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ABSTRACT

To date, drugs that hit a single target are inadexjtor the treatment of neurodegenerative
diseases, such as Alzheimer's or Parkinson’s diseathe development of multitarget
ligands, able to interact with the different patga/anvolved in the progession of these
disorders, represents a great challenge for medichemists.

In this context, we report here the synthesis amdodpical evaluation of phenol-lipoyl
hybrids SV1-13, obtained via a linking strategy, to take advgataf the synergistic effect
due to the antioxidant portions and anti-amyloidparties of the single constituents present
in the hybrid molecule. Biological results showd@ttSV5 and SV10 possessed the best
protective activity against .42 induced neurotoxicity in differentiated SH-SY5YIseSV9
and SV10 showed remarkable antioxidant properties due & thbility to counteract the
damage caused by,8, in SHSY-5Y-treated cells. HoveweBV5, showing moderate
antioxidant and good neuroprotective activitiessuteed the best candidate for further

experiments since it also resulted stable both Isitad and plasma fluids.



INTRODUCTION

Alzheimer’'s Disease (AD) is a progressive neurodegative disorder characterized by
several pathological hallmarks: deposition of Aligomers, neurofibrillary tangles, and
hyperphosphorylated tau proteins which lead to tdssemory and cognitive impairment [1,
2]. The etiology of AD is not yet clear, but it eégrtain that the simultaneous presence of
oxidative stress, metal dishomeostasis, neuroimfation, and proteins accumulation
contribute to the development of the disorder [B). date, the current pharmacological
treatment (Acetylcholinesterase inhibitors and NymkB-aspartate antagonist) is only
symptomatic so there is no effective cure to redurdaock the progression of AD [4].
Recently, natural compounds gained much attentortheir intrinsic therapeutic potential
[5]. In this context, phenolic acids, such as daffa ferulic acids, are strong antioxidants
able to scavenge reactive oxygen species (ROS) thdscing oxidative damage that
characterizes AD [6-10]. Notably, like other polgpiols, they can interfere with the
deposition of the amyloid peptide destabilizing fheheet conformation im vitro models of
AD [11-13].

Although lipoic acid (LA) and its reduced form (gidrolipoic acid, DHLA) are structurally
different from polyphenols, they can act as muitdiional antioxidant against ROS and
chelator for metal ions such as zinc or copper lrea in the pathogenesis of AD [14].
Moreover, they increase the level of reduced dghibate, downregulate the inflammatory
process, scavenge lipid peroxidation products, iantkase acetylcholinesterase production
by activation of choline acetyltransferase [15].

Small molecules targetingAand ROS concurrently could be effective in thevention
and/or treatment of AD. In our previous papers wported the design and synthesis of
different lipoyl hybrids as multifunctional agentsr management of neurodegenerative

diseases [16-17]. Hybrid molecules can be obtabelinking two or more pharmacophoric



portions into a single compound able to intera¢chwnultiple targets [18}-Mereever-hybrids

Recently, hybrid compounds combining polyphenold lpoic acid have been reported in

the literature acting as selective butyrylcholieesse (BuChE) inhibitoran enzyme which,
along with acetylcholinesterase (AChE), has an ngmb role in the development and
progression of AD [19-22].

Based on these data, our study describes the gewnetd of phenol-lipoyl hybridsSV1-13

via a linking strategy (Figure 1). Thdnenol-lipoyl hybrids differ by a) the phenolic d@nd

b) the linkage between the two units; since thegoiiporate antioxidant and anti-amyloid
portions,SV1-13could provide a synergistic effect against therodegenerative process in
patients affected by AD. The polyamines were chaserinkers for two main reasons: a)
they were recently proposed as universal templatetife design of multitarget-directed
ligands for the managemnet of multifactorial ne@geherative diseases, such as
Alzheimer’s disease [23]; b) pharmacological evien reported that polyamines exerts
beneficial effects on learning and memory in therdpeutic approach of cognitive
pathologies [24].

Thus, the synthesis and vitro capabilities 0fSV1-13 against neurotoxicity and apoptosis
induced by #i.4 in SHSY-5Y neuroblastoma cells were analysed. Théoxdant
properties of SV hybrids were also investigated satering the presence of different
antioxidant portions in each hybrid. Final§y1-13were also subjected to stability studies in

simulated gastric, intestinal, and plasma fluids.
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Figure 1. Design strategy towards phenolic acid — lipoic dgitdrids SV1-13.

RESULTS AND DISCUSSION

Synthesis of SV1-13

Phenol-lipoyl hybrids$V1-13 were synthesized following a sequence of reastuepicted
in Schemes 1-4. Several Boc-aminoalcohols and Bamides2a-g, prepared as previously
described [25-28], were used as linkers (Schem&s The 3,4-Dimethoxyphenylacetic acid
(1) was coupled to the suitable Boc-aminoalcoh®é 2c, or 2f) or Boc-diaminesZ4b, 2d, or
26¢) in the presence of 1-ethyl-3-(3-dimethylaminopi¢garbodiimide hydrochloride
(EDCHCI) and catalytic amount of 4-dimetylaminopyridif® MAP) to obtain ester
derivatives3a, 3c, and3f or 1-hydroxybenzotriazole (HOBt) to afford amiderigtatives 3b,
3d, and3g respectively. Mild TFA-mediated removal of thedBgroup followed by coupling

with (z) o-lipoic acid resulted in hybridda-b, 4e-f, and SV1-2 Removal of di-methoxy



groups with boron trifluoride dimethylsulfide corepl (BFsSMe,) provided lipoyl hybrids

SV7-10andSV12-13in good yields.

Scheme 1Synthesis 06V1-2, 8-10, 12-13
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SV1X=0,n=1 SV12X=0,n=1
Sv2X=N,n=1 SV9X=N,n=1
4eX=N,n=2 SV8X=Nn=2
4X=0,n=3 SV10X=0,n=3

Reagents and reaction conditions2d), 2c,or 2f, EDCHCI, 10% DMAP, CHCl,, 0°C— rt, 18 h, o2b, 2d, 2¢
or 2g, HOBt, CH,Cl,, 0C— rt, 18 h; i) 5%TFA/CH,Cl,, 0C— rt, 1.5 h; iii) EDCHCI, lipoic acid, TEAHOBt,

CH,Cl,, 0.5% cysteine, C— tt, 18 h; iv) BF3SMe, CH,Cl,, 0C— rt, 22 h.

For the synthesis ddV4 (Scheme 2), caffeic acil was transformed to the corresponding
dimethoxy derivative6 using dimethylsulfate [29]. Standard acylationctem using the
linker 2e in the presence of EDIECI gave the derivativ€e Boc group deprotection with

5%TFA/CH,CI, followed by coupling with lipoic acid furnisheaV4 in good yield.

Scheme 2Synthesis 06V4
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Reagents and reaction conditions: i) Dimethyl galf&laOH, HO, rt, 18 h; ii) 2e EDCHCI, HOBt, CH,Cl,,
0'C— rt, 18 h; iii) 5%TFA/CH,Cl,, 0C— rt, 1.5 h; iv) EDCHCI, lipoic acid, TEA, HOBt, CH,Cl,, 0.5%

cysteine, 0C— rt, 18 h.

In a similar manner, starting from ferulic aédhybridsSV5-6 were obtained in satisfactory
yields (Scheme 3). Following the same syntheticg@dore SV3 andSV11were synthetized
as reported in Scheme 4.

Scheme 3Synthesis 05V5-6
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Reagents and reaction conditions2f) or 2d, EDCHCI, HOBt, CH,Cl,, 0C— rt, 18 h; ii) 5%TFA/CH,Cl,,

0'C— rt, 1.5 h; iii) EDCHCI, lipoic acid, TEAHOBt, CH,Cl,, 0.5% cysteine, C— rt, 18 h.

Scheme 4Synthesis 06V3andSV11
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Reagents and reaction conditions: i) EBCI, HOBt, CH,Cl,, 0C— rt, 18 h; ii) 5%TFA/CH,Cl,, 0C— rt, 1.5

h; iii) EDCHCI, lipoic acid, TEA,HOBt, CH,Cl,, 0.5% cysteine, C— rt, 18 h; iv) B SMe, CH,Cl,, 0C— rt,

22 h.

The structure of all synthesized compounds wasimoeél by *H-, **C-NMR and Mass
spectrometry. The purity of the new hybrid compaumghs verified by HPLC analysis and

was found > 95% (Supporting Information).

Physico-chemical characterization of SV1-13

Physico-chemical properties of all synthetiz8d1-13 were analyzed by HPLC. Results
showed that all hybrids possessed a poor watembiibjueven if derivatives with free
catechol groups resulted slightly water-soluble parad to compounds with the protected
catechol ring (Table 1). Moreover, poor water-stdulybridsSV1-5 showed LogP values
higher than 3 suggesting that these compounds wte bpophilic while hybridsSV7-9

showing LogP values lower than 2, could be betvspebed by gastrointestinal tract [30].



Table 1.Physicochemical properties 8% 1-13.

Compound Water Solubility (mg/mL)? Classificatior? cLogP
Sv1 0.110 (+ 0.001) VSS 3.63
Sv2 0.042 (£ 0.002) Pl 2.73
Sv3 0.010 (+ 0.003) Pl 3.95
SvV4 - Pl 3.33
SV5 0.049 (£ 0.002) Pl 3.19
SV 6 0.023 (£ 0.001) Pl 2.92
SvV7 2.688 (+ 0.026) SS 1.59
Sv8 0.081 (+ 0.001) Pl 1.29
SV9 0.235 (£ 0.010) VSS 1.81

SV 10 - Pl 2.95

Svii 2.484 (£ 0.017) SS 2.49
SV 12 0.933 (+ 0.087) VSS 2.71
SV 13 0.736 (+ 0.002) VSS 2.43

3/alues are means of three experiments, standardtitevis given in parenthesé&sS (Freely Soluble), S
(Soluble), SPS (Sparingly Soluble), SS (Slightijubte), VSS (Very Slightly Soluble), Pl (Practigall

Insoluble);*Values are calculated with ACD LogP software paekagrsion 4.55.

Stability studies performed in simulated gastriadl(SGF) at pH 1.2 in presence of pepsin
revealed thaBV2 andSV5-7 are the most stable compounds (Table 2). Simdswlts were
obtained in simulated intestinal fluid (SIF) at pE8 suggesting that these hybrids, containing
two amide bonds and a double bo®¥V/5-6), are hardly attackable by proteolytic enzymes
(Table 2). Plasma stability studies confirmed ¢heésata (Table 3). On the other hand, hybrids
SV1, SV10-13were not very stable at pH 1.2 and underwent toeghate hydrolysis in SIF

at pH 6.8 (Table 2). Probably, the introductioraafester bond between the catechol residue
and the linker is detrimental for the stabilitytbe compounds. In human plasma the same
hybrids showed a half-life less than 1 h suggedtiag) they do not possess physico-chemical
properties suitable for further studies (Table 3he structure-activity relationships
highlighted the larger effect of the amide bondtloa stability of the hybrids than the ester

junction.



Table 2. Stability of SV 1-13 in simulated gastric fluid at pH 1.2 (SGF) andntestinal fluid at pH 6.8 (SIF) witRepsin and Pancrea

respectively.
Time
point Svi SV2 Sv3 Sv4 SV5 SV6 SV7 Sv8 SV9 SV10 SV1isvl2 Ssvi3
(min)
0 - - - - - - - - - - - - -
15.23 2.90 5.60 4.67 0.36 0.25 0.63 10.37 15.27 4521 12.34
35.42 72.4
15 (= (* (* (* (* (€2 (* (* (€2 (€2 (€2
(£0.76) (+0.64)
0.53) 0.03) 0.34) 0.19) 0.01) 0.01) 0.02) 0.94) 0.14) 0.84) 0.88)
35.89 1.89 7.35 8.23 0.43 128 0.99 37.63 47.45 63.52 46.72
SGF 79.35 86.54
30 (= (€= (= (= (= (€= (= (= (= (€= (€=
(£ 0.40) (£ 0.63)
0.75) 0.56) 0.24) 0.53) 0.02) 0.06) 0.01) 0.74) 0.15) 0.54) 0.71)
60.98 4.03 30.76 22.16 1.78 345 274 57.89 65.48 78.90 67.34
100 100
60 (= (€= (€= (€= (= (= (= (= (= (= (=
(£ 0.05) (£ 0.50)
0.53) 0.38) 0.82) 0.99) 0.76) 0.54) 0.15) 0.65) 0.15) 0.75) 0.82)
0 - - - - A - - - - -
045 12.01 3 0.54 252 189 150 5.60 3.87 2.50
15 (= (= (= (€= (€= (= (= (= (= (=
0.07) 0.86) 0.89) 0.01) 0.62) 0.03) 0.07) 0.36) 0.19) 0.08)
0.73 21.06 3.64 0.86 3.01 217 20.44 30.40 45.89 35.40
30 (€= (= (= (= (= (= (= (= (= (€=
0.21) 0.95) 0.27) 0.05) 0.21) 0.04) 0.87) 0.17) 0.75) 0.49)
Immediatt 0.90 Immediatt Immediat
SIF 27.20 11.79 1.04 5.20 4.02 42.70 56.30 60.78 54.62
60 hydrolysis ( hydrolysis hydrolysis
(+0.50) (#0.23) (+0.45) (+0.20) (+0.30)+0.05)(+0.09) (£0.42) (+0.60)
0.01)
132 3138 2221 2.50 415 3.78 63.00 70.00 89.78 70.45
120 (€= (€= (€= (= (= (= (= (= (= (€=
0.09) 0.50) 0.81) 0.09) 0.28) 0.17) 0.86) 0.16) 0.92) 0.84)
2.09 4030 34.75 3.46 480 4.32 88.91 90.20 100 100
180 (= (= (= (= (= (= (= (= (€= (€=
0.11) 0.75) 0.86) 0.04) 0.37) 0.20) 0.86) 0.66) 0.08) 0.47)
aValues are means of three experiments; standaidtitevis given in parentheséaunstable RD% > 5%, stable RD% < 5%.
Table 3. Human plasma stability &V 1-13.
Svi SV2 Sv3 Sv4 SV5 SV6 Sv7 SVv8 SV9  SV10 Svil SVisvi3

10



0.62 17.23 36.44 7237 57.44 2314 1.49 9.21 0.03 2.16 0.75 1.13

> 12
ta(® N - C Y C I I
Human 012 asy 288 145 182 721 035 005 009 002 00D 005
plasma 1.146 0.042 0.019 0.010 0.012 0.031 0.479 0.08 2056 0.32 0.93 0.613
kofS(h - E o E E e @
.
0.224) 0.012) 0.002) 0.001) 0.001) 0.010) 0.117) 0.001) 2.631) 0.004) 0.003) 0.025)

#Values are means of three experiments; standaidti®vis given in parentheses.

Biological studies

Effect 0fSV1-13 on neurotoxicity induced bysfs.in SH-SY5Y cells.

In the current study, we aimed to test the proteceffects ofSV1-13 on AB-induced
differentiated SH-SY5Y cell death. First, as a pnelary study, the toxicity o6V1-13on
SH-SY5Y cells was investigated in a wide range @fiaentrations (1-250 mg/L). Results
showed that they did not cause any significanttoyioity compared to control cells (Fihure
1S). Afterwards, we examined the protective effaft$SV1-13 on viability of SHSY-5Y
cells exposed to fy-42, a pathogenic inducer of AD. Based on our previstusly [31], the
viability of differentiated SH-SY5Y cells decreasetth increasing concentration offifs2,
and the 50% decrease in cell proliferation wasrdeteed when treated with 20M of AB,-

42. Therefore, this concentration was used in alksghent experiments.

The viability of differentiated SH-SY5Y cells wagtérmined using 3-(4,5-dimethylthiazol-
2-y)-2,5- diphenyltetrazolium bromide (MTT). Theelt viability was elevated in a
concentration-dependent manner when the cells, sexpto A1.42, were treated with SV
hybrids. Similar results were obtained using lact@d¢hydrogenase (LDH). Figure 2 shows
that the increased cytotoxicity in the cells expbs® AB1.4> Was decreased after treatment
with SV hybrids. These results indicated that thesmpounds have exhibited different
protection levels on cellular toxicity caused bf:14,. Based on these da®y?2, SV3, SV5,

SV9, andSV10 were chosen for further biological experiments ttuéheir higher potential

11



protective activity against .42 induced neurotoxicity in differentiated SH-SY5Y lIse

(Figure 2).

120 4 OMTT ELDH

Cell viability (as %)

Ctrl-  Ctrl+ AB 1 10 25 50 100 250 1 10 25 50 100 250
ABysy - - + + + + + + + + + + + + +

SV-2 (mg/L) SV-3 (mg/L)

120 OMIT  mLDH

Ctrl- Ctrl+  AB 1 10 25 50 100 250 1 10 25 50 100 250 1 10 25 50 100 250
- - +

+ + + + + + + + + + + + + + + + + +

SV-5 (mg/L) SV-9 (mg/L) SV-10 (mg/L)
Figure 2. The neuroprotective effects of SV derivatives aghif3;_4, at a concentration of 20M was
examined by MTT and LDH assay. Values are showthaspercentage of cell viability and represented as

mean = SEM of five independent experiments. **p.801; *p = 0.05; n.s. p > 0.05.

Effect ofSV2, SV3, SV5, SV9, andSV10 on A8 42-induced apoptosis in SH-SYS5Y cells
Because of their neuroprotective activity op1A--induced cell deatt§V2, SV3, SV5, SV9,
andSV10were chosen for further studies. To examine tiact on the apoptotic cell death
of SH-SY5Y cells, Hoechst 33258 staining was penkeal to reveal DNA fragmentation or
chromatin condensation. The blue stained cellgr &kposure to By-42 With or without SV
hybrids for 48 h, were reported in Figure 3. Thiésce the control group (Panel A) have
regular shape while exposure t@:A, significantly affect their morphology includingeh

presence of condensed chromatin (seen as a brigh} bnd fragmented nuclear DNA

12



(observed as blue spots) (Panel B). On the conti@gmentation and condensation of DNA

were decreased when the cells exposed figsAplus SV hybrids, particularly wittsV2

(Panel C)SV5 (Panel E), an&V10(Panel G).

Figure 3. SH-SY5Y cells stained with Hoechst 33258 showing ttie antiapoptotic effects of SV derivatives
against A;_4,(20uM). A) Control,B) AB1_45 C) AB1_42+ SV2, D) AB1_4o+ SV3, E) AB1_so+ SV5, F) AB1an+

SV9, G) AB1_4+ SV1G Original magnification, x 200.

Furthermore, the effect &Vv2, SV3, SV5, SV9, andSV10on apoptotic cell death caused by
APi-42 In differentiated SH-SY5Y cells was assessed byekm V-FITC and propidium
iodide (PI) double staining (Figure 4). Cells weéneubated with 8;4, with or without
hybrids for 48 h, and then analyzed by flow cytamefAs shown in Figure 4, B .4, caused
an increase in cell death (apoptosis 34.46%, nsc6089%) in SH-SY5Y cells. On the other
hand, SV hybrids provided protection of differeteahSH-SY5Y cells againstfA 42 induced

cell death.

13



Control AB 142 AB 1.4 +5SV2 AB 142 +SV3

10" Tg.59% 3372%| 'O Ti6e% 16.01%] " J160% 15.39%

PI

4 AB 1.4 +SV5 AB 1.4 +SV9 AB 1.4 +SV10

0T 13% aa7%| 0 Tr23% 1372%| 10 roaw 969%

!
y =
2
=
=

" Annexin-V
Figure 4. Representative images of flow cytometry evaluataincell apoptosis after treatment with SV
derivatives against [ 4, (20 uM) induced toxicity in SH-SY5Y cells. The apoptotideavas determined by
annexin V/PI staining. The lower left quadrant presents viable cells (Annexin—YPI —); the lower right
qguadrant Il represents the cells in the early staEgepoptosis (Annexin V+/Pt); the upper left quadrant III
represents the cells in the late stage of apoptésisexin V+/PI +); and the upper right quadrantrBpresents

necrotic cells (Annexin V-/PI +).

Effect of SV2, SV3, SV5, SV9, and SV10 on gene expression profile in SH-SY5Y cells
exposed to A .42

To further explore the mechanism underlying thetqartive effects of SV hybrids onfA>
induced neurotoxicity of differentiated SH-SY5Y Isethe mRNA levels of 12 different AD
related genes were analyzed. Cells were treatdd Afjit.,> with or without SV hybrids and
changes in the gene expression levels of treatésiammpared to control group were shown
in Figure 5. It was observed thapAs, in SH-SY5Y cell line led to an increase in the gen
expressions ofAPOE, NCTSN, APHd PSENEN, APP, TNE; EGFR, MAPT, BDNF,

BACEland a decrease in the gene expressioRS&NandADAM1Q On the other hand, SV

14



hybrids caused different ameliorative changes éngéne expression profile of cells exposed
to ABi1-42. Among all tested SV hybrid§V5 andSV10showed the best activity againgt4.

induced neurotoxicity in SH-SY5Y cells.

Treatment with ABy_,, + SV5 Treatment with AB;4, + SV9 Treatment with AB, 4, + SV10

Figure 5. Gene expression profile in differentiated SH-SY®YItreated witt8V2, SV3, SV5, SV9, andSV10
against .4, (20uM). Up-regulation and down-regulation of each geme represented as a fold-change

relative to untreated cells.

Cytotoxic effects dV2, SV3, SV5, SV9, andSV10 on human whole blood cells

Human whole blood cells were treated w8k'2, SV3, SV5, SV9, andSV10 and tested to
evaluate their potential cytotoxic effects. A widenge of hybrids concentrations were
screened and incubated with the blood cells foh2Zhe cytotoxicity of each hybrid was
determined using both MTT and LDH release assalgs. jositive control, that was treated
with Triton-X and HO, (50 uM), showed the lowest cell viability rates (< 20¥da< 50%,
respectively) as compared to untreated (contrgl ¢eJls. On the contrary, after 24 h of
treatments, the cultures showed excellent viabditgn up to the concentration of 40 of
SV hybrids. Although the minimum cell viability et were observed after treatment with
400 uM of SV3, the determined cell viability rates were stilghér than 70%. Likewise, it

was observed in LDH release assay that a 24 miegdtof blood cells t&V2, SV3, SV5,

15



SV9, andSV10 concentrations led no decrease of the numberatfievicells, whereas there
was a slight reduction in cell viability at the centration of 400uM of SV3 (data not
shown). For all that, this reduction did not reflegtotoxic potential since the observed
values were above 75%. Eventually, the cytotoxiaialysis revealed th&V2, SV3, SV5,

SV9, andSV10hybrids have non-cytotoxic nature on human blogltsc

Antioxidant properties ddVv2, SV3, SV5, SV9, andSV10

SV2, SV3, SV5, SV9, andSV10were also evaluated for their potential antioxidactivity
using TAC assay (Figure 6). Significant differeneese observed in the supporting capacity
of SV hybrids. Maximum % increases of TAC levelsmased in the following ordeSV10
(32.3%) >SV9(26.5 %) >SV5 (6.7 %) >SV2 (4.2 %) >SV3 (2.0 %) as compared to control

(-) level. Ascorbic acid (AA) increased the TAC ébn 10.7%.

16



| 400 (mg/L) W 200 (mg/L) 0O100(mg/L)

@50 (mg/L) u 25 (mg/L) ~12.5 (mg/L)

#6.25 (mg/l) 1=3.12(mg/L) @1.56(mg/L)
0 5 10 15 20 25 30 35

TAC levels (%)

Figure 6. The increases of TAC levels (%) as compared telle¥ control (-) group after treatment with
different concentrations (0-400 mg/L) 82, SV3, SV5, SV9, andSV10 for 72 h in whole blood cultures.

(AA: Ascorbic acid).

Taking account of cell viability rates (> 95%) anesults obatained by TAC assay, two
effective concentrations were selected as 50 ar@ (@ for further cyto-protectivity
evaluations. So, the blood cells were simultangoasiubated with 50 or 100M of selected
SV hybrids and b, to reveal whether these derivatives conferred prptection against
oxidative damages of cells. Blood cells treatedwitO, caused 56.9% and 52.2% decreases
in cell viability when compared to control (-) ratdMTT and LDH release assays),
respectively. HoweverSV2, SV3, SV5, SV9, and SV10 led to improvement of the cell

viability. A clear concentration-dependent cytotpaion was monitored, and the cell
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viability was increased between the ranges of 4hd 86.8% by SV hybrids indicating 0.5
and 42.0% recovery from J,-induced cell death in MTT analysis. Similarly, tiell
viability was increased between the ranges of 48289.3% by SV hybrids indicating 0.4%
and 41.5% recovery from J,-induced cell death in LDH release analysis (Figtrand

Table 1S).

amTT mLDH
120

F 100 i 5T d
80
60
a0
20
0

Cell viability (as

Ctrl - Ctrl+ 50 100 50 100 50 100 50 100 50 100
H,0,(25 uM) - + + + + + + + + + + +

SV-2 (M) SV-3 (M) SV-5 (uM) SV-9 (uM) SV-10 (uM)

Figure 7. Protective effect 06V2, SV3, SV5, SV9, andSV100n human blood cells against®} induced cell
damage as analyzed by MTT and LDH release asséfysrddt letters in the same column indicate stiatdly

significant differences (P < 0.05) from each otlasranalyzed by Dunnett's multiple comparison test.

Figure 8 reflects the observed TAC levels in c@suafter incubation with selected SV
hybrids and HO,, simultaneously. The TAC levels significantly (p0s05) decreased when
blood cells were treated with,8,. In fact, the exposure to.8, caused 83.3% decrease in
TAC level as compared to untreated cultures. Bytrash with, SV hybrids provided

antioxidative restoration and minimized these dases in clear compound type and
concentration manners. Nominately, @ and 100uM SV3 exhibited the weakest (12.5%
and 29.2%) busV9 andSV10 provided the strongest protection (reaching t@%9.against

H>O--induced oxidative insults.
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Figure 8. The effects of concomitant treatmentsSaf2, SV3, SV5, SV9, or SV10and HO, on TAC levels (as
mmol/L) of cultured human blood cells. Bars witHfelient letters are considered statistically difar (P <

0.05), as analyzed by Dunnett's multiple comparissh

In summary, we reported the synthesis and biolbgharacterization of 13 novel hybrids
containing phenols and lipoic acid as novel mutidiional antioxidants for the development
of potential anti-Alzheimer agents. Taking togeth#rthe obtained data, the present study
demonstrated th&V2, SV3, SV5, SV9, andSV10 derivatives exhibited non-cytotoxic and
cyto-protective actions. Thia vitro assays showed that most of the hybrids had sogmifi

neuroprotective activity against,8y-induced oxidative stress in SHSY-5Y cells. Notably
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SV9 and SV10 showed the highest antioxidant properties but thesulted unstable,
especiallySV10, in simulated fluids and human plasma. In fa@b#ity studies in simulated
and plasma fluids confirmed that the introductidrester bond - between phenolic portion
and the linker $V10 - compared to the amide linkage is detrimentaltiie stability of the
synthetized hybrids.

The best activity against neurotoxicity induced Af;.4> in SHSY-5Y-treated cells was
exhibited bySV5 andSV10, the presence of ferulic and 3,4-dihydoxyphentiacacids as
phenolic portions, respectively BV5 andSV10, represent important structural motifs for a
strong free radical scavenging character and amyieidogenic properties. Hydroxyl groups
of SV hybrids could form non-covalent interactiongh the p-sheet structures interfering
with their assembling.

In conclusion, the moderate antioxidant propemieSV5 (compared t&V9 andSV10 but

its good potential as neuroprotective compound regjafB142 and its high stability in
simulated fluids and human plasma (hal-life > 72 ténder this hybrid a potential
multifunctional candidate for further studies tcetdevelopment of new anti-Alzheimer

agents.

EXPERIMENTAL PART

General. All used reagents were purchased at the higheditgfrom commercial suppliers
and were used without further purification. Reatsiowere monitored by thin-layer
chromatography (TLC) carried out on 0.25 mm silge plates (silica gel 6QF) and
components were visualized by UV light absorbamueification of compounds by column
chromatography was carried out on silica gel (70-&8sh) with the indicated solventsl
and®C spectra were recorded oivarian VXR-300 spectrometer (Varian Medical Systems.,

Palo Alto, CA, USA) *H and*®C spectra are referenced according to the resjuke# of the
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solvent based on literature datdC spectra are fully proton decoupled. ESI masstsilec
analyses were performed on a mass spectrometernidhEinnigan), using direct sample
injection. Negative or positive ion ESI spectra evaicquired by adjusting the needle and
cone voltages accordingly. The spectroscopy andytca data were obtained in the
Laboratory of Organic Chemistry of the University Athens. Analyses indicated by the

symbols of the elements were within + 0.4% of tieotretical values.

General esterification procedure (Method A)

To a stirred solution of the appropriate carboxyéicid (1.00 mmol), Boc-protected
aminoalcohol (1.00 mmol) and DMAP (0.10 mmol) in &1 (5 ml) at 6C, EDGHCI (1.00
mmol) was added. After stirred at room temperatawernight, the mixture was diluted with
CH.Cl, washed with citric acid 5%, 4, NaHCQ 5%, HO and brine. The organic phase
was dried over N&OQy, filtered, and concentrated to obtain yellow @hich was further
purified by column chromatography on silica gelhgsappropriate mixture of G&l,/MeOH

or AcOEt/Petroleum ether.

2-((tert-butoxycarbonyl)amino)ethyl 2-(3,4-dimethoxyphenylxcetate (3a)

Following the general metholl, compound3a was obtained as thicky oil in 77% yield: R
(CH,Cl,/MeOH 9.8:0.2) = 0.29'H NMR (200 MHz, CDCY) § 6.77 (s, 3H), 4.80 (br s, 1H),
4.10 (t,J = 5.4 Hz, 2H), 3.82 (dd} = 3.6, 2.1 Hz, 6H), 3.53 (s, 2H), 3.32 {d= 5.4 Hz, 2H),
1.40 (s, 9H)*C NMR (50 MHz, CDCY) 6 171.5, 155. 6, 148.7, 148.0, 126.1, 121.2, 112.2,
111.05, 79.3, 63.7, 55.6, 40.5, 39.4, 28.1.

3-((tert-butoxycarbonyl)amino)propyl! 2-(3,4-dimethaxyphenyl)acetate, 3c

Following the general methodl, compound3c was obtained as thicky oil in 75% vyield; R
(CH,Cl,/MeOH 9.8:0.2) = 0.38'H NMR (200 MHz, CDCJ) J 6.69 (s, 3H), 4.93 (br s, 1H),

4.02 (t,J = 6.2 Hz, 2H), 3.72 (d] = 4.1 Hz, 6H), 3.43 (s, 2H), 3.02 @ 6.4 Hz, 2H), 1.67
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(p, J = 6.4 Hz, 2H), 1.31 (s, 9H}’C NMR (50 MHz, CDC}) 6 171.4, 155.5, 148.5, 147.7,
126.0, 120.9, 112.01, 110.8, 78.5, 61.8, 55.3,, 4638, 28.6, 27.9.
5-((tert-butoxycarbonyl)amino)pentyl 2-(3,4-dimethoxyphenylacetate (3f)

Following the general metho#l, compound3f was obtained as thicky oil in 83% yield; R
(CH,Cl,/MeOH 9.8:0.2) = 0.45'H NMR (200 MHz, CDCJ) § 6.68 (d,J = 2.9 Hz, 3H), 4.80
(br s, 1H), 3.93 (tdJ = 6.2, 3.8 Hz, 2H), 3.71 (8§, = 3.9 Hz, 6H), 3.41 (d] = 3.8 Hz, 2H),
2.95 (d,J = 5.9 Hz, 2H), 1.48 (ddl = 15.7, 8.9 Hz, 2H), 1.36 — 1.11 (m, 13C NMR (50
MHz, CDCk) ¢ 171.4, 155.6, 148.3, 147.6, 126.1, 120.9, 11110,71, 78.3, 64.2, 55.3, 40.4,
39.9, 29.2, 27.9, 27.8, 22.7.

2-(2-((tert-butoxycarbonyl)amino)ethoxy)ethyl E)-3-(3,4-dimethoxyphenyl)acrylate
(109)

Following the general methodl, compoundlOg was obtained as thicky oil in 57% vyield: R
(ACOEt/P.E. 1:1) = 0.60H NMR (200 MHz, CDC}) § 7.43 (ddJ = 15.9, 2.4 Hz, 1H), 6.93
— 6.79 (M, 2H), 6.64 (dd] = 8.0, 2.3 Hz, 1H), 6.14 (dd,= 15.9, 2.3 Hz, 1H), 5.02 (br s,
1H), 4.12 (d,J = 2.7 Hz, 2H), 3.68 (d] = 2.1 Hz, 6H), 3.52 (s, 2H), 3.40 — 3.30 (M, 2H),
3.12 (d,J = 3.6 Hz, 2H), 1.22 (d] = 2.1 Hz, 9H)**C NMR (50 MHz, CDCJ) 6 166.5, 155.5,
150.7, 148.7, 144.6, 126.8, 122.3, 114.9, 110.9,2( 8.5, 69.7, 68.5, 62.9, 55.4, 55.3, 39.8,
27.9.

2-(2-((tert-butoxycarbonyl)amino)ethoxy)ethyl 2-(34-dimethoxyphenyl)acetate (11g)
Following the general metholl, compoundl1lg was obtained as thicky oil in 74% vyield: R
(CH,Cl,/MeOH 9.8:0.2) = 0.35'H NMR (200 MHz, CDC}) § 6.70 (t,J = 2.7 Hz, 3H), 4.98
(br s,J = 2.7 Hz, 1H), 4.15 — 4.04 (m, 2H), 3.72Jt 3.6 Hz, 6H), 3.50 (dt] = 7.4, 4.0 Hz,
4H), 3.40 — 3.32 (m, 2H), 3.21 — 3.07 (m, 2H), 1(82) = 3.3 Hz, 9H)*C NMR (50 MHz,
CDCls) 0 171.2, 155.5, 148.5, 147.7, 125.9, 121.0, 11210,8, 78.7, 69.6, 68.3, 63.3, 55.4,

40.2, 39.8, 27.9.
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General amidation procedure (Method B)

To a stirred solution of the appropriate carboxgad (1.00 mmol), Boc-protected diamine
(1.00 mmol) and HOBt (1.00 mmol) in GEl, (5 ml) at 6C, EDCHCI (1.00 mmol) was
added. After stirred at room temperature overnigjint, mixture was diluted with GEl;,
washed with citric acid 5%, 40, NaHCQ 5%, HO and brine. The organic phase was dried
over NaSQ,, filtered, and concentrated to obtain yellow @ihich was further purified by
column chromatography on silica gel using appraenmixture of CHCI,/MeOH.

tert-butyl (2-(2-(3,4-dimethoxyphenyl)acetamido)ethyl)arbamate (3b)

Following the general methd8l, compound3b was obtained as white solid in 83% vyield. R
(CH,Cl,/MeOH 9.5:0.5) = 0.61)H NMR (200 MHz, CDCJ) J 6.76 (s, 3H), 6.36 (br s, 1H),
5.12 (br s, 1H), 3.82 (s, 6H), 3.44 (s, 2H), 3.862H), 3.17 (s, 2H), 1.38 (s, 9HIC NMR
(50 MHz, CDC}) ¢ 172.0, 156.5, 148.9, 148.0, 127.1, 121.3, 11212,2, 79.3, 55.7, 43.1,
40.4, 40.1, 28.2.

tert-butyl (3-(2-(3,4-dimethoxyphenyl)acetamido)propyl¢arbamate (3d)

Following the general methdgl, compound3d was obtained as thicky oil in 85% yield; R
(CH.Cl,/MeOH 9.5:0.5) = 0.46'H NMR (200 MHz, CDCJ) § 6.65 (t,J = 4.4 Hz, 4H), 5.30
(d, J = 5.0 Hz, 1H), 3.73 — 3.61 (m, 2H), 3.30 Jck 4.9 Hz, 6H), 3.15 — 3.00 (m, 2H), 2.91
(d,J = 5.4 Hz, 2H), 1.39 (d] = 5.3 Hz, 2H), 1.24 (d] = 5.0 Hz, 9H)**C NMR (50 MHz,
CDCl) 0 171.5, 156.1, 148.5, 147.5, 127.3, 120.9, 11119,9, 78.4, 55.3, 42.7, 36.5, 35.6,
29.5, 27.9.

tert-butyl (4-(2-(3,4-dimethoxyphenyl)acetamido)butyl)arbamate (3e)

Following the general methdl, compound3e was obtained as white solid in 89% yield. R
(CH,Cl,/MeOH 9.5:0.5) = 0.43!H NMR (200 MHz, CDC}) § 6.69 (s, 3H), 6.17 (br s, 1H),

4.87 (br's, 1H), 3.73 (s, 6H), 3.36 (s, 2H), 3.09(= 5.4 Hz, 2H), 2.95 (d] = 5.2 Hz, 2H),
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1.31 (s, 13H)**C NMR (50 MHz, CDCJ) § 171.1, 155.8, 148.7, 147.7, 127.3, 121.1, 112.0,
111.1, 78.6, 55.5, 55.5, 42.8, 39.7, 38.9, 28.01,2%6.2.

tert-butyl (E)-(4-(3-(3,4-dimethoxyphenyl)acrylamido)butyl)carbanate (7€)

Following the general methdl, compound/e was obtained as white solid in 82% yield. R
(CH,Cl,/MeOH 9.5:0.5) = 0.41'H NMR (200 MHz, CDC}) J 7.44 (d,J = 15.6 Hz, 1H),
7.01 (br s, 1H), 6.95 — 6.83 (m, 2H), 6.66Jd; 8.1 Hz, 1H), 6.36 (d] = 15.6 Hz, 1H), 5.01
(brs, 1H), 3.72 (d) = 8.6 Hz, 6H), 3.28 (d] = 5.4 Hz, 2H), 3.02 (d] = 5.7 Hz, 2H), 1.46 (s,
4H), 1.32 (s, 9H)*C NMR (50 MHz, CDCY) § 166.2, 156.0, 150.0, 148.6, 139. 8, 127.6,
121.4,118.9, 110.7, 109.4, 78.7, 55.5, 55.4, 30Q), 28.1, 27.3, 26.4.

tert-butyl (E)-(2-(3-(4-hydroxy-3-methoxyphenyl)acrylamido)ethy)carbamate (9b)
Following the general methds8l, compound®b was obtained as white solid in 76% vyield. R
(CH.Cl,/MeOH 9.5:0.5) = 0.33'H NMR (200 MHz, CROD-d4)§ 7.42 (d,J = 15.7 Hz,
1H), 6.96 (ddJ = 11.5, 3.2 Hz, 2H), 6.75 (dd,= 8.0, 3.8 Hz, 1H), 6.39 (d,= 15.7 Hz, 1H),
4.94 (br s, 3H), 3.80 — 3.71 (m, 3H), 3.41 — 333 {H), 3.26 — 3.14 (m, 3H), 1.37 (s, 9H).
3C NMR (50 MHz, CRQOD-d4) 6 169.2, 158.3, 149.6, 149.0, 142.0, 127.9, 12318,5]
116.3, 111.3, 80.0, 56.2, 40.9, 40.5, 28.7.

tert-butyl (E)-(3-(3-(4-hydroxy-3-methoxyphenyl)acrylamido)propy)carbamate (9d)
Following the general methdsl, compound®d was obtained as white solid in 69% vyield. R
(CH,Cl,/MeOH 9.5:0.5) = 0.39'H NMR (200 MHz, CDCJ) & 7.48 (d,J = 15.5 Hz, 1H),
7.02 (br s, 1H), 6.95 — 6.79 (m, 3H), 6.31Jc 15.6 Hz, 1H), 5.33 (br s, 1H), 3.75 (s, 3H),
3.37 (d,J = 5.2 Hz, 2H), 3.14 (d] = 5.2 Hz, 2H), 1.63 (s, 2H), 1.40 (s, 9HIC NMR (50
MHz, CDCk) 6 166.9, 156.7, 147.6, 147.0, 140.7, 126.9, 12118.Q, 114.9, 109.7, 79.2,

55.6, 36.9, 36.0, 29.9, 28.2.

General procedure for the lipoyl amides synthesis
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Boc-protected compound (1 mmol) was suspended in,CGH(10 mL), and then
trifluoroacetic acid (0.5 mL) was added at 0°C.eAfstirring at room temperature for 1.5 h,
the volatiles were removed under reduced pressubtain the crude product which was
dissolved in CHCIl, (7 mL) and directly coupled with lipoic acid (1 mipat 0°C, in the
presence of BN (1.10 mmol), EDEHCI (1.2 mmol), HOBt (1.00 mmol) and 0.5% cysteine
to avoid polymerization. After stirred at room teengture overnight, in the dark, the reaction
mixture was taken up with GBI, and washed with HCI 0.5 N, water, 5% NaH{@ater,
and brine. The organic phase was dried ovefSNg filtered, and concentrated to obtain the
crude product, which was further purified by colunchromatography on silica gel
(CH:Cly/MeQOH).

2-(5-(1,2-dithiolan-3-yl)pentanamido)ethyl 2-(3,4-tnethoxyphenyl)acetate (4a)

Following the general method, compoudd was obtained as thick oil in 59% vyield; R
(CH,Cl,/MeOH 9.5:0.5) = 0.56:H NMR (200 MHz, CDC}) 6 6.76 (d,J = 1.5 Hz, 3H), 5.92
(brs, 1H), 4.12 (t) = 5.4 Hz, 2H), 3.82 — 3.76 (m, 6H), 3.55 — 3.37 &), 3.18 — 2.96 (m,
2H), 2.39 (td,J = 12.4, 6.4 Hz, 1H), 2.07 @,= 7.1 Hz, 2H), 1.93 — 1.74 (m, 1H), 1.60 (ddd,
J=13.9, 9.1, 2.2 Hz, 4H), 1.38 (ddl= 14.2, 6.1 Hz, 2H)**C NMR (50 MHz, CDC}) §
172.7,171.6, 148.6, 147.9, 126.0, 121.1, 112.0,9563.2, 56.2, 55.6, 40.5, 40.0, 38.3, 38.2,
36.0, 34.3, 28.6, 25.0.
N-(2-(2-(3,4-dimethoxyphenyl)acetamido)ethyl)-5-(1;2ithiolan-3-yl)pentanamide (4b)
Following the general method, compoulo was obtained as white solid in 45% vyield. R
(CHxClo/MeOH 9:1) = 0.55'H NMR (200 MHz, CDCJ) ¢ 6.83 (br s, 1H), 6.79 — 6.66 (m,
4H), 3.78 (tJ = 1.4 Hz, 6H), 3.54 — 3.42 (m, 1H), 3.39 (s, 2Bip4 (s, 4H), 3.16 — 2.94 (m,
2H), 2.46 — 2.28 (m, 1H), 2.06 @,= 7.2 Hz, 2H), 1.82 (dqg] = 13.7, 6.9 Hz, 1H), 1.65 —

1.44 (m, 4H), 1.43 — 1.25 (m, 2HJC NMR (50 MHz, CDCY) 6 173.6, 172.4, 148.7, 147.8,
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127.1, 121.1, 112.2, 111.1, 56.2, 55.6, 55.6, 42080, 39.6, 39.5, 38.2, 35 9, 34.3, 28.6,
25.1.

N-(4-(2-(3,4-dimethoxyphenyl)acetamido)butyl)-5-(1,2lithiolan-3-yl)pentanamide (4e)
Following the general method, compoutel was obtained as white solid in 40% vyield. R
(CH,Cl,/MeOH 9.5:0.5) = 0.45'*H NMR (200 MHz, CDCJ) 6 6.82 — 6.69 (m, 3H), 6.29 (br
s, 1H), 6.11 (br s, 1H), 3.80 (d= 3.5 Hz, 6H), 3.52 (ddl = 13.7, 6.9 Hz, 1H), 3.43 (s, 2H),
3.21 — 2.97 (m, 6H), 2.39 (td,= 12.4, 6.4 Hz, 1H), 2.11 (§,= 7.3 Hz, 2H), 1.83 (dq] =
13.8, 6.9 Hz, 1H), 1.69 — 1.50 (m, 4H), 1.41)(t 6.4 Hz, 6H)**C NMR (50 MHz, CDCJ)

0 172.9, 171.4, 148.9, 147.9, 127.3, 121.3, 11212,2 56.3, 55.7, 43.0, 40.0, 39.0, 38.8,
38.3,36.1, 34.4, 28.7, 26.7, 26.5, 25.2.

5-(5-(1,2-dithiolan-3-yl)pentanamido)pentyl 2-(3,4dimethoxyphenyl)acetate (4f)

Following the general method, compou#idwas obtained as white solid in 70% yield. R
(CH,Cl,/MeOH 9.5:0.5) = 0.71*H NMR (200 MHz, CDCJ) 6 6.80 — 6.73 (m, 3H), 5.76 (br
s, 1H), 4.04 (tJ = 6.5 Hz, 2H), 3.85 — 3.78 (m, 6H), 3.60 — 3.45 @H), 3.24 — 3.00 (m,
4H), 2.41 (tdJ = 12.4, 6.4 Hz, 1H), 2.12 @,= 7.2 Hz, 2H), 1.85 (dql = 13.8, 6.9 Hz, 1H),
1.58 (dt,J = 14.0, 6.7 Hz, 6H), 1.49 — 1.20 (m, 6H5C NMR (50 MHz, CDC}) § 172.6,
171.7, 148.6, 147.8, 126.3, 121.2, 112.2, 110.94,&6.2, 55.7, 55.7, 40.7, 40.0, 39.1, 38.3,
36.2, 34.4, 29.0, 28.7, 28.0, 25.2, 23.0.
2-(2-(5-(1,2-dithiolan-3-yl)pentanamido)ethoxy)ethy  2-(3,4-dimethoxyphenyl)acetate
(129)

Following the general method, compoub8g was obtained as thick oil in 72% vyields R
(CH,Cl,/MeOH 9.5:0.5) = 0.62!H NMR (200 MHz, CDCJ) § 6.79 (d,J = 1.9 Hz, 3H), 5.92
(br s, 1H), 4.23 (dd] = 5.5, 3.8 Hz, 2H), 3.83 (dd,= 4.1, 2.0 Hz, 6H), 3.66 — 3.60 (m, 2H),
3.57 (d,J = 1.9 Hz, 2H), 3.49 () = 5.6 Hz, 3H), 3.43 — 3.32 (m, 2H), 3.20 — 2.99 2H),

2.42 (td,J = 12.4, 6.4 Hz, 1H), 2.13 @,= 7.2 Hz, 2H), 1.96 — 1.77 (m, 1H), 1.73 — 1.53 (m
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4H), 1.49 — 1.32 (m, 2H}>C NMR (50 MHz, CDC}) ¢ 172.6, 171.7, 148.7, 148.0, 126.1,
121.2,112.2,111.0, 69.6, 68.7, 63.5, 56.3, 584, 40.1, 38.9, 38.3, 36.1, 34.5, 28.7, 25.2.
34.3, 28.5, 28.4, 25.1.

3-(5-(1,2-dithiolan-3-yl)pentanamido)propyl 2-(3,4dimethoxyphenyl)acetate (SV1)
Following the general method$V1 was obtained as white solid in 61% vyield; R
(CH,Cl,/MeOH 9.5:0.5) = 0.67*H NMR (200 MHz, CDCJ) § 6.75 (d,J = 5.6 Hz, 3H), 6.09
(t, J = 5.6 Hz, 1H), 4.07 (t) = 6.2 Hz, 2H), 3.78 (dJ = 3.1 Hz, 6H), 3.55 — 3.39 (m, 3H),
3.18 (g,J = 6.4 Hz, 2H), 3.03 (dfl = 6.5, 4.9 Hz, 2H), 2.36 (td,= 12.4, 6.1 Hz, 1H), 2.06 (t,
J=7.3 Hz, 2H), 1.89 — 1.68 (m, 3H), 1.67 — 1.48 4H), 1.37 (dd,J = 13.9, 7.1 Hz, 2H).
13C NMR (50 MHz, CDC}) ¢ 172.6, 171.7, 148.5, 147.7, 126.0, 121.0, 11210,9, 62.0,
56.1, 55.5, 40.5, 39.9, 38.1, 36.0, 35.7, 34.35,283.4, 25.1. MS (ESI) m/z calculated for
C21H3oNO4S,; [M-H]™ 440.1, found 440.0. Anal. Calcd for831NOsS,: C, 57.12; H, 7.08;
N, 3.17; O, 18.12; S, 14.52. Found: C, 57.20; H57N, 3.09; O, 18.04; S, 14.55.
N-(3-(2-(3,4-dimethoxyphenyl)acetamido)propyl)-5-(R-dithiolan-3-yl)pentanamide

(SV2)

Following the general method&V2 was obtained as off-white solid in 42% vyield; R
(CH.Cl,/MeOH 9.5:0.5) = 0.43'H NMR (200 MHz, CDCY)) 6 6.81 — 6.57 (m, 5H), 3.76 —
3.70 (m, 6H), 3.51 — 3.32 (m, 3H), 3.20 — 2.90 i), 2.34 (tdJ = 12.4, 6.4 Hz, 1H), 2.08
(t, J=7.2 Hz, 2H), 1.78 (td] = 13.7, 7.0 Hz, 1H), 1.65 — 1.23 (m, 8C NMR (50 MHz,
CDCl3) 0 173.1, 171.8, 148.6, 147.7, 127.2, 121.0, 11210,11, 56.1, 55.5, 55.5, 42.9, 39.9,
38.1, 36.0, 35.7, 35.3, 34.2, 29.2, 28.5, 25.1. (@SI) m/z calculated for £H33N,04S,"
[M+H]™ 441.2, found 441.2. Anal. Calcd for#E3:N,O,S,: C, 57.37; H, 7.11; N, 6.37; O,
14.56; S, 14.59. Found: C, 57,35; H, 7,17; N, 6(3114,52; S, 14,55.
2-(2-(5-(1,2-dithiolan-3-yl)pentanamido)ethoxy)ethly (E)-3-(3,4-

dimethoxyphenyl)acrylate (SV3)
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Following the general method, compousd3 was obtained as yellowish solid in 70% yield.
R (CH.Cl,/MeOH 9.5:0.5) = 0.63'H NMR (200 MHz, CDC}) § 7.46 (d,J = 15.9 Hz, 1H),
6.97 — 6.81 (M, 2H), 6.69 (d,= 8.2 Hz, 1H), 6.27 — 6.06 (M, 2H), 4.23 — 4.09 PH), 3.71

(t, J = 2.4 Hz, 6H), 3.60 — 3.51 (m, 2H), 3.41 (dcs 10.2, 5.4 Hz, 2H), 3.28 (dd,= 11.7,
6.9 Hz, 3H), 3.02 — 2.82 (m, 2H), 2.23 (dt= 18.9, 6.4 Hz, 1H), 2.02 (§,= 7.4 Hz, 2H),
1.67 (dt,J = 19.7, 6.9 Hz, 1H), 1.45 (dd,= 10.3, 4.9 Hz, 4H), 1.26 (dd= 8.2, 5.8 Hz, 2H).
3C NMR (50 MHz, CDCJ) ¢ 172.4, 166.6, 150.7, 148.6, 144.7, 126.6, 12213,7, 110.6,
109.1, 769.2, 68.5, 62.8, 55.9, 55.4, 55.4, 39876,337.9, 35.7, 34.1, 28.4, 24.9. MS (ESI)
m/z calculated for &H3NOsS, [M+H]" 484.2, found 484.2. Anal. Calcd fop43aNO6S,:
C,57.12; H, 6.88; N, 2.90; O, 19.85; S, 13.26.1eb\C, 57,11; H, 6.88; N, 2,87; O, 19.95; S,
13.19.
(E)-N-(4-(3-(3,4-dimethoxyphenyl)acrylamido)butyl)-5-(12-dithiolan-3-yl)pentanamide
(SV4)

Following the general method, compoudd4 was obtained as yellowish solid in 65% yield.
Rf (CH,Cl,/MeOH 9.5:0.5) = 0.29'*H NMR (200 MHz, CDCJ) § 7.56 (d,J = 15.5 Hz, 1H),
7.14 — 6.98 (m, 2H), 6.84 (d,= 8.2 Hz, 1H), 6.43 — 6.29 (m, 2H), 6.21 (br s)18189 (s,
6H), 3.62 — 3.48 (m, 1H), 3.41 (d,= 5.4 Hz, 2H), 3.30 (d] = 5.7 Hz, 2H), 3.13 (dd] =
12.9, 6.1 Hz, 2H), 2.54 — 2.31 (m, 1H), 2.21J(t 7.3 Hz, 2H), 1.88 (td] = 13.8, 7.0 Hz,
1H), 1.73 — 1.57 (m, 7H), 1.50 (d,= 8.3 Hz, 3H).*C NMR (50 MHz, CDC}) § 173.2,
166.5, 150.5, 149.0, 140.7, 127.7, 121.9, 118.3,011109.6, 56.4, 55.9, 55.8, 40.2, 39.2,
39.1, 38.4, 36.3, 34.6, 28.9, 26.9, 26.8, 25.4. (ASI) m/z calculated for GHzsN,0,S,"
[M+H]™ 467.2, found 467.2. Anal. Calcd fop4834N-O,S,: C, 59.20; H, 7.34; N, 6.00; O,
13.71; S, 13.74. Found: C, 59.18; H, 7.35; N, 6M0213.75; S, 13,70.
(E)-5-(1,2-dithiolan-3-yl)-N-(3-(3-(4-hydroxy-3-

methoxyphenyl)acrylamido)propyl)pentanamide (SV5)
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Following the general method, compouBd5 was obtained as white solid in 66% yield. R
(CH,Cl,/MeOH 9.5:0.5) = 0.34'H NMR (200 MHz, (CR),CO)é 7.75 — 7.42 (m, 3H), 7.19
— 6.96 (M, 2H), 6.86 (d} = 8.1 Hz, 1H), 6.56 (d] = 15.6 Hz, 1H), 3.84 (s, 3H), 3.52 (dbk
13.4, 7.1 Hz, 1H), 3.42 — 3.23 (m, 4H), 3.20 — 198 2H), 2.40 (dt) = 18.8, 6.4 Hz, 1H),
2.22 (t,J = 7.2 Hz, 2H), 1.94 — 1.50 (m, 8H), 1.48 — 1.3Q @hl). *C NMR (50 MHz,
(CD»),CO)o 173.7, 167.1, 149.2, 148.6, 140.7, 127.8, 1226,5], 116.2, 111.2, 57.1, 56.1,
40.8, 39.0, 37.3, 37.1, 36.6, 35.3, 30.6, 29.6,2.26\MS (ESI) m/z calculated for
Co1H29N20O4S,” [M-H] ™ 437.2, found 437.2. Anal. Calcd fop{30N204S;,: C, 57.51; H, 6.89;
N, 6.39; O, 14.59; S, 14.62. Found: C, 57.55; H16N, 6.35; O, 14.64; S, 14.58.
(E)-5-(1,2-dithiolan-3-yl)-N-(2-(3-(4-hydroxy-3-
methoxyphenyl)acrylamido)ethyl)pentanamide (SV6)

Following the general method, compouBd6 was obtained as white solid in 66% yield. R
(CH.Cl,/MeOH 9.5:0.5) = 0.27*H NMR (200 MHz, DMSO-g) J 9.48 (s, 1H), 7.95 (d] =
25.1 Hz, 2H), 7.32 (d] = 15.8 Hz, 1H), 7.16 — 6.93 (m, 2H), 6.78 J&5 7.5 Hz, 1H), 6.41
(d,J=15.9 Hz, 1H), 3.79 (s, 3H), 3.17 (s, 6H), 2.87)(= 6.6 Hz, 1H), 2.06 (s, 2H), 1.84 (s,
1H), 1.50 (s, 5H), 1.35 (s, 2HYC NMR (50 MHz, DMSO-¢) 6 172.4, 165.7, 148.3, 147.9,
139.2, 126.4, 121.6, 118.9, 115.7, 110.8, 56.%,58.0, 38.5, 38.2, 36.2, 35.4, 34.2, 28.4,
25.1. MS (ESI) m/z calculated forng,7N.O4S, [M-H] ™ 423.1, found 423.2. Anal. Calcd for
CaoH28N204S,: C, 56.58; H, 6.65; N, 6.60; O, 15.07; S, 15.16urkd: C, 56.60; H, 6.68; N,

6.57; O, 15.01; S, 15.14.

General procedure for the phenolic hydroxyl gro@gpbtection
The methoxy-containing compound (0.50 mmol) wasalised in 5 mL of dry ChLCl, and
cooled to 0 °C. A solution of BFSMe (10 mmol/methoxy) was added to the mixture. The

solution was allowed to slowly warm to room tempera and stirred for a total of 18 h. The
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reaction was stopped by the addition of 1 mL oftrambl. The volatiles were removed
vacuq the residue was purified with column chromatogsapsing CHCI,/MeOH as eluent.
N-(2-(2-(3,4-dihydroxyphenyl)acetamido)ethyl)-5-(1,2lithiolan-3-yl)pentanamide (SV7)
Following the general methodSV7 was obtained as white solid in 22% vyields R
(CH,Cl,/MeOH 9:1) = 0.41'H NMR (200 MHz, CROD) ¢ 6.83 (dd,J = 5.0, 3.0 Hz, 2H),
6.70 (ddJ = 8.1, 2.0 Hz, 1H), 3.67 (di,= 12.5, 6.2 Hz, 1H), 3.48 — 3.45 (m, 2H), 3.42, (#d
= 3.3, 1.7 Hz, 2H), 3.39 (s, 2H), 3.31 — 3.12 (i#),2.56 (td,J = 12.4, 6.5 Hz, 1H), 2.26 (t,
J=7.3 Hz, 2H), 1.99 (td] = 13.6, 7.0 Hz, 1H), 1.72 (td,= 13.5, 6.6 Hz, 4H), 1.55 (dd,=
13.4, 7.2 Hz, 2H)™C NMR (50 MHz, CROD) ¢ 176.4, 175.1, 146.4, 145.4, 128.0, 121.5,
117.2, 116.4, 57.5, 43.4, 41.3, 40.1, 39.9, 3969,335.7, 29.9, 26.6. MS (ESI) m/z
calculated for @H26N20,4S,” [M-H]™ 397.1, found 396.7. Anal. Calcd fordEsN.04S,: C,
54.25; H, 6.58; N, 7.03; O, 16.06; S, 16.09. Found54.28; H, 6.55; N, 7.01; O, 16.03; S,
16.13.

N-(4-(2-(3,4-dihydroxyphenyl)acetamido)butyl)-5-(1,2ithiolan-3-yl)pentanamide

(SV8)

Following the general method$V8 was obtained as white solid in 50% vyield; R
(CH,Cl,/MeOH 8:2) = 0.54H NMR (200 MHz, CROD) § 8.05 — 7.82 (m, 1H), 6.70 (d,=
7.9 Hz, 2H), 6.58 (dd] = 8.1, 1.9 Hz, 1H), 3.55 (di,= 12.5, 6.4 Hz, 1H), 3.33 (s, 2H), 3.21
—3.06 (M, 6H), 2.44 (td,= 12.4, 6.4 Hz, 1H), 2.18 (,= 7.2 Hz, 2H), 1.86 (dt] = 19.8, 6.9
Hz, 1H), 1.62 (dt) = 15.4, 7.8 Hz, 4H), 1.49 (s, 6HJC NMR (50 MHz, CROD) ¢ 176.0,
174.7, 146.3, 145.3, 128.2, 121.4, 117.1, 116.3,518.4, 41.3, 40.1, 40.0, 39.3, 36.9, 35.7,
29.9, 27.8, 27.7, 26.8. MS (ESI) m/z calculated @gH3:N-O,S," [M+H]" 427.1, found
426.9.

Anal. Calcd for GoH3oN204S,: C, 56.31; H, 7.09; N, 6.57; O, 15.00; S, 15.08urd: C,

56.33; H, 7.11; N, 6.58; O, 14.98; S, 15.00.
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N-(3-(2-(3,4-dihydroxyphenyl)acetamido)propyl)-5-(12-dithiolan-3-yl)pentanamide

(SV9)

Following the general method, compouB®9 was obtained as thick oil in 62% vyields R
(CH,Cl,/MeOH 8:2) = 0.42'H NMR (200 MHz, CROD) 6 7.90 (br s, 1H), 6.71 — 6.61 (m,
2H), 6.60 — 6.50 (M, 1H), 4.84 (s, 3H), 3.49J¢& 3.9 Hz, 1H), 3.26 (s, 2H), 3.19 — 3.00 (m,
6H), 2.50 — 2.30 (m, 1H), 2.14 (= 7.2 Hz, 2H), 1.91 — 1.73 (m, 1H), 1.70 — 1.5Q @),
1.49 — 1.33 (m, 2H)-*C NMR (50 MHz, CROD) 6 176.1, 174.9, 146.4, 145.4, 128.2, 121.4,
117.1, 116.4, 57.5, 43.4, 41.3, 39.4, 37.9, 376/9,335.7, 30.2, 29.9, 26.7. MS (ESI) m/z
calculated for @H27N20,S,;” [M-H]™ 441.1, found 441.1. Anal. Calcd fordE2sN204S,: C,
55.31; H, 6.84; N, 6.79; O, 15.51; S, 15.54. Found55.38; H, 6.88; N, 6.74; O, 15.48; S,
15.52.

5-(5-(1,2-dithiolan-3-yl)pentanamido)pentyl 2-(3,4dihydroxyphenyl)acetate (SV10)
Following the general methodSV10 was obtained as thick oil in 42% vyield.s R
(CHxCl,/MeOH 9:1) = 0.34'H NMR (200 MHz, CROD) 6 6.73 — 6.66 (m, 3H), 6.56 (d,=
8.1 Hz, 2H), 4.07 (t) = 6.4 Hz, 2H), 3.65 (s, 2H), 3.53 (db= 13.4, 5.9 Hz, 1H), 3.12 (d1,

= 8.2, 6.8 Hz, 4H), 2.45 (di,= 12.9, 6.6 Hz, 1H), 2.18 @,= 7.1 Hz, 2H), 1.86 (d] = 19.8,
7.0 Hz, 1H), 1.70 — 1.53 (m, 6H), 1.52 — 1.31 (#d).6°C NMR (50 MHz, CROD) § 176.0,
174.1, 146.3, 145.4, 127.0, 121.6, 117.3, 116.3,6%/.6, 41.6, 41.3, 40.2, 39.3, 36.9, 35.7,
30.0, 29.9, 29.3, 26.8, 24.4. MS (ESI) m/z caladdor G;H3zNOsS, [M-H] ™ 440.1, found
440.1. Anal. Calcd for £H3iNOsS,: C, 57.12; H, 7.08; N, 3.17; O, 18.12; S, 14.5Qurkd:

C, 57.18; H, 7.06; N, 3.21; O, 18.07; S, 14.48.
2-(2-(5-(1,2-dithiolan-3-yl)pentanamido)ethoxy)ethly  2-(3,4-dihydroxyphenyl)acetate
(SV11)

Following the general method$SV11l was obtained as white solid in 32% vyields R

(CH,Cl,/MeOH 9:1) = 0.35H NMR (200 MHz, CBOD) § 6.73 — 6.66 (m, 4H), 6.60 — 6.52
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(m, 2H), 4.28 — 4.13 (m, 2H), 3.68 — 3.61 (m, 581p0 — 3.44 (m, 4H), 3.11 (dd,= 13.5,
6.7 Hz, 2H), 2.43 (dd) = 12.4, 5.9 Hz, 1H), 2.17 (d,= 6.9 Hz, 2H), 1.96 — 1.77 (m, 1H),
1.74 — 1.50 (m, 4H), 1.45 (s, 2HJC NMR (50 MHz, CQOD) 6 176.2, 173.9, 146.3, 145.4,
126.9, 121.6, 117.3, 116.3, 70.5, 69.9, 65.0, 57154, 41.2, 40.3, 39.3, 36.8, 35.7, 29.8,
26.7. MS (ESI) m/z calculated forElsNOsS, [M-H] ™ 442.1, found 442.1. Anal. Calcd for
CaoH20NOsS,: C, 54.15; H, 6.59; N, 3.16; O, 21.64; S, 14.46uifd: C, 54.18; H, 6.55; N,

3.18; O, 21.61; S, 14.49.

3-(5-(1,2-dithiolan-3-yl)pentanamido)propyl 2-(3,4dihydroxyphenyl)acetate (SV12)
Following the general methodSV12 was obtained as thick oil in 49% vyield.s R
(CH,Cl,/MeOH 9:1) = 0.34*H NMR (200 MHz, CROD) 6 6.74 — 6.65 (m, 3H), 6.61 — 6.50
(m, 2H), 4.10 (tJ = 6.3 Hz, 2H), 3.61 — 3.50 (m, 1H), 3.47 (s, 28129 — 3.07 (M, 4H), 2.43
(dd,J = 12.7, 6.3 Hz, 1H), 2.18 (§,= 7.2 Hz, 2H), 1.83 (td) = 13.1, 6.6 Hz, 4H), 1.72 —
1.45 (m, 6H)*C NMR (50 MHz, CROD) 6 176.1, 174.0, 146.3, 145.4, 126.9, 121.6, 117.3,
116.2, 63.4, 57.5, 41.4, 41.2, 39.3, 37.0, 36.97,39.8, 29.5, 26.7. MS (ESI) m/z calculated
for CigH2eNOsS," [M+H]™ 431.2, found 431.2. Anal. Calcd fordE»;NOsS,: C, 55.18; H,
6.58; N, 3.39; O, 19.34; S, 15.51. Found: C, 55I216.56; N, 3.41; O, 19.30; S, 15.53.
2-(5-(1,2-dithiolan-3-yl)pentanamido)ethyl 2-(3,4-thydroxyphenyl)acetate (SV13)
Following the general methodsV13 was obtained as white solid in 23% vyield; R
(CH,Cl,/MeOH 9:1) = 0.34*H NMR (200 MHz, CROD) 6 6.72 — 6.66 (m, 4H), 6.60 — 6.51
(m, 2H), 4.13 (tJ = 5.4 Hz, 2H), 3.66 (s, 3H), 3.41 @ = 5.4 Hz, 2H), 3.12 (dd] = 13.8,
7.0 Hz, 2H), 2.44 (dd] = 12.3, 6.1 Hz, 1H), 2.15 {,= 7.3 Hz, 2H), 1.86 (dd] = 12.9, 6.9
Hz, 1H), 1.58 (dJ = 7.5 Hz, 4H), 1.45 (s, 2H}°C NMR (50 MHz, CROD) § 174.5, 173.9,
146.3, 145.4, 126.9, 121.6, 117.3, 116.3, 64.%,541.3, 41.2, 39.4, 39.3, 36.8, 35.7, 29.8,

26.7. MS (ESI) m/z calculated for; ££1,,NOsS,” [M-H] ™ 398.1, found 398.0. Anal. Calcd for
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CigH2sNOsS,: C, 54.11; H, 6.31; N, 3.51; O, 20.02; S, 16.06urid: C, 54.10; H, 6.33; N,

3.57; 0, 20.11; S, 15.98.

HPLC-UV assays

Analytical HPLC apparatus was a Waters 600 HPLC pWaters Corporation, Milford,
MA, USA), equipped with a Waters 2996 photodiodeayrdetector. The mobile phase,
consisting in a mixture of Water and Acetonitril®A% of trifluoroacetic acid, was flushed

with a flow of 0.8 mL/min in a Hypersil GOLD C18lcmnn (250 x 4.6 mm).

Solubility

Solubility was determined as previously reporte@] [3

Stability in gastrointestinal fluids

Simulated gastric fluid (SGF) and intestinal flu{@&F), containing Pepsin (3.2 mg/mL) and
Pancreatin (10 mg/mL), respectively, were prep&m#dwing the USP specifications. A drug

stock solution, prepared in organic solvent, wageddo pre-heated fluids placed in a 37°C
water bath. At fixed time points, 1QQ of sample was picked up and deproteinised with 10
uL of ice-cold acetonitrile. Each sample, after céigation at 4°C and 12000 rpm for 10

min, was filtered and analyzed by HPLC. The relatiNfference (RD%), measured with the
following equation, was used to estimate the amaintdegraded compound in different

gastrointestinal medium.

C;— C
RD = c x 100%

l

C; is the amount of drug found at zero time point &pds the quantity found at the end of

each incubation time [32].
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Human plasma stability

Human plasma was purchased by 3H Biomedical, Upp&Weden. Enzymatic hydrolysis
was evaluated adding a drug stock solution to énpeged (37°C) plasma fraction, previously
diluted with 0.02M phosphate buffer (pH 7.4) toeg final sample containing 80% plasma.
Samples of 100 pL were taken at various times &@did. of cold acetonitrile were used to

stop the enzymatic process. After centrifugatibe,gupernatant was analysed by HPLC [33].

Cell Culture and Treatments

The human neuroblastoma SH-SY5Y cell line was abthifrom American Type Culture
Collection (ATCC; Manassas, VA, USA). SH-SY5Y cellere seeded in growth medium
containing DMEM/F12 (1:1) medium (Hyclone, Inc.)twil0% fetal bovine serum (FBS,
Gibco), penicillin (100J/mL), and streptomycin (108y/mL) (Thermo Fisher Scientific) and
were incubated in a humidified atmosphere contgisi% CQ atmosphere at 37°C. The SH-
SY5Y cells were differentiated with using retionaacid (RA, Sigma-Aldrich, 1QuM)

dissolved in ethanol (Merck, 10 mM).

Cell Proliferation Assay

Cell proliferation was determined using the MTTagsDifferentiated SH-SY5Y cells were
placed onto 96-well plates (1 x “6ells/well) and cultured for 24h before beginnitg
experiment. The cells were exposed td3:4:(20uM), with or without various
concentrations of SV hybrids (1-250 mg/L) for 48the MTT assay was carried out by
adding MTT solution (5 mg/ml in PBS) and incubatiddn at 37 °C. The formazan was
dissolved by mixing with DMSO and the optical déyngf reaction products was read at

570 nm and 630 nm by Epoch™ spectrophotometer @iolhstruments, Inc., Vermont,
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USA). All data were presented as mean + S.D. frive ihdependent experiments. Untreated

cells used as negative control and 1% Triton-X usexd as the positive control.

LDH assay

The measurement of LDH release was performed ubm@ytoSelect LDH Assay Kit (Cell
BioLabs, San Diego, CA) following to the providersanual. Differentiated SH-SY5Y cells
were placed onto 96-well plates (1 x*1@lls/well) and cultured for 24 h before beginning
the experiment. The cells were exposed tf; 4 (20uM), with or without various
concentrations of SV hybrids (1-250 mg/L) for 48 After incubation, 90 pl of the
supernatant from each well was mixed with 10 plLDH reagent and incubated for 30 min.
The optical density was read at 450 nm by Epoch&¢tspphotometer (BioTek Instruments,

Inc., Vermont, USA).

Detection of morphological alterations with HoecB8258 staining

Apoptotic morphological evaluation of SH-SY5Y celig|as examined by Hoechst 33258
staining. Briefly, the 4 x {cells/well were seeded in 24-well plates. After8f treatment
of cells exposed to [\ with or without SV derivatives (l§), cells were incubated in
fixation solution (4% paraformaldehyde in PBS) 8 min, and then rinsed with PBS. The
cells were incubated with Hoechst 33258 fluoreschya for 15 min. Nuclear morphology

was viewed and photographed under a fluoresceno®seppy (Leica® DM IL LED).

Annexin V-FITC/propidium iodide staining
The rate of apoptosis was examined using a BioWisionexin V-FITC apoptosis detection
kit (BioVision, Mountain View, CA) following the mvides' instructions. Following 48 h of

treatment as described above, differentiated SHYS¥é&ls were collected and rinsed with
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PBS. The cells were centrifuged for 3 min at 50§ and resuspended in buffer solution (0.5
mL). Then, the cells were incubated with annexi(b\L) and propidium iodide (fL) for 5
min in dark. Fluorescence was detected with FL3D(®m) and FL-2 filters (585 nm) using a

CyFlow® Cube 6 flow cytometer (Partec; Munster, iGany) to evaluate apoptosis.

RNA isolation and quantitative RT-gPCR

Differentiated SH-SY5Y cells in 6-well plates ¥2.0’ cells/well) were treated as described
above for 48 h. After treatment, total RNA was a&etl by a PureLink RNA Mini kit
(Invitrogen). cDNA synthesis was performed with a&gamounts of total RNA using a High-
Capacity cDNA Reverse Transcription Kit (Life Techogies) following the manufacturers’
protocol. Then, SYBR Green PCR Master Mix (Appl@dsystems) and primers designed
with Primer 3 software were used to quantitativedtect the gene expression on a Rotor-
Gene Q (Qiagen). Expression data were normaliz@ebitiin. The sequences of primer pairs

were listed in Table 2S. Each experiment was perdolin triplicate.

Cytotoxicity/Cytoprotectivity Testing

Human whole blood cultures were set up according fevious report [34]. Briefly, the
heparinized blood (0.6 ml) was cultured in 7 mitaté medium (Chromosome Medium B;
Biochrom, Germany) containing hg/l of phytohemagglutinin. Different SV hybrids
concentrations (1.56, 3.12, 6.25, 12.5, 25 50, 0@ and 40QuM) were applied into
culture tubes. After addition of SV hybrids, thealdrblood samples were incubated for 72
h at 37°C. Hydrogen peroxide {6,; Merck, Germany; 25uM) was used to induce
oxidative damage. Cells of the positive control evéreated with 1% triton-X100 and
ascorbic acid (AA; gHsOg; Sigma-Aldrich) containing medium in testing cywicity and

oxidative alterations. In addition, individual aulé without SV hybrids, O, was studied
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as a negative control (Control (-)) group [35]. Adkperiments have been performed
according to the Declaration of Helsinki.

MTT assay was performed to assess cytotoxicity My Hybrids. Isolated lymphocytes

(2x10°) were seeded in a 96-well plate and treated witth§brids at certain concentrations
(0-400 uM) for 24 h in the presence or absence gDH At the end of incubation period

MTT solution was added into each well and incubaa¢d37°C for additional 4 h. The

resulting formazan crystals were solubilized witM®0 for 30 min. Then, the absorbance
was spectrophotometrically measured at 570 nm [33].

LDH amount released from damaged cells in cultuegliom was determined via LDH assay
kit (Cayman Chemical, USA) according to the provislguide. The cell medium samples

(200 ul) from each group was used for LDH analysis.

Oxidative/Antioxidative Analysis

The automated total antioxidant capacity (TAC) gssaere performed by commercially
available kits (Rel Assay Diagnostics, Turkey) omdmm samples from whole blood
cultures for 24 h. TAC provides reliable measuremainthe antioxidant capacity of all

antioxidants in a biological sample and not jush gingle antioxidant [36].

Statistical Analysis

All data presented in this study were expresseth@snearr SD of and obtained from at
least five independent experiments. Statisticalysmawas carried out using SPSS statistical
software version 22.0 (SPSS Inc., Chicago, IL, USAne-way analysis of variance
(ANOVA) followed by Duncan's test was used for istatal comparisons. A p-value < 0.05

was regarded as statistically significant.
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Highlights

. 13 new phenol-lypoil hybrids were synthesized as anti-Alzheimer agents.

. SV5, SV9, and SV 10 could significantly protect SHSY-5Y cells against AB1.42-
induced desath.

. SV9 and SV 10 showed remarkabl e antioxidant properties.

. SV5 showed the highest stability in human plasma and the best pharmacol ogical

profile.
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