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Abstract

Formyl peptide receptor-2 (FPR2) is a G-proteinpted receptor that plays critical roles in
inflammatory reactions. FPR2-specific interactiam e possibly used to facilitate the resolution of
pathological inflammatory responses by enhancirtipganous anti-inflammation systems. Starting
from our lead agonidi, we designed new ureidopropanamides derivativiestatactivate FPR2 in
transfected cells and human neutrophils. The neR2FR&onists showed good stability towards
oxidative metabolisnn vitro. Moreover, selected compounds showed anti-inflatorggroperties

in LPS-stimulated rat primary microglial cell§3-(4-CyanophenyIN-[[1-(3-chloro-4-
fluorophenyl)cyclopropyl]methyl]-2-[3-(4-fluorophghureido]propanamide §j-17) emerged as
prospective pharmacological tool to study the effe¢ FPR2 activation in the central nervous
system (CNS) being able to reduce IR-dnd TNFe levels in LPS-stimulated microglial cells and
showing good permeation rate in hCMEC/D3 cellsinavitro model of blood brain barrier. These
results are very promising and can open new thetepgerspectives in the treatment of CNS

disorders characterized by neuroinflammation.



Introduction

Neuroinflammation is a complex multicellular prosdiat plays a central role in a variety of
neurological diseases, including ischemia, neuredergtive diseases, psychiatric and immune-
mediated disorders [1,2]. Increasing evidence sstggbat microglia, the resident immune cells of
the central nervous system (CNS), play a pivoti& moinflammation-associated disorders. Under
normal conditions, activation of microglia cellseets a protective role by regulating the respoase t
pathogens and promoting tissue repair throughdtlease of anti-inflammatory and neurotrophic
factors [3]. On the other hand, chronic activatddimmune responses can lead to the functional
switch of microglia from regulatory to neurotox&aling to the excessive release of pro-
inflammatory cytokines, such as II31IL-18, and TNFe, as well as of neurotoxic mediators like
nitric oxide (NO), prostaglandin E2, and superoxadén [4]. Microglial activation is a
phenotypically and functionally dynamic processjchimay progress differently depending on
aging, stage of disease or on the status of the brevironment [5,6].

In general, inflammation requires tight regulateord control: pro-inflammatory mediators operate
in a parallel and serial fashion to provoke thesileal signs of inflammation, while anti-
inflammatory mediators ensure resolution of théamimatory response. This latter aspect has
gained interest in recent years because sevessedaf peptidic or non-peptidic endogenous
factors have been identified as pro-resolving mediq7]. Many pro- and anti-inflammatory
signals and pro-resolving circuits converge onaugrof receptors that integrate contrasting cues to
determine the course of inflammation. Among theseptors is the formyl peptide receptor 2
(FPR2) [8,9], a G-protein coupled receptor thabbgs to the formyl peptide receptor (FPR)
family, which includes also the subtypes FPR1 aPRE. FPRs are expressed in several immune
cells, including neutrophils, monocytes/macrophagesmicroglia and are considered to play
relevant roles in innate immunity and host defensehanisms and chemotaxis [9]. FPR2 is

functionally expressed in glial cells and astros)fti)-12]. FPRs have homologs in fish and rodents



[13,14]. For example, Fpr2, a homolog of human FR&Bbcalized in rat satellite glial cells and
neurons of dorsal root ganglions [15]. ExpressibRml and Fpr2 was also reported in rat
neuronal stem cells [16]. Recently, expressionpf which cross-reacts with anti-human FPR2
antibodies, was detected in rat brain cortex apddgampus [17].

A prominent and unusual feature of FPR2 is theait be activated by a variety of structurally
diverse agonists. Several endogenous peptidesctiaata FPR2 and are able to induce very
different biological effects. For example, FPR2 caediate pro-inflammatory effects if activated
by N-formyl peptides, produced by bacteria and mitochianto induce defense mechanisms, as
well as by prion protein PrP(106-126) and the amlglgenic peptides serum amyloid A gd
amyloid, which are associated with chronic inflantisr@and amyloidosis [9]. On the other hand,
FPR2 can mediate anti-inflammatory effects if eatidd by annexin Al, a glucocorticoid-regulated
protein that is involved in the adhesion mechanisfrisukocytes, as well as by lipoxin A4 (LA
which is an anti-inflammatory lipid, the first engknous FPR2 ligand to be identified [9,18]. The
ability of FPR2 to mediate contrasting effects iscimanistically related to the receptor dimerization
that can be induced in a ligand-specific manne}.[19

Preclinical evidence generated with pharmacolodmals or with knockout and transgenic mice
has suggested that L)¢&ontributes to the resolution of inflammation tingb the activation of
FPR2, which in turn modulates chemokine and cy®kynthesis, inhibits neutrophils infiltration,
and promotion of phagocytosis [20-22]. Recentlynstation of the resolution phase has been
proposed as a new therapeutic perspective for¢aément of chronic inflammatory diseases such
as chronic obstructive pulmonary disease, cydtio§is, rheumatoid arthritis, and also for CNS
diseases [23,24]. With this respect, recent dateodstrate that LXAinhibits microglial activation
and diminishes neuroinflammation after spinal doechisection [25]. Moreover, in rat hemorrhage,
the beneficial role of LXAin suppression of inflammation mediated by FPR2 @88 MAPK
signaling pathways has been demonstrated [26 Wioirth emphasizing that the administration of

LXA 4 in a transgenic mouse model of Alzheimer’s Disassble to stimulate a pro-resolving



activation of microglia by reducing NikB activation and levels of pro-inflammatory cyto&eand
chemokines and by increasing levels of anti-inflaatony IL-10. This alternative activation of
microglia translated into an improved phagocytiediion with increased clearance®amyloid
plaques, reduced synaptotoxicity, and improvemé&nbgnition [27].

A wide range of chemically diverse non-peptidic FRfonists have been identified so far [28],
including benzimidazole derivatives exemplifieddompoundl [29], N-phenylurea derivatives
(compound?) [30], quinazolinones derivatives such as the lyighecific non-peptide FPR2
agonist Quin-C13) [31], and pyrazolone derivatives like the mixdeRL/FPR2 agonist
(designated in most of publications as “Compount) B2] (see Chart 1). Recently, we reported
the identification of a group of 3¥tindol-3-yl)-2-[3-(4-substituted-phenyl)ureido]prapamide
derivatives as agonists of human FPR2, exemplfiedompound (Table 1, Chart 1) [33,34]. The
above agonists were characterized for their attitinduce intracellular Carelease. Whereas
agonists3 and4 exhibited anti-inflammatory properties in peripidenodels of inflammation
[35,36], there are no reports on the effects of ZREonists inn vitro or in vivo models of
neuroinflammation.

Based on our previous studies, we aimed to identfy potent FPR2 agonists and to prove if the
new ureidopropanamide derivatives display antiaimiinatory and pro-resolving effects inian
vitro model of neuroinflammation. Toward this aim, wedaodified the structural framework of
5 taking into account that this agonist showed Vewy stability toward oxidative metabolism and
was rapidly degraded after incubation with ratdiwecrosomes, thus implying thathas a

pharmacokinetic profile not compatible withvivo studies [34].

Results and Discussion
Study Design.As indicated abovéd is a potent mixed FPR1/FPR2 agonist in FPR2-tesntsfl

HL-60 cells and in human neutrophils [33] but degfd very low stability toward oxidative



metabolism (Table 1). Thus, in search of metabliictable FPR2 agonists we selected from our
chemical library various 3-f-indol-3-yl)-2-[3-(4-substituted-phenyl)ureido]prapamide
derivatives and tested them for their susceptgliditoxidative metabolisnm vitro using rat liver
microsomes. We assessed microsomal stability ggeifeentage of recovery of parent compound
after a 30 minute incubation with liver microsonpesparation, as described previously [37].
Among the screened compounds, the enantiomeri¢Raiand §)-6, in which the cyclohexane
ring was replaced with the cyclopropane ring, hpe@entage of recovery (15% and 11%,
respectively) higher than that 5{4%) (Table 1). In addition, the phenylcycloprapgthyl moiety
is more synthetically accessible as compared t¢=3#Hmethoxypyridin-2-yl)cyclohexylmethyl
moiety of compoun® [34]. Regarding interaction with FPRZR){6 was previously characterized
as a weak FPR2 antagonist, wher&@ss(was able to induce Eamobilization, albeit with low
potency (EGo = 7.6uM) [33]. Therefore, considering the slightly moea/érable metabolic
stability profile and the synthetic accessibiliye selectedS)-6 as starting point for our study with
the aim of improving both potency in FPR2 activatemd metabolic stabilityn vitro. We
systematically evaluated both enantiomers of thgetacompoundg-17 (Table 1) because previous
studies have shown that the interaction of thegalalreidopropanamides with FPRs can be highly
stereospecific [33]. We assessed the ability otainget compounds to induceCanobilization in
HL-60 cells transfected with-FPR1 oh-FPR2 and in human neutrophils. Finally, considgthat
the ability to induce G mobilization is a feature exhibited by both préldmmatory and pro-
resolving FPR2 agonists, the compounds showin@élse combination of potency and metabolic
stability were further characterized in primary matroglia cultures to assess their anti-

inflammatory properties.

Chemistry. Synthesis of the target compounds is depicted ire®e 1. The key amin@2 and23
were prepared from the corresponding nitril8$38] and19 [39], respectively, after hydrogenation

over Nickel-Raney. Amin24 was prepared by reduction of nitr2@ [40] with the borane-dimethyl



sulfide complex in order to avoid reductive dehalogfion. The amine&l-24were then condensed
with the commercially availabld=}-Boc- or §)-Boc-amino acid25-27 after activation witiN-N'-
carbonyldiimidazole to give the Boc-protected datives R)- and §)- 28-33 Subsequently, these
latter compounds were deprotected with trifluord@cacid to give aminesR)- and §)- 34-39 The
target compounds were obtained by condensing anfi@)eand §)- 34-39with the appropriate
phenylisocyanate, except for compoundsg, (9-14, (9-15, and(R)-17, which were prepared by
condensing the amineR)(34, (9-38, (R)-39 with the the appropriate aniline aNdN’-

carbonyldiimidazole.

Intrinsic Activity and Metabolic Stability of the T arget Compounds.The first structural
modification on R)- and §)-6 was removal of the nitro substituent from the pthereidic group or
its replacement with —OGHbr —F substituents. This structural modificatioasvinspired by
previous structure-activity relationship studiesuneidopropanamide derivatives, where the
introduction of a methoxy group [33] or an halogét] in the same position led to an improvement
in agonist potency. Indeed){7 and §)-8 showed Eg values lower than that oB)-6. The effect
was more pronounced for the methoxy derivati®e7((Table 1). In contrast, removal of the nitro
substituent of$)-6 had little impact on its potency3)¢9). Interestingly, replacement of the nitro
group with a methoxy group ifR)-6 shifted the intrinsic activity from antagonismagonism (R)-
7)) [33]. This effect was not observed for derivaB\R)-8 and R)-9, which were not able to induce
C&* mobilization. Note that the replacement of themijroup with other substituents led to a
decrease in selectivity towards FPR1,9s/( (S-8, and §-9 were able to activate FPR1 as well.
In particular, §-9 showed a slight preference for FPR1 over FPRalFyirsimilarly to -6,
compounds$-8 and §)-9 behaved as partial agonists, wheré&s/(was characterized as a full
agonist at both FPR1 and FPR2.

Considering metabolic stability, it can be noteat tiiis structural modification had a negative

influence, as the compound®){ and §)-7-9, were less stable thaR){ and §)-6 (Table 1). By



comparing compounddands, it can be speculated that the electronic progeuf the substituent
on the phenyl ureidic moiety can have limited effean metabolic stability of this group of
compounds.

We next evaluated the impact on both potency artdlmoéc stability of replacement of the
tryptophan core inR)- and §)-6 with that of unnatural amino acids. This structanadification
was inspired by the observation that different avaond cores were well tolerated in other FPR2
agonists with ureidopropanamide structure [28]. tha purpose, we selected the commercially
available 4-cyanophenylalanine and 3-pyridylalaninegeneral, this structural modification was
beneficial. In fact, the introduction of 4-cyanoplkalanine led to a 10-fold increase in agonist
potency, as shown b{)-10 compared to9)-6, whereas-11, which bears the 3-pyridylalanine
core, was only slighly more potent th&)-6 (Table 1). Comparig théRj- enantiomers withR)-6,

a shift from antagonism to agonism was observe(Rja$0 and R)-11 were able to induce &a
mobilization although with lower potency than ti&-¢nantiomers. It can be also noted tiigt (
and §-10 behaved as full agonists, whereB¥ @nd §)-11 were characterized as partial agonists.
Finally, this structural modification led to a stdogtial increase in FPR1 agonist activity; in
particular, §-11 had an Eg value for FPR1 in the low micromolar range. Asrogtabolic
stability, both enantiomeric pairs showed a pegaif recovery higher than 40%, wif)-10
being the most stable compound of the set (56%vexgp (Table 1). These data suggest that
replacement of the tryptophan with an unnaturahanaicid led to unfavorable interactions of the
molecule with the metabolic enzymes.

On the basis of these data, we selected the 4-phanglalanine as the amino acid core for further
modifications to obtain new ureidopropanamide FRB@nists. First, we replaced the nitro
substituent ofR)- and §)-10 with —OCH; or —F with the aim of increasing agonist potency.
Additionally, we decorated the phenyl ring on tiglit hand” of R)- and §-10 with substituents
that could prevent interaction of the molecule witatabolic enzymes in an effort to further

increase metabolic stability (compourids17). These modifications did not lead to improved



FPR2 agonist potency. In particular, the presefi@sobstituent in the 4-position of the phenyl
linked to the cyclopropyl ring negatively influeritthe ability of these compounds to activate
FPR2 (Table 1). This effect was more evident fanpounds R)- and §-12 and R)- and §)-13,
which feature the bulky trifluoromethoxy group. tead, R)- and §)-16 and(R)- and §)-17,

bearing the small F— substituent in 4-position vatuh EG values comparable to those B){and
(9-10(Table 1). Moreover, decoration of the phenyl fiingged to the cyclopropyl moiety had
different impact on the FPR1 interaction, wii)-(and §)-16 being potent FPR1 full agonists.
Introduction of bulky substituents on the phengkéd to the cyclopropyl ring had a beneficial
effect on metabolic stability. In fact, derivat&-(and §-13 showed very high percentage
recovery (> 80%) (Table 1). However, the methoxigstitluted derivatives showed lower stability
than that of the fluoro-substituted counterparts.tke other hand, the presence of the unnatural
amino acid core did not always translate into aprovement of metabolic stability. Derivatives
(R)- and §)-14, and R)- and §)-16 showed metabolic stabilities comparable to thdse o
ureidopropanamides with the tryptophan core (Tahle

Collectively, these data clearly indicate that‘thght hand” of these ureidopropanamides plays an
important role in the interaction with FPR2 becasisactural modifications in this part of the
molecule greatly influence agonist potency. Ondtieer hand, the steric hindrance of this part of
the molecule seems to be an important requisitenftabolically stable compounds. Therefore, it is
important to find the right balance in the dimemsad the cyclopropyl phenyl moiety in order to
combine high potency with good metabolic stability.

We next evaluated the ability of the new compoundsctivate FPR2 in human neutrophils. The
data show that neutrophils responded to all agetistt activated FPR-expressing HL-60 cells. The
only exceptions wereRj-8 and R)-9, which were able to induce €amnobilization in neutrophils

but not in FPR-expressing HL-60 cells. Among thmpounds studiedRj-11 and §)-17 exhibited

ECsp values in the submicromolar range.



Half-life and Intrinsic Clearance of Selected Compuands. According to our paradigm for
assessing metabolic stability of the new compoudesyatives R)- and §-10, (R)- and §)-11,
(R)-15, (R)- and ©)-17, which all showed recovery higher than 20%, weréher characterized by
evaluating half-life (») and intrinsic clearance (G (Table 2). All selected compounds showed
CLint much lower than that &, confirming that the new derivatives were mordlgtdhan5 with
respect to microsomal oxidative metabolism. Morepak compounds displayeg:tvalues
exceeding 15 min, which is reported as the lownmitlfor predicted low clearance compounds [42].
Among the new compound${10, (R)-11, and §-17 showed a good balance between potency
and metabolic stability and were, thus, selecteduidher studies in order to assess their

pharmacological properties in anvitro model of neuroinflammation.

Effect of Selected Compounds on Cell Viability andMetabolic Activity in Rat Primary
Microglial Cells. Initially, we evaluated the effect ab¢10, (R)-11, and §-17 on cell viability and
metabolic activity in rat primary microglia cell ltures under basal conditions and after stimulation
with lipopolysaccharide (LPS). It is well known thiaPS is a primary component of endotoxin
from Gram-negative bacteria cell walls [43,44], gtibinds mostly to Toll-like receptor 4 and
induces intracellular signaling resulting in thetiation of mitogen activated protein kinases
(MAPKs) and NFkB [45]. These proteins have been described as #yeré&gulators of pro-
inflammatory factors production such as cytokined BIO, which may have cytotoxic effects and
may damage cells [46].

We evaluated the effect of5(10, (R)-11, and §-17 on cell viability by using the lactate
dehydrogenase (LDH) and MTT tests, two biochemasahys that evaluate different aspects of cell
death/viability processes. The LDH assay is a wetlepted paradigm to quantitatively assess cell
death after damage of the plasma membrane, whahtsen increased LDH efflux from injured
cells, and it is known that LPS induces impaireraémtcell membrane integrity. On the other hand,

MTT test quantifies mitochondrial activity by measg the formation of a dark blue formazan



product formed by reduction of the tetrazolium rioh MTT in living cells. Thus, these tests
provide an accurate and complete assessment ahffeet of the selected compounds on the vital
status of microglial cells in culture.

We first tested the effect o510, (R)-11, and §-17 at different doses under basal conditions.
None of the compounds induced significant effeat$ DH release or metabolic activity in the dose
range of 0.5-1QuM. On the other hand, exposure of the microglidlsce® a 50uM dose of all
compounds resulted in a significant increase irthdpeocesses.§-10 and §)-17 also decreased
the conversion of MTT dye at a p® dose (Figure 1).

Next, we evaluated the effect of the selected camgs after stimulation of the microglial cells
with LPS, which induces cell death processes byeasing LDH release as well as diminishing
metabolic activity. Interestingly, pre-treatmentiw(S)-10, (R)-11, and §)-17 effectively blocked
LPS-induced cell death processes at the dosesbf dnd 5uM (Figure 1). On the other hand, no
effect was observed on metabolic activity in LPi&matated microglial cell cultures (Figure 1).
These data indicate th&){10, (R)-11, and §)-17 did not induce either pro-inflammatory responses
or cytotoxicity in microglial cells. Moreover, olfPR2 agonists showed protective properties

against LPS treatment in the LDH assays.

Effect of Selected Compounds on Pro-Inflammatory Mediators Production in Rat Primary
Microglial Cells. To further characterize the anti-inflammatory pnties of our FPR2 agonists, we
assessed their effect on the production of theigftammatory mediators NO, ILfLand TNFe in

rat primary microglial cell cultures. Under normabnditions, NO is involved in many
physiological processes in the brain, such as atigul of proliferation, survival, differentiatiorf o
the neurons, synaptic activity, and neural plastigi7]. However, excessive NO synthesis leads to
the formation of reactive nitrogen species and owalr cell death. Moreover, there is an intimate
relation between microglial activation, NO prodoati and neuroinflammation in the brain [48].

Also, inflammatory cytokines, such as I3-And TNFe, have physiological functions in the brain



which include effects on neurite outgrowth, neuraggs, neuronal survival, and synaptic pruning
during brain development, synaptic transmission &yhaptic plasticity [49]. However,
overproduction and exaggerated release of cytoksnassociated with neuronal dysfunction.

We evaluated effects of the selected FPR2 agomistie production of NO, ILf3, and TNFe in

rat primary microglial cultures under basal cormtis and after stimulation with LPS. Furthermore,
to check if the observed effect is mediated throtighinteraction with FPR2, the microglia cells
were also pre-treated with the selective FPR2 aniag\WRW4.

(9-10, (R)-11, and §-17 did not induce any change in NO level under besatitions. The same
effect was observed when the cells were treated WIRW4 alone or in combination with the
selected agonists (Figure 2). Stimulation of theraglial cells with LPS increased the level of NO,
which was significantly attenuated bg{10 (5 uM and 10uM), whereas no effect was observed
for (R)-11 and §-17. Moreover, pre-treatment of the microglial cellshiWWRW4 was not able to
reverse the anti-inflammatory effect on NO secretwoked by 9-10, suggesting that this effect
was mediated by the interaction with molecularégsglifferent from FPR2 (Figure 2).

(9-10, (R-11, and §-17 (0.5uM-10 uM) did not induce any change in the intracellukardls of
IL-13 and TNFe production under basal conditions. As observed M® production, the
antagonist WRW4, alone or in combination with tledested agonists did not affect II3land
TNF-a production (Figures 3 and 4). Consistent with gnévious studies, the stimulation with LPS
induced a significant up-regulation of both IB-4nd TNFe production in the microglial cells [3].
Interestingly, §-10, (R)-11, and §-17 showed anti-inflammatory effects, being able tefvely
decrease LPS-evoked cytokine production (Figuren@ 4). Pre-treatment with the antagonist
WRW4 was able to block the effect &){17 on both IL-B and TNFe secretion, and ofR)-11
only on IL-18 production. In the case d§)10, WRW4 did not abolish the observed effect on both
pro-inflammatory cytokine release, suggesting that anti-inflammatory effects ofSf-10 were

mediated by other molecular targets (Figure 3 gndCdnsidering that the inhibition of ILBland



TNF-a production by §-17 did not exhibit a clear dose response in the rdraga 0.5 to 1QuM,

we tested the effect oBf-17 at lower doses. The data indicate that at uibor 0.1 uM (S§-17
was not able to induce a significant effect on B.-And TNFe production (Figure S4,
Supplementary Material).

Collectively, the data indicated that the seled®#®R2 agonists did not induce pro-inflammatory
responses in resting microglial cells but exertéghrc anti-inflammatory effects in the LPS-
stimulated cells. In the case @17 the anti-inflammatory effect was mediated by FPRRereas

(9-10and R)-11 seem to exert these effects through other moletargets.

Evaluation of Permeability in hCMEC/D3 Cells.

A critical characterization for prospective CNSkagtdrugs is the ability to cross the blood brain
barrier (BBB), which acts as a highly lipophilicloalary. Compounds permeate BBB mainly by
passive diffusion mechanism, and several effluxesys prevent the entrance of xenobiotics into
CNS. To endorse the potential of compourig)slQ, (R)-11, and §)-17 as promising leads for the
development of neuroprotective agemsyitro transport studies were undertaken. To this end, we
selected hCMEC/D3 cells, an immortalized humanrbnaicrovascular endothelial cell line, as an
in vitro model of BBB. hCMEC/D3 cells stably maintain mosthe unique structural and
biochemical properties of brain endothelitmvivo, including tight junctions formation and the
expression of multiple efflux transporters of thERAbinding cassette superfamily [50].

The permeation rate of compoun@s-10, (R)-11, and §-17 across the cell monolayer in both
directions, i.e., apical-to-basolateral (AB) andddateral-to-apical (BA), was assessed (Table 3).
Moreover, we evaluated the efflux ratio (ER) betw8&A and AB fluxes because ER greater than 3
can be taken as a figure of undesirable interaatitimthe efflux transporters (Table 3) [51].
Compound $-17 showed good permeation rates in both directiodsed® value below 3, thus
envisaging good brain distribution and low intei@as with the efflux transporters. On the other

hand, §-10 and R)-11 showed lower permeation rates, especially in ABalion, which is more



strongly influenced by the interaction with theleftftransporters, suggesting th§}-(0 and R)-11

might have low brain distribution.

Conclusion

In summary, we have manipulated the structurg afmoderately potent ureidopropanamide FPRs
agonist previously studied in our laboratorieshwite aim of identifying new potent FPR2 agonists
endowed with enhanced metabolic stability. Sevefrethese new studied derivatives exhibited
agonist potency comparable to thabatnd significantly highent and Cl, indicating that the

aim of improving stability towards oxidative metdibm was achieved. Analysis db)¢10, (R)-11,

and §-17in anin vitro model of neuroinflammation showed that they ditdinduce inflammatory
responses in resting rat primary microglial celtues but they were able to significantly reduce
the production of pro-inflammatory mediators wheienaglial cells were stimulated with LPS. In
particular, compoundy-17 was able to reduce ILBland TNFe levels in LPS-stimulated

microglial cells and this effect was mediated byrRERnteraction because its effects were blocked
by pre-treatment of the cells with the FPR2 ant&sioNRW4. Moreover, bidirectional transport
studies on hCMEC/D3 cells denoted good permeatitasrof compoundy-17 without suffering

from likely efflux transporters interactions, theisggesting good brain permeation and CNS
distribution.

To the best of our knowledge, this is the firstatmn FPR2 agonists being studied in a model of
neuroinflammation in order to evaluate their apilio induce anti-inflammatory responses in
primary microglial cells. Among the studied agosistS-17 emerges as a prospective
pharmacological tool to study the effects of FPR&vation in the CNS because it elicits FPR2-
mediated anti-inflammatory effects in rat microghad also displays suitable pharmacokinetic
characteristics. We believe that these data anmmipiog considering that very recent studies have
indicated that stimulation of brain FPR2 with endogus ligands such as LXA1 or annexin Al [52]

is able to inhibit microglial activation and dimshi neuroinflammation in several pathological



conditions, including Alzheimer’s Disease and n@atbic pain. This can open new therapeutic

perspectives in the treatment of those CNS disserdeairacterized by neuroinflammation.

Experimental Section

1. Chemistry. Chemicals were purchased from Sigma-Aldrich, Aé&sar, and TCI Chemicals.
Unless otherwise stated, all chemicals were usétbwi further purification. Thin layer
chromatography (TLC) was performed using platesifiderck (silica gel 60 F254). Column
chromatography was performed with 1:30 Merck sijeh60 A (63-200 pm) as the stationary
phase. Flash chromatographic separations wererpertbon a Biotage SP1 purification system

using flash cartridges pre-packed with KP-Sil 32468, 60 A silicaH and**C NMR spectra

were recorded on a Varian Mercury-VX spectrome2@0(MHz) or on a 500-vnmrs500 Agilent
spectrometer (500 MHz). All chemical shift values eeported in ppndj. For enantiomeric pairs,
NMR spectra for both enantiomers were recordedi®NMR spectrum of only th&)-enatiomer
is reported in the experimental section. Recordingass spectra was done on an HP6890-5973
MSD gas chromatograph/mass spectrometer; onlyfgignt m/zpeaks, with their percentage of
relative intensity in parentheses, are reportedVISRESI analyses were performed on a Bruker
Daltonics MicrOTOF-Q Il mass spectrometer, masgeab0-800n/z electrospray ion source in
positive or negative ion mode. All spectra weradcordance with the assigned structures. The
purity of the target compounds listed in Table kwasessed by RP-HPLC and combustion
analysis. All compounds showed®8% purity. RP-HPLC analysis was performed on gileft
1260 Infinity Binary LC System equipped with a dioarray detector using a Phenomenex Gemini
C-18 column (250 x 4.6 mm, Bn particle size). All target compounds (Table 1yaveluted with
CH3OH/H,O/EBN, 8:2:0.01 at a flow rate of 1 mL/min. Elementahfyses (C,H,N) of the target
compounds were performed on a Eurovector Euro EX 2Malyzer. Analyses indicated by the

symbols of the elements were within £ 0.4 % ofttheoretical values. Enantiomeric purity of the



target compound$j- and §)-7-17was assessed by chiral HPLC analysis on a PetkieiEseries
200 LC instrument using a Daicel ChiralCel OD cotu(@50 mm x 4.6 mm, pm patrticle size)
and equipped with a Perkin-Elmer 785A UV/VIS detedettingh= 230 nm. The compounds were
eluted withn-hexane/EtOH, 4:1, v/v at a flow rate of 0.8 mL/mitl compounds showed
enantiomeric excesses98%.

The following compounds were prepared accordingemture methods: 1-[(4-
trifluoromethoxy)phenyl]cyclopropanecarbonitrit&gf [38]; 1-(3-chloro-4-fluorophenyl)-
cyclopropanecarbonitrilel @) [39]; 1-(3-fluoro-4-methylphenyl)-cyclopropanebanitrile 20)

[40]; 1-(phenylcyclopropyl)methylaminY) [53]; (R)- and §)-1-(1H-indol-3-ylmethyl)-2-[[(1-
phenylcyclopropyl)methyl]amino]-2-oxoethyl]carbanacid, 1,1-Dimethylethyl EsterRf- and
(9- 29) [54]; (R)- and §-2-amino-3-(1H-indol-3-yl)-N-[(1-

phenylcyclopropyl)methyl]propanamideRj¢ and §)-34) [54].

General Procedure for the Synthesis of the Amines22and 23.

Raney nickel was activated with 10 M KOH, then wasiwith HO, then with EtOH to remove

H,O. The catalyst was then taken up in 2 N etharasticmmonia and the appropriate nitrile (0.87
mmol) was added to the mixture which was then hyelnated under 5 bar pressure of hydrogen at
50 °C for 15 h. The reaction mixture was then fdtethrough Celite and concentratedracuoto

give the desired amine as an oil.

[1-(4-Trifluoromethoxyphenyl)cyclopropylmethanamine (22).
90% Yield.'H NMR (CDCk): 8 0.740.83 (m, 4H), 1.35 (br s, 2H), 2.76 (s, 2H).37(d, 2HJ= 8.3

Hz), 7.27 (d, 2H,J= 8.1 Hz). GC/MSm/z231 (M', 7), 203 (100), 134 (67), 115 (35).

[1-(3-Fluoro-4-methylphenyl)cyclopropyllmethanamine(23).

77% Yield."H NMR (CDCk): 5 0.72-0.81 (m, 4H), 1.35 (br s, 2H), 2.23 (s, 3HJ4 (s, 2H),



6.74—6.82 (M, 2H), 7.07 (t, 1Hy.= 7.6 Hz,Jur= 8.2 Hz), GC/MSmM/z179 (M, 25), 151 (100),

147 (36), 133 (49), 109 (37).

[1-(3-Chloro-4-fluorophenyl)cyclopropyllmethanamine (24).

Borane-methyl sulfide complex as 10.0 M 8hlexcess methyl sulfide (4.6 mmol, 0.46 mL) was
dropped into an ice-cooled solution of 1-(3-chldrfluorophenyl)cyclopropylcarbonitrile (0.30 g,
1.5 mmol) in anhydrous THF (10 mL), under stirriddter being refluxed for 3-4 h, the reaction
mixture was cooled at -10 °C and MeOH was addegwis® very carefully until gas evolution
ceased. The mixture was treated with 3 N HCI (20 arld was refluxed for 1h . After cooling, the
mixture was alkalized with 3 N NaOH and extractethw€H,Cl, (5 X 20 mL). The collected
organic layers were dried over )2, and the solvent was evaporated under pressurgddie
pure amine as a colorless oil (0.25 g; 81% yield)NMR (CDCk): 5 0.73-0.82 (m, 4H), 1.37 (br
s, 2H), 2.76 (s, 2H), 7.07 (t, 1B4.u= 8.2 Hz,Ju.e= 8.8 Hz), 7.17—7.22 (m, 1H), 7.36 (dd, 114,

7.0, 2.3 Hz). GC/MSm/z201 (M'+2, 1), 199 (M, 4), 171 (100), 147 (27), 133 (60), 109 (29).

General Procedure for the Synthesis of Boc-proteateDerivatives R)- and (S)-29-33.
N,N-Carbonyldiimidazole (1.1 mmol) was added to a sofuof (R)- or (S)-Boc-protected amino

acid (1.0 mmol), in anhydrous THF (10 mL) under Whe reaction mixture was stirred at room
temperature overnight, then a solution of the appate amine (1.0 mmol) in anhydrous THF was
added. The reaction mixture was stirred at roonptature for 6 h. Then, the solvent was removed
in vacuoand the residue was partitioned between EtOAa{(RPand HO (2 X 20 mL). The

agueous layer was separated and extracted twibeBt@Ac (20 mL). The collected organic layers
were dried (NgS0Oy) and evaporateith vacuo The crude residue was purified through flash
chromatography (gradient eluition from 30% to 70%tykacetate im-hexane) to give pure target

compound as a white solid.



(R)-1-(4-Cyanophenylmethyl)-2-[[(1-phenylcyclopropylimethyl]amino]-2-oxoethyl]carbamic
acid, 1,1-Dimethylethyl Ester (R)-29).

75% Yield.*"H NMR (CDCk): 6 0.76-0.89 (m, 4H), 1.38 (s, 9H), 2.96 (dd, 1}#,13.5, 6.4 Hz),
3.07 (dd, 1HJ= 13.5, 7.6 Hz), 3.32 (dd, 1H= 14.1, 5.9 Hz), 3.4 (dd, 1H= 14.1, 5.9 Hz), 4.23—
4.27 (m, 1H), 4.98 (br d, 1H), 5.8 (br t, 1H), Z=¥2L5 (m, 2H), 7.20-7.31 (m, 5H), 7.51 (d, 2H,
8.8 Hz). ESI/MS m/z442 (M+NaJ, ESI/MS/MS m/z342 (100).
(S)-1-(4-Cyanophenylmethyl)-2-[[(1-phenylcyclopropylinethyljamino]-2-oxoethyl]carbamic
acid, 1,1-Dimethylethyl Ester (§)-29).

64% vyield. ESUMS m/z442 (M+NaJ, ESI/MS/MS m/z342 (100).

(R)-2-[[(1-Phenylcyclopropyl)methyllJamino]-2-oxoethyl-1-(3-pyridinylmethyl)carbamic acid,
1,1-Dimethylethyl Ester (R)-30).

58% Yield.*H NMR (CDCH): & 0.80—0.85 (m, 4H), 1.37 (s, 9H), 2.93 (dd, IH13.5, 7.0 Hz),
3.04 (dd, 1HJ= 14.1, 7.0 Hz), 3.38 (d, 2H= 5.3 Hz), 4.20-4.25 (m, 1H), 4.97 (br d, 1H), 5(bd
t, 1H), 7.13-7.20 (m, 5H), 7.23-7.26 (m, 1H), 7(d61H,J= 7.6 Hz), 8.39 (d, 1HJ= 1.8 Hz), 8.47
(dd, 1H,J= 4.7, 1.2 Hz). ESIMS m/z418 (M+NaJ, ESI/MS/MS m/z318 (100).

(9)- 2-[[(1-Phenylcyclopropyl)methyllamino]-2-oxoethy]-1-(3-pyridinylmethyl)carbamic acid,
1,1-Dimethylethyl Ester (§)-30).

45% Yield. ESI/MS m/z418 (M+NaJ, ESI/MS/MS m/z318 (100).

(R)-1-(4-Cyanophenylmethyl)-2-[[[(1-(4-trifluoromethoxyphenyl)cyclopropyllmethylJamino]-
2-oxoethyl]carbamic acid, 1,1-Dimethylethyl Ester (R)-31).

84% Yield.*H NMR (CDCH): & 0.79-0.89 (m, 4H), 1.38 (s, 9H), 2.99 (dd, IH13.5, 6.5 Hz),
3.13 (dd, 1H,J= 13.5, 7.0 Hz), 3.35 (dd, 1KH= 13.5, 5.5 Hz), 3.42 (dd, 1H= 13.5, 5.5 Hz); 4.26—
4.27 (m, 1H), 4.87 (br s, 1H), 5.92 (br t, 1H),F (8, 2H,J= 8.5 Hz), 7.19-7.21 (m, 2H), 7.26-7.28

(m, 2H), 7.57 (d, 2HJ= 8.5 Hz). ESUMS: m/z526 (M+Naj, ESF-MS/MS: m/z426 (100).



(S)-1-(4-Cyanophenylmethyl)-2-[[[(1-(4-trifluoromethoxyphenyl)cyclopropyllmethyllamino]-
2-oxoethyl]carbamic acid, 1,1-Dimethylethyl Ester (S)-31).

87% Yield. ESI/MS: m/z526 (M+NaJ. ESF-MS/MS: m/z426 (100).

(R)-1-(4-Cyanophenylmethyl)-2-[[[(1-(3-fluoro-4-methyphenyl)cyclopropyl]methyljamino]-2-
oxoethyl]carbamic acid, 1,1-Dimethylethyl Ester (R)-32).

81% Yield.*H NMR (CDCL): & 0.75-0.84 (m, 4H), 1.38 (s, 9H), 2.23 (s, 3H)824dd, 1H,J=
13.5, 6.6 Hz); 3.10 (dd, 1Hz= 13.5, 6.5 Hz); 3.34 (d, 2H= 5.4 Hz); 4.20-4.25 (m, 1H), 4.94 (br
d, 1H), 5.84 (br t, 1H), 6.74—6.82 (m, 2H), 7.071¢t, J= 8.0 Hz), 7.25 (d, 2H]= 8.4 Hz), 7.55 (d,
2H, J= 8.1 Hz). ESVMS: m/z474 (M+NaJ; ESI-MS/MS: m/z374 (100).
(9)-1-(4-Cyanophenylmethyl)-2-[[[(1-(3-fluoro-4-methyphenyl)cyclopropyl]methyljamino]-2-
oxoethyl]carbamic acid,1,1-dimethylethyl ester §)-32).

71% Yield. ESI/MS: m/z474 (M+NaJ, ESF-MS/MS: m/z374 (100).

(R)-2-[[[(2-(3-Chloro-4-fluorophenyl)cyclopropyllmethyllamino]-2-oxoethyl]-1-(4-
cyanophenylmethyl)-carbamic acid, 1,1-DimethylethyEster ((R)-33).

77% Yield.*H NMR (CDCk): 6 0.78-0.89 (m, 4H), 1.39 (s, 9H), 2.98 (dd, I813.5, 7.0 Hz),
3.13 (dd, 1HJ= 13.5, 7.0 Hz), 3.32 (dd, 1K= 14.0, 5.5 Hz), 3.38 (dd, 1K= 14.0, 5.5 Hz), 4.24-
4.28 (m, 1H), 4.94 (br s, 1H), 6.04 (br t, IHPZ-7.06 (m, 2H), 7.20 (d, 1H=7.0 Hz), 7.28 (d,
2H, J= 8.5 Hz), 7.58 (d, 2H]= 8.0 Hz). ESIMS: m/z494 (M+NaJ, ESI-MS/MS: m/z394 (100).
(S)- 2-[[[(2-(3-Chloro-4-fluorophenyl)cyclopropyllmethyllamino]-2-oxoethyl]-1-(4-
cyanophenylmethyl)-carbamic acid, 1,1-DimethylethyEster ((S)-33).

84% Yield. ESI/MS: m/z494 (M+NaJ, ESF-MS/MS: m/z394 (100).

General Procedure for the Synthesis of Amines)- and (S)-35-39.

Trifluoroacetic acid (5 mL) was added to a soluttdrBoc-protected derivativeR)- and §)-29-33



(0.46 mmol) in CHCI, (20 mL). The reaction mixture was stirred at rommperature for 5 h and
basified with aqueous 1 M NaOH. The separated agupbase was extracted with £&Hp (2 x 20
mL). The combined organic layers were dried8a;) and concentrated vacuoto give the

desired compounds as pale yellow semisolids thet weed without further purification.

(R)-2-Amino-3-(4-cyanophenyl)N-[(1-phenylcyclopropyl)methyl]propanamide (R)-35). 43%
Yield. *H NMR (CDCL): § 0.87-0.97 (m, 4H), 1.72 (br s, 2H), 2.82 (dd, IH14.0, 8.5 Hz), 3.21
(dd, 1H,J= 13.7, 4.4 Hz), 3.40 (dd, 1K7= 13.9, 6.0 Hz), 3.45 (dd, 1H5= 13.7, 6.0 Hz), 3.62 (dd,
1H,J= 8.0, 4.5 Hz), 7.19-7.24 (m, 4H), 7.27-7.31 (m,,3H38 (d, 2H,J= 8.2 Hz). ES/MS m/z
342 (M+Nay, ESI/MS/MS m/z151(100).
(S)-2-Amino-3-(4-cyanophenyl)N-[(1-phenylcyclopropyl)methyl]propanamide ((S)-35).

76% Yield. ESI/MS m/z342 (M+NaJ, ESI/MS/MS m/z151(100).

(R)-2-Amino-N-[(1-phenylcyclopropyl)methyl]-3-(3-pyridinyl)propa namide ([R)-36).

90% Yield.'H NMR (CDCL): 5 0.81-0.87 (m, 4H), 1.53 (br s, 2H), 2.71 (dd, 31¢,13.5, 8.2 Hz),
3.14 (dd, 1HJ= 14.1, 4.1 Hz), 3.36-3.49 (m, 2H), 3.55 (dd, 1&8.8, 4.1 Hz), 7.19-7.30 (m,
7H), 7.52 (d, 1HJ= 7.6 Hz), 8.43 (d, 1H]= 1.7 Hz), 8.5 (dd, 1H]= 5.3, 1.7 Hz). ESIMS m/z
318 (M+NaJ, ESI/MS/MS m/z226(100).
(S)-2-Amino-N-[(1-phenylcyclopropyl)methyl]-3-(3-pyridinyl)propa namide ((S)-36).

Quantitative yield. ESIMS m/z318 (M+Na}, ESI/MS/MS m/z226 (100).

(R)-2-Amino-3-(4-cyanophenyl)N-[[1-(4-trifluoromethoxyphenyl)cyclopropyljmethyl]
propanamide ([R)-37).

92% Yield.'H NMR (CDCL): 5 0.82—0.93 (m, 4H), 1.47 (br s, 2H), 2.75 (dd, 3#13.5, 8.5 Hz),
3.23 (dd, 1H,)= 13.5, 4.5 Hz), 3.41 (dd, 1K+ 14.0, 6.00 Hz), 3.46 (dd, 18+ 14.0, 6.00 Hz),

3.58 (dd, 1H,)= 8.8, 4.5 Hz), 7.12-7.15 (m, 2H), 7.25-7.28 (m),3H29—7.31 (m, 2H), 7.59-7.62



(m, 2H). ESYMS: m/z402 (M-H), ESI-MS/MS: m/z285 (100), 116 (12).
(S)-2-Amino-3-(4-cyanophenyl)N-[[1-(4-trifluoromethoxyphenyl)cyclopropyllmethyl]
propanamide ((S)-37).

90% Yield. ESIMS: m/z402 (M-HJ, ESI-MS/MS: m/z285 (100), 116 (13).

(R)-2-Amino-3-(4-cyanophenyl)N-[[1-(3-fluoro-4-methylphenyl)cyclopropyl]methyl]
propanamide ((R)-38).

71% Yield.*H NMR (CDCk): 6 0.76-0.82 (m, 2H), 0.83-0.88 (m, 2H), 1.47 (I2K3), 2.23 (s,
3H), 2.89-2.92 (m, 1H), 3.17-3.20 (m, 1H), 3.23931®, 1H), 3.42-3.46 (m, 1H), 4.12-4.14 (m,
1H), 6.83-6.86 (M, 2H), 7.06—7.09 (m, 1H), 7.13t(dH), 7.22 (d, 2HJ= 8.5 Hz), 7.46 (d, 2H]=
8.5 Hz). ESIMS: m/z350 (M-HY, ESI-MS/MS: m/z233 (100), 116 (67).
(S)-2-Amino-3-(4-cyanophenyl)N-[[1-(3-fluoro-4-methylphenyl)cyclopropyljmethyl]
propanamide ((S)-38)

94% vyield. ESIMS: m/z350 (M-H), ESI-MS/MS: m/z233 (100), 116 (61).

(R)-2-Amino-3-(4-cyanophenyl)N-[[1-(3-chloro-4-fluorophenyl)cyclopropyl]methyl]
propanamide ((R)-39).

47% Yield.*H NMR (DMSO-ds): 5 0.73-0.80 (m, 2H), 0.83-0.88 (m, 2H), 2.30 (213), 2.64
(dd, 1H,J= 13.0, 8.0 Hz), 2.88 (dd, 1KH513.0, 5.5 Hz), 3.20 (dd, 1H5 13.0, 5.5 Hz), 3.33-3.37
(m, 1H), 3.40-3.42 (m, 1H), 7.18-7.21 (m, 1H), 7(@81H,J= 9.0), 7.34 (d, 2HJ}= 8.5 Hz), 7.38
(dd, 1H,J= 6.5, 2.0 Hz), 7.70 (d, 2H= 8.4 Hz), 7.91 (br t, 1H). E®MS: m/z370 (M-H), ESI-
MS/MS: m/z253 (100), 116 (25).
(S)-2-Amino-3-(4-cyanophenyl)N-[[1-(3-chloro-4-fluorophenyl)cyclopropyl]methyl]
propanamide ((S)-39).

95% Yield. ESYMS: m/z370 (M-H), ESI-MS/MS: 253 (100), 116 (21).



General Procedure for the Synthesis of the Final Gopounds (Procedure A)

To a solution of the amineR)- and §)-34-39 (1.0 mmol) in anhydrous THF, a solution of the
appropriate 4-substitued phenylisocyanate (1.2 jimahe same solvent (10 mL) was added and
the reaction mixture was stirred at room tempeeatwernight. After removing the solveint
vacuq the residue was taken up in CH@GRO mL) and washed with J@ (2 X 20 mL). The
separated organic layers were dried ovegS@a and concentrated under reduced pressure. The
crude residue was chromatographed (GHKCIOEt, 1:1 as the eluent). When necessary, the
obtained solid was further purified by crystallipatfrom MeOH to give the final compounds.
(R)-3-(1H-Indol-3-yl)-2-[3-(4-methoxyphenyl)ureido]-N-[(1-phenylcyclopropyl)methyl]
propanamide (R)-7).

19% Yield.*H NMR (CDCH): § 0.56-0.74 (m, 4H), 3.06 (dd, 1Bt 14.6, 8.2 Hz), 3.19-3.25 (m,
3H), 3.76 (s, 3H), 4.63-4.65 (m, 1H), 5.91 (br d),16.00 (br t, 1H), 6.73 (d, 2H= 8.8 Hz), 6.83

(d, 1H,J= 1.8 Hz), 6.91-6.94 (m, 3H), 7.04—7.22 (m, 7H327(d, 1H,J= 8.2 Hz), 7.62 (d, 1H]=

8.4 Hz), 7.97 (br s, 1H}’C NMR (DMSOg): 171.9; 158.9; 154.8; 147.9; 136.5; 131.5; 128.3;
127.4; 125.6; 125.0; 123.0; 121.7; 119.8; 118.8,.3,1111.1; 109.7; 55.8; 53.6; 47.2; 36.4; 25.3,;
12.7; 12.6. ESIMS: m/z481 (M-H); EST-MS/MS: m/z358 (100), 332 (44).
(9)-3-(1H-Indol-3-yl)-2-[3-(4-methoxyphenyl)ureido]-N-[(1-phenylcyclopropyl)methyl]
propanamide ((S)-7).

22% Yield. ESYMS: m/z481 (M-H):; ESI-MS/MS: m/z358 (100), 332 (43).

(9)-2-[3-(4-Fluorophenyl)ureido]-3-(1H-indol-3-yl)-N-[(1-phenylcyclopropyl)
methyl]propanamide ((S)-8).

41% Yield.'H NMR (DMSO-dq): & 0.64—0.81 (m, 4H), 2.84 (dd, 1Bk 14.6, 7.0 Hz), 2.99 (dd,
1H, J= 14.6, 5.3 Hz), 3.22 (dd, 1H= 13.5, 5.3 Hz), 3.38 (dd, 18z 13.5, 5.8 Hz), 4.51-4.44 (m,
1H), 6.22 (br d, 1H), 6.92 (t, 2H= 7.6 Hz), 6.98—7.00 (m, 2H), 7.10-7.21 (m, 6H28%7.34 (m,

3H), 7.5 (d, 1H,J= 8.2 Hz), 8.02 (t, 1HJ= 5.3Hz), 8.66 (s,1H), 10.78 (s, 1H). EBIS: m/z469



(M-H)", ESI-MS/MS: m/z229 (6), 332 (14), 358 (1001)3.0 NMR (DMSO+): 170.7; 158.3; 154.6;
147.9; 136.5; 135.0; 128.3; 127.4; 125.6; 125.3.1:2119.3; 118.8; 115.7; 109.6; 53.7; 47.0; 36.4;

25.3;12.7. ESIMS: m/z469 (M-H); ESI-MS/MS: m/z358 (100), 332 (12).

(R)-3-(1H-Indol-3-yl)- N-[(1-phenylcyclopropyl)methyl]-2-[3-(phenyl)ureido]propanamide

((R)-9).

35% Yield.'H NMR (CDCL): & 0.49-0.74 (m, 4H), 3.09 (dd, 1Bk 14.6, 8.8 Hz), 3.19-3.25 (m,
2H), 3.72-3.76 (m, 1H), 4.65-4.73 (m, 1H), 6.09gbtH), 6.40 (br t, 1H), 6.83 (br s, 1H), 6.91—
6.93 (M, 2H), 6.97—7.01 (m, 1H), 7.06—7.13 (m, 4H)6—7.21 (m, 5H), 7.32 (d, 1B& 8.2 Hz),

7.52 (brt, 1H), 7.65 (d, 1H= 8.2 Hz), 7.97 (s, 1H}3C NMR (DMSO4e): 171.7; 154.5; 147.9;
139.4; 136.5; 128.9; 128.3; 128.0; 127.4; 123.3;,62119.8; 118.8; 110.1; 109.5; 58.7; 46.9; 25.7,
12.7; 12.6. ESIMS: m/z451 (M-H); ESI-MS/MS: m/z358 (100), 332 (16).

(9)-3-(1H-Indol-3-yl)- N-[(1-phenylcyclopropyl)methyl]-2-[3-(phenyl)ureido]propanamide

((9)-9).

15% Yield. ESYIMS: m/z451 (M-HJ, ESI-MS/MS: m/z358 (100), 332 (10).

(R)-3-(4-Cyanophenyl)-2-[3-(4-nitrophenyl)ureido]N-[(1-
phenylcyclopropyl)methyljpropanamide (([R)-10).

69% Yield.'H NMR (DMSO-dg): 8 0.69-0.84 (m, 4H), 2.79 (dd, 1Bk 13.5, 7.6 Hz), 2.96 (dd,
1H, J= 13.5, 5.2 Hz), 3.18 (dd, 1H= 13.5, 5.3 Hz), 3.48 (dd, 18z 14.1, 6.4 Hz), 4.51-4.58
(m,1H), 6.61 (br d, 1H), 7.11-7.17 (m, 2H), 7.1277(m, 5H), 7.53 (d, 2HI= 9.1 Hz), 7.66 (d,
2H, J= 8.2 Hz), 8.01 (d, 2H]= 8.8 Hz), 8.22 (br t, 1H), 9.41 (br s, 1HC NMR (DMSO«):
170.9; 154.1; 147.2; 143.7; 141.0; 132.3; 130.8,32128.4; 126.5; 125.6; 119.3; 117.3; 109.7;
53.7;47.0; 25.3; 12.7. EBUS: m/z482 (M-H), ESI-MS/MS: m/z344 (100).
(S)-3-(4-Cyanophenyl)-2-[3-(4-nitrophenyl)ureido]N-[(1-

phenylcyclopropyl)methyl]propanamide ((S)-10).



39% Yield. ESIMS: m/z482 (M-H); ESI-MS/MS: m/z344 (100).

(R)-2-[3-(4-Nitrophenyl)ureido]-N-[(1-phenylcyclopropyl)methyl]-3-(3-pyridinyl)-
propanamide ((R)-11).

35% Yield.'H NMR (DMSO-dg): § 0.73-0.85 (m, 4H), 2.73 (dd, 1Bk 13.5, 7.6 Hz), 2.90 (dd,
1H,J=14.1, 4.7 Hz), 3.22 (dd, 18z 14.1, 4.7 Hz), 3.45 (dd, 18z 13.5, 5.9 Hz), 4,51-4.53 (m,
1H), 6.65 (d, 1H,)= 7.6 Hz), 7.13—7.26 (m, 5H), 7.37 (m, 1H), 7.532d,J= 8.9 Hz), 8.1 (d, 2H,
J= 9.3 Hz), 8.22-8.30 (m, 3H), 8.36 (d, 11, 4.7 Hz), 9.45 (s, 1H}*C NMR (DMSO4dg): 171.1;
154.1; 150.7; 148.0; 147.2; 143.8; 141.0; 137.8,23128.6; 128.5; 126.5; 125.6; 123.6; 117.2;
53.7;47.1; 36.4; 25.3; 12.7; 12.6. HBIS: m/z458 (M-H), ESI-MS/MS: m/z320 (100).

(S)- 2-[3-(4-Nitrophenyl)ureido]-N-[(1-phenylcyclopropyl)methyl]-3-(3-pyridinyl)-
propanamide ((S)-11).

28% Yield. ESYMS: m/z458 (M-H); ESI-MS/MS: m/z320 (100).

(R)-3-(4-Cyanophenyl)-2-[3-(4-methoxyphenyl)ureidoN-[[1-(4-
trifluoromethoxyphenyl)cyclopropyllmethyl]propanami de (R)-12).

72% Yield.*H NMR (DMSO-dg): § 0.70-0.87 (m, 4H), 2.75 (dd, 1Bt 13.5, 8.1 Hz), 2.92 (dd,
1H,J=14.1, 5.1 Hz), 3.19 (dd, 1H= 14.1, 5.1 Hz), 3.42 (dd, 18z 14.1, 6.0 Hz), 3.66 (s, 3H),
4.46-4.53 (m, 1H), 6.20 (br d, 1H), 6.78 (d, 2H8.7 Hz), 7.17—7.21 (m, 4H), 7.26 (d, 214, 8.4
Hz), 7.36 (d, 2HJ= 8.7 Hz), 7.68 (d, 2HJ= 8.1 Hz), 8.16 (brt, 1H), 8.39 (s, 1HJC NMR
(DMSO-dg): 171.2; 158.9; 154.8; 144.8; 140.8; 140.2; 132311,.7; 130.9; 126.0; 119.8; 118.6;
114.5; 113.9; 97.2; 55.8; 53.7; 47.0; 25.3; 12Z61ESIMS: m/z551 (M-H), ESI-MS/MS: m/z
428 (46), 402 (23), 385 (100).
(S)-3-(4-Cyanophenyl)-2-[3-(4-methoxyphenyl)ureidoN-[[1-(4-
trifluoromethoxyphenyl)cyclopropyllmethyl]propanami de ((S)-12).

76% Yield. ESFMS: m/z551 (M-H), ESI-MS/MS: m/z428 (50), 385 (100).



(R)-3-(4-Cyanophenyl)-2-[3-(4-fluorophenyl)ureido]N-[[1-(4-
trifluoromethoxyphenyl)cyclopropyllmethyl]propanami de (R)-13).

64% Yield."H NMR (DMSO-dg): § 0.72—0.74 (m, 2H), 0.80—0.82 (m, 2H), 2.76 (dd,J&H.3.5,
8.5 Hz), 2.92 (dd, 1HJ= 13.5, 5.5 Hz), 3.20 (dd, 1H= 13.5, 5.5 Hz), 3.44 (dd, 185 14.0, 6.5
Hz), 4.49-4.53 (m, 1H), 6.32 (br d, 1H), 7.01-7(86 2H), 7.20 (d, 2HJ= 8.5 Hz), 7.25 (d, 2H,
J= 8.5 Hz) 7.29-7.34 (m, 2H), 7.35-7.38 (m, 2H) 976, 2H,J= 8.5 Hz ), 8.24 (br t, 1H), 8.65 (s,
1H). °C NMR (DMSO«): 171.2; 162.9; 154.8; 144.8; 140.8; 140.2; 13532.1; 130.9; 129.7;
126.0; 119.3; 115.7; 113.9; 53.5; 47.1; 36.4; 25237; 12.6. ESIMS: m/z539 (M-H), ESI-
MS/MS: m/z428 (94), 385 (100).
(9)-3-(4-Cyanophenyl)-2-[3-(4-fluorophenyl)ureido]N-[[1-(4-trifluoromethoxyphenyl)
cyclopropyllmethyl]propanamide ((S)-13).

80% Yield. ESYMS: m/z539 (M-H), ESI-MS/MS: m/z428 (86), 385 (100).

(R)-3-(4-Cyanophenyl)N-[[1-(3-fluoro-4-methylphenyl)cyclopropyllmethyl]-2-[3-(4-
methoxyphenyl)ureido]propanamide (R)-14).

13% Yield.'H NMR (DMSO-dg): & 0.74-0.78 (m, 2H), 0.81-0.86 (m, 2H), 2.14 (s,,3HJ8 (dd,

1H, J= 14.0, 8.0 Hz), 2.94 (dd, 1H= 14.0, 5.5 Hz), 3.18 (dd, 1H= 14.0, 5.5 Hz), 3.44 (dd, 1H,
J=14.0, 6.5 Hz), 3.67 (s, 3H), 4.48-4.52 (m, 1H266(br d, 1H), 6.78 (d, 2Hi= 8.8 Hz), 6.95—

6.98 (m, 1H), 7.02 (d, 1H= 1.5 Hz), 7.12 (t, 1H)= 8.0 Hz), 7.21 (d, 2HJ= 8.8 Hz), 7.26 (d, 2H,

J= 8.3 Hz), 7.67 (d, 2H]= 8.5 Hz), 8.18 (br t, 1H), 8.46 (s, 1HJC NMR (DMSO+dg): 170.8;

161.1; 158.9; 154.8; 148.6; 140.8; 132.1; 130.9,43120.5; 119.8; 114.5; 111.9; 55.8; 53.7; 47.0;

25.2; 14.5; 12.6. ESMS: m/z499 (M-H), ESI-MS/MS: m/z376 (42), 333 (100).

(R)-3-(4-Cyanophenyl)N-[[1-(3-fluoro-4-methylphenyl)cyclopropyllmethyl]-2-[3-(4-

fluorophenyl)ureido]propanamide ((R)-15).



10% Yield."H NMR (DMSO-<g): & 0.71-0.86 (m, 4H), 2.14 (s, 3H), 2.79 (dd, I8 13.7, 7.8 Hz),
2.94 (dd, 1H,J= 13.7, 5.4 Hz), 3.19 (dd, 185 14.2, 5.0 Hz), 3.44 (dd, 1Hs 14.2, 6.4 Hz), 4.51-
4.52 (m, 1H), 6.36 (br d, 1H), 6.96 (td, 2H,B=8.5, 1.5 Hz), 7.01-7.05 (m, 2H), 7.12 (t, 1H,
8.0 Hz), 7.25 (d, 2H)= 7.8 Hz), 7.30-7.35 (m, 2H), 7.67 (d, 21,8.5 Hz), 8.19 (br t, 1H), 8.70
(s, 1H)."*C NMR (DMSO4dy): 171.7; 162.9; 154.8; 148.6; 140.9; 132.1; 13030.2; 120.8;
120.5; 119.3; 118.6; 115.7; 111.9; 109.8; 53.70436.4; 25.2; 14.5; 12.6. EBNS: m/z487 (M-

H), ESI-MS/MS: m/z376 (75), 333 (100).

(R)-N-[[1-(3-Chloro-4-fluorophenyl)cyclopropyllmethyl]-3-(4-cyanophenyl)-2-[3-(4-
methoxyphenyl)ureido]propanamide (R)-16).

19% Yield.'H NMR (DMSO-ds): & 0.72—0.87 (m, 4H), 2.76 (dd, 1B& 13.5, 7.5 Hz), 2.92 (dd,
1H, J= 13.5, 5.5 Hz), 3.14 (dd, 1H= 14.0, 5.0 Hz), 3.44 (dd, 18z 14.0, 6.5 Hz), 3.67 (s, 3H),
4.50 (td, 1HJ= 8.5, 6.0 Hz), 6.25 (br d, 1H), 6.78 (d, 2,9.0 Hz), 7.19-7.22 (m, 2H), 7.24-7.27
(m, 4H), 7.45 (d, 1HJ)= 7.5 Hz), 7.69 (d, 2HJ= 8.5 Hz), 8.22 (br t, 1H), 8.42 (s, 1HJC NMR
(DMSO-dg): 170.8; 158.9; 155.7; 154.8; 147.0; 140.8; 132311.7; 132.1;130.9; 126.4; 120.3;
118.6; 119.8; 116.5; 114.5; 55.8; 53.7; 47.2; 3843, 12.7; 12.6. ESMS: m/z519 (M-H), ESI-
MS/MS: m/z396 (50), 370 (30), 353 (100).
(S)-N-[[1-(3-Chloro-4-fluorophenyl)cyclopropyllmethyl]-3 -(4-cyanophenyl)-2-[3-(4-
methoxyphenyl)ureido]propanamide (§)-16).

50% Yield. ESFMS: m/z519 (M-HY, ESI-MS/MS: m/z396 (50), 370 (32), 353 (100).

(S)- 3-(4-Cyanophenyl)N-[[1-(3-chloro-4-fluorophenyl)cyclopropyllmethyl]-2-[3-(4-
fluorophenyl)ureido]propanamide ((S)-17).

34% Yield.*H NMR (DMSO-dg): § 0.73-0.89 (m, 4H), 2.77 (dd, 1Bk 13.7, 7.8 Hz), 2.93 (dd,
1H, J= 13.7, 5.3 Hz), 3.15 (dd, 18z 14.2, 5.4 Hz), 3.44 (dd, 18z 14.2, 7 Hz), 4.48-4.53 (m,

1H), 6.30 (br d, 1H), 7.01~7.06 (m, 2H), 7.25 {4, 2= 7.8 Hz), 7.29-7.33 (m, 4H), 7.45 (dt, 1H,



J=6.0, 2.0 Hz), 7.69 (d, 2H= 6.4 Hz), 8.24 (br t, 1H), 8.63 (s, 1HJC NMR (DMSO): 171.5;
158.3; 157,1; 156.4; 155.2; 154.9; 144.0; 141.6,43132.3; 131.0; 130.7; 129.5; 119.5; 119.3;
116.9; 116.7; 115.7; 115.5; 109.6; 53.7; 46.9; 251P.7; 12.6. ESMS: m/z507 (M-H), ESI-

MS/MS: m/z396 (100), 353 (89).

General Procedure for the Synthesis of the Final Gopounds (Procedure B)
N,N-Carbonyldiimidazole (1.1 mmol) was added to a sotuof aniline (1.0 mmol), in anhydrous
THF (10 mL), under N The reaction mixture was stirred at room tempgeadvernight, then a
solution of the amineR)-34, (5-38, or (9-39, (1.0 mmol) in anhydrous THF was added. The
reaction mixture was stirred until the reagentsjgiieared monitoring by TLC. Then, the solvent
was removedh vacuoand the residue was partitioned between EtOAa(RPand HO (20 mL).

The separated agueous layer was extracted twibeB#@Ac (20 mL), then the collected organic
layers were dried (N&O,) and evaporateith vacuo The crude residue was chromatographed to
give pure target compound as a white solid. Wheeseary, the obtained solid was further purified

by crystallization from MeOH to give the final cooynd.

(R)-2-[3-(4-Fluorophenyl)ureido]-3-(1H-indol-3-yl)-N-[(1-phenylcyclopropyl)
methyl]propanamide ((R)-8).

19% Yield.*H NMR (DMSO-ds): & 0.65—0.80 (m, 4H), 2.84 (dd, 1Bt 14.6, 7.0 Hz), 2.99 (dd,
1H, J= 14.6, 5.3 Hz), 3.22 (dd, 1H= 13.5, 5.3 Hz), 3.38 (dd, 18z 13.5, 5.8 Hz), 4.51-4.44 (m,
1H), 6.22 (br d, 1H), 6.92 (t, 2H= 7.6 Hz), 6.98—7.00 (m, 2H), 7.10-7.21 (m, 6H}8%7.34 (m,
3H), 7.5 (d, 1H,J)= 8.2 Hz), 8.02 (t, 1H}= 5.3Hz), 8.66 (s,1H), 10.78 (s, 1HJC NMR (DMSO-
ds): 170.7; 158.3; 154.6; 147.9; 136.5; 135.0; 1282%.4; 125.6; 125.0; 123.1; 119.3; 118.8;
115.7; 109.6; 53.7; 47.0; 36.4; 25.3; 12.7. BA8%: m/z469 (M-H), ESI-MS/MS: m/z229 (6), 332

(14), 358 (100).



(S)-3-(4-Cyanophenyl)N-[[1-(3-fluoro-4-methylphenyl)cyclopropylmethyl]-2-[3-(4-
methoxyphenyl)ureido]propanamide (§)-14).

13% Yield.'H NMR (DMSO-dg): & 0.74-0.78 (m, 2H), 0.81-0.86 (m, 2H), 2.14 (s,,3HJ8 (dd,

1H, J= 14.0, 8.0 Hz), 2.94 (dd, 1H= 14.0, 5.5 Hz), 3.18 (dd, 18z 14.0, 5.5 Hz), 3.44 (dd, 1H,
J=14.0, 6.5 Hz), 3.67 (s, 3H), 4.48-4.52 (m, 1H266(br d, 1H), 6.78 (d, 2Hi= 8.8 Hz), 6.95—

6.98 (m, 1H), 7.02 (d, 1H= 1.5 Hz), 7.12 (t, 1H)= 8.0 Hz), 7.21 (d, 2HJ= 8.8 Hz), 7.26 (d, 2H,

J= 8.3 Hz), 7.67 (d, 2H]= 8.5 Hz), 8.18 (br t, 1H), 8.46 (s, 1HJC NMR (DMSO+de): 170.8;

161.1; 158.9; 154.8; 148.6; 140.8; 132.1; 130.9,43120.5; 119.8; 114.5; 111.9; 55.8; 53.7; 47.0;

25.2: 14.5; 12.6. ESMS: m/z499 (M-H), ESI-MS/MS: m/z376 (39), 333 (100).

(S)-3-(4-Cyanophenyl)-2-[3-(4-fluorophenyl)ureido]N-[[1-(3-fluoro-4-
methylphenyl)cyclopropyllmethyl]propanamide ((S)-15).

10% Yield.'H NMR (DMSO-g): & 0.71-0.86 (m, 4H), 2.14 (s, 3H), 2.79 (dd, I8 13.7, 7.8 Hz),
2.94 (dd, 1HJ= 13.7, 5.4 Hz), 3.19 (dd, 1H= 14.2, 5.0 Hz), 3.44 (dd, 1K= 14.2, 6.4 Hz), 4.51—
4.52 (m, 1H), 6.36 (br d, 1H), 6.96 (td, 2H; 8.5, 1.5 Hz), 7.01-7.05 (m, 2H), 7.12 (t, 1H,8.0
Hz), 7.25 (d, 2HJ= 7.8 Hz), 7.30-7.35 (m, 2H), 7.67 (d, 21, 8.5 Hz), 8.19 (br t, 1H), 8.70 (s,
1H). *C NMR (DMSO4dg): 171.7; 162.9; 154.8; 148.6; 140.9; 132.1; 1303.2; 120.8; 120.5;
119.3; 118.6; 115.7; 111.9; 109.8; 53.7; 47.0; 38%42; 14.5; 12.6. EIMS: m/z487 (M-H), ESI

-MS/MS: m/z376 (77), 333 (100).

(R)-3-(4-Cyanophenyl)N-[[1-(3-chloro-4-fluorophenyl)cyclopropyl]methyl]-2-[3-(4-
fluorophenyl)ureido]propanamide ((R)-17).

15% Yield.*H NMR (DMSO-ds): & 0.73-0.89 (m, 4H), 2.77 (dd, 1B& 13.7, 7.8 Hz), 2.93 (dd,
1H,J= 13.7, 5.3 Hz), 3.15 (dd, 185 14.2, 5.4 Hz), 3.44 (dd, 185 14.2, 7 Hz), 4.48-4.53 (m,
1H), 6.30 (br d, 1H), 7.01-7.06 (m, 2H), 7.25 {, 3= 7.8 Hz), 7.29-7.33 (m, 4H), 7.45 (dt, 1H,

J=6.0, 2.0 Hz), 7.69 (d, 2H= 6.4 Hz), 8.24 (br t, 1H), 8.63 (s, 1HJC NMR (DMSO): 171.5;



158.3; 157,1; 156.4; 155.2; 154.9; 144.0; 141.6,93132.3; 131.0; 130.7; 129.5; 119.5; 119.3;
116.9; 116.7; 115.7; 115.5; 109.6; 53.7; 46.9; 251R.7; 12.6. ESMS: m/z507 (M-H), ESI-

MS/MS: m/z396 (92), 353 (100).

2. Stability Assays in Rat Liver MicrosomesTest compounds were pre-incubated at 37 °C with
rat liver microsomes (Tebu-Bio, Milan, Italy) (In@y/mL microsomal protein) at 1M final
concentration in 100 mM potassium phosphate bbier7.4) for 10 min. Metabolic reactions
were initiated by the addition of the NADPH regeaierg system (containing 10 mM NADP, 50
mM glucose-6-phosphate, and 10 unit/mL glucose@sphate dehydrogenase, final glucose-6-
phosphate dehydrogenase concentration, 1 unit/Aliguots were removed at specific time
endpoints (0, 5, 15, 30 and 60 min) and immediateked with an equal volume of cold
acetonitrile containing the internal standard. Teshpound incubated with microsomes without
NADPH regenerating system was included. Quenchexles were centrifuged at 4500 rpm for 15
min and the supernatants were injected for quaatiin analysis. Samples (1Q0) were analyzed
by using an Agilent 1260 Infinity Binary LC Systeaquipped with a diode array detector (Open
Lab software was used to analyze the chromatograjata) and a Phenomenex Gemini C-18
column (250X 4.6 mm, Sum particle size). The samples were eluted usingGNA20 mM
ammonium formate pH 5.5 (70:30, v/v) as eluent (Zmin). Concentrations were quantified by
measuring the area under the peak.

The percentage of the parent compound remainieg af80-min incubation has been calculated
according to the equation:

% of parent compound remaining after 30 mingz&Ceontrol X 100

where GarentdS ligand concentration after incubation with rogome fraction and NADPH
regenerating system andqfroliS ligand concentration after incubation with mgome fraction

only.



Thein vitro half life (t/2) was calculated using the expressigi0.693b, whereb is the slope
found in the linear fit of the natural logarithmtbk fraction remaining of the parent compound vs
incubation time [55]In vitro half-life was then used to calculate the intrir@d&sma clearance

(CLint) according to the following equation:

0.693 1

int
in vitro t), mg/ml microsomal protein

3. C&* Mobilization Assay in Transfected HL-60 Cells andHuman Neutrophils.

Cell Culture.Human promyelocytic leukemia HL-60 cells stablynstected with FPR1 (FPR1-HL-

60 cells) or FPR2 (FPR2-HL-60 cells) (kind giftoorir Dr. Marie-Josephe Rabiet, INSERM,
Grenoble, France) were cultured in RPMI 1640 medaupplemented with 10% heat-inactivated
fetal calf serum, 10 mM HEPES, 10§/ml streptomycin, 100 U/ml penicillin, and G418
(1 mg/mL), as described previously [33]. Wild-typt-60 cells were cultured under the same

conditions, but without G418.

Isolation of Human Neutrophil8lood was collected from healthy donors in accoogawith a
protocol approved by the Institutional Review BoatdMontana State University. Neutrophils were
purified from the blood using dextran sedimentatiémllowed by Histopaque 1077 gradient
separation and hypotonic lysis of red blood celtspreviously described [56]. Isolated neutrophils
were washed twice and resuspended in HBSS withaat énd Md* (HBSS). Neutrophil
preparations were routinely >95% pure, as deterthimelight microscopy, and >98% viable, as

determined by trypan blue exclusion.

Ca* Mobilization Assay.Changes in intracellular €awere measured with a FlexStation I
scanning fluorometer (Molecular Devices, Sunnyv@la) for human neutrophils and HL-60 cells,

as described previously [33]. All active compoundsre evaluated in parent (wild-type) HL-60



cells for supporting that the agonists are inactivaon-transfected cells. Human neutrophils or
HL-60 cells, suspended in HBS&ontaining 10 mM HEPES, were loaded with Fluo-4 Alye
(Invitrogen, Carlsbad, CA) (1.25%/mL final concentration) and incubated for 30 nmrthe dark at

37 °C. After dye loading, the cells were washedhwiBSS containing 10 mM HEPES,
resuspended in HBSS containing 10 mM HEPES arida@a Mg (HBSS), and aliquotted into
the wells of a flat-bottomed, half-area-well blaakicrotiter plates (2 x ZFOcells/well). The
compound of interest was added from a source matgaining dilutions of test compounds in
HBSS, and changes in fluorescence were monitatgd 485 nmJ.,= 538 nm) every 5 s for 240 s
at room temperature after automated addition ofpmmds. Maximum change in fluorescence,
expressed in arbitrary units over baseline, wad tseletermine agonist response. Responses were
normalized to the response induced by 5fMiLF for FPR1-HL-60 cells and neutrophils, or 5 nM
WKYMVM for FPR2-HL-60 cells, which were assignedvalue of 100%. Curve fitting (5-6
points) and calculation of median effective concatidn values (E() were performed by
nonlinear regression analysis of the dose—responsgs generated using Prism 5 (GraphPad

Software Inc., San Diego, CA).

4. Evaluation of Anti-inflammatory Properties in Rat Primary Microglial Cell Cultures.

Cell culture.Primary cultures of microglial cells were prepafexn cortices of 1-2-day-old
Sprague-Dawley rat pups as previously describedi3¢fly, after decapitation, brains were
removed immediately, and cerebral cortices werentatsmall pieces. The minced tissue was
incubated in dissecting medium HBSS (Gibco, USAjtaming glucose, BSA and HEPES with
0.025% trypsin at 37 °C for 20 min. The trypsiniaatprocess was stopped by adding trypsin
inhibitor from Glycine max (soybean) (Sigma-AldridbSA). A completely dissociated suspension
of the tissue was prepared by mild trituration. t\eglls were plated at the density of 3%x10
cells/cnf in culture medium consisting of DMEM with GlutaMard high glucose (4.5 g/L)

supplemented with heat-inactivated 10% FBS, 100WWgenicillin, and 0.1 mg/mL streptomycin



on poly-L-lysine-coated 75-chrulture flasks. After 3 days, culture medium wamoved and
replaced with fresh medium. On th& @ayin vitro (37 °C, 5% C0), flasks were agitated on a
horizontal shaker. After centrifugation, cells weesuspended in culture medium, and cell viability
was determined by trypan blue exclusion. The cediee plated at a final density of 2x1¢®lIs/well

in 24-well plates or 4xTcells/well in 96-well plates. The purity of micté cell cultures was
assessed using an anti-lba-1 antibody and anti-G@hfibody. More than 95% of cells were

stained positively. Two days after plating, thdscalere used for experiments.

Cell treatmentin all experiments, cells were pre-treated forwith various concentrations of
FPR2 agonists3}-10, (R)-11and §)-17 and then stimulated for 24 hours with the
lipopolysaccharide (LPS; 100 ng/ml) (Escherichia @b11:B4, Sigma-Aldrich, USA). Control
(un-stimulated) cells were treated with vehicledAidnally, in experiments where the secretion of
NO or cytokines were measured, the FPR2 antagdfft/4 (Alomone Labs, Israel) was added 30

min before agonists (Figure 5).

Cell viability test.Cell viability was determined by the tetrazoliuaitS3-[4,5-dimethylthiazol-2-
yl]-2,5-diphenyltetrazolium bromide (MTT) (Sigmadkich, Germany) assay. Microglial cells were
seeded into 96-well plates at a density of 4 % well, with 100 pL of culture medium, and
incubated for 48 h to allow cell adherence. At 2#ftr treatment with different concentrations of
tested compounds, MTT (at 0.15 mg/mL) was addezhtth well and incubated for 2 h at 37 °C.
Next, culture medium was discarded, and 0.1 M hG$opropanol was added to dissolve the
formazan dye. The absorbance value was measunegl aisnultiwell spectrophotometer Infinite®
200 PRO Detector (TECAN, Switzerland) at 570 nme @iata were normalized to the absorbance

in the vehicle-treated cells (100%) and expressedl @ercentage of the control £ SEM.

Lactate dehydrogenase (LDH) tesa quantify the cell death, the level of lactatbytirogenase



release from the damaged cells into the cultureiangds measured 24 h after treatment. Cell
culture supernatants were collected from each of¢he 96-well plates and were incubated with
the appropriate reagent mixture according to tippker’'s instructions (Cytotoxicity Detection Kit,
Roche, Germany) at room temperature for 20 mithigtest, the amount of formazan salt, formed
after the conversion of lactate to pyruvate ana thyereduction of tetrazolium salt, is proportional
to the LDH activity in the sample. The intensitytbé red color formed in the assay, measured at a
wavelength of 490 nm (Infinite® 200 PRO DetectdeCAN, Switzerland) is proportional to LDH
activity and also to the number of damaged celle data were normalized to the activity of LDH

released from vehicle-treated cells (100%) andesqed as a percentage of the control £SEM.

NO release assaitric oxide (NO) secreted in microglial culture diem was measured by a
Griess reaction. After 24 h of treatment of micragb0 pL of supernatant was collected and mixed
with an equal volume of Griess reagent (0N9%-naphthylethylenediamine dihydrochloride and
1% sulfanilamide in 5% phosphoric acid) in a 964ywéte and incubated for 10 min at room
temperature. Absorbance was measured at 540 nmiaraplate reader (Infinite® 200 PRO
Detector, TECAN, Switzerland). The data were norpeal to the NO released from vehicle-treated

cells (100%) and expressed as a percentage obtiiet+SEM.

Enzyme-linked immunosorbent assay (ELISA® medium of microglial cells for TNé&-and IL-13
was collected at 24 h after treatment. The prdesials of the cytokines TNE; IL-13, (R&D
Systems, USA) in the culture medium were measusatjlcommercially available enzyme-linked
immunosorbent assay kits according to the manufatuinstructions. The detection limits were as
follows: TNF-a, 5 pg/ml; IL-18, 5 pg/ml. Inter-assay precision were as followsFHo: <8.8%; IL-

1B <4.4%; intra-assay precision: TNE<2.1%; IL-18: <3.9%.

5. Evaluation of permeability in hCMEC/D3 cells.



Cell cultureshCMEC/D3 cells, a primary human brain microvasceladothelial stabilized cell
line, were a kind gift from Prof. Pierre-Olivier Gaaud (Institut Cochin, Centre National de la
Recherche Scientifique UMR 8104, INSERM U567, R&fiance) anavere cultured according to
Weksler et al [50]. Cells were seeded at 50,00088n3ity, and grown for 7 days up to confluence
in Transwell devices (0.4m diameter pores-size, Corning Life Sciences, Gégrgrance), to
allow the formation of a competent BBB. Before eagperiment, the transendothelial
electrochemical resistance (TEER) and the permgabdefficients of dextran- fluorescein
isothiocyanate (FITC)*{C]-sucrose, and'{C]-inulin were measured and taken as parameters of
paracellular transport across hCMEC/D3 monolayg}.[bhe TEER value was between 29 and 40
Q cn?, the dextran-FITC permeability coefficient wasd¥.@ 0.005 x 10 cm miri?, the FC]-
sucrose permeability coefficient was 1.17 + 0.0B0¥ cm min*, the {“CJ-inulin permeability
coefficient was 0.37 + 0.08 x T0cm mir’. These values supported the functional integfitye
BBB monolayer [57].

Permeability of compounds through hCMEC/D3 cell olayer. hCMEC/D3 cells, seeded as
reported above in Transwell devices, were incubatethy 7 with free medium, then washed and
rinsed with sterile PBS for 2 h at 37°C. 100 uM ponnds were added in the upper or lower
chamber for 2 h. After this incubation time, thedmen in each chamber was collected and the
amount of compound recovered was measured speotmphtrically § = 230 nm) using a
Synergy HTX Multi-Mode Reader (Bio-Tek Instrumentginooski, VT).

Standard calibration curves were prepared at maxiosorption wavelength of each compound
using PBS as solvent and were linear(0.999) over the range of tested concentratiam(f

to 10uM). Each compound was tested in triplicate, andettigeriments were repeated

three times. Data are reported as the apparentgabihty (Papp), in units of nm/s, determined as

indicated in the following equation:



Vi (gl
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Papp =

where \4 is the volume in the acceptor well, Area is théage area of the membrane and time is
the total transport time, [druglepiods the concentration of the drug measured by Ustspscopy,
and [drugjiiar IS the initial drug concentration in the AP or Bhamber.

Efflux ratio (ER) was calculated using the follogiaquation: ER =Papp, BA/Papp, AB, where
Papp, BA is the apparent permeability of basalgieal transport, and Papp, BA is the apparent

permeability of apical-to-basal transport.

SUPPLEMENTARY MATERIAL
Elemental Analysis of Target Compoundd;and**C spectra of compound$§)¢10, (R)-11and §-
17. Effect of low doses of3)-17 on IL-13 (A) and TNFe (B) production in rat microglial cell

cultures.
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Table 1.Effect of the compounds on €amobilization in FPR1- and FPR2-HL60 transfecteiscand human neutrophils, and metabolic stability.

o %
H H [ R
f’i}*{“‘-" [ M. ,-"L o mw__e'" 2
W T L X
Le 0O ;
ECsc, UM (Efficacy % Metabolic
Compd. Ry Ar R> FPR2-HL60 FPR1-HL60 Neutrophils stability
(% remaining)®
., JOCGH
i 4R L)
5 yy ) " 0.19 0.28 0.086 4
HaC0 il =, -
___#NH
'.;'1___;;1
(R)-6 N N.A N.A N.A 15
NO, i ﬁ) H
(S)6 N N 7.6 +2.1 (60) N.AP N.AP 11
(R)-7 . 6.5+ 1.8 (55) N.A. N.A. 4
ock | I | ﬁ) H
(9-7 N 0.11+0.03 (125)| 0.95+0.3(105) 1.4 +0.3 (14%) 3
(R)-8 N N.A. N.A. N.A. 4
F II otk 1&) H
(9-8 N 2.0 0.4 (70) 18.8 + 3.7 (60) N.A. 4
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] Y |
(9-9 N 6.7 + 1.9 (35) 2.4 +0.7 (55) 1.5+0.4 (25 5
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NO. i ] H
7 |
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(R)-13 PG N.A. N.A. N.A. 88
F B OCF;
(9-13 NG N.A. N.A. N.A. 80
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OCH, [ S
(9-16 NG 3.4 0.9 (60) 0.45+0.1 (115) 0.33+0.1 (155) 10
(R)-17 P 0.3+0.1 (90) 5.4+ 1.2 (55) 1.3+ 0.4 (95 20
F [ ] SC4
(9-17 NG 3.9 + 1.1 (80) 5.2+1.4(55)| 0.19 +0.05 (130) 33

3percent of parent compound remaining after 30-minbation”Data taken from ref. 33.




Table 2. Half-life and Intrinsic Clearance of Selected Campds.

Compound ty2 (Min) CLint (uL/min/mg)
5 1.2° 1162.4
(R)-10 95 7.29
(S)410 120 5.78
(R)-11 99 7.0
(S)11 110 6.3
(R)-17 47 14.7
(S)417 48 14.4
(R)-15 59 10.04

#Data taken from ref. 34.
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Table 3.Bidirectional Transport across hCMEC/D3 Cells ain@gpounds $-10, (R)-11, and §-

17.
Compound PyppBA (nm/secy PappAB (N m/secy ER(BA/AB)
(9-10 253033 49785 5.06
(R)11 437544 119245 3.7
(S)47 375981 145521 2.6

aApparent permeability of the basolateral-to-apteahsport; "Apparent permeability of the apical-

to-basolateral transport.
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ACCEPTED MANUSCRIPT

Chart 1. Structural Formulas of Non-Peptidic FPR2 Agonists
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Figure 1. Effect of the §-10 (A), (R)-11 (B) and §)-17 (C) on cell integrity and mitochondrial

activity in rat microglial cell cultures.
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Figure 2. Effect of the §-10 (A), (R)-11 (B) and §-17 (C) on NO production in rat microglial cell

cultures.
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Figure 3. Effect of the §-10 (A), (R)-11(B) and §)-17 (C) on IL-13 production in rat microglial

cell cultures.
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Figure 4. Effect of the §-10 (A), (R)-11 (B) and §)-17 (C) on TNFea production in rat microglial

cell cultures.
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Figure 5. Schematic Diagram Representing the Schedule dExperiments on Rat Primary

Microglial Cell Cultures.

WRW4 (5)-10, (R)-11, (5)-17 LPS

[10uM]  [0.05-50 uM] [100 ng/ml] TESTS

30 min 1h 24 h
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Scheme 1Synthesis of the target compoun&y-(and §-7-17.

18: A = 4-OCF;
19: A = 3-F-4-CH,
200 A = 3-Cl-4-F

BoRad ()= and (S5)-25: Ar
22:A = 4-OCF - and (5)-25:
23 A= 3-F-4-EH, ()= and (S)-26: Ar
24: R = 3-Cl-4-F (A)- and (5)-27: Ar
B
o)
3 i NHBoc
TN
H
“Ar
(A)- and (5)-28: A = H; Ar = 3-Indolyl
()= and (5)-29: A = H; Ar = 4-CN-Ph
{A)- and (5)-30. R = H; Ar = 3-Py
(Al- and (5)-31: A = 4-OCF5; Ar = 48-CN-Ph
(R)- and (5)-32: A = 3-F-4-CHy; Ar = 4-CN-Ph
(A and (5)-33: A = 3-Cl-4-F; Ar = 4-CN-Ph

Indotyl
Ch-Ph
Py
A = 0
L7
= _MHs
\/X\HJW DL (A and (9717
A
([ and (S)-34: R = H; Ar = 3-Indolyl
(A and (S)-36: A = H: Ar = $.CN-Ph
{A})- and {S)-36: R = H; Ar = 3-Py
{A)- and {S)-37: A = 4-0CF,; Ar = 4-CN-Ph
([ and (5)-38: B = 3-F-4-CH5; Ar = 4-CN-Ph
(A and (5)-39: A = 3-Cl-4-F; Ar = 4-CN-Ph

®Reagents and Conditions: (A) Raney-nickel, M ethanolic NH; 5 atm; 50 °C, 15 h, 77-90%

yield or borane-methyl sulfide complex 10 M, HCL98 yield; (B)N,N’-carbonyldiimidazole, r.t.,

overnight, 45-87% yield; (C) trifluoroacetic acid,, 5 h, quantitative yield; (D) 4-substituted

phenylisocianate, r.t., overnight, 10-80% yield4esubstitued aniliné\,N’-carbonyldiimidazole,

r.t., overnight, 10-19% vyield.
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HIGHLIGHTS
* Nove FPR2 agonists were synthesized and in vitro metabolic stability was evaluated
» Themost interesting compounds showed in vitro neuroprotective properties
e  (9-17 reduced IL-1f3 and TNFa levelsin LPS-stimulated primary rat microgliacells
* (9-17 showed good permeation rate in an in vitro model of blood brain barrier

* FPR2 agonists have potentia for resolving neuroinflammation in CNS disorders



