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Graphical Abstract
New 1-(4-(aryl(methyl)amino)butyl)-heterocyclic derivatives were designed and synthesized in
order to evauate their affinity towards o receptors by radioligand binding assays. Moreover, in

order to investigate their cytotoxic activity, a functional assay was performed.
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Some of these derivatives showed a remarkable affinity and selectivity towards o, receptors and

an interesting cytotoxic profile.
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Abstract. In this work we applied a blend of computationad @ynthetic techniques with the
aim to design, synthesize, and characterize ogweceptor §1R) ligands. Starting from the
structure of previously reported, high-affinity lzemazolone-basedl ligands, the three-
dimensional homology model of thelR was exploited for retrieving the molecular
determinants to fulfill the optimal pharmacophorequirements. Accordingly, the
benzoxazolone moiety was replaced by other heteliocyscaffolds, the relevant
conformational space in th®lR binding cavity was explored, and the effectodiR binding
affinity was ultimately assessed. Next, the complsudesignedn silico were synthesized,
and their affinity and selectivity toward; and o, receptors were tested. Finally, a
representative series of bedtR binders were assayed for cytotoxic activity loe $H-SY5Y
human neuroblastoma cell line. Specifically, the dephenyloxazolidin-2-one derivativéb
(i.e., (R)2b and (S)2b) emerged as potential leads for further develograsalR agents, as
they were found endowed with the highedR affinity (Kol values in the range 0.95-9.3
nM), and showed minimal cytotoxic levels exhibitedthe selected, cell-based test, in line

with ac1R agonist behavior.
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I ntroduction

After their initial misclassification as an opioréceptor subtype [1], sigma receptocsRs)
actually represent a non-opioid, non-phencyclidinehaloperidol-sensitive receptor family [2].
To date, at least two distinai-Rssubtypes - designated as and o, [3] - have been
pharmacologically characterized [4-6]. The aminad agequence of the; receptor ¢1R)
subtype was determined by purification and clorfnregn several animal species including man.
Interestingly, this receptor shows no homology vatty mammalian protein, whilst it exhibits
significant homology (30%) with sterolgCC; isomerase from fungi [7,8]. ThelR has been
associated with many diseases including stroke,ainec addiction, pain, cancer, and
neurodegenerative pathologies [9].

On the other hand, the, receptor subtype has not been cloned yet, althatisghmolecular
weight has been determined as approximately 214 KO It has been proposed that thifR
subtype is involved in cellular apoptotic respofis&11],and in the release of €ahrough an
IP3-independent manner [12-14].

To date, neitheolR endogenous ligands have been definitively astadal [15], nor the role of
all o1R ligands has been unequivocally establishedrmgeof their agonistic or antagonistic
receptor activity [9]. Ligands displaying preferahgaffinity for theclR subtype - and currently
classified a©1R agonists - are dextrorotatory benzomorphans asdh)-pentazocine and (+)-
N-allylnormetazocine (NANM, aka SKF-10,047), whesehaloperidol (categorized aslR
antagonist) and 1,3-di-(2-tolyl)guanidine (DTG) #&ih high affinity toward both receptor
subtypes [15]. Given its very low affinity for tlw receptors, (+)-pentazocine is now the “gold
standard” molecule used, in its tritiated formlabelo; receptors.

In our longstanding research in the field @fR ligands design and discovery, in 2009 we
synthesized the series of benzoxazolone derivafiigdgure 1) characterized by high affinity

and selectivity towardglreceptor subtype [16,17].
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Figure 1. Structure of lead compounda-k

In particular, compound$a (H) and1d (4-Cl) showed the most interestiodR affinity within
this molecular series, with;&; values of 2.6 nM and 7.1 nM and selectivity r¢igo,/K;o;) of
46.2 and 5.1, respectively. Encouraged by thesaltseswe then selected some of these
molecules as training/test set compounds for thestcoction of a three-dimensional (3D)
pharmacophore model farlR binding [17], and the subsequent original dgwelent of aclR

3D homology model [18], extensively validated ircsessive works [19-28]. The information
retrieved from the combined application of 3D phacophore modeling and molecular
dynamics (MD)-based docking and scoring calculaiosing the 3DolR homology model
allowed us to fully characterize the network ofermiolecular interactions responsible for the
potency of compoundsasclR binders.

In the quest of designing, synthesizing, and tgstisecond generation of effectw&R binders,

in this work we exploited this wealth of informaticat hand and explored the effect of the
replacement of the benzoxazolone moiety in compsdnoh o1R affinity. Accordingly, based
upon modeling design and predictions, a new serie6 substituted 1-(4-
(aryl(methyl)amino)butyl)-heterocyclic derivativ@sll (Figure 2) were synthesized and tested
for 01R binding affinity. Finally, the most promisingrapounds of this new molecular set were

preliminary assessed for their activity profile dagst/antagonist behavior) in a cell-based assay.



Ar\/\/\
T

2-11ab R

4ab 5ab

R=H, Cl

s |

—~—
(%)
=

0]

6a,b 7ab

Figure 2. Structure of new sigma ligan@slla,b

2. Resultsand discussion

2.1 Computer-Aided Design of new 1-(4-(aryl(metayino)butyl)- heterocyclic derivatives
Previous simulations performed on compouddsand1d in complex with the 3D homology
model of theolR [18,19] led to the identification of a specifitap of interaction for each
functional group of these molecules, and to theogattion of the protein residues mainly
involved in ligand binding. Yet, a detailed quaictition of the interaction energies and the
derivation of the relevant interaction spectratf@se compounds — instrumental to complete the
information set required for the design of new datives based ofh - were not carried out at
that time. Thus, the optimized structure of theZosmazolone derivativeta and 1d were re-
docked in the binding pocket of the 3TLR model, and the corresponding protein/ligand free
energy of binding AGping) Were calculated via the MM/PBSA (Molecular MecttafPoisson-
Boltzmann Surface Area) approach [29], yieldingueal in agreement with the previous report
[17], as expectedAGping= -10.59 kcal/mol forla, and -10.68 kcal/mol fold, respectively,
Table SI1). Taking compounttl as a proof-of-concept, the analysis of the equitéd portion



of the respective MD trajectory (Figure 3A) revehli@ detail the qualitative pattern of the
interactions between this compound and &R, i.e., the engagement of the basic amine
nitrogen ofld in a persistent salt bridge with the COO- grou@®6, and a stable hydrogen
bond between the oxygen atom of the benzoxazoloweaf 1d and the —NH group of the
peptidic bond linking residues T151 and V152 of theeptor. Moreover, the MD simulation
accounts for the presence of stabilizimgrt interactions between thechlorobenzyl ring ofl.d

and the side chains of the protein amino acids Wd2d R119 (see also Figure SI1 in the
supplementary data). Finally, the aromatic fragnodrthe benzoxazolone moiety and the butyl
linker chain ofld are nestled in an hydrophobic pocket lined bysikde chains of the receptor

residues 1128, F133, Y173 and L182, with the furtstabilizing contribution of E172 (Figure
3A).
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Figure 3. (A) Details of compoundd in the binding pocket of thelR. Compoundd is depicted as atom-colored
sticks-and-balls (C, gray, N, blue, O, red, Cl,egre The side chains @flR residues mainly interacting wifld
are highlighted as colored sticks (R119 and W18ang D126, red; 1128, F133, E172, Y173 and L182gemta;
T151 and V152, green) and labeled. The salt briglge the hydrogen bond are shown as black brokess.lin
Hydrogen atoms, water molecules, ions, and cownrtsrare omitted for clarity. (B) Per-residue birgdfree energy
decomposition of the selected amino acids forath® in complex withld.

A guantification of the single contribution of eaittentified receptor residue to ligand binding
was further carried out through a per-residue Inigdree energy deconvolution (PRBFED) of
the enthalpic termAHypinged Of the binding free energy, as shown in Figure BBe PRBFED
analysis confirmed that the network of favorabléhalpic interactions is substantially afforded
by the above mentionedlR residues. In particular, the network of hydrdghanteractions
involving the alkyl and aromatic fragments Iaf and the receptor cavity generated by residues
1128, F133, E172, Y173 and L182, considerably condn stabilizing receptor/ligand binding,



with an overall contribution of -6.34 kcal/mol. Qertually, thert interactions 1-cation andre-

TT, respectively) between the pdehlorobenzyl ring ofid and the side chains of R119 and W121
produce an overall favorable contribution of -2K&&al/mol. Noteworthy, the polar interactions
afforded by the receptor/ligand permanent saltdaidnd hydrogen bond provide a favorable
contribution too1R/1d binding of -5.46 kcal/mol.

On the basis of these results, we next proceedetth whe design of new 1-(4-
(aryl(methyl)amino)butyl)- heterocyclic derivativpstentially endowed with comparable, if not
enhancedgl1R affinity. To the purpose, we reasoned that tHeeNzyl or the Np-chlorobenzyl
amine and the butyl spacer, with their correspogditteractions, were essential for effective
01R binding. Thus, we decided to replace the berzmgae moiety with others, correlated,
heterocyclic scaffolds, in order to explore the foomational space within the relevant binding
cavity and to gain further information on the relege of the specific intermolecular
interactions. Accordingly, the following new moléau structures were selected to address
specific requirements: (i) the 4-phenyloxazolidioiZe (R)-2b and (S)-2a,b) and 5-phenyl-
1,3,4-oxadiazol-2(H)-one @a,b) derivatives were chosen as non-condensed anaagfuthe
benzoxazolone moiety; (i) the dihydroquinolin-B(tone @a,b), 2H-
benzo[b][1,4]oxazin3(4)-one 6a,b), 2H-benzo[b][1,4]thiazin-3(K¥)-one Eab), and 4,5-
dihydro-1H-benzo[b]azepin-2(@3)-one {7a,b) substituents were selected to analyze the effiect
an increased steric hindrance within the recepwoity; (iii) the isoindoline-1,3-dioneBg,b) and
indolin-2,3-dione 9a,b) rings were chosen as they are provided with twggen atoms, able to
potentially perform mutual hydrogen bonds as aarspwith the receptors counterpart; and
finally iv) the piperidin-2-onel0a,b) and the indolella,b) scaffolds were selected to study the
role of the two peculiar pharmacophore featureshef benzoxazolone substituent, i.e., its
aromatic part and the hydrogen bond acceptor atespectively. In total, a set of 22 new
compoundsZ4-11) was designed.

The same docking/MM-PBSA scoring computational pohre described for compounda
and1d was next applied to the optimized structureg-@i in complex with thevlR (Table S1).
Figure 4 shows the results of the MM/PBSA analyfism which a direct structure-affinity
correlation can be made.
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Figure 4. In silico estimated free energies of bindinyG,i,g) for the newly designed set of 2R ligands in
complex with receptor. Th&G,;,4 of the benzoxazolone derivativiéa and1d are also shown for comparison, the
dotted red line serving as a guide.

As seen in Figure 4, computational data predict tha replacement of the benzoxazolone
moiety with a non-constrained analogous such as 4iphenyloxazolidin-2-one group in
derivatives(R)-2a,b and(S)-2a,b could slightly increase the affinity of these cauapds for the
receptor, derivativéR)-2b exhibiting the besfAGying value of -11.72 kcal/mol. Furthermore, in
agreement with previous observations [21,23,2&)ufations indicate that the eventual presence
of a stereo center does not substantially affexinteractions of the relevant compound with the
receptor, since all the phenyloxazolidinones amipied with comparablelR affinity (Figures

4 and 5, Table SI1). Application of the PRBFED gl further confirmed the interpretation of
the overall free energy of binding values: @R residues involved in ligand binding establish
the same qualitative interactions with the ligarais] afford a favorabl&Hping res CONtribution

comparable with those detected with lead compodadsdld (Figure 5B).
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Figure 5. (A) Superposition of equilibrated MD snapshotstE#d1R in complex withld (light sea green) an@R)-
2b (firebrick). Hydrogen atoms, water molecules, joasd counterions are omitted for clarity. (B) Carigon of

the per-residue binding enthalpy decompositiéfyi,g resfor compounddd, (R)-2b and(S)-2b in complex with the
olR.

On the other hand, th&Gping values predicted for compounds/ point to a small decrease of
01R binding capability for these molecules comparethe benzoxazolone derivativiéa and

1d, with free energy of binding values in the range49- -10.43 kcal/mol (Figure 4, Table
SI1). In fact, the presence of the amidic groupeath scaffold allow them to perform the
fundamental hydrogen bond with the receptor viartheceptor oxygen, while the aromatic
fragment of the corresponding heterocyclic moietyn @xploit stabilizing interactions while
nicely encased within the&lR hydrophobic cavity.

The results obtained with the remaining derivati®dd deserved a more specific interpretation.
From a computational perspective, the lack of drnth@important pharmacophore requirements
in the piperidin-2-one 10a,b) and the indole I(1a,b) derivatives leads to a plummet in the
corresponding affinity for thelR, with a loss i\Gying Of about 4 and 3 kcal/mol, respectively.
The absence of the aromatic fragment in the pipwire derivatived0a,b not only affects the
hydrophobic interactions with th@&lR residues 1128, F133, E172, Y173, and L182, laat, aia

a sort of domino effect, negatively reflects on fioeind ligand conformation, with a consequent
drastic reduction of the entire interaction speutras testified in Figure 6. The same behavior is
reproduced by the indole derivativé$a,b, for which not only the contributions of T151 and
V152 are zero, as expected, but also the resteobiliR residues involved in ligand binding

diminish their favorable contribution to bindingtkalpy.
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Figure 6. (A) Superposition of equilibrated MD snapshotste@1R in complex withld (light sea green) antbb
(hot pink). Hydrogen atoms, water molecules, iond eounterions are omitted for clarity. (B) Compari of the
per residue binding enthalpy decomposityi,g resfor compounddd, 10b and11b in complex witholR.

More interesting are the computational results iobth with isoindoline-1,3-dione8é,b) and
indolin-2,3-dione 9a,b) derivatives. Although the structures of these poumds are provided
with all optimal pharmacophore requirements fwWtR binding, the insertion of a further
hydrogen acceptor group in the heterocyclic scdffalibstantially seems to compromise the
affinity of these molecules for th&lR. In fact, as the inspection of the relevant M&etctory
reveals, to maintain the interaction with the —Nidup of the backbone between T151 and V152
both the hetero-aromatic groups pay the cost @indiguration rearrangement within the binding
cavity; this, in turn, impair the rest of the faable interactions with the othelR residues
involved in binding, as shown in Figure 7. The f@sg binding conformations assumed by
compounds8a,b and9a,b do not allow them to satisfactorily snug their ragdic fragment
within the receptor binding cavity, the consequetrganization of the N,N-arylmethyl amine
moiety preventing this group from exploiting optimateractions with residues R119, W121,

and D126.
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Figure 7. (A) Superposition of equilibrated MD snapshotshed ¢1R in complex withld (light sea green) angb
(sienna). Hydrogen atoms, water molecules, ionscandterions are omitted for clarity. (B) Compansd the per-
residue binding enthalpy decompositidHyg esfor compounddd, 8b, and9b in complex witholR.

2.2 Chemistry

All derivatives2-11 were synthesized starting from the corresponditgrmmediate (Schemes 1
and 2), according to the synthetic pathway repoite&cheme 3 (Table SI2) The synthetic
pathway of each derivative started from the relevammercially available scaffolds: 3,4-
dihydroquinolin-2(H)-one (6), 2H-benzop][1,4]-oxazin-3(4H)-one (7), 2H-benzop][1,4]-
thiazin-3(4H)-one (L8), potassium phtalimidel9), indolin-2,3-dione 20), piperidin-2-one Z1)
and indole 22), respectively. The seriéa,b was obtained as racemate fora,b), as well as
enantiomerically pure RR-2a,b) and S §-2a,b) isomers, starting from pure phenylglycine (R/S,
R and S). Compound3a,b were obtained from the intermediate 5-phenyl-t@ddiazol-
2(3H)-one14 resulting from cyclization of benzoic acid hyddeiwith triphosgene. Seri&s,b
was obtained following Schmidt cyclization startiingm 1-tetralone and sodium azide in conc.
H,SO,. The N-methyl-1-phenylmethanamine is commercially avddabwhile the 1-(4-
chlorophenyl)N-methylmethanamine was obtained by reaction froehlérobenzyl chloride

and methylamine solution.
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compoundsl6-22 are commercially availablelReagents and conditions:NaBH,, 1, THF/100°C, MeOH, rt
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2.3 Receptor binding studies

01R ando2R affinities of the test compounds were determimedompetition experiments by
radiometric assays, usintH]-(+)-Pentazocine as radioligand for th&R assay, anffi]-DTG

as radioligand in the2R assay. Compoun@slla,b were tested againstLlR ando2R of animal
origin prepared from guinea pig brain and rat ljivespectively.

In principle, the receptor binding studies ohR confirmed the structure-affinity relationship
predicted by the computational approach, as tedtifrom the strict correlation between the
calculated free energies of binding and the comesimg Kol values listed in Table 1 {R
0.84). In fact, in agreement with MM-PBSA calcubeis, the 4-phenyloxazolidin-2-one
derivatives 2a,b, (R)-2a,b and (S)-2a,b), and the 5-phenyl-1,3,4-oxadiazol-B(3one @a,b)
compounds are experimentally ranked as the @¥ERtbinders, with a §1 values in the range
0.95-25 nM. Also, these compounds are provided witlgood selectivity against the2R
subtype, for which they show affinity values atdieane order of magnitude lower with respect
to the 0lR counterpart. The slight decrease atR affinity predicted by modeling for
compoundg}-7 as a consequence of the replacement of the beraloxa moiety with a larger
heterocyclic group is confirmed by the correspogdrperimental data (Table 1). Interestingly,
however, these molecules preserve a good selggbrofile against the@2 subtype.

The experimental analysis carried out for the reingi new derivative8-11 confirmed that the
absence of the fundamental heterocyclic groups aliaally affects receptor/ligand binding, the
corresponding K1 spanning the high nanomolar - micromolar conegioin range.

It is interesting to note that, although the tedteo2 were very weak, all compounds show a
similar behavior against the2R subtype, with affinity values all of the orddrhandreds of
nanomolar. Theo2 receptor is even more enigmatic thatR, and the information about its
binding site for the ligands is exceedingly scard fragmented; therefore any computational
structure-affinity relationship derivation can bardély attempted, if at all. Anyway, on the basis
of these results, we are be tempted to speculatetlibo2R region in which the heterocyclic
scaffold is likely to be nestled might be charaetst by higher adaptability with respectdtR,
thereby accommodating the presence of differenmated moieties without requiring major
energetical penalties. If verified, this informaticould be exploited in the future studies to

investigate and rationalize the molecular determtiséor theo2R binding.
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%a H 519 237 0.46
(0]
9b N\ Cl 385 173 0.45
10a @ H >3000 >3000 n.d.
10b T © Cl 770 252 0.33
11a @ H 310 252 0.81
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DTG - - 71x8 548 0.8
6.0
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Table 1. 01R ando2R affinities of the synthesized compourfidla,b. All compounds with highest affinities
(<100 nM) were tested in triplicates. n.d.: notedetined. The last row shows the correlatiof=IR84) between the
predicted value&Gping and the corresponding experimemdib,i,qexp Calculated using the following relationship:
AGypind,exp= -RT In(1/Kay).

2.4 Functional characterization
With the aim of performing an investigation of ttytotoxic activity of this new series ofLR
ligands, and attempting a preliminary functional amcterization of their eventual
agonist/antagonist profile, we compared the toXieots of a set of novel compounds obtained
on the SH-SY5Y neuroblastoma cell line with thoseasured for NE-100 and haloperidol (two
commonly acceptedlR antagonist) and pentazocine (the gold standaRi agonist) (Figure
8). Although SH-SY5Y cells seem to expresiR at moderate level [30], previous works used
this human cell line of neuronal origin folR studies [31-33] and obtained results overlapping
with those obtained with guinea pig brain subcealditaction [34].
To the purpose, we followed the approach originpllgposed by Zeng et al. fo2R ligands

[35], based on the MTT assay. The underlying assomfor performing these tests is thettR



agonists should promote cytoprotection via targefivation, while antagonists should be
generally endowed with an opposite (i.e., cytotpxatfect [36]. Specifically, we tested those
new compounds characterized by the higleddR affinity (that is,2b (R)-2b, (S)-2b, 3a, and
6a), while the lead compounds and1d were also tested for comparison.

Accordingly to its recognized antagonist profile£{400 has a potent cytotoxic effect, as clearly
shown in Figure 9, where the effect exerted byldstolR binders is also shown as % of NE-
100 cytotoxicity at 5SQuM (100%).

Considering the criteria adopted, the behavioresftpzocine and haloperidol in SH-SY5Y cells
is consistent with an activity of agonist and aotagt compounds, respectively. Actually,
haloperidol showed a cytotoxic effect (99%) at| 8@ strictly comparable with NE-100, while
pentazocine exhibited a negligible cytotoxicity 4%) at the same concentration. The
benzoxazolone derivativelsa and 1d displayed an ambiguous cytotoxicity profile, sirtbeir
corresponding values are comprised between 50%&%@ Clearly, further investigations are
required in this respect. On the other hand, thdyndesigned derivativezb (R)-2b, (S)-2b, 3a,
and 6a all exhibit a plausibles1R agonist profile, seemingly in line with the lowytotoxic
activity detected for pentazocine. In particulae #-phenyloxazolidin-2-one derivatives, both as
pure enantiomerfR)-2b, (S)-2b and in their racemic forrdb, demonstrate very low cytotoxic
effects (< 15%), strictly comparable to the propatyl c1R agonist, as inferred from Figure 9.
For the record, these compounds are also charzadely the bestlR affinity along the new

series 0f0lR designed and tested in the present work (Tgble 1
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Figure 8. Test compounds used for functional assay to defli® agonist/antagonist profile:
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Figure 9. Cytotoxicity of 01R ligands as obtained from the MTT assay. SH-S¥BNs were treated with different
01R ligands (5QuM) for 48h. MTT assay was then performed, cytotityiof compounds was determined, and data
were reported as % of NE-100 cytotoxicity at BBl (100%). The bars represent the mean + SD froreethr
independent experiments performed in triplicate.

3. Conclusions

On the basis of the molecular information retriebgdhein silico analysis of the binding mode
of the two lead benzoxazolone derivativiss and 1d, both endowed with higlwlR affinity
(Kiol = 2.6 and 7.1 nM, respectively), we designedsymhesized the new series of derivatives
2-11a,b, with a twofold aim of (i) dissecting the effedttbe replacement of the benzoxazolone
moiety on sigma 1 receptor affinity, and (ii) preinarily evaluating the behavior of these
compounds asclR agonists or antagonists. All new molecules rmaaintthe 1-(4-
(aryl(methyl)amino)butyl)- spacer characterizinge ttcompound seriesl, whereas the
benzoxazolone moiety, linked to the butyl chains leeen replaced with others, correlated,
heterocyclic scaffolds to obtain the correspondinghenyloxazolidin-2-one2é,b, (R)-2a,b and
(92a,b), 5-phenyl-1,3,4-oxadiazol-2(B-one @a,b), dihydroquinolin-2(H)-one @a,b), 2H-
benzo[b][1,4]oxazin3(4)-one 6a,b), 2H-benzo[b][1,4]thiazin-3(¥)-one Eab) and 4,5-



dihydro-1H-benzo[b]azepin-2@3)-one (7a,b), isoindoline-1,3-dione 8a,b), indolin-2,3-dione
(9a,b), piperidin-2-one 10a,b) and indole {1a,b) derivatives.

The results achieved by scoring the affinity ofséaenolecules for thelR via their molecular
dynamics simulations in complex with our 3f21R model allowed us to predict that, from the
perspective of receptor binding ability, modificats of the benzoxazolone moiety are well
tolerated only if the new molecular scaffolds presethe peculiar molecular determinants for
the optimal encasement in the relevafiR binding cavity. In fact, the new derivativeg, in
which the aromatic substituent and the hydrogerdbmeceptor atom are preserved, display a
binding capacity comparable to, or even slightlghar (as in the case of the derivatives 4-
phenyloxazolidin-2-on@a,b) to that of the lead compounila and1d. Conversely, when one of
the pharmacophore requirements is missing (aseipigreridone 10a,b) or in the indole 11a,b)
derivatives), the favorable interactions establishetween th@1lR and the ligand significantly
decreases, with effects extending, in a dominocgfigeyond the receptor hydrophobic cavity
directly involved in ligand binding. Finally, it isteresting to highlight that the addition of a
supplementary element, i.e. an additional hydrogemd acceptor (e.g., isoindolindion&a,b
and indolindiones9a,b), leads to a substantial impairment of the resglitcompoundolR
binding capability, by virtue of a suboptimal confation of the aromatic fragment nestled in
the receptor binding cavity.

All computer-based predictions were substantiatedhle experimental characterization of the
o01R affinity of all new compounds through radioligabinding assays of the; Kalues against
both sigma receptor subtypes. The analysis condirthe quality of then silico prediction with

an outstanding agreement between the calculai€d affinity and the experimental inhibitory
concentrations. Moreover, the experiments revealel@ar preference of the new derivat®/@

for theolR with a good selectivity profile against th2 receptor subtypes.

Finally, the MTT viability assay on human neurolitaisa cells (SH-SY5Y) was performed in
order to test the cytotoxic effects of the novempounds. These data were also useful for a
preliminary evaluation of the agonist/antagonidtdeor on a selection of the bestR binder

in the new series. According to these tests, thve fg@henyloxazolidin-2-one derivativéXp,
(R)-2b and(S)-2b demonstrated a very low level of cytotoxicity, qmamable with that obtained
with the glR prototypical agonist pentazocine. This propectgupled with their remarkable

o0l1R affinities (Kol values in the low nanomolar range), outlinesg¢hssmpounds as the most



promising candidates of the series to exploit tlEsmmew pharmacologic agents for further and

more specific investigation on tled R biologic activity.

4. Experimental

4.1 Computational details

The optimized structure of all compounds was dodkéal the putative binding pockets for the
sigmal receptor by applying a consolidated proce{iL8-28] with AutoDock 4.2 [37]. For each
compound, only the molecular conformation satigfyiime combined criteria of having the lowest
(i.e., more favorable) Autodock energy and belogdgm a highly populated cluster was selected
to carry out for further modeling. The ligand/remepcomplexes obtained from the docking
procedure was further refined in Amber 14 [38] gsihe quenched molecular dynamics (QMD)
method as previously describfiB-28]. According to QMD, the best energy configlion of
each complex resulting from this step was subsdtjusalvated by a cubic box of TIP3P [39]
water molecules extending at least 10 A in eackction from the solute. The system was
neutralized and the solution ionic strength wasistéd to the physiological value of 0.15 M by
adding the required amounts of N&nd Cl ions. Each solvated system was relaxed by 508 step
of steepest descent followed by 500 other conjugeddient minimization steps and then
gradually heated to a target temperature of 300 kniervals of 50 ps of NVT MD, using a
Verlet integration time step of 1.0 fs. The Langethermostat was used to control temperature,
with a collision frequency of 2.0 PsThe protein was restrained with a force constdr2.0
kcal/(mol A), and all simulations were carried owfith periodic boundary conditions.
Subsequently, the density of the system was eqaiéd via MD runs in the isothermal-isobaric
(NPT) ensemble, with isotropic position scaling anpgressure relaxation time of 1.0 ps, for 50 ps
with a time step of 1 fs. All restraints on the tgin atoms were then removed, and each system
was further equilibrated using NPT MD runs at 3Q0nith a pressure relaxation time of 2.0 ps.
Three equilibration steps were performed, each [Bmg and with a time step of 2.0 fs. To check
the system stability, the fluctuations of the rna$dhe simulated position of the backbone atoms
of the receptor with respect to those of the ihitieotein were monitored. All chemophysical
parameters and rmsd values showed very low fluctisiat the end of the equilibration process,

indicating that the systems reached a true equufibrcondition. The equilibration phase was



followed by a data production run consisting ofr@0of MD simulations in the canonical (NVT)
ensemble. Only the last 20 ns of each equilibrdd&dtrajectory were considered for statistical
data collections. A total of 1000 trajectory snagshwere analyzed the each ligand/receptor
complex. The binding free energ@tGping, between the ligands and the sigmal receptor was
estimated by resorting to the MM/PBSA approach engnted in Amber 14. According to this
well validated methodology [18-28], the free enevgys calculated for each molecular species
(complex, receptor, and ligand), and the bindirg fenergy was computed as the difference:
AGpind = Geomplex— (Greceptort Gigand) = AEmm + AGsol - TAS

in which AEuu represents the molecular mechanics enef\§y. includes the solvation free
energy and &S is the conformational entropy upon ligand bindifige per residue binding free
energy decomposition was performed exploiting theD Mrajectory of each given
compound/complex, with the aim of identifying theykresidues involved in the ligand/receptor
interaction. This analysis was carried out usiregMiM/GBSA approach [40], and was based on
the same snapshots used in the binding free ematgylation. All simulations were carried out

using the Pmemd modules of Amber 14, running onMose25CPU/GPU calculation cluster.

4.2 Chemistry

Commercially available chemicals were of reagentadg and used as received. Column
chromatography was performed on Silica Gel 60 (280-mesh, Merk) and reaction courses and
product mixtures were routinely monitored by thayér chromatography (TLC) on silica gel
precoated ks, Merck plates. Melting points were determined wahBichi 510 capillary
apparatus or a Stuart SMP300, and are uncorrelctedred spectra were recorded on a Perkin
Elmer RXI spectrophotometer in nujol mulls. Protouclear magnetic resonancH{NMR)
spectra were determined on a Varian Gemini 200 M&ldeol 400 MHz and a Varian Inova 500
MHz; chemical shifts are reported &g(ppm) in CDC} solution (0.05% v/v TMS). ESI-MS
spectra were obtained on a Bruker Daltonics Esqli® spectrometer by infusion of a solution

of the sample in MeOH.



4.2.1 Synthesis of (R,S)4-phenyloxazolidin-24hj@1,42]

To a solution of 2.5 g (66.0 mmol) of NaBkh 125 ml of THF at 0°C, 8.4 g of (33.0 mmol)
dissolved in the minimum amount of THF, were sloatjded. When the solution turns white,
5.0 g of (R,S)-phenylglycine were added. The mixtwas heated under reflux for 18h under
TLC monitoring (CHCI/EtOH 9:1). The solution was allowed to cool thelded of 4 ml of
MeOH until it turns clear. The solvents were rentbuader reduced pressure.

The solid residue has been taken with 60 ml of &1kXD% acq. solution and allowed to stir for
4h at room temperature. GEl, was added and the organic phase was separateedvesth
water, dried with Ng50O, and concentrated in vacuum to afford 4.3g (95%) (RfS)-
phenylglycinol12 as a light-yellow oil.

'H NMR (CDCL-TMS) ppm §): 2.84 (broad s., 3H, N+ OH); 3.46 (m, 1 CH,); 3.56 (m,
1Hp, CHy); 3.87 (m, 1H, CH); 7.20 (m, 5H, arom.). MS: m&81MH"].

In the same manner pure (R)-phenylglycifig)-12 and pure (S)-phenylglycindlS)-12 were
obtained, starting from the corresponding R- amzh&aylglicine.

A dry 250 ml three-necked round bottom flask egagmith a thermometer and a 10 cm
vigreux column with a distillation head, was chafgeith 4.3 g of the (R,S)-phenylglycinol
(31.4 mmol) obtained and added of 9.3 g of dietlaybonate (79.0 mmol) and 0.43 g o003
(3.10 mmol). The mixture was heated carefully t®-130°C and the ethanol was distils as it
formed. The oily residue was cooled and added bynb6f CH,ClI, to facilitate the filtration of
the remaining potassium carbonate. The organicephas then washed with a satured solution
of NaHCQ, separated and dried over anhydrous3y, filtrate and evaporateid vacuo The
residue was crystallized from AcOEt/Etp (1:3) toad 4.3 g (26.4 mmol, 85%) df3 as a white
solid; mp 134-136°C.

'H-NMR (CDClL/TMS) &: 4.22 (dd 1H, Chloxad., J=8.6; 7.0 Hz); 4.77 (dd, 1H, CH oxakk,
8.6; 8.6 Hz); 4.98 (dd, 1H, CHoxad., J= 8.6; 7.0 Hz); 5.40 (broad s., 1H, NH oxad.
disappearing on fd); 7.40 (m, 5H, arom.). MS: m/z 164 [MH

In an analogous way the pure isomers (R)-4-pheygobdin-2-one (R)-13 and (S)-4-
phenyloxazolidin-2-onéS)-13 were obtained:



4.2.2. (R)-4-phenyloxazolidin-2-o(f)-13

White solid; m.p.: 126-128°C; Yield (%): 8%5-NMR (CDCL/TMS) &: 4.22 (dd 1H, Chloxad.,
J=8.6; 7.0 Hz); 4.77 (dd, 1H, CH oxads 8.6; 8.6 Hz); 4.98 (dd, 1H, GHbxad.,J= 8.6; 7.0
Hz); 5.40 (broad s., 1H, NH oxad. disappearing o@)P 7.40 (m, 5H, arom.). MS: m/z 164
[MH™].

4.2.3. (S)-4-phenyloxazolidin-2-off#-13

White solid; m.p.: 124-126°C; Yield (%): 77H-NMR (CDCL/TMS) &: 4.22 (dd 1H, CH
oxad.,J= 8.6; 7.0 Hz); 4.77 (dd, 1H, CH oxads 8.6; 8.6 Hz); 4.98 (dd, 1H, GHbxad.,J= 8.6;
7.0 Hz); 5.40 (broad s., 1H, NH oxad. disappeaond;,0); 7.40 (m, 5H, arom.). MS: m/z 164
[MH"].

4.2.4. 5-Phenyl-1,3,4-oxadiazol-2(3H)-a#[43]

To an ice-bath solution of benzoic acid hydraz2i® @, 18.0 mmol) in 20 ml of water a solution
of triphosgene (5.34 g, 18.0 mmol) in 20 ml of tate was added dropwise. A white solid was
formed which dissolved by addiction of water. Thigamic phase was eliminated and the water
was neutralized with an aqueous solution of NaOB¥{L The white solid formed was filter off,
wash with distilled water and recrystallized frofmsaEtOH to afford 1.4 g of4 as a white
solid.

Yield (%) 48; m.p.= 132-136°C; I.R.: (nujol, éh): 1751, 3257*H-NMR (CDCL/TMS): 3 7.51
(m, 3H arom.), 7.89 (d, 2H arom.), 10.0 (broadlsl, NH disappearing on deuteration). MS:
m/z 163 [MH].

4.2.5. 4,5-Dihydro-1H-benzo[b]lazepin-2(3H)-ob&[44]

3.00 g (21.0 mmol) of 1-tetralone were dissolved.?® ml of toluene and cooled with an ice
bath at 0°C, under stirring. Sodium azide (2.64D0 mmol) was added in one portion and,
subsequently, 10.2 ml of HO, conc. were added drop by drop, over a period omBtutes.
The solution was left to stir overnight, then 82 ahldistilled water were slowly added and the
organic phase was separated, dried over anhydreeSQN filtrate and evaporateh vacuo
The solid residue was crystallized from £Hb/n-hexane (1:1) to afford 2.20 g (14.0 mmol,
76%) of15 as a white crystalline solid.

Melting point; 138-139°C'H-NMR (CDCL/TMS): & 2.36 (dq, 2H, H 4 CH, benzoaz .); 2.49
(9, 2H, K3 CHy; benzoaz.); 2.93 (t, 2H,44 benzoaz.); 7.09 (d, 1H,starom.); 7.29 (t, 1H, H
arom.); 7.37 (m, 2H, e H, arom.); 7.60 (broad s., 1H, NH-CO disappearinglemteration).



Compoundd6-22 are commercially available.

4.2.6 General synthesis of intermediaBe32
4.2.6.1 (R,S) 3-(4-bromobutyl)-4-phenyloxazolidior&23
To a solution of 1.6 g (10.0 mmol) of (R,S) 4-phlexgazolin-2-one 13), 3,4 g (25.0 mmol) of

K,CO; and a catalytic amount of Kl in acetonitrile, §425.0 mmol) of 1,4-dibromobutane
were slowly added drop by drop stirring at rt. Thixture was then heated under reflux for 6-
12h, monitored by TLC (CHCI,/EtOH 9:1). The hot solution was filtered and evaped under
reduced pressure. The yellow oil residue of (R,%}-Bromobutyl)-4-phenyloxazolidin-2-one

23 was used without further purification.

Yield: 96%; I.R.: (nujol, crf): 1735; 'H-NMR (CDCK/TMS): & 1.42 (m, 2H, N-
CH,CH3CH,CH,Br); 1.60 (m, 2H, N-CHCH,CH,CH,Br); 2.65 (m, 1H, H, N-CH,(CH,)3Br);
3.20 (M, 3H, H, N-CH5(CHy)sBr + N-(CHy)sCH.Br); 3.97 (dd, 1H, Chloxad.,J= 8.8; 6.6 Hz);
4.46 (dd 1H, CH oxadJ= 8.8; 8.8 Hz); 4.62 (dd, 1H, GHbxad., J= 8.8; 6.6 Hz).

In the same way the enantiomerically pure compoyfj23, (5)-23 and compound24-32

were obtained.

4.2.6.2 (R) 3-(4-bromobutyl)-4-phenyloxazolidint@R)-23

Trituration with petroleum ether (40°-70°) give ellpw oil; yield: 57%;'H-NMR: (CDCls-
TMS) & 1.29 (m, 2H, N-CHCH>CH,CH,Br); 1.50 (m, 2H, N-CHCH,CH,CH,Br); 2.54 (m,
1H, H, N-CH»(CH,)3Br); 3.10 (m, 3H, H, N-CH2(CH,)3Br + N-(CH,)sCH,Br); 3.80 (m, 1H,
CH; oxad.); 4.35 (m 1H, CH oxad.); 4.62 (m, 1H, G¥tad.).
4.2.6.3 (S) 3-(4-bromobutyl)-4-phenyloxazolidinie (S)-23

Trituration with petroleum ether (40°-70°) give ellpw oil; yield: 40%;'H-NMR: (CDCls-
TMS), [1: 1.29 (m, 2H, N-CHCH,CH,CH,Br); 1.50 (m, 2H, N-CHCH,CH,CH,Br); 2.54 (m,
1H, H, N-CH3(CH,)3Br); 3.10 (m, 3H, H, N-CH2(CHy)3sBr + N-(CH,)sCHBr); 3.80 (m, 1H,
CH; oxad.); 4.35 (m 1H, CH oxad.); 4.62 (m, 1H, G¥tad.).

4.2.6.4 3-(4-bromobutyl)-5-Phenyl-1,3,4-oxadia2(8H)-one24

White solid (upon cooling overnight), yield: 53%;pn60-66 °C;'H-NMR: (CDCI3/TMS) &:
1.97-2.00 (m, 4H, N-CKCH,CH,CH,Br), 3.48 (m, 2H, NCH,CH,CH,CH,Br), 3.83 (m, 2H,
N-CH,CH,CH,CHBr), 7.48 (m, 3H, Ph), 7.85 (m, 2H, Ph).



4.2.6.5 1-(4-bromobutyl)-3,4-dihydroquinolin-2(1bipe25

Chromatography column (AcOEt-EtOH 95:5); yellow; gileld: 92%;'H-NMR: (CDCL/TMS)

0. 1.75-1.80 (m, 2H, NCHCH,CH,CH,Br), 1.95-2.00 (m, 2H, NC}CH,CH,CH,Br), 2.60 (t,
2H, CH,CH,CO dihydroqg.J= 8 Hz) 2.85 (t, 2HCH,CH,CO dihydrog. J= 8 Hz), 3.40 (t, 2H,
N-CH,CH,CH,CHBr), 3.93 (t, 2H, NCH,CH,CH,CH,Br), 6.96-7.23 (m, 4H arom.).

4.2.6.6 4-(4-bromobutyl)-2H-benzo[b][1,4]oxazirdB{)-one26

Yellow oil; yield: 92%;'H-NMR: (CDCL/TMS) & 1.77-1.90 (m, 4H, N-CHCH,CH,CH,Br);
3.39 (t, 2H, N-(CH)3CH2Br); 3.90 (m, 2H, NEH,(CH,)3Br); 4,51 (m, 2H, Hs CH, benzox.);
6,94 (m, 4H, arom.).

4.2.6.7 4-(4-bromobutyl)-2H-benzo[b][1,4]thiazir{43H)-one27

Yellow oil; yield: 87%:'H-NMR: (CDCBL/TMS) &: 1.75-1.85 (m, 4H, N-CHCH,CH,CH,Br);
3.32 (t, 2H, N-(CH)3CH2Br); 3.40 (s, 2H, B3 CH,; benzothiaz.); 4.00 (t, 2H, BH»(CH,)3Br);
6,99-7.34 (m, 4H, arom.).

4.2.6.8 1-(4-bromobutyl)-2,3,4,5-tetrahydro-1H-bejb]]azepin-2(3H)-on&8

Orange oil; yield: 76%'H-NMR: (CDCL/TMS) & 1.53-1.72 (m, 4H, N-CHCH,CH,CH,Br);
1.90-2.10 (m, 4H, Bls-Hs.s 2XCH, benzoaz.); 2.58 (m, 2H,sH CH, benzoaz.); 3.22 (t, 2H, N-
(CH)3CH2Br); 3.76 (m, 2H, NEH,(CHy)3Br); 7.03-7.17 (m, 4H, arom.).

4.2.6.9 2-(4-bromobutyl)isoindoline-1,3-dio2@

This compound has been synthesized starting frotaspmm phtalimide (1 eq.) and 1,4-
dibromobutane (2.5 eq.) by refluxing the mixtureaetone for 6 hours. The hot solution was
filtered off from inorganic salts then concentratedracuoand recrystallized from-hexane to
afford a white solid.

Yield: 80%; m.p. 78-82 °C!H-NMR (CDCL/TMS) &: 1.85 (m, 4H, N-CHCH,CH,CH,Br),
3.43 (t, 2H, N-CHCH,CH,CHBr), 3.71 (t, 2H, NEH,CH,CH,CH,Br), 7.72 (m, 2H, H Hy),
7.82 (m, 2H, H, Hg).

4.2.6.10 1-(4-bromobutyl)indoline-2,3-diog@
To a solution (1eq.) of isoindolin-1,3-dione in DME2eq. of NaH (95%) was added at 0°C and

the mixture was stirred for 30 minutes. Then 2.%¥d.,4-dibromobutane was slowly added and
the mixture was allowed to stir at room temperatwernight. The solution was poured into ice-
cold water and extracted three times with diethiflee which was collected, dried over
anhydrous Nz50,, filtered and evaporated. The residue was puritigd chromatography
column (100% CHhCly).



Orange oil; yield: 85%; m.p. 76-80 °C; I.R.: (hyjohi*): 1610, 1737H-NMR (CDCL/TMS)
0. 1.91 (m, 4H, NCHCH,CH,CH,Br), 3.46 (t, 2H, NCH,CH,CH,CH,Br), 3.76 (t, 2H,
NCH,CH,CH,CHBr), 6.92 (d, 1H, H indol.), 7.12 (t, 1H, k&l indol.), 7.59 (m, 2H, K Hs
indol.).

4.2.6.11 1-(4-bromobutyl)piperidin-2-oB8&

The synthesis of this intermediate started fronglaod piperidin-2-one dissolved in ACN, 5%
mol of TBAB and 1.5eq. of CsCG(&s base. The reaction mixture was allowed tms8rnight at
room temperature then the solvent was evaporatéeérureduced pressure. The residue was
dissolved with CHCIl, and washed with water 3 times. The oily residues warified by

chromatography column on silica gel (eluent: AcEBEDH 95-5).

Yield: 15%; *H-NMR (CDCL-TMS), & 1.54-1.77 (m, 8H, (4) C#CH.CH.CH, and (4)
NCH,CH,CH,CH,CO pip.), 2.24 (m, 2H, NC}¥CH,CH,CH,CO pip.), 3.13-3.30 (m, 4H, (2)
CH,CH,CH,CH,N and (2) NCH,CH,CH,CH,CO pip.), 3.35 (M, 2H, C}¥CH,CH,CH,Br).

4.2.6.12 1-(4-bromobutyl)indo?

The synthesis of this compound was carried out thighsame procedure described above for the
corresponding indolin-2,3-dione derivativ@0), with the addiction of a catalytic amount (5%
mol) of TBAB into the reaction mixture. The prodweas purified by chromatography column

on silica gel using petroleum ether (40°-70°) aeet to afford a light yellow oil.

Yield: 23%; *H-NMR (CDCL/TMS) &: 1.85 (m, 2H, NCHCH,CH,CH,Br), 2.01 (m, 2H,
NCH,CH,CH2CH,Br), 3.37 (t, 2H, NCH,CH,CH,CH;Br), 4.17 (t, 2H, NCHCH,CH.CH.Br),
6.50 (d, 1H, H, indol.,J= 2.8 Hz), 7.09 (t, 1H, K indol., J= 2.8 Hz), 7.11 (t, 1H, & indol.),
7.21 (t, 1H, H, indol.), 7.34 (d, 1H, Kindol.), 7.63 (d, 1H, Hindol.).

4.2.7 General synthesis of final compougdda,b

4.2.7.1 (R,S) 3-(4-Benzyl-(methyl)-amino)-butypkenyl-oxazolidin-2-on2a

A solution of 0.17 g (1.40 mmol) of N-benzylmethyl@me, 0.20 g (1.40 mmol) of &O; and
0.40 g of (R,S)-3(4-bromobutyl)-5-phenyloxazolidirene 23 in ACN was allowed to stirring

under reflux for 6-12 h and monitored by TLC urttile reaction was completed. The hot



solution was filtered and concentratéed vacuo to afford 0.29 g (85.0 mmol) of a
chromatography pure yellow @h.

ILR.: (nujol, cm) 1754 (C=0);'H-NMR: (CDCL-TMS; 200 MHz), 5: 1.40-1.60 (m, 4H,
CH,CH,CH,CHy); 2.14 (s, 3H, ICH3); 2.32 (t, 2H, (CH)sCH,NCHs); 2.80 (m, 1H, H
NCH2(CHz)sNCHs); 3.43 (m, 3H, i NCH2(CH)sNCHs + (2) N(CH)CH,Ph); 4.11 (dd, 1H,
CH, oxad.;J= 8.8; 6.6 Hz); 4.60 (t, 1H, CH oxadk 8.8; 8.8 Hz); 4.77 (dd, 1H, Gtbxad.J=
8.8; 6.6 Hz); 7.20-7.40 (m, 10H, arorV)S: m/z 339 [MH].

The 1-(4-chlorophenyIN-methylmethanamine was synthesized starting froohldrobenzyl
chloride (14.0 mmol) and 20 ml of ethanolic solataf methylamine (33%) under reflux for 2h.
The mixture was distilled under vacuum to elimindte excess of methylamine and washed
with a satured NaHCfOsolution to afford a yellow oil (56%) that was dseithout further
purification.

The 1-(2,4-dimethylphenyIN-methylmethanamine was synthesized in analogous way

4.2.7.2 (R,S) 3-(4-((4-Chlorobenzyl)-(methyl)-anphbatyl)-4-phenyl-oxazolidin-2-or#b.

Starting from  1-(4-chlorophenyl-methylmethanamine and (R,S)-3(4-bromobutyl)-5-
phenyloxazolidin-2-one23 following the same procedure described above, 7@%2bowas
obtained as a yellow pure oil.

ILR.: (nujol, cm') 1754 (C=0).'H-NMR: (CDCkL-TMS; 200 MHz) &: 1.30-1.50 (m, 4H,
CH,CH,CH,CHy); 2.11 (s, 3H, NCH); 2.30 (m, 1H, (CH)3;CH;NCHs); 2.80 (m, 1H,
(CH2)3CH2NCHg); 3.38 (s, 2H, ICH2(CHy)sNCHa); 3.45 (s, 2H, N(CBCH,Ph); 4.10 (dd, 1H,
CH, oxad.;J= 8.0; 6.0 Hz); 4.59 (t, 1H, CH oxads 8.0; 8.0 Hz); 4.78 (dd, 1H, GHbxad.;J=
8.0; 6.0 Hz); 7.20-7.40 (m, 9H, arom). MS: m/z 3vH "], 373 [MH"+2].

Following the same procedure described above, cang®oR)-2a,b, (S)-2a,b and3-11a,b were
obtained.

4.2.7.3 (R) 3-(4-Benzyl-(methyl)-amino)-butyl)-Zephl-oxazolidin-2-onéR)-2a

Yellow oil; yield: 83%; I.R.: (nujol, cm) 1754 (C=0).!H-NMR: (CDCk-TMS; 400 MHz)d:
1.20-1.40 (m, 4H, CKHCH,CH,CHy); 1.99 (s, 3H, ICH3); 2.19 (t, 2H, (CH)3sCH,NCHg); 2.65
(m, 1H, N-CH2(CHz3)3sNCHj3);3.30 (m, 3H, N(CH)CH,Ph + 1H NCH»(CH,)sNCHjg); 3.93 (m,



1H, CH oxad.;J= 12.0; 8.0 Hz); 4.45 (t, 1H, Gtbxad.J= 12.0; 12.0 Hz); 4.65 (m, 1H, GH
oxad.J= 12.0; 8.0 Hz); 7.15-7.25 (m, 10H, arom). MS: 1338 [MH'].

4.2.7.4 (R) 3-(4-((4-Chlorobenzyl)-(methyl)-amiroityl)-4-phenyl-oxazolidin-2-on&)-2b
Yellow oil; yield: 82%; I.R.: (nujol, cil) 1754 (C=0).'H-NMR: (CDCkL-TMS; 400
MHz) & 1.30-1.50 (m, 4H, CCH,CH,CH,); 2.06 (s, 3H, ICH3); 2.24 (m, 1H,
(CH,)3CH,NCH,); 2.75 (m, 1H, (CH)CH,;NCHjy); 3.34 (s, 2H, N(CECH,Ph); 3.42 (m,
2H, NCH,(CH,)3NCHs,); 4.05 (m, 1H, CH oxad.;J= 12.0; 8.0 Hz); 4.55 (t, 1H, CH
oxad.;J= 12.0; 12.0 Hz); 4.74 (t, 1H, Ghbxad.;J= 12.0; 8.0 Hz); 7.13-7.43 (m, 9H,
arom). MS: m/z 371 [MH, 373 [MH"+2].

4.2.7.5 (S) 3-(4-Benzyl-(methyl)-amino)-butyl)-&pyl-oxazolidin-2-onéS)-2a

Yellow oil; yield: 91%; I.R.: (nujol, cm) 1754 (C=0).!H-NMR: (CDCkL-TMS; 500 MHz)?:
1.40-1.50 (m, 4H, CKHCH,CH,CHy); 2.11 (s, 3H, ICH3); 2.30 (t, 2H, (CH)sCH,NCHg); 2.77
(m, 1H, NCH2(CHz)sNCHa); 3.41 (m, 3H, N(CH)CH,Ph + 1H NCH,(CH,)sNCHj); 4.08 (dd,
1H, CH, oxad.;J= 10.0; 5.0 Hz); 4.57 (t, 1H, CH oxads 10.0; 5.0 Hz); 4.76 (dd, 1H, GH
oxad.J= 10.0; 5.0 Hz); 7.25-7.40 (m, 10H, arom). MS: 338 [MH'].

4.2.7.6 (L) 3-(4-((4-Chlorobenzyl)-(methyl)-amirm)tyl)-4-phenyl-oxazolidin-2-on&)-2b
Yellow oil; yield: 83%: I.R.: (nujol, cil) 1754 (C=0)."H-NMR: (CDCkL-TMS; 500 MHz)8&:
1.30-1.45 (m, 4H, CKCH,CH,CHy); 2.09 (s, 3H, ICH3); 2.27 (M, 1H, (Ck)3;CH.NCHj3); 2.77
(m, 1H, (CH)3CH,NCHj3); 3.36 (s, 2H, N(CBCH,Ph); 3.40 (m, 2H, BH,(CH,)sNCHj); 4.06
(dd, 1H, CH oxad.;J= 10.0; 5.0 Hz); 4.57 (t, 1H, CH oxads 10.0; 5.0 Hz); 4.76 (dd, 1H, GH
oxad.;J= 10.0; 10.0 Hz); 7.20-7.40 (m, 9H, arom). MS: B74 [MH'], 373 [MH"+2].

4.2.7.7 3-(4-(Benzyl(methyl)amino)butyl)-5-phehyd;4-oxadiazol-2(3H)-onga

Yellow oil; yield: 91%: I.R.: (nujol, cil) 1787 (C=0).'H-NMR: (CDCL-TMS; 200 MHz)8&:
1.58-1.83 (m, 4H, CKHCH,CH,CH,); 2.17 (s, 3H, ICH3); 2.43 (t, 2H, (CH)sCH,NCHg); 3.47
(s, 2H, N(CH)CH,Ph); 3.76 (t, 2H, ®H,(CHz)sNCHg); 7.28-7.82 (m, 10H, arom). MS: m/z
338 [MH].

4.2.7.8 3-(4-((4-Chlorobenzyl)(methyl)amino)bufdphenyl-1,3,4-oxadiazol-2(3H)-013b
Yellow oil; yield: 47%; I.R.: (nujol, crit) 1775 (C=0).*H-NMR: (CDCkL-TMS; 200 MHz)85:
1.90-2.00 (m, 4H, CKCH,CH,CHy); 2.15 (s, 3H, ICH3); 3.43 (m, 4H,
(CHy)3CH,N(CH3)CH,Ph); 3.82 (t, 2H, ®H2(CHj3)sNCHg); 7.26-7.83 (m, 9H, arom). MS: m/z
371 [MH"], 373 [MH'+2].



4.2.7.13 1-(4-(Benzyl(methyl)amino)butyl)-3,4-ditoguinolin-2(1H)-oneta

Yellow oil; yield: 80%: I.R.: (nujol, cril) 1634 (C=0).'H-NMR: (CDCkL-TMS; 200 MHz)8&:
1.50-1.70 (m, 4H, CKCH,CH,CHy,); 2.00 (s, 3H, N-Ch); 2.27 (t, 2H, NEH,CH,CH,CHy,);
2.49 (t, 2H, CHCH»-CO dihydrog.J= 8.0 Hz); 2.71 (t, 2HCH,CH,-CO dihydrog. J= 8.0 Hz);
3.30 (s, 2H, PBHN); 3.77 (t, 2H, NEH2(CH,)3-N-CHj3); 6.80-7.20 (m, 9H, aromMS: m/z
323 [MH].

4.2.7.14 1-(4-((4-Chlorobenzyl)(methyl)amino)b)8/4-dihydroquinolin-2(1H)-ondb

Yellow oil; yield: 73%: I.R.: (nujol, cil) 1679 (C=0)."H-NMR: (CDCL-TMS; 200 MHz)85:
1.55-1.68 (m, 4H, CHCH,CH,CHy); 2.24 (s, 3H, N-Ch); 2.54 (t, 2H, (CH)3-CH,-N-CHy);
2.64 (t, 2H, CHCH,-CO chin.,J= 8 Hz); 2.88 (t, 2HCH,CH,-CO chin.,J= 8 Hz); 3.55 (s, 2H,
PhCH2N); 3.95 (t, 2H, N-CHCH,CH,CH,-NCO); 6.90-7.30 (m, 8H, arom). MS: m/z 357
[MH™], 359 [MH"+2].

4.2.7.15 2-(4-Benzyl(methyl)amino)butyl)-2H-beb#d[,4]oxazin-3(4H)-oneba

Yellow oil; yield: 88%; I.R.: (nujol, crit) 1695 (C=0).*H-NMR: (CDChL-TMS; 400 MHz)$5:
1.50-1.60 (m, 4H, CHCH,CH,CH,); 2.05 (s, 3H, ICH3); 2.29 (m, 2H, (CkH)3CH,NCHjg); 3.33
(s, 2H, NCH2Ph); 3.79 (m, 2ZHCH,(CH,)sNCHs); 4,40 (s, 2H, K3 CH, benzox.); 6,85 (m, 4H,
arom. benzox.); 7.16 (m, 5H, arom. PMS: m/z 325 [MH].

4.2.7.16 2-(4-((4-Chlorobenzyl)(methyl)amino)b)BH-benzo[b][1,4]oxazin-3(4H)-onBb
Yellow oil; yield: 88%: I.R.: (nujol, cril) 1682 (C=0)."H-NMR: (CDCkL-TMS; 400 MHz)$&:
1.46-1.60 (m, 4H, CKCH,CH,CHy); 2.04 (s, 3H, ICH3); 2.30 (M, 1H, (CkK)3;CH2NCHj3); 3.33
(s, 3H, NCH2Ph e (CH)3CH2;NCHg); 3.78 (m, 2H,CH2(CH)sNCHs); 4,41 (s, 2H, Hs CHy
benzox.); 6,85 (m, 4H, arom. benzox.); 7.12 (m, 4kgm. Ph). MS: m/z 359 [MH, 361
[MH"+2].

4.2.7.17 2-(4-Benzyl(methyl)amino)butyl)-2H-beb#d[,4]thiazin-3(4H)-one6a

Yellow oil; yield: 38%: I.R.: (nujol, cil) 1674 (C=0)."H-NMR: (CDCL-TMS; 400 MHz)$&:
1.49-1.59 (m, 4H, CKCH,CH,CH,); 2.09 (s, 3H, ICH3); 2.33 (m, 1H, (CkH)3CH2NCHy);
3.21-3.24 (m, 3H, BH2Ph e 1H (CH)3CH,NCHj); 3.40 (s, 2H, K3 CH; benzothiaz.); 3.91
(m, 2H, CH5(CH,)sN-CHs); 6,90-7.20 (m, 9H, arom. benzothiaz. and Ph). M&: 341 [MH];
4.2.7.18 2-(4-((4-Chlorobenzyl)(methyl)amino)b)+BH-benzo[b][1,4]thiazin-3(4H)-oné&b
Yellow oil; yield: 52%; I.R.: (nujol, crit) 1651 (C=0).*H-NMR: (CDCkL-TMS; 400 MHz)$5:
1.42-1.54 (m, 4H, CpCH,CH,CH,); 2.02 (s, 3H, ICH3); 2.27 (m, 1H, (ChH)3sCH;NCHjy);
3.17-3.20 (m, 3H, BH2Ph e 1H (CH)3CH,NCHjg); 3.32 (s, 2H, K3 CH; benzothiaz.); 3.87



(m, 2H, CH,(CH,)3sNCHzs); 6,87-7.21 (m, 8H, arom. benzothiaz. and Ph). M& 375 [MH],
377 [MH+2].

4.2.7.19 1-(4-(Benzyl(methyl)amino)butyl)-4,5-ditos1H-benzo[b]azepin-2(3H)-on&a
Orange oil; yield: 49%; I.R.: (nujol, ¢ 1651 (C=0).!H-NMR: (CDCkL-TMS; 400 MHz)?:
1.44-1.61 (m, 6H, CHCH,CH,CH, + Hs.4 CH; benzoaz.); 2.09 (s, 3H,QH3); 2.21 (m, 1H,
(CHR)3CH2NCHg); 2.29 (m, 2H, H.3 CH; benzoaz.); 2.65 (m, 2HCH»(CH,)sNCHg); 3.38 (s,
2H, Hs.5 CH, benzoaz.); 3.43 (s, 2KEH,Ph); 7.14-7.25 (m, 9H, arom. benzoaz. and FI9:
m/z 337 [MH].

4.2.7.20 1-(4-((4-Chorobenzyl)(methyl)amino)butyb-dihydro-1H-benzo[b]azepin-2(3H)-one
7b

Orange oil; yield: 51%; I.R.: (nujol, ¢ 1659 (C=0).!H-NMR: (CDCL-TMS; 400 MHz)d:
1.44-1.62 (m, 6H, CHCH,CH,CH, + Hs.4 CH; benzoaz.); 2.06 (s, 3H,QH3); 2.10 (m, 2H,
Hs3 CH, benzoaz.); 2.20 (m, 2H, (GHCH2NCHj3); 2.64 (m, 2H,CH»(CH,)sNCHz); 3.33 (s,
2H, CH,Ph); 3.42 (m, 2H, K5 CH, benzoaz.); 7.11-7.24 (m, 8H, arom. benzoaz. dMdWs:
m/z 371 [MH], 373 [MH'+2].

4.2.7.21 2-(4-Benzyl(methyl)amino)butyl)isoindelih3-dione8a

Yellow oil; yield: 63%; I.R.: (nujol, crit) 1713 (C=0).*H-NMR: (CDChL-TMS; 200 MHz)85:
1.52-1.72 (m, 4H, CKCH,CH,CH,), 2.15 (s, 3H, ;H3), 2.44 (m, 2H, (Ck)3CH,NCHj3), 3.44
(s, 2H, N(CH)CH,Ph), 3.68 (m, 2H, BH,(CH,)3sNCHjg), 7.30 (m, 5H, -Ph), 7.68 (m, 2H,H
H-, isoindol.), 7.83 (m, 2H, & Hs isoindol.). MS: m/z 323 [MH.

4.2.7.22 2-(4-((4-Chlorobenzyl)(methyl)amino)blisgindoline-1,3-dion&b

Yellow oil; yield: 47%: I.R.: (nujol, cil) 1715 (C=0)."H-NMR: (CDCkL-TMS; 200 MHz)8&:
1.45-1.80 (m, 4H, CHCH,CH,CH,), 2.14 (s, 3H, ICH3), 2.37 (t, 2H, N(CH)3CH,NCHa), 3.45
(s, 2H, N(CH)CHPh), 3.69 (t, 2H, BH3(CH,)sNCHz), 7.24 (m, 4H, -Ar), 7.70 (m, 2H, 41
H-, isoindol.), 7.83 (m, 2H, & Hg isoindol.). MS: m/z 357 [MH, 359 [MH"+2].

4.2.7.23 1-(4-Benzyl(methyl)amino)butyl)indolin8-8ione9a

Trituration with diethyl ether give a reddish ojlield: 67%; I.R.: (nujol, cil) 1614, 1781
(C=0). 'H-NMR: (CDCL-TMS; 400 MHz)3: 1.58 (m, 2H, CHCH,CH,CH,NCH;z), 1.74 (m,
2H, CH,CH2CH,CH:NCHs3), 2.17 (s, 3H, NCBh), 2.40 (t, 2H, CHCH,CH,CH2;NCHs), 3.45 (s,
2H, PICH2N), 3.71 (t, 2H,CH,CH,CH,CH,NCHs), 6.86-7.60 (m, 9H, arom.). MS: m/z 323
[MH"].

4.2.7.24 1-(4-((4-Chlorobenzyl)(methyl)amino)blitgoline-2,3-dionéb



Chromatography column (GBl-EtOH 98:2): reddish oil; yield: 95%: I.R.: (nujam®) 1614,
1763 (C=0).'H-NMR: (CDClk-TMS; 400 MHz)&: 1.57 (m, 2H, CHCH,CH,CH,NCHs), 1.73
(m, 2H, CHCH,CH,CH,NCHg), 2.14 (s, 3H, NCh), 2.38 (t, 2H, CHCH,CH,CH,;NCHs), 3.41
(s, 2H, PIEH2N), 3.71 (t, 2H,CH,CH,CH,CH,NCHj3), 6.86-7.60 (m, 8H, arom.). MS: m/z 357
[MH ], 359 [MH'+2].

4.2.7.25 1-(4-Benzyl(methyl)amino)butyl)piperi@ionelOa

Yellow oil; yield: 27%: I.R.: (nujol, cril) 1750 (C=0).*H-NMR: (CDCL-TMS; 400 MHz)$&:
1.40-1.55 (m, 4H, CKCH,CH>CHy), 1.70-1.80 (m, 4H, NC}CH,CH,CH,CO pip.), 2.15 (s,
3H, N-CHs), 2.33 (m, 4H, (2) NCKCH,CH,CH,;N-CHz and (2) N-CHCH,CH,CH,NCO pip.),
3.22 (t, 2H, NCH,CH,CH,CH,CO pip.), 3.31 (t, 2H, 8H,CH,CH,CH,N-CHj3), 3.44 (s, 2H,
PhCHN), 7.20-7.30 (m, 5H, arom).MS: m/z 275 [MH

4.2.7.26 1-(4-(4-Chlorobenzyl(methyl)amino)butygpidin-2-onelOb

Yellow oil; yield: 47%; I.R.: (nujol, cril) 1751 (C=0).*H-NMR: (CDChL-TMS; 400 MHz)$5:
1.43-1.51(m, 4H, CKCH,CH,CH,), 1.65-1.75 (m, 4H, NCKCH,CH,CH,CO pip.), 2.10 (s,
3H, N-CH), 2.30 (m, 4H, (2) NCECH,CH,CH2N-CHs and (2) N-CHCH,CH,CH,;NCO pip.),
3.18 (t, 2H, NCH,CH,CH,CH,CO pip.), 3.29 (t, 2H, BH,CH,CH,CH,N-CHj3), 3.36 (s, 2H,
PhCH,N), 7.17-7.22 (m, 4H, arom). MS: m/z 309 [MH311 [MH"+2].

4.2.7.27 1-(4-Benzyl(methyl)amino)butyl)indbla

Light orange oil; yield: 82%;'H-NMR: (CDCkL-TMS; 400 MHz) & 1.51 (m, 2H,
CH,CH,CH2;CH;NCHg), 1.87 (m, 2H, CHCH,CH,CH,NCH), 2.14 (s, 3H, NCH), 2.35 (t, 2H,
CH,CH,CH,CH,;NCHs), 3.43 (s, 2H, PGH,N), 4.10 (t, 2H,CH,CH,CH2CHNCHy), 6.46 (d,
1H, CH H, indol.), 7.06-7.62 (m, 10H, arom.). MS: m/z 298]

4.2.7.28 1-(4-(4-Chlorobenzyl(methyl)amino)butdple11b

Light yellow; vyield: 96%; 'H-NMR: (CDCkL-TMS; 400 MHz) & 151 (m, 2H,
CH,CH,CH;CH;NCHs), 1.87 (m, 2H, CHCH,CH,CH;NCHjs), 2.13 (s, 3H, NCh), 2.34 (t, 2H,
CH,CH,CH,CH,;NCHz), 3.39 (s, 2H, PGH,N), 4.11 (t, 2H,CH,CH,CH,CH,NCH;), 6.48 (d,
1H, CH H;, indol.), 7.07-7.64 (m, 9H, arom.).MS: m/z 327 [KJH329 [MH"+2].

5. Biology evaluation



5.1 Radioligand Binding Assays.

5.1.1 Materials

The guinea pig brains and rat liver for #heando, receptor binding assays were commercially
available (Harlan-Winkelmann, Borchen, Germany)ntagenizers: Elvehjem Potter (B. Braun
Biotech International, Melsungen, Germany) and fep 150, MSE, London, UK).
Centrifuges: Cooling centrifuge model Rotina 35Retfi¢h, Tuttlingen, Germany) and High-
speed cooling centrifuge model Sorvall RC-5C pllisefmo Fisher Scientific, Langenselbold,
Germany). Multiplates: standard 96-well multipla{@®agonal, Muenster, Germany). Shaker:
self-made device with adjustable temperature ambling speed (scientific workshop of the
institute). Harvester: MicroBeta FilterMate-96 Haster. Filter: Printed Filtermat Typ A and B.
Scintillator: Meltilex (Typ A or B) solid state stillator. Scintillation analyzer: MicroBeta

Trilux (all Perkin Elmer LAS, Rodgau-Jigesheim, @any).

5.1.2 Preparation of membrane homogenates fromegugig brain:

5 guinea pig brains were homogenized with the pg&@0-800 rpm, 10 up-and-down strokes) in
6 volumes of cold 0.32 M sucrose. The suspensianceatrifuged at 1200 ¢ for 10 min at 4
°C. The supernatant was separated and centrifug28580 xg for 20 min at 4 °C. The pellet
was resuspended in 5-6 volumes of buffer (50 mMS[RH 7.4) and centrifuged again at 23500
X g (20 min, 4 °C). This procedure was repeatedawi he final pellet was resuspended in 5-6

volumes of buffer and frozer80 °C) in 1.5ml portions containing about 1.5 mg protein/ml.

5.1.3 Preparation of membrane homogenates froriveait

Two rat livers were cut into small pieces and hoeroged with the potter (500-800 rpm, 10 up-
and-down strokes) in 6 volumes of cold 0.32 M sserd’he suspension was centrifuged at 1200
x g for 10 min at 4 °C. The supernatant was sepaiatedcentrifuged at 31,000g«for 20 min

at 4 °C. The pellet was suspended in 5-6 volumdmffér (50 mM TRIS, pH 8.0) and incubated
at room temperature for 30 min. After the incubatithe suspension was centrifuged again at
31000 xg for 20 min at 4 °C. The final pellet was resusphth 5-6 volumes of buffer and

stored at -80°C in 1.5 ml portions containing &tddmg protein/ml.

5.1.4 Protein determination



The protein concentration was determined by thehatktof Bradford [45], modified by
Stoscheck [46]. The Bradford solution was prepdredissolving 5 mg of Coomassie Brilliant
Blue G 250 in 2.5 ml of EtOH (95 %, v/v). 10 ml drized HO and 5 ml phosphoric acid (85%,
m/v) were added to this solution, the mixture wasexl and filled to a total volume of 50.0 ml
with deionized water. The calibration was carried wsing bovine serum albumin as a standard
in 9 concentrations (0.1, 0.2, 0.4, 0.6, 0.8, 1.8, 2.0 and 4.0 mg/ml). In a 96-well standard
multiplate, 10uL of the calibration solution or 10L of the membrane receptor preparation were
mixed with 190uL of the Bradford solution, respectively. After Srmthe UV absorption of the
protein-dye complex ak= 595 nm was measured with a platereader (Tecano§ehecan,

Crailsheim, Germany).

5.1.5 General procedures for the binding assays:

The test compound solutions were prepared by disgpbpproximately 1@umol (usually 2-4
mg) of test compound in DMSO so that a 10 mM steckition was obtained. To obtain the
required test solutions for the assay, the DMS@ksgwmlution was diluted with the respective
assay buffer. The filtermats were presoaked in Gasfdeous polyethylenimine solution for 2 h
at room temperature before use. All binding experita were carried out in duplicates in the 96-
well multiplates. The concentrations given arefthal concentration in the assay. Generally, the
assays were performed by addition offfOof the respective assay buffer, g test compound
solution in various concentrations (3,010°, 10°, 10% 10° and 10 mol/L), 50 pL of
corresponding radioligand solution and |30 of the respective receptor preparation into each
well of the multiplate (total volume 200L). The receptor preparation was always added last.
During the incubation, the multiplates were sha&ema speed of 500-600 rpm at the specified
temperature. Unless otherwise noted, the assaystergninated after 120 min by rapid filtration
using the harvester. During the filtration eachlwels washed five times with 3QQ of water.
Subsequently, the filtermats were dried at 95 °@e %olid scintillator was melted on the dried
filtermats at a temperature of 95 °C for 5 minutélier solidifying of the scintillator at room
temperature, the trapped radioactivity in the fittats was measured with the scintillation
analyzer. Each position on the filtermat correspogmdo one well of the multiplate was
measured for 5 min with théH]-counting protocol. The overall counting efficignwas 20%.
The IGq-values were calculated with the program GraphPésh® 3.0 (GraphPad Software,

San Diego, CA, USA) by non-linear regression analySubsequently, the igvalues were



transformed into Kvalues using the equation of Cheng and Prugidff. The K-values are

given as mean value + SEM from three independgrgraxents.
5.2 Performance of the binding assays

5.2.10; receptor

The assay was performed with the radioligarid]-{+)-Pentazocine (22.0 Ci/mmol; Perkin
Elmer). The thawed membrane preparation of guingabpain cortex (about 10Qig of the
protein) was incubated with various concentratiom$ test compounds, 2 nM
[*H]-(+)-Pentazocine, and TRIS buffer (50 mM, pH 7a#37 °C. The non-specific binding was
determined with 1M unlabeled (+)-Pentazocine. The-#alue of (+)-Pentazocine is 2.9 nM
[48].

5.2.20, receptor

The assays were performed with the radioligai]J TG (specific activity 50 Ci/mmol; ARC,
St. Louis, MO, USA). The thawed membrane prepanatigat liver preparation containing 100
1Lg protein) were incubated with various concemiratiof the test compound, 3 nNH|DTG
and buffer containing (+)-pentazocine (500 nM (€pfazocine in 50 mM TRIS, pH 8.0) at
room temperature. The non-specific binding wasrdateed with 10uM non-labeled DTG. The
Kq value is 17.9 nM [49].

5.3 Functional assay for determination@fR cytotoxicity

5.3.1 Cell cultures

SH-SY5Y (human neuroblastoma) cells were maintainedDulbecco’s modified Eagle’s
medium (DMEM) Glutamax (Life Technologies) supptnted with 10% (v/v) fetal bovine
serum (FBS) and Antibiotic Antimycotic Solution ¢&ia-Aldrich, 100 U penicillin, 20Qg/ml
streptomycin and 0.25ig/ml amphotericin B) at 37 °C in a humidified inatbr with a 5%
C0O,/95% air atmosphere.

5.3.2 MTT viability assay
The cytotoxic effects of the sigma ligands werel@sted by MTT test on SH-SY5Y cells.
Briefly, cells were plated 1xf0cells/well in 96-well plates 24 h prior to treatmewith the



compounds. The compounds were dissolved in DMSGsandlly diluted in culture medium to
achieve the desired final concentrations. The fioahcentration of DMSO in the culture
medium was always = 1.0%. After 48 h, 20 pl MTTusiein (5mg/ml) was added to each well,
and plates were incubated for 4 h at 37°C. Multiwgates were then read in a iMark™
Microplate Absorbance Reader (Bio-rad). All compas were assayed in triplicates, and the
results derive from at least three independent raxeats. Results are presented by mean
absorbance (A595 subtracted by A655) + SD. Stedistanalysis was done using one-way
ANOVA Test (GraphPad Prism; GraphPad Software,dla, JCA).

Cell viability was determined by calculating theaneabsorbance of treated samples divided by
mean absorbance of respective control (DMSO) aditated as percentage. Cell cytotoxicity

was determined by formula 100 - cell viability (%).
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Highlights

1. New 1-(4-(aryl(methyl)amino)butyl)-heterocyclic sigma-1 receptor ligands were designed
by computer-aided technics and subsequently synthesized

2. Some of new derivatives showed high affinity and high selectivity for the sigma-1 receptor

3. Insilico affinity predictions were confirmed by experimental data

4. We performed a preliminary functional assay in order to verify the cytotoxic effects of new
synthesized derivatives

5. Compounds featuring a 4-phenyloxazolidin-2-one moiety displayed the best biological
profile.



