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13 ABSTRACT: Aiming at modulating two key enzymatic targets for
14 Alzheimer’s disease (AD), i.e., acetylcholinesterase (AChE) and mono-
15 amine oxidase B (MAO B), a series of multitarget ligands was properly
16 designed by linking the 3,4-dimethylcoumarin scaffold to 1,3- and 1,4-
17 substituted piperidine moieties, thus modulating the basicity to improve the
18 hydrophilic/lipophilic balance. After in vitro enzymatic inhibition assays,
19 multipotent inhibitors showing potencies in the nanomolar and in the low
20 micromolar range for hMAO B and eeAChE, respectively, were prioritized
21 and evaluated in human SH-SY5Y cell-based models for their cytotoxicity
22 and neuroprotective effect against oxidative toxins (H2O2, rotenone, and
23 oligomycin-A). The present study led to the identification of a promising
24 multitarget hit compound (5b) exhibiting high hMAO B inhibitory activity
25 (IC50 = 30 nM) and good MAO B/A selectivity (selectivity index, SI = 94)
26 along with a micromolar eeAChE inhibition (IC50 = 1.03 μM). Moreover,
27 5b behaves as a water-soluble, brain-permeant neuroprotective agent against oxidative insults without interacting with P-gp efflux
28 system.

29 ■ INTRODUCTION

30 The incidence and socio-economic costs of neurodegenerative
31 diseases (NDs) are constantly growing as a consequence of the
32 increased life expectancy and aging population. Among NDs, a
33 major role is played by Alzheimer’s disease (AD), representing
34 the most common cause of dementia. As population ages, the
35 devastating impact of AD increases worldwide, being estimated
36 that more than 100 million individuals will suffer from AD by
37 2050.1 Alzheimer’s patients experience an irreversible cognitive
38 decline, associated with severe memory, attention, and learning
39 deficits impairing daily life activities. In the last decades, massive
40 investments in both academic and private settings, even though
41 lower than in other healthcare programs (e.g., anticancer
42 therapies), have been devoted to the discovery of novel
43 diagnostic and therapeutic tools against AD. Unfortunately, the
44 road to effectively treat AD with both small molecules and
45 immunotherapies addressing amyloid as well as tau hypotheses2

46 has been paved with failures3 even in late-stage clinical trials,4

47 and disease-modifying drugs are missing. The disheartening
48 attrition rate has commonly been ascribed to the multifactorial

49etiopathogenesis of AD exhibiting several neuronal aberrations
50spanning from proteostasis,5 metal unbalance,6 and oxidative
51stress to mitochondrial dysfunctions,7 ultimately leading to
52disruption of cholinergic transmission in hippocampus and
53frontal cortex.8 It is still a matter of debate whether researchers
54are addressing the wrong targets and/or the disease models are
55not appropriate.
56So far, with the exception of memantine (approved in
572003),9 the restoration of basal neurotransmitter acetylcholine
58(ACh) levels through acetylcholinesterase (AChE) inhibitors
59 c1(Chart 1; donepezil, galantamine, and rivastigmine) is the only
60approved, albeit palliative, therapeutic strategy in mild forms of
61AD.10 In more recent years, the research shifted to the more
62promising multitarget strategy,11 rooted on the principle that a
63combination of actions may be beneficial for multifactorial
64pathologies including AD12 by hitting two or more relevant
65targets with the same molecular entity.13,14 In many anti-
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66 Alzheimer multitargeting programs, chelation of biometals,15

67 agonism to 5-HT4 receptors,16 antagonism to 5-HT1A
68 receptors,17 radical scavenging,18 and release of vasodilating
69 NO radical19,20 have been considered valuable biochemical
70 activities that could synergistically improve the therapeutic
71 potential of AChE inhibition often remaining the core feature
72 of multipotent agents.
73 AChE (EC 3.1.1.7) is a serine hydrolase responsible for the
74 deacetylation of ACh in both central and peripheral nervous
75 system.21 A 20 Å narrow tunnel, chiefly lined by aromatic
76 residues, separates a catalytic anionic site (CAS),22 close to the
77 catalytic triad, from another anionic subsite (peripheral anionic
78 site, PAS) that binds the cationic heads of gorge-spanning dual
79 binding site (DBS) inhibitors and acts as chaperone-like motif
80 during the formation of Aβ oligomers.23 Another ChE isoform
81 (butyrylcholinesterase, BChE, EC 3.1.1.8)24 has the same
82 biological function, and its inhibitors may also have impact in
83 the therapy of AD25 because its activity increases in advanced
84 AD forms.26 To alleviate oxidative stress conditions of
85 degenerating neurons, the inhibition of MAO (amine-oxygen
86 oxidoreductase; EC 1.4.3.4) activity might be addressed.27 This
87 flavoenzyme catalyzes the degradation of endogenous and
88 xenobiotic amines (including many neurotransmitters as
89 catecholamines and serotonin) and contributes to increase
90 reactive oxygen species (ROS) level through its catalytic cycle
91 by producing the corresponding aldehyde metabolite and
92 hydrogen peroxide as the end products. The two known
93 isoforms, termed MAO A and MAO B,28,29 differ in amino acid
94 sequences, tissue distribution, and selectivity for substrates and
95 inhibitors. As far as the role of MAO in AD is concerned, the
96 potential application of MAO inhibitors in therapy needs to
97 address a crucial selectivity issue. In fact, strong dietary
98 restrictions30 are required to avoid unwanted side effects31

99 associated with the blockade of peripheral MAO A by
100 nonselective inhibitors. Moreover, MAO B predominates in
101 brain tissue and its activity increased in the elderly, especially in
102 glial cells.32

103 As a part of our ongoing research on multifunctional ligands
104 against NDs,17,33 we recently devoted our efforts to the
105 identification of coumarin-based AChE-MAO B inhibitors with
106 improved drug-like properties.34 Among privileged hetero-
107 cycles, the coumarin core has been extensively decorated by
108 several research groups addressing the discovery of novel

109selective MAO35−39 and AChE40−42 inhibitors as well as to
110build new molecular scaffolds with dual AChE-MAO activity43

111against NDs, in most cases through a conjugative approach.44,45

112Over the past decade, our contribution to this field highlighted
113the important role of substituents at position 4 and 7 of
114coumarin in tuning MAO B activity and selectivity.46−50 Aiming
115at obtaining multipotent compounds with good overall
116pharmacokinetic properties, we herein focused on modifica-
117tions of the basic head of the side chain at C7 and of the spacer
118connecting the two key pharmacophore features (namely the
119basic head and the coumarin core) in order to improve aqueous
120solubility while maintaining a dual AChE-MAO B inhibitory
121activity. Starting from a potent multi-target directed ligand
122(MTDL),34 the new molecular framework was built as depicted
123 f1in Figure 1. The lipophilic phenyl ring was removed from the

124spacer, and the basic nitrogen was enclosed in a flexible
125piperidine cycle, thus modulating the pKa of N-sp3 and the
126aqueous solubility at physiological pH. By approaching this
127ring-closing strategy around the basic nitrogen, we conceived a
128series of 2H-chromen-2-ones bearing a donepezil-inspired
129benzylpiperidine moiety that may efficiently interact with
130AChE binding pocket.51 3,4-Dimethylcoumarin was exploited
131as a molecular fragment to enhance MAO B affinity because
132this scaffold proved to be efficiently accommodated in the
133lipophilic enzymatic pocket that faces the FAD coenzyme and is
134unable to lodge sterically hindered groups.34,52,53

135The designed compounds were tested in vitro to evaluate
136their ability to inhibit both ChEs and MAOs. The ability of
137novel compounds to permeate the blood−brain barrier (BBB)
138was preliminarily calculated in silico by using Volsurf+ package
139(Molecular Discovery, London, UK) to compute Log BB, a
140molecular interaction field (MIF) based parameter useful to
141estimate the CNS distribution of small molecules.54 The most
142promising compounds fished out from both the enzymatic
143screening and in silico BBB-permeation prediction were
144prioritized and studied in human SH-SY5Y neuroblastoma
145cell lines for their cytotoxicity and potential neuroprotective
146effects against oxidative insults (hydrogen peroxide, rotenone,
147and oligomycin A). Moreover, compounds endowed with the

Chart 1. Approved Drugs for AD (Common Name,
Mechanism of Action)

Figure 1. Rational design.
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148 highest neuroprotective effects were evaluated in vitro for their
149 ability to cross BBB in a Madin−Darby canine kidney
150 (MDCKII-MDR1) cell model and to interact with glycopro-
151 tein-P (P-gp) mediated transport. The hydrophilic/lipophilic
152 balance of selected compounds was investigated through well-
153 established turbidimetric determination of aqueous solubility
154 and RP-HPLC lipophilicity measurements.

155 ■ CHEMISTRY
s1 156 Scheme 1 illustrates the synthetic pathway to piperidine
t1 157 derivatives 4a−m and (±)-5a−i reported in Table 1. The

158 preparation of compounds bearing a methylene spacer started
159 from the activation of Boc-protected 3- and 4-piperidineme-
160 thanol 1b,c as mesylate esters (1d,e) that underwent SN with
161 3,4-dimethyl-7-hydroxycoumarin in DMF at 70 °C by using
162 cesium carbonate as the base and triethylamine to buffer the
163 reaction mixture, thus obtaining intermediates 2b,c. Coumarins
164 lacking the methylene linker were synthesized starting from the
165 Mitsunobu etherification to couple 1a with 3,4-dimethyl-7-
166 hydroxycoumarin55 under buffered conditions through triethyl-
167 amine, thus yielding 2a. The removal of the carbamate
168 protecting group of 2a−c in acidic conditions by TFA
169 unmasked the piperidine intermediates 3a−c that underwent

170final alkylation under microwave-assisted nucleophilic sub-
171stitution conditions (compounds 4b−h, 4j−m, (±)-5a−i) in
172acetonitrile with the appropriate benzyl bromide or methylation
173at room temperature (4a, 4i, and (±)-5a). NaBH(OAc)3
174mediated the reductive amination of 3c and commercially
175available 3,4-dimethoxybenzaldehyde to prepare coumarin
176(±)-5i. A sequential two-step alkylation protocol under
177microwave irradiation afforded the rigid 1,2,3,4-tetrahydroiso-
178 s2quinoline derivatives 7a,b (Scheme 2). Initially, 3,4-dimethyl-7-
179hydroxycoumarin was reacted with 1,3- or 1,4-dibromoalkane,
180thus furnishing intermediate bromides 6a,b. Under the same
181reaction conditions, the suitable 1,2,3,4-tetrahydroisoquinoline
182was alkylated with 6a,b, yielding the desired compounds 7a,b.
183Biological Assays. All compounds were tested in vitro for
184their inhibitory activities on human MAOs (hMAOs), electric
185eel AChE (eeAChE), and equine serum BChE (esBChE)
186enzymes. For hMAOs inhibition assay, the protocol was carried
187out with a fluorescence-based method using kynuramine as a
188nonselective substrate of hMAO A and hMAO B.34,56 As for
189ChEs, the well-known Ellman’s spectrophotometric test57 was
190used to determine IC50s for both isoforms. The inhibition data
191are reported in Table 1 as IC50 (μM) or, for poorly active
192compounds, as percentage of inhibition at 10 μM. The kinetic
193behavior of compound (±)-5b for the inhibition of eeAChE
194 f2was investigated and is illustrated in Figure 2 by means of a
195Lineweaver−Burk diagram, where the reciprocals of enzyme
196activity (eeAChE) vs reciprocals of substrate (S-acetylthiocho-
197line) concentration in the presence of different concentrations
198(0−8 μM) of inhibitor have been reported.
199Human neuroblastoma SH-SY5Y cell lines were used to
200evaluate the cytotoxic effect of compounds 4j−k, (±)-5a−e,
201and (±)-5i through the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphe-
202 f3nyltetrazolium bromide (MTT) viability assay (Figure 3).58 By
203using the same cellular models,59 the ability of selected
204compounds to protect neurons against three different toxic
205insults (hydrogen peroxide, oligomycin-A, and rotenone) was
206 f4studied (Figure 4) and compared to donepezil taken as a
207reference anti-Alzheimer’s drug. Data concerning cytotoxicity
208and neuroprotection assays are expressed as percentage of
209viability referred to control experiment as illustrated in Figures
2103 and 4.
211As previously reported,34 cell-based transport studies were
212aimed at monitoring the BBB permeating potential of
213compounds (±)-5a,b and (±)-5d displaying the highest
214neuroprotective activity. Bidirectional transport studies were
215carried out by measuring apical to basolateral (AP-BL) and
216basolateral to apical (BL-AP) apparent permeability (Papp) in
217MDCK cells. After retroviral transfection with the human
218MDR1 cDNA (MDCKII-MDR1), these cells highly express P-
219gp, thus alerting compounds likely to be efflux pumps
220substrates. Papp (in units of cm/s) and efflux ratio (ER) were
221 t2calculated and summarized in Table 2.

222■ RESULTS AND DISCUSSION

223It is worth underlining that MAO B selectivity of the
224multipotent ligands reported herein was a pursued feature to
225avoid well-known side effects raising from the inhibition of
226peripheral MAO A isoform. On the other hand, isoform
227selectivity was not considered a crucial issue in the case of
228ChEs. In fact, in advanced AD increasing body of evidence
229supports the importance of BChE whose activity increases as
230the disease progresses. Both ChEs are capable of catalyzing the

Scheme 1. Synthesis of Compounds 4a−m, (±)-5a−ia

aReagents and conditions: (i) methanesulfonyl chloride, triethylamine,
CH2Cl2, 3 h, room temperature; (ii) 3,4-dimethyl-7-hydroxycoumarin,
triethylamine, Cs2CO3, dry DMF, 72 h, 70 °C; (iii) 3,4-dimethyl-7-
hydroxycoumarin, ADDP, PPh3, triethylamine, anhydrous CH2Cl2, 15
h, room temperature; (iv) trifluoroacetic acid, CH2Cl2, 1 h, 0 °C to
room temperature; (v) for 4a, 4i, and 5a, methyl iodide, anhydrous
K2CO3, acetone, 6 h, room temperature; for 4b−h, 4j−m, and 5b−h,
butyl iodide (for 4b) or substituted benzyl bromide, anhydrous
K2CO3, acetone, 30 min, 130 °C, MW; for 5i, 3,4-dimethoxybenzal-
dehyde, sodium triacetoxyborohydride, 1,2-dichloroethane, 15 h, room
temperature.
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Table 1. MAOs and ChEs Inhibition Data for Compounds 4a−m, (±)-5a−i, and 7a,b

aCalculated with Volsurf+ package (Molecular Discovery, Perugia, Italy). bHuman recombinant MAOs on Supersomes. cAChE from Electric eel.
dBChE from horse serum.
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231 hydrolysis of ACh. Therefore, BChE inhibition can be a viable
232 strategy to counteract the cholinergic depletion too.25

233Keeping the 3,4-dimethylcoumarin as the common structural
234feature, the main modifications regarded the flexibility and

Scheme 2. Synthesis of Compounds 7a−ba

aReagents and conditions: (i) dibromoalkyl derivative, anhydrous K2CO3, acetone, 130 °C, 30 min, MW; (ii) 1,2,3,4-tetrahydroisoquinoline,
anhydrous K2CO3, acetone, 130 °C, 30 min, MW.

Figure 2. Lineweaver−Burk plots of eeACHE inhibition kinetics of compound (±)-5b. Reciprocals of enzyme activity (eeAChE) vs reciprocals of
substrate (S-acetylthiocholine) concentration in the presence of different concentrations (0−8 μM) of inhibitor. Inset: Concentrations used for
inhibitors are coded with different graphic symbols.

Figure 3. Cytotoxicity of compounds 4j−k, (±)-5a−e, and (±)-5i tested at concentrations in the range 0.1−50 μM in human neuroblastoma SH-
SY5Y cell lines for 24 h. Data are reported as percentage of cell survival vs untreated cells (control). Data represent means ± SD (n = 3).
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235 geometry of the linker tethering the coumarin backbone at
236 position 7 to the basic head and the alkylation of the piperidine
237 nitrogen.
238 Looking at the inhibition data for piperidine-bearing
239 coumarins reported in Table 1, as expected from the presence
240 of the N-benzylpiperidine moiety mimicking donepezil, all
241 compounds showed from good to high affinity toward AChE
242 (IC50s ≤ 10 μM) along with good selectivity values over BChE.
243 AChE inhibitory potencies shift was not remarkably influenced
244 by the structural modification herein reported and IC50s for
245 AChE laid in the range 0.68 μM (4i) −9.57 μM (4l). In
246 contrast, a wider activity window could be observed for MAO B
247 (0.030 μM for (±)-5b < IC50s < 2.49 μM for 4g), suggesting a

248more pronounced effect of the substitution pattern on the
249MAO affinity.
250All hybrids displayed from moderate to high affinity toward
251hMAO B with submicromolar IC50s but for 4b and 4g. All
252compounds inhibited selectively MAO B, with selectivity index
253(SI, IC50 MAO A/IC50 MAO B) ranging from 2 (4e,f) to 133
254((±)-5h).
255Furthermore, MAO B affinity was affected by the flexibility of
256the linker and the piperidine substitution site (3 vs 4) more
257than AChE affinity. In fact, higher MAO B inhibitory potencies
258could be fished out from compounds 4i−m and (±)-5a−i,
259where a methylene spacer tethers the basic head to the planar
260coumarin. In absence of the spacer, increasing the size and
261lipophilicity of the substituent on piperidine nitrogen from
262methyl (4a) to n-butyl (4b) and benzyl group (4c) decreased
263MAO B affinity while improving AChE affinity. The opposite
264trend was observed in the presence of the methylene linker
265connecting the coumarin to the 3- and 4-substituted piperidinyl
266ring when moving from methyl to benzyl (4i vs 4j, (±)-5a vs
267(±)-5b). Homologation of the terminal chain from benzyl (4c)
268to phenethyl (4g) group influenced negatively the affinities
269toward both MAOs and reduced AChE affinity, too. The
270introduction of a carbonyl group (4h) produced a 4-fold MAO
271B affinity improvement with respect to 4c, whereas AChE
272inhibitory potency diminished.
273The substitution position at the piperidine cycle strongly
274influenced MAO B affinity. As a matter of fact, three derivatives
275out of the 4-substituted piperidine series (4a−m) showed an
276IC50 < 0.250 μM whereas all 3-substituted piperidines (±)-5a−i
277showed MAO B inhibitory potencies <0.250 μM. The presence
278of 3-substituted piperidines was preferred from MAO B with
279respect to 4-piperidinyl moieties ((±)-5a > 4a and 4b; (±)-5b
280> 4c and 4j; (±)-5c > 4d and 4k; (±)-5f > 4e and 4l; (±)-5h >
2814f and 4m), irrespective of the nitrogen substituents. Looking
282at the basic head, the introduction of halogens (3′-Cl, 3′-Br, 4′-
283F, 4′-Cl) as well as electron-withdrawing (4′-SO2CH3 and 4′-
284CN) and electron-donating groups (3′,4′-diOMe) on the
285phenyl ring exhibited a detrimental effect regards to MAO B
286affinity and drastically reduced MAO B/A selectivity. Meta-
287substitution represented the preferred position for chlorine in
288the binding to MAO B enzymatic cleft, as inferred by
289comparing 4d vs 4e, 4k vs 4l, and (±)-5c vs (±)-5f. In the
290para position, a cyano group was preferred to chloro (4e < 4f,
2914l < 4m, (±)-5f < (±)-5h) in both MAO B and AChE. Sulfonyl
292derivative (±)-5g displayed the highest MAO A affinity along
293with a low IC50 toward MAO B.

Figure 4. Neuroprotective effect on human neuroblastoma SH-SY5Y
cells of selected compounds 4j−k, (±)-5a−e, and (±)-5i after 24 h
incubation at different concentrations (1 and 10 μM) with H2O2 (300
μM (4a)), oligomycin-A (10 μM (4b)), and rotenone (20 μM (4c)).
Data are expressed as percentage of viable cells (referred to control)
and shown as mean ± SD (n = 3). Untreated cells were used as
control. Donepezil was used as a reference anti-AD marketed drug.
Statistical significance was calculated using a two-way analysis of
variance (ANOVA) followed by the Bonferroni post-hoc tests
(GraphPad Prism version 5); * p < 0.05, ** p < 0.01.

Table 2. Bidirectional Transport across MDCKII-MDR1
Cells of Compounds (±)-5a,b and (±)-5d

compd Papp, AP-BL (cm/s) Papp, BL-AP (cm/s) ERa

(±)-5a 2.23 ± 0.11 × 10−5 2.02 ± 0.7 × 10−5 0.90
(±)-5b 2.43 ± 0.65 × 10−5 1.48 ± 0.30 × 10−5 0.61
(±)-5d 8.40 ± 0.25 × 10−7 2.16 ± 0.22 × 10−6 2.56
diazepam 2.58 ± 0.03 × 10−5 2.53 ± 0.05 × 10−5 0.98
FD-4 8.94 ± 0.15 × 10−6 8.03 ± 0.20 × 10−6 0.89

aEfflux ratio (ER) was calculated using the following equation: ER =
Papp, BL-AP/Papp, AP-BL, where Papp, BL-AP is the apparent
permeability of basal-to-apical transport, and Papp, AP-BL is the
apparent permeability of apical-to-basal transport. An efflux ratio
greater than 2 indicates that a test compound is likely to be a substrate
for P-gp transport.
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294 To assess the AChE inhibition mechanism of donepezil-like
295 N-benzyl-piperidines, the kinetic behavior of compound (±)-5b
296 was investigated. As shown in Figure 2, Lineweaver−Burk plot
297 indicated a mixed-type inhibition with a Ki equal to 1.37 ± 0.05
298 μM, thus suggesting a partial occupancy of PAS and potential
299 Aβ antiaggregating properties.
300 HPLC separations were undertaken to check a possible
301 influence of chirality in the binding interactions of this series,
302 and racemic mixtures of 5b and 5d were resolved as prototypes
303 on a CHIRALPAK IA column, yielding enantiomeric excess
304 >99% (see Supporting Information for details). Regarding
305 hMAO B affinity, an eudismic ratio equal to 8 was observed for
306 both racemates. Eutomers (+)-5b and (+)-5d exhibited
307 outstanding hMAO B affinities (IC50 = 23 and 26 nM,
308 respectively). Interestingly, the most potent enantiomer (+)-5b
309 showed also an outstanding MAO B over MAO A selectivity
310 (SI = 167), much greater than the other eutomer (+)-5d (SI =
311 21). Both mixtures displayed a lower activity ratio (≤2) toward
312 hMAO A, being (+)-5b and (−)-5d the distomers. A lower and
313 inverted eudismic ratio was found toward eeAChE for both
314 pairs of enantiomers.
315 To overcome the undesirable drawback of chirality, 1,2,3,4-
316 tetrahydroisoquinoline derivatives 7a,b were designed as rigid
317 achiral analogues of the most potent hit compound ((±)-5b).
318 In vitro evaluation proved a sharp drop of MAO B affinity,
319 albeit the potency was still in the nanomolar range.
320 Interestingly, compounds 7a,b showed low micromolar
321 affinities toward both ChEs, with 7a being the most potent
322 BChE inhibitor of the whole series with a submicromolar IC50
323 = 0.95 μM. This result could be ascribed to the flatness and
324 wideness of BChE enzymatic cleft that could better
325 accommodate rigid and sterically hindered basic groups.
326 To assess the brain-permeating capability of the novel
327 multipotent molecules reported herein, Volsurf+ was employed
328 to compute Log BB, a parameter expressing the logarithmic
329 ratio between the concentration of a drug in brain and blood.
330 More specifically, compounds showing Log BB value greater
331 than 0.5 readily penetrate into CNS and are classified as BBB+.
332 Log BB values lower than −0.5 disclose very poor brain
333 permeation (BBB− compounds), whereas values higher than
334 −0.5 and lower than 0.5 indicate moderate permeation (BBB±
335 compounds).60 Calculations suggested that most compounds in
336 Table 1 should rapidly be distributed into the brain (BBB+
337 compounds). Log BB of derivatives bearing polar substituents
338 on the phenyl ring (a cyano-group for 4f, 4m, and (±)-5h or a
339 dimethoxy-group for (±)-5i) and the keto-derivative 4h
340 suggested moderate permeation. The lowest Log BB value
341 (0.011) was returned by (±)-5g with a highly hydrophilic
342 substituent on the basic head (−SO2CH3 group). The high
343 confidence of Volsurf-based predictions was assessed through
344 the projection of the studied compounds in the chemical space
345 represented by its applicability domain, determined according
346 to the Hotelling’s T-squared approach (see Supporting
347 Information).61

348 Cell-Based Assays: Cytotoxicity, Neuroprotection, and
349 Brain Permeation. By combining data from enzymatic
350 screening with in silico calculations, a number of hits was
351 shortlisted and selected for further assays in cell-based models
352 in order to evaluate their cytotoxic and neuroprotective effects
353 and their ability to permeate BBB without interacting with
354 efflux pumps such as P-gp. Regarding the inhibitory properties,
355 the following selection criteria were applied: (i) IC50 toward
356 MAO B < 150 nM, (ii) IC50 toward AChE < 2 μM. With

357respect to brain permeation predictions, Log BB threshold was
358set equal to 0.450. Seven coumarin derivatives (4j, 4k, (±)-5a,
359(±)-5b, (±)-5c, (±)-5d, and (±)-5e) met all the selection
360criteria and were submitted to preliminary in vitro inves-
361tigations in human neuroblastoma SH-SY5Y cell lines.
362Compound (±)-5i was also included in the study in order to
363investigate the effect of the ortho-dimethoxyphenyl moiety.
364Because in vitro enzymatic assays for both enantiomers of 5b
365and 5d provided AChE inhibition activities close to racemate
366and the differences between enantiomers and racemate for
367MAO B were reasonably low (ratio of IC50s < 6 for both
368isomers in comparison to racemate 5b and 5d), we deemed
369unnecessary to perform the cell-based studies on single
370enantiomers at this early stage of investigations.
371As shown in Figure 3, most compounds displayed negligible
372cytotoxicity up to 50 μM after 24 h incubations. Some
373derivatives produced a reasonable cellular damage only at
374highest concentrations. In particular, the concentrations
375responsible for 50% inhibition of cell growth (IC50s) for
376compounds (±)-5a, (±)-5b, (±)-5c, and (±)-5i were equal to
37730 ± 0.01, 44 ± 0.02, 13 ± 0.01, and 10 ± 0.03 μM,
378respectively.
379The overproduction of harmful radicals, above all reactive
380oxygenated species (ROS), and the unbalance in detoxification
381systems produces severe oxidative stress conditions in neurons
382affected by AD. Nucleic acids, proteins, and lipids become
383loaded with aberrant alterations that, in turn, could trigger AD-
384related neurotoxicity, and indeed the reduction of oxidative
385stress has been claimed as a viable strategy to slow down the
386progression of the disease. Therefore, we tested also the ability
387of selected multitarget molecules to protect SH-SY5Y cells
388against oxidative injuries. The cytoprotective effect was
389determined by measuring cell viability after incubation with a
390radical initiator (hydrogen peroxide, H2O2) and two mitochon-
391drial poisons (rotenone and oligomycin-A), both capable of
392arresting respiratory chain and energy production (Figure 4).
393Rotenone induces cellular damage by interfering with the
394activity of complex I of the respiratory chain,62 whereas
395oligomycin-A binds to Fo part of H

+-ATP-synthase63 and exerts
396its pro-apoptotic effect by blocking ATP formation. Com-
397pounds under investigation were incubated at two concen-
398trations (1 and 10 μM), and untreated cells were used as
399control. As depicted in Figure 4a, compounds (±)-5a−e
400markedly protected SH-SY5Y cells against H2O2 even at the
401lowest concentration (1 μM). A low increase of cell viability in
402the presence of oligomycin-A was produced by 4j (at 1 and 10
403μM), 4k (at 1 μM), (±)-5c (at 10 μM), and (±)-5i (at 1 and
40410 μM). Moreover, derivative (±)-5a was not able to
405counteract cellular damage induced by oligomycin-A, whereas
406it exerted a moderate neuroprotective activity against rotenone
407at 1 and 10 μM. A significant increase of viable cells was
408obtained when rotenone was coincubated with (±)-5e at 1 μM.
409Derivative (±)-5b and (±)-5d remarkably increased cell
410viability in the presence of both mitochondrial toxins used in
411this assay (rotenone and oligomycin-A) at 1 and 10 μM and
412exerted a cytoprotective activity by far superior to that of
413donepezil. Taken together, these results highlighted dual
414inhibitors (±)-5b and (±)-5d as the most promising
415neuroprotective agents of the series as they proved to be
416effective against all the insults employed in SH- SY5Y cell-based
417experimental models.
418To endorse the potential of both compounds as promising
419multipotent anti-AD leads, in vitro transport studies were
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420 undertaken. As for CNS-acting drugs, a critical issue is
421 represented by the ability to cross the BBB, acting as a highly
422 lipophilic boundary.64 Compounds permeate BBB mainly by a
423 passive diffusion mechanism, and several efflux systems prevent
424 the entrance of xenobiotics into CNS. Because the extrusion
425 activity is essentially governed by P-gp, the possible behavior of
426 a hit as a P-gp substrate should be assessed in the early stage of
427 drug discovery along with its brain permeation properties.
428 MDCK cells were used as a model to examine the behavior of
429 selected compounds in crossing the BBB and eventually
430 interacting with extrusion pumps. When retrovirally transfected
431 with the human MDR1 cDNA (MDCKII-MDR1), these cell
432 lines highly express P-gp (MDR1) and represent a robust BBB
433 mimicking in vitro model. Furthermore, permeation analyses
434 were undertaken also with (±)-5a, being the most potent
435 neuroprotective agent against H2O2 at 10 μM and moderately
436 effective against rotenone at both tested concentrations (1 and
437 10 μM). In contrast with the computed Log BB, lipophilic
438 derivative (±)-5d was not able to permeate the monolayer (see
439 Table 2), probably because of quite high membrane retention
440 as deduced from low permeation rate in both directions, i.e.,
441 apical-to-basolateral (AP-BL) and basolateral-to-apical (BL-
442 AP). Moreover, an ER > 2 (ER = Papp, BL-AP/Papp, AP-BL) can
443 be taken as a figure of undesirable interactions with P-gp. On
444 the other hand, as shown in Table 2 compounds (±)-5b and
445 (±)-5a confirmed rapid permeation and low ER comparable to
446 donepezil used as reference CNS-active drug, thus envisaging
447 good brain distribution and poor interactions as P-gp
448 substrates.
449 Aqueous Solubility and Lipophilicity. In the present
450 work, the aim of optimizing the aqueous solubility at pH 7.4 of
451 a coumarin-based hit recently reported by us (7-(4-(N-benzyl-
452 N-methylaminomethyl)benzyloxy)-4-(hydroxymethyl)-2H-
453 chromen-2-one hydrochloride I;34 Figure 1) while maintaining
454 a dual AChE-MAO B inhibitory activity was pursued by
455 introducing focused structural modification on the protonatable
456 head and on the linker at position 7 of the coumarin core.
457 Kinetic aqueous solubility at pH 7.4 was experimentally
458 determined for compounds I, 4j, 5a, and 5b by applying a
459 turbidimetric method.

t3 460 As showed in Table 3, compound I returned the lowest value
461 of water solubility (log S = −4.42) and the N-methylpiperidin-
462 3-yl derivative 5a exhibited the highest solubility (log S =
463 −3.67). Compared to I, the piperidin-4-yl derivative 4j showed
464 only a modest increase of solubility (log S = −4.25), whereas
465 the isomer piperidin-3-yl derivative 5b proved to be 3-fold
466 more soluble (119 μM, log S = −3.92).

467The observed increase in water solubility at pH 7.4 of 4j, 5a,
468and 5b over I, and the small but significant differences among
469them as well, could be reasonably explained taking into account
470the pKa shift (i.e., the degree of amine protonation) in the
471examined molecules and their hydrophobicity. Regarding the
472basicity of the amino moiety at C(7) of the coumarin core, the
473ACD/laboratories (version 6.00) software estimates pKas of 7.8
474for I, about 8.5 for 4j and 5b, and about 9.4 for 5a (all values
475are however within the optimal range 7.5−10.5 proposed for
476CNS drugs).65 The lipophilicity of the molecules in neutral
477form was assessed by calculation (Bio-Loom 1.6, Biobyte Corp.,
478Claremont, USA), whereas a relative lipophilicity scale of the
479compounds, predominantly in the protonated form, was
480experimentally determined by a reversed phase (RP) HPLC
481method. Zorbax Eclypse-C18 column was used as the stationary
482phase, and mixtures of ammonium acetate buffer (20 mM, pH
4835.00) and methanol were used as the mobile phases to measure
484chromatographic capacity factor (log k′) as a lipophilicity index.
485Looking at the data in Table 3, interesting structure−
486property relations could be derived. Quite obviously, the most
487water-soluble is 5a, that is, the most hydrophilic one (i.e., the
488lowest log k′ and cLogP values) and fully protonated at pH 7.4.
489Both N-benzylpiperidinyl derivatives 4j and 5b, despite their
490higher lipophilicity (as supported by the cLogP and log k′
491values), are more soluble in water than I, most likely due to the
492different protonation degree of the amino group which, based
493on the estimated pKas, should be higher in 4j and 5b than in I.
494Albeit showing similar lipophilicity and very close basicity, the
495piperidin-3-yl derivative 5b proved to be more than 2-fold more
496soluble in water that the isomer piperidin-4-yl compound 4j.
497This result may be related on one hand to the disruption of
498molecular symmetry elements in 5b with respect to 4j, which
499could be an entropic factor favoring solubility in water, whereas
500on the other hand, the proximity of the polar groups in 5b,
501which are closer than in 4j, could explain the slightly better
502partitioning of 5b in apolar media, as cLogP and log k′ values
503account for.

504■ CONCLUSIONS
505The multitarget approach has been extensively exploited by
506several research groups as a promising therapeutic option to
507face neurodegenerative disorders.66−69 In the case of AD, in the
508last decades inhibition of enzymatic activities of MAOs and
509ChEs has been pursued to identifying novel therapeutic agents
510with a potential disease-modifying effect.70,71 A seminal
511discovery in the field is represented by ladostigil,72 a dual
512AChE-MAO inhibitor73 that has been recently announced to
513finish ad interim phase IIb and to enter phase III clinical trials
514by Avraham Pharmaceuticals for the treatment of mild
515cognitive impairment.74 Looking at the literature, common
516drawbacks of multitarget dual inhibitors hitting MAOs and
517ChEs are given by low MAO B over MAO A selectivity and, at
518least, one violation of Lipinski’s Rule of Five (in most cases
519MW > 500 and/or cLogP > 5), the latter representing a
520compromising feature for good oral bioavailability. Peripheral
521inhibition of MAO A implies safety issues arising from the so-
522called cheese effect.75 Over the years, we devoted attention to
523the development of coumarin-based dual AChE-MAO B
524inhibitors. To this end, our design strategy was aimed at
525improving the physicochemical properties for drug bioavail-
526ability (aqueous solubility, above all) of a previously described
527multipotent hit compound34 while maintaining a dual AChE-
528MAO B inhibitory activity. Such a compound (i.e., derivative I

Table 3. Aqueous Solubility and Lipophilicity Index of
Compounds I,34 4j, (±)-5a, and (±)-5b

compd log S (pH 7.4)a log k′b cLogPc

I34 −4.42 ± 0.09 1.87 4.08
4j −4.25 ± 0.08 1.98 5.16
(±)-5a −3.67 ± 0.07 1.14 3.79
(±)-5b −3.92 ± 0.05 2.01 5.55

alog S (mol/L). Measured at pH 7.40 in 50 mM Tris-HCl, pH 7.4, at
room temperature. Data are the mean ± SEM of three independent
assays. bExtrapolated value at 65% of ammonium acetate buffer (pH
5.00) from six measurements. Mobile phase: methanol/ammonium
acetate buffer (pH 5.00, 20 mM) v/v from 70% to 45%. Data are the
mean ± SEM of three independent assays. cBio-Loom version 1.6,
Biobyte Corp., Claremont, USA.
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529 in ref 34, Figure 1) showed outstanding in vitro inhibitory
530 potencies against hAChE and hMAO B in the nanomolar range
531 along with a limited aqueous solubility at pH 7.4 (38 μM).
532 Structure−activity relationships (SARs) of multipotent
533 compounds described herein shed light on the most relevant
534 structural features modulating hMAO B affinity: (i) the
535 flexibility of the spacer linking the coumarin core to the basic
536 tail at position 7 and (ii) the substituents and the branching
537 position on the piperidinyl ring (1,3 vs 1,4). AChE affinity was
538 influenced by these structural modifications to a lesser extent.
539 Interestingly, the presence of piperidinyl fragment along with
540 its substitution pattern markedly influenced aqueous solubility.
541 The present study allowed the development of a novel
542 multifunctional agent (±)-5b with a good balance of
543 biochemical activities and improved aqueous solubility,
544 definitively deserving further attention. In vitro enzymatic
545 assays highlighted an outstanding hMAO B affinity (IC50 = 30
546 nM) along with pronounced MAO B/A selectivity (SI = 94)
547 and low micromolar eeAChE affinity (IC50 = 1.03 μM). In cell-
548 based assays, (±)-5b produced low cytotoxic damage (IC50 =
549 44 ± 0.02 μM) after 24 h incubation and increased cell viability
550 of human neuroblastoma lines incubated with some toxic
551 insults (H2O2, rotenone, and oligomycin-A). Interestingly, its
552 neuroprotective activity against the oxidative stress insults
553 produced by hydrogen peroxide, oligomycin-A, and rotenone
554 was superior to that of donepezil, used as a reference anti-AD
555 drug. Bidirectional transport studies on MDCKII-MDR1 model
556 denoted a rapid BBB permeation without suffering from likely
557 P-gp interactions, thus suggesting good brain permeation and
558 CNS distribution. Moreover, coumarin (±)-5b does not violate
559 Lipinski’s Rule of Five (MW = 377.48, HB-donor = 0−1
560 depending on the protonation state, HB-acceptor = 2−3
561 depending on the protonation form, cLogP (ChemAxon) =
562 4.57). The presence of the basic piperidinyl moiety does
563 increase water solubility of 5b at pH 7.4 (3-fold increase
564 compared to I34). Taken together, these findings highlighted
565 the potential of this class of compounds and particularly of
566 (±)-5b as multitarget anti-AD neurotherapeutic, deserving
567 further pharmacological investigations to prove its ability to
568 prevent the onset, hamper the progression, or reverse the
569 neurodegenerative process in animal models.

570 ■ EXPERIMENTAL SECTION
571 Chemistry. Starting materials, reagents, intermediate 1a, and
572 analytical grade solvents were purchased from Sigma-Aldrich
573 (Europe). The purity of all the intermediates, checked by 1H NMR
574 and HPLC, was always better than 95%. All the newly prepared and
575 tested compounds showed HPLC purity higher than 98%. Column
576 chromatography was performed using Merck silica gel 60 (0.063−
577 0.200 mm, 70−230 mesh). Flash chromatographic separations were
578 performed on a Biotage SP1 purification system using flash cartridges
579 prepacked with KP-Sil 32−63 μm, 60 Å silica. All reactions were
580 routinely checked by TLC using Merck Kieselgel 60 F254 aluminum
581 plates and visualized by UV light or iodine. Regarding the reaction
582 requiring the use of dry solvents, the glassware was flame-dried and
583 then cooled under a stream of dry argon before use. Optical rotation
584 was measured on a PerkinElmer 241 polarimeter with a Na lamp (589
585 nm). Nuclear magnetic resonance spectra were recorded on a Varian
586 Mercury 300 instrument (at 300 MHz) or on a Agilent Technologies
587 500 apparatus (at 500 MHz) at ambient temperature in the specified
588 deuterated solvent. Chemical shifts (δ) are quoted in parts per million
589 (ppm) and are referenced to the residual solvent peak. The coupling
590 constants J are given in hertz (Hz). The following abbreviations were
591 used: s (singlet), d (doublet), dd (doublet of doublet), t (triplet), q
592 (quadruplet), qn (quintuplet), m (multiplet), br s (broad signal);

593signals due to OH and NH protons were located by deuterium
594exchange with D2O. Chiral HPLC separations and enantiomeric excess
595determinations were carried out on CHIRALPAK IA (Chiral
596Technologies Europe, 25 cm × 0.46 cm I.D., 5 μm size particles)
597built on a Analytic Agilent 1260 Infinity multidetector system
598equipped with 1200 series UV-diode array in isocratic conditions.
599Elemental analyses were performed on the EuroEA 3000 analyzer only
600on the final compounds tested as MAOs and ChEs inhibitors. The
601measured values for C, H, and N agreed to within ±0.40% of the
602theoretical values. Melting points were determined by the capillary
603method on a Stuart Scientific SMP3 electrothermal apparatus and are
604uncorrected.
605General Procedure for the Synthesis of tert-Butyl 3- and 4-
606Hydroxymethylpiperidine-1-carboxylate (1b−c). To a suspension of
607the suitable commercially available 3- and 4-hydroxymethylpiperidine
608(8.6 g, 75 mmol) in a mixture of acetonitrile (110 mL) and saturated
609aq sodium hydrogen carbonate solution (35 mL), di-tert-butyl
610dicarbonate (21 g, 94 mmol) was added in portions while cooling
611to 0 °C. The reaction mixture was then kept to room temperature and
612left under magnetic stirring for 18 h. Brine (300 mL) was added, and
613the aqueous layer was extracted with ethyl acetate (3 × 150 mL). The
614organic phases were collected, dried over sodium sulfate, and
615evaporated to dryness to give the desired product that was used
616without further purification.
617tert-Butyl 4-(Hydroxymethyl)piperidine-1-carboxylate (1b). Yield:
61888%. 1H NMR (300 MHz, CDCl3) δ: 1.06−1.19 (m, 2H), 1.44 (s,
6199H), 1.60−1.74 (m, 4H), 2.69 (t, J = 12.7 Hz, 2H), 3.48 (t, J = 5.8 Hz,
6202H), 4.09−4.13 (m, 2H, 1H dis. with D2O).
621tert-Butyl 3-(Hydroxymethyl)piperidine-1-carboxylate (1c). Yield:
62294%. 1H NMR (500 MHz, DMSO-d6) δ: 1.01−1.10 (m, 1H), 1.21−
6231.47 (m, 3H), 1.37 (s, 9H), 1.52−1.68 (m, 2H), 2.63−2.72 (m, 1H),
6243.11−3.19 (m, 1H), 3.21−3.28 (m, 1H), 3.73−3.81 (m, 1H), 3.87−
6253.96 (m, 1H), 4.48 (t, J = 8.8 Hz, 1H, dis. with D2O).
626General Procedure for the Synthesis of tert-Butyl 4-
627{[(Methylsulfonyl)oxy]methyl}piperidine-1-carboxylate (1d) and
628tert-Butyl 3-{[(Methylsulfonyl)oxy]methyl}piperidine-1-carboxylate
629(1e). The suitable Boc-protecΕΕted piperidine 1b,c (7.5 g, 35
630mmol) was dissolved in CH2Cl2 (100 mL) before the addition of
631triethylamine (20 mL, 140 mmol). The mixture was cooled to 0 °C
632with an external ice bath, and methanesulfonyl chloride (3.0 mL, 39
633mmol) was added dropwise. After warming at room temperature, the
634reaction was kept under magnetic stirring for 3 h. The mixture was
635diluted with CH2Cl2 (200 mL) and washed with satd aq Na2CO3 (3 ×
636200 mL). The organic phase was dried over Na2SO4. Evaporation of
637the solvent yielded the desired product in high purity.
638tert-Butyl 4-{[(Methylsulfonyl)oxy]methyl}piperidine-1-carboxy-
639late (1d). Yield: 86%. 1H NMR (500 MHz, DMSO-d6) δ: 1.03−
6401.11 (m, 2H), 1.38 (s, 9H), 1.61−1.65 (m, 2H), 1.82−1.88 (m, 1H),
6412.62−2.75 (br s, 2H), 3.15 (s, 3H), 3.90−3.97 (m, 2H), 4.04 (d, J =
6426.4 Hz, 2H).
643tert-Butyl 3-{[(Methylsulfonyl)oxy]methyl}piperidine-1-carboxy-
644late (1e). Yield: 85%. 1H NMR (500 MHz, DMSO-d6) δ: 1.20−1.26
645(m, 1H), 1.28−1.35 (m, 1H), 1.38 (s, 9H), 1.56−1.62 (m, 1H), 1.69−
6461.74 (m, 1H), 1.76−1.82 (m, 1H), 2.78−2.84 (m, 2H), 3.16 (s, 3H),
6473.67−3.72 (br s, 2H), 4.01−4.10 (m, 2H).
648tert-Butyl 4-((3,4-Dimethyl-2-oxo-2H-chromen-7-yl)oxy)-
649piperidine-1-carboxylate (2a). Triethylamine (17 mL, 120 mmol),
650commercially available 1a (8.1 g, 40 mmol), and 1,1′-(azodicarbonyl)-
651dipiperidine (20 g, 80 mmol) were added to a suspension of 3,4-
652dimethyl-7-hydroxycoumarin (15 g, 80 mmol) in dry CH2Cl2 (250
653mL). The reaction mixture was kept to 0 °C and triphenylphosphine
654(21 g, 80 mmol), previously dissolved in CH2Cl2 (100 mL), was added
655dropwise. The reaction was kept to room temperature and left under
656magnetic stirring overnight. The solvent was evaporated under
657reduced pressure, and the resulting crude solid was purified through
658flash chromatography (gradient eluent: ethyl acetate in n-hexane 20%
659→ 60%). Yield: 60%. 1H NMR (300 MHz, CDCl3) δ: 1.47 (s, 9H),
6601.71−1.82 (m, 2H), 1.92−1.98 (m, 2H), 2.18 (s, 3H), 2.37 (s, 3H),
6613.31−3.39 (m, 2H), 3.66−3.74 (m, 2H), 4.48−4.55 (m, 1H), 6.80 (d, J
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662 = 2.2 Hz, 1H), 6.84 (dd, J1 = 2.2 Hz, J2 = 8.8 Hz, 1H), 7.50 (d, J = 8.8
663 Hz, 1H).
664 General Procedure for the Synthesis of tert-Butyl 3- or 4-(((3,4-
665 Dimethyl-2-oxo-2H-chromen-7-yl)oxy)methyl)piperidine-1-carbox-
666 ylate (2b,c). The appropriate mesylate ester 1d,e (8.2 g, 28 mmol) was
667 dissolved in dry DMF (50 mL) followed by the addition of
668 triethylamine (7.8 g, 56 mmol), cesium carbonate (9.1 g, 28 mmol),
669 and 3,4-dimethyl-7-hydroxycoumarin (4.5 g, 28 mmol). After heating
670 at 70 °C for 72 h, the mixture was poured onto crushed ice (500 g).
671 The precipitate was collected and thoroughly washed with water, thus
672 furnishing the desired derivative 2b,c.
673 tert-Butyl 4-{[(3,4-Dimethyl-2-oxo-2H-chromen-7-yl)oxy]methyl}-
674 piperidine-1-carboxylate (2b). Yield: 85%. 1H NMR (300 MHz,
675 CDCl3) δ: 1.24−1.33 (m, 2H), 1.46 (s, 9H), 1.77−1.86 (m, 2H),
676 1.93−2.03 (m, 1H), 2.18 (s, 3H), 2.37 (s, 3H), 2.75 (t, J = 12.4 Hz,
677 2H), 3.84−3.86 (m, 2H), 4.16−4.18 (m, 2H), 6.77 (d, J = 2.5 Hz,
678 1H), 6.83 (dd, J1 = 2.5 Hz, J2 = 8.8 Hz, 1H), 7.49 (d, J = 8.8 Hz, 1H).
679 tert-Butyl 3-{[(3,4-Dimethyl-2-oxo-2H-chromen-7-yl)oxy]methyl}-
680 piperidine-1-carboxylate (2c). Yield: 89%. 1H NMR (300 MHz,
681 DMSO-d6) δ: 1.33 (s, 9H), 1.26−1.35 (m, 2H), 1.59−1.66 (m, 1H),
682 1.71−1.83 (m, 1H), 1.85−1.91 (m, 1H), 2.00 (s, 3H), 2.35 (s, 3H),
683 2.80−2.95 (m, 2H), 3.88−3.97 (m, 4H), 6.91−6.95 (m, 2H), 7.68 (d, J
684 = 8.8 Hz, 1H).
685 General Procedure for the Synthesis of 3,4-Dimethyl-7-(piperidin-
686 4-yloxy)-2H-chromen-2-one (3a) and 3,4-Dimethyl-7-(piperidin-3-
687 and 4-ylmethoxy)-2H-chromen-2-one (3b,c). To a solution of 2a
688 (7.5 g, 20 mmol) or 2b,c (7.7 g, 20 mmol) in CH2Cl2 (40 mL),
689 trifluoroacetic acid (40 mL) was added dropwise while cooling to 0
690 °C. After 15 min, the reaction mixture was kept to room temperature
691 and left under magnetic stirring for 1 h. The solvents and excess
692 trifluoroacetic acid were removed under reduced pressure. The
693 resulting oil was diluted with ethyl acetate (100 mL) and washed
694 with Na2CO3 (3 × 30 mL). The organic phase was dried over Na2SO4
695 and concentrated to dryness, thus obtaining the unprotected
696 piperidines as white solids.
697 3,4-Dimethyl-7-(piperidin-4-yloxy)-2H-chromen-2-one (3a).
698 Yield: 83%. 1H NMR (500 MHz, DMSO-d6) δ: 1.77−1.84 (m, 2H),
699 2.06 (s, 3H), 2.08−2.15 (m, 2H), 2.35 (s, 3H), 3.06−3.12 (m, 2H),
700 3.22−3.31 (m, 2H), 4.73−4.78 (m, 1H), 6.96−6.98 (m, 1H), 7.07−
701 7.08 (m, 1H), 7.68−7.70 (m, 1H), NH not detected.
702 3,4-Dimethyl-7-(piperidin-4-ylmethoxy)-2H-chromen-2-one (3b).
703 Yield: 89%. 1H NMR (300 MHz, DMSO-d6) δ: 1.38−1.51 (m, 2H),
704 1.86−1.95 (m, 2H), 2.03−2.11 (m, 5H), 2.35 (s, 3H), 2.84−2.98 (m,
705 2H), 3.25−3.34 (m, 2H), 3.95−3.97 (m, 2H), 6.91 (d, J = 2.5 Hz,
706 1H), 6.94 (dd, J1 = 2.5 Hz, J2 = 8.8 Hz, 1H), 7.68 (d, J = 8.8 Hz, 1H).
707 3,4-Dimethyl-7-(piperidin-3-ylmethoxy)-2H-chromen-2-one (3c).
708 Yield: 92%. 1H NMR (300 MHz, DMSO-d6) δ: 1.21−1.38 (m, 2H),
709 1.58−1.64 (m, 1H), 1.80−1.84 (m, 2H), 2.05 (s, 3H), 2.19 (br s, 1H),
710 2.34 (s, 3H), 2.73−2.81 (m, 2H), 3.22−3.37 (m, 2H), 3.92−4.05 (m,
711 2H), 6.91−6.95 (m, 2H), 7.69 (d, J = 8.3 Hz, 1H).
712 General Procedure for the Synthesis of Final Compounds 4a, 4i,
713 and 5a. The appropriate coumarin 3a−c (0.50 mmol) was suspended
714 in dry acetone (5 mL) before the addition of potassium carbonate
715 (0.069 g, 0.50 mmol) and methyl iodide (0.031 mL, 0.50 mmol). The
716 mixture was stirred at room temperature for 6 h. The inorganic residue
717 was then filtered off, and the resulting solution was concentrated to
718 dryness under rotary evaporation. The desired products were purified
719 as described below.
720 3,4-Dimethyl-7-[(N-methylpiperidin-4-yl)oxy]-2H-chromen-2-one
721 (4a). Purification procedure: the crude was treated with THF, and the
722 insoluble residue was filtered off. Evaporation of the solvent under
723 rotary evaporation and crystallization from n-hexane furnished the
724 desired product. Yield: 59%; mp 95−96 °C (n-hexane). 1H NMR (300
725 MHz, CDCl3) δ: 1.88−1.96 (m, 2H), 2.10−2.15 (m, 2H), 2.18 (s,
726 3H), 2.37 (s, 3H), 2.38 (s, 3H), 2.40−2.50 (m, 2H), 2.75−2.80 (m,
727 2H), 4.41 (br s, 1H), 6.80 (d, J = 2.5 Hz, 1H), 6.84 (dd, J1 = 2.5 Hz, J2
728 = 8.8 Hz, 1H), 7.49 (d, J = 8.8 Hz, 1H). Anal. (C17H21NO3) Calcd %:
729 C, 71.06; H, 7.37; N, 4.87. Found %: C, 71.39; H, 7.23; N, 5.02.
730 3,4-Dimethyl-7-[(N-methylpiperidin-4-yl)methoxy]-2H-chromen-
731 2-one Hydrochloride (4i). Purification procedure: the crude was
732 treated with HCl 1.25 N in ethanol, collecting the precipitate. Yield:

73365%; mp > 250 °C. 1H NMR (300 MHz, DMSO-d6) δ: 1.57−1.65 (m,
7342H), 1.91−1.96 (m, 3H), 2.05 (s, 3H), 2.35 (s, 3H), 2.68 (s, 3H),
7352.89−2.99 (m, 2H), 3.36−3.42 (m, 2H), 3.94 (d, J = 6.0 Hz, 2H),
7366.91−6.97 (m, 2H), 7.69 (d, J = 9.0 Hz, 1H), 10.40 (br s, 1H, dis. with
737D2O). Anal. (C18H23NO3·HCl) Calcd %: C, 63.99; H, 7.16; N, 4.15.
738Found %: C, 64.31; H, 7.26; N, 4.20.
739(±)-3,4-Dimethyl-7-[(N-methylpiperidin-3-yl)methoxy]-2H-chro-
740men-2-one Hydrochloride (5a). Purification procedure: the crude was
741treated with HCl 1.25 N in ethanol, yielding a precipitate that was
742collected and washed with ethanol. Yield: 60%; mp 150−152 °C. 1H
743NMR (300 MHz, DMSO-d6) δ: 1.19−1.30 (m, 1H), 1.70−1.89 (m,
7444H), 2.06 (s, 3H), 2.35 (s, 3H), 2.76 (s, 3H), 3.25−3.54 (m, 4H),
7453.89−4.08 (m, 2H), 6.91−6.97 (m, 2H), 7.70 (d, J = 9.0 Hz, 1H), 9.91
746(br s, 1H, dis. with D2O). Anal. (C18H23NO3·HCl) Calcd %: C, 63.99;
747H, 7.16; N, 4.15. Found %: C, 63.89; H, 7.21; N, 3.93.
748General Procedure for the Synthesis of Final Compounds 4b−h,
7494j−m, and (±)-5b−h. A Pyrex vessel was charged with a magnetic
750stirring and a Weflon bar, and then the appropriate 3,4-dimethyl-7-
751(piperidin-3- and 4-yloxy)-2H-chromen-2-one 3a,b, or 3,4-dimethyl-7-
752(piperidin-3- and 4-ylmethoxy)-2H-chromen-2-one 3c,d derivative
753(0.50 mmol) and potassium carbonate (1.0 mmol) were suspended in
754acetone (4.0 mL). The suitable commercially available butyl chloride
755(0.50 mmol, for 4b) or substituted benzyl bromide (0.5 mmol) was
756added. The reactor was placed in a microwave apparatus and irradiated
757at 130 °C for 30 min. After cooling to room temperature, the solid
758residue was filtered off after thorough washing with CH2Cl2. The
759solution was concentrated to dryness, and the resulting crude was
760purified as detailed below. Compounds 4j−m, (±)-5b−h, 7a,b were
761obtained as hydrochloride salts as described below.
7623,4-Dimethyl-7-[(N-butylpiperidin-4-yl)oxy]-2H-chromen-2-one
763(4b). Isolation procedure: column chromatography (eluent: methanol
764in chloroform 5%) followed by crystallization from hot ethanol. Yield:
76555%; mp 86−87 °C (ethanol). 1H NMR (300 MHz, CDCl3) δ: 0.98
766(t, J = 7.3 Hz, 3H), 1.39−1.46 (m, 2H), 1.91−1.98 (m, 2H), 2.18−
7672.23 (m, 2H), 2.20 (s, 3H), 2.38 (s, 3H), 2.76−2.83 (m, 2H), 2.93−
7683.04 (m, 2H), 3.06−3.12 (m, 2H), 3.42−3.46 (m, 2H), 4.76−4.79 (m,
7691H), 6.81−6.85 (m, 2H), 7.54 (d, J = 8.5 Hz, 1H). Anal. (C20H27NO3)
770Calcd %: C, 72.92; H, 8.26; N, 4.25. Found %: C, 73.34; H, 8.10; N,
7713.97.
7723,4-Dimethyl-7-[(N-benzylpiperidin-4-yl)oxy]-2H-chromen-2-one
773(4c). Isolation procedure: crystallization from hot ethanol. Yield: 82%;
774mp 111−112 °C (ethanol). 1H NMR (300 MHz, CDCl3) δ: 1.89−
7752.07 (m, 4H), 2.19 (s, 3H), 2.32−2.38 (m, 5H), 2.77−2.85 (m, 2H),
7763.51−3.57 (m, 2H), 4.37−4.45 (m, 1H), 6.77−6.90 (m, 2H), 7.24−
7777.34 (m, 5H), 7.49 (d, J = 8.5 Hz, 1H). Anal. (C23H25NO3) Calcd %:
778C, 76.00; H, 6.93; N, 3.85. Found %: C, 76.01; H, 6.89; N, 4.01.
7793,4-Dimethyl-7-[(N-(3-chlorobenzyl)piperidin-4-yl)oxy]-2H-chro-
780men-2-one (4d). Isolation procedure: crystallization from hot ethanol.
781Yield: 84%; mp 106−107 °C (ethanol). 1H NMR (300 MHz, CDCl3)
782δ: 1.83−1.91 (m, 2H), 2.02−2.07 (m, 2H), 2.18 (s, 3H), 2.34−2.40
783(m, 5H), 2.70−2.77 (m, 2H), 3.51−3.56 (m, 2H), 4.37−4.43 (m, 1H),
7846.80 (d, J = 2.5 Hz, 1H), 6.83 (dd, J1 = 2.5 Hz, J2 = 8.5 Hz, 1H), 7.23−
7857.29 (m, 3H), 7.37 (s, 1H), 7.49 (d, J = 8.5 Hz, 1H). Anal.
786(C23H24ClNO3) Calcd %: C, 69.43; H, 6.08; N, 3.52. Found %: C,
78769.70; H, 6.06; N, 3.56.
7883,4-Dimethyl-7-[(N-(4-chlorobenzyl)piperidin-4-yl)oxy]-2H-chro-
789men-2-one (4e). Isolation procedure: crystallization from hot ethanol.
790Yield: 87%; mp 140−141 °C (ethanol). 1H NMR (300 MHz, CDCl3)
791δ: 1.83−1.89 (m, 2H), 1.98−2.05 (m, 2H), 2.18 (s, 3H), 2.27−2.33
792(m, 2H), 2.36 (s, 3H), 2.70−2.77 (m, 2H), 3.52 (s, 2H), 4.36−4.41
793(m, 1H), 6.79 (d, J = 2.5 Hz, 1H), 6.83 (dd, J1 = 2.5 Hz, J2 = 8.5 Hz,
7941H), 7.28−7.33 (m, 4H), 7.48 (d, J = 8.5 Hz, 1H). Anal.
795(C23H24ClNO3) Calcd %: C, 69.43; H, 6.08; N, 3.52. Found %: C,
79669.43; H, 6.13; N, 3.85.
7974-[(4-((3,4-Dimethyl-2H-2-oxochromen-7-yl)oxy)piperidin-1-yl)-
798methyl]benzonitrile (4f). Isolation procedure: crystallization from hot
799ethanol. Yield: 71%; mp 120−121 °C (ethanol). 1H NMR (300 MHz,
800CDCl3) δ: 1.79−2.00 (m, 4H), 2.18 (s, 3H), 2.35−2.38 (m, 5H),
8012.78−2.82 (m, 2H), 3.50−3.56 (m, 2H), 4.41 (s, 1H), 6.79 (d, J = 2.5
802Hz, 1H), 6.82 (dd, J1 = 2.5 Hz, J2 = 8.8 Hz, 1H), 7.15−7.33 (m, 4H),
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803 7.49 (d, J = 8.8 Hz, 1H). Anal. (C24H24N2O3) Calcd %: C, 74.21; H,
804 6.23; N, 7.21. Found %: C, 74.74; H, 6.19; N, 7.21.
805 3,4-Dimethyl-7-[(N-(2-phenylethyl)piperidin-4-yl)oxy]-2H-chro-
806 men-2-one (4g). Isolation procedure: crystallization from hot ethanol.
807 Yield: 87%; mp 107−108 °C (ethanol). 1H NMR (300 MHz, CDCl3)
808 δ: 1.93−2.01 (m, 2H), 2.17−2.20 (m, 4H), 2.35−2.39 (m, 4H), 2.72−
809 2.95 (m, 8H), 4.45−4.51 (m, 1H), 6.81 (d, J = 2.5 Hz, 1H), 6.84 (dd,
810 J1 = 2.5 Hz, J2 = 8.5 Hz, 1H), 7.22−7.33 (m, 5H), 7.50 (d, J = 8.5 Hz,
811 1H). Anal. (C24H27NO3) Calcd %: C, 76.36; H, 7.21; N, 3.71. Found
812 %: C, 76.53; H, 7.14; N, 3.97.
813 3,4-Dimethyl-7-[(N-(2-phenyl-2-oxoethyl)piperidin-4-yl)oxy]-2H-
814 chromen-2-one (4h). Isolation procedure: crystallization from hot
815 ethanol. Yield: 90%; mp 94−96 °C (dec) from ethanol. 1H NMR (300
816 MHz, CDCl3) δ: 1.63−1.72 (m, 2H), 2.05−2.16 (m, 2H), 2.19 (s,
817 3H), 2.34−2.41 (m, 5H), 2.96−3.02 (m, 2H), 4.19−4.27 (m, 2H),
818 4.57−4.63 (m, 1H), 6.85 (d, J = 2.5 Hz, 1H), 6.89 (dd, J1 = 2.5 Hz, J2
819 = 8.8 Hz, 1H), 7.51 (t, J = 7.1 Hz, 2H), 7.52 (d, J = 8.8 Hz, 1H), 7.64
820 (t, J = 7.1 Hz, 1H), 7.98 (d, J = 7.1 Hz, 2H). Anal. (C24H25NO4) Calcd
821 %: C, 73.64; H, 6.44; N, 3.58. Found %: C, 74.15; H, 6.38; N, 3.85.
822 3,4-Dimethyl-7-[(N-benzylpiperidin-4-yl)methoxy]-2H-chromen-
823 2-one Hydrochloride (4j). Isolation procedure: column chromatog-
824 raphy (eluent: ethyl acetate in chloroform 50%). The compound was
825 transformed into the corresponding hydrochloride salt by dissolving
826 the solid free base in the minimum volume of 1,4-dioxane before
827 adding HCl 4.0 N in 1,4-dioxane. The resulting precipitate was
828 collected by filtration and washed with dry dioxane, yielding 4j. Yield:
829 60%; mp 215−216 °C (dec). 1H NMR (300 MHz, DMSO-d6) δ:
830 1.87−1.95 (m, 2H), 2.06 (s, 3H), 2.22−2.29 (m, 3H), 2.35 (s, 3H),
831 2.79−2.84 (m, 2H), 3.13−3.20 (m, 2H), 3.91−4.03 (m, 2H), 4.31−
832 4.35 (m, 2H), 6.88−6.96 (m, 2H), 7.46−7.58 (m, 5H), 7.69 (d, J = 9.1
833 Hz, 1H), 9.68 (s, 1H, dis. with D2O). Anal. (C24H27NO3·HCl) Calcd
834 %: C, 69.64; H, 6.82; N, 3.38. Found %: C, 70.09; H, 6.55; N, 3.40.
835 3,4-Dimethyl-7-[(N-(3-chlorobenzyl)piperidin-4-yl)methoxy]-2H-
836 chromen-2-one Hydrochloride (4k). Isolation procedure: the crude
837 was suspended in 1,4-dioxane and the insoluble residue discarded. HCl
838 4.0 N in 1,4-dioxane was added to the solution, yielding a white
839 precipitate that was filtered and crystallized from hot ethanol. Yield:
840 99%; mp 246−248 °C (ethanol). 1H NMR (300 MHz, DMSO-d6) δ:
841 1.55−1.66 (m, 2H), 1.90−1.97 (m, 3H), 2.06 (s, 3H), 2.35 (s, 3H),
842 2.89−3.00 (m, 2H), 3.35−3.42 (m, 2H), 3.94 (d, J = 6.0 Hz, 2H),
843 4.26−4.30 (m, 2H), 6.91 (dd, J1 = 2.5 Hz, J2 = 8.8 Hz, 1H), 6.95 (d, J
844 = 2.5 Hz, 1H), 7.48−7.55 (m, 3H), 7.66−7.71 (m, 2H), 10.16 (s, 1H,
845 dis. with D2O). Anal. (C24H26ClNO3·HCl) Calcd %: C, 64.29; H,
846 6.07; N, 3.12. Found %: C, 64.68; H, 5.88; N, 2.83.
847 3,4-Dimethyl-7-[(N-(4-chlorobenzyl)piperidin-4-yl)methoxy]-2H-
848 chromen-2-one Hydrochloride (4l). Isolation procedure: the crude
849 was suspended in 1,4-dioxane and the insoluble residue was discarded
850 after filtration. HCl 4.0 N in 1,4-dioxane was added to the solution,
851 yielding a white precipitate that was filtered and crystallized from hot
852 ethanol. Yield: 77%; mp > 250 °C (ethanol). 1H NMR (300 MHz,
853 DMSO-d6) δ: 1.57−1.65 (m, 2H), 1.92−1.97 (m, 3H), 2.05 (s, 3H),
854 2.35 (s, 3H), 2.91−2.99 (m, 2H), 3.38−3.45 (m, 2H), 3.94 (d, J = 6.0
855 Hz, 2H), 4.25−4.28 (m, 2H), 6.91 (dd, J1 = 2.5 Hz, J2 = 8.5 Hz, 1H),
856 6.95 (d, J = 2.5 Hz, 1H), 7.53 (d, J = 8.8 Hz, 2H), 7.58 (d, J = 8.8 Hz,
857 2H), 7.67 (d, J = 8.5 Hz, 1H), 10.12 (s, 1H, dis. with D2O). Anal.
858 (C24H26ClNO3·HCl) Calcd %: C, 64.29; H, 6.07; N, 3.12. Found %:
859 C, 64.70; H, 6.00; N, 3.05.
860 4-[(4-((3,4-Dimethyl-2H-2-oxochromen-7-yl)oxymethyl)piperidin-
861 1-yl)methyl]benzonitrile Hydrochloride (4m). Isolation procedure:
862 the crude was suspended in 1,4-dioxane and the insoluble residue was
863 filtered off. HCl 4.0 N in 1,4-dioxane was added to the solution,
864 yielding a white precipitate that was filtered and crystallized from hot
865 ethanol. Yield: 93%; mp > 250 °C (ethanol). 1H NMR (300 MHz,
866 DMSO-d6) δ: 1.64−1.79 (m, 2H), 1.88−1.97 (m, 3H), 2.05 (s, 3H),
867 2.34 (s, 3H), 2.94 (q, J = 12.0 Hz, 2H), 3.36−3.43 (m, 2H), 3.93 (d, J
868 = 6.3 Hz, 2H), 4.32−4.37 (m, 2H), 6.90−6.99 (m, 2H), 7.68 (d, J =
869 8.5 Hz, 1H), 7.86 (d, J = 8.4 Hz, 2H), 7.94 (d, J = 8.4 Hz, 2H), 11.17
870 (s, 1H, dis. with D2O). Anal. (C25H26N2O3·HCl) Calcd %: C, 68.41;
871 H, 6.20; N, 6.38. Found %: C, 68.86; H, 6.03; N, 6.17.

872(±)-3,4-Dimethyl-7-[(N-benzylpiperidin-3-yl)methoxy]-2H-chro-
873men-2-one Hydrochloride (5b). Isolation procedure: column
874chromatography (eluent: ethyl acetate in chloroform 50%). The
875compound was transformed into the corresponding hydrochloride salt
876by dissolving the solid free base in the minimum volume of 1,4-
877dioxane before adding HCl 4.0 N in 1,4-dioxane. The resulting
878precipitate was collected by filtration and washed with dry dioxane,
879yielding 5b. Yield: 62%; mp 215−216 °C (dec). 1H NMR (300 MHz,
880DMSO-d6) δ: 1.20−1.34 (m, 1H), 1.60−1.75 (m, 1H), 1.77−1.90 (m,
8812H), 2.06 (s, 3H), 2.20−2.27 (m, 1H), 2.35 (s, 3H), 2.72−2.86 (m,
8822H), 3.30−3.49 (m, 2H), 3.90−4.07 (m, 2H), 4.28−4.33 (m, 2H),
8836.90 (dd, J1 = 2.5 Hz, J2 = 8.8 Hz, 1H), 6.93 (d, J = 2.5 Hz, 1H), 7.42−
8847.57 (m, 5H), 7.69 (d, J = 8.8 Hz, 1H), 10.12 (br s, 1H, dis. with
885D2O). Anal. (C24H27NO3·HCl) Calcd %: C, 69.64; H, 6.82; N, 3.38.
886Found %: C, 69.90; H, 6.81; N, 3.56.
887(+)-3,4-Dimethyl-7-[(N-benzylpiperidin-3-yl)methoxy]-2H-chro-
888men-2-one (5b). HPLC purification of (±)-5b on a CHIRALPAK IA,
889mobile phase, A = methanol, B = acetonitrile; isocratic elution, 20% B;
890flow rate = 1 mL/min; λ = 320 nm; 100 μL injection; k2. Melting
891point: 117−119 °C. 1H NMR (500 MHz, DMSO-d6) δ: 1.09−1.15
892(m, 1H), 1.43−1.51 (m, 1H), 1.61−1.66 (m, 1H), 1.71−1.75 (m, 1H),
8931.86−2.02 (m, 3H), 2.05 (s, 3H), 2.34 (s, 3H), 2.62−2.67 (m, 1H),
8942.81−2.85 (m, 1H), 3.41 (d, J = 13.7 Hz, 1H), 3.47 (d, J = 13.7 Hz,
8951H), 3.92 (d, J = 6.4 Hz, 2H), 6.87−6.90 (m, 2H), 7.19−7.23 (m,
8961H), 7.25−7.30 (m, 4H), 7.65 (d, J = 8.8 Hz, 1H). [α]20D = +18.5° (c
8970.13, MeOH). Anal. (C24H27NO3) Calcd %: C, 76.36; H, 7.21; N,
8983.71. Found %: C, 76.50; H, 7.05; N, 3.46.
899(−)-3,4-Dimethyl-7-[(N-benzylpiperidin-3-yl)methoxy]-2H-chro-
900men-2-one (5b). HPLC purification of (±)-5b on a CHIRALPAK IA,
901mobile phase, A = methanol, B = acetonitrile; isocratic elution, 20% B;
902flow rate = 1 mL/min; λ = 320 nm; 100 μL injection; k1. Melting
903point: 117−119 °C. 1H NMR (500 MHz, DMSO-d6) δ: 1.07−1.14
904(m, 1H), 1.42−1.51 (m, 1H), 1.61−1.66 (m, 1H), 1.70−1.78 (m, 1H),
9051.84−2.02 (m, 3H), 2.05 (s, 3H), 2.34 (s, 3H), 2.62−2.67 (m, 1H),
9062.81−2.85 (m, 1H), 3.42 (d, J = 13.7 Hz, 1H), 3.47 (d, J = 13.7 Hz,
9071H), 3.91 (d, J = 6.4 Hz, 2H), 6.87−6.90 (m, 2H), 7.18−7.23 (m,
9081H), 7.26−7.30 (m, 4H), 7.64 (d, J = 8.8 Hz, 1H). [α]20D = −18.5° (c
9090.13, MeOH). Anal. (C24H27NO3) Calcd %: C, 76.36; H, 7.21; N,
9103.71. Found %: C, 76.80; H, 6.91; N, 3.55.
911(±)-3,4-Dimethyl-7-[(N-(3-chlorobenzyl)piperidin-3-yl)methoxy]-
9122H-chromen-2-one Hydrochloride (5c). Isolation procedure: the
913crude was suspended in 1,4-dioxane and the insoluble residue was
914filtered off. HCl 4.0 N in 1,4-dioxane was added to the solution,
915yielding a white precipitate that was filtered and crystallized from hot
916ethanol. Yield: 98%; mp 246−248 °C (dec) from ethanol. 1H NMR
917(300 MHz, DMSO-d6) δ: 1.21−1.35 (m, 1H), 1.77−1.85 (m, 3H),
9182.05 (s, 3H), 2.34 (s, 3H), 2.36−2.43 (m, 1H), 2.81 (qn, J = 11.5 Hz,
9192H), 3.37−3.48 (m, 2H), 3.94−4.06 (m, 2H), 4.32 (br s, 2H), 6.85−
9206.93 (m, 2H), 7.45−7.54 (m, 3H), 7.45−7.70 (m, 2H), 10.30 (br s,
9211H, dis. with D2O). Anal. (C24H26ClNO3·HCl) Calcd %: C, 64.29; H,
9226.07; N, 3.12. Found %: C, 63.82; H, 5.85; N, 2.93.
923(±)-7-{[1-(3-Bromobenzyl)piperidin-3-yl]methoxy}-3,4-dimethyl-
9242H-chromen-2-one Hydrochloride (5d). Isolation procedure: flash
925chromatography (gradient eluent: ethyl acetate in n-hexane 20% →
92680%). The compound was transformed into the corresponding
927hydrochloride salt by dissolving the solid free base in the minimum
928volume of 1,4-dioxane before adding HCl 4.0 N in 1,4-dioxane. The
929resulting precipitate was collected by filtration and washed with dry
930dioxane, yielding racemic 5d. Yield: 87%; mp 231−232 °C. 1H NMR
931(free base, 300 MHz, DMSO-d6) δ: 1.05−1.18 (m, 1H), 1.46−1.53
932(m, 1H), 1.62−1.75 (m, 2H), 1.89−1.97 (m, 3H), 2.05 (s, 3H), 2.34
933(s, 3H), 2.61−2.65 (m, 1H), 2.79−2.82 (m, 1H), 3.39−3.51 (m, 2H),
9343.94 (d, J = 6.1 Hz, 2H), 6.86−6.89 (m, 2H), 7.21−7.29 (m, 2H),
9357.40−7.45 (m, 2H), 7.65 (d, J = 9.6 Hz, 1H). Anal. (C24H26BrNO3·
936HCl) Calcd %: C, 58.49; H, 5.52; N, 2.84. Found %: C, 58.14; H, 5.48;
937N, 2.98.
938(+)-7-{[1-(3-Bromobenzyl)piperidin-3-yl]methoxy}-3,4-dimethyl-
9392H-chromen-2-one (5d). HPLC purification of (±)-5d on a
940CHIRALPAK IA, mobile phase, A = methanol, B = acetonitrile;
941isocratic elution, 30% B; flow rate = 1 mL/min; λ = 320 nm; 100 μL
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942 injection; k2. Melting point: 119−120 °C. 1H NMR (300 MHz,
943 DMSO-d6) δ: 1.03−1.18 (m, 1H), 1.46−1.53 (m, 1H), 1.64−1.75 (m,
944 2H), 1.87−1.97 (m, 3H), 2.05 (s, 3H), 2.34 (s, 3H), 2.60−2.65 (m,
945 1H), 2.79−2.82 (m, 1H), 3.39−3.51 (m, 2H), 3.93 (d, J = 6.1 Hz,
946 2H), 6.86−6.89 (m, 2H), 7.22−7.29 (m, 2H), 7.40−7.45 (m, 2H),
947 7.65 (d, J = 9.6 Hz, 1H). [α]20D = +33.5° (c 0.08, MeOH). Anal.
948 (C24H26BrNO3) Calcd %: C, 63.16; H, 5.74; N, 3.07. Found %: C,
949 63.50; H, 5.58; N, 3.00.
950 (−)-7-{[1-(3-Bromobenzyl)piperidin-3-yl]methoxy}-3,4-dimethyl-
951 2H-chromen-2-one (5d). HPLC purification of (±)-5d on a
952 CHIRALPAK IA, mobile phase, A = methanol, B = acetonitrile;
953 isocratic elution, 30% B; flow rate = 1 mL/min; λ = 320 nm; 100 μL
954 injection; k1. Melting point: 119−120 °C. 1H NMR (300 MHz,
955 DMSO-d6) δ: 1.05−1.18 (m, 1H), 1.46−1.53 (m, 1H), 1.62−1.75 (m,
956 2H), 1.89−1.97 (m, 3H), 2.07 (s, 3H), 2.33 (s, 3H), 2.61−2.67 (m,
957 1H), 2.80−2.84 (m, 1H), 3.36−3.51 (m, 2H), 3.94 (d, J = 6.1 Hz,
958 2H), 6.86−6.89 (m, 2H), 7.21−7.29 (m, 2H), 7.44−7.49 (m, 2H),
959 7.64 (d, J = 9.6 Hz, 1H). [α]20D = −33.5° (c 0.08, MeOH). Anal.
960 (C24H26BrNO3) Calcd %: C, 63.16; H, 5.74; N, 3.07. Found %: C,
961 63.49; H, 5.36; N, 2.96.
962 (±)-3,4-Dimethyl-7-[(N-(4-fluorobenzyl)piperidin-3-yl)methoxy]-
963 2H-chromen-2-one Hydrochloride (5e). Isolation procedure: the
964 crude was suspended in 1,4-dioxane and the insoluble residue was
965 filtered off. HCl 4.0 N in 1,4-dioxane was added to the solution,
966 yielding a white precipitate that was filtered and crystallized from hot
967 ethanol. Yield: 98%; mp 228−230 °C (dec). 1H NMR (300 MHz,
968 DMSO-d6) δ: 1.18−1.33 (m, 1H), 1.77−1.88 (m, 3H), 2.05 (s, 3H),
969 2.34 (s, 3H), 2.36−2.41 (m, 1H), 2.78 (qn, J = 9.9 Hz, 2H), 3.40−3.46
970 (m, 2H), 3.90−4.05 (m, 2H), 4.27−4.32 (m, 2H), 6.89 (dd, J1 = 8.8
971 Hz, J2 = 2.5 Hz, 1H), 6.93 (d, J = 2.5 Hz, 1H), 7.26−7.32 (m, 2H),
972 7.59−7.64 (m, 2H), 7.68 (d, J = 8.8 Hz, 1H), 10.34 (br s, 1H, dis. with
973 D2O). Anal. (C24H26FNO3·HCl) Calcd %: C, 66.74; H, 6.30; N, 3.24.
974 Found %: C, 66.34; H, 6.22; N, 3.17.
975 (±)-3,4-Dimethyl-7-[(N-(4-chlorobenzyl)piperidin-3-yl)methoxy]-
976 2H-chromen-2-one Hydrochloride (5f). Isolation procedure: the
977 crude was suspended in 1,4-dioxane and the insoluble residue was
978 filtered off. HCl 4.0 N in 1,4-dioxane was added to the solution,
979 yielding a white precipitate that was filtered and crystallized from hot
980 ethanol. Yield: 91%; mp 219−221 °C (dec) from ethanol. 1H NMR
981 (300 MHz, DMSO-d6) δ: 1.18−1.34 (m, 1H), 1.76−1.88 (m, 3H),
982 2.05 (s, 3H), 2.35 (s, 3H), 2.36−2.41 (m, 1H), 2.71−2.86 (m, 2H),
983 3.39−3.46 (m, 2H), 3.90−4.05 (m, 2H), 4.29−4.31 (m, 2H), 6.88 (d, J
984 = 2.5 Hz, 1H), 6.93 (dd, J1 = 2.5 Hz, J2 = 8.8 Hz, 1H), 7.53 (d, J = 8.5
985 Hz, 2H), 7.59 (d, J = 8.5 Hz, 2H), 7.68 (d, J = 8.8 Hz, 1H), 10.37 (br
986 s, 1H, dis. with D2O). Anal. (C24H26ClNO3·HCl) Calcd %: C, 64.29;
987 H, 6.07; N, 3.12. Found %: C, 63.86; H, 5.97; N, 3.09.
988 (±)-3,4-Dimethyl-7-[(N-(4-(methylsulfonyl)benzyl)piperidin-3-yl)-
989 methoxy]-2H-chromen-2-one Hydrochloride (5g). Isolation proce-
990 dure: the crude was suspended in 1,4-dioxane and the insoluble
991 residue was filtered off. HCl 4.0 N in 1,4-dioxane was added to the
992 solution, yielding a white precipitate that was filtered and crystallized
993 from hot ethanol. Yield: 99%; mp 172−174 °C (ethanol). 1H NMR
994 (300 MHz, DMSO-d6) δ: 1.20−1.36 (m, 1H), 1.80−1.87 (m, 3H),
995 2.05 (s, 3H), 2.34 (s, 3H), 2.40−2.46 (m, 1H), 2.76−2.87 (m, 2H),
996 3.24 (s, 3H), 3.28−3.48 (m, 2H), 3.91−4.03 (m, 2H), 4.40−4.45 (m,
997 2H), 6.89 (dd, J1 = 2.5 Hz, J2 = 8.8 Hz, 1H), 6.93 (d, J = 2.5 Hz, 1H),
998 7.68 (d, J = 8.8 Hz, 1H), 7.89 (d, J = 8.7 Hz, 2H), 8.00 (d, J = 8.7 Hz,
999 2H), 10.91 (br s, 1H, dis. with D2O). Anal. (C25H29NO5S·HCl) Calcd
1000 %: C, 61.03; H, 6.15; N, 2.85. Found %: C, 60.65; H, 5.84; N, 2.91.
1001 (±)-4-[(3-((3,4-Dimethyl-2H-2-oxochromen-7-yl)oxymethyl)-
1002 piperidin-1-yl)methyl]benzonitrile Hydrochloride (5h). Isolation
1003 procedure: the crude was suspended in 1,4-dioxane and the insoluble
1004 residue was filtered off. HCl 4.0 N in 1,4-dioxane was added to the
1005 solution, yielding a white precipitate that was filtered and crystallized
1006 from hot ethanol. Yield: 76%; mp 220−222 °C (ethanol). 1H NMR
1007 (300 MHz, DMSO-d6) δ: 1.26−1.30 (m, 1H), 1.80−1.85 (m, 3H),
1008 2.06 (s, 3H), 2.35 (s, 3H), 2.39−2.43 (m, 1H), 2.76−2.87 (m, 2H),
1009 3.30−3.31 (m, 1H), 3.44−3.48 (m, 1H), 3.91−4.05 (m, 2H), 4.37−
1010 4.44 (m, 2H), 6.88−6.94 (m, 2H), 7.69 (d, J = 8.7 Hz, 1H), 7.77 (d, J
1011 = 7.8 Hz, 2H), 7.95 (d, J = 7.8 Hz, 2H), 10.30 (br s, 1H, dis. with

1012D2O). Anal. (C25H26N2O3·HCl) Calcd %: C, 68.41; H, 6.20; N, 6.38.
1013Found %: C, 68.77; H, 6.05; N, 6.17.
1014(±)-7-((1-(3,4-Dimethoxybenzyl)piperidin-3-yl)methoxy)-3,4-di-
1015methyl-2H-chromen-2-one (5i). 3,4-Dimethyl-7-(piperidin-3-ylme-
1016thoxy)-2H-chromen-2-one (0.12 g, 0.40 mmol) was dissolved under
1017magnetic stirring with 1.3 mL of 1,2-dichloroethane in a flame-dried
1018round-bottomed flask. 3,4-Dimethoxybenzaldehyde (0.66 g, 0.40
1019mmol) and sodium triacetoxyborohydride (0.12 g, 0.56 mmol) were
1020added, and the reaction mixture was left under magnetic stirring at
1021room temperature and under nitrogen atmosphere overnight. After the
1022removal of the solvent, the solid crude was purified through flash
1023chromatography (gradient eluent: methanol in CH2Cl2 0% → 10%).
1024Yield: 45%; mp 62−64 °C (dec). 1H NMR (300 MHz, DMSO-d6) δ:
10251.16−1.18 (m, 1H), 1.42−1.51 (m, 1H), 1.59−1.64 (m, 1H), 1.69−
10261.77 (m, 1H), 1.83−1.99 (m, 3H), 2.05 (s, 3H), 2.34 (s, 3H), 2.60−
10272.67 (m, 1H), 2.77−2.83 (m, 1H), 3.31 (d, J = 13.5 Hz, 1H), 3.40 (d, J
1028= 13.5 Hz, 1H), 3.67 (s, 3H), 3.70 (s, 3H), 3.92−3.94 (m, 2H), 6.74−
10296.77 (m, 1H), 6.82−6.84 (m, 2H), 6.86−6.90 (m, 2H), 7.65 (d, J = 8.5
1030Hz, 1H). Anal. (C26H31NO5) Calcd %: C, 71.37; H, 7.14; N, 3.20.
1031Found %: C, 71.56; H, 7.10; N, 3.09.
1032General Procedure for the Synthesis of 7-(4- and 3-Bromoalky-
1033loxy)-3,4-dimethyl-2H-chromen-2-one 6a,b. A Pyrex vessel was
1034charged with a magnetic stirring and Weflon bar and then 7-
1035hydroxy-3,4-dimethyl-2H-chromen-2-one (0.57 g, 3.0 mmol) and
1036anhydrous potassium carbonate (0.83 g, 6.0 mmol) were suspended in
1037acetone (10 mL). The suitable commercially available dibromoalkyl
1038derivative (15 mmol) was added. The reactor was placed in a
1039microwave apparatus and irradiated at 130 °C for 30 min. After
1040cooling to room temperature, the solid residue was filtered and washed
1041with CH2Cl2. The solution was concentrated to dryness, and the
1042resulting crude was purified through flash chromatography (gradient
1043eluent as indicated below).
10447-(3-Bromopropoxy)-3,4-dimethyl-2H-chromen-2-one (6a). Puri-
1045fied by flash chromatography (gradient eluent: ethyl acetate in n-
1046hexane 0% → 60%). Yield: 79%. 1H NMR (500 MHz, DMSO-d6) δ:
10472.07 (s, 3H), 2.27 (q, J = 6.4 Hz, 2H), 2.36 (s, 3H), 3.67 (t, J = 6.4 Hz,
10482H), 4.18 (t, J = 6.4 Hz, 2H), 6.95−6.98 (m, 2H), 7.70 (d, J = 8.8 Hz,
10491H).
10507-(4-Bromobutoxy)-3,4-dimethyl-2H-chromen-2-one (6b). Puri-
1051fied by flash chromatography (gradient eluent: ethyl acetate in n-
1052hexane 0% → 50%). Yield: 88%. 1H NMR (500 MHz, DMSO-d6) δ:
10531.85 (qn, J = 6.4 Hz, 2H), 1.97 (qn, J = 6.4 Hz, 2H), 2.07 (s, 3H), 2.36
1054(s, 3H), 3.61 (t, J = 6.4 Hz, 2H), 4.10 (t, J = 6.4 Hz, 2H), 6.92−6.95
1055(m, 2H), 7.68 (d, J = 8.8 Hz, 1H).
1056General Procedure for the Synthesis of Final Compounds 7a,b.
1057Appropriate bromide derivative 6a,b (0.50 mmol) was suspended
1058under magnetic stirring in acetone (4 mL) in a Pyrex microwave
1059reactor in the presence of anhydrous potassium carbonate (0.21 g, 1.5
1060mmol) and catalytic amount of potassium iodide. 1,2,3,4-Tetrahy-
1061droisoquinoline (0.080 g, 0.60 mmol) was added, and the vessel was
1062placed in a microwave apparatus and heated at 130 °C for 45 min.
1063After cooling to room temperature, the solid residue was filtered off
1064after washing with CH2Cl2. The solution was concentrated to dryness,
1065and the resulting crude was purified through flash chromatography
1066(gradient eluent: ethyl acetate in n-hexane 20% → 80%). The resulting
1067solids were transformed into the corresponding hydrochlorides by
1068dissolving the base in the minimum amount of 1,4-dioxane followed by
1069the addition of HCl 4.0 N in 1,4-dioxane. The precipitate was collected
1070after filtration and washed with dry 1,4-dioxane under an Ar
1071atmosphere.
10727-[3-(3,4-Dihydroisoquinolin-2(1H)-yl)propoxy]-3,4-dimethyl-2H-
1073chromen-2-one Hydrochloride (7a). Yield: 74%; mp > 250 °C. 1H
1074NMR (free base, 300 MHz, DMSO-d6) δ: 1.98 (qn, J = 6.4 Hz, 2H),
10752.05 (s, 3H), 2.34 (s, 3H), 2.59 (t, J = 6.4 Hz, 2H), 2.65 (t, J = 5.8 Hz,
10762H), 2.79 (t, J = 5.8 Hz, 2H), 3.55 (s, 2H), 4.13 (t, J = 6.4 Hz, 2H),
10776.91−6.94 (m, 2H), 7.01−7.09 (m, 4H), 7.66 (d, J = 9.9 Hz, 1H).
1078Anal. (C23H25NO3·HCl) Calcd %: C, 69.08; H, 6.55; N, 3.50. Found
1079%: C, 69.45; H, 6.58; N, 3.75.
10807-[4-(3,4-Dihydroisoquinolin-2(1H)-yl)butoxy]-3,4-dimethyl-2H-
1081chromen-2-one hydrochloride (7b). Yield: 72%; mp 206−208 °C. 1H
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1082 NMR (free base, 500 MHz, DMSO-d6) δ: 1.67 (qn, J = 6.9 Hz, 2H),
1083 1.79 (qn, J = 6.9 Hz, 2H), 2.07 (s, 3H), 2.36 (s, 3H), 2.46−2.48 (m,
1084 2H), 2.64 (t, J = 5.4 Hz, 2H), 2.79 (t, J = 5.4 Hz, 2H), 3.53 (s, 2H),
1085 4.10 (t, J = 6.9 Hz, 2H), 6.92−6.96 (m, 2H), 7.01−7.08 (m, 4H), 7.67
1086 (d, J = 9.8 Hz, 1H). Anal. (C24H27NO3·HCl) Calcd %: C, 69.64; H,
1087 6.82; N, 3.38. Found %: C, 69.62; H, 6.79; N, 3.63.
1088 HPLC Chiral Resolution. HPLC chiral resolution of racemic 5b
1089 and 5d were performed on a Analytic Agilent 1260 Infinity
1090 multidetector system equipped with 1200 series UV-diode array
1091 detector using one of the following methods in a semipreparative polar
1092 mode at room temperature. UV spectra were recorded at 230, 254,
1093 280, and 320 nm. Twenty aliquots (100 μL each) of the appropriate
1094 stock solutions (5 mg/mL in methanol for 5b and 5 mg/mL in
1095 acetonitrile for 5d) were injected. After collection and evaporation of
1096 the solvent, enantiomeric excess was measured with the same
1097 conditions as the separation. Method A (for 5b): Chiralpak IA
1098 (Chiral Technologies Europe, 25 cm × 0.46 cm I.D.); mobile phase, A
1099 = methanol, B = acetonitrile; isocratic solvent, 20% B; flow rate = 1
1100 mL/min; λ = 320 nm; 100 μL injection. Method B (for 5d): Chiralpak
1101 IA (Chiral Technologies Europe, 25 cm × 0.46 cm I. D.); mobile
1102 phase, A = methanol, B = acetonitrile; isocratic solvent, 30% B; flow
1103 rate = 1 mL/min; λ = 320 nm; 100 μL injection. Data were integrated
1104 and reported using OpenLAB software (Agilent Technologies). All
1105 compounds display enantiomeric excess >99% as determined by this
1106 method. Chromatographic analyses are reported in the Supporting
1107 Information.
1108 Volsurf+ Calculations. Volsurf+ (Molecular Discovery, Perugia,
1109 Italy) was employed to compute different MIF-based54 Log BB, a
1110 distribution parameter used to roughly assess the drug capability to
1111 cross the blood−brain barrier (BBB).46,76

1112 Aqueous Solubility Measurement: Turbidimetric Method.
1113 The compound under study was dissolved in DMSO (at concentration
1114 of 2.5 and 30 mg/mL for 5b as free base, 2 and 25 mg/mL for I,34 4j,
1115 and 5a) and added in portions to 50 mM Tris-HCl, pH 7.4, at room
1116 temperature. An Agilent 8453E UV−visible spectrophotometer
1117 equipped with a cell changer was used to detect light scattering
1118 produced by the addition of stock solutions to Tris-HCl buffer, and
1119 solubility calculations were performed as previously reported46 from a
1120 bilinear curve fit in a plot of the absorbance (y axis) versus μL of
1121 DMSO (x axis). Increased UV absorbance was measured in the 580−
1122 780 nm range. The solubility at pH 7.4 was the mean ± SEM of three
1123 independent assays and was expressed as log S (mol/L).
1124 RP-HPLC Determination of Lipophilicity Index (log k′). log k′
1125 determinations were carried out using a Zorbax Eclypse-C18 4.6 mm
1126 × 250 mm, with 5 μm size particles, built on a Waters double pump
1127 HPLC system in isocratic conditions. Injection volumes were 10 μL,
1128 flow rate was 1 mL/min, and detection was performed with UV (λ =
1129 230 and 280 nm). Samples of compounds I, 4j, 5a, and 5b were
1130 prepared in methanol at concentration 1 mM. The mobile phase was
1131 filtered through a Nylon-66 membrane 0.45 μm (Supelco, USA)
1132 before use. log k′ values were calculated using the following equation:

′ = −k t t tlog log[( )/ ]r 0 0

1133 where retention times (tr) were measured at least from three separate
1134 injections, and dead time (t0) was the retention time of KI (1 mg/mL
1135 in methanol). The mobile phase consisted of different mixtures of
1136 methanol and ammonium acetate buffer (20 mM, pH 5.0): methanol/
1137 buffer 70% (v/v), methanol/buffer 65% (v/v), methanol/buffer 60%
1138 (v/v), methanol/buffer 55% (v/v), methanol/buffer 50% (v/v),
1139 methanol/buffer 45% (v/v).
1140 Human Monoamine Oxidases Inhibition Assays. Human
1141 monoamine oxidase inhibition assays were carried out with a
1142 fluorescence based method,34,56 using kynuramine as nonselective
1143 MAO A and MAO B substrate. Human recombinant MAO A and
1144 MAO B (microsomes from baculovirus infected insect cells; Sigma-
1145 Aldrich) were used. IC50s for most active compounds were determined
1146 from seven concentrations ranging from 10−4 to 10−11 M. Reactions
1147 were performed in triplicates in black, round-bottomed polystyrene
1148 96-well microtiter plates (Greiner). Samples were preincubated 20 min
1149 at 37 °C before adding MAO solutions, then incubated for additional

115030 min. Fluorescence was recorded at excitation/emission wavelengths
1151of 320/400 nm (20 nm slit width for excitation, 30 nm slit width for
1152emission) in a 96-well microplate fluorescence reader (Tecan Infinite
1153M100 Pro). Inhibitory activities were determined by means of
1154nonlinear regressions performed with GraphPad Prism 5.0 software
1155and are expressed as IC50 (μM) or as percentage of inhibition at 10
1156μM. Results are the mean of three independent experiments.
1157Electric Eel and Equine Serum Cholinesterases Inhibition
1158Assays. In vitro ChEs inhibition assays were performed on AChE
1159from electric eel (463 U/mg; Sigma) and BChE from equine serum
1160(13 U/mg; Sigma), according to the well-known spectrophotometric
1161Ellman’s method.57 The experimental protocol for inhibition
1162determination and kinetic studies has been adapted to a 96-well
1163plate procedure from a previously reported method.77 Inhibitory
1164activities were determined by means of nonlinear regressions of the
1165response/log(concentration) curve performed with GraphPad Prism
11665.0 and are reported as IC50 (μM) or as percentage of inhibition at 10
1167μM for less active compounds. Experiments were performed in
1168triplicates in transparent, flat-bottomed polystyrene 96-well microtiter
1169plates. Seven concentrations of inhibitor, ranging from 10−4 to 10−10

1170M, were used; results are the mean of three independent experiments.
1171Kinetic studies were performed with the same test conditions, using six
1172concentrations of substrate (from 0.033 to 0.2 mM) and four
1173concentrations of inhibitor (0 to 8 μM). Apparent inhibition constants
1174and kinetic parameters were calculated within the “Enzyme Kinetics”
1175module of Prism.
1176Cytotoxicity Assays and Neuroprotection against Oxidative
1177Stress Insults. The cytotoxic damage produced by selected
1178compounds and the ability to rescue cells from oxidative insults was
1179investigated by following a protocol already described.34 The viability
1180of human neuroblastoma cells SH-SY5Y was determined through the
1181MTT assay58 in 96-well microtiter plates after 24 h incubation at 37
1182°C with studied compounds at concentrations 0.1, 1, 5, 10, and 50 μM
1183and expressed as concentration responsible for 50% inhibition of cell
1184growth (IC50) or percentage of viable cells vs untreated cells (control).
1185The absorbance at 570 nm was determined using a PerkinElmer 2030
1186multilabel reader Victor TM X3. In the same cell lines, the protective
1187effect of selected compounds and donepezil incubated for 24 h at two
1188different concentrations (1 and 10 μM) against three cytotoxic insults
1189(H2O2 300 μM, oligomycin-A 10 μM, rotenone 20 μM) was
1190studied.34,78 Each compound was tested in triplicate, and the
1191experiments were repeated three times. Cells incubated without
1192insults and compounds were used as control. Data are determined
1193through MTT assay and are expressed as percentage of viable cells vs
1194untreated cells (control). Standard error of the mean (SD) is given.
1195Statistical significance was determined using a two-way analysis of
1196variance (ANOVA) followed by the Bonferroni post hoc tests
1197(GraphPad Prism version 5) and was assigned to p < 0.05 (*) and
1198p < 0.01 (**).
1199Bidirectional Transport Studies on MDCKII-MDR1 Mono-
1200layers. As previously reported,34,78 Madin−Darby canine kidney
1201(MDCK) cells were retrovirally transfected with the human MDR1
1202cDNA (MDCKII-MDR1).79,80 MDCKII-MDR1 cells were cultured in
1203DMEM medium and seeded at a density of 100000 cell/cm2 onto
1204polyester 12-well Transwell inserts (pore size 0.4 μm, 12 mm
1205diameter, apical volume 0.5 mL, basolateral volume 1.5 mL).
1206MDCKII-MDR1 cell barrier function was verified prior to the
1207described transport experiments by measuring trans-epithelial electrical
1208resistance (TEER) using an EVOM apparatus and the flux of
1209fluorescein isothiocyanate-dextran (FD4, Sigma-Aldrich, Italy) (200
1210μg/mL) and diazepam (75 μM). The analysis of compounds (±)-5a,b
1211and (±)-5e were performed through UV−visible (Vis) spectroscopy
1212using a PerkinElmer double-beam UV−visible spectrophotometer
1213Lambda Bio 20 (Milan, Italy), equipped with 10 mm path-length-
1214matched quartz cells. Standard calibration curves were prepared at
1215maximum absorption wavelength of each compound using PBS as
1216solvent and were linear (r2 = 0.999) over the range of tested
1217concentration (from 5 to 75 μM). The FD4 samples were analyzed
1218with a Victor3 fluorimeter (Wallac Victor3, 1420 Multilabel Counter,
1219PerkinElmer) at excitation and emission wavelengths of 485 and 535
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1220 nm, respectively. Each compound was tested in triplicate, and the
1221 experiments were repeated three times. Data are reported as the
1222 apparent permeability (Papp), in units of cm/s, determined as indicated
1223 in the following equation:

=
×

×⎜ ⎟⎛
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⎠

⎛
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⎞
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A acceptor
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1224 where “VA” is the volume in the acceptor well, “area” is the surface area
1225 of the membrane, “time” is the total transport time, “[drug]acceptor” is
1226 the concentration of the drug measured by UV-spectroscopy, and
1227 “[drug]initial” is the initial drug concentration in the AP or BL chamber.
1228 Efflux ratio (ER) was calculated using the following equation: ER =
1229 Papp, BL-AP/Papp, AP-BL, where Papp, BL-AP is the apparent
1230 permeability of basal-to-apical transport, and Papp, AP-BL is the
1231 apparent permeability of apical-to-basal transport. An efflux ratio
1232 greater than 2 indicates that a test compound is likely to be a substrate
1233 for P-gp transport.
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