS and incubated for 30 min
with an anti-mouse antibody conjugated with hordistaperoxidase (1/1000; Amersham, Orsay,
France). The cells were rinsed three times with PB& FBS and three times with PBS.
Afterward, 60 pl of PBS and 20 pl of Supersignall¥. Femto (Perbio-Pierce, Brebieres,
France) were added to the wells. The luminescenes vead using a Wallac Victor2

(PerkinElmer Life and Analytical Sciences, Courtailp France).

4.2.2. Second Messenger {)FAccumulation Activation/inhibition of the IP pathway by NK1
receptor agonists or antagonists, respectively, detsrmined using the IP-One dynamic kit
(Cisbio Bioassays, Bagnols-sur-Céze, France). lef bafter transfection, fOcells were
distributed in 100 pl of complete medium into a @éH assay plate (Greiner Bio-One,
Courtaboeuf, France). Twenty-four hours later, ifedium was removed and replaced with 40
pul of incubation medium containing the agonist andantagonist at the appropriate
concentrations. The IP-One assay is based on theradation of IR, a downstream metabolite
of the IP pathway that is produced by phospholigasactivated by the Gqg/11 protein;;IB
stable in the presence of LiCl. The homogeneous-tiesolved fluorescence-fluorescence
resonance ener(ffransfer (HTRF-FRET) assay was performed as destriizeviously. This

assay involves the transfer of energy from a LdMfv#erbium cryptate donor fluorophore to a
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d2 acceptor fluorophore. The assay is an immungdksd measures competition between native
IP; produced by the cells and,lRabelled with the d2 acceptor, as revealed by aaolonal
antibody against IPlabelled with Lumid“-Terbium cryptate. Fifteen microlitres of antibody
and 15 pl of competitor diluted in lysis buffer pided in the kits were added to the wells after
30-min incubation at 37 °C with the agonist. Asegative control, some wells only received the
donor fluorophore-labeled antibody. After 1 h inatibn at room temperature, fluorescence
emissions were measured at both 620 and 665 nm dRuleyStar fluorometer (BMG
Labtechnologies, Offenburg, Germany) equipped \aithitrogen laser as the excitation source
(337 nm). A 400-ps reading was recorded after audGdelay to eliminate the short-lived
fluorescence background from the acceptor fluoropitabeled antibody. The fluorescence
intensities measured at 620 nm and 665 nm corrésfothe total europium cryptate emission
and to the FRET signal, respectively. The spediRET signal was calculated using the
following equation:

AF% =100x(Rpos- Rneg)/(Rneg), with Rpos being theortscence ratio (665/620 nm)
calculated in wells incubated with both donor- acedeptor-labelled antibodies, and Rneg being
the same ratio for the negative control incubatety avith the donor fluorophore-labelled
antibody. The FRET signal\F%), which is inversely proportional to the conecation of IR in

the cells, was then transformed intq BEcumulation using a calibration curve preparedhen
same plate. It is worth noting that all comparisohgagonist or antagonist effects were done on
the same day, on the same culture and plate, amd wade against the SP effect. The
experiments were repeated at least three times iff@retht cultures. Normalization was
performed as indicated in the figure legends, eifisea percentage of the maximal value or as a

percentage of the maximal value for SP and CP-9684&n comparisons were necessary.
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Values corresponding to the low basal activitiestednined in unstimulated cells, were first
subtracted. Activation/inhibition curves were péottto the log of agonist or antagonist
concentrations and fitted to the Hill equation tetract the EC50, Hill coefficient, and
minimal/maximal values (see Figure 1, Sl)

The inhibitory effect of the specific nonpeptididKlN antagonist on Paccumulations induced
by SP was studied according to Arunlakshana anddStRreincubation for 10 min with the
antagonist was followed by 30-min incubation witle antagonist and SP.;IRccumulation was

then measured as described above.

4.3 Cytotoxicity Assay

The human lung adenocarcinoma A549 cell line aechtiman embryo lung fibroblastic MRC-5
cell line were obtained from the European Colletivd Cell Cultures. They were maintained in
Dulbecco’s Modified Eagle’s Medium (DMEM) supplented with 2 mM glutamine, 50 pg/mL
penicillin, 50 pg/mL streptomycin and 10% foetalvibe serum (FBS), and cultured in a
humidified atmosphere of 95% air and 5% £D37° C.

Cell proliferation was evaluated by the 3-(4,5-diny#thiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay. A total of 9xi@ells/well (MRC-5 cells) and 4,5xi@ells/well (A549
cells) were cultured in 96-well plate for 24 h. Bsuwere then added to the plates. After 48
hours, medium was removed and 125 pl MTT (1 mgfmmhiedium) were added for 4 hours.
Then, 80 pul 20% SDS in 0,02 M HCI were added amdibated for 10 hours at 37 °C. The
optical density (OD) of each well was measured 40 5hm with a multiwell plate
spectrophotometer reader to quantify cell viahilResults were expressed as percentage of cell

viability in relation to controls.
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4.4.Statistical Analysis.

Statistical significance of the differences betwegperimental groups was determined by one-
way or two-way analysis of variance followed by @sphoc Duncan’s multiple range test to

make pairwise comparisons between means. All datee vaveraged from at least three

independent experiments and were expressed as matarsdard deviation of the means (SEM).

For statistical analysis we used the t-test (paited-tailed); a P-value >0.05 is not considered
statistically significant and is not representeddmy symbol, a P-value <0.05 is considered to
correspond with statistical significance and isiéated with an asterisk (*), a P-value <0.01 is

indicated with 2 asterisks, and a P-value <0.00ddkated with 3 asterisks.
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HIGHLIGHTS

A new family of NK1 ligands based on a 2-amino-4H-pyran structure was
synthesized

The sulfone 17 represented the lead compound for the design of new NK1
antagonists

The sulfoxides showed a chiral discrimination in favor of the (Ss,Rc) enantiomer
The acylation of the 2-amine position causes a switch from antagonist to
agonist

Some derivatives showed a significant selective cytotoxicity against lung
cancer cells



