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ABBREVIATIONS

ACh, acetylcholine; AChE, acetylcholinesterase; Adzheimer’'s disease; BBB, blood brain
barrier; BChE, butyrylcholinesterase; DIEN,N-diisopropylethylamine; DMEM, Dulbecco’s
modified eagle medium; ER, efflux ratio; FBS, fethbvine serum; FD4, fluorescein
isothiocyanate-dextran; GSH, glutathione; MAO, mamme oxidase; MDCK, Madin-Darby
Canine Kidney; MTT, 3-(4,5-dimethylthiazol-2-yl)2diphenyl-tetrazolium bromide; ND,
neurodegenerative disease; NMDN;methyl-D-aspartate; NO, nitric oxide;oJ3 apparent

permeability; By, AP, apparent permeability apical-to-basal,,FBL, apparent permeability
basal-to-apical; PBS, phosphate buffered salingp,PP-glycoprotein; ROS, reactive oxygen
species; RP-HPLC, reversed-phase high-performagoéd |chromatography; SAR, structure-
activity relationships; TEER, trans-epithelial efteml resistance; TLC, thin layer
chromatography.

ABSTRACT

Herein we envisaged the possibility of exploitingyanitrates as precursors of alcohol-bearing
dual inhibitors targeting acetylcholinesterase (EfhAnd monoamine oxidase B (MAO B), key
enzymes in neurodegenerative syndromes such aseiAlelis disease (AD), through
biotransformation unmasking an alcoholic functiopom nitric oxide (NO) release. The
cooperation to neuroprotection of low fluxes of M@ target enzymes’ inhibition by the alcohol
metabolites might return a multitargeting effedteTin vitro screening towards ChEs and MAOs
of a collection of 21 primary alcohols discloseguset of dual inhibitors, among which three
diverse chemotypes were selected to study thesmneling nitrates. Nitraté4 proved to be a
brain permeant, potent AChE-MAO B inhibitor by ilfseMoreover, it protected human SH-



SY5Y lines against rotenone and hydrogen peroxiith & poor inherent cytotoxicity and
showed a slow conversion profile to its alcohol abelite 9d that still behaved as bimodal and
neuroprotective molecule.

1. Introduction

Alzheimer’s disease (AD) is a devastating and dtety fatal pathology [1] accounting for
most of dementia cases worldwide. Giving that agénthe main risk factor, the incidence of
AD is expected to constantly mirror the increasésdxpectancy. In addition, the cure for AD
represents a health priority because of the lackffetctive therapies.[2,3] Cognitive, motor and
psychiatric deficits that impact daily-life actids appear as a consequence of dysfunctions in
cerebral cortex areas mainly under cholinergic rabf#,5] Therefore, drugs able to restore
appropriate neurotransmitter (namely acetylchol&@h) levels funded their rationale in the so-
called cholinergic theory addressing the inhibitioof ACh catabolic enzyme
(acetylcholinesterase, AChE).[6] Albeit merely plle,[7] AChE inhibitors are still the
mainstay of AD treatment.[8] On the other side, i@re recent amyloid hypothesis was related
to the formation of senile plaques constituted Byakamyloid (8) peptide fibrils in AD
brains.[9] A3 deposits and neurofibrillary tangles (NFTs), fodri®y hyperphosphorylated tau
protein, are the main hallmarks that led to thecalsry of the most-validated AD
biomarkers,[10] whereas drug research programseadiig both mechanisms have failed so far
in offering novel therapies.[11]

Different abnormalities in neurons have been prowedD brains, which include oxidative
stress conditions [12] and reactive oxygen spe@3S) overloading,[13] protein misfolding
and deposition, unbalance in biometal concentrgfitd] loss of synaptic function,
inflammatory processes and many others,[1] thuggéring the identification of several
therapeutic options including insulin resistancg][dnd lipid transport,[16] too. However, none
of the above-mentioned events has been clearlycia$sd to the onset or to the relentless
progression of the disease and, more importaniilgfforts have not resulted in new drugs on
the market so far. In recent years, the multifaataetiology inspired the so-called multitarget
strategy rooted on the idea that exploiting codperaactivities by multipotent molecules [17]
could produce a more effective disease modifyingpagl18,19] As a matter of fact, the latest
innovative progression has been scored by a coitidenaf two active ingredients each acting
with a different mechanism,[20] namely memantindI@A antagonist) and donepezil (AChE
inhibitor).

In this context, dual-targeting compounds inhilgtlhChE and monoamine oxidases (MAOS)
have been reported by several authors.[21,22,Z5PAChE inhibition has been maintained as
the core activity to reduce central ACh deficitshereas the inhibition of MAOs could
potentially interfere with oxidative stress. In fadlAO catalytic cycle produces hydrogen
peroxide and its activity increases with ageingath normal brains and in activated plague-
related astrocytes in AD.[26] As a follow-up of orgcent contribution to the field of dual
AChE-MAO B inhibitors,[27,28]we devoted our efforte add a third synergic activity to
bimodal compounds that is the release of nitridexiNO). NO is a gaseous, endogenous, and
rapidly diffusing messenger able to exert dose-deeet effects into the CNS.[29] High fluxes
are cytotoxic since NO can react with superoxiderarthus increasing peroxynitrite levels and
consequent protein aberration upon nitration. Imtiast, NO can work as neuroprotectant at low



levels throughS-nitrosylation of up-stream caspase-3 and actimatidb pro-survival pathways
related to soluble guanylate cyclase (sGC). Updie,dhe most explored therapeutic effect of
NO is smooth muscle relaxation and, to this scaaeral nitric oxide donors have been
developed over the years.[30] More recently, rétdaybrids have gained consensus in several
therapeutic approaches, spanning from inflammatmranticancer therapies.[31,32] In most
cases, they add a vasodilating effect to the cctieity through a labile pendant moiety or a NO
donor group. Since the metabolism of organic alkyfrates can release an alcoholic
function,[33] our idea was to explore whether sieléalkyl nitrates can serve as precursors of
alcohol bearing dual AChE-MAQO B inhibitors upon riat oxide release, thus working as
multipotent small-molecule agents.

Organic nitrates lack a common degradation pathwagukaryotes, and then a case-by-case
study on different chemotypes is needed. On thsssbave initially developed a small collection
of primary alcohols that were screened towards tdrget enzymes, namely acetyl- and

butyrylcholinesterase (AChE and BChE) and monoarokidases (MAO A and B The most
promising inhibitors were then shortlisted to fostdisdiverse samples and the corresponding
nitrates were prepared and studied. The Griess adoag with the HPLC studies of nitrates
stability in different experimental conditions (@phate buffer at physiological pH with or
without active thiols, namely cysteine and glutati@; human serum; cytosolic fraction from
neuroblastoma cells) were undertaken to assess él€ase and alcohol formation profile.
Moreover, a preliminary investigation addressintptoyxicity and neuroprotective action against
oxidative insults (rotenone ancd®) was carried out in human SH-SY5Y neuroblastoniis.ce
A cell-based model employing MDCKII-MDR1 cell linegas used to estimate the ability to
cross blood-brain barrier (BBB) by the nitrategiblie for the desired alcohol metabolite release.

2. Design of alcohol probes

Diverse alcohol-based dual inhibitors were desighgdcombining three molecular bricks
(Figure 1), each carrying a potential pharmacodyodeature, through different connection
patterns: i) a basic and protonatable head wastodaidd AChE anionic subsites;[34,35,36] ii) a
planar coumarin scaffold to fit the MAO aromatiged37,38] iii) a primary alcohol group as
the structural element unmasked from the paremateitgroup after in vivo NO release. The
decoration of the heterocyclic framework and theuged structural variations herein explored
started from our previous studies highlighting talasses of dual AChE-MAO B coumarin-
based inhibitors differing for the substitution @7 (benzyloxy [27]and 1-piperidin-3(4)-yl-
methoxy groups [28]) and for the multitarget pr@fiTaking advantage of previous extensive
structure-activity relationships (SAR) developedr f&/-benzyloxycoumarins, hindered
substituents were avoided at position 4 [38] wteeheydroxymethyl group greatly enhanced the
dual activity. Unexplored positions 3 and 4 of 7pgridin-4-yllmethoxy}-2H-chromen-2-ones
have been concerned by addressing the effect dfyingtoups whereas spacer and alcohol chain
lengths were investigated at position 7. The desigmed at probing primary alkyl and benzyl
alcohol groups in both compound classes to alloes gblection of different alcohol/nitrate
chemotypes.
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Figure 1. Combination of molecular bricks to generate asmibn of multipotent alcohols.
3. Methods
3.1 Chemistry

Scheme 1Synthesis of compoundab and6a-c®
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% Reagents and conditions: a) fs, 3a, 6a-b: 2.0 N solution ofN,N-dimethylamine in THF,
room temperature, dry THF, 6 h; b) suitable berijbride or bromide, ¥COs, dry acetonitrile,
reflux, 1-8 h; c) fot6c: 4-piperidinemethanol, DIEA, dry acetone, room penature, overnight.

As shown in Scheme 1, the synthesis of alcoBalb and 6ac was accomplished by the
benzylation of the suitable 7-hydroxycoumari, @b or 4ab) followed by nucleophilic
substitution withN,N-dimethylamine or 4-piperidinemethanol in THF. Stiee2 illustrates the
preparation of piperidine-bearing compounds thattetl from the common intermediat@sg
obtained upon removal of Boc-protecting group fr@aeg in acidic environment by TFA.
Subsequent alkylation with the appropriate benzlides or»-chloro(bromo)-1-alcohols in
refluxing acetonitrile gave access Mbenzylpiperidines9a-i and N-alkylpiperidines12af,
respectively. Unprotected piperidiBa was reacted with 3-(chloromethyl)phenol in thespree
of DIEA to afford phenoll0 that underwent finahlkylation with 3-bromopropan-1-ol thus
yielding derivativell



Scheme 2Synthesis of compoun@sxi, 11, and12af*
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% Reagents and conditions: a) TFA, dry £H, room temperature, overnight; b) [3- or [4-
(chloromethyl)-phenyllmethanol, KOs, Kl (cat.), dry acetonitrile, reflux, 6 h (f&a-h) or 2-
[4-(bromomethyl)phenyllethanol, DIEA, dry acetorrepm temperature, 15 h (f@i); c) 3-
(chloromethyl)phenol, DIEA, dry acetone, room tengpere, 7 h; d) 3-bromopropan-1-ol (for
11, 12ab, 12d-f) or 4-chlorobutan-1-ol (fot2¢), K,CO;s, Kl, dry acetonitrile (forl2af) or dry
acetone (fod 1), reflux, 4-8 h.
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To prepare benzyl nitratk4 (Scheme 3), intermedia8a was alkylated withu,a’-dichloro-m-
xylene in acetone before transformation itthin the presence of silver nitrate in acetonitrile
under reflux conditions. Conversely, nitrate estéfs and 16 were prepared through a
nucleophilic substitution employiréa or 10 and 3-bromopropyl nitrate,[39] respectively.

Scheme 3Synthesis of nitrates4-16"
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® Reagents and conditions: @)/’-dichloro-m-xylene, DIEA, dry acetone, room temperature,
15 h; b) AgNQ, dry acetonitrile, reflux, 6 h; c) 3-bromopropytrate, K,CO;s, dry acetonitrile,
room temperature (24 h, f@6) or reflux (4 h, forl6).

15

8a
0L,
DT Qo
PEN N_ ONOT"0 N



3.2 Biological Assays

Alcohol-bearing derivative8a-b, 6a-c, 9ai, 11, 12af and nitrated4-16 were tested in vitro
as inhibitors of human MAOs (hMAOs) and ChEs (eeEChnd esBChE) by applying a
fluorescence-based protocol [27] and the well-distadd Ellman’'s spectrophotometric
assay,[40] respectively, to determinesdC on both isoforms. Human ChEs isoforms were
applied on selected samples. The inhibition dagareported in Tables 1-4 assfQuM) or as
percentage of inhibition at 1M for the less active compounds.

NO release and alcohol release profiles were esttin® advance nitrates towards biological
studies addressing cytotoxicity and neuroprotectio-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay [41] wa®dido measure the percentage of viable
human neuroblastoma SH-SY5Y cells referred to cbrékperiment and determine both the
cytotoxic effect of compound8d, 12a 14-15 (Table 5) and their protective effect when co-
incubated with two oxidative insults (hydrogen pade and rotenone) as illustrated in Figure 8.
Neuroprotection effects were compared to that ohegpezil as standard marketed anti-
Alzheimer’s drug.

As previously reported,[2@ell-based bidirectional transport studies wereedlrat estimating
the potential BBB permeation of compourfity 123 14-15, by measuring apical to basolateral
(AP) and basolateral to apical (BL) apparent pebitiéa (Papp in Madin-Darby Canine Kidney
(MDCK) cells. Ry (in units of cm/s) and efflux ratio (ER) were adblted and listed in Table 5.

4. Results and discussion
4.1 SAR and diverse alcohol probes identification

For the sake of convenience in SAR discussiorthallcompounds tested on enzymatic targets
(MAOs and ChEs) were grouped into three small coage subsets. Concerning MAOs, B/A
selectivity was desirable to avoid cheese-effeawmbacks.[42,43] On the other side, several
lines of evidence indicated the activity of BChEthwm AD brains as an attractive feature
[44,45,46] thus the lack of ChEs isoform selecyiwitas not considered a major drawback.
Looking at the benzyloxycoumarir3a-b and 6a-c, the best results towards MAO B were
obtained by installing the primary alcoholic furctiat the position 4 of the heterocyclic core
and the basic nitrogen on the 7-benzyloxy grdime smallest basic chain was tolerated at both
meta- andpara-position of the phenyl ring, giving rise to seleetMAO B inhibitors resulting
much more potent than the “flipped” analogues whéee basic and alcohol groups linkage
positions are invertedé vs.3a, ICso = 0.078 and 0.63 uM, respectivedh vs. 3b, 1Cso = 0.054
and 1.1 pM, respectively). Unfortunately, an opfosiend was observed for AChE affinit§a(
> 63, 3b > 6b), even so in the micromolar range. BChE affinitgsnguite low and improved by
branching the benzyloxy group with a bulkier alcebearing protonatable hea@id.

Within N-benzylpiperidines9e-i, 11), 1,4-piperidine ramification slightly enhanced KaAB
inhibition unrelated tan or p-phenyl substitution9c > 9a and9d > 9b) without affecting AChE
affinity to a great extent. A molecule belongingthis subset9c) showed the highest potency
towards MAO B of the whole series with dCequal to 0.029 uM along with a good B/A
selectivity (SI = 48). An interesting effect colde ascribed to the methyl groups at C3 and C4
of the coumarin ring. Indeed, both groups were régsdefor dual activity and 4-methyl scored
better binding interactions than 3-methyl towardthtMAO B and AChE gc > 9e > 9g; 9d > 9f



> 9h). The homologation of the alcohol chain fr@mto 9i worsened mainly MAO B targeting
activity. It is worth noting that a longer terminghain (1) at positionmeta of the phenyl ring

was able to revert selectivity (SI = 0.70 and GArOMAO B/A and AChE/BChE, respectively)
leading to a potent dual MAO A (= 0.55 uM) and BChE inhibitor (Kg= 0.18 uM).

Table 1.MAOs and ChEs inhibition data for alcoh@a-b, 6a-c

compd R R? R3 ICs0 (uM) or % inhibition at 10 pM?
MAOA®  MAOBP AChE® BChE®
3a H CH,N(CHs), pCH,OH  23%#1.0%  0.63+0.12 1.3+0.020 11+1.6
3b H CH,N(CHs); mCH,OH  21+#3.2%  1.1+0.11 4.4+1.0 35+2.2%
6a H CH,OH  p-CH,N(CH3),; 20+3.4%  0.078+0.013 4.5+0.52 43+1.1%
6bH  CHOH CHerr(}-CHg)z 4242.9% 0.054+0.0050  5.9+0.61  36+1.4%
6c  CHs CH; m[4-(CH,OH) 23%#1.3%  0.32+0.12 2.9+0.43 1.0£0.040
piperidin-1-yl]
safinamide 20+3.0% 0.018x0.0030
clorgyline 0.0038+
2.5+0.43
0.00050
donepezil 0.024+0.0040  2.140.22

2 Values are the means of three independent expetsmfi¢duman recombinant MAOS AChE
from electric eel” BChE from equine serum.



Table 2.MAOs and ChEs inhibition data for alcoh@as-i, 11

R2

R1
X
XX o 0" Yo

| =

IC 50 (uM) or % inhibition at 10 pM?

compd R R2 X R3 MAO A° MAO B AChE® BChE®

9a CH: CHs 0 p-CH,OH 1.140.2¢ 0.076£0.01( 1.240.02¢ 8.620.05(
N

9b CHs CHs '  mCH,OH 2.240.10 0.11+0.015 0.90+0.080 2.7+0.28

9c CH: CHs p-CH,OH 1.4+0.3C 0.02¢£0.008( _ 1.020.07C 8.841.4

9d CHs CH, m-CH,OH 1.090.06( _ 0.07640.008(  1.C£0.04( 1.240.12

9% H  CH, p-CH,OH 1121E 0.6040.06¢ 1.640.3¢ 4523.4%

of H  CHs O M-CH,OH 3.540.04C _ 0.4840.08] 1.6 4011 1.940.21

99 CH: H N~ p-CH,OH 43+5.2% 3.120.04" 3.020.3( 8.120.37

oh CH. H m-CH,OH 3.020.8 1.1+0.03: 3.240.37 0.9140.1¢

o CH: CHs p-CH,CH,OH  1.740.17 0.1240.02( 1.240.2: 21+7 5%

11 CH: CHs M-O(CHp):OH 0.5510.03¢ _ 0.7840.05( 1.840.3: 0.1840.02(

2 Values are the means of three independent expesnfeRluman recombinant MAOS.
AChE from electric eef BChE from equine serum.



Table 3.MAOs and ChEs inhibition data for alcohdl3a-f

R
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HO X ho 0o

compd R X n m IC 50 (uM) or % inhibition at 10 pM?

MAO A®  MAOB” AChE® BChE®
12a CHs; 1 1  44452%  0.4840.05( 1.30.04( 30+3.1%
12b H O 1 1  26#4.4%  48+1.1% 38+2.3% 26+2.4%
12¢c CHs; N 1 2 30+4.1%  3.6+0.24 0.5040.02( 8.311.2
12d CHs; | 2 1 35:3.2%  31#3.1% 0.7240.097 39+4.4%
12e CHs; 0 1 1  41#3.0%  1.510.1° 1.€+0.06( 26+3.2%

N

12f H - 1 1  14#33%  42+1.0% 3.5+0.82 1.7+0.76

2 Values are the means of three independent expesnierluman recombinant MAOS.
AChE from electric eef! BChE from equine serum.

The third series includas-alkylpiperidines12af, where the structural exploration addressed
methyl groups on the coumarin ring, piperidine fazation pattern and linker length. As
previously noticed, the 3,4-dimethslibstitution on the heterocyclic nucleus is a kiayer for
the multitargeting activity (i.e., MAO B and AChEs can be inferred by comparitga vs.
12b and 12e vs. 12f. 1,4-Piperidine substitution pattern performed aremefficient fit within
MAO B enzymatic cleft than 1,3-ramificatiohZa > 12¢ 12b > 12f). Interestingly, the length of
the spacer connecting coumarin to piperidine riray@d to be crucial for MAO B affinity since
its homologation drastically dropped down the poyeaf 12d compared td2a (ICso > 10 uM
and 1Go = 0.48 puM, respectively), while increasing AChHirafy (12d, 1Cso = 0.72 pM;123
ICs0 = 1.3 pM). A similar effect resulted from the dlichain elongation within the termin&l-
substituent, therefore butanol-derivatiy2c showed a detrimental MAO B affinity (kg= 3.6
M) along with an improved AChE inhibition (&= 0.50 pM) compared to propanol-derivative
12a

After clustering the alcohols in three subsets yf@gS1 in Supporting Information: benzyl
alcohols, alkyl alcohols bearingNralkyl basic head, alkyl alcohols bearindNebenzyl basic
head), we selected one sample from each gr@dp 11, 128 to study diverse possible
chemotypes: i) benzyl nitrafet (from 9d); ii) N-propyl nitratel5 (from 12g); iii) phenoxypropyl
nitrate 16 (from 11). Within the most potent dual benzyl alcohols silgwnanomolar MAO B
inhibition potency along with low micromolar AChHfiaity (3ab, 6a-b, 9a-h), 9d was
preferred to the equipotent, yet chiral, analo§a@nd topara-substituted congené&c in order
to circumvent solubility issues, more likely detdde with symmetric compounds.[28] Nitrate
15, deriving from N-propyl alcohol12a was chosen to probe compounds with balkyl
alcohols and alkyl basic nitrogeh2af) since itdisplayed the best multitarget profile. The study



encompassed also phenoxyalkyl nitra6e showing an interesting pan-inhibitor profile teld to
alcohol11. The corresponding nitrates were synthesized doopito Scheme 3, tested in vitro
against target enzymes, and their stability and rBl®ase, as well as the alcohol formation
profile, were investigated in different experimémanditions.

4.2 In vitro assays for nitrates: NO-release and tget enzymes’ inhibition

The colorimetric quantitation of the azo-dye formedthe Griess assay was employed to
measure NO release.[47] As inferred from Figurallcompounds behaved as NO-donors and a
time-dependent release was performed in all cagbstne benzyl chemotyp@4 providing the
highest nitrite yields.

In vitro biological evaluation towards human targekzymes was extended to nitralesl6.
Data are reported in Table 4 compared to alcolwaéch showed that the nitrate group was
well-tolerated by both hMAO B and hAChE. More imgaotly, it enhanced MAO B affinity in
all cases compared to the alcohol produdet X 9d, 15 > 12a 16 > 11) and originated potent
inhibitors in the nanomolar range. Non-homogeneduss could be gathered about the other
targets, where the presence of nitrate promotderdiit affinity performances.

07

= 30min
06
# 60min

0.5 & 90min

8 120min
04
& 180min

03

nitrite (ug / mL)

0.2

01

7.
N-benzyl N-propyl phenoxypropyl
14 15 16

Figure 2. NO release from nitratelst-16 in the colorimetric Griess assaihelevels of NQ ion
(um/mL) produced by compoundg-16 (150 uM) were measured at different incubation time
(30, 60, 90, 120, 180 minutes) with phosphate b6 mM, pH = 7.40) containing cysteine (5
mM), before the addition of the Griess reagent.ilCation curve was derived from sodium
nitrite standard solutions. Values are the meakMS

10



Table 4.hMAOs and hChEs inhibition data for alcoh®id, 123 11, and corresponding nitrates

1416
[0
O/\o 0o
R,N
compd R IC 50 (uM) or % inhibition at 10 pM?
MAO A" MAO B° AChE® BChE®
14 OzNOV@\/, 0.23+0.0080  0.051+0.0050  1.3+0.27 fi.t.
od o 1 1.9+0.060 0.076+0.0080  1.4+0.21 fi.t.
15 oo 3622.2% 0.2540.06¢ 0.86+0.C40 < 5%
12a Mo~ 4415.2% 0.4840.05( 0.8c+012  <5%
16
OZNOMO)@\_, 1.240.12 0.55+0.038 0.48+0.041  0.80+0.14
11
s 2. 0.55+0.038 0.78+0.050 0.84+0.11  0.74#0.013

2 Values are the means of three independent expetsmieRluman recombinant MAOS.
Human recombinant AChE BChE from human serurfin.t.= not tested.

4.3 RP-HPLC study of nitrate-alcohol conversion préiles

In vivo nitrate decomposition can occur via hydsiyor reductive denitration. However, no
specific enzymatic pathway is available in eukaggobecause of the absence of specific
hydrolases acting on nitrates. Importantly, hydiolyoy-products include chemical species
different from the putative alcohol that might onigte from elimination o-H, p-H) or
nucleophilic substitution reactions (e.g., alkeaklehyde), which could in principle decrease
alcohol release rate and yield.

The RP-HPLC method enabled to check the parerdtedrstability and their conversion rate
to the alcohol metabolites in phosphate buffert740 and in human serum (Figure 3). At
physiological pH (Figure 3A), about 7% @f was retrieved fromi4 and trace alcohdl2afrom
15 after 24 h incubation, suggesting that non-enziargtdrolysis at physiological pH does not
play any role in the biotransformation of theseatés into the alcohol product. Levels of alcohol
11 (data not shown) under the limit of detection wirened from16. In human serum, all three
candidates exhibited a degradation profile thdb¥eéd pseudo-first order kinetics and displayed
an outstanding stability ;6 = 23 h, 36.8 h, 458 h fot5, 14 and 16 respectively) without
releasing appreciable amounts of alcohols. In faconversion yield to alcohol lower than 5%
was retrieved in all cases after 48 h.

11
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Figure 3. Diagram of hydrolytic conversion to alcohol (A)dahuman serum stability plots (B)
for nitrates14-16. Time-dependent formation of alcohdd (orange plot) and.2a (red plot)
from 14 and15, respectively, was measured under hydrolytic coml&ti(A) in phosphate buffer
(50 mM, pH 7.40, 0.20 M KCI) at 37 °C. Time-depentddisappearance of nitraté4-16 was
studied in human serum (B) at 37 °C. Compoul#id 6 were incubated at initial concentration
equal to 100 uM and concentration at various timmtp was determined by RP-HPLC. Data
points represent means + SD of three independeasunements.

time (h)

Apart from non-enzymatic degradation, we considargdguing to investigate the reactivity
towards reductive denitration pathways. This typecleavage might be catalyzed in vivo by
hemoproteins (iron-promoted) and active thiols @sgtic and microsomal glutathiorg-
transferases, GST, and glutathione, GSH), in batkex releasing NO and alcohol by-
product.[33]
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Figure 4. Release profiles of alcoho®xl (orange diagram) antRa (red diagram) from nitrates
14 and 15, respectively, in the presence of thiols. Timeeatefent formation of alcoholdd
(orange) and.2a(red) from nitrated4 and15, respectively, was determined in phosphate buffer
(50 mM, pH 7.40, 0.20 M KCI) containing 1 mM cystei() or 1 mM glutathione«) at 37 °C
as determined by RP-HPLC. Nitrate4-15 were incubated at initial concentration equal @0 1
MM. Data are means = SD of three independent assays

As a preliminary examination, the susceptibilitywéwds reductive cleavage promoted by
active thiols was studied by adding an excess sfettye or GSH to degassed phosphate buffer
and by applying a 24 h co-incubation window in erttelimit background disulfide formation.
By monitoring the nitrate disappearance and then&bion of the alcohol product, a RP-HPLC
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protocol was applied to estimate the stability afgmt nitrates in the presence of free thiols and
to predict the possible transformation from nitr&deprimary alcohol metabolites along with
inherent NO release in vivo. As fd-benzyl derivativel4, GSH boosted the conversion from
parent nitrate and showecdhgher conversion rate compared to cysteine (Figluwrén opposite
scale and an attenuated reactivity were observeldeirtase of th&l-propyl chemotypéd5 that
behaved as a quite poor donor with low alcohol ftram as illustrated by red plots in Figure 4.

40, 204
304 1 154
g - * 14 + glutathi $
S _ : glu : ione = ¢ 15 + cysteine
s F Rugttiysteine g & 15 + glutathione
§ “ ® 14 + phosphate buffer § 104 m 15 + phosphate buffer
= S
5
Oééljiﬁ
0 10 20 30 0 10 20 30
time (h) time (h)

Figure 5. Conversion rates dfl-benzyl nitratel4 (A) and N-propyl nitratel5 (B) in different
conditions. Time-dependent formation of alcods(A) and12a(B) from nitratesl4 (100 pM)
and15 (100 uM), respectively, was determined in phospbati#er (50 mM, pH 7.40, 0.20 M
KCI) containing 1 mM cysteineoj or 1 mM glutathione ) and compared to thiol-free
phosphate buffer (blue) at 37 °C as determined ByHRLC. Data are means + SD of three
independent assays.

As a trend, plots in Figure 5 indicate potentiatef@ects of thiols enabling higher alcohol
yields and rates fromi4 and 15 compared to hydrolysis in phosphate buffer at p&D7qblue
lines).

@ 16 + cysteine

* 16 + glutathione
* 16 + phosphate buffer

% disappearance

0 10 20 30

time (h)
Figure 6. Decomposition rate of nitratel6 in different conditions. Time-dependent
disappearance of compoué (100 uM) was measured at 37 °C in phosphate b(@@mM,
pH 7.40, 0.20 M KCI) with 1 mM cysteineo( green) orl mM glutathione ¢, green) and
without thiols @, blue). The ratio between concentrations at variboe points (C) and the
initial concentration atyt(Cp) was determined by RP-HPLC. Data points repressans = SD
of three independent measurements.

In the case of the phenoxypropyl chemotyi®® no appreciable level of alcohdll was
detected up to 24 h with and without thiols. Howevkis low release could not be ascribed to
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the nitrate stability in the experimental condisoAs can be inferred from the graph in Figure 6,
the disappearance of parent nitraégproceeded rapidly, consuming more than 50% a#dr

all experiments. Therefore, unwanted degradatioprbgucts were formed, which ruled out the
desired biotransformation into alcoHdl and this sample was excluded from subsequents@ssay
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Figure 7. Alcohol formation profiles from nitrated4-15 in cellular environment. Time-
dependent formation of alcohds (orange) and 2a(red) from nitrated4 and15, respectively,
both incubated (50 uM) at 37 °C in cytosolic frang of human SH-SY5Y neuroblastoma cells,
as determined by RP-HPLC. Data represent triplcateans + SD.

We further probed the behaviour in a cellular emvinent of the two chemotypes4(and15)
enabling thiol-mediated alcohol release (FigureTHe stability and conversion profiles were
assessed in the freshly prepared cytosolic frast@inhuman neuroblastoma cell lines. Both
nitrates disclosed a retard-release profile Hndxhibited higher alcohol yield thdm (52% and
71% for 15, 31% and 34% foll4 after 24 h and 48 h, respectively). The slow cosivae rate

may prefigure low NO fluxes in vivo, which could ihthe bioactivity balance towards
neuroprotection.

4.4 Cell-based studies

The ability of compounds to protect neurons fronidative damage is a critical feature for
anti-AD candidates. In the human neuroblastoma $BYScell-based protocol,[48] only the
nitrates enabling alcohol releaskt @nd15) were co-incubated at different concentration$§,(2.
0.5 and 0.1 uM) with two pro-oxidant toxins (roteecat 20 uM and hydrogen peroxide at 200
pM). Cell viability was measured through MTT-as$§&l] Untreated cells were used as control
and donepezil was taken as the reference compdiordcomparative purposes, the respective
alcohol metaboliteSd and12awere engaged in the assays.

As shown in Figure 8, all tested compounds (pargimates14, 15 and alcohols9d, 123
showed a dose-dependent inverse correlation withopeotection against cytotoxic insults, and
the percentage of viable cells increased to a gresattent with the lowest concentration (0.1
pHM). Interestingly, comparable figures of neuropotibn were obtained for nitraté4 and
donepezil with the exception of the highest conediun (2.5 pM) against rotenone when
viability increase with donepezil was by far superin all experiments with nitrate estst, the
percentage of viable cells relative to control aagher or quite close to its putative metabolite
9d. In particular, a greater viability gain th@d was observed whet was co-incubated at 0.5
and 0.1 pM concentrations with rotenone and at |[ZMb concentration in the presence of
hydrogen peroxide. An opposite trend was returnetlHpropyl chemotypesl6 and12g), thus
alcohol 12a protected SH-SY5Y neurons from both toxins morfeciently or closely to NO-
donorl5 at all doses.
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In addition, the same cell line was used to as8esgytotoxicity of compound8d, 12a 14
and15 at concentrations ranging from 100 to 0.01 puM.ikdicated by data in Table 9d and
the respective parent nitrafel produced a low cellular damage §{CG- 42.9 and 35.5 pM,
respectively) whereas bolil2aand15 were much less cytotoxic (4> 100 pM).

3 Rotenone 20uM 3 H.0,200 uM
=) Rotenone + compound (2.5 uM) B3 H,0; + compound (2.5 uM)
@ Rotenone + compound (0.5 uM) @ H.0: + compound (0.5 uM)
@R Rotenone + compound (0.1 uM) @ H:0:+ compound (0.1 uM)

> >

£ 100r £ 1001

S | H @&m .. >

° 3

(&) (8]

2 50r 2 50f

o—
control 14 9d 5 12a  donepezil control 14 9d 15 12a  donepezil

Figure 8. Neuroprotective action on human neuroblastoma $8BYScells of nitratesl4-15 and
alcohols9d and 12a with rotenone (20 pM) or #0, (200 uM) after incubation at different
concentrations (2.5, 0.5 or 0.1 uM). Cell proliteon was assessed by MTT assay. Data are
expressed as percentage of viable cells (refeoredtreated cells as control) and shown as mean
+ SD (n = 3). Donepezil was used as a referendeAdhimarketed drug. Statistical significance
was calculated using a two-way analysis of varigdd¢OVA) followed by the Bonferroni post

hoc tests (GraphPad Prism vers. 5); **p < 0.01*,p< 0.001.

Table 5. Cytotoxicity and Bidirectional Transport across MRIGMDR1 Cells of Nitrates14-

15and Alcohol9d, 12a
compd Cytotoxicity?  Papp AP (cm/sec x 10)°  Papp BL (cm/sec x 10)° ER®

14 36+2.2 uM 1.24+0.113 1.65+0.772 1.33
9d 43+1.2 uM 1.98+0.191 2.15+0.322 1.09
15 > 100 uM 0.496+0.610 1.57+0.574 3.17
12a > 100 uM 0.992+0.984 1.49+0.290 1.50
diazepam n.d. 1.49+0.323 1.37+0.781 0.92
FD4 n.d. 0.874+0.640 1.03+0.210 1.18

2 Cytotoxicity of compounds tested at concentratiamghe range 0.1-10QM in human
neuroblastoma SH-SY5Y cell lines for 24 h. Data eeported as 1§ values, relative to
untreated cells (control). Data represent meansD+ (S = 3).° Papp AP is the apparent
permeability of apical-to-basal transport expressedm/sec x 18, © Papp BL is the apparent
permeability of basal-to-apical transport expressed¢m/sec x 18. ¢ Efflux ratio (ER) was
calculated using the following equation: ER gpBL / Papp AP.
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To endorse the potential as CNS drugs, an in Wkood-brain barrier penetration model was
employed to study the bidirectional transport asrtdDCKII-MDR1 cells and predict CNS
permeation.[49] Moreover, this protocol providesreiable evaluation of the chance that
xenobiotics are pumped out by P-glycoprotein (P-gg)ich prevents central bioactivity. Both
alcohols 9d, 128 and nitratel4 might penetrate into CNS through passive diffuswith
permeability comparable to diazepam and withoutraddtions with efflux system (ER < 2).
Unfortunately,N-propyl compoundl5 seems to suffer from P-gp liability, which couldnhper
its further development.

5. Conclusions

In this study, we aimed at finding multitargetingyanic nitrates that can serve as precursors of
alcohol bearing dual AChE-MAO B inhibitors afterobiansformation that can be non-
enzymatically promoted by active thiols (e.g., gthtone). We initially focused our attention to
the development of the active metabolites, namédtphal-bearing dual AChE-MAO B
inhibitors. Then, by applying a structural diveydiilter, we fished three samples out the most
potent alcohols9d, 12a 11) to study the corresponding nitrates. In the RR-EIRtudy, the
three nitrates displayed outstanding stability laygmlogical pH and in human serum, without
releasing the alcohol product. All of them provedle potent in vitro MAO B inhibitors,
stronger than the putative alcohol metaboliteghinpresence of bioactive thiols, two different
NO donors 14-15) might work as co-drugs of alcohol-based bimod@h&-MAO B inhibitors.

In particular, we identified a brain permeant arefum stable nitrate (i.e., thN-benzyl
chemotypeld) able to perform a slow NO release and to yielddgamount of the suitable
primary alcohol 9d) in the presence of GSH as well as in cytosolepprations of SH-SY5Y
human neuroblastoma cells. Therefore, compaolhdhould deserve further attention since it
behaved as a multipotent molecule by itself (MAO@g, = 0.051 uM, AChE I = 1.6 uM)
and as a multitargeting precursor for a still acttual inhibitor (namely the alcohol metabolite
9d, IC50 = 0.076 and 1.0 pM towards MAO B and AChE, respebt) upon NO release. Both
parent NO-donor and the related alcohol exhibitgdifcant neuroprotective activities against
the pro-oxidative insults rotenone andQd without producing cytotoxic effect in human
neuroblastoma cell lines.

6. Experimental section
6.1 Chemistry

Starting materials, reagents, and analytical gemileents were purchased from Sigma-Aldrich
(Europe). The purity of all the intermediates, dteztby HPLC, was always better than 95%. All
the newly prepared and tested compounds showety igher than 95% (elemental analysis).
Elemental analyses were performed on the EuroEA 20@lyzer only on the final compounds
tested as MAOs and ChEs inhibitors. The measurkesdor C, H, and N agreed to within
0.40% of the theoretical values. Column chromafolgyavas performed using Merck silica gel
60 (0.063-0.200 mm, 70-230 mesh). All reactionsenmutinely checked by TLC using Merck
Kieselgel 60 Bs4 aluminum plates and visualized by UV light or oeli Regarding the reaction
requiring the use of dry solvents, the glasswarse flgane-dried and then cooled under a stream
of dry argon before the use. Nuclear magnetic r@som spectra were recorded on a Varian
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Mercury 300 instrument (at 300 MHz) or on a Agil@eichnologies 500 apparatus (at 500 MHz)
at ambient temperature in the specified deuterswbebnt. Chemical shift®) are quoted in parts
per million (ppm) and are referenced to the redidodvent peak. The coupling constadtare
given in Hertz (Hz). The following abbreviations neaised: s (singlet), d (doublet), dd (doublet
of doublet), t (triplet), g (quadruplet), gn (quiptet), m (multiplet), br s (broad signal); signals
due to OH and NH protons were located by deuteguohange with BD. The attribution otH
NMR signals was supported by comparison with gHS®@eriments carried out for selected
samples b, 9c, 11, 126 as reported in Supporting Information. HRMS expents were
performed with a dual electrospray interface (E&hHd a quadrupole time-of-flight mass
spectrometer (Q-TOF, Agilent 6530 Series Accurats#IQuadrupole Time-of-Flight LC/MS,
Agilent Technologies Italia S.p.A., Cernusco sulvigho, Italy). Full-scan mass spectra were
recorded in the mass/charge (m/z) range 50-3000MBHing points for solid final compounds
were determined by the capillary method on a St8aréntific SMP3 electrothermal apparatus
and are uncorrected. The following intermediategehaeen already described in the literature:
tert-butyl 4-{[(3,4-dimethyl-2-oxo-B-chromen-7-yl)oxy]methyl}piperidine-1-carboxylate
(79),[28] 3,4-dimethyl-7-(piperidin-4-yImethoxy)F:chromen-2-one 8@a),[28] tert-butyl 3-
{[(3,4-dimethyl-2-oxo-H-chromen-7-yl)oxy]Jmethyl}piperidine-1-carboxylate 7f}],[28] 3,4-
dimethyl-7-(piperidin-3-ylmethoxy)4a-chromen-2-one &f),[28] 7-hydroxy-4-methyl-
coumarin,[50] 7-hydroxy-3-methyl-coumarin,[51] 7drgxy-3,4-dimethyl-coumarin 4p),[52]
tert-butyl 4-{[(methylsulfonyl)oxy]methyl}piperidine-lcarboxylate,[28] tert-butyl 3-
{[(methylsulfonyl)oxy]methyl}piperidine-1-carboxyte.[28]

6.1.1 4-(Chloromethyl)-7-{[ 4-(hydroxymethyl)benzyl] oxy}-2H-chromen-2-one  (2a). 4-
Chloromethy7-hydroxycoumarin [53] (0.21 g, 1.0 mmol) was sustesl in dry acetonitrile (8
mL) before adding [4-(chloromethyl)-phenyllmethan@.78 g, 5.0 mmol) and potassium
carbonate (0.14 g, 1.0 mmol). The reaction mixtwes refluxed for 8 h and then the solid
residue was filtered off. The solution was concatett under rotary evaporation and purified
through column chromatography (gradient eluent:hasesdl in dichloromethane 0%5%). Pale
yellow solid; yield: 0.26 g, 80%H NMR (500 MHz, Acetonel) &: 4.65 (s, 2H), 4.93 (s, 2H),
5.27 (s, 2H), 6.45 (s, 1H), 7.02 (d, J = 2.4 Hz),THO6 (dd, J = 8.8, 2.4 Hz, 1H), 7.41 (d, J = 8.3
Hz, 2H), 7.48 (d, J = 8.3 Hz, 2H), 7.79 (d, J =8 1H), OH not detected.

6.1.2 4-[ (Dimethylamino)methyl] -7-{[ 4-(hydroxymethyl)benzyl] oxy}-2H-chromen-2-one (3a).
Intermediate2a (0.20 g, 0.60 mmol) was dissolved in dry THF (4 )ndnd commercially
available 2.0 N solution di,N-dimethylamine in THF (0.90 mL, 1.8 mmol) was addAéter
stirring at room temperature for 6 h, the solvent a&xcess amine were evaporated under
reduced pressure and the crude residue was putifredgh column chromatography (gradient
eluent: methanol in dichloromethane 09%%). Pale yellow solid; yield: 0.18 g, 87%; mp: 93-
°C.'™H NMR (500 MHz, Acetonalk) 5: 2.29 (s, 6H, N(Ch),), 3.58 (s, 2H, CbN), 4.65 (s, 2H,
CH>0OH), 5.25 (s, 2H, CbkDAr), 6.25 (s, 1H, 3-kbun), 6.95 (d, J = 2.5 Hz, 1H, 8¢k, 6.97
(dd, J = 8.8, 2.5 Hz, 1H, 6¢hln), 7.40 (d, J = 8.3 Hz, 2H, ), 7.47 (d, J = 8.3 Hz, 2H, &),
7.90 (d, J = 8.8 Hz, 1H, 5in), OH not detected. Anal. 6gH,1NO,) calcd. % C, 70.78; H,
6.24; N, 4.13. Found % C, 70.82; H, 6.31; N, 4.BRRMS (Q-TOF) calcd. for gH>1NO,
[M+H]" m/z 340.1543, found 340.154fNa]’ m/z 362.1363, found 362.1360.

6.1.3 4-[ (Dimethylamino)methyl] - 7-{[ 3-(hydroxymethyl)benzyl] oxy}-2H-chromen-2-one (3b).
[3-(Chloromethyl)-phenyllmethanol [54] (0.23 g, Indmol) and potassium carbonate (0.12 g,
0.90 mmol) were added to a stirred suspension [gflidrethylamino)methyl]-7-hydroxy42-
chromen-2-one2b) [55] (0.13 g, 0.60 mmol) in dry acetonitrile (3.jn After refluxing for 1 h,
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the residue was filtered and washed with dichlotvaree. The solution was concentrated to
dryness and purified through column chromatograplgyadient eluent: methanol in
dichloromethane 0%5%). Colorless oil; yield: 0.15 g, 76%4 NMR (500 MHz, DMSO¢) &:
2.21 (s, 6H, N(CHh)>), 3.53 (s, 2H, CbN), 4.49 (d, J = 5.4 Hz, 2H,K;OH), 5.19-5.21 (m, 3H,
1H dis. with BO, CHOAr + OH), 6.25 (s, 1H, 3-KHum), 6.99 (dd, & 8.8, 2.5 Hz, 1H, 6-KHun),
7.05 (d, J = 2.5 Hz, 1H, 8K, 7.26-7.33 (M, 3H, 4-K + 5-Har + 6-Ha(), 7.41 (s, 1H, 2-K),
7.84 (d, J = 8.8 Hz, 1H, 5&n). Anal. (GoH21NO,) calcd. % C, 70.78; H, 6.24; N, 4.13. Found
% C, 70.94; H, 6.31; N, 3.99. HRMS (Q-TOF) calcdr €,0H2:NO; [M+H]" nmvz 340.1543,
found 340.1540;N1+Na]" m/z 362.1363, found 362.1363.

6.1.4  7-{[3-(Chloromethyl)benzyl] oxy}-4-(hydroxymethyl)-2H-chromen-2-one ~ (5b).  7-
Hydroxy-4-(hydroxymethyl)-Bl-chromen-2-one [56H4@, 0.38 g, 2.0 mmol) was refluxed in dry
acetonitrile (15 mL) in the presence of potassiuanbonate (0.41 g, 3.0 mmol) ango’-
dichlorom-xylene (1.8 g, 10 mmol) for 5 h. After coolingrtomom temperature, the mixture was
filtered and the solid was thoroughly washed witomoform. The solution was concentrated to
dryness and the crude residue was washed severes tivithn-hexane/diethyl ether 2/1 viv
mixture until removal of excess starting halideygstyielding the desire8b. Off-white solid;
yield: 0.58 g, 88%'H NMR (300 MHz, DMSOdg) &: 4.71 (s, 2H), 4.77 (s, 2H$,.22 (s, 2H),
5.60 (s, 1H, dis. with D), 6.28 (s, 1H), 6.99 (dd=18.8, 2.4 Hz, 1H), 7.08 (d,92.4 Hz, 1H),
7.33-7.46 (m, 3H), 7.54 (s, 1H), 7.61 (d, J = 88 HH).

6.1.5 7-{[ 3-(Chloromethyl)benzyl] oxy}-3,4-dimethyl-2H-chromen-2-one (5c). 7-Hydroxy-3,4-
dimethyl-ZH-chromen-2-one [28]40, 0.38 g, 2.0 mmol) was refluxed in dry acetoratr{lL5
mL) in the presence of potassium carbonate (0.8L.0gmmol) andyx,a’-dichloro-m-xylene (1.8
g, 10 mmol) for 8 h. After cooling to room temper&, the solvent was removed under rotary
evaporation and the residue was purified throudhineo chromatography (gradient eluent: ethyl
acetate im-hexane 10%-»30%). White solid; yield: 0.43 g, 65%H NMR (500 MHz, DMSO-
ds) 8: 2.06 (s, 3H), 2.35 (s, 3H), 4.77 (s, 2H), 5.212(3), 7.01 (dd, 3 8.8, 2.4 Hz, 1H), 7.04 (d,
J =2.4 Hz, 1H), 7.39-7.45 (m, 3H), 7.53 (s, 1HY07(d, J = 8.8 Hz, 1H).

6.1.6 General procedure for the synthesis of 7-({4-[(dimethylamino)methyl] benzyl}oxy)-4-
(hydroxymethyl)-2H-chromen-2-one (6a) and 7-({3-[ (dimethylamino)methyl] benzyl} oxy)-4-
(hydroxymethyl)-2H-chromen-2-one (6b). The appropriate intermediale(hydroxymethyl)-7-(4-
(bromomethyl)benzyloxy)coumarirdd) [28] or 5b (0.50 mmol) was dissolved in dry THF (4
mL) and 2.0 N solution oN,N-dimethylamine in THF (0.75 mL, 1.5 mmol) was added
dropwise. After stirring at room temperature fdn,ghe reaction mixture was concentrated under
vacuum and purified through column chromatograplgradient eluent: methanol in
dichloromethane 0% 10%).

6.1.6.1 7-({4-[ (Dimethylamino) methyl] benzyl} oxy)-4-(hydr oxymethyl)-2H-chromen-2-one
(6a). Prepared fronba (0.19 g, 0.50 mmol) and 2.0 N solution MfN-dimethylamine in THF
(0.75 mL, 1.5 mmol). Pale yellow oil; yield: 0.15 #1%.'H NMR (500 MHz, DMSOds) :
2.36 (s, 6H, N(CH)2), 3.80 (s, 2H, CbN), 4.70 (d, J = 5.4 Hz, 2H,H;OH), 5.21 (s, 2H,
CH,0Ar), 5.60 (t, J = 5.4 Hz, 1H, dis. with,0, OH), 6.28 (s, 1H, 3-Hun, 6.99 (dd, J = 8.8,
2.4 Hz, 1H, 6-Koum), 7.07 (d, J = 2.4 Hz, 1H, 8¢k, 7.38 (d, J = 7.8 Hz, 2H,H), 7.46 (d, J =
7.8 Hz, 2H, H,), 7.60 (d, J = 8.8 Hz, 1H, 5¢kln). Anal. (GoH21NO4) caled. % C, 70.78; H,
6.24; N, 4.13. Found % C, 70.91; H, 6.36; N, 4BRMS (Q-TOF) calcd. for &H21NO,
[M+H]" m/z 340.1543, found 340.154¥Na]’ m/z 362.1363, found 362.1365.

6.1.6.2 7-({3-[ (Dimethylamino) methyl] benzyl } oxy)-4-(hydr oxymethyl)-2H-chromen-2-one
(6b). Prepared fronbb (0.17 g, 0.50 mmol) and 2.0 N solution MN-dimethylamine in THF
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(0.75 mL, 1.5 mmol). Colorless oil; yield: 0.0955§%.'H NMR (500 MHz, DMSO¢) &: 2.12
(s, 6H, N(CH)2), 3.37 (s, 2H, CkN), 4.70 (d, J = 5.4 Hz, 2H,KGOH), 5.19 (s, 2H, CEDAr),
5.60 (t, J = 5.4 Hz, 1H, dis. with,D, OH), 6.28 (s, 1H, 3-un), 6.99 (dd, & 8.8, 2.5 Hz, 1H,
6-Heoun), 7.06 (d, J = 2.5 Hz, 1H, 8chdn), 7.22-7.24 (M, 1H, ), 7.32-7.33 (M, 2H, W), 7.37
(s, 1H, 2-H,), 7.59 (d, J = 8.8 Hz, 1H, 5¢hin). Anal. (GoH2:NO,) caled. % C, 70.78; H, 6.24;
N, 4.13. Found % C, 70.86; H, 6.31; N, 4.08. HRMBTOF) calcd. for GoH21NO,4 [M+H]" m/z
340.1543, found 340.1541¥f-Na]” m/z 362.1363, found 362.1360.

6.1.7 7-[ (3-{[ 4-(Hydroxymethyl)piperidin-1-yl] methyl} benzyl)oxy] -3,4-dimethyl-2H-chromen-
2-one (6¢). Compoundse (0.16 g, 0.50 mmol) was dissolved in dry acetehen() and stirred
with 4-piperidinemethanol (0.069 g, 0.60 mmol) ve fpresence of DIEA (0.13 mL, 0.75 mmol)
at room temperature overnight. The solvent was veshainder rotary evaporation and the crude
oil was purified through column chromatography @eat eluent: methanol in dichloromethane
0%—10%). Dark yellow oil; yield: 0.14 g, 67%H NMR (300 MHz, CDCJ) &: 1.54-1.68 (m,
3H, 3'Ha(piper)+ 4'H(piper)), 1.76-1.91 (m, 2H, 3‘!!)'('piper9, 2.16 (S, 3H, 3-Cb’, 2.35 (S, 3H, 4-
CHs), 2.38-2.48 (m, 2H, 2-Kbiper), 3.15-3.33 (M, 2H, 2-kbiper), 3.49 (d, J = 4.2 Hz, 2H,
CH,0H), 3.92 (s, 2H, ArCBN), 5.12 (s, 2H, ArCEOCoum), 6.81 (d, J = 2.4 Hz, 1H, 8,
6.91 (dd, J = 8.9, 2.4 Hz, 1H, Gddy), 7.32-7.44 (m, 3H, 4-K + 5-Har + 6-Ha), 7.47-7.51 (M,
2H, 2-Har + 5-H,oum), OH not detected. Anal. ¢gH»9NO,) calcd. % C, 73.68; H, 7.17; N, 3.44.
Found % C, 73.85; H, 7.28; N, 3.31. HRMS (Q-TOF)cda for GsHagNO, [M+H]" mvz
408.2169, found 408.2166yIf-Na]" m/z 430.1989, found 430.1987.

6.1.8 General procedure for the synthesis of substituted tert-butyl 4-{[(2-oxo-2H-chromen-7-
yl)oxy] alkyl}piperidine-1-carboxylate (7b-e) and tert-outyl 3-{[(2-o0x0-2H-chromen-7-
yl)oxy] methyl} piperidine-1-carboxylate (7g). By following a previously reported method,[28] a
mixture of the appropriate 7-hydroxycoumarin (7.0noh), the suitable mesylate ester (6.7
mmol), triethylamine (2.8 mL, 20 mmol) and cesiuarbonate (2.3 g, 7.0 mmol) were heated in
dry DMF (15 mL) at 70 °C for 72 h. Then the mixtwas poured onto crushed ice. The filtrate
was collected and washed with abundant water yiglthe desired Boc-protected intermediates
7b-e, 7g that were deprotected without further purification

6.1.8.1 tert-Butyl 4-{[ (4-methyl-2-ox0-2H-chromen-7-yl)oxy] methyl} piperidine-1-carboxylate
(7b). Prepared from 7-hydroxy-4-methyl-coumarin (1.2 g0 mmol) andtert-butyl 4-
{[(methylsulfonyl)oxy]methyl}piperidine-1-carboxyta (2.0 g, 6.7 mmol). White solid; yield:
2.3 g, 93%H NMR (300 MHz, CDCJ) &: 1.22-1.37 (m, 2H), 1.46 (s, 9H), 1.63-1.85 (m,)3H
2.39 (s, 3H), 2.62-2.78 (m, 2H), 3.85-3.87 (m, 24),0-4.18 (m, 2H), 6.13 (s, 1H), 6.79 (d, J =
2.5 Hz, 1H), 6.84 (dd, J = 8.8, 2.5 Hz, 1H), 7.d3) = 8.8 Hz, 1H).

6.1.8.2 tert-Butyl 4-{[ (3-methyl-2-oxo-2H-chromen-7-yl)oxy] methyl} piperidine-1-carboxylate
(7c). Prepared from 7-hydroxy-3-methyl-coumarin (1.2 g0 mmol) andtert-butyl 4-
{[(methylsulfonyl)oxy]methyl}piperidine-1-carboxyta (2.0 g, 6.7 mmol). White solid; yield:
2.2 g, 86% ™ NMR (300 MHz, DMSO#d) &: 1.24-1.31 (m, 2H), 1.60 (s, 9H), 1.70-1.83 (m,
3H), 2.03 (s, 3H), 2.64-2.81 (m, 2H), 3.90-3.95 4H), 6.86-6.97 (m, 2H), 7.50 (d, J = 8.2 Hz,
1H), 7.79 (s, 1H).

6.1.8.3 tert-Butyl 4-{[ (2-oxo-2H-chromen-7-yl)oxy] methyl}piperidine-1-carboxylate (7d).
Prepared from commercially available 7-hydroxy-caum (1.1 g, 7.0 mmol) antért-butyl 4-
{[(methylsulfonyl)oxy]methyl}piperidine-1-carboxyta (2.0 g, 6.7 mmol). Pale yellow solid;
yield: 2.2 g, 91%'H NMR (500 MHz, Acetonels) &: 1.23-1.31 (m, 3H), 1.44 (s, 9H), 1.82-1.85
(m, 2H), 2.81-2.92 (m, 2H), 4.01 (d, J = 6.4 Hz)2412-4.18 (m, 2H), 6.21 (d, J = 9.3 Hz, 1H),
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6.89 (d, J = 2.4 Hz, 1H), 6.94 (dd, J = 8.8, 2.4 H#), 7.58 (d, J = 8.8 Hz, 1H), 7.90 (d, J = 9.3
Hz, 1H).

6.1.8.4 tert-Butyl 4-{2-[ (methylsulfonyl)oxy] ethyl}piperidine-1-carboxylate. Commercially
availableN-Boc-4-piperidineethanol (2.3 g, 10 mmol) was digedlin CHCl, (30 mL) before
the addition of triethylamine (5.7 mL, 40 mmol). e&lmixture was cooled to 0 °@ith an
external ice bath, and methanesulfonyl chlorid® ¢(@L, 11 mmol) was added dropwise. After
warming at room temperature, the reaction was keger magnetic stirring for 3 h. The mixture
wasdiluted with CHCI, (70 mL) and washed with satd. aq.,N&; (3 x 80 mL). The organic
phase was dried over p&0, and the evaporation diie solvent under reduced pressure yielded
the desired product that was used without furtheifipation. Pale yellow solid; yield: 2.4 g,
77%.'H NMR (500 MHz, DMSO#ds) &: 0.91-1.02 (m, 2H), 1.36 (s, 9H), 1.58-1.63 (m,)5H
2.60-2.66 (m, 2H), 3.14 (s, 3H), 3.86-3.90 (m, 2H21 (t, J = 6.4 Hz, 2H).

6.1.8.5 tert-Butyl 4-{2-[ (3,4-dimethyl-2-oxo-2H-chromen-7-yl ) oxy] ethyl } piperidine-1-
carboxylate (7€). Prepared from 7-hydroxy-3,4-dimethyl-coumarin (,37.0 mmol) and tert-
butyl 4-{2-[(methylsulfonyl)oxy]ethyl}piperidine-lcarboxylate (2.0 g, 6.7 mmol). Off-white
solid; yield: 2.1 g, 77%H NMR (300 MHz, DMSOde) &: 1.01-1.11 (m, 2H), 1.37 (s, 9H),
1.64-1.71 (m, 5H), 2.05 (s, 3H), 2.34 (s, 3H), 2681 (m, 2H), 3.87-3.93 (m, 2H), 4.09 (t, J =
5.9 Hz, 2H), 6.89-6.93 (m, 2H), 7.67 (d, J = 8.8 Ha).

6.1.8.6 tert-Butyl 3-{[(2-ox0-2H-chromen-7-yl)oxy] methyl}piperidine-1-carboxylate (7).
Prepared from 7-hydroxy-coumarin (1.1 g, 7.0 mmoland tert-butyl 3-
{[(methylsulfonyl)oxy]methyl}piperidine-1-carboxyte (2.0 g, 6.7 mmol). White solid; yield:
2.0 g, 81% NMR (500 MHz, Acetonel) &: 1.41-1.49 (m, 11H), 1.68-1.72 (m, 1H), 1.92-
1.95 (m, 1H), 2.00-2.03 (m, 1H), 2.67-2.72 (m, 1MP2-2.97 (m, 1H), 3.80-3.91 (m, 2H), 4.01-
4.08 (m, 2H), 6.21 (d, J = 9.3 Hz, 1H), 6.91 (& 3.4 Hz, 1H), 6.95 (dd, J = 8.8, 2.4 Hz, 1H),
7.58 (d, J =8.8 Hz, 1H), 7.90 (d, J = 9.3 Hz, 1H).

6.1.9General procedure for the synthesis of substituted 7-(piperidin-4-ylalkoxy)-2H-chromen-
2-ones (8b-e) and 7-(piperidin-3-ylmethoxy)-2H-chromen-2-one (8g). The suitable coumarinb-
e, 79 (5.0 mmol) was dissolved in dry GEl, (10 mL) followed by the dropwise addition of
trifluoroacetic acid (3.0 mL) at 0 °C through anterral ice bath. The reaction mixture was
stirred at room temperature overnight and the sité/evere removed under rotary evaporation.
The crude oil residue was diluted with dichloronaeth (50 mL) and washed with pGO; (3 x
20 mL). The organic phase was dried oves3a and concentrated to dryness, thus obtaining a
solid residue that was purified through column aomatography (5% methanol in
dichloromethane) giving the desired coumatire, 8g as solids.

6.1.9.14-Methyl-7-(piperidin-4-ylmethoxy)-2H-chromen-2-one (8b). Prepared fronTb (1.9 g,
5.0 mmol). Off-white solid; yield: 1.2 g, 91%H NMR (300 MHz,CDC}) &: 1.40-1.51 (m, 2H),
1.82-1.96 (m, 3H), 2.05-2.12 (m, 2H), 2.40 (s, 3#P0-2.98 (m, 2H), 3.89-3.94 (m, 2H), 6.13
(s, 1H), 6.79-6.86 (m, 2H), 7.50 (d, J = 8.8 Hz),IINH not detected.

6.1.9.23-Methyl-7-(piperidin-4-ylmethoxy)-2H-chromen-2-one (8c). Prepared fronvc (1.9 g,
5.0 mmol). White solid; yield: 0.96 g, 70%4 NMR (300 MHz, DMSO¢) &: 1.21-1.28 (m,
2H), 1.71-1.77 (m, 2H), 1.89-1.93 (m, 1H), 2.043Hl), 2.59-2.64 (m, 2H), 3.06-3.09 (m, 2H),
3.90 (d, J = 6.4 Hz, 2H), 6.90 (dd, J = 8.8, 2.5 H#), 6.95 (d, J = 2.5 Hz, 1H), 7.51 (d, J = 8.8
Hz, 1H), 7.79 (s, 1H), NH not detected.

6.1.9.3 7-(Piperidin-4-ylmethoxy)-2H-chromen-2-one (8d). Prepared from7d (1.8 g, 5.0
mmol). Brown solid; yield: 1.1 g, 88%H NMR (500 MHz, DMSO#s) &: 1.10-1.22 (m, 2H),
1.64-1.69 (m, 2H), 1.79-1.88 (m, 1H), 2.41-2.46 2#H), 2.90-2.95 (m, 2H), 3.88 (d, J = 6.4 Hz,
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2H), 6.26 (d, J = 9.3 Hz, 1H), 6.92 (dd, J = 8.8,Rz, 1H), 6.96 (d, J = 2.4 Hz, 1H), 7.59 (d, J =
8.8 Hz, 1H), 7.97 (d, J = 9.3 Hz, 1H), NH not dé&telc

6.1.9.4 3,4-Dimethyl-7-(2-piperidin-4-ylethoxy)-2H-chromen-2-one (8¢e). Prepared from7e
(2.0 g, 5.0 mmol). White solid; yield: 1.1 g, 73%l NMR (500 MHz, DMSOdg) &: 1.03-1.10
(m, 2H), 1.51-1.57 (m, 2H), 1.61-1.64 (m, 3H), 24 3H), 2.33 (s, 3H), 2.41-2.45 (m, 2H),
2.88-2.91 (m, 2H), 4.07 (t, J = 6.4 Hz, 2H), 6.8916(m, 2H), 7.64 (d, J = 8.8 Hz, 1H). NH not
detected.

6.1.9.5 7-(Piperidin-3-ylmethoxy)-2H-chromen-2-one (8g). Prepared from7g (1.8 g, 5.0
mmol). Pale yellow solid; yield: 1.3 g, 99%4 NMR (500 MHz, DMSOs) &: 1.32-1.35 (m,
1H), 1.61-1.64 (m, 1H), 1.82-1.84 (m, 2H), 2.172(in, 1H), 2.75-2.81 (m, 2H), 3.24-3.29 (m,
1H), 3.36-3.40 (m, 1H), 3.95-3.99 (m, 1H), 4.0474(f, 1H), 6.30 (d, J = 9.3 Hz, 1H), 6.96 (dd,
J=28.8, 2.4 Hz, 1H), 7.01 (d, J = 2.4 Hz, 1H) 476, J = 8.8 Hz, 1H), 7.99 (d, J = 9.3 Hz, 1H),
NH not detected.

6.1.10 General procedure for the synthesis of substituted 7-({1-[benzyl] piperidin-3-
yl}methoxy)-2H-chromen-2-ones (9a-b) and 7-({1-[ benzyl] piperidin-4-yl} methoxy)-2H-chromen-
2-ones (9c-h). The appropriate compoun8a-c or 8f (0.50 mmol) was suspended in dry
acetonitrile (4 mL) followed by the addition of pssium carbonate (0.14 g, 1.0 mmol), 3- or [4-
(chloromethyl)-phenyllmethanol [54] (0.094 g, 0.80nol) and a catalytic amount of potassium
iodide. After refluxing for 6 h, the solvent wasmeved under rotary evaporation. The resulting
crude was suspended in dichloromethane and thganmr residue was filtered-off. The solution
was concentrated to dryness and purified as inetickelow to obtain final coumari®a-h as
white solids.

6.1.10.1 7-({1-[4-(Hydroxymethyl)benzyl] piperidin-3-yl} methoxy)-3,4-dimethyl-2H-chromen-
2-one (9a). [57] Prepared fron8f (0.14 g, 0.50 mmol) and [4-(chloromethyl)-phenydpmanol
(0.094 g, 0.60 mmol). Purified through column chatography (gradient eluent: methanol in
dichloromethane from 0% to 5%). White solid; yie®d13 g, 64%; mp: 52-5 °CH NMR (300
MHz, Acetonedg) 6: 1.17-1.28 (m, 1H, 4-kiper), 1.50-1.61 (M, 1H, 5-Kbiper), 1.62-1.75 (m,
1H, 5-Hypiper), 1.80-1.87 (M, 1H, 4-khiper), 1.97-2.17 (M, 3H, 2-Khipery + 6-Haiper) + 3-
Hiper), 2.11 (s, 3H, 3-Ch), 2.39 (s, 3H, 4-Ck), 2.68-2.71 (m, 1H, 6-khiper), 2.83-2.94 (m,
1H, 2-Hypiper), 3.44 (d, J = 13.4 Hz, 1H, ArGN), 3.51 (d, J = 13.4 Hz, 1H, ArGN), 4.00 (d, J
= 6.4 Hz, 2H, CHOAr), 4.59 (s, 2H, €,0H), 6.82 (d, J = 2.3 Hz, 1H, 8¢k, 6.88 (dd, J =
8.8, 2.3 Hz, 1H, 6-KHun), 7.27-7.30 (s, 4H, K), 7.65 (d, J = 8.8 Hz, 1H, 5¢kn), OH not
detected. Anal. (&H29NO,) calcd. % C, 73.68; H, 7.17; N, 3.44. Found % &88; H, 7.21; N,
3.33. HRMS (Q-TOF) calcd. for gH2o0NO, [M+H]" vz 408.2169, found 408.2161Mf-Na]
m/z 430.1989, found 430.1991.

6.1.10.2 7-({1-[ 3-(Hydroxymethyl)benzyl] piperidin-3-yl} methoxy)-3,4-dimethyl-2H-chromen-
2-one (9b). [57] Prepared fron8f (0.14 g, 0.50 mmol) and [3-(chloromethyl)-phenydmanol
(0.094 g, 0.60 mmol). Purified through crystallivatfrom hot ethanol 95%. White solid; yield:
0.18 g, 86%; mp: 118-120 °&H NMR (500 MHz, DMSOs) 5: 1.07-1.14 (m, 1H, 4-khiper),
1.43-1.50 (M, 1H, 5-Khiper), 1.60-1.64 (M, 1H, 5-kbiper), 1.72-1.78 (M, 1H, 4-khiper), 1.86-
2.03 (M, 3H, 2-Hpipery + 6-Ha(piper) + 3-Hpiper), 2.05 (s, 3H, 3-CkJ, 2.34 (s, 3H, 4-C}j, 2.62-
2.66 (M, 1H, 6-ldpiper), 2.82-2.85 (M, 1H, 2-khiper), 3.40 (d, J = 13.2 Hz, 1H, ArGN), 3.43
(d, J = 13.2 Hz, 1H, ArCiN), 3.92 (d, J = 6.4 Hz, 2H, GBAr), 4.44 (d, J = 5.4 Hz, 2H,
CH,0OH), 5.12 (t, J = 5.4 Hz, 1H, dis. with,©, OH), 6.87-6.89 (m, 2H, 6dslim* 8-Hcoum), 7.12
(d,J=75Hz, 1H, W), 7.16 (d, J = 7.5 Hz, 1H, ), 7.20-7.22 (m, 2H, K), 7.65 (d, J = 8.8
Hz, 1H, 5-Houn. Anal. (GsH2oNOy) caled. % C, 73.68; H, 7.17; N, 3.44. Found % &73; H,
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7.18; N, 3.39. HRMS (Q-TOF) calcd. for4E,0NO, [M+H]" m/z 408.2169, found 408.21609;
[M+Na]" m/z 430.1989, found 430.1988.

6.1.10.3 7-({1-[ 4-(Hydroxymethyl)benzyl] pi peridin-4-yl} methoxy)-3,4-dimethyl-2H-chromen-
2-one (9¢). Prepared fron8a (0.14 g, 0.50 mmol) and [4-(chloromethyl)-phenydlmanol0.094
g, 0.60 mmol). Purified through crystallizationrinchot ethanol 95%. White solid; yield: 0.13 g,
64%; mp: 157-9 °C'H NMR (500 MHz, DMSO#) 5: 1.24-1.33 (m, 2H, 3-khiper), 1.70-1.72
(m, 3H, 3-Hypiper) + 4-Hpiper), 1.87-1.92 (M, 2H, 2-Khiper), 2.04 (s, 3H, 3-Ckj, 2.33 (s, 3H, 4-
CHy), 2.78-2.82 (M, 2H, 2-khiper), 3.40 (s, 2H, ArCbN), 3.89 (d, J = 5.9 Hz, 2H, GBAr),
4.44 (d, J = 5.9 Hz, 2H,K;0H), 5.11 (t, J = 5.9 Hz, 1H, dis. with,O, OH), 6.90-6.93 (m, 2H,
6-Hcoumt 8-Heoumy), 7.21 (d, J = 8.3 Hz, 2H,4), 7.23 (d, J = 8.3 Hz, 2H,4), 7.65 (d, J = 9.2
Hz, 1H, 5-Houm. Anal. (GsH29NO4) calcd. % C, 73.68; H, 7.17; N, 3.44. Found % 8.93%; H,
7.28; N, 3.49. HRMS (Q-TOF) calcd. for4E,0NO, [M+H]" m/z 408.2169, found 408.2165;
[M+Na]" m/z 430.1989, found 430.1990.

6.1.10.4 7-({1-[ 3-(Hydroxymethyl)benzyl] pi peridin-4-yl} methoxy)-3,4-dimethyl-2H-chromen-
2-one (9d). Prepared fron8a (0.14 g, 0.50 mmol) and [3-(chloromethyl)-phenydlimanol0.094
g, 0.60 mmol). Purified through column chromatogmap(gradient eluent: methanol in
dichloromethane from 0% to 5%). White solid; yie@16 g, 80%; mp: 128-130 °¢H NMR
(500 MHz, DMSO¢ék) 6: 1.26-1.33 (m, 2H, 3-khiper), 1.71-1.75 (M, 3H, 3-kbiper) + 4-Hpipen),
1.88-1.95 (m, 2H, 2-Kiper), 2.05 (s, 3H, 3-Ch), 2.34 (s, 3H, 4-Ch), 2.80-2.83 (m, 2H, 2-
Hopiper), 3.44 (S, 2H, ArCbN), 3.91 (d, J = 6.4 Hz, 2H, GBAr), 4.46 (d, J = 5.4 Hz, 2H,
CH,0OH), 5.13 (t, J = 5.4 Hz, 1H, dis. with,©, OH), 6.90-6.93 (m, 2H, 65im+ 8-Hcoun),
7.12-7.16 (m, 2H, W), 7.22-7.27 (m, 2H, W), 7.66 (d, J = 9.3 Hz, 1H, 5¢kin). Anal.
(CasH29NOy) caled. % C, 73.68; H, 7.17; N, 3.44. Found % 8.79; H, 7.18; N, 3.40. HRMS
(Q-TOF) calcd. for GsH2o0NO,4 [M+H]" vz 408.2169, found 408.2168yF-Na]’ mvz 430.1989,
found 430.1988.

6.1.10.5 7-({1-[4-(Hydroxymethyl)benzyl] piperidin-4-yl }methoxy)-4-methyl-2H-chromen-2-
one (9e). Prepared fron8b (0.14 g, 0.50 mmol) and [4-(chloromethyl)-phenydfimanol(0.094
g, 0.60 mmol). Purified through column chromatotmap(gradient eluent: methanol in
dichloromethane from 0% to 5%). White solid; yield10 g, 53%; mp: 103-5 °GH NMR (500
MHz, DMSOg) 6: 1.26-1.33 (M, 2H, 3-Kbiper), 1.70-1.75 (m, 3H, 3-khiper) + 4-Hpiper), 1.90-
1.96 (M, 2H, 2-Hypiper), 2.37 (s, 3H, 4-Ch), 2.79-2.83 (m, 2H, 2-khiper), 3.41 (s, 2H,
ArCHN), 3.92 (d, J = 7.5 Hz, 2H, GBAr), 4.44 (d, J = 5.8 Hz, 2H,KZOH), 5.09 (t, J = 5.8
Hz, 1H, dis. with RO, OH), 6.18 (s, 1H, 3-iun), 6.92-6.96 (M, 2H, 6-Kum+ 8-Hcoun), 7.22-
7.26 (m, 4H, H), 7.65 (d, J = 9.5 Hz, 1H, 5¢kn). Anal. (G4H27/NOy) caled. % C, 73.26; H,
6.92; N, 3.56. Found % C, 73.44; H, 6.99; N, 3.BRMS (Q-TOF) calcd. for @H,7/NO,
[M+H]" mVz 394.2013, found 394.2008yIF-Na]" m/z 416.1832, found 416.1831.

6.1.10.6  7-({1-[ 3-(Hydroxymethyl)benzyl] piperidin-4-yl }methoxy)-4-methyl-2H-chromen-2-
one (9f). Prepared fron8b (0.14 g, 0.50 mmol) and [3-(chloromethyl)-phenyéimanol0.094 g,
0.60 mmol). Purified through column chromatograpkgradient eluent.: methanol in
dichloromethane from 0% to 5%). White solid; yieldi2 g, 61%; mp: 146-8 °GH NMR (500
MHz, DMSOg) 8: 1.26-1.33 (m, 2H, 3-Kbiper), 1.70-1.73 (M, 3H, 3-khiper) + 4-Hpiper), 1.92-
1.97 (m, 2H, 2-Hgpiper), 2.37 (s, 3H, 4-Ch), 2.80-2.83 (m, 2H, 2-khiper), 3.41 (s, 2H,
ArCHN), 3.93 (d, J = 5.8 Hz, 2H, GBAr), 4.46 (d, J = 5.8 Hz, 2H,HGOH), 5.12 (t, J = 5.8
Hz, 1H, dis. with RO, OH), 6.18 (s, 1H, 3-4un), 6.93-6.95 (M, 2H, 6-kum+ 8-Heoun), 7.12-
7.17 (m, 2H, H,), 7.21-7.26 (m, 2H, ), 7.65 (d, J = 7.1 Hz, 1H, 5¢kdn). Anal. (G4H27NO,)
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calcd. % C, 73.26; H, 6.92; N, 3.56. Found % C4I3H, 7.00; N, 3.47. HRMS (Q-TOF) calcd.
for CoaH27NO4 [M+H]" m/z 394.2013, found 394.201Mf-Na]” vz 416.1832, found 416.1831.
6.1.10.7  7-({1-[4-(Hydroxymethyl)benzyl] piperidin-4-yl }methoxy)-3-methyl-2H-chromen-2-
one hydrochloride (9g). Prepared from8c (0.14 g, 0.50 mmol) and [4-(chloromethyl)-
phenyllmethanol(0.094 g, 0.60 mmol). Purified through column chabography (gradient
eluent: methanol in dichloromethane from 0% to ¥ transformed into the hydrochloride salt
with 4.0 N solution of HCI in dioxane. Off-white l&d yield: 0.095 g, 44%: mp: 163-4 °CH
NMR (free base, 500 MHz, DMS@) 6: 1.24-1.32 (m, 2H, 3-kbiper), 1.70-1.75 (m, 3H, 3-
Hopiper) + 4-Hpiper), 1.90-1.94 (M, 2H, 2-Kbiper), 2.03 (s, 3H, 3-Ck), 2.79-2.81 (m, 2H, 2-
Hopiper), 3.41 (s, 2H, ArCbN), 3.89 (d, J = 6.5 Hz, 2H, GBAr), 4.44 (d, J = 6.2 Hz, 2H,
CH,0OH), 5.09 (t, J = 6.2 Hz, 1H, dis. with,O, OH), 6.91 (dd, J = 8.8, 2.4 Hz, 1H, Gk,
6.94 (d, J = 2.4 Hz, 1H, 8, 7.20-7.26 (m, 4H, K), 7.49 (d, J = 8.8 Hz, 1H, 5¢kin), 7.78
(s, 1H, 4-Houm. Anal. (G4H27;NO4-HCI) caled. % C, 67.05; H, 6.56; N, 3.26. FouncC%67.28;
H, 6.68; N, 3.17. HRMS (Q-TOF) calcd. fopE,7NO, [M+H]" m/z 394.2013, found 394.2009;
[M+Na]" m/z 416.1832, found 416.1829.
6.1.10.8 7-({1-[ 3-(Hydroxymethyl)benzyl] piperidin-4-yl }methoxy)-3-methyl-2H-chromen-2-
one hydrochloride (9h). Prepared from8c (0.14 g, 0.50 mmol) and [3-(chloromethyl)-
phenyllmethanol(0.094 g, 0.60 mmol). Purified through column chabography (gradient
eluent: methanol in dichloromethane from 0% to %% transformed into the hydrochloride salt
with 4.0 N solution of HCI in dioxane. White soligield: 0.11 g, 50%; mp: 207-9 °C (decM
NMR (300 MHz, DMSO¢) &: 1.40-1.54 (m, 2H, 3-kbiper), 1.77-2.01 (M, 3H, 3-khiper) + 4-
Hpiper), 2.03 (s, 3H, 3-CkJ, 2.89-3.01 (M, 2H, 2-Khiper), 3.35-3.40 (M, 2H, 2-fhiper), 3.91-
3.94 (d, J = 6.4 Hz, 2H, GBAr), 4.27 (br d, 2H, Ar€,NH"), 4.51-4.54 (br d, 2H, B,0H),
5.29 (br s, 1H, dis. with {0, OH), 6.87-6.95 (m, 2H, 6<m+ 8-Houn), 7.39-7.53 (M, 5H, K
+ 5'Hcoun), 7.79 (S, 1H, 4'H>un), 9.63 (S, 1H, dis. with 0, NH+) Anal. (C24H27NO4HC|)
calcd. % C, 67.05; H, 6.56; N, 3.26. Found % C367H, 6.71; N, 3.08. HRMS (Q-TOF) calcd.
for Co4H27NO4 [M+H]™ m/z 394.2013, found 394.201IMfNa]” mvz 416.1832, found 416.1830.
6.1.11 7-({1-[4-(2-Hydroxyethyl)benzyl] pi peridin-4-yl} methoxy)-3,4-di methyl-2H-chr omen-2-
one (9i). IntermediateBa (0.17 g, 0.60 mmol) was suspended in dry acetbnml() and then
DIEA (0.11 mL, 0.65 mmol) was added followed by4{promomethyl)phenyllethanol [27]
(0.11 g, 0.50 mmol). After stirring overnight abra temperature, the mixture was concentrated
to dryness and purified through column chromatdgyaggradient eluent: methanol in
dichloromethane from 0% to 3%). Brown solid; yie@099 g, 47%; mp: 86-8 °C (dec'H
NMR (300 MHz, DMSO¢) &: 1.13-1.33 (m, 2H, 3-khiper), 1.67-1.81 (M, 3H, 3-kiper) + 4-
Hpiper), 1.83-1.97 (m, 2H, 2-khiper), 2.05 (s, 3H, 3-Ck), 2.34 (s, 3H, 4-Ch}, 2.59-2.75 (m,
2H, ArCH,CH,OH), 2.81-2.94 (m, 2H, 24thiper), 3.38 (br s, 2H, ArCBN), 3.50-3.66 (m, 2H,
CH,0H), 3.93 (br s, 2H, CDAr), 4.62 (br s, 1H, dis. with J®», OH), 6.86-6.99 (m, 2H, 6-
Heoumt 8-Heouny), 7.05-7.47 (m, 4H, W), 7.67 (d, J = 8.9 Hz, 1H, 5¢kin). Anal. (GgH31NO,)
calcd. % C, 74.08; H, 7.41; N, 3.32. Found % C384H, 7.59; N, 3.19. HRMS (Q-TOF) calcd.
for CoeH3iNO4 [M+H]" mVz 422.2326, found 422.2323yIFNa]” m/z 444.2145, found 444.2142.
6.1.12 7-{[ 1-(3-Hydr oxybenzyl ) pi peridin-4-yl] methoxy} - 3,4-dimethyl-2H-chr omen-2-one (10).
Coumarin8a (0.68 g, 2.4 mmol) was suspended in dry acetofenl) followed by the addition
of DIEA (0.42 mL, 2.4 mmol) and 3-chloromethylphéf®4] (0.28 g, 2.0 mmol). After stirring
at room temperature for 7 h, the mixture was cotmrated under rotary evaporation and purified
through column chromatography (gradient eluent ar@hin dichloromethane from 0% to 5%)
furnishing the desired intermediate as an off-wisitdid. Yield: 0.52 g, 66%-H NMR (300
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MHz, DMSO-g) 6: 1.21-1.31 (m, 2H), 1.71-1.74 (m, 3H), 1.81-1.8%2 @H), 2.05 (s, 3H), 2.34
(s, 3H), 2.69-2.80 (m, 2H), 3.37 (s, 2H), 3.91Jd&; 5.3 Hz, 2H), 6.59-6.71 (m, 3H), 6.91-6.94
(m, 2H), 7.07 (t, J = 7.0 Hz, 1H), 7.66 (d, J =B#& 1H), 9.20 (s, 1H, dis. with D).

6.1.13 7-({1-[ 3-(3-Hydroxypr opoxy)benzyl] pi peridin-4-yl} methoxy)-3,4-dimethyl -2H-
chromen-2-one (11). Phenol10 (0.20 g, 0.50 mmol) was refluxed with potassiumboaate (0.14
g, 1.0 mmol), 3-bromopropan-1-ol (0.043 mL, 0.50 eljnand a catalytic amount of Kl in dry
acetone (1.5 mL) for 8 h. The solvent was removeteuvacuum and the resulting crude oil was
purified through column chromatography (eluent: B#%thanol in dichloromethane) yielding a
yellow solid. Yield: 0.12 g, 51%; mp: 74-6 °&4 NMR (500 MHz, DMSO#d) &: 1.25-1.33 (m,
2H, 3-Hypiper), 1.70-1.73 (M, 3H, 3-kbipen + 4-Hpiper), 1.83 (gn, J = 6.4 Hz, 2H,
ArOCH,CH,;CH,OH), 1.88-1.96 (m, 2H, 2-fthiper), 2.05 (s, 3H, 3-Ch), 2.34 (s, 3H, 4-C¥,
2.77-2.85 (m, 2H, 2-Kbiper), 3.40 (s, 2H, ArCbN), 353 (q, J = 6.4 Hz, 2H,
ArOCH,CH,CH>OH), 3.91 (d, J = 5.9 Hz, 2H, GB-Coum), 3.98 (t, J = 6.4 Hz, 2H,
ArOCH,CH,CH,OH), 4.50 (t, J = 6.4 Hz, 1H, dis. with,O, OH), 6.76-6.79 (m, 1H, 44,
6.82-6.85 (M, 2H, 6-K + 2-Ha;), 6.90-6.93 (M, 2H, 8-KHum* 6-Hcoum), 7.19 (t, J = 7.3 Hz, 1H,
5-Har), 7.67 (d, J = 9.8 Hz, 1H, 5chim). Anal. (G7H3aNOs) caled. % C, 71.82; H, 7.37; N, 3.10.
Found % C, 72.09; H, 7.50; N, 3.01. HRMS (Q-TOFJcda for G7H3sNOs [M+H]" m/z
452.2431, found 452.2426yIf-Na]" m/z 474.2251, found 474.2252.

6.1.14 General procedure for the synthesis of substituted 7-{[ 1-(w-hydroxyalkyl)piperidin-4-
yl] methoxy}-2H-chromen-2-ones (12a-d) and 7-{[ 1-(3-hydroxypropyl)piperidin-3-yl] methoxy}-
2H-chromen-2-ones (12e-f). The suitable unprotected piperidi®a, 8d-g (0.50 mmol) was
suspended in dry acetonitrile (5 mL). Potassiunbaaate (0.10 g, 0.75 mmol), 3-bromo-1-
propanol (0.090 mL, 1.0 mmol, fd2ab and12d-f) or 4-chlorobutan-1-ol (0.10 mL, 1.0 mmol,
for 12¢), and a catalytic amount of Kl were added andrntivgure was refluxed for 4-6 h. The
solvent was evaporated under reduced pressure henddlid residue was filtered-off after
washing with CHCI,. The solution was concentrated to dryness, andethidting crude product
was purified as detailed below.

6.1.14.1  7-{[1-(3-Hydroxypropyl)piperidin-4-yl] methoxy}-3,4-dimethyl-2H-chromen-2-one
(12a). Prepared fron8a (0.14 g, 0.50 mmol) and 3-bromo-1-propanol (0.6%910, 1.0 mmaol).
Purified through crystallization from hot ethandlhite solid; yield: 0.12 g, 68%; mp: 117-9 °C.
'H NMR (500 MHz, DMSOdk) &: 1.22-1.29 (m, 2H, 3-kbiper), 1.55 (qn, J = 6.9 Hz, 2H,
NCH,CH>CH,OH), 1.71-1.76 (m, 3H, 3-thiper) + 4-Hpiper), 1.80-1.86 (M, 2H, 2-Khiper), 2.05
(s, 3H, 3-CH), 2.30 (t, J = 6.9 Hz, 2H, N&CH,CH,OH), 2.34 (s, 3H, 4-C}}, 2.85-2.87 (m,
2H, 2-Hypiper), 3.41 (t, J = 6.9 Hz, 2H,K;0H), 3.90 (d, J = 5.9 Hz, 2H, GBAr), 6.90-6.93
(m, 2H, 6-Houm + 8-Hecoun), 7.67 (d, J = 8.8 Hz, 1H, 5¢kn), OH not detectedAnal.
(Ca0H27NOy) calcd. % C, 69.54; H, 7.88; N, 4.05. Found % €.66; H, 7.96; N, 3.98. HRMS
(Q-TOF) calcd. for GH27NO,4 [M+H]" mVz 346.2013, found 346.2011IMFNa]” mvz 368.1832,
found 368.1830.

6.1.14.27-{[ 1-(3-Hydroxypropyl)pi peridin-4-yl] methoxy}-2H-chromen-2-one (12b). Prepared
from 8d (0.13 g, 0.50 mmol) and 3-bromo-1-propanol (0.680 1.0 mmol). Purified through
column chromatography (gradient eluent: methandi¢hloromethane from 0% to 10%). White
solid; yield: 0.063 g, 40%; mp: 137-9 °C (de¢d.NMR (500 MHz, DMSO«dg) &: 1.27-1.34 (m,
2H, 3-Hypiper), 1.63 (gn, J = 6.4 Hz, 2H, NGBH,CH,OH), 1.78-1.85 (m, 3H, 3hiper) + 4-
Hiper), 2.13-2.27 (M, 2H, 2-Khiper), 2.56 (br s, 2H, NB,CH,CH,OH), 2.92-3.06 (m, 2H, 2-
Hbpiper), 3.42 (t, J = 6.4 Hz, 2H,K>0H), 3.93 (d, J = 5.9 Hz, 2H, GBAr), 6.26 (d, J = 9.5 Hz,
1H, 3-Houm), 6.93 (dd, ¥ 8.6, 2.4 Hz, 1H, 6-Kun), 6.94 (d, J = 2.4 Hz, 1H, 8ckln), 7.60 (d, J
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= 8.6 Hz, 1H, 5-Kun), 7.97 (d, J = 9.5 Hz, 1H, 4¢kin), OH not detected. Anal. (gH23NOy)
calcd. % C, 68.12; H, 7.30; N, 4.41. Found % C388H, 7.33; N, 4.35. HRMS (Q-TOF) calcd.
for C1gH23NO, [M+H]" m/z 318.1700, found 318.170aMf-Na]" mvz 340.1519, found 340.1515.

6.1.14.3 7-((1-(4-Hydroxybutyl) pi peridin-4-yl )methoxy)- 3,4-dimethyl - 2H-chromen-2-one
(12c). Prepared fronBa (0.14 g, 0.50 mmol) and 4-chloro-1-butanol (0.1Q, .0 mmol).
Purified through column chromatography (gradienteat: methanol in dichloromethane from
0% to 10%). White solid; yield: 0.072 g, 40%; m@517 °C."H NMR (300 MHz, DMSO#) &:
1.21-1.28 (m, 2H, 3-Kpiper), 1.38-1.46 (m, 4H, NCHCH,CH,CH,OH), 1.70-1.78 (m, 3H, 3-
Hopipery + 4-Hpiper), 1.80-1.92 (M, 2H, 2-lhiper), 2.05 (s, 3H, 3-Clh), 2.21-2.29 (m, 2H,
NCH>CH,CH,CH,OH), 2.36 (s, 3H, 4-Cf), 2.85-2.88 (m, 2H, 2-khiper), 3.36-3.39 (m, 2H,
CH,0H), 3.89-3.91 (m, 2H, C¥DAr), 6.92-6.94 (m, 2H, 6-Kum+ 8-Heoun), 7.66 (d, J = 9.4 Hz,
1H, 5-Houm), OH not detected. Anal. ¢gH290NO,) calcd. % C, 70.17; H, 8.13; N, 3.90. Found %
C, 70.44; H, 8.22; N, 3.84. HRMS (Q-TOF) calcd. @#HoNO,; [M+H]" m/z 360.2169, found
360.2165; M+Na] m/z 382.1989, found 382.1991.

6.1.14.4  7-{2-[ 1-(3-Hydroxypropyl)piperidin-4-yl] ethoxy}-3,4-dimethyl-2H-chromen-2-one
(12d). Prepared fron8e (0.15 g, 0.50 mmol) and 3-bromo-1-propanol (0.@%910, 1.0 mmaol).
Purified through column chromatography (gradienteat: methanol in dichloromethane from
0% to 10%). White solid; yield: 0.13 g, 71%; mp-®7C.'"H NMR (500 MHz, DMSO¢g) :
1.15-1.21 (m, 3H, 3-khipen + 4-Hpiper), 1.56 (an, J = 6.4 Hz, 2H, NGBH,CH,0OH), 1.63-1.70
(m, 4H, CH,CHOAr + 3-Hypiper), 1.88-1.92 (M, 2H, 2-Khiper), 2.05 (s, 3H, 3-Ckj, 2.34 (s,
3H, 4-CH), 2.32-2.36 (m, 2H, NB,CH,CH,OH), 2.88 (br s, 2H, 2-khiper), 3.41 (t, J = 6.4 Hz,
2H, CH,0H), 4.08 (t, J = 6.9 Hz, 2H, GBH,OAr), 6.90-6.93 (m, 2H, 6-KHum+ 8-Houn), 7.66
(d, J = 8.8 Hz, 1H, 5-Humn), OH not detected. Anal. (gH,90NO,) calcd. % C, 70.17; H, 8.13; N,
3.90. Found % C, 70.21; H, 8.05; N, 3.91. HRMS (QFJ calcd. for GiH,gNO4 [M+H]" mvz
360.2169, found 360.216Mf-Na] m/z 382.1989, found 382.1984.

6.1.14.5  7-{[1-(3-Hydroxypropyl)piperidin-3-yl] methoxy}-3,4-dimethyl-2H-chromen-2-one
(12e). [57] Prepared from8f (0.14 g, 0.50 mmol) and 3-bromo-1-propanol (0.080, 1.0
mmol). Purified through column chromatography (geat eluent: methanol in dichloromethane
from 0% to 10%). Off-white solid; yield: 0.093 g4%; mp 104-7 °C'H NMR (500 MHz,
DMSO-tg) 6: 1.05-1.16 (M, 1H, 4-kbiper), 1.39-1.53 (M, 1H, 5-khiper), 1.58 (gn, J = 6.3 Hz,
2H, NCH.CH,CH,OH), 1.62-1.69 (m, 1H, 5iper), 1.69-1.78 (M, 1H, 4-khiper), 1.85-1.95
(m, 1H, 2-Hpiper), 1.95-2.03 (M, 2H, 6-khiper) + 3-Hpiper), 2.05 (s, 3H, 3-Ch}, 2.36 (s, 3H, 4-
CHy), 2.38 (br s, 2H, NB,CH,CH,OH), 2.73-2.81 (m, 1H, 6-kthiper), 2.89-2.96 (m, 1H, 2-
Hopiper), 3.41 (t, J = 6.3 Hz, 2H, ;OH), 3.89-3.98 (m, 2H, C#DAr), 6.90-6.95 (m, 2H, 6-
Heoum + 8-Heoum), 7.66 (d, J = 9.5 Hz, 1H, 5¢hin), OH not detected. Anal. ¢gH,7NO,) calcd.
% C, 69.54; H, 7.88; N, 4.05. Found % C, 69.82;7195; N, 3.88. HRMS (Q-TOF) calcd. for
CaoH27NO4 [M+H]" mVz 346.2013, found 346.201MfNa]” nvz 368.1832, found 368.1834.

6.1.14.6 7-{[ 1-(3-Hydroxypropyl) piperidin-3-yl] methoxy}-2H-chromen-2-one (12f). Prepared
from 89 (0.13 g, 0.50 mmol) and 3-bromo-1-propanol (0.680 1.0 mmol). Purified through
crystallization from hot ethanol. Off-white soligiield: 0.11 g, 69%; mp: 175-7 °CH NMR
(500 MHz, DMSO¢) 6: 1.08-1.12 (m, 1H, 4-Khiper), 1.45-1.49 (m, 1H, 5-Khiper), 1.55-1.57
(m, 2H, NCHCH,CH,0H), 1.63-1.65 (m, 1H, S54ghiper), 1.71-1.73 (M, 1H, 4-khiper), 1.87-
1.98 (M, 3H, 2-Rpipen + 6-Hagipen + 3-Hpiper), 2.31-2.40 (m, 2H, NB,CH.CH,OH), 2.72-2.74
(m, 1H, 6-Bypiper), 2.89-2.91 (M, 1H, 2-kiper), 3.40 (t, J = 6.4 Hz, 2H,K;0H), 3.93-3.95 (m,
2H, CHO0Ar), 6.26 (d, J = 9.3 Hz, 1H, 3¢kin), 6.93 (dd, J = 8.8, 2.4 Hz, 1H, Gd7), 6.96 (d,
J =2.4 Hz, 1H, 8-kbun), 7.60 (d, J = 8.8 Hz, 1H, 5¢kdn), 7.96 (d, J = 9.3 Hz, 1H, 4ckin), OH
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not detectedAnal. (CigH23NO4) calcd. % C, 68.12; H, 7.30; N, 4.41. Found % &46; H, 7.36;
N, 4.29. HRMS (Q-TOF) calcd. forigH23NO,4 [M+H]" vz 318.1700, found 318.1696¥If-Na]
m/z 340.1519, found 340.1518.

6.1.15 7-({1-[ 3-(Chloromethyl)benzyl] piperidin-4-yl} methoxy)-3,4-di methyl-2H-chromen-2-
one (13). Coumarin8a (0.28 g, 1.0 mmol) was suspended in dry acetonml(® before the
addition of DIEA (0.17 mL, 1.0 mmol) and,o'-dichlorom-xylene (0.52 g, 3.0 mmol). The
mixture was stirred at room temperature overnighd ¢ghen the solvent was removed under
vacuum. The resulting crude was purified througlimm chromatography (eluent: ethyl acetate
in dichloromethane 50%). Yellow solid; yield: 0.§173%."H NMR (300 MHz, CDC}) &: 1.24-
1.33 (m, 2H), 1.71-1.74 (m, 3H), 1.81-1.85 (m, 2R)04 (s, 3H), 2.32 (s, 3H), 2.76-2.82 (m,
2H), 3.39 (s, 2H), 3.90-3.94 (m, 2H), 4.71 (s, 26191-6.95 (m, 2H), 7.39-7.43 (m, 3H), 7.50 (s,
1H), 7.68 (d, J = 8.8 Hz, 1H).

6.1.16 3-[ (4-{[ (3,4-Dimethyl -2-oxo-2H-chromen-7-yl)oxy] methyl} pi peridin-1-yl)methyl] benzyl
nitrate (14). Intermediatel3 (0.26 g, 0.60 mmol) was refluxed in dry acetol@tfd mL) in the
presence of AgN©(0.30 g, 1.8 mmol) for 6 h. After cooling, the nganic residue was filtered
off. The solution was concentrated under rotarypevation and purified through column
chromatography (gradient eluent: methanol in diditethane from 0% to 5%) yielding the
desired nitrate as a brown solid. Yield: 0.13 %484 NMR (500 MHz, CDCJ) &: 1.43-1.60
(m, 2H, 3-Hypiper), 1.79-1.85 (M, 3H, 4-Bpen+ 3-Hppiper), 1.99-2.03 (M, 2H, 2-khiper), 2.18 (s,
3H, 3-CH), 2.36 (s, 3H, 4-Ch}, 2.91-2.97 (m, 2H, 2-khiper), 3.54 (br s, 2H, ArCBN), 3.92 (d,

J = 5.9 Hz, 2H, CKDAr), 5.47 (s, 2H, CEDNO,), 6.73-6.81 (m, 2H, 6-KHum + 8-Heoum), 7.48-
7.52 (m, 3H, 4-l + 5-Har + 6-Ha,), 7.70 (s, 1H, 2-W}), 7.78 (d, J = 8.8 Hz, 1H, 5zk4). Anal.
(CasH28N20g) caled. % C, 66.36; H, 6.24; N, 6.19. Found % &€46; H, 6.38; N, 6.03. HRMS
(Q-TOF) calcd. for gsH2gN20g [M+H]™ m/z 453.2020, found 453.2023.

6.1.17 General procedure for the synthesis of 3-(4-{[(3,4-dimethyl-2-oxo-2H-chromen-7-
yl)oxy] methyl}piperidin-1-yl)propyl nitrate (15) and 3-{3-[(4-{[(3,4-dimethyl-2-0x0-2H-
chromen-7-yl)oxy] methyl} piperidin-1-yl)methyl] phenoxy}propyl nitrate (16). The appropriate
piperidine8a or 10 (0.60 mmol) was suspended in dry acetonitrile (§ before adding KCOs
(0.13 g, 0.90 mmol) and 3-bromopropyl nitrate [@RL7 g, 0.90 mmol). The mixture was stirred
at room temperature (24 h, fab) or refluxed (4 h, forl6), and then concentrated to dryness.
The resulting crude was treated with chloroform &itdred. The solution was then purified
through column chromatography (gradient eluenthiauet! in dichloromethane from 0% to 3%).

6.1.17.1 3-(4-{[ (3,4-Dimethyl -2-oxo-2H-chromen-7-yl) oxy] methyl } piperidin-1-yl)propyl
nitrate (15). Prepared fronBa (0.17 g, 0.60 mmol) and 3-bromopropy! nitrate {0d, 0.90
mmol). Brown solid; yield: 0.12 g, 53%H NMR (500 MHz, CDC}) §: 1.40-1.44 (m, 2H, 3-
Ha(piperpy 1.81-1.84 (m, 3H, 4‘!ﬁ|per) + 3'Hb(piper))y 1.95 (qn, J = 6.4 Hz, 2H,
NCH,CH,CH,ONO,), 2.00-2.05 (m, 2H, 2-khiper), 2.17 (s, 3H, 3-Ch), 2.37 (s, 3H, 4-C},
2.47 (t, J = 6.4 Hz, 2H, NE;CH,CH,ONO,), 2.95-2.99 (M, 2H, 2-kgiper), 3.85 (d, J = 5.9 Hz,
2H, CH,0Ar), 4.56 (t, J = 6.4 Hz, 2H, GANO,), 6.75 (d, J = 2.4 Hz, 1H, 8¢k, 6.82 (dd, J
= 8.8, 2.4 Hz, 1H, 6-Kun), 7.50 (d. J = 8.8 Hz, 1H, 5. Anal. (GoH26N20g) caled. % C,
61.53; H, 6.71; N, 7.18. Found % C, 61.64; H, 6.80;7.05. HRMS (Q-TOF) calcd. for
CaoH26N206 [M+H]" mVz391.1864, found 391.1869yIf-Na]’ mvVz 413.1683, found 413.1682.

6.1.17.2 3-{3-[ (4-{[ (3,4-Dimethyl-2-oxo-2H-chromen-7-yl)oxy] methyl} piperidin-1-
yl)methyl] phenoxy}propyl nitrate (16). Prepared from10 (0.24 g, 0.60 mmol) and 3-
bromopropyl nitrate (0.17 g, 0.90 mmol). Brown dp¥ield: 0.11 g, 36%'H NMR (500 MHz,
CDCl) o: 1.42-1.44 (m, 2H, 3-Kbiper), 1.79-1.82 (M, 3H, 3-kbipen+ 4-Hpiper), 1.98-2.02 (m,
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2H, 2-Hypiper), 2.18 (s, 3H, 3-Ch), 2.20-2.22 (m, 2H, OCKH.CH,ONO,), 2.36 (s, 3H, 4-
CHz), 2.91-2.94 (m, 2H, 2-khiper), 3.48 (s, 2H, ArChkN), 3.84-3.87 (m, 2H, CDCoum),
4.07-4.09 (m, 2H, CpDAr), 4.67 (t, J = 6.4 Hz, 2H, GONO,), 6.77-6.83 (m, 3H, 6-KHum+ 8-
Heoum+ Har), 6.89-6.92 (m, 2H, W), 7.20-7.24 (m, 1H, W), 7.47 (d, J = 8.8 Hz, 1H, 5¢kin).
Anal. (G7H32N207) caled. % C, 65.31; H, 6.50; N, 5.64. Found % &.66; H, 6.56; N, 5.52.
HRMS (Q-TOF) calcd. for &H3:N0O; [M+H]" mVz 497.2282, found 497.2281.

6.2 In vitro Inhibition Assays

Inhibitory activities were determined through th®tpcols described as follows by means of
nonlinear regressions of response/log(concentratiarve obtained with GraphPad Prism 5.0
software and are expressed asyI{iM) or as percentage of inhibition at i for less active
compounds. Results are the mean of three indeptagperiments.

6.2.1 Fluoroscence-based MAOs inhibition assays

As already reported,[27] human recombinant MAO Ad adAO B (microsomes from
baculovirus infected insect cells; Sigma-Aldrichere used to determine 46 through a
fluorescence-based method, using kynuramine asel@ative MAO A and MAO B substrate.
Samples were pre-incubated 20 min at 37 °C befdding MAO solutions, then incubated for
additional 30 min. Fluorescence was recorded atagian/emission wavelengths of 310/400 nm
(5 nm slit width for both excitation and emissian)a 96-well microplate fluorescence reader
(Tecan Infinite M1000 Pro). Experiments were parfed in triplicates in black, round-bottomed
polystyrene 96-well microtiter plates (Greiner).

6.2.2 Direct kynuramine MAOs inhibition assay

Coumarins are well-known fluorescent molecules thay interfere with kynuramine-based
MAOs inhibition assay protocol here applied. Inartb rule out artifacts arising from samples
fluorescent properties, an additional spectrophetamin vitro protocol has been employed to
test four compounds as hMAO B inhibitors bearingtptypes of different fluorescent moieties
(3= 4-[(dimethylamino)methyl]-7-hydroxy{2-chromen-2-one;  6a 7-hydroxy-4-
(hydroxymethyl)-H-chromen-2-one9c; 7-hydroxy-3,4-dimethyl-B-chromen-2-one12b; 7-
hydroxy-2H-chromen-2-one). Data have been reported in TaBle(Supporting Information)
and are in agreement with the fluorescent methodnly case, this direct assay suffers from a
low method sensitivity due to the product (4-hydmpinoline) absorbance at 316 nikg =
12,000 M*- cm™.

6.2.3 ChEs inhibition assay

Inhibition tests on ChEs were performed in vitro AGhE from electric eel (463 U/mg;
Sigma) or human recombinant AChE (2770 U/mg; SigB&hE from equine serum (13 U/mg;
Sigma) or BChE from human serum (50 U/mg; Sigmay, ddapting the well-known
spectrophotometric Ellman’s method to a 96-welltelgrocedure.[58] Experiments were
performed in triplicates in transparent, flat-batexd polystyrene 96-well microtiter plates.

6.3 Griess assay

Aliquots (150 pL) from 1 mM stock solutions in DMS$D nitrate under study were added to
DMSO (50 pL) and 800 pL of phosphate buffer (50 npi, = 7.40) containing 5 mM cysteine.
Compounds were incubated in the dark at 37 °C.phr@priate time intervals ranging from 30
to 180 minutes, 250 pL of Griess reagent (4.0 g saofphanilamide, 0.20 g oN-
naphthylethylenediamine dihydrochloride, 10 mL &#8phosphoric acid in distilled water to a
final volume of 100 mL) were added. After 30 mimsten the dark at room temperature,
absorbance was read at 540 nm using a Agilent 84B3¥isible spectrophotometer equipped
with a cell changer. NO release (quantitated ag M@ mL) was measured from the calibration
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curve derived from standard sodium nitrite solui@d.005, 0.01, 0.02, 0.05, 0.07, 0.10, 0.20,
and 0.4Qug/mL). Each compound was tested in triplicates.

6.4 Reversed-phase HPLC analysis

Following a protocol similar to studies already adgpd by us [59] to assess the hydrolytic
stability in buffer and in the presence of thids0 pL of 1 mM stock solutions of compounds
14-16 in DMSO were added to 1.350 naf aqueous buffer solution (50 mM phosphate buffer,
pH 7.40, 0.20 M KCI) or to 1.350 maf buffer enriched with cysteine or glutathione {0/
phosphate buffer, pH 7.40, 0.20 M KCIl, 1 mM thidhus incubating final compounds
concentration equal to 100 uM. Regarding serumilgiabxperiments, a volume of 15 pL from
10 mM stock solutions of compoundd-16 in DMSO was added to 1.485 mL of reconstituted
human serum preheated at 37 + 0.5 °C (final comp@ancentrations 100 pM).

For the analysis in cytosolic fractions, each samys prepared from five dishes of SH-SY5Y
cells, each containing 5.000.000 cells, that weslected and homogenized in 2 mL of
Dulbecco’s phosphate buffered saline (PBS), pH @t#4 °C with a IKAUltra-TurraxX’ T25
Digital Homogenizer (for 60 s). The homogenate easrifuged at 5000 rpm for 10 min and the
surnatant was used for the assay. 15 pL of 5 mksolutions of compounds4-15in DMSO
were added to 1.485 milof the cytosolic preparation thus incubating firempounds
concentration equal to 50 pM.

Samples were kept in the dark under gentle stir(mg in the case of human serum and
cytosolic fractions) and incubated at 37 + 0.5 ACappropriate time intervals, aliquots (100 pL)
were diluted or deproteinized with methanol or anétile (400 pL) before injection. In the case
of serum and cytosolic suspensions, after the iatdof methanol the samples were vortexed for
1 minute and centrifuged at 3500 rpm for 5 minuaesl the supernatant was filtered and
injected. Samples were analyzed by HPLC using &t€xC18 (2.1 mm x 150 mm, with 2.6
um size particles, 100 A) on an Analytic Agilent D2@finity multidetector system equipped
with a 1200 series UV-diode array detector. UV spewere recorded at 320 nm. Analytes were
eluted in isocratic conditions by using mixturesaoétonitrile and ammonium formate buffer (20
mM, pH 5.00) as the mobile phase. The mobile phas=filtered through a Nylon-66 membrane
0.45 um (Supelco, USA) before use. Injection volumes we2nd and the flow rate was 0.2
mL/min. Data were integrated and reported usingfDp8 software (Agilent Technologies).

Calibration lines for alcoho®d, 11 and12awere obtained by injectingL of different stock
solutions (1-200 uM in methanol containing 10% DM$S®) after dilution with cold methanol
(100uL to 500uL) and measuring the peak area absorbance at 32Pengentage of conversion
was calculated by using the following equation:

% conversion = (fmay) X 100
where g¢was the concentration measured at time t aadrepresents the maximal concentration
(equal to the initial concentration df4-16 in the incubated samples &aj.tEach kinetic
experiment was performed in triplicate. Linear andn-linear regression analyses were
performed with Prism 5.0. Data are the mean + SD.

6.5 Cytotoxicity assays and neuroprotection againsixidative stress insults

Cytotoxicity assays were carried out against humauaroblastoma cell line SH-SY5Y as
previously described.[60] Cells were maintaine®at°C in a humidified incubator containing
5% CQ in DMEM (EuroClone) nutrient supplemented with 10Bgat inactivated FBS
(EuroClone), 2 mM L-glutamine (EuroClone), 100 U/ménicillin and 100 pg/mL streptomycin
(EuroClone). Cytotoxicity of compounds is expressadIGp values, the concentrations that
cause 50% growth inhibition. The results were deteed using the 3-(4,5-dimethylthiazol-2-
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yl)-2,5-diphenyl-tetrazolium bromide (MTT) assa)ellS were dispensed into 96-well microtiter

plates at a density of 5,000 cells/well. Followmgernight incubation, cells were treated with the
compounds in the range concentration 0.01-100 pinThe plates were incubated at 37 °C for
24 h. An amount of 10 pL of MTT (0.5% w/v) was tuet added to each well and the plates
were incubated for an additional 2 h at 37 °C. §n#e blue formazan crystals were dissolved
by addition of 100 pL of DMSO. Absorbance at 570 was determined using a Perkin Elmer
2030 multilabel reader Victor TM X3.

The oxidative stress in the same neuroblastoma lmas reproduced by incubating cells
rotenone (20 uM) as specific mitochondrial insélt][or hydrogen peroxide (200 uM) as a non
selective reactive species.[62] To study the newteptive action of compoundsl, 12a 14, 15
and donepezil against the inhibition of cell preiddtion induced by rotenone ang(®d, SH-
SY5Y cells were pre-incubated for 24 h with compdsiat concentrations 0.1, 0.5 and 2.5 uM,
then the media was replaced with the media comgithe combination of compounds plus the
insults and incubated for further 24 h.[48] Ceblgeration was assessed by MTT assay and data
are expressed as the percentage of viable cedisredfto cells incubated without insults and
compounds (control). Each compound was testedpiictite. Standard error of the mean (SD) is
given. Statistical significance was determined gsantwo-way analysis of variance (ANOVA)
followed by the Bonferroni post hoc tests (GraphPadm version 5) and was assigned to p <
0.01 (**) and p < 0.001 (***).

6.6 Bidirectional transport studies on MDCKII-MDR1 monolayers

The bi-directional transport studies were conduetegreviously described by using Madin-
Darby Canine Kidney (MDCK) cells retrovirally trefested with the human MDR1 cDNA
(MDCKII-MDR1) as a blood-brain barrier penetrationodel.[63] The flux of fluorescein
isothiocyanate-dextran (FD4, Sigma-Aldrich, Itay)d diazepam was used to vegBll barrier
function and integrity. The analysis of compourfity 123 14-15 was performed through
UV-visible spectroscopy using a PerkinElmer dout#eim UV-visible spectrophotometer
Lambda Bio 20 (Milan, Italy), equipped with 10 mmatip-length-matched quartz cells. Standard
calibration curves were prepared at maximum abgorpvavelength of each compound using
PBS as solvent and were linear £r0.999) over the range of tested concentratimm(f5 to 75
uM). The FD4 samples were analyzed with a Victor@ofimeter (Wallac Victor3, 1420
Multilabel Counter, PerkinElmer) at excitation aechission wavelengths of 485 and 535 nm,
respectively. Each compound was tested in triicahd the experiments were repeated three
times. Data are reported as the apparent permga(il,), calculated in units of cm/s.[28] The
efflux ratio (ER) was calculated using the follogiiequation: ER = £, BL / Py, AP where
Papp AP is the apparent permeability of apical-to-basensport expressed in cm/sec ang,P
BL is the apparent permeability of basal-to-apicahsport expressed in cm/sec. An ER greater
than 2 indicates that a test compound is likelgda substrate for P-gp transport.
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