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Abstract

Herein we report the synthesis and biological agtief new sigma receptosR) ligands obtained by
combining different substituted five-membered hatgclic rings with appropriateR pharmacophoric
amines. Radioligand binding assay, performed onegupig brain membranes, identifigdb (1-(1,4-
dioxaspiro[4.5]decan-2-ylmethyl)-4-benzylpiperajiras the most interesting compound of the series,
displaying high affinity and selectivity fos;R (pKio; = 9.13; 61/02 = 47) The ability of 25b to
modulate the analgesic effect of theagonist {)-U-50,488H andu agonist morphine was evaluated
vivo by radiant heat tail-flick test. It exhibited aopioid effects onboth k and p receptor-mediated
analgesia, suggesting an agonistic behavienRt Docking studies were performed on the theoretical
o1R homology model. The present work represents astarting point for the design of more potent

and selective;R ligands.

Keywords. Sigma receptors ligands; sigma-1; sigma-2; pibeei; piperazine; 1,3-dioxolane; receptor-

mediated analgesia.



1. Introduction

Sigma receptorssRs) were discovered in 1976 and initially classifas an additional class of opioid
receptorse [1]. Subsequenttyrs were mischaracterized as PCP/NMDA glutamatepteceomplexes,
due to the poor selectivity of the ligands employ2@]. However, these hypotheses were disproved
[4,5]. Today, thesR is recognized as a unique entity with no homoltmypioid receptors or other
mammalian proteins[6]. Further radioligand bindistgdies and biochemical analysis suggested that
sigma receptors exist as two different and distsutitypes, named sigma-1 receptaR( and sigma-2
receptor ¢2R) [7,8]. ThesiR has been recently characterized and cloned fraimeg pig [9], human
[10], mouse [11,12], and rat tissues [13]. It iegant mainly in the endoplasmic reticulum membrane
(ER), the mitochondria associated ER membrane (MARY the plasma membrane [14]R consists

of two transmembrane domains with both the amind earboxy termini on the cytoplasmic side,
whereas the loop between the transmembrane domdotated within the endoplasmic reticulum [15].
o1R has been shown to act as a unique ligand-regutatéecular chaperone that modulates the activity
of several proteins, such as the N-methyl-D-aspaiidMDA) receptor[16] and several ion channels
[17]. Neurosteroids such as progesterone and debg@mdrosterone have been postulated to be the
endogenous:R ligands[18-20]. Moreover, it has been shown #eteral exogenous compounds can
interact with thesaR. Among them, the dextrorotatory benzomorphans1®RE7 and pentazocine [21-
25], haloperidol and NE-100 represent relevaf ligands [22, 25-27].

High affinity ;R ligands have been considered to play an importetin the treatment of various
neurological disorders, including depression, smhiizenia, neuropathic pain, and Alzheimer's disease
[28-34]. Unlikec1Rs,62Rs have not yet been cloned. This subtype is mémcyted in lipid rafts where

it modulates calcium signalling through sphingdalipiroducts. Very recently it has been proposed that
the progesterone receptor membrane component thwimds directly to the heme group and regulates
lipid and drug metabolism and hormone signallirepresents the,R binding site [35]. Activation of
o,R appears to be involved in the regulation of daflyproliferation and cell death [36]. For these
reasons, the antagonism or inhibitionselR function could mitigate cell death [37]. Furthem®, it has
been reported that;R ligands can be used as biomarkers for tumourpeliferation and thus they
could be exploited for tumor imaging [37,38]. THere, due to the broad diagnostic and therapeutic
potential, the development of potent and selectye or o,R ligands is a primary challenge in

medicinal chemistry.



In a previously published paper we reported a sedk 1,4-benzodioxane-based piperazines and
piperidines as noveiR ligands with a good affinity for both receptobgtpes but lacking in adequate
selectivity among sigma subtypes and sigma /5-HTdgeptors (Chart 11a,b) [39]. Parallel SAR
studies conducted by our research groumgadrenoreceptor demonstrated the bioequivalend¢beof
1,3-dioxolane moiety with the 1,4-benzodioxane ausl[40]. This approach has successfully led to the
discovery of a novel class of;-adrenoreceptors antagonists and, more recendyjdégmtification of
potent and selective 5-HA receptor agonists and NOP receptor ligands [4]L, 42

Thus, in this work we have applied the same styatiegexplore a series of 1,3-dioxolane-based
compounds, obtained by replacing the 1,4-benzod®xaoiety, in order to verify whether the above
mentioned approach could be advantageous alsbdarlass o6R ligands (Chart 18a,b). In addition,
focusing our attention on the 1,3-dioxolane scdffoke applied the classical medicinal chemistry
approach described in Chart 2, such as annularesxig-isosteric substitutions (Group Il and lljda
externalization of the annular oxygen (Group IV)reestigate the effect on activity of a seriedioé-
membered heterocyclic rings or opened analoguesufis¥). Moreover, on the basis of previously
obtained results showing that the phenyl grouppogition 2 on the 1,3-dioxolane scaffold are not
essential for the binding to 5-HAR and NOP receptors, we planned the synthesis of the
conformationally restricted spiro-dioxolanes (Groul) [41, 43]. All the compounds were tested for
affinity and selectivity at; and 2R subtypes and detailed SAR studies were drawn udtfition
nociceptive effect was evaluatedvivo. In order to rationalize the pharmacological ressahd support
and guide the chemical exploratiamssilico docking studies were performed on the theoretic#hree-

dimensional model.

2. Results and discussion

2.1. Chemistry

All the compounds &25a,b) were prepared by alkylation of the commerciallyaitable 4-
benzylpiperidine or 1-benzylpiperidine with thetabie intermediate.

For Group | and Il compounds acetalization of telected ketone with the proper glycerol derivative
provided the corresponding 1,3-dioxolane, oxatimeland dithiolane-intermediates from which either
the chloro or the tosyl derivatives7 were obtained (Scheme 1). In casedpfthe diastereomeric
mixture was separated by silica gel flash chromafolgy yieldingcis-4 andtrans4. The separated

isomers were characterized by means of NOESY axpaits andH-NMR studies (Figure 1S, panel a,



Supporting Informations). The furane derivativdes,b (Group IIl) (Scheme 2) were prepared starting
from the key intermediaté&3, obtained in three steps, as recently descigeelexperimental section).
The cyclopentanone derivativd$a,b were obtained in good yields by Mannich reactia@iween
diphenylcyclopentanond?®) in the presence of aqueous paraformaldehyde -drehaylpiperidine or 1-
benzylpiperazine as hydrochloride salt to ensueeathidic reaction conditions [44]. Reductionl6a,b

by NaBH, provided the corresponding cyclopentanol deriestiii/a,b (Group 1IV) (Scheme 2). The
cig/trans diastereomeric pairs were separated by using ftakimn chromatography and their relative
stereochemistry was elucidated by NOESY experiments H-NMR studies (Figure 1S, panel b,
Supporting Informations).

For the 1,3-dioxolane opened analog@@s,b and 23a,b (Group V), the 3-chloropropane-1,2-diol,
previously protected atert-butyldiphenylsilyl etherl8, or the 2-chloroethanol was reacted with the
bromodiphenylmethane to yield the alkyl halid®sand20 (Scheme 3).

The spiro-dioxolane derivative@5a,b (Group VI) were readily prepared starting from tkey
intermediate24 (Scheme 2).

2.2. Biological activity

2.2.1. Binding affinity

The compounds in Groups I-VI were evaluated foirtafinity at bothc,R ando;R (Table 1-3). Since
most of the molecules share the same chemicalrésawith previously published 5-HAR ligands [41,
43, 44] we also evaluated the binding affinities saHTi4R. Furthermore, the affinity ati
adrenoceptors was determined (values not shownjhendompounds showed practically no activity at
these receptors.

Compoundsla and1b were our starting points. In a previously publghpaper we reported that they
display good affinity for both receptor subtypes lacking in adequate selectivity [39]. Replacihg t
1,4-benzodioxane group with the 2,2-diphenyl-diexa& moiety §a and 8b) the affinity of both
derivatives was increased by about 5/10-fold wthke selectivity remained absent, as in the casbeof
parent compounds. Howevd@a and8b show lower affinities for 5-HIAR with respect tda and1b
with good selectivity ratioso(5HT14) of 251 and >589, respectively. Replacement of @inthe two
phenyl rings with a cyclohexyl group at positiomf2the 1,3-dioxolane ring led to a different efféat
the two series (piperidine and piperazine), botlierms of affinity and stereoselectivity. Compounds
cis-9a and trans9a showed a marked decrease in affinity at both mtecegubtypes. A decrease in
o/5HT;4 selectivity was also observed. In this case theegthemistry seems not to play a significant
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role. On the contrary, for the piperazine derivediva certain degree of stereoselectivity:& site was
observed. Compounalans-9b maintained the affinity at; subtype while, at, receptor subtype, the
value is slightly decreased (7.79 vs 8.38). Onativer hand, theis isomer9b is more than 10-fold less
active atos;R while having the same affinity a subtype with respect to thensisomerdb. Moreover,
for both isomergis-9b andtrans9b thes/5HT; 4 selectivityis conserved (>56 and >933 respectively).
With the substitution of the second phenyl ringgiee the 2,2-dicyclohexyl derivative$0a and10b),
the affinities of the piperidine series are furtldeicreased, while, in the case of the piperazinesse
they are maintained. However, the very small desgéa affinity ato;R together with the small increase
at o2R drastically reduced the selectivity observed widms-9b. The Piperazine series is confirmed to
be more selective towardsreceptors with respect to the 5-HR.

Isosteric substitutions oxygen/sulphur/methylene coimpound 8a and 8b were also evaluated.
Replacement of oxygen with sulphur, to give thedxathiolanella and 11b, reduced the affinity at
bothoR subtypes of different extent: 4- 5-fold in theseaf piperidinella and a large reduction of 40-
50-fold in the case of piperazidéb. The same trend, although to a lesser extentsasabserved with
the introduction of a second sulphur atom to ghee 1,3-dithiolane derivativelk?a and12b. As a result,
the piperidine couplel{a and12a) is more potent than the piperazine one, at bBtlsubtypes.

Isosteric substitution of one annular oxygen atdnthe 1,3-dioxolane with a methylene unit gave the
tetrahydrofurane derivativegla and14b endowed with lower affinity values. It is a quiéege decrease
of about 40 to 70-fold either for piperazine angepidine, at botlosR subtypes.

All isosters of8a and8b retaingoodc/5HT4 selectivity displaying low affinity values for SHAR.
Replacing the oxygen atom in the tetrahydrofurang riwith a carbonyl group, to give the
cyclopentanones derivatii®a and16b, a further reduction of affinity is observed, altigh an increase
of selectivity (20-fold) for the piperazine deriieg 16b is observed.

The reduction of the carbonyl group gives two cespbf diastereocisomeric cyclopentanois-17a,
trans-17a, andcis-17b andtrans-17b. For both piparazine and piperidine couples, avery of affinity

is observed with respect to the parent cyclopemesiowith a clear lack of diastereoselectivity sinc
each diasteromeric couple shows similar affinitiuea at both receptor subtypes. It is worth nothreg
the least active of the four cyclopentandlsins17a, is the only one to show a certain degree of
selectivity (39-fold). Interestingly, all the pentd derivatives, exceptrans17a, show a marked
increase in affinity towards 5HAR, with reverse@/5HT1 Selectivity.

Compoundg22a and22b are open analogues & and8b while 23a and23b, obtained by removal of
the hydroxymethylene group, could be considered thelecular simplification. Opening of the 1,3-
dioxolane ring causes a drop in affinity at bef subtypes: of about 4- 7-fold in the case of @pere
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derivatives and, a more pronounced decrease, @4de80-fold, in the case of piperidine derivatives.
The removal of the hydroxymethylene group doesaanise a significant variation in affinites. Once
more, piperazine22b and 23b highlight goods/5HT;a selectivity values while the corresponding
piperidines displayed poor or no selectivity.

Considering that the best results, in terms ohaffi were obtained with the 1,3-dioxolane scaffatt
that the phenyl rings in position 2 do not seerbdassential for affinity (see compouricns9b and
10b) we planned the synthesis of the conformatiormasgricted spiro-dioxolaneéZba and25b.

The piperazine derivative5b showed the highest affinity at;R with a pKi value of 9.13 and a
selectivity ratio 61/0,) of 47 fold. The same profile was observed for phiygeridine derivative25a,
although the affinity fol; subtype and the selectivity ratio was of a legesg@ent. Compoun@5b also
displays the highest/5HT;4selectivity value (1349) in the whole series.

As far as the differences in affinity betweeiR ando,R subtypes are concerned, in most cases higher
values are obtained for the former, although thiecsieity is quite low. Only compoun@5b is
outstanding in this respect (p#¢ = 9.13,01/02 = 47). Furthermore, it is worth noting that, exthg the
1,3-oxathiolane and the 1,3-dithiolane derivatitesind12, it clearly appears that at tbebindingsite

the piperazine derivatives are more active thanctireesponding piperidines, with the exception of
cyclopentanoneslf) and spiro derivative2p). In the case of the sulphur-containing derivatiye,3-
oxathiolanes and 1,3-dithiolanes), the piperidisiesw affinity values higher than those seen with th
piperazines, with a reversed trend of activity. fBfiere, it seems that the introduction of one oo tw
sulphur atoms is responsible for this effect. Hogreas the number of compounds is too limited, more

compounds are needed in order to generalize tisisroation.

2.2.2. In vivo analgesic activity
Given the implication o6;Rs in opioid-mediated analgesia [45] we analysedatbility of compound
25Db, on the bases of its affinity (pKi = 9.13) andestivity (47-fold), to modulate the analgesic effet
the systemically injected KOP agonistrans(1S29)-3,4-dichloro-N-methyl-N-[2-(1-pyrrolidinyl)-
cyclohexyllbenzeneacetamide [(—)-U50,488H] [46]. rOresults demonstrate that the systemic
administration oR5b (1 mg/kg sc) did not affect tail withdrawal latées during the entire observation
time (data not shown). Injection of the KOP agons)-U-50,488H, at a dose of 5 mg/kg s.c.,
significantly increased the nociceptive latencyfowing thermal stimulation, which demonstrated a
clear analgesic effect (* P< 0.05 vs saline treastsl). Pre-treatment witkbb at 1 mg/kg s.c., followed
by (-)-U-50,488H (5 mg/kg s.c.) caused a reduciiotine opioid analgesic effect which was significan
only at 30 minutes after the last administratioR<6.05 vs (-)-U-50,488H treated rats) (Figure ). |
7



the next experimental protocol, the injection ofrpfone at the dose of 2 mg/kg s.c. (chosen in & dos
range of 1 to 10 mg/kg) determined a significardlgesic effect ©<0.05 vs saline treated rats). The
double treatment witB5b 1 mg/kg s.c. plus morphine 2 mg/kg s.c., diminisMOP-induced analgesia
(Figure 2); values were significant only at 30 ntésuof observation”(P<0.05 vs morphine treated

rats). These results are consistent with an agotishavior at;R of compoun®5b.

2.3. Molecular Modeling

In order to better understand the affinities of thenpounds disclosed here, docking studies owiRe
homology model, previously built by us and preséttere (see experimental section), were performed.
According to our results, the putativg binding site was delimited byi)(one hydrophobic region
located inside the protein including F58, A86, V10405, L106, L124, Y147, (ii) one hydrophilic core
placed around the polar residues D126, E150, T{ib),a region much more exposed outside the
protein showing the F83, V84, F107, 1128, S130,Z/1B3133, H134 residues. The model refinement
was performed exploring the docking mode of knawtigands and then comparing the results with the
literature data. In particular, compound (1-benzyl-6',7'-dihydrospiro[piperidine-4,4'-thadB,4-
c]pyran], Figure 3) [47] was chosen for its highding affinity ato;R and for a considerable structural
similarity with leading members of our series. Tdecking results highlight the importance of a salt-
bridge with the D126 side-chain and of one H-boetiMeen the spirocyclic oxygen atom and T151
(Figure 4); the data, being in agreement with itegdture, supported the reliability of the obtairmeR
homology model [47]The relevance of the interactions with D126 andIT't&s also confirmed by
mutagenesis studies [48], validating, once aghmcomputational protocol. In addition, the MOE kloc
scoring funtions revealed the docking protocol igbito efficiently rank any selected conformer in
accordance with the affinity trend (Table S1, Suppg Information). Among the compounds
investigated here, a number of them displayed #&bsalge interaction with D126 and some
hydrophobic contacts with V84, A86, V104, L105, b61A.124, 1128, while the compounds with the
highest affinity also showed additional H-bondshwitl51 and/or S130. In more detail, the dioxolane
derivatives8a and8b shared the same docking mode, displaying the &kybadge interaction between
the piperidine or piperazine protonated nitrogemaand D126 and the H-bond interaction between the
dioxolane core and T151, while the diphenyl portaord the benzylic ring were properly engaged in
TTt stacking with F83, F107, F133, and Y147, respebtiyFigure 5, theés enantiomers were revealed
by calculations to be the most stable). These tesn in agreement with the affinity data showtimaf

piperidine8a and piperazin®&b bind equally botloR subtypes. Conversely, the replacement of one or



two phenyl rings with the cyclohexyl group led tdiierent effect, the piperaziness/trans9b and10b
showing higher pKvalues than the corresponding piperidioiirans-9a and10a at bothoR subtypes.

In particular, it was observed that the most acpygerazinedrans9b and 10b displayed a docking
mode comparable with that described 8arand8b, maintaining the two driving interactions with the
key residues D126 and T151, although, in this che#) of them are exerted by the two piperazine
nitrogen atoms, while the oxygen ring is not engageany H-bond. On the contrary, the piperidine
derivatives9a and 10a, were characterized by a switched binding modegnting the cyclohexyl or
dicyclohexyl portion towards Y147 and thereforekiag the key salt-bridge interaction with D126
(Figure 6, thelOa and10b S andR enantiomers were revealed by calculations to bertbst stable). In
this case, only the H-bond with T151 was maintainBgese results could be an indication of the
different affinities observed in the binding expeents for these two series. All the structural
modifications applied to the dioxolane scaffoldadang to the ring-opened derivative®2#,b; 23a,b:
pKi= 6.7-7.9) oxathiolane-1{a,b: pKi= 7.9, 7.2), dithiolane-1@a,b: pKi= 7.8, 6.5), tetrahydrofuran-
(14a,b: pKi= 6.7, 7.0), cyclopentanonetba,b: pKi= 5.9, 6.2) or cyclopentanoleié/trans17a, b: pK; =
6.5-7.4) analogues, proved to be detrimental fodibig tooR . With the exception of oxathiolanes or
dithiolanes, the above-mentioned compounds propecigted the diphenyl and the benzyl substituents
towards F83, F107, F133, and Y147, respectivelys tiesulting in only the salt-bridge interactiorthwi
D126 or in the H-bond with T151. Conversely, batkeractions were maintained in compouzizh
through the piperazine nitrogen atom and the hygdrgroup, respectively.

Interestingly, when the 1,3-dioxolane portion waplaced with a 1,3-oxathiolane or 1,3-dithiolane,
compounds in the piperidine serie¥ld, 12a) performed better(pKic; = 7.82, 7.92) than the
corresponding piperazine derivativdilf, 12b; pKic1 = 6.52, 7.20), at botbR subtypes. According to
our calculation11a and12a oriented the diphenyl and the benzyl substitueside and quite outside
the protein, respectively, displaying a salt-bridggween the protonated nitrogen atom and D126. On
the contrary, the corresponding piperazidd and 12b showed an inversed docking mode which
prevented any contact with D126, exhibiting onlyeak H-bond with T151 (data not shown).

Lastly, 25a and25b, the most interesting members of this series,tandsng for their affinity (pK=
8.70, 9.13) and selectivity{/ o2 = 10, 47) abi1R, shared the by following interactions) & salt-bridge
between the piperidine or piperazine nitrogen atord D126; i) an H-bond between the dioxolane
oxygen atom and S130ii{ =1t stacking and hydrophobic contacts with Y147 anthwi84, 1128,
F133. Moreover, compourizbb displayed one additional H-bond between the pipeeazitrogen atom
and T151 (Figure 7; th2ba and25b S enantiomers were revealed by calculations to eertbst stable).

Significantly, the docking pose @b was comparable with that of the previously desctibgonist
9



(pKi=9.36), displaying the same hydrophilic contactthvid126 and T151. Notably, the bond distances
measured for the two protein-ligand complexes vetightly lower forl, giving an indication for the
slightly greater affinity ol with respect t®@5b. On the basis of these results, it could be hygmred
that the replacement of the piperazine ring wigharter basic linker between the benzyl group aed t
dioxaspiro-core or25b could efficiently guarantee the proper patterranfH-bond acceptor and basic
features to interact with D126, T151 and also &@f80. Moreover, additional aromatic moieties linked
to the spiro-decane scaffold could be introducedyrder to further stabilize the protein-ligand qex

by means ofremt stacking interactions with both the two aforememéid hydrophobic pockets,
including F58, Y147 and F83, F107, F133. Theselt®swuld represent a new starting point for the

design of structural analogues2sb.

3. Conclusions
Starting fromla and1b and replacing the 1,4-benzodioxane moiety witraaety of five-membered
heterocyclic rings, a new class @R ligands was obtained. Structure-affinity studiessre performed
leading to these conclusions:
a) all the compounds exhibited a preference &R subtype respect te,R, although the
selectivity, in most of the cases, is quite low;
b) the best results in terms of affinity and seletyiwere obtained with the 1,3-dioxolane scaffold;
c) isosteric substitutions of the dioxolane atoms aletular simplification led to a general
decrease in affinity;
d) aromatic substituents at position 2 on the 1,3-@l&xxe ring do not seem to be essentialof@r
affinity;
e) with few exceptions, piperazine-based compoundsvwmeore potent than the corresponding
piperidines;
f) the computational results, in agreement with tlodolgical data, proved the reliability of tiegR
model.
In particular, compoun@5b was outstanding for its high affinity (p0.13) and selectivityog/c, = 47)
at 51R subtypeslin-vivo studies suggested th2ib acts as &;R agonist since it is able to reduce both
(-)-U50,488H- and morphine-mediated analgesia. 8fbeg, 25b could represent a new starting point
for the development of more active and selectigarids. Further research along this line is in @egr

and will be disclosed in due course.

10



4. Experimental Part

4.1. Chemistry

All the reagents, solvents and other chemicals weser as purchased from Sigma-Aldrich without
further purification unless otherwise specifiedr-Aor moisture-sensitive reactants and solventsewer
employed in reactions carried out under nitrogenogphere unless otherwise noted. Flash column
chromatography purifications (medium pressure fgehromatography) were carried out using Merck
silica gel 60 (230-400 mesh, ASTM). The structwtall isolated compounds were ensured by Nuclear
magnetic resonance (NMR) and Mass spectromiirand**C-NMR (1D and 2D experiments) spectra
were recorded on a DPX-200 Avance (Bruker) speatemoperating at 200.13 MHz and on a DPX-
400 Avance (Bruker) spectrometer operating at 20801Hz. Chemical shifts are expressedi(ppm).

'H NMR chemical shifts are relative to tetrametHgise (TMS) as internal standar’C-NMR
chemical shifts are relative to TMS&®.0 or to thé*C signal of the solvent: CDg$ 77.04, CROD §
49.8, DMSO-d 6 39.5. NMR data are reported as follows: chemib#t,snumber of protons/carbons,
multiplicity (s, singlet; d, doublet; t, triplet; quartet; m, multiplet; br, broadened), couplimpstants
(Hz) and assignment (Diox = 1,3-Dioxolane; Ar = Ryle Cyc = Cyclohexyl; Ts = Tosyl; Piper =
Piperidine or Piperazine; Ph = Phenyl ; Bz = Ben®path = 1,3-Oxathiolane; Dithio = 1,3-Dithiolane;
Fur = Tetrahydrofurane; Cyclopent = Cyclopentanowe Cyclopentanol; Dosd = 1,4-
Dioxaspiro[4.5]decane)H-'H Correlation spectroscopy (COSY}H-°C heteronuclear multiple
guantum coherence (HMQC) and heteronuclear mulbpled connectivity (HMBC) experiments were
recorded for determination dH-'H and*H-*C correlations respectively. NOESY experiments have
been performed to assign the correct stereochgmi#i®-MS experiments were carried out using a LC-
MS mass spectrometer (6520 Accurate-Mass Q-TOF ISC/Mgilent Technologies) equipped with an
ion spray ionization source (ESI). MS (+) spectraravacquired by direct infusion (5 ml/min) of a
solution containing the appropriate sample as ¢&aalt (10 nmol/ml), dissolved in a 0.1% acetidac
solution, with mobile phase methanol/water 50:30tha optimum ion voltage of 4800 V. The vyields
reported are based on a single experiment andadareptimized. The final compounds were converted
into hydrogen oxalate. Melting points were detemdiwith a Stuart SMP3 and they are uncorrected.
The purity of the salts was confirmed by elememtadlysis on a Carlo Erba 1106 Analyzer and the
values obtained are within +0.4% of the calculateds. The purity was higher than 97%. The oxalate
salts were tested for the biological activity.

The compound8 [40], 6 [43], 7 [43], 13[44], 15 [44], 24 [43] were obtained as previously reported.
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4.1.1. (2-Cyclohexyl-2-phenyl-[1,3]-dioxolan-4-yl)methanol (2)

An excess of glycerol (26.56 mmol) and a catalgtivount of p-toluenesulfonic acid (0.53 mmol) were
added to a solution of cylohexylphenyl ketones Z&83nmol) in toluene (250 mL). The mixture was
refluxed and water was removed in a Dean-Stark tnajil the formation of water stopped. After
completion of the reaction a mixture of &k,/H,O was added. The organic layer was separated and th
aqueous layer was extracted with L. The organic layers were combined, washed withtarated
solution of NaHCQ and brine, dried over anhydrous 8@y, filtered and concentrated under vacuum.
The unassigned diastereoisomeric mixture of tie ¢bmpound was obtained as a yellow oil (3.31 g,
12.61 mmol, 95% yield) and used without furtherijocation.

'H NMR (DMSO, 200 MHz)3 = 0.91-1.22 (5H, m, Cyc), 1.49-1.72 (7H, m, Cy#{)03.58 (1H, dd, J

= 7.2, 8.9 Hz, CHa-5 Diox), 3.76 (1H, dd, J = B2 Hz, CHb-5 Diox), 4.00 (2H, m, GBH), 4.21-
4.35 (1H, m, CH-4 Diox), 7.21-7.40 (5H, m, Ar). EBRMS calcd for GeH2303 [M+H]" 263.1642,
found 263.1645.

4.1.2. (2-Cyclohexyl-2-phenyl-1,3-dioxolan-4-yl)methyl 4-methylbenzenesulfonate (4)
p-Toluenesulfonyl chloride (8.40 mmol) was added0a€C to a solution of2 (7.63 mmol) and
triethylamine (1.0 mmol) in dry Cil, (10 mL). The mixture was stirred at room tempefor 12 h.
Ice water was added and the mixture was extractdd ®H,Cl,. The organic extracts were collected,
washed with brine, dried over anhydrous,81@,, filtered, and concentratad vacuoto yield the title
compound. Single pureis/trans diastereomer was obtained by using flash colunmorchtography
(cyclohexane/ethyl acetate 97.5/2.5) as an oil.

Cis4 (1.81 g, 4.35 mmol, 57% vyield)

'H NMR (CDCk, 200 MHz):8 = 0.91-1.12 (5H, m, Cyc), 1.49-1.78 (6H, m, C\&}8 (3H, s, Ch),
3.38 (1H, dd, J = 7.4, 8.1 Hz, CHa-5 Diox), 3.7H,(#ld, J = 2.4, 4.9 Hz, CHaTs), 3.90 (1H, dd, J% 4.
4.9 Hz CHbTs), 4.01 (1H, dd, J = 6.3, 7.4 Hz, CHDibx), 4.11 (1H, m, CH-4 Diox), 7.18-7.41 (7H,
m, Ar, CH-3, CH-5 Ts), 7.71 (2H, d, J= 8.2 Hz, CH@H-6 Ts). ESI-HRMS calcd for &H»¢0sS
[M+H]* 417.1730, found 417.1729.

Trans4 (0.48 g, 1.14 mmol, 15% yield)
'H NMR (CDCk, 200 MHz):5 = 0.98-1.15 (5H, m, Cyc), 1.43-1.77 (6H, m, CY&}7 (3H, s, Ch),
3.61-3.78 (2H, m, Ck5 Diox), 3.84-4.07 (3H, m, CHs, CH-4 Diox), 7.19-7.36 (5H, m, Ar), 7.37
(2H, d, J= 8.3 Hz, CH-3, CH-5 Ts), 7.82 (2H, d, 83 Hz, CH-2, CH-6 Ts). ESI-HRMS calcd for
Ca23H2905S [M+H]" 417.1730, found 417.1729.
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4.1.3. 4-(Chloromethyl)-2,2-dicyclohexyl-1,3-dioxolane (5)

The title compoundavas obtained as an oil (1.09 g, 3.80 mmol, 74%jistafrom dicyclohexyl ketone
(5.14 mmol) and 3-chloro-1,2-propanediol (7.71 mimby following the same procedure described for
2.

'H NMR (CDCk, 200 MHz):8 = 1.04—1.41 (10H, m, Cyc), 1.54-1.87 (12H, m, 3x.f; 3.44 (1H, dd,
J=7.9, 10.6 Hz, CHa-5 Diox), 3.57-3.71 (2H, m,,CH|, 4.08 (1H, dd, J = 5.3, 10.6 Hz, CHb-5 Diox),
4.30-4.43 (1H, m, CH-4 Diox). ESI-HRMS calcd fogg8260,>°Cl [M+H]* 287.1772, found 287.1773.
Calcd for GeH»g0,>'Cl [M+H]* 289.1743, found 289.1744.

4.1.4. General procedurefor the synthesis of the amines 8-12a,b; 14a,b; 21a,b; 23a,b

A large excess of 4-benzylpiperidine or 1-benzydpgzine (5-10 equiv.) and a catalytic amount of Ki
were added to a solution of chloromethy| %-7) or tosyl derivative4, 13, 24) (0.34-2.25 mmol) in 2-
methoxyethanol. The resulting mixture was stirred! avas refluxed for 20 h. The solvent was
evaporated under vacuum, CH@las added, and the residue was washed with asokit 5% NaOH
(2x) and with brine. The organic layer was driecerolaSO, and the solvent was evaporated under
vacuum to give the desired amine as an oil. Thedwueswas purified by using flash column

chromatography.

4.1.5. 4-Benzyl-1-[(2,2-diphenyl-1,3-dioxolan-4-yl)methyl]piperidine (8a)
The title compound was obtained fr@r{40] and 4-benzylpiperidine and was purified byngsflash
column chromatography (cyclohexane/ethyl acetat80j@o give8a (0.44 g, 1.06 mmol, 78% yield) as
an oil.
'H NMR (CDCk, 400 MH2z):6 = 1.41-1.63 (5H, m, CH3, CH-4, CH-5), 1.89-2.16 (2H, m, CHa-2,
CHa-6 Piper), 2.43-2.59 (3H, m, CHaN, &), 2.61 (1H, dd, J = 6.2, 12.1, CHbN), 2.77-2B4, m,
CHb-2/CHb-6 Piper), 2.99-3.19 (1H, m, CHb-2/CHbipd?), 3.77 (1H, dd, J = 7.2, 7.6 Hz, CHa-5
Diox), 4.15 (1H, dd, J = 7.6, 7.8 Hz, CHb-5 Dio#)27-4.50 (1H, m, CH-4 Diox), 7.01-7.37 (11H, m,
Ar,, Ph), 7.42-7.69 (4H, m, A, *C NMR (CDCE, 100 MHz):8 = 31.8 (CH, C-3/C-5 Piper), 32.2
(CH,, C-3/C-5 Piper), 37.0 (CH, C-4 Piper), 42.8 (CBH,Ph), 53.9 (CH, C-2/C-4 Piper), 54.4 (CH
C-2/C-4 Piper), 60.7 (CHl CH:N), 68.6 (CH, C-5 Diox), 75.4 (CH, C-4 Diox), 110.1 (C, C-2 R)o
125.7 (CH, C-4 Ph), 126.3 (4CH, C-2, C-6A1128.0 (2CH, C-3, C-5 Ph), 128.2 (4CH, C-3, CiH)A
128.3 (2CH, C-4 A, 128.9 (2CH, C-2, C-6 Ph), 138.3 (C, C-1 Ph),.I42C, C-1 As). ESI-HRMS
calcd for GgH3NO, [M+H] ™ 414.2428, found 414.2430.

13



The free amine was converted into the corresponidyagogen oxalate from diethyl ether (0.03 g, 0.07
mmol, yield 44%).

mp: 200-202 °C*H NMR (DMSO, 200 MHz) = 1.32-1.53 (5H, m, CH3, CH-4, CH-5), 2.41-2.52
(2H, m, CHPh), 2.71-2.91 (2H, m, G), 3.01-3.27 (2H, m, CHa-2,CHa-6 Piper), 3.29-3(8H, m,
CHb-2/CHb-6 Piper), 3.42-3.53 (1H, m, CHb-2/CHb-#@d?), 3.74 (1H, dd, J = 7.2, 7.9 Hz, CHa-5
Diox), 4.12 (1H, dd, J = 7.2, 7.5 Hz, CHb-5 Dio#)40-4.64 (1H, m, CH-4 Diox), 7.11-7.51 (15H, m,
Ary, Ph).

ESI-HRMS calcd for ggH3oNO, [M+H]" 414.2428, found 414.2430. Anal. Calcd. fapHzsNOs: C,
71.55; H, 6.61; N, 2.78; Found C, 71.51; H, 6.4221M3.

4.1.6. 1-Benzyl-4-[(2,2-diphenyl-1,3-dioxolan-4-yl)methyl] piper azine (8b)

The title compound was obtained fr@r40] and 1-benzylpiperazine and was purified byngdiash
column chromatography (cyclohexane/ethyl acetat)36 give8b (0.75 g, 1.8 mmol, 80% vyield) as
an oil.

'H NMR (CDCk, 400 MHz):8 = 2.52-2.83 (10H, m, C#2, CH-3 CH,-5, CHx-6 Piper, CHN), 3.52
(2H, s, CHPh), 3.79 (1H, dd, J = 7.1, 7.6 Hz, CHa-5 Diox},64(1H, dd, J = 7.1, 7.9 Hz, CHb-5 Diox),
4.35-4.48 (1H, m, CH-4 Diox), 7.20-7.41 (11H, m, Rh), 7.48-7.69 (4H, m, A); **C NMR (CDCE,
100 MHz): 6 = 52.7 (2CH, C-2, C-6 Piper) 53.4 (2GHC-3, C-5 Piper), 61.0 (G, 62.8 (CH,
CH,Ph) 69.0 (CH, C-5 Diox), 74.9 (CH, C-4 Diox), 60.7 (GHCH;N), 110.1 (C, C-2 Diox), 126.2
(4CH, C-3, C-5 Ay), 127.5 (CH, C-4 Ph), 120.1 (2CH, C-2, C6 Ar), Z2@CH, C-2, C-6 Ar’), 128.3
(2CH, C-3, C-5 Ph), 129.5 (2CH, C-2, C-6 Ph), 13C2C-1 Ph). 142.4 (C, C-4 Ar), 1425 (C, C-4
Ar). 142.7, (2C, C-1 ArAr’). ESI-HRMS calcd for G;H31N,0; [M+H] " 415.2380, found 415.2382.

The free amine was converted into the corresponiayigogen oxalate from diethyl ether (0.24 g, 0.47
mmol, yield 51%).

mp: 228-229 °CH NMR (DMSO, 200 MHz):3 = 2.61-3.12 (10H, m, CH2, CH-3 CH,-5, CH-6
Piper, CHN), 3.71 (1H, dd, J = 7.1, 8.0 Hz, CHa-5 Diox), 3221 (3H, m, CHb-5 Diox, CiPh),
4.25-4.46 (1H, m, CH-4 Diox), 7.19-7.36 (15H, mpArh).

ESI-HRMS calcd for gHz1N,0, [M+H] " 415.2380, found 415.2382. Anal. Calcd. fagzN.046: C,
62.62; H, 5.76; N, 4.71; Found C, 62.65; H, 5.824182.

4.1.7. Cis-4-benzyl-1-[(2-cyclohexyl-2-phenyl-1,3-dioxolan-4-yl)methyl]piperidine (cis-9a)
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The title compound was obtained fraris-4 and 4-benzylpiperidine and was purified by usitagh
column chromatography (cyclohexane/ethyl acetat8)36 givecis-9a (0.27 g, 0.65 mmol, 94% yield)
as a yellow oil.

'H NMR (CDCl, 400 MHz):5 = 0.81-1.26 (5H, m, Cyc), 1.31-1.86 (11H, m, O9&f-3, CH-4, CH-5
Piper), 1.87-2.13 (2H, m, CHa-2, CHa-6 Piper), 2229 (1H, m, CHb-2/CHb-6 Piper), 2.41-2.52 (2H,
m, CHN), 2.55 (2H, d, J = 5.6 Hz, GAh), 3.01-3.13 (1H, m, CHb-2/CHb-6 Piper), 3.6183(ZH, m,
CH,-5 Diox), 4.23-4.38 (1H, m, CH-4 Diox), 7.11 (2H,d= 7.4 Hz, CH-2, CH-6 Ph), 7.23 (1H, t, J =
7.2 Hz, CH-4 Ph), 7.32-7.49 (7H, m, CH-3, CH-4 Bh-2, XH-3, CH-4, CH-5, CH-6 Ar)**C NMR
(CDCls, 100 MHz):8 = 26.1 (2CH, Cyc) 26.2 (CH, Cyc), 26.3 (CH, Cyc), 26.8 (CH, Cyc), 31.3
(CH,, C-3/C-5 Piper), 31.9 (CKIC-3/C-5 Piper), 37.1 (CH, C-4 Piper), 42.7 (CBH,Ph), 47.1 (CH,
C-1 Cyc), 52.9 (CH C-2/C-4 Piper), 54.2 (CH C-2/C-4 Piper), 60.2 (CH CH:N), 68.6 (CH, C-5
Diox), 74.6 (CH, C-4 Diox), 112.5 (C, C-2 Diox),4.8 (CH, C-4 Ph), 126.4 (2CH, C-3, C-5 Ar), 127.7
(2CH, C-2, C-5 Ar), 128.3 (2CH, C-3, C-5 Ph), 128CH, C-4 Ar), 129.0 (2CH, C-2, C-6 Ph), 139.3
(C, C-1 Ar), 140.6 (C, C-1 Ph). ESI-HRMS calcd @¥gH3sNO, [M+H]* 420.2897, found 420.2895.

The free amine was converted into the corresponiayaigogen oxalate from diethyl ether (0.18 g, 0.36
mmol, yield 55%).

mp: 205-207 °C*H NMR (DMSO, 200 MHz): = 0.71-1.31 (5H, m, Cyc), 1.41-1.81 (11H, m, Cyc,
CH,-3, CH-4, CH-5 Piper), 2.44-2.51 (2H, m, GAh), 2.52-2.73 (2H, m, GN), 2.71-3.32 (4H, m,
CH,- 2/CH,-6 Piper), 3.38-3.43 (1H, m, CHa-5 Diox), 4.05-4(181, m, CHb-5 Diox), 4.23-4.49 (1H,
m, CH-4 Diox), 7.11-7.42 (10H, m, Ar, Ph).

ESI-HRMS calcd for ggH3gNO, [M+H]" 420.2897, found 420.2895. Anal. Calcd. foptziNOs: C,
70.70; H, 7.71; N, 2.75; Found C, 70.83; H, 7.772196.

4.1.8. Cis-1-benzyl-4-[ (2-cyclohexyl-2-phenyl-1,3-dioxolan-4-yl ) methyl] piper azine (cis-9b)

The title compound was obtained fraris-4 and 1-benzylpiperazine and was purified by usiaghf

column chromatography (cyclohexane/ethyl acetatd35to givecis9b (0.37 g, 0.88 mmol, 99%

yield) as an oil'H NMR (CDCk, 400 MHz):8 = 0.91-1.24 (5H, m, Cyc), 1.32-1.62 (6H, m, C\&}7

(2H, d, J = 4.8 Hz, CHN), 2.52-2.98 (8H, m, CH2, CH-3 CH,-5, CH-6 Piper), 3.31 (1H, dd, J = 8.3,

8.6 Hz, CHa-5 Diox), 3.61 (2H, s, GPh), 4.19 (1H, dd, J = 6.1, 8.23 Hz, CHb-5 DioxP744.41 (1H,

m, CH-4 Diox), 7.21-7.45 (10H, m, Ar, Ph).

13C NMR (CDCE, 100 MHz):6 = 25.8 (2CH, Cyc), 25.9 (CH, Cyc), 26.5 (CH, Cyc), 26.7 (CH,

Cyc), 47.1 (CH, C-1 Cyc), 51.7 (2GHC-3,C-5 Piper), 52.5 (2GHC-2,C-6 Piper), 60.5 (CHCH,N),
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62.1 (CH, CH:Ph), 68.2 (CH, C-5 Diox), 75.1 (CH, C-4 Diox), 112.7 (C, C-2 Rjp 125.9 (CH, C-4
Ph), 126.6 (2CH, C-3, C-5 Ar), 127.2 (CH, C-4 At27.3 (2CH, C-2, C-5 Ar), 127.4 (C, C-1 Ar), 128.2
(2CH, C-3, C-5 Ph), 129.4 (2CH, C-2, C-6 Ph), 14Z3C-1 Ph). ESI-HRMS calcd for@s/N,0,
[M+H] * 421.2850, found 421.2853.

The free amine was converted into the corresponiayaigogen oxalate from diethyl ether (0.19 g, 0.32
mmol, yield 40%).

mp: 225-226 °C!H NMR (DMSO, 200 MHz): = 0.79-1.32 (5H, m, Cyc), 1.45-1.77 (6H, m, Cyc),
2.47-2.71 (10H, m, CH2, CH,-3 CH,-5, CH,-6 Piper, CHN), 3.21(1H, dd, J= 7.3, 8.2 Hz, CHa-5
diox), 3.95 (2H, s, CbPh), 4.20-4.41 (2H, m, CHb-5, CH-4 Diox), 7.20-7(48H, m, Ar, Ph).

ESI-HRMS calcd for gH3/N-0, [M+H]™ 421.2850, found 421.2853. Anal. Calcd. farkoN-O10: C,
61.99; H, 6.71; N, 4.66; Found C, 61.86; H, 6.564M7.

4.1.9. Trans-4-benzyl-1-[(2-cyclohexyl-2-phenyl-1,3-dioxolan-4-yl)methyl]piperidine (trans-9a)

The title compound was obtained framans4 and 4-benzylpiperidine and was purified by usitagh
column chromatography (cyclohexane/ethyl acetat@®Qo givetrans9a (0.31 g, 0.74 mmol, 82%
yield) as a yellow oll.

'H NMR (CDCl, 400 MHz):5 = 0.93-1.23 (5H, m, Cyc), 1.35-1.84 (11H, m, O9&f-3, CH-4, CH-5
Piper), 1.91-2.17 (2H, m, CHa-2, CHa-6 Piper), 248 (4H, m, CEN, CH,Ph), 2.72-2.90 (1H, m,
CHb-2/CHb-6 Piper), 2.97-3.15 (1H, m, CHb-2/CHbipd?), 3.58 (1H, dd, J = 6.5, 7.3 Hz, CHa-5
Diox), 3.83 (1H, dd, J = 7.0, 7.3 Hz, CHb-5 Dio#)02-4.21 (1H, m, CH-4 Diox), 7.12-7.46 (10H, m,
Ar, Ph); °C NMR (CDC}, 100 MHz):8 = 25.8 (2CH, Cyc) 25.9 (CH, Cyc), 26.5 (CH, Cyc), 26.7
(CHa, Cyc), 31.4 (CH, C-3/C-5 Piper), 32.0 (CH C-3/C-5 Piper), 37.3 (CH, C-4 Piper), 42.9 (CH
CH,Ph), 46.5 (CH, C-1 Cyc), 53.4 (GHC-2/C-4 Piper), 54.0 (CKHC-2/C-4 Piper), 60.3 (CHHCH:N),
68.1 (CH, C-5 Diox), 73.9 (CH, C-4 Diox), 112.1 (C, C-2 R)p125.8 (CH, C-4 Ph), 126.2 (2CH, C-3,
C-5 Ar), 127.5 (CH, C-4 Ar), 127.7 (2CH, C-2, C-5)A127.8 (C, C-1 Ar), 128.5 (2CH, C-3, C-5 Ph),
129.6 (2CH, C-2, C-6 Ph), 141.4 (C, C-1 Ph). ESIM$8Rcalcd for GgHsgNO, [M+H]" 420.2897,
found 420.2895.

The free amine was converted into the corresponiayaigogen oxalate from diethyl ether (0.10 g, 0.20

mmol, yield 45%).

mp: 198-200 °C*H NMR (DMSO, 200 MHz):3 = 0.73-1.26 (5H, m, Cyc), 1.35-1.82 (11H, m, Cyc,

CH,-3, CH-4, CH-5 Piper), 2.45-2.59 (2H, m, GAh), 2.61-2.92 (2H, m, G, 2.71-3.32 (4H, m,
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CH,- 2/CH,-6 Piper), 3.62 (1H, dd, J = 6.1, 7.8 Hz, CHa-5pi®.76 (1H, dd, J = 7.3, 7.8 Hz, CHb-5
Diox), 4.11-4.26 (1H, m, CH-4 Diox), 7.10-7.48 (10M, Ar, Ph).

ESI-HRMS calcd for ggH3gNO, [M+H]" 420.2897, found 420.2895. Anal. Calcd. foptziNOs: C,
70.70; H, 7.71; N, 2.75; Found C, 70.65; H, 7.582M%9.

4.1.10. Trans-1-benzyl-4-[(2-cyclohexyl-2-phenyl-1,3-dioxolan-4-yl)methyl] piper azine (trans-9b)

The title compound was obtained fralans-4 and 1-benzylpiperazine and was purified by uslaghf
column chromatography (cyclohexane/ethyl acetaté®Qo givetrans9b (0.37 g, 0.88 mmol, 99%
yield) as an oail.

'H NMR (CDCk, 400 MHz):8 = 0.91-1.27 (5H, m, Cyc), 1.49-1.79 (6H, m, Cy2)62 (2H, br s,
CH:N), 2.41-2.70 (8H, m, CH2, CH-3 CH,-5, CH-6 Piper), 3.59 (1H, dd, J = 6.4, 7.1 Hz, CHa-5
Diox), 3.72-3.91 (3H, m, CHb-5 Diox, GRh), 4.12-4.32 (1H, m, CH-4 Diox), 7.21-7.48 (10Hi,Ar,
Ph); *C NMR (CDCE, 100 MHz):8 = 25.8 (2CH, Cyc), 25.9 (CH, Cyc), 26.5 (CH, Cyc), 26.7 (CH,
Cyc), 46.2 (CH, C-1 Cyc), 51.1 (2GHC-3,C-5 Piper), 51.9 (2GHC-2,C-6 Piper), 60.2 (CHCH:N),
61.6 (CH, CH,Ph), 67.8 (CH, C-5 Diox), 73.5 (CH, C-4 Diox), 113.2 (C, C-2 R)p 125.9 (CH, C-4
Ph), 126.1 (2CH, C-3, C-5 Ar), 127.4 (CH, C-4 Ar27.5 (2CH, C-2, C-5Ar), 127.7 (C, C-1 Ar), 128.6
(2CH, C-3, C-5 Ph), 129.4 (2CH, C-2, C-6 Ph), 14&Z4 C-1 Ph). ESI-HRMS calcd for,@&37N,0;
[M+H] " 421.2850, found 421.2851.

The free amine was converted into the corresponiayigogen oxalate from diethyl ether (0.16 g, 0.26
mmol, yield 35%).

mp: 230-232 °CH NMR (DMSO, 200 MHz):3 = 0.83-1.22 (5H, m, Cyc), 1.49-1.76 (6H, m, Cyc),
2.69-3.05 (10H, m, CH2, CH,-3 CH,-5, CH-6 Piper, CHN), 3.56 (1H, dd, J= 6.6, 8.1 Hz, CHa-5
Diox), 3.73 (2H, dd, J = 6.6, 7.7 Hz, CHb-5 Dio8)91-4.22 (3H, m, CHPh, CH-4 Diox), 7.22-7.48
(10H, m, Ar, Ph).

ESI-HRMS calcd for gH3/N.0, [M+H] ™ 421.2850, found 421.2851. Anal. Calcd. farkoN.O10: C,
61.99; H, 6.71; N, 4.66; Found C, 61.92; H, 6.724N'3.

4.1.11. 4-Benzyl-1-[(2,2-dicyclohexyl-1,3-dioxolan-4-yl)methyl] piperidine (10a)

The title compound was obtained fr@and 4-benzylpiperidine and was purified by usilaghi column
chromatography (cyclohexane/ethyl acetate 90/1Qjite 10a (0.37 g, 0.87 mmol, 71% vyield) as a
yellow oil.
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'H NMR (CDCk, 200 MHz):8 = 0.92-1.39 (10H, m, Cy} 1.51-1.86 (17H, m, Cyc CH,-3, CH-4,
CH,-5 Piper), 2.31-2.49 (2H, m, CHa-2, CHa-6 Pipe»922H, J= 6.1 Hz, CHPh), 2.63-2.83 (2H, m,
CH.N), 2.99-3.12 (1H, m, CHb-2/CHb-6 Piper), 3.13-3(381, m, CHb-2/CHb-6 Piper), 3.43 (1H, dd, J
= 7.6, 9.0 Hz, CHa-5 Diox), 4.17 (1H, dd, J = &3} Hz, CHb-5 Diox), 4.38-4.56 (1H, m, CH-4 Diox),
7.17 (2H, dd, J = 1.5, 7.4 Hz, CH-2, CH-6 Ph), P8, t, J = 7.1 Hz, CH-4 Ph), 7.32 (2H, dd, J £,7.
7.4 Hz, CH-3, CH-5 Ph)-*C NMR (CDCE, 100 MHz):8 = 26.0 (4CH, Cyg) 26.1 (2CH, Cyc) 26.8
(2CH,, Cyg), 26.9 (2CH, Cyg), 31.6 (CH, C-3/C-5 Piper), 32.0 (CKHIC-3/C-5 Piper), 36.9 (CH, C-4
Piper), 42.9 (Ckl CH,Ph), 44.2 (2CH, C-1 Cyc), 53.8 (GHC-2/C-4 Piper), 54.6 (C#IC-2/C-4 Piper),
60.7 (CH, CH:N), 70.6 (CH, C-5 Diox), 75.9 (CH, C-4 Diox), 116.9 (C, C-2 R)p 125.8 (CH, C-4
Ph), 128.2 (2CH, C-3, C-5 Ph), 128.9 (2CH, C-2, €, 140.6 (C, C-1 Ph). ESI-HRMS calcd for
CoHaaNO, [M+H]* 426.3367, found 426.3368.

The free amine was converted into the corresponiayaigogen oxalate from diethyl ether (0.06 g, 0.12
mmol, yield 40%).

mp: 210-212 °C*H NMR (DMSO, 200 MHz)% = 0.88-1.23 (10H, m, Cy); 1.43-1.81 (17H, m, Cy¢
CH,-3, CH-4, CH-5 Piper), 2.41-2.52 (2H, m, GAr), 2.52-2.73 (2H, m, CpN), 2.71-3.32 (4H, m,
CH,- 2/CH,-6 Piper), 3.40 (1H, dd, J = 7.4, 8.1 Hz, CHa-5))ja.11 (1H, dd, J = 7.1, 7.4 Hz, CHb-5
Diox), 4.20-4.49 (1H, m, CH-4 Diox), 7.11-7.39 (5, Ar).

ESI-HRMS calcd for ggH4NO, [M+H]" 426.3367, found 426.3368. Anal. Calcd. fophsNOs: C,
69.87; H, 8.80; N, 2.72; Found C, 69.91; H, 8.932182.

4.1.12. 1-Benzyl-4-[(2,2-dicyclohexyl-1,3-dioxolan-4-yl)methyl]piper azine (10b)
The title compound was obtained frédnand 1-benzylpiperazine and was purified by uslaghf column
chromatography (cyclohexane/ethyl acetate 90/1Qjive 10b (0.47 g, 1,10 mmol, 90% vyields a
yellow oil.
'H NMR (CDCk, 200 MHz):5 = 0.91-1.44 (10H, m, Cyk 1.50-1.81 (12H, m, Cy}; 2.49-2.72 (10H,
m, CHy-2, CH-3 CH,-5, CHx-6 Piper, CHN), 3.43 (1H, dd, J = 7.5, 9.0 Hz, CHa-5 Diox),B(@H, s,
CHAr), 4.12 (1H, dd, J = 6.0, 7.5 Hz, CHb-5 Diox)22-4.41 (1H, m, CH-4 Diox), 7.17-7.41 (5H, m,
CH-2, CH-3, CH-4, CH-5, CH-6 Ph)*C NMR (CDCk, 100 MHz):8 = 26.1 (4CH, Cyc), 26.3 (2CH,
Cyc), 26.8 (2CH, Cyg), 26.9 (2CH, Cyg), 43.0 (CH, C-1 Cyc), 44.0 (CH, C-1 Cyc'), 52.Z¢2,, C-
3,C-5 Piper), 53.1 (2CKC-2,C-6 Piper), 60.5 (CHCH:N), 62.5 (CH, CH,Ph), 70.7 (CH, C-5 Diox),
75.6 (CH, C-4 Diox), 116.1 (C, C-2 Diox), 127.1(C&4 Ph), 128.0 (2CH, C-3, C-5 Ph), 129.1 (2CH,
C-2, C-6 Ph), 136.4 (C, C-1 Ph). ESI-HRMS calcd@gH 43N0, [M+H] " 427.3319, found 427.3322.
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The free amine was converted into the corresponiayiigogen oxalate from diethyl ether (0.28 g, 0.47
mmol, yield 50%).

mp: 226-228 °CH NMR (DMSO, 200 MHz)5 = 0.89-1.27 (10H, m, Cy} 1.45-1.78 (12H, m, Cy};
2.67-3.04 (10H, m, CHH2, CH,-3 CH,-5, CH,-6 Piper, CHN), 3.33-3.40 (1H, m, CHa-5 Diox), 3.80-
3.93 (2H, m, CHAr), 4.01-4.12 (1H, m, CHb-5 Diox), 4.18-4.37 (1, CH-4 Diox), 7.26-7.44 (5H,
m, Ar).

ESI-HRMS calcd for gH43aN,0, [M+H] " 427.3319, found 427.3322. Anal. Calcd. farkeN,O1g: C,
61.37; H, 7.64; N, 4.62; Found C, 61.45; H, 7.714MA4.

4.1.13. 4-Benzyl-1-[(2,2-diphenyl-1,3-oxathiolan-5-yl)methyl]piperidine (11a)

The title compound was obtained fr@{43] and 4-benzylpiperidine and was purified byngsflash
column chromatography (cyclohexane/ethyl acetat&(®@o givella (0.12 g, 0.28 mmol, 82% yield)
as a colorless oil.

'H NMR (CDCk, 400 MHz):8 = 1.31-1.53 (5H, m, CH3, CH-4, CH-5 Piper), 1.91-2.27 (2H, m,
CHa-2, CHa-6 Piper), 2.54 (2H, d, J = 6.5 Hz,BH), 2.62-3.22 (6H, m, GiN, CHb-2, CHb-6 Piper,
CH,-4 Oxath), 4.22-4.44 (1H, m, CH-5 Oxath), 7.04-7(43H, m, A, Ph), 7.62 (2H, d, J = 7.1 Hz,
Ar,); 1*C NMR (CDC}, 100 MHz):8 = 32.1 (CH, C-3/C-5 Piper), 32.2 (CH C-3/C-5 Piper), 34.7
(CH,, C-4 Oxath), 37.5 (CH, C-4 Piper), 43.1 (£1@H,Ph), 54.1 (CH, C-2/C-4 Piper), 55.0 (CHIC-
2/C-4 Piper), 62.4 (CH CH;N), 70.3 (CH, C-5 Oxath), 89.3 (C, C-2 Oxath), I28H, C-4 Ph), 127.0
(4CH, C-2, C-6 As), 127.6 (2CH, C-4 A), 128.1 (2CH, C-3, C-5 Ph), 128.3 (4CH, C-3, CH)A
129.1 (2CH, C-2, C-6 Ph), 140.5 (C, C-1 Ph), 142@, C-1 Ap). ESI-HRMS calcd for gH3,NOS
[M+H] " 430.2199, found 430.2201.

The free amine was converted into the corresponiayigogen oxalate from diethyl ether (0.04 g, 0.08
mmol, yield 48%).

mp: 182-184 °CH NMR (DMSO, 200 MHz)3 = 1.31-1.97 (5H, m, CH3, CH-4, CH-5 Piper), 2.39-
2.64 (2H, m, CHPh), 2.67-2.99 (2H, m, CHa-2, CHa-6 Piper), 3.0932H, m, CH-4 Oxath), 3.32-
3.64 (4H, m, CHb-2, CHb-6 Piper, GM),4.31-4.50 (1H, m, CH-5 Oxath), 7.10-7.43 (13H,Amn, Ph),
7.60 (2H,d,J=7.0Hz, A«

ESI-HRMS calcd for ggH3,NOS [M+H] 430.2199, found 430.2201. Anal. Calcd. faptsaNOsS: C,
69.34; H, 6.40; N, 2.70; Found C, 69.51; H, 6.612183.
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4.1.14. 1-Benzyl-4-[(2,2-diphenyl-1,3-oxathiolan-5-yl)methyl] piperazine (11b)

The title compound was obtained fr&@{43] and 1-benzylpiperazine and was purified byhgdiash
column chromatography (cyclohexane/ethyl acetat8%®3o0 givellb (0.22 g, 0.51 mmol, 88% yield)
as a colorless oil.

'H NMR (CDCl, 400 MHz):8 = 2.48-2.89 (10H, m, CiH2, CH-3, CH-5, CHx-6 Piper, CH-4 Oxath),
3.12-3.28 (2H, m, CkN), 3.54 (2H, s, CkPh), 4.20-4.45 (1H, m, CH-5 Oxath), 7.16-7.44 (1BHA®,
Ph), 7.63 (2H, d, J = 7.1 Hz, Ar *C NMR (CDC}, 100 MHz): & = 34.8 (CH, C-4 Oxath), 52.1
(2CH,, C-3,C-5 Piper), 52.9 (2GHC-2,C-6 Piper), 60.6 (CHCH;N), 62.6 (CH, CH,Ph), 70.5 (CH,
C-5 Oxath), 89.8 (C, C-2 Oxath), 126.2 (CH, C-4,A97.1 (4CH, C-2, C-6 A), 127.5 (2CH, C-4
Ary), 128.0 (2CH, C-3, C-5 Ph), 128.3 (4CH, C-3, C+5)A129.0 (2CH, C-2, C-6 Ph), 139.8 (C, C-1
Ph), 143.2 (2C, C-1 A). ESI-HRMS calcd for §H3:N,0S [M+H]" 431.2152, found 431.2154.

The free amine was converted into the corresponiayaigogen oxalate from diethyl ether (0.10 g, 0.16
mmol, yield 50%).

mp: 210-212 °CH NMR (DMSO, 200 MHz):5 = 2.71-3.12 (11H, m, C#2, CH-3, CH-5, CHy-6
Piper, CH-4 Oxath, CHaN), 3.28 (1H, dd, J = 2.2, 4.5 Hz, Gj)B4.03 (2H, s, CkPh), 4.17-4.34 (1H,
m, CH-5 Oxath), 7.16-7.44 (13H, m,APh), 7.59 (2H, d, J = 7.0 Hz, Ar

ESI-HRMS calcd for gHziN,OS [M+H]" 431.2152, found 431.2154. Anal. Calcd. fasH34N2OeS:

C, 60.97; H, 5.61; N, 4.59; Found C, 61.12; H, 5N64.31.

4.1.15. 4-Benzyl-1-[(2,2-diphenyl-1,3-dithiolan-4-yl)methyl]piperidine (12a)
The title compound was obtained frof{43] and 4-benzylpiperidine and was purified byngsflash
column chromatography (cyclohexane/ethyl acetat2)38 givel2a (0.24 g, 0.55 mmol, 68% yields
a colorless oil.
'H NMR (CDCk, 400 MHz):6 = 1.30-1.54 (5H, m, CH3, CH-4, CH-5 Piper), 1.91-2.21 (2H, m,
CHa-2, CHa-6 Piper), 2.53 (2H, d, J = 6.1 Hz,,EBH), 2.70-3.12 (4H, m, G+b Dithio, CHb-2, CHb-6
Piper), 3.16-3.40 (2H, m, GN), 3.99-4.17 (1H, m, CH-4 Dithio), 7.04-7.42 (11K, Ar,, Ph), 7.58
(2H, d, J = 7.1 Hz, A), 7.62 (2H, d, J = 7.1 Hz, & **C NMR (CDCk, 100 MHz):5 = 31.9 (CH, C-
3/C-5 Piper), 32.0 (CHl C-3/C-5 Piper), 37.7 (CH, C-4 Piper), 44.6 (CI€-5 Dithio), 43.0 (CH
CH,Ph), 54.0 (CH, C-2/C-4 Piper), 54.8 (CH C-2/C-4 Piper), 56.5 (CH, C-4 Dithio), 62.6 (&H
CH:N), 68.5 (C, C-2 Dithio), 125.7 (CH, C-4 Ph), 1274CH, C-2, C-6 Aj), 127.9 (2CH, C-4 AJ,
128.2 (2CH, C-3, C-5 Ph), 128.4 (4CH, C-3, C-5)AL29.2 (2CH, C-2, C-6 Ph), 140.6 (C, C-1 Ph),
143.8 (2C, C-1 Aj). ESI-HRMS calcd for ggHz NS, [M+H] " 446.1971, found 446.1972.
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The free amine was converted into the corresponiayigogen oxalate from diethyl ether (0.12 g, 0.22
mmol, yield 40%).

mp: 164-166 °C!H NMR (DMSO, 200 MHz)3 = 1.26-1.41 (2H, m, CHa-3, CHa-5 Piper), 1.52-1.76
(3H, m, CHb-3, CH-4, CHb-5 Piper), 2.39-2.64 (2H, €H,Ph), 2.81-4.04 (1H, m, CHa-2/CHa-6
Piper), 3.32-3.64 (7H, m, CHa-2/CHa-6 Piper, CHIE®b-6 Piper, CkHN, CH-5 Dithio), 4.27-4.50
(1H, m, CH-3 Oxath), .704-7.38 (11H, m,,APh), 7.52 (2H, d, J = 7.0 Hz, Ar 7.63 (2H, d, J = 7.0
Hz, Ar,).

ESI-HRMS calcd for GgHzNS, [M+H] " 446.1971, found 446.1972. Anal. Calcd. fagiasNO,S,: C,
67.26; H, 6.21; N, 2.61; Found C, 67.33; H, 6.2821%2.

4.1.16. 1-Benzyl-4-[(2,2-diphenyl-1,3-dithiolan-4-yl)methyl] piper azine (12b)

The title compound was obtained frofj43] and 1-benzylpiperazine and was purified byhgdiash
column chromatography (cyclohexane/ethyl acetat2)38 givel2b (0.16 g, 0.36 mmol, 42% vyields
a colorless oil.

'H NMR (CDCk, 400 MHz): 8 = 2.34-2.84 (10H, m, C#2, CH-3, CH-5, CH-6 Piper, CH-5
Dithio), 3.12-3.34 (2H, m, CN), 3.55 (2H, s, CkPh), 3.91-4.17 (1H, m, CH-4 Dithio), 7.13-7.41
(11H, m, Ap, Ph), 7.56 (2H, d, J = 7.2 Hz, Ar7.66 (2H, d, J = 7.2 Hz, & *C NMR (CDCE, 100
MHz): & = 44.5 (CH, C-5 Dithio), 52.1 (2CH C-3, C-5 Piper), 53.0 (2GHC-2,C-6 Piper), 56.7 (CH,
C-4 Dithio), 61.3 (CH, CH:N), 62.7 (CH, CH,Ph), 68.6 (C, C-2 Dithio), 125.5 (CH, C-4 Ph), 7.
(4CH, C-2, C-6 As), 127.8 (2CH, C-4 A), 128.1 (2CH, C-3, C-5 Ph), 128.5 (4CH, C-3, CH)A
129.3 (2CH, C-2, C-6 Ph), 140.7 (C, C-1 Ph), 1426, C-1 Ap). ESI-HRMS calcd for gH3ziN,S;
[M+H]* 447.1923, found 447.1925.

The free amine was converted into the corresponkyajogen oxalate from diethyl ether (0.1 g, 0.16
mmol, yield 50%).

mp: 211-213 °C!H NMR (DMSO, 200 MHz):3 = 2.59-3.12 (10H, m, C#2, CH-3, CH-5, CHy-6
Piper, CH-5 Dithio), 3.11-3.35 (2H, m, Ci), 3.96-4.27 (3H, m, CHPh, CH-4 Dithio), 7.16-7.52
(13H, m, Ap, Ph), 7.63 (2H, d, J = 7.1 Hz, Ar

ESI-HRMS calcd for gHsiN,S, [M+H]" 447.1923, found 447.1925. Anal. Calcd. fasil3N20sS;:
C,59.41; H,5.47; N, 4.47; Found C, 59.77; H, 51/894.45.

4.1.17. 4-Benzyl-1-[(5,5-diphenyltetr ahydrofur an-2-yl)methyl]piperidine (14a)
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The title compound was obtained frd& [44] and 4-benzylpiperidine and was purified byngsflash
column chromatography (cyclohexane/ethyl acetatd0jGo givelda (0.21 g, 0.52 mmol, 90% vyield)
as a colorless oil.

'H NMR (CDCk, 400 MHz):6 = 1.30-1.54 (5H, m, CH3, CH-4, CH-5 Piper), 1.73-1.89 (1H, m,
CHa-3 Fur), 1.99-2.24 (3H, m, CHb-3 Fur, CHa-2, &Riper), 2.53 (2H, d, J = 6.1 Hz, gth), 2.61-
3.19 (3H, m, CHa-4 Fur, CHb-2, CHb-6 Piper), 3.2423(3H, m, CHa-4 Fur, Ci), 4.31-4.49 (1H, m,
CH-2 Fur), 7.09-7.49 (15H, m, ArPh);**C NMR (CDC}, 100 MHz):6 = 25.6 (CH, C-3 Fur), 31.3
(CH,, C-3/C-5 Piper), 32.1 (CKIC-3/C-5 Piper), 36.8 (CH, C-4 Piper), 38.8 (8-4 Fur), 42.8 (CH
CH,Ph), 53.7 (CH, C-2/C-4 Piper), 54.8 (CH1C-2/C-4 Piper), 60.6 (CHCH.N), 67.6 (CH, C-2 Fur),
88.2 (C, C-5 Fur), 125.7 (CH, C-4 Ph), 125.9 (4C-R, C-6 Ag), 126.85(2CH, C-4 A), 128.2 (2CH,
C-3, C-5 Ph), 128.4 (4CH, C-3, C-5r128.8 (2CH, C-2, C-6 Ph), 140.7 (C, C-1 Ph),.6848C, C-1
Ar,). ESI-HRMS calcd for gH34NO [M+H]" 412.2635, found 412.2636.

The free amine was converted into the corresponiayagogen oxalate from diethyl ether (0.04 g, 0.08
mmol, yield 42%).

mp: 206-208 °C*H NMR (DMSO, 200 MHz)3 ='H NMR (DMSO, 200 MHz)$5 = 1.28-1.81 (5H, m,
CH,-3, CH-4, CH-5 Piper), 1.92-2.05 (1H, m, CHa-3 Fur), 2.62 (2H,) = 6.2 Hz, CkPh), 2.63-2.75
(1H, m, CHb-3 Fur), 2.78-3.21 (4H, m, gB&, CH-6 Piper), 3.38-4.02 (4H, m, GN, CH,-4 Fur),
4.32-4.47 (1H, m, CH-2 Fur), 7.09-7.49 (15H, my,Azh).

ESI-HRMS calcd for gH3sNO [M+H]" 412.2635, found 412.2636. Anal. Calcd. fosik3sNOs: C,
74.23; H, 7.03; N, 2.79; Found C, 74.41; H, 7.332189.

4.1.18. 1-Benzyl-4-[(5,5-diphenyltetr ahydrofur an-2-yl)methyl]piperazine (14b)

The title compound was obtained frdiB [44] and 1-benzylpiperazine and was purified byngdiash
column chromatography (cyclohexane/ethyl acetatd0j@o giveldb (0.03 g, 0. 07 mmol, 20% vyield)
as a colorless oil.

'H NMR (CDCk, 400 MHz):8 = 1.01-1.22 (1H, m, CHa-3 Fur), 1.28-1.41 (1H,®b-3 Fur), 1.61-
1.83 (1H, m, CHa-4 Fur), 1.96-2.13 (1H, m, CHb-4)F2.41-2.87 (10H, m, Ci#N, CH,-2, CH-3,
CH,-5, CH-6 Piper), 3.51 (2H, s, GiRh), 4.33-4.49 (1H, m, CH-2 Fur), 7.09-7.49 (15H,An», Ph);
¥C NMR (CDCk, 100 MHz): & = 25.6 (CH, C-3 Fur), 38.8 (Ck C-4 Fur), 52.1 (2CH C-3,C-5
Piper), 53.0 (2CH C-2,C-6 Piper), 60.5 (CHCH:N), 62.1 (CH, CH,Ph), 65.2 (CH, C-2 Fur), 88.5 (C,
C-5 Fur), 125.8 (CH, C-4 Ph), 125.8 (4CH, C-2, &f6), 127.0 (2CH, C-4 A¥, 128.1 (2CH, C-3, C-5
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Ph), 128.5 (4CH, C-3, C-5 Ar 128.9 (2CH, C-2, C-6 Ph), 140.6 (C, C-1 Ph),.142C, C-1 Ay). ESI-
HRMS calcd for GgH33N,O [M+H]™ 413.2587, found 413.2586.

The free amine was converted into the corresponiayaigogen oxalate from diethyl ether (0.03 g, 0.05
mmol, yield 51%).

mp: 222-224 °C*H NMR (DMSO, 200 MHz):$ = 1.49-1.71 (1H, m, CHa-3 Fur), 1.83-2.01 (1H, m,
CHb-3 Fur), 2.32-2.51 (1H, m, CHa-4 Fur), 2.55-2(T#H, m, CHb-4 Fur), 2.74-3.31 (10H, m, &H,
CH,-3, CH,-5, CH,-6 Piper, CHN), 3.82 (2H, s, CkPh), 4.38-4.45 (1H, m, CH-2 Fur), 7.03-7.58 (15H,
m, Ar,, Ph).

ESI-HRMS calcd for ggH33N,O [M+H]" 413.2587, found 413.2586. Anal. Calcd. faptzsN.Oq: C,
64.85; H, 6.12; N, 4.73; Found C, 64.98; H, 6.3541%4.

4.1.19. 5-[(4-benzylpiperidin-1-yl)methyl]-2,2-diphenylcyclopenta-1-one (16a)

4-Benzylpiperidin-1-ium chloride (1.85 g, 8.75 miahd aqueous paraformaldehyde (0.08 g, 2.7 mol)
were added to a solution @b [44] (0.51 g, 2.16 mmol) in 5 mL of anhydrous ethlaThe reaction
mixture was refluxed for 1 h and then an additicarabunt of paraformaldehyde (0.06g, 2.0 mol) was
added. The mixture was refluxed for further 12 fieAcooling to room temperature, the solvent was
removed under reduced pressure. The crude, dissalv€H.Cl,, was washed with a solution of 5%
NaOH and brine and dried over anhydrous3a. The crude extract was purified by using flash
column chromatography on silica gel (cyclohexamgledcetate 70/30) to give the title compound (0.64
g, 1.51 mmol, 70% yield) as an oil.

'H NMR (CDCk, 400 MHz):6 = 1.21-1.49 (2H, m, CHa-3, CHa-5 Piper), 1.52-2(6H, m, CH-4,
CHb-3, CHb-5 Piper, CH4 Cyclopent), 2.15-2.41 (4H, m, CHa-2, CHa-6 PRig&,-3 Cyclopent),
2.51-2.99 (7H, m, CHb-2, CHb-6 Piper, €N CH,Ph, CH-5 Cyclopent), 7.04-7.44 (15H, m,,Ar
Ph)}*C NMR (CDCk, 100 MHz): 6 = 19.2 (CH, C-4 Cyclopent), 31.9 (CH C-3/C-5 Piper), 32.2
(CH,, C-3/C-5 Piper), 37.7 (CH, C-4 Piper), 39.5 (CH5 Cyclopent), 40.1 (Ckl C-3 Cyclopent.) 42.6
(CHz, CH,Ph), 53.7 (CH, C-2/C-4 Piper), 55.1 (CKIC-2/C-4 Piper), 61.3 (CHCH;N), 62.9 (C, C-2
Cyclopent), 125.5 (CH, C-4 Ph), 126.8 (2CH, C-4At28.0 (4CH, C-3, C-5 AJ, 128.2 (2CH, C-3, C-

5 Ph), 128.5 (4CH, C-2, C-6 Ar 129.1 (2CH, C-2, C-6 Ph), 140.6 (C, C-1 Ph) 342C, C-1 As),
214.2 (C, C-1 Cyclopent). ESI-HRMS calcd fogp8:sNO [M+H]* 424.2635, found 424.2637.

The free amine was converted into the corresponiayaigogen oxalate from diethyl ether (0.08 g, 0.15
mmol, yield 85%).
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mp: 163-165 °C*H NMR (DMSO, 200 MHz)3 = 1.28-1.81 (6H, m, CH3, CH-4, CH-5 Piper, CHa-
4 Cyclopent), 2.12-2.37 (1H, m, CHb-4 Cyclopentf12(2H, d, J = 6.1 Hz, Gi?h), 2.65-3.39 (9H, m,
CH,-2, CH,-6 Piper, CHN, CH,-3, CH-5 Cyclopent), 7.08-7.41 (15H, mAPh).

ESI-HRMS calcd for ggH3sNO [M+H]" 424.2635, found 424.2637. Anal. Calcd. fopkzsNOs: C,
74.83; H, 6.87; N, 2.73; Found C, 74.94; H, 7.032N 2.

4.1.20. 5-[(4-benzylpiper azin-1-yl)methyl]-2,2-diphenylcyclopenta-1-one (16b)

The title compoundavas obtained froni5 [44] and 4-benzylpiperazinium chloride (1.85 g,3Bmmol)

by following the same procedure described I6a. The crude extract was purified by using flash
column chromatography on silica gel (cyclohexamgletcetate 70/30) to givisb (0.59 g, 1.39 mmol,
66% vyield) as a yellow oil.

'H NMR (CDCk, 400 MHz): 8 = 1.75-1.91 (1H, m, CHa-4 Cyclopent), 2.21-2.35,(In, CHb-4
Cyclopent), 2.42-2.91 (13H, m, GN, CH,-2, CH-3, CH-5, CH,-6 Piper, CH-3, CH-5 Cyclopent),
3.53 (2H, s, ChPh), 7.05-7.40 (15H, m, ArPh);*C NMR (CDCk, 100 MHz):8 = 19.9 (CH, C-4
Cyclopent), 39.7 (CH, C-5 Cyclopent), 40.3 ((K-3 Cyclopent), 52.2 (2CGHC-3,C-5 Piper), 53.2
(2CH,, C-2,C-6 Piper), 60.5 (CHCH:N), 61.9 (CH, CH;N), 62.9 (C, C-2 Cyclopent), 125.8 (CH, C-4
Ph), 126.8 (2CH, C-4 Ay, 128.1 (4CH, C-3, C-5 A), 128.2 (2CH, C-3, C-5 Ph), 128.6 (4CH, C-2, C-6
Ary), 129.1 (2CH, C-2, C-6 Ph), 140.7 (C, C-1 AHR.4 (2C, C-1 A, 216.1 (C, C-1 Cyclopent). ESI-
HRMS calcd for GgH33N,0 [M+H]™ 425.2587, found 425.2589.

The free amine was converted into the corresponiayigogen oxalate from diethyl ether (0.13 g, 0.22
mmol, yield 74%).

mp: 220-222 °CH NMR (DMSO, 200 MHz)5 = 1.53-1.72 (1H, m, CHa-4 Cyclopent), 2.12-2.38,(1
m, CHb-4 Cyclopent), 2.54-3.11 (13H, m, & CH,-2, CH-3, CH>-5, CH-6 Piper, CH-3, CH-5
Cyclopent), 3.52 (2H, s, GIRh), 7.05-7.40 (15H, m, ArPh).

ESI-HRMS calcd for GH33N,O [M+H]" 425.2587, found 425.2589. Anal. Calcd. faatieN2Oq: C,
65.55; H, 6.00; N, 4.63; Found C, 65.87; H, 6.314N1.

4.1.21. 5-[(4-Benzylpiperidin-1-yl)methyl]-2,2-diphenylcyclopenta-1-ol (17a)

The title compound was obtained as diastereomeisiture from 16a (1.18 mmol) using an excess of
NaBH,; (1.8 mmol) at 0 °C in ethanol. The resulting migtuvas stirred for 30 minutes at room
temperature, then concentrated under reduced peesBoe residue was partitioned between,Cik

and water. The organic layer was separated anagheous one was extracted withJ ZCH. The organic
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layers were combined, washed with water, dried @mérydrous NgQO,, filtered, and concentrated
under vacuum. Thecis/trans diastereomeric mixture was separated by using flastumn
chromatography (cyclohexane/ethyl acetate 90/10).

Cis-17a (0.04 g, 0.10 mmol, 9 % vyield) as a colorless oil.

'H NMR (CDCk, 400 MHz):8 = 1.20-1.97 (11H, m, CH3 Cyclopent, CHa-2, CHa-6 Piper, &B,
CH-4, CH-5 Piper, CH-4 Cyclopent), 2.15-2.31 (3H, m, OH, CHb-2, CHbifd?), 2.37-2.72 (2H, m,
CH,Ph), 2.74-2.89 (2H, m, GiNl), 3.12-3.24 (1H, m, CH-5 Cyclopent), 4.99 (1HJds 5.9 Hz, CH-1
Cyclopent), 7.01-7.46 (15H, m, APh);**C NMR (CDCE, 100 MHz):8 = 20.0 (CH, C-4 Cyclopent),
31.8 (CH, C-3/C-5 Piper), 32.4 (CH C-3/C-5 Piper), 37.6 (CH, C-4 Piper), 29.8 (CHC-2
Cyclopent), 35.1 (CH, C-3 Cyclopent), 42.6 ({l€H.Ph), 53.7 (CH, C-2/C-4 Piper), 55.1 (CH C-
2/C-4 Piper), 59.0 (C, C-1 Cyclopent), 61.6 (CBH:N), 63.5 (C, C-2 Cyclopent), 125.5 (CH, C-4 Ph),
126.9 (2CH, C-4 Ay, 128.2 (4CH, C-3, C-5 A, 128.4 (2CH, C-3, C-5 Ph), 128.6 (4CH, C-2, C-6
Ary), 129.2 (2CH, C-2, C-6 Ph), 140.4 (C, C-1 Ph) 642C, C-1 As). ESI-HRMS calcd for gHzsNO
[M+H] " 426.2791, found 426.2793.

The free amine was then converted into the corredipg hydrogen oxalate from diethyl ether (0.02 g,
0.04 mmol, yield 65%).

mp: 187-189 °C!H NMR (DMSO, 200 MHz)3$ = 1.31-2.01 (7H, m, CH3 Cyclopent, Ck3, CH-4,
CH,-5 Piper), 2.11-2.44 (2H, m, GH Cyclopent, CHa-2/CHa-6 Piper), 2.41-2.58 (3HGHla-2/CHa-

6 Piper CHPh), 2.63-2.92 (3H, m, CHa-2/CHa-6, CHb-2, CHb-p&P), 3.10-3.45 (3H, m, GiN, CH-

5 Cyclopent), 4.31 (1H, m, OH), 4.90 (1H, d, J 8 Bz, CH-1 Cyclopent), 7.03-7.48 (15H, m AlPh).
ESI-HRMS calcd for gH3eNO [M+H]" 426.2791, found 426.2793. Anal. Calcd. fopiz/NOs: C,
74.54; H, 7.23; N, 2.72; Found C, 74.60; H, 7.312188.

Trans-17a (0.22 g, 0.53 mmol, 45 % vyield) as a colorless oil.

'H NMR (CDCk, 400 MHz):6 = 1.14-1.71 (7H, m, CH3 Cyclopent, Ck3, CH-4, CH-5 Piper),
1.83-2.18 (5H, m, OH, CHa-2, CHa-6 Piper, &HCyclopent), 2.40-2.88 (7H, m, CHb-2, CHb-6 Pjper
CH.Ph, CHN, CH-5 Cyclopent), 4.36 (1H, d, J = 9.3 Hz, CH-{clopent), 7.01-7.49 (15H, m, Ar
Ph). *C NMR (CDCE, 100 MHz):8 = 20.1 (CH, C-4 Cyclopent), 31.7 (CH C-3/C-5 Piper), 32.4
(CH,, C-3/C-5 Piper), 37.7 (CH, C-4 Piper), 29.9 (CB-2 Cyclopent), 35.2 (CH, C-3 Cyclopent), 42.6
(CH,, CH,Ph), 53.8 (CH, C-2/C-4 Piper), 55.2 (CK C-2/C-4 Piper), 59.1 (C, C-1 Cyclopent), 61.4
(CH,, CH:N), 63.3 (C, C-2 Cyclopent), 125.4 (CH, C-4 Ph) B2(2CH, C-4 Aj), 128.1 (4CH, C-3, C-
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5 Ary), 128.4 (2CH, C-3, C-5 Ph), 128.5 (4CH, C-2, C16)Al29.1 (2CH, C-2, C-6 Ph), 140.3 (C, C-1
Ph) 142.5 (2C, C-1 A). ESI-HRMS calcd for GHzsNO [M+H]* 426.2791, found 426.2792.

The free amine was converted into the corresponiayaigogen oxalate from diethyl ether (0.13 g, 0.20
mmol, yield 49%).

mp: 219-221 °C*H NMR (DMSO, 200 MHz)® = 1.24-2.01 (7H, m, CH3 Cyclopent, Ch3, CH-4,
CH,-5 Piper), 2.53-3.38 (11H, m, G¥2, CH-6 Piper, CHPh, CHN, CH,-4, CH-5 Cyclopent), 4.23
(1H, d, J = 9.3 Hz, CH-1 Cyclopent), 4.33 (1H, nij)D7.10-7.44 (15H, m, Ar Ph).

ESI-HRMS calcd for ggH3gNO [M+H]" 426.2791, found 426.2792. Anal. Calcd. fopkz/NOs: C,
74.54; H, 7.23; N, 2.72; Found C, 74.67; H, 7.442193.

4.1.22. 5-[(4-Benzylpiperazin-1-yl)methyl]-2,2-diphenylcyclopenta-1-ol (17b)

The title compound was obtained as diastereomertture from 16b (12.3 mmol) by following the
same procedure described 1d&.

Cis-17b (0.16 g, 0.37 mmol, 3 % yield) as a colorless oil.

'H NMR (CDCk, 400 MHz): 8 = 1.41-1.53 (1H, m, CHa-4 Cyclopent), 1.68-1.881,(In, CHb-4
Cyclopent), 2.23-2.88 (14H, m, OH,gM, CH,-2, CH-3, CH-5, CH-6 Piper, CH-3, CH-5
Cyclopent), 3.51 (2H, s, GRh), 4.99 (1H, d, J = 4.8 Hz, CH-1 Cyclopent), 77047 (15H, m, Ay,
Ph); **C NMR (CDC}, 100 MHz):8 = 20.0 (CH, C-4 Cyclopent), 29.7 (CH C-2 Cyclopent), 35.1
(CH, C-3 Cyclopent), 52.2 (2GHC-3,C-5 Piper), 53.4 (2GHC-2,C-6 Piper), 59.1 (C, C-1 Cyclopent),
60.3 (CH, CH:N), 61.6 (CH, CH:N), 63.5 (C, C-2 Cyclopent), 125.5 (CH, C-4 Ph)6 B2(2CH, C-4
Ar,), 128.2 (4CH, C-3, C-5 A), 128.4 (2CH, C-3, C-5 Ph), 128.6 (4CH, C-2, C+§A129.2 (2CH, C-
2, C-6 Ph), 140.4 (C, C-1 Ph) 142.6 (2C, C-1)AESI-HRMS calcd for @HasN,O [M+H]" 427.2744,
found 427.2743.

The free amine was converted into the corresponiayaigogen oxalate from diethyl ether (0.04 g, 0.06
mmol, yield 62%).
mp: 210-212 °CH NMR (DMSO, 200 MHz)5 = 1.35-1.61 (1H, m, CHa-4 Cyclopent), 1.69-1.8[,(1
m, CHb-4 Cyclopent), 2.08-2.20 (1H, m, CHa-3, Cpelnt), 2.17-3.02 (12H, m, GN, CH,-2, CH,-3,
CH,-5, CH-6 Piper, CHb-3, CH-5 Cyclopent), 3.62 (2H, s,£H), 4.28 (1H, m, OH), 4.99 (1H, d, J =
3.3 Hz, CH-1 Cyclopent), 7.01-7.47 (15H, myAPh).
ESI-HRMS calcd for GgH3sN,O [M+H]" 427.2744, found 427.2743. Anal. Calcd. faazsN.Oq: C,
65.33; H, 6.31; N, 4.62; Found C, 65.56; H, 6.594M65.
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Trans-17b (0.31 g, 0.74 mmol, 6 % yields a colorless oil.

'H NMR (CDCk, 400 MHz):6 = 1.23-1.42 (2H, m, CH4 Cyclopent), 1.83-2.16 (3H, m, OH, g8
Cyclopent), 2.25-2.90 (11H, m, GN, CH,-2, CH,-3, CH-5, CH-6 Piper, CH-5 Cyclopent), 3.54 (2H,
s, CHPh), 4.38 (1H, d, J = 6.7 Hz, CH-1 Cyclopent), 77051 (15H, m, A5, Ph). ).**C NMR (CDCE,
100 MHz):6 = 20.2 (CH, C-4 Cyclopent), 29.8 (CHC-2 Cyclopent), 35.1 (CH, C-3 Cyclopent), 42.6
(CHy, CHy,Ph), 52.1 (2CH C-3, C-5 Piper), 53.3 (2GHC-2, C-6 Piper), 59.1 (C, C-1 Cyclopent), 61.3
(CH,, CHy:N), 63.3 (C, C-2 Cyclopent), 125.4 (CH, C-4 Ph)6 B2(2CH, C-4 A), 128.1 (4CH, C-3, C-

5 Arp), 128.4 (2CH, C-3, C-5 Ph), 128.5 (4CH, C-2, C+§A129.1 (2CH, C-2, C-6 Ph), 140.2 (C, C-1
Ph) 142.6 (2C, C-1 A}. ESI-HRMS calcd for @HssN,O [M+H]" 427.2744, found 427.2745.

The free amine was converted into the corresponiayaigogen oxalate from diethyl ether (0.07 g, 0.12
mmol, yield 56%).

mp: 224-226 °C*H NMR (DMSO, 200 MHz)3 = 1.37-1.54 (1H, m, CHa-4 Cyclopent), 1.78-2.08,(1
m, CHb-4 Cyclopent), 2.05-2.22 (1H, m, CHa-3, Cpelot), 2.41-3.12 (12H, m, GN, CH,-2, CH>-3,
CH,-5, CH-6 Piper, CHb-3, CH-5 Cyclopent), 3.66 (2H, s,£H), 4.11 (1H, m, OH), 4.22 (1H, d, J =
9.2 Hz, CH-1 Cyclopent), 7.01-7.47 (15H, myAPh).

ESI-HRMS calcd for gH3sN,O [M+H]" 427.2744, found 427.2745. Anal. Calcd. faszsN.Oq: C,
65.33; H, 6.31; N, 4.62; Found C, 65.41; H, 6.424N0.

4.1.23. 1-[(Tert-butyldiphenylsilyl)oxy]-3-chlor opropan-2-ol (18)
Tertbutyldiphenyilsilyl chloride (3.50 ml, 13.56 mmalhd imidazole (1.20 g, 17.18 mmol) were added
to a solution of 3-chloropropane-1,2-diol (1.009¢)4 mmol) in dry DMF (15 mL). The mixture was
stirred at room temperature for 5 h. The reactias wuenched with saturated aqueous,GlHand
extracted with EtOAc (3 x30 mL). The combined oiigdayer was washed with 1.0 M aqueous HCI for
three times and brine. The organic layer was daeer anhydrous MgSfand concentrated under
reduced pressure. The residue was purified by #taslimn chromatography to give the corresponding
silyl ether as a colorless oil (2.21 g, 6.33 mni6% yield).
'H-NMR (200MHz, CDCH): 5 1.09 (9H, st-Bu), 2.54 (1H, d, J = 6.2; OH), 3.64 (1H, dd, J.Z31.0
Hz, CHa-Cl), 3.71 (1H, dd, J = 5.3, 11.0 Hz, CHD;@Il74 (1H, dd, J= 5.4, 10.2 Hz, CHa-0), 3.81 (1H,
dd, J = 4.6, 10.2 Hz, CHb-O), 3.92 (1H, m, CHOHRBZ?7.51 (6H, m, CH-3, CH-4, CH-5 Si-Ar
7.56-7.76 (4H, m, CH-2, CH-6 Si-Ar ESI-HRMS calcd for GHae"ClO,Si [M+H]" 349.1386, found
349.1388. Calcd for gHa¢* 'ClO,Si [M+H]* 351.1356, found 351.1358.
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4.1.24. (2-(Benzhydryloxy)-3-chloropropoxy)(tert-butyl)diphenylsilane (19)

Bromodiphenylmethane (0.51 g, 2.05 mmol) was addexdsolution ofl8 (2.1 g, 6.2 mmol ) in toluene
(10 mL). The mixture was stirred under reflux fat B. The solvent was evaporated under reduced
pressure and the solid residue obtained was takewiiln EtOAc (30 mL). The organic layer was
washed with brine, dried over anhydrous Mg®@d concentrated under reduced pressure. Thaieesid
was purified by flash column chromatography to gike title compounds a dark oil (0.65 g, 1.27
mmol, 62% yield).

'H-NMR (200MHz, CDC}): & 1.05 (9H, st-Bu), 3.69-3.85 (5H, m, CI-CH CH,-O, CHOH), 5.58 (1H,

s, CHA®R), 7.25-7.48 (16H, m, Ar CH-3, CH-4, CH-5 Si-A), 7.61-7.69 (4H, m, CH-2, CH-6 Si-Ar
ESI-HRMS calcd for GH36CI0,Si [M+H]" 515.2168, found 515.2169.

4.1.25. [(2-Chloroethoxy)methylene]dibenzene (20)

The title compoundavas obtained from bromodiphenylmethane (0.47 ¢ infnhol) and 2-chloroethanol
(0.4 g, 5.0 mmol) as an oil (0.1 g, 0.5 mmol, 26@d) by following the same procedure described for
19.

'H NMR (CDCk, 200 MHz):8 = 3.74 (2H, t, J = 6.2 Hz, OGH 3.80 (2H, t, J=6.2 Hz, Gi&l), 5.5
(1H, s, CHAp), 7.21-7.49 (10H, m, A). ESI-HRMS calcd for GH1¢°CIO [M+H]" 247.0885, found
247.0883. ESI-HRMS calcd for;€H:¢'CIO [M+H]* 249.0855, found 249.0853.

4.1.26. 1-{2-(Benzhydryloxy)-3-[(ter t-butyldiphenylsilyl)oxy]propyl}-4-benzylpiperidine (21a)

The title compound was obtained frdi@ and 4-benzylpiperidine as a yellow oil (0.28 gt mmol,
74% yield) by following the general procedure didsat in thed4.1.4. section.

'H NMR (CDCk, 400 MHz):8 = 1.02-1.38 (14H, mi-Bu, CH;-3, CH-4, CH-5 Piper), 1.81-2.11 (2H,
m, CHa-2, CHa-6 Piper), 2.56-2.94 (6H, m, 8lH CH,Ph, CHa-2, CHb-6 Piper), 3.61-3.83 (3H, m,
CH,-O, CHOH), 5.58 (1H, s, CHAY), 7.23-7.72 (25H, m, Si-Ar Ar,, Ph). ESI-HRMS calcd for
CasHs:NO,Si [M+H]* 654.3762, found 654.3764.

4.1.27. 1-{2-(Benzhydryloxy)-3-[(ter t-butyldiphenylsilyl)oxy] propyl}-4-benzylpiperazine (21b)

The title compound was obtained frd® and 1-benzylpiperazine as a colorless oil (0.32.49 mmol,

90% vield) by following the general procedure ddxemt in thed.1.4. section.
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'H NMR (CDCk, 400 MHz):8 = 1.03 (9H, s{-Bu), 2.39-2.79 (10H, m, CH2, CH-3 CH»-5, CH-6
Piper, CHN), 3.51 (2H, s, CkPh), 3.60-3.84 (3H, m, GHO, CHOH), 5.81 (1H, s, CHAY), 7.21-7.74
(25H, m, Si-Ag, Ar,, Ph). ESI-HRMS calcd for gHs5:N-O,Si [M+H]" 655.3714, found 655.3716.

4.1.28. 2-(Benzhydryloxy)-3-(4-benzylpiperidin-1-yl)propan-1-ol (22a)

TBAF (0.46 ml, 0.49 mmol) was added to a solutiér2ta (0.28 g, 0.43 mmol) in THF (10 mL). The
mixture was stirred at room temperature for 24 iluted with water, and extracted with EtOAc. The
combined organic layers were washed with brine @netl over MgS@ Solvent was removed under
vacuum. The residue was purified by flash columrogtatography to give the title compound as a
colorless oil (0.12 g, 0.29 mmol, 68% yield).

'H NMR (CDCk, 400 MHz):8 = 1.21-1.43 (5H, m, CH3, CH-4, CH-5 Piper), 1.82-2.12 (2H, m,
CHa-2, CHa-6 Piper), 2.19 (1H, br s, OH), 2.31-234, m, CHPh), 2.59-2.71 (2H, m, G, 2.79-
2.91 (1H, m, CHa-2/CHa-6 Piper), 2.93-3.03 (1H,Ghla-2/CHa-6 Piper), 3.58-3.86 (3H, m, £8H,
CHO), 5.52 (1H, s, CHAJ, 7.12-7.41 (15H, m, Ar Ph);**C NMR (CDC}, 100 MHz):5 = 31.6 (CH,
C-3/C-5 Piper), 32.0 (CHC-3/C-5 Piper), 36.9 (CH, C-4 Piper), 42.9 (C8H,Ph), 53.8 (CH, C-2/C-

4 Piper), 54.6 (Ck C-2/C-4 Piper), 62.0 (CH CH:N), 66.0 (CH, CH,OH), 72.2 (CH, CHO), 82.0
(CH, CHAP), 125.8 (CH, C-4 Ph), 127.1 (4CH, C-2, C-6,Ar127.6 (CH, C-4 Ar), 127.7 (CH, C-4
Ar’), 128.2 (2CH, C-3, C-5 Ph), 128.4 (2CH, C-35Q&\r), 128.5 (2CH, C-3, C-5 Ar’), 128.9 (2CH, C-
2, C-6 Ph), 140.6 (C, C-1 Ph), 142.1 (C, C-1 AA2.2 (C, C-1 Ar’). ESI-HRMS calcd for ggH34NO;
[M+H]" 416.2584, found 416.2586.

The free amine was converted into the corresponiayaigogen oxalate from diethyl ether (0.08 g, 0.16
mmol, yield 61%).

mp: 174-176 °C*H NMR (DMSO, 200 MHz)$ = 1.07-1.71 (5H, m, CH3, CH-4, CH-5 Piper), 2.41-
2.71 (4H, m, CHPh, CHa-2, CHa-6 Piper), 2.85-3.27 (4H, m,,QHCHa-2, CHa-6 Piper), 3.42-3.61
(2H, m, CH-0), 3.67-3.81 (1H, m, CHOH), 3.91 (1H, m, OH) 5(IH, s, CHAg), 7.11-7.78 (15H, m,
Ar,, Ph).

ESI-HRMS calcd for ggH3sNO, [M+H]" 416.2584, found 416.2586. Anal. Calcd. fapHzsNOs: C,
71.27; H, 6.98; N, 2.77; Found C, 71.55; H, 7.132194.

4.1.29. 2-(Benzhydryloxy)-3-(4-benzylpiperazin-1-yl)propan-1-ol (22b)
The title compound was obtained frdtb (0.30 g, 0.46 mmol) as a colorless oil (0.12 §90nmol,
63% yield) by following the procedure described2ga.
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'H NMR (CDCk, 400 MHz):8 = 2.21 (1H, br s, OH), 2.31-2.61 (8H, m, €& CH-3, CH:-5, CHx-6
Piper), 2.63-2.71 (2H, m, GN), 3.49 (2H, s, CkPh), 3.53-3.61 (1H, m, CHO), 3.74-3.88 (2H, m,
CH,0OH), 5.57 (1H, s, CHA), 7.19-7.44 (15H, m, Ar Ph);*C NMR (CDC}, 100 MHz):$ = 52.0
(2CHy, C-3,C-5 Piper), 53.2 (2GHC-2,C-6 Piper), 61.5 (CHCH,N), 62.5 (CH, CH,Ph), 66.0 (Ch,
CH,0H), 72.2 (CH, CHO), 82.0 (CH, CH#r 125.6 (CH, C-4 Ph), 127.0 (4CH, C-2, C-6)A127.5
(CH, C-4 Ar), 127.8 (CH, C-4 Ar’), 128.3 (2CH, C-B;5 Ph), 128.5 (2CH, C-3, C-5 Ar), 128.6 (2CH,
C-3, C-5Ar’), 128.9 (2CH, C-2, C-6 Ph), 141.0 (G1 Ph), 142.2 (C, C-1 Ar), 142.3 (C, C-1 Ar’). ESI
HRMS calcd for G/HsaN,0, [M+H] ™ 417.2537, found 417.2536.

The free amine was converted into the corresponiayigogen oxalate from diethyl ether (0.08 g, 0.14
mmol, yield 54%).

mp: 201-203 °C*H NMR (DMSO, 400 MHz):5 = 2.58-2.96 (10H, m, CH2, CH-3, CH-5, CHy-6
Piper, CHN), 3.44-3.73 (3H, m, CHOH, Gi® CHAr), 3.76 (2H, s, CkPh), 3.89 (1H, m, OH) 5.76
(1H, s, CHAp), 7.11-7.49 (15H, m, Ar Ph).

ESI-HRMS calcd for gH3aN,0, [M+H] " 417.2537, found 417.2536. Anal. Calcd. farkzeN.O10: C,
62.41; H, 6.08; N, 4.70; Found C, 62.52; H, 6.1141%8.

4.1.30. 1-[2-(Benzhydryloxy)ethyl]-4-benzylpiperidine (23a)

The title compound was obtained frdi (0.64 g, 1.66 mmol) and 4-benzylpiperidine as koyeoll
(0.27 g, 0.70 mmol, 42% yield) by following the geal procedure described in #hé.4. section.

'H NMR (CDCk, 400 MHz):6 = 1.32-1.51 (5H, m, CH3, CH-4, CH-5 Piper), 1.87-2.09 (2H, m,
CHa-2, CHa-6 Piper), 2.52 (2H, d, J = 6.5 Hz,,BH), 2.72 (2H, t, J = 6.0 Hz, GN), 2.90-3.10 (2H,
m, CHb-2, CHb-6 Piper), 3.62 (2H, t, J = 6.0 Hz,;0l 5.34 (1H, s, CHAJ, 7.04-7.42 (15H, m, Ar
Ph); *C NMR (CDCE, 100 MHz):8 = 31.7 (CH, C-3/C-5 Piper), 32.1 (CHC-3/C-5 Piper), 37.0 (CH,
C-4 Piper), 42.8 (CKH CH,Ph), 53.9 (CH, C-2/C-4 Piper), 54.5 (CH C-2/C-4 Piper), 56.8 (CH
CH,0), 62.0 (CH, CH:N), 85.5 (CH, CHAy), 125.7 (CH, C-4 Ph), 126.8 (4CH, C-2, C-A1127.5
(2CH, C-4 Ap), 128.2 (2CH, C-3, C-5 Ph), 128.4 (4CH, C-3, C¥pAL28.9 (2CH, C-2, C-6 Ph), 140.6
(C, C-1 Ph), 142.0 (2C, C-1 Ar ESI-HRMS calcd for gH3,NO [M+H]" 386.2478, found 386.2476.

The free amine was converted into the corresponiyagogen oxalate from diethyl ether (0.07 g, 0.15

mmol, yield 33%).

mp: 165-167 °C!H NMR (DMSO, 200 MHz):5 = 1.27-1.58 (2H, m, CHa-3, CHa-5 Piper), 1.59-1.87

(3H, m, CHb-3, CH-4, CHb-5 Piper), 2.39-2.64 (2H, 8H,Ph), 2.67-2.99 (2H, m, CHa-2, CHa-6
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Piper), 3.20 (2H, t, J= 5.2 Hz, GN), 3.31-3.43 (2H, m, CHb-2, CHb-6 Piper), 3.66 (2H)= 5.2 Hz,
CH,0), 5.52 (1H, s, CHAJ, 7.12-7.50 (15H, m, Ar Ph).
ESI-HRMS calcd for gH3NO [M+H]" 386.2478, found 386.2476. Anal. Calcd. fofhzNOs: C,
73.24; H, 6.99; N, 2.95; Found C, 73.56; H, 7.103N 2.

4.1.31. 1-[2-(Benzhydryloxy)ethyl]-4-benzylpiperazine (23b)

The title compound was obtained fré@® (0.38 g, 1.54 mmol) and 1-benzylpiperazine aslariass oil
(0.15 g, 0.40 mmol, 26% yield) by following the geal procedure described in #hé.4. section.

'H NMR (CDCh, 400 MHz):8 = 2.40-2.64 (8H, m, CH2, CH-3, CHx-5, CHy-6 Piper), 2.69 (2H, t, J =
6.6 Hz, CHN), 3.49 (2H, s, CkPh), 3.60 (2H, t, J = 6.6 Hz, GiD), 5.38 (1H, s, CHA, 7.12-7.44
(15H, m, A, Ph);**C NMR (CDCk, 100 MHz):5 = 51.7 (2CH, C-3,C-5 Piper), 52.8 (2GHC-2,C-6
Piper), 55.8 (CH CH,0), 61.9 (CH, CH:N), 62.8 (CH, CH,Ph), 82.4 (CH, CHAJ), 125.6 (CH, C-4
Ph), 126.6 (4CH, C-2, C-6 & 127.3 (2CH, C-4 Aj), 128.1 (2CH, C-3, C-5 Ph), 128.3 (4CH, C-3, C-5
Arp), 128.8 (2CH, C-2, C-6 Ph), 140.5 (C, C-1 Ph), .34RC, C-1 Ay). ESI-HRMS calcd for
CaeH31N20 [M+H]" 387.2431, found 387.2434.

The free amine was converted into the corresponiyagogen oxalate from diethyl ether (0.10 g, 0.18
mmol, yield 49%).

mp: 218-220 °C'H NMR (DMSO, 200 MHz)3 = 2.62-2.89 (4H, m, CH3, CH-5 Piper), 2.91-3.18
(6H, m, CH-2, CH,-6 Piper, CHN), 3.62 (2H, t, J = 6.3 Hz, GFD), 3.76 (2H, s, CkPh), 5.50 (1H, s,
CHAry), 7.14-7.52 (15H, m, Ar Ph).

ESI-HRMS calcd for gH3:N,O [M+H]" 387.2431, found 387.2434. Anal. Calcd. faghzN.Oq: C,
63.59; H, 6.05; N, 4.94; Found C, 63.31; H, 6.114N6.

4.1.32. 1-(1,4-dioxaspiro[4.5]decan-2-ylmethyl)-4-benzylpiperidine (25a)

The title compound was obtained froBd [43] and 4-benzylpiperidine by following the gerlera

procedure described in thel.4. section. The crude extract was purified by usitaghf column

chromatography (cyclohexane/ethyl acetate 60/4@)ivte 25a as a colorless oil (0.42 g, 1.28 mmaol,

96% yield).

'H NMR (CDCk, 400 MHz):8 = 1.13-178 (15H, m, C##6, CH-7, CHx-8, CHy-9, CHx-10 Dosd, CH-

3, CH-4, CH-5 Piper), 1.88-2.21 (2H, m, CHa-2, CHa-6 Pipe®122H, d, J = 6.5 Hz, GiRh), 2.66-

2.78 (1H, m, CHaN), 2.80-2.92 (1H, m, CHb-N), 33238 (1H, m, CHb-2/CHb-6 Piper), 3.31-3.54

(1H, m, CHb-2/CHb-6 Piper), 3.61 (1H, dd, J = BD Hz, CHa-3 Dosd), 4.16 (1H, dd, J =7.1, 7.7 Hz,
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CHb-3 Dosd), 4.40-4.71 (1H, m, CH-2 Dosd), 7.17 (8HJ = 7.1 Hz, CH-2, CH-6 Ph), 7.23 (1H,t,J =
7.3 Hz, CH-4 Ph), 7.32 (2H, dd, J = 7.1 7.3 Hz -&HCH-5 Ph);**C NMR (CDCE, 100 MHz):8 =
23.8 (CH, C-8 Dosd), 24.0 (Ck C-7/C-9 Dosd), 25.0 (CH C-7/C-9 Dosd), 31.8 (CHl C-3/C-5
Piper), 32.1 (Cll C-3/C-5 Piper), 34.9 (CHC-6/C-10 Dosd), 36.5 (GHC-6/C-10 Dosd), 37.7 (CH,
C-4 Piper), 42.4 (CH CH,Ph), 53.5 (CH, C-2/C-4 Piper), 55.1 (C# C-2/C-4 Piper), 61.2 (CH
CH:N), 67.9 (CH, C-3 Dosd), 72.3 (CH, C-2 Dosd), 110.5 (C, C-5 @)p425.8 (CH, C-4 Ph), 128.2
(2CH, C-3, C-5 Ph), 129.1 (2CH, C-2, C-6 Ph), 146 C-1 Ph). ESI-HRMS calcd for,E3NO,
[M+H] " 330.2428, found 330.2429.

The free amine was converted into the corresponiayialyjogen oxalate from diethyl ether (0.18 g, 0.43
mmol, yield 38%).

mp: 155-157 °C!H NMR (DMSO, 200 MHz):5 = 1.16-1.89 (15H, m, C#6, CHx-7, CH-8, CHx-9,
CH,-10 Dosd, CH-3, CH-4, CH-5 Piper), 2.40-2.61 (2H, m, GAh), 2.69-3.24 (4H, m, G2, CH-6
Piper), 3.26-3.49 (2H, m, CN), 3.61 (1H, dd, J = 7.1, 7.8 Hz, CHa-3 Dosd)541H, dd, J = 7.1, 8.0
Hz, CHb-3 Dosd), 4.28-4.51 (1H, m, CH-2 Dosd), 77042 (5H, m, Ph).

ESI-HRMS calcd for gH3NO, [M+H]" 330.2428, found 330.2429. Anal. Calcd. forsMzsNOs: C,
65.85; H, 7.93; N, 3.34; Found C, 65.97; H, 8.0631%7.

4.1.33. 1-(1,4-dioxaspiro[4.5]decan-2-yImethyl)-4-benzylpiper azine (25b)

The title compound was obtained froB4 [43] and 1-benzylpiperazine by following the gerera
procedure described for the synthesis of the amihbke crude extract was purified by using flash
column chromatography (cyclohexane/ethyl acetat@@0to give25b as colorless oil (0.15 g, 0.47
mmol, 45% yield).

'H NMR (CDCk, 400 MHz):& = 1.11-1.80 (10H, m, C#6, CHy-7, CH-8, CH-9, CH-10 Dosd),
2.29-2.76 (10H, m, C§N, CH,-2, CH-3, CH,-5, CHx-6 Piper), 3.53 (2H, s, GiRh), 3.58 (1H, dd, J =
5.1, 7.3 Hz, CHa-3 Dosd), 4.07 (1H, dd, J = 6.3,Hz, CHb-3 Dosd), 4.17-4.36 (1H, m, CH-2 Dosd),
7.05-7.40 (5H, m, Ph)**C NMR (CDC}, 100 MHz):8 = 23.8 (CH, C-8 Dosd), 24.0 (CH C-7/C-9
Dosd), 25.0 (Chl C-7/C-9 Dosd), 34.9 (CKIC-6/C-10 Dosd), 36.5 (GHC-6/C-10 Dosd), 53.0 (2CGH
C-3, C-5 Piper), 53.9 (2GHC-2, C-6 Piper), 61.4 (CHHCH:N), 63.2 (CHPh), 68.0 (CH, C-3 Dosd),
72.2 (CH, C-2 Dosd), 110.7 (C, C-5 Dosd), 125.9 (CH! Ph), 128.4 (2CH, C-3, C-5 Ph), 129.3 (2CH,
C-2, C-6 Ph), 140.8 (C, C-1 Ph). ESI-HRMS calcdGgaiHz1N.0> [M+H] " 331.2380, found 331.2382.
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The free amine was converted into the corresponiyagogen oxalate from diethyl ether (0.10 g, 0.19
mmol, yield 40%).

mp: 215-217 °C'H NMR (DMSO, 200 MHz) = 1.18-1.71 (10H, m, C#6, CH-7, CH-8, CH-9,
CH,-10 Dosd), 2.61-3.11 (10H, m, GN, CH,-2, CH>-3, CH-5, CH-6 Piper), 3.55 (1H, dd, J = 6.9,
7.6 Hz, CHa-3 Dosd), 3.92 (2H, s, e/h), 4.00 (1H, dd, J = 6.3, 7.6 Hz, CHb-3 Dosd}844.39 (1H,

m, CH-2 Dosd), 7.24-7.49 (5H, m, Ph).

ESI-HRMS calcd for ggH31N-0, [M+H] ™ 331.2380, found 331.2382. Anal. Calcd. fouzsN,O10: C,
56.46; H, 6.71; N, 5.49; Found C, 56.72; H, 6.9753.
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4.2. Biological activity

4.2.1. Radioligand binding assayatreceptors

In vitro o-binding experiments were carried out as previousforted [49].c1 Binding assays were
performed on guinea pig brain membranes accordirexperimental protocol described by DeHaven et
al [50]. Briefly, 500ug of membrane protein was incubated with 3 AM]{(+)-pentazocine (29 Ci/mM:;
the value of the apparent dissociation constan) (das 14 + 0.3 nM, n = 3) in 50 mM Tris-HCI (pH
7.4). Test compounds were added in concentratenmgimg from 10-5 to 10-11 M. Nonspecific binding
was assessed in the presence ofil¥0of unlabeled haloperidol. The reaction was pemied for 150
min at 37 °C and terminated by filtering the sauatithrough Whatman GF/B glass fiber filters which
were presoaked for 1 h in a 0.5% poly(ethylenims@ytion. Filters were washed with ice cold buffer
(2 x 4 mL). Regardings,-binding assays [51], the membranes were incubaigd 3 nM PH|DTG
(53.3 Ci/mM; Kd = 11 + 0.8 nM; n = 3) in the preserof 400 nM (+)-SKF10,047 in order to mask
sites. Nonspecific binding was evaluated with D'BGu). Incubation was carried out in 50 mM Tris-
HCI (pH 8.0) for 120 min at room temperature, asdags were terminated by the addition of ice-cold
10 mM Tris-HCI (pH 8.0).

Each sample was filtered through Whatman GF/B dibasss filters, which were presoaked for 1 h in a
0.5% poly(ethylenimine) solution, using a Millipciiter apparatus. The filters were washed twicehwi

4 mL of ice-cold buffer. Radioactivity was countedd mL of “Ultima Gold MV” in a 1414 Winspectral
PerkinElmer Wallac liquid scintillation counter.hibition constants (Ki values) were calculated gsin
the EBDA/LIGAND program purchased from Elsevier/8ft. Each concentration was tested in

duplicate and each experiment was repeated thmes tiThe Ki values agreed to + 20%.

4.2.2. Radioligand Binding Assay at Human RecomitibeHT; R

A human cell line (HelLa) stably transfected witmgmic clone G-21 coding for the human 54T
serotoninergic receptor was used. The cells wereigras monolayers in Dulbecco’s modified Eagle’s
medium supplemented with 10% fetal calf serum amtamycin (10Qug/mL) under 5% C@at 37 °C.
The cells were detached from the growth flask &b ®nfluence by a cell scraper and were lysed in
ice-cold Tris (5 mM) and EDTA buffer (5 mM, pH 7.4Jhe homogenates were centrifuged for 20 min
at 40000g, and the pellets were re-suspended ma#l solume of ice-cold Tris/EDTA buffer (above)
and immediately frozen and stored at 70 °C ungl @n the day of experiment, cell membranes (80-90
pg of protein) were re-suspended in binding buf® mM Tris, 2.5 mM MgGJ, and 10 mM pargiline,
pH 7.4). The membranes were incubated in a finalnae of 0.32 mL for 30 min at 30 °C with 1 nM
[*H]8-OH-DPAT, in the absence or presence of varimrentrations of the competing drugs (1pM to 1
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uM); each experimental condition was performed iplittate. Non specific binding was determined in
the presence of M 5-HT [52]. Ki values agreed to + 10%.

4.2.3.In vivo biological assay

4.2.3.1. Animals

Male Sprague-Dawley rats (Harlan, Italy), weighirl8)—200 g, were used.

The animals were kept at a constant room temperé2s+ 1 °C) under a 12:12 h light and dark cycle
with free access to food and water. Each rat wad t@ only one experiment. Experimental procedures
were approved by the local ethical committee (IAGW@d conducted in accordance with international
guidelines as well as European Communities Coudiodctive and National Regulations (CEE Council
86/609 and DL 116/92).

4.2.3.2. Nociceptive test

Nociception was evaluated by the radiant heaffliak-test that consisted of the irradiation of tlogver
third of the tail with an I.R. source [46]. The exjmments were performed at room temperature (25 £ 1
°C). The basal pre-drug latency was establishead®st 3 and 4 s, which was calculated as the average
of the first three measurements performed at 5inmtervals. A cut-off latency of 10 s was establsie
minimize damage to the tail. Post-treatment takflatencies (TFLs) were determined at 30, 45,980,
and 120 minutes after subcutaneous (s.c.) injeckonthe double treatmer2sb was administered (1
mg/kg s.c.) followed after 45 minutes by (-)-U5@#BB(5 mg/kg s.c.) or morphine (2 mg/kg s.c.); tail
flick latencies were measured after 30, 45, 60a®@ 120 minutes from the opioid administration. The
behavioral tests were conducted by researchergdalito the treatment group.

The rats were divided into the by following 6 greypach consisting of 8-10 animals):

Group 1: saline s.c.

Group 2:25b 1 mg/kg s.c.

Group 3: (-)-U50,488H (Tocris, Bristol, UK) 5 mg/kg.

Group 4:25b 1 mg/kg s.c. + (after 45 minutes) (-)-U50,488H &kg s.c.

Group 5: morphine 2 mg/kg s.c.

Group 6:25b 1 mg/kg s.c. + (after 45 minutes) morphine (S.A.R.S., Como, Italy) 2 mg/kg s.c.

4.2.3.3. Statistical analysis
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The data are expressed as mean = SE. The intgp-gmuparisons were assessed using an initial two-
way analysis of variance (ANOVA) followed by theuB8eénts’ t test. Any differences were considered
significant at P<0.05.

4.3. Molecular modeling

4.3.1. Ligand preparation
All the compounds were built, parameterised (GgsteHuckel method) and energy minimised within
MOE using MMFF94 forcefield [53]. For all the moldes, the (alternately) piperidine and piperazine

mono-protonated forms wereconsidered forithgilico analyses.

4.3.2. Sigma-1 homology modeling

A o, theoretical model was built using a multi-templiatenology modeling strategy, which was already
applied by Pricl [54]. Briefly, the amino acid semqee of sigma 1 receptor (Q99720) was retrievea fro
the SWISSPROT database [55] while the selectedlttespwere obtained from the Protein Data Bank
[56]. In particular, the three-dimensional struetgp-ordinates file of recombinant oxalate oxidgt
code = 2ETE; R =1.75A) [5&nd of homogentisate 1,2-dioxygenase (pdb code BS3R =1.70A)
[58] were chosen, gaining a considerable overall siityl@#30%) with respect to the sigma-1 primary
sequence.

The final model connecting loops were constructgdhe loop search method implemented in MOE.
The MOE output file included a series of ten modetsch were independently built on the basis of a
Boltzmann-weighted randomized procedure [59], comthiwith specialized logic for the handling of
sequence insertions and deletions [BDhong the derived models, there were no significaain chain
deviations. The model with the best packing qudlityction was selected for full energy minimization
The retained structure was minimized with MOE usihg AMBER94 force field [61]. The energy
minimization was carried out by the 1000 stepshef steepest descent followed by conjugate gradient
minimization until the rms gradient of the potehtémergy was less than 0.1 kcal mhok™. The
assessment of the final model was performed usiagadghandran plots, generated within MOE,
showing the absence of outliers. Successivelyfitta model reliability was also assessed by dogkin
analyses performed on sigma-1 ligands already sissdlin the literature, and therefore by comparing
the obtained results with those previously publisi@oncerning this issue, a series of spiro-daxieat
was taken into account, focusing our attention @araful analysis of the putative binding modehs t

1-benzyl-6',7'-dihydrospiro[piperidine-4,4'-thieBpf-c]pyran (compountl) derivative [62]. Molecular
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docking studies performed on unsubstituted and Ipdtaxible molecules are very useful and highly
desirable when you want to investigate and optintize binding site of a protein homology model.
Therefore, the obtained results were also evalubtstting in mind the information coming from
mutagenesis analyses, which underlined the impoetah a salt-bridge between a protonated center of
the ligand and the protein D126 and also of H-boowtacts with T151, and allowed us to validate the
derived sigma-1 model. Finally, the protein-agohisbmplex stability was successfully assessed using
a short ~1 ps run of molecular dynamics (MD) atstant temperature, followed by an all-atom energy

minimization (LowModeMD mplemented in MOE software)

4.3.3. Docking studies

The docking studies were performed according toltheollowing protocol. The putative sigma-1
binding site was carefully determined and analysadthe basis of the MOE software Site Finder
module [54]. Then, the most probable receptor bigdite we identified was validated by a comparison
with the information coming from the mutagenesisaddy following a procedure already fruitfully
used [63, 64]. For all the compounds, each isonas @ocked into the putative ligand binding site by
means of the Surflex docking module implemente8yhyl-X1.0 [65].Then, for all the compounds, the
best docking geometries (selected on the basih@fSurFlex scoring functions) were refined by
ligand/protein complex energy minimization (CHARMMZ2by means of the MOE software. To verify
the reliability of the derived docking poses, thetaned ligand/protein complexes were further
investigated by docking calculations (10 run), gsMOE-Dock (Genetic algorithm; applied on the
poses already located into the putative sigma-dibgsite). The ligand molecules were ranked whih t
London dG scoring function (related to the firsnfaymer refinement process). The 10 best poses
(default is 30) were retained and further refingdelmergy minimization in the protein binding site,
followed by rescoring with the GBVI/WSA dG scorirignction (calculated on the latest conformer
refinement process) as reported in the Supplementdormation. The conformers showing lower
energy scoring functions and rmsd values (with @espo the starting poses) were selected as thé mos
stable and allowed us to identify the most probablg&ormers interacting with sigma-1.
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Table 1. Binding affinities (pK) and selectivities of Group | compounds.

Comp. R X PKio:®® | pKio® | 61/62° | pKiE-HT® | 6/5-HT '
la
@on/ CH 7.78 7.60 2 7.75 1
(0]
1b
N 7.80 7.55 2 7.16 4
8a
O Of CH 8.66 8.20 3 6.26 251
o °
8b
N 8.77 8.38 3 <6 >589
cis-9a
CH 7.28 6.84 3 <6 >19
cis-9b
o) N 7.51 7.75 1 <6 >56
ol
trans-9a
CH 7.25 6.43 7 <6 >18
trans-9b
N 8.97 7.79 15 <6 >933
10a
Of CH 6.68 <6 >5 <6 >5
o]
10b
N 8.47 8.3 2 <6 >29

& Each concentration was tested in duplicate ant egperiment was repeated three times. The Ki sahggeed to +

20%." Binding assays were performed using 3.0 rfiM]entazocine® Binding assays were performed using 3.0 nM

[*H]ditolylguanidine ¢ Antilog of the difference between the pKi valuesd; ando, receptors®Ki values were derived

from the Cheng—Prusoff equation at one or two cotraéons. Each experimental condition was perfatinetriplicate

and agreed within 10%.Antilog of the difference between the pKi values & receptors (higher value) and the 5-

HT.aR.




Table 2. Binding affinities (pK) and selectivities of Group 1I-V compounds.

Comp. R X pKio®" | pKio* | o162 | pK5-HTE | 6/5-HT 1
8a O CH 8.66 8.20 3 6.26 251
af
2 °
8b N 8.77 8.38 3 <6 >589
11a O CH 7.92 7.55 2 <6 >83
S
O J
11b N 7.20 6.67 3 <6 >16
12a O CH 7.82 7.11 5 <6 >66
S
O J
12b N 6.52 5.64 8 <6 >3
1l4a O CH 6.76 6.69 1 <6 >6
o]
14b O N 7.06 6.65 3 <6 >11
16a O o CH 5.95 5.66 2 <6 1
16b O N 6.19 4.9 20 <6 >1.5
cis-17a CH 6.55 5.66 8 8.12 0.02
cis-17b O Ho N 7.45 6.62 6.8 8.14 0.2
trans-17a O CH 6.64 5.05 39 7.30 0.21
trans-17b N 7.42 7.00 3 6.90 3




22a O CH 6.70 6.56 6.38 2.5
o
f°”
22b N 7.95 7.75 <6 >89
23a O CH 7.25 6.77 <6 >18
o~
23b O N 7.69 7.95 <6 >89

 Each concentration was tested in duplicate ant egperiment was repeated three times. The Ki sahggeed to +

20%." Binding assays were performed using 3.0 rfiM]entazocine® Binding assays were performed using 3.0 nM

[*H]ditolylguanidine ¢ Antilog of the difference between the pKi valuesd; ando, receptors®Ki values were derived
from the Cheng—Prusoff equation at one or two cotraéons. Each experimental condition was perfatrinetriplicate

and agreed within 10%.Antilog of the difference between the pKi values & receptors (higher value) and the 5-

HT.aR.




Table 3. Binding affinities (pK) and selectivities of Group VI compounds.

Comp. R X pKio®" | pKio* | o162 | pKiSB-HTw,E | 6/5-HT 1
10a CH 6.68 <6 >5 <6 >5
6]
10b N 8.47 8.30 2 <6 >29
25a CH 8.70 7.72 10 6.79 81
X
e}
25b N 9.13 7.46 47 <6 >1349

4 Each concentration was tested in duplicate ant emgeriment was repeated three times. The Ki gadggeed to + 20%.

® Binding assays were performed using 3.0 nM]pentazocine.® Binding assays were performed using 3.0 nM
[*H]ditolylguanidine.® Antilog of the difference between the pKi values 6; ando, receptors®Ki values were derived
from the Cheng—Prusoff equation at one or two commaéons Each experimental condition was perforimettiplicate and
agreed within 10%. Antilog of the difference between the pKi valuesd receptors (higher value) and the 5.



Y,Z =0H, SH
L= CI, OH i)

:XZjAOH

2Y, Z= O; R=Phe;
R1= CycHex

Scheme 1. Synthesis of Group | and Group Il compourisagents and conditions: i) p-toluensulfonic acid, toluene, reflux, 24/48 h.Ti§Cl, N(Et}, CH,Cl,, 0°C

RXYj/\L ii)
R, Z

3 R,Ry=Phe; Y, Z=0;L=CI

cis-4 R=Phe, R=CycHex;Y,Z=0;L=Ts
trans-4 R=Phe, R;=CycHex;Y,Z=0; L=Ts
5 R,R;=CycHex, Y, Z=0; L=ClI

6 R, R=Phe;Y=0;Z=S;L=Cl

7 R,R=Phe;Y,Z=S;L=ClI

X1 QO

8a R,R4=Phe;Y,Z=0;X=CH
8b R,R=Phe;Y,Z=0;X=N
cis-9a R=Phe; Ry= CycHex; Y, Z= O; X=CH
cis-9b  R=Phe; R; = CycHex; Y, Z=0; X=N
trans-9a R=Phe; Ry= CycHex; Y, Z= O; X=CH
trans-9b R= Phe; R, = CycHex; Y, Z= O; X=N
10a R, Ry= CycHex;Y, Z= O; X= CH
10b R, Ri=CycHex; Y, Z=0; X=N
11a R, Ry=Phe;Y=0;Z=S; X=CH
1b R,R=Phe;Y=0;Z=S§; X=N
12a R, R4=Phe;Y, Z=S; X=CH

N

X
12b R, R=Phe; Y, Z=S; X=

to 25 °C, 6 h; iii) 4-benzylpiperidine or 1-benzylprazine, Kl, 2-methoxyethanol, reflux, 20 h.
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O O - <:><O j/\OTs
SO0 - 00 i 0000
e b 2% XN

: ) 0

16a X=CH
16b X=N

ii)

H ) 0)

cis-s17a X=CH
trans-17a X=CH
cis-17b X=N
trans-17Tb X=N

Scheme 2. Synthesis of Group IllI, IV and VI compoundReagents and conditions: (i) 4-benzylpiperidine or 1-benzylpiperazine,
Kl, 2-methoxyethanol, reflux, 20 h.; ii) 4-benzyperidine or 1-benzylpiperazine as chloride saksaformaldehyde, £1s0H,
reflux, 25 h; iii) NaBH, C;HsOH, 0 °C to 25 °C, 24 h.



OH

Ho._L__cl )
S OH

. i
(t—BuPhZSI-O\ﬁJn\/CI . o,

n=0,1 18 n=1

if n=1 iv)

O OEE\ cl
O O-Si-Phat-Bu) |

19 n=1
20 n=0

ii)

?gxﬁ

S|Ph2tBu

21a n=1,X=CH
21b n=1,X=N
23a n=0,X=CH
23b n=0,X=N

Scheme 3. Synthesis of Group V compoundReagents and conditions: i) t-BuPhSiCl, 1H-imidazole, DMF, 25 °C, 5 h;

i) toluene, reflux, 24 h; iii) 4-benzylpiperidira 1-benzylpiperazine, Kl, 2-methoxyethanol, refl@a® h.;

THF, 25 °C, 24 h.

 iv) TBAF,
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1,4-benzodioxane-based compounds

1a: X= CH pKi o1= 7.78, pKi 52 = 7.60
1b: X=N pKio1=7.80, pKi 62 = 7.55

Chart 1. Working hypothesis

1,3-dioxolane-based compounds



Ph" s
Group Il Ph_0O R
Annular oxygens Ph

isosteric substitutions
Group Il

Annular oxygen

isosteric substitution
C 3
o Ry O Ph_ / R
R 1 R

]/\ — >< ]/\ [ PH

¢} Ry 0O
Group | Group IV
1,3-dioxolane-based Exocyclic oxigen
compounds

Ph. 0O

R
Ph R;
Group V
0 R
<:>< Ring opening and
o) molecular simplification
Group VI
Conformational
restriction

Chart 2. SAR studies

R1=Ph, CycHex
R2= Ph, CycHex
R3=H, CH,OH

Y=0,8




w=t==saline

=== (-)-U50,488H 5 mg/kg s.c.
25b 1 mg/kg s.c + (—-)-U50,488H 5 mg/kg s.c.

12 1
10 1
8 -
)
-4 6
o
=
4 ~
2 -
0 T T T T T
0 30 45 60 90 120
Time (min)

Figure 1. Effect of 25b (1 mg/kg s.c.), on (-)-U-50,488H (5 mg/kg s.c.) lgasia. Results are
expressed in seconds (s). Data are means + SEM8rfhrats. *p < 0.05 vs saline-treated-rats;
**p < 0.05 vs (—)-U-50,488H-treated-rats.



==+=saline
==@==morphine 3 mg/kg s.c.
==dr=25b 1 mg/kg s.c + morphine 3 mg/kg s.c.

0 30 45 60 90 120
Time (min)

Figure 2. Effect of25b (1 mg/kg s.c.), on morphine (2 mg/kg s.c.) analgdResults are expressed
in seconds (s). Data are means + SEM from 8-10*jats 0.05 vs saline-treated-rats; **p < 0.05 vs

morphine-treated-rats.



Compound I

Figure 3. Structure of the reference compound | (pK;o;= 9.36)



ACCEPTED MANUSCRIPT

Figure 4. Ligand | docking pose into the putative sigma-1 binding site. Salt-bridge and H-bond contacts are
displayed by adashed linein light blue and red, respectively.



ACCEPTED MANUSCRIPT

Figure 5. Compound 8a and 8b docking poses into the putative sigma-1 binding site. The ligands
are colored by atom-type (8a C atom: cyan; 8b C atom: yellow). Salt-bridge and H-bond contacts
are displayed by adashed line in light blue and red, respectively.



ACCEPTED MANUSCRIPT

Figure 6. Compound 10a and 10b docking poses into the putative sigma-1 binding site. The ligands are
colored by atom-type (10a C atom: light pink; 10b C atom: green). Salt-bridge and H-bond contacts are
displayed by adashed linein light blue and red, respectively.



ACCEPTED MANUSCRIPT

Figure 7. Compound 25a and 25b docking poses into the sigma-1 binding site are depicted by sticks. The
ligands are colored by atom-type (25a C atom: dark khaki; 25b C atom: light green ). Salt-bridge and H-bond

contacts are displayed by a dashed line in light blue and red, respectively. The docking mode of | is reported
by wire (C atom: purple).



Highlights

Twenty-six novel oR ligands bearing a variety of five-membered heterocyclic rings
were synthesi zed.

Compound 25b exhibited the highest affinity and selectivity (pK; o1 = 9.13, 61/02 =
47).

In-vivo studies showed that 25b possesses anti-opioid effects on k (KOP) and
(MOP) receptor-mediated anal gesia suggesting an agonistic behavior at o1R.
Docking studies were performed on the theoretical 6;R homology model



