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Abstract

Starting from nature as original source, new paémrigents with pleiotropic activities have been
synthesized and evaluated as neuroprotective agknthis work, novel nature-based hybrids,
combining antioxidant motifs with rivastigmine, leaween designed and synthesized. The
biological results revealed that the new compountgit both AChE and BuChE. In particular,
lipoic acid hybridsLAl, LA2, LA3 resulted to be the most potent inhibitors of BuGiwing
ICspVvalues ranging from 340 to 378 nM. Analogously,ta# compounds were able to inhibit the
self B-amyloid,42 aggregation. The gallic acid hybrfdA2 as well as the 2-chromonecarboxylic
acid hybridsCA1 and CA2 prevented the self-mediatedBAaggregation with percentages of
inhibition ranging from 53% to 59%. Finally, soneé them also show potent neuroprotective
effects against glutamate-induced cell death anddxicity in HT22 cells.
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1. Introduction

Alzheimer's disease (AD) represents the most comfoom of neurodegenerative dementia.
“Dementia” describes a set of symptoms includingmoey loss and difficulties in thinking,
problem-solving or language. Several molecular svéiave been implicated in the complex AD
pathophysiology; therefore, to date, many therapesttategies are available [1]. Unfortunately,
only a few treatments have been proved to be alieduce AD symptoms, but none of them result
able to halt the disease progression [2], thusstwech for new potential drugs is still strongly
pursued.

The hallmarks of AD, such asBAleposition in senile plaques and neurofibrillanygles (NFT), are
strongly intertwined with the production of reaetioxygen species (ROS) and with the onset of
oxidative stress (OS), which are both considereth@sommon effectors of the neurodegenerative
cascade [3]. Several studies reported an increa§¥omarkers, such as DNA, RNA, lipid and
protein oxidation, and a simultaneous decreasbefdavel of antioxidants or detoxifying enzymes
in patients with AD [4, 5]. Although the specificeachanisms behind the altered redox balance are
not entirely clear, researchers demonstrated ttatc@ntributes to the [\ aggregation and to
phosphorylation of tau protein, thus constitutingtr@ger event in AD pathogenesis [6, 7].
Recently, Zhao et al. reported that amyloid depwsi&nd neurofibrillary tangles improve the levels
of oxidative stress markers inducing an apparenious circle of AD-pathogenesis [8], thus
confirming the key role played by OS in the AD dresed progression.

In this context, supported by numeronwitro andin vivo studies on animal models of AD, natural
antioxidants could be considered as promising pgearac tools for design new therapeutic agents
for AD [9, 10]. Many studies revealed that natuesdd antioxidants, such as polyphenols, have
pleiotropic activity including antioxidant, neurapective and anti-f aggregating properties. In
particular, polyphenols showed to reduce cognitivgairments and B aggregation [11].
Nevertheless, while in animal models the antioxidagents proved to be very effective, human trial
results are still disappointing.

In last decade, the multitarget-directed-ligand (ML) strategy has become a rich source of
inspiration for many researchers, thus represerttiegmain rational and successful approach to
apply in the search of new agents for the treatroédtseases with a complex ethiopathology (e.g.
neurodegenerative, cardiovascular diseases, anmtersagnMany multitarget strategies have been
developed with the aim to improve the bioavailapitf antioxidants in order to promote the direct
targeting in the brain [12], but also to reduce pssible side effects of native molecules [13}. Fo
these reasons, many multifunctional compounds guntp antioxidant compounds have been

rationally designed [14, 15].



In this scenario, in last few years, we investigasmme hybrid compounds obtained by the
conjugation of cholinesterase inhibitors (ChEi)¢clsas tacrine or rivastigmine, with well-known
antioxidant molecules, such as caffeic acid andliferacid [15-18]. These compounds showed
balanced properties of AChE inhibitor, free radisehvenger, inhibitor of both self- and AChE-
induced AB-aggregation, as well as potent neuroprotectivecesf against $0,- and glutamate-
induced cell injury, with low toxicity in HT22 cell

The positive results obtained encouraged us tdéuréxplore the nature-based compounds (e.g.
traditional medicines) which could be appropriatetynbined with AChE-inhibitors. In particular,
herein we describe the design and synthesis of meecules obtained by the symbiotic
combination of rivastigmine with antioxidant agestsh as gallic acid3A), lipoic acid LA) and
2-chromonecarboxylic acidCCA). Synthesized compounds were then investigateditro to
evaluate both AChE and BuUChE inhibition, ROS scgees and A aggregation. In addition, the
capability to cross the BBB, the toxicity, as wadl the neuroprotective activity against glutamate-

induced cytotoxicity, have also been assessed 2PHEIl lines.
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Figure 1. Multitarget-directed-ligand (MTDL) approach for neaultifunctional antioxidant
hybrids.

2. Results and discussion
2.1. Chemistry

Scheme 1 reports the general synthetic proceddi@vied for the synthesis of final compounds.

Briefly, the aminesl-3 previously described [19], were obtained by twausmtial reactions



between the appropriate phenol and the N-ethyl-yhedrbamoyl chloride in the presence ofNEt
followed by a catalytic reduction of the appropeiat-ethyl-methylcarbamate.

Subsequently, the condensatioriied with gallic acid in the presence of dicyclohexgtloodiimide
(DCC) as a condensing reagent, yielded the finadpmundsGA1-3. The compoundEAl-3 were
prepared by the reaction of lipoic chloride, frgsptepared by treatment of lipoic acid with SQCI
and the amine-derivativds3 in the presence of gN. Finally, the condensation between the amines
1-3 and the 4-oxo-4H-1-benzopyran-2-carboxylic acid the presence of (benzotriazol-1-
yloxy)tris(dimethylamino)phosphonium hexafluoroppbate (BOP) and Bl gave the compounds
CA1-3, in modest yields (lower than 50%).
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Scheme 1.Synthesis of final compounds. Reagents and comditia) Gallic acid, CKCl,/DMF, DCC,
DMAP, r.t., 12h; b) i) Lipoic acid, SOgIDCM, 0°C, 4 h; (ii) TEA, DCM/DMF, 0°C, 4h; c) 4X0-4H-1-
benzopyran-2-carboxylic acid, BOP, TEA, r.t., 12h.

2.2 Biological evaluation

Cholinergic neurotransmission damage is believeddoone of the major causes of memory
impairment associated with AD [20]. A recent stymyrformed by Norberg et al. [21] showed that,
during the progression of AD, the levels of AChEcréase while BUChE levels are likely to
increase. This compensatory role of BUChE in respda the decrease of AChE activity [22] could
explain, at least in part, the efficacy proven bsastigmine (BuChE inhibitor) in clinical trials.
Consistently, the new synthesized compounds, westtyftested for their inhibitory activity against

both AChE and BuChE, using Donepezil and rivastiggmas positive drugs. The data are



summarized in Table 1. All the GA-compoun@&1, GA2, GA3 and the CA-derivative€Al,
CA2, CA3 elicited a slight affinity against AChE, even ifethresulted to be more active than the
native drug rivastigmine. Moreover, all the compasishowed to inhibit BUChE with a significant
% of inhibition values and many of them revealedodbomore active than the positive drugs. In
particular, lipoic acid hybridsAl, LA2, LA3 resulted to be 9-fold more active than donepeal an
2-fold more active than rivastigmine. Analogousiigo the CA-derivatives and the GA3 compound
exerted a good inhibition against BUChE. Therefave, further detected the dgfor the most
promising compounds for BUChE. As showed in TabhleAll-3 showed the best igranging from
340 and 378 nM.

Table 1.Percentage inhibition values of ChEs arfi] 4 self-induced aggregation, DPPH radical
scavenging activities (Kg, uM) and BBB Prediction.

% inhibition of % inhibition ICs Of Inhibition of A3  DPPH  radical Permeability in
Compd AChE (%)% of BUChE B(lrJ]K/fII)E self-aggr;agation s;g;(e.n.ging PAMPA-BBB assa¥y
(%) vities
SEM? (%) £ SEM? (ICsp, uM)°
500nM 500nM (Xlofcin g  Prediction
AL 23.56:0.2 70804 Nd 47.3420.1 10.62+0.5 508201 oNSer-
oAz 55332 23804 Nd 51.83+1.3 12.8840.1 486201 N
GA3 3.48:0.1 58.840.0 452121 27.1121.3 11.6510.4 5 14+0.0 CNS+
LAL 0.51+0.8 77.431.1 35&79 46.28+1.4 4.5310.2 10.3241.0 CNS+
LA 3.66:1.3 77.3%0.0 378133 51.7746.6 4.30£0.1 2779413 CNS+
LA3 -1.48:0.2 76.680.7 34@130 49.8410.0 4.88£1.0 1212403 CNS+
CAL 9.03+1.0 53.7%0.8 502179 63.79+7.1 >106M Nd Nd
CA2 12.71+0.4 37.1%2.4 65@:210 55.23+3.9 >106M Nd Nd
CA3 22.08:0.6 49.0%2.7 511157 67.36+0.9 >106M Nd Nd
Rivastigmine 1.92408 30.080.1 678230 16.32+0.3 CNS+
Donepezil 90.55:0.5 8.2#1.7 Nd
Curcumift 51.77+3.33
Trolox 23.49+0.1

°SEM: Standard Error of the medninhibition of self-mediated f 4, aggregation. The thioflavin-T fluorescence methwak used, and the
measurements were carried out in the presence pMLhhibitor. °% of inhibition for Curcumin (positive drug) (RM) reported by W. Luo et
al.[23].Cs, was defined as the concentration resulting in 5@%venging activity’Range of Permeability of PAMPA-BBB AssayBe( 10°cm s
[24]: Compounds of high BBB permeation (CNS¢>4.7; Compounds of uncertain BBB permeation (CNB4/7>Pe>1.8; Compounds of low
BBB permeation (CNS4pe<1.8. nd = not determined.




Since many evidence suggested that polyphenolbiirthie A3 self-aggregation, we performed a
Thioflavin-T fluorescence assay to evaluate thdéuerfce of the tested compounds on amyloid
fibrils. The measurements were carried out in thesgnce of 1M of tested compounds using
curcumin as reference drugs. Curcumin, a naturbippenolic molecule originally isolated from
turmeric, has been shown to block aggregation domidl formation[25]. The results collected (Table
1) showed that all the compounds were able to ihttile A3 aggregation. In particular the gallic
acid hybridsGA2 as well as the 2-chromonecarboxylic acid hyb@#sl and CA2 prevented the
self-mediated 8 aggregation with percentages of inhibition rangmogn 53% to 59%, which were
comparable to curcumin (51%) (Tablel). Compo@#B exhibited the highest inhibitory activity
of 66.44% at 10M.

On the basis of the encouraging results, we thesmidee to test also the radical scavenging
properties of the synthesised compounds in ordezviduate if the combination of antioxidant
motifs with the native drug rivastigmine could a&ff¢he antioxidant properties. The evaluation was
performed by using 1,1-diphenyl-2-picryl-hydrazyDRPH) assay, with trolox as reference
compound. As expected, the analysis of the resldtgly showed that the GA- and LAerivatives
proved to be good scavengers withyd@alues ranging from 4.30 (LA2) to 12.88 (GA2). Ot
contrary, none of CCA hybrid€A1, CA2, CA3) exhibit significant antioxidant activities.

The new hybrid compoundsere also subjected to an additional assay to atalthe chelating
properties. The complexation ability of the new gomunds towards Gliwas studied by UV-vis
spectroscopy and the most interesting results Weastrated in Figure 2. The GA-hybrids induced
the most marked isosbestic shift of the maximunogiign upon the addition of Cuglsuggesting
that compound§&A1-3 form a complex with Ci. Similarly, also derivativesAl andLA2 were
able to induce a moderate isosbestic shift whideaiher new synthesized compounds resulted to be

inactive (data not shown).
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Figure 2.The copper chelating activity of compounds. UV $meof compounds (1QM) alone
(green line), treated with Cu(10uM) (red line), and treated with CuGR0 uM) (blue line).

We then performed a preliminary evaluation on HT&@ viability in order to evaluate the
cytotoxicity of the new molecules using the colcginc MTT [3-(4,5-dimethyl-2-thiazolyl)-2,5-
diphenyl-2H-tetrazolium bromide] assay (Figure I8h cytotoxic effects were observed for gallic
acid derivative GA2 and for lipoic acid hybridsLAl, LA2, LA3 at 30, 50 and 1QV
concentrations whereas analogiedl and GA3 appeared to be cytotoxic only at the highest

concentrations (10QM). On the contrary CCA-derivatives showed to béotoxic, in particular

CAZ2 induced a cytotoxic effect at the lowest concemna(30uM).
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Figure 3. Cell toxicity of tested compounds on HT2Zells. Cells were treated with tested
compounds fq*r* 24h, then cell viability was deteredirusing the MTT assay (n = 3P < 0.05
versus control; P < 0.001 versus control.



The neuroprotective effects of the new moleculesewested in HT22 cell against glutamate-
induced neuronal death, at different concentrati®slO0 and 3QuM). As reported in Figure 4,
compoundsGA1 andCA2 produced a significant neuroprotection atpMd while compoundsA2
displayed an appreciable neuroprotective effecty oat the higher concentration (34@).
Derivatives GA3, CA1, CA3, LAl, LA2 and LA3 resulted to be inactive in this model of

neurotoxicity.
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Figure 4. Neuroprotective effects of tested compounds on HF&RB. After pretreated with tested
compounds for 30 min, cell were inc*ubated withuld glutamate for 24 h. Cell viability was
determined using the MTT assay (n = 3)P< 0.001 versus contrdf*P< 0.001 versus glutamate-
treated group.

For the most active compounds described hereinevieymed a PAMPA-BBB assay to evaluate
the ability of the compounds to cross the BBB. Thithod developed by Di et al.[26] is capable of
measuring the permeability by passive diffusionsofall molecules through an artificial lipid
membrane. This assay allowed us to classify eadiidsyas BBB permeable (CNS+) or BBB
impermeable (CNS-). Results indicated that galticl alerivativesGA2, GA3 and lipoic hybrids
LAL, LA2 andLA3 possessed a high capability to penetrate into rhia lpvalue from 4.86+0.1 for

GA2 to 27.79+1.3 fo,A2) while GA1 showed a slight BBB permeation ability (3.08+0.1).

3. Conclusion



It is increasingly accepted that3Adeposition in the brain as well as the productdrreactive
oxygen species (ROS) and the onset of oxidativesst(OS) are all important features in
Alzheimer's disease (AD). Recently, a great nundfestudies on multi-target ligands have been
published [27-29]. In the present study, we perfeiinthe design and synthesis of new molecules
obtained by the symbiotic combination of rivastigmiskeleton with natural antioxidant agents
such as gallic acid (GA), lipoic acid (LA) and 2romonecarboxylic acid (CCA).The results
discussed here show that this strategy has allavget obtain new compounds with pleiotropic
activities that could provide a useful starting mioto combine the anti-oxidants and anti-
aggregating properties of nature-based agentsthgtanticholinesterase activity of drugs that are
currently used as unique therapeutic tools to #WéatInterestingly, GA2 derivative revealed to be
an effective neuroprotective agent in in vitro glatite-induced neurotoxicity model with a high %
of inhibition of Ab aggregation and an appreciabt@&vengers properties, even if it results to be
avoid of ChE inhibitory activity. On the contrathe lipoic acid hybrid compoundsA1-3 show to

be the most interesting derivatives with pleiotoopctivities. Consequently, further investigations
in different in vitro models will be of help in aigdating the importance of their multitarget prefil

in neuroprotection.
4. EXPERIMENTAL SECTION

4.1 Synthesis and characterization

Melting points were determined on a Kofler hot-stapparatus and are uncorrectétiNMR and

13C NMR spectra of all compounds were obtained wighBruker Advance 400 spectrometer at 400
MHz in a ~2% solution of CDG| CD;OD-d,. Data for'H NMR spectra are reported as follows:
chemical shift§ ppm) (multiplicity, coupling constant (Hz), integion). Multiplicities are reported
as follows: s = singlet, d = doublet, t = triplef, = quartet, m = multiplet, br = broad, or
combinations thereof. Chemical shif§ @re reported in parts per million (ppm) downfiédm
tetramethylsilane and referenced from solvent egfees. ATR-FTIR experiments were conducted
using a Ftir agilent 620 spectrometer equipment wiDLaTGS detector. Spectra were the result of
32 scans with the resolution 4 ¢rin the spectral range of 4000-500triThe 95% purity of tested
compounds was confirmed by combustion analysiso@atographic separation was performed on
silica gel columns by flash (Kieselgel 40, 0.04@83 mm; Merck). Merck gel plates (60 F254)
were used for analytical TLC. UV light was useciamine the spots. Evaporation was performed
in vacuo (rotating evaporator). Sodium sulfate was alwaysduss the drying agent. Commercially

available chemicals were purchased from Sigma-gldri



4.1.1 General procedure for synthesis of compound3A1-3

To a solution of gallic acid (116 mg, 0.68 mmoli)THF (2 mL) was added dropwise a solution of
appropriate amind-3 (0.68 mmoli) andN,N'-Dicyclohexylcarbodiimide (DCC) (62.1 mg, 0.68
mmol) in THF (2 mL). The mixture was stirred 7 hrdt, then, the organic layer was dried and
concentrated.

4.1.1.1 3-(3,4,5-trihydroxybenzamido)phenyl-ethyl (methyl)carbamate GA1. Compound5Al was
synthesized from 3-aminophenyl-ethyl(methyl)carbeemh (132 mg, 0.68 mmol). The crude
product was purified by flash chromatography usitgexane/AcOEt (90:10) as the eluent to give
compoundGA1(94 mg, 0.27 mmol, 40 % yield) as a yellow oil; B805v (O-H of phenol), 1598
(N-H of amide) crit. 'H NMR (CD;OD-dJ) &: 1.18 (t, 1.5 H,) = 6.8 Hz, Me, rotamer); 1.25 (t, 1.5
H, J = 6.8 Hz, Me, rotamer); 2.98 (s, 1.5 H, Me, rotaan®.10 (s, 1.5 H, Me, rotamer); 3.39 (q, 1
H, J=6.8 Hz, CH, rotamer); 3.51 (g, 1 Hl = 6.8 Hz, CH, rotamer); 6.85 (d, 1 H,= 7.2 Hz, Ar);
6.95 (s, 2 H, Ar); 7.30-7.34 (m, 1 H, Ar); 7.47 (H, J = 8.4 Hz, Ar); 7.54 (s, 1H, Ar) ppni’C
NMR (CDsOD-d,) 4: 169.1, 156.3, 153.0, 146.7, 141.2, 138.6, 13028,5, 118.7, 118.4, 115.5,
108.2, 45.1, 34.5 (rotamer), 34.3 (rotamer), 18a(er), 12.6 (rotamer) ppm. Anal.(81sN20g)

C, H, N % Calcd: 58.96 (C), 5.24 (H), 8.09 (N). %uRd: 59.03 (C), 5.09 (H), 8.36 (N).

4.1.1.2 3-((3,4,5-trihydroxybenzamido)methyl)phenyl-ethyl (methyl)carbamate GA2. Compound
GA2 was synthesized from 3-(aminomethyl)phenyl-ethytfnggcarbamate2 (142 mg, 0.68
mmol). The crude product was purified by flash chatography using-Hexane/AcOEt (90:10) as
the eluent to give compouralAl (112 mg, 0.31 mmol, 45 % yield) as a yellow oil; B841v (O-

H of phenol), 1573 (N-H of amide) crit. *H NMR (CD;OD-d,) &: 1.18 (t, 1.5 H,J = 7.0 Hz, Me,
rotamer); 1.25 (t, 1.5 H] =7.0 Hz, Me, rotamer); 2.97 (s, 1.5 H, Me, rotam@r09 (s, 1.5 H, Me,
rotamer); 3.38 (q, 1 Hl = 7.0 Hz, CH, rotamer); 3.47 (q, 1 H,= 7.0 Hz, CH, rotamer); 4.52 (s, 2
H, CH:NH,); 6.88 (s, 2 H, Ar); 6.99 (d, 1 B,= 7.2 Hz, Ar); 7.07 (s, 1 H, Ar); 7.20 (d, 1 BI= 7.6
Hz, Ar); 7.32-7.36 (m, 1 H, Ar) ppnt’C NMR (CD;OD-d,) &: 170.5, 156.4, 152.9, 146.8, 142.2,
138.7, 130.4, 125.6, 125.5, 121.9, 121.5, 107.81,464.0, 34.5 (rotamer), 34.3 (rotamer), 13.4
(rotamer), 12.6 (rotamer) ppm. Anal.168,0N>0g) C, H, N % Calcd: 59.99 (C), 5.59 (H), 7.77 (N).
% Found: 60.13 (C), 5.48 (H), 7.95 (N).

4.1.1.3 3-(2-(3,4,5-trihydroxybenzamido)ethyl)phenyl-ethyl (methyl)carbamate GA3. Compound
GAS3 was synthesized from 3-(2-aminoethyl)phenyl-ethgtiimyl)carbamat& (131mg, 0.68 mmol).
The crude product was purified by flash chromatphya using n-Hexane/AcOEt/MeOH
(90:10:0.4) as the eluent to give compo@W3 (107 mg, 0.29 mmol, 42 % vyield) as a yellow oil;



IR: 3325v (O-H of phenol), 1603 (N-H of amide) crit. *H NMR (CD;OD-d,) §: 1.17 (t, 1.5 H,)

= 7.2 Hz, Me, rotamer); 1.24 (t, 1.5 Bl= 7.2 Hz, Me, rotamer); 2.89 (t, 2 bH,= 6.4 Hz, CH);
2.97 (s, 1.5 H, Me, rotamer); 3.05 (t, 2Hs 6.4 Hz, CH); 3.09 (s, 1.5 H, Me, rotamer); 3.44 (q, 1
H,J=7.2 Hz, CH, rotamer); 3.52 (q, 1 H, = 7.2 Hz, CH, rotamer); 6.95 (d, 1 H,= 8.4 Hz, Ar);
6.99 (s, 1 H, Ar) 7.06 (s, 2 H, Ar); 7.08 (d, 1 Hz 7.6 Hz, Ar); 7.28-7.32 (m, 1 H, Ar) ppriC
NMR (CDsOD-dy) 6: 171.1, 156.4, 153.0, 146.3, 142.0, 139.2, 13024,0, 123.4, 123.0, 120.9,
110.2, 56.1, 45.2, 34.5 (rotamer), 34.3 (rotam&8)P, 13.4 (rotamer), 12.6 (rotamer) ppm. Anal.
(C19H22N206) C, H, N % Calcd: 60.95 (C), 5.92 (H), 7.48 (N).Péund: 61.10 (C), 6.21 (H), 7.33

(N).
4.1.2 General procedure for synthesis of compound1-3

A suspension of lipoic acid (128 mg, 0.62 mmol) D&M (3.0 mL), under KN atmosphere, was
cooled to 0 °C and treated with thionyl chlorideD@OmL, 0.99 mmol). The mixture was stirred at 0
°C for 4 h, then the solvent was removed under gedipressure to give the acid chloride as a
yellow solid. A solution of the acid chloride in IMC(2.0 mL) was added to a solution of the
appropriate aminé-3 (0.52 mmol) and EN (0.07 mL, 0.52 mmol) in DCM (2.0 mL), cooled to O
°C. The mixture was stirred at 0 °C for 4 h, dititeith DCM and washed with saturated aqueous

NaHCG;. The organic phase was dried ovep8{@, and the solvent evaporated.

4.1.2.1. 3-{[5-(1,2-dithiolan-3-yl)pentanoyl]amino}phenyl-ethyl (methyl)car bamate LAL.
CompoundLAl was synthesized from 3-aminophenyl-ethyl(methyheanatel (100 mg, 0.52
mmol). The crude product was purified by flash chatography using CHgMeOH (98:2) as the
eluent to give compounidAl (86 mg, 0.26 mmol, 50 % yield) as a yellow dH NMR (CDCL) &:
1.19 (t, 1.5 HJ = 7.0 Hz, Me, rotamer), 1.24 (t, 1.5 H+ 7.0 Hz, Me, rotamer), 1.41-1.52 (m, 2 H,
CH,), 1.61-1.74 (m, 4 H, CH}, 1.86-1.94 (m, 1 H, CH 2.21 (t, 2 HJ = 7.2 Hz, CH), 2.41-2.49
(m, 1 H, CH), 2.99 (s, 1.5 H, Me, rotamer), 3.06 (s, 1.5 H, kieamer), 3.07-3.20 (m, 2 H, GH
3.38-3.49 (m, 2 H, C}), 3.53-3.60 (m, 1 H, CH), 6.76 (d, 1 Bi 7.6 Hz, Ar), 7.00-7.04 (m, 1 H,
Ar), 7.14-7.18 (m, 1 H, Ar), 7.43 (s, 1 H, Ar), 8.9br d, 1 HJ = 6.4 Hz, NH) ppm*C NMR
(CDCls) 0: 171.4, 155.1, 155.0, 151.6, 139.5, 129.2, 11K19,1, 56.5, 44.3, 40.3, 38.6, 37.0, 34.8,
34.4 (CH, rotamer), 34.0 (CEl rotamer), 29.0, 25.2, 13.3 (GHotamer), 12.6 (Ckl rotamer)
ppm. Anal. (GgH26N20sS;) C, H, N, S % Calcd: 56.51 (C), 6.85 (H), 7.32,(1.76 (S). % Found:
56.23 (C), 7.09 (H), 7.36 (N), 16.89 (S).

4.1.2.2. 3-({[5-(1,2-dithiolan-3-yl)pentanoyl]amino}methyl ) phenyl -ethyl (methyl)carbamate LA2.
CompoundLA2 was synthesized from 3-(aminomethyl)phenyl-ethytfiggcarbamate (108 mg,



0.52 mmol). The crude product was purified by flashbomatography using CHZMeOH (98:2) to
give compound.A2 (88.0 mg, 0.25 mmol, 49 % yield) as a yellow &i;NMR (CDCk) &: 1.17 (t,
1.5 H,J=7.0 Hz, Me, rotamer), 1.22 (t, 1.5 H7 7.0 Hz, Me, rotamer), 1.39-1.51 (m, 2 H, LH
1.60-1.72 (m, 4 H, C§), 1.84-1.91 (m, 1 H, ChHi 2.19 (t, 2 HJ = 7.4 Hz, CH), 2.39—2.47 (m, 1
H, CH), 2.96 (s, 1.5 H, Me, rotamer), 3.05 (s, 1.5 H, ké¢amer), 3.07-3.19 (m, 2 H, G}13.38
(9, 1 H,J=7.0 Hz, CH, rotamer), 3.45 (g, 1 H,= 7.0 Hz, CH, rotamer), 3.51-3.58 (m, 1 H, CH),
4.37 (d, 2 HJ=5.6 Hz, CHINH), 6.02 (br s, 1 H, NH), 6.97-7.03 (m, 2 H, Af)07 (d, 1L HJ=7.6
Hz, Ar), 7.26-7.3 (m, 1 H, Ar) ppmi®C NMR (CDCE) &: 172.7, 154.5, 151.9, 139.8, 129.7, 124.8,
121.4, 121.1, 56.5, 44.3, 43.5, 40.4, 38.6, 36468,334.4 (CH, rotamer), 34.0 (CH, rotamer),
29.0, 25.5, 13.4 (Me, rotamer), 12.6 (Me, rotanpgm. Anal. (GoH2sN203S,) C, H, N, S % Calcd:
57.54 (C), 7.12 (H), 7.06 (N), 16.17 (S). % Foubd:23 (C), 7.31 (H), 7.20 (N), 16.33 (S).

4.1.2.3. 3-(2-{[5-(1,2-dithiolan-3-yl)pentanoyl]amino}ethyl ) phenyl-ethyl (methyl)carbamate LAS.
Compound_A3 was synthesized from 3-(2-aminoethyl)phenyl-ethglmyl)carbamat& (94.0 mg,
0.52 mmol). The crude product was purified by flashbomatography using CH{ZMeOH (98:2) to
give compound.A3 (110 mg, 0.27 mmol, 52 % vyield) as a pale yelloly b1 NMR (CDCE) &:
1.18 (t, 1.5 HJ = 7.2 Hz, Me, rotamer), 1.23 (t, 1.5 Hz 7.2 Hz, Me, rotamer), 1.41-1.45 (m, 2H,
CHy), 1.60-1.68 (m, 4H, C}J, 1.88-1.91 (m, 1H, C}), 2.13 (t, 2HJ = 7.6 Hz, CH), 2.40-2.49 (m,
1H, CH,), 2.80 (t, 2HJ = 6.8 Hz, CH), 2.98 (s, 1.5 H, Me, rotamer), 3.06 (s, 1.5 H, ktkamer),
3.09-3.19 (m, 2H, C}), 3.39-3.59 (m, 5H, CH, CHi 6.94-7.01 (m, 3H, Ar), 7.26-7.30 (m, 1H, Ar)
ppm. *C NMR(CDCE) &: 173.0, 151.8, 140.5, 129.4, 129.6, 125.8, 1228,0, 56.6, 44.3, 40.4
(CHg, rotamer), 40.4 (CkK rotamer), 38.6, 36.5, 35.6, 34.8 (Me, rotamef)43Me, rotamer), 34.0,
29.8, 29.0, 13.4, 12.7 ppm. Anal.,(830N>03S;) C, H, N % Calcd: 58.50 (C), 7.36 (H), 6.82 (N),
15.62 (S). % Found: 58.77 (C), 7.45 (H), 6.92 (19,81 (S).

4.1.3. General procedure for synthesis of compound3A1-3

To a stirred solution of Chromone-2-carboxylicda¢98 mg, 0.51 mmol) and (Benzotriazol-1-
yloxy)tris(dimethylamino)phosphonium hexafluoroppbate (296 mg, 0.60 mmol) in DCM (8.0
mL) were added the appropriate amih& (100 mg, 0.51 mmol) and thensBt (0.20 ml). The
resulting mixture was stirred at r.t. for 12 h, rthié was diluted with DCM and washed with a
solution of HCI 10%, NaHC@0.5M and water. The organic layer was dried ovaiSQ®, and the

solvent evaporated.

4.1.3.1 3-{[(4-oxo-4H-chromen-2-yl)carbonyl]amino}phenyl-ethyl(methyl)carbamate =~ CAL.
CompoundCA1l was synthesized from 3-aminophenyl-ethyl(methybeanatel (70 mg, 0.31



mmol). The crude product was purified by flash chatography using CHgMeOH (98:2) as the
eluent to give compoun@A1(53 mg, 0.15 mmol, 47 % yield) as a white solidpni55-160 °CH
NMR (CDCk) &: 1.19-1.27 (m, 3 H, Me); 3.01 (s, 1.5 H, Me, ro&mn 3.08 (s, 1.5 H, Me,
rotamer); 3.40-3.52 (m, 2H, GH 6.94-6.98 (m, 1 H, Ar); 7.37 (dd, 18 = 8.4, 8.0 Hz, Ar); 7.48-
7.54 (m, 2H, Ar); 7.59-7.62 (m, 2 H, Ar); 7.79 (dH, J = 8.0, 7.6 Hz, Ar); 8.25 (d, 1H,= 8.0
Hz, Ar); 8.63 (s, 1H, Ar) ppm**C NMR (CDCk) &: 178.1; 157.1; 155.3; 154.5; 152.2; 137.2;
134.9; 130.0; 126.4; 126.3; 124.5; 119.1; 119.@B.21117.3; 114.4; 112.9; 44.3; 34.4 (rotamer);
34.00 (rotamer); 13.4 (rotamer); 12.6 (rotamer) ppmal. (GoH1sN20s) C, H, N % Calcd: 65.57
(C), 4.95 (H), 7.65 (N). % Found: 65.79 (C), 4.88,(7.96 (N).

4.1.3.2 3-({[(4-ox0-4H-chromen-2-yl)car bonyl]amino}methyl) phenyl-ethyl (methyl)carbamate
CA2. CompoundCA2 was synthesized from 3-(aminomethyl)phenyl-ethytfiggcarbamate (65
mg, 0.31 mmol). The crude product was purified ash chromatography using CHGlleOH
(95:5) as the eluent to give compouBA2 (41 mg, 0.11 mmol, 35 % vyield); m.p. 165-170 *8.
NMR (CDCk) &: 1.17-1.26 (m, 3 H, Me); 2.98 (s, 1.5 H, Me, roeam 3.06 (s, 1.5 H, Me,
rotamer); 3.41 (q, 1H] = 6.8 Hz, CH, rotamer); 3.47 (q, 1H] = 6.8 Hz, CH, rotamer); 4.65 (d,
2H,J = 6.0 Hz, CH); 7.05-7.10 (m, 1H, Ar); 7.11-7.14 (m, 1H, Ar)20-7.22 (m, 2H, Ar); 7.37 (t,
1H, J = 8.0 Hz, Ar); 7.43-7.47 (m, 1H, Ar); 7.52 (d, 1Bi= 8.0 Hz, Ar); 7.70-7.74 (m, 1H, Ar);
8.22 (dd, 1HJ = 8.0, 1.6 Hz, Ar) ppm:C NMR (CDC}) &: 178.3; 159.4; 155.4; 154.7; 152.0;
138.5; 134.7; 129.9; 126.1; 126.1; 125.0; 124.41.12121.6; 118.3; 112.5; 44.2; 43.7; 34.4
(rotamer); 34.0 (rotamer); 13.3 (rotamer); 12.6tgneer) ppm. Anal. (&H20N20s) C, H, N %
Calcd: 66.31 (C), 5.30 (H), 7.36 (N). % Found: 66(6), 5.46 (H), 7.39 (N).

4.1.3.3. 3-({[ (4-ox0-4H-chromen-2-yl)car bonyl]amino}ethyl) phenyl-ethyl (methyl)car bamate
CA3. CompoundCA3 was synthesized from 3-(aminoethyl)phenyl-ethylmbtarbamate3 (69
mg, 0.31 mmol). The crude product was purified kashH chromatography using CHG/leOH
(98:2) as the eluent to give compoudd3 (55 mg, 0.14 mmol, 45 % yield) as a white solidpm.
134-139 °C NMR (CDCk) &: 1.13 (t, 1.5H,J = 7.2 Hz, Me, rotamer); 1.21 (t, 1.581= 7.2 Hz,
Me, rotamer); 2.92-2.95 (m, 2H, GH2.93 (s, 1.5 H, Me, rotamer); 3.04 (s, 1.5 H, Motamer);
3.33(q, 1HJ = 7.2 Hz, CH, rotamer); 3.42 (q, 1Hl = 7.2 Hz, CH, rotamer); 3.72 (q, 2H = 6.8
Hz, CHy); 7.00-7.02 (m, 2H, Ar); 7.06 (d, 1H,= 7.6 Hz, Ar); 7.14-7.18 (m, 2H, Ar, NH); 7.31 (dd
1H,J = 7.6, 8.0 Hz, Ar); 7.40 (dd, 1H,= 7.6, 8.0 Hz, Ar); 7.51 (d, 1H,= 8.4 Hz, Ar); 7.68 (t,
1H, J = 8.4 Hz, Ar); 8.17 (dd, 1H] = 7.6, 1.6 Hz, Ar) ppm*°*C NMR (CDCk) &: 178.3; 159.4;
155.4; 154.8; 151.9; 139.9; 134.5; 129.7; 126.(.02125.8; 124.4; 122.5; 122.5; 120.3; 118.5;
112.1; 44.2; 41.0; 35.3; 34.3 (rotamer) 33.9 (raBml13.3 (rotamer); 12.5 (rotamer) ppm. Anal.



(C22H22N20s) C, H, N % Calcd: 66.99 (C), 5.62 (H), 7.10 (N).Réund: 66.82 (C), 5.55 (H), 7.16
(N).

Supporting information

*Experimental procedures covering the spectraftaxttarization of compoundsAl-3, LA1-3 and
CAL1-3 and the biological methods.
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Highlights

1. A symbiotic combination of rivastigmine skeleton with natural antioxidant agents has been
performed

2. The ChEs inhibitory activity as well asthe % inhibition of Ab-aggregation were evaluated
3. LA2 and CA2 showed high scavenger properties and a good BBB permeability in PAMPA
assay.

5. GA1 and CA2 produced a significant neuroprotection at 10 uM



